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EXECUTIVE SUMMARY 

This Uniform Federal Policy-Sampling and Analysis Plan (UFP-SAP) was prepared according to United 

States Environmental Protection Agency (USEPA) Quality Assurance Project Plan (QAPP) requirements 

for a Remedial Investigation (RI) of Site 12, Harbor Dredge Spoil Area, located at Naval Station (NS) 

Great Lakes, Great Lakes, Illinois.  This UFP-SAP was prepared by Tetra Tech NUS, Inc. (Tetra Tech) on 

behalf of Naval Facilities Engineering Command (NAVFAC) Midwest under Contract Number 

N62470-08-D-1001, Contract Task Order (CTO) F27A.  This SAP was generated in accordance with 

applicable United States Navy, Illinois Environmental Protection Agency (Illinois EPA), and USEPA 

requirements, regulations, guidance, and technical standards. 

 

Site 12 is located in a flat area on the shore of the NS Great Lakes Outer Harbor, and is approximately 

3.5 acres.  Site 12 is currently a grass-covered field that is used as a picnic and recreational area.  A 

gravel road transects the site from north to south and terminates in a gravel parking lot on the south 

against a concrete pier.  The only structure on the site is a picnic pavilion overlooking the lake.  The only 

other notable feature is a drainage ditch which emerges from the bluff on the west and extends eastwards 

across the site to Lake Michigan.  During harbor dredge activities in 1952 and in the 1970s, dredge spoils 

were reportedly disposed of in this area.  The sediment dredged from the harbor may have high organic 

content, and potentially contain heavy metals, oils, pesticides, and polychlorinated biphenyls (PCBs).  

The primary sources of the environmental contaminants in the sediments are from upstream industrial 

sources (historical discharges and contamination) and storm water discharges within the Pettibone Creek 

Watershed.  Overland runoff and storm water discharges from Naval Station Great Lakes to Pettibone 

Creek may have contributed pollutants to the watershed, but  analytical results do not suggest that a 

significant point source(s) is(are) impacting the sediment quality of Pettibone Creek. 
 

A Remedial Investigation (RI) Verification Step was conducted by Dames & Moore (1991) at the site.  Fill 

materials, encountered during the investigation of soil borings appeared to have the physical composition 

of lake dredge spoils.  Surface and subsurface soil samples were collected and analyzed for volatile 

organic compounds (VOCs), heavy metals, pesticides, and PCBs.  Several metals, including antimony, 

cadmium, copper, lead, mercury, selenium, silver, and zinc were detected at concentrations above 

representative background values throughout the areal extent of the site and at depth down to at least 

8 feet below ground surface (bgs).  Pesticides DDD, DDE, and DDT were also detected in near surface 

soils throughout the areal extent of the site.  

 

Data collected during the field investigation for the Site 12 RI will used to determine if chemical 

concentrations are present at greater than acceptable risk-based human health levels. Risks to 

macroinvertabrates from erosion into the harbor will be evaluated.  The possible outcomes of this RI are 
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No Further Action (NFA) if chemical concentrations are less than acceptable human health or ecological 

risk levels, or a Feasibility Study (FS) to evaluate alternatives address the site risks. 
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ACRONYMS AND ABBREVIATIONS 

AES   Atomic Emissions Spectrometry 

ARARs  Applicable or Relevant and Appropriate Requirements 

bgs  Below ground surface 

BTU  British Termal UnitCA   

CAS  Chemical Abstract Service 

CCV  Continuing Calibration Verification 

CERCLA Comprehensive Environmental Response, Compensation, and Liability Act 

CFR Code of Federal Regulations  

CLEAN Comprehensive Long-Term Environmental Action Navy 

CLP   Contract Laboratory Program 

COPC  Constituent of potential concern 

CSM  Conceptual Site Model 

CTO  Contract Task Order 

DI   Deionized  

DFTPP   Decafluorotriphenylphosphine 

DL  Detection Limits 

DoD   Department of Defense 

DOT  Department of Transportation 

DPT  Direct-push technology 

DQI   Data Quality Indicator 

DQO   Data Quality Objective 

DVM  Data Validation Manager 

ECD  Electron Capture Detector 

EDD  Electronic Data Deliverable 

EE/CA  Engineering Estimate/Cost Analysis 

Empirical Empirical Laboratories, LLC 

EPA  Environmental Protection Agency 

EU  Exposure Unit 

FOL  Field Operations Leader 

FS  Feasibility Study 

FTMR  Field Task Modification Request 

GC   Gas Chromatograph 

GC/MS   Gas chromatograph/mass spectrometer 

GPS  Global Positioning System 

HASP   Health and Safety Plan 
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HHRA  Human Health Risk Assessment 

HI  Hazard Index 

HQ  Hazard Quotient 

HSA  Hollow-stemmed Auger 

HSM  Health and Safety Manager 

IAC  Illinois Administrative Code  

IAS  Initial Assessment Study 

ICAL  Initial Calibration 

ICP   Inductively Coupled Plasma 

IDW   Investigation-derived waste 

ILCR  Incremental Lifetime Cancer Risk 

JULIE  Joint Utility Locating Information for Excavators 

LCS   Laboratory Control Sample 

LCSD  Laboratory Control Sample Duplicate 

LOQ  Limits of Quantitation  

MDL  Method Detection Limit 

MS  Matrix Spike 

MSD   Matrix Spike Duplicate 

MSL  Mean Sea Level 

NA  Not Applicable 

NAD  North American Datum 

NAVD  North American Vertical Datum 

NAVFAC Naval Facilities Engineering Command 

NFA  No Further Action 

NIRIS  Naval Installation Restoration Information Solution 

NS  Naval Station 

NV  No Value 

OPNAV  Office of the Chief of Naval Operations 

ORNL  Oak Ridge National Laboratory 

OSHA  Occupational Safety and Health Administration 

PAL  Project Action Limit 

PAH  Polynuclear Aromatic Hydrocarbon 

PCB   Polychlorinated biphenyl 

PDF  Portable Document Format 

PLC  Product Line Coordinator 

PM  Project Manager 

PPE  Personal protective equipment 
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PQL  Project Quantitation Limit 

PQLG  Project Quantitation Limit Goal 

QA   Quality Assurance 

QAM  Quality Assurance Manager 

QAO  Quality Assurance Officer 

QAPP   Quality Assurance Project Plan 

QC   Quality Control 

QL  Quantitation limit 

QSM  Quality Systems Manual 

RCRA   Resource Conservation and Recovery Act 

RI   Remedial Investigation 

RPD   Relative Percent Difference 

RPM   Remedial Project Manager 

RSD  Relative Standard Deviation 

RSL  Regional Screening Level 

SAP   Sampling and Analysis Plan 

SDG   Sample Delivery Group 

SOP   Standard Operating Procedure 

SPCS  State Plane Coordinate System 

SQL  Structured Query Language 

SSO  Site Safety Officer 

SVOC   Semivolatile organic compound 

TACO  Tiered Approach to Corrective Action Objective 

TAL  Target Analyte List  

TCL  Target Compound List 

TCLP  Toxicity Characteristic Leaching Procedure 

Tetra Tech Tetra Tech, Inc. 

UCL  Upper Confidence Level 

UFP-SAP  Uniform Federal Policy-Sampling and Analysis Plan 

USEPA  United States Environmental Protection Agency 

VOC  Volatile organic compound 
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SAP Works hee t #2 -- SAP Identifying  Information  
(UFP-QAPP Manual Section 2.2.4) 
 
Site Name/Number:  Site 12, Harbor Dredge Spoil Area 
Operable Unit:  NA 
Contractor Name:  Tetra Tech NUS, Inc. (Tetra Tech) 
Contract Number:  N62470-08-D-1001 
Contract Title:  Comprehensive Long-Term Environmental Action Navy (CLEAN)  
Work Assignment Number: Contract Task Order (CTO) F27A 
 
 
1.  This Uniform Federal Policy-Sampling and Analysis Plan (UFP-SAP or SAP) was prepared in 

accordance with the requirements of the United States Environmental Protection Agency (USEPA) 
Uniform Federal Policy for Quality Assurance Plans (UFP-QAPP) (2005) and USEPA Guidance for 
Quality Assurance Project Plans, EPA QA/G-5, (2002).  

 
2. Identify regulatory program:   

 
Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA)  

  
3.   This document is a project-specific SAP.  
 
4. List dates of scoping sessions that were held:   

 
Data Quality Objective (DQO) Scoping Session – December 2, 2009 

    
5. List dates and titles of any SAP documents written for previous site work that are relevant to the   

current investigation.  
 

                                         Title Date 
Initial Assessment Study (IAS), Great Lakes Naval Complex  
(Rogers, Golden & Halpern, 1986)  1986 
  
Technical Memorandum on the Remedial Investigation  
Verification Step for the Naval Training Center, Great Lakes,  
Illinois (Dames & Moore, 1991)  1991 
  
Remedial Investigation Work Plan, Site 4 – Fire Fighting  
Training Unit, Site 12 – Harbor Dredging Spoil Area, Naval  
Training Center, Great Lakes, Illinois (Halliburton NUS, 1993)  1993   
 

6. List organizational partners (stakeholders) and connection with lead organization: 
 

Illinois Environmental Protection Agency (EPA) – regulatory oversight 
NAVFAC Midwest – property owner 

 
7. Lead organization 
 

Department of the Navy, Naval Facilities Engineering Command (NAVFAC) Midwest 
 
8. If any required UFP-SAP elements or required information are not applicable to the project or are 

provided elsewhere, then note the omitted SAP elements and provide an explanation for their 
exclusion below: 

 
All required elements are included in this SAP. 
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SAP Works hee t #3 – Dis tribu tion  Lis t    

(UFP-QAPP Manual Section 2.3.1) 
  

 
Name of SAP Recipient 

 
Title/Role 

 
Organization 

 
Telephone Number 

 
E-Mail Address  

Howard Hickey Product Line Coordinator 
(PLC)/ Program Manager NAVFAC Midwest (847) 688-2600 X 243 Howard.Hickey@navy.mil 

Terese Van Donsel Remedial Project Manager  
(RPM) NAVFAC Midwest (847) 688-2600 X 136 Terese.VanDonsel@navy.mil 

Brian Conrath Illinois Remedial Project 
Manager (RPM) Illinois EPA (217) 557-8155 Brian.Conrath@illinois.gov 

Biff Cummings Project Manager (PM) Tetra Tech  (412) 920-7021 biff.cummings@tetratech.com 

Tom Johnston Atlantic Quality Assurance 
Manager (QAM) Tetra Tech (412) 921-8615  tom.johnston@tetratech.com 

Matt Soltis Health and Safety Manager 
(HSM) Tetra Tech (412)921-8912 Matt.Soltis@tetratech.com 

Ann Cognetti Project Chemist Tetra  Tech (412) 921-8862 ann.cognetti@tetratech.com 

Kim Kostzer Laboratory  P M 
Empirical  
Laboratories, LLC 
(Empirical) 

(615) 345-1115 X 240 kkostzer@empirlabs.com 

TBD 
Field Operations Leader 
(FOL)/Site Safety Officer 
(SSO) 

Tetra Tech TBD TBD 

Lee Leck Database Manager Tetra Tech (412) 921-8856 lee.leck@@tetratech.com 

Joseph Samchuck Data Validation Manager 
(DVM) Tetra Tech (412) 921-8510 joseph.samchuck@tetratech.com 

Glenn Wagner Administrative Record 
Assistant Tetra Tech (412) 220-2211 Glenn.wagner@tetratech.com 
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Site Location: Great Lakes, Illinois 

SAP Worksheet #4 - Project Personnel Sign-Off Sheet 
(UFP-QAPP Manual Section 2.3.2) 

Name OrganizationirltlelRole Telephone Number 

Navy and Regulator Project Team Personnel 

Terese Van NAVFAC MidwestlRPM (847) 688-2600 X 136 
Donsel 

Brian Conrath Illinois RPM (217) 557-8155 

Tetra Tech Project Team Personnel 

Biff Cummings Tetra TechIPM (412) 920-7021 

ChuckMetz Tetra TechIFOUSSO (412) 921-8214 

Ann Cognetti Tetra Tech/Project (412) 921-8862 
Chemist 

Matt Soltis 
Tetra T ecM-lealth and (412) 921-8912 

Safety Manaoer 
Joe Tetra T echIData (412) 921-6510 
Samchuck Validation Manaoer 
Subcontractor Personnel 

Kim Kostzer Empiricalll.aboratory PM (615) 345-1115 X 240 

SignaturelEmail 
Receipt 

See Worksheet #1 

See Worksheet #1 

See Worksheet #1 
r, 
d~,~ .,.. 

/~ fl1 M &cnd;ti 
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Harbor Dredge Spoil Area Site 12 SAP 
Revision Number: 0 

Revision Date: July 2010 

SAP Section Reviewed Date SAP Read 

All 

All 

All 

All Id--~"JD 
All JJ-~rffJ-~~ 

Health and Safe~ Plan 
(HASP) 

All /;2-~l/ -/0 

Worksheets #6, #12, #14, 
#15, #19, #23-28, #30, #34- 6-22-11 

#36 

CTOF27A 

file:///\\nuspitnas1\shared\NAVSTA%20Great%20Lakes%20-%20Bob%20Davis%20-%20A\biff.cummings\Local%20Settings\Temporary%20Internet%20Files\Local%20Settings\Temporary%20Internet%20Files\Content.IE5\Local%20Settings\Temporary%20Internet%20Files\Content.IE5\Local%20Settings\Temporary%20Internet%20Files\Local%20Settings\Temporary%20Internet%20Files\Content.Outlook\Local%20Settings\cavind\Application%20Data\Microsoft\draft%20handouts\Section_2.pdf�


Project-Specific SAP – Worksheet #5 Harbor Dredge Spoil Area Site 12 SAP 
Site Name/Project Name: Site 12 Site Investigation Revision Number:  0 
Site Location: Great Lakes, Illinois Revision Date: January 2011 
 

011107/P Page 12 of 93 CTO F27A 

SAP Works hee t #5 -- P ro jec t Organiza tiona l Chart 

(UFP-QAPP Manual Section 2.4.1) 
 
 
 
Lines of Authority    Lines of Communication 

 
 
  
 

Terese Van 
Donsel 

NAVY RPM 
(847) 688-2600 

X 136 
 

Biff Cummings 
Tetra Tech PM 
(412) 920-7021  

 

Matt Soltis 
Tetra Tech 

HSM 
(412) 921-8912 

Tetra Tech Support Staff 
DVM 

Chemists 
Environmental Engineers 

Geologists 
 

 

Tetra Tech Field 
Staff 

FOL/SSO/  
TBD 

 
 

Brian Conrath 
Illinois EPA  

(217) 557-8155 

Ken Bowers 
NAVY QA Officer  
(757) 322-8341 

 

Tom Johnston 
Tetra Tech/ Atlantic 

QAM 
(412) 921-8615 

Ann Cognetti 
Tetra Tech 

Project Chemist 
(412) 921-8862 

 

Field 
Subcontractors 
Surveyor/TBD 

Driller/TBD 
Environmental Field 

Services 

Kim Kostzer 
Empirical/ 

Laboratory PM 
(615)-345-1115 

X240 
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SAP Works hee t #6 -- Communica tion  Pa thways  

(UFP-QAPP Manual Section 2.4.2) 
 

 
Communication Driver 

 
Responsible Affiliation 

 
Name 

 
Phone Number 
and/or E-Mail 

 
Procedure  

(timing, pathway to & from, etc.) 

Issues in the field that 
result in changes in 
scope of field work 

Tetra Tech FOL 
Tetra Tech PM 

TBD 
Biff Cummings 

TBD 
(412) 920-7021 

FOL will inform PM within one business 
day; PM will inform Navy RPM by close of 
next working day. Document the changes 
on a field task modification request (FTMR) 
form and obtain required approvals within 5 
days of initiating the form 

Identification of the need 
for a change in schedule Tetra Tech PM Biff Cummings (412)  920-7021 Inform Navy via schedule impact letter 

within 1 business day 

Recommendation to 
stop work and initiate 
work upon corrective 
action 

Tetra Tech FOL/SSO 
Tetra Tech PM 
Tetra Tech QAM 
Tetra Tech HSM 
Navy RPM 

TBD 
Biff Cummings 
Tom Johnston 
Matt Soltis 
Terese Van Donsel 

TBD 
(412) 920-7021 
(412) 921-8615 
(412) 921-8912 
(847) 688-2600 
X 136  

Responsible party informs subcontractors, 
the Navy, Illinois EPA, and Project Team 
(see Worksheet #9) within one business 
day. 

Analytical data quality 
issues 

Empirical Laboratory PM 
Tetra Tech Project 
Chemist  

Kim Kostzer  
Ann Cognetti 

(615) 345-1115 
X 240 
(412) 921-8862 

Notify Tetra Tech Project Chemist within 
one business day. 
Tetra Tech Notify data validation staff and 
Tetra Tech PM within one business day. 

 
Notes: 
TBD – To be determined. 
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SAP Works hee t #7 – Pers onne l Res pons ib ilitie s  and  Qualifica tions  Table  

(UFP-QAPP Manual Section 2.4.3) 
 

 
Name 

 
Title/Role 

 
Organizational 

Affiliation 
 

Responsibilities 
 

Education and/or Experience 
Qualifications  

Brian Conrath RPM Illinois EPA Makes sure that investigation work and documentation 
is in compliance with applicable regulations. Available upon request 

Terese Van 
Donsel Navy RPM Navy Manages project and coordinates Project Team (see 

Worksheet #9). Available upon request 

Kim Kostzer Laboratory PM Empirical  Primary laboratory contact; ensures analyses are 
performed in accordance with SAP protocols. Available upon request 

Biff Cummings PM Tetra Tech 
Oversees project, financial, scheduling and technical 
day-to-day management of the project.  Overall 
coordination of the project and document review. 

B.S. Civil Engineering, 31 years 
environmental engineering experience 

Lee Leck Data Manager Tetra Tech 
Assists in SAP preparation, makes sure that data 
management activities are performed in accordance 
with SAP procedures. 

17 years of data management 
experience 

Joseph 
Samchuck DVM Tetra Tech Manages data validation deliverables. B.S. Chemistry, M.S., Finance, 24 

years of environmental experience 

TBD FOL, SSO Tetra Tech Supervises, coordinates, and performs field sampling 
activities. 

Information will be provided in the 
Final SAP. 

Tom Johnston QAM Tetra Tech 
Assists in SAP preparation.  Makes certain of 
implementation of quality aspects of the CLEAN 
program. 

B.S. Chemistry, Ph.D. Chemistry; 30 
years environmental experience 

Ann Cognetti Project Chemist Tetra Tech 

Prepares laboratory scope, coordinates with laboratory, 
and performs data quality review.   Coordinates 
analyses with laboratory chemists, makes sure the 
scope is followed, reviews Quality Assurance (QA) data 
packages, and communicates with Tetra Tech staff. 

M.S. Chemistry,1 years environmental 
experience 

Matt Soltis HSM Tetra Tech Oversees CLEAN Program Health and Safety Program. B.S. Industrial Safety Sciences, 
24 years environmental experience 
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In some cases, one person may be designated responsibilities for more than one position.  For work conducted under this UFP-SAP, the FOL will 
also be responsible for SSO and Site QA/QC responsibilities.  This action will be performed only as credentials, experience, and availability 
permits. 
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SAP Works hee t #8 -- Spec ia l Pe rs onne l Tra in ing  Requirements  Table  

(UFP-QAPP Manual Section 2.4.4) 
 
Each site worker will be required to have completed a 40-hour course (and 8-hour refresher, if applicable) 

in health and safety training as described under Occupational Safety and Health Administration (OSHA) 

29 Code of Federal Regulations (CFR) 1910.120(b)(4).  Safety requirements are addressed in greater 

detail in the site-specific Tetra Tech HASP included in Appendix A.  
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SAP Works hee t #9 -- P ro jec t Scoping  Ses s ion  Partic ipants  Sheet 

(UFP-QAPP Manual Section 2.5.1) 
 
 
Project Name:  Site 12 RI 
Projected Date(s) of Sampling: Summer 
2010 
Project Manager:  Biff Cummings 
 

 
Site Name:  Site 12 – Harbor Dredge Spoil Area 
 
Site Location:  NS Great Lakes, Great Lakes, Illinois 
 

Date of Session:  December 2-4, 2009 
Scoping Session Purpose:  DQO Scoping Session 
Project 
Team 
Member 

Title, Affiliation Phone # E-Mail Address Project 
Role 

Biff Cummings PM, Tetra Tech (412)920-7021 biff. cummings@tetratech.com Project 
Manager 

Robert Davis Technical Consultant, Tetra 
Tech (412) 921-7251 robert.davis@tetratech.com Technical 

Consultant 

Tom Johnston QAM, Tetra Tech (412)921-8615 tom.johnston@tetratech.com DQO 
Facilitator 

Li Wang Environmental Scientist, 
Tetra Tech 

(412) 920-7015 li.wang@tetratech.com Technical 
Support 

David Morgan Risk Assessor, Tetra Tech (412) 921-8509 david.morgan@tetratech.com Risk 
Assessment 

Shannon Hill Geologist, Tetra Tech (412) 921-8876 shannon.hill@tetratech.com Geologist 
 

Comments/Decisions:  None.  

 

Action Items:   

• Dave Morgan and Li Wang:  Identify Soil and Groundwater Criteria (TACO and RSLs) 

 

• Kelly Carper: Select Chemical Analysis Methods to ensure sensitivity is low enough that limits of 

quantitation (LOQs) and detection limits (DLs) will be less than the screening criteria. 

 

• Shannon Hill and Li Wang:  Review past reports to determine past soil sampling technique(s) - Note 

that solid stem auger was used in 1991 Tech Memo RI Verification Step. 

 

• Dave Morgan:  Verify criterion for Pb evaluations. 

 

• Bob Davis:  Clarify potential exposure unit (EU) size based on land use and zoning regulations 

(completed during meeting). 

 

• Biff Cummings and Bob Davis: Verify receptors list and related CSMs. 
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• Tom Johnston: Do statistical calculations with help of statistician if necessary. 

 

• Biff Cummings: Confer with the Navy RPM regarding the proposed approach and develop a 

consensus with Illinois EPA RPM and the Navy Chemist.  

 

Subsequent Discussions and Decisions:  

Following the initial scoping meeting, conferences were held with the Tetra Tech PM and the Navy RPM, 

(Terese Van Donsel). Additionally, related discussions were held between the Navy RPM and the Illinois 

EPA RPM (Brian Conrath) and the Navy Chemist (Ken Bowers). The subsequent discussions concluded 

that: 

 

• Due to the sizable amount of past sampling data at both the Site and within Pettibone Creek, which is 

considered to be the source area of sediment removed from the harbor and placed at Site 5, the 

number of sampling locations should be limited to the amount that can statistically support an 

assessment of risk (10 sampling locations). 

 

• Sampling should be limited to soil only.  Groundwater is not to be sampled since its condition is more 

likely related to surface water (Lake Michigan) influences rather than site contaminants and on-site 

flow.  However, groundwater samples may be collected if review of the soil data by the project team 

warrants further investigation. 

 

• Sample locations were selected based on a judgmental approach and with consensus and 

confidence of the Project Team that sampling will detect and provide a representation of any 

contamination occurring at the Site.    

 

• Two soil samples should be collected from each sampling location for testing; one from each of the 

surface and subsurface soil stratas.  

 

• The collected samples should be tested for semivolatile organic compounds (SVOCs), polynuclear 

aromatic hydrocarbons (PAHs), metals, and pesticides (20 total). Half of the samples collected from 

the subsurface soil strata should be tested for polychlorinated biphenyls PCBs (5 total). Samples shall 

be selected based on visual observations. 
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SAP Works hee t #10 – Conceptua l S ite  Mode l 

(UFP-QAPP Manual Section 2.5.2) 
 
10.1 SITE BACKGROUND 

NS Great Lakes covers 1,632 acres within Lake County, Illinois (See Figure 10-1).  Lake County is 

located in northeastern Illinois, and is composed of 24 miles of Lake Michigan shoreline.  Lake County is 

divided into 18 townships, 52 incorporated cities and villages, and 18 unincorporated cities and villages. 

 

NS Great Lakes provides facilities and related support to training activities, including the Navy’s only boot 

camp, as well as a variety of other military commands located on base.  Land uses vary in the areas 

surrounding NS Great Lakes.  Along the northern boundary of the base are mostly highly urbanized and 

industrialized areas.  Much of the land beyond the northwestern site boundary comprises unincorporated 

lands of Lake County, and is vacant except for scattered commercial and residential properties.  Adjacent 

to the western boundary are primarily industrial properties, and along the southern boundary is a mixture 

of public open space and residential land.   

 

Site 12 is located in a flat area on the shore of the NS Great Lakes Outer Harbor, south of a stormwater 

retention basin (see Figure 10-2), and is approximately 3.5 acres in size.  The stormwater retention basin 

was constructed between 1991 and 2002 over the former location of the tanks that were part of the 

installation’s sewage treatment plant (shown on the inset 1974 aerial photo on Figure 10-2). (The 

installation’s sewage is now treated offsite by the local municipal wastewater treatment plant.)  

Figure 10-2.  Site 12 is a grass-covered field rising westward from the shore of Lake Michigan, and is 

bounded on the western edge by a wooded bluff that is 50 to 60-feet high (see Figure 10-2).  The site is 

currently used as a picnic and recreational area and the only structure on the site is a picnic pavilion 

overlooking the lake.  An archery range was reportedly situated on the northern portion of the site, 

immediately south of the stormwater retention basin; however, its presence at the site could not be 

verified from the aerial photo.  A gravel road transects the site from north to south and terminates in a 

gravel parking lot on the south, against a concrete pier.  The only other notable feature is a drainage ditch 

which emerges from the bluff and extends eastward across the site to Lake Michigan. 

 

During harbor dredging activities in 1952 and the 1970s, dredge spoils from the boat slip area in the 

harbor were reportedly disposed in Site 12 (Rogers, Golden & Halpern, 1986).  The harbor area receives 

flow from Pettibone Creek, which drains stormwater from the base and a number of off-base industries 

upstream of NS Great Lakes. The primary sources of the environmental contaminants in the sediments 

are from upstream industrial sources (historical discharges and contamination) and storm water 

discharges within the Pettibone Creek Watershed.  Overland runoff and storm water discharges from 

Naval Station Great Lakes to Pettibone Creek may have contributed pollutants to the watershed, but  
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analytical results do not suggest that a significant point source(s) is(are) impacting the sediment quality of 

Pettibone Creek. Chemicals in the runoff may have settled in the sediments (Rogers, Golden & Halpern, 

1986).  An Initial Assessment Study (IAS) was performed at NS Great Lakes in 1986.  The IAS identified 

seven sites, including Site 12, as requiring further study within NS Great Lakes. The area of Site 12 that 

may have received fill between 1950 and 1990 is shown on Figure 10-2.in Figure 10-2.  Dames & Moore 

(1991) reviewed aerial photographs taken between 1946 and 1985 which indicated evidence of some 

filling and other modifications to Site 12 over this period.  However, these filling activities do not coincide 

with or closely follow the reported dates of harbor dredging;  therefore, the filling activities may not be 

related to the disposition of dredge spoils, as originally reported by the IAS (Dames & Moore, 1991).  

Dames & Moore (1991) reported that discussions with personnel at the base regarding the 1970s 

dredging operations indicated that spoils from this period were placed in the lake approximately 5 miles 

from shore.  Installation personnel were not able to provide personal knowledge of the 1952 dredging 

operations.  After the Dames & Moore (1991) report was issued, the stormwater retention pond was 

installed and an additional portion of Site 12 along Lake Michigan was filled in (Figure 10-2).  Past 

development activities at the Site are documented on historic maps and aerial photographs.  These maps 

and photographs are presented in Appendix B and are summarized in Section 10.2 of this document.  

The Dames and Moore report (1991) also notes that in the late 1980s, there were piles of soil and plant 

debris on Site 12.  The soil and debris presumably came from other locations at NS Great Lakes.  The 

sediment reportedly dredged from the harbor and deposited on Site 12 could have high organic content, 

and may contain heavy metals, oils (i.e., SVOCs and PAHs), pesticides, and PCBs from industries 

upstream of the NS Great Lakes. 

 

Based on the recommendations of the IAS, Dames & Moore (1991) conducted the RI Verification Step on 

five of the seven sites identified in the IAS, including Site 12.  Surface and subsurface soil samples were 

collected from various locations at Site 12 during in two sampling events in December 1988 and in March 

1989 and were analyzed for volatile organic compounds (VOCs), metals, pesticides and PCBs.  The 

samples from March 1989 exceeded laboratory holding times and were considered invalid. The site was 

resampled in August 1989. See Figure 10-3 for sample locations.  Thirty-three surface and subsurface 

soil samples were collected from 11 soil borings.  The pesticide and PCB data were validated and 

considered to be usable.  The laboratory data for VOCs and metals could not be validated using USEPA 

Level III protocol for several technical and administrative reasons. Because the VOC and metals data 

were not validated they were presented in the Dames & Moore (1991) Technical Memorandum but not 

used in that report’s conclusions and recommendations.  

 

The following summarizes the results of the previous investigation as presented in the RI Verification 

Step):  
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• VOCs were analyzed in 14 surface and 28 subsurface soil samples collected in 1988 from 14 boring 

locations. Only four VOCs (acetone, 2-butanone, methylene chloride, and toluene) were detected.  All 

of these compounds are common laboratory contaminants; therefore, they made be present in the 

laboratory results as a laboratory artifact. Based on the unvalidated VOC data and the fact that no 

VOCs were reported in excess of applicable criteria in the Site 17 RI and in the Harbor sampling data, 

VOCs are not considered potential contaminants of concern (COPCs) at Site 12.  With that said, it is 

still possible that VOCs could be present in the Site 12 soil.  Therefore, laboratory VOC analysis 

(using encore sample kits) will be performed on up to 4 samples depending on PID readings that are 

collected at the 10 proposed soil sample locations.   

 

• Heavy metals were analyzed in 14 surface and 28 subsurface soil samples collected in 1988 from 14 

boring locations.  Several metals were detected at the site in concentrations exceeding background 

soil concentrations provided in TACO. Metals are considered COPCs at Site 12 and will be 

investigate further. 

 

• Pesticides were analyzed in 11 surface and 22 subsurface soil samples collected in 1989 from 11 

boring locations. Pesticides are considered COPCs at Site 12 and will be investigate further. 

 
• PCBs were analyzed in 33 soil samples collected in 1989, but were not detected above the detection 

limits in any samples. However, PCBs are still considered COPCs at Site 12 and will be investigate 

further.  

 
• SVOCs have not been analyzed in soil samples from Site 12. They are considered COPCs at Site 12 

and will be investigate further. 

 

• The areal extent of contaminants encompasses the entire site area identified in the IAS.  The vertical 

extent of contamination was not determined; however, because metals were detected at the greatest 

depth sampled (i.e., 8 feet bgs), contamination probably extends below this depth.  Boring should 

extend through the dredge spoil to the natural soil layer which is expected to be 10 to 15 feet bsg. 

 

10.2 HISTORICAL MAPS AND AERIAL PHOTOGRAPHS AND SITE DOCUMENTATION 

The following information was identified during a review of NS Great Lakes historical drawings and 

photographs, which are provided in Appendix B. 

 



Project-Specific SAP – Worksheet #10 Harbor Dredge Spoil Area Site 12 SAP 
Site Name/Project Name: Site 12 Site Investigation Revision Number:  0 
Site Location: Great Lakes, Illinois Revision Date: January 2011 
 

011107/P Page 22 of 93 CTO F27A 

Drawing/Photo 
Date Description 

1907 Topographic 
Map 

• Harbor had not been constructed.  
• No above ground structure is identifiable in the area of Site 12. 

1909 General Plan • Inner Harbor had been constructed.  
1923 Boundary 

Survey 
• Harbor had been constructed.  
• No above ground structures are shown in the drawing. 

1929 Drawing • No above ground structures are shown in the area of Site 12. 
1930 Drawing • No above ground structures are shown in the area of Site 12. 
1936 Sounding 
Contour Lines • No significant changes are identifiable at Site 12. 

1939 Aerial Photo • The whole naval station was depicted in the aerial map. 
1941 Drawing • No significant change is identifiable at Site 12. 

1943 Drawing 

• Shoreline changed in the area of Site 12, with land surface extended 
eastward slightly into Lake Michigan.  Backfilling and leveling of the site 
may have occurred. 

• Shows several above ground treatment units were added to the 
sewage treatment plant to the north of Site 12.  The shoreline in the 
southeast part of the sewage treatment plant also changed, and 
backfilling and leveling in this area may also have occurred. 

1946 Drawing, 
1949, 1950, and 
1957 Plot Plans  

• No significant change is identifiable at Site 12. 

1958 and 1959 
Base Map and 

1961 Aerial Photo 

 
• Shoreline slightly changed at Site 12. 

1974 Aerial Photo • Shows two gravel roads at Site 12. 
1988 Aerial Photo • The sewage treatment plant to the north of site 12 is still present. 

2002 Aerial Photo 

• The sewage treatment plant to the north of site 12 is no longer present. 
• Shoreline at Site 12 changed significantly and extended eastward into 

the lake. 
• Shows the above ground structure, gravel road and parking lot 

discussed in Section 10.1. 
2006 Harbor 

Bathymetry Map 
• The bottom contour in the harbor changed significantly compared to 

the 1936 sounding contour lines. 
 

10.3 CONCEPTUAL SITE MODEL 

This section presents the conceptual site model (CSM), including a discussion of potential contaminants, 

site hydrogeology, possible contaminant migration pathways and potential human health and ecological 

risks.  This conceptual site model is depicted on Figure 10-4.  

 

Potential Contaminants 

Contaminants potentially affecting soil from past on-site activities include heavy metals, pesticides, PCBs, 

polyaromatic hydrocarbons (PAHs), and SVOCs that may be associated with contaminants from dredge 

spoils or other materials that may have been placed at the site. 
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Hydrogeology 

Site 12 is located in a flat area on the lakeshore.  Ground elevations at the site are approximately 585 feet 

above mean sea level (msl), and only a few feet above lake level.  The surface consists of hard-packed 

gravel, sand, and silt covered with weeds and grasses, underlain by approximately 100 feet of glacial till 

over bedrock.  The composition of the underlying till is believed to be primarily clay, but no data are 

available to confirm this.  Various mixtures of primarily sand and gravel, with construction debris and 

lesser amounts of silt and clay were encountered when shallow borings were installed by Dames & Moore 

in 1988.  This is indicative of filling and active sorting by wave action of the lake, as would be expected by 

lake dredging.  Dames & Moore reported that during soil boring installation, additional debris was being 

deposited at this site, and that during the last sampling event in August 1989 the site was being 

developed for recreational purposes.  

 

Shallow hydrogeology at NS Great Lakes is complex and includes several perched aquifers found mostly 

in discontinuous sand lenses within layers of clay and silty clay.  The shallow aquifer located along the 

shoreline at the installation has a depth to groundwater between 2 and 5 feet bgs due to the proximity of 

the lake.  The overall groundwater flow direction at Site 12 is expected to be strongly influenced by Lake 

Michigan water levels. This water is not potable and is not utilized at NSGL or the surrounding area.  The 

remaining aquifer system is known as the deep aquifer system, with depths ranging from 900 to 

1,900 feet bgs.  The shallow aquifer system recharges from local rainfall infiltration, while the deep aquifer 

system receives sources from areas of central Wisconsin. Surface runoff drains directly into Lake 

Michigan.  Groundwater quality at Site 12 has not been evaluated but is expected to have little influence 

on lake conditions due to an extensive amount of dilution and dispersion.   

 

Contaminant Migration Pathways 

The following contaminant migration routes and release mechanisms have been identified for potential 

contaminants at Site 12: 

 

Soil:   Site 12 is largely unpaved; therefore, surface and/or subsurface soil contamination in the spoils 

area may release contaminants through leaching, erosion/runoff and dust emission.  Infiltration of surface 

precipitation could result in leaching of contaminants from the fill material (e.g. dredge spoils) and, 

thereby impact native soil underlying the fill and downgradient groundwater.  Data from past 

investigations suggest that surface soils could be impacted.  Surface soil could have eroded and migrated 

overland as a result of runoff, which enters Lake Michigan eventually as there is no storm water collection 

system at Site 12.  Impacted soil can be emitted to the air through wind erosion and be transmitted to 

human or ecological receptors, such as macroinvertabrate, at the site or in the lake.  However, wind and 

water erosion mechanisms are not expected to be significant because the ground cover serves to limit the 



Project-Specific SAP – Worksheet #10 Harbor Dredge Spoil Area Site 12 SAP 
Site Name/Project Name: Site 12 Site Investigation Revision Number:  0 
Site Location: Great Lakes, Illinois Revision Date: January 2011 
 

011107/P Page 24 of 93 CTO F27A 

erosion of soils. Additionally, it is unknown whether clean fill has been placed over the dredge spoil.  If 

clean fill is present it will limit the access to the spoils and potential discharges by mechanical means to 

the environment and receptors.  The native soil is expected to be 10 to15 feet bgs.  

 

Groundwater:   Because of its proximity to Lake Michigan, groundwater levels and groundwater quality at 

the site are expected to fluctuate and be directly influenced by changes in lake level.  Impacts of 

groundwater on the surface water as a result of the contaminants in the dredge spoils are expected to be 

slight due to an extensive amount of dilution and dispersion within the lake.  

 

Surface Water:  Stormwater runoff from the site is not collected; it is discharged to Lake Michigan directly.  

As discussed above, much of Site 12 is vegetated; therefore, stormwater runoff is not expected to be 

significant.   

 

Potential Receptors 

Human receptors potentially exposed to contaminants at Site 12 include people who use the site as a 

picnic and recreational area, workers who maintain the recreational area and construction workers.  

There are no plans to redevelop this site; however, if it were to be redeveloped in the future for residential 

purposes, then residents and trespassers would be possible receptors.  These receptors could be 

exposed to chemicals in surface soil through direct contact exposure pathways (i.e., incidental ingestion 

of soil, dermal contact with soil, and inhalation of chemicals volatilized from soil or emitted with dust from 

the soil).  The construction worker could be exposed to chemicals in subsurface soil through direct 

contact exposure pathways.  If Site 12 is redeveloped in the future and subsurface soil is brought to the 

surface as part of the redevelopment, future residents, occupational workers, recreational users, or 

adolescent and adult trespassers could be exposed to chemicals in subsurface soil through direct contact 

exposure pathways.  A further description of potential human receptors and exposure routes is provided 

in the human health risk assessment (HHRA) methodology in Appendix C. 

 

Potential ecological receptors include aquatic macroinvertebrate in Lake Michigan. Ecological risks to 

macroinvertabrates from erosion of the contaminated soil into the harbor will be evaluated.  No 

threatened or endangered species are known to occur on or near Site 12.  
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SAP Works hee t #11 -- P ro jec t Qua lity Objec tives /Sys tematic  P lanning  Proces s  

S ta tements   

(UFP-QAPP Manual Section 2.6.1) 
 

11.1 PROBLEM DEFINITION 

Based on data collected during past investigations, it has been determined that soil at Site 12 may be 

contaminated with metals, PCBs, pesticides, PAHs, and SVOCs from the fill material (dredged sediments 

from the harbor or unkown fill sources).  Human and ecological receptors (macroinvertabrates) could be 

at risk if they are exposed to contaminated soil.  The nature and extent of contamination, if any, at Site 

12, and the degree of risk to human and ecological receptors (macroinvertabrates ) are unknown and 

must be characterized so that appropriate actions can be taken to mitigate unacceptable risks.  If risks 

are acceptable, then no further action (NFA) will be recommended for the site.   
 

11.2 INFORMATION INPUTS 

To resolve the problem identified in Section 11.1, the following physical and chemical data will be 

collected at Site 12: 

 

1) Surface soil and subsurface soil chemical data will be collected to determine the nature and extent of 

Target Compound List (TCL), PAHs, SVOCs, PCBs, pesticides, and Target Analyte List (TAL) metals 

(see Worksheet #15).  The sampling methods are presented in Worksheet #18, and the chosen 

analytical methods are presented in Worksheet #19 and Appendix D.  Analytical methods were 

selected to provide enough sensitivity to support the attainment of project objectives.  

 

2) Visual screening of Direct Push Technology (DPT) cores will also be used to determine the presence 

of dredge spoils or other materials that may contribute to contamination.  Tetra Tech SOP SA-1.3 

(Appendix E) will be used to conduct the screening.  

 
3) To estimate the limit of dredge spoils, it will only be necessary to use visual observation of samples 

collected from soil borings.   

 

4) Illinois EPA background concentrations for metals and polynuclear aromatic hydrocarbons (PAHs) 

(35 IAC 742 Appendix A: Table G.  Concentrations of Inorganic Chemicals in Background Soils) will 

be used to ensure that measured soil concentrations consistent with background concentrations are 

not inadvertently considered to be contaminated. 

 
5) Locations of soil borings will be measured by a global positioning system (GPS) with sub-meter 

accuracy.  All horizontal surface coordinates will be surveyed using the North American Datum (NAD) 
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83 SPCS Illinois East (feet) coordinate system.  All ground surface elevations will be reported using 

the North American Vertical Datum (NAVD) 1988. 

 

6) Lithology data for borings.  These data will be collected during boring operations and sampling will be 

done in accordance with Tetra Tech SOPs (SOP GH-1.5 in Appendix E) and Illinois state regulations. 

 
7) Water level readings will be performed in the test borings immediately upon completion to help with 

sample selection.  

 
Project Action Limits 

The Site 12 RI requires the collection of chemical data that can be used to characterize the site and 

conduct a screening level human health risk assessment.  The soil Project Action Limits (PALs) are set at 

the lowest matrix-specific, risk-based or regulatory human health screening criteria appropriate for the 

site.  The complete list of applicable screening values for the selected analytes is presented in 

Worksheet #15, and the derivation of PALs is provided in Appendix F. The PALs for this investigation are 

as follows: 

 

• USEPA, 2009.  Residential Regional Screening Levels for Chemical Contaminants in Soil at 

Superfund Sites developed by Oak Ridge National Laboratory (ORNL).  

 

• Illinois Pollution Control Board, 2007.  Title 35 of the Illinois Administrative Code (IAC) Section 742: 

TACO, Appendix C, Table A, B, C, Tier 1 Soil Remediation Objectives. 

 

• Threshold Effects Concentration from MacDonald, D.D., C.G. Ingersoll, and T.A. Berger, 2000.  

“Development and Evaluation of Consensus-Based Sediment Quality Guidelines for Freshwater 

Ecosystems.”  Archives of Environmental Contamination and Toxicology, Vol. 39, pp. 20-31. 

 

• Ontario Ministry of Environment (OMOE), 1993.  Guidelines for the Protection and Management of 

Aquatic Sediment Quality in Ontario.  Ontario Ministry of Environment and Energy.  August. 

 

• Illinois EPA, 2000.  Tiered Approach for Evaluation and Remediation of Petroleum Product Releases 

to Sediments.  Draft, Update 2.  Office of Chemical Safety. September 21. 

 

To conduct the investigation of soil, the selected laboratory must be able to achieve limits of quantitation 

(LOQs) that are low enough to measure constituent concentrations below the PALs.  Worksheet #15 is 

the first step used to select chemicals of potential concern (COPCs) as stated in Appendix C, Human 

Health Risk Assessment Work Plan based on the PALs.  If the PAL falls below the MDL for a particular 
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analyte or analytes, this will require evaluation of these chemicals as stated in Appendix C, Human Health 

Risk Assessment Work Plan in the uncertainty section of the Risk Assessment Report. 

 

11.3 TEMPORAL AND SPATIAL BOUNDARIES 

Site 12 is spatially bounded by the former location of the sewage treatment plant on the north, an 

approximately 50-foot high wooded bluff on the west, a concrete pier on the south, and Lake Michigan on 

the east (Figure 10-2).  For this evaluation, if a risk assessment is required, the site will be evaluated as 

one exposure unit.   

 

Two major soil fill populations are of interest.  For contaminant delineation, a population of soil fill (as 

opposed to native soil) with chemical concentrations exceeding the applicable screening criteria must be 

delineated to determine the extent of contamination.  Bounding this population are chemical 

concentrations in soil fill that are less than or equal to the applicable screening criteria and considered 

uncontaminated.  Because the project focus is to establish contamination related to dredge spoils within 

Site 12, it is important to stay within the established Site 12 boundary, and to avoid investigating 

contamination unrelated to dredge spoils.  This means that areas located physically upgradient of dredge 

spoils, such as north of the bulkhead wall and west of the bluff, are not of interest.  The depth to native 

soils beneath the dredge spoils is of interest in order to define the vertical extent of the spoil. 

 

Within these two soil populations, the Project Team must distinguish between surface and subsurface soil 

because they are treated differently for risk assessment.  Surface soil is defined for this project to be 0 to 

6 inches bgs.  Subsurface soil is defined to be soil from the bottom of the surface soil interval to the depth 

where native soil is encountered. 

 

The Project Team plans to limit the data collection to a single field event, after which a decision will be 

made about whether to deem NFA for the site or, to proceed to a Feasibility Study (FS).   Sampling in the 

warmer months is preferred to winter sampling because of problems that occur with ground freezing and 

discomfort to field crews.  Site 12 RI field activities will be conducted late 2010 or early 2011. 

 

11.4  ANALYTIC APPROACH 

Decision rules are provided below for delineating contamination and for evaluating human health and 

ecological risks.   

 



Project-Specific SAP – Worksheet #11 Harbor Dredge Spoil Area Site 12 SAP 
Site Name/Project Name: Site 12 Site Investigation Revision Number:  0 
Site Location: Great Lakes, Illinois Revision Date: January 2011 
 

011107/P Page 28 of 93 CTO F27A 

Rule for Delineating Contamination 

The vertical extent of contamination will be determined by analyzing contaminant concentrations and 

making visual observations of samples obtained from the soil borings.  Historical aerial photographs and 

physical limitations will primarily be used to establish the lateral boundaries of the dredge spoil deposition. 

If contamination is bounded during the initial sampling event, then no more data will be collected and 

delineation is complete.  If delineation is not complete, then return to the site for additional data collection 

to complete delineation.  

 

Rule for Human Health Assessment of Soil 

For the human health risk assessment of soil, risks and hazard indices will be calculated for direct contact 

exposures to soil. The rules governing data use for the human health risk assessment for all chemicals 

except lead are as follows: 

 

• If the Incremental Lifetime Cancer Risk (ILCR) is greater than 1 x 10-4 or if the HQ is between 0.1 

and 1 for any receptor or the hazard quotient (HQ) is greater than 1, the Project Team will proceed to 

a FS in order to evaluate remedial alternatives. 

 

• If the ILCR is within the target risk range of 1 x 10-6 to 1 x 10-4, and if the HQ is between 0.1 and 1 for 

residential receptors, and chemical-specific Applicable or Relevant and Appropriate Requirements 

(ARARs) are exceeded, the Project Team will meet to consider risk management options such as an 

engineering estimate/cost analysis (EE/CA) or a FS.   

 

• If the risks are less than risk thresholds for residential receptors (ILCR less than 1 x 10-6, and HQ less 

than 1.0), NFA will be recommended.    

 

If lead is a COPC in soil, then the USEPA models for evaluating direct contact exposures to lead in soil 

(child lead model and adult lead model) will be used. In this case, if calculated blood lead levels in child or 

adult receptors exceed USEPA guidelines of less than 5 percent of the target populations (young children 

and adult females) having blood lead levels exceeding 10 micrograms per deciliter, then an FS will be 

recommended; otherwise, an NFA will be recommended (with respect to lead only). 

 

Risk estimates for soil will be based on the 95 percent upper confidence level (UCL) for all chemicals 

except lead; lead risk estimates will be based on the mean concentration of lead.  Human receptors for 

which risks will be evaluated are identified in the CSM in Worksheet #10.  Even though residential risk is 

used as the basis for decisions, all receptor risks will be evaluated in accordance with the CSM and 

documented in the project report to support an FS or any other future work that is conducted. 
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11.5 PERFORMANCE OR ACCEPTANCE CRITERIA 

Since substantial data had already been collected from the Site and from Pettibone Creek, which was the 

source area for the dredged sediments at Site 12, it was determined by the Project Team that 10 samples 

of each media would be collected during the RI.  Ten samples are the minimum number of samples 

required to achieve the specified decision performance if the inputs are correct.  The sampling design 

was based on a judgmental approach utilizing data from past sampling events and knowledge of historical 

construction activities.   
 

11.6 DATA COLLECTION PLAN 

The data collection design and rationale are presented in Worksheet #17. 
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SAP Works hee t #12 -- Meas urement Performance  Crite ria  Table  Fie ld  Quality Con tro l Sample   

(UFP-QAPP Manual Section 2.6.2) 
 

 

QC Sample Analytical Group Frequency 
Data Quality Indicators 

(DQIs) 
Measurement 

Performance Criteria 

QC Sample 
Assesses Error 

for Sampling (S), 
Analytical (A) or 

both (S&A) 

Field Duplicate All Fractions One per 10 field 
samples collected. Precision Relative Percent 

Difference (RPD) < 30% S&A 

Cooler Temperature 
Indicator All Fractions One per cooler. Representativeness 

Temperature between 2 
and 6 degrees Celsius (4 
± 2 °C). 

S 
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SAP Works hee t #13 -- Secondary Da ta  Crite ria  and  Limita tions  Table  

(UFP-QAPP Manual Section 2.7) 
 

Secondary Data 
 

Data Source 
 

Data Generator(s) How Data Will Be Used Limitations on Data 
Use 

Historical Aerial 
Photographs NS Great Lakes  

NS Great Lakes Aerial 
Photographs taken from 1939 to 
2002 

Aerial photographs were 
used to identify possible 
sources of contamination 
and active dates of use. 

No Limitations. 

Previous Site 
Investigation Dames & Moore 

Technical Memorandum on the 
Remedial Investigation 
Verification Step for the Naval 
Training Center, Great Lakes, 
Illinois, 1991 

Soil sampling locations and 
analysis data were used to 

help establish sampling 
locations and parameters 

for testing. 

VOC and metal data 
could not be 

validated and cannot 
be used; pesticide 

and PCB data were 
validated and can be 

used. 
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SAP Works hee t #14 -- Summary of Pro jec t Tas ks  

(UFP-QAPP Manual Section 2.8.1)   
   
Site 12 RI field tasks are summarized below.  All data recording and management procedures are 

described in Worksheet #29. 

 
• Mobilization/demobilization 

• Site-specific health and safety training (see HASP) 

• Utility clearance/digging permit acquisition 

• DPT boring 

• Investigation-derived waste (IDW) management 

• Land surveying 

• Field decontamination procedures 

• Field documentation procedures 

• Analytical tasks 

• Data management tasks 

 
14.1 MOBILIZATION/DEMOBILIZATION 

Mobilization will consist of the delivery of all equipment, materials, and supplies to the site, the complete 

assembly in satisfactory working order of all equipment at the site, and the satisfactory storage at the site 

of all materials and supplies.  Tetra Tech will coordinate with the base to identify locations for the storage 

of equipment and supplies.   

 

Demobilization shall consist of the prompt and timely removal of all equipment, materials, and supplies 

from the site following the completion of work.  Demobilization will also include the cleanup and removal 

of waste generated during the investigation. 

 
14.2 UTILITY CLEARANCE/DIGGING PERMIT AQUISITION 

Potential underground utilities will be located and marked after a review of property maps and surface 

indications of utilities.  See SOP HS-1.0 in Appendix E for locating underground utilities.  The utility 

clearance will include contacting the Illinois one call system Joint Utility Locating Information for 

Excavators (JULIE) and NS Great Lakes Public Works personnel.  Digging permits will be obtained prior 

to conducting intrusive activities. 
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14.3 DPT BORING 

Soil will be collected from two intervals: surface and subsurface soils. Surface soil will be collected 0 to 

6 inches below the ground surface. Subsurface soil will be and 6 inches below the ground surface to the 

depth where native soil is encountered. Soil sampling will occur at 10 locations using DPT.  Therefore, a 

total of 20 soil samples will be collected.  Each soil interval will be visually inspected and any signs of 

potential contamination (such as odor or staining) will be noted.  These data will be used to select the soil 

sample to be tested.  For each interval, a sample will be collected from an area where odor or staining 

was located.  The methodology for sample collection is described in SOP SA-2.5 in Appendix E.  All 

borings will be logged in accordance with SOP GH-1.5.  The sample numbering scheme will be in 

accordance with SOP CT-04.  Methods for recording data are included in SOP SA-6.3.  

 

14.4 WATER LEVEL MEASUREMENTS 

Water level measurements will be collected in the open borings and included on the boring logs.   

 
14.5 INVESTIGATION-DERIVED WASTE MANAGEMENT 

IDW will consist of decontamination water from cleaning field equipment and soil cuttings.  Personal 

Protective Equipment (PPE), such as nitrile gloves or groundwater sampling tubing, will be disposed of as 

municipal waste and placed in a nearby dumpster.  All other IDW will be containerized by Tetra Tech in 

Department of Transportation (DOT) -approved (DOT specification 17C) 55-gallon drums, labeled as 

IDW, and stored in a centralized location.  Tetra Tech SOP SA-7.1 (Decontamination of Field Equipment) 

is provided in Appendix E and details general procedures for management and labeling of IDW.    

 

Under oversight by Tetra Tech, the drilling subcontractor(s) will be responsible for providing, filling, 

sealing, and moving the drums to a centralized area specified by the base point of contact during 

mobilization.  The drums must be generally clean prior to moving to the centralized storage area, and will 

be labeled by Tetra Tech with an IDW label (see Attachment A of Tetra Tech SOP SA-7.1 in Appendix E) 

as soon as possible after they are filled.  The drums will be arranged into rows (no more than two drums 

deep) by the drilling subcontractor(s), with liquids and solids segregated, for easy access. 

 

One composite IDW sample will be collected by Tetra Tech to characterize the solid waste for proper 

disposal.  The IDW solid sample will be submitted to Empirical for toxicity characteristic leaching 

procedure (TCLP) VOCs, SVOCs, pesticides, herbicides, and metals and NS Great Lakes required 

analyses [BTU; flash point; pH; reactive with acid, base, and water; reactive with cyanide and sulfide; 

PCBs; water content (karl fisher); and paint filter test].  One aqueous IDW sample of decontamination 

water will be submitted to Empirical for TCL SVOCs, Pesticides, PCBs, and TAL Metals. The samples will 
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be submitted to the laboratory with a 7-day turnaround time.  Analytical data for the two IDW samples will 

then be provided to NS Great Lakes for characterization of the solid and aqueous wastes and 

determination of proper disposal methods.  NS Great Lakes will be responsible for contracting an 

approved IDW vendor to properly dispose of the IDW drums.  Manifests for the IDW disposal will be 

maintained by NS Great Lakes.  Copies of the manifest will be included in the RI report. 

 

14.6 LAND SURVEYING 

A GPS with sub-meter accuracy survey will be used to locate the soil sampling locations.  Horizontal 

locations shall be referenced to the Illinois State Plane Coordinate System (SPCS), North American 

Datum of 1983 (NAD 83).  Vertical locations (elevations) shall be referenced to Mean Sea Level, North 

American Vertical Datum 1988 (NAVD 88).   

 

14.7 FIELD DECONTAMINATION PROCEDURES 

Sample containers that are certified clean will be provided by Empirical.  Decontamination of sampling 

equipment will be conducted prior to and between sampling at each location.  At each site, an 

abbreviated decontamination procedure consisting of a soapy water (laboratory-grade detergent) rinse 

followed by a deionized (DI) water rinse will be performed.  However, if free product is encountered, a 

more elaborate decontamination of equipment will be conducted in accordance with Tetra Tech 

SOP SA-7.1. 

 

14.8 FIELD DOCUMENTATION PROCEDURES 

Field documentation will be performed in accordance with SOP SA-6.3 presented in Appendix E. 

 

A summary of all field activities will be properly recorded in a bound logbook with consecutively numbered 

pages that cannot be removed.  Logbooks will be assigned to field personnel and will be stored in a 

secured area on base when not in use.   

 

At a minimum, the following information will be recorded in the site logbook: 

 

• Name of the person to whom the logbook is assigned. 

• Project name. 

• Project start date. 

• Names and responsibilities of on-site project personnel including subcontractor personnel. 

• Names, affiliations, and arrival/departure times of site visitors. 

• Descriptions and arrival/departure times of on-site equipment. 
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• Sampling activity information and sample log sheet references. 

• Descriptions of subcontractor activities. 

• Sample information including chain-of-custody form numbers and air bill numbers, carrier, time, and 

date. 

• Descriptions of borehole and monitoring well installation activities and operations. 

• Health and safety issues. 

• Descriptions of photographs including date, time, photographer, picture number, location, and 

compass direction of photograph, and what the photo is intending to show. 

 

All entries will be written in ink, and no erasures will be made.  If an incorrect entry is made, the person 

making the correction will strike a single line through the incorrect information, write in the correct 

information and initial and date the change. 

 

14.9 ANALYTICAL TASKS 

Chemical analysis will be performed by Empirical.  Empirical is a current Department of Defense 

Environmental Laboratory Accreditation Program (DoD ELAP) approved laboratory.  A copy of the 

laboratory certification for can be found in Appendix D.  Analyses will be performed in accordance with 

the analytical methods identified in Worksheet #19.  Empirical is expected to meet the PALs to the extent 

identified in Worksheet #15.  Empirical will perform chemical analysis following laboratory-specific SOPs 

(Worksheets #19 and #23) developed based on the analytical methods listed in Worksheets #19 and 

#30.  Copies of the Laboratory SOPs are included in Appendix D.  

 

14.10 DATA MANAGEMENT TASKS 

This section describes how the project information will be managed, organized, and maintained for 

efficient use by project personnel.  The information management process is outlined from the point of 

data generation to ultimate storage. 

 

Sample Collection and Field Measurements Data Package Deliverables 

Sample collection data will be collected in accordance with the sample collection SOPs in Appendix E.  In 

addition, calibration data will also be provided in accordance with the SOPs in Appendix E. 

 

Off-site Laboratory Data Package Deliverables 

Data package deliverable requirements are detailed in SAP Worksheet #30 (Analytical Services).   
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Data packages will be provided as both hardcopy and portable document format (.PDF).  Empirical 

Laboratories will provide a Naval Installation Restoration Information Solution (NIRIS)-compatible 

electronic data deliverable (EDD).  Data packages will be contract laboratory program (CLP)-equivalent 

(i.e., they will contain CLP-equivalent summary forms and raw data).  The standard turnaround time for 

analytical services is 28 calendar days.  Turnaround time will be measured from the laboratory receipt of 

the last samples in a sample delivery group (SDG).  SDGs must contain 20 samples (no more than 20 

and only less if the entire sampling event had less than 20 samples).  Data will be stored by the analytical 

laboratory for 5 years. 

 

Data Reporting Formats 

Field data will be recorded in the field.  Examples of the forms to be used in the field are presented in 

Appendix E of this SAP.  

 

Data Handling and Management 

The data-handling procedures to be followed by the laboratory will meet the standard Tetra Tech 

requirements in the laboratory subcontracts.  The analytical and field data will be maintained in the project 

files.  The project files will contain hard copies of the chain-of-custody forms, sample log forms, sample 

location maps, and documentation of QA of data manipulation.  These forms are included in the 

applicable SOPs in Appendix E of this SAP. 

 

Data Tracking and Control 

A “cradle-to-grave” sample tracking system will be used from the beginning to the end of the investigation.  

Before field mobilization, the Tetra Tech FOL will coordinate/initiate the sample tracking process.  If using 

e-DATA, the Tetra Tech FOL will print the sample jar labels at the time of sampling.  The Tetra Tech FOL 

will review the labels for completeness of information and adherence to sampling plan requirements, as 

well as for accuracy.  The Tetra Tech FOL and/or Tetra Tech PM will make sure that the analytical 

laboratory is aware of the number and type of samples and analyses that are about to be requested. 

 

When field sampling is underway, the Tetra Tech FOL will forward the chain-of-custody forms to the Tetra 

Tech PM or designee via facsimile at the end of each day.  The Tetra Tech PM or designee will compare 

the entries on the chain-of-custody forms with the sample tracking database, and enter the sample date 

and other sample information as appropriate.  The Tetra Tech PM or designee will also confirm that the 

chain-of-custody forms provide the information required by the sampling plan.  This will allow for early 

detection of errors made in the field so that adjustments can be made while the crew is mobilized.  After 

successful completion of the requested analyses, the laboratory will submit an EDD for every SDG.  
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When the EDDs have been received from the laboratory, the Tetra Tech PM will make sure that the 

laboratory performed the requested analyses.  Ideally, discrepancies will be noted early enough so that 

the samples can be analyzed within the prescribed holding times. 
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SAP Works hee t #15 -- Refe rence  Limits  and  Eva lua tion  Table  

(UFP-QAPP Manual Section 2.8.1) 
 
Matrix: Soil 
Analytical Group:  TAL Metals 
 

  

CAS Number 

Project 
Action Limit 

(PAL)(1)  

Project Action 
Limit 

Reference(2) 

Project 
Quantitation 
Limit Goal (3)  

Empirical 

Analyte 

Limit of 
Quantitation  

Limit of 
Detection  

Method 
Detection 

Limit        

METALS SW-846 6010C (mg/kg)   
      ALUMINUM 7429-90-5 55000 EPA 18000 20 10 5 

ANTIMONY 7440-36-0 0.66 EPA 0.22 1.0 0.50 0.25 
ARSENIC 7440-38-2 0.0013 EPA 0.00043 0.25 0.20 0.15 
BARIUM 7440-39-3 300 EPA 100 2.0 1.0 0.50 
BERYLLIUM 7440-41-7 58 EPA 19 0.25 0.125 0.05 
CADMIUM 7440-43-9 1.4 EPA 0.47 0.25 0.125 0.05 
CALCIUM 7440-70-2 NC NC NC 1000 500 250 
CHROMIUM 7440-47-3 230 IL TACO 77 0.50 0.25 0.10 
COBALT 7440-48-4 0.49 EPA 0.16 0.60 0.40 0.20 
COPPER 7440-50-8 51 EPA 17 1.0 0.50 0.25 
IRON 7439-89-6 640 EPA 210 10 5.0 2.5 
LEAD 7439-92-1 107 IL TACO 36 0.50 0.25 0.10 
MAGNESIUM 7439-95-4 NC NC NC 1000 500 200 
MANGANESE 7439-96-5 57 EPA 19 1.0 0.50 0.25 
MERCURY 7439-97-6 0.03 EPA 0.01 0.03 0.02 0.01 
NICKEL 7440-02-0 48 EPA 16 1.0 0.50 0.25 
POTASSIUM 7440-09-7 NC NC NC 1000 500 200 
SELENIUM 7782-49-2 0.95 EPA 0.32 0.50 0.25 0.15 
SILVER 7440-22-4 1.6 EPA 0.53 0.50 0.25 0.15 
SODIUM 7440-23-5 NC NC NC 1000 500 200 
THALLIUM 7440-28-0 NC NC NC 0.50 0.25 0.15 
VANADIUM 7440-62-2 180 EPA 60 1.0 0.50 0.25 
ZINA 7440-66-6 680 EPA 230 2.0 1.0 0.50 
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Matrix: Soil 
Analytical Group:  TCL Semivolatiles (including low level PAHs) 
 

  

CAS 
Number 

Project 
Action Limit 

(PAL)(1)  

Project Action 
Limit 

Reference(2) 

Project 
Quantitation 
Limit Goal (3)  

Empirical 

Analyte 

Limit of 
Quantitation  

Limit of 
Detection  

Method 
Detection 

Limit        

SVOCs including low level PAHs SW-846 8270C (μg/kg)    
BIS(2-CHLOROETHYL)ETHER 111-44-4 0.031 EPA 0.01 333 133 30 
2-CHLOROPHENOL 95-57-8 150 EPA 50 333 133 30 
PHENOL 108-95-2 6300 EPA 2100 333 133 30 
HEXACHLOROETHANE 67-72-1 2.9 EPA 0.97 333 133 30 
N-NITROSO-DI-N-PROPYLAMINE 621-64-7 0.0072 EPA 0.0024 333 133 30 
NITROBENZENE 98-95-3 0.079 EPA 0.026 333 133 30 
2-METHYLPHENOL 95-48-7 1500 EPA 500 333 133 30 
ISOPHORONE 78-59-1 23 EPA 7.7 333 133 30 
4-METHYLPHENOL 106-44-5 150 EPA 50 333 133 30 
1,1-BIPHENYL 92-52-4 19000 EPA 6300 333 133 30 
2,2'-OXYBIS(1-CHLOROPROPANE) 108-60-1 0.12 EPA 0.04 333 133 30 
2,4,5-TRICHLOROPHENOL 95-95-4 14000 EPA 4700 333 133 30 
2,4,6-TRICHLOROPHENOL 88-06-2 23 EPA 7.7 333 133 30 
2,4-DICHLOROPHENOL 120-83-2 130 EPA 43 333 133 30 
2,4-DIMETHYLPHENOL 105-67-9 860 EPA 290 333 133 30 
2,4-DINITROPHENOL 51-28-5 82 EPA 27 333 133 30 
2,4-DINITROTOLUENE 121-14-2 0.29 EPA 0.097 333 133 30 
2,6-DINITROTOLUENE 606-20-2 0.7 IL TACO 0.23 333 133 30 
2-CHLORONAPHTHALENE 91-58-7 15000 EPA 5000 333 133 30 
2-NITROANILINE 88-74-4 140 IL NON-TACO 47 333 133 30 
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 CAS 
Number 

Project 
Action Limit 

(PAL)(1)  

Project Action 
Limit 

Reference(2) 

Project 
Quantitation 
Limit Goal (3)  

Empirical 

Analyte 

Limit of 
Quantitation  

Limit of 
Detection  

Method 
Detection 

Limit        
2-NITROPHENOL 88-75-5 NC NC NC 333 133 30 
3,3'-DICHLOROBENZIDINE 91-94-1 0.98 EPA 0.33 333 133 30 
3-NITROANILINE 99-09-2 10 IL NON-TACO 3.3 333 133 30 
4,6-DINITRO-2-METHYLPHENOL 534-52-1 3.1 IL NON-TACO 1 333 133 30 
4-BROMOPHENYL PHENYL ETHER 101-55-3 NC NC NC 333 133 30 
4-CHLORO-3-METHYLPHENOL 59-50-7 4300 EPA 1400 333 133 30 
4-CHLOROANILINE 106-47-8 0.14 EPA 0.047 333 133 30 
4-CHLOROPHENYL PHENYL ETHER 7005-72-3 NC NC NC 333 133 30 
4-NITROANILINE 100-01-6 1.4 EPA 0.47 333 133 30 
4-NITROPHENOL 100-02-7 NC NC NC 333 133 30 
ACETOPHENONE 98-86-2 1100 EPA 370 333 133 40 
ATRAZINE 1912-24-9 0.19 EPA 0.063 333 133 30 
BENZALDEHYDE 100-52-7 810 EPA 270 333 133 55 
BIS(2-CHLOROETHOXY)METHANE 111-91-1 25 EPA 8.3 333 133 30 
BIS(2-ETHYLHEXYL)PHTHALATE 117-81-7 1100 EPA 370 333 133 30 
BUTYL BENZYL PHTHALATE 85-68-7 510 EPA 170 333 133 30 
CAPROLACTAM 105-60-2 4500 EPA 1500 333 133 67 
CARBAZOLE 86-74-8 600 IL TACO 200 333 133 30 
DIBENZOFURAN 132-64-9 820000 IL NON-TACO 270000 333 133 30 
DIETHYL PHTHALATE 84-66-2 12000 EPA 4000 333 133 30 
DIMETHYL PHTHALATE 131-11-3 NC NC NC 333 133 30 
DI-N-BUTYL PHTHALATE 84-74-2 9200 EPA 3100 333 133 30 
DI-N-OCTYL PHTHALATE 117-84-0 1600000 IL TACO 530000 333 133 30 
HEXACHLOROBENZENE 118-74-1 0.53 EPA 0.18 333 133 30 
HEXACHLOROBUTADIENE 87-68-3 1.7 EPA 0.57 333 133 30 
HEXACHLOROCYCLOPENTADIENE 77-47-4 680 EPA 53 333 133 30 
N-NITROSODIPHENYLAMINE 86-30-6 75 EPA 25 333 133 30 
PENTACHLOROPHENOL 87-86-5 5.7 EPA 1.9 333 133 30 
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 CAS 
Number 

Project 
Action Limit 

(PAL)(1)  

Project Action 
Limit 

Reference(2) 

Project 
Quantitation 
Limit Goal (3)  

Empirical 

Analyte 

Limit of 
Quantitation  

Limit of 
Detection  

Method 
Detection 

Limit        
Low Level PAHs 
2-METHYLNAPHTHALENE    91-57-6 0.75 EPA 0.25 0.00667 0.00333 0.00167 
ACENAPHTHENE 83-32-9 22 EPA 7.3 0.00667 0.00333 0.00167 
ACENAPHTHYLENE 208-96-8 85 IL NON-TACO 28.3 0.00667 0.00333 0.00167 
ANTHRACENE 120-12-7 360 EPA 120 0.00667 0.00333 0.00167 
BENZO(A)ANTHRACENE 56-55-3 0.01 EPA 0.0033 0.00667 0.00333 0.00167 
BENZO(A)PYRENE   50-32-8 0.0035 EPA 0.00117 0.00667 0.00333 0.00167 
BENZO(B)FLUORANTHENE 205-99-2 0.035 EPA 0.0117 0.00667 0.00333 0.00167 
BENZO(G,H,I)PERYLENE 191-24-2 2300 IL NON-TACO 770 0.00667 0.00333 0.00167 
BENZO(K)FLUORANTHENE 207-08-9 0.35 EPA 0.117 0.00667 0.00333 0.00167 
CHRYSENE 218-01-9 1.1 EPA 0.37 0.00667 0.00333 0.00167 
DIBENZO(A,H)ANTHRACENE   53-70-3 0.011 EPA 0.0037 0.00667 0.00333 0.00167 
FLUORANTHENE 206-44-0 160 EPA 53.3 0.00667 0.00333 0.00167 
FLUORENE 86-73-7 27 EPA 9 0.00667 0.00333 0.00167 
INDENO(1,2,3-CD)PYRENE 193-39-5 0.12 EPA 0.04 0.00667 0.00333 0.00167 
NAPHTHALENE 91-20-3 0.00047 EPA 0.00016 0.00667 0.00333 0.00167 
PHENANTHRENE 85-01-8 200 IL NON-TACO 66.7 0.00667 0.00333 0.00167 
PYRENE 129-00-0 120 EPA 40 0.00667 0.00333 0.00167 
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Matrix: Soil 
Analytical Group:  PCBs 

  

CAS 
Number 

Project 
Action Limit 

(PAL)(1)  

Project Action 
Limit 

Reference(2) 

Project 
Quantitation 
Limit Goal (3)  

Empirical 

Analyte 

Limit of 
Quantitation  

Limit of 
Detection  

Method 
Detection 

Limit        

PCBs SW-846 8082A (μg/kg) 
       AROCLOR-1016 12674-11-2 92 EPA 31 33 17 8 

AROCLOR-1221 11104-28-2 0.12 EPA 0.04 33 17 8 
AROCLOR-1232 11141-16-5 0.12 EPA 0.04 33 17 8 
AROCLOR-1242 53469-21-9 5.3 EPA 1.8 33 17 8 
AROCLOR-1248 12672-29-6 5.2 EPA 1.7 33 17 8 
AROCLOR-1254 11097-69-1 8 EPA 2.9 33 17 8 
AROCLOR-1260 11096-82-5 24 EPA 8 33 17 8 
TOTAL AROCLOR 1336-36-3 220 EPA 73 33 17 8 
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Matrix: Soil 
Analytical Group:  Pesticides  
 

  

CAS Number Project Action 
Limit (PAL)(1)  

Project Action 
Limit 

Reference(2) 

Project 
Quantitation 
Limit Goal (3)  

 Empirical  

Analyte 

Limit of 
Quantitation  

Limit of 
Detection  

Method 
Detection 

Limit        

PESTICIDES SW-846 8081B (μg/kg) 
       4,4' DDD 72-54-8 86 USEPA 28 0.66 0.33 0.16 

4,4'-DDE 72-55-9 60 USEPA 20 0.66 0.33 0.16 
4,4'-DDT 50-29-3 87 USEPA 29 0.66 0.33 0.16 
ALDRIN 309-00-2 0.84 USEPA 0.28 0.66 0.33 0.16 
ALPHA-BHC 319-84-6 0.074 USEPA 0.025 0.66 0.33 0.16 
ALPHA-CHLORDANE 5103-71-9 NC NC NC 0.66 0.33 0.16 
BETA-BHC 319-85-7 0.26 USEPA 0.087 0.66 0.33 0.16 
DELTA-BHC 319-86-8 NC NC NC 0.66 0.33 0.16 
DIELDRIN 60-57-1 0.09 USEPA 0.03 0.66 0.33 0.16 
ENDOSULFAN I 959-98-8 9,700 USEPA 3200 0.66 0.33 0.16 
ENDOSULFAN II 33213-65-9 9,700 USEPA 3200 0.66 0.33 0.16 
ENDOSULFAN SULFATE 1031-07-8 9,700 USEPA 3200 0.66 0.33 0.16 
ENDRIN 72-20-8 230 USEPA 77 0.66 0.33 0.16 
ENDRIN ALDEHYDE 7421-93-4 230 USEPA 77 0.66 0.33 0.16 
ENDRIN KETONE 53494-70-5 230 USEPA 77 0.66 0.33 0.16 
GAMMA-BHC (LINDANE) 58-89-9 0.43 USEPA 0.14 0.66 0.33 0.16 
GAMMA-CHLORDANE 5103-74-2 NC NC NC 0.66 0.33 0.16 
HEPTACHLOR 76-44-8 1.6 USEPA 0.53 0.66 0.33 0.16 
HEPTACHLOR EPOXIDE 1024-57-3 0.079 USEPA 0.026 0.66 0.33 0.16 
METHOXYCHLOR 72-43-5 3400 USEPA 1100 0.66 0.33 0.16 
TOXAPHENE 8001-35-2 12 USEPA 4 66 33 11 
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 Matrix: IDW Solids 
Analytical Group:  Toxicity Characteristic Leaching Procedure (TCLP) Metals 

Analyte CAS 
Number 

PAL(4)  

(ug/L) PAL Reference 
PQLG  
(ug/L) 

Empirical 

LOQ  

(ug/L) 
MDL  

(ug/L) 

ARSENIC 7440-38-2 5 RCRA 40 CFR 261.24 1.7 0.1 0.03 

BARIUM 7440-39-3 100 RCRA 40 CFR 261.24 33 2 0.05 

CADMIUM 7440-43-9 1 RCRA 40 CFR 261.24 0.33 0.05 0.01 

CHROMIUM 7440-47-3 5 RCRA 40 CFR 261.24 1.7 0.1 0.02 

LEAD 7439-92-1 5 RCRA 40 CFR 261.24 1.7 0.03 0.015 

MERCURY 7439-97-6 0.2 RCRA 40 CFR 261.24 0.067 0.002 0.0008 

SELENIUM 7782-49-2 1 RCRA 40 CFR 261.24 0.33 0.05 0.03 

SILVER 7440-22-4 5 RCRA 40 CFR 261.24 1.7 0.1 0.01 
 

Matrix: IDW Solids 
Analytical Group:  TCLP VOCs  

Analyte CAS 
Number 

PAL(4)  

 

(ug/L) 
PAL Reference 

PQLG  
(ug/L) 

Empirical 

LOQ  

(ug/L) 
MDL  

(ug/L) 

BENZENE 71-43-2 0.5 RCRA 40 CFR 261.24 0.17 0.01 0.0033 

CARBON TETRACHLORIDE 56-23-5 0.5 RCRA 40 CFR 261.24 0.17 0.01 0.0033 

CHLOROBENZENE 108-90-7 100 RCRA 40 CFR 261.24 33 0.01 0.0033 

CHLOROFORM 67-66-3 6 RCRA 40 CFR 261.24 2.0 0.01 0.0033 

1,2-DICHLOROETHANE 107-06-2 0.5 RCRA 40 CFR 261.24 0.17 0.01 0.0033 

1,1-DICHLOROETHENE 75-35-4 0.7 RCRA 40 CFR 261.24 0.23 0.01 0.0033 

2-BUTANONE 78-93-3 200 RCRA 40 CFR 261.24 67 0.1 0.033 

TETRACHLOROETHENE 127-18-4 0.7 RCRA 40 CFR 261.24 0.23 0.01 0.0033 

TRICHLOROETHENE 79-01-6 0.5 RCRA 40 CFR 261.24 0.17 0.01 0.0033 

VINYL CHLORIDE 75-01-4 0.2 RCRA 40 CFR 261.24 0.067 0.02 0.0033 
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Matrix: IDW Solids 
Analytical Group:  TCLP SVOCs  

Analyte CAS 
Number 

PAL(4)  

(ug/L) PAL Reference 
PQLG  
(ug/L) 

Empirical  

LOQ  

(ug/L) 
MDL  

(ug/L) 

O-CRESOL 95-48-7 200 RCRA 40 CFR 261.24 67 0.05 0.01 

M-CRESOL 95-48-7 200 RCRA 40 CFR 261.24 67 0.05 0.01 

P-CRESOL 106-44-5 200 RCRA 40 CFR 261.24 67 0.05 0.01 

1,4-DICHLOROBENZENE 106-46-7 7.5 RCRA 40 CFR 261.24 2.5 0.05 0.01 

2,4-DINITROTOLUENE 121-14-2 0.13 RCRA 40 CFR 261.24 0.043 0.05 0.01 

HEXACHLOROBENZENE 118-74-1 0.13 RCRA 40 CFR 261.24 0.043 0.05 0.01 

HEXACHLORO-1,3-BUTADIENE 87-68-3 0.5 RCRA 40 CFR 261.24 0.17 0.05 0.01 

HEXACHLOROETHANE 67-72-1 3 RCRA 40 CFR 261.24 1.0 0.05 0.01 

NITROBENZENE 98-95-3 2 RCRA 40 CFR 261.24 0.67 0.05 0.01 

PENTACHLOROPHENOL 87-86-5 100 RCRA 40 CFR 261.24 33 0.2 0.02 

PYRIDINE 110-86-1 5 RCRA 40 CFR 261.24 1.7 0.2 0.02 

2,4,5-TRICHLOROPHENOL 95-95-4 400 RCRA 40 CFR 261.24 130 0.05 0.01 

2,4,6-TRICHLOROPHENOL 88-06-2 2 RCRA 40 CFR 261.24 0.67 0.05 0.01 
 
Matrix: IDW 
Analytical Group:  TCLP Pesticides 

Analyte CAS 
Number 

PAL(4)  

(ug/L) PAL Reference 
PQLG 
(ug/L) 

Empirical  

LOQ  

(ug/L) MDL  
(ug/L) 

CHLORDANE 57-74-9 0.03 RCRA 40 CFR 261.24 0.010 0.0005 0.0001 

ENDRIN 72-20-8 0.02 RCRA 40 CFR 261.24 0.0067 0.0001 0.00003 

HEPTACHLOR 76-44-8 0.008 RCRA 40 CFR 261.24 0.0027 0.0001 0.00003 

HEPTACHLOR EPOXIDE 1024-57-3 0.008 RCRA 40 CFR 261.24 0.0027 0.0001 0.00003 
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Analyte CAS 
Number 

PAL(4)  

(ug/L) PAL Reference 
PQLG 
(ug/L) 

Empirical  

LOQ  

(ug/L) MDL  
(ug/L) 

LINDANE 58-89-9 0.4 RCRA 40 CFR 261.24 0.13 0.0001 0.00003 

METHOXYCHLOR 72-43-5 10 RCRA 40 CFR 261.24 3.3 0.0001 0.00003 

TOXAPHENE 8001-35-2 0.5 RCRA 40 CFR 261.24 0.17 0.01 0.002 
 
Matrix: IDW 
Analytical Group:  TCLP Herbicides 

 

Analyte CAS 
Number 

PAL(4)  

(ug/L) PAL Reference 
PQLG  
(ug/L) 

Empirical 

LOQ 

(ug/L) MDL  
(ug/L) 

2,4-D 94-75-7 10 RCRA 40 CFR 261.24 3.3 0.005 0.002 

2,4,5-TP (SILVEX) 93-72-1 1 RCRA 40 CFR 261.24 0.33 0.001 0.0002 
 
 
Notes: 
CAS = Chemical Abstract Service 
CFR = Code of Federal Regulations 
IL = Illinois 
MDL - Method Detection Limit   
RCRA = Resource Conservation Recovery Act  
TACO = Tiered Approach to Corrective Action Objectives 
mg/kg = Milligram per kilogram 
µg/kg = Microgram per kilogram 
mg = Milligrams 
NV = No Value. 
NC = Not Criteria. 
PAL = Project Action Limit 
PQLG = Project Quantitation Limit Goal 
 
 
1= The PAL is the lower screening value presented in either EPA or Illinois TACO criteria.  Appendix F screens all applicable screening criteria for 
each analyte and lists the lowest value.  Refer to Appendix F for the selection of each PAL. 
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2= The PAL reference is listed as either EPA for TACO (and NON – TACO) for each analyte based on the screening conducted in Appendix F for 
the lowest PAL value.  Refer to Appendix F for the exposure scenario that the PAL is based on. 
 
3= The Project Quantitation Limit Goal is one-third the value of the PAL. 
 
4= PALs for IDW management are based on disposal requirements in RCRA 40 CFR 261.24. 
   
Bolded cells indicate the PAL is less than the LOD but greater than the LOQ 
Shaded and bolded cells indicate the PAL is less than the LOD and LOQ. 
 
If the PAL falls below the MDL for a particular analyte or analytes, this will require evaluation of these chemicals as stated in Appendix B, Human 
Health Assessment Work Plan in the uncertainty section of the Risk Assessment Report. 
 
 



Project-Specific SAP – Worksheet #16 Harbor Dredge Spoil Area Site 12 SAP 
Site Name/Project Name: Site 12 Site Investigation Revision Number:  0 
Site Location: Great Lakes, Illinois Revision Date: January 2011 
 

011107/P Page 48 of 93 CTO F27A 

SAP Works hee t #16 -- P ro jec t Schedule /Timeline  Table   

(UFP-QAPP Manual Section 2.8.2) 
 

 
Activity 

 
Organization 

 
Dates   

Deliverable 
 

Deliverable 
Due Date 

 
Anticipated Date  

of Initiation 

 
Anticipated Date of 

Completion 

Draft UFP-SAP/Field Sampling 
Plan/HASP Tetra Tech 10/3/09 3/23/10 Draft UFP-SAP 3/15/10 

Navy Review  NAVFAC Midwest  3/16/10 4/16/10 Navy Comments  4/16/10 

Resolve Comments Tetra Tech 4/19/10 4/23/10 Response to Comments 4/23/10 

Regulatory Review Illinois EPA 4/26/10 5/21/10 Illinois EPA Comments 5//21/10 

Resolve Comments Tetra Tech 5/22/10 12/17/10 Response to Comments 5/28/10 

Final UFP- SAP/Field Sampling 
Plan/HASP Tetra Tech 6/1/10 12/31/10 Final UFP-SAP 12/31/10 

Field Work and Chemical analysis Tetra Tech and Empirical 12/14/10 2/14/11 None None 

Field Data Review Tetra Tech 2/14/11 2/28/11 None None 

Data Validation Tetra Tech 2/28/11 3/28/11 None 3/28/11 

Data Analysis and 
Interpretation/Draft RI Report Tetra Tech 2/28/11 5/28/11 Draft RI Report 5/28/11 

Navy and Regulatory Review Navy and Illinois EPA 5/28/11 6/28/11 None None 

Resolve Comments Tetra Tech 7/211 8/2/11 Response to Comments 8/2/11 

Final RI Tetra Tech 8/3/11 10/1/11 Final RI Report 10/1/11 
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SAP Works hee t #17 -- Sampling  Des ign  and  Ra tiona le  

(UFP-QAPP Manual Section 3.1.1) 
 
Site 12 is an area where spoils from harbor dredging activities were suspected to be placed.  The area is 

now vegetated and serves as recreational area with a picnic pavilion, picnic tables, and access to 

approximately 500 feet of Lake Michigan shoreline.  Previous sampling activities were performed which 

partially characterized the nature and the extent (to a limited degree) of the spoil.  Surface conditions 

have changed at the Site since the previous sampling event.  Additionally, some of the data collected 

were not reproducible and therefore not usable to adequately and confidently characterize the site.  

 

The sampling objective is to determine if past dredge disposal activities have contributed to unacceptable 

contaminant concentrations in soil at the site.  A judgmental sampling approach will be used to evaluate 

contamination in the suspected source area, as discussed below.    Figure 17-1 shows the locations of 

the proposed soil boring samples.  Worksheet #18 provides a detailed description of the sampling 

methods to be used at Site 12.  Field QC samples, including field duplicates, and matrix spike/matrix 

spike duplicates (MS/MSD) will be collected as outlined in Worksheet #20.  Samples will be analyzed for 

a select list of chemicals, as presented in Worksheet #15. 

 

Ten sampling locations were identified based on consensus of the Project Team. The selected soil data 

collection design is based on a judgmental approach which utilized past sampling data and knowledge of 

the Site including historical construction activities to identify sampling locations.   This approach will 

provide good spatial coverage, and will therefore be useful for estimating the extent of contamination in 

soil and for evaluating risks. Ten samples is general considered the minimum number required to support 

risk based evaluations. A DPT rig will be used to obtain surface and subsurface soil samples at 10 

locations.  Each soil boring will be extended until the boring encounters native soil, which is expected to 

be 10 to 15 feet bgs.  Borings will be stopped once they encounter native soil.  The characteristics of the 

soil in the boring will be noted in the field logs, including the texture of the soil at each depth.  The surface 

soil sample will be collected in the top 6 inches of the soil boring.  The subsurface soil sample will be 

collected from the interval between 6 inches to the top of the native soil zone. Discrete subsurface soil 

sample will be collected based on visual determination by the FOL upon visual observations (staining, 

odor, ect.) or PID measurements.  Provided groundwater is encountered, approximately two-thirds of the 

subsurface soil samples will be collected from the unsaturated zone, and one-third of the samples will be 

taken from below the water table as determined by the FOL.  Subsurface soil samples will be collected 

from dredge spoils or in locations where staining or odors are observed.  If dredge spoils are not evident 

or if there is no staining or odors are observed, the subsurface soil sample depth intervals will be 

determined by the FOL.  All test samples will be collected from fill (not native soil).  Ten surface soil and 

ten subsurface soil samples will be analyzed for SVOCs, PAHs, metals, and pesticides.  Half (five) of the 

subsurface soil samples will be analyzed for PCBs.  Samples selected for PCB analysis will be based on 
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visual observations by the FOL.  VOC samples will be collected in up to 4 locations but only if warranted 

by high PID measurements.   
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SAP Works hee t #18 -- Sampling  Loca tions  and  Methods /SOP Requirements  Table  

(UFP-QAPP Manual Section 3.1.1) 
 
 

 
Sampling Location/ID 

Number 
 

Matrix 
 

Depth (feet bgs) 
 

Analytical Group 

 
Number of 
Samples 

 
Sampling SOP 

Reference 

NTC12-SB21-01 to            
NTC12-SB30-01 Surface Soil 0 to 0.5 

SVOCs (including PAHs) 
10 plus 1 
duplicate 

HS-1.0, CT-04, CT-05, 
SA-1.3, SA-2.5, SA-6.1, 
SA-6.3, SA-7.1, GH-1.5 

Metals 

Pesticides 

NTC12-SB21-02 to  
NTC12-SB30-02 Subsurface Soil 0.5 to natural soil 

SVOCs (including PAHs) 10 plus 1 
duplicate 

HS-1.0, CT-04, CT-05, 
SA-1.3, SA-2.5, SA-6.1, 
SA-6.3, SA-7.1, GH-1.5 

VOCs (if warranted by 
PID readings) 

4 plus 1 
duplicate 

PCBs 5 plus 1 
duplicate 

Pesticides 10 plus 1 
duplicate 

Metals 10 plus 1 
duplicate 

IDW Solid Not applicable 

TCLP VOCs 

1 plus 0 
duplicate SA-7.1 

TCLP SVOCs 

TCLP Pesticides 

TCLP Herbicides 

TCLP Metals 

Reactivity 

Ignitibility 

pH (Corrosivity) 
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Sampling Location/ID 

Number 
 

Matrix 
 

Depth (feet bgs) 
 

Analytical Group 

 
Number of 
Samples 

 
Sampling SOP 

Reference 

NS Great Lakes Waste Tests Solid Not applicable 

BTU, flash point, pH, 
reactive with acid, base, 
and water, reactive with 
cyanide and sulfide, 
phenolics, PCBs, water 
content (karl fisher), and 
paint filter test 

1 plus 0 
duplicate SA-7.1 

IDW Aqueous Not applicable 

SVOCs 1 plus 0 
duplicate 

 
 
 

SA-7.1 
Pesticides 
PCBs 

Metals 
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SAP Works hee t #19 -- Ana lytica l SOP Requirements  Table  

(UFP-QAPP Manual Section 3.1.1) 
 

 
Matrix 

 
Analytical 

Group 

 
Analytical and 

Preparation Method / 
SOP Reference 

 
Containers 

(number, size, and 
type) 

 
Sample volume 

(units) 

 
Preservation 

Requirements 
 (chemical, 

temperature, light 
protected) 

 
Maximum 

Holding Time1  
(preparation / 

analysis) 

Aqueous IDW 

SVOCs 
(including low 

level 
Polynuclear 

Aromatic 
Hydrocarbons) 

SW-846 3510C/8270C 
SOPs:300/201 

2 – 1000ml Amber 
Glass 1000 milliliters Cool to 4 °C + 2°C 

7 days to 
extraction/40 

days from extract 
to analysis 

Soil 

SVOCs 
(including low 

level 
Polynuclear 

Aromatic 
Hydrocarbons) 

SW-846 3546/8270C 
SOPs:343/201  

1 – 4 ounce Glass 
Jar 30 grams Cool to 4 °C + 2°C 

14 days to 
extraction/40 

days from extract 
to analysis 

Soil VOCs SW-846 5035/8260B 
SOP:202/225 

3 - Encore or 
samplers or  
equivalent (If 

warranted by PID 
readings) 

 

5 grams 
Sodium 

bisulfate;Cool to 4 
°C + 2°C 

48 hours to 
extraction/14 

days to analysis  

Aqueous IDW PCBs SW-846 3510C/8082A 
SOPs: 302/211 

2 – 1000ml Amber 
Glass 1000 milliliters Cool to 4 °C + 2°C 

7 days to 
extraction/40 

days from extract 
to analysis 
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Matrix 

 
Analytical 

Group 

 
Analytical and 

Preparation Method / 
SOP Reference 

 
Containers 

(number, size, and 
type) 

 
Sample volume 

(units) 

 
Preservation 

Requirements 
 (chemical, 

temperature, light 
protected) 

 
Maximum 

Holding Time1  
(preparation / 

analysis) 

Soil PCBs SW-846 3546/8082A 
SOPs:343/211  

1 –4oz Glass Jar 30 grams Cool to 4 °C + 2°C 

14 days to 
extraction/40 

days from extract 
to analysis 

Aqueous IDW Pesticides SW-846 3510C/8081B 
SOPs: 302/211 

2 – 1000ml Amber 
Glass 1000 milliliters Cool to 4 °C + 2°C 

7 days to 
extraction/40 

days from extract 
to analysis 

Soil Pesticides SW-846 3546/8081B 
SOPs: 343/211 

1 – 4oz Glass Jar 30 grams Cool to 4 °C + 2°C 

14 days to 
extraction/40 

days from extract 
to analysis 

Aqueous IDW Metals 

SW-846 3010A/3020A/ 
6010C/7470A 

SOPs: 100/105/103  
 

1 – 250ml Plastic 200 milliliters/50 
milliliters mercury 

Nitric acid to a 
pH<2;  

Cool to 4 °C + 2°C 

180 days to 
analysis except 

mercury which is 
28 days to 
analysis 

Soil Metals 
SW-846 3050B/6010C/ 

7471A  
SOPs: 100/105/104 

1 – 4oz Glass Jar 10 grams Cool to 4 °C + 2°C 

180 days to 
analysis except 

mercury which is 
28 days to 
analysis 

Solid IDW Flash point SW-846 1010  1-4ounce jar 50 grams Cool to 4 °C + 2°C 
7 days to 
analysis 

Solid IDW pH SW-846 9045C  1 - 4oz. Glass Jar 20 grams None Analyze 
immediately 

Solid IDW Reactivity 
SW-846 ch 7.7.3     

(Reactive Sulfide and 
Cyanide)  

1 – 4 oz. Glass Jar 20 grams Cool to 4 °C+ 2°C    14 days to 
analysis 
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Matrix 

 
Analytical 

Group 

 
Analytical and 

Preparation Method / 
SOP Reference 

 
Containers 

(number, size, and 
type) 

 
Sample volume 

(units) 

 
Preservation 

Requirements 
 (chemical, 

temperature, light 
protected) 

 
Maximum 

Holding Time1  
(preparation / 

analysis) 

Solid IDW Phenolics 
SW-846 3546/8270D 

 
1 –4 ounce Glass Jar 30grams Cool to 4 °C + 2°C 

14 days to 
extraction/40 

days from extract 
to analysis 

Solid IDW BTU ASTM D3286 1-4 ounce jar 30 grams Cool to 4 °C + 2°C Not specified 

Solid IDW Total PCBs SW-846 8082A  1 –4 ounce Glass jar 30 grams Cool to 4 °C+ 2°C 

14 days to 
extraction/40 

days from extract 
to analysis 

Solid IDW Water Content SW-846 9000 1-4 ounce Jar 30 grams Cool to 4 °C+ 2°C Not specified 

Solid IDW Paint Filter SW-846 9095B  1 – 4 ounce Glass 
Jar 100 grams Cool to 4 °C+ 2°C 28 days to 

analysis 

Solid IDW TCLP Organics SW-846 1311/8260B, 
8270D,8081A, 8151A  

1 – 4 ounce Glass 
Jar (1311/ 8260B) 

 
1 – 4 ounce Glass 
Jar (1311/ 8270D/ 

8081A/ 8151A) 
 

5 grams (8260B) 
 

100 grams     
(8270D/ 8081A/ 

8151A)  

Cool to 4 °C+ 2°C, 
no headspace 

14 days to TCLP 
extraction, Semi-

volatiles has 
another 7 days 
until preparative 

extraction; 14 
days to analysis 
for volatiles and 

40 days to 
analysis for 

semi-volatiles 
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Matrix 

 
Analytical 

Group 

 
Analytical and 

Preparation Method / 
SOP Reference 

 
Containers 

(number, size, and 
type) 

 
Sample volume 

(units) 

 
Preservation 

Requirements 
 (chemical, 

temperature, light 
protected) 

 
Maximum 

Holding Time1  
(preparation / 

analysis) 

Solid IDW TCLP Metals  SW-846 
1311/6010B/7470A  

1 – 4 ounce. Glass 
Jar 100 grams Cool to 4 °C+ 2°C 

180 days to 
extraction, 

except mercury 
which is 28 days 
to extraction; 180 

days until 
analysis, except 
mercury which is 

28 days until 
analysis 

 
 
1 Maximum holding time is calculated from the time the sample is collected to the time the sample is prepared/extracted. 
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SAP Works hee t #20 -- Fie ld  Qua lity Contro l Sample  Summary Table  

(UFP-QAPP Manual Section 3.1.1) 
  
 

 
Matrix 

 
Analytical 

Group 

 
No. of 

Sampling 
Locations1 

 
No. of Field 
Duplicates 2 

No. of 
MS/MSDs3 

 
No. of 
Field 

Blanks  

 
No. of 
Equip. 
Blanks 

 
No. of 

Volatile 
Organic 

Analysis Trip 
Blanks  

 
No. of 

Proficiency 
Test 

Samples 

 
Total No. 

of Samples 
to Lab 

Soil (Surface 
and 
Subsurface) 

TCL 
Semivolatiles 
(including low 
level PAHs) 

20 2 1/1 0 0 0 0 22 

TCL Pesticides 20 2 1/1 0 0 0 0 22 
TAL Metals 20 2 1/1 0 0 0 0 22 
PCBs  5 1 1/1 0 0 0 0 6 

 

Notes: 

1 There are 10 soil sampling locations, and two soil samples will be collected at each location.   
2 Field duplicates will be collected at 10 percent of the number of sampling locations. 
3 MS/MSDs will be collected at 5 percent of the number of sampling locations. 
4 See SOP CT-04 in Appendix E for how field QA/QC samples are to be labeled.   
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SAP Works hee t #21 -- P ro jec t Sampling  SOP Refe rences  Table  

(UFP-QAPP Manual Section 3.1.2) 
 
 

 
Reference 
Number 

 
Title, Revision Date, and/or 

Number 

 
Originating 

Organization of 
Sampling SOP 

 
Equipment Type 

 
Modified for 

Project 
Work? 

 
Comments 

CT-04 Sample Nomenclature,  
03/09 Rev. 2 Tetra Tech NA Y 

Refer to 
Appendix E 

for field 
SOPs 

 

CT-05 Data Base Records and Quality 
Assurance, 01/01 Rev. 2 Tetra Tech NA N 

GH-1.3 Soil and Rock Drilling Methods, 06/99 
Rev. 1 Tetra Tech DPT and Hollow Stem Auger 

(HSA) combination drill rig Y 

GH-1.5 Borehole and Sample Logging,  
06/99 Rev. 1 Tetra Tech DPT drill rig N 

HS-1.0 Utility Locating and Excavation 
Clearance, 12/03 Rev. 2 Tetra Tech 

Remote subsurface sensing, 
magnetometer, ground-
penetrating radar, etc. 

Y 

SA-1.3 Soil Sampling, 04/08 Rev. 9 Tetra Tech DPT drill rig Y 

SA-2.5 Direct Push Technology,      
09/03 Rev. 3 Tetra Tech DPT drill rig Y 

SA-6.1 Non-Radiological Sample Handling, 
02/04 Rev. 3 Tetra Tech Sample bottleware, packaging 

material, shipping materials N 

SA-6.3 Field Documentation, 03/09 Rev. 3 Tetra Tech Field logbook, field sample 
forms, boring logs Y 

SA-7.1 Decontamination of Field Equipment, 
01/09 Rev. 6 Tetra Tech 

Decontamination equipment, 
scrub brushes, phosphate-free 

detergent, DI water 
Y 
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SAP Works hee t #22 -- Fie ld  Equipment Calibra tion , Main tenance , Tes ting , and  Ins pec tion  Table  

(UFP-QAPP Manual Section 3.1.2.4) 
 

 
Field 

Equipment 
 

Activity 
 

Frequency 
 

Acceptance 
Criterion 

 
Corrective 

Action 

 
Resp. 

Person 

 
SOP 

Reference 

  
Comments 

Water Level 
Indicator 
 

Field Checks per 
Manufacturer 
 

Once upon 
receiving 
from vendor 

0.01-foot 
accuracy 
 

Operating 
correction or 
replacement 

FOL 
 

GH-1.2 
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SAP Works hee t #23 -- Ana lytica l SOP References  Table  

(UFP-QAPP Manual Section 3.2.1) 
 

 
Laboratory SOP 

Number 

 
Title, Revision Date, and / or 

Number 

 
Definitive or 
Screening 

Data 

 
Matrix and 
Analytical 

Group 

 
Instrument 

 
Organization 
Performing 

Analysis 

 
Modified for Project 

Work? (Y/N) 

100 

Metals Digestion/ Preparation 
Methods 
3005A,3010A,3020A,3030,3040A,30
50B USEPA CLPILMO 04.1 
Aqueous and Soil/Sediment USEPA 
CLPILMO 05.2 Aqueous and 
Soil/Sediment, USEPA Method 
200.7 (Standard Methods) 3030C 
Revision 19 4/20/2009 

Definitive 

Aqueous IDW 
and  

Soil/Metals 
preparation 

NA Empirical N 

103 

Mercury Analysis in Water by 
Manual Cold Vapor Technique 
Methods USEPA SW846 7470A and 
245.1 CLP-M 4.1 Revision 16 
1/28/2009 

Definitive Aqueous 
IDW/Mercury 

Mercury 
Analyzer Empirical N 

104 

Mercury Analysis in Soil/Sediment 
by Manual Cold Vapor Technique 
Methods SW846 7471A, 
7471B,245.5 And CLPILM 04.1 
Revision 17 1/29/2009 

Definitive Soil/Mercury Mercury 
Analyzer Empirical N 

105 

Metals Analysis by ICP Technique 
Methods 200.7, SW846 6010B, 
SW846 6010C, Standard Methods 
19th edition 2340B, USEPA CLP 
ILMO 4.1 Revision 15 5/8/2009 

Definitive 
Aqueous IDW 

and  
Soil/Metals 

Inductively 
Coupled 
Plasma-
Atomic 

Emissions    
Spectrometry 

(ICP-AES) 

Empirical N 

149 Flashpoint Ignitibility Method SW-
846 1010, Rev. 1 

Definitive Inorganic Flashpoint 
Tester 

Empirical N 

156 Reactive Sulfide Method SW-846, 
Chapter 7, Section 7.3.4, Rev. 4 

Definitive Inorganic NA Empirical 
 

N 
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Laboratory SOP 

Number 

 
Title, Revision Date, and / or 

Number 

 
Definitive or 
Screening 

Data 

 
Matrix and 
Analytical 

Group 

 
Instrument 

 
Organization 
Performing 

Analysis 

 
Modified for Project 

Work? (Y/N) 

164 Distillation of Aqueous/Solid 
Samples for Total and Non-
Amenable Cyanide Analysis 
Methods 335.1/335.4, SW-846 
9012A/USEPA CLP ILMO 4.1, Rev. 
12  

Definitive Inorganic Lachat Empirical 
 
 

N 

168 Phenolics, Total Recoverable 
(USEPA) Method 420.1 and 420.4 
(Spectrophotometric, Manual and 
Automated  with Distillation), Rev. 6 

Definitive Wet 
Chemistry 

NA Empirical  N 

170 Threshold Odor Test Method 
Standard Methods SM 2150B, Rev. 
1 

Definitive Wet 
Chemistry 

NA Empirical  N 

171 Color – Standards, Methods 19th 
Edition 2120B, Rev. 2 

Definitive Wet 
Chemistry 

NA Empirical  N 

181 Phenol and Phenolic Materials 
Distilled Water Samples Method 
SW846 9066 Lachat 10-210-00-1-A, 
Rev. 6 

Definitive Wet 
Chemistry 

Lachat Empirical  N 

 Electrometric Determination of pH, 
Methods 150.1, Standard Methods 
4500H+B and 9040B for Waters, 
Liquids and Liquid Wastes, 9045C 
for Soils and Solid Wastes, Rev. 6 

Definitive Wet 
Chemistry 

pH Meter Empirical  N 

198 Toxicity Character Leaching 
Procedure (Method 1311), Rev. 5 

Definitive Inorganic NA Empirical N 

201 

GC/MS Semivolatiles and Low-
Concentration PAHsby EPA Method 
625 and SW846 Method 8270C and 
8270D, Including Appendix IX 
Compounds (Revision 20, 04/26/10) 

Definitive 

Aqueous IDW 
and  

Soil/SVOCs 
and low level 

PAHs 

Gas 
Chromatogra

phy/Mass 
spectrometry 

(GC/MS) 

Empirical N 
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Laboratory SOP 

Number 

 
Title, Revision Date, and / or 

Number 

 
Definitive or 
Screening 

Data 

 
Matrix and 
Analytical 

Group 

 
Instrument 

 
Organization 
Performing 

Analysis 

 
Modified for Project 

Work? (Y/N) 

211 

GC/ECD Organochlorine 
Pesticides/PCBs by EPA Method 
608 and SW846 Method 8081A , 
8081B/8082, 8082A Revision 20 
4/27/2009 

Definitive 

Aqueous IDW 
and 

Soil/Pesticide
s and PCBs 

Gas 
Chromatogra
phy/Electron 

Capture 
Detector 

(GC/ECD) 

Empirical N 

300 

GC/MS- Semivolatile BNA-Aqueous 
Matrix Extraction Using SW-846 
Method 3510C for 8270/625 
Analysis (Revision 18, 04/26/10) 

Definitive 

Aqueous 
IDW/SVOCs 
and low level 

PAHs 

NA Empirical N 

302 

Pesticides/PCBs- Aqueous Matrix 
Extraction for EPA Method 608 and 
SW846 Method 8081A/8082 Using 
SW846 3510C Revision 16 
9/23/2008 

Definitive 
Aqueous 

QC/Pesticides 
and PCBs 

NA Empirical N 

343 

BNA, Pesticides/PCB, and TPH non-
aqueous matrix microwave 
extraction  Using SW-846 Method 
3546 (Revision 0, 8/01/09) 

Definitive Soil NA Empirical N 

404 
Laboratory Sample Receiving Log-In 
and Storage Standard Operating 
Procedures Revision 13 6/29/2009 

NA NA NA Empirical  N 

405 Analytical Laboratory Waste 
Disposal Revision 5 6/23/2009 NA NA NA Empirical  N 

410 

Standard Operating Procedures for 
Laboratory Sample Storage, Secure 
Areas and Sample Custody Revision 
7 6/23/2009 

NA NA NA Empirical  N 

 
1  Laboratory SOPs are provided in Appendix D. 
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SAP Works hee t #24 -- Ana lytica l Ins trument Ca libra tion  Table   

(UFP-QAPP Manual Section 3.2.2) 
 

 
Instrument 

 
Calibration 
Procedure 

 
Frequency of Calibration 

 
Acceptance Criteria 

 
Corrective Action 
(CA) 

 
Person Responsible 
for CA 

 
SOP 
Reference 

GC/MS  
SVOCs and 
low level 
PAHs 

Initial Calibration 
(ICAL) - A 
minimum 5-point 
calibration is 
required. 
 

Instrument receipt, instrument 
change (new column, source 
cleaning, etc.), when 
continuing calibration 
verification (CCV) is out of 
criteria.   
 

 Percent Relative Standard 
Deviation (%RSD) must be < 
15% for all Target compounds. 
Relative Response Factor 
(RRF) must be ≥ 0.05.  
If not met:  
Option 1) Linear least squares 
regression (r) must be  ≥ 0.995 
Option 2) Non-linear 
regression: COD (r2 ) must be ≥ 
0.99 (6 points for second 
order). 

Recalibrate and/or 
perform the 
necessary equipment 
maintenance.  Check 
the calibration 
standards.  
Reanalyze the 
affected data. 

Analyst, Department 
Manager 

Empirical 
SOP: 201 

Initial calibration 
verification (ICV) 
– Second Source 

Once after each ICAL prior to 
beginning a sample run. Percent Recovery (%R) of each 

analyte must be within 80-
120%. 
 

Identify source of 
problem, correct, 
repeat calibration, 
rerun samples. 

Analyst, Department 
Manager 

CCV Analyze a standard at the 
beginning of each 12-hour 
shift after a 
decafluorotriphenylphosphine 
(DFTPP) tune. 

All target compounds must be < 
20 Percent Difference or 
Percent Drift (%D);  
 
RRF for must be >0.050. 
 
 

Recalibrate and/or 
perform the 
necessary equipment 
maintenance.  Check 
the calibration 
standards.  
Reanalyze the 
affected data. 

Analyst, Department 
Manager 

DFTPP Tune Prior to ICAL and at the 
beginning of each 12 hour 
analytical sequence. 

Criteria listed in SOP 201 
section 7.2.  Must meet the ion 
abundance criteria required by 
the method.  No samples may 
be accepted without a valid 
tune. 

Retune and/or clean 
source. 

Analyst, Department 
Manager 
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Instrument 

 
Calibration 
Procedure 

 
Frequency of Calibration 

 
Acceptance Criteria 

 
Corrective Action 
(CA) 

 
Person Responsible 
for CA 

 
SOP 
Reference 

GC/ECD 
Pesticides 

ICAL - A 6 point 
calibration of 
individual 
pesticides with a 
mid-point 
calibration of 
toxaphene and 
chlordane. 
 

Upon instrument receipt, 
major instrument change, or 
when the CCV does not meet 
criteria. 

The %RSD for each analyte 
must be ≤ 20%, or  

Option 1) r  must be ≥ 0.995 

Option 2) r2 must be ≥ 0.99 (6 
points for second order). 

Repeat ICAL 
If single point 
calibration for 
toxaphene, or 
chlordane is 
identified in analysis 
of sample; 6-point 
calibration run of 
identified compound 
with reanalysis of 
sample. 

Analyst, Department 
Manager 

Empirical 
SOP: 211 

 ICV Once after each ICAL. %Rs of individual compounds 
must be within 80-120%. 

Identify source of 
problem, correct, 
repeat calibration, 
rerun samples. 

Analyst, Department 
Manager 

 

 CCV Once after each initial 
calibration, at the beginning 
and end of each run 
sequence, after every 10 
samples, and at the end of the 
analysis sequence. 

%Rs of individual compounds 
must be within 80-120%. 

Identify source of 
problem, correct, 
repeat calibration, 
rerun samples. 

Analyst, Department 
Manager 

 

 
Breakdown 
Check  

At the beginning of each 12-
hour period, prior to sample 
analysis. 

The degradation must be ≤ 
15% for both Endrin and DDT. 

Column 
maintenance; 
injection port 
maintenance. 

Analyst, Department 
Manager 

 

GC/ECD 
PCBs 

ICAL - A 6-point 
calibration of 
Aroclor 1260 
(1016/1260 
mixture). 

Instrument receipt, major 
instrument change, when CCV 
does not meet criteria. 

r2 must be ≥ 0.990.   
 
Mid-point calibration of other 
Aroclors. 

Repeat ICAL and/or 
perform necessary 
equipment 
maintenance.  Check 
calibration standards.  
Reanalyze affected 
data.  

Analyst, Department 
Manager 

Empirical 
SOP: 211 

 ICV – Second 
Source 

Once after each ICAL. The %R of all analytes must be 
within 80-120%. 

Identify source of 
problem, correct, 
repeat calibration, 
rerun samples. 

Analyst, Department 
Manager 

 

 CCV Once after each ICAL. The %R of all analytes must be 
within 80-120%. 

Identify source of 
problem, correct, 
repeat calibration, 
rerun samples. 

Analyst, Department 
Manager 
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Instrument 

 
Calibration 
Procedure 

 
Frequency of Calibration 

 
Acceptance Criteria 

 
Corrective Action 
(CA) 

 
Person Responsible 
for CA 

 
SOP 
Reference 

ICP-AES 
Metals ICAL – one point 

calibration. 
At the beginning of each day 
or if QC is out of criteria. 

One point calibration per 
manufacturer's guidelines. 

Recalibrate and/or 
perform necessary 
equipment 
maintenance.  Check 
calibration standards 

Analyst, Department 
Manager Empirical 

SOP: 105 

ICV  (Second 
Source) 

Before beginning a sample 
run. 

%Rs must be within 90-110%. Do not use results for 
failing elements 
unless the ICV > 
110% and the 
sample < the LOQ. 

Investigate and 
correct problem. 

Analyst, Department 
Manager 

 

Calibration Blank  
Before beginning a sample 
run, after every 10 samples, 
and at the end of the analysis 
sequence. 

No analytes detected > LOD. Correct the problem, 
then re-prepare and 
reanalyze calibration 
blank.  

Analyst, Department 
Manager 

CCV At the beginning and end of 
each run sequence, after 
every 10 samples and at the 
end of the analysis sequence. 

%Rs of true values must be 
within 90-110% of true values. 

Check problem, 
recalibrate and 
reanalyze any 
samples not 
bracketed by passing 
CCVs. 

Analyst, Department 
Manager 

Low-level 
Calibration Check 
Standard (if using 
one-point ICAL) 

At beginning and end of run. %Rs must be within 80%-120% 
of the true value. 

Do not use results for 
failing elements, 
unless LOQ recovery 
> upper limit and 
sample result < LOQ. 

Analyst, Department 
Manager 

 

Interference 
Check Standards 
(ICS - ICSA & 
ICSB) 

 

At the beginning of an 
analytical run. 

ICSA recoveries must be less 
than the absolute value of the 
LOD and ICSB %Rs must be 
within 80-120% of the true 
value. 

Correct the problem, 
then re-prepare and 
reanalyze all affected 
samples. 

Analyst, Department 
Manager 
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Instrument 

 
Calibration 
Procedure 

 
Frequency of Calibration 

 
Acceptance Criteria 

 
Corrective Action 
(CA) 

 
Person Responsible 
for CA 

 
SOP 
Reference 

Mercury  
ICAL – A 5-point 
calibration curve 
is prepared. 

Perform daily prior to sample 
analysis. 

Must be ≤20% RSD. 

 r must be ≥ 0.995 

Recalibrate. Analyst, Department 
Manager Empirical 

SOP: 103/104 

 
ICV (Second 
Source) 

Each analytical sequence. %Rs must be within 90-110%of 
true value. 

Recalibrate. Analyst, Department 
Manager 

 

 
Calibration Blank One is performed at the 

beginning of analytical 
sequence, after every 
10 samples, at the end of the 
sequence. 

No analytes detected > LOD. Re-prepare and 
analyze all 
associated samples. 

Analyst, Department 
Manager 

 

 
CCV Perform every 10 samples and 

at the end of the analytical 
sequence. 

%Rs must be within 80-120% 
of the true value. 

Recalibrate. Analyst, Department 
Manager 

 

 
CCV (undistilled) CCV (undistilled)-at beginning 

and end of each run sequence 
and every 10 samples. 

The %R must be within 90-
110% of the true value. 

If the CCV 
(undistilled) fails high, 
report samples that 
are <LOQ.  
Recalibrate and/or 
reanalyze samples 
back to last 
acceptable CCV. 

Analyst, Department 
Manager 
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SAP Works hee t #25 -- Ana lytica l Ins trument and  Equipment Main tenance , Tes ting , and  Ins pec tion  Table   

(UFP-QAPP Manual Section 3.2.3) 
 
 

INSTRUMENT/ 
EQUIPMENT 

MAINTENANCE ACTIVITY TESTING 
ACTIVITY 

INSPECTION 
ACTIVITY FREQUENCY ACCEPTANCE 

CRITERIA 
CORRECTIVE 

ACTION 
RESPONSIBLE 

PERSON 
SOP 

REFERENCE(1) 

GC/MS 

Check pressure and gas supply daily. 
Manual tune if DFTPP not in criteria, 
change septa as needed, change 
liner as needed and cut column as 
needed. Other maintenance specified 
in laboratory Equipment Maintenance 
SOP. 

SVOCs 
and low 

level 
PAHs 

 

Ion source, 
injector liner, 

column, 
column flow. 

Prior to ICAL 
and/or as 

necessary. 

Acceptable ICAL 
and CCV. 

Correct the 
problem and 

repeat ICAL or 
CCV. 

Analyst, 
Department 

Manager 

Empirical 
SOP:201 

GC/ECD 

 

Check pressure and gas supply daily.  
Change septa and/or liner as 
needed, replace or cut column as 
needed.  Other maintenance 
specified in laboratory Equipment 
Maintenance SOP. 

Pesticides 
and PCBs 

Injector liner, 
septa, column, 
column flow. 

Prior to ICAL 
and/or as 

necessary. 

Acceptable ICAL 
and CCV. 

Correct the 
problem and 

repeat ICAL or 
CCV. 

Analyst, 
Department 

Manager 

Empirical 
SOP: 211 

ICP-AES 

 

Clean torch assembly and spray 
chamber when discolored or when 
degradation in data quality is 
observed.  Clean nebulizer, check 
argon, and replace peristaltic pump 
tubing as needed. Other 
maintenance specified in laboratory 
Equipment Maintenance SOP.  

Metals 

Torch, 
nebulizer 
chamber, 

pump, pump 
tubing. 

Prior to ICAL 
and/or as 

necessary. 

Acceptable ICAL 
and CCV. 

Correct the 
problem and 

repeat ICAL or 
CCV. 

Analyst, 
Department 

Manager 

Empirical 
SOP:105 

Mercury 
Analyzer 

Replace peristaltic pump tubing, 
replace mercury lamp, replace drying 
tube, clean optical cell and/or clean 
liquid/gas separator as needed.  
Other maintenance specified in 
laboratory Equipment Maintenance 
SOP. 

Mercury 
Tubing, 

sample probe, 
optical cell. 

Prior to ICAL 
and/or as 

necessary. 

Acceptable ICAL 
and CCV. 

Correct the 
problem and 

repeat ICAL or 
CCV. 

Analyst, 
Department 

Manager 

Empirical 
SOP: 103/104 
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SAP Works hee t #26 -- Sample  Handling  Sys tem 

(UFP-QAPP Manual Appendix A) 
 
SAMPLE COLLECTION, PACKAGING, AND SHIPMENT 

Sample Collection (Personnel/Organization):   FOL or designee/Tetra Tech 

Sample Packaging (Personnel/Organization):  FOL or designee Tetra Tech 

Coordination of Shipment (Personnel/Organization):  FOL or designee /Tetra Tech 

Type of Shipment/Carrier:  Federal Express 

SAMPLE RECEIPT AND ANALYSIS 

Sample Receipt (Personnel/Organization):   Sample Custodians/Empirical  

Sample Custody and Storage (Personnel/Organization):  Sample Custodians/Empirical  

Sample Preparation (Personnel/Organization):  Extraction Lab, Metals Preparation Lab/Empirical  

Sample Determinative Analysis (Personnel/Organization):  Gas Chromatography Lab, Gas Chromatography/Mass Spectrometry Lab, Metals Lab/Empirical  

SAMPLE ARCHIVING 

Field Sample Storage (No. of days from sample collection):  60 days from receipt 

Sample Extract/Digestate Storage (No. of days from extraction/digestion):  3 months from sample digestion/extraction 

Biological Sample Storage (No. of days from sample collection):  NA 

SAMPLE DISPOSAL 

Personnel/Organization:  Sample Custodians/Empirical  

Number of Days from Analysis:  30 days from submittal of final report or 60 days from receipt, whichever is longer 
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SAP Works hee t #27 – Sample  Cus tody Re quirements  Table   

(UFP-QAPP Manual Section 3.3.3 
 
27.1 SAMPLE NOMENCLATURE, SAMPLE COLLECTION DOCUMENTATION, HANDLING, 

TRACKING, AND CUSTODY PROCEDURES 

The following sections outline the procedures that will be used to document project activities and sample 

collection, handling, tracking, and custody procedures during the investigation.  All forms must be filled in 

as completely as possible. 

 
27.1.1 Sample Identification 

Refer to Worksheet #18 for how the samples will be labeled. Also, refer to SOP CT-04 in Appendix E for 

how the field QA/QC samples will be labeled. 

 
27.1.2 Sample Collection Documentation 

Documentation of field observations will be recorded in a field logbook and/or on field log sheets including 

sample collection logs, boring logs and monitoring well construction logs.  Field logbooks utilized on this 

project will be bound, water-resistant logbooks.  All pages of the logbook will be numbered sequentially, 

and observations will be recorded with indelible ink. 

 
Field sample log sheets will be used to document sample collection details, and other observations and 

activities will be recorded in the field logbook.  Instrument calibration logs will be used to record the daily 

instrument calibration.  Example field forms are included in Appendix E.   

 
For sampling and field activities, the following types of information will be recorded in the field log as 

appropriate: 

 
• Site name and location. 

• Date and time of logbook entries. 

• Personnel and their affiliations. 

• Weather conditions. 

• Activities involved with the sampling. 

• Subcontractor activity summary. 

• Site observations including site entry and exit times. 

• Site sketches made on site. 

• Visitor names, affiliations, arrival and departure times. 

• Health and safety issues including PPE. 
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27.1.3 Sample Handling and Tracking System 

Following sample collection into the appropriate bottleware, all samples will be immediately placed on ice 

in a cooler.  The glass sample containers will be enclosed in bubble-wrap in order to protect the 

bottleware during shipment.  The cooler will be secured using strapping tape along with a signed custody 

seal.  Sample coolers will be delivered to a local courier location for priority overnight delivery to the 

Empirical Laboratories for analysis.  Samples will be preserved as appropriate based on the analytical 

method.  The laboratory will provide pre-preserved sample containers for sample collection.  Samples will 

be maintained at 4 (± 2) °C until delivery to the laboratory.  Proper custody procedures will be followed 

throughout all phases of sample collection and handling. 

 
After collection, each sample will be maintained in the sampler's custody until formally transferred to 

another party (e.g., Federal Express).  For all samples collected, chain-of-custody forms will document 

the date and time of sample collection, the sampler's name, and the names of all others who 

subsequently held custody of the sample.  Specifications for chemical analyses will also be documented 

on the chain-of-custody form.  Tetra Tech SOP SA-6.3 (Field Documentation), included in Appendix E, 

provides further details on the chain-of-custody procedure.   

 
These subsections outline the procedures that will be used by field and laboratory personnel to document 

project activities and sample collection procedures during this RI.  All forms must be filled in as completely 

as possible. 

 
27.1.4 Sample Handling 

Sample handling requirements are described in Worksheet #26.  Tetra Tech personnel will collect the 

samples.  The samplers will take care not to contaminate samples through improper handling.  Samples 

will be sealed in appropriate containers, packaged by Tetra Tech personnel and placed into sealed 

coolers under chain-of-custody in accordance with the applicable SOP (See Worksheet #21).  All coolers 

will contain a temperature blank. Samples will be transferred under chain-of-custody to a courier as 

described below.  Once received by the laboratory, receipt will be documented on the chain-of-custody 

form and the samples will be checked in.  The samples will remain under chain-of-custody throughout the 

analysis period to ensure that their integrity is preserved.  Details are provided below. 

 
27.1.5 Sample Delivery 

Samples to be delivered to the laboratory will be made by a public courier (i.e., Federal Express).  After 

samples have been collected, they will be sent to the laboratory within 24 hours.  Under no circumstances 

will sample holding times be exceeded.   
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27.1.6 Sample Custody 

Chain-of-custody protocols will be used throughout sample handling to establish the evidentiary integrity 

of sample containers.  These protocols will be used to demonstrate that the samples were handled and 

transferred in a manner that would eliminate possible tampering.  Samples for the laboratory will be 

packaged and shipped in accordance with Tetra Tech SOP SA-6.1 (Appendix E).   

 

A sample is under custody if: 

 

• The sample is in the physical possession of an authorized person. 

• The sample is in view of an authorized person after being in his/her possession. 

• The sample is placed in a secure area by an authorized person after being in his/her possession. 

• The sample is in a secure area, restricted to authorized personnel only. 

 

Custody documentation is designed to provide documentation of preparation, handling, storage, and 

shipping of all samples collected.  A multi-part form is used with each page of the form signed and dated 

by the recipient of a sample or portion of a sample.  The person releasing the sample and the person 

receiving the sample each will retain a copy of the form each time a sample transfer occurs.  

 

Integrity of the samples collected during the site investigation will be the responsibility of identified 

persons from the time the samples are collected until the samples, or their derived data, are incorporated 

into the final report 

 

The FOL is responsible for the care and custody of the samples collected until they are delivered to the 

laboratory or are entrusted to a carrier.  When transferring samples, the individuals relinquishing and 

receiving them will sign, date, and note the time on the chain-of-custody form.  This record documents the 

sample custody transfer from the sampler to the laboratory, often through another person or agency 

(common carrier).  Upon arrival at the laboratory, internal sample custody procedures will be followed as 

defined in the laboratory SOPs included in Appendix D.  

 
27.1.7 Laboratory Custody (Empirical Laboratories) 

Detailed descriptions of the practices referenced here are provided in the attached Empirical 

Laboratories’ Laboratory Sample Receiving, Log In and Storage SOP (SOP404) and Empirical 

Laboratories’ Laboratory Sample Storage, Secure Areas and Sample Custody SOP (SOP410).  Copies of 

the related forms and labels are included in those SOPs which are provided in Appendix D. 
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SAP Works hee t #28 -- Labora tory QC Samples  Table  

(UFP-QAPP Manual Section 3.4) 
 
 
 

Matrix Soil, Solid  IDW, 
and Aqueous 
IDW 

 

 

 

 

 

 

 

 

 

 

Analytical Group SVOCs and low 
level PAHs 

 

 

 

 

 

 

 

 

 

 

Analytical 
Method/ 
SOP Reference 

SW-846 8270C 
Empirical  
SOP- 
343/300/201 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

QC SAMPLE FREQUENCY/ 
NUMBER 

METHOD/SOP QC ACCEPTANCE 
LIMITS CORRECTIVE ACTION 

PERSON(S) 
RESPONSIBLE FOR 

CORRECTIVE ACTION 

DATA 
QUALITY 

INDICATOR 
(DQI) 

MEASUREMENT 
PERFORMANCE CRITERIA 

Method Blank One per 
preparation batch 
of 20 or fewer 
samples of 
similar matrix. 

Contaminants in the method 
blank must be < ½ LOQ, except 
common lab contaminants, 
which must be <LOQ. 

(1) Investigate source of 
contamination  
 
(2) Re-prepare and 
analyze method blank 
and all samples 
processed with the 
contaminated blank. 

Analyst, Laboratory 
Department Manager 
and Data Validator 

Bias/ 
Contamin
ation 

Same as Method/SOP 
QC Acceptance Limits. 
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Matrix Soil, Solid  IDW, 
and Aqueous 
IDW 

 

 

 

 

 

 

 

 

 

 

Analytical Group SVOCs and low 
level PAHs 

 

 

 

 

 

 

 

 

 

 

Analytical 
Method/ 
SOP Reference 

SW-846 8270C 
Empirical  
SOP- 
343/300/201 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

QC SAMPLE FREQUENCY/ 
NUMBER 

METHOD/SOP QC ACCEPTANCE 
LIMITS CORRECTIVE ACTION 

PERSON(S) 
RESPONSIBLE FOR 

CORRECTIVE ACTION 

DATA 
QUALITY 

INDICATOR 
(DQI) 

MEASUREMENT 
PERFORMANCE CRITERIA 

Surrogates 
Six per sample: 
 
Nitrobenzene-d5       
 2-Fluorobiphenyl 
 Terphenyl-d14 
 Phenol d-6 
 2-Fluorophenol 
 2,4,6-
Tribromophenol 

  

 

%Rs must meet the laboratory 
statistically-derived control 
limits. Current limits are 
provided in Appendix G.  1 

 
 

 

(1) Check 
chromatogram for 
interference; if found, 
then flag data.  
 
(2) If not found, then 
check instrument 
performance; if problem 
is found, then correct 
and reanalyze. 
 
(3) If still out, then re-
extract and analyze 
sample. 
 
(4) If reanalysis is out, 
then flag data. 

Analyst, Laboratory 
Department 
Manager, and Data 
Validator 

Accuracy/
Bias 

Same as Method/SOP 
QC Acceptance Limits. 
 

LCS 
LCSD (not 
required) 

One is performed 
for each batch of 
up to 20 
samples. 

%Rs must meet the laboratory 
statistically-derived control 
limits. Current limits are 
provided in Appendix G.  1 
 
RPD must be ≤30% (for 
LCS/LCSD). 
 

Evaluate and reanalyze 
if possible.  If an 
MS/MSD was 
performed in the same 
12 hour clock and is 
acceptable, then 
narrate.  If the LCS 
recoveries are high but 
the sample results are 
<LOQ, then narrate.  
Otherwise, re-prepare 
and reanalyze. 

Analyst, Laboratory 
Department 
Manager, and Data 
Validator 

Accuracy 
/ Bias 
Precision 
also, if 
LCSD is 
analyzed 

Same as Method/SOP 
QC Acceptance Limits. 
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Matrix Soil, Solid  IDW, 
and Aqueous 
IDW 

 

 

 

 

 

 

 

 

 

 

Analytical Group SVOCs and low 
level PAHs 

 

 

 

 

 

 

 

 

 

 

Analytical 
Method/ 
SOP Reference 

SW-846 8270C 
Empirical  
SOP- 
343/300/201 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

QC SAMPLE FREQUENCY/ 
NUMBER 

METHOD/SOP QC ACCEPTANCE 
LIMITS CORRECTIVE ACTION 

PERSON(S) 
RESPONSIBLE FOR 

CORRECTIVE ACTION 

DATA 
QUALITY 

INDICATOR 
(DQI) 

MEASUREMENT 
PERFORMANCE CRITERIA 

Internal 
Standards (IS) 

Six per sample – 
1,4-
Dichlorobenzene-
d4 
Naphthalene-d8  
Acenaphthene-
d10 
Phenanthrene-
d10 
Chrysene-d12 
Perylene-d12  

Retention times for ISs must be + 
within +/-_30 seconds and the 
response areas must be within -
50% to +100% of the midpoint ICAL 
standard for each IS. 
 

 

Reanalyze affected 
samples. 

Analyst, Laboratory 
Department 
Manager, and Data 
Validator 

Accuracy/ 
Bias 

Same as Method/SOP 
QC Acceptance Limits. 

MS/MSD One per SDG or 
every 20 
samples. 

%Rs should meet the 
laboratory statistically-derived 
control limits. Current limits are 
provided in Appendix G.  1 
 
RPD should be ≤ 30%. 

Corrective Action will 
not be taken for 
samples when %Rs are 
outside limits and 
surrogate and LCS 
criteria are met.  If both 
the LCS and MS/MSD 
are unacceptable, then 
re-prepare the samples 
and QC. 

Analyst, Laboratory 
Department 
Manager, and Data 
Validator 

Accuracy/ 
Bias / 
Precision 

Same as Method/SOP 
QC Acceptance Limits. 

 
1 Please note that limits are updated periodically and may change from the issuance of the final SAP to the time data validation 

is performed. The limits used for validation will be the limits that are current at the time of analysis. 
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Matrix Soil, Solid IDW,  
and Aqueous IDW 

 
 

 
 

 
 

 
 

 
 

Analytical 
Group 

Pesticides / PCBs 
 
 

 
 

 
 

 
 

 
 

Analytical 
Method/ 
SOP Reference 

SW-846 
8081B/8082A 
Empirical  
SOP- 343/302/211 

 
 

 
 

 
 

 
 

 
 
 
 

 
 

 
 

 
 

 
 

QC SAMPLE FREQUENCY/ 
NUMBER 

METHOD/SOP QC 
ACCEPTANCE LIMITS CORRECTIVE ACTION 

PERSON(S) 
RESPONSIBLE FOR 

CORRECTIVE 
ACTION 

DATA QUALITY 
INDICATOR (DQI) 

MEASUREMENT 
PERFORMANCE 

CRITERIA 

Method Blank One per 
preparation batch 
of 20 or fewer 
samples of similar 
matrix. 

Contaminants must be < ½ 
LOQ. 

Investigate source of 
contamination.  
Evaluate the 
samples and 
associated QC: i.e., 
if the blank results 
are above the LOQ, 
then report sample 
results which are 
<LOQ or > 10X the 
blank concentration. 
 
Otherwise, re-
prepare a blank and 
samples >LOQ and 
<10X LOQ. 

Analyst, Laboratory 
Department 
Manager, and Data 
Validator 

Bias/Contamination Same as Method/SOP 
QC Acceptance 
Limits. 
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Matrix Soil, Solid IDW,  
and Aqueous IDW 

 
 

 
 

 
 

 
 

 
 

Analytical 
Group 

Pesticides / PCBs 
 
 

 
 

 
 

 
 

 
 

Analytical 
Method/ 
SOP Reference 

SW-846 
8081B/8082A 
Empirical  
SOP- 343/302/211 

 
 

 
 

 
 

 
 

 
 
 
 

 
 

 
 

 
 

 
 

QC SAMPLE FREQUENCY/ 
NUMBER 

METHOD/SOP QC 
ACCEPTANCE LIMITS CORRECTIVE ACTION 

PERSON(S) 
RESPONSIBLE FOR 

CORRECTIVE 
ACTION 

DATA QUALITY 
INDICATOR (DQI) 

MEASUREMENT 
PERFORMANCE 

CRITERIA 

Surrogates 
Two per sample:  
2,4,5,6-Tetrachloro-
metaxylene 
(TCMX) and 
Decachlorobiphenyl 
(DCB) 

 

 

%Rs must meet the 
laboratory statistically-
derived control limits. 
Current limits are provided 
in Appendix G.  1 
 

No corrective will be 
taken when one 
surrogate is within 
criteria.  If surrogates 
recoveries are high 
and sample is <LOQ, 
then no corrective 
action is taken.  If 
surrogates 
recoveries are low, 
then the affected 
samples are re-
extracted and 
reanalyzed. 

Analyst, Laboratory 
Department 
Manager, and Data 
Validator 

Accuracy/Bias 
Same as Method/SOP 
QC Acceptance 
Limits. 

LCS 

LCSD (not 
required) 

One is performed 
for each batch of 
up to 20 samples. 

%Rs must meet the 
laboratory statistically-
derived control limits. 
Current limits are provided 
in Appendix G.  1 
 
RPD must be ≤30% (for 
LCS/LCSD). 
 

If an MS/MSD was 
performed and is 
acceptable, then 
narrate.  
If an LCS/LCSD was 
performed and only 
one of the set was 
unacceptable, then 
narrate.  If the LCS 
recovery is high, but 
the sample results 
are <LOQ, then 
narrate.  Otherwise, 
re-extract blank and 
affected sample 
batch. 

Analyst, Laboratory 
Department 
Manager, and Data 
Validator 

Accuracy/ Bias 
Precision also, if 
LCSD is analyzed 

Same as Method/SOP 
QC Acceptance 
Limits. 
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Matrix Soil, Solid IDW,  
and Aqueous IDW 

 
 

 
 

 
 

 
 

 
 

Analytical 
Group 

Pesticides / PCBs 
 
 

 
 

 
 

 
 

 
 

Analytical 
Method/ 
SOP Reference 

SW-846 
8081B/8082A 
Empirical  
SOP- 343/302/211 

 
 

 
 

 
 

 
 

 
 
 
 

 
 

 
 

 
 

 
 

QC SAMPLE FREQUENCY/ 
NUMBER 

METHOD/SOP QC 
ACCEPTANCE LIMITS CORRECTIVE ACTION 

PERSON(S) 
RESPONSIBLE FOR 

CORRECTIVE 
ACTION 

DATA QUALITY 
INDICATOR (DQI) 

MEASUREMENT 
PERFORMANCE 

CRITERIA 

MS/MSD One per 20 
samples of similar 
matrix. 

%Rs should meet the 
laboratory statistically-
derived control limits. 
Current limits are provided 
in Appendix G.  1 
 
RPD should be ≤ 30%. 

Evaluate the 
samples and 
associated QC and if 
the LCS results are 
acceptable, then 
narrate. 

If both the LCS and 
MS/MSD are 
unacceptable, then 
re-prepare the 
samples and QC. 

Analyst, Laboratory 
Department 
Manager, and Data 
Validator 

Accuracy / Bias / 
Precision 

Same as Method/SOP 
QC Acceptance 
Limits. 

Second Column 
Confirmation 

All positive results 
must be confirmed. 

Results between primary 
and second 
column - RPD must be ≤ 
40%. 

None. Analyst, Laboratory 
Department 
Manager, and  
Data Validator  

Precision Same as Method/SOP 
QC Acceptance 
Limits. 

 
 

2 Please note that limits are updated periodically and may change from the issuance of the final SAP to the time data validation 
is performed. The limits used for validation will be the limits that are current at the time of analysis. 
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Matrix Soil, Solid IDW, and 
Aqueous IDW 

 
 

 
 

 
 

 
 

 
 

Analytical 
Group 

Metals (including 
Mercury) 

 
 

 
 

 
 

 
 

 
 

Analytical 
Method /  
SOP Reference 

SW-846 
6010C/7470A/7471
A 
Empirical  
SOP- 100-
103/104/105 

 
 

 
 

 
 
 
 

 
 
 
 

 
 

 
 

 
 

 
 

QC SAMPLE FREQUENCY/ 
NUMBER 

METHOD/SOP QC 
ACCEPTANCE LIMITS CORRECTIVE ACTION 

PERSON(S) 
RESPONSIBLE 

FOR CORRECTIVE 
ACTION 

DATA QUALITY 
INDICATOR (DQI) 

MEASUREMENT 
PERFORMANCE 

CRITERIA 

Method Blank One per digestion 
batch of 20 or fewer 
samples. 

No analytes detected > ½ the 
LOQ. 

If the blank value > LOQ, 
then report sample results.  
If the blank value < LOQ 
or > 10x the blank value; 
then redigest. If blank 
value is less than negative 
LOQ, then report sample 
results.  If > 10x the 
absolute value of the blank 
result, then redigest. 

Analyst, Laboratory 
Department 
Manager, and Data 
Validator 

Bias/Contamin
ation 

Same as 
Method/SOP QC 
Acceptance Limits. 

LCS 
LCSD (not 
required) 

One is performed 
for each batch of up 
to 20 samples. 

The %R must be within 80-
120%. 
 
RPD must be ≤30% (for 
LCS/LCSD). 
 

Redigest and reanalyze all 
associated samples for 
affected analyte. 

Analyst, Laboratory 
Department 
Manager, and Data 
Validator 

Accuracy/Bias 
Precision also, 
if LCSD is 
analyzed 

Same as 
Method/SOP QC 
Acceptance Limits. 

Duplicate 
Sample 

One per preparation 
batch of 20 or fewer 
samples of similar 
matrix. 

 

The RPD should be ≤20% for 
duplicate samples. 

Narrate any results that 
are outside control limits. 

Analyst, Laboratory 
Department 
Manager, and Data 
Validator 

Precision 
Same as 
Method/SOP QC 
Acceptance Limits. 

MS One per 20 samples 
of similar matrix. 

The %R should be within 80-
120%, if sample < 4x spike 
added. 

Flag results for affected 
analytes for all associated 
samples with”N”. 

Analyst, Laboratory 
Department 
Manager, and Data 
Validator 

Accuracy/Bias 
Same as 
Method/SOP QC 
Acceptance Limits. 
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Matrix Soil, Solid IDW, and 
Aqueous IDW 

 
 

 
 

 
 

 
 

 
 

Analytical 
Group 

Metals (including 
Mercury) 

 
 

 
 

 
 

 
 

 
 

Analytical 
Method /  
SOP Reference 

SW-846 
6010C/7470A/7471
A 
Empirical  
SOP- 100-
103/104/105 

 
 

 
 

 
 
 
 

 
 
 
 

 
 

 
 

 
 

 
 

QC SAMPLE FREQUENCY/ 
NUMBER 

METHOD/SOP QC 
ACCEPTANCE LIMITS CORRECTIVE ACTION 

PERSON(S) 
RESPONSIBLE 

FOR CORRECTIVE 
ACTION 

DATA QUALITY 
INDICATOR (DQI) 

MEASUREMENT 
PERFORMANCE 

CRITERIA 

Serial Dilution One is performed 
for each preparation 
batch with sample 
concentration(s) > 
50x MDL. 

The result must agree within 
± 10% of the original sample 
result. 

Perform Post Digestion 
Spike 

Analyst, Laboratory 
Department 
Manager, and Data 
Validator 

Precision Same as 
Method/SOP QC 
Acceptance Limits. 

Post Digestion 
Spike (does not 
apply to 
mercury) 

One is performed 
when serial dilution 
fails or analyte 
concentration(s) in 
all samples < 50x 
MDL. 

The result must agree within 
75-125% of expected result. 

Flag results of samples of 
same matrix as estimates 
in SDG narrative. 

Analyst, Laboratory 
Department 
Manager, and Data 
Validator 

Precision 
Same as 
Method/SOP QC 
Acceptance Limits. 

 
 

Laboratory SOPs are provided in Appendix D. 
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SAP Works hee t #29 – Pro jec t Documents  and  Records  Table  

(UFP-QAPP Manual Section 3.5.1) 
 

Document Where Maintained 

Sample Collection Documents and Records 
Field logbook (and sampling notes) 
Field sample forms (e.g., boring logs, sample log sheets, drilling logs, etc.) 
Chain-of-custody records 
Sample shipment airbills 
Equipment calibration logs 
Photographs 
F T MR forms 
Field Sampling SOPs 
 
Laboratory Documents and Records 
Sample receipt/login forms 
Sample analysis run logs 
Corrective action forms 
Reported field sample results 
Reported results for standards, quality control checks, and quality control samples 
Data completeness checklists 
Sample storage and disposal records 
Telephone logs 
Extraction/clean-up records 
Raw data 
 
Data Assessment Documents and Records 
Field Sampling Audit Checklist (if an audit is conducted) 
Analytical Audit Checklist (if an audit is conducted) 
Data Validation Memoranda 
Investigation Report 

Tetra Tech Project File, results will be discussed in subject document. 
 
 
 
 
 
 
 
 
 
 
Tetra Tech Project File, long-term data package storage at third-party 
professional document storage firm, results will be discussed in subject 
document. 
 
 
 
 
 
 
 
 
 
Tetra Tech Project File, results will be discussed in subject document. 
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SAP Works hee t #30 – Ana lytica l Se rvices  Table  

(UFP-QAPP Manual Section 3.5.2.3) 
 

 
Matrix 

 
Analytical 

Group 

Sample 
Locations/ 

ID Numbers 
Analytical Method 

 
Data Package 
Turnaround 

Time 

 
Laboratory/Organization 

 

Backup 
Laboratory/ 

Organization 

Soil and 
Aqueous 
IDW 

SVOCs and 
low level PAHs 

See Worksheet #18 SW-846 8270C 21 calendar days 
 
 

Kim Kostzer 
Empirical Laboratories, LLC 
621 Mainstream Drive 
Suite 270 
Nashville, TN 37228 
(615) 345-1115 ext. 240 
kkostzer@empirlabs.com 
 
 
 

NA 
 
 Pesticides/ 

PCBs 
See Worksheet #18 SW-846 8081B/8082A 

TAL Metals See Worksheet #18 SW-846 6010C 
7470A/7471A 

VOCs (if 
warranted by 
PID readings) 

See Worksheet #18 SW-846  8260B 

Solid 
IDW 

Reactivity/ 
Ignitibility/ 
pH 

See Worksheet #18 SW-846 9012A/chapter 
7/1010/9045/ Empirical 
SOP-149/156/164/175/187 
 

7 calendar days 
 
 
 
 

Kim Kostzer 
Empirical Laboratories, LLC 
621 Mainstream Drive 
Suite 270 
Nashville, TN 37228 
(615) 345-1115 ext. 240 
kkostzer@empirlabs.com 
 
 
 

NA 
 
 
 
 Phenolics See Worksheet #18 SW-846 9066/Empirical 

SOP-168/181 
Odor/Density/ 
Color/Paint 
Filter/Water 
Content 

See Worksheet #18 SM2150B/SM2710F 
/SM2120B/SW-846 9095/ 
Empirical SOP-170/171/191 

Total PCBs See Worksheet #18 SW-846 8082A 
TCLP Organics See Worksheet #18 SW-846 1311 followed by 

8260B, 8270C, 8081A, 
8151A 

TCLP 
Inorganics 

See Worksheet #18 SW-846 1311 followed by 
6010B, 7470A 
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SAP Works hee t #31 – P lanned  Pro jec t As s es s ments  Table  

(UFP-QAPP Manual Section 4.1.1) 
 

Assessment 
Type Frequency 

Internal 
or 

External 

Organization 
Performing 

Assessment 

Person(s) 
Responsible 

for Performing 
Assessment 

Person(s) 
Responsible 

for Responding 
to Assessment 

Findings 

Person(s) 
Responsible for 
Identifying and 
Implementing 

Corrective Actions 

Person(s) 
Responsible for 

Monitoring 
Effectiveness of 

Corrective Actions 

Field 
Sampling 
System Audit 

One per 
contract 
year1 

Internal Tetra Tech 
Person assigned 
by Tetra Tech 
QAM 

Tetra Tech PM 
and FOL 

Auditor and Tetra Tech 
PM  

Tetra Tech CLEAN 
QAM  

Laboratory 
System Audit 
(1) 

Every 2 
years External 

DoD ELAP 
Accrediting 
Body 

DoD ELAP 
Accrediting Body 
Auditor 

Empirical 
Laboratory QAM 
or Laboratory 
Manager 

Empirical Laboratory 
QAM or Laboratory 
Manager 

Empirical Laboratory 
QAM or Laboratory 
Manager 

 
1 The selected analytical laboratory (Empirical) has successfully completed the laboratory assessment process required as part of the 

Department of Defense Environmental Laboratory Accreditation Program (DoD ELAP) and as described in the “Department of Defense 
Quality Systems Manual for Environmental Laboratories (DoD QSM)” , Version 4.1, April 2009.  The DoD ELAP accreditation documentation 
is included in Appendix D. 
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SAP Works hee t #32 -- As s es s ment Findings  and  Correc tive  Ac tion  Res pons es  

(UFP-QAPP Manual Section 4.1.2) 
 

Assessment 
Type 

Nature of 
Deficiencies 

Documentation 

Individual(s) Notified of Findings  
(name, title, organization) 

Timeframe of 
Notification 

Nature of 
Corrective 

Action 
Response 

Documentation  

Individual(s) Receiving 
Corrective Action Response  

(name, title, organization) 

Timeframe 
for 

Response 

Field 
Sampling 

System Audit 

Audit checklist 
and written audit 
finding summary 

Biff Cummings, PM, Tetra Tech 
TBD, FOL, Tetra Tech 

John Trepanowski, Program 
Manager, Tetra Tech 

Garth Glenn, Deputy Program 
Manager, Tetra Tech 

Dependent on 
the finding, if 
major a stop 
work may be 

issue 
immediately, 

however if minor 
within 1 week of 

audit 

Written memo 

Biff Cummings,  PM, Tetra 
Tech; TBD, FOL, Tetra Tech; 
Tom Johnston, North Atlantic 

QAM, Tetra Tech; 
TBD, Field Auditor, Tetra Tech; 

John Trepanowski, Program 
Manager, Tetra Tech; 

Garth Glenn, Deputy Program 
Manager, Tetra Tech; 

Within 48 
hours of 

notification 

Laboratory 
System Audit 

Written audit 
report 

Rick Davis Laboratory Director,  
Randy Ward Laboratory QAM 

Empirical 

Not specified by 
DoD ELAP  Letter DOD ELAP Accrediting Body 

Specified by 
DOD ELAP 
Accrediting 

Body 
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SAP Works hee t #33 -- QA Management Reports  Table  

(UFP QAPP Manual Section 4.2) 
 

 
Type of Report 

 
Frequency 

(daily, weekly monthly, quarterly, 
annually, etc.) 

 
Projected Delivery 

Date(s) 

 
Person(s) Responsible 
for Report Preparation 

(title and organizational affiliation) 

 
Report Recipient(s) 

(title and organizational affiliation) 

Data validation report Per SDG 

Upon completion of data 
validation (usually within 3 

weeks of receipt of laboratory 
data) 

DVM and staff chemists, Tetra 
Tech PM and project file, Tetra Tech 

Major analysis problem 
identification (internal Tetra 

Tech Memorandum) 

When persistent analysis 
problems are detected by 

Tetra Tech that may impact 
data usability 

Immediately upon detection of 
problem (on the same day) 

NAVFAC Atlantic QAM, Tetra 
Tech 

PM, CLEAN QAM, Program 
Manager, and project file Tetra 

Tech 

Project monthly progress 
report Monthly for duration of project Monthly PM, Tetra Tech 

 Navy RPM, Navy;  CLEAN 
QAM, Program Manager, and 

project file, Tetra Tech 

Laboratory QA report 
When significant plan 
deviations result from 

unanticipated circumstances 

Immediately upon detection of 
problem (on the same day) Laboratory PM, Empirical PM and project file, Tetra Tech 

Audit report In conjunction with audits After completion of audits 
(usually 3 weeks) 

Tetra Tech or third party 
Auditor(s) 

PM and QAM, Tetra Tech, and 
audited entity 
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SAP Works hee t #34 -- Verifica tion  (S tep  I) P roces s  Table  

(UFP-QAPP Manual Section 5.2.1) 
 

Verification Input Description Internal /  
External 

Responsible for 
Verification  

(name, organization) 
Chain-of-Custody 
Forms 

The Tetra Tech FOL or designee will review and sign the chain-of-custody form to verify that 
all samples listed are included in the shipment to the laboratory and the sample information is 
accurate.  The forms will be signed by the sampler and a copy will be retained for the project 
file, the Tetra Tech PM, and the Tetra Tech Data Validators. 

Internal Sampler and FOL, Tetra 
Tech 

The Empirical Laboratory Sample Custodian will review the sample shipment for 
completeness, integrity, and sign accepting the shipment.  The Tetra Tech Data Validators will 
check that the chain-of-custody form was signed and dated by the Tetra Tech FOL or 
designee relinquishing the samples and also by the Laboratory Sample Custodian receiving 
the samples for analyses. 

Internal/ 
External 

1 - Laboratory Sample 
Custodian, Empirical 
2 - Data Validators, Tetra 
Tech 

SAP Sample Tables/  
Chain-of-Custody 
Forms 

Verify that all proposed samples listed in the SAP tables have been collected. Internal FOL or designee, Tetra 
Tech 

Sample Log Sheets Verify that information recorded in the log sheets is accurate and complete.  Internal FOL or designee, Tetra 
Tech 

SAP/ Field Logs/ 
Analytical Data 
Packages 

Ensure that all sampling SOPs were followed.  Verify that deviations have been documented 
and MPCs have been achieved.  Particular attention should be given to verify that samples 
were correctly identified, that sampling location coordinates are accurate, and that 
documentation establishes an unbroken trail of documented chain-of-custody from sample 
collection to report generation.  Verify that the correct sampling and analytical methods/SOPs 
were applied.  Verify that the sampling plan was implemented and carried out as written and 
that any deviations are documented.   

Internal PM or designee, Tetra Tech 

Sample Coordinates Ensure that sample locations are correct and in accordance with the SAP proposed locations.  
Document any discrepancies in the final report. 

Internal FOL or designee, Tetra 
Tech 

SAP/ Analytical 
SOPs/ Analytical 
Data Packages 

Ensure that all laboratory SOPs were followed.  Verify that the correct analytical 
methods/SOPs were applied. 

Internal Laboratory QAM, Empirical 

SAP/ Laboratory 
SOPs/ Raw Data/ 
Applicable Control 
Limits Tables 

Establish that all method QC samples were analyzed and in control as listed in the analytical 
SOPs.  If method QA is not in control, the Laboratory QAM will contact the Tetra Tech PM 
verbally or via e-mail for guidance prior to report preparation. 

Internal Laboratory QAM, Empirical 

SAP/ Chain-of-
Custody Forms 

Check that field QC samples listed in Worksheet #20 were collected as required. Internal FOL or designee, Tetra 
Tech 
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Verification Input Description Internal /  
External 

Responsible for 
Verification  

(name, organization) 
Electronic Data 
Deliverables 
(EDDs)/ Analytical 
Data Packages 

Each EDD will be verified against the chain-of-custody and hard copy data package for 
accuracy and completeness.  Laboratory analytical results will be verified and compared to 
the electronic analytical results for accuracy.  Sample results will be evaluated for laboratory 
contamination and will be qualified for false positives using the laboratory method/preparation 
blank summaries.  Positive results reported between the DL and the LOQ will be qualified as 
estimated.  Extraneous laboratory qualifiers will be removed from the validation qualifier. 

External Data Validators, Tetra Tech 

Analytical Data 
Packages 
 

All analytical data packages will be verified internally for completeness by the laboratory 
performing the work.  The Laboratory QAM will sign the case narrative for each data package. 

Internal Laboratory QAM, Empirical  

Each data package will be verified for completeness by the Tetra Tech Data Validator.  
Missing information will be requested by the Tetra Tech Data Validator from the Laboratory 
PM. 

External Data Validators,  Tetra Tech 
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SAP Works hee t #35 -- Va lida tion  (S teps  IIa  and  IIb) Proces s  Table   

(UFP-QAPP Manual Section 5.2.2) (Figure 37 UFP-QAPP Manual) (Table 9 UFP-QAPP Manual) 
 
 

Step IIa / 
IIb 

Validation 
Input Description 

Responsible for 
Validation (name, 

organization) 
IIa 
 

Chain-of-
Custody Forms 

Custody - Ensure that the custody and integrity of the samples was maintained from 
collection to analysis and the custody records are complete and any deviations are recorded.  
Review that the samples were shipped and store at the required temperature and sample pH 
for chemically-preserved samples meet the requirements listed in Worksheet #19.  Ensure 
that the analyses were performed within the holding times listed in Worksheet #19. 

Project Chemist or Data 
Validators, Tetra Tech 
 

IIa/IIb 
 
 

SAP/ Laboratory 
Data Packages/ 
EDDs  
 
 

Accuracy - Ensure that the laboratory QC samples listed in Worksheet #28 were analyzed 
and that the MPCs listed in Worksheet #12 were met for all field samples and QC analyses.  
Check that specified field QC samples were collected and analyzed and that the analytical 
QC criteria set up for this project were met.   

Project Chemist or Data 
Validators, Tetra Tech 
 
 

Precision - Check the field sampling precision by calculating the RPD for field duplicate 
samples.  Check the laboratory precision by reviewing the RPD or percent difference values 
from laboratory duplicate analyses; MS/MSDs; and LCS/LCSD, if available.  Ensure 
compliance with the methods and project MPCs accuracy goals listed in Worksheet #12. 
Representativeness - Check that the laboratory recorded the temperature at sample receipt 
and the pH of the chemically preserved samples to ensure sample integrity from sample 
collection to analysis. 
Completeness - Review the chain-of-custody forms generated in the field to ensure that the 
required analytical samples have been collected, appropriate sample identifications have 
been used, and correct analytical methods have been applied.  The Tetra Tech Data 
Validator will verify that elements of the data package required for validation are present, and 
if not, the laboratory will be contacted and the missing information will be requested.  
Validation will be performed as per Worksheet #36.  Check that all data have been 
transferred correctly and completely to the final SQL database.   
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Step IIa / 
IIb 

Validation 
Input Description 

Responsible for 
Validation (name, 

organization) 
IIb 
 
 
 

SAP/ Laboratory 
Data Packages/ 
EDDs 
 
 
 

Sensitivity - Ensure that the project LOQs listed in Worksheet #15 were achieved. Project Chemist or Data 
Validators, Tetra Tech 
 
 
 

PALs - Discuss the impact on reported DLs due to matrix interferences or sample dilutions 
performed because of the high concentration of one or more other contaminants, on the 
other target compounds reported as non-detected.  Document this usability issue and inform 
the Tetra Tech PM.  Review and add PSLs to the laboratory EDDs.  Flag samples and notify 
the Tetra Tech PM of samples that exceed PSLs listed in Worksheet #15. 
QA/QC - Ensure that all QC samples specified in the SAP were collected and analyzed and 
that the associated results were within prescribed SAP acceptance limits.  Ensure that QC 
samples and standards prescribed in analytical SOPs were analyzed and within the 
prescribed control limits.  If any significant QC deviations occur, the Laboratory QAM shall 
have contacted the Tetra Tech PM. 
Deviations - Summarize deviations from methods, procedures, or contracts in the Data 
Validation Report.  Determine the impact of any deviation from sampling or analytical 
methods and SOPs requirements and matrix interferences effect on the analytical results.  
Qualify data results based on method or QC deviation and explain all the data qualifications.  
Print a copy of the project database qualified data depicting data qualifiers and data 
qualifiers codes that summarize the reason for data qualifications.  Determine if the data met 
the MPCs and determine the impact of any deviations on the technical usability of the data. 
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SAP Works hee t #36 – Ana lytica l Da ta  Va lida tion  (S teps  IIa  and  IIb) Summary Table  

 (UFP-QAPP Manual Section 5.2.2.1) (Figure 37, page 110 UFP-QAPP Manual) 
 

 
Step IIa / IIb 

 
Matrix 

 
Analytical Group 

 
Validation Criteria 

 
Data Validator 

(title and organizational 
affiliation) 

IIa and IIb Soil  SVOCs (including low 
level PAHs) 

SW-846 8270C method-specific criteria 
and those criteria listed in Worksheet #12, 
#15,#24, and #28. If not included in these 
worksheets, then the logic outlined in 
USEPA Contract Laboratory Program 
National Functional Guidelines for Organic 
Data Review USEPA-540/R-99-008, 
October 1999, will be used to apply 
qualifiers to data.  50 percent full data 
validation will be performed. 

Data Validators, Tetra Tech 

 

IIa and IIb  Soil  Metals 

SW-846 6010C method-specific criteria 
and those listed in Worksheet #12, #15, 
#24, and #28. If not included in these 
worksheets,then  the logic outlined in 
USEPA Contract Laboratory Program 
National Functional Guidelines for 
Inorganic Data Review USEPA-540-R-04-
004, October 2004, will be used to apply 
qualifiers to data.  50 percent full data 
validation will be performed. 

Data Validators, Tetra Tech 

IIa and IIb  Soil  PCBs and Pesticides 

SW-846 8082A and 8081B method-specific 
criteria and those listed in Worksheet 
numbers #12, #15, #24, and #28.  If not 
included in these worksheets, then the 
logic outlined in USEPA Contract 
Laboratory Program National Functional 
Guidelines for Organic Data Review 
USEPA-540/R-99-008, October 1999, will 
be used to apply qualifiers to data.  50 
percent full data validation will be 
performed. 

Data Validators, Tetra Tech 

 
Notes:  Solid and Aqueous IDW results will not be validated. 
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SAP Works hee t #37 -- Us ability As s es s ment 

(UFP-QAPP Manual Section 5.2.3) 
 
Data Usability Assessment 

The usability of the data directly affects whether project objectives can be achieved.  The characteristics 

discussed below will be evaluated, at a minimum, as part of the data usability assessment.  The results of 

these evaluations will be included in the project report.  The characteristics will be evaluated for multiple 

concentration levels if the evaluator determines that this is necessary.  To the extent required by the type 

of data being reviewed, the assessors will consult with other technically competent individuals to render 

sound technical assessments of these DQI characteristics. 

 

Completeness 

For each matrix that was scheduled to be sampled, the Tetra Tech FOL acting on behalf of the Project 

Team will prepare a table listing planned samples/analyses to collected samples/analyses.  If deviations 

from the scheduled sample collection or analyses are identified, the Tetra Tech PM will determine 

whether the deviations compromise the ability to meet project objectives.  If they do, the Tetra Tech PM 

will consult with the Navy RPM and other Project Team members, as necessary (determined by the Navy 

RPM), to develop appropriate corrective actions. 

 

Precision 

The tetra Tech Project Chemist acting on behalf of the Project Team will determine whether precision 

goals for field duplicates and laboratory duplicates were met.  This will be accomplished by comparing 

duplicate results to precision goals identified in Worksheets #12 and #28.  This will also include a 

comparison of field and laboratory precision with the expectation that field duplicate results will be no less 

precise than laboratory duplicate results.  If the goals are not met, or, if data have been flagged as 

estimated (J qualifier), limitations on the use of the data will be described in the project report. 

 

Accuracy 

The Tetra Tech Project Chemist acting on behalf of the Project Team will determine whether the 

accuracy/bias goals were met for project data.  This will be accomplished by comparing percent 

recoveries of LCS, LCSD, MS, MSD, and surrogate compounds to accuracy goals identified in 

Worksheet #28.  This assessment will include an evaluation of field and laboratory contamination; 

instrument calibration variability; and analyte recoveries for surrogates, MS, and LCSs.  If the goals are 

not met, limitations on the use of the data will be described in the project report.  Bias of the qualified 

file:///\\nuspitnas1\shared\NAVSTA%20Great%20Lakes%20-%20Bob%20Davis%20-%20A\biff.cummings\Local%20Settings\Temporary%20Internet%20Files\Local%20Settings\Temporary%20Internet%20Files\Content.IE5\Local%20Settings\Temporary%20Internet%20Files\Content.IE5\Local%20Settings\Temporary%20Internet%20Files\Local%20Settings\Temporary%20Internet%20Files\Content.Outlook\Local%20Settings\cavind\Application%20Data\Microsoft\draft%20handouts\Section_5.pdf�
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results and a description of the impact of identified non-compliances on a specific data package or on the 

overall project data will be described in the project report. 

 

Representativeness 

A Tetra Tech Project Scientist identified by the Tetra Tech PM and acting on behalf of the Project Team 

will determine whether the data are adequately representative of intended populations, both spatially and 

temporally.  This will be accomplished by verifying that samples were collected and processed for 

analysis in accordance with this SAP, by reviewing spatial and temporal data variations, and by 

comparing these characteristics to expectations.  The usability report will describe the representativeness 

of the data for each matrix and analytical fraction.  This will not require quantitative comparisons unless 

the professional judgment of the Tetra Tech Project Scientist indicates that a quantitative analysis is 

required.    

 

Comparability 

The Tetra Tech Project Chemist acting on behalf of the Project Team will determine whether the data 

generated for this project are sufficiently comparable to historical site data generated by different methods 

and for samples collected using different procedures and under different site conditions.  This will be 

accomplished by comparing overall precision and bias among data sets for each matrix and analytical 

fraction.  This will not require quantitative comparisons unless the professional judgment of the Tetra 

Tech Project Chemist indicates that such quantitative analysis is required. 

 

Sensitivity 

The Tetra Tech Project Chemist acting on behalf of the Project Team will determine whether project 

sensitivity goals listed in Worksheet #15 are achieved.  The overall sensitivity and DLs from multiple data 

sets for each matrix and analysis will be compared.  If sensitivity goals are not achieved, the limitations on 

the data will be described.  The Tetra Tech Project Chemist will enlist the help of the project risk assessor 

to evaluate deviations from planned sensitivity goals. 

 

Project Assumptions and Data Outliers 

The Tetra Tech PM and designated Project Team members will evaluate whether project assumptions 

were valid.  This will typically be a qualitative evaluation but may be supported by quantitative 

evaluations.  The type of evaluation will depend on the assumption being tested.  Quantitative 

assumptions include assumptions related to data distributions (e.g., normal versus log-normal) and 

estimates of data variability.  Potential outliers will be removed if a review of the associated 

documentation indicates that the results have an assignable cause that renders them inconsistent with 
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the rest of the data.  During this evaluation, the team will consider whether outliers could be indications of 

unanticipated site conditions. 

 

Describe the evaluative procedures used to assess overall measurement error associated with the 

project:   

After the completion of data validation, the data and data quality will be reviewed to determine whether 

sufficient data of acceptable quality are available for decision making.  In addition to the evaluations 

described above, a series of inspections and statistical analyses will be performed to estimate these 

characteristics.  The statistical evaluations will include simple summary statistics for target analytes, such 

as maximum concentration, minimum concentration, number of samples with non-detected results, 

number of samples with detected results, and the proportion of samples with detected and non-detected 

results.  The Project Team members identified by the Tetra Tech PM will assess whether the data 

collectively support the attainment of project objectives.  They will consider whether any missing or 

rejected data have compromised the ability to make decisions or to make the decisions with the desired 

level of confidence.  The data will be evaluated to determine whether missing or rejected data can be 

compensated for by other data.  Although rejected data will generally not be used, there may be reason to 

use them in a weight-of-evidence argument, especially when they supplement data that have not been 

rejected.   If rejected data are used, their use will be supported by technically defensible rationales. 

 

Statistical comparisons and mathematical manipulations will be utilized in the evaluation of the results.  

Non-detected values will be substituted in these statistical comparisons and mathematical manipulations 

as appropriate to the statistical method used.  For example, for UCL calculations, the method detection 

limit value will be used according to USEPA guidance.  Duplicate results (original and duplicate) will not 

be averaged for the purpose of representing the range of concentrations.  Duplicate samples will be used 

for quality control purposes, not for the statistical comparisons and mathematical manipulations in the 

evaluation of the results. 

 

Identify the personnel responsible for performing the usability assessment:   

The Tetra Tech PM, Tetra Tech Project Chemist, Tetra Tech FOL, and Tetra Tech Project Scientist will be 

responsible for conducting the listed data usability assessments.  The data usability assessment will be 

reviewed with the Navy RPM, USEPA RPM, and Illinois EPA RPM.  If deficiencies affecting the 

attainment of project objectives are identified, the review will take place either in a face-to-face meeting or 

a teleconference, depending on the extent of identified deficiencies.  If no significant deficiencies are 

identified, the data usability assessment will simply be documented in the project report and reviewed 

during the normal document review cycle. 
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Describe the documentation that will be generated during the usability assessment and how 

usability assessment results will be presented so that they identify trends, relationships 
(correlations), and anomalies:   

The data will be presented in tabular format, including data qualifications such as estimation (J, UJ) or 

rejection (R).  Written documentation will support non-compliant estimated or rejected data results.  The 

project report will identify and describe the data usability limitations and suggest resampling or other 

corrective actions, if necessary. 
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1.0   INTRODUCTION 

The objective of this Health and Safety Plan (HASP) is to provide the minimum safety practices and 

procedures to Tetra Tech NUS, Inc. (TtNUS) personnel conduct field activities at Site 12 at Naval Station 

Great Lakes, located in Great Lakes, Illinois. 

 

This HASP has been prepared using the latest available information regarding known or suspected 

chemical contaminants and potential and foreseeable physical hazards associated with the planned work 

at Naval Station Great Lakes.  This HASP has been designed to be used in accordance with the TtNUS 

Health and Safety Guidance Manual.  The Guidance Manual provides detailed information pertaining to 

procedures to be performed on site as directed by the HASP, as well as TtNUS standard operating 

procedures. 

 

This HASP supports proposed tasks and techniques associated with the scope of work (SOW) as 

presented in Section 4.0.  Should the proposed work site conditions and/or suspected hazards change, or 

if new information becomes available, this document will be modified.  Changes to the HASP will be made 

with the approval of the TtNUS CLEAN Health and Safety Manager (HSM) and the Project Manager (PM).  

The PM will notify affected personnel of changes. 

 

The elements of this HASP are in compliance with the requirements established by OSHA 29 Code of 

Federal Regulations (CFR) 1910.120, "Hazardous Waste Operations and Emergency Response" 

(HAZWOPER).  The information contained in this plan, as well as policies on conducting on site 

operations, has been obtained from the TtNUS Health and Safety Program and Naval Station Great 

Lakes policies and procedures. 

 

1.1  AUTHORITY 

This work is authorized under the Comprehensive Long - Term Environmental Action Navy (CLEAN) 

contract, administered through the U.S. Navy Naval Facilities Engineering Command Midwest, as defined 

under Contract Number N62470-08-D-1001; Contract Task Order F27A. 

 

1.2  KEY PROJECT PERSONNEL AND ORGANIZATION 

This section defines responsibilities for site safety and health for TtNUS and subcontractor employees 

conducting environmental sampling and other field activities.  Personnel assigned to these positions shall 

exercise the primary responsibility for the on site health and safety.  These persons will be the primary 
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point of contact for any questions regarding the safety and health procedures and the selected control 

measures. 

 

• The TtNUS PM is responsible for the overall direction and implementation of health and safety for this 

work. 

 

• The TtNUS Field Operations Leader (FOL) is responsible for implementation of this HASP.  The FOL 

manages field activities, executes the work plan, and enforces safety procedures, as applicable to the 

work plan.  Specifically, the FOL will: 

 

- Verify training and medical status of on-site personnel in relation to site activities. 

- Assist and represent TtNUS with emergency services (if needed) 

- Provide elements of site-specific training for on site personnel. 

 

• The TtNUS Site Safety Officer (SSO) or their representative supports the FOL concerning the aspects 

of health and safety including, but not limited to: 

 

- Coordinating the health and safety activities 

- Selecting, applying, inspecting, and maintaining personal protective equipment (PPE) 

- Establishing work zones and control points 

- Implementing air monitoring procedures 

- Implementing hazard communication, respiratory protection, and other associated safety and 

health programs 

- Coordinating emergency services  

- Providing elements of site-specific training 

 

• Compliance with these requirements is monitored by the Project Health and Safety Officer (PHSO) 

and is coordinated through the HSM. 

 

ALL employees are empowered, authorized, and responsible to STOP WORK at any time when an 

imminent and uncontrolled safety or health hazard is perceived.  In a Stop Work event (immediately after 

the involved task has been shut down and the work area has been secured in a safe manner) the 

employee shall contact the Project Manager and the Corporate Health and Safety Manager.  Through 

observations and communication, all parties involved shall then develop, communicate, and implement 

corrective actions necessary and appropriate to modify the task and to resume work. 
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1.3  SITE INFORMATION AND PERSONNEL ASSIGNMENTS 

Site Name: Naval Station Great Lakes Site 12   Address: Great Lakes, Illinois  

 
Address: 201 Decatur Avenue           
 
U.S. Navy Remedial Project Manager/Engineer-In-Charge/Site Point of Contact: Howard Hickey  

Phone Number: (847) 688-2600 Ext. 243 and (847) 815-6719 (cell)   

 
Purpose of Site Visit: TtNUS will conduct a remedial investigation and associated activities   

 
Proposed Dates of Work:  November 2009 through completion       
 
Project Team: 
 
Tetra Tech NUS Personnel:  Discipline/Tasks Assigned: 
Robert Davis, P.E.  Project Manager (PM) 
TBD  Field Operations Leader (FOL) 
Chuck Metz  Technical Expert 
Matthew M. Soltis, CIH, CSP  Health and Safety Manager (HSM) 
Jennifer Carothers, PhD  Project Health and Safety Officer (PHSO) 
TBD   Site Safety Officer (SSO) 
TBD  Geologist 
 
Subcontractor Personnel:  Discipline/Tasks Assigned: 
TBD  Driller 
TBD  Surveyor 
   
 
Hazard Assessment (for purposes of 29 CFR 1910.132) for HASP preparation has been conducted by: 
 
Prepared by: Jennifer Carothers, PhD   
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2.0   EMERGENCY ACTION PLAN 

2.1  INTRODUCTION 

This section has been developed as part of a planning effort to direct and guide field personnel in the 

event of an emergency.  However, given the nature and scope of planned site activities, significant 

emergency situations are unlikely.  In the event of an emergency, TtNUS personnel will provide 

emergency response support only to the capabilities of on site personnel.  Emergency situations that are 

beyond the capabilities of on site TtNUS personnel will require assistance from outside emergency 

responders.  In the event of emergencies that are beyond the capabilities of on site personnel, an 

evacuation will be initiated.  In an evacuation, site personnel will move to a safe place of refuge and the 

appropriate emergency response agencies will be notified.  The emergency response agencies listed in 

Table 2-1 of this plan are capable of providing the most effective response, and as such, will be 

designated as the primary responders.  These agencies are located within a reasonable distance from the 

areas of site operations, which ensures adequate emergency response time.  This emergency action plan 

conforms to the requirements of Occupational Safety and Health Administration (OSHA) Standard 29 

CFR 1910.38(a), as allowed in OSHA 29 CFR 1910.120(I)(1)(ii). 

 

TtNUS personnel will, through the necessary actions, provide incidental response measures for incidents 

such as: 

 

• Incipient fire and spill prevention and response 

• Removal of personnel from emergency situations 

• Provision of initial medical support for injury/illnesses requiring only first-aid level support 

• Provision of site control and security measures, as necessary 

 

2.2  EMERGENCY PLANNING 

Through the initial hazard/risk assessment effort, there is very minor potential for injury or illnesses 

resulting from exposure to chemical, physical, or other hazards, and subsequently little likelihood of  

emergency situations.  To further minimize or eliminate potential emergency situations, pre-emergency 

planning activities associated with this project will be implemented.  The FOL is responsible for: 

 

• Coordinating response actions with Naval Station Great Lakes Emergency Services personnel to 

ensure that TtNUS emergency action activities are compatible with existing facility emergency 

response procedures. 
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• Identifying a chain of command for emergency action. 

 

• Educating site workers to the hazards and control measures associated with planned activities at the 

site, and providing early recognition and prevention, where possible. 

 

2.3  EMERGENCY RECOGNITION AND PREVENTION 

2.3.1  Recognition 

Foreseeable emergency situations that may be encountered during site activities will generally be 

recognizable by visual observation.  Visual observation will be the principal method of identifying any 

hazards that may be associated with the proposed SOW.  These potential hazards, the activities with 

which they have been associated, and the recommended control methods are discussed in detail in 

Sections 5.0 and 6.0 of this document. 

 

2.3.2  Prevention 

TtNUS personnel will minimize the potential for emergencies by ensuring compliance with the HASP, the 

Health and Safety Guidance Manual, applicable OSHA regulations, and by following directions given by 

those persons responsible for the health, safety, and welfare of site personnel.  

 

2.4  SAFE DISTANCES AND PLACES OF REFUGE 

In the event that the site must be evacuated, personnel will immediately stop activities and report to a pre-

determined safe place of refuge.  The safe place of refuge may also serve as the telephone 

communication point, as communication with emergency response agencies may be necessary.  

Telephone communication points and safe places of refuge will be determined prior to the 

commencement of site activities and will be conveyed to personnel as part site-specific training and/or 

daily safety meetings.  Upon reporting to the refuge location, personnel will remain there until directed 

otherwise by the TtNUS FOL or the On-Scene Incident Commander.  The FOL will take a head count at 

this location to confirm the presence of site personnel.  Emergency response agencies will be notified of 

any unaccounted for personnel. 

 

2.5  EVACUATION ROUTES AND PROCEDURES 

Once an evacuation is initiated, personnel will terminate site activities and proceed immediately to the 

designated place of refuge, unless doing so would further jeopardize the welfare of workers.  In such an 

event, personnel will proceed to a designated alternate location and remain there until further notification 
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from the FOL.  The use of these locations as assembly points provides communication and a direction 

point for emergency services, should they be needed. 

 

2.5.1  Decontamination Procedures/Emergency Medical Treatment 

During any site evacuation, decontamination procedures will be performed only if doing so does not 

further jeopardize the welfare of site workers.  Decontamination will be postponed if the incident warrants 

immediate evacuation.   

 

TtNUS personnel will perform removal of personnel from emergency situations and may provide initial 

medical support for injury/illnesses requiring only first-aid level support.  Medical attention above that level 

will require assistance and support from the designated emergency response agencies.  Attachment I 

provides the procedure to follow when reporting an injury/illness, and the form to be used for this purpose.  

If the emergency involves personnel exposures to chemicals, follow the steps provided in 
Figure 2-1. 
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FIGURE 2-1 
POTENTIAL EXPOSURE PROTOCOL 

The purpose of this protocol is to provide guidance for the medical management of exposure situations.   

In the event of a personnel exposure to a hazardous substance or agent: 

 
• Rescue, when necessary, employing proper equipment and methods. 
 
• Give attention to emergency health problems -- breathing, cardiac function, bleeding, and shock. 
 
• Transfer the victim to the medical facility designated in this HASP by suitable and appropriate 

conveyance (i.e. ambulance for serious events)  
 
• Obtain as much exposure history as possible (a Potential Exposure Report is attached). 
 
• If the exposed person is a TtNUS employee, call the medical facility and advise them that the 

patient(s) is/are being sent and that they can anticipate a call from the WorkCare physician.  
WorkCare will contact the medical facility and request specific testing which may be appropriate.  The 
care of the victim will be monitored by WorkCare physicians.  Site officers and personnel should not 
attempt to get this information, as this activity leads to confusion and misunderstanding. 

 
• Call WorkCare at (800) 455-6155 (enter Ext. 109), or follow the voice prompt for after hours and 

weekend notification, and be prepared to provide: 
 

1) Any known information about the nature of the exposure. 
2) As much of the exposure history as was feasible to determine in the time allowed. 
3) Name and phone number of the medical facility to which the victim(s) has/have been taken. 
4) Name(s) of the exposed TtNUS, Inc. employee(s). 
5) Name and phone number of an informed site officer who will be responsible for further 

investigations. 
 

• Fax appropriate information (e.g., Material Safety Data Sheets [MSDS]) to WorkCare at 
(714) 456-2154. 

 
• Contact Corporate Health and Safety Department (Matt Soltis) and Human Resources Manager 

(Marilyn Duffy) at (412) 921-7090. 
 

As environmental data is gathered and the exposure scenario becomes more clearly defined, this 

information should be forwarded to WorkCare. 

 

WorkCare will compile the results of data and provide a summary report of the incident.  A copy of this 

report will be placed in each victim’s medical file in addition to being distributed to appropriately 

designated company officials. 

 

Each involved worker will receive a letter describing the incident but deleting any personal or individual 

comments.  This generalized summary will be accompanied by a personalized letter describing the 

individual’s findings/results.  A copy of the personal letter will be filed in the continuing medical file 

maintained by WorkCare. 
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FIGURE 2-1 (continued) 
POTENTIAL EXPOSURE REPORT 

 
Name:  Date of Exposure:  
   
Social Security No.:  Age:  Sex:  
   
Client Contact:  Phone No.:  
   
Company Name:   
 

I. Exposing Agent 
 Name of Product or Chemicals (if known):       
              
 Characteristics (if the name is not known) 
 Solid  Liquid  Gas  Fume  Mist  Vapor 
 
II. Dose Determinants 
 What was individual doing?          
 How long did individual work in area before signs/symptoms developed?     

Was protective gear being used?  If yes, what was the PPE?       
Was there skin contact?           
Was the exposing agent inhaled?         
Were other persons exposed?  If yes, did they experience symptoms?     

 
III. Signs and Symptoms (check off appropriate symptoms) 
 

Immediately With Exposure: 
Burning of eyes, nose, or throat Chest Tightness / Pressure 
Tearing Nausea / Vomiting 
Headache Dizziness 
Cough Weakness 
Shortness of Breath 

 
Delayed Symptoms: 

Weakness Loss of Appetite 
Nausea / Vomiting Abdominal Pain 
Shortness of Breath Headache 
Cough Numbness / Tingling 
 

IV. Present Status of Symptoms (check off appropriate symptoms) 
Burning of eyes, nose, or throat Nausea / Vomiting 
Tearing Dizziness 
Headache Weakness 
Cough Loss of Appetite 
Shortness of Breath Abdominal Pain 
Chest Tightness / Pressure Numbness / Tingling 
Cyanosis 
 
Have symptoms:  (please check off appropriate response and give duration of symptoms) 
Improved:   Worsened:   Remained Unchanged:   
 

V. Treatment of Symptoms (check off appropriate response) 
 None:       Self-Medicated:   Physician Treated:   
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2.6  EMERGENCY ALERTING AND ACTION/RESPONSE PROCEDURES 

Since TtNUS personnel will be working in close proximity to each other, voice commands will comprise 

the mechanisms to alert site personnel of an emergency.  If an incident occurs, site personnel will initiate 

the following procedures: 

 

• Initiate incident alerting procedures (if needed) verbally. 

 

• Describe to the FOL (who will serve as the Incident Coordinator) what has occurred and provide as 

many details as possible. 

 

• If the FOL determines that the situation is beyond the capabilities of the site personnel emergency 

services will be contact using the emergency reference information listed in Table 2-1.  Explain the 

situation and the appropriate emergency services will be dispatched.  Stay on the phone and follow 
the instructions of the emergency contact. 

 

2.7  EMERGENCY CONTACTS 

Prior to performing work at the site, personnel will be thoroughly briefed on the emergency procedures to 

be followed in the event of an accident.  Table 2-1 provides a list of emergency contacts and their 

corresponding telephone numbers.  This table will be made readily available to site personnel and copies 

will be placed in each of the site vehicles. 
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TABLE 2-1 
EMERGENCY REFERENCE 

NAVAL STATION GREAT LAKES 
 

AGENCY TELEPHONE 

EMERGENCY 9-1-1 

Police, Fire/Hazardous Materials Release, EMS  (847) 688-3333* 

Base Contact, Mr. Howard Hickey 
(847) 688-2600 x 243 

(847) 815-6719 

Hospital: 

North Chicago VA Medical Center  
(847) 473-7830 

Poison Control Center (800) 222-1222 

Project Manager, Biff Cummings  (412) 320-2220 

CLEAN Health and Safety Manager, Matthew Soltis, CIH, CSP (412) 921-8912 

Project Health and Safety Officer, Jennifer Carothers, PhD (412) 921-8083 

Chemtrec (800) 424-9300 

National Response Center (800) 424-8802 

Tetra Tech NUS, Pittsburgh Office (412) 921-7090 

 

* WHEN DIALING FROM A BASE TELEPHONE, USE THE LAST FOUR DIGITS ONLY
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2.8     EMERGENCY ROUTE TO HOSPITAL 
 
 
 

FIGURE 2-2 
DIRECTIONS TO NORTH CHICAGO VA MEDICAL CENTER 

FROM SITE 12 
 
North Chicago VA Medical Center 
3001 Green Bay Rd, 
North Chicago, Illinois 60064 
(847) 688-1900 
http://www.northchicago.va.gov/ 
Total Travel Estimates: 7 minutes / 2.02 miles 
 
 
A: Site 12 
 
1: Start out going North to 10TH St 0.2 miles 
2. Turn LEFT onto 10TH ST 0.2 miles 
3. Turn RIGHT on E ST toward 6TH ST. 0.1 miles 
4: Turn RIGHT onto 6TH ST 0.0 miles 
5: Turn LEFT onto D ST. 0.4 miles 
6: Turn RIGHT onto SHERIDAN RD 0.2 miles 
7: Take the IL-137 ramp. 0.2 miles 
8: Turn SLIGHT RIGHT onto IL-137 W/BUCKLEY RD/CR-20 W/DOWNEY RD. 0.8 miles 
9: Turn LEFT onto IL-131/GREEN BAY RD 0.3 miles 
10: 3001 GREEN BAY RD is on the LEFT. 0.0 miles 
B: North Chicago VA Medical Center 
 

 

http://www.northchicago.va.gov/�
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2.9  INJURY AND ILLNESS REPORTING 

Any pertinent information regarding allergies to medications or other special conditions will be provided to 

medical service personnel.  This information is listed on Medical Data Sheets (see Attachment II) filed 

onsite.  If an exposure to hazardous materials has occurred, provide hazard information from Table 6-1 to 

medical service personnel.  As soon as possible, the Navy contact must be informed of any incident or 

accident that requires medical attention. 

 

2.10  PPE AND EMERGENCY EQUIPMENT 

First-aid kits, eye wash units (or bottles of disposable eyewash solution) and fire extinguishers will be 

maintained onsite and shall be immediately available for use in the event of an emergency.  This 

equipment will be located in the field office or site vehicles.  Personnel will only provide first-aid 

assistance to the level of their training. 
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3.0   SITE BACKGROUND 

3.1  SITE DESCRIPTION 

The Naval Station Great Lakes is located in Lake County, Illinois, on the shore of Lake Michigan about 

50 miles north of downtown Chicago.  Dedicated in 1911, Naval Station Great Lakes is the largest naval 

training center in the United States.  Naval Station Great Lakes consists of approximately 1,650 acres 

with over 1,000 buildings. 

 

3.2 SITE 12 (HARBOR DREDGE SPOIL AREA) 

Site 12, the Harbor Dredge Spoil Area is approximately 4 acres located in a flat area on the shore of the 

Naval Training Center Outer Harbor. The Area is bounded by the lake on the east, beach to the north and 

south, and by an approximately 50-foot high bluff on the west. The area was used to deposit sediment 

from harbor dredging activities that occurred during in the 1950s and 1970s. In addition, the site has 

reportedly accepted demolition debris and other waste over the years. The area is currently grassed and 

is used for picnic and recreational purposes. 

 

The Inner Harbor sediments are contaminated with heavy metals, PCB, and oils. The source of these 

contaminants was identified as the industries located upstream from the activity. Hazardous wastes 

generated by private industry upstream of the activity may have entered the harbor, and these wastes 

may pose a threat to the environment, even though there is no history of direct dumping in the harbor. 

Similarly, the sediments dredged from the harbor may contain concentrations of hazardous materials.
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4.0   SCOPE OF WORK 

This section discusses the specific tasks that are to be conducted as part of this SOW at Naval Station 

Great Lakes.  These tasks are the only ones addressed by this HASP.  Any tasks to be conducted 

outside of the elements listed here will be considered a change in scope requiring modification of this 

document.  The PM or a designated representative will submit the requested modifications to this 

document to the HSM. 

 

Specific tasks to be conducted include, but are not necessarily limited to, the following: 

 

• Mobilization/demobilization 

• Utility Clearance 

• Monitoring well installation and soil and groundwater sampling via Direct Push Technology (DPT) and 

Hollow Stem Auger (HSA) 

• Decontamination 

• Investigation-derived waste management 

 

For more detailed description of the associated tasks, refer to the Work Plan (WP). 
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5.0   IDENTIFYING AND COMMUNICATING TASK-SPECIFIC HAZARDS AND 
GENERAL SAFE WORK PRACTICES 

The purpose of this section is to identify the anticipated hazards and appropriate hazard 

prevention/hazard control measures that are to be observed for each planned task or operation. These 

topics have been summarized for each planned task through the use of task-specific Safe Work Permits 

(SWPs) that are to be reviewed in the field by the SSO with task participants prior to initiating any task.  

Additionally, potential hazard and hazard control matters that are relevant but are not necessarily task-

specific are addressed it the following portions of this section. 

 

Section 6.0 presents additional information on hazard anticipation, recognition, and control relevant to the 

planned field activities. 

 

5.1  GENERAL SITE SAFE WORK PRACTICES 

In addition to the task-specific work practices and restrictions identified in the SWPs attached to this 

HASP, the following general safe work practices are to be followed when conducting work on-site.   

 

• Eating, drinking, chewing gum or tobacco, taking medication, or smoking in contaminated or 

potentially contaminated areas or where the possibility for the transfer of contamination exists is 

prohibited. 

 

• Wash hands and face thoroughly upon leaving a contaminated or suspected contaminated area.  If a 

source of potable water is not available at the work site that can be used for hands-washing, the use 

of waterless hands cleaning products will be used, followed by actual hands-washing as soon as 

practicable upon exiting the site.   

 

• Avoid contact with potentially contaminated substances including puddles, pools, mud, or other such 

areas.  Avoid, kneeling on the ground or leaning or sitting on equipment.  Keep monitoring equipment 

away from potentially contaminated surfaces. 

 

• Plan and mark entrance, exit, and emergency evacuation routes.  

 

• Rehearse unfamiliar operations prior to implementation. 

 

• Buddies should maintain visual contact with each other and with other on-site team members by 

remaining in close proximity to assist each other in case of emergency. 
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• Establish appropriate safety zones including support, contamination reduction, and exclusion zones.  

 

• Minimize the number of personnel and equipment in contaminated areas (such as the exclusion 

zone).  Non-essential vehicles and equipment should remain within the support zone. 

 

• Establish appropriate decontamination procedures for leaving the site.  

 

• Immediately report all injuries, illnesses, and unsafe conditions, practices, and equipment to the SSO. 

 

• Observe co-workers for signs of toxic exposure and heat or cold stress. 

 

• Inform co-workers of potential symptoms of illness, such as headaches, dizziness, nausea, or blurred 

vision. 

 

5.2  DPT/HSA SAFE WORK PRACTICES 

The following Safe Work Practices are to be followed when working in or around the DPT/HSA 

Operations (HSGM, Section 7.0). 

 

• Identify underground utilities and buried structures before commencing any DPT/HSA operations.  

Follow the TtNUS Utility Locating and Excavation Clearance Standard Operating Procedure. 

 

• DPT/HSA rigs will be inspected by the SSO or designee, prior to the acceptance of the equipment at 

the site and prior to the use of the equipment.  Repairs or deficiencies identified will be corrected prior 

to use.  The inspection will be accomplished using the Equipment Inspection Checklist for DPT/HSA 

rigs provided in Attachment III.  After the initial inspection and release for use on site, additional 

inspections will be performed at least at the beginning of every 5 or 10-day shift, or following any 

repairs or significant maintenance activities. 

 

• Ensure that all machine guarding is in place and properly adjusted. 

 

• Block the DPT/HSA rig and use levelers to prevent inadvertent movement. 

 

• The work area around the point of operation will be cleared to the extent possible to remove any trip 

hazards near or surrounding operating equipment. 
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• The driller’s helper will establish an equipment staging and laydown plan.  The purpose of this is to 

keep the work area clear of clutter and slips, trips, and fall hazards.  Mechanisms to secure heavy 

objects such as DPT/HSA flights will be provided to avoid the collapse of stacked equipment. 

 

• Minimize contact to the extent possible with contaminated tooling and environmental media.  

Potentially contaminated tooling will be placed on polyethylene sheeting for storage and wrapped for 

transport to the centrally located equipment decontamination area 

 

• Support functions (sampling and screening stations) will be maintained a minimum distance from the 

DPT/HSA rig of the height of the mast plus five feet, but not less than 25 feet around the rig. 

  

• Only qualified operators and knowledgeable ground crew personnel will participate in the operation of 

the DPT/HSA rig. 

 

• During maintenance, use only manufacturer provided/approved equipment (i.e. auger flight 

connectors, etc.) 

 

• In order to minimize contact with potentially contaminated tooling and media and to minimize lifting 

hazards, multiple personnel should be used to move auger flights and other heavy tooling. 

 

• Only personnel absolutely essential to the work activity will be allowed in the exclusion zone.  

 

• Equipment used within the exclusion zone will undergo a complete decontamination and evaluation 

by the FOL and/or the SSO to determine cleanliness prior to moving to the next location, exiting the 

site, or prior to down time for maintenance. 

 

• Motorized equipment will be fueled prior to the commencement of the day’s activities.   

 

• When not in use DPT/HSA rig will be shutdown, and emergency brakes set and wheels will be 

chocked to prevent movement. 

 

Investigative areas will be restored to equal or better condition than original to remove any contamination 

brought to the surface and to remove any physical hazards.  In situations where these hazards cannot be 

immediately removed, the area will be barricaded to limit access. 
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6.0   HAZARD ASSESSMENT 

This section provides information regarding the chemical and physical hazards which may be associated 

with the Site and the activities that are to be conducted as part of the SOW.  .   

 

6.1  CHEMICAL HAZARDS 

There has been limited data from previous site investigations conducted at Site 12, however based on an 

evaluation of the data and historical information, the primary site COCs from past history are, volatile 

organic compounds (VOCs), pesticides, and metals (primarily lead).  Table 6-1 shows a comparison of 

the maximum concentrations of some of the primary COCs previously detected on the site, their worst-

maximum concentrations previously detected, and to current Occupational Exposure Limits (OELs). 

 
TABLE 6-1 

COMPARISON OF COC CONCENTRATIONS  
WITH CURRENT OCCUPATIONAL EXPOSURE LIMITS 

Particulates 

Contaminant 
of Concern 

Highest Concentration 
Previously Detected in 

Soil  

Amount of Dust-in-Air that 
would have to be 

generated before PEL/TLV 
would be reached 

Current OSHA PEL 
and ACGIH TLV 

(Pesticides) 
DDT 0.830 mg/kg 301000 mg/m3 ACGIH: 1 mg/m3 

OSHA: 1 mg/m3 
Lead 396.40 mg/kg 31.53 mg/m3 OSHA & ACGIH:0.5 mg/m3, TWA8 

Arsenic 20.85 mg/kg 119.90 mg/m3 ACGIH: 0.01 mg/m3 
OSHA: 0.01 mg/m3 ;TWA8 

VOCs 

Contaminant 
of Concern 

Highest Concentration 
Previously Detected in 

Soil 

Worst-Case-Scenario Air 
Concentration 

Current OSHA PEL 
and ACGIH TLV 

Acetone 169 ug/kg 24.48 ppm ACGIH: 1 ppm 
OSHA: 1 ppm - TWA8 

Methylene 
Chloride 69 ug/kg 18.11 ppm 

ACGIH: 50 ppm 
OSHA: 25 ppm - TWA8; 

125 ppm -  STEL 

Toluene 25 ug/kg 0.4 ppm 

ACGIH: 20 ppm 
OSHA: 200 ppm - TWA8 

300 ppm - Ceiling; 
500ppm - 10-min peak in 8 hour shift 

 

Table Notes:  

• TWA8:  Average air concentration over an 8-hour work period that is not to be exceeded  

• TCE OSHA STEL: Concentration in air that is not to be exceed for more than 5 minutes in any 3 hour 

period 

• ACGIH STEL:  Concentration in air that is not be exceeded for more than 15 minutes more than 4 

times per day 
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6.1.1 Volatile Organic Compounds (VOCs) 

VOCs are emitted as gases from certain solids or liquids. VOCs include a variety of chemicals, some of 

which may have adverse health effects. VOCs are emitted by a wide array of products numbering in the 

thousands. Examples include: paints and lacquers, paint strippers, cleaning supplies, pesticides, building 

materials and furnishings, office equipment such as copiers and printers, correction fluids and carbonless 

copy paper, graphics and craft materials including glues and adhesives, permanent markers, and 

photographic solutions. 

 

Exposure to VOCs can cause irritation of the nose and throat and central nervous system (CNS) 

depression, with symptoms such as drowsiness, dizziness, giddiness, headache, loss of coordination. 

High concentrations can cause numbness and facial pain, reduced eyesight, unconsciousness, irregular 

heartbeat and death.  Very high concentrations can cause death due to CNS effects, and, in rare cases, 

irregular heart beat.  Permanent nervous system damage and/or liver injury have resulted from severe 

overexposure. 

 

6.1.2 Pesticides 

A pesticide is any substance or mixture of substance intended for preventing, destroying, repelling or 

mitigating any pest. 

 

Symptoms of pesticide exposure include abdominal pain, dizziness, headaches, nausea, vomiting, as 

well as skin and eye problems. 

 

6.1.3 Metals 

There are 35 metals that concern us because of occupational or residential exposure; 23 of these are the 

heavy elements or "heavy metals": antimony, arsenic, bismuth, cadmium, cerium, chromium, cobalt, 

copper, gallium, gold, iron, lead, manganese, mercury, nickel, platinum, silver, tellurium, thallium, tin, 

uranium, vanadium, and zinc. 

 

Heavy metal toxicity can result in damaged or reduced mental and central nervous function, lower energy 

levels, and damage to blood composition, lungs, kidneys, liver, and other vital organs. Long-term 

exposure may result in slowly progressing physical, muscular, and neurological degenerative processes 

that mimic Alzheimer's disease, Parkinson's disease, muscular dystrophy, and multiple sclerosis.  

Allergies are not uncommon and repeated long-term contact with some metals or their compounds may 

even cause cancer. 
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Lead, specifically, is a potential contaminant of concern at Site 12.  Lead is a poisonous metal that can 

damage nervous connections and cause blood and brain disorders. Because of its low reactivity and 

solubility, lead poisoning usually only occurs in cases when the lead is dispersed, like when sanding lead 

based paint, or long term exposure in the case of pewter tableware. The effects of lead are the same 

whether it enters the body through breathing or swallowing.  Lead can affect almost every organ and 

system in the body. The main target for lead toxicity is the nervous system, both in adults and children.  

Exposure to high lead concentrations can severely damage the brain and kidneys and ultimately cause 

death. 

 

6.1.4  Inhalation 

Based on an evaluation of the data concerning the metals previously detected on the site, the amount of 

dust-in-air that would have to be generated to reach current OELs is well within the spectrum visible to 

the naked eye (>2.0mg m3).  Therefore, the use of area wetting techniques to suppress dust generation is 

sufficient for this site to protect against the generation of metal-containing dust. 

 

In addition, from a worst-case scenario, it is not thought that any of the VOCs concentrations immediately 

above a captured air phase above contaminated media (such as in the head space of a monitoring well) 

could reach concentrations that exceed permissible limits. In addition, it is important to recognize the 

following: 

 

• the planned work area is outdoors, with ample natural ventilation that will reduce any airborne  

through dilution and dispersion 

 

As a result of this, it is very unlikely that workers participating in this activity will encounter any airborne 

concentrations of VOCs that would represent an inhalation exposure concern.  To monitor this route, real-

time direct reading monitoring instruments will be used (as described in Section 7.0).  This will performed 

during intrusive tasks, as these tasks are the most likely to involve encountering/releasing any VOCs and 

into the air phase.  

 

6.1.5 Ingestion and Skin Contact 

Potential exposure concerns to VOCs/pesticides/metals (lead) may also occur through ingesting or 

coming into direct skin contact with contaminated media.  The likelihood of worker exposure concerns 

through these two routes are also considered very unlikely, provided that workers follow good personal 

hygiene and standard good sample collection/sample handling practices, and wear appropriate PPE as 

http://en.wikipedia.org/wiki/Pewter�
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specified in this HASP.  Examples onsite practices that are to be observed that will protect workers from 

exposure via ingestion or skin contact include the following: 

 

• No hand-to-mouth activities on site (eating, drinking, smoking, etc.) 

• Washing hands upon leaving the work area and prior to performing any hand to mouth activities 

• Wearing surgeon's-style gloves whenever handling potentially-contaminated media, including 

groundwater, bailing tools, and sample containers. 

 

6.2  PHYSICAL HAZARDS 

The following is a list of physical hazards that may be encountered at the site or may be present during 

the performance of site activities. 

 

• Slip, trips, and falls 

• Strain/muscle pulls from heavy lifting 

• Heat/Cold Stress 

• Pinch/compression points 

• Natural hazards (snakes, ticks, poisonous plants, etc.) 

• Vehicular and equipment traffic 

• Inclement weather 

 

These hazards are discussed further below, and are presented relative to each task in the task-specific 

SWPs. 

 

6.2.1  Slips, Trips, and Falls 

During various site activities there is a potential for slip, trip, and fall hazards associated with wet, steep, 

or unstable work surfaces.  To minimize hazards of this nature, personnel required to work in and along 

areas prone to these types of hazards will be required to exercise caution, and use appropriate 

precautions (restrict access, guardrails, life lines and/or safety harnesses) and other means suitable for 

the task at hand.  Site activities will be performed using the buddy system. 

 

6.2.2  Strain/Muscle Pulls from Heavy Lifting 

During execution of planned activities there is some potential for strains, sprains, and/or muscle pulls due 

to the physical demands and nature of this site work.  To avoid injury during lifting tasks personnel are to 

lift with the force of the load carried by their legs and not their backs.  When lifting or handling heavy 
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material or equipment use an appropriate number of personnel.  Keep the work area free from ground 

clutter to avoid unnecessary twisting or sudden movements while handling loads.  

 

6.2.3  Heat/Cold Stress 

Because of the geographical location of the planned work, the likely seasonal weather conditions that will 

exist during the planned schedule, and the physical exertion that can be anticipated with some of the 

planned tasks, it will be necessary for the field team to be aware of the signs and symptoms and the 

measures appropriate to prevent heat/cold stress.   This is addressed in detail in Section 4.0 of the 

TtNUS Health and Safety Guidance Manual, which the SSO is responsible for reviewing and 

implementing as appropriate on this project.   

 

6.2.4  Pinch/Compression Points 

Handling of tools, machinery, and other equipment on site may expose personnel to pinch/compression 

point hazards during normal work activities.  Where applicable, equipment will have intact and functional 

guarding to prevent personnel contact with hazards.  Personnel will exercise caution when working 

around pinch/compression points, using additional tools or devices (e.g., pinch bars) to assist in 

completing activities. 

 

6.2.5  Vehicular and Equipment Traffic 

Hazards associated with vehicular and equipment traffic are unlikely to exist during site activities.  To 

minimize the potential for injuries associated with potential vehicular hazards, site personnel will be 

instructed to maintain awareness of traffic and moving equipment when performing site activities.  When 

working near roadways, site personnel will wear high visibility vests.   

 

6.3  NATURAL HAZARDS 

Natural hazards such as poisonous plants, bites from poisonous or disease carrying animals or insects 

(e.g., snakes, ticks, mosquitoes) are often prevalent at sites that are being investigated as part of 

hazardous waste site operations.  To minimize the potential for site personnel to encounter these 

hazards, nesting areas in and about work areas will be avoided to the greatest extent possible.  Work 

areas will be inspected to look for any evidence that dangerous animals may be present.   

 

During warm months (spring through early fall), tick-borne Lyme Disease may pose a potential health 

hazard.  The longer a disease carrying tick remains attached to the body, the greater the potential for 

contracting the disease.  Wearing long sleeved shirts and long pants (tucked into boots and taped) will 

prevent initial tick attachment, while performing frequent body checks will help prevent long term 
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attachment.  Site first aid kits should be equipped with medical forceps and rubbing alcohol to assist in 

tick removal.  For information regarding tick removal procedures and symptoms of exposure, consult 

Section 4.0 of the Health and Safety Guidance Manual. 

 

West Nile Virus (WNV) and other mosquito-borne diseases may occur when an infected mosquito sucks 

blood from a person.  About one in 150 people infected with WNV will develop severe illness. Severe 

symptoms can include high fever, headache, neck stiffness, stupor, disorientation, coma, tremors, 

convulsions, muscle weakness, vision loss, numbness and paralysis. These symptoms may last several 

weeks, and neurological effects may be permanent.  Up to 20 percent of the people who become infected 

have symptoms such as fever, headache, and body aches, nausea, vomiting, and sometimes swollen 

lymph glands or a skin rash on the chest, stomach and back. Symptoms can last for as short as a few 

days, though even healthy people have become sick for several weeks.  Approximately 80 percent of 

people (about 4 out of 5) who are infected with WNV will not show any symptoms at all.  

 
Although no longer common in the United States, malaria may occur when a mosquito or other infected 

insect sucks blood from an infected person, and the insect becomes the carrier to infect other hosts.  The 

parasite reproduces within the mosquito, and is then passed on to another person through the biting 

action.  Acute symptoms include chills accompanied by fever and general flu-like symptoms.  This 

generally terminates in a sweating stage.  These symptoms may recur every 48 to 72 hours.  

 

Contact with poisonous plants and bites or stings from poisonous insects are other potential natural 

hazards.  Long sleeved shirts and long pants (tucked into boots), and avoiding potential nesting areas, 

will minimize the potential for exposure.  Additionally, insect repellents may be used by site personnel.  

Personnel who are allergic to stinging insects (such as bees, wasps and hornets) must be particularly 

careful since severe illness and death may result from allergic reactions.  As with any medical condition or 

allergy, information regarding the condition must be listed on the Medical Data Sheet (see Attachment II 

of this HASP), and the FOL or SSO notified. 

 

In general, avoidance of areas of known infestation or growth will be the preferred exposure control for 

insects/animals and poisonous plants.  Specific discussion on principle hazards of concern follows: 

 

6.3.1  Insect/Animal Bites and Stings 

Various insects and animals may be present and should be considered.  Areas to be investigated could 

be prime nesting and/or hiding locations for snakes and other insects.  Personnel should avoid reaching 

into areas that are not visibly clear of snakes or insects.  Snake chaps will be worn in areas of known or 

anticipated snake infestation.  Site personnel who are allergic to stinging insects such as bees, wasps, 

and hornets must be particularly careful since severe illness and death may result from allergic reactions.  
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As with any medical condition or allergy, information regarding the condition must be listed on the Medical 

Data Sheet and the FOL and SSO notified. 

 

6.3.2  Inclement Weather 

Project tasks under this SOW will be performed outdoors.  As a result, inclement weather may be 

encountered.  In the event that adverse weather conditions arise (electrical storms, hurricanes, etc.), the 

FOL and/or the SSO will be responsible for temporarily suspending or terminating activities until 

hazardous conditions no longer exist. 
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7.0   HAZARD MONITORING – TYPES AND ACTION LEVELS 

The primary COCs are not expected to be present in concentrations that could present an inhalation 

hazard according to previous data.  However, since there is limited prior data and there has not been a 

complete characterization of the site, a direct reading instrument will be used to monitor worker 

exposures to possible chemical hazard.  Either a Photoionization Detector (PID) with a lamp energy of 

10.6 eV or a Flame Ionization Detector (FID) may be used to monitor the air when conducting intrusive 

activities. 

 

In addition, workers will monitor for visible dust, and area wetting techniques will be used to suppress 

dust generation, if necessary. 

 

7.1  INSTRUMENTS AND USE  

Instruments will be used primarily to monitor source points and worker breathing zone areas, while 

observing instrument action levels.  The SSO shall obtain and document the daily background (BG) 

reading at an upwind, unaffected area and observe for readings above that BG level.  The SSO shall 

monitor source areas (e.g., monitoring wells) for the presence of any reading above the daily-established 

BG level.  If elevated readings are observed, the SSO shall monitor the workers breathing zone (BZ) 

areas with the PID/FID.  If the appropriate instrument Action Level is exceeded (see below), the following 

process will be followed: 

 

• The SSO shall order all personnel to stop work and retreat upwind to a safe, unaffected area, where 

they will remain until further directed by the SSO.   

 

• The SSO shall allow at least 5 minutes to pass so that the work area can ventilate, and will then re-

approach the work area while continuously monitoring the BZ areas.   

 

• Only when BG levels are regained in BZ areas will work be permitted to resume.   

 

• If BG levels are not regained, the SSO will contact the HSM for additional direction.   

 

Instrument Action Levels:  The use of either a PID or a FID will be acceptable with any reading above 

10 PPM in BZ areas for no more than three exposures of 5 minutes 
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7.2  INSTRUMENT MAINTENANCE AND CALIBRATION 

Hazard monitoring instruments will be maintained and pre-field calibrated by the equipment provider (i.e., 

rental agency used).  Operational checks and field calibration will be performed on site instruments each 

day prior to their use.  Field calibration will be performed on instruments according to manufacturer’s 

recommendations.  These operational checks and calibration efforts will be performed in a manner that 

complies with the employees health and safety training, the manufacturer's recommendations, and with 

the applicable manufacturer standard operating procedure (which the SSO must assure are included with 

the instrument upon its receipt onsite). Field calibration efforts must be documented.  Figure 7-1 is 

provided for documenting these calibration efforts.  This information may instead be recorded in a field 

operations logbook, provided that the information specified in Figure 7-1 is recorded. This required 

information includes the following: 

 

• Date calibration was performed 

• Individual calibrating the instrument  

• Instrument name, model, and serial number 

• Any relevant instrument settings and resultant readings (before and after) calibration 

• Identification of the calibration standard (lot no., source concentration, supplier) 

• Any relevant comments or remarks 

 

7.3  DOCUMENTING INSTRUMENT READINGS  

The SSO is responsible for ensuring that air monitoring instruments are used in accordance with the 

specifications of this HASP and with manufacturer’s specifications/recommendations.  In addition, the 

SSO is also responsible for ensuring that all instrument use is documented.  This requirement can be 

satisfied either by recording instrument readings on pre-printed sampling log sheets or in a field log book.  

This includes the requirement for documenting instrument readings that indicate no elevated 
readings above noted daily background levels (i.e., no-exposure readings).  At a minimum, the SSO 

must document the following information for each use of an air monitoring device:  

 

• Date, time, and duration of the reading 

• Site location where the reading was obtained 

• Instrument used (e.g., FID, PID, etc.) 

• Personnel present at the area where the reading was noted 

• Other conditions that are considered relevant to the SSO (such as weather conditions, possible 

instrument interferences, etc.) 
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FIGURE 7-1  
DOCUMENTATION OF FIELD CALIBRATION 
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8.0   TRAINING/MEDICAL SURVEILLANCE REQUIREMENTS 

8.1  INTRODUCTORY/REFRESHER/SUPERVISORY TRAINING 

TtNUS and subcontractor personnel who will engage in field associated activities as described in this 

HASP must have: 

 

• Completed 40 hours of introductory hazardous waste site training or equivalent work experience as 

defined in OSHA Standard 29 CFR 1910.120(e). 

• Completed 8-Hour Refresher Training, if the identified persons had introductory training more than 

12 months prior to site work. 

• Completed 8-hour Supervisory training in accordance with 29 CFR 1910.120(e)(4), if their assigned 

function will involve the supervision of subordinate personnel. 

 

Documentation of introductory training or equivalent work experience, supervisory, and refresher training 

as well as site-specific training will be maintained at the site.  Copies of certificates or other official 

documentation will be used to fulfill this requirement. 

 

8.2  SITE-SPECIFIC TRAINING 

TtNUS will provide site-specific training to TtNUS employees and subcontractor personnel who will 

perform work on this project. 

 

Figure 8-1 will be used to document the provision and content of the project-specific and associated 

training.  Site personnel will be required to sign this form prior to commencement of site activities. 

 

TtNUS will conduct a pre-activities training session prior to initiating site work.  Additionally, a brief 

meeting will be held daily to discuss operations planned for that day.  At the end of the workday, a short 

meeting may be held to discuss the operations completed and any problems encountered.  This activity 

will be supported through the use of a Safe Work Permit System (See Section 10.4). 

 

8.3  MEDICAL SURVEILLANCE 

TtNUS and subcontractor personnel participating in project field activities will have had a physical 

examination.  Physical examinations shall meet the minimum requirements of paragraph (f) of OSHA 29 

CFR 1910.120.  The physical examinations will be performed to ensure that personnel are medically 

qualified to perform hazardous waste site work using respiratory protection. 
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Documentation for medical clearances will be maintained at the job site and made available, as 

necessary.  Subcontractor personnel may use an alternative documentation for this purpose.  The 

"Subcontractor Medical Approval Form" can be used to satisfy this requirement, or a letter from an officer 

of the company.  The letter should state that the persons listed in the letter participate in a medical 

surveillance program meeting the requirements contained in paragraph (f) of Title 29 of CFR Part 

1910.120, entitled "Hazardous Waste Operations and Emergency Response."  The letter should further 

state the following: 

 

• The persons listed have had physical examinations under this program within the frequency as 

determined sufficient by their occupational health care provider 

• Date of the exam  

• The persons identified have been cleared, by a licensed physician, to perform hazardous waste site 

work and to wear positive- and negative- pressure respiratory protection.   

 

A sample Subcontractor Medical Approval Form and form letter have been provided to eligible 

subcontractors in the Bid Specification package. 

 

8.3.1  Medical Data Sheets 

Each field team member, including subcontractors and visitors, entering the exclusion zone(s) shall be 

required to complete and submit a copy of the Medical Data Sheet that is available in Attachment II of this 

HASP.  This shall be provided to the SSO, prior to participating in site activities.  The purpose of this 

document is to provide site personnel and emergency responders with additional information that may be 

necessary in order to administer medical attention. 

 

8.4  SUBCONTRACTOR EXCEPTION 

If through the execution of their contract elements the subcontractor will not enter the exclusion zone and 

there is no potential for exposure to site contaminants, subcontractor personnel may be exempt from the 

training and medical surveillance requirements with the exception of Section 8.2.  Examples of 

subcontractors who may qualify as exempt from training and medical surveillance requirements may 

include surveyors who perform surveying activities in site perimeter areas or areas were there is no 

potential for exposure to site contaminants and support or restoration services.  Use of this Subcontractor 

Exception is strictly limited to the authority of the CLEAN HSM. 
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FIGURE 8-1 
SITE-SPECIFIC TRAINING DOCUMENTATION 

 

My signature below indicates that I am aware of the potential hazardous nature of performing field 
investigation activities at Naval Station Great Lakes, Illinois, and that I have received site-specific training 
that included the elements presented below: 
 
• Names of designated personnel and alternates responsible for site safety and health  
• Safety, health, and other hazards present on site  
• Use of personal protective equipment  
• Safe use of engineering controls and equipment  
• Medical surveillance requirements  
• Signs and symptoms of overexposure  
• Contents of the Health and Safety Plan 
• Emergency response procedures (evacuation and assembly points) 
• Incipient response procedures  
• Review of the contents of relevant Material Safety Data Sheets 
• Review of the use of Safe Work Permits 
• Stop Work Authorization and Process 
 
I have been given the opportunity to ask questions and that my questions have been answered to my 
satisfaction.  The dates of my training and medical surveillance requirements indicated below are 
accurate. 

Name 
(Printed and Signature) 

Site-
Specific 
Training 

Date 

40-Hour 
Training 

(Date) 

8-Hour 
Refresher 
Training 

(Date) 

8-Hour 
Supervisory 

Training 
(Date) 

Medical 
Exam 

      
 
      
 
      
 
      
 
      
 
      
 
      
 
      
 
      
 
      
 
 



Revision 0 
  November 2009 
 

Naval Station Great Lakes 9-1 CTO F27A 

9.0   SPILL PREVENTION AND CONTAINMENT PROGRAM 

9.1 SCOPE AND APPLICATION 

It is anticipated that quantities of bulk potentially hazardous materials (greater than 55-gallons) will not be 

handled during the site activities.  It is possible, however, that as the job progresses disposable PPE and 

other non-reusable items may be generated.  As needed, 55-gallon drums will be used to contain 

unwanted items generated during sampling activities.  The drum(s) will be labeled with the site name and 

address, the type of contents, and the date the container was filled as well as an identified contact 

person.  As warranted, samples will be collected and analyzed to characterize the material and determine 

appropriate disposal measures.  Once characterized the drum(s) will be removed from the staging area 

and disposed of in accordance with Federal, State and local regulations.  Given the likely solid nature of 

drum contents, a comprehensive Spill Containment Program is not necessary.  The following discussion 

is provided as contingency information only. 

 

9.2  POTENTIAL SPILL AREAS 

Potential spill areas will be periodically monitored in an ongoing attempt to prevent and control further 

potential contamination of the environment.  Currently, limited areas are vulnerable to this hazard 

including: 

 

• Resource deployment 

• Waste transfer 

• Central staging 

 

It is anticipated that the IDW generated as a result of this SOW will be containerized, labeled, and staged 

to await further analyses.  The results of these analyses will determine the method of disposal. 

 

9.3  LEAK AND SPILL DETECTION 

To establish an early detection of potential spills or leaks, periodic inspections by the SSO will be 

conducted during working hours to visually determine that containers are not leaking.  If a leak is 

detected, the first approach will be to transfer the container contents using a hand pump into a new 

container.  Other provisions for the transfer of container contents will be made and appropriate 

emergency contacts will be notified, if necessary.  In most instances, leaks will be collected and contained 

using absorbents such as Oil-dry, vermiculite, and/or sand, which may be stored at the staging area in a 

conspicuously marked drum.  This material too, will be containerized for disposal pending analyses.  

Inspections will be documented in the Project Logbook. 
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9.4  PERSONNEL TRAINING AND SPILL PREVENTION 

Site personnel will be instructed on the procedures for spill prevention, containment, and collection of 

hazardous materials in the site-specific training.  The FOL and/or the SSO will serve as the Spill 

Response Coordinator for this operation should the need arise.  

 

9.5  SPILL PREVENTION AND CONTAINMENT EQUIPMENT 

The following represents the types of equipment that may be maintained at the staging area for the 

purpose of supporting this Spill Containment Program (depending on the likelihood that drums and/or 

liquid wastes are generated): 

 

• Sand, clean fill, vermiculite, or other noncombustible absorbent (oil-dry); 

• Drums (55-gallon U.S. Department of Transportation [DOT] 1A1 or 1A2) 

• Shovels, rakes, and brooms 

• Labels 

 

9.6  SPILL CONTROL PLAN 

This section describes the procedures the TtNUS field crewmembers will employ upon the detection of a 

spill or leak. 

 

• Notify the SSO or FOL immediately. 

 

• Take immediate actions to stop the leak or spill by plugging or patching the drum or raising the leak to 

the highest point.  Avoid contacting drum contents.  Spread the absorbent material in the area of the 

spill covering completely. 

 

It is not anticipated that a spill will occur in which the field crews cannot handle.  Should this occur; 

however, the FOL or SSO will notify appropriate emergency response agencies. 
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10.0   SITE OPERATIONS AND CONTROL 

This section outlines how TtNUS will delineate work zones and use these work zones to prevent the 

spread of contaminants.  A three-zone approach will be used during work at this site.  This three zone 

approach will utilize an exclusion zone, a contamination reduction zone, and a support zone.  It is also 

anticipated that this control measure will be used to control access to site work areas.  Use of such 

controls will restrict the general public, minimize the potential for the spread of contaminants, and protect 

individuals who are not cleared to enter work areas. 

 

10.1  EXCLUSION ZONE 

The exclusion zone will be considered the areas of the site of known or suspected contamination. It is 

anticipated that the areas around intrusive field activities will have the potential for contaminants to be 

brought to the surface.  These areas will be marked and personnel will maintain safe distances.  Once 

intrusive field activities have been completed and any surface contamination has been removed, the 

potential for exposure is again diminished and the area can then be reclassified as part of the 

contamination reduction zone.  Therefore, the exclusion zones for this project will be limited to those 

areas of the site where intrusive field activities are being performed plus a designated area of at least the 

height of the mast plus 25 feet.  Exclusion zones will be delineated as deemed appropriate by the FOL, 

through means such as erecting visibility fencing, barrier tape, cones, and/or postings to inform and direct 

personnel. 

 

A pre-startup site visit will be conducted by members of the identified field team in an effort to identify 

proposed subsurface investigation locations, conduct utility clearances, and provide upfront notices 

concerning scheduled activities within the facility. 

 

Subsurface activities will proceed only when utility clearance has been obtained.  In the event that a utility 

is struck during a subsurface investigative activity, the emergency numbers provided in Section 2.0, 

Table 2-1, will be notified. 

 

10.2  CONTAMINATION REDUCTION ZONE 

The contamination reduction zone (CRZ) will be a buffer area between the exclusion zone and any area 

of the site where contamination is not suspected.  This area will also serve as a focal point in supporting 

exclusion zone activities. This area will be delineated using barrier tape, cones, and postings to inform 

and direct facility personnel.  Decontamination will be conducted at a central location. Equipment 

potentially contaminated will be bagged and taken to that location for decontamination.   
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10.3  SUPPORT ZONE 

The support zone for this project will include a staging area where site vehicles will be parked, equipment 

will be unloaded, and where food and drink containers will be maintained.  The support zones will be 

established at areas of the site where exposure to site contaminants would not be expected during 

normal working conditions or foreseeable emergencies. 

 

10.4  SAFE WORK PERMITS 

Work conducted in support of this project will be performed using SWPs to guide and direct field crews on 

a task by task basis.  An example of the SWP to be used is provided in Figure 10-1.  Partially completed 

SWPs for the work to be performed are attached (Attachment IV) to this HASP.  These permits were 

completed to the extent possible as part of the development of this HASP.  It is the SSO's responsibility to 

finalize and complete all blank portions of the SWPs based on current, existing conditions the day the 

task is to be performed, and then review that completed permit with all task participants as part of a pre-

task tail gate briefing session.  This will ensure that site-specific considerations and changing conditions 

are appropriately incorporated into the SWP, provide the SSO with a structured format for conducting the 

tail gate sessions, as well will also give personnel an opportunity to ask questions and make suggestions.  

All SWPs require the signature of the FOL or SSO. 

 

Personnel identified on the permit as participating in the task will be made aware of its contents by the 

supervisor accepting the permit.  Any problems which occurred throughout the task will be documented 

by the supervisor on the permit. 

 

Permits will be returned to the FOL or the SSO at the end of the day. 
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FIGURE 10-1 

SAFE WORK PERMIT 

Permit No.    Date:        Time:  From        to       
 
 
 I. Work limited to the following (description, area, equipment used):        

              
 II.  Primary Hazards:           

              
 III. Field Crew:     
 IV. On-site Inspection conducted      Yes     No  Initials of Inspector  TtNUS   

  Equipment Inspection required    Yes   No Initials of Inspector  TtNUS   
 V. Protective equipment required Respiratory equipment required 
  Level D    Level B   Yes  Specify on the reverse 
  Level C    Level A   No  
 Modifications/Exceptions:         

        
         

 
 VI. Chemicals of Concern Hazard Monitoring   Action Level(s) Response Measures 
              
              
              
 

 Primary Route(s) of Exposure/Hazard:     
       
        

   (Note to FOL and/or SSO: Each item in Sections VII, VIII, and IX must be checked Yes, No, or NA)    
 VII. Additional Safety Equipment/Procedures  
  Hard-hat ..........................................  Yes   No Hearing Protection (Plugs/Muffs) .......  Yes   No 
  Safety Glasses  ...............................  Yes   No Safety belt/harness ............................  Yes   No 
  Chemical/splash goggles.................  Yes   No Radio/Cellular Phone ........................  Yes   No 
  Splash Shield ..................................  Yes   No Barricades .........................................  Yes   No 
  Splash suits/coveralls ......................  Yes   No Gloves (Type – Work ) ......................  Yes   No 
  Impermeable apron .........................  Yes   No Work/rest regimen .............................  Yes   No 
  Steel toe work shoes or boots ......... Yes    No Chemical Resistant Boot Covers  .....  Yes   No 

 High Visibility vest ........................... Yes    No Tape up/use insect repellent  ............  Yes   No 
 First Aid Kit ...................................... Yes    No Fire Extinguisher ...............................  Yes   No 
 Safety Shower/Eyewash.................. Yes    No Other .................................................  Yes   No 

  Modifications/Exceptions:         
 
 
 VIII.  Site Preparation Yes No NA 
  Utility Locating and Excavation Clearance completed .........................................................    
  Vehicle and Foot Traffic Routes Established/Traffic Control Barricades/Signs in Place ......    
  Physical Hazards Identified and Isolated (Splash and containment barriers) ......................    
  Emergency Equipment Staged (Spill control, fire extinguishers, first aid kits, etc). .............    
 
 IX. Additional Permits required (Hot work, confined space entry, excavation etc.). .................  Yes      No 
  If yes, SSO to complete or contact Health Sciences, Pittsburgh Office (412)921-7090 
 
 X. Special instructions, precautions:   

     
 
 
Permit Issued by:     Permit Accepted by:  
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10.5  SITE VISITORS 

Potential site visitors that may be encountered during the performance of the field work could include the 

following: 

 

• Personnel invited to observe or participate in operations by TtNUS. 

• Regulatory personnel (i.e., Department of Defense [DOD], Illinois Environmental Protection Agency 

[IL EPA], U.S. EPA, OSHA, etc.) 

• Navy personnel 

• Other authorized visitors 

 

Non-DOD personnel working on this project are required to gain initial access to the base by coordinating 

with the TtNUS PM or designee and following established base access procedures. 

 

Once access to the base is obtained, personnel who require access to TtNUS work sites (areas of 

ongoing operations) will be required to obtain permission from the FOL and the Base Contact.  Upon 

gaining access to the work site, site visitors wishing to observe operations in progress will be required to 

meet the minimum requirements as stipulated below. 

 

• Site visitors will be routed to the FOL, who will sign them into the field logbook.  Information to be 

recorded in the logbook will include the individuals name (proper identification required), who they 

represent, and the purpose for the visit.  The FOL is responsible for ensuring that site visitors are 

always escorted while on site. 

 

• Site visitors will be required to produce the necessary information supporting clearance on to the site.  

This includes information attesting to applicable training (40-hours of HAZWOPER training required 

for Navy Personnel), and medical surveillance as stipulated in Section 8.3, of this document.  In 

addition, to enter the sites operational zones during planned activities, visitors will be required to first 

go through site-specific training covering the topics stipulated in Section 8.2 of this HASP. 

 

Once the site visitors have completed the above items they will be permitted to enter the site and 

applicable operational areas.  Visitors are required to observe the protective equipment and site 

restrictions in effect at the work areas visited.  Any visitors not meeting the requirements as stipulated in 

this plan for site clearance will not be permitted to enter the site operational zones during planned 

activities.  Any incidence of unauthorized site visitation will cause on-site activities to be terminated until 

that visitor can be removed.  Removal of unauthorized visitors will be accomplished with support form the 

Base Contact, if necessary.  At a minimum, the Base Contact will be notified of any unauthorized visitors. 
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10.6  SITE SECURITY 

Site security will be accomplished using TtNUS field personnel.  Security at this site will take place at the 

work site.  Visitors and other parties will be referred to the FOL and Base Contact. 

 

Security at the work areas will be accomplished using field personnel.  This is a multiple person 

operation, involving multiple operational zones.  TtNUS personnel will retain complete control over active 

operational zones.  The Base Contact will serve as the focal point for base personnel and interested 

parties and will serve as the primary enforcement contact.  

 

10.7  BUDDY SYSTEM 

Personnel engaged in site activities will practice the "buddy system" to ensure the safety of the personnel 

involved in this operation. 

 

10.8  MATERIAL SAFETY DATA SHEET (MSDS) REQUIREMENTS 

TtNUS and subcontractor personnel will provide MSDSs for the chemicals brought on site.  The contents 

of these documents will be reviewed by the SSO with the user(s) of the chemical substances prior to any 

actual use or application of the substances on site.  A chemical inventory of the chemicals used on site 

will be developed using the Health and Safety Guidance Manual.  The MSDSs will then be maintained in 

a central location (i.e., temporary office) and will be available for anyone to review upon request. 

 

10.9  COMMUNICATION 

As personnel will be working in proximity to one another during field activities, a supported means of 

communication between field crew members will not be necessary.  

 

External communication will be accomplished by using the telephones at predetermined and approved 

locations.  External communication will primarily be used for the purpose of resource and emergency 

resource communications.  Prior to the commencement of activities at the Naval Station Great Lakes, the 

FOL will determine and arrange for telephone communications. 

 



  Revision 0 
  November 2009 
 

Naval Station Great Lakes 11-1 CTO F275 

11.0   CONFINED SPACE ENTRY  

It is not anticipated, under the proposed SOW, that confined space and permit-required confined space 

activities will be conducted.  Therefore, personnel under the provisions of this HASP are not 
allowed, under any circumstances, to enter confined spaces.  A confined space is defined as an area 

which has the following characteristics:   

 

• Is large enough and so configured that an employee can bodily enter and perform assigned work. 

 

• Has limited or restricted means for entry or exit (for example, tanks, vessels, silos, storage bins, 

hoppers, vaults, and pits are spaces that may have limited means of entry). 

 

• Is not designed for continuous employee occupancy. 

 

A Permit-Required Confined Space is one that: 

 

• Contains or has a potential to contain a hazardous atmosphere. 

 

• Contains a material that has the potential to engulf an entrant. 

 

• Has an internal configuration such that an entrant could be trapped or asphyxiated by inwardly 

converging walls or by a floor which slopes downward and tapers to a smaller cross-section. 

 

• Contains any other recognized, serious, safety or health hazard.   

 

For further information on confined space, consult the Health and Safety Guidance Manual or call the 

PHSO.  If confined space operations are to be performed as part of the scope of work, detailed 

procedures and training requirements will have to be addressed, and the HSM will have to be notified. 
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12.0   MATERIALS AND DOCUMENTATION  

The TtNUS Field Operations Leader (FOL) shall ensure the following materials/documents are taken to 

the project site and used when required. 

 

• A complete copy of this HASP 

• Health and Safety Guidance Manual  

• Incident Reports 

• Medical Data Sheets 

• Material Safety Data Sheets for chemicals brought on site, including decontamination solutions, fuels, 

sample preservatives, calibration gases, etc. 

• A full-size OSHA Job Safety and Health Poster (posted in the site trailer) 

• Training/Medical Surveillance Documentation Form (Blank) 

• First-Aid Supply Usage Form 

• Emergency Reference Form (Section 2.0, extra copy for posting) 

• Directions to the Hospital 

 

12.1  MATERIALS TO BE POSTED OR MAINTAINED AT THE SITE 

The following documentation is to be posted or maintained at the site for quick reference purposes.  In 

situations where posting these documents is not feasible, (such as no office trailer), these documents 

should be separated and immediately accessible. 

 

Chemical Inventory Listing (posted) - This list represents the chemicals brought on-site, including 

decontamination solutions, sample preservations, fuel, etc..  This list should be posted in a central area. 

 

Material Safety Data Sheets (MSDS) (maintained) - The MSDSs should also be in a central area 

accessible to the site personnel.  These documents should match the listings on the chemical inventory 

list for the substances employed on-site.  It is acceptable to have these documents within a central folder 

and the chemical inventory as the table of contents. 

 

The OSHA Job Safety & Health Protection Poster (posted) - this poster, as directed by 29 CFR 1903.2 

(a)(1), should be conspicuously posted in places where notices to employees are normally posted.  Each 

FOL shall ensure that this poster is not defaces, altered, or covered by other material. 

 

Site Clearance (maintained) - This list is found within the training section of the HASP (See Figure 8-2).  

It identifies site personnel, dates of training (including site-specific training), and medical surveillance.  It 
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also indicates clearance as well as status.  If personnel do not meet these requirements, they do not 

enter the site while site personnel are engaged in activities. 

 

Emergency Phone Numbers and Directions to the Hospital(s) (posted) - This list of numbers and 

directions will be maintained at the phone communications points and in each site vehicle. 

 

Medical Data Sheets/Cards (maintained) - Medical Data Sheets will be filled out by on-site personnel 

and filed in a central location.  The Medical Data Sheet will accompany any injury or illness requiring 

medical attention to the medical facility.   

 

Hearing Conservation Standard (29 CFR 1910.95) (posted) - this standard will be posted anytime 

hearing protection or other noise abatement procedures are employed. 

 

Personnel Monitoring (maintained) - The results generated through personnel sampling (levels of 

airborne toxins, noise levels, etc.) will be posted to inform individuals of the results of that effort. 

 

Placards and Labels (maintained) - Where chemical inventories have been separated because of 

quantities and incompatibilities, these areas will be conspicuously marked using DOT placards and 

acceptable (Hazard Communication 29 CFR 1910.1200(f)) labels. 

 

The purpose of maintaining or posting this information, as stated above, is to allow site personnel quick 

access.  Variations concerning location and methods of presentation are acceptable, providing the 

objection is accomplished. 
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13.0   ACRONYMS / ABBREVIATIONS 

BG Background 

BZ Breathing Zone 

C Centigrade 

CFR Code of Federal Regulations 

CIH Certified Industrial Hygienist 

CLEAN Comprehensive Long Term Environmental Action Navy 

COC Contaminant of Concern 

CRZ Contamination Reduction Zone 

CSP Certified Safety Professional 

dBA Decibel 

DOD Department of Defense 

DOT Department of Transportation 

DPT Direct Push Technology 

DRI Direct Reading Instrument 

EPA Environmental Protection Agency 

eV Electron Volts 

FID Flame Ionization Detector 

FOL Field Operations Leader 

HASP Health and Safety Plan 

HAZWOPER Hazardous Waste Operations and Emergency Response 

HI Hazard Index 

HSA Hollow-stem Auger 

HSM Health and Safety Manager 

IAS Initial Assessment Study 

IDW Investigation Derived Waste 

IL EPA Illinois Environmental Protection Agency 

LEL/LFL Lower Explosive Limits / Lower Flammable Limits 

mg/kg milligrams per kilogram 

MSDS Material Safety Data Sheet 

NIOSH National Institute for Occupational Safety and Health 

OOD Officer of the Day 

OSHA Occupational Safety and Health Administration (U.S. Department of Labor) 

PAH Polynuclear Aromatic Hydrocarbon 

PCB Polychlorinated biphenyls 

PID Photo Ionization Detector 
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PHSO Project Health and Safety Officer 

PM Project Manager 

PPE Personal Protective Equipment 

RI Remedial Investigation 

SOW Scope of Work 

SSO Site Safety Officer 

SVOCs Semi-volatile Organic Compounds 

SWP Safe Work Permit 

TBD To be determined 

TCL Target Compound List 

TtNUS Tetra Tech NUS 

US EPA United States Environmental Protection Agency 

WP Work Plan 

 



 

 

ATTACHMENT I  
INCIDENT REPORT FORM  



TETRA TECH, INC. 
INCIDENT REPORT 

 

 

Report Date Report Prepared By Incident Report Number 
   

INSTRUCTIONS:  
 

All incidents (including those involving subcontractors under direct supervision of Tetra Tech 
personnel) must be documented on the IR Form. 

 

Complete any additional parts to this form as indicated below for the type of incident selected. 

TYPE OF INCIDENT (Check all that apply) Additional Form(s) Required for this type of incident 
Near Miss (No losses, but could have resulted in injury, illness, or 
damage)  Complete IR Form Only 

Injury or Illness   Complete Form IR-A; Injury or Illness 

Property or Equipment Damage, Fire, Spill or Release  Complete Form IR-B; Damage, Fire, Spill or 
Release 

Motor Vehicle   Complete Form IR-C; Motor Vehicle 

INFORMATION ABOUT THE INCIDENT 
Description of Incident 
 
              
 
              
 
              
 

Date of Incident Time of Incident 

    AM  PM  OR Cannot be determined    

Weather conditions at the time of the incident Was there adequate lighting?    

                                                                 Yes     No      
Location of Incident 

             Was location of incident within the employer’s work environment? Yes     No     
Street Address City, State, Zip Code and Country 

  

Project Name Client: 

  

Tt Supervisor or Project Manager Was supervisor on the scene?   

     Yes     No      

WITNESS INFORMATION (attach additional sheets if necessary) 
Name Company 

  

Street Address City, State and Zip Code 

  

Telephone Number(s) 

 



TETRA TECH, INC. 
INCIDENT REPORT 

 

 

CORRECTIVE ACTIONS 
Corrective action(s) immediately taken by unit reporting the incident: 
 
              
 
              
 
              
 

Corrective action(s) still to be taken (by whom and when): 
 
              
 
              
 
              
 

ROOT CAUSE ANALYSIS LEVEL REQUIRED 

Root Cause Analysis Level Required:   Level - 1     Level - 2      None   

Root Cause Analysis Level Definitions 

Level - 1 

 

Definition: A Level 1 RCA is conducted by an individual(s) with experience or training in root cause analysis 
techniques and will conduct or direct documentation reviews, site investigation, witness and affected employee 
interviews, and identify corrective actions.  Activating a Level 1 RCA and identifying RCA team members will be at 
the discretion of the Corporate Administration office.  
 

The following events may trigger a Level 1 RCA: 
 Work related fatality 
 Hospitalization of one or more employee where injuries result in total or partial permanent disability  
 Property damage in excess of $75,000 
 When requested by senior management  

 

Level - 2 

 

Definition: A Level 2 RCA is self performed within the operating unit by supervisory personnel with assistance of 
the operating unit HSR.  Level 2 RCA will utilize the 5 Why RCA methodology and document the findings on the 
tools provided.  
 

The following events will require a Level 2 RCA: 
 OSHA recordable lost time incident   
 Near miss incident that could have triggered a Level 1 RCA 
 When requested by senior management 

 

Complete the Root Cause Analysis Worksheet and Corrective Action form. Identify a corrective action(s) for each root cause 
identified within each area of inquiry.   

NOTIFICATIONS 
Title Printed Name Signature Telephone 

Number Date 

Project Manager or Supervisor     

Site Safety Coordinator or Office H&S 
Representative     

Operating Unit H&S Representative     

Other:  __________________________      

 

The signatures provided above indicate that appropriate personnel have been notified of the incident. 



 

 

 

INSTRUCTIONS:  
 

Complete all sections below for incidents involving injury or illness.   
Do NOT leave any blanks. 

Attach this form to the IR FORM completed for this incident. 
 

Incident Report Number: (From the IR Form)  

EMPLOYEE INFORMATION 
Company Affiliation 

Tetra Tech Employee?       TetraTech subcontractor employee (directly supervised by Tt personnel)?      

Full Name Company (if not Tt employee) 

  

Street Address, City, State and Zip Code Address Type 
 
 ________________________________________________  
 
 ________________________________________________  
 

Home address (for Tt employees)         
 
Business address (for subcontractors)         

Telephone Numbers 

Work:      Home:      Cell:      

Occupation (regular job title) Department 

  

Was the individual performing regular job duties? Time individual began work 

    Yes     No         AM     PM    OR   Cannot be determined    

Safety equipment 
 
Provided?    Yes     No     
 
Used?   Yes     No     If no, explain why 
 
       
 
       
 
       
 

 

Type(s) provided:   Hard hat      Protective clothing 
 

    Gloves      High visibility vest 
 

    Eye protection      Fall protection 
 

    Safety shoes      Machine guarding 
 

    Respirator      Other (list) 
 
        
 

NOTIFICATIONS 
Name of Tt employee to whom the injury or illness was first 
reported Was H&S notified within one hour of injury or illness? 

     Yes     No      

Date of report H&S Personnel Notified 

  

Time of report Time of Report 

  

If subcontractor injury, did subcontractor’s firm perform their own incident investigation? 

Yes     No     If yes, request a copy of their completed investigation form/report and attach it to this report. 



 

 

 

INJURY / ILLNESS DETAILS 
What was the individual doing just before the incident occurred? Describe the activity as well as the tools, equipment, or material the 
individual was using. Be specific. Examples: “Climbing a ladder while carrying roofing materials”; “Spraying chlorine from a hand sprayer”; 
“Daily computer key-entry” 
 
              
 
              
 
              
 

What Happened? Describe how the injury occurred. Examples: “When ladder slipped on wet floor and worker fell 20 feet”; “Worker was 
sprayed with chlorine when gasket broke during replacement”; Worker developed soreness in wrist over time” 

 
              
 
              
 
              
 
              
 

Describe the object or substance that directly harmed the individual: Examples: “Concrete floor”; “Chlorine”; “Radial Arm Saw”. If this 
question does not apply to the incident, write “Not Applicable”. 

 
              
 
              
 

MEDICAL CARE PROVIDED 
 

Was first aid provided at the site:   Yes       No     If yes, describe the type of first aid administered and by whom? 
 
              
 
 

Was treatment provided away from the site:   Yes       No     If yes, provide the information below. 
 

Name of physician or health care professional Facility Name 

  

Street Address, City State and Zip Code Type of Care? 
 
 ________________________________________________  
 
 ________________________________________________  
 

Was individual treated in emergency room?              Yes      No     
 

Was individual hospitalized overnight as an in-patient? Yes   No     
  

Did the individual die?      Yes      No      If yes, date:    
 

Will a worker’s compensation claim be filed?            Yes      No    

Telephone Number 

 

NOTE: Attach any police reports or related diagrams to this report. 

SIGNATURES 
I have reviewed this report and agree that all the supplied information is accurate 

Affected individual (print) Affected individual (signature) Telephone Number Date 

    

 

This form contains information relating to employee health and must be used in a manner that protects the confidentiality 

of the employee to the extent possible while the information is being used for occupational safety and health purposes. 



 

 

INSTRUCTIONS:  
 

Complete all sections below for incidents involving property/equipment damage, fire, spill or release.   
Do NOT leave any blanks. 

Attach this form to the IR FORM completed for this incident. 
 

Incident Report Number: (From the IR Form)  

TYPE OF INCIDENT (Check all that apply) 

Property Damage    Equipment Damage      Fire or Explosion      Spill or Release      

INCIDENT DETAILS 
Results of Incident: Fully describe damages, losses, etc. 

 
              
 
              
 
              
 

Response Actions Taken: 
 
              
 
              
 
              
 

Responding Agency(s) (i.e. police, fire department, etc.) Agency(s) Contact Name(s) 

  

DAMAGED ITEMS (List all damaged items, extent of damage and estimated repair cost) 
Item: Extent of damage: Estimated repair cost 

   

   

   

SPILLS / RELEASES (Provide information for spilled/released materials) 
Substance Estimated quantity and duration Specify Reportable Quantity (RQ) 

       Exceeded?  Yes     No     NA   

FIRES / EXPLOSIONS (Provide information related to fires/explosions) 

Fire fighting equipment used?   Yes     No     If yes, type of equipment:          

NOTIFICATIONS 
Required notifications Name of person notified By whom Date / Time 

Client:    Yes     No       

Agency:   Yes     No       

Other:   Yes     No       

Who is responsible for reporting incident to outside agency(s)?      Tt     Client    Other    Name:   

Was an additional written report on this incident generated?      Yes     No     If yes, place in project file. 

 



 

 

 
 

INSTRUCTIONS:  
 

Complete all sections below for incidents involving motor vehicle accidents.  Do NOT leave any blanks. 
Attach this form to the IR FORM completed for this incident. 

 

Incident Report Number: (From the IR Form)  

INCIDENT DETAILS 
Name of road, street, highway or location where accident 
occurred Name of intersecting road, street or highway if applicable 

  

County City  State 

   

Did police respond to the accident? Did ambulance respond to the accident? 

    Yes     No          Yes     No      

Name and location of responding police department Ambulance company name and location 

 
 Officer’s name/badge 

#  

Did police complete an incident report? Yes     No       If yes, police report number:                             
Request a copy of completed investigation report and attach to this form. 

VEHICLE INFORMATION 
How many vehicles were involved in the accident?      (Attach additional sheets as applicable for accidents involving more 
than 2 vehicles.) 

Vehicle Number 1 – Tetra Tech Vehicle  Vehicle Number 2 – Other Vehicle 

Vehicle Owner / 
Contact 
Information 

 
Vehicle Owner / 
Contact 
Information  

 

Color  Color  

Make  Make  

Model  Model  

Year  Year  

License Plate #  License Plate #  

Identification #  Identification #  

Describe damage to vehicle number 1 Describe damage to vehicle number 2 

  

Insurance Company Name and Address Insurance Company Name and Address 

  

Agent Name  Agent Name  

Agent Phone No.  Agent Phone No.  

Policy Number  Policy Number  



 

 

 

DRIVER INFORMATION 
Vehicle Number 1 – Tetra Tech Vehicle  Vehicle Number 2 – Other Vehicle 

Driver’s Name  Driver’s Name  

Driver’s Address  Driver’s Address  

Phone Number  Phone Number  

Date of Birth  Date of Birth  

Driver’s License #  Driver’s License #  

Licensing State  Licensing State  

Gender Male     Female      Gender Male     Female      

Was traffic citation issued to Tetra Tech driver?    Yes     No    Was traffic citation issued to driver of other vehicle? Yes  No   
Citation #  Citation #  

Citation 
Description  Citation 

Description  

PASSENGERS IN VEHICLES (NON-INJURED) 
List all non-injured passengers (excluding driver) in each vehicle. 

Driver information is captured in the preceding section. 
Information related to persons injured in the accident (non-Tt employees) is captured in the section below on this form. 

Injured Tt employee information is captured on FORM IR-A 

Vehicle Number 1 – Tetra Tech Vehicle  Vehicle Number 2 – Other Vehicle 

How many passengers (excluding driver) in the vehicle?      How many passengers (excluding driver) in the vehicle?      

Non-Injured 
Passenger  Name 
and Address 

 
Non-Injured 
Passenger  Name 
and Address 

 

Non-Injured 
Passenger  Name 
and Address 

 
Non-Injured 
Passenger  Name 
and Address 

 

Non-Injured 
Passenger  Name 
and Address 

 
Non-Injured 
Passenger  Name 
and Address 

 

INJURIES TO NON-TETRATECH EMPLOYEES 
Name of injured person 1 Address of injured person 1 

  

Age Gender Car No. Location in Car Seat Belt Used? Ejected from car? Injury or Fatality? 

 Male     Female       Yes     No      Yes     No      Injured     Died     

Name of injured person 2 Address of injured person 2 

  

Age Gender Car No. Location in Car Seat Belt Used? Ejected from car? Injury or Fatality? 

 Male     Female       Yes     No      Yes     No      Injured     Died     

OTHER PROPERTY DAMAGE 
Describe damage to property other than motor vehicles 

 

Property Owner’s Name Property Owner’s Address 

  

 



 

 

 

COMPLETE AND SUBMIT DIAGRAM DEPICTING WHAT HAPPENED 

 

 



 

 

ATTACHMENT II  
MEDICAL DATA SHEET 



 

 

MEDICAL DATA SHEET 
 
This Medical Data Sheet must be completed by on-site personnel and kept in the command post during 
the conduct of site operations.  This data sheet will accompany any personnel when medical assistance is 
needed or if transport to hospital facilities is required. 
 
Project              

Name        Home Telephone    

Address             

Age     Height         Weight        

Person to notify in the event of an emergency: Name:         

       Phone:         

Drug or other Allergies:             

 

Particular Sensitivities :           

 

Do You Wear Contacts?           

 

What medications are you presently using?         

               

 

Name, Address, and Phone Number of personal physician:       

               

               

 

 

Note:  Health Insurance Portability and Accountability Act (HIPAA) Requirements  
 
HIPAA took effect April 14, 2003. Loosely interpreted, HIPAA regulates the disclosure of Protected Health 
Information (PHI) by the entity collecting that information. PHI is any information about health status (such 
as that you may report on this Medical Data Sheet), provision of health care, or other information. HIPAA 
also requires TtNUS to ensure the confidentiality of PHI. This Act can affect the ability of the Medical Data 
Sheet to contain and convey information you would want a Doctor to know if you were incapacitated. So 
before you complete the Medical Data Sheet understand that this form will not be maintained in a secure 
location. It will be maintained in a file box or binder accessible to other members of the field crew so that 
the can accompany an injured party to the hospital. 
 
DO NOT include information that you do not wish others to know, only information that may be pertinent 
in an emergency situation or treatment. 
 

 

               
Name (Print clearly)    Signature     Date 



 

 

 

ATTACHMENT III 
EQUIPMENT INSPECTION CHECKLIST 

FOR DPT/HSA RIGS



 

 

Equipment Inspection Checklist for HSA/DPT Rigs 
 
Company:         Unit/Serial No#:       
 
Inspection Date:       /      /      Time:  :  Equipment Type:       
         (e.g, Drill Rigs Hollow Stem, Mud Rotary, Direct Push, HDD, MIP)  
Project Name:        Project No#:        
 

Yes No NA Requirement Comments 
 
 
 

 
 

 

 
 
 

 
 

 

 
 
 

 
 

 

Emergency Stop Devices 
• Emergency Stop Devices (At points of operation) 
• Have all emergency shut offs identified been communicated to the 

field crew? 
• Has a person been designated as the Emergency Stop Device 

Operator?

 

 
 
 

 
 
 

 

 
 
 
 
 
 

 
 

 
 

 

 
 
 

 
 
 

 

 
 
 
 
 
 

 
 

 
 

 

 
 
 

 
 
 

 

 
 
 
 
 
 

 
 

 
 

 

Highway Use 
• Cab, mirrors, safety glass? 
• Turn signals, lights, brake lights, etc. (front/rear) for equipment 

approved for highway use? 
• Seat Belts? 
• Is the equipment equipped with audible back-up alarms and back-

up lights? 
• Horn and gauges 
• Brake condition (dynamic, park, etc.) 
• Tires (Tread) or tracks 
• Windshield wipers 
• Exhaust system 
• Steering (standard and emergency) 
• Wheel Chocks? 
• Are tools and material secured to prevent movement during 

transport?  Especially those within the cab? 
• Are there flammables or solvents or other prohibited substances 

stored within the cab? 
• Are tools or debris in the cab that may adversely influence 

operation of the vehicle (in and around brakes, clutch, gas pedals) 

 



 

 

Yes No NA Requirement Comments 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

 
 
 
 
 
 
 

Fluid Levels: 
• Engine oil 
• Transmission fluid 
• Brake fluid 
• Cooling system fluid 
• Hoses and belts 
• Hydraulic oil 

 

 
 
 
 

 
 
 
 

 
 
 
 

High Pressure Hydraulic Lines 
• Obvious damage 
• Operator protected from accidental release 
• Coupling devices, connectors, retention cables/pins are in good 

condition and in place 

 

 
 
 
 
 

 
 

 
 
 
 
 

 
 

 
 
 
 
 

 
 

Mast Condition 
• Structural components/tubing 
• Connection points 
• Pins 
• Welds 
• Outriggers 
• Operational 
• Plumb (when raised) 

 

 
 
 

 
 

 
 

 
 

 
 
 

 
 

 
 

 
 

 
 
 

 
 

 
 

 
 

Hooks 
• Are the hooks equipped with Safety Latches? 
• Does it appear that the hook is showing signs of wear in excess of 

10% original dimension? 
• Is there a bend or twist exceeding 10% from the plane of an 

unbent hook? 
• Increase in throat opening exceeding 15% from new condition 
• Excessive nicks and/or gouges 
• Clips 
• Number of U-Type (Crosby) Clips 

(cable size 5/16 – 5/8 = 3 clips minimum) 
(cable size 3/4 – 1 inch = 4 clips minimum) 
(cable size 1 1/8 – 1 3/8 inch = 5 clips minimum) 

 



 

 

Yes No NA Requirement Comments 
 
 

 
 
 
 

 
 
 

 
 
 
 

 
 

 
 
 
 

 
 
 

 
 
 
 

 
 

 
 
 
 

 
 
 

 
 
 
 

Power cable and/or hoist cable 
• Reduction in Rope diameter π 

(5/16 wire rope>1/64 reduction nominal size -replace) 
(3/8 to 1/2 wire rope>1/32 reduction nominal size-replace) 
(9/16 to 3/4 wire rope>3/64 reduction nominal size-replace) 

• Number of broken wires  
(6 randomly broken wires in one rope lay) 
(3 broken wires in one strand) 

• Number of wire rope wraps left on the Running Drum at nominal 
use (>3 required) 
- Lead (primary) sheave is centered on the running drum 

• Lubrication of wire rope (adequate?) 
• Kinks, bends – Flattened to > 50% diameter 

 

 
 

 
 

 
 

 
 

 
 

 
 

Hemp/Fiber rope (Cathead/Split Spoon Hammer) 
• Minimum ¾; maximum 1 inch rope diameter (Inspect for 

physical damage) 
• Rope to hammer is securely fastened 

 

 
 

 
 
 
 
 

 
 

 
 
 
 
 

 
 

 
 
 
 
 

Safety Guards –  
• Around rotating apparatus (belts, pulleys, sprockets, spindles, 

drums, flywheels, chains) all points of operations protected from 
accidental contact? 

• Hot pipes and surfaces exposed to accidental contact? 
• High pressure lines 
• Nip/pinch points 

 

 
 

 
 

 
 
 

 
 

 
 

 
 
 

 
 

 
 

 
 
 

Operator Qualifications 
• Does the operator have proper licensing where applicable, (e.g., 

CDL)? 
• Does the operator, understand the equipment’s operating 

instructions? 
• Is the operator experienced with this equipment? 
• Is the operator 21 years of age or more?  

 



 

 

Yes No NA Requirement Comments 
 
 
 
 
 
 

 
 

 
 
 
 
 
 

 
 

 
 
 
 
 
 

 
 

PPE Required for Drill Rig Exclusion Zone 
• Hardhat 
• Safety glasses 
• Work gloves 
• Chemical resistant gloves       
• Steel toed Work Boots 
• Chemical resistant Boot Covers 
• Apron 
• Coveralls Tyvek, Saranex, cotton)  

 

 
 
 

 
 
 
 
 

 
 
 

 
 
 
 
 

 
 
 

 
 
 
 
 

Other Hazards 
• Excessive Noise Levels?     dBA 
• Chemical hazards (Drilling supplies - Sand, bentonite, grout, fuel, 

etc.) 
- MSDSs available? 

• Will On-site fueling occur 
- Safety cans available? 
- Fire extinguisher (Type/Rating -__________ _  )  

 

 

Approved for Use  Yes   No   See Comments 

                 
Site Health and Safety Officer     Operator 
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SAFE WORK PERMIT 
MOBILIZATION AND DEMOBILIZATION ACTIVITIES 

NAVAL STATION GREAT LAKES 
 
Permit No.    Date:       Time:  From        to      
 
 I. Work limited to the following (description, area, equipment used):  Mobilization and demobilization 

activities      
       

 II.  Primary Hazards: Lifting; slips, trips and falls; vehicular and foot traffic; insect/animal bites and stings; 
poisonous plants; inclement weather.    

 III. Field Crew:       
 IV. On-site Inspection conducted   Yes     No  Initials of Inspector   TtNUS   

  Equipment Inspection required    Yes   No Initials of Inspector   TtNUS   
 V. Protective equipment required Respiratory equipment required 
  Level D    Level B   Yes  Specify on the reverse 
  Level C    Level A   No  
 Modifications/Exceptions:  Minimum requirement include sleeved shirt and long pants, or coveralls, safety, 

glasses and safety footwear.  Hard hats and hearing protection will be worn when working near operating 
equipment.       

 
 VI. Chemicals of Concern Hazard Monitoring   Action Level(s)            Response Measures 
  None anticipated    None           None      None   
 

  Primary Route(s) of Exposure/Hazard: NA     
         

   (Note to FOL and/or SSO: Each item in Sections VII, VIII, and IX must be checked Yes, No, or NA)   
 
 VII.  Additional Safety Equipment/Procedures  
  Hard-hat ...........................................  Yes   No Hearing Protection (Plugs/Muffs) ...  Yes   No 
  Safety Glasses  ................................  Yes   No Safety belt/harness ........................  Yes   No 
  Chemical/splash goggles .................  Yes   No Radio/Cellular Phone .....................  Yes   No 
  Splash Shield ...................................  Yes   No Barricades......................................  Yes   No 
  Splash suits/coveralls ......................  Yes   No Gloves (Type –   leather/cotton) .....  Yes   No 
  Impermeable apron ..........................  Yes   No Work/rest regimen .........................  Yes   No 
  Safety toe work shoes/boots ............ Yes    No Chemical Resistant Boot Covers ...  Yes   No 
  High visibility vest ............................ Yes    No Tape up/use insect repellent  .........  Yes   No 
  First Aid Kit ...................................... Yes    No Fire Extinguisher ............................  Yes   No 
  Safety Shower/Eyewash .................. Yes    No Other ..............................................  Yes   No 
  Modifications/Exceptions:   Tyvek coverall to protect against natural hazards (e.g., ticks) if working/walking 

through areas of high grass.  Use insect repellants containing at least 10% DEET and tape up in such areas.  
Follow manufacturer's recommendations for proper application and reapplication.  Hard hat when overhead 
hazards exist.  Safety glasses when near eye hazards.  Hearing protection when in high noise areas.    

 VIII.  Site Preparation    Yes  No    NA 
  Utility Locating and Excavation Clearance completed ........................................................    
  Vehicle and Foot Traffic Routes Established/Traffic Control Barricades/Signs in Place .....    
  Physical Hazards Identified and Isolated (Splash and containment barriers) .....................    
  Emergency Equipment Staged (Spill control, fire extinguishers, first aid kits, etc). .............    
 IX. Additional Permits required (Hot work, confined space entry, excavation etc.). ..................  Yes      No 
  If yes, SSO to complete or contact Health Sciences, Pittsburgh Office (412)921-7090 
 X. Special instructions, precautions:  Preview work locations to identify potential hazards (slips, trips, and 

falls, natural hazards, etc.)  Review PPE needs based on activities being performed and the associated 
hazards.  Use safe lifting procedures and obtain assistance when handling heavy or awkward objects.  
Suspend site activities in the event of inclement weather.  Observe site workers for signs and symptoms of 
heat/cold stress.  Use sun block (SPF > 15) to prevent sunburn if necessary.   

 
Permit Issued by:     Permit Accepted by:  
 



 

 

SAFE WORK PERMIT 
MONITORING WELL INSTALLATION 

AND MULTIMEDIA SAMPLING ACTIVITIES 
NAVAL STATION GREAT LAKES 

 
Permit No.    Date:       Time:  From        to      
 
 I. Work limited to the following (description, area, equipment used):  Monitoring well installation and soil 

and groundwater sampling via DPT and Hollow Stem Augering (HSA)   
 II.  Primary Hazards: Chemical contamination, transfer of contamination; heavy equipment hazards; elevated 

noise; energized systems/utilities; heavy lifting; slip, trip and fall; cuts and lacerations; vehicular and foot 
traffic; ambient temperature extremes; flying projectiles; insect/animal bites and stings, poisonous plants, 
inclement weather    

 III. Field Crew:       
 IV. On-site Inspection conducted   Yes     No  Initials of Inspector   TtNUS   

  Equipment Inspection required    Yes   No Initials of Inspector   TtNUS   
 V. Protective equipment required Respiratory equipment required 
  Level D    Level B   Yes  Specify on the reverse 
  Level C    Level A   No  
 Modifications/Exceptions:  Minimum requirement include sleeved shirt and long pants, or coveralls, safety, 

glasses and safety footwear.  Hard hats and hearing protection  will be worn when working near operating 
equipment.       

 
 VI. Chemicals of Concern  Hazard Monitoring /Action Level(s)  Response Measures 
  VOCs   FID/PID with 10.6ev lamp   Suspend site activities   
     >10 PPM in BZ for 3 exp   and retreat to unaffected  
     of 5 mins   area. If readings are   
       sustained contact SSO.   
            
 
  Metals (lead)  Visible dust   Area wetting techniques  
 

  Primary Route(s) of Exposure/Hazard: inhalation, dermal, ingestion     
   (Note to FOL and/or SSO: Each item in Sections VII, VIII, and IX must be checked Yes, No, or NA)   
 VII. Additional Safety Equipment/Procedures  
  Hard-hat .....................................  Yes   No Hearing Protection (Plugs/Muffs) .....  Yes   No 
  Safety Glasses  ..........................  Yes   No Safety belt/harness/lifeline ...............  Yes   No 
  Chemical/splash goggles ...........  Yes   No Radio/Cellular Phone .......................  Yes   No 
  Splash Shield .............................  Yes   No Barricades........................................  Yes   No 
  Splash suits/coveralls ................  Yes   No Gloves (Type –   nitrile) ....................  Yes   No 
  Impermeable apron ....................  Yes   No Work/rest regimen ...........................  Yes   No 
  Safety toe work shoes/boots ...... Yes    No Chemical Resistant Boot Covers .....  Yes   No 
  High visibility vest ...................... Yes    No Tape up/use insect repellent  ...........  Yes   No 
  First Aid Kit ................................ Yes    No Fire Extinguisher ..............................  Yes   No 
  Safety Shower/Eyewash ............ Yes    No Other ................................................  Yes   No 
 Modifications/Exceptions:  Minimum requirement include sleeved shirt and long pants, safety footwear, and 

nitrile gloves Tyvek coverall to protect against natural hazards (e.g., ticks) if working/walking through areas 
of high grass.  Use insect repellants containing at least 10% DEET and tape up in such areas.  Follow 
manufacturer's recommendations for proper application and reapplication.  

 VIII.  Site Preparation    Yes  No    NA 
  Utility Locating and Excavation Clearance completed ........................................................    
  Vehicle and Foot Traffic Routes Established/Traffic Control Barricades/Signs in Place .....    
  Physical Hazards Identified and Isolated (Splash and containment barriers) .....................    
  Emergency Equipment Staged (Spill control, fire extinguishers, first aid kits, etc). .............    
 IX. Additional Permits required (Hot work, confined space entry, excavation etc.). ..................  Yes      No 
  If yes, SSO to complete or contact Health Sciences, Pittsburgh Office (412)921-7090 
 X. Special instructions, precautions:  Preview work locations to identify potential hazards (slips, trips, and 

falls, natural hazards, etc.)  Review PPE needs based on activities being performed and the associated 
hazards.  Use safe lifting procedures and obtain assistance when handling heavy or awkward objects.  
Suspend site activities in the event of inclement weather.  Observe site workers for signs and symptoms of 
heat/cold stress.  Use sun block (SPF > 15) to prevent sunburn if necessary.  Complete Equipment 
Inspection Checklist prior to beginning work.   

 
Permit Issued by:     Permit Accepted by: 



 

 

SAFE WORK PERMIT 
DECONTAMINATION ACTIVITIES 
NAVAL STATION GREAT LAKES 

 
Permit No.    Date:       Time:  From        to      
 
 I. Work limited to the following (description, area, equipment used):  Decontamination of sampling and 

heavy equipment.     
 II.  Primary Hazards: Chemical exposure, transfer of contamination, inclement weather, noise.  

       
 III. Field Crew:       
 IV. On-site Inspection conducted   Yes     No  Initials of Inspector   TtNUS   

  Equipment Inspection required    Yes   No Initials of Inspector   TtNUS   
 V. Protective equipment required Respiratory equipment required 
  Level D    Level B   Yes  Specify on the reverse 
  Level C    Level A   No  
 Modifications/Exceptions:  Minimum requirement include sleeved shirt and long pants, safety glasses, safety 

footwear, and nitrile gloves.   Impermeable aprons are preferred protection against soiling work clothes 
when lifting auger flights because of the need to carry close to the body. If it (impermeable apron) does not 
offer adequate protection, PVC rain suits or PE or PVC coated Tyvek should be employed. Chemical 
resistant boot covers if excessive liquids are generated or to protected footwear.   

 VI. Chemicals of Concern Hazard Monitoring   Action Level(s)  Response Measures 
       Decontamination Fluids        refer to MSDS       refer to MSDS  Re-wash and re-scan  
             
             
 

Primary Route(s) of Exposure/Hazard: Inhalation and direct contact    
         

   (Note to FOL and/or SSO: Each item in Sections VII, VIII, and IX must be checked Yes, No, or NA)   
 VII. Additional Safety Equipment/Procedures  
  Hard-hat .....................................  Yes   No Hearing Protection (Plugs/Muffs) ...  Yes   No 
  Safety Glasses  ..........................  Yes   No Safety belt/harness ........................  Yes   No 
  Chemical/splash goggles ...........  Yes   No Radio/Cellular Phone .....................  Yes   No 
  Splash Shield .............................  Yes   No Barricades......................................  Yes   No 
  Splash suits/coveralls ................  Yes   No Gloves (Type – Nitrile) ...................  Yes   No 
  Impermeable apron ....................  Yes   No Work/rest regimen .........................  Yes   No 
  Safety toe work shoes or boots .. Yes    No Chemical Resistant Boot Covers ...  Yes   No 
  High Visibility vest ...................... Yes    No Tape up/use insect repellent  .........  Yes   No 
  First Aid Kit ................................ Yes    No Fire Extinguisher ............................  Yes   No 
  Safety Shower/Eyewash ............ Yes    No Other ..............................................  Yes   No 
  Modifications/Exceptions:  Chemical resistant boot covers if excessive liquids are generated or to protect 

footwear.         
        

 VIII.  Site Preparation Yes No NA 
  Utility Locating and Excavation Clearance completed ........................................................    
  Vehicle and Foot Traffic Routes Established/Traffic Control Barricades/Signs in Place .....    
  Physical Hazards Identified and Isolated (Splash and containment barriers) .....................    
  Emergency Equipment Staged (Spill control, fire extinguishers, first aid kits, etc). .............    
 IX. Additional Permits required (Hot work, confined space entry, excavation etc.). ..................  Yes      No 
  If yes, SSO to complete or contact Health Sciences, Pittsburgh Office (412)921-7090 
 X. Special instructions, precautions:  Suspend site activities in the event of inclement weather.  Employ 

proper lifting techniques. When/where possible use heavy equipment to move and place containers.    
 
Permit Issued by:     Permit Accepted by:  



 

 

SAFE WORK PERMIT 
IDW MANAGEMENT 

NAVAL STATION GREAT LAKES 
 

Permit No.   Date:       Time:  From                 to    

SECTION I: General Job Scope   
I. Work limited to the following (description, area, equipment used):  IDW management activities includes 

containerization, staging, monitoring for leaks of IDW accumulated wastes. Wastes types include purge and 
decontamination wash waters.    

II.  Primary Hazards: Lifting, pinches and compressions; flying projectiles; slips, trips, and falls and chemical 
contamination.     

III. Field Crew:           
IV. On-site Inspection conducted    Yes     No    Initials of Inspector   TtNUS 
 Equipment Inspection required   Yes   No   Initials of Inspector   TtNUS 

 
SECTION II:  General Safety Requirements (To be filled in by permit issuer) 
 V. Protective equipment required Respiratory equipment required 
  Level D    Level B   Yes   See Reverse 
  Level C    Level A   No  
 Modifications/Exceptions:  None anticipated        
 
 VI. Chemicals of Concern Hazard Monitoring /Action Level(s) Response Measures 
  None anticipated    none             none  
  
 Primary Route of Exposure/Hazard: NA         
   (Note to FOL and/or SSO: Each item in Sections VII, VIII, and IX must be checked Yes or No)   
 VII. Additional Safety Equipment/Procedures 
  Hard-hat .....................................  Yes   No Hearing Protection (Plugs/Muffs) ...  Yes   No  
  Safety Glasses  ..........................  Yes   No Safety belt/harness ........................  Yes   No  
  Chemical/splash goggles ...........  Yes   No Radio/Cellular Phone .....................  Yes   No  
  Splash Shield .............................  Yes   No Barricades......................................  Yes   No  
  Splash suits/coveralls ................  Yes   No Gloves (Type – Leather/Cotton) .....  Yes   No  
  Impermeable apron ....................  Yes   No Work/rest regimen .........................  Yes   No  
  Safety toe work shoes/boots ...... Yes    No Chemical Resistant Boot Covers   Yes   No  

 High visibility vest ...................... Yes    No Tape up/use insect repellent  .........  Yes   No   
 First Aid Kit ................................ Yes    No Fire Extinguisher ............................  Yes   No   
 Safety Shower/Eyewash ............ Yes    No Other ..............................................  Yes   No   

Modifications/Exceptions:  If you are using pneumatic/electric power to open drums – Safety glasses are 
required.  If power equipment is employed to move drums or you are working near operating equipment hard 
hats will be employed. Tyvek coverall to protect against natural hazards (e.g., ticks) if working/walking 
through areas of high grass.  Use insect repellants containing at least 10% DEET if necessary.  Follow 
manufacturer's recommendations for proper application and reapplication.  If working in areas where snakes 
are a threat, wear snake chaps to protect against bites.  High visibility vest if near active traffic areas.  
     

 VIII.  Site Preparation Yes No NA 
  Utility Locating and Excavation Clearance completed ........................................................    
  Vehicle and Foot Traffic Routes Established/Traffic Control Barricades/Signs in Place .....    
  Physical Hazards Identified and Isolated ............................................................................    
  Emergency Equipment Staged (Spill control, fire extinguishers, first aid kits, etc). .............    
   
 IX. Additional Permits required (Hot work, confined space entry, excavation etc.). ..................  Yes      No 
  If yes, SSO to complete or contact Health Sciences, Pittsburgh Office (412)921-7090 
 X. Special instructions, precautions: Suspend site activities in the event of inclement weather.  Employ 

proper lifting techniques. When/where possible use heavy equipment to move and place containers. When 
placing drums – Place the label and retention ring nut on the outside where it is readily visible. Place 4-drums 
to a pallet. Maintain a minimum distance of 4-feet between pallet rows. An IDW inventory shall be generated 
to provide the number of drums, contents, and volumes. This inventory should be provided to the facility 
contact. Inspect equipment prior to use.   

 
Permit Issued by:     Permit Accepted by: 
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Free assistance in identifying and 
COITectillg hazards or comptying with 
standards is available to employers. 
without citation or penalty. through 
OSHA-supported consultation 
programs in each state. 

1-800-321-OSHA 
www.osha.gov 
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SITE 12 - HUMAN HEALTH RISK ASSESSMENT METHODOLOGY 

This section of the Uniform Federal Policy Sampling and Analysis Plan (UFP SAP) outlines the general 

methodologies and procedures that will be used to conduct the human health risk assessment (HHRA) for 

Site 12, the Harbor Dredge Spoil Area located at Naval Station Great Lakes.  The objective of the risk 

assessment is to determine whether detected concentrations of chemicals at the site pose a significant 

threat to potential human receptors under current and/or future land use.  The potential risks to human 

receptors will be estimated based on the assumption that no further actions are taken to control 

contaminant releases. 

 

Three major aspects of chemical contamination and environmental fate and transport must be considered 

to evaluate potential risks:  (1) contaminants with toxic characteristics must be found in environmental 

media and must be released by either natural processes or by human action, (2) potential exposure 

points must exist, and (3) human receptors must be present at the point of exposure.  Risk is a function of 

both toxicity and exposure.  If any one of these factors is absent, the exposure route is regarded as 

incomplete, and no potential risks will be considered to exist for human receptors. 

 

In accordance with United States Environmental Protection Agency (EPA) recommendations, the risk 

assessment process follows these steps: 

• Data collection and evaluation 

• Exposure assessment 

• Toxicity assessment 

• Risk characterization 

• Uncertainty analysis 

 

The methodologies used in this risk assessment will comply with scientifically acceptable risk assessment 

practices and current EPA guidance, including but not limited to, the following risk assessment guidance 

documents that were used to develop the framework for the HHRA: 

 

• USEPA, 1989.  Risk Assessment Guidance for Superfund:  Volume I, Human Health Evaluation 

Manual (Part A). EPA 540/1-89/002.  Office of Emergency and Remedial Response, Washington, 

D.C. 

 

• USEPA, 1991.  Human Health Evaluation Manual, Supplemental Guidance:  Standard Default 

Exposure Factors. OSWER Directive 9285.6-03.  Washington, D.C. 
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• USEPA, 1993.  Preliminary Review Draft:  Superfund’s Standard Default Exposure Factors for the 

Central Tendency and Reasonable Maximum Exposure.  Office of Solid Waste and Emergency 

Response, Washington, D.C. 

 

• USEPA, 1996.  Soil Screening Guidance: Technical Background Document. EPA/540/R-95/128. 

Office of Solid Waste and Emergency Response.  Washington, D.C. 

 

• USEPA, 1997.  Exposure Factors Handbook.  EPA/600/P-95/002Fa.  Office of Health and 

Environmental Assessment, Washington, D.C.  

 

• Department of the Navy, 2001, Conducting Human Health Risk Assessments under the 

Environmental Restoration Program.  Ser N453E/1U595168.  Washington, D.C.  

 

• USEPA, 2001. Risk Assessment Guidance for Superfund: Volume 1 - Human Health Evaluation 

Manual (Part D, Standardized Planning, Reporting, and Review of Superfund Risk Assessments). 

 

• USEPA, December 2002a. Supplemental Guidance for Developing Soil Screening Levels for 

Superfund Sites.  OSWER 9355.4-24.  Washington, D.C. 

 

• USEPA, December 2002b.  Calculating Upper Confidence Limits for Exposure Point Concentrations 

at Hazardous Waste Sites.  OSWER 9285.6-10.  Washington, D.C. 

 

• USEPA, 2004. Risk Assessment Guidance for Superfund, Volume I: Human Health Evaluation 

Manual (Part E, Supplemental Guidance for Dermal Risk Assessment), Final Guidance. 

 

• Department of the Navy, 2004. Navy Final Policy on the Use of Background Chemical Levels. 

 

• Illinois EPA, 2007.  TACO (Tiered Approach to Corrective Action Objectives).  Illinois Environmental 

Protection Agency, Bureau of Land, available online at http://www.epa.state.il.us/land/taco/. 

 

1.0 DATA EVALUATION 

Data evaluation, the first component of a HHRA, involves the compilation and evaluation of analytical 

data.  The main objective of the data evaluation is to develop a media-specific list of chemicals of 

potential concern (COPCs) that will be used to quantitatively determine potential human health risks for 
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site media.  As noted in RAGS Part D, “data quality is an important component of the risk assessment 

and the data quality should be documented.”   

 

Data quality will be evaluated as follows: 

 

• To the extent available, the results of data validation conducted for the data sets used in the risk 

assessment will be summarized and presented. 

 

• To the extent that the information is available, the “Data Usability Worksheet” suggested in RAGS 

Part D will be completed.  

 

• The data evaluation narrative will discuss data quality issues identified during the completion of the 

“Data Usability Worksheet.” 

 

1.1 Data Usability 

Data collected during the proposed field investigation will be used to assess risks to potential human 

receptors.  The analytical data used in the quantitative estimation of potential risks will be subjected to 

data validation.  A discussion of data validation protocol is provided in the UFP SAP.  As stated above, a 

Data Evaluation/Usability Report will be generated for the results of the field investigation.  This report will 

provide information on precision, accuracy, representativeness, completeness, comparability, and 

sensitivity.  A brief summary of the results of the data validation also will be included. 

 

Quantitative or qualitative analytical results from the target analyte lists for the proposed field investigation 

will be used in the risk evaluation.  Field measurements, data regarded as unreliable (i.e., qualified as "R" 

during the data validation process) will not be used in the quantitative risk assessment.  However, these 

data may be used to substantiate the conclusions of the quantitative risk analysis. 

 

1.2 Selection of Chemicals of Potential Concern (COPCs) 

The next step after data summary will be to compare chemical concentrations from the Site with 

screening criteria.  Chemicals at concentrations higher than screening criteria will be selected as 

chemicals of potential concern (COPCs) that are carried through the risk assessment process.  COPCs 

are selected through a qualitative screening process in order to limit the number of chemicals and 

exposure routes quantitatively evaluated in the HHRA to only those site-related constituents that 

dominate overall potential risks.  Screening by use of risk-based concentrations and Illinois Environmental 
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Protection Agency (Illinois EPA) background levels will be used to focus the risk assessment on 

meaningful chemicals and exposure routes. 

 

In general, a chemical will be selected as a COPC and retained for further quantitative risk evaluation if 

(1) the maximum detection in a sampled medium exceeds the lowest risk-based concentration and (2) for 

inorganic contaminants, if the chemical is determined to be present at concentrations exceeding 

concentrations in background samples.  Chemicals eliminated from further evaluation at this time are 

assumed to present nominal risks to potential human receptors.  If a detection limit is above the action 

levels for Site 12 for a specific compound, those compounds and their overall effect will be addressed on 

a case-by-case basis in the site-specific risk assessment and discussed in the Uncertainty Section of that 

assessment. 

 

1.2.1 COPC Screening Criteria 

Several screening criteria will be used to identify COPCs for Site 12.  Screening concentrations based on 

risk-based cleanup objectives developed by Illinois EPA (Illinois EPA) and risk-based concentrations 

developed by Oak Ridge National Laboratory (ORNL) and recommended by the U.S. Environmental 

Protection Agency (USEPA) (referred to as the Regional Screening Levels for Chemical Contaminants at 

Superfund Sites) (ORNL) will be used, as well as other USEPA criteria (see lists below).  The risk-based 

screening concentrations correspond to a systemic hazard quotient of 0.1 for noncarcinogens or an 

incremental lifetime cancer risk of 1x10-6 for carcinogens.  Note that the Illinois EPA and the Regional 

Screening Levels for noncarcinogens are based on a hazard quotient of 1.0 while, the screening 

concentrations will be based on a hazard quotient of 0.1.  The screening concentrations are based on a 

hazard quotient of 0.1 so that additive noncarcinogenic risks for the chemicals do not exceed 1.0.  The 

screening levels to be used in the risk assessment are briefly discussed below. 

 

The screening concentrations in Worksheet #15 of the Uniform Federal Policy-Sampling and Analysis 

Plan (UFP-SAP) that encompasses the Field Sampling Plan requirements and Quality Assurance Project 

Plan (QAPP) are based on risk-based cleanup objectives developed by Illinois EPA and risk-based 

concentrations developed by ORNL and recommended by the USEPA.  The project action levels in 

Worksheet #15 are the lower of the respective criteria (Illinois EPA criteria or USEPA ORNL 

concentrations). 

 

Screening Levels for Soil  

The following criteria will be used to select COPCs for surface and subsurface soil: 
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• Illinois EPA Tier 1 Soil Remediation Objectives for Residential Properties, and for Construction 

Workers (Illinois EPA, online at 

http://www.ipcb.state.il.us/SLR/IPCBandIEPAEnvironmentalRegulations-Title35.asp).  These include 

remediation objectives for the soil ingestion exposure route and for the inhalation exposure route.  

The lowest Tier I objective of the receptors (i.e., residential, industrial/commercial, or construction 

worker) listed in the Tier 1 Tables will be used for screening. 

 

• ORNL Regional Screening Levels for Chemical Contaminants at Superfund Sites (USEPA ORNL). 

 

• USEPA Generic Soil Screening Levels (SSLs) for the inhalation of volatiles and fugitive dusts 

calculated online at http://risk.lsd.ornl.gov/calc_start.shtml based on methodology from the USEPA’s 

Soil Screening Guidance (USEPA) 

 

• Soil Remediation Objectives for Residential and Industrial/Commercial Properties, and Construction 

Workers, Non-TACO Chemicals 

 

• Proposed TACO Amendments of Provisional and Revised Screening Levels will be reviewed during 

the final risk assessment, and included in the COPC selection process if finalized by the Illinois EPA. 

 

If the maximum concentration of a constituent exceeds any of these criteria, and, for inorganics only, if 

the constituent is considered to be present at concentrations greater than the concentrations of chemicals 

in background soil, the chemical will be selected as a COPC.  The procedures for the elimination of 

chemicals on the basis of background concentrations will follow current U.S. Navy policy provided in the 

Navy Policy on the Use of Background Chemical Levels (Department of the Navy, January 2004).  At the 

present time, facility background concentrations for naturally occurring or anthropogenic chemicals have 

not been determined for Naval Station Great Lakes.  Therefore, maximum soil concentrations will be 

compared to the concentrations of inorganic chemicals provided by Illinois EPA in Appendix A, Table G of 

TACO.   

 

The comparison of site soil data to USEPA Generic Inhalation SSLs for transfers from soil to air and 

Illinois EPA remediation objectives for inhalation will be used to identify whether a quantitative analysis of 

this exposure pathway is warranted.  If the maximum soil concentration of a chemical exceeds the 

inhalation criteria, a quantitative evaluation of potential risks from inhalation will be performed.  Otherwise, 
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the risks associated with the inhalation pathway will be considered insignificant, and the exposure 

pathway will be eliminated from further evaluation. 

 

To evaluate the potential for chemicals detected in soil to impact groundwater, maximum chemical 

concentrations will be compared to SSLs for migration to groundwater. The comparisons will be 

presented in separate tables (from the COPC tables) and will not be used to select COPCs for soil.  

Migration to Groundwater SSLs are not used for COPC selection because quantitative risk assessments 

are typically based on direct contact with soil or particulates.  There is no methodology available for 

quantitative risk evaluation of indirect exposure based on migration to groundwater.  Therefore, it is not 

appropriate to select COPCs for quantitative risk evaluation for direct exposure on the basis of the indirect 

soil-to-groundwater pathway.  The soil-to-groundwater SSLs provide an indication of potential impacts of 

contamination in soil on groundwater quality but are not indicators of quantitative risk. 

 

The migration from soil to groundwater comparisons will be made using the following criteria: 

 

• Illinois EPA Tier 1 Soil Remediation Objectives for Residential Properties for the Soil Component of 

the Groundwater Ingestion Exposure Route for Class I Groundwater (Illinois EPA, online at 

http://www.ipcb.state.il.us/SLR/IPCBandIEPAEnvironmentalRegulations-Title35.asp). 

 

• USEPA Generic SSLs for Migration from Soil to Groundwater calculated online at 

http://risk.lsd.ornl.gov/calc_start.shtml based on methodology from the USEPA’s Soil Screening 

Guidance (USEPA). 

 

• ORNL Regional Screening Level for Protection of Groundwater (USEPA ORNL) 

 

Results of the soil-to-groundwater comparisons will be qualitatively discussed in the risk assessment. 

 

Because of the different exposure scenarios for potential human receptors, COPCs will be identified for 

subsurface soil.  Subsurface soil will be defined as soil collected from depths greater than 1 foot below 

ground surface (bgs).  Construction workers will be assumed to be exposed to subsurface soil.  Exposure 

to subsurface soil for future residents will be evaluated to account for the possibility that subsurface soil 

may be brought to the surface in a future excavation project. 

 

In addition to screening, the comparison of site soil data to USEPA Generic Inhalation SSLs for transfers 

from soil to air will be used to identify whether a quantitative analysis of this exposure pathway is 
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warranted.  If the maximum soil concentration of a chemical exceeds the Inhalation SSL, a quantitative 

evaluation of potential risks from inhalation will be performed.  Otherwise, the risks associated with the 

inhalation pathway will be considered insignificant, and the exposure pathway will be eliminated from 

further evaluation. 

 
Screening Concentrations for Groundwater 

Due to the likely impact of the lake on groundwater conditions, potential risks from exposure to 

groundwater at Site 12 will not be evaluated in this HHRA.  

 

Surface Water and Sediment 

Potential risks from exposure to surface water and sediment at Site 12 will not be evaluated in this HHRA.   

Screening Concentrations for Lead  

Limited criteria are available to evaluate the potential risks associated with lead.  There are no risk-based 

concentrations for this chemical because the USEPA has not derived toxicity values for lead.  However, 

recommended screening levels available for lead in soil are used to indicate the need for response 

activities.  Guidance from both the Office of Prevention, Pesticides, and Toxic Substances (OPPTS) and 

the Office of Solid Waste and Emergency Response (OSWER) recommend 400 mg/kg as the lowest 

screening level for lead-contaminated soil in a residential setting, where children are frequently present 

(USEPA, July 1994).  OPPTS identifies 2,000 to 5,000 mg/kg as an appropriate range for areas where 

contact with soil by children in a residential setting is less frequent 

 

The TACO objectives of 800 and 700 mg/kg for the industrial/commercial and construction worker 

receptors, respectively will also be included for screening. 

  

1.2.2 Essential Nutrients and Chemicals without Toxicity Criteria 

Essential nutrients, including calcium, magnesium, potassium, and sodium will not be selected as COPCs 

for Site 12.  These inorganic chemicals are naturally abundant in environmental matrices and are only 

toxic at high doses.  In addition, because of the lack of toxicity criteria, risk-based COPC screening levels 

are not available for some chemicals (e.g., benzo(g,h,i)perylene and phenanthrene).  Appropriate 

surrogates will be selected (with approval from the Illinois EPA) for some of these chemicals based on 

similar chemical structures. For example, pyrene will be used as the surrogate for benzo(g,h,i)perylene 

and phenanthrene.. 
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1.2.3 Determination of Site-Related Chemicals 

Chemicals in site media found at concentrations indicative of background concentrations are not 

considered to be site-related contaminants and will not be retained as COPCs for the quantitative risk 

assessment.  In order to determine whether inorganic and anthropogenic organic chemicals are present 

at concentrations greater than background, the maximum detected concentrations of inorganic chemicals 

in soil will be compared with background levels provided by Illinois EPA (see Section 1.2.1).  
 

The elimination of chemicals as site-related COPCs on the basis of background comparisons will follow 

the guidance provided in Navy Policy on the Use of Background Chemical Levels (Department of the 

Navy, January 2004).  This document also presents the Navy’s interpretation of USEPA guidance 

provided in the document titled Role of Background in the CERCLA Cleanup Program (USEPA, April 

2002) and details the methodology to be used in evaluating background under the Navy’s Environmental 

Restoration and Base Realignment and Closure (BRAC) programs.  Navy policy as it applies to risk 

assessments requires the following: 

 

1. A clear and concise understanding of chemicals released from a site, thus making sure the Navy is 

focusing on remediating the release. 

 

2. The use of background data in the screening-level risk assessment. 

 

a. The comparison of site chemical levels to risk-based screening criteria. 

b. The comparison of site chemical levels to background concentrations. 

c. The identification of site-related COPCs based on screening criteria comparisons and 

background comparisons. Site-related COPCs are those chemicals with concentrations 

exceeding risk-based screening criteria and background concentrations.  To the extent possible, 

site-related COPCs are further evaluated quantitatively in the risk assessment.  

 

3. The consideration of background in the risk assessment. 

 

a. The calculation of risk estimates for site-related COPCs only. 

b. The further evaluation of non-site-related COPCs in the risk characterization section (e.g., the 

evaluation of chemicals detected at concentrations exceeding screening criteria but less than 

background concentrations).  The Navy considers this comparison to be consistent with EPA’s 

Role of Background in the CERCLA Cleanup Program (USEPA, April 2002).  The uncertainty 
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associated with the elimination of chemicals on the basis of background will also be discussed in 

the uncertainty section of the risk assessment. 

 

4. The selection of site cleanup remedial goals at concentrations not less than background levels.  

Additionally, cleanup levels should not be developed for chemicals not identified as chemicals of 

concern (COCs).  As defined in the Navy guidance, COCs are site-related COPCs found to be the 

risk drivers in the risk assessment that may pose unacceptable human health risks. 

 

1.2.4 Decision Rules for Establishing COPCs 

The following decision rules will be used to select an initial list of COPCs: 

 

• A chemical detected in soil will be selected as a COPC for soil if any detected chemical concentration 

exceeds the screening levels for soil and background screening indicates that the site concentrations 

are greater than Illinois EPA background concentrations. 

 

Chemicals detected at concentrations greater than the screening levels but eliminated as COPCs on the 

basis of background comparisons and chemicals whose non-detection limits are greater than the site 

action limits will be further discussed in the risk characterization and uncertainty sections of the risk 

assessment. 

 

1.3 COPC Summary Screening Tables 

Media-specific tables summarizing the selection of COPCs will be included in the risk assessment.  The 

tables will be prepared according to the guidelines established for preparation of Standard Table 2 of the 

RAGS Part D guidance.  An example format of a typical COPC selection table is provided as Table 1. 

 

2.0 EXPOSURE ASSESSMENT 

The purpose of the Exposure Assessment is to predict the magnitude and frequency of potential human 

exposure to each of the COPCs.  Actual or potential exposures at Site 12 will be determined based on the 

most likely pathways of contaminant release and transport, as well as human activity patterns.  A 

complete exposure pathway has three components:  (1) a source of chemicals that can be released to the 

environment, (2) a route of contaminant transport through an environmental medium, and (3) an exposure 

or contact point for a human receptor. 
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2.1 Conceptual Site Model (CSM) 

The development of a CSM is an essential component of the exposure assessment.  The CSM integrates 

information regarding the physical characteristics of the site, exposed populations, sources of 

contamination, and contaminant mobility (fate and transport) to identify potential exposure routes and 

receptors to be evaluated in the risk assessment.  The site-specific CSM for Site 12 is presented in this 

section and illustrated in Figure 1.  The CSM depicts the relationships among the following elements: 

 

• Site sources of contamination 

• Contaminant release mechanisms 

• Transport/migration pathways 

• Exposure routes 

• Potential receptors 

 

The CSM will be refined during the risk assessment process using the data and information collected as 

part of the proposed field investigation.  Table 2 presents a summary of the exposure routes that will be 

addressed quantitatively for each human receptor.  The elements of the CSM as they pertain to Site 12 

are presented in the following sections. 

 

2.1.1 Site Sources of Contamination 
 

During harbor dredging activities in 1952 and the 1970s, dredge spoils from the boat slip area in the 

harbor were reportedly disposed at Site 12 (Rogers, Golden & Halpern, 1986).  Dames & Moore (1991) 

reviewed aerial photographs taken between 1946 to 1985 which indicated evidence of some filling and 

other modifications of Site 12 over this period.   

 

The harbor area receives flow from Pettibone Creek, which drains stormwater from the base and a 

number of off-base industries upstream of NS Great Lakes. Chemicals in the runoff may have settled in 

the sediments (Rogers, Golden & Halpern, 1986).  The sediment reportedly dredged from the harbor and 

deposited on Site 12 could have high organic content and may contain heavy metals, oils (i.e., VOCs and 

SVOCs), pesticides, and polychlorinated biphenyls (PCBs) from industries upstream of the NS Great 

Lakes according to initial reports. These initial reports triggered an investigation of the site. 

As part of a base-wide investigation Dames & Moore (1991) conducted the Verification Step of the 

Remedial Investigation (RI) at Site 12.  Thirty-three surface and subsurface soil samples were collected 

from 11 soil borings there during three sampling events in 1988 and 1989. Samples were analyzed for 

VOCs, metals, pesticides and PCBs.  Laboratory data for VOCs and metals could not be validated using 
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USEPA Level III data validation procedures and therefore were determined not usable for their intended 

purpose. The pesticide and PCB data was validated and considered usable. Dames & Moore (1991) did 

not present conclusions and recommendations in their report and, because of the validation issues; the 

document was issued as a Technical Memorandum. Following is some of the information provided: 

 

• VOCs are not present in significant concentrations in the un-validated data; due to the nature of 

the sediment deposition, they probably were not present in significant concentrations in dredge 

spoils. 

• Heavy metals, including antimony, arsenic, cadmium, chromium, copper, lead, mercury, nickel, 

selenium, silver, and zinc were detected in the un-validated data for site soils.   

• Pesticides were detected above detection levels within the upper 5 feet throughout the site’s areal 

extent,   

• PCBs were not detected above the detection limits in any samples. However, due to the nature of 

past industrial development upstream of the site, they are still considered a possible contaminant. 

• SVOCs have not been analyzed in soil samples from Site 12 

• Groundwater levels and quality at the site have not been investigated. Both are expected to be 

strongly influenced by lake and harbor water conditions 

 

 

2.1.2 Contaminant Release Mechanisms and Transport/Migration Pathways 

Based on information regarding past practices at the site, plausible contaminant release and migration 

mechanisms include the following: 

 

• Transport of chemicals deposited on surface and subsurface soil. 

 

• Migration of fugitive dusts vapors from surface and subsurface soil to ambient air if 

construction/excavation activities occur in the future. 

 

2.1.3 Potential Receptors/Exposure Routes 

Naval Station Great Lakes is an active facility and will remain so for the foreseeable future.  Under current 

land use, access to and use of Site 12 is primarily limited to military personnel.  However, to aid in risk 

management decisions, the risk assessment will also consider potential receptors, such as future 

residents, who might be exposed to contaminants persisting in site media or migrating from the site.  The 

potential receptors have been identified by analyzing current land use practices, potential future land 
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uses, and the identified areas of contamination in order to focus the risk assessment on potential site-

related exposures.  The general receptor classes include: 

 

• Construction Workers - Potential receptors under future land uses.  Construction workers are 

assumed to be civilian personnel who may be involved in a short-term, one-time construction project.  

Excavation and ground-intrusive activities may occur on the site in the future.  If these excavation 

projects were to occur, construction workers could potentially be exposed to soil to an estimated 

depth of 10 feet bgs (conservative estimate based on available site information) by ingestion and 

dermal contact. Construction workers may also be exposed by inhaling dusts from soil or vapors 

emitted from soil during excavation.   

 

• Occupational Workers – Potential receptors under future and current land use.  

Maintenance/occupational workers include personnel to account for the possibility that Naval Station 

Great Lakes might be developed for commercial/industrial uses at some future time.  

Maintenance/occupational workers will be assumed to be exposed to surface and subsurface soil by 

ingestion, dermal contact, and inhalation of fugitive dust and vapors.  

 

• Future Military Residents (Adults/Children) – Potential receptor under future land use.  Military 

residents are not potential receptors under current land use because they do not live on the site.  

They will be evaluated primarily for decision-making (risk management) purposes based on the 

assumption that the site could support military residential use in the future.  Future military residents will 

be assumed to be exposed to subsurface soil by ingestion, dermal contact, and the inhalation of 

fugitive dust and vapors.  Risks to military residents will be evaluated by reference to future civilian 

residents because risks for these receptors are the same or slightly less than civilian residents.   

 

• Future Civilian Residents (Adults/Children) – Potential receptor under future land use.  Hypothetical 

future residents are not potential receptors under current land use but will be evaluated to aid in risk 

management decisions by providing an indication of potential risks if the facility were to close and be 

developed for residential use.  Future onsite residents will be assumed to be exposed to surface and 

subsurface soil by ingestion, dermal contact, and the inhalation of fugitive dust and vapors.  Navy 

recruits were also considered as potential receptors at Site 12.  However, exposure for the recruits 

was assumed to be negligible because of the limited time recruits spend at Naval Station Great Lakes 

(i.e., 12 weeks) and because the lack of idle time allocated to recruits during training.  Therefore, risks 

to Navy recruits will not be evaluated in the risk assessment.  
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• Adult and adolescent recreational users/trespassers (e.g., picnickers) - Potential receptors under 

current/future land use.  These receptors will be evaluated for exposure to surface soils at the site.  

Exposure to surface soils will be evaluated for ingestion, dermal contact, and inhalation of fugitive 

dust and vapors. 

 

To aid risk managers in making remedial decisions for Site 12, potential future residents and 

maintenance/occupational workers will be evaluated for exposure to subsurface soil based on the 

assumption that subsurface soil could be brought to the surface in a future excavation project. If exposure 

to subsurface soil were to occur, a receptor may be exposed to soil via inadvertent ingestion of a small 

amount of soil, via dermal absorption of contaminants from the soil, or via inhalation of vapors or 

particulates.  The results of this evaluation will be presented in the uncertainty section of the risk 

assessment.  

 

Table 2 summarizes the exposure routes that will be addressed quantitatively for each receptor at Site 

12.  

 

2.2 Central Tendency Exposure vs. Reasonable Maximum Exposure 

Traditionally, exposures evaluated in the HHRA were based on the concept of a Reasonable Maximum 

Exposure (RME) only, which is defined as "the maximum exposure that is reasonably expected to occur 

at a site" (USEPA, December 1989).  However, more recent risk assessment guidance (USEPA, May 

1993) indicates the need to address an average case or Central Tendency Exposure (CTE). 

 

To provide a full characterization of potential exposure, both RME and CTE will be evaluated in the risk 

assessment for Site 12.  The available guidance (USEPA, May 1993) concerning the evaluation of CTE is 

limited.  Therefore, professional judgment will be exercised when defining CTE conditions for a particular 

receptor at the site. 

 

2.3 Exposure Point Concentrations (EPCs) 

EPCs, which are calculated for COPCs only, are estimates of chemical concentrations within an exposure 

unit (EU) that are likely to be contacted over time by a receptor and are used to estimate exposure 

intakes.  The EUs evaluated and the guidelines for calculating the EPCs for the EUs within Site 12 are as 

follows:   
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• EUs for receptors potentially exposed to surface and subsurface soil will likely include the sampled 

locations within a study area unless the analytical data for soil suggest that significant contaminant 

hot spot(s)/sub-area(s) exist within the study area, and the hot spot(s)/sub-area(s) is (are) large 

enough to be considered an EU for one or more of the receptors being evaluated.  For example, a 

residential lot size of ¼ acre to 2 acres is often used for the evaluation of a hypothetical future 

resident.  The size of an EU will be based on the distribution of the chemical concentrations in soil 

and on presumed receptor activity patterns. 

 

 

EPCs will be calculated for each medium at which receptors are assumed to be exposed.  These media 

are:   

• On-site surface and subsurface soil 

 

The following guidelines will be used to calculate the EPCs: 

 

• If a soil data set for an EU contains fewer than 10 samples, the EPC for the RME and CTE cases will 

be defined as the maximum detected concentration. 

 

• If a soil data set for an EU contains 10 or more samples, the following receptor-specific EPCs will be 

used: 

 

• Current and future maintenance occupational workers along with current Navy personnel and 

adolescent trespassers will be assumed to be exposed to the upper confidence limit (UCL) on 

the arithmetic mean, which will be based on the distribution of the data set, for the RME and 

CTE cases.  The EPCs will be calculated following USEPA’s Calculating Upper Confidence 

Limits for Exposure Point Concentrations at Hazardous Waste Sites (USEPA, December 

2002) using the USEPA’s ProUCL Version , 4.00.05 software and guidance (USEPA, April 

2007). Individual cases will be examined by a statistician who will make a decision on the 

appropriate value to use as the exposure concentration.  Typically, recommendations made 

in Section 3 (Data Evaluation) of the ProUCL guidance or methods specified in Gilbert are 

used by the statistician.  In keeping with past practice at Naval Station Great Lakes, Illinois 

EPA will be consulted for the non-typical cases. 

 

• Construction workers and future residents will be assumed to be exposed to the maximum 

detected concentration.  The maximum detected concentration will be used as the EPC for 
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construction workers because of the possibility that construction workers might be exposed to 

a small highly concentrated area during the short exposure duration assumed for this 

receptor.  The maximum concentration will be used to estimate risks for future residents 

based on the conservative assumption that a dwelling would be built on the most highly 

contaminated section of the site in the future.  

 

• Risks for exposure to lead will follow the methodology presented in the preceding bullets. EPCs for 

construction workers and future residents will the maximum concentrations. The EPC for occupational 

workers will be the average lead concentration across the site, as per USEPA guidance for the child 

and adult lead models (Section 2.5).  

 

Duplicate analytical results will not be used for the EPC calculations. The duplicate results will be used for 

sampling and analytical quality control purposes only.  Data values less than sample-specific detection 

limits will be reported as the detection limit and the result designated as below detection by annotation. 

 

2.4 Chemical Intake Estimation 

The methodologies and techniques used to estimate exposure via ingestion, dermal contact, or inhalation 

are presented in this section of the Work Plan.  Intakes for the identified potential receptor groups will be 

calculated using USEPA risk assessment guidance (USEPA, December 1989 and July 2004) and 

presented in the risk assessment spreadsheets which will be appended to the risk assessment as support 

documentation. 

 

Noncarcinogenic intakes will be estimated using the concept of an average annual exposure.  

Carcinogenic intakes will be calculated as an incremental lifetime exposure that will assume a life 

expectancy of 70 years.  Equations used to calculate estimated intakes are provided below.  

 

Values of the exposure parameters and assumptions regarding exposure for receptors and exposure 

pathways are presented in Tables 3 and 4.  

 

2.4.1 Dermal Contact with Soil 

Direct physical contact with soil may result in the dermal absorption of chemicals.  Exposures associated 

with the dermal route are estimated in the following manner (USEPA, December 1989 and July 2004): 

 

Intakesi  =  (Csi)(SA)(AF)(ABS)(CF)(EF)(ED) /(BW)(AT) 
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 where: 

  Intakesi = amount of chemical "i" absorbed during contact with soil (mg/kg/day) 

  Csi = concentration of chemical "i" in soil (mg/kg) 

  SA = skin surface area available for contact (cm2/day) 

  AF = skin adherence factor (mg/cm2) 

  ABS = absorption factor (dimensionless) 

  CF = conversion factor (1x10-6 kg/mg) 

  EF = exposure frequency (days/yr) 

  ED = exposure duration (yr) 

  BW = body weight (kg) 

  AT = averaging time (days); 

    for noncarcinogens, AT = ED x 365 days/yr; 

    for carcinogens, AT = 70 yrs x 365 days/yr 

 

Exposed skin surface areas available for dermal contact are determined for each receptor based on 

assumed human activities and clothing worn during exposure events.  USEPA guidance (USEPA, August 

1997 and July 2004) is used to develop the default assumptions concerning the amount of skin surface 

area available for contact for a receptor.  The skin surface areas that will be used in risk assessment 

calculations and the rationale for the selection of the surface areas are as follows: 

 

• Occupational workers and construction/excavation workers are assumed to be exposed on the head, 

hands and forearms assuming that they wear a short-sleeved shirt, long pants, and shoes.  As 

recommended in RAGS Part E (USEPA, July 2004), this skin surface area is assumed to be 

3,300 cm2 for the RME and CTE scenarios.  This value represents the average of the 50th percentile 

areas of males and females more than 18 years old.  

 

• For future military and civilian adult residents along with current Navy personnel and adolescent 

trespassers are assumed to be exposed to soil, the exposed surface areas available for contact will 

be the values for the adult skin surface area for exposure to soil recommended in RAGS Part E 

(USEPA, July 2004), 5,700 cm2 for both the RME and CTE.  This skin area assumes that head, 

hands, forearms, and lower legs of the adult are available for contact.  For child residents assumed to 

be exposed to soil, the exposed surface areas available for contact will be the values for child skin 

surface area for exposure to soil recommended in RAGS Part E (USEPA, July 2004), 2,800 cm2 for 

both the RME and CTE.  This skin area assumes that head, hands, forearms, lower legs, and feet of 

the child are available for contact.   
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Values of soil adherence factors and chemical-specific dermal absorption factors provided in RAGS 

Part E (USEPA, July 2004) will be used to evaluate risks from exposure to soil.  The following soil 

adherence factors will be used for the RME and CTE exposure scenarios: 

 

•  Construction Workers – 0.3 mg/cm2 for the RME and 0.1 mg/cm2 for the CTE (Exhibit 3.3, 

USEPA, July 2004). 

 

• Occupational Workers – 0.2 mg/cm2 for the RME and 0.02 mg/cm2 for the CTE (Exhibit 3.5, 

USEPA, July 2004). 

 

• Adolescent Recreational Users/Trespassers – 0.2 mg/cm2 for the RME and 0.04 mg/cm2 for the CTE.  

(Exhibit 3.5, U.S. EPA, July, 2004). 

 

• Future Adult Residents and Adult Recreational Users/Trespassers – 0.07 mg/cm2 for the RME and 

0.01 mg/cm2 for the CTE (Exhibit 3.5, U.S. EPA, July, 2004) 

 

• Future Child Residents – 0.2 mg/cm2 for the RME and 0.04 mg/cm2 for the CTE (Exhibit 3.5, 

USEPA, July 2004). 

 

For the constituents identified as COPCs in soil, the following absorption factors will be used 

(USEPA, July 2004):  

 

• Arsenic – 0.03 

• Cadmium – 0.001 

• PAHs – 0.13 

• Semivolatiles – 0.1 

• Other Inorganics and Volatile Organics – not evaluated for dermal contact with soil (USEPA, July 

2004) 

 

2.4.2 Incidental Ingestion of Soil 

Incidental ingestion of soil by potential receptors is assumed to coincide with dermal exposure.  

Exposures associated with incidental ingestion are estimated in the following manner (USEPA, December 

1989): 
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Intakesi  =  (Csi)(IRs)(FI)(EF)(ED)(CF) /(BW)(AT) 

 

 where: 

  Intakesi = intake of contaminant "i" from soil (mg/kg/day) 

  Csi = concentration of contaminant "i" in soil (mg/kg) 

  IRs = ingestion rate (mg/day) 

  FI = fraction ingested from contaminated source (dimensionless) 

  EF = exposure frequency (days/yr) 

  ED = exposure duration (yr) 

  CF = conversion factor (1x10-6 kg/mg) 

  BW = body weight (kg) 

  AT = averaging time (days); 

    for noncarcinogens, AT = ED x 365 days/yr; 

    for carcinogens, AT = 70 yrs x 365 days/yr 

 

The same exposure frequencies and durations used in the estimation of dermal intakes will be used to 

estimate exposure via incidental ingestion.  A default value of 1.0 (USEPA, December 1989) will be used 

for the fraction ingested from the contaminated source for the RME and CTE scenarios.  For the RME 

scenario, the ingestion rate is set at 330 mg/day for the construction worker (USEPA, December 2002), 

200 mg/day for the future child resident, and 100 mg/day for the other potential receptors (the 

occupational worker and future adult resident) (USEPA, May 1993).  Ingestion rates for the CTE are 

assumed to be one-half of the RME values.  

 

2.4.3 Inhalation of Air Containing Fugitive Dust/Volatiles Emitted from Soil 

The inhalation pathway will be quantitatively evaluated only if it is determined to be necessary by a 

comparison with USEPA SSLs for the migration of chemicals from soil to air.   These modeled air 

concentrations are calculated by Tetra Tech using the methodology and equations based on USEPA’s 

Supplemental Guidance for Developing Soil Screening Levels for Superfund Sites for the migration of 

chemicals from soil to air (OSWER 9355.4-24, December 2002) and equations published at 

http://rais.ornl.gov/epa/ssl1.shtml, since these values are more recent than those published in the 1996 

and 2002 SSL guidance documents. 

 

For those chemicals that exceed their respective SSLs, this pathway is quantitatively evaluated and these 

are compared with unit risk and RFCs to calculated inhalation risks and noncancer hazards for this 

 C-18 CTO 0510 

http://rais.ornl.gov/epa/ssl1.shtml


Naval Station Great Lakes  
Site 12 UFP SAP 

Section: Appendix B Site 12 - HHRA 
September 2009 

Revision:  0 
Page:  19 of 26 

 
pathway.  If it is determined that a quantitative evaluation is not required, the potential risks associated 

with the inhalation pathway will be regarded as minimal and no further evaluation will be performed.  

 

The amount of chemical a receptor takes in as a result of respiration is determined using the 

concentration of the contaminant in air.  Intakes of both particulates and vapors from soil will be 

calculated using the following equation (USEPA, December 1991 and July 1996): 

 

Intakeai = [Csi x IRa x ET x EF x ED x (1/PEF + 1/VF)] / (BW x AT) 

 

 where: Intakeai  = intake of chemical "i" from air via inhalation (mg/kg/day) 

  Csi  = concentration of chemical "i" in soil (mg/kg) 

  IRa  = inhalation rate (m3/hr or day) 

  ET   = exposure time (hours/day) 

  EF  = exposure frequency (days/yr) 

  ED   = exposure duration (yr) 

  PEF  = Particulate Emission Factor (m3/kg)   

VF  = Volatilization Factor (chemical-specific) (m3/kg) 

  BW  = body weight (kg) 

  AT  = averaging time (days); 

     for noncarcinogens, AT = ED x 365 days/yr; 

     for carcinogens, AT = 70 yr x 365 days/yr 

 

The concentration of a chemical in air is calculated using the methodology provided in the USEPA’s Soil 

Screening Guidance (USEPA, July 1996 and December 2002) and measured soil concentrations, site-

specific information such as the fraction of organic carbon (foc), chemical-specific data, and model default 

values.  The following inhalation rates are used to calculate the inhalation intakes: for workers, 2.5 m3 per 

hour for the RME and 1.5 m3 per hour for the CTE (USEPA, August 1997 and December 2002), 20 m3 

per day for adult residents for the CTE and RME (USEPA, December 1989 and March 1991), and 10 m3 

per day for child residents six years of age and under (USEPA, August 1997) for the CTE and RME.   

2.5 Exposure to Lead 

The equations and methodology presented in the previous section cannot be used to evaluate exposure 

to lead because of the absence of published dose-response parameters.  If lead is identified as a COPC, 

exposure to lead will be assessed using the latest version of the USEPA's Integrated Exposure Uptake 

Biokinetic (IEUBK) Model for lead (USEPA, May 2002).  This model is designed to estimate blood levels 
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of lead in children (under 7 years of age) based on either default or site-specific input values for air, 

drinking water, diet, dust, and soil exposure. 

 

Studies indicate that infants and young children are extremely susceptible to adverse effects from 

exposure to lead.  Considerable behavioral and developmental impairments have been noted in children 

with elevated blood lead levels.  The threshold for toxic effects from this chemical is believed to be in the 

range of 10 µg/dL to 15 µg/dL.  Blood lead levels greater than 10 µg/dL are considered to be a "concern." 

 

 

Adult exposure to lead in soil will be quantified by the model provided by the USEPA’s Technical Review 

Workgroup for Lead (USEPA, November 2003).  In this model, adult exposure to lead in soil is addressed 

by an evaluation of the relationship between the site soil lead concentration and the blood lead 

concentration in the developing fetuses of adult women.  The adult lead model will generate a 

spreadsheet for each exposure scenario evaluated (i.e., workers and adult residents).  The spreadsheets 

will calculate a range of 95th percentile fetal blood lead concentrations from central estimates of blood 

lead concentrations in pregnant adult women.  The spreadsheets also calculate 95th percentile blood lead 

concentrations in fetuses born to women exposed to lead in soil. 

 

No models are currently available to evaluate the periodic exposure of adolescent trespassers to lead.  

Therefore, guidance provided in the USEPA’s Assessing Intermittent or Variable Exposures to Lead Sites 

(USEPA, 2003) will be used to evaluate the periodic exposure expected for this receptor.  This guidance 

makes use of such options as time weighting, varying intensity of exposure, and seasonal variability, in 

conjunction with the IEUBK and ALM models, to estimate exposure to lead in soil  

 

 

 

3.0 TOXICITY ASSESSMENT 

The objective of the toxicity assessment is to identify the potential health hazards and adverse effects in 

exposed populations.  Quantitative estimates of the relationship between the magnitude and type of 

exposures and the severity or probability of human health effects will be defined for the identified COPCs.  

Quantitative toxicity values determined during this component of the risk assessment will be integrated 

with outputs of the exposure assessment to characterize the potential for the occurrence of adverse 

health effects for each receptor group. 
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The toxicity value used to evaluate noncarcinogenic health effects is the Reference Dose (RfD).  

Carcinogenic effects are quantified using the Cancer Slope Factor (CSF). 

 

3.1 Toxicity Criteria 

Oral and inhalation RfDs and CSFs to be used in the site-specific risk assessment for Site 12 will be 

obtained from the following primary literature sources (USEPA, December 2003): 

 

• Integrated Risk Information System (IRIS) (Online at http://www.epa.gov/iris/subst/index.html). 

 

• USEPA Provisional Peer Reviewed Toxicity Values (PPRTVs) – The Office of Research and 

Development/National Center for Environmental Assessment (NCEA) Superfund Health Risk 

Technical Support Center develops PPRTVs on a chemical specific basis when requested by the 

USEPA’s Superfund program. 

 

• Annual Health Effects Assessment Summary Tables (HEAST) (USEPA, July 1997) for chronic and 

subchronic toxicity values. 

 

• Other Toxicity Values – These sources include but are not limited to California Environmental 

Protection Agency (Cal EPA) toxicity values, the Agency for Toxic Substances and Disease Registry 

(ATSDR) Minimal Risk Levels (MRLs). 

 

• Illinois EPA Bureau of Land at http://www.epa.state.il.us/land/taco/toxicity-values.xls for subchronic 

toxicity values 

 

• The Risk Assessment Information System (RAIS) http://rais.ornl.gov/tox/toxvals.shtml for 
subchronic toxicity values. 

 

• Although RfDs and CSFs can be found in several toxicological sources, USEPA's IRIS online 

database is the preferred source for toxicity values.  The ORNL Regional Screening Levels for 

Chemical Contaminants at Superfund Sites (ORNL, June 2008) will also be used as sources of 

toxicity criteria.  Guidance provided in RAGS-Part C (USEPA, October 1991) and by Illinois EPA will 

also be used when evaluating subchronic risks for the construction worker.  
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3.2 Toxicity Criteria for Dermal Exposure 

RfDs and CSFs found in literature may be expressed as administered doses; therefore, these values are 

considered to be inappropriate for estimating the risks associated with dermal routes of exposure.  Oral 

dose-response parameters based on administered doses must be adjusted to absorbed doses before the 

comparison to estimated dermal exposure intakes is made.  Because this information is not always 

readily available, oral dose-response parameters will be adjusted to an absorbed dose using chemical-

specific absorption efficiencies published in available guidance (USEPA, July 2004) and the following 

equations: 

 

( )( )GIoraldermal ABSRfD  RfD =  

 

( ) ( )GIoraldermal ABS/CSF  CSF =  

 

 where:  

  ABSGI  =  absorption efficiency in the gastrointestinal tract 

 

Absorption efficiencies used in the risk assessments will reflect the USEPA’s current dermal assessment 

guidance (USEPA, July 2004). 

 

3.3 Toxicity Criteria for Chromium 

Toxicity criteria are available for two different forms of chromium, the trivalent state and the hexavalent 

state, of which the latter is considered to be more toxic.  The screening of chromium will be conducted 

assuming that 100 percent of the reported total chromium is hexavalent.  Should chromium, assumed to 

be hexavalent, prove to be a significant contributor to risk, further investigation regarding the presence 

and valence state of chromium may be necessary.  The uncertainty associated with the assumption that 

all chromium is hexavalent chromium will be discussed in the uncertainty section of the risk assessment. 

 

4.0 RISK CHARACTERIZATION 

Potential risks (noncarcinogenic and carcinogenic) for human receptors resulting from the exposures 

outlined in the exposure assessment are quantitatively determined during the risk characterization 

component of the human health risk assessment.   
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A summary and interpretive discussion of the quantitative risk estimates will be provided in the text of the 

risk assessment.  During the interpretive risk discussion, COPCs that contribute significantly to elevated 

risks will be identified as "risk drivers" or chemicals of concern (COCs).  The numeric estimates of risk will 

be contained in the risk assessment spreadsheets that will be appended to the risk assessment as 

support documentation.   

 

4.1 Quantitative Analysis 

Quantitative estimates of risk will be calculated according to risk assessment methods outlined in USEPA 

guidance (USEPA, December 1989).  Lifetime cancer risks will be expressed in the form of dimensionless 

probabilities, referred to as incremental lifetime cancer risks (ILCRs), based on CSFs.  Noncarcinogenic 

risk estimates will be presented in the form of Hazard Quotients (HQs) that are determined through a 

comparison of intakes with published RfDs. 

 

ILCR estimates are generated for each COPC using estimated exposure intakes and published CSFs, as 

follows: 

 

ILCR = Estimated Exposure Intake x CSF 

 

If the above equation results in an ILCR greater than 0.01, the following equation (USEPA, December 

1989) will be used: 

 

ILCR = 1-(exp-[Estimated Exposure Intake x CSF]) 

 

An ILCR of 1x10-6 indicates that the exposed receptor has a one-in-one-million chance of developing 

cancer under the defined exposure scenario.  Alternatively, such a risk may be interpreted as 

representing one additional case of cancer in an exposed population of one million persons. 

 

As mentioned previously, noncarcinogenic risks will be assessed using the concept of HQs and Hazard 

Indices (HIs).  The HQ for a COPC is the ratio of the estimated intake to the RfD, as follows: 

 

HQ = Estimated Exposure Intake ÷ RfD 

 

An HI will be generated by summing the individual HQs for the COPCs.  The HI is not a mathematical 

prediction of the severity of toxic effects and therefore is not a true "risk"; it is simply a numerical indicator 

of the possibility of the occurrence of noncarcinogenic (threshold) effects. 
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4.2 Comparison of Quantitative Risk Estimates to Benchmarks 

Quantitative risk estimates will be compared to USEPA and Illinois EPA benchmarks to interpret the 

quantitative risks and to aid risk managers in determining the need for remediation at a site.  Calculated 

ILCRs will be interpreted using the USEPA's "target range" (1x10-4 to 1x10-6) and HIs are evaluated using 

a value of 1.0.  The Illinois EPA goal for carcinogenic risks, as specified in TACO, is 1x10-6. 

 

The USEPA has defined the range of 1x10-4 to 1x10-6 as the ILCR target range for most hazardous waste 

facilities addressed under CERCLA and RCRA.  Individual or cumulative ILCRs greater than 1x10-4 are 

typically not considered as protective of human health, and ILCRs less than 1x10-6 are typically regarded 

as protective.   Risk management decisions are necessary when the ILCR is within the 1x10-4 to 1x10-6 

cancer risk range.  Risks greater than 1x10-6 will be discussed in the risk assessment.   

 

An HI exceeding unity (1.0) indicates that there may be potential noncarcinogenic health risks associated 

with exposure.  If an HI exceeded unity, a segregation of target organs effects associated with exposure 

to COPCs is performed.  Only those chemicals that affect the same target organ(s) or exhibit similar 

critical effect(s) are regarded as truly additive.  Consequently, it may be possible for a cumulative HI to 

exceed 1.0, but have no anticipated adverse health effects if the COPCs do not affect the same target 

organ or exhibit the same critical effect.  

 

4.3 Qualitative Analysis 

A qualitative evaluation of risk will be made for several exposure situations. 

 

• The soil inhalation pathway will be initially evaluated by a comparison of maximum site soil 

concentrations to USEPA Generic SSLs for transfers from soil to air and Illinois EPA Tier 1 Soil 

Remediation Objectives for Residential Properties for the inhalation exposure route.  If the maximum 

site concentration exceeds the SSL for a chemical, a quantitative analysis of this exposure pathway 

will be performed. 

 

• The potential for the migration of soil contaminants to groundwater will be assessed by a comparison 

of maximum and average soil concentrations to Illinois EPA and USEPA Generic SSLs for transfers 

from soil to groundwater.  SSLs based on dilution and attenuation factors (DAFs) of 1 and 20, 

respectively, will be used in the evaluation.  The comparisons will be presented in tables and results 

of the analysis will be discussed in the risk assessment.  

 C-24 CTO 0510 



Naval Station Great Lakes  
Site 12 UFP SAP 

Section: Appendix B Site 12 - HHRA 
September 2009 

Revision:  0 
Page:  25 of 26 

 
 

5.0 UNCERTAINTY ANALYSIS 

The goal of the uncertainty analysis is to identify important uncertainties and limitations associated with 

the HHRA.  Uncertainties related to each component of the assessment (i.e., data evaluation, exposure 

assessment, toxicity assessment, and risk characterization) will be presented.  In addition, the effect of a 

particular uncertainty on the outcome of the assessment (i.e., risk estimates) will also be discussed, 

where possible.  The following subsections present an overview of uncertainties that may be addressed in 

the risk assessment uncertainty section.  

 

5.1 Uncertainty in Data Evaluation 

This section may discuss uncertainties in the risk assessment associated with the analytical data and 

data quality.  This may also involve a discussion of uncertainty in the COPC selection process, the 

inclusion or exclusion of COPCs in the risk assessment on the basis of background concentrations, the 

uncertainty in COPC screening levels, and the omission of constituents for which health criteria are not 

available.  The discussion will be based, in part, on the evaluation in the “Data Usability Worksheet” as 

suggested in RAGS Part D (USEPA, December 2001). 

 

5.2 Uncertainty in the Exposure Assessment 

This section will include a discussion of the following: assumptions related to current and future land use; 

the uncertainty in EPCs (e.g., the use of maximum concentrations to estimate risks); uncertainty in the 

selection of potential receptors and exposure scenarios; and uncertainty in the selection of exposure 

parameters (RME vs. CTE).  If predictive models are used in the risk estimation, the uncertainty 

associated with the model and modeling parameters will be evaluated. 

 

5.3 Uncertainty in the Toxicity Assessment 

The uncertainties inherent in RfDs and CSFs and use of available criteria will be discussed.  A discussion 

of the uncertainty in hazard assessment that deals with characterizing the nature and strength of the 

evidence of causation, or the likelihood that a chemical that induces adverse effects in animals will also 

induce adverse effects in humans, will be provided.  This section will also discuss uncertainty in the dose-

response evaluations for the COPCs that relates to the determination of a CSF for the carcinogenic 

assessment and derivation of an RfD or Reference Concentration (RfC) for the noncarcinogenic 

assessment.  In addition, a discussion of the uncertainty in the toxicity of specific constituents, such as 

arsenic and chromium will be presented, if applicable. 
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5.4 Uncertainty in the Risk Characterization 

This section will discuss the uncertainty in risk characterization that results primarily from assumptions 

made regarding additivity/synergism of effects from exposure to multiple COPCs affecting different target 

organs across various exposure routes.  The risk assessment will discuss the uncertainty inherent in 

summing risks for several substances across different exposure pathways.  It should be noted that 

probabilistic risk assessment techniques may also be used to further define the uncertainty attached to 

the risk characterization results.  However, the exposure assumptions (e.g., probability distributions) used 

to prepare the probabilistic risk assessment will be reviewed with the regulatory reviewers before they are 

incorporated into the uncertainty section of the risk assessment. 



TABLE 1

OCCURRENCE, DISTRIBUTION AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN
SITE 12 - HARBOR DREDGE SPOIL AREA

NAVAL STATION GREAT LAKES
GREAT LAKES, ILLINOIS

Scenario Timeframe:

Medium:

Exposure Medium:
Exposure Point:

CAS
Number Chemical

Minimum 
Concentration

(1)

Minimum
Qualifier

Maximum
Concentration

 (1)

Maximum
Qualifier Units

Location
of Maximum

Concentration

Detection
Frequency

Range of
Detection

Limits

Concentration
Used for 

Screening

Background
Value (2)

Screening
Toxicity 
Value (3)

Potential
ARAR/TBC

Value

Potential
ARAR/TBC

Source

COPC
Flag 

Rationale for
Contaminant
Deletion or 
Selection

(4)

1  Minimum/maximum detected concentration.                                                                                                                                                                                           Definitions: N/A = Not Applicable 

2  N/A - Refer to supporting information for background discussion.                                                                                                                                                                                SQL =  Sample Quantitation Limit

    Background values derived from statistical analysis.  Follow Regional guidance and provide supporting information.                                                                                               COPC = Chemical of Potential Concern

3  Provide reference for screening toxicity value.                                                                                                                                                                                                              ARAC/TBC = Applicable or Relevant and Appropriate Requirement/To Be Considered

4  Rationale Codes  Selection Reason: Infrequent Detection but Associated Historically (HIST).                                                                                                                     MCL = Federal Maximum Contaminant Level

Frequent Detection (FD)                                                                                                                                                                      SMCL = Secondary Maximum Contaminant Level

Toxicity Information Available (TX0) J = Estimated Value

Above Screening Levels (ASL)                                                                                                                                                            C = Carcinogenic

                Deletion Reason: Infrequent Detection (IFD)                                                                                                                                  N =  Non-Carcinogenic

Background Levels (BKG)

No Toxicity Information (NTX)

Essential Nutrient (NUT)

Below Screening Level (BSL)



TABLE 2 
 

HUMAN HEALTH RISK ASSESSMENT 
EXPOSURE ROUTES FOR POSSIBLE QUANTITATIVE EVALUATION 

SITE 12  –  HARBOR DREDGE SPOIL AREA 
NAVAL STATION GREAT LAKES 

GREAT LAKES, ILLINOIS 
 

 
Receptors Exposure Routes* 

Construction Workers 
(future land use) 

• Surface and Subsurface Soil - Dermal Contact 
• Surface and Subsurface Soil - Incidental Ingestion 
• Surface and Subsurface Soil  - Inhalation of Vapor 

and Dust 
Occupational Workers 
(future land use) 

• Surface and Subsurface Soil - Dermal Contact 
• Surface and Subsurface Soil - Incidental Ingestion 
• Subsurface Soil – Inhalation of Vapors 
•            Surface Soil – Inhalation of Dusts 

Recreational User/ Trespasser 
(Adult/Children)  

• Surface Soil - Dermal Contact 
• Surface Soil - Incidental Ingestion 
• Subsurface Soil – Inhalation of Vapors 
•            Surface Soil – Inhalation of Dusts 

Future Residents 
(Adult/Children)  

• Surface and Subsurface Soil - Dermal Contact 
• Surface and Subsurface Soil - Incidental Ingestion 
• Subsurface Soil – Inhalation of Vapors 
•          Surface Soil – Inhalation of Dusts 

*Complete pathways dependent on exceedances of COPCs to screening criteria. 

  



TABLE 3

SUMMARY OF EXPOSURE INPUT PARAMETERS, REASONABLE MAXIMUM EXPOSURES
SITE 12  -  HARBOR DREDGE SPOIL AREA

NAVAL STATION GREAT LAKES
GREAT LAKES, ILLINOIS

PAGE 1 OF 2

Exposure 
Parameter Construction Worker Occupational Worker

Adolescent 
Recreational 

User/Trespasser

Adult Recreational 
User/Trespasser

On-Site Child 
Resident

On-Site Adult 
Resident

All Exposures

Csoil/Csed (mg/kg) Maximum or          
95% UCL(1)

Maximum or          
95% UCL(1)

Maximum or          
95% UCL(1)

Maximum or          
95% UCL(1)

Maximum or          
95% UCL(1)

Maximum or          
95% UCL(1)

Cgw (µg/L) Average Average NA NA Average Average

Csw (µg/L) Maximum or          
95% UCL(1)

Maximum or          
95% UCL(1)

Maximum or          
95% UCL(1)

Maximum or          
95% UCL(1)

Maximum or          
95% UCL(1)

Maximum or          
95% UCL(1)

ED (years) 1(2) 25(3) 10(4) 24(5) 6(5) 24(5)

BW (kg) 70(5) 70(5) 42(6) 70(5) 15(5) 70(5)

ATn (days) 42(7) 9,125(8) 3,650(8) 8,760(8) 2,190(8) 8,760(8)

ATc (days) 25,550(8) 25,550(8) 25,550(8) 25,550(8) 25,550(8) 25,550(8)

Incidental Ingestion/Dermal Contact with Soil
IR (mg/day) 330(9) 100(5) 100(5) 100(5) 200(5) 100(5)

EF-Soil (days/year) 30(10) 250(5) 26(4) 26(4) 350(5) 350(5)

FI (unitless) 1(5) 1(5) 1(5) 1(5) 1(5) 1(5)

SA (cm2/day) 3,300(11) 3,300(11) 3,280(7) 3,300(11) 2,800(11) 5,700(11)

AF (mg/cm2) 0.3(11) 0.2(11) 0.2(11) 0.2(11) 0.2(11) 0.07(11)

ABS (unitless) chemical-specific(11) chemical-specific(11) chemical-specific(11) chemical-specific(11) chemical-specific(11) chemical-specific(11)

CF (kg/mg) 1E-06 1E-06 1E-06 1E-06 1E-06 1E-06
Inhalation Fugitive Dust/Volatile Emissions from Soil
Cair (mg/m3) calculated(9) calculated(9) calculated(10) calculated(9) calculated(9) calculated(9)

air ( g )
InhR (m3/hour) 2.5(6) 2.5(10) 1.9(7) 2.5(10) 10 m3/day(6) 20 m3/day(9)

ET (hours/day) 8(12) 8(10) 2(4) 2(4) 24(6) 24(9)

EF-Soil (days/year) 30(10) 250(5) 26(4) 26(4) 350(5) 350(5)

PEF (m3/kg) 1.27E+06(13) 1.36E+9(10) 1.36E+9(10) 1.36E+9(10) 1.36E+09(9) 1.36E+09(9)

Notes:
A Skin surface area available for contact EF          Exposure frequency
ABS       Absorption factor ET          Exposure time
AF          Soil-to-skin adherence factor EV          Event frequency
ATc         Averaging time for carcinogenic effects FI            Fraction ingested from contaminated source
ATn         Averaging time for non-carcinogenic effects InhR        Inhalation rate



TABLE 3

SUMMARY OF EXPOSURE INPUT PARAMETERS, REASONABLE MAXIMUM EXPOSURES
SITE 12  -  HARBOR DREDGE SPOIL AREA

NAVAL STATION GREAT LAKES
GREAT LAKES, ILLINOIS

PAGE 2 OF 2

B            Bunge Model partitioning coefficient IR            Ingestion rate (soil or groundwater)
BW         Body weight Kp           Permeability coefficient from water through skin
CF          Conversion factor SA          Skin surface area available for contact
IR          Ingestion rate PEF        Particulate emission factor
Csoil/sed      Exposure concentration for soil/sediment τ             Lag time
Cgw/sw        Exposure concentration for groundwater/surface water t*            Time it takes to reach steady-state conditions
Cair             Exposure concentration for air tevent       Duration of event
ED          Exposure duration

1 - U.S. EPA, 2002. Calculating Upper Confidence Limits for Exposure Point Concentrations at Hazardous Waste Sites. OSWER 9285.6-10.
2 - Professional judgment.
3 - U.S. EPA, 1991: Human Health Evaluation Manual, Supplemental Guidance: Standard Default Exposure Factors. OSWER Directive 9285.6-03.
4 - Adolescents ages 7 to 16 years old.
5 - U.S. EPA, 1993: Superfund's Standard Default Exposure Factors for the Central Tendency and Reasonable Maximum Exposure.
6 - U.S. EPA, 1997: Exposure Factors Handbook. EPA/600/8-95/002FA.
7 - IEPA, Janaury 2003.
8 - U.S. EPA, 1989: Risk Assessment Guidance for Superfund. Vol 1: Human Health Evaluation Manual, Part A.
9 - U.S. EPA, 2002: Supplemental Guidance for Developing Soil Screening Levels for Superfund Sites. OSWER 9365.4-24.
10 - IEPA, April 2004.
11 - U.S. EPA, 2004: Risk Assessment Guidance for Superfund (Part E, Supplemental Guidance for Dermal Risk Assessment) Final. PA/540/R/99/005.
12 - Assume an 8-hour work shift.
13 - The PEF for construction workers is calculated using the equations presented in the Supplemental Guidance For Developing Soil Screening Levels For Superfund Sites
Note: The exposure factors for future civilian and military residents are the same, except for exposure duration (ED) for adult military residents.
         Exposure duration for adult military residents is assumed to be the typical enlistment times of 6 years, for the RME and CTE.



TABLE 4

SUMMARY OF EXPOSURE INPUT PARAMETERS, CENTRAL TENDENCY EXPOSURES
SITE 12  - HARBOR DREDGE SPOIL AREA

NAVAL STATION GREAT LAKES
GREAT LAKES, ILLINOIS

PAGE 1 OF 2

Exposure 
Parameter Construction Worker Occupational Worker

Adolescent 
Recceational 

User/Trespasser

Adult Recreational 
User/Trespasser

On-Site Child 
Resident

On-Site Adult 
Resident

All Exposures

Csoil/Csed (mg/kg) Maximum or          
95% UCL(1)

Maximum or          
95% UCL(1)

Maximum or          
95% UCL(1)

Maximum or          
95% UCL(1)

Maximum or          
95% UCL(1)

Maximum or          
95% UCL(1)

Cgw (µg/L) Average Average NA NA Average Average

Csw (µg/L) Maximum or          
95% UCL(1)

Maximum or          
95% UCL(1)

Maximum or          
95% UCL(1)

Maximum or          
95% UCL(1)

Maximum or          
95% UCL(1)

Maximum or          
95% UCL(1)

ED (years) 1(2) 9(3) 10(4) 7(3) 2(3) 7(3)

BW (kg) 70(3) 70(3) 42(5) 70(3) 15(3) 70(3)

ATn (days) 42(6) 3,285(7) 3,650(7) 2,555(7) 730(7) 2,555(7)

ATc (days) 25,550(7) 25,550(7) 25,550(7) 25,550(7) 25,550(7) 25,550(7)

Incidental Ingestion/Dermal Contact with Soil
IR (mg/day) 165(8) 50(9) 50(9) 50(9) 100(8) 50(8)

EF-Soil (days/year) 30(9) 219(3) 13(4) 13(4) 234(3) 234(3)

FI (unitless) 1(3) 1(3) 1(3) 1(3) 1(3) 1(3)

SA (cm2/day) 3,300(10) 3,300(10) 3,100(6) 3,300(10) 2,800(10) 5,700(10)

AF (mg/cm2) 0.1(10) 0.02(10) 0.04(10) 0.02(10) 0.04(10) 0.01(10)

ABS (unitless) chemical-specific(10) chemical-specific(10) chemical-specific(10) chemical-specific(10) chemical-specific(10) chemical-specific(10)

CF (kg/mg) 1E-06 1E-06 1E-06 1E-06 1E-06 1E-06
Inhalation Fugitive Dust/Volatile Emissions from Soil
Cair (mg/m3) calculated(11) calculated(11) calculated(11) calculated(11) calculated(11) calculated(11)

air ( g )
InhR (m3/hour) 2.5(5) 1.5(6) 1.2(6) 1.5(6) 10 m3/day(5) 20 m3/day(11)

ET (hours/day) 4(8) 4(9) 1(9) 1(9) 24(5) 24(11)

EF-Soil (days/year) 30(9) 219(3) 13(4) 13(4) 234(3) 234(3)

PEF (m3/kg) 1.27E+06(12) 1.36E+09(11) 1.36E+9(11) 1.36E+9(11) 1.36E+09(11) 1.36E+09(11)

Notes:
A Skin surface area available for contact EF          Exposure frequency
ABS       Absorption factor ET          Exposure time
AF          Soil-to-skin adherence factor EV          Event frequency
ATc         Averaging time for carcinogenic effects FI            Fraction ingested from contaminated source
ATn         Averaging time for non-carcinogenic effects InhR        Inhalation rate



TABLE 4

SUMMARY OF EXPOSURE INPUT PARAMETERS, CENTRAL TENDENCY EXPOSURES
SITE 12  - HARBOR DREDGE SPOIL AREA

NAVAL STATION GREAT LAKES
GREAT LAKES, ILLINOIS

PAGE 2 OF 2

B            Bunge Model partitioning coefficient IR            Ingestion rate (soil or groundwater)
BW         Body weight Kp           Permeability coefficient from water through skin
CF          Conversion factor SA          Skin surface area available for contact
IR          Ingestion rate PEF        Particulate emission factor
Csoil/sed      Exposure concentration for soil/sediment τ             Lag time
Cgw/sw        Exposure concentration for groundwater/surface water t*            Time it takes to reach steady-state conditions
Cair             Exposure concentration for air tevent       Duration of event
ED          Exposure duration

1 - U.S. EPA, 2002. Calculating Upper Confidence Limits for Exposure Point Concentrations at Hazardous Waste Sites. OSWER 9285.6-10.
2 - Professional judgment.
3 - U.S. EPA, 1993: Superfund's Standard Default Exposure Factors for the Central Tendency and Reasonable Maximum Exposure.
4 - Adolescents ages 7 to 16 years old.
5 - U.S. EPA, 1997: Exposure Factors Handbook. EPA/600/8-95/002FA.
6 - IEPA, Janaury 2003.
7 - U.S. EPA, 1989: Risk Assessment Guidance for Superfund. Vol 1: Human Health Evaluation Manual, Part A.
8 - Central tendency exposure is assumed to be one-half the reasonable maximum exposure value.
9 - IEPA, April 2004.
10 - U.S. EPA, 2004: Risk Assessment Guidance for Superfund (Part E, Supplemental Guidance for Dermal Risk Assessment) Final. PA/540/R/99/005.
11 - U.S. EPA, 2002: Supplemental Guidance for Developing Soil Screening Levels for Superfund Sites. OSWER 9365.4-24.
12 - The PEF for construction workers is calculated using the equations presented in the Supplemental Guidance For Developing Soil Screening Levels For Superfund Site
Note: The exposure factors for future civilian and military residents are the same, except for exposure duration (ED) for adult military residents.
         Exposure duration for adult military residents is assumed to be the typical enlistment times of 6 years, for the RME and CTE.



FIGURE 6-1

HUMAN HEALTH CONCEPTUAL SITE MODEL
SITE 12 - HARBOR DREDGE SPOIL AREA
NAVAL STATION GREAT LAKES, ILLINOIS
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Blank space indicates incomplete exposure pathway or relatively insignificant or not applicable potential exposure.
A complete exposure pathway requires a source, a route of contaminant transport, and an exposure or contact point for a human receptor.  If one of these is lacking, the exposure pathway is 
considered incomplete and is not quantitatively in the risk assessment under current land use. However, the situation at the site might change in the future (e.g., residential dwellings could be 
built), and the exposure pathway for future residents would be complete and would then be evaluated in the risk assessment under future land use.



APPENDIX D 
 

LABORATORY STANDARD OPERATING PROCEDURES 
  



• 

• 

• 

SOP NUMBER: 

REVISION 
NUMBER: 

APPROVED BY: 

EMPIRICAL LABORATORIES, LLC 

METALS DIGESTION/PREPARATION 

METHODS 

USEPASW846 

3005A,3010A,3030C,3031,3050B 

SOP-lOO 
Revision: 19 
Date: 7/25/06 
Page 1 0[25 

USEP A CLPILM 04.1 Aqueous & Soil/Sediment (NJDEP does 

not accept CLPILM 04.1 after June, 2003) 

Addendum for USEP A CLPILM 05.2 Aqueous & Soil/Sediment 

USEP A Methods for Chemical Analysis of Water and Wastes 

200.7, Standard Methods 3030C 

SOP-I00 

19 

SECTION MANAGER 
~ 

Idl~IfJ'lJ:~l 
. LITY ASSURANCE OFFICER 

07125/06 
EFFECTIVE DATE 

04120/09 
DATE OF LAST REVIEW 

LV;,\LAB\QAQC\SOP\sOP·lOO Rev 19.doc 



 EMPIRICAL LABORATORIES, LLC             SOP-100 
             Revision: 19 
             Date:  7/25/06 
             Page 2 of 25 

\\BCNSH02\KLAB\SOP'S\SOP-100 Rev 19.doc 

 
 

METALS DIGESTION/PREPARATION 
 

References: 
Methods 3005A/USEPA CLPILM0 4.1 Aqueous, 3010A, 3030C, 3031, 3050B 
USEPA CLPILM0 4.1 (Soil/Sediment), 200.7, Standard Methods 3030C 

See Addendum for USEPA CLPILM 05.2 (Aqueous & Soil/Sediment) 
 
 

I. SCOPE AND APPLICATION 
 

A. AQUEOUS 
 

1. Method 3005A and USEPA CLP ILM0 4.1, "Acid Digestion of Waters for 
Total Recoverable or Dissolved Metals for Analysis by ICP 
Spectroscopy". 

 
a. This method is used to prepare surface water, ground water, drinking 

water and wastewater samples for analysis by inductively coupled 
argon plasma spectroscopy (ICP). 

 
2. Method 200.7, "Determination of Metals and Trace Metals in Water and 

Wastes by Inductively Coupled Plasma-Atomic Emission Spectrometry" 
 
a. This method is used to prepare surface water, ground water, drinking 

water and wastewater samples for analysis by inductively coupled 
argon plasma spectroscopy (ICP). 

 
3. Method 3010A, "Acid Digestion of Aqueous Samples and Extracts for 

Total Metals for Analysis by ICP Spectroscopy". 
 

a. This method is used to prepare aqueous samples, EP and mobility-
procedure extracts, and wastes that contain suspended solids for 
analysis by ICP.  The procedure is used to determine total metals.   

 
4. Method 3030C (Standard methods), "Preliminary Treatment for Acid-

Extractable Metals". 
 

a. This method is used to prepare ground water samples from North 
Carolina for analysis by ICP. 
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B. SOLIDS 
 
1. Method 3050B, "Acid Digestion of Sediments, Sludges and Soils". 

 
a. This method is used to prepare sediments, sludges and soil samples for 

analysis by ICP.  Since certain matrices may result in poor recovery, 
the method of standard additions may be used when analyzed. 

 
b. It should be noted that some metals could be biased high with the soil 

digestion when dilution is necessary.  Take necessary measures to 
ensure that dilutions are made as accurately as possible. 

 
  

2. USEPA CLP ILM0 4.1, “Acid Digestion of Soil/Sediment” 
 

a. This method is used to prepare sediments and soil samples for analysis 
by ICP.  Since certain matrices may result in poor recovery, the 
method of standard additions may be used when analyzed. 

 
C. OILS 

 
1. Method 3031, "Digestion Procedure for Oils". 

 
a. This method is used to prepare samples containing oils, greases or 

waxes for analysis by inductively coupled argon plasma emission 
spectroscopy (ICP). 

 
D. NOTES: 

 
1. "Total Metals" includes all metals, inorganically and organically bound 

and both dissolved and particulate. 
 
2. "Dissolved metals" includes all metals present in a sample after filtration 

through a 0.45 micron filter followed by digestion. 
 
II. SUMMARY OF METHODS 
 

A. A representative sample of water, soil or oil is put into an acid medium and 
exposed to heat for a certain amount of time.  This allows for reduction of 
interferences by organic matter and converts metals bound to particulates to 
form the free metal that can be determined by ICP-Atomic Emission 
Spectrometry.  

NOTE:  When a reporting limit is required for a project lower then is customary, 
a four times concentration must be used in order to reach that lower level.  Care 
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must be taken to matrix match this concentrated aliquot.  A blank and laboratory 
control sample (at a reduced concentration) are required with this concentration.  
A matrix spike ( not at reduced concentration) and duplicate or matrix spike and 
matrix spike duplicate is needed per 20 samples or per batch.  

 
 
 
 
III. SAMPLE HANDLING AND PRESERVATION 
 

A. AQUEOUS 
 

1. Samples are taken in high density polyethylene, one liter bottles.  Samples 
should be preserved with concentrated HNO3 to a pH <2 immediately 
once sampled.  If dissolved metals are to be analyzed the sample should be 
filtered before the HNO3 is added.  The samples should be maintained at 
4°C until analysis.  The holding time for metals samples is 180 days or 
approximately 6 months. 

 
B. SOLIDS 
 

1. Samples are taken in high density polyethylene(CLP only) or glass bottles.  
The samples should be maintained at 4°C until analysis.  The holding time 
for metals samples is 180 days or approximately 6 months. 

 
C. OILS 

 
1. Samples are taken in high density polyethylene bottles.  The samples 

should be maintained at 4°C until analysis.  The holding time for metals 
samples is 180 days or approximately 6 months. 

 
IV. INTERFERENCES 
 

A. AQUEOUS 
 
1. Method 3005A and USEPA CLPILM0 4.1, "Acid Digestion of Waters for 

Total Recoverable or Dissolved Metals for Analysis by ICP 
Spectroscopy", SW846, July, 1992. 

 
a. This digestion procedure may not be sufficiently vigorous to destroy 

some metal complexes. 
 

2. Method 200.7 
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3. Method 3010A 
 

a. See method 6010B. 
 
 

 
B. SOLIDS 
 

1. Method 3050B 
 

a. Sludge samples can contain diverse matrix types, each of which may 
present its own analytical challenge.  Spiked samples and any relevant 
standard reference material should be processed to aid in determining 
whether this method is applicable to a given waste. 

 
2. USEPA CLP ILM0 4.1 

 
a. Sludge samples can contain diverse matrix types, each of which may 

present its own analytical challenge.  Spiked samples and any relevant 
standard reference material should be processed to aid in determining 
whether this method is applicable to a given waste. 

 
C. OILS 
 

1. Method 3031 
 

a. These digestates can have very high dissolved solids, which may 
necessitate the use of internal standards, dilutions, or the method of 
standard addition. 

 
V. SAFETY 
 

A. Normal accepted laboratory safety practices should be followed while 
performing this analysis. 

 
B. Be certain the exhaust hood is functioning before you begin the digestion 

procedure. 
 
C. Hot acids can be extremely corrosive.  Avoid inhalation or contact with skin. 

 
VI. EQUIPMENT/APPARATUS 
 

A. Fume hood,  Labconco or equivalent. 
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B. Hot plate, Thermolyne cimarec-3 or equivalent source for use at 95°C.  The 
temperature of the hot plate must be monitored via the use of a temperature 
blank. 

 
C. Thermometer capable of reading 80 to 120 degrees C – ERTCO cat# 611-3-

SC or  equivalent. 
 

D. Vacuum pump for filtering dissolved metals- Gast or equivalent. 
 
E. Analytical balance capable of weighing to 0.01 gram.  Mettler model BB300 

or equivalent. 
 
F. Beckman CS-6R centrifuge. 

 
G. Various class A volumetric glassware and ribbed watchglasses,  Pyrex or 

equivalent. 
 

H. Whatman No. 41 filter paper or equivalent. 
 

I. Whatman No. 42 filter paper or equivalent. 
 

J. Whatman 0.45 micron filter paper or equivalent. 
 

K. 250 mL beaker or other appropriate vessel such as polypropylene block 
digester tubes, watch glasses and caps.  

 
L. Stirring device, e.g. magnetic stirrer, glass rod or equivalent. 

 
M. Manual Sample Mill 

 
N. Wiley Sample Mill 

 
O. Clippers for cutting vegetation 

 
NOTE:   All  glassware should be acid washed. 
 

 
VII. REAGENTS AND STANDARD PREPARATION 
 
 

A. REAGENTS 
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1. Metals grade Nitric acid (HNO3). Reagent should be analyzed to 
determine level of impurities.  If method blank is <MDL, then the reagent 
can be used. 

 
2. Metals grade Hydrochloric acid (HCl). Reagent should be analyzed to 

determine level of impurities.  If method blank is <MDL, then the reagent 
can be used. 

 
3. 30% hydrogen peroxide reagent, ACS Grade.  Reagent  should be 

analyzed to determine level of impurities.  If method blank is <MDL, then 
the reagent can be used. 

 
4. Metals grade Sulfuric acid (H2SO4).  Reagent  should be analyzed to 

determine level of impurities.  If method blank is <MDL, then the reagent 
can be used. 

 
5. Reagent water (Deionized water). 
 
6. Potassium Permanganate - Ultra pure grade.  Reagent  should be analyzed 

to determine level of impurities.  If method blank is <MDL, then the 
reagent can be used. 

 
7. Ammonium hydroxide, concentrated, reagent grade.  Reagent should be 

analyzed to determine level of impurities.  If method blank is <MDL, then 
the reagent can be used. 

 
8. Ammonium phosphate, reagent grade- Reagent should be analyzed to 

determine level of impurities.  If method blank is <MDL, then the reagent 
can be used. 

 
9. Base oil, analyte-free.  Oil should be analyzed to determine level of 

impurities.  If method blank is < MDL, then the reagent can be used. 
 
B. STANDARDS 
 

1. Traceability 
 
a. A bound logbook record shall be maintained on all reference materials.  

The record shall include date of receipt, source, purity, all 
compositional information, storage conditions and expiration date.  
These materials/solutions are to be identified by a unique number in 
the logbook as well as on the container's label. 
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b. All working standards made from reference materials shall be labeled 
with a unique ID number with complete information on preparation 
date, concentration of each compound, solvent, preparer's name, 
expiration date and the logbook where information is recorded.  
Reagents shall be labeled with date received and expiration date, if 
applicable.  All of the information described above shall also be 
recorded in a bound logbook.  Measurements made during standards 
preparation (e.g., from weighing operations, volume diluted to, etc.)  
shall also be recorded.  There should be no container with sample, 
sample extract, standard solution, etc. that is not correctly labeled and 
properly stored. 
 

c. The analyst must initial and date each entry made in a logbook.  Each 
analyst must be sure to "Z" out the unused area of each logbook page. 

 
2. PREPARATION 

 
A. Laboratory control sample 
 

1. Aqueous 
 
a. This solution is prepared as follows:  50 mL concentrated HCl, 

20 mL concentrated HNO3, 1 mL of CLP-CAL-1, Solution A, 1 
mL of CLP-CAL-1 Solution B, 0.25 mL of CLP-CAL-2, and 0.25 
mL of CLP-CAL-3 diluted to 1 L in a volumetric flask.  Use 50 
mL (100 mL for strict CLPIlM0 4.1) for digestion.  This solution is 
given a unique identifier and recorded in sample digestion 
logbook. 

 
b. For four times concentrated samples: The solution is prepared as 

follows:  50 mL concentrated HCl, 20 mL concentrated HNO3, 
1mL CLPP-SPK-4 (Inorganic Ventures) (This solution contains 10 
mg/L Selenium, 100 mg/L Antimony, 50 mg/L Cadmium and 
Thallium, 40 mg/L Arsenic and 20 mg/L Lead) to 1 L in a 
volumetric flask.  This solution is given a unique identifier.  Use 
12.5 mLs to 50 mLs and prepare two aliquots.  Heat at 90 to 95°C 
to reduce the volume in each vessel to ten mLs and then combine 
each 10 mL aliquot into one vessel and take to a final volume of  
25 mLs.  Take care to matrix match acids so that the final 25 mL 
portion will contain 2% HNO3 and 5% HCl. Use 0.125 mLs HNO3  
and 0.3125 mLs HCl to each 50 mL vessel. 
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2. Solids 
 

a. A 1.0 ±0.02 gram aliquot of teflon chips is weighed and spiked 
using the same spiking solution used for matrix spikes. This sample is 
given a unique identifier according to the Lot# for the teflon chips 
used and when digested is given the descriptor. i.e. LCSS(date)A and 
then B etc. plus the unique identifier number assigned. Alternatively a 
solid matrix standard reference material is obtained from the 
manufacturer.  This sample is given a unique identifier and recorded in 
the sample digestion logbook. 

  
3. Oils 
 
a. An analyte free oil MUST be used or explosive reactions can 
occur.  An analyte free oil (wesson oil which has been analyzed 
previously to prove that it is < MDL.) is spiked using the same spiking 
solution used for matrix spikes.  This sample is given a unique 
identifier. i.e. LCSO(date)A and then B etc. 

 
B. Spiking solution 

 
1. Sample is spiked using 0.1 mL of CLP-CAL-1, Solution A, 0.1 mL 

of CLP-CAL-1 Solution B, 0.025 mL of CLP-CAL-2 and 0.025 
mL of CLP-CAL-3 for a final volume of 100 mL.  If only 50 mL is 
used, decrease amount used appropriately.  These solutions are 
given unique identifiers. Record the amount spiked and the unique 
identifier of the standard. 

 
2. CLP sample is spiked using 0.1 mL CLPP-SPK-1 and 0.1 mL 

CLPP-SPK-4 for a final volume of 100 mL. If only 50 mL is used, 
decrease amount used appropriately. These solutions are given 
unique identifiers. 

 
3. For samples that require four times concentration, the sample is 

spiked using 0.0125 mLs of CLPP-SPK-4 to each of two vessels 
with 50 mLs of sample in each.  The volume of each of the vessels 
is lowered to less then 10 mLs and  combined and the final volume 
of this concentrated sample is 25mLs.    

 
VIII. CALIBRATION 
 

A. The temperature of the samples must be maintained at 95°C and monitored 
via a temperature blank.  85° for oil samples.  Record in digestion logbook. 
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IX. PROCEDURE 

 
A. Glassware preparation for oil digestion or when the hot-block can not be used: 

 
1. Wash glassware with hot soapy water and rinse thoroughly.  (Beakers 

must be washed as soon as possible after being used, dirty beakers must 
not be allowed to sit overnight.) 

 
2. Rinse glassware with reagent water that contains 5% HNO3 and 5% HCl 

followed by a rinse with reagent water. 
 
3. Prior to use, all glassware must be confirmed clean via a glassware check.  

Otherwise, repeat step "2" until the glassware check passes. 
 
 
B. Aqueous sample filtration (for dissolved metals): 

 
1. Thoroughly clean a flask and funnel with hot soapy water.  Next, rinse the 

flask and funnel with 1:5 HNO3 followed by a thorough D.I. water 
rinsing.  This step is very important because the filters contain some 
metals (namely Zn) which could contaminate the samples. 

 
2. Rinse a 0.45 micron filter with 1:5 HNO3 thoroughly, followed by D.I. 

water. 
 

3. Filter the unpreserved sample.  If dissolved Hg analysis is requested for 
the sample, filter at least 200 mL. 

 
4. Discard the first 50 to 100 mL. 
 
5. A preparation blank must be taken through the filtration step and analyzed 

with the sample. 
 

6. Preserve the sample with HNO3 to pH<2. 
 
7. Soluble samples that are clean and clear do not have to be digested.  Use 

100 mL sample, add 5 mL of concentrated HCl and 2 mL of concentrated 
HNO3.  Samples must be digested unless approval for analysis without 
digestion is received from the project manager. 

 
C. Aqueous sample preparation 
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1. Method 3005A and USEPA CLP ILM0 4.1, "Acid digestion procedure 
for total recoverable or dissolved metals for analysis by ICP ".  

 
a. Shake sample thoroughly and pour 50 mL of the well-mixed sample 

into a digestion vessel.  For samples which require concentration pour 
50 mLs of the well-mixed sample into two digestion vessels. 

 
b. Add 0.50 mL ( 1 mL of (1+1) when strict CLP ILM0 4.1 is required) 

concentrated HNO3 to the sample. For samples which require 
concentration, add 0.125 mL (0.25 mL of (1+1) when strict CLP ILM0 
4.1 is required) concentrated HNO3 to the sample. 

 
c. Add 2.5 mL ( 5 mL of 1+1) when strict CLP ILM0 4.1 is required) 

concentrated HCl to the sample.  For samples which require 
concentration, add 0.3125 mL (0.625 mL of (1+1) when strict CLP 
ILM0 4.1 is required) concentrated HCl to the sample. 

 
d. Cover the sample with a ribbed watch glass or equivalent source. 
 
e. Transfer the digestion vessel to a pre-heated hot plate or hot block  at 

90 to 95°C.  A temperature blank will assure correct temperature.  The 
temperature must be recorded in the digestion log book.  Take the 
volume down to between 5 to 10 mL, ( 12 to 25 mLs when strict CLP 
ILM0 4.1 is required) making certain that the sample does not boil.  
This is extremely important.  Boiling may lead to vaporization of 
certain analytes. Remove the sample from the hot plate and cool 

 
f. When necessary, filter or centrifuge the sample to remove insoluble 

material that could clog the nebulizer.  The filtering apparatus must be 
thoroughly cleaned with dilute nitric acid prior to filtration. 

 
g. Bring sample to its predigestion volume ( or when samples require 

concentration, to a volume four times lower then what was started 
with) with DI water in the digestion vessel.  The final volume must be 
recorded in the digestion log book. 

 
h. The sample is now ready for analysis. 
 
i. The digestion log must contain the date, analyst, sample number, 

client, sample mass/volume, final volume of digestate, lot # of acids 
used and the preparation and ID of standards plus identification #'s for 
standards used for spiking and the volume spiked into the sample. 

 
2 Method 200.7, "Acid digestion procedure for total recoverable metals".  
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a. Shake sample thoroughly and pour 50 mL of the well-mixed sample 

into the digestion vessel.  If sample contains undissolved solids >1% 
refer to Section 11.3 of Method 200.7 for subsequent procedures. 

 
b. Add 1.0 mL concentrated HNO3 to the sample. 
 
c. Add 2.50 mL concentrated HCl to the sample. 
 
d. Cover the sample with a ribbed watch glass or equivalent source. 
 
e. Transfer the digestion vessel to a pre-heated hot plate or equivalent 

source at 85°C.  Take the volume down to between 10 to 15 mL, 
making certain that the sample does not boil.  This is extremely 
important.  Boiling may lead to vaporization of certain analytes.  

 
f. Leave sample on hot plate and gently reflux for 30 minutes.  Remove 

from hot plate and cool. 
 

g. Bring sample to its predigestion volume with DI water in the digestion 
vessel. 

 
h. When necessary, filter or centrifuge the sample to remove insoluble 

material that could clog the nebulizer.  The filtering apparatus must be 
thoroughly cleaned with dilute nitric acid prior to filtration.  

 
i. The sample is now ready for analysis. 
 
j. The digestion log must contain the date, analyst, sample number, 

client, sample mass/volume, final volume of digestate, lot # of acids 
used and the preparation and ID of standards. 

 
3. Method 3010A, "Acid Digestion of Aqueous Samples and Extracts for 

Total Metals for Analysis by ICP Spectroscopy".   
 

a. Shake sample thoroughly and pour 50 mL of the well-mixed sample 
into the digestion vessel. 

 
b. Add 1.5 mL concentrated HNO3 to the sample. 
 
c. Cover the sample with a ribbed watch glass. 
 
d. Transfer the digestion vessel to a pre-heated hot plate or hot block at 

90 to 95°C.  A temperature blank must be used, with the temperature 



 EMPIRICAL LABORATORIES, LLC             SOP-100 
             Revision: 19 
             Date:  7/25/06 
             Page 13 of 25 

\\BCNSH02\KLAB\SOP'S\SOP-100 Rev 19.doc 

being recorded in the log book.  Take the volume down to a low 
volume (~5 mL), making certain that the sample does not boil.  
This is extremely important.  Boiling may lead to vaporization of 
certain analytes.  Also make certain that no portion of the bottom 
of the digestion vessel is allowed to go dry.  This may lead to low 
recoveries.  Remove the sample from the hot plate and cool. 

 
e. Add another 1.5 mL portion of concentrated HNO3 to the sample. 
 
f. Cover the sample with a ribbed watch glass. 
 
g. Transfer the vessel to the hotblock or equivalent source.  Increase the 

temperature so a gentle reflux occurs.  Continue heating, adding 
additional acid as necessary, until the digestion is complete (generally 
indicated when the digestate is light in color or does not change in 
appearance with continued refluxing). 

 
h. Uncover the vessel and evaporate to a low volume (~3 mL) making 

certain that no portion of the bottom of the digestion vessel is 
allowed to go dry.  Remove and cool. 

 
i. Add 2.5 ml of 1:1 HCl (10 mL/100 mL of final solution). 
 
j. Cover the digestion vessel and reflux for an additional 15 minutes. 
 
k. Bring sample to its predigestion volume in digestion vessel. 
 
l. When necessary, filter or centrifuge the sample to remove insoluble 

material that could clog the nebulizer.  The filtering apparatus must be 
thoroughly cleaned with dilute nitric acid prior to filtration.  

 
Note: When preparing USACE project samples, if any sample in a 

digestion batch requires filtration, all samples (including QC 
samples) must be treated in the same manner. 

 
m. The sample is now ready for analysis. 
 
n. The digestion log must contain the date, analyst, sample number, 

client, sample mass/volume, final volume of digestate, lot # of acids 
used and the preparation and ID of standards. 

 
4 Method 3030C (Standard Methods), "Preliminary treatment for Acid-

Extractable Metals" 
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a. Shake sample thoroughly and pour 50 mL of the well-mixed sample 
into a 50 mL digestion vessel. 

 
b. Add 2.5 mL 1:1 HCl to the sample. 
 
c. Heat 15 minutes in a hot bath. 
 
d. Filter through a membrane filter. 

 
e. Adjust filtrate volume to 50 mL with DI water. 

 
f. Transfer to ICP analyst. 

 
 
D. Solid sample preparation 

 
It is extremely important that waste (when appropriate), soil and sediment 
samples be mixed thoroughly to ensure that the sample is as representative as 
possible of the sample media.  The most common method of mixing is referred 
to as quartering.  The quartering procedure should be performed as follows: 
 
• The material in the sample pan(inorganic-plastic/organic-aluminum)  

should be divided into quarters and each quarter should be mixed 
individually. 

• Two quarters should then be mixed to form halves. 
• The two halves should be mixed to form a homogenous matrix. 

                  
                 This procedure should be repeated several times until the sample is adequately 

mixed. 
 
NOTE:  Samples that are clay type materials should be handled in a different 

manner.  Due to these type sample matrices having an affinity to stick to 
most anything that touches it, another approach must be followed.  Obtain 
a representative sub-sample aliquot from the center or middle section of 
the sample container. 

                 Grinding of Vegetation Samples 
 
                 Remove sample from shipping container and brush off dirt particles. Chop              

sample into about half inch pieces with clippers or other cutting tool. Place the 
sample in an aluminum pan and air-dry in an exhaust hood to the appropriate 
dryness for grinding. It should be dry enough where it won’t stick to the inside 
of the mill. Grind the dried sample to fineness in either the manual sample mill 
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or the Wiley mill or both if needed. Place the ground sample in a container and 
label immediately.  
 
1. USEPA CLP ILM0 4.1, "Acid digestion of Soil/Sediment" 

 
a. Mix the sample thoroughly to achieve homogenity.  For each digestion 

procedure, weigh (to the nearest 0.01 g) a 1.0 to 1.5 g portion of 
sample and transfer to a digestion vessel. 

 
 
b. Add 10 mL of 1:1 nitric acid (HNO3), mix the slurry, and cover with a 

watch glass or equivalent source.  Heat the sample to 92 to 95°C and 
reflux for 10 minutes without boiling.  Allow the sample to cool, add 
5.0 mL of concentrated HNO3, replace with watch glass or equivalent 
source, as appropriate, and reflux for 30 minutes.  Do not allow the 
volume to be reduced to less than 5 mL while maintaining a covering 
of solution over the bottom of the heating vessel. 

 
c. After the second reflux step has been completed and the sample has 

cooled, add 2 mL of Type II water and 3.0 mL of 30% hydrogen 
peroxide (H2O2).  Return the heating vessel to the hot plate or 
equivalent heating source for warming to start the peroxide reaction.  
Care must be taken to ensure that losses do not occur due to 
excessively vigorous effervescence.  Heat until effervescence subsides, 
and cool the heating vessel. 

 
d. Continue to add 30% H2O2 in 1 mL aliquots with warming until the 

effervescence is minimal or until the general sample appearance is 
unchanged.  (NOTE:  Do not add more than a total of 10 mL 30% 
H2O2.) 

 
e. If the sample is being prepared for ICP analysis of Al, As, Sb, Ba, Be, 

Ca, Cd, Cr, Co, Cu, Fe, Pb, Mg, Mn, Ni, K, Se, Ag, Na, Tl, V, and Zn, 
add 5 mL of 1:1 HCl and 10 mL of Type II water, return the covered 
heating vessel to the hot plate or equivelent heating source, and heat 
for an additional 10 minutes.  After cooling, filter through Whatman 
No. 42 filter paper (or equivalent) and dilute to 50 mL with Type II 
water.  NOTE:  In place of filtering, the sample (after dilution and 
mixing) may be centrifuged or allowed to settle by gravity overnight to 
remove insoluble material.  Dilute the digestate to 144 mL with DI 
water, add 5 mLs concentrated HCl and 1 mL of  concentrated HNO3, 
mix well and place into the appropriate container.  The diluted sample 
has an approximate acid concentration of 2.5% (v/v) HCl and 5% (v/v) 
HNO3. The sample is now ready for analysis. 
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f. The digestion log must contain the date, analyst, sample number, 

client, sample mass/volume, final volume of digestate, lot # of acids 
used and the preparation and ID of standards and  ID of matrix spikes 
and the amounts used for spiking. 

 
2. Method 3050B, “Acid digestion of Sediments, Sludges and Soils” 

 
a. Mix the sample thoroughly for 5 minutes using a plastic spatula or 

Teflon coated spatula in a glass or plastic weigh boat to achieve 
homogeneity. 

 
b. Weigh approximately (to the nearest 0.01 g) a 1 to 1.5 g portion of the 

sample directly into a digestion vessel.  For samples with low percent 
solids a larger sample size may be used as long as digestion is 
completed.  Record the exact mass in the digestion log. 

 
NOTE:  To achieve the lowest reporting limit possible,  use a 2.0 g 
portion of sample with an ending volume of 100 mLs.  
 

 
c. Add 5 mL D.I. water and 5 mL concentrated HNO3(1:1), mix the 

slurry and cover with a watch glass.  Place the sample in a preheated 
hot block and reflux at 95°C for 10 to 15 minutes being certain that the 
sample does not boil.  Record temperature in  digestion log book 

 
d. Allow the sample to cool.  Add 5 mL concentrated HNO3, replace the 

watch glass and heat/reflux again for 30 minutes.  If brown fumes are 
generated, indicating oxidation of the sample by HNO3, repeat this 
step (addition of 5 mL of concentrated HNO3) over and over until no 
brown fumes are given off by the sample indicating the complete 
reaction with HNO3.  Using a watch glass or equivalent allow the 
solution to evaporate to approximately 5 mL without boiling at 95°C + 
5°C for approximately two hours.  Maintain a covering of solution 
over the bottom of the vessel at all times. Do not allow the volume to 
be reduced to less than 5 mL while maintaining a covering of solution 
over the  bottom of the beaker.  If the volume does get low, add 2.5 
mL of D.I. water to bring volume back up. 

 
e. Take the sample off the hot block and allow it to cool.  Next, add 2 mL 

of D.I. water and 3 mL of 30% Hydrogen Peroxide.  (The sample will 
bubble upon the addition of H2O2 if it is still warm.)  Cover the vessel 
with a watch glass and return the sample to the hot block or equivalent 
source and heat until the bubbling subsides.  Care must be taken to 
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ensure that losses do not occur due to excessively vigorous 
effervescence.  Heat until effervescence subsides and cool the beaker.  
Add two more 3 mL portions of H2O2 to the sample in the same 
manner as before.  (NOTE:  Do not add more than a total of 10 mL 
30% H2O2.) 

 
f. Cover the sample with a ribbed watch glass and continue heating the 

acid-peroxide digestate at 95°C + 5°C without boiling for 
approximately two hours until the volume has been reduced to 
approximately 2.5 mL.  Maintain covering of solution over the bottom 
of the vessel at all times. 

 
g. Add 2.5 mL of DI water and 2.5 mL of concentrated HCl  and 10 mL 

of DI water, cover the sample with a ribbed watch glass and continue 
refluxing for an additional 10 minutes without boiling 

 
h. When necessary, filter or centrifuge the sample to remove insoluble 

material that could clog the nebulizer.  The filtering apparatus must be 
thoroughly cleaned with dilute nitric acid prior to filtration.  

 
i. Bring sample up to 50 mL with D.I. water in the vessel. Add 150 ml of 

DI water to a 250 ml sample bottle. Invert the 50 ml sample digestion 
vessel several times to mix the sample and pour sample into the 150 
ml of the sample bottle. Pour some sample back into the 50 ml sample 
digestion vessel to rinse and pour back into the 250 ml sample bottle 
and cap and mix. 

 
NOTE1: When preparing USACE project samples, if any sample in 

a digestion batch requires filtration , all samples (including 
QC samples) must be treated in the same manner. 

 
NOTE2: To achieve the lowest reporting limit possible use 2.0 

grams of sample with an ending volume of 100 mLs. 
 

j. The sample is now ready for analysis. 
 
k. The digestion log must contain the date, analyst, sample number, 

client, sample mass/volume, final volume of digestate, lot # of acids 
used and the preparation and ID of standards. 
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E. Oils 
 

1. Method 3031, "Digestion Procedure for Oils" 
 

NOTE: THIS METHOD IS VERY TIME CONSUMING-- 
DISCUSS SUB-CONTRACTING SAMPLES WITH 
YOUR SUPERVISOR AS SOON AS THEY COME IN 
THE DOOR. 

 
     a. Homogenize sample and Weigh approximately (to the nearest 0.01 g) 

a 0.5 g representative portion of the sample into a 250 mL beaker.  
Separate and weigh proportional aliquots of the phases if more than 
one phase is present.  Record the exact mass in the digestion log.  
Larger or smaller sample sizes can be used if needed. 
 

g. Add 0.5 g of potassium permanganate powder.  If larger sample sizes 
are used, increase the amount of potassium permanganate so that the 
ratio of oil to postassium permanganate is still  1:1.   Mix the oil and 
permanganate thoroughly until homogenous.  Thick oils and tars that 
cannot be mixed should be heated to achieve mixing (the oil may react 
mildly).  It is important to record the amount of potassium 
permanganate used for each sample if analysis is by ICP-AES and 
correction is to be made for the amount of manganese.  If more than 
10% of the sample is aromatic material, such as xylene, then the 
reaction will be incomplete.  If this is the case, increase the amount of 
potassium permanganate.  If the sample is a mixture of oil and other 
non-organic materials, reduce the amount of potassium permanganate. 

 
NOTE:  All steps requiring the use of acids should be conducted under 
a fume hood by properly trained personnel using appropriate 
laboratory safety equipment.  This should include face shields and 
latex gloves. 

 
h. Cautiously add 1.0 mL concentrated H2SO4, and stir with an 

appropriate stirring device. If larger sample sizes are used, increase the 
volume of the sulfuric acid so that the ratio of oil to sulfuric acid is 1 g 
to 2 mL.  The H2SO4 can be added dropwise or all at once, depending 
on analytical needs.  (Generally, dropwise is preferred when low 
reporting limits are needed.) 
 
NOTE:  To prevent a strong exothermic reaction, H2SO4 should be 
added dropwise to all samples unfamiliar to the analyst and to all 
samples that are known to be highly reactive. 
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The reaction can take several seconds to begin, but when it occurs it 
will be very quick, vigorous, and exothermic.   Generally larger 
sample sizes will react faster than smaller.  Likewise, lower average 
molecular weight materials will react faster than heavier.  Do not be 
mislead by an initial lack of reactivity.  A grey-white vapor will be 
ejected from the beaker (SO3) and splattering and bubbling can occur.  
The beaker will become very hot.  This step is complete when no more 
gases are given off  and the sample would be a thick black lumpy 
paste.  Allow the beaker to cool as needed. 
 
NOTE:   Care must be taken when working with very light organic 
materials, such as diesel fuels, as they may flash.  Generally, the lower 
the average molecular weight of the meterial correlates to a greater 
danger of flashing.  The danger of flashing is reduced by adding the 
sulfuric acid dropwise. 
 
NOTE:    If more than 10% of the sample is aromatic material, such as 
xylene, only a little grey-white vapor will form.  This will reduce 
accuracy and complicate nebulization.  If there is a signigicant amount 
of non-hydrocarbon material, a sputtering recation will occur and 
black MnO2 particulates will be given off.  See section (b.) above 
under procedure. 
  

 
i. Add 2 mL of concentrated HNO3 and stir.  This reaction will be 

slightly exothermic.  If larger sample sizes are used, it is not always 
necessary to increase the volume of HNO3  proportionately, depending 
on analytical needs.  Some reddish-brown vapor (NO2) may be given 
off.   Allow the reaction to continue until complete, that is when the 
digestate no longer gives off fumes.  Allow the beaker to cool as 
needed. 

 
j. Add 10 mL of concentrated HCl  and stir.  If larger sample sizes are 

used, it is not always necessary to increase the volume of HCl 
proportionately, depending on analytical needs.  This reaction will be 
slightly exothermic and gas formation and foaming will occur.  Lighter 
oils will foam more than will heavier oils.  If excess foaming occurs, 
add water to prevent sample loss.  Allow the beaker to cool as needed. 

 
k. Heat the beaker until there is no further gas evolution. (temperature 

should not exceed 150 °C to prevent volatilization).  There may be 
additional foaming or other milder reactions which may result in 
overflow from the beaker.  If excess foaming occurs, either remove the 
beaker from the heating source until foaming subsides or add 
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sufficient water to prevent overflow.  The final digestate should be a 
clear yellow liquid with black or dark reddish-brown particulates.  

 
l. Filter the digestate through Whatman 41 filter paper and collect filtrate 

in a volumetric flask or beaker. 
 

m. Wash the digestion beaker and filter paper, while still in the funnel, 
with no more than 5 mL of hot HCl. 

 
NOTE:  The purpose of this next step is to recover antimony, barium, 
and silver that may not have been completely solubilized.  If the 
sample is not being prepared for these analytes, the next step may be 
skipped.  
  

n. (Optional) After having washed the filter paper, remove the filter and 
residue from the funnel  and place it back in the beaker.  Add 5 mL of 
conc. HCl and place the beaker back on the heating source until the 
filter paper dissolves (temperature should not exceed 150 °C ±5 °C to 
prevent volatilization).  Remove the beaker from the heating source 
and wash the cover and sides with reagent grade water and then filter 
the residue and collect the filtrate in the same flask or beaker as in 
sections f. and g. above.  Allow the filtrate to cool and quantitatively 
transfer to a volumetric flask.  Bring to volume. 

 
o. (Optional) If the filtrate is collected in a beaker, the filtrate can be 

heated again to drive off excess HC1.  This can reduce matrix effects 
in sample introduction (temperature should not exceed 150 °C ± 5 °C 
to prevent volatilization).   When sufficient HCl has been removed, 
remove the beaker from the heating source, allow to cool, and then 
transfer the contents to a volumetric flask and bring to volume.  
However, if too much HCl is removed, barium, silver and antimony 
can be lost. 

 
p. Analyze the flitrate by  ICP-AES.  Depending on the final volume 

selected, the total solids in the digestate may be high enough to cause 
nebulization problems.  Problems due to high dissolved solids may be 
corrected by 1) following optional Section i.,  2) using internal 
standards, 3) using flow injection analysis, or 4) using other matrix 
correction procedures. 
 
Manganese Removal Steps     
 
NOTE:  The purpose of these next steps is to remove the manganese in 
the digest by precipitating  it as manganese ammonium phosphate 
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under alkaline conditions.  Elements that do not form insoluble 
phosphates, such as arsenic, are filtered out and can be analyzed at 
lower concentrations. 

 
q. Take the digestate, or portion of digestate and reduce the volume to 

remove as much HCl as possible without going below 10 mL.   Then 
add conc. NH4OH until pH is 7 or greater.  For most matrices, the 
digestate will change colors (often from yellow to brown) at pH 7.  A 
mild exothermic reaction will occur immediately. 

 
r. Add at least 2 g ammonium phosphate for each 1 g of potassium 

permanganate used in the digestion and stir.  An excess of phosphate is 
needed for good analyte recovery.  Then add enough water and mix to 
ensure maxium precipitation.  A pink or yellow silky amorphous 
precipitate, manganese ammounium phosphate, will form.  If too much 
NH4OH is used some of the manganese ammonium phosphate can be 
solubilized.  Stir until precipitation is complete.  Some ammonium 
phosphate may remain unreacted at the bottom of the beaker. 

 
s. Filter the digestate through Whatman 41 filter paper (or equivalent) 

and collect filtrate in a volumetric flask or beaker. 
 

t. Heat the filtrate to volatilize the ammonia (temperature should not 
exceed 150 °C ± 5 °C to prevent volatilization).  The volume of filtrate 
can be reduced by heating to no less thatn 10 mL.  If too much water is 
removed ay ammonium chloride formed will solidify.  If this occurs, 
either add enough water to dissolve the solids or filter out the solids 
and wash the residue with deionized water. The filtrate can be 
analyzed by ICP-AES. 

 
u. The digestion log must contain the date, analyst, sample number, 

client, sample mass/volume, final volume of digestate, lot # of acids 
used and the preparation and ID of standards. 

 
X. CALCULATIONS 
 

A. The analyst must be supplied with both beginning sample masses/volumes 
and final digestate volumes.  This information must be recorded in the 
digestion log. 

 
XI. QUALITY CONTROL 
 

A. Digestion 
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1. Temperature blank 
 

a. The temperature of the hot plate/hot block must be monitored for 
temperature during the digestion process. 

 
b. The thermometer must be tagged with annual calibration information.  

Record the thermometer reading, correction factor and the corrected 
temperature in the digestion log. 

 
2. Blanks 

 
a. Digest a blank with every batch of samples digested (20 sample 

maximum).  The blank is prepared by adding all the same reagents 
added to the samples to a clean dry beaker and taking it through the 
same process as the samples. NOTE:  The blank for OILs MUST 
include an analyte-free oil or explosive reactions can occur. 

 
b. Also, there must be a blank for every different method of digestion 

that is set up that day,  every 20 samples. 
 
c. There must also be a blank for every different matrix of samples that is 

to be digested, every 20 samples. 
 
d. Sample is given a unique identifier in the digestion log. 

 
3. Laboratory Control Samples 

 
a. For water samples, one LCS is digested with every batch of samples 

digested (20 sample maximum). 
 
b. For water samples, a LCS is digested every day for each type of 

digestion, every 20 samples. 
 
c. For soil/sediment samples, a soil matrix standard reference material 

(SRM ) must be digested per batch (20 samples maximum) or 
alternatively a spiked teflon chip sample. 

 
d.   Sample is given a unique identifier in the digestion log. 
 
e.  Recoveries of standard reference materials or laboratory control 

samples spiked with organo-metallic standards recoveries should be 
±25% of their true values for OILS. 
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4. Duplicates 
 

a. A duplicate is prepared every 20 samples.  This usually takes the form 
of a matrix spike duplicate. 
 
NOTE: Certain projects require a sample duplicate and a matrix 

spike duplicate with each set of twenty samples. 
 

5. Blank Spike 
 

a. This is required for certain projects. 
 

B. Sample Matrix 
 

NOTE: Field blanks/duplicates, trip blanks, or equipment blanks are not to 
be used for sample matrix QC samples. 

 
1. Matrix spike 

 
a. Digest a spike and spike duplicate every 20 samples where sample 

volume is adequate to do so.  Choose a sample (if possible) that has a 
lot of metals requested to be analyzed. 

 
NOTE: For some projects, a sample duplicate and sample spike may 

be required instead of a spike and spike duplicate.  Your 
supervisor should make you aware of these projects. 

 
b. The following metals do not get digested spikes when using CLP 

spike. 
 
Calcium 
Magnesium 
Sodium 

      Potassium 
 
v. For TCLP samples, a spike must be digested for every matrix.  You 

should inspect the sample (original sample prior to extraction) or 
check the log book to determine matrix type.  (Also the matrix spike 
aliquot must be added to the extract after filtration but before 
preservation.) 

 
d.  The CLH project requires that a high and a low spike be prepared 
and analyzed.  Spikes shoud be prepared at 40 mg/Kg and 400 mg/Kg 
for soil samples and 200 ug/L and 2000 ug/L for aqueous samples. 
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XII. CORRECTIVE ACTIONS 

 
A. Sample boils during digestion. 
 

1. Redigest another sample aliquot. 
 
B. Sample goes dry or portion of beaker bottom is exposed due to excess 

evaporation during digestion. 
 

1. Redigest another sample aliquot. 
2. Glass beaker dry for an extended period of time? Discard beaker. 

 
XIII. SPECIAL NOTES 
 

A. Never take for granted how a sample should be digested.  If the sample looks 
strange or unusual, or if you are not sure what metals the sample gets, what 
detection limits are required, whether the sample is total or dissolved, or even 
what method of digestion should be used, always ask your supervisor or the 
person who is to analyze the sample.  How metals need to be digested changes 
too often to take it for granted. 

 
B. Antimony (Sb) soils should be analyzed within 48 hours of digestion 

whenever possible.  When a soil requesting Antimony analysis is received, 
you must coordinate with the person who will be analyzing it to be sure that 
they can analyze it on the same day that it is digested. 

 
C. Labels for the digested sample must be written in a neat and legible manner.  

The labels must include such information as sample number, client name, the 
date digested, and the volume or mass digested. 

 
D. There are several precautions that must be taken to minimize the possibility of 

contamination. 
 

1. All metals glassware must be kept separate from all other laboratory 
glassware. 

 
2. Metals glassware must be washed as soon as possible after being used.  

Dirty metals beakers must not be left overnight.   
 
3. Acid to be used for metals digestions must be kept separate from all other 

laboratory acid. 
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E. Samples must be digested in a timely manner to ensure ICP analysis remains 
on schedule for data generation.  Samples received on or before Wednesday of 
week X must be prepared for ICP digestion by the end of week X.  Your 
supervisor must be consulted if this schedule can not be met at a particular 
time. 

 
             F.   Please consult Waste Disposal SOP-405, for information concerning disposal 

of waste generated from this area. Quantity of chemicals purchased 
should be based on expected usage during its shelf-life and the 
disposal cost of unused material. Actual reagent preparation 
volumes should reflect anticipated usage and reagent stability. 

 
 

Addendum for USEPA CLPILM 05.2 AQUEOUS &SOIL/SEDIMENT 
 
The following is a list of changes for sample preparation when the 5.2 statement of work 
is required: 
 
1. Soluble samples are required to be digested unless the chain of custody specifically 

states that digestion is not required.  An MDL study must be done on the unprepared 
MDL solution in order to provide MDL levels for samples that are not digested.  
When digestion is not required an LCSW and post digestion spike are not required. 

 
2. Digestates must be stored until 365 days after delivery of a complete, reconciled data 

package. 
 
3. Preparation codes are used on form 13's.  They are found in the 5.2 statement of work 

page B-39 3.4.12.2.4. 
 
 
 
 
DEFINITIONS – Refer to SOP-431 for common environmental laboratory definitions. 
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MERCURY ANALYSIS IN WATER BY MANUAL COLD VAPOR 
References: 

SW846 Method 7470A 
USEPA Method 245.1 
USEPA SOW ILM04.1 

See Addendum for SOW ILM05.2  
 
I. SCOPE AND APPLICATION 
 

A. This method is a cold-vapor atomic absorption procedure for determining the 
concentration of mercury in mobility-procedure extracts, aqueous wastes, and 
ground waters.  This method can also be used for sludge-type wastes.  All 
samples must be subjected to an appropriate dissolution procedure prior to 
analysis. 

 
B. In addition to inorganic forms of mercury, organic materials may also be 

present.  These organo-mercury compounds will not respond to the cold vapor 
atomic absorption technique unless they are first broken down and converted 
to mercuric ions.  Potassium permanganate oxidizes many of these 
compounds, but recent studies have shown that a number of organic 
mercurials, including phenol mercuric acetate and methyl mercuric chloride, 
are only partially oxidized by this reagent.  Potassium persulfate has been 
found to give approximately 100% recovery when used as the oxidant step 
following the addition of the permanganate has been included to insure that 
organo-mercury compounds, if present, will be oxidized to the mercuric ion 
before measurement.  A heat step is required for methyl mercuric chloride 
when present in or spiked to a natural system.  For distilled water the heat step 
is not necessary. 

 
C. The range of the method may be varied through instrument and/or recorder 

expansion.  Using a 30 mL sample, a detection limit of 0.2 µg Hg/L can be 
achieved. 

 
II. SUMMARY OF METHOD 
 
 A. The flameless AA procedure is a physical method based on the absorption of 

radiation at 253.7 nm by mercury vapor.  Organic mercury compounds are 
oxidized and the mercury is reduced to the elemental state and aerated from 
solution in a closed system.  The mercury vapor passes through a cell positioned 
in the light path of a flow injection Mercury system.  Absorbance (peak height) 
is measured as a function of mercury concentration and recorded in the usual 
manner. 
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III. SAMPLE HANDLING AND PRESERVATION 
 

A. Samples are preserved by acidification with nitric acid to a pH of 2 or lower 
immediately at the time of collection, and refrigeration to 4°C. 

 
B. The holding time for the mercury digestion is 28 days from time of sampling. 

 
IV. INTERFERENCES 
 

A. Possible interference from sulfide is eliminated by the addition of potassium 
permanganate.  Concentrations as high as 20 mg/L of sulfide as sodium 
sulfide do not interfere with the recovery of added inorganic mercury from 
distilled water. 

 
B. Copper has also been reported to interfere; however, copper concentrations as 

high as 10 mg/L had no effect on recovery of mercury from spiked samples. 
 
C. Sea waters, brines and industrial effluents high in chlorides require additional 

permanganate (as much as 6.25 mL in 30 mL of sample).  During the 
oxidation step, chlorides are converted to free chlorine which will also absorb 
radiation at 253 nm.  Care must be taken to assure that free chlorine is absent 
before the mercury is reduced and swept into the cell.   This is accomplished 
by using an excess of hydroxylamine sulfate reagent (6.25 mL to 30 mL of 
sample).  

 
D. Samples containing high concentrations of oxidizable organic materials, as 

evidenced by high chemical oxygen demand values, may not be completely 
oxidized of organic mercury will be low.  The problem can be eliminated by 
reducing the sample volume or by increasing the amount of potassium 
persulfate (and consequently stannous chloride) used in the digestion. 

 
V. Safety 
 

A. Normal accepted laboratory practices should be followed while performing 
this procedure. 

 
B. The toxicity and carcinogenicity of each reagent in this method have not been 

fully established.  Each chemical should be regarded as a potential health 
hazard and exposure to these compounds should be minimized by good 
laboratory practices.  Normal accepted laboratory practices should be 
followed during reagent preparation and instrument operation.  Always wear 
safety glasses or full-face shield for eye protection when working with these 
reagents.  Each laboratory is responsible for maintaining a current safety plan, 
a current awareness file of OSHA regulations regarding the safe handling of 
the chemicals specified in this method. 
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C. Mercury compounds are highly toxic if swallowed, inhaled, or absorbed 
through the skin.  The analyst should use chemical resistant gloves when 
handling concentrated mercury standards. 

 
D. The analyst should make sure that the system is vented to fresh permanganate 

in a bottle located at the back.  Otherwise Hg vapors could be vented to the 
room.   

 
VI. EQUIPMENT/APPARATUS 
 

A. Perken Elmer Flow injection Mercury system 
 
B. Mod Block Digester set to maintain  95+2°C for 2 hours. 
 
C. Polypropylene sample digestion vessels with snap or screw caps or 

equivalent. 
Five vessels of each  lot of digestion vessels must be taken through 
analysis to check for mercury. 

VII. REAGENTS AND STANDARD PREPARATION 
 

A. REAGENTS 
 
1. Concentrated sulfuric acid suitable for Hg determination. 
 
2.  Concentrated nitric acid suitable for Hg determination. 
 
3. Stannous chloride:  in a 1000 mL volumetric flask add approximately 

500 mL D.I. water, 30 mL concentrated HCl, add 11 grams stannous 
chloride crystals swirl to mix and dilute to 1000 mLs.  Prepare fresh daily. 

 
4. 3% HCl Carrier Solution:  Dilute 30 mL of concentrated metals grade HCl 

to one liter.  Prepare fresh daily.   
 
5. Sodium chloride-hydroxylamine chloride solution:  dissolve 120 grams of 

sodium chloride and 120 grams of hydroxylamine hydrochloride (very 
high grade --Do not get from Tennessee Reagents) in D.I. water and dilute 
to 1 liter.   Note:  this is normally made up 2 Liters at a time. 

 
 
5. Potassium permanganate:  5% solution, w/v:  dissolve 200 grams of 

potassium permanganate in 4000 mL of D.I. water.  Should have "suitable 
for mercury determination" written on the side of the potassium 
permanganate bottle.  This reagent takes overnight stirring ( minimum of 3 
hours if absolutely necessary ).  Use stirring bar already in the reagent 
bottle for this purpose.  It is very easy to contaminate with mercury. 
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6. Potassium persulfate:  5% solution, w/v:  dissolve 100 grams of potassium 
persulfate in 2000 mL D.I. water.  Slight heating with stirring may be 
necessary to completely dissolve.  The formation of crystals in this 
solution is not a problem. 

 
B. STANDARDS 

 
1. Traceability 

 
a. A bound logbook record shall be maintained on all reference materials.  

The record shall include date of receipt, source, purity, all 
compositional information, storage conditions and expiration date.  
These materials/solutions are to be identified by a unique number in 
the logbook as well as on the container's label. 

 
b. All working standards made from reference materials shall be labeled 

with a unique ID number with complete information on preparation 
date, concentration of each compound, solvent, preparer's name, and 
expiration date.  Reagents shall be labeled with date received and 
expiration date, if applicable.  All of the information described above 
shall also be recorded in a bound logbook.  Measurements made 
during standards preparation (e.g., from weighing operations, volume 
diluted to, etc.)  shall also be recorded.  There should be no container 
with sample, sample extract, standard solution, etc. that is not correctly 
labeled and properly stored. 
 

c. The analyst must initial and date each entry made in a logbook.  Each 
analyst must be sure to "Z" out the unused area of each logbook page. 

 
 

NOTE: All standard solutions should be prepared using class A 
volumetric flasks, class A volumetric pipettes ( or calibrated 
Eppendorfs ). All standards, blanks, and samples are taken 
through the digestion process. 

 
a. Stock mercury solution: (100 µg/mL).  Order from manufacturer 

already prepared.  This solution is given a unique identifier. 
 
b. Primary source and secondary source mercury standard solutions at 

200 ug/L:  dilute 2 mL of stock solution to 1000 mL in a 1000 mL 
volumetric flask, with 1.5 mL concentrated HNO3. 

 
c. Calibration standards 
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i. Prepared from the primary source working standard.  The 
preparation of the calibration standards, etc. is described 
below. 

 
a. Dilute the volumes below to 30 mLs in a 70 mL 

polypropylene vessel.  (Note:  The standards are diluted to 
10 mLs for the initial step of the digestion.  From that 
point when  25 mLs of DI water are added to samples, 15 
mLs of DI water is added to the standards. 

 
   ug/L Hg   mLs of 200 ug/L standard in 30 mLs 

0.20    0.03 
0.50    0.075 
1.0     0.15 
2.0     0.30 
4.0     0.60 
6.0     0.90 
10.0 1.5 
 

iii. Appropriate reagents are added as below in the sample preparation 
section. 

 
iv. Prepare one vessel for each. 
 
v. It is necessary to digest the calibration standards. 

 
e.  Calibration verification standards 
 

i. Initial calibration verification ( ICV ) solution – 4.0 ug/L 
 
a. Prepared by diluting 0.6 mL of the second source standard to 

30 mL with reagent water in a 70 mL polypropylene vessel. 
(TV = 4.0 ug/L) 

 
b. Appropriate reagents are added as below in the sample 

preparation section. 
 
c. It is necessary to digest the ICV standards for Method 7470A, 

Method 245.1 does not require digestion of standards. 
 

ii. Continuing calibration verification ( CCV ) solution 
 

a. Prepared from the primary  source  standard. 
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b. Prepared by diluting 0.3 mL of the primary standard at 200 
ug/L to 30 mLs with reagent water in a 70 mL polypropylene 
vessel for 2.0 ug/L or 0.6 ml to 30 mls for 4.0 ug/L. 

 
c. Appropriate reagents are added as below in the sample 

preparation section. 
 
d. It is necessary to digest the CCV standards for Method 7470A, 

Method 245.1 does not require digestion of standards. 
 
 

f. Digestion standards 
 

i. Laboratory control sample 
 

a. Prepared from the secondary source standard. 
 
b. Prepared by diluting 0.3 mL of the second source standard to 30 

mL with reagent water in a 70 mL polypropylene vessel. 
 
c. Appropriate reagents are added as below in the sample 

preparation section. 
 
d. This solution should be given a unique identifier in the digestion 

log. 
 
 

ii.. Matrix Spikes 
 

a. Prepared from the secondary source working standard. 
 
b. Prepared by diluting 0.3 mL of the second source standard to 

30 mL with sample in a 70 mL polypropylene vessel.  Project 
specific or method specific requirements may over-ride the 
spiking level. 

 
c. Appropriate reagents are added as below in the sample 

preparation section. 
 
 
VIII. CALIBRATION 
 

A. Set up the instrument with proper operating parameters. 
 

1. Perkin Elmer Flow Injection Mercury System (FIMS). 
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i. Replace any old tubing that is around the pump cylinder.  The 
sample transfer tubing connected to the seperator cover must not 
have any moisture in it. If it does replace it. (Perkin-Elmer tygon 
tubing, waste and carrier 1.52mm I.D., waste only 3.17mm 
I.D., stannous chloride 1.14mm I.D.) 

 
ii. Also replace the filter membrane with the rough side up.  (for 

instructions refer to page 1-22 in maintenance  manual.) 
 

iii. Turn on PE 100 spectrophotmeter;  (Note:  this must be on in order 
to start up the software on the computer.) 

 
iv. Turn on computer and go to icon “AA Win LAB Analyst”.  

 
v. Go to method; select “Hg CAL 2” then OK. 

 
vi. Wavelength = 253.7;  smoothing points =9; measurement = peak 

height; read time =18sec.; BCC time = 2 sec. 
 

vii. Go to “Sample Info” and enter the order of the samples and other 
information that may be needed. 

 
viii. Save entered sample list under “Save ….sample info file” Note: 

description and batch ID are normally the date of analysis. 
 

ix. Go to “auto”; then to set-up.  Select Browse in both spaces.  One is 
to bring up your saved “Sample Information” File.  The other is to 
select a results library.  Double click on heading and choose. 

 
x. Turn the printer on. 

 
xi. Connect all tubing to the pump and blocks. 

 
xii. Start the pump by going to “FIAS” and click the pump 1 Icon 

(120). 
 

xiii. The pump will start, then lock down and tighten the tubes onto the 
pump. 

 
xiv. Turn on the nitrogen tank, it should be above 500 psi on the guage.  

Replace the nitrogen tank when it is at 500 psi. 
 

xv. The pressure gauge on the PE100 should be just below 100. 
 

xvi. Use the tension adjuster to press down the tubing magazine to the 
pump head on the top and bottom.  Start the pump and then lock 
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them down.  This technique needs to be demonstrated so that a 
new user will be able to understand what is needed here and how 
to do it. 

 
xvii. Adjust the spring tension tubing until there is a constant “bubble of 

low rate” coming out to the waste tube. 
 

xviii. Place carrier tubes into carrier and stannous chloride tube into 
SnCl2.  (click valve fill inject and make sure flow is correct and 
the line is rinsed). 

 
xix. Make sure the permanganate waste bottle is bubbling in order to 

absorb any Hg vapors which could be vented into the room.   
 

xx. Allow a few minutes for reagents to flow through the system 
before starting analysis. 

 
xxi. Calibrate:  Go to “Auto” click on “Analyze”, click on “calibrate”. 

 
xxii. “Select Location” enter #’s to be ran,  and then press  “OK”.  

Samples are done in increments of 10 samples 
 

B. Analyze the calibration standards as below. 
 
1. New calibration points must be analyzed when the ICV analysis is not 

within ± 5%.  A curve must be analyzed daily for all projects especially 
USACE and CLP projects.   

 
2. The curve should be linear with a calculated intercept with a minimum 

correlation coefficient (r) of >0.995 ( USACE ) or 0.998 ( other ).  If not, a 
new curve must be analyzed. 

 
IX. PROCEDURE 
 

A. Glassware preparation 
 

1. After use, samples are nuetralized and disposed down an acid sink with 
running water and rinsed with tap water.  Or the sample may be discarded 
into the Mercury waste drum. 

 
2. Acid clean the glassware used for mercury prep as follows: 
 

a. Rinse with low Hg content 1:1 HCl. 
 
b. Rinse with D.I. water. 
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B. Label the vessels indicating  which sample will be in each.. 
 

C. Prepare calibration standards as detailed above.  Add all reagents to the 
standards which are added to the samples as outlined below.  Record the 
standard preparation in the digestion log. 
 

D. Sample preparation 
 

1. Transfer 30 mL, or an aliquot diluted to 30 mL of sample to the 30 mL 
mark on a 50 mL digestion vessel previously marked for this sample. 

 
NOTE: Normally, an automatic dilution of 10X to 100X is performed for 

all TCLP extracts.  All TCLP samples get one matrix spike unless 
several come in at one time from the same client with the same 
matrix.  Then one in ten of the same matrix get spiked. Check 
with your manager. 

 
2. Add 1.5 mL of concentrated sulfuric acid to each vessel and mix. 
 
3. Add 0.75 mL of concentrated nitric acid to each bottle and mix. 
 
4. Add 4.5 mL potassium permanganate solution to each vessel and mix.  For 

sewage samples additional permanganate may be required.  Shake and add 
additional portions of potassium permanganate to the solution if 
necessary, until the purple color persists for at least 15 minutes (not more 
than 7.5 mL).  If the purple color does not persist after the addition of 
7.5 mL KMnO4 the sample must be diluted prior to digestion.  Inform 
your manager that the minimum detection limit cannot be reached for that 
particular matrix.  

 
NOTE: The same amount of KMnO4 added to the samples should be 

present in the standards and blanks. 
 
5. Add 2.4 mL of potassium persulfate to each vessel and mix.  Cover. 
 
6. Heat for 2 hours in the block digester at 95+2°C ( the block temperature 

must be monitored and documented.  Record observed temperature, 
correction factor, and the corrected temperature ), cool. 

 
6. Samples may be saved at this point if there is not time to run the whole set 

that day. 
 

NOTE:  Stannous Chloride (VII. A 5.) and 3% HCl (VII. A 8.) are added 
by the instrument during analysis. 

 
E. Sample analysis 
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1. Set up the instrument as described in the calibration section above.    
 
2. When ready to run samples, add 1.8  mL of sodium 

chloride-hydroxylamine chloride to reduce the excess permanganate.  
Sample analysis must be preceded by the analysis of an ICV with control 
limits of +10% for SW846-7470 and ±5 % for 245.1.  Followed by the 
ICB (< ±MDL for USACE or ±RL/CRDL for others and CLP). 

 
3. Each set of ten samples and at the end of the analytical run must be 

followed by a CCV with control limits of +20% for SW846-7470 and 
±10% for 245.1 

 
4. CCB must always follow the CCV.  Control limits are (<±MDL for 

USACE or ±RL/CRDL for others and CLP). CCB must be run at the 
beginning and end of a sequence and after every 10 samples. No analyte 
must be detected  >2xMDL for DOD QSM Ver. 3. 

 
5. The autosampler log is set up to analyze 106 samples at a time. 

 
Instrument Run Log example: 
 
AS LOC             Sample ID 

0 Wash 
1  0.0 
2  0.02 
3  0.05 
4  0.1 
5  0.2 
6  0.4 
7  0.6 
8  1.0 
9  ICV 
10  ICB 
11  LCSW 

                                    AS LOC     Sample ID 
12  PBW 
13 Sample 
14 Sample 
15 Sample 
16 Sample 
17 Sample 
18 Sample 
19 Sample 
20 Sample 
21 CCV 
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22 CCB 
23 Sample 
24 Sample 
25 Sample 
26 Sample 
27 Sample 
28 Sample 
29 Sample 
30 Sample 
31 MS 
32 MSD 
33 FCV 
34 FCB 

 
F. Data reporting 
 

1. Reduce data to result which will be reported. 
 
2. Complete the data review checklist ( attached ).  Must be completed and 

attached to each set of USACE data. 
 
X. CALCULATIONS 
 

A. Apply a least squares fit to the calibration standards plotting µg Hg/L versus 
the absorbance. For the concentration of the standards, assume 30 mL of 
solution volume ( the 0.1 µg Hg standard will be input as 1.0 µg Hg/L )  
( 0.1µg Hg / 0.030 L solution ). 

 
B.  Input the sample absorbance into the mercury spreadsheet making sure that 

you are  using the correct spreadsheet for the matrix of the sample. 
 

C. Also make sure that the appropriate dilution factor is inputted in the correct 
space on the spreadsheet. 

 
D.  Report the data as µg Hg/L of sample. 

                         
 
 
 
 
XI. QUALITY CONTROL (Reference SW-846, 7470A Update III, USEPA CLP 

ILMO 4.1 or 245.1, Rev 3.0, 5/94 for further clarification) 
 

A. Daily 
 

1. The instrument must be calibrated daily for all projects.   
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2. Begin each analysis with an ICV(QCS) second source.  The control limits 

are +10% and IPC(CCV) for 245.1, limits are + 5% and subsequent 
analyses are + 10%. 

 
3. Analyze ICB.  Control limits (<±MDL for USACE or ±RL/CRDL for 

others and CLP)., depending on method. No analyte detected >2xMDL 
for DOD QSM Ver. 3. 

 
4. If the ICV(QCS) is not in control a new curve must be analyzed prior to 

sample analysis.   
 

5. If the IPC(initial CCV) for 245.1 is not within the limits of ±5%, try 
preparing another undigested CCV and reanalyzing before recalibrating.  
If this fails then a recalibration is necessary. 

 
6. Follow each set of 10 samples with a CCV and also must end up with a 

CCV after the last sample.  The control limits are +20% for SW846-7470 
and ± 10% for 245.1. 

 
7. A CCB must always follow a CCV, the control limit is (<±MDL for 

USACE or ±RL/CRDL for others and CLP). CCB must be run at the 
beginning and end of a sequence and after every 10 samples. No analyte  
detected  >2xMDL for DOD QSM Ver. 3. 

 
B. Quarterly or as needed when doing straight CLP work. 
 

1.  IDL’s for CLP 4.1. 
 

C.   Digestion 
 

1. LCS data should be maintained and available for easy reference or 
inspection. 

 
2. Preparation blank (<1/2 ±RL or ±RL/CRDL for common contaminates 

(DOD) and ±RL/CRDL for others and CLP). 
 

a. Employ a minimum of one preparation blank per sample batch to 
determine if contamination or any memory effects are occurring.  The 
preparation blank is taken through the same digestion/preparation 
steps as the samples being tested.  The result for the preparation blank 
must be below the method detection limit.  If not, the analyst must use 
good judgment to evaluate the impact upon the associated samples.  
There is no impact if an associated sample is below the method 
detection limit nor if the level in the sample is greater than 10X the 
level found in the preparation blank.  If the level of mercury in a 
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sample is above the method detection limit but less than 10X the level 
found in the preparation blank, the sample must be redigested and 
reanalyzed or the data must be qualified on the final report.  The 
project manager or QA manager will make this determination. 

 
3. Laboratory control sample ( LCS ) 

 
a. Employ a minimum of one laboratory control sample ( LCS ) per 

sample batch to verify the digestion procedure.  The LCS is taken 
through the same digestion/preparation steps as the samples being 
tested.  The minimum control limits are +20% for SW846-7470 and 
±15% for 245.1.  If the LCS is not in control, the impact upon the 
client data should be evaluated and the associated sample(s) should be 
either redigested or the data should be qualified.  The project manager 
or QA Officer will make this determination. 

 
D.  Sample matrix 
 

1. Analyze one replicate sample for every twenty samples. A replicate sample 
is a sample brought through the whole sample preparation and analytical 
process in duplicate.  It is acceptable to substitute a matrix spike duplicate 
for the sample replicate.  CLP does not allow this.  Project specific 
requirements will take precedence in these situations. 
 

2. Analyze one spiked sample and spiked sample duplicate for every twenty 
samples. A replicate sample is a sample brought through the whole sample 
preparation and analytical process in duplicate.  Project specific 
requirements will take precedence in these situations.  CLP requires 1 
duplicate and 1 spike per batch.  If the analyte level in the sample is not 
greater than four times the spiking level, the spike recoveries should be 
within +25% of the true value ( + 20% for DOD projects).  If not, check 
with supervisor to determine appropriate action.  The final analytical 
report must document this situation. 

 
NOTE: For TCLP extracts, a matrix spike must be performed for each 

different matrix.  The method of standard additions must be used 
if the sample spike recovery is not at least 50% and the 
concentration of Hg does not exceed the regulatory level and if 
the concentration of Hg measured in the extract is within 20% of 
the regulatory level.  

 
3. The relative percent difference (RPD) between replicate determinations is 

to be calculated as referenced in the laboratory QA manual.  (A control 
limit of + 20% RPD shall be used for sample values greater than ten times 
the instrument detection limit.)  Supervisor must be notified if the control 
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limit is not met.  Supervisor will determine corrective action if required.  
The final analytical report must document this situation. 

 
4. For 245.1 analyze one serial dilution (1 to 5 dilution) for every 20 samples 

or per analytical batch, whichever is more frequent.  Percent recovery 
should be ±10%.  The concentration of the original sample should be a 
minimum of 50X the IDL in order to apply the recovery criterion; if not, 
the serial dilution approach is not used.  

 
5. When the sample matrix is so complex that viscosity, surface tension, and 

components can not be accurately matched with standards, the method of 
standard addition (MSA) is recommended.  Section 8.6 of SW846-7000A 
provides tests to evaluate the need for using the MSA. 

 
E.    Method Detection Limit (MDL), Empirical Laboratories’ Reporting Limit 

(ERL), Contract Required Quantitation Limit (CRQL) and Analyte 
Wavelength: 

 
 
                                        TABLE I 
 

Aqueous Method Detection Limits(MDL), Empirical Laboratories’ Reporting 
Limits(ERL), CLP OLM04.1 & OLM05.2  

Contract Required  Quantitation Limits (CRQL) 
Mercury by EPA 245.1, 7470A,  

  SOW 4.1 & 5.2 
AQUEOUS 
MDL(ug/L) 

AQUEOUS 
ERL(ug/L)

AQUEOUS 
CRQL ILMO 

4.1 (ug/L) 

AQUEOUS 
CRQL ILMO 

5.2 (ug/L) 
Mercury 

 
0.08 0.20 0.2 0.2 

 
 
 
                                                  TABLE 2 

 
 
 

 
ANALYTE 

 
WAVELENGTH 

Mercury 253.7 
 
 
 
 
 
 



                                             EMPIRICAL LABORATORIES, LLC SOP -103 
 Revision:  16 
 Date:  01/28/09 
 Page 16 of 20 
 

V:\Standard Operating Procedures\Current SOP File Directory\SOP-103 Rev 16.doc 

 
 
 
 
 
 
 
 
XII. CORRECTIVE ACTIONS 
 

A. INSTRUMENT RELATED 
 

1. ICV(QCS for 245.1)- second source not within + 10%. 
a. If the problem is with the solution. 

i. Reprepare,  obtain new stock if necessary. 
b. If the problem is with the calibration. 

i. Recalibrate through analysis of appropriate standards and recheck 
ICV. 

2. CCV not within + 20% for SW846 and ±10% for (245.1, + 5% for initial 
IPC and + 10% for subsequent IPCs) 
a. If the problem is with the solution. 

i. Reprepare, obtain new stock if necessary. 
b. If the problem is with the calibration. 

i. Recalibrate through analysis of appropriate standards and 
reprepare/reanalyze the previous ten sample according the 
following guidelines. 
a. If the CCV was biased high, any of the previous ten samples 

which were below the detection limit do not require reanalysis. 
b. If the CCV was biased low, the previous ten samples must be 

reanalyzed. 
 
B. DIGESTION RELATED 
 

1. The preparation blank less than <1/2 RL or ±RL/CRDL for common 
contaminates (DOD) and ±RL/CRDL for others and CLP. 

 
a. If the problem is with the instrument or stannous chloride. 

i. Analyze a reagent blank to determine the stannous chloride and the 
instrument are behaving properly.  If this check has detectable 
mercury, reprepare the stannous chloride or determine if there are 
any problems with the instrument.  Contact supervisor 
immediately. 

 
b. If the problem is with the digestion. 

i. All associated samples which are below the RL, CRDL or have a 
level of mercury greater than 5X the level found in the preparation 
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blank can be reported.  If the level of mercury in an associated 
sample is not BMDL nor greater than 5X the level found in the 
preparation blank, the sample must be redigested/reanalyzed or 
reported as qualified.  The project manager or QA manager will 
make this determination. 

 
2. LCS not within control limits ( or +20%, + 15% for 245.1 ). 

a. If the problem is with the instrument. 
i. Reanalyze when instrument is in control if further sample bottles 

are available. 
b. Is the problem is with the digestion. 

i. If biased low, associated samples must be redigested. 
ii. If biased high, the impact upon the data user must be evaluated.  

The samples will be redigested or the data will be qualified on the 
final report. 

 
 
 
 
C. SAMPLE MATRIX RELATED 
 

1. Replicate analysis RPD not within +20% 
i. The associated sample data must be qualified on the final report. 
 

2. Spike analysis recovery not within +25%( + 20% for DOD projects) 
i. If the analyte level in the sample is greater than 4X the spiking level, 

the %recovery can not be evaluated and no action is taken. 
ii. If the analyte level in the sample is not greater than 4X the spiking 

level, the associated sample data must be qualified on the final report.  
TCLP extracts must be evaluated as in section XI.D.2 above.  The 
associated sample data must be qualified on the final report. 
 

3.   When the sample matrix is so complex that viscosity, surface tension, and 
components can not be accurately matched with standards, the method of 
standard addition (MSA) is recommended.  Section 8.6 of SW846-7000A  
provides tests to evaluate the need for using the MSA. 

 
XIII. WASTE DISPOSAL and POLLUTION PREVENTION 

 
Please see Waste Disposal SOP-405, for instruction of proper disposal of waste 
generated from this area. 
Quantity of chemicals purchased should be based on expected usage during its 
shelf-life  and the disposal cost of unused material. Actual reagent preparation 
volumes should reflect anticipated usage and reagent stability. 
 

XIV. REFERENCES 
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1. Test Methods for Evaluating Solid Waste Physical/Chemical Methods, 

SW-846; Third Edition (Update III); Method 7470A 
 
2. USEPA Code of Federal Requlations, 40, CH 1,PT 136; Method 245.1; 

APX-B 
 

 
3. USEPA Contract Laboratory Program(CLP) for Inorganics ILM04.1; 

ILM05.2 
 

 
XV. DEFINITIONS 
 

1.  Refer to SOP-431 for common definitions. 
 
 
 

 
ADDENDUM FOR USEPA SOW ILM05.2 

 
 

1. The CCV concentration must be different from the ICV. 
 
2. The same CCV shall be used throughout analysis for an SDG. 
 
3. Calibration standards must be within 5% of the standard concentration. 
 
4. A CRA must be analyzed after the ICV/ICB  and after each batch of 20 samples, but 

before the final CCV/CCB.  The control limit is ±30%. 
 
5. Spike samples at 1 ug/L for water. 
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ANALYST DATA REVIEW CHECKLIST 
 
 

Sample Number(s): 
Batch Number(s): 
Method: 7470A ( Mercury ) 

 
 

 
QA/QC Item 

 
Yes 

 
No 

 
NA 

Second Level 
Review 

 
1. Were samples analyzed within USACE holding times? 

 
 

 
 

 
 

 
 

 
2. Was initial calibration curve QC criteria met? 

 
 

 
 

 
 

 
 

 
3. Was all continuing calibration criteria in control? 

 
 

 
 

 
 

 
 

 
4. Did any sample exceed the highest calibration standard? 

    

 (If yes, were appropriate dilutions made to generate samples 
 concentration within calibration range?) 

    

 
5. Did LCS or blank spike meet control limits? 

 
 

 
 

 
 

 
 

 
6. Did MS/MSD meet control limits? 

 
 

 
 

 
 

 
 

 
7. Was the preparation (Method) Blank below the project required 
 detection limits? 

 
 

 
 

 
 

 
 

 
8. Did you return samples back to cold storage immediately after 
 use? 

 
 

 
 

 
 

 
 

 
9. Was water bath temperature monitored/documented and did 
you apply the thermometer correction factor? 

 
 

 
 

 
 

 
 

 
10. Sample preparation information is correct and complete. 

 
 

 
 

 
 

 
 

 
11. Analytical results are correct and complete. 

 
 

 
 

 
 

 
 

 
12. The appropriate SOP's have been used and followed. 

 
 

 
 

 
 

 
 

 
14. "Raw data" including all manual integration's have been 
correctly interpreted. 
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15. "Special" sample preparation and analytical requirements have 
 been met. 

 
 

 
 

 
 

 
 

 
16. Documentation complete (e.g., all anomalies in the analytical 
 sequence have been documented, corrective action forms are 
 complete. 

 
 
 

 
 
 

 
 
 

 
 
 

 
 

   
Comments on any "No" response: 

 
  Analyst:  Date:  

   
Second-Level Review:  Date:  

   
 



• 

• 

• 

SOP NUMBER: 

REVISION NUMBER: 

APPROVED BY: 

EFFECTIVE DATE: 

DATE OF LAST REVIEW 

EMPIRICAL LABORATORIES, LLC SOP-104 
Revision: 17 
Date: 01129/09 
Page 1 of21 

MERCURY ANALYSIS IN SOIL/SEDIMENT 

BY MANUAL COLD VAPOR TECHNIQUE 

METHODS SW846 7471A 7471B, EPA 245.5 and 

CLPILM 04.1 (NJDEP does not accept CLPILM 

04.1 after June, 2003), Addendum for USEPA CLP 

ILM 05.2 

SOP-I04 
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NICAL DIRECTOR 

01129/09 
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MERCURY ANALYSIS IN SOIL/SEDIMENT BY  

MANUAL COLD VAPOR TECHNIQUE  
References: 

SW846 Method 7471A, 7471B 
USEPA Method 245.5, CLP SOW ILM04.1 

See Addendum for CLP SOW ILM05.2  
 
 
 
I. SCOPE AND APPLICATION: 
 
 A This procedure measures total mercury (organic and inorganic) in soils, 

sediments, bottom deposits and sludge type materials. 
 
 B. The range of the method is 0.2 to 2 µg/g.  The range may be extended above or 

below the normal range by increasing or decreasing sample size or through 
instrument and recorder control. 

 
 
II. SUMMARY OF METHOD: 
 
 A. A weighed portion of the sample is acid digested for 2 minutes at 95+2°C, 

followed by oxidation with potassium permanganate and with a secondary 
digestion at 95°C for 30 minutes.  Mercury in the digested sample is then 
measured by the conventional cold vapor technique. 

 
 
III. SAMPLE HANDLING AND PRESERVATION: 
 
 A. Because of the extreme sensitivity of the analytical procedure and the 

omnipresence of mercury, care must be taken to avoid extraneous 
contamination.  Sampling devices and sample containers should be ascertained 
to be free of mercury; the sample should not be exposed to any condition in the 
lab that may result in contact with solid, liquid or airborne mercury. 

 
 B. Refrigerate solid samples at 4°C (+2°C) upon receipt until digestion and            
               analysis. 
 C. The sample should be analyzed without drying. A separate percent solids 

determination is required 
 
 D. The holding time for digestion of mercury samples is 28 days. 
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IV. INTERFERENCES: 
 
 A. Potassium permanganate is added to eliminate possible interference from 

sulfide.  Concentrations as high as 20 mg/Kg of sulfide, as sodium sulfide, do 
not interfere with the recovery of added inorganic mercury in reagent water. 

 
 B. Copper has also been reported to interfere; however, copper concentrations as 

high as 10 mg/Kg had no effect on recovery of mercury from spiked samples. 
 

C. Samples high in chlorides require additional permanganate (as much as 
12.5 mLs) because, during the oxidation step, chlorides are converted to 
free chlorine, which also absorbs radiation of 253 nm.  Care must therefore 
be taken to ensure that free chlorine is absent before the mercury is 
reduced and swept into the cell.  

 
D. Certain volatile organic materials that absorb at this wavelength may also cause 

interference.  A preliminary run without reagents should determine if this type 
of interference is present. 

 
V. SAFETY 
 

A. Normal accepted laboratory practices should be followed while performing 
this procedure. 

 
B. The toxicity and carcinogenicity of each reagent used in this method has not 

been fully established.  Each chemical should be regarded as a potential health 
hazard and exposure to these compounds should be minimized by good 
laboratory practices.  Normal accepted laboratory safety practices should be 
followed during reagent preparation and instrument operation.  Always wear 
safety glasses or full-face shield for eye protection when working with these 
reagents.  Each laboratory is responsible for maintaining a current safety plan, 
a current awareness file of OSHA regulations regarding the safe handling of 
the chemicals specified in this method. 

 
C. Mercury compounds are highly toxic if swallowed, inhaled, or absorbed 

through the skin.  Analyses should be conducted in a laboratory exhaust hood.  
The analyst should use chemical resistant gloves when handling concentrated 
mercury standards. 
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VI.  EQUIPMENT/APPARATUS: 
 

A. Perkin Elmer  Flow Injection Mercury System (FIMS)  
 
B.  Perkin Elmer AS 90 
 
C.  Mercury lamp  

 
D. Environmental Express Mod-Block digestion block capable of holding 

95+2°C for 2 hours 
 
E.  A scale or balance capable of weighing to 0.01 + 0.02 gram. 
 
F. Snap cap digestion polypropylene vessels for use with the mod block digester. 

Five vessels of each lot must be taken through analysis to check for 
mercury 

G. Polypropylene watch glasses suitable for use with the above vessels in F 
above. 

 
H. Manual Sample Mill 

 
I. Wiley Sample Mill 

 
J. Clippers for cutting vegetation 

 
VII. REAGENTS AND STANDARD PREPARATION: 
 

A. REAGENTS 
 

1. Reagent Water:  Reagent water will be interference free.  All references to 
water in this method refer to reagent water unless otherwise specified. 

 
2. Aqua Regia:  Prepare immediately before use by carefully adding three 

volumes of concentrated HCl to one volume of concentrated HNO3.  Both 
HNO3 and HCl must be of the reagent grade suitable for mercury 
determinations. 

 
NOTE: This reagent is required for use when USACE project samples 

are being digested. 
 

3. Concentrated HCl. 
 

4. Concentrated HNO3. 
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5. Stannous chloride in a one liter volumetric flask add ~500 mL D.I. H2O,         
30 mL concentrated HCl, and 11g stannous chloride crystals.  Swirl to mix 
and dilute to 1 L. 

 
6. Sodium chloride-hydroxylamine chloride solution:  Dissolve 120 g of 

sodium chloride and 120 g of hydroxylamine sulfate in reagent water and 
dilute to 1 L.  Note : this is normally made up 2 liters at a time. 

 
7. Potassium permanganate, mercury-free, 5% solution (w/v): Dissolve 200 g 

of potassium permanganate in 4 L of reagent water. 
 
8. 3 % HCl carrier solution:  30 mL HCl – 1 L DI H20;  Prepare fresh daily. 

 
9. Potassium persulfate 5% solution: Dissolve 100g in 2 liters of D.I. water. 

Used  with digestion of CLP soils. 
 

B. STANDARDS 
 

1. Traceability 
 
a. A bound logbook record shall be maintained on all reference materials.  

The record shall include date of receipt, source, purity, all 
compositional information, storage conditions and expiration date.  
These materials/solutions are to be identified by a unique number in 
the logbook as well as on the container's label. 

 
b. All working standards made from reference materials shall be labeled 

with a unique ID number with complete information on preparation 
date, concentration of each compound, solvent, preparer's name, 
expiration date. Reagents shall be labeled with date received and 
expiration date, if applicable.  All of the information described above 
shall also be recorded in a bound logbook.  Measurements made 
during standards preparation (e.g., from weighing operations, volume 
diluted to, etc.)  shall also be recorded.  There should be no container 
with sample, sample extract, standard solution, etc. that is not correctly 
labeled and properly stored. 
 

c. The analyst must initial and date each entry made in a logbook.  Each 
analyst must be sure to "Z" out the unused area of each logbook page. 

 
2. Preparation 
 

NOTE: All standard solutions should be prepared using class A 
volumetric flasks, class A volumetric pipettes ( or calibrated 
Eppendorfs ). All Standards, blanks, and samples are taken 
through the digestion process. 
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a. Stock mercury solution: (100 µg/mL).  Order from manufacturer 
already prepared.  This solution is given a unique identifier. 

 
b. Primary source and secondary source mercury standard solutions:  

dilute 2 mL of stock solution to 1000 mL in a 1000 mL volumetric 
flask, with 1.5 mL concentrated HNO3 (200 ug/L). 

 
c. Calibration standards 
 

i. Prepared from the primary source  standard.  The preparation of 
the calibration standards, etc. is described below. 
 
a. Dilute the volumes below to 5 mLs  in a 70 mL polypropylene 

vessel. (Note: The standards are diluted to 5 mLs for the initial 
step of the digestion.) 

 
ug/L Hg    mLs of 200 ug/L standard in 50 mL   
0.20      0.050  
0.50      0.125 

                                    1.0      0.25 
2.0      0.50 
4.0      1.0 
6.0      1.5 
10.0      2.5 

 
ii. Appropriate reagents are added as below in the sample preparation 

section. 
 
iii. Prepare one vessel of each. 

  
iv. It is necessary to digest the calibration standards when following            

all mercury methods. 
 

e. Calibration verification standards 
 

i. Initial calibration verification ( ICV ) solution – 4.0 ug/L 
 

a. Prepared from the secondary source mercury standard (200 
ug/L). 

 
b. Prepared by diluting 1.0 mL of the second source mercury 

standard to 5 mLs in a polypropylene digestion vessel. 
 
c. Appropriate reagents are added as below in the sample 

preparation section. 
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d. It is necessary to digest the ICV standards when using all 
mercury  methods for soil. 

 
ii. Continuing calibration verification (CCV) solution 

 
a. Prepared from the primary or secondary source mercury 

standard.  The concentration is alternated from 2.0 ug/L to 4.0 
ug/L every 20 samples. 

 
b. Prepared by diluting 0.50 for a 2.0 ug/L and 1.0 mL for a 4.0 

ug/L of the  secondary 200 ug/L standard to 5.0 mL with 
reagent water in a polypropylene digestion vessel. 

 
c. Appropriate reagents are added as below in the sample 

preparation section. 
 
d. It is necessary to digest the CCV standards when following all 

mercury methods for soil. 
 

f. Digestion standards 
 

1. Laboratory control sample 
 

a. The Laboratory Control Sample (LCS) is prepared from the 
secondary source mercury standard (200 ug/L) and added to ~  
0.3 grams of teflon chips. 

 
b. Prepared by diluting 0.50 mL of the secondary mercury 

standard (200 ug/L) to 5 mLs in a polypropylene digestion 
vessel with 0.30 grams of teflon chips. 

  
c. Appropriate reagents are added as below in the sample 

preparation section. 
 
d. This solution  is given a unique identifier in the digestion log. 
 

       2.  Matrix Spikes 
 

a. Prepared from the primary or secondary source mercury 
standard  (200 ug/L). 

 
b. Prepared by adding 0.50 mL of the mercury standard (200 

ug/L) to the sample in a polypropylene digestion vessel.  
Project specific requirements may over-ride the spiking level. 

 
c. Appropriate reagents are added as below in the sample 

preparation section. 
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VIII. CALIBRATION: 
 

A. Set up the instrument with proper operating parameters. 
 

1. Perkin Elmer Flow Injection Mercury System (FIMS) 
   

a. Prepare the instrument for calibration by the following steps: 
i. Replace any old tubing that is around the pump cylinder.  The 

sample transfer tubing connected to the seperator cover must 
not have any moisture in it.  If it does replace it. (Perkin-
Elmer tygon tubing, waste and carrier 1.52mm I.D.,waste 
only 3.17mm I.D., stannous chloride 1.14mm I.D.) 

ii. Also replace the filter membrane with the rough side up. (for 
instructions refer to page 1-22 in maintenance  manual.) 

iii. Turn on PE 100 spectrophotometer; (Note:  this must be on in 
order to start up the software on the computer.) 

iv. Turn on computer and go to icon “AA Win LAB Analyst” 
v. Go to method; select “Hg CAL 2” then OK. 
vi. Wavelength = 253.7; smoothing points =9; measurement = 

peak height; read time = 18 sec.; BCC time = 2 sec. 
vii. Go to “Sample Info” and enter the order of the samples and 

other information that may be needed.   
viii. Save entered sample list under “Save  …sample info file” 

Note: description and batch ID are normally the date of 
analysis. 

ix. Go to “auto”; then to set-up. Select Browse in both spaces.  
One is to bring up your saved “Sample Information.” File.  The 
other is to select a results library. Double click on heading and 
choose.   

x. Turn the printer on. 
xi. Connect all tubing to the pump and blocks.  
xii. Start the pump by going to “FIAS” and click the pump 1 Icon 

(120). 
xiii. The pump witll start, then lock down and tighten the tubes onto 

the pump. 
xiv. Turn on the nitrogen tank, it should be >500 psi on the guage.  

Replace the nitrogen tank when it is at 500 psi. 
xv. The pressure gauge on the PE100 should be just below 100. 
xvi. Use the tension adjuster to press down the tubing magazine to 

the pump head on the top and bottom.  Start the pump and then 
lock them down.  This technique needs to be demonstrated so 
that a new user will be able to understand what is needed here 
and how to do it. 

xvii. Adjust the spring tension tubing until there is a constant 
“bubble of low rate” coming out to the waste tube. 
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xviii. Place carrier tubes into carrier and stannous chloride tube into 
SnCl2. ( click valve fill inject and make sure flow is correct 
and the line is rinsed) 

xix. Make sure the permanganate waste bottle is bubbling in order 
to absorb any Hg vapors which could be vented into the  room. 

xx. Allow a few minutes for reagents to flow through the system 
before starting analysis. 

xxi. Calibrate:  Go to “Auto” click on “Analyze”, click on 
“calibrate”. 

xxii. “Select location” enter the #’s of the samples to be analyzed, 
then “OK”. 

 
B. Analyze the calibration standards as below. 

 
1.  A curve must be analyzed daily for all projects.  A new curve must be 

analyzed when the ICV analysis is not within ±10% for SW846 7471A 
and 245.5 methods, or ±20% for 7471B. 

 
2. The curve should be linear with a calculated intercept with a minimum 

correlation coefficient(r) of >0.995 (USACE ) or 0.998 ( other ).  If not, a 
new curve must be analyzed. 

 
3. CLP requires a blank + 5 calibration standards (0, .02, .05, .1, .5 and 

1.0 µg).  (One standard must be at CRDL or IDL whichever is 
greater.) 

 
IX. PROCEDURE: 
 

A. Prepare calibration standards as detailed above.  Add all reagents to the 
standards which are added to the samples as outlined below.  Record the 
standard preparation in the standard log. 
 

B. Sample preparation           
 

It is extremely important that waste (when appropriate), soil and sediment 
samples be mixed thoroughly to ensure that the sample is as representative as 
possible of the sample media.  The most common method of mixing is 
referred to as quartering.  The quartering procedure should be performed as 
follows: 
• The material in the sample pan(inorganic-plastic/organic-aluminum)  

should be divided into quarters and each quarter should be mixed 
individually. 

• Two quarters should then be mixed to form halves. 
• The two halves should be mixed to form a homogenous matrix. 

                  
                 This procedure should be repeated several times until the sample is adequately 

mixed. 
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NOTE:  Samples that are clay type materials must be handled in a different 
manner.  Due to these type sample matrices having an affinity to stick to 
most anything that touches it, another approach must be followed.  Obtain a 
representative sub-sample aliquot from the center or middle section of the 
sample container. 
 

             Grinding of Vegetation Samples 
 
            Remove sample from shipping container and brush off dirt particles. Chop sample 

into about half inch pieces with clippers or other cutting tool. Place the sample in 
an aluminum pan and air-dry in an exhaust hood to the appropriate dryness for 
grinding. It should be dry enough where it won’t stick to the inside of the mill. 
Grind the dried sample to fineness in either the manual sample mill or the Wiley 
mill or both if needed. Place the ground sample in a container and label 
immediately.  
 

1. Transfer 0.30 g  ( for USACE work use anywhere from 0.20 to 1.0 g and 
record the weight in the digestion log)  of sample to a polypropylene 
digestion vessel previously marked for this sample.  Record the exact 
sample mass on the bottle and in the digestion log.  (Note:  the balance 
must be calibrated for the specific task.  Calibrate by weighing a 0.5 and a 
0.1g weight on the balance along with a digestion vessel.  Record in 
specific balance calibration log.) 

 
2. Add 2.5 mL of reagent water, and 2.5 mL of aqua regia and mix for 

samples.  Add 2.5 mL of aqua regia to standards and mix. 
 
3. Cover samples and standards with watch glasses and heat for 2 minutes in 

the hot block at 95+2°C (The hot block temperature must be monitored 
and documented.  Record observed temperature, correction factor, and the 
corrected temperature ). 

 
4.  Cool, bring to 30 ml with D.I. water 

 
5. Add 7.5 mL potassium permanganate solution to each vessel and mix.  For 

sewage samples additional permanganate may be required.  Shake and add 
additional portions of potassium permanganate to the solution if 
necessary, until the purple color persists for at least 15 minutes (not more 
than 12.5 mL).  
NOTE: The same amount of KMnO4 added to the samples should be 
present in the standards and blanks.  
 

6. Heat for 30 minutes on the hot block at 95+2°C ( The temperature must be 
monitored and documented.  Record observed temperature, correction 
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factor, and the corrected temperature ), cool.  Samples may be saved at 
this point if there is not time to run the whole set that day.  

 
 

7. Add 3 mLs of sodium chloride-hydroxylamine chloride solution to each 
vessel. 

 
8. Bring to 50 ml with D.I. water both standards and samples. Cap mix and 

vent to decolor and release Cl gas. The samples are now ready for 
analysis. 

 
NOTE:  Stannous Chloride (VII. A 5.) and 3% HCl (VII. A 8.) are added 
by the instrument during analysis. 

 
  

C. Sample analysis 
 

1. Set up the instrument as described in the calibration section above. 

2. When ready to run samples, transfer samples and standards to autosampler 
tubes and load the auto sampler according to the sample information sheet 
set up previously.  If chlorides are suspected, purge the head space in the 
polyethylene tube for at least 1 minute to get rid of any chlorine gas 
collected there.  After a delay of at least 30 seconds the sample is ready 
for step "3".  NOTE:  When aqua-regia is added assume that all samples 
and standards have chlorine and treat accordingly.  Purging the samples of 
chlorine is accomplished by putting a pasteur pipette on the end of some 
air tubing hooked to a fish pump.  The pasteur pipette is then placed at an 
angle into the top of the polyethylene vessel without breaking the surface 
of the sample.   It takes about one minute to purge the air above the 
sample of chlorine. 

3. Analysis must be preceded by the analysis of an ICV (concentration at or 
near mid range) with control limits of +10% for SW846-7471A or ±20% 
for 7471B and  ±5% for 245.5 methods. 

 
4. The ICB must follow the calibration standards (<±MDL (USACE) or 

±RL/CRDL for other or CLP), but not before the ICV. No analyte must 
be detected > 2xMDL for DOD QSM Ver. 3. 

 
5. Each set of ten samples must be followed by a CCV with control limits of 

+20% for SW846-7471A and B and ±10% for 245.5 method.  The run 
must also end with a CCV, then CCB. 

 
6. Analyze CCB after calibration and each CCV.  The CCB frequency is 

10% or every 2 hours whichever is more frequent.  (control limit is < 
±MDL or ±RL/CRDL for other or CLP). For DOD QSM Ver.3 CCB at 
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beginning and end of sequence and after every 10 samples. No analyte 
detected > 2xMDL. 

 
7. Instrument Run Log example: 

 
AS LOC             Sample ID 

0 Wash 
1  0.0 
2  0.O2 
3  0.05 
4  0.1 

                                  AS LOC     Sample ID 
5  0.2 
6  0.4 
7  0.6 
8  1.0 
9  ICV 
10  ICB 
11  LCSW 
12  PBW 
13 Sample 
14 Sample 
15 Sample 
16 Sample 
17 Sample 
18 Sample 
19 Sample 
20 Sample 
21 CCV 
22 CCB 
23 Sample 
24 Sample 
25 Sample 
26 Sample 
27 Sample 
28 Sample 
29 Sample 
30 Sample 
31 MS 
32 MSD 
33 FCV 
34 FCB 

 
 
8. Sample analysis: 
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 i. Go to “Analyze”, “select location” and type in the range of 
numbers needed to complete analysis. (ie. 9-54).  Press enter and the 
autosampler will proceed to enter the selected range.  NOTE:  Check 
standards are loaded as part of the tray. 

 
ii. Make sure that the sample wash beaker is filled with 3% HCl.  
 
iii. Dilute and reanalyze samples that are more concentrated than 

within 10% of the high standard.   Soil sample dilutions are 
made from the digested aliquot.  Sample concentration results 
that are below the calibration curve but above the MDL are 
reported flagged as estimated, (“B” flag).  

       
D. Data reporting 
 

1. Reduce data to result which will be reported using the soil spreadsheet 
found on the network.. 

 
2. Complete the data review checklist ( attached ).  Must be completed and 

attached to each set of USACE data. 
 
X. CALCULATIONS: 
 

A. Pull up the blank spreadsheet at  K:\wcm\tests\mercury and fill in all the 
information pertinent to the current analysis.  Save as the date of analysis.  
This information can be obtained from your mercury digestion log. 

  
B. Input the sample absorbance into the excel spreadsheet in the appropriate cell.   

The spreadsheet uses the current calibration to calculate the Hg results. 
 
C. Make sure that the appropriate dilution factors are entered into the spreadsheet 

in the correct cells. 
 
D. The spreadsheet should divide the result which is the µg Hg obtained from the 

sample mass by the sample mass in grams.  This will yield a result of µg Hg/g 
sample on a wet weight basis.  Calculations in the spreadsheet should be 
checked occassionally to make sure that they are working correctly. 

 
E. If available, divide the result by the %solids to obtain the result on a dry 

weight basis. 
 
F.  Report the data as µg Hg/g of sample (mg/kg wet or  mg/kg dry when % solids 

are available). 
 
XI. QUALITY CONTROL (Reference SW-846, 7471A Update III, 7471B 

Revision 2 February 2007, USEPA CLP ILMO 4.1 or EPA 245.5 for further 
clarification) 
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A. Daily 
 

1. The instrument must be calibrated daily for all projects. 
 
2. Begin each analysis with an ICV.  The control limits are +10% for 7471A 

and 245.5,  ±20% for 7471B. 
 
3. Analyze ICB.  Control limit is  <± MDL or ±RL/CRDL for other or CLP. 
       For DOD QSM Ver. 3, no analyte detected > 2x MDL. 
 
4. If the ICV is not in control a new curve must be analyzed prior to sample 

analysis. 
 

5. Follow each set of 10 samples with a CCV and also must end up with 
CCV after last sample.  The control limits are +20% for SW846-7471A, 
SW846 7471B and for 245.5.  If an exceedance occurs, analyze another 
CCV, if the second CCV  fails, then a new calibration curve should be 
generated and all affected samples should be reanalyzed. 

 
6.   Follow each CCV with a CCB.  Control limit is < ±MDL  or  ±RL/CRDL    

for others or CLP. For DOD QSM Ver. 3, no analyte detected > 2x 
MDL. 

 
B. Quarterly 

 
1. IDLs for CLP  (Follow SOP - 414). 
 

C. Annually 
 
1.   MDLs  must be analyzed for all matrixes (Follow SOP - 414). 

 
D. Digestion 
 

1. LCS data should be maintained and available for easy reference or 
inspection. 

 
2. Preparation blank (< ±½ RL or ±RL for common contaminates or 

±RL/CRDL for  others or CLP) 
 

a. Employ a minimum of one preparation blank per sample batch to 
determine if contamination or any memory effects are occurring.  The 
preparation blank is taken through the same digestion/preparation 
steps as the samples being tested.  The result for the preparation blank 
must be < ± ½  RL  for USACE or ±RL/CRDL for  others or CLP.  If 
not, the analyst must use good judgment to evaluate the impact upon 
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the associated samples.  There is no impact if an associated sample is 
below the method detection limit or if the level in the sample is greater 
than 10X the level found in the preparation blank.  If the level of 
mercury in a sample is above the method detection limit, but less than 
10X the level found in the preparation blank, the sample must be 
redigested and reanalyzed or the data must be qualified on the final 
report.  The project manager or QA officer  will make this 
determination. 

 
3. Laboratory control sample ( LCS ). 

 
a. Employ a minimum of one LCS per sample batch to verify the 

digestion procedure..  The LCS is taken through the same 
digestion/preparation steps as the samples being tested.  The minimum 
control limits are +20% for SW846-7471A, 7471B and 245.5 solid 
samples.  An  LCS will accompany each batch of soil samples.  If the 
LCS is not in control, the Inorganic Manager and QA Officer must be 
notified immediately.  Several possibilities  exist at this point and a 
thorough investigation and data evaluation is essential.  The first 
question is to evaluate the impact upon the data.  All samples may 
need to be retested or flagged with the appropriate qualifier.  The next 
question is to find out why it occurred and to proceed with a corrective 
action plan to  prevent reoccurrence.  This corrective action is 
documented in a CAR. 

 
E. Sample matrix 
 

1. Analyze one replicate sample for every twenty samples or per analytical 
batch, whichever is more frequent.  A replicate sample is a sample brought 
through the whole sample preparation and analytical process in duplicate.  
It is acceptable to substitute a matrix spike duplicate for the sample 
replicate.  Project specific requirements will take precedence in these 
situations. 
 

2. Analyze one spiked sample and spiked sample duplicate for every twenty 
samples or per analytical batch, whichever is more frequent.  A replicate 
sample is a sample brought through the whole sample preparation and 
analytical process in duplicate.  Project specific requirements will take 
precedence in these situations.  CLP requires 1 duplicate and 1 spike per 
batch.  If the analyte level in the sample is not greater than four times the 
spiking level, the spike recoveries should be within +25% for 7471A and 
±20% for 7471B of the true value( +20% for DOD projects).  If results 
do not fall within the control limit-redigestion/reanalysis may be required.  
If reanalysis is not required, the associated batch of samples will be 
flagged accordingly.  Discuss the situation with your supervisor.  A 
Corrective Action Report (CAR) must be filled out and attached to the 
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data as well as emailed or sent to the supervisor when the control limits 
are exceeded. 

 
3. The relative percent difference (RPD) between replicate determinations is 

to be calculated as referenced in the laboratory QA manual.  (A control 
limit of + 20% RPD (non-aqueous samples may routinely exceed this 
amount) shall be used for sample values greater than ten times the 
instrument detection limit.)  Supervisor must be notified if the control 
limit is not met.  Supervisor will determine corrective action if required.  
The final analytical report must document this situation.  A Corrective 
Action Report (CAR) must be filled out and attached to the data as well as 
emailed or sent to the supervisor when the control limits are exceeded. 

 
4. For 245.5 analyze one serial dilution (1 to 5 dilution) for every 20 samples 

or per analytical batch, whichever is more frequent.  Percent recovery 
should be 10%.  The concentration of the original sample should be a 
minimum of 50X the IDL in order to apply the recovery criterion; if not, 
the serial dilution approach is not used.   

 
 

5. When the sample matrix is so complex that viscosity, surface tension, and 
components can not be accurately matched with standards, the method of 
standard addition (MSA) is recommended. Section 8.6 of SW846-7000A 
provides tests to evaluate the need for using the MSA. 

 
 

F.  Method Detection Limit (MDL), Empirical Laboratories’ Reporting Limit 
(ERL), Contract Required Quantitation Limit (CRQL) and Analyte 
Wavelength: 

 
TABLE I 

 
Solid/Soil Method Detection Limits(MDL), Empirical Laboratories’ Reporting 

Limits(ERL), 
CLP OLM04.1 & OLM05.2 Contract Required  Quantitation Limits (CRQL) 

Mercury by EPA 
245.1, 245.5, 7471A,  

  SOW 4.1 & 5.2 

SOLID/SOIL 
MDL 

(mg/Kg) 

SOLID/SOIL 
ERL 

(mg/Kg) 

SOLID/SOIL 
CRQL ILMO 

4.1  
(mg/Kg) 

SOLID/SOIL 
CRQL ILMO  

5.2  
(mg/Kg) 

Mercury 
 

0.0157 0.033 0.1 0.1 

 
 
                                                          TABLE 2 
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ANALYTE 

 
WAVELENGTH 

Mercury 253.7 
 
XII. CORRECTIVE ACTIONS 
 

A. INSTRUMENT RELATED 
1. ICV not within + 10% (SW846) and (245.5)  

a. If the problem is with the solution. 
i. Reprepare,  obtain new stock if necessary. 

b. If the problem is with the calibration. 
i. Recalibrate thru analysis of appropriate standards and recheck 

ICV. 
 

2. CCV not within + 20% (SW846) and (245.5) 
a. If the problem is with the solution. 

i. Reprepare, obtain new stock if necessary. 
b. If the problem is with the calibration. 

i. Recalibrate thru analysis of appropriate standards and 
reprepare/reanalyze the previous ten sample according the 
following guidelines. 
a. If the CCV was biased high, any of the previous ten samples 

which were below the minimum detection limit do not require 
reanalysis. 

b. If the CCV was biased low, the previous ten samples must be 
reanalysed. 

 
B. DIGESTION RELATED 

1. The preparation blank less than ± ½ RL for DOD or ±RL/CRDL for  
others or CLP. 
a. If the problem is with the instrument or stannous chloride. 

i. Analyze a reagent blank to determine the stannous chloride and the 
instrument are behaving properly.  If this check has detectable 
mercury, reprepare the stannous chloride or determine if there are 
any problems with the instrument. 

ii. If the problem was with the instrument or the stannous chloride 
and the situation is corrected continue analysis with a second 
aliquot of the preparation blank. 

b. If the problem is with the digestion. 
i. All associated samples which are below the method detection limit 

(MDL) or have a level of mercury greater than 10X the level found 
in the preparation blank can be reported.  If the level of mercury in 
an associated sample is not <MDL nor greater than 10X the level 
found in the preparation blank, the sample must be 
redigested/reanalyzed or reported as qualified.  The project 
manager or QA manager will make this determination. 
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2. LCS not within control limits. 
a. If the problem is with the instrument. 

i. Reanalyze when instrument is in control with another aliquot of 
the sample. 

b. If the problem is with the digestion. 
i. If biased low, associated samples must be redigested. 
ii. If biased high, the impact upon the data user must be evaluated.  

The samples will be redigested or the data will be qualified on the 
final report. 

 
C. SAMPLE MATRIX RELATED 

1. Replicate analysis RPD not within +20% 
i. The associated sample data must be qualified on the final report. 

2. Spike analysis recovery not within +25% 7471A and ±20% 7471B ( 
+20% for DOD projects) 
i. If the analyte level in the sample is greater than 4X the spiking level, 

the %recovery can not be evaluated and no action is taken. 
ii. If the analyte level in the sample is not greater than 4X the spiking 

level, the associated sample data must be qualified on the final report.  
A corrective action report must accompany the data and be emailed or 
given to the superviser. 

  
XIII. WASTE DISPOSAL and POLLUTION PREVENTION 

 
       Please see Waste Disposal SOP-405,  for instruction of proper disposal of    

waste generated from this area. 
        Quantity of chemicals purchased should be based on expected usage 

during its shelf-life  and the disposal cost of unused material. Actual 
reagent preparation volumes should reflect anticipated usage and 
reagent stability. 

 
 
 
 
XIV. REFERENCES 
 
 

1. Test Methods for Evaluating Solid Waste Physical/Chemical Methods, 
SW-846; Third Edition (Update III/IV); Method 7471A, 7471B 

 
2. USEPA Code of Federal Requlations, 40, CH 1,PT 136; Method 245.1; 

APX-B 
 

 
 3.  USEPA Contract Laboratory Program(CLP) for Inorganics ILM04.1; 
ILM05.2 

 
XV. DEFINITIONS 
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1.    Refer to SOP-431 for common definitions. 

 
 
 
 

Addendum for USEPA CLP ILM 05.2 
 
1. CCV concentration must be different from ICV. 
 
2. The same CCV shall be used throughout analysis for a sample delivery 

group. 
 
3. Calibration standards must be within 5% of the standard concentration. 
 
4. 0.2 grams of sample must be used for the sample aliquot, add enough 

reagent water to each sample to  make a total volume of 10 mL.  Proceed 
with method as in the water method SOP 103.0 Revision 9. 

 
5. The ICV and CCV must be at ±20% recovery. 
 
6. A CRA must be analyzed at the beginning and end of each batch of 20 

samples.  Right after the ICV/ICB and right before the final CCV/CCB.   
The control limit is ±30%. 

 
7. The matrix spike must be analyzed at the concentration of 0.5 mg/Kg. 
 
 
 
 
 
 
 
 

ANALYST DATA REVIEW CHECKLIST 
 
 

Sample Number(s): 
Batch Number(s): 
Method: 7471A (Mercury) 
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QA/QC Item 

 
Yes 

 
No 

 
NA 

Second Level 
Review 

 
1. Were samples analyzed within USACE holding times? 

 
 

 
 

 
 

 
 

 
2. Was initial calibration curve QC criteria met? 

 
 

 
 

 
 

 
 

 
3. Was all continuing calibration criteria in control? 

 
 

 
 

 
 

 
 

 
4. Did any sample exceed the highest calibration standard? 

    

 (If yes, were appropriate dilutions made to generate samples 
 concentration within calibration range?) 

    

 
5. Did LCS or blank spike meet control limits? 

 
 

 
 

 
 

 
 

 
6. Did MS/MSD meet control limits? 

 
 

 
 

 
 

 
 

 
7. Was the preparation (Method) Blank below the project required 
 detection limits? 

 
 

 
 

 
 

 
 

 
8. Did you return samples back to cold storage immediately after 
 use? 

 
 

 
 

 
 

 
 

 
9. Was water bath temperature monitored/documented and did 
you  apply the thermometer correction factor? 

 
 

 
 

 
 

 
 

 
10. Sample preparation information is correct and complete. 

 
 

 
 

 
 

 
 

 
11. Analytical results are correct and complete. 

 
 

 
 

 
 

 
 

 
12. The appropriate SOP's have been used and followed. 

 
 

 
 

 
 

 
 

 
14. "Raw data" including all manual integration's have been 
correctly  interpreted. 

 
 

 
 

 
 

 
 

 
15. "Special" sample preparation and analytical requirements have 
 been met. 

 
 

 
 

 
 

 
 

 
16. Documentation complete (e.g., all anomalies in the analytical 
 sequence have been documented, corrective action forms are 
 complete. 
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ANALYST DATA REVIEW CHECKLIST 
7471A (Mercury) 

 
 

Comments on any "No" response: 

 
  Analyst:  Date:  

   
Second-Level Review:  Date:  

   
 
 



• 

• 

• 

SOP NUMBER: 

REVISION NUMBER: 

APPROVED BY: 

EFFECTIVE DATE: 

DATE OF LAST REVIEW: 

EMPIRICAL LABORATORIES, LLC 

METALS ANALYSIS 

SOP-lOS 
Revision: 15 
Date: 02122/09 
Page: 1 of 43 

BY INDUCTIVELY COUPLED PLASMA­

ATOMIC EMISSION SPECTROMETRY (ICP­

AES) TECHNIQUE 

METHODS 200.7, (SW846) 6010B, (SW846) 

6010C, (SM 19th Edition 2340B) Hardness 

Calculation, (USEP A CLP) ILMO 4.1 (NJDEP 

does not accept CLPILM 04.1 after June, 2003) 

Addendum for USEP A CLPILM 05.2 

SOP-lOS 

15 

02/22/09 

05/08/09 

V:\LAB\QAQC\SOP\SOP-105 Rev 15.doc 
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ICP METHOD 
SOP 

References:  SW-846, Method 6010B, December 1996; SW-846, Method 6010C, 
Revision 3 February 2007; USEPA, Method 200.7, June 1991; Standard Methods 

19th Edition 2340B; 1995 USEPA CLP, ILM 04.1.  See Addendum for USEPA 
CLPILM 05.2 

 
I. SCOPE AND APPLICATION 
 

A. Inductively Coupled Argon Plasma (ICAP) determines trace elements in 
solution.  We use the ICP to determine the concentration of the following 
metals: Ag, Al, As, B, Ba, Be, Ca, Cd, Co, Cr, Cu, Fe, K, Mg, Mn, Mo, Na, 
Ni, Pb, Sb, Se, Sn, Sr, Ti, Tl, V and Zn.  All matrices, including ground 
water, aqueous samples, TCLP, SPLP and EP extracts, industrial and organic 
wastes, soils, sludges, sediments, and other solid wastes, require digestion 
prior to analysis. 

 
B. Detection limits, sensitivity, and optimum ranges of the metals may be 

found in the ICP method file.  Use of this method is restricted to 
spectroscopists who are knowledgeable in the correction of spectral, chemical, 
and physical interferences. 

 
II. SUMMARY OF METHOD 
 

A. Prior to analysis, samples must be solubilized or digested using appropriate 
Sample Preparation Methods (e.g., Methods 3005-3050 and SOW ILM 
04.1/05.2).  When analyzing for dissolved constituents, acid digestion is not 
always necessary if the samples are filtered and acid preserved prior to 
analysis.  If particulates form after filtration and preservation the sample must 
be digested prior to analysis. 

 
NOTE:  When selenium is required soluble samples must always be digested.   

 
B. This method describes the simultaneous multi-elemental determination of 

elements by ICP.  The method measures element-emitted light by optical 
spectrometry.  Samples are nebulized and the large droplets are removed by a 
spray chamber and the small droplets then pass through to the plasma.   The 
solvent is evaporated.  The residual sample decomposed to atoms and ions 
that become excited and emit characteristic light which is measured, giving a 
measurement of the concentration of each element type in the the original 
sample.  Background correction is required for trace element determination.  
Background must be measured adjacent to analyte lines on samples during 
analysis.  The position selected for the background-intensity measurement, on 
either or both sides of the analytical line, will be determined by the 
complexity of the spectrum adjacent to the analyte line.  The position used 
must be free of spectral interference and reflect the same change in 
background intensity as occurs at the analytic wavelength measured.  
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Background correction is not required in cases of line broadening where a 
background correction measurement would actually degrade the analytical 
result.  Control of the spectrometer is provided by PC based iTEVA software. 

 
C. ICP's primary advantage is that it allows simultaneous determination of any 

elements in a short time.  The primary disadvantage of ICP is background 
radiation from other elements and the plasma gases.  Although all ICP 
instruments utilize high-resolution optics and background correction to 
minimize these interferences, analysis for traces of metals in the presence of a 
large excess of a single metal is difficult.  Examples would be traces of metals 
in an alloy or traces of metals in a limed (high calcium) waste.  ICP and Flame 
AA have comparable detection limits (within a factor of 4) except that ICP 
exhibits greater sensitivity for refractories (Al, Ba, etc.).  Furnace AA, in 
general, will exhibit lower detection limits than either ICP or FAA. 

 
D.  It is standard procedure to use an internal standard (scandium) with samples to 

increase the stability of the instrument as recommended by the manufacturer 
(Thermo Fisher).  (When samples are suspected of containing scandium 
internal standard cannot be used.)  

 
III. SAMPLE HANDLING AND PRESERVATION 
 

A. Preliminary treatment of most matrices is necessary because of the complexity 
and variability of sample matrices.  Water samples which have been 
prefiltered and acidified will not need acid digestion as long as the samples 
and standards are matrix matched and particulates do not form after the 
filtration and preservation take place.   Solubilization and digestion 
procedures are presented in Sample Preparation Methods (Methods 3005A-
3050A). 

 
B. Sample digestates are stored at room temperature for at least 2 months unless 

a longer time is requested by the client.  The samples contain an acid matrix 
of 3:1.  Since the most concentrated acid matrix allowed for direct disposal 
down an acid sink is a ratio of 20:1, the samples must be diluted with 1 part 
water to 2 parts sample prior to pouring down the sink while the tap water is 
running. 

 
C. The appropriate SOPs should be consulted regarding sample 

preparation.  The following is a brief summary of the methods we use for 
metals preparation. 

 
• Method 3005A prepares groundwater and surface water samples for total 

recoverable and dissolved metals determination by ICP.  The unfiltered or 
filtered sample is heated with dilute HCl and HNO3 prior to metal 
determination. 
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• Method 3010A prepares waste samples for total metal determination by 
ICP.  The samples are vigorously digested with a mixture of nitric acid 
and hydrochloric acid followed by dilution with laboratory water.  The 
method is applicable to aqueous samples, TCLP and mobility-procedure 
extracts. 

 
• Standard Methods 19th Edition Method 3030C prepares groundwaters and 

suface water samples for acid extractable metals: (lead and chromium.)  
This preparation has a holding time of 72 hours.  The samples are 
preserved at collection with 5mL/L of HNO3, in the laboratory 5 
mL/100mL of 1+1 HCl is added and the sample is heated for 15 minutes 
in a block digester.  The sample is filtered through a membrane filter and 
the filtrate is carefully transferred to a volumetric flask and brought back 
to 100 mLs. 

  
• Method 3050B prepares wastes samples for total metals determination by 

ICP.  The samples are vigorously digested in nitric acid and hydrogen 
peroxide followed by dilution with either laboratory water or hydrochloric 
acid and laboratory water.  The method is applicable to soils, sludges, and 
solid waste samples. 

 
IV. INTERFERENCES 

 
A. Spectral interferences are caused by background contribution from continuum 

or recombination phenomena, stray light from the line emission of high-
concentration elements, overlap of a spectral line from another element, or 
unresolved overlap of molecular band spectra. 

   
1. Background emission and stray light can usually be compensated for 

by subtracting the background emission determined by measurements 
adjacent to the analyte wavelength peak.  Spectral scans of samples or 
single element solutions in the analyte regions may indicate when 
alternate wavelengths are desirable because of severe spectral 
interference.  These scans will also show whether the most appropriate 
estimate of the background emission is provided by an interpolation 
from measurements on both sides of the wavelength peak or by 
measured emission on only one side.  The locations selected for the 
measurement of background intensity will be determined by the 
complexity of the spectrum adjacent to the wavelength peak.  The 
locations used for routine measurement must be free of off-line 
spectral interference (interelement or molecular) or adequately 
corrected to reflect the same change in background intensity as occurs 
at the wavelength peak. For multivariate methods using whole spectral 
regions, background  scans should be included in the correction 
algorithm.  Off-line interferences are handled by including spectra on 
interfering species in the algorithm. 
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2. To determine the appropriate location for off-line background 
correction, the user must scan the area on either side adjacent to the 
wavelength and record the apparent emission intensity from all other 
method analytes.  This spectral information must be documented and 
kept on file.  The location selected for background correction must be 
either free of off-line interelement spectral interference or a  computer 
routine must be used for automatic correction on all determinations.  If 
a wavelength other than the recommended  wavelength is used,  the 
analyst  must determine and document both the overlapping and 
nearby spectral intereference effects from all method analytes and 
common elements and provide for their automatic correction on all 
analyses.  Tests to determine spectral interference must be done using 
analyte concentrations that will adequtetely describe the interference.  
Normally, 100 mg/L single element solutions are sufficient; however, 
for analytes such as iron that may be found at high concentration, a 
more appropriate test would be to use a concentration near the upper 
analytical range limit. 

 
3. Spectral overlaps may be avoided by using an alternate wavelength or 

can be compensated by equations that correct for interelement 
contributions. Instruments that use equations for interelement 
correction require the interfering elements be analyzed at the same 
time as the element of interest.  When  operative and uncorrected, 
interferences will produce false positive determinations and be 
reported as analyte concentrations.  More extensive information on 
interferant effects at various wavelengths and resolutions is available 
in reference wavelength tables and books.  Users may apply 
interelement correction equations determined on their instruments with 
tested concentration ranges to compensate (off line or on line) for the 
effects of interfering elements.  Some potential spectral interferences 
observed for the recommended wavelength are listed in the method in 
table 2.  For multivariate methods using whole spectral regions, 
spectral interferences are handled by including spectra of the 
interfering elements in the algorithm.  The interferences listed are only 
those that occur between method analytes.  Only interferences of a 
direct overlap nature are listed.  These overlaps were observed with a 
single instrument having a working resolution of 0.035 nm. 

 
4. When using interelement correction equations, the interference may be 

expressed as analyte concentration equivalents (i.e. false analyte 
concentrations) arising from 100 mg/L of the interference element.  
For example, assume that As is to be determined (at 193.696 nm) in a 
sample containing approximately 10 mg/L of Al.  According to Table 
2 from the method, 100 mg/L of Al would yield a false signal for As 
equivalent to approximately 1.3 mg/L.  Therefore, the presence of 10 
mg/L of Al would result in a false signal for As equivalent to 
approximatley 0.13 mg/L.  The user is cautioned that other instruments 
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may exhibit somewhat different levels of interferences than that shown 
in Table 2 from the method.  The interference effects must be 
evaluated for each individual instrument since the intensities will vary. 

 
5. Interelement corrections will vary for the same emission line among 

instruments because of differences in resolution, as determined by the 
grating, the entrance and exit slit widths, and by the order of 
dispersion.  Interelement corrections will also vary depending upon the 
choice of background correction points.  Selecting a background 
correction point where an intefering emission line may appear should 
be avoided when practical.  Interelement corrections that constitute a 
major portion of an emission signal may not yield accurate data.  Users 
should not forget that some samples may contain uncommon elements 
that could contribute spectral interferences. 

 
6. The interference effects must be evaluated for each individual 

instrument whether configured as a sequential or simultaneous 
instrument.  For each instrument, intensities will vary not only with 
optical resolution but also with operating conditions (such as power, 
viewing height and agron flow rate).  When using the recommended 
wavelengths, the anlaylst is required to determine and document for 
each wavelength the effect from referenced interferences  as well as 
any other suspected interferences that may be specific to the 
instrument of matrix.  The analyst is encouraged to utilize a computer 
routine for automatic correction on all analyses. 

 
7. If the correction routine is operating properly, the determined, 

apparent analyte(s) concentration from analysis of each interference 
solution should fall within a specific concentration range around the 
calibration blank.  The concentration range is calculated by 
multiplying the concentration of the interfering element by the value 
of the correction factor being tested and divided by 10.  If after the 
subtraction of the calibration blank the apparent analyte concentration 
falls outside of this range in either a positive or negative direction, a 
change in the correction factor of more than 10% should be suspected.  
The cause of the change should be determined and corrected and the 
correction factor updated. The interference check solutions should be 
analyzed more than once to confirm a change has occurred.  Adequate 
rinse time between solutions and before analysis of the calibration 
blank will assist in the confirmation. 

 
8. When interelement corrections are applied, their accuracy should be 

verified, daily, by analyzing spectral interference check solutions.  If 
the correction factors or multivariate correction matrices tested on a 
daily basis are found to be within 20% criteria for 5 consecutive days, 
the required verification frequency of those factors in compliance may 
be extended to a weekly basis.  Also, if the nature of the samples 
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analyzed is such they do not contain concentrations of the interfering 
elements at ± one reporting limit from zero, daily verification is not 
required.  All interelement spectral correction factors or multivariate 
correction matrices must be verified and updated every six months or 
when an instrumentation  change, such as in the torch, nebulizer, 
injector, or plasma conditions occurs.  Standard solution should be 
inspected to ensure that there is no contamination that may be 
perceived as a spectral interference. 

 
B. Physical interferences are effects associated with the sample nebulization  and 

transport processes.  Changes in viscosity and surface tension can cause 
significant inaccuracies, especially in samples containing high dissolved 
solids or high acid concentrations.  If physical interferences are present, they 
must be reduced by diluting the sample or by using a peristaltic pump, by 
using an internal standard or by using a high solids nebulizer.  Another 
problem that can occur with high dissolved solids is salt buildup at the tip of 
the nebulizer, affecting aerosol flow rate and causing instrumental drift.  The 
problem can be controlled by wetting the argon prior to nebulization, using a 
tip washer, using a  high solids nebulizer or diluting the sample.  Also it is has 
been reported that better control of the argon flow rate, especially to the 
nebulizer, improves instrument performance:  this may be accomplished with 
the use of mass flow controllers.  

 
C. Memory interferences result when analytes in a previous sample contribute to 

the signals measured in a new sample.  Memory effects can result from 
sample deposition on the uptake tubing to the nebulizer and from the build up 
of sample material in the plasma torch and spray chamber.  The site where 
these effects occur is dependent on the elements and can be minimized by 
flushing the system with a rinse blank between samples.  The possibility of 
memory interferences should be recognized within an analytical  run and 
suitable rinse times should be used to reduce them.  The rinse times necessary 
for a particular element must be estimated prior to analysis.  This may be 
achieved by aspirating a standard containing elements at a concentration ten 
times the usual amount or at the top of the linear dynamic range.  The 
aspiration time for this sample should be the same as a normal sample analysis 
period, followed by analysis of the rinse blank at designated intervals.  The 
length of time required to reduce analyte signals to within a factor of two of 
the method detection limit should be noted.  Until the required rinse time is 
established, this method suggests a rinse period of at least 60 seconds between 
samples and standards.  If a memory interference is suspected, the sample 
must be reanalyzed after a rinse period of sufficient length.  Alternate rinse 
times may be established by the analyst based upon their DQOs.  

 
D. Users are advised that high salt concentrations can cause analyte signal 

suppressions and confuse interference tests.  If the instrument does not display 
negative values, fortify the interference check solution with the elements of 
interest at 0.5 to 1 mg/L and measure the added standard concentration 
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accordingly.  Concentrations should be within 20% of the true spiked 
concentration or dilution of the samples will be necessary.  In the absence of 
measurable analyte, overcorrection could go undetected if a negative value is 
reported as zero. 

 
V. SAFETY 

 
A. Normal accepted laboratory safety practices should be followed while 

performing this analysis. 
 

1. Care should be used in handling all samples.  Safety glasses 
must be worn in the lab at all times.  The use of appropriate 
safety gloves and lab coats is highly recommended. 

2. Research into expected sample content and concentration 
should be done in order to be prepared for additional safety 
considerations.  Generally, any samples that need special 
consideration have applicable notes on the sample logs. 

3. MSDS sheets are available for all reagents and standards that 
have been purchased.  These are located in the bookshelves in 
the Quality Assurance Officers office. 

 
VI. EQUIPMENT/APPARATUS 
 

A. Inductively coupled argon plasma emission spectrometer: Thermo Scientific 
6500 DUO. 

 
B. Computer-controlled emission spectrometer with background correction:  

Thermo Scientific 6500 DUO or equivalent. 
 
C. Radio frequency generator compliant with FCC regulations:  Thermo 

Scientific or equivalent. 
 
D. Argon gas supply – Liquid Argon 
 
E. Class A volumetric flasks 
 
F. Class A volumetric pipettes 

 
G. Analytical balance - capable of accurate measurement to a minimum of three 

significant figures (.001gm):  Mettler model AE100 
 
H. Variable Eppendorf Pipettes 1000μL; 5000μL 

 
VII. REAGENTS AND STANDARD PREPARATION 
 

A. Notes 
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1. Reagent Water.  All references to water in the method refer to reagent 

grade water unless otherwise specified.  Reagent water will be 
interference free. 

 
2. Reagent grade chemicals shall be used in all tests.  Unless otherwise 

indicated, it is intended that all reagents shall conform to the specifications 
of the Committee on Analytical Reagents of the American Chemical 
Society, where such specifications are available.  Other grades may be 
used, provided it is first ascertained that the reagent is of sufficiently high 
purity to permit its use without lessening the accuracy of the 
determination.  If the purity of a reagent is in question analyze for 
contamination.  If the concentration is less than the MDL then the reagent 
is acceptable. 

 
B. REAGENTS 

 
1. Hydrochloric acid (concentrated), HCl. 
2. Nitric acid (concentrated), HNO3. 
 

 
C. STANDARDS 
 

1. Matrix 
 

a. All standards contain 2% HNO3 and 5% HCl. 
 

2. Storage 
 

a. The standards are stored at room temperature in 500 mL Teflon 
bottles. 

 
3. Traceability 

 
a. All records shall be maintained on all reference materials within 

Element.  The record shall include date of receipt, source, purity, all 
compositional information, storage conditions and expiration date.  
These materials/solutions are to be identified by a unique Element 
number that is recorded on the container's label. 

 
b. All working standards made from reference materials shall be labeled 

with a unique Element ID number with complete information on 
preparation date, concentration of each compound, solvent, preparer's 
name, expiration date in Element.  Reagents shall be labeled with date 
received and expiration date, if applicable.  All of the information 
described above shall also be recorded in Element.  Measurements 
made during standards preparation (e.g., from weighing operations, 
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volume diluted to, etc.)  shall also be recorded.  There should be no 
container with sample, sample extract, standard solution, etc. that is 
not correctly labeled and properly stored. 

 
4. Calibration standards 

 
a. All standards have an acid matrix of 2% HNO3 and 5% HCl and 

should be prepared using class A volumetric flasks, class A volumetric 
pipettes (or calibrated Eppendorfs). 
 

b. STD-1 is the calibration blank: Reagent grade water matrix matched 
as in (a) above.  Note: when this standard is analyzed the 
intensities should be compared to a previous run to make sure that 
no contamination has occurred.  Prepare this solution fresh daily. 

 
c.   Stock QC21 solution:  (100 ug/mL).   Order from the manufacturer 

already prepared.  This solution is given a unique identifier within 
Element and includes the following metals - Sb, As, Be, Cd, Ca, Cr, 
Co, Cu, Fe, Pb, Li, Mg, Mn, Mo, Ni, Se, Sr, Tl, Ti, V,  and  Zn. 

 
e.   Stock QC7 solution:  Order from the manufacturer already prepared.  

This solution is given a unique identifier within Element and includes 
the following metals- (50 ug/mL)- silver; (100 ug/mL)- aluminum, 
boron, barium and sodium; (1000 ug/mL)- potassium; (500 ug/mL or 
100 ug/mL note we use two sources of this standard and each have 
different concentrations for Si) –Silica. 

 
f. Boron solution: (1000 ug/mL). Order from the manufacturer already 

prepared.  This solution is given a unique identifier within Element. 
 
g.  Stock Tin solution: (10000 ug/mL).  Order from the manufacturer 

already prepared.  This solution is given a unique identifier within 
Element.  

  
h.   Stock Silver solution:  (1000 ug/mL).  Order from the manufacturer 

already prepared.  This solution is given a unique identifier within 
Element. 

 
i. Stock Aluminum solution:  (10000 ug/mL).  Order from the 

manufacturer already prepared.  This solution is given a unique 
identifier within Element. 

 
j.  Stock Calcium solution:  (10000 ug/mL).  Order from the manufacturer 

already prepared.  This solution is given a unique identifier. 
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k Stock Magnesium solution:  (10000 ug/mL).  Order from the 
manufacturer already prepared.  This solution is given a unique 
identifier within Element. 

 
l. Stock Iron solution:  (10000 ug/mL).  Order from the manufacturer 

already prepared.  This solution is given a unique identifier within 
Element. 

 
m. Stock Potassium solution:  (10000 ug/mL).  Order from the 

manufacturer already prepared.  This solution is given a unique 
identifier within Element. 

 
n Stock Barium solution:  (10000 ug/mL).  Order from the manufacturer 

already prepared.  This solution is given a unique identifier within 
Element. 

 
o Stock Sodium solution:  (10000 ug/mL).  Order from the manufacturer 

already prepared.  This solution is given a unique identifier within 
Element. 

 
p. Stock Arsenic solution:  (1000 ug/mL).  Order from the manufacturer 

already prepared.  This solution is given a unique identifier within 
Element. 

 
q. Stock Cobalt solution:  (1000 ug/mL).  Order from the manufacturer 

already prepared.  This solution is given a unique identifier within 
Element. 

 
r. Stock Chromium solution:  (1000 ug/mL).   Order from the 

manufacturer already prepared.  This solution is given a unique 
identifier within Element. 

 
s  Stock Copper solution:   (1000 ug/mL).   Order from the manufacturer 

already prepared.  This solution is given a unique identifier within 
Element. 

 
t.  Stock Manganese solution: (1000 ug/mL). Order from the 

manufacturer already prepared.  This solution is given a unique 
identifier within Element. 

 
u Stock Nickel solution: (1000 ug/mL). Order from the manufacturer 

already prepared.  This solution is given a unique identifier within 
Element. 

 
v.  Stock Lead solution:    (1000 ug/mL).   Order from the manufacturer 

already prepared.  This solution is given a unique identifier within 
Element. 
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w. Stock Selenium solution:  (1000 ug/mL).   Order from the manufacturer 

already prepared.  This solution is given a unique identifier within 
Element. 

 
x.  Stock Thallium solution:  (1000 ug/mL).   Order from the 

manufacturer already prepared.  This solution is given a unique 
identifier within Element. 

 
y.  Stock Beryllium solution:  (1000 ug/mL).   Order from the 

manufacturer already prepared.  This solution is given a unique 
identifier within Element. 

  
z.  Stock Cadmium solution:   (1000 ug/mL).   Order from the 

manufacturer already prepared.  This solution is given a unique 
identifier within Element. 

 
aa. Stock Antimony solution:  (1000 ug/mL).   Order from the 

manufacturer already prepared.  This solution is given a unique 
identifier within Element. 

 
bb. Stock  Molybdenum solution:   (1000 ug/mL).   Order from the 

manufacturer already prepared.  This solution is given a unique 
identifier within Element. 

 
cc. Stock Strontium solution:   (1000 ug/mL).   Order from the 

manufacturer already prepared.  This solution is given a unique 
identifie within Element. 

 
dd. Stock Titanium solution:  (1000 ug/mL).   Order from the 

manufacturer already prepared.  This solution is given a unique 
identifie Element. 

 
ee. Stock Vanadium solution:  (1000 ug/mL).   Order from the 

manufacturer already prepared.  This solution is given a unique 
identifier within Element. 

 
ff. Stock Zinc solution:  (1000 ug/mL).   Order from the manufacturer 

already prepared.  This solution is given a unique identifier within 
Element. 

 
gg. Stock Scandium solution (10000 ug/mL).   Order from the 

manufacturer already prepared.  This solution is given a unique 
identifier within Element. 

 
 

5. Calibration and Calibration Verification standards 
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a. The calibration standards and calibration verification standards 

preparations are recorded in Element.  Please find method of 
preparation in Appendix I. 

  
b. The CRI solution is analyzed to check the accuracy of the instrument 

down near the contract required detection limits (CRDL).  It is 
analyzed in conjunction with the interference check sample.  The 
sample is prepared from a purchased solution which contains 
120 µg/mL Sb, 100 µg/mL Co and V, 80 µg/mL Ni, 50 µg/mL Cu, 
40 µg/mL Zn, 30 µg/mL Mn, 20 µg/mL As, Cr, Ag and Tl, 10 µg/mL 
Be, Cd and Se along with 6 µg/mL Pb.  500 µ/L of the solution is 
diluted to 500 mL.  This solution is stable for 6 months. 
 

hh. The interference check solutions ( ICSA and ICSAB ) are prepared to 
contain known concentrations of interfering elements that will provide 
an adequate test of the IECs.  A solution containing 500 ug/mL Al, Ca, 
Mg and 200 ug/mL Fe is diluted 10x to prepare the ICSA.  The ICSAB 
is prepared by diluting  100x a solution containing 10 ug/mL of As and 
Tl; 20 ug/mL Ag; 50 ug/mL Ba, Be, Cr, Co, Cu, Mn, and V; 100 
ug/mL Cd, Ni and Zn; 5 ug/mL Pb and Se; and 60 ug/L Sb.  Add to 
this a solution containing 500 ug/mL Al, Ca, Mg and 200 ug/mL Fe 
diluted 10x.  These solutions are prepared as needed or monthly. 

 
d.   Reporting Limit Standard-  Prepared 1.0 ml of RL Stock solution A 

and 1.0 ml of RL Stock Solution B diluted to 100 ml with 2% HNO3 
and 5% HCL matrix , mix well. Solution stable for 3 months 

 
6. Digestion standards 

 
a. The Laboratory control sample ( LCS ) is prepared from High Purity 

solutions CLP-CAL-1 solution A and B; CLP-CAL-2 and CLP-CAL-
3.  0.50 mL of CLP-CAL-1 A and B  is diluted to 500 mL with 0.125 
mL of CLP-CAL-2 and CLP-CAL-3.  25 mL of HCl and 10 mL of 
HNO3 are added for preservation.  This solution is stored in a Teflon 
bottle.  A portion is reserved in case of a problem with digestion.  
When there is a problem with the analysis of the LCS the solution is 
checked first before action is taken to make sure that it was made 
properly and has not deteriorated since it was made up.  This solution 
is given a unique identifier.  The LCS is prepared from a source 
independent from that used in the calibration standards.  This solution 
is prepared daily or as needed. Note: The analysis of Molybdenum is 
not a routine procedure but a project-specific requirement. A 
customized LCSW mix must be prepared to contain this target analyte. 
 

b. The solid Laboratory Control Sample (Soil) (LCSS) is prepared by 
weighing up 1.0 g of teflon chips and spiking using the same spiking 
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solutions used to spike the sample matrix.  This standard is given a 
unique identifier i.e. LCSS(date prepared)A,B,C etc. 
 

c. The spiking solutions are prepared as follows: 
 

1. Stock Multi-element Spiking Solutions:  High Purity CLP-
CAL-1 solution A: 2000 ug/mL Al and Ba; 50 ug/mL Be; 
200 ug/mL Cr; 500 ug/mL Co, Mn, Ni, V and Zn; 250 
ug/mL Cu; 1000 ug/mL Fe; 5000 ug/mL Ca, Mg, K and 
Na;  solution B:  250 ug/mL Ag; CLP-CAL-2:  1000 ug/L 
Sb; CLP-CAL-3:  1000 ug/mL As, Pb, Se, Tl; 500 ug/mL 
Cd.  Order from the manufacturer already prepared.  These 
solutions are given a unique identifier.  Add 0.050 mL 
(0.20 mL for soil samples) of CLP-CAL-1 solutions A and 
B, and 0.0125 mL (0.05 mL for soil samples) of CLP-CAL-
2 and 3 to 50 mL of sample (1gram of sample for soils) for 
the following spike values:  2000 ug/L Al and Ba; 50 ug/L 
Be; 200 ug/L Cr; 500 ug/L Co, Mn, Ni, V and Zn; 250 ug/L 
Cu; 1000 ug/L Fe; 5.0 mg/L Ca, Mg, K and Na, 250 ug/L 
Ag, Sb, As, Pb, Se and Tl; 125 ug/L Cd.  A blank spike 
should be prepared at the time the samples are spiked to 
check the actual spike value and accuracy. 

 
2. TCLP Spiking Solution:  Use 0.50 mL diluted to 50 mL for 

digestion:  
2.5 mL  10000 mg/L Ba stock standard diluted to 100 mL; 
2.5 mL Cr, Pb and As 1000 mg/L stock standard diluted to 
100 mL;  0.50 mL Cd and Se diluted to 100 mL . Store in a 
Teflon bottle.  A blank spike should always be prepared at 
the same time a sample is being spiked.  This solution 
should produce a spike value of 2500 ug/L Ba; 250 ug/L 
Cr, Pb and As; and 50 ug/L of Cd and Se.  Note:  Since the 
samples are diluted 10x when digested the spike value will 
appear to be 10x greater when analyzed. 
 

3.  TCLP Silver Spiking Solution:  Use 5.0 mL diluted to 50 
mL for digestion: 
0.40 mL of 1000 mg/L stock Ag solution diluted to 200 
mL.  Store in a Teflon bottle.  A blank spike should always 
be prepared at the same time a sample is being spiked.  
This solution should produce a spike value of  200 ug/L. .  
Note:  Since the samples are diluted 10x when digested the 
spike value will appear to be 10x greater when analyzed.  
Also this solution is not very stable and may require fresh 
preparation at least weekly. 
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VIII. CALIBRATION AND ASSOCIATED QA/QC 
 

A. Set up the instrument with proper operating parameters.  The instrument must 
be allowed to become thermally stable before beginning (usually requiring at 
least 30 minutes of operation prior to calibration). 

 
B. Operating conditions - The instrument settings can be found in method 

file.  For operation with organic solvents, use of the auxiliary argon inlet is 
recommended, as are solvent-resistant tubing, increased plasma (coolant) 
argon flow, decreased nebulizer flow, and increased RF power to obtain stable 
operation and precise measurements.  Sensitivity, instrumental detection limit, 
precision, linear dynamic range, and interference effects must be established 
for each individual analyte line on that particular instrument.  The analyst 
must (1) verify that the instrument configuration and operating conditions 
satisfy the analytical requirements and (2) maintain quality control data 
confirming instrument performance and analytical results. 

 
C. Autopeak when some change has been made to the introductory system and 

calibrate the instrument according to the instrument manufacturer's 
recommended procedures, using the typical mixed calibration standard 
solutions.  (See SOP-106, ICP Instrument Operation)  Flush the system with 
2% HNO3 / 5% HCl between each standard or as the manufacturer 
recommends.  (Use the average intensity of multiple exposures for both 
standardization and sample analysis to reduce random error.)  The calibration 
curve consists of a blank and three standards (r>0.998).  If  a three point 
calibration curve is not required for the client samples being analyzed 
Empirical Laboratories may use a blank and one standard as referenced in 
USEPA - CLP protocols. 

 
D. Before beginning the sample run, analyze the Iron and Aluminum  standards 

at their linear range to check for IEC drifts.   Analyze these standards first as 
QC samples with an IEC check table and action taken should be to calculate 
IECs  using the iTEVA software.  Make sure to rinse thoroughly after running 
these linear range standards, they can cause carry over into the initial QC 
samples which are analyzed next. The analysis order follows as: ICV (+ 10%) 
for 200.7 (+ 5%) and ICB (< ±MDL or ±RL/CRDL for others or CLP, for 
CCB, DOD QSM Ver. 3  no analytes detected >2xMDL) first, then analyze 
a reporting limit standard (a standard at the concentration of the reporting 
limit).  This standard should be within ±20% for DOD projects and ±30% for 
samples analyzed for 6010C.  Then reanalyze the highest mixed calibration 
standard(s) as if it were a sample.  Concentration values obtained should not 
deviate from the actual values by more than 5%.  If they do, follow the 
recommendations of the instrument manufacturer to correct for this condition. 

 
E. For CLP projects, verify the validity of the curve in the region of 2x the 

contract required detection limit ( CRDL ) before and after each batch of 20 
samples in the specific order of CRI, ICSA, ICSAB, CCV and CCB(CCB 
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criteria: < ±MDL or ±RL/CRDL for others or CLP, for CCB, DOD QSM 
Ver. 3  no analytes detected >2xMDL, beginning and end of sequence and 
after every 10 samples) or twice during every 8-hour work shift, whichever 
is more frequent.  Results should be within +20%.  Supervisor must be 
notified if the control limit is not met.  Supervisor will dictate corrective 
action if required.  The final analytical report must document this situation.  
(For Internal QC) 

 
F. Verify the interelement and background correction factors at the beginning 

and after each batch of 20 samples in the specific order of CRI, ICSA, 
ICSAB, CCV and CCB(CCB criteria: < ±MDL or ±RL/CRDL for others or 
CLP, for CCB, DOD QSM Ver. 3  no analytes detected >2xMDL, 
beginning and end of sequence and after every 10 samples) or twice during 
every 8-hour work shift, whichever is more frequent.  Do this by analyzing the 
interference check solution A and AB.  Results should be within +20% of the 
true value for ICSAB. For ICSA DOD QSM Ver 3. , absolute value of 
concentration for all non-spiked analytes < 2xMDL.(CRI, ICSA and 
ICSAB required at the end for CLP projects only). 

 
G. When analyzing samples associated with North Carolina or with DOD QSM 

Ver. 3 work, a solution containing analytes at their reporting limit must be 
analyzed prior to sample analysis.  The concentrations must be within 20% 
DOD( 20 or 30% depending on project) of their true values to be acceptable. 
 
Note: Supervisor must be notified if the control limit is not met.  

Supervisor will dictate corrective action if required.  The final 
analytical report must document this situation. 

 
H. The instrument must be calibrated once every 24 hours if performing straight 

CLP work. 
 
I. Instrument Autosampler Report example: 

 
Calibration Rack(used by instrument software to insert QC) 
 
1) STD 1-blank 
2) Low Cal 
3) Mid Cal 
4) Ba @ 5000 ppb 
5) QC5 
6) QC 21 
7) NAK 100 
8) QC3 

 
Sample Sequence RACK 1 

 
1) Al IEC-(readback) 
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2) Fe IEC-(readback) 
3) ICV 
4) ICB-initial 
5) RL-reporting limit standard 
6) Ba@ 5000 ppb (readback) 
7) QC5  
8) NAK High-(readback) 
9) QC 21 High-(readback) 
10) Salt Cal  at 500 ppm (readback) 
11) Rinse 
12) CRI-0 
13) ICAS-0 
14) ICASB-0 
15) Rinse 
16) CCV 1A 
17) CCB 1A 
18) Preparation Blank (Batch # BLK-1) 
19) Laboratory Control Sample ( Batch # BS-1) 
20) Sample 1 
21) Sample 2 
22) Sample 3 
23) Sample 4 
24) Sample 5 
25) Sample 6 
26) Sample 7 
27) Sample 8 
28) CCV 1B 
29) CCB 1B 
30) Sample 9 
31) Sample 10 
32) Sample 11 
33) Sample 12 
34) Sample 13 
35) Sample 14 
36) Sample 15 
37) Sample 16 
38) Sample 17 
39) Sample 18 
40) CCV 2A 
41) CCB 2A 
42) Sample 19 
43) Sample 20 
44) Sample matrix spike (batch# MS-1) 
45) Sample matrix spike duplicate (batch# MSD-1) 
46) Sample post digestion spike (batch# PS-1) 
47) Sample serial dilution (batch# SRD-1) 
48) CRI-1 
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49) ICSA-1 
50) ICSAB-1 
51) Rinse 
52) CCV 2B 
53) CCB 2B 
54) Preparation Blank (batch# BLK-1) 
55) Laboratory Control Sample (batch# BS-1) 
56) Sample 1 
57) Sample 2 
58) Sample 3 
59) Sample 4 
60) Sample 5 

 
RACK 2  
 
1) Sample 6 
2) Sample 7 
Etcetera… 
 
Each rack holds 60 samples and there are 4 racks that are used for samples, CCVs 
and CCBs and run QC. 

 
IX. PROCEDURE 

 
A. Once the instrument has been calibrated, begin the analysis of samples. 
 
B. If particulates are visible in the digestate, the sample must be filtered prior to 

analysis.  If filtration is required, a filter blank must be prepared by filtering 
reagent grade water which has been properly acidified.  In the event USACE 
samples are filtered, all USACE samples and the QC samples in that QC 
batch must be filtered.  All USACE solid samples and their associated 
batch QC samples must be filtered prior to analysis. 

 
C. Flush the system with 2% HNO3 / 5% HCl for at least 1 minute before the 

analysis of each sample. 
 
D. Dilute and reanalyze samples that are more concentrated than the linear 

calibration limit or, for 200.7, + 10% of the linear range standard.  In the case 
of USACE samples, the criterion changes and requires dilution and 
reanalysis of all samples which produce a concentration that exceeds the 
highest calibration standard.  Sample results detected between the MDL 
and RL are flagged as estimated with a ”B” flag.   

 
E. Verify calibration every 10 samples or every 2 hours, whichever is more 

frequent and at the end of the analytical run, using a continuing calibration 
verification (CCV) sample and a continuing calibration blank (CCB) sample. 
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• The results of the CCV are to agree within 10% for 6010 (5% for 200.7) 
on initial verification of the expected value, with relative standard 
deviation (RSD) < 5% from replicate ( minimum of two integrations ).                              
If not, terminate the analysis, correct the problem, and reanalyze the 
previous ten samples.  The analyst may continue the analytical run, and 
after conferring with the section manager it may be necessary to reanalyze 
a group of samples.  The analyst must notify the section manager within 
24 hours. 

 
• The results of the calibration blank (this is not the method/preparation 

blank) are to agree within  < ±MDL(SW-846 Method 6010B), and  3 x 
IDL or CRDL for CLP, for DOD QSM Ver. 3  no analytes detected 
>2xMDL.  If the calibration blank is not in control, evaluate the impact 
upon the previous 10 samples.  Reanalysis may be required after an 
evaluation of the data.  If the blank < 1/10 the concentration of the action 
level of interest, and no sample is within 10% of the action limit, samples 
need not be reanalyzed.  One must also evaluate the reporting limit (RL) 
as it relates to 3X the IDL/MDL.  If the RL is significantly above 3X IDL 
or MDL then reanalysis  may not be required (Na, K, Mg and Ca are good 
examples of this situation). 

 
• Total hardness is reported from HNO3 preserved sample.  The final 

concentration is calculated from the calcium and magnesium results as 
follows: 

 
       Ca mg/L x 2.5 + Mg mg/L x 4.1 = total Hardness in mg/L as CaCO3 
 

             F.   Documentation of Capability (DOC) – Each analyst must perform a DOC to 
demonstrate proficiency with this method. Refer to SOP-413 for guidance. 

 
X. CALCULATIONS 
 

A. The instrument will generate data results in mg/L or µg/L ( labeled 
appropriately).  Each result represents an average of three individual readings 
per  metal channel. 

 
B. For aqueous samples, if a post/predigestion dilution is performed, the result 

must be multiplied by this factor or the dilution factor must be entered into the 
instrument data table in which case the instrument will generate data corrected 
for the dilution. 

 
C. For solid samples, if a postdigestion dilution is performed , the result must be 

multiplied by this factor or the dilution factor must be entered into the 
instrument data table in which case the instrument will generate data corrected 
for the dilution.  Also, the result must be converted to reporting units which 
are usually mg/kg. 
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SR ( ug/g or mg/kg ) = IR*DF*FED/SM 
 

SR = Sample result 
IR = Instrument result ( µg/L ) 
DF = Dilution factor ( post digestion ) 
FED = Final volume of digestate ( L ) 
SM = Sample mass digested( g ) 

 
XI. QUALITY CONTROL 
 

A. Daily 
 

1. See sections VIII and IX above. 
 
B. Quarterly 

 
1. Linear range standards must be analyzed at a frequency no less than once 

every three months.  The linear range standard represents the second 
standard required for verification that samples are actually linear to the 
degree claimed.  The analyst is responsible for completing this task in a 
timely manner.  The linear range standard must be within +/-5% of true 
value. 

 
2. The interelement correction factors ( IEC ) should be verified at the time 

the linear range standards are analyzed. 
 

3. IDL’s if CLP work required. 
 

C. Digestion 
 

1. All quality control data should be maintained and available for easy 
reference or inspection. 

 
2. Employ a minimum of one method blank per sample batch to determine if 

contamination or any memory effects are occurring.  A method blank, 
sometimes referred to as the preparation blank is a volume of reagent 
water acidified with the same amounts of acids as were the standards and 
samples.  These blanks are taken through the same digestion/preparation 
steps as the sample being tested.  The result for the method blank should 
not indicate contamination greater than  ± ½  RL (USACE) or ±RL/CRDL 
for other or CLP.  If exceeded, the impact upon the data should be 
evaluated and the associated sample(s) should be either redigested or the 
data should be qualified. 

 
3. Employ a minimum of one laboratory control sample ( LCS ) for aqueous 

samples or one teflon chip spiked sample per sample batch to verify the 
digestion procedure.  These LCSs are taken through the same 
digestion/preparation steps as the sample being tested.  The control limits 



                                              EMPIRICAL LABORATORIES, LLC SOP-105 
 Revision:  15 
 Date:  02/22/09 
 Page: 21 of 43 

V:\Standard Operating Procedures\Current SOP File Directory\SOP-105 Rev 15.doc 

are +15% method 200.7 - aqueous and soil samples or +20% for all other 
methods aqueous and soil samples. If the LCS is not in control, the impact 
upon the client data should be evaluated and the associated sample(s) 
should be redigested.  Consult your supervisor for further action.  
Qualifying the associated data may not be permissable for some clients. 

 
D. Sample 

 
1. Analyze one replicate sample for every twenty samples or per analytical 

batch, whichever is more frequent.  A replicate sample is a sample brought 
through the whole sample preparation and analytical process in duplicate.  
It is acceptable to substitute a matrix spike duplicate for the sample 
replicate.  Project specific requirements will take precedence in these 
situations.  NJDEP demands that this requirement be met with a client 
specific duplicate rather than a spike duplicate. The control limits are 20% 
RPD (if both are >5x CRDL) or ± the CRDL ( if either are <5X CRDL).  

 
2. Analyze one spiked sample and spiked sample duplicate for every twenty 

samples or per analytical batch, whichever is more frequent.  A replicate 
sample is a sample brought through the whole sample preparation and 
analytical process in duplicate.  Project specific requirements will take 
precedence in these situations.  If the analyte level in the sample is not 
greater than 4X the spiking level, the spike recoveries should be within 
+25% of the true value (+ 20% for DOD projects).  If not, a post 
digestion spike should be analyzed. 

 
 
3. The relative percent difference (RPD) between replicate determinations is 

to be calculated as referenced in the laboratory QA manual.  (A control 
limit of + 20% RPD (non-aqueous samples may routinely exceed this 
amount) shall be used for sample values greater than five times the 
contract required detection limit.)  Supervisor must be notified if the 
control limit is not met.  Supervisor will dictate corrective action if 
required.  The final analytical report must document this situation. 

 
4. The following should be analyzed with each preparation batch containing 

a matrix spike. 
 

• Serial dilution:  If the analyte concentration is sufficiently high 
(minimally, a factor of 50 above the instrumental detection limit after 
dilution), an analysis of a 1:4  dilution (volumetric glassware must be 
used) should agree within +10% of the original determination.  If not, 
a chemical or physical interference effect should be suspected.  The 
analyst and or section manager must note this situation on the final 
analytical report. 

 
• Post digestion spike addition:  An analyte spike added to a portion of a 

prepared sample, or its dilution, should be recovered to within 85% to 
115% of the known value and is required if the pre-digestion matrix 
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spike (low-level only for CLH) is outside of control limits.  The spike 
addition should produce a minimum level of 10 times and a maximum 
of 100 times the instrumental detection limit.  If the spike is not 
recovered within the specified limits, a matrix effect should be 
suspected.  The analyst and or section manager must note this situation 
on the final analytical report. 

 
E. Method Detection Limit (MDL), Empirical Laboratories Reporting Limit 

(ERL), Contract Required Quantitation Limit (CRQL) and Analyte 
Wavelength: 

 
TABLE I 

 
 

Aqueous and Soil Method Detection Limits(MDL), Empirical Laboratories Reporting Limits(ERL),
 CLP OLM04.1 & OLM05.2 Contract Required  Quantitation Limits (CRQL) 

 
Analytes by 

EPA 
200.7,3005A/30

50A- 6010B 
SOW 4.1 & 5.2 

AQUEOUS 
MDL 
(ug/L) 

AQUEOUS 
ERL 

(ug/L) 

AQUEOUS 
CRQL  

ILMO 4.1 
 (ug/L) 

AQUEOUS 
CRQL  

ILMO 5.2 
(ug/L) 

SOLID/SOIL
MDL 

(mg/Kg) 

SOLID/SOIL 
ERL 

(mg/Kg) 

SOLID/SOIL 
CRQL  

ILMO 4.1  
(mg/Kg) 

SOLID/SOIL 
CRQL  

ILMO 5.2 
(mg/Kg 

Silver 1.0 10 10 10 0.20 2.0 2 2 
Aluminum 50 200 200 200 10 40 40 40 

Arsenic 3.0 10 10 15 0.6 2.0 2 3 
Barium 5.0 200 200 200 1.0 40 40            40 

Beryllium 1.0 5.0 5 5 0.20 1.0 1 1 
Calcium 1000 5000 5000 5000 20 1000 1000 1000 

Cadmium 1.0 5.0 5 5 0.20 1.0 1 1 
Cobalt 5.0 50 50 50 1.0 10 10 10 

Chromium 2.0 10 10 10 0.40 2.0 2 2 
Copper 4.0 25 25 25 0.40 5.0 5 5 

Iron 30 100 100 100 1.0 20 20 20 
Potassium 1000 5000 5000 5000 40 1000 1000 1000 

Magnesium 1000 5000 5000 5000 40 1000 1000 1000 
Manganese 1.0 15 15 15 0.20 3.0 3 3 

Sodium 1000 5000 5000 5000 40 1000 1000 1000 
Nickel 3.0 40 40 40 1.0 8.0 8 8 
Lead 1.5 5.0 3 10 0.60 2.0 0.6 2 

Selenium 3.0 10 5 35 0.60 2.0 1 7 
Antimony 5.0 60 60 60 1.0 12 12 12 
Thallium 3.0 10 10 25 0.60 2.0 2 5 

Vanadium 5.0 50 50 50 1.0 10 10 10 
Zinc 5.0 20 20 60 1.0 4.0 4 12 
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TABLE 2 

 
 

METAL 
 

 
WAVELENGTH 

 

Aluminum 396.1 
Antimony 206.8 
Arsenic 189.0 
Barium 233.5 

Beryllium 313.0 
Cadmium 228.8 
Calcium 317.9 

Chromium 267.7 
Cobalt 228.6 
Copper 324.7 

Iron 261.1 
Lead 220.3 

Magnesium 279.0 
Manganese 257.6 

Molybdenum 202.0 
Nickel 231.6 

Potassium 766.4 
Selenium 196.0 

Silver 328.0 
Sodium 589.5 

Thallium 190.8 
Tin 189.9 

Titanium 334.9 
Vanadium 292.4 

Zinc 206.2 
 
 
XII. CORRECTIVE ACTIONS 
 

A. INSTRUMENT RELATED 
 

1. ICV not within + 10% or + 5% for 200.7 
a. Is the problem with the solution? 

i. Reprepare or obtain new stock. 
b. Is the problem with the calibration? 

i. Recalibrate through analysis of appropriate standards and recheck 
ICV. 
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2. ICB not  +MDL or  within + 3X IDL or CRDL for CLP, DOD QSM Ver. 

3  no analytes detected >2xMDL 
 

a. Is the problem with the solution? 
i. Reprepare 

b. Is the problem with the calibration? 
i. Recalibrate with the blank solution or the low level standard.  

Restart analysis with the ICV. 
 

3. Check standards not within + 5% 
a. Is the problem with the solution? 

i. Repour, reprepare or obtain new stock. 
b. Is the problem with the calibration? 

i. Recalibrate thru analysis of appropriate standards.  Restart analysis 
with the ICV. 

 
4. CRI not within + 20% (Internal QC, only required for CLP work). 

a. Is the problem with the solution? 
i. Reprepare or obtain new stock. 

b. Is the problem with the calibration? 
i. Recalibrate thru analysis of appropriate standards.  Restart 

analysis with the ICV. 
5. ICSA metals not present are not less than the CRDL for that metal, for 

ICSA DOD QSM Ver 3. , absolute value of concentration for all non-
spiked analytes < 2xMDL. 
a. Is the problem with the solution? 

i. Reprepare or obtain new stock. 
b. Is the problem with the calibration? 

i. Recalibrate thru analysis of appropriate standards.  Restart 
analysis with the ICV. 

 
6. ICSAB not within + 20% 

a. Is the problem with the solution? 
i. Reprepare or obtain new stock. 

b. Is the problem with the calibration? 
i. Recalibrate thru analysis of appropriate standards.  Restart analysis 

with the ICV. 
 

7. CCV not within + 10% 
a. Is the problem with the solution? 

i. Reprepare or obtain new stock. 
b. Is the problem with the calibration? 

i. If appropriate, continue the analysis.  Discuss effect of the out of 
control situation with your supervisor.  The samples will be 
reanalyzed or the data will be qualified.  Note: CLH data must 
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always be reanalyzed back to the last compliant CCV and not 
qualified. 

 
8. CCB not   +MDL or  within + 3X IDL or CRDL for CLP, DOD QSM 

Ver. 3  no analytes detected >2xMDL 
a. Is the problem with the solution? 

i. Reprepare 
b. Is the problem with the calibration? 

i. Apply SW846 guidance.  (See Section IX-E for additional 
guidance).  Note:   CLH data must always be reanalyzed back to 
the last compliant CCB and not qualified. 

 
B. DIGESTION RELATED 
 

1. Preparation blank not within + ½  RL and + RL for common contaminants 
USACE  or RL/CRDL for other or CLP 
a. Is the problem with the instrument? 

i. Evaluate with respect to instrumental bias or reanalyze when 
instrument is in control. 

b. Is the problem with the digestion? 
i. If associated samples are less than 10X the level of the preparation 

blank but above the RL, the sample must be redigested or the data 
must be qualified on the final report.  

 
2. LCS not within control limits 

a. Is the problem with the instrument? 
i. Evaluate with respect to instrumental bias or reanalyze when 

instrument is in control. 
b. Is the problem with the digestion? 

i. If biased low, associated samples must be redigested. 
ii. If biased high, the impact upon the data user must be evaluated.  

The samples will be redigested or the data will be qualified on the 
final report. 

 
C. SAMPLE MATRIX RELATED 
 

1. Replicate analysis RPD not within +20% (if both are >5X CRDL) or ± the 
CRDL ( if either are <5X CRDL). 
a. The associated sample data must be qualified on the final report. 
 

2. Spike analysis recovery not within +25%(+ 20% for DOD projects) 
a. Is the analyte level in the sample greater than 4X the spiking level? 

i. If yes, the spike recovery is not evaluated. 
ii. If no, a post digestion spike must be analyzed and the 

associated sample data must be qualified on the final report. 
 

3. When required, post digestion spike analysis recovery not within +15%. 
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a. The associated sample data must be qualified on the final report. 
b. For USACE analysis by MSA is required. 

 
4. Serial dilution analysis percent difference not within +10% 

a. Is the analyte concentration a factor of 50 above the instrumental 
detection limit after dilution? 
i. If no, the serial dilution data can not be evaluated. 
iii. If yes, a chemical or physical interference effect should be 

suspected.  The analyst and or section manager must note this 
situation on the final analytical report. 

 
XIII. WASTE DISPOSAL and POLLUTION PREVENTION 

 
Please see Waste Disposal SOP-405 fot instruction of proper disposal of waste 
generated from this area. 
 

            Quantity of chemicals purchased should be based on expected usage during 
its shelf-life    and the disposal cost of unused material. Actual reagent 
preparation volumes should reflect anticipated usage and reagent stability. 
 

XIV. REFERENCES 
 

1. Test Methods for Evaluating Solid Waste Physical/Chemical Methods, 
SW-846; Third Edition (Update III); Method 6010B and Method 6010C 

 
2. USEPA Code of Federal Requlations, 40, CH 1,PT 136; Method 200.7; 

APX-B 
 

3. USEPA Contract Laboratory Program(CLP) for Inorganics ILM04.1; 
ILM05.2 

  
Refer to SOP-431 for common environmental laboratory definitions. 
 
 
 
 

 
 
 
 
 
 
 

 
 
 

Addendum for USEPA CLPILM 05.2 
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1. The control limit for the ICSA is at 20% or ±CRQL whichever is greater. 
2. Preparation codes are required in the digestion log See SOW Exhibit B 

for a listing of these codes with definitions. 
3. The CRQL check standard is run at the concentration of the respective 

CRQLs.  For a listing of CRQL for this SOW see Exhibit C.  Several of 
the metals concentration levels have changed. 

4. The spiking level for CLP ILM 05.2 is at 50 ug/L for selenium.  All other 
spike levels remain the same as in SOW ILM 04.1.  

5. The CCV shall be analyzed at a different concentration then the ICV (at 
or near one-half of the calibration standard concentration.   

6. The post digestion spike must be analyzed at 2x the indigenous level of 
the sample or two times the CRQL whichever is greater. 

7. A Non-prepared MDL study must be analyzed and the results of this 
study used for MDL reporting when sample volumes are not digested. 

 
 
 
 
 

CHANGES TO FORMS for SOWCLPILM 05.2 
 

1. Forms must be double-sided 
2. A photocopy of the instrument's direct sequential readout shall be 

included. 
3. Undiluted samples must be reported as well as diluted samples. 
4. J flags are used in place of B flags when a sample has a concentration 

less the CRQL but greater then or equal to the MDL.  
5. A D flag is used for samples reported from a dilution. 
6. All results are reported down to the MDL not the IDL. 
7. Preparation codes are used on form 13. 

The form for method of standard additions (MSA) has been removed 
and all subsequent QC has move up one form number in other words 
form 8 is now serial dilution when it used to be the MSA 
form,etcetera.
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ANALYST DATA REVIEW CHECKLIST Sample Number(s): 
Batch Number(s): 
Method: 6010B ( ICP ) 

QA/QC Item Yes No NA Second Level 
Review 

1. Were samples analyzed within USACE holding times?     
2. Was initial calibration curve QC criteria met?     
3. Was all continuing calibration criteria in control?  

 
 
 

 
 

 
 

4. Did any sample exceed the highest calibration standard?     
 (If yes, were appropriate dilutions made to generate samples 
 concentration within calibration range?) 

    

5. Did LCS or blank spike meet control limits?  
 

 
 

 
 

 
 

6. Did MS/MSD meet control limits?     
7. Was the preparation (Method) Blank below the project required 
 detection limits? 

    

8. Did you return samples back to cold storage immediately after 
 use? 

 
 

 
 

 
 

 
 

9. Was hot plate temperature monitored/documented and did you 
 apply the thermometer correction factor? 

    

10. Sample preparation information is correct and complete.     
11. Analytical results are correct and complete.  

 
 
 

 
 

 
 

12. The appropriate SOP's have been used and followed.     
14. "Raw data" including all manual integration's have been 
correctly  interpreted. 

    

15. "Special" sample preparation and analytical requirements have 
 been met. 

 
 

 
 

 
 

 
 

16. Documentation complete (e.g., all anomalies in the analytical 
 sequence have been documented, corrective action forms are 
 complete. 

    

 
 

Comments on any "No" response: 

  Analyst:  Date:  
   

Second-Level Review:  Date:  
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APPENDIX I 
 

Preparation Method for Calibration Standards 
 



EMPIRICAL LABORATORIES, LLC 
STANDARD OPERATING PROCEDURE 

INORGANICS: SOP 149 REVISION #:!M EFFECTIVE DATE: 20100830 

APPROVALS: 

FLASHPOINTIINGNITABILITY 
BY METHOD SW-846 1010A 

Lab Director: Date: ..:L/j;~ 

Data Quality Manager~ ~ Date: !1./!lJ to 

S~';ooS"",",,;OO" ~~ D .. , 'iJ'1JlP' 

'Ii ,Standard Operating Procedures\Currcnt SOP File Directory\SOP149_R04_20100830.doc Page I of 4 



V:\Standard Operating Procedures\Current SOP File Directory\SOP149_R04_20100830.doc                                                                                Page 2 of 4 

Changes Summary 
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• The SOP is an update from Revision 03 dated 12/19/08 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



V:\Standard Operating Procedures\Current SOP File Directory\SOP149_R04_20100830.doc                                                                                Page 3 of 4 

FLASHPOINT/IGNITABILITY 
SW846 Method 1010A 

 
 
I. SCOPE AND APPLICATION: 
 

A. The Pensky-Marten closed cup tester is used to determine the Flashpoint of liquids. 
 
II. METHOD SUMMARY: 
 

A. The sample is heated at a slow, constant rate with continual stirring.  A small flame is directed into the 
cup at regular intervals with simultaneous interruption of stirring.  The flash point is the lowest 
temperature at which application of the test flame ingintes the vapor above the sample.  Sample results 
are corrected for ambient barometric pressure after determination. 

 
III. SAMPLING HANDLING AND PRESERVATION: 
 

A. Store samples at 4 oC.  Some samples may require freezing before the test can be accurately measured. 
 
 
IV. INTERFERENCES: 
 

A. None. 
 
V. EQUIPMENT/APPARATUS: 
 

A. Pensky-Marten closed cup tester with stirring mechanism. 
 
B. Propane. 

 
C. Thermometer capable of reading in 0.5 oC from -5 to 110 oC.  ASTM 9 C. 
 Thermometer capable of reading in 2.0° C from 90 to 370° C.  ASTM 10 C. 
 
D. Igniter. 

 
VI. REAGENTS: 

 
A. p-Xylene, neat liquid. 

 
 

VII. PROCEDURE: 
 

A. Fill the test cup with sample up to the line engraved on the inside of the cup. 
B. Place the cup in the heater. 
C. Heat the sample at a slow, constant rate. 
D. Test for a flash by placing the ignition source into the vapor above the sample. 
E. Continue to test for a flash every 2 oC until either the sample flashes or the temperature of the sample 

reaches 100 oC. 
 

VIII. CALCULATIONS: 
The barometric pressure is read on a digital barometer which measures in inches mercury.  Remember to 
convert to millimeters mercury using the following constant:  
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   1 inch Hg = 25.4 mm Hg 
 

Observe and record the ambient barometric pressure at the time of the test.  When the pressure differs 
from 101.3 kPa (760 mm Hg), correct the flash point as follows: 
 
  Corrected flash point = C + 0.033 (760 - P) 
Where: 
 
C = observed flash point,  °C, 
P = ambient barometric pressure, mm Hg 
 
Note:  Aneroid barometers, such as those used at weather stations and airports , are precorrected to give 
sea level readings and would not give the correct reading for this test 
 

IX. QUALITY CONTROL: 
 

A. The Flashpoint of the p-xylene should be determined at the beginning and end of each set of 20 or less 
samples.  The p-xylene should flash at 27.2 oC with control limits of 
+/-1.1 oC. 
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Changes Summary: 

 

Revision Date: 03/25/2010 

 

• The SOP has been reviewed for accuracy and completeness.  No changes have been made. 
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DISTILLATION OF CYANIDE, TOTAL AND AMENABLE 

 

REFERENCE:  

SW846 METHOD 9012A, USEPA Methods 335.1, 335.4, Standard Methods SM 4500-CN C,G, 18
th

, 

19
th

 ED. / CLP ILMO 4.1 

See Addendum for USEPA CLPILM 05.2 (Aqueous, Soil/Sediment) 

 

 

I. SCOPE AND APPLICATION 

 

A. This method is applicable to the distillation of cyanide from drinking, surface, and saline 

waters, domestic and industrial wastes, and soil/sediments. 

 

B. The limit of detection for waters is 0.0050 mg/L and the limit of quantitation is 0.010 mg/L.  

The limit of detection for soils is 0.13 mg/kg and the limit of quantitation is 0.25 mg/kg. 

 

II. SUMMARY OF METHOD 

 

 A. The cyanide as hydrocyanic acid is released from cyanide complexes by means of a reflux 

distillation operation, and absorbed in a scrubber containing sodium hydroxide solution.  The 

cyanide ion in the absorbing solution is then determined colorimetrically. 

 

 B. Cyanide is defined as cyanide ion (CN-) and complex cyanides converted to hydrocyanic 

acid (HCN) by reaction in a reflux system of a mineral acid in the presence of magnesium ion. 

 

III. SAMPLE HANDLING AND PRESERVATION 

 

A. The sample should be collected in plastic or glass bottles of 100 mLs.  All bottles must be 

thoroughly cleansed and thoroughly rinsed to remove soluble material from containers. 

 

B. Oxidizing agents such as chlorine decompose most of the cyanides.  Test a drop of the sample 

with potassium iodide-starch test paper (KI starch paper); a blue color indicates the need for 

treatment.  Add ascorbic acid, a few crystals at a time, until a drop of sample produces no color 

on the indicator paper.  Then add an additional 0.06 g of ascorbic acid for each liter of sample 

volume. 

 

C. Samples (not including soils/sediments) must be preserved with 2 mL of ten normal sodium 

hydroxide per liter of sample (pH >12) at time of collection. 

 

D. Samples should be analyzed as rapidly as possible after collection.  If storage is required, the 

samples should be stored in a refrigerator to maintain temperature at 4°C. 

 

E. The holding time for cyanide is 14 days counting the day of sampling as the first day.  This 

applies for soils as well as waters.  Samples must be distilled and analyzed within 14 days of 

sampling. 

 

IV. INTERFERENCES 
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A. Interferences are eliminated or reduced by using the distillation procedure. 

 

B. Sulfides adversely affect the colorimetric procedures.  Samples that contain hydrogen sulfide, 

metal sulfides, or other compounds that may produce hydrogen sulfide during the distillation, 

must be treated by adding lead acetate, or if the sulfide concentration is too high, add powdered 

lead carbonate [Pb(CO3)2] to avoid significantly reducing pH.  Repeat test until a drop of 

treated sample no longer darkens the acidified lead acetate test paper.  Filter sample before 

raising pH for stabilization.   

 

C. High results may be obtained for samples that contain nitrate and/or nitrite.  During the 

distillation, nitrate and nitrite will form nitrous acid, which will react with some organic 

compounds to form oximes.  These compounds once formed will decompose under test 

conditions to generate HCN. Nitrate and nitrite interference is eliminated by adding 0.5 ml of 

sulfamic acid solution (VII.A.7) before distillation. 

 

D. The presence of surfactants may cause the sample to foam during refluxing.  If this occurs, the 

addition of an agent such as Dow Corning 544 antifoam agent will prevent the foam from 

collecting in the condenser. 

 

V. SAFETY 

 

A. CAUTION:  KCN is highly toxic.  Avoid contact with standard solutions. 

 

B. If an alkaline solution containing simple cyanide is acidified, the simple cyanide will be 

released. 

 

C. The toxicity or carcinogenicity of each reagent used in this method has not been fully 

established.  Each chemical should be regarded as a potential heath hazard and exposure 

should be as low as reasonably achievable.  Cautions are included for known extremely 

hazardous materials or procedures. 

 

D. Your laboratory manager and/or Safety Officer is responsible for maintaining a current 

awareness file of OSHA regulations regarding the safe handling of the chemicals 

specified in this method.  A reference file of Material Safety Data Sheets  (MSDS) are 

made available to all  personnel involved in the chemical analysis. A formal safety plan is 

also available.  Use proper personal protection equipment, PPE, such as safety glasses, 

gloves and laboratory coats should be warn when handling samples and chemicals. 

 

 

VI. EQUIPMENT/APPARATUS  

 

A. Reflux distillation apparatus is a midi-distillation apparatus which uses Hammett Scientific 

Glassware Note:  This glassware is made to fit our specific block digester for cyanide.  

Glassware orders must be made in advance since they are not made until ordered. 
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VII. REAGENTS AND STANDARDS PREPARATION 

 

A. Reagents 

 

1. Sodium Hydroxide, 0.25N:  Dissolve 10 g grams of NaOH in DI water and dilute to 1 liter 

with DI water.  Store in a labeled plastic container at room temperature. 

 

2. Sulfuric Acid 1:1:  Slowly add 500 mL of concentrated H2SO4 to 500 mL DI water.  Use 

caution because solution will become extremely hot!!  Allow to cool while continuing to 

stir.  Store in a labeled container at room temperature. 

 

4. Magnesium Chloride Solution:  Weigh 510 g of MgCl2•6H2O into a 1 liter flask; 

dissolve and dilute to 1 liter with DI water. Store in a labeled plastic container at room 

temperature. 

 

5. Chlorine Bleach Made with Sodium Hypochlorite, such as Chlorox. 

 

6. Rhodanine Indicator: 

Dissolve 20 mg of p-dimethyl-amino-bensalrhodanine in 100 mL acetone. 

 

7. Sulfamic Acid:  Dissolve 40 g of sulfamic acid in DI water, dilute to 100 mL (saturated 

solution).  NOTE:  When making this reagent for use with the maxi-distillation system the 

40 g of sulfamic are diluted to one liter with DI water 

 

8. Phenolphthalein solution:  Commercially prepared. 

 

9. Lead Acetate Test Paper:  Commercially prepared. 

 

10. Acetate  Buffer Solution, pH 4.0:  Dissolve 146g anhydrous NaC2H3O2, or 243 g 

NaC2H3O2.3H2O, in 400 mL distilled water, add 480 g conc. acetic acid, and dilute to 1 L 

with chlorine-demand-free water. 

 

11.  Lead Acetate 

 

12. Powdered Lead Carbonate [Pb(CO3)2]   

 

B. Standards 

 

1. Traceability 

 

a. All reference materials must be recorded in Element and given an element 

identification number.  The record shall include date of receipt, source, purity, all 

compositional information, storage conditions and expiration date.  These 

materials/solutions are to be identified by a unique number in Element as well as on the 

container's label. 

 

b. All working standards made from reference materials shall be labeled with a unique ID 

number from Element with complete information on preparation date, concentration of 
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each compound, solvent, preparer's name, expiration date.  Reagents shall be labeled 

with date received and expiration date, if applicable.  All of the information described 

above shall also be recorded in Element.  Measurements made during standards 

preparation (e.g., from weighing operations, volume diluted to, etc.)  shall also be 

recorded on the bench sheet.  There should be no container with sample, sample 

extract, standard solution, etc. that is not correctly labeled and properly stored. 

 

 

2. Preparation 

 

a. Stock Cyanide Solution at 1000 mg/L: Commercially prepared. 

 

b. Working Standard Cyanide Solution:  Prepare fresh daily by diluting 1 mL of stock 

cyanide solution to 100 mL in a volumetric flask with using 0.25N NaOH as diluent.  

1 mL - 10 µg CN.  Record the preparation in Element. 

 

c. Performance Evaluation (PE) samples which we have analyzed and received true 

values for are used for the Laboratory Control Samples.  These PE samples are given a 

unique identifier and all information such as expiration date (typically one year from 

the date made), source, concentration and preservation are recorded in Element and the 

Element # assigned is used to label this PE sample and is used on all data to trace it 

back to its source and true concentration.  

 

VIII. CALIBRATION 

 

A. Not applicable.  See SOP-175 “POST DISTILLATION ANALYSIS OF CYANIDE BY THE 

LACHAT” for analysis.  

 

 

IX. PROCEDURE 

 

A. Pretreatment for cyanides amenable to chlorination 

 

1. Two sample aliquots are required to determine cyanides amenable to chlorination.  Place 

one 25 mL aliquot or a volume diluted to 25 mL, in a 100 mL beaker, under the hood, add 

a stirring bar, and place on a magnetic stirrer, and start stirring bar turning. 

 

2. Check pH and adjust to between 11 and 12 units, with 1.25N NaOH.  Use NaOH pellets if 

solution is highly buffered. 

 

3. Add sodium hypochlorite chlorine bleach (Chlorox) solution dropwise until a drop of well-

mixed sample turns KI starch paper a distinct blue color.  Add about 10 drops excess 

bleach.  (Caution:  the initial reaction product of alkaline chlorination is the very toxic gas 

cyanogen chloride.)  Maintain this excess for one hour, continuing agitation.  Check 

periodically during the hour (15 minute intervals) to make sure an excess is maintained.  If 

necessary, add additional hypochlorite bleach solution.  Also check the pH and adjust back 

up to 11 to 12 units if necessary. 
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4. After one hour, add 0.025 g portions of ascorbic acid until KI starch paper shows no 

residual chlorine.  Add an additional 0.025 g of ascorbic acid to ensure the presence of 

excess reducing agent. 

 

5. Turn off stirring plate and remove stirring bar.  Proceed with distillation as in the 

procedure. 

 

6. Test for total cyanide in both the chlorinated and unchlorinated aliquots.  (The difference of 

total cyanide in the chlorinated and unchlorinated aliquots is the cyanide amenable to 

chlorination.) 

 

B. Spikes and high and low check standards 

 

1. Spikes:  Matrix spikes are prepared by diluting 2.5 mL of the  High DCV solution in #3 

below, to 25 mL with sample (adding 22.5 mL of sample and 2.5 mL of DCV high to the 

distillation tube).  The concentration of this spike is 0.10 mg/L.  

 

2. Low Distilled Check standard (low DCV).  Dilute 2.0 mL of the 10 mg/L working 

standard to 100 mLs in a volumetric flask.  Then dilute 6.0 mLs of this solution to 25 mLs 

with 0.25N NaOH, to make a 0.048 mg/L standard. 

 

3. High Distilled Check standard (high DCV).  Dilute 10 mLs of the 10 mg/L working 

standard to 100 mLs in a volumetric flask with DI water.  Then dilute 5 mLs of this 

solution to 25 mLs with 0.25N NaOH,  to make a 0.20 mg/L standard. 

 

C. Distillation 

 

1. For Waters:  Place 25 mL of sample, or an aliquot diluted to 25 mL, in a sample tube.  0.25 

N NaOH must be used for all sample dilutions following the distillation. 

 

2. For Soils or Sludges:   

 

a.) It is extremely important that waste (when appropriate), soil and sediment samples be 

mixed thoroughly to ensure that the sample is as representative as possible of the 

sample media.  The most common method of mixing is referred to as quartering.  The 

quartering procedure should be performed as follows: 

 

• The material in the sample pan(inorganic-plastic/organic-aluminum)  should be 

divided into quarters and each quarter should be mixed individually. 

• Two quarters should then be mixed to form halves. 

• The two halves should be mixed to form a homogenous matrix. 

                  

This procedure should be repeated several times until the sample is adequately mixed. 

 

NOTE:  Samples that are clay type materials should be handled in a different 

manner.  Due to these type sample matrices having an affinity to stick to most 

anything that touches it, another approach must be followed.  Obtain a 
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representative sub-sample aliquot from the center or middle section of the sample 

container. 

 

b.) Accurately weigh a representative 1-g minimum (record actual weight) portion of wet-

weight sample (unless there are project-specific requirements where a lower detection 

limit is required) and transfer it to a sample tube.  Add 25 mL of 0.25 N NaOH.  Shake 

or stir the sample so that it is dispersed. 

 

3. Add one drop of Phenolphthalein solution  to verify preservation.  A positive test is 

indicated by a bright pink color.  If not add a small amount of NaOH.  

 

4. To test for sulfide, place a drop of sample on lead acetate paper, previously moistened with 

acetic acid buffer solution (pH 4).  A positive test is indicated by a black color on the 

paper.    

 

a.) If positive the sample will need to be filtered through 934AH filter paper. (4.5cm size)  

The filtrate will be treated and the filter added back to the treated filtrate before 

distillation. 

 

b.) Treat filtrate with powdered lead carbonate [Pb(CO3)2].  Repeat test until a drop of 

treated sample no longer darkens the acidified lead acetate test paper. 

 

c.) Filter the resulting precipitate (should form a lead sulfide which will be black in 

appearance). 

 

d.) Once the filtrate is treated and filtered, the filter with the original solids from the 

pretreated sample will be added back to the treated filtrate and then distilled. 

 

5. Add 25 mL of sodium hydroxide solution 0.25N to the absorber and assemble the 

apparatus as shown in Fig. 1. 

 

6. Start a slow stream of air entering the boiling flask by adjusting the vacuum source.  Adjust 

the vacuum such that air bubbles from the thistle tube in the flask at a rate of 3 to 5 per 

second. 

 

Note: The bubble rate will not remain constant after the reagents have been added and 

while heat is being applied to the flask.  It may be necessary to readjust the air 

rate occasionally to prevent the solution in the sample tube from boiling and 

spewing out  through the thistle tube. 

 

7. Turn on condenser water. 

 

8. Add 0.5 mLs of sulfamic acid through the thistle tube. 

 

9. Slowly add 2 mL 1:1 H2SO4 through the thistle tube. 

 

10. Add 2 mL 2.5 M MgCl2 through the thistle and rinse it down with deionized water. 
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11. Reflux at 100°C for 90 minutes, turn off heat, allow to cool with pump on for 15 minutes. 

 

12. Disconnect absorber and transfer the solution from the absorber into a storage container. 

 

14. Record distillation information in the distillation log.  Include date, analyst, sample 

number, client, matrix, position, sample mass / volume, distillation time, cool down time, 

when transferred to analyst, when analyzed. 

 

X. CALCULATIONS 

 

A. Sample volumes / masses must be recorded accurately in the distillation log to allow the 

analyst to correctly calculate the final concentration of cyanide correctly. 

 

XI. DISTILLATION GLASSWARE CLEANING & LABELING  

 

A. The distillation glassware is cleaned thoroughly with hot soapy water between distillations. 1:1 

HCl is aerated through the frits on the block to ensure that the frits are clean.  Deionized water 

is forced up through the glassware to rinse it.  The cold fingers are dipped in mild acid, rinsed 

and wiped off.  

 

B. All glassware must be labeled and each position’s label must be recorded in the distillation log 

with the sample that was distilled in that particular vessel. 

 

C. When sample concentrations are at or exceed 1000 mg/L a deionized water blank must be 

distilled in the exact glassware used for that sample before processing any other client’s 

sample to ensure that the glassware is cleaned and has no residual cyanide to carryover. 

 

XII. QUALITY CONTROL 

 

A. With each distillation batch of samples (maximum of 20 samples) a preparation blank (BLK) 

must be distilled.   

 

B. Each distillation batch of aqueous samples requires a laboratory control sample (BS) each 

day or per 20 samples whichever is more frequent.  Under CLP the BS serves as the 

distilled ICV.   

 

C. With each distillation batch of soil samples a soil BS (boiling chips are used) each day or per 

20 samples whichever is more frequent.   

 

D. A high and low check standard ( DCV/ICV) must be distilled each day or per 20 samples 

whichever is more frequent.  A non-distilled check standard must be prepared daily.  This will 

be used to verify the preparation of the DCV if the DCV results are outside the specification 

limits. Under CLP the aqueous BS serves as the ICV. 

 

E. A sample spike (MS) and sample spike duplicate (MSD) are performed with each set of twenty 

samples.  CLP requires 1 duplicate and 1 spike per batch.  All QC samples should be taken 

through the whole procedure including distillation.  Spikes are added to the boiling flask in the 

same manner as standards adding 25 mL of samples or a dilution as used for the unspiked 
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sample.  Spike concentration is listed in the method.  The addition of the spiking solution must 

be witnessed and such must be noted in the digestion log.   

 

XIII. CORRECTIVE ACTION 

 

A. If any problems, such as low or high recovery for check standards or BSs occur, contact the 

Group Leader.  Problems most frequently encountered (for the distillation procedure) are listed 

below. 

 

B. Recoveries are affected in various ways. 

 

1. If the spiking solution is not prepared properly (e.g., making the proper dilutions), the 

check standard will be out of control.  Caution should be used in calculating the dilution 

and performing the pipetting. 

 

2. Also, the air flow from the vacuum pumps can cause low recovery.  Pay attention to the air 

flow (it should be in the area of 1 to 2 bubbles per second).  If it is too great the HCN does 

not have an adequate amount of time to be absorbed by the NaOH solution. 

 

3. If the heating block is not heating properly, this will also lead to low recovery.  During the 

distillation, periodically check the sample tubes for the presence of heat (tubes should be 

very hot to the touch). 

 

4. The addition of all reagents, including the spiking solution, is essential.  Without the 

MgCl2, 1:1 H2SO4, or spiking solution, the percent recovery will suffer greatly for 

complex cyanide.  The recovery of simple cyanides will usually be unaffected. 

 

5. If the volume of 0.25 N NaOH and reagent water is not accurate in the NaOH absorber 

tubes, low recoveries will usually occur.   

 

B. Spike recoveries are affected in similar ways.  Refer to the above suggestions.  Also, if 

possible, do not spike a sample that is known to be high in cyanide.  This may cause recovery 

and calculation problems. 

 

XIV. WASTE DISPOSAL and POLLUTION PREVENTION 

 

Please see Waste Disposal SOP-405, for instruction of proper disposal of waste generated from 

this area. Quantity of chemicals purchased should be based on expected usage during its shelf-life 

and the disposal cost of unused material. Actual reagent preparation volumes should reflect 

anticipated usage and reagent stability. 
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Addendum for USEPA CLPILM 05.2 AQUEOUS &SOIL/SEDIMENT 

 

The following is a list of changes for sample preparation when the 5.2 statement of work is required: 

 

1. The ICV shall be distilled. 

 

2. Boiling chips are to be added to each sample. Midi-Distillation is reflux 1.5 hours then the heat and 

vacuum is turned off and the samples cool an additional 15 minutes. 

 

3. The QC criteria for both the Distillation  Check QC  and the distilled ICV is ±15%. 

 

4. A CRI is required at the beginning and end of each run and for every 20 samples.  The QC criteria for 

the CRI is ±30%. 

 

5. Rounding rule for the appropriate level of precision is that the figure following those to be retained is 

> 5, round up: otherwise round down. (examples: 1.5 and 2.5 would be 2 and 3 respectively rounded 

up; 1.4 and 2.4 would be 1 and 2 respectively rounded down)  Please see Exhibit B, Section 3, ( 

3.3.9.1) of SOW ILM0 5.2 for more guidance on rounding significant figures. 

 
 

XV. DEFINITIONS 

 

See SOP-431 for a list of definitions 
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Changes Summary 
 
Revision 08, 11/30/2010 

• The SOP is an update from Revision 07 dated 12/19/08. 
• Updated to replace change LCS to BS and method blank to BLK. 
• References to the laboratories QS SOPs have been added. 
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PHENOL AND PHENOLIC MATERIALSDISTILLED WATER SAMPLESMethods: EPA 420.2/420.4, 
SW846 9066, LACHAT 10-210-00-1-A 

I. SCOPE AND APPLICATION 
 

A. The method is applicable to the analysis of drinking, surface and saline waters, domestic and industrial 
wastes. 
 

B. The method is capable of measuring phenolic materials from 10 to 500 ug phenol/L in the aqueous phase 
using phenol as a standard.  The method detection limit or limit of detection is 10 ug phenol/L and the 
reporting limit or limit of quantitation is 30 ug phenol/L.  Approximately 90 samples per hour can be 
analyzed. 

 
II. PRINCIPLE 

 
Volatile phenolic compounds are separated from the sample matrix by distillation.  The distillate is collected and 
analyzed.  Phenol, ortho- and meta-substituted phenols, and para-substituted phenols where the para- group is 
carboxyl, a halogen, a methoxyl, or a sulfonic acid group are all determined by reaction with 4-aminoantipyrine.  
Not determined are para-cresol, and other para- substituted phenol where the para- group is an alkyl, an aryl, a 
nitro, a bezoyl, a nitroso, or an aldehyde group. 

 
III. SUMMARY OF METHOD 
 

A. The method is based on the distillation of phenol and subsequent reaction of the distillate with alkaline 
ferricyanide and 4-aminoantipyrine to form a red complex which is measured from 500 to 520nm. 

 
B. Color response of phenolic materials with 4-aminoantipyrine is not the same for all compounds.  Because 

phenolic type wastes usually contain a variety of phenols, it is not possible to duplicate a mixture of 
phenols to be used as a standard.  For this reason, phenol has been selected as a standard and any color 
produced by the reaction of other phenolic compounds is reported as phenol.  This value will represent 
the minimum concentration of phenolic compounds present in the sample. 

 
C. Reduced volume versions of this method that use the same reagents and molar ratios are acceptable 

provided they meet the quality control and performance requirements stated in the method. 
 

D. Limited performance based method modifications may be acceptable provided they are fully documented 
and meet or exceed requirements expressed in section 9.0, Quality Control. 

 
E. Laboratory Quality System SOP QS08 “Technical / Operational Definitions, Minimum Essential Quality 

Control Elements, and Laboratory Calibration Procedures” provides information on calibrations and 
commonly used definitions. 

 
IV. INTERFERENCES 
 

A. Distillation removes all non-volatile interferences.  Interference from sulfur compounds is removed by adding 
phosphoric acid to the sample to pH less than 4, and then aerating briefly by stirring. 

 
B. Oxidizing agents, such as chlorine, will oxidize phenols.  If oxidizing agents are present, remove them 

immediately after sampling by adding excess iron (II) sulfate (FeSO4). 
 
C. Oils and tars can be removed prior to distillation by extraction with chloroform (CHCl3).  Adjust the sample 

pH to 12 to 12.5 by adding NaOH pellets, and then extract the oil or tar with a 50 mL portion of chloroform.  
Remove the chloroform layer and evaporate the excess chloroform in the aqueous layer by gently warming 
the aqueous layer. 

 
V. SAMPLE HANDLING AND PRESERVATION 
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A. Biological degradation is inhibited by the addition of concentrated sulfuric acid to a pH of <4.  Samples must 

be collected in 1 liter glass (only) bottles.  The sample must be kept at 4°C until distilled and after distillation 
unless it is to be colored that day. 

 
B. Phenol holding time is 28 days, counting the day it is sampled.   

 
VI. DEFINITIONS 

 
A. ANALYTICAL BATCH-The set of samples extracted /distilled/ or digested at the same time to a 

maximum of 20 samples. 
B. CALIBRATION BLANK (CB)- A volume of reagent water in the same matrix as the calibration 

standards, but without the analyte. 
C. CALIBRATION STANDARD (CAL)- A solution prepared from the primary dilution standard solution or 

stock standard solutions.  The CAL solutions are used to calibrate the instrument response with respect to 
analyte concentration. 

D. FIELD BLANK (FMB)- An aliquot of reagent water or equivalent neutral reference material treated as a 
sample in all aspects, including exposure to a sample bottle holding time, preservatives, and all 
preanalysis treatments.  The purpose is to determine if the field or sample transporting procedures and 
environments have contaminated the sample. 

E. FIELD DUPLICATE (FD)- Two samples taken at the same time and place under identical circumstances 
which are treated identically throughout field and laboratory procedures.  Analysis of field duplicates 
indicates the precision associated with sample collection, preservation, and storage, as well as with 
laboratory procedures. 

F. LABORATORY BLANK (LRB)- An aliquot of reagent water or equivalent neutral reference material 
treated as a sample in all aspects, except that it is not taken to the sampling site.  The purpose is to 
determine if the analytes or interferences are present in the laboratory environment, the reagents, or the 
apparatus. 

G. LABORATORY CONTROL SAMPLE (LCS)- A solution prepared in the laboratory by dissolving a 
known amount of one or more pure compounds in a known amount of reagent water.  It’s purpose is to 
assure that the results produced by the laboratory remain within the acceptable limits for precision and 
accuracy.  (This should not be confused with a calibrating standard, it must be prepared from a source 
other than the same source as the calibration standards). 

H. LABORATORY DUPLICATE (LD)-  Two aliquots of the same environmental sample treated identically 
throughout a laboratory analytical procedure.  Analysis of laboratory duplicates indicates precision 
associated with laboratory procedures but not with sample collection, preservation, or storage procedures. 

I. QUALITY CONTROL CHECK SAMPLE (QCS)- A sample containing analytes of interest at known 
concentrations (true value) of analytes.  The QCS is obtained from a source external to the laboratory or is 
prepared from standards obtained from a different source than the calibration standards.  The purpose is to 
check laboratory performance using test materials that have been prepared independently from the normal 
preparation process. 

J. METHOD DETECTION LIMIT (MDL)-  The lowest level at which an analyte can be detected with 99 
percent confidence that the analyte concentration is greater than zero. 

 
VII. PREPARATION OF REAGENTS 
 
 Use deionized water (10 mega-ohm) for all solutions. 
 
 Reagent 1.  1 + 9 Phosphoric Acid Solution 
 
 By Volume:  In a 100 mL volumetric flask, dilute 10 mL of 85 percent phosphoric acid (H3PO4).  Stir or 

shake to mix. 
 
 Reagent 2.  10 Percent Copper Sulfate Solution 
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 Dissolve 100 g copper sulfate pentahydrate (CuSO4-5 H2O) in 1 L water.  Stir or shake to mix. 
 
 Reagent 3.  1 M Sodium Hydroxide Solution 
 
 To 1 kg or 1 L water, add 40.0 g sodium hydroxide (NaOH).  Shake to dissolve.  Store in a plastic container. 
 
 Reagent 4.  4-Aminoantipyrine Color Reagent 
 
 In a 250 mL volumetric flask, or in a tared, 250 mL container, dissolve 0.16 g 4-aminoantipyrine (Aldrich A3, 

930-0, Sigma A4382, or equivalent) in 250 mL or g water.  Prepare fresh daily. 
 

Reagent 5.  Buffered Potassium Ferricyanide, pH 10.3 
 
 By Volume:  In a 1 L volumetric flask, dissolve 2.0 g potassium ferricyanide [K3Fe(CN)6], 3.1 g boric acid 

(H3BO3) and 3.75 g potassium chloride (KCl) in about 800 mL water.  Add 47 mL 1 M sodium hydroxide 
(Reagent 3) and dilute to the marker.  Invert three times to mix.  Prepare fresh every 3 months. 

 
VIII. PREPARATION OF STANDARDS 
 
 Because the relative amounts of various phenolic compounds in a given sample are unpredictable, it is not 

possible to provide a universal standard containing a mixture of phenols.  For this reason, phenol (C6H5OH) itself 
has been selected as a standard for this method.  Any color produced by the reaction of other phenolic compounds 
is reported as phenol.  Because this substitution generally reduces response, this value represents the minimum 
concentration of phenolic compounds. 

 
 Standard 1.  Stock Standard 1,000 mg phenol/L 
 
 By Volume:  In a 1 L volumetric flask add about 500 mL DI water, 1.0 g anhydrous copper sulfate (CuSO4), 

0.5 mL 85 percent phosphoric acid, (H3PO4), and 1.0 g phenol (C6H5OH).  Dilute to the mark with water, 
dissolving the phenol. 

 
 Standard 2.  Intermediate Stock Standard 5.00 mg phenol/L 
 
 By Volume:  In a 1 L volumetric flask, add 5.00 mL Stock Standard (Standard 1) and dilute to the mark with 

water.  Invert to mix.  Chill @ 4°C and prepare fresh every 6 months. 
 
  Set of Six Working Standards:  (see note on next page) 
 
 0.50 0.25 0.10 0.050  mg phenol/L 
 

By Volume:  To four 100 mL volumetric flasks add, respectively, exactly 
 
 10.0 5.00 2.00 1.00  mL of 5.0 mg/L 
  
 By Volume:  To two 100 mL volumetric flasks add, respectively, exactly 
 

10.0 0.00  mL of 0.10 mg/L 
 

of the Intermediate Stock Standard (Standard 2).  Dilute each to the mark with DI water and invert three 
times. 

 
 If samples always fall within a narrower range, more standards within this narrower range can be added and 

standards outside this narrower range can be dropped.  
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The standards can be made up differently from the suggested volumes.  For example: 
 

10 mls of 5.0 mg/L working standard → 100 mls = 0.50 mg/L standard 
 
2 mls of 5.0 mg/L working standard → 100 mls = 0.20 mg/L standard 
 
10 mls of 0.50 mg/L working standard → 100 mls = 0.05 mg/L standard 
 
10 mls of 0.10 mg/L working standard → 100 mls = 0.01 mg/L standard 
 
10 mls of 0.05 mg/L working standard → 100 mls = 0.005 mg/L standard 

 
 These standards should be made up fresh daily. 
 
IX. TIMING 
 
 Sample throughput:  90 samples/h; 40 s/sample 
 Pump speed:  35 
 
 Cycle period:  40 s 
 Inject to start of peak period:  14 s 
 
X. SYSTEM NOTES 
 
 System IV Gain:  210 x 10 
 
 Presentation, Data Window 
 
 Top scale response:  0.05 abs 
 Bottom scale response:  0.00 
 
 Results/Approval, Reports 
 
 In the default RDF, change: 
  Set Default Chord 0 
  to 
  Set Default Chord 3 
 (Peak should be centered in Chord 3) 
 This change must be made to both the sample and the calibration RDFs. 
 
 Segment/Boundaries 
 
 A - 0.50 mg 
 D - 0.010 mg 
 F - 0.00 mg 
 
Carrier and diluent is helium degassed water. 
 
 1" is 70.0 cm of tubing on a 1 inch coil support 
 4" is 255 cm of tubing on a 4 inch coil support 
 
 Apparatus:  Standard valve, flow cell, and detector head modules are used. 
 
 All manifold tubing is 0.8 mm (0.032 inches) i.d.  This is 5.2 uL/cm. 
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 Notes:  Transmission tubing should be replaced with 1 m of Teflon manifold tubing (0.8 mm i.d.) as 
transmission tubing may contain leachable phenolics.  Use Teflon tube connectors (Lachat part No. 50008) 
with PTA as line weights with pin removed. 

 
 Manifold Diagram Revision Date:  29 October, 1991 found in section 17.3, p.16 of Lachat method. 
 
XI. CALCULATIONS: 
 

Using the data system prepare the calibration curve plotting area, or peak heights against concentrations.  
Calculate sample concentration using the calibration curve/data system.  Quality Systems SOP QS09 “General 
and Commonly used Laboratory Calculations” provides details on general calculations used throughout the 
laboratory. 
 

XII. REFERENCES 
 

1. U.S. Environmental Protection Agency, Methods for Chemical Analysis of Water and Wastes, 
EPA-600/4-79-020, Revised March 1983, Method 420.2 and Method 420.4. 

 
2. Standard Methods for the Examination of Water and Wastewaters, 14th edition, Method 510 p. 574. 
 
3. Code of Federal Regulations, Part 136.3 (7-1-88), Table 1B, Footnote 25. 
 
4. Code of Federal Regulations 40, Ch. 1 , Pt. 136, Appendix B. 
 
5. U.S. Environmental Protection Agency, “Methods for the Determination of Inorganic Substances in 

Environmental Samples”, EPA/600/R-93/100, August 1993, Method 420.1. 
 

6. Gales, M.E. and Booth, R.L., “Automated 4 AAP Phenolic Method”, AWWA 68, 540 (1976). 
 

7. Environmental Monitoring Systems Laboratory, office of research and development U.S. Environmental 
protection agency Cincinnati, Ohio 45268.   

 
XIII. QUALITY CONTROL 
 

A. Analyze a BLK and an BS (which is distilled) every 20 samples or once  daily whichever comes first.   
  

B. Distill duplicate spikes every 20 samples.  (For the direct method this is achieved by adding 20 mls of 
5.0 ppm std to 200 mls of sample which makes a 0.2 ppm spike when brought up to 500 mls volume.) 

  
C. Calibration verification is required every 10 samples and if the calibration check standard does not meet 

+10 percent of the curve value or the BS does not fall within the control limits, (normally 80 to 120) 
corrective action must be taken before analysis proceeds. 

 
D. Corrective Action:  Contaminated blanks, out-of-range LCS's, and spikes that do not fall within 75 to 

125 percent range would necessitate an NCR.  Consult your supervisor for specific action. 
 
E. Quality Control SOP QS05, “Data Deviations / Interpretations / Exceptions:  Laboratory Non-Conformance / 

Corrective Action Procedures, Decision Making Guidelines for Evaluating Laboratory Analytical Sample and 
Quality Control Results”, provides details on data assessment and acceptance criteria for Quality Control 
Measures.   

 
XIV. CORRECTIVE ACTIONS 
 

A. INSTRUMENT RELATED 
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1. ICV not within + 10% 
 
a. If the problem is with the solution. 

 
i. Re-prepare,  obtain new stock if necessary. 

 
b. If the problem is with the calibration. Recalibrate thru analysis of appropriate standards and recheck 

ICV. 
 

2. CCV not within + 10% 
 
a. If the problem is with the solution. 

 
i. Re-prepare, obtain new stock if necessary. 

 
b. If the problem is with the calibration. 

 
i. Recalibrate thru analysis of appropriate standards and re-prepare/reanalyze the previous ten 

sample according the following guidelines. 
 
a. If the CCV was biased high, any of the previous ten samples which were below the MDL do 

not require reanalysis. 
 
b. If the CCV was biased low, the previous ten samples must be re-analyzed. 
 

3.  CCB not >+ MDL (USACE)(For DOD QSM no analyte detected >LOD, frequency- beginning and 
ending a run and every 10 samples)or + RL. 
 
a. If the CCB is biased high. 

 
i. Any samples below the MDL or greater than 10X the CCB bias need not be reanalyzed. 
ii. Any samples above the detection limit but less than 10X the CCB level must be reanalyzed after 

the problem is corrected. 
 
b. If the CCB is biased low. 

 
i. Any samples greater than 10X the absolute CCB bias need not be reanalyzed. 
ii. All other samples must be reanalyzed after the problem is corrected. 

 
4. BS not within our in-house generated control limits ( or +20% ). 

 
a. If the problem is with the instrument. 

 
i. Reanalyze when instrument is in control. 

 
ii. If biased high, the impact upon the data user must be evaluated.  The samples will be re-extracted 

or the data will be qualified on the final report. 
 

B. SAMPLE MATRIX RELATED 
 

1. Replicate analysis RPD not within +20% 
 
i. The associated sample data must be qualified on the final report. 
 

2. Spike analysis recovery not within +25% 
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i. If the analyte level in the sample is greater than 4X the spiking level, the %recovery can not be 

evaluated and no action is taken. 
 
ii. If the analyte level in the sample is not greater than 4X the spiking level, the associated sample data 

must be qualified on the final report. 
 
XV. HEALTH AND SAFETY 
 

A. Care should be used in handling all samples.  Safety glasses must be worn in the lab at all times.  The use of 
gloves and lab coats is highly recommended. 

B. Research into expected sample content and concentration should be done in order to be prepared for additional 
safety considerations.  Generally, any samples which need special consideration have applicable notes on the 
sample logs. 

C. MSDS sheets are available for all reagents and standards which have been purchased.  These are located on the 
bookshelf inside the Data Quality Managers office. 

 
XVI. POLLUTION PREVENTION 

 
A. Pollution prevention encompasses any technique that reduces or eliminates the quantity or toxicity of waste at 

the point of generation.  Numerous opportunities for pollution prevention exist in laboratory operation.  The 
EPA has established a preferred hierarchy of environmental management techniques that places pollution 
prevention as the management option of first choice.  Whenever feasible, laboratory personnel should use 
pollution prevention techniques to address their waste generation.  When wastes cannot be feasibly reduced at 
the source, the Agency recommends recycling as the next best option. 

 
B. Quantity of chemicals purchased should be based on expected usage during its shelf-life and the disposal cost 

of unused material.  Actual reagent preparation volumes should reflect anticipated usage and reagent stability. 
 
C. For information about pollution prevention that may be applicable to laboratories and research institutions, 

consult "Less is Better:  Laboratory Chemical Management for Waste Reduction," available from the 
American Chemical Society's Department of Government Regulations and Science Policy, 1155 16th Street 
N.W., Washington D.C. 20036, (202) 872-4477. 

 
XVII.   WASTE MANAGEMENT 

 

A. Laboratory SOP QS14 on Waste Handling discusses general guidelines for the appropriate handling of wastes 
and the laboratory program on waste management. 

B. The Environmental Protection Agency requires that laboratory waste management practices be conducted 
consistent with all applicable rules and regulations.  Excess reagents, samples and method process wastes 
should be characterized and disposed of in an acceptable manner.  The Agency urges laboratories to protect 
the air, water, and land by minimizing and controlling all releases from hoods and bench operations, 
complying with the letter and spirit of any waste discharge permit and regulations, and by complying with all 
solid and hazardous waste regulations, particularly the hazardous waste identification rules and land disposal 
restrictions.  For further information on waste management consult the "Waste Management Manual for 
Laboratory Personnel," available from the American Chemical Society at the address listed in Section 14.3 
from method 300.1. 

 

XVIII. METHOD PERFORMANCE 

A. The method support data are presented in section 17 of the Lachat method.  This data was generated 
according to a Lachat Work Instruction during development of the method. 
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B. Although Lachat Instrument publishes method performance data, including MDL, precision, accuracy and 
carryover studies, we cannot guarantee that each laboratory and instrument conditions, as well as laboratory 
technique, play a major role in determining method performance.  The support data serves as a guide of the 
potential method performance.  Some labs may not be able to reach this level of performance for various 
reasons, while other labs may exceed it. 
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Changes Summary 
 
Revision 07, 08/31/10 

• The SOP is an update from Revision 06 dated 12/22/08 
• Summarize changes here! 
• Additional requirements, based upon the DoD QSM 4.1, have been integrated into the 

routine sample flow; however, if the requirement is different from routine sample flow, 
then the requirement is outlined and documented as such to be followed only when DoD 
samples are analyzed. 
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 METHOD 1311 
 
 TOXICITY CHARACTERISTIC LEACHING PROCEDURE 
 
 
1.0   SCOPE AND APPLICATION 
 
 1.1  The TCLP is designed to determine the mobility of both organic and inorganic analytes present 

in liquid, solid, and multiphasic wastes. 
 
 1.2  If a total analysis of the waste demonstrates that individual analytes are not present in the waste, 

or that they are present but at such low concentrations that the appropriate regulatory levels could 
not possibly be exceeded, the TCLP need not be run. 

 
 

2.0 SUMMARY OF METHOD  
 

2.1 For a highly liquid waste, determine if the percent dry solids is less than 0.5%. If so, the sample 
is filtered and the filtrate is treated as the extraction fluid. If not, the sample is reduced in size to 
pass through a 9.5 mm sieve. The percent wet solids are then determined. A 5 g and 100 g aliquot 
of wet solids are generated. The liquid phase for the 100 g aliquot is stored at 4 degrees Celsius. 
The 5 g aliquot is used to determine the appropriate extraction fluid. The 100 g aliquot is added 
to the extraction fluid and tumbled for about 18 hr's. The sample is filtered and the pH of the 
fluid is determined. An appropriate amount of the liquid phase is added to the extraction fluid 
and the sample is preserved according to the test, which will be performed. 

 
2.2 The TCLP extract for volatiles is analyzed by method 8260B according to SOP-202.  The TCLP 

extract for semivolatiles is subject to separatory funnel extraction by method 3510 according to 
SOP-300.  The TCLP extract for metals is divided for two separate digestions and analyses:  (a) 
mercury digestion and analysis by 7470A (SOP-103), and (b) ICP-metals digestion by 3010A 
(SOP-100) and analysis by 6010B (SOP-116). 

 
 

3.0 INTERFERENCES 
 
 3.1 Potential interferences that may be encountered during analysis are discussed in the individual 

analytical methods and related SOPs.  (See section 2.2) 
 
4.0 APPARATUS AND MATERIALS 
 

4.1 Agitation apparatus:  The agitation apparatus must be capable of rotating the extraction vessel in 
an end-over-end fashion at 30 + 2 rpm.  This rate is measured and recorded with each extraction  
or at least once per quarter to ensure accuracy of the equipment. 

 
4.2 Extraction Vessels 

 
  4.2.1 Zero-Headspace Extraction Vessel (ZHE).  The ZHE (depicted in Figure 2) allows for 

liquid/solid separation within the device, and effectively precludes headspace.  This type 
of vessel allows for initial liquid/solid separation, extraction, and final extract filtration 



 

V:\Standard Operating Procedures\Current SOP File Directory\SOP198_R07_20100831.doc                                                           Page 4 of 18 

without opening the vessel.  The vessels shall have an internal volume of 500-600 mL, 
and be equipped to accommodate a 90-110 mm filter. The devices contain VITON®1 
O-rings which should be replaced frequently.   

 
   For the ZHE to be acceptable for use, the piston within the ZHE should be able to be 

moved with approximately 30 to 40 psi or less.  If it takes more pressure to move the 
piston, the O-rings in the device should be replaced.  If this does not solve the problem, 
the ZHE is unacceptable for TCLP analyses and the manufacturer should be contacted. 

 
   The ZHE should be checked for leaks after every extraction.  If the device contains a 

built-in pressure gauge, pressurize the device to 50 psi, allow it to stand unattended for 
10 minutes, and recheck the pressure.  If the device does not have a built-in pressure 
gauge, pressurize the device to 50 psi, submerge it in water, and check for the presence 
of air bubbles escaping from any of the fittings.  If pressure is lost, check all fittings and 
inspect and replace O-rings, if necessary.  Retest the device.  If leakage problems cannot 
be solved, the manufacturer should be contacted. 

 
   Some ZHEs use gas pressure to actuate the ZHE piston, while  others use mechanical 

pressure.  Whereas the volatiles procedure refers to pounds per square inch (psi), for the 
mechanically actuated piston, the pressure applied is measured in torque-inch-pounds.   

 
  4.2.2 Bottle Extraction Vessel.  When the waste is being evaluated using the nonvolatile 

extraction, a jar with sufficient capacity to hold the sample and the extraction fluid is 
needed.  Headspace is allowed in this vessel. 

 
   The extraction bottles may be constructed from various materials, depending on the 

analytes to be analyzed and the nature of the waste.  It is recommended that borosilicate 
glass bottles be used instead of other types of glass, especially when inorganics are of 
concern.  Plastic bottles, other than polytetrafluoroethylene, shall not be used if organics 
are to be investigated.   

 
 4.3 Filtration Devices:  It is recommended that all filtrations be performed in a hood or well 

ventilated area. 
 
  4.3.1 Zero-Headspace Extractor Vessel (ZHE): When the waste is evaluated for volatiles, the 

zero-headspace extraction vessel is used for filtration.  The device shall be capable of 
supporting and keeping in place the glass fiber filter and be able to withstand the 
pressure needed to accomplish separation (50 psi). 

 
   NOTE:   When it is suspected that the glass fiber filter has been ruptured, an in-line 

glass fiber filter may be used to filter the material within the ZHE. 
 
  4.3.2 Filter Holder:  When the waste is evaluated for other than volatile analytes, any filter 

holder capable of supporting a glass fiber filter and able to withstand the pressure needed 
to accomplish separation may be used.  Suitable filter holders range from simple vacuum 
units to relatively complex systems capable of exerting pressures of up to 50 psi or more. 

                                    
     1 VITON® is a trademark of Du Pont.  
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 Vacuum filtration can only be used for wastes with low solids content (<10%) and for 
highly granular, liquid-containing wastes.  All other types of wastes should be filtered 
using positive pressure filtration.   

 
  4.3.3 Materials of Construction: Extraction vessels and filtration devices shall be made of inert 

materials which will not leach or absorb waste components.  Glass, 
polytetrafluoroethylene (PTFE), or type 316 stainless steel equipment may be used when 
evaluating the mobility of both organic and inorganic components.   

 
 4.4 Filters:  Filters shall be made of borosilicate glass fiber, shall contain no binder materials, and 

shall have an effective pore size of 0.6 to 0.8 µm (Whatman GF/F), or equivalent.  Pre-filters 
must not be used.  When evaluating the mobility of metals, filters shall be acid-washed prior 
to use by rinsing with 1N nitric acid followed by three consecutive rinses with deionized distilled 
water (a minimum of 1 L per rinse is recommended).  Glass fiber filters are fragile and should be 
handled with care. 

 
 4.5 pH Meters:  The meter should be accurate to + 0.20. 
 
 4.6 ZHE Extract Collection Devices: TEDLAR®2 bags are used to collect the initial liquid phase and 

the final extract of the waste when using the ZHE device, only when both liquid and solid phases 
exist.  Collect final extract in a 40 mL vial when only a solid phase exist. 

 
 4.7 ZHE Extraction Fluid Transfer Devices: Any device capable of transferring the extraction fluid 

into the ZHE without changing the nature of the extraction fluid is acceptable (e.g., a positive 
displacement or peristaltic pump, a gas tight syringe, pressure filtration unit (see Section 4.3.2), 
or other ZHE device). 

 
 4.8 Laboratory Balance:  Accurate to within + 0.01 grams may be used (all weight measurements are 

to be within + 0.1 grams). 
 
 4.9 Beaker or Erlenmeyer flask, glass, various sizes. 
 

4.10 Watchglass 
 

 4.11 Magnetic stirrer.  
 
5.0  REAGENTS 
 
 5.1 Reagent grade chemicals shall be used in all tests.  Unless otherwise indicated, it is intended that 

all reagents shall conform to the specifications of the Committee on Analytical Reagents of the 
American Chemical Society, where such specifications are available.  Other grades may be used, 
provided it is first ascertained that the reagent is of sufficiently high purity to permit its use 
without lessening the accuracy of the determination. 

 

                                    
     2 TEDLAR® is a registered trademark of Du Pont. 
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 5.2 Reagent Water.  Reagent water is defined as water in which an interferant is not observed at or 
above the method's detection limit of the analyte(s) of interest.  For nonvolatile extractions, 
ASTM Type II water or equivalent meets the definition of reagent water.  For volatile 
extractions, it is recommended that reagent water be generated by any of the following methods.   

  5.2.1 A water purification system may also be used to generate reagent water for volatile 
extractions. 

 
  5.2.2 Reagent water for volatile extractions may also be prepared by boiling water for 15 

minutes.  Subsequently, while maintaining the water temperature at 90 + 5 degrees C, 
bubble a contaminant-free inert gas (e.g. nitrogen) through the water for 1 hour.  While 
still hot, transfer the water to a narrow mouth screw-cap bottle under zero-headspace and 
seal with a Teflon-lined septum and cap. 

 
 5.3 Hydrochloric acid (1N), HCl, made from ACS reagent grade. 
 
 5.4 Nitric acid (1N), HNO3, made from ACS reagent grade. 
 
 5.5 Sodium hydroxide (15N), NaOH, made from ACS reagent grade. 
 
 5.6 Glacial acetic acid, CH3CH2COOH, ACS reagent grade. 
 
 5.7 Extraction fluid. 
 

   
  5.7.1 Extraction fluid #1: Add 11.4 mL glacial acetic acid to approximately 1800 mL DI water. 

Add 8.6 mL 15N sodium hydroxide and dilute to 2 L. Seal and invert four times. 
Determine the pH which should be 4.93 +/- 0.05.  Record in appropriate reagent log (RL) 
notebook. 

 
  5.7.2 Extraction fluid #2: Add 11.4 mL glacial acetic acid to approximately 1800 mL DI water 

and dilute to 2 L. Seal and invert four times. Determine the pH which should be 2.88 +/- 
0.05.  Record in appropriate reagent log (RL) notebook. 

 
  NOTE: All extraction fluids are purchased “certified” or prepared fresh and in volume quantity that 

matches the number of TCLP extractions to be performed on a given day.  The 
TCLP/SPLP log-book is used to record the fluid type of choice with indication of its 
traceability to the lot numbers of acetic acid and sodium hydroxide used. 

 
 5.8 Analytical standards shall be prepared according to the appropriate analytical method. 
 
6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING   
 
 6.1 Extreme care must be taken when taking samples. Samples should be collected using an 

appropriate sampling plan. 
 
 6.2 The TCLP may place requirements on the minimal size of the field sample, depending upon the 

physical state or states of the waste and the analytes of concern.  An aliquot is needed for 
preliminary evaluation of which extraction fluid is to be used for the nonvolatile analyte 
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extraction procedure.  Another aliquot may be needed to actually conduct the nonvolatile 
extraction.  If volatile organics are of concern, another aliquot may be needed.   

 
 6.3 Preservatives will not be added to samples before TCLP extraction. 
 
 6.4 For volatiles, the samples shall be collected and stored in a manner intended to prevent the loss of 

volatile analytes (e.g., samples should be collected in Teflon-lined septum capped vials and 
stored at 4°C.  Samples should be opened only immediately prior to TCLP extraction). 

 
 6.5 TCLP extracts should be prepared for analysis and analyzed as soon as possible following 

extraction.  Extracts must be spiked according to their prospective analytes before 
preservation.  Extracts or portions of extracts for metallic analyte determinations must be 
acidified with nitric acid to a pH < 2, unless precipitation occurs (see Section 7.2.14 if 
precipitation occurs).  Extracts or portions of extracts for volatile analyte determinations shall 
not be allowed to come into contact with the atmosphere (i.e., no headspace) to prevent losses.  
Preserve according to the analytical methods as referenced in 2.2. 

 
7.0 PROCEDURE 
 
 7.1 Preliminary Evaluations 
 
  Perform preliminary evaluations on a minimum 100 gram aliquot of waste.  This aliquot may not 

actually undergo TCLP extraction.  These preliminary evaluations include:  (1) determination of 
the percent solids; (2) determination of whether the waste contains insignificant solids and is, 
therefore, its own extract after filtration; (3) determination of whether the solid portion of the 
waste requires particle size reduction; and (4) determination of which of the two extraction fluids 
are to be used for the nonvolatile TCLP extraction of the waste. 

 
  7.1.1 Percent wet solids:  Percent wet solids is defined as that fraction of a waste sample (as a 

percentage of the total sample) from which no liquid may be forced out by an applied 
pressure. 

 
   7.1.1.1 If the sample will obviously yield no liquid when subjected  to pressure 

filtration proceed to Section 7.1.3. 
 
   7.1.1.2 If the sample is liquid or has more than one phase, liquid/solid separation to 

make a preliminary determination of percent solids is required.  This involves 
the filtration device described in Section 4.3.2 and is outlined in Sections 7.1.1.3 
through 7.1.1.9. 

 
   7.1.1.3 Pre-weigh the filter. 
 
   7.1.1.4 Assemble the filter holder and filter following the manufacturer's instructions.  

Place the weighed filter in the buchner funnel. 
 
   7.1.1.5 Mix the sample and weigh out a representative subsample of (100 gram 

minimum) and record exact weight. 
 
   7.1.1.6 Allow sludges to stand to permit the solid phase to settle. 
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   7.1.1.7 Quantitatively transfer the sample to the filter holder (liquid and solid phases).  

Spread the waste sample evenly over the surface of the filter. If  filtration of the 
waste at 4°C reduces the amount of expressed liquid over what would be 
expressed at room temperature then allow the sample to warm up to room 
temperature in the device before filtering. 

 
 
NOTE:  If waste material (>1% of original sample weight) has obviously adhered to the container used to 
transfer the sample to the filtration apparatus, determine the weight of this residue and subtract it from the 
sample weight determined in Section 7.1.1.5 to determine the weight of the waste sample that will be filtered. 
 
 
 
    Gradually apply vacuum or gentle pressure of 1-10 psi, until air or pressurizing 

gas moves through the filter.  If this point is not reached under 10 psi, and if no 
additional liquid has passed through the filter in any 2 minute interval, slowly 
increase the pressure in 10 psi increments to a maximum of 50 psi.  After each 
incremental increase of 10 psi, if the pressurizing gas has not moved through the 
filter, and if no additional liquid has passed through the filter in any 2 minute 
interval, proceed to the next 10 psi increment.  When the pressurizing gas begins 
to move through the filter, or when liquid flow has ceased at 50 psi (i.e., 
filtration does not result in any additional filtrate within any 2 minute period), 
stop the filtration.   

 
   7.1.1.8 The material in the filter holder is defined as the solid phase of the waste, and 

the filtrate is defined as the liquid phase. 
 
    NOTE:  Some wastes, such as oily wastes and some paint wastes, will obviously 

contain some material that appears to be a liquid.  Even after applying vacuum 
or pressure filtration, this material may not filter.  If this is the case, the material 
within the filtration device is defined as a solid.  Do not replace the original 
filter with a fresh filter under any circumstances.   

 
7.1.1.9 Remove filter carefully from the buchner funnel so as to get as much of the solid 

as possible.  
 

     Record the weight of the liquid and solid phases.  Calculate the percent solids as 
follows: 

  
Percent wet solids =  (Filter wt. + sample wt.) – filter wt. x100 

   Total weight of waste 
 
  7.1.2 If the percent solids is equal to or greater than 0.5%, then proceed either to Section 7.1.3 to 

determine whether the solid material requires particle size reduction or to Section 7.1.2.1 if 
it is noticed that a small amount of the filtrate is entrained in wetting of the filter.  If the 
percent solids is less than 0.5%, then proceed to Section 7.2.9 if the nonvolatile TCLP is to 
be performed and to Section 7.3 with a fresh portion of the waste if the volatile TCLP is to 
be performed. 
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   7.1.2.1 Remove the solid material and filter from the filtration apparatus. 
 
   7.1.2.2 Dry the filter and solid material at 100 + 20°C.  Record the final weight. 
 
    NOTE:  Caution should be taken to ensure that the subject solid will not flash 

upon heating. It is recommended that the drying oven be vented to a hood or 
other appropriate device. 

 
   7.1.2.3 Calculate the percent dry solids as follows: 
 

Percent dry solids = 
(Wt. of dry waste + filter) - tared wt. of filter

Initial wt. of waste  x 100 

 
 
   7.1.2.4 If the percent dry solids is less than 0.5%, then proceed to Section 7.2.9 if the 

nonvolatile TCLP is to be performed, and to Section 7.3 if the volatile TCLP is 
to be performed.  If the percent dry solids is greater than or equal to 0.5%, and if 
the nonvolatile TCLP is to be performed, return to the beginning of this Section 
(7.1) and, with a fresh portion of waste, determine whether particle size 
reduction is necessary (Section 7.1.3) and determine the appropriate extraction 
fluid (Section 7.1.4).  If only the volatile TCLP is to be performed, see the note 
in Section 7.1.4. 

 
  7.1.3 Determination of whether the waste requires particle size reduction:  Using the solid 

portion of the sample, evaluate the solid for particle size.  Particle size reduction is 
required, unless the solid passes through a 9.5 mm (0.375 inch) standard sieve).  If the 
surface area is smaller or the particle size larger than described above, prepare the solid 
portion of the waste for extraction by crushing, cutting, or grinding the waste to a surface 
area or particle size as described above.  If the solids are prepared for organic volatiles 
extraction, special precautions must be taken. 

 
   NOTE:  Surface area criteria are meant for filamentous (e.g., paper, cloth, and similar) 

waste materials.  Actual measurement of surface area is not required, nor is it 
recommended.   

 
  7.1.4 Determination of appropriate extraction fluid:  If the solid content of the waste is 

greater than or equal to 0.5% and if the sample will be extracted for nonvolatile 
constituents, determine the appropriate fluid for the nonvolatiles extraction as follows: 

 
   NOTE:  TCLP extraction for volatile constituents uses only extraction fluid #1. Therefore, 

if TCLP extraction for nonvolatiles is not required, proceed to Section 7.3. 
 
   7.1.4.1 Weigh out a small subsample of the solid phase of the waste, reduce the solid (if 

necessary) to a particle size of approximately 1 mm in diameter or less, and 
transfer 5.0 grams of the solid phase of the waste to a 250 mL beaker or 
Erlenmeyer flask. 
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   7.1.4.2 Add 96.5 mL of reagent water to the beaker, cover with a watchglass, and stir 
vigorously for 5 minutes using a magnetic stirrer.  Measure and record the pH.  
If the pH is <5.0, use extraction fluid #1.  Proceed to Section 7.2. 

 
   7.1.4.3 If the pH is >5.0, add 3.5 mL 1N HCl, slurry briefly, cover with a watchglass, 

heat to 50°C, and hold at 50°C for 10 minutes.  (Note:  Do not mix the sample 
during heating).  The hot block may be used for the purpose of heating and 
holding at 50°C for 10 minutes. 

 
   7.1.4.4 Let the solution cool to room temperature (use Hobart to aid in cooling, 30 to 

60 minutes) and record the pH.  If the pH is <5.0, use extraction fluid #1.  If the 
pH is >5.0, use extraction fluid #2.   Note:  The pH must be measured as quickly 
as possible in the phase of the procedure.  It is critical to measure the pH as soon 
as the sample has reached room temperature.   Proceed to Section 7.2. 

 
  7.1.5 If the aliquot of the waste used for the preliminary evaluation was determined to be 100% 

solid, then it can be used for the Section 7.2 extraction (assuming at least 100 grams 
remain), and the Section 7.3 extraction (assuming at least 25 grams remain).   

 
 7.2 Procedure for Metals and Semi-Volatiles 
 
  A minimum sample size of 100 grams (solid and liquid phases) is recommended.  If less than the 

specified amount is used, proportion extraction fluid accordingly and notify manager.  In some 
cases, a larger sample size may be appropriate, depending on the solids content of the waste 
sample, whether the initial liquid phase of the waste will be miscible with the aqueous extract of 
the solid, and whether inorganics, semivolatile organics, pesticides, and herbicides are all 
analytes of concern.  Enough solids should be generated for extraction such that the volume of 
TCLP extract will be sufficient to support all of the analyses required.  

 
  All glassware and equipment must be thoroughly cleaned before use.  A hot soapy water wash, 

rinse with tap water, then repeat following with a DI water rinse.  Rinse with 1:1 HNO3 , 
Methanol and acetone, and a final rinse with DI water.   

 
  7.2.1  If the waste will obviously yield no liquid when subjected to pressure filtration (i.e., is 

100% solid), weigh out a subsample of the waste (100 gram minimum) and proceed to 
Section 7.2.9. 

 
  7.2.2 If the sample is liquid or multiphasic, liquid/solid separation is required.  This involves the 

filtration device described in Section 4.3.2 and is outlined in Sections 7.2.4 to 7.2.8. 
 
  7.2.3 Assemble the filter holder and filter following the manufacturer's instructions.  Place the 

filter on the support screen and secure.  Acid wash the filter if evaluating the mobility of 
metals (see Section 4.4). 

 
  7.2.4 Weigh out a subsample of the waste (100 gram minimum) and record the weight.  If the 

waste contains <0.5% dry solids, the liquid portion, after filtration, is defined as the TCLP 
extract. Therefore, enough of the sample should be filtered so that the amount of filtered 
liquid will support all of the analyses required. For wastes containing >0.5% dry solids use 
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the percent solids information to determine the optimum sample size (100 gram minimum) 
for filtration.   

 
  7.2.5 Allow sludges to stand to permit the solid phase to settle.  Wastes that settle slowly may be 

centrifuged prior to filtration.  Use centrifugation only as an aid to filtration.  If the waste 
is centrifuged, the liquid should be decanted and filtered, followed by filtration of the solid 
portion of the waste through the same filtration system. 

 
  7.2.6 Refer to Section 7.1.1.7. 
  

7.2.7 Refer to Section 7.1.1.8. 
 
  7.2.8 If the waste contains <0.5% dry solids, proceed to Section 7.2.13.  If the waste contains 

>0.5% dry solids, and if particle size reduction of the solid was needed in Section 7.1.3, 
proceed to Section 7.2.10.  If the waste as received passes a 9.5 mm sieve, quantitatively 
transfer the solid material into the extractor bottle along with the filter used to separate the 
initial liquid from the solid phase, and proceed to Section 7.2.11. 

 
  7.2.9 Prepare the solid portion of the waste for extraction by crushing, cutting, or grinding the 

waste to a surface area or particle size as described in Section 7.1.3.  When the surface area 
or particle size has been appropriately altered, quantitatively transfer the solid material into 
an extractor bottle. Include the filter used to separate the initial liquid from the solid phase. 

 
   NOTE:  Sieving of the waste is not normally required.  Surface area requirements are 

meant for filamentous (e.g., paper, cloth) and similar waste materials.  Actual measurement 
of surface area is not recommended.  If sieving is necessary, a Teflon coated sieve should 
be used to avoid contamination of the sample. 

 
  7.2.10 Determine the amount of extraction fluid to add to the extractor vessel as follows: 
 

  Weight of extraction fluid = 
100

fltered  wasteof x weight solidst percent we x 20
 

 
   Slowly add this amount of appropriate extraction fluid to the extractor vessel.  Close the 

extractor bottle tightly (it is recommended that Teflon tape be used to ensure a tight seal), 
secure in rotary agitation device, and rotate at 30 + 2 rpm for 18 + 2 hours.  Ambient 
temperature shall be maintained at 23 + 2 �C during the extraction period.  Record both 
tumble rate and room temperature. 

 
   NOTE:  As rotation continues, pressure may build up within the extractor bottle for some 

types of wastes.  To relieve excess pressure, the extractor bottle should be periodically 
opened (e.g., after 15 minutes, and 30 minutes) and vented into a hood. 

 
 7.2.11  Following the 18 + 2 hour extraction, separate the material in the extractor vessel into its 

component liquid and solid phases by filtering through a new glass fiber filter, as outlined 
in Section 7.2.7.  For final filtration of the TCLP extract, the glass fiber filter may be 
changed, if necessary, to facilitate filtration.  Filter(s) shall be acid-washed. 

 
 7.2.12  Prepare the TCLP extract as follows: 
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  7.2.12.1 If the sample contained no initial liquid phase, the filtered liquid material 

obtained is defined as the TCLP extract.  Proceed to Section 7.2.13. 
 
   7.2.12.2 If compatible (e.g., multiple phases will not result on combination), combine 

the filtered liquid resulting from Section 7.2.12 with the initial liquid phase of 
the waste obtained in Section 7.2.7.  This combined liquid is defined as the 
TCLP extract.  Proceed to Section 7.2.13. 

 
   7.2.12.3 If the initial liquid phase of the waste, as obtained from Section 7.2.7, is not or 

may not be compatible with the filtered liquid resulting from Section 7.2.11, do 
not combine these liquids.  Analyze these liquids, collectively defined as the 
TCLP extract, and combine the results mathematically, as described in Section 
7.2.14. 

 
7.2.1.3  Following collection of the TCLP extract, the pH of the extract must be recorded.  

Immediately split aliquots, give to appropriate analyst for spiking and preservation of the 
extract for analysis.  Metal aliquots must be acidified with nitric acid to pH <2.  (If 
precipitation is observed upon addition of nitric acid to a small aliquot of the extract, then 
the remaining portion of the extract for metals analyses shall not be acidified and the 
extract shall be analyzed as soon as possible.)  All other aliquots must be stored under 
refrigeration (4°C) until analyzed.  TCLP extracts to be analyzed for metals shall be acid 
digested except in those instances where digestion causes loss of metallic analytes.  Refer 
also to sections 2.2 and 6.5. 

 
 If the individual phases are to be analyzed separately, determine the volume of the 

individual phases (to + 0.5%), conduct the appropriate analyses, and combine the results 
mathematically by using a simple volume-weighted average: 

 

Final Analyte Concentration  = 
(V1) (C1) + (V2) (C2)

 V1 +  V2
 

 
   where: 
    V1 = The volume of the first phase (L). 
    C1 = The concentration of the analyte of concern in the first phase (mg/L). 
    V2 = The volume of the second phase (L). 
    C2 = On next page 
    C2 = The concentration of the analyte of concern in the second phase (mg/L). 
 
 7.3 Volatiles Extraction Procedure 
 
 Use ZHE device to obtain TCLP extract for analysis of volatile compounds only.   
 
 The ZHE device has approximately a 500 mL internal capacity.  The ZHE can thus accommodate 

a maximum of 25 grams of solid due to the need to add an amount of extraction fluid equal to 20 
times the weight of the solid phase. 

 
  Charge the ZHE with sample only once and do not open the device until the final extract has been 

collected.  Repeated filling of the ZHE to obtain 25 grams of solid is not permitted. 
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  Do not allow the waste, the initial liquid phase, or the extract to be exposed to the atmosphere for 

any more time than is absolutely necessary.  Any manipulation of these materials should be done 
when cold (4°C) to minimize loss of volatiles. 

 
  All glassware and equipment must be thoroughly cleaned before use.  A hot soapy water wash, 

rinse with tap water, then repeat following with a DI water rinse.  Rinse with methanol and a 
final rinse with DI water.   

 
 
  7.3.1 Pre-weigh the filtrate collection container and set aside.  If using a TEDLAR® bag, express 

all liquid from the ZHE device into the bag, whether for the initial or final liquid/solid 
separation, and take an aliquot from the liquid in the bag for analysis.   

  
  7.3.2 Place the ZHE piston within the body of the ZHE (it may be helpful first to moisten the 

piston O-rings slightly with extraction fluid).  Adjust the piston within the ZHE body to a 
height that will minimize the distance the piston will have to move once the ZHE is 
charged with sample (based upon sample size requirements determined from Section 7.3, 
Section 7.1.1 and/or 7.1.2).  Secure the gas inlet/outlet flange (bottom flange) onto the 
ZHE body in accordance with the manufacturer's instructions.  Secure the glass fiber filter 
between the support screens and set aside.  Set liquid inlet/outlet flange (top flange) aside. 

 
7.3.3 If the waste is 100% solid, weigh out a subsample (25 gram maximum) of the waste, 

record weight, and proceed to Section 7.3.5. 
 

7.3.4 If the waste contains < 0.5% dry solids, the liquid portion of waste, after filtration, is 
defined as the TCLP extract.  Filter enough of the sample so that the amount of filtered 
liquid will support all of the volatile analyses required.  For wastes containing > 0.5% dry 
solids, use the percent solids information determine the optimum sample size to charge 
into the ZHE.  
 
The recommended sample size is as follows: 

 
   7.3.4.1 For wastes containing < 5% solids, weigh out a 500 gram subsample of waste and 

record the weight. 
 
   7.3.4.2 For wastes containing > 5% solids, determine the amount of waste to charge into 

the ZHE as follows: 
 

 

Weight of waste to charge ZHE = 
solidswetpercent

25
 x 100 

 
  7.3.5 If particle size reduction of the solid portion of the waste was required in Section 7.1.3, 

proceed to Section 7.3.6.  If particle size reduction was not required in Section 7.1.3, 
proceed to Section 7.3.7. 

 
  7.3.6 Prepare the waste for extraction by crushing, cutting, or grinding the solid portion of the 

waste to a surface area or particle size as described in Section 7.1.3.  The means used to 
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effect particle size reduction must not generate heat in and of itself.  If reduction of the 
solid phase of the waste is necessary, exposure of the waste to the atmosphere should be 
avoided to the extent possible. 

 
   NOTE:  Sieving of the waste is not recommended due to the possibility that volatiles may 

be lost.  The use of an appropriately graduated ruler is recommended as an acceptable 
alternative.  Surface area requirements are meant for filamentous (e.g., paper, cloth) and 
similar waste materials.  Actual measurement of surface area is not recommended. 

 
   When the surface area or particle size has been appropriately altered, proceed to Section 

7.3.7. 
 
  7.3.7 Waste sludges need not be allowed to stand to permit the solid phase to settle.  Do not 

centrifuge wastes prior to filtration. 
 
  7.3.8 Quantitatively transfer the entire sample (liquid and solid phases) quickly to the ZHE.  

Secure the filter and support screens onto the top flange of the device and secure the top 
flange to the ZHE body in accordance with the manufacturer's instructions.  Tighten all 
ZHE fittings and place the device in the vertical position (gas inlet/outlet flange on the 
bottom).  Do not attach the extract collection device to the top plate. 

 
   NOTE:  If waste material (>1% of original sample weight) has obviously adhered to the 

container used to transfer the sample to the ZHE, determine the weight of this residue and 
subtract it from the sample weight determined in Section 7.3.4 to determine the weight of 
the waste sample that will be filtered. 

 
   Attach a gas line to the gas inlet/outlet valve (bottom flange) and, with the liquid 

inlet/outlet valve (top flange) open, begin applying gentle pressure of 1-10 psi (or more if 
necessary) to force all headspace slowly out of the ZHE device into a hood.  At the first 
appearance of liquid from the liquid inlet/outlet valve, quickly close the valve and 
discontinue pressure.  If filtration of the waste at 4°C reduces the amount of expressed 
liquid over what would be expressed at room temperature, then allow the sample to warm 
up to room temperature in the device before filtering.  If the waste is 100% solid (see 
Section 7.1.1), slowly increase the pressure to a maximum of 50 psi to force most of the 
headspace out of the device and proceed to Section 7.3.12. 

 
  7.3.9 Attach the pre-weighed filtrate collection container to the liquid inlet/outlet valve and open 

the valve.  Begin applying gentle pressure of 1-10 psi to force the liquid phase of the 
sample into the filtrate collection container.  If no additional liquid has passed through the 
filter in any 2 minute interval, slowly increase the pressure in 10 psi increments to a 
maximum of 50 psi.  After each incremental increase of 10 psi, if no additional liquid has 
passed through the filter in any 2 minute interval, proceed to the next 10 psi increment. 
When liquid flow has ceased such that continued pressure filtration at 50 psi does not 
result in any additional filtrate within a 2 minute period, stop the filtration.  Close the 
liquid inlet/outlet valve, discontinue pressure to the piston, and disconnect and weigh the 
filtrate collection container. 

 
   NOTE:  Instantaneous application of high pressure can degrade the glass fiber filter and 

may cause premature plugging. 
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  7.3.10 The material in the ZHE is defined as the solid phase of the waste and the filtrate is defined 
as the liquid phase. 

 
   (Some wastes, such as oily wastes and some paint wastes, will obviously contain some 

material that appears to be a liquid.  Even after applying pressure filtration, this material 
will not filter.  If this is the case, the material within the filtration device is defined as a 
solid and is carried through the TCLP extraction as a solid.) 

 
   If the original waste contained <0.5% dry solids, this filtrate is defined as the TCLP 

extract.  Proceed to Section 7.3.15. 
 
  7.3.11 The liquid phase may now be either analyzed immediately or preserved and stored at 4°C 

under minimal headspace conditions until time of analysis.  Determine the weight of 
extraction fluid #1 to add to the ZHE as follows: 

 
 

   Weight of extraction fluid = 
100

filtered  wasteof x weight solidst percent we x 20
 

 
  7.3.12 The following details how to add the appropriate amount of extraction fluid to the solid 

material within the ZHE and agitation of the ZHE vessel.  Extraction fluid #1 is used in all 
cases. 

 
7.3.12.1 With the ZHE in the vertical position, attach a line from the extraction fluid 

reservoir to the liquid inlet/outlet valve.  The line used shall contain fresh 
extraction fluid and should be preflushed with fluid to eliminate any air pockets 
in the line.  Release gas pressure on the ZHE piston (from the gas inlet/outlet 
valve), open the liquid inlet/outlet valve, and begin transferring extraction fluid 
(by pumping or similar means) into the ZHE.  Continue pumping extraction 
fluid into the ZHE until the appropriate amount of fluid has been introduced into 
the device. 

 
   7.3.12.2 After the extraction fluid has been added, immediately close the liquid 

inlet/outlet valve and disconnect the extraction fluid line.  Check the ZHE to 
ensure that all valves are in their closed positions.  Manually rotate the device in 
an end-over-end fashion 2 or 3 times.  Reposition the ZHE in the vertical 
position with the liquid inlet/outlet valve on top.  Pressurize the ZHE to 5-10 psi 
(if necessary) and slowly open the liquid inlet/outlet valve to bleed out any 
headspace that may have been introduced due to the addition of extraction fluid. 
 This bleeding shall be done quickly and shall be stopped at the first appearance 
of liquid from the valve.  Re-pressurize the ZHE with 5-10 psi and check all 
ZHE fittings to ensure that they are closed. 

 
   7.3.12.3 Place the ZHE in the rotary agitation apparatus and rotate at 30 + 2 rpm for 18 + 

2 hours.  Ambient temperature (i.e., temperature of room in which extraction 
occurs) shall be maintained at 23 + 2°C during agitation.  Record both tumble 
rate and temperature.   
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 7.3.13 Following the 18 + 2 hour period, check the pressure behind the ZHE piston by checking 
gauge and quickly opening and closing the gas inlet/outlet valve and noting the escape of 
gas.  If the pressure has not been maintained (i.e., no gas release observed), the device is 
leaking.  Check the ZHE for leaking as specified in Section 4.2.1, and perform the 
extraction again with a new sample of waste.  If the pressure within the device has been 
maintained, the material in the extractor vessel is once again separated into its component 
liquid and solid phases.  If the waste contained an initial liquid phase, the liquid may be 
filtered directly into the same filtrate collection container (i.e., TEDLAR® bag or VOC 
vials) holding the initial liquid phase of the waste.  A separate filtrate collection container 
must be used if combining would create multiple phases, or there is not enough volume left 
within the  filtrate collection container. Filter through the glass fiber filter, using the ZHE  
device as discussed in Section 7.3.9.  All extract shall be filtered and collected if the 
TEDLAR® bag is used, if the extract is multiphasic, or if the waste contained an initial 
liquid phase. 

 
  NOTE:  An in-line glass fiber filter may be used to filter the material within the ZHE if it 

is suspected that the glass fiber filter has been  ruptured. 
 
  
 7.3.14 If the original waste contained no initial liquid phase, the filtered liquid material obtained 

from above is defined as the TCLP extract.  If the waste contained an initial liquid phase, 
the filtered liquid material obtained from above and the initial liquid phase (Section 7.3.9) 
are collectively defined as the TCLP extract. 

 
 7.3.15 Following collection of the TCLP extract, immediately prepare the extract for analysis 

(one of the vials will be spiked at this point) and store with minimal headspace at 4°C.  
Analyze the TCLP extract according to the appropriate analytical methods (refer to section 
2.2).  If the individual phases are to be analyzed separately (i.e., are not miscible), 
determine the volume of the individual phases (to 0.5%), conduct the appropriate analyses, 
and combine the results mathematically by using a simple volume-weighted average: 

 

21

2211

V  V
 )(C )(V  )(C )(V

 ion Concentrat Analyte Final
+
+

=                           

   where: 
 
    V1 = The volume of the first phases (L). 
    C1 = The concentration of the analyte of concern in the first phase (mg/L). 
    V2 = The volume of the second phase (L). 
    C2 = The concentration of the analyte of concern in the second phase 
                  (mg/L). 
 
8.0  QUALITY ASSURANCE 
 
 8.1 A minimum of one blank (using the same extraction fluid as used for the samples) must be 

analyzed for every 20 extractions that have been conducted in an extraction vessel.  No bias 
correction is to be taken into consideration (Fr 57, 227 ).   

 
 8.2 A matrix spike shall be performed for each waste type (e.g., wastewater treatment sludge, 

contaminated soil, etc.).  One matrix spike must be analyzed for each analytical batch.  Follow 
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the matrix spike addition guidance provided in each analytical method.  (The method and SOPs 
are referenced in section 2.2.) 

 
  8.2.1 Matrix spikes are to be added after filtration of the TCLP extract and before preservation.  
 
  8.2.2 The matrix spikes should be added at a concentration equivalent to the corresponding 

regulatory level.  If the analyte concentration is less than one half the regulatory level, the 
spike concentration may be as low as one half of the analyte concentration, but may not be 
not less than ten times the method detection limit.  In order to avoid differences in matrix 
effects, the matrix spikes must be added to the same volume of TCLP extract as that which 
was analyzed for the unspiked sample. 

 
  8.2.3 The matrix spike is to monitor the performance of the analytical methods used, and to 

determine whether matrix interferences exist.  If interferences exist, an alternate approach 
may be required.   

 
  8.2.4 Matrix spike recoveries are calculated by the following formula: 
 

%R (%Recovery) = 100 (Xs - Xu)/K 
 
   where: 
    Xs = measured value for the spiked sample, 
    Xu = measured value for the unspiked sample, and 
    K = known value of the spike in the sample.    
 
 8.3 All quality control measures described in each analytical methods must be followed. 
 
 8.4 The use of method of standard addition (MSA) shall be employed for a metallic contaminant if:  

(1) Recovery of the contaminant from the TCLP extract is not at least 50% and the concentration 
does not exceed the regulatory level, and (2) The concentration of the contaminant measured in 
the extract is within 20% of the appropriate regulatory level. 

 
  8.4.1 The MSA requires preparing calibration standards in the sample matrix rather than reagent 

water.  It requires taking four identical aliquots of the solution and adding known amounts 
of standard to three of these aliquots. The forth aliquot is the unknown.  The first addition 
should be prepared so that the resulting concentration is approximately 50% of the 
expected concentration of the sample.  The second and third additions should be prepared 
so that the concentrations are approximately 100% and 150% of the expected 
concentration of the sample.  All four aliquots are maintained at the same final volume by 
adding reagent water.  Analyze all four aliquots.   

 
8.4.3 Prepare a plot, or subject data to linear regression, of instrument signals or external-

calibration-derived concentrations as the dependant variable (y-axis) versus 
concentrations of the additions of standard as the independent variable (x-axis).  Solve for 
the intercept of the abscissa (the independent variable, x-axis) which is the concentration 
in the unknown. 
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 8.5 TCLP extraction holding times.  
 
 

SAMPLE MAXIMUM HOLDING TIMES [DAYS] 
 
 
 

 
From: 
Field 

collection 
 

To: 
TCLP 

extraction 

 
From: 
TCLP 

extraction 
 

To: 
Preparative 
extraction 

 
From: 

Preparative 
extraction 

 
To: 

Determinative 
analysis 

 

 
 
 
 
 

Total 
elapsed 

time 

 
Volatiles 
Semi-volatiles 
Mercury 
Metals, except mercury 
 

 
14 
14 
28 

180 

 
NA 
7 

NA 
NA 

 
14 
40 
28 

180 
 

 
28 
61 
56 

360 

 
NA = Not applicable 
 
  If holding times are exceeded, the values obtained will be considered minimal concentrations.  

Exceeding the holding time is not acceptable in establishing that a waste does not exceed the 
regulatory level.  Of course, exceeding the holding time will not invalidate characterization if the 
waste exceeds the regulatory level. 
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GC/MS SEMIVOLATILES 
 

BY EPA METHOD 625 AND SW846 METHOD 8270C and 8270D 
 
1.0 SCOPE AND APPLICATION 

 
Please see Appendix for definitions. 
This SOP (based primarily on SW-846 Method 8000B/8270C/8270D) is used for the 
analysis of semi-volatile organic compounds in a variety of matrices (soils, sediments, 
waters, etc.).  Methods Federal Register Method 625 and CLP Method for Semi-volatiles 
have also been used in the development of this SOP.  The analyses by these various 
methods are clearly defined in the respective regulatory manuals.  A good understanding of 
these different methods is essential to the performance of each method. A laboratory list of 
625 and 8270 analytes with example limits is found attached in the appendix.  Other 
compounds may be analyzed by this SOP as detailed in section 1.0 of SW-846 Method 
8270C.  Any questions left by this SOP should be answered by reading the methods, paying 
close attention to SW-846 8000B/8270C/8270D, EPA 625 and CLP.  If questions still 
remain unanswered, check with the Organic Lab Manager, QA/QC Officer and/or 
Technical Director. 

 
2.0 METHOD SUMMARY 
 

After sample preparation using the appropriate extraction technique, the sample is 
introduced into the GC/MS using direct injection.  The analytes are separated in the gas 
chromatograph by a combination of the temperature program, the pressure program and the 
capillary column.  The analytes are then detected by the mass spectrometer.  Analytes are 
identified by comparing the mass spectra of known standards with the mass spectra from 
the sample.  Analytes are quantitated relative to known standards using the internal 
standard method. 

 
3.0 SAMPLE PRESERVATION, CONTAINERS, HANDLING, AND STORAGE 

 
Section 3.0 and tables 3-1 and 3-2 of the Empirical Laboratories’ Quality Assurance 
Manual include details concerning sample preservation, containers and handling of 
semi-volatile samples and extracts.  All water and soil samples are stored in the appropriate 
walk-in coolers at a temperature of 4°C. All extracts are stored in the Hobart in the 
Extraction lab at a temperature of  4°C.  Water samples have a holding time of 7 days from 
date of sampling.  Soil samples have a holding time of 14 days from date of sampling 
(unless otherwise specified for the project).Extracts have 40 days from date of extraction to 
be analyzed 
 

4.0 INTERFERENCES AND POTENTIAL PROBLEMS 
 

4.1 All raw data (samples & QC) must be evaluated for interferences.  If contamination 
occurs, determine whether the source of interference is in the preparation or clean-up of 
the samples and take corrective action to eliminate the problem. 

 
4.2 Contamination by carryover can occur when samples of high-concentration and low-

concentration are analyzed sequentially.  To reduce carryover, the sample syringe must 
be rinsed with solvent between injections.  If an unusually high sample is detected, a 
solvent blank should be analyzed for cross contamination. 
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5.0. EQUIPMENT AND APPARATUS 
 
 5.1 HP 5890/6890/7890GC complete with electronic pressure control and temperature 

programmable gas chromatograph suitable for splitless injection. 
 
 5.2 Column:   RTX-5MS (or equivalent) 30 m x 0.25 mm I.D. x 0.25 µm film thickness 

fused silica capillary column or RTX-5 SIL-MS 30 m x 0.28 mm I.D. x 0.5µm film 
thickness. 

 
 5.3 HP 5971/5973/5975 mass spectrometer capable of scanning from 35 to 500 amu every 

second or less, using 70 volts electron energy in electron impact ionization mode.  The 
mass spectrometer is capable of producing a mass spectrum for 
decafluorotriphenylphosphine, DFTPP, which meets all the tuning criteria of the EPA 
methods. 

 
 5.4 HP 7673/7683 autosampler capable of reproducibility from one injection to another 

proven by meeting QC and calibration criteria. 
 
 5.5 HP GC/MS interface that gives acceptable calibration points at 50 ng per injection for 

each compound of interest and achieves acceptable tuning performance criteria.  
 
 5.6 Acquisition Software: HP Chemstation system is interfaced to the GC/MS.  The system 

acquires and stores data throughout the chromatographic programs. 
 
 5.7 Data Processing Software:  Target DB on Windows NT server data system is interfaced 

to the HP Chemstation.  The system accepts and stores acquired data.  It plots by 
extracted ion current profile (EICP).  The system is also capable of integrating the 
abundances in any EICP between specified time or scan-number limits.  The most 
recent NBS mass spectral library is installed. 

 
6.0 REAGENTS 
 
 6.1 Methylene chloride (Please read SOP-336 before handling this solvent in our 

laboratory.) – Trace analysis grade. 

6.2 Stock standards are purchased in mixtures from reputable vendors.  The date they are 
received is noted on the label and recorded in the BNA standards log book.  The date 
they are opened is noted on the label and recorded in the BNA standards log book 
along with their lot number and vendor.  Each standard that is prepared is recorded in 
the BNA standards log book and given a sequential number.  Each standards label is 
completed with the standard number, name, preparation date, expiration date, solvent 
and analyst initials.  All stocks and standards are stored in the freezer at a temperature 
of -15°C + 5°C from the date they are received/prepared.  Standards are brought to 
room temperature before being used to make standards.  Sonication is used if 
precipitation is observed after bringing to room temperature.  The refrigerator and 
freezer temperature is monitored daily with an annually calibrated thermometer and 
recorded with calibration correction in the Extraction temperature/calibration logbook.  
Makeup of common standards is detailed below.  See the BNA standards log book for 
makeup of other standards. 
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6.2.1  The Decafluorotriphenylphosphine (DFTPP) tuning standard is prepared as 
follows (includes benzidine, pentachlorophenol and 4,4'-DDT):  Using a 100µL 
syringe, 100µL (GCM-150, Ultra Scientific @ 1000µg/mL, or equivalent) is 
injected into a 2.0mL volumetric flask containing approximately 1.2mL 
methylene chloride (Trace Grade) and diluted to volume with same making a 
50µg/mL standard.  After capping and inverting several times, the solution is 
transferred into 2 labeled 2ml, teflon-lined, screw-capped vials and stored in 
the freezer at -15°C + 5°C for up to 6 months.  A direct injection of 1.0µL is 
used to tune the instrument. 

  
6.2.2  Calibration standards are prepared from a 200µg/mL working standard at a 

minimum of five concentrations.  Calibration standards are prepared semi-
annually unless the initial calibration verification standard indicates a problem. 
To makeup the 200µg/mL working standard inject the indicated amount of the 
following standards (or equivalent) into a 10mL volumetric containing 
approximately 5mL methylene chloride (Trace Grade) and dilute to volume 
with the same. After capping and inverting several times, the solution is 
transferred into an appropriate labeled vial, teflon-lined, screw-capped vial and 
stored in the freezer at -15°C + 5°C for up to 6 months.  See the Appendix for 
analytes contained in these mixes. 

 
Standard (Interm.A in 10mls) Conc (µg/mL) Amount(µL) Final (ug/mL) 
 
Base/Neutrals Mix 1 (Vendor,Lot#) 

 
2000 

 
1000 

  
 200 

Benzidines Mix 2 (Vendor,Lot#) 2000 1000  200 
Acids Mix (Vendor,Lot#) 2000 1000  200 
SV Mix w/ Pyridine & Carbazole (Vendor,Lot#) 2000 1000  200 
BN Surrogate (Vendor,Lot#) 5000  400  200 
Acid Surrogate (Vendor,Lot#) 10,000  400  400 
Catechol (Standard#) 10,000  200  200 
Biphenyl (Standard#) 10,000  200  200 
Caprolactum (Standard#) 10,000  200  200 
Acetophenone (Standard#) 10,000  200  200 

 
Standard (Interm.B in 5mls) Conc (µg/mL) Amount(µL) Final (ug/mL) 

   
Benzidine (Mix # 2)  2000  500  200 
    
Standard (Interm.C in 5mls)    
    
Atrazine (Standard#) 10,310  97  200 
Benzaldehyde (Standard#) 10,590  94  200 

                    Additional Appendix IX compounds can be added using 3 additional mixes, AppIX A,B,C. Refer to standards log.  
To makeup the calibration standards, using a 1ml syringe add the appropriate 
amount of methylene chloride (trace grade) to a 2ml vial. Add the indicated 
amount of each intermediate  standard to the vial. Add 20ul of internal standard 
to each screw-capped vial and stored in the freezer at -15°C + 5°C for up to 6 
months.   

 
IntmA,Bor C 

Amt. of  200ppm std  Amount of  2000ppm Internal Std  

2 µg/mL 
5 µg/mL 

 10 µL 
 25 µL 

20 µL 
20 µL 

10 µg/mL  50 µL 20 µL 
20 µg/mL 100 µL 20 µL 
30 µg/mL 150 µL 20 µL 
40 µg/mL 200 µL 20 µL 
50 µg/mL 250 µL 20 µL 
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60 µg/mL 300 µL 20 µL 
70 µg/mL 350 µL 20 µL 
80 µg/mL 400 µL 20 µL 
90 µg/mL 450 µL 20 µL 

                 100 µg/mL    500 µL                                              20 µL 
  
            The makeup of the 50µg/mL CCV  standard is  detailed  below.    Occasionally,  
           unusual compounds are added to the mix so it is best to check the BNA 

standards log book for exact standard makeup.  Note:  MS list spikes and full 
list spikes for LCS and/or MS/MSD are prepared from an alternate source or lot 
number other  than the calibration standards. 

 
 Example: 50µg/mL CCV standard preparation: 
 
 SV3640  

using 1ml syringe add the appropriate amount of methylene 
chloride to a 

 

2ml vial. Add the indicated amount of intermediate / stock 
standard to the vial. 

 

Add 20ul of internal standard to the vial (SV 3635 ).Soultion stored in freezer at -15deg 
C+/-5degC for upto 1 week.  

 

   
 50 ug/mL  CCV  

 Stock Standard Concentration 50 ug/mL  

SV3515 BNA intermediate mix 200 PPM 250 uL  
SV3517 Benzidine Int. 200 PPM 250 uL  
SV3516 Atrazine benzaldehyde Int. 200 PPM 250 uL  

 
6.2.3 The Initial Calibration Verification (ICV) standard is prepared from a vendor 

stock standard at a concentration of 200µg/mL as detailed below. 
 

Example: 50µg/mL ICV standard preparation: 
 

(SV2100) ~ 50ug/ml ICV  
Into a 1 mL volumetric flask containing Methylene Chloride ~ about 0.6ml, add 250uls of  
SV1995 (readystock 200ppm) 
and dilute to volume.         

 
Top off w/20uls of Internal Standard (SV2079)     

 

Prep'd:   01/08/03                 Exp: 03/16/03  

   
(SV2396) ~ 50ug/ml ICV (benzaldehyde & atrazine)  

Into a 1 mL volumetric flask containing Methylene Chloride ~ about 0.6ml, add 250uls of  
SV2305 (intermediate stock 200ppm) and dilute to volume.            
Top off w/20uls of Internal Standard   (SV2393)      

Prep'd:   09/18/03                Exp: 03/18/04    

 
7.0 PROCEDURE 
 

Prior to using Federal Register 625, SW-846 8270C/8270D, or CLP (semivolatile method) 
the samples are prepared for chromatography using the appropriate sample preparation and 
clean up methods (generally SW-846 methods 3510, 3520, 3540, 3550, 3580, EPA 
method 625 or CLP). 
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7.1 Chromatographic conditions: Refer to corresponding instrument maintenance log for 
current gas chromatograph and mass spectrometer conditions. 

  

7.2 Tuning - Prior to any calibration or analysis, DFTPP tuning criteria must be met for a  
50 ng injection of the tuning standard [see below].  Tune must be met every 12 hours 
sample analysis is to be performed (every 24 hours for Federal Register Method 625 
except for South Carolina which only allows 12 hours).  The injection port 
performance compounds (pentachlorophenol, benzidine and 4,4'-DDT) are also 
injected to verify the performance of the injection port and must meet the following 
criteria.  Degradation of DDT to DDE and DDE should not exceed 20%.  Benzidine  
and pentachlorophenol should be present at their normal responses, and no peak tailing 
should be visible for 8270C. Tailing factor should be 2.0 for 8270D for benzidine 
and pentachlorophenol.  For NPDES samples, the benzidine (base/neutral) tailing 
factor must not exceed 3.0 while the  pentachlorophenol (acid) tailing factor cannot 
exceed 5.0.  The calculation for tailing factors is best illustrated in Figure 13 of the 
Federal Register Method 625 which has been placed in the appendix. If degradation is 
excessive and/or poor chromatography is seen, the injection port may require cleaning 
and maintenance. It may also be necessary to break off 15-30cm of the capillary 
column. The mass spectrum of DFTPP is acquired as follows: by using one scan at the 
apex peak, or by by using the mean of the apex and the preceding and following scans 
or mean of a symmetric pattern of scans about the apex, or using the average across the 
entire peak. Background subtraction is accomplished using a single scan or more than 
20 scans prior to the elution of DFTPP. 

    

Mass Ion Abundance Criteria 
51 30-60% of mass 198
68 <2% of mass 69
70 <2% of mass 69
127 40-60% of mass 198
197 <1% of mass 198
198 Base peak, 100% relative abundance 
199 5-9% of mass 198
275 10-30% of mass 198
365 >1% of mass 198
441 Present, but less than mass 443
442 >40% of mass 198
443 17-23% of mass 442

 8270D has different tuning citeria for meeting DFTPP. See page 44 Table 3 of  
Method 8270D for criteria. 

7.3 Calibration 
 
7.3.1 Initial Calibration - An initial calibration curve at no less than five 

concentration levels must be analyzed (only three concentration levels are 
required for Federal Register Method 625) and shown to meet the initial 
calibration criteria before any sample analysis may be performed.  Method 625 
requires that the %RSD be less than 35% to use the average response factor for 
quantitation, the curve is to be used otherwise and should have a correlation 
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coefficient (r) of >0.995 linear, 0.99 and six points for quadratic.  Method 
8270C requires that the %RSD be less than 15% to use the average response 
factor for quantitation, the curve is to be used otherwise as long as r is >0.995 
linear, 0.99 and six points for quadratic.  In addition, there are calibration 
check compounds (CCCs) which must have a %RSD less than 30% and system 
performance check compounds (SPCCs) which must meet a minimum avarage 
response factor of 0.050.  The lowest standard must be less than or equal to the 
reported quantitation limit and the highest standard must not exceed the linear 
range of the detector.  Generally, levels for the curve are 2 ug/mL, 5 µg/mL, 
10 µg/mL, 20 µg/mL, 30 µg/mL, 40 µg/mL, 50 µg/mL, 60 µg/mL, 70 µg/mL, 
80 µg/mL, 90 ug/mL and 100 µg/mL. Any manual integrations are documented 
by inclusion of the integrated signals(before and after manual integration 
)initialed, reason and dated with the quantitation report and chromatogram. 
Refer to SOP-224 for guidance.  All integrations are checked for acceptability.  
Response factors of less than 0.050 must be supported by the mass spectrum of 
the lowest standard. Retention times are set using the midpoint of the curve. No 
quadratic curves are used for SouthCarolina. For 8270D the RSD for each 
target analyte should be less than or equal to 20% and each calibration 
level should meet the minimum response factors listed in Table 4. If the 
20% RSD is not met, then the minimum correlation coefficient for the 
curve must be 0.99. If more than 10% of the compounds do not meet the 
20% RSD or minimum correlation coefficient of 0.99, then the 
chromatographic system is considered too reactive to begin analysis. 
Injector maintenance  should be performed and repeat the calibration 
procedure. 

 
CCCs: Base/Neutral   Acid 
  Acenapthene   4-Chloro-3-methylphenol 
  1,4-Dichlorobenzene  2,4-Dichlorophenol 
  Hexachlorobutadiene  2-Nitrophenol 
  N-Nitroso-di-phenylamine Phenol 
  Di-n-octyl-phthalate  Pentachlorophenol 
  Fluoranthene   2,4,6-Trichlorophenol 
  Benzo(a)pyrene  
 

   SPCCs: Base/Neutral   Acid     
     N-Nitroso-di-n-propylamine 2,4-Dinitrophenol 

  Hexachlorocyclopentadiene 4-Nitrophenol 
 
7.3.2  Initial Calibration Verification (ICV) - A second source standard at the 

50 µg/mL level is used to check the validity of the curve.  The standard 
recovery for all analytes must be between 75 and 125% (70-130% for 8270D).  
If the second source recovery is above 125% or 130% for 8270D, it is possible 
that the main standard has deteriorated for that compound.  That standard 
should be remade and reevaluated.  If that does not correct the problem, the 
standard should probably be replaced and a new curve generated.  If the second 
source recovery is below 75% or 70% for 8270D, the second source standard 
may have deteriorated for that compound.  The standard should be remade and 
reanalyzed.  If this does not correct the problem, the standard should probably 
be replaced. If any compound in the ICV exceeds the criteria above, it may be 
evaluated and initialed by the organic section manager.  If deemed acceptable, 
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the analyst may continue analysis. Any manual integrations are documented by 
inclusion of the integrated signals with the quantitation report and 
chromatogram.  All integrations are checked for acceptability. For ICV 
standard preparation  refer to standard log book. 

 
7.4  Continuing Calibration Verification (CCV)- Every 12 hours a CCV at 50 µg/mL 

must be analyzed and calculated against the initial calibration curve, then shown to 
meet the calibration check criteria before any sample analysis may be performed.  
Acceptance criteria for 8270C consists of the same SPCC requirements as the initial 
calibration.  The CCCs must be less than or equal to 20% difference or drift (%D, 
calculations follow in section 7.9).  If any of the CCCs do not meet the above limits, 
then all required analytes must be <20%D. Internal standard areas should be within 
50 to 200 percent of the area of the curve midpoint or the previous CCV.  Retention 
times for the internal standards should be within 30 seconds of the retention time of 
the curve midpoint or the previous CCV.  Method 625 requires a %D of less than 
20% for all required analytes.  Any manual integrations are documented by 
inclusion of the integrated signals with the quantitation report and chromatogram. 
All integrations are checked for acceptability.  Samples are then quantitated against 
the initial calibration curve.  Note:  If any compound in the continuing calibration 
not subject to the criteria above exceeds 30%D, it must be evaluated and initialed by 
the organic section manager.  If deemed acceptable, the analyst may continue 
analysis. For 8270D, the 20% difference criteria must be applied to all 
compounds. If the criterion is not met for more than 20% of the compounds 
included in the initial calibration, then the GC system should undergo 
maintenance. If this does not solve the problem, then the initial calibration 
should be repeated. Each of the most common target analytes should meet the 
minimum response factors listed in Table 4. In situations where the failed 
compound is present, the data must be flagged as estimated. If the compound 
fails high in the CCV and is not present, the result can be reported as non-
detect. 

 

7.5     LCS - The LCS is extracted 1 per extraction batch of up to 20 samples.  The LCS 
containing all regular full list calibrated compounds is spiked into deionized water 
or sodium sulfate for soil using an alternate source or lot number than the calibration 
standards. See the LCS report forms in the appendix for example laboratory 
generated limits and the NPDES limits for 625 samples. Recoveries for the 
MS/MSD spike analytes in LCSs are charted annually to generate control limits for 
samples analyzed by method 8270C.  In all cases, the lowest upper limit would be 
100% and the lowest lower limit would be 10%.  If enough data points are not 
present to generate limits, the limits default to CLP spike limits for spike analytes or 
10-100% for all other analytes. See Section 8.3 below for corrective action.  

     When analyzing samples for DOD QSM Version 3, DOD limits will be used. 
 

7.6     Method Blank - Method blanks are extracted at a minimum of 1 per extraction batch 
up to 20 samples.  See Section 8.4 below for criteria and corrective action. 

 

7.7 Samples - Prior to analysis, 1.0 mL samples are prepared by verifying volume and 
spiking with 20uL of the internal standard solution.  
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7.8 Instrument sequence-The instrument sequence log is filled out prior to sample 
analyses.  

       An example of a typical instrument sequence log follows: 
1-DFTPP Tune (12:00 am)  
2-CCV 
3-LCS 
4-Method Blank (or sample) 
5-Sample 
6-Sample 
7-Sample 
8-Sample 
9-Sample 
10-Sample 
11-Sample-MS 
12-Sample-MSD 
13-Sample 
14-Sample 
15-Sample  
16-DFTPP (12:00pm - 12 hours since last DFTPP/CCV) 
17-CCV 
18-Sample 
19-Sample 
20-Sample 
 

7.9  Data Reduction/Evaluation - Each sample analysis sequence is documented using the 
computer run log generated on the chemstation.  This run log is signed, dated and 
paginated then placed in a 3 ring binder for that instrument.  After the sample has been 
analyzed, the data is processed through Target DB on the Windows NT data system. 
The following must be checked to determine if the sample will need any reanalysis or 
dilution.  Formal data evaluation is detailed in SOP-200 and documented using the 
Analyst Data Review Checklist (see Appendix). See SOP-224 for guidance on 
manual integrations. 
 
7.9.1     Internal Standards - Areas should be within 50 to 200 percent of the area of the 

curve midpoint.  Retention time should be within 30 seconds of the retention 
time of the curve midpoint.  If not, the sample and historical data should be 
evaluated to determine the cause of the problem.  If matrix effect is confirmed 
by reextraction/reanalysis or historical data, complete a corrective action report 
and flag the affected compounds on the final report for matrix effect.  Note:  
criteria applies to the continuing calibration, not samples, but is used as an 
indication of the sample analysis validity. 

 
7.9.2   Surrogates – Control limits are determined annually by charting LCSs and 

method blanks.  In all cases, the lowest upper limit would be 100% and the 
lowest lower limit would be 10%.  All of the three surrogates for each fraction 
must be within the control limits in order for the extraction batch to be in 
control.  If a surrogate exceeds the limits, the reason for the malfunction must 
be determined and a corrective action report must be completed.  The sample 
must be reanalyzed, reextracted or flagged for QC problems.  Federal Register 
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Method 625 contains no criteria for surrogate recovery. When analyzing 
samples for DOD QSM Version 3, DOD limits will be used. 

 
Surrogate Water Soil/Sediment 
Nitrobenzene-d5 30-110 30-110 
2-Fluorobiphenyl 35-110 35-110 
Terphenyl-d14 55-125 40-120 
Phenol-d6 15-110 30-110 
2-Fluorophenol 15-110 25-110 
2,4,6-Tribromophenol 45-125 30-115 

 
7.9.3 Analyte concentration must be within the range of the calibration curve after 

rounding to 2 significant figures.  If an analyte exceeds the curve, a dilution 
must be performed and the next sample must be checked for carryover.  Any 
dilution should keep the concentration of the analyte in question within the top 
half of the curve. 

 
7.9.4 The qualitative identification of compounds is based on retention time and a 

comparison of the sample mass spectrum, after background subtraction, with 
characteristic ions in a reference mass spectrum from the NBS database 
(NBS75K.I).  This database is used as it contains relatively uncontaminated 
mass spectra of each target compound which cannot be obtained from the daily 
calibrations during each 12 hour analytical period due to overlapping peaks in 
the mixes.  Characteristic ions from the reference mass spectrum library are 
defined as the three ions of greatest relative intensity, or any ions over 30% 
relative intensity, if less than three such ions occur in the reference spectrum.  
In addition, the following criteria must be met.  The RRT of the sample analyte 
must be within 0.06 RRT units of the RRT of the standard analyte.  The 
relative intensities of the characteristic ions must agree within 30% of the 
relative intensities of the same ions in the reference spectrum.  Structural 
isomers that produce very similar mass spectra should be identified as 
individual isomers so long as their GC retention times differ substantially.  A 
library search may be made for analytes not associated with the calibration for 
the purpose of tentative identification.  NOTE:  The GC/MS analyst uses 
intelligence guided by experience to make the identifications.  In 
uncontaminated spectra where ions are missing due to low concentration, if the 
major ions are present in the correct ratios at the correct retention time, the 
identification will be considered positive.  In contaminated spectra, special 
emphasis will be placed upon higher mass ions, and the major ions will usually 
need to be present as major components of the spectrum (either unsubtracted or 
subtracted) for the identification to be positive.  All assessments of relative 
intensities of ions will be made by visual estimates from the spectra. 

  
7.9.5 Quantitation - Once a compound has been identified qualitatively, the 

concentration must then be quantitated.  If the RSD of the compound’s 
response factor is 15%(20% 8270D) or less, then the concentration may be 

determined using the average response factor (––RF) from the initial calibration 
data.  Otherwise, the concentration must be determined from equations based 
on internal standard calibration using either linear or non-linear calibration.  
Calculations follow in Section 7.10. 
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7.10 Calculations: 

 
7.10.1 The RF is calculated as follows: 
 
 where: 

As  = Peak area (or height) of the analyte or surrogate. 
Ais  = Peak area (or height) of the internal standard. 
Cs  = Concentration of the analyte or surrogate. 
Cis  = Concentration of the internal standard. 
 

7.10.2 Calibration verification involves the calculation of the percent drift (linear 
or quadratic) or the percent difference (average) of the instrument response 
between the initial calibration and each subsequent analysis of the 
verification standard.  Use the equations below to calculate % Drift or 
% Difference, depending on the calibration procedure used. 

 
      (Calculated concentration – Theoretical concentration) * 100 
   % Drift =     Theoretical Concentration 

 
where the calculated concentration is determined from the initial 
calibration and the theoretical concentration is the concentration at which 
the standard was prepared. 

 
    (CCV RF – Average RF) * 100 

     % Difference =    Average RF 
 
 

where CCV RF is the response factor from the analysis of the verification 
standard and Average RF is the average response factor from the initial 
calibration. The % difference or % drift calculated for the calibration 
verification standard must be within ±20% for each CCC analyte, or for all 
target analytes if the CCCs are not target analytes, before any sample 
analyses may take place. 20% difference for 8270D. 

 
7.10.3  Concentration in water samples is calculated as follows:  [Note: Using the 

units specified here for these terms will result in a concentration in units of 
ng/mL, which is equivalent to μg/L.] 

 
 

 
 
 
where: 
As = Area (or height) of the peak for the analyte in the sample. 
Ais = Area (or height) of the peak for the internal standard. 
Cis = Concentration of the internal standard in the volume extracted 

in ug/L.   
D = Dilution factor, if the sample was diluted prior to analysis.  If 

no dilution was made, D = 1.  The dilution factor is always 
dimensionless. 

C x A
C x A = RF

sis

iss  

)(1000)V)(RF)(A(
)V)(D)(C)(A( = g/L)(ion Concentrat

sis

iissμ  
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Vi = Volume of the extract injected (μL).  The nominal injection 
volume for samples and calibration standards must be the 
same. 

––RF = Mean response factor from the initial calibration.  
Vs = Volume of the aqueous sample extracted (mL).  If units of 

liters are used for this term, multiply the results by 1000. 
 
The 1000 in the denominator represents the number of μL in 1 mL.  If the 
injection (Vi) is expressed in mL, then the 1000 may be omitted. 

 
7.10.4 Concentration in non-aqueous samples is calculated as follows:  [Note: 

Using the units specified here for these terms will result in a concentration 
in units of ng/g, which is equivalent to μg/kg.] 

 
 

7.10.5  
 
 
 
 

where:  As, 

Ais, Cis, D, and ––RF are the same as for aqueous samples, and 
Ws = Weight of sample extracted (g).  Either a dry weight or wet 

weight may be used, depending upon the specific application 
of the data.  If units of kilograms are used for this term, 
multiply the results by 1000. 

 
The 1000 in the denominator represents the number of μL in 1 mL.  If the 
injection (Vi) is expressed in mL, then the 1000 may be omitted. 

 
8.0 QUALITY ASSURANCE/QUALITY CONTROL/CORRECTIVE ACTIONS 

8.1 Internals - All samples and QC are spiked with internal standards.  See section 7.9.1 
above for criteria and corrective action. 

8.2 Surrogates - All samples and QC are spiked with surrogates.  The surrogate 
recoveries from method blanks and LCS are used to generate control control limits 
for the surrogates.  See section 7.9.2 above for criteria and corrective action.  If any 
surrogate recoveries are below 10%, samples must be re-extracted if sample is 
available. 

8.3 LCS Sample - The LCS is extracted 1 per extraction batch of up to 20 samples. The 
LCS is spiked using an alternate source or lot number than the calibration standards.   
If the LCS compound has a recovery above the upper limit, but the same compound 
is not detected in any of the batch samples, no corrective action is required.  For all 
other situations, the LCS should be reanalyzed for the failed analytes only.  If the 
second analysis fails, all associated samples should be reextracted/reanalyzed for the 
failed analytes only or the data must be evaluated for flagging due to QC problems. 

8.4 Method Blanks - The concentration of all method target analytes should be below the 
MDL for each method target analyte(<RL for common lab contaminants and <1/2 
RL for other targets for DOD QSM Ver.3 projects).  The first step of corrective 

)(1000)W)(RF)(A(
)V)(D)(C)(A( = g/kg)(ion Concentrat

sis

iissμ  
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action is to assess the effect on the samples.  If an analyte is found only in the method 
blank, but not in any batch samples, no further corrective action may be necessary.  
Steps should be taken to find/reduce/eliminate the source of this contamination in the 
method blank.  If an analyte is found in the method blank and some, or all, of the 
other batch samples, then corrective action is required.  The source of contamination 
must be investigated and appropriate action taken and documented to 
find/reduce/eliminate the source of this contamination.  The method blank, and any 
samples containing the same contaminant, may need to be reextracted/reanalyzed.  
For the common laboratory contaminants, meeting the above requirements is not 
practical.  Random cases of contamination are difficult to control, however, daily 
contamination is not acceptable and corrective action is essential. If a contaminant is 
found in the method blank and the samples, the compound concentration must be 
flagged with a 'B' on the final report unless the concentration is greater than 10x that 
found in the method blank. 

8.5 Matrix Spike/Matrix Spike Duplicate (MS/MSD) Sample - 1 in 20 samples are 
spiked for a MS/MSD (for full list spikes, the full list spiking solution is used).  
Control limits for the MS/MSD recoveries are the same as those for the LCS 
found in the appendix.  RPD limits are found on the LCS report forms in the 
appendix.  Samples which do not meet these criteria due to matrix must be 
evaluated for flagging on the final report due to QC problems.  Generally, 
batch control is not based on MS/MSD results unless general method failure is 
determined to be the problem.  In that case, the samples and associated QC 
would be reanalyzed for the failed analytes only.  MS data evaluation must 
include the consideration of the following factors. When analyzing samples 
for DOD QSM Version 3, DOD limits will be used. 

 
 
8.5.1 Sample matrix - If the sample is a soil, grab sample or sequentially collected 

water sample it may affect the %R and RPD of the MS/MSD.  Corrective 
action must be taken in the form of reanalysis if a method problem is indicated. 

 
8.5.2 Original sample concentration - If a spiked compound has a problem and the 

concentration of that compound in the original sample was two or more times 
the concentration of the spike, no further corrective action may be necessary 
other than the generation of a corrective action report to document the problem. 

 
8.5.3 MS vs. MSD - If a spiked compound has a similar problem in both the MS and 

MSD and is not traced to a method problem, no further action may be 
necessary other than the generation of a corrective action report to document 
the problem. 

 
8.5.4 Non-target Interference - The presence of significant non-target interference                

should be brought to the immediate attention of your supervisor who should 
discuss the problem with the client/project manager to determine the action to 
be taken. 

         8.5.5 Demonstration of Capability (DOC) – Each new analyst must complete a 
demonstration of capability by analyzing four LCSs with acceptable precision 
and accuracy. This also must be done when a new instrument is installed or a 
significant change to the method has been made. 
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9.0 HEALTH AND SAFETY 

9.1 Care should be used in handling all samples.  Safety glasses must be worn in the lab at 
all times.  The use of gloves and lab coats is highly recommended. 

9.2 Research into expected sample content and concentration should be done in order to be 
prepared for additional safety considerations.  Generally, any samples which need 
special consideration have applicable notes on the sample logs. 

9.3 MSDS sheets are available for all reagents and standards which have been purchased.  
These are located on the bookshelf outside the office supply storage room. 

 

10.0 WASTE MANAGEMENT AND POLLUTION PREVENTION 

        10.1 Please see Waste Disposal, SOP-210 and SOP-405 for proper disposal of waste coming 
from this area within our laboratory. 

         10.2    Quantity of chemicals purchased should be based on expected usage during its shelf-
life and the disposal cost of unused material. Actual reagent preparation volumes 
should reflect anticipated usage and reagent stability. 

 
 
 
11.0 TABLE OF DEFINITIONS, REFERENCES & EXAMPLE FORMS 
 

Definitions and examples of the LCS report sheets (625 water limits, in-house water 
limits and in-house soil limits), the analyst data review checklist and figure 13 
from Federal Register method 625 for the tailing factor calculation are located 
in the appendix. When analyzing samples for DOD QSM Version 3, DOD 
limits will be used for surrogates, LCS, and MS/MSD. 
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 TABLE OF DEFINITIONS 
 

1. amu- atomic mass unit 
2. BNA- Base neutral/acid 
3. °C- degrees Centigrade 
4. CCC- Calibration Check Compound 
5. CCV- Continuing Calibration Verification 
6. CLP- Contract Laboratory Program  
7. %D- percent difference 
8. DFTPP- Difluorotriphenyphosphine 
9. EICP- extracted ion current profile  
10. EPA- Environmental Protection Agency 
11. g- gram or grams 
12. GC- Gas Chromatograph 
13. GC/MS- Gas Chromatograph/Mass Spectrometer 
14. ICV- Initial Calibration Verification 
15. I.D.- inner diameter 
16. ISTD- internal standard 
17. LSC- Laboratory Sample Concentrator 
18. MDL- method detection limit 
19. MS- Matrix Spike 
20. MSD- Matrix Spike Duplicate 
21. M.S.- Mass Spectrometer 
22. μm- micometer 
23. μL- microliter 
24. mL- milliliter 
25. mm- millimeter 
26. ng- nanogram 
27. NPDES- National Pollutant Discharge Elimination System 
28. P&T- purge and trap 
29. QC- quality control 
30. %R- percent recovery 
31. RPD- relative percent difference 
32. RRT- relative retention time 
33. %RSD- percent relative standard deviation 
34. SOP- Standard Operating Procedure 
35. Surr.- surrogate 
36. SPCC- System Performance Check Compound 
37. TCLP- Toxicity Characteristic Leaching Procedure 
38. USACE- United States Army Corps Of Engineers 
39.  LCS – Lab Control Sample 
Refer to SOP-431 for additional definitions 

REFERENCES 
 
1. 40 CFR, Part 136; Appendix A 
2. Test Methods for Evaluating Solid Waste, SW-846 
3. National Environmental Laboratory Accreditation Conference; CH. 5, 2003 
4. USACE, EM 200-1-3; Appendix 1; Shell, 2/2001 
5. DOD Quality Systems Manual for Environmental Laboratories, Ver.3,  01/2006 
 

 



                         EMPIRICAL LABORATORIES, LLC                       SOP-201 
 Revision: 18 
 Date:  09/16/08 
 Page 17 of 26 

 

V:\Standard Operating Procedures\Current SOP File Directory\SOP-201-REV18.doc 

FORM 3 
 

WATER SEMIVOLATILE LAB CONTROL SAMPLE (625) 
 
  Lab Name: Empirical Laboratories     Contract:                      
 
  Lab Code: NA       Batch No.: NA      SAS No.: NA       SDG No.:  
 
  Matrix Spike   -   Client Sample No.:                  
   ____________________________________________________________________________ 
  |                        | SPIKE   |   SAMPLE    |     LCS     | LCS  |  QC. | 
  |                        | ADDED   |CONCENTRATION|CONCENTRATION|  %   |LIMITS| 
  |  COMPOUND              | (ug/L)  |   (ug/L)    |   (ug/L)    | REC #| REC. | 
  |========================|=========|=============|=============|======|======| 
  | Acenaphthene           |  100.00 |     0.0000  |      100.00 |  100 |47-145| 
  | Acenaphthylene         |  100.00 |     0.0000  |      100.00 |  100 |33-145| 
  | Anthracene             |  100.00 |     0.0000  |      100.00 |  100 |27-133| 
  | Benzidine              |  100.00 |     0.0000  |      100.00 |  100 | D-110| 
  | Benzo(a)anthracene     |  100.00 |     0.0000  |      100.00 |  100 |33-143| 
  | Benzo(b)fluoranthene   |  100.00 |     0.0000  |      100.00 |  100 |24-159| 
  | Benzo(k)fluoranthene   |  100.00 |     0.0000  |      100.00 |  100 |11-162| 
  | Benzo(g,h,i)perylene   |  100.00 |     0.0000  |      100.00 |  100 | D-219| 
  | Benzo(a)pyrene         |  100.00 |     0.0000  |      100.00 |  100 |17-163| 
  | bis(2-Chloroethoxy)meth|  100.00 |     0.0000  |      100.00 |  100 |33-184| 
  | bis(2-Chloroethyl)ether|  100.00 |     0.0000  |      100.00 |  100 |12-158| 
  | bis(2-Chloroisopropyl)e|  100.00 |     0.0000  |      100.00 |  100 |36-166| 
  | Bis(2-ethylhexyl)phthal|  100.00 |     0.0000  |      100.00 |  100 | 8-158| 
  | 4-Bromophenyl-phenyleth|  100.00 |     0.0000  |      100.00 |  100 |53-127| 
  | Butylbenzylphthalate   |  100.00 |     0.0000  |      100.00 |  100 | D-152| 
  | 4-Chloro-3-methylphenol|  100.00 |     0.0000  |      100.00 |  100 |22-147| 
  | 2-Chloronaphthalene    |  100.00 |     0.0000  |      100.00 |  100 |60-118| 
  | 2-Chlorophenol         |  100.00 |     0.0000  |      100.00 |  100 |23-134| 
  | 4-Chlorophenyl-phenylet|  100.00 |     0.0000  |      100.00 |  100 |25-158| 
  | Chrysene               |  100.00 |     0.0000  |      100.00 |  100 |17-168| 
  | Dibenz(a,h)anthracene  |  100.00 |     0.0000  |      100.00 |  100 | D-227| 
  | 1,2-Dichlorobenzene    |  100.00 |     0.0000  |      100.00 |  100 |32-129| 
  | 1,3-Dichlorobenzene    |  100.00 |     0.0000  |      100.00 |  100 | D-172| 
  | 1,4-Dichlorobenzene    |  100.00 |     0.0000  |      100.00 |  100 |20-124| 
  | 3,3'-Dichlorobenzidine |  100.00 |     0.0000  |      100.00 |  100 | D-262| 
  | 2,4-Dichlorophenol     |  100.00 |     0.0000  |      100.00 |  100 |39-135| 
  | Diethylphthalate       |  100.00 |     0.0000  |      100.00 |  100 | D-114| 
  | 2,4-Dimethylphenol     |  100.00 |     0.0000  |      100.00 |  100 |32-119| 
  |________________________|_________|_____________|_____________|______|______| 
  # Column to be used to flag recovery and RPD values with an asterisk 
 
  * Values outside of QC limits 
 
 
  COMMENTS:  ___________________________________________________________________ 
             ___________________________________________________________________ 
 
page 1 of 2                      FORM III SV                              
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                                FORM 3 
 
                WATER SEMIVOLATILE LAB CONTROL SAMPLE (625) 
 
  Lab Name: Empirical Laboratories     Contract:                      
 
  Lab Code: NA       Batch No.: NA      SAS No.: NA       SDG No.:  
 
  Matrix Spike   -   Client Sample No.:                  
   ____________________________________________________________________________ 
  |                        | SPIKE   |   SAMPLE    |     LCS     | LCS  |  QC. | 
  |                        | ADDED   |CONCENTRATION|CONCENTRATION|  %   |LIMITS| 
  |  COMPOUND              | (ug/L)  |   (ug/L)    |   (ug/L)    | REC #| REC. | 
  |========================|=========|=============|=============|======|======| 
  | Dimethylphthalate      |  100.00 |     0.0000  |      100.00 |  100 | D-112| 
  | Di-n-butylphthalate    |  100.00 |     0.0000  |      100.00 |  100 | 1-118| 
  | 4,6-Dinitro-2-methylphe|  100.00 |     0.0000  |      100.00 |  100 | D-181| 
  | 2,4-Dinitrophenol      |  100.00 |     0.0000  |      100.00 |  100 | D-191| 
  | 2,4-Dinitrotoluene     |  100.00 |     0.0000  |      100.00 |  100 |39-139| 
  | 2,6-Dinitrotoluene     |  100.00 |     0.0000  |      100.00 |  100 |50-158| 
  | Di-n-octylphthalate    |  100.00 |     0.0000  |      100.00 |  100 | 4-146| 
  | Fluoranthene           |  100.00 |     0.0000  |      100.00 |  100 |26-137| 
  | Fluorene               |  100.00 |     0.0000  |      100.00 |  100 |59-121| 
  | Hexachlorobenzene      |  100.00 |     0.0000  |      100.00 |  100 | D-152| 
  | Hexachlorobutadiene    |  100.00 |     0.0000  |      100.00 |  100 |24-116| 
  | Hexachlorocyclopentadie|  100.00 |     0.0000  |      100.00 |  100 |15- 70| 
  | Hexachloroethane       |  100.00 |     0.0000  |      100.00 |  100 |40-113| 
  | Indeno(1,2,3-cd)pyrene |  100.00 |     0.0000  |      100.00 |  100 | D-171| 
  | Isophorone             |  100.00 |     0.0000  |      100.00 |  100 |21-196| 
  | Naphthalene            |  100.00 |     0.0000  |      100.00 |  100 |21-133| 
  | Nitrobenzene           |  100.00 |     0.0000  |      100.00 |  100 |35-180| 
  | 2-Nitrophenol          |  100.00 |     0.0000  |      100.00 |  100 |29-182| 
  | 4-Nitrophenol          |  100.00 |     0.0000  |      100.00 |  100 | D-132| 
  | N-Nitroso-di-methylamin|  100.00 |     0.0000  |      100.00 |  100 |29- 66| 
  | N-Nitrosodiphenylamine |  100.00 |     0.0000  |      100.00 |  100 |23-100| 
  | N-Nitroso-di-n-propylam|  100.00 |     0.0000  |      100.00 |  100 | D-230| 
  | Pentachlorophenol      |  100.00 |     0.0000  |      100.00 |  100 |14-176| 
  | Phenanthrene           |  100.00 |     0.0000  |      100.00 |  100 |54-120| 
  | Phenol                 |  100.00 |     0.0000  |      100.00 |  100 | 5-112| 
  | Pyrene                 |  100.00 |     0.0000  |      100.00 |  100 |52-115| 
  | 1,2,4-Trichlorobenzene |  100.00 |     0.0000  |      100.00 |  100 |44-142| 
  | 2,4,6-Trichlorophenol  |  100.00 |     0.0000  |      100.00 |  100 |37-144| 
  |________________________|_________|_____________|_____________|______|______| 
  # Column to be used to flag recovery and RPD values with an asterisk 
 
  * Values outside of QC limits 
 
  RPD:  0 out of  0 outside limits 
  Spike Recovery:  0 out of 56 outside limits 
 
  COMMENTS:  ___________________________________________________________________ 
             ___________________________________________________________________ 
 
 
 
page 2 of 2                      FORM III SV                              
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FORM 3 
 

               WATER SEMIVOLATILE LAB CONTROL SAMPLE (In-House) 
 
  Lab Name: Empirical Laboratories     Contract:                      
 
  Lab Code: NA       Batch No.: NA      SAS No.: NA       SDG No.:  
 
  Matrix Spike   -   Client Sample No.:                  
   ____________________________________________________________________________ 
  |                        | SPIKE   |   SAMPLE    |     LCS     | LCS  |  QC. | 
  |                        | ADDED   |CONCENTRATION|CONCENTRATION|  %   |LIMITS| 
  |  COMPOUND              | (ug/L)  |   (ug/L)    |   (ug/L)    | REC #| REC. | 
  |========================|=========|=============|=============|======|======| 
  | Acenaphthene           |   100.0 |     0.0000  |     100.00  |  100 |40-112| 
  | 4-Chloro-3-methylphenol|   200.0 |     0.0000  |     200.00  |  100 |32-110| 
  | 2-Chlorophenol         |   200.0 |     0.0000  |     200.00  |  100 |29-110| 
  | 1,4-Dichlorobenzene    |   100.0 |     0.0000  |     100.00  |  100 |26-110| 
  | 2,4-Dinitrotoluene     |   100.0 |     0.0000  |     100.00  |  100 |46-122| 
  | 4-Nitrophenol          |   200.0 |     0.0000  |     200.00  |  100 |21-110| 
  | N-Nitroso-di-n-prop.(1)|   100.0 |     0.0000  |     100.00  |  100 |39-110| 
  | Pentachlorophenol      |   200.0 |     0.0000  |     200.00  |  100 |32-133| 
  | Phenol                 |   200.0 |     0.0000  |     200.00  |  100 |10-110| 
  | Pyrene                 |   100.0 |     0.0000  |     100.00  |  100 |51-137| 
  | 1,2,4-Trichlorobenzene |   100.0 |     0.0000  |     100.00  |  100 |28-110| 
  |________________________|_________|_____________|_____________|______|______| 
 
 
   ____________________________________________________________________________ 
  |                        | SPIKE   |     MSD     | MSD  |      |             | 
  |                        | ADDED   |CONCENTRATION|  %   |  %   |  QC LIMITS  | 
  |  COMPOUND              | (UG/L)  |   (UG/L)    | REC #| RPD #| RPD  | REC. | 
  |========================|=========|=============|======|======|======|======| 
  | Acenaphthene           |   100.0 |     100.00  |  100 |    0 |   31 |40-112| 
  | 4-Chloro-3-methylphenol|   200.0 |     200.00  |  100 |    0 |   42 |32-110| 
  | 2-Chlorophenol         |   200.0 |     200.00  |  100 |    0 |   40 |29-110| 
  | 1,4-Dichlorobenzene    |   100.0 |     100.00  |  100 |    0 |   28 |31-110| 
  | 2,4-Dinitrotoluene     |   100.0 |     100.00  |  100 |    0 |   38 |46-122| 
  | 4-Nitrophenol          |   200.0 |     200.00  |  100 |    0 |   50 |21-110| 
  | N-Nitroso-di-n-prop.(1)|   100.0 |     100.00  |  100 |    0 |   38 |39-110| 
  | Pentachlorophenol      |   200.0 |     200.00  |  100 |    0 |   50 |32-133| 
  | Phenol                 |   200.0 |     200.00  |  100 |    0 |   42 |10-110| 
  | Pyrene                 |   100.0 |     100.00  |  100 |    0 |   31 |51-137| 
  | 1,2,4-Trichlorobenzene |   100.0 |     100.00  |  100 |    0 |   28 |28-110| 
  |________________________|_________|_____________|______|______|______|______| 
 
   (1) N-Nitroso-di-n-propylamine 
  # Column to be used to flag recovery and RPD values with an asterisk 
  * Values outside of QC limits 
 
  RPD:  0 out of 11 outside limits 
  Spike Recovery:  0 out of 22 outside limits 
 
  COMMENTS:  ___________________________________________________________________ 
             ___________________________________________________________________ 
 
page 1 of 1                      FORM III SV                              
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FORM 3 
 

               
             SOIL SEMIVOLATILE LAB CONTROL SAMPLE (In-House) 
 
  Lab Name: Empirical Laboratories              Contract:                     
 
  Lab Code: ELABN     Case No.: NA      SAS No.: NA       SDG No.:   
 
  Matrix Spike   -   Client Sample No.:         Level:(low/med) LOW 
 
   ____________________________________________________________________________ 
  |                        | SPIKE   |   SAMPLE    |     LCS     | LCS  |  QC. | 
  |                        | ADDED   |CONCENTRATION|CONCENTRATION|  %   |LIMITS| 
  |  COMPOUND              | (ug/Kg) |   (ug/Kg)   |   (ug/Kg)   | REC #| REC. | 
  |========================|=========|=============|=============|======|======| 
  | Acenaphthene           |   10000 |     0.0000  |      10000  |  100 |27-116| 
  | 4-Chloro-3-methylphenol|   20000 |     0.0000  |      20000  |  100 |18-111| 
  | 2-Chlorophenol         |   20000 |     0.0000  |      20000  |  100 |10-110| 
  | 1,4-Dichlorobenzene    |   10000 |     0.0000  |      10000  |  100 |14-110| 
  | 2,4-Dinitrotoluene     |   10000 |     0.0000  |      10000  |  100 |34-110| 
  | 4-Nitrophenol          |   20000 |     0.0000  |      20000  |  100 |24-120| 
  | N-Nitroso-di-n-prop.(1)|   10000 |     0.0000  |      10000  |  100 |24-112| 
  | Pentachlorophenol      |   20000 |     0.0000  |      20000  |  100 |10-114| 
  | Phenol                 |   20000 |     0.0000  |      20000  |  100 |10-110| 
  | Pyrene                 |   10000 |     0.0000  |      10000  |  100 |33-150| 
  | 1,2,4-Trichlorobenzene |   10000 |     0.0000  |      10000  |  100 |19-110| 
  |________________________|_________|_____________|_____________|______|______| 
 
   ____________________________________________________________________________ 
  |                        | SPIKE   |    LCSD     | LCSD |      |             | 
  |                        | ADDED   |CONCENTRATION|  %   |  %   |  QC LIMITS  | 
  |  COMPOUND              | (ug/Kg) |   (ug/Kg)   | REC #| RPD #| RPD  | REC. | 
  |========================|=========|=============|======|======|======|======| 
  | Acenaphthene           |   10000 |      10000  |  100 |    0 |   19 |27-116| 
  | 4-Chloro-3-methylphenol|   20000 |      20000  |  100 |    0 |   42 |18-111| 
  | 2-Chlorophenol         |   20000 |      20000  |  100 |    0 |   50 |10-110| 
  | 1,4-Dichlorobenzene    |   10000 |      10000  |  100 |    0 |   27 |14-110| 
  | 2,4-Dinitrotoluene     |   10000 |      10000  |  100 |    0 |   47 |34-110| 
  | 4-Nitrophenol          |   20000 |      20000  |  100 |    0 |   50 |24-120| 
  | N-Nitroso-di-n-prop.(1)|   10000 |      10000  |  100 |    0 |   38 |24-112| 
  | Pentachlorophenol      |   20000 |      20000  |  100 |    0 |   47 |40-110| 
  | Phenol                 |   20000 |      20000  |  100 |    0 |   35 |10-110| 
  | Pyrene                 |   10000 |      10000  |  100 |    0 |   36 |33-150| 
  | 1,2,4-Trichlorobenzene |   10000 |      10000  |  100 |    0 |   23 |19-110| 
  |________________________|_________|_____________|______|______|______|______| 
 
   (1) N-Nitroso-di-n-propylamine 
  # Column to be used to flag recovery and RPD values with an asterisk 
  * Values outside of QC limits 
  RPD:  0 out of 11 outside limits 
  Spike Recovery:  0 out of 22 outside limits 
 
  COMMENTS:  ___________________________________________________________________ 
             ___________________________________________________________________ 
 
page 1 of 1                      FORM III SV          
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BNA STANDARDS USED 
base/neutral mix (2000ppm) acids mix (2000ppm) 
bis(2-Chloroethyl)ether 2,4-Dinitrophenol 
bis(2-Chloroisopropyl)ether 2-Methylphenol 
1,3-Dichlorobenzene 4-Methylphenol 
1,2-Dichlorobenzene Benzoic acid 
1,4-Dichlorobenzene 4,6-Dinitro-2-methylphenol 
Hexachloroethane 4-Nitrophenol 
N-Nitroso-di-methylamine 2,4,5-Trichlorophenol 
N-Nitroso-di-n-propylamine 2,4,6-Trichlorophenol 
2,4-Dinitrotoluene Phenol 
2,6-Dinitrotoluene Pentachlorophenol 
Fluorene 2-Nitrophenol 
Dimethylphthalate 4-Chloro-3-methylphenol 
Hexachlorocyclopentadiene 2,4-Dichlorophenol 
Anthracene 2,4-Dimethylphenol 
4-Bromophenyl-phenylether Benzoic acid 
Di-n-butylphthalate 
bis(2-Chloroethoxy)methane 
1,2-Diphenylhydrazine semivoa misc.mix(2000ppm) 
Fluoranthene Aniline 
Hexachlorobenzene Benzyl alcohol 
N-Nitrosodiphenylamine Carbazole 
Phenanthrene 4-Chloroaniline 
Hexachlorobutadiene Dibenzofuran 
Isophorone 2-Methylnaphthalene 
Naphthalene 2-Nitroaniline 
Nitrobenzene 3-Nitroaniline 
1,2,4-Trichlorobenzene 4-Nitroaniline 
Acenaphthene Pyridine 
Acenaphthylene 
2-Chloronaphthalene 
4-Chlorophenyl-phenylether Benzidine mix (2000ppm) 
Diethylphthalate Benzidine 
Benzo(a)anthracene 3,3'-Dichlorobenzidine 
Bis(2-ethylhexyl)phthalate 
Butylbenzylphthalate 
Chrysene individual mixes (10,000ppm) 
p-(Dimethylamino)azobenzene Caprolactam 
Pyrene Benzaldehyde 
Benzo(b)fluoranthene Atrazine 
Benzo(k)fluoranthene 1,1'-Biphenyl 
Benzo(g,h,i)perylene Catechol 
Benzo(a)pyrene 
Dibenz(a,h)anthracene 
Di-n-octylphthalate 
Indeno(1,2,3-cd)pyrene 
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INTERNAL STANDARD ASSOCIATION / QUANT ION TABLE 
COMPOUND *I.S Q.M COMPOUND *I.S Q.M

1,4-Dichlorobenzene-d4 (I.S)(1) 152 Dimethylphthalate 59 163

Acetophenone 1 105 Hexachlorocyclopentadiene 59 237
Aniline 1 93 2,4-Dinitrophenol 59 184
Benzaldehyde 1 106 2,4-Dinitrotoluene 59 165
Benzyl alcohol 1 108 2,6-Dinitrotoluene 59 165
bis(2-Chloroethyl)ether 1 93 Fluorene 59 166
bis(2-Chloroisopropyl)ether 1 45 2-Nitroaniline 59 65 
1,3-Dichlorobenzene 1 146 3-Nitroaniline 59 138
1,2-Dichlorobenzene 1 146 4-Nitroaniline 59 138
1,4-Dichlorobenzene 1 146 4-Nitrophenol 59 65 
2-Methylphenol 1 108 2,4,5-Trichlorophenol 59 196
4-Methylphenol 1 108 2,4,6-Trichlorophenol 59 196
3-Methylphenol 1 108 2-Fluorobiphenyl (S) 59 172
Phenol 1 94 Phenanthrene-d10 (I.S) (79)  188
Pyridine 1 79 Anthracene 79 178
Hexachloroethane 1 117 Atrazine 79 200
N-Nitroso-di-methylamine 1 42 4-Bromophenyl-phenylether 79 248
N-Nitroso-di-n-propylamine 1 70 Carbazole 79 167
2-Fluorophenol (S) 1 112 Di-n-butylphthalate 79 149
Phenol-d6 (S) 1 99 4,6-Dinitro-2-methylphenol 79 198

Naphthalene-d8 (I.S)(35)  136 1,2-Diphenylhydrazine 79 77 
Benzoic acid 35 105 Fluoranthene 79 202
bis(2-Chloroethoxy)methane 35 93 Hexachlorobenzene 79 284
Caprolactam 35 113 N-Nitrosodiphenylamine 79 169
4-Chloroaniline 35 127 Pentachlorophenol 79 266
4-Chloro-3-methylphenol 35 107 Phenanthrene 79 178
2,4-Dichlorophenol 35 162 2,4,6-Tribromophenol (S) 79 330
2,4-Dimethylphenol 35 107 Chrysene-d12 (I.S) (92)  240
Hexachlorobutadiene 35 225 Benzidine 92 184
Isophorone 35 82 Benzo(a)anthracene 92 228
2-Methylnaphthalene 35 141 Bis(2-ethylhexyl)phthalate 92 149
Naphthalene 35 128 Butylbenzylphthalate 92 149
Nitrobenzene 35 77 Chrysene 92 228
2-Nitrophenol 35 139 3,3'-Dichlorobenzidine 92 252
1,2,4-Trichlorobenzene 35 180 p-(Dimethylamino)azobenzene 92 225
Catechol 35 110 Pyrene 92 202
Nitrobenzene-d5 (S) 35 82 Terphenyl-d14 (S) 92 244

Acenaphthene-d10 (I.S) (59)  164 Perylene-d12 (I.S) (101)  264
Acenaphthene 59 153 Benzo(b)fluoranthene 101 252
Acenaphthylene 59 152 Benzo(k)fluoranthene 101 252
1,1'-Biphenyl 59 154 Benzo(g,h,i)perylene 101 276
2-Chloronaphthalene 59 162 Benzo(a)pyrene 101 252
4-Chlorophenyl-phenylether 59 204 Dibenz(a,h)anthracene 101 278
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Dibenzofuran 59 168 Di-n-octylphthalate 101 149
Diethylphthalate 59 149 Indeno(1,2,3-cd)pyrene 101 276
I.S=internal standard, Q.M=quant mass, S=surrogate 

 
INTERNAL STANDARD ASSOCIATION / QUANT ION TABLE 
COMPOUND *I.S Q.M COMPOUND *I.S Q.M

1,4-Dichlorobenzene-d4 (I.S)(1) 152 Diphenylamine 59 169

Pentachloroethane 1 167 Thionazin 59 107
2-Picoline 1 93  59  
N-Nitrosomethylethylamine 1 88  59  
Methyl methanesulfonate 1 80  59  
N-Nitrosodiethylamine 1 102  59  
Ethyl methanesulfonate 1 79  59  
N-Nitrosopyrrolodine 1 100  59  
N-Nitrosomorpholine 1 56  59  
0-Toluidine 1 106  59  
 1   59  
 1   59  
 1   59  
 1  Phenanthrene-d10 (I.S) (79)  188
 1  4-Nitroquinoline-1-oxide 79 190
 1  Phenacetin 79 108
 1  4-Aminobiphenyl 79 169
 1  Pentachloronitrobenzene 79 237
 1  Sulfotepp 79 97 
 1  Phorate 79 75 

Naphthalene-d8 (I.S)(35)  136 Diallate 79 86 
1- Methylnaphthalene 35 141 Dimethoate 79 87 
N-Nitrosopiperidine 35 114 Pronamide 79 173
a,a-Dimethylphenethylamine 35 58 Disulfoton 79 88 
O,O,O-Triethylphosphorothioate 35 97 Dinoseb 79 211
Hexachloropropene 35 213  79  
2,6-Dichlorophenol 35 162  79  
p-Phenylenediamine 35 108 Chrysene-d12 (I.S) (92)  240
N-Nitrosodi-n-butylamine 35 84 Methapyrilene 92 97 
Safrole 35 162 p-(Dimethylamino)azobenzene 92 225
1,2,4,5-Tetrachlorobenzene 35 216 Chlorobenzilate 92 251
 35  3,3’- Dimethylbenzidine 92 212
 35  2- Acetylaminofluorene 92 181
 35  7,12-

Dimethylbenz[a]anthracene 
92 256

 35  Aramite 92 185
 35  Methyl parathion 92 109
 35  Parathion 92 109

Acenaphthene-d10 (I.S) (59)  164 Isodrin 92 193
Isosafrole 59 162 Kepone 92 272
1,4-Naphthoquinone 59 158 Famphur 92 218
Pentachlorobenzene 59 250 Perylene-d12 (I.S) (101) 101  
2-Naphthylamine 59 143 3-Methylcholanthrene 101 268
1-Naphthylamine 59 143 Hexachlorophene 101 196
2,3,4,6-Tetrachlorophenol 59 232  101  
5-Nitro-o-toluidine 59 152  101  
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I.S=internal standard, Q.M=quant mass, S=surrogate 

 
 
 
 
 
 
Internal Standards & Surrogates 
 

  
BNA internals (2000ppm) Acid surrogate (7500ppm) 
1,4-Dichlorobenzene-d4 (I.S)(1) 2-Fluorophenol (S) 
Naphthalene-d8 (I.S)(35) Phenol-d6 (S) 
Acenaphthene-d10 (I.S) (59) 2,4,6-Tribromophenol (S) 
Phenanthrene-d10 (I.S) (79) 2,-Chlorophenol-d4 (S) 
Chrysene-d12 (I.S) (92)  
Perylene-d12 (I.S) (101) BN surrogate (5000ppm) 

 Nitrobenzene-d5 (S) 
 Terphenyl-d14 (S) 
 2-Fluorobiphenyl (S) 
 1,2-Dichlorobenzene-d4 (S) 
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Reporting Limits 

 
Soil 
ug/KG 

Water 
ug/L  

Soil 
ug/KG 

Water 
ug/L 

Pyridine             330 5.0 Acenaphthylene       330 5.0 
N-Nitroso-di-methylamine 330 5.0 2,6-Dinitrotoluene   330 5.0 
Aniline              330 5.0 3-Nitroaniline       1300 20 
Phenol               330 5.0 Acenaphthene         330 5.0 
bis(2-Chloroethyl)ether 330 5.0 2,4-Dinitrophenol  3300 50 
2-Chlorophenol       330 5.0 4-Nitrophenol        1300 20 
1,3-Dichlorobenzene  330 5.0 Dibenzofuran         330 5.0 
1,4-Dichlorobenzene  330 5.0 2,4-Dinitrotoluene   330 5.0 
Benzyl alcohol       330 5.0 Diethylphthalate     330 5.0 

1,2-Dichlorobenzene  330 5.0 
4-Chlorophenyl-
phenylether 330 5.0 

2-Methylphenol       330 5.0 Fluorene             330 5.0 
bis(2-Chloroisopropyl)ether 330 5.0 4-Nitroaniline       1300 20 
3-Methylphenol       330 5.0 2,3,4,6-Tetrachlorophenol 330 5.0 
4-Methylphenol       330 5.0 1,1'-Biphenyl 330 5.0 
N-Nitroso-di-n-propylamine 330 5.0 1,2-Diphenylhydrazine 330 5.0 
Hexachloroethane     330 5.0 Carbazole            330 5.0 

Benzaldehyde 330 5.0 
4,6-Dinitro-2-methyl 
phenol 1300 20 

Nitrobenzene         330 5.0 N-Nitrosodiphenylamine 330 5.0 

Isophorone           330 5.0 
4-Bromophenyl-
phenylether 330 5.0 

2-Nitrophenol        330 5.0 Hexachlorobenzene    330 5.0 
2,4-Dimethylphenol   1300 20 Pentachlorophenol   1300 20 
Benzoic acid         3300 50 Phenanthrene         330 5.0 
bis(2-Chloroethoxy)methane 330 5.0 Anthracene           330 5.0 
2,4-Dichlorophenol   330 5.0 Di-n-butylphthalate  330 5.0 
1,2,4-Trichlorobenzene 330 5.0 Fluoranthene         330 5.0 
Naphthalene          330 5.0 Atrazine 330 5.0 
4-Chloroaniline      330 5.0 Benzidine 3300 50 
Hexachlorobutadiene  330 5.0 Pyrene               330 5.0 
4-Chloro-3-methylphenol 330 5.0 Butylbenzylphthalate 330 5.0 
2-Methylnaphthalene  330 5.0 3,3'-Dichlorobenzidine 330 5.0 
1-Methylnaphthalene 330 5.0 Benzo(a)anthracene   330 5.0 
Acetophenone 330 5.0 Chrysene             330 5.0 
1,2,4,5-Tetrachlorobenzene 330 5.0 Bis(2-ethylhexyl)phthalate 330 5.0 
Caprolactam 330 5.0 Di-n-octylphthalate  330 5.0 
Hexachlorocyclopentadiene 330 5.0 Benzo(b)fluoranthene 330 5.0 
2,4,6-Trichlorophenol 330 5.0 Benzo(k)fluoranthene 330 5.0 
2,4,5-Trichlorophenol 330 5.0 Benzo(a)pyrene       330 5.0 
2-Chloronaphthalene  330 5.0 Indeno(1,2,3-cd)pyrene 330 5.0 
2-Nitroaniline       1300 20 Dibenz(a,h)anthracene 330 5.0 
Dimethylphthalate    330 5.0 Benzo(g,h,i)perylene 330 5.0 
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ANALYST DATA REVIEW CHECKLIST 
Sample Number(s): 
Batch Number(s): 
Method: 8260B/8270C/8270D (Circle One) 

 
 

 
QA/QC Item 

 
Yes 

 
No 

 
NA 

Second Level 
Review 

 
1.  Is the BFB/DFTPP tune performed every 12 hours and is the    tuning 

criteria met? 

 
 

 
 

 
 

 
 

 
2. Are the RRFs and % RSDs within QC limits for appropriate   

analytes for the initial calibration? Check the retention times for 
compounds with the same spectra. Check compounds with 
different conc.( eg. m/p-xylene, ketones,etc.). 

 

 
 
 

 
 
 

 
 
 

 
 
 

 
     3.  Was the initial calibration curve verified by a second source calibration 

standard (ICV) and have criteria been met? 

 
 
 

 
 
 

 
 
 

 
 
 

 
     4.  Does the Continuing Calibration Standard (CCV) meet the criteria for the 

CCCs and SPCCs. 
  

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
     5.  Is the Method Blank run at the desired frequency and is its concentration 

for target analytes less than the MDLs? 
  

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
     6.  Are the LCS, MS, MSD within control limits and run at the desired 

frequency? 
  

 
 
 

 
 
 

 
 
 

 
 
 

 
     7.  Are all sample holding times met, analytes within calibration range, IS 

areas and surrogate recoveries within QC limits? 
 

 
 

 
 
 

 
 
 

 
 
 

 
     8.  Was the Method Blank, LCS, MS, MSD and samples loaded to the 

GCMS_LFSYS Tablespace within the Target DB Database? 
     
 

Comments on any “No” response: 

 
 
 

Primary-Level Review:  Date:  
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    Second-Level Review:  Date:  
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GAS CHROMATOGRAPHY/ELECTRON CAPTURE DETECTOR (GC/ECD) 
      ORGANOCHLORINE PESTICIDES/POLYCHLORINATED BIPHENYLS (PCB) 

BY EPA METHOD 608/608.2 AND SW-846 METHOD 8081A, 8081B/8082, 8082A  
1.0 SCOPE AND APPLICATION  
This Standard Operating Procedure, SOP, (based primarily on SW-846 Methods 8000B/8081A/8082) 
is used for the analysis of Pesticide/PCB organic compounds in a variety of matrices (soils, 
sediments, waters, etc.).  Methods SW-846 8082, Federal Register Method 608/608.2 and CLP 
Method for Pesticides have also been used in the development of this SOP.  The analyses by these 
various methods are clearly defined in the respective regulatory manuals.  A good understanding of 
these different methods is essential to the performance of each method.  The normal laboratory list of 
analytes with their LCS limits is found attached in the appendix.  Other compounds may be analyzed 
by this SOP as detailed in section 1.0 of SW-846 Methods 8081A, 8081B/8082, 8082A.  Any 
questions left by this SOP should be answered by reading the methods, paying close attention to 
SW-846 8000B/8081A, 8081B/8082, 8082A, EPA 608/608.2 and CLP.  If questions still remain 
unanswered, check with the Organic Lab Manager, Quality Assurance Officer and/or Technical 
Director.  
2.0 METHOD SUMMARY  
After sample preparation using the appropriate extraction technique, the sample is introduced into the 
GC using direct injection.  The analytes are separated in the gas chromatograph by a combination of 
the temperature program and the capillary column.  The analytes are then detected by the ECD.  
Pesticide analytes are identified and confirmed based on the retention time of known standards.  PCB 
and multi-component pesticide analytes are identified based on pattern recognition.  Analytes are 
quantitated relative to known standards using the external standard method.  
3.0 SAMPLE PRESERVATION, CONTAINERS, HANDLING, AND STORAGE  
Section 3.0 and tables 3-1 and 3-2 of the Empirical Laboratories, LLC Quality Assurance Manual 
includes details concerning sample preservation, containers and handling of samples and extracts.  
All water and soil samples are stored in the appropriate walk-in cooler in sample storage at a 
temperature of 1°C – 4.4°C. All extracts are stored in the Hobart in Semivolatile laboratory at a 
temperature of 1°C – 4.4°C.  Water samples have a holding time of 7 days from date of sampling to 
extraction.  Soil samples have a holding time of 14 days from date of sampling to extraction (unless 
otherwise specified for the project).  Extracts have a holding time of 40 days from extraction to 
analysis.  
4.0 INTERFERENCES AND POTENTIAL PROBLEMS  
Section 3.0 of SW-846 Methods 8081A/8082 and Section 4.0 of Methods 8081B/8082A details 
interferences and potential problems which may be encountered when dealing with pesticide/PCB 
analyses. Please see sample clean-up SOPs (307, 308, 309, 330, and 334) to evaluate possible clean-
up options for any encountered interferences.  
5.0. EQUIPMENT AND APPARATUS  

5.1 GC's: 
5.1.1  Agilent 6890N- complete with temperature programmable gas chromatograph suitable for 
split/splitless injection. 
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5.2 Columns:  

5.2.1 RTX-CLP (or equivalent): 30 meter x 0.32 mm ID x 0.5 µm film thickness fused 
silica column.  
5.2.2 RTX-CLP II (or equivalent): 30 meters x 0.32 mm ID x 0.5 µm film thickness fused 
silica  column.  

5.3   Autosamplers:  
5.3.1  Agilent 7683 autosamplers capable of reproducibility from one injection to 
another, proven by meeting QC and calibration criteria.  

5.4 Acquisition Software:  HP Chemstation system is interfaced to the GC.  The system acquires 
and stores data throughout the chromatographic program.  
5.5 Data Processing Software:  Target DB Windows NT data system is interfaced to the HP 
Chemstation.  The system accepts, processes and stores acquired data.  

6.0 REAGENTS  
6.1 Hexane - pesticide quality or equivalent.  
6.2  Stock standards are purchased in mixtures from reputable vendors.  The date they are 
received is noted on the label and recorded in the GC standards logbook.  The date they are 
opened is noted on the label and recorded in the GC standards logbook along with their lot 
number and vendor and given a sequential number.  Each standard that is prepared is recorded in 
the GC standards logbook and given a sequential number.  The following are noted in the 
logbook:  standard makeup, solvent used, date received, date opened, date prepared, expiration 
date and analyst.  Each standard label is completed with the standard number, name, preparation 
date, expiration date, solvent and analyst initials.  All stocks and standards are stored in the 
refrigerator at a temperature of 1°C-4.4°C from the date they are received/prepared.  The 
refrigerator and freezer temperature is monitored daily with an annually calibrated thermometer 
and recorded with calibration correction in the GC refrigerator temperature logbook. See the GC 
standards log book for makeup of  intermediate and calibration standards. 

6.2.1 The Initial Calibration Verification (ICV) intermediate standard is prepared from 
the vendor stock standards in the same manner as the Calibration intermediate 
standards above and is stored in the refrigerator at a temperature of 1°C-4.4°C for 
up to 6 months.  The ICV standard is then prepared at a concentration near the 
midpoint in the same manner as the Calibration standards above.  

 
 
7.0       PROCEDURE  

The GC/ECD should be primed by injecting a pesticide standard at 100 µg/L and/or PCB 
standard at 10,000 µg/L, 10 times more concentrated than the mid-level standard.  Inject this 
prior to beginning initial or daily calibration. 

7.1 Chromatographic conditions:      
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7.1.1  
       

ZB MR1/MR2 columns: 
GC 

 
ECD3 

Purge on  0.50 min. 
Injector/Detector temperature 250/350°C 
Column flow @3.4 mL/min 
Initial column temperature 100°C for 0.5 minutes 
Temperature ramp 15°C/min 
Intermediate column temperature 220°C for 5.0 minutes 
Second Temperature Ramp 35°C/min 
Final Column Temperature 340°C for 2.0 minutes 

7.1.2  
       

RTX-CLP/RTX CLPII columns: 
GC 

 
ECD4 

Purge on  0.50 min. 
Injector/Detector temperature 200/330°C 
Column flow @2.4 mL/min 
Initial column temperature 110°C for 0.5 minutes 
Temperature ramp 15°C/min 
Final column temperature 320°C for 2.0 minutes 

 

7.2 Eval Mix – Before pesticide calibration and/or sample analysis, a degradation check standard 
(evaluation mix) of endrin and 4,4-DDT must be injected.  Degradation of either compound must 
not exceed 15 percent.  If 15 percent degradation is exceeded, then corrective action must be taken 
(GC system maintenance, see SOP-222).  
7.3 Calibration - (See SW-846 Method 8000B Section 7.4.2).  

                  7.3.1  Initial Calibration – For single component pesticides and surrogates, a six point 
calibration is injected and analyzed for each analyte of interest.  For Toxaphene and 
Technical Chlordane a single point standard is analyzed unless they are expected then a 
five point calibration is injected and analyzed. Injection volume for standards and 
samples is equal to 2 µL using the same injection technique to introduce both standards 
and samples (use of auto-injectors makes this a constant). All calibration integrations 
must be evaluated and any manual integrations are documented by the inclusion of the 
chromatogram (which includes peak integrations) with the quantitation report.  The 
percent relative standard deviation (RSD) of the calibration factor must be <20% over the 
working range for each analyte of interest. When the 20% criteria is exceeded for an 
analyte, a linear calibration may be used if the correlation coefficient (r) is >0.995, >0.99 
for quadratic with 6 points. Otherwise, a new standard curve should be prepared for each 
analyte that exceeded the criteria.  
Initial calibration for Aroclors may be accomplished by using a six-point curve that 
contains Aroclors 1016 and 1260.  The mixture of these two Aroclors contains many of 
the peaks represented in the other five Aroclor mixtures(1221, 1232, 1242, 1248 & 
1254). The curves for Aroclors 1016 and 1260 are used to show the linearity of the 
detector and can be used to demonstrate that a sample does not contain peaks that 
represent any one of the Aroclors. The 1016/1260 curve may also be used to quantitate 
any 1016 or 1260 hits that may be seen in the samples.  The analyst has the choice of 
running a curve for the other five Aroclor mixtures or when the calibration factor for the 
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curve for 1016/1260 is <20% a single point calibration at the midpoint level 
concentration can be used for the other Aroclors.  The injection procedure for Aroclors is 
the same as single component pesticides. The percent relative standard deviation (RSD) 
of the calibration factor must be <20% but this applies to the average of the quantitation 
peaks. When the 20% criteria is exceeded for an analyte, a linear calibration may be used 
if the correlation coefficient factor (r) is >0.995, >0.99 for quadratic with 6 points.  
Otherwise, a new standard curve should be prepared for each analyte that exceeded the 
criteria.  

        7.3.2   Initial Calibration Verification - A second source standard at the midpoint level is 
used to check the validity of the curve.  The standard recovery for all analytes must be 
between 85 and 115%(80-120% DOD QSM and 8081B/8082A).  If the second source 
recovery is above 115%, it is possible that the main standard has deteriorated for that 
compound.  That standard should be remade and reevaluated.  If that does not correct the 
problem, the standard should probably be replaced and a new curve generated.  If the 
second source recovery is below 85%, the second source standard may have deteriorated 
for that compound.  This standard should be remade and reanalyzed.  If this does not 
correct the problem, the standard should be replaced.  All calibration integrations must be 
evaluated and any manual integrations are documented by the inclusion of the 
chromatogram (which includes peak integrations) with the quantitation report.  
7.3.3  Continuing Calibration Verification (CCV) - A mid-level standard must be 
analyzed every 12 hours (not to exceed 20 samples and cannot exceed 15 percent 
difference (%D), (at the beginning and end of sequence and after every 10 field 
samples, 20%D no average DOD QSM and 8081B/8082A) from the average 
calibration factor of the calibration curve.  A CCV must also be analyzed at the end of the 
analysis sequence.  If a CCV fails, GC maintenance may be necessary (see SOP-222), 
reanalysis may be required (for samples analyzed since the last valid CCV) and a 
corrective action report must be completed.  If none of the failed target compounds 
exceed 30% D and the average of all the %Ds are < 15% then the CCV may be used 
without any further corrective action. Alternatively, analytes may be flagged depending 
on their concentration and the status of the analyte in the mid-level standard.  No 
reanalysis is necessary if the analyte is undetected in the samples and recovered high in 
the CCV.  All calibration integrations must be evaluated and any manual integrations are 
documented by the inclusion of the chromatogram (which includes peak integrations) 
with the quantitation report.  Samples are then quantitated against the initial calibration 
curve. 

7.4  RT Windows - Retention time criteria set forth in SW-846 method 8000B section 7.6 are used 
to set retention time windows.  New in-house retention time windows are established after every 
major change to the system (new column or temperature program) and at initial calibration using 
the midpoint standard RTs.  If the established retention time window is less than +/-0.03 minutes, 
the window defaults to +/-0.03 minutes.  Retention times are updated with the first CCV of the day 
or the mid-level standard of the curve if samples are analyzed directly after a curve. 
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7.5   Laboratory Control Sample (LCS) - The LCS is extracted 1 per extraction batch of up to 20 
samples.  The LCS is spiked with standards prepared from an alternate vendor or lot number than 
the calibration standards.  See section 8.2 below for criteria and corrective action. 

7.6  Method Blank - Method blanks are extracted at a minimum of 1 per extraction batch – up to 
20 samples.  See section 9.3 below for criteria and corrective action. 

7.7 Samples - Prior to using Method 608, SW-846 8081A, 8081B/8082, 8082A or CLP (pesticide 
method) the samples are prepared for chromatography using the appropriate sample preparation 
and clean up methods (generally SW-846 methods 3510, 3541, 3640, 3550, 3580, EPA 
method 608 or CLP).  

7.7.1 Example of a sequence run log: 
 
1-Primer A/B Mix-1000 or  Primer PCB-10,000 
2- EVAL Mix (Pest only) 
3- CCV A/B Mix 
4- CCV Toxaphene (single point) 
5-CCV Chlordane (single point) 
6- CCV PCB 1660 
7- Method Blank 
8-LCS A/B Mix 
9-LCS PCB 
10-Sample 
11-Sample 
12-Sample 
13-Sample 
14-Sample 
15-Sample 
16-Sample 
17-Sample 
18-Sample 
19-Sample 
20-Sample 
21-Sample-MS 
22-Sample-MSD 
23-Sample 
24-Sample 
25-Sample 
26-Sample 
27-Sample 
28-Sample 
29- CCV A/B Mix  
30-CCV PCB 

7.8 Data Reduction/Evaluation - Each sample analysis sequence is documented in the run 
logbook for the instrument.  After the sample has been analyzed, the data is processed through the 
Target DB Windows NT data system.  Quantitative measurements are performed as described in 
SW-846 8081A section 7.5.6, and section 11.5.6.1 8081B.  Rounding is performed using CLP 
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odd/even rounding rules.  The following must be checked to determine if the sample will need any 
reanalysis, cleaning or dilution.  Formal data evaluation is detailed in SOP-216 (documented using 
the USACE Analyst Data Review Checklist for USACE projects).  

7.8.1  Analyte concentration after rounding to 2 significant figures must be within the 
range of the calibration curve.  If an analyte exceeds the curve, a dilution must be 
performed and the next sample must be checked for carryover.  Any dilution should keep 
the concentration of the analyte in question within the mid-range to the top half of the 
curve.  
7.8.2  If the sample shows signs of sulfur contamination in the time range where sulfur 
compounds elute a sulfur cleanup is required [see SOP-307].  
7.8.3  If the sample has extraneous peaks eluting in the chromatogram an acid cleanup is 
required for PCB samples and may be applicable for certain pesticides, (acid clean-up 
may be required for all PCB samples, check with your supervisor),  [see SOP-308].  
 7.8.4   If the sample has extraneous peaks that are not removed by acid (PCB samples) 
and is not a sulfur interference, a florisil cleanup is recommended [see SOP-309].  A 
silica cleanup may also be used [see SOP-331].  
7.8.5 Surrogates – Control and warning limits are determined by using all blank spikes in 
the calculation, (LCSs and method blanks). All limits used are generated in-house or 
client specified (with the exception that if the in-house limit’s highest lower limit would 
be 90 and the lowest upper limit would be 110 examples: 98-120 would be 90-120 or 45-
75 would be 45-110). Surrogate standard recovery must be checked to determine if it is 
within these limits.  Two surrogates are added to each sample for pesticides.  Only one 
surrogate, DCB, is added to each PCB sample. Corrective action should be evaluated 
when any surrogate(s) is outside the action limits for a sample.  When only one surrogate 
for pesticides exceed control limits on the primary and/or confirmation column corrective 
action may not be required.  If both surrogates for pesticides (or DCB for PCB analyses) 
exceed control limits on the primary and/or confirmation column corrective action is 
required.  A corrective action form should be filled out and given to the organic lab 
manager when both surrogates for pesticides (or DCB for PCB analyses) are outside the 
action or warning limits.  The organic lab manager will then make suggestions as to what 
action should be taken, for example: the sample may need to be reanalyzed, reextracted, 
or flagged on the report for a QC problem. DOD limits will be used for DOD QSM  
projects. 

 
 WATER SOIL/SEDIMENT        WIPES 

Surrogate In-House In-House            In-House 
TCMX 25-120 30-120 80-143 
DCB 25-130 35-140 73-142 

 
7.9 Identification/Quantitation [See SW-846 method 8081A section 7.6 or method 8082 sections 

7.7-7.9].  
7.9.1    Single peak components are identified by retention time on a primary column 
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with confirmation by retention time on a secondary or confirmation column. Which 
column is used for primary/confirmation is determined by the chromatography in the 
region of the compound. The control limit for percent difference (%D) of compounds that 
confirmed from the primary column on the confirmation column is 40%. If both columns 
are equivalent, the highest concentration is reported. If a compound result is >40% 
difference, it should be flagged with a “P”. ( “J” flagged for DOD QSM projects)                

                   7.9.1.1  Due to coelution of certain compounds confirmation for all analytes may not 
be achieved. The analyst must use experience and judgment to decide if the compound 
is there. If a call is made, the data should be flagged appropriately. 

                   7.9.1.2  If a compound is outside of it's window on one column but in the window on 
the other column, the analyst will need to use their judgment or seek guidance from   
the organic lab manager or another experienced analyst to decide if the analyte is 
there.  

              7.9.2  Multi-peak components (PCB's, Toxaphene and Technical Chlordane) are identified 
by pattern recognition using an on scale standard chromatogram to compare to an on 
scale sample chromatogram enabling the analyst to judge whether the sample pattern 
matches a standard pattern.  Confirmation of multi-peak components is required by the 
method and may be accomplished in several ways.  If the sample is from a source known 
to contain specific Aroclors then this information may be used as a confirmation. 
Documentation of this approach must meet the requirements outlined in Sec. 7.7.3 of 
SW-846 Method 8082. Another approach is to use a column of dissimilar stationary 
phase and compare the pattern to a known Aroclor standard. Finally if the concentration 
is high enough GC/MS may be used as confirmation.   
   7.9.2.1  Generally, five unique peaks representing the full range of the multi-peak 

component are used in the quantitation of the multi-peak components.  Note:  for 
USACE projects, five peaks are necessary for the quantitation of multi-peak 
components. 

                  7.9.2.2  Multi-peak components that still have matrix interference after appropriate 
sample cleanup steps have been taken may need to be hand calculated using peaks that 
do not have interference.  This should be brought to the organic lab manager’s 
attention. 

   7.9.2.3 Multi-peak components that exhibit a weathered pattern may need to be hand 
calculated by the analyst.  The analyst will need to use peaks that exhibit the full range 
of weathering.  The number of peaks used to quantitate the multi-peak component will 
depend on the analyst's judgment of what it will take to achieve the truest 
concentration of the component.  This should be brought to the organic lab manager’s 
attention.  

     7.9.3 Quantitation – Once a compound has been identified qualitatively, the concentration 
must then be quantitated.  If the RSD of the compound’s response factor is 20% or less, 
then the concentration may be determined using the mean calibration factor, CF, from the 
initial calibration data.  Otherwise, the analyst must use either a calibration curve or a 
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non-linear calibration model such as polynomial equation for quantitation.  Calculations 
follow in Section 8.0. Refer to SOP-224 for guidance for manual integrations   

8.0     Calculations: 
 

 8.1    Calculate the calibration factor (CF) for each analyte  at each concentration as: 
 

                                      Peak Area (or Height) of the Compound in the Standard 
                           CF =       Mass of the Compound Injected (in nanograms) 

 
8.2    The mean CF is calculated as follows: 

 

 
        
        
 
       8.3  The standard deviation (SD) and the relative standard deviation (RSD) of the calibration 

factors for each analyte are calculated as follows:  
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                            RSD = SD X 100 
                                       CF 
8.4   Calibration verification involves the calculation of the percent drift (linear or quadratic) or the 
percent difference (average) of the instrument response between the initial calibration and each 
subsequent analysis of the verification standard.  Use the equations below to calculate % Drift or 
% Difference, depending on the calibration procedure used. 
 

                                      (Calculated concentration – Theoretical concentration) * 100 
                            % Drift =                       Theoretical Concentration 
 

where the calculated concentration is determined from the initial calibration 
and the theoretical concentration is the concentration at which the standard 
was prepared. 
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    (CCV CF – Average CF) * 100 
     % Difference =    Average CF 
 

where CCV CF is the calibration factor from the analysis of the verification 
standard and mean CF is the average calibration factor from the initial 
calibration. The % difference or % drift calculated for the calibration 
verification standard must be within ±15% for each analyte before any sample 
analyses may take place. 

 
8.5 Concentration in water samples is calculated as follows: 

      [Note: Using the units specified here for these terms will result in a concentration in  units of 
ng/mL, which is equivalent to μg/L.] 

 
 

 
 

where: 
Ax = Area (or height) of the peak for the analyte in the sample. 
Vt = Total volume of the concentrated extract (μL).   
D = Dilution factor, if the sample was diluted prior to analysis.  If no 

dilution was made, D = 1.  The dilution factor is always 
dimensionless. 

Vi = Volume of the extract injected (μL).  The nominal     injection 
volume for samples and calibration standards must be the same. 

CF = Mean response factor from the initial calibration.  
Vs = Volume of the aqueous sample extracted (mL).  If units of liters 

are used for this term, multiply the results by 1000. 
 
The 1000 in the denominator represents the number of μL in 1 mL.  If the 
injection (Vi) is expressed in mL, then the 1000 may be omitted.  

 
   8.6    Concentration in non-aqueous samples is calculated as follows:   

      [Note: Using the units specified here for these terms will result in a concentration in units of ng/g, 
which is equivalent to μg/kg.] 
 
 

 
 

where:  
Ax, Vt, D, and CF are the same as for aqueous samples, and 
Ws = Weight of sample extracted (g).  Either a dry weight or wet weight may 

be used, depending upon the specific application of the data.  If units of 
kilograms are used for this term  multiply the results by 1000. 
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The 1000 in the denominator represents the number of μL in 1 mL.  If the injection (Vi) is 
expressed in mL, then the 1000 may be omitted. 

 
9.0 QUALITY ASSURANCE/QUALITY CONTROL/CORRECTIVE ACTIONS  

9.1 Surrogates - All samples and QC are spiked with surrogates.  The surrogate recoveries from 
method blanks and LCS are charted to generate control limits and charts for diagnostic purposes.  
8000B See section 7.8.5 above for criteria and corrective action. 

9.2 LCS Sample - The LCS is extracted with every extraction batch - up to 20 samples.  To 
prepare the LCS, a blank is spiked with standards prepared from an alternate vendor or lot number 
than the calibration standards.  The recoveries are charted to generate control charts and limits.  
See the LCS report form in the appendix for the laboratory generated limits.  These limits default 
to method limits if generated limits are wider.  If the LCS compound has a recovery above the 
upper limit, but the same compound is not detected in any of the batch samples, no corrective 
action is required.  For all other situations, the LCS should be reanalyzed for the failed analytes 
only or results for that analyte should be flagged.  If the second analysis fails, all associated 
samples should be reextracted/reanalyzed for the failed analytes only. DOD limits will be used 
for DOD QSM  projects. 

9.3 Method Blanks - The concentration of all method target analytes should be below the MDL 
(<RL, common laboratory contaminates; < ½ RL, all other compounds or client/authority 
specified) for each method target analyte.  If contamination exceeds the requirement, the following 
corrective actions must be taken.  The first step is to assess the effect on the samples.  If an analyte 
is found only in the method blank, but not in any batch samples, no further corrective action may 
be necessary.  Steps should be taken to find/reduce/eliminate the source of this contamination in 
the method blank.  If an analyte is found in the method blank and some, or all, of the other batch 
samples, then corrective action is required.  The source of contamination must be investigated and 
appropriate action taken and documented to find/reduce/eliminate the source of this contamination.  
The method blank, and any samples containing the same contaminant, would likely be 
reextracted/reanalyzed.  For the common laboratory contaminants, meeting the above requirements 
is not practical.  Random cases of contamination are difficult to control, however, daily 
contamination is not acceptable and corrective action is essential.  If a contaminant is found in the 
method blank and the samples, the compound concentration must be flagged with a 'B' on the final 
report unless the concentration is greater than 5x that found in the method blank. 

9.4 Matrix Spike/Matrix Spike Duplicate (MS/MSD) Sample - 1 in 20 samples are spiked for a 
MS/MSD (for 608 projects, 1 in 10 samples are spiked for MS).  For project specified full list 
MS/MSDs, the LCS standard is used for spiking. Criteria for the MS/MSD are found in Table 5-3 
of the Laboratory Quality Assurance Manual.  Both the percent recoveries (%R) and relative 
percent differences (RPDs) are contained in this table (for project specified full list MS/MSDs, the 
MS/MSD limits are the same as the LCS limits).  Samples that do not meet these criteria due to 
matrix should be evaluated for placing a flag on the final report due to QC problems.  The 
associated LCS results should be used to verify method performance (section 8.4.3 Method 
8081A).  MS data evaluation must include the consideration of the following factors. 
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9.4.1  Sample matrix - If the sample is a soil, grab sample or sequentially collected water 
sample it may affect the %R and RPD of the MS/MSD.  Corrective action must be taken 
in the form of reanalysis if a method problem is indicated.  

         9.4.2 Original sample concentration - If a spiked compound has a problem and the   
concentration of that compound in the original sample was more than four times the 
concentration of the spike, no further corrective action may be necessary other than the 
generation of a corrective action report to document the problem.  In this case, the 
MS/MSD may be evaluated as sample duplicates.  

       9.4.3  MS vs. MSD - If a spiked compound has a similar problem in both the MS and 
MSD and is not traced to a method problem, no further action may be necessary other than 
the generation of a corrective action report to document the problem.   

             9.4.4  Non-target Interference - The presence of significant non-target interference should 
be brought to the immediate attention of your supervisor who should discuss the problem 
with the client/project manager to determine the action to be taken. 

             9.4.5  Documentation of capability (DOC) – Each analyst must perform a DOC to 
demonstrate proficiency with this method. Refer to SOP-413 for guidance. 

 
10.0 HEALTH, SAFETY, WASTE MANAGEMENT AND POLLUTION PREVENTION 

10.1   Care should be used in handling all samples.  Safety glasses must be worn in the lab at all   
times.  The use of blue nitrile gloves and lab coats is highly recommended. 

10.2  Research into expected sample content and concentration should be done in order to be 
prepared for additional safety considerations.  Generally, any samples that need special 
consideration have applicable notes on the sample logs. 

10.3  MSDS sheets are available for all reagents and standards that have been purchased.  These 
are located in the bookshelves across from the Quality Assurance Officers cube. 

 
10.4  Please see Waste Disposal, SOP-210 and SOP-405 for proper disposal of waste coming from 
this area within our laboratory. Quantity of chemicals purchased should be based on expected 
usage during its shelf-life and the disposal cost of unused material. Actual reagent preparation 
volumes should reflect anticipated usage and reagent stability. 

  
11.0 EXAMPLE FORMS  

Examples of the water and soil LCS report sheet and the USACE analyst data review checklist are 
located in the appendix. 
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12.0 REFERENCES 
 

1. Test Methods for Evaluating Solid Waste Physical/Chemical Methods, SW-846; 
Method 8081A, 8081B, 8082, 8082A 

 
2. USEPA Code of Federal Requlations, 40, CH 1,PT 136; Method 608, 608.2; APX-B 

 
3. USEPA Contract Laboratory Program(CLP) for Organics ILM04.2; ILM04.3 

 
4. DOD Quality Systems Manual, Ver. 3/4.1 

 
 

13.0 DEFINITIONS 
 

Refer SOP-431 for a list of definitions.
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FORM 3 

                  WATER PESTICIDE/PCB LAB CONTROL SAMPLE 
     ( In- House) 
  Lab Name: Empirical Laboratories, LLC    Contract:  
 
  Lab Code: NA   Batch No.: NA   SAS No.: NA       SDG No.: 
 
  Matrix Spike   -   Client Sample No.: LCS             
 ____________________________________________________________________________ 
|                        | SPIKE   |   SAMPLE    |     LCS     | LCS  |  QC. | 
|                        | ADDED   |CONCENTRATION|CONCENTRATION|  %   |LIMITS| 
|  COMPOUND              | (µg/L)  |   (µg/L)    |   (µg/L)    | REC #| REC. | 
|========================|=========|=============|=============|======|======| 
| Aldrin                 | 0.05000 |     NA      |    0.05000  |  100 |25-110| 
| alpha-BHC              |  0.1000 |     NA      |     0.1000  |  100 |45-125| 
| alpha-Chlordane        | 0.05000 |     NA      |    0.05000  |  100 |50-125| 
| beta-BHC               | 0.05000 |     NA      |    0.05000  |  100 |50-130| 
| 4,4'-DDD               |  0.1000 |     NA      |     0.1000  |  100 |55-130| 
| 4,4'-DDE               |  0.1000 |     NA      |     0.1000  |  100 |45-130| 
| 4,4'-DDT               |  0.1000 |     NA      |     0.1000  |  100 |50-140| 
| Dieldrin               |  0.1000 |     NA      |     0.1000  |  100 |55-130| 
| delta-BHC              | 0.05000 |     NA      |    0.05000  |  100 |40-135|  
| Endosulfan I           |  0.1000 |     NA      |     0.1000  |  100 |50-120| 
| Endosulfan II          |  0.1000 |     NA      |     0.1000  |  100 |55-135| 
| Endosulfan sulfate     |  0.1000 |     NA      |     0.1000  |  100 |55-130| 
| Endrin                 |  0.1000 |     NA      |     0.1000  |  100 |40-150| 
| Endrin aldehyde        |  0.1000 |     NA      |     0.1000  |  100 |40-130| 
| Endrin ketone          |  0.1000 |     NA      |     0.1000  |  100 |60-130| 
| gamma-BHC (Lindane)    |  0.1000 |     NA      |     0.1000  |  100 |50-130| 
| gamma-Chlordane        | 0.05000 |     NA      |    0.05000  |  100 |50-125| 
| Heptachlor             |  0.1000 |     NA      |     0.1000  |  100 |35-125| 
| Heptachlor epoxide     | 0.05000 |     NA      |    0.05000  |  100 |50-130| 
| Methoxychlor           |  0.5000 |     NA      |     0.5000  |  100 |50-140| 
| PCB-1248               |   10.00 |     NA      |      10.00  |  100 |50-140| 
|________________________|_________|_____________|_____________|______|______| 
 
  # Column to be used to flag recovery values with an asterisk 
 
  * Values outside of QC limits 
 
  Spike Recovery:  0 out of 21 outside limits 
   
COMMENTS:  ___________________________________________________________________ 
             ___________________________________________________________________ 
 
 
 
 
page 1 of 1                      FORM III PEST                            
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                                 FORM 3 
                  SOIL PESTICIDE/PCB LAB CONTROL SAMPLE 
     (In-House) 
 
  Lab Name: Empirical Laboratories, LLC   Contract:  
 
  Lab Code: NA   Batch No.: NA   SAS No.: NA       SDG No.: 
 
  Matrix Spike   -   Client Sample No.: LCS             
 
 ____________________________________________________________________________ 
|                        | SPIKE   |   SAMPLE    |     LCS     | LCS  |  QC. | 
|                        | ADDED   |CONCENTRATION|CONCENTRATION|  %   |LIMITS| 
|  COMPOUND              | (µg/kg) |   (µg/kg)   |   (µg/kg)   | REC #| REC. | 
|========================|=========|=============|=============|======|======| 
| Aldrin                 |  5.0000 |     NA      |     5.0000  |  100 |30-135| 
| 4,4'-DDT               |  10.000 |     NA      |     10.000  |  100 |30-160| 
| Dieldrin               |  10.000 |     NA      |     10.000  |  100 |30-150| 
| Endrin                 |  10.000 |     NA      |     10.000  |  100 |35-160| 
| gamma-BHC (Lindane)    |  10.000 |     NA      |     10.000  |  100 |30-145| 
| Heptachlor             |  10.000 |     NA      |     10.000  |  100 |40-150| 
| PCB-1248               |  1000.0 |     NA      |     1000.0  |  100 |50-150| 
|________________________|_________|_____________|_____________|______|______| 
 
 
  # Column to be used to flag recovery values with an asterisk 
 
  * Values outside of QC limits 
 
  Spike Recovery:  0 out of 7 outside limits 
 
 
COMMENTS:  ___________________________________________________________________ 
             ___________________________________________________________________ 
 
 
 
 
page 1 of 1                      FORM III PEST                            
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ANALYST DATA REVIEW CHECKLIST 
 
 

Sample Number(s): 
Batch Number(s): 
Method: 8081/8082 

 
 

QA/QC Item 
 

Yes 
 

No 
 

NA 
Second Level 

Review 
 
A. Initial Calibration 
 1. Did the evaluation mix pass criteria? 

 
 
 

 
 
 

 
 
 

 
 
 

 
 2. Does the curve consist of at least five Calibration Standards? 

 
 

 
 

 
 

 
 

 
 3. Is the low standard near, but above the MDL? 

 
 

 
 

 
 

 
 

 
 4. Are the % RSDs within QC limits for all analytes? 

 
 

 
 

 
 

 
 

 
B. Second Source Verification 
 1. Was the initial calibration curve verified by a second source calibration 

standard (ICV) and have criteria been met? 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
C. Continuing Calibration 
 1. Are the Continuing Calibration Verification (CCV) standards analyzed 

every 20 samples or every 12 hours and at the end of the sequence? 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 2. Are the % differences within QC limits for all analytes? 

 
 

 
 

 
 

 
 

 
D. Sample Analysis 
 1. Did the evaluation mix pass criteria? 

 
 
 

 
 
 

 
 
 

 
 
 

 
 2. Are all sample holding times met? 

 
 

 
 

 
 

 
 

 
 3. Are all samples with concentrations > the highest standard used for 

initial calibration diluted and reanalyzed? 

 
 
 

 
 
 

 
 
 

 
 
 

 
 4. For single peak analytes - are all compounds identified on the primary 

column confirmed on the secondary column? 

 
 
 

 
 
 

 
 
 

 
 
 

 
 5. For multi-peak analytes - does the pattern of the analyte in the sample 

match the pattern of the standard? 
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 6. Are surrogate recoveries within QC limits?  (one surrogate both 

columns) 

 
 

 
 

 
 

 
 

 
ANALYST DATA REVIEW CHECKLIST 

 
 

 
E. QC Samples 
 1. Is the Method Blank extracted at the desired frequency and is its 

concentration for target analytes less than the MDLs? 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 2. Is the Laboratory Control Sample and its percent recovery within QC 

limits? 

 
 
 

 
 
 

 
 
 

 
 
 

 
 3. Is the Matrix Spike/Matrix Spike Duplicate extracted at the desired 

frequency and is the percent recovery/RPD within QC limits? 

 
 
 

 
 
 

 
 
 

 
 
 

 
F. Others 
 1. Are all nonconformances included and noted? 

 
 
 

 
 
 

 
 
 

 
 
 

 
 2. Are all calculations checked at the minimum frequency? 

 
 

 
 

 
 

 
 

 
 3. Did analyst initial/date the appropriate printouts and report sheets? 

 
 

 
 

 
  

 
 4. Are all sample IDs and units checked for transcription errors? 

 
 

 
 

 
  

 
 5. Are all manual integrations checked by a second reviewer to verify they 

were performed correctly? 

 
 
 

 
 
 

 
 
 

 
 
 

 
Comments on any "No" response: 

 
               Analyst:  Date:  

    
Second-Level Review:  Date:  

    
 



• 

• 

• 

EMPIRICAL LABORATORIES, LLC SOP-300 
Revision: 17 
Date: 09/23/08 
Page 10f 11 

GC/MS SEMI-VOLATILE 
BNA-AQUEOUS MATRIX 

EXTRACTION USING 
SW-846 METHOD 3510C 

FOR 8270C/625 ANALYSIS 

SOP NUMBER: SOP-300 

REVISION NUMBER: 17 

APPROVED BY: 'I \ " f ~ ~INMA~AGER 

EFFECTIVE DATE: 09/23/08 

DATE OF LAST REVIEW: 09123/08 

V:\LAB\QA QC\SOP\SOP-300-REV17.doc 



                                 EMPIRICAL LABORATORIES, LLC                                             SOP-300                                         
                                                                                                                                                       Revision: 17 
                                                                                                                                                       Date: 09/23/08 
                                                                                                                                                       Page 2 0f  11   

V:\Standard Operating Procedures\Current SOP File Directory\SOP-300-REV17.doc 

 
 
 
 

GC/MS BNA - AQUEOUS MATRIX EXTRACTION 
USING SW846 METHOD 3510C/8270C, 625 

 
I. SCOPE AND APPLICATION/SUMMARY 
 

1. This SOP describes the extraction of BNAs from water by separatory funnel 
extraction using SW846 Method 3510C and 625. Samples are extracted with 
methylene chloride and concentrated to an appropriate final volume. 

 
II.          INTERFERENCES 
               

1. Solvents, reagents, glassware, and other sample processing apparatus can add 
interferences to sample analysis. Method blanks must be extracted under the same 
conditions as samples to demonstrate freedom from interferences.   

2. Phthalate esters commonly found in plastics can interfere with the analysis. Plastics 
should be avoided. 

3. Soap residue can degrade certain analytes such as aldrin and heptachlor. Glassware 
should be solvent rinsed to avoid this problem.    

 
III. APPARATUS AND MATERIALS  
 
• Separatory Funnel - 2-Liter with Teflon stopcock 
• Beaker - 400 mL 
• Drying /Chromatographic column - 20 mm I.D. x 300 mm or funnel 
• Turbo-Vap evaporation tube - 200 mL tube made by Zymark to fit into Turbo-Vap evaporator 
• Metal rack - capable of holding six glass evaporation tubes 
• Turbo-Vap Evaporator - heated and capable of temperature control (+5°C); the bath should 

be vented into a hood. 
• Vials - 2 mL glass amber, with Teflon-lined screw cap and 40 mL with Teflon lid. 
• pH indicator paper - close range (1.0 - 2.0) and (10.0 - 12.0); wide range (1.0 - 12.0) 
• Syringe - 1 mL, 500 mL 
• Graduated cylinder - Glass, Class A, 1000 mL, 500 mL, and 100 mL 
• Pasteur pipette - length 9" and 5-3/4" 
• Pasteur pipette bulb  
• Labels - Avery 
• Teflon Bottles - 250 mL and 1000 mL 
• Ring stand - 3 prong 
• Aluminum foil - heavy duty 
• 10 mL disposable pipette 
• Nitrogen tank - equipped with pressure regulator  
 
 
IV. REAGENTS 
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• Reagent Water - Reagent water is gathered in a carboy from source in the instrument lab 

daily.  Remaining water in the carboy is dumped at the end of each day. 
 
• Sodium Hydroxide Solution - (10N), Weigh 400 g NaOH (purchased in a plastic container 

from Fisher # S318-3 or equivalent) into a 1200 mL fleaker beaker and cover with reagent 
water.  Swirl until all pellets are dissolved.  This mixture gets very hot.  Let stand until cool.  
Transfer to a 1-liter volumetric flask with several rinses of reagent water and dilute to 1 liter 
with reagent water.  Transfer to a 1000-mL Teflon container. 

 
• Sodium Sulfate - Granular, anhydrous, trace pure 10 - 60 mesh (purchased in plastic bulk 

containers from Fisher # S415-10S or equivalent) placed in Pyrex  tray and heated at 400°C 
for a minimum of 4 hrs, removed and cooled in open air in the extraction lab, placed in a 
2.5 kg glass amber jug and left at room temperature. 

 
 
• Glass Wool - Silane Treated (purchased from Supelco #2-0410 or equivalent). 
 
• Sulfuric Acid Solution - (1:1), slowly add 500 mL of H2SO4 (Baker, suitable for trace metal 

analysis #9673-33 or equivalent) to 500 mL of reagent water in a 1000 mL Teflon container.  
This mixture will get very warm.  Allow to cool before use. 

 
• Extraction Solvent - Methylene Chloride (Please read SOP-336 before handling this 

solvent in our laboratory.) (Dichloromethane - Omnisolv - suitable for spectrophotometry 
and gas chromatography #DX0831-1 or equivalent). 

 
• The GC/MS operator makes up all surrogates and spikes. Verify the amount of 

surrogate/spike to add to the sample prior to addition.  It can change if a different detection 
limit is required or the volume of sample being analyzed changes. 

 
BNA Surrogate - The base neutral and acid surrogates are normally mixed together in one 
solution.  This solution is purchased from a reputable vendor.  Use 0.5 mL of this solution per 
1000 mLs of aqueous sample for surrogate amount of 100:200 ug/mL per sample.  (For low 
level PAHs use 1.0ml of a 1.0µg/mL BN Surrogate spiking solution.) 

 
 BNA Spiking Solution - The base neutral and acid spiking solutions are 
normally mixed together in one solution ( This spiking solution contains all 
the compounds that are normally calibrated by GC/MS ).  This solution is 
prepared in methanol by making a dilution of stock purchased from a reputable 
vendor.  Use 0.5 mL of this solution per 1000 mLs of aqueous sample for LCS 
amount of 100ppm per sample.  There are two separate spiking solutions 
available – one solution has a more complete list of BNA compounds than the 
other which is called the short or matrix spike list.  The long list should be used 
on all extractions unless your supervisor has approved the short list.  The short 
list may be used for any ‘phenol only’ extractions. (For low level PAHs use 1.0 ml of 
a  1.0ppm of the LLPAH spiking solution.) 
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BNA TCLP Spike – 0.5 mL is added per 100-mL volume.  Each matrix type must have its 
own TCLP spike.  TCLP spike should be added after the TCLP has been filtered but prior to 
refrigeration.  From the volume provided by Wet Chemistry, remove a 100-mL aliquot into a 
suitable container with a teflon lid, and spike as indicated above.  

 
V. PROCEDURE 
 
1. All waters have a seven-day holding time counted from the hour they are sampled.  

Determine the samples necessary to extract from the following sources (Note: never 
extract samples of unknown origin without discussion with supervisor): 
• Each day a backlog report will be provided indicating sample numbers with the 

respective analysis required.  Line through all the extractions that have been 
completed and plan to do the remaining analysis within the required holding time. 

• Samples requiring RUSH turn around time may be logged in throughout the day 
which will require your immediate attention.  Log-in personnel will generally 
communicate this need. 

• Check with log-in throughout the day and examine the COC (chain of custody) forms 
that arrive with each set of samples.   If an analysis is ongoing, extra QC may be 
avoided by picking up those extractions on the same day. 

 
2. Wearing lab coat, gloves and safety glasses, get samples from refrigerator.  Samples must 

be signed out of the walk-in refrigerator.  Enter the sample numbers, your initials and the 
date and time removed on the log provided.  Inspect as to whether they are in glass amber 
jar and have a Teflon lid. Find out if any special dilutions need to be made for this client.  
Routine procedures for difficult matrices are listed below:  

 
SLUDGE - use only 100 mL and dilute to 1000 mL with reagent water.   
TCLP EXTRACT - use only 100 mL and dilute to 1000 mL with reagent water.  A 
separate matrix spike of 100 mLs (which has already been spiked as explained in the 
BNA TCLP Spike section above) should be set up at the same time.  Dilute to 1000 mL 
with reagent water.   
BAD MATRIX – for example a liquid that is partially sediment, see your supervisor to 
find out what dilution, if any should be made.  SPLP extract- use 1 liter. 
NPDES client - a special list of compounds is required including benzidine.   Method 
625 requires that there be a spike every ten samples.   The sample must be extracted and 
concentrated in the same day.  A GC/MS screen is recommended; therefore this 
extraction should be coordinated with the GC/MS operator.  1 mL is added to the LCS 
and the matrix spike. 
ACID EXTRACT WITH BAD MATRIX - a cleanup step is added.  Samples are taken 
to a high pH, extracted with 60 mLs methylene chloride one time as explained below in 
the BASE NEUTRAL EXTRACTION section.  This extract is discarded.  The samples 
are then taken to a low pH and extracted as an acid extraction.  Acid extractions may be 
concentrated in the TurboVap.   
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3. LOW LEVEL POLYAROMATIC HYDROCARBONS (PAHs) – Samples require a  
BNA extraction.  Use the Surrogate and BN spiking solutions specified.  Low level PAHs 
are normally concentrated on the Turbo-Vap using Round-Bottom TV tubes to a final 
volume of 0.5 mL  

 
4. Mark the amber glass container of each sample at the water meniscus with "white out" for 

later determination of sample volume.  Check the pH by inverting the sample and 
touching the wide range pH paper to the portion that remains on the lid.  Record this pH 
in the logbook. 

 
5.   Get out enough separatory funnels to extract the number of samples you have plus any 

additional spikes and a method blank.  A method blank and an LCS must be processed 
with each set of samples. If the sample is a TCLP, blank fluid may be provided along 
with the extracted TCLP sample(s).  Use only 100 mL and dilute to 1000 mL with 
reagent water.  A matrix spike and a duplicate or a matrix spike duplicate must be 
processed for each analytical batch (up to a maximum of 20 samples).  In the event that 
adequate sample is not provided to do an MS/MSD, an LCS duplicate should be done.  
Rinse separatory funnels with methylene chloride.  Place an Avery label on each 
separatory funnel containing the following information:  Lab #, Client name, Type of 
Analysis, Initial Volume-Final Volume, and the Lab prepbatch code.  The lab batch code 
is defined as MMDDYYB# where #:  1 = 1st method blank of the day; 2 = 2nd method 
blank of the day; etc.  The Method Blank and LCS label should include all lab #s in this 
set of samples. 

 
6. Using the 1000-mL glass graduated cylinder marked NANO PURE WATER ONLY, 

measure 1000 mL of reagent water from the carboy and transfer it to a separatory funnel 
for the method blank and LCS.  Transfer sample to separatory funnel that corresponds to 
the lab # on the sample bottle.  

 
7. Verify the amount of surrogate/spike to add to the sample prior to addition.  It can change 

if a different detection limit is required or the volume of sample being analyzed changes. 
Set out the surrogate/spike at least ten minutes before use to allow it to warm to room 
temperature.  

 
Generally 0.5 mL of BNA surrogate is added to each sample, spike, and blank with a 
syringe designated for BNA surrogate. For low level PAHs use 1.0ml of a 1.0ppm 
LLPAH Surrogate spiking solution.   Someone must verify that the surrogate has been 
added by placing a check mark on each label as it is added.  

 
NOTE:  Be sure to invert syringe and eliminate air bubble when obtaining surrogate 
solution and spiking solution. 

 
For the sample in each analytical batch selected for spiking, use the 0.5-mL glass syringe 
designated for BNA spike, to add 0.5 mL of BNA spiking solution. For low level PAHs 
use 1.0 mL of the 1.0ppm LLPAHs  spiking solution.  Someone must verify that the 
spike has been added by placing a check mark on each label as it is added.  For DOD 
QSM projects, all target compounds will be spiked into the LCS and MS/MSD. 
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Enter the ID# of the surrogate/spike used and the initials of the person that verified their 
addition to the sample in the BNA logbook. 
 

8. ACID EXTRACTION:  Adjust the pH to between 1.0 and 2.0, using 2 mL of 
1:1 H2SO4.  Add to each sample, spike and method blank.  Stopper and shake to insure 
that pH throughout the sample is changed.  Check the drop of liquid hanging from the lid 
with short-range pH paper.  Compare the color to the chart on the pH paper.  If the color 
is not within range add more H2SO4 solution in small increments, as required to attain 
the proper pH. 

 
9. Add 40 mL of Methylene Chloride to each empty sample bottle and to the LCS, method 

blank and MS/MSD funnels. Swirl the 40-mL of methylene chloride that you added to 
the empty sample bottle and transfer to the corresponding separatory funnel. 

 
10. Seal and shake the separatory funnel vigorously for 2 minutes with periodic venting to 

release excess pressure.  Alternatively, Teflon funnels may be used and placed in the 
shaker apparatus with the stopcocks slightly open. When this apparatus is used, the shake 
should be for 3 minutes. 

 
NOTE: Methylene chloride creates excessive pressure very rapidly; therefore, initial 
venting should be done immediately after the separatory funnel has been sealed and 
shaken once. 

 
11. Allow the sample to sit for 10 minutes, if necessary, after it has been shaken.  It will 

separate into two layers with the solvent layer on the bottom.  If it forms an emulsion 
(thick, cloudy, viscous, mixture that you cannot see through), drain what you believe to 
be 40 mL into a 250 mL centrifuge bottle.  If the layers are clearly separated, drain the 
solvent layer into a 400-mL glass beaker. 

 
12. Following Steps 9 and 10, extract two more times with 40 mLs of methylene chloride.  

Combine the three solvent extracts into the same 400-mL beaker. 
 
13. BASE NEUTRAL EXTRACTION:  Adjust the pH to 11 or slightly greater, using 

10N NaOH.  Start by adding 5.0 mLs to each sample, spike, and method blank.  Stopper 
and shake to insure that pH throughout the sample is changed.  Check the drop of liquid 
hanging from the lid with short-range pH paper.  Compare the color to the chart on the 
pH paper.  If the color is not within range add more 10N NaOH in small increments, as 
required to attain the proper pH.  BNA extraction is necessary when doing low level 
PAHs. 

 
NOTE:  This step is critical to the extraction procedure.  Too much NaOH solution 
could cause you to lose certain Base Neutral compounds.  Be careful on this step. 

 
14. FOR 8270 extraction: Extract one more time with 40 mL of methylene chloride 

following Steps 9 and 10. Combine BN and Acid extracts in a same 400ml beaker, unless 
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the BN extract has large amount of emulsion; then it will be necessary to use a separate 
400 mL beaker.  Concentrate BN and acid extracts for one final extract. 

             NOTE: It has been demonstrated that two acid and one BN extraction can be used 
for normal 8270 samples. This procedure cannot be used for DOD or 625 samples. 

 
 For 625 extraction: extract 3 more times with 40 mL methylene chloride following steps 

9 and 10. Combine BN extracts in separate 400 mL beaker. Concentrate BN and acid 
extracts separately for one final extract.  

 
15. In the log book marked BNA extractions, enter the Client name, the Lab #, the date 

extracted, the initial volume, and 1.0 mL for the final volume and anything unusual that 
may have occurred with this sample.  The final volume for low level PAHs is 0.5 mL. 

 
16.   Prepare to dry the sample by either of the following methods: 

16A. Get a ring stand with a double burette clamp attached to it.  Cover the burette 
clamp ends with aluminum foil to prevent the possibility of solvent touching the 
plastic coated ends and dripping into the extract.  Place a drying column into the 
burette clamp and transfer a small amount of glass wool to the top of it.  Tamp it 
to the bottom with a glass rod so that it adequately covers the hole at the bottom.  
Add approximately 10 cm of Sodium Sulfate to the column.  Rinse with 20 to 
30 mL of methylene chloride and discard this rinse into the Chlorinated Waste 
container in the hood. OR 

 
16B.   Set up a ring stand with funnels.  Place a small amount of glass wool in the 

bottom of it, add ~2” sodium sulfate to the column and rinse with 20-30 mL 
methylene chloride.  Discard this rinse into the Chlorinated Waste container in 
the hood. 

 
 
17. If the extract was drained into a centrifuge bottle, at this point you will need to take it to 

the centrifuge.  Push the "ON" button to turn the centrifuge on.  Be sure that the large 
holders are available for the 250-mL centrifuge bottles.  The sample must always be 
balanced.  If necessary use a dummy bottle making it similar weight using reagent water.  
Set the rpm at 2500 and the temperature at 0°C.  Close the lid and be sure to press it 
down until you hear it click.  Move the lever at the front of the lid to the "LOCK" 
position.  Turn the time to approximately 15 minutes and bring it back to 10 minutes.  As 
the rotor begins to move, you will be able to see the rpm's in the digital readout.  Stay 
with the centrifuge until it has come up to the rpm's set to insure that it does not become 
unbalanced.  This looks like 8888 on the digital readout.  Should this occur, refer to the 
manual.  When the cycle is complete, the digital readout will read 0000.  Push the 
"OPEN" button and the lid will pop up.  Move the lever at the front of the lid to the 
"UNLOCK" position.  Open lid and remove sample.  The sample will usually be in two 
layers with the extract on the bottom. 

 
18. Remove any water layer from the extract in the beaker or centrifuge bottle, by one of two 

methods.  Remove with a Pasteur pipette by carefully pulling up the water layer, on top, 
and not the solvent.  Discard this layer in the sink.  Use the smallest amount possible of 
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Na2SO4 by sprinkling the top layer with Na2SO4 until it hardens, separates, and drops to 
the bottom.  

 
19.  TURBO-VAP CONCENTRATION  

Low level PAH sample concentration is primarily done by Turbo-Vap using 
Round-Bottom TV tubes. 

 
• Rinse a Turbo-Vap tube with methylene chloride and arrange it underneath a 

rinsed, packed drying column or funnel.  Pour the extract through the column 
so that it will collect in the tube. Rinse the 400-mL beaker, which contained 
the solvent extract twice with 10 to 15 mL of methylene chloride and add 
each rinse to the column to complete the quantitative transfer.  After all the 
extract has passed through the column, rinse the column with 10 to 15 mL of 
methylene chloride.  Total volume in the glass evaporator tube should not 
exceed 200 mLs to avoid splattering on the lid of the Turbo-Vap.  

• Record the numbers of the Turbo-Vap tube in the BNA logbook and remove 
the tube to a metal holder.    To help prevent cross contamination, place a 
piece of aluminum foil over the Turbo-Vap tube and punch a small hole in 
the top so that the nitrogen can be accessed.   

 
• Turbo-Vap Operation:  Adjust the pressure of nitrogen gas tank to >30 psi.  

Make sure the tank has 200 psi or more on the main valve.  The temperature 
of the bath should be approximately 40°C -50°C. 

 
• Place the glass evaporator tube in the Turbo-Vap.  Be sure to push tube down 

so the tip slides into the sensor well.  Close the lid to start concentration.  
Check that each position with a tube has an orange light showing.  If the 
orange light is not steady, bubbles may be in the sensor and need removal.  
(See Turbo-Vap manual). 

 
• When the beep sounds indicating the end of concentration, the extract will be 

at approximately one half mL (half way up tip of tube).  Remove the tube 
from the bath. Use a 9" Pasteur pipette to draw up the sample and transfer it 
to the 2-mL vial.  THIS IS THE MOST CRITICAL PART OF THE ENTIRE 
OPERATION!!!  A single drop represents about 10 percent of the total 
sample.  Before you move the tip of the pipette from the tube to the vial, be 
sure that a drop will not form on the end and fall off. 

 
• Draw ~0.25 mL of methylene chloride into a 0.50 mL syringe and add this 

aliquot to the centrifuge tube.  Draw the methylene chloride into a pipette 
and rinse the sides of the tube several times.  Transfer this rinse to the 2-mL 
vial.  Add methylene chloride from the syringe and repeat the rinsing process 
until you have ~ 1 mL in the sample extract vial.   Compare this volume to a 
2-mL dummy vial containing 1 mL of solvent to insure that you have not 
exceeded 1 mL.  For low level PAHs the final volume is 0.5mL.  The 
methylene chloride rinse volume must be adjusted to achieve this final 
volume.  Compare the volume to a 2mL dummy vial containing 0.5 mL of 
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solvent to insure that you have not exceeded 0.5 mL.  The GC/MS operator 
will adjust the sample to the desired final volume and add internal standard 
just prior to analyses.  Cover the extract with a Teflon-sealed screw cap and 
transfer the label to the vial. 

 
 
20. Determine the original sample volume by refilling the sample bottle to the mark made 

with "white out."  Transfer the liquid to a plastic 1000-mL graduated cylinder and record 
the sample volume in the BNA logbook and the Avery label to the nearest 10-mL.  

 
21. The extract is now ready to be analyzed.  Refrigerate at 4°C or carry directly to the 

instrument operator.  Samples must be signed into the Sample Extract refrigerator.  On 
log provided, enter the sample numbers, the analyst initials, and the date and time the 
samples were placed into the refrigerator. 

 
VI.      DOCUMENTATION OF CAPABILITY ( DOC) 
            Each analyst must perform a DOC to demonstrate proficiency with this method. Refer to    

SOP-413 for guidance. 
 
VII.     WASTE MANAGEMENT AND POLLUTION PREVENTION 

 
               Please see Waste Disposal SOP-405 for the proper disposal of waste generated 

from this area. 
 
             Quantity of chemicals purchased should be based on expected usage during its shelf-life 

and the disposal cost of unused material. Actual reagent preparation volumes should 
reflect anticipated usage and reagent stability. 

 
VIII.    METHOD PERFORMANCE 
 
            Refer to SOP-201 for method performance. 

 
IX.      HEALTH AND SAFETY 
 

Refer to the MSDS sheets for the chemicals used for health and safety information.     
Also see SOP-336 for proper use of methylene chloride. 
 

REFERENCES 
 

1. Test Methods for Evaluating Solid Waste, SW-846, Third Edition 
2. 40 CFR, Method 625. 

DEFINITIONS 
 

 
BNA-      base/neutral acid 
°C -        degrees centigrade 
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COC -    chain of custody 
DL -       detection limit 
g -          grams 
KD -       kuderna danish 
LCS -      laboratory control sample 
μg/L -     micrograms per liter 
µL -        microliter 
μg/ml -    micrograms per milliliter 
ml -         milliliter 
mm -       millimeter 
MS -       matrix spike 
MSD -    matrix spike duplicate 
PAH-      polynuclear aromatic hydrocarbon 
RL -        reporting limit 
SOP -     standard operating procedure 
v/v -        volume to volume 
 
Refer to SOP-431  for further definitions 
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Fraction:  Semi-volatiles     Matrix:  Water          EX0__           
Supervisor_________________

________ 
   Date Setup  Initial Final Surrogate Surr Spike Spk  10ml 15ml Conc. Solvent Lot/Vendor   
# Client Lab No. Extracted Initials pH Volume(ml) Volume(ml) Added Initials Added Initials KD Conc. Cent. Initials Methylene Chloride Notes/Comments # 
1          NA NA       1 

2          NA NA       2 

3          NA NA       3 

4          NA NA       4 

5          NA NA       5 

6          NA NA       6 

7          NA NA       7 

8          NA NA       8 

9          NA NA       9 

10          NA NA       10 

11          NA NA       11 

12          NA NA       12 

13          NA NA       13 

14          NA NA       14 

15          NA NA       15 

16          NA NA       16 

17          NA NA       17 

18          NA NA       18 

19          NA NA       19 

20          NA NA       20 

                   
        SAS SAS       SAS   
        SAS SAS       SAS   
        SAS SAS       SAS   
        SAS SAS       SAS   
        SAS SAS       SAS   
        SAS SAS       SAS   
        SAS SAS       SAS   
        SAS SAS       SAS   
        SAS SAS       SAS   
        SAS SAS       SAS   
        SAS SAS       SAS   
        SAS SAS       SAS   
        SAS SAS       SAS   
        SAS SAS       SAS   
        SAS SAS       SAS   
        SAS SAS       SAS   
        SAS SAS       SAS   
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 PESTICIDE/PCB - AQUEOUS MATRIX EXTRACTION 
BY EPA METHOD 608/608.2 AND SW-846 METHOD 8081A/8082 

USING SW846 METHOD 3510C 
 
I. SCOPE AND APPLICATION 
 

1. This SOP describes the extraction of pesticides/PCBs from water by separatory 
funnel extraction using SW846 Method 3510C and Method 608/608.2. 

 
II. SUMMARY 
 

1. Aqueous samples are extracted three times with methylene choride. The extracts are 
dried through sodium sulfate and concentrated and exchanged to hexane.  

 
III.        INTERFERENCES 
               

1. Solvents, reagents, glassware, and other sample processing apparatus 
can add interferences to sample analysis. Method blanks must be 
extracted under the same conditions as samples to demonstrate freedom 
from interferences.   

2. Phthalate esters commonly found in plastics can interfere with the 
analysis. Plastics should be avoided. 

3. Soap residue can degrade certain analytes such as aldrin and heptachlor. 
Glassware should be solvent rinsed to avoid this problem.    

 
 
IV.         APPARATUS AND MATERIALS 
 
• Separatory Funnel - 2 Liter with Teflon stopcock 
• Beaker - 400 mL 
• Drying/Chromatographic column - 20 mm I.D. x 300 mm (or funnel) 
• Turbo-Vap evaporation tube - 200-mL tube made by Zymark to fit into Turbo-Vap 

evaporator. 
• Metal rack - capable of holding six glass evaporation tubes. 
• Turbo-Vap Evaporator - heated and capable of temperature control (+5°C); the bath 

should be vented into a hood. 
• Vials 10-mL glass, with Teflon-lined screw cap  
• pH indicator paper - wide range (1.0 -12.0) 
• Syringe - 1 mL, 500 µL 
• Graduated cylinder - Glass, Class A, 1000 mL, 500 mL, and 100 mL 
• Pasteur pipette - length 9" 
• Pasteur pipette bulb  
• Labels - Avery 
• Teflon Bottles - 250 mL and 1000 mL 
• Volumetric Flasks - Class A, glass, 1000 mL, 500 mL,100 ml, 50 ml. 
• Ring stand - 3 prong 
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• Burette clamp - double 
• Aluminum foil - heavy duty 
• 10 mL disposable pipette 
• Nitrogen tank - equipped with pressure regulator  
• Boiling chips - Teflon 
 
 
V. REAGENTS 
 
• Reagent water - Reagent water is gathered in a carboy from source in the instrument lab 

daily.  Remaining water in the carboy is dumped at the end of each day. 
• Sodium Sulfate (Na2SO4) - Granular, anhydrous, trace pure 10 - 60 mesh 

(purchased in bulk containers from Fisher # S415-10S or equivalent] placed in a 
Pyrex tray and heated at 400°C for 4 hrs minimum, removed and cooled in open 
air in the extraction lab, placed in a 2.5 kg glass amber jug and left at room 
temperature. 

• Glass Wool - Silane Treated  (purchased from Supelco #2-0410 or equivalent). 
• Sulfuric Acid Solution - (1:1), slowly add 500 mL of H2SO4 (Baker, suitable for trace metal 

analysis #9673-33 or equivalent) to 500 mL of reagent water in a 1000 mL Teflon container.  
This mixture will get very warm.  Allow to cool before use. 

• Sodium Hydroxide Solution - (10N), Weigh 400 g NaOH (purchased in a plastic container 
from Fisher # S318-3 or equivalent) into a 1200 mL fleaker beaker and cover with reagent 
water.  Swirl until all pellets are dissolved.  This mixture gets very hot.  Let stand until cool.  
Transfer to a 1-liter volumetric flask with several rinses of reagent water and dilute to 1 liter 
with reagent water.  Transfer to a 1000-mL Teflon container. 

• Extraction Solvent - Methylene Chloride (Please read S0P-336 before handling this solvent 
in our laboratory.) (Dichloromethane - Omnisolv - suitable for spectrophotometry and gas 
chromatography #DX0831-1 or equivalent) 

• Hexane - suitable for gas chromatography (Omnisolv HX0298-1 or equivalent) 
• The GC operator makes up all surrogates and spikes. Verify the amount of surrogate/spike to 

add to the sample prior to addition.  It can change if a different detection limit is required or 
the volume of sample being analyzed changes. 

TCMX/DCB (2, 4, 5, 6 - Tetrachloro-meta-xylene/Decachlorobiphenyl) - Surrogate 
solution is prepared in acetone by making a cut on stock purchased from a reputable vendor.  
The final concentration is 0.5 µg/mL.  Generally use 1.0 mL of this solution per 1000ml of 
aqueous sample. 

PCB Spiking Solution - The PCB of choice (1242, 1248, 1254, or 1016/1260 are the most 
common) is prepared in acetone at a concentration of 5.0 PPM.  PCB stock is usually 
purchased from RESTEK or equivalent.  The PCB to use may be determined by viewing 
historical data or asking the GC operator.  Generally use 0.2- 1.0 mL per 1000ml of aqueous 
sample. 

Pesticide Spiking Solution - A spiking solution is prepared at the appropriate 
concentration of 1 ppm.  Generally use 1 mL per 1000ml of aqueous sample.  For 608 
samples, 1 out of every 10 samples must be spiked. 
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• TCLP’s - When necessary to set up a TCLP, in addition to setting up the sample, two matrix 
spikes must be set up and should include the following: 1.0 mL is added per 100 mL volume.  
Each matrix type must have its own TCLP spike.   

TCLP Spike 1 - includes Chlordane at 10 µg/mL and Toxaphene at 10 µg/mL.  These 
spikes are made up individually and are also used as the LCS spike.  Add 1 mL of each to a 
100-mL aliquot.  

TCLP Spike 2 - includes Mix A and Mix B @ 100 to 1000 µg/L ppb (also used as the 
pesticide spiking solution).  These spikes are combined into one solution.  Add 1 mL per 100-
mL aliquot. 

 
VI. PROCEDURE 
 
 
1. All waters have a seven-day holding time counted from the hour they are sampled.  

Determine the samples necessary to extract as follows: 
 
Each day a backlog report will be provided indicating sample numbers with the 
respective analysis required.  Line through all the extractions that have been completed 
and plan to do the remaining analysis within the required holding time. 
 
Samples requiring RUSH turn around time may be logged in throughout the day that will 
require your immediate attention.  Login personnel will generally communicate this need.  
 
Check with login throughout the day and examine the COC (chain of custody) forms that 
arrive with each set of samples.   If an analysis is ongoing, extra QC may be avoided by 
picking up those extractions on the same day. 
 

2. Wearing lab coat, gloves and safety glasses, get samples from cooler.  Samples must be 
signed out of the walk-in refrigerator.  Enter the sample numbers, your initials and the 
date and time removed on the log provided. Inspect as to whether they are in glass amber 
jar and have a Teflon lid.  Find out if any special dilutions need to be made for this client. 
Routine procedures for difficult matrices are listed below:  

 
SLUDGE  - use only 100 mL and dilute to 1000 mL with reagent water.   
TCLP EXTRACT - use only 100 mL for the sample and dilute to 1000 mL with reagent 
water.  Two matrix spikes of 100 mLs (per client matrix).  Dilute to 1000 mL with 
reagent water.   
BAD MATRIX – for example a liquid that is partially sediment, see your supervisor to 
find out what dilution, if any, should be made.   

    NPDES client - Samples for method 608/608.2 are checked by login to make sure the pH 
of the sample is in the range of 5.0 and 9.0.  If the sample is not in this range, extraction 
personnel will be notified.  At that time, it is the responsibility of the extraction lab to 
adjust the pH of the sample to the appropriate range (pH of 5-9 using NaOH solution or 
H2SO4, as necessary) or to extract the sample within 72 hours of sampling.  If a pH 
adjustment is made, the details of the adjustment must be recorded on the sample chain of 
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custody and the outside of the sample bottle.  Set up one full list matrix spike for every 
ten samples. 

 
3. Mark the amber glass container of each sample at the water meniscus with "white out" for 

later determination of sample volume. Check the pH by inverting the sample and 
touching the wide range pH paper to the portion that remains on the lid.  Record this pH 
in the logbook 

 
4. Get out enough separatory funnels to extract the number of samples you have plus any 

additional spikes and a method blank.  A method blank and an LCS are to be processed 
with each set of samples. If the sample is a TCLP, a blank may be provided along with 
the extracted TCLP sample(s).  Use only 100 mL and dilute to 1000 mL with reagent 
water. A matrix spike and a duplicate or a matrix spike duplicate must be processed for 
each analytical batch (up to a maximum of 20 samples) except for TCLPs and 608 
samples as noted above. In the event that adequate sample is not provided to do an 
MS/MSD, an LCS duplicate should be done.   Rinse separatory funnels with methylene 
chloride. Place an Avery label on each separatory funnel containing the following 
information:  Lab #, Client name, Type of Analysis, Initial Volume - Final Volume, and 
the Lab Prep Batch Code.  The lab prep batch code is defined as MMDDYYP# where #:  
1 = 1st Method Blank for the day; 2 = 2nd Method Blank for the day; etc.  The Method 
Blank and LCS label should include all lab #s in this set of samples. 

 
5. Using the 500 mL glass graduated cylinder marked NANO PURE WATER ONLY, 

measure 1 liter of reagent water from the carboy and transfer it to a separatory funnel for 
the Method Blank and LCS.  Transfer sample to separatory funnel that corresponds to the 
lab # on the sample bottle.  Add 50 mL of Methylene Chloride to the empty bottle.   

 
6. Verify the amount of surrogate/spike to add to the sample prior to addition.  It can change 

if a different detection limit is required or the volume of sample being analyzed changes. 
Set out the surrogate/spike at least ten minutes before use to allow it to warm to room 
temperature.  

 
Using the 1.0-mL glass syringe marked TCMX/DCB surrogate, add 1.0 mL of 
TCMX/DCB surrogate to each sample, blank and spike. A second analyst 
must verify that the surrogate and spike has been added. Enter the ID# of 
the standard, amount, and the initials of the analysts in the extraction 
logbook. 

 
7. Determine if the sample will require a Pesticide Spike or a PCB Spike or both.  Proceed 

as follows: 
 

Pesticide and PCB - set up two LCS’s  – one for Pesticide getting a MIX A&B spike and 
one for PCB, which should be spiked with PCB 1016/1260.  In addition to the LCS’s, a 
matrix sample spike and duplicate is spiked for pesticides and PCBs. 
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Pesticide only – To the sample in each analytical batch selected for spiking, add 1.0mL of 
Pesticide Spike (Mix A&B) with a glass syringe dedicated for Pesticide Spike.  
   
PCB only - To the sample in each analytical batch selected for spiking, add 
1.0 mL of PCB 1016/1260 or 1248 (project specific) unless otherwise specified 
using a 1.0-mL glass syringe dedicated to that PCB. 
 
NOTE:  Due to limited volume received, usually it is necessary to use 1/2  liter to do a 
spike so that a spike duplicate can be extracted also.  If only one liter is provided for 
spiking purposes, use a 500-mL glass cylinder to measure out half the sample.  Transfer 
to a separatory funnel labeled for the Spike.  Measure the remaining sample and transfer 
to a separatory funnel labeled Spike Duplicate.  Add 1/2 the normal amount of spiking 
solution and 1/2 the normal amount of surrogate. 
 
Enter the ID# of the surrogate and spike used and the initials of the person that verified 
their addition to the sample in the extraction logbook. 

 
8. If necessary, adjust the pH to between 5.0 and 9.0 using NaOH solution or H2SO4. If a 

pH adjustment is made, the details of the adjustment must be recorded in the extraction 
logbook.  

 
 
9. Swirl the 50-mL of methylene chloride that you added to the empty sample bottle and 

transfer to the corresponding separatory funnel.  In addition, add 50 mLs of methylene 
chloride to the method blank, LCS, and spikes. 

 
10. Seal and shake the separatory funnel vigorously for 2 minutes with periodic venting to 

release excess pressure.  Alternatively, teflon separatory funnels may be placed in the 
shaker apparatus with the stopcock slightly open.  When this apparatus is used, the shake 
should be for 3 minutes. 

 
NOTE: Methylene chloride creates excessive pressure very rapidly; therefore, initial 
venting should be done immediately after the separatory funnel has been sealed and 
shaken once. 

 
11. Allow the sample to set for 10 minutes, if needed, after it has been shaken.  It will 

separate into two layers with the solvent layer on the bottom.  If it forms an emulsion 
(thick, cloudy, viscous, mixture that you cannot see through), drain what you believe to 
be 50 mL into a 250 mL centrifuge bottle.  If the layers are clearly separated, drain the 
solvent layer into a 400-mL glass beaker. 

 
12. Following Steps 10 and 11, extract two more times with 40 mLs of methylene chloride.  

Combine the three solvent extracts into the same 400-mL beaker. 
 
13. In the logbook marked Pest/PCB extractions, enter the Client name, the Lab #, the date 

extracted, and anything unusual that may have occurred with this sample. 
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14.   Dry the sample by either of the following methods: 

14.1 Get a ring stand with a double burette clamp attached to it.  Cover the burette 
clamp ends with aluminum foil to prevent the possibility of solvent touching the 
plastic coated ends and dripping into the extract.  Place a drying column into the 
burette clamp and transfer a small amount of glass wool to the top of it.  Tamp it 
to the bottom with a glass rod so that it adequately covers the hole at the bottom.  
Add approximately 10 cm of Sodium Sulfate to the column.  Rinse with of 
methylene chloride 20-30 mL and discard this rinse.  

 
14.2   Set up a ring stand with funnels.  Place a small amount of  

glass wool in the bottom of it.  Add ~2” sodium sulfate to the column and rinse 
with 20-30 mL methylene chloride.  Discard this rinse. 

 
15. If the extract was drained into a centrifuge bottle, at this point you will need to take it to 

the centrifuge.  Push the "ON" button to turn the centrifuge on.  Be sure that the orange 
holders are available for the 250-mL centrifuge bottles.  The sample must always be 
balanced.  If necessary, use a dummy bottle with similar weight using reagent water.  Set 
the rpm at 2500 and the temperature at 25°C.  Close the lid and be sure to press it down 
until you hear it lock.  Move the lever at the front of the lid to the "LOCK" position.  
Turn the time to approximately 15 minutes and bring it back to 10 minutes.  As the rotor 
begins to move, you will be able to see the rpm's in the digital readout.  Stay with the 
centrifuge until it has come up to the rpm's set to insure that it does not become 
unbalanced.  This looks like 8888 on the digital readout.  Should this occur, refer to the 
manual.  When the cycle is complete, the digital readout will read 0000.  Push the 
"OPEN" button and the lid will pop up.  Move the lever at the front of the lid to the 
"UNLOCK" position.  Open lid and remove sample.  The sample will usually be in two 
layers with the extract on the bottom. 

 
16. Remove any water layer from the extract in the beaker or centrifuge bottle, by one of two 

methods.  Remove with a Pasteur pipette by carefully pulling up the water layer, on top, 
and not the solvent.  Discard this layer.  Use the smallest amount possible of Na2SO4 by 
sprinkling the top layer with Na2SO4 until it hardens, separates, and drops to the bottom. 

 
17. TURBO-VAP CONCENTRATION  
  

17.1. Rinse a Turbo-Vap tube and arrange it underneath a rinsed, packed 
drying column/funnel.  Pour the extract through the column so that it will 
collect in the tube.  Rinse the 400-mL beaker twice with 10 mL of 
methylene chloride.  Rinse the column with 10 to 15 mL of methylene 
chloride.  For solvent exchange purposes add 50 mL of hexane to each 
tube.  Total volume in the glass evaporator tube should not exceed 200 
mLs to avoid splattering on the lid of the Turbo-Vap.  While waiting for 
the drying column/funnel to quit dripping, record the numbers of the 
Turbo-Vap tube in the Pesticide/PCB logbook and remove the tube to a 
metal holder.   
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17.2 Turbo-Vap Operation:  Adjust pressure of nitrogen gas tank to >30 psi.  

Make sure the tank has 200 psi or more on the main valve.  Temperature 
of the bath should be at 40°C -50°C.  To help prevent cross 
contamination, cover the turbovap tube with aluminum foil and punch a 
small hole in the top. 

 
17.3 Place the glass evaporator tube in the Turbo-Vap.  Be sure to push tube 

down so the tip slides into the sensor well.  Close the lid to start 
concentration.  Check that each position with a tube has an orange light 
showing.  If the orange light is not steady, bubbles may be in the sensor 
and need removal.    (See Turbo-Vap manual). 

 
17.4 When the Pesticide and/or PCB samples concentrate to approximately 

one mL, remove the tube from the Zymark.   
 

NOTE: For PCBs Only* Some wastewater samples will form a gel like 
substance when the hexane is concentrated.  Proceed with these samples 
as follows:  Add just enough methylene chloride to make the gel go back 
into solution.  Acid clean the extract and reconcentrate.  Exchange with 
hexane again.  If gel forms again, add enough methylene chloride to get 
gel back into solution.  Transfer to a suitable container and record the 
final volume on the label and the extraction logbook. Note the percentage 
of methylene chloride in sample also. 

 
17.5 When the beep sounds indicating the end of concentration, the extract 

will be at approximately one – one half mL (half way up tip of tube).  
Remove the tube from the bath.  Hold the tube and the sample vial in one 
hand at about a 45° angle.  Use a 9" Pasteur pipette to draw up the 
sample and transfer it to the 4.0-mL vial.  Spilling a drop or two during 
the transfer is critical because one drop represents 5% of the sample. 

 
17.6 Add 1 ml of hexane to the turbovap tube.  Draw into the pipette and rinse 

down the conical portion of the tube several times.  Transfer this rinse to 
the 4.0-mL vial.  Rinse again with 1 ml of hexane and transfer to the 
sample vial. Adjust the volume to 4.0 ml with hexane.  Cover the extract 
with a Teflon-sealed screw cap and transfer the label to the vial.   

 
 
 
18. The extract obtained above may now be analyzed.  Refrigerate to 4°C. Samples must be 

signed into the Hobart refrigerator.  On log provided, enter the sample numbers, analyst 
initials, and the date and time the samples were placed into the Hobart. 

 
 
NOTES:  
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If the final extract is yellow or dark in color or the matrix is oily and viscous, further cleanup may 
be desired.  Refer to the Florisil Cartridge Cleanup Method, the Copper Cleanup Method, and/or 
the Acid Cleanup Method for further information.  (SOP-309, 307, and/or 308) 
 
Pesticides that have aldrin detected in them may be cleaned using the SW-846 method 3630 
(Silica Gel Cleanup).  The GC Lab would notify extraction personnel if this cleanup is necessary.  
 
VII.      DOCUMENTATION OF CAPABILITY (DOC) 
            Each analyst must perform a DOC to demonstrate proficiency with this method. Refer to    

SOP-413 for guidance. 
 
VIII.     WASTE MANAGEMENT AND POLLUTION PREVENTION 

 
  Please see Waste Disposal SOP-405 for the proper disposal of waste generated from 

this area. 
 
                Quantity of chemicals purchased should be based on expected usage during its shelf 

life and the disposal cost of unused material. Actual reagent preparation volumes 
should reflect anticipated usage and reagent stability. 

 
IX.       METHOD PERFORMANCE 
 
                  Refer to SOP-211 for method performance. 
                   
X.        HEALTH AND SAFETY 

Refer to the MSDS sheets for the chemicals used for health and safety information.     
Also see SOP-336 for proper use of methylene chloride. 

 
REFERENCES 

 
1. Test Methods for Evaluating Solid Waste, SW-846, Third Edition 
2. 40 CFR, Method 608. 

 
 

 
 
 
 
 
 
 

DEFINITIONS 



                                         EMPIRICAL LABORATORIES, LLC                 SOP-302 
                                                                                                                Revision: 16 
                                                                                                                  Date:09/23/08 
                                                                                                                Page 10 of 10 

V:\Standard Operating Procedures\Current SOP File Directory\SOP-302 Rev 16.doc 

 

°C -        degrees centigrade 
COC -    chain of custody 
DL -       detection limit 
g -          grams 
KD -       kuderna danish 
LCS -      laboratory control sample 
μg/L -     micrograms per liter 
µL -        microliter 
μg/ml -    micrograms per milliliter 
ml -         milliliter 
mm -       millimeter 
MS -       matrix spike 
MSD -    matrix spike duplicate 
PCBs -    polychlorinated biphenyls 
Pest -      pesticides 
RL -        reporting limit 
SOP -     standard operating procedure 
TCMX - tetrachloro-m-xylene 
v/v -        volume to volume 
 
Refer to SOP-431  for further definitions 
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BNA & Pesticide/PCB & TPH NON-AQUEOUS MATRIX 
(Microwave Extraction) 

Using SW846 METHOD 3546 

1. SCOPE AND APPLICATION 
a. This SOP describes the extraction of BNAs, pesticides/PCBs, and TPHs from 

soil, sediment, sludges and waste solids by an automated method (3546). 

2. SUMMARY 
a. Soil and solid samples are mixed with sodium sulfate and extracted with 

solvent in a Microwave extractor for BNAs, Pesticides/PCBs, or TPHs. The 
extracts are then concentrated by a Turbo Vap concentrator. 

3. INTERFERENCES 
a. Solvents, reagents, glassware, and other sample processing apparatus can add 

interferences to sample analysis. Method blanks must be extracted under the 
same conditions as samples to demonstrate freedom from interferences. 

b. Phthalate esters commonly found in plastics can interfere with the analysis. 
Plastics should be avoided. 

c. Soap residue can degrade certain analytes such as aldrin and heptachlor. 
Glassware should be solvent rinsed to avoid this problem. 

APP ARA TUS AND MATERIALS 
d. Stainless Steel spatula 
e. Microwave extractor unit with 40 position carousel, electronic components, 

and ample ventilation 
f. Microwave extraction Teflon tubcs, capacity approximately 75mL 
g. Suitable Teflon cap and screw-top lid 
h. Drying column (Chromatographic column) - 20mm LD. x 300mm 
1. Vial- 2mL clear with Teflon-lined screw cap 
J. Vial- 12mL clear with Teflon-lined screw cap 
k. Syringe - lmL, 500uL 
I. Pasteur pipet - 9" length 
m. Pasteur pipet bulb 
n. Labels - Dymo 
o. Aluminum foil - heavy duty 
p. Nitrogen tank - equipped with pressure regulator 
q. TurboVap Concentrator with 200mL concentrator tubes 
r. Teflon funnels for pouring off 
s. Balance - capable of weighing to 0.1 grams 
t. Aluminum pie pans for mixing samples 
u. Filter paper - 185mm 
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a. Sodium Sulfate (Na2S04) - Granular, anhydrous, trace pure 10-60 mesh 
(purchased in bulk containers from Fisher #S415-10S or equivalent) 

b. Methylene Chloride (Please read SOP - 336 before handling this solvent in 
our laboratory) (Dichloromethane) - suitable for spectrophotometry and gas 
chromatography (Fisher #D 151-4 or equivalent) 

c. Hexane - suitable for spectrophotmetry and gas chromatography (Fisher 
#H303-4) 

d. Surrogate/Spike Solutions - Verify the amount of surrogate/spike to add to the 
sample prior to addition. It can change if a different detection limit is required 
or the volume of sample being analyzed changes or if the initial concentration 
of stock is different than that listed below: 

I. BNA Surrogate (lOOug/mL) - The base neutral and acid surrogates 
are mixed together in one solution. This solution is prepared in 
methanol by making a dilution of stock purchased from a reputable 
vendor. Use 0.5mL of this solution per 15g of non-aqueous sample. 
(For low-level PAHs use 1.0mL of 1.0uglmL BN Surrogate spiking 
solution.) 

11. BNA Spiking Solution #1 & #2 (100 uglmL) - The base neutral and 
acid spiking solutions are mixed together in one solution. This 
solution is prepared in methanol by making a dilution of stock 
purchased from a reputable vendor with same compounds as for 
calibration. Use 0.5 mL of this solution per 15g of non-aqueous 
sample. (For low-level PAHs use 1.0mL of 1.0 ug/mL PAH spiking 
solution.) The BNA Spiking solutions contain all targets that are 
calibrated for GC/MS. DOD QSM requires all targets to be 
spiked in the LCS and MS/MSD. 

111. TCMX/DCB (2,4,5,6-Tetrachloro-meta-
xylene/Decachlorobiphenyl) Surrogate solution is prepared in 
acetone by making a cut on stock purchased from a reputable vendor. 
0.5mL at 0.5 uglmL of this solution is added per 15g of non-aqueous 
sample. 

IV. PCB Spiking Solution - Arochlor 1016/1260 or the PCB of choice 
(1242, 1248, 1254, or 1260 are the most common) is prepared in 
acetone at a concentration of 5.0uglmL. PCB stock is usually 
purchased from RESTEK or equivalent. The PCB to use may be 
determined by viewing historical data or asking the GC operator. Use 
0.5mL per IS.Og of non-aqueous sample. 

v. Pesticide Spiking Solution - A spiking solution is prepared at 1.0 
ugimL. Use O.SmL per ISg of non-aqueous sample. 

VI. TPH Surrogate - Surrogate solution is prepared in acetone by 
diluting stock ortho-terphenyl standard to a final concentration of 20 
ug/mL. Use ImL per 15 grams of sample. 

V11. TPH Spike - A spiking solution is prepared by extraetions analyst that 
has a concentration of 1000 uglmL in acetone. 
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5. SAMPLE COLLECTION, PRESERVATION, AND HOLDING TIMES 
a. Samples are collected in an appropriate size wide-mouth glass jar (402. or 8 

02.) with a Teflon-lined cap. 
b. Samples are preserved by cooling to 4°C. 
c. Holding time is 14 days from collection date to extraction. 

6. PROCEDURE 
a. All soils have a 14-day holding time counted from the day they are sampled. 

Determine the samples necessary to extract using the following infonnation 
(DO NOT extract samples for which you have no infonnation.): 

1. Each day a backlog is generated in ELEMENT providing all relevant 
sample information, including samples numbers and respective 
analysis required. 

11. Samples requiring RUSH tum around time may be logged in 
throughout the day which will require your immediate attention. Log­
in personnel will generally communicate this need. 

111. Check the backlog throughout the day to re-evaluate priority if needed. 
b. Wearing lab coat, gloves, and safety glasses, get samples from cooler. 

Samples must be signed out of the walk-in refrigerator. Enter the sample 
numbers, your initials, and the date and time removed on the log provided. 
Inspect as to whether they are in glass and have a Teflon lid. Find out if any 
special dilutions need to be made for this client. If the sample has a 
particularly bad matrix or a strange matrix, see your supervisor to find out if a 
microwave extraction is truly necessary. 

c. Get twice the number of aluminum pie pans to prepare the number of samples 
you have plus any additional spikes of LCSs and a method blank. A method 
blank and LCS must be processed with each set of samples. A matrix spike, a 
duplicate or a matrix spike duplicate and a LCS must be processed for each 
analytical batch (up to a maximum of 20 samples). Using the LIMS, create a 
batch of samples and print off sample labels. The LIMS will create a unique 
batch sequence number. 

d. Decant and discard any water layer on a sediment sample by carefully pouring 
this off into a trashcan. 

e. Dump the entire sample into an aluminum pie pan and mix sample thoroughly 
with a spatula until mixture is homogenous. Discard any foreign objects such 
as sticks, leaves, and rocks. 

It is extremely important that waste (when appropriate). soil and sediment samples be 
mixed thoroughly to ensure that the sample is as representative as possible of the sample 
media. The most common method of mixing is referred to as quartering. The quartering 
process should be peiformed as follows: 
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• 771C material in the sample pan (inorganic-plastic/organic­
aluminum) should be divided into quarters and each quarter 
should be mixed individually. 

• Two quarrel's should then be mixed to form halves. 
• The two halves should be mixed to form a homogenous matrix. 

This procedure should be repeated several times until the sample is adequately mixed. 

NOTE: Samples that are clay type materials should be handled in a different 
manner. Due to these type sample matrices having an affinity to stick to most 
anything that touches it, another approach must be followed. Obtain a 
representative sub-sample aliquot from the center or middle section of the sample 
container 

f. Place an aluminum pie pan on the balance and zero it. Calibrate balance with 
ASTM class-l Troemner weights or equivalent, bracketing desired weight 
(SOg. 20g, 109, Sg. Ig). Record calibration in the Extraction 
calibration/temperature logbook. Using a spatula, transfer the appropriate 
weight, {l0-20 grams depending upon client or project specific Detection 
Limits (DL) and/or Reporting Limits (RL)}. of a representative sample to 
the nearest 0.1 gram. Normally 10 or ISg sample weights are used. Record 
this amount on your label. Put your label on the side of the 400-mL beaker. 
For spiking purposes, weigh 3 aliquots of the appropriate sample. Pick a 
sample with a good matrix, one that mixes well, non-oily, etc. 

g. Add - 15 grams of sodium sulfate to the aluminum pie pan. Using a spatula 
and/or a glass rod, mix the sample thoroughly with the sodium sulfate until it 
becomes a sandy texture. If necessary, add additional sodium sulfate. When 
removing the spatula or glass rod from the mixed sample, leave behind all the 
sample possible. Cover the aluminum pie pan with foil and continue to 
weigh up the remaining samples. For the method blank and LCS, weigh up 15 
grams of sodium sulfate. The matrix used for the method blank and LCS must 
be free of the analytes of interest and processed through the same analytical 
steps as the samples. 

h. Verify the amount of surrogate/spike to add to the sample prior to addition. It 
can change if a different detection limit is required or the volume of sample 
being analyzed changes. Set out the surrogate/spike at least ten minutes before 
use to allow it to warm to room temperature. Someone must verify that the 
surrogate/spike has been added by watching and signing off on bench sheet. 

NOTE: Surrogate and spike should be added just prior to extraction. 
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I. Using the 1-mL glass syringe designated for BNA surrogate, add 0.5 mL of 
BNA surrogate to each sample, spike, and blank. (For low level PAHs use 
1.0 ml of the 1.0 Ilg/mL BN Surrogate spiking solution.) or using the 1.0-
mL glass syringe marked TCMXlDCB surrogate, add 0.5 mL ofTCMXlDCB 
surrogate to each sample, blank and spike. TPH samples will need 1.0 mL of 
appropriate. 

For the BNA sample in each analytical batch selected for spiking, use the 0.5-
mL glass syringe marked Base Neutral Acid Spiking to add 0.5 mL of the 
Base Neutral Acid Spiking solution. (For low level PAHs use 1.0 ml of the 
1.0llg/mL PAH spiking solution.) 
For Pest/PCB samples, determine if the sample will require a Pesticide Spike 
and/or a PCB Spike. Proceed as follows: 
Pesticide and PCB - set up two LCS's - one for Pesticide getting an AB 
MIX spike and one for PCB, which should be spiked with PCB 1660. In 
addition to the LCSs, a matrix spike/matrix spike duplicate is necessary for 
the pesticide. Prepare a PCB matrix spike/ matrix spike duplicate if requested 
by the client. 
Pesticide only - To the sample in each analytical batch selected for spiking, 
add 0.5 mL of Pesticide Spike (Mix A&B) with a glass syringe dedicated for 
Pesticide Spike. 
PCB only - To the sample in each analytical batch selected for spiking, add 
0.5 mL of PCB 101611260 (unless otherwise specified, 1248 for BB&L) using 
a 1.0 mL glass syringe dedicated to that PCB. Add 20 grams ofNa2S04. 

J. Place a Teflon cap and Teflon screw top on the Teflon microwave tube. 
Using the cap tightener station, tighten the caps and invert sample to insure 
proper mixing and check for leaks in cap. 

k. Place microwave tubes in microwave carousel making sure they are in order 
and spaced evenly throughout the carousel to insure proper heating while in 
microwave. 

1. Place microwave carousel in microwave making sure the carousel is properly 
lined up with the turning mechanism. 

m. Choose saved program option based on total number of samples to extract and 
begin process by pressing the start button. The program is set to EPA method 
3546 specifications. 

For 1-15 samples: 
Max power: 800W 100% 
Ramp time: 15 :00 
Control temperature (in Celsius): 110 
Hold time: 10:00 
Cool down: 5:00 



For 16-40 samples: 
Max power: 1600W 100% 
Ramp time: 15:00 
Control temperature (in Celsius): 110 
Hold time: 10:00 
Cool down: 5:00 
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n. Allow samples to cool in the carousel for an additional 30 minutes before 
attempting to handle the extracts. 

o. Transfer the extract to a pre-rinsed turbo vap tube by first passing through a 
funnel with P4filter paper sodium sulfate. All tubes and funnels should be 
pre-rinsed with Methylene Chloride. After pouring the extract into the turbo, 
rinse the microwave tube 3 times with Methylene Chloride and transfer the 
rinsate to the turbo. Finally, rinse thc funnel with an adequate amount of 
Methylene Chloride using a Teflon squirt bottle. This ensures optimum 
transfer of all compounds of interest. 

p. Now concentrate the extract to 1.0mL using the turbovap concentrator. 
I. Turbo-Yap Operation: Adjust the pressure of nitrogen gas tank to 

50 psi. Make sure the tank has 200 psi or more on the main valve. 
The temperature of the bath should be approximately 50-55°C. The 
pressure target range should be about 20-25 psi. 

11. Place the turbo vap tube in the Turbo-Vap. Be sure to push tube down 
so the tip slides into the sensor well. Close the lid to start 
concentration. Check that each position with a tube has an orange 
light showing. If the orange light is not steady, bubbles may be 
detected by the sensor and need removal. (See Turbo-Yap manual). 

111. When the beep sounds indicating the end of concentration, the extract 
will be at approximately 1 mL. Remove the tube from the bath. 

q. BNA and TPH samples need to be concentrated to -1.0mL while Pesticides 
and PCB should be concentrated to -5.0mL in turbo vap. Using clean solvent, 
rinse turbo with Pasteur pipet and bring sample to volume in sample vial. 

7. DOCUMENTATION OF CAPABILITY (DOC) 
a. Each analyst must perform a DOC to demonstrate proficiency with this 

method. Refer to SOP-413 for guidance. 

8, WASTE MANAGEMENT AND POLLUTION PREYENT]ON 
a. Please see Waste Disposal SOP-405 for the proper disposal of waste 

generated from this area. 
b. Quantity of chemicals purchased should be based on expected usage during its 

shelf-life and the disposal cost of unused material. Actual reagent preparation 
volumes should reflect anticipated usage and reagent stability. 



9. METHOD PERFORMANCE 
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a. Refer to SOP-201 SOP-21l and SOP-2l9 for method perronnance. 

10. REFERENCES 
a. EPA Methods SW-846, Method 3546 

11. DEFINITIONS 
a. Refer to SOP-431 for definitions. 

12. HEALTH AND SAFETY 
a. Wear appropriate personal protection equipment when working with 

chemicals or samples. 
b. Use the lab hoods when working with solvents. 
c. Use caution when mixing strong acids or bases. Solutions will become 

extremely hot when mixing with water. Avoid splashing these solutions so 
they won't come in contact with the skin or eyes. If this happens, flush with 
lots of water. Contact your supervisor if serious and medical attention is 
needed. 



EMPIRICAL LABORATORIES, LLC SOP-404 
Revision: 13 
Date: 06/29/09 
Page 1 of22 

SOP NUMBER: 

REVISION NUMBER: 

APPROVED BY: 

EFFECTIVE DATE: 

DA TE OF LAST REVIEW: 

V ,ILABIQAQCISOP\SOP-404 REV 13.doc 

LABORA TORY SAMPLE RECEIVING, 

LOG IN AND STORAGE 

STANDARD OPERATING PROCEDURES 

! 
! 

SOP-404 

13 

TECH CAL DIRECT R 

06/29/09 

06129109 



EMPIRICAL LABORATORIES, LLC SOP-404 
Revision: 13 
Date: 06/29109 
Page 2 of22 

LABORATORY SAMPLE RECEIVING, LOG IN AND STORAGE 

This SOP lists in as much detail as possible our daily procedures for sample receiving, log in and 
storage of laboratory samples. Keep in mind that there may be project specific requirements that are 
more strict or different than our routine procedures. In these instances, the project specific 
requirements must be met and followed. Although a few project specific requirements are detailed in 
this SOP, i.e. USACE certification issues, not every situation can be addressed. If there is ever any 
uncertainty on what procedures must be followed, please see the Testing Coordinator immediately. If 
ever in doubt, always go with the more stringent requirements. This document will constantly be 
reviewed and revised as necessary. 

SAMPLE ACCEPTANCE CRITERIA 

A sample may be rejected for compliance purposes if it does not meet the following criteria. 
Analyses may only proceed after notification and approval to proceed from the client or from the 
laboratory manager. 

I. Sample must be properly preserved and in the proper container for the requested analysis. 
2. Sample integrity must be maintained. The container shall be intact without cracks, leaks, or 

broken seals. 
3. Adequate sample volume must be received for the requested analysis, including volume for any 

requested QA/QC (MS/MSD). 
4. The sample ID on the bottle label must match the sample ID listed on the chain of custody. 
5. The sample container label and the chain of custody must be completed with indelible ink. The 

sample label must be intact and list all necessary information; to include: sample date, sample 
time, sampler, and sample ID/location. The chain of custody shall also indicate sample date and 
time, requested analyses, and all necessary client information. 

6. Sample temperature must be less than 6°C or received on ice. 
7. Sample must be within holding time for the requested analysis. 

These issues are discussed in more detail below under the "Sample Receiving" section of this 
document. 

I. Sample Receiving 

A. Samples are received at the Empirical Laboratories on 62 I Mainstream Drive, Suite 270 
Nashville, TN 37228. 

I. The majority of samples are shipped in coolers by couriers such as Federal Express and 
UPS. All couriers are generally received in the Empirical Laboratories Sample 
Receiving (SR) area loading dock in back of the laboratory. The laboratory is located 
close to the Federal Express (FedEx) distribution station, therefore we do pick up our 
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coolers at the FedEx location and transport them back directly to the laboratory. Some 
coolers and/or samples are delivered directly to the SR area by the sampler and/or client. 

2. Some coolers and/or samples may be received directly by Empirical Laboratories 
Sample Receiving personnel. If samples are hand delivered by the client make sure that 
necessary paperwork is included and that you sign and date the chain of custody, as well 
as record the temperature of the samples on the chain of custody as well. If the 
Empirical Laboratories Chain of Custody [Attachment II] is used the white and yellow 
copy of the chain of custody is retained and the pink copy must be given to the client. 

B. When going through the required steps for Sample Receiving and Sample Log In, keep in 
mind that a Corrective Action Report (CAR) for Sample Receiving [Attachment Ill] must be 
completed to document any problems, discrepancies, project changes, etc. encountered during 
the process. This includes but is not limited to incorrect sample containers, improper 
preservatives [chemical and temperature], chain of custody discrepancies, sample 
descriptions, etc. A CAR may be completed just to keep a record of a situation, which is not 
actually "out of compliance." 

I. Make sure that all information on the CAR is stated clearly and very detailed. Many times 
it is necessary to refer to these documents a year or more after they were completed. 
Document all correspondence including name, date, company and response. 

2. The CAR forms must be numbered starting with No. 001 at the beginning of the year (e.g. 
01-001). No two fonns should have the same number. All CARs must be forwarded to 
the Project Manager and/or receiving manager for approval and distribution. THIS MUST 
BE DONE ASAP OF WHEN THE PROBLEM/SITUATION IS DISCOVERED. 

C. Visually inspect all coolers for tampering, custody seals present and intact (if applicable) 
leakage, etc. If a cooler has been damaged beyond repair, unpack the samples and discard the 
cooler as to not reuse it. If you suspect a cooler may be damaged or is extremely dirty this 
cooler must not be reused. If coolers were sent by Federal Express, examine the Federal 
Express airbills for the number of packages in the shipment and make sure that all the 
packages (coolers, boxes etc.) in a group have been received. If there are any problems the 
Project Manager must be contacted immediately. If anything looks unusual, take the time to 
check it out and document the situation and findings. 

D. Open each cooler in order to quickly inspect the contents and to locate the chain of custody. 
Sample Receiving personnel should wear the following personal protection equipment: 
gloves, safety glasses and a laboratory coat. All coolers received from projects with the US 
Army Corps of Engineering (USACE) and AFCEE projects should be opened under the 
hood in the sample storage room. Sign then list the date and time received on the chain of 
custody. The time received must reflect the actual time the samples were received even 
though they may be logged into the system at a later time. Samples received on Saturday may 
be processed on the following Monday morning, or samples received late in the day during 
the week may be processed the next morning. All cooler(s) must be opened, examined for 
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leakage, breakage etc., the temperature measured and the chain of custody signed and dated to 
reflect the actual date and time which they were received. The samples must be delivered to 
the appropriate analytical department or put in cold storage as soon as possible. 

I. Attach any shipping receipts, work orders, etc. to the chain of custody. 

2. If a ehain of custody or other paperwork is not sent, the client must be contacted and the 
samples temporarily placed on hold in cold storage. In some instances the log-in person 
may complete a chain of custody. The required information may be found on the sample 
containers or it may be necessary to call the client to get the missing information (i.e. 
sample ID, collection date and time, etc.). Note on tbe chain of custody that it was 
completed by laboratory personnel and record the name of the person with whom you 
spoke. All attempts to encourage our customers to complete a chain of custody or submit 
written information for samples must be made. 

3. Project specific paperwork may be required. For all projects, a Cooler Receipt Form 
{Attachment IV} must be completed for each cooler received. Sample receiving personnel 
must begin completing this form as soon as a cooler is received and complete this form as 
samples go through the log in process. 

E. The temperature of each cooler or set of samples must be measured as quickly as possible 
using a thermometer with 0.1 °C increments. This thennometer must be calibrated against a 
NIST certified thermometer once a year and this information recorded in a bound notebook. 
The Certificate of Calibration for the NIST thermometer is kept on file at the QAO's desk. 
The thermometer must be tagged with the unique identification number of SR#I and serial #; 
(Sample Receiving #1), the date calibrated and the correction factor. This information must 
also be recorded in a bound notebook. Only this thermometer can be used for recording the 
temperature of sample coolers upon receipt. 

I. To measure the temperature, open the temperature control blank if supplied, point the IR 
thermometer at the liquid surface, wait 30 seconds for temperature to stabilize. Read the 
temperature to the nearest 0.1 °C. The corrected value temperature must also be recorded 
on the chain of custody. (This value will also be recorded into the LIMS at a later point.). 
All regulatory eompliance samples received from North Carolina that do not meet the 
temperature requirement will be segregated and the client will be notified of the non­
compliance. The samples will not be analyzed until we receive client notification to 
proceed with analyses. 

2. If the temperature exceeds 6°C for any san1ple, the Project Manager or Sample Receiving 
personnel must contact the client immediately. There may be tighter temperature control 
limits for specific project requirements. The customer must make the decision to either 
continue with the analyses or resample. Make sure the client is aware that if the samples 
are analyzed, the following qualifier is normally included on the final report: "The 
shipping cooler temperature exceeded 6°C upon receipt to Empirical Laboratories. This 
may have an impact on the analytical results. The concentration may be considered as 

V ,ILABIQAQCISOPISOPA04 REV J 3.doc 



EMPIRICAL LABORATORIES, LLC SOP-404 
Revision: 13 
Date: 06/29/09 
Page 5 of22 

estimated." Not all samples for the project will be flagged, just those samples received 
above 6°C. 

Many times we are not able to get in touch with the client quickly and the best judgment 
on how to handle the samples must be made after discussion with the Testing Coordinator 
and/or Laboratory Director or Technical Director. The samples may still need to go 
through the log in process although it may be eventually detennined that the samples will 
not be analyzed or the samples may temporarily be placed on hold and not logged in. 
Above all do not allow the samples to set out at room temperature for an extended period 
of time while waiting for a decision. A CAR outlining the problem and all 
correspondence must be completed. 

The only exceptions to the 6°C rule are: 

a. Water samples for all Metals, (except Chrome 6+ and mercury) that have been 
preserved with HN03 to a pH of:s 2. Keep in mind that non-aqueous sample for 
Metals must be cooled. 

b. Samples for Fluoride, Chloride and Bromide. 

c. Waste/Product samples for all parameters. 

d. Samples generated in the Aquatic Toxicology laboratories and brought directly to 
Sample Receiving after they are collected. Sample receiving personnel should 
place these in cold storage as soon as possible. 

e. Samples collected locally by Empirical Laboratories personnel or local customers 
that hand deliver their samples. Tn some instances these samples may not have had 
time to cool down; however, these samples should have been placed on ice in an 
attempt to cool them to the proper temperature. This exception is only applicable 
if the samples were collected the same day as the laboratory receives them. It 
should be noted if samples are "Received On Ice" (ROT). 

f. Samples that are received on ice and it is evident that the client made a good faith 
attempt to properly cool the samples. 

F. If several coolers are received at once, they must be inspected to detennine the order in which 
the samples should be unpacked and logged in. The following priorities should be given: 

1. Any analyses, which have a 24-72 hour holding, time. It is the log-in person's 
responsibility to notify the department manager or section group leader of such samples 
via e-mail and verbally. 
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2. Any sample which has almost exceeded its' holding time. (Especially watch for this with 
waters organic extractions, Solids and Sulfides, all of which have only 7 days). A list of 
parameters and holding times is posted in the log-in room. 

a. If a sample is received already out of holding time, the project manager must be 
contacted. The sample can be analyzed at the client's request, but it will be qualified 
on the final report as being analyzed out of holding time. The project manager must 
inform you of the client's need. 

b. If a sample is received with limited holding time remaining for any parameter it may 
be necessary to contact the project manager so that he/she can contact the client. If the 
sample has to be analyzed on a rush basis to meet the holding time a rush charge may 
apply. Also it may not be possible to analyze the sample within the holding time due 
to sample load, etc. A CAR must be completed. 

3. Samples requiring rush turnaround. 

a. If sample(s) require 24-hour turnaround they will take first priority. Other rush 
requests also have high priority. 

b. The Project Manager and/or Section Manager must be contacted for approval 
concerning any unscheduled rush requests. 

G. Unpack all samples from the cooler. If there are any known or suspected hazards this must be 
done under a hood. All coolers from USACE projects should be unpacked under a hood. It 
may be necessary to rinse off the outside of the containers in the sink and/or wipe them off 
with a paper towel. 

I. Visually inspect them for tampering and custody seals (if applicable). Sort and inventory 
the samples against the chain of custody by arranging them in the same order as they are 
listed on the chain of custody. Normally samples are assigned log numbers in the same 
order as they are listed on the chain of custody but for certain projects or situations it is 
acceptable to arrange them in a manner which will make them easiest to log in. 

2. Check for leakage as this could compromise the sample integrity. If any spillage occurred 
in the cooler make sure this is noted. Also list all the other samples in the cooler as cross 
contamination could occur. A CAR must be completed and the Project Manager and/or 
the customer may need to be notified in these situations. It may be necessary to resample. 

H. Check the chain of custody information against the information recorded on the containers. If 
these do not agree, contact appropriate person (s) - Project Manager, sampler, client, etc. All 
problems must be documented with a CAR. 
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1. If major changes are made on the chain of custody received from an engineering job, then 
the PE should submit written confinnation of these changes or make the corrections and 
initial them directly on the chain of custody. 

2. Any error found on the chain of custody must be marked through with one line, initialed 
and dated and the correction written in. 

1. Note any unusual requests, methodology, hazards (known or suspected) to the Project 
Manager and/or Laboratory Section Manager or analysts before the samples are actually 
logged in. Keep notes of any problems (improper containers, preservatives, temperature, or 
deseriptions, etc.) A CAR must be completed and the analyst or manager should be notified 
immediately. If ever in doubt, fill one out! 

II. Sample Log In 

A. After samples have been unpacked, sorted and reviewed, they are then ready to be assigned 
log numbers and continue through the log in process. Make sure that the parameters for the 
samples are clearly marked on the chain of custody. If we prepared the sample kits there 
should be a sample kit work order fonn. Contact the Project Manager if there are any 
questions, problems, etc. 

B. Assign a work-order and sample number to each individual sample and record it on each 
sample container and the chain of custody. 

I. All containers with the same description must have the same sample number even if they 
have different preservatives and require different tests. However, each different fraction 
(bottle type and/or preservative) should be designated with a letter (A, B. C, etc.) 

2. Grab and composite samples from the same sample location must be considered as 
separate samples. It may be necessary to use "grab" or "composite" as part of the sample 
description to distinguish between the samples. Only assign different log numbers to 
them if the parameters are clearly marked as grab and as composite. Do not assume that 
VOC must be analyzed from grab samples so therefore the client must have taken a grab 
sample. 

3. Sample numbers must begin with 001 at the beginning of each year (e.g. OJ 01001). 

C. Check the following items and record this infomlation on the cooler receipt fonn to further 
ensure sample integrity. A CAR must be completed if any of the following requirements are 
not met and it may be necessary to contact the client. We can perfonn the analyses in most 
cases and will do so with the client's approval, however the results may be qualified in some 
manner on the final report. 
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Preserving sample integrity throughout the log in procedure must be one of our section's top 
priorities. This includes not only ensuring that the proper chemical preservatives have been 
added but also that the samples are received and maintained at the proper temperature. When 
samples are unpacked they must be placed in cold storage within two hours even if they 
have not been through the entire log in procedure. All samples for NPDES compliance 
monitoring from North Carolina will be stored at a temperature range of 1.0 to 4.4°C. All 
other NPDES samples will be stored at 4.0 ± 2.0°C. On the days we receive a large volume 
of samples, or are short handed, etc., we may not be able to completely log in all samples until 
late in the day or even the next day. Samples should not set out at room temperature if there 
is a delay. The samples must temporarily be placed in cold storage until you are able to 
complete the log in procedure. This should also be done when we take lunch breaks. 

[Make sure the VOC containcrs are not temporarily stored in a non designated VOC only 
storage area.] 

I. Determine if the samples were received at the proper temperature. (See section IC) 

2. The sample descriptions on the bottle should match those on the chain of custody. (See 
section IH) 

3. Check to determine if the proper chemical preservatives were added to adjust the sample 
to the correct pH. All regulatory compliance samples received from North Carolina that 
do not meet the preservation requirement will be segregated and the client will be notified 
of non-compliance. The samples will not be analyzed until notification to proceed with 
analyses is received from the client. A list of parameters and the required chemical 
preservatives is posted in the log-in room. The verification of this preservation will be 
recorded on the Cooler Receipt Form for all projects. If Empirical Laboratories prepared 
and shipped out the sample containers they will have been pre-preserved unless instructed 
otherwise by the client. Complete traceability of the preservatives used to pre-preserve 
the sample containers and to preserve samples in the log-in area is required. A bound 
notebook must be used to trace this information and must include the following: Lot #, 
Type of preservative, Date Prepped, Amount and Analyst Name. This information must 
also be labeled on each container, re-pipetter, etc. that the preservative is stored in. Each 
lot of HN03 used for Metals preservation must be tested prior to using them for 
preservation. These analyses are kept on file. 

a. The pH of each container (except VOA vials) which requires pH preservation must be 
checked. Do not open and check the pH ofVOA vials in sample receiving/log-in. 

b. The pH of preserved samples is checked and confirmed using pH narrow range 
indicator paper. When the client request pH analysis on samples and they must be 
reported and measured for pH using the narrow range paper, rather then a pH meter, 
the accuracy of each batch of indicator paper must be calibrated to the nearest tenth 
versus certified pH buffer and recorded into a bound logbook in accordance with 
SW846 method 9041 A pH Paper method. 

v :\LAB\QAQC\SOP\SOP-404REV J3.doc 



EMPIRICAL LABORATORIES, LLC SOP-404 
Revision: 13 
Date: 06/29/09 
Page 9 of22 

c. When taking the pH reading, DO NOT PUT THE pH P APER DIRECTLY INTO THE 
SAMPLE CONTAINER. Pour up a small aliquot and dispose of this volume after the 
pH is taken. For some samples (wastes) the indicator paper may not be accurate due 
to interferences. The observation of the appropriate color change is a strong indication 
that no interferences have occurred. If it appears as if there is interference, the pH 
must be measured using the pH meter. [See SOP ATSD-187 pH, Electrometric.] 

4. The following guidelines must be followed to check pH preservation: 

a. Water samples for Cyanide analyses must be preserved to a pH of> 12 with NaOH 
upon collection. If the pH of these samples is between 11.0-12.0 upon receipt, and the 
samples are at the proper temperature and not over 48 hours old it will not be 
necessary to complete a CAR, however the sample should be adjusted to :0:12.0 unless 
project/client specific requirements are to contact the client first. 

b. Water samples for Metals analyses must be preserved to a pH of :'02.0 with HN03 
upon collection. If the pH of these samples is between 2.0-.3.0 upon receipt, and the 
samples are not over 48 hours old it will not be necessary to complcte a CAR, 
however the sample should be adjusted to :'02.0. unless project/client specific 
requirements are to contact the client first. 

c. Samples requiring analyses which are preserved with H2S04 (i.e., Nitrogen 
compounds, Total Phenolics, Oil and Grease, Total Phosphorus, etc.) can be accepted 
up to a pH of 2.5 without a CAR, however the sample should be adjusted :'02.0 unless 
project/client specific requirements are to contact the client first. Samples for sulfide 
analysis must have a pH >9. 

d. If a sample is not properly preserved, log-in personnel must either do the following: 

• To meet project specific requirements, including all USACE projects, the client 
must be notified before preserving or adding additional preservative to the sample 
unless otherwise instructed. If the client instructs us to add chemical preservatives 
to a sample, complete traceability of the preservatives used is required (See section 
lIC, #3). A CAR must be completed. 

• For other projects it may be acceptable to preserve the sample accordingly before 
the sample is placed in storage. Complete traceability of the preservatives used is 
required (See section lIC, #3). A CAR outlining the project and the steps taken 
must be completed. 

• All metals samples preserved upon receipt must be held 24 hours before 
proceeding with analysis. These samples must be CAR generated and the client 
notified to see if the lab is to proceed with analysis. 
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e. In some instances it may not be possible to adjust the sample to the proper pH due to 
matrix problems whicb cause excessive foaming or require an unusually large amount 
of acid. Do not continue to add acid if a few mVs of acid does not lower the pH. 
Notify the Project Manager, Metals Manager and/or analyst. They will make the 
decision if the sample will be diluted, not analyzed, etc. A CAR must be completed in 
these situations. Make sure you note on the container and in the LIMS notes that the 
sample is not at the proper pH as well as any useful information (i.e., foaming, strong 
odor, etc.). 

f. A CAR may not be required for samples generated in the Aquatic Toxicology 
Laboratories and brought directly to Sample Receiving after they are collected but 
before they are preserved. Log-in personnel must preserve the samples accordingly 
before they are placed in storage. Complete traceability of the preservatives used is 
required (See section lIC, #3). A CAR outlining the project and the steps taken must 
be completed. 

5. Check to make sure samples are in proper containers and that there is adequate volume for 
all the parameters requested and no leakage. 

6. If VOA vials are present, each vial must be inverted and checked for head space. "Pea­
sized" bubbles (i.e. bubbles not exceeding 114 inch or 6 mm in diameter) are acceptable 
and should be noted, however, a CAR is not required. Large bubbles or head space is not 
acceptable and a CAR must be completed. If this occurs, the client must be contacted. 
The samples can be analyzed with their approval, however the report will be qualified and 
the data may be questionable. All VOA vials will be preserved with Na2S203 (0.2g) 
when chlorine is known to be, or suspected to be present. 

7. All pesticide samples to be analyzed by method 608 will be checked by the sample 
receiving personnel for the correct pH range of 5.0 to 9.0. The pH of the sample(s) will be 
communicated via E-mail to the Section Manager and appropriate analyst. 

8. All chlorinated effluent samples received for Cyanide must be checked for residual 
chlorine. The one liter sample container should initially contain I to 2g/L of Ascorbic 
Acid. Potassium Iodide starch indicator paper will be used for detecting the presence of 
residual chlorine. DO NOT PUT THE TEST P APER DIRECTLY INTO THE SAMPLE 
CONTAINER. Pour up a small aliquot, neutralize, test and dispose of this volume after 
the sample is checked. If the test paper turns blue, the sample must be treated for residual 
chlorine. Add Ascorbic Acid, approximately 0.6g at a time and recheck the sample until 
there is no residual chlorine present. If the sample required this treatment this information 
must be included in the LIMS notes. This must be done by log-in personnel before leaving 
the receiving area. It may be necessary to notify the Inorganic Manager and/or analyst. 

9. Be aware of holding time requirements. (See section I D) 
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D. Once sample containers have been numbered, they must be checked by another laboratory 
individual to ensure that the log number on the container matches the log number and sample 
ID on the Chain of Custody. A Sample Receiving Custody and Disposal Form [Attachment 
VII} must be completed each day. Samples should not leave the log-in area until this has 
been completed. [see llC; it may be necessary to temporarily store samples in cold storage 
until the samples can be second checked, the amount of time that the samples are at room 
temperature must be minimized as much as possible.} The original is to remain in Sample 
Receiving until the samples are disposed of. Once the document is complete, the original will 
be kept on file. The following information must be logged onto this form: 

1. Client and Log #s 

2. Date/Time Unpacked 

3. Logged InlNumbered By (Initials) 

4. 2nd Checked By (Initials) 

5. Date/Time Placed in Cold Storage 

6. Storage Area (Walk In, VOC Cooler, Quarantined Soils, Quarantined-VOC, Other) 

7. Disposed of By/Date 

8. Method of Disposal 

E. Notify the proper analyst if samples have been logged in for analyses which have a 24-
48 hour holding time or if a 1-2 day turnaround has been requested. The log number and 
description on sample (s) must be second checked before it is released to the analyst. (The 
analyst can second check the sample, but must initial the custody form.) 

III. Sample Storage 

A. After samples have been correctly logged in they are then transferred to one of the following 
cold storage areas and arranged in numerical order by the assigned log iniLIMS sample 
number. Note that aqueous VOC samples must be segregated from all otlter samples. 

I. The Hobart refrigerator in the MS Lab: All aqueous VOC's must be stored in this 
refrigerator. Storage blanks consisting of organic free water from the laboratory may be 
required for specific projects. These will be analyzed for VOCs only. Storage blanks are 
required for all DOD projects. 

2. Walk In Refrigerator: All aqueous samples for all analyses must be stored m this 
refrigerator. 
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3. Soil Walk-In Refrigerator: All quarantined and non-quarantined soil samples for all 
analyses must be stored in this refrigerator. 

B. Quarantined soils are those quarantined by the US Department of Agriculture. These soil 
samples must be segregated from other soil samples during storage. A separate disposal log 
must be maintained for these soils including the location, date and quantity of the soil 
received and processed. Soil residues from quarantined samples must be treated according to 
regulations after testing (see Sample Disposal SOP). Quarantined soils are defined as: 

I. Soil taken from much of the southeastern US and parts of New York and Maryland at a 
depth of three feet or less. Soils Jrom three Jeet or more are not regulated provided they 
are stored separately. A map of the regulated areas in the United States entitled Soil 
Movement Regulations {Attachment VIII] is posted in the log-in room. 

2. All soils taken from foreign sources, US. Territories and Hawaii. 

NOTE: All soils are treated as quaralltined soils and are disposed oOn accordance with USDA 
regulations. Above for information purposes only. 

C. All samples must be stored in one of the three refrigerators detailed above with the following 
exceptions: 

I. Matrices that may be adversely affected by the cold temperature. (e.g. surfactant samples, 
multi-phase samples) 

2. Highly contaminated waste or product type samples that could jeopardize the integrity of 
other samples in the walk in cooler. Often these can be stored at room temperature. If 
these require refrigeration see the Project Manager for other options. 

D. The temperature of each sample refrigerator must be monitored and recorded each day by Wet 
Chem personnel by the following method. A Mercury thermometer or digital minimax 
thermometer with 10 increments must be used. Each thermometer must be calibrated against 
a NIST certified thermometer once a year (digital thermometers quarterly) and this 
information recorded in a bound notebook. The Certificate of Calibration for the NIST 
thermometer is kept on file at the QAO's desk. The thermometers must be tagged with a 
unique identification, the date calibrated and the correction factor. 

The tolerance range for all refrigerators is I to 6°C. This range and the range using the corrected 
reading must be posted on the outside of each cooler. If the temperature exceeds this range, 
corrective action measures must be put in place immediately. A CAR must be completed 
specifically noting the date and time the problem was discovered. The Project Manager, 
Laboratory Director and Technical Director will be notified in order to assess the situation. It 
may be necessary to put a service call in to the refrigeration repair service. 
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E. All personnel removing samples ITom any refrigerator must sign them in and out. This is 
done by completing the Sample Custody Form [Attachment IX] which is attached to the 
door of each refrigerator. These completed forms are kept on file [see section III, #4F] 

F. The water walk in refrigerator in the sample room is the largest refrigerator and stores a 
large majority of the samples. A back up compressor is hooked into the system and 
scheduled to automatically come on if the main compressor fails. There is a digital minimax 
thermometcr, which monitors the temperature 7 days a week. This thermometer will be 
calibrated quarterly against the NIST thermometer. 

G. As stated above the temperatures for all refrigerators that samples are stored are checked 
each day Monday-Friday and monitored seven days a week with minimax thermometers. 
Pay close attention to these readings and watch for signs of possible problems. 

H. A temperature maintenance record book is kept for each refrigerator. 

I. Samples must be held for a minimum of 30 days after the final report unless specified 
otherwise. For USACE projects, samples must be held for a minimum of 60 days after the 
final report unless otherwise specified. See SOP A TSD 405 entitled Analytical Laboratory 
Waste Disposal SOP for guidance on disposal of samples. 

IV. Laboratory Information Management System (LIMS) 

A. Log the sample infonnation into the LIMS for each sample. Every attempt should be made to 
get every sample logged into the LIMS by the end of the day. All information entered should 
be clearly stated and recorded on the COC provided. After opening the main menu of the 
LIMS, select the 'Work Orders' tab from the 'Sample Control' drop down menu. Now click 
on the 'Add' button to create a new Work Order. You will see the following: 

1. Client: 

Select the client J.D. by clicking on the pull-down and choosing ITom the client list. 
This list is in alphabetical order. If the desired client is not on the list, a new client 
must be created by the project manager or J.T. director. 

2. Projects: 

Click on 'Projects' and choose the project J.D. The projects will be client specific. 
After the project is chosen the "project information" areas should fill in. The 'Project 
Name,' 'Project Number,' 'TAT,' 'Client Project Manager,' 'Lab Project Manager,' 
and 'Comments' information should also appear. If there are no applicable project 
choices, a project must be created by the project manager or J.T. director. There are 
two types of projects: 
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a. Internal -- Empirical Laboratories projects; 

b. External -- direct laboratory clients. 

3. Comments: 
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This area is to be used to note any information from the project manager for all work 
orders of this project. It can also be used to list any work order specific notes; this 
includes but is not limited to information concerning rush turnaround, deliverables or 
other QC requirements, analyte concentrations, safety issues, quarantined soils, CAR 
#s, preservation or matrix problems, etc. 

4. Received By: 

Enter the name of the person who received the samples. 

5. Logged In By: 

Enter the name of the person who logged in the samples. 

6. Received: 

Enter the date and time received separated by a space and using military time. 
Example: 081021200808:30 

7. Project/Package Date Due: 

After the date and time received have been entered, the date due for both of these 
fields will be calculated. If this infonnation is not correct or needs to be amended 
later, check with the project manager before doing so. 

8. Shipping Containers: 

Click on the 'Coolers' button and enter the temperature and condition upon receipt. If 
more than one cooler was received, each cooler must be assigned a different name. 
For example, if these came in by dedicated courier, enter the last four numbers of the 
Tracking Number as the name. After all of a cooler's information has been entered 
(received on ice, where custody seals present, preservation confinned, COC/container 
labels agree, sample containers in-tact) click thc 'Save' button. If more than one 
cooler was received, click the 'Add' button and repeat the process above, then click 
'Done' after all the coolers' info has been saved. 

9. COC Number: 
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If an identifiable COC number is listed, record that ID here. 

10. Shipped By: 
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Enter the courier used to deliver the samples. If the samples were picked up by a lab 
employee or dropped of by the client/representative, enter 'Hand-Delivered.' 

After these items have been completed, click 'Save,' then the 'Samples' button to continue. To 
begin entering information for a sample, click the 'Add' button on the bottom of the Samples 
screen. 

II. Sample Name: 

a. Only abbreviate if description is too long for the spaces allotted in the LlMS. This 
information should come directly from the chain of custody. The sample ID entered 
into the LlMS will be the sample ID on the final report. 

b. If no sample ID is provided, or is indistinguishable from other samples listed, contact 
the project manager to ascertain distinction in the samples. Include date as part of the 
description if this is the only way to differentiate the samples. 

c. When logging in trip blanks that do not have an ID assigned by the client, list them as 
"Trip Blank # __ ". This information should be on the containers. A log book 
must be kept in the sample kit room which lists all trip blanks and the date they were 
filled. This will ensure consistency with the descriptions for trip blanks. Make sure 
you record the trip blank on the chain of custody if it is not listed. 

12. Collection Date: 

Enter the date and time the sample was collected. You must use military time and 
separate by a space. Often the time collected is not given. Although this is a sampling 
requirement, this information may not be erucial unless a parameter with a short 
holding time or a data deliverables package is required. In the event that a sample 
collection time is not listed on the COC or the sample container, a default time of 
00:00 can be used temporarily until client verification. Once verified, then the correct 
sample collection time must be input into LlMS. Ifthe COC and sample containers do 
not list a collection date and time, a CAR must be generated. All attempts should be 
made to get all our clients to supply this information. 

13. Lab/Report Matrix: 

Click on pull down and select matrix. Many times it is difficult to discern the matrix if 
it is not specified on the coe, and log-in personnel must use their best judgment with 
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regard to analyteslmethods requested. Keep in mind that the detection limits and units 
on the LIMS reports are linked to the matrix. In some cases it may be necessary to ask 
the Section Managers about the matrix selection. Log-in may do a dilution test to 
distinguish water samples from oil samples if the COC does not clarify a sample 
matrix if need be. 

14. Sample Type: 

This is used to differentiate between special types of samples (i.e. Field Duplicates, 
Equipment Blanks, Trip Blanks, etc.). If there is no definite way to determine that a 
sample should be classified as something else, then "SAMP-Client Sample" will be 
selected as the sample type. Do not list a sample as anything other than a Client 
Sample unless noted on the cac of are instructed by the client to do so. 

15. Container: 

Click on the drop down list and select the appropriate bottle type. If multiple bottles 
are received for the same sample, then move down to the next line and select all other 
containers as required. Repeat this process until all containers for the sample are 
listed. As each container is entered, an individual number is assigned to it by the 
LIMS system. This numher is also listed on the container labels that are printed from 
the LIMS, and is placed on the corresponding bottle for container tracking purposes. 

16. pH (Container Preservative): 

Use this to document the pH check information taken during sample unpacking. If no 
preservative was used, then nothing is required in this field. 

17. Comments: 

Enter any information that is applicable at the sample level. 

18. Field Analysis: 

Click on field analysis tab and enter field infonnation when provided. 

19. Work Analyses: 

Select all parameters requested for the sample from this list. 

a. If the required test code is not listed, and the sample matrix is not a 
contributing factor, click the Work Analyses tab to open the All Analyses list. 
When selecting from this expanded list, be careful to select the proper method 
as all methods available for the current matrix will be selectable. 
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b. If any analyses are selected from the All Analyses list, the Project Manager in 
charge should be notified so that the correctness of methods and pricing can be 
checked and updated as needed. 

c. All preparation codes for analytes are entered and stored by the system 
independently of the test codes selected, except in the cases of Dry Weight 
analysis, and TCLP/SPLP preparation (tumbling). In the case of the 
TCLP/SPLP prep codes, these are entered alongside the other required 
analyses automatically by the LIMS when a TCLP/SPLP analyte is selected. 
As for Dry Weight, it is required for all solids testing except in the cases of 
TCLP/SPLP analysis, Explosives only analysis, and/or any pure product/non­
soil based sample when specified by the client. 

20. Analyses Comments: 

These comments should be used for any notes that only apply to that particular test 
code. 

21. RTAT: 

If the Rush Tum-Around Time for this sample is known at the time of log-in, this 
information should be updated here. 

22. Save: 

Once all applicable information is entered for a sample, click the save button. At this 
time the LIMS applies the Laboratory Sample ID to the sample. This is a four part ID 
code composed of the following: 

a. A 2-digit numeral of the year. Example (0811248-06) 

b. A 2-digit numeral of the month. Example (0811248-06) 

c. A 3-digit numeral of the work order number. This number reset to 001 at the 
beginning of each month. Example (0811248-06) 

d. A 2-digit numeral of the sample number separated by a dash. Example (0811248-
06). This number is different for each sample in a work order, and a single work 
order cannot contain more than 99 samples. If more sample numbers are needed, a 
new work order number will have to be assigned to the applicable set of sample. 

23. Add/Edit/Copy: 
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Use these selections to add more samples to the work order, or to change existing 
information prior to label printing. 

Once all the tests have been selected and all samples have been added in the work order, a work 
order summary and all container labels are printed. Labels are checked for accuracy against the 
containers while being labeled. At this point log-in of this group of samples is complete. 

B. After log-in of a work order is complete, the COC can then be scanned into the system, attached to 
the work order on the Work Order screen, and the work order can be updated to Available status 
so as to be seen by the analysts. 

V. Daily Follow Up for Sample Receiving/Log In 

A. Wipe out the inside of coolers and return all Empirical Laboratories coolers to the sample kit 
room. Discard any coolers that are cracked, broken or filthy. 

B. If any samples were received for RUSH turnaround, then a RUSH SHEET /Attachment XII] 
must be completed and distributed to all laboratory personnel via e-mail. If ever in doubt of 
which analysts should be notified, pass them out to everyone. Always give copies to the 
Laboratory Director, Administrative Assistant and Section Managers. It may be necessary to 
send out two RUSH sheets per day (one around mid-day and the other at the end of the day). 

C. Complete any required CARs. 

D. At the end of the day organize all paperwork received and generated for the day. The 
following should be given to the Project Manager (section supervisor): 

1. The original chains of custody and yellow original or copy of each. The CRF will 
accompany the COC for the project. 

2. Any information (letters, regulatory limits, etc.) from a client which was received with 
any samples. 

3. All CARs. 

4. LIMS sample receiving logs. 

5. Copies of any RUSH sheets which have been distributed 

6. Sample Receiving Custody and Disposal Form. 
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7. Cooler receipt fonn. 
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E. All the above information from the day will be reviewed as soon as possible. 

1. All LIMS logs must be 2nd checked by a different person than the person entering the 
infonnation into the LIMS. Each set of logs must be initialed dated by the person 2nd 
checking. These will be kept on file at the Project Manager desk. 

2. If any corrections or changes are required, all laboratory personnel will be notified by 
distributing a Sample Log Change Form {Attachment XlII] through email distribution. 
A Sample Log Change Form by the project manager will also be sent out if a client adds 
or deletes any parameters, changes sample IDs, etc. 

F. The Testing Coordinator will distribute the following after they have been through the 2nd 
QA check: 

1. Copies of the LIMS receiving reports to necessary laboratory personnel. 

2. Original (white copy) chains of custody are given to the Project Manager. These will be 
sent with the final report to the client. 

3. Finalized/approved CARs must be sent to the: 

a. Organic Manager 

b. Inorganic Manager 

c. Laboratory Manager 

d. Laboratory Director {optional} 

e. Quality Assurance Officer 

f. Administrative Assistant 

g. Client {optional} 

4. Copies of any project/sample specific infonnation to the Section Manager and analysts. 

G. Infonnation will be filed as follows: 

1. Chains of custody: 
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a. Original (white copy) is returned to the customer with the final report along with the 
CRF. 

b. Pink copies should be retained by the sampler. 

2. CARs 

a. CARs can be found at V:\LAB\log-inllogin (year)\logcar (year). 

3. Sample Change Forms and RUSH Sheets 

a. Sample Change Forms are distributed by email. 

b. RUSH Sheets are found at V:\LAB\login\Rushsheets 

4. At the end of each year, files for that year are boxed and archived. Make sure files are 
labeled properly and place them in banker's boxes. Complete a storage box file form 
with as much detailed information as possible. The Laboratory Administrative Assistant 
will label and number the boxes and incorporate the storage boxes into the laboratory 
file archive system. Boxes containing files from Sample Receiving are kept on site for 
1-2 years and then may be moved to off site storage upon release from the Project 
Manager. 

VI. Miscellaneous 

A. All projects which require deliverables or other QC requirements should be listed in the notes 
section of the LIMS. 

B. If samples are received from a new client or a new job number that is not in the LIMS, a new 
client code must be set up. This information should be on the chain of custody or it may be 
necessary to contact the customer if the information is incomplete. 

C. Samples from the Aquatic Toxicity Laboratory (ATL) are logged into the LIMS for billing 
and long-term tracking purposes. The receiving information and proper assignment of tests 
are reviewed by the A TL Manager. The samples are then logged in by A TL personnel. 

D. A flow chart outlining sample receiving and the flow of data, reporting and invoicing is 
attached as Attachment XlV. 

E. A Telephone Conversation Log [Attachment XV] may be required to document information 
and may be attached to or used as a CAR. 
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F. All log books used in the Sample Receiving and Sample Storage Areas are numbered. The 
following log books are presently maintained. All log books must be "Z"ed out. The Testing 
Coordinator will review the log books each week to check for completeness. 

Log Book ID 

LIOl4 
LI009 
LIOll 
LIOl2 
LI013 
LIOlO 

V :ILABIQAQCISOPISOp·404 REV J 3.doc 

Log Book Description 

Trip Blank Prep Log Book 
Tracking ofVOC Trip Blanks Shipped 
Quarantined Soil Treatment Log Book 
Acid Neutralization Log Book 
Sample Receiving and Disposal Log Book 
Kit Room Preservation Preparation Log Book 
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Attachments to SOP 404 

II Chain of Custody Record 

III Corrective Action Report for Sample Receiving/Log In 

IV Cooler Receipt Fonn 

V List of Short Holding Time (Immediate-72 hrs.) Parameters 

VII Sample Receiving Custody and Disposal Fonn 

VIII Map of Quarantined Soil Areas in the US. 

IX Laboratory Sample Custody Fonn for Walk In Remgerator 

X Container Codes for the LIMS 

XI Routine NPDES Clients 

XII RUSH Sheet 

XIII Sample Log Change Form (Green Sheet) 

XIV Flow Chart, Laboratory Sample Tracking System 
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[Attachments J and VI were removed during the editing process and not added to the SOP.} 
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EMPIRICAL LABORATORIES, LLC - CHAIN OF CUSTODY RECORD 
SHIP TO: 227 French Landing Drive, Suite 550. Nashville, TN 37228.615-345-1115. (fax) 615-846-5426 

Send Results to: Send Invoice to: Anal sis Requirements: Lab Use Only: 

Name Name VOA Headspace Y N NA 
Company Company Field Filtered Y N NA 
Address Address Correct Containers Y N NA 
City City Discrepancies Y N NA 
State, Zip State, Zip Cust. Seals Intact Y N NA 
Phone Phone Containers Intact Y N NA 
Fax Fax 
E-mail E-mail Airbill#: 

Project No.lName: Sampler's (Signature): CAR#: 

Lab Use Only Oate/Time Sample 
No. Lab Use Only 

Sample Description Comments of Lab # Sampled Matrix Bottles Containers/Pres. 

Sample Kit Prep'd by: (Signature) DateITime Received By: (Signature) REMARKS: Details: 

Relinquished by: (Signature) DatefTime Received By: (Signature) 
Page ___ of 

Cooler No. of -- --
Relinquished by: (Signature) DatelTime Received By: (Signature) Date Shipped 

Shipped By 
Received for Laboratot}' by: (Signature) DateITime Temperature 

Turnaround 

Distribution. Original and yellow caples accompany sample shipment to laboratory, Pink retained by samplers. 



Attachment III 
CAR 09-

EMPIRICAL LABORATORIES 

CORRECTIVE ACTION REPORT FOR SAMPLE RECEIVINGILOG-IN 

Date Completed: 

Form Completed By: 

Date Samples Received: 

Parameter(s): 

Client/Job #: 

Samples: 

Problem(s): 

Action Taken: 

Action Taken to Prevent Reoccurrence of this Problem: 

Approval of Section Leader: 

Distributed to: 



EMPIRICAL LABORATORIES 
COOLER RECEIPT FORM 

LIMS Number: _____________ _ Number of Coolers: ____ of ____ _ 

Client: ________________ _ Project: _______________ _ 

Dateffime Received: Date cooler(s) opened: 

Opened By (print): (signature): ______________ _ 

Circle response below as appropriate 

1. How did the samples arrive?: FedEx UPS DHL Hand Delivered 

ELCourier Other: 

If applicable, enter airbill number here: __________________________ _ 

2. Were custody seals on outside ofcooler(s)? ........................ , .................................. . Yes No 

How many: _______ Seal date: ____________ _ Seal Initials: 

3, Were custody seals unbroken and intact at the date and time of arrival? ... '" ....... . Yes No N/A 

4. Were custody papers sealed in a plastic bag included in the sample cooler? , ......... . Yes No N/A 

5. Were custody papers filled out properly (ink, signed, etc.)? ............................ . Yes No N/A 

6. Did you sign custody papers in the appropriate place for acceptance? .............. ,' Yes No N/A 

7. Was project identifiable from custody papers? ........................................... . Yes No N/A 

8. Ifrequired, was enough ice present in the cooler(s)? ....................................... . Yes No N/A 

Type of Coolant: WET DRY BLUE NONE Temperature of Samples uppn Receipt: _____ _ 

Dates samples were logged-in: 

9. Initial this form to acknowledge login ofsample(s): (Name): WILLIAM SCHWAB (Initial): 

10. Were all bottle lids intact and sealed tightly? ....................................... ........ Yes No N/A 

II. Did all bottles arrive unbroken? ..................... ... ............... ................. .... Yes No N/A 

12. Was all required bottle label information complete? .................................... Yes No N/A 

13. Did all bottle labels agree with custody papers? ................................. ........ Yes No N/A 

14. Were correct containers used for the analyses indicated? .......................... ,... Yes No N/A 

15. Were preservative levels correct in all applicable sample containers? .......... :.... Yes No N/A 

16. Was residual chlorine present in any applicable sample containers? .................. Yes No N/A 

17. Was sufficient amount of sample sent for the analyses required? .................. ... Yes No N/A 

18. Was headspace present in any included VOA vials? ...................................... Yes No N/A 

IfNon-Confonnance issues were present, list by sample ID: __________________ _ 

___________________________________________________ CAR#: ________ __ 



• 

• 

• 

ATTACHMENT V 

Short Holding Time Parameters 

(Immediate-72 hours) 

Parameter Holnimt Time 

pH Immediate a 
Sulfite Immediate a 
Temperature Immediate a 
Residual Chlorine Immediate a 

Coliform (Fecal and Total) 6 hours 
RCRA/WW 

Hexavalent Chromium (Cr +6) 24 hours 
Odor 24 hours 
Coliform (Fecal and Total) 30 hours 
DrinkinR Water only 

BOD 48 hours 
Color 48 hours 
Settleable Solids 48 hours 

MBAS 48 hours 
Orthophosphate 48 hours 

Turbidity 48 hours 
Nitrite 48 hours 

Flashpoint 72 hours b 
. 

a Immediate generally means within 15 minutes of sample collection' 

b This is an internal holding time. The method does not specify a 
holding time . 



Date Samples Received 

Client Log #'s 

1--

1--

'--

(I) W""Walk in Herrigcr:.ltor 
HV= Hobart Refri~('rator. voe samples only 
Qe, H.efrigerator for QUllrantincd Soil Samples 

aUit\.:UlIU::Ul v 1..1 

Empirical Laboratories, LLC 

SAMPLE RECEIVING CUSTODY AND DISPOSAL FORM 

Date Logged In! 2nd Placed in Date Storage Disposed of Method 01 
Unpacked Numbered Checked Storage By Placed in Area (1) ByrDate Disposal 

Bv By * Stora"e 

----

QV= Refrigerator fOJ" Quarantined Soil, VOC samples only 
O=Oth('1" (:"ust Specify) 
*= MUST HAVE INITIALS OF THE PERSON WHO SECOND CHECKED AND MUST BE FILLED IN BY THAT PERSON IN INK. 

• • 
L I!.OCr-INI(JC-RI ('2 DOC 

• RevisedlY11·IIJ 



• .- • ------~----------~~--------------
oil Movement Regulations 
"( 6lvb-<~-tlI\«f So.h b~ Uo:. OtpI.o(' f.r;~.e) 

,ndlllon8 01 Movement 

!sfrlcllons ara Imposed on the move-
lilt 01 regulated articles from a regulated 
!3 as lollows: 
Jm red areas Into or through white 
3a9. Movement within red areas may be 
gulaled. 

Consult your State or Federal plont prolec­
lion Inspector or your counly agent for 
assistance regarding exact areas under 
regulation And requirements lor moving 
regutnted artlctes. 

NY 

II! Regulated Area 

~I 

~ 
H 



Sample Log # (s) 

Empirical Laboratories 
EMPIRICAL LABORATORIES, LLC 

LABORATORY SAMPLE CUSTODY FORM 
WALK-IN REFRIGERATOR 

Time/Date/Initials Time/Date/Initials Notes/ 
Removed Returned (Note if all Comments 

Sample Used) 

Task 
Performed 

, 



Preservatives Types of Container 
NI HN03 A 1 LITER - PLASTIC 
NF HN03 (Filtered) B 500 mL - PLASTIC 
SU H2SO4 C 250 mL - PLASTIC 
SH NaOH D 120 mL - PLASTIC 
ZN ZnACINaOH EN ENCOREPAK 
HY HCI F 1 LITER - GLASS CLEAR WIDE MOUTH 

G 1 LITER - GLASS CLEAR BOSTON ROUND 
H 1 LITER - GLASS AMBER 
I 250 ml. - AMBER 
J VOA VIALS - (40 ml.) 
K 500ml. - (J6oz) 
L 250 mI. - (8oz) 
M 125 ml. - (4oz) 
N 60 mI. - (2 oz) 
0 OTHER 
P PLASTIC BAG -1 Gallon 



ATTACHMENT n 

4IIt j' 

ROUTTh'E NPDES CLIENTS (page 1 of 2) 

J.JCAN Ingot and Recye mg 
JIJOCO Oil 
.rmstrong (pirelli) 
:If Atochem-Carrollton, KY 
.uburn Hosiery Mill 
.utostyle 

lando Manufacturing 
lowers Ink 
Iowling Green Municipalities (City of) 
IP Oil 
kemner, Inc. 
kentwood, City of 
lrown Printing Central 

jargill Steel and WIre 
jlarksville Products 

_/T.Dupont 
.. ,r and Olsen 

"mhart Pop Rivets 

• 

~Ieet Design 
?Tanklin, City of 

3-atlinburg 

8:ennessey Co. (Coats) 
8:l.5. Laundry 
8:X Bell (City of Hopkinsville Landfill Monthly Monitoring) 
Hoover 

International Paper 
J. S. Teehnos 

Ken Koat 
King Industries 

~ilnnom Tannery 
Leonard Plating 



;al Plate, Inc . 
• tforflex, Inc. 

~ashville Wire 
~orandal USA Inc. 

)ak Ridge, City of 

>lymouth Tube 
>rime Colorants 

lbare-d Hospital Services 
lnap On Tools 
lpringfield, City of 
'''"cial Metals 

tEl Industries 

rennessee Dickel Distillery 
rullahoma, City of 

UCAR, Clarksville 

valmore Leather 

ROU'I1J\'E NPDES CLIENTS (page 2 of 2) 

Westvaco (Mayfield Creek Up!Down) 
Woodbury 

Revised 9/10/96 

• 



• 
DATE 

RECEIVED 
CLIENT LOG # (S) 

• RUSH 
PARAMETERS 

Date Distributed 1/01/02 • 

E·MAIL FAX *FINAL 
COPY DUE COPY DUE COPY DUE 
(DATE/TO) (DATE/TO) (DATE/TO) 

*ALL FINAL REPORTS SHOULD BE DELIVERED TO TERESA WILLIAMS OR HERBIE JOHNSON THREE DAYS PRIOR 
TO FINAL DUE DATE TO CLIENT. 



AITACllMENT XIII . 

96-0001 • SAMPLE LOG CHANGE FORM 

DATE: 

TO: 

SAMPLE #(S): 

CLIENT: 

Changes: 

• 

f 

• 



• 

• 

ATTACHMENT XIV 

LABORATORY SAMPLE TRACKING SYSTEM 
SAMPLE RECEIVING 

LAB WORK 
ORDER RECEIVED 

SAMPLE KITS 
PREPARED IF REQUIRED 

SAMPLES RECEIVED 

YES 

SAMPLES LOGGED INTO 
LIMS FOR TRACKING AND 

BILLING 

QA CHECK BY SUPERVISOR 

INFORMATION CORRECT? 

YES 

NO 

NO 

CONTACT 
APPROPRIATE 
INDIVIDUAL(S) 

SAMPLES PLACED IN 
LABORATORY COLD 

STORAGE 



• 

• 

• 

ATTACHMENT XIV (Continued) 

LABORATORY SAMPLE TRACKING SYSTEM 
SAMPLE RECEIVING (continued) 

LIMS LOG REPORTS AND MEMOS NOTING 
SPECIAL REQUESTS DISTRIBUTED TO 

LABORATORY AND PROJECT PERSONNEL 

INFORMATION FILED IN SAMPLE 
RECEIVING AREA 

• Chain of Custody 
• Work Order 
• LIMS log reports 
• Pertinent memos 

COPIES TO 
SUPERVISOR FOR 
SEPARATE FILING 



• 

GCIMS 
SECTION 

-

• 

• 

ATIACHMENT nv (Continued) 

LABORATORY SAMPLE TRACKING SYSTEM 
DATA PRODUCTION AND REVIEW 

~ 

LABORATORY COLD 
STORAGE AREA 

t , 

GC 
CONVENTIONAL 

CHEMISTRY 
SECTION 

SECTION 

DATA PRODUCTION BY 
ANALYST 

DATA REDUCTION AND 
QAlQCREVIEWED BYA 
QUALIFIED CHEMIST 

DATA PRODUCTION 
REVIEWED BY SECTION 

MANAGER 

DRAFI'REPORT 
GENERATED AND/OR 

REVIEWED BY SECTION 
MANAGER 

METALS 
SECTION 



• 

• 

, 
L"\QAM\SAMPTRAK.AF2 

ATTACBMENTxrv (Continued) 

LABORATORY SAMPLE TRACKING SYSTEM 
DRAFT AND FINAL REPORT 

DRAFT REPORTS SUBMITTED TO 
ADMINISTRATIVE ASSISTANT BY 

SECTION MANAGERS 

DRAFT REPORTS GENERATED BY 
LIMS/ADMIl'11STRATIVE ASSISTANT 

FINAL REPORT 
GENERATED 

AND APPROVED BY EITHER: 

• Division Director 
• Section Manager 

• Technical Director 

Quality Assurance Manager 

FINAL REPORT 
ACCEPTABLE? 

YES 

FINAL REPORT 
MAILED TO CLIENT t--~ 

NO 

NO 

FINAL REPORT ARCHIVED 
• Hard Copy Filed 

• Data File on Magnetic Media 



• 

• 

L "\QAM\SAMPTRAK.AF2 

ATTACHMENT XIV (Continued) 

LABORATORY SAMPLE TRACKING SYSTEM 

I:t-.'VOICING 

DRAFT INVOICES 

GENERATED 

YES 

F1NAL INVOICES GENERATED 

YES 

F1NAL INVOICES 
SENT TO 

ACCOUNTING 

INVOICES MAILED 
TO CLIE:NT 

NO 

NO 

INVOICE COPY 
ARCHIVED 

• Laboratory 
• Accounting 



DISTRIBUTION/TRAINING LOG 

LABORATORY SAMPLE RECEIVING, 
LOGIN AND STORAGE 

STANDARD OPERATING PROCEDURES 

SOP NUMBER: SOP-404 

REVISION NUMBER: 13 

~\b~~ RECEIVED BY/DATE: W. Schwab ________ ~ 
~F.~R~iv~er=s---~~~~~~~==~----

,1<. To dfisend 

Signature above signifies acknowledgement of responsibility to know and 
follow the contents of this document. It also signifies receipt of training 
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Analytical Laboratory Waste Disposal 
Standard Operating Procedure 

I. SCOPE AND APPLICATION: 

SOP-405 
Revision: 5 
Date: 06/23/09 
Page 2 of 10 

Empirical Laboratories, LLC laboratory waste includes excess client sample waste 
and waste that are generated while performing an array of analytical services, some 
of which are hazardous. These wastes must be disposed of in a manner that is safe, 
cost efficient and in accordance with hazardous waste regulations. 

A. Wastes can be broken down into the following categories: 

1. Unused portions of actual samples received from outside clients. 

a. Unused aliquots of completed water samples. 

b. Unused aliquots of completed non-aqueous samples. 

2. Soils from quarantined areas 

3. All other soils, sediments, building debris, wipes etc. 

4. Hazardous waste generated within the laboratory as part of numerous analytical 
procedures. 

II. SUMMARY OF PROCEDURES: 

A. There are four options for disposing of unused sample portions: 

1. Return completed samples and any generated waste from these samples to the 
client. 

2. Throw the sample away after confirming that it is non-hazardous. 

3. Disposal through a waste vendor in either a sealed drum or lab pack. This is 
normally done twice a year. 

4. Treat the sample to make it non-hazardous and dispose of it as such. (Aqueous 
pH neutralization only.) 

1":\LAB\QAQC\SOP\SOP-405REV5.doc 
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B. There are two options for disposing of laboratory generated waste: 

1. Disposal through a waste vendor in either a sealed drum or lab pack. This is 
normally done twice a year. The waste must be stored properly until the waste is 
transported off site. 

For example: Solvent waste must be stored in the vented flammable cabinet. 

2. Treat the waste to make it non-hazardous and dispose of it as such. (Aqueous pH 
neutralization only.) 

III. EQUIPMENT/APPARATUS: 

A. Proper safety equipment in good working condition. This includes 
gloves, lab coat and safety glasses/goggles (voluntary use of cartridge 
respirator allowed see area manager or QAO). 

B. USDOT approved drums for storing and shipping hazardous waste. 

C. Fume hood vented outside the building. 

D. Flammable storage cabinet which is vented to the outside 

IV. PROCEDURE 

Waste disposal is done under the management and coordination of the Sample 
Receiving Manager, Section Managers and the Health and Safety Officer. 

A. Disposal of completed aqueous samples: 

Completed samples are kept in cold storage for approximately three weeks after the 
final report has been mailed. Engineering support projects involving CLP work, 
litigation cases etc. may be saved for longer than three weeks at the request of the 
project manager. 

No samples should be disposed of without approval from the responsible area 
manager or analyst. At this point the area manager and/or analyst will 
communicate information about samples deemed as hazardous. 

V:\LAB\QAQC\SOP\SOI'·406REV5.doc 
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l. The majority of the water samples (ground, surface and drinking) is non­
hazardous and is disposed of by pouring them down the sink. 

a. This must be done under the hooded area located near the sink in sample 
recelvmg. Make sure that the sash is closed far enough to produce sufficient 
ventilation. The tap water should be turned on to supply copious wash for sample 
disposal. 

b. Proper safety equipment must be used including safety glasses (face shield if 
necessary), lab coat and gloves. 

c. be alert to potential problems: for example, separate Cyanide waste from 
acid waste. Neutralize acid waste that will be poured down the drain and 
don't mix waste/samples thought to contain Cyanide with samples that are 
acidified. Also, look for things such as phase separation, odd color, odor etc. 
Check with the area manager or Health and Safety Officer before disposing 
of any questionable samples. 

d. Tap water must be running during the time samples are poured out and for 
approximately 10 minutes after so sufficient flushing and dilution takes place. 

e. All containers must be rinsed out, all identifying markings defaced or removed, 
and thrown into the trash. 

f. All samples disposed of in this manner must be documented in the bound disposal 
log. 

2. If water samples are hazardous (known or suspected), one of the following steps 
must be taken. 

a. Samples may be returned to the client. If you plan to ship the unused portion back 
to the client check with shipping and receiving to make sure that the material can be 
shipped in accordance with USDOT regulations. If the samples are not returned 
to the client they must be stored properly until picked up by a waste 
vender. 

b. Treat the sample to make it non-hazardous. One example of this is if the sample 
is highly corrosive, the pH may be adjusted. 

c. Store the sample properly until either a sealed drum or lab pack is sent out. 

V:\LAB\QAQC\SOP\SOP-405REV5.doc 
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d. All samples disposed of in this manner must be documented in the bound disposal 
log. 

B. Disposal of completed non-aqueous samples: 

The majority of non-aqueous samples are soils or sediments, although there may also 
be building debris, wipes, oils, and occasionally product type samples. 

1. If samples are non-hazardous they must have all identifying markings defaced or 
removed, and thrown into the trash. On specific projects we may also opt to return 
the unused portions to the client even if they are non-hazardous. 

2. If non-aqueous samples are hazardous (known or suspected), one of the following 
steps must be taken. 

a. Samples may be returned to the client. If you plan to ship the unused portion 
back to the client check with shipping and receiving to make sure that the material 
can be shipped in accordance with USDOT regulations. If the samples are not 
returned to the client they must be stored properly until picked up by a 
waste vender. 

b. Store the sample properly until a lab pack is sent out. 

3. Soil samples taken at a depth of three feet or less from areas, which have been 
quarantined by the US Department of Agriculture (USDA), must first be treated at 
the laboratory to prevent the spread of any plant pests. The USDA has detailed 
proper treatment procedures of which we use the following: 

a. The sample is heated to 180°C(356°F)in a vented oven for two hours. 
b. After the heating the samples are placed close to a hood to cool and are marked as 
being ready for disposal. 

4. Once the samples have undergone treatment they can then be disposed of by one 
of the procedures for non-aqueous samples. All samples disposed of in this 
manner must be documented in the bound disposal logbook with the 
following information: 

a. Client 
b. Sample #s 

V:\LAB\QAQC\SOP\SOP·405RlW:;.doc 



c. Date(s) treated 
d. Treatment method used 

C. Disposal of laboratory generated waste: 

SOp·405 
Revision: 5 
Date: 06/23/09 
Page 6 of 10 

Generated waste is stored outside the building, inside the caged fence until a waste 
pick up occurs. This area must be maintained properly. 

1. Waste handling and disposal within each laboratory section: 

Each laboratory analyst and section manager is responsible to assure that handling 
operations within their area are being followed according to the laboratory 
requirement. 

a. General Chemistry/Inorganic 

Each analyst performing specific laboratory tests that generates waste is responsible 
to handle and dispose of the waste in a safe manner and under the guidelines listed 
below. If you have any questions left unanswered regarding waste disposal within 
your specific area contact the inorganic manager or the safety officer. 

• Concentrated acid waste, (>2% by volume) and dilute mercury waste (mercury, 
chemical oxygen demand, total kjeldahl nitrogen and chloride analyses waste) are 
poured into the Acid Satellite Waste drum located outside the back of the building 
inside the caged fence. Document the type and amount of waste in the acid 
waste logbook, then initial and date the entry. 
• Dilute acid waste «2% by volume or less) are neutralized using concentrated 
amounts of sodium hydroxide and poured down a sink drain within hooded 
ventilation with copious amounts of tap water. The amounts of acid waste treated 
along with the amount of sodium hydroxide used to neutralize the acid waste, is then 
recorded into an acid waste neutralization log book that is kept in sample receiving. 
• All other non-hazardous sample waste, reagents and standards are 
poured down the drain with copious amounts of tap water. 

b. Metals 

Each analyst performing specific laboratory tests that generates waste is responsible 
to handle and dispose of the waste in a safe manner and under the guidelines listed 
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SOP-405 
Revision: 5 
Date: 06/23/09 
Page 7 of 10 

below. If you have any questions left unanswered regarding waste disposal within 
your specific area contact the inorganic manager or the safety officer. 

• Concentrated acid waste. aqueous sample waste digestates and old unused 
calibration standards (>2% by volume) are poured into the Acid Satellite Waste 
drum located outside the back of the building inside the caged fence. 
• Non-aqueous sample digestate wastes are decanted off the soil/solid samples into 
the Acid Satellite Waste drum located outside the back of the building inside the 
caged fence. Rinse the soil/solid with tap water several times and discard the 
first rinsatc into the Acid Satellite Waste drum and the sequential rinsates 
decant down an acid drain with copious amounts of tap-water. 
• Throw the soil/solids in the trash once the acid has been rinsed free. 
• Cr6 digestates as with all concentrated metal/acid waste are poured into 
the Acid Satellite Waste drum. 

c. Organic Extraction Laboratory Area 

Each analyst performing specific laboratory tests that generates waste is responsible 
to handle and dispose of the waste in a safe manner and under the guidelines listed 
below. If you have any questions left unanswered regarding waste disposal within 
your specific area contact the organic manager or the safety officer. 

• Concentrated acid waste is discarded into the Acid Satellite Waste located outside 
the back of the building inside the caged fence. 
• Non-chlorinated solvent waste (Acetone, Ether, Hexane, and Methanol .... etc ... ) 
pour into the Non-Chlorinated Waste labeled bottle located in the hood in the 
Organic Extraction Laboratory. 
• Chlorinated solvent waste (Methylene Chloride. Chloroform. chlorinated standard 
and spike waste) pour into the Chlorinated Waste labeled bottle located in the hood 
in the Organic Extraction Laboratory. 

**Note: Laboratory generated solvent waste is transferred to the 
appropriate Satellite Solvent Waste Drum (chlorinated or non-chlorinated) 
weekly or as deemed necessary. Disposal of solvent waste is done under the 
direction of the organic laboratory manager. These drums are located 
outside the back of the building inside the caged fence and only authorized 
laboratory staff are allowed to add waste solvent to these drums. The date 
of addition to the drum, type and quantity of solvent is entered into the 
'Organic Solvent Waste Logbook' located on the shelf next to the drums. 
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• Aqueous sample waste from extracted samples (once the extraction 
solvent has been removed) is poured down the drain and flush with copious 
amount of tap water. 
• Non-aqueous sample waste and sodium sulfate waste is dumped into a waste 
container under an extraction laboratory hood and left overnight or until the solvent 
is evaporated and then the waste is discarded into the trash. 

d. Gas Chromatography (GC)/High Performance Liquid Chromatography (HPLC) 
Laboratory 

• Autosampler vials are discarded into the appropriately labeled box located in the 
GC/HPLC Laboratory. 

PCB Box - all samples/standards 
Pesticide Box - all samples/standards 
Herbicide Box - all samples/standards 
8330 Box - all samples/standards 
Methylene Chloride Box- all samples/standards that contain methylene chloride 
(Diesel Range Organics, DRO) 

• Sample and spike extract vials are separated according to the contents in the vial. 
Acid cleaned extracts are combined into a separatory funnel and the acid layer 
separated from the solvent. The acid portion is discarded into the Acid Satellite 
Waste drum located outside the back of the building inside the caged fence. The 
solvent waste is discarded into the appropriate solvent waste bottle (chlorinated/non­
chlorinated waste) located in the hood in the organic extraction laboratory. 

Unused stock and working standards are discarded into the chlorinated solvent 
waste bottle located in the organic extraction laboratory. The empty vials are rinsed 
several (3) times with solvent and the solvent rinsate poured into the solvent waste 
and the vials with labels removed are discarded into the glassware waste container. 

e. Gas Chromatography/Mass Spectrometry 

• Volatile sample, standard and reagent waste 
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Waste from the instrument - Aqueous sample waste is collected in waste bottles 
via waste lines from the instrument. The bottles are emptied into buckets and 
poured down the drain(pH is < 2% by volume). A small amount of methanol used to 
clean glassware is also dumped into the bucket and poured down the drain. While 
disposing of sample waste always run the cold tap water 10-15 minutes. Non­
aqueous waste from sample analyses is retained and dispose of in the same manner 
as the unused sample. Unused sample is held for sample disposal by the sample 
receiving area, see A and B listed above. 

Standards - Unused stock and working standards are discarded into the 
chlorinated solvent waste bottle located in the organic extraction laboratory. The 
empty vials are rinsed several (3) times with solvent and the solvent rinsate poured 
into the solvent waste and the vials with labels removed are discarded into the 
glassware waste container. 

In conjunction with section managers, the sample receiving area disposes of solid 
sample waste and unused aqueous and solid samples see procedures A and B listed 
above. 

• Semivolatile sample and standard waste disposal 

Methylene chloride waste solvent and standard waste in vials are poured into the 
chlorinated waste bottle in the hood in the organic extraction laboratory. The empty 
vials are rinsed with solvent and the solvent poured into the waste solvent bottle. 
The vials with labels removed are discarded into the glassware waste disposal 
container. 

Auto sampler vials are collected in buckets and stored under the hood in the organic 
extraction laboratory. Periodically the vials are consolidated in lab packs for 
disposal by a licensed waste disposal company. 

f. Bioassay Laboratory 

• Aqueous sample waste and a small amount of methanol are poured down the 
drain with copious amounts of tap water. Larger amounts of methanol used for 
glassware cleaning are collected in beakers and evaporated at room temperature. 

• Hazardous or product samples are returned to the client. 
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D. Consolidation of satellite waste for contractor disposal: 
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In conjunction with the Safety Officer, the sample receiving supervisor is responsible 
to coordinate waste disposal operations with outside waste disposal contractors. 

1. Solvent waste from the areas discussed above is periodically consolidated into two 
drums located outside the back of the building inside the caged fence (c. Organic 
Extraction Laboratory Area, * Note). A drum designated either chlorinated or non­
chlorinated solvent waste is available to receive the appropriate solvent waste. When 
the drums become full (fluid surface six inches below the top of the drum), an 
authorized hazardous waste contractor will be scheduled to remove them to proper 
waste disposal. 

2. The Acid Satellite Waste drum is also disposed through the authorized hazardous 
waste contractor once the drum is full to the level of six inches below the top of the 
drum. 

3. Consolidated autosampler and standard vials are periodically Lab-Packed m 
drums and disposed through the authorized hazardous waste contractor. 

4. The Laboratory Health and Safety Officer will administer the Waste Disposal 
Program and maintain current information to track quantities of waste generated 
and stored on-site. 

It is the continuous objective of our laboratory to find ways to decrease the 
amount of waste generated. 

\-;\LAB\QAQC\SOP\SOP·405REV5.doc 
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Empirical Laboratories, LLC is located at 621 Mainstream Dr. suite 270 Nashville, 
TN 37228 on the first floor. This building is locked and monitored by an alarm 
system after nonnal business hours. No unauthorized personnel are permitted within 
the facility without a proper escort and a visitor's badge. During non business hours, 
all doors to the building are locked and secured by an alarm system. All front and 
back doors are locked and only Empirical Laboratories, LLC personnel have a key to 
access the building. Upon unlocking the door and entering into the laboratory, then 
the employee is to deactivate the alarm system using the assigned 4 digit alarm code 
assigned to them by Human Resources. Each employee is assigned their own 
designated alarm code, with no code being assigned twice. There is a buzzer at the 
door to Login to allow entry for sample and supply deliveries. 

The majority of samples are shipped in coolers by couriers such as Federal Express 
and UPS. All couriers are generally received in the Shipping/Sample Receiving (SR) 
area in back of the building. The laboratory is located close to Federal Express 
(FedEx) distribution station; therefore we pick up our coolers at the FedEx location 
daily and transport them directly to the laboratory. Some coolers and/or samples are 
delivered directly to the SR area by the sampler and/or client. The SR personnel must 
not leave any packages/cooler without authorized receipt from laboratory personnel. 
Samples must be accompanied by some type of chain of custody record. Sample 
receiving personnel sign, and list the date and time received on the chain of custody. 
The time received must reflect the actual time or validation date and time of receipt 
for the samples although they may be placed in cold storage and logged into the 
system at a later time. The method of delivery is listed on the cooler receipt 
form(CRF). The tracking # (if available) is attached to the chain of custody. 

Once sample containers have been assigned a laboratory ID number, they must be 
checked by another laboratory individual to ensure that the log number on the 
container matches the log number and sample ID on the Chain of Custody. A Cooler 
Receipt Form also must be completed to accompany the cohesive Chain of Custody. 
Samples should not leave the log-in area until this has been completed. Log-in is also 
responsible for maintaining a Sample Receiving Custody and Disposal Form for 
samples received. This form is to be filled out before the actual disposing of any 
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sample in house. Once the document is complete, the original will be kept on file. 
The following infon11ation must be logged onto this fonn: 

• Client and Log #s 
• Date/Time Unpacked 
• Logged InlNumbered By (Initials) 
• 2nd Checked By (Initials) 
• Date/Time Placed in Cold Storage 
• Storage Area (Walk In, Blue Air-VOCs, Quarantined Soils, Quarantined­

VOC, Other) 
• Disposed of By/Date 
• Method of Disposal 

Original samples are stored in following areas of the laboratory. 

1. Hobart Refrigerator in the VOC lab: All water VOCs must be stored in this 
refrigerator. 

2. Water Walk In Refrigerator: All waters for all analyses except VOCs must 
be stored in this ref1igerator. 

3. Soil Walk in Refrigerator for all soils. 

4. VOC Dry Storage Rack: All water VOCs that have exceeded double holding 
time can be stored on this rack. These samples are stored here segregated alone to 
ensure no cross contamination occurs between VOC samples and other non-VOC 
aqueous samples. 

All soils are treated as quarantined. 

All samples must be stored III one of the four locations detailed above with the 
following exceptions: 

1. Matrices that may be adversely affected by the cold temperature. (e.g. 
surfactant samples, multi-phase samples) 
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2. Highly contaminated waste or product type samples which could jeopardize 
the integrity of other samples in the walk in cooler. Often these can be stored 
at room temperature. If these require refrigeration see the Testing Coordinator 
for other options. 

Any person removing samples from the storage areas listed above, must sign them out 
on a laboratory custody sheet (attached). The individual performing the processing 
becomes responsible for the samples at this point. The samples are maintained in the 
secure possession of the individual processing the samples. When the processing is 
completed, the samples are returned and signed back into the appropriate storage area. 
It must be noted if the entire sample volume was used and that the container was 
discarded. 

Sample extracts and digestates are stored in the following areas: 

1. All metals digestates are stored in the metals instrument laboratory. The 
transfer from the digestion analysts to the ICAP analysts is documented in the 
metals digestion log book. 

2. Non - ZHE TCLP extracts are returned to the refrigerator in which the original 
samples are stored. For ZHE samples, the extract is returned to the 
refrigerator in which the original VOC sample containers are stored. 

3. Extracts from medium level VOC analyses are also stored in the Soil Walk -
in or VOC sample freezer in the VOC Lab. 

4. All Organic extracts are stored in a Beverage Air side by side refrigerator in 
the organic extraction laboratory. 

The generation of all sample extracts/digests and their movement through the 
laboratory will also be tracked on a laboratory custody sheet or in a log book. The 
individual performing the processing becomes responsible for the samples at this 
point. The samples are maintained in the secure possession of the individual 
processing the samples. When the processing is completed, the extracts are returned 
and signed back into the appropriate storage area. The metals digestates are not 
removed from the metals instrument laboratory. 

\':\LAB\QAQC\SOP\SOP,41 OREVI.doc 
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After the analytical results have been reported, the original samples, sample extracts, 
and digestates will remain in secure storage until they are disposed of in accordance 
with the Waste Disposal Standard Operating Procedure. Samples will be held for a 
minimum of 30 days after the final report unless specified otherwise. Sample extracts 
and digestates are held for a minimum of 60 days after the final report unless project 
specific requirements state otherwise. See SOP No. 405 entitled Laboratory Waste 
Disposal SOP for guidance on disposal of samples. 

The following personnel as of June 23rd, 2009 have access to all sample storage 
areas: 

James Dalton Herbie Johnson 
Ashley Bester DahaeKim 
Roger Burr Dustin Lynch 
Janice Shilling Marcia McGinnity 
Rick Davis Badeen Mekael 
Jessica Sales Antonio Montiero 
Betty DeVille Kelienne Verdier 
Amanda Fei Gino Moore 
Kendra Gentry Lorraine N orohna 
Jason Goodman Melanie Sams 
Sonya Gordon Brian Richard 
Gwen Hallquist Franklin Rivers 
Veronica Mullen William Schwab 
William Lancaster Russell Townsend 
Jade Holliman Christy Thompson 
John Hughes Renee Vogel 
Karu Huka Randy Ward 
Randy Ward Marcia McGinnity 

In the event that an employee IS terminated, the supervisor IS responsible for 
collecting the employee's keys. 

For additional information see SOP No. 404 entitled Laboratory Sample Receiving, 
Log-In and Storage. 
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The· purpose of this document is to specify a consistent sample nomenclature system that will facilitate 
subsequent data management in a cost-effective manner. The sample nomenclature system has been 
devised such that the following objectives can be attained: 

• Sorting of data by matrix. 
• Sorting of data by depth. 
• Maintenance of consistency (field, laboratory, and data base sample numbers). 
• Accommodation of all project-specific requirements. 
• Accommodation of laboratory sample number length constraints (maximum of 20 characters). 

2.0 SCOPE 

The methods described in thisprocedure.shallbe used consistently for all projects requiring electronic data. 

3.0 GLOSSARY 

None. 

4.0 RESPONSIBILITIES .. 
Program Manager - Jtshall be the· responsibility of the Program Manager (or designee) to inform contract­
specif.ic Project Managers of the existence and requirements 6f this Standard Operating Procedure. 

Project Manager -It shall be theresp6nsibility of the Project Manager to determine the applicability of this 
Standard Operating Procedure based on: (1) program-specific requirements, and (2)project size and 
objectives. It shall be the responsibility ofthe Project Manager (or designee) to ensure that the sample 
nomenclature is thoroughly specified in the relevant project planning document (e.g., sampling and analysis 
plan) and IS consistent with this Standard Operating Procedure if relevant. It shall be the responsibility of 
the project manager. to ensure thatthe. Field Operations Leader is familiar with the sample nomenclature 
system. 

Field bperation~Leader - It shall be the responsibility of the Field Operations Leader to ensure that all 
field· technicians or sampling personnel are thoroughly familiar with this Standard Operating Procedure and 
the project-specifiosample. nomenclature system, It shall be the responsibility of the Field Operations 
Leader to ensure that the sample nomenclature system is usedduririgall project-specific sampling eftorts. 

5.0 PROPEDURES 

5.1 Introduction 

The sample identification (10) system can consist of as few asBbutnot more than 20distinct",lpha­
numeric characters. The sample 10 will be provided to the laboratory .011 the sample labels· and chain-of~ 
custody forms. The basic sample 10 provided to the lab has three segments and shall be as folloyvs where 
"A" indicates "alpha," and uN" indicates "numeric": 

.. 

AorN 
: 

AM AorN 
. 3- or 4-Characters .. 2~or a:'Characters 3';10 6~Characters 

Site Identifier $ampleType Sample Location 
:, 

019611/P Tetra Tecn NUS,lnc. 



-

Subject Number 

CT-04 
SAMPLE NOMENCLATURE Revision 

Additional segments may be added as needed. For example: 

(1) Soil and Sediment Sample 10 

AorN AM AorN 
3- or 4-Characters 2- or 3-Characters 3- to 6-Characters 

Site Identifier Sample Type Sample location 

(2) Aqueous (groundwater or surface water) Sample 10 

AorN AAA AorN NN 
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NNNN 
4-Characters 

Sample Depth 

3~ or4-Characters 2- or 3-Characters 3- to 6-Characters 2~Characters 

.. A 

Site Identifier Sample type Sample location Round Number Filtered Sampleol1ly . 
(a) Qie~a SaR'll9le iD 

, ,A,v, ,. AAA AorN AA 
,3- or 4"Characters 2 ... or3-l;nar ,,- to 6-CharactArs '" ...,j ICiraCters 

Site Identifier SamolA Tv .... '" vamp Ie Location - Identifier 

5.2 Sample Identification Field Requirements 

The various fields in the sample ID will include but are not limited to the following: 

• 
• 
• 

Site Identifier 
Sample Type 
Sample location 

• • Sample Depth 
aaR=lfllin§Round P.~uR=lber 
Filtered 

• ,. 
,. ,g~QgiQQ l~oAt"ior 

• '8atT1fJle GFel:lfJ NUfl'lBer , 

.. 
3-Characters' 

Sample Group 
Numoe, 

The site identifier must be. a three- or four-character field (numeric characters, alpha characters; or a 
mixture of alpha and numeric .characters may be used). A site number is necessary since many 
facilities/sites have multiple individual sites, SWMUs; operable units, etc. Several examples are presented 
in Section 5.3 of this SOP. 

The sample type must be a two- or three-character alpha field. Suggested codes are provided. in 
Section 5.3 of this SOP. 

The sample location must be at least a three-character field but may have up to six-characters (alpha, 
numeric, or a mixture). The six-characters may be useful in identifying a monitoring well to be sampled or 
describIng a grid location. 

The sample depth field is used to note the depth below ground surface (bgs)at which a soil or sediment 
sample is collected. The first two numbers of the four-number code specify thetop intervar, and the third 
and fourth specify the bottom interval in feet bgs of the sample. If the sample depth is equal to or greater 
than 100, then only the top interval would be represented and the sampling depth would be truncated to. 

, 
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three-characters. The depths will be noted in whole numbers only; further detail, if needed, will be recorded 
on the sample log sheet, boring log, logbook, etc. 

A two-digit round number will be used to track the number of aqueous samples taken from a particular 
aqueous sample location. The first sample collected from a location will be assigned the round identifier 
01, the second 02, etc. This applies to both existing and proposed monitoring wells and surface water 
locations. 

Aqueous samples that are field filtered (dissolved analysis) will be identified with an "-F" in the last field 
segment. No entry in this segment signifies an unfiltered (total) sample. 

ThQ sp@ciQS id8nlifi8r my&!l b8 a t¥.IG sharast8r alpha field ... aO'.'oFaI. 61:lggesteel eoeles 8:f€ provided i" 
SeetionS.S of this SOP. .. . 

The three digit s8mple group number will be used to tr.8ek the number of biotaMlllple glOtlp5 (apartictllal 
groUl9size mft'y' be determined by sample teehnique,llIedia type, the lIullibelof ilidividualcaoglll, weiglll 
issues, tiR'le, etc.) by species emellocetiofl. TRe fil'st sOR'\ple group of a pORieulaf speeies eelleeffieJ frem a 
given loeation will be assigned the soml9le group number 001 and tRe seoone sElR'\ple grol:lp of tRe saffle 
slgeeies collected from tRo SEIRIS I~atioliwill be assigned the sailiple glOup lIulllbel 002. 

5.3 Example Sample Field Designations 

Examples of each of the fields are as follows: 

Site Identifier - Examples of site numbers/designations areas follows: 

A01 -
125 -
000 -
BBG -

Area of Concern Number 1 
Solid Waste Management Unit Number 125 
Base or Facility Wide Sample (e.g., upgradient well) 
Base Background 

The examples cited are only suggestions. Each Project Manager (or designee) must designate appropriate 
(and consistent) site designations for their individual project. 

Sample Type - Examples of sample types areas follows: 

. AH Aeh aarnplQ 
Aa ,''.iF eaFRple 
-8M Building MateRal Sample 
Bag Biota Samf)le Fall Qody 

CP GOR'lpesiteSample 
Ca Chip Sample 

DU Dl:4st Sample 
FP Free PfOduet 
lOW - Investigation Derived Waste Sample 
-bT lOacl=lat8. SamplE! 
MW - Monitonng Well Groundwater Sample 
OF OqUal! Saa:Jple . 
R¥.,..J ---IR~elll-:lOaNiidl,lle~R;j4itili;l,all-l\{JI,t1J;elu..1 .i:lSQlamL/Jf.lplt:le 

S8 Soil Boring Sample 
SO - Sediment Sample 
SC Sor:apo aaR:\plQ 

019611fP Tetra Tech NUS, Inc. 
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8L 
SP 
SS 

~~~. : 
TP 
,::W 
we 
WP 

" "*'S 

goil Gtl3 Safflple-
81uage 8aml'le 
Seep Sample 
Surface Soil Sample 

:=!==r~re 
Test Pit Gaml'le i 
'::Or:Rpot:aI)' Well GaR'l(:3hll 

'AIipeSaffiple f 

Waste,18elid S~l+lple 
Wastewater Sample 

CT-04 

1 

Sample Location. - Examples of the location field are as follows: 

001 
N32E92 
0096 

Monitoririg Well 1 
Grid location 32 North and 92 East 
Investigation derived waste drum number 96 

Sf)eeies Ident~ie[ ExEtffi!3los of sf3oeios ieol'ttifif':r elf': ~ follooos. 

BO Blue Grab 
- .<38. Blue Gill ~ 

00 COlli 

SB Soybeall 

5.4 Examples of Sample Nomenclature 
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The firstrouncl monitoring well groundwater. sample collected from eXisting monitoring well 001 at SWMU 
16 for afiltered sample would be designated as016MW00101-F. 

The second round monitoring well groundwater sample collected from eXisting monitoring well C20P2 at 
Site 23 for an unfiltered sample would be designated as 023MWC20P202. 

Theseeena 51:1rfaee v.'ater sample GoUeotedffom poiAt Q1 at GIl/MY 1 dO for an ~JAfiltoroEl saml'lo wO\:Jlg!;,o 
GosignatoG.8s 130SWOQ1Q2. 

A surface soil sample collected from grid location 32 North and 92 East at Site 32 at the 0- to 2-foot 
interval would be designated as 032SSN32E920002. 

A subsurlace'S()jJ sample from soil boring 03 at SWMU 32 at an interval of 4 to 5 feet bgs would be 
designated as 032880030405. 

A sediment sample collected at SWMU 19 from 0 to 6 inches at location 14 would be designated as 
019S00140oo1, The sample data sheet would reflect the precise depth at which this sample was 
col/ected. 

DUringbiotasofflpling for full body al'iolys;s U'lE! first tiffie a ffiiRROW tro!3 was ehoel<ee at grid I"eatioll A25 
of S'NMU 1415 Ji=tree small blue gills were ea!3tured, eolleeted and designated ,It'iti=t the sflffiple 10 of 
1415BSBA26BG001. Tho oeoond time blue gill were eDUeated althe same loeation (grid loeation A25"'ar 
SWMU 14.f5) the ~am"le 10 designation gi'llen v~as 1415BSBA2SBG002, 

Note: No dash (-) or spacing is usedbetvveen the segments with the exception of the filtered segment. 
The "F" used for a filtered aqueous sample is preceded by a dash "-F". 
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5.5 Field Quality Assurance/Quality Control (OAlOCl Sample Nomenclaturel 

Field ONOC will be designated using a different coding system. The OCcode will consist of a three- to 
four-segment alpha-numeric code that identifies the sample QC type, the date the sample was collected, 
and the number of this type of OC sample collected on that date. 

AA NNNNNN 

OCType Date 

The QC types are identified as: 

TB = Trip Blank 
·RB .. RiAsato BlaFlk(lS€lbli~I+lQnt Slank) 
FD= FieldDuplicate 
AB = Ambient Conditions Blank 
WB = Source Water Blank 

NN -F 

Sequence Number Filtered 
(per day) (aqueous only, if needed) 

The sampling time recorded on the Chain-of-Custody Form, labels, and tags for duplicate samples will be 
0000 so that the samples are "blind" to the laboratory .. Notes detailing the samplenumber,tirne, date, and 
type will be recorded on the routine sample log sheets and will document the location of the duplicate 
sample (sample log sheets are not provided to the laboratory). Documentation for all other QC types (TB; 
RS, AB, and WS} will be recorded on the QC Sample Log sheet (see SOP on FieltlDocumentatioh). 

5.6 Examples of FiefdQA/QC Sample Nomenclature 

The first duplicate of the day for a filtered ground water sample collected on June 3, 2000 would be 
designated as FD06030001-F. 

The third duplicate of the day taken of.asubsurface soil sample collected on Noveniber17,2003 would be 
designated as FD11170303. . 

The first· trip blank associated with samples collected on October 12, ··2000· would b¢designated as 
TB10120001..· .. . .•. 

The only rinsate blank. collected on November 17, 2001 would be designated as:RBH1701O:L .•.. 

6.0 DEVIATIONS 

. Any deviation from this SOPr:nust be·addressed in detail in the site specific planning documents. 

019611/P Tetra Tech NUS, Inc. 



STANDARD 
. OPERATING 
PROCEDURES 

Number 

CT-05 

Effective Date 
01/29/01 

Applicability 

Page 

Revision 

Tetra Tech NUS, Inc. 

1 of 7 

2 

Prepared 

Management Information Systems Department TETRA TECH NUS, INC. 

Approved JJ 
D. Senovich 

Subject 

DATABASE RECORDS AND QUALITY ASSURANCE 

TABLE OF CONTENTS 

SECTION 

1.0 PURPOSE .......................................................................................................................................... 2 

2.0 SCOPE ............................................................................................................................................... 2 

3.0 GLOSSARY •........••••... ~ ................................... ~ .................................................................................. 2 

4.0 RESPONSIBrLITrES.~ .............. ~ ............................................................................................... ~ ......... 2 

5.0 PROCEDURES .............................. ~ ..................................................................................... ; ............. 4 

5.1 INTRODUCTION .............................................................................................................. 4 
5.2 FILE ESTABLISHMENT .................................................................................................. 4 
5.3 ELECTRONIC DELIVERABLES ..................................................................................... 4 
5.4 SAMPLE TRACKING FORMS ........................................................................................ 5 
5.5 CHAIN"OF-CUSTOOY FORMS ...................................................................................... 5 
5.6 DATA VALIDATION LETTERS ....................................................................................... 5 
5.7 HISTORICAL DATA ........................................................................................................ 5 

6.0 RECORDS .................................... ~ ..................................................................................................... 6 

ArT ACHMENTS 

A MIS REQUE$T FORM .............................................................................................................. 7 

... 

019611/P Tetra Tech NUS, Inc. 



Subject 

DATABASE RECORDS AND 

QUALITY ASSURANCE 

1.0 PURPOSE 

Number 

Revision 

CT-05 

2 

Page 
2of7 

Effective Date 
01/29/01 

The purpose of· this document is to specify a consistent procedure for the quality assurance review of 
electronic and hard copy databases. This SOP outlines the requirements for establishment of a Database 
Record File, Quality Assurance review procedures, and documentation of the Quality Assurance Review 
Process. 

2.0 SCOPE 

The methods .described in this Standard . Operating Procedure (SOP) shall be used consistently for all 
projects managed by Tetra Tech NUS (TtNUS). 

3.0 GLOSSARY 

Chain~of-Custody Form - AChain-of-Custody Formisa printed form that accompanies a sample or a 
group of samples from the time of sample collection to the laboratory; The Chain-of-CustodyForm is 
retained with the samples during transferaf samples from one custodian to another. The Chain-of­
Custody Form is a controlled documerlt that becomes part of the permarlent project file. Chain-ot-Custody 
and field documentation requiremerlts.are addressed in SQP SA-6;1. 

Electronic Database - A database provided on a compact laser disk (CD). Such electronic databases will 
generally be prepared using public domain software such. as DBase, RBase, Qracle, Visual FoxPro, 
Microsoft Access, Paradox, etc. 

Hardcopy Database - A prirlted copy of. a database prepared using the software discussed under the 
defirlition of an electronic database. . . 

Form 1- A printed copy of the analytical results for each sample. 

Sample Tracking Summary - A printed record of sample irlformation including the date the samples were 
collected, the number of samples collected. the sample matrix, the laboratory to which thesampfes were 
shipped, the associated· analytical requirements. for the samples,. the date. the analytical data were 
received from the laboratory,and the d;:lte that validation of the sample data was completed. 

4.0 RESPONSIBILITIES 

Database Records Custodian • It .shall be the responsibility of the Database Records CustOdian to· 
update and file the Sample. TrackingSull)maries for aHactive projects on a weekly basis. It shall be the 
responsibility of the Database HecordsCustodian to ensure that the most recent copies of the Sample 
Tracking Summaries are placed in the Database Records file. It shall be the responsibility of the 
Database Records CUstodian to eflSl:lre that a cOpy of all validation·deliverables is provided to the Project 
Manager (for placement in the project file). It shall be the responsibility of the Database Records 
Custodian to ensure. that photocopies qf all validation deliverables and historical data and reports .. (as 
applicable) are placed in the Database Records file. 

Data Validation Coordinator - It shall be the responsibility of the Data Validatiorl Coordinator (or 
designee) to ensure that the Sample Tracking Summaries are maintained by the Database Records 
Custodian. It shall be the .responsibility of the Datll Validation Coordinator (or designee) to ensure that 
photocopies of all data validation deJiverables are placed in the applicable Database Records file by the 
Database Records Cl1stodian. 

019611/P Tetra Tech NUS,lnc. 



Subject 

DATABASE RECORDS AND 

QUALITY ASSURANCE 

Number 

Revision 

CT-05 

2 

Page 

30f 7 

Effective Dale 

01/29/01 

Earth Sciences Department Manager - It shall be the responsibility of the Earth Sciences Department 
Manager (or equivalent) to ensure that all field personnel are familiar with the requirements of this 
Standard Operating Procedure (specifically Section 5.5). 

FOL - It shall be the responsibility of the FOL (FOL) of each project to ensure that all field technicians or 
sampling personnel are thoroughly familiar with this SOP, specifically regarding provision of the Chain-of­
Custody Forms to the Database Records Custodian. Other responsibilities of the FOL are described in 
Sections 5.4 and 5.5. 

Management Information Systems (MJS) Manager - It shall be the responsibility of the MISManager to 
ensure that copies of original electronic deliverables (CDs) are placed in both the project files and the 
Database Records File. It shall be the responsibility of the MIS Manager (or designee) to verify the 
completeness of the database (presence of aU samples) in both electronic and hardcopy form in the 
Database Records File. It shall be the responsibility of the MIS Manager to ensure that Quality Assurance 
Reviews are completed and are attested to by Quality Assurance Reviewers. It shall be the responsibility 
of the MIS Manager to ensure that records of the Quality Assurance review process are placed in the 
Database Records File. It shall be. the responsibility of the MIS Manager to ensure that both electronic 
and hardcopy forms of the final.database are placed in both the project and the Database Record File. It 
shall be the responsibility of the MIS Manager to ensure that data validation qualifiers are entered in the 
database. 

Furthermore, it shall be the responsibility of the MIS Manager to participate in project planning at the 
request of the Project Manager, specifically with respect to the generation of level of effort and schedule 
estimates. To support the project planning effort, the MIS Manager shall provide a copy of the MIS 
Request From included as Attachment A to the project manager. It shall be the responsibility of the MIS 
Manager to. generate level of effort and budget estimates at the time database support is requested if a 
budget does not exist at the time of the request The MIS Request Form shalf be provided to the Project 
Manager at the time of any such requests. It shall be the responsibility of the MIS Manager to notify the 
Project Manager of any anticipated level of effort overruns or schedulenoncompliances as soon as such 
problems arise along with full justification for any deviations from the budget estimates (provided they 
were generated by the MIS Manager). It shall be the responsibility of the MIS Manager to document any 
changes to the scope of work dictated by the Project Manager, along with an estimate olthe impact of the 
change on the level of effort and the schedule. 

ProgramlDepartment Managers - It shall be the responsibility of the Department and/or Program 
Managers (or designees) to inform their respective department's Project Managers of the existence and 
requirements of this SOP. 

Project· Manager - It shall be the responsibility of each Project Manager to determine the applicability of 
this SOP based on: (1) program-specific requirements, and {2} project size and objectives. It shall be the 
responsibility of the Project Manager (or designee) to ensure that the FOL is familiar with the requirements 
regarding Chain-at-Custody Form provision to the Database Records Custodian. It shall be the 
responsibility of the Project Manager (or designee) to determine which, if any, historical data are relevant 
and to ensure that such data (including aI/ relevant information such as originating entity, sample 
locations, sampling dates, etc.) are provided to the Database Records Custodian for inc/usion in the 
Database Records· File. It shall be· the responsibility at the Project Manager to obtain project planning 
input regarding the level of effort and schedule from the MIS Manager. It shall be the responsibility of the 
Project Manager to complete the database checklist (Attachment A) to support the level of effort and 
schedule estimate and to facilitate database preparation and subroutine execution. 

Risk Assessment Department Manager - It shall be the responsibility of the Risk Assessment 
Department Manager to monitor compliance with this Standard Operating Procedure, to modify this SOP 
as necessary, and to take corrective action if necessary. Monitoring of the process shall be completed on 
a quarterly basis. 

019611/P Telra Tech NUS, Inc. 
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Quality Assurance Reviewers - It shall be the responsibility of the Quality Assurance Reviewers to verify 
the completeness of the sample results via review of the Chain-of"Custody Forms and Sample Tracking 
Summaries. It shall be the responsibility of the Quality Assurance Reviewers to ensure the correctness of 
the database via. direct comparison of the hardcopy printout of the database and the hardcopy Summaries 
of the original analytical data (e.g., Form Is provided in data validation deliverables). Correctness includes 
the presence of all relevant sample information (all sample information fields). agreement of the laboratory 
and database analytical results, and the presence of data validation qualifiers. 

Quality Manager - It shall be the responsibility of the Quality Manager to monitor compliance with this 
Standard Operating Procedure via routine audits. 

5.0 PROCEDURES 

5.1 Introduction 

Verification of the accuracy and completeness of an e.lectronic database can only be accomplished via 
comparison of a hardct?pyof the database with hardcopy of all relevant sample information. The primary 
purposes of this SOP are to ensure that 1) all necessary hardcopy information is readily available to 
Quality Assurance Reviewers; 2} ensure that the Quality Assurance review is completed in a consistent 
and comprehensive manner. and; 3) ensure that documentation of the Quality Assurance review process 
i~ maintained in the project file. 

5!2 File Establishment 

A Database Record file shall be established tor a specitic project at the discretion of the Project Manager. 
Initiation of the filing procedure will commence upon receipt of the first set of Chain-at-Custody documents 
from a FDL or sampling technician. The Database Aecord Custodian shall establish a project-specific file 
for placement in the Database Record File. Each file in the Database Record File shaH consist of 
standard components placed in the file as the project progresses. Each file shall be clearly labeled with 
the. project number, which shall be placed on the front of the file drawer and on each and every hanging 
file folder relevant to the project. The following constitute the minimum components of a completed file: . 

• I=lectronic Deliverables 
• Sample Tracking Forms 
• Chain-at-Custody Forms 
• Data Validation Letters 
• . Quality Assurance Records 

5~3 Electr()nic DeliverabJes·· 

The format of electronicdeliverables shallbespecified in the laboratory procurement specification and 
shall. be provided by the laboratory, The ifltegritYof all original electronic dala deliverables shall be 
maintained, This shall be accomplished via. the generation of copies of each electronic deliverable 
provided by the laboratory; The original electronic deliverable shall be provided to the project manager for 
inclusion in the project file; Acopyofthe originaleiectronic deliverable shall be placed inthe Database 
Record File. The second copy shall be maintained .by the MIS Manager (or designee) to be used as a 
working copy. 
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Updated versions of the sample tracking form for each relevant project shall be maintained by the 
Data.base Record Custodian. The Sample Tracking Forms shall be updated any time additional Chain-of­
Custody Forms are received from a FOL or sampling technician, or at any time that data are received from 
a laboratory, or at any time that validation of a given data package (sample delivery group) is completed. 
The Data Validation Coordinator shall inform the Database Record Custodian of the receipt of any data 
packages from the laboratory and of completion of validation ofa given data package to facilitate updating 
oftha Sample Tracking Form. The Database Record Custodian shall place a revised copy of the Sample 
Tracking Form in the Database Record File anytime it has been updated. Copies of the updated Sample 
Tracking Form shall also be provided to the project manager to apprise the project manager of sample 
package receipt, completion of validation, etc. 

5.5 Chain-at-Custody Forms 

TheChain-of-Custody Forms for all sampling efforts will be. used as the basis for (1) updatingthe Sample 
Tra,cking Form, and (2) confirming that all required samples and associated analyses have been 
completed. It shall be the responsibility .of the FOL (or sample technician) to provide a phOtocopy of all 
Chain-of~Custody Forms to the Database Record Custodian immediately upon completion of a sampling 
effort. The Database Record Custodian shall then place the copies of the Chain-ot-Custody Form(s) in 
the Database Record File. Upon receipt of a sample data package from an analytical laboratory, the Data 
Validation Coordinator shall provide a copy of the laboratory Chain-at-Custody Form to the Database 
Record Custodian. The Database Record Custodian shall use this copy to update the Sample Tracking 
SummarY and shall place the copy of the laboratory-provided Chain-ot-Custody Form in the Database 
Record Fife. The photocopy of the laboratory-provided Chain-of Custody Form shall be stapled to the 
previously filed field copy. Upon receipt of all analytical data, two copies of the Chain-ot-Custody will 
therefore be in the tife. Review of the Chain-ot-CustodY Forms will therefore be a simple mechanism to 
determine if all data have been received. Chain-at-Custody is addressed in SOP SA-6.l . 

. 5.6 Data Validation Letters 

,All data validation deliverables{or raw data summaries if. validation is not conducted) shall be provided for 
inclusion in both the Database Record File and the project file. If USEPA regional- or client-specific 
requirements are such that Form Is (or similar analytical results) need not be provided with the validation 
deliverable, copies of such results must beapp~nded to thedefiverable. It is preferable, although not 
essential that the validation. qualifiers be hand-written directly on the data summary forms. The data 
validation deliverables (and attendant arialyticalsummaries) will provide the basis for direct comparison of 
the database printout and the raw data and qualifiers. 

5.7 Historical Data 

At the direction olthe Project Manager,historical data may also be included in a project-specific analytical 
database. In the event that historical data are. germane to the project, hardcopy of the historical data must 
be included in the Database Record File. Historical data may be maintained in the form of final reports or 
as raw data. The information contained in the historical data file must be sufficient to identify its origin, its 
collection date, the sample location, the matrix, and any and all other pertinent information. All available 
analytical data, Chain-of-Custody Forms, boring logs, welf construction logs, sample location maps, shall 
be photocopied by the Project Manager (or designee) and placed in one or more 3-rin9 binders. All 
information shalf be organized chronologically by matrix. It shall be the responsibility of the Project 
Manager (or designee) to ensure that. all inconsistencies between analytical data, Chain~of-Custody 
Forms, boring logs, sample log sheets, and field logbooks are identitied and corrected. The Project 
Manager. (or designee) shall decide which nomenclature is appropriate and edit, initial and date all 
relevant forms. Data entry may only be performed on information that has undergone the aforementioned 
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editing process, thereby having a direct correlation between hardcopy information and what will become 
the electronic database. . 

6.0 RECORDS 

Records regarding database preparation and quality assurance review include allthose·identified in the 
previous section. Uponcomp!etion of the database task, records from the file will be JQrwarded to the 
Project Manager for inclusion in the project file, or will be 'placed in bankers boxes (9requiyalent) for 
storage. The final records for storage shall include the following minimum information on pl~cardsplaced 
on both the top and end of the storage,box: 

Database Record File 
PROJECT NUMBER: 
SITE NAME: ___ _ 
DATE FILED: --.-l--.-l_ 
SUMMARY OF CONTENTS ENCLOSED 
BOX_OF _ 

Project- or prbgram~specific record keeping requirements shall take precedence ,over therecord'keeping 
requirements of this SOP. .. . 
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ATTACHMENT A 

MIS',REQUEST FORM 

Tew Tecb NU8. Inc. 

Prqect Name: Request Date: 
CTO: Date Data Availabla forProduclion: 
Project Manager: RaquestinSupPOrlof: 
Requestor: DillabaseLeii<:\: 
ProgramfCliant: GIS lead: 
State/EPA Region: Slalisllcs.Lllad; 

Risk Lead: 
Sile Name(s) (Area, QU, ele.); . 
SampUng Dale(s): 
~m~ UGW USQ USD USw U~Q~fu~er.~.~~ ______ ~ ____ ~ 

(abeli;:------D-Ulb6isn99d9dtoriiiiu~jcomjiiij;_ariiPijngeveiii--c--------- TOlainoTs"8mplas--------------

~======~~~;;:HOU~ , ~A~d~di~tkm~a~I~ln~st~ru~~~i~on~s~:~ ________________________ __i 

t------------Complete ETS Charge No. 
~ ______ FOL 

Dala Ent;y:--------------------------------------------------.----~------------------
o Chemical data needs 10 be en~ed !r.om hardcopy o Chemical data needs to be lormated electronically o FIeld analytical data needs 10 be entered from hardCopy 

__ ~ ___ E,stimaled # of Samples 

o Gaologjc dala needs to be .rmt~"'d !rom hardcopy o Hydrology data needs 10 be eritered trom hardcopy 
/-___ Estimated Hours ' .:.A",d""d""iU",on",a",1 '-'-'n""st"'ru"'ct~i""on:.::s::.:.; _____________________ __'i 
t-___ Due Date 
/-_____________ Complete ETS Charge No. 

f3b1es:-------B ~~~~!p::~~~~:~-:~---~------------------------------------------. -------
g Occurance and Distribulion ' w~h criteria 

Sampling Analytical Summary' o Other:. , 
l-___ E$limated Hours .:..Addi='",tion=a"-lI",n",s!rU=CI",io",n,,,s::.: ----,----'-'--------------'---i 
1-__ '- Due Date 
I-____________ Complete ETS Charge No. 

'. GiS,-----------OGaiiiiraIFaciiitiliiC'iiiOn-----·-------------------~--_:_-~----~.----:----__ -----,...----
o SileLocation . . ' o Potentiometric Contours/Grou!l,:jwater Row o Sample Location' Proposed o Sample LOcation Existing o Tag Map Single Round o Tag Map Muhiple Round 

§ Isoconcentrations 
Chart Map . 
3D Visualizallon o EGISCD o Othoi: 

t::::::::::::=:::~t~m~~: Hours .:..A""d~d~",Io:!:n.::al"-l!!.n::::;stru=ct,,,i~on:.::s::.:.: _____ ~ ______________ -I 

1-______ COmplele ETS Charge No. 

siiitisiiCii;-------O"Yes-------------------,--------------------------------------------,,----
I-_-,-_Estimated Hours .:.Ad=dl:.::llo"'n"'al=ln""str::.;~=i~on:.::s::.: _________________ -1 

t=:::::::::_o_u_e_D_a_19_comPlete ETS Charge No. 

GeosiaiisHCs:-o-yes-------'-------------.... ---------------------------------------~~------
/-___ Eslimaled Hours .:.A!!,de::di!;!tlo:!:na=1 ::.In::::;st::.;ru",c",ti",on:.::s",: ----------------------__'i 
1-____ Du9 Dale 
t-_-'-____ complele ETS Charge No. 

'. 
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The purpose of this procedure is to . provide referenceinformatioh regarding the proper methods for 
evaluating the physical condition and' project utility of existing monitoring wells and determining water 
levels. 

2.0 SCOPE 

The procedures described herein are. applicable to all existing monitoring wells and, for the most part, are 
independent of construction material~ and' methods. 

3.0 GLOSSARY 

Hydraulic Head - The height to which waterwill rise in a well. 

Water Table - A surface in an unconfined aquifer where groundwater pressure is equal to atmospheric 
pressure (i.e .• the.pressure head-is zero). 

4.0 RESPONSIBIl,.ITIES 

Site GeologistfHydrogeologist - Has overall responsibility for the evaluation of existing wells, obtaining 
water level measurements and developing groundwater contour maps. The site.geologistfhydrogeologist 
(in concurrence with the Project Manager) shall specify the reference point from which water levels are 
measured (usually a specific point on the upper edge of the inner well caSing). the number and location of 
data points which shall be used for constructing a contour map. and how many complete sets of water 
levels are required to adequately define groundwater flow directions (e.g;, if there are seasonal variations). 

Field Personnel - Must have a basic familiarity with the equipment and procedures .involved in obtaining 
water levels and must be aware of any project-specific requirements or objectives; 

5.0 PROCEDURES 

Accurate. valid and useful groundwqter monitoring requires that foutimportant conditions be met: 

• 

• 

• 

• 

Proper characterization of site hydrogeology. 

Proper design of the groundwat~r~onitoring program. including adequate numbers of wells installed 
at appropriate locations and depths. 

Satisfactory methods of groundwater sampling and analysiS to meet the project data quality objectives 
(OOOs). 

The assurance that .specific monitoring well samples are representative of· water quality conditions in 
the monitored interval. 

To insure that these conditions are met, adequate descriptions of. subsurface geology, well construction 
methods and well testing results must be available. The following steps will help to insure that the 
required data are available to permit an evaluation of the utility of existing monitoring wells for collecting 
additional samples. 
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-5.1 ereliffiiRaPt' bvalYati9A 

A F1eeessBry fifflt step il'l eVl'l:ltll'l:tillg e~istil'lg monitoril'lg VfeU dBtB is tl'le stt:ldy I'l:l'Id le'view of the 0ligil'l81 
~vork "Ian fOI nlol'litoril"lg vvell il"lstftllatiol'l ~if B'o'ailable). =Fhis l'Iel~sto tSR'liliarife tl=te site 
geologisb'hj'6rogeelogist witA site 3f)eeifie eefleitiofl, flfld 'will f)F6ffiote 8A uflderstaFl6iflg of tl'le origifl81 

-<purpose of tl'le R'lOFlitoriFlg weHs-:-

--=fl'le F1e~t step ef tl'le eveh:laliefl 51'1el::l18 ifl .. 'el'o'e a re ... ie ..... of all a,..ailaele iA#OfFflatioA eOAecFAiA§ eeFeAole 
dlilling and vvsll eOl"lstttletielFl. +Ris 1, .. ill e:llew ifltef~fetatieA of §f6I::tAs .. \'etcr fie' .... eSAsiti6AS aAa af€!a 
geology, af'ld '((iii l'Iell5 to estftblisl'l eOf'lsistef'ley behveef'l nytlfflulie properties of the nell and pl,ysical 
features of the well or ferR'le:tioA. TRe I5l'1ysieBI feBtures vvl,ieh snould be idelltilied alld detailed, if 
available, if'lelude: 

• - ::rl=lo !Noll i90A~i'isatieA RUFA90f, !,>oFfRit numbOf and loeation by mleFofleea eeordinatos, tho distaAeo 
from profflinoAt site foatl::lFes, OF tho loce:tieA of tho well OA a map. 

• l=he installation dates, drilling methods, well development fflethods, past samplin§ sates, anEi driUiR~ 
-eOl'ltrfteteffi. 

• +RO aOl9tA 1a sedfOe~ 'lfher=e Feel~ cares '""effinat taken, al:l§Of fefl:lsal, 6ri ... e easiA~ rffil:lsalor 
pOAotratien tost rOSl::llts (slow eOl::lnts for split burrel sampling) fflay be used to ostiR'late bedrock 
intel=f:!lse:" 

• Tho soil profile and etF£ltigF£lphy. 

. - The borehole de!'th and eiB:FAeter . 

• l=heolevation of the {Of> of tho f>rofoeti",oGasin~h tho top of the well risor, amftho 9ro~nd Gurtaoe. 

• Tho total €Ief)th altho 1'0'011. 

• . The type of well fflutCFials, soreeA type, slot size, and length, and the ole't'atioAklopths of the.sereefl, 
interval, and/or mOllilol ed intel val. 

• ::rho olo'lotion,iclepths of thetops ana eoftom of UlO filter f9ael( aAEI well seals Melthe ty¢o ftl'lel siz:e. 

5.2 Field Inspection 

DUrlAgll'lc ensile iAspeetioA of existiAg rnol'litofit'lg wells, features to be I'lOted incltlde. 

• TRO eoneition of the flroteetioe easing, eap alld loek. 

• "fAo eOAeilisn of tAo oomoAtsealsl:IFFo\:,Jneling theI3Fffioeti .. ,o easing. 

• "fhe prosoFloo of EioprossiafiS SF staAEiiA~ 'h'afol"aI'OUfia tfle easifl('J. 

• Hle~reseAee af aAa OOA6.Wen ef ee€lieatea saffll3Hfl~ eEjt:liJ3A'1eAt 

• The presenoo of a SUfYey marl< on the innor well easing. 

If tRo f)Fe~ooti'''o easing, oaf3 anejleel< i=la'.to soon daFfiagoej or tAo eOffleR! soliaF af'lf'leaf&~r-ated, Elf if--c 
there al'e aflY eel9fessiel'ls affll:lfla the well easifl!:j eBl9able of I'Ioldi"9 vrater, ~tll'faee~vatel may !!al1e 
iflfiltratea il'lID tlio well. This. may iA'Jalidato pro>IiQYs sampling rQsults ynless thQ time .. ,,,,hen leakagQ 
staFto4-can be precisely determined. 

:Ibe ~outiJ:le p~ysiG;a1 insp@GtlGn I+lblSt 90 follow09 eya more ejotailoEi in' .. esti!:}atieA ta iElentify otlior 190tefltial 
fOl:ltes of eontamination SF SGfflpIiA§ oEjl:iiFlmeAt maifl:lAetiofl. An,,! of tRese (:)eetlrre"ees nlay inll'alidate 
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prelJioblsly solloctog water ~l:Jality gata. If tho monitoring ' .... 011 is to be used in the future, oonsiderations 
. shown in the stops desoribed above should be reotified to rehabilitate the 'Nell. 

,Aitor disoonnecting any '1lir:os, oablesoF electrioal SOl:Jrces, remove the look and open the oap. Ghesl( for 
tAo presence of organic 'J'apors witI'! EI (3l'!otoienizatioft deteetef (PID) Of flame ionization detectol (flO) to 
determine the appropriate worl<Of safety level. The iollowing irnormation sAetild be noted: 

• Cap f' metion . 

• Physioal ehar:aotoristio6 andoomposition of the inner easing or. risor,inoh:lding innor diarneter.and 
--annular spaoo. 

• Presenoe of grout aehveen the· riser and outer proteotive easing and tho o)(istenoe of drain holes in 
tho protoctivo casing. 

• Preseneeof a riser sap, mothod of altachJ:Ront to casing, and venting of the riS/i'r 

• PFCsenee of dodicatoEf sampling oquipffient; it possible, reffiOVO sblcR.oqwipment aRd iRspeGt sizo, 
. materials of cQnstrwdion and Gonditi<m. 

Tho final stop of tho fioldinspootion is to oonfirm previous hydraulie or physieal prOj9orty elata ar'lel to eb+ail'T 
data not pfo'lie!:lsly a ... ailal:lle. This incll::lEies the EleteFFRinatien of statio 'ovater 1000els, total well depth anEi well 
ot)str:Yction. This may t)oascemplisi=lod !:Isin@ a 'NeiQhtoEi tape measur:Q which can alsobo used to check for 
sediment (the weight willadvaRce slOOlly if sodimoRt is pr:esont, and the p~@5;@nce of5;edir:J:Hmt on tI,1'. 1A'Qight 
upon ~emov.al 5hould be noted). If lO@diJ:nent i5 prelO@nt andtor the lAIell has not been sampled in 12 or more 
months, it shouldb.o redeveloped bofoFO sampling. . 

--bastly; as a final step, the location, oonElitioA and e)(peotedwater ql::latity of tho wollsshould be r:e"ie'","~ in 
light of tI leil usefuh less for the intelloeo purpeBe of the investigation. 

See Altaohment A, MonitoFing V'loilinspoction ~heot. 

5.3 Water Level (Hydraulic Head) Measurements 

5.3.1 General 

Groundwater level measurements can be made in monitoring wells, privateorpubJic water wells, 
piezometers, open borehole.s,. or test pits (after stabilization); . Groundwater measurements should 
generally not be made. in boreholes with drilling rods or augerflightspresont. If groundwater sampling 
activities are to occur, groUndwa.ter level measurements shall take place prior to well purging or sampling. 

All groundwater level measurements shall be made to the nearest 0.01 foot, and recorded in the site 
geologistlhydrogeologist's field notebook or on the Groundwater Level Measurement Sheet 
(Attachment B), alongwiththe date and time·of the reading. The total depth of the well sha.Ubemeasured 
and recorded, if not alreadyknovvn. Weather changes that occur over the period of time during which 
water levels are being taken~ such as precipitation and barometric pressure changes, should be noted. 

In measuring groundwater levels,ti"lsre shall be a clearly-established reference· point· of known. elevation, 
which is normally identified by a mark on the upper edge of.the inner well casing. To be useful, the 
reference point should be tied in with an established USGS benchmark or othe(p(operly surveyed 
elevation datum. An arbitrary datum could be used tor an isolated group of wells; if necessary. 
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Cascading water within a borehole or steel. well casings can cause false readings with some types. of 
sounding devices (chalked line, electrical). Oil layers may also cause problems in determining the true 
water level in a well. Special devices (interface probes) are available for measuring the thickness of oil 
layers and true depth to groundwater, if required. 

Water level readings shallbe taken regulady,as required by the site geologistlhydrogeologist. Monitoring 
wells or open-cased boreholes that are subject to tidal fluctuations should be read in conjunction with a 
tidal chart (or preferably in conjunction with readings of a tide staff or tide level recorder installed in the 
adjacent water body); the frequency of such readings shan be established by the site hydrogeologist. All 
water level measurements at a site used to develop a groundwater contour map shall be made in the 
shortest practical time to minimize affects due to weather changes. 

5.3.2 Water Level Measuring Techniques 

There are several methods for determining standing or changing water levels in boreholes and monitoring 
wells. Certain methods have particular advantages and disadvantages depending upon well conditions~ A 
general description of these methods is presented, along with a listing of various advantages and 
disadvantages of each technique. An. effective technique shall be selected for the particular site 
conditions by the site geologistlhydrogeologist. 

In most instances, preparation of accurate potentiometric surface maps require that static water level 
measurements be obtained to a precision of 0.01 feet. To obtain such measurements in individual 
accessible wells, electrical water level indicator methods have been found to be best, and thus.shouldbe 
utilized. Other, less precise methods; such.as the popper or bell sound, or bailer line methods, should be 
avoided. When a large number of (or. continuous) readings are required, time-consuming individual 
readings 'are not usually feasible. 'In such cases, it is.best to use a pressure transducer. 

5.3.3 Methods 

Water levels can be measured by several different techniques, but the same steps shall be followed in 
each case. The proper sequence isas follows: 

1. Check operation ofreGording~quipmeht above ground. Prior to opening the well, don personal 
protective equipment, as required; Never remove an air-tight lock (such as a J-plug) with your 
face over the well. Pressure changes within the well may explosively force the cap off once 
loosened. 

2. Record all information specified below in the geologistlhydrogeologist's field notebook or On the 
Groundwater Level Measurement Shee~ (Attachment 8): 

• Well nuinber. 
• Water level (to the nearest 0.01 foot). . Water levels shall be taken from the surveyed 

reference matkonthe top edge of the inner well casing. If the J-plugwas on the welf very 
tightly, it may take several minutes for the water level to stabilize. 

• Time and day of the measurement. 
• Thickness of free product if present. 

Water level measuring devices. with permanently marked intervals shall be used. The devices.shaUbe 
free of kinks or folds which will affect the ability of the equipment to hang straight in the well pipe. 
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These are the most commonly used devices and consist of a spool of small..;diameter cable and a 
weighted probe attached to tho.end. When the probe comes in contact with the water. an electrical circuit 
is closed and a meter, light, and/or buzzer attached to the spool will signal the contact. 

There area number of commercial electric sounders available, none of which is entirely reliable under all 
conditions likely to occur .in a contaminated monitoring well. In conditions where there is oil on the water, 
groundwater with high specific conductance, water cascading into the well, steel well casing, or a turbulent 
watersurlace in the well, measuring with an electric sounder may be difficult 

For.accurate readings, the probe. shall be lowered slowly into the well adjacent to the survey mark on the 
iliner weI! casing. Theele.ctric tape .is read (to the nearest 0.01 ft.) at the measuring point and recorded 
where contact with the water surface was indicated. 

PS1313eF8F Bell SSYREter 

A eoll or cup shaped 'Neight that is. hollo'll on tho bottoFR is attached toa FRoasbiring .tapo and loweres iAto 
thewoll. A "plopping" or "popping" sOblnd is Alaao ..... hen tAO weig"'! strikes lhe surfaee of the ~ga:tel. All 

-aCCufate. reading eGA be determines by lifting and IO'o' .. ering the weight in short stfOlms, SAd reading the 
tape when the weight strikes the V'lateF. This FRe.tho9 is net suffiGiently aGc~rate te obtain ' .. "ator lovols tq 
O.Ol.oot, and thus is more appropriatofor obtaining only apprexiAlato watorle'lels quieldy; 

Pressure TraRsduBer 

PFOss~re trans9ucets can be ImtJet:e9 into a. well or bot:ehole to l+I'5aSYfQ the pressure of l~tat9r -and 
there#erethe water ele'.'atien abo'le the transducer. The transducer is wired info a recorder at the s~rta()o 
to resord changes in ¥,'ateF level with tiFRe. The reGeroer digitizes the intaFRlation and ean provide B 

printout or transfer the inforFllatioR ta a Gal+lpUhn for evaluation (using II w~lIdralAldown/.r9Govery l+Iodel). 
The pressure Uansducer should be initia.lly cali9ratedwith another water level measur.el+l9Rt tecl:miqueto 
ensure. accuracy This tQchnique. ii very uieful for hydraulic conductilAty testing in highlYPOfFReable 
mateRal-whero repoated, accyratG watQr lelJelmeasurel+lents are requirooin a very ihort period of time. 
A sensitive transducer element is required to measure water le'lels ta 0.01 foot aecUI'aey. 

Borehole Geophysics 

Approximate water levels can be determined during geophysical logging of the boreholo (although this is 
not the. primary purpose for geophysical logging and such logging is not cost effective if used only for this 
purpose). Several logging techniques will indicate water level. Commonly-used logs which wil1indicate 
saturated/unsaturated conditions inClude the spontaneous potential (SP) log and the neutron log. 

5.3.5 Data Recording 

Water . level measurements,time, data, and weather conditions shaH be recorded in the 
geologlstlhydrogeologist'sfield notebOok or on the Groundwater Level MeasurementSheet. All water 
level measurements shall be measured from a known reference point. The reference pOint is generally a 
marked point on the upper edge bfthe inner well casing that has been surveyed for an elevation. The. 
exact reference point shall be marked with permanent ink on the casing since the top of the casing may 
not be entirely level. It is important to note changes in weather conditions because changes in the 
barometric pressure may affecUhewater level within the well. 
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5.3.6 Specific Quality Control Procedures for Water Level Measuring Devices 

All groundwater level measurement devices must be cleaned before and after each use to prevent cross 
contamination of wells. Manufacturers instructions for cleaning the device shall be strictly followed. 
Some devices used to measure groundwater levels may need to be calibrated. These devices shall be 
calibrated to 0.01 foot accuracy and any adjustments/corrections shall be recorded in the field 
logbook/notebook. After the corrections/adjustments are made to the measuring device and entered in 
the field logbOok/notebook, the corrected readings shall be entered onto the Groundwater Level 
Measurement Sheet(Attachment 8). Elevations will be entered on the sheet when they become available. 

5.4 Equipment Decontamination 

Equipment used for water level measurements provide a mechanism for potentially cross contaminating 
wells. Therefore, all portions of a device which project down the well casing must be deoontaminated prior 
to advancing to the next well. Decontamination procedures vary based on the project objectives but must 
be defined prior to conducting any field activities including the collection of water level data. Consult the 
project planning documents and SA-7.1 Decontamination of Field Equipment. 

5.5 Health and Safety Considerations 

Groundwater contaminated by volaUle organic compounds may release toxic vapors into the air space 
inside the well pipe. The release of this air when the well is initially opened is a health/safety hazard which 
must be considered. Initial monitoring of the well headspaceand breathing zone concentrations using a 
PID or FIDshall be performed to determine required levels of protection. Under certain conditions, air­
tight well capsmay explosively fly off the well when the pressure is relieved. Never stand directly over a 
well when uncapping it. 

6.0 RECORDS 

A record of all field procedures,.tests and observations must be recorded in the .sitelogbookor deSignated 
field notebook, Entries in the log/notebook should include tne individuals participating in the Jield effort, 
and the date and time; The use of annotated sketches may help to supplement the evaluation. 
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1.0 PURPOSE 

The purpose of this procedure is to describe the methods and equipment necessary to perform soil and 
rock borings and identify the equipment, sequence of events, and appropriate methods necessary to 
obtain soil, both surface and subsurface, and rock samples during field sampling activities. 

2.0 SCOPE 

This guideline addresses most of the accepted and standard drilling techniques, their benefits, and 
drawbacks. It should be used generally to determine what type of drilling techniques would be most 
successful depending on site-specific geologic conditions and the type of sampling required. 

The sampling methods described within this procedure are applicable to collecting surface and 
subsurface soil samples, and obtaining rock core samples for lithologic and hydrogeologic evaluation, 
excavation/foundation design, remedial alternative design and related civil engineering purposes. 

3.0 GLOSSARY 

Rock Coring - A method in which a continuous solid cylindrical sample of rock or compact rock-like soil is 
obtained by the use of a double tube core barrel that is equipped with an appropriate diamond-studded 
drill bit which is advanced with a hydraulic rotary drilling machine. 

\Nire kine Coring IV;; an alternative t.o conventional coring, this i8chniqlJe is valuable in deep hole drilling, 
since this metRos eijmiflates.·trips in and at:ft-.ef the hole with the eoFif'lg eqt:lipment 'I/it" this technique, 
the eore DaFrel eeeomes 8" if'ltegral part aftne drill rod strif'lg. The drill lod sel yes as botll a CUI illY device 
and easif'l!l. 

4.0 RJ:SPONSIBILITIES 

Project Manager - In consultation with the project geologist, the Project Manager is responsible for 
evaluating the drilling requirements for the site and specifying drilling techniques that will be successful 
given the study objectives and the known or suspected geologie conditions at the site. The Project 
Manager also determines the disposal methods for products generated by drilling, such as drill cuttings 
and well development water, as well as any specialized supplies or logistical support required for the 
drilling operations. 

Field Operations Leader (FOl) - The FOL is responsible for the overall supervision and scheduling of 
drilling activities, and is strongly supported by the project geologist. 

Project Geologist - The project geologist is responsible for ensuring that standard and approved drilling 
procedures are followed. The geologist will generate a detailed boring log for each test hole. This log 
shall include a description of materials, samples, method of sampling, blow counts, and other pertinent 
drilling and testing information that may be obtained during drilling (see SOPs SA-6.3 and GH-1.5). Often 
this position for inspecting the drilling operations may be filled by other geotechnical personnel, such as 
soils and foundation engineers, civil engineers, etc. 

Determination of the exact location for borings is the responsibility of the site geologist. The final location 
for drilling must be properly documented on the boring log. The general area in which the borings are to 
be located will be shown on a site map included in the Work Plan andlor Sampling and Analysis Plan. 
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Drilling Subcontractor - Operates under the supervision of the FOL. Responsible for obtaining all drilling 
permits and clearances, and supplying all services (including labor), equipment and material required to 
perform the drilling, testing, and well installation program, as well as maintenance and quality control of 
such required equipment except as stated in signed and approved subcontracts. 

The driller must report any major technical or analytical problems encountered in the field to the FOL 
within 24 hours of determination, and must provide advance written notification of any changes in field 
procedures, describing and justifying such changes. No such changes shall be made unless requested 
and authorized in writing by the FOl (with the concurrence of the Project Manager). Depending on the 
subcontract, the Project Manager may need to obtain written authorization from appropriate administrative 
personnel before approving any changes. 

The drilling subcontractor is responsible for following decontamination procedures specified in the project 
plan documents. Upon completion of the work, the driller is responsible for demobilizing all equipment, 
cleaning up any materials deposited on site during drilling operations, and properly backfilling any open 
borings. 

5.0 PROCEDURES 

5.1 General 

The purpose of drilling boreholes is: 

• To determine the type, thickness, and certain physical and chemical properties of the soil. water and 
rock strata which underlie the site. 

• To install monitoring wells or piezometers. 

All drilling and sampling eqUipment will be cleaned between samples and borings using appropriate 
decontamination procedures as outlined in SOP SA-7.1. Unless otherwise specified. it is generally 
advisable to drill borings at "clean" locations first, and at the most contaminated locations last. to reduce 
the risk of spreading contamination between locations. All borings must be logged by the site geologist as 
they proceed (see SOPs SA-6.3 and GH-1.5). Situations where logging would not be required would 
include installation of multiple well points within a small area. or a "second attempt" boring adjacent to a 
boring that could not be continued through resistant material. In the latter case, the boring log can be 
resumed 5 feet above the depth at which the initial boring was abandoned. although the site geologist 
should still confirm that the stratigraphy at the redrilled location conforms essentially with that encountered 
at the original location. If significant differences are seen, each hole should be logged separately. 

5.2 Drilling Methods 

The selected drilling methods described below apply to drilling in subsurface materials, including, but not 
limited to, sand, gravel, clay, silt, cobbles, boulders, rock and man-made fill. Drilling methods should be 
selected after studying the site geology and terrain, the waste conditions at the site, and reviewing the 
purpose of drilling and the overall subsurface investigation program proposed for the site. The full range 
of different drilling methods applicable to the proposed program should be identified with final selection 
based on relative cost, availability, time constraints, and how well each method meets the sampling and 
testing requirements of the individual drilling program. 
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This method of drilling consists of rotating augers with a hollow stem into the ground. Cuttings are 
brought to the surface by the rotating action of the auger. This method is relatively quick and inexpensive. 
Advantages of this type of drilling include: 

• Samples can be obtained without pulling the augers out of the hole. However, this is a poor method 
for obtaining grab samples from thin, discrete formations because of mixing of soils which occurs as 
the material is brought to the surface. Sampling of such formations requires the use of split-barrel or 
thin-wall tube samplers advanced through the hollow core of the auger. 

• No drilling Ruids are required. 
• A well can be installed inside the auger stem and backfilled as the augers are withdrawn. 

Disadvantages and limitations of this method of drilling include: 

• Augering can only be done in unconsolidated materials. 

• The inside diameter of hollow stem augers used for well installation should be at least 4 inches 
greater than the well casing. Use of suchlarge-diameter hollow-stem augers is more expensive than 
the use of small-diameter augers in boreholes not used for well installation. Furthermore, the density 
of unconsolidated materials and depths become more of a limiting factor. More friction is produced 
with the larger diameter auger and subsequently greater torque is needed to advance the boring. 

• The maximum effective depth for drilling is 150 feet or less, depending on site conditions and the size 
of augers used. 

• In augering through clean sand formations below the water table, the sand will tend to flow into the 
hollow stem when the plug is removed for soil sampling or well installation. If the condition of 
"running" or "flowing" sands is persistent at a site, an alternative method of drilling is recommended, 
in particular for wells or boreholes deeper than 25 feet. 

Hollow-stem auger drilling is the preferred method of drilling. Most alternative methods require the 
introduction of water or mud downhole (air rotary is the exception) to maintain the open borehole. With 
these other methods, great care must be taken to ensure that the method does not interfere with the 
collection of a representative sample (which may be the prime objective of the borehole construction). 
With this in mind, the preferred order of choice of drilling method after hollow-stem augering (f-:/SA) is: 

- Cable tool 
- Casing drive (air) 
- Air rotary 
- Mud rotary 
- Rotosonic 
- Drive and wash 
- Jetting 

However, the use of any method will also depend -on efficiency and cost-effectiveness. In many cases, 
mud rotary is the only feasible alternative to hollow-stem augering. Thus, mud rotary drilling is geherally 
acceptable as a first substitute for HSA 

The procedures for sampling soils through holes drilled by hollow-stem auger shall conform with the 
applicable ASTM Standards: D1587-83 and D1586-84. The guidelines established in SOP SA-1.3 shall 
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also be followed. The hollow-stem auger may be advanced by any power-operated drilling machine 
having sufficient torque and ram range to rotate and force the auger to the desired depth. The machine 
must, however, be equipped with the accessory equipment needed to perform required sampling, or rock 
coring. 

The hollow-stem auger may be used without the plug when boring for geotechnical examination or for well 
installation. However, when drilling below the water table, specially designed plugs which allow passage 
of formation water but not solid material shall be used (see Reference 1 of this guideline). This drilling 
configuration method also prevents. blow back and plugging of the auger when the plug is removed for 
sampling. 

Alternately, it may be necessary to keep the hollow stem full of water, at least to the level of the water 
table, to prevent blowback and plugging of the auger. If water is added to the hole, it must be sampled 
and analyzed to determine if it is free from contaminants prior to use. In addition, the amount of water 
introduced, the amount recovered upon attainment of depth, and the amount of water extracted during 
well development must be carefully logged in order to ensure that a representative sample of the 
formation water can be obtained. Well development should occur as soon after well completion as 
practicable (see SOP GH-2.8 for well development procedures). If gravelly or hard material is 
encountered which prevents advanCing the auger to the desired depth, augering should be halted and 
either driven casing or hydraulic rotary methods should be attempted. If the depth to the bedrock/soil 
interface and bedrock lithology must be determined, then a 5-foot confirmatory core run should be 
conducted (see Section 5.2.9). 

At the option of the Field Operations Leader (in communication with the Project Manager), when resistant 
materials prevent the advancement of the auger, a new boring can be attempted. The original boring 
must be properly backfilled and the new boring st~rted a short distance away at a location determined by 
the site geologist. If multiple water bearing strata were encountered, the original boring must be grouted. 
In some formations, it may be prudent to also grout borings which penetrate only the water table aquifer, 
since loose soil backfill in the boring may still provide a preferred pathway for surface liquids to reach the 
water table. Backfilling requirements may also be driven by state or local regulations. 

. 5.2.2 COlitillUOtis-Flight Solid-Stem Auger Drilling 

This d,:iIIiAQ metRae is similaF te-AetlaYl stem al::l!:}eriR!:}. PFaetieal aJ9f3lieatisA Sf this methee is se'o'erely 
restriered eempared te !::Ise sf halla'.'" stem al::lg9FS. :iiplit ba':l=9l (split sPQQn) sampling GaRRat ee 

-perfermed ".\,ithaut J9l::1l1ing the augeFS aut, ' .... hich may allo'l/ the hole to collapse. The continumJs ftight 
solid stem auget: dt:illiRQ metl:lod is tt:let:efot:e lIe~ time cORsumiRQ aRd is not cost 8f:feCti>"8. ,A,lso, aug8FS 
would J::Ia~{8 to be IAlitl:ldrawR before iRstalliRQ a mOllitot:iRQ lA/eli, IAIt:licl:l a961il1, m6lY allO~1 t!:le l:Iole to 
-<;ellapse. Furthermere, geologic 10ggiAg by examining the sails browght ta the surfasc is uArelisble, and 
depth te water fflSY be difficult ts eietermif1e ' .... hile eirilliAg. 

_ll:lere lA/Quid be lle~ few situatiolls l~bete lise of a solid-stem aLiger would be p~efe~6Ib'e tG ather etri11ti'f§' 
me~ees. =Fl=le enly j3Faetieal sj3j3liealiaAs sf tRis metRae w91:lla be ta afill eareReles fer well iAstallatietT-
-wRefe ne litFialagie infermatien is E!esireEi anE! U~e soils a,:e syc~ tJ:lat tJ::le bQ~el:lQle baR be expeGtsQ to 
'FemaiA ef:leA after tRe ayger:s a~e witMr.aWR. Alternatively, t!:lis tecbnique can be ..used to filld depth-to 
bed~gbk in an area when no otl:le,: inforrnatiQR is I=9qYi~ed from drilling. 

15.2.3 RataI)' Drilling 

9ifset fataF)1 ElFiIliA!j iAcll:lEles ai~ c:otal¥ aRd fluid ~Qta~ d~illin9. ~O~ tili~ O~ tluid s:ottilPf d~illing, U~e ~ot6l~ d~iII 
may be adl,{iilnG8d tg tJ:l8 d8Si~d deptJ:l ~y iiRy ~gW8~ g~8~iit8d d~illiR~ masl:liR8 f::Ia)JiA~ sl:IffisieAt tSFEtl:le 
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ane ~aFR l'anse te FElta~o aREI feFSO U~O tait tQ tAo gesi~ed deptR. ::j:t:l8 dr:illin9 ~aGl:liR€I ~ust, Rowe~r~~ 
e"ll:li~~oel witl:! any aGGeSs9FY eq\;lij3FRont needed tG PQ~rm r:Q~uin~d sampling, or coring. J2rior to --
sampling, aRY settled drill cuttings in the borehole must be removed-:-

. Air retaFY eRIliA!} is a ffie~Aeel e~ ElAlliA~ 'NAere {Ae ElA~1 A§ siff\l;Iltanoo\;lsiy tl:lFAS aAEl e*eFts a EiewA-WaFa 
-pressure OA tAe ariliiAg Faasafle bit wl'lile eiFel:llatiA§ eOffiflFessea air aO't'fA tAe iAsiec ~f tRC €IFill fees, 
~af6tIfle tfle Bit, aAa Sl:It tAe aAAl:llliS sf lAC !:loFcRole. Air ciroulation serves to taoth cool the bit and remGVo 
the Cl:lttiR§s frOFA tl:!e eoreholo. AdIJantiig8s of tt:lis method include' 

• -:fhe €lrilling rate is higA (e'o'en ffi-F~ 
• +I:le east Ji3er feet of Eirilling is r:elatilJely IOItI, 

• Air rGta'1' Figs aFe GOFRFReR in FRost aFea&.-
• ~O-dl="\.ing fll:lid is reql:lireEi (9*COf'lt ...... Ren watoF is iR:iestee te kesp down dust). 
• . The borehole diametef is lafge, te allow FOam feF f'lFOflSF well installatior::a proG8dur8i 

-DisaevaAta€Jes to I:Jsin~ tRis R'letAeel iAoll:lele: 

• l=oFA'latioA5 R'lI:IS~ l:Je le~§eel freA'l ~I:le Ol:!t1:iA§S that aFC l:lIQ' .... A to the s\;ltfaoe aAd tA\;IS tAe de~U~s of 
materials IOfj~ed ere e~f'fo~iffiete. 

• Air blolJJR ir::ato tJ:Je forrnatioR ell:IFiA~ eFillifl~ FRay "eing" the formation and impQdQ WQ(I QQIlsletaR'lent dlltl 
natl:Jrsl grouAeI",,'ater flow. 

• IA sit~ saR'lples Gannot eo taJEoA, unless the tlole is oasee. 

• Gasing must generally ee \:isee! in ~nGOAS9IiElateEi FAaterials. 

• - Air rotaFy arill rigs al=O large and heavy. 

• baFSo amQI:IAts Q~ I RI,lestisatiaR Coril,log lAtasfa (IC\,At) may be 99AOr:abiQ INl:licl:l may FOEfuifO 
--eontaincri;zatioA, saffipling, end eff site £!isposal. 

A .... aFiatioR of the tyf'lioal air FOtary E:irill Bit is a aown 1:1010 l:1amFROI=jMl:1iGI:I hamme~s ..tRo~-Gewf1..as--f*,," 
arills. =fl'tis makes dfilliRfJ iR hard fOelt f8~tef. Air I'Otaf')' drills ean elso be adapted to tlse for lock COl illg 
altheu§A tACY ere geRcrally sle~','eF tl'laA etl=ler Pfflesef eOFe Elrills. A ffiajor sl'3l'3lieatioA of tAe air ratery 
drilliRg methed ..... ol:ll£! ee te ElFiIi holes in FOok for ' .... ell installation. 

-·~"~id RotaJ:Y d~illin9 o~el'atQIii in a similaF A=lanRer tg air FGtary drilliAQ8xc8pt that a drilling fluid ("ml:ld") aF 
cleen water is used iR plaee of air to eool the drill bit and fCffiO'f'e OtJUiAfjS. There are a variely ef #ll:Iiels 
tl:1at GaR gO \:Isod with tAis dFiIliRg FRetRQc:J, iRC;;IYding beRtQRite ilu~~ and syntt:letic slu~j:i'u; If a drilling tiuid 
etl1ef tl:1aR ',,<atei=IGyttiRgs is ",sed, it FR\,Ist ee a Ratur:al c;;lay (i e., beRtoRite) iilRd a "biilGk,gJ:QIIRd" siil~ple of 
the ftl:liel shol:llEi be tal~en for analysis of possible oFgaAiG or lnorganic; c;;ontarRiRaRtG. 

Advantages to tl:1e "\;lid FOtaF)' drilliA~ metRed insll:lee: 

• . The ability to arill in many types of fofR'lations. 

• Relati'.'ely Elt.liek aRg iAeXPQASiv8. 

• Sl'llit ~arFel (Stalit Sj3eOR~ SF tAiA wall ~Sl:lelby~ t~ee saffiples eaA be ob~ineel ",.,ithot:lt reffio9'ifl~ drill 
-reds if tl'le 8pPFef3Fiate si:c:e sFiIi FOElS ana ails (Le., fisl:! tail QF d~a9 bit) ar:8 used. 
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• In some borings temporary casiR!ij may not be needed as the drilling fl~iEls may I(ee~ the bOleliole 
~. 

• Drill rigs arc rcaelily available in most areas. 

Disadvantages to this method inel~ele: 

• . FOFFFlatioA loggiAg is not as aCGl:lrate as will:! I:!ollow stem aUQe~ metl::tod it 5plit.bauel ~split SpOOA) 
samples are Rot talEeR (i.e., the elepths of FFlateFials log§oel fFeFFl el:lttiR§5 aeliverea to tMe sl:lrface die 

apPFe*ifflate). 

• -erillin~ fll:lids reeil:lce fJeFR'leabili~1 o~ lAe foFR'lation adjacent tg tAe boring to some QQgree, .u~g ~e'lwir:e 
more exteRsive ' .... ell elevelopfflcRt thOR "ElI)'u tcohniEJues (al:lgeFing, air rotary). 

• No information OR elef'lth to water is ol:Jtainaele while Eii=illin~. 

• Fll:Iids afe fleeeee fer ElriliiAg, anei tJ:Iere is some 'luestioJ:) about tbe effects of tbe dcillillg Ollids 00 

Sl:fbSCEJI:ICAt ' .... etcr samples obtained. For this Feason as well, extensive '.\1911 d'iw9lopment may bc 
required .. 

• IFI '.'cpt l3oref:lS materials Ei.e., Fl:lbble fill, bOl:lldeFS, coarse gFa¥el) dfilling ftyidsmay be Gontinyoysly· 
lest into thc forfflatiOA. This rCEJl:lires either oonstant roplenishment of tho EirilliAg fluid, OF the I:lSO of 
casifl9 thFeugh tRis fermatiOA . 

• .grill rigs are large and hcavy, aAa must l:Je s~pported 'Hith slJpplied water. 

• Ground' .... ater samples eaR be potefltially ailtlted with drilling fltlid. 

The PFQGedlJj:Qs fGr pei=foFmiR9 ~ij:Qsl ,:gta,:y soil iRlt.estigatiQRs _Rd simpliRg shill cQnform with the 
applieal3le /\STM staRaarss: D211d 8d, 01587 3d, and 0158684. 

Soil sam"les s"811 be lalten 89 sl3coifieet l3y project plan dOGwments, or moril ~qufilRtlYI if j:filqufil5tfild by 
the I3FOjeet geologist. AflY FCE'ltliree Saffll3ling shall ee l3eFfe Fffleei ey FOtatiOFl, ~fes5iAg, or elri .. 'ing in 
accordanee with the stal ,dare! or approved n lethod g0l1erriil'9 use of tl Ie pal ticulal sal' Iplil '9 tool. 

-when field eenditioRs pt'Ol/ent the ae't'aAeemcAt of tAo Aole to the desired depth, a nS'IJ boriA!ij may be 
dl iIIed at t\ Ie request of the Field eper8t1ofls l:::eader. =ffle ofigiRal boriAg sRal1 eo eaGltifilloElYsing metllods 
and materials al3Propriete fer the giveR site aFla a FIe .. • .. eering started a short aistanoe a' .... ay at a leeatiefl 
determiAed l3y the projeot geologist. 

5.2.4 Retesenie DrilliRg 

The RetosoRie dfilliRg FFlethod efflploys a Rig'" ffeEjwenE¥ )JibFatioRal and IOI,t,! sp8Qd retatioRal motioR 
eotll3led with dO' .... R presstlFC te ad'l'aRee the euttiRg eage of e Elfill striftg. This I3 fedl:lees a ufliferm 
borehole , .... I:1ile I3FeVietiFlg a eomiRt:lotls, undi9ttlrBeEl eere sample of beth ttf'leonsolidated and most bedrock 
fOmlations. ROtOSORic drilliAg ad'lances a 4 iAGI:l giarn8te~ to 12 ij:jGI::t diameter: sore ba~j:81 fGr:: salllplin9 
aM-eaA aEi'Q'aAee t:f1'3 to a ~2 iReR EiiameteF e\:iteF easiA§ foF ~e e9Rstfl::let:i9R ef staRdafEl aRa te\eseoped 
mORitoFiRg ' .... ells. DI:IFifl~ afilliAg, the eeFC i:laFFCI is adllaAsed aReae of the el:lteF l3aFFel iR iAorements as 

determiAeE! ay U~e site ~eelogist: aRE! depending ijPOR type of rnaterial, QQQr€!l€l of sybsyrfaGe 
c-oAtamiAatiefl Bfld sampliflg el;)jeetives. 
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:+Ae 91:1teF sasiR9 saR lae as¥aRseQ at tRe sa!¥le time as tl:le iooec dtill sttiog acd cote bacrel, at adllaoC@Q 
ge>NR S'/eF tAe inner elrill Feels anel sere saFFel, 9F after tRe OSFe BaFFel Ras Ffle'.'ea atiesa te eelleet tl'le 
--YAdistl:lFBea saffiJ3le ana Ras BeeR pl:llled Oyt of tRe bo~l:loIQ. :J:1:l8 Oytej: c;;asiRQ ~R be agltaRc;:ed dl¥ irl 
-most eases, SF ean bc ad'laneca witl=! water eF air def:lending uf:l9n the forffiatisns I:>eing drilled, tho depth 
and diameter of the Aole, Of fCfluirements of tAe f'reject. 

Advantages of ttiis mcttiod iflclude: 

• Sampling ana well installiMion aFC fasrer as cOffipared to ether driliiAg methe9s. 

• 6or-ltinuous S8111plillg, with lalgel SOIlllple \CIURle as compared to split-spoon saFflpling. 

• ltic ability te drill UU6ugh Eliffiel:Jlt foFl~:ratioRs sbiGh as Gobbles or bOLllders, hard till and bedtock. 

• Reduetiofl of lOW by al'l average of 70 te 89 ~eFeeAt. 

• Well installatisns aFa Ell:liel~ aRa eSRtFelled lily elimiAatieR of poteRtial br:idgiRg of aRRldlar materials 
..al:lring well installation, due ts tJ:re aBility tEl vibrate the obiter saiing during4QmQv-al. 

OisaEi¥aAKlgos iAoll:lee: 

• The eas~ fef Reteseflie aFillin!J as eeFfl~aFed ~e sU'Ior metRe~s aFa SORoraily t:ligt:lOF. HS'l't'ovor, tJ:ro AOt 
res\:jlt oan be a si!JnifiooAt S8\!iA!JS eansiEleAA~ feEh::leeElIDW Bnd si'leFtenee prejeet duratio". 

• Retesonic drill rigs Ofe large and flood ample Feem to drill, ho\'.'over, RetosoAie t:lnits eon ee "Iaeed en 
the SF9I:mcl or plaoocl on an ATV. 

• T-hem are a HFAtteEl-A-UffiSOr of Retesonic-4rilliAg centmctors at tho pFaSeRt--ti-R:\e,-

5.il.5 Revel'Se GifeylatioR Rater:)' CFilliRg 

:J:J:le GemmeR Fe'<terse SifEibilatioR riS is a ~\li;it81= 01= mbld FOta'¥ R9 )J,liti:l iii liilrge-diameter drill pipe IItRi~b 
oireulates tho elrilliA!J 'Nater ElO'NA the anRl:Ih:ls and up the inside of tRe drill pif:le (reverse flew diFaGtien 
fr:om di~ebt mbls rota~9. +I:lis ~Ipe ef rig is YiaS foj: tl:le bORstr",,;tiQR Qt lal=gEl capacity produ;tioR )milter: 
ltJelis .iRd is RQt syited for small, la/at8r quality sampliRQ wells beGOIUSEl of tl:le USQ of dr:iIliR9 muds iilRd tJ:rQ 
large..diameter bole wbich is s~ated, A fe!A! spec;;ial r8~lerse Gir:culatiQR rotal¥ .rigs are !¥lade IJtitl:l doyble-
wall ddll pipe ll:le Ql=illing IAlater or air is cir:culated dOlatn tbe aj::lj::ll III IS bet!ueeo tbe ddll pipes aod lip ioside 
the·iARe~. 

Advan\a!'j8s sf the latter ffietl=lsd iRElh:lde: 

• The formation water is net eOFitEiFfliFiated l3y tRe drilling water. 

• Fonnatioli sailipies call be obtained, from knOWn deptMs. 

• ~en 9FilliA§ witA aiF, imJ.1:leQiate iRfg~ma~ioR is ialJailable ~eQardiR9 tI:Ie wateF beariRQ pr:operties raf 
f9Rm1tions peRetrated. 

• Cellapsing of the l=Iele in I:IRG9ASolidaled formations is Rot as great a flroblel+l as wl:leR drilliR9 witl:l tAe 
nor:mal air rotar:y r:ig. 
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•.. Plaeing eelnent grotlt around the outside of the well eesif'lg aBove 8 ..... ell sereeR ofteR is aiffieult • 
. especially when the SCfeen and easiRg aFe plaeed de'NA throu§1=I the iFlAer ElFili f3if3e ~efeFe tAO drill 
-pipe is pulled out. 

5.2.; QFiII UU9lfgh GasiAg Ori'ler 

TAe driveR oasiA~ metAod eOAsists of alteFAately driving GasinQ (tittild with a .harp, bardened C<!I5tillg 
shoe) into the 9rOlmd using a hammor lifted and dr:opped by the drill r:ig (or an ai .... harnmer) and cleaning 
Ol:lt the easiA9 USiA€! a rotary ehof3f3iA€! M and air OF • .... ater to ftush out the materials. Tho oasins is GA~ 
dawn in sta§os (usually a feet per stago); a continuous I=9Gord is kept of the blows per foot in driving thil 
Gasing (see SOP GH 1.5) The GasiRg is nOFR'lally ae.,,'anGod by a JOO pound hammer falling freely 
.throU§R a hoigRt of dO inches. Siml:lltaneol:ls washinE! ana ariving of tl:le Gi!lsinQ is Rgt FeGOml+l9ngeQ. If 
tRis procedure is I:Ise~. the elevations within w"iel1 ... /05" ','ater is used and in wl=lich the cosiFlg is driven 
-must be clearly reeordoo: 

The driven caSing method is \:Ised iR I:IRoonsolidated fOFmatioRs onl'l. When tl:\e boring is to be used fat 
JateJ: lfl-ell ~nstallation, the dri ... eA-€aS~east-4-ffleAes-lar-ger-tn-dta'rrrefer than lfie weW 
-€-asifl94s--De-ift5talled:---AavsRtages to this method of drilling-iflelttde;.. 

.S~lit garrel (s~1it S1300R) saFRf3lin€! oaR l3e oondueted ' .... Rile drilling. 

• 'iVe" installation is easily aeeoffiJ'lisl=led. 

• grill riEls used are relati>JOly sFRa" and rnElgilo. 

• TAO uso Elf casing minimi:zes ftcy.v into the hole fwm ",pper water bearing layers; tI:Iel=9fo~, ",,,,Itipls 
aEll:lifers eaR be peAetFateEl afltl.-sampled for FOl:Igh field deteFR'linatiOfls Elf SOl+l9 "later quality 
paral+let9rs) 

• Tl'lis mctl=lod ean only ~o !:Isod iR !:InGonsoliIJatoIJ fgrmiiltiQn&. 

• -Th~Hl'1etRad is slower thaA-etAer mctt:lods {avef8ge arilling pl'6gress is 30 to 50 feet J'er day). 

• Maxirnul+l depth of the borehole "aries with the si~e of the drill rig and casing dial+leter 'Ised, and the 
nat!:lFO of tAe feFmstioRs drilled. 

• 1lle-cost ~r hour..or per foot of drilliJ::lg rnay be s'lbstantiall¥ higher tban alber drilling methods. 

• It is difficult and tiFRe 6oR5uming to pull baGk the casing if it bas beep driver:r very deep (deeper than 
50 feet in maRY foFFAatieAS). 

·5.2.7 Cal:ile Toel QFiIliRg 

A cable tool rig USQS a \:\QOP'Y. solid 5\091. tl:liSQ! PJPQ drill bit ("tool") susper:rded on a steel cable, wbich 
WhSR raised and dropped, cl:li.91. or pour:ld •• !:lore thr:ough the .oill. and r:ock Dr:illil:'lg pOJgress Illay be 
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expeditee By the yse of "slip jaFS" which serve as a saele actjl,late9 aowR Rele POFcl:IssieR Eie';ice to 
hammer tAe bit ahead. 

""AtheR erilling through the ynsatur=ated Z9R9, some water mI:Jst 99 added to 1Re Ro19. The cl-lttin~s are 
~eF-at1d thOR bailed out periodieally. BelO\',' the water table, after sl-lf.ficient §FOt,md 
water enters the boreRole to replaee the water rOA'lovoa by bailing, no RirtRer water nooes to be added . 
. WheR soft caving fermations are eneoYntered, it is uSl:lally fleeess8Fy to dFive casing as the hole is 
·advanced to preyent collapse of the Role. Often the drilling can ge only a leVI feet belolt'J the bottom of the 
. .casing. Because tRo drill bit is 100NeFeEI tRFOygh tRO casiRS, the hole created by the bit is smaller than ~ 
casing TI:I\il~\ilforQ, the casing (, .... itR a sharp, RarEioned casing shoe on tAe bottom) ml:lst be Elriven rAte tAe 
bole (see Section 5.2.5 of tAis 9I:1iaoline). 

Advantages of the Gaele tool metRoe inelyee the follovJing: 

• Information regarding water Bearing zenes is r088ily s'o'eilable E!l:Iri"g tt'le drilling. Eve" rel!Uvb--­
peffl'leal3ilities SAd fOI:lSh water ql:lality aata from gifferent .lones p'5n'5trated can be obtain'5d by skilled 
opel atel 5, 

• The sable tool rig GaR operate satisf.acto~ily in all formations, btlt is best suited for caving. boulder, 
~ble or eoarse gravel type formations (e.g., slacial till) or forR'lations with laFgo oa¥ities ab6'o'o tho 
water taBle (slIch as limestones), 

• Wtl'5n calling is used, the casing seals formation water alit of the hole, preventing dOIALO hole 
eaAtamination and allewing saA'lpling of deeper aql:lifers fer field Ffleasl:lfaelc water Ell:Islity 
parameters, 

• Split.barrel (split-spoon) or thin-wall (Shelby) tube samples can he collected throllgh the casing 

Disa€l'laAIDges inolw:ie: 

• Drillinf;J is slew eeA'lpared 'NitA Fetor), rigs, 

• :rho neeessity of ell:;',ing Y=\e easing in t.IRcQr:u.olid.ted forl;latio~Hi ~q' lires thiilt thQ C.SiRg be plAlhid 
back if e~post.lre of seleste" 'Hater beiiriRQ .lOReS iii delSil"ed This pCQcess cOl:J;1plic~tes the well 
cOl;lpletion presose ane often insFeases sosts, Ther-e is alse a el=laf:lse tl=lat tAo easing /flay 13eoome 
stwsk in tAo l'Iele, 

• Tbe r:elatively 1.1=98 diaR:J9t&r& ~q"'ir8d ~l+1illil+lul+I of 4 .. illcb casipg) plUS the cost of stliQI c.uiiRg rliit.llt • 
iR higher ~oste cOFRpar;&d tG r:otal¥ dRUiRQ 1+!9thod. lIIhet:e (.SiRQ ii not reqllired ,e 9 , iuCI:I U'ifi gf OJ 

bollow stel+! .ulger). 

• CaBle tool rigs havc largcly BeeR Feplaood ~y retary rigs. In GOR:Je parts of thQ U,S., :;lIJailaeility may 
be eJiffletilt. 

6.2.8 Jet BFiUiAg (V'lashiAg) 

Jet drilliRQ. wl:lish &hould be !,lied oRly fgr pie~ol+1'5ter or "adoie ~ORIi lSiilR:Jpler iRitiilliatiQR, bORsists 0# 

pYR:JpiR9 water or ElrilliRgJ Ff\\:IQ SQ-\I,'R tAro\:lgh a small eiameter (1,12 to 2 iRbhl staR9ara pipe (steel er 
PVC). Tl=le f.lif.le fflay Be Rltes '.vitfl a eRisel Bit or a spesial jettiRS SGr;&OR. ~eFmatieR Ff\ateFials eislea!;Joa­
by the bit iU:lQ jetting iiI~ioR of the watsr ar:e brougbt to the i'ln-C9 tbCQ'Igh ttle iilRnt.llt.l& iilrot.lRQ the pipe. 

t¥s the l3i\3e i,s je~ Elee\3er, aElEli\i9RallsR9ths gf (di(d8 l+Iay bi ad did iilt tRi 'iua-ee. 
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. Je~ f39FGblSsieR is a 1.la~iatieR et tl:le jettiRQ R=l9tl:lod, ir:l llll:licl:l tl:le caiir:lg ii d~iller:l "liU, 8 drive ~vei9ht. 
P~ormall~, tRia ffletRoe is I:lseel to !=Ileee 2 ine'" aiaR'leler sasiRQ iR sRallelA', Ur:lcor:liolidated lO.u:)d 

. formations, but tl'lis metl'led Res els6 beeR used to install 3 te 4 iRel=! aiameter easings to a aef.ltfl of 
200 feet. 

JeMiA!;J is a66ef3~aelc in '.<cp! seft feFFJlati9R8, usually to~ il:lallolll saillpliog, aod lubec iotrodllciioo of drilliog 
wa4CF ts ~Re farFJIatisn is asse!'ltaele. ~1:I91:! 99RSiti9RS wal:llel 99SI:IF 'h~FiR9 1=9UgR 8tl=ati9j:a~Ri~ iR¥8stigati9R 
sr installation of J3ie:wFAetcrs fer water level FAeaSl:JFeFACAt. AavoAtages at this R'lcthad iAsll:Jde: 

.... - detting is fast ane inexfjensive . 

• Beeal:lse of U'lC sFFlall aR'lSI:IAt af eEll:lit'lFJI9Rt r.e'lUiFeQ, jliWRQ ~aR be accompliliibed iR 10catiODIii ~ld::aeUi 
aGG8SS by a Rer:mal Ql=iIIiRg Fig lJJeulg b8 1I8~ gifti~ult j;:gj: ilxaR=lpl9, it IAlould be pOiiible to ~et dOIAIQ a 
\\fel\ peiRt in the seRter 9f a la9g~m at a frel~ioc gf the cost of usiQg a d~iII rig 

• Jetting RI:IFJlaral:lS \flell peiAts jl:lst inte a shalle...., ' .... ater taele is an inmff3eFlsi'ie fflethee feF eetermining-
thli water table S9Rt9W~S, heRse tJOI.V dil=QstioR. 

DisaEllo'aRtages iRsll:IEle the follewiR€f 

• A large amount of foreign water or drilling mild is introd'iced above and iQto the formatiOQ to be 
sSFFll3lee. 

• lettio9 is IIslIall¥ dooe ic lfeqt soft fO[lDatioos wbicb are snbJect to ca~'iog Becallse of ibis calLioQ, it 
is efteA net !'lassiele te plase a §rel:lt seal aeet.le lRe SSFeeR te aSSWFe l\:lat '",Iater iR t\:le ¥.t911 is only 
,from tl:le scr:eer:led ictQnlal. 

• The dioameter of tRe casiRQ is; uSllally limited to 2 iocbes 

• _JeUiRQ is oRly PQsliiible iR ~Iel=Y soft formations ibai do not cootaio bOlllders oc coarse gralLel, and tbe 
,depth IiFJIitati9R is shallow (abowt ~g fget 'lIoIitRObit jet pel=6b1SSiOR s'1t.lipFJI9Rt) .. 

• bal=QiI ~blaRtities of water are often Qeeded. 

6.2.9 Drilli,,!,) .. ·"it" a MaRet ... lifter 

+!:lis msti:log is applisable WRer8\ler ti:ls ferr:RatioR, tQtal de~tl:l ef saFJIpliRfj, aRd tI:le site ane gF9I:1AeI>. ... ateF 
GORditioRS a~ SI:IGh as to allow haRg auger dl=iIliRg. !::laRd a~gQRRg GaR also bQ GgRsidQ~d at lec;aI;ieAs 
where a Fill Fig aeeeas is Flet !=Iessiele. 1\11 RaReI al:lger esrings VliII ae f3erfeFFRea seeeF6iR!:J te 
A5TM 014§:2 SO. 

SaA'll3les SASl:lld Be takeR seRtiRt.l9l:1sly I:IRless otRet:l.t.ljss &pe~ifilid by: t!:le pr.oj~ plaR dOCIII:;lQRW ,ARY 
req t.l ired saFJIpliRQ is pelforwed by rotatioo, pressing, or drilliog io accordaoce latitb tbe staQdaw or 
af:lI'lFe¥eEl FAetReei §aveFRiAg \:Ise ef tAe J:laFtiel:llaF saFFll'lliR§ tsel. =l=yf3ieal eEjtlif.lffieFlt tlsed fer sampling and 
adlJaRGing sl:!allQw "!:land aug9(' hol9S a~ II,'Iaf.l samplers (wl:licl:l ar:e rotated) or post bole diggers (wbicb 
aFe el3era~e9 liI~e ~9ngs~. Tl:lesQ tQGRni'lues aUi 510111 bill effectille wbere large[ pieces of eqllipmeot do 
Ret have aGG9S8, aRd WR9F8 IJQJ¥ sRallew \:Iele8 aFe desi~d (less.tRaR ~§ feet). 5ul=tici.1 soils R=lyst be 
Gem!'l9see ef Felati,.<ely: seft aRd ReR seFJIeRted farFJIations to .1101.'1 peR9tl=atioR by tbe allgel= 
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5.2.49 Reelt DrilliA!J BAd Ce"A!J 

lAll=leA seil BeriA!jJs saRRel Be s9RtiRl:led I:ISiRQ ill:IQeHi o~ ~Otill=Y R:leUlodi dYe to tRei Ra~Ress ot tRe ioil o~ 
wheA reel( er lar~e eel:llElers are eROOI:IRte~ee, erilliRQ aRe saFA~liR9 saR ee ~erferFl'\eEl 'dSiRg a EliaFl'\eFlEI bit 
cafCr iA scearesFlCc witl=! ASTM 02113. 

OFilliA§ is eieAe By F9~a~iA§ aAa al3""yiA~ eeWAWaF9 I3FeSSI:lFe te lAe erill reels aRe €lrill ait +AO €lrill Bit is a 
···cirol:llar, hellsw, 9iaFAsAEI stl:lElelee Bit a"aGReei ts tA.S slolter sere sarrel iR a gelolele twae sere earrel. :rAe 
.use 9~ siR~le twbe bGr.e beu:r.el& ii r:lot r.ec;:oR=lR=leRded, iili tl:18 ~tiiltior:l ot tAe bel~1 81=OgeS tl:le selFAl3le aRe 
-lifl'lits its tlse reF eleleileel §eele§ieal e¥alwatieR. 1.IIJater er air is Gi~l:IlateEi dOUlR tRl=OloIQI:I Uole ElRII r~gs aRd 
aAFll:llar 613aee Bellot.'eeA tl:le sera sarrel tyges to Gool tRe bit OIRd ~eR:lOlle tbe Clittir:lQIii ::t:be bit Clillii Ii ce~ 

Ql:lt e~ tRe resK wl:lisl:l rises iRtO aFl iFlRer b.u~1 R:louRted iRliidett:le ellte~ ba~rel Ibe iRRec cece bar~1 aRd 
Feek seFe aFe FeFAe',.Ie~ 9;' I9IAleriR9 a lalirQ liRQ IAlitb a cOlipliRQ iRtO lbe dcilltods, latcbicg cotc tbe icce[ 
safFeI aRe witI:lElFa ... ~iR9 t!:le iRRQF biil~1 A leliill efticiec:lt Ilatiatiec:l of tbis Illetbod litilizes a cote battel tbat 
GaRRet ee reFAO¥e9 witl:lo\:lt ~\:IlIing all ef t!:le grill reds. Tl=tis \'ariatieR is I3rastisal 91'11;, if less tR8A 5Q feet ef 
sore is reEll:lireei. 

SeFe eeAA§5 <iRa FAase U:jI=OWQR tRQ ~asiRS tls9d fgj; tR9 lioil bor.itlSs ::t:be ~iiUiitlQ R:lUliit be dr.iHeR iltld 
sealeel iRle tAe roek fGrFAatieR to prQllilc:lt lIeilpaSQ fi:ol.:tl tblil olle~bu~deQ ic:lto t\::\il bolQ to be cored ~&QQ 
·Seetiefl §.a af this ~tJieleliAe). 1\ 

M elel:lele tyee sere bal'rel I"itb iii diiilR=lORd bit _Rd niiilR=liRQ iRell or 
\sqlolillal~Rt SRoyld bQ USQd to I4IGOU~~ ~ock. C;:O~QIi et iii lii~il lipecifilild il=l t~e p~C:iect piaRIi ::t:~Q FRost 
eamFAGR sore Barrel diametQrs arQ listQd iR Attacl:II:RQRt A 

Seft eJ: decol.:tlpesed wck sboilid be saillpled ~itb a d(i~ell split-ba(Lel wbellelte( possible Ot ceted 161ith a 
OefliseA eF Pilet:ler s8ffifJler. 

\AIfleA eeriA~ feel~, iAel~eliA§ sRale aREI sla;,stElRe, tI:le sl3eeg ot t\::le drill aREltl:lo ElrilliR9 ~ressl:lre, am9wRt 
aRe I'FOSSl::lfC eJ "ffe~OF, eAe lori~~t:l af fl::lA eSA eo 'faFieel te ~i' .. o tAO FAal~iFAI:IFR Feeo\'e~' ffsFA tl:le rosiE BeiA!!! 
dtUloa. SMOId allY rock foIl,'BtioH Be se s6ft ef BFeIEeA tRot tAO l3ieeos eeAtiAl:fally fall iAte tAo Role 

. ee~siA~ I:IRsatistasier;c GeRRQ, tl:lQ R910 sRelolld bQ ""al.:tlQd ac:ld iii fJulib jOiRt ~;;uiiiRQ iRatalled to iii poiRt 
belol ') t~9 brok9R forl.:tl3tioR :Ibe size of tbe f1l1sb-jcillt casiog Illiist peeillit seclltillQ tl::le ce~ i;'e 

. spoGifieEi. ~j),{ReR soft OF brok.9R rock. iii aRtiGipatod, tRe leR~tR ef sere Fl:IRS sl:le\:llel ee Feell:lGeei to less Y=l8R 
5 feet tEl iiPI9id cor9 IQii aRd l.:tliRimi~e CQre disturbatlce. 

Aa ... aRt8~es of sere erilliRQ iR~lud&i 

• URE;jisll:lfl3eE;j Feel( eeres eaR Be reso\'ereE;j ~F e*alTlinalisA anE;j~sF lesliR9. 

• IR for:R:latioRs iR l,uRiGb tA9 GOClild bole 161i11 tel.:tlaitl epec:l IAdtbollt casitlQ, IAtatec ftolll tbe cock tc.ctllrss 
--may be raGeveFed tmFR tAQ Vl911 witl:lglolt tR9 inst<illlati9n 9f a well s~roen anEi Qravel f'\aek. 

• F-sFFRatisR le~~iR~ is e*tF9FAe!;1 al;GldratQ. 
• Drill Fi~s 8Fe Folati\'ely 5FAail anEi FAsbilQ! 

Oi&ac;lvant<ilges inGlwde: 

• )AlateF 9F air is Aeeees far erilliAg. 

• GeFiAg is sle'lI'cr tI'l8A FelaF'f elFilliA~ ~aREI ffieFe eIEl3eRsi\'e~. 
• OeptA te '.vater eaFlAet aeel:lFately ee e\etEm~iAee\ ih'4'atef is ':Jseel far ~fiIliR~. 

• +Re sii!e eJ the aSF8Rsie is liFRited. 
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Thilii drilling IX'wtl:lod is USWf'll if acc' Iraw detwminatiops of rock lithology art; dwsired or if open wwlls arQ to 
.be iAstalle9 iRt9 Qe9F9sk .. Tg iRstdlil laJ:geF didlrReteF well_ iR ~oreRole., t\:le \:Iole J:Ru.t be FeaJ:Red gut tg tl:le 
pFOper Sii!!9 after ggriR!j, usiR!j air or rRud rotary drilliRQ rRetf:lods. 

5.2.11 Drilling & Support Vehicles 

In addition to the drilling method required to accomplish the objectives of the field program, the type of 
vehicle carrying the drill rig and/or support equipment and its suitability for the site terrain, will often be an 
additional deciding factor in planning the drilling program. The types of vehicles available are extensive, 
and depend upon the particular drilling subcontractors fleet. Most large drilling subcontractors will have a 
wide variety of vehicle and drill types suited for most drilling assignments in their particular region, while 
smaller drilling subcontractors will usually have a fleet of much more limited diversity. The weight,size, 
and means of locomotion (tires, tracks, etc.) of the drill rig must be selected to be compatible with the site 
terrain to assure adequate mobility between borehole locations. Such considerations also apply to 
necessary support vehicles used to transport water and/or drilling materials to the drill rigs at the borehole 
locations. When the drill rigs or support vehicles do not have adequate mobility to easily traverse the site, 
provisions must be made for assisting equipment, such as bulldozers, winches, timber planking, etc., to 
maintain adequate progress during the drilling program. 

Some of the typical vehicles which are usually available for drill rigs and support equipment are: 

• Totally portable drilling/sampling equipment, where all necessary components (tripods, samplers, 
hammers, catheads, etc.) may be hand carried to the borehole site. Drilling/sampling methods used 
with such equipment include: 

- Hand augers and lightweight motorized augers. 
- Retractable plug sampJers--driven by hand (hammer). 
- Motorized cathead - a lightweight aluminum tripod with a small gas-engine cathead mounted on 

one leg, used to install small-diameter cased borings. This rig is sometimes called a "monkey on 
a stick." 

• Skid-mounted drilling equipment containing a rotary drill or engine-driven cathead (to lift hammers and 
drill string), a pump, and a dismounted tripod. The skid is pushed, dragged, or winched (using the 
cathead drum) between boring locations. 

• Small truck-mounted drilling eqUipment using a Jeep, stake body or other light truck (4 to 6 wheels), 
upon which are mounted the drill and/or a cathead, a pump, and a tripod or small drilling derrick. On 
some rigs, the drill and/or a cathead are driven by a power take-off from the truck, instead of bya 
separate engine. 

• Track-mounted drilling equipment is similar to truck-mounted rigs, except that the vehicle used has 
wide bulldozer tracks for traversing soft ground. Sometimes a continuous-track "all terrain vehicle" is 
also modified for this purpose. Some types of tracked drill rigs are called "bombardier" or "weasel" 
rigs. 

• Heavy truck-mounted drilling eqUipment is mounted on tandem or dual tandem trucks to transport the 
drill, derrick, winches, and pumps or compressors. The drill may be provided with a separate engine 
or may use a power take-off from the truck engine. Large augers, hydraulic rotary and reverse 
circulation rotary drilling equipment are usually mounted on such heavy duty trucks. For soft-ground 
sites, the drilling equipment is sometimes mounted on vehicles having low pressure, very wide 
diameter tires and capable of floating; these vehicles are called "swamp buggy" rigs. 
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• Mafifle eirilliA§ eEjl:lif3Ff1ORl is Fflo~Rtoa OR .,lafiol:ls t1oatiR§ eEll:li~R=leR~ f9F 9FilliR§ eOFiR§S iA lake6, 
~stuaRQS aRd Qtl:lQI= bgdiQS gf ulat@~. ::J:I:lQ t1gatil:lQ Q"l.Iip~QRt ltOll=ies, Oiu:jd is afteR R=lORI:lf.aetI:lFea OF 

QAstGmi.8d by tREI dl=iIIiRQ sl.lbc;;gtlb:acto~ to suit specific d~iIIiDg ~eqLliwllleots Iypically, tl:!e FaFl§e of 
iletatieR vehicles im::lyd8: 

- . @al=r:91 flgat r:iQs a d~ill ~i9 mQYRtQd OR a timbe~ platfo~1JJ blloyed by elllpty 55-galloD dtums or 
-s~. 

- Barge-mal IDted drill rigs. 

- lack lip platfotOls - dolliog eqllipOleci Ololillied all a f1Qatiog platfotOl ballioQ rettactable legs to 
support tAe I:lFlit OR tAO soa or 191<9 sed "'/l'IeFl tl'le J9latforR=l is jaekea I:I~ Ol:lt af lhe ' .... ater . 

- . Drill ships - fOI= deep oceat:l drillil:lQ? 

IA aelelitioA to t!:le mobilit¥ fo~ tRe dc:illil:lg equip!+leRt, &imilaJ: cOR5ide~tiol:l !+lUit be gillQR for e'lYipmeRt to 
S\,l~flgrt U:"IQ drilliRQ oPQl=atioRs. SYGI:I l,I91:1ic;;IQS or ng .. tillg eq~lipmeRt ar:e RQ@ded tg tl=ORsport Eirill water, 
dFiIliA§ sl:Ipplies ane oEll:lipment, samples. drilling PQrsonnel, etc to andlor troOl various boring locations. 

5.2.12 Equipment Sizes 

In planning subsurface exploration programs, care must be taken in specifying the various drilling 
components, so that they will fit properly in the boring or well. 

pOI' drilliA§ o\3en 99f@RoIQS using ~Qtal¥. d~illinQeqlolipment, tr:i .. cone dtill bits a~ emplo¥9d IIllitl:! ail=, ItJate~ 
-ef 6FiIliA§ ml:la te feFfle .. 'e el:lttiA§s ana eoel U'le Bit =i=Fi eaAe sits are 5ligAtly smaller the" the holes they 
-drill (i.o., 6 71B ineh or 7 7t8 iRCh bits will R9miRally dr:i1l9 inG/:I ilRd a iRl:1:! I:!olei, I=@sp8cti'J8Iy). 

For obtaining split-barrel samples of a formation, samplers are commonly manufactured in sizes ranging 
from 2 inches to 3-1/2 inches in outside diameter. However, the most commonly used size is the 
2-inch 0.0., 1-3/8-inch 1.0. split-barrel sampler. When this sampler is used and driven by a 140-pound 
(± 2-pound) hammer dropping 30 inches (± 1 inch), the procedure is called a Standard Penetration Test, 
and the blows per foot required to advance the sampler into the formation can be correlated to the 
formation's density or strength. 

In planning the drilling of boreholes using hollow-stem augers or casing, in which thin-wall tube samples 
or diamond core drilling will be performed, refer to the various sizes and clearances provided in 
Attachment A of this guideline. Sizes selected must be stated in the project plan documents. 

5.2.13 Estimated Drilling Progress 

To estimate the anticipated rates of drilling progress for a site, the following must be considered: 

• The speed of the drilling method employed. 

• Applicable site conditions (e.g., terrain, mobility between borings, difficult drilling conditions in 
bouldery soils, ruqble fill or broken rock, etc.). 

• Project-imposed restrictions (e.g., drilling while wearing personal protective equipment, 
decontamination of drilling equipment. etc.). 
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Based on recent experience in drilling average soil conditions (no boulders) and taking samples at 5-
foot intervals, for moderate depth (30 feet to 50 feet) boreholes (not including installation or development 
of wells), the following daily rates of total drilling progress may be anticipated for the following drilling 
methods: 

Drilling Method Average Daily Progress 
(linear feet) 

Hollow-stem augers 75' 

-SV,; .. .-"" .. , I "'u~"" • .,. ~n' .>:T<T . .. .... ..... 
~ "", .... : -, 

.... y- '''''''''1 ..... ", ... ,~ ':;1' 

.... . ... " .. ,nn, ~~nl ) "" ..... .,...,111" LJIIIIIII~ vv vv \~ • .....-
n. 1"': o .L. 1 nn' (,., .ttin", .. ) ,~ n ......... -..... " .$ 

..,.. ~ . 'tn' ..... ".y-'''~ .. ,u "" ,~ .'" 
, .... ... .,.n' . ''''''":7 .... ., y I.~I '-'Q ...... .., <J'<T 

,.. .1. T. -"" VQ 

,. .1. . 

-'" 
I"' O. 1"'. • "n, 

':;1 --v<7 

5.3 Prevention of Cross-Contamination 

A telescoping or multiple casing technique minimizes the potential for the migration of contaminated 
groundwater to lower strata below a confining layer. The telescoping technique consists of drilling to a 
confining layer utilizing a spun casing method with a diamond cutting or augering shoe (a method similar 
to the rock coring method described in Section 5.2.10, except that larger casing is used) or· by using a 
driven-casing method (see Section 5.2.6 of this guideline) and installing a specified diameter steel well 
casing. The operation consists of three separate steps. Initially, a drilling casing (usually of 8-inch 
diameter) is installed followed by installation of the well casing (6-inch-diameter is common for 2-inch 
wells). This well casing is driven into the confining layer to ensure a tight seal at the bottom of the hole. 
The well casing is sealed at the bottom with a bentonite-cement slurry. The remaining depth of the boring 
is drilled utilizing a narrower diameter spun or driven casing technique within the outer well casing. A 
smaller diameter well casing with an appropriate length of slotted screen on the lower end, is installed to 
the surface. 

Clean sand is placed in the annulus around and to a point of about 2 feet above the screen prior to 
withdrawal of the drilling casing. The annular space above the screen and to a point 2 feet above the 
bottom of the outer well casing is sealed with a tremied cement-bentonite slurry which is pressure-grouted 
or displacement-grouted into the hole. The remaining casing annulus is backfilled with clean material and 
grouted at the surface, or it is grouted all the way to the surface. 

5.4 Cleanout of Casing Prior to Sampling 

The boring hole must be completely cleaned of disturbed soil, segregated coarse material and clay 
adhering to the inside walls of the casing. The cleaning must extend to the bottom edge of the casing 
and, if possible, a short distance further (1 or 2 inches) to bypass disturbed soil resulting from the 
advancement of the casing. Loss of wash water during cleaning should be recorded. 
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For disturbed samples both above and below the water table and where introduction of relatively large 
volumes of wash water is permissible, the cleaning operation is usually performed by washing the 
material out of the casing with water; however, the cleaning should never be accomplished with a strong, 
downward-directed jet which will disturb the underlying soil. When clean out has reached the bottom of 
the casing or slightly below (as specified above), the string of tools should be lifted one foot off the bottom 
with the water still flowing, until the wash water coming out of the casing is clear of granular soil particles. 
In formations where the cuttings contain gravel and other larger particles, it is often useful to repeatedly 
raise and lower the drill rods and wash bit while washing out the hole, to surge these large particles 
upward out of the hole. As a time saver, the drilling contractor may be permitted to use a split-barrel 
(split-spoon) sampler with the ball check valve removed as the clean-out tool, provided the material below 
the spoon is not disturbed and the shoe of the spoon is not damaged. However, because the ball check 
valve has been removed, in some formations it may be necessary to install a flap valve or spring sample 
retainer in the split-spoon bit, to prevent the sample from falling out as the sampler is withdrawn from the 

. hole. The use of jet-type chopping bits is discouraged except where large boulders and cobbles or hard­
cemented soils are encountered. If water markedly softens the soils above the water table, clean out 
should be performed dry with an auger. 

For undisturbed samples below the water table; or where wash water must be minimized, clean out is 
usually accomplished with an appropriate diameter clean out auger. This auger has cutting blades at the 
bottom to carry loose material up into the auger, and up-turned water jets just above the cutting blades to 
carry the removed soil to the surface. In this manner, there is a minimum of disturbance at the top of the 
material to be sampled. If any gravel material washes down into the casing and cannot be removed by 
the clean out auger, a split-barrel sample can be taken to remove it; bailers and sandpumps should not be 
used. For undisturbed samples above the groundwater table, all operations must be performed in a dry 
manner. 

If all of the cuttings created by drilling through the overlying formations are not cleaned from the borehole 
prior to sampling, some of the problems which may be encountered during sampling include: 

• When sampling is attempted through the cuttings remaining in the borehole, all or part of the sampler 
may become filled with the cuttings. This limits the amount of sample from the underlying fonrnation 
which can enter and be retained in the sampler, and also raises questions as to the validity of the 
sample. 

• If the cuttings remaining in the borehole contain coarse gravel and/or other large particles, these may 
block the bit of the sampler and prevent any materials from the underlying formation from entering the 
sampler when the sampler is advanced. 

• In cased borings, should sampling be attempted through clittings which remaih in the lower portion of 
the casing, these cuttings could cause the sampler to become bound into the casing, such that it 
becomes very difficult to either advance or retract the sampler. 

• When sampler blow counts are used to estimate the density or strength of the formation being 
sampled, the presence of cuttings in the borehole will usually give erroneously high sample blow 
counts. 

To confirm that all cuttings have been removed from the borehole prior to attempting sampling, it is 
important that the site geologist measure the "stickup" of the drill string. This is accomplished by 
measuring the assembled length of all drill rods and bits or samplers (the drill string) as they are lowered 
to the bottom of the hole, below some convenient reference point of the drill string, then measuring the 
height of this reference point above the ground surface. The difference of these measurements is the 
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depth of the drill string (lower end of the bit or sampler) below the ground surface, which must then be 
compared with the depth of sampling required (installed depth of casing or depth of borehole drilled). If 
the length of drill string below grade is more than the drilled or casing depth, the borehole has been 
cleaned too deeply, and this deeper depth of sampling must be recorded on the log. If the length of drill 
string below grade is less than the drilled or casing depth, the difference represents the thickness of 
cuttings which remain in the borehole. In most cases, an inch or two of cuttings may be left in the 
borehole with little or no problem. However, if more than a few inches of cuttings are encountered, the 
borehole must be recleaned prior to attempting sampling. 

5.5 Materials of Construction 

The effects of monitoring well construction materials on specific chemical analytical parameters are 
described andlor referenced in SOP GH-2.B. However, there are several materials used during drilling, 
particularly drilling fluids and lubricants, which must be used with care to avoid compromising the 
representativeness of soil and ground water samples. 

The use of synthetic or organic polymer slurries is not permitted at any location where soil samples for 
chemical analysis are to be collected. These slurry materials could be used for installation of long-term 
monitoring wells, but the early time data in time series collection of ground water data may then be 
suspect. 1f synthetic or organic polymer muds are proposed for use at a given site, a complete written 
justification including methods and procedures for tneir use must be provided by the site geologist and 
approved by the Project Manager. The specific slurry composition and the concentration of suspected 
contaminants for each site must be known. 

For many drilling operations, potable water is an adequate lubricant for drill stem and drilling tool 
connections. However, there are instances, such as drilling in tight clayey formations or in loose gravels, 
when threaded couplings must be lubricated to avoid binding. In these instances, to be determined in the 
field by the judgment of the site geologist and noted in the site logbook, and only after approval by the 
Project Manager, a vegetable oil or silicone-based lubricant should be used. Petroleum based greases, 
etc. will not be permitted. Samples of lubricants used must be provided and analyzed for chemical 
parameters appropriate to the given site. 

5.6 Subsurface Soil Samples 

Subsurface soil samples are used to characterize subsurface stratigraphy. This characterization can 
indicate the potential for migration of chemical contaminants iri the subsurface. In addition, definition of 
the actual migration of contaminants can be obtained through chemical analysis of the soil samples. 
Where the remedial activities may include in-situ treatment or excavation and removal of the 
contaminated soil, the depth and areal extent of contamination must be known as accurately as possible. 

Engineering and physical properties of soil may also be of interest should site construction activities be 
planned. Soil types, grain size distribution, shear strength, compressibility, permeability, plasticity, unit 
weight, and moisture content are some of the physical characteristics that may be determined for soil 
samples. 

Penetration tests are also described in this procedure. The tests can be used to estimate various physical 
and engineering parameters such as relative density, unconfined compressive strength, and consolidation 
characteristics of soils. 

Surface protocols for various soil sampling techniques are discussed in SOP SA-1.3. Continuous-core 
soil sampling and rock coring are discussed below. The procedures described here are representative of 
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a larger number of possible drilling and sampling techniques. The choice of techniques is based on a 
large number of variables such as cost. local geology, etc. The final choice of methods must be made 
with the assistance of drilling subcontractors familiar with the local geologic conditions. Alternative 
techniques must be based upon the underlying principles of quality assurance implicit in the following 
procedures. 

The CME continuous sample tube system provides a method of sampling soil continuously during hollow­
stem augering. The 5-foot sample barrel fits within the lead auger of a hollow-auger column. The 
sampling system can be used with a wide range of I.D. hollow-stem augers (from 3-1/4-inch to 
8-1/4-inch I.D.). This method has been used to sample many different materials such as glacial drift, hard 
clays and shales, mine tailings, etc. This method is particularly used when SPT samples are not required 
and a large volume of material is needed. Also, this method is useful when a Visual description of the 
subsurface lithology is required. Rotosonic drilling methods also provide a continuous soil sample. 

-5;7 Raek Sampling (Cering) (,I\STM D2113 83) 

Rock coring enables a detailed asseSS~8nt of bOl=8hole OOAditioAS to be made, sRowing precisely all 
IithoIQgic--Gi:l-aRges and characteristics. 8ecause coring is an expensive drilling metRod, it ilii commonly 
yseQ-.fQJ shallow studies of 50o..f.e~t or less. or tor specific intervals in the drill hole that require detailed 
logging and/or analyzing. Rock coring can, hOW9'ler, proceed for thoblsands of feet Gontinblously, 
depending OR tAe size of tAc drill rig, and yields better qblality data than air rotary drilling, although at a 
substantially reduced drilling rate. Rate of drilling varies widely, depending on the character:istics oJ 
~i9S encounter-ed, drilling methods, depth of drilling, and condition of drilling eqYipment. Average 
-outPl:It in a 10 hour day raAges from-4O-to. ov@r 200 f@@t. Down hole geophysical logging or tf5le"isioR 
camsr-3-mGnitQf.j.nQ-is·.somet~mes used to-GOmplement the data generated ey coring. 

Sorehole·.diameter can-be.-dlilled to various si~es, depending on the information needed. Standard si1.9s 
--of-eore barrels (showing core diameter) and casin~ ar:e shown in Fi9yre 1. 

Core drilling is used when formations are too Rard te be sampled by soil sampling methods and a 
·continuous 60lid 6ample is desiFed. USblally, soil saml'lles are used for o'/erbuFElen, and eorin§ begins iA 
&ound bedrock. Casing is s9t into bedrock befor:e cgring begin£ to p,:event (oose materia! from entering 
the barnhole, to prel/ent loss of drilling fluid, and to wevcnt Gross contamination of aEfuifers. 

9FilIiRg through-bedrock is initiated by using a diamond .. tipped core bit thr:eaded to a dall rod (ollter: core 
oaFH~I) with iii rate of drilling determined by the QO\'lR\\lard pressure, rotation speed of drill rods, drilling 
fIyjd pressure.m the borehole, and the characteristics of the rock (mineralogy, cementation, weathering) 
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FIGURE 1 

STANDARD SIZES OF CORE BARRELS AND CASING 

~ngBitSize Nomina'· Set Size* / 
0.0. 1.0 . 0.0. /1.0. 

RWT 
. ~ 1 5/32 3/4 1.160 / 0.735 

EWT \. 1 1/2 29/32 1.470 V 0.905 

EX, EXL, EWG'>-fWM 1 112 13/16 1.470 / 0.845 

AWT \. 1 7/8 1 9/32 1.875/ 1.281 

AX,AXL,AVVG,A~ 1 7/8 1 3/16 1.8]5 1.185 

BWT " 2 3/8 1 3/4 ~5 1.750 

BX,BXL,BVVG,B~ \ 2 3/8 1 5/8 /2.345 1.655 

NWT " 3 2 5/16 / 2.965 2.313 

NX,NXL,NVVG,N~ " 3 2 118 / 2.965 2.155 

HWf 3~9/32 3 3/16 / 3.889 3.187 

HVVG 3 2~2 3/. 3.889 3.000 

2 3/4 x 3 718 3 7/~ 2 )14 3.840 2.690 

4 x 5 1/2 5 1/2 ~ /4 5.435 3.970 

6 x 7 3/4 7 3/4 \ .~ 6 7.655 5.970 

AX VVire line _1_1 1 7/8 lX 1 1.875 1.000 

BX Wire line -1 / 2 3/8 I \.1 7/16 2.345 1.437 

NX Wire line _1_' 3 / 1\3,.5/16 2.965 1.937 

• All dimensions are in ¢ convert to mi;~UJtiPIY by 25.4. _1_' VVire line dimensions d designations may vary ccording to manufacturer. 
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URE1 
ST DARD SIZES OF CORE BARRELS AND CASING 

PAGE a 

Size Des~tions Casing AP~~ate Core 
Coupling iameter 

Casing; 

R~ 
0.0., 1.0., Core ~rmal, ThinwalJ, 

Casing coup gs Casing Inches Inches Casing barrel Drill rod Inches Inches 
coupling; 0.0., bit 0.0., bitO.D., 

l7 Casing Inches Inches Inches· Inc s 

bits; Core ~. barrel bitS 

RX RW 1.43\ 1.437 1.188 1.485 1.169/' 1.094 - 0.735 

EX E 1.812\ 1.812 1.500 1.875 . 11'!O 1.313 0.845 0.905 

AX A 2.250 X250 1.906 2.345 ~.875 1.625 1.185 1.281 
ax a 2.875 2.~5 2.375 2.965/ 2.345 1.906 1.655 1.750 

NX N 3~500 3.50~ 3.000 3.~ 2.965 2.375 2.155 2.313 

HX HW 4.500 4.500 \3.938 ,625 3.890 3.500 3.000 3.187 

RW RW 1.437 

0 
1.485 1.160 1.094 - 0.735 

EW EW 1.812 1.875 1.470 1.375 0.845 0.905 

AW AW 2.250 2.345 1.875 1.750 1.185 1.281 

BW BW 2.875 

lY 
~965 2.345 2.125 1.655 1.750 

£ 
NW NW 3.500 a. 3.6{5 2.965 2.625 2.155 2.313 

:::I 

HW HW 4.500 0 4.62~ 3.890 3.500 3.000 3.187 () 

PW -- 5.500 0 5.650 " -- - - --z 
SW -- 6.6~ 6.790 ,,- - - -
UW -- }£25 7.800 -\. - - -
ZW - V8.625 8.810 -\ - - -
- AX_I~ -- - -- - 1.875 1~·750 1.000 -
-- BXA_\ - - -- --- 2.345 2XSO 1.437 -
- N.l'-'_\ --- - - - 2.965 2. 81's,. 1.937 --

* All dimensions are in inches; to convert to millimeters, multiply b 25.4. 

-'_I Wire line dimensions and designations may vary according to manu cturer. 

NOMINAL DIMENSIONS FOR DRILL CASINGS AND ACCESSO ES. 
(DIAMOND CORE DRILL MANUFACTURERS ASSOCIATION). 2 -

0-2889 
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'5:"1:1- f)ialliolid Core Drilling 

A peftetFstieA e# t}'~iGally less tRan e inGR9S per 5Q blQ}AIS USiRQ a ~40 Ib Ramme~ dl=OppiRg JO iRGReS 1",litR 
a ~ iAeR sf3lit eaFFcl SaFRl3leF sRall I3c sOAsiaeFea an iAeiieffiisA t~et sail semplif'l~ methoeis l'I"Iey not be 
applieaele and tl=lat Goring R=lay be neGessar:y tg obtaiR sar+lples. 

WheR formations am encountered that are too hard to be 5ampled by 50i! 5ampling metRods. the following 
dial nond eore eirilliR!} preeeaufe FRay ee lised: 

• FiFFRly seat a easinQ into tl:le bed~(;;k or: tRe Rar:d material to pF9uent loose mateRals fror+l entering tAe 
helc ane! to J3Fe .. 'eAl tAe loss of srillinQ flYid retYR=I. be .. 'el tAc sYRaGe 0# tAe rosiE OF AaFei FRateFial 'IIAcn 

. ReGeSSa~ by tRe use of a tist:ltail o~ otRe~ bits. It the drill hole GaR be I=&tained open IllitRout tRs Gasing 
aRe if Gross contaR=lination of a~loIifers in tRe ynsonsolisatee R=laterials is ynlikely. leveliAg R=l°Y bc 
oFflittee. 

• 8c§iA tAe Go!=e drilliRQ us;ing a double..tube SiIAliltel-co!:e ba~~el of tbe deSiked size Afte!: d!:illing no 
FReFC tAaA ~ Q feot (~ R=I). R;)l+Io¥e tI:~s cor:e baFf:sl fl:OR=l ~s !:lois and take out tRe GO~. It tbs GO~ 
eleel~s lAC flow 0# tAo eiFilliA€j flYiEit eiYriA!J eiFiIliA!J. FCFAO'''C tAC !30FC saFFel iFAFAeeiiately. IR seft 
materials. a largQ starting size mlily be SpSGiti9Q for tRe cORng tools; wt:ler9 local experienoo iAei6ate& 
satisfacter:y Gem rnGoller:y 01:' I~Rel=e l:Ial:'d, 50und mawl=ials a~ antic;:ipated, iiJ 5m:illle~ .i;/;e OJ: tbQ SiRgls 
tt,lI;~e type milY be s;pecifled and IOClg(i)!: ~uni may bQ dl=illed ~IX'b'\!\l Siize cO!:ing equipment is; tbQ most 
COFAFAOAly wseEi 6i~e. 

• 'AA:leR soft matQJ:ials a~e Q~:II;QI.IRteI=Qd tl:lat p~dl.lc;e liSS; tRlilR 50 P&r:c;;SRt RiGQ)~8Pf, stefl ~Re sere 
clr:iIliAg. If soil sampl9s are desired. seC;Wfe SI:lCR samples in acsoi=daFlse wi~R tR8 j3FsseE!YFes 
ElessriseEi iF! ,A.a+M MetRgg g ~ saQ (aplit lolarF91 Sar+lpIiR§~ or iR Me~oEl g ~ 587 ~+AiA ~l!~alleeJ ~liee 
Sampling); salXlple soils; per SOl? SA, ~.~. Resume diar+leAd sore eiFilliR€J • .... AeA Fe#lisel fI'Ietefiels ere 
ag8iR efleOUR~eFeEI. 

• Sioce I=Ock: sitllcilltes and ibe ccclI!:/:ence of sealll5, fiSSlll=eSi, comities, and b~k:en areali ar:e ar+loRg 
: tl:le most illlpcrtaot iteills to be detected and deSiGl=ibeQ, take Iip8Giai ca!:9 to obtaiR aRd !=eserEit tRese 
feali::lFes. 1# 5WSR erakeA ~eAes 9F ca¥itios f3re',10Rt fI:IFtI:lEir aEilJ3RSe o~ tl:le Boril=lQ. OAe sf tl:le #ollowiA§ 
tl'lFee ste~s sAall be takeR: (1) Gemsnt tRsRols; (2} I=&iilm and C:ilSi8j o~ (3) case aod advance witb tbe 
next sR=laller: si;le sore Ioliimsl, as conditioR8 Warl=aRt. 

• IA soft. seamy. 01:' otl:lel:'Wi5e unsound I=Ock, IAIl:lel=e C;:OI=e recolLel¥ Illa~ be difficillt, M=CIesigo cor:e 
baFl=9ls may bil I.Ised. In 1:Iat:d. sOl.lng FOGk INher:9 a RiQR peFGeRtaQe of Gore rec;ol,'er:y is aRticipateEi. 
the S;iRgls tl.lb8 (;;or:s baFf:91 R=lay be eml'lleyed. 

--£.1.2 Re6k 8aFRpie PF9paFatieA .. Ad Qe6YFR9AtatieA 

·Onee the rook oOFing has seeR sempleted-aOO-tRe-sore reeovcres. the roGk 'lOR;) shall ee caroftJlly 
FeFAe't'ea fFem the sarrol. I'llased in a 001=9 tray ~pF8¥ioysly lase led "top" aAE! "Bettom" te a't'oia eeAfl:lSieA). 
slassifled, and meas;ured fol= percentagGl of I=QCOlJ~EHI as tRo roGk Ell:lality desi§Aatien (ROD). E8en 
-core shall be desGribod,sla~G9€J09-t:Jsif!g·a-l:lRifer-m- systeR=l as preseAted in SOP GH 1. 6. If 
ffloistufo eeAtent ',,,'iII ee eieteFf:AiRoEl er it it is-ElesfFa9Je.4e pr:eveAt eiFyiAg ~e.g .• te preto'ont sAFiftka~e ef olay 
fermatioAS) gr o~iga~ion of tI:~(;) Gore, tbEl core shall be wr:apped in plastic siseves ir+lmediatoly-after 

-teg~RQ. each plastiG Sl9Ql,IQ sl:laU b9-l~iU:t indelible iRk. +I:Ie boring Rl.lmber. FYA RI:IR=lber. aRS tl:le 
footage represented in each sleeve shall 00-4~dQSiQnatinQ th~ top-aAd bo"ofl:\ gf the 
oere FYA. 

019611/P Tetra Tech NUS. Inc. 
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-After sampling,r"GGk~laGe44R lAS seqY8RG8 gf fQGQVQI¥ iR weil-(;QRstHlGte!:i weesen ae*es 
pr:e't'ielee By lAS 9r:illiRg-G9Rb:actsr:. RgGk 6GFeS fF9R=1 twe EliUer:eA~ QeFiA§S sAali net ee !,!Iseee iA tAe saffle 

-GQF9 box LUlless accepted by tl:le J2J:Oiect Goologist +A8 S9Fe 99*96 5Aoll ae eeAS~Ftletee te aeeoffllTlodete 
at least 20 -Mea;-feetof Ger-e-iA-f(:JW~proximately 5 feet each and sha/l be· c9nskldcte€l witt:\ Ail'1~e€l 
1ops-seet:lr-ee-witA-ser1:lWS~~\:j5~1~~AeI eye~ te kee~ tAe la~ sesHFel.,. fasteAea aewf;l. 
Wood partitions snall.be placed at the end of each core n ,n and between rows 

T~tb~dace of tl:le bo~ij:!gtotl:le top iilRd boUom Ot.tRQ QFili FYR and R:lA AI::IR=lbeF sl:\alllge 
ffi8FkeEl eR tl:ie )ftloQdej:! partitioj:!s wjtb indelibhi illk A. lAloodeR partitioR (.\AloodeR block~ IIl:Iall b" plac9d at 
tI'Ie-eflt1-ef- each fl:H+-witlT-the septh ef the bottom of tRO FUR WrittQR OR tl:le bloc" :):!:lelie blockli lalill fieCUi to 
seper-ate sl:Iseessi¥e Gef&-R:I.A~GiGats4ept.J:HR.teFVals fGr: eaGR-run. +l:Ie eFEier: af I3lasin!ij seFes sRall 
ee the sam~ all GOre bm<es. Reck cere sha.ll-be plaGod iR the box so th.t, UJh~n tRe box iii opeR, with 
tAo iAsiele et tR~ lid tac;;ing !be ob5e~lf;t, the top of the cotad ioteDLal cootained witbic tbe bal( is io tbe 
~F-.\eft.·cor.nar..Qf-..tRe-9ox;, aAd tl:l~ ot the Gg~eQ iRl9PJal is iR th9 Igl~Jo,: Fi9Rt sOl=Re,: 9~ tl:l9 e9K. 

~AeI eettaFR sf saGA G9Fe-eelaiRea aRa its tfye Ele\9tA sAsll ee elesFly 8",6 f'CffflBRCfltly lTIerk:ed on 
eeeA ee*. +Ae wiatA e~ eaoR re' .... ffil:lS~ ge seffi\9a~iBle witIHAe eere eiaR'\cteF to I3Fe't'eAt IsteFal fflo ... efflc",t 
of the core in the box, Sil+lilar:ly, an 8mpty spas8 in a FeW sAall Be fille€l 'Nit~ SR BJ:)J:)f6J:)fiete filler meteriel 
SF spacers te pn;l"ont longitudinail mOllel+lQRt of tpe core ill tbe box. 

l=l:le iRside .nd Qut.ide of..tRe (;O~ box lid s/::la/l.:.be...md(~ed by indelible ink to SRGlIl all ~eFtineA~ gatQ.eR tI:Ie 
box's GORtQnts. At a R=li~mblR=l, the followiRg inforFAatioA shall be insll:leed: 

• Projeet n81'1Ie. 

• PFejest A\,:IR=leer. 

• BOARg Al:lffi~mF. 
• BIID ollwbe[s 
• S::ootiilQil ~dilptl:lli~ 

• Reeoyer:y. 

• RQQ (%). 
• Bo* RI:IFflBer anE! tetal Al:IFRtleF oJ b01'9& foj: tl:lat boriAS (Eixal+lple· aox 5 o~:jq 

.. , , 
FaF eas~ retRslJal INR8R !!lore boxe& a~ &tec;ked, tAo &id9S and QRE!S et 'l:Ie l:Ia* sRall alse be labeleEl aRe! 
inoillae ~F8:ioet AI:IFflber, Baring nl:lmber, tElfil aRE! Battem de~ths af cafe anE! B8~( Rllffieor. 

PFieF to fiRal c;lo&iR9 of Ul8 C;Q~ box, a pbot09~apb of tbe r:eco~'e~d core aDd tI:Ie labeliAg OA tbli iAliidli 
eo~er sfolell ee h'JIEeR. IJ fflei8~"'Fe seRteR' is R9t sFi'isal, tl:lesQI'EI sl:lall 99 ''''9«e9 aRe ..... ipee shiiaFi fer ~e 
pilotograpt:l (This will help to. show true colors and bedding MiiiilturG& iA tAG 601=8&). 
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Drilling Component 

Hollow-stem augers (Ref. 7) 

Th»~ (Ref. 7) 

Drill Rods (Ref. 7) 

Strong S e .. asing (Ref. 8) .~ 

~ 

Number 

GH-1.3 

Revision 

1 

ATTACHMENT A 

DRILLING EQUIPMENT SIZES 

Designation or 0.0. 
Hole Size (Inches) (Inches) 

6 1/4 5 

6 3/4 5 3/4 

7 1/4 6 1/4 

13 1/4 12 

-- 2 

b--.. - 2 112 __ 

~ 
~ 

--3 

~ ~ 
- 4 1/2 

- 5 
RW 1 3/32 

EW 1 3/8 
AW 1 3/4 

BW 2 1/8 

NW 2 5/8 
HW 3 1/2 

E 1 5/16 

A 1 5/8 

B 1 7/8 

N 2 318 

2 1/2 2.875 

3 3.5 

r-... 3 1/2 4.0 ....-
~ ~ 
~ '- 5.63 

1.0. 
(Inches) 

2 1/4 

2 3/4 

3 1/4 

6 

1 7/8 

~8 
2 718 

3 3/8 

Page 

25 of 26 

Effective Date 
06/99 

Coupling I. D. 
(Inches) 

-
--
-

-~ -
-
-

4"31S-- -r--
4 3/4 ~ 
23132 13132 

15/16 7/16 

1 1/4 5/8 
'1 314 3/4 

2 1/4 1 318 

3 1/16 2 3/8 
7/8 7/16 

1 1/8 9/16 

1 1/4 5/8 

2 1 

Wall Thickness 
(Inches) 

2.323 

~ 
2.~ ..- 0.300 

~364 0.318 

3.826 0.337 

4.813 0.375 

~6 6~ 5.761 0.432 

8 8.625 ~ 0.500 

10 10.750 9.750 ~.500 
12 12.750 11.750 0.5~ 

.. Add twice the casing wall thickness to casing 0.0. to obtain the approximate 0.0. of the external 
pipe couplings. 
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~CHMENTA / ILUNG EQUIPMENT SIZES 
PA ElWO 

~component Designation or 0.0. 1.0. C~'.D. 
Hole Size (Inches) (Inches) (In es) 
(Inches) 

Flush Co led Casing RX 1 7/16 1 3/16 1/1 3/16 
(Ref. 7) 

EX 1 13116 1 5/8 / 1 1/2 

AX 2 1/4 2 7 1 29/32 

BX 2 718 2 91)6 2 3/8 

NX 3 1/2 37/16 3 

HX 4 112 74 1/8 3 15/16 

Flush Joint Casing (Ref. 7) .'\. RW 1 7116 7 1 3/16 

\. 8N 1 13/16 / 1 112 

\.AW 2 1/4 / 1 29/32 

B..,.W 271y 2 3/8 

N~ 3/12 3 

HW"\. ;{1/2 4 

PW " /51/2 5 

SW '\1/ 6 5/8 6 

UW / " 7 5/8 
7 

Z)N / ~ 5/8 8 

Diamond Core Barrels ~ ~ 
7/8** 

(Ref. 7) 

~ 1 7/8" 1 1/8** 

/BWM 2 318 " 
1 5/8-

/ NWM 3 f\. 2 1/8 

V HWG 3 7/8 " 3 

2 3/4 x 3 7/8 3 7/8 ~1/16 
4 x 5 1/2 5 1/2 3 15(16 . . 

6 x 7 3/4 7 3/4 5 15/1~ 

AO (wireline) 1 57/64 1 1/16** \. 

BO (wireline) 2 23/64 1 7116** f\. 
NO (wireline) 2 63/64 1 718 

'" HO (wire line) 3 25/32 2 112 '\ 
** cause of the fragile nature of the core and the difficulty to identify rock details, use 0 mall-

diameter core (1 3/8") is not recommended. 

-
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The purpose of this document is to establish standard procedures and technical guidance on borehole 
and sample logging. 

2.0 SCOPE 

These procedures provide descriptions of the standard techniques for borehole and sample logging. 
These techniques shall be used for each boring logged to provide consistent descriptions of subsurface 
lithology. While experience is the only method to develop confidence and accuracy in the description of 
soil and rock, the field geologist/engineer can do a good job of classification by careful, thoughtful 
observation and by being consistent throughout the classification procedure. 

3.0 GLOSSARY 

None. 

4.0 RESPONSIBILITIES 

Site Geologist. Responsible for supervising all boring activities and assuring that each borehole is 
completely logged. If more than one rig is being used on site, the Site Geologist must make sure that 
each field geologist is properly trained in logging procedures. A brief review or training session may be 
necessary prior to the start up of the field program and/or upon completion of the first boring. 

5.0 PROCEDURES 

The classification of soil and rocks is one of the most important jobs of the field geologist/engineer. To 
maintain a consistent flow of information, it is imperative that the field geologist/engineer understand and 
accurately use the field classification system described in this SOP. This identification is based on visual 
examination and manual tests. 

5.1 Materials Needed 

When logging soil and rock samples, the geologist or engineer may be equipped with the following: 

• Rock hammer 
• Knife 
• Camera 
• Dilute hydrochloric acid (HCI) 
• Ruler (marked in tenths and hundredths of feet) 
• Hand Lens 

5.2 Classification of Soils 

All data shall be written directly on the boring log (Figure 1) or in a field notebook if more space is needed. 
Details on filling out the boring log are discussed in Section 5.5. 

019611/P Tetra Tech NUS, Inc. 
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BORING LOG (EXAMPLE) 

BORING LOG 
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Page_of_ 

PROJECT NUMBER: 
_____________ BORING NUMBER:' 

DATE: ------------
DRILLING COMPANY: -------------GEOLOGIST: 

DRILLING RIG: DRILLER: 

MATERIAL DESCRIPTION ---SonIpIo - -, SonIpIo UthaIogy ;;;,:: I:} ... 7".~ "= .=., Sot. o..,~ 
HaD Run No. L.,.gth Of' eon.tet.nc., - .... ..... - ... -... -. 

--
--
--
--
--
-
--
--
--

-
--
--
--
--
-
--
--
--
--
--
--
--
--
---
-

Color 

-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
- " 

-
-
-
-
-
-
-
-

- Include monitor reading in S loot inleNala ~ _e. Increase reading frequency n elevated "'spo<J.......ro. 
Remarks: 

-
U 
5 
C 
5 . 
-
-
-
-
-
-
-
-
-
-
-
-

-
-

-
-
-
-
-
-
-
-

-

- -
I'IDIFID_I~ 

.. 
J 

.~ Remarks 1 m 
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Soils are to be classified according to the Unified Soil Classification System (USCS). This method of 
classification is detailed in Figure 1 (Continued). 
This method of classification identifies soil types on the basis of grain size and cohesiveness. 

Fine-grained soils, or fines, are smaller than the No. 200 sieve and are of two types: silt (M) and clay (C). 
Some classification systems define size ranges for these soil particles, but for field classification 
purposes, they are identified by their respective behaviors. Organic material (0) is a common component 
of soil but has no size range', it is recognized by its composition. The careful study of the USCS will aid in 
developing the competence and consistency necessary for the classification of soils. 

Coarse-grained soils shall be divided into rock fragments, sand, or gravel. The terms sand and gravel not 
only refer to the size of the soil particles but also to their depositional history. To insure accuracy in 
description, the term rock fragments shall be used to indicate angular granular materials resulting from the 
breakup of rock. The sharp edges typically observed indicate little or no transport from their source area, 
and therefore the term provides additional information in reconstructing the depositional environment of 
the soils encountered. When the term "rock fragments" is used it shall be followed by a size designation 
such as "(1/4 inchcl>-1/2 inch<l>)" or "coarse-sand size" either immediately after the entry or in the remarks 
column. The USCS classification would not be affected by this variation in terms. 

5.2.2 Color 

Soil colors shall be described utilizing a single color descriptor preceded, when necessary, by a modifier 
to denote variations in shade or color mixtures. A soil could therefore be referred to as "gray" or "light 
gray" or II blue-g ray ." Since color can be utilized in correlating units between sampling locations, it is 
important for color descriptions to be consistent from one boring to another. 

Colors must be described while the sample is still moist. Soil samples shall be broken or split vertically to 
describe colors. Samplers tend to smear the sample surface creating color variations between the 
sample interior and exterior. 

The term "mottled" shall be used to indicate soils irregularly marked with spots of different colors. Mottling 
in soils usually indicates poor aeration and lack of good drainage. 

Soil Color Charts shall not be used unless specified by the project manager. 

5.2.3 Relative Density and Consistency 

To classify the relative density and/or consistency of a soil, the geologist is to first identify the soil type. 
Granular soils contain predominantly sands and gravels. They are noncohesive (particles do not adhere 
well when compressed). Finer-grained soils (silts and clays) are cohesive (particles will adhere together 
when compressed). 

The density of noncohesive, granular soils is classified according to standard penetration resistances 
obtained from split-barrel sampling performed according to the methods detailed in Standard Operating 
Procedures GH-1.3 and SA-1.3. Those designations are: 
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Designation 

Very loose 

Loose 

Medium dense 

Dense 

Very dense 

1 

Standard Penetration 
Resistance 

(Blows per Foot) 

o t04 

5 to 10 

11 to 30 

3lto 50 

Over 50 

Effective Dale 
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Standard penetration resistance is the number of blows required to drive a split-barrel sampler with a 2-
inch outside diameter 12 inches into the material using a 140-pound hammer falling freely through 
30 inches. The sampler is driven through an 18-inch sample interval, and the number of blows is 
recorded for each 6-inch increment. The density designation of granular soils is obtained by adding the 
number of blows required to penetrate the last 12 inches of each sample interval. It is important to note 
that if gravel or rock fragments are broken by the sampler or if rock fragments are lodged in the tip, the 
resulting blow count will be erroneously high, reflecting a higher density than actually exists. This shall be 
noted on the log and referenced to the sample number. Granular soils are given the USCS classifications 
GW, GP, GM, SW, SP, SM, GC, or SC,(see Figure 1). 

The consistency of cohesive soils is determined by performing field tests and identifying the consistency 
as shown in Figure 2. 

Cohesive soils are given the USCS classifications Ml, MH, Cl, CH, OL, or OH (see Figure 1). 

The consistency of cohesive soils is determined either by blow counts, a pocket penetrometer (values 
listed in the table as Unconfined Compressive Strength), or by hand by determining the resistance to 
penetration by the thumb. The pocket penetrometer and thumb determination methods are conducted on 
a selected sample of the soil, preferably the lowest 0.5 foot of the sample in the split-barrel sampler. The 
sample shall be broken in half and the thumb or penetrometer pushed into the end of the sample to 
determine the consistency. Do not determine consistency by attempting to penetrate a rock fragment. If 
the sample is decomposed rock, it is classified as a soft decomposed rock rather than a hard soil. 
ConSistency shall not be determined solely by blow counts. One of the other methods shall be used in 
conjunction with it. The designations used to describe the consistency of cohesive soils are shown in 
Figure 2. 

5.2.4 Weight Percentages 

In nature, soils are comprised of particles of varying size and shape, and are combinations of the various 
grain types. The following terms are useful in the description" of soil: 

019611/P 

Trace 

Some 

Terms of Identifying Proportion of the 
Component 

Adjective form of the soil type (e.g., "sandy") 

Defining Range of 
Percentages by Weight 

o -1 0 percent 

11 - 30 percent 

31 - 50 percent 
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FIGURE 2 

CONSISTENCY FOR COHESIVE SOILS 

Consistency Standard Unconfined Field Identification 
Penetration Compressive 
Resistance Strength 
(Blows per (Tons/Sq. Foot by 

Foot) pocket 
penetration) 

Very soft o to 2 Less than 0.25 Easily penetrated several inches by fist 

Soft 2 t04 0.25 to 0.50 Easily penetrated several inches by 
thumb 

Medium stiff 4 t08 0.50 to 1.0 Can be penetrated several inches by 
thumb with moderate effort 

Stiff 8 to 15 1.0 to 2.0 Readily indented by thumb but 
penetrated only with great effort 

Very stiff 15 to 30 2.0 to 4.0 Readily indented by thumbnail 

Hard Over 30 More than 4.0 Indented with difficulty by thumbnail 
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• Medium to coarse sand, some silt: 70 to 80 percent medium to coarse sand, 11 to 30 percent silt. 
• Fine sandy silt, trace clay: 50 to 68 percent sift, 31 to 49 percent fine sand, 1 to 10 percent clay. 
• Clayey silt, some coarse sand: 70 to 89 percent clayey silt, 11 to 30 percent coarse sand. 

5.2.5 Moisture 

Moisture content is estimated in the field according to four categories: dry, moist, wet, and saturated. In 
dry soil, there appears to be little or no water. Saturated samples obviously have all the water they can 
hold. Moist and wet classifications are somewhat subjective and often are determined by the individual's 
judgment. A suggested parameter for this would be calling a soil wet if rolling it in the hand or on a porous 
surface liberates water, i.e., dirties or muddies the surface. Whatever method is adopted for describing 
moisture, it is important that the method used by an individual remains consistent throughout an entire 
drilling job. 

Laboratory tests for water content shall be performed if the natural water content is important. 

5.2.6 Stratification 

Stratification can only be determined after the sample barrel is opened. The stratification or bedding 
thickness for soil and rock is depending on grain size and composition. The cfassification to be used for 
stratification description is shown in Figure 3. 

5.2.7 Texture/Fabric/Bedding 

The texture/fabric/bedding of the soil shall be described. Texture is described as the relative angularity of 
the particles: rounded, subrounded, subangular, and angular. Fabric shall be noted as to whether the 
particles are flat or bulky and whether there is a particular relation between particles U.e., all the flat 
particles are parallel or there is some cementation). The bedding or structure shall also be noted (e.g., 
stratified, lensed, non stratified, heterogeneous varved). 

5.2.8 Summary of Soil Classification 

In summary, soils shalf be classified in a similar manner by each geologist/engineer at a project site. The 
hierarchy of classification is as follows: 

• DenSity and/or consistency 
• Color 
• Plasticity (Optional) 
• Soil types 
• Moisture content 
• Stratification 
• Texture, fabric, bedding 
• Other distinguishing features 
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FIGURE 3 

BEDDING THICKNESS CLASSIFICATION 

Thickness Thickness Classification 
(metric) (Approximate 

English Equivalent) 

> 1.0 meter > 3.3' Massive 

30 em - 1 meter 1.0' - 3.3' Thiek Bedded 

10 em - 30 em 4" - 1.0' Medium Bedded 
3cm-10cm 1" - 4" Thin Bedded 

1 em - 3 em 2/5" - 1" Very Thin Bedded 

3 mm -1 em 1/8" - 215" Laminated 

1 mm-3 mm 1/32" - 1/8" Thinly Laminated 

< 1 mm <1/32" Micro Laminated 

(Weir, 1973 and Ingram, 1954) 
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Rocks are grouped into three main divisions: sedimentary, igneous and metamorphic. Sedimentary rocks 
are by far the predominant type exposed at the earth's surface. The following basic names are applied to 
the types of rocks found in sedimentary sequences: 

• Sandstone - Made up predominantly of granular materials ranging between 1/16 to 2 mm in diameter. 

• Siltstone - Made up of granular materials less than 1/16 to 1/256 mm in diameter. Fractures 
irregularly. Medium thick to thick bedded. 

• Claystone - Very fine-grained rock made up of clay and silt-size materials. Fractures irregularly. Very 
smooth to touch. Generally has irregularly spaced pitting on surface of drilled cores. 

• Shale - A fissile very fine-grained rock. Fractures along bedding planes. 

• Limestone - Rock made up predominantly of calcite (CaC03). Effervesces strongly upon the 
application of dilute hydrochloric acid. 

• Coal - Rock consisting mainly of organic remains. 

• Others - Numerous other sedimentary rock types are present in lesser amounts in the stratigraphic 
record. The local abundance of any of these rock types is dependent upon the depositional history of 
the area. Conglomerate, halite, gypsum, dolomite, anhydrite, lignite, etc. are some of the rock types 
found in lesser amounts. 

In classifying a sedimentary rock the following hierarchy shall be noted: 

• Rock type 
• Color 
• Bedding thickness 
• Hardness 
• Fracturing 
• Weathering 
• Other characteristics 

5.3.1 Rock Type 

As described above, there are numerous types of sedimentary rocks. In most cases, a rock will be a 
combination of several grain types, therefore, a modifier such as a sandy siltstone, or a silty sandstone 
can be used. The modifier indicates that a significant portion of the rock type is composed of the modifier. 
Other modifiers can include carbonaceous, calcareous, siliceous, etc. 

Grain size is the basis for the classification of clastic sedimentary rocks. Figure 4 is the Udden­
Wentworth classification that will be assigned to sedimentary rocks. The individual boundaries are slightly 
different than the uses subdivision for soil classification. For field determination of grain sizes, a scale 
can be used for the coarse grained rocks. For example, the division between siltstone and claystone may 
not be measurable in the field. The boundary shall be determined by use of a hand lens. If the grains 
cannot be seen with the naked eye but are distinguishable with a hand lens, the rock is a siltstone. If the 
grains are not distinguishable with a hand lens, the rock is a claystone. 
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FIGURE 4 

GRAIN SIZE CLASSIFICATION FOR ROCKS 

Particle Name Grain Size Diameter 

Cobbles >64mm 

Pebbles 4 -64 mm 

Granules 2-4 mm 

Very Coarse Sand 1-2 mm 

Coarse Sand 0.5 -1 mm 

Medium Sand 0.25-0.5 mm 

Fine Sand 0.125 - 0.25 mm 

Very Fine Sand 0.0625 - 0.125 mm 

Silt 0.0039 - 0.0625 mm 

AfterVVenbNorth, 1922 
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The color of a rock can be determined in a similar manner as for soil samples. Rock core samples shall 
be classified while wet, when possible, and air cored samples shall be scraped clean of cuttings prior to 
color classifications. 

Rock color charts shall not be used unless specified by the Project Manager. 

5.3.3 Bedding Thickness 

The bedding thickness designations applied to soil classification (see Figure 3) will also be used for rock 
classification. 

5.3.4 Hardness 

The hardness of a rock is a function of the compaction, cementation, and mineralogical composition of the 
rock. A relative scale for sedimentary rock hardness is as follows: 

• Soft - Weathered, considerable erosion of core, easily gouged by screwdriver, scratched by fingemail. 
Soft rock crushes or deforms under pressure of a pressed hammer. This term is always used for the 
hardness of the saprolite (decomposed rock which occupies the zone between the lowest soil horizon 
and firm bedrock). 

• Medium soft - Slight erosion of core, Slightly gouged by screwdriver, or breaks with crumbly edges 
from single hammer blow. 

• Medium hard - No core erosion, easily scratched by screwdriver, or breaks with sharp edges from 
single hammer blow. 

• Hard - Requires several hammer blows to break and has sharp conchoidal breaks. Cannot be 
scratched with screwdriver. 

Note the difference in usage here of the works "scratch" and "gouge." A scratch shall be considered a 
slight depression in the rock (do not mistake the scraping off of rock flour from drilling with a scratch in the 
rock itself), while a gouge is much deeper. 

5.3.5 Fracturing 

The degree of fracturing or brokenness of a rock is described by measuring the fractures or joint spacing. 
After eliminating. drilling breaks, the average spacing is calculated and the fracturing is described by the 
following terms: 

• Very broken (V. BR.) - Less than 2-inch spacing between fractures 
• Broken (BR.) - 2-inch to 1-foot spacing between fractures 
• Blocky (BL.) - 1- to 3-foot spacing between fractures 
• Massive (M.) - 3 to 10-foot spacing between fractures 
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The structural integrity of the rock can be approximated by calculating the Rock Ouality Designation 
(ROD) of cores recovered. The ROD is determined by adding the total lengths of al/ pieces exceeding 
4 inches and dividing by the total length of the coring run, to obtain a percentage. 

Method of Calculating ROD 
(After Deere, 1964) 

ROD % = r/l x 100 

r = Total length of aI/ pieces of the lithologic unit being measured, which are greater than 
4 inches length, and have resulted from natural breaks. Natural breaks include 
slickensides, joints, compaction slicks, bedding plane partings (not caused by drilling), 
friable zones, etc. 

I = Total length of the coring run. 

5.3.6 Weathering 

The degree of weathering is a significant parameter that is important in determining weathering profiles 
and is also useful in engineering designs. The following terms can be applied to distinguish the degree of 
weathering: 

• Fresh - Rock shows little or no weathering effect. Fractures or joints have little or no staining and rock 
has a bright appearance. 

• Slight - Rock has some staining which may penetrate several centimeters into the rock. Clay filling of 
jOints may occur. Feldspar grains may show some alteration. 

• Moderate - Most of the rOCk, with exception of quartz grains, is stained. Rock is weakened due to 
weathering and can be easily broken with hammer. 

• Severe - All rock including quartz grains is stained. Some of the rock is weathered to the extent of 
becoming a soil. Rock is very weak. 

5.3.7 Other Characteristics 

The following items shall be included in the rock description: 

• Description of contact between two rock units. These can be sharp or gradational. 
• Stratification (parallel, cross stratified). 
• Description of any filled cavities or vugs. 
• Cementation (calcareous, siliceous, hematitic). 
• Description of any joints or open fractures. 
• Observation of the presence of fossils. 
• Notation of joints with depth, approximate angle to horizontal, any mineral filling or coating, and 

degree of weathering. 

All information shown on the boring logs shall be neat to the point where it can be reproduced on a copy 
machine for report presentation. The data shall be kept current to provide control of the drilling program 
and to indicate various areas requiring special consideration and sampling. 
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The following terms are used to further identify rocks: 

• Seam - Thin (12 inches or less), probably continuous layer. 
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• Some -Indicates significant (15 to 40 percent) amounts of the accessory material. For example, rock 
composed of seams of sandstone (70 percent) and shale (30 percent) would be "sandstone -- some 
shale seams." --

• . Few - Indicates insignificant (0 to 15 percent) amounts of the accessory material. For example, rock 
composed of seam of sandstone (90 percent) and shale (10 percent) would be "sandstone - few 
shale seams." -

• Interbedded - Used to indicate thin or very thin alternating seams of material occurring in 
approximately equal amounts. For example, rock composed of thin alternating seams of sandstone 
(50 percent) and shale (50 percent) would be "interbedded sandstone and shale." 

• Interlayered - Used to indicate thick alternating seams of material occurring in approximately equal 
amounts. 

The preceding sections describe the classification of sedimentary rocks. The following are some basic 
names that are applied to igneous rocks: 

• Basalt - A fine-grained extrusive rock composed primarily of calcic plagioclase and pyroxene. 

• Rhyolite - A fine-grained volcanic rock containing abundant quartz and orthoclase. The fine-grained 
equivalent of a granite. 

• Granite - A coarse-grained plutonic rock consisting essentially of alkali feldspar and quartz. 

• Diorite - A coarse-grained plutonic rock consisting essentially of sodic plagioclase and hornblende. 

• Gabbro - A coarse-grained plutonic rock consisting of calcic plagioclase and clinopyroxene. loosely 
used for any coarse-grained dark igneous rock. 

The following are some basic names that are applied to metamorphic rocks: 

• Slate - A very fine-grained foliated rock possessing a well developed slaty cleavage. Contains 
predominantly chlorite, mica, quartz. and sericite. 

• Phyllite - A fine-grained foliated rock that splits into thin flaky sheets with a silky sheen on cleavage 
surface. 

• Schist - A medium to coarse-grained foliated rock with subparallel arrangement of the micaceous 
minerals which dominate its composition. 

• Gneiss - A coarse-grained foliated rock with bands rich in granular and platy minerals. 

• Quartzite - A fine- to coarse-grained non foliated rock breaking across grains, consisting essentially of 
quartz sand with silica cement. 
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Abbreviations may be used in the description of a rock or soil. However, they shall be kept at a minimum. 
Following are some of the abbreviations that may be used: 

c - Coarse Lt - Ught YI - Yellow 

Med - Medium BR - Broken Or - Orange 

F - Fine Bl - Blocky SS - Sandstone 

V - Very M - Massive Sh - Shale 

SI - Slight Br - Brown LS - Limestone 
Occ - Occasional BI - Black Fgr - Fine-grained 

Tr - Trace 

5.5 Boring Logs and Documentation 

This section describes in more detail the procedures to be used in completing boring logs in the field. 
Information obtained from the preceding sections shall be used to complete~the.logs. A sample boring log 
has been provided as Figure 5. 

The field geologist/engineer shall use this example as a guide in completing each boring log. Each boring 
log shall be fully described by the geologist/engineer as the boring is being drilled. Every sheet contains 
space for 25 feet of log. Information regarding classification details is provided either on the back of the 
boring log or on a separate sheet, for field use. 

5.5.1 Soil Classification 

• Identify site name, boring number, job number, etc. Elevations and water level data to be entered 
when surveyed data is available. 

• Enter sample number (from SPT) under appropriate column. Enter depth sample was taken from 
(1 block = 1 foot). Fractional footages, i.e., change of lithology at 13.7 feet, shall be lined off at the 
proportional location between the 13- and 14-foot marks. Enter blow counts (Standard Penetration 
Resistance) diagonally (as shown). Standard penetration resistance is covered in Section 5.2.3. 

• Determine sample recovery/sample length as shown. Measure the total length of sample recovered 
from the split-spoon sampler, including material in the drive shoe. Do not include cuttings or wash 
material that may be in the upper portion of the sample tube. 

• Indicate any change in lithology by drawing a line at the appropriate depth. For example, if clayey silt 
was encountered from 0 to 5.5 feet and shale from 5.5 to 6.0 feet, a line shall be drawn at this 
increment. This information is helpful in the construction of cross-sections. As an alternative, 
symbols may be used to identify each change in lithology. 

• The density of granular soils is obtained by adding the number of blows for the last two increments. 
Refer to Density of Granular Soils Chart on back of log sheet. For consistency of cohesive soils refer 
also to the back of log sheet - Consistency of Cohesive Soils. Enter this information under the 
appropriate column. Refer to Section 5.2.3. 
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FIGURE 5 
COMPLETED BORING LOG (EXAMPLE) 

BORING LOG Page -.L of _1_ 

PROJECT NAME: I-lSB- SITE BORING NUMBER: 5.e./Mw I 
----~~~~-------------PROJECT NUMBER: q S '1 DATE: =./ st ~(, 

DRILLING COMPANY: SOli. Te.S.T CO. GEOLOGIST: S,,) Co"-3T\ 
DRIlliNG RIG: c.ME- 55 DRILLER: R. RoelS 
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• Enter color of the material in the appropriate column. 

• Describe material using the USCS. Limit this column for sample description only. The predominant 
material is described last. If the primary soil is silt but has fines (clay) - use clayey silt. Limit soil 
descriptors to the following: 

- Trace: 0 - 10 percent 
- Some: 11 - 30 percent 
- And/Or: 31 - 50 percent 

• Also indicate under Material Classification if the material is fill or natural soils. Indicate roots, organic 
material, etc. 

• Enter uses symbol - use chart on back of boring log as a guide. If the soils fall into one of two basic 
groups, a borderline symbol may be used with the two symbols separated by a slash. For example· 
MUCL or SM/SP. 

• The following information shall be. entered under the "Remarks" column and shall include, but is not 
limited by, the following: 

Moisture - estimate moisture content using the following terms - dry, moist; wet and saturated. 
These terms are determined by the individual. Whatever method is used to determine moisture, 
be consistent throughout the log. 

Angularity - describe angularity of coarse grained particles using the terms angular, subangular, 
subrounded, or rounded. Refer to ASTM D 2488 or Earth Manual for criteria for these terms. 

Particle shape - flat, elongated, or flat and elongated. 

Maximum particle size or dimension. 

Water level observations. 

Reaction with HCI - none, weak, or strong. 

• Additional comments: 

. 019611JP 

Indicate presence of mica, caving of hole, when water was encountered, difficulty in drilling, loss 
or gain of water. 

Indicate odor and Photoionization Detector (PID) or Flame Ionization Detector (FlO) reading if 
applicable. 

Indicate any change in lithology by drawing a line through. the lithology change column and 
indicate the depth. This will help when cross-sections are subsequently constructed. 

At the bottom of the page indicate type of rig, drilling method, hammer size and drop, and any 
other useful information (i.e., borehole size, casing set, changes in drilling method). 
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- Vertical lines shall be drawn (as shown in Figure 5) in columns 6 to 8 from the bottom of each 
sample to the top of the next sample to indicate consistency of material from sample to sample, if 
the material is consistent. Horizontal lines shall be drawn jf there is a change in lithology, then 
vertical lines drawn to that point. 

- Indicate screened interval of well, as needed, in the lithology column. Show top and bottom of 
screen. Other details of well construction are provided on the well construction forms. 

5.5.2 Rock Classification 

• Indicate depth at which coring began by drawing a line at the appropriate depth. Indicate core run 
depths by drawing coring run lines (as shown) under the first and fourth columns on the log sheet. 
Indicate ROD, core run number, ROD percent, and core recovery under the appropriate columns. 

• Indicate lithology change by drawing a line at the appropriate depth as explained in Section 5.5.1. 

• Rock hardness is entered under designated column using terms as described on the back of the log 
or as explained earlier in this section. 

• Enter color as determined while the core sample is wet; if the sample is cored by air, the core shall be 
scraped clean prior to describing color. 

• Enter rock type based on sedimentary, igneous or metamorphic. For sedimentary rocks use terms as 
described in Section 5.3. Again, be consistent in classification. Use modifiers and additional terms 
as needed .. For igneous and metamorphiC rock types use terms as described in Sections 5.3.8. 

• Enter brokenness of rock or degree of fracturing under the appropriate column using symbols VSR, 
SR, BL, or M as explained in Section 5.3.5 and as noted on the back of the Boring Log. 

• The following information shall be entered under the remarks column. Items shall include but are not 
limited to the following: 

- Indicate depths of joints, fractures and breaks and also approximate to horizontal angle (such as 
high, low), i.e., 70 0 angle from horizontal, high angle. 

- Indicate calcareous zones, description of any cavities or vugs. 
- Indicate any foss or gain of drill water. 
- Indicate drop of drill tools or change in color of drill water. 

• Remarks at the bottom of Boring log shalf include: 

- Type and size of core obtained. 
- Depth casing was set. 
- Type of rig used. 

• As a final check the boring log shall include the following: 

- Vertical lines shall be drawn as explained for soil classification to indicate consistency of bedrock 
material. 

- If applicable, indicate screened interval in the lithology column. Show top and bottom of screen. 
Other details of well construction are provided on the well construction forms. 
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The previous sections describe procedures for classifying soil and rock samples when cores are obtained. 
However, some drilling methods (air/mud rotary) may require classification and borehole logging based on 
identifying drill cuttings removed from the borehole. Such cuttings provide only general information on 
subsurface lithology. Some procedures that shall be followed when logging cuttings are: 

• Obtain cutting samples at approximately 5-foot intervals, sieve the cuttings (if mud rotary 'drilling) to 
obtain a cleaner sample, place the sample into a small sample bottle or "zip lock" bag for future 
reference, and label the jar or bag (i.e. hole number, depth, date,' etc.). Cuttings shall be closely 
examined to determine general lithology. 

• Note any change in color of drilling fluid or cuttings, to estimate changes in lithology. 

• Note drop or chattering of drilling tools or a change in the rate of drilling, to determine fracture 
locations or lithologic changes. 

• Observe loss or gain of drilling fluids or air (if air rotary methods are used), to identify potential 
fracture zones. 

• Record this and any other useful information onto the boring log as provided in Figure 1. 

This logging provides a general description of subsurface lithology and adequate information can be 
obtained through careful observation of the drilling process. It is recommended that split-barrel and rock 
core sampling methods be used at selected boring locations during the field investigation to provide 
detailed information to supplement the less detailed data generated through borings drilled using air/mud 
rotary methods. 

5.6 Review 

Upon completion of the borings logs, copies shall be made and reviewed. Items to be reviewed include: 

• Checking for consistency of all logs. 
• Checking for conformance to the guideline. 
• Checking to see that all information is entered in their respective columns and spaces. 

6.0 REFERENCES 

Unified Soil Classification System (USeS). 

ASTM 02488,1985. 

Earth Manual, U.S. Department of the Interior, 1974. 

7.0 RECORDS 

Originals of the boring logs shall be retained in the project files. 
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This guideline is intended to describe procedures for performing in-situ hydraulic conductivity testing (slug 
testing) in boreholes and monitoring wells, and provide a short description of commonly used evaluation 
techniques for the data generated. Slug tests are used to provide data regarding the hydraulic properties 
of the formation tested. A variation of the slug test, called a constant-head test, is also briefly described. 

2.0 SCOPE 

Slug tests are short-term tests designed to provide approximate hydraulic conductivity values for the 
portion of a formation immediately surrounding the screened/open interval of a well or boring. These tests 
are much less accurate than pumping tests, as a much more localized area is involved. Therefore, a 
number of slug tests are typically performed and averaged to determine a representative hydraulic 
conductivity value for the formation tested. Performance of slug tests may be preferable to pumping tests 
in situations where handling of large vOlumes of contaminated water is a concern or when time/budget 
constraints preclude the more expensive and time-consuming setup and performance of a pumping test. 

Constant-head tests also are used to determine hydraulic conductivity values and are similar to slug tests 
with regard to the quality of data obtained and time/cost considerations. A disadvantage of constant-head 
tests is that a significant volume of water may be added to high-permeability formations, potentially 
affecting short-term water quality. 

3.0 GLOSSARY 

Hydraulic Conductivity (K) - A quantitative measure of the ability of a porous material to transmit water, 
defined as the volume of water that will flow through a unit cross-sectional area of porous material per unit 
time under a head gradient of 1. Hydraulic conductivity is dependent upon properties of the medium and 
fluid. Common units of expression include centimeters per second (cm/sec), feet per day (ftlday), and 
gallons per day per foof (gpd/ft2

). 

Transmissivity (T) - A quantitative measure of the ability of an aquifer to transmit water. The product of 
the hydraulic conductivity times the saturated thickness. 

Slug Test - A rising head or falling head test used to measure hydraulic conductivity. A slug test consists 
of instantaneously changing the water level within a well and measuring the rate of recovery of the water 
level to equilibrium conditions. Slug tests are performed by either withdrawing a slug of water (rising head 
test) or adding a slug of water (falling head test), then measuring recovery over time. A solid slug of 
known volume can be used to displace a volume of water, thereby simulating the addition or removal of 
water. 

4.0 RESPONSIBILITIES 

Project Hydrogeologist - The project hydrogeologist, in conjunction with the Project Manager, shall 
evaluate the type(s) and extent of hydraulic testing required for a given project during the planning 
process, and design the field program accordingly. The project hydrogeologist also shall ensure that field 
personnel have the necessary training and guidance to properly perform the tests, and shall oversee data 
reduction activities, including selecting the appropriate evaluation techniques and checking calculations 
for accuracy. 
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Field Geologist - The field geologist is responsible for performing the planned field tests as specified in the 
project planning documents, (or approved modifications thereto). The field geologist also generally 
assists in the data evaluation process. The field geologist shall be knowledgeable in the testing 
methodologies used and is responsible for obtaining the necessary support equipment required to perform 
the field tests. All applicable data regarding testing procedures, equipment used, well construction, and 
geologic/hydrogeologic conditions shall be recorded by the field geologist. The field geologist shall be 
familiar enough with testing procedures/requirements to be able to recommend changes in methodology, 
should unanticipated field conditions be encountered. 

5~ PROCEDURES 

5.1 In-situ Hydraulic Conductivity Testing in Wells 

Slug tests are commonly performed in completed wells. Prior to testing, the well shall be thoroughly 
developed and allowed to stabilize, in order to obtain accurate results. Once the water level within the 
well has stabilized at its static level, it shall be quickly raised or lowered and the rate of recovery 
measured. 

One of the basic assumptions of slug testing is that the initial change in water level is instantaneous; 
therefore, an effort shall be made to minimize the time involved in raising or lowering the water level 
initially. Various methods can be used to induce instantaneous (or nearly instantaneous) changes in 
water level within the well. A rise in water levels can be induced by pouring water into the well. A solid 
slug of known volume, quickly lowered below the water level within the well, will displace an equivalent 
volume of water and raise the water level within the well. The slug can be left in place until the water level 
restabilizes at the static water level, then suddenly removed to create a drop in water level within the well. 
An advantage of using a solid cylinder of known volume (slug) to change the water level is that no water is 
removed or added to the monitoring well. This eliminates the need to dispose of contaminated water 
and/or add water to the system. A bailer or pump can be used to withdraw water from the well. If a pump 
is used, pumping shall not continue for more than several seconds so that a cone of depression is not 
created which would adversely impact testing results. The pump hose shall also be removed from the 
well during the recovery period, as data analysis techniques involve volume of recovery versus time, and 
leaving the hose within the well would distort the calculated testing results by altering the apparent volume 
of recovery. Falling head slug tests should only be performed in wells with fully submerged screens, while 
rising head slug tests can be performed in wells with either partially or fully submerged screens/open 
intervals. 

Other methods that can be used to change water levels within a well include creating a vacuum or a high 
pressure environment within the well. The vacuum method will raise water levels within the well, while the 
pressure method will depress the water level in the well. These methods are particularly useful in highly 
permeable formations where other methods are ineffective in creating measurable changes in water 
levels. Both of these methods are limited to wells which have completely submerged screens. 

Rate of recovery measurements shall be obtained from time zero (maximum change in water level) until 
water level recovery exceeds 90 percent of the initial change in water level. In low permeability 
formations, the test may be cut-off short of 90 percent recovery due to time constraints. Time intervals 
between water level readings will vary according to the rate of recovery of the well. For a moderately fast 
recovering well, water level readings at 0, 0.1, 0.2, 0.3, 0.4, O.S, 0.7S, 1.0, 1.2S, 1.S, 2.0, 2.S, 3.0, 4.0, ... 
minutes may be required. With practice, readings at down to O.OS-minute (3 seconds) time intervals can 
be obtained with reasonable accuracy, using a pressure transducer and hand held readout. For wells 
which recover very fast, a pressure transducer and data logger may be required to obtain representative 
data. Time intervals between measurements can be extended for slow recovering wells. A typical 
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schedule for measurements for a slow recovering well would be 0, 0.25, 0.5, 0.75, 1.0, 1.5, 2.0, 3.0,4.0, 
6.0, 8.0, 10.0, 15.0, 20.0, 30.0, ... minutes from the beginning the test. Measurements shall be taken 
from the top of the well casing. 

Water level measurements can be obtained using an electric water level indicator, popper, or pressure 
transducer. Steel tape coated with chalk or water sensitive paste although very accurate, is a slower 
method of obtaining water levels and is generally not recommended for use due to the frequency at which 
water level measurements need to be obtained during the performance of a slug test. 

Time/recovery should be field-plotted on semilog graph paper to determine the data quality. The data set 
should plot along a sloped, straight line. If excessive data scatter is observed, the test should be rerun 
until acceptable results are obtained. 

The following data shall be recorded when performing slug tests in wells or borings: 

• Well/boring ID number 
• Total depth of well/boring 
• Screened/open interval depth and length 
• Gravel pack interval depth and length 
• Well stickup above ground surface 
• Gravel pack radius 
• Static water level 
• Aquifer thickness 
• Depth to confining layer 
• Time/recovery data 

A variation of the slug test, called a constant-head test, is a test in which water is added to the well at a 
measured rate sufficient to maintain the water level in the well at a constant height above the static water 
level. Once a stable elevated water level has been achieved, discharge (pumping) rate measurements 
are recorded in place of· time/recovery data for approximately 10 to 20 minutes. The hydraulic 
conductivity is then calculated from this information. The constant-head test is generally not 
recommended for monitoring wells as large volumes of water may be introduced into the screened 
formation, potentially impacting later sampling events. 

5.2 In-situ Hydraulic Conductivity Testing in Borings 

Slug tests can be performed in borings while the boring is being advanced. This permits testing of 
formations at different depths throughout the drilling process. Boreholes to be tested shall be drilled using 
casing, so that discrete depths may be investigated. Various tests and testing methods are described 
below. The most appropriate test and testing method to be used in a situation varies and shall be 
selected after a careful evaluation of drilling, geologic, and general site conditions. 

Rising head or falling head slug tests can be performed in saturated and unsaturated formations during 
drilling. There are two ways that the tests can be performed. One way entails setting the casing flush 
with the bottom of the boring when the desired testing depth has been reached. The hole is then cleaned 
out to remove loose materials, the drill bit and rods are carefully withdrawn from the boring, and a few feet 
of sand (of higher permeability than the surrounding formation) is added to the bottom of the boring. After 
the water level in the boring has stabilized (for saturated formations), the static water level is measured 
and recorded. The water level is then raised (falling head test) or lowered (rising head test) and the 
change in water level is measured at time intervals determined by the field hydrogeologist. Only falling 
head tests can be performed for depth intervals within the unsaturated (vadose) zone. As described for 

019611/P Tetra Tech NUS, Inc. 



Subject 

IN-SITU HYDRAULIC CONDUCTIVITY 
TESTING 

Number 

Revision 

GH-2.4 

1 

Page 

50f7 

Effective Date 

06/99 

wells, time intervals for water level measurements will vary according to the formation's hydraulic 
conductivity. The faster the rate of recovery expected, the shorter the time intervals between 
measurements shall be. The rate of change of water level will be used to calculate hydraulic conductivity. 
The test is to be conducted until the water level again stabilizes, or for a minimum of 20 minutes. In low 
permeability formations, it is not always practical to run the test until the water level stabilizes, as it may 
take a long time to do so. The top of the casing shall be used as the reference point for all water level 
measu rements. 

The second method for conducting a slug test during drilling consists of placing a temporary well with a 
short screen into the cleaned-out boring, pulling the drilling casing back to expose the screen, allowing the 
formation to collapse around the screen (or placing a sand/gravel pack around the screen), and 
performing the appropriate hydraulic conductivity test in the well, as described for the first method. Again, 
the test shall be conducted until the water level stabilizes or for a minimum of 20 minutes. This method 
allows for testing a larger section of the formation and results in more reliable hydraulic conductivity 
estimates. 

Constant-head tests may also be performed in borings. As described for monitoring wells, once a stable 
elevated level has been achieved, the discharge rate into the boring is measured for a period of time, 
usually 10 to 20 minutes, and the hydraulic conductivity is calculated from this. This method is the most 
accurate method depicted in this section, and shall be given preference over others if the materials are 
available to perform the test and the addition of water to the boring does not adversely impact project 
objectives. Once the test is over, additional information can be gathered by measuring the rate of the 
drop in water level in the boring (for saturated formations). A limitation of the constant-head test is that 
foreign water is introduced into the formation which must be removed from the well area by natural or 
artificial means, before a representative groundwater sample can be obtained. 

Detailed descriptions regarding the performance of borehole hydraulic conductivity tests and subsequent 
data analysis techniques are provided in Ground Water Manual (1981). 

5.3 Data Analysis 

There are a number of data analysis methods available to reduce and evaluate slug testing data. The 
determination of which method is most appropriate shall be made based on the testing conditions 
(including physical setup of the well/boring tested, hydrogeologic conditions, and testing methodology) 
and the limitations of each test analysis method. Well construction details, aquifer type (confined or 
unconfined), and screened/open interval (fully or partially penetrating the aquifer) shall be taken into 
account in selecting an analysis method. Cooper, et al. (1967), and Papadapulos, et al. (1973) have 
developed test interpretation procedures for fully penetrating wells in confined aquifers. Hvorslev (1951) 
developed a relatively simple analytical procedure for point piezometers in an infinite isotropic medium. In 
Cedergren (1967), Hvorslev presents a number of analytical procedures which cover a wide variety of 
hydrogeologic conditions, testing procedures, and well/boring/piezometer configurations. Bouwer and 
Rice (1976) developed an analytical technique applicable to both unconfined and confined conditions, 
which factors in partial/full penetration and discusses well screen gravel pack considerations. The 
Ground Water Manual (1981) presents a number of testing and test analysiS procedures for wells and 
borings open above or below the water table, and for both falling head and constant-head tests. The 
methods described above do not represent a complete listing of test analysis methods available, but are 
some of the more commonly used and accepted methods. Other methods can be used, at the discretion 
of the project hydrogeologist and in concurrence with the Project Manager and client. 

One consideration to be noted during data analysis is the determination of the screened/open interval of a 
tested well. If a well with a fully submerged screen is installed in a relatively low permeability formation, 
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and a gravel pack which is significantly more permeable is installed around the screen, the length of the 
gravel pack (if longer than the screened interval) should be used as the screened/open length, rather than 
the screen length itself. In situations where the formation permeability is judged to be comparable to the 
gravel pack permeability (within about an order of magnitude) this adjustment is not required. 

All data analysis applications and calculations shall be reviewed by technical personnel thoroughly 
familiar with testing and test analysis procedures. Upon approval of the calculations and results, the 
calculation sheets shall be initialed and dated by the reviewer. Distribution copies shall be supplied to 
appropriate project personnel and the original copy stored in the project central file. 

6.0 REFERENCES 

Cedergren, H. R., 1967. Seepage, Drainage, and Flow Nets. John Wiley and Sons Inc., New York, 
pp.78-76. 

Cooper, H. H., Jr., J. D. Bredehoeft, and I. S. Papadopulos, 1967. Response of a Finite-Diameter Well to 
an Instantaneous Change of Water. Water Resources Research, V. 3, No.1, pp. 263-269. 

Hvorslev, M. J., 1951. Time Lag and Soil Permeability in Ground Water Observations. U.S. Army Corps 
of Engineers, Waterways Experiment Station, Washington, D.C., Bull. No. 36. 

Papadopulos, I. S., J. D. Bredehoeft, and H. H. Cooper, 1973. On the Analysis of Slug Test Data. Water 
Resources Research, V. 9, No.4, pp. 1087-1089. 

Bouwer, H. and R. C. Rice, 1976. "A Slug Test for Determining Hydraulic Conductivity of Unconfined 
Aquifers with Completely or Partially Penetrating Wells." Water Resources Research, 12:423-28. 

United States Department of the Interior, 1981. Ground Water Manual. U.S. Government Printing Office, 
Denver, Colorado. 

7.0 RECORDS 

Field data shall be recorded on the data sheet included as Attachment A (or equivalent). 1 Any notes 
regarding testing procedures, problems encountered, and general observations not included on the data 
sheet shall be noted in the bound site logbook or field notebook. The boring log and well construction 
diagrams for each well/boring tested shall be used as references during testing and data analysis 
activities. Original data sheets shall be placed in the project file, along with the logbook/notebook. 

1 If an automated data recorder is used, the data may be displayed using the printer output from the unit. Such 
printouts should be annoted to include the relevant data form, or attached to the form shown as Attachment A. 
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EXAMPLE HYDRAULIC CONDUCTIVITY TESTING DATA SHEET 

HYDRAULIC CONDUCTIVITY TESTING DATA SHEET 
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This. procedure provides general guidance and information pertaining to proper monitoring well design, 
installation, and development. . 

2.0 SCOPE 

This procedure is applicable to the c;:onstruction of monitoring wells. The methods described herein may 
be modified by project-specific. requirements for monitoring well construction. In addition, many regula.tory 
agenCies have specific regulations 'pertaining to monitoring well construction and permitting. ..These 
requirements must be d~termined during the project planning phases of the investigation,and any 
required permits must be· obtained before field work begins. Innovative monitoring well installation 
techniques, which typically are not used, will be discussed only generally in this procedure. ' 

3.0 GLOSSARY 

Monitoring Well - A well which is screened, cased,and sealed which is. capable of providing a 
groundwater level and groundwater sample representative of the zone being monitbred. Some monitoring 
wells may be constructed as open boreholes. . . 

Piezometer '- A pipe or tube inserted into the water bearing zone, typically open to water flow at tne bottom 
and to the atmosphereatthetop. and used to measure water level elevations. Piezometers may range in 
size from 1/2-inch-diameterplastic tubes to well points or monitoring wells. 

Potentiometric SUrface- The surface representative of the level to which water will rise in a well c.ased to 
the screened aquifer. 

Well Point (Drive Point) - A screened or perforated tube (Typically 1-1/4 or 2 inches in diameter) with a 
solid, conical, hardened point at one end, which is attached to a riser pipe and driven into the ground with 
a sledge hammer, drop weight, or mechanical vibrator. Well points may be used for groundwater injection 
and recovery, as piezometers (Le., to measure water levels) or to provide groundwater samples for water 
~~~d~a . 

4;0 RESPONSIBILITIES 

Driller - The driller prbvides adequa.te and operable equipment, sufficient quantities .. of materials, and an 
experienced and efficient labor force capable of performing all phases of proper monitoring )'Veil 
installation and construction. The driller may also be responsible for obtaining, in advance; any required 
permits for monitoring well installation and construction. . 

Field Geologist - The.· field geologist supervises and documents well installation and construction 
performed by the driller, and insures that well construction is adequate to provide representative 
groundwater data from the monitored interval. Geotechnical engineers, field technicians, or other suitable 
trained personnel may also serve inthis capacity. 
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Below is a list of items that may be needed when installing a monitoring well or piezometer: 

• Health and safety equipment (hard hats, safety glasses, etc.) as required by the Site Safety Officer. 

• Well drilling and installation equipment with associated materials (typicallysuppliedby the driller). 

• Hydrogeologic equipment (weighted engineer's tape, water level indicator, retractable engineers. rule, 
electronic calculator, clipboard, mirror and flashlight - for observing downhole activities, paint and ink 
marker for marking monitoring wells, sample jars, well installatio~forms;anda field notebook). 

• Drive point installation tools (sledge hammer, drop hammer, or mechanical vibrator; tripod, pipe 
wrenches, drive pOints, ris.er pipe, and end caps). 

5.2 Well Design 

The objectives and intended use for each monitoring well must· be clearly. defined before the monitoring 
system is designed. Within the monitoring system, different monitoring· wells may ~erve. different 
purposes and, therefore, require different types of construction. Duringallpnases ofthEl well design, 
attention must be given to clearly documenting the basis for design deCisions; the details of· well 
construction, and the materials used. The objectives for installing the monitoring wells may include: 

• Determining groundwater flow directions and velocities. 
• Sampling or monitoring for trace contaminants. 
• Determining aquifer characteristics (e.g., hydraulic conductivity). 

Siting of monitoring wells shall be performed after a preliminary estimation of the groundwater flow 
direction. In most cases, groundwater flow directions and potential well locations can be determined by an 
experienced hydrogeologist through the review of geologic data and the siteterrain~ln addition, data from 
production wells or ·other monitoring wells in the area may be used to detel'minethe .groundwaterfJow 
direction. If these methods cannot be used, piezometers, which are relatively inexpensive toinstall,may 
have to be installed in a preliminary investigative phase to determine groundwater flow direction. 

5.2.1 Well Depth, Diameter, and Monitored Interval 

The well depth, diameter, and.monitored interval must be tailored to the specific monitoring needs.()Leach 
investigation . . Specification of these items generally depends on the purpose of the monitoring system 
and the characteristics of the hydrogeologic system being monitored. Wells of differei1t depth, diameter, 
and monitored interval can be employed in the same groundwater monitoring system. For instance; 
varying the monitored interval in several wells, at the same location (cluster wells) can help to determine 
the vertical gradient and the depths at which contaminants are present. Conversely,a fully penetrating 
well is usually not used to quantify or vertically Jocate a contaminant plume,sincegroundwater samples 
collected in wells that are screened over the full thickness of the water-bearing zone.will be representative 
of average conditions across the entire monitored interval. However, fully penetrati.ng wells can be used 
to establish the existence of contamination in the water-bearing zone. The well diameter desired depends 
upon the hydraulic characteristics of the water-bearing zone, sampling requirements, drilling method. and 
cost. 
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The decision concerning the monitored interval and well depth is based on the following (and possibly 
other) information: 

•. The vertical location of the contaminant source in relation to the lNater~bearing zone. 

• The depth, thickness and uniformity of the water-bearing zone. 

• The anticipated depth, thickness, and characteristics. (e.g., density relative to water) of the 
contaminant plume. 

• Fluctuation in groundwater levels (due to pumping, tidal influences, or natural recharge/discharge 
~~~. . 

• The presence and location of contaminants encountered during drilling. '. 

• Whether the purpose of the installation is for determining existence or non-:existence of contamination 
or if a particular stratigraphic zone is being investigated. 

• The analysis of borehole geophysical logs. 

Inmost situations where groundwater flow lines are horizontal, depending on the purpose of the well and 
the site conditions, monitored intervals are 20feetor less. Shorter screen lengths(5Aeet or less) are 
usually required where flow lines are not horizontal, (Le., if. the wells are .to be used for, accurate 
measurement of the potentiometric head at a specific point). . 

Many factors influence the diameter of a monitoring well. The diameter,of the monitoring well depends on 
the application. In determining well diameter, the following needs must be considered: 

• Adequate water volume for sampling. 
• Drilling methodology. 
• Type of sampling device to be used. 
• Costs. 

Standard monitoring well diameters are 2, 4,6 •. or8 inches. Drive points are typicallY 1-114 or2inche~in 
diameter. For monitoring programs which require screened monitoring welts, either a 2-inch of 4:il1ch:, 
diameter well is preferred. Typically, well diameters greater than 4 inches are used in monitoring 
programs in which open-hole bedrock monitoring wells are used. With smaller diameter wells, theVolume 
01 stagnant water in the well is minimized, and well construction costs are reduced; however, the sampling 
devices that can be used are limited. . 

. In.specifying well diameter, sampling requirementsmust.beconsidered(up toat6tal of 4 gallons of wCiter 
may be required for a single sample to accounUorfuliorganic and inorganic analyses, and split samples), 
particularly if the monitored formation is known to be a low-yielding formation. The unit volume of water 
contained within a monitoring well is dependent on the well diameter as follows: 

Casing Inside . Standing Water Lengtll'to Obtain 
Diameter (Inch) 1 Gaflon Water (Feet) 

2 6.13 
4 1.53 
6 

, 0.68 

If a well recharges quickly after purging, then well.diameter may not be an important factor regarding 
sample volume requirements. 
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Pumping tests tor determining aquifer characteristics may require larger diameter wells (for installation of 
high capacity pumps); however, in small-diameter wells in-situ permeability tests can be performed during 
drilling or after well installation is completed. 

5.2.2 Riser Pipe aod Screen Materials 

Well materials are specified by diameter, type of material, and thickness of pipe; Well screens require an 
additional specification of slot size. Thickness of pipe is referred to as· "Schedule" for polyvinyl chloride 
(PVC) casing and is usually Schedule 40 (thinner wall) or SO (thicker wall)~ Steel pipe thickness is often 
referred to as "Strength". Standard Strength is usually adequate for monitoring well purposes. With larger 
diameter pipe; the wall thickness must be greater to maintain adequate strength.· The required thickness 
is also dependent on the method of installation; risers for drive points require greater strength than wells 
installed inside drilled borings. 

The selection of well screen and riser materials depends on the method of drilling, the type of subsurface 
materials the well penetrates, the type of contamination expected, and natural water quality and depth. 
Cost and the level of accuracy required are also important. The materials generally available are Teflon, 
stainless steel, PVC galvanized steel, and carbon steel. Each has advantages and limitations (see 
Attachment A of this guideline for an extensive presentation on this topic). The two most commonly used 
materials are PVC and stainless steel. Properties of these two materials are compared in Attachment B. 

.. Stainless steel is a good choice where trace metals or organic sampling is required; however, costs are 
high. Teflon materials are extremely expensive, but are relatively inert and provide the least opportunity 
for water contamination due to well materials. PVC has many advantages, including low cost, excellent 
availability, fight weight, ease of manipulation, and widespread acceptance. The crushing strength of PVC 
may limit the depth of installation, but the use of Schedule SO materials may overcome some of the 
problems associated with depth. However, the. smaller inside diameter of Schedule SO pipe may be an 
important factor when considering the size of bailers or pumps required for sampling or testing. Due to 
.this problem,the minimum well pipe size recommended for Schedule 80 wells is 4-inch to. 

Screens and risers may have to be decontaminated before use because oil-based preservatives and oil 
used during thread cutting and screen manufacturing may contaminate samples. Metal pipe may corrode 
and release metal ions or chemically react with organic constituents, but this is considered a minor issue. 
Galvanized steel is not recommended where samples may be collected for metals analyses, as zinc and 
cadmium levels in groundwater samples may become elevated from leaching of the zinc coating. 

Threaded, flush~joint caSing is most often preferred for monitoring well applications. PVC, Teflon, and 
.. steel can all be obtained with threaded joints. Welded-joint steel casing is also acceptable. Glued PVC 

may release. organic contaminants into the well, and therefore; should not be used if the well is to be 
sampled for organic constituents. 

When the water-bearing zone is in consolidated bedrock,such as limestone or fractured granite, awell 
screen is often not necessary (the well is simply an open hole in bedrock). Unconsolidated materials, 
such as sands, clay, and silts require a screen. A screen slot size of 0.010 or 0.020 inch is generally used 
when a screen is necessary, and the annular borehole space around the screened interval is artificially 
packed with an appropriately sized sand, selected based on formation grain size. The slot size. controls 
the quantity of water entering the well and prevents entry of natural materials or sand pack. The screen 
shall pass no more than 10 percent of the pack material, or in-situ aquifer material. The site geologist 
shall specify the combination of screen slot size and sand pack which will be compatible with the water­
bearing zone, to maximize groundwater inflow and minimize head losses and movement ot tines into the 
wells. For example, as a standard procedure, a Marie No. 1 or No. 10to No. 20 U.S. Standard Sieve size 
filter pack is typically appropriate for a O.020-inch slot screen; however, a No. 20 to No. 40 U.S. Standard 
Sieve size filter pack is typically appropriate for a O.01O-inch slot screen . 
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Materials placed in the annular space between the horeholeand riser pipe and screen include a sand 
pack when necessary, a bentonite seal, and cement-bentonite grout. The sand pack is usually a medium~ 
to coarse-grained poorly graded, silica sand and should. relate to the grain size of the aquifer sediments. 
The quantity of sand placed in the annular space is dependent upon the length of the screened interval, 
but should always extend at least 1 foot above the top of the screen. At least 1 to 3 feet of bentonite 
pellets or equivalent shall be placed above the sand pack. Cement-bentonite grout (or equivalent) is then 
placed to extent from the top of the bentonite pellets to the ground surface. 

On occasion, and with the concurrence of the involved. regulatory agencies, monitoring wells may be 
packed naturally (Le., no artificial sand pack installed); In this case, the natural formation material is 
allowed to collapse around the well· screen after the well is installed. This method· has. been used where 
the formation material itself is a relatively uniform grain size, or when artificial sand packing is not possible 
due to borehole collapse. 

Bentonite expands by absorbing water and provides a seal between .the screened interval and the 
overlying portion of the annular. space and formation; Cement-bentonite grout is placed on top of the 
bentonite pellets, extending to the surface.· The grout effectively seals the remaining borehole annulus 
and eliminates the possibility for suiface infiltration reaching the scre.ened interval. Grouting also replaces 
material removed during drilling and prevents hole collapse and subsidence around the well. A tremie 
pipe should be used to introduce grout from the bottom upward,to prevent bridging, and to provide a 
better seat. In shallow boreholes that don't collapse, it may be more practical to pour the grout from the 
surface without a tremie pipe. 

Grout is a general term which has several different connotations. For all practical purposes within the 
monitoring well installation industry, grout refers to the solidified material which is installed and occupies 
the annular space above the bentonite pellet seal. Grout, most of the time, is made up of one or two 
assemblages of material, (e.g., cement and/or bentonite). A cement-bentonite grout, which is the most 
common type of grout used in monitoring well completions, normally is a mixture of cement, bentonite, 
and water at a ratio of one gO-pound bag of Portland Type I cement, plus 3 to 5. pounds of granular or 
flake~type. bentonite, and 6-7.9allons of water. A neat cement consists of one ninety-pound bag of 
Portland Type I cement and 6-7 gallons of water. A bentonite slurry (bentonite and water mixed to a thick 
but pumpable mixture) is sometimes used instead of grout for deep weIl installations where placement of 
bentonite pellets is difficult. Bentonite chips are also occasionally used·for annular backfill in place of 
grout. 

In certain cases, the. borehole may be·driJled to a depth greater than the anticipated well installation depth. 
For these cases, the well shall be backfilled to the desired depth with bentonite pellets/chips or sand .. A 
short (1- to 2-foot) section of capped riser pipe sump is sometimes installed immediately below the 
screen, as a silt reservoir, when significant post-development silting is anticipated. This will ensure that 
the entire screen surface remains unobstructed. . 

5.2.4 Protective Casing 

When the well is completed and grouted to the surface, a protective steel casing is typically placed over 
the top of the well. This casing generally has a hinged cap and .can be locked to prevent vandalism. The 
protective casing has a larger diameter than the well and is set into the wet cement grout over the well 
upon completion. In addition, one hole is drilled justabove the cement coUar through the protective casing 
which acts. as a weep hole for the flow of water which may enter the annulus during well development, 
purging, or sampling . 
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A protective casing which is level with the ground surface (flush-mounted) is used in roadway or parking 
lot applications where the top of a monitoring well must be below the pavement. The top of the riser pipe 
is placed 4to 5 inches below the pavement, and a locking protective casing is cemented in place to 
3 inches below the pavement. A large diameter, manhole-type protective collar is set into the wet cement 
around the well with the top set level with or slightly above the pavement. An appropriately-sized id is 
placed over the protective sleeve. The cement should be slightly mounded to direct pooled water away 
from the well head. 

5.3 Monitoring Well Installation 

Pertinent data regarding monitoring well installation shall be recorded on log sheets as depicted and 
discussed in SOP SA-6,3 •. Attachments to this referenced SOP illustrate terms and physical construction 
of various types of monitoring wells. 

5.3;1 Monitoring Wells in Unconsolidated Sediments 

After the borehole is drilled to the desired depth. well installation can begin. The procedure for well 
installatibn will partially be dictated.by the stability of the formation in which the wellis being placed. If the 
borehole collapses immediately after the drilling tools are withdrawn; then a temporary casing. must be 
installed and well installation wi![ proceed through the center of the temporary casing, and continue as the 
temporary casing is withdrawn from the. borehole. In the case of hollow-stem auger drilling, the augers will 
act to stabilize the borehole during well installation. 

Before the screen and riser pipe are lowered into the borehole,all pipe and screen sections sl10uldbe 
measured with an engineer's rule to ensure proper placement. When measuring sections, the threads on 
one end of the pipe .or screen must be exclUded while measuring, since the pipe and screen sections are 
screwed flush together. . 

After the screen and riser pipe are lowered through the temporary casing, the sand.pack can be installed. 
Aweighted tape measure must be used during the installation procedure to carefully monitor installation 
progre.ss. The sand is slowly poured into the annulus between the riser pipe and temporary casing, as the 
c,,!singis withdrawn. Sand should always be kept within .the temporary casing during withdrawal in order 
to ensure an adequate sand pack. However, if too much .sand is within the temporary casing (greaterthan 
lfoot·above the bottom of the casing) bridging between the temporary casing and riser pipe may occur. 
Centralizers may be used at the geologist's discretion, one above and one beloW the screen, to assure 
enough annular space for sand pack placement . 

After the sand pack is installed to the desired depth (atleast 1 foot above the top of the screen), then the 
.bentonite pellet seal (or equivalent). can be installed in the same manner as the sand pack. At leas~ 
'1to 3 feet of bentonite pellets should be installed above the sand pack. Pellets ShoHldbe addedslowly 
andtheirfall monitored closely to ensure that bridging does not occur. 

The cement-bentonite grout is then mixed and tremied ihto the annulus as the tenlporary casing or augers 
are withdrawn. Finally, the protective casing can be installed as detailed in Section 5.2.4. 

,5.3.2 Confining Layer Monitoring Wells 

When drilling and installing a well in a confined aquifer, proper well installation techniques must be applied 
to avoid cross contamination between aquifers. Under most conditions, this can be accomplished by 
installing double-cased wells. This is accomplished by drilling a large-diameter boring through the upper 
aquifer, lto 5 feet into the underlying confining layer, and setting and pressure grouting or tremie grouting 
aJarge-diameter casing into the confining layer. The grout material must fill the space between the native 
material and the outer casing. A smaller diameter boring is then continued through the confining layer for 
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installation of the monitoring well as detailed for overbl,lrden monitoring wells. Sufficient time (determined 
by the field geologist), must be allowed for setting of the grout prior to drilling through the confined layer. 

a8dr:o~k MORitoriRg '.\'ells 

When installing bedrock monitoring wells, a large diameter bORRgis drllled.throl:ltlh tho o\'erbl:lrden and 
.-approximately 5 10 feet into QQdr:ock *. casing (typically steel).is installeEl.andeither pressuFO grouted o:r 

tffimie grouted in place. After tl:le grout has cured,. a smaller Eliameterboring' is continued info bedrock to 
the desifOd depth. If the boring does not oollapse, thO well eaA be left· open, and a soreen is flot 
'necessary If the boring collapses, then a screen isreqlliredand can be installed as detailed far 
Qverbl![den monitoring wells If a screen is to be.us9d,the~th9sasing ' .... AicA is installed tRfflug" the 
overbl:lrdon and into the b9drock d09S not requirlil groblting and\canbe remal/ed 1J.'hen the final well 
installation is completed 

5.3.4 Dr::i",'e Paints 

Dri"e points can be installed with either ill sledge hammer,di=Qp ha\:t:lmer, ora mechanical vibrator The 
screen section is threaded and tightened onto thE) riser pipe With pipe wFCn.cAes. The ari:,e ",Oint is simply 
~Ade<:I-into the sl:Ibsl:lrfaGe to thedesir:ed depth ... If ahea1iy dt=Op hammer is\,lsed, U~Qn a tripod and 
!*llley setup isrofluiree te lift tRe Rammer. Drive pOints typieally eanfl6t be manually dl ioen to depths 
e)(ceeding 10 feet. . 

-Direct push sam!3ling.'ffionitoring point installation methods, \,Ising a dirQctpush rig or drilling rig, are 
desoribed in SOP SA 2.9. 

Certain im'loVetiYe sampling de\'ices have "'FO\'enaavantageous. Tho.se de''<ioGs.are essentially screened 
samplers installed ina borehole-with onlysrnalldiarneter tubesoxtonding to tAe sURace. TRis reduces 
OOlling oosts, door:eoses the voh:Jrne of stagnant wator, and PFQ'.'idos a sam",ling syStem tAat minimizes 
Gross contamination from samplingeqblipment. Fayrmanufactl,ArEilrs· af .these samplers inslyde Timco 
Manufacturing Compony, Inc., of Prairic du Sac, WisooAsin, BAROAD SysteFl'ls, lAC., of COfleoffl, 
Massaohl:lsotts, \JtleStbay histrblments ltd. oPJanoeu>,er, BritisR Columbia, Canada and tIle Vllil/e. sity of . 
Waterloo at Waterloo, Ontario; CaRada ... Eac'" manufaotl:lrer oUcrsYarieus.eoFlstruetion metelials. 

5.4 Well Development Methods 

The purpose of welldcveiopmenfistostabilize andincrea~ethepermeability ofthe gravel pack around 
the well screen, and to restore thepetmeabilityof the formatiofrwhich may have been reduced by drilling 
operations. Wells are typically developed until all tine mat(:'lrialanddrilling water is removed from the well. 
Sequential measurements of pH; conductivity, turbidity, and temperature taken during development may 
yield information (stabilized values) regarding whether sufficient development has been performed. The 
selection of the well development method shall be made by the field geologist and is based on the drilling 
methods, well construction and installation details, and the characteristics of the formation that the well is 
screened in. The primary methods of well development are summarized below. A more detailed 
discussion may be to.und in Driscoll (1986). 

W-elismay be developed byalternativeiy drawing tho ~¥ater level dawn at a high rate (by pumping or 
bailing) andt"'en rC' .. ersing the flow Giiroction (baokwashing) so that water is passing from the ,,,"ell into the 
.fe.rfRatieA. T"'is bacl( and fert'" movement ef water through tAe WBII sereen and grtl'iel paek sePt10s te 
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space. Volumes of backfill significantlyhigher than the calculated volume may indicate a problem such as 
a large cavity, while a smallerbackfiU· volume may indicate a cave-in or bridging of the .backfill materials. 
Any problems with rig operation or down-time shall be recorded and may affect the driller's final fee. 
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. ~8move fines fmm the formation immediatelyadjasent to the well, while ~re'Jenting 9riaging (v.l 09ging) of 
sand g~ins. Elask .... ashing can b.e accomplisRed by severalm9tRQdlO, im:ludiRQ ~ou~iRg watQr iRto thilwell 
aRe tAeR bailing, starting and stepping a pump intermithmtly to change water hS"Qls, or fo~ing water into 
the well uREler flFessure through a water tight 'i"iI~g ("rawhi<;\ing"). Care SRQulg be tak@R mRQR 
baokwashing not to apply teo mbleh prossblro, ' .... hieh eOblls samage or dostroy tho .... 011 screen. 

5.4~2 Surging with a Surge Plunger 

A surge plunger (also called a surge block) is approximately the same diameter as the well casing and is 
aggressively moved up and doWn within the well to agitate the water, causing it to move in and out of the 
screens. This movement of water pulls fine materials into the well, wherethey maybe removed by anyof 
several methods, and prevents bridging of sand particles iii the gravelpack. There are two basic types of 
surge· plungers; solid and valved surge plungers. In formations with low yields, a vaJved surge plunger 
maybe preferred, as solid plungers tend to force water out of the well at a greater rate than it win flow 
back in. Valved plungers are designed to produce a greater inflow than outflow of water during surging. 

5.4.3 CeA'lpresseei Air 

Cem~rossed air can 99 used to de\lQlop a IOlQII by either of two methods' backwashing or sllrging. 
6ackwashing is done by fOFcir:lg lAlOIteF Obit thrQblgh the sereens, using· inereasing air ~rgssure inside a 
-sealed ' .... ell, .then releasing tRO prossurized air to allew the 'liater te flow bOick into thE/WE/II Car .... Ro'lldbe 
taken V.'hOA I:Isin~ this metheG so that the 'lI.'a-ter 10'lol Gees Ret emf} belew tRe \Qp e~ theSQreeB, \hys 
intrQdueing air into tho formatien and redYCiAQ WEIll yi~ld SllFging, or the "open well" method, consists of 
.altemately roleasing large volblmes of air IOudg&;mly into aR open well below the 'Mater lellel to produce 01 

strong surge by '1irtYe of the resistanse of 'Aleltor hoas, fristion, ana inertia. Pumping et the· well is 
sl:IbsoEjl:lently dom~ Ilaing the air lift method . 

6.4.4 Higf:l VsIQc;ity JsttiAg. 

.ffi -tho hi.§h ... eleeit)' jetting A'!etAes, ' .... ator is foreos at Righ veleeiliel)i frem a ,,"h,IAger type de"i~e arig 
threblgh the well SOFeen 4e leesen fine partioles freA'! the sand I'laol( anEi s~rFeundin§ formation: TAO jottiFl§ 
tool. is slowly Fotated and raised ans 10weFOEl alen~ tho lon§th of lhe' .... ell sereOR \Q sevelop tl:le er:ltire .. 
sereeRea BreB. deHiR@ usil'l~ a Rese lew'ered inte tRe 'NoIII'I'IBY alseBo offoeti'o'o. TAO fil'los \dasRed iFlte 
th9 ~cr'5Qn dllring thili> process can then he bailed or pllmped from the well 

6.0 RECORDS 

Acdtical part of monitoring well installation is recording of all significant derails and events in the site 
; logbOok or field notebook. The geologist must record the exact depths of significant hydrogeological 
features,screen placement, gravel pack placement, and bentonite placement. . 

A Monitoring Well Sheet (see Attachments to SOP SA-6.3) shall be completed,ensuring the uniform. 
recording of data for each installation and rapid identification of missing information. Well depth, length, 
materials of construction, length and openings of screen,length and type oUiser, anddepthand type ofaH 
backfill materials shall be recorded. Additional information shall include location. installationdat€1. 
problems encountered, water levels before and after well installation, Gross~reference to the geologic 
boring log, and methods used during the installation and development process. Documentation is very 
important to prevent problems involving questionable sample validity~ Somewhat different information Will 
need to be recorded, depending on whether the well is completed in overburden (single- or double-cased), 
as a cased well in bedrock, or as an open hole in bedrock. 

The quantities of sand, bentonite, and grout placed in the well are afsoimportant The geologist shall 
calculate the annular space volume and have an idea of the quantity of material needed to fill the annular 
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Potentially-Deteriorating Type of Casing Material 
Substance 

, Buffered Weak Acid 
'. Weak Acid 

,Mirieral Acid! 
Hi n Solids Content 
AqueOUS/Organic 
MiXtures. 
Percent Overa.1I Hatin 

PVC 1 

100 
98 
100 

64 

91 

Preliminary Ranking of Rigid Materials: 

1 
,2 
3. 
4 

Teflon"' 
Stainless Steel 316 
Stainless Steel 304 
PVC 1 

• Trademark of Dupont 

56 59 

5 
6 
7 

93 
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Lo-Carbon Steel 
Galvanized Steel 
Carbon Steel 

100 
100 
100 

100 

:R'eLATIVE COMPATIBILITY OF SEMI-RIGID OR ELASTOMERIC MATERIALS (PERCENT) 
• Potentially-

Oetetiorating 
Type of Casing Material 

Sllbstance 
PVC ~ PE PE PMM Viton'"· Silicone Neoprene ~": 

Flexible "esny. Linear ~ 
.... .Suffered Weak Acid 97 97 100 ~ 90 92 87 ~5 100 

WeakAcid····· 92 90 94 96 ~ 78 ~ 75 100 
Mineral Acid! . 100 100 100 100 95 ~ 78 82 100 
HjfihSolidsContent ./' .......... 

,Aqueous/Organic 62 71 40 
~ 

49 78 4~ 
~ 

100 
.' .Mi>ctures·· 

Percent Overall 88 
l~ ....-8'2f 88 78 87 72 72 ~ :H~::ing 

'.' PieliminaryRanking of Semi-Rigid or Elastomeric Materials: 

5 PE Con'lentienal 
.2 PolYPfO/3ylsAe (PP) 6 Plexiglas" Licit'"' (PU~4) 
3. PVC Flexibie/PE Linear 
·~4-----\\Hf'it:aeAr+Gl-

7 Silicong'fJ.le913F9A9 

• Trademark of DuPont 
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COMPARISONOFSTAINLESSSTEELAND PVC FOR MONITORING WELL CONSTRUCTION 
Characteristic PVC 

Strength 

Cost 
Corrosivity 

Ease of Use 

Preparation for 
Use 

Interaction with 
Contaminants * 

water. 

Should b steam cleaned if a 
will be bsequently sampled. 

y sorb organic or inorganic 
ubstances when oxidized. 

See also Attachment A. 

Use when shear and compressive 
strength are not critical. 

Non-corrosive -- may deteriorate in 
presence of ketones,· aromatics. alkyl 
sulfides. or some chlorinated 
h drocarbons. 
Easy to handle and work with in the 
field. 
Never use glue fittings -- pipes should 
be threaded or pressure fitted. Should 
be steam cleaned when.usedfor 
monitorin wells. 
May sorb or release organic 
substances. 
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Utilities such as electric service lines, natural or propane gas lines, water. and sewage lines, 
telecommunications, and steam lines are very often in the immediate vicinity of work. locations. Contact 
with underground or overhead utilities can have serious consequences including ~mployee injury/fatality, 
property and equipment damage, substantial financial impacts, and loss of utility service to users. 

The purpose of this procedure is to provide minimum requirements and technical guidelines regarding the 
appropriate procedures to. be followed when performing subsurface 'and overhead utility locating services. 
It is the policy of Tetra Tech NUS, Inc. (TtNUS) to provide a safe and healthful work environment forthe 
protection of our employees. The purpose of this Standard Operating Procedure (SOP) is to aid in 
achieving the objectives of this policy, to present the acceptable procedures pertaining to utility locating 
and excavation clearance activities, and to. present requirements and restrictions relevant to these types of 
activities. This SOP must be reviewed by any employee potentially involved with underground or 
overhead utility locating and avoidance activities. 

2.0 SCOPE 

This procedure applies to all TtNUSfield activities where there may be potential contact with underground 
or overhead utilities. This procedure provides a description of the principles of operation, instrumentation, 
applicability, and implementability of typical methods used to determine the presence and avoidance of 
contact with utility services. This procedure is intended to assist with work planning and. scheduling, 
resource planning, field implementation, and subcontractor procurement. Utility locating and excavation 
clearance requires site-specific information prior to the initiation of any such activities on a specific project. 
This SOP is not intended to provide· a detailed description of methodology and instrument operation. 
Specialized expertise during both planning and execution of several of the methods presented may also 
be required. 

3.0 GLOSSARY 

Electromagnetic Induction· (EMil Survey - A geophysical exploration method whereby electromagnetic 
fieldsareindl1ced in the ground and the resultant secondary electromagnetic fields are detected as a 
measure of ground conductivity. .. 

Magnetometer- A device used for precise and sensitive measurements of magnetic fields. 

Ma9netic Survey ,- A-geophysical survey method that depends on detection of magnetic anomalies 
caused by the presence of buried ferromagnetic objects. . . 

Metal Detection-A geophysical survey method that is based on electrom;:tgnetigcouplingcause(;l h~r 
underground conductive06jects. .. 

Vertical Gradiometer.- A magnetometer equipped with two sensors that are vertically separated byafixed 
distahce,ltis best suited to map near surface features and is less susceptible to deep ge610gicfeatures. 

Ground Penetrating. Radar - Ground Penetrating Radar (GPR) involves specialized radar equipment 
whereby a signal is sent into the ground via a transmitter. Some portion of the signalwiU be reflected from 
the subsurface material, which is then recorded with a receiver and electronically converted into a graphic 
picture. . . 

019611/P 



Subject Number Page 

HS-1.0 3 of 15 
UTILITY LOCATING AND 
EXCAVATION CLEARANCE 

Revision 

2 
Effective Date 

12103 

4.0 RESPONSIBILITIES 

Project Manager (PM)fTask Order Manager (TOM) - Responsible for ensuring that all field activities are 
conducted in accordance with this procedure. 

Site Manager (SM)/Field Operations Leader .(FOl) - Responsible for the onsite verification that all field 
activities are performed in compliance with approved SOPs or as otherwise directed by the approved 
project plan(s). 

Site Health & Safety Officer (SHSO) - Responsible to provide technical assistance and verify full 
compliance with this SOP. The SHSO is also. responsible for reporting any deficiencies to the Corporate 
Health and Safety Manager (HSM) andto the PMITOM. 

Health & Safety Manager (HSM)- Responsiblefor preparing, implementing, and modifying corporate health 
and safety policy and this SOP. . 

Site Personnel ,-:Hesponsiblefor performing their work activities in accordance with this SOPand the TtNUS 
Health and SafetyPolicy. 

5.0 PROCEDURES 

This procedure addresses the requirements and technical procedures that must be performed to minimize 
the potential for contact .with underground and overhead utility services. These procedures are addressed 
individually from a buried and overhead standpoint. 

5,1 Buried Utilities 

Buried utilities present a heightened concem because their location is. not typically·· obvious by visual 
observation, and it is common that their presence and/orlocation is unknown or incorrectly known on 
client properties. This procedure must be followed prior. to beginning any subsurface probing or 
excavation that might· potentially be in the vicinity of underground utifityservices. In addition, the Utility 
Clea.rance Form (Attachment 3) must be completed for every location or duster of ·Iocations where 
intrusive activities will occur. 

Where the' positive identification and de-energizing Of underground utilities cannot be obtained and 
confirrrtedusing the following steps, the PMfTOMisresponsil:>le for arranging for the procurement of a 
qualified~ . experienced, utility locating subcontractor· who will accomplish the utility location and 
demarcation duties specified herein. . 

1. A comprehensive review must be made of any. available property maps, blue lines, or as-builts 
priorto site activities. Interviews with lotal personnel familiar with the area should be performed 
to provide additional information concerning the/ocationofpoteritial underground utilities. 
Information regarding utility locations shall be added to project maps upon completion of this 
exercise. 

2., 

01961l/P 

A visual site inspection must be performed to compare the· site plan information to actual field 
conditions; Any findings must be documented and the site plan/maps revised. The area(s) of 
proposed excavation or other subsurface activities must be marked at the site in white paint or pin 
flags to identify those locations of the proposed. intrusive activities. The site inspection should 
focus on locating surface indications of potential underground utilities. Items of interest include 
the presence of nearby area. lights, telephone ser,vice, drainage grates, fire hydrants, electrical 
service vaults/panels, asphalt/concrete scares and patches, and topographical depressions. Note 
the location of any emergency shut off switches. Any additional information regarding utility 
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locations shall be added to project maps upon completion of this exercise and returned to the 
PMfTOM. 

3. If the planned work is to be conducted on private property (e.g.,military installations, 
manufacturing facilities, etc.) the FOL must identify and contact appropriate facility personnel. 
(e.g .• public works or facility engineering) before any intrusive work begins to inquire about (and 
comply with) property owner requirements. It is important to note that private property owners 
may require several days to several weeks advance notice prior to locating utilities. 

4. If the work location is on public property, the state agency that performs utility clearances must be 
notified (see Attachment 1). State "one"caU" serV.ices must be notified prior to commencing. 
fieldwork per their requirements. Most one-call.servicesrequire, by law, 48- to 72-hour advance 
notice prior to beginning any excavation . ..such services typically assign a "ticket" numberto the 
particular site. This ticket number must be recorded for future reference and is valid for a specifiC 
period of time, but maybe extended by cont;:tctingthe service agaih. The utility seNice will notify 
utility representatives who then mark their respective lines within the specified time frame. It 
should be noted that most military installations own their own utilities but may lease service and 
maintenance from area providers. Given this situation, "one call" systems may still be required to 
provide location services on military installations. 

5. Utilities must be identified and their locations plainly marked. using pin flags, spray paint, or other 
accepted means. The location of all utilities must be noted on a field sketch. for future inclusion on 
project maps. Utility locations are to be identified using the following industry-standard color code 
scheme, unless the property owner or utility locator service useq a different color code: 

white 
red 

yellow 
orange 

blue 
green 

excavation/subsurface investigation location 
electrical 
gas, oil, steam 
telephone, communications 
water, irrigation, slurry 
sewer, drain 

6. Where utility locations are not confirmed with a high degree of confidence through drawings, 
schematics; location services, etc., the work area must be thoroughly investigated prior to 
beginning the excavation. In thesesituations,lJtilitiesmust be identified using safe and effective 
rnethods.such as passive and intrusive surveys, or the l!seofnon-conductive hand tools. Also,';n 
situations where such hansl· tools are used, they .~hou!d always be used in conjunction with 
suitable detection equipment. such as the items described in Section 6.0 of this SOP .. Each 

•. ·methodhas advantages. and· disapvantages including. comple><ity,applicability, ·.and price. .It. also 
should be noted that in some states, initial excavation is required by hand to a specifiecl depth. 

. . 
7.<Af each location where trenching or excavatihgl,villbccur usillg a backhoe. or other heavy 

equipment, and where utilityidehtificationsandlbcations.cannot be confirmed prior to 
gtoundbreaking. the soil must be probed using a device. such as a tile probe which is made of 
non"conductive material such as fiberglass. If these efforts are not successful in clearing the 
excavation area of suspect utilities, hand shoveling must be performed for .the perimeter of the 
intended·excavation. 

8. AII>utilities uncovered or undermined duringexcavationmustbe structurally supported to prevent 
potential damage. Unless necessary as an emergency corrective measure, TtNUS shall not 
make any repairs or modifications to existing utilityline.s without prior permission of the utility 
owner, property owner, . and Corporate HSM. . All repairs require that the line be 
f()cke<:l~outltagged-out prior to work. 
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If it is necessary to work within the minimum clearance distance of an overhead power line, the overhead 
line must be de-energized and grounded, or re-routed by the utility company or a registered electrician. If 
protective measures such as guarding, isolating, or insulating are provided, these precautions must be 
adequate to prevent employees from contacting such lines directly with any part of their body or indirectly 
though conductive materials, tools, or equipment. 

The following table provides the required minimum clearances for working in proximity to overhead power 
lines. 

Nominal Voltage 
0-50 kV 

50+ kV 

Minimum Clearance 
10 feet, or one mast length; whichever is greater 

10 feet plus 4 inches for every 10 kV over 50 kV or 1.5 
mast lengths; whichever is greater 

6.0 UNDERGROUND LOCATING TECHNIQUES 

A variety of supplemental utility locating approaches are available and can be applied when additional 
assurance is needed. The selection of the appropriate method(s) to employ is site-specific and should be 
tailored to the anticipated conditions, site and project constraints, and personnel capabilities. 

QQofjh¥sica( mQthods inc(uQQ QIQct;omagn~ic induction, magnQtics, and gl=OloInd ~imetrating t=aQar. 
Additienafdetails oenoerning iRe design a.nd implementation QI electromagn9tic ind'iction, r:nagnetics, and 
ground penetrating radar sUJ:VQys can be jQ~lnd in onQ or r:norQ of thQ TtblHS SOf?$ inch Ided in the 
Refel=9RoeS (~eGtieR 8.0). 

Electromagnetic Ind'iction (EMI) line locators operate either by locating a baclsgrO! IOd signal or by1ocatiog 
.. •. 'Q. sigRalintr:gdlolcod into tho IJtility lim~ usiJ:lQ a tr:aJ:l$trliUlii)r A utility lille· acts .Iike a radio antenna, prod'lcipg 

eleetl=ORs •. 'NhiGh .Gan BO ~iGke~ .·up ,N.itR· a ~agiQf~qyeRC'f I=Qcei1ier Eloct~ioal curront oarrying oond&.lotoa:s 
h,uiea 60HZ$i9n~1 ~ssociated"lith thetrl This signal occur. in <ill! power liRes regacdles$ of voltage 
Utilities iR .clQse pmximity to pO'lu.r lines or UaQd as 9(0' Inds may also have a 60H7 signal, which can he 
.piel(eEJ·up witheR EM l'Ooeiver. A typisal e)(am~19 9f IRis t~9 9f Qe9physical ~~loIipn:J"Rt;$ aAEM-61 

·EMI IOGators specifically dosignod tor utility locating 'Ise a aPQcial sigRal th<ilt is either indirectly iReI~eed 
orno a u\ility line Gy plaQing tho transmitter a'oollo tho lino or oiroctly iROllei'd USiRg an iJ:lduction clamp 
TRe elamp iA9blGOS a signal Eln tho specific utilit)' aj:ld is the preferred method of tracing since there is little­
chaRCO of the rosloliting signals being interfen~d with A good exan:Jplo at this type of e'lllipr:neRt is the 
Schgnstedt.@ MAC 51 Q looator. The MAC fi1 Q performs indbiotiIJely traced SYIVO¥€, simple maf)netio 
locating. and traced nOnl+H;ltallic Syp,IQYS, 

When gcCSSs ~an bs gained inside a ~ondyit to be traceg, a flexiBle inslollatsg trace wire oan Be blSee. 
Thill is "Qry YIOQful for non-mQtallic cot:ld'iits Qut is lil+litQQ by tl:1Q a."ailability of gaiRing al!:OQgg inside the 
.~ 
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Magn9tic locators operate by getecting the relative amoblnts ef eblriQQ ~eHebls metal. They aFQ inElapaele 
of leGating or iQentifying nenferrebls. bltilit,y lines eblt can ge ver:y blSQfbll fer leElatins blRQer§rebind slerage 
taRks (ygT's). steel bltility IiRes, aRd 9b1rieEl electrical lines. A t)'FliGal e~(ample of this typo of equipA1ent is 
tAO SOAenstodt@ GA f92Cx leGator. TA9 GA e2Gx is cafjaele sf lecatiRS 4 iRcR steel pipe blp tg fJ tiet 
~. 

~Ion fOfFOlolS lines are often IOGated ey I:lsin§ a typisal plblrReing teel (snake) fed thrablgh IRe liRe A signal 
is then inlradblceQ to the s>ntlk~ that is then traced-. 

Gre"md Penetrating RadaF 

GFOblR9 Penctr9:Hnl:j Raela:r (CPR) iA'/olves sf3eeialii!!ed ffi9ar oGl:li!9FReAt wAeFoey a si§Aal is sont into tAo 
gFOund 'I'ia a transrRitter. l!iOrRe fler-tion of ~e sigRal mill ge r:9f1eclQd frerR IRe sl.Ibsl.lrfacQ material, \tVRi~ 
is IRen recorded with a receiver and electronically cORllertQd into a gr:aphiEl pictblFO. In §eneral. an oeiGct 
whiElh is harEler than the sbirrobindiRg soil. will reflect a stranger signal. Utilities, tblnnels. u~n's, ang 
footings will reflect a stroRger sigRal tl:liUl tl:le "",rro"'RdiRg soil. Although \I:lis surface d~t~ctioR m~thod 
m~y d9t9rFRiRe the location of Oi utility, tl:lis> metbod doesJ:lol specifically identify utilities (i e , water "S gas, 
elestrisal 'IS. telephone); hence, verification may be nQQQ"sary "'Sing other FRethods This; method is 

. somewhat limited when blsod in areas .. lith cla,y soil typos orwitR a hiQh water tablo, 

6.2 Passive Detection Surveys 

Acoustic Stlneys 

Acoustic location FRilthods IUQ generally most applicable to waterlines orgas lines A highly sensitive 
AcoYstic ReQep/or listens for eackQro",nd sO'lndsof mater flomiR9 (at joints, leaks, etc) or to sOblnds 
intreel:lsed into the water main blsin~ a tranS8b1Ser; AEleblstiss may also be apf3lisable to deterFFlino the> 
location of plastic gas liRos. 

::rheFf1'IsllRlagiRg 

Thermal' (Lo., infr:a~d). imaging is a passivo rR~tf:fodf.ordQtQ~in9tRe heat emittod by aR Obj8ct 
'61eEltFOniss in the iAfra:rod SaFAOffi seRveR, sbletle he.at diUoF9ntialsintoa visual il+lago on the viewfinElsr or 
a rR(mitor Tho operator does. Rot I()ok IoraR QX~ct teFRperaturQjraUlorll:ley look tor hoat anoFRalies 
(either olevateEl OF SuppFOssee tornpor:aturos) ol1aFEietofistie af a patontial utility linc: 

TAG thorFl'lal fin~erflrint of. blnEleF§FObindbitili.ties. reswltsfroFRdiftQroRQeli iR ter:Rporaturo bQtwQ~n tl:le 
,atmosphsw and the {I'Iid present in a pipe or tbe beat generatedbyeiscttical resi~tance In addition, 

iRfrarod seanners FRay be capaele ef E19teetiA~ dinoroAE30sin tho ElOrRf3aStiOR, te~per:atblre arlg moistbir9 
·GORtonl of yndorgrobinEi bltility trenches. HiQR .PQiiorl+lance thermal imagory. can geteet tel+lperatblre > 

differences to RYRdl=9dtl:1s of a d9gr9@ . 

6.3 Intrusive Detection Surveys 

Vacuum Excavation 

Vacuum excavatiolJ is used to physically expose utility services. The process involves removing the 
surfaco material over approximately a l' x l' area at the site location. The air-vacuum process proceeds 
with the simultaneous action of compressed air-jets to loosen soil and vacuum extraction of the resulting 
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debris. This process ensures the integrity of the utility line during the excavation process, as no hammers, 
blades, or heavy mechanical equipment comes into contact with the utility line, eliminating the risk of 
damage to utilities. The process continues until the utility is uncovered. Vacuum excavation can be used 
at the proposed site location to excavate below the "utility window" which is usually 8 feet. 

Hand Excavation 

When the identification and location of underground utilities cannot be positively ~onfirmed through 
document reviews and/or other methods, borings and excavations may be cleared . via the use of non­
conductive hand tools. This should always· be done ;nconjunction with the use of detection equipment. 
This would be required for all locations where there is a potential to impact buried utilities. The minimum 
hand-excavation depth that must be reached is to be determined considering the geographical location of 
the work site. This approach recognizes that the placement of buried utilities is ;nfluenced by frost line 
depths,that vary by geographical region. Attachment 2. presents frost line depths for the. regions of the. 
contiguous United States. At a minimum, hand excavation depths must be at least to the frost line depth 
(see Attachment 2) plus two (2) feet, but never less than 4 feet below ground surface (bgs). For hand 
excavation, the hole created must be reamed large enough to be at least the diameter of the drill rig auger 
or bit prior to drilling. For soil.gas surveys, the survey probe shall be placed as close as possible to the 
cleared hand excavation. It is important to note that a post-hole digger must not be used in this type of 
hand excavation activity . 

..T-i'e Probe Surveys 

For ,"Gme GGil t.}Ipes, sit9GOngitiQns, ang excavation r:eql:liremonts, non GOR9Yctjlo'O tilo probes may be ' 
,used Atile probQ is a "r hang/@g rod of varyinQ lengths that caR be ~ushod inte the soil to determine if 

any obstructions exis.t at that location. Tile probes constructed of fiberglass or otAer ROReeR6ueti~e 
material are roagily a\'ailablo from numoroul; \!endors Tile probes .-ell 1st be performed totbe same depth 
f()(;j~if()meAt6 as previol:lsly speoitiee.As with other types of haRd excavatin§ aGti-vitios, tho blGe of a nOA­
-GGRsyctivo tilo probo, Ghol:ll4 always be iR coRjunffiion with sblital:lle utility locating deteotion oQuipment. 

7.0 INTRUSIVE ACTIVITIES SUMMARY 

The fo/fowing list summarizes the activities that must be performed prior to beginning subsurface 
activities: 

1. Map and mark all subsurface locations and excavation boundaries using white paint or markers 
specified by the client or property owner; 

2. Notify the property owner and/or client that the locations are marked. At this point, drawings of 
locations or excavation boundaries shall be provided to the property owner and/or client so they 
may initiate (if applicable) utilitY clearance. 

3. 

4. 

019611/P 

Note: Drawings with confirmed locations should be provided to the property owner and/or client 
as soon as possible to reduce. potential time delays. 

Notify "One Call" service. If possible, arrange (or an appointment to show the One Call 
representative the surface locations or excavation boundaries in person. This will provide a better 
location designation to the utifities they represent. You should have additional drawings should 
you need to provide plot plans to the One Call service. 

Implement supplemental utHitydetection techniques as necessary and appropriate to conform 
utility locations or the. absence thereof . 

.. 
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5. Complete Attachment 3, Utility Clearance Form. This form should be completed for each 
excavation location. Ins.ituations where multiple subsurface locations exist within the close 
proximity of One another,pne form may be used for multiple locations provided those locations 
are noted on the Utility Clearance Form. Upon completion, the Utility Clearance Form· and 
revised/annotated utility location map becomes part of the project file. . 

8.0 REFERENCES 

OSHA Letter of . Interpretation, Mr.·· JQ$eph.Caldwell, Attacllment4 
OSHA 29 CFR 1926(b)(2) 
OSHA 29 CFR 1926(b)(3) . . 
TtNUS Utility Locating and Clearance Policy 
TtNUS SOP GH-3.1 ; Resistivity and Electromagnetic Induction 
TtNUS SOP GH-3.2; Magnetic and flAe~al Detection Surveys 
TtNUS SOP GH.-3.4; Ground-penetrating Radar Surveys 

----
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LISTING OF UNDERGROUND UTILITY CLEARANCE RESOURCES 

- - """'I ~ rt:.·· - American Public Works AssoclatJon 

~ ;.."I . . Phone (816) 472-6100. FBx(816) 472·1610 
-.It • r~.It·- 2345 Grand Boulevard, SUit.e 600, Kansas City, MO 64'08-2625 

~ I . Web www.apwa.net.E-.maiiapwa@apwa.net 

Alabama 
Alabama One-Call 
HI00-292-8525 

Alaska 
Locate Catt Center of Alaska, In<:-
1-800-478-3121 

ArIzona 
Alizona Blue Stake 
1'800-762-5346 

Arlql1l$35 
Arkansas One Call System, Inc. 
1·600-4tl2·8998 

California 
Underground Service Alart North 
1·800-227-2600 
Un~rground Service Alert of Southern 

CaUfomla 
1-600-227-2600 

Colorado 
Utility Notification Center of Colomdo 
1·600-922·1987 

Connecticut 
Call Before You Dig 
1·800-922-4455 

Delaware 
Miss Utility of 0elmaIV8 
1-800-282·8555 

Florida 
Sunshine State One-Cal\ of Florida, Inc. 
1-800-432-4770 

GeorgIa 
Underground Protection Center, Inc. 
1-600-282-7411 

HawaH 
Underground Service.Alert North 
1-600-227-2600 

Idaho 
Dig Line Inc. 
1-800-342-1585 
Kootenai County One-Call 
1-600-428,4950 . 
Shoshone· Benewah One-Call 
1·800-398-3285 

Illinois 
JUUE,Jnc. 
1·800-692-0123 
Digger (Chicago Utility Alert Network) 
312.744-7000 

Indiana 
Irn:liana Underground Plant ProtectIOn 

Service 
1-800·382-5544 

ONE-CALL SYSTEMS INTERNATIONAL 
CONDENSED DIRECTORY 

Iowa 
Iowa One·Cad 
1-600-292-8989 

Kansas 
Kan$lls One-CaB System, Inc. 
1·800-344-7233 

Kentucky 
Kentucky Underground Protection Inc. 
1·600-752-6007 

louisiana 
louisiana One Call System; Ine 
1-800-272-3020 

Maine 
Dig Safe System, Inc. 
'·888-344-7233 

Maryland 
Miss Utility 
1·800-257-7777 
Miss Utility 01 Delmarva 
1·800-282-8555 

MassaChusetts 
Dig Safe Systern. Inc. 
1-868-344-7233 

Michigan 
Mi6s 019 System, Inc. 
1·800-482·7171 

Minnesl)ta 
Gopher Slate One CaD 
1.860-252-1168 

Mlsslsslppl 
MIsSissippi One-CaD SyStem, Inc 
1-800-227-6477 

Missouri 
Missouri One-Cab System: Inc. 
1-lJ()().344-7483 

Montana 
utilities Underground Pro~lon Center 
1-aoo-424·5555 
Montana One Call Center 
1·800-551-8344 

Nebraska 
Diggers HoUine 01 Nebraska 
1·800·331·5666 

Nevada 
Underground Service Alert No!1h 
1·600·227-2800 

N\lW Hampshire 
Dig Safe System. Inc. 
1-888·344-7233 

New Jersey 
New Jersey One Call 
1-800-272' 1000 

New Mexico 
New Mexico One Call Systam,lnc. 
1-800-321-2537 
La!> Cruces- DonaA'1aBlue Stakes 
1-888-528-0400 

New York 
Dig Safely New York 
1;800-962-7962 
New York City- lOllg Island One caD 

Cenler 
1-800-272-4480 

North Carolina 
Thel:rth carolina ~Call Center, 

1~32-4.949 

North Dakota 
North Dakota One'(;all 
1-800-795-0555 

OhIo 
O/1io Utilities Protection Service 
1-800~3G2-2764 
Oil & Gas PrOducers Ullderground 

Protec;t'n Slit; . 

1-800-925-0988 

Oklahoma 
CaR OkIe 
1-aDO·522-G543 

Oregon ...... . 
Oregon Utility Notification CenmrlOne 

Call Concepls 
1·800-332-2344 

Pennsylvania 
Pennsylvania One Call SyStem, Inc. 
1-60~242-177G 

RhOde Island 
Dig Safe System, Inc. 
1-88&-344-7233 

South Carolina 
Palmetto Utiroty Protootion ServiCe Inc. 
1-88&-721-7877 . 

South Dakota 
South Dakota One Call 
1-600-78H474 

Tenneasee 
TennesSee 0ne-Ca1l SYstem, Inc. 
1.-800·351·1111 . 

Tetra Tech NU8, loc. 
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Texas 
Texas One Call System 
1-800-245-4545 
Texas Excavation Safety System, Inc. 
1-8QO..344-83n ' 
Lone Stor Notification Center 
1-80Q..669-8344 

Utah 
BItie Stakes of Utah 
10800-662-4111 

Vennont 
Dig Safe System, loc. 

, 1-8884i4-7233 

VIrginia 
,Miss Utility of Virginia 
1-800-552·7001 
Miss Utility (Northern Virginia) 
1,-800-257-7777 ' 
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WaShington 
, Utilities Underground LocaUon Center 
H1QO..424-6555 
Northwest Utility NotifICation Center 
1-80()-55~344 
Inland Empire Utility Coordinating 

Coundl 
509-456',8000 

West Virginia 
Miss Utility of West Virginia, Inc. 
1-800-245-4848 

Whiconsln 
Diggers Hotline, Inc. 
1-800-242-8511 

Wy()WI\1'Ig 
Wyoming, One-Call System, Inc. 
1-8QO,.348-1030 
Call Before YOU Dig of Wyoming 
1-800-849-2476 
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DIstrict of Columbia 
Miss ,Utility , 
1-8QO,.257·7n7 

Alberta 
Alberta On,e-Call Corporation 
1-8QO..242~3447 

British Columbia 
BCOneCalt 
1-800-4,74·6886', 

Ontario , :,,' 
Onlarfo One-Call System 
1-8QO.4(i();.2255 

Quebec 
Info.Excavati,on 
1-800-663~9228 

r etral ecti NUS, Inc. 
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FROST LINE PENETRATION DEPTHS BY GEOGRAPHIC LOCATION 

FROST PENETRATION 

Average Depth In Inches 

Courtesy u.s. Department 

. Tetra Tech NUS, Inc: 
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Client: -----------------

ATTACHMENT 3 
UTILITY CLEARANCE FORM 

Project Name: _______________________ _ 

Project No.: _____________ _ Completed By: ____________ ___._-

Location Name: ______________ _ Work Date: ___________ _'_ _ _,__--

Excavation Method/Overhead Equipment ________ -,.--______ ---'-__________ --:-:.-____ _ 

1 . Underground Utilities 

a) RevieW of existing maps? 

b) Interview local personnel? 

c) Site visit and inspection? 

d) Excavation areas marked in the field? 

e) 

f) 

g) 

Utilities located in the field? 

Located utilities marked/added to site maps? 

Client contact "notified 

Circle One 

yes no N/A 

yes no N/A 

yes no N/A 

yes no N/A 

yes no N/A 

yes no N/A 

yes no N/A 
Name Telephone: ___ _ Date: __________ _ 

g) State One-Call agency called? yes no N/A 
Caller: _____ ~ ___________ -'-_ 
Ticket Number: -'-_____________ ~ Date: ___ ---,.---'-

h) Geophysical survey performed? yes no N/A 
Survey performed by:_-----------
Method: ____________________ _ Date: ______ _ 

i) Hand excavation performed (with concurrent use of utility 
detection device)? 
Completedby:....,-__ ~ ________ _ 
Total depth:" " feet Date: --'---,-_ 

j) Trench/excavation probed? 

yes no N/A 

yes no N/A 
Probing completed by: ___ _,_---'----
Depth/frequency: ___ -'-.,--_______ - Date: ______ _ 

Overhead Utilities Present Absent 

a) Determination of nominal voltage yes no N/A 
b) Marked on site maps yes no N/A 
c) Necessary tolockoutlinsulatelre-route yes no N/A 
d) Document procedures used to Idckdutlinsulate/re-route yes no N/A 
e) Minimum acceptable clearance (SOP Section 5.2): _________ _ 

Notes: 

Approval: 

Site Manager/Field Operations<Leader Date 
c: PM/ProjectFile 

Program File 

Tetra Tech NUS; Inc. 

_ .. _---------
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ATTACHMENT 4 
OSHA LETTER OF INTERPRETATION 

Mr. JosephCaJdwelJ 
Consultant 
Governmental Liaison 
Pipeline SafetyR.egu]ations 
211 Wilson Boulevard 
Suite 700 
Arlington. Virginia 22201 

Re: Use ofhydro--vacuum or non-conductive hand tools to locate llnderground utilities. 

Dear Mr. Caldwell: 

In a letter dated July 7. 2003, we responded to your inquiry of September 18,2002, regarding the 
USI;l of hydro-vacuum equipment to locate underground utilities by excavation. After our letter to 
you was posted9D the OSHA website. we received numerous inquiries that make it apparent that 
aspects of oucJuty 7]etter are being misunderstood. In addition, a number of industry 
stakeholders. including the National Utility Contractors Association (NUCA), have provided new 
information regaroing equipment that is available for this work. 

ToclariJy thes~issues. we are withdrawing our July 7 letter and issuing this replacement 
response to your inquiry. 

Question: .·Se,;tioll 1926.651 contains several requirements that relate to the safety of employees 
engaged in excavation work. Specifically, paragraphs {b )(2) and (b )(3) relate in part to the 
safety of the means used to locate underground utility installations that, if damaged during an 
uncovering operation, could pose serious hazards to employees. . 

Under these provisions, what constitutes an acceptable method of uncovering underground 
utility lines,.andfurther, would the use o/hydro-vacuum excavation be acceptable under the 
standard? 

Answer 

. Badsground 

Two sections of 29 CFR 1926 Subpart P (Excavations), 1926.651 (Specific excavatioJl 
requirements). govern methods for uncovering underground utility installations. Specifically. 
paragraph (I) )(2) states; 

. When utility companies or owners cannot respond to a request to locate undergrOUlld utility 
installations within 24 hours * .. * or cannot establish the exact location of these inSlallations. the 
employer may proceed, provided [he employer does so wilh caution, and providcid detection 
eqUipment or other accelltllble ineansto locate utility installations are used. (emphasis added). 

Paragraph (b)(3) provides: 

Tetra Tech. NUS;lhc. 
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When excavation operations approach the estimated location of underground installations, the 
exact location of the installations shall be determined by safe and acceptable means. (empbasis 
added). 

Therefore. "acceptable means" must be used where the location of the underground utilities have 
not been identified by the utility companies and detection equipment is nottJs~d. 

Subpart P does not contain a definition of either "other a~ceptable means" or "safe' and 
acceptable means." The preambles to both theptoposed rule and the final rule discussed the 
.:ationale behind the Wording at issue. For example, the preamble to the proposed rule, 52 Fed. 
Reg. 12301 (April 15. 1987), noted that a 1972 version of this standard cootainedlanguage that 
specified "careful probing or hand digging" as the means to uncover utilities. The preamble then 
noted that an amendmehtto the 1972 standard later deleted that language "to allow other. equally 
effective means of locating Such installations}' The preamble continued that in the 1987 . 
proposed rille, OSHA again proposed using language in section (b)(3) that would provide another 
example· of an acceptable method of uncovering utilities that could be used where the utilities 
have not been marked and detection equipment is not being used - "probing with band-held 
tools." This method was rejected in the final version of 29 CPR 1926. As OSHA explained in 
the preamble to the final rule, 54 Fed. Reg. 45916· (October 31, 1989): 

OSHA received two comments * ,. ,. and input from ACCSH [OSHA's Advisory Committee on 
Construction Safety and Health] * '" 1< on this provision. All commenters recommended dropping 
'such as probing with haiJd·held tools' from the proposed provision, because this eQuId create a 
hazard to emplo)'eesby damaging the instaUation or its insulation. 

In other words. the conunenters objected to the use of hand tools being used unless detection 
eqUipment was used in conjunction with them. OSHA then concluded it') discussion relative to, 

··this provision by agreeing with the commentators and ultimately not including any examples.of 
"acceptable means" in the final provision. 

Non-conductive band tools are Permitted 

•. Tbis raises the question of whether the standard permits the use of hand tools alone ~-without 
also using detection equipment. NUCA and other industry stakeholders have recently inf()rmed 

. usthat non-conductive band tools that are appropriate [0 be used to locate undergrol.lridutilities 
are now commonly available. . . 

. . Suchtools. such as a "shooter" (which has a non-conductive handle and a snub nose)antfhon­
. conductive or insulated probes were not discussed in the rulemaking. Since they were not 
considered at that time, they were not part of the class of equipment that Was thou&ht to be unsafe 
for this purpose. Therefore •. we conclude that the use·ofthese types of hand tools, when used with· 

·Jappropriate caution. is an "acceptable means" for locating underground utilities. 

2 

. Tetra TechNl}S,lnc. 
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Hydro-vacuum excavation 

It is our understanding that some hydro-vacuum excavation equipment can be adjusted to use a 
minimum amount of water and suction pressure. When appropriately adjusted so that the 
equipment will not damage underground utilities (especially utilities that are particularly 
vulnerabJe to damage, such as electrical lines). use of such equipment would be considered a 
"acceptable means" oflocating underground utilities. However, if the equipment cannot be 
sufficiently adjusted, then this method would not be acceptable under the standard. 

Other technologies 

We.are not suggesting that these are the only devices that would be "acceptable means" under the 
standard. Industry stakeholders have informed us that there are other types ofspecialexcavation 
equipment designed for safely locating utilities as well. 

We apologize for any confusion our July 7 letter may have caused. If you have further concerns 
or questions. please feel free to contact us again by fax..at: U.S. Department of Labor. OSHA, 
Directorate of Construction, Office of Construction Standards and Compliance Assistance. fax:# 
202-693-1689. You can also contact us by mail at the above office, RoomN3468, 200 
Constitution Avenue,N.W., Washington, D.C. 20210, although there wiH be a delay in our 
receiving correspondence by mail. 

Sincerely. 

Russell B. Swanson, Director 
, Directorate of Construction 

NOTE: OSHAiequir~ments are set by statute, standards and regul~tjoris. OufinteIpretation 
. letters explain these requirements and bow they apply to particular circumstances, but they 
callnot create additional employer obligations. This Jetter constitutes OSHA=s interpretation 
of the requirements discussed .. Note that our enforcement guidance may be affected by 
changes to OSHA rules. Also, from time to time we update our guidance in response to new 
information. To keep apprised of such developments. you can consult OSHA's website at 
http://www.oshagov. 

Tetra Tech NUS,lnc. 
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1.0 PURPOSE 

This Standard Operating Procedure (SOP) describes the procedures to be used to collect surface, near-
surface, and subsurface soil samples. Additionally, it describes the methods for sampling of test pits and 
trenches to determine subsurface soil and rock conditions and for recovery of small-volume or bulk 
samples ·from pits. 

2.0 SCOPE 

This document applies to the collection of surface, near-surface, and subsurface soil samples exposed 
through hand digging, hand augering, drilling, or machine excavating at hazardous substance sites for 
laboratory testing, onsite visual examination, and onsite testing. 

3.0 GLOSSARY 

Composite Sample - A composite sample is a combination of more than one grab sample from various 
locations and/or depths and times that is homogenized and treated as one sample. This type of sample is 
usually collected when determination of an average waste concentration for a specific area is required. 
Composite samples shall not be collected for volatile organics analysis. 

G9AfiAeEl S~aGe As stipl:llateEi iA ~9 G9E1e 9f ~eEleFal Re§l:llati9As (G~R) ~ 9HU 46, a G9AfiAeEl spaGe 
FAeaAS a spaGe tt:tat: (~) is laF§e eA91:l§t:t aAEI S9 S9Afi§I:lFeEi tt:tat aA eFApl9yee GaA 99E1ily eAteF aAElpeR9FFA 
assigAeEl >.¥9FI~; (~) i=las liFAiteEi 9F FestFiGteEi FAeaAS f9F eAtFY 9F exit (e.§., taAks, >Iessels, sil9S, st9Fa§e 
eiAs, i=l9Pl'leFS, val:llts, I'lits, aAEI exsavati9As); aAEI (:3) is A9t E1esi§AeEl f9F s9AtiAI:l91:lS eFAI'l19yee 9ssl:ll'laAsy. 
Ttl!>JUS s9AsiEleFs all s9AfiAeEl sl'lase as l'leFFAit reql:lireEi s9AfiAeEl sl'lases. 

Grab Sample - One sample collected at one location and at one specific time. 

I-4aAEI Al:lgeF A saFApliA§ E1evise I:lseEi t9 ext Fast s9il fF9FA tt:te §F9I:lAEI. 

Representativeness - A qualitative description of the degree to which an individual sample accurately 
reflects population characteristics or parameter variations at a sampling point. It is therefore an important 
characteristic not. only of assessment and quantification of environmental threats posed by the site, but 
also for providing information for engineering design and construction. Proper sample location selection 
and proper sample collection methGeis are important to ensure that a truly representative sample has been 
collected. 

Sample for Non-Volatile Analyses - Includes all chemical parameters other than volatile organics (e.g., 
semivolatiles, pesticides/PCBs, metals, etc.) and those engineering parameters that do not require 
undisturbed soil for their analysis. 

S~lit 19aFFel SaFA~leF A steel tl:lee, sl'llit iA t:talf leA§ti=lwise, witt:t ti=le i=lal>les t:telEi t9§eti=leF 9y ti=lFsaEleEi 
seliaFS at sitt:tsF SAEI 9f tt:te tl:l9s. AIs9 salisEi a split Sp99R saFAplsF, ti=lis E1s\'iss saA 9S E1Fi'lsA iAte FssistaAt 
FAatsFials I:lsiA§ a E1Fi>.'s wsi§i=lt FA91:lAtSEI iA tt:ts E1FilliA§ stFiAQ. A staAEIaFEI split 9aFFsi saFAl'llsF is typisally 
availa91e iA tW9 S9FAFA9A ISAQtt:ts, I'lF9'1iEliA§ eitt:teF ~Q iAst:t eF ~€l iAst:t 19A§itl:lEliAal sleaFaAss f9F 99taiAiA§ 
~ B iASt:t 9F ~4 iAsi=l 19A§ saFAplss, Fsspssti>.'sly. Tt:tsse split 9aFFei SaFAl'llSFS S9FAFA9Aly FaA§s iA si~s fF9FA ~ 
t9 a.a iASt:tSS Og. Ti=le laF§eF si~es aFe S9FAFA9Aly I:lseEi wi=leA a laF§eF v911:lFAe 9f saFAl'lle FAatOFial is 
mql:limEi (see Attast:tFAeAt 19). 

Tsst Pit aAEI TFSASi=l OPSA, si=lall9w sxsa\'ati9As, typisally FestaA§l:llaF (if a test pit) 9F 19A§itl:lEliAal (if a 
tFSRSt:t), sxsavats9 te 9steFFAiAs si=lallew sl:l9sl:lRass seAElitieAs f9F eA§iAesFiAQ, Qsel9Qisal, aAEI s9il 
st:tsFAistFY expl9Fati9A aAEI,leF SaFAI'lIiA§ I'lI:lFp9ses. Ti=lese I'lits are exsa'lateEi FAaAl:lally SF 9y FAasi=liAe (e.§., 
9askt:tge, slaFAsi=lell, tFeAst:teF, exsa>.'at9F, 9F 91:lIlEl9~eF). 

019611/P Tetra Tech NUS, Inc. 
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Thin Walleg Tube Sampler ,II, thin walled metal tube (also called a Shelby tube) used to recover relatively 
undisturbed soil samples. These tubes are available in various sizes, ranging from 2 to 5 inches outside 
diameter (OD) and from 18 to 54 inches in length. 

4.0 RESPONSIBILITIES AND PERSONNEL QUALIFICATIONS 

Project Manager - The Project Manager is responsible for determining the sampling objectives, selecting 
proposed sampling locations, and selecting field procedures used in the collection of soil samples. 
Additionally, in consultation with other project personnel (geologist, hydrogeologist, etc.), the Project 
Manager establishes the need for test pits or trenches and determines their approximate locations and 
dimensions. 

Site Safety Officer (SSO) - The SSO (or a qualified designee) is responsible for providing the technical 
support necessary to implement the project Health and Safety Plan. This will include (but not be limited 
to) performing air quality monitoring during sampling, boring, and excavation activities and to ensure that 
workers and offsite (downwind) individuals are not exposed to hazardous levels of airborne contaminants. 
The SSO/designee may also be required to advise the FOl on other safety-related matters regarding 
boring, excavation, and sampling, such as mitigative measures to address potential hazards from unstable 
trench walls, puncturing of drums or other hazardous objects, etc. 

Field Operations leader (FOU - This individual is primarily responsible for the execution of the planning 
document containing the Sampling and Analysis Plan (SAP). This is accomplished through management 
of a field sampling team for the proper acquisition of samples. He or she is responsible for the 
supervision of onsite analyses; ensuring proper instrument calibration, care, and maintenance; sample 
collection and handling; the completion and accuracy of all field documentation; and making sure that 
custody of all samples obtained is maintained according to proper procedures. When appropriate and as 
directed by the FOl, such responsibilities may be performed by other qualified personnel (e.g., field 
technicians) where credentials and time permit. The FOl is responsible for finalizing the locations for 
collection of surface, near-surface, and subsurface (hand and machine borings, test pits/trenches) soil 
samples. He/she is ultimately responsible for the sampling and backfilling of boreholes, test pits, and 
trenches and for adherence to Occupational Safety and Health Administration (OSHA) regulations during 
these operations through self acquisition or through the management of a field team of samplers. 

Project Geologist/Sampler - The project geologist/sampler is responsible for the proper acquisition of 
samples in accordance with this SOP and/or other project-specific documents. In addition, this individual 
is responsible for the completion of all required paperwork (e.g., sample log sheets, field notebook, boring 
logs, test pit logs, container labels, custody seals, and chain-of-custody forms) associated with the 
collection of those samples. 

Competent Person - A Competent Person, as defined in 29 CFR 1929.650 of Subpart P - Excavations, 
means one who is capable of identifying existing and predictable hazards in the surroundings, or working 
conditions that are unsanitary, hazardous, or dangerous to employees, and who has authorization to take 
prompt corrective measures to eliminate them. 

General personnel qualifications for groundwater sample collection and onsite water quality testing include 
the following: 

• Occupational Safety and Health Administration (OSHA) 40-hour and applicable refresher training. 

• Capability of performing field work under the expected physical and environmental (i.e., weather) 
conditions. 

• Familiarity with appropriate procedures for sample documentation, handling, packaging, and shipping. 
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Health and safety precautions are identified for individual sample collection procedures throughout this 
SOP. In addition to those precautions, the following general hazards may be incurred during sampling 
activities: 

• Knee injuries from kneeling on hard or uneven surfaces 

• Slips, trips, and falls 

• Cuts and lacerations 

• Traffic hazards associated with sampling in parking areas, along roadways and highways. 

Methods of avoiding these hazards are provided below. 

Knee injuries - If kneeling is required during soil sampling, this could result in knee injuries from 
stones/foreign objects and general damage due to stress on the joints. To minimize this hazard: 

• Clear any foreign objects from the work area. 

• Wear hard-sided knee pads. 

• Stretch ligaments, tendons and muscles before, during and after. Take breaks as frequently as 
necessary. 

• Report pre-existing conditions to the SSO if you feel this activity will aggravate an existing condition. 

Slips, Trips, and Falls - These hazards exist while traversing varying terrains carrying equipment to 
sample locations. To minimize these hazards: 

• Pre-survey sampling locations. Eliminate, barricade, or otherwise mark physical hazards leading to the 
locations. 

• Carry small loads that do not restrict the field of vision. 

• Travel the safest and clearest route (not necessarily the shortest). 

Cuts and Lacerations - To prevent cuts and lacerations associated with soil sampling, the following 
provisions are required: 

• Always cut away from yourself and others when cutting tubing or rope. This will prevent injury to 
yourself and others if the knife slips. 

• Do not place items to be cut in your hand or on your knee. 

• Change blades as necessary to maintain a sharp cutting edge. Many accidents result from struggling 
with dull cutting attachments. 

• Whenever practical, wear cut-resistant gloves (e.g., leather or heavy cotton work gloves) at least on 
the hand not using the knife. 

• Keep cutting surfaces clean and smooth. 
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• Secure items to be cut - do not hold them against the opposing hand, a leg, or other body part. 

• When transporting glassware, keep it in a hard-sided container such as a cooler so that if there is a 
fall, you will be less likely to get cut by broken glass. 

• DO NOT throw broken sample jars or glass ampoules into garbage bags. Place broken glass and 
glass ampoules in hard-sided containers such as a cardboard box or directly into a dumpster. DO 
NOT reach into garbage bags to retrieve any item accidentally thrown away. Empty the contents onto 
a flat surface to avoid punctures and lacerations from reaching where you cannot see. 

Vehicular and Foot Traffic Hazards - When sampling along the roadway or near traffic patterns, follow 
the following precautions: 

• Motorists may be distracted by onsite activities - ASSUME THEY DO NOT SEE YOU OR MEMBERS 
OF YOUR FIELD CREW. 

• DO NOT place obstructions (such as vehicles) along the sides of the road that may cause site 
personnel to move into the flow of traffic to avoid your activities or equipment or that will create a blind 
spot. 

• Provide a required free space of travel. Maintain at least 6 feet of space between you and moving 
traffic. Where this is not possible, use flaggers and/or signs to warn oncoming traffic of activities near 
or within the travel lanes. 

• Face Traffic. Whenever feasible, if you must move within the 6 feet of the required free space or into 
traffic, attempt to face moving traffic at all times. Always leave yourself an escape route. 

• Wear high-visibility vests to increase visual recognition by motorists. 

• Do not rely on the vehicle operator's visibility, judgment, or ability. Make eye contact with the driver. 
Carefully and deliberately use hand signals so they will not startle or confuse motorists or be mistaken 
for a flagger's direction before moving into traffic. 

• Your movements may startle a motorist and cause an accident, so move deliberately. Do not make 
sudden movements that might confuse a motorist. 

6.0 PROCEDURES 

The following procedures address surface and subsurface sampling. 

019611/P 

CAUTION 
Each situation must be evaluated individually to determine the applicability and necessity 
for obtaining a utility clearance ticket/dig permit. Common sense dictates, prior to digging 

or boring with power equipment, no matter what the depth, or digging by hand in a 
manner that could damage unprotected underground utilities, that a dig permit is required. 
See SOP HS-1.0, Utility Locating and Excavation Clearance, for additional clarification. If 

you do not know or are unsure as to whether a ticket is necessary - Get the Ticket. 
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Soil sampling is an important adjunct to groundwater monitoring. Sampling of the soil horizons above the 
groundwater table can detect contaminants before they migrate to the water table, and can establish the 
amount of contamination absorbed or adsorbed on aquifer solids that have the potential of contributing to 
groundwater contamination. 

Soil types can vary considerably on a hazardous waste site. These variations, along with vegetation, can 
affect the rate of contaminant migration through the soil. It is important, therefore, that a detailed record 
be maintained during sampling operations, particularly noting sampling locations, depths, and such 
characteristics as grain size, color, and odor. Subsurface conditions are often stable on a daily basis and 
may demonstrate only slight seasonal variation especially with respect to temperature, available oxygen 
and light penetration. Changes in any of these conditions can radically alter the rate of chemical reactions 
or the associated microbiological community, thus further altering specific site conditions. Certain 
vegetation species can create degradation products that can alter contaminant concentrations in soil. 
This is why vegetation types and extent of degradation of this foliage must be recorded. To prevent 
degradation, samples must be kept at their at-depth temperature or lower, protected from direct light, 
sealed tightly in approved glass containers, and be analyzed as soon as possible after collection. In 
addition, to the extent possible, vegetation should be removed from the sample. 

The physical properties of the soil, its grain size, cohesiveness, associated moisture, and such factors as 
depth to bedrock and water table, will limit the depth from which samples can be collected and the method 
required to collect them. It is the intent of this document to present the most commonly employed soil 
sampling methods used at hazardous waste sites. 

6.2 Soil Sample Collection 

6.2.1 Procedure for Preserving and Collecting Soil Samples for Volatile Organic Compound 
Analysis 

Samples collected using traditional methods such as collection in a jar with no preservation have been 
known to yield non-representative samples due to loss of volatile organic compounds (VOCs). To prevent 
such losses, preservation of samples with methanol or sodium bisulfate may be used to minimize 
volatilization and biodegradation. This preservation may be performed either in the field or laboratory, 
depending on the sampling methodology employed. Because of the large number of sampling methods 
and associated equipment required, careful coordination between field and laboratory personnel is 
needed. 

Soil samples to be preserved by the laboratory are currently being collected using Method SW-846, 5035. 
For samples preserved in the field, laboratories are currently performing low level analyses (sodium 
bisulfate preservation) and high- to medium-level analyses (methanol preservation) depending on the 
needs of the end user. 

The following procedures outline the necessary steps for collecting soil samples to be preserved at the 
laboratory, and for collecting soil samples to be preserved in the field with methanol or sodium bisulfate. 

6.2.1.1 Soil Samples to be Preserved at the Laboratory 

Soil samples collected for volatile organic analysis that are to be preserved at the laboratory shall be 
obtained using a hermetically sealed sample vial sl:lch as an EnCore™ sampler. Each sample shall be 
obtained using a reusable sampling handle (T handle) that can be provided with the EnCore ™ sampler 
when requested and purchased. Collect the sample in the following manner for each EnCore ™ sampler: 
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Scene Safety Evalblate the area where samp~ng.n d those hazards that have been Identified. 
1. phy<iGal, GhemiGal, aRd R"'"ral hazar<Js. Clea, e, a'nGa e . . " 

: . t PPE~ This will inclblde, at a mlnlmblm, safe ~ \/\Iear the appropriate personal protective eqbllPm~nl ~eel o~ the groblnd or place eqblipment ~n th~ 
2. ~a6ses aRd Ri',ile S"'gOOR'S gleves. II J"" rt:~: ':i'h plas'iG 10 miRimize s"rtaGo Go",amiR""o~, 0 

sblrface being sampled, ~over the g:obln s; to pr~tect yOblr knees from kneeling on hard or blne"en YOblr eqblipment and clothing. \Near nee pa s 

. "'ill occblr. Ensblre that the area i.s sa!~ from 

6b1rfaces. 

I . t the T handle with the plblnger fblily depressed. 
3. Load the Encore ™ samp er In 0 rf debr.ls 

·1 d . to remo"e Sbl ace. I d . a hand trowel or simi areVlce" 
4. "xpeso 'he area 10 ~e sa",p 0 "SIRg I , +he pl""ge, 

Press the T handle against the fres~ly e~pose.d soil sblrface, forcing soil into the samp e . 
5. "'ill be forced blpward as the cavity fills '.'11th SOIl. 

d it into lace. If the plblnger does not lock, the 
"''''hen the sampler is fblll, rotate the plblnger a~d 10Chk dspa:e. Soft soil may reqblire s~ver~1 ~Iblnges 

6. sa"'ple, is Rot 1"". This "'ethod eRS","S ~here IS Re I:~"" .. el te eRS"'e 'h'" headspaGe IS ellmlRated. or forcing soil against a hard sblrface SblC as a samp Vi 

. ler so a tight seal can be made between Use a paper towel to remove soil ~rom the Side of the samp 
7. 'he sa"'ple Gap aRa 'he ,"~~e, 0 nRg. '. 

e ca on until the catches hook the Side of \.llJith soil slightly piled above the rim of the sampler, force th p 8. 

the sampler. . d .th the 
' d lace in the foil bag provide 'A'I 

Remove any surface SOil. from the .obltsided O!.~.he ~a:~~~t:~i!tion procedures prevents the spread 9. ler Good 'Nork hygiene practices an I Ige. 
:f~:nta~ination even on the outside of the containers. 

.. ordance "'ith SOP SA 6.3. 1 0 Label the bag with appropriate informatIOn In acc IV • 

. .. d I to 4· G + 2 • G. Make sure any reqUIFed 
11 Place the fblll sampler inside a lined cooler :"Ith Ice a~ cO:ecure custody of the cooler in accordance 

. trip blanks and temperature blanks are also In the coo er. 
with SOP SA 6.3. t 

G It the SAP or laboratory 0 ™ samplers at each location.onsu 
12. Typically, collect t~ree En~ore f Encor~ TM samplers to be collected. determine the reqbllred num er 0 

". he next interval or location using a soap ~nd 
13. The T handle shall be decontaminated .bef~re :o"lnTe:~d SO~Jent as defined in the project planning 

water wash and rinse, and where appllca e, e se 

documents. t . fons 

. . ield reservation and the shipping res FlC I 
Using this type of sampli~g device ellm:n~tes :~~ i::~r~:~~!s is inclblded with each EncoreTM sampler. 
associated 'Nith preservatives. A comp e e se . h 

' laced on ice immediately and dellvere~ to t .0 Aft the Encore™sainples are collected, they ~hould be :' d documentation procedures outlined In 
n er (f II .. ,. the chain of custo y an II f 
laboratory within 48 hOblrso o'oIn

g
: d b 'the laboratory within 48 hours of sample co ec Ion. SOP SA 6.1~. Samples mblst be preserve ~ 
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6.2.1.2 Soil Samples to be Preserved in the Field 

Soil samples preserved in the field may be prepared for analyses using both the 10'11 level (sodil:Jm 
bisl:Jlfate preservation) and high- to medium-level (methanol preservation) methods. 

Safety Reminder 
When using chemicals in the field to preserve samples, theFOL and/or SSO must ensure 
that Materials Safety Data Sheets (MSDSs) have been provided with the chemicals to be 

used. They also must ensure that these chemicals have been added to the Chemical 
Inventory List contained within Section 5.0, Hazard Communication, of your Health and 
Safety Guidance Manual (HSGM). Lastly, but most importantly, the FOL and/or SSO 

must review the hazards with personnel using these chemicals and ensure that provisions 
are available for recommended PPE and emergency measures (e.g., eyewash, etc.). 

Methanol Preservation (High to Medium Level): 

Bottles may be pre-spiked with methanol in the laboratory or prepared in the field. Soil samples to be 
preserved in the field with methanol shall utilize 40 to 60 mL glass vials with septum-lined lids. Each 
sample bottle shall be filled with 25 mL of demonstrated analyte-free purge-and-trap grade methanol. The 
preferred method for adding methanol to the sample bottle is by removing the lid and using a pipette or 
scaled syringe to add the methanol directly to the bottle. 

CAUTION 
NEVER attempt to pipette by mouth 

In situations where personnel are required to spike the septum using a hypodermic 
needle, the following provisions for handling sharps must be in place: 

- Training of personnel regarding methods for handling of sharps 
- Hard-sided containers for the disposal of sharps 
- Provisions for treatment in cases where persons have received a puncture wound 

Soil shall be collected with the use of a decontaminated (or disposable), small-diameter coring device 
such as a disposable tube/plunger-type syringe with the tip cut off. The outside diameter of the coring 
device must be smaller than the inside diameter of the sample bottle neck. 

A small electronic balance or manual scale will be necessary for measuring the volume of soil to be added 
to the methanol-preserved sample bottle. Calibration of the scale shall be performed prior to use and 
intermittently throughout the day according to the manufacturer's requirements. 

The sample should be collected as follows: 

1. Weigh the unused syringe and plunger to the nearest 0.01 gram. 

2. Pull the plunger back and insert the syringe into the soil to be sampled. 

3. Collect 8 to 12 grams of soil by pushing the syringe barrel into the soil. 

4. Weigh the sample and adjust until obtaining the required amount of sample. 

5. Record the sample weight to the nearest 0.01 gram in the field logbook and/or on the sample log 
sheet. 
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6. Extrude the weighed soil sample into the methanol-preserved sample bottle taking care not to contact 
the sample container with the syringe. 

7. If dirty, wipe soil particles from the threads of the bottle and cap. Cap the bottle tightly. 

8. After capping the bottle, swirl the sample (do not shake) in the methanol and break up the soil such 
that all of the soil is covered with methanol. 

9. Place the sample on ice immediately and prepare for shipment to the laboratory as described in SOP 
SA-6.1. 

SeEiilJm 8islJlfate PFeser¥atieR {Le,.,} Le¥el}: 

CAIJ.710A! 
GaFe sA91:lle ee tak9n 'NAen aeein§ tAe s9il te tAe seeil:lFR eisl:llfate sell:ltien. A sAeFRisal 

Feasti9n ef seil sentainin§ saFeenates (liFRestene) FRay sal:lse tAe saFR(3le te effePJesse eF 
tAe vial te (3essiely eX(3leee. Te aveie tAis AazaFd eF AazaFes ef tAis tY(3e, a sFRall saFR(3le 

aliEjl:let sAel:lle ee sl:l9jestee te tAe saFR(3le (3FesePJative. If it effePJesses in an e(3en air 
en"liFenFRent, I:ltilize an alteFAative FRetAee SI:lSA as ~nseFe ™ eF ~ el:lnse jaF .. 

Bettles FRay ee (3Fe(3aFee in tAe laeerat9Pj 9F in tAe fiele witA seeil:lFR eisl:llfate sell:ltien. ~aFR(3les te ee 
(3FesePJee in tAe fiele I:Isin§ tAe seeil:lFR eisl:llfate FRetAee am te ee (3m(3aFee ane sellestee as fellews: 

1. Aee 1 §raFR ef seeil:lFR eisl:llfate t9 5 FRL ef laeerateFY §raee deienizee '/later in a 40 te 60 FRL §Iass 
vialv'litA se(3tl:lFR lined lid. 

~. Gellest tAe seil saFR(3le and reseFd tAe saFR(3le wei§At te tAe neaFest 0.01 §FaFR in tAe fiele le§eeek er 
en tAe saFR(3le 19§ sAeet as dessrieee fer FRetAanel (3Fes9Fvatien 

3. Add tAe wei§Aee saFR(3le te tAe saFR(3le ¥ial. 

4. Gellest dl:l(3lisate saFR(3les I:lsin§ tA9 FRetAanel (3FesePJatien FRetAee en a ene fer ene. saFR(3le easis 
eesal:lse it is nesessary fer tAe laeeratery te (3erierFR eetA 19w level ane FReeil:lFR level analyses. 

5. Plase tAe saFR(3les en ise iFRFReeiately ane (3Fe(3are feF sAi(3FRent te tAe laeerateFY as eessFieee in ~OP 
~A6.1. 

NQ+6 
If leweF detestien liFRits aFe nesessaF)l, an e(3tien te fiele (3resePJin§ wit A seeil:lFR eisl:llfate 
FRay ee te sellest ~nG9re ™ saFR(3lers at a §iven saFR(3le lesatien. Gensl:llt tAe (3lannin§ 
desl:lFRents te deterFRine wAetAer tAis is reEjl:liree. If it is, sellest saFR(3les in assereanse 

witA tAe ~nseFeTM saFR(3lin§ (3Feceel:lm aeeve ane tAen sene all saFR(3leFs te tAe laeer:atery 
te (3erierFR tAe FeEjl:liFed (3FesePJatien ane analyses. 

6.2.2 Procedure for Collecting Soil Samples for Non-Volatile Analyses 

Samples collected for non-volatile analyses may be collected as either grab or composite samples as 
follows: 
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1. With a stainless steel trowel or other approved tool, transfer a portion of soil to be sampled to a 
stainless steel bowl or disposable inert plastic tray. 

2. Remove roots, vegetation, sticks, and stones larger than the size of a green pea. 

3. Thoroughly mix the soil in the bowl or tray to obtain as uniform a texture and color as practicable. The 
soil type, moisture content, amount of vegetation, and other factors may affect the amount of time 
required to obtain a properly mixed sample. In some cases, it may be impossible to obtain a uniform 
sample appearance. Use the field logbook to describe any significant difficulties encountered in 
obtaining a uniform mixture. 

4. Transfer the mixed soil to the appropriate sample containers and close the containers. 

5. Label the sample containers in accordance with SOP SA-6.3. 

6. Place the containers in a cooler of ice as soon after collection as possible. 

7. Prepare the sample shipment and ship the samples in accordance with SOP SA-6.1. 

NOTE 
Cooling may not be required for some samples depending on the scheduled analyses. 

Consult the planning documents if in doubt regarding correct sample preservation 
conditions. When in doubt - Cool to 4 ·C. 

NOTE 
, Head space is permitted in soil sample containers for non-volatile analyses to allow for 

sample expansion. 

6.2.3 PFoseduFe fOF Gollesting YndistuFbed Soil Samples 

NO+G 
Yse ef tRiA 'NalleEl!:lAElist!:lrgeEl t!:lge saFR(3lers is restristeEl 9y tRe seAsisteAsy ef tRe seil te 
ge saFR(3leEl. GHeA, ¥el'7' leese aAEI,ler wet saFR(3les saAAet ge retrie'leEl 9y tRe saFR(3lers, 
aAEI seil witR a seAsisteAsy iA exsess ef ¥ep! stiff saAAet ge (3eAetFateEl 9y tRe saFR(3ler. 
Qe¥ises S!:lSR as QeAAiseA 9r f2itsRer sere saFR(3lers saA ge !:lseEl t9 e9taiA !:lAElist!:lrgeEl 

saFR(3les ef stiff s9il. YSiA~ tRese Ele'lises A9rFRaily iAsreases SaFR(3IiA~ S9StS, aAEI 
ti=leref9re ti=leiF l:Jse si=l9l:JIEI ge wei~i=le9 a~aiAst tRe Aee9 f9r aSEfl:JiriA~ aA l:JA9istl:JFge9 

saFR(3le. TRese Ele¥ises are Aet diss!:lssed iA this SGf2 besa!:lse they are Aet ceFRFRenly 
YSeG:-

~A{ReA it is Aesessap! t9 aSEll:Jire l:JRElistl:Jrge9 saFR(3les ef s9il f9F (3!:lF(39ses ef eA~iAeeriA~ (3aFaFRster 
aAalysis (e.~., (3erFRea9ility), a tRiA walleEl, seaFRless t!:lge saFR(3ler (She19Y t!:lge) sRall 9s eFR(319yeEl !:lSiA~ 
tRe fellm ... iA~ s911esti9A f3F90e9I:lFe: 

1. IA (3F8(3aratieA f9r saFR(3liA~ l:JtiliziA~ a ElFill ri~, fiel9 (38FS9AAel FR!:lst seFR(3lete tRS f9119WiA~ asti¥ities: 

• ~ASl:Jre tRat all s!:l9sl:JRase 9rilliA~ asti¥ities are (3reseEleEl 9y a !:ltility slsaraAss f9r tRe arsa te ge 
iA¥esti~ate9. TRis iASIl:JEles asti¥ities ElessrigeEl iA SGf2 I=IS 1.Q, Ytility L9satieA aA9 ~xsa¥ati9A 
GlearaAse, as well as aAY lecatieA s(3esifis (3reSe9!:lreS that FRay a(3(3ly. 
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E . ment Inspection Checklist for the drill rig or direct push technology (DPT) rig. • Complete an qUip .. " 
This checl<list will be provided In the HnSP. 

• Review the Safe Work Permit prior to conducting the activity . 

• Review the activity to be conducted. . 

. .... etc) from the specific sampling location a~d Remo"e all surface debris (e.g., vegetation, ro?ts, tnlgs'lin ·depth Be caroful to minimize potential 
2. drill a~9leF .leaR 0"' 'AO .~o"'Role to 'AO do., .. d :::"1 "'atori~l. wi'Ad""" 'Ae drill ~i' slewly to 

disturbance of the material. to be sampled. ~n IS d to maintain the water level In the hole at or prevent loosening of the sOil around the bore 0 e an 

a~:wo 9FO"RdwaloF level. =: I 

I .. .: "fOOh~IH)P:~;:': ~=:ut the The use ofaottom· cIIsc~argo~s {)r teQettL: O':d&d~bits 4s perrruttecL 
, borehooshallnot1>e.allowed. Gn ~ 

6. Wi'A 'AO .aFRp
1iR

9 '"b~e Fe.tiR~R O'~:~:~:':':'A~ .O~ Wi'A a .0R'iR"0". aRd ra:id FReti~~ ::O~~ 
round'''ater level or a ove, pu , ushin alone carefulammer n r..P"'i~9 OF 'wi.'iR9· " 'AO .oil is too AarG 'Of P:R~:~~; Pgefo .. 9 P"IIiR9' 'AO '"be. '"FR i' at Ie ... OR! 

used by minimizing drop distance (tapping) 0 te, . e shall the tube be pushed farther than the 
revolution to shear t e sa.m

p
" u. b fa inches in the tube for cuttings an s u . 

h ie off at the bottom n no cas d I dge 
length provided for the sOil sample. nllOn a ou 

7. h f pie in the tube and also Upon removal of the sampling tube from the hole, measure the lengt 0 sam 
the length penetrated. . 

nd measure the length of sample again. Remove disturbed material in the upper end of the tube a .. 

8. .... la.o ORa"9A paGkiR9 ",ateRal {GIOaR 'RoR 
"fter removing at least 1 inch of ~oll fr?m the lo,,:r ;::~ ~helbY tube and then pour melted 'Na~ Into 

Q. ;;'ateFial G"GA aG papeF OF GlotA>, "9Rtly 'R aasA O~ ,: add rna .. paG
kiR

9 ",ateFial '0 fill 'Ae "o,dG at 
each end to make at least a J~ Inch "'lax plug an en 

both ends. f .il-

. d di the ends in • .... ax to prevent loss 0 so . 10. Place plastic caps on the ends, tape the caps In place, an p 

019611/P Tetra Tech NUS, Inc. 



Subject Number 

SOIL SAMPLING Revision 

SA-1.3 

9 

Page 

12 of 31 

Effective Date 

04/07/2008 

11. Affix label(s) to the tube as required and record sample number, depth, penetration, and recovery 
length on the label. 

12. Mark the "up" direction on the side and upper end of the tube with indelible ink. 

1 d. Complete a chain of custody form (see SOP SA 6.d) and other required forms (including Attachment 
A of this SOP). 

14. Ship samples protected with suitable resilient packing material to reduce shock, vibration, and 
disturbance. 

019611/P 

CAUTION 
A primary concern in the preparation of the wax plugs is the potential for the heat somce 

and melted wax to cause a fire and/or burns. Follow the directions below to prevent 
injury or fire. 

EleGtriGal Meating 

Using hot plates to melt the wax is acceptable. In an outdoor setting, make sme a Ground 
Fault Circuit Interrupter (GFCI) is employed 'Nithin the electrical circuit. If a portable 
generator is used, ensme that the generator is an adequate distance from the sampling 
operation (at least 50 feet). Ensure that the extension cord is rated for the intended load 
and for outdoor use and is free from recognizable damage. Ensure flammable 
preservatives are not employed or stored near the hot plate. Although a Hot Work Permit 
is not required, scene safety evaluation by site personnel of the above elements is. As 
always, if a fire potential exists, the provisions for extinguishing must be immediately 
accessible as well as any provisions for first aid measmes. 

Open Flame 

If an open flame is used, the following provisions are necessary: 

Complete a Hot \A/ork Permit and any local permit required for elevated temperature 
applications. The Hot Work Permit, provided in your HASP, will aid the FOb and/or the 
SSO in ensuring that fire protection provisions (extinguishers, fire watches, etc.) are in 
place as well as ensuring that local requirements have been addressed. 

Ensure that water is available to address any I .... ax splashes or contact. If possible, 
immerse the contacted area. Where this is not possible, run I .... ater over the area and 
apply cold compresses. The need for medical attention or first aid shall be determined 
on site under the direction of the SSO. 

Tetra Tech NUS, Inc. 
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6.3 Surface Soil Sampling 

. surface soil samples for subsequent analysis is by use of a The simplest, most direct method of ~ollectlAg t. I ss steel or disposable plastic trowel. 
stainless steel shovel, hand auger, sOil corer, or s aln e 

NfJ+E .1. 
. urface soil. Sometimes surface sal I~ Multiple depth intervals are used to descnb: s rf e (bgs) and sometimes it is deflAed 

or ~. R bela'" groun su ac, f rf= defined as soil from 0 to Inc eSB t t b Ensure that the definition a su ace 
as soil from other. depth: .SUClh aSb~ft:r; c~~lec~:g surface soil samples. sOil dept IS c ear 

rf "I" and "near surface soil" are used . th t ms "su ace sal For tRe purposes of instructlon,eer 
in this SOP as follows: 

Surface soil 0 to 6 inches.bgs 
fl-lear surface soil 6 to 1 B Inches bgs 

If these intervals are defined differently 
appropriate depth ranges. 

in the planning documents, substitute the 

In general, the following equipment is necessary or 0 f btaining surface soil samples: 

• 

• 

• 

• 

• 

• 

• 

• 

019611/P 

Stainless steel or pre cleaned disposable trowel. 

Stainless steel hand auger, soil corer, or shovel. 

. . ID) as directed in project planning document. Real time air monitoring Instrument {e.g., PID, F 

Required PPE. 

Nitrile surgeon's or latex gloves may be used, layered as necessary. 

Safety glasses .. . 

. 'b re uired based on location speCIfiC 
Other Items identified on the Safe :,Nork p~r~ltd ~~~rk~oo~ and a hard hat ',\Ihen working 
requirements such as he~ri~g pr~tectlo~, s~~e thoe H;SP or dire~ted by the FOb and/or SSO. 

occu+ 4'omov&#1e ffite>vglove&, treaHor 31+ a eFg-lG , 
, ~necessary. 

k ( SOP S" 6 d and Attachment A of this SOP) Required paperwor see n . 

Re<::juired decontamination e<::juipment 

Required sample container{s) 

Wooden stakes or pin flags 

Tetra Tech NUS, Inc. 
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• Sealable polyethylene bags (e.g., ZiploG@ baggies) 

• Heavy duty Gooier 

• IGe 

• Chain of Gustody reGords and Gustody seals 

When aGquiring surfaGe soil samples, use the following proGedure: 

1. f2laGe padding or use knee pads when kneeling near the sample loeation. If neGessa~l, plaGe plastiG 
sheeting to provide a Glean surfaGe for sample equipment to avoid possible Gross Gontamination. 

2. Carefully remove I,legetation, roots, twigs, litter, etG. to expose an adequate soil surfaGe area to 
aGGommodate sample volume requirements. 

3. IJsing a preGleaned syringe or EnCore+M samplers, follow the proGedure in SeGtion €l.2.1 for Gollecting 
surfaGe soil samples for IJolatile analYSis. Surface soil samples for IJolatile organic analysis should ee 
Golleeted deeper than €l inGhes bgs beGause shallol,,,ler material has usually lost most of the volatiles 
through evaporation. Ensure that the appropriate surfaGe soil depth is being analyzed in aGGordance 
with the planning document. 

4. IJsing decontaminated sampling tools, thoroughly mix in place a sufficient amount of soil to fill tRe 
remaining sample containers. See Section €l.5 of this procedure for hand auger instruction, as 
needed. 

5. Transfer tRe sample into those containers utilizing a stainless steel trowel. 

€l. Cap and securely tighten all sample containers. 

7. Affix a sample label to each container. Be sure to fill out each label carefully and clearly, addressing 
all the categories descrieed in SOf2 SA €l.3. 

B. Proceed with the handling and processing of each sample container as described in SOf2 SA €l.2. 

9. Site restoration }.GJheneIJer removing sample materials, always restore the surfaGe. It is our intent to 
leave the area eetter than we found it. Do NOT create trip hazards in areas when pedestrian tr:af.fie 
may exist. 

6.4 Near Surfaae Soil Sampling 

Collection of samples from near the surface (depth of €l to 1 B inches) can be accomplished with tools SUCR 
as sRo'Jels, hand auger, soil corers, and stainless steel or pre cleaned disposable tro' .... els and tRe 
equipment listed under Section €l.5 of this procedure. 

To oetain near surface soil samples, the following protocol shall ee used: 

1. \I'Iith a clean shovel, mal<e a series of vertical cuts in the soil to the depth required to form a square 
approximately 1 foot by 1 foot. 

2. be\ler out tRe formed plug and serape the bottom of the freshly dug hole with a deeontaminated 
stainless steel or pre Gleaned disposaele trowel to remove any loose soil. 

3. ~ollow steps 1 through 9 of Seetion €l.3. 

019611/P Tetra Tech NUS, Inc. 
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6.5 Subsurfase Soil Sampling '."lith a Hand Auger 

. . 'Elf stainless steel 91:lGket 9its (aJ:)J:)FElximately €l.a 
1\ Aaml al:l€leFin€l system €leneFally GElnSlsts ~f a .lJaFlet't ) i s Elf extensiEln Fe9S (a'.'aila9Ie in ~ , d , 4 

~::e: i:GRA~ I:::,~~t~:~ a~2~. :::~~ i::::!~~:'~:::~~~:~::~:.~,:~ ':a::li:~~::~~G~'~ ~e~,~e:G 
iarneteF 91:1Gket 9it is Gornrnonly. I:l.seg to 90Fe a ~~!e srnalieF giarneteF 9it, 10weFeg gown tA~ AElle, ~i'A~>aWR. +Ae la,~e, ~ia",ele, ~. IS 'AeRI ~p~~ee~",;'~:p""i"'ateIY • iRGReG). +Re appa>a'Hs IS 'ReR ang slm'Vly tl:lFneg into tAe SOil to the GornJ:) e 10 

"'itAgFaWn ang tAe soil sarnJ:)le GolleGted. . . 

'"~ . . . . Gan ee I:lseg to sarnJ:)le SOil eltAeF fFo~ 
+Re Rang al:l€jeF Gan ee I:lseEi in a wiEle 'JaFlety of ~OI~.~~~~ltl~:spF~SenGe of sl:l9sl:lRaGe FOGks ang langflll 

9 tAs in eXGess of 1~ feet. One.e, 
tAe S~RtGe~ OF I::J:)~:J:)~; tl=le 9ElFel=l0ie nElFrnally lirnit sarnJ:)lin€j geJ:)tl=l. rnatena an GO . 

f II ,.,' eEll:liJ:)rnent is reElI:lIFeg: . . . . Aang al:l€jeFin€j systern, tAeo Elnln€j +0 aGGOrnJ:)hsA SElII sarnJ:)hn€j I:lsln€j a 

• CornJ:)lete hang al:l€jer assern91y (lJaFiety Elf 91:lGket 9it sizes) 

• Stainless steel rnixin€j 90 ..... ls 

+he eEll:liJ:)rnent listeg in SeGtion 6.d . • 

. rn91e tAe Rang al:l€jeF I:Inlts • MisGelianeol:ls Rang tools as reEll:liFeEi to assern91e ang glsasse 

CAUTION 
PEltential AaZaFgS assElGiateg witA hang al:l€jeFin€j inGll:lge: 

. I II ElrnJ:)Fornisin€j Yol:lrse!f.,. Ml:lsGle strain ang sJ:)Fain Ell:le to OlJeF twistln€j ang,or o.eF G 

. tAe + Aangle or FOgS thFOU€jA twistin€j. 
eEll:liJ:)rnent faill:lFe Ell:le to eXGeSSllJe ~'~~I~sS O~t in a sl:lElElen release ang J:)otential injl:lF'f Faill:lFe of any of tRese GElrnJ:)onents wi mSI:l 
gl:le to tAat faill:lFe. 

. . .. tAat GOI:lIEI Elarna€je I:InEler€jFol:lnEll:ltilities sl=lallee 
As in all sitl:lations, any intfu~llJe aGtl'''~t~~s k t Call the Ytility bOGatin€j sePJiGe in tAe area 
J:)FOGeeEleEi 9ya Qi€jtexGalJatlon J:)eFrn~tttIG e. . f rnatiEln. WAen in ElOl:l9t Get the 
ElF YOI:lF PrejeGt l=lealtA ang Safety GfflGeF fOF rnElFe In or 
Tisket! 

+El 09tain soil sarnJ:)les I:lsin€j a AanEi al:l€leF, I:lse tAe followin€j J:)FElGedl:lFe~ . EI 

9't t Glean extension FOg an 1. . 9 . teg PPe attaGA a J:)FElJ:)eFly EleGontarninateEi 91:lGketio a \A,teaFln€) eSI€)na , . 
attaGA tRe T Aangle to tAe extension FElEi. 

A t ge sarnJ:)leg of any SI:lRaGe ge9Fis (lJe€jetation, twi€js, FOGks, IitteF, etG+. ~. Clear t e ama 0 '11 

. . " "'n"'aFEI on tAe al:l€jeF. +Ae Gunin€) sAoes fl .. d. . A 9 ket into tAe €jFEll:lnEi WAlle J:)l:lshln€j lJertlGall't 90n n +'''ISt t e I:lG 
tA~ 91:lGket as it is aEllJanGeg into tAe €jFEll:lnEi. 

4. As tAe al:l€jeF 91:lGket fills witA soil, J:)eFIO-IGa .. y Fe--. - --_. --. EI' II rno"e any unneeEled soil. 
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5. Add rod extensions as necessary to extend the reach of the auger. Also, note (in a field notebook, 
boring log, and/or on a standardized data sheet) any changes in the color, texture or odor of the soil 
as a function of depth. The project specific planning document (SAP, HASP, etc.) describe 
requirements for scanning the soillNith a real time air monitoring instrument (e.g., PID, FlO, etc.) and 
recording the measurements. 

6. After reaching the desired depth (e.g., the top of the interval to be sampled), slowly and carefully 
withdraw the apparatus from the borehole to prevent or minimize movement of soil from shallower 
intervals to the bottom of the hole. 

7. Remove the soiled bucket bit from the rod extension and replace it with another properly 
decontaminated bucket bit. The bucket bit used for sampling is to be smaller in diameter than the 
bucl<et bit employed to initiate the borehole. 

8. Carefully lower the apparatus down the borehole. Care must be taken to avoid scraping the borehole 
siGes. 

9. Slo'l.'ly turn the apparatus until the bucket bit is advanced approximately 6 inches. 

10. Discard the top of the core (approximately 1 inch), which represents any loose material collected by 
the bucl<et bit before penetrating the sample material. 

11. Using a precleaned syringe or EnCore+M samplers, fallow the procedure in Section 6.2.1 for collecting 
a soil sample for volatile compound analysis directly from the bucket bit. 

12. Utilizing a properly decontaminated stainless steel trOINel or dedicated disposable trowel, remove the 
remaining sample material from the bucket bit and place into a properly deGontaminated stainless 
steel mixing bowl. 

13. Homogenize the sample material as thoroughly as practicable then fill the remaining sample 
containers. Refer to Section 6.2.2. 

14. Follm'l steps 4 through 7 listed in Section 6.3. 

6.5.1 Sampling Using Stainless Steel Soil Corers 

A soil corer is a stainless steel tube equipped with a cutting shoe and sample window in the side. The soil 
corer is advanced into the soil by applying downward pressure (body weight). The soil is unloaded by then 
forcing a ram towards the cutting shoe, which results in the discharge of the soil core through a window in 
the sleeve. 

Use, application, and sample protocol is the same as for hand augering provided above, but without 
necessarily rotating the cerer while advancing it. 

019611/P 

SAFETY REMINDER 
Hand augering and soil corer sampling can be physically demanding based en the type of 
geology and subsurface encumbrances encountered. Soil coring has some added 
hazards such the corer collapsing under your weight. To reduce the potential for muscle 
strain and damage, the following measures will be incorporated: 

Stretch and limber your muscles before heavy exertion. This hazard becomes more 
predominant in the early morning hours (prior to muscles becoming limber) and later 
in the day (as a result of fatigue). 

Tetra Tech NUS, Inc. 
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Job rotation 
~ 

. f r e and Share the dblties so that repetitive actions do not rosbllt Ina Igbl 

especially as ambient conditions of heat Increase breal .. freqblencies as needed, 
and/or cold stress may dictate. 

. s or similar devices to bypass an Do not force the hand tools or blS~ cheater pipe m lin oint. Exerting additional 
obstrblction. Move to anothe~ location near I:h~ s:ar!ag~ ~nd/{)r failblre that cOblld 
forces on the sampling devlce~ can. res~i .I~ , 
potentially injure someone in the Immediate vlCIRIty. 

I 'in force to the soil corer or hand ablger. 
Do not over compromise yo~rselfl'~hen ~ri~ ~ f:1I or mblscle injblry dble to strain. If there is a sbldden release, It CObl resbl 

6.6 Subsurface Soil Sampling with a Split Barrel Sampler 

. '" arbon steel or stainless steel samplin~ tblbe that A s lit barrel (split spoon) sampler consists of a ~ea~'t c ee Attachment B). A drive head IS attached ~~/be 6~lil iAto Iwo "'I"al ~aIYo. 10 FeYeall~e .0011·ar':~:",0~; for I~o ".11 "'". A ",,,,,,,,,,blo la~o~ 
to the blpper end of the tblbe and serve~.,as a :Ol~ t:e tblbe and facilitates cbltting. fI: basket IIk~, sam~ e 

. ce'dri"e shoe attaches to the lOner en . 0 drY soil samples In the tblbe nhen e 
nos?ple r b~ fitted to the lower end of the split tblbe to hold loo~e, 'de to be attached to a drill rod and 
retainer ~an" he drill hole. This split barrel sampler IS. ma 
sampler IS remo.ed from t f 140 pOblnd or larger casing driver. forced into the groblnd by means oa 

Safety RemiRder . . th I=t A S 12 
. . n for Drill Rigs form proVided Ine ~' • It is intended throblgh the EqbJIpment Inspectl~ ble associated with this activity Will be 

that the hammer and hemp rop~, 'Nhe~e app Ica i, attached to the hammer (suitable 
inspected (no physi?~1 damage IS.OblvdIO~~), p)ro::~~s in ovorall good condition. 

knots or suffiCient mechaRica e riCeS , 

. lers are blsed to collect soil samples from a 'A'ide variety of soil types and from depths 
Split bar~el s~~:e attainable '''ith other soil sampling eqblipment. greater t-an n 

The follovling eqblipment is blsed for obtaining split barrel samples: 

• Drilling eqblipment (provided by sblbcontractor). 

. '8· h 10 either 20 inches or 26 inches long); larger 00 
• Split barrel sar::p.lle:e (~ ~n~~g~rD~o~u!e ~~~ample is noeded. . samplers are a.al a . 

. . ·d ermitting free fall of dO Inches. • Drive weight assembly, 140 pOblnd weight, driVing head, and gbll e p . 

• Stainless steel mixing bowls . 

• Eqblipment listed in Section 6.d. 

The following steps shall be followed. to 
performed by the drilling sblbcontractor). 

obtain split barrel samples (Steps 1 throblgh 4 are typically 

Attach the split barrel sampler to the sampling rods. 1. 

019611/P Tetra Tech NUS, Inc. 
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2. Lower the sampler into the borehole inside the hollow stem auger bits. 

3. A€I!JanGe tAe split ba~rel sampler by Aammering tAe lengtA (typiGally ~ g or 24 inGAes) of tAe split barrel 
sampler into tAe soil using ~ 40 poun€l or larger hammer. 

4. I/lJhen the €Iesire€l €Iepth is aGhieve€l, extraGt the €Irill ro€ls an€l sampler from the augers an€llor 
borehole. 

5. OetaGA tAe sampler from tAe €Irill ro€ls. 

6. PlaGe tAe sampler seGurely in a !Jise so it Gan be opene€l using pipe l""renGAes. 

CAIJ.710A! 
Pipe wrenGhes are use€l to separate tAe split spoon into several Gomponents. +Ae sriller's 
Aelper sAoul€l not apply eXGessi\le forGe throl:lgA tAe I:Ise of GAeater pipes or PI:ISA or pl:IlI in 

the €IireGtion wAere, if the lNrenGA slips, hands or fingers will be trappes against an 
immovable objeGt. 

7. Remove tAe €Irive Aea€l ans nosepieGe witA tAe wrenGAes, an€l open tAe sampler to reveal tAo soil 
sample. 

g. Imme€liately SGan the sample Gore l/,litA a real time air monitoring instrl:lment (e.g., ~IO, 1210, etG.) (as 
projeGt speGifiG planning €IoGl:lments €IiGtate). Garefl:llly separate (or Gl:lt) tAe soil Gore, witA a 
seGontaminate€l stainless steel knife or tro'Nel, at abol:lt 6 inGh intep.!als wAile sGanning the Genter of 
the eore for elevates rea€lings. Also sean staines soil, soil lenses, ans anomalies (if present), ans 
reeord reasings. 

9. If elel.late€l \lapor reasings lNere obsep.!es, GolleGt the sample sehesl:lles for 'Jolatile analysis from tAe 
Genter of tAe eore wAere elel.lates rea€lings oeGl:lrres. If no elevates reasings where eneol:lnteres, tAo 
sample material SAoI:IIs be eolleete€l from the Gore's eenter (this area represents the least €Iistl:lrbe€l 
area wit A minimal atmospAeriG Gontaet) (refer to £eGtion 6.2.~ ). 

~O. lJsing tAe same trol,\lel, remove remaining sample material fFOm tl=le split barrel sampler (exGept for 
tl=le small portioR of sisturee€l soil I:Isl:lally fOl:lns at tAe top of the Gore sample) aRs plaGe tl=le soil iRto a 
seGontaminate€l stainless steel mixing bO\ ... 1. 

~ ~. l=Iomogenii!!e the sample material as tl=lorol:lgl=lly as praetieable theR fill the remaining sample 
Gontainers (refer to £eetion 6.2.2). 

~2. ~ollow steps 4 throl:lgh 7 iR £eetioR 6.3. 

6.7 Subsurface Soil Sampling Using Direct-Push Technology 

Subsurface soil samples can be collected to depths of 40+ feet using DPT. DPT equipment, 
responsibilities, and procedures are described in SOP SA-2.S. 

6.8 Exca¥ation and Sampling of Test Pits and Trenches 

6.8.1 Applical;)ility 

+I=lis sl:lbseetioR preseRts rOl:ltiRe test pit or treneh exealJatioR teel=lniEll:les ans speeialii!!e€l teehRiEll:les tl=lat 
are applieaele I:IRSer eertaiR eORsitions. 
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CAUTION I h El 
. • h rdous "'aste sites, several hea t an 

During the excavation of trenches or pitS at~~at. "io' cersonnel shall enter any test 
. f the methoEl of exca"a Ion. I-' r-' El El· t safety concorns aFiserom I t r sort anEl then only un orlrec 

Pit or oxcavation over 4 feet Eleep excep~ a;. a :~n:9 GS
D 
19~9 650 of SU9part p_ 

G t t Person (as \:jetlne\:j I ~ FFl. h IEl 
supervision of aompe en . . El hemical anEl lithological samples s ou 

Excavations). VI/henever possl9le, all reqUlr~ Cote sampling apparatus. If entrance 
ge coliecteEl using the. excavato~,9~cket or 0: 9~ ::a~ilizeEl by 9racing the pit siElos uSi.ng 

is requireEl, all test PitS or excavations mus . su ort structures or through slopl~g 
specifically ElesignoEl 'NooElen, ~teel, or alu~:nt~~ m:: ge exposed to toxic or exploSive 
and benching. Perso~~el ent~~lng the eX?:h:re~ore, monitoring will ge conElucteEl 9y tho 

gases anEl oxygen defiCient e~ .Ir?~n:ents, t II. ny entlY into a trench greater than 
Gompetent Person to Eleter.mlne If It IS ~afe to en e~~~ anEl ~ust ge conElucteEl in 

4 feet doep ·.~ill const~ute a GOnfl~e~:~~~~ 0.14~. In all cases involving ent~, 
conformance with OSHn standarEl ~ . te respiratoR' gear and protective 
sU9stantiai air monitoring, before entry: ~ppropFia ndatoP' There must ge at least 

.. El ue pro"lslons are ma \:j ". 9 
clothing Eletermlnatlon, an resc:~'1d ntr\.' 9y ono of tho fielEl team mem ers. 

three peoplo present at the immedlate';'~:le. e or:ee 9a~eEl on the potential hazarEls .or 
This minimum numger of people HI Increa Eler shall refor to OSHA regulations 

complexity of tho work to ge performe~. 6;~ ~~~ 0 134 anEl ~9 GF~ 1910.146. High 
~9 G~~ 19~6.650, 29 G~~ 1.910.120,2 rt d 9' me~ger~ of the Health Sciences Group 
hazarEl entries such as thiS Will ?e suppo . e d .r these acti"ities. 

professionally tralne\:j In " 

Excavations are generally no prac In: '" t 91 In some cases, a pumping sys 
the' are usually limiteEl to a few feet geloY' •. the na~e.ra ~t um eEl "'ater can be aElequately storeEl or 

r. eEl to control water levels within the Pit, provlEllng th p. : the"Elata are usually obtaineEl through :~qUlr d If soil Elata at Elepths greater than 15 feet are reqUire , 

th a90ut 15 to 20 feet is ElesireEl, anEl t rcal '''here a Elepth of more an . tem may 90 

\:jlspose\:j. t . 

test 90rings insteaEl of test PitS. . . I 

. the surface by excavation equipment. ThiS. matena: 
In aElElition hazarElous wastes may ge brought to 9 rf ce must ge properly hanElleEl accorEllng to an~ 
whether re~oveEl from the site or returneEl to th~ su su a , 
~nEl all applica91e feEleral, state, anEl local regulations. 

6.8.2 Test Pit and Trench I5xca'.'ation 

.,.J cen "ieu , of u,· h h intent that they will provl\:je an op Y h. 
Test pits or trench excavati~ns are con~t~ucteEl ~.It tC;~n will not provide. These proceElures de~cnge 
sU9surface lithology and~or Ellsposal ?ondltlon~ !~!: t~enc:es installeEl to determine subsurface sOil anEl 
the methoEls for excav~tlng an~ 10ggln~1 t~S\ Pit eEl and ElocumenteEl (see Attachment C). 
rock conElitions. Test Pit operations sha eogg . . . 

,u equipment to permit detaileEl desc~lptlo.ns of 
Test pits and trenches may ge exca~ate:d 9y han.dlor ~~.~e:izO of the excavation will depend pFimaFilyon 
the nature and contamination of the In Situ mateFia s. 
the follo'Ning: 

• The purpose and oxtent of the exploration 

• The space required for efficient excavation 

• The chemicals of concern 

• The economics anEl efficiency of availa91e equipment 
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Test pits normally have a cross section that is 4 to 10 feet square; test trenches are usually d to 6 feet 
'Nide and may be extended for any length required to reveal conditions along a specific line. The following 
table provides guidelines for design consideration based on equipment efficiencies. 

I~ 
The lateral limits of excavation of trenches and the position of test pits shall be carefully marked on area 
base maps. If precise positioning is reql:Jired to indicate the location of highly ha~ardous materials, nearby 
utilities, or dangerous conditions, the limits of the excavation shall bo sl:JFveyed. Also, if precise 
determination of the depth of buried materials is needed for design or environmental assessment 
purposes, the elevation of the ground surface at the test pit or trench location shall also be determined by 
survey. If the test pitltrench will not be surveyed immediately, it shall be backfilled and its position 
identified 'Nith stakes placed in the ground at the margin of the excavation for later surveying. 

The construction of test pits and trenches shall be planned and designed in advance as much as possible. 
However, the following field conditions may necessitate revisions to the initial plans: 

• Subsurface utilities 

• Surface and subsurface er;lcumbrances 

• Vehicle and pedestrian traffic patterns 

• Purpose for excavation (e.g., the excavation of potential ordnance items) 

The final depth and construction method shall be collectively determined by the FOL and designated 
Competent Person. The actual layout of each test pit, temporary staging area, and spoils pile may further 
be predicated based on site conditions and wind direction at the time the test pit is excavated. Prior to 
excavation, the area may be surveyed by magnetometer or metal detector or other passive methods 
specified in SOP HS1.0, Utility Location and Excavation Clearanoe, to identify the presence of 
underground utilities or drums. '."'here possible, the exoavator should be positioned upwind and preferably 
within an enclosed oab. 

No personnel shall enter any test pit or exca\'ation except as a last resort, and then only under direct 
supervision of a Competent Person. If entrance is required, O~HA requiremonts must bo met (e.g., walls 
must be braced with wooden or steel braces, ladders must be placed for every 25 feet of lateral travel and 
extended d feet above ground surface). A temporary guard rail or vehicle stop must be placed along the 
surfaoe of the hole before entry in situations where the excavation may be approached by traffic. Spoils 
'Nill be stockpiled no closer than 2 feet from the sidewall of the excavation. The excavation equipment 
operator shall be oareful not to undercut sidewalls and will, where necessary, benoh back to inorease 
stability. The top cover, when considered clean, will be placed separately from the subsurface materials to 
permit clean cover. It is emphasized that the project data needs should be structured suoh that required 
samples oan be collected 'Nithout requiring entrance into the excavation. For example, samples of 
leachate, groundwater, or side' .... all soil can be colleoted with telescoping poles or similar equipment. 

DO\\'atering and watering may be required to ensure the stability of the side walls, to prevent the bottom of 
the pit from heaving, and to keep the excavation stable. This is an important consideration for 
excavations in cohesionless material below the groundwater table and for excavations left open greater 
than a day. Liquids removed as a result of dewatering operations must be handled as potentially 
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. f A teFials SAol:lla ee aissl:lsse9 . t d materials PFesedl:lres fOF tAe sollestion and alsposal 0 SI:lS ma sontamlAa e . 
in tAe site spesifis pFojest plans. 

. . Aall ee 0 enea and slosed witAin tAe same worki.n€l €lay. WAeFe 
WAeFe possiele exsavatlons ~na tes~ Pits .s t i Aall ee Pl:lt in plase to sontFeI assess. 
tAIS IS no POSSI, .. .. t ·ele tAe follo'Alln€l en€llneenn€l son Fe s s 

• TrensA soversistreet plates 

• Fenses ens ompassin€l tAe entire exsavation intended to sontFol assess 

• Wamin€l si€lns wamin€l personnel of tAe Aazards 

• Ameer flasAin€lli€lAts to demarsate eOl:lndaries of tAe exsavation at ni€lAt 

. A I€I meone assidentally enter. Exsavations left opon 'Nil! Aave emor€lonsy moans to eXit s el:l so 

6.8.3 Sampling in Test Pits and Trenches 

6.8.3.1 GeneFaI 

. A T t p·t bO€l prosontod in . ordanse lOlitA t-e -es- -I- --- --- . 
bO€l tost pits and trensAos as. tAOY are exsa~ated fll: :~:tSAOS of t~o tost pitltFonsA sAewin€l materlfls 
AttasAment G. TAese reGards I~sl~de. pla~ a~ pr.~IFensA ana sample lesations. TAese resoFGs a so 

ntoro€l tAeir €leptA and alstnel:ltlon In. e pi , 
enSOI:l, . . f atlon 
insll:ldo safety and samplo ssroonlA€I In orm . I a 

sAall ee alloido€l I:Inloss aesoll:ltoly nosossaF}, an Ent~' of test pits ey porsonnol is extromoly aan€lO;OtS, a G~1=I6 'roEjl:liromonts Aa',lo eeen mot as statoa 
f . el A altA an€l sa 0 ',I an •• 

san ossl:Ir only afto~ all a~p"sa-.~ -0-.-; ropriato in tAO projost spesifis I=IA~P. 
aeovo. TAeso pFevislons Will ee FOltorato as app .. 

. ost it ',-.'iII eo dotormino€l at tAO tlm~ t~o t~st Pit 
TAe final deptA ana type of samples oetalAe€l ~tO~ °das:~ an~yzea to Ejl:lantify sontaminant €Ilstrlel:ltlon a: 
is exsavatod. ~l:Iffisient samplos ~re I:Isl:l~I.ly 0 I alne I a of easA waste pAase ana any tll:lias ensol:lntero 
a fl:lnstion of €leptA fer easA test PIt. A€I€lltiena samp os 
. oasA test pit may also ee sollostod. . 

IA , ',jg, >eaS9AS oI~g, '~aA waste sampilAB 
In some sases, samples of ~oil may eo extFa.ste€l fr~:A~~:a~e~f:~mation. ~I:ISA. information insll:laos SOil 
ana sAomisal analysis, for Instanse, to oe:;I~ €Ie~~Fe ontail tAO sollostion of alstl:lreo€l (€IFae or el:l~k~ o~ 

I s stFati€lrapAY, strOn€ltA, ots., and SOI:l o~e .'1 los tAat san eo tosto€l for €I
oot

es nlsa !':.'f~i~.IY ";~ist">Il.~ (~aA~ .a"'.~ g'l P":~··'::;~~l"":::la, te ,~gs. gj s~allgw g*plg..,g'Y, g' '9S' 
pFopeFties. TAO pl:lFpOSeS of SI:lSA exp OFa Ions t ff;sti~'o motAo€l of samplin€l tAan Installln€l eOFlngs. 
eerin€ls, el:lt ofton tost pits offor a fastoF, mOFe sos e " 

6.8.3.2 ~am~lin§ E~l:Ii~ment 

. t sAnisal analysis from test TAO followin€l oEjl:lipmont is noodod fer oetainin€l samplos fOF sAemlsal or €leo e 
pits an€l tronsAes: 

• BaskAoe or otAor oxsavatin€l masAinery . 

I . k Aand al:l€lers and stainless steel tFewolsfaisposaele trowels. • ~Aeve s, pIS S, , . 

. t eottle 'tlaFe for sAemlsal or t· r el:lsket witA loskin€l lid fOF lar€le samples; appFepna e n • ~ample son alne. ~, 
€IeotesRnisal analYSIS samples. 
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I ·sting of 10 foot sections of steel conduit (1 inch diameter), hose clamps, and Remote samp er consl ) 
right angle adapter for conduit (see Attachment D . 

6.8.3.3 Sampling Methods 

The methods discussed in this section 
required, see Section 6.8.3.4. 

d l ei If test pit entry is refer to test pit sampling from gra eev . 

th increments. lftlhere soil types support !he 
• Excavate the trench or pit in several 0.5 to. 1.~ f~?t di~P rocommended to avoid potentially snagg~ng 

use of a sand bar cutting plate, u~e of this :~:: that soil probes or similar devices be empl.oyed 
utilities with the excavator teeth. It IS recomme d This permits the trench floor to be probed prior to 
where buried items or utilities may be encountere . 
the next cut. 

• After each increment: 

·t f grade le"el the operator shall ,,'vait while the sampler inspects the test pi rom • 

. , "'here this is considered necessary. P~ctical depth 
the sampler shall probe the next. InteF\al, d f 2 to 4 feet i or where lithological changes 
increments for lithological evaluations may range rom 
are noted. 

• The backhoe operator, u 0 hi a. "'h "'·11 h "e the best view of the test pit, shall immediately cease digging if: 

is encountered in the test pit 1\ ny fluid phase including groundwater seepage, 

Distinct changes of material being excavated are encountered 

. . of the test pit and to prevent a breach of safety 
This action is necessary to perm I! . proper samfhn~ it may be required to excavate more slowly and 
protocol. Depending on the conditions encoun ere , 
carefully with the backhoe. 

. d le"el the following procedure shall be followed: For obtaining test Pit samples from gra e " , . 

. I f om the excavation walls and floor to the greatest extent • Use the backhoe to remove loose matena r . 
possible. 

• . . , re is seldom any need to enter a pit or trench that '...,ould 
Secure the walls of the Pit, If necessary. (The , r and samples should be taken from the 

f h · the "'ails 1\ II obseF\ a Ions justify the expense 0 s orlng n . h 

ground surface.) 

• :~~:r::~ a~:et:i~ ~:~t :!~::~;~~i:: !~ ~:eo;::~nn~~ ::~:~!!;::ctly from the backhoe bucket or from the 

" ate rial from the selected depth Th sampler or FOb shall direct the bacl<hoe operator to remo" e m 
a. e .• 't ch or location within the test Pltr ren . . 

. cket o'ler to a designated location on the Sidewall a 
b. The backhoe operator ~hall.t ~rI~re~:: 5 ~~et) to ;110"1 the sampler to work around the bucket. sufficient distance from t e pia .. . 
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After the bucket has be~n set on the groun , 
c. controls or shut the machine down. 

d the backhoe operator shall either disengage the 

m ler "'ill approach the bucket. ''''hen signaled by the operator that it is safe to do, the sa p .. 

CAUTION . 
. . the remote sampler described In the nmd step Ga

re must be exercised when uSing 'tuat'lons '''here someone must move 
bTt f t nch "'ails In Sl-~~-· ~ . I beoause of potential insta "y ~re" b' d r platform should be used to dlsp aoe 

closer than 2 foet to the exo~'~at~on edgeh a no~a;f :ollapse of the exoavation edge. Fall the sampler's weight to minimize the 0 a k' ear the edges or trenohes greater 
b loyed "'hen "'oHng n . h t h proteotion should alsoe e~p :.. ~~tract people who have fallen Into t er~no 

than 6 feet deep. An immediate means to .' clude ladders or rope anchor pOints. 
will be immediately available. These means may In 

U 'ng the remote sampler shown In nttachm , . I\. ent 0 samples oan be taken at the desired depth from 
~Sl 1 h 't 1 1I0"'s' the sidewall or bottom 0 t e pi aso " . 

" r hoe to remove the smeared zone Z;orape the face of the pit/trenoh using a long handled sho~ el 0 
a. that has oontaoted the baokhoe bucket. 

. . ·,,·th the j'ar edge, eliminating the need . I' t th sample jar by soraplng hi . . 
b. Gollect the sample dlreo.t y In ~A~miRi~iZing the likelihood 01 cross contamination. for sample handling eqUipmen a 

bl d pacl<age the sample for . " 't from the remote sampler assem y, an Gap the sample jar, remo ve I 
o. shipment in accordance with Z;OP Z;A 6.d. 

" I\. d d I\.ttachment C of this Z;OP. Gomplete documentation as described In Z;OP Z;n 6. an n 

6.8.d.4 In Pit Z;ampling 

. test ititrench. This is necessary on~y.when nder rare conditions, personnel ma~ be reqUired to enter t:: bac:hoe buoket (e.g., exoessive ~Ix~ng of ~Oil sondi.ions preslude oo'aining su,taole ~~;Ples lFe::,wm rela.ively small diss""e "mes '''''R,n ,~e 
soil or wastes within the test pltitrench) or .. :n samp sarY to sample any seepage occurnng at dlscre e 

. d Th' pproach mayalso e neces :J 
test pit are reqUire .IS ~ t ocessible with remote samplers. levels or zones in the test pit that are no a 
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I Aall sarnple anEi le€l pits anEi trencAes hern tAe €IFeblnEi sbli'face, except as previEleEi In €Ieneral, persenne ,s . 
fer by tAe felle'Nin€l cntena: 

. . A Elata • TAme am ne pFactical altemative rneans ef ebtalAln€l SblC . , 

. tien can be accernplisAeEl witAeblt breac~ln.€1 • TAe ggG anEi Gernpetent l2ersen Ele~errnl~e ~Aa~ SblC: a: actblal rneniterin€l ef tAe pitftrenGA after It ~s 
site safety pFetecel. T~i~ Eleterrninatien 'NIII ts

e 
et::y€):n cencentratien, flarnrn~ble €)ases, anEi texlc 

ElbI€) (inGlblElin€), at a rnlnlrnblrn,. rnela~,bI~e~I~,n be pFeviEleEl in prejeGt speGifiG plannln€) EleGblrnents. 
Gernpeblnds, in that OFEler). AGtlen eve s hi . 

. that the pitftmnGh is stable tFeblgh sOil . G t nt l2ersen deterrnlnes .. .. II blsin€l • ,A, Gernpany Elesl€lnat~Ei .-ernp~.e-. --~--rnaEle stable (by Gblttin€)l€lradlng tAe slde>,.,a .. s er __ . __ 
classificatien e\"alblatlenllAspeGtiens er I~ Ggl=I" reElblirernents sAall be strictly ebselVeEi. 
sherin€l) prier te entrance ef any peFSonne . n 

• enter tAe (dit/trencA. GA potentially hai!!arElobls waste 
If tAese conEiitiens are satisfieEi, enly ~ne perse; ~a~ as reElblired by the cenEiitiens in tAe pit. l=Ietshe shall 
sites, tAis inEliviEiblal sAall be,~r~sseEin: ::~~i~t:eblSIY rnenitereEi while in tAe pit. 
be affixeEi te a Aamess anEi I e Ine a . . . 

. . • seEi in pretecti'ie cletAln€l InclblEi,n€l a self 
" seconEi anEi (dossible tl:liFEl inEi'\",Eiblal shall be. fblllYIlEir~t entp.' o;eratiens te SblPPOrt self resGbI~ er 
::'"'ai"9g eF9at~i"§ ge_is. a"g 9" s'a"gey ,"g"":§S~~1I :'efRai" '~erei" 19' as e,iel a ~e"9g as ~FaGlI,,:I, 
assisteEi self rescble. The InElivldblal e~t~~'n€) ... e: "fter rernevin€l tAe srneared i!!one, sarnples shall e 
cernrnensblrate with pei'forrnance of A'S,. er .... or. ,..., 
ebtaineEi 'NitA a decontarninateEi trowel OF speon. 

e.B,g.a GeotecAnical Sarn~linQ 

In additien te tAe eElbliprnent EiescribeEl in gection e.B.g.~, tAe follewin€l eElbliprnent is neoEieEi for 
€Ieetechnical sarnplin€l: 

• . . . rnent sirnilar te that blseEi in sAallo~/J drilled borin€l (i.e., thin walleEi tblbe sarnplers), :~! ::~:~n:bI::=: or Elri~'en inte the floor of the test PIt. 

• h b k t) o€fbliprnent blsed te advanGo Sblitablo driving (e,g., sled€)e hammer) er pblshin€) (e.g., back oeblG e 
tho sam(dler into the soil. 

K'" spatbllas and ether sl::litaele ~elJices for trimmin€) hanEi GaIVeEi sam(dles. • Alves, , . 

wax etc for l:IolEiin€l anEi safely trans~ort'n€l • gblitaele containers (ba€lS, jars, tl::lees, eexes, etc.), laeels, ", . 
collectee 60il sarnples. 

etc.) for fielEl testin€l celloctod soil samplos GeetecAnical eElbliprnent (pocket pe~etrometer, telVane, ., 
for Glassification ane stren€)tA properties. 

.. , be Gollectee for most soil in tho sa~e manner ~s 
Qistblrbed €I

rab 
or 9b1lk €IeoteGAn,c~1 SOil sa.~ple~Arnay collected samples rnay ee storeEi in jaFS, or plast,c 

com(daraele soil sarnples for che~'Gal. analYSIS., th:~emoistblre content. Smaller saml3les of thiS tYl3
e 

are 
lined sacks (larger saml'lles), which ~~JllIl3res~.e il identification anEi classification: larger 9b1lk saml3les 
blsblally tested for their index I'lFel3ertles. to al In so 
are blsblally re€fblireEl to pei'forrn cornl3aGtlon tests. 

in cOAesi"e seil blsin€l tAin walleEi tbll3e sarn(dlers, a~e ~elatively blnEiistblreeEi sarn(dles ar~ blsblally extr:c.te~ laborate~ fer tAeir stren€ltA, perrneability, anEi,~r 
SblCA sarnples are tAen testeEi In a €Ieo~ec nlc eFVin sblch saml'lles are similar to those I:IseEi In 
cornl3ressieility. TAe techni€fbl~s f~r extr~ctlng anEi ;r~~t ;Ae€) saml3ler is ad'.'anced l3y hand or eackhoe, 
pei'formin€l Sheley tblbe saml3hn€l In eOrln€lS, exce 
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FatAeF tAan I:ly a ElFill Fi§. ,A,lse, tAe saFflj::lleF Fflay I:le extraGteEl fFeFfl tAe test j::lit I:ly eXGa'Jatien aFel::lnEl tAe 
tl::ll:le wAen it is EliUiGl::llt te j::ll::lll it el::lt ef tAe §Fel::lnEl. If tAis eXGa>w<atien Feql::liFeS entr:y ef tAe test j::lit, tAe 
Feql::liFeffients ElesGFil:leEl in ~eGtien e.B.d.4 sAall I:le felle'.'JeEl. +Ae tAin walleEl tl::ll:le saffij::ller sAall be 
j::ll::lSAeEl eF ElFi>w<en 'JertiGallv inte tAe fleer eF stej::ls eXGa>w<ateEl in tAe test j::lit at tAe ElesiFeEl saFflj::llin§ 
ele>w<atiens. ExtFaGtin§ tl::lbe saFflj::lles AeFizental'y fFeFfl tAe walls ef tAe test j::lit is net aj::lj::lFej::lFiate beGal::lse 
tAe saFflj::lle will net Aa>w<e tAe GeFreGt erientatien. 

A sleEl§e AaFflffieF eF l:laGI~Aee Fflay be l::lseEl te ElFi>w<e eF j::ll::lSA tAe tl::ll:le inte tAe §F9l::lnEl. PlaGe a j::lieGe ef 
weed ever tAe tej::l ef tAe saFflj::ller er saFflj::llinQ tl::lbe tEl j::lrevent ElaFflaQe Ell::lFinQ Elri'JinQ,lj::ll::lSAinQ ef the 
saFflj::lle. Pl::lsAin§ tAe saFflj::ller WitA a Genstant tArl::lst is always j::lreferal:lle te Elri'>'in§ it '/.'itA rej::leateEll:llews, 
tAl::lS FfliniFflizin§ Elistl::lFl:lanGe te tAe saFflj::lle. WRen l::lsin§ a sleEl§e AaFflFfler, it is FeGeFflffienEleEi tAat tAe 
saFflj::ller I:le sta9ilizeEl l::lsin§ a Fej::lelstraj::l' .... renGA er j::lij::le WrenGA te reFfle','e tAe j::lersen's AanEis AelElin§ tAe 
saFflj::ller heFfl tRe strike zene. If tAe saFflj::lle Gannet be extraGteEl by Fetatin§ it at least tWEl re>w<ell::ltiElns (tEl 
sAear eH tRe saFflj::lle at tAe I:lElUeFfl), R9Elk tRe saffij::ller t9 tAe eXGa>w<atElF 9r basl~Age anEi extras!. TAis 
Ffleans an altemati'Je AeaEl will I:le l::lseEi as a G9nneGti9n j::lElint 9r tAat Ffll::lltij::lle GA9ke AitGAeS will I:le aj::lj::llieEl 
tEl extFaGt tAe saFflj::lleF. If tAis fails anEl tAe eXGa>w<at9F Gan Eli§ Eleej::leF WitAEll::lt j::lEltentially iFflj::laGtin§ 
Sl::lI:lSl::lRaGe l::ltilities, eXGa>w<ate tAe saFflj::ller. If tAis fails 9r if tAe eXGa>w<at9r Gann9t ge l::lseEl Ell::le t9 
Sl::l9Sl::lRaGe l::ltilities, AanEi eXGa>w<ate t9 FeFfl9'Je tAe s9il h9Ffl aF9l::lnEi tAe siEles 9f tAe saFflj::ller. If AanEi 
eXGa>w<atiEln Feql::liFeS entr:y inte tRe test j::lit, tAe Feql::lireFflents in ~eGtien e.B.d.4 Ffll::lSt ge fElll9weEi. Prej::laFe 
tAe saFflj::lle as ElesGril:leEl in ~tej::ls 9 tArel::l§A ~ d in ~eGtien e.~.d, anEi lal:lel, j::laGk anEi tFanSj::lert tAe saFflj::lle 
in tAe Feql::liFeEl ffianneF, as ElesGFil:leEl in ~OPs ~A e.d anEl ~A e.~. 

6.8.4 BaGkfilling of TrenGhes and Test Pits 

All test j::lits anEl eXGa>w<ati9ns Ffll::lSt be eitAer baskfilleEl, G9>w<e reEl , 9r 9therwise j::lFElteGteEl at tAe enEi 9f eaGh 
Elay. NEl eXGa>w<atiens sAall FeFflain Elj::len dl::lFin§ nen wElrkin§ AEll::lrS l::lnless aEleql::lately GEl>w<eFeEi eF etAeFwise 
weteGteEl. 

Bef9Fe 9aGldillin§, tAe ensite GFeW Fflay j::lA9te§Faj::lA, if Feql::lireEi I:ly tAe j::lFejest sj::leGifiG W9Fk j::llan, all 
si§nifiGant featl::lres eXj::leseEi 9y tAe test j::lit anEi trenGA anEl sAall insll::lEle in tAe j::lAete§raj::lA a sGale tEl sAew 
EliFflensiens. PAete§raj::lAS ef test pits sAall ee FflaFI,eEl t9 inGIl::lEle site nl::lFfleeF, test f:Jit nl::lFfleer, Elef:JtA, 
ElesGFi f:Jti9n ef featl::lre, anEl Elate 9f pAet9§rapA. In aElElitiEln, a §e9IEl§iG ElesGripti9n 9f eaGA phElt9§FapA 
sAall I:le enteFeEl in tAe site le§l:leek. All pA9te§rapAs sAall I:le inElexeEl anEl FflaintaineEi as part ef tAe 
prejeGt file fm fl::ltl::lre referenGe. 

After inspeGtien, l:laGkfill Fflaterial sAall be retl::lmeEl tEl tAe pit l::lnEler tAe ElireGtiEln 9f tAe ~Ob. BaGkfili sAel::lIEl 
be Fetl::lrneEi t9 tAe treRGA er test j::lit iR e iRGh tEl ~ feet lifts aREl GeFflj::laGteEi with tAe el::lsket. ReFfl9te 
GentrelleEi taffij::lers eF Fellers Fflay ge IElwereEl iRtEl tAe trenGA anEl Elj::lerateEl fFElFfl tElj::l siEle. TAis j::lF9GeEll::lre 
' .... ill GElntinl::le t9 tAe §raEle Sl::lRaGe. It is reSElFflFfleREleEl tAat tAe trenGA ee traskeEl Elr relleEl iR. Ol::lriR§ 
eXGa'JatiEln, Glean s9il fFElFfl tAe tElj::l ~ feet Fflay Aa'Je eeeR sej::larateEl tEl I:le l::lseEi tEl G9>w<er tAe last se§FfleRts. 
WAeFe tAese ffiaterials are net slean, it is res9FflFflenEleEl tAat Glean fill ee l::lseEi fElr tAe t9P Gever. 

If a 19w j::lerFfleal:lility layer is penetrateEi (resl::lltiR§ in §r9l::lREI'A'ater fl9w h9Ffl aR l::lpper G9ntaFfliRateEl flElw 
ZElne intEl a IElwer I::InGElntaFflinateEl flEW'! ZElRe), eaGkfili Fflaterial FflI::lSt FepreseRt 9Fi§iRal G9REliti9RS 9F ee 
iFflj::leFFfleaele. BaGkfill G9l::lIEl Gensist 9f a SElil eent9nite Fflix j::lrepaFeEl in a pFep9rtiElR speGifieEl 9y tAe ~Ob 
(rej::lFesentin§ a perFfleaeility eql::lal t9 eF less tAan eFi§inal G9nEliti9ns). BaGkfili Gan ee G9','ereEl by "GleaR" 
SElil aRd §FadeEi tEl the 9riQiRaiiaREI G9Rt91::1r. ReYe§etatiEln 9f the Elistl::lFeeEl area may als9 ee reql::lireEi. 

6.9 Records 

The appropriate sample log sheet (see Attachment A of this SOP) must be completed by the site 
geologist/sampler for all samples collected. All soil sampling locations should be documented by tying in 
the location of two or more nearby permanent landmarks (building, telephone pole, fence, etc.) or 
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obtaining GPS coordinates; and shall be noted on the appropriate sample log sheet, site map, or field 
notebook. Surveying may also be necessary, depending on the project requirements. 

Test pit logs (see Attachment C of this SOP) shall contain a sketch of pit conditions. If the project specific 
work plan requires photographs, at least one photograph with a scale for comparison shall be taken of 
each pit. Included in the photograph shall be a card showing the test pit number. Boreholes, test pits, and 
trenches shall be logged by the field geologist in accordance with SOP GH 1.5. 

Other data to be recorded in the field logbook include the following: 

• Name and location of job 

• Date of boring and excavation 

• Approximate surface elevation 

• Total depth of boring and excavation 

• Dimensions of pit 

• Method of sample acquisition 

• Type and size of samples 

• Soil and rock descriptions 

• Photographs if required 

• Groundwater levels 

• PID/FID/LEU02 meter readings 

• Other pertinent information, such as waste material encountered 

In addition, site-specific documentation to be maintained by the SSO and/or Competent Person will be 
required including: 

• Calibration logs 

• Excavation inspection checklists 

• Soil type classification 

7.0 REFERENCES 

American Society for Testing and Materials, 1987. ASTM Standards D1587-83 and D1586-84. ASTM 
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NUS Corporation and CH2M Hill, August, 1987. Compendium of Field Operation Methods. Prepared for 
the U.S. EPA. 
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1.0 PURPOSE 

This Standard Operating Procedure (SOP) describes the process to be used for purging groundwater 
monitoring wells prior to sampling, for collecting groundwater samples, and for measuring groundwater 
quality parameters.    
 
2.0 SCOPE 

This document provides information on proper sampling equipment, onsite water quality testing, safety 
measures to ensure the safety of the field technician(s), and techniques for groundwater sampling.  All 
personnel are encouraged to review the information contained herein to facilitate planning of the field 
sampling effort.  The techniques described shall be followed whenever applicable, noting that site-specific 
conditions or project-specific plans may require modifications to methodology.   
 
3.0 GLOSSARY 

Conductivity – Conductivity is a numerical expression of the ability of an aqueous solution to carry an 
electric current.  This ability depends on the presence of ions and their total concentration, mobility, 
valence, and relative concentrations and on temperature.  Conductivity is highly dependent on 
temperature and should be reported at a particular temperature, i.e., 20.2 microSiemens per centimeter 
(mS/cm) at 14°C. 
 
Dissolved Oxygen (DO) – DO levels in natural and wastewater depend on the physical, chemical, and 
biochemical activities in the water sample. 
 
Groundwater Sample – A quantity of water removed from the ground, usually via a monitoring well that 
may or may not be lined with a well casing. 
 
Oxidation-Reduction Potential (ORP) - A measure of the activity ratio of oxidizing and reducing species 
as determined by the electromotive force developed by a noble metal electrode immersed in water, as 
referenced against a reference electrode.  A reference electrode commonly used in the field is the 
silver/silver chloride electrode, which has a voltage offset of about 210 mV from the standard hydrogen 
electrode (SHE).  To convert field ORP measurements to equivalent SHE values, approximately 210 mV 
must be added to the ORP values obtained using the silver/silver chloride electrode.  The actual offset 
depends on the concentration of the potassium chloride (KCl) in the field reference electrode and the 
temperature.  Offsets typically range from 199 (saturated KCl) to 205 (3.5 Molar KCl) to 222 mV (1 Molar 
KCl) at 25°C and are greater at lower temperatures. 
 
pH - The negative logarithm (base 10) of the hydrogen ion activity.  The hydrogen ion activity is related to 
the hydrogen ion concentration, and, in a relatively weak solution, the two are nearly equal.  Thus, for all 
practical purposes, pH is a measure of the hydrogen ion concentration. 
 
pH Paper - Indicator paper that turns different colors depending on the pH of the solution to which it is 
exposed.  Comparison with color standards supplied by the manufacturer will then give an indication of 
the solution's pH. 
 
Representativeness – A qualitative description of the degree to which an individual sample accurately 
reflects population characteristics or parameter variations at a sampling point.  It is therefore an important 
characteristic not only of assessment and quantification of environmental threats posed by the site, but 
also for providing information for engineering design and construction.  Proper sample location selection 
and proper sample collection methods are important to ensure that a truly representative sample has 
been collected.   
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Salinity – The measurement of dissolved salts in a given mass of solution.  Note:  most field meters 
determined salinity automatically from conductivity and temperature.  The value will be displayed in either 
parts per thousand (ppt) or percent (e.g., 35 ppt equals 3.5 percent).  The parts per thousand symbol 
(0/00) is not the same as the percent symbol (%). 
 
Turbidity – Turbidity in water is caused by suspended matter such as clay, silt, and fine organic and 
inorganic matter.  Turbidity is an expression of the optical property that causes light to be scattered and 
absorbed rather than transmitted in a straight line through the sample. 
 
 
4.0 RESPONSIBILITIES AND PERSONNEL QUALIFICATIONS 

Project Manager - The Project Manager is responsible for determining the sampling objectives, initial 
sampling locations, and field procedures used in the collection of groundwater samples.  Additionally, in 
consultation with other project personnel (geologist, hydrogeologist, etc.), the Project Manager identifies 
sampling locations. 
 
Site Safety Officer (SSO) - The SSO (or a qualified designee) is responsible for providing the technical 
support necessary to implement the project Health and Safety Plan (HASP).  This includes but is not be 
limited to performing air quality monitoring during sampling, boring and excavation activities, and ensuring 
that workers and offsite (downwind) individuals are not exposed to hazardous levels of airborne 
contaminants.  The SSO or SSO designee may also be required to advise the FOL on other safety-
related matters regarding sampling, such as mitigative measures to address potential hazards from 
hazardous objects or conditions.   
 
Project Geologist/Sampler - The project geologist/sampler is responsible for the proper acquisition of 
samples in accordance with this SOP or other project-specific documents. In addition, this individual is 
responsible for the completion of all required paperwork (e.g., sample log sheets, field notebook, boring 
logs, container labels, custody seals, and chain-of-custody forms) associated with the collection of those 
samples. 
 
Project Hydrogeologist – This individual is responsible for selecting and detailing the specific groundwater 
sampling techniques, onsite water quality testing (type, frequency, and location), equipment to be used, 
and providing detailed input in this regard to the project planning documents.  The project hydrogeologist 
is also responsible for properly briefing and overseeing the performance of site sampling personnel. 
 
Field Operations Leader (FOL) – This individual is primarily responsible for the execution of the planning 
document containing the Sampling and Analysis Plan (SAP). This is accomplished through management 
of a field sampling team for the proper acquisition of samples.  He or she is responsible for the 
supervision of onsite analyses; ensuring proper instrument calibration, care, and maintenance; sample 
collection and handling; the completion and accuracy of all field documentation; and making sure that 
custody of all samples obtained is maintained according to proper procedures.  When appropriate and as 
directed by the FOL, such responsibilities may be performed by other qualified personnel (e.g., field 
technicians) where credentials and time permit.  The FOL is ultimately responsible for adherence to 
Occupational Safety and Health Administration (OSHA) regulations during these operations through self 
acquisition or through the management of a field team of samplers. 
General personnel qualifications for groundwater sample collection and onsite water quality testing 
include the following: 
 
• Occupational Safety and Health Administration (OSHA) 40-hour and applicable refresher training. 
 
• Capability of performing field work under the expected physical and environmental (i.e., weather) 

conditions. 
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• Familiarity with appropriate procedures for sample documentation, handling, packaging, and 

shipping.  
 
5.0 HEALTH AND SAFETY 

Specific safety and health precautions are identified throughout this SOP.  In addition to those 
precautions, the following general hazards may be incurred during sampling activities: 
 
• Knee injuries from kneeling on hard surfaces 
 
• Slips, trips, and falls 
 
• Cuts and lacerations 
 
• Traffic hazards associated with sampling in parking areas and roadways and along highways. 
 
Methods of avoiding these hazards are provided below. 
 
Knee injuries – Many monitoring wells are installed as flush mounts.  Personnel are required to kneel to 
open these wells and to take groundwater level measurements, etc. This could result in knee injuries from 
kneeling on stones/foreign objects and general damage due to stress on the joints. To combat this 
hazard: 
 
• Clear any foreign objects from the work area. 
 
• Wear hard-sided knee pads.  
 
Slips, Trips, and Falls – These hazards exist while traversing varying terrains carrying equipment to 
sample wells. To minimize these hazards: 
 
• Pre-survey well locations. Eliminate, barricade, or otherwise mark physical hazards leading to the 

locations. 
 
• Carry small loads that do not restrict the field of vision. 
 
• Travel the safest and clearest route (not necessarily the shortest). 
 
Cuts and Lacerations – To prevent cuts and lacerations associated with groundwater sampling, the 
following provisions are required: 
 
• Always cut away from yourself and others when cutting tubing or rope.  This will prevent injury to 

yourself and others if the knife slips. 
 
• Do not place items to be cut in your hand or on your knee. 
 
• Change blades as necessary to maintain a sharp cutting edge.  Many accidents result from struggling 

with dull cutting attachments. 
 
• Whenever practical, wear cut-resistant gloves (e.g., leather or heavy cotton work gloves) at least on 

the hand not using the knife. 
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• Keep cutting surfaces clean and smooth.  
 
• Secure items to be cut -- do not hold them against the opposing hand, a leg, or other body part. 
 
• When transporting glassware, keep it in a hard-sided container such as a cooler so that if there is a 

fall, you will be less likely to get cut by broken glass. 
 
• DO NOT throw broken glass or glass ampoules into garbage bags.  Place broken glass and glass 

ampoules in hard-sided containers such as a cardboard box or directly into a dumpster.  DO NOT 
reach into garbage bags to retrieve any item accidentally thrown away.  Empty the contents onto a 
flat surface to avoid punctures and lacerations from reaching where you cannot see.  

 
Vehicular and Foot Traffic Hazards – When sampling along the roadway or near traffic patterns, follow 
the following precautions: 
 
• Motorists may be distracted by onsite activities – ASSUME THEY DO NOT SEE YOU OR MEMBERS 

OF YOUR FIELD CREW. 
 
• DO NOT place obstructions (such as vehicles) along the sides of the road that may cause site 

personnel to move into the flow of traffic to avoid your activities or equipment or that will create a 
blind spot.  

 
• Provide a required free space of travel.  Maintain at least 6 feet of space between you and moving 

traffic.  Where this is not possible, use flaggers and/or signs to warn oncoming traffic of activities near 
or within the travel lanes.   

 
• Face Traffic.  Whenever feasible, if you must move within the 6 feet of the required free space or into 

traffic, attempt to face moving traffic at all times.  Always leave yourself an escape route. 
 
• Wear high-visibility vests to increase visual recognition by motorists. 
 
• Do not rely on the vehicle operator’s visibility, judgment, or ability.  Make eye contact with the driver. 

Carefully and deliberately use hand signals so they will not startle or confuse motorists or be 
mistaken for a flagger’s direction before moving into traffic. 

 
• Your movements may startle a motorist and cause an accident, so move deliberately.  Do not make 

sudden movements that might confuse a motorist. 
 
6.0 PROCEDURES 

6.1 General 

For information derived from a groundwater sample to be useful and accurate, the sample must be 
representative of the particular zone being sampled.  The physical, chemical, and bacteriological integrity 
of the sample must be maintained from the time of sampling to the time of analysis to keep any changes 
in water quality parameters to a minimum.   
 

CAUTION 
A closed well may generate and accumulate gases due to biological degradation, 

evolution of volatile chemicals from groundwater into the air, or other chemical actions. 
These gases may also be artificially generated, such as in the case of air sparging or 
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extraction wells, which may take several days to depressurize. See Section 6.6.2 for 
safety measures to be employed to protect sampling personnel. 

 
Methods for withdrawing samples from completed wells include the use of pumps, compressed air or 
nitrogen, bailers, and various types of samplers.  The primary considerations in obtaining a representative 
sample of groundwater are to avoid collection of stagnant (standing) water in the well and to avoid 
physical or chemical alteration of the water sample due to external influences of the sampling 
technique(s).  In a non-pumping well, there will be little or no vertical mixing of water in the well pipe or 
casing, and stratification will occur.  The well water in the screened section will mix with groundwater due 
to normal flow patterns, but the well water above the screened section will remain isolated and become 
stagnant.  Concentration gradients resulting from mixing and dispersion processes, layers of variable 
geologic permeability, and the presence of separate-phase product (e.g., floating hydrocarbons) may 
cause stratification.  Excessive pumping or improper sampling methods can dilute or increase 
contaminant concentrations in the collected sample compared to what is representative of the integrated 
water column as it naturally occurs at that point, resulting in the collection of a non-representative sample. 
To safeguard against collecting non-representative samples, the following approach shall be followed 
prior to sample acquisition: 
 

CAUTION 
Mechanical agitation of well water may cause off-gas generation of volatile contaminants, 

creating an inhalation exposure to the sampler(s).  Where avoiding an inhalation 
exposure is not possible and mechanical agitation is possible, pump into closed-top 

containers to control potential air emissions. 

 
1. If possible, position yourself (and the sampling equipment) upwind of the well head. 
 
2. Purge the monitoring well to be sampled prior to obtaining any samples from it.  Evacuation of three 

to five well volumes is recommended prior to sampling, unless low-flow purging and sampling 
methods are utilized as described in Section 6.7 (Consult the site-specific SAP for exact purging 
parameters).  In a high-yielding groundwater formation and where there is no stagnant water in the 
well above the screened section, extensive evacuation prior to sample withdrawal is not as critical as 
it is in a low-yielding well or in wells containing stagnant water.   

 
3. For wells with low yields that are purged dry during sampling, evacuate the well and allow it to 

recover to 75 percent of full capacity prior to sample acquisition.  If the recovery rate is fairly rapid 
(generally 300 mL per minute or greater), attempt to continue evacuation until the number of well 
volumes specified in the SAP is achieved.  If this cannot be accomplished, allow recovery to 75 
percent of capacity and begin sampling. 

 
 
 
 

CAUTION 
For moderate to high-yielding monitoring wells, an evacuation rate that does not cause 
excessive turbulence in the well should be selected.  There is no absolute safeguard 
against contaminating the sample with stagnant water; hence, special techniques are 
required for purging to minimize the potential for sample contamination (see below).   

 
4. For moderate to high-yielding monitoring wells, use one of the following purge techniques:   
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• Place a submersible pump or the intake line of a surface pump or bailer just below the water 
surface when removing the stagnant water. 

 
• While purging and as the water level decreases, lower the pump or intake line as the water level 

drops in the well.  Three to five volumes of water shall be removed to provide reasonable 
assurance that all stagnant water has been evacuated.  After this is accomplished, a bailer or 
other approved device may be used to collect the sample for analysis. 
 

• Unless otherwise directed, place the intake line of the sampling pump (or the submersible pump 
itself) near the center of the screened section, and pump approximately one casing volume of 
water from the well at a low purge rate equal to the well's recovery rate (low-flow sampling). 

 

6.2 Sampling, Monitoring, and Evacuation Equipment 

Sample containers shall conform to the guidelines in SOP SA-6.1. 
 
The following equipment shall be on hand when sampling groundwater wells (reference SOPs SA-6.1 
and SA-7.1): 
 
• Sample packaging and shipping equipment – Coolers for sample shipping and cooling, chemical 

preservatives, appropriate sampling containers and filler materials, ice, labels, and chain-of-custody 
documents.   

 
• Field tools and instrumentation 
 

− Multi-parameter water quality meter with an in-line sample chamber capable of measuring ORP, 
pH, temperature, DO, specific conductance, turbidity, and salinity, or individual meters (as 
applicable) 

 
− pH Paper 
 
− Camera and film (if appropriate) 
 
− Appropriate keys (for locked wells) 
 
− Water level indicator and/or oil-water interface probe if separate-phase product is expected 

 
• Pumps 
 

− Shallow-well pumps:  Centrifugal, bladder, suction, or peristaltic pumps with drop lines and air-lift 
apparatus (compressor and tubing) where applicable. 

 
− Deep-well pumps:  Submersible pump and electrical power-generating unit, or bladder pumps 

where applicable. 
 
• Other sampling equipment – Bailers, graduated cylinder, stopwatch, and inert line with tripod-pulley 

assembly (if necessary).   
 
• Pails – Plastic, graduated. 
 
• Clean paper or cotton towels for cleaning equipment. 
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• Buckets with lids for collecting purge water. 
 
• Decontamination solutions – Deionized water, potable water, phosphate-free laboratory-grade 

detergent, and analytical-grade solvent (e.g., pesticide-grade isopropanol), as required. 
 
Ideally, sample withdrawal equipment shall be completely inert, economical, easily cleaned, cleaned prior 
to use, reusable, able to operate at remote sites in the absence of power sources, and capable of 
delivering variable rates for well purging and sample collection.  
 

6.3 Calculations of Well Volume 

To ensure that the proper volume of water has been removed from the well prior to sampling, it is first 
necessary to know the volume of standing water in the well pipe (including well screen where applicable).  
This volume can be easily calculated by the following method.  Calculations shall be entered in the site 
logbook or field notebook or on a sample log sheet form or equivalent electronic form(s) (see SOP 
SA-6.3): 
 
1. Obtain all available information on well construction (location, casing, screen, etc.). 
 
2. Determine well or inner casing diameter. 
 
3. Measure and record static water level (depth below ground level or top of casing reference point). 
 
4. Determine depth of well by sounding using a clean, decontaminated, weighted tape measure or water 

level indicator. 
 
5. Calculate number of linear feet of static water (total depth or length of well pipe minus the depth to 

static water level). 
 
6. Calculate one static well volume in gallons  ( ) ))((163 2rT0.   =   V  
 
 where: V = Static volume of well in gallons. 

T = Linear feet of water in the well. 
  r = Inside radius of well casing in inches. 

0.163 = Conversion factor (compensates for conversion of casing radius         
                          from inches to feet and cubic feet to gallons and pi. 

 
7. Per evacuation volumes discussed above, determine the minimum amount to be evacuated before 

sampling. 
 
Measuring devices may become contaminated when gathering the above information if they are 
submerged in contaminated water. Decontamination of the tape or water level indicator must be 
conducted between measurements in different wells as follows: 
 
1. Saturate a paper towel or clean cotton towel with deionized water.  
 
2. As the measuring device is extracted, wipe the tape, changing the cleaning surface frequently. 
 
3. After it is extracted, rinse the probe or tape using a spray bottle of deionized water over a bucket or 

similar collection container. 
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Based on the contaminant (oily, etc), it may be necessary to use a soap and water wash and rinse to 
remove contaminants.  Isopropanol can be used on the probe/tape.  However, it is recommended that the 
use of solvents on the tape be minimized because they could degrade the protective covering or possibly 
remove the scale designations.  If isopropanol (or some other solvent) is used, assure that the 
manufacturer/supplier Material Safety Data Sheet (MSDS) is obtained, kept on site at a readily available 
location with other MSDSs, and reviewed by personnel prior to the first usage of the solvent.   Also, add 
the substance to the site-specific Hazardous Chemical Inventory list (see Section 5 of the TtNUS Health 
and Safety Guidance Manual [HSGM], Hazard Communication Program and OSHA Standard 29 CFR 
1910.1200). 
 

6.4 Evacuation of Static Water – Purging 

6.4.1 General 

The amount to be purged from each well will be determined prior to sample collection. This amount will 
depend on the intent of the monitoring program and the hydrogeologic conditions.  Programs to 
determine overall quality of water resources may require long pumping periods to obtain a sample that is 
representative of a large volume of the aquifer.  The pumped volume may be specified prior to sampling 
so that the sample can be a composite of a known volume of the aquifer.  Alternately, the well can be 
pumped until parameters such as temperature, specific conductance, pH, and turbidity (as applicable) 
have stabilized.  Onsite measurements of these parameters shall be recorded in the site logbook or field 
notebook or on standardized data sheets or an equivalent electronic form(s).  
 
6.4.2 Evacuation Devices 

The following discussion is limited to those devices commonly used at hazardous waste sites.  
Attachment A provides guidance on the proper evacuation device to use for given sampling situations.  
All of these techniques involve equipment that is portable and readily available. 
 

Bailers 

Bailers are the simplest evacuation devices used and have many advantages.  They generally consist of 
a length of tubing equipped with a base plate and ball check-valve at the bottom.  Bailers are comprised 
of stainless steel and plastic. They come in a variety of sizes, but the two most often used are 2 inches 
and 4 inches in diameter.  An inert non-absorbent line such as polyethylene rope is used to lower and 
then raise the bailer to retrieve the sample. As the bailer is lowered into the water column, the ball is 
pushed up allowing the tube to be filled.  When the bailer is pulled upward, the ball seats in the base plate 
preventing water from escaping. 
 
Advantages of bailers include the following: 
 
• There are few limitations on size and materials used. 
 
• No external power source is needed. 
 
• Bailers are inexpensive and can be dedicated and hung in a well to reduce the chances of cross-

contamination. 
 
• Bailers are relatively easy to decontaminate. 
 
Limitations on the use of bailers include the following: 
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• It is time consuming to remove stagnant water using a bailer. 
 
• Splashing the bailer into the water or transfer of sample may cause aeration. 
 
• The use of a bailer does not permit constant in-line monitoring of groundwater parameters. 
 
• Use of bailers is physically demanding, especially in warm temperatures at personal protection 

equipment (PPE) levels above Level D. 
 
Safety concerns using a bailer include the following: 
 
• Muscle stress and strain, especially when using 4-inch bailers and when pulling from excessively 

deep wells. 
 
• Entanglement, possible hand/finger injuries, and rope burns during a sudden release of the bailer 

back down the well. 
 
• Direct contact with contaminants of concern and sample preservatives when discharging the bailer 

contents because there is not a high level of control during a direct pour, and splashing and indirect 
contact with contaminants/preservatives could occur. 

 
Control measures for these hazards are provided in Section 6.6.2. 
 

Suction Pumps 

There are many different types of inexpensive suction pumps including centrifugal, diaphragm, and 
peristaltic pumps.  Centrifugal and diaphragm pumps can be used for well evacuation at a fast pumping 
rate and for sampling at a low pumping rate.  The peristaltic pump is a low-volume pump that uses rollers 
to squeeze flexible tubing to create suction.  This tubing can be dedicated to a well to prevent cross- 
contamination from well to well.  Suction pumps are all portable, inexpensive, and readily available.  
However, because they are based on suction, their use is restricted to areas with water levels within 20 to 
25 feet of the ground surface.  A significant limitation is that the vacuum created by these pumps can 
cause loss of dissolved gases and volatile organics.  Another limitation of these pumps is that they 
require a secondary energy source to drive them.  Electrically driven pumps may require portable 
generators as energy sources.  Air diaphragm pumps require air compressors and/or compressed gas 
cylinders to drive them.  The advantage of the peristaltic pump is that it will operate from a portable 
battery source.  Safety measures associated with these pumps are provided below. 
 

Air-Lift and Gas-Lift Samplers 

This group of pump samplers uses gas pressure either in the annulus of the well or in a venturi to force 
groundwater up a sampling tube.  These pumps are also relatively inexpensive.  Air- or gas-lift samplers 
are more suitable for well development than for sampling because the samples may be aerated as a 
result of pump action.  Aeration can cause pH changes and subsequent trace metal precipitation or loss 
of volatile organics. 
 

Submersible Pumps 

Submersible pumps take in water and push the sample up a sample tube to the surface.  The power 
sources for these samplers may be compressed gas or electricity.  Operation principles vary, and 
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displacement of the sample can be by an inflatable bladder, sliding piston, gas bubble, or impeller.  
Pumps are available for 2-inch-diameter wells and larger.  These pumps can lift water from considerable 
depths (several hundred feet). 
 
Limitations of this class of pumps include the following: 
 
• They may have low delivery rates. 
 
• Many models are expensive. 
 
• Compressed gas or electric power is needed. 
 
• Sediment in water may cause clogging of the valves or eroding of the impellers with some of these 

pumps. 
 
• Decontamination of internal components can be difficult and time consuming. 
 

Compressed Gases 

Safety concerns using compressed gases as an energy source in these pumps are numerous.  The 
nitrogen gas or compressed air is provided in a compressed gas cylinder at a pressure of approximately 
2,000 psi.  If damaged, these cylinders can become dangerous projectiles.  Additionally, a sudden 
release of a cylinder's contents can involve considerable force that could cause significant damage to the 
eyes and/or skin.  Protective measures include the following: 
 
• Always wear safety impact glasses when handling compressed gases. 
 
• Always administer compressed gases through an appropriate pressure-reducing regulator. 
 
• When clearing the cylinder connection port, open the cylinder valve only enough to clear foreign 

debris. During this process, always position the cylinder valve so that it faces away from you and 
others. 

 
• If the cylinder is designed to accept a valve protection cap, always keep that protection cap in place, 

except the cylinder is connected for use. 
 
• When using the cylinder, lay the cylinder on its side to avoid the potential of it falling and knocking the 

valve off (and becoming a missile). 
• DO NOT use the compressed nitrogen or air to clean clothing or to spray off the skin. Small cuts in 

the protective layer of the skin may permit the gas to enter into the bloodstream, presenting the 
potential danger of an embolism. 

 
See the project-specific HASP for additional direction concerning cylinder safe handling procedures 
pertaining to the safe handling, transportation, and storage of compressed gas cylinders. 
 

Electrical Shock 

Even in situations where portable batteries are used, the potential for electrical shock exists.  This 
potential risk is increased in groundwater sampling activities because of the presence of groundwater 
near the batteries.  This potential is also increased in (prohibited) situations where jury-rigging of 
electrical connections is performed.  Other potential hazards occur when field samplers open the hood of 
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a running car to access the battery as a power source.  To control these hazards: 
 
• If you are unfamiliar with electrical devices, do not experiment, get help, and get the proper 

equipment necessary to power your device. 
 
• Use the proper portable power inverters for cigarette lighter connections to minimize the need to 

access the battery under the hood of your vehicle. 
 
• Use of electrical generators may pose a number of hazards including noise, those associated with 

fueling, and indirect sample influence. 
 
To minimize or eliminate electrical generator hazards: 
 
• Inspect the generator before use. Ensure that the generator and any extension cords are rated for the 

intended operation and have a Ground Fault Circuit Interrupter (GFCI) in line to control potential 
electrical shock. 

 
• Fuel the generator before purging and sampling to avoid loss of power during sampling. 
 
• Fuel engines only when they are turned OFF and have cooled sufficiently to prevent a fire hazard. 
 
• Place the generator and any fuel source at least 50 feet from the well to be sampled to avoid indirect 

influence to the sample from fuel vapors or emission gases. 
 
Lifting Hazards 
 
This hazard may be experienced when moving containers of purge water, equipment, cylinders, etc.  To 
control these potential hazards: 
 
• Do not fill purge buckets to more than 80 percent of their capacity. 
 
• Obtain a gas cylinder of sufficient size to complete the designated task but not too large to handle. K-

size cylinders weigh approximately 135 pounds and are difficult to handle.  M-size cylinders weigh 
approximately 50 pounds and are easier to handle and move. 

 
• When necessary, get help lifting and moving gas cylinders and other heavy objects.  Minimize 

twisting and turning while lifting.  If it is necessary to move these cylinders or generators over 
significant distance, use mechanical means (carts, etc.). 

• Use proper lifting techniques as described in Section 4.4 of the HSGM. 
 

6.5 Onsite Water Quality Testing 

This section describes the procedures and equipment required to measure the following parameters of an 
aqueous sample in the field: 
 
• pH 
• Specific conductance 
• Temperature 
• DO 
• ORP 
• Turbidity 
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• Salinity 
 
This section is applicable for use in an onsite groundwater quality monitoring program to be conducted at 
a hazardous or nonhazardous waste site.  The procedures and equipment described are applicable to 
groundwater samples and are not, in general, subject to solution interferences from color, turbidity, or 
colloidal material or other suspended matter. 
 
This section provides general information for measuring the parameters listed above with instruments and 
techniques in common use.  Because instruments from different manufacturers may vary, review of the 
manufacturer's literature pertaining to the use of a specific instrument is required before use.  Most 
meters used to measure field parameters require calibration on a daily basis.  Refer to SOP SA-6.3 for an 
example equipment calibration log. 
 
6.5.1 Measurement of pH 

6.5.1.1 General 

Measurement of pH is one of the most important and frequently used tests in water chemistry.  Practically 
every phase of water supply and wastewater treatment such as acid-base neutralization, water softening, 
and corrosion control is pH dependent.  Likewise, the pH of leachate can be correlated with other 
chemical analyses to determine the probable source of contamination.  It is therefore important that 
reasonably accurate pH measurements be taken and recorded on the groundwater sample log sheet 
(Attachment B) or equivalent electronic form. 
 
Two methods are given for pH measurement:  the pH meter and pH indicator paper.  Indicator paper is 
used when only an approximation of the pH is required or when pH meter readings need to be verified, 
and the pH meter is used when a more accurate measurement is needed.  The response of a pH meter 
can be affected by high levels of colloidal or suspended solids, but the effect is generally of little 
significance.  Consequently, specific methods to overcome this interference are not described.  The 
response of pH paper is unaffected by solution interferences from color, turbidity, or colloidal or 
suspended materials unless extremely high levels capable of coating or masking the paper are 
encountered.  In such cases, use of a pH meter is recommended. 
 

6.5.1.2 Principles of Equipment Operation 

Use of pH papers for pH measurement relies on a chemical reaction caused by the acidity or alkalinity of 
the solution created by the addition of the water sample reacting with the indicator compound on the 
paper.  Various types of pH papers are available, including litmus (for general acidity or alkalinity 
determination) and specific, or narrower range, pH range paper. 
 
Use of a pH meter relies on the same principle as other ion-specific electrodes.  Measurement relies on 
establishment of a potential difference across a glass or other type of membrane in response to (in this 
instance, hydrogen) ion activity (which is usually similar to concentration) across that membrane.  The 
membrane is conductive to ionic species and, in combination with a standard or reference electrode, a 
potential difference proportional to the ion concentration is generated and measured. 
 

6.5.1.3 Equipment 

The following equipment is to be used for obtaining pH measurements: 
 



 Number 
 SA-1.1 

Page 
 14 of 34 

Subject 
 GROUNDWATER SAMPLE  
 ACQUISITION AND ONSITE  
 WATER QUALITY TESTING 

Revision 
 7 

Effective Date 
 04/07/2008 

 

019611/P Tetra Tech NUS, Inc. 

• A stand-alone portable pH meter or combination meter equipped with an in-line sample chamber 
(e.g., YSI 600 series and Horiba U-22). 

 
• Combination electrode with polymer body to fit the above meter.  Alternately, a pH electrode and a 

reference electrode can be used if the pH meter is equipped with suitable electrode inputs. 
 
• Buffer solutions, as specified by the manufacturer.  If the buffer solutions are considered hazardous 

per 29 Code of Federal Regulations (CFR) 1910.1200 (Hazard Communication) or the volumes used 
are greater than consumer commodity levels, the SSO shall obtain MSDSs from the manufacturer for 
the specific buffer solutions (see Section 4 of the HSGM regarding the Hazard Communication 
Program) 

 
• pH indicator paper to cover the pH range 2 through 12. 
 
• Manufacturer's operation manual.  All personnel must be familiar with the equipment operation to 

ensure that the integrity of samples is preserved and that the equipment is operated safely. 
 

6.5.1.4 Measurement Techniques for Field Determination of pH 

pH Meter 

The following procedure shall be used for measuring pH with a pH meter (meter standardization is 
according to manufacturer's instructions): 
 
1. Inspect the instrument and batteries prior to initiation of the field effort. 
 
2. Check the integrity of the buffer solutions used for field calibration.  Buffer solutions need to be 

changed often as a result of degradation upon exposure to the atmosphere.   
 
3. If applicable, make sure all electrolyte solutions within the electrode(s) are at their proper levels and 

that no air bubbles are present within the electrode(s). 
 
4. Calibrate the meter and electrode(s) on a daily use basis (or as recommended by manufacturer) 

following manufacturer's instructions.  Record calibration data on a water quality meter calibration log 
sheet (Attachment C) or equivalent electronic form. 

 
5. Immerse the electrode(s) in the sample.  Stabilization may take several seconds to minutes.  If the pH 

continues to drift, the sample temperature may not be stable, a physical reaction (e.g., degassing) 
may be taking place in the sample, or the meter or electrode may be malfunctioning.  The failure of 
the measurements to stabilize must be clearly noted in the logbook or equivalent electronic form.  

 
6. Read and record the pH of the sample.  pH shall be recorded to the nearest 0.01 pH standard unit.  

Also record the sample temperature (unless otherwise specified in the SAP, record temperatures to 
the nearest whole degree Fahrenheit or 0.5 degree Celsius). 

 
7. Rinse the electrode(s) with deionized water. 
 
8. Store the electrode(s) in an accordance with manufacturer’s instructions when not in use. 
 
Any visual observation of conditions that may interfere with pH measurement, such as oily materials or 
turbidity, shall be noted and avoided as much as possible. 
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pH Paper 

Use of pH paper is very simple and requires no sample preparation, standardization, etc. pH paper is 
available in several ranges, including wide-range (indicating approximately pH 1 to 12), mid-range 
(approximately pH 0 to 6, 6 to 9, 8 to 14) and narrow-range (many available, with ranges as narrow as 
1.5 pH units).  The appropriate range of pH paper shall be selected.  If the pH is unknown the 
investigation shall start with wide-range paper and proceed with successively narrower range paper until 
the sample pH is determined.  To measure the pH with pH paper: 
 
1. Collect a small portion of sample into a clean container. 
 
2. Dip the pH paper into this small portion of sample. 
 
3. Compare the color of the paper to the color chart that is provided with the pH paper and read the 

corresponding pH from the chart. 
 
4. Record the pH value from the chart on the sampling log sheet. 
 
5. Discard the used pH paper as trash. 
 
6. Discard the small volume of sample that was used for the pH measurement with the other 

investigative derived waste. 
 
6.5.2 Measurement of Specific Conductance 

6.5.2.1 General 

Conductance provides a measure of dissolved ionic species in water and can be used to identify the 
direction and extent of migration of contaminants in groundwater or surface water.  It can also be used as 
a measure of subsurface biodegradation or to indicate alternate sources of groundwater contamination. 
Conductivity is a numerical expression of the ability of a water sample to carry an electric current.  This 
value depends on the total concentration of ionized substances dissolved in the water and the 
temperature at which the measurement is made.  The mobility of each of the various dissolved ions, their 
valences, and their actual and relative concentrations affect conductivity. 
 
It is important to obtain a specific conductance measurement soon after taking a sample because 
temperature changes, precipitation reactions, and absorption of carbon dioxide from the air all affect 
specific conductance.  Most conductivity meters in use today display specific conductance in units of 
mS/cm, which is the conductivity normalized to a temperature of 25°C.  These are the required units to be 
recorded on the groundwater sample log field form or equivalent electronic form. 
 

6.5.2.2 Principles of Equipment Operation 

An aqueous system containing ions will conduct an electric current.  In a direct-current field, the positive 
ions migrate toward the negative electrode, and the negatively charged ions migrate toward the positive 
electrode.  Most inorganic acids, bases, and salts such as hydrochloric acid, sodium carbonate, and 
sodium chloride, respectively, are relatively good conductors.  Conversely, organic compounds such as 
sucrose or benzene, which do not dissociate in aqueous solution, conduct a current very poorly if at all. 
 
A conductance cell and a Wheatstone Bridge (for the measurement of potential difference) may be used 
for measurement of electrical resistance.  The ratio of current applied to voltage across the cell may also 
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be used as a measure of conductance.  The core element of the apparatus is the conductivity cell 
containing the solution of interest.  Depending on the ionic strength of the aqueous solution to be tested, 
a potential difference is developed across the cell, which can be converted directly or indirectly 
(depending on instrument type) to a measurement of specific conductance. 
 

6.5.2.3 Equipment 

The following equipment is needed for taking specific conductance measurements: 
 
• Stand-alone portable conductivity meter or combination meter equipped with an in-line sample 

chamber (e.g., YSI 600 series and Horiba U-22). 
 
• Calibration solution, as specified by the manufacturer. 
 
• Manufacturer's operation manual. 
 
A variety of conductivity meters are available that may also be used to monitor salinity and temperature.  
Probe types and cable lengths vary, so equipment must be obtained to meet the specific requirements of 
the sampling program. 

6.5.2.4 Measurement Techniques for Specific Conductance 

The steps involved in taking specific conductance measurements are as follows (calibration shall be 
conducted according to manufacturer's instructions): 
 
1. Check batteries and calibrate instrument before going into the field. 
 
2. Calibrate on a daily use basis (or as recommended by manufacturer), according to the 

manufacturer's instructions and record all pertinent information on a water quality meter calibration 
log sheet or equivalent electronic form.  Potassium chloride solutions with a specific conductance 
closest to the values expected in the field shall be used for calibration.   

 
3. Rinse the cell with one or more portions of the sample to be tested or with deionized water and shake 

excess water from the cell. 
 
4. Immerse the electrode in the sample and measure the conductivity.   
 
5. Read and record the results in a field logbook or on a sample log sheet or equivalent electronic form.   
 
6. Rinse the electrode with deionized water. 
 
If the specific conductance measurements become erratic, recalibrate the instrument and see the 
manufacturer's instructions for troubleshooting assistance. 
 
6.5.3 Measurement of Temperature 

6.5.3.1 General 

In combination with other parameters, temperature can be a useful indicator of the likelihood of biological 
action in a water sample.  It can also be used to trace the flow direction of contaminated groundwater.  
Temperature measurements shall be taken in situ, or as quickly as possible in the field because collected 
water samples may rapidly equilibrate with the temperature of their surroundings.   
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6.5.3.2 Equipment 

Temperature measurements may be taken with alcohol-toluene, mercury-filled, dial-type thermometers or 
combination meters equipped with an in-line sample chamber (e.g., YSI 600 series and Horiba U-22).  In 
addition, various meters such as specific conductance or DO meters that have temperature measurement 
capabilities may also be used.  Using such instrumentation along with suitable probes and cables, in-situ 
measurements of temperature at great depths can be performed. 
 

6.5.3.3 Measurement Techniques for Water Temperature 

If a thermometer is used to determine the temperature for a water sample, use the following procedure: 
 
1. Immerse the thermometer in the sample until temperature equilibrium is obtained (1 to 3 minutes).  

To avoid the possibility of cross-contamination, the thermometer shall not be inserted into samples 
that will undergo subsequent chemical analysis. 

 
2. Record values in a field logbook or on a sample log sheet or equivalent electronic form. 
 
If a temperature meter or probe is used: 
 
1. Calibrate the instrument according to manufacturer's recommendations prior to use. 
 
2. Immerse the meter/probe in the sample until temperature equilibrium is obtained (1 to 3 minutes).  To 

avoid the possibility of cross-contamination, the meter/probe shall not be inserted into samples that 
will undergo subsequent chemical analysis. 

3. Record values in a field logbook or on a sample log sheet or equivalent electronic form. 
 
6.5.4 Measurement of Dissolved Oxygen 

6.5.4.1 General 

DO levels in natural water and wastewater depend on the physical, chemical and biochemical activities in 
the water body.  In addition, the growth of many aquatic organisms and the rate of corrosivity are 
dependent on DO concentrations.  Thus, analysis for DO is a key test in water pollution and waste 
treatment process control.  If at all possible, DO measurements shall be taken in situ because 
concentrations may show a large change in a short time if the sample is not adequately preserved. 
 
The monitoring method discussed herein is limited to the use of DO meters.  Chemical methods of 
analysis (i.e., Winkler methods) are available but require more equipment and greater sample 
manipulation.  Furthermore, DO meters using a membrane electrode are suitable for highly polluted 
waters because the probe is completely submersible and is not susceptible to interference caused by 
color, turbidity, or colloidal material or suspended matter. 
 

6.5.4.2 Principles of Equipment Operation 

DO probes are normally electrochemical cells that have two solid metal electrodes of different nobility 
immersed in an electrolyte.  The electrolyte is retained by an oxygen-permeable membrane.  The metal of 
highest nobility (the cathode) is positioned at the membrane.  When a suitable potential exists between 
the two metals, reduction of oxygen to hydroxide ion (OH-) occurs at the cathode surface.  An electrical 



 Number 
 SA-1.1 

Page 
 18 of 34 

Subject 
 GROUNDWATER SAMPLE  
 ACQUISITION AND ONSITE  
 WATER QUALITY TESTING 

Revision 
 7 

Effective Date 
 04/07/2008 

 

019611/P Tetra Tech NUS, Inc. 

current is developed that is directly proportional to the rate of arrival of oxygen molecules at the cathode.  
This rate is proportional to the oxygen concentration in the water being measured. 
 
Because the current produced in the probe is directly proportional to the rate of arrival of oxygen at the 
cathode, it is important that a fresh supply of sample always be in contact with the membrane.  
Otherwise, the oxygen in the aqueous layer along the membrane is quickly depleted and false low 
readings are obtained.  It is therefore necessary to stir the sample (or the probe) constantly to maintain 
fresh solution near the membrane interface.  Stirring, however, shall not be so vigorous that additional 
oxygen is introduced through the air-water interface at the sample surface.  To avoid this possibility, 
some probes are equipped with stirrers to agitate the solution near the probe, leaving the surface of the 
solution undisturbed. 
 
DO probes are relatively unaffected by interferences.  Interferences that can occur are reactions with 
oxidizing gases such as chlorine or with gases such as hydrogen sulfide that are not easily depolarized 
from the indicating electrode.  If a gaseous interference is suspected, it shall be noted in the field logbook 
and checked if possible.  Temperature variations can also cause interference because probes exhibit 
temperature sensitivity.  Automatic temperature compensation is normally provided by the manufacturer.  
This compensation can counteract some of the temperature effects but not all of them. 
 

6.5.4.3 Equipment 

The following equipment is needed to measure DO concentrations: 
 
• A stand-alone portable DO meter or combination meter equipped with an in-line sample chamber 

(e.g., YSI 600 series and Horiba U-22). 
• Sufficient cable to allow the probe to contact the sample. 
 
• Manufacturer's operation manual. 
 

6.5.4.4 Measurement Techniques for Dissolved Oxygen Determination 

DO probes differ as to instructions for use.  Follow the manufacturer's instructions to obtain an accurate 
reading.  The following general steps shall be used to measure DO concentrations: 
 
1. Check the DO meter batteries before going to the field. 
 
2. Condition the probe in a water sample for as long a period as practical before use in the field.  Long 

periods of dry storage followed by short periods of use in the field may result in inaccurate readings. 
 
3. Calibrate the instrument in the field according to manufacturer's recommendations or in a freshly air-

saturated water sample of known temperature.   
 
4. Record all pertinent information on a water quality meter calibration log sheet or equivalent electronic 

form. 
 
5. Rinse the probe with deionized water. 
 
6. Immerse the probe in the sample.  Be sure to provide for sufficient flow past the membrane by stirring 

the sample.  Probes without stirrers placed in wells may be moved up and down to achieve the 
required mixing. 
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7. Record the DO content and temperature of the sample in a field logbook or on a sample log sheet or 
equivalent electronic form. 

 
8. Rinse the probe with deionized water. 
 
9. Recalibrate the probe when the membrane is replaced, or as needed.  Follow the manufacturer's 

instructions. 
 
Note that in-situ placement of the probe is preferable because sample handling is not involved.  This 
however may not always be practical.   
 
Special care shall be taken during sample collection to avoid turbulence that can lead to increased 
oxygen solubilization and positive test interferences. 
 
6.5.5 Measurement of Oxidation-Reduction Potential 

6.5.5.1 General 

ORP provides a measure of the tendency of organic or inorganic chemicals to exist in an oxidized state.  
The ORP parameter therefore provides evidence of the likelihood of anaerobic degradation of 
biodegradable organics or the ratio of activities of reduced to oxidized species in the sample. 
 

6.5.5.2 Principles of Equipment Operation 

When an inert metal electrode, such as platinum, is immersed in a solution, a potential is developed at 
that electrode depending on the ions present in the solution.  If a reference electrode is placed in the 
same solution, an ORP electrode pair is established.  This electrode pair allows the potential difference 
between the two electrodes to be measured and is dependent on the concentration of the ions in solution.  
By this measurement, the ability to oxidize or reduce species in solution may be determined.  
Supplemental measurements, such as DO, may be correlated with ORP to provide knowledge of the 
quality of the solution, water, or wastewater. 
 

6.5.5.3 Equipment 

The following equipment is needed for measuring the ORP of a solution: 
 
• A combination meter with an in-line sample chamber (e.g., YSI 600 series and Horiba U-22). 
 
• Reference solution as specified by the manufacturer. 
 
• Manufacturer's operation manual. 
 

6.5.5.4 Measurement Techniques for Oxidation-Reduction Potential 

The following procedure is used for measuring ORP: 
 
1. Check the equipment using the manufacturer's recommended reference solution and check its 

batteries before going to the field. 
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2. Thoroughly rinse the electrode with deionized water. 
 
3. If the probe does not respond properly to the recommended reference solution, verify the sensitivity 

of the electrodes by noting the change in millivolts when the pH of a test solution is altered.  The ORP 
will increase when the pH of a test solution decreases, and the ORP will decrease when the test 
solution pH is increased.  Place the sample in a clean container and agitate the sample.  Insert the 
electrodes and note that the ORP drops sharply when the caustic is added (i.e., pH increases) thus 
indicating that the electrodes are sensitive and operating properly.  If the ORP increases sharply 
when the caustic is added, the polarity is reversed and must be corrected in accordance with the 
manufacturer's instructions or the probe should be replaced.   

 
4. Record all pertinent information on a water quality meter calibration log sheet or equivalent electronic 

form. 
 

6.5.6 Measurement of Salinity 

6.5.6.1 General 

Salinity is a unitless property of industrial and natural waters.  It is the measurement of dissolved salts in 
a given mass of solution.  Most field meters determine salinity automatically from conductivity and 
temperature.  The displayed value will be displayed in either parts per thousand (ppt) or percent (e.g., 35 
ppt equals 3.5 percent). 
 

6.5.6.2 Principles of Equipment Operation 

Salinity is determined automatically from the meter's conductivity and temperature readings according to 
algorithms (such as are found in Standard Methods for the Examination of Water and Wastewater).  
Depending on the meter, the results are displayed in either ppt or percent.  The salinity measurements 
are carried out in reference to the conductivity of standard seawater (corrected to salinity = 35 ppt). 
 

6.5.6.3 Equipment 

The following equipment is needed for salinity measurements: 
 
• A multi-parameter water quality meter capable of measuring conductivity and temperature and 

converting them to salinity (e.g., Horiba U-22 or YSI 600 series). 
 
• Calibration solution as specified by the manufacturer. 
 
• Manufacturer's operation manual. 
 

6.5.6.4 Measurement Techniques for Salinity 

The steps involved in taking salinity measurements are as follows (standardization shall be conducted 
according to manufacturer's instructions): 
 
1. Check the expiration date of the solutions used for field calibration and replace them if they are 

expired. 
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2. Check batteries and calibrate the meter before going into the field. 
 
3. Calibrate on a daily use basis, according to the manufacturer's instructions and record all pertinent 

information on a water quality meter calibration log sheet or equivalent electronic form. 
 
4. Rinse the cell with the sample to be tested. This is typically accomplished as the probe is placed in 

line during the collection of the purge water up to the time of sample acquisition. 
 
5. Immerse the multi-probe in the sample and measure the salinity.  Read and record the results in a 

field logbook or on a sample log sheet or equivalent electronic form. 
 
6. Rinse the probes with deionized water. 
 
 
6.5.7 Measurement of Turbidity 

6.5.7.1 General 

Turbidity is an expression of the optical property that causes light to be scattered and absorbed rather 
than transmitted in a straight line through the sample.  Turbidity in water is caused by suspended matter 
such as clay, silt, or other finely divided organic and inorganic matter and microscopic organisms 
including plankton.   
 
It is important to obtain a turbidity reading immediately after taking a sample because irreversible 
changes in turbidity may occur if the sample is stored too long. 
 

6.5.7.2 Principles of Equipment Operation 

Turbidity is measured by the Nephelometric Method, which is based on a comparison of the intensity of 
light scattered by the sample under defined conditions with the intensity of light scattered by a standard 
reference suspension under the same conditions.  The higher the scattered light intensity, the higher the 
turbidity. 
 
Formazin polymer is used as the reference turbidity standard suspension because of its ease of 
preparation combined with a higher reproducibility of its light-scattering properties than clay or turbid 
natural water.  The turbidity of a specified concentration of formazin suspension is defined as 40 
nephelometric units.  This same suspension has an approximate turbidity of 40 Jackson units when 
measured on the candle turbidimeter.  Therefore, nephelometric turbidity units (NTUs) based on the 
formazin preparation will approximate units derived from the candle turbidimeter but will not be identical 
to them. 
 

6.5.7.3 Equipment 

The following equipment is needed for turbidity measurements: 
 
• A turbidity meter (e.g., LaMotte 2020) that calibrates easily using test cells with standards of 0.0, 1.0, 

and 10 NTUs, or a combination meter equipped with an in-line sample chamber (e.g., YSI 600 series 
and Horiba U-22). 

 
• Calibration solution and sample tubes, as specified by the manufacturer. 
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• Manufacturer's operation manual. 
 

6.5.7.4 Measurement Techniques for Turbidity 

The steps involved in taking turbidity measurements utilizing an electrode (e) or light meter (l) are listed 
below (standardization shall be done according to manufacturer's instructions): 
 
1. Check the expiration date of the solutions used for field calibration and replace them if they are 

expired. 
 
2. Check batteries and calibrate the instrument before going into the field. 
 
3. Calibrate on a daily basis according to the manufacturer's instructions, and record all pertinent 

information on a turbidity meter calibration log sheet (Attachment C) or equivalent electronic form. 
 
4. When using the YSI and/or Horiba U-22, rinse the electrode with one or more portions of the sample 

to be tested or with deionized water. 
 
5. When using the Lamotte 2020, fill the light meter’s glass test cell with approximately 5 mL of sample, 

screw on the cap, wipe off glass to remove all residue that could intercept the instrument’s light 
beam, place the test cell in the light meter, and close the lid. 

 
6. Immerse the electrode in the sample and measure the turbidity.   
 
7. The reading must be taken immediately because suspended solids will settle over time resulting in a 

lower, inaccurate turbidity reading. 
 
8. Read and record the results in a field logbook or on a sample log sheet or equivalent electronic form.  

Include a physical description of the sample, including color, qualitative estimate of turbidity, etc. 
 
9. Rinse the electrode or test cell with deionized water.  

 

6.6 Sampling 

6.6.1 Sampling Plan 

The sampling approach consisting of the following shall be developed as part of the project planning 
documents approved prior to beginning work in the field: 
 
• Background and objectives of sampling. 
 
• Brief description of area and waste characterization. 
 
• Identification of sampling locations, with map or sketch, and applicable well construction data (well 

size, depth, screened interval, reference elevation). 
 
• Intended number, sequence, volumes, and types of samples.  If the relative degree of contamination 

between wells is insignificant, a sampling sequence that facilitates sampling logistics may be 
followed.  Where some wells are known or strongly suspected of being highly contaminated, these 
shall be sampled last to reduce the risk of cross-contamination between wells.  In situations where 
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the well is not well-characterized and the nature or extent of airborne contamination is unknown, it is 
recommended that head space analysis using a photoionization detector (PID) or flame ionization 
detector (FID) is performed to rate the wells, sampling from least contaminated to most contaminated.  
Refer to the project-specific HASP for appropriate information and direction on air monitoring 
requirements. 

 
• Sample preservation requirements. 
 
• Work schedule. 
 
• List of team members. 
• List of observers and contacts. 
 
• Other information, such as the necessity for a warrant or permission of entry, requirements for split 

samples, access problems, location of keys, etc. 
 
• The FOL shall ensure that the sampling method(s) to be employed is accurately represented in the 

HASP, indicating the types of sampling to be employed and the hazards.  If the methods are not 
accurately represented, the FOL should rectify this with the HASP author. 

 
• The FOL shall ensure that sampling teams understand the sampling approach that they are to follow. 

Where sampling teams are made up of personnel from multiple locations, personal sampling 
experiences may vary. Therefore the FOL shall review project-specific requirements, SOPs, and 
protocol to be followed.  The FOL will conduct periodic surveys to ensure that these methods are 
being completed per his/her direction. 

 
6.6.2 Sampling Methods as Related to Low-Flow Sampling 

The collection of a groundwater sample consists of the following steps: 
 
1. Ensure the safety of the sample location. Take a few minutes to evaluate the area for physical 

hazards (trip hazards, uneven ground, overhanging branches, etc.) and natural hazards (snakes, 
bees, spiders, etc.) that may exist in the area or that may have constructed nests in the well head. 
Snakes often like to sun themselves on concrete well pads.  Follow provisions in the project-specific 
HASP and/or HSGM for addressing natural hazards. 

 
2. As indicated earlier, some monitoring wells have the potential to contain pressurized headspace 

(e.g., through the generation of gases form contaminated groundwater, due to biological processes, 
degradation of contaminants, or simply based on location such as near a landfill or in areas that 
intersect lithological abnormalities) or through intentional artificial means such as those associated 
with air sparging systems.  Injection or extraction wells may be artificially pressurized and may remain 
so for several days after the system has been turned off.  This presents a hazard to people opening 
these wells. The Field Sampling Technician shall employ the following practices to minimize these 
hazards: 

 
• Wear safety glasses to protect the eyes.  If site-specific observations and conditions indicate that 

the wells may be pressurized, wear a full-face shield over the safety impact eye protection. 
 
• DO NOT place your face or any other part of your body over the well when opening because this 

may place you in a strike zone.  
 

• Open the well cover at arms length, then step away and allow the well to off gas and stabilize. 
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Follow directions provided in the project-specific HASP, Work Plan and/or Sampling Plan pertaining 
to  the use of volatile chemical detection equipment (PID or FID) within the breathing zone of the 
sampler during sampling to determine the need to retreat from the work area and/or for the use of 
respiratory protection (as specified in the HASP). 
 

3. When proper respiratory protection has been donned, sound the well for total depth and water level 
(using clean equipment) and record these data on a groundwater sampling log sheet or equivalent 
electronic form; then calculate the fluid volume in the well pipe (as previously described in this SOP).  
It is imperative that downhole equipment be adequately decontaminated between wells to prevent 
cross-contamination.  Just as sampling occurs from the least contaminated to the most contaminated, 
it is also recommended that groundwater level measurements be taken in this manner. 

 
4. Calculate volume of well water to be removed as described in Section 6.3. 
 
5. Select the appropriate purging equipment (see Attachment A to this SOP) or as designated within 

your Work Plan/Sampling Plan.  If an electric submersible pump with packer is chosen, go to Step 10. 
 
6. Lower the purging equipment or intake into the well to a short distance below the water level or mid-

screen as indicated in project-specific documentation and begin water removal.  Remember that 
some contaminants are "bottom dwellers," and in these cases, project-specific direction may specify 
placing the intake just above (1 to 2 feet) the well bottom.  Secure the pump intake at the well and 
secure the effluent at the collection container and begin pumping.  The pumping rate will be 
determined based on the decrease in the water level (see Section 6.7) or as directed in your project-
specific documents or this SOP.  Purge water is generally collected in a 5-gallon bucket or similar 
open- or closed-top container.  To minimize the potential for spills and back injuries, do not fill 5-
gallon buckets beyond approximately 80 percent of their capacity.  Dispose of purge water was as 
indicated in the planning document(s).  Where necessary, slow the pumping rate or lower the pump 
intake as required to maintain submergence. 

 
7. Estimate the approximate rate of discharge frequently and record it on the Low Flow Purge Data 

Sheet (see Attachment D).  Estimate flow rate by noting the amount of discharge in a bucket or 
graduated cylinder per unit time using a watch with a second hand or a stopwatch.   

 
8. Observe the peristaltic pump tubing intake for degassing "bubbles."  If bubbles are abundant and the 

intake is fully submerged, this pump is not suitable for collecting samples for volatile organics.  
 
9. Purge a minimum of three to five casing volumes before sampling (or as directed by the site-specific 

SAP).  In low-permeability strata (i.e., if the well is pumped to dryness), one volume will suffice.  Allow 
the well to recover to 75 percent of initial water level before sampling.  Do not overfill purge 
containers because this increases the potential for spills and lifting injuries. 

 
10. If sampling using a submersible pump, lower the pump intake to mid-screen (or the middle of the 

open section in uncased wells) and collect the sample.  If sampling with a bailer, lower the bailer to 
just below the water surface.   

 
11. For pump and packer assemblies only:  Lower the assembly into the well so that the packer is 

positioned just above the screen or open section.  Inflate the packer.  Purge a volume equal to at 
least twice the screened interval (or unscreened open section volume below the packer) before 
sampling.  Packers shall always be tested in a casing section above ground to determine proper 
inflation pressures for good sealing. 

 
12. If the recovery time of the well is very slow (e.g., 24 hours or greater), sample collection can be 

delayed until the following day.  If the well has been purged early in the morning, sufficient water may 
be standing in the well by the day's end to permit sample collection.  If the well is incapable of 
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producing a sufficient volume of sample at any time, take the largest quantity available and record 
this occurrence in the site logbook or equivalent electronic form.  When this occurs, contact the 
analytical laboratory to alert them that a reduced sample volume(s) will be submitted for analysis. 

 
13. Fill sample containers and preserve and label them as described in SOP SA-6.1.  Many sample 

bottles will contain preservative when they are shipped to the field.  In those cases, do not add 
preservative. 

 
14. Replace the well cap and lock it as appropriate.  Make sure the well is readily identifiable as the 

source of the sample. 
 
15. Process sample containers as described in SOP SA-6.1. 
 
16. Decontaminate equipment as described in SOP SA-7.1. 
 

6.7 Low-Flow Purging and Sampling 

6.7.1 Scope and Application 

Low-flow purging and sampling techniques may be required for groundwater sampling activities.  The 
purpose of low-flow purging and sampling is to collect groundwater samples that contain "representative" 
amounts of mobile organic and inorganic constituents in the vicinity of the selected open well interval, at 
or near natural flow conditions.  This minimum-stress procedure emphasizes negligible water level 
drawdown and low pumping rates to collect samples with minimal alterations in water chemistry.  This 
procedure is designed primarily to be used in wells with a casing diameter of 1 inch or more and a 
saturated screen length, or open interval, of 10 feet or less.  Samples obtained are suitable for analyses 
of common types of groundwater contaminants (volatile and semivolatile organic compounds, pesticides, 
polychlorinated biphenyls [PCBs], metals and other inorganic ions [cyanide, chloride, sulfate, etc.]).  This 
low-flow procedure is not designed for collection of non-aqueous phase liquid samples from wells 
containing light or dense non-aqueous phase liquids (LNAPLs or DNAPLs). 
 
This procedure is flexible for various well construction types and groundwater yields.  The goal of the 
procedure is to obtain a turbidity level of less than 10 NTUs and to achieve a water level drawdown of 
less than 0.3 foot during purging and sampling.  If these goals cannot be achieved, sample collection can 
take place provided that the remaining criteria in this procedure are met. 
 
6.7.2 Equipment 

The following equipment is required (as applicable) for low-flow purging and sampling: 
 
• Adjustable rate submersible pump (e.g., centrifugal or bladder pump constructed of stainless steel or 

Teflon).   
 
• Disposable clear plastic bottom-filling bailers to be used to check for and obtain samples of LNAPLs 

or DNAPLs. 
 
• Tubing – Teflon, Teflon-lined polyethylene, polyethylene, polyvinyl chloride (PVC), Tygon, or stainless 

steel tubing can be used to collect samples for analysis, depending on the analyses to be performed 
and regulatory requirements. 

 
• Water level measuring device with 0.01-foot accuracy (electronic devices are preferred for tracking 

water level drawdown during all pumping operations). 
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• Interface probe. 
 
• Flow measurement supplies. 
 
• Power source (generator, nitrogen tank, etc.).  If a gasoline generator is used, it must be located 

downwind and at a safe distance from the well so that the exhaust fumes do not contaminate the 
samples. 

 
• Indicator parameter monitoring instruments – pH, turbidity, specific conductance, and temperature.  

Use of a flow-through cell is recommended.  Optional indicators - ORP, salinity, and DO.  A flow-
through cell (also referred to as an in-line sample chamber) is required. 

 
• Standards to perform field calibration of instruments. 
 
• Decontamination supplies. 
 
• Logbook(s) and other forms (see Attachments B through D) or equivalent electronic form(s). 
 
• Sample bottles. 
 
• Sample preservation supplies (as required by the analytical methods). 
 
• Sample tags and/or labels. 
 
• Well construction data, location map, field data from last sampling event (if available). 
 
• Field Sampling Plan. 
 
• PID or FID instrument for measuring volatile organic compounds (VOCs) per the HASP. 
 
6.7.3 Purging and Sampling Procedure 

1. Open the monitoring well as stated earlier and step away.  Prepare sampling equipment while 
allowing 3 to 5 minutes to allow the water level to reach equilibrium.  In situations where VOCs are 
the primary contaminants of concern, air monitoring of the samplers' breathing zone areas may be 
required by the HASP (typically with a PID or FID).   

 
2 Measure the water level immediately prior to placing the pump in the well and record the water level 

on the Low-Flow Purge Data Form or equivalent electronic form immediately prior to placing the 
pump or tubing into the well. 

 
3. Lower the measuring device further into the well to collect the total depth measurement.  Again wait 3 

to 5 minutes to allow the well to equilibrate to the initial water level prior to placing the pump or pump 
intake in the well.   

 
4. Record the total well depth on the Low-Flow Purge Data Form or equivalent electronic form 

immediately prior to placing the pump or tubing into the well 
 
5. Lower the pump or tubing slowly into the well so that the pump intake is located at the center of the 

saturated screen length of the well.  If possible, keep the pump intake at least 2 feet above the 
bottom of the well to minimize mobilization of sediment that may be present in the bottom of the well.  
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Collection of turbidity-free water samples may be difficult if there is 3 feet or less of standing water in 
the well. 

 
6. Start with the initial pump rate set at approximately 0.1 liter per minute.  Use a graduated cylinder and 

stopwatch to measure the pumping rate.  Adjust the pumping rates as necessary to prevent 
drawdown from exceeding 0.3 foot during purging.  If no drawdown is noted, the pump rate may be 
increased (to a maximum of 0.4 liter per minute) to expedite the purging and sampling event.  The 
pump rate will be reduced if turbidity is greater than 10 NTUs after all other field parameters have 
stabilized.  If groundwater is drawn down below the top of the well screen, purging shall cease or the 
well shall be pumped to dryness and then allowed to recover before purging continues.  Well 
recovery to 75 percent is necessary prior to sampling.  Slow-recovering wells should be identified and 
purged at the beginning of the workday to maximize field work efficiency.  If possible, samples should 
be collected from these wells within the same workday and no later than 24 hours after the end of 
purging.  

 
7. Measure the water level in the well every 5 to 10 minutes using the water level meter.  Record the 

well water level on the Low Flow Purge Data Form (Attachment D) or equivalent electronic form. 
8. Record on the Low Flow Purge Data Form every 5 to 10 minutes the water quality parameters (pH, 

specific conductance, temperature, turbidity, ORP, DO, and salinity or as specified by the approved 
site-specific planning document) measured by the water quality meter and turbidity meter.  If the cell 
needs to be cleaned during purging operations, continue pumping (allow the pump to discharge into a 
container) and disconnect the cell.  Rinse the cell with distilled/deionized water.  After cleaning is 
completed, reconnect the flow-through cell and continue purging.  Document the cell cleaning on the 
Low-Flow Purge Data Form or equivalent electronic form. 

 
9. Estimate the flow rate by noting the amount of discharge in a graduated cylinder per unit time using a 

watch with a second hand.  Remeasure the flow rate any time the pump rate is adjusted and 
periodically during purging. This will determine if a reduction in rate has occurred due to possible 
battery depletion. 

 
10. During purging, check for the presence of bubbles in the flow-through cell.  The presence of bubbles 

is an indication that connections are not tight.  If bubbles are observed, check for loose connections 
and tighten, repair, or replace them as necessary to achieve a tight connection. 

 
11. Wait until stabilization is achieved, or a minimum of two saturated screen volumes have been 

removed and three consecutive readings, taken at 5 to 10 minute intervals, are within the following 
limits, then begin sampling: 

 
• pH ±0.2 standard units 
• Specific conductance ±10% 
• Temperature ±10% 
• Turbidity less than 10 NTUs 
• DO ±10% 

 
12. If the above conditions have not been met after the well has been purged for 4 hours, purging will be 

considered complete and sampling can begin.  Record the final well stabilization parameters from the 
Low-Flow Purge Data Form onto the Groundwater Sample Log Form or equivalent electronic form. 

 
NOTE: VOC samples are preferably collected first, directly into pre-preserved sample containers.  Fill all 
sample containers by allowing the pump discharge to flow gently down the inside of the container with 
minimal turbulence. 
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13. If the water column in the pump tubing collapses (water does not completely fill the tubing) before 
exiting the tubing, use one of the following procedures to collect VOC samples: 

 
• Collect samples for non-VOC analyses first, then increase the flow rate incrementally until the 

water column completely fills the tubing, collect the sample for VOCs, and record the new flow 
rate. 

 
• Reduce the diameter of the existing tubing until the water column fills the tubing either by adding 

a connector (Teflon or stainless steel) or clamp, which should reduce the flow rate by constricting 
the end of the tubing.  Proceed with sample collection. 

 
• Insert a narrow-diameter Teflon tube into the pump's tubing so that the end of the tubing is in the 

water column and the other end of the tubing protrudes beyond the pump's tubing, then collect 
the sample from the narrow diameter tubing. 

 
• Prepare samples for shipping as per SOP SA-6.1. 
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ATTACHMENT A 

 
PURGING EQUIPMENT SELECTION 
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PAGE 2 

Manufacturer Model Principle of Maximum Construction Lift Delivery Rates 1982 Comments 
NamelNumber Operation Outside Materials (w/Lines Range or Volumes Price 

Diameter/L and Tubing) (ft) (Dollars) 
ength 

(Inches) 

BarCad Systems, BarCad Sampler Dedicated; gas 1.5/16 PE, brass, nylon, 0-150 1 liter for each $220-350 Requires compressed gas; custom sizes and 
Inc. drive (positive aluminum oxide with std. 10-15 feet of materials available; acts as piezometer. 

displacement) tubing submergence 
Cole-Parmer Inst. Master Flex 7570 Portable; <1.0/NA (not submersible) 0-30 670 mUmin $500-600 AC/DC; variable speed control available; 
Co. Portable Sampling peristaltic Tygon®, silicone with 7015- other models may have different flow rates. 

Pump (suction) Viton® 20 pump head 
ECO Pump Corp. SAMPLifier Portable; venturi <1.5 or PP, PE, PVC, SS, 0-100 0-500 mUmin $400-700 AC, DC, or gasoline-driven motors available; 

<2.0/NA Teflon®, Tefzel® depending on must be primed. 
lift 

Geltek Corp. Bailer 219-4 Portable; grab 1.66/38 Teflon® No limit 1,075 mL $120-135 Other sizes available. 
(positive 
displacement) 

GeoEngineering, GEO-MONITOR Dedicated; gas 1.5/16 PE, PP, PVC, Probably Approximately $185 Acts as piezometer; requires compressed 
Inc. drive (positive Viton® 0-150 1 liter for each gas. 

displacement) 10 feet of 
submergence 

Industrial and Aquarius Portable; bladder 1.75/43 SS, Teflon®, Viton® 0-250 0-2,800 mUmin $1,500- Requires compressed gas; other models 
Environmental (positive 3,000 available; AC, DC, manual operation 
Analysts, Inc. (lEA) displacement) possible. 

lEA Syringe Sampler Portable; grab 1.75/43 SS, Teflon® No limit 850 mL $1,100 Requires vacuum andlor pressure from hand 
(positive sample volume pump. 
displacement) 

Instrument Model 2600 Portable; bladder 1.75/50 PC, silicone, 0-150 0-7,500 mUmin $990 Requires compressed gas (40 psi minimum). 
Specialties Co. Well Sampler (positive Teflon®, PP, PE, 
(ISCO) displacement) Detrin®, acetal 

Keck Geophysical SP-81 Portable; helical 1.75/25 SS, Teflon®, PP, 0-160 0-4,500 mUmin $3,500 DC operated. 
Instruments, Inc. Submersible rotor (positive EPDM, Viton® 

Sampling Pump displacement) 

Leonard Mold and GeoFilter Small Portable; bladder 1.75/38 SS, Teflon®, PC, 0-400 0-3,500 mUmin $1,400- Requires compressed gas (55 psi minimum); 
Die Works, Inc. Diameter Well (positive Neoprene® 1,500 pneumatic or ACIDC control module. 

Pump (#0500) displacement) 

Oil Recovery Surface Sampler Portable; grab 1.75/12 acrylic, Detrin® No limit App roximately $125-160 Other materials and models available; for 
Systems, Inc. (positive 250mL measuring thickness of "floating" 

displacement) contaminants. 

Q.E.D. Well Wizard® Dedicated; 1.66/36 PVC 0-230 0-2,000 mUmin $300-400 Requires compressed gas; piezometric level 
Environmental Monitoring System bladder (positive indicator; other materials available. 
Systems, Inc. (P-100) displacement) 
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Manufacturer Model Principle of Maximum Construction Materials Lift Range Delivery Rates or 1982 Comments 
Name/Number Operation Outside (w/Lines and Tubing) (ft) Volumes Price 

Diameter/L (Dollars) 
ength 

(Inches) 

Randolph Austin Model 500 Portable; peristaltic <0.5/NA (Not submersible) 0-30 See comments $1,200- Flow rate dependent on motor and 
Co. Vari-Flow Pump (suction) Rubber, Tygon®, or 1,300 tubing selected; AC operated; other 

Neoprene® models available. 

Robert Bennett Model 180 Portable; piston 1.8/22 SS, Teflon®, Delrin® PP, 0-500 0-1,800 mUmin $2,600- Requires compressed gas; water level 
Co. (positive Viton®, acrylic, PE 2,700 indicator and flow meter; custom 

displacement) models available. 

Slope Indicator Model 514124 Portable; gas drive 1.9/18 PVC, nylon 0-1,100 250 mUflushing $250-350 Requires compressed gas; SS 
Co. (SINCO) Pneumatic (positive cycle aVCliiable; piezometer model available; 

Water Sampler displacement) dedicated model available. 

Solinst Canada 5W Water Portable; grab 1.9/27 PVC, brass, nylon, 0-330 500mL $1,300- Requires compressed gas; custom 
Ltd. Sampler (positive Neoprene® 1,800 models available. 

displacement) 

TIMCO Mfg. Co., Std. Bailer Portable; grab 1.66/Custo PVC,PP No limit 250 mUft of $20-60 Other sizes, materials, models 
Inc. (positive m bailer aVCliiable; optional bottom-emptying 

displacement) device available; no solvents used. 

TIMCO Air or Gas Lift Portable; gas drive 1.66/30 PVC, Tygon®, Teflon® 0-150 350 mUflushing $100-200 Requires compressed gas; other 
Sampler (positive cycle siz1es, materials, models available; no 

displacement) solvents used. 

Tole Devices Co. Sampling Pump Portable; bladder 1.38/48 SS, silicone, Delrin®, 0-12~) 0-4,000 mUmin $800- Compressed gas required; DC control 
(positive Tygon® 1,000 module; custom built. 
displacement) 

Construction Material Abbreviations: Other Abbreviations: 

PE Polyethylene NA Not applicable 
PP Polypropylene AC AltE~rnating current 
PVC Polyvinyl chloride DC Din9ct current 
SS Stainless steel 
PC Polycarbonate 
EPDM Ethylene-propylene diene (synthetic rubber) 

NOTE: Other manufacturers market pumping devices which could be used for groundwater sampling, though not expressly designed for this purpose. The list is not meant to be 
all-inclusive and listing does not constitute endorsement for use. Information in the tablEl is from sales literature and/or personal communication. No skimmer, 
scavenger-type, or high-capacity pumps are included. 

Source: Barcelona et aI., 1983. 
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GROUNDWATER SAMPLE LOG SHEET 

Paoe of 

Project Site Name: Sample 10 No.: 
Project No.: Sample Location: 

Sampled By: 
[ J Domestic Well Data C.O.C. No.: 
[xl Monitoring Well Data Type of Sample: 
[] Other Well Type: [Xl Low Concentration 
[ J QA Sample Type: [ I High Concentration 

DATk 

I ~~o:, I s~~:." !~~ ~::c 
T,"'idily :, c:: 0:.:" 11m" 'TU 

M.Ihod, 
. c 

Da" , Vol,m. DH S,C. TemD. IC) T"bld", DO ORP Oth" 

Mot""", 

Moollo, _dio, (ppm), SEE DWFL WPURG 'DATA HEET 

Well casing Diameter & Malerlal 

M. 
Total w.n D. o.h (TO" 
StaUo Wa'" L .. ~ (WL)' 

I 

"h,,), 

Eoo P",o' Ih"" 

Total I , Iml." 

ITotal Va, P"o.d 1_" 
I 

I Coo"'o,, I Colloc.ed 

I , 
MSIMSD Dupllcale 10 No.: 
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~ LOW FLOW PURGE DATA SHEET 

PROJECT SITE NAME: WEll 10.: 
PROJECT NUMBER: DATE: 

Time Water Level Flow pH S. Condo Turb. DO Temp. ORP Salinity Comments 
I·'· (Hr • . \ . (Ft: ~Iow TOC\ ·· 1·(mLJMin.\ (S:U.l' h mSlcm-)' (NTU\ '" '(mall\ (Celclus\ ' mV " 'Y~ 'or DOt 
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. The purpose of this procedure is to provide general reference information on. Direct Push Technology 
(DPT). DPT is designed to collect soil, groundwater, and soil gas samples without usingcol"lventional 
drilling techniques. The advantage of using DPT over conventional drilling includes the generation of little 
or no drill cuttings, sampling in locations with difficult accessibility, reduced overhead clearance 
requirements, no fluid introduction during probing, and typical lower costs per sample than with 
conventional techniques. Disadvantages include a maximum penetration depth of approximately 15 to 
40 feet in dense soils (although it may be as much as 60 to 80 feet in certain types of geological 
environments), reduced capability of obtaining accurate water-level measurements, and the inability to 
install permanent groundwater monitoring wells. The methods and equipment described herein are for 
collection of surface and subsurface soil samples and groundwater samples. . Soil gas sampling is 
discussed in SOP SA-2.4. 

2.0 SCOPE 

This procedure provides information on proper sampling equipment and techniquesfor DPT. Reviewof 
the information contained herein will facilitate planning of the field sampling effort by describing standard 
sampling techniqLies. The techniques described shall be followed whenever applicable, noting that site­
specific conditions or project-specific plans may require adjustments in methodology. 

3.0 GLOSSARY 

Direct PuShTechnology (DPT) - DPTrefers to sampling tools and sensors that are ddvf;ln directly into the 
ground without the use of conventional drilling equipment. DPT typically utilizes hycfraulic pressure and/or 
percussion hammers to a:dvance the sampling tools. A primary advantage 6fDPTover conventional 
drilling techniques is that DPT results in the generation of little or: no investigationcferived waste. 

Geoprobe® - Geoprobe® is a manufacturer of a hydraulically-powered, percussion/probing machines 
utilizing DPT to collect ·subsurface environmental samples. Geoprobe®· relies on a relatively small amount 
of static weight (vehicle) combined with percussion as the energy for advancement of a tool string. The 
Geoprobe® equipment can be>mounted in a multitude of vehicles for access to all types of environmental 
sites. . 

HydroPunch™ - HydroPunchlM is a manufacturer of stainless steel and Teflon® sa:r;nplit:tg tools that are 
capable of collecting representative groundwater and/or soil samples without· requiringtheJnstallation of a 
groundwater monitoring well or conventional soil boring. HydroPunchTM is an example of DPT sampling 
equipment. . 

Flame Ionization Detector (FID) - A portable instrument for the measurement of many combustible organic 
compounds and a few inorganic compounds in air at parts-per million levels. The basis for the detection is 
the ionization of gaseous species utilizing a flame as the energizing source. 

Photo 10nizationDetector (PID) -A portable instrument for the measurementof many combustible organic 
compounds and a few inorganic compounds in air at parts-per million levels. The bal?isfor the detection is 
the ionization of gaseous species utilizing ultraviolet radiation as the energizing source, 

4.0 RESPONSIBILITIES 

Project Manager - The Project Manager is responsible for selecting and/or 'reviewing the appropriate OPT 
drilling procedure required to support the project objectives. 

019611/P Tetra Tech NUS, Inc. 
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Field Operations Leader (FOL)- The FOL is primarily responsible forperforming the DPT in accordance 
with the project-specific plan. 

5.0 SOIL SAMPLING PROCEDURES 

5.1 General 

The common methodology for the investigation of the vadose zoneissoil boring drilling and soil sampling. 
However,drilling soil borings can be very expensive. Generally the advantage of OPT for subsurface soil 
sampling is the reduced.cost of disposal of drilling cuttings and shorter sampling times. 

5.2 Sampling Equipment 

Equipmentheooed for conducting OPT drilling. for subsurface soil sampling includes, but is not limited to, 
the following: 

• Geoprobe® Sampling Kit 
• Cut"resistimt gloves 
• 4-foot .x1.5-inch diameter macrocore sampler 
• Probe sampling adapters 
• Roto-hammer with 1.5-inch bit . . 

• Disposable acetate liners for soil macrocore sampler 
• Cast aluminum or steel drive points 
• Geoprobe®AT-66d Series Large Bore Soil Sampler, or equivalent 
• Standard decontamination equipment and solutions 

For health and safety equipment and procedures, fo.llpw the direction provided in theSafe Work Permit in 
Attachment 1, or the more detailed directions provided in the project's Health and Safety Plan. 

5.3 OPT Sampling Methodology 

There are several methods for the col/ection of soil samples using OPT drilling. The most common 
method is discussed in the following section. Variations of the following method may be conducted upon 
approval of the Project Manager in accordance with the project-specific plan. 

• Macrocore samplers fitted with detachable aluminum or steel drive points are driven into the ground 
using hydraulic pressure. If there is concrete or pavement over a sampling location, a Rota-hammer 
is used to drill a minimum 1.5-inch diameter hole through the surface material. A Roto-hammer may 
also be used if very dense soils are encountered. 

• The sampler is advanced continuously in 4-foot intervals or less if desired. No soil cuttings are 
generated because the soil which is not collected in the sampler IS displaced within the formation. . 

• The sampler is retracted from the hole, and the 4~foot continuous sample is removed from the outer 
cOring tube. The sample is contained within an inner acetate liner. 

• Attach the metal trough from the Geoprobe® Sampling Kit firmly to the tail gate of a vehicle. If 'a . 
vehicle with a tail gate is not available, secure the trough on another suitable surface. 

.• Place the acetate liner containing the soils in the trough. 

019611/P Tetra Tech NUS; Inc. 
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• While wearing cUHesistant gloves (constructed of leather or other suitable material). cutthe acetate 
liner through its entire length using the double-bladed knife that accompanies the Geoprobe® 
Sampling Kit. Then remove the strip of acetate from the trough to gain access to the coUected soils. 
Do not attempt to cut the acetate liner while holding it in your hand. 

• Field screen the sample with an FlO or PID. and observe/examine the sample (according to SOPGH~ 
1.3). If appropriate, transfer the sample to sample bottles for laboratory analysis. If additional volume 
is required, push an additional boring adjacent to the first and composite/mix the same interval. Field 
compositingis usually not acceptable for sample requiring volatile organics analysis. 

• Once sampling has been completed, the hole is ·backfilled with bentonite chips or bentonite cement 
grout, depending upon project requirements. Asphalt or concrete patch is used to cap holes through 
paved or concrete areas. AU holes should be finished smooth to existing grade. 

.• In the event the direct push van/truck cannot be driven to a remote location or a sampling locatio" with 
difficult accessibility, sampling probes may be advanced and sampled manually or with air/electric 
operated equipment (e.g., jack hammer). 

• Sampling equipment is decontaminated prior to collecting the next sample . 

.. &,g GRQbJ~IQWAT~RSAMPbJNG PROG~QblR~S 

.6.1 GeAeFal 

l'ho most som~on motf:loQology for t1~o il:woetig_tion of g~o'lr:ldwate~ is tbe instaUation aodsampling gf 

''fJeFmanont monitQFing violls. If only Qr;oundwater e"r:90niRQ ie req' dred , the installation. and sampling· of 

:==;~::;i(i;'~:i~n=~~;~T:f~=W':;:;:z:+r=::::!~!~::!:;~::··=:· . 
iRetallatioR,4imo6 sampling. 

•. In a~l:Iifors witl:1lo'N yielde, well pointi may ba"'~ to be sampled witbont p'lrging or de"elopaJellt. 
•.. ~f volume l'equirOt:RGRts arol:1igh, .this motl:1ed "aR be timQ GOr:l~ytRir:lQ for low yield a'ijuiferi. 

6.:;Z Sat:Rplii:ig Equipment 

EqbiiJ3FFlent .r:leeded for tetRporary well initallation.1ilnd sampling uiing OPT includQs, but i~RotlitRitQg, to 
tl:1e follolOrjng: . 

• - 2100t x 1 inoh QiametoF mill slottoEi (Q.QQa to Q.Q2 insh) woll J30int 
• C~"''1l'leetiMg rods 
• Rete hammor with 1.9 iASI=l bit 
• Mosl=lanieal jasl( . 
• ·1/4 inel=l 00 !,>olye~l=lyleAe ttlBiRg 
• . 3'2 incl:1 OQJ3elyotl=lylcRc tUBiMg 
• PGr:iit.ltic P'laJP 
• StanEiaFd geGeRt.tRinatien e~l:Iipment and sel~iions 
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'6.3 Df'T-=fempgrary Well P9iRt IRstaliatioR aRd SampliDg MethodolQgy 

l=hereare several methOdsfotttle illstallation aild salii~lifl~ of teffll'OI'aF)' well !'loiRIs usiA~ ~. 
most GOFAR19n FAoth9aolo~yiG .gisGlAssog Bolo\\" Vari~ign& gf thQ follolAlingmethod may be condllcted 
u~on af3~fo'.!ol of tAo Projeot MaRa§or in aooordanco witA tAe project sl30eifie j9loA. 

• A 2-foot x 1·inch diQm~r mill slottQd (0,005 to 002-inch) well point at:t6l(;hed to cQoolilcting rods is 
'e1riv'ol'l into t"'e ~fOt:Jfl6 119 tAo Eicsircd elej9tl:l !:lSiA!:! a rotaF)' oloGtrio haFFlFFlOF OF othor sh:ost fHJGh grill rig. 
If them is eoneroto or l3avoFRont over a samplinQ losati<m, a Rot9 haRUTler 9r elQctric coring I+1Qct:Jim~ 
is usos to sFin a /:Jolo thr:ough tho GuF#aGo R'latorial. 

• Th~ \fItQII f)oiRt will be allo'Aced to equilibrate for at least 15 minlltes, after which j::Jmeasmement af the 
static water le'/ol "~iII be tal(ofl. TAe initial FAeaSlAreFAont of tho 'IIatorIO'lol wiliiole usegto assosstf:Je 

--amount elf water 'NhioR. is present iF! tt:Je well poiRt ans tEl setQ~miRs t!:is amoblnt of silt an(;j sang 
infiltratign that may h~)I" Qccyrred,. 

• The well point will be dQVQloPQd using iii PQristaltic pump and polyethylene tl!bing to remove silt aod 
. sand whioh may have onterod the 'Noll point. The 'IIol~ point is Qovolopod Qy insor:tin9 p9lyot!:iyl9ne 
.tybing to the bottom of tl=l9 woll point and litting and laworiRQ tAg tybiJ:lg sligRtly 'lJhile th,. pym~ iii 

.. OpOl'EltiA§. The pump will bEl operateg at a maximum rata of apPFQximatgly 2 litgrs per minyts -Alter 
remmml of sediment fFom th€l bottom of the IOIQIl point, the weI! point will be vigorQllsly pllmped at 
maximum capacity until discharge 'A'8tar is visibly cl9,U and no furth9r sediments El.rQ being QQm~ratQd. 
MeasUi emen.ts of pI I, specific conductance, tefflperature, and turbidity shall be reGorded e¥ory eto 
lO fflinutes during the purging procoss. A,fter PAlO consistent readings of pH, specific condllctance, 
temperature and flArl:>idity Ce 10 porcsnt~, thg "'ell m<ly b9 li<lR1pIQQ, 

.-A-sample will be coll~t,.d uliing the peri'iital1ic p'lmp set at thlil sallleor redllced speed aa dliring'~LIilIl 
eO'lolopR'lont. ~am!3los (with tho oxcofAion of iRQ "ample" to pe ZiiRal~Qd. tar ''GlaWe organic 
~oYnds, \lOCs) will be collocted diroctly from tho !3ym!3 eischargo. ~amf'}lo sGntainors tor VOGs 
will be fillod by (fi~st sHblUin~ oU tHO PUFAp) GfiRlping tho Elissharge end of the saFflple tubing wAcn 
fmed~ fOFflOvin!} tho inlot ond of fRO samplo tblbing from tho woll, 1O'IlOpending the inlettllbing abolle the 

-.vial, flAd allowiA§ water to fill oaeh vial BY gr:avity-flo'A'. 

• Once the grotmdwQ.tQr g:;&l+1plo hag bOGn collocted, the connecting rods arid IJ{GII p9int ',,<ill be romovod 
from the hole ' •• 'ith tAo direet push rig hydraulios. The holo will 130 baol<filleEi wilA l3eRtonite GRips or 
eeAtonite OOFRont grout, dopenEling upon projeot requirements. II£\3Aalt or oenoroto \3dtoh will 90 useE! 
to eaf3 holes through paves or GORsFOte areas. All holes will be finisAoEl sFFloeth to O*istii:lg grade. 

• In thoevont tho direct pbllOh lIQnltruck cannot be driven to a remote location or sampling location with 
-diHieultaeeessi19ility. samplin§ probos may Be advancos and samf'}lo~ FAanually or witl=l air/eleetrie 
Dpeffited equipfflcAt (o.g., jasl< /:Jammor). 

• DeeontarniM.te tl'le ef1uiJ:'fflcnt bo*oro n:lQvirlQ to the Qed location 

7.0 RECORDS 

A record of all field procedures, tests, and observations must be recorded in the field logbook, boring logs, 
and sample log sheets, as needed. Entries should include all pertinent data regarding the investigation. 
The use of sketches and field landmarks will help to supplement the investigation and evaluation. 

019611/P Tetra Tech NUS, Inc. 
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Permit No. Date: Time: From to 

SECTION I: General Job Scope 
I. Work limited to the following (description, area, equipment used): Monitoring well drilling and installation 

through directpush technology 

II. Required Monitoring Instruments:_..-_______ ..,--_--'----,-______ '--__ ..-'--_ 

III. Field Crew: _____________ ""--_______ --'-_____ ---' ___ ---'_ 

IV. On-site Inspection conducted [) Yes 0 No Initials of Inspector __ -...,--.,..----' 
TtNUS 

SECTION II: General Safety Requirements (To be filled in by permit issuer) 
V. Protective equipment required Respiratory equipment required 

Level D 181 Level B 0 Full face APR 0 Escape Pack 0 
Level C 0 Level A 0 Half face APR OSCBA [) 
Detailed on Reverse SKA-PAC SAR 0 Bottle Trailer '·0 

Skid Rig o None 181 
Level D Minimum Requirements: Sleeved shirt and long pants. safety footwear, and work gloves. Safetygfasses, 
hard hats, and hearing protection will beworn when working near or sampling in the vicinity oflhe OPT rig. 

Modifications/Exceptions. 
VI. Chemicals of Concern Action Level(s) Response Measures 

VII. Additional Safety EquipmentlProcedures 
Hard-hat............................... ~ Yes. ONo Hearing Protection (Plugs/Muffs) ~YesO No 
Safety Glasses .................... 181 Yes 0 No Safety beltlharness 0 Yes 181 No 
ChemicaVsplash goggles..... DYes 181 No Radio 0 Yes 181 No 
Splash Shield ....................... 0 Yes 181 No Barricades 181 Yes ONo 
Splash suits/coveralls .......... DYes 0 No Gloves (Type - ) 0 YesONo 
Steel toe Work shoes or boots I8lYes 0 No Work/warming regimen 0 Yes ONo 
Modifications/Exceptions: Reflective vests for high traffic areas: 

VIII. Procedure review with permit acceptors Yes NA 
Safety shower/eyewash (Location& Use) ......... ,.O J:8l. 
Daily tail gate meetings .............. :,~ ...................... I8lD 

. Contractor tools/eguipmentlPPEinspected ........ 0 0 

Yes 
Emergency alarms .............. ,.; •. (:] 
Evacuation routes ....... ; ...... ; .... ,0 
Assembly points ............. : ...... ;;:CI· . 

IX: Site Preparation 
Utility Clearances obtained for areas of subsurface investigation 0 Yes 0 No 
Physical hazards removed or blockaded OVesONo 
Site control boundaries demarcated/sign age DYes ONo 

x~ Equipment Preparation Yes NA 
Equipment drained/depressurized .......................... , ................................................................. ,0 181 
Equipment purged/cleaned ............................................................. , ........................................... 0 181 
Isolation checklist completed ..................................................................................................... 0 \8J 
Electrical lockout required/field switch tested .................................. , ......................................... 0 181 
Blinds/misalignments/blocks & bleeds in place ......................................................................... 0 181 
Hazardous materials on walls/behind liners considered .......... · ................................................. D 181 

XI. Additional Permits required (Hot work, confined space entry) ............................................ 0 Yes 0 No 
If yes, complete permit required or contact Health Sciences, Pittsburgh Office 

XII. Special instructions, precautions: . 

Permit Issued by: _________ ~ ____ _ Permit Accepted by:, ______ --' __ _ 

019611/P Tetra Tech NUS. lric. 
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1.0 PURPOSE 

The purpose of this Standard Operating Procedure (SOP) is to provide information on sample 
preservation, packaging, and shipping . procedures to be . used in handling environmental samples 
submitted for chemical constituent.. biological, or geotechnical analysis. Sample chain-of-custody 
procedures and other aspects of field documentation are addressed in SOP SA-6.3. Sample identification 
is addressed in SOP CT-04. 

2.0 SCOPE 

This procedure describes the appropriate containers to be used for samples depending on the analyses to 
be performed, and the steps necessary to preserve the samples when shipped off site for chemical 
analysis. 

3.0 GLOSSARY 

Hazardous Material • A substance or material which has been determined by the Secretary of 
Transportation to be capable of posing anynteasonable risk to health, safety, and. property when 
transported in commerce, and. which has been so designated. Under 49 CFR; the term includes 
hazardous substances, hazardous wastes, marine pollutants, and elevated temperature materials, as weU 
as materials designated as hatai"d()U5Under the provisions of § 172.101 and § 172.102 and materials that 
·meet the defining criteria for hazardclasses.anddivisions in Part 173; With slight modifications,lATA has 
adopted DOT "hazardousmaterials'~as"ATA "Dangerous Goods." 

Hazardous Waste - Any substance listed in 40CFR, Subpart 0 (y261.30 etseq.), or otherwise 
characterized as ignitable, corrosive; reactive,or toxic (as defined by Toxicity Characteristic Leaching 
Procedure, TCLP, analysis) as specified under 40CFR, SubpartC (y261 ;20 et seq.), that would be 
subject to manifest requirements specifiedin40 CFR 262. Such substances are defined and regulated.by 
EPA. .. 

Marking - A descriptive name, identification number, instructions, cautions, weight, specification or UN 
marks, or combination thereof requiiedo'1oliterpackagi'1g of hazardous materials. 

n;oj· Not otherwise indicated. (maYbeusedinterchangeablywith I);o.s.). 

n.o.s.- Not otherwise specified. 

Packaging - A receptacle and any other components or materials necessary for compliance with the 
minimum packaging requirements .of.49CFR174, including containers (other than freight containers or 
overpacks), portable tanks, cargo tanks,ta.nk .cars, and. multi-unit tank-car tanks topetform a containment 
function in conformance with the minimumpackaging requirements of 49 CFR 173.24(a) & (b). 

Placard- Color-coded, pictorial sign which.depicts the hazard class symbol and name and which is placed 
Qn the side of a vehicle transporting certain hazardous materials. 

Common Preservatives: 

• Hydrochloric ACid - HCI 
··SulfuricAcid -H2S04 

• Nitric Acid ~ HN03 

• SOdium Hydroxide - NaOH 
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Normalitv(N)cConcentration of a solution expressed as equival€3nt per liter, an €3quivalent being the 
amb,lint of asubstancecontaining 1. gram-atom of replaceable hydrogen or its equivalent. 

" . 

AepcH1ableQuantity(RQ) '- For the purposes of this SOP, means th€3quantity specified in column 3 of the 
Appendixto.DOT 49GFR§172.1 01 for any material identified in cOlumn 1 of the appendix. A spill greater 
ti')an'the,.amount specified must.be reported to the National Response Center; 

SamPle ,~, A sample is physical evidence collected from a facility or the environment, which is 
representative of conditions atthe location and timeof collection. 

4.0" '. RESPONSIBILlT:IES 

Field Operations Leader - Directly responsible for the bottling, preservation, labeling, packaging, shipping, 
.and custody of samples up to and including release to the shipper . 

. Field Sampl~rs "'. Responsible for initiating theChain-of-Custody Record (per SOP SA-6.3), implementing 
tile packaging and shipping requirements, and maintaining custody of samples until they are relinquished 
to another cuStodian or to the shipper. 

.. ~~~. . 

.S.O 'PROCEDURES 

, Sample identification, labeling, documentation, and chain-ot-custody are addressed by SOP SA-6.3. 

5.1 Sample Containers 

Qifferenttype~ of chemicals react differentfy with sample containers made of various materials. Fot 
examW~,trape metals adsorb more strongly to glass than to plastic, whereas many organic chemicals 
rrlt,.y.(jis~olve"arioustypes of plastic containers~' Attachments Aand B show proper containers (as well as 
olh.er "inforl11ation) per 40CFR 136. . In general, the sample container shall allow approximately 
S~lOpercentajrspace ("uilage") to allow for expansion{vaporization if the sample warms during transport; 
'How~ver,for'collection of vo/atileorganiccompounds, head space shall be omitted. The ani:lIytical 
• ICiberatory. wi/l' generally.·provide certified-clean containers .for 'samples to be. analyzed for chemical 
constituents, Shelby tubes or other sample containers are generally provided by the driller for samples 

,'requiring geoteehnicalanalysis. SuffiCient lead time, shall be allowed for a delivery of sample container 
orderS, Therefore, it is critica/to use the correct. container to maintain the integrity of the sample prior to 
analysis. 

. . 
Once opened,thecontainer must be used at once for storage of a particular sample. Unused but opened 
C(jntainers~reto be considered contaminated and must be discarded. Because of the potentia/for 
introduction of contamination, they cannot be ree/osed and saVed for later use. Likewise, any <unused 

.·con@nerswhich appear contaminated upon receipt, or which are found to have loose caps or a missing 
T~flon liner (if required for the container),shal/ be discarded . 

. 5.2 . Sample Preservation 

Manyw'ate(and SOil. samplesareunstabJeand therefore require preservation to prevent changes in either 
.theiconcentration or the physical condition of the constituent(s) requiring analysis.' Although complete and 
irreversible preservation of samples is not possible, preservation does retard the chemical and biological 
"p ,',' J" . 
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changes that inevitably take place after the sample is collected. Preservation techniques are usually 
limited to pH contini, chemical addition(s}, and refrigeration! freezing (certain biological samples only). 

5.2.1 Overview 

The preservation techniques to be used for variousanalytesarelist~dinAttachmentsA andB. Reagents 
required for sample ,preservation will either be added tothesamplec()ntainersbythe laboratory prior to 
their shipment to the field or be added in the field (in a clean environn-ient)~Onlyhigh purity reagents shall 
be used for preservation. In general, aqueous samples of Ibw-concentrationorganics, (or soil samples of 
low- or medium-concentration organics) are cooled t04°C,Medium~cdncentration aqueous samples, 
high~hazard organic samples, and some gas samples are" typically not preserved. ,Low-concentration 
aqueous samples for metals are acidified with HN03, whereas medium-concentration and high-hazard 
aqueous metal, samples are not preserved. Low- or medium·concentration soil, samples for metals are 
cooled to 4°C, whereas high-hazard samples are not cooled. 

The following subsections describe ,the procedures for preparing' and adding chemical preservatives. 
Attachments A and 8 indicate the specific analytes which require these preservatives. 

The FOL is responsible for ensuring that an accurate Chemi¢allnventoryiscreatedandmaintained for all 
hazardous chemicals brought to the work site (see Section 5 of the TtNUS Health, and Safety Guidance 
Manual). Furthermore, the FOL must ensure that a corresponding Material Safety DataSheet(MSD~) is 
collected for every substance entered on the site Chemical Inventory, and that all persons using/handlingl 
disposing of these substances review the appropriate MSDS for substances they will woi"kwith.The 
Chemical Inventory and the MSDSs must'be maintained at each work site, in a locatiOn and manner where 

, they are readily-accessible to all personnel. 

"5.2.2 Preparation and Addition of Reagents 

Addition of the following acids or bases may be specified for sample preservation; these reagents shall be 
analytical, reagent (AR) grade or purer and shallb{3 diluted to the required concentration with deionized 
water before field sampling commences. To avoid uncontrolled reactions, be sure tf) 8dd 8cid to water 
(not vice versa). A dilutions guide is provided below. ' 

, , 

Acid/Base Dilution , . G91lcentration I,' Estimated 

I' 
Amount 

',' 
, " Required for 

Preservation 

liydroc:hloric Acid (HCI) 1 part concentrated HCI:l part 6N 5'-10 mL 
, double-distilled, deionizedwater , , 

Sulfuric Acid (H2S04) 1 part concentratsdH2S04: 1 part ," 18N 2-5mL 
double-distilled, deionized water 

Nitric Acid (HN03) Undi,luted concentrated HN03 1,6N 2-SmL 

Sodium Hydroxide 400 grams solid NaOH dissolved in lON 2mL 
(NaOK) 870 mL double-distilled, deionized 

, water; yields 1 liter of solution 

,The amounts required for preservation snown in the above table assumeS properprep;:lration of the 
preservative and addition of the preservative toone liter' of. aqueous sample; This' assumes that tne 
sample is initially at pH 7, is poorly buffered, and does not contain particulate matter; as these conditiQns 
vary, more preservative may be required. Consequently, the final sample pH must be checked using 
narrQw-rarlge pH paper, as described in the generalized procedure detailed below: 
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• Pour off 5~10 mL of sample into a dedicated, clean container. Use~omeofthis sample tocheck the 
initial sample pH using wide range (0-14) pH paper. Never dipthe pH paperir)to the sample; always 
apply a drop of sample to the pH paper using a clean stirring rod or pipette .. 

• Add about one-halfot the estimated preservative requiredtothe.originalsCimple bottle~ Cap and 
invert gently several times to· mix. Check pH (as described above)using medium range pH paper (pH 
0-6 or pH 7.5-14, as applicable). 

• Cap. sample bottle and seal securely. 

Additional considerations are discussed below: 

• Totest.iLascorbic acid must be uSed to remove oxidizing agents present in the sample before it can 
be properly preserved, place. a drop of sample on KI-starohpaper.A blue color indicates the need for 
ascorbic acid addition. 

Ifrequired, add a few crystals of ascorbic acid to the sample and retest with the' KI-starch paper. 
Repeat until a drop of sample produces no color on theKI-starch paper. Then add an additIonal 
0.6 grams of ascorbic acid per each liter ot sample volume. 

Continue with proper base preservation of the sample as described above; 
, .:., ' 

• .... Samples for sulfide analysis must be treated by the addition of 4dl'Ops· (0.2mL)of2N zinc. acetate 
solution per 100 mlot sample. .. 

The2N zinc acetate solution is made by dissolving 220;grams oLzinc acetate In 870 mL of double­
. distilled, deionized water to make 1 liter ot solution. 

The sample pH is then raised to 9 using the NaOH preservative. 

• Sodium thiosulfate must be added to remove residual chlorinefrOrTl a~ample~ To testthe sample for 
. residual chlorine use a field test kit specially made for this purpose.' 

If.resiaual chlorine is present, add 0.08 grams ofsodiumthio$ulfateper liter of sample to remove the 
residua/chlorine. . . . 

. continuEl with proper acidification of the sample as described Cibove. 

Porbiologicat sarnples,10% buffered formalili or .isoprop~T1oJmaYiaJ~()·.b~· required for·preservation,. 
QUestions regarding preservation requirements should be resolVed through communication with the 
laboratory before sampling begins. 

5.3 Field Filtration 

Aftimes, field-filtration may be required to provide for the analYsis of dissolved chemical constituents. 
Field-filtration must be performed prior to the preservation bfsclll)ples as described above. General 
procedures for fieJdfiltration are described beloli\l: . . 

• The. sample shall' be filtered through anon~metallic, .0.4S-rnicr()AJilembranefilter, immediately.after 
<:;ollection. The filtration system shall consist of dedicated filter canister, . dedicated tubing, and a 
peristaltic pump with pressure or vacuum pumping squeeze·ac.lion(since the sample is filtered by 
l1"Iechanicalperistalsis,the sample travels only through the tubing).. . 

0196111P Tetra Tech NUS, Inc. 
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• To perform filtration. thread the tubing through the peristaltic pump head. Attach the filter canister to 
the discharge end of the silicon tubing (note flow direction arrow); attach the aqueous sample 
container to the intake end of the silicon tubing. Turn the peristaltic pump on and perform filtration. 
Run approximately 1 00 mlof sample through the filter and discard prior to sample collection. 

• Continue by preserving the filtrate (contained inthe filter canister). as applicable and generally 
described above. 

5.4 Sample Packaging and Shipping 

Only employees. who have. successfully completed the TtNUS "Shipping HazardousMClterials" training 
course are authorized to package and ship hazardous substances. These trctined individuals are 
responsible for performing shipping duties in accordance with this training. 

Samples collected for shipment from a site shall be classified as either environmental or hazardous 
material samples. Samples from drums containing materials other than Inyestigative Derived Waste· 
(lOW) and samples obtained from waste piles or bulk storage tanks are generally. shipped as hazardous 
materials. Adistinction must be made between the two types of samples in order to: 

• Determine appropriate procedures for transportation of samples (if there is. any doubt, a sample shall 
be considered hazardous and shipped accordingly.) . 

• Protect .the .healthand safety oHransport and laboratory personnel receivingthesClmples(special 
precautions are used by the shipper and at laboratories when hazardous materials are received.) 

Detailed procedures for packaging environmental samples areoutlinedin the remainder ofthissection. 

5.4.1 Environmental Samples 

Environmental samples are packaged as follows: 

• Place properly identified sample container. with lid securely fastened. irla plastic ba:g(e~g. Ziploe 
baggie). and seal the bag. .. 

• Place sample ina cooler constructed of sturdy material which has beenlinedwit~alarge.plasticbag 
(e.g. "garbage"bag). Drain plugs on.coolers must be taped shut. 

• Pack with enough cushioning materials such as bubble wrap (shoulders of bottle:? mustbeicedif 
required) to minimizethepossibi/ity of the container breaking. . 

• If cooling is required (see Attachments A and B), place ice around sample container shoulders. and on 
top of packing material (minimum of 8 pounds of ice for a medium-size cooler). . 

• Seal (i:e., tape or tie top in knot) large liner bag. 

• The original (top, signed copy) of the COC form shall be placedinsid~alargeZiploc-typebag a.nd 
taped inside the lid of the shipping cooleL If multiple coolers are sent but are included on one GOG 
form •. the GOG form should be sent with the cooler containing th~vialsfor V0Canalysis. The COC 
form should then state how many coolers are included with that shipment. 

• Close and se.aloutside of cooler as described in SOP SA-6.3; Signed custody seals .must be used: 
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Coolers must be marked as containing "Environmental Samples." The appropriate side of the container 
must be marked "This End Up" and arrows placed appropricitely. No DOT marking or labeling is required; 
there are no DOT restrictions on mode of transportation. 

6.0 REFERENCES 

. American Public Health Association, 1981. Standard Methods for the Examination of Water and 

. Wastewater, 15th Edition. APHA, Washington, D.C. 

'InternationaFAir Transport Associafion (latest issue). Dangerous Goods Regulations, Montreal, Quebec., 
Canada; 

. . 

U.S. Department of Transportation (Iateslissue). Hazardous Materials Regulations, 49 CFR 171-177. 

U.S: EPA, 1984: "~uidelinesEstaolishing Test Procedures for the Analysis of Pollutants under Clean 
Water Act." Federal Register, Volume 49 (209), October 26, 1984, p. 43234. 

U.S: EPA, 1979;. Methods for Chemical Analysis of Water and Wastes. EPA-600/4-79-020, U.S. EPA-
EMSL,Cincinnati; Ohio. . 
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GENERAL SAMPLE CONTAINER AND PRESERVATION REQUIREMENTS 
Sample Type and Concentration 

WATER 
Organics VOC Low Borosilicate glass 2x40mL Cool to 4°C 14 days'''' 
(GC&GCIMS) HCl to $ 2 

Extractables (Low Amberglass 2x2 Lor4x1 L COol t04~~ 7 days to .extraction; . 
SVOCs·and 40 days after extraction 
pesticide/PCBs) 

Extractables (Medium Amber glass 2x2 Lor4x1 L None 7 days to extraction; 
SVOCsand 40 daYs ·after extraction 
pesticide/PCBs) .. 

Inorganics Metals low High-density polyethylene 1L HN03topH $2 6 months (Hg-2B days) 

Medium lNide:-mouth glass 16 oz. None 6 months 

Cyanide Low High:-density polyethylene 1 L NaOH to pH> 12 14 days 

Cyanide Medium Wide:-mouth glass 160z. None 14 days 

Organic/ High Hazard Wide-mouth glass . Boz. None 14 days 
Inorganic 

SOIL 
Organics VOC EnCore Sampler (3) 5 g Samplers COol to 4°C 4B hours to lab 
(GC&Gc/MS) preservation 

Extracta.bles (Low Wide-mouth glass Boz. Coolto4°C 14 days to e{draction; 
SVOCsand 40 days after·eXtraciion 
pestiCides/PCBs) 

Extractables (Medium Wide-mouth glass Boz. Cool to 4°C 14 days to extractiQn; 
SVOCsand 40 days after extraction 
pesticideslPCBs) 

lnorganics Low/Medium Wide:mouth glass Boz. Cool to 4°C 6 mOnths 
(Hg~· 28 daYs) . 
Cyanide (14 days) 

Qrganicllnorga High Hazard. Wide:-mouthglass Boz. None NA 
nic .. 

. 
Dioxin/Furan All Wide-mouth glass 4 oz. None 35 dayS until 

extraction; 
40 days after extraction 

YClP All Wide-mouth glass Boz. None 7 days until 
preParation; analysis 
asperfrattiofj 

AIR 
LowlMedium 100 Lair 

AILglass containers should have Teflon cap liners or septa. 
See Attachment E. Preservation and maximum holding time allowances per 40 CFR 136 . 

.. 
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ADDITIONAL REQUIRED CONTAINERS, PRESERVATION TECHNIQUES, 
AND HOLDING TIMES 

Parameter Number/Name 

INORGANIC TESTS: 
Acidity 

Alkalinity 

Ammonia - Nitrogen 

Biochemical Oxygen Demand (BOD) 

Bromide 

Chemical Oxygen Demand (COD) 

Chloride. 

Chlorine, Total Residual 

Color 

'Cyanide, Total and Amenable to 
Chlorination 

Fluoride 

Hardness 

Total Kjeldahl and Organic Nitrogen 

Nitrate - Nitrogen 

Nitrate-Nitrite ~. Nitrogen 

Nitrite - Nitrogen 

Oil & Grease 

Total Organic Carbon (fOC) 

Orthophosphate 

. Oxygen,· DissolvedcProbe 

,Oxygen, Dissolved-Winkler 

Phenols : 

Phosphorus, Total 

Residue, Total ': 

Residue!' Filterable (TOS) 

Residue, Nonfilterable (fSS) .: 

AeS@ue,.Settleable . 
" ,~ 

., 

Residu,e,Volatile (Ash Content) 

SHica 

Specific Conductance 

Sulfate 

.P,G 

P,G, 

P,G 

R,G 

P,G 

P,G 

P,G 

P,G 

P,G 

P,G 

P 

P,G 

P,G 

P,G 

P,G 

P,G 

G 

P,G 

.. ,P,G 

G,Bottle & top 

GBottle& top 

G 

P,G 

P,G 

P,G 

P,O 

P,G 

P,G 

P 

P,G 

P,G 

Preservation 

CpoI,4 Q C 

CooI,4°C 

Cool, 4°C; H2S04 to pH 2 

CpoI,4°C . 

None required 

Cool; 4°C; H2S04 to pH .2 

None required 

None required 

CooI.1°C . 

CpoI, 4°C; NllOH to pH 12; 
0,6 g ascorbic aCict5) 

None required 

HND.J t6 pH 2; H2S04 topH2 

CpoI, 4°C; H2S04 topH 2 

None required 

Cool, 4°C; H2S04 to pH 2 

CooI,4°C 

Cool, 4°C;H2S04to pH 2 

Cool, 4°C; HCI or H2S04 to 
pH2 

Filter immediately; COol, 4°C 

None required 

Fix onslle and store in dark 

: Cool, 4 °C;H:!S04 .16 pH 2 

Cool, 4°C;!i;!804 topH 2 

CooI,4Q C 

Cool,AoC 

Cool i 4°C 

CooI,4°C 

CpoI,4°C 

Cool,4°C 

Cool, 4°C 

CooI,4Q C 

Maximum Holding 
Time(4) 

14 days 

14 days 

28 days 

48 hours 

28 days 

28 days 

~8days 

Analyze immediately·· .. 

48 hoUrs 

14 dayslb) 

28 days 

6 months 

2Bdays 

48 hours .' 

28 days 

48 hours 

28 days 

28 days 

4Bhours 

Analyze immediately 

B hours 

28 days 

28 days 

7days 

7 days 

7 days 

48hburs 

7 days 

28 days 

28 days 

2Bdays 

' .. 

.' 

.. 
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ADOITIONAL REQUIRED CONTAINERS,PRESERVATION TECHNIQUES, 
AND HOLDING TIMES 
PAGE TWO 

Parameter Number/Name 

INORGANIC TESTS (Cont'd): 
Sulfide 

'.Sulfite 

01961 ifP 

Turbidity 
.(7) METALS. 

Chromium VI (Hexachrome) 

Mercury (Hg) 

Metals, except Chromium VI and Mercury 

ORGANIC TESTS:!II) 

Purgeable Halocarbons 

Purgeable Aromatic Hydrocarbons 

.~ 

Mrolein and Acrylonitrile 

Phenolsl' 'I 

Benzidinesl1 11. 1'<) 

Phthalate esters" 'I 

Nitrosamlnes" ').,,4) 

PCBS(11
) 

Nitroaromatics&lsophorone(11
) 

Polynuclear Aromatic Hydrocarbons 
(PAHs)(lf).(14) 

Haloethersl " 1 

Dioxin/Furan (TCDDITCDF)1111 

P,G 

P,G 

P,G 

P,G 

P,G 

G, Tellon"lined 
septum 

G, Tellon-lined 
septum 

G, Tellon-lined 
septum 

G, Tellonclined 
cap 

G, Tellon-lined 
cap 

Preservation Maximum Hqlding 
Time(4j .' 

., 
Cool, 4°C; add zinc acetate 7 days 
plus sodium hydroxide to pH 9 

None required Analyze immediately '. 
CooI,4°C 48 hours '.,.' 

. 

24 hours 

HN03 to pH 2 28 days 

HN03topH2 6 months 

Cool, 4°C; 0.008% NB2S20JPI 14 days 
HCI topH2 (9) 

Cool, 4°C; 0.008% Na2S20J10) 14 days 
adjustpHto 4_S(10),i 

Cool, 4°C; 0.008% NB2S20JP
' 7 days .. until.extraction; 

40 days after extraction -

Cool; 4°C; 0.008% Na2S20J'OI 7 days until extraction"~' .'.' 

G, Tellon-lined Cool,4°C 
cap 

7 days -"until 'extraction; 
40 days after extraction 

7 days untilextrac~6n: 
40 days aftereJdraction . '" 

G,Teflon-lined Cool, 4°C; store in dark; 
cap . 0.008% NB2~OP) 

7 days·.·· until extraction; 

I 

G, Teflon-lined Cool,4°C 
cap 40 days after extraction . .•. .., 

.G, Tellon-lined 
cap 

G, Teflon-lined 
cap 

G,Teflon-lined 
cap 

G, Tellon-lined 
cap 

Coot, 4°C; 0.008% Na~:r; 
store in dark 

Cool, 4°C; 0.008% NB2~03'"'; 
store in dark 

7 days until eXtraction; 
40 days after extraction. . '.' 

7 days until extraction; . 
40 days after extraction. . 

7 days until .. extraction; 
40 days afterextractiorii' 

7 days until eldraction; 
40 days after extraction ....... ' 
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(2) Sample.preservatiof) should be performed Immediately upon'sample collection. For composite chemical samples each 
aliquot shoul.d be preserved at the time of collection. When use of an automated sampler makes it impossible to preserve 
each aliquot, then chemical samples' may be. preserved by maintaining at 4°C until compositing and .sample I:!Plitting is 
completed. . . . .' . . . . . .. 

(3) When any sample is.to be shipped by common .carrier or sent through the United States Mail, it must comply with the 
Department of Transportation Hazardous Materials Regulations (49 eFR Part 172)~ 

(4) Samples should be analyzed as soon as possible after collection. The times listed are the maximum times )hat samples 
may be held before analysis and still be conSidered valid. Samples may be held for longer periods only ilthe permittee, ar 
monitaringlaboratary. has data on me to show that the specific types af samples under study are stable far the Jooger 
periods, and has received a variance from the RegiOnal Administrator. 

(5) Should only be used in the presence of residual chlorine.. 
(6) Maximum holding time i824 hours when. sulfide is present. OptionallY,all samples may be tested with lead acetate paper 

'before pH adjustments are made to.cIE\termine if sulfide is present. If sulfide is present, it can be removed bYthe addition. 
of cadmium nitrate poWder until a negatiVe spOt test is obtained. The sample is filtered and then NaOH is added to pH 12. 

(7) Samples should be filtered immediately on site before adding pr~ervative for dissolved metals. 
(8) Guidance applies to samples to be analyzed byGC, Le, or GClMS for specific compounds. 
(9) Sample receiving no pH adjustment must be analyzed within 7 days of sampling. 
(10) The pH adjustment is not required ifacrolein will not be measured. Samples for acrolein receiving no pH adjustment must 

be analyzed within 3 days of sampling. 
(11) When the extractable analytes of concem fall within a Single chemical category, the specified preservative al:ld. maximum 

holding times should be observed for optimum safeguard of sample integrity. When the analytes of concem fall Within two 
or more chemical categories, the sample may be preserved by cooling to 4°C, reducing residual chlorine with 0.008% 
sodium thiosulfate, storing irithe dark, and. adjustinglhe pH to 6-9; samples preserved .in this manner may beheld fOr 
7 days before extraction and tor 40 days after extraction. Exceptions to this optiOnal preservation and holding time 
procedure are noted in footnote 5 (re: the requirement for thiosulfate reduction of residual chlorine) and footnotes 12, 13 
(re: the analySis of benzidine). . '. 

(12) If l,2-diphenylthydrazine is. likely to be present, adjust the pH of the sample to 4.0±0.2 to prevent rearrangement .to 
benzidine. 

(13) Extracts may be.stored up to 7 days before analysis if storage is conducted under an inert (oxidant-free) atmosphere, 
(14) For the analysis of diphenylnitrosamlne, add 0.008% Na2S203 and adjust pH to 7-10 with NaOH within 24 hours of 

sampling. 
(15) The pH adjustment may be performed upon receipt at the laboratory and may be omitted if the samples are extracted 

within 72 hours of collaction. For the analysis of aldrin, add 0.008"10 Na2S203. 
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Thepurposeofthis Standard Operating Procedure (SOP) is to identify and designate the field data record 
forms, logs and reports generally initiated and maintained for documenting Tetra Tech NUS field activities. 

2.0 SCOPE 

Documents pre~erited within this procedure (or equivalents) shall be used for all Tetra Tech NUSfield 
activities; as.applicable. Other or additional documents may be required by specific client contracts or 
project planning documents. 

3.0 GLOSSARY 

None 

4.0 RESPONSIBILITIES 

Project Manager· (PM) - The Project Manager is responsible for obtaining hardbound, controlled­
distribution logbooks (from the appropriate source), as needed. In addition, the Project Manager is 
responsible for placing all field documentation used in site activities (Le., records, field reports, sample 
data sheets, field notebooks, and the site logbook) in the project's central file upon the completion of field 
work . 

. Field Operations Leader (FOL) - The Field Operations Leader is responsible for ensuring that the site 
logbbok, notebooks, and all appropriate and current forms and field reports illustrated in this guideline 
(and any additionaHorms required by the contract) are correctly used, accurately filled out, and completed 
in the required time~frame. 

5.0 PROCEDURES 

5.1 

5.1.1 General 

The site logpookisahard-bound,paginated, controlled-distribution record book in which aU. rt;lajoronsite 
activities are documented. At a minimumithefollowing activities/events shall be recorded o(referenced 
(dally) inthe site logbook: 

• All field persdnnelpresent 
• Arrival/departure ofgite visitors 
• Time and date·of H&S training 
• Arrival/departure of·equipment 
• Time and date of equipment calibration 
• Start and/or completion of borehole, trench, monitoring well installation, etc. 
• Daily.onsite activities performed each day 
• Sample pickup information 
• Health and Safety issues (level of protection obseNed, etc.) 
• Weather conditions 

A site logbook shall be maintained for each project The site logbook shall be initiated at thesfartofthe 
first onsite activity (.e.g., site Visitor initial reconnaissance survey). Entries are to be made for everyday 
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that onsite activities take place which involve Tetra Tech NUS or subcontractor personnel. Upon 
completion of the fieldwork, the site logbook must become part of the project's central file. 

The following information must be recorded on the cover of each site logbook: 

• Project name 
• Tetra Tech NUS project number 
• Sequential book number 
• Start date 
• End date 

Information recorded daily in the site logbook need not be duplicated in other field notebooks (see Section 
5.2), but must summarize the contents of.theseothernotebooks and refer to specific page lOcatiOns 1n 
these hotebooks for detailed information (where applicable)_ An example ofa typical site logbook entryc is 
shown in Attachment k 

If measurements are made at any location, the measurements. and equipment used must either be 
recorded in the site logbook or reference must be made to the field notebook in which the meaSurements 
are recorded (see Attachment A). 

All logbook, notebook, and log sheet entries shall be made in indelible ink (black pen.is preferred) .. No 
erasures are permitted. If an incorrect entry is made, the entry shall. be crossed out with a single strike 
mark, and initialed and dated. At the completion ()fentries by any individual, the logbook pages used must 
be signed. and dated. The site logbook must also be signed by the Field Operations Leader at the end of 
each day. . 

5.1.2 Photographs 

When movies, slides, or photographs aretakeh of a site or any monitoring location, they must be 
numbered sequentially to correspond to logboql<lnotebook entries. The name .. of the photographer, clate, 
time, site location, . site description, and weather conditions must be entered . in the logbooklnot~book as 
the photographs. are taken. A series entry . maybe used for rapid~sequence photographs.. . The 
photographer is not required to record .the aperture settings and shutter. speeds for photographs taken 

. within the normal automatic exposure range. However,special clE,mses,c films, filters, and otherirnage­
enhancement techniques' must be noted in' the logbook/notebook ... ···If pOSSible, such' techniques. shall be 
avoided, since they can adversely affect the accuracy of photographl). . Chain-of~custody procedures 
depend upon thesubjectmatter, type of camera (digital or film), and the.processing it requires. Film used' 
for aerial photography,corytidential information, or criminal investigation require chain-ot-custOdy 
procedures. Once processed, the slides of .. photographic printsshalltle consecutively numbered and 
lab.eledaccording to the logbook/notebook descriptions. The site photographs and associated negatives 
and/or digitally saved images to compact disks mustbe docketed into the project's central file. 

5.2 Field Notebooks 

Key field team personnel may maintain a separate dedicated field notebook to document the pertinent 
field activities conducted directly under their supervision. For e~ampJeionJarge projects with multiple 
investigative sites andvarying operating conditions, the. Health .and Safety Officer may elect to maintain a 
separate field notebook. Where several drill rigs are in operation simultaneously, each site geologist 
assigned to oversee a rig must maintain a field notebook. . 

019611/P Tetra Tech NUS, Inc. 
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All Tetra Tech NUS field forms (see list in Sedion· 6.0 at this SOP) can be tound on the company's 
intranetsite (http://intranet.ttnus.com) under Field log Sheets. Forms may be altered or revised for 
project-specific needs contingent upon client approval. Care must be taken to ensure that all essential 
information can be documented. Guidelines for completing these forms can be found in the related 
sampling SOP. 

5.3.1 Sample Coliection,Labeling, Shipment, Requestfor Analysis, and Field Test Results 

Sample Log Sheet 

Sample Log Sheets are used to record specified typesot data while sampling. The data recorded 01'1 
these sheets are useful in describing the· sample as well as pointing out any problems,diffic;ulties;or 
irregularities encountered during sampling. A log sheet must be completed for each sample obtained, 
including field quality control (QC) samples. 

5.3.1.2 Sample label 

A typical sample label is illustrated in Attachment B. Adhesive labels must be completed and applied to 
every sample container. Sample labels can usually be· obtained from the appropriate Program source 
electronically generated in-house,or are supplied from the laboratory subcontractor. 

5.3.1.3 Chain-at-Custody Record Form 

The Chain-of-Custody (COG) Record is a multi-part fOim that is initiated as samples are acquired and 
accompanies a sample (or group of samples) as they are transferred from person to person. This form 
must be used for any samples collected tor c;hemical orgeotechnic;al analysis whether theanplyses are 
performed on site or off site. One carbon less copy of the completed eoc form is retained by the field 
crew, one copy is sent to the Project Manager (or designee), while the originalis sent to the laboratory. 
The original (top. signed copy) ofthe Cae form shalL be placed inside a large liploc-type bag and taped 
inside the lid of the shipping c()oler. If multiple coolers are sent but are included on one COC .form, the 
eoc form should be sent with the coo/ercontaining vials for voe analysis or the. cooler with the air bill 
attached. The air bill should then state how many coolers are included with that shipment An example of 
a Chain~of-Custody Record torm is provided as Attachment C. Once the samplesare received at the 
laboratory, the sample cooler and contents are checked and any problems are noted on the enclosed 
eoc form (any discrepancies between the sample labels and COC form and any other problems that are 
noted are resolved through communication between the laboratory point-of-contact.and the Tetra Tech 
NUS Project Manager). The cae form is signed and copied. The laboratory will retain the copy while the 
original becomes part of the samples' corresponding analytical data package. 

5.3.1.4 Chain-of-Custody Seal 

Attachment 0 is an example of a custody seal. The Custody seal is an adhesive-backed label. It is part of 
a chain-ot-custody process and is used to prevent tampering with samples after they have been collected 
in the field and sealed in coolers for transport to the laboratory~ The cae seals are signed and dated by 
thesampler(s) and affixed across the lid and body of each cooler (front and back) containing 
environmental samples (see SOP SA"6.1). cae seals may be available from the laboratory; these seals 
may also be purchased from a supplier. 
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Field Analytical Log Sheets are used to record geochemical and/or natural attenuation field test results. 

5.3.2 Hydrogeological and Geotechnical Forms 

5.3.2.1 Groundwater Level Measurement Sheet 

A Groundwater Level Measurement·Sheet must'be filled out for each round of water level measurements 
made at a site. 

-.Qur.ing..tfle~RGe-9f-a..pYm~i,:lg test-{.Ql:..aA-in-sitl,l hy.dr,gufic..conductj1tity test) I alar:gaamolintOt data 
, must ~e Feeerded, otteR ' .... itl=liA a sRoFt tiffie period. Tf::Ie-Pt:lfflJ3if'lg Test Data SheeHaeilit8tes this task by 
. stanaaraizi,:l9 tbQ data 'QlI9ctioR fOFrnat fQr thQ pumping WQII and obs91"\!ation WQIIs, and allowing tt:lQ tiR-l9 . 

interval fOFsolle6tleR-to be laid Oyt in adl,lansQ.· ' 

5.8.2.8 PaelEcr Test Report FOflfF 

A Pack:Qr T9St. H~port (:Qrm ttl' Is;t.b~ cOR-lpleted for each lA1ellilpOO which a packer test is coodllCted 

5.3.2.4 Boring Log 

Ouringthe progress of each boring" a log of the materials encountered, operation and driving af casing, 
and location of ,samples must be kept. . The Summary Log of Boring, or" Boring log is used for this 
purpose and must be completed for each soil boring performed. In addition, if volatile organics are 
monitored on to res, samples, cuttings from the borehole, or breathing zone, (using a PID or FlO), these 
readings must be, entered an the boring log at the appropriate depth. The "Remarks· column can be used 
to subsequently enter the lal:Joratory sample number, the concentration of key analytical results, or other· 
pertinent information. This feature allows direct comparison of contaminant concentrations with soil, 
characteristics. ' 

5.3.2;5. Monitoring Well Construction Details Form 

A Monitoring Well Construction Details Form must be completed for every monitoring well, piezometer, or 
temporary well pOint installed. This form contains specific information on length and type of well riser pipe 
and screen, backfill" filter pack, annular seal and grout characteristics, and surface seal characteristics. 
This information is important in evaluating the performance of the monitoring well, particularly in areas 
where water levels show temporal variation, or where there are multiple (immiscible) phases of 
contaminants. Depending on the type of monitoring well (in overburden or bedrock, stick-Up or ,flush 
mount), different forms are used. 

..&326 Test Pit I 09 

:-Wh@R at€llit pit.:o~ tfQnch is constn Icted for in)lestigative or salllpling pllrposeS , a Test Pit I 09 mils' be 
~illed out by1ho reopoAsible fiold goolegi6t or sampJiAg teohAisiaA. ' 
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Monitoring Well Materials Certificate of Conformance should be used as the project directs to document 
a/l materials utilized during each monitoringwe/l installation. . 

The Monitoring Well Development Record should be used as the project directs to document all well 
development activities. 

5.3.2.8 Miscellaneous Field Forms - QAand Checklists 

Container Sample and Inspection Sheet should be used as the project directs each time a container 
(drum, tank, etc.) is sampled and/or inspected. . 

QA Sample Log Sheet should be used at the project directs each time a QA sample is colleted,such as 
Rinsate Blank, Source Blank, etc. 

Field Task Mqdification Bequest (FTMR) wilLbeprepar:edfor all deviations·fromthe project planning 
documents. The FOL is responsible for initiating the FTMRs. Copies of all FTMRs will be maintained with 
the onsite planning documents and originals will be placed in the final evidence tile. 

The Field Project Daily Activities Check List and Field Project Pre"MobilizationChecklist should be used 
during both the planning and.fieldeffort to assure that all necessary tasks are planned for and completed. 
These<two forms are not a requirement but a useful tool for most field work. 

5.3.3 Equipment Calibration and Maintenance Form 

The calibration or standardization of monitoring, me~suring or test equipment is necessary to assure. the 
proper operation and response of the equipment,·to document the accuracy, precision or sensitivity of the 
measurement, and determine if correction should be applied to the readings. Some items of equipment 
require frequent calibration, others infrequent Some are calibrated by the manufacturer, others by the 
user. 

Each instrument requiring calibration has its own Equipment Calibration Log which documents that the 
\manufacturer's instructions were followed tor calibration of the equipment, including frequency and type ot 
. standard or calibration device. An Equipment Calibration . log must be.maintained for each electronic 
measuring device used in the field; entries must be made for each day the equipment is used or in 
accordance with the manufacturer's recommendations. . 

5.4 Field Reports 

The primary means of recordIng onsite activities is the site logbook. Other field notebooks may also be 
maintained. These logbooks and notebooks (and supporting forms) contain detailed information required 
for data interpretation· or documentation, but are not easily useful for tracking and reporting of progress. 
Furthermore, the field logbook/notebooks remainonsite for extended periods of time and are thus not 
accessible for timely review by project management . 

5.4.1 Daily Activities Report 

To provide timely oversight of .onsite contractors, Daily Activities Reports are completed and submitted· as 
described below. 
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The Daily Activities Report (DAR) documents the activities and progress for each day's field work. This 
report must be filled out on a. daily basis whenever there are drilling, test pitting, well construction, or other 
related activities occurring which involve subcontractor personnel. These sheets summarize the work 
performed and form the basis of payment to subcontractors. The DAR form can be found on the TtNUS 
intranet site. 

5.4.1.2 Responsibilities 

It is the responsibility of the rig geologist to complete the DAR and obtain the drill.er's signature 
acknowledging that the times and quantities of material entered are correct. 

5.4.1.3 Submittal and Approval 

At the end of the shift, the, rig.geologist must submit the.Oaily ACtivities Report to the Field Operations 
Leader (FOL) for reviewandfmr!g~ The Dai/yActivities Report is not a formal report and thus requires no 
furtherapproval. The DAR reports are retained by the FOUoruse in preparing the site lOgbook and in 
preparing weekly status reports for submission to the Project Manager. 

5.4.2 Weekly Status Reports 

'Tofacilitatetimely review by project managelTlent, photocopies of logbook/notebook entries may be made 
for internal use. . 

It should be noted that in addition to summaries described herein, other summary reports may also be 
contractually· required. 

All Tetra Tech NUS field forms can be found on the company's intranet site at http://intranet.ttnus.com 
under Field Log Sheets. ' 

6.0 LISTING OFrETRA TECH NUS FIELD .FORMS FOUND ON THE TTNUS INTRANET 
SITE .. HTTP://I.NTRANET;TTNUS.COM CLICK ON FIELD LOG SHEETS 

Groundwater Sample Log Sheet 
Surface WaterSampleLog Sheet 
SoiVSedimElnt Sample Log Sheet 
Container8ample and Inspection Sheet 
.Geochemical Parameters (Natural Attenuation) 
Groundwater .Level Measurement Sheet 
Pumping r,.sl Data She~' 

,Packf!lr Tf!lst ~f!l~ort FQrm 
Boring Log 
~4onjtorin9\NQII Constrl,JGtion Bedrock FIl,Jsh Mount­
Monitoring Well Constrl,Jction B~drocl< Open Hole 
Monitorir:tgWell Con~truction Bedrock ~tiek Up 
Monitoring Well Construction Confining Layer . 
Monitoring Well Construction Overburden Flush Mount 
Monitoring Well Construction Overburden Stick Up 
re~t Pit log. . . 
MonitoringWell Materials Certificate of Conformance 
Monitoring Well DevelopmentRecord 
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Field Task Modification Request 
Hydraulic ConduCtivity Test Data Sheet 
Low Flow PurgeData Sheet 
QA Sample Log Sheet 
Equipment Calibration Log 
Field Project Daily Activities Checklist· 
Field Project Pre-Mobilization Checklist 
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START TIME: ___ ---' ______ _ DATE: ____ ~ ________________ _ 

SITE LEADER: 
PERSONNEL: 

TtNUS DRILLER SITE VISITORS 

WEATHER: Clear, 68 0 F, 2-5 mph wind from SE 

ACTIVITIES: 

0196f11P 

1 . . Steam jenney and fire hoses were set up. 

2. Drilling activities at well _. _ resumes. Rig geologist Was . See Geologist's 
Notebook, No .. 1,·. page 29-30, for details of drilling activity. Sample No. 123-21-S4 collected; 
see sample logbook, pa.ge 42. Drilling.activities completed at 11:50 and a 4-inch stainless 
steel well installed. See Geologist's Notebook; No.1, page 31, and well construction details 
.forwell __ _ 

3. Drilling rig No.2 steam"cleanedat decontamination pit. Then set up at location of 
weJI __ _ 

4. Well drilled. Rig geologist was . See Geologist's Notebook, 
NO.2, page _. _._. for details of· drilling. activities. . Sample numbers 123-22-S 1, 123-22-S2, 
and 123-22-S3 collected; see sample logbook, pages 43. 44. and 45. 

5. Well. __ . _ was developed. Seyen55-galJon drums were filled in the flushing stage. The well 
was then pumped using the pitcher pump for 1 hour. At the.end of the hour, water pumped 
from well was "sand free." 

6. EPA remedial project manger arri"es on site at 14:25 hours. 

7. Large durnptruck arrives at .14;45 and is steam:-eleaned. Backhoe and dump truck set up 
over test pit . 

8. T.est pit. . dug· with cuttings placed in dump truck. Rig geologist was 
See Geologist's Notebook. No.1, page 32. for details of test pit. 

activities. Test pit subsequentlyfiUed.No samples .taken for chemical analysis. Due to 
shallow groundwater table. filling in of test pit _ resulted in a very soft· and wet area. A 
mound was developed and the. area roped off. 

9. Express carrier. picked up samples (see Sample Logbook. pages 42 through 45) at 
17:50 hours. Site activities .terminated at }8:22 hours. All personnel off site. gate locked. 

Field Operations Leader 
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Decontamjnation is the process of removing and/or neutralizing site contaminants that have contacted 
and/or accumulated on equipment. The purpose of this Standard Operating Procedure (SOP) is to protect 
site personnel, the general public, and the environment while preserving or maintaining sample integrity. It 
is further intended through this procedure to describe the steps necessary for proper decontamination of 
drilling equipment, earth-moving equipment , chemical sampling equipment and field operation and 
analytical equipment. 

2.0 SCOPE AND APPLICABILITY 

This procedure applies to all equipment used to provide access to/acquire environmental samples that 
may have become contaminated through direct contact with contaminated media including air, water, and 
soil. This equipment includes drilling and heavy equipment and chemical sampling and field analytical 
equipment. Where technologically and economically feasible, single-use sealed disposable equipment will 
be employed to minimize the potential for cross-contamination. This SOP also provides general reference 
information on the control of contaminated materials. 

Decontamination methods and equipment requirements may differ from one project to another. General 
equipment items are specified in Section 6.0, but project-specific equipment must be obtained to address 
the project-specific decontamination procedures presented in Section 7.0 and applicable subsections. 

3.0 GLOSSARY 

AlconoxiLiguinox - A brand of phosphate-free laboratory-grade detergent. 

Decontamination Solution - A solution selected/identified in the Health and Safety Plan or Project-Specific 
Quality Assurance Plan. The solution is selected and employed as directed by the project chemist/health 
and safety professional. 

Deionized Water (01) - Tap water that has been treated by passing through a standard deionizing resin 
column. This water may also pass through additional filtering media to attain various levels of analyte-free 
status. The 01 water should meet College of American Pathologists (CAP) and National Committee for 
Clinical laboratory Standards (NCClS) specifications for reagent-grade Type I water. 

Potable Water - Tap water from any municipal water treatment system. Use of an untreated potable water 
supply is not an acceptable substitute for tap water. 

Pressure Washing - Process employing a high-pressure pump and nozzle configuration to create a high­
pressure spray of potable water. High-pressure spray is employed to remove solids from equipment. 

Solvent - A liquid in which solid chemicals or other liquids are dissolved. The solvent of choice is 
pesticide-grade isopropanol. Use of other solvents (methanol, acetone, or hexane) may be required for 
particular projects or for a particular purpose (e.g., removal of concentrated waste) and must be justified in 
the project planning documents. For example, it may be necessary to use hexane when analyzing for 
trace levels of pesticides, PCBs, or fuels. In addition, because many of these solvents are not miscible in 
water, the equipment should be air dried prior to use. Solvents should not be used on PVC equipment or 
well construction materials. 

Steam Pressure Washing - A cleaning method employing a high-pressure spray of heated potable water 
to remove various organic/inorganic chemicals from equipment. 
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Project Manager - Responsible for ensuring that all field activities are conducted in accordance with 
approved project plan(s) requirements. 

Decontamination Personnel - Individuals assigned the task of decontamination. It is the responsibility of 
these individuals to understand the use and application of the decontamination process and solutions as 
well as the monitoring of that process to ensure that it is working properly. This is accomplished through 
visual evaluation, monitoring instrument scanning of decontaminated items, and/or through the collection 
of rinsate blanks to verify contaminant removal. 

Field Operations Leader (FOL) - Responsible for the implementation of project-specific planning 
documents. This includes on-site verification that all field activities are performed in compliance with 
approved SOPs or as otherwise dictated by the approved project plan(s). The FOL is also responsible for 
the completion and accuracy of all field documentation. 

Site Safety Officer (SSO) - Exercises shared responsibility with the FOL concerning decontamination 
effectiveness. All equipment arriving on site (as part of the equipment inspection), leaving the site, and 
moving between locations is required to go through a decontamination evaluation. This is accomplished 
through visual examination and/or instrument screening to determine the effectiveness of the 
decontamination process. Improper or incomplete decontamination is sufficient to restrict equipment from 
entering the site, exiting the site, or moving to a new location on the site until the objectives are 
successfully completed. 

General personnel qualifications for decontamination activities include the following: 

• Occupational Safety and Health Administration (OSHA) 40-hour and applicable refresher training. 

• Capability of performing field work under the expected physical and environmental (i.e., weather) 
conditions. 

• Familiarity with appropriate decontamination procedures. 

5.0 HEALTH AND SAFETY 

In addition to the health and safety issues and reminders specified in subsections of this SOP, the 
following considerations and requirements must be observed as SOPs for field equipment 
decontamination activities: 

• If any solvents or hazardous chemicals (e.g., isopropyl alcohol) are to be used in equipment 
decontamination activities, the FOL must first obtain the manufacturer's/supplier's Material Safety 
Data Sheet (MSDS) and assure that it is reviewed by all users (prior to its use), added to the site 
Hazardous Chemical Inventory, and maintained on site as part of the project Hazard Communication 
Program. 

• Review and observe specific health and safety requirements (e.g., personal protective equipment 
[PPE]) specified in the project-specific health and safety plan for this activity. 

6.0 EQUIPMENT LIST 

• Wood for decontamination pad construction, when applicable (see Section 7.1). 

• Tools for constructing decontamination pad frame, when applicable (see Section 7.1). 
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• Visqueen sheeting or comparable material to cover decontamination pad frame, when applicable (see 
Section 7.1). 

• Wash/drying racks for auger flights and drill/drive rods, when applicable (see Section 7.2). 

• PPE as specified in the project health and safety plan. 

• Soap and water for washing and rinsing. 

• Deionized water for final rinsing. 

• Solvents (e.g., pesticide-grade isopropanol) for rinsing (see applicable portions of Section 7.2). 

• Tubs, buckets, etc. for containerizing rinse water (see applicable portions of Section 7.2). 

• Sample bottles for collecting rinsate blanks (see Section 7.2). 

• Calibrated photoionization detector (PID) or flame ionization detector (FlO) to monitor decontaminated 
equipment for organic vapors generated through the existence of residual contamination or the 
presence of decontamination solvent remaining after the piece was rinsed. 

• Aluminum foil or clear clean plastic bag for covering cleaned equipment (see applicable portions of 
Section 7.2). 

• Paper towels or cloths for wiping. 

• Brushes, scrapers, or other hand tools useful for removing solid materials from equipment. 

• Clear plastic wrap for covering or wrapping large decontaminated equipment items (see Section 
7.2.2). 

• Drum-moving equipment for moving filled waste drums (optional) (see Section 7.3). 

• Drum labels for waste drums (see Attachment A). 

7.0 PROCEDURES 

The process of decontamination is accomplished through the removal of contaminants, neutralization of 
contaminants, or isolation of contaminants. To accomplish this activity, preparation is required including 
site preparation, equipment selection, and evaluation of the decontamination requirements and processes. 
Site contaminant types, concentrations, and media types are primary drivers in the selection of the types 
of decontamination and where it will be conducted. For purposes of this SOP, discussion is limited to 
decontamination proced~res for general environmental investigations. 

Decontamination processes will be performed at the location(s} specified in project-specific planning 
documents. Typical decontamination locations include the following: 

• Temporary decontamination pads/facilities 
• Sample locations 
• Centralized decontamination pad/facilities 
• Combination of some or all of the above 
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The following discussion includes general considerations for the decontamination process. Specific 
construction and implementation procedures will be as specified in the project-specific planning 
documents and/or may be as dictated by site-specific conditions as long as the intent of the requirements 
in the planning documents is met. This intent is to contain any residual fluids and solids generated 
through the decontamination process. 

7.1 Decontamination Pad Design/Construction Considerations 

7.1.1 Temporary Decontamination Pads 

Temporary decontamination pads may be constructed at satellite locations within the site area in support 
of temporary work areas. These structures are generally constructed to support the decontamination of 
heavy equipment such as drill rigs and earth-moving equipment but can be employed for smaller articles. 

The purpose of the decontamination pad is to contain wash waters and potentially contaminated soil 
generated during decontamination procedures. Therefore, construction of these pads should take into 
account the following considerations: 

• Site location - The decontamination site selected should be far enough from the work site to 
maximize decontamination effectiveness while minimizing travel distance. The location of the 
decontamination site shall be selected to provide, in the judgment of the FOL or FOL designee, 
compliance with as many of the following characteristics as practicable: 

019611/P 

- Well removed from pedestrian/vehicle thoroughfares. 

- Avoidance of areas where control/custody cannot be maintained. 

- Avoidance of areas where potential releases of contaminated media or decontamination fluids 
may be compounded through access to storm water transport systems, streams, or other 
potentially sensitive areas. 

- Avoidance of potentially contaminated areas. 

- Avoidance of areas too close to the ongoing operation, where cross-contamination may occur. 

The selected decontamination site should include the following, where possible: 

- Areas where potable water and electricity are provided. 

Safety Reminder 
When utilizing electrical power sources, either hard-wired or portable-generated sources, 
ensure that: 

- All power is routed through a Ground Fault Circuit Interrupter (GFCI). 

- All power cords are in good condition (no physical damage), rated for the intended 
energy load, and designated for outdoor use. 

In situations where accomplishing these elements is not possible, it will be necessary to 
implement a site electrical grounding program. 
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- Areas where support activities such as removing decontamination waters soil and sediment are 
possible without entering an active exclusion zone. 

- Areas that offer sufficient size to carry out the specific decontamination sequence. 

• Decontamination pad (decon pad) - The decon pad shall be constructed to meet the following 
characteristics: 

- Size - The size of the pad should be sufficient to accept the equipment to be decontaminated as 
well as permitting free movement around the equipment by the personnel conducting the 
decontamination. The size should permit these movements utilizing pressure/steam washer 
wands and hoses and minimizing splash due to work in close quarters. 

- Slope - An adequate slope will be constructed to permit the collection of water and potentially 
contaminated soil within a trough or sump constructed at one end. The collection pOint for wash 
waters should be of adequate distance that the decontamination workers do not have to walk 
through the wash waters while completing their tasks. Because the pad will be sloped, place a 
light coating of sand over the plastic to minimize potential slips and falls. See the text about liners 
below. 

- Sidewalls - The sidewalls shall be at least 6 inches in height (or as high as possible if 6 inches is 
not achievable) to provide adequate containment for wash waters and soil. If splash represents a 
potential problem, splash guards should be constructed to control overspray. Sidewalls may be 
constructed of wood, inflatables, sand bags, etc. to permit containment. Splash guards are 
typically wood frames with Visqueen coverings to control overspray. 

- Liner - Depending on the types of equipment and decontamination method 1(') be used, the liner 
should be of sufficient thickness to provide a puncture-resistant barrier between the 
decontamination operation and the unprotected environment. Care should be taken to examine 
the surface area prior to placing the liner to remove sharp articles (sticks, stones, debris) that 
could puncture the liner. Liners are intended to form an impermeable barrier. The thickness may 
vary from a minimum recommended thickness of 10 mil to 30 mil. The desired thickness may be 
achieved through layering materials of lighter construction. It should be noted that various 
materials (rubber, polyethylene sheeting) become slippery when wet. To minimize this potential 
hazard associated with a sloped liner, a light coating of sand shall be applied to provide traction as 
necessary. 

- Wash/drying racks - Auger flights, drill/drive rods, and similar equipment require racks positioned 
off of the ground to permit these articles to be washed, drained, and dried while secured from 
falling during this process. 

For decontamination of direct-push technology (DPT) equipment, the pad may be as simple as a mortar 
tub containing buckets of soapy water for washing and an empty bucket to capture rinse waters. 
Decontamination may be conducted at the rear of the rig to permit rapid tool exchange. 

• Maintenance - Maintain the decontamination area by: 

- Periodically clearing the work area of standing water, soil, and debris, and coiling hoses to aid in 
eliminating slip, trip, and fall hazards. In addition, these articles will reduce potential backsplash 
and cross-contamination. 

- Regularly changing the decontamination fluids to ensure proper cleaning and prevent cross­
contamination. 
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- PPE - Periodically evaluate the condition of, and maintain the decontamination equipment, 
including regular cleaning of face shields and safety glasses. This is critical to ensuring the safety 
of decontamination personnel and the integrity of the decontamination process, and it will ensure 
that equipment is functioning properly. 

7.1.2 Decontamination Activities at Drill Rigs/OPT Units 

During subsurface sampling activities including drilling and OPT activities, decontamination of drive rods, 
Macro Core Samplers, split spoons, etc. is typically conducted at an area adjacent to the operation. 
Decontamination is generally accomplished using a soap/water wash and rinse utilizing buckets and 
brushes. This area requires sufficient preparation to accomplish the decontamination objectives. 

Buckets shall be placed within mortar tubs or similar secondary containment tubs to prevent splash and 
spills from reaching unprotected environmental media. Drying racks shall be employed as directed for 
temporary pads to permit parts to dry and be evaluated prior to use/reuse. Methodology regarding this 
activity is provided in Section 7.2. 

7.1.3 Decontamination Activities at Remote Sample locations 

Vllhen sampling at remote 10Gations, sampling equipment SUGh as trowels and pumpsJtu~ing should be 
evaGuated of potentially Gontaminated media to the extent possible. This equipment should be wrapped in 
plastiG for transport to the tempor=ary/Gentr=alized dOGontamination 10Gation for final Gleaning and 
disposition. Flushing and Gleaning of single use equipment SUGh as disposable tro'Nels, tubing, and 
surgeon's glolJes may allow disposal of this equipment after lJisible soil and ' .... ator remnants halJe been 
removed. 

7.2 Equipment Decontamination Procedures 

The following represents procedures to be employed for the decontamination of equipment that may have 
contacted and/or accumulated contamination through site investigation activities. 

7.2.1 Monitoring Well Sampling Equipment 

7.2.1.1 Groundwater sampling equipment - This includes pumps inserted into monitoring wells such 
as bladder pumps, Whale pumps, and Redi-Flo pumps and reusable bailers, etc. 

1. Evacuate to the extent possible, any purge water within the pump/bailer. 

2. Scrub using soap and water and/or steam clean the outside of the pump/bailer and, if applicable, the 
pump tubing. 

3. Insert the pump and tubinglbailer into a clean container of soapy water. Pump/run a sufficient amount 
of soapy water through the pump/bailer to flush out any residual well water. After the pump is flushed, 
circulate soapy water through the pump to ensure that the internal components are thoroughly 
flushed. 

4. Remove the pump and tubing/bailer from the container 

5. Rinse external pump components using tap water. 

6. Insert the pump and tubing/bailer into a clean container of tap water. Pump/run a sufficient amount of 
tap water through the pump/bailer to evacuate all of the soapy water (until clear). 
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CAUTION 
Do not rinse PE, PVC, and associated tubing with solvents -

Use the procedures defined in the project-specific planning documents. If they are not 
defined, contact the FOL for guidance. The solvent rinse described in Step 7 may be 

omitted if groundwater does not contain oil, grease, PAHs, PCBs, or other hard to remove 
organic materials. 

7. If groundwater contains or is suspected to contain oil, grease, PAHs, PCBs, or other hard to remove 
organic materials, rinse the equipment to be cleaned with pesticide-grade isopropanol. 

8. Pass deionized water through the hose to flush out the tap water and solvent residue as applicable. 

9. Drain residual deionized water to the extent possible. 

10. Allow components of the equipment to air dry. 

~ ~. ~e~ sla9ge~ pl::lmps, 9isassemsle tAe pl::lmp aR9 wasA tAe iRtemal GempeReRts witA seap aR9 wateF, 
tAeR FiRse INitA tap wateF, iSepFepaRel, aR9 geisRii!:e9 '.¥ateF aR9 allew te 9Pf. AfteF tAe paFts aF9 9Pf, 
GeR91::1Gt a visl::lal iRspeGtieR aR9 a meRiteFiRg iRstFl::lmeRt SGaR te eRSI::lFO tAat peteRtial GeRtamiRaRts 
aR9 all geGeRtamiRatieR sel'/eRt Aave seeR Femeve9. GelleGt a FiF,lsate slaRk iR aGGeF9aRGe witA tAe 
pFejeGt speGifiG plaRRiRg geGl::lmeRts te eRSI::IFe fAat tAe aeGeRtamiRatieR pFeGess is hmGtieRiRg as 
iRtsRge9. +Ae typiGal fFe~l::IeRGy sf GelleGtieR feF FiRsate slaRks is ~ peF ~Q fiel9 samples. IR a99itisR, 
wipe samples SF fiel9 tests SI::IGh as UV light may se I:ISe9. 

12. Wrap pump/bailer in aluminum foil or a clear clean plastic bag for storage. 

SAFETY REMINDER 
Remember when handling powered equipment to disconnect the power source and 

render the equipment to a zero energy state (both potential and kinetic) before opening 
valves, disconnecting lines, etc. 

7.2.1.2 Electronic Water Levellndicators/Sounders/Tapes 

During water level measurements, rinsing the extracted tape and probe with deionized water and wiping 
the surface of the extracted tape between locations is acceptable. However, periodic full decontamination 
should be conducted as follows: 

1. Wash with soap and water 
2. Rinse with tap water 
3. Rinse with deionized water 

NOTE 
In situations where oil, grease, free product, other hard to remove materials are 

encountered, probes and exposed tapes should be washed in hot soapy water. If probes 
or tapes cannot be satisfactorily decontaminated (they are still stained, discolored, etc.), 

they should be removed from service. 
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7.2.1.3 Miscellaneous Equipment 

Miscellaneous equipment including analytical equipment (water quality testing equipment) shall be cleaned 
per manufacturers' instructions. This generally includes wiping the sensor housing and rinsing with tap 
and deionized water. 

Coolers/shipping containers employed to ship samples are received from the laboratory in a variety of 
conditions including marginal to extremely poor. Coolers shall be evaluated prior to use for the following: 

• Structural integrity - Coolers missing handles or having breaks in the outer housing should be 
removed and not used. Notify the laboratory that the risk of shipping samples in the cooler(s) 
provided is too great and request a replacement unit. 

• Cleanliness - As per protocol, only volatile organic samples are accompanied by a trip blank. If a 
cooler's cleanliness is in question (visibly dirty/stained) or if there are noticeable odors, the cooler 
should be decontaminated prior to use as follows: 

1 . Wash with soap and water 
2. Rinse with tap water 
3. Dry 

If these measures fail to clean the cooler to an acceptable level, remove the unit from use as a shipping 
container and ask the cooler provider (e.g., the analytical laboratory) to provide a replacement unit. 

7.2.2 Downhole Drilling Equipment 

This includes any portion of the drill rig that is over the borehole, including auger flights, drill stems, rods, 
and associated tooling that would extend over the borehole. The following procedure is to be employed 
prior to initiating the drilling/sampling activity, then between locations: 

CAUTION 
Exercise care when using scrapers to remove soil and debris from downhole drilling 
equipment. Inadvertent slips of scrapers have resulted in cuts, scrapes, and injured 

knuckles, so use scrapers carefully when removing soil from these items. 

1. Remove loose soil using shovels, scrapers, etc. 

2. Through a combination of scrubbing using soap and water and/or steam cleaning or pressure 
washing, remove visible dirt/soil from the equipment being decontaminated. 

CAUTION 
In Step 3, do not rinse PE, PVC, and associated tubing with solvents. The appropriate 

procedures should be defined within the project-specific planning documents. If they are 
not defined, contact the FOL for guidance. The solvent rinse described in Step 4 may be 
omitted if groundwater does not contain oil, grease, PAHs, PCBs, or other hard to remove 

organic materials. 

3. Rinse the equipment with tap water, where applicable (steam cleaning and pressure washing 
incorporate rinSing as part of the process). 
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4. If the equipment has directly or indirectly contacted contaminated sample media and is known or 
suspected of being contaminated with oil, grease, PAHs, PCBs, or other hard to remove organic 
materials, rinse equipment with pesticide-grade isopropanol 

5. To the extent possible, allow components to air dry. 

6. If the decontaminated equipment is to be used immediately after decontamination, screen it with a 
calibrated photoionization detector (PID)/flame ionization detector (FlO) to ensure that all 
contaminants and possible decontamination solvents (if they were used) have been adequately 
removed. 

7. Wrap or cover equipment in clear plastic until it is time to be used. 

SAFETY REMINDER 
Even when equipment is disconnected from power sources, dangers such as the 

following may persist: 

Falls - An auger flight standing on its end may fall and injure someone. Secure all loose 
articles to prevent heavy articles from falling onto people or equipment. 

Burns - Steam cleaner water is heated to more than 212 ·F and exhibits thermal energy 
that can cause burns. Prevent contact of skin with hot water or surfaces. 

High water pressure - Pressure washer discharge can have 2,000 to 4,000 psi of water 
pressure. Water under this amount of pressure can rupture skin and other human 

tissues. Water at 4,000 psi exiting a O· tip can be dangerous because of its relatively 
high cutting power. The exit velocity and cutting power of the water are reduced when 

exiting a 40· fan tip, but damage to soft tissues is still possible. 

In general, follow the rules below to avoid injury, equipment damage, or incomplete decontamination: 

1. Read the operating manual and follow the manufacturers' recommended safety practices before 
operating pressure washers and steam cleaners. 

2. Never point the pressure washer or steam cleaner at another person or use to clean your boots or 
other parts of your body. Water lacerations and burns may appear to be minor at first but can be life 
threatening. Do not attempt to hold small parts in your hand while washing them with high­
temperature or high-pressure water. 

3. Always wear PPE as specified in the HASP such as: 

Hard hat, safety glasses, splash shield, impermeable apron or splash suit, and hearing protection. 
Remember that excessive noise is a hazard when operating gas-powered engines and electrically 
driven pressure washers. PPE will be identified in your project specific planning documents. 

4. Inspect each device before use. An inspection checklist will be provided in the project-specific 
planning documents. If it is a rented device, safety measures are typically provided by the vendor. In 
all cases, if you are not familiar with the operation of a pressure washer/steam cleaner, do not operate 
it until you obtain and thoroughly review operating instructions and recommended safety practices. 

5. Do not modify equipment unless the manufacturer has approved the modifications. 
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This section applies to soil sampling equipment including but not limited to hand augers, stainless steel 
trowels/spoons, bowls, dredges, scoops, split spoons, Macro Core samplers, etc. 

1. Remove all loose soil from the equipment through manual means. 

2. Through a combination of scrubbing using soap and water and/or steam cleaning or pressure 
washing, remove visible dirt/soil from the equipment. 

3. Rinse the equipment with tap water. 

CAUTION 
Do not rinse PE, PVC, and associated tubing with solvents. The appropriate procedures 
should be defined within the project-specific planning documents. If they are not defined, 

contact the FOL for guidance. The solvent rinse described in Step 4 may be omitted if 
groundwater does not contain oil, grease, PAHs, PCBs, or other hard to remove organic 

materials. 

4. If the equipment is contaminated or suspected to be contaminated with oil, grease, PAHs, PCBs, or 
other hard to remove organic materials, rinse the equipment with pesticide-grade isopropanol. 

5. Rinse the equipment with deionized water. 

6. To the extent possible, allow components to air dry. 

7. If the equipment is to be used immediately after decontamination, screen it with a calibrated PID/FID 
to ensure that all solvents (if they were used) and trace contaminants have been adequately removed. 

8. After the equipment has dried, wrap it in aluminum foil for storage until use. 

Dredges employed in sediment sampling are typically decontaminated as follows: 

• Remove the sediment sample from the sampling device 

• If sufficient associated surface water is available at the sampling site, place the dredge in the water 
and flush to remove visible sediment. 

• Extract the dredge and wash it in soap and water per the project-specific planning documents. 

CAUTION 
When handling dredges, the primary safety concern is trapping fingers or extremities in 

the larger dredge samplers within the jaws or pinch points of the mechanical jaws. Keep 
hands, fingers, and extremities away from these pinch and compression points. Either 
handle the device by the rope or preferably lock the jaws in place to control the potential 

for closing during maintenance and/or cleaning. 

7.3 Contact Waste/Materials 

During the course of field investigations, disposable/single-use equipment becomes contaminated. These 
items include tubing, trowels, PPE (gloves, overboots, splash suits, etc.), and broken sample containers. 
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With the exception of the broken glass, single-use articles should be cleaned (washed and rinsed) of 
visible materials and disposed as normal refuse. The exception to this rule is that extremely soiled 
materials that cannot be cleaned shall be containerized for disposal in accordance with applicable federal, 
state, and local regulations. 

7.3.1 Investigation-Derived Wastes - Decontamination Wash Waters and Sediments 

NOTE 
Requirements for waste storage may differ from one facility to the next. Facility-specific 

directions for waste storage areas will be provided in project-specific documents, or 
separate direction will be provided by the Project Manager. 

1. Assume that all investigation-derived waste (lOW) generated from decontamination activities contains 
the hazardous chemicals associated with the site unless there are analytical or other data to the 
contrary. Waste solution volumes could vary from a few gallons to several hundred gallons in cases 
where large equipment required cleaning. 

2. Where possible, use filtering systems to extend the use of water within a closed system wash unit to 
recycle water and to reduce possible waste amounts. 

NOTE 
Containerized waste rinse solutions are best stored in 55-gallon drums (or equivalent 

containers) that can be sealed until ultimate disposal at an approved facility. 

3. Label waste storage containers appropriately labeled (see Attachment A). 

4. Ensure that the lOW storage area is configured to meet the following specifications to permit access 
to the containers and to conduct spill/leak monitoring, sampling, and extraction when the disposal 
route is determined: 

- Enclose areas accessible by the general public using construction fencing and signs. 

- Stored materials in 55-gallon drums on pallets with four (or fewer) drums per pallet. 

- Maintain the retaining bolt and label on the outside of storage containers where readily visible. 

- Provide at least 4 feet of room between each row of pallets to allow access to containers for 
sampling, drum removal, and spill response. 

- As directed in project-specific planning documents, maintain an IDW Inventory List and provide 
the list to the site Point of Contact at the termination of each shift. 

- Maintain spill response equipment at the IDW storage area in case it is required for immediate 
access. 

- Where possible, use equipment for moving containers. Where not possible, obtain help to 
manipulate containers. 
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CAUTION 
Each container of water can weigh up to 490 pounds. Each 55-gallon drum of wet soil 
can weigh more than 750 pounds. Fill drums and temporary containers to 80 percent 

capacity to minimize spill and handling difficulties. Use drum carts to move filled drums. 

See safe lifting techniques provided in Section 4.4 of the Tetra Tech NUS, Inc. Health and 
Safety Guidance Manual. 

When placing drums, keep your fingers out of pinch and smash points such as between 
the drums. In some cases such as well development and/or purge water, you can place 

the drums to be filled on the pallet and transport materials in smaller easier to handle 
containers. 

7.4 Decontamination Evaluation 

Upon decontamination of equipment, determine the effectiveness of the decontamination process in the 
following manner: 

• Visual evaluation - A visual evaluation will be conducted to ensure the removal of particulate matter . 
This shall be done to ensure that the washing/rinsing process is working as intended. 

• Instrument Screening - A properly calibrated PIO/FIO should be used to evaluate the presence of site 
contaminants and solvents used in the cleaning process. The air intake of the instrument shall be 
passed over the article to be evaluated. Avoid placing the instrument probe into residual waters. A 
PIO/FIO reading greater than the daily established background level requires a repeat of the 
decontamination process, followed by rescreening with the PIO/FIO. This sequence must be repeated 
until no instrument readings greater than the daily established background level are observed. It 
should be noted that the instrument scan is only viable if the contaminants are detectable within the 
instrument's capabilities. 

NOTE 
When required by project-specific planning documents, collection of rinsate blanks (see 

next step) shall be completed without exception unless approval to not collect these 
samples is obtained from the Project Manager. 

• Collection of Rinsate Blanl(s It is recommended that rinsate samples be collected to: 

e\lalbiate the decontamination procedblre representin€l different eEjbliprnent applications (pblrnps 
'1erSbiS drillin€l eEjbliprnent) and different decontarnination applications. 

Sin€lle blse disposable eEjblipment The nblmber of samples shoblld represent different types of 
eEjblipment as well as different lot nblmbers of sin€lle blse articles. 

The collection and the freEjblency .of collection of rinsate sarnples are as follol'\'8 blnles8 specified 
differently in the project specific plannin€l docblrnents: 

• Per decontarnination rnethod 
• Per disposable article,lbatcf::! nblrnber of disposable articles 

019611/P Tetra Tech NUS, Inc. 
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APPENDIX F 
 

PROJECT ACTION LIMIT REFERENCE TABLES 
  



PARAMETER 
'MIVOLA1 LES 

~HLOROETH' .JETHEK 

IENOL 
XA':HL 

)-C 

12-METHY ENC 

14-METHY ENC 

tE 

!'-OX1 :l-CHLOR( 
,5-TRIC 
,6-1 
I-Dc:H 
I-CMETH' HENOL 
I-C 
I-C IK' UENE 
j-C mc UENE 

LAMINE 

:HLORONAPHTHALENE 
INE 

12-r rROPHENC 
'-DICH 

13-( rROAN] INE 
14, UlNJ IK' 'L-M~I HYLPHENUL 
14-IIROMOPHENYI. PHENYl. ETHER 
14-CHL LPHENOL 
14-C QROANILINE 
14-C ORC iEN' . PHENYL ETHER 
4-r :JAN INE 
4-r JPHENOL 

RAZINE 
lALDEH'DE 
,-CHI :JROETHC r)METHANE 
2-~ IHYLHEX' _lPHTHALA I ~ 

TYL BENZYL PHTHALATE 
,PROLAC rAM 

:ARBAZOLE 
DIBENZOFURAN 
DIETH' , PHTHALATE 
DIMETH' . PHTHALATE 

I-N-BL . PH I HALA] ~ 
I-N-OC fYL PHTHALATE 

HEXA,CH 
HEl<,AC :JROBU fADIENE 
HEXAC :JROCYC :JPENTACIENE 

PENTAC 
PI 

lAC 
IACENAPH TH' LENE 

THRACENE 

IBE lZC 
IBENZ' 

IPYRENE 
IFL 

LAMINE 

I BElli; .H,I),PER' LENE 
IFLUORANTHENE 

iR' oNI 
.,HJANTHRACENE 

.UORANTHENE 
UORENE 

12-METHYLNAPHTHALENE 
IINDENO( ,3-C I)PYRENE 
INAPHTHALENE 
IPHENANTHRENE 

(KENE 
PCBs 

IAROC OR-1016 
IAROC LOF 122: 

12 
I~ 

UC ,4 
OC OR-: 

OTAL AROC OR 

IALUMINUM 
IANIIMUNY 
IARSENIC 
IBARIUM 
IBE IYLLlUM 

JM 

UM 

8N 
_EAO 

IMAGNESIUM 

TACO Residential 
CORRECTED Inhalalion {I} 

CAS 

1-44-4 
Y~-~ I-~ 

08-95-; 
67-72-: 
621-64-: 
98-95-3 

.8-' 

88-06-2 
120-83-2 
105-6c9 
5: '28-5 

1-14-; 
606-20-: 
91-58-7 
88-74-4 

B-; 5-5 
1-~ 4-: 
9-( 9-2 
14-

,5-3 
59-50-7 

5-4/-8 

D-O 1-6 
~-O 

1-86-2 
1912-24-9 
J.IlCI:52-: 

1-9: 
.I-~: 

85-68-' 
105-60-2 
.86-74-8 
13~9 
64-66-; 
Ul-1l-3 
84-74-: 

,7-84-0 
18-74-: 

87-68-3 
'7-47-4 
~6-30-6 

87-86-' 

83-32-9 
208-96-8 

0-; 
~6-~~-3 

50-32-8 
205-99-: 
191-24-2 
207-08-9 
216-01-9 
~3-70-3 

206-44-C 
86-73-7 
91-57-6 
193-39-5 
91-20-3 
85-G 1-8 

2Y-OO-{ 

12674-: -2 
1104-28-2 

6-5 
5, 59-; 1-9 

Y-6 
Y-

1336-36< 

.242~1-90-5 

7441 ·36-1 
744( '3B-; 
144( ·3Y-
7440-41-, 
7440-43-9 
7440-: 0-2 
7440-47-. 

.J' 10-48-4 

.2' ]-8 

'-6 
,-4 

74. 

20 UG/KG 
53C UGlKG 

NC 
NC 
NC 

92000 I UGIKG 
N( 

460 UG/KG 
N( 

N( 

N{ 
N( 

200000 UG/KG 
N( 

N( 

N( 
N( 
N( 
N( 
N( 
N( 

N( 
NI 
NI 
N( 
N( 
N( 

N( 
N( 
N( 
N( 
N( 
N( 

N( 

31000000 'G/KG 
9300UO 'GIKG 

N( 

NC 
NC 

20 UG/KG 
NC 

230 'G/KG 
10000000 UG/KG 

1000 I UG/KG 
NC 

NC 
NC 

NC 
N( 

N( 
N( 

N( 

N( 

NC 
NC 
NI 
N( 
N( 
N( 
N( 

NC 

GlKG 

1700C UG/K( 
N( 
N( 

NC 
NC 
N( 

N( 
N( 
N( 
N( 
NI 

NC 
NC 
750 

69000C 
130U 
1800 
NC 
270 
NC 
NC 
NC 
NC 
N( 

690 

1 MGlKG 
IMG/KG 
IMG/KG 
IMG/KG 

IMG/KG 

IMGIKG 

NON-TACO 
Residential 

Ingestion (3) 

TACO Residential 
Ingestion (1) 

NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 

130 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 

350 
NC 
NC 

250 

1C 

NC 
NC 
NC 
NI 
NI 

N( 
NI 
NC 

620000 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 

150000 
NC 
NC 
NC 

NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 

NC 
NC 
NC 
N( 
N( 
N( 
N( 
N( 

0000 
N( 

NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
N( 

NC 
NC 
NC 

60 UG/KG 
390m: UGlKG 

23000000 UGIK 
78000 UGIK 

UGIK 
39 UG/K 

390 UG/K 
, 156( )000 UG/K' 

N( 
UG/KC NC 

7800000 UGlKC 
580 VKI 

230000 ilK· 
160 ilK' 
160000 ilK' 

90 VK' 
90 >lKC 
NC 

UGIK< N( 
N{ 

lC UGlKG 
UG/KG NC 

NC 
NC 
N 

31COOC UG/K' 
N 

UG/KC N 
N 
NC 

2700000 IGIKG 
UG/K NC 

NC 
460 UGlK' 

1 16000000 UGlK' 
NC 

320 UG/K' 
N( 

63C IG/KG 
NC 

780 UGlK' 
160 UG/KC 

40 UG/K' 
UG/K' NC 

55C UG/KG 
13C UG/KC 
3000 UGIKG 

4700000 IG/KG 
NC 

~30C UG/K' 
90 UG/K' 
90 UG/KC 

90 UG/KG 
NC 

9C >lKI,!, 
88000 ilKG 

9C ilKG 
31OUOUU ilKG 
31 >lK' 

NC 
900 UGIKI,!, 

160UG/KQ, 
N( 

2300000 'G/KG 

NC 
NC 
NC 
NC 
N( 

NC 
NC 

~KCi NC 

N( 

55C 
160 
78 

NC 
230 

47' 

32 

G/KG 

IMG/KG 

IMGlK' 
IMG/K' 
IMG/K' 

IMG/KG 
IMG/KQ, 
IMG/KQ, 

IMG/KG 
IMGlK' 
IMG/KG 

NON-TACO 
Residential 

Ingestion (3) 

TACO Industrial 
Inhalation {2} 

NON-TACO 
Industrial 

Inhalation (4) 

NC 
NC 
NC 

N' 
N' 

390 
3900000 
3100000 

l'I' 
N· 
N' 
N' 

N' 
NC 
NC 

G/KG 
UG/KG 
UGlKG 

6300000 I UGlKG 
230 UG/K( 

NC 
NC 

23000 'GIKG 
78CGlKG 
NC 
NC 
NC 
NC 

230 
NC 
NC 
N' 

UG/KG 

780 'OOOGIKG 

N' 
N' 

390 
N· 
N· 

UG/KG 

470 
530 

NC 

46 

NC 
NC 

l'I' 
390 

N 
N 

N' 

31· 

NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 

N' 
N' 
N' 
NC 
NC 
NC 
NC 
NC 

930 
NC 

NC 

UGIKG NC 
UGIKG NC 

UG/KG 

UG/KG 

UGlKl 
UGlKC 

NC 

NC 
130 

NC 

56 

UG/KC 

UG/K' 

400000 UGlKC 

160 
NC 
NC 

UGlKC 

620000 UG/K' 

NC 

N' 2000000 UGlK' 
N' NC 

2300000 UG/KG 
NC 
NC 

78000 UG/K( NC 
NC 
NC 
NC 

N' 
2300000 

N' 
N' 
N, 
NC 

2300000 
N' 
N' 
N' 
NI 
NC 
NC 

NC 
~3C 

NL 

NC 
NC 

N' 
N' 

N' 
NC 

.Bl000 
NI 

N' 
N' 

N' 
NC 
NC 
NC 

55 

NI 

16000 
NC 
NC 

J'IC 
G/KG NC 

NC 
NC 
NC 
NC 

UG/KG l'I' 

2, 

N' 
N' 
NI 
NI 
NC 
NC 

UG/K' Nt 
NL 

NC 
NC 
NC 
N( 

NC 
NC 
NC 
NC 

'MG/KG --"'I: 
NC 
120 

91 
2100 
2800 
NC 
42C 

N 

MG/K' N 
N 

91' 

UG/KG NC 
UG/KG 

150000 UG/K· 
UG/K' 

NC 

NC 

UG/K' N( 

NC 
NC 

NC 
NC 

NC 

1000QQOJ MG/KC 

MG/K' 
MGlK' 
MGlKl 
MG/KC 

NC 
MG/KC NC 

IMGlK' 

TABLE F·1A 
REFERENCE DATA FOR PROJECT ACTION LIMITS· 

ILLINOIS TACO VALUES 
SITE 12 

NAVAL STATION GREAT LAKES 
GREAT LAKES, ILLINOIS 

TACO Industrial 
Ingestion (2) 

NON-TACO 
Industrial 

Ingeslion{4} 

I TACO- onslruction I. NON-TACO- TACO-Construction NON-TACO-Constructi'lnITACO-SOtoGW NON-TACO-SO I Worker IIlnhalatiOn(2)(~~r;:~!~;ti:~~~er ~;:;i~~~; Worker Solllngestion(4) Class I (1) to GW Class I (3) 

TACO pH 
Specific 
Criteria 

Minimum IL 
Criteria 

MINIMUM IL BASIS 

5000 UG/KG NC 
10m: 100C UG/KG NC 

610000000 UGlKG NC 
2000000 UG/KG 

80 UG/K' 
UGlKG 
UGlKG 

41 UGlKG 

N 
200000000 

0000000 UGlKG 
l00C UGlKG 
82000000 UGlKG 

520C 
61 

410C 
41 

8400 
84C 
NC 
NC 
NC 

:3000 
NC 

3/KG NC 
>lK( N( 

ilK' N' 
ilK' N' 
>lK' N' 
>lKI NI 

UG/KG NC 
1600C 

61C 
NC 

'GlKG NC 

UGlK' 
UG/KG 

611000 UGIKC 
NC 20 000 UGIKC 
NC 
NC 

NC 
NC 

820 IG/KG NI 
N( 
N( 

N( 
N( 

N( 

610 
N( 
N( 

720 UG/KG NC 
N 
N 

41C UGlKG 
410000000 UG/KG 

N' 
29C 

NC 

NC 
200000000 
41C 100C 

4C 
NC 

14C 
1200000 
24000 

UG/KG 

'G/KG 

UG/KG 
UG/KG 
UG/KG 

'GlKG 
'GlKG 
'G/KG 

2C 

2C 

NC 
NC 
NC 

NC 
N( 
N( 
N( 

NI 
NI 
NC 

NC 
NC 
NC 

120000000 I UG/KG NC 

UGlKG 

UGIK' 

UGlKG 

UGIKG 

NC .6_1000000 UG/K' 
610 IGlKG NC 

8C 'G/KG NC 
800 IG/KG NC 

80 UG/KG NC 
NC 61000000 UGIKG 

78000 LlJQ/KG NC 
780 ilKG N( 

800 i/KG N( 
620 UGlKG N( 
82C >lKG N( 

NC NI 
80 I UG/KG NC 

4' G/KG NC 
NC 610000C IGIKG 

6: G/KG NC 

NC NC 
NC NC 
NC NC 
NC NC 
NC NC 
N( NC 
NC NC 

UG/KG NC 

NC 000000 I MG/KG 
820 
NC 

140 
41 
20 
NC 

61 
120000 
82C 

NC 
8C 
NC 

41C 

IMG/KG 

IMGlKG 
IMG/KG 
IMG/KG 

IMG/KG 
IMG/KG 
IMG/KG 

IMG/K{ 

IMGlKG 

NC 
N( 
N( 
N( 
N( 

NI 
NC 
NC 
NC 

1000000 I MG/KG 
NC 
N( 

NC 
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66C UGIKG 
53000000 UG/KG 

NC 

46 
NI 
NC 
NC 
NC 

540 
N( 

NC 
NC 
NC 
NC 
NI 
NI 
NI 
NI 

N' 
NC 
NC 
N' 
NI 
NI 
NI 
NI 
NC 
NC 
NC 
N( 

NC 
930000 

NC 
NC 
NC 

20 
NC 

2300000 
10000000 

2600 
NC 
:10 
NC 
NC 

NC 
NC 
N( 

NC 
NC 
NC 
NC 
N( 
N( 
N( 

N( 

NI 
NC 
NC 

1800 
NC 
NC 

NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 

!'JC 
N( 

250 
610000 
440 
590 

NC 
690 
NC 
NC 
NC 
NC 
NC 

81C 

UG/KG 

UGIKC 

UG/KC 

UG/K· 

UG/KG 
UG/KG 
UGii<Q. 

UG/K' 

UG/K' 

MG/Kl 
MGIKl 
MG/KC 
MG/KC 

MG/KC 

MG/K' 

NC 
NC 
NC 

N( 
NC 
NC 
N( 
N( 
N( 
NI 
N( 
NC 
NC 
NC 

3600 
NC 
NC 

26C 
NC 
NC 

75000 G/KG 
00000 I UG/KG 

61000000 I UGlKG 

10( 
411 

6: 
4: 

41' 
180 

NC 
NC 

UG/KG N( 

)0 UGlKG 
i(l/KG 

)Q IGIKG 
)00 'GlKG 
)00 'GlKG 

IUG/KG 
i/K( 
i/K( 
i/K( 
i/K( 
i/K( 

NC 
NC 
NC 

NI 
10000000 

NC 
_N( 

N( 
N( 
NI 
N( 
NC 
NC 

..i1QQ.00 
610000 

NC NC 
2t UGlKG NC 

UG/KG NC 
NC 
NC 

N' 
N' 
N' 

610 
NC 
NC 

J'l 
N 
N 

)00 UGlKG N' 610)00 

NC 
NC 

620000 
NC 

130 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 

720 
NC 
NC 
NC 

NI 
NC 

N 
820000 

/100000 UG/KG NC 
UG/KG NC 

N( NC 
UGlKG NC 620 

410000000 
NC 

G/KG NC 

UGlK 

6200000 UG/KG 
NC 

1,0 000 UG/K 
NC 

120 'OOG/KG 
4100000 UG/KG 
.78000 UG/KG 

NC 
14C UG/K( 
25000000 UGlK{ 
520000 UG/KG 

NC 

N{ 

NC 
NC 
NC 
NC 

..2QQQQIJ .. 
NC 
NC 
NC 

NC 120 UGlKG NC 
NC NC 61000000 
NC 61C UG/KG NC 
NC 110 UG/KG NC 
NC 17C UGIKG NC 
NC 170000 UG/KG NC 
NC NC 61000000 
N 170 UG/KG-"" 
N t 7000000 UG/K' N( 
N' UG/K' N( 
N' ~2000UOO UGlK{ N( 
N 82000000 UG/KG NI 
NC NC NC 
NC t 70000 UG/KG NC 
NC 4' UG/KG J"I9 
NC NC 61C 
NC 61000000 UG/K' NC 

NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 

870 
N' 
N' 

NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 

MGIK' 

NC 
NC 
NC 

NC 
NC 
NC 

1000 

N( 

8: 
61 

140 
41' 
20 
NC 

410C 
12000 

'00 

MG/KG 
MG/K 
MG/K 
MGlKC 
MGlKG 

MG/KC 
MG/KC 
MG/KC 

MG/K' 
MG/K' 
MG/K' 

NC 
NC 
NC 

_1\1 

N' 
N' 

NC 

NC 
NC 
NC 
NC 
NC 
NC 

140 
N' 
N' 
N' 

0.4 UGIKG 
4000 'G/KG 

100000G/KG 
500 UGlKG 

UGlKG 
IGIKG 
IGlKG 
IGlKG 

NC NC 
NC 360 
NC NC 
NC NC 
NC NC 

GlKG N' 
UGIKC NI 0000 UG/KG N' 

NC 2400 UG/KG NC 
,270000 I UGlKG NC 130 
~ IUGlKG NC 
10 ilK( N 8E 
900 ilKl N N' 
2C ilK( N N' 
),8 >lK( N N' 

O. >lK( N NC 
UGlKC NC 49000 UGIKG NC 
UGIK' --"'I: 140 UG/K' N' 

NC 
G/KG 

N' 
N' 

UGlKC NC 10 GlKG N' 
NC 
NC 

J'l 

N 
'G/KG 

1.1 UG/KG N' 
NC 

NC NC 
NC N' 
NI N' 

UG/K' N UGlKC N' 
N N( N' 

UG/K' NC NI NI 
66 UG/KG N( NC 

UGIKG 
NC NC 

UGlK' 36' IGlKG NC N( 
9, )00 'G/KG NC NC 

UGlK' 140 UG/KC NC 
60G/KG NC NC 

UG/KC _NC NC NC 
470000 GIKG NC NI 

NC NC NI 
230 'G/KG NC N' 

, 1OOUUOOO UG/KG NC N' 
2000 UG/KG NC N' 

UG/KC --"'I: 2200_ UGIKG NC 
400000G/KG NC NC 

1000 GIKG N( NC 
30 GIKG N{ 20 

570000 UG/KG NC NC 
UG/KC f\iC 85000 UG/KG NC 

100000 'G/KG NC N' 
'000 'G/KG N( N' 
1000 GlKG N{ NI 
1000 GIKG NC NI 

UG/KI NC ~70C UG/KC NI 
,49000 UG/KG NC NC 
.t§ClIlQIL UG/KG NC NC 
·2C UG/K( N' NC 
430GlKG N N( 
56000U GlKG N Nt 

N N NC 
140 UG/KG N NC 
12000 UG/KG NC NC 

IG/KG --"'f. 2C UG/K' NC 
420 UG/K NC NC 

Nl NC Nt 
NC NC NC 
NC N( NC 
NC NC NC 

NC NC 
N( NC NC 
NC NC NC 
N( NC NC 

MG/KC NC NC NC 

).4 UG/KG 
UGlKG 3600 UG/KG 

100000 UG/KG 
500 I UGIKG 

05 JGIKG 

1000 
20 

150000 
2400 UGIK( 

UGII<Q 130000 UGlKG 
UGI~ 90 IJGlKG 
UG/KG 86C i/K( 

90 i/K( 
2C ilKC 
).8 i/K( 

490 UG/KG 
140 IJGIKG 
NC 

TACC ' ':K ) GW Class 
TACO pH Specific Criteria 
TACC ' SO to GW Class 
TACC . SCI to GW Class 
!6,CC . SO to GW Class 
TAC ) - ) GW ;Iass 
TA( ) GV\ ;Iass 
lAC ) GV\ ;Iass 

NON-I AC Class 
NON-TAC ,to Class 
NON-TAC lIo Class 

r ACO pH Specific Criteria 
r AC '_pH Specific :riteria 
TAC ) pi pecific':~ 

'A( iW ;Iass 
lAC iW ;Iass 
TACC iW ;lass 
TACC ) 10 iW ;Iass 

NON-TACC ' SO to GW Class 
~ACO ' SC' to GW_ Class 

UGlK' I ACC . SC ,GW :Iass 
10 UGlKC NUN· I AC GW Class 
3. UG/KG INON·TACO SO to 3W Class I pH Spec 
NC 
NC 

N( 

NI 
N( 

66 
~OO 

NC 
460 

930000 
140 
60 

82C 100 
47C 

N{ 

230 
160 

40 
2200 

lC 
UG/KC 2C 

UG/K' 

UG/K' 

UG/KG 
UG/KG 

UGIK< 
UGlK' 
UG/KC 
UGIKC 
UG/KC 
UG/K' 

UGlK' 
UGIKC 
UGIKC 
UGIKC 
UG/K' 
UG/K' 
UGlK' 

57C UG/KG 
8500 UG/KC 

12C 1000 ilK' 
90 ilK' 
9C ilK' 

900 I/KG 
2300000 11K' 

90C UGlKG 
880 UG/KG 

90 'G/KG 
UG/K' 

56e UG/K' 
NC 
900 UG/KG 

12000 UGlKG 
2C IG/KG 

2300000 'G/KG 

NC 
NC 
NC 
NC 
NC 
NC 
NC 

G/KG 

78000 I MG/KG 

NC 
TAC ), SO to GW C@ss 

NC 
NUN-'; A( ). SO 10 GW Class 

NC 
NC 

TACO· SO to GW Class: 
J'JQN-TACO ' SO to GW Class 

,r-JC 
lAC 'Residenliallnqesllon 
I ACO HesidenliallnQesllon 

NON-TACO· SO to GW Class 
r ACC . SO to GW Class I 
NON-TACC Const Worker 
rAC . SCI to GW C~I 

NC 
I ACC' HesidenllallnQestion 
TACO HesldenliallnQeslion 
TACO Residential Ingeslion 

J'l9N-TACC . SO (0 GW Class I 
r AC 'Residenliallnqestion 
r ACC SCI to GW ~Iass I 
I AC pH Specific ;rllena 

r ACC . SO to GW Class 
_,"ON-TACO - SO to GW Class I 

rAC )fa GW ;Iass I 
IACO Residenlial Inqestic 
I ACU HesidenliallnQestic 
rACO Hesldenliallnges(io 

NON·TACC ~esidenliallngeslion 

rACO Residential Ingeslion 
~_Residenliallngeslio 
r A( I Residenlial InqeSlio 
I ACU Residenlial Inqestic 
I ACC SCI to' iW Class I 

NC 
rACO Residential Ingeslion 
TACC . SO to GW Class 

NON-TA( . SO 10 GWc;r~s 
rAe I Residenlial Inqeslio 

NC 
NC 
NC 
NC 
N( 

NC 
N( 

I Al I Hesidenlial I 'Qesllon 

NON·TACO Residenlia( Inges(ion 
NC NC 5 MG/KC 5 IMG/KG TACO pH pecific Crilena 

N{ 

NC 
NC 
NC 
NC 
NC 

MG/KG 

NC 
N' 

N' 
N' 
NC 
NC 
NC 
NC 
NC 
NC 

MC 
MC IKC 
MG/KC 
MGlKC 

NI 
NC 

1330000 MG/K( 
NC 
Ie MG/K! 
NC 
NC 

IMG/KC 
18' IMG/K' 

IMGlK' 
IMGlK' 

N' 
230 IMG/KC 
470 IMG/KG 
290 IMG/KG 

55000 I MG/KG 
107 IMG/K' 

3250 I MG/KI 
160 I MGIKG 

~O pH pecific Crileria 
T AC ) pHpecific Cr~ 
lAC I Resid ,lial I 'ceslion 
I ACU pH pecifi ;n(eria 

NC 
TAC I Residenliallngeslion 
rACCI Residenliallngestion 
TACO Residenliallngeslion 

JiQN,TACO Residential Ingeslion 
TAC lJ,H Specific Cr~ 
rAC I Residential I 'gesil<lr1. 
I AC I Residenlial Incestion 

I 



CORRECTED PARAMETER 

INICK~l 

IPOTASS'UM 
ISELENIUM 
:SILVER 
ISODUM 

:UM 

lP-: 
IAl JMINUM 

IARSENIC 
BA 
BER -IUM 

~HRUM 

OBAl 
COPPER 
IRm 
LEAC 

IMERI UR' 
, HCKEl 

;SIUM 
LEI UM 
_VE 
LJIIM 

IAL UM 
IVANADIUM. 
~Ir 

LA' LE 
fRICHLORUETHANE 

,l-TETRACHLOROETHANE 
,2-TRICHLOROETHANE 

l-DICHLQF QETHANE 
,-lei fHENE 

~,4-' :HI DR 
,2-[ 
,2-[ 

.,2-0 OROETHANE 
L,2-DICHLOROPROPANE 
,3-DIC 
.,4-DIC 
-BU fANONE 

!-HEXANONE 
14-METH' L-, ~E 

lAC ONE 
IBEI ~ENE 

IBR'JMODICHLJRI 
IBR'JMUFURM 

'HANE 
:ARBON DISULFIDE 

RBON fETRACHLORIDE 
~E 

JRUFURM 
JROMETHANE 

.,2-1 3-C 
:IS- .,2-DI<:!:I .0RClETHEN..!'. 

9~-. ·DICH ORO PROPENE 
or KAN 

OR IDlBRUMUMHHANE 
lJl~Hl _UOROMETHANE 

LB,NZENE 
ISOPROPYLBENZENE 

1M ETH' _ ACEI.ATE 
r-1"ETH' 
METH' LENE ~HL.oR DE 
METH' TER -BL _ ETHER 
YRE~E 

TETRA:Hl 
OLUENE 

TRANS- .,2cC 

TRICHI )RUE' 
TRICHI )RUI'l 

TR :HL 
IN' .UK 

HLUKUt HtNt 
ORO PROPENE 

ENE 
JRUMETHANE 

fRIFl 

OTA. X LENES 

14.4'-DD[ 
1.4 '{JDE 
14 'DC 

irin 
Iha-BHC 

; (SW-846 METHODS 

I a Iha-Chloraane 
Ibeta-SHC 
Idelta-BHC 

CORRECTED 
CAS 

743!1-97-6 
7441 
74 

74 

74 ·0-2 
74,·0-6 
7440-66-6 

129-90-: 
140-:16-' 
140-:18-, 
140-:19-
140-4 

7440-43-9 
7441 70-2 
7441 

48-4 
0-8 

89-6 
74l9-92-

19-9s-4 
7439-! 6-5 
7439-' -6 
7440-1 2-[ 
7440-1 
'78l-' -2 
7440-22-4 
7440-23-5 
7440-28-C 
7440-62-; 
7440-66-6 

-55-6 
79-34-5 
7~ l-s 

-3 
,-4 

0-82-: 
6-93-4 

9S-SC 
7-06-; 
l-87-S 

5' 3-: 
6-46-: 
1-93-3 

-25-2 
74-1 1-9 

56-, -5 
18- D-: 
5-t -3 

67-66-3 
74-8: ·3 
96-12-8 
156-59-. 
1061-C -5 
10-82-

124-48-
75-71-8 
.00-41-4 
98-82-8 

)-20-9 
'8-87-: 
,-C9-2 

1634-04-4 
0-42-5 

127- 8-4 
.08- 38-3 

10-5 
lOC 2-6 

1-1 
69-4 
L3-

7S-C 1-4 
1330-20-7 
lA 
72-54-8 
72·55-9 
50-29-3 
309-00-2 
319-84-6 

5 03·71-9 
319·85· 
319-86-8 

TACO Residential 
Inhalation (1) 

NON-TACO 
Residential 

Ingestion (3) 

IMGlKG 
13000 1 MGIK 

N 

NC 
N 
N 
N 
N 
N 
N( 

NC 
NI 
NI 
NI 
NI 
NI 
NC 
N 
N 
N 
N 
N 
NC 
NC 
N( 

NC 

· NC 

NC 
NC 

NC 
N( 

NC 
· NC 

NC 
NC 
NC 
NC 
NC 
NC 

· NC 

NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 

NC 1200000 UGlKC 
NC 

18C UGlK 
2000000 UG/KG 

NC 
13C 
290000 

320 
60 

560000 
4( 

15( 
N 

UG/K 
UGIK 
UGIK 
UGIK 
UGlKG 
UG/KG 
UG/KG 

NC 
· NC 
· NC 

NC 
NC 
NC 

I 100 1000 UGlKG 
N 

NC 
NC 
NC 
NC 

NO 
NI 

80 
30 

53000 
000 

120C 
30 

30000 

NC 
He 

GlKG NC 
DG7KG . NC 

UGlKG NC 
UG/KG NC 
UG/KG NC 
UG/K, NC 

GIKG NC 
G/KG NC 

15C 
UG/KG NC 

UG/KI 

UGIKC NC 
30 
NO 110000 UG/KC 

UG/K NC 
12( IG/KG N( 

NC 
280000 DG7R 

13( UGIKG NC 
NC 

400000 UG/KG N 
NI N 
NI 127C 0000 UG/K 
N( 120000 UGIK 

13C DG7KG' N 
88( UG/KG NC 
1500000 UG/KG NC 

I UG/KG N 
650000 IGIKG N 

IG/KG N 
N N 

5C 00 DG7KG . N 
N NC 
N 1000( UGIKC 
28C I UGIKG NC 

320000 I UG/KG NC 

NC NC 
NC NC 
NC . NC 

3000 IGlKG NC 
8C I UGIKG NC 

NC US 
NC NC 
NC NC 

TACO Residential 
Ingestion (1) 

2: IMGlKG 
1600 IMGlKG 
NC 
39( fMG7KG 
39C IMGIKG 
NC 
6.3 I MGIKG 
550 I MG/KG 

13C IMGlKG 

NC 
N( 
NC 
N( 

NC 
N 
N 
N 
N 
N 
N( 

NC 
N 
N 
N 
N 
N' 
NC 
N' 
N, 
N 
N 
N 

NC 
NC 

31C IG/KG 
7800000 iGlKG 

- 3900000 IGtKG 
78C IG/KG 

320 I UGIKG 
7000000 G/KG 

7C IG/KG 
9C iGlKG 
NC 
NC 
NC 
NC 
NC 

IG/KG 
12000 UG/KCl 
10000 UG/KG 
81000 I UG/K 

·G/K 
7800000GlK 

5C UG/K 
. 1600000 UGtK 

NC 
lC UG/KG 

41 IGIKG 
781 IG/KG 

1600000 UG/KG 
NC 

7800000 I UGIKG 
N( 
N( 

N( 

85000 IG/KCl 
78( IG/KG 

16( I UG/KG 
12000 UG/KG 

116( IG/KG 
1600000 IG/KG 

Nt 
58000 IG/KG 

N( 

NC 
460 UG/KG 

116C IG/KG 

3C iGlKG 
2C IG/KG 
2C IG/KG 

4C UG/KG 
100 UG/KG 

NC 
NC 

NON-TACO 
Residential 

Ingestion (3) 

N( 

NC 
NC 

r;J( 

NC 
NC 
NC 

r;J( 
NC 
NC 
NC 
NC 
NC 

r;J( 

NC 
NC 
NI 
NI 
NI 
NI 

I'Ji 
Ni 

NC 
N' 
NI 
NI 

NI 
310000 UG/K 

N' 

NI 
NI 
NI 

Ni 
Ni 
NC 
NI 
NI 
NI 

Ni 
Ni 
NC 
NI 
NI 
NI 
NI 

Ni 
N( 
NC 
N 
N 
N 

N 
N 

NC 

781 UG/KG 

NC 
NC 
N 
N 
N 

N 
NC 

000000000 I UG/KG 
NC 
NC 

NC 

r;J( 

NC 
NC 
NC 
NC 
NC 

TACO Industrial 
Inhalation (2) 

16 IMG/KG 
21 iOO IMGlK 
r;J( 
r;J( 

NC 
NC 
N( 

NC 
NC 

I'll' 
NC 
N' 

N 
N 
N( 

NC 
N 

N' 

NC 
NC 
N' 

1000 UGlKG 

18JOOOO UGlK' 
50000 DG7KC 

4: UGIKC 
3200000 "KG 

560 
70 

23000 
Nl 

170 
NC 
NC 

<G 
<G 

IKC 

UGIKI 

NC 
l10000000'0 DG7KC 

j6(j UG/KC 
3000000 3IKC 

15000 
720 

NC 

3/KI 
3/KG 
3/KG 

540 UG/KC 
NC 

171 UG/K 
1200000 UG/KC 

1300000 UG/KC 
N( 

4C 
N( 

NC 
"N( 

UG/KG 

24000 UG/K( 
8800000 UG/KC 
150000( UG/K 

2000C UG/K 
65( UG/K 

3100000 UG/K 

.89C 
N( 

NC 

UGIKC 

UGIK 
32C UG/K 

1500500 UG/KG 
66C UG/KC 
15C UGIKG 

NC 
NC 

TASLE F-1A 
REFERENCE DATA FOR PROJECT ACTION LlMITS­

ILLINOIS TACO VALUES 
SITE 12 

NAVAL STATION GREAT LAKES 
GREAT LAKES,ILLINOIS 

NON-TACO 
Industrial 

Inhalation (4) 

TACO Industrial 
Ingestion (2) 

61 IMGIK 
4 IMGIK 

NC 
10000 I MGlK( 

100 IMG/KQ 

IMGlK 
IMG/K 

61 000 1 Mli/K 

NC 
NC 

N( 

NC 
NC 
NC 

, NC 

..I'JC 
NC 
N( 

NC 
NC 
NC 

N' 

N' 
NC 
NC 

NC 
IlilKli N( 

B2UC Uli/Kt 
2000C UGlK( 
100000C UG/KG 
2tltlQCltlO0 UGlK 

2900 UGIK' 
180 UG/KI 

53e UlilKl 
8400C UGlKG 

NC 

J'II 
NI 
NI 

UlilKli NI 
NI 

100000 
JlgQtlO 
72000 

29C 
2uuuooe 

44000 
41000000 

UGlKG 
UG/Ktl, 

ilK' 
ilK' 
ilKl 
ilKG 
i/KG 

150)000 I UG/KG.NC 
940 UG/KI 

21 

100' 

lilKG N( 
4000 UlilK 

2l UGIKG 
N( 

UG/KG NC 
41000000 UG/Ktl, 

N 
2C UGIK 

N 

UG/KG N 
IG/KG NC 

1(l/KG 

760000 UG/KG 
2Il000000 UG/K( 
4 _UG/K 

I 41t 
410UUUUU 

N( 

UG/K 
Uli/K 
UlilKt 

520000 UG/K( 
NC 

~ 
79C 

41t 
UG/K 
UG/K 

24C UG/K 
17C UG/K 
17C UGIKC 
300 UG/KG 
~ UG/K 

;HlORDA ,E 
NC 
NC 

NON-TACO 
Industrial 

Ingestion(4) 

N( 

N( 
N( 

N( 

NC 
NC 

NC 
NC 
Nt 

NC 
N( 

NC 

.J'I 
N 
N 
N 
N 
NC 
NC 

.J'I 
N 
N 
N 
N 
NC 
NC 
N 
N 
N 
N 
N 
NC 

NC 
8200000 

NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NO 

NC 
NC 
NC 
NC 
NC 
NO 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
N 
N' 

N' 
NC 
NC 

NC 
NC 
NI 
N' 
N' 
N' 
NI 
NC 
NC 

N( 

NC 

NC 
N( 

NC 
NC 
N( 

Nt 
NC 
Nt 

lli/KG 

UG/K 

UG/K 

U! 
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TACO - Construction 
Worker Soillnhalatlon(2) 

O. MGlKG 
440000 MG/KG 

NC 
NC 
NC 
NC 
NC 
NC 
NC 

NC 
NC 
NC 
N' 
N' 

NC 
N' 
N' 
NI 
NI 
NI 
NC 
NC 
NI 
NI 
NI 
NI 
NI 
NC 

12C 
NC 
NC 

130000 
3000 

920000 
16C 

310000 
99C 
500 
NC 

340000 
NC 
NC 
NC 

10000000C 
2200 

3C 
140000 
3900 
90 
900 
1300 
NC 

1200001 
N 
NC 

13( 
N 

58( 
N 
N 
N 

34( 
140000 
13COOO 
28( 
42( 

3100001 
N 

12( 
NC 

56C 

NC 
NC 

2100000 
9300 
2100 

NC 
NC 

IG/KG 

UG/KG 
UGIKG 

l/KI 
l/KI 
ilKI 
l/K' 
l/KI 

UG/KG 

UG/KG 
UG/KG 

l/K' 
l/KI 
jjKI 
llKl 
l/KI 

UG/KI 

UG/KG 

UG/K 

UG/KG 

IGIKG 

UG/KG 
UG/KG 
IG/KG 

UGIK 
UG/K 
UG/KG 

UG/KG 

UG/K 

UG/K( 
UG/KC 
UG/KC 

NON-TACO-

""." ~ .. '"'' .. "".' 
N( 

N( 

N 

NC 
N 
N 
N 
N 
N 
Nt 
NC 
N 
N 
N 
N 
N 
NC 
NC 
N 
N 
N 
N 
N 
NC 
NC 
NC 

NC 
2100000 
20000 

NC 
N 
N 
N 
N' 
N 
NC 
NC 
NC 

'10 
NC 

340000 
NO 
N 
N 
N' 
N' 
N 
NC 

971 

N 
N, 
NC 

110000 
NC 
N( 
N( 

51 
I 2700000( 

46000 
NC 
NI 
NI 
N' 
N' 
N' 
NC 
NC 

88000 

N( 
N( 

NC 
NC 
NC 
N 
N 
N 
N 
N 

UG/K' 
UG/KC 

UG/KI 

UGlKG 

UG/KI 

UG/KI 

UGlK 

UG/K 
UG/K( 
UG/K( 

UG/K 

TAC~~~k:~S~:~tlon INON-" ACO _ I 

Ingestion{2} Worker Soillngestlon(4) 

61 IMG/KG NC 
4100 I MGlKG NC 

IMGlK( 
'00 I MGlKG 

iMGIKG 
1400 I MGIKG 

61 IMGlKG NI 

NI 
NC 
NC 
NI 

NC 
NC 
NI 
NI 
NI 
NI 
N< 
NC 
NC 
NC 

NC 
NC 
NC 

2C 
10000000 
2C 

62C 
18000000 
14C 
180 

NI 
NI 
N< 
NI 
NI 
NC 

!30 
20 
16000000 

KG 

<G 
UGIKG 

I UGlKG 

G/KC 
G/K( 
G/K( 
GIKG 

20000000 GIKG 
410000 I UG/KG 
4' I UG/KG 

NC 
20 

NC 
UG/KC 

89( -UG/KG 
20000000 UGlKG 

NC 
N 

41000000 UG/K( 
N' 

20000000 UGIKC 
N 
N 
NC 

12000000 I UIl/K( 
2C l/K 

41000000 llK( 
24( llK( 

41 3IK( 
41000000 UG/KG 

NC 
12C 

NC 
UGIKG 

170000 UG/KC 
41000000 UG/KG 

520000 UG/KG 
370000 UG/KG 
100000 I UG/KG 
6 I UG/KG 

2C UGIKC 
;HI lRDA ,E 

NC 
N 
N 
N 

N 
N 
NC 
NC 
N 
N 
N 

N 
N 
NI 
NC 
NI 
NI 
NI 

I'Ji 
NI 
NI 
NC 
NC 

NC 
N 
N 
N 

N 
N 

120 

NC 
NI 
NI 

Nl 
NI 
NC 
NC 
NC 
NC 

Nit 
NC 
NC 
NC 
N 
N 
N 
N 
N 
N( 

NC 
NC 
NC 
NC 
Nt 

1000000000 
NC 
NC 
N' 

N 

N 
NC 
NC 

14C 

NC 
"N( 

NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 

UGIKC 

UG/KG 

UGIK 

USI 

",",u - SO to GW NON-TACO - SO 
Class I (1) to GW Class I (3) 

NC NC 
N 
N 
N 
N 

N 

TACO pH 
Specific 
Criteria 

6.4 IMGIK 
IMGIK 

IM( 

Minimum IL 
Criteria 

IM.<>tI< 
1 MlilK 

1 MlilK 
I MlilKt 

N 
I'Ji 

NC 

3A fMGlKG 3.4 I MG/K( 
980 fMG/K 550 I MGIK( 

16000 I MGIK 16000 I MQIKC 

NC 
0.106 M N 
l.05 M N 
2 M N 

o.i54 M N 
o~ i05 M -N( 
NC NC 
O. MG/l N 

MGIl N 
l.65 MGIl N 

5 MGIl 
J.0575 MG7[ N 
Nt Nt 
.15 MG/L NC 

0.002 MG/L NI 
O. MGIl NI 
NC NI 
l.05 MGIl I'Ji 
f.05 MG7[ I'Ji 
NC NC 

0.002 MG/L NC 
0.049 MG/L NC 

5 MGIl NC 

2C 
NC 

20 
230C 

60 
5C 
0.4 

f7000 
20 

N 
2C 
N 

N 
NC 

250 
30 

60 
80 

25 
320 

70 
1000 
NO 
60 

Nit 
'2 
4C 
NC 
NC 
4C 
N( 

NC 
NC 
21 

320 
4( 

12C 
'00 

UG/KG 

ICfG7KG 
IUG/K( 
UGIKI 
UGlKI 
UGlKI 
DG7K( 
iJG7Ri 
UG/KG 

UG/KG 

'UG/KC 
ilKI 
ilKl 

UG/KG 
G/KG 

UGlKG 

UG/KG 

l/K( 
l/K( 
l/K( 

UGiKG 

UG/KG 

NC 
22C 

NC 

N' 
NI 
NI 
NI 

I'Ji 
NC 
N< 
N< 
N< 
NI 

I'Ji 
NC 
NI 
NI 
N< 
N< 

I'Ji 
NC 
NC 
NC 
NC 
NC 

Nit 
r;J( 

NC 
NC 
NC 
NC 
NC 

29C 
NC 
N( 
N( 
N( 

NC 
NC 

MGIL N 
N 
N 
N 

N 
Nt 
NC 
N 
N 
N 

MG/L N 
N 
Nt 
NC 
N 
N 
N 
N 

N 
NC 
NC 
NC 
NC 

NC 
iG7KG Nit 

NC 
N 
N 
N 
N 

Ni 
NC 

N' 
Ni 

NC 
NC 
N' 

Ni 
NC 
NC 
N( 

N( 
N( 

fGTKG NC 
NC 
N( 
N( 

NC 

NC 
NC 
N 
N 

'0000 IG/KG N 
N 

16000 UGiRG NC NC 
5 UG/KG NC NC 

IG/KG NI 
UGIKG NI 
UGIKG NI 

I'Ji 

3.5 
0.106 
l.05 

2 
0.104 
0.105 
NC 
O. 

Mli/l 
Mlill 
MG/l 
MGll 
MG/l 
MGIl 

Mli/l 
Mlill 

).65 MG/l 
5 MG/l 

l.0075 MGIl 
NC 
0.15 Mli/l 

O. Mli/l 
O. Mli/l 
Nt 
l.05 MG/l 
l.05 MGIL 
NC 

. 0.002 r..1,GIl 
0.049 Mlill 

5 Mlill 

2000 
22C 
20 

!3C 
6C 

5C 
0.4 

17000 
20 

NI 
2e 
NI 
NI 

340000 
~O 

30 
60 
8U 
200 
9000 
70 
1000 

9, 
30 

2 
4C 
NC 

11( 
4C 
Nt 

1300( 
5 
29C 
46[ 

21 
32C 
4t 

60 
12C 

'00 

UGIK' 
UG/KC 

3fI(( 
3IK' 
;IK' 
;IK' 
l/K' 

JG/KG 

U~ 
UGIK' 

UlilKI 

lI.K( 
lIK' 
;/KI 
;IKI 
i/KI 

JG/KC 
l/KG 
llK' 
ilKI 
;IKI 
ilKl 

UG/KC 
UG/K( 

UiJIl<Cl 

UlilK 
UG/K 

UG/K 
UGIKC 

3/K 
31K 
31K 
jlK 

JG/KC 
UG/K( 
U(lIKC 

UGIK 

UlilKt 
10 UG/KC 

5600 UG/KC 

3000 l/K 
2000 ilK 

IQO 31K 

N 
NI 

31K 
l/K 

MINIMUM IL BASIS 

TA( ) pH Specific :riteria 
TAC ) pH Specific :riteria 

Nt 
I ACO pH Speclf" :riteria 
TACO pH Specific Criteria 

NC 
TACO pH Specific Criteria 

TACQ...Residentiallngestion 
TAC9 pH Specific Criteria 

NON-TAC( . St ,liW Class 
fAC - St 'liW Class 
f A( - SO to GW Class 
TACC - SO to GW Class 
TACO - SO to GW Class 
TACQc SO to GW Class 

NC 
TAC . SC ,liW :Iass 
TAC - St 'liW Class 
TA( - SO to GW Class 
TACC - SO to GW Class 
TACC - SO to GW Class 

NC 
TAC - SCI to GW :Iass 

fAC SC) liW :Iass 
fAC - SO to liW Class 

NC 
fACC . SO to GW Class 
TACO - SO to GW Class 

NC 
fAC - SC ) GW :Iass 
fAC SC ) liW :Iass 
rAC - SC ) liW Class 

TACC - SO to GW Class 
NON-TACC - SO to GW Class 
fAC~lW lass 
fAC S( lW lass 
fAC - SC ;W lass 
IAt -SOto lW lass 
fACC . SO to lW Class 
TACO - SO to GW Class I 
fAC~ GW ;Iass 
fAC S() GW ;Iass 

N( 

lAC . SO to GW Class 
NC 
NC 

NON:TAC :onsl Worker 
fAC ) GW ;Iass 
fAC . SI ) GW ~Iass 
lAC ·51) to GW Class 
fAce· SI) 10 GW Class 
TACO· SO to GW Class I 

T"9= :.onst Work"'. 
fAC ·S( ) GW ;Iass 
f AC SC) GW ;Iass 

NON-I AC Const Worker 
f ACO Residential Inqeslion 
NON-TACC Consl Worker 
TAce - SO to GW Class 
TACQ.:J3QtQ GW :Iass 

NC 
NON- I AGC Gonst Worker 
IAt - SO to liW Class I 

NC 
TAC( - SO to GW Class 
NON:TACC Const Worker 

NON-TA( ·SC, GWClass 
NON-' Const Worker 
TAC ) to liW Class I 
I At ) - ) to liW Class I 
TAC ) - ) to GW Class I 
TACC - SO to GW Class I 
TACO - SO 10 GW Class I 
TACQ::..5..0 to GW Class I 

NC 
TAC ) - SO to oW Class I 

Nt 
NON- I ACO Heslaentlal InqesUon 

TACC - SO to GW Class I 
TACO Const Worker 

I ResidenliallnqeSlic 
I ResidenUal Inqestic 
I He, Ider'al Inqestic 
) Heslaentlal Inqeslic 

I At ) - 1 to 3W Class I 
NC 
NC 
NC 



TACO Residential 
NON-TACO 

TACO Residential 
NON-TACO 

TACO Industrial 
CORRECTED Inhalation (1) 

Residential 
Ingestion (1) 

Residential 
Inhalation (2) 

CORRECTED PARAMETER CAS 
Ingestion (3) Ingestion (3) 

Dieldrin 60-57-1 1000 UGlKG NC 40 UGIKG NC 2200 UGlKG 
Endosulfan 115-29-7 NC NC 470000 UGIKG NC NC 
Endosulfan I 959-98-8 ENDOSULFAN NC USE ENDOSULFAN NC USE ENDOSULFAN 
Endosullan II 33213-65-9 ENDOSULFAN NC USE ENDOSULFAN NC USE ENDOSULFAN 
Endosulfan sulfate 1031-07-8 ENDOSULFAN NC USE ENDOSULFAN NC USE ENDOSULFAN 
Endrin 72-20-8 NC NC 23000 UGlKG NC NC 
Endrin aldehyde 7421-93-4 SE ENDRIN NC USE ENDRIN NC USE EN DR IN 
Endrin ketone 53494-70-5 SE ENDRIN NC USE ENDRIN NC USE ENDRIN 

amma-BHC (Lindane) 58-89-9 NC NC 500 UGlKG NC NC 
amma-Chlordane 5103-74-2 CHLORDANE NC USE CHLORDANE NC USE CHLORDANE 

Heptachlor 76-44-8 100 UGlKG NC 100 UGlKG NC 11000 UGlKG 
Heptachlor e oxide 1024-57-3 5000 UGIKG NC 70 UGlKG NC 3200 UGlKG 
Methoxychlor 72-43-5 NC NC 390000 UGlKG NC NC 
Toxaphene 8001-35-2 89000 UGlKG NC 600 UG/KG NC 170000 UGlKG 

NA = not available; no criteria is available for that parameter for that chemical 
1 - Section 742 Table A, Tier 1 Soil Remediation Objectives for Residential Properties (Ingestion, Inhalation, or Soil Component of Groundwater Ingestion Route)(Online July, 2008). 
2 - Section 742 Table B, Tier 1 Soil Remediation Objectives for IndustriaVCommercial Properties (Ingestion or Inhalation) (Online July, 2008). 
3 - Soil Remediation Objectives for Residential Properties, Non-TACO Chemicals (May 1, 2007) 
4 - Soil Remediation Objectives for IndusriaVCommercial Properties, Non-TACO Chemicals (May 1,2007) 
5 - Oak Ridge National Laboratory Regional Screening Level (ORNL, September 12, 2008) 

Definitions: 
C - Carcinogen 
s - Concentration may exceeed soil saturation concentration. 
OAF - Dilution Attneuation Factor 
TACO - Tiered Approach to Corrective Action Objectives 
N - Noncarcinogen 
NC - Not Criteria: no criteria is available for that parameter for that chemical 
sat - Soil Saturation Concentration 
GW - Groundwater 
SO-Soil 
IL -Illinois 
SSL - Soil Screening Limits 

NON-TACO 
Industrial 

Inhalation (4) 

NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 

TABLE F-1A 
REFERENCE DATA FOR PROJECT ACTION LlMITS­

ILLINOIS TACO VALUES 
SITE 12 

NAVAL STATION GREAT LAKES 
GREAT LAKES. ILLINOIS 

TACO Industrial 
NON-TACO 

TACO· Construction 
Ingestion (2) 

Industrial 
Worker Solllnhalatlon{2) 

Ingestion(4) 

400 UGlKG NC 3100 UGlKG 
12000000 UG/KG NC NC 

USE ENDOSULFAN NC USE ENDOSULFAN 
USE ENDOSULFAN NC USE ENDOSULFAN 
USE ENDOSULFAN NC USE ENDOSULFAN 

610000 UGlKG NC NC 
USE ENDRIN NC USE ENDRIN 
USE ENDRIN NC USE ENDRIN 

4000 UGlKG NC NC 
USE CHLORDANE NC USE CHLORDANE 

1000 UGlKG NC 16000 UGlKG 
600 UGIKG NC 13000 UGIKG 

10000000 UG/KG NC NC 
5200 UGlKG NC 240000 UGlKG 

Page 3 01 3 

NON-TACO- TACO ~ Construction 
Construction Worker Worker Soli 

Soillnhalation(4) lngestion(2} 

NC 7800 UGIKG 
NC 1200000 UGlKG 
NC USE ENDOSULFAN 
NC USE ENDOSULFAN 
NC USE ENDOSULFAN 
NC 61000 UGlKG 
NC USE ENDRIN 
NC USE ENDRIN 
NC 96000 UGlKG 
NC USE CHLORDANE 
NC 28000 UGlKG 
NC 2700 UGIKG 
NC 1000000 UGlKG 
NC 110000 UGlKG 

NON·TACO - Construction TACO - SO to GW NON-TACO - SO 
TACO pH 

Minimum IL 
Worker Soillngestlon(4) Classl(1) to GW Class I (3) 

Specific 
Criteria MINIMUM IL BASIS 

Criteria 

NC 4 UG/KG NC NC 4 UGIKG TACO - SO 10 GW Class I 
NC 18000 UGlKG NC NC 18000 UGlKG TACO - SO 10 GW Class I 
NC USE ENDOSULFAN NC NC NC NC 
NC USE ENDOSULFAN NC NC NC NC 
NC USE ENDOSULFAN NC NC NC NC 
NC 1000 UGlKG NC NC 1000 UGlKG TACO - SO to GW Class I 
NC USE ENDRIN NC NC NC NC 
NC USEENDRIN NC NC NC NC 
NC 9 UG/KG NC NC 9 UGlKG TACO - SO to GW Class I 
NC USE CHLORDANE NC NC NC NC 
NC 23000 UGIKG NC NC 100 UGlKG TACO Residential In estian 
NC 700 UGIKG NC NC 70 UGlKG TACO Residential Ingestion 
NC 160000 UGIKG NC NC 160000 UGlKG NC 
NC 31000 UGlKG NC NC 600 UG/KG TACO Residential Ingestion 



CORRECTED PARAMETER 
fILES 

BI: 2-CHLOROETH1 _)ETHeK 
2-' 
PHENOL 
HE (ACHLOROETHANE 

2-~ ENOL 

ENOL 

!'-OXYI iIS(l-CHLOROPROPANE) 
,5-TRICHL 
.6-TRIC 
DIc:J:iL9~ jENOL 
DIMETHY ENC 
DINI fROPI NOL 
LJINJIKI UtNE 
DINI mc UENE 

:HLORONAPHTHALENE 
2-NLf\OANILINE 
2-NI 'ROP 

JIC 
3-Nl OA 

,6-L)INI MeIH'LPHeNOL 
4-BROMC . PHeN1 . ETHER 
4-CHLORO-3-METHYLPHENOL 
4-CHLOROANILINE 
4-CHLOROPHENYL PHENYl. ETHER 
4-Nl fROANILINE 
4-Nl fROPHENOL 

TRAZINE 
!BENZALDEHYDE 
IBISC!-C 'Kue Hux"IM 'HANE 
IBISC!-El LHEX' _)PHTHALATE 
'Bl . BI . PHTHALATe 
:APKOL lAM 
:ARIIAZ( 
DIBENZOFURAN 
DIETHY . PHTHALATE 
OIMETH' . PHTHALATE 
DI-N-BL . PHTHALATE 
DI-N-OL . PH I HALAI e 
iEXACHL 

IHE)(Ac:IiL lROBUTADIENE 
,HEXACHL )RC :YC OPENTADIENE 
N-Nl' LAMINt 
PEN ~HLOKOPHENOL 

IAI 
IACEIIf 
IAN' 
IBENZ 

BENZC 
BEliZe 
CH IYS 

: AROMATIC 

TH LENE 
EN 
IA~ fHRACENE 

UUKANIHeNe 
I)PERYLENE 

IFL 

"H)AI 
FL JRANfHENE 
FL UKeN 
2-METHYLNAPHTHALENE 
INDENO( IRENE 
NAP rHALENE 
PHI NANTHRENE 
PYI ENE 
PC: 
AR! OK-lUl0 
ARI OR-122 
AROC OR-1232 
AROC OR-1242 
ARI OR-
ARI OR-
ARI OR-

IAL AKC OK 

ALUMINUM 
ANTIMONY 
ARSENIC 
BARIUM 
BERYLLIUM 
CADMIUM 
CALCIUM 
CHROMIUM 
COBALT 
COPPER 
IRON 
LEAD 
MAGNESIUM 
MANGANESE 

USEPA ORNL US EPA ORNL Risk USf~~~~~~~~!LS 
COR~!~TED Residential Soil (5) Based SSLs (5) Inhalation (5) 

l-44-4 
95-57-8 
08-95-2 

'2-: 
64-
15-' 
18-~ 

.9-: 
6-44-~ 

92-52-4 
08-60-J 
5-~ 5-,-4 
8-( 6-; 
10-13-; 

8-5 
l2: l4-2 

606-20-2 

l8-74-4 

)9-09-2 
534-52-) 

·55-: 
-50-: 

6-47-8 
15-72-: 
U-Ul-e 
0-02-, 

98-86-2 
1912-24-9 

00-52- ~ 

1-91-: 
I-tit-; 

85-68-~ 

l5-60-2 
86-74-8 

l2-64-9 
84-66-; 

1-, 
84-74-: 
L7-84-C 
1§.,74-: 

87-68-: 
7-47-4 

86-: U-t 
87-86-5 

~,,2-9 
208-96-8 
.2U-.2-~ 

56-'5-3 
50-.2-8 

205-99-2 
l-24-2 
7-08-' 
8-( 

6-44-1 
86-7: 
9J-57-6 

_193'39-5 
9: ·20 .. 
85-01-8 
L29-UO-U 

12674· 1< 
104-28-2 
141-16-5 

5:1469-. [-9 
72-29-6 

U9, -09-: 
096-82-5 
l36-36-3 

7429-90·5 
7440-36-0 
7440-38-2 
7440-39-3 
7440-41-7 
7440-43-9 
7440-70-2 
7440-47-3 
7440-48-4 
7440-50-8 
7439-89-6 
7439-92-1 
7439-95-4 
7439·96·5 

210 
390 

118000000 
350 

69 
48C 

51C 
31C 

3900000 
46C 

i 61000' 
440 
18C lO 

120 
120000 

16C 
61000 

630 
61C 

NC 
1100 
NC 

6100 
NC 

61 
24C 
NC 

240 
NC 

780 
2100_ 

780 
180000 
350 

260000 
131000000 

NC 
NC 

149C 
NC 

611 
NC 
300 

62C 
37C 
990 
3000 

340 
NC 

17000000 
150 
15 

150 
NC 

15C 
150 

15 
230 
230 
310000 

150 
36C 
NC 

1700000 

390 
140 
140 
220 
220 
220 
220 
220 

77000 
31 

0.39 
15000 
160 
70 
NC 
NC 
23 

3100 
55000 

400 
NC 
1800 

UGIKC 
UGIKC 
UG/KG 

>lKC 
UGlKC 
UGlKG 
UGIK' 
UGIKG 
UGIKC 
UGIKC 
UG/KC 
UG/KG 
UGlKG 
UGlK' 
UGlK' 

UGlKG 

UGIKG 

UGIKG 
UGIK' 

UGlKL 

UGlKG 
G/KG 
GlKG 
GIKG 
GIKG 
GIKC 

UGIKG 

UGlK' 

UG/KG 

G/KG 
GIK' 
GIK' 
(l/KL 
G/KC 

).031 
15C 

630 
2.9 

)72 
079 

150 
2, 
150 

19000 
0.12 

14000 

130 
860 
82 

0.29 
50 

15C 
15C 
NC 
1.98 
NC 
6.2 
NC 

430 
0.14 
NC 
1.4 

NC 

0.19 
810 
25 

510 
450 
NC 
NC 

NL 
120 
NC 
0.53 

160 
75 
5. 

. UG/KG 22000 
NC 

UGIKG 360 
UGIKC 
UGIKC 
UGIKC 

ilK' 
ilK' 
ilK' 
,IK! 
ilKl 

UGIKC 
UGlKG 
UG/K' 

UG/K' 

3.5 
35 
NC 
350 

160 
27000 

750 
120 
0.47 
NC 

120 

UGIKC 92 
UGIKC 0.12 
UGlKG 0.12 

>lKG 5.3 
3fK' 5.2 
3/K' 8.8 
31K' 24 
3iKC NC 

MG/KG 55000 
MG/KG 0.66 
MGlKG 0.0013 
MG/KG 300 
MG/KG 58 
MG/KG 1.4 

NC 
NC 

MG/KG 0.49 
MGIKG 51 
MG/KG 640 
MG/KG NC 

NC 
MG/KG 57 

UGIKC 
UG/KC 
UG/KG 

ilKC 
ilK 
ilKC 
ilKC 
ilKL 
>lKC 

UGIKC 
UG/KG 

3fi<G 
,IKG 
iKL 

,IKC 
3fKG 

UGIKG 
UG/KG 
UGfKo 
UGIK' 

24C 
NC 
NC 

54000 

9C 

NI 
690 
NC 

20 
NI 
NI 
NI 
NI 
NC 
NI 

NI 
UG/KG N' 

.42E+09 
UG/KG NC 

NC 
lJQII<Q NC 
UG/K' NI 

NI 
UGIKL 5.671,+09 

UG/KG 
ilKG 
ilKG 
ilKG 
ilKl 
ilKC 

UGlKG 

UGIK' 

NI 
N' 
NC 
N' 
N' 
NI 

NC 
NC 
NC 
NC 

UG/KG Nl 

GlKG 

GIK' 
GIKL 
G/KC 

UG/KG 

UGIKC 
UGlKC 
UG/KC 
UG/KC 
UG/KG 
lJQlKG 
UGIK' 
UGIKG 
UGIKC 
UG/KC 
UGIKG 
UG/KG 

UGIK' 

UG/KC 
UG/KG 
UG/KG 

UGiK' 
UGIK' 
UGiK' 

MGIKG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MGIKG 

MG/KG 
MG/KG 
MG/KG 

MGIKG 

NC 
950 
780 

2900C 
NL 
NC 

NC 
NC 
NC 
NC 
NL 
NC 
NC 
NC 
NI 
NI 
NI 
NI 
NI 
NC 
70000 
NC 
NC 

NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 

7090000 
NC 
769 

709000 
1380 
1840 
NC 
276 
1180 
NC 
NC 
NC 
NC 

70900 

UGIKG 

U~ 

UGIKI 

UG/KC 

UGIKI 

UGIKC 

UGIKI 

UIlIKG 
U~ 
UGIK' 

UGfl«: 

MG/KG 

MG/KG 
MG/KG 
MG/KG 
MG/KG 

MG/KG 
MGlKG 

MGIKG 

Minimum Federal 
Criteria 

0.031 
150 

6300 
2.9 

0.1 72 
l.O79 
1500 

23 
150 

190 
0.12 

140 

8E 
8: 

0.29 
50 

151 

1.421+09 
6.2 
NC 

.4300 
0.14 
NC 
1.4 

NC 
1100 
0.19 
HC 
25 
100 
,1U 

4500 
NC 
NC 

NL 

UGIKG 
UG/KG 
UGIK' 
UG/K' 

UC :G 
UG/KG 
UGlKI 
UG/K' 

ilKI 
ilKI 
ilK' 
ilK' 

UGlKG 

UG/K~ 
UG/KG 

'G/KG 
IGIKG 
'G/KG 

UG/K~ 
GIKG 

UGlKG 

UGlKG 
UG/KI 
UG/KI 

'GIKI 
'GIKI 
GIK! 
G/K' 

UGlKG 

00 'GIKli 
NC 
0.53 UGIKG 

UG/K~ 
16G GIKG 
75 GIKG 

5. G/Kli 

22000 
NC 

360 00 
10 
1.5 
35 
NC 
350 
100 

160000 
27C 

75G 
120 

.0.47 
NC 

120000 

92 
0.12 
0.12 
5.3 
5. 
8.8 
24 

220 

55000 
0.66 

0.0013 
300 
58 
1.4 

276 
0.49 
51 
640 
400 

57 

UG/KG 

GIKG 
GIKG 
GlKG 

UG/K' 
UC 

(KG 
UGIKG 
UG/KG 

UG/KL 

UG/KG 
GIKG 
GIKG 

UG/KC 
UGIKC 
UG/KL 
UG(Kl 
UGIKC 

MGIKG 
MGIKG 
MGlKG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MGIKG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MGIKG 

MIN FEDERAL BASIS 

USEPA Risk Based SSLs 
USEPA Risk Based SSLs 
JSEPA Risk B~ Ls 

PA i lased Ls 
PA i lased Ls 
'A lasec Ls 
'A lasec Ls 

PA lased SSLs 
,EPA Ri: : Based SSLs 

USEPA Risk B~~ Ls 
,EPA Risk Based Ls 
,EPA Risk Based Ls 
;EPA Risk Based: Ls 
;cPA Hisk Based Ls 
;ePA Hisk ~ased Ls 
,EPA Risk Based SSLs 

USEPA Risk Based SSLs 
US EPA Risk B~ SSLs 
USEPA Risk Based SSLs 
USEPA Risl: Based SSLs 

NC 
USEPA Risk Based SSLs 

USEPA SSLs lor Residential Inhalation 
USEPA Risk Based SSLs 

NC 
I,J§~PARisk Based SSLs 
USEPA Risk Based SSLs 

NC 
USePA Hisk Based SSLs 

NC 
USEPA Risk Based SSLs 
.U:'EPA Risk B~ Ls 

;EPA Risk Based Ls 
;EPA Risk Based Ls 
;ePA Hisk Basec Ls 
,EPA Risk Based Ls 

USEPA Risk Based SSLs 
NC 

USEPA Risk Based SSLs 
NC 

USEPA Risk Based SSLs 
NC 

USEPA Risk B~SLs 
USEPA Risk Based SSLs 
JSEPA MC . Based SSLs 

USePA Hisk Based SSLs 
USEPA Risk Based SSLs 

USEPA Risk B~:3hs 

USEPA Risk Based SSLs 
UScPA Hisk Based SSLs 
USEPA Risk Based SSLs 
USEPA Risk Based SSLs 

,EPARisk Based SSL 
iEPA Risk Based SSL 
;EPA Risl: Basec ;SLs 
;ePA Hisk Based SSLs 
,EPA Risk Based SSLs 

USEPA Risk Based SSLs 
USEPA Risk Based SSLs 
I,J§EPA Risk Based SSLs 

JSEPA Risk Based SSL 

USEPA Risk Based SSLs 
USEPA Risk Based SSLs 
USEPA Risk Based 'SLs 
USEPA Risk Based 'SLs 

iEPA Risk Based iSL 
iEPA Risk Based iSL 
,PA Hisk Based is[ 

SEPA Residenlial Soil 

USEPA Risk Based SSLs 
USEPA Risk Based SSLs 
USEPA Risk Based SSLs 
USEPA Risk Based SSLs 
USEPA Risk Based SSLs 
USEPA RIsk Based SSLs 

NC 
USEPA SSLs for Residential Inhalation 

USEPA Risk Based SSLs 
USEPA Risk Based SSLs 
US EPA Risk Based SSLs 
USEPA Residential Soil 

NC 
USEPA Risk Based SSLs 

TABLE F·1B 
REFERENCE DATA FOR PROJECT ACTION LIMITS· 

USEPA and OVERALL BASIS VALUES 
SITE 12 

NAVAL STATION GREAT LAKES 
GREAT LAKES, ILLINOIS 

OVERALL MINIMUM OVERALL BASIS 

6, 
.9 

0.1 72 
lIS 
;00 

150 
19' 
O. 

141 

8f 

0.: 

151 

N 
0.98 
10 
3. 
NI 

4: 00 
14 

NI 

NC 
1100 
0.11. 
8' 

00 

5' 
4500 
6( 

8; 
12( 

9200 
160 

0.5:3, 

160 

5. 

85( 
360000 

35 
2303.000 

160000 
270 

750 
12Q. 
).£ 

2C 
12C 

92 
.12 

5. 
8. 

220 

55000 
0.66 

0.0013 
300 
58 
1.4 

230 
0.49 
51 
640 
107 

57 

UGlKG 
UGlKG 

i/KG 

UGIK' 
UGIKG 

IG/KI 
IGIKI 
IGIKI 

UGIKI 
UG/KG 

C3LKG 
GIKG 
GIKG 

USEPA Risk Based SSLs 
USEPA Risk Based SSLs 

'Based SSLs 
'Based SSLs 
'Based' Ls 
,Based' Ls 
'~ased: Ls 

cPA Risk Based: Ls 
ISEPA Risk Based: Ls 

USEPA Risk Based SSLs 
PA Risk Based SSLs 
PA Risk lased SSLs 
PA Risk lased SSLs 
.PA Hisk lased SSLs 

J A Risk lased SSLs 
ISEPA Risk lased SSLs 

USEPA Risk Based SSLs 
TA(;Q.:.SO to GW Class 
USEPA Risk Based SSLs 

NON-lAC SC ,GW;lass 
NL 

UGlKG USEPA Risk ~ased SSLs 
UGlKG NON·TACC . SC' to GW Class 
UG/KG 1 NON·TACO SO to GW Class I pH Spec 

GIKG 
GlKG 

UG/KG 

UG/KG 
IKG 
(KG 
(KG 
(KG 
IKG 

UGIKG 

G/KG 
UGlKG 

UGIKG 
UG/KG 

J,JIlIKG 
ilKG 
ilKG 
ilKG 
ilKG 

ilKG 
,IK' 
ilK' 
ilK! 
i/K( 

UG/K' 
UG/KG 

ilK 
ilK 
ilKG 
ilKG 
i/KG 

UG/KG 
. UG/KG 
UGIK 
UGIK 
UGIKC 

UG/KC 
UG/KG 

_UG/KG 
UG/K 
UGIK 
UGIKC 
UGIKC 
UG/KC 

MG/KG 
MG/KG 
MGIKG 
MGIKG 
MGIKG 
MG/KG 
MG/KG 
MG/KG 
MGIKG 
MGIKG 
MGIKG 
MGIKG 
MG/KG 
MG/KG 

NC 
U~ Ris , Based SSLs 
US EPA Ris' Based SSLs 

NC 
USePA His' Based SSLs 

NC 
USEPA Risk Based SSLs 

f'I\ Risk Based SSLs 
.PA Risk lased SSLs 
PA Risk lased SSLs 
.PA Hisk lased SSLs 
JA Risk lased SSLs 

ISEPA Risk lased SSLs 
TACC . SC' to GW Class 
NON-TAC ~onst Worker 
USEPA Risk Based SSLs 

Nl 
'SePA Risk ~ased SSLs 

rACO Residenliallngestion 
~PA Risk Based SSLs 
;EPA Risk Based SSLs 
iEPA MC . Based SSLs 
;ePA Hisk ~ased SSLs 
,EPA Risk ~ased SSLs 

,EPA Risk Based SSLs 
NO~ 1!\L;Q, §O 10 GW Class. 

iEPA Ris' Based SSLs 
iePA His, Based SSLs 
cPA His' ~ased SSLs 

!SEPA Ris : Based SSLs 
NON·TACO Residential Ingestion 

~Risk Based SSLs 
;EPA Risk Based SSLs 
;cPA Risk Based SSLs 
;ePA Hisk ~ased SSLs 
,EPA Risk ~ased SSLs 

!SEPA Risk Based SSLs 
USEPA Risk Based SSLs 
U~Risk Based SSLs 

NON·TAC . SO 10 GW Class I 
US cPA Risk Based SSLs 

USEPA Risk Based SSLs 
USEPA Risk Based SSLs 
USEPA Risk Based SSLs 

ifOf'!\Risk Based SSLs 
;EPA Risk Based SSLs 
;cPA Risl: Based SSLs 
;cPA Hlsk Based SSL 
SEPA Hesldentlal SOli 

USEPA Risk Based SSLs 
USEPA Risk Based SSLs 
USEPA Risk Based SSLs 
USEPA Risk Based SSLs 
USEPA Risk Based SSLs 
USEPA Risk Based SSLs 

NC 
TACO ResidenliallngestlOn 
USEPA Risk Based SSLs 
USEPA Risk Based SSLs 
USEPA Risk Based SSLs 
TACO pH Specific Cnteria 

NC 
USEPA Risk Based SSLs 
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MERCURl 
:KEL 

PC fASSIUM 
SELENIUM 

ISILVER 
ISOD!UM 
TH LlUM 

~ACUM 

TC LP-I 
IALJMINOM 
IAN TlMON' 
IARSENII 
3AR 
3ER' UM 
:AC UM 
:AL JM 
:HI UM 
OBAl 
)PPER 
)N 

'AC 
,GNESIUM 

IMER :UK 
INICKEL 

OT ,SLUM 
:UM 

Q[ JM 
HAl UM 

IVANADIUM 

..AnL 
1-TR :HLJR 

PARAMETER 

rR, OROETHANE 
2-TR ;HL 

.-OICHL JROE FiJ\NE 
1-DICHL 
:.4-TRICHLJR 

2-DIBROMOETHANE 
2-01 

,2-0-1 :RL .oROETRAiIfE 
[,2-D! :HL OROPROPAi'JE 
[,3-D OROBENZENE 
..4-C 
!-BL ONE 
!-HE) ONE 
14-M~ L-2-1 
lAce; ONE 
IBEI NE 

:HL 
IBRlM lFORM 

iANE 
:AfiB( DISlJl:FTIJE 
CARBON fETRACRIORIDE 

NE 

IBI -3-CHI 
IS- ,2- DROE HENE 
IS- ,3-DICHLOROPROPEN"E. 

JHEX, ,NE 

OR IFL 
BEN2ENE 

fH AC TATE 
METHYL 

fHAI 

~E 

IYL NE CHLORI DE 
IYL fERT-BU 
ENE 

:H 
ENE 

tANS-1,2-DICRIOROE HENE 
fRANS-1,3-DICHL< JE 
fRI :HLJROE HENI 

OROM 
rRIFI 

I '-846 METHODS 
14,4'-00[ 
144'-DDE 
141'-DC 
IAllrin 

Iha-BHC (aloha-HCHl 

Ib ta-BHC 
Id Ita-BHC 

CORRECTED 
CAS 

7439-97=6 
7440-02=0 
7440-09-: 
7782-49-2 
744 
744 
744 
744 
744 

7429-90-5 
7440-36-C 
7440-38-; 
7440-39-: 
7440-41 
7440-43=9 
7440-70:2 
7440-47-: 
74 D-48-4 

D-~ 0-8 
')-89-6 
')-~ 

74 ')-95=4 
7439-96-5 
7439-97-6 
744 12-( 
744 ·09-; 

!-49-2 
744 22-4 
744 -23-5 
7440-28-( 
7440-62-2 
7440-66-6 

1-~:5-6 

79-34-5 
79-00-5 

34-3 
35-4 

0-82-1 
6-93-4 
,-50-

107-06-2 
3-E 7-5 

5' '3-
6-'·6-: 
l-S -3 

5S '8-6 
.08- 0-: 

7-6 
L-4 
;-21-4 
;-2 
1-83=9 

75-15-0 
56-23-5 
08-90-, 
75-00-: 
57-66-: 
74-87=3 
96-12-8 
156-59-2 

10061-( -5 
LO-82-: 
!4-48-: 
5- [-8 
JO-4H 

98-82-8 
79-20-9 

8-87-2 
;-09 
14-04-4 
0-42-~ 

IT 
08-88-, 

L56-60-5 
[0061-02-6 

1-6 
69-4 

72-54-8 
72-55-9 
:0-29< 

109-00-; 
119-84-6 

)3-71-9 
319-85-: 
319-86-8 

USEPAORNL 
Residential Soil (5) 

5. MG/KG 
1500 MG/KG 

NI 
NI 

Nt 
Nt 
Nt 
NI 
Nt 

Nt 
N' 

NI 
NI 
NI 
Nt 
Nt 

MG/K 
MGlK 

MG/K 
MG/KC 

8: 'G/KG 
56t UG/KG 
10 UG/KG 

330 31K 
3/K 
j/K 

34 ,IK> 
19( UGIK 

4, UGlKG 
891 IGlKG 

'G/KG 
I 28000000 UG/KG 

, 10000 UG/KG 
UG/KG 

I 61000000 IG/KG 
10 'G/KG 

6-

730 
820000 

25( 

29( 
12C '00 
5. 

780000 
170' 

'G/KG 
'G/KG 

UG/KG 
UG/KG 

ilKI 
i/KI 
i/K( 
ilKt 

UG/K 
UG/KG 
UG/KG 

3/K' 
3/K' 
ilK' 

180000 ilK' 
5401 ilK' 

2T UG/KG 
178000000 UG/KG 

NC 
G/KG 
GIKG 

630 G/KG 
550 UG/KG 

00 UGIKG 
150000 UG/KG 

7()Q.. 3/K' 

143000000 
60 

630000 

3/K' 
3/K' 
~/K' 

3M 
IGlKG 

2000. UG/KG 
J.4QQ.. 'G/KG 

00 'GIKG 

N( 

'G/KG 
G/KG 

27 UG/KG 

USEPA ORNL Risk USEPA ORNL SSLs Minimum Federal 
Based SSLs (5) for Residential Criteria 

Inhalation (5) 

1.03 MGIKG 2.9 MGlKI 
48 MGlKG NC 
NC NC 
).95 MGlKG NC 
1.6 MGIKG 
NC 
NC 
18C MG/KG 
68C MGTKG 

Ne 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
Ne 
NC 
Ne 
NC 
NC 
NC 
NC 

3200 
0.026 
0.ll78 

1.69 
120 
6.8 

J.0018 
36( 
J.042 

NC 
>.4' 

1500 

45C 
4500 

1.21 

2. 
2.2 
31 

0.0: 
62 

5900 
0.05, 

49 
).00014 

0.15 
13( 

.039 
6' 

1100 
7500 
NC 

2.8 
1800 
0.049 
1600 

31 
NC 

12 
83( 

150000 
).0056 

2( 

86 
60 

J.84 
O. 74 
NC 
1.26 
NC 

NC 
N' 
N, 

Ne 
NC 

N 
N 

NC 
N 
N 
N 
N 

NC 
NC 
N( 

'G/KG 1200000 
GIKG 580 

UGlKG 970 
UGlKG 1200000 

GlKG 290 
GlKG 180 
IGlKG O. 

UG/KG 6000( 
UG/KG 36C 
UG/KG 15000 

N( 

IG/KG 11( 
IG/KG 124( 

UG/KG NC 
UG/KG l2700O0O 
UG/KG NC 

'G/Kt 830 
'G/KI NC 
'GIKI 52000 
'G/K( 94C 
G/Kt no 

UGlKG 330 
>!K' 1300 
,/KI 1200000 
,/KI 280 
,/KI 210( 
,/KI 23000 

UG/KG NC 
UG/KG 1100 

ilK 18.51E+· 
ilK N( 
,IK 25( 
ilK 4( 
ilK 85C 

G/KG NC 

GlK( 
G/K( 
G/K( 

UG/KC 
UG/KC 
UG/KG 

ilK' 

49C 
13000 

8700000 
1500000 
10000 

650 
NC 

>!KG 11C 
ilKG 93( 
>!KG 280 
ilKG 

UG/KG 
UGlKG 
'G/KG 

UG/K( 
UG/KG 

UG/KG 

NC 
NC 
N 
N' 

JGlK' 
G/K' 

JG/KI 
31K 

31K 
3/KG 

IGIK 

UGIK 

UGIK 

UGIK' 

IGlK' 
G/K' 

3/KG 

UG/K 
UGlK 

UG/KI 

U( 

).03 MGIKG 
48 MGIKG 

'.95 
1.6 

18( 

MGlKG 

68C MGIKI 

NC 
NI 
Nt 
Nt 
Nt 
Nt 
NC 
NC 
N 
N' 
N' 
N' 
N, 
N( 

N' 
N' 
NI 
NI 
NI 
NC 
NC 
Ne 
NC 

3200 
1.026 
0.078 

'.69 
120 
6.8 

O.C 18 
360 

J_042 
O. 
Ne 

0.4' 
1500 

45( 
4500 
0.21 
).032 
2.3 
2.2 
31 

0.07: 
62 

5900 
.053 
49 

J.00014 
110 

_1:LI5 
13( 
1.039 
61C 

1100 
7500 

49( 100 

1600 
31 

1100 
12 

83( 
150000 
0.1056 

2( 

86 
60 

74 

N( 

'G/KG 
'GIKG 

UGIKG 
U' (G 

(G 
(G 
(G 
(G 

UGlKG 
UGlKG 

IG/KG 
IG/KG 

UG/KG 
UG/KG 
UlilKG 

,IKG 
ilKG 
,IKG 
,IKG 

G/KG 

>!K' ,/KI 
UG/KG 

,IKG 

,IK' 
,IK( 
ilK( 
,IK( 
,IKI 

UGIKG 
UGIKG 

ilKl 
ilK( 
ilK( 
ilK( 
ilKt 

UG/KG 
UG/KG 

,/KI 
,IKG 
3/KG 
,IKG 
ilKG 

UG/KG 
UGlKG 
UG/KG 

'G/K( 
UG/K( 

UG/KG 

MIN FEDERAL BASIS 

~BasedSSLs 
US EPA RlskBased SSLs 

Nt 
USEPA Risk Based SSLs 
USEPA Risl j SSLs 

US EPA Risl Based SSLs 
~ BasedSSLs 

Nt 
Nt 

Nt 
N( 

N( 

Nt 
NC 

N 
N( 

N( 

N 
N 
N 
Ne 
Ne 

US EPA Risk lased SSLs 
~lasedSSLs 
USEi'ARiSk1lased SSLs 
USEPA Risk I lased SSLs 
USEPA Risk I SSLs 
USEPA Risk I SSLs 
USEPA Risk lased SSLs 
~lasedSSLs 
u-sEPARlSk lased SSLs 
USEPA Risk lased SSLs 

USEPA Risk , SSLs 
USEPA Risk lased SSLs 
~lasedSSLs 
USEPARISk lased SSLs 
US EPA RisK lased SSLs 

;EPA Ri I SSLs 
;EPA Ri SSLs 
;EPA Ri lased SSLs 
;EPA Ri lased SSLs 
fEPARi lased SSLs 

USEPA RisK I lased SSLs 
;EPA Risk I SSLs 
;EPA Risk I SSLs 
;EPA RisK lased SSLs 
;EPA Risk lased SSLs 
~ lasedSSLs 

USEPA Risk lased Ls 
IS EPA Risk lased Ls 
,EPA Risk Ls 
3EPA Risk Ls 
,EPA Risk ,ased Ls 
3EPA Riskased SSLs 
~asedSSLs 

USEPA RISk- ased SSLs 
USEPA SSLs for Residenli, I Inhalalian 

;EPA Risk iSL 
;EPA Risk iSLs 
;EPA Risk ased ;SLs 
;EPA Risk ased ;SLs 
~asedSSLs 

USEPA Risk ased -SLs 
USEPA SSLs for Residenli Inhalalian 

EPA Risk 
EPA RisK Ls 
EPA Risk Based Ls 
EPA Risk Based Ls 
EPARlSi<Based SSLs 

USEPA RiskBased SSLs 
USEPA RiskBased SSL 
USEPA Risl Based SSL 
USEPA Risl I SSL 
USEPA Risl I SSL 

JSEPA Risl Based SSL 

TABLE F-1B 
REFERENCE DATA FOR PROJECT ACTION LlMITS­

USEPA and OVERALL BASIS VALUES 
SITE 12 

NAVAL STATION GREAT LAKES 
GREAT LAKES, ILLINOIS 

OVERALL MINIMUM 

0.03 MGlKC 
48 MGlKC 

0.95 
1.6 

a 
18C 
680 

3.5 
).006 
0.05 

2 
J.004 
).005 
Ne 

1.65 
5 

O.t 075 
NC 
0.15 
l.002 

NC 
O. 
0.05 
NC 

0.002 
1.049 

5 

2000 
1.026 
1.078 
0.69 
60 
6.8 

0.1018 
360 

J_042 
O. 
N( 

0.4' 
1500 

45( 
450 

>'21 
1.032 
i.3 
2.2 
31 
.07: 
62 

5900 
.05, 
49 

J.00014 
II( 

0.15 
13( 
1.039 
6 

1100 
7500 

460 

2.8 
1800 
0.049 
1600 

31 
1100 

12 
83( 

150000 
'056 

2( 

86 
60 
87 

0.84 
0.074 
NC 
0.26 
NC 

IK( 
IK( 

MIKC 
MGlKC 

MG/L 
M( 

MC 
MC 
MC 
MC 

MGlL 
MG/L 
MGIL 
MG/L 
MM 

MGlL 
MGlL 
MG/L 

MGlL 
MG/L 

MG/L 
MG/L 
MG/L 

UG/KG 
UG/KG 
UGIKG 

3/KG 
"/KG 
3IKG 
:;tKG 
3/K( 

UG/K( 
UG/K 

UGM 
UG/K' 
UG/KG 
UGM 

ilKG 
ilKG 
,IKG 
ilKG 
j)j(G 

UG/KG 
UG/KG 

GlK 
G/K 
G/K 

UG/K 
UG/K 
UG/K 

"KG 
>!K' 
,IK' 
ilK' 
ilK' 

UG/K' 
UG/KG 

ilKG 
ilKG 
ilKG 
ilKG 
i7KG 

UG/KG 
UG/KG 
UG/KG 

,G 

UG/KG 
UG/KG 
UGIKG 
UG/KG 
UG/KG 

UG/KG 

OVERALL BASIS 

USEPA Risk Based SSLs 
U~EPA Risk Based SSLs 

JSEPA Risk Based SSLs 
, A HisK Based SSLs 

N' 

N' 
USEPA Risk Based SSLs 
JSEPA Risk Based SSLs 

NON-TAC se GV Class 
TAe ) to ,W ;Iass I 
fAce > to' iW ;Iass I 
f ACC > to iW ;Iass I 
fAce >to ,W ;Iass I 
fAce . SO to GW Class I 

NC 
fAi >to' iW ;Iass I 
fAt I to' ,W ;Iass I 
fAt Ito I ,W ;Iass I 
fAC I to' ,W ;Iass I 
fA( I 

NC 
TAQ9 c SO to GW Class 
TAe ) - SO to GW ;Iass 
TAt) - SO te GW Class 

Nl 
TACC . SO to GW Class 
TACe . SO to GW Class 

Ne 
TA(;(: :1'0 to GW Class I 
fAe . SO to GW :Iass I 
fACe· SO to iW Class I 

fAce . SO to GW Class I 
US EPA Risk Based SSLs 
US EPA Risk Based SSLs 
U~A RisK Based 3SLs 
-ACC . SO to ',W lass I 

, HisK Based ;SLs 
JSEPA RisK Based 3SLs 
JSEPA Risk Based 3SLs 
JSEPA Risk Based SSLs 
U~ A Risk Based SSLs 

Ne 
, HlsK Based SSLs 

USEPA RisK Based SSLs 
USEPA Risk Based SSLs 

EPA Risk Based SSLs 
EPA RisK Based Ls 

, RisK Based Ls 
, HisK Based Ls 

EPA Risk Based Ls 
ISEPA Risk Based Ls 
ISEPA RisK Based SSLs 

,PA Risk Based SSLs 
, RisK Based SSL 

FA HisK Based SSL 
,PA HlsK Based SSL 

;EPA Risk Based SSLs 
JSEPA Risk Based SSLs 
JSEPA Risk Based SSLs 

iEPA Risk Based SSLs 
\ RisK Based SSLs 

cPA HisK Based SSL 
,PA HlsK Based SSLs 
,PA RisK Based SSLs 

JSEPA Risk Based SSLs 
JSEPA Risk Based SSLs 
ON-TAe ;anst rker 

orA RisK Based 
,HISK Based 

3EPA Risk Based 
IS EPA Risk Based 
IS EPA Risk Based SSL 
IS EPA Risk Based SSL 

USEPA ;SLs fa Residenliallnhalalion 
,EPA RisK Based. Ls 

'PA RisK Basee Ls 
cPA Hisk Basec 
,PA Risk Basee Ls 
,PA Risk Based Ls 

US EPA Risk Based SSLs 
us EPA Risk Based SSLs 
US EPA Risk Based SSLs 
US EPA Risk Based SSLs 
USEPA RisK Based SSLs 

NC 
USEPA Risk Based SSLs 

NC 
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USEPAORNL USEPA ORNL Risk 
US EPA ORNL SSLs 

Minimum Federal 
CORRECTED Residential Soil (5) Based SSLs (5) 

for Residential 
Criteria 

MIN FEDERAL BASIS 

CORRECTED PARAMETER CAS 
Inhalation (5) 

IDieldrin 60-57-1 3( UG/K O. UG/K IG/KG USEPARi I :;:;Ls 

I Endosul!an 115-29-7 37( UG/K 9' UGIK IGIKG USEPARI j :;:;Ls 

klslJlfan I :-98-8 N 
losulfan II 3, 3-65-9 N 
losullan sullale ·07-8 N 

~0-8 181 UG/KG 230 UG/KG 230 DG7RG DSEPARlSk Based SSLs 
Irln aldehyde 1-93-4 N NC N NC f'j( 

Irin Kelone 53494-70-5 NC NC NC NC NC 
Igamma-BHC (Lindane) 58-89-9 520 UGlKG J.43 UGIKG NC 0.4: LJGIKG USEPARI Based SSLs 

5' )3-74-2 NC NC N NC 

~~Iachlor '6-44-8 IGlKG 1.6 UG/KG N 1.6 UG/KG JSEPARI j :;SLs 

ieplachlor epoxlde 124-57-3 53 UGlKG 0.079 UGIKC N ).079 UG/KG USEPA Ri Based SSLs 
'2-43-5 310000 UG/KG 34C UG/KG N 3400 DG7RG USEPARI Based SSLs 

oxaphene 8001-35-2 44C UGlKG 12 UGIKG N 12 DG7RG lJSEP)\fji Based SSLs 

NA = not available; no criteria is available for that parameter for that chemical 
1 - Section 742 Table A, Tier 1 Soil Remediation Objectives for Residential Properties (Ingestion, Inhalation, or Soil Component of Groundwater Ingestion Route)(OnJine July. 2008). 
2 - Section 742 Table B. Tier 1 Soil Remediation Objectives for IndustriaVCommercial Properties (Ingestion or Inhalation) (Online July. 2008). 
3 - Soil Remediation Objectives for Residential Properties, Non-TACO Chemicals (May 1, 2007) 
4 - Soil Remediation Objectives for IndusriaVCommercial Properties, Non-TACO Chemicals (May 1, 2007) 
5 - Oak Ridge National Laboratory Regional Screening Level (ORNL, September 12, 2008) 

Definitions: 
C - Carcinogen 
5 - Concentration may exceeed soil saturation concentration. 
OAF - Dilution Attneuation Factor 
TACO - Tiered Approach to Corrective Action Objectives 
N - Noncarcinogen 
NC - Not Criteria: no criteria is available for that parameter for that chemical 
sat - Soil Saturation Concentration 
GW - Groundwater 
SO-Soil 
IL -Illinois 
SSL - Soil Screening Limits 

TABLE F-18 
REFERENCE DATA FOR PROJECT ACTION LlMITS­

US EPA and OVERALL BASIS VALUES 
SITE 12 

NAVAL STATION GREAT LAKES 
GREAT LAKES, ILLINOIS 

JOVERALL MINIM UN OVERALL BASIS 

UGIKG USEPA Risk Based SSLs 
9 UG/KG USEPA Risk Based SSLs 
NI N( 
NI NC 
NI NC 
23C UGIKG USEPA Risk Based SSLs 
NC 

IG/KG USEPARI: Based SSl 

IG/KG USEPA RI: Based SSLs 
O. 79 IG/KG U:;, eA RI" Based SSLs 
3400 UG/KG USEPA Risk Based SSLs 

12 UG/KG USEPA Risk Based SSLs 
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PARAMETER 

1 BIS :2-CHLOROETHYL)ETHER 
2-C OR lPHENOL 
PHENOL 
iE: ACH OR'lETHANE 

N-N: rROSO-[ -N-PROP' LAMINE 
rROBENZENE 

12-METHYLPHENOL 
1 ISOPHOR' lNE 
14-METH' LPHENOL 

.-BIPH ,NYI 
!'-C IS( 
1,5-TRI :HLOROPHENOL 
,6-TRICHLOROPHENOL 
I-DICHIOROPHENOL 

12, I-DIMETHYLPHENOL 
A-DIN: rROPHENOL 

',4-DIN: mc OL JENE 
,6-DIN: mc OL JENE 
'-CHLORONAPHTHALENE 
!-NITROAN INE 

12-NITROPHENOL 
,3'-DICH 

13-NITROAN INE 
1,6-DINITRO-2-METHYLPHENOL 

14-BROMOPHENYLPHENY . ETHER 
14-CH LORO-3-METHYLPH ENOL 
14-CHLOROANILINE 
14-CHLOROPHENYL PHENYL ETHER 

14-
IACt 

TRAZINE 
~E 

BENZALDEHYDE 
IBIS(2-CHLOROETH lXY)METHANE 
1 BIS(2 -ETHYLH EXYLl PHTHA LATE 
1 BUTY . BENZY . PHTHALATE 
::APROLAC rAM 
CARBAZOLE 

URAN 
IETHYI. PHTHALATE 
[METHYl. PHTHALATE 
[-N-Bl rvl. PHTHALATE 
[-N-OC rvL PHTHALATE 
EXACH OROBENZENE 

iEXACH OROBL TADIENE 
HEXACHLOROCYC )PENTAI IENE 
~-Nr LAMINE 

PENTAe 
P()L 
ACENAPHTHENE 
ACENAPHTHYLEN E 
ANTHRACENE 

rHRACENE 
BEN: (A 

IBENZ( (8 
IBENZ( 
IBENZ( 

lENE 
JRANTHENE 

IPERYLENE 
10RANTHENE 

DlBEN fA,H1ANTHRA:ENE 
IFLUOR. THENE 
IFLUORENE 

Minimum IL 

TABLE F-2 
PROJECT ACTION LIMITS EVALUATION TABLE 

SITE 12SAP 
NAVAL STATION GREAT LAKES 

GREAT LAKES, ILLINOIS 

CORRECTED Criteria MINIMUM IL BASIS 
Minimum Federal 

Criteria 
MIN FEDERAL BASIS 

CAS 

1-44-4 

108-95-2 
67-72-: 

98-95-: 
95-48-: 

106-44-5 
~f:4 
8-60-) 
;-95-4 

0-83-2 
05-67-9 
1-28=5 

14-2 
606-20-2 
91-58-: 
88-74-4 
:8-' 5-5 
1-' 

99-1 ~-2 
534- :2-I 

:5-: 
59-50-' 
06-47-8 

7005-72-: 
100~e 1=-6 
100-C2-' 

100-~ 2-: 
1-91-: 

iiT-81-' 
85-68-: 

86-74-8 
132-64-9 

131-: 1-3 
84-74-2 

18-74-: 
87-68-3 
'7-47-4 

86-30-6 
87-86-5 

83-32-9 
2lf8-96-8 

50-32-E 
2( 5-99-
191- 4-
2( 7-08-' 
218-01-9 
53- '0-3 

206-44-0 

l.4 
36e 

~OOOO 
500 
0.05 
100 

1500C 
8000 
200 

150000 
240 

130000 
90 

9000 
200 
0.8 
1.7 

49000 
14C 

UGIKG 
UG/KG 
UGIKG 
UGIKC 
UG/KG 
UG/KC 
UG/K' 
UG/K 
UG/KG 

IKG 
IKC 

(G 

IKG 
UG/K, 
UG/K, 
UG/KC 
UG/KG 
UG/KG 
UG/KG 

TACO - SO to GW Class 
TAe I oH Soecific Cilteria 
TACO - SO to GW Class 
TACO - SO to GW Class 
TACO - SO to GW ~Iass 
TACO - SO to GW Class 
TACO - se to GW Class 
TACO - se to GW ~Iass 

NON-TACC I to GW Class 
NON-TAce I to GW Class 
NON-TACO I to GW Class I 

TACO oH Soecific iteria 
rAe I oH Soecific iteria 
f ACO pH Specific Criteria 
fAC ,- SCI to GW lass 
fAC 1- SCI to GW lass 
f ACO - SO to GW lass 
fACO - SCI to GW Class 

NON-TAe ,se' to GW Class 
NON-TAce - SO to GW Class 

Ne NC 
7 U<:i/KG TACO - SO to GW :Iass 

UG/K( NON-TAC( - SO to GW Class 
3 UG/K 1 NON-TACO SO to GW Class I oH Soec 

N( 

700 UG/KG 
NC 
10e UG/K 
NC 

Ne 
Ne 

TAC l - SO to GW :Iass 
Ne 

. SO to GW Class 
Ne 
Ne Ne 

66 UG/K TACO - SO to GWClass 
UG/K( NON-TACe - SO to GW Class 

NC 
4600e 

930000 
14000 

60 
820000 
470000 

UG/K 
UG/KG 
UG/KG 
UG/K 
UG/KC 
UG/K 

23000 UG/K 
1600000 UG/K 

400 UG/KC 
2200 UG/K' 
100 UGIK' 

000 UGIKG 
20 UGIKG 

570000 UG/KC 
85000 UG/KG 

12000000 UG/KG 
900 UG/K, 
90 UG/K' 

9C UG/KG 
2300000 UG/KG 

9000 UG/KG 
88000 IG/KG 

90 IG/K 
3100000 UG/KG 
56000C UG/KG 

Ne 
TACO Residential Inaestion 
TACO Residentiallnaestion 

NON-TACC - SO to GW Class 
TACO - SO to GW Class 
NON-TACe Const Worker 
TACO - SO to GW Class 

NC 
T Ace, Residential Inaestion 
T Ace, Residential Inaestion 
T Ace, Residential Inaestion 

NON-TAce . SO to GW Class 
rAce' Residential Inaestion 
TACO - SO to GW Class I 
TACe, oH Soecific Criteria 

TACO - SO to GW Class I 
. SCI to GW Class 

TACO - SO to GW Class I 
TACe' ReSidential Inaestion 
TAce' Residential Ingestion 
TACO Residential Inaestion 

NON-TACO Residentiallnaestion 
TACO Residenliallnaeslior 
TACO Residentiallnaestion 
f ACO Residenliallnaeslior 
TACO Residenliallnaeslion 
fAce - SO 10 GW Class I 
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.031 
15C 

630C 
2.9 

. 6.0072 
0.079 
1500 
23 
15e 

19000 
12 

14000 
23 
13C 
860 
82 
1.29 
50 

15000 
150 
Ne 
1.98 

6.2 
Ne 

430C 
0.14 
Ne 
1.4 
Ne 

llC 
19 

810 
25 

11C 
51 
4500 
Ne 
NC 

12000 
NC 

920 
NC 
1.53 
.7 

160 
75 
5. 

UGIKG 
tlGi~ 
UG/K' 
UG/K' 

UG/K' 
UG/KG 

UG/KG 
UG/KG 
UG/KG 
UG/KI 

UG/KG 
UG/KG 

UG/KG 
UG/KG 

UG/K( 

USEPA Risk Based SSLs 
USEPA Risk Based SSLs 
USE P~ Risk Based SSLs 
USEPA Risk Based SSLs 
USEPA Risk Based SSLs 
USEPA Risk Based SSLs 
USEPA Risk Based SSLs 
USEPA Risk Based SSLs 
USEPA Risk Based SSLs 
USEPA Risk Based SI Ls 
~ Risk Based SI Ls 
USEPI\.. Risk Based SI Ls 
USEPA Risk Based SI Ls 
UE P~ RiSk Based SI Ls 
USEPA Risk Based SI Ls 
USEPA Risk Based SSLs 
USE PA Risk Based SSLs 
USEPA Risk Based SSLs 
USEPA Risk Based SSLs 
ISEPA Risk Based SSLs 

NC 
UG/K USEPA Risk Based SSLs 
UG/KG =PA SSLs for Residentiallnhala ion 
-OG7KG USEPA Risk Based SSLs 

NC 
UG/KG USEPA Risk Based SSLs 
DG7KG USEPA Risk Based SSLs 

UG/K 

UG/KG 
DG7KG 
UG/KG 
UG/KG 

UG/KG 
UG/KG 

UG/K' 

UG/KG 
UG/KG 
~ 
UG/KG 
UG/K' 

Ne 
USEPA Risk Based SSLs 

NC 
ISEPA Risk Based SSLs 

USEPA Risk Based SSLs 
US~~ Risk Based SSLs 
USEPA Risk Based SSLs 
~ Risk Based SSLs 
USEPI\.. Risk Based SSLs 
USEPA Risk Based SSLs 

NC 

US EPA Risk Based SSLs 
NC 

USEPA Risk Based SSLs 
NC 

USEPA Risk Based SSLs 
USEPA Risk Based SSLs 
USEPA MCL Based SSLs 
USEPA Risk Based SSLs 
USEPA Risk Based SSLs 

22000 UG/KC USEPA Risk Based SSLs 
NC 

360000 UG/KG 

:.5 

35 
NC 
350 

100 

16C 100 
2700C 

UG/KC 
DG7KG 
UG/KG 

UG/KG 
UG/KG 

UG/KG 
UG/KG 

USEPA Risk Based SSLs 
USEPA Risk Based SSLs 
JSEPA Risk Based SSLs 
USEP~ Risk Based SSLs 

USE PA Risk Based SSLs 
USEPA Risk Based SSLs 
JSEPA Risk Based SSLs 
USEP~ Risk Based SSLs 
USEPA Risk Based SSLs 

OVERALL MINIMUM OVERALL BASIS 

0.031 
15C 

630e 
2.9 

).0072 
0.079 
150 
23 
150 

19000 

14000 
23 
130 
860 
82 

0.29 

15000 
140 
NC 

0.98 

3. 
NC 

43C 
14 

Ne 
t.4 
NC 

0.19 
810 
25 

1 00 
510 
4500 
600 

8200C 
1200C 

NC 
92e 

16000C 
0.53 

.7 
160 
75 
5. 

2200 
8500 

360000 

3.5 
35 

2300000 
35e 

1100 
1 

16000C 
27000 

UG/K 
UG/K 
UG/KG 
UG/KG 
UG/KG 
UG/KG 
U(/KG 

IKG 
UC/KG 
UC <G 
UC/KG 
UG/KG 
UG/KG 
UG/KG 
UG/KG 
UG/KG 
UG/KG 
UG/KG 

G/KG 
UG/KG 

USEPA Risk Based SSLs 
USEPA Risk BasedSSLS 
USEPA Risk Based SSLs 
USEPA Ris <BaSed SSLs 
JSEPA Ris (BA"edSSLS 

USEPA Ris ( Based SSLs 
lEPA Ris <BaSed SSLs 
lEPA Ris ( BA"ed SSLs 
lEPA Risk Based SSLs 
lEPA RiskBaSed lSLS 
lEPA Risk RA"ed ;SL" 

USEPA Risk Based lSLs 
USEPARisk Based lSLS 
USEPA Risk Based lSLs 
USEPA Risk Based SSLs 
JSEPA Risk BasedSSLS 

USEPA Risk Based SSLs 
rACC . SCI to GW Class I 
JSEPA Risk B""ed SSLs 

NON-TACC - SO to GW Class I 
Ne 

UG/KG USEPA Risk Based SSLs 
UG/KG NON-TACe -SOtoGWClass 
UG/KG INON-TAC(ISOtoGW~ 

UG/KG 
UG/KG 

UG/KG 

UG/K, 
UG/K, 
UG/KI 
UG/KI 
UG/KI 
UG/KG 
UG/KG 
UG/KG 
UG/KG 
UG/KG 

UG/KG 
UG/KG 
UG/KG 
UG/KG 
UGIKG 
UGIKG 
UGIKG 

UG/KG 
UG/KG 
UG/KG 
UG/KG 
UG/KG 
UG/K 
UG/KG 
UG/Ke 
UG/K 
UG/KG 
UG/K 
UG/K 

Ne 
US EPA Risk Based SSLs 
USEPA Risk Based SSL< 

Ne 
USEPA RislalasedSSLS 

Ne 
USEPA Risk Based SSLs 
JSEPA Risk Based SSLs 
USEPA Risk Based SSLs 
USEPA Risk Based SSLs 
JSEPA Risk Based SSL" 
USEPA Risk Based SSLs 
USEPA Risk BasedSSLS 
TACO - SO to GW Class 
NON-TAce Const Worker 
US EPA RlSkBaSedSSLS 

NC 
USEPA Risk Based SSLs 

T Ace, ResidentiaiTriC9silOrl 
USEPA Risk Based SSLs 
USEPA Risk Based ssCS-
JSEPA MCL BA"ed SSLs 
USEPA Risk Based SSLs 
USEPA RiskBaSedSSLS 

USEPA Risk Based SSLs 
NON-TACO -SC~ 

USEPA Risk Based SSLs 
USEPA RiskBaSed SSLs 
USEPA Risk 
USEPA Risk Based SSLs 

NON-TACO ResidentiailiiCieSilOr1 
USEPA Risk Based SSLs 
USEPA Risk Based SSLs 
USEPA Risk Based SSLs 
USEPA Risk Based SSLs 
USEPA Risk Based-SS[S 



Minimum IL 
CORRECTED Criteria 

CORRECTED PARAMETER CAS 
2-METHYLNAPHTHALENE 91-57-6 NC 
INDENO 1,2,3-CD PYRENE 193-39-5 900 UG/KG 
NAPHTHALEN E 91-20-3 12000 UG/KG 
PHENANTHRENE 85-01-8 200000 UG/KG 
PYRENE 129-00-0 2300000 UG/KG 
PCBS 
AROCLOR-1016 12674-11-2 NC 
AROCLOR-1221 11104'28-2 NC 
AROCLOR-1232 11141-16-5 NC 
AROCLOR-1242 53469-21-9 NC 
AROCLOR-1248 12672-29-6 NC 
AROCLOR-1254 11097-69-1 NC 
AROCLOR-1260 11096-82-5 NC 
TOTAL AROCLOR 1336-36-3 1000 UG/KG 
INORGANICS 

UMINUM 7429-90-5 78000 MG/KG 
INTIMON1 7440-36-( 5 MG/KG 
IRSENIC 7440-38-2 30 MG/KG 
BARIUM 7440-39-: 1800 MG/KG 
BER' _IUM 7440-41-: 160 MG/KG 
:ADMIUM 7440-43-9 59 IMG/K' 
:AI UM 7440-70-2 NC 
:HROMIUM 7440-47-3 23C IMG/KC 
OBAI 7440-48-4 4700 IMG/K' 

c:OP~ER 7440-50-8 2900 IMG/K' 
IIRON 7439-89-6 55000 IMG/KC 
LEAl 7439-92-: IMG/K' 

IMAGNESIUM 7439-95-4 325000 IMG/KG 
IMANGANESE 7439-! 16-5 1600 IMG/KC 
IMERCURY 7439-! 17~6 6.4 IMG/K' 
INICKEI 7440-( )2-0 IMG/KG 
IPC TASSIUM 7440-( )9-7 NC 
ISELENIUM 782-' 19~2 3.3 IMG/K' 
ISILVER 7440-22-4 39 IMG/KG 
ISODIUM 7440-23-5 NC 
THAI UM 7440-28-0 3.4 IMG/KG 
IANADIUM 7440-62-2 55C IMG/KG 
~INI 16000 IMG/KG 

IAL JMINUM 7429-90-5 3.5 MG/l 
IAN'IMONY 7440-36-0 0.006 MG/l 
lilRSENIC 7440-38-2 05 MG/L 
IBARIUM 7440-39-3 2 MG/l 
IBERYLLIUM 7440-41-7 0.004 MG/l 
CADMIUM 7440-43-9 0.005 MG/L 
:AL :IUM 7441 ·70-2 NC 
:HROMIUM . 7441 )-47-3 O. MG/l 
OBAl 7441 )-48-4 MG/l 
OPPER 7441 )-50-8 1.65 MG/l 

IIRON 74: j-89-6 5 MG/L 
LEAD 74: 9-92· 175 MG/l 

IMAGNESIUM 74: 9-95-' NC 
74: 9-96-~ .15 MG/L 

MERI URY 74: 9-! 0.002 MG/l 
:KEL 7440-02· MG/L 

PC rASSIUM 7440-09-, NC 
SELENIUM '782-49-: 0.05 MG/L 

LVER 7440-22-4 0.05 MG/L 
So[ UM 7440-23-5 NC 
rJ:1t\J"c,ILJM 7440-28-0 MG/L 

7440-62-2 1.049 MG/L 
IlINC 744Q:66:6 5 MG/L 

TABLE F-2 
PROJECT ACTION LIMITS EVALUATION TABLE 

SITE 12SAP 
NAVAL STATION GREAT LAKES 

GREAT LAKES ILLINOIS 

MINIMUM IL BASIS 
Minimum Federal 

Criteria 

NC 750 UG/KG 
TACO Residential Ingestion 120 UG/KG 
TACO - SO to GW Class I 0.47 UG/KG 

NON-TACO - SO to GW Class I NC 
TACO Residential Ingestion 120000 UG/KG 

NC 92 UG/KG 
NC 0.12 UG/KG 
NC 0.12 UG/KG 
NC 5.3 UG/KG 
NC 5.2 UG/KG 
NC 8.8 UG/KG 
NC 24 UG/KG 

TACO Residenliallnoestion 220 UG/KG 

NON-TACC' Residential Ingestion 55000 MG/KG 
rACO pH Specific ';ritena 1.66 MG/KG 
rACCI pH Specific Criteria 1013 MG/KC 
rACO pH Specific Criteria 300 MG/KG 

r ACC I Residential Ingestion 58 MG/KG 
r AC I pH Specific Criteria 1.4 Me l/KG 

NC 0 Me "KG 
r ACO Residential Ingestion 276 Me l/KG 
r AC I Residential Inoestion 0.49 Me l/KG 
r ACO Residential Inge"llil 5' MG/KG 

NON-TACC' Residential Ingestion 640 MG/KG 
r ACO pH Specific Cnteria 400 MG/KG 

r ACO Residential Inges1l0n 0 MG/KG 
rACO Resid lential Ingestion 5, MG/KG 
rAC I PH Ipecific Cnteria 0.03 MG/KG 
rACO pH Ipecific Criteria 48 MG/KG 

NC 0 MG/KG 
rACO pH Ipecific cnteria 0.95 MG/KG 
rACO pH Ipecific Criteria .6 MG/KG 

NC 0 MG/KG 
rAC I pH Ipecific ;nteria 0 MG/K 

rACO Residentiallngeslion 180 MG/KG 
r ACO pH Specific Criteria 680 MG/KG 

NON-TACC . SO to GW Class I NC 
TACO - SCI to GW Class NC 
r ACO - SO to GW ;Iass NC 
r ACO - SCI to GW Class NC 
r ACO - SCI to GW Class NC 
TACO - SO to GW Class NC 

NC NC 
r ACO - SCI to GW ~Iass NC 
TACO - SO to GW Class NC 
r ACO - SCI to GW Class NC 
r ACO - SO to GW ;Iass NC 
r ACO - SCI to GW Class NC 

NC NC 
r ACO - SO to GW Class NC 
r ACO - SCI to GW Class NC 
TACO - SO to GW ;Iass NC 

NC NC 
r ACO - SCI te iW :;Iass NC 
TACO - SO to GW Class NC 

NC NC 
TACO - SO to GW ;Iass NC 
TACO - SO to GW Class NC 
r ACO - SO to GW Class NC 
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MIN FEDERAL BASIS 

USEPA Risk Based SSLs 
USEPA Risk Based SSLs 
USEPA Risk Based SSLs 

USEPA Risk Based SSLs 

USEPA Risk Based SSLs 
USEPA Risk Based SSLs 
USEPA Risk Based SSLs 
USEPA Risk Based SSLs 
USEPA Risk Based SSLs 
USEPA Risk Based SSLs 
USEPA Risk Based SSLs 
USEPA Residential Soil 

USEPA Risk Based S Ls 
USEPA Risk Based S. Ls 
USEPA Risk Based S. Ls 
USEPA Risk Based S. Ls 
USEPA Risk Based S. Ls 
USEPA Risk Based SSLs 

NC 
;EPA SSLs for Residential Inhalation 

USEPA Risk Based SSLs 
USEPA Risk Based SSLs 
USEPA Risk Based SSLs 
USEPA Residential Soil 

NC 
USEPA Risk Based SSLs 
USEPA_ Risk Based SSLs 
USEPA Risk Based SSLs 

NC 
USEPA Risk Based SSLs 
USEPA Risk Based SSLs 

NC 
NC 

USEPA Risk Based SSLs 
USEPA Risk Based SSLs 

NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 

.l'J(: 
NC 
NC 
NC 
NC 
NC 
NC 
NC 

OVERALL MINIMUM OVERALL BASIS 

750 UG/KG USEPA Risk Based SSLs 
120 UG/KG USEPA Risk Based SSLs 
0.47 UG/KG USEPA Risk Based SSLs 

200000 UG/KG NON-TACO - SO to GW Class I 
120000 UG/KG USEPA Risk Based SSLs 

92 UG/KG USEPA Risk Based SSLs 
0.12 UG/KG USEPA Risk Based SSLs 
0.12 UG/KG USEPA Risk Based SSLs 
5.3 UG/KG USEPA Risk Based SSLs 
5.2 UG/KG USEPA Risk Based SSLs 
8.8 UG/KG USEPA Risk Based SSLs 
24 UG/KG USEPA Risk Based SSLs 

220 UG/KG USEPA Residential Soil 

55000 MG/KG USEPA Risk Based SSLs 
1.66 MG/KG JSEPA Risk Based SSLs 

)13 MG/KG USEPA Risk Based SSLs 
300 MG/KG USEPA Risk Based SSLs 
58 MG/KG USEPA Risk Based SSLs 
1.4 MI USEPA Risk Based SSLs 

M NC 
230 MI IKC TACO Residential Ingestion 
0.49 MI USEPA Ris : Based SSLs 
5' MIKe USEPA Ris : Based SSLs 
640 MG/KC USEPA Ris : Based SSLs 
10, MG/KG rACO pH ,pecific riteria 
0 MG/KG NC 
5: MG/KC USEPA Risk Based SSLs 

0.03 MG/K' USEPA Risk Based SSLs 
48 MG/KG USEPA Risk Based SSLs 

MG/KC NC 
0.95 MG/KG USEPA Risk Based SSLs 

.6 MG/KG USEPA Risk Based SSLs 
MG/KC NC 

0 MG/K' NC 
180 MG/KG USEPA Risk Based SSLs 
68C MG/KG USEPA Risk Based SSLs 

3.5 MG/l NON-TACO - SO to GW Class 
0.006 MG/l rACC ·SOto' lW Class 

05 MG/L rACO-SC to' iWClass 
2 MG/l rACC ·SOto· lW Class 

0.004 MG/l rACC ·SOto· lW Class 
0.005 MG/l TACC . SO to' iW Class 

NC NC 
O . MG/L r ACO - SO tc iW ;Iass 

MG/l TACO - SO to GW Class 
1.65 MG/l rACO - SO to GW Class 
5 MG/L rAC I - SCI to GW Class 

0.0075 MG/l rACC . SO to GW Class 
NC NC 

15 MG/l TACO - SO to GW Class 
0.002 MG/l rACO - SO to GW Class 

0.- MG/l rAC I, SO to GW Class 
NC NC 
05 MG/L rACC . SC, to GW ;Iass I 
05 MG/L r ACC . SO to GW Class I 

NC NC 
0.002 MG/L r ACC . SO to GW Class I 
0.049 MG/L rACe . SO to GW Class I 

5 . MG/L rACe . SC, to r:.'!i Class I 



CORRECTED_ DADA""T"D 

VOL LE 
TRI :HI DROETHANE 

!,2-TETRACHLOROETHANE 
fRICHI OROETHANE 

1-[ CHLOROETHANE 
1-[ :HI lROETHENE 
:,4-TRICHI ~E 

,2-[ IBROMOETHANE 
,2-[ :HI lROBENZENE 
,2-[ CHLOROETHANE 
,2-[ :HI OROPROPANE 
,3-[ :HI ~E 

l,4-[ :HI lROBENZENE 
!-BL fANONE 

~-METHYL-2-PENTANONE 

AC INE 
BEI~ZI 'NE 
BROMODICHI IE 
BROMOFORM 
I BRI lMOMETHANE 
:ARBON DISU LFI lE 
:ARBON fEl 

:HLDROFORM 
:HLOROMETHANE 
,2-DIBROMO-3-CHI lRDPROPANE 

:IS-: ,2-DICHLOROETHENE 
:IS-: ,3-DICH ~E 

:V( 
OMOMETHANE 

I mr.u I"IDnI)JFLUOROMETHANE 
I ETHYLBENZENE 

LBENZENE 
I METHYL ACETATE 
I METHYL :YC lHEXANE 
I METHYLENE :HLORI lE 

ISTYRENE 
fETRACHI OROETHENE 

ITOLUENE 
fRANS-: ,2-DICHLOROETHENE 
fRANS-I, l-DICHL IE 
rRICHLDROETHENE 
fRICHLOROFLUOROMETHANE 

,2-TRICHLJRC rRIFLUOROETHANE 
IVINYI :HI ORIDE 
ITC fAL XYLENES 

(SW-846 METHODS 

CORRECTED 
CAS 

Minimum IL 
Criteria 

TABLE F-2 
PROJECT ACTION LIMITS EVALUATION TABLE 

SITE 12 SAP 
NAVAL STATION GREAT LAKES 

GREAT LAKES ILLINOIS 

MINIMUM IL BASIS 
Minimum Federal 

Criteria 
MIN FEDERAL BASIS OVERALL MINIMUM OVERALL BASIS 

-55-6 2000 l,lGIKG fACC . SCI to GW ;Iass 3200 UGIKG USEPARisk Based SSLs 2000 UGIKG TACO - SO to GW Class 
79-34-5 220 UGIKG NON-TACC - SO to GW Class I .026 UG/KG USEPA Risk Based SSLs ).026 UG/KG USEPA Risk Based SSLs 
79-00-5 2C UG/KG TACO - SCI toGW ;Iass 0.078 UG/KG USEPA Risk Based SSLs )7§ UGIKG USEPA Risk Based SSLs 
75-34-323000 UG/KG TACO - SCI to GW Class ).69 I UG/KG USEPA Risk Based SSLs 0.69 UG/KG USEPA Risk Based SSLs 

15-4 6C UG/KG TACO - SCI to GW Class 12C UG/KI USEPA Risk Based SSLs 60 UG/KG fACC - SO to GW :Iass 
12-: 5000 UGIKG TACO - SO to GW ;Iass 6.8 USEPARisk Based SSLs 6.8 UG/KG USEPA.B/sk Based SSLs 
l3-4 1,4 UG/KG TACO - SCI to GW Class ).0018 UG/KI USEPA Risk Based SSLs 0.0018 UG/KG USEPA Risk Based SSLs 
0-1 1700 UG/KG TACO - SCI to GW ~Iass 36C UG/KI USEPA Risk Based SSLs 360 ILGIKG USEPA Risk Based SSLs 
J6-2 2C UG/KG TACO - SCI to GW Class 0.042 UG/KI USEPABis/<Based SSLs 042 UG/KG USEPA Risk Based SSLs 

78-87-5 3C UG/KG fACO - SCI to GW Class 13 UG/KG USEPA Risk Based SSLs 0.13 UG/KG USEPA Risk Based SSLs 
541-73-: NC NC NC NC NC NC 
106-46-; 2000 UG/KG fACO - SCI to GW Class ),4' UG/KG USEPA Risk Based SSLs 0,41 UG/KG USEPA Risk Based SSLs 
78-93-3 NC NC 1500 UG/KG USEPA Risk Based SSLs 1500 UG/KG USEPA Risk Based SSLs 

_!)9: -78-6 NC NC 'GIKG USEPA Risk Based SSLs UG/KGU§EPA Risk Based SSLs 
108-10-: 340000 UG/KG NON-TACC Consl Worker 45C UG/KG USEPA Risk Based SSLs 450 UG/KG USEPA Risk Based SSLs 
67-64-1 25000 UG/KG fACO - SCI to GW Class 4500 IKG USEPA Risk Based SSLs 4500 UG/KG USEPA Risk Based SSLS 
71-43-2 ~ UGIKG fACO - SO to GW ;Iass 1.2' IUC IKG USEPA Risk Based SSLs 0.21 UG/KG USEPA Risk Based SSLs 
75-27-4 600 UG/KG fACO - SCI to GW Class 0.032 IKG USEPA Risk Based SSLs 032 UG/KG USEPA Risk Based SSLs 
75-25-2 800 UG/KG fACO - SCI to GW Class 2.3 IKG USEPA Risk Based SSLs UGIKI USEPA Risk Based SSLs 
74-83-9 ~ UGIKG TACO - SO to GW ;Iass I 2.2 IKG USEPA Risk Based SSLs 2.2 UG/KG USEPA Risk Based SSLs 
75-15-0 9000 UG/KC TACC Const Worker 310 UG/KG USEPA Risk Based SSLs 31C UG/KG USEPA Risk Based SSLs 
56-23-5 70 UG/KG TACO - SO to GW Class I 0.07, UG/KG USEPA Risk Based SSLs .OT UGIKG USEPA Risk Based SSLs 
108-90-: lQOO UGIKG TACO - SO to GW ;Iass I 62 UGIKG USEPA Risk Based SSLs 62 UG/KG USEPA Risk Based SSLs 
75-00-3 970 UG/KC NON-TAC Const Worker 590 UG/KG USEPA Risk Based SSLs 5900 UG/KG USEPA Risk Based SSLs 
67-66-3 300 UG/KG fACC'Residentiallnaeslion 0.053 UG/KG USEPA Risk Based SSLs .053 UGIKG USEPA Risk Based SSLs 
74-87-3 11000 UG/KG Const Worker 49 UG/KG USEPA Risk Based SSLs 49 UG/KG USEPA Risk Based SSLs 
96-12-8 2 UG/K' fACO - SO to GW Class I 0.00014 UG/KG USEPA Risk Based SSLs 10014 UG/KG USEPA Risk Based SSLs 
156-59-2 400 UG/KG TACO - SO to GW ;Iass I 110 UG/KG USEPA Risk Based SSLs 110 UG/KG }SEPAHisk Based SSLs 
0061-01-5 NC NC 0.15 UG/KG USEPA Risk Based SSLs 15 UG/KG USEPA Risk Based SSLs 

10-82-: 0000 UG/K' ConslWorker 13000 UG/KG USEPA Risk Based SSLs 13000 UG/KG USEPA Risk Based SSLs 
.24-48-: 400 UGiK' fACO-SOtoGW;lassl .039 UGIKG USEPARisk Based SSLs 0.039 UG/KG USEPA Risk Based SSLs 

75-71-8 NC NC 610 I UG/KG USEPA Risk Based SSLs 610 UG/KG USEPARisk Based SSLs 
100-41-4 1300 UG/KC fACO - SO to lW Class UG/KG USEPA Risk Based SSLs UG/KG USEPA Risk Based SSLs 
98-82-8 510 UG/K' NON-TAC ConslWorker 110 UG/KG USEPARiskBased;SLs 1100 UG/KG USEPARiskBasedSSLs 
79~20-9 29000 UGiK' NON-TACC . SCI to GW Class 750 UGIKG USEPARisk Based. ;SLs 7500 UG/KG USEPA Risk Based SSLs 
108-87-2 4600 UG/KC NON-TACC Const Worker 4900 UG/KG IEPA SSLs for Residentiallnhalal on 46000 UG/KG NON-TACC Const Worker 
75-09-2 20 >!KG fACC - SO to GW Class I .2 UG (G USEPA Risk Based ;SLs .2 UGIKG USEPA Risk Based SSLs 

1634-04-4 ~ UGIKG fACC -SOloGW ;Iassl 2.8 UG/KG USEPARiskBased ;SLs 2.8 UG/KG USEPARiskBasedSSLs 
00-42-5 4000 UG/KG fACC - SO 10 GW Class I 180 UG/KG USEPA Risk Based SSLs 180 UG/KG USEPA Risk Based SSLs 

1. !7-18-4 60 UG/KG IACC SC 10 GW Class I ).049 UG/KG USEPA Risk Based SSLs 0.049 UGIKG USEPA_Risk Based SSLs 
08-88-3 12000 UG/KG fACC - SO 10 GW Class I 160 UG/KG USEPA Risk Based SSLs 160 UG/KG USEPA Risk Based SSLs 

156-60-5 70 G/KG fACC . SO 10 GW Class I 31 UG/KG USEPA Risk Based SSLs 31 UG/KG USEPA Risk Based SSLs 
0061-02-6 NC NC 00 UGIKG ,PASSLs'orResidenliallnhalaion UG/KG USEPASSLsforResidenliallnhalalion 
19-01-6 60 UG/KG fACC - SO 10 GW Class I 0.72 UG/KG USEPA Risk Based SSLs .72 >!KG USEPA Risk Based Ls 
75-69-4 NC NC 830 UG/KG USEPA Risk Based SSLs 830 IK~ USEPA Risk Based Ls 
76-:.3-: 100 100 GIKG NON-TACOResidentiallnaeslion 150100 UGIKG USEPARiSk Based SSLs 150000 >!KG USEPARiskBased Ls 
15-01-4 10 UG/KG fACC - SO 10 GW Class I 1056 UG/KG PA Risk Based SSLs 1056 >!KG USEPA Risk Based -" 

.330-20-7 5600 UG/KG fACC ConslWorker 200 UG/KG PA ;~,,,~.~Lsi.[ill.\~::200=:=U~IIK~~~=~US:.;EP:A'~Risk~:B~ase~d~Ls~~ 
14,4'-DD[ 72-54-8 3000 l/KG fACCI ResidentiallnQestion 86 UGI PA:asec Ls 86 UG/KG US EPA Risk Based SSLs 
1r.4,S • .4I''-;'_CD~CD;;;-E------------t---:;:72~_55c.;;-_9--t--;2;;;'!COO~-t7;;;;,,~KGt--~TA;';CC~CI RSesid:;:::::enl~iall=ngeS1i<l~:----t--t--;6S;-a--lr.U~GIIK;;<+C---;U7,i;:I"'PA7-i;'~;'::a="seC~LC::-S-l 60 UG/KG USEPA Risk Based SSLs 

14,4'-DC 50-29-3 2000 >!KG fACCI ResidenliallnQeslion 8; UGI USEPA :asec Ls 87 UG/KG USEPA Risk Based SSLs 
IAldrin 309-00-2 40 "KG fACCI Residentiallnaeslio 0.84 UGI USEPA Risk Based ;SLs 0.84 UG/KG USEPA Risk Based SSLs 
alpha-BHC \alpna-N\,;N) 319-84-6 ).5 "KG fACC . SCI 10 GW Class 0.1)74 UGIKC USEPA Risk Based lSLs 0.074 UG/KG USEPA Risk Based SSLs 
alpha-Chlordane 5103-71-9 NC NC NC NC NC NC 
bela-BHC 319-85-, NC NC 0.26 UGIK' }SEPA Risk Based SSLs 0.26 UG/KG USEPA Risk Based SSLs 
della-BHC 319-86-8 NC NC NC NC NC NC 
Dieldrin 60-57-1 4 UG/KG fACO - SCI to GW Class ).09 UG/KG USEPA Risk Based SSLs 0.09 UG/KG USEPA Risk Based SSLs 

15-29-; !ElQQ.O UGIKG fACO - SCI 10 GW ;Iass 9700 UGIKG USEPA_ Risk Based SSLs 9700 UG/KG USEPA Risk Based SSLs 
959-98-8 NC NC NC NC NC NC 
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CORRECTED 
CORRECTED PARAMETER CAS 

Endosulfan /I 33213-65-9 
Endosulfan sulfate 1031-07-8 
Endrin 72-20-8 
Endrin aldehyde 7421-93-4 
Endrin ketone 53494-70-5 
amma-BHC Lindane 58-89-9 
amma-Chlordane 5103-74-2 

Heptachlor 76-44-8 
Heptachlor epoxide 1024-57-3 
Methoxychlor 72-43-5 
Toxaphene 8001-35-2 

Definitions: 
TACO - Tiered Approach to Corrective Action Objectives 
NC - Not Criteria: no criteria is available for that parameter for that chemical 
sat - Soil Saturation Concentration 
GW - Groundwater 
SO-Soil 
IL-lIIinois 
SSL - Soil Screening Limits 
UG/KG - micrograms per kilogram 
MG/L - miligrams per liter 

Minimum IL 
Criteria 

NC 
NC 

1000 UG/KG 
NC 
NC 
9 UG/KG 

NC 
100 UG/KG 
70 UG/KG 

160000 UG/KG 
600 UG/KG 

TABLE F-2 
PROJECT ACTION LIMITS EVALUATION TABLE 

SITE 12 SAP 
NAVAL STATION GREAT LAKES 

GREAT LAKES ILLINOIS 

MINIMUM IL BASIS 
Minimum Federal 

Criteria 

NC NC 
NC NC 

TACO - SO to GW Class I 230 UG/KG 
NC NC 
NC NC 

TACO - SO to GW Class I 0.43 UG/KG 
NC NC 

TACO Residential Ingestion 1.6 UG/KG 
TACO Residential Ingestion 0.079 UG/KG 

NC 3400 UG/KG 
TACO Residential Ingestion 12 UG/KG 
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MIN FEDERAL BASIS OVERALL MINIMUM OVERALL BASIS 

NC NC NC 
NC NC NC 

USEPA Risk Based SSLs 230 UG/KG USEPA Risk Based SSLs 
NC NC NC 
NC NC NC 

USEPA Risk Based SSLs 0.43 UG/KG USEPA Risk Based SSLs 
NC NC NC 

USEPA Risk Based SSLs 1.6 UG/KG USEPA Risk Based SSLs 
USEPA Risk Based SSLs 0.079 UG/KG USEPA Risk Based SSLs 
USEPA Risk Based SSLs 3400 UG/KG USEPA Risk Based SSLs 
USEPA Risk Based SSLs 12 UG/KG USEPA Risk Based SSLs 



TABLE F-3 
TCLP PROJECT ACTION LIMITS FOR INVESTIGATION DERIVED WASTES (lOW) 

SITE 12 
NAVAL STATION GREAT LAKES 

GREAT LAKES, ILiNOIS 

Analytes CAS Number 
Project Action Limit Quantitation Limit 

(mglL) (1) 

TCLP METALS SW-8461311/6010B17470A FOR IDW DETERMINATION 

ARSENIC 7440-38-2 5 

BARIUM 7440-39-3 100 

CADMIUM 7440-43-9 1 

CHROMIUM 7440-47-3 5 

LEAD 7439-92-1 5 

MERCURY 7439-97-6 0.2 

SELENIUM 7782-49-2 1 

SILVER 7440-22-4 5 

TCLP VOC SW-8461311/8260B FOR IDW DETERMINATION 

BENZENE 71-43-2 0.5 

CARBON TETRACHLORIDE 56-23-5 0.5 

CHLOROBENZENE 108-90-7 100 

CHLOROFORM 67-66-3 6 

1,2-DICHLOROETHANE 107-06-2 0.5 

1,1-DICHLOROETHENE 75-35-4 0.7 

2-BUTANONE 78-93-3 200 

TETRACHLOROETHENE 127-18-4 0.7 

TRICHLOROETHENE 79-01-6 0.5 

VINYL CHLORIDE 75-01-4 0.2 

TCLP SVOC SW-8461311/8260C FOR IDW DETERMINATION 

O-CRESOL 95-48-7 200 
M-CRESOL 95-48-7 200 

P-CRESOL 106-44-5 200 

1,4-DICHLOROBENZENE 106-46-7 7.5 

2,4-DINITROTOLUENE 121-14-2 0.13 

HEXACHLOROBENZENE 118-74-1 0.13 

HEXACHLORO-1,3-BUTADIENE 87-68-3 0.5 

HEXACHLOROETHANE 67-72-1 3 

NITROBENZENE 98-95-3 2 

PENTACHLOROPHENOL 87-86-5 100 

PYRIDINE 110-86-1 5 

2,4,5-TRICHLOROPHENOL 95-95-4 400 

2,4,6-TRICHLOROPHENOL 88-06-2 2 

TCLP PESTICIDES SW-8461311/8270C FOR IDW DETERMINATION 

CHLORDANE 57-74-9 0.03 

ENDRIN 72-20-8 0.02 

HEPTACHLOR 76-44-8 0.008 

HEPTACHLOR EPOXIDE 1024-57-3 0.008 

LINDANE 58-89-9 0.4 

METHOXYCHLOR 72-43-5 10 

TOXAPHENE 8001-35-2 0.5 

TCLP HERBICIDES SW-8461311/8270C FOR IDW DETERMINATION 

94-75-7 10 

93-72-1 

Project Action Limits for IDW management are based on disposal requirements as per 
RCRA CFR 261.24 

TCLP = Toxicity Characteristic Leaching Procedure 

(mglL) 

0.1 

2 

0.05 

0.1 

0.03 

0.002 

0.05 

0.1 

0.01 

0.01 

0.01 

0.01 

0.01 

0;01 

0.1 

0.01 

0.01 

0.02 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.2 

0.2 

0.05 

0.05 

0.0005 

0.0001 

0.0001 

0.0001 

0.0001 

0.0001 

0.01 

0.005 

0.001 
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