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Executive Summary 
This Remedial Investigation (RI) Sampling and Analysis Plan (SAP) was prepared to conduct an RI at the Area of 
Concern (AOC) 6 Trinitrotoluene (TNT) Graining House Sump and TNT Catch Box Ruins subareas located at Naval 
Weapons Station Yorktown Cheatham Annex (CAX) in Williamsburg, Virginia (Figure 1). It was prepared by the 
United States (US) Department of the Navy (Navy), Naval Facilities Engineering Command (NAVFAC) Mid-Atlantic 
Division under the Comprehensive Long-term Environmental Action Navy (CLEAN) 1000 Contract, Contract Task 
Order (CTO) 056 for submittal to NAVFAC Atlantic, the United States Environmental Protection Agency (USEPA) 
Region 3, and the Virginia Department of Environmental Quality (VDEQ). The Navy, USEPA, and VDEQ work jointly 
as the CAX Partnering Team. This SAP was written in accordance with the Uniform Federal Policy for Quality 
Assurance Project Plans (UFP-QAPP) guidance document (USEPA, 2005) using the modified Tier II format.  

CAX encompasses 2,300 acres east of Williamsburg, between Interstate 64 and the York River on the York-James 
Peninsula (Figure 1). The majority of CAX is undeveloped and heavily wooded. Major surface water features at 
CAX consist of Cheatham Pond, Jones Mill Pond, and Penniman Lake, and the base is adjacent to the York River. 
AOC 6 consists of five subareas, two of which are the subject of this RI. The TNT Graining House Sump subarea is a 
wooded area located near the banks of Penniman Lake, as shown on Figure 2, and consists of a concrete-lined, 
open top pit believed to be the sump pit for the TNT graining house in the former shell loading area. The TNT 
Catch Box Ruins is a wooded area also located near the banks of Penniman Lake and consists of an earthen, brick-
lined depression located immediately adjacent to the TNT graining house in the former shell loading area. For this 
RI, these two subareas will be referred to together as the AOC 6 TNT subareas, based on their geographical 
proximity. 

This SAP details various aspects of the environmental investigation process that will serve as guidelines for the 
field sampling event to gather the required soil and groundwater sample data to conduct the RI, which will 
incorporate the newly collected data and existing historical data. This document will ensure that the collected 
environmental data are scientifically sound, of known and documented quality, and suitable for intended uses. 
The laboratory information cited in Appendix A of this SAP is specific to the laboratories that were selected, based 
on a competitive selection process. These laboratories possess the necessary Department of Defense (DoD) 
Environmental Laboratory Accreditation Program (ELAP) certification for the analytical methods required by this 
project. In the event of changes, revisions will be submitted to the CAX Partnering Team prior to commencement 
of fieldwork.  
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1 Project Organization 
1.1 Project Organization Chart 
The project organization chart (Chart 1) includes lines of authority and lines of communication. 

CHART 1 
Project Organization Chart 

Regulator and Stakeholder Agencies 
Gerald Hoover - USEPA Region 3 (215) 814–2077 

 
Wade Smith - VDEQ (804) 698-4125 

Contractor Activity Quality 
Manager (AQM) 

Doug Bitterman - CH2M HILL 
(757) 671-6209 

Navy CLEAN Program Chemist  
Anita Dodson - CH2M HILL  

(757) 671- 6218 

UFP-SAP Reviewer 
Paul Favara - CH2M HILL  

(352) 384-7067 
Senior Technical Consultant 

(STC) 
Doug Bitterman - CH2M HILL 

(757) 671-6209 
 

Health & Safety Manager 
(HSM) 

Mark Orman - CH2M HILL 
(414) 847-0597 

Project Manager (PM) 
Laura Lampshire - CH2M HILL  

(301) 570-1042 

Field Team Leader (FTL) 

Toby Stewart - CH2M HILL 

(757) 419-0430 

  Line of Communication 

  Line of Authority 

Laboratories 
TriMatrix 

Walt Roudebush 
(616) 975-4561 

 
Columbia Analytical Services 
Rochester – Debbie Patton 

(585) 672-7473 
 

Data Validator 
Herb Kelly – CH2M HILL 

(352) 384-7100 
 

Project Chemist (PC) 
Clairette Campbell - CH2M HILL  

(757) 671-6335  

 

 

Utility Locator 

Accumark 
Mike Schwartz –  
(757) 813-8949 

Drilling 
Parratt Wolff 

Butch Stevens –  
(919) 644-2814 

Surveyor 
TBD 

IDW 
TBD 

Activity Manager (AM) 
Marlene Ivester - CH2M HILL 

(757) 671-6282 

Lead Organization Chemist/Quality 
Assurance Officer (QAO) 

Kenneth Bowers - NAVFAC Atlantic 
(757) 322-8341 

 

Lead Organization 

Navy Technical Representative/Remedial 
Project Manager (NTR/RPM) 

Scott Park - NAVFAC Mid-Atlantic  
(757) 341-0481 
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1.2 Communication Pathways 
The communication pathways for the Sampling and Analysis Plan (SAP) are shown in Table 1. 

TABLE 1 
Communication Pathways 

Communication Drivers Responsible Affiliation Name Phone Number and/or E-mail Procedure, Pathway, etc. 

Communication with Navy 
(lead agency) 

Naval Facilities 
Engineering Command 
(NAVFAC) Remedial 
Project Manager (RPM) 

Scott Park 
(757) 341-0481 

scott.park@navy.mil 

Primary point of contact (POC) for Navy; can delegate 
communication to other internal or external POCs. Any issues 
that may impact project work are to be reported to Scott 
immediately. RPM will notify the United States 
Environmental Protection Agency (USEPA) and Virginia 
Department of Environmental Quality (VDEQ) via email or 
telephone within 24 hours of field changes affecting the 
scope or implementation of the work.  

Communication with 
USEPA Region 3 

USEPA RPM Gerald Hoover 
(215) 814-2077 

hoover.gerald@epa.gov 

Primary POC for USEPA; can delegate communication to 
other internal or external POCs. Upon notification of field 
changes, USEPA will have 24 hours to approve or comment 
on the field changes. Responses will be communicated via 
email or phone. 

Communication with VDEQ VDEQ RPM Wade Smith 
(804) 698-4125 

wade.smith@deq.virginia.gov 

Primary POC for VDEQ; can delegate communication to other 
internal or external POCs. Upon notification of field changes, 
VDEQ will have 24 hours to approve or comment on the field 
changes. Responses will be communicated via email or 
phone. 

Communication regarding 
overall project status and 
implementation and 
primary POC with Navy 
RPM, USEPA, and VDEQ 

CH2M HILL Activity 
Manager (AM) 

Marlene Ivester 
(757) 671-6282 

marlene.ivester@ch2m.com 

Primary POC for stakeholder and agency managers; can 
delegate agency communication to other contract staff as 
appropriate. Oversees project and will be informed of project 
status by the Project Manager (PM). If field changes occur, 
the AM will work with the Navy RPM to communicate field 
changes to the USEPA and VDEQ via email within 24 hours. 

Communications regarding 
project management and 
implementation 

CH2M HILL Project 
Manager (PM) Laura Lampshire 

(301) 570-1042 

laura.lampshire@ch2m.com 

Primary modes of communication are phone, email, letter, 
document submittal; timing dependent on nature of 
communication and predefined schedule as applicable and as 
requested by stakeholder agencies. The PM will have 
24 hours to respond to the request for field corrective actions 
(CAs). Responses will be communicated to the Field Team 
Leader (FTL) via phone. All information and materials about 
the project will be forwarded to the AM on a daily basis. 
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TABLE 1 
Communication Pathways 

Communication Drivers Responsible Affiliation Name Phone Number and/or E-mail Procedure, Pathway, etc. 

Technical communications 
for project implementation, 
and data interpretation 

CH2M HILL Senior 
Technical Consultant 
(STC) and Activity 
Quality Manager (AQM) 

Doug Bitterman 
(757) 671-6209 

doug.bitterman@ch2m.com 

Team members will contact the STC regarding 
questions/issues encountered in the field, input on data 
interpretation, etc., as needed. The STC will have 24 hours to 
respond to technical field questions as necessary. Responses 
will be communicated to the PM via email or phone. In 
addition, the STC/AQM will review data and deliverables as 
necessary prior to Cheatham Annex (CAX) Partnering Team 
discussion or distribution. 

SAP/Work Plan Changes 
prior to Field/Laboratory 
work 

PM Laura Lampshire 
(301) 570-1042 

laura.lampshire@ch2m.com 

Notify the CAX Partnering Team by phone or email of changes 
to the SAP made prior to beginning field work and the 
reasons within 24-hours.  

Field Progress Reports Field Team Leader (FTL) Toby Stewart 
(757) 419-0430 

toby.stewart@ch2m.com 

Email or fax daily field progress reports to contractor PMs on 
a weekly basis; telephone communication with PMs on an as-
needed basis. 

Stop Work due to Safety 
Issues 

Site Safety Coordinator 
(SSC) 

Toby Stewart 
(757) 419-0430 

toby.stewart@ch2m.com 

Notify field personnel that work is to stop immediately if a 
safety issue is observed. Report all health and safety (H&S) 
incidents and near misses to PM and Health and Safety 
Manager (HSM) via email or phone immediately if an incident 
occurred or within 24 hours if a near miss occurred.  

SAP/Work Plan Changes in 
the Field 

FTL Toby Stewart 
(757) 419-0430 

toby.stewart@ch2m.com 

Notify the PM by phone and email of changes to the SAP 
made in the field and the reasons within 24-hours. 
Documentation of deviations from the SAP will be kept in the 
field logbook; deviations made only with the approval of the 
PM. Approvals will be made via email or phone. 

Field Corrective Actions 
(CAs) 

FTL Toby Stewart 
(757) 419-0430 

toby.stewart@ch2m.com 

The need for CA for field or analytical issues will be 
determined by the FTL and/or senior risk assessors and STC. 
Senior support will ensure SAP requirements are met by the 
field staff. The FTL will notify the PM via phone of any need 
for CA within 4 hours. 

Reporting Laboratory Data 
Quality Issues Laboratory PM 

Walt Roudebush, TriMatrix 

Debbie Patton, CAS-Rochester 

(616) 975-4561 

(585) 672-7473 

All quality assurance (QA)/quality control (QC) issues with 
project field samples will be reported within 1 day to the 
Project Chemist (PC) by the laboratory.  

Reporting Data Validation 
Issues 

Data Validator (DV) Herb Kelly 
(352) 384-7100 

herb.kelly@ch2m.com 

All DV issues regarding resubmissions from the laboratory will 
copy the CH2M HILL Chemist on communications. The DV 
report will be due within 14 calendar days of data receipt. 
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TABLE 1 
Communication Pathways 

Communication Drivers Responsible Affiliation Name Phone Number and/or E-mail Procedure, Pathway, etc. 

Data Validation CAs PC Clairette Campbell 
(757) 671-6335 

clairette.campbell@ch2m.com 

All issues discovered during data validation will be reported 
to the PC. CAs (revisions and additional information, if 
necessary) will be requested from the laboratory. The PC will 
review the data validation narrative and request CA from the 
validator if necessary. 

Should analytical laboratory issues affect data usability by 
rendering a significant amount of data rejectable or 
unusable, such that the project completeness goal cannot be 
obtained, the PC will notify the project team and AM, who 
will in turn notify the Navy RPM. The Navy RPM will contact 
the Navy Chemist as needed.  

Data tracking from field 
collection to database 
upload 

PC Clairette Campbell 
(757) 671-6335 

clairette.campbell@ch2m.com 

Tracking data from sample collection through database 
upload. 
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2 Project Approach 
The purpose of this Remedial Investigation (RI) is to collect additional soil and groundwater data to supplement 
the current Site Investigation (SI) dataset to adequately characterize the Area of Concern (AOC) 6 Trinitrotoluene 
(TNT) Graining House Sump and TNT Catch Box Ruins subareas (the AOC 6 TNT subareas) located at Naval 
Weapons Station Yorktown Cheatham Annex (CAX) in Williamsburg, Virginia. All soil data evaluated in the SI 
Report (CH2M HILL, 2012), as well as soil and groundwater data collected as part of this RI, will be used to 
characterize the site and support a Human Health Risk Assessment (HHRA) and an Ecological Risk Assessment 
(ERA), through Step 3a. Previous surface water and sediment SI data (from Penniman Lake) will not be evaluated 
since these media will be evaluated as part of the Penniman Lake RI and groundwater data collected during the 
2008 SI will not be evaluated in the RI because these samples were collected from temporary monitoring wells 
using direct push technology (DPT) and may not be representative of current groundwater conditions. In addition, 
the remaining three subareas of AOC 6 will not be investigated in this RI, as they are being evaluated under 
separate covers. 

2.1 Project Planning Session Participants Sheet 
Four project scoping sessions were conducted with the CAX Partnering Team, as described in the following 
sections. 

2.1.1 November 2011 Scoping Session 
TABLE 2 
November 2011 Scoping Session 
Project Name: AOC 6 TNT subareas RI Site Name: AOC 6 TNT subareas 

Projected Date(s) of Sampling: Fall 2012 Site Location: CAX 

Project Manager: Laura Lampshire 

Date of Session: 11/16/11 

Scoping Session Purpose: AOC 6 Scoping Session 

Name Title Affiliation Phone # E-mail Address 

John Burchette RPM USEPA Region 3 (215) 814-3378 burchette.john@epa.gov 

Wade Smith RPM VDEQ (804) 698-4125 wade.smith@deq.virginia.gov 

Krista Parra RPM NAVFAC Mid-Atlantic (757)-341-0395 krista.parra@navy.mil 

Marlene Ivester AM CH2M HILL (757) 671-1634 marlene.ivester@ch2m.com 

Stephanie Sawyer Deputy AM CH2M HILL (757) 671-6273 stephanie.sawyer@ch2m.com 

Laura Lampshire PM CH2M HILL (301) 570-1042 laura.lampshire@ch2m.com 

 

Comments/Decisions:  

Laura led the discussion and began by summarizing the results of Step 2 in the SI, the SI report recommendations, 
and the objectives of the remedial investigation.  



TIER II SAMPLING AND ANALYSIS PLAN 
REMEDIAL INVESTIGATION, AOC 6 TNT GRAINING HOUSE SUMP AND TNT CATCH BOX RUINS SUBAREAS,  
NAVAL WEAPONS STATION YORKTOWN CHEATHAM ANNEX, WILLIAMSBURG, VA 
REVISION NO: 0 
SEPTEMBER 2013 
PAGE 18 

The following questions were then discussed in order to frame the issues to be addressed by the SAP: 

1. What is the nature and extent of contamination in soil at the AOC 6 TNT subareas? 

Proposal:  13 surface and subsurface soil samples will be collected from the AOC 6 TNT subareas and analyzed 
for semivolatile organic compounds (SVOCs), explosives, and metals. Six of the soil samples will be co-located 
with groundwater samples during monitoring well installation (see #2 below). These and the other seven 
surface and seven subsurface soil samples collected during the SI will also be used to determine the nature and 
extent of soil contamination at the site. The Team reviewed the proposed surface and subsurface soil 
locations and John asked if a sample could be placed further north than CAA06-SO01. Krista replied any 
sample placed further north than CAA06-SO01 would be in Penniman Lake. The Team agreed to the proposed 
sampling locations as depicted in the scoping session presentation (Slides 6 & 7). In addition, the Team agreed 
to analyze the soil samples for SVOCs, explosives, and metals.  

2. What is the nature and extent of contamination in groundwater and the groundwater flow direction and 
velocity? 

Proposal:  Six permanent monitoring wells will be installed and groundwater samples will be collected and 
analyzed for total and dissolved metals. The six monitoring wells will be gauged and slug tests will be 
conducted in order to determine the groundwater flow direction and velocity. Laura mentioned that although 
groundwater samples were collected during the SI, the plan is that the SI groundwater samples will not be 
used in this evaluation since the groundwater samples were not collected from permanent monitoring wells 
and may not be representative of current groundwater conditions and asked if the Team agreed. Wade asked 
if the contaminant concentrations in the DPT groundwater samples were used in placing the proposed 
monitoring well locations and Marlene said that they were. Wade agreed to this proposal. John, however, said 
that he needs to discuss this proposal and the proposed sampling locations with his technical support and will 
report back to the Team if USEPA agrees. The Team reviewed the proposed groundwater monitoring well 
sample locations and agreed to the number of samples and to analyze samples for total and dissolved metals. 

3. Do site media pose a potentially unacceptable risk to human health? 

Proposal:  Existing and proposed soil (surface and subsurface) and proposed groundwater data will be 
evaluated in a baseline Human Health Risk Assessment (HHRA). The Team agreed, with the exception of John 
needing to check with his technical support about eliminating the SI DPT groundwater data from evaluation in 
the RI. 

4. Is there any additional data that can be collected to refine the HHRA? 

Proposal:  At least five surface soil, subsurface soil, and groundwater samples will be collected and analyzed 
for total chromium and hexavalent chromium. The Team agreed.  

5. Do soil and groundwater pose a potentially unacceptable risk to ecological receptors? 

Proposal:  Existing and proposed soil (surface and subsurface) data will be evaluated in an Ecological Risk 
Assessment (ERA) (through Step 3a). In addition, all surface soil samples (0-6 inches below ground surface 
[bgs]) will be analyzed for sieve grain size, and all surface and subsurface soil samples collected within 
24 inches bgs will be analyzed for pH and total organic carbon (TOC). The Team agreed. In addition, it was 
proposed that groundwater data collected during the RI will not be used in the ERA, because Penniman Lake 
will not be evaluated as part of the AOC 6 RI, but as part of a separate Penniman Lake RI. Therefore, there is 
no ecological receptor exposure to groundwater at AOC 6. The Team agreed to not to include the groundwater 
data in the ERA in this RI. 
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6. Is further action (i.e., further investigation, removal, or remediation) warranted at this site based on the 
results of this study? 

Proposal:  Further action will be recommended based on the determination of the nature and extent of 
contamination, findings of the human health and ecological risk assessments, exceedances of groundwater 
maximum contaminant levels (MCLs), and the expected future use of the site. The Team agreed. 

Laura went over the summary of the samples and sample locations proposed. The Team agreed.  

Action Items: 

 John to discuss not including the temporary monitoring well groundwater results collected as part of the SI 
with his technical support. On December 22, 2011, the USEPA agreed to not use the 2008 SI DPT groundwater 
results in the RI. 

 John to discuss proposed RI monitoring well locations with his hydrologist. Upon consultation with USEPA’s 
hydrogeologist, the proposed monitoring well locations at the AOC 6 TNT subareas were approved by the 
USEPA via email on December 22, 2011.  

 Navy and USEPA to discuss with their human health specialists if hexavalent chromium not detected in soil, 
would it be expected in the groundwater or can infer it would not be OR should analyze for it separately 
because of the different media? Based on the outcome of discussions with their human health specialists, the 
USEPA and Navy conducted a separate scoping session in January 2012 to discuss hexavalent chromium 
speciation. The results of this scoping session are included in Section 2.1.2, as follows.    

2.1.2 January 2012 Scoping Session 
TABLE 3 
January 2012 Scoping Session 
Project Name: AOC 6 TNT subareas RI Site Name: AOC 6 TNT subareas 

Projected Date(s) of Sampling: Fall 2012 Site Location: CAX 

Project Manager: Laura Lampshire 

Date of Session: 1/18/12 

Scoping Session Purpose: Chromium Speciation Sampling 

Name Title Affiliation Phone # E-mail Address 

John Burchette RPM USEPA Region 3 (215) 814-3378 burchette.john@epa.gov 

Wade Smith RPM VDEQ (804) 698-4125 wade.smith@deq.virginia.gov 

Krista Parra RPM NAVFAC Mid-Atlantic (757)-341-0395 krista.parra@navy.mil 

Marlene Ivester AM CH2M HILL (757) 671-1634 marlene.ivester@ch2m.com 

Stephanie Sawyer Deputy AM CH2M HILL (757) 671-6273 stephanie.sawyer@ch2m.com 

Anita Dodson Navy CLEAN Program 
Chemist 

CH2M HILL (757) 671-6218 anita.dodson@ch2m.com 
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Comments/Decisions:  

Krista led the discussion to review the appropriate number of soil samples to collect for hexavalent chromium 
analysis for CAX Site 4, AOC 6, and AOC 8.  

Krista informed the Team that her human health tech support said collecting two, instead of five, samples for 
hexavalent chromium speciation in soil is sufficient for each site; however, John preferred three samples for stats. 
Krista mentioned the hexavalent chromium results from each site would be used to create a base-wide number. 
John and Wade were fine with this approach. Stephanie added that the two samples collected for hexavalent 
chromium analysis at each site will be collected from the areas of the highest chromium concentrations in the SI 
samples. Krista proposed no sampling for hexavalent chromium in groundwater, unless there is a known site 
source. John agreed and added that his human health tech support said most of the time hexavalent chromium, 
not trivalent, is what you see in groundwater. John suggested doing one surface and one subsurface soil sample at 
each site for the hexavalent chromium analysis so we can get a number for both intervals. However, this was not 
agreed to by the Team. 

Based on this discussion, the Team agreed at AOC 6 to collect one surface soil sample, instead of five, near SI 
location SO03, and two, instead of five, subsurface soil samples near SI locations SO03 and SO01 for total and 
hexavalent chromium analysis. Groundwater samples will not be analyzed for hexavalent chromium.  

2.1.3 March 2012 Scoping Session 
TABLE 4 
March 2012 Scoping Session 
Project Name: AOC 6 TNT subareas RI Site Name: AOC 6 TNT subareas 

Projected Date(s) of Sampling: Fall 2012 Site Location: CAX 

Project Manager: Laura Lampshire 

Date of Session: 3/21/12 

Scoping Session Purpose: AOC 6 Scoping Session (email correspondence) 

Name Title Affiliation Phone # E-mail Address 

John Burchette RPM USEPA Region 3 (215) 814-3378 burchette.john@epa.gov 

Wade Smith RPM VDEQ (804) 698-4125 wade.smith@deq.virginia.gov 

Scott Park RPM NAVFAC Mid-Atlantic (757)-341-0481 scott.park@navy.mil 

Marlene Ivester AM CH2M HILL (757) 671-1634 marlene.ivester@ch2m.com 

Stephanie Sawyer Deputy AM CH2M HILL (757) 671-6273 stephanie.sawyer@ch2m.com 

Laura Lampshire PM CH2M HILL (301) 570-1042 laura.lampshire@ch2m.com 

 

Comments/Decisions:  

On March 21, 2012, Krista e-mailed the Team on behalf of the Navy requesting that the semivolatile organic 
compound (SVOC) analysis for the surface and subsurface soil samples be removed from the AOC TNT subareas RI 
UFP-SAP since:  (1) 2,4-dinitrotoluene (DNT) is the only SVOC constituent that exceeded risk screening criteria in the 
soil samples, (2) the exceedances occurred at only one sample location, and (3) 2,4-DNT is included as a constituent 
in the explosives analysis proposed for the RI. The VDEQ and USEPA responded back via email with their approval of 
this proposal on March 29, 2012 and April 9, 2012, respectively. 



TIER II SAMPLING AND ANALYSIS PLAN 
REMEDIAL INVESTIGATION, AOC 6 TNT GRAINING HOUSE SUMP AND TNT CATCH BOX RUINS SUBAREAS,  

NAVAL WEAPONS STATION YORKTOWN CHEATHAM ANNEX, WILLIAMSBURG, VA 
REVISION NO: 0 

SEPTEMBER 2013 
PAGE 21 

 

 

2.1.4 June 2013 Scoping Session 
TABLE 5 
June 2013 Scoping Session 
Project Name: AOC 6 TNT subareas RI Site Name: AOC 6 TNT subareas 

Projected Date(s) of Sampling: Fall 2013 Site Location: CAX 

Project Manager: Laura Lampshire 

Date of Session: 6/4/2013 

Scoping Session Purpose: CAX Partnering Team conference call to review the additional comments provided by the EPA on April 29, 2013, 
on the Draft SAP and to reach consensus on the responses 

Name Title Affiliation Phone # E-mail Address 

Susanne Haug RPM USEPA Region 3 (215) 814-3394 haug.susanne@epa.mail.epa.gov 

John McCloskey Ecological Risk 
Assessor 

US Fish and Wildlife 
Service (USEPA Region 3 
Biological Technical 
Assistance Group [BTAG]) 

(804) 693-6694 
x116 

john.mccloskey@fws.gov 

Peter Knight Ecological Risk 
Assessor 

National Oceanic 
Atmospheric 
Administration (NOAA) 
(USEPA BTAG) 

(215) 814-3321 peter.knight@noaa.gov 

Wade Smith RPM VDEQ (804) 698-4125 wade.smith@deq.virginia.gov 

Scott Park RPM NAVFAC Mid-Atlantic (757)-341-0481 scott.park@navy.mil 

Marlene Ivester AM CH2M HILL (757) 671-1634 marlene.ivester@ch2m.com 

Laura Lampshire PM CH2M HILL (301) 570-1042 laura.lampshire@ch2m.com 

Bill Kappleman 
Senior Ecological Risk 
Assessor 

CH2M HILL (703) 376-5152 william.kappleman@ch2m.com 

Roni Warren 
Senior Human Health 
Risk Assessor CH2M HILL (814) 364-2454 roni.warren@ch2m.com 

 

The CAX Partnering Team, including technical support personnel, conducted a conference call June 4, 2013 to 
discuss the additional comments provided by the USEPA on April 29, 2013, following their review of the Navy’s 
responses to their comments on the Draft SAP. Based on the discussion, the Team agreed to: (1) add food web 
modeling to the ecological risk assessment; (2) collect 3-point composite surface and subsurface soil samples within 
the Catch Box Ruins, starting at the lowest point at the surface and continuing until groundwater is reached; and 
(3) field check the former TNT Graining House Sump for residual material (from former ordnance plant processes 
and not organic material), and if present, collect a composite sample. 

2.2 Conceptual Site Model 
The conceptual site model (CSM) for the AOC 6 TNT Graining House Sump and TNT Catch Box Ruins subareas is 
based on data evaluated in the SI. Due to the geographical proximity of the AOC 6 TNT Graining House Sump and 
the TNT Catch Box Ruins, these two subareas were included together during the SI and are herein referred to as the 
AOC 6 TNT subareas (Figure 2). This CSM incorporates the site background and history, physical setting, distribution 
of contamination, release history, potential migration pathways, and the potential exposure pathways and 
receptors. The CSM figure for the AOC 6 TNT subareas is provided as Figure 3.  

2.2.1 Site Background and History 
CAX encompasses 2,300 acres east of Williamsburg, between Interstate 64 and the York River on the York-James 
Peninsula (Figure 1). CAX is located on the site of the former DuPont Company Penniman facility and is currently 
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used to supply Atlantic Fleet ships and provide recreational opportunities to military and civilian personnel. AOC 6 
is comprised of five non-contiguous subareas, each less than 1 acre, related to the former Penniman Shell Loading 
Plant (PSLP). The PSLP was an explosives manufacturing facility operated by the DuPont de Nemours Company on 
what is now CAX and adjacent properties. This facility operated as a TNT manufacturing plant beginning in 
approximately 1916, and subsequently began loading artillery shells for the war effort in 1918. Between 1918 and 
1925, following the end of World War I, this facility was demolished and reverted to farmland. The Navy 
established CAX on a portion of this property in 1942 (Weston, 1999).  

In August 2000, the USEPA and Navy agreed to investigate five non-contiguous subareas of the PSLP. These five 
subareas (1918 Drum Storage Area, Ammonia Settling Pits, TNT Graining House Sump, TNT Catch Box Ruins, and 
Waste Slag Material) comprise AOC 6 (Penniman AOC), and are located within the vicinity of the former shell 
loading area, south of Sanda Avenue (formerly DuPont’s “G” plant) on Navy property (Weston, 1999) (Figure 2). 
The AOC 6 TNT subareas, comprised of the former TNT Graining House Sump and TNT Catch Box Ruins and 
located along the southwest bank of Penniman Lake (Figure 2), are the only subareas being investigated as part of 
this RI; the other three AOC 6 subareas will be evaluated separately. 

The history of the AOC 6 TNT subareas is unknown. The subareas were originally identified as potential waste 
sources by Weston through a review of historical aerial photographs, engineering drawings, and site 
reconnaissance visits (Weston, 1999). In 1999, waste samples were collected from each of the TNT subareas and 
analyzed for Target Compound List (TCL) Organics (volatile organic compounds [VOCs], semivolatile organic 
compounds [SVOCs], pesticides, and polychlorinated biphenyls [PCBs]), Target Analyte List (TAL) metals, cyanide, 
and explosives. The results indicated that detections of one explosive and several metals exceeded the 1999 
USEPA Region 3 risk-based concentrations, were summarized in the Final Site Inspection Narrative Report for the 
Penniman Shell Loading Plant (Weston, 1999), and were reviewed as part of the SI Work Plan (CH2M HILL, 2008).  

In 2008, SI field activities were conducted and included surface and subsurface soil sampling, groundwater sample 
collection via DPT, and surface water and sediment (surface and subsurface) sampling from nearby Penniman 
Lake. The soil and sediment samples were analyzed for SVOCs, explosives, metals, and cyanide; the groundwater 
and surface water samples were analyzed for SVOCs, explosives, metals (total and dissolved), cyanide (total and 
dissolved), and hardness (surface water only). Since VOCs, SVOCs, pesticides, and PCBs were not found to be 
potential constituents of concern during the 1999 SI, these analyses were not carried forward in the recent SI, 
except for SVOCs, which were added at the request of the USEPA. The sample results were evaluated as part of 
the 2012 SI Report and indicated that potentially unacceptable human health and/or ecological risks were 
associated with exposure to explosives and metals in soil and metals in groundwater; therefore an RI was 
recommended. Because no potential human health or ecological risks were identified for the sediment and 
surface water data and an RI for Penniman Lake is planned, no further action with respect to AOC 6 was 
recommended for these media as part of AOC 6 (CH2M HILL, 2012). 

A geophysical survey was conducted in April 2010 around the AOC 6 Ammonia Settling Pits, TNT Graining House 
Sump, and TNT Catch Box Ruins subareas to address USEPA’s concerns as to whether the buildings in these areas 
had underground piping connecting them to each other or to other PSLP buildings for the transfer of explosives 
materials. The results of the geophysical survey indicated there is no evidence of underground piping at any of the 
three subareas (CH2M HILL, 2012). 

2.2.2 Physical Setting 
The AOC 6 TNT subareas are wooded and moderately vegetated with shrubs. In general, the topography of the 
AOC 6 TNT subareas is gently undulating with a somewhat abrupt topographic descent along the shoreline of 
Penniman Lake. Surficial runoff from the AOC 6 TNT subareas flows primarily east toward Penniman Lake and 
southeast toward King Creek. The presumed directions of groundwater and surface water flow are illustrated in 
the CSM (Figure 3). 

The area encompassing the AOC 6 TNT subareas is approximately 0.5 acre in size. In general, soil in the vicinity of 
the subareas consists of brown silt and olive brown clay, underlain by yellow sand (CH2M HILL, 2012). Based on 
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the limited stratigraphy observed during the DPT temporary monitoring well installations in 2008, the shallow 
aquifer underlying the AOC 6 TNT subareas is interpreted to be the Yorktown-Eastover aquifer, and during the SI 
field activities, groundwater was encountered between approximately 8 and 10 feet bgs. Groundwater is 
expected to flow east to the adjacent Penniman Lake and southeast toward King Creek. 

The AOC 6 TNT subareas are located within the confines of CAX and access is restricted to the general public. Navy 
and DoD personnel do have access to the AOC 6 TNT subareas and they are currently used by Navy and DoD 
personnel for recreational activities such as jogging, hunting, and fishing. Future land use at the AOC 6 TNT 
subareas is not expected to change and will likely continue as recreational in the foreseeable future. 

2.2.3 Distribution of Contamination 
Based on the results of the 2008 SI, 1 SVOC (2,4-dinitrotoluene [DNT]), six explosives (1,3-dinitrobenzene; 2,4,6-
TNT; 2-amino-4,6-dinitrotoluene; 2-nitrotoluene; 3,5-dinitroaniline; and 4-amino-2,6-dinitrotoluene), and 
10 metals (aluminum, arsenic, chromium, iron, lead, mercury, selenium, thallium, vanadium, and zinc) were 
detected in surface and/or subsurface soil at concentrations exceeding the base background 95 percent upper 
tolerance levels (95% UTLs), adjusted residential and industrial risk screening levels (RSLs) and/or site specific 
ecological screening values (ESVs) (CH2M HILL, 2012). Specifically, exposure to surface soil may result in 
unacceptable human health risks associated with 2,4-dinitrotoluene, 2,4,6-TNT, 2-nitrotoluene, arsenic, and 
chromium and exposure to subsurface soil may result in unacceptable human health risks associated with 2,4-
DNT, 2,4,6-TNT, arsenic, and chromium. Potential unacceptable ecological risks were identified with exposure to 
surface soil attributable to 2-nitrotoluene, 2,4,6-TNT, and selenium, and to subsurface soil attributable to 2,4,6-
TNT and selenium. The spatial distribution of the SI soil locations did not encompass the western and 
northeastern portions of the site. Therefore, additional soil data are required to close these data gaps and 
supplement the existing dataset in order to adequately characterize the potential impacts from the known source 
areas to soil. Since the one SVOC (2,4-DNT) will be included under the explosives analysis, the RI soil samples will 
be analyzed for explosives and metals, as described in Section 2.3.3. 

In groundwater, 13 total metals (aluminum, arsenic, beryllium, chromium, cobalt, copper, iron, lead, manganese, 
nickel, silver, vanadium, and zinc) and 10 dissolved metals (aluminum, arsenic, chromium, cobalt, copper, iron, 
lead, manganese, silver, and thallium) exceeded the base background 95% UTLs, adjusted Tap Water RSLs, and/or 
MCLs (CH2M HILL, 2012). Specifically, exposure to groundwater may result in unacceptable human health risks 
associated with aluminum, arsenic, beryllium, chromium, cobalt, iron, lead, manganese, and vanadium. Potential 
unacceptable ecological risks were identified with exposure to groundwater attributable to aluminum and iron 
(Appendix B). Additional data are required to adequately characterize the potential impacts from the known 
source areas to groundwater, as described in Section 2.3.3. 

The 2008 SI data indicate that exposure to surface water and sediment in Penniman Lake adjacent to the AOC 6 
TNT subareas would not be expected to result in any unacceptable human health or ecological risks. However, 
based on the limited surface water and sediment data from the AOC 6 TNT subareas and per Team agreement 
(November 2011 scoping session), any future investigation of Penniman Lake  surface water and sediment will be 
evaluated as part of a separate Penniman Lake RI and these media will not be sampled during this RI.  

2.2.4 Release History 
Potential historical leakage or discharge from the former TNT Graining House sump and/or TNT Catch Boxes are 
the primary known and suspected sources of contamination at the AOC 6 TNT subareas (Figure 3).  

2.2.5 Potential Migration Pathways 
The principle contaminant release and transport mechanisms from source areas include potential leaks from the 
former TNT Graining House sump and/or TNT Catch Boxes and leaching from soil to groundwater as a result of 
rainwater infiltration. Where contaminants are exposed at the ground surface, transport could also occur through 
surface water runoff. 
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2.2.6 Potential Exposure and Receptor Pathways 
Potential human receptors exposed to soil and groundwater at the AOC 6 TNT subareas include: 

 Surface Soil – Current Base Workers and Adult and Child Recreational Users 

 Surface and Subsurface Soil – Potential Future Base Workers, Adult and Child Recreational Users, Construction 
Workers, and Adult and Child Residents 

 Groundwater – Future Base Workers, Construction Workers, and Adult and Child Residents 

 Residual Sump Material (if present within the Graining House Sump) – Current and Future Base Workers and 
Adult and Child Recreational Users 

The potential human health receptors may be exposed to site related contaminants in soil through ingestion of 
soil, inhalation of particulate emissions from soil, and dermal contact with soil; in groundwater through ingestion 
of and dermal contact with groundwater; and in residual material within the Graining House Sump (if present) 
through ingestion and dermal contact. 

Potential human receptors may also be exposed to site-related constituents in the surface water and sediment in 
Penniman Lake. However, surface water and sediment sampling are not included in this RI, as exposure to 
Penniman Lake surface water and sediment will be evaluated in the Penniman Lake RI.  

Potential ecological receptors exposed to surface soil at the AOC 6 TNT subareas include lower trophic level 
terrestrial receptors (i.e., soil invertebrates, terrestrial plants, and reptiles). Due to the small size of the potentially 
impacted area, potential exposures for upper trophic level receptors (i.e., birds and mammals) are not likely to be 
significant but will also be evaluated (see Section 2.3.2.2). Ecological receptors may also be exposed to residual 
material within the Graining House Sump (if present). Although the nature of this material is not known, it is 
assumed that this material (if present) will be the equivalent of freshwater sediment with the potential for 
exposure to aquatic/benthic invertebrates and amphibians. 

Potential ecological receptors exposed to site-related constituents in the surface water and/or sediment in 
adjacent Penniman Lake (possible transport via surface runoff and groundwater) at the AOC 6 TNT subareas 
include lower trophic level aquatic receptors (i.e., aquatic/wetland plants, benthic and aquatic invertebrates, fish, 
reptiles, and amphibians) and upper trophic level receptors (i.e., birds and mammals). However, as previously 
stated, these potential exposures will be evaluated as part of the Penniman Lake RI.  

2.3 Data Quality Objectives/Systematic Planning Process 
Statements 

2.3.1 Project Statement and Objectives 
The objective of the RI is to collect additional data to supplement the current SI dataset required to adequately 
characterize the AOC 6 TNT subareas and evaluate the potential risk to human health and ecological receptors. 
Field activities will include collecting additional soil, groundwater samples from permanent monitoring wells, and 
residual sump material (if present) to characterize the two AOC 6 TNT subareas. All soil data evaluated in the 2008 
SI (CH2M HILL, 2012) and soil, groundwater, and residual sump material (if present) data collected as part of this 
RI, will be used to characterize the site and support a HHRA and an ERA.  

2.3.2 Data Quality Objectives 
Quantifiable analytical results will be the primary basis for project decisions. The limit of quantitation (LOQ), 
which is defined as the minimum concentration or quantity of a target analyte that can be reported with accurate 
quantitation, will be the metric to define whether an analytical result is quantifiable.  

If the analysis of samples determines that analytes are undetected or if any detected analytes are below the 
Project Action Limits (PALs), then it will be assumed that the nature and concentrations of these constituents do 
not pose an unacceptable risk and no further action for them will be necessary. 
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If the analysis of samples determines that the analytes are detected above the project specific PALs then a 
quantitative HHRA and ERA will be conducted to identify Chemicals of Potential Concern (COPCs) as follows: 

2.3.2.1. Human Health Risk Decision Logic (Figure 4) 
Results of the soil sampling will be combined with the soil sample data evaluated in the SI and results of the residual 
sump material sampling (if present) will be evaluated to determine if there may be unacceptable risks to potential 
human receptors: 

 Soil concentrations will be compared to the adjusted residential soil RSLs (adjusted meaning that RSLs based 
on non-noncarcinogenic effects are divided by 10 to account for exposure to more than one constituent that 
effects the same target organ, RSLs based on carcinogenic endpoints are not adjusted). If the maximum 
detected concentration of a constituent exceeds the applicable RSL, the constituent will be identified as a 
COPC. 

 Residual sump material (if present) concentrations will be compared to 10 times the adjusted residential soil 
RLs (adjusted meaning that RSLs based on non-noncarcinogenic effects are divided by 10 to account for 
exposure to more than one constituent that effects the same target organ, RSLs based on carcinogenic 
endpoints are not adjusted). If the maximum detected concentration of a constituent exceeds the applicable 
screening level, the constituent will be identified as a COPC.  

 If COPCs are identified, human health risks will be evaluated for exposure to the COPCs identified in soil 
and/or residual sump material for all potential human receptors (e.g., current/future recreational users, 
current/future industrial workers, and future construction workers [soil only], and residents [soil only]). The 
95 percent upper confidence limit (95% UCL) of the mean soil concentration and the concentration in the 
residual sump material composite soil sample will be used as the exposure concentration for the risk 
calculations. If all risks are within acceptable USEPA risk levels, no further action/assessment based on human 
health will be required for soil or residual sump material.  

 If potentially unacceptable risks are identified associated with metals, the maximum detected metals 
concentrations data will be compared to the base background 95 percent upper tolerance limits (95% UTLs) 
(CH2M HILL, 2011) to determine if the risks are associated with the site or background conditions. If risks are 
associated with background conditions, no further action or assessment based on human health will be 
required for metals in soil or residual sump material. If risks are not associated with base background 
conditions, the constituent will be identified as a constituent of concern (COC).  

 If the COPC concentrations exceed the background 95% UTLs, further evaluation will be conducted to consider 
whether the COPC concentrations may be attributable to a release or may be associated with background 
conditions (such as comparing site data to the maximum base background concentrations). If the results of 
this evaluation potentially indicate that site concentrations are not consistent with background conditions, 
then recommendations for additional investigation and action will be made in the RI report.  

Results of the RI groundwater sampling will be evaluated to determine if there may be unacceptable risks to 
potential human receptors: 

 Groundwater concentrations from monitoring wells sample data will be compared to the adjusted tap water 
RSLs (adjusted meaning that RSLs based on non-noncarcinogenic effects are divided by 10 to account for 
exposure to more than one constituent that effects the same target organ, RSLs based on carcinogenic 
endpoints are not adjusted). If the maximum detected concentration of a constituent exceeds the applicable 
RSL, the constituent will be identified as a COPC. 

 If COPCs are identified, human health risks will be evaluated for exposure to the COPCs identified in 
groundwater for future industrial workers, residents, and construction workers. The 95% UCL of the mean for 
wells from the most contaminated portion of the groundwater plume (if a plume is identified) will be used as 
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the exposure concentration for the risk calculations. If all risks are within acceptable USEPA risk levels, no 
further action/assessment based on human health will be required for groundwater.  

 If potentially unacceptable risks are identified associated with metals, the maximum detected metals 
concentrations will be compared to the base background 95% UTLs to determine if the risks are associated 
with the site or background conditions. If all risks are associated with background conditions, no further 
action or assessment based on human health will be required for metals in groundwater. If risks are not 
associated with base background conditions, the constituent will be identified as a COC. 

 If the COC concentrations exceed the background 95% UTLs, further evaluation will be conducted to consider 
whether the COC concentrations are consistent with background conditions or if they represent a release 
such that further action is warranted.  

Surface water and sediment will not be evaluated as part of the HHRA for this RI. Surface water and sediment will 
be evaluated as part of a separate Penniman Lake RI. 

2.3.2.2. Ecological Risk Decision Logic 
Results of the soil and residual sump material (if present) analytical sampling will be evaluated as follows to 
determine if potential risks to terrestrial receptors may be occurring (Figure 4): 

 Soil concentrations from each site sample (with a sample depth of less than 2 feet) will be compared to 
literature-based soil ESVs for plants and/or soil invertebrates. Both the mean and 95% UCL of the mean soil 
concentrations will be calculated and compared with soil ESVs (samples may be partitioned by spatial area 
when calculating means), with the 95% UCL used as the primary decision EPC in Step 3A of the ERA (with 
consideration of the mean and maximum concentrations, as appropriate). If the mean concentration exceeds 
soil ESVs, then the chemical will be considered a COPC. If it is below the soil ESVs, the chemical will not be 
considered a COPC, although the magnitude of the maximum hazard quotient (HQ) will also be considered 
when making this determination.  

 If the results of the quantitative ERA (through Step 3a) determine that there is unacceptable potential risk, the 
COPCs will be compared to the base surface soil background 95% UTLs to determine if the detected 
concentrations are consistent with the base background concentrations. If the COPCs do not exceed the 
background 95% UTL, then no further action for the COPCs will be necessary.  

 If the COPC concentrations exceed the background 95% UTLs, further evaluation will be conducted to consider 
whether the COPC concentrations are consistent with background conditions or if they represent a release 
such that further action is warranted. 

 It is assumed that chemical concentrations from the residual material within the Graining House Sump (if 
present) will be compared to freshwater sediment values, since the sump compartments tend to hold rain 
water. However, the actual ESVs used will depend upon the environmental conditions encountered and the 
nature of the collected material. If the detected chemical concentration exceeds the ESV, then the chemical 
will be considered a COPC. If it is below the ESV, the chemical will not be considered a COPC.  

 Food web exposures (for detected bioaccumulative constituents in surface soil) for upper trophic level 
receptors will also be modeled for terrestrial habitats at the AOC 6 TNT Subareas. Terrestrial receptors may 
include: (1) meadow vole; (2) short-tailed shrew; (3) white-footed mouse; (4) red fox; (5) American robin; and 
(6) red-tailed hawk. If maximum exposure doses (calculated using maximum surface soil concentrations) 
exceed no observed adverse effect level (NOAEL)-based ingestion toxicity reference values (TRVs), the 
chemical will be identified as an initial COPC. Mean and 95% UCL-based exposure doses (for bioaccumulative 
chemicals) will also be calculated and compared with NOAEL, lowest observed adverse effect level (LOAEL), 
and Maximum Acceptable Toxicant Concentration (MATC)-based TRVs. If the MATC-based HQ equals or 
exceeds one based upon the mean and/or 95% UCL soil concentration, the chemical will be identified as a 
refined COPC. Appropriate Area Use Factors [AUFs] may be applied when selecting refined COPCs. 
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Groundwater and Penniman Lake surface water and sediment data will not be evaluated as part of the ERA for this 
RI and will be evaluated as part of a separate Penniman Lake RI. 

2.3.3 What are the environmental questions being answered? 
The following environmental questions will be answered in the RI. 

 What is the nature and extent of contamination in soil? There are seven existing surface soil samples and 
seven existing subsurface soil samples that were collected and evaluated in the 2008 SI (CH2M HILL, 2012). 
These data will be used to aid in determining the nature and extent of contamination at the site. However, 
additional soil data are necessary for expanded spatial coverage to adequately characterize this medium. 

The following work is proposed to answer this environmental question: To supplement the existing soil data, 
13 co-located surface (0 to 6 inches) and subsurface (6 to 24 inches) soil samples will be collected from the 
AOC 6 TNT subareas at soil sample locations CAA06-SO28 through CAA06-SO34 and from the soil borings for 
monitoring well locations CAA06-MW01 through CAA06-MW06 (Figure 5) and analyzed for explosives and 
metals. The surface samples also will be analyzed for pH, TOC and sieve grain size, and the subsurface samples 
also will be analyzed for pH and TOC to assist in completing the ERA. At soil sample location CAA06-SO27, a 
surface (0 to 6 inches) and a subsurface (6 to 24 inches) soil sample will be collected and analyzed for total 
and hexavalent chromium to assist with the HHRA.  

To account for the potential variability of contaminant concentrations within the Catch Box Ruins and to 
address the potential for contamination at depths below 24 inches, 3-point composite soil samples will be 
collected from the surface of the depression (0 to 6 inch-interval) and from the subsurface at two-foot 
intervals (except for the first interval at 6 to 24 inches bgs) until groundwater is reached (anticipated to be 
around 10 feet bgs). The 3-point composite samples will be collected from the lowest portion and center of 
the Catch Box Ruins, with the vicinity of SI location CAA06-SO01 as the center point and a location to the 
north and south of it as the other two points (location CAA06-SO01 is where the highest detections of 
explosives and metals were observed in surface and subsurface soil during the SI). All of the composite 
samples will be field composited and analyzed for explosives and metals. The surface composite sample also 
will be analyzed for pH, TOC and sieve grain size, and the subsurface composite sample from the 6 to 24-inch 
interval also will be analyzed for pH and TOC to assist with the ERA. In addition, at the center point (vicinity of 
SI location CAA06-SO01), a discrete surface (0 to 6 inches) and a discrete subsurface (6 to 24 inches) soil 
sample will be collected and analyzed for total and hexavalent chromium to assist with the HHRA. 

 What is the nature and extent of contamination in groundwater and the groundwater flow direction and 
velocity? There are four existing DPT groundwater samples that were collected and evaluated in the 2008 SI 
(CH2M HILL, 2012). These data were used to site the six proposed RI monitoring well locations. However, 
because the SI groundwater samples were collected from temporary monitoring wells using DPT rather than 
permanent monitoring wells, the 2008 SI groundwater data may not be representative of current 
groundwater concentrations. Therefore, these data will not be evaluated in the RI to aid in determining the 
nature and extent of contamination at the site. Additional groundwater data are necessary to adequately 
characterize this medium. 

The following work is proposed to answer this environmental question: Six permanent monitoring wells, 
CAA06-MW01 through CAA06-MW06 (Figure 5), will be installed in the AOC 6 TNT subareas and six 
groundwater samples will be collected and analyzed for metals (total and dissolved). The six groundwater 
samples will also be analyzed for natural attenuation parameters (wet chemistry parameters – alkalinity, 
chloride, nitrate, nitrite, sulfate, sulfide, methane, TOC, and pH) to support a natural attenuation evaluation, if 
necessary.  

Although the RI soil samples will be analyzed for SVOCs and explosives, the groundwater samples will not be 
analyzed for these parameters because none of these constituents were detected in groundwater at similar 
locations during the recent SI. In addition, the release occurred nearly 100 years ago, such that if soil 
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contaminants were present at concentrations sufficient to allow significant migration from soil to 
groundwater, the SI results would have provided evidence of that result given that groundwater is only 
approximately 8 to 10 feet bgs and the matrix is sandy. Furthermore, the water solubility of 2,4,6-TNT, the 
explosive constituent with the highest concentrations in soil in October 2008, is relatively low and “in the case 
of impact areas, the majority of the TNT may be degraded in the surface soil, but small quantities can reach 
shallow ground water” (USEPA, 2012). 

In addition, the monitoring wells will be gauged and slug tests will be conducted in order to determine the 
groundwater flow direction and velocity.  

 Do site media pose a potentially unacceptable risk to human health? Soil (surface and subsurface) and 
groundwater data from the 2008 SI were evaluated to determine if detected constituents could potentially 
pose a risk to human health (CH2M HILL, 2012). This evaluation was conducted to allow for a “look-ahead” to 
identify what the likely risk drivers would be at the AOC 6 TNT subareas. Based on the results of this 
evaluation, explosives and metals were identified as constituents that could potentially pose a risk to human 
health in soil (surface and subsurface) and metals were identified as constituents that could potentially pose a 
risk to human health in groundwater. Based on spatial coverage of the existing and proposed data set, no 
additional soil and groundwater sampling is necessary to adequately assess the potential risk to human 
health. 

The following work is proposed to answer this environmental question: A baseline HHRA will be completed 
to determine if site contaminants in soil and groundwater potentially pose an unacceptable risk to human 
health. The 2008 SI soil data and soil and groundwater data collected as part of this RI will be evaluated in the 
baseline HHRA. 

 Is there any additional data that can be collected to refine the HHRA? Results of the human health risk 
evaluation in the 2008 SI (CH2M HILL, 2012) indicated that exposure to chromium in soil (surface and 
subsurface) and groundwater may pose potential risk to human health. However, in performing the risk 
evaluation, it was assumed that all of the chromium detected in these media is in the hexavalent form, which 
is unlikely since chromium is generally found in natural soil in the trivalent form, unless activities at the site 
have resulted in the release or formation of hexavalent chromium. Therefore, chromium speciation data are 
needed to assess the potential risk to human health due to exposure to soil. As agreed during the January 
2012 Partnering Meeting (Section 2.1.2), no sampling for hexavalent chromium in groundwater is proposed at 
AOC 6 since a known source for this constituent has not been identified at the AOC 6 TNT subareas. 

The following work is proposed to answer this environmental question:  Discrete surface (0 to 6 inches) and 
subsurface (6 to 24 inches) soil samples will be collected from RI sample locations CAA06-SO026 and CAA06-
SO027 (Figure 5) and analyzed for total and hexavalent chromium. These two sampling locations are in the 
vicinity of the SI sample locations that had the highest chromium detections (i.e.,  CAA06-SO01 and CAA06-
SO03).  

 Do soil and groundwater pose a potentially unacceptable risk to ecological receptors? Soil (surface and 
subsurface) and groundwater data from the 2008 SI (CH2M HILL, 2012) were evaluated to determine if 
detected constituents could potentially pose a risk to ecological receptors. This evaluation was conducted to 
allow for a “look-ahead” to identify what the likely risk drivers would be at the AOC 6 TNT subareas. Based on 
the results of this evaluation, explosives and metals were identified as constituents that could potentially pose 
a risk to ecological receptors in surface and subsurface soil. In addition, select metals were identified as 
constituents that could potentially pose a risk to ecological receptors in groundwater (transport to Penniman 
Lake). As agreed upon by the CAX Partnering Team, groundwater analytical data will not be evaluated as part 
of the ERA because Penniman Lake will not be evaluated as part of the AOC 6 TNT subareas RI, but as part of a 
separate Penniman Lake RI. Therefore, there is no ecological receptor exposure to groundwater at the AOC 6 
TNT subareas. However, additional soil data are necessary to complete an ERA and adequately assess the 
potential risk to ecological receptors. 
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The following work is proposed to answer this environmental question: An ERA (through Step 3A) will be 
completed to determine if site contaminants in soil could potentially pose an unacceptable risk to ecological 
receptors. All existing site soil data and soil data collected as part of this RI will be evaluated in the ERA; 
however, the ERA will only consider soil data collected within 2 feet of the ground surface. In addition, 
groundwater data collected during the 2008 SI and as part of this RI will not be evaluated in the ERA, because 
ecological receptors do not have direct exposure to groundwater. Penniman Lake is located adjacent to the 
site; however, any potential ecological risk associated with exposure to surface water and sediment within 
Penniman Lake will be evaluated as part of a separate Penniman Lake RI. 

 Is there residual material from site operations remaining in the Graining House Sump, and if so, does it pose 
a potentially unacceptable risk to human health and/or ecological receptors?  During draft SAP comment 
resolution, the EPA speculated whether or not there was residual material from the former ordnance plant 
processes (and not organic material) remaining within the Graining House Sump compartments. Given that 
the plant was in operation nearly 100 years ago, was dismantled in the 1920s, and the compartments are 
exposed to the elements, it is doubtful there is any residual material present. However, the CAX Partnering 
Team agreed to field verify this. 

The following work is proposed to answer this environmental question:  The field crew will check the 
Graining House Sump compartments for residual material potentially related to site operations. If present, a 
composite sample will be collected and analyzed for the same parameters as for surface soil (except grain 
size). The results will be evaluated in the HHRA and ERA.  

 Is further action (i.e., further investigation, removal or remediation) warranted at this site based on the 
results of this study? Further action will be recommended based on the determination of the nature and 
extent of contamination, findings of the human health and ecological risk assessments, exceedances of 
groundwater maximum contaminant levels (MCLs), and the expected future use of the site. 

The following work is proposed to answer this environmental question: Soil and groundwater data will be 
collected during the RI, and along with soil analytical data from the 2008 SI, will be used to determine the 
nature and extent of contamination at the AOC 6 TNT subareas and to complete a baseline HHRA and ERA 
(through Step 3A). As previously stated, groundwater data will not be evaluated during the ERA. The results of 
the RI, to include the risk assessments and proposed recommendations, will be documented in an RI Report. 

2.3.4 What are the Project Action Limits?  
The detected soil, groundwater, and residual sump material (if present) data will be compared to the following 
PALs to identify COPCs: 

1. Surface Soil: USEPA adjusted Residential Soil RSLs and literature-based ecological soil screening values for 
plants and soil invertebrates 

2. Subsurface Soil: USEPA adjusted Residential Soil RSLs and literature-based ecological soil screening values for 
plants and soil invertebrates (if less than 2 feet).  

3. Residual Sump Material:  Ten times the USEPA adjusted Residential Soil RSLs and literature-based ecological 
soil screening values for plants and invertebrates (freshwater sediment values may be used for residual sump 
material, if present, depending upon the environmental conditions encountered and the nature of the 
material). 

4. Groundwater: USEPA adjusted Tap-water RSLs and Federal Maximum Contaminant Levels (MCLs). 

Identified COPCs will be used in a quantitative HHRA (in accordance with USEPA guidance) and an ERA (through 
Step 3A) to calculate potential risks to human and ecological receptors, and to identify baseline COPCs for each 
medium.  
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The COPC concentrations will also be compared to the background 95% UTLs (CH2M HILL, 2011), where available 
and applicable, to determine if the detected concentrations are consistent with the base background 
concentrations. If the COPC concentrations exceed the background 95% UTL, further evaluation will be conducted 
to consider whether the COPC concentrations may be attributed to a release or may be associated with 
background conditions (such as comparing site data to the maximum base background concentrations). If the 
results of this evaluation potentially indicate that site concentrations are not consistent with background 
conditions, then the COPC concentrations may be attributed to a release and the COPC should be considered a 
site-related COC.  

Specific PAL values and laboratory detection and quantitation limits (QLs) are included in the Reference Limits and 
Evaluation Tables (Appendix A, Tables A-1 through A-7). Additionally, the specific reference for each ESV is 
included in Attachment 1 of Appendix A. 

2.3.5 How will the data be used?  
Groundwater data (i.e., water level data, hydraulic slug tests) will be used to determine the general groundwater 
conditions, including depth to water, rate of groundwater flow and direction of groundwater flow. In addition, the 
lithologic data collected in the field during monitoring well installation will be used to verify the depth of the 
Yorktown-Eastover aquifer underneath the site and support conclusions regarding fate and transport of 
contaminants in groundwater. This information will be incorporated into the CSM for the site and utilized in the 
discussion of contaminant fate and transport. 

The existing and proposed soil and groundwater data, and the residual sump material data (if present), will be 
used to determine the nature and extent of contamination at the AOC 6 TNT subareas and will be used to 
appropriately assess potential human health (soil, residual sump material, and groundwater) and ecological (soil 
and residual sump material) risks at the site. The HHRA will estimate the likelihood of adverse impacts to current 
and potential future users of the site based on the current and potential future use of the site. The ERA will 
estimate the likelihood of adverse impacts to ecological receptors that may use the site.  

Wet chemistry soil data (TOC, pH, and grain size) will be collected to further characterize the soil medium. Wet 
chemistry groundwater data (chloride, nitrate, nitrite, sulfate, sulfide, alkalinity, methane, TOC, and pH, as well as 
dissolved oxygen and ferrous iron) will be collected to characterize aquifer conditions regarding natural 
attenuation indicators.  

One Toxicity Characteristic Leaching Procedure (TCLP) soil and one TCLP groundwater sample will be collected to 
characterize investigation-derived waste (IDW) media for disposal purposes. 

2.3.6 What types of data are needed?  
Section 2.5 contains detailed information on the types of data needed for this project, including sample locations 
and sample depth intervals. In general, additional analytical soil and groundwater data are required for this 
project to determine the nature and extent of contamination and to complete the HHRA and ERA. All analytical 
samples will be submitted to an offsite subcontracted laboratory for analysis. Refer to Section 2.5 and Section 3 
for sample locations, numbers, rationale, and methodology. Sample locations are provided on Figure 5. 

2.3.7 Are there any special data quality needs, field or laboratory, in order to 
support environmental decisions? 

The data will be used in the HHRA and ERA to make further investigation/action decisions; therefore, the validator 
will qualify the data according to the Measurement Performance Criteria (MPC) outlined in Section 2.4 for field 
QC samples and the Laboratory QC Samples Table in Appendix A for laboratory QC samples. These MPC are 
consistent with the DoD Quality Systems Manual (QSM) as applicable and laboratory in-house limits where the 
QSM does not apply. 

The data collected from the AOC 6 TNT subareas will be validated internally by CH2M HILL. This process is outlined 
in Section 2.3.9. 
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2.3.8 Where, when, and how should the data be collected/generated?  
Detailed information on where, when, and how the data will be collected is provided in Section 3. Data generated 
at the subcontract laboratory(s) will be reported in a data package equivalent to an USEPA Contract Laboratory 
Program (CLP) level IV deliverable, as is required for these data. This data package includes a case narrative, all 
field sample results, QC forms, and raw data. An electronic data deliverable (EDD) will also be required.  

2.3.9 How will the data be evaluated? 
Data will undergo an evaluation for quality and completeness at the laboratory and will be validated by 
CH2M HILL data validators. Specific verification and validation steps are detailed in Table 6, Data Verification and 
Validation (Steps I and IIa/IIb) Process Table (Section 2.3.11). In general: 

 Deviations from the SAP will be reviewed to assess whether CA is warranted and to assess impacts to the 
achievement of project objectives. 

 To assess whether a sufficient quantity of acceptable data are available for decision-making, the data will be 
reconciled with MPC following validation and review of Data Quality Indicators (DQIs).  

 For duplicate sample results, the most conservative detected value will be used for project decisions. 

 Field and laboratory precision will be compared as Relative Percent Difference (RPD) between the two results. 

 For statistical comparisons non-detect values will be represented by a concentration equal to one-half the 
sample reporting limit.  

2.3.10 How will the data usability be documented? 
The PM, PC, and other team members will be responsible for compiling the data. The data will then be presented 
to the CAX Partnering Team who, as a whole, will evaluate the data usability according to project objectives. Any 
qualifications made to the data during data validation will be included for consideration; possible qualifications 
that may be applied to the data during validation are as follows: 

 When major QC deficiencies are encountered, data will be qualified with an R and in most cases is not 
considered usable for project decisions. If R-qualified data are used in evaluations and, ultimately, project 
decisions, the rationale for their use will be included in the RI Report. The R-qualifier is defined as follows: 

 R = Rejected result. Result not reliable. 

 For minor QC deficiencies that will not affect the usability of the data, data may be qualified as estimated with 
the following qualifiers: J, UJ, K, L, or UL. These qualifiers are defined as follows: 

 J = Analyte present. Reported value may or may not be accurate or precise. 

 UJ = Analyte not detected. Quantitation limit (QL) may be inaccurate or imprecise. 

 K = Analyte present. Reported value may be biased high. Actual value is expected to be lower. 

 L = Analyte present. Reported value may be biased low. Actual value is expected to be higher. 

 UL = Analyte not detected. QL is probably higher. 

 Additional qualifiers that may be applied to data by the validator are: 

 B = Not detected substantially above the level reported in laboratory or field blanks. This detection is 
attributed to blank contamination and is to be treated as a non-detect. 

 N = Tentative identification. The analyte is considered present, though special methods may be needed to 
confirm its presence or absence in future sampling efforts. 

 NJ = Qualitative identification is questionable due to poor resolution. Presumptively present at 
approximate quantity. 

 U = Not detected. 
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Data usability will be documented in data tables and discussed in the data quality evaluation, both of which will 
be provided as part of the RI report. Data tables will reflect the reported concentration of analytes, whether the 
analyte was detected, and what, if any, data qualifiers accompany the result. The data quality evaluation will 
discuss the use of specific data qualifiers and their impact on decision-making, the overall quality of the data set, 
and any data usability limitations determined by the CAX Partnering Team.  

2.3.11 Data Verification and Validation (Steps I and IIa/IIb) Process Table 
Data will be collected as detailed in Section 3, and will be reviewed for quality and completeness as detailed in the 
Data Verification and Validation (Steps I and IIa/IIb) Process Table (Table 6). More information about data 
validation and usability is provided in Section 2.3.10.  
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TABLE 6 
Data Verification and Validation (Steps I and IIa/IIb) Process Table 

Data Review Input Description Responsible for Verification Internal/ 
External 1 

Field Notebooks 
Field notebooks will be reviewed internally and placed into 
the project file for archival at project closeout. 

Field Team Leader/CH2M HILL Internal 

Chains of Custody 
and Shipping Forms 

Chain-of-custody forms and shipping documentation will be 
reviewed internally upon their completion and verified 
against the packed sample coolers they represent. The 
shipper's signature on the chain-of-custody will be initialed 
by the reviewer, a copy of the chains-of-custody retained in 
the site file, and the original and remaining copies taped 
inside the cooler for shipment. Chains-of-custody will also 
be reviewed for adherence to the SAP by the project 
chemist. 

Field Team Leader/CH2M HILL 

 

Project Chemist/CH2M HILL 

Internal & 
External 

Sample Condition 
upon Receipt 

Any discrepancies, missing, or broken containers will be 
communicated to the Project Delivery Manager (PDM) in 
the form of laboratory logins.  

Project Chemist / CH2M HILL External 

Documentation of 
Laboratory Method 
Deviations 

Laboratory Method Deviations will be discussed and 
approved by the project chemist. Documentation will be 
incorporated into the case narrative which becomes part of 
the final hardcopy data package. 

Project Chemist/CH2M HILL External 

Electronic Data 
Deliverables 

Electronic Data Deliverables will be compared against 
hardcopy laboratory results (10% check). 

Project Chemist / CH2M HILL External 

Case Narrative 
Case narratives will be reviewed by the data validator 
during the data validation process. This is verification that 
they were generated and applicable to the data packages. 

Data Validator/CH2M HILL External 

Laboratory Data 
All laboratory data packages will be verified internally by 
the laboratory performing the work for completeness and 
technical accuracy prior to submittal. 

Respective Laboratory Quality 
Assurance Officer 

Internal 

Laboratory Data The data will be verified for completeness by the PDM. Project Chemist / CH2M HILL External 

Audit Reports 

Upon report completion, a copy of all audit reports will be 
placed in the site file. If corrective actions are required, a 
copy of the documented corrective action taken will be 
attached to the appropriate audit report in the QA site file. 
Periodically, and at the completion of site work, site file 
audit reports and corrective action forms will be reviewed 
internally to ensure that all appropriate corrective actions 
have been taken and that corrective action reports are 
attached. If corrective actions have not been taken, the site 
manager will be notified to ensure action is taken. 

Project Manager/CH2M HILL 

Project Chemist/CH2M HILL 
Internal 

Corrective Action 
Reports 

Corrective action reports will be reviewed by the project 
chemist or project manager and placed into the project file 
for archival at project closeout. 

Project Manager/CH2M HILL 
Project Chemist/CH2M HILL 

External 

Laboratory Methods Ensure the laboratory analyzed samples using the correct 
methods. 

Project Chemist/CH2M HILL External 

Target Compound 
List and Target 
Analyte List 

Ensure the laboratory reported all analytes from each 
analysis group. Project Chemist/CH2M HILL External 

Reporting Limits 
Ensure the laboratory met the project-designated 
quantitation limits. If quantitation limits were not met, the 
reason will be determined and documented. 

Project Chemist/CH2M HILL External 

Field Standard 
Operating 
Procedures (SOPs) 

Ensure that all field SOPs were followed. Field Team Leader/CH2M HILL Internal 

Laboratory SOPs 
Ensure that approved analytical laboratory SOPs were 
followed. 

Respective Laboratory Quality 
Assurance Officer Internal 
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TABLE 6 
Data Verification and Validation (Steps I and IIa/IIb) Process Table 

Data Review Input Description Responsible for Verification 
Internal/ 
External 1 

Raw Data 
10 percent review of raw data to confirm laboratory 
calculations. 

Data Validator/CH2M HILL External 

Onsite Screening 
All non-analytical field data will be reviewed against SAP 
requirements for completeness and accuracy based on the 
field calibration records. 

Field Team Leader/CH2M HILL Internal 

Documentation of 
Method QC Results 

Establish that all required QC samples were run. Data Validator/CH2M HILL External 

Documentation of 
Field QC Sample 
Results 

Establish that all required QC samples were run. Project Chemist/CH2M HILL Internal 

DoD ELAP Evaluation 
Ensure that each laboratory is DoD ELAP Certified for the 
analyses they are to perform. Ensure evaluation timeframe 
does not expire. 

Project Chemist/CH2M HILL External 

Analytical data for 
Explosives, Metals 
(total and dissolved), 
Mercury (total and 
dissolved), Cyanide, 
and Hexavalent 
Chromium in all 
matrixes analyzed, 
e.g. groundwater, 
surface soil, Residual 
Sump Material 
sample (if present), 
and/or subsurface 
soil. 

Analytical methods and laboratory SOPs as presented in 
this SAP will be used to evaluate compliance against QA/QC 
criteria. Should adherence to QA/QC criteria yield 
deficiencies, data may be qualified. The data qualifiers used 
are those presented in Region III Modifications to the 
National Functional Guidelines for Organic Data Review 
(USEPA, September 1994) and in Region III Modifications to 
the Laboratory Data Validation Guidelines for Inorganic 
Data Review (USEPA, April 1993). National Functional 
Guidelines will not be used for data validation; however, 
the specific qualifiers listed therein may be applied to data 
should non-conformances against the QA/QC criteria as 
presented in this SAP be identified. 

Data Validator/CH2M HILL External 

Analytical data for 
wet chemistry or 
grain-size in all 
matrixes analyzed, 
e.g. groundwater, 
surface soil, Residual 
Sump Material 
sample (if present), 
and/or subsurface 
soil. 

Wet chemistry [Natural Attenuation Indicator Parameter 
(NAIPs)] and grain-size analytical data will not undergo 
third-party data validation, but are subject to all other data 
review protocols detailed above. 

NA NA 

1 Internal/External is with respect to the entity that generated the data. 

2.4 Field Quality Control Samples 
Field QC samples will be collected to assist in evaluating whether the results reported from the field effort meet 
the precision, accuracy, and representativeness requirements for this project. Presented in Tables 7A through 7F 
are details about the frequency at which each QC sample will be collected, what constitutes acceptable field QC 
results, and what aspect of data quality is indicated by the outcome of each QC sample.  
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TABLE 7A 
Measurement Performance Criteria Table for Field QC Samples 

Matrix: Surface Soil, Subsurface Soil, Residual Sump Material, if present1 

Analytical Group: Explosives, Metals including Mercury, Cyanide, and Hexavalent Chromium2 

Concentration Level: Medium / Low 

QC Sample Analytical Group Frequency 
Data Quality Indicators 

(DQIs) 
Measurement Performance 

Criteria 

Field Duplicate 

Metals including 
Mercury, Cyanide, 
and Hexavalent 
Chromium 

1 per 10 field samples Precision 
Relative Percent Difference 
(RPD) ≤ 20% 

Equipment Blank 
1 per day of sampling, 
per type of equipment 

Bias/ Contamination Target analytes ≤  1/2 LOQ 

Cooler Temperature 
Indicator 

1 per cooler to the 
laboratory 

Representativeness 
Temperature ≤  6 degrees 
Celsius (°C) 

1 Field QA/QC will be collected separately for each matrix listed. 
2 Field QA/QC as described in this table will be collected and analyzed for each of the analytical groups listed. 

 
 
 

TABLE 7B 
Measurement Performance Criteria Table for Field QC Samples 

Matrix: Surface Soil, Subsurface Soil, Residual Sump Material, if present1 

Analytical Group: Wet Chemistry (TOC, pH)2 

Concentration Level: Medium 

QC Sample Analytical Group Frequency Data Quality Indicators 
(DQIs) 

Measurement Performance 
Criteria 

Cooler Temperature 
Indicator 

Wet Chemistry 1 per cooler to the 
laboratory 

Representativeness Temperature ≤  6 degrees 
Celsius (°C) 

1 Field QA/QC will be collected separately for each matrix listed. 
2 Field QA/QC as described in this table will be collected and analyzed for each of the analytical groups listed. 
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TABLE 7C 
Measurement Performance Criteria Table for Field QC Samples 

Matrix: Surface Soil 

Analytical Group: Grain-size 

QC Sample Analytical Group Frequency Data Quality Indicators 
(DQIs) 

Measurement Performance 
Criteria 

None Grain-size NA NA NA 

 
 

TABLE 7D 
Measurement Performance Criteria Table for Field QC Samples 
Matrix: Groundwater 

Analytical Group: Total Metals including Mercury and Cyanide; Dissolved Metals including Mercury1 

Concentration Level: Medium / Low 

QC Sample Analytical Group Frequency 
Data Quality Indicators 

(DQIs) 
Measurement Performance 

Criteria 

Field Duplicate 

Total Metals including 
Mercury and Cyanide; 
Dissolved Metals 
including Mercury 

1 per 10 field samples Precision 
Relative Percent Difference 
(RPD) ≤ 20% 

Equipment Blank 1 per day of sampling, 
per type of equipment 

Bias/ Contamination Target analytes ≤  1/2 LOQ 

Cooler Temperature 
Indicator 

1 per cooler to the 
laboratory 

Representativeness Temperature ≤  6 degrees 
Celsius (°C) 

1 Field QA/QC as described in this table will be collected and analyzed for each of the analytical groups listed. 

 
 

TABLE 7E 
Measurement Performance Criteria Table for Field QC Samples 
Matrix: Groundwater 

Analytical Group: Wet Chemistry (NAIPs listed in Table A1-8)1 

Concentration Level: Medium 

QC Sample Analytical Group Frequency Data Quality Indicators 
(DQIs) 

Measurement Performance 
Criteria 

Cooler Temperature 
Indicator 

Wet Chemistry 1 per cooler to the 
laboratory 

Representativeness Temperature ≤  6 degrees 
Celsius (°C) 

1 Field QA/QC as described in this table will be collected and analyzed for each of the analytical groups listed. 

2.5 Sampling Design and Rationale 
The CAX Partnering Team met to scope this investigation, as presented in Section 2.1. During these meetings, the 
Team discussed and agreed to the proposed sampling rationale for the AOC 6 TNT subareas. Figure 5 presents the 
proposed sample locations for each medium to be evaluated, including the proposed new monitoring well 
locations. Exact sample locations will ultimately be field-determined, but will be in proximity to the proposed 
sample locations. 
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The proposed sampling scheme and associated rationale for the AOC 6 TNT subareas are included in Table 8. 

QC samples will be collected as described in Section 2.4. 

Samples from each medium will be analyzed as outlined in Section 3.2 and will include: 

Discrete soil (surface [0 to 6 inches bgs] and subsurface [6 to 24 inches bgs]): explosives, metals,  and wet 
chemistry (for surface soil: TOC, pH, grain size and for subsurface soil: pH and TOC) 

Discrete soil (surface [0 to 6 inches bgs] and subsurface [6 to24 inches bgs]):  total and hexavalent chromium only  

Composite soil (surface [0 to 6 inches bgs] and subsurface [6 inches bgs to groundwater (~10 feet bgs)]):  
explosives, metals, and wet chemistry (for surface soil: TOC, pH, grain size and for subsurface soil [6 to 24 inches 
bgs only]: pH and TOC) 

Groundwater:  total metals, dissolved metals, and wet chemistry (chloride, nitrate, nitrite, sulfate, sulfide, 
alkalinity, methane, TOC, pH).  

Residual sump material from surface of concrete TNT Graining House Sump compartments (if present):  
explosives, metals, pH, and TOC 

Analytical methods to be employed by the laboratory for each analyte and their respective PALs are listed in 
Appendix A. 

Section 3.1 provides a detailed outline of the field methods to be performed. 

TABLE 8 
AOC 6 TNT Subareas Proposed Sampling Scheme and Associated Rationale 

Media  
Sample 
Count Analysis Rationale 

Surface Soil (discrete) (0-
6”) 

13 Explosives, metals 
Collected to provide adequate spatial coverage, 
determine the nature and extent of contamination, and 
support an HHRA and ERA 

2 Total and hexavalent chromium Collected to refine the HHRA 

13 pH, TOC, sieve grain size Collected to refine the ERA 

Subsurface Soil (discrete) 
(6-24 inches) 

13 Explosives, metals 
Collected to provide adequate spatial coverage, 
determine the nature and extent of contamination, and 
support an HHRA and ERA 

2 Total and hexavalent chromium Collected to refine the HHRA 

13 pH and TOC Collected to refine the ERA 

Surface Soil (composite) 

(0-6”) 

1 Explosives, metals  

Collected to account for the potential variability of 
contaminant concentrations within the Catch Box Ruins, 
address the potential for contamination at depths below 
24 inches, and support an HHRA and ERA 

1 pH, TOC, sieve grain size  Collected to refine the ERA 

Groundwater 6 
Total and dissolved metals, 
nitrate, nitrite, sulfate, sulfide, 
alkalinity, methane, TOC, pH 

Collected to characterize the nature and extent of 
contamination in groundwater; to assist in determining 
the degradation and mobility of metals; and support an 
HHRA and ERA 

Residual Material  
(if present) 

(from surface of concrete 
TNT Graining House Sump 
compartments) 

1 Explosives, metals 
Collected to characterize any residual material 
remaining from former plant processes and to support 
an HHRA and ERA 

1 pH and TOC Collected to refine ERA 
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3 Field Project Implementation  
The following sections provide a summary of field activities. 

3.1 Project Logistics 
In general, work will be performed in Level D personal protective equipment (PPE), which includes hard hat, safety 
glasses, safety-toed boots, hearing protection, and impermeable gloves. Upgrades to higher levels of PPE will be 
presented in the Health and Safety Plan (HSP), which will be prepared as a part of mobilization efforts and 
available to all field personnel during field activities. In addition, a photoionization detector (PID) will be used for 
monitoring sampling locations for organic vapors in the breathing zone as a health and safety precaution which 
will be discussed in the HSP.  

All field activities will be conducted during normal working hours, unless requested otherwise by the Navy. 
Following field activities, the site will be restored to original site conditions. 

3.2 Field Project Tasks  
Details regarding sample nomenclature, sampling and analysis are provided in Table 9. Applicable Standard 
Operating Procedures (SOPs) for project tasks outlined in this section are listed in Table 10.  

3.2.1 Utility Clearance 
Utility clearances at the AOC 6 TNT subareas will be performed prior to the start of subsurface investigation 
activities. The CH2M HILL field staff will coordinate subsurface utility clearance with Miss Utility of Virginia 
(800-552-7001 or 811) and obtain available utility maps from CAX (Mr. James Michener at 757-636-4084). In 
addition, a third party utility clearance subcontractor will be procured by CH2M HILL to clearly mark all proposed 
sample locations. Proposed monitoring wells located within 5 feet of a marked utility will be relocated. If a 
monitoring well location needs to be adjusted to avoid a utility, the field team will use their best judgment in 
relocating the well and notify the PM of its new location.  

3.2.2 Mobilization 
Following approval of the SAP, CH2M HILL will begin mobilization activities. Before mobilization, all field team 
members will review this SAP and the project-specific HSP. A field team kickoff meeting will be held to ensure that 
personnel are familiar with the scope of field activities and discuss any safety issues. Mobilization activities 
include coordination with base personnel and preparation of field equipment. 

3.2.3 Vegetation Clearance 
The AOC 6 TNT subareas are located in a moderately wooded area and may require vegetation clearing to gain 
access. If required, prior to sampling activities, vegetation will be cleared to minimally impact the site. Trees less 
than three inches in diameter will be cut and/or low-hanging tree limbs will be removed. All cut vegetation debris 
will remain on site. Cutting will be accomplished through either manual or mechanical methods. Selection of the 
appropriate land clearing strategy will be based on the type and density of vegetation, topography, drainage 
patterns, terrain and soil conditions, and the level of effort required to maintain environmental and natural 
resource protection.  

3.2.4 Soil Sampling 
Thirteen discrete, co-located surface (0 to 6 inches bgs) and subsurface (6 to 24 inches bgs) soil samples (Figure 5 
locations CAA06-SO28 through CAA06-SO34 and CAA06-MW01 through CAA06-MW06) will be collected using a 
stainless steel hand auger and analyzed for explosives, metals, and wet chemistry parameters [for surface soil: 
TOC, pH, grain size and for subsurface soil: pH and TOC]). Two discrete, co-located surface (0 to 6 inches bgs) and 
subsurface (6 to 24 inches bgs) soil samples (Figure 5 locations CAA06-SO26 and CAA06-SO27) will be collected 
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and analyzed for total and hexavalent chromium. Co-located 3-point composite surface (0 to 6 inches bgs) and 
subsurface (at intervals 6 to 24 inches bgs, 2 to 4 feet bgs, 4 to 6 feet bgs, 6 to 8 feet bgs, and 8 to 10 feet bgs 
[approximate depth of water table])(Figure 5 location CAA06-SO26) soil samples will be collected via Macro-Core 
and analyzed for explosives, metals, and wet chemistry parameters [for surface soil: TOC, pH, grain size and for 
subsurface soil [the 6 to 24-inch bgs interval only]: pH and TOC ], as outlined in Table 9. Any relevant information 
pertaining to contamination or visual observations will be recorded in the sample log book. Samples will be 
homogenized prior to placement in the laboratory prepared sample container. The SOPs to be used are 
referenced in Table 10. 

3.2.5 Monitoring Well Installation 
A total of six monitoring wells will be installed at the AOC 6 TNT subareas. Prior to monitoring well installation, soil 
samples will be collected for lithologic characterization at each location in accordance with unified soil 
classification system (USCS) standards and field screening for organic vapors will be conducted using a PID as the 
boreholes are advanced. Soil samples will be collected continuously from the ground surface to the final depth of 
the borehole using either direct push technology or split-spoon sampling.  

Monitoring wells will be installed with a drilling rig using a 4.25-inch inner diameter hollow stem auger. Each 
monitoring well will be constructed of 2-inch inside diameter (ID) Schedule-40 polyvinyl chloride (PVC) pipe and 
installed at a maximum of 20 feet deep. The monitoring well screens will be machine-slotted 0.010-inch PVC.  

A silica sand filter pack will be placed around the annular space of the well screen from the bottom of the boring 
extending to a depth of 2 feet above the top of the screen. A 2-foot bentonite layer will be placed above the top 
of the sand pack. After the bentonite has been hydrated, a cement –bentonite grout will be placed in the 
remaining annular space. The monitoring wells will be completed as a stick-up with a steel cover. A locking, 
watertight cap will be placed on the PVC pipe and each well will be clearly labeled with its assigned well number. 

3.2.6 Well Development 
Following installation, each monitoring well will be developed by the drilling subcontractor using a submersible 
pump and a combination of surging and pumping throughout the well screen. During monitoring well 
development, CH2M HILL will measure water quality parameters including pH, oxidation-reduction potential 
(ORP), temperature, conductivity, turbidity, and dissolved oxygen (DO) with a Horiba U-22 water quality meter or 
similar water quality meter. The water quality parameters will be recorded in the field notebook approximately 
every 5 minutes. In addition, the water quality meter will be calibrated daily (at a minimum) and the calibration 
documented in the field notebook. At least three well volumes of water will be removed in addition to the 
amount of water added during the installation process. Development will continue until the water is relatively 
clear and free of sediment or until 2 hours of development have passed, whichever comes first. Development 
parameter information, including pH, ORP, temperature, conductivity, turbidity, DO, and gallons purged will be 
recorded in the field logbook. 

3.2.7 Water-Level Survey 
Following monitoring well installation and development, and prior to the start of groundwater sampling, the 
depth to groundwater, to the nearest 0.01 foot, will be measured from all monitoring wells. Measurements will 
be made from the surveyed location on the lip of the PVC, which will be marked with an indelible marker. If during 
removal of the locking well cap the well demonstrates signs of being under pressure (escaping air sounds, cap 
being pushed off by pressure), the depth to water in that monitoring well will not be measured for a period of one 
hour in order to allow for the water level to equilibrate. Depth to water and time measured will be recorded in 
the field logbook. 

3.2.8 Groundwater Sampling 
Each newly-installed monitoring well will be sampled using a Monsoon pump (or similar pump) following low-flow 
sampling protocol and analyzed for total/dissolved inorganic constituents and the natural attenuation 
parameters, as outlined in Table 9. All groundwater samples will be collected by placing the sample tubing intake 
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in the middle of the screen interval. Water quality parameters including pH, ORP, temperature, conductivity, 
turbidity, and DO will be measured with a Horiba U-22 water quality meter or similar water quality meter. The 
water quality parameters will be recorded in the field notebook approximately every 5 minutes. In addition, the 
water quality meter will be calibrated daily (at a minimum) and the calibration documented in the field notebook. 

DO will be field-verified using CHEMetrics test kits, and ferrous iron will be measured to evaluate redox potential 
to assist in determining the mobility of inorganic constituents in groundwater. Sampling will begin when water 
quality parameters have stabilized over three consecutive readings when measurements agree as follows: 

 pH within 0.1 pH units 

 Conductivity within 3 percent 

 DO within 10 percent 

 ORP within 10 millivolts (mV) 

 Turbidity measurement within 10 percent or is minimized to the extent practical for the well 

If the recharge rate of the well is so low that the well goes dry despite a flow rate of 0.1 liter per minute (lpm), 
purging will stop and the well will be allowed to recharge. This will be repeated as necessary and sampling will be 
conducted once at least one well volume has been removed. 

3.2.9 Field Inspection of TNT Graining House Sump and Residual Material 
Sampling 

During the RI field activities, the former TNT Graining House Sump will be field checked for residual material (from 
former ordnance plant processes and not organic material) within each of the sump compartments. A stainless 
steel spoon and/or disposable sediment corer will be used to check for residual material. If residual material is 
present, one composite sample will be collected, using equal volumes of material from each compartment where 
the residual material is found. The sample will be field composited and submitted to the laboratory for explosives, 
metals, pH and TOC analyses. 

3.2.10 Equipment Decontamination 
All non-disposable sampling equipment will be decontaminated before and immediately after each use as 

described in the applicable SOPs referenced in Table 10. Equipment will be decontaminated with Liquinox (or 
equivalent solution) and allowed to dry between each use. The water-level indicator will be scrubbed with 
deionized water between each measurement. All decontamination liquids will be containerized and handled 
according to the IDW Handling section below. Disposable equipment (e.g., tubing for low-flow sampling, filters, 
paper towels, disposable PPE) will be disposed as ordinary trash.  

Heavy equipment such as drill rig equipment (augers, rods or split spoons) will be steam-cleaned before use at 
each new monitoring well location. A decontamination pad will be set up onsite to prevent runoff of the 
decontamination water and to allow easy collection of decontamination fluids into a 55-gallon drum and treatment 
as IDW. 

3.2.11 Investigation-derived Waste Handling 
All IDW generated during this project is anticipated and assumed to be non-hazardous; however, it will be fully 
characterized in order to ensure it is transported and disposed of in accordance with all pertinent regulations.  

The IDW generated during monitoring well installation and sampling will be soil cuttings, monitoring well 
development water, purge water, and solutions used to decontaminate non-disposable sampling equipment. Solid 
and aqueous IDW will be containerized separately in Department of Transportation-approved 55-gallon drums, 
which will be stored onsite. Secondary containment for IDW storage will be large enough to contain 10 percent of 
the volume of containers or the volume of the largest container, whichever is greater. The IDW storage area will 
be covered with a tarp to minimize the drums to exposure and prevent rain water from accumulating in the 
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secondary containment. It is anticipated that 7 drums of solid IDW and 12 drums of aqueous IDW will be 
generated. 

Unless there is evidence of gross contamination, one composite soil sample and one composite groundwater 
sample will be collected for the purpose of IDW characterization, and will be analyzed for full TCLP, ignitability, 
corrosivity, and reactivity analyses. All drums will be removed from the site within 90 days of generation (with 
Navy approval). 

Disposable equipment, including PPE and paper towels, will be disposed as ordinary trash. 

3.2.12 Surveying 
Following sample collection, soil sample locations will be marked in the field using pin flags with the sample 
station clearly labeled. All soil sample locations will be horizontally located, and all monitoring wells will be 
horizontally and vertically located by a Virginia licensed surveyor. The surveyor will provide coordinates of all 
points X, Y, to the nearest 0.5 feet and Z to the nearest 0.01 foot (0.1 foot for unpaved ground surface elevations). 

3.2.13 Quality Control 
Field QC samples will be collected as outlined in Table 9 to assist in evaluating whether the results reported from 
the field effort meet the precision, accuracy, and representativeness requirements for this project. Field and 
laboratory activities will be implemented following the applicable SOPs as referenced in Table 10 and Appendix A.  
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3.3 Sample Details Table 
Table 9 includes details regarding sample nomenclature, sampling and analysis that will be conducted as part of this SAP. 
 

TABLE 9 
Sample Details  

     
Aqueous           

Solid 

     
    Wet Chemistry (NAIPs)       

CTO-56 
Cheatham Annex AOC 6 

Remedial Investigation Sampling 
Fall 2012, tentative 

 
 

Main Laboratory 
TriMatrix Labs 

5560 Corporate Exchange Ct.SE 
Grand Rapids, MI 49512 

Walt Roudebush - 616-975-4561 
 

Hexavalent Chromium Laboratory 
Columbia Analytical Services, Inc. 

1565 Jefferson Road, Building 300, Suite 360 
Rochester, NY 14623 

Deb Patton - (585)-672-7473 

Analysis Group 
Total Metals, including mercury and 
cyanide 

Dissolved Metals, including 
mercury 

Methane Alkalinity 

Chloride, 
Nitrate, 
Nitrite, 
Sulfate 

Sulfide TOC pH Explosives CrVI 

Ferrous 
Iron and 
Dissolved 
Oxygen 

Explosives Metals, including mercury and cyanide 
wet chemistry (pH and 
TOC) 

CrVI 
Grain-
size 

Preparation and 
Analytical Method 

SW-846 
3010A/ 
6010C and 
3020A/ 
6020A 

SW-846 
7470A 

SW-846 
9010C/ 
9014 

SW-846 
3010A/ 
6010C and 
3020A/ 
6020A 

SW-846 
7470A 

RSK-175 SM2320B EPA 300.0 
SM 4500-
S2-F 

SW-846 
9060A 

SW-846 
9040C 

SW-864 
8330 

SW-846 
7199 

Field test 
kits 

SW-864 
8330 

SW-846 
3050B/6010C 
and 
3050B/6020A 

SW-846 
7471A 

SW-846 
9010C/ 
9014 

SW-846 
9045C 

Lloyd 
Kahn 

SW-846 
7199 

ASTM 
D422 
(sieve 
only) 

Analytical 
Laboratory/ SOP 
Reference 

TriMatrix / 
GR-01-100, 
GR-01-129  

TriMatrix 
/ GR-01-
123 

TriMatrix 
/ GR-05-
122 

TriMatrix / 
GR-01-100, 
GR-01-129  

TriMatrix / 
GR-01-123 

TriMatrix / 
GR-03-130 

TriMatrix / 
GR-06-101 

TriMatrix / 
GR-02-113 

TriMatrix 
/ GR-06-
110 

TriMatrix 
/ GR-05-
105 

TriMatrix 
/ GR-07-
100 

CAS-R / 
HPLC-8330 

CAS-R / 
GEN-
7199 

Performed 
in the Field 

CAS-R / 
HPLC-8330 

TriMatrix / 
GR-01-100, 
GR-01-129  

TriMatrix 
/ GR-01-
123 

TriMatrix 
/ GR-05-
122 

TriMatrix 
/ GR-07-
113 

TriMatrix 
/ GR-05-
132 

CAS-R / 
GEN-7199 

TriMatri
x / GR-
16-119 

Data Package 
Turnaround Time 

28 Calendar Days 

Container Type/ 
Volume required (if 
different than 
container volume) 

500ml HDPE / 150ml 

500ml 
opaque 
HDPE / 
50ml 

500ml HDPE / 150ml 
2, 40ml 
clear glass 
vials / 40ml 

500ml HDPE / 100ml  

500ml 
amber 
glass / 
100ml 

3, 40mL 
clear 
glass 
vials 
/40ml 

500ml 
HDPE / 
50ml 

2L amber 
glass / 1L 

250mL 
HDPE/ 
10mL 

NA 
1-4oz. Wide-
mouth/ 20g 

8oz glass jar / 20g 4oz glass jar / 60g 
8oz glass 
jar / 100g 

1-4oz. 
Wide-
mouth/ 
2.5 g 

32oz 
WM 
HDPE 

Preservative pH <2 w/HNO3, Cool to <6°C 

pH >10 
w/NaOH, 
Cool to 
<6°C 

pH <2 w/HNO3, Cool to 
<6°C 

pH <2 
w/HCl, Cool 
to <6 °C 

Cool to <6 °C 

pH >9 
w/NaOH 
and ZnAC, 
Cool to 
<6°C 

pH <2 
w/H2SO4, 

cool to 
<6°C 

Cool to 
<6°C 

Cool to 
<6°C 

Cool to 
0-6ºC 

NA Cool to 0-6ºC 

Holding Time 
(Preparation/ 
Analysis) 7 

180 days 28 days 14 days 180 days 28 days 14 days 14 days 

48 hrs: Nitrate, 
Nitrite; 28 
days Chloride, 
Sulfate 

7 days 28 days 7 days 

7 days 
extraction, 
40 days for 
analysis from 
date of 
extraction  

24 
hours 

NA 

14 days until 
extraction/ 
40 days 
from 
extraction to 
analysis 

180 days 28 days 14 days 

7 days 
from 
sample 
receipt 
(lab-
specified) 

14 days 

30 days to 
extraction; 
7 days 
from 
extraction 
to analysis 

28 days 

Matrix Station ID Sample ID2 QC Sample 8 Sampling Depth   

Groundwater Samples                       

GW 

CAA06-MW01 
CAA06-GW01-MMYY - TBD X X X X X X X X X X X     X                 

CAA06-GW01P-MMYY duplicate TBD X X X X X                 X                 

CAA06-MW02 
CAA06-GW02-MMYY - TBD X X X X X X X X X X X     X                 

CAA06-GW02-MMYY-MS MS TBD X X X X X                                   

CAA06-GW02-MMYY-SD MSD TBD X X X X X                                   

CAA06-MW03 CAA06-GW03-MMYY - TBD X X X X X X X X X X X     X                 

CAA06-MW04 CAA06-GW04-MMYY - TBD X X X X X X X X X X X     X                 

CAA06-MW05 CAA06-GW05-MMYY - TBD X X X X X X X X X X X     X                 

CAA06-MW06 CAA06-GW06-MMYY - TBD X X X X X X X X X X X     X                 

Soil Samples (discrete or composite)                                                 

3-point 
composite Soil 

CAA06-SO26 3 

CAA06-SO26-TDBD-MMYY - 0 - 0.5 ft                             X X X X X X   X 

CAA06-SO26-TDBD-MMYY - 0.5 - 2 ft                             X X X X X  X     

CAA06-SO26-TDBD-MMYY - 2 - 4 ft                             X X X X         

CAA06-SO26-TDBD-MMYY - 4 - 6 ft                             X X X X         

CAA06-SO26-TDBD-MMYY - 6 - 8 ft                             X X X X         

CAA06-SO26-TDBD-MMYY - 8 - 10 ft4                             X X X X         

Discrete Soil 

CAA06-SS26-MMYY - 0 - 0.5 ft                               Cr only         X   

CAA06-SS26P-MMYY duplicate 0 - 0.5 ft                               Cr only         X   

CAA06-SB26-TDBD-MMYY - 0.5 - 2 ft                               Cr only         X   

CAA06-SB26P-TDBD-MMYY duplicate 0.5 - 2 ft                               Cr only         X   

CAA06-SO27 5 

CAA06-SS27-MMYY - 0 - 0.5 ft                               Cr only         X   

CAA06-SS27-MMYY-MS MS 0 - 0.5 ft                               Cr only         X   

CAA06-SS27-MMYY-SD MSD 0 - 0.5 ft                               Cr only         X   

CAA06-SB27-TBDB-MMYY - 0.5 - 2 ft                               Cr only         X   

CAA06-SB27-TBDB-MMYY-MS MS 0.5 - 2 ft                               Cr only         X   

CAA06-SB27-TBDB-MMYY-SD MSD 0.5 - 2 ft                               Cr only         X   

CAA06-SO28 
CAA06-SS28-MMYY - 0 - 0.5 ft                             X X X X X X   X 

CAA06-SB28-TBDB-MMYY - 0.5 - 2 ft                             X X X X X X     

CAA06-SO29 
CAA06-SS29-MMYY - 0 - 0.5 ft                             X X X X X X   X 

CAA06-SB29-TBDB-MMYY - 0.5 - 2 ft                             X X X X X X     

CAA06-SO30 
CAA06-SS30-MMYY - 0 - 0.5 ft                             X X X X X X   X 

CAA06-SB30-TBDB-MMYY - 0.5 - 2 ft                             X X X X X X     

CAA06-SO31 
CAA06-SS31-MMYY - 0 - 0.5 ft                             X X X X X X   X 

CAA06-SB31-TBDB-MMYY - 0.5 - 2 ft                             X X X X X X     

CAA06-SO32 
CAA06-SS32-MMYY - 0 - 0.5 ft                             X X X X X X   X 

CAA06-SB32-TBDB-MMYY - 0.5 - 2 ft                             X X X X X X     
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TABLE 9 (continued) 

     
Aqueous           

Solid 

     
    Wet Chemistry (NAIPs)       

Analysis Group 

Total Metals, including mercury and 
cyanide 

Dissolved Metals, 
including mercury Methane Alkalinity 

Chloride, 
Nitrate, 
Nitrite, 
Sulfate Sulfide TOC pH Explosives CrVI 

Ferrous 
Iron and 
Dissolve
d Oxygen Explosives 

Metals, including mercury and 
cyanide 

wet chemistry (pH 
and TOC) CrVI 

Grain-
size 

Matrix Station ID Sample ID2 QC Sample 8 Analysis Group 

                Soil Samples (discrete or composite)  CONTINUED                     

 

CAA06-SO33 
CAA06-SS33-MMYY - 0 - 0.5 ft                             X X X X X X   X 

CAA06-SB33-TBDB-MMYY - 0.5 - 2 ft                             X X X X X X     

CAA06-SO34 
CAA06-SS34-MMYY - 0 - 0.5 ft                             X X X X X X   X 

CAA06-SB34-TBDB-MMYY - 0.5 - 2 ft                             X X X X X X     

CAA06-MW01 
CAA06-SS35-MMYY - 0 - 0.5 ft                             X X X X X X   X 

CAA06-SB35-TBDB-MMYY - 0.5 - 2 ft                             X X X X X X     

CAA06-MW02 

CAA06-SS36-MMYY - 0 - 0.5 ft                             X X X X X X   X 

CAA06-SS36P-MMYY duplicate 0 - 0.5 ft                             X X X X   
 

    

CAA06-SB36-TBDB-MMYY - 0.5 - 2 ft                             X X X X X X     

CAA06-SB36P-TBDB-MMYY duplicate 0.5 - 2 ft                             X X X X   
 

    

CAA06-MW03 

CAA06-SS37-MMYY - 0 - 0.5 ft                             X X X X X X   X 

CAA06-SS37-MMYY-MS MS 0 - 0.5 ft                             X X X X   
 

    

CAA06-SS37-MMYY-SD MSD 0 - 0.5 ft                             X X X X   
 

    

CAA06-SB37-TBDB-MMYY - 0.5 - 2 ft                             X X X X X X     

CAA06-SB37-TBDB-MMYY-MS MS 0.5 - 2 ft                             X X X X   
 

    

CAA06-SB37-TBDB-MMYY-SD MSD 0.5 - 2 ft                             X X X X   
 

    

CAA06-MW04 
CAA06-SS38-MMYY - 0 - 0.5 ft                             X X X X X X   X 

CAA06-SB38-TBDB-MMYY - 0.5 - 2 ft                             X X X X X X     

CAA06-MW05 
CAA06-SS39-MMYY - 0 - 0.5 ft                             X X X X X X   X 

CAA06-SB39-TBDB-MMYY - 0.5 - 2 ft                             X X X X X X     

CAA06-MW06 
CAA06-SS40-MMYY - 0 - 0.5 ft                             X X X X X X   X 

CAA06-SB40-TBDB-MMYY - 0.5 - 2 ft                             X X X X X X     

Contingent Residual Sump Material Sample (if present, this sample will be treated as sediment)6                                            

Sump Material CAA06-SD03 

CAA06-SD03-MMYY - TBD                             X X X X X X     

CAA06-SD03P-MMYY duplicate TBD                             X X X X         

CAA06-SD03-MMYY-MS MS TBD                             X X X X         

CAA06-SD03-MMYY-SD MSD TBD                             X X X X         

Blank Samples 8                                                   

Equipment 
Blank for GW 

CAA06-QC CAA06-EBMMDDYY-GW EB NA X X X X X                                   

Equipment 
Blank for Soil 

CAA06-QC CAA06-EBMMDDYY-SO EB NA X X X                 X X                   

Equipment 
Blank for Sump 
Material 

CAA06-QC CAA06-EBMMDDYY-SD EB NA X X X                 X                     

      
Total Number of Samples to the 

Laboratory: 12 12 12 10 10 6 6 6 6 6 6 2 1 7 42 42 42 42 29 15 10 14 

Notes: 

1 For a complete reference of laboratory SOPs, see the Analytical SOP References Table. 
2 Sample IDs contain placeholders to be updated with information regarding the sample. MMYY will be replaced with the two-digit month and year in which the sample s collected. TDBD will be replaced with the 
two-digit top depth (TD) and bottom depth (BD) from which the sample is collected; should a sample be collected from a half-foot increment (i.e. 2.5 to 4.5 ft bgs) the sample ID will show the half-foot increment 
with an "H": TDBD = 2H4H. 
3 Samples collected at station CAA06-SO26 which have "SO" in the sample ID will be 3-point composite samples. Samples at this station which have "SS" or "SB" in the sample ID will be single-point samples collected 
from the center of the station. This station will be located in close proximity to CAA06-SO01 which was sampled in 2008. 
4 At station CAA06-SO26, the subsurface soil sample from 8-10ft may not be necessary if the water table is encountered prior to 8 ft bgs. 
5 Station CAA06-SO27 will be located in close proximity to CAA06-SO03 which was sampled in 2008. 
6 The contingency sump (sediment) sample will be a composite sample of residual material collected from the bottom of the sump compartments, IF residual material is observed. 
7 Maximum holding time is calculated from the time the sample is collected to the time the sample is prepared/analyzed. 
8 Field QC counts may change depending on the duration of field event. Frequency of QA/QC sample collection is noted on the Measurement Performance Criteria Table in Section 2.4 of the UFP-SAP and is as 
follows : 

 
Field Duplicate - One per 10 field samples 

 
MS/MSD - One pair per 20 field samples of similar matrix (including field duplicates) 

 
Equipment Blank- For disposable equipment, one per week of sampling; for decontaminated equipment, one per type of sampling equipment, per day of sampling 

 
Field Blank- No field blanks will be collected for this project 
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3.4 Field SOPs Reference Table 
Applicable SOPs for project tasks are outlined in Table 10 and included as Appendix C. 

TABLE 10 
Field Standard Operating Procedures 

SOP Reference Number Title/Author Revision Date or 
Version Number Location of SOP (if not included in the SAP)  Any planned deviation for 

Project Work Comments 

1_BlankPrep Equipment Blank and Field Blank Preparation 8/2013 \\orion\proj\CLEANII\SOPS\1 - MASTER\Sample Preparation and Handling N/A N/A 

2_COC Chain-of-Custody 8/2013 \\orion\proj\CLEANII\SOPS\1 - MASTER\Sample Preparation and Handling N/A N/A 

3_DataLoggers Use of Data Loggers and Pressure Transducers 8/2013 \\orion\proj\CLEANII\SOPS\1 - MASTER\Hydrogeology N/A  

4_Decon Decontamination of Personnel and Equipment 8/2013 \\orion\proj\CLEANII\SOPS\1 - MASTER\Decontamination N/A N/A 

5_DeconRig Decontamination of Drilling Rigs and Equipment 8/2013 \\orion\proj\CLEANII\SOPS\1 - MASTER\Decontamination N/A N/A 

6_DrumSample Sampling Contents of Tanks and Drums 8/2013 \\orion\proj\CLEANII\SOPS\1 - MASTER\Other N/A N/A 

7_Dispose Disposal of Waste Fluids and Solids 8/2013 \\orion\proj\CLEANII\SOPS\1 - MASTER\Decontamination N/A N/A 

8_GPS Global Positioning System 8/2013 \\orion\proj\CLEANII\SOPS\1 - MASTER\Other N/A N/A 

9_Homog Homogenization of Soil and Sediment Samples 8/2013 \\orion\proj\CLEANII\SOPS\1 - MASTER\Sample Preparation and Handling N/A N/A 

10_Log Books Preparing Field Log Books 8/2013 \\orion\proj\CLEANII\SOPS\1 - MASTER\Log Books N/A N/A 

11_LowFlow-EPA Reg I&III Low-Flow Groundwater Sampling from Monitoring Wells – EPA Region I and III 8/2013 \\orion\proj\CLEANII\SOPS\1 - MASTER\Groundwater Sampling N/A N/A 

12_MiniRAE Mini RAE Photoionization Detector (PID) 8/2013 \\orion\proj\CLEANII\SOPS\1 - MASTER\Health and Safety N/A N/A 

13_MWInstall General Guidance for Monitoring Well Installation 8/2013 \\orion\proj\CLEANII\SOPS\1 - MASTER\Hydrogeology N/A N/A 

14_MWSamp-EPA Reg I&III Groundwater Sampling from Monitoring Wells- EPA Region I&III 8/2013 \\orion\proj\CLEANII\SOPS\1 - MASTER\Groundwater Sampling N/A N/A 

15_MWShall Installation of Shallow Monitoring Wells 8/2013 \\orion\proj\CLEANII\SOPS\1 - MASTER\Hydrogeology N/A N/A 

16_SBLog Logging of Soil Borings 8/2013 \\orion\proj\CLEANII\SOPS\1 - MASTER\Soil Sampling N/A N/A 

17_ShallowSO Shallow Soil Sampling 8/2013 \\orion\proj\CLEANII\SOPS\1 - MASTER\Soil Sampling N/A N/A 

18_ShipLowConc Packaging and Shipping Procedures for Low-Concentration Samples 8/2013 \\orion\proj\CLEANII\SOPS\1 - MASTER\Sample Preparation and Handling N/A N/A 

19_SlugTest Aquifer Slug Testing 8/2013 \\orion\proj\CLEANII\SOPS\1 - MASTER\Hydrogeology N/A N/A 

20_Soils Soil Sampling 8/2013 \\orion\proj\CLEANII\SOPS\1 - MASTER\Soil Sampling N/A N/A 

21_Splitspn Soil Boring Sampling-Split Spoon 8/2013 \\orion\proj\CLEANII\SOPS\1 - MASTER\Soil Sampling N/A  

22_Utility Location_General Locating and Clearing Underground Utilities 8/2013 \\orion\proj\CLEANII\SOPS\1 - MASTER\Utility Location N/A N/A 

23_WaterLevels Water Level Measurements 8/2013 \\orion\proj\CLEANII\SOPS\1 - MASTER\Hydrogeology N/A N/A 

24_WaterQual-Horiba_YSI Field Measurement of pH, Specific Conductance, Turbidity, Dissolved Oxygen, ORP, and 
Temperature Using a Water Quality Parameter Meter with Flow-through Cell 

8/2013 \\orion\proj\CLEANII\SOPS\1 - MASTER\Field Parameters N/A N/A 
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Figure 4

Soil and Groundwater Sampling Decision Tree
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Appendix A 
Laboratory Worksheets 



 

 

Limits and Evaluation Tables 
Samples will be collected and analyzed for the analytical groups and methods detailed in Section 3.3, Sample 
Details Table. The PALs and laboratory reporting limits for each analyte from these samples are provided in 
Reference Limits and Evaluation Tables (Tables A1-1 through A1-10).  



 

 

 

TABLE A1-1 
Reference Limits and Evaluation Table 

Matrix: Surface Soil, Subsurface Soil 

Analytical Group: Metals including Mercury, Cyanide, and Hexavalent Chromium 

Analyte Name CAS No. Analytical Method 

PALs1,4 CAX Background 95% UTL Values2 Project QL 
Goal3,4  

(mg/kg) 

Laboratory Limits (mg/kg) LCS and MS/MSD Recovery and RPD 
Limits5 (%) 

Adjusted Residential Soil RSL,  
Nov. 2011 (mg/kg) 

ECO SV  
(mg/kg) 

Surface Soil 
(mg/kg) 

Subsurface Soil 
(mg/kg) LOQ LOD DL  LCL UCL RPD 

Aluminum 7429-90-5 6010C 7700 pH < 5.5 12200 13000 3850 10 5 1.36 

80 120 20 

Antimony 7440-36-0 

6020A 

3.1 78 NE NE 1.55 0.2 0.05 0.0243 

Arsenic 7440-38-2 0.39 18 6.36 5.54 0.195 0.5 0.05 0.0163 

Barium 7440-39-3 1500 330 52.9 84.5 26.45 0.1 0.02 0.0122 

Beryllium 7440-41-7 16 40 0.587 NE 0.2935 0.1 0.05 0.0195 

Cadmium 7440-43-9 7 32 NE NE 3.5 0.05 0.05 0.0033 

Calcium 7440-70-2 6010C NC NC 2290 2380 1145 50 50 20.2 

Chromium 7440-47-3 6020A 0.29 64 18.2 33.7 0.145 0.2 0.05 0.0139 

Chromium VI (Hexavalent) 18540-29-9 7199 0.29 0.4 NC NC 0.145 0.4 0.2 0.065 LCS 80 
MS 75 

LCS 120 
MS 125 20 

Cobalt 7440-48-4 
6020A 

2.3 13 9.93 5.18 1.15 0.1 0.02 0.0064 
80 120 

20 

Copper 7440-50-8 310 70 4.25 3.17 1.585 0.2 0.1 0.0254 

Cyanide 57-12-5 9014 160 15.8 NE NE 7.9 0.1 0.05 0.021 80 120 

Iron 7439-89-6 6010C 5500 5 < pH > 8 19900 32000 2750 5 1 0.848 

80 120 

Lead 7439-92-1 6020A 400 120 17.4 8.79 4.395 0.1 0.02 0.0066 

Magnesium 7439-95-4 6010C NC NC 1070 1120 535 50 25 7.1 

Manganese 7439-96-5 6020A 180 220 324 176 88 0.2 0.1 0.048 

Mercury 7439-97-6 7471A 2.3 0.1 0.111 NE 0.05 0.05 0.02 0.0061 

Nickel 7440-02-0 6020A 150 38 9.52 17.6 4.76 0.2 0.05 0.016 

Potassium 7440-09-7 6010C NC NC 708 901 354 50 10 7.1 

Selenium 7782-49-2 
6020A 

39 0.52 0.51 NE 0.255 0.5 0.1 0.0456 

Silver 7440-22-4 39 560 NE NE 19.5 0.1 0.01 0.0039 75 120 

Sodium 7440-23-5 6010C NC NC 521 811 260.5 50 25 6 

80 120 
Thallium 7440-28-0 

6020A 

0.078 1 NC NC 0.039 0.1 0.01 0.0026 

Vanadium 7440-62-2 39 130 27.9 48.3 13.95 0.1 0.04 0.0097 

Zinc 7440-66-6 2300 120 26.5 28 13.25 2 1 0.584 

Notes: 
1 Refer to Section 2.3.2 for a detailed discussion on the development of PALs, and refer to Section 2.3.4 for specific identification of PALs by matrix. 
2 Background values are not PALs, but are provided for reference. 
3 Project QL goals are equal to half of the minimum applicable PAL. 
4 PALs and Project QL Goals assume dry weight basis. 
5 DoD QSM v.4.1 is the basis for LCS and MS/MSD limits. Values are bolded to indicate instances where laboratory in-house limits are used. 

NC indicates that there is no criterion for a particular analyte.  

NE indicates that an analyte was not evaluated in the background study. 



 

 

TABLE A1-2 
Reference Limits and Evaluation Table 

Matrix: Surface Soil, Subsurface Soil 

Analytical Group: Explosives 

Analyte Name CAS No. 

PALs1,3 
Project QL Goal2,3 

(mg/kg) 

Laboratory Limits (mg/kg) LCS and MS/MSD Recovery and RPD 
Limits4 (%) 

Adjusted Residential Soil RSL, 
Nov. 2011 (mg/kg) 

Ecological SV 
(mg/kg) LOQ LOD DL  LCL UCL RPD 

1,3,5-Trinitrobenzene 99-35-4 220 NC 110 0.4 0.2 0.017 

40 140 20 

1,3-Dinitrobenzene 99-65-0 0.61 NC 0.305 0.4 0.2 0.016 

2,4,6-Trinitrotoluene 118-96-7 3.6 10 1.8 0.4 0.2 0.022 

2,4-Dinitrotoluene 121-14-2 1.6 11 0.8 0.4 0.2 0.025 

2,6-Dinitrotoluene 606-20-2 6.1 8.5 3.05 0.4 0.2 0.056 

2-Amino-4,6-Dinitrotoluene 35572-78-2 15 80 7.5 0.4 0.2 0.033 

2-Nitrotoluene 88-72-2 2.9 NC 1.45 0.4 0.2 0.058 

3,5-Dinitroaniline 618-87-1 NC NC Lab LOD 0.4 0.2 0.031 

3-Nitrotoluene 99-08-1 0.61 NC 0.305 0.4 0.2 0.049 

4-Amino-2,6-dinitrotoluene 19406-51-0 15 80 7.5 0.4 0.2 0.043 

4-Nitrotoluene 99-99-0 24 NC 12 0.4 0.2 0.126 

Hexahydro-1,3,5-trinitro-1,3,5-triazine (RDX) 121-82-4 5.6 10 2.8 0.4 0.2 0.091 

Methyl-2,4,6-trinitrophenylnitramine (Tetryl) 479-45-8 24 10 5 0.4 0.2 0.056 

Nitrobenzene 98-95-3 4.8 2.26 1.13 0.4 0.2 0.013 

Nitroglycerin 55-63-0 0.61 NC 0.305 0.4 0.2 0.103 

Octahydro-1,3,5,7-tetranitro-1,3,5,7-tetrazocine (HMX) 2691-41-0 380 10 5 0.4 0.2 0.018 

Pentaerythritol tetranitrate (PETN) 14797-73-0 12 NC 6 0.4 0.2 0.104 

Notes: 
1 Refer to Section 2.3.2 for a detailed discussion on the development of PALs, and refer to Section 2.3.4 for specific identification of PALs by matrix. 

2 Project QL goals are equal to half of the minimum applicable PAL. 

3 PALs and Project QL Goals assume dry weight basis. 

4 DoD QSM v.4.1 is the basis for LCS and MS/MSD limits. Values are bolded to indicate instances where laboratory in-house limits are used. 

NC indicates that there is no criterion for a particular analyte.  



 

 

TABLE A1-3 
Reference Limits and Evaluation Table 

Matrix: Surface Soil, Subsurface Soil 

Analytical Group: Wet Chemistry 1 

Analyte Name CAS No. 2 Analytical 
Method Units 

Laboratory Limits LCS and MS/MSD Recovery and RPD 
Limits3 (%) 

LOQ LOD DL  LCL UCL RPD 

pH PH SW-846 9045C pH 0.1 NC NC NC NC 20 

Total Organic Carbon (TOC) TOC Walkley-Black mg/kg 500 500 500 75 125 20 

Notes: 
1 Results for pH and TOC will be used to support the ecological risk assessment. 
2 Values presented are contractor-specific chemical identifiers. 
3 DoD QSM v.4.1 is the basis for LCS and MS/MSD limits: values are bolded to indicate instances where laboratory in-house limits are used. 



 

 

 
TABLE A1-4 
Reference Limits and Evaluation Table 

Matrix: Surface Soil 

Analytical Group: Grain-size 

Analyte Name CAS No. Units 

GS03 Sieve 3" (75 mm) SIEVE75.0 % Passing 

GS05 Sieve 2" (50 mm) SIEVE50.0 % Passing 

GS06 Sieve 1.5" (37.5 mm) SIEVE37.5 % Passing 

GS07 Sieve 1" (25.0 mm) SIEVE25.0 % Passing 

GS08 Sieve 0.75" (19.0 mm) SIEVE19.0 % Passing 

GS10 Sieve 0.375" (9.5 mm) SIEVE9.5 % Passing 

Sieve No. 004 (4.75 mm) SIEVE4.75 % Passing 

Sieve No. 010 (2.00 mm) SIEVE2.0 % Passing 

Sieve No. 020 (850 um) SIEVE850 % Passing 

Sieve No. 040 (425 um) SIEVE425 % Passing 

Sieve No. 060 (250 um) SIEVE250 % Passing 

Sieve No. 080 (180 um) SIEVE180 % Passing 

Sieve No. 100 (150 um) SIEVE150 % Passing 

Sieve No. 200 (75um) SIEVE75 % Passing 

Gravel (%) GRAVEL % 

Sand (%) 14808-60-7 % 

Coarse Sand (%) COARSESAND % 

Medium Sand (%) MEDIUMSAND % 

Fine Sand (%) FINESAND % 

Fines (%) FINES % 

Notes: 

There are no PALs or laboratory limits for grain-size analysis. 

 



 

 

TABLE A1-5 
Reference Limits and Evaluation Table 

Matrix: Groundwater 

Analytical Group: Total Metals including Mercury and Cyanide 

Analyte Name CAS No. Analytical Method 

PALs1 
Project QL Goal3 

(ug/L) 

Laboratory Limits (ug/L) LCS and MS/MSD Recovery Limits4 (%) 

Adjusted Tapwater RSL, Nov 2011 
(ug/L) 

MCL (ug/L) LOQ LOD DL LCL UCL RPD 

Aluminum 7429-90-5 6010C 1600 NC 800 100 100 24.2 

80 120 20 

Antimony 7440-36-0 

6020A 

0.6 6 0.3 2 0.5 0.148 

Arsenic 7440-38-2 0.045 10 0.0225 5 0.5 0.177 

Barium 7440-39-3 290 2000 145 2 0.5 0.136 

Beryllium 7440-41-7 1.6 4 0.8 1 0.4 0.111 

Cadmium 7440-43-9 0.69 5 0.345 0.2 0.1 0.0385 

Calcium 7440-70-2 6010C NC NC Lab LOD 500 500 230 

Chromium 7440-47-3 

6020A 

0.031 100 0.0155 1 0.5 0.195 

Cobalt 7440-48-4 0.47 NC 0.235 1 0.2 0.05 

Copper 7440-50-8 62 1300 31 1 0.5 0.127 

Cyanide 57-12-5 9014 31 200 15.5 0.01 0.005 0.0029 80 120 20 

Iron 7439-89-6 6010C 1100 NC 550 20 10 8.06 

80 120 20 

Lead 7439-92-1 6020A 15 15 7.5 1 0.5 0.152 

Magnesium 7439-95-4 6010C NC NC Lab LOD 500 500 143 

Manganese 7439-96-5 6020A 32 NC 16 2 0.5 0.141 

Mercury 7439-97-6 7470A 0.43 2 0.215 0.2 0.1 0.055 

Nickel 7440-02-0 6020A 30 NC 15 1 0.5 0.171 

Potassium 7440-09-7 6010C NC NC Lab LOD 100 100 66.6 

Selenium 7782-49-2 
6020A 

7.8 50 3.9 5 1 0.777 

Silver 7440-22-4 7.1 NC 3.55 0.5 0.1 0.0367 

Sodium 7440-23-5 6010C NC NC Lab LOD 500 500 127 

Thallium 7440-28-0 

6020A 

0.016 2 0.008 0.2 0.1 0.0268 

Vanadium 7440-62-2 7.8 NC 3.9 1 0.2 0.0657 

Zinc 7440-66-6 470 NC 235 10 4 3.76 

Notes: 
1 Refer to Section 2.3.2 for a detailed discussion on the development of PALs, and refer to Section 2.3.4 for specific identification of PALs by matrix. 
3 Project QL goals are equal to half of the minimum applicable PAL. 
4 DoD QSM v.4.1 is the basis for LCS and MS/MSD limits: values are bolded to indicate instances where laboratory in-house limits are used. 

Shading indicates instances where the PAL is lower than the LOD. Non-detects will not be treated as exceedances, though they will be reported at a value greater than the PAL.  



 

 

 

TABLE A1-6 
Reference Limits and Evaluation Table 

Matrix: Groundwater 

Analytical Group: Dissolved Metals including Mercury 

Analyte Name CAS No. Analytical 
Method 

PALs1 Project 
QL Goal3 

(ug/L) 

Laboratory Limits (ug/L) LCS and MS/MSD Recovery 
Limits4 (%) 

Adjusted Tapwater RSL, 
Nov 2011 (ug/L) 

MCL 
(ug/L) LOQ LOD DL  LCL UCL RPD 

Aluminum 7429-90-5 6010C 1600 NC 800 100 100 24.2 

80 120 20 

Antimony 7440-36-0 

6020A 

0.6 6 0.3 2 0.5 0.148 

Arsenic 7440-38-2 0.045 10 0.0225 5 0.5 0.177 

Barium 7440-39-3 290 2000 145 2 0.5 0.136 

Beryllium 7440-41-7 1.6 4 0.8 1 0.4 0.111 

Cadmium 7440-43-9 0.69 5 0.345 0.2 0.1 0.0385 

Calcium 7440-70-2 6010C NC NC Lab LOD 500 500 230 

Chromium 7440-47-3 

6020A 

0.031 100 0.0155 1 0.5 0.195 

Cobalt 7440-48-4 0.47 NC 0.235 1 0.2 0.05 

Copper 7440-50-8 62 1300 31 1 0.5 0.127 

Iron 7439-89-6 6010C 1100 NC 550 20 10 8.06 

Lead 7439-92-1 6020A 15 15 7.5 1 0.5 0.152 

Magnesium 7439-95-4 6010C NC NC Lab LOD 500 500 143 

Manganese 7439-96-5 6020A 32 NC 16 2 0.5 0.141 

Mercury 7439-97-6 7470A 0.43 2 0.215 0.2 0.1 0.055 

Nickel 7440-02-0 6020A 30 NC 15 1 0.5 0.171 

Potassium 7440-09-7 6010C NC NC Lab LOD 100 100 66.6 

Selenium 7782-49-2 
6020A 

7.8 50 3.9 5 1 0.777 

Silver 7440-22-4 7.1 NC 3.55 0.5 0.1 0.0367 

Sodium 7440-23-5 6010C NC NC Lab LOD 500 500 127 

Thallium 7440-28-0 

6020A 

0.016 2 0.008 0.2 0.1 0.0268 

Vanadium 7440-62-2 7.8 NC 3.9 1 0.2 0.0657 

Zinc 7440-66-6 470 NC 235 10 4 3.76 

Notes: 
1 Refer to Section 2.3.2 for a detailed discussion on the development of PALs, and refer to Section 2.3.4 for specific identification of PALs by matrix. 
3 Project QL goals are equal to half of the minimum applicable PAL. 
4 DoD QSM v.4.1 is the basis for LCS and MS/MSD limits: values are bolded to indicate instances where laboratory in-house limits are used. 
Shading indicates instances where the PAL is lower than the LOD. Non-detects will not be treated as exceedances, though they will be reported at a value greater than the PAL.  



 

 

 

TABLE A1-7 
Reference Limits and Evaluation Table 

Matrix: Groundwater 

Analytical Group: Wet Chemistry 

Analyte Name CAS No. Analytical 
Method 

Project Indicator 
Level1 

Laboratory Limits (ug/L, or pH) LCS and MS/MSD Recovery Limits4 (%) 

LOQ LOD DL  LCL UCL RPD 

Chloride 16887-00-6 9056 NA 1000 500 56.8 80 120 15 

Nitrate 14797-55-8 9056 TBD 100 50 15.4 80 120 15 

Nitrite 14797-65-0 9056 TBD 100 50 26.8 80 120 15 

Sulfate 14808-79-8 9056 <20000 2000 1000 223 80 120 15 

Sulfide 18496-25-8 SM 4500-S2-F >1000 1000 1000 1000 80 120 20 

Alkalinity 471-34-1 SM 2320B >50000 2000 2000 495 91 110 20 

Methane 74-82-8 RSK-175 >500 1 0.84 0.277 69 125 20 

pH PH 9040C 5<pH<9 0.1 NC NC NC NC 20 

Total Organic Carbon TOC 9060A >20000 1000 500 276 87 111 20 

Notes: 
1 Project indicator Limits (PILs) were developed to assist in determining if evidence exists for natural attenuation processes.  

-  Chloride is a general water quality parameter, and is produced by anaerobic dechlorination. Elevated levels of chloride may indicate that dechlorination is occurring. 

-  Nitrate and nitrite data will be collected in the event that a natural attenuation or enhanced biological remedy is later needed for the site.  

-  Sulfate and sulfate in elevated concentrations may compete with the reductive dechlorination pathway. 

-  Alkalinity is the measurement of the available buffering capacity against pH change, which can affect the rate of degradation of COCs. 

-  Ethane and ethene are the ultimate daughter products of chlorinated ethanes and ethenes. These parameters are an indicator of the extent of complete 
dechlorination. 

-  Elevated methane concentrations can be an indication of highly reducing conditions. 

-  Biological processes are pH-sensitive and the ideal range for dechlorinating bacteria is 5 to 9.  

-  TOC results will be used to determine the bioavailability of organic chemicals. 
2 DoD QSM v.4.1 is the basis for LCS and MS/MSD limits: values are bolded to indicate instances where laboratory in-house limits are used. 

 



 

 

TABLE A1-8 
Reference Limits and Evaluation Table 
Matrix: Residual Sump Material sample 

Analytical Group: Metals including Mercury and Cyanide 

Analyte Name CAS No. 
Analytical 
Method 

PALs1,3 (mg/kg) Project QL 
Goal2,3 

(mg/kg) 

Laboratory Limits (mg/kg) 
LCS and MS/MSD Recovery 

and RPD Limits4 (%) 

Adjusted Residential Soil RSL x 10 
for Sediment (May2013) 

Sediment 
ESV LOQ LOD DL  LCL UCL RPD 

Aluminum 7429-90-5 6010C 77000 25500 12750 10 5 1.36 

80 120 

20 

Antimony 7440-36-0 

6020A 

31 3 1.5 0.2 0.05 0.0243 

Arsenic 7440-38-2 6.1 9.79 3.05 0.5 0.05 0.0163 

Barium 7440-39-3 15000 20 10 0.1 0.02 0.0122 

Beryllium 7440-41-7 160 NC 80 0.1 0.05 0.0195 

Cadmium 7440-43-9 70 0.99 0.495 0.05 0.05 0.0033 

Calcium 7440-70-2 6010C NC NC Lab LOD 50 50 20.2 

Chromium 7440-47-3 

6020A 

2.9 43.4 1.45 0.2 0.05 0.0139 

Cobalt 7440-48-4 23 50 11.5 0.1 0.02 0.0064 

Copper 7440-50-8 3100 31.6 15.8 0.2 0.1 0.0254 

Cyanide 57-12-5 9014 22 NC 11 0.1 0.05 0.021 

Iron 7439-89-6 6010C 55000 20000 10000 5 1 0.848 

Lead 7439-92-1 6020A 4000 35.8 17.9 0.1 0.02 0.0066 

Magnesium 7439-95-4 6010C NC NC Lab LOD 50 25 7.1 

Manganese 7439-96-5 6020A 1800 460 230 0.2 0.1 0.048 

Mercury 7439-97-6 7471A 23 0.18 0.09 0.05 0.02 0.0061 

Nickel 7440-02-0 6020A 1500 22.7 11.35 0.2 0.05 0.016 

Potassium 7440-09-7 6010C NC NC Lab LOD 50 10 7.1 

Selenium 7782-49-2 
6020A 

390 2 1 0.5 0.1 0.0456 

Silver 7440-22-4 390 1 0.5 0.1 0.01 0.0039 75 120 

Sodium 7440-23-5 6010C NC NC Lab LOD 50 25 6 

80 120 
Thallium 7440-28-0 

6020A 

0.78 NC 0.39 0.1 0.01 0.0026 

Vanadium 7440-62-2 390 NC 195 0.1 0.04 0.0097 

Zinc 7440-66-6 23000 121 60.5 2 1 0.584 
1 Refer to Section 2.3.2 for a detailed discussion on the development of PALs, and refer to Section 2.3.4 for specific identification of PALs by matrix. 

2 Project QL goals are equal to half of the minimum applicable PAL. 

3 PALs and Project QL Goals assume dry weight basis. 

4 DoD QSM v.4.1 is the basis for LCS and MS/MSD limits. Values are bolded to indicate instances where laboratory in-house limits are used. 

NC indicates that there is no criterion for a particular analyte.  



 

 

 

TABLE A1-9 
Reference Limits and Evaluation Table 
Matrix: Residual Sump Material sample 

Analytical Group: Explosives 

Analyte Name CAS No. 

PALs1,3 (mg/kg) 

Project QL 
Goal2,3 

(mg/kg) 

Laboratory Limits (mg/kg) 
LCS and MS/MSD Recovery and RPD 

Limits4 (%) 

Adjusted 
Residential Soil RSL 
x 10 for Sediment 

(May2013) 
Sediment 

ESV LOQ LOD DL  LCL UCL RPD 

1,3,5-Trinitrobenzene 99-35-4 2200 0.0024 0.0012 0.4 0.2 0.017 

40 140 20 

1,3-Dinitrobenzene 99-65-0 6.1 0.0067 0.00335 0.4 0.2 0.016 

2,4,6-Trinitrotoluene 118-96-7 36 0.092 0.046 0.4 0.2 0.022 

2,4-Dinitrotoluene 121-14-2 16 0.0416 0.0208 0.4 0.2 0.025 

2,6-Dinitrotoluene 606-20-2 3.3 NC 1.65 0.4 0.2 0.056 

2-Amino-4,6-Dinitrotoluene 35572-78-2 150 0.0132 0.0066 0.4 0.2 0.033 

2-Nitrotoluene 88-72-2 29 6.204 3.102 0.4 0.2 0.058 

3,5-Dinitroaniline 618-87-1 NC NC Lab LOD 0.4 0.2 0.031 

3-Nitrotoluene 99-08-1 6.1 1.922 0.961 0.4 0.2 0.049 

4-Amino-2,6-dinitrotoluene 19406-51-0 150 0.0232 0.0116 0.4 0.2 0.043 

4-Nitrotoluene 99-99-0 240 4.06203 2.031015 0.4 0.2 0.126 

Hexahydro-1,3,5-trinitro-1,3,5-triazine (RDX) 121-82-4 56 0.0127 0.00635 0.4 0.2 0.091 

Methyl-2,4,6-trinitrophenylnitramine (Tetryl) 479-45-8 240 NC 120 0.4 0.2 0.056 

Nitrobenzene 98-95-3 48 1.779 0.8895 0.4 0.2 0.013 

Nitroglycerin 55-63-0 6.1 NC 3.05 0.4 0.2 0.103 

Octahydro-1,3,5,7-tetranitro-1,3,5,7-
tetrazocine (HMX) 2691-41-0 3800 0.00474 0.00237 

0.4 0.2 0.018 

Pentaerythritol tetranitrate (PETN) 78-11-5 120 NC 60 0.4 0.2 0.104 

1 Refer to Section 2.3.2 for a detailed discussion on the development of PALs, and refer to Section 2.3.4 for specific identification of PALs by matrix. 

2 Project QL goals are equal to half of the minimum applicable PAL. 
3 PALs and Project QL Goals assume dry weight basis. 

4 DoD QSM v.4.1 is the basis for LCS and MS/MSD limits. Values are bolded to indicate instances where laboratory in-house limits are used. 

NC indicates that there is no criterion for a particular analyte.  

Shading indicates instances where the PAL is lower than the LOD. Non-detects will not be treated as exceedances, though they will be reported at a value greater than the PAL.  



 

 

TABLE A1-10 
Reference Limits and Evaluation Table 
Matrix: Residual Sump Material sample 

Analytical Group: Wet Chemistry 1 

Analyte Name CAS No. 2 
Analytical 
Method Units 

Laboratory Limits 
LCS and MS/MSD Recovery and RPD Limits3 

(%) 

LOQ LOD DL  
LCL UCL RPD 

pH PH SW-846 9045C pH 0.1 NC NC NC NC 20 

Total Organic Carbon (TOC) TOC Walkley-Black mg/kg 500 500 500 75 125 20 

Notes: 
1 Results for pH and TOC will be used to support the ecological risk assessment. 

2 Values presented are contractor-specific chemical identifiers. 
3 DoD QSM v.4.1 is the basis for LCS and MS/MSD limits: values are bolded to indicate instances where laboratory in-house limits are used. 



 

 

Analytical SOP References Table 
Information regarding the laboratory SOPs and to be used for the handling and analysis of samples is provided in 
Analytical SOP References Tables, Tables A2-1 through A2-2.  



 

 

TABLE A2-1 
Analytical SOP References Table 

Laboratory Name and Address: TriMatrix Laboratories, 5560 Corporate Exchange Ct. SE, Grand Rapids, MI 49512 

Point of Contact: Walt Roudebush 

Phone Number: (616) 975-4561 

Lab SOP 
Number Title, Revision Date, and Number Date reviewed if 

not revised 

Definitive or 
Screening 

Data 

Matrix and Analytical 
Group Instrument Variance to 

QSM 

Modified for 
Project Work? 

(Y/N) 

GR-01-100 
Inductively Coupled Plasma Atomic Emission 
Spectroscopy-Perkin Elmer OPTIMA-
3300DV/5300DV; 09/20/11, rev 5.9 

NA Definitive Soil, Water / Metals ICP None N 

GR-01-123 Mercury by semi-Automated Cold Vapor 
Atomic Absorption, 09/25/11; rev 5.8 NA Definitive Soil, Water / Metals CVAA None N 

GR-01-129 
Inductively Coupled Plasma Mass Spectrometry  
Perkin Elmer ELAN-6000/6100; 09/25/11, rev 
4.0 

NA Definitive Soil, Water / Metals ICPMS None N 

GR-01-137 Block Digestion of Solids for ICP and ICPMS; 
09/20/11, rev 1.6 NA Definitive Soil / Metals Block Digester None N 

GR-01-139 Preparation Procedure for Mercury in Soils, 
Wastes, and Oils; 04/09/11, rev 0.2 NA Definitive Soil / Metals Block Digester None N 

GR-01-140 
Preparation Procedure for Mercury in Water, 
Wastewater, and Liquid Waste; 04/09/10, rev 
0.4 

NA Definitive Water / Metals Block Digester None N 

GR-01-147 Block Digestion of Total Metals in Water for 
ICP; 04/09/10, rev 0.4 In review Definitive Water / Metals Block Digester None N 

GR-01-148 
Block Digestion of Aqueous Samples and 
Extracts for Total/Dissolved Metals by ICPMS; 
10/20/11, rev 0.4  

NA Definitive Water / Metals Block Digester None N 

GR-02-113 Determination of Inorganic Anions by Ion 
Chromatography; 04/29/11, rev 300.0 NA Definitive Water / Wet Chemistry IC None N 

GR-03-130 

Analysis of Dissolved Methane, Ethane, and 
Ethylene in Water Using a Gas Chromatography 
Headspace Equilibrium Technique; 09/30/11, 
rev 0..5 

NA Definitive Water / GC GC/FID None N 

GR-05-105 Total Organic Carbon (TOC), Dissolved Organic 
Carbon (DOC); 02/25/11, rev 3.5 NA Definitive Water / Wet Chemistry TOC Analyzer None N 

GR-05-122 Total and Amenable Cyanide by Konelab UV 
Spectrophotometry; 10/06/10, rev 0.4 In review Definitive Soil, Water / Wet 

Chemistry Spectrophometer None N 

GR-05-132 Leco Carbon Analyzer (Organic Carbon); 
10/31/10, rev 0.0 (Draft) In review Definitive Soil / Wet Chemistry TOC Analyzer None N 



 

 

TABLE A2-1 
Analytical SOP References Table 

Laboratory Name and Address: TriMatrix Laboratories, 5560 Corporate Exchange Ct. SE, Grand Rapids, MI 49512 

Point of Contact: Walt Roudebush 

Phone Number: (616) 975-4561 

Lab SOP 
Number Title, Revision Date, and Number Date reviewed if 

not revised 

Definitive or 
Screening 

Data 

Matrix and Analytical 
Group Instrument Variance to 

QSM 

Modified for 
Project Work? 

(Y/N) 

GR-06-101 
Alkalinity, Automatic Titration Method (Total, 
Bicarbonate, Carbonate, and Hydroxide 
Alkalinity); 04/19/10, rev 3.3 

In review Definitive Water / Wet Chemistry Autotitrator None N 

GR-06-110 Sulfide Titrimetric; 09/25/11, rev 0.3 NA Definitive Water / Wet Chemistry Manual 
Titrimetry None N 

GR-07-100 pH, Potentiometric Method; 10/13/10,  
rev 3.4 In review Screening Water / Wet Chemistry pH meter None N 

GR-07-113 pH Potentiometric Method Soils and Wastes 
(Non-Aqueous Liquids); 04/19/10, rev 0.3 In review Screening Soil / Wet Chemistry pH meter None N 

GR-16-119 Particle-Size Analysis of Soils; 08/01/10, rev 0.0 In review Definitive Soil / Wet Chemistry gravimetric, 
sieves None N 

GR-18-106 Total and Amenable Cyanide Extraction and/or 
Macro-Distillation; 05/30/11, rev 3.3 NA Definitive Soil / Wet Chemistry 

glassware / 
equipment for 

distillation 
None N 

GR-18-109 Midi-Distillation for Total and Amenable 
Cyanide; 05/30/11, rev 3.6 NA Definitive Water / Wet Chemistry 

glassware / 
equipment for 

distillation 
None N 

GR-10-104 Internal Chain of Custody (CoC); 11/10/11, rev 
2.3 NA NA NA NA None N 

GR-15-100 Sample Receiving/Sample Log-In; 04/19/10, rev 
3.2 In review NA NA NA None N 

Required Laboratory Accreditation: DoD ELAP 
Expiration Date: 4/30/2015 
Copies of laboratory certification are included in Appendix D. 



 

 

 
TABLE A2-2 
Analytical SOP References Table 
Laboratory Name and Address: ALS - Columbia, 1565 Jefferson Road, Building 300, Suite 360, Rochester, NY 14623 

Point of Contact: Debbie Patton 

Phone Number: (585) 672-7473 

Lab SOP 
Number Title, Revision Date, and Number Date reviewed 

if not revised 
Definitive or 

Screening Data 
Matrix and 

Analytical Group Instrument Variance to QSM 
Modified for 

Project Work? 
(Y/N) 

GEN-7199 Hexavalent Chromium by Ion 
Chromatography, Revision 3, 1/6/11 In Review Definitive water and soil Ion Chromatography N N 

GEN-3060A Alkaline Digestion for Hexavalent 
Chromium in Soils, Revision 2, 1/6/11 In Review Prep soil Prep N N 

HPLC-8330 
Nitroaromatics and Nitramines 
(Explosives) by High Performance Liquid 
Chromatography, Revision 1, 5/27/11 

5/27/2011 Definitive water and soil HPLC-UV N N 

Required Laboratory Accreditation: DoD ELAP 
Expiration Date: 4/7/2014 
Copies of laboratory certification are included in Appendix D. 



 

 

Laboratory QC Samples Tables 
Laboratories analyzing samples in support of this work will perform laboratory QC samples at the frequency 
required by the DoD QSM 4.2. Details regarding each laboratory QC sample are provided in Laboratory QC 
Samples Tables, Tables A3-1 through A3-14.  



 

 

TABLE A3-1 
Laboratory QC Samples Table 
Matrix: Surface Soil, Subsurface Soil, Residual Sump Material sample 

Analytical Group: Explosives 

Analytical Method/SOP Reference: SW-846 8330B / HPLC-8330 

QC Sample: Frequency/ 
Number 

Method/SOP QC Acceptance 
Limits Corrective Action 

Person(s) 
Responsible for 

Corrective Action 

Data Quality 
Indicator (DQI) 

Measurement 
Performance Criteria 

Surrogate 
All field and QC 
samples - one pre 
sample 

1,2-Dinitrobenzene  
40-140% water 
50-150% soil 

Evaluate and reanalyze if possible. If 
the surrogate is outside the 
established limits due to well-
documented matrix effects, the 
results must be flagged and an 
explanation included in the case 
narrative. 

Analyst/Supervis
or 

Accuracy/Bias 

Same as Method/SOP 
QC Acceptable Limits 

Method Blank 

1 per batch of 20 or 
fewer samples 

No analytes detected > 1/2 the 
LOQ. 

Correct problem. If required, reprep 
and reanalyze MB and samples with 
hits <10x MB contamination. If 
reanalysis is not possible, flag 
associated results. 

Bias/Contaminatio
n 

LCS 
QC acceptance criteria 
specified in DoD QSM v4.1.,  
refer to  Table A1-3.  

Evaluate, reextract and reanalyze 
batch if possible. If the LCS 
recoveries are high but the sample 
results <LOQ then narrate, otherwise 
reprepare and reanalyze. 

Accuracy/Bias 

MS Same as LCS. 
If LCS acceptable, may report with 
qualifier and note outliers in the case 
narrative 

Precision / 
Accuracy/ 
Bias 

MSD Same as MS, and refer to Table 
A1-3. 

If LCS acceptable, may report with 
qualifier and note outliers in the case 
narrative unless RPD indicates 
prep/analytical difficulties. 

Precision / 
Accuracy/ 
Bias 

Second Column 
Confirmation 

All positive results 
must be confirmed 

Results between primary and 
second column must be 
RPD<40% 

Apply J flag if RPD >40%. Discuss in 
case narrative. Identification 

 



- 

 

TABLE A3-2 
Laboratory QC Samples Table 

Matrix: Surface Soil, Subsurface Soil, Groundwater, Residual Sump Material sample 

Analytical Group: Select Total and Dissolved Metals (refer to Table A1-2, 6, and 7 for a specific list)  

Analytical Method/SOP Reference: SW-846 6010C / GR-01-100 

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 
preparatory batch 
of up to 20 samples. 

No analytes detected > 1/2 RL 
and greater than 1/10 the 
regulatory limit (whichever is 
greater). Blank result must not 
otherwise affect sample 
results. For common 
laboratory contaminants, no 
analytes detected > RL. 

Correct the problem. If required, 
reprep and reanalyze the method 
blank and all samples processed with 
the contaminated blank. 

Analyst / 
Laboratory Area 
Supervisor 

Contamination / 
Bias 

Same as Method/SOP 
QC Acceptance Limits. 

Laboratory Control 
Sample (LCS) 
containing all 
analytes to be 
reported 

QC acceptance criteria 
specified in DoD QSM v4.1.,  
refer to  Tables A1-1, -5, -6, -8  

Correct problem, then reprep and 
reanalyze the LCS and all samples in 
the associated preparatory batch for 
failed analytes, if sufficient sample 
material is available. 

Accuracy / Bias 

Matrix Spike (MS) Same as LCS. 

Examine results of LCS. If both the 
LCS and MS/MSD or MS/DUP are 
unacceptable, re-prepare and 
analyze the associated samples and 
QC, otherwise report and narrate. 

Accuracy / Bias 

Matrix Spike 
Duplicate (MSD) or 
Sample Duplicate 
(DUP) 

MSD: Same as LCS and RPD < 
20% (between MS and MSD or 
sample and sample duplicate). 

Examine results of LCS. If both the 
LCS and MS/MSD or MS/DUP are 
unacceptable, re-prepare and 
analyze the associated samples and 
QC, otherwise report and narrate. 

Precision / Accuracy 
/ Bias 

Serial Dilution (aka 
Dilution test) 

One per 
preparatory batch 
for samples with 
concentration > 50 
x LOQ. 

Five-fold dilution must agree 
within ± 10% of the original 
measurement. 

Perform Post Digestion Spike (PDS) 
addition. Precision / Accuracy 

Post Digestion 
Spike (PDS) 

When serial dilution 
fails or analyte 
concentration in all 
samples < 50 x LOD. 

Recovery within 75-125%. 

Run all associated sample in the 
preparatory batch by method of 
standard additions (MSA) or qualify 
results. 

Precision / Accuracy 

Internal Standards 
(IS) NA IS intensity within 70-125% of 

intensity of the IS in the ICAL. 

Reanalyze sample at 5-fold dilution 
with addition of appropriate 
amounts of internal standards. 

Accuracy / Bias 

 



- 

 

 

TABLE A3-3 
Laboratory QC Samples Table 

Matrix: Surface Soil, Subsurface Soil, Groundwater, Residual Sump Material sample 

Analytical Group: Select Total and Dissolved Metals (refer to Table A1-2, 6, and 7 for a specific list)  

Analytical Method/SOP Reference: SW-846 6020A / GR-01-129 
 

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 
preparatory batch 
of up to 20 samples. 

No analytes detected > 1/2 RL 
and greater than 1/10 the 
regulatory limit (whichever is 
greater). Blank result must not 
otherwise affect sample 
results. For common 
laboratory contaminants, no 
analytes detected > RL. 

Correct the problem. If required, 
reprep and reanalyze the method 
blank and all samples processed with 
the contaminated blank. 

Analyst / 
Laboratory Area 
Supervisor 

Contamination / 
Bias 

Same as Method/SOP 
QC Acceptance Limits. 

Laboratory Control 
Sample (LCS) 
containing all 
analytes to be 
reported 

QC acceptance criteria 
specified in DoD QSM v4.1.,  
refer to  Tables A1- 1, -5, -6, -8   

Correct problem, then reprep and 
reanalyze the LCS and all samples in 
the associated preparatory batch for 
failed analytes, if sufficient sample 
material is available. 

Accuracy / Bias 

Matrix Spike (MS) Same as LCS. 

Examine results of LCS. If both the 
LCS and MS/MSD or MS/DUP are 
unacceptable, re-prepare and 
analyze the associated samples and 
QC, otherwise report and narrate. 

Accuracy / Bias 

Matrix Spike 
Duplicate (MSD) or 
Sample Duplicate 
(DUP) 

MSD: Same as LCS and RPD < 
20% (between MS and MSD or 
sample and sample duplicate). 

Examine results of LCS. If both the 
LCS and MS/MSD or MS/DUP are 
unacceptable, re-prepare and 
analyze the associated samples and 
QC, otherwise report and narrate. 

Precision / Accuracy 
/ Bias 

Serial Dilution (aka 
Dilution test) 

One per 
preparatory batch 
for samples with 
concentration > 50 
x LOQ. 

Five-fold dilution must agree 
within ± 10% of the original 
measurement. 

Perform Post Digestion Spike (PDS) 
addition. Precision / Accuracy 

Post Digestion 
Spike (PDS) 

When serial dilution 
fails or analyte 
concentration in all 
samples < 50 x LOD. 

Recovery within 75-125%. 

Run all associated sample in the 
preparatory batch by method of 
standard additions (MSA) or qualify 
results. 

Precision / Accuracy 

Internal Standards 
(IS) NA. IS intensity within 30-120% of 

intensity of the IS in the ICAL. 

Reanalyze sample at 5-fold dilution 
with addition of appropriate 
amounts of internal standards. 

Accuracy / Bias 

 



- 

 

 

TABLE A3-4 
Laboratory QC Samples Table 

Matrix: Surface Soil, Subsurface Soil, Groundwater, Residual Sump Material sample 

Analytical Group: Total and Dissolved Metals (Mercury) 

Analytical Method/SOP Reference: SW-846 7470A / GR-01-123 
 

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 
preparatory batch 
of up to 20 samples. 

No analytes detected > 1/2 RL 
and greater than 1/10 the 
regulatory limit (whichever is 
greater). Blank result must not 
otherwise affect sample 
results. For common 
laboratory contaminants, no 
analytes detected > RL. 

Correct the problem. If required, 
reprep and reanalyze the method 
blank and all samples processed with 
the contaminated blank. 

Analyst / 
Laboratory Area 
Supervisor 

Contamination / 
Bias 

Same as Method / SOP 
QC Acceptance Limits. 

Laboratory Control 
Sample (LCS) 
containing analyte 
to be reported 

QC acceptance criteria 
specified in DoD QSM v4.1.,  
refer to  Tables A1-1, -5, 6, -8 

Correct problem, then reprep and 
reanalyze the LCS and all samples in 
the associated preparatory batch for 
failed analytes, if sufficient sample 
material is available. 

Accuracy / Bias 

Matrix Spike (MS) Same as LCS. 

Examine results of LCS. If both the 
LCS and MS/MSD or MS/DUP are 
unacceptable, re-prepare and 
analyze the associated samples and 
QC, otherwise report and narrate. 

Accuracy / Bias 

Matrix Spike 
Duplicate (MSD) or 
Sample Duplicate 
(DUP) 

MSD: Same as LCS and RPD < 
20% (between MS and MSD 
or sample and sample 
duplicate). 

Examine results of LCS. If both the 
LCS and MS/MSD or MS/DUP are 
unacceptable, re-prepare and 
analyze the associated samples and 
QC, otherwise report and narrate. 

Precision / Accuracy 
/ Bias 

 
 
 



- 

 

 

TABLE A3-5 
Laboratory QC Samples Table 

Matrix: Surface Soil, Subsurface Soil, Groundwater, Residual Sump Material sample 

Analytical Group: Metals (Cyanide) 

Analytical Method/SOP Reference: SW-846 9014 / GR-05-122 
 

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 
preparatory batch 
of up to 20 samples. 

No analytes detected > 1/2 RL 
and greater than 1/10 the 
regulatory limit (whichever is 
greater). Blank result must not 
otherwise affect sample 
results. 

Correct the problem. If required, 
reprep and reanalyze the method 
blank and all samples processed with 
the contaminated blank. 

Analyst / 
Laboratory Area 
Supervisor 

Contamination / 
Bias 

Same as  Method/SOP 
QC Acceptance Limits. 

Laboratory Control 
Sample (LCS) 

QC acceptance criteria 
specified in DoD QSM v4.1.,  
refer to  Tables A1-1, -5, -8 

Correct problem, then reprep and 
reanalyze the LCS and all samples in 
the associated preparatory batch for 
the failed analyte, if sufficient sample 
material is available. 

Accuracy / Bias 

Matrix Spike (MS) Use in-house limits for LCS. 

Examine results of LCS. If both the 
LCS and MS/MSD are unacceptable, 
re-prepare and analyze the 
associated samples and QC, 
otherwise report and narrate. 

Accuracy / Bias 

Matrix Spike 
Duplicate (MSD) or 
Sample Duplicate 
(DUP) 

Use in-house recovery limits 
for LCS. RPD < 20% (between 
MS and MSD or sample and 
sample duplicate). 

Examine results of LCS. If both the 
LCS and MS/MSD or MS/DUP are 
unacceptable, re-prepare and 
analyze the associated samples and 
QC, otherwise report and narrate. 

Precision / Accuracy 
/ Bias 

 



 

 

TABLE A3-6 
Laboratory QC Samples Table 
Matrix: Surface Soil, Subsurface Soil 

Analytical Group: Metals (Hexavalent Chromium) 

Analytical Method/SOP Reference: SW-846 7199 / GEN-7199 
 

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 

1 per batch of 20 or 
fewer samples. 

No target compounds should 
be >1/2 LOQ. 

Reclean, reanalyze and/or qualify the 
data. 

Analyst/Supervi
sor 

Bias/Contamination 

Same as Method/SOP 
QC Acceptance Limits. 

LCS-soluble 

QC acceptance criteria 
specified in DoD QSM v4.1.,  
refer to  Table A1-2. 

Redigest if possible. If samples are 
out of holding time, redigest and 
report both sets of data. If 
insufficient sample is available to 
redigest, flag. If the LCS recoveries 
are high and the sample results are 
<LOQ, narrate. 

Accuracy/Bias 

LCS-insoluble 
1 per batch of 20 or 
fewer samples (for 
solid matrices only). 

Redigest if possible. If samples are 
out of holding time, redigest and 
report both sets of data. If 
insufficient sample is available to 
redigest, flag. If the LCS recoveries 
are high and the sample results are 
<LOQ, narrate. 

Accuracy/Bias 

MS-soluble 1 per batch of 20 or 
fewer samples. 

Refer to Table A1-2. 

Redigest entire batch unless spike is 
diluted out (sample result > 4x spike 
concentration). If redigest fails, 
contact client about possible matrix 
investigations. If samples are out of 
holding time, redigest and report 
both sets of data. If insufficient 
sample is available to redigest, flag. 
Flag results associated with out of 
control matrix spike. 

Accuracy/ 
Bias 

MS-insoluble 
1 per batch of 20 or 
fewer samples (for 
solid matrices only). 

DUP(or MSD) 
1 per batch of 20 or 
fewer samples. 

If parent concentration is >4x 
the LOQ, RPD<20%; if the 
parent concentration is <4x the 
LOQ, duplicate is acceptable if 
the difference is not > +/- LOQ. 

Reprep and reanalyze sample and 
duplicate unless obvious or historical 
interferences or lack of volume. 

Precision  

Post Digestion 
Matrix Spike 85-115% of the true value. If MS also failed, no action beyond 

CA for MS.  Bias 

 



- 

 

 

TABLE A3-7 
Laboratory QC Samples Table 

Matrix: Surface Soil, Subsurface Soil, Residual Sump Material sample 

Analytical Group: Wet Chemistry (TOC) 

Analytical Method/SOP Reference: Lloyd Kahn / GR-05-132 
 

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 
preparatory batch 
of up to 20 samples. 

Analyte not detected > 1/2 RL 
and greater than 1/10 the 
regulatory limit (whichever is 
greater). Blank result must not 
otherwise affect sample 
results. 

Re-prepare and analyze all associated 
samples. Discuss with client/qualify if 
re-analysis not feasible. 

Analyst / 
Laboratory Area 
Supervisor 

Contamination / 
Bias 

Same as  Method/SOP 
QC Acceptance Limits. 

Laboratory Control 
Sample (LCS) 

One per 
preparatory batch 
of up to 20 samples. 

QC acceptance criteria 
specified in DoD QSM v4.1.,  
refer to  Table A1-4 and 10. 

Re-prepare and analyze all associated 
samples. Discuss with client/qualify if 
re-analysis not feasible. 

Analyst / 
Laboratory Area 
Supervisor 

Accuracy / Bias 

Matrix Spike (MS) 
One per 
preparatory batch 
of up to 20 samples. 

For matrix evaluation use QC 
acceptance criteria specified 
for LCS. 

Examine results of LCS. If both the 
LCS and MS/MSD are unacceptable, 
re-prepare and analyze the 
associated samples and QC, 
otherwise report and narrate. 

Analyst / 
Laboratory Area 
Supervisor 

Accuracy / Bias 

Matrix Spike 
Duplicate (MSD) 

One per 
preparatory batch 
of up to 20 samples. 

MSD: For matrix evaluation, 
use QC acceptance criteria 
specified for LCS. MSD: RPD < 
20% (between MS and MSD). 

Examine results of LCS. If both the 
LCS and MS/MSD are unacceptable, 
re-prepare and analyze the 
associated samples and QC, 
otherwise report and narrate. 

Analyst / 
Laboratory Area 
Supervisor 

Accuracy / Bias 

 



- 

 

 

TABLE A3-8 
Laboratory QC Samples Table 

Matrix: Surface Soil, Subsurface Soil, Residual Sump Material sample 

Analytical Group: Wet Chemistry (pH) 

Analytical Method/SOP Reference: SW-846 9045C / GR-07-113 
 

QC Sample: Frequency/ 
Number 

Method/SOP QC Acceptance 
Limits Corrective Action 

Person(s) 
Responsible for 

Corrective 
Action 

Data Quality 
Indicator (DQI) 

Measurement 
Performance Criteria 

Standard Reference 
Material (SRM) 

Two per 
preparatory batch 
of up to 20 samples. 

+0.05 pH units of certified 
value 

Re-prepare and analyze all associated 
samples. 

Analyst / 
Laboratory Area 
Supervisor 

Accuracy 

Same as  Method/SOP 
QC Acceptance Limits. 

Laboratory 
Duplicate (DUP) 

One per 
preparatory batch 
of up to 20 samples. 

RPD limit for pH is 20. Re-prepare and analyze all associated 
samples. 

Analyst / 
Laboratory Area 
Supervisor 

Bias 

 



- 

 

 

TABLE A3-9 
Laboratory QC Samples Table 

Matrix: Groundwater 

Analytical Group: Wet Chemistry (Chloride, Nitrate, Nitrite, Sulfate) 

Analytical Method/SOP Reference:  EPA 300.0 / GR-02-113 
 

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 
preparatory batch 
of up to 20 samples. 

No analytes detected > 1/2 RL 
and greater than 1/10 the 
regulatory limit (whichever is 
greater). Blank result must not 
otherwise affect sample 
results. 

Re-prepare and analyze all associated 
samples. Discuss with client/qualify if 
re-analysis not feasible. 

Analyst / 
Laboratory Area 
Supervisor 

Contamination / 
Bias 

Same as  Method/SOP 
QC Acceptance Limits. 

Laboratory Control 
Sample (LCS) 
containing analyte 
to be reported. 

One per 
preparatory batch 
of up to 20 samples. 

QC acceptance criteria 
specified in DoD QSM v4.1.,  
refer to  Table A1-8.  

Re-prepare and analyze all associated 
samples. Discuss with client/qualify if 
re-analysis not feasible. 

Analyst / 
Laboratory Area 
Supervisor 

Accuracy / Bias 

Matrix Spike (MS) 
One per 
preparatory batch 
of up to 20 samples. 

For matrix evaluation use QC 
acceptance criteria specified 
for LCS. 

Examine results of LCS. If both the 
LCS and MS/MSD are unacceptable, 
re-prepare and analyze the 
associated samples and QC, 
otherwise report and narrate. 

Analyst / 
Laboratory Area 
Supervisor 

Accuracy / Bias 

Matrix Spike 
Duplicate (MSD) 

One per 
preparatory batch 
of up to 20 samples. 

MSD: For matrix evaluation, 
use QC acceptance criteria 
specified for LCS. MSD: RPD < 
15% (between MS and MSD). 

Examine results of LCS. If both the 
LCS and MS/MSD are unacceptable, 
re-prepare and analyze the 
associated samples and QC, 
otherwise report and narrate. 

Analyst / 
Laboratory Area 
Supervisor 

Accuracy / Bias 

 



- 

 

 

TABLE A3-10 
Laboratory QC Samples Table 

Matrix: Groundwater 

Analytical Group: Wet Chemistry (Sulfide) 

Analytical Method/SOP Reference: SM 4500-S2-F / GR-06-110 
 

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 
preparatory batch 
of up to 20 samples. 

Analyte not detected > 1/2 RL 
and greater than 1/10 the 
regulatory limit (whichever is 
greater). Blank result must not 
otherwise affect sample 
results. 

Re-prepare and analyze all associated 
samples. Discuss with client/qualify if 
re-analysis not feasible. 

Analyst / 
Laboratory Area 
Supervisor 

Contamination / 
Bias 

Same as  Method/SOP 
QC Acceptance Limits. 

Laboratory Control 
Sample (LCS) 

One per 
preparatory batch 
of up to 20 samples. 

QC acceptance criteria 
specified in DoD QSM v4.1.,  
refer to  Table A1-8.  

Re-prepare and analyze all associated 
samples. Discuss with client/qualify if 
re-analysis not feasible. 

Analyst / 
Laboratory Area 
Supervisor 

Accuracy / Bias 

Matrix Spike (MS) 
One per 
preparatory batch 
of up to 20 samples. 

For matrix evaluation use QC 
acceptance criteria specified 
for LCS. 

Examine results of LCS. If both the 
LCS and MS/MSD are unacceptable, 
re-prepare and analyze the 
associated samples and QC, 
otherwise report and narrate. 

Analyst / 
Laboratory Area 
Supervisor 

Accuracy / Bias 

Matrix Spike 
Duplicate (MSD) 

One per 
preparatory batch 
of up to 20 samples. 

MSD: For matrix evaluation, 
use QC acceptance criteria 
specified for LCS. MSD: RPD < 
20% (between MS and MSD). 

Examine results of LCS. If both the 
LCS and MS/MSD are unacceptable, 
re-prepare and analyze the 
associated samples and QC, 
otherwise report and narrate. 

Analyst / 
Laboratory Area 
Supervisor 

Accuracy / Bias 

 



 

 

TABLE A3-11 
Laboratory QC Samples Table 

Matrix: Groundwater 

Analytical Group: Wet Chemistry (Alkalinity) 

Analytical Method/SOP Reference: SM2320B / GR-06-101 
 

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 
preparatory batch 
of up to 20 samples. 

Analyte not detected > 1/2 RL 
and greater than 1/10 the 
regulatory limit (whichever is 
greater). Blank result must not 
otherwise affect sample 
results. 

Re-prepare and analyze all associated 
samples. Discuss with client/qualify if 
re-analysis not feasible. 

Analyst / 
Laboratory Area 
Supervisor 

Contamination / 
Bias 

Same as  Method/SOP 
QC Acceptance Limits. 

Laboratory Control 
Sample (LCS) 

One per 
preparatory batch 
of up to 20 samples. 

QC acceptance criteria 
specified in DoD QSM v4.1.,  
refer to  Table A1-8.  

Re-prepare and analyze all associated 
samples. Discuss with client/qualify if 
re-analysis not feasible. 

Analyst / 
Laboratory Area 
Supervisor 

Accuracy / Bias 

Matrix Spike (MS) 
One per 
preparatory batch 
of up to 20 samples. 

For matrix evaluation use QC 
acceptance criteria specified 
for LCS. 

Examine results of LCS. If both the 
LCS and MS/MSD are unacceptable, 
re-prepare and analyze the 
associated samples and QC, 
otherwise report and narrate. 

Analyst / 
Laboratory Area 
Supervisor 

Accuracy / Bias 

Matrix Spike 
Duplicate (MSD) 

One per 
preparatory batch 
of up to 20 samples. 

MSD: For matrix evaluation, 
use QC acceptance criteria 
specified for LCS. MSD: RPD < 
20% (between MS and MSD). 

Examine results of LCS. If both the 
LCS and MS/MSD are unacceptable, 
re-prepare and analyze the 
associated samples and QC, 
otherwise report and narrate. 

Analyst / 
Laboratory Area 
Supervisor 

Accuracy / Bias 

 



- 

 

 

TABLE A3-12 
Laboratory QC Samples Table 
 

Matrix: Groundwater 

Analytical Group: Wet Chemistry (Methane) 

Analytical Method/SOP Reference: RSK-175 / GR-03-130 

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 
preparatory batch 
of up to 20 samples. 

No analytes detected > 1/2 RL 
and greater than 1/10 the 
regulatory limit (whichever is 
greater). Blank result must not 
otherwise affect sample 
results. 

Re-prepare and analyze all associated 
samples. Discuss with client/qualify if 
re-analysis not feasible. 

Analyst / 
Laboratory Area 
Supervisor 

Contamination / 
Bias 

Same as  Method/SOP QC 
Acceptance Limits. 

Laboratory Control 
Sample (LCS) 
containing all 
analytes to be 
reported 

One per 
preparatory batch 
of up to 20 samples. 

QC acceptance criteria 
specified in DoD QSM v4.1.,  
refer to  Table A1-8.  

Re-prepare and analyze all associated 
samples. Discuss with client/qualify if 
re-analysis not feasible. 

Analyst / 
Laboratory Area 
Supervisor 

Accuracy / Bias 

Matrix Spike (MS) 
One per 
preparatory batch 
of up to 20 samples. 

For matrix evaluation use QC 
acceptance criteria specified 
for LCS. 

Examine results of LCS. If both the 
LCS and MS/MSD are unacceptable, 
re-prepare and analyze the 
associated samples and QC, 
otherwise report and narrate. 

Analyst / 
Laboratory Area 
Supervisor 

Accuracy / Bias 

Matrix Spike 
Duplicate (MSD) 

One per 
preparatory batch 
of up to 20 samples. 

MSD: For matrix evaluation, 
use QC acceptance criteria 
specified for LCS. MSD: RPD < 
20% (between MS and MSD). 

Examine results of LCS. If both the 
LCS and MS/MSD are unacceptable, 
re-prepare and analyze the 
associated samples and QC, 
otherwise report and narrate. 

Analyst / 
Laboratory Area 
Supervisor 

Accuracy / Bias 

 
 
 



- 

 

 

TABLE A3-13 
Laboratory QC Samples Table 
 

Matrix: Groundwater 

Analytical Group: Wet Chemistry (pH) 

Analytical Method/SOP Reference: SW-846 9040C / GR-07-100 

QC Sample: Frequency/ 
Number 

Method/SOP QC Acceptance 
Limits Corrective Action 

Person(s) 
Responsible for 

Corrective 
Action 

Data Quality 
Indicator (DQI) 

Measurement 
Performance Criteria 

Standard 
Reference Material 
(SRM) 

Two per 
preparatory batch 
of up to 20 samples. 

+0.05 pH units of certified 
value 

Re-prepare and analyze all 
associated samples. 

Analyst / 
Laboratory Area 
Supervisor 

Accuracy 

Same as  Method/SOP 
QC Acceptance Limits. 

Laboratory 
Duplicate (DUP) 

One per 
preparatory batch 
of up to 20 samples. 

RPD limit for pH is 20. Re-prepare and analyze all 
associated samples. 

Analyst / 
Laboratory Area 
Supervisor 

Bias 

 
 
 



- 

 

 

TABLE A3-14 
Laboratory QC Samples Table 

 

Matrix: Groundwater 

Analytical Group: Wet Chemistry (TOC) 

Analytical Method/SOP Reference: SW-846 9060A / GR-05-105 

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 
preparatory batch 
of up to 20 samples. 

Analyte not detected > 1/2 RL 
and greater than 1/10 the 
regulatory limit (whichever is 
greater). Blank result must not 
otherwise affect sample 
results. 

Re-prepare and analyze all 
associated samples. Discuss with 
client/qualify if re-analysis not 
feasible. 

Analyst / 
Laboratory Area 
Supervisor 

Contamination / 
Bias 

Same as  Method/SOP 
QC Acceptance Limits. 

Laboratory Control 
Sample (LCS) 

One per 
preparatory batch 
of up to 20 samples. 

QC acceptance criteria 
specified in DoD QSM v4.1.,  
refer to  Table A1-8.  

Re-prepare and analyze all 
associated samples. Discuss with 
client/qualify if re-analysis not 
feasible. 

Analyst / 
Laboratory Area 
Supervisor 

Accuracy / Bias 

Matrix Spike (MS) 
One per 
preparatory batch 
of up to 20 samples. 

For matrix evaluation use QC 
acceptance criteria specified 
for LCS. 

Examine results of LCS. If both the 
LCS and MS/MSD are unacceptable, 
re-prepare and analyze the 
associated samples and QC, 
otherwise report and narrate. 

Analyst / 
Laboratory Area 
Supervisor 

Accuracy / Bias 

Matrix Spike 
Duplicate (MSD) 

One per 
preparatory batch 
of up to 20 samples. 

MSD: For matrix evaluation, 
use QC acceptance criteria 
specified for LCS. MSD: RPD < 
20% (between MS and MSD). 

Examine results of LCS. If both the 
LCS and MS/MSD are unacceptable, 
re-prepare and analyze the 
associated samples and QC, 
otherwise report and narrate. 

Analyst / 
Laboratory Area 
Supervisor 

Accuracy / Bias 



 

 

Appendix A – Attachment 1 
Ecological Screening Values for Soil 



Attachment 1
Ecological Screening Values (ESVs) for Soil

Analytical Group Chemical ESV Units Reference Comments
Explosives 1,3,5‐Trinitrobenzene NSV ‐‐ ‐‐
Explosives 1,3‐Dinitrobenzene NSV ‐‐ ‐‐
Explosives 2,4,6‐Trinitrotoluene 10,000 ug/kg Talmage et al. 1999 Plant
Explosives 2,4‐Dinitrotoluene 11,000 ug/kg NRCC 2006 Plant/Invertebrate
Explosives 2,6‐Dinitrotoluene 8,500 ug/kg NRCC 2006 Plant/Invertebrate
Explosives 2‐Amino‐4,6‐dinitrotoluene 80,000 ug/kg Talmage et al. 1999 Plant
Explosives 2‐Nitrotoluene NSV ‐‐ ‐‐
Explosives 3,5‐Dinitroaniline NSV ‐‐ ‐‐
Explosives 3‐Nitrotoluene NSV ‐‐ ‐‐
Explosives 4‐Amino‐2,6‐dinitrotoluene 80,000 ug/kg 2‐Amino‐4,6‐dinitrotoluene Plant
Explosives 4‐Nitrotoluene NSV ‐‐ ‐‐
Explosives HMX 10,000 ug/kg Talmage et al. 1999 Invertebrate
Explosives Nitrobenzene 2,260 ug/kg Efroymson et al. 1997b Invertebrate LC50 of 226,000; UF of 100
Explosives Nitroglycerine NSV ‐‐ ‐‐
Explosives Nitroguanidine NSV ‐‐ ‐‐
Explosives PETN NSV ‐‐ ‐‐
Explosives RDX 10,000 ug/kg Talmage et al. 1999 Invertebrate
Explosives Tetryl 10,000 ug/kg Talmage et al. 1999 Plant
Inorganics Aluminum pH < 5.5 ‐‐ USEPA 2003a Eco‐SSL
Inorganics Antimony 78.0 mg/kg USEPA 2005a Eco‐SSL ‐ Invertebrate
Inorganics Arsenic 18.0 mg/kg USEPA 2005b Eco‐SSL ‐ Plant
Inorganics Barium 330 mg/kg USEPA 2005c Eco‐SSL ‐ Invertebrate
Inorganics Beryllium 40.0 mg/kg USEPA 2005d Eco‐SSL ‐ Invertebrate
Inorganics Cadmium 32.0 mg/kg USEPA 2005e Eco‐SSL ‐ Plant
Inorganics Calcium NSV ‐‐ ‐‐
Inorganics Chromium 64.0 mg/kg CCME 2007 Soil Quality Guideline
Inorganics Cobalt 13.0 mg/kg USEPA 2005f Eco‐SSL ‐ Plant
Inorganics Copper 70.0 mg/kg USEPA 2007a Eco‐SSL ‐ Plant
Inorganics Cyanide 15.8 mg/kg MHSPE 2000 Geomean of target/intervention ‐ complex
Inorganics Iron 5 < pH > 8 ‐‐ USEPA 2003b Eco‐SSL
Inorganics Lead 120 mg/kg USEPA 2005g Eco‐SSL ‐ Plant
Inorganics Magnesium NSV ‐‐ ‐‐
Inorganics Manganese 220 mg/kg USEPA 2007b Eco‐SSL ‐ Plant
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Attachment 1
Ecological Screening Values (ESVs) for Soil

Analytical Group Chemical ESV Units Reference Comments
Inorganics Mercury 0.10 mg/kg Efroymson et al. 1997b Invertebrate
Inorganics Nickel 38.0 mg/kg USEPA 2007c Eco‐SSL ‐ Plant
Inorganics Potassium NSV ‐‐ ‐‐
Inorganics Selenium 0.52 mg/kg USEPA 2007d Eco‐SSL ‐ Plant
Inorganics Silver 560 mg/kg USEPA 2006a Eco‐SSL ‐ Plant
Inorganics Sodium NSV ‐‐ ‐‐
Inorganics Thallium 1.00 mg/kg Efroymson et al. 1997a Plant
Inorganics Vanadium 130 mg/kg CCME 2007 Soil Quality Guideline
Inorganics Zinc 120 mg/kg USEPA 2007e Eco‐SSL ‐ Invertebrate

NSV ‐ No Screening Value
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Attachment 1
Ecological Screening Values (ESVs) for Freshwater Sediment
Analytical 
Group Chemical Type ESV Units TOC (%) Reference Comment

Explosives 1,3,5‐Trinitrobenzene Freshwater 2.40 ug/kg 1 Talmage et al. 1999
Explosives 1,3‐Dinitrobenzene Freshwater 6.70 ug/kg 1 Talmage et al. 1999
Explosives 2,4,6‐Trinitrotoluene Freshwater 92.0 ug/kg 1 Talmage et al. 1999
Explosives 2,4‐Dinitrotoluene Freshwater 41.6 ug/kg 1 USEPA 2006b
Explosives 2,6‐Dinitrotoluene Freshwater NSV ‐‐ ‐‐
Explosives 2‐Amino‐4,6‐dinitrotoluene Freshwater 13.2 ug/kg 1 NAVFAC 2007
Explosives 2‐Nitrotoluene Freshwater 6,204 ug/kg 1 NAVFAC 2007
Explosives 3,5‐Dinitroaniline Freshwater NSV ‐‐ ‐‐
Explosives 3‐Nitrotoluene Freshwater 1,922 ug/kg 1 NAVFAC 2007
Explosives 4‐Amino‐2,6‐dinitrotoluene Freshwater 23.2 ug/kg 1 NAVFAC 2007
Explosives 4‐Nitrotoluene Freshwater 4,062 ug/kg 1 USEPA 2006b
Explosives HMX Freshwater 4.74 ug/kg 1 Talmage et al. 1999
Explosives Nitrobenzene Freshwater 1,779 ug/kg 1 NAVFAC 2007
Explosives Nitroglycerine Freshwater NSV ‐‐ ‐‐
Explosives Nitroguanidine Freshwater NSV ‐‐ ‐‐
Explosives PETN Freshwater NSV ‐‐ ‐‐
Explosives RDX Freshwater 12.7 ug/kg 1 Talmage et al. 1999
Explosives Tetryl Freshwater NSV ‐‐ ‐‐
Inorganics Aluminum Freshwater 25,500 mg/kg Buchman 2008 ARCS TEL
Inorganics Antimony Freshwater 3.00 mg/kg Buchman 2008 UET
Inorganics Arsenic Freshwater 9.79 mg/kg MacDonald et al. 2000 TEC
Inorganics Barium Freshwater 20.0 mg/kg MacDonald et al. 2003 TEC
Inorganics Beryllium Freshwater NSV ‐‐ ‐‐
Inorganics Cadmium Freshwater 0.99 mg/kg MacDonald et al. 2000 TEC
Inorganics Calcium Freshwater NSV ‐‐ ‐‐
Inorganics Chromium Freshwater 43.4 mg/kg MacDonald et al. 2000 TEC
Inorganics Cobalt Freshwater 50.0 mg/kg Persuad et al. 1993 OWDG
Inorganics Copper Freshwater 31.6 mg/kg MacDonald et al. 2000 TEC
Inorganics Cyanide Freshwater NSV ‐‐ ‐‐
Inorganics Iron Freshwater 20,000 mg/kg Persuad et al. 1993 LEL
Inorganics Lead Freshwater 35.8 mg/kg MacDonald et al. 2000 TEC
Inorganics Magnesium Freshwater NSV ‐‐ ‐‐
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Attachment 1
Ecological Screening Values (ESVs) for Freshwater Sediment
Analytical 
Group Chemical Type ESV Units TOC (%) Reference Comment

Inorganics Manganese Freshwater 460 mg/kg Persuad et al. 1993 LEL
Inorganics Mercury Freshwater 0.18 mg/kg MacDonald et al. 2000 TEC
Inorganics Nickel Freshwater 22.7 mg/kg MacDonald et al. 2000 TEC
Inorganics Potassium Freshwater NSV ‐‐ ‐‐
Inorganics Selenium Freshwater 2.00 mg/kg USEPA 2006b
Inorganics Silver Freshwater 1.00 mg/kg MacDonald et al. 2003 TEC
Inorganics Sodium Freshwater NSV ‐‐ ‐‐
Inorganics Thallium Freshwater NSV ‐‐ ‐‐
Inorganics Vanadium Marine 57.0 mg/kg Buchman 2008 AET
Inorganics Zinc Freshwater 121 mg/kg MacDonald et al. 2000 TEC

NSV ‐ No Screening Value
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Figure 5-14
AOC 6 Surface Soil Exceedance Results
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Station ID

Sample ID

Sample Date

Depth

2,4,6-Trinitrotoluene 320,000

2-Amino-4,6-dinitrotoluene 16,000 J

2-Nitrotoluene 48,000 J

4-Amino-2,6-dinitrotoluene 17,000

0-6"

SVOCs (UG/KG)

No Exceedances

Explosives (UG/KG)

Total Metals (MG/KG)

No Exceedances

10/21/08

CAA06-SO02

CAA06-SS02-1008

Station ID

Sample ID

Sample Date

Depth

No Exceedances

CAA06-SO04

CAA06-SS04-1008

10/21/08

0-6"

SVOCs (UG/KG)

No Exceedances

Explosives (UG/KG)

No Exceedances

Total Metals (MG/KG)

Station ID

Sam ple ID

Sam ple Date

Depth

CAA06-SO07

CAA06-SS07-1108

11/05/08
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No Exceedances

Explosives (UG/KG)

No Exceedances

Total Metals (MG/KG)

No Exceedances

Station ID

Sample ID

Sample Date

Depth

11/06/08

0-6"

SVOCs (UG/KG)

No Exceedances

Explosives (UG/KG)

No Exceedances

Total Metals (MG/KG)

No Exceedances

CAA06-SS08-1108

CAA06-SO08

Station ID

Sample ID

Sample Date

Depth

2,4,6-Trinitrotoluene 51,000

SVOCs (UG/KG)

No Exceedances

Explosives (UG/KG)

Total Metals (MG/KG)

No Exceedances

0-6"

CAA06-SO13

CAA06-SS13-1108

11/06/08

Station ID

Sample ID

Sample Date

Depth

2,4-Dinitrotoluene 6,300 L

1,3-Dinitrobenzene 730 J

2,4,6-Trinitrotoluene 4,500,000

Arsenic 8.1 J

Iron 37,100* J

Lead 580 J

Mercury 0.13 L

Selenium 2 J

CAA06-SO01

CAA06-SS01-1008

10/20/08

0-6"

SVOCs (UG/KG)

Explosives (UG/KG)

Total Metals (MG/KG)

Notes:

Exceeds BKG & ECO

Exceeds BKG & Res RSL

Exceeds BKG, ECO & Res RSL

Exceeds BKG, Res & Ind RSLs

Exceeds BKG, ECO, Res & Ind RSLs

*Eco exceedance due to pH value
-- - No value available
J - Analyte present, value may or may not be accurate or precise
L - Analyte present, value may be biased low, actual value may be higher

UG/KG - Micrograms per kilogram
MG/KG - Milligrams per kilogram

2,4-Dinitrotoluene -- 11,000 5,500 1,600

1,3-Dinitrobenzene -- -- 6,200 610

2,4,6-Trinitrotoluene -- 10,000 42,000 3,600

2-Amino-4,6-dinitrotoluene -- 80,000 200,000 15,000

2-Nitrotoluene -- -- 13,000 2,900

4-Amino-2,6-dinitrotoluene -- 80,000 190,000 15,000

Aluminum 12,200 pH < 5.5 99,000 7,700

Arsenic 6.36 18.0 1.6 0.39

Chromium 18.2 64.0 5.6 0.29

Iron 19,900 pH < 5 or pH > 8 72,000 5,500

Lead 17.4 120 800 400

Mercury 0.111 0.10 31 2.3

Selenium 0.51 0.52 510 39

Vanadium 27.9 130 520 39

Zinc 26.5 120 31,000 2,300

Contaminant of 

Potential Concern

CLEAN CAX 

BKG SS

Eco Surface Soil 

Screening Value

CLEAN RSLs 

Residential Soil 

Adjusted

Semivolatile Organic Compounds (UG/KG)

CLEAN RSLs 

Industrial Soil 

Adjusted

Explosives (UG/KG)

Total Metals (MG/KG)

Station ID

Sample ID

Sample Date

Depth

2,4,6-Trinitrotoluene 6,600

Aluminum 25,000

Arsenic 11.8 J

Chromium 34.7 L

Iron 21,700 J

Selenium 0.91 J

Vanadium 50

Zinc 176

No Exceedances

CAA06-SO03

CAA06-SS03-1008

10/21/08

0-6"

SVOCs (UG/KG)

Explosives (UG/KG)

Total Metals (MG/KG)



Figure 5-15
AOC 6 Subsurface Soil Exceedance Results
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Station ID
Sample ID
Sample Date
Date

2,4,6-Trinitrotoluene 6,700

Aluminum 16,200
Arsenic 9.6 J

CAA06-SO02
CAA06-SB02-1008

10/21/08
6-24"

SVOCs (UG/KG)
No Exceedances
Explosives (UG/KG)

Total Metals (MG/KG)

Station ID
Sample ID
Sample Date
Depth

No Detections
Total Metals (MG/KG)
No Exceedances

Explosives (UG/KG)

CAA06-SO07
CAA06-SB07-1108

11/05/08
6-24"

SVOCs (UG/KG)
No Detections

Station ID
Sample ID
Sample Date
Depth

No Exceedances
Total Metals (MG/KG)

CAA06-SO08
CAA06-SB08-1108

11/06/08
6-24"

SVOCs (UG/KG)
No Detections
Explosives (UG/KG)
No Detections

Station ID
Sample ID
Sample Date
Date

2,4,6-Trinitrotoluene 660,000
4-Amino-2,6-dinitrotoluene 30,000

Aluminum 13,400**

No Exceedances
Explosives (UG/KG)

Total Metals (MG/KG)

CAA06-SO13
CAA06-SB13-1108

11/06/08
6-24"

SVOCs (UG/KG)

Exceeds BKG & ECO
Exceeds BKG & Res RSL
Exceeds BKG, ECO & Res RSL
Exceeds BKG, Res & Ind RSLs
Exceeds BKG, ECO, Res & Ind RSLs

Notes:
1Adjusted June 2011 RSL value
* Indicates duplicate sample was collected at this location.
Values presented are the higher of the two.
**Eco exceedance due to pH value
-- - No value available
J - Analyte present, value may or may not be accurate
or precise
L - Analyte present, value may be biased low, actual
value may be higher

Station ID
Sample ID
Sample Date
Date

Aluminum 23,600
Arsenic 14.4 J
Chromium 36.3 L
Selenium 1.6 J
Vanadium 54.2

CAA06-SB03-1008
10/21/08

6-24"
SVOCs (UG/KG)
No Exceedances
Explosives (UG/KG)
No Exceedances
Total Metals (MG/KG)

CAA06-SO03

Station ID
Sample ID
Sample Date
Date

2,4-Dinitrotoluene 12,000

1,3-Dinitrobenzene 1,600 J
2,4,6-Trinitrotoluene 2,700,000

Arsenic 20.9 J
Chromium 34.4 L
Iron 34,700 J
Selenium 1.4 J

Explosives (UG/KG)

CAA06-SO01
CAA06-SB01-1008

10/20/08
6-24"

SVOCs (UG/KG)

Total Metals (MG/KG)
Station ID
Sample ID
Sample Date
Date

Arsenic 6.8 J
Thallium 0.1 J

6-24"

CAA06-SO04
CAA06-SB04-1008

10/21/08

SVOCs (UG/KG)
No Exceedances
Explosives (UG/KG)
No Exceedances
Total Metals (MG/KG)

2,4-Dinitrotoluene -- 11,000 5,500 1,600

1,3-Dinitrobenzene -- -- 6,200 610
2,4,6-Trinitrotoluene -- 10,000 42,000 3,600
4-Amino-2,6-dinitrotoluene -- 80,000 190,000 15,000

Aluminum 13,000 pH < 5.5 99,000 7,700
Arsenic 5.54 18.0 1.6 0.39

Chromium 33.7 64.0 5.6 0.29

Iron 32,000 pH < 5 or pH > 8 72,000 5,500
Selenium 0.64 0.52 510 39
Thallium -- 1 11 0.0781

Vanadium 48.3 130 520 39

Explosives (UG/KG)

Total Metals (MG/KG)

CLEAN RSLs 
Residential Soil 

Adjusted

Semivolatile Organic Compounds (UG/KG)

Eco Surface Soil 
Screening Value

CLEAN RSLs 
Industrial Soil 

Adjusted

Contaminants of 
Potential Concern

CLEAN CAX 
BKG SB

UG/KG - Micrograms per kilogram
MG/KG - Milligrams per kilogram
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Figure 5-16
AOC 6 Groundwater Exceedance Results
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Aluminum 2,230 87.0 -- 3,700

Arsenic 2.28 150 10 0.045

Beryllium 2.45 0.66 4 7.3

Chromium 15.1 11.4 100 0.043

Cobalt 20.6 23.0 -- 1.1

Copper 12.2 9.33 1,300 150

Iron 894 1,000 -- 2,600

Lead 21.3 3.18 15 15

Manganese 57.9 120 -- 88

Nickel 11.4 52.2 -- 73

Silver -- 0.36 -- 18

Vanadium 26.2 20.0 -- 18

Zinc 4.52 120 -- 1,100

Aluminum, Dissolved 100 87.0 -- 3,700

Arsenic, Dissolved 1.37 150 10 0.045

Chromium, Dissolved 6.04 11.0 100 0.043

Cobalt, Dissolved 0.7 23.0 -- 1.1

Copper, Dissolved 3 8.96 1,300 150

Iron, Dissolved 275 1,000 -- 2,600

Lead, Dissolved 1.7 2.52 15 15

Manganese, Dissolved 49.5 120 -- 88

Silver, Dissolved -- 0.36 -- 18

Dissolved Metals (UG/L)

CLEAN RSLs 

Tapwater 

Adjusted

Total Metals (UG/L)

CLEAN MCL-

Groundw ater

Contaminant of 

Potential Concern

CLEAN CAX 

BKG GW YE 

AQUIFER

Eco Surface 

Water Screening 

Value - Fresh

Station ID

Sample ID

Sample Date

Arsenic 76.2

Iron 34,000

Manganese 239

Aluminum, Dissolved 127 J

Arsenic, Dissolved 74.6

Cobalt, Dissolved 1.8 J

Iron, Dissolved 25,400

Manganese, Dissolved 237

No Detections

Total Metals (UG/L)

Dissolved Metals (UG/L)

11/05/08

SVOCs (UG/L)

No Detections

Explosives (UG/L)

CAA06-DW01

CAA06-DW01-1108

Station ID

Sample ID

Sample Date

Aluminum 35,100

Arsenic 163

Beryllium 4.8 J

Chromium 152

Cobalt 22.2 J

Copper 43.4

Iron 230,000

Lead 71.8

Manganese 701

Nickel 62.5

Silver 5 J

Vanadium 155

Zinc 194

Aluminum, Dissolved 4,080

Arsenic, Dissolved 62.2

Chromium, Dissolved 17.1

Cobalt, Dissolved 2.4 J

Copper, Dissolved 9.9 J

Iron, Dissolved 46,500

Lead, Dissolved 9.8 J

Manganese, Dissolved 480

Silver, Dissolved 1.2 J

CAA06-DW07

CAA06-DW07-1108

11/10/08

SVOCs (UG/L)

No Detections

Explosives (UG/L)

No Detections

Total Metals (UG/L)

Dissolved Metals (UG/L)

Station ID

Sample ID

Sample Date

Arsenic 36.5

Iron 24,800

Manganese 457

Silver 0.77 J

Arsenic, Dissolved 35.4

Iron, Dissolved 23,100

Manganese, Dissolved 467

Silver, Dissolved 0.8 J

Dissolved Metals (UG/L)

11/10/08

SVOCs (UG/L)

No Detections

Explosives (UG/L)

No Detections

Total Metals (UG/L)

CAA06-DW08-1108

CAA06-DW08

Notes:

Exceeds BKG & ECO

Exceeds BKG & Tapw ater RSL

Exceeds BKG, Tapwater RSL & MCL

Exceeds BKG, ECO & Tapw ater RSL

Exceeds BKG, ECO & MCL

Exceeds BKG, ECO, Tapwater RSL & MCL

-- - No value available
J - Analyte present, value may or may not be accurate
     or precise
UG/L - Micrograms per liter

Station ID

Sample ID

Sample Date

Aluminum 30,600

Arsenic 83.2

Beryllium 2.7 J

Chromium 149

Copper 44.4

Iron 126,000

Lead 70.2

Manganese 368

Nickel 61.6

Silver 2.2 J

Vanadium 107

Zinc 205

Arsenic, Dissolved 38.5

Iron, Dissolved 19,500

Manganese, Dissolved 259

Silver, Dissolved 0.76 J

CAA06-DW06-1108

Total Metals (UG/L)

CAA06-DW06

11/10/08

SVOCs (UG/L)

No Detections

Explosives (UG/L)

No Detections

Dissolved Metals (UG/L)



Figure 5-17
AOC 6 Surface Water and Sediment Exceedance Results

Site Inspection Report
Areas of Concern 1, 2, 6, 7, and 8

Cheatham Annex
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0 60 120
Feet

Station ID
Sample ID
Sample Date

Barium 19.8 J

Barium, Dissolved 15.9 J

CAA06-SW02-1008
10/23/08

Explosives (UG/L)
No Exceedances
Total Metals  (UG/L)

Dissolved Metals (UG/L)

CAA06-SW02

SVOCs (UG/L)
No Exceedances

Station ID
Sample ID
Sample Date
Depth

Arsenic 6.9 J

No Exceedances
SVOCs (UG/KG)

Explosives (UG/KG)
No Exceedances
Total Metals (MG/KG)

10/23/08
4-8"

CAA06-SD01
CAA06-SSD01-1008

Station ID
Sample ID
Sample Date
Depth

No Exceedances
Total Metals (MG/KG)
No Exceedances

CAA06-SD02-1008
10/23/08

0-4"

CAA06-SD02

Explosives (UG/KG)

SVOCs (UG/KG)
No Exceedances

Notes:
Exceeds ECO
Exceeds Res RSL
Exceeds Eco & Res RSL

1Equilibrium Partitioning Value used as eco screening value.
See Tables B-41 and B-43 in Appendix B.
2Adjusted June 2011 Tapwater RSL
* Indicates duplicate sample was collected at this location.
Values presented are the higher of the two.
-- - No value available
J - Analyte present, value may or may not be accurate or precise
MG/KG - Milligrams per kilogram
UG/L - Micrograms per liter

Station ID
Sample ID
Sample Date
Depth

4-Amino-2,6-dinitrotoluene 110

Arsenic 12.1 J
Chromium 5 J

CAA06-SD01-1008*
CAA06-SD01

10/23/08
0-4"

No Exceedances
SVOCs (UG/KG)

Explosives (UG/KG)

Total Metals (MG/KG)

Station ID
Sample ID
Sample Date
Depth

2,6-Dinitrotoluene 260

Arsenic 4.6 J
Chromium 7.6 J

4-8"

CAA06-SD02
CAA06-SSD02-1008

10/23/08

No Exceedances
Total Metals (MG/KG)

SVOCs (UG/KG)

Explosives (UG/KG)

Station ID
Sample ID
Sample Date

Barium 19.6 J

Barium, Dissolved 17.8 J

Explosives (UG/L)
No Exceedances
Total Metals (UG/L)

Dissolved Metals (UG/L)

SVOCs (UG/L)
No Exceedances

CAA06-SW01
CAA06-SW01-1008*

10/23/08

2,6-Dinitrotoluene 1871
61,000

bis(2-Ethylhexyl)phthalate -- -- 4,094,0001
350,000

4-Amino-2,6-dinitrotoluene -- -- 1071 150,000

Arsenic -- -- 9.79 3.9
Barium 4.00 7,300 -- --
Chromium -- -- 43.4 2.9
Thallium 12 0.372 -- --

Barium, Dissolved 4.00 7,300 -- --

Explosives

Eco Sediment 
Screening Value 
- Fresh (MG/KG)

CLEAN RSLs Res 
Soil X 10 for SD 

Adjusted (MG/KG)

Semivolatile Organic Compounds

Total Metals

Dissolved Metals

Contaminant of 
Potential Concern

CLEAN RSLs Tap X 
10 for SW Adjusted

(UG/L)

Eco Surface Water 
Screening Value - 

Fresh (UG/L)
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STANDARD OPERATING PROCEDURE 

Equipment Blank and Field Blank Preparation 

I. Purpose 

To prepare blanks to determine whether decontamination procedures are adequate and 
whether any cross-contamination is occurring during sampling due to contaminated air 
and dust. 

II. Scope 

The general protocols for preparing the blanks are outlined.  The actual equipment to be 
rinsed will depend on the requirements of the specific sampling procedure. 

III. Equipment and Materials 

 Blank liquid (use ASTM Type II or lab grade water) 

 Millipore deionized water 

 Sample bottles as appropriate 

 Gloves 

 Preservatives as appropriate 

IV. Procedures and Guidelines 

A. Decontaminate all sampling equipment that has come in contact with sample 
according to SOP Decontamination of Personnel and Equipment. 

B. To collect an equipment blank for volatile analysis from the surfaces of sampling 
equipment other than pumps, pour blank water over one piece of equipment 
and into two 40-ml vials until there is a positive meniscus, then seal the vials.  
Note the sample number and associated piece of equipment in the field 
notebook as well as the type and lot number of the water used.  

  For non-volatiles analyses, one aliquot is to be used for equipment.  For 
example, if a pan and trowel are used, place trowel in pan and pour blank fluid 
in pan such that pan and trowel surfaces which contacted the sample are 
contacted by the blank fluid.  Pour blank fluid from pan into appropriate sample 
bottles. 

  Do not let the blank fluid come in contact with any equipment that has not been 
decontaminated. 

 

 



BlankPrep.doc 
QC and Reviewed 08/2013 

  2 

 C. When collecting an equipment blank from a pump, run an extra gallon of 
deionized water through the pump while collecting the pump outflow into 
appropriate containers.  Make sure the flow rate is low when sampling VOCs.  If 
a Grundfos Redi-Flo2 pump with disposable tubing is used, remove the 
disposable tubing after sampling but before decon.  When decon is complete, 
put a 3- to 5-foot segment of new tubing onto the pump to collect the equipment 
blank. 

 D. To collect a field blank, slowly pour ASTM Type II or lab grade water directly 
into sample containers. 

 E. Document and ship samples in accordance with the procedures for other 
samples.  

 F. Collect next field sample. 

V. Attachments 

None. 

VI. Key Checks and Items 

 Wear gloves. 

 Do not use any non-decontaminated equipment to prepare blank. 

 Use ASTM-Type II or lab grade water.  
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STANDARD OPERATING PROCEDURE 

Chain-of-Custody 

I Purpose 

The purpose of this SOP is to provide information on chain-of-custody procedures to 
be used under the CLEAN Program. 

II Scope 

This procedure describes the steps necessary for transferring samples through the 
use of Chain-of-Custody Records.  A Chain-of-Custody Record is required, without 
exception, for the tracking and recording of samples collected for on-site or off-site 
analysis (chemical or geotechnical) during program activities (except wellhead 
samples taken for measurement of field parameters).  Use of the Chain-of-Custody 
Record Form creates an accurate written record that can be used to trace the 
possession and handling of the sample from the moment of its collection through 
analysis.  This procedure identifies the necessary custody records and describes their 
completion.  This procedure does not take precedence over region specific or site-
specific requirements for chain-of-custody. 

III Definitions 

Chain-of-Custody Record Form - A Chain-of-Custody Record Form is a printed two-
part form that accompanies a sample or group of samples as custody of the 
sample(s) is transferred from one custodian to another custodian.  One copy of the 
form must be retained in the project file. 

Custodian - The person responsible for the custody of samples at a particular time, 
until custody is transferred to another person (and so documented), who then 
becomes custodian.  A sample is under one’s custody if: 

 It is in one’s actual possession. 

 It is in one’s view, after being in one’s physical possession. 

 It was in one’s physical possession and then he/she locked it up to prevent 
tampering. 

 It is in a designated and identified secure area. 

Sample - A sample is physical evidence collected from a facility or the environment, 
which is representative of conditions at the point and time that it was collected. 
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IV. Procedures 

The term “chain-of-custody” refers to procedures which ensure that evidence 
presented in a court of law is valid.  The chain-of-custody procedures track the 
evidence from the time and place it is first obtained to the courtroom, as well as 
providing security for the evidence as it is moved and/or passed from the custody of 
one individual to another. 

Chain-of-custody procedures, recordkeeping, and documentation are an important 
part of the management control of samples.  Regulatory agencies must be able to 
provide the chain-of-possession and custody of any samples that are offered for 
evidence, or that form the basis of analytical test results introduced as evidence.  
Written procedures must be available and followed whenever evidence samples are 
collected, transferred, stored, analyzed, or destroyed. 

 Sample Identification 

The method of identification of a sample depends on the type of measurement or 
analysis performed.  When in situ measurements are made, the data are recorded 
directly in bound logbooks or other field data records with identifying information. 

Information which shall be recorded in the field logbook, when in-situ 
measurements or samples for laboratory analysis are collected, includes: 

 Field Sampler(s), 

 Contract Task Order (CTO) Number, 

 Project Sample Number, 

 Sample location or sampling station number, 

 Date and time of sample collection and/or measurement, 

 Field observations, 

 Equipment used to collect samples and measurements, and 

 Calibration data for equipment used 

Measurements and observations shall be recorded using waterproof ink. 

 Sample Label 

Samples, other than for in situ measurements, are removed and transported from the 
sample location to a laboratory or other location for analysis.  Before removal, 
however, a sample is often divided into portions, depending upon the analyses to be 
performed.  Each portion is preserved in accordance with the Sampling and Analysis 
Plan.  Each sample container is identified by a sample label (see Attachment A).  
Sample labels are provided, along with sample containers, by the analytical 
laboratory.  The information recorded on the sample label includes: 

 Project - CTO Number. 

 Station Location - The unique sample number identifying this sample. 

 Date - A six-digit number indicating the day, month, and year of sample 
collection (e.g., 08/21/12). 
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 Time - A four-digit number indicating the 24-hour time of collection (for 
example: 0954 is 9:54 a.m., and 1629 is 4:29 p.m.). 

 Medium - Water, soil, sediment, sludge, waste, etc. 

 Sample Type - Grab or composite. 

 Preservation - Type and quantity of preservation added. 

 Analysis - VOA, BNAs, PCBs, pesticides, metals, cyanide, other. 

 Sampled By - Printed name of the sampler. 

 Remarks - Any pertinent additional information. 

Using only the work assignment number of the sample label maintains the 
anonymity of sites.  This may be necessary, even to the extent of preventing the 
laboratory performing the analysis from knowing the identity of the site (e.g., if the 
laboratory is part of an organization that has performed previous work on the site).  
The field team should always follow the sample ID system prepared by the project 
EIS and reviewed by the Project Manager. 

 Chain-of-Custody Procedures 

After collection, separation, identification, and preservation, the sample is 
maintained under chain-of-custody procedures until it is in the custody of the 
analytical laboratory and has been stored or disposed. 

 Field Custody Procedures 

 Samples are collected as described in the site Sampling and Analysis Plan.  Care 
must be taken to record precisely the sample location and to ensure that the 
sample number on the label matches the Chain-of-Custody Record exactly. 

 A Chain-of-Custody Record will be prepared for each individual cooler shipped 
and will include only the samples contained within that particular cooler.  The 
Chain-of-Custody Record for that cooler will then be sealed in a zip-log bag and 
placed in the cooler prior to sealing.  This ensures that the laboratory properly 
attributes trip blanks with the correct cooler and allows for easier tracking 
should a cooler become lost during transit. 

 The person undertaking the actual sampling in the field is responsible for the 
care and custody of the samples collected until they are properly transferred or 
dispatched. 

 When photographs are taken of the sampling as part of the documentation 
procedure, the name of the photographer, date, time, site location, and site 
description are entered sequentially in the site logbook as photos are taken.  
Once downloaded to the server or developed, the electronic files or photographic 
prints shall be serially numbered, corresponding to the logbook descriptions; 
photographic prints will be stored in the project files.  To identify sample 
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locations in photographs, an easily read sign with the appropriate sample 
location number should be included. 

 Sample labels shall be completed for each sample, using waterproof ink unless 
prohibited by weather conditions (e.g., a logbook notation would explain that a 
pencil was used to fill out the sample label if the pen would not function in 
freezing weather.) 

 Transfer of Custody and Shipment 

Samples are accompanied by a Chain-of-Custody Record Form.  A Chain-of-
Custody Record Form must be completed for each cooler and should include only 
the samples contained within that cooler.  A Chain-of-Custody Record Form 
example is shown in Attachment B.  When transferring the possession of samples, 
the individuals relinquishing and receiving will sign, date, and note the time on the 
Record.  This Record documents sample custody transfer from the sampler, often 
through another person, to the analyst in the laboratory.  The Chain-of-Custody 
Record is filled out as given below: 

 Enter header information (CTO number, samplers, and project name). 

 Enter sample specific information (sample number, media, sample analysis 
required and analytical method grab or composite, number and type of sample 
containers, and date/ time sample was collected). 

 Sign, date, and enter the time under “Relinquished by” entry. 

 Have the person receiving the sample sign the “Received by” entry.  If shipping 
samples by a common carrier, print the carrier to be used in this space (i.e., 
Federal Express). 

 If a carrier is used, enter the airbill number under “Remarks,” in the bottom right 
corner; 

 Place the original (top, signed copy) of the Chain-of-Custody Record Form in a 
plastic zipper-type bag or other appropriate sample-shipping package.  Retain 
the copy with field records. 

 Sign and date the custody seal, a 1-inch by 3-inch white paper label with black 
lettering and an adhesive backing.  Attachment C is an example of a custody 
seal.  The custody seal is part of the chain-of-custody process and is used to 
prevent tampering with samples after they have been collected in the field.  
Custody seals shall be provided by the analytical laboratory. 

 Place the seal across the shipping container opening (front and back) so that it 
would be broken if the container were to be opened. 

 Complete other carrier-required shipping papers. 
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The custody record is completed using waterproof ink.  Any corrections are made by 
drawing a line through and initialing and dating the change, then entering the 
correct information.  Erasures are not permitted. 

Common carriers will usually not accept responsibility for handling Chain-of-
Custody Record Forms; this necessitates packing the record in the shipping 
container (enclosed with other documentation in a plastic zipper-type bag).  As long 
as custody forms are sealed inside the shipping container and the custody seals are 
intact, commercial carriers are not required to sign the custody form. 

The laboratory representative who accepts the incoming sample shipment signs and 
dates the Chain-of-Custody Record, completing the sample transfer process.  It is 
then the laboratory’s responsibility to maintain internal logbooks and custody 
records throughout sample preparation and analysis. 

V Quality Assurance Records 

Once samples have been packaged and shipped, the Chain-of-Custody copy and 
airbill receipt become part of the quality assurance record. 

VI Attachments 

 A. Sample Label 
 B. Chain of Custody Form 
 C. Custody Seal  

VII References 

USEPA.  User’s Guide to the Contract Laboratory Program.  Office of Emergency and 
Remedial Response, Washington, D.C. (EPA/540/P-91/002), January 1991. 
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Example Sample Label 
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QAL Quality Analytical Laboratories, Inc_ 
2567 Fairlane Drive 
Montgomery, Alabama 36116 
PH. (334)271-2440 

Client 	  
Sample No. 	 
Location 	  

Analysis 	  

Preservalive 
Dale 	 By 	  

CEIMIC 
CORPORATION 

to Dean Knauss Drive, Narragansett, LL 02882 • (4Q1) 7824800 

    

SITE NAME 
	

DATE 

ANALYSIS 
	

T11103 

PRESERVATIVE 

    

 

SAMPLE TYPE 

  

0 Grab 0 Composite 0 Other 	 
COLLECTED BTt 

Quality Analytical Laboratories, Inc. 
2567 Fair1ane Drive 
Montgomery, Alabama 36116 
PH. (334)271-2440 

Client _____________ _ 

Sample No.------------
Location ____ ________ _ 

Analysis ____________ _ 

Preserva1ive -t-H..,C~L..-----~~---
Date By _____ _ 

r --·· . 
l 

·--- ·-· . ---- -· ·--·--. 
CEIMIC 

CORPOBATION 
JO Deaa hall8I Drtn, N~ JLL 028a • (401) m-8900 

DATB 

ANALYS18 TDIB 

PBESEBVATIVB 

0 Grab 0 Composite 0 other 
<X>u.zcn:DBT1 

,. 
i 
•. 

L----· -. ·---
______ J 



Attachment B 
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STANDARD OPERATING PROCEDURE 

Use of Data Loggers and Pressure Transducers 

I. Purpose and Scope 

The purpose of this procedure is to provide a guideline for the use of continuously 
recording data loggers and pressure transducers to monitor changes in water levels 
and barometric pressure. Procedures for using a particular type of data logger are 
not included and should be obtained from the equipment manuals. The SOP Water-
Level Measurements provides guidance for collecting discrete measurements of water 
levels. 

II. Equipment and Materials 

 Continuously recording data logger (e.g., Campbell® or In Situ® Hermit or In 
Situ® Trolls) 

 Pressure transducers (e.g., Druck® or In Situ® Trolls) of adequate pressure ranges 
and cable lengths 

 Electronic water-level meter (e.g., Solinst®) with a minimum 100-foot tape; the 
tape should have graduations in increments of 0.01 feet or less 

 Duct tape 

III. Procedures and Guidelines 

The procedures for using the particular type of data logger should be obtained from the 
operating manuals for the equipment. In general, all data loggers have a means of 
specifying such data as the pressure range of the transducer, the type of monitoring to 
be performed (e.g., slug test), the frequency of measurements, the length of the test, and 
the number of transducers to be monitored. 

Transducers should be selected with the appropriate pressure range for the expected 
range of water-level or barometric changes. A change of 1 pound per square inch (psi) 
of pressure is equivalent to a change of 2.3 feet of water level. Therefore, if the change in 
water level is expected to be small (i.e., less than 10 feet), a transducer with a range from 
0 to 5 psi would be best.   

For downhole applications, measure the initial water level with the water-level meter. 
Lower the transducer into the piezometer or well until it is comfortably below the 
surface. Tape the transducer cable to the casing or affix the cable holder to the locking 
cap or stickup with zip-ties so that the transducer does not move in the piezometer or 
well. Attach the transducer cable to a rugged reader or a port on the back of a laptop 
computer. Connect to the transducer and confirm that the transducer is at the proper 
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depth in the water by reading the data logger. Program the data logger for the 
appropriate frequency of data collection.  

Transducers for measuring barometric pressure are attached to a secure fixture (e.g., 
casing or light post) and are programmed with the rugged reader or laptop. 
Transducers for measuring the changes in water level in surface-water bodies are 
attached to a weight and lowered to the bottom. The depth of water above the 
transducer can be read from the data logger. Care should be taken to prevent the cable 
from interfering with boat traffic.  

IV. Attachments 

None. 

V. Key Checks and Preventative Maintenance 

 Prior to each use, verify that the batteries charged and that there is sufficient space 
in the data-logger memory for the data to be collected. 

 Also prior to each use, the date and time should be synchronized between the data 
logger and the rugged reader or laptop.  

 Ensure that all settings are appropriate for the transducer pressure range and the 
type of test.  

 Protect the logger from inclement weather and vandalism.  
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STANDARD OPERATING PROCEDURE 

Decontamination of Personnel and Equipment 

I. Purpose 

To provide general guidelines for the decontamination of personnel, sampling 
equipment, and monitoring equipment used in potentially contaminated 
environments. 

II. Scope 

This is a general description of decontamination procedures. 

III. Equipment and Materials 

 Demonstrated analyte-free, deionized (“DI”) water (specifically, ASTM Type 
II water or lab-grade DI water) 

 Potable water; must be from a municipal water supplier, otherwise an 
analysis must be run for appropriate volatile and semivolatile organic 
compounds and inorganic chemicals (e.g., Target Compound List and Target 
Analyte List chemicals) 

 2.5% (W/W) Liquinox (or Alconox) and water solution 

 Concentrated (V/V) pesticide grade isopropanol (DO NOT USE ACETONE) 

 Large plastic pails or tubs for Liquinox  and water, scrub brushes, squirt 

bottles for Liquinox solution, methanol and water, plastic bags and sheets 

 DOT approved 55-gallon drum for disposal of waste 

 Personal Protective Equipment as specified by the Health and Safety Plan 

 Decontamination pad and steam cleaner/high pressure cleaner for large 
equipment  

IV. Procedures and Guidelines 

A. PERSONNEL DECONTAMINATION 

 To be performed after completion of tasks whenever potential for 
contamination exists, and upon leaving the exclusion zone. 
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1. Wash boots in Liquinox solution, then rinse with water.  If 
disposable latex booties are worn over boots in the work area, rinse 

with Liquinox solution, remove, and discard into DOT-approved 
55-gallon drum. 

2. Wash outer gloves in Liquinox solution, rinse, remove, and discard 
into DOT-approved 55-gallon drum. 

3. Remove disposable coveralls (“Tyveks”) and discard into DOT-
approved 55-gallon drum. 

4. Remove respirator (if worn). 

5. Remove inner gloves and discard. 

6. At the end of the work day, shower entire body, including hair, either 
at the work site or at home. 

7. Sanitize respirator if worn. 

B. SAMPLING EQUIPMENT DECONTAMINATION—GROUNDWATER 
SAMPLING PUMPS 

Sampling pumps are decontaminated after each use as follows. 

1. Don phthalate-free gloves. 

2. Spread plastic on the ground to keep equipment from touching the 
ground 

3. Turn off pump after sampling. Remove pump from well and remove 
and dispose of tubing.  Place pump in decontamination tube. 

4. Turn pump back on and pump 1 gallon of Liquinox solution through 
the sampling pump. 

5. Rinse with 1 gallon of 10% isopropanol solution pumped through the 
pump. (DO NOT USE ACETONE). (Optional) 

6. Rinse with 1 gallon of tap water. 

7. Rinse with 1 gallon of deionized water. 

8. Keep decontaminated pump in decontamination tube or remove and 
wrap in aluminum foil or clean plastic sheeting. 

9. Collect all rinsate and dispose of in a DOT-approved 55-gallon drum. 

10. Decontamination materials (e.g., plastic sheeting, tubing, etc.) that 
have come in contact with used decontamination fluids or sampling 
equipment will be disposed of in either DOT-approved 55-gallon 
drums or with solid waste in garbage bags, dependent on 
Facility/project requirements. 
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C. SAMPLING EQUIPMENT DECONTAMINATION—OTHER EQUIPMENT 

Reusable sampling equipment is decontaminated after each use as follows. 

1. Don phthalate-free gloves. 

2. Before entering the potentially contaminated zone, wrap soil contact 
points in aluminum foil (shiny side out). 

3. Rinse and scrub with potable water. 

4. Wash all equipment surfaces that contacted the potentially 

contaminated soil/water with Liquinox solution. 

5. Rinse with potable water. 

6. Rinse with distilled or potable water and isopropanol solution (DO 
NOT USE ACETONE).  (Optional) 

7. Air dry. 

8. Rinse with deionized water. 

9. Completely air dry and wrap exposed areas with aluminum foil 
(shiny side out) for transport and handling if equipment will not be 
used immediately. 

10. Collect all rinsate and dispose of in a DOT-approved 55-gallon drum. 

11. Decontamination materials (e.g., plastic sheeting, tubing, etc.) that 
have come in contact with used decontamination fluids or sampling 
equipment will be disposed of in DOT-approved 55-gallon drums or 
with solid waste in garbage bags, dependent on Facility/project 
requirements. 
 

D. HEALTH AND SAFETY MONITORING EQUIPMENT 
DECONTAMINATION 

1. Before use, wrap soil contact points in plastic to reduce need for 
subsequent cleaning. 

2. Wipe all surfaces that had possible contact with contaminated 

materials with a paper towel wet with Liquinox solution, then a 
towel wet with methanol solution, and finally three times with a 
towel wet with distilled water.  Dispose of all used paper towels in a 
DOT-approved 55-gallon drum or with solid waste in garbage bags, 
dependent on Facility/project requirements. 

E. SAMPLE CONTAINER DECONTAMINATION 

The outsides of sample bottles or containers filled in the field may need to be 
decontaminated before being packed for shipment or handled by personnel 
without hand protection.  The procedure is: 
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1. Wipe container with a paper towel dampened with Liquinox  
solution or immerse in the solution AFTER THE CONTAINERS 
HAVE BEEN SEALED.  Repeat the above steps using potable water. 

2. Dispose of all used paper towels in a DOT-approved 55-gallon drum 
or with solid waste in garbage bags, dependent on Facility/project 
requirements. 

 

F. HEAVY EQUIPMENT AND TOOLS 

Heavy equipment such as drilling rigs, drilling rods/tools, and the backhoe 
will be decontaminated upon arrival at the site and between locations as 
follows: 

1. Set up a decontamination pad in area designated by the Facility 

2. Steam clean heavy equipment until no visible signs of dirt are 
observed.  This may require wire or stiff brushes to dislodge dirt from 
some areas. 

V. Attachments 

None. 

VI. Key Checks and Items 

 Clean with solutions of Liquinox, methanol (optional), and distilled water. 

 Do not use acetone for decontamination. 

 Drum all contaminated rinsate and materials. 

 Decontaminate filled sample bottles before relinquishing them to anyone. 
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STANDARD OPERATING PROCEDURE 

Decontamination of Drilling Rigs and Equipment 

I. Purpose and Scope 

The purpose of this guideline is to provide methods for the decontamination of drilling 
rigs, downhole drilling tools, and water-level measurement equipment.  Personnel 
decontamination procedures are not addressed in this SOP; refer to the site safety plan 
and SOP Decontamination of Personnel and Equipment.  Sample bottles will not be field 
decontaminated; instead they will be purchased with certification of laboratory 
sterilization. 

II. Equipment and Materials 

 Portable steam cleaner and related equipment 

 Potable water 

 Phosphate-free detergent such as Liquinox 

 Buckets 

 Brushes 

 Isopropanol, pesticide grade 

 Personal Protective Equipment as specified by the Health and Safety Plan 

 ASTM–Type II grade water or Lab Grade DI Water 

 Aluminum foil 

III. Procedures and Guidelines 

A. Drilling Rigs and Monitoring Well Materials 

Before the onset of drilling, after each borehole, before drilling through 
permanent isolation casing, and before leaving the site, heavy equipment and 
machinery will be decontaminated by steam cleaning at a designated area.  The 
steam-cleaning area will be designed to contain decontamination wastes and 
waste waters and can be an HDPE-lined, bermed pad.  A pumping system will 
be used to convey decontaminated water from the pad to drums. 

Surface casings may be steam cleaned in the field if they are exposed to 
contamination at the site prior to use.  

B. Downhole Drilling Tools 

Downhole tools will be steam cleaned before the onset of drilling, prior to 
drilling through permanent isolation casing, between boreholes, and prior to 
leaving the site.  This will include, but is not limited to, rods, split spoons or 
similar samplers, coring equipment, augers, and casing. 
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Before the use of a sampling device such as a split-spoon sampler for the 
collection of a soil sample for physical characterization, the sampler shall be 
cleaned by scrubbing with a detergent solution followed by a potable water 
rinse. 

Before the use of a sampling device such as a split-spoon sampler for the 
collection of a soil sample for chemical analysis, the sampler shall be 
decontaminated following the procedures outlined in the following subsection.  

C. Field Analytical Equipment 

1. Water Level Indicators 

Water level indicators that consist of a probe that comes into contact 
with the groundwater must be decontaminated using the following 
steps: 

a. Rinse with tap water 
b. Rinse with de-ionized water 
c. Solvent rinse with isopropanol (Optional) 
d. Rinse with de-ionized water 

2. Probes 

Probes, for example, pH or specific ion electrodes, geophysical probes, or 
thermometers that would come in direct contact with the sample, will be 
decontaminated using the procedures specified above unless 
manufacturer's instructions indicate otherwise.  For probes that make no 
direct contact, for example, OVM equipment, the probe will be wiped 
with clean paper-towels or cloth wetted with isopropanol. 

IV. Attachments 

None. 

V. Key Checks and Preventative Maintenance 

 The effectiveness of field cleaning procedures may be monitored by rinsing 
decontaminated equipment with organic-free water and submitting the rinse water 
in standard sample containers for analysis.   
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STANDARD OPERATING PROCEDURE 

Sampling Contents of Tanks and Drums 

I. Scope and Application 

This procedure provides an overview approach and guidelines for the routine 
sampling of drums and tanks.  Its purpose is to describe standard procedures and 
precautions which are applied in sampling drums and tanks.  Procedures for 
opening drums with the individual instruments are included in Attachment D. 

The samples obtained may be used to obtain physical chemical or radiological data.  
The resulting data may be qualitative or quantitative in nature, and are appropriate 
for use in preliminary surveys as well as confirmatory sampling. 

II. Summary of Methods 

Drums are generally sampled by means of sampling tubes such as glass sample 
tubes or COLIWASA samplers.  In either case, the sampling tube is manually 
inserted into the waste material.  A sample of the drum contents is withdrawn by the 
sampling device.  Should a drum contain bottom sludge, a glass tube will be used to 
retrieve a sample of this as well. 

Storage tank and tank trailers, because of their greater depths, require sampling 
devices that can be lowered from the top, filled at a particular depth, then 
withdrawn.  Such devices are a COLIWASA, a Kemmerer depth sampler, or a Bacon 
Bomb.  Where samples of bottom sludge are desired, a gravity corer can be utilized.  
This heavy tube with a tapered nose piece will penetrate the sludge as it free falls 
through the tank. 

III. Comments 

The sampling of tanks, containers, and drums present unique problems not 
associated with environmental samples.  Containers of this sort are generally closed 
except for small access ports, manways, or hatches on the larger vessels, or taps and 
bungs on smaller drums.  The physical size, shape, construction material, and 
location of access limit the types of equipment and methods of collection that can be 
used. 

When liquids are contained in sealed vessels, gas vapor pressure can build up, 
sludges can settle out, and density layerings (stratification) can develop.  Bulging 
drums may be under pressure and extreme caution should be exercised.  The 
potential exists for explosive reactions or the release of noxious gases when 
containers are opened.  All vessels should be opened with extreme caution.  Check 
the HSP for the level of personnel protection to be worn.  A preliminary sampling of 
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any headspace gases is warranted.  As a minimum, a preliminary check with a Multi 
RAE or equivalent may be of aid in selecting a sampling method. 

In most cases it is impossible to observe the contents of these sealed or partially 
sealed vessels.  Since some layering or stratification is likely in any solution left 
undisturbed over time, a sample must be taken that represents the entire depth of 
the vessel. 

IV. Required Equipment and Apparatus 

A. Health and safety equipment/materials: As listed in the site safety plan. 

B. Sampling equipment: COLIWASA, glass sample tubes, Kemmerer depth 
sampler, Bacon Bomb, gravity corer. 

C. Tools: Rubber mallet, bung wrench, speed wrench with socket, etc., (all non-
sparking), paint marker. 

D. Heavy equipment: Backhoe equipped with explosion shield, drum grappler, 
and 3-foot copper-beryllium (non-sparking) spike with 6-inch collar (to 
puncture top of drums for sampling, if necessary). 

E. Sample Containers: As specified in the field sampling plan.  

V. Procedures 

A. Drums 

NOTE:  DO NOT open more than one drum at a time.  Each drum must be 
handled and sampled as a separate entity to reduce vapors in the sampling 
area. 

1. Drums will be sampled on an area-by-area basis.  Drums will be 
sampled after they have been placed in overpack drums but before 
they are transferred from the excavation to the onsite storage area. 

2. Record, in logbook, all pertinent information from visual inspection of 
drum (e.g., physical condition, leaks, bulges, and labels).  Label each 
drum with a unique identifying number. 

3. If possible, stage drums for easy access. 

4. If necessary, attach ground strap to drums and grounding point. 

5. Remove any standing material (water, etc.) from container top. 

6. Using non-sparking tools, carefully remove the bung or lid while 
monitoring air quality with appropriate instruments.  If necessary 
(and as a last resort), the non-sparking spike affixed to the backhoe 
can also be used to puncture the drum for sampling.  See 
Attachment D for method of drum opening.  Record air-quality 
monitoring results. 
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7. When sampling a previously sealed vessel, a check should be made 
for the presence of bottom sludge.  This is accomplished by 
measuring the depth to apparent bottom, then comparing it to the 
known interior depth. 

8. Agitation to disrupt the layers and rehomogenize the sample is 
physically difficult and almost always undesirable.  If the vessel is 
greater than 3 feet in depth (say, a 55-gallon drum), the appropriate 
sampling method is to slowly lower the sampling device (i.e., suction 
line of peristaltic pump, glass tube) in known increments of length.  
Discrete samples can be collected from various depths, then combined 
or analyzed separately.  If the depth of the vessel is greater than the 
lift capacity of the pump, an at-depth water sampler, such as the 
Kemmerer or Bacon Bomb type, may be required. 

9. Extract a representative sample from the drum using a glass rod, 
COLIWASA, Bacon Bomb, Kemmerer bottle, or gravity corer (See 
Attachments).  Ensure that the entire depth of material is penetrated.  
Depending on the size of the opening of the drum, three to four takes 
should be collected from random locations across the drum surface, to 
ensure a representative sample.  Any observed stratification must be 
recorded in logbook, including number and thickness of the layers 
and a conceptualized sketch. 

10. Record a visual description of the sample (e.g., liquid, solid, color, 
viscosity, and percent layers). 

11. When possible, sampling equipment (like glass tubes) should be 
expendable and be left inside the drum for disposal with drum 
contents, once sampling is completed. 

12. Place lid, bung, cap, etc., back in place on drum.  Tighten hand tight.  
If necessary, the sampling port can be sealed using a cork. 

13. Wipe up spilled material with lab wipes.  Wipe off sample containers. 

14. Mark the drum with a unique sample identification number and date 
using a paint marker. 

15. Samples will be handled as high hazard samples.  Samples will be 
placed in containers defined according to the analytical needs, wiped 
clean, and then packed in paint cans for shipping.  Packaging, 
labeling, and preparation for shipment procedures will follow 
procedures as specified in the field sampling plan. 

B. Underground Storage Tanks 

1. A sampling team of at least two people is required for sampling—one 
will collect samples, the other will relay required equipment and 
implements. 
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2. Sampling team will locate a sampling port on the tank.  Personnel 
should be wearing appropriate protective clothing at this time and 
carrying sampling gear. 

3. Do not attempt to climb down into tank.  Sampling MUST BE 
accomplished from the top. 

4. Collect a sample from the upper, middle, and lower section of the 
tank contents with one of the recommended sampling devices. 

5. If compositing is necessary, ship samples to laboratory in separate 
containers for laboratory compositing. 

6. Samples will be handled as hazardous.  Samples will be placed in 
appropriate containers and packed with ice in a cooler.  Packaging, 
labeling, and preparation for shipment will follow procedures 
specified in the field sampling plan. 

C. Tank Trailers or Above-Ground Storage Tanks 

1. A sampling team of two is required.  One will collect samples, the 
other will relay required equipment and implements. 

2. Samples will be collected through the manhole (hatch) on top of the 
tanker or the fill port.  Do not open valves at the bottom.  Before 
opening the hatch, check for a pressure gauge or release valve.  Open 
the release valve slowly to bring the tank to atmospheric pressure. 

3. If tank pressure is too great, or venting releases large amounts of toxic 
gas, discontinue venting and sampling immediately.  Measure vented 
gas with organic vapor analyzer and explosimeter. 

4. If no release valve exists, slowly loosen hatch cover bolts to relieve 
pressure in the tank.  (Again, stop if pressure is too great.) 

5. Once pressure in tank has been relieved, open the hatch and 
withdraw sample using one of the recommended sampling devices. 

6. Sample each trailer compartment. 

7. If compositing is necessary, ship samples to laboratory in separate 
containers for laboratory compositing. 

8. Samples will be handled as hazardous.  Samples will be placed in 
appropriate containers and packed with ice in a cooler.  Packaging, 
labeling, and preparation for shipment will follow procedures 
specified in the field sampling plan. 
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D. Refer to Attachment B for procedures for sampling with appropriate 
devices as follows: 

  Drum 

  Glass tube  — Procedure 1 
  COLIWASA  — Procedure 2 

  Storage Tank and Tank Trailer 

  COLIWASA  — Procedure 2 
  Bacon Bomb  — Procedure 3 
  Gravity Corer  — Procedure 4 
  (for bottom sludge) 

VI. Contamination Control 

Sampling tools, instruments, and equipment will be protected from sources of 
contamination prior to use and decontaminated after use as specified in SOP 
Decontamination of Personnel and Equipment.  Liquids and materials from 
decontamination operations will be handled in accordance with the waste 
management plan.  Sample containers will be protected from sources of 
contamination.  Sampling personnel shall wear chemical resistant gloves when 
handling any samples.  Gloves will be decontaminated or disposed of between 
samples. 

VIII. Attachments 

A. Collection of Liquid-Containerized Wastes Using Glass Tubes 

B. Sampling Containerized Wastes Using the Composite Liquid Waste Sample 
(COLIWASA) 

C. Sampling Containerized Wastes Using the Bacon Bomb Sampler 

D. Gravity Corer for sampling Sludges in Large Containers 

E. Construction of a Typical COLIWASA 

F. Drum Opening Techniques and Equipment 

IX. References 

A Compendium of Superfund Field Operations Methods, EPA/540/P-87/001, U.S. 
Environmental Protection Agency, Washington, D.C., 1987. 

Data Quality Objectives for Remedial Activities - Development Process, EPA/540/G-
87/003, U.S. Environmental Protection Agency, Washington, D.C., 1987. 

Annual Book of ASTM Standards, Standard Recommended Practices for Sampling 
Industrial Chemicals, ASTM-E-300, 1986. 
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Test Method for Evaluating Solid Waste, SW-846, Volume II, Field Methods, Second 
Edition, U.S. Environmental Protection Agency, Washington, D.C., 1982. 

U.S. Environmental Protection Agency, Characterization of Hazardous Waste Sites — A 
Method Manual:  Volume II, Available Sampling Methods, USEPA Environmental 
Monitoring Systems Laboratory, Las Vegas, EPA-600/ 4-84-076, December, 1984. 

Environmental Surveillance Procedures, Quality Control Program, Martin Marietta 
Energy Systems, ESH/Sub/87-21706/1, Oak Ridge, TN, September 1988. 

X. Field Checklist 

  Sampling Instruments 

  Tools 

   Rubber Mallet 

   Logbook 

   Safety Glasses or Monogoggles 

   Safety Shoes 

   Ice/Cooler, as required 

   Custody Seals, as required 

   Chain-of-Custody Forms 

   Drum Labels, as required 

   Paint Marker, if drum sampling 

  Black Indelible Pen 

  Monitoring Instruments 

 

 

        Labels 

        Sampling and Analysis Plan 

        Health and Safety Plan 

        Decontamination Equipment 

        Lab Wipes 

        Lab Spatulas or Stainless Steel 
Spoons 

        Chemical Preservatives, as 
required 

        Appropriate Containers for 
Waste and Equipment 

        Duct Tape 

        Plastic Sheeting 
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Attachment A Collection of Liquid-Containerized Wastes Using 
Glass Tubes  

Discussion 

Liquid samples from opened containers (i.e., 55-gallon drums) are collected using lengths of 
glass tubing.  The glass tubes are normally 122 centimeters long and 6 to 16 millimeters 
inside diameter.  Larger diameter tubes may be used for more viscous fluids if sampling 
with the small diameter tube is not adequate.  The tubing is broken and discarded in the 
container after the sample has been collected, eliminating difficult cleanup and disposal 
problems.  This method should not be attempted with less than a two-person sampling 
team. 

Uses 

This method provides for a quick, relatively inexpensive means of collecting concentrated 
containerized wastes.  The major disadvantage is from potential sample loss that is 
especially prevalent when sampling low-viscosity fluids.  Splashing can also be a problem 
and proper protective clothing should always be worn. 

Note: A flexible tube with an aspirator attached is an alternative method to the glass 
tube, and allows various levels to be sampled discretely. 

Procedures for Use 

1. Remove cover from sample container. 

2. Insert glass tubing almost to the bottom of the container.  Tubing should be of 
sufficient length so that at least 30 centimeters extend above the top of the container. 

3. Allow the waste in the drum to reach its natural level in the tube. 

4. Cap the top of the tube with a safety-gloved thumb or a stopper. 

5. Carefully remove the capped tube from the drum.  If the tube has passed through 
more than one layer, the boundary should be apparent in the glass tube. 

6. Insert the bottom, uncapped end into the sample container. 

7. Partially release the thumb or stopper on the top of the tube and allow the sample to 
slowly flow into the sample container.  If separation of phases is desired, cap off tube 
before the bottom phase has completely emptied.  It may be advisable to have an 
extra container for “waste,” so that the fluid on either side of the phase boundary 
can be directed into a separate container, allowing collection of pure phase liquids in 
the sample containers.  The liquid remaining after the boundary fluid is removed is 
collected in yet a third container.  NOTE:  It is not necessary to put phases in 
separate containers if analysis of separate phases is not desired.  

8. Repeat steps 2 through 6 if more volume is needed to fill the sample container. 

9. Remove the tube from the sample container and replace the tube in the drum, 
breaking it, if necessary, in order to dispose of it in the drum. 
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Optional Method  (if sample of bottom sludge is desired) 

1. Remove the cover from the container opening. 

2. Insert glass tubing slowly almost to the bottom of the container.  Tubing should be of 
sufficient length so that at least 30 cm extends above the top of the container. 

3. Allow the waste in the drum to reach its natural level in the tube. 

4. Gently push the tube towards the bottom of the drum into the sludge layer.  Do not 
force it. 

5. Cap the top of the tube with a safety-gloved thumb or stopper. 

6. Carefully remove the capped tube from the drum and insert the uncapped end into 
the sample container. 

7. Release the thumb or stopper on the top of the tube and allow the sample container 
to fill to approximately 90 percent of its capacity.  If necessary, the sludge plug in the 
bottom of the tube can be dislodged with the aid of the stainless steel laboratory 
spatula. 

8. Repeat if more volume is needed to fill sample container and recap the tube. 

Note: 

1. If a reaction is observed when the glass tube is inserted (violent agitation, smoke, 
light, etc.), the investigators should leave the area immediately. 

2. If the glass tube becomes cloudy or smoky after insertion into the drum, the presence 
of hydrofluoric acid maybe indicated, and a comparable length of rigid plastic 
tubing should be used to collect the sample. 

3. When a solid is encountered in a drum (either layer or bottom sludge) the optional 
method described above may be used to collect a core of the material, or the material 
may be collected with a disposable scoop attached to a length of wooden or plastic 
rod. 
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Attachment B: Sampling Containerized Wastes using the 
Composite Liquid Waste Sampler (COLIWASA)  

Discussion 

The COLIWASA is a much-cited sampler designed to permit representative sampling of 
multiphase wastes from drums and other containerized wastes.  The sampler is 
commercially available or can be easily fabricated from a variety of materials, including 
PVC, glass, or Teflon.  In its usual configuration it consists of a 152 cm by 4 cm (inside 
diameter) section of tubing with a neoprene stopper at one end attached by a rod running 
the length of the tube to a locking mechanism at the other end.  Manipulation of the locking 
mechanism opens and closes the sampler by raising and lowering the neoprene stopper.  
See Attachment E: Construction of a COLIWASA. 

Uses 

The COLIWASA is primarily used to sample containerized liquids.  The PVC COLIWASA is 
reported to be able to sample most containerized liquid wastes except for those containing 
ketones, nitrobenzene, dimethylforamide, mesityloxide, and tetrahydrofuran.  A glass 
COLIWASA is able to handle all wastes unable to be sampled with the plastic unit except 
strong alkali and hydrofluoric acid solutions.  Due to the unknown nature of many 
containerized wastes, it would therefore be advisable to eliminate the use of PVC materials 
and use samplers composed of glass or Teflon. 

The major drawback associated with using a COLIWASA is concern for decontamination 
and costs.  The sampler is difficult, if not impossible, to decontaminate in the field, and its 
high cost in relation to alternative procedures (glass tubes) makes it an impractical 
throwaway item.  It still has applications, however, especially in instances where a true 
representation of a multiphase waste is absolutely necessary. 

Procedures for Use 

1. Check to make sure the sampler is functioning properly.  Adjust the locking 
mechanism, if present, to make sure the neoprene rubber stopper provides a tight 
closure. 

2. Put the sampler in the open position by placing the stopper rod handle in the 
T-position and pushing the rod down until the handle sits against the sampler’s 
locking block. 

3. Slowly lower the sampler into the liquid waste.  Lower the sampler at a rate that 
permits the levels of the liquid inside and outside the sampler tube to be about the 
same.  If the level of the liquid in the sample tube is lower than that outside the 
sampler, the sampling rate is too fast and will result in a non-representative sample. 

4. When the sampler stopper hits the bottom of the waste container, push the sampler 
tube downward against the stopper to close the sampler.  Lock the sampler in the 
closed position by turning the T-handle until it is upright and one end rests tightly 
on the locking block. 
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5. Slowly withdraw the sampler from the waste container with one hand while wiping 
the sampler tube with a laboratory wipe with the other hand.  A phase boundary, if 
present, can be observed through the tube. 

6. Carefully discharge the sample into a suitable sample container by slowly pulling 
the lower end of the T-handle away from the locking block while the lower end of 
the sampler is positioned in a sample container. 

7. Unscrew the T-handle of the sampler and disengage the locking block. 
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Attachment C: Sampling Containerized Wastes using the 
Bacon Bomb Sampler  

Discussion 

The Bacon Bomb is designed for the withdrawal of samples from various levels within a 
storage tank.  It consists of a cylindrical body with an internal tapered plunger that acts as a 
valve to admit the sample.  A line attached to the top of the plunger is used to open and 
close the valve.  A removable cover provides a point of attachment for the sample line and 
has a locking mechanism to keep the plunger closed after sampling.  The Bacon Bomb is 
usually constructed of chrome-plated brass and bronze with a rubber O-ring acting as the 
plunger-sealing surface.  Stainless steel versions are also available.  The volumemetric 
capacity is 8, 16, or 32 oz (237, 473, or 946 ml).   

Uses 

The Bacon Bomb is a heavy sampler suited best for viscous materials held in large storage 
tanks or in lagoons.  If a more non-reactive sampler is needed, the stainless steel version 
would be used, or any of the samplers could be coated with Teflon. 

Procedures for Use 

1. Attach the sample line and the plunger line to the sampler. 

2. Measure and then mark the sampling line at the desired depth. 

3. Gradually lower the sampler by the sample line until the desired level is reached. 

4. When the desired level is reached, pull up on the plunger line and allow the sampler 
to fill for a sufficient length of time before releasing the plunger line to seal off the 
sampler. 

5. Retrieve the sampler by the sample line, being careful not to pull up on the plunger 
line, thereby accidentally opening the bottom valve. 

6. Wipe off the exterior of the sampler body. 

7. Position the sampler over the sample container and release its contents by pulling up 
on the plunger line. 
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Attachment D: Gravity Corer for Sampling Sludges in Large 
Containers 

Discussion 

A gravity corer is a metal tube with a replaceable tapered nosepiece on the bottom and a 
ball or other type of check valve on the top.  The check valve allows water to pass through 
the corer on descent but prevents a washout during recovery.  The tapered nosepiece 
facilitates cutting and reduces core disturbance during penetration.  Most corers are 
constructed of brass or steel and many can accept plastic liners and additional weights. 

Uses 

Corers are capable of collecting samples of most sludges and sediments.  They collect 
essentially undisturbed samples that represent the strata profile that may develop in 
sediments and sludges during variations in the deposition process.  Depending on the 
density of the substrate and the weight of the corer, penetration to depths of 75 cm (30 in.) 
can be attained. Exercise care when using gravity corers in vessels or lagoons that have 
liners because penetration depths could exceed those of the substrate; this could result in 
damage to the liner material. 

Procedures for Use 

1. Attach a precleaned corer to the required length of sample line.  Solid braided 5-mm 
(3/16-in.) nylon line is sufficient; however, 20-mm (3/4-in.) nylon is easier to grasp 
during hand hoisting.  An additional weight can be attached to the outside of the 
corer if necessary. 

2. Secure the free end of the line to a fixed support to prevent accidental loss of the 
corer. 

3. Allow corer to free fall through the liquid to the bottom. 

4. Retrieve corer with a smooth, continuous, up-lifting motion.  Do not bump corer 
because this may result in some sample loss. 

5. Remove nosepiece from corer and slide sample out of corer into stainless steel or 
Teflon pan (preferred). 

6. Transfer sample into appropriate sample bottle with a stainless steel lab spoon or 
laboratory spatula. 
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Attachment E: Construction of a Typical COLIWASA 

The sampling tube consists of a 1.52-m (5-ft) by 4.13-cm (1-5/8 in) I.D. translucent plastic 
pipe, usually polyvinyl chloride (PVC) or borosilicate glass plumbing tube.  The closure-
locking mechanism consists of a short-length, channeled aluminum bar attached to the 
sampler’s stopper rod by an adjustable swivel.  The aluminum bar serves both as a T-handle 
and lock for the samplers’ closure system.  When the sampler is in the open position, the 
handle is placed in the T-position and pushed down against the locking block.  This 
manipulation pushes out the neoprene stopper and opens at the sampling tube.  In the 
closed position, the handle is rotated until one leg of the T is squarely perpendicular against 
the locking block.  This tightly seats the neoprene stopper against the bottom opening of he 
sampling tube and positively locks the sampler in the closed position.  The closure tension 
can be adjusted by shortening or lengthening the stopper rod by screwing it in or out of the 
T-handle swivel.  The closure system of the sampler consists of a sharply tapered neoprene 
stopper attached to a 0.95-cm (3/8-in) O.D. rod, usually PVC.  The upper end of the stopper 
rod is connected to the swivel of the aluminum T-handle.  The sharply tapered neoprene 
stopper can be fabricated according to specifications by plastic-products manufacturers at 
an extremely high price, or it can be made in-house by grinding down the inexpensive 
stopper with a shop grinder. 

COLIWASA samplers are typically made out of plastic or glass.  The plastic type consists of 
translucent plastic (usually PVC) sampling tube.  The glass COLIWASA uses borosilicate 
glass plumbing pipe as the sampling tube and a Teflon plastic stopper rod.  For purpose of 
multiphase sampling, clear plastic or glass is desirable in order to observe the profile of the 
multiphase liquid. 

The sampler is assembled as follows: 

 a. Attach the swivel to the T-handle with the 3.18-cm (1-1/4 in) long bolt and 
secure with the 0.48-cm (3/16-in) National Coarse (NC) washer and lock nut. 

 b. Attach the PFTE stopper to one end of the stopper rod and secure with the 0.95-
cm (3/8-in) washer and lock nut. 

 c. Install the stopper and stopper rod assembly in the sampling tube. 

 d. Secure the locking block sleeve on the block with glue or screw.  This block can 
also be fashioned by shaping a solid plastic rod on a lathe to the required 
dimension. 

 e. Position the locking block on top of the sampling tube such that the sleeveless 
portion of the block fits inside the tube, the sleeve sits against the top end of the 
tube, and the upper end of the stopper rod slips though the center hole of the 
block. 

 f.  Attach the upper end of the stopper rod to the swivel of the T-handle. 

 g. Place the sampler in the close position and adjust the tension on the stopper by 
screwing the T-handle in or out. 
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Attachment F: Drum Opening Techniques and Equipment 1 

I. Introduction 

The opening of closed drums prior to sampling entails considerable risk if not done with the 
proper techniques, tools, and safety equipment.  The potential for vapor exposure, skin 
exposure due to splash or spraying, or even explosion resulting from sparks produced by 
friction of the tools against the drum, necessitate caution when opening any closed 
container.  Both manual drum opening and remote drum opening will be discussed in the 
following paragraphs.  When drums are opened manually risks are greater than when 
opened remotely; for this reason, the remote opening of drums is advised whenever 
possible. 

Prior to sampling, the drums should be staged to allow easy access.  Also, any standing 
water or other material should be removed from the container top so that the representative 
nature of the sample is not compromised when the container is opened.  There is also the 
possibility of encountering a water-reactive substance. 

II. Manual Drum Opening 

A. Bung Wrench 

A common method for opening drums manually is using a universal bung wrench.  
These wrenches have fittings made to remove nearly all commonly encountered 
bungs.  They are usually constructed of cast iron, brass, or a bronze-beryllium (a 
non-sparking alloy formulated to reduce the likelihood of sparks).  The use of bung 
wrenches marked “NON SPARKING” is encouraged.  However, the use of a “NON 
SPARKING” wrench does not completely eliminate the possibility of spark being 
produced.  Such a wrench only prevents a spark caused by wrench-to-bung friction, 
but it cannot prevent sparking between the threads on the drum and the bung. 

A simple tool to use, the fitting on the bung wrench matching the bung to be 
removed is inserted into the bung and the tool is turned counterclockwise to remove 
the bung.  Since the contents of some drums may be under pressure (especially, 
when the ambient temperature is high), the bung should be turned very slowly.  If 
any hissing is heard, the person opening the drum should back off and wait for the 
hissing to stop.  Since drums under pressure can spray out liquids when opened, the 
wearing of appropriate eye and skin protection in addition to respiratory protection 
is critical. 

B. Drum Deheader 

One means by which a drum can be opened manually when a bung is not removable 
with a bung wrench is by using a drum deheader.  This tool is constructed of forged 
steel with an alloy steel blade and is designed to cut the lid of a drum off or part way 

                                                      

1 Taken from EPA Training Course:  “Sampling for Hazardous Materials,” U.S. Environmental 

Protection Agency, Office of Emergency and Remedial Response Support Division, March 24, 1987. 
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off by means of a scissors-like cutting action.  A limitation of this device is that it can 
be attached only to closed head drums (i.e., DOT Specification 17E and 17F drums); 
drums with removable heads must be opened by other means. 

Drums are opened with a drum deheader by first positioning the cutting edge just 
inside the top chime and then tightening the adjustment screw so that the deheader 
is held against the side of the drum.  Moving the handle of the deheader up and 
down while sliding the deheader along the chime will enable the entire top to be 
rapidly cut off if so desired.  If the top chime of a drum has been damaged or badly 
dented it may not be possible to cut the entire top off.  Since there is always the 
possibility that a drum may be under pressure, the initial cut should be made very 
slowly to allow for the gradual release of any built-up pressure.  A safer technique 
would be to employ a remote pressure release method prior to using the deheader. 

C. Hand Pick or Spike 

When a drum must be opened and neither a bung wrench nor a drum deheader is 
suitable, then it can be opened for sampling by using a hand pick, pickaxe, or spike.  
These tools are usually constructed of brass or a non-sparking alloy with a 
sharpened point that can penetrate the drum lid or head when the tool is swung.  
The hand picks or pickaxes that are most commonly used are commercially 
available, whereas the spikes are generally uniquely fabricated 4- foot long poles 
with a pointed end.  Often the drum lid or head must be hit with a great deal of force 
in order to penetrate it.  Because of this, the potential for splash or spraying is greater 
than with other opening methods and therefore this method of drum opening is not 
recommended, particularly when opening drums containing liquids.  Some spikes 
used for drum opening have been modified by the addition of a circular splash plate 
near the penetrating end.  This plate acts as a shield and reduces the amount of 
splash in the direction of the person using the spike.  Even with this shield, good 
splash gear is essential. 

Since drums, some of which may be under pressure, cannot be opened slowly with 
these tools, “sprayers” may result and appropriate safety measures must be taken.  
The pick or spike should be decontaminated after each drum is opened to avoid 
cross contamination and/or adverse chemical reaction from incompatible materials. 

III. Remote Opening 

A. Backhoe Spike 

The most common means used to open drums remotely for sampling is the use of a 
metal spike attached or welded to a backhoe bucket.  In addition to being very 
efficient, this method can greatly reduce the likelihood of personnel exposure. 

Drums should be “staged,” or placed in rows with adequate aisle space to allow ease 
in backhoe maneuvering.  Once staged, the drums can be quickly opened by 
punching a hole in the drum head or lid with the spike. 

The spike should be decontaminated after each drum is opened to prevent cross 
contamination.  Even though some splash or spray may occur when this method is 
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used, the operator of the backhoe can be protected by mounting a large shatter-
resistant shield in front of the operator’s cage.  This, combined with the normal 
sampling safety gear, should be sufficient to protect the operator.  Additional 
respiratory protection can be afforded by providing the operator with an on-board 
airline system.  The hole in the drum can be sealed with a cork. 

B. Hydraulic Devices 

Recently, remotely operated hydraulic devices have been fabricated to open drums 
remotely.  One such device is discussed here.  This device uses hydraulic pressure to 
pierce through the wall of a drum.  It consists of a manually operated pump that 
pressurizes oil through a length of hydraulic line.  A piercing device with a metal 
point is attached to the end of this line and is pushed into the drum by the hydraulic 
pressure.  The piercing device can be attached so that a hole for sampling can be 
made in either the side or the head/lid of the drum.  Some of the metal piercers are 
hollow or tube-like so that they can be left in place, if desired, and serve as a 
permanent tap or sampling port.  The piercer is designed to establish a tight seal 
after penetrating the container. 

C. Pneumatic Devices 

Pneumatically-operated devices utilizing compressed air have been designed to 
remove drum bungs remotely.  A pneumatic bung remover consists of a compressed 
air supply (usually SCBA cylinders) that is controlled by a heavy-duty, 2-stage 
regulator.  A high pressure air line of desired length delivers compressed air to a 
pneumatic drill that is adapted to turn a bung fitting (preferably, a bronze-beryllium 
alloy) selected to fit the bung to be removed.  An adjustable bracketing system has 
been designed to position and align the pneumatic drill over the bung.  This 
bracketing system must be attached to the drum before the drill can be operated.  
Once the bung has been loosened, the bracketing system must be removed before the 
drum can be sampled.  This attachment and removal procedure is time- consuming 
and is the major drawback of this device.  This remote bung opener does not permit 
the slow venting of the container, and therefore appropriate precautions must be 
taken.  It also requires the container to be upright and relatively level.  Bungs that 
are rusted shut cannot be removed with this device. 

IV. Summary 

The opening of closed containers is one of the most hazardous site activities.  
Maximum efforts would be made to ensure the safety of the sampling team.  Proper 
protective equipment and a general wariness of the possible dangers will minimize 
the risk inherent to sampling operations.  Employing proper drum opening 
techniques and equipment will also safeguard personnel.  The use of remote 
sampling equipment whenever feasible is highly recommended. 
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STANDARD OPERATING PROCEDURE 

Disposal of Waste Fluids and Solids 

I. Purpose and Scope 

This SOP describes the procedures used to dispose of hazardous fluid and solid 
materials generated as a result of the site operations.  This SOP does not provide 
guidance on the details of Department of Transportation regulations pertaining to the 
transport of hazardous wastes; the appropriate Code of Federal Regulations (49 CFR 
171 through 177) should be referenced. Also, the site investigation-derived waste 
management plan should be consulted for additional information and should take 
precedence over this SOP. 

II. Equipment and Materials 

A. Fluids 

 DOT-approved 55-gallon steel drums or Baker® Tanks 

 Tools for securing drum lids 

 Funnel for transferring liquid into drum 

 Labels 

 Paint Pens 

 Marking pen for appropriate labels 

 Seals for 55-gallon steel drums 

B. Solids 

 DOT-approved 55-gallon steel drums or rolloffs 

 Tools for securing drum lids 

 Paint Pens 

 Plastic sheets 

 Labels 

 Marking pen for appropriate labels 

III. Procedures and Guidelines 

A. Methodology 

Clean, empty drums or rolloffs or Baker® Tanks will be brought to the site by the 
drilling subcontractor for soil and groundwater collection and storage.  The empty 
drums will be located at the field staging area and moved to drilling locations as 
required.  The drums will be filled with the drilling and well installation wastes, 
capped, sealed, and moved to the onsite drum storage area by the drilling 
subcontractor.  The full drums will separate types of wastes by media.  The drums will 
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be labeled as they are filled in the field and labels indicating that the contents are 
pending analysis affixed.   

The drum contents will be sampled to determine the disposal requirements of the 
drilling wastes.  The drum sampling will be accomplished through the collection and 
submittal of composite samples, one sample per 10 drums (check with disposal facility 
to determine sample frequency) containing the same media. Similar compositing will be 
performed in each rolloff to obtain a representative sample.  The compositing of the 
sample will be accomplished by collecting a specific volume of the material in each 
drum into a large sample container.  When samples from each of the drums being 
sampled in a single compositing are collected, the sample will be submitted for TCLP, 
ignitability, corrosivity, and reactivity analysis.  The analysis will be used to determine 
if drilling wastes are covered by land disposal restrictions. 

If rolloffs are used, compositing and sampling of soil will comply with applicable state 
and federal regulations. 

B. Labels 

Drums and other containers used for storing wastes from drilling operations will be 
labeled when accumulation in the container begins.  Labels will include the following 
minimum information: 

 Container number 

 Container contents 

 Origin (source area including individuals wells, piezometers, and soil borings) 

 Date that accumulation began 

 Date that accumulation ended 

 Generator Contact Information 

 When laboratory results are received, drum labels will be completed or revised to 
indicate the hazardous waste constituents in compliance with Title 40 of the Code of 
Federal Regulations, Part 262, Subpart C if the results indicate hazardous waste or 
labeled as non-hazardous if applicable. 

C. Fluids 

Drilling fluids generated during soil boring and groundwater discharged during 
development and purging of the monitoring wells will be collected in 55-gallon, closed-
top drums.  When a drum is filled, the bung will be secured tightly. Fluids may also be 
transferred to Baker® Tanks after being temporarily contained in drums to minimize 
the amount of drums used. 

When development and purging is completed, the water will be tested for appropriate 
hazardous waste constituents.  Compositing and sampling of fluids will comply with 
applicable state and federal regulations.   
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D. Solids 

The soil cuttings from well and boring drilling will constitute a large portion of the 
solids to be disposed of. 

The solid waste stream also will include plastic sheeting used for decontamination pads, 
Tyveks, disposable sampling materials, and any other disposable material used during 
the field operations that appears to be contaminated.  These materials will be placed in 
designated drums.  

E. Storage and Disposal  

The wastes generated at the site at individual locations will be transported to the drum 
storage area by the drilling services subcontractor.  Drums should be stored on pallets 
on plastic sheeting with a short berm wall (hay bales or 2 x 4 planks or equivalent) to 
capture small spills.   

Waste solid materials that contain hazardous constituents will be disposed of at an 
offsite location in a manner consistent with applicable solid waste, hazardous waste, 
and water quality regulations.  Transport and disposal will be performed by a 
commercial firm under subcontract. 

The liquid wastes meeting acceptable levels of discharge contamination may be 
disposed of through the sanitary sewer system at the site.  However, prior to disposal to 
the sanitary sewer system, approval and contract arrangements will be made with the 
appropriate authorities.  Wastes exceeding acceptable levels for disposal through the 
sanitary sewer system will be disposed of through contract with a commercial transport 
and disposal firm.  

IV. Attachments 

None. 

V. Key Checks and Preventative Maintenance 

 Check that representative samples of the containerized materials are obtained. 

 Be sure that all state and federal regulations are considered when classifying waste 
for disposal. 
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STANDARD OPERATING PROCEDURE 

Global Positioning System 

I. Purpose 

The procedure describes the calibration, operation, and functions associated with a 
Trimble® Pro XRS GPS Unit with a TSC-1 Asset Surveyor for datalogging. GPS signal 
information is differentially corrected to sub-meter accuracy on a continual basis using a 
second satellite signal broadcast from OmniSTAR satellite subscription service. The 
procedure applies to all field data collection activities. 

II. Scope 

This procedure provides information regarding the field operation and general maintenance 
of a Trimble® Pro XRS GPS Unit with a TSC-1 Asset Surveyor for datalogging.  The 
information contained herein presents the operation procedures for this equipment.  Review 
of the equipment’s instruction manual is a necessity for more detailed descriptions 
pertaining to the operation and maintenance of the equipment. 

III. Definitions 

GPS: Global Positioning System - A system of 24 satellites developed and operated by the 
US DOD. Continuous 3D coordinate information is broadcast free of charge on a worldwide 
basis enabling precise positional location. Three standard categories of positional accuracy 
are generally used: 

1. Uncorrected Signal - accuracy +/-10 meters - a single satellite transmission is used 

2. Differentially Corrected Signal - accuracy +/- <1 meter - additional positional 
transmissions are recorded simultaneously and used to triangulate coordinate position. 

3. Carrier Phase Signal- accuracy +/- <1 centimeter - requires a second receiver and 
additional software. Both receivers need to be equipped to receive Carrier Phase signals. 

IV. Procedures and Guidelines 

The procedure for calibration, operation, and maintenance of the GPS unit is outlined 
below. Daily calibration and battery recharging is typical operating procedure; frequencies 
other than daily shall be noted in the logbook and reason for increased frequency recorded. 
If using a different instrument, the operation manual supplied by the manufacturer should 
be consulted for instructions. 

The procedures described below include additional features pre-programmed into the GPS 
datalogger to aid the data collection process. 
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A. Calibration 

1. Check to ensure that the datalogger and antenna cables are properly connected to the 
receiver and that the batteries are securely connected. 

2. Turn the datalogger unit on by pressing the green On key in the bottom left corner. The 
datalogger will perform a self-calibration. Wait to ensure that the antenna is receiving a 
sufficient number of satellite signals (usually a minimum of 3). 

3. Once the datalogger receives a satellite signal then it is ready for operation.  

B. Operations for surveying coordinates of a location 

1. The datalogger and GPS receiver are ready for use after the initial self-calibration. 

2. Field data may be immediately recorded in the datalogger. 

3. The first screen view is the 'Main Menu'. Use the round keypad to select 'Data 
Collection' and press the Enter key. 

4. Use the round keypad to select either 'Create new file' or 'Open existing file' and press 
the Enter key. It is not necessary to create a new file at each new location; however, it 
may be useful to create a new file at the beginning of each day. 

5. If a new file is created then the GPS unit will automatically assign it a file name. The file 
name may be changed if desired. Press the enter key after the file name is assigned. If 
opening an existing file then use the round keypad to scroll through existing file names. 

6. The next screen is 'Antenna options'. Press the Enter key to move to the next screen. 

7. Select the type of activity to be performed. At the beginning of each day 'Sample Site 
Detail' should be completed. This allows the operator to enter each field team member, 
weather, objectives, health and safety meetings, etc. Once the 'Sample Site Detail' is 
completed then data entry activities may begin including well purging, water level 
elevations, and sample collection 

8. The datalogger prompts the operator when a data field is required and by using the 
round key pad, numeric, alphanumeric, enter, and escape keys, the operator can 
perform electronic data capture on the GPS datalogger. 

9. Once all information pertaining to an individual site has been recorded, press enter to 
complete data entry. If GPS signal is obstructed (tree canopy, building height, etc) user 
may choose to remain in same location until satellite transmission clears the obstruction. 
This usually takes only a few moments. Data may still be captured and recorded 
electronically even if GPS signal is insufficient for positioning. 

10. To shut down, press the Escape key to return to the 'Main Menu'. The unit can be turned 
off by pressing the green key in the left hand corner. The datalogger should only be 
turned off when the 'Main Menu' screen is displayed. 

11. All data from the datalogger should be downloaded into Trimble Pathfinder Office 
software on a PC a minimum of once daily. It is recommended that data is downloaded 
twice daily. Data may be viewed and mapped using Pathfinder Office or exported to 
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other software. Export file formats support standard ASCII text, generic database .dbf 
and most GIS and CAD software. 

C. Operations for locating a point using coordinates/reacquiring a previously 
surveyed location 

1. The datalogger and GPS receiver are ready for use after the initial self-calibration. 

2. Use the Trimble Pathfinder software to load the data file containing the coordinates for 
each desired location (“programmed location”). 

3. The first screen view is the 'Main Menu'. Use the keypad to select 'Navigation’ and press 
the Enter key. 

4. Use the round keypad to select 'Open existing file' to open the file loaded in Step 2 
above. 

5. Select the location to be reacquired from the screen and press the enter key. 

6. A circle with an arrow will appear. As you begin walking, the arrow will point in the 
direction of the programmed location. Walk in the direction indicated by the arrow. 

7. Once you are within 10-feet of the location being reacquired, the GPS unit will display a 
circle (representing the programmed location) and an “X” (representing the GPS unit). 
Continue to walk in the direction of the circle until the “X” is centered in the circle. Once 
the “X” is centered, you are standing at the programmed location. 

8. To shut down, press the Escape key to return to the 'Main Menu'. The unit can be turned 
off by pressing the green key in the left hand corner. The datalogger should only be 
turned off when the 'Main Menu' screen is displayed. 

D. Preventive Maintenance 

The antenna and datalogger are weatherproof. It is recommended that the receiver remain 
in the provided backpack carrier. Care should be taken not to crease, pinch or bend the 
antenna cable. Data should be downloaded from the datalogger a minimum of once daily, 
twice daily is preferred. At the end of each day the receiver batteries should be recharged. 
For technical assistance call the rental company through which you acquired the Trimble® 
unit. Guidance is also provided in the manual and at http://www.trimble.com. 
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STANDARD OPERATING PROCEDURE 

Homogenization of Soil and Sediment Samples 

I. Purpose 

The homogenization of soil and sediment samples is performed to minimize any bias 
of sample representativeness introduced by the natural stratification of constituents 
within the sample. 

II. Scope 

Standard techniques for soil and sediment homogenization and equipment are 
provided in this SOP.  These procedures do not apply to aliquots collected for VOCs 
or field GC screening; samples for these analyses should NOT be homogenized. 

III. Equipment and Materials 

Sample containers, stainless steel spoons or spatulas, and stainless steel pans.  

IV. Procedures and Guidelines 

Soil and sediment samples to be analyzed for semivolatiles, pesticides, PCBs, metals, 
cyanide, or field XRF screening should be homogenized in the field.  After a sample 
is taken, a stainless steel spatula should be used to remove the sample from the split 
spoon or other sampling device.  The sampler should not use fingers to do this, as 
gloves may introduce organic interferences into the sample.   

Samples for VOCs should be taken immediately upon collection and should not be 
homogenized. 

Prior to homogenizing the soil or sediment sample, any rocks, twigs, leaves, or other 
debris should be removed from the sample.  The sample should be placed in a 
decontaminated stainless steel pan and thoroughly mixed using a stainless steel 
spoon.  The soil or sediment material in the pan should be scraped from the sides, 
corners, and bottom, rolled into the middle of the pan, and initially mixed.  The 
sample should then be quartered and moved to the four corners of the pan.  Each 
quarter of the sample should be mixed individually, and then rolled to the center of 
the pan and mixed with the entire sample again.  

All stainless steel spoons, spatulas, and pans must be decontaminated following 
procedures specified in SOP Decontamination of Personnel and Equipment prior to 
homogenizing the sample.  A composite equipment rinse blank of homogenization 
equipment should be taken each day it is used. 
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V. Attachments 

None. 

VI. Key Checks and Items 

 Take VOC samples immediately and do not homogenize the soil. 

 Homogenize soil for analyses other than VOCs in a clean, stainless steel 
bowl. 
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STANDARD OPERATING PROCEDURE 

Preparing Field Log Books 

I. Purpose 

This SOP provides general guidelines for entering field data into log books during 
site investigation and remediation activities. 

II. Scope 

This is a general description of data requirements and format for field log books.  
Log books are needed to properly document all field activities in support of data 
evaluation and possible legal activities. 

III. Equipment and Materials 

 Log book 

 Indelible pen  

IV. Procedures and Guidelines 

Properly completed field log books are a requirement for much of the work we 
perform under the Navy CLEAN contract.  Log books are legal documents and, as 
such, must be prepared following specific procedures and must contain required 
information to ensure their integrity and legitimacy. This SOP describes the basic 
requirements for field log book entries. 
 

A. PROCEDURES FOR COMPLETING FIELD LOG BOOKS 

1. Field notes commonly are kept in bound, hard-cover logbooks used 
by surveyors and produced, for example, by Peninsular Publishing 
Company and Sesco, Inc. Pages should be water-resistant and notes 
should be taken only with water-proof, non-erasable permanent ink, 

such as that provided in Sanford Sharpie permanent markers.  

2. On the inside cover of the log book the following information should 
be included: 

 Company name and address 

 Log-holders name if log book was assigned specifically to that 
person 

 Activity or location 
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 Project name 

 Project manager’s name   

 Phone numbers of the company, supervisors, emergency 
response, etc.   

3. All lines of all pages should be used to prevent later additions of text, 
which could later be questioned. Any line not used should be marked 
through with a line and initialed and dated. Any pages not used 
should be marked through with a line, the author’s initials, the date, 
and the note “Intentionally Left Blank.” 

4. If errors are made in the log book, cross a single line through the error 
and enter the correct information. All corrections shall be initialed 
and dated by the personnel performing the correction. If possible, all 
corrections should be made by the individual who made the error. 

5. Daily entries will be made chronologically. 

6. Information will be recorded directly in the field log book during the 
work activity.  Information will not be written on a separate sheet and 
then later transcribed into the log book. 

7. Each page of the log book will have the date of the work and the note 
takers initials. 

8. The final page of each day’s notes will include the note-takers 
signature as well as the date. 

9. Only information relevant to the subject project will be added to the 
log book.  

10. The field notes will be copied and the copies sent to the Project 
Manager or designee in a timely manner (at least by the end of each 
week of work being performed). 

B. INFORMATION TO BE INCLUDED IN FIELD LOG BOOKS  

1. Entries into the log book should be as detailed and descriptive as 
possible so that a particular situation can be recalled without reliance 
on the collector’s memory.  Entries must be legible and complete.  

2. General project information will be recorded at the beginning of each 
field project.  This will include the project title, the project number, 
and project staff.   

3. Scope: Describe the general scope of work to be performed each day. 

4. Weather: Record the weather conditions and any significant changes 
in the weather during the day.   

5. Tail Gate Safety Meetings: Record time and location of meeting, who 
was present, topics discussed, issues/problems/concerns identified, 
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and corrective actions or adjustments made to address concerns/ 
problems, and other pertinent information. 

6. Standard Health and Safety Procedures: Record level of personal 
protection being used (e.g., level D PPE), record air monitoring data 
on a regular basis and note where data were recording (e.g., reading 
in borehole, reading in breathing zone, etc).  Also record other 
required health and safety procedures as specified in the project 
specific health and safety plan. 

7. Instrument Calibration; Record calibration information for each piece 
of health and safety and field equipment. 

8. Personnel: Record names of all personnel present during field 
activities and list their roles and their affiliation.  Record when 
personnel and visitors enter and leave a project site and their level of 
personal protection. 

9. Communications: Record communications with project manager, 
subcontractors, regulators, facility personnel, and others that impact 
performance of the project. 

10. Time: Keep a running time log explaining field activities as they occur 
chronologically throughout the day. 

11. Deviations from the Work Plan: Record any deviations from the work 
plan and document why these were required and any 
communications authorizing these deviations. 

12. Heath and Safety Incidents: Record any health and safety incidents 
and immediately report any incidents to the Project Manager. 

13. Subcontractor Information: Record name of company, record names 
and roles of subcontractor personnel, list type of equipment being 
used and general scope of work.  List times of starting and stopping 
work and quantities of consumable equipment used if it is to be billed 
to the project. 

14. Problems and Corrective Actions: Clearly describe any problems 
encountered during the field work and the corrective actions taken to 
address these problems. 

15. Technical and Project Information: Describe the details of the work 
being performed. The technical information recorded will vary 
significantly between projects.  The project work plan will describe 
the specific activities to be performed and may also list requirements 
for note taking.  Discuss note-taking expectations with the Project 
Manager prior to beginning the field work. 

16. Any conditions that might adversely affect the work or any data 
obtained (e.g., nearby construction that might have introduced 
excessive amounts of dust into the air). 
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17. Sampling Information;  Specific information that will be relevant to 
most sampling jobs includes the following: 

 Description of the general sampling area – site name, 
buildings and streets in the area, etc. 

 Station/Location identifier 

 Description of the sample location – estimate location in 
comparison to two fixed points – draw a diagram in the field 
log book indicating sample location relative to these fixed 
points – include distances in feet. 

 Sample matrix and type 

 Sample date and time  

 Sample identifier 

 Draw a box around the sample ID so that it stands out in the 
field notes 

 Information on how the sample was collected – distinguish 
between “grab,” “composite,” and “discrete” samples 

 Number and type of sample containers collected  

 Record of any field measurements taken (i.e. pH,  turbidity, 
dissolved oxygen, and temperature, and conductivity) 

 Parameters to be analyzed for, if appropriate 

 Descriptions of soil samples and drilling cuttings can be 
entered in depth sequence, along with PID readings and other 
observations. Include any unusual appearances of the 
samples. 

 

C. SUGGESTED FORMAT FOR RECORDING FIELD DATA  

1. Use the left side border to record times and the remainder of the page 
to record information (see attached example). 

2. Use tables to record sampling information and field data from 
multiple samples. 

3. Sketch sampling locations and other pertinent information. 

4. Sketch well construction diagrams. 

V. Attachments 

Example field notes. 
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STANDARD OPERATING PROCEDURE 

Low-Flow Groundwater Sampling from 
Monitoring Wells – EPA Region I and III 

I. Purpose and Scope 

This SOP presents general guidelines for the collection of groundwater samples from 
monitoring wells using low-flow purging and sampling procedures.   Operations 
manuals should be consulted for specific calibration and operating procedures. 

II. Equipment and Materials 

 Adjustable-rate positive-displacement pump, submersible pump, or peristaltic 
pump 

 Horiba® U-22 or equivalent water quality meters to monitor pH, specific 
conductance, turbidity, dissolved oxygen, oxidation-reduction potential (ORP), 
and temperature  

 Flow-through cell with inlet/outlet ports for purged groundwater and 
watertight ports for each probe 

 Generator or alternate power source depending on pump type  

 Water-level indicator 

 Disposable Teflon, Teflon-lined polyethylene tubing or polyethylene tubing for 
metals and other inorganics  

 Plastic sheeting 

 Well-construction information 

 Calibrated container and stopwatch to determine flow rate 

 Sample containers 

 In-line disposable 0.45µm filters (QED®  FF8100 or equivalent) 

 Shipping supplies (labels, coolers, and ice) 

 Field book 

III. Procedures and Guidelines 

A. Setup and Purging 

1. Obtain information on well location, diameter(s), depth, and screen 
interval(s), and the method for disposal of purged water.    

2. Calibrate instruments according to manufacturer's instructions. 

3. The well number, site, date, and condition are recorded in the field 
logbook. 
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4. Plastic sheeting is placed on the ground, and the well is unlocked and 
opened.  All decontaminated equipment to be used in sampling will be 
placed only on the plastic sheeting until after the sampling has been 
completed. To avoid cross-contamination, do not let any downhole 
equipment touch the ground. 

5. All sampling equipment and any other equipment to be placed in the 
well is cleaned and decontaminated before sampling in accordance with 
SOP Decontamination of Personnel and Equipment. 

6. Water level measurements are collected in accordance with the Water 
Level Measurements SOP.  Do not measure the depth to the bottom of 
the well at this time; this reduces the possibility that any accumulated 
sediment in the well will be disturbed.  Obtain depth to bottom 
information from well construction log. 

7. Attach and secure the tubing to the low-flow pump.  Lower the pump 
slowly into the well and set it at approximately the middle of the screen. 
 Place the pump intake in the middle of the saturated screen length and 
should be at least two feet above the bottom of the well to avoid 
mobilization of any sediment present in the bottom.  

8. Insert the measurement probes into the flow-through cell.  The purged 
groundwater is directed through the cell, allowing measurements to be 
collected before the water contacts the atmosphere.  

9. If using a generator, locate it 30 feet downwind from the well to avoid 
exhaust fumes contaminating the samples.  

10. Start purging the well at 0.2 to 0.5 liters per minute.   Avoid surging.  
Purging rates for more transmissive formations could be started at 0.5-
liter to 1 liter per minute. The initial field parameters of pH, specific 
conductance, dissolved oxygen, ORP, turbidity, and temperature of 
water are measured and recorded in the field logbook. 

11. The water level should be monitored during purging, and, ideally, the 
purge rate should equal the well recharge rate so that there is little or no 
drawdown in the well (i.e., less than 0.3-foot).  The water level should 
stabilize for the specific purge rate.  There should be at least 1 foot of 
water over the pump intake so there is no risk of the pump suction being 
broken, or entrainment of air in the sample.  Record adjustments in the 
purge rate and changes in depth to water in the logbook.  Purge rates 
should, if needed, be decreased to the minimum capabilities of the pump 
(0.1- to 0.2-liter per minute) to avoid affecting well drawdown.  

12. During purging, the field parameters are measured frequently (every 
5 minutes) until the parameters have stabilized.  Field parameters are 
considered stable when measurements meet the following criteria: 

 pH: within 0.1 pH units 

 Specific conductance: within 3 percent 
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 Dissolved oxygen: within 10 percent 

 Turbidity: within 10 percent for values greater than 5 NTU; if 3 
turbidity values are less than 5 NTU, consider the values as 
stabilized 

 ORP: within 10 mV 

 Temperature: within 3 percent 

B. Sample Collection 

Once purging is complete the well is ready to sample.  The elapsed time 
between completion of purging and collection of the groundwater sample 
should be minimized.  Typically, the sample is collected immediately after the 
well has been purged, but this is also dependent on well recovery. 

Samples will be placed in sample containers that have been cleaned to 
laboratory standards and are preserved in accordance with the analytical 
method.  The containers are typically pre-preserved, if required.  

VOC samples are normally collected first and directly into pre-preserved sample 
containers. 

During purging and sampling, the centrifugal/peristaltic pump tubing must 
remain filled with water to avoid aeration of the groundwater.  It is 
recommended that ¼ or 3/8 inch inside diameter tubing be used to help insure 
that the sample tubing remains water filled.  If the pump tubing is not 
completely filled to the sampling point, collect non-VOC dissolved gasses 
samples first, then increase flow rate slightly until water completely fills the 
tubing and collect the VOC/dissolved gases samples.  Record new flow rate and 
drawdown depth. 

The steps to be followed for sample collection are as follows: 

1. The cap is removed from the sample bottle, and the bottle is tilted 
slightly. 

2. The sample is slowly poured from the bailer or discharged from the 
pump so that it runs down the inside of the sample bottle with a 
minimum of splashing. The pumping rate should be reduced to 
approximately 100 ml per minute when sampling VOCs.  

3. Inorganics, including metals, may be collected and preserved in the 
filtered form as well as the unfiltered form.  Disposable in-line filters 
(0.45 micron filter), connected to the end of the sample tubing,, are 
typically used for field filtration.  Samples are field filtered as the water 
is being placed into the sample container.  If a bailer is used, filtration 
may be driven by a peristaltic pump.     

4. Adequate space is left in the bottle to allow for expansion, except for 
VOC vials, which are filled to the top with a positive meniscus. 
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5. The bottle is capped and clearly labeled. 

6. Immediately upon collection, all samples for chemical analysis are to be 

placed in a closed container on ice unless it is not possible to do so. 

Although unusual and uncommon, there may be instances where it is 

not possible to have containers with ice at the sample location. In these 

instances, the samples should be placed on ice as soon as practical and 

during the time between collection and placing the samples on ice, the 

samples should be kept as cool as possible. 

7. Nondedicated equipment is cleaned and decontaminated in accordance 
with the Decontamination of Personnel and Equipment SOP. 

The following information, at a minimum, will be recorded in the log book: 

 Sample identification (site name, location, and project number; sample 
name/number and location; sample type and matrix; time and date; 
sampler's identity) 

 Sample source and source description 

 Field observations and measurements (appearance, volatile screening, field 
chemistry, sampling method), volume of water purged prior to sampling, 
number of well volumes purged, and field parameter measurements 

 Sample disposition (preservative; laboratory name, date and time sent; 
laboratory sample number, chain-of-custody number, sample bottle lot 
number) 

 Additional remarks 

C. Additional remarks 

1. If the well goes dry during purging, wait until it recovers sufficiently to 
remove the required volumes to sample all parameters.  It may be 
necessary to return periodically to the well but a particular sample (e.g., 
large amber bottles for semivolatile analysis) should be filled at one time 
rather than over the course of two or more visits to the well.  

2. Disposable tubing is disposed of with PPE and other site trash. 

IV. Attachments 

White paper on reasons and rationale for low-flow sampling. 

V. Key Checks and Preventative Maintenance 

 The drawdown in the well should be minimized as much as possible (preferably 
no more than 0.5-foot to 1 foot) so that natural groundwater-flow conditions are 
maintained as closely as possible. 
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 The highest purging rate should not exceed 1 liter per minute. This is to keep the 
drawdown minimized. 

 Stirring up of sediment in the well should be avoided so that turbidity 
containing adsorbed chemicals is not suspended in the well and taken in by the 
pump. 

 Overheating of the pump should be avoided to minimize the potential for losing 
VOCs through volatilization. 

 Keep the working space clean with plastic sheeting and good housekeeping. 

 Maintain field equipment in accordance with the manufacturer’s 
recommendations.  This will include, but is not limited to: 

 Inspect sampling pump regularly and replace as warranted 

 Inspect quick-connects regularly and replace as warranted 

 Verify battery charge, calibration, and proper working order of field 
measurement equipment prior to initial mobilization and daily during 
field efforts 
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Attachment to the SOP on Low-Flow Sampling Groundwater Sampling 
from Monitoring Wells  

White Paper on Low-Flow Sampling 

 

EPA recommends low-flow sampling as a means of collecting groundwater samples in a way that 
minimizes the disturbance to the natural groundwater flow system and minimizes the introduction of 
contamination into the samples from extraneous sources. The following are details about these issues. 

When a pump removes groundwater from the well at the same rate that groundwater enters the well 
through the screen, the natural groundwater-flow system around the well experiences a minimum of 
disturbance. Some disturbance is bound to occur because you are causing groundwater to flow to the 
well in a radial fashion that otherwise would have flowed past it. However, the resulting low-flow 
sample provides the most-representative indication we can get of groundwater quality in the 
immediate vicinity of the well. 

Normally, when a well is pumped at an excessive rate that drops the water level in the well below the 
water level in the aquifer, the water cascades down the inside of the well screen when it enters the 
well. The turbulence from this cascading causes gases such as oxygen and carbon dioxide to mix with 
the water in concentrations that are not representative of the native groundwater and are higher than 
expected. This causes geochemical changes in the nature of the water that can change the 
concentrations of some analytes, particularly metals, in the groundwater sample, not mention it’s 
effect on the dissolved oxygen levels that then will be measured in the flow-through cell. Such 
turbulence also may cause lower-than-expected concentrations of volatile organic compounds due to 
volatilization.  

For wells in which the water level is above the top of the screen, the water up in the riser is out of the 
natural circulation of the groundwater and, therefore, can become stagnant. This stagnant water is no 
longer representative of natural groundwater quality because its pH, dissolved-oxygen content, and other 
geochemical characteristics change as it contacts the air in the riser. If we minimize the drawdown in the 
well when we pump, then we minimize the amount of this stagnant water that is brought down into the 
well screen and potentially into the pump. As a result, a more-representative sample is obtained.  

Typically, wells contain some sediment in the bottom of the well, either as a residue from 
development that has settled out of the water column or that has sifted through the sand pack and 
screen since the well was installed. This sediment commonly has adsorbed on it such analytes as 
metals, SVOCs, and dioxins that normally would not be dissolved in the groundwater. If these 
sediments are picked up in the groundwater when the well is disturbed by excessive pumping, they 
can: 

 Make filtering the samples for metals analysis more difficult 

 Add unreasonably to the measured concentration of SVOCs and other organic compounds 

The SOP for low-flow sampling has been modified recently and should be consulted for additional 
information about low-flow sampling and ways of dealing with wells in which the water level cannot 
be maintained at a constant level. 
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STANDARD OPERATING PROCEDURE 

Mini RAE Photoionization Detector (PID) 

I. Purpose 

The purpose of this SOP is to provide general reference information for using the 
Mini RAE PID in the field.  Calibration and operation, along with field maintenance, 
will be included in this SOP. 

II. Scope 

This procedure provides information on the field operation and general maintenance 
of the Mini RAE PID.  Review of the information contained herein will ensure that 
this type of field monitoring equipment will be properly utilized.  Review of the 
owner’s instruction manuals is a necessity for more detailed descriptions. 

III. Definitions 

Volatile Organic Compound (VOC) – Expresses the VOC concentration in ppm 

ppm - parts per million: parts of vapor or gas per million parts of air by volume. 

IV. Procedures 

The Mini RAE utilizes the principle of a detecting sensor.  The PID operates on the 
principle that most organic compounds and some inorganic compounds are ionized 
when they are bombarded by high-energy ultraviolet light. These compounds absorb 
the energy of the light, which excites the molecules and results in a loss of electron 
and the formation of a positively charged ion. The number of ions formed and the 
ion current produced is directly proportional to mass and concentration. The amount 
of energy required to displace an electron is called photo ionization potential (PIP). 
The air sample is drawn into a UV lamp using a pump or a fan. The energy of the 
lamp determines whether a particular chemical will be ionized. Each chemical 
compound has a unique ionizing potential. When the UV light energy is greater than 
the ionization potential of the chemical, ionization will occur. When the sample is 
ionized, the electrical signal is displayed on an analog or digital output. Although 
the output does not distinguish between chemicals, it does detect an increase in the 
ion current. If only one chemical is present in the air, it is possible to use PIDs 
quantitatively. Chemical structure and lamp intensity affects the sensitivity of the 
instrument to a given contaminant. All PID readings are relative to the calibration 
gas, usually isobutylene. It is important to calibrate the PID in the same temperature 
and elevation that the equipment will be used, and to determine the background 
concentrations in the field before taking measurements. For environments where 
background readings are high, factory zero calibration gas should be used. 
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Note:  For volatile and semi-volatile compounds, knowing the PIP is critical in 
determining the appropriate instrument to use when organic vapor screening. 
Consult the QAPP and manufacturer’s manual to determine that the proper 
instrument has been selected for the contaminate vapors of interest. If an expected 
compound at a site has a PIP less than 11.7  eV, it is possible to use a PID. If the 
ionization potential is greater than 11.7eV, an FID is required. 

The following subsections will discuss Mini RAE calibration, operation, and 
maintenance.  These sections, however, do not take the place of the instruction 
manual. 

A. Calibration 

These instructions are for the Mini RAE 2000.  If using the Mini RAE 3000, please see the 

operator’s manual for instructions. 

Start up Instrument 

 Press Mode button 

 Observe displays: 

On!…….. 
 

 

Version X.XX 

 

Model Number 
SN XXXX 

 

Date Time 
Temp 

 

 After the monitor is turned on and it runs through the startup menus, the display will 
read “Ready”.  Press the [Y/+] key to start the pump. 

 The pump will start, the seconds will count down to zero, and the instrument will be 
ready for use 

Calibration Check and Adjustment 

Allow instrument to warm up for 15 minutes. 

 Depress the [N/-] key first, then while depressing the [N/-], depress the [Mode] key also 
and depress both keys for 5 seconds. 

 Display will read: 

Calibrate 
Monitor? 

 Press the [Y/+] key 

 Display will read: 
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Fresh Air  
Calibration? 

 Perform the Fresh Air Calibration in an area free of any detectable vapor near your work 
zone. 

 Press the [Y/+] key 

 Display will read: 

Zero…. 
In progress… 

 

Wait… 

 

Update data… 
 

 

Zeroed… 

 

Reading = X.X ppm 

 

 Press any key and the display will go back to: 

Fresh Air  
Calibration? 

 Press the [N/+] key 

 Display will read: 

Span/Cal? 

 Press the [Y/+] key 

 Display will read: 

Isobutylene = 100 ppm 

 

Apply Gas Now! 

 Press the [Y/+] key 

 Apply calibration gas – use either HAZCO Services Part Number R-SGRAE4 or Rae 
Systems Part Number 008-3002 – using a .5 LPM regulator and direct tubing. 

Wait…30 

 The display will count down showing the number of remaining seconds: 

Reading = 100 
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Update data, span cal done. 

Turn off gas! 

 Calibration readings between 99 and 102 ppm are within the acceptable range. 

 Display will read: 

Span/Cal? 

 CALIBRATION IS COMPLETE! 

 Press any key to return to operational mode. 

 

B. Operation 

Due to the Mini RAE having many functions in terms of operation, it is recom-
mended that you follow the operational procedures as outlined in the instruction 
manual from pages 2-5 to 2-14. 

C. Site Maintenance 

After each use, the meter should be recharged and the outside of the instruments 
should be wiped clean with a soft cloth. 

D. Scheduled Maintenance 

 Function     Frequency 

 
Check alarm and settings   Monthly/before each use 

Clean screens and gaskets around sensors Monthly 

Replace sensors    Biannually or when calibration is 
       unsuccessful 

V. Quality Assurance Records 

Quality assurance records will be maintained for each air monitoring event.  The 
following information shall be recorded in the field logbook. 

 Identification - Site name, date, location, CTO number, activity monitored, 
(surface water sampling, soil sampling, etc), serial number, time, resulting 
concentration, comments and identity of air monitoring personnel. 

 Field observations - Appearance of sampled media (if definable). 

 Additional remarks (e.g, Mini RAE had wide range fluctuations during air 
monitoring activities.) 

VI. References 

Mini RAE 2000 Portable VOC PGM-7600, RAE Systems, Revision E, May 2005. 
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ATTENTION! 
For European Applications 

A. CE 0575 ® II 1G/2G 
DEMKO 03 ATEX 0204759X 
Eex ia IIC T4 

B. Recharge batteries only in non-hazardous locations. 
C. Do not connect external cable to serial interface jack in 

hazardous locations. 
D. Use RAE Systems Adapter P/N 500-0072 for connection 

to communication port and charging jack only in a non-
hazardous area. 
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C. Do not connect external cable to serial interface jack in 

hazardous locations. 
D. Use RAE Systems Adapter PIN 500-0072 for connection 

to communication port and charging jack only in a non­
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WARNING 
- Do NOT proceed before reading - 

This manual must be carefully read by all individuals who 
have or will have the responsibility for using, maintaining, 
or servicing this product. 

The product will perform as designed only if it is used, 
maintained, and serviced in accordance with the manufacturer's 
instructions. 

CAUTION!! 

To reduce the risk of electric shock, turn off power before 
removing the monitor cover. Disconnect the battery before 
removing sensor module for service. Never operate the 
monitor while the cover is removed. Remove monitor cover 
and sensor module only in an area known to be non-
hazardous. 

The model PGM-7600 equipment is classified as to intrinsic 
safety for use in class I, division 1, groups A, B, C, D, or 
non-hazardous locations only. 
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Special Notes 
-1- 

When the MiniRAE 2000 Monitor is taken out from the 
transport case and turned on for the first time, there may be 
some residual organic or inorganic vapor trapped inside the 
detector chamber. The initial PID sensor reading may 
indicate a few ppm. Enter an area known to be free of any 
organic vapor and turn on the monitor. After running for 
several minutes, the residual vapor in the detector chamber 
will be cleared and the reading should return to zero. 

-2- 
The battery of the MiniRAE 2000 monitor will discharge 
slowly even if it is turned off. If the monitor has not been 
charged for 5-7 days, the battery voltage will be low. 
Therefore, it is a good practice to always charge the monitor 
before using it. It is also recommended to fully charge the 
monitor FOR AT LEAST 10 HOURS before first use. See 
Section 7 for more information on battery charging and 
replacement. 
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WARNINGS 

STATIC HAZARD: Clean only with damp cloth. 

For safety reasons this equipment must be operated and 
serviced by qualified personnel only. Read and understand 
instruction manual completely before operating or 
servicing. 

Use only RAE Systems battery packs, part nos. 012-3050, 
012-3051 or 012-3052. This instrument has not been tested 
in an explosive gas/air atmosphere having an oxygen 
concentration greater than 21%. Substitution of 
components may impair intrinsic safety. Recharge batteries 
only in non-hazardous locations. 

The calibration of all newly purchased RAE Systems 
instruments should be tested by exposing the sensor(s) to 
known concentration calibration gas before the instrument 
is put into service. 

For maximum safety, the accuracy of the MiniRAE 2000 
should be checked by exposing it to a known concentration 
calibration gas before each day's use. 
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DANGER RISQUE D'ORIGINE ELECTROSTATIQUE: 
Nettoyer uniquement avec un chiffon humide. 

Pour des raisons de securite, cet equipment doit etre utilise, 
entretenu et repare uniquement par un personnel qualifie. 
Etudier le manuel d'instructions en entier avant d'utiliser, 
d'entretenir ou de reparer l'equipement. 

Utiliser seulement l'ensemble de batterie RAE Systems, la 
reference 012-3050, 012-3051 au 012-3052. Cet instrument 
n'a pas ete essays dans une atmosphere de gaz/air explosive 
ayant une concentration d'oxygene plus elev.& que 21%. La 
substitution de composants peut compromettre la securite 
intrinsique. Ne charger les batteries que dans emplacements 
design& non-dangereuse. 

La calibration de toute instruments de RAE Systems 
doivent etre tests en exposant l'instrument a une 
concentration de gaz connue par une procedure 
dietalonnage avant de mettre en service l'instrument pour la 
premiere fois. 
Pour une securite maximale, la sensibilite du MiniRAE 
2000 doit etre verifier en exposant l'instrument a une 
concentration de gaz connue par une procedure 
dietalonnage avant chaque utilisation journaliere. 

AVERTISSEMENTS 
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A VERTISSEMENTS 
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Vl 



GENERAL INFORMATION 

1. GENERAL INFORMATION 

MiniRAE 2000 Portable VOC Monitor (Model PGM 7600) is a 
compact monitor designed as a broadband VOC gas monitor 
and datalogger for work in hazardous environments. It monitors 
Volatile Organic Compounds (VOC) using a Photo-Ionization 
Detector (PID) with a 9.8 eV, 10.6 eV, or 11.7 eV gas discharge 
lamp. Features are: 

• Lightweight and Compact 
-Compact, light weight (19 oz.) and rugged design 
-Built-in sample draw pump 

• Dependable and Accurate 
- Up to 10 hours of continuous monitoring with 
rechargeable battery pack 
- Designed to continuously monitor VOC vapor at ppm 
levels 

• User Friendly 
-Preset alarm thresholds for STEL, TWA, low and high 
level peak values. Audio buzzer and flashing LED display 
are activated when the limits are exceeded. 

• Datalogging Capabilities 
-15,000 point datalogging storage capacity for data 
download to PC 

MiniRAE 2000 consists of a PID with associated 
microcomputer and electronic circuit. The unit is housed in a 
rugged ABS + PC case with a backlit 1 line by 8 character dot 
matrix LCD and 3 keys to provide easy user interface. 
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GENERAL INFORMATION 

1.1 	General Specifications 
Table 1.1 

Portable VOC Monitor Specification 
Size: 
	

8.2"L x 3.0"W x 2.0"H 

Weight: 
	

19.5 oz with battery pack 

Detector: 
	

Photo-ionization sensor with 9.8, 10.6, or 11.7 eV 
UV lamp 

Battery: A 4.8V /1250 mAH Rechargeable Nickel Metal Hydride battery 
pack (snap in, field replaceable) 

Battery Charging: 	10 hours charge through built-in charger 

Operating Hours: 	Up to10 hours continuous operation 

Display: 	 I line by 8 characters 5x7 dot matrix LCD (0.4" 
character height) with LED back light 
automatically in dim light 

Range, Resolution & Response time (t90): 

Isobutylene (calibration gas) 

0-99 ppm 	0.1 ppm 2 sec 

100-1,999 ppm 1.0 ppm 2 sec 

2000-10,000 ppm 1.0 ppm 2 sec 

Measurement Accuracy (Isobutylene): 

0 — 2000 ppm: ± 2 ppm or 10% of reading. 

> 2000 ppm: ± 20% of reading 

PID Detector: 	Easy access to lamp and sensor for cleaning and 
replacement 

Correction Factors: 	Built-in 102 VOC gases 

Calibration: 	 Two-point field calibration of zero and standard 
reference gas 

Calibration Memory: 

Store up to 8 separate calibration, alarm limits 
and span value 

Inlet Probe: 	 Flexible 5" tubing 

Keypad: 	 1 operation key and 2 programming keys 
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GENERAL INFORMATION 

Direct Readout: 
	

Instantaneous, average, STEL and peak value, 
battery voltage and elapsed time 

Intrinsic Safety: 
	

UL & cUL Class 1, Division I, Group A,B,C,D, 

Temperature Code T3C (US & Canada); C C 
0575 0 II 1G DEMKO 02 ATEX 0204759 

Eex is IIC T4 (Europe) 

EM Interference: 
	

No effect when exposed to 0.43 W/cm2  RF 
interference (5 watt transmitter at 12 inches) 

Alarm Setting: 
	

Separate alarm limit settings for Low, High, 
STEL and TWA alarm 

Operating Mode: 
	

Survey or Hygiene mode 

Alarm: 90 dB buzzer and flashing red LEDs to indicate exceeded preset 
limits, low battery voltage, or sensor failure. 

External Alarm: 
	

Optional plug-in pen-size vibration alarm or 
remote alarm 

Alarm Mode: 
	

Latching or automatic reset 

Real-time Clock: 
	

Automatic date and time stamps on data logged 
information 

Datalogging: 
	

15,000 points with time stamp, serial number, 
user ID, site ID, etc. 

Communication: 
	

Upload data to PC and download instrument setup 
from PC through RS-232 port 

Sampling Pump: 
	

Internally integrated. Flow rate: 450-550 cc/min. 

Temperature: 
	

0° to 45°C (32° to 113°F) 

Humidity: 

Housing: 

Attachment: 

0 % to 95 % relative humidity 

(non-condensing) 

ABS + PC, conductive coating, splash and dust 
proof, will withstand 1 meter drop test with 
rubber boot 

Wrist strap, rubber boot and belt clip 
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2. OPERATION OF MINIRAE 2000 

The MiniRAE 2000 Portable VOC Monitor is a compact 
Monitor designed as a broadband VOC gas monitor and 
datalogger for work in hazardous environments. It gives real 
time measurements and activates alarm signals whenever the 
exposure exceeds preset limits. Prior to factory shipment the 
MiniRAE 2000 is preset with default alarm limits and the 
sensor is pre-calibrated with standard calibration gas. However, 
the user should test the instrument and verify the calibration 
before the first use. After the monitor is fully charged and 
calibrated, it is ready for immediate operation. 

Figure 2-1 MiniRAE 2000 
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2.1 	Physical Description 
The main components of the MiniRAE 2000 Portable VOC 
monitor include: 

• Three keys for user to interact with the monitor: 1 operation 
key and 2 programming keys for normal operation or 
programming of the monitor 

• LCD display with back light for direct readout and 
calculated measurements 

• Buzzer and red LED's for alarm signaling whenever the 
exposures exceed preset limits 

• Wrist strap 

• Charge contact for plugging directly to the charging station 

• Gas entry and exit ports 

• Serial communication port for PC interface 

• External alarm and analog output port 

• Protective rubber cover 
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OPERATION 

2.2 Keys and Display 
Figure 2.2 shows the LCD display and the keypad on the front 
panel of the monitor. The function of the 3 keys during normal 
operation are summarized below: 

Alarm LED's 

Light sensor 

0.0 ppm 
((4 

  

ON 

 

    

    

  

MODE 

 

    

Figure 2-2 LCD Display and Keypad 

Key 	Function in Normal Operation 

[MODE] -Turn on/off the power* and step through menu items 

[NI-] -Toggle on/off the back light, negative acknowledge, 
decrease value 

[Y/+] -Start measurement, positive acknowledge, increase value 
value 

* Pressing and holding [MODE] key for 5 seconds turns off the 
power to the monitor. Monitor will beep once per second and 
display countdown timer during power-down sequence. Press 
[MODE] key momentarily to step through menu items. To save 
time, press any key during message scrolling to skip to the end 
of the message. 
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display countdown timer during power-down sequence. Press 
[MODE] key momentarily to step through menu items. To save 
time, press any key during message scrolling to skip to the end 
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2.3 Power On/Off 
To turn on the MiniRAE 2000 portable VOC monitor, press 
[MODE] key for one second and release. The audio buzzer will 
beep once and the air pump will turn on. The display will show 
"ON!.." and then "Ver n.nn" to indicate the unit's current 
firmware version number. Next displayed are the serial number, 
the model number, Operating mode, current date and time, unit 
internal temperature, gas selected, high low, STEL, TWA/AVG 
alarm limits, battery voltage, and shut off voltage. Also 
displayed are internal mode settings such as User mode, Alarm 
mode, datalog time remaining and log periods in the respective 
order. 

To turn off the MiniRAE 2000 portable VOC monitor, press 
and hold the [MODE] key for 5 seconds. The monitor will beep 
once per second during the power-down sequence with a count 
down timer showing the number of remaining seconds. The 
message "Off!.." flashes on the LCD display and the display 
will go blank indicating that the monitor is turned off. 

Data protection during power off 

When the monitor is turned off, all the current real time data 
including last measured value are erased. However, the datalog 
data is preserved in non-volatile memory. Even if the battery is 
disconnected, the datalog data will not be lost. While the power 
is off, the real time clock will continue to operate until the 
battery is completely drained (usually in 4-5 days without any 
charging). If the battery is completely drained or is 
disconnected from the monitor for more than 30 minutes, the 
real time clock will be lost. In this case, the user needs to enter 
the real time clock information again, as described in Section 4, 
or send the PC clock during configuration through the PC 
communication. 
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2.4 Operation 
The MiniRAE 2000 VOC monitor has two operation modes: 
Survey and Hygiene mode. The Survey mode allows the user 
to manually start and stop the monitoring/measuring operation 
and display certain exposure values. In the Hygiene mode, the 
monitor runs continuously after the monitor is turned on. Refer 
to Section 4.7.1 for switching between the two modes. 
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Tue MiniRAE 2000 VOC monitor has two operation modes: 
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Ready... 

N/- MODE 

OPERATION 

2.4.1 Survey Mode 

After the monitor is turned on, it runs through the start up menu. 
Then the message "Ready..." is displayed (see figure below). 

. 	  

At this point, the user has two options: 

1. Step through the Main Menu. 

2. Take a measurement. 

Press the [MODE] button to step through the Main Menu. Press 
the [Y/+] button to proceed to take a measurement. 
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2.4.1 Survey Mode 

After the monitor is turned on, it runs through the start up menu. 
Then the message "Ready ... " is displayed (see figure below). 

o c __ ) o 
Ready ... 

(Cc[:n 

EJ 
ON 

[llODEJ 
At this point, the user has two options: 

1. Step through the Main Menu. 

2. Take a measurement. 

Press the [MODE] button to step through the Main Menu. Press 
the [Y/+] button to proceed to take a measurement. 
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The Main Menu  

Press the [MODE] button to enter the Main Menu. Press the 
[Y/1], [MODE] or [NA] as indicated in the flow chart below to 
step through the Main Menu. The PID sensor and pump are 
turned off during this time. 

The Main Menu functions are: 

• Ready... 
• Check 
• Site ID = xxxx 
• Gas = XXX% 

• Warm up 
• X.x ppm 
• Stop? 
• TWA/Avg x.x ppm 
• STEL x.x ppm 
• Peak x.x ppm 
• Run time hh:mm 
• Bat = X.XV 
• Mm/dd/yy 
• hh:mm 
• T = xxxF [date, time and temperature (°C or °F)] 
• Log On/Off? 
• PC Comm? 
• Survey 
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OPERATION 

These functions are arranged in a "round robin" order. To select 
a specific function, press the button as shown below until the 
desired function appears. 

Main Menu 

MODE 
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The Main Menu Functions  

• Ready...: Indicates that the monitor is ready to take a 
measurement or to step through the Main Menu. Press the 
[Y/-1-] button to advance to taking a measurement (read 
"Taking a Measurement" on Page 2-12 for details). 

Note: The Ready... screen is skipped if the menu is cycled 
through while a measurement is running. 

• Check...: This message displays while the system is 
checking the lamp and the sensor. If the lamp test succeeds, 
the system will progress to checking the sensor. If the lamp 
test does not succeed, the display will read Can not turn on 
lamp, quit! 

- Can not turn on lamp, quit!: This message displays 
when the lamp does not turn on. The system will 
automatically return to Ready... allowing the user to 
test the lamp again. If the lamp fails a second time, turn 
the monitor off and refer to Section 7.2 "PID Sensor & 
Lamp Cleaning / Replacement". 

- Clean Sensor, Quit?: This message displays when the 
sensor requires cleaning. Press the [Y/-F] button to turn 
the monitor off and clean the sensor. Press the [NI-] 
button and the system will progress to the Site ID = xx 

• Site ID = xxxx: This display shows the Site ID and 
indicates that the monitor is about to start taking 
measurements (read "Taking a Measurement" for details) 

Note: This display appears only after a measurement has 
been started. It does not appear when the user is cyling 
through the Main Menu and the monitor is idling. 

• Gas = xxxx: This display identifies the gas to be measured 
and indicates that the monitor is about to take a 
measurement (read "Taking a Measurement" for details) 
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Note: This display appears only after a measurement has 
been started. It does not appear when the user is cyling 
through the Main Menu and the monitor is idling. 

• x.x ppm: (read "Taking a Measurement" for details) 

Note: This display appears only after a measurement has 
been started. It does not appear when the user is cyling 
through the Main Menu and the monitor is idling. 

• TWA/Avg: Displays (in ppm) the Time Weighted Average 
(TWA) or the Average since the start of the measurement. 
The average is recalculated every minute. 

• STEL: Displays the Short Term Exposure Limit. 

• PEAK: Displays (in ppm) the highest instantaneous reading 
since the start of the measurement. If [Y/+] is pressed while 
the peak reading is displayed, the unit will ask Reset Peak?. 
If [Y/+] is pressed again, the peak value will be cleared and 
the display will return to the Ready... message or 
instantaneous reading. The peak reading is automatically 
reset when a new measurement is started by pressing Mil 
from the Ready... screen. 

• Run time hh:mm: 	The duration of the current 
measurement period. 

• Bat = X.XV: The current battery voltage. 

Note: A fully charged battery pack should show 4.8 volts or 
higher. When the battery voltage falls below 4.4 volts, a 
flashing "Bat" will appear as a warning message. At that 
point, you have 20-30 minutes of run time remaining. When 
the battery voltage falls below 4.2 volts the monitor turns 
off automatically. 

• Mm/dd/yy: The current date. 

• hh:mm: The current time (24-hour format) 
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• T = xxxF: The internal unit temperature in degrees 
Fahrenheit. (see Section 4.7.13 to change temperature units) 

• Log on/Off?: Allows the user to start datalogging of the 
current measurement. A superscript "L" flashes in the ppm 
measurement display when datalogging is on. This screen is 
not shown when datalogging is disabled or when the 
monitor is not operating in manual start/stop mode. 

• PC Comm?: This function enables the user to upload data 
from the MiniRAE 2000 to a Personal Computer (PC) or 
send/receive configuration information between a PC and 
the MiniRAE 2000. Press [MODE] to return to Ready... . 

To communicate with a PC, connect the monitor to the 
serial port of a PC and start the MiniRAE 2000 application 
software. Press the [Y/+] button and the LCD displays 
"pause monitor, ok?" Press the [Y/+] button one more 
time, and the display shows "Comm..." The monitor is 
now ready to receive commands from the PC. 

• Survey: This function displays the Current Operating Mode 
(Survey or Hygiene). 

Taking a Measurement  

There are two ways to start a measurement. 

1. Operating in Hygiene mode. 

2. Manually start and stop measurement in Survey mode. 

To start a measurement in Hygiene mode, please refer to 
Section 4.7.1, "Change Operation Mode". To start a 
measurement in Survey Mode, the MiniRAE 2000 monitor 
must first be in the "Ready..." mode. This is the mode to which 
the monitor normally powers up. 
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Measurement phases  

1. Ready 

2. Start measurement 

3. Measurement display and datalogging 

4. Stop measurement 

Ready 

The display reads Ready... indicating the unit is ready to start a 
measurement. 

Start Measurement 

Press the [Y/+] button to start the check cycle (see above), and 
then the measurement cycle. 

After completing the Check cycle, the display will show the 
Site ID and then the Gas selected for measurement. The pump 
will start and the reading will be displayed. The Peak and 
Average values will be automatically reset to zero. 

Measurement Display and Datalog 

Instantaneous readings of the gas concentration in parts per 
million (ppm) are updated every second. A flashing superscript 
L is displayed when datalogging is on. Datalog information is 
saved only after one full datalog period is completed. 
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Stop Measurement 

Press the [MODE] button and the display shows Stop? Press 
[NI-] to continue measurement and [Y/+] to stop the 
measurement and datalog event. The pump stops automatically 
when measurement is stopped. Peak and average values for the 
current measurement can be read in idle mode until a new 
measurement is started. 

Automatic Increment of Site ID 

Every time a measurement is taken, the site ID will be 
incremented by one automatically in Survey mode. 

Variable Alarm Signal 

In Survey Mode, if the measurement exceeds the low alarm 
limit, the bilz7er and flashing alarm are activated and will 
beep/flash once per second. The alarms will increase in 
frequency as the gas concentration approaches the high alarm 
limit reaching 8 times per second when the high alarm has been 
exceeded. 

Press [Y/+] key to clear if latching alarm. 
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2.4.2 Hygiene Mode 

In Hygiene Mode, the unit will continuously taking 
measurements, once the power is turned on. After the initial 
start-up sequence displaying the current monitor settings, the 
LCD displays the instantaneous readings. 

The Hygiene operation menu displays include: 

• Real time readings in ppm 
• Current TWA/Avg, STEL and Peak values (see Section 

4.6.6) 
• Run time 
• Current battery voltage 
• Date, time and temperature 
• Log on/off? 
• Gas name 
• PC communication? 
• Hygiene 
Detailed description of most of these displays are the same as 
Section 2.4.1. 
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OPERATION 

HYGIENE MODE MAIN MENU 

XX.X ppm 
MODE 

Hygiene TWAT 	0.0 

MODE Y 
MODE 

PC Comm? STEl. 	0.0 

To choose a specific display, press the [MODE] key one or 
more times until the desired display appears, or the [Y/+] key 
where indicated with a Y. 

Note: To get back to instantaneous reading from any of the 
above display, press [MODE] key repeatedly until the "XX.X 
ppm" display appears. 
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HYGIENE MODE MAIN MENU 

XX.Xppm 
MODE 

0.0 

MODE y MODE 

PC Comm? I STEt 0.0 
MODE MODE 

Gas= Reset Pea xxxxxxxx Peak? 

Run time 
00:00 

MODE MODE 

11/18/98 
11:20 

MODE 
Bat= 4.8V 

T=70F 

To choose a specific display, press the [MODE] key one or 
more times until the desired display appears, or the [Y /+] key 
where indicated with a Y. 

Note: To get back to instantaneous reading from any of the 
above display, press [MODE] key repeatedly until the "XX.X 
ppm" display appears. 

2-15 
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2.5 Alarm Signals 
During each measurement period, the gas concentration is 
compared with the programmed alarm limits (gas concentration 
alarm limit settings: Low, High, TWA and STEL). If the 
concentration exceeds any of the preset limits, the loud buzzer 
and red flashing LED are activated immediately to warn the 
user of the alarm condition. 

In addition, the MiniRAE 2000 will alarm if one of the 
following conditions occurs: battery voltage falls below a pre-
set voltage level (4.4 V), failure of UV lamp, pump stall, or 
when the datalog memory is full. When the low battery alarm 
occurs, there will be approximately 20-30 minutes of operating 
time remaining. When the battery voltage falls below 4.2 V, the 
monitor will turn off automatically. 
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Alarm Signal Summary: 

Condition Alarm Signal 

Gas exceeds "High Alarm" 
limit 

3 beeps/flashes per second 

Gas exceeds "Low Alarm" 
limit 

2 beeps/flashes per second 

Gas exceeds "TWA" limit 1 Beeps/flashes per seconds 

Gas exceeds "STEL" limit 1 Beeps/flashes per seconds 

Pump failure 3 beeps/flashes per second plus 
"Pump" message on LCD 

PID lamp failure 3 beeps/flashes per second plus 
"Lamp" message on LCD 

Low battery 1 flash per second, 1 beep per minute 
plus "Bat" message on LCD 

Memory full 1 flash per second plus "Mem" 
message on LCD 

Alarm Signal Testing: 

Under normal non-alarm conditions, it is possible to test the 
MiniRAE 2000 LED and buzzer in Special Diagnostic Mode 
(see Section 8 for details). 
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2.6 	Preset Alarm Limits and Calibration 
The MiniRAE 2000 portable VOC monitor is factory calibrated 
with standard calibration gas, and is programmed with default 
alarm limits. There are 102 gas settings stored in the library. 
Some examples of calibration and alarm limits are shown 
below. Refer to Section 4 on programming procedures for 
selecting a different gas, perform a calibration or set new alarm 
limits. 

Factory Calibration and Preset Alarm Limits 

Cal Gas Cal 
Span 

unit Low High TWA STEL 

Isobutylene 100 ppm 50 100 100 250 

Hexane, n- 100 ppm 500 750 500 750 

Xylene, in- 100 ppm 100 150 100 150 

Benzene 5  ppm 2 5 5 2 

Styrene 50 ppm 20 40 20 40 

Toluene 100 ppm 50 100 50 100 

Vinyl Chloride 10 ppm 5 10 5 10 

Custom 100 ppm 50 100 50 100 

2-18 

OPERATION 

2.6 Preset Alarm Limits and Calibration 
The MiniRAE 2000 portable VOC monitor is factory calibrated 
with standard calibration gas, and is programmed with default 
alarm limits. There are 102 gas settings stored in the library. 
Some examples of calibration and alarm limits are shown 
below. Refer to Section 4 on programming procedures for 
selecting a different gas, perform a calibration or set new alarm 
limits. 

Factory Calibration and Preset Alarm Limits 

Cal Gas Cal unit Low High TWA STEL 
Span 

lsobutylene IOO ppm 50 IOO IOO 250 

Hexane, n- IOO ppm 500 750 500 750 

Xylene, m- IOO ppm IOO 150 IOO 150 

Benzene 5 ppm 2 5 5 2 

Styrene 50 ppm 20 40 20 40 

Toluene 100 ppm 50 100 50 100 

Vinyl Chloride IO ppm 5 10 5 IO 

Custom IOO ppm 50 100 50 100 

2-18 



OPERATION 

2.7 Integrated Sampling Pump 
The MiniRAE 2000 portable VOC monitor includes an 
integrated sampling pump. This is a diaphragm type pump that 
provides a 500-600 cc per minute flow rate. Connecting a 
Teflon or metal tubing with 1/8 inch inside diameter to the gas 
inlet port of the MiniRAE 2000, this pump can pull in air 
samples from 200 feet away horizontally, or 90 feet vertically, 
at about 3 feet per second flow speed. 

The pump turns on when a measurement is started, and turns off 
when the sample is manually stopped in Survey mode or when 
the unit is turned off from Hygiene Mode. 

If liquid or other objects are pulled into the inlet port filter, the 
monitor will detect the obstruction and shut down the pump 
immediately. The alarm will be activated and a flashing error 
message "Pump" will be also displayed on the LCD display. 

The user should acknowledge the pump shut off condition by 
clearing the obstruction and pressing the [Y/+] key to re-start 
the pump. 

The pump stall threshold is set in the special Diagnostic Mode 
(Section 8). 
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2.8 	Back Light 
The LCD display is equipped with an LED back light to assist 
in reading the display under poor lighting conditions. Pressing 
and holding the [N/-] key for one second in normal operation 
can turn on the backlight. The backlight can be turned off by 
pressing [N/-] a second time. If the [N/-] key is not pressed, the 
back light will be turned off automatically after a pre-
programmed time-out period to save power. 

In addition, the ambient light is sensed and the back light will 
be turned on automatically if the ambient light is below a 
threshold level. The back light is turned off automatically when 
the ambient light exceeds the threshold level. 

See Section 8 for instructions on how to set the light threshold 
level. 

Note: The LED backlight consumes about 20-30% of the total 
average current, when the instrument is idle or not taking a 
measurement. 
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2.9 Datalogging 
During datalogging, the MiniRAE 2000 Portable VOC monitor 
flashes a superscript "L", on the display to indicate that 
datalogging is enabled. The monitor stores the time stamp, 
sample number, and measured gas concentration at the end of 
every sample period (when data logging is enabled). In addition, 
the following information are stored: user ID, site ID, serial 
number, last calibration date, and alarm limits. All data are 
retained (even after the unit is turned off) in non-volatile 
memory so that it can be down loaded at a later time to a PC. 

Datalogging event 

When Datalogging is enabled, measurement readings are being 
saved. These data are stored in "groups" or "events. A new 
event is created and stored each time the monitor is turned on, 
or a configuration parameter is changed, or datalogging is 
interrupted (e.g. Communication with PC during Hygiene 
mode). Information, such as start time, user ID, site ID, gas 
name, serial number, last calibration date, and alarm limits will 
be recorded. 

Datalogging sample 

After an event is recorded, the unit records a shorter form of the 
data. This data contains: the sample number, time (hour/minute) 
and gas concentration. 
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3. OPERATION OF ACCESSORIES 
The accessories for the MiniRAE 2000 include: 

• An AC Adapter (Battery Charger) 

• Alkaline battery holder 

• Water Trap Filter 

Optional Accessories: 

• Dilution Fitting 

• Calibration adapter 

• Calibration regulator and Flow controller 

• Organic Vapor Zeroing kit 
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3.1 	Standard Kit and Accessories 
1) AC Adapter (Battery Charger) 

WARNING 

To reduce the risk of ignition of hazardous atmospheres, 
recharge battery only in area known to be non-hazardous. 
Remove and replace battery only in area known to be non-
hazardous. 

Ne charger les batteries que dans emplacements design& 
non-dangereuses. 

A battery charging circuit is built into the MiniRAE 2000 
monitor. It only needs a regular AC to 12 V DC adapter (wall 
mount transformer) to charge the monitor. 

To charge the battery inside the MiniRAE 2000 monitor: 

1. Power off the Monitor. 

2. Connect the AC adapter (or the optional automotive charging 
adapter) to the DC jack on the MiniRAE 2000 monitor. If the 
unit was off, it will automatically turn on. 

3. The first message displayed will be "Deep discharge?" The 
unit will ask this question for three times. If the user wants to 
discharge the battery pack, affirm this query with the [Y/+] 
key, otherwise the unit will move on to the charge mode 
directly. 
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4. While charging, the display message will alternate between 
"Charging" and "Bat=x.xV" (x.x is the present battery 
voltage). The LED should be red in color when charging. 

Charging 
((c ON 

 

 

MODE 
	I 

5. When the battery is fully charged, the LED will change from 
red to green and the message "Fully charged" will appear on 
the display. After the battery is fully charged, the unit will 
enter the "trickle charge" mode. In which, the red LED will 
turn on for several seconds every minute, to maintain the full 
charge. 

A completely discharged MiniRAE 2000 monitor will be 
charged to full capacity within 10 hours. The battery will be 
drained slowly even if the monitor is turned off. If the monitor 
has not been charged for 7-10 days, the battery voltage will be 
low. 

The factory-supplied battery is designed to last for 10 hours of 
normal operation (no alarm, no back light condition), for a new 
battery under the best condition. As the battery becomes older 
or is subject to adverse conditions (such as cold ambient 
temperature), the battery capacity will be reduced significantly. 
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2) Alkaline Battery Holder 

An alkaline battery holder is supplied with each MiniRAE 
2000. It accepts four AA size alkaline batteries and can be used 
in place of the Ni-MH or Ni-Cd battery pack to provide 
approximately 12-14 hours of operation. The adapter is intended 
to be used in emergency situations when there is no time to 
charge the Ni-Cd or Ni-MH battery pack. 

To install the adapter, remove the cover of the battery 
compartment. Remove the Ni-Cd or Ni-MH battery pack from 
the battery compartment and replace with the alkaline battery 
adapter. Replace the battery compartment cover. 

The internal charging circuit is designed to prevent damage to 
alkaline batteries and the charging circuit when alkaline 
batteries are installed inside the monitor. 

Note: The AA Alkaline battery adapter supplied by RAE 
Systems Inc. is intrinsically safe! 

3) Water Trap Filter 

The water trap filter is made of PTFE (Teflon®) membrane with 
a 0.45 micron pore size to prevent water from being sucked into 
the sensor manifold, which would cause extensive damage to 
the monitor. It will also remove any dust and other particles 
from entering the monitor and prolong the operating life of the 
sensor. To install the water trap, simply insert it to the front of 
the inlet tube of the MiniRAE 2000 monitor. 
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3.2 	Optional Accessories 
1) Dilution Fitting 

The user may wish to install a dilution fitting on the inlet to 
dilute the gas samples. One application for a dilution fitting is to 
measure organic gas when the concentration exceeds the upper 
limit of the sensor range. 

Make sure to set the dilution ratio in the programming mode 
(see Section 4.7.9) so that the correct gas reading will be 
displayed when the dilution fitting is used. 

WARNING: To use a dilution fitting, the user must have 
the monitor located in a clean atmosphere outside the 
confined space and use a remote access probe or Tygon 
tubing to measure the gas concentration inside the confined 
space. 

2) Calibration Adapter 

The calibration adapter for the MiniRAE 2000 is a simple 6-
inch Tygon tubing with a metal adapter on one end. During 
calibration, simply insert the metal adapter into the regular gas 
inlet probe of the MiniRAE 2000 and the tubing to the gas 
regulator on the gas bottle. 
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3) Calibration Regulator and Flow Controller 

The Calibration Regulator and Flow controller is used in the 
calibration process. It regulates the gas flow rate from the Span 
gas cylinder into the gas inlet of the MiniRAE 2000 monitor 
during calibration process. The maximum flow rate allowed by 
the flow controller is about 0.5L/min (500 cc per min.). 
Alternatively, a Demand-flow Regulator or a Tedlar gas bag 
may be used to match the pump flow precisely. 

4) Organic Vapor Zeroing kit (Charcoal filter) 

The Organic Vapor Zeroing Kit is used for filtering organic air 
contaminants that may affect the zero calibration reading. To 
use the Organic Vapor Zeroing Kit, simply connect the filter to 
the inlet port of the MiniRAE 2000. 
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4. PROGRAMMING OF MINIRAE 2000 
The MiniRAE 2000 Monitor is built with a microcomputer to 
provide programming flexibility. Authorized users can re-
calibrate the monitor, change the alarm limits, change site ID, 
user ID, lamp type, and real time clock, etc. 

Programming is menu-driven to provide intuitive end-user 
operation. The display shows the menu options and the key pad 
used for menu selection and data entry. 
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4.1 	Programming Mode 
The programming mode allows the users to change the setups in 
the monitor, calibrate the monitor, modify the sensor 
configuration and enter user information, etc. 	The 
programming mode has four menu items. Each menu item 
includes several sub-menus to perform additional programming 
functions. Appendix A shows a more detailed menu tree 
structure. 

Programming Menu 

Calibrate/Select Gas? 

Change Alarm Limits? 

Change Datalog? 

Change Monitor Setup? 

Once inside the programming mode, the LCD will display the 
first menu. Each subsequent menu item can be viewed by 
pressing the [N/-] repeatedly until the desired menu is 
displayed. To enter the sub-menu of a particular menu, press 
[Y/+] key, the sub-menu will be displayed. 

Return to Operation mode: To exit the programming mode 
and return to operation, press the [MODE] key once at any of 
the programming menu displays. 
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4.2 Keys for Programming Mode 
The three keys perform a different set of functions during the 
programming mode as summarized below. 

Key 	 Function in Programming Mode 

[MODE]: 	Exit menu when pressed momentarily or 
exit data entry mode when pressed and held 
for 1 second 

[Y/+]: 	 Increase alphanumerical value for data entry 
or confirm (yes) for a question 

[NI-]: 	 Decrease alphanumerical value for data 
entry or deny (no) for a question 
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4.3 Entering into Programming Mode 
1. Turn on the MiniRAE 2000 monitor and wait for the 

"Ready.." message or the instantaneous reading display 
"0.0 ppm" message displayed. 

2. Press and hold down both [NI-] and [MODE] keys for three 
seconds to enter programming mode. This delay is to 
prevent the user from entering programming mode by 
accident. 

3. The first menu item "Calibrate/select Gas?" will be 
displayed. 

4. Release both [MODE] and [NI-] keys simultaneously to 
start the programming mode 

5. Press [NI-] key to scroll to the next menu item of the 
programming menu. Press [Y/+] key to select the displayed 
menu item. 

The following Sections 4.4 - 4.7 describe the details of each 
menu options. 
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4.4 Calibrate and Select Gas 

WARNINGS 
The calibration of all newly purchased RAE Systems 
instruments should be tested by exposing the sensor(s) to 
known concentration calibration gas before the instrument 
is put into service for the first time. 

For maximum safety, the accuracy of the MiniRAE 2000 
should be checked by exposing it to known concentration 
calibration gas before each day's use. 

In the first menu of the programming mode, the user can 
perform functions such as calibration of the MiniRAE 2000 
Monitor, select default cal memories, and modify cal memories 
(see Table 4.4). 

Table 4.4 

Calibrate/Select Gas Sub-Menu 

Fresh Air Cal? 

Span Cal? 

Select Cal Memory? 

Change Span Value? 

Modify Cal Memory? 

Change Correction Factor? 

Calibrating the MiniRAE 2000 monitor is a two-point process 
using "fresh air " and the standard reference gas (also known as 
span gas). First a "Fresh air" calibration, which contains no 
detectable VOC (0.0 ppm), is used to set the zero point for the 
sensor. Then a standard reference gas that contains a known 
concentration of a given gas is used to set the second point of 
reference. 
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Note: The span value must be set prior to calibrating for fresh 
air or span. 

The user can store calibrations for up to 8 different 
measurement gases. The default gas selections are as follows: 

Cal Memory #0 	Isobutylene 

Cal Memory #1 	Hexane 

Cal Memory #2 	Xylene 

Cal Memory #3 	Benzene 

Cal Memory #4 	Styrene 

Cal Memory #5 	Toluene 

Cal Memory #6 	Vinyl Chloride 

Cal Memory #7 	Custom? 

Memory #0 functions differently than the other 7 memories. For 
Memory #0, isobutylene is always the calibration gas. When the 
gas is changed in Memory #0 to one of 100 other 
preprogrammed chemicals or to a user-defined custom gas, a 
correction factor is applied to all the readings. During 
calibration, the unit requests isobutylene gas and displays the 
isobutylene concentration immediately following calibration, 
but when the unit is returned to the normal reading mode, it 
displays the selected gas and applies the correction factor. 

The other 7 cal memories require the same calibration gas as the 
measurement gas. These memories may also be modified to a 
preprogrammed chemical or to a user-defined custom gas. In 
the gas library, only the gases that can be detected by the 
installed UV lamp will actually be displayed. Note that although 
the correction factor for the new gas will be displayed and can 
be modified, this factor is not applied when Memories #1-7 are 
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used. Therefore the factor will not affect the readings in these 
memories. 

Once each of the memories has been calibrated, the user can 
switch between the calibrated gases by changing the cal 
memory without the need to recalibrate. Or the user can switch 
the measurement gas in Memory #0 and the appropriate 
correction factor will automatically be applied without the need 
to recalibrate. If the gas is changed in Memories #1-7, it is 
necessary to recalibrate. 

To change a default gas from the list above to a library or 
custom gas, first go to Select Cal Memory (Section 4.4.3) and 
then proceed to Modify Cal Memory (Section 4.4.5) to enter the 
desired gas. If the desired compound does not appear in the 
preprogrammed library, the user can use the Custom_VOC 
entry in the library, or the name and correction factor of any of 
the existing compounds can be changed as described in Section 
4.4.5. A list of some 300 correction factors is given in Technical 
Note 106, available at the website www.raesystems.com. 
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4.4.1 Fresh Air Calibration 

This procedure determines the zero point of the sensor 
calibration curve. To perform a fresh air calibration, use the 
calibration adapter to connect the MiniRAE 2000 to a "fresh" 
air source such as from a cylinder or Tedlar bag (option 
accessory). The "fresh" air is clean dry air without any organic 
impurities. If such an air cylinder is not available, any clean 
ambient air without detectable contaminant or a charcoal filter 
can be used. 

1. The first sub-menu shows: "Fresh air Cal?" 

2. Make sure that the MiniRAE 2000 is connected to one of 
the "fresh" air sources described above. 

3. Press the [Y/+] key, the display shows "zero in progress" 
followed by "wait.." and a countdown timer. 

After about 15 seconds pause, the display will show the 
message "update data...zeroed... reading = X.X ppm..." Press 
any key or wait about 20 seconds, the monitor will return back 
to "Fresh air Calibration?" submenu. 
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4.4.2 Span Calibration 

This procedure determines the second point of the sensor 
calibration curve for the sensor. A cylinder of standard 
reference gas (span gas) fitted with a 500 cc/min. flow-limiting 
regulator or a flow-matching regulator is the simplest way to 
perform this procedure. Choose the 500 cc/min. regulator only 
if the flow rate matches or slightly exceeds the flow rate of the 
instrument pump. Alternatively, the span gas can first be filled 
into a Tedlar Bag, or delivered through a demand-flow 
regulator. Connect the calibration adapter to the inlet port of the 
MiniRAE 2000 Monitor, and connect the tubing to the regulator 
or Tedlar bag. 

Another alternative is to use a regulator with >500 cc/min flow 
but allow the excess flow to escape through a T or an open tube. 
In the latter method, the span gas flows out through an open 
tube slightly wider than the probe, and the probe is inserted into 
the calibration tube. 

Before executing a span calibration, make sure the span value 
has been set correctly (see next sub-menu). 

1. Make sure the monitor is connected to one of the span gas 
sources described above. 

2. Press the [Y/+] key at the "Span Cal?" to start the 
calibration. The display shows the gas name and the span 
value of the corresponding gas. 

3. The display shows "Apply gas now!" Turn on the valve of 
the span gas supply. 
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4. Display shows "wait.... 30" with a count down timer 
showing the number of remaining seconds while the 
monitor performs the calibration. 

5. To abort the calibration, press any key during the count 
down. The display shows "Aborted!" and return to "Span 
Cal?" sub-menu. 

6. When the count down timer reaches 0, the display shows the 
calibrated value. 

Note: The reading should be very close to the span gas 
value. 

7. During calibration, the monitor waits for an increased signal 
before starting the countdown timer. If a minimal response 
is not obtained after 35 seconds, the monitor displays "No 
Gas!" Check the span gas valve is on and for lamp or sensor 
failure before trying again. 

8. The calibration can be started manually by pressing any key 
while the "Apply gas now!" is displayed. 

9. After a span calibration is completed, the display will show 
the message "Update Data Span Cal Done! Turn Off Gas." 

10. Turn off the flow of gas. Disconnect the calibration adapter 
or Tedlar bag from the MiniRAE 2000 Monitor. 

11. Press any key and it returns back to "Span Gas Cal?" 
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4.4.3 Select Cal Memory 

This function allows the user to select one of eight different 
memories for gas calibration and measurement. For Memories 
#1-7, the calibration and measurement gas is the same and no 
correction factor is applied. For Memory #0, the calibration gas 
is always isobutylene and the measurement gas may be 
different, in which case the correction factor for that gas is 
automatically applied. The default gas selections are listed in 
Section 4.4 

1. "Select Cal Memory?" is the third sub-menu item in the 
Calibration sub-menu. Pressing the [Y/+] key, the display 
will show "Gas =" gas name followed by "Mem # x?" 

2. Press [NI-] to scroll through all the memory numbers and 
the gas selections respectively. Press [Y/+] to accept the 
displayed Cal Memory number. 

3. After the [Y/+] key is pressed, the display shows "Save?" 
Press [Y/+] key to save and proceed. Press [NI-] to discard 
the entry and advance to the next sub-menu. 

4. If the gas in a newly selected Cal Memory number is not 
calibrated, the display shows "CF= x.xx". A correction 
factor with the value "x.xx" will be applied. 

5. If the gas of a newly selected cal memory number has been 
calibrated previously, the display shows "Last calibrated 
xx/xx/xx". 
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4.4.4 Change Span Value 

This function allows the user to change the span values of the 
calibration gases. 

1. "Change Span Value?" is the fourth sub-menu item in the 
Calibration sub-menu 

2. Press [Y/+], display shows the gas name and the span value. 
A cursor will blink at the first digit of the Span value. To 
modify the span gas value, go to Step 3. Otherwise, press 
and hold the [MODE] key for 1 second to accept the 
previously stored span gas value and move to the next sub-
menu. 

3. Starting from the left-most digit of the span gas value, use 
the [Y/+] or [NI-] key to change the digit value and press 
[MODE] key momentarily to advance to next digit. Repeat 
this process until all digits are entered. Press and hold the 
[MODE] for 1 second to exit. 

4. The display shows "Save?" To accept the new value, press 
the [Y/+] key. Press the [NI-] key or the [MODE] key to 
discard the change and move to the next sub-menu. 
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4.4.5 Modify Cal Memory 

If the current cal memory number selected is not memory 0, 
users will be prompted whether to modify the settings of the 
selected cal memory. Press [Y/+] to modify the cal memory and 
[NI-] to go to the next sub-menu. 

Once [Y/+] is pressed the LCD display will show the current 
memory number, current Gas selected and prompt user for 
acceptance of current gas selected. 

1. Press [NI-] to modify the gas selection if desired. Or press 
[Y/+] key to skip the change of gas selection, and proceed to 
the next sub-menu. 

2. After pressing [N/-], display shows "Copy gas from 
library?" Press [Y/+] to accept or [NI-] for the next sub-
menu, "Enter Custom gas?" 

3. In the "Copy gas from library" submenu, use [Y/+] and [NI-
] keys to scroll through the selections in the library. Press 
[MODE] key momentarily to select the gas. The display 
shows "Save?" Press [Y/+] to save or [NI-] to discard the 
changes and proceed to next sub-menu. 

4. In the Custom gas sub-menu, the user can enter the gas 
name. Press the [Y/+] or [N/-] key to cycle through all 26 
letters and 10 numerals. Press the [MODE] key 
momentarily to advance to the next digit. The flashing digit 
will move to the next digit to the right. Repeat this process 
until all digits (up to 8 digits) of the custom gas name is 
entered. 

Press and hold the [MODE] key for 1 second to exit the name 
entry mode. The display will show "Save?" Press [Y/+] to save 
the entry, or [N/-] to discard the changes. 

4-13 

PROGRAMMING 

4.4.5 Modify Cal Memory 

If the current cal memory number selected is not memory 0, 
users will be prompted whether to modify the settings of the 
selected cal memory. Press [Y /+] to modify the cal memory and 
[N/-] to go to the next sub-menu. 

Once [Y/+] is pressed the LCD display will show the current 
memory number, current Gas selected and prompt user for 
acceptance of current gas selected. 

1. Press [N/-] to modify the gas selection if desired. Or press 
[Y/+] key to skip the change of gas selection, and proceed to 
the next sub-menu. 

2. After pressing [N/-], display shows "Copy gas from 
library?" Press [Y/+] to accept or [N/-] for the next sub­
menu, "Enter Custom gas?" 

3. In the "Copy gas from library" submenu, use [Y/+] and [N/­
] keys to scroll through the selections in the library. Press 
[MODE] key momentarily to select the gas. The display 
shows "Save?" Press [Y/+] to save or [N/-] to discard the 
changes and proceed to next sub-menu. 

4. In the Custom gas sub-menu, the user can enter the gas 
name. Press the [Y/+] or [N/-] key to cycle through all 26 
letters and 10 numerals. Press the [MODE] key 
momentarily to advance to the next digit. The flashing digit 
will move to the next digit to the right. Repeat this process 
until all digits (up to 8 digits) of the custom gas name is 
entered. 

Press and hold the [MODE] key for 1 second to exit the name 
entry mode. The display will show "Save?" Press [Y/+] to save 
the entry, or [N/-] to discard the changes. 

4-13 



PROGRAMMING 

4.4.6 Change Correction Factor 

This function allows the user to change the Correction Factor of 
the standard calibration gas (only for Cal Memory #0). 

1. "Change Correction Factor?" is the sixth sub-menu in the 
Calibration sub-menu. 

2. Press [Y/+] key. Display shows the gas name, then the 
correction factor. 

A cursor blinks at the left-most digit of the correction factor. 
If user wants to modify the correction factor, go to Step 3. 
Otherwise, press and hold the [MODE] key for 1 second to 
accept the previously stored correction factor value and 
return to the first sub-menu of the calibrate/select gas menu. 

3. Starting from the left-most digit of the correction factor, use 
[Y/+] or [NI-] key to change the digit value and press 
[MODE] key momentarily to advance to the next digit, the 
cursor will move to the next digit to the right. Repeat this 
process until all digits are entered. Press and hold the 
[MODE] for 1 second to exit. 

4. The display shows "Save?" To confirm the new value, 
press [Y/+] to accept the change. Press [NI-] or [MODE] to 
discard the change and return to the first sub-menu, 
Calibrate and Select Gas. 
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4.5 Change Alarm Limits 
In this menu, the user can change the high and low alarm limits, 
the STEL limit and the TWA limit (see Table 4.5 below). Press 
the [Y/+] key and the display shows the current gas selected 
followed by the first sub-menu item below. 

Table 4.5 

Alarm Limit Sub-Menu 

Change High Alarm limit? 

Change Low Alarm limit? 

Change STEL limit? 

Change TWA limit? 

1. Scroll through the Alarm Limit sub-menu using the [NI-] 
key until the display shows the desired limit to be changed, 
e.g.,"High limit?", "STEL limit?", etc. 
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2. Press the [Y/+] key to select the desired limit and the 
display shows a flashing cursor on the left-most digit of the 
previously stored alarm limit. 

00 1 0 . 0 
ON 

 

MODE 

 

	  1  

3. To modify this limit value, use the [Y/+] or [NI-] key to 
change the digit value and press the [MODE] key 
momentarily to advance to the next digit. The flashing digit 
will move to the next digit to its right. Repeat this process 
until the new limit value is entered. Press and hold the 
[MODE] key for 1 second to exit data entry mode. 

4. If there is any change to the existing value, the display 
shows "Save?" Press [Y/+] to accept the new value and 
move to the next sub-menu. Press [1\1/-] to discard the 
changes and move to the next sub-menu. 
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4.5.1 Change Low Alarm Limit 

The second sub-menu item in the Alarm Limit sub-menu allows 
the user to change the Low Alarm limit. The LCD displays 
"Low limit?" To change Low Alarm limit, press [Y/1-] key, or 
Press [N/-] key advance to next sub-menu in Table 4.5. 

1. Press [Y/+] and the display will show a flashing cursor on 
the left-most digit of the previously stored Low alarm limit. 

2. To modify this limit value, use the [Y/+] or [NI-] key to 
change the digit value and press the [MODE] key 
momentarily to advance to the next digit. The flashing digit 
will move to the next digit to its right. Repeat this process 
until the new limit values is entered. Press and hold the 
[MODE] key for 1 second to exit data entry mode. 

3. If there is any change to the existing value, the display 
shows "Save?" Press [Y/+] to accept the new value and 
move to the next sub-menu. Press [N/-] to discard the 
changes and move to the next sub-menu. 
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4.5.2 Change STEL Limit 

This sub-menu item allows the user to change the STEL limit. 
The display shows "STEL limit?" 

1. Press the [Y/+] key and the display will show a flashing 
cursor on the left-most digit of the previously stored STEL 
limit. 

2. To modify this limit value, use the [Y/+] or [NI-] key to 
change the digit value and press the [MODE] key 
momentarily to advance to the next digit. The flashing digit 
will move on to next digit to its right. Repeat this process 
until the new limit values is entered. Press and hold the 
[MODE] key for 1 second to exit data entry mode. 

3. If there is any change to the existing value, the display 
shows "Save?" Press [Y/+] to accept the new value and 
move to the next sub-menu. Press [1s1/-] to discard the 
changes and move to the next sub-menu. 
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4.5.3 Change TWA Limit 

This sub-menu item allows the user to change the TWA limit. 
The LCD displays "TWA limit?" 

1. Press [Y/+] and the display will show a flashing cursor on 
the left-most digit of the previously stored TWA limit. 

2. To modify this limit value, use the [Y/-F] or [NI-] key to 
change the digit value and press the [MODE] key 
momentarily to advance to the next digit. The flashing digit 
will move on to next digit to its right. Repeat this process 
until the new limit values is entered. Press and hold the 
[MODE] key for 1 second to exit data entry mode. 

3. If there is any change to the existing value, the display 
shows "Save?" Press [Y/+] to accept the new value and 
move to the next sub-menu. Press [N/-] to discard the 
changes and move to the next sub-menu. 

4-19 

PROGRAMMING 

4.5.3 Change TWA Limit 

This sub-menu item allows the user to change the TWA limit. 
The LCD displays "TWA limit?" 

1. Press [Y/+] and the display will show a flashing cursor on 
the left-most digit of the previously stored TWA limit. 

2. To modify this limit value, use the [Y/+] or [N/-] key to 
change the digit value and press the [MODE] key 
momentarily to advance to the next digit. The flashing digit 
will move on to next digit to its right. Repeat this process 
until the new limit values is entered. Press and hold the 
[MODE] key for 1 second to exit data entry mode. 

3. If there is any change to the existing value, the display 
shows "Save?" Press [Y/+] to accept the new value and 
move to the next sub-menu. Press [N/-] to discard the 
changes and move to the next sub-menu. 

4-19 



PROGRAMMING 

4.6 Change Datalog 
The MiniRAE 2000 monitor calculates and stores the 
concentration and ID of each sample taken. In the datalog sub-
menu, a user can perform the tasks and functions shown below. 

Datalog Sub-Menu 

Reset Peak/Minimum? 

Clear Data? 

Change Data Period? 

Change Average Type? 
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4.6.1 Reset Peak 

This function will reset the peak and minimum stored in the 
data memory. Note: this function will not clear the STEL or 
TWA data. 

1. "Reset Peak?" is the first sub-menu item in the Datalog sub-
menu (Table 4.6). 

2. Press the [Y/+] key to reset the Peak/Minimum Values. The 
display shows "Are You Sure?" 

3. Pressing the [Y/+] key again will reset the values. The 
display shows "Peak/Minimum Cleared" and moves to the 
next submenu. 

4. Press the [NI-] or [MODE] key to exit without resetting the 
values and move to the next sub-menu. 
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4.6.2 Clear Data 
This function will erase all data stored in the non-volatile 
datalog memory. Note: This function does not change STEL, 
TWA, Peak, Minimum and run time values, which are stored in 
the regular data memory. 

1. "Clear Data?" is the third sub-menu item in the Datalog sub-
menu. 

2. Press the [Y/+] key to clear the datalog memory. The 
display shows "Are you sure?" 

3. Press the [Y/-F] key again to confirm erasure of all the 
datalog memory. 

4. Press the [NI-] or [MODE] key to exit without clearing the 
datalog memory and move to the next datalog sub-menu. 
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4.6.3 Change Data Period 

The datalog period can be programmed from 1 to 3,600 seconds 
(1 hour). 

1. "Change Data Period?" is the fifth sub-menu item in the 
Datalog sub-menu. 

2. Press the [Y/+] key and the display shows "Datalog Period 
= XXXX" with the left-most digit flashing, where "XXXX" 
is the previously stored data log period. 

4. To modify this period, starting from the left-most digit, use 
the [Y/+] or [NI-] key to change the digit value and press the 
[MODE] key momentarily to advance to the next digit. The 
flashing digit will move to the next digit to the right. Repeat 
this process until all 4 digits of the new period are entered. 
Press and hold the [MODE] key for 1 second to exit data 
entry mode. 

5. If there is any change to the existing value, the display will 
show "Save?" Press [Y/+] to accept the new value or [NI-] 
to discard the changes and move to the next sub-menu. 
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4.6.4 Change Average Type 
The user can select either an 8-hour Time Weighted Average 
(TWA) or a running Average. The running average is simply 
the average of all instantaneous (1-second) readings since the 
measurement was started. This average may increase or 
decrease with time depending on the readings. The TWA is a 
cumulative value used to estimate the fraction of the 8-hour 
limit to which the user has been exposed since the start of the 
measurement. This value can only increase or remain constant, 
never decrease. Refer to Technical Note 119 for more 
information on how TWA is calculated. 

1. "Change Average Type?" is the sixth sub-menu in the 
Datalog sub-menu. 

2. Press the [Y/+] key to enter the function. 

3. The display will show "Running Average?" or " Time 
Weighted Average?" depending on the current average type. 

4. Press [NI-] key to toggle between the average types. Press 
[Y/+] key to select the displayed average type. 

5. If there is any change to the existing setting, the display 
shows "Save?" Press [Y/+] to save the change. Press [NI-] 
or [MODE] to discard the change and return to the first sub-
menu. 
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The user can select either an 8-hour Time Weighted Average 
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4.7 Change Monitor Setup 
Several monitor specific variables can be changed in this menu. 
The following is a list of configuration data that can be 
modified by the user. 

Monitor Setup Sub-Menu Diagnostic Mode 

Change Operation Mode? 44 

Change Site ID? Change Unit ID? 

Change User ID? Change Host ID? 

Change Alarm Mode? 46 

Change User Mode? 44 

Change Date? 44 

Change Time? 66 

Change Lamp? 44 

Change Pump Duty Cycle? CC 

Change Unit? 44 

Change Dilution Ratio? CC 

Change Output? 44 

Change DAC Range? CC 

Set Temperature Unit? 44 
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4.7.1 Change Operation Mode 

MiniRAE 2000 supports two operation modes: Survey and 
Hygiene mode. 

Survey mode: Manual start/stop of measurements and display 
of certain exposure values. 

Hygiene mode: Automatic measurements, running and 
datalogging continuously and calculates additional exposure 
values. 

1. "Change Op Mode?" is the first sub-menu item in the 
Monitor Setup menu (Table 4.7). 

2. Press the [Y/+] key and the display shows the current user 
mode: "Op Mode = current mode?" 

3. Press the [Y/+] key to accept the currently displayed 
operation (Op) mode. Press [NI-] to toggle to the other 
operation mode. Press [MODE] to exit this sub-menu and 
move to the next monitor setup sub-menu. 

4. When changing Op mode from Hygiene to Survey, the 
display shows the additional message "Warning! Exit 
Hygiene?" to prevent accidental exit from Hygiene mode. 
Press the [Y/+] key to acknowledge. 

5. If there is any change to the existing setting, the display will 
show "Save?" Press the [Y/+] key to accept or the [N/-] key 
to discard and move to the next sub-menu. 

Note: If a new Op Mode is saved, the display shows "Op Mode 
changed! !" when exiting the programming mode. 
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4.7.2 Change Site ID 

The user can enter an 8-digit alphanumeric site ID in the 
programming mode. This site ID will be included in the datalog 
report. 

1. "Change Site ID?" is the second sub-menu item in the 
Monitor Setup menu (Table 4.7). 

2. Press the [Y/+] key and the display shows the current site 
ID: "Site ID = xxxxxxx" with the left most digit flashing. 

3. Press the [Y/+] or [NI-] key to cycle through all 26 letters 
and 10 numerals. Press [MODE] momentarily to advance to 
the next digit. The flashing digit will move to the next digit 
to the right. Repeat this process until all 8 digits of the new 
site ID are entered. 

4. Press and hold the [MODE] key for 1 second to exit the 
data entry mode. 

5. If there is any change to the existing site ID, the display 
shows "Save?" Press the [Y/+] key to accept the new site 
ID. Press the [N/-] key to discard the change and move to 
the next sub-menu. 
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4.7.3 Change User ID 
The user can enter an 8-digit alphanumeric user ID in the 
programming mode. This user ID will be included in the datalog 
report. 

1. "Change User ID?" is the third sub-menu item the Monitor 
Setup menu. 

2. Press the [Y/+] key and the display shows the current user 
ID: "User ID = xxxxxxxx" with the left most digit flashing. 

3. Press the [Y/+] or [1s1/-] key to cycle through all 26 letters and 
10 numerals. Press [MODE] momentarily to advance to the 
next digit. The flashing digit will move to the next digit to 
the right. Repeat this process until all 8 digits of the new 
user ID are entered. 

4. Press and hold the [MODE] key for 1 second to exit the 
data entry mode. 

5. If there is any change to the existing user ID, the display 
shows "Save?" Press the [Y/+] key to accept the new user 
ID. Or press the [NI-] key to discard the changes and move 
to the next sub-menu. 
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4.7.4 Change Alarm Mode? 

There are two different alarm modes: Latched and Automatic 
Reset (Auto Reset) in the MiniRAE 2000 that can be selected 
from the programming menu. 

1. "Change Alarm Mode?" is the fourth sub-menu item in the 
Monitor Setup menu. 

2. Press the [Y/+] key; the display shows the current alarm 
mode. 

3. Press the IY/-1-1 key to accept the currently displayed alarm 
mode. Press [N/-] key to toggle to the other alarm mode. 
Press [MODE] to exit this sub-menu and move to the next 
monitor setup sub-menu. 

4. If there is any change to the existing setting, the display will 
show "Save?" Press [Y/+] to save the change. Press [N/-] or 
[MODE] to discard the change and move to the next sub-
menu. 
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4.7.5 Change User Mode 

There are two different user modes: Display and Program that 
can be selected from the programming menu. 

1. "Change User Mode?" is the fifth sub-menu item in the 
Monitor Setup menu (Table 4.7). 

2. Press the [Y/+] key; the display shows the current user 
mode selected. 

3. Press the [Y/+] key to accept the currently displayed user 
mode. Press [NI-] key to toggle to the alternate user modes. 
Press [MODE] to exit this sub-menu and move to the next 
monitor setup sub-menu. 

4. If there is any change to the existing selection, the display 
shows messages "Program change" and "Are you sure?" 
Press [Y/+] to confirm the change or press [NI-] or 
[MODE] to discard the changes and move to the next sub-
menu. 

CAUTION: If the user mode is changed to Display mode, the 
user can no longer enter the programming mode. Therefore, the 
user can not change the user mode back to Program mode in 
normal mode. 

To restore the user mode back to Program mode, turn the unit 
off and back on in Diagnostic Mode. Next enter Program mode 
by holding the [MODE] and [N/-] keys for three seconds. Enter 
the password at the prompt (the default is 0000). Once program 
mode is entered, go to the "Change Monitor Setup" / "Change 
User Mode" and change the mode back to Program. 

An alternative way to change Display mode back to Program 
mode is through the PC and the ProRAE-Suite software. 
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4.7.6 Change Date 

The MiniRAE 2000 monitor is equipped with a real time clock 
(RTC). The user can enter the correct date and time (see 4.7.7) 
for the real time clock. 

1. "Change Date?" is the sixth sub-menu item in the Monitor 
Setup menu. 

2. Press [Y/+] and the display shows the current date "mm / 
dd / yy" with the left most digit of the date flashing. 

5. To modify this value, use the [Y/+] or [NI-] key to change 
the digit value and press the [MODE] key momentarily to 
advance to the next digit. The flashing digit will move on to 
next digit to its right. Repeat this process until the new date 
and time values are entered. Press and hold the [MODE] 
key for 1 second to exit data entry mode. 

4. If there is any change to the existing value, the display 
shows "Save?" Press [Y/+] to confirm the new value or 
press [N/-] or [MODE] to discard the changes and move to 
the next sub-menu. 
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4.7.7 Change Time 

To change the time in the RTC of the MiniRAE 2000: 

1. "Change Time?" is the seventh sub-menu item in the 
Monitor Setup menu. 

2. Press [Y/+] and the display shows the current time in the 
24-hour format "hh : mm" with the left most digit of the 
time flashing. 

3. To modify this value, use the [Y/+] or [NI-] key to change 
the digit value and press the [MODE] key momentarily to 
advance to the next digit. The flashing digit will move on to 
next digit to its right. Repeat this process until the new date 
and time values are entered. Press and hold the [MODE] 
key for 1 second to exit data entry mode. 

4. If there is any change to the existing value, the display 
shows "Save?" Press [Y/+] to confirm the new value or 
press [NI-] or [MODE] to discard the changes and move to 
the next sub-menu. 
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4.7.8 Change Lamp 

There are three UV lamps with different photon energies 
available for the PID sensor: 9.8 eV, 10.6 eV and 11.7 eV. The 
user can select any one of the lamps from the programming 
mode. 

1. "Change Lamp Type?" is the eighth sub-menu item in the 
Monitor Setup menu (Table 4.7). 

2. Press the [Y/+] key; the display shows the current PID lamp 
selection. 

3. Press the [Y/+] key to accept the currently displayed lamp. 
Press [1\1/-] key to scroll through the sub-menu for other 
lamp selections. Press [MODE] to exit this sub-menu and 
return to the next sub-menu in Table 4.7. 

4. If there is any change to the existing selection, the display 
will show "Save?" Press [Y/+] to save the new selection or 
press [NI-] or [MODE] to discard the change and return to 
the next sub-menu in Table 4.7. 
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Monitor Setup menu (Table 4. 7). 

2. Press the [Y/+] key; the display shows the current PID lamp 
selection. 

3. Press the [Y/+] key to accept the currently displayed lamp. 
Press [N/-] key to scroll through the sub-menu for other 
lamp selections. Press [MODE] to exit this sub-menu and 
return to the next sub-menu in Table 4.7. 

4. If there is any change to the existing selection, the display 
will show "Save?" Press [Y/+] to save the new selection or 
press [N/-] or [MODE] to discard the change and return to 
the next sub-menu in Table 4.7. 
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4.7.9 Change Unit 

User can change the display and datalog unit from parts per 
million (ppm) to milli-gram per cubic meter (mg/m3). 

1. "Change Unit?" is the ninth sub-menu item in the Monitor 
Setup sub-menu. 

2. Press the [Y/+] key, the display should show the current unit 
"Display Unit = ppm?" or "Display Unit = mg?" 

3. Press [Y/+] key to accept the currently displayed unit. Press 
[NI-] key to toggle to the other unit. Press [MODE] key to 
exit this sub-menu. 

4. If there is any change to the existing selection, press [Y/+] 
to confirm the new selection or press [NI-] or [MODE] to 
discard the changes and move to the next sub-menu. 

Caution: 

1. The correction factor in the gas library is calculated 
based on "ppm" unit. If "mg" unit is selected, the built-
in correction factor library is not valid. 

2. No automatic conversion between "ppm" and "mg/m3" 
reading is performed by the monitor. 

3. When the unit name is changed from "ppm" to "mg", 
the unit must be recalibrated with the span gas 
concentration entered in mg/m3. The converse rule 
applies when the unit is changed from "mg" to "ppm". 
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4.7.10 Change Dilution Ratio 

If a dilution system is used upstream of the MiniRAE 2000 inlet 
port, the user can enter the dilution ratio (from 1 to 10) to 
compensate the readings. The unit will then display the actual 
concentration of the gas before dilution. The dilution ratio 
should be 1 in normal operation where no dilution gas is applied 
to the sample gas. Dilution improves accuracy and linearity 
when the concentrations are above a few thousand ppm. 

1. "Change Dilution Ratio?" is the tenth sub-menu item in the 
Monitor Setup menu. 

2. Press the [Y/+] key; the display shows the current dilution 
ratio: "Dilution Ratio = xx" with the left most digit flashing. 

3. Press the [Y/-1-] or [NI-] key to increase or decrease the 
value of the digit. Press [MODE] momentarily to advance 
to the next digit. The flashing digit will move to the next 
digit to the right. Repeat this process until both digits of the 
new dilution ratio are entered. 

4. Press and hold the [MODE] key for 1 second to exit the 
data entry mode and move to the next sub-menu. 

5. If there is any change to the existing dilution ratio, the 
display shows "Save?" Press [Y/+] to confirm the new value 
or press [NI-] or [MODE] to discard the changes and move 
to the next sub-menu. 
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4.7.11 Change Output? 
There are two different external output options: DAC (Analog 
output) and Alarm in the MiniRAE 2000 that can be selected 
from the programming menu. The alarm output can be used to 
connect to the optional vibration alarm (vibrator) only. The 
analog output, which is proportional to the gas concentration, 
can be connected a chart recorder or can be queried by a 
computer to download data in real time (see Technical Note 
141). 

1. "Change External Output?" is the eleventh sub-menu item 
in the Monitor Setup menu. 

2. Press the [Y/+] key and the display shows the current output 
option selection: "Output = DAC?" 

3. Press the [Y/+] key to accept the currently displayed output 
option. Press [NI-] to change to the other external option: 
"Output = Alarm?" Press [MODE] to exit this sub-menu 
and move to the next monitor setup sub-menu. 

4. If there is any change to the existing selection the display 
will show "Save?" Then, press [Y/+] to save the change, 
press [NI-] to go back to Step 2, or press [MODE] to exit 
this sub-menu and move to the next monitor setup sub-
menu. 
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4.7.12 Change DAC Range? 

There are four different DAC (Digital-to-Analog Conversion) 
range values available in the MiniRAE 2000: 20, 200, 2000 
and 10K ppm. The maximum 2.5V DC analog signal output 
from the unit will represent the range value chosen. (See for 
analog signal output connection.) 

1. "Change DAC Range?" is the twelfth sub-menu item in the 
Monitor Setup menu. 

2. Press the [Y/+] key, the display shows the current DAC 
Range value: "DAC Range = 2000 ppm?" 

3. Press the [Y/+] key to accept the currently displayed value. 
Press [NI-] to scroll through the sub-menu for other range 
values. Press [MODE] to exit this sub-menu and return to 
the first sub-menu in Table 4.7. 

4. If there is any change to the existing selection, press the 
[Y/+] key and the display will show "Save?" Press the 
[Y/+] key to save the change or press the [NI-] key to 
discard and return to the first sub-menu in Table 4.7. 
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4.7.13 Set Temperature Unit? 

The temperature display can be switched between Fahrenheit 
and Celsius units. 

1. "Set Temperature Unit?" is the thirteenth sub-menu item in 
the Monitor Setup menu. 

2. Press the [Y/+] key, and the display shows the current 
setting: "Temperature Unit = Fahrenheit?" 

3. Press the [Y/+] key to accept the currently displayed value. 
Press [N/-] to select the sub-menu "Temperature Unit = 
Celsius?" Press [MODE] to exit this sub-menu and return to 
the first sub-menu in Table 4.7. 

4. If there is any change to the existing selection, press the 
[Y/+] key and the display will show "Save?" Press the 
[Y/+] key to save the change and return to the first sub-
menu in Table 4.7 or press the [NI-] key to discard and 
return to Step 3.. 
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4.8 Exit Programming Mode 
1. To exit programming mode from the first tier menu level, 

press the [MODE] key once. 

2. To exit programming mode from 2nd tier sub-menu, press 
the [MODE] key twice. 

3. To return to programming mode, press and hold down both 
the [MODE] and [N/-] keys for 3 seconds. 
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Figure 5-1 MiniRAE 2000 Block Diagram 
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5. THEORY OF OPERATION 
The MiniRAE 2000 monitor uses a newly developed 
electrodeless discharge UV lamp as the high-energy photon 
source for the PID. As organic vapors pass by the lamp, they are 
photo-ionized and the ejected electrons are detected as a 
current. The PID sensor with a standard 10.6 eV lamp detects a 
broad range of organic vapors. A lamp with high photon energy 
(e.g. 11.7 eV) will measure the more kinds of compounds, 
whereas low photon energies (e.g. 9.8 eV) are selective for 
easily ionizable compounds such as aromatics. In principle, any 
compound with an ionization energy lower than that of the lamp 
photons can be measured. 

The PID sensor for the MiniRAE 2000 monitor is constructed 
as a small cavity in front of the UV lamp. A diaphragm pump 
draws the gas sample into the sensor and then pumps it out 
through the side of the instrument. 
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THEORY OF OPERATION 

A single chip microcomputer is used to control the operation of 
the alarm buzzer, LED, pump and light sensor. It measures the 
sensor readings and calculates the gas concentrations based on 
calibration to known standard gases. The data are stored in non-
volatile memory so that they can be sent to a PC for record 
keeping. RS-232 transceivers provide a serial interface between 
the monitor and the serial port of a PC. An LCD display 
consisting of a single row of eight alpha/numeric characters is 
used to display the readings. The user interacts with the monitor 
through three keys on the front panel keypad. 

A rechargeable NiMH, NiCd battery, or an alkaline battery pack 
powers the monitor. 
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6. MAINTENANCE 
The major maintenance items of the MiniRAE 2000 are: 

• Battery pack 

• Sensor module 

• PID lamp 

• Sampling pump 

• Inlet connectors and filters 

Note: Maintenance should be performed by qualified 
personnel only. 

NOTE: The printed circuit board of the monitor is 
connected to the battery pack even if the power is turned 
off. Therefore, it is very important to disconnect the battery 
pack before servicing or replacing any components inside 
the monitor. Severe damage to the printed circuit board or 
battery may occur if the battery pack is not disconnected 
before servicing the unit. 
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6.1 	Battery Charging and Replacement 
When the display shows a flashing message "Bat", the battery 
requires recharging (see Section 3.1 for Battery charging). It is 
recommended to recharge the MiniRAE 2000 monitor upon 
returning from fieldwork. A fully charged battery runs a 
MiniRAE 2000 monitor for 10 hours continuously. The 
charging time is less than 10 hours for a fully discharged 
battery. The built-in charging circuit is controlled by the micro-
controller to prevent over-charging. The battery may be 
replaced in the field (in area known to be non-hazardous) if 
required. 

WARNING 
To reduce the risk of ignition of hazardous atmospheres, 
recharge battery only in area known to be non- hazardous. 
Remove and replace battery only in area known to be non-
hazardous. 

Replacing Battery Pack 

Figure 6-1 Battery Replacement 

1. 
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Turn off the power of the MiniRAE 2000. 

2. Unscrew the two battery compartment screws, located on 
the bottom of the monitor, and remove the cover. 

3. Remove the battery pack from the battery compartment. 

4. Replace a fully charged spare battery pack inside the battery 
compartment. Make sure the battery pack is oriented 
properly inside the compartment 

5. Close the battery cover and tighten the two screws. 

Replacing Alkaline Battery Adapter 

1. Insert four fresh AA size alkaline batteries into the alkaline 
battery holder. Make sure that the polarity of the batteries is 
correct. 

2. Follow the same procedure as described above to replace the 
battery holder. 

Note: The internal charging circuit is designed to prevent 
charging to alkaline batteries. 
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6.2 	HD Sensor & Lamp Cleaning/Replacement 
The sensor module is made of several components and is 
attached to the lamp-housing unit as shown in Figure 7-2. 

Figure 7-2 Sensor Components 

Note: Normally the cleaning procedure is not needed. Clean 
the PID sensor module, the lamp and the lamp housing only 
when one of the following happened: 

1. The reading is inaccurate even after calibration. 

2. The reading is very sensitive to air moisture. 

3. A chemical liquid has been sucked into the unit and 
damaged the unit. 

Use of the water trap filter will help prevent contamination and 
accidentally drawing liquid into the sensor. 
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To access the sensor components and lamp, gently unscrew the 
lamp-housing cap, remove the sensor adapter with the gas inlet 
probe and the metal filter all together. Then hold the PID sensor 
and pull straight out to avoid bending the electrical pins on the 
sensor (see Figure 7-2). A slight, gentle rocking motion helps 
release the sensor. 

To clean the PID sensor: 

Place the entire PID sensor module into GC grade methanol. It 
is highly recommended that an ultrasound bath to be used to 
clean the sensor for at least 15 minutes. Then dry the sensor 
thoroughly. Never touch the electrodes of the sensor by hand. 

Also use a methanol-soaked cotton swab to wipe off the lamp 
housing where it contacts the sensor when the sensor is 
installed. 

Turn over the sensor so that the pins point up and the sensor 
cavity is visible. Examine the sensor electrodes for any 
corrosion, damage, or bending out of alignment. The metal 
sensor electrode "fmgers" should be flat and straight. If 
necessary, carefully bend the sensor fingers to ensure that they 
do not touch the Teflon portions and that they are parallel to 
each other. Make sure that the nuts on the sensor pins are snug 
but not overtight. If the sensor is corroded or otherwise 
damaged, it should be replaced. 
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To clean lamp housing or change the lamp: 

To clean lamp housing or change the lamp: 

If the lamp does not turn on, the monitor will display an error 
message to indicate replacement of the lamp may be required. 

1. If the lamp is operational, clean the lamp window surface 
and the lamp housing by wiping it with GC grade methanol 
using a cotton swab using moderate pressure. After 
cleaning, hold the lamp up to the light at an angle to detect 
any remaining film. Repeat the process until the lamp 
window is clean. Never use water solutions to clean the 
lamp. Dry the lamp and the lamp housing thoroughly after 
cleaning. 

CAUTION: Never touch the window surface with 
the fingers or anything else that may leave a film. 
Never use acetone or aqueous solutions. 

2. If the lamp does not turn on, remove the lamp from the lamp 
housing. Place the lamp 0-ring onto the new lamp. Insert 
the new lamp, avoiding contact with the flat window 
surface. 

3. Reinstall the PID sensor module. 

4. Tighten the Lamp Housing Cap. 

5. If the lamp type has been changed, adjust the lamp type 
setting in the programming mode (Section 4.7.8). 
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6.3 Sampling Pump 
When approaching the end of the specified lifetime of the 
pump, it will consume higher amount of energy and reduce its 
sample draw capability significantly. When this occurs, it is 
necessary to replace or rebuild the pump. When checking the 
pump flow, make sure that the inlet connector is tight and the 
inlet tubing is in good condition. Connect a flow meter to the 
gas inlet probe. The flow rate should be above 450 cc/min when 
there is no air leakage. 

Figure 7-3 Sampling Pump 
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Pump Replacement 

1. Turn off the MiniRAE 2000 power. 

2. Open the battery cover, remove the battery pack, and 
carefully unscrew the six screws to open the bottom cover. 

3. Unplug the pump from the PCB. Unscrew the two screws 
that hold the pump assembly to the PCB. Disconnect the 
Tygon tubing that connects the pump to the gas inlet port and 
gas outlet port. 

4. Insert a new pump assembly. Connect the Tygon tubing to 
the gas inlet port. Plug the pump connector back into the 
PCB and screw down the pump assembly to the board. 

5. Replace the bottom cover and tighten the six screws. Re-
connect the battery pack. Replace the battery pack and its 
cover. 
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6.4 Turning on the UV Lamp 
The UV lamp is made of a glass envelope and a UV window 
(salt crystal) on one end of the envelope. The inside of the lamp 
is filled with low pressure gases. To turn on the lamp, a high 
voltage electric field is applied from the outside of the glass 
envelope. The molecules inside the lamp are ionized and 
produce a glow discharge that generates the UV light. The 
MiniRAE 2000 has a built-in sensing mechanism to monitor the 
status of the UV lamp and display a "Lamp" error message if it 
is not on. 

If the UV lamp has not been used for a long period of time (> 1 
month) or is cold, it may become slightly harder to turn on. If 
such a condition occurs, the "Lamp" message will appear in the 
monitor display during the power on sequence. This 
phenomenon is more significant in 0.25" UV lamps used in 
ToxiRAE and MultiRAE Plus products, because of the 
relatively small lamp size. To solve this problem, simply turn 
on and off the monitor a few times and the lamp should turn on. 
After the UV lamp is turned on for the first time, it should be 
easier to turn on the UV lamp next time. 

It is possible that the UV lamp is actually on when the lamp 
error message appears. This is because when the lamp becomes 
old, the internal threshold level to detect lamp failure may have 
shifted and cause a false alarm. To eliminate such possibility, 
simply check to see the UV lamp is actually on. This can be 
done easily by removing the sensor cap and observing the glow 
light of the UV lamp in a dark place. The user can also feed the 
monitor with calibration gas and observe if the sensor reading 
changes. If the reading changes significantly with the gas, the 
UV lamp is actually on. 

A possible failure mechanism for the UV lamp is a leak 
developed along the seal of the glass envelope. When such 
condition occurs, the lamp will become very hard or impossible 
to turn on and will need to be replaced. 
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7. TROUBLESHOOTING 
To aid the user in diagnosing the monitor, a special diagnostic 
mode can be used displays critical, low level parameters. 
Section 7.1 describes the operation of the diagnostic mode. 
Section 7.2 summarizes the frequently encountered problems 
and suggested solutions. By turning on the MiniRAE 2000 
monitor in diagnostic mode and by using the troubleshooting 
table in Section 7.2, the user can usually correct the problem 
without having to return the monitor for repair. 

WARNING 

This function should be used by qualified personnel only! 
The diagnostic mode allows the user to set several low-level 
parameters that are very critical to the operation of the 
monitor. Extra care should be taken when setting these 
parameters. If the user is not familiar with the function of 
these parameters and sets them incorrectly, it may cause the 
monitor to shut down or malfunction. 
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7.1 	Troubleshooting Table 

Problem Possible Reasons & Solutions 
Cannot turn on power 
after charging the battery 

Reasons: 	Discharged battery. 
Defective battery. 
Microcomputer hang-up. 

Solutions: 	Charge or replace battery. 
Disconnect, then connect battery to reset 
computer. 

No LCD back light Reasons: 	Trigger level too low, the 
current mode is not user 
mode, and the mode does not 
support automatic turn on 
back light. 

Solutions: 	Adjust trigger level. 
Verify the back light can be turned on in user 
mode. 	Call authorized service center. 

Lost password Solutions: 	Call Technical Support at 
+1.408 .752 .0723 or +1. 888 .723 .4800 

Reading abnormally 
High 

Reasons: 	Dirty sensor module. 
Dirty water trap filter. 
Excessive moisture and water 
condensation. 

Solutions: 	Clean sensor module and 
lamp housing. 	 Replace water 
trap filter. 
Blow dry the sensor module. 

Buzzer 
Inoperative 

Reasons: 	Bad buzzer. 

Solutions: 	Call authorized service 
center. 
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Inlet flow too low Reasons: 

Solutions: 

Pump diaphragm damaged or 
has debris. 
Flow path leaks. 

Check flow path for leaks; 
sensor module 0-ring, tube 
connectors, Teflon tube 
compression fitting. 
Replace pump or diaphragm. 

"Lamp" message during 
operation 

Reasons: 

Solutions: 

Lamp drive circuit. 
Weak or defective PID lamp, 
defective. 

Turn the unit off and back on 
Replace UV lamp 

Full scale measurement in 
humid environment 

Reasons: 

Solutions: 

Dirty or wet sensor. 

Clean and dry sensor and 
lamp housing. Adjust sensor 
fingers to ensure not touching 
Teflon. Use water trap filter. 

Reading abnormally 
low 

Reasons: 

Solutions: 

Incorrect calibration. 
Low sensitivity to the specific 
gas. 
Weak or dirty lamp. 
Air leakage. 

Calibrate the monitor. 
Replace sensor. 
Clean or replace lamp. 
Check air leakage. 
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INN 	 Low limit ? 

r [MODE] STEAL li
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Change Op Mode? 
Change Site ID? 
Change User ID? 
Change Alarm Mode? 
Change User Mode? 
Change Date? 
Change Time? 
Change Lamp? 
Change Pump Duty Cycle? 
Change Unit? 
Change Dilution Ratio? 
Change Output? 
Change DAC Range? 
Set Temperature Unit 

[Y/4] -÷ 
[N -] 

— [MODE] — [NM 

V 

APPENDIX A 

APPENDIX A. QUICK REFERENCE GUIDE 
Press [NI-] and [MODE], simultaneously, for 3 seconds, to 
enter Programming Mode. Press [MODE] to return to Survey 
Mode. 

PROGRAMMING MODE 

Calibrate/Select Gas [ Press [a+] to select menu] 

I—  [Y/+] Fresh air cal? 
Span cal? 
Select cal memory? IN/1 

INN [MODE] - Change span value? 
Modify cal memory? 
Change correction factor? 

Change Alarm Limits? 

Change Datalog? 

I L mil Reset Peak/Minimum? 
IN/1 

i

[MODE] Clear data? 
Change data period? 
Change average type?  

Change Monitor Setup? 
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RAE Systems, Inc. Contact Information 

Main Office: 

Telephone: 
Fax: 

Instrument Sales: 
Email: 

Website: 
Technical Service: 

3775 N. First St. 
San Jose, CA 95134-1708 
USA 
408-952-8200 
408-952-8480 
877-723-2878 
RaeSales@raesystems.com  
www.raesystems.com  
888-723-4800 
Tech@raesystems.corn 

Special Note 

If the monitor needs to be serviced, contact either: 

1. The RAE Systems distributor from whom the monitor was 
purchased; they will return the monitor on your behalf. 

2. The RAE Systems Technical Service Department. Before 
returning the monitor for service or repair, obtain a 
Returned Material Authorization (RMA) number for proper 
tracking of your equipment. This number needs to be on all 
documentation and posted on the outside of the box in 
which the monitor is returned for service or upgrade. 
Packages without RMA Numbers will be refused at the 
factory. 
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FCC Information 

Contains FCC ID: PI4411B 

The enclosed device complies with part 15 of the FCC rules.  
Operation is subject to the following conditions: (1) This device may 
not cause harmful interference, and (2) This device must accept any 
interference received, including interference that may cause undesired 
operation.
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Read Before Operating 

This manual must be carefully read by all individuals who have or will 
have the responsibility of using, maintaining, or servicing this product. 
The product will perform as designed only if it is used, maintained, and 
serviced in accordance with the manufacturer’s instructions. The user 
should understand how to set the correct parameters and interpret the 
obtained results. 

CAUTION! 
To reduce the risk of electric shock, turn the power off before removing 
the instrument cover. Disconnect the battery before removing sensor 
module for service. Never operate the instrument when the cover is 
removed. Remove instrument cover and sensor module only in an area 
known to be non-hazardous. 
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Special Notes 
When the instrument is taken out of the transport case and 
turned on for the first time, there may be some residual organic 
or inorganic vapor trapped inside the detector chamber. The 
initial PID sensor reading may indicate a few ppm. Enter an area 
known to be free of any organic vapor and turn on the 
instrument. After running for several minutes, the residual vapor 
in the detector chamber will be cleared and the reading should 
return to zero. 

The battery of the instrument discharges slowly even if it is 
turned off. If the instrument has not been charged for 5 to 7 
days, the battery voltage will be low. Therefore, it is a good 
practice to always charge the instrument before using it. It is 
also recommended to fully charge the instrument for at least 10 
hours before first use. Refer to this User Guide’s section on 
battery charging for more information on battery charging and 
replacement.
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WARNINGS 
STATIC HAZARD: Clean only with damp cloth. 

For safety reasons, this equipment must be operated and serviced 
by qualified personnel only. Read and understand instruction 
manual completely before operating or servicing. 

Use only RAE Systems battery packs, part numbers 059-3051-000, 
059-3052-000, and 059-3054-000. This instrument has not been tested 
in an explosive gas/air atmosphere having an oxygen concentration 
greater than 21%. Substitution of components may impair intrinsic 
safety. Recharge batteries only in non-hazardous locations.  

Do not mix old and new batteries or batteries from different 
manufacturers. 

The calibration of all newly purchased RAE Systems instruments 
should be tested by exposing the sensor(s) to known concentration 
calibration gas before the instrument is put into service. 

For maximum safety, the accuracy of the instrument should be checked 
by exposing it to a known concentration calibration gas before each 
day’s use. 

Do not use USB/PC communication in hazardous locations. 
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AVERTISSEMENT
DANGER RISQUE D'ORIGINE ELECTROSTATIQUE: Nettoyer 
uniquement avec un chiffon humide.

Pour des raisons de sécurité, cet équipment doit être utilisé, entretenu et 
réparé uniquement par un personnel qualifié. Étudier le manuel 
d’instructions en entier avant d’utiliser, d’entretenir ou de réparer 
l’équipement. 

Utiliser seulement l'ensemble de batterie RAE Systems, la reference 
059-3051-000 au 059-3052-000 au 059-3054-000. Cet instrument n’a 
pas été essayé dans une atmosphère de gaz/air explosive ayant une 
concentration d’oxygène plus élevée que 21%. La substitution de 
composants peut compromettre la sécurité intrinsique. Ne charger les 
batteries que dans emplacements désignés non-dangereuse. 

Ne pas melanger les anciennes et les nouvelles batteries, ou bien encore 
les batteries de differents fabriquants. 

La calibration de toute instruments de RAE Systems doivent être testé 
en exposant l’instrument a une concentration de gaz connue par une 
procédure diétalonnage avant de mettre en service l’instrument pour la 
première fois. 

Pour une securite maximale, la sensibilité du l’instrument doit être 
verifier en exposant l’instrument a une concentration de gaz connue par 
une procédure diétalonnage avant chaque utilisation journalière. 

Ne pas utiliser de connection USB/PC en zone dangereuse.
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Standard Contents 

Instrument
Calibration Kit 
Charging Cradle 
AC/DC Adapter 
Alkaline Battery Adapter 
Data Cable 
CD-ROM With User’s Guide, Quick Start Guide, and related materials 

General Information 
The compact instrument is designed as a broadband VOC gas monitor 
and datalogger for work in hazardous environments. It monitors 
Volatile Organic Compounds (VOC) using a photoionization detector 
(PID) with a 9.8 eV, 10.6 eV, or 11.7 eV gas-discharge lamp. Features 
are:

Lightweight and Compact  
Compact, lightweight, rugged design 
Built-in sample draw pump 

Dependable and Accurate 
Up to 16 hours of continuous monitoring with rechargeable 
battery pack 
Designed to continuously monitor VOC vapor at parts-per-
million (ppm) levels  

User-friendly   
Preset alarm thresholds for STEL, TWA, low- and high-level 
peak values.
Audio buzzer and flashing LED display are activated when the 
limits are exceeded.

Datalogging Capabilities 
260,000-point datalogging storage capacity for data download to PC 
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The instrument consists of a PID with associated microcomputer and 
electronic circuit. The unit is housed in a rugged case with a backlit 
LCD and 3 keys to provide easy user interface. It also has a built-in 
flashlight for operational ease in dark locations. 
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Physical Description 
The main components of the portable VOC monitoring 
instrument include: 

Three keys for user to interact with the instrument: 3 
operation/programming keys for normal operation or 
programming  
LCD display with back light for direct readout and calculated 
measurements 

Built-in flashlight for illuminating testing points in dark 
environments 

Buzzer and red LEDs for alarm signaling whenever exposures 
exceed preset limits 

Charge contacts for plugging directly to its charging station  

Gas entry and exit ports  

USB communication port for PC interface  

Protective rubber cover 

Specifications 

Size: 9.25" L x 3.6" W x 2.9" H 
Weight: 28 oz with battery pack 
Detector: Photoionization sensor with 9.8, 10.6, or  

11.7 eV UV lamp  
Battery: A 3.7V rechargeable Lithium-Ion battery pack 

(snap in, field replaceable, at non-hazardous 
location only)  

  Alkaline battery holder (for 4 AA batteries) 
Battery Charging:  Less than 8 hours to full charge  
Operating Hours:  Up to16 hours continuous operation 
Display: Large dot matrix screen with backlight 
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Measurement range & resolution 

Lamp Range Resolution
10.6 eV 0.1 ppm to 15,000 ppm 0.1 ppm
9.8 eV 0.1 ppm to 5,000 ppm 0.1 ppm
11.7 eV 0.1 ppm to 2,000 ppm 0.1 ppm

Response time (T90): 2 seconds 
Accuracy  10 to 2000 ppm: 3% at calibration point.
(Isobutylene):
PID Detector:  Easy access to lamp and sensor for cleaning 

and replacement 
Correction Factors:   Over 200 VOC gases built in (based on RAE 

Systems Technical Note TN-106) 
Calibration:   Two-point field calibration of zero and 

standard reference gases 
Calibration Reference: Store up to 8 sets of calibration data, alarm 

limits and span values 
Inlet Probe: Flexible 5" tubing 

Radio module: Bluetooth (2.4GHz), RF module (433MHz, 
868MHz , 915MHz, or 2.4GHz) 

Keypad: 1 operation key and 2 programming keys; 1 
flashlight switch 

Direct Readout: Instantaneous, average, STEL, TWA and peak 
value, and battery voltage 

Intrinsic Safety:  US and Canada: Class I, Division 1, Groups A,   
                                                                  B, C, D

Europe: ATEX (0575 Ex II 2G Ex ia 
                IIC/IIB T4 Gb) 
                KEMA 07 ATEX 0127 
                Complies with EN60079-0:2009, 
                EN60079-11:2007 
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IECEx CSA 10.0005 Ex ia IIC/IIB T4 Gb 
                Complies with IEC 60079-0:2007,  

IEC 60079-11:2006 
                                       (IIC: 059-3051-000 Li-ion bat pack  
                                       or 059-3054-000 NiMH bat pack; 
                                       IIB: 059-3052-000 alkaline bat pack) 

EM Interference:  Highly resistant to EMI/RFI.   Compliant with 
EMC R&TTE (RF Modules) 

Alarm Setting:  Separate alarm limit settings for Low, High, 
STEL and TWA alarm 

Operating Mode:  Hygiene or Search mode 
Alarm:  Buzzer 95dB at 30cm and flashing red LEDs 

to indicate exceeded preset limits, low battery 
voltage, or sensor failure 

Alarm Type: Latching or automatic reset 
Real-time Clock:  Automatic date and time stamps on datalogged 

information  
Datalogging: 260,000 points with time stamp, serial number, 

user ID, site ID, etc.  
Communication:   Upload data to PC and download instrument 

setup from PC via USB on charging station. 
Sampling Pump:  Internally integrated.   Flow rate: 450 to 550 

cc/min. 
Temperature:  -20º C to 50º C (-4º to 122º F) 
Humidity:  0% to 95% relative humidity (non-condensing) 
Housing (including  Polycarbonate, splashproof and dustproof 
rubber boot): Battery can be changed without removing 

rubber boot. 
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Charging The Battery 

Always fully charge the battery before using the instrument. The 
instrument’s Li-ion battery is charged by placing the instrument in its 
cradle. Contacts on the bottom of the instrument meet the cradle’s 
contacts, transferring power without other connections. 

Note: Before setting the instrument into its charging cradle, visually 
inspect the contacts to make sure they are clean. If they are not, wipe 
them with a soft cloth. Do not use solvents or cleaners. 

Follow this procedure to charge the instrument: 

1. Plug the AC/DC adapter’s barrel connector into the instrument’s 
cradle.

 2. Plug the AC/DC adapter into the wall outlet. 
 3. Place the instrument into the cradle, press down, and lean it 

back. It locks in place and the LED in the cradle glow 

The instrument begins charging automatically. The “Primary” LED in 
the cradle blinks green to indicate charging. During charging, the 
diagonal lines in the battery icon on the instrument’s display are 
animated and you see the message “Charging...” 

When the instrument’s battery is fully charged, the battery icon 
is no longer animated and shows a full battery. The message 
“Fully charged!” is shown. The cradle’s LED glows 
continuously green. 

Note: If you see the “Battery Charging Error” icon (a battery 
outline with an exclamation mark inside), check that the 
instrument or rechargeable battery has been set into the cradle 
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properly. If you still receive the message, check the Troubleshooting 
section of this guide. 

Note: If the instrument or battery has been in the cradle for more than 
10 hours and you see the “Battery Charging Error” icon and a message 
that says, “Charging Too Long,” this indicates that the battery is not 
reaching a full charge. Try changing the battery and make sure the 
contacts between the instrument (or battery) are meeting the cradle. If 
the message is still shown, consult your distributor or RAE Systems 
Technical Services. 

Charging A Spare Rechargeable Battery 

A rechargeable Li-ion battery can be charged when it is not inside the 
monitor. The charging cradle is designed to accommodate both types of 
charging. Contacts on the bottom of the battery meet the contacts on the 
cradle, transferring power without other connections, and a spring-
loaded capture holds the battery in place during charging. 

1. Plug the AC/DC adapter into the monitor’s cradle. 
2. Place the battery into the cradle, with the gold-plated contacts 

on top of the six matching charging pins. 
3. Plug the AC/DC adapter into the wall outlet. 

The battery begins charging automatically. During charging, the 
Secondary LED in the cradle blinks green. When charging is complete, 
it glows steady green. 

Release the battery from the cradle by pulling it back toward the rear of 
the cradle and tilting it out of its slot. 

Note: If you need to replace the Li-ion battery pack, replacements are 
available from RAE Systems. The part number is 059-3051-000. 

Note: An Alkaline Battery Adapter (part number 059-3052-000), which uses 
four AA alkaline batteries (Duracell MN1500), may be substituted for the Li-
Ion battery. 
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WARNING!

To reduce the risk of ignition of hazardous atmospheres, recharge 
and replace batteries only in areas known to be non-hazardous.
Remove and replace batteries only in areas known to be non-
hazardous. 

Low Voltage Warning 
When the battery’s charge falls below a preset voltage, the 
instrument warns you by beeping once and flashing once every 
minute, and the “empty battery” icon blinks on and off once 
per second. You should turn off the instrument within 10 
minutes and either recharge the battery by placing the 
instrument in its cradle, or replace the battery with a fresh one 
with a full charge.

Clock Battery 
An internal clock battery is mounted on one of the instrument’s printed 
circuit boards. This long-life battery keeps settings in memory from 
being lost whenever the Li-ion battery or alkaline batteries are 
removed. This backup battery should last approximately five years, and 
must be replaced by an authorized RAE Systems service technician. It 
is not user-replaceable. 

Data Protection While Power Is Off
When the instrument is turned off, all the current real-time data 
including last measured values are erased. However, the datalog data is 
preserved in non-volatile memory. Even if the battery is disconnected, 
the datalog data will not be lost. 

16



44------- 

MiniRAE 3000 User’s Guide 

User Interface 

The instrument’s user interface consists of the display, LEDs, an 
alarm transducer, and four keys. The keys are: 

Y/+
MODE
N/-
Flashlight on/off 

The LCD display provides visual feedback that includes the reading, 
time, battery condition, and other functions. 

LEDs and flashlight 

Display 

Y/+ key 
N/- key 

MODE key 

Flashlight
on/off key 

In addition to their labeled functions, the keys labeled Y/+, MODE, and 
N/- act as “soft keys” that control different parameters and make 
different selections within the instrument’s menus. From menu to 
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menu, each key controls a different parameter or makes a different 
selection.

Three panes along the bottom of the display are “mapped” to the keys. 
These change as menus change, but at all times the left pane 
corresponds to the [Y/+] key, the center pane corresponds to the 
[MODE] key, and the right pane corresponds to the [N/-] key. Here are 
three examples of different menus with the relationships of the keys 
clearly shown: 
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Display

The display shows the following information: 

Graph  Graphic representation of concentration plotted 
over time 

Gas info  Tells the Correction Factor and type of 
calibration gas 

Reading  Concentration of gas as measured by the 
instrument

Calibration needed Indicates that calibration should be performed 
Radio power  Indicates whether radio connection is on or 

off
Radio signal  Indicates signal strength in 5-bar bargraph 
Battery  Indicates battery level in 3 bars 
Pump  Indicates that pump is working 
Datalog  Indicates whether datalog is on or off 
Y/+  Y/+ key’s function for this screen 
MODE  MODE key’s function for this screen 
N/-  N/- key’s function for this screen

19
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Operating The Instrument
The instrument is designed as a broadband VOC gas monitor and 
datalogger for work in hazardous environments. It gives real-time 
measurements and activates alarm signals whenever the exposure 
exceeds preset limits. Prior to factory shipment, the instrument is preset 
with default alarm limits and the sensor is pre-calibrated with standard 
calibration gas. However, you should test the instrument and verify the 
calibration before the first use. After the instrument is fully charged and 
calibrated, it is ready for immediate operation. 

Turning The Instrument On 

1. With the instrument turned off, press and hold [MODE]. 
2. When the display turns on, release the [MODE] key.  

The RAE Systems logo should appear first. (If the logo does not 
appear, there is likely a problem and you should contact your 
distributor or RAE Systems Technical Support.) The instrument is now 
operating and performs self tests. If  any tests (including sensor and 
memory tests fail), refer to the Troubleshooting section of this guide. 

Once the startup procedure is complete, the instrument shows a 
numerical reading screen with icons. This indicates that the instrument 
is fully functional and ready to use. 
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Turning The Instrument Off 
1. Press and hold the Mode key for 3 seconds. A 5-second 

countdown to shutoff begins. 
2. Once the countdown stops, the instrument is off. Release the 

Mode key. 
3. When you see “Unit off...” release your finger from the 

[MODE] key. The instrument is now off. 

Note: You must hold your finger on the key for the entire shutoff 
process. If you remove your finger from the key during the countdown, 
the shutoff operation is canceled and the instrument continues normal 
operation.

Operating The Built-In Flashlight 
The instrument has a built-in flashlight that helps you point the probe in 
dark places. Press the flashlight key to turn it on. Press it again to turn 
it off. 

Note: Using the flashlight for extended periods shortens the battery’s 
operating time before it needs recharging. 

Pump Status 
IMPORTANT!

During operation, make sure the probe inlet and the gas outlet are free 
of obstructions. Obstructions can cause premature wear on the pump, 
false readings, or pump stalling. During normal operation, the pump 
icon alternately shows inflow and outflow as shown here: 
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During duty cycling (PID lamp cleaning), the display shows these icons 
in alternation: 

If there is a pump failure or obstruction that disrupts the pump, you will 
see this icon blinking on and off: 

If you see this blinking icon, consult the Troubleshooting section of this 
guide.

Calibration Status 
The instrument displays this icon if it requires calibration: 

Calibration is required (and indicated by this icon) if: 

The lamp type has been changed (for example, from 10.6 eV to 
9.8 eV). 
The sensor has been replaced. 
It has been 30 days or more since the instrument was last 
calibrated.
If you have changed the calibration gas type without 
recalibrating the instrument. 
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Operating Modes
Your instrument operates in different modes, depending on the model 
and its factory default settings. In some cases, you can change modes 
using a password and using the instrument’s navigation. In other cases, 
you must use ProRAE Studio software. 

The default setting for your instrument is: 

User Mode: Basic 
Operation Mode: Hygiene 

This is outlined in detail on page 74.

The other options, covered later in this guide, are: 

User Mode: Advanced (page 78)
Operation Mode: Hygiene 

User Mode: Advanced (page 82)
Operation Mode: Search 

Using ProRAE Studio allows access to other options. In addition, 
Diagnostic Mode (page 83) is available for service technicians. 
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Basic User Level/Hygiene Mode (Default 
Settings)

The instrument is programmed to operate in Basic User Level/Hygiene Mode as 
its default. This gives you the most commonly needed features while requiring 
the fewest parameter adjustments. 

Pressing [N/-] steps you from one screen to the next, and eventually return to the 
main display. If you do not press a key within 60 seconds after entering a 
display, the instrument reverts to its main display. 

Note: While viewing any of these screens, you can shut off your instrument by 
pressing [MODE]. 
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After the instrument is turned on, it runs through the start-up menu. 
Then the message “Please apply zero gas…” is displayed. 

At this point, you can perform a zero air (fresh air) calibration. If the 
ambient air is clean, you can use that. Otherwise, use a cylinder of zero 
air. Refer to Zero Calibration on page 37 for a more detailed 
description of zero calibration. 

Start zero calibration by pressing Start. You see the message 
“Zeroing…” followed by a 30-second countdown. 

Note: You can press [MODE] to quit, bypassing the zero air 
calibration.

When zero calibration is complete, you see the message:  

Zeroing is done! 

Reading = 0.0 ppm 

The instrument is now sampling and collecting data. 

Note: At the Average & Peak, Date & Time & Temperature, Calibration Gas 
& Measurement Gas & Correction Factor, and PC Communications screens, 
the instrument automatically goes to the main display after 60 seconds if you 
do not push a key to make a selection. 

Alarm Signals 
During each measurement period, the gas concentration is compared 
with the programmed alarm limits (gas concentration alarm limit 
settings). If the concentration exceeds any of the preset limits, the loud 
buzzer and red flashing LED are activated immediately to warn you of 
the alarm condition. 

In addition, the instrument alarms if one of the following conditions 
occurs: battery voltage falls below a preset voltage level, failure of the 
UV lamp, or pump stall. 
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Alarm Signal Summary 
Message Condition Alarm Signal 

HIGH Gas exceeds “High 
Alarm” limit 

3 beeps/flashes per second* 

OVR Gas exceeds 
measurement range 

3 beeps/flashes per second* 

MAX Gas exceeds electronics’ 
maximum range 

3 beeps/flashes per second* 

LOW Gas exceeds “Low 
Alarm” limit 

2 beeps/flashes per second* 

TWA Gas exceeds “TWA” 
limit 

1 Beep/flash per second* 

STEL Gas exceeds “STEL” 
limit 

1 Beep/flash per second* 

Pump 
icon
flashes

Pump failure 3 beeps/flashes per second 

Lamp PID lamp failure 3 beeps/flashes per second 
plus  “Lamp” message on 
display

Battery 
icon
flashes 

Low battery 1 flash, 1 beep per minute 
plus battery icon flashes on 
display 

CAL Calibration failed, or 
needs calibration 

1 beep/flash per second 

NEG Gas reading measures 
less than number stored in 
calibration

1 beep/flash per second 

* Hygiene mode only. In Search mode, the number of beeps per second 
(1 to 7) depends upon the concentration of the sampled gas. Faster rates 
indicate higher concentrations. 
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Preset Alarm Limits & Calibration 
The instrument is factory calibrated with standard calibration gas, and 
is programmed with default alarm limits. 

Cal Gas 

(Isobutylene) 

Cal
Span

unit Low High TWA STEL

MiniRAE
3000

100 ppm 50 100 10 25

Testing The Alarm 
You can test the alarm whenever the main (Reading) display is shown. 
Press [Y/+], and the audible and visible alarms are tested.

Integrated Sampling Pump 
The instrument includes an integrated sampling pump. This diaphragm-
type pump that provides a 450 to 550 cc per minute flow rate. 
Connecting a Teflon or metal tubing with 1/8" inside diameter to the 
gas inlet port of the instrument, this pump can pull in air samples from 
100' (30 m) away horizontally or vertically. 

Note: In Search Mode, the pump turns on when a sample measurement 
is started, and turns off when the sample is manually stopped. 

If liquid or other objects are pulled into the inlet port filter, the 
instrument detects the obstruction and immediately shuts down the 
pump. The alarm is activated and a flashing pump icon is displayed. 

You should acknowledge the pump shutoff condition by clearing the 
obstruction and pressing the [Y/+] key while in the main reading 
display to restart the pump. 
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Backlight 
The LCD display is equipped with an LED backlight to assist in 
reading the display under poor lighting conditions.  

Datalogging
During datalogging, the instrument displays a disk icon to indicate that 
datalogging is enabled. The instrument stores the measured gas 
concentration at the end of every sample period (when data logging is 
enabled). In addition, the following information is stored:  user ID, site 
ID, serial number, last calibration date, and alarm limits. All data are 
retained (even after the unit is turned off) in non-volatile memory so 
that it can be down- loaded at a later time to a PC.  

Datalogging event 
When Datalogging is enabled, measurement readings are being saved. 
These data are stored in “groups” or “events.” A new event is created 
and stored each time the instrument is turned on and is set to automatic 
datalogging, or a configuration parameter is changed, or datalogging is 
interrupted. The maximum time for one event is 24 hours or 28,800 
points. If an event exceeds 24 hours, a new event is automatically 
created. Information, such as start time, user ID, site ID, gas name, 
serial number, last calibration date, and alarm limits are recorded. 

Datalogging sample 
After an event is recorded, the unit records a shorter form of the data. 
When transferred to a PC running ProRAE Studio, this data is arranged 
with a  sample number, time, date, gas concentration, and other related 
information. 
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Auto/Manual/Snapshot Datalogging 
The instrument has three datalog types: 

Auto Default mode. Collects datalog information when the 
instrument is sampling. 

Manual Datalogging occurs only when the instrument’s 
datalogging is manually started (see page 63 for 
details).

Snapshot Datalogs only during snapshot (single-event capture, 
initiated by pressing [MODE]) sampling. See page 65 
for details. 

Note: You can only choose one datalog type to be active at a time.
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Accessories
The following accessories are included with the instrument: 

 An AC Adapter (Battery Charger) 

 Alkaline battery adapter  

 External Filter 

 Organic Vapor Zeroing kit 

Hard-case kits also include these accessories: 

 Calibration adapter 

 Calibration regulator and Flow controller 

Standard Kit & Accessories 
AC Adapter (Battery Charger) 

WARNING
To reduce the risk of ignition of hazardous atmospheres, recharge 
battery only in area known to be non-hazardous. Remove and 
replace battery only in area known to be non-hazardous.  

Ne charger les batteries que dans emplacements designés non-
dangereuses. 

A battery charging circuit is built into the instrument cradle. It only needs a 
regular AC to 12 VDC adapter (wall-mount transformer, part number 500-
0114-000) to charge the instrument. 

To charge the battery inside the instrument: 

1. Power off the instrument. 

2. Connect the AC adapter to the DC jack on the instrument’s cradle. If 
the instrument is off, it automatically turns on. 

3. While charging, the display message shows “Charging.” The 
Primary LED on the cradle flashes green when charging. 

4. When the battery is fully charged, the LED changes to glowing green 
continuously, and the message “Fully charged” appears on the 
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display. If there is a charging error, the LED glows red 
continuously. 

A completely discharged instrument can be charged to full capacity 
within 8 hours. Batteries drain slowly even if an instrument is off. 
Therefore, if the instrument has been in storage or has not been charged 
for several days or longer, check the charge before using it.  

The factory-supplied battery is designed to last for 16 hours of normal 
operation (no alarm), for a new battery under the optimum 
circumstances. As the battery becomes older or is subject to adverse 
conditions (such as cold ambient temperature), its capacity will be 
significantly reduced.  

Alkaline Battery Adapter     
An alkaline battery adapter is supplied with each instrument. The 
adapter (part number 059-3052-000) accepts four AA alkaline batteries
(use only Duracell MN1500) and provides approximately 12 hours of 
operation. The adapter is intended to be used in emergency situations 
when there is no time to charge the Li-ion battery pack. 

To insert batteries into the adapter: 

1. Remove the three Philips-head screws to 
open the compartment in the adapter. 

2. Insert four fresh AA batteries as indicated 
by the polarity (+/-) markings. 

3. Replace the cover. Replace the three 
screws. 

To install the adapter in the instrument: 

1. Remove the Li-ion battery pack from the instrument by sliding 
the tab and tilting out the battery. 

2. Replace it with the alkaline battery adapter 

3. Slide the tab back into place to secure the battery adapter. 

IMPORTANT! 
Alkaline batteries cannot be recharged. The instrument’s internal circuit 
detects alkaline batteries and will not allow recharging. If you place the 
instrument in its cradle, the alkaline battery will not be recharged. The 

32



MiniRAE 3000 User’s Guide 

internal charging circuit is designed to prevent damage to alkaline 
batteries and the charging circuit when alkaline batteries are installed 
inside the instrument. If you try to charge an alkaline batteries installed 
in the instrument, the instrument’s display will say, “Alkaline Battery,” 
indicating that it will not charge the alkaline batteries. 

Note: When replacing alkaline batteries, dispose of old ones properly. 

WARNING! 
To reduce the risk of ignition of hazardous atmospheres, recharge the 
battery only in areas known to be non-hazardous. Remove and replace 
the battery only in areas known to be non-hazardous. 

External Filter
The external filter is made of PTFE (Teflon ) membrane with a 0.45 
micron pore size to prevent dust or other particles from being sucked 
into the sensor manifold, which would cause extensive damage to the 
instrument. It prolongs the operating life of the sensor. To install the 
external filter, simply connect it to the instrument’s inlet tube. 
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Optional Accessories 
Calibration Adapter 
The calibration adapter for the instrument is a simple 6-inch Tygon 
tubing with a metal adapter on one end. During calibration, simply 
insert the metal adapter into the regular gas inlet probe of the 
instrument and the tubing to the gas regulator on the gas bottle. 

Calibration Regulator 
The Calibration Regulator is used in the calibration process. It regulates 
the gas flow rate from the Span gas cylinder into the gas inlet of the 
instrument during calibration process. The maximum flow rate allowed 
by the flow controller is about 0.5L/min (500 cc per min.). 
Alternatively, a demand-flow regulator or a Tedlar gas bag may be 
used to match the pump flow precisely. 

Organic Vapor Zeroing Kit 
The Organic Vapor Zeroing Kit is used for filtering organic air 
contaminants that may affect the zero calibration reading. To use the 
Organic Vapor Zeroing Kit, simply connect the filter to the inlet port of 
the instrument.
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Standard Two-Point Calibration (Zero & 
Span) 
The following diagram shows the instrument’s calibrations in 
Basic/Hygiene mode.  
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Entering Calibration 

1. Press and hold [MODE] and [N/-] until you see the Password 
screen.

2. In Basic User Level, you do not need a password to perform 
calibrations. Instead of inputting a password, enter calibration 
by pressing [MODE]. 

Note: If you inadvertently press [Y/+] and change any of the 
numbers, simply press [MODE] and you will be directed to the 
calibration menu. 

The Calibration screen is now visible with Zero Calibration 
highlighted. 

These are your options: 

Press [Y/+] to select the highlighted calibration (Zero Calib or 
Span Calib). 
Press [MODE] to exit calibration and return to the main display 
and resume measurement. 
Press [N/-] to toggle the highlighted calibration type. 
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Zero (Fresh Air) Calibration

This procedure determines the zero point of the sensor calibration 
curve. To perform a fresh air calibration, use the calibration adapter to 
connect the instrument to a “fresh” air source such as from a cylinder or 
Tedlar bag (optional accessory).  The “fresh” air is clean, dry air 
without organic impurities and an oxygen value of 20.9%.  If such an 
air cylinder is not available, any clean ambient air without detectable 
contaminants or a charcoal filter can be used. 

At the Zero Calibration menu, you can proceed to perform a Zero 
calibration or bypass Zero calibration and perform a Span calibration. 
You may also go back to the initial Calibration menu if you want to 
exit calibration. 

Press [Y/+] to start calibration. 
Press [MODE] to quit and return to the main calibration 
display.

If you have pressed [Y/+] to enter Zero calibration, then you will see 
this message: 

1. Turn on your Zero calibration gas. 
2. Press [Y/+] to start calibration.  

Note: At this point, you may press [MODE] if you decide that 
you do not want to initiate calibration. This will take you 
directly to the Calibration menu, highlighted for Span 
calibration.
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3. Zero calibration starts a 30-second countdown and displays this 
message: 

  Zeroing... 

During the zeroing process, the instrument performs the Zero 
calibration automatically and does not require any action on your part.  

Note: To abort the zeroing process at any time and proceed to Span 
calibration, press [N/-] at any time while zeroing is being performed. 
You will see a confirmation message that says “Zero aborted!” and then 
the Span calibration menu appears. 

When Zero calibration is complete, you see this message: 

 Zeroing is done! 
 Reading = 0.0 ppm 

The instrument will then show the Calibration menu on its display, with 
Span Calib highlighted. 
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Span Calibration 
This procedure determines the second point of the sensor calibration 
curve for the sensor. A cylinder of standard reference gas (span gas) 
fitted with a 500 cc/min. flow-limiting regulator or a flow-matching 
regulator is the simplest way to perform this procedure. Choose the 500 
cc/min. regulator only if the flow rate matches or slightly exceeds the 
flow rate of the instrument pump. Alternatively, the span gas can first 
be filled into a Tedlar bag or delivered through a demand-flow 
regulator. Connect the calibration adapter to the inlet port of the 
instrument, and connect the tubing to the regulator or Tedlar bag.  

Another alternative is to use a regulator with >500 cc/min flow but 
allow the excess flow to escape through a T or an open tube. In the 
latter method, the span gas flows out through an open tube slightly 
wider than the probe, and the probe is inserted into the calibration tube.

At the Span Calibration menu, you perform a Span calibration. You 
may also go back to the Zero calibration menu or to the initial 
Calibration menu if you want to exit calibration. 

Press [Y/+] to enter Span calibration. 
Press [N/-] to skip Span calibration and return to Zero 
calibration.
Press [MODE] to exit Span calibration and return to the top 
calibration menu. 

If you have pressed [Y/+] to enter Span calibration, then you will see 
the name of your Span gas (the default is isobutylene) and the span 
value in parts per million (ppm). You will also see this message that 
prompts you: 

1. Turn on your span calibration gas. 
2. Press [Y/+] to initiate calibration.  
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Note: You may press [MODE] if you decide that you do not 
want to initiate calibration. This will abort the span calibration 
and take you directly to the Calibration menu for Zero 
calibration.

3. Span calibration starts and displays this message: 

  Calibrating... 

During the Span calibration process, there is a 30-second countdown 
and the instrument performs the Span calibration automatically. It 
requires no actions on your part.  

Note: If you want to abort the Span calibration process, press [N/-] at 
any time during the process. You will see a confirmation message that 
says “Span is aborted!” and then the Zero calibration menu appears. 
You can then proceed to perform a Zero calibration, perform a Span 
calibration, or exit to the topmost Calibration menu. 

When Span calibration is complete, you see a message similar to this 
(the value is an example only): 

 Span 1 is done! 
 Reading = 100.0 ppm 

The instrument then exits Span calibration and shows the Zero 
calibration menu on its display. 

Note:  The reading should be very close to the span gas value. 

40



MiniRAE 3000 User’s Guide 

Exiting Two-Point Calibration In Basic User 
Level
When you are done performing calibrations, press [MODE], which 
corresponds with “Back” on the display. You will see the following 
message: 

Updating settings… 

The instrument updates its settings and then returns to the main display. 
It begins or resumes monitoring. 
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Three-Point Calibration 
For enhanced accuracy, it is possible to perform a second Span 
calibration in addition to the Zero and Span calibrations outlined in the 
previous section. Your instrument first must be set to allow this third 
calibration. This requires using ProRAE Studio software and a PC, as 
well as a higher concentration of calibration gas. 

Note: Once the third calibration is set, you do not need to use ProRAE 
Studio to allow future 3-point calibrations. Also, you can only disable 
3-point calibration capability by using ProRAE Studio again. 

Perform the Zero and Span calibrations. After the first Span calibration 
(Span 1) is completed, the display a second Span calibration (Span 2) 
can be performed. The process is identical to the first calibration. As in 
the Span 1 calibration, you may exit and return to the Zero calibration 
screen if you choose not to perform this calibration or to abort it. 
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Span 2 Calibration 
A cylinder of standard reference gas (span gas) fitted with a 500 
cc/min. flow-limiting regulator or a flow-matching regulator is the 
simplest way to perform this procedure.  

Note: This gas should be of a higher concentration than the gas used 
for Span 1 calibration. 

Choose the 500 cc/min. regulator only if the flow rate matches or 
slightly exceeds the flow rate of the instrument pump. Alternatively, 
the span gas can first be filled into a Tedlar bag or delivered through a 
demand-flow regulator. Connect the calibration adapter to the inlet port 
of the instrument, and connect the tubing to the regulator or Tedlar bag.  

Another alternative is to use a regulator with >500 cc/min flow but 
allow the excess flow to escape through a T or an open tube. In the 
latter method, the span gas flows out through an open tube slightly 
wider than the probe, and the probe is inserted into the calibration tube.

At the Span Calibration menu, you perform a Span calibration. You 
may also go back to the Zero calibration menu or to the initial 
Calibration menu if you want to exit calibration. 

Press [Y/+] to enter Span 2 calibration. 
Press [N/-] to skip Span calibration and return to Zero 
calibration.
Press [MODE] to exit Span calibration and return to the top 
calibration menu. 

If you have pressed [Y/+] to enter Span calibration, then you will see 
the name of your Span gas (the default is isobutylene) and the span 
value in parts per million (ppm). You will also see this message that 
prompts you: 

 Please apply gas... 

4. Turn on your span calibration gas. 
5. Press [Y/+] to initiate calibration.  
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Note: You may press [MODE] if you decide that you do not 
want to initiate calibration. This will take you directly to the 
Calibration menu for Zero calibration. 

6. Span calibration starts a 30-second countdown and displays 
this message: 

  Calibrating... 

During the Span calibration process, the instrument performs the Span 
calibration automatically and does not require any action on your part.  

Note: If you want to abort the Span calibration process, press [N/-] at 
any time during the process. You will see a confirmation message that 
says “Span is aborted!” and then the Zero calibration menu will appear. 
You can then proceed to perform a Zero calibration, perform a Span 
calibration, or exit to the topmost Calibration menu. 

When Span calibration is complete, you will see a message similar to 
this (the value shown here is for example only): 

 Span 2 is done! 
 Reading = 1000 ppm 

The instrument then exits Span calibration and shows the Zero 
calibration menu on its display. 

Note:  The reading should be very close to the span gas value. 
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Exiting Three-Point Calibration 
When you are done performing calibrations, press [MODE], which 
corresponds with “Back” on the display. You will see the following 
message: 

Updating settings… 

The instrument updates its settings and then returns to the main display. 
It begins or resumes monitoring. 

Programming Mode 

Programming Mode can be entered from either Hygiene Mode or 
Search Mode. If the current user mode is Basic, you must provide a 4-
digit password to enter. 

Entering Programming Mode 

1. Press and hold [MODE] and [N/-] until you see the Password screen. 

                            

2. Input the 4-digit password: 

Increase the number from 0 through 9 by pressing [Y/+]. 
Step from digit to digit using [N/-]. 
Press [MODE] when you are done. 

If you make a mistake, you can cycle through the digits by pressing 
[N/-] and then using [Y/+] to change the number in each position. 
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Note: The default password is 0000. 

When you have successfully entered Programming Mode, you see this 
screen:

                               

Note: The password can only be changed by connecting the instrument 
to a PC running ProRAE Studio software. Follow the instructions in 
ProRAE Studio to change it.
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The Calibration label is shown and its icon is highlighted, but you can 
press [N/-] to step from one programming menu to the next, with the 
name of the menu shown at the top of the display and the 
corresponding icon highlighted. As you repeatedly press [N/-], the 
selection moves from left to right, and you see these screens: 

Note: When you reach Monitor Setup and press [N/-], the menu cycles 
back to Calibration. 

Programming Mode Menus 

The Programming Mode allows anyone with the password to change 
the instrument’s settings, calibrate the instrument, modify the sensor 
configuration, enter user information, etc.  Programming Mode has five 
menus. Each menu includes several sub-menus to perform additional 
programming functions. 

This table shows the menus and sub-menus: 
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Calibration Measurement Alarm 
Setting 

Datalog Monitor 
Setup

Zero 
Calibration

Meas. Gas High
Alarm 

Clear
Datalog

Op Mode 

Span
Calibration

Meas. Unit Low
Alarm 

Interval Site ID 

STEL
Alarm 

Data
Selection

User ID 

TWA
Alarm 

Datalog
Type

User Mode 

Alarm 
Type

Date

Buzzer
& Light 

Time 

Pump Duty 
Cycle 
Pump Speed
Temperature 
Unit
Language
Radio
Power
Real Time 
Protocol
Power On
Zero
Unit ID
LCD
Contrast
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Once you enter Programming Mode, the LCD displays the first menu, 
Calibration.  Each subsequent menu is accessed by pressing [N/-]
repeatedly until the desired menu is displayed.  To enter a sub-menu of 
a menu, press [Y/+]. 

Exiting Programming Mode 
To exit Programming Mode and return to normal operation, press 
[MODE] once at any of the programming menu displays.  You will see 
“Updating Settings…” as changes are registered and the mode changes. 

Navigating Programming Mode Menus 
Navigating through the Programming Mode menus is easy and 
consistent, using a single interface format of “Select,” “Back” and 
“Next” at the top level. The three control buttons correspond to these 
choices as shown: 

                                      

Note: Pressing [MODE] in the Programming Mode’s top level causes 
the instrument to exit Programming Mode and return to monitoring. 

The three keys perform the following functions in Programming Mode: 

Key          Function in Programming Mode 

[MODE]: Exit menu when pressed momentarily or exit data 
entry mode 

[Y/+]: Increase alphanumerical value for data entry or 
confirm (yes) for a question 

[N/-]: Provides a “no” response to a question 
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Calibration

Two types of calibration are available: Zero (fresh air) and Span.  

Select Zero or Span Calibration by pressing [N/+]. Once your choice is 
highlighted, press [Y/+]. 

Zero Calibration 

The procedure for performing a zero calibration is covered on page 35.

Span Calibration 

The procedure for performing a basic span calibration is covered on 
page 35.
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Measurement

The sub-menus for Measurement are Measurement Gas and 
Measurement Unit.  

Meas. Gas 

Measurement gases are organized in four lists: 

My List is a customized list of gases that you create. It contains a 
maximum of 10 gases and can only be built in ProRAE Studio on a 
PC and transferred to the instrument. Note: The first gas in the list 
is always isobutylene (it cannot be removed from the list). 
Last Ten is a list of the last ten gases used by your instrument. The 
list is built automatically and is only updated if the gas selected 
from Custom Gases or Library is not already in the Last Ten. This 
ensures that there is no repetition. 
Gas Library is a library that consists of all the gases found in RAE 
Systems’ Technical Note TN-106 (available online at 
www.raesystems.com). 
Custom Gases are gases with user-modified parameters. Using 
ProRAE Studio, all parameters defining a gas can be modified, 
including the name, span value(s), correction factor, and default 
alarm limits. 

1. Scroll through each list by pressing [N/-]. 
2. Press [Y/+] to select one (My List, Last Ten, Gas Library, or 

Custom Gases). 
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3. Once you are in one of the categories, press [N/-] to scroll 
through its list of options and [Y/+] to select one. (If you press 
[MODE], you exit to the next submenu.) 

4. Press [Y/+] to save your choice or [N/-] to undo your selection. 

Leave the sub-menu and return to the Programming Mode menus by 
pressing [MODE]. 

Meas. Unit 

Standard available measurement units include: 

Abbreviation Unit MiniRAE 3000
ppm parts per million Yes
ppb parts per billion 
mg/m3 milligrams per cubic meter Yes
ug/m3 micrograms per cubic meter 

Scroll through the list by pressing [N/-]. 
Select by pressing [Y/+]. 
Save your selection by pressing [Y/+] or undo your selection by 
pressing [N/-]. 

Leave the sub-menu and return to the Programming Mode menus by 
pressing [MODE]. 
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Alarm Setting 
During each measurement period, the gas concentration is compared 
with the programmed alarm limits (gas concentration alarm limit 
settings: Low, High, TWA and STEL). If the concentration exceeds any 
of the preset limits, the loud buzzer and red flashing LED are activated 
immediately to warn of the alarm condition. 

An alarm signal summary is shown on page 27.

In this menu, you can change the High and Low alarm limits, the STEL 
limit, and the TWA.  Press [Y/+] to to enter the Alarm Setting menu. 
Note: All settings are shown in ppb (parts per billion), or μg/m3

(micrograms per cubic meter), depending on your setting. 

1. Scroll through the Alarm Limit sub-menu using the  [N/-] key 
until the display shows the desired limit to be changed (High 
Alarm, Low Alarm, STEL Alarm, and TWA Alarm) 

2. Press [Y/+] to select one of the alarm types. The display shows 
a flashing cursor on the left-most digit of the previously stored 
alarm limit. 

3. Press [Y/+] to increase each digit’s value. 
4. Press [N/-] to advance to the next digit. 
5. Again, use [Y/+] to increase the number.  

Repeat this process until all numbers are entered. 

Press [MODE] when you are done. 

Press [Y/+] to save the changes. 
Press [N/-] to undo the changes and revert to the previous settings. 

When all alarm types have been changed or bypassed, press [MODE] 
to exit to the Programming Menu. 

54



MiniRAE 3000 User’s Guide 

High Alarm 

You can change the High Alarm limit value. The value is typically set 
by the instrument to match the value for the current calibration gas. It is 
expressed in parts per billion (ppb). Note: The default value depends 
on the measurement gas. 

To change the High Alarm value: 

1. Press [Y/+] to increase each digit’s value. 
2. Press [N/-] to advance to the next digit. 
3. Again, use [Y/+] to increase the number.  

Repeat this process until all numbers are entered. 
When you have completed your selections, press [MODE]. You will 
see two choices: Save and Undo. You have the opportunity to register 
the new settings or to change your mind and revert to your previous 
settings.

Press [Y/+] to save the changes. 
Press [N/-] to undo the changes and revert to the previous settings. 

Low Alarm 

You can change the Low Alarm limit value. The value is typically set 
by the instrument to match the value for the current calibration gas. It is 
expressed in parts per billion (ppb). Note: The default value depends 
on the measurement gas. 

To change the Low Alarm value: 

1. Press [Y/+] to increase each digit’s value. 
2. Press [N/-] to advance to the next digit. 
3. Again, use [Y/+] to increase the number.  

Repeat this process until all numbers are entered. 
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When you have completed your selections, press [MODE]. You will 
see two choices: Save and Undo. You have the opportunity to register 
the new settings or to change your mind and revert to your previous 
settings.

Press [Y/+] to save the changes. 
Press [N/-] to undo the changes and revert to the previous 
settings.

STEL Alarm 

You can change the STEL Alarm limit value. The value is typically set 
by the instrument to match the value for the calibration gas. It is 
expressed in parts per billion (ppb). Note: The default value depends 
on the measurement gas. 

To change the STEL Alarm value: 

1. Press [Y/+] to increase each digit’s value. 

2. Press [N/-] to advance to the next digit. 

3. Again, use [Y/+] to increase the number.  

Repeat this process until all numbers are entered. 

When you have completed your selections, press [MODE]. You will 
see two choices: Save and Undo. You have the opportunity to register 
the new settings or to change your mind and revert to your previous 
settings.

Press [Y/+] to save the changes. 
Press [N/-] to undo the changes and revert to the previous 
settings.
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TWA Alarm

You can change the TWA (time-weighted average) Alarm limit value. 
The value is typically set by the instrument to match the value for the 
calibration gas. It is expressed in parts per billion (ppb). Note: The
default value depends on the measurement gas. 

To change the TWA Alarm value: 

1. Press [Y/+] to increase each digit’s value. 

2.  Press [N/-] to advance to the next digit. 

3. Again, use [Y/+] to increase the number.  

Repeat this process until all numbers are entered. 

When you have completed your selections, press [MODE]. You will 
see two choices: 

Save
Undo

You have the opportunity to register the new settings or to change your 
mind and revert to your previous settings. 

Press [Y/+] to save the changes. 
Press [N/-] to undo the changes and revert to the previous 
settings.
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Alarm Type 

There are two selectable alarm types: 

Latched When the alarm is triggered, you can 
manually stop the alarm. 
The latched setting only controls alarms 
for High Alarm, Low Alarm, STEL Alarm, 
and TWA alarm. 

Note: To clear an alarm when the 
instrument is set to “Latched,” press [Y/+] 
when the main (Reading) display is shown. 

Automatic Reset When the alarm condition is no longer 
present, the alarm stops and resets itself. 

1. Press [N/-] to step from one alarm type to the other. 

2. Press [Y/+] to select an alarm type. 
When you have completed your selections, press [MODE]. 

You will see two choices: Save and Undo. You have the 
opportunity to register the new settings or to change your mind and 
revert to your previous settings. 

Press [Y/+] to save the changes. 
Press [N/-] to undo the changes and revert to the previous 
settings.
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Buzzer & Light 

The buzzer and light alarms can be programmed to be on or off 
individually or in combination. Your choices are: 

Both on 
Light only 
Buzzer only 
Both off 

1. Press [N/-] to step from one option to the next. 
2. Press [Y/+] to make your selection (the dark circle in the “radio 

button” indicates your selection). 
3. When you have completed your selections, press [MODE]. 

You will see two choices: Save and Undo. You have the 
opportunity to register the new settings or to change your mind and 
revert to your previous settings. 

Press [Y/+] to save the changes. 
Press [N/-] to undo the changes and revert to the previous 
settings.

Datalog

The instrument calculates and stores the concentration and ID of each 
sample taken. In the datalog sub-menu, a user can perform the tasks 
and functions shown below. 
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1. Scroll through the Datalog sub-menu using the  [N/-] key until the 
display shows the desired parameter to be changed: 

Clear Datalog 
Interval
Data Selection 
Datalog Type 

2. Press [Y/+] to make your selection. Exit by pressing [MODE] for 
Back.

Clear Datalog 

This erases all the data stored in the datalog. 

Note: Once the datalog is cleared, the data cannot be recovered. 

Press [Y/+] to clear the datalog. The display asks, “Are you sure?” 

Press [Y/+] if you want to clear the datalog. When it has been 
cleared, the display shows “Datalog Cleared!” 
Press [N/-] if you do not want to clear the datalog. 

The display changes, and you are taken to the next sub-menu, Interval. 

Interval

Intervals are shown in seconds. The default value is 60 seconds. The 
maximum interval is 3600 seconds. 

1. Press [Y/+] to increase each digit’s value. 

2. Press [N/-] to advance to the next digit. 

3. Again, use [Y/+] to increase the number.  
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Repeat this process until all numbers are entered. 

When you have completed your selections, press [MODE]. 

You will see two choices: Save and Undo. You have the opportunity to 
register the new settings or to change your mind and revert to your 
previous settings. 

Press [Y/+] to save the changes. 
Press [N/-] to undo the changes and revert to the previous 
settings.

Data Selection 

Data Selection allows you to select which types of data are stored and 
made available when you offload your datalog to a computer via 
ProRAE Studio software. 

You can choose any or all of three types of data (you must choose at 
least one): 

Average
Maximum 
Minimum 

1. Press [N/-] to step from one option to the next. The highlighter 
indicates your choice. 

2. Press [Y/+] to toggle your selection on or off (the check box 
indicates “on” with an “X”). 

3. When you have completed your selections, press [MODE]. 

You will see two choices: Save and Undo. You have the opportunity to 
register the new settings or to change your mind and revert to your 
previous settings. 

Press [Y/+] to save the changes. 
Press [N/-] to undo the changes and revert to the previous 
settings.
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Datalog Type 

The instrument has three datalog types: 

Auto Default mode. Collects datalog information when the 
instrument is sampling. 

Manual Datalogging occurs only when the instrument’s 
datalogging is manually started (see below for details). 

Snapshot Datalogs only during single-event capture sampling.
Note: You can only choose one datalog type to be active at a time. 

1. Press [N/-] to step from one option to the next. 
2. Press [Y/+] to make your selection (the dark circle in the “radio 

button” indicates “on”). 
3. When you have completed your selection, press [MODE]. 

You will see two choices: Save and Undo. You have the opportunity to 
register the new settings or to change your mind and revert to your 
previous settings. 

Press [Y/+] to save the changes. 
Press [N/-] to undo the changes and revert to the previous settings. 

Manual Datalog 

When the instrument is set to Manual Datalog, you turn datalogging on 
and off by stepping through the displays from the Main Display, and 
then pressing the keys to select datalog on/off functions. 

When you reach the screen that says “Start Datalog?” press 
[Y/+] to start it. You see “Datalog Started,” confirming that 
datalogging is now on. 

When you reach the screen that says “Stop Datalog?” press [Y/+] to 
stop it. You see “Datalog Stopped,” confirming that datalogging is now 
off.
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Snapshot Datalog 

When the instrument is in Snapshot datalogging mode, it captures a 
single “snapshot” of the data at the moment of your choosing. 
Whenever the instrument is on and it is set to Snapshot, all you have to 
do is press [MODE] each time you want to capture a snapshot of the 
data at that instant. 

When you send the data to a computer using ProRAE Studio, the data 
snapshots are uniquely identified by time and other parameters.

Monitor Setup 

Many settings can be accessed in this menu, including setting the date 
and time and adjusting the pump’s on/off duty cycle.  

Op Mode 

Under Monitor Setup is “Op Mode.” 

Press [Y/+] to select. 

You see two options (one is highlighted): 

 Hygiene 
 Search 
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The current mode is indicated by a dark circle within the circle in front 
of either Hygiene or Search. 

1. Select Hygiene or Search by pressing [N/-]. The highlighting 
changes from one to the other each time you press [N/-]. 

2. Press [Y/+] to select that mode for the instrument. 
3. Press [MODE] when you want to register your selection to 

place the instrument in the selected mode. 
4. Press [Y/+] to commit the change and exit to the Monitor Setup 

screen, or press [N/-] to Undo (exit to the Monitor Setup screen 
without changing the Mode). 

Site ID 

Enter an 8-digit alphanumeric/character Site ID in the programming 
mode. This Site ID is included in the datalog report. 

1. Press [Y/+] and the display shows the current site ID. Example: 
“RAE00001.” Note that the left-most digit flashes to indicate it 
is the selected one. 

2. Press [Y/+] to step through all 26 letters (A to Z) and 10 
numerals (0 to 9).  
Note: The last four digits must be numerals. 

3. Press [N/-] to advance to the next digit. The next digit to the 
right flashes.

Repeat this process until all eight digits of the new site ID are 
entered.

Press [MODE] to exit. 

If there is any change to the existing site ID, the display shows “Save?”  
Press [Y/+] to accept the new site ID. Press [N/-] to discard the change 
and move to the next sub-menu. 
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User ID 

Enter an 8-digit alphanumeric User ID in the programming mode. This 
User ID is included in the datalog report. 

1. Press [Y/+] and the display shows the current User ID. 
Example: “RAE00001.” Note that the left-most digit flashes to 
indicate it is the selected one. 

2. Press [Y/+] to step through all 26 letters (A to Z) and 10 
numerals (0 to 9). 

3. Press [N/-] to advance to the next digit. The next digit to the 
right flashes.

Repeat this process until all eight digits of the new User ID are 
entered.

Press [MODE] to exit. 

If there is any change to the existing User ID, the display shows “Save”  
Press [Y/+] to accept the new site ID. Press [N/-] to discard  (undo) the 
change and move to the next sub-menu. 

User Mode 

The instrument has two user modes: 

Basic  Basic users can only see and use a basic set of 
functions.
Advanced  Advanced users can see all screens and perform all 
available functions. 

Note: The default value for User Mode is Basic. 
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To change the User Mode: 

1. Press [N/-] to step from one option to the next. The highlighting 
changes each time you press [N/-]. 

2. Press [Y/+] to make your selection (the dark circle in the “radio 
button” indicates “on”). 

3. When you have completed your selection, press [MODE]. 
4. Press [Y/+] to accept the new User Mode. Press [N/-] to discard the 

change and move to the next sub-menu. 

Date

The Date is expressed as Month/Day/Year, with two digits for each. 

1. Press [Y/+] and the display shows the current date. Note that 
the left-most digit flashes to indicate it is selected. 

2. Press [Y/+] to step through all 10 numerals (0 to 9). 

3. Press [N/-] to advance to the next digit. The next digit to the 
right flashes.

Repeat this process until all six digits of the new date are 
entered.

Press [MODE] to exit. 

Press [Y/+] to save the new date. 
Press [N/-] to undo the change and move to the next sub-menu. 

Time

The Time is expressed as Hours/Minutes/Seconds, with two digits for 
each. The time is in 24-hour (military) format. 

1. Press [Y/+] and the display shows the current time. Note that 
the left-most digit flashes to indicate it is selected. 

2. Press [Y/+] to step through all 10 numerals (0 to 9). 
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3. Press [N/-] to advance to the next digit. The next digit to the 
right flashes.

Repeat this process until all six digits of the new time are 
entered.

Press [MODE] to exit. 

Press [Y/+] to save the new date. 
Press [N/-] to undo the change and move to the next sub-menu. 

Duty Cycle 

The pump’s duty cycle is the ratio of its on time to off time. The duty 
cycle ranges from 50% to 100% (always on), and the period is 10 
seconds. Therefore, a duty cycle of 60% means that the pump is on for 
6 seconds and off for four seconds. Duty cycling is employed by the 
instrument to clean the PID. A lower duty cycle has a greater effect on 
keeping the PID clean than a higher duty cycle. 

Important! Pump duty cycling is interrupted when the instrument 
senses a gas. The pump’s duty cycle is disabled when the measurement 
is greater than the 2ppm threshold and is re-enabled when the reading 
falls below 90% of the threshold (1.8 ppm).  

1. Press [Y/+] to increase the value. 
2. When you have completed your selection, press [MODE].  

Press [Y/+] to save the new duty cycle value. 
Press [N/-] to undo the change and move to the next sub-menu. 
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Temperature Unit

The temperature display can be switched between Fahrenheit and 
Celsius units. 

1. Press [N/-] to step from one option to the next. 
2. Press [Y/+] to make your selection (the dark circle in the “radio 

button” indicates “on”). 
3. When you have completed your selection, press [MODE].  

Press [Y/+] to save the new temperature unit. 
Press [N/-] to undo the change and move to the next sub-menu. 

Pump Speed 

The pump can operate at two speeds, high and low. Running at low 
speed is quieter and conserves a small amount of power. There is 
almost no difference in sampling accuracy. 

1. Press [N/-] to step from one option to the next. 
2. Press [Y/+] to make your selection (the dark circle in the “radio 

button” indicates “on”). 
3. When you have completed your selection, press [MODE]. 

Press [Y/+] to save the new temperature unit. 
Press [N/-] to undo the change and move to the next sub-menu. 
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Language

English is the default language, but other languages can be selected for 
the instrument. 

1. Press [N/-] to step from one option to the next. 
2. Press [Y/+] to make your selection (the dark circle in the “radio 

button” indicates “on”). 
3. When you have completed your selection, press [MODE]. 

Press [Y/+] to save your new language choice. 
Press [N/-] to undo it and return to the previous language 
selection.

Radio Power 

The radio connection can be turned on or off. 

1. Press [N/-] to step from one option to the next (on or off). 
2. Press [Y/+] to make your selection (the dark circle in the “radio 

button” indicates that the option is selected). 
3. When you have completed your selection, press [MODE]. 

Press [Y/+] to accept the new radio setting (on or off). 
Press [N/-] to discard the change and move to the next sub-
menu.
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Real Time Protocol 

Real Time Protocol is the setting for data transmission. 

The choices are: 

P2M (cable) Point to multipoint. Data is transferred from the 
instrument to multiple locations using a wired 
connection. Default data rate: 19200 bps. 

P2P (cable) Point to point. Data is transferred only between the 
instrument and one other location, such as a 
computer. Default data rate: 9600 bps. 

P2M (wireless) Point to multipoint, wireless. Data is transferred 
wirelessly and can be received by multiple 
receivers.  

1. Press [N/-] to step from one option to the next. 
2. Press [Y/+] to make your selection (the dark circle in the “radio 

button” indicates “on”). 
3. When you have completed your selection, press [MODE]. 

Press [Y/+] to save the new real-time communications protocol. 
Press [N/-] to undo the change and move to the next sub-menu. 

Power On Zero 

When Power On Zero is on, the instrument performs a zero calibration 
when it is turned on. 

1. Press [N/-] to step from one option to the next. 
2. Press [Y/+] to make your selection (the dark circle in the “radio 

button” indicates your selection). 
3. When you have completed your selection, press [MODE]. 

Press [Y/+] to save the change. 
Press [N/-] to discard the change and move to the next sub-
menu.
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Unit ID 

This three-digit number keeps data separated by instrument when more 
than one instrument is used in a network. If multiple sensing units are 
attempting to communicate with the same Host, then the units must all 
have a different Unit ID. 

1. Press [Y/+] to step through all 10 numerals (0 to 9). If you pass the 
numeral you want, keep pressing [Y/+]. After it counts up to 9, it 
starts counting up from 0 again. 

2. Press [N/-] to advance to the next digit. The next digit to the right 
flashes.

Repeat this process until all three digits of the Unit ID are entered. 

3. Press [MODE] when you are done. 
Press [Y/+] to save the change. 
Press [N/-] to discard the change and move to the next sub-
menu.

LCD Contrast 

The display’s contrast can be increased or decreased from its default 
setting. You may not need to ever change the default setting, but 
sometimes you can optimize the display to suit extreme temperature 
and ambient brightness/darkness conditions. 

The minimum value is 20. 
The maximum value is 60. 

1. Press [Y/+] to increase the value or [N/-] to decrease the value. 
2. Press [MODE] to save your selection. 

Press [Y/+] to save your new contrast value. 
Press [N/-] to undo it and return to the previous value. 
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Hygiene Mode 

The instrument usually operates in Hygiene Mode, which provides 
basic functionality. However, it is possible to operate it in a second 
mode called Search Mode. Here are the primary differences: 

Hygiene Mode: Automatic measurements, continuously running 
and datalogging, and calculates additional 
exposure values. 

Search Mode:  Manual start/stop of measurements and display 
of certain exposure values. 
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Basic User Level & Hygiene Mode 

The default setting is navigated in the following way: 
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Pressing [N/-] steps you from screen to screen. Options include clearing 
the Peak value and turning on the instrument’s PC Communications for 
data transfer to a PC. 
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Entering Search Mode From Hygiene Mode

In order to change the instrument’s operational mode from Hygiene 
Mode to Search Mode, you must enter the password-protected 
Programming Mode: 

1. Hold [MODE] and [N/-] until you see the password screen. 
2. Use [Y/+] to increment to the number you want for the first 

digit. (If you pass by the desired number, press [Y/+] until it 
cycles through to 0 again. Then press [Y/+] until you reach the 
desired number.) 

3. Press [N/-] to advance to the next digit. 
4. Again press [Y/+] to increment the number. 
5. Press [N/-] to advance to the next digit. 

Continue the process until all four numbers of the password have been 
input. Then press [MODE] to proceed. 

The screen changes to icons with the label “Calibration.” 

1. Press [N/-] to advance to “Monitor Setup.” 
2. Press [Y/+] to select Monitor Setup. 

Under Monitor Setup, you will see “Op Mode.” 

Press [Y/+] to select. 

You will see: 

 Hygiene 
 Search 

The current mode is indicated by a dark circle within the circle in front 
of either Hygiene or Search. 

1. Select Hygiene or Search by pressing [N/-]. 
2. Press [Y/+] to place the instrument into the selected mode. 

76



Graph 

Gas info 

Yi+ key Mode key NI- key 

Radio power 
Radio signal 
Battery 
Reading 

Datalog 

Pump 

Calibration needed 

Ail 
0.0 

CF=100 lsobuten"721 

ki 
PPm 

CF=1.00 isobutenhEi 

--> 

MiniRAE 3000 User’s Guide 

3. Press [MODE] when you want to register your selection to 
place the instrument in the selected mode. 

4. Press [Y/+] to commit the change and exit to the Monitor Setup 
screen, or press [N/-] to Undo (exit to the Monitor Setup screen 
without changing the Mode). 

Optional Graphic Screen In Search Mode
Using ProRAE Studio, you can set your instrument to show a graphic 
display instead of a numeric display of ongoing data. Consult your 
ProRAE Studio disc for information. 

During sampling, the display’s readings are shown numerically, plus 
the graph tracks the highest readings over time. The numeric reading 
alternates between the value and the measurement units, as well: 
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Advanced User Level (Hygiene Mode Or 
Search Mode) 

The User Mode called Advanced User Level allows a greater number 
of parameters to be changed than Basic User Level. It can be used with 
either of the Operation Modes, Hygiene Mode or Search Mode. 

Advanced User Level & Hygiene Mode 

With the instrument in Operation Mode: Hygiene Mode, enter User 
Mode: Advanced User Level (refer to the section called Monitor Mode 
for instructions). 

Once you are in Advanced User Level and Hygiene Mode together, you 
can change the calibration reference and measurement gas, in addition 
to performing normal monitoring functions. 

Pressing [N/-] progresses through the screens, while pressing [Y/+] 
selects options. Pressing [MODE] makes menu choices when it is 
shown for “Done” or “Back.” Pressing and holding [Mode] whenever 
the circle with a vertical line in the middle is shown activates the 
countdown to shutoff. 
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Basic User Level & Search Mode 
With the instrument in Operation Mode: Search Mode, enter User 
Mode and select Basic User Level (refer to the section called User 
Mode for instructions). 

When the instrument is in Search Mode, it only samples when you 
activate sampling. When you see the display that says, “Ready…Start 
sampling?” press [Y/+] to start. The pump turns on and the instrument 
begins collecting data. To stop sampling, press [N/-] while the main 
display is showing. You will see a new screen that says, “Stop 
sampling?” Press [Y/+] to stop sampling. Press [N/-] if you want 
sampling to continue. 
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Advanced User Level & Search Mode 

With the instrument in Operation Mode: Search Mode, enter User 
Mode and select Advanced User Level (refer to the section called 
Monitor Mode for instructions). Operation is similar to Basic User 
Level & Sampling Mode, but now allows you to change calibration and 
measurement reference gases. Refer to the section on measurement 
gases on page 52 for more details. details. 
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Diagnostic Mode 

IMPORTANT! Diagnostic Mode is designed for servicing and 
manufacturing, and therefore is not intended for everyday use, even by 
advanced users. It provides raw data from sensors and about settings, 
but only allows adjustment of pump stall parameters, which should 
only be changed by qualified personnel. 

Note: If the instrument is turned on in Diagnostic Mode and you switch 
to User Mode, datalog data remains in raw count form. To change to 
standard readings, you must restart the instrument. 

Entering Diagnostic Mode 
Note: To enter Diagnostic Mode, you must begin with the instrument 
turned off. 

Press and hold [Y/+] and [MODE] until the instrument starts. 

The instrument goes through a brief startup, and then displays raw data 
for the PID sensor. These numbers are raw sensor readings without 
calibration. The instrument is now in Diagnostic Mode. 

Note: In Diagnostic Mode, the pump and lamp are normally on. 

You can enter Programming Mode and calibrate the instrument as usual 
by pressing both [MODE] and [N/-] for three seconds. 

You can enter Monitoring Mode by pressing [MODE] and [Y/+] 
together for three seconds. 

Once the instrument is started up in Diagnostic Mode, you can switch 
between Diagnostic Mode and Monitoring Mode by pressing and 
holding [MODE] and [Y/+] simultaneously for two seconds.  

In Diagnostic mode, you can step through parameter screens by 
pressing [MODE]. 
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Adjusting The Pump Stall Threshold 
If the gas inlet is blocked but the pump does not shut down, or the 
pump shuts down too easily with a slight blockage, the pump stall 
threshold value may be set too high or too low. 

Use the following steps to adjust the pump stall threshold: 

Pump High 
In Diagnostic Mode, press the [MODE] key until “Pump  High” is 
displayed. The display shows the maximum, minimum, and stall values 
for the pump at its high speed. Write down the “Max” reading. 

Block the gas inlet and watch the pump current reading (labeled “I”) 
increase. Write down its blocked reading. Note: If the pump current 
reading does not increase significantly (less than 10 counts), then there 
may be a leak in the gas inlet or the pump is weak or defective.  

Add the two readings you wrote down. This is the average of the 
maximum block count and the maximum idle count. Divide that 
number by 2. Use the [Y/+] or [N/-] key to increase or decrease the 
stall value to equal that number. 

Press the [MODE] key to exit this display. 

Pump Low 
In Diagnostic Mode, press the [MODE] key until “Pump  Low” is 
displayed. The display shows the maximum, minimum, and stall values 
for the pump at its low speed. Write down the “Max” reading. 

Block the gas inlet and watch the pump current reading (labeled “I”) 
increase. Write down its blocked reading. Note: If the pump current 
reading does not increase significantly (less than 10 counts), then there 
may be a leak in the gas inlet or the pump is weak or defective.  

Add the two readings you wrote down. This is the average of the 
maximum block count and the maximum idle count. Divide that 
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number by 2. Use the [Y/+] or [N/-] key to increase or decrease the 
stall value to equal that number. 

Press the [MODE] key to exit this display. 

Exiting Diagnostic Mode 
You can exit Diagnostic Mode and go directly to Programming Mode 
or Monitor Mode as outlined above, or you can exit Diagnostic Mode 
completely. 

To exit Diagnostic Mode so that it cannot be re-entered without a 
restart:

Shut down the instrument. When it is off, restart it by holding the 
[MODE] key. Diagnostic Mode cannot be entered until the instrument 
is restarted as outlined in “Entering Diagnostic Mode.” 
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Transferring Data To & From A Computer 
Once you have connected your instrument cradle to the PC, you can 
can transfer data, including a download of the datalog to the computer 
and updates of firmware to the  instrument (should this ever be 
necessary). 

Downloading The Datalog To A PC 

1. Connect the data cable to the PC and the cradle. 
2. Place the instrument into its cradle. The charging LED should 

be illuminated. 
3. Start ProRAE Studio on your PC. 
4. From ProRAE Studio, select “Operation” and select Setup 

Connection.
5. Select the COM port to establish a communication link 

between the PC and the instrument. 
6. To receive the datalog in the PC, select “Downlog Datalog.” 
7. When you see “Unit Information,” click OK. 

During the data transfer, the display shows a progress bar. 

When the transfer is done, you will see a screen with the datalog 
information. You can now export this datalog for other use or printing. 
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Uploading Firmware To The instrument From A 
PC
Uploading new firmware to your instrument requires connecting the 
instrument and PC. Follow these steps to make the connection: 

1. Connect the data cable to the PC and the cradle. 
2. Place the instrument into its cradle. The charging LED should 

be illuminated. 
3. Start RAEProgrammer 7000 on your PC. 
4. From RAEProgrammer 7000, select “Operation” and select 

Setup Connection. 
5. Select the COM port to establish a communication link 

between the PC and the instrument. 
6. Select Operation  Download Firmware. 

Once communication is established, follow the instructions that 
accompany RAEProgrammer 7000 and the firmware to upload the new 
firmware to your instrument. 

Note: Check for the latest updates to ProRAEProgrammer 7000 at 
www.raesystems.com. 
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Maintenance
The major maintenance items of the instrument are: 

Battery pack 

Sensor module 

PID lamp 

Sampling pump 
Inlet connectors and filters 

Note: Maintenance should be performed by qualified 
personnel only.

NOTE: The printed circuit board of the instrument is connected to 
the battery pack even if the power is turned off. Therefore, it is 
very important to disconnect the battery pack before servicing or 
replacing any components inside the instrument. Severe damage to 
the printed circuit board or battery may occur if the battery pack 
is not disconnected before servicing the unit.  

Battery Charging & Replacement 
When the display shows a flashing empty battery icon, the battery 
requires recharging. It is recommended to recharge the instrument upon 
returning from fieldwork. A fully charged battery runs a instrument for 
16 hours continuously. The charging time is less than 8 hours for a 
fully discharged battery. The battery may be replaced in the field (in 
areas known to be non-hazardous), if required. 

WARNING! 
To reduce the risk of ignition of hazardous atmospheres, recharge 
battery only in area known to be non-hazardous. Remove and 
replace battery only in areas known to be non-hazardous. 
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Replacing The Li-ion Battery 
1. Turn off the instrument. 

2. Located on the rear of the instrument is a battery tab. Slide it down to 
unlock the battery.  

3. Remove the battery pack from the battery compartment by tilting it 
out.

4. Replace a fully charged spare battery pack inside the battery 
compartment. Make sure the battery pack is oriented properly 
inside the compartment. 

5.  Slide the capture tab back up to its locked position. 

Replacing The Alkaline Battery Adapter 
An alkaline battery adapter is supplied with each instrument. The 
adapter (part number 059-3052-000) accepts four AA alkaline batteries
(use only Duracell MN1500) and provides approximately 12 hours of 
operation. The adapter is intended to be used in emergency situations 
when there is no time to charge the Li-ion battery pack. 

To insert batteries into the adapter: 

1. Remove the three Philips-head screws to open the 
compartment. 

2. Insert four fresh AA batteries as indicated by the polarity (+/-) 
markings.

3. Replace the cover. Replace the three screws. 
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To install the adapter in the instrument: 

1. Remove the Li-ion battery pack from the battery compartment 
by sliding the tab and tilting out the battery. 

2. Replace it with the alkaline battery adapter 

3. Slide the tab back into place to secure the battery adapter. 

IMPORTANT! 
Alkaline batteries cannot be recharged. The instrument’s internal circuit 
detects alkaline batteries and will not allow recharging. If you place the 
instrument in its cradle, the alkaline battery will not be recharged. The 
internal charging circuit is designed to prevent damage to alkaline 
batteries and the charging circuit when alkaline batteries are installed 
inside the instrument. 

Note: When replacing alkaline batteries, dispose of old ones properly. 

WARNING! 
To reduce the risk of ignition of hazardous atmospheres, recharge the 
battery only in areas known to be non-hazardous. Remove and replace 
the battery only in areas known to be non-hazardous. 

Note:  The internal charging circuit is designed to prevent charging to 
alkaline batteries. 
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PID Sensor & Lamp Cleaning/Replacement
The sensor module is made of several components and is attached to 
the lamp-housing unit as shown below. 

Inlet Probe Assembly
PN 023-3012-000 Sensor Cover 

Assembly 

Sensor Module Assembly 
PN 023-3005-200-FRU 

THP (temperature, humidity, pressure) Sensor Module 
PN 023-3011-000-FRU 

O-ring, 36.5mm x 2.65mm 

Stainless Steel Washer 

Seal Nut 

Lamp 1/2" (10.6eV) 
PN 050-0000-004 Sensor Detector 

PN 023-3010-000 
Teflon O-ring 

Porous Metal Filter 

O-ring, 35mm x 2mm 

Filter Fixer 

Sensor Components 
Note: The cleaning procedure is not normally needed. Clean the PID 
sensor module, the lamp and the lamp housing only if:

1. The reading is inaccurate even after calibration.  

2. The reading is very sensitive to air moisture. 

3. A liquid has been sucked into the unit and damaged the unit.  

Use of the external filter helps to prevent contamination of the sensor. 

To access the sensor components and lamp, gently unscrew the lamp-
housing cap, remove the sensor adapter with the gas inlet probe and the 
metal filter all together. Then hold the PID sensor and pull it straight 
out. A slight, gentle rocking motion helps release the sensor.
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Cleaning The PID Sensor
Place the entire PID sensor module into GC grade methanol. It is highly 
recommended that an ultrasound bath to be used to clean the sensor for 
at least 15 minutes. Then dry the sensor thoroughly. Never touch the 
electrodes of the sensor by hand.
Also use a methanol-soaked cotton swab to wipe off the lamp housing 
where it contacts the sensor when the sensor is installed. 

Turn over the sensor so that the pins point up and the sensor cavity is 
visible. Examine the sensor electrodes for any corrosion, damage, or 
bending out of alignment. The metal sensor electrode “fingers” should 
be flat and straight. If necessary, carefully bend the sensor fingers to 
ensure that they do not touch the Teflon portions and that they are 
parallel to each other. Make sure that the nuts on the sensor pins are 
snug but not overtight. If the sensor is corroded or otherwise damaged, 
it should be replaced. 

Cleaning The Lamp Housing Or Changing The Lamp 
If the lamp does not turn on, the instrument will display an error 
message to indicate replacement of the lamp may be required.

1. If the lamp is operational, clean the lamp window surface and the 
lamp housing by wiping it with GC grade methanol using a cotton 
swab using moderate pressure. After cleaning, hold the lamp up to 
the light at an angle to detect any remaining film. Repeat the 
process until the lamp window is clean. Never use water solutions 
to clean the lamp. Dry the lamp and the lamp housing thoroughly 
after cleaning.

CAUTION:  Never touch the window surface with the fingers 
or anything else that may leave a film. Never use acetone or 
aqueous solutions. 

2. If the lamp does not turn on, remove the lamp from the lamp 
housing. Place the lamp O-ring onto the new lamp. Insert the new 
lamp, avoiding contact with the flat window surface.   

3. Reinstall the PID sensor module.  

4. Tighten the Lamp Housing Cap. 
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Determining The Lamp Type 
The monitor can accommodate three lamp values: 10.6eV (standard), 
9.8eV, and 11.7eV. The monitor automatically reads a marking on the 
side of the lamp to set the proper Correction Factor. There are two 
ways to determine the lamp type: 

Remove the lamp and look for markings (bars) on the side: 

• No bars: 10.6eV 
• 1 bar: 11.7eV 
• 2 bars: 9.8eV 

Also, when the monitor is running, the lamp type is shown along with 
the calibration and measurement gas and Correction Factor: 

Note: This screen can be accessed from the reading screen by pressing 
[N/-] four times. 
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Sampling Pump 
When approaching the end of the specified lifetime of the pump, it will 
consume higher amount of energy and reduce its sample draw 
capability significantly. When this occurs, it is necessary to replace or 
rebuild the pump. When checking the pump flow, make sure that the 
inlet connector is tight and the inlet tubing is in good condition. 
Connect a flow meter to the gas inlet probe. The flow rate should be 
above 450 cc/min when there is no air leakage.

If the pump is not working properly, refer the instrument to qualified 
service personnel for further testing and, if necessary, pump repair or 
replacement.

Cleaning The Instrument 
Occasional cleaning with a soft cloth is recommended. Do not use 
detergents or chemicals. 

Visually inspect the contacts at the base of the instrument, on the 
battery, and on the charging cradle to make sure they are clean. If they 
are not, wipe them with a soft, dry cloth. Never use solvents or 
cleaners.

Ordering Replacement Parts 
If you need replacement parts, contact your local RAE Systems 
distributor. A list is available online: 

 http://www.raesystems.com 

In the U.S., you can order sensors, replacement batteries, and other 
accessories online at: 

 http://istore.raesystems.com/ 
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Special Servicing Note 
If the instrument needs to be serviced, contact either: 

1. The RAE Systems distributor from whom the instrument was 
purchased; they will return the instrument on your behalf. 

or

2. The RAE Systems Technical Service Department. Before returning 
the instrument for service or repair, obtain a Returned Material 
Authorization (RMA) number for proper tracking of your 
equipment. This number needs to be on all documentation and 
posted on the outside of the box in which the instrument is returned 
for service or upgrade. Packages without RMA Numbers will be 
refused at the factory. 
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Troubleshooting 

Problem Possible Reasons & Solutions                
Cannot turn on power 
after charging the 
battery

Reasons: Discharged battery.         
Defective battery.                  

Solutions: Charge or replace battery.
Lost password Solutions: Call Technical Support at 

+1 408-752-0723 or toll-
free at
+1 888-723-4800

Reading abnormally  
High

Reasons: Dirty filter.  
Dirty sensor module.  
Excessive moisture and 
water condensation. 
Incorrect calibration. 

Solutions: Replace filter. 
Blow-dry the sensor 
module. 
Calibrate the unit. 

Reading abnormally  
Low

Reasons: Dirty filter. 
Dirty sensor module.  
Weak or dirty lamp. 
Incorrect calibration. 

Solutions: Replace filter.  
Remove Calibration 
Adapter.
Calibrate the unit. 
Check for air leakage. 

Buzzer
Inoperative

Reasons: Bad buzzer. 

Solutions: Check that buzzer is not 
turned off. 
Call authorized service 
center.

96



MiniRAE 3000 User’s Guide 

Inlet flow too low Reasons: Pump diaphragm damaged 
or has debris.                         
Flow path leaks. 

Solutions: Check flow path for leaks; 
sensor module O-ring, tube 
connectors, Teflon tube 
compression fitting. 
Call Technical Support at 
+1 408-752-0723  
or toll-free at
+1 888-723-4800

“Lamp” message 
during  operation 

Reasons: Lamp drive circuit.             
Weak or defective PID 
lamp, defective.  

Solutions: Turn the unit off and back 
on.
Replace UV lamp 

Technical Support 

To contact RAE Systems Technical Support Team: 

Monday through Friday, 7:00AM to 5:00PM Pacific (US) Time 
Phone (toll-free): +1 888-723-4800 
Phone: +1 408-952-8461 
Email: tech@raesystems.com 

Life-critical after-hours support is available: 

+1 408-952-8200  select option 8 
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RAE Systems Contacts 

RAE Systems 
World Headquarters
3775 N. First St. 
San Jose, CA 95134-1708 USA 
Phone: +1 408.952.8200
Fax: +1 408.952.8480

E-mail: customerserv@raesystems.com 
Web Site:  www.raesystems.com

RAE Systems Technical Support 
Monday through Friday,  7:00AM to 5:00PM Pacific Time 
Phone: +1.408.952.8461 
Email: tech@raesystems.com 

Life-critical after-hours support is available:
+1.408.952.8200  select option 9

RAE Systems Europe ApS 
Kirstinehøj 23 A 
DK-2770 Kastrup 
Denmark 
Phone: +45 86 52 51 55 
Fax:      +45 86 52 51 77 
orders@raeeurope.com 
sales@raeeurope.com 
service@raesystems.com 
Web: www.raesystems.dk

98



MiniRAE 3000 User’s Guide 

RAE Systems UK Ltd 
D5 Culham Innovation Centre 
Culham Science Centre 
Abingdon, Oxon OX14 3DB 
United Kingdom 
Phone: +44 1865408368 
Fax: +44 1235531119 
Mobile: +44 7841362693 
Email: raeuk@raeeurope.com

RAE Systems France 
336, rue de la fée des eaux 
69390 Vernaison 
France
Phone: +33 4 78 46 16 65
Fax: +33 4 78 46 25 98
Email: info-france@raeeurope.com
Web: www.raesystems.fr 

RAE BeNeLux BV 
Rijndal 20 
2904 DC Capelle a/d IJssel 
Phone: +31 10 4426149 
Fax: +31 10 4426148 
Email: info@rae.nl
Web: www.rae.nl

RAE Systems Spain, s.l. 
Av. Remolar, 31 
08820 El Prat de Llobregat 
Spain
Phone: +34 933 788 352 
Fax: +34 933 788 353 
Mobile: +34 687 491 106 
Email: mdelgado@raespain.com
Web: www.raespain.com
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RAE Middle East 
Lot 7, Ground Floor, Office 19 
Jebel Ali Free Zone 
Dubai
United Arab Emirates 
Phone: +971 4 887 5562 
Fax: +971 4 887 5563 
Email: mjorgensen@raesystems.com 

RAE Systems (Hong Kong) Ltd. 
Room 8, 6/F, Hong Leong Plaza 
33 Lok Yip Road 
Fanling, N.T, Hong Kong 
Phone: +852.2669.0828 
Fax: +852.2669.0803 
Email: hksales@raesystems.com 

RAE Systems Japan
403 Plaza Ochanomizu Bldg. 2-1 
Surugadai Kanda Chiyoda-Ku 
Tokyo, Japan 
Phone: 81-3-5283-3268 
Fax: 81-3-5283-3275 
Email: jpsales@raesystems.com 

RAE Systems Korea 
#1010, DaeMyungAnsVill First, 
Sang-Dong 412-2, Wonmi-Gu, Bucheon, 
Kyungki-Do, Korea 
Phone: 82-32-328-7123 
Fax: 82-32-328-7127 
Email: krsales@raesystems.com 
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Controlled Part of Manual 

Intrinsic Safety:   
US and Canada: Class I, Division 1, Groups A,B,C,D T4 

Europe:  ATEX (0575 Ex II 2G Ex ia IIC/IIB T4 Gb) 
              KEMA 07 ATEX 0127 
 Complies with EN60079-0:2009, EN60079-11:2007 
IECEx CSA 10.0005 Ex ia IIC/IIB T4 Gb 
 Complies with IEC 60079-0:2007, IEC 60079-11:2006 

Temperature:  -20º C to 50º C (-4º to 122º F) 
Humidity:  0% to 95% relative humidity (non-condensing) 

Basic Operation 

Turning The Instrument On 

1. With the instrument turned off, press and hold [MODE]. 
2. When the display turns on, release the [MODE] key. 

The instrument is now operating and performs self tests. Once the self 
tests are complete, the display shows a graph or numerical gas reading. 
This indicates that the instrument is fully functional and ready to use. 

Turning The Instrument Off 
1. Press and hold the Mode key for 3 seconds. A 5-second countdown 

to shutoff begins. 
2. When you see “Unit off...” release your finger from the [MODE] 

key. The instrument is now off. 

Note: You must hold your finger on the key for the entire shutoff 
process. If you remove your finger from the key during the countdown, 
the shutoff operation is canceled and the instrument continues normal 
operation.
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Alarm Signals 
During each measurement period, the gas concentration is compared 
with the programmed alarm limits (gas concentration alarm limit 
settings). If the concentration exceeds any of the preset limits, the loud 
buzzer and red flashing LED are activated immediately to warn you of 
the alarm condition. 

In addition, the instrument alarms if one of the following conditions 
occurs: battery voltage falls below a preset voltage level, failure of the 
UV lamp, pump stall, or when the datalog memory is full. 

Alarm Signal Summary 
Message Condition Alarm Signal 

HIGH Gas exceeds “High 
Alarm” limit 

3 beeps/flashes per second* 

OVR Gas exceeds 
measurement range 

3 beeps/flashes per second* 

MAX Gas exceeds electronics’ 
maximum range 

3 beeps/flashes per second* 

LOW Gas exceeds “Low 
Alarm” limit 

2 beeps/flashes per second* 

TWA Gas exceeds “TWA” 
limit 

1 Beep/flash per second* 

STEL Gas exceeds “STEL” 
limit 

1 Beep/flash per second* 

Pump 
icon
flashes

Pump failure 3 beeps/flashes per second 

Lamp PID lamp failure 3 beeps/flashes per second 
plus  “Lamp” message on 
display
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Battery 
icon
flashes 

Low battery 1 flash, 1 beep per minute 
plus battery icon flashes on 
display 

CAL Calibration failed, or 
needs calibration 

1 beep/flash per second 

NEG Gas reading measures 
less than number stored in 
calibration

1 beep/flash per second 

Preset Alarm Limits & Calibration 
The instrument is factory calibrated with standard calibration gas, and 
is programmed with default alarm limits. 

Cal Gas 

(Isobutylene) 

Cal
Span

unit Low High TWA STEL

ppbRAE
3000

10 ppm 10 25 10 25

MiniRAE
3000

100 ppm 50 100 10 25

MiniRAE
Lite

100 ppm 50 100 10 25

UltraRAE
3000

100 ppm 50 100 10 25
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Charging The Battery 

Always fully charge the battery before using the instrument. The 
instrument’s Li-ion/NiMH battery is charged by placing the instrument 
in its cradle. Contacts on the bottom of the instrument meet the cradle’s 
contacts, transferring power without other connections. 

Note: Before setting the instrument into its charging cradle, visually 
inspect the contacts to make sure they are clean. If they are not, wipe 
them with a soft cloth. Do not use solvents or cleaners. 

Follow this procedure to charge the instrument: 

1. Plug the AC/DC adapter’s barrel connector into the instrument’s 
cradle.

 2. Plug the AC/DC adapter into the wall outlet. 
 3. Place the instrument into the cradle, press down, and lean it 

back. It locks in place and the LED in the cradle glows. 

Note: To release the instrument, press down and tilt the top out 
of the cradle and lift up. 

The instrument begins charging automatically. The LED on the front of 
the cradle marked “Primary” blinks during charging. During charging, 
the diagonal lines in the battery icon on the instrument’s display are 
animated and you see the message “Charging...” 

When the instrument’s battery is fully charged, the battery icon is no 
longer animated and shows a full battery. The message “Fully 
charged!” is shown and the Primary LED on the cradle glows 
continuously green. 
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Note: A spare Li-ion battery (059-3051-000) or NiMH(059-3054-000) 
can be charged by placing it directly in the charging port on the back of 
the cradle.  It can be charged at the same time as the instrument. Press 
the battery in place, sliding it slightly toward the front of the cradle. 
This locks it in the cradle. To release the battery, slide it forward again 
and tilt it up. 

Note: An Alkaline Battery Adapter (part number 059-3052-000), which 
uses four AA alkaline batteries (Duracell MN1500), may be substituted 
for the Li-Ion battery. 

WARNING!

To reduce the risk of ignition of hazardous atmospheres, recharge 
and replace batteries only in areas known to be non-hazardous.
Remove and replace batteries only in areas known to be non-
hazardous. 

Low Voltage Warning 
When the battery’s charge falls below a preset voltage, the instrument 
warns you by beeping once and flashing once every minute, and the 
battery icon blinks once per second. You should turn off the instrument 
within 10 minutes and either recharge the battery by placing the 
instrument in its cradle, or replace the battery with a fresh one with a 
full charge. 

Clock Battery 
An internal clock battery is mounted on one of the instrument’s printed 
circuit boards. This long-life battery keeps settings in memory from 
being lost whenever the Li-ion, NiMH, or alkaline batteries are 
removed. This backup battery should last approximately five years, and 
must be replaced by an authorized RAE Systems service technician. It 
is not user-replaceable. 
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WARNING
To reduce the risk of ignition of hazardous atmospheres, recharge 
battery only in area known to be non-hazardous. Remove and 
replace battery only in an area known to be non-hazardous.

Replacing Rechargeable Li-Ion or NiMH Battery 

Caution: Turn off the instrument before removing or replacing the 
battery. 

Alkaline Battery Adapter     
An alkaline battery adapter is supplied with each instrument. The 
adapter (part number 059-3052-000) accepts four AA alkaline batteries
(use only Duracell MN1500). 

Do not mix old and new batteries or different type batteries. 
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Troubleshooting 

Problem Possible Reasons & Solutions                
Cannot turn on power 
after charging the 
battery

Reasons: Discharged battery.         
Defective battery.                  

Solutions: Charge or replace battery.
Lost password Solutions: Call Technical Support at 

+1 408-752-0723 or toll-
free at
+1 888-723-4800

Reading abnormally  
High

Reasons: Dirty filter.  
Dirty sensor module.  
Excessive moisture and 
water condensation. 
Incorrect calibration. 

Solutions: Replace filter. 
Blow-dry the sensor 
module. 
Calibrate the unit. 

Reading abnormally  
Low

Reasons: Dirty filter. 
Dirty sensor module.  
Weak or dirty lamp. 
Incorrect calibration. 

Solutions: Replace filter.  
Remove Calibration 
Adapter.
Calibrate the unit. 
Check for air leakage. 

Buzzer
Inoperative

Reasons: Bad buzzer. 

Solutions: Check that buzzer is not 
turned off. 
Call authorized service 
center.
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Inlet flow too low Reasons: Pump diaphragm damaged 
or has debris.                         
Flow path leaks. 

Solutions: Check flow path for leaks; 
sensor module O-ring, tube 
connectors, Teflon tube 
compression fitting. 
Call Technical Support at 
+1 408-752-0723  
or toll-free at
+1 888-723-4800

“Lamp” message 
during  operation 

Reasons: Lamp drive circuit.             
Weak or defective PID 
lamp, defective.  

Solutions: Turn the unit off and back 
on.
Replace UV lamp 
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STANDARD OPERATING PROCEDURE 

General Guidance for Monitoring Well 
Installation 

I. Purpose 

To provide site personnel with a review of the well installation procedures that will 
be performed.  These procedures are to be considered general guidelines only and 
are in no way intended to supplement or replace the contractual specifications in the 
driller’s subcontract.  

II. Scope 

Monitoring well installations are planned for shallow and/or deep unconsolidated 
aquifers and/or for bedrock aquifers. The SOPs Installation of Shallow Monitoring 
Wells, Installation of Surface-Cased Monitoring Wells, Installation of Bedrock Monitoring 
Wells, and Installation of Monitoring Wells Using Sonic Drilling provide more specifics. 

III. Equipment and Materials 

1.       Drilling rig (hollow stem auger, sonic, air hammer, air rotary, or mud rotary) 

2. Well-construction materials (i.e., surface casing, screens, riser, casing, caps, 
bottom plugs, centering guides, sand, bentonite, grout, and surface-finish 
materials) 

3. Development equipment   

IV. Procedures and Guidelines 

1. Wells will be installed in accordance with standard EPA procedures.  Note 
that USEPA Region III requires any well penetrating a confining layer to be 
double-cased. 

2. The threaded connections will be water-tight. 

3. Well screens generally will be constructed of 10-slot or 20-slot Schedule 40 
PVC and will be 5 to 10 feet in length depending on saturated thickness of 
unconsolidated sediments.  The exact slot size and length will be determined 
by the field team supervisor. Stainless steel may be required under certain 
contaminant conditions. 

4. Stick-up wells will be surrounded by four concrete-filled guard posts at least 
2 inches in diameter. 



MWInstall.doc 
QC and Reviewed 08/2013 2 

5. A record of the finished well construction will be compiled. 

6. All soils and liquids generated during well installations will be drummed for 
proper disposal. 

Monitoring Well Installation 

 2” monitoring wells in unconsolidated materials will be installed in at least 6-
inch-diameter boreholes to accommodate well completion materials in 
designated locations. 

 All monitoring wells penetrating a confining layer will be surface-cased from 
the ground surface to approximately 5 feet into the confining layer. 
Exceptions to this may be allowed under certain circumstances (e.g., evidence 
of significant natural gaps in the confining layer).  

 Monitoring wells in unconsolidated materials will be constructed of 2-inch-
diameter, factory manufactured, flush-jointed, Schedule 40 PVC (or stainless 
steel) screen with threaded bottom plug and riser. 

 Screens will be filter packed with a properly sized and graded, thoroughly 
washed, sound, durable, well-rounded basalt or siliceous sand. When using 
hollow-stem augers, the filter pack will be installed by slowly pouring the 
sand into the annular space while simultaneously raising the augers and 
using a weighted tape to sound for the sand surface. For rotary-drilled wells, 
the height of the sand pack also will be sounded with a weighted tape. 

 The primary filter sand pack (typically Morie #00 or DSI #1 for a 10-slot 
screen) will extend from 1 to 2 feet below the base to 2 feet above the top of 
the screen; filter pack will be allowed to settle before final measurement is 
taken. For wells deeper than 30 feet, the filter pack will be placed using a 
tremie pipe and flowing water. 

 A secondary filter sand pack (typically a fine sand seal) 1-foot thick may be 
placed above the primary sand pack. 

 Annular well seals will consist of 2 feet of pelletized, chip, or granular 
bentonite clay placed above the filter pack. If necessary the pellets will be 
hydrated using potable water. For wells installed using hollow-stem augers, 
the bentonite will be poured into the annular space while slowly raising the 
augers and sounding for the top of the bentonite with a weighted tape. A 
high-solids bentonite slurry using powdered bentonite introduced with a 
side-discharging tremie pipe will be used for the bentonite seals in wells 
greater than 30 feet deep. For rotary-drilled wells, the height of the well seal 
also will be sounded with a weighted tape. High-solids slurries will have 
solids content of at least 20 percent.    

 The top of the annular seal will be measured after the bentonite seal has been 
allowed to hydrate and before the grout is applied. The seal will be allowed 
to hydrate for at least 30 minutes before work in the well continues. 
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 The annular space above the bentonite seal will be filled to grade with a 
bentonite-cement slurry grout mixture. 

 The grout mixture consists of 6 to 8 gallons of water per 94-pound bag of 
Portland cement; 3 to 6 pounds of bentonite added per bag of cement to 
reduce shrinkage. 

 The grout mix will be carefully applied to avoid disturbing the bentonite seal; 
the method of grout placement must force grout from the top of the bentonite 
seal to ground surface. 

 After allowing the grout to settle and set up overnight, additional grout will 
be added to maintain grade. 

 A protective steel casing equipped with keyed alike locking caps will be 
grouted in place for each new well; the casing will extend at least 2 feet above 
grade and 3 feet below grade, and will be painted a bright color. 

Well Development 

 New monitoring wells will be developed after the well has been completely 
installed and the grout has hardened (at least 24 hours) 

 The well will be developed by surging and pumping. 

 Equipment placed in the well will be decontaminated before use. 

 If information is available, begin developing in the least-contaminated well 
first. 

 Development will include surging the well by either abruptly stopping flow 
and allowing water in the well column to fall back into the well or through 
the use of a surge block that is slightly smaller in diameter than the well 
casing inner diameter. 

 Pipes and pumps must not be fitted with foot valves or other devices that 
might inhibit the return flow of water to the well. 

 Surging should continue throughout the development process. 

 The air-lift method may be used to pump materials out of the well.  The air 
compressor will be fitted with filters to remove all oil and the air lift hose 
used will be made of inert materials. 

 Well development will continue until the water produced is free of turbidity, 
sand, and silt.  A Horiba-U22 meter, YSI meter with separate Hanna turbidity 
meter, or equivalent should be used to determine when the turbidity is low 
and parameters have stabilized. 

 Development water will be considered hazardous and placed in sealed 
55-gallon U.S. DOT approved steel drums.  CH2M HILL will label and date 
the drums as pending analysis, and transport the drums to a designated site 
for storage.   
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V. Attachments 

None. 

VI. Key Check and Items 

 Ensure that all equipment is properly decontaminated as needed.  

 Only new, sealed materials (e.g., screens, risers, and sand) will be used in 
constructing the well.  

 Care shall be taken when making downhole measurements to ensure that proper 
heights of sand, seal, and grout are achieved.  
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STANDARD OPERATING PROCEDURE 

Groundwater Sampling from Monitoring Wells – 
EPA Region I and III 

I. Purpose and Scope 

This procedure presents general guidelines for collecting groundwater samples from 
monitoring wells.  The procedure does not address purging and sampling using 
“low-flow” techniques (see SOP Low-Flow Groundwater Sampling from Monitoring 
Wells – EPA Region I and III).  Operations manuals should be consulted for specific 
calibration and operating procedures. 

II. Equipment and Materials 

 Peristaltic pump, pneumatic bladder pump, or electric submersible pump, 
pump shroud, tubing, support cables, air compressor, control box, and power 
supply  

 Water quality meter, such as Horiba® U-22 or a combination of equivalent 
devices for monitoring pH, specific conductance, turbidity, dissolved oxygen, 
oxidation-reduction potential (ORP), and temperature  

 

 Flow through cell with inlet/outlet ports for purged groundwater and 
watertight ports for each water quality probe 

 Disposable 0.45µm filters (QED®  FF8100 or equivalent), if applicable 

 Bailer (Teflon or stainless steel) and nylon cord, if applicable 

Note: bailers and peristaltic pumps should only be used when site access or other 
limitations prevent the use of sampling pumps  

III. Procedures and Guidelines 

A. Setup and Purging 

1. Obtain information on well location, diameter(s), depth, and screened 
interval(s), and the method for disposal of purged water. 

2. A pump will be used for well purging if the well yield is adequate; 
otherwise, a bailer may be used depending on project requirements. 

3. Sampling equipment is cleaned and decontaminated prior to sampling 
in accordance with SOP Decontamination of Personnel and Equipment. 

4. Instruments are calibrated according to manufacturer's instructions. 
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5. The well number, site, date, and condition are recorded in the field 
logbook. 

6. Plastic sheeting is placed on the ground, and the well is unlocked and 
opened.   

7. Water level measurements are collected in accordance with the Water 
Level Measurement SOP. 

8. The volume (v) of water in a well casing is calculated as follows:  

      v= 7.48( r2h)  

where:  = 3.14 
 v=volume of water in well (gallons) 
 r = Radius of the well (feet) 

h = height of water in well (feet) 
 

The volume of water in common well casing diameters may be 
calculated as follows: 

2-inch diameter well: 
0.163 gal/ft x ___ (linear feet of water) = gallons 

4-inch diameter well: 
0.653 gal/ft x ___ (linear feet of water) = gallons 

6-inch diameter well: 
1.469 gal/ft x ___ (linear feet of water) = gallons 

9. Attach tubing, support cable or rope, and air line (if applicable) to the 
pump. The support line should bear the weight of the pump.  Set pump 
in the well at the desired sampling interval, typically mid-screen, and 
begin purging.  If a bailer is being used, it is removed from its protective 
covering and attached to a cord compatible with constituents. 

10. If a RediFlo or other similar electric submersible pump is to be used in a 
large diameter well (greater than 4 inches), a pump shroud should be 
used to direct the flow of water across the pump motor.  Failure to use a 
shroud in this situation can lead to overheating of the motor and loss of 
volatiles from the pump discharge. 

11. If a bailer is being used, it should be removed from its protective 
covering and attached to a cord compatible with the site contaminants. 
The bailer should be lowered into the top of the water column, allowed 
to fill, and removed. It is critical that bailers be slowly and gently 
immersed into the top of the water column, particularly during final 
stages of purging, to minimize turbidity and disturbance of volatile 
organic constituents. The use of bailers for purging and sampling is 
discouraged because the correct technique is highly operator dependent 
and improper use may result in an unrepresentative sample. 
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12. Field parameters including pH, ORP, turbidity, dissolved oxygen, 
specific conductance, and temperature are measured and recorded in the 
field logbook.  The water quality probes are inserted into a flow-through 
cell.  The purged groundwater is directed through the cell by connecting 
the pump discharge tubing to the bottom port on the flow through cell, 
allowing measurements to be collected before the water contacts the 
atmosphere. 

13. During purging, the water quality parameters are measured at least once 
for each well volume.  A minimum of three well volumes must be 
purged (up to 5 well volumes may be purged if water quality 
parameters do not stabilize) prior to sampling.  In nonproductive wells, 
if the well is purged dry, it is not necessary to remove a minimum of 
three well volumes; however, the well should be allowed to recover 
sufficiently to allow collection of all samples. 

14. Three to five well volumes are purged (more may be purged if 
parameters do not stabilize).  Purging is stopped when field parameters 
have stabilized over three consecutive well volumes.  Field Water 
quality parameters are considered stable when pH measurements agree 
within 0.1 units, specific conductance measurements agree within 3 
percent, ORP measurements agree within 10 mV, dissolved oxygen 
measurements agree within 10 percent, and turbidity measurements 
agree within 10 percent or are as low as practicable given sampling 
conditions. 

B. Sample Collection 

Once purging is complete the well is ready to sample.  The elapsed time 
between completion of purging and collection of the groundwater sample 
should be minimized.  Typically, the sample is collected immediately after the 
well has been purged, but this is also dependent on well recovery. 

Samples will be placed in sample containers that have been cleaned to 
laboratory standards and are preserved in accordance with the analytical 
method.  The containers are typically pre-preserved, if required.   

The steps to be followed for sample collection are as follows: 

1. The cap is removed from the sample bottle, and the bottle is tilted 
slightly. 

2. The sample is slowly poured from the bailer or discharged from the 
pump so that it runs down the inside of the sample bottle with a 
minimum of disturbance. The pumping rate should be reduced to 
approximately 100 ml per minute when sampling VOCs.  

3. Inorganics, including metals, may be collected and preserved in the 
filtered form as well as the unfiltered form.  Disposable in-line filters 
(0.45 micron filter), connected to the end of the sample tubing,, are 
typically used for field filtration.  Samples are field filtered as the water 
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is being placed into the sample container.  If a bailer is used, filtration 
may be driven by a peristaltic pump.     

4. Adequate space is left in the bottle to allow for expansion, except for 
VOC vials, which are filled to the top with a positive meniscus. 

5. The bottle is capped and clearly labeled. 

6. Immediately upon collection, all samples for chemical analysis are to be 

placed in a closed container on ice unless it is not possible to do so. 

Although unusual and uncommon, there may be instances where it is 

not possible to have containers with ice at the sample location. In these 

instances, the samples should be placed on ice as soon as practical and 

during the time between collection and placing the samples on ice, the 

samples should be kept as cool as possible. 

7. If the sample tubing or bailer is dedicated, it is returned to the well and 
the well is capped and locked.  Nondedicated equipment is cleaned and 
decontaminated in accordance with the Decontamination of Personnel and 
Equipment SOP. 

The following information, at a minimum, will be recorded in the log book: 

 Sample identification (site name, location, and project number; sample 
name/number and location; sample type and matrix; time and date; 
sampler's identity) 

 Sample source and source description 

 Field observations and measurements (appearance, volatile screening, field 
chemistry, sampling method), volume of water purged prior to sampling, 
number of well volumes purged, and field parameter measurements 

 Sample disposition (preservative; laboratory name, date and time sent; 
laboratory sample number, chain-of-custody number, sample bottle lot 
number) 

Additional remarks 

IV. Attachments 

None. 

V. Key Checks and Preventative Maintenance 

 Use of peristaltic pumps and bailers should be avoided, if possible. 

 Allow the field parameters to stabilize within the specified criteria as much as 
possible.  

 Fill bottles for VOC samples first. 
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 Be sure the sample identification is properly specified. 

 Maintain field equipment in accordance with the manufacturer’s 
recommendations.  This may include, but is not limited to: 

 Inspect sampling pump regularly and replace as warranted 

 Bring supplies for replacing the bladder and “O” rings if using a 
positive-displacement bladder pump 

 Inspect tubing regularly and replace as warranted 

 Inspect air/sample line quick-connects regularly and replace as 
warranted 

 Verify battery charge, calibration, and proper working order of field 
measurement equipment prior to initial mobilization and daily during 
field efforts 
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STANDARD OPERATING PROCEDURE 

Installation of Shallow Monitoring Wells 

I. Purpose and Scope 

The purpose of this guideline is to describe methods for drilling and installation of 
shallow monitoring wells and piezometers in unconsolidated or poorly consolidated 
materials using hollow stem augers, air rotary, or mud rotary. Installing monitoring 
wells in unconsolidated materials using sonic drilling is discussed in SOP Installation 
of Monitoring Wells Using Sonic Drilling. Methods for drilling and installing bedrock 
monitoring wells and deep, surface-cased wells in unconsolidated materials are 
presented in SOPs Installation of Bedrock Monitoring Wells and Installation of Surface-
Cased Monitoring Wells, respectively. 

II. Equipment and Materials 

Drilling 

 Drilling  rig (hollow stem auger, air rotary or mud rotary) and associated tools 
and equipment 

Well Riser/Screen and Associated Materials 

 Polyvinyl chloride (PVC), Schedule 40, minimum 2-inch ID, flush-threaded 
riser; alternatively, stainless-steel riser  

 PVC, Schedule 40, minimum 2-inch ID, flush-threaded, factory slotted screen; 
alternatively, stainless-steel screen 

 PVC bottom cap, threaded to match the well screen; alternatively, stainless steel 

 PVC or stainless-steel centering guides (if used) 

 Above-grade well completion:  PVC well cap, threaded or push-on type, vented 

 Flush-mount well completion: PVC well cap, locking, leak-proof seal 

 Stainless steel to be used as appropriate 

Sand 

 Clean silica sand, provided in factory-sealed bags, well-rounded, containing no 
organic material, anhydrite, gypsum, mica, or calcareous material; primary 
(coarse – e.g., Morie #1) filter pack, and secondary (fine sand seal) filter pack.  
Grain size determined based on sediments observed during drilling.  

Bentonite 

 Pure, additive-free bentonite pellets or chips 

 Pure, additive-free powdered bentonite 

 Coated bentonite pellets; coating must biodegrade within 7 days 
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 Cement-Bentonite Grout: proportion of 6 to 8 gallons of water per 94-pound bag 
of Portland cement; 3 to 6 pounds of bentonite added per bag of cement to 
reduce shrinkage. 

Protective Casing 

 Above-grade well completion:  6-inch minimum ID black iron steel pipe with 
locking cover, diameter at least 2 inches greater than the well casing, painted 
with epoxy paint for rust protection; heavy duty lock; protective posts if 
appropriate 

 Flush-mount well completion:  Morrison 9-inch or 12-inch 519 manhole cover, or 
equivalent; rubber seal to prevent leakage; locking cover inside of road box 

Well Development 

 Surge block 

 Well-development pump and associated equipment 

 Calibrated meters to ensure pH, temperature, specific conductance, ORP, and 
dissolved oxygen of development water 

 Containers (e.g., DOT-approved 55-gallon drums) for water produced from 
well. 

III. Procedures and Guidelines 

A. Drilling Method 

Typically, continuous-flight hollow-stem augers with a minimum 4.25-inch 
inside diameter (ID) will be used to drill shallow monitoring well boreholes 
for 2-inch diameter monitoring wells. Alternatively, air or mud rotary may be 
used.   

The bit of the auger is placed at the ground surface and then turned with the 
drilling rig.  To collect split spoon samples, the auger is advanced to the top 
of the sampling depth, and the split-spoon sample is collected from below the 
auger head.  The split spoon is advanced through repeated blows from a 140- 
or 300-pound hammer dropped from a height of 30 inches. Thin-walled tube 
samplers are advanced by pressing down on the rods with the weight of the 
drilling rig. Split-spoon samples may be collected at selected intervals for 
chemical analysis and/or lithologic classification.  Soil sampling procedures 
are detailed in SOPs Soil Boring Sampling – Split Spoons and Soil Sampling. 

The use of water to assist in hollow-stem auger drilling for monitoring well 
installation will be avoided, unless required for such conditions as running 
sands. 

Hollow-stem augers, drilling bits, rods, split-spoon samplers, and other 
downhole drilling tools will be properly decontaminated prior to the 
initiation of drilling activities and between each borehole location.  Split-
spoon samplers and other downhole soil sampling equipment will also be 
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properly decontaminated before and after each use.  SOP Decontamination of 
Drill Rigs and Equipment details proper decontamination procedures. 

Drill cuttings and decontamination fluids generated during well drilling 
activities will be contained according to the procedures detailed in the SOP 
Disposal of Waste Fluids and Solids and the Investigation Derived Waste 
Management Plan (IDWMP). 

Air or mud rotary drilling may be used instead of hollow-stem augers. The 
use of added mud should be kept to a minimum.  

B. Monitoring-Well Installation 

Shallow monitoring wells will be constructed inside the hollow-stem augers, 
once the borehole has been advanced to the desired depth, or in the mudded 
borehole once the drilling rods have been withdrawn.  If the borehole has 
been drilled to a depth greater than that at which the well is to be set, the 
borehole will be backfilled with bentonite pellets or chips or a bentonite-
cement slurry to a depth approximately 1 foot below the intended well 
depth.  Approximately 1 foot of clean sand will be placed on top of the 
bentonite to return the borehole to the proper depth for well installation. 

The appropriate lengths of well screen, nominally 10 feet (with bottom cap), 
and casing will be joined watertight and lowered inside the augers to the 
bottom of the borehole. Centering guides, if used, will be placed at the 
bottom of the screen and above the interval in which the bentonite seal is 
placed.  

Selection of the filter pack and well screen intervals for the shallow 
monitoring wells shall be made in the field.   

A primary sand pack consisting of clean Morie No. 00 (or DSI No.1) silica 
sand for 10-slot screen and Morie No. 01 (or DSI No.2) for 20-slot screen silica 
sand  will be placed around the well screen.  The sand will be placed into the 
borehole at a uniform rate, in a manner that will allow even placement of the 
sand pack.  The augers will be raised gradually during sand pack installation 
to avoid caving of the borehole wall; at no time will the augers be raised 
higher than the top of the sand pack during installation.  During placement 
of the sand, the position of the top of the sand will be continuously sounded. 
 The primary sand pack will be extended from the bottom of the borehole to a 
minimum height of 2 feet above the top of the well screen.  A secondary, 
finer-grained (fine sand seal), sand pack will be installed for a minimum of 
1 foot above the coarse sand pack.  Heights of the coarse and fine sand packs 
and bentonite seal may be modified in the field to account for a shallow 
water table and a small saturated thickness of the surficial aquifer. 

A bentonite seal at least 2 feet thick will be placed above the sand pack. The 
seal will be placed into the borehole in a manner that will prevent bridging.  
The position of the top of the bentonite seal will be verified using a weighted 
tape measure.  If all or a portion of the bentonite seal is above the water table, 
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clean water will be added to hydrate the bentonite.  A hydration period of at 
least 30 minutes will be required following installation of the bentonite seal. 

Above the bentonite seal, an annular seal of cement-bentonite grout will be 
placed.  The cement-bentonite grout will be installed continuously in one 
operation from the bottom of the space to be grouted to the ground surface 
through a tremie pipe.  The tremie pipe must be plugged at the bottom and 
have small openings along the sides of the bottom 1-foot length of pipe.  This 
will allow the grout to diffuse laterally into the borehole and not disturb the 
bentonite pellet seal. 

C. Well Completion 

For monitoring wells that will be completed above-grade, a locking steel 
protective casing set in a concrete pad will be installed.  The steel protective 
casing will extend at least 3 feet into the ground and 2 feet above ground but 
should not penetrate the bentonite seal.  The concrete pad will be square, 
approximately 2 feet per side (unless otherwise specified in the project plans), 
and poured into wooden forms.  The concrete will be sloped away from the 
protective casing.   

Guard posts may be installed in high-traffic areas for additional protection.  
Four steel guard posts will be installed around the protective casing Guard 
posts would be concrete-filled, at least 2 inches in diameter, and would 
extend at least 2 feet into the ground and 3 feet above the ground.  The 
protective casing and guard posts will be painted with an epoxy paint to 
prevent rust. 

For monitoring wells with flush-mount completions, Morrison 9-inch or 
12-inch 519 manhole cover or equivalent, with a rubber-sealed cover and 
drain will be installed.  The top of the manhole cover will be positioned 
approximately 1 inch above grade.  A square concrete pad, approximately 2 
feet per side (unless otherwise specified in the project plans), will be installed 
as a concrete collar surrounding the road box cover, and will slope uniformly 
downward to the adjacent grade.  The road box and installation thereof will 
be of sufficient strength to withstand normal vehicular traffic. 

Concrete pads installed at all wells will be a minimum of 6 inches below 
grade. The concrete pad will be 12 inches thick at the center and taper to 
6-inch thick at the edge. The surface of the pad should slope away from the 
protective casing to prevent water from pooling around the casing. Protective 
casing, guard posts, and flush mounts will be installed into this concrete.   

Each well will be properly labeled on the exterior of the locking cap or 
protective casing with a metal stamp indicating the permanent well number. 

D. Well Development 

Well development will be accomplished using a combination of surging 
throughout the well screen and pumping, until the physical and chemical 
parameters of the discharge water that are measured in the field have 
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stabilized and the turbidity of the discharge water is substantially reduced.  
Fine-grained materials in the surficial aquifer at the site may not allow low 
turbidity results to be achieved. 

The surging apparatus will include a surge block.  Well development will 
begin by surging the well screen, starting at the bottom of the screen and 
proceeding upwards, throughout the screened zone.  Following surging, the 
well will be pumped to remove the fine materials that have been drawn into 
the well.  During pumping, measurements of pH, temperature, and specific 
conductance will be recorded. 

Development will continue by alternately surging and pumping until the 
discharge water is free from sand and silt, the turbidity is substantially 
reduced, and the pH, temperature, and specific conductance have stabilized 
at regional background levels, based on historical data.  Development will 
continue for a minimum of 30 minutes and until the water removed from the 
well is as clear of turbidity as practicable. 

Well development equipment will be decontaminated prior to initial use and 
after the development of each well.  Decontamination procedures are 
detailed in SOP Decontamination of Personnel and Equipment.  Water generated 
during well development will be contained and managed as detailed in the 
SOP Disposal of Waste Fluids and Solids and the Investigation Derived Waste 
Management Plan. 

IV. Attachments 

Schematic diagram of shallow monitoring-well construction (MWSingleDiag.xls) 
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STANDARD OPERATING PROCEDURE 

Logging of Soil Borings 

I. Purpose and Scope 

This SOP provides guidance to obtain accurate and consistent descriptions of soil 
characteristics during soil-sampling operations.  The characterization is based on 
visual examination and manual tests, not on laboratory determinations. 

II. Equipment and Materials 

 Indelible pens 

 Tape measure or ruler 

 Field logbook 

 Spatula 

 HCL, 10 percent solution 

 Squirt bottle with water 

 Rock- or soil-color chart (e.g., Munsell) 

 Grain-size chart 

 Hand lens 

 Unified Soil Classification System (USCS) index charts and tables to help with 
soil classification (attached) 

III. Procedures and Guidelines 

This section covers several aspects of soil characterization: instructions for 
completing the CH2M HILL soil boring log Form D1586 (attached), field 
classification of soil, and standard penetration test procedures. 

A. Instructions for Completing Soil Boring Logs  

Soil boring logs will be completed in the field log books or on separate soil boring 
log sheets.  Information collected will be consistent with that required for Form 
D1586 (attached), a standard CH2M HILL form (attached), or an equivalent form 
that supplies the same information.   

The information collected in the field to perform the soil characterization is 
described below.   

Field personnel should review completed logs for accuracy, clarity, and 
thoroughness of detail.  Samples also should be checked to see that information is 
correctly recorded on both jar lids and labels and on the log sheets. 
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B. Heading Information 

Boring/Well Number.  Enter the boring/well number.  A numbering system should 
be chosen that does not conflict with information recorded for previous exploratory 
work done at the site.  Number the sheets consecutively for each boring.   

Location.  If station, coordinates, mileposts, or similar project layout information is 
available, indicate the position of the boring to that system using modifiers such as 
“approximate” or “estimated” as appropriate. 

Elevation.  Elevation will be determined at the conclusion of field activities through 
a survey.  

Drilling Contractor.  Enter the name of the drilling company and the city and state 
where the company is based. 

Drilling Method and Equipment.  Identify the bit size and type, drilling fluid (if 
used), and method of drilling (e.g., rotary, hollow-stem auger).  Information on the 
drilling equipment (e.g., CME 55, Mobile B61) also is noted.  

Water Level and Date.  Enter the depth below ground surface to the apparent water 
level in the borehole.  The information should be recorded as a comment.  If free 
water is not encountered during drilling or cannot be detected because of the drilling 
method, this information should be noted.  Record date and time of day (for tides, 
river stage) of each water level measurement.   

Date of Start and Finish.  Enter the dates the boring was begun and completed.  
Time of day should be added if several borings are performed on the same day. 

Logger.  Enter the first and last name. 

C. Technical Data 

Depth Below Surface.  Use a depth scale that is appropriate for the sample spacing 
and for the complexity of subsurface conditions.   

Sample Interval.  Note the depth at the top and bottom of the sample interval.  

Sample Type and Number.  Enter the sample type and number.  SS-1 = split spoon, 
first sample.  Number samples consecutively regardless of type.  Enter a sample 
number even if no material was recovered in the sampler. 

Sample Recovery.  Enter the length to the nearest 0.1-foot of soil sample recovered 
from the sampler.  Often, there will be some wash or caved material above the 
sample; do not include the wash material in the measurement. Record soil recovery 
in feet. 

Standard Penetration Test Results.  In this column, enter the number of blows 
required for each 6 inches of sampler penetration and the "N" value, which is the 
sum of the blows in the middle two 6-inch penetration intervals.  A typical standard 
penetration test involving successive blow counts of 2, 3, 4, and 5 is recorded as 2-3-
4-5 and (7).  The standard penetration test is terminated if the sampler encounters 
refusal.  Refusal is a penetration of less than 6 inches with a blow count of 50.  A 
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partial penetration of 50 blows for 4 inches is recorded as 50/4 inches. Penetration by 
the weight of the slide hammer only is recorded as “WOH.” 

Samples should be collected using a 140-pound hammer and 2-inch diameter split 
spoons.   Samples may be collected using direct push sampling equipment.  
However, blow counts will not be available.  A pocket penetrometer may be used 
instead to determine relative soil density of fine grained materials (silts and clays). 

Sample also may be collected using a 300-pound hammer or 3-inch-diameter split-
spoon samples at the site.  However, use of either of these sample collection 
devices invalidates standard penetration test results and should be noted in the 
comments section of the log.  The 300-pound hammer should only be used for 
collection of 3-inch-diameter split-spoon samples.  Blow counts should be recorded 
for collection of samples using either a 3-inch split-spoon, or a 300-pound hammer. 
 An “N” value need not be calculated. 

Soil Description.  The soil classification should follow the format described in the 
“Field Classification of Soil” subsection below. 

Comments.  Include all pertinent observations (changes in drilling fluid color, rod 
drops, drilling chatter, rod bounce as in driving on a cobble, damaged Shelby 
tubes, and equipment malfunctions).  In addition, note if casing was used, the sizes 
and depths installed, and if drilling fluid was added or changed.  You should 
instruct the driller to alert you to any significant changes in drilling (changes in 
material, occurrence of boulders, and loss of drilling fluid).  Such information 
should be attributed to the driller and recorded in this column. 

Specific information might include the following:   

 The date and the time drilling began and ended each day 

 The depth and size of casing and the method of installation 

 The date, time, and depth of water level measurements 

 Depth of rod chatter 

 Depth and percentage of drilling fluid loss 

 Depth of hole caving or heaving   

 Depth of change in material   

 Health and safety monitoring data 

 Drilling interval through a boulder 

D. Field Classification of Soil 

This section presents the format for the field classification of soil.  In general, the 
approach and format for classifying soils should conform to ASTM D 2488, Visual-
Manual Procedure for Description and Identification of Soils (attached).  

The Unified Soil Classification System is based on numerical values of certain soil 
properties that are measured by laboratory tests.  It is possible, however, to 
estimate these values in the field with reasonable accuracy using visual-manual 
procedures (ASTM D 2488).  In addition, some elements of a complete soil 
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description, such as the presence of cobbles or boulders, changes in strata, and the 
relative proportions of soil types in a bedded deposit, can be obtained only in the 
field.   

Soil descriptions should be precise and comprehensive without being verbose.  
The correct overall impression of the soil should not be distorted by excessive 
emphasis on insignificant details.  In general, similarities rather than differences 
between consecutive samples should be stressed. 

Soil descriptions must be recorded for every soil sample collected.  The format and 
order for soil descriptions should be as follows: 

1. Soil name (synonymous with ASTM D 2488 Group Name) with appropriate 
modifiers.  Soil name should be in all capitals in the log, for example 
“POORLY-GRADED SAND.” 

2. Group symbol, in parentheses, for example, “(SP).” 

3. Color,  using Munsell color designation 

4. Moisture content 

5. Relative density or consistency 

6. Soil structure, mineralogy, or other descriptors 

This order follows, in general, the format described in ASTM D 2488.   

E. Soil Name 

The basic name of a soil should be the ASTM D 2488 Group Name on the basis of 
visual estimates of gradation and plasticity.  The soil name should be capitalized.   

Examples of acceptable soil names are illustrated by the following descriptions: 

 A soil sample is visually estimated to contain 15 percent gravel, 55 percent sand, 
and 30 percent fines (passing No. 200 sieve).  The fines are estimated as either 
low or highly plastic silt.  This visual classification is SILTY SAND WITH 
GRAVEL, with a Group Symbol of (SM). 

 Another soil sample has the following visual estimate: 10 percent gravel, 30 
percent sand, and 60 percent fines (passing the No. 200 sieve).  The fines are 
estimated as low plastic silt.  This visual classification is SANDY SILT.  The 
gravel portion is not included in the soil name because the gravel portion was 
estimated as less than 15 percent.  The Group Symbol is (ML).   

The gradation of coarse-grained soil (more than 50 percent retained on No. 200 sieve) 
is included in the specific soil name in accordance with ASTM D 2488.  There is no 
need to further document the gradation.  However, the maximum size and angularity 
or roundness of gravel and sand-sized particles should be recorded.  For fine-grained 
soil (50 percent or more passing the No. 200 sieve), the name is modified by the 
appropriate plasticity/elasticity term in accordance with ASTM D 2488. 
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Interlayered soil should each be described starting with the predominant type.  An 
introductory name, such as “Interlayered Sand and Silt,” should be used.  In addition, 
the relative proportion of each soil type should be indicated (see Table 1 for example). 

Where helpful, the evaluation of plasticity/elasticity can be justified by describing 
results from any of the visual-manual procedures for identifying fine-grained soils, 
such as reaction to shaking, toughness of a soil thread, or dry strength as described in 
ASTM D 2488. 

F. Group Symbol 

The appropriate group symbol from ASTM D 2488 must be given after each soil name. 
 The group symbol should be placed in parentheses to indicate that the classification 
has been estimated. 

In accordance with ASTM D 2488, dual symbols (e.g., GP-GM or SW-SC) can be used 
to indicate that a soil is estimated to have about 10 percent fines.  Borderline symbols 
(e.g., GM/SM or SW/SP) can be used to indicate that a soil sample has been identified 
as having properties that do not distinctly place the soil into a specific group.  
Generally, the group name assigned to a soil with a borderline symbol should be the 
group name for the first symbol.  The use of a borderline symbol should not be used 
indiscriminately.  Every effort should be made to first place the soil into a single group.  

G. Color 

The color of a soil must be given.  The color description should be based on the 
Munsell system.  The color name and the hue, value, and chroma should be given. 

H. Moisture Content 

The degree of moisture present in a soil sample should be defined as dry, moist, or 
wet.  Moisture content can be estimated from the criteria listed on Table 2. 

I. Relative Density or Consistency 

Relative density of a coarse-grained (cohesionless) soil is based on N-values (ASTM D 
1586 [attached]).  If the presence of large gravel, disturbance of the sample, or non-
standard sample collection makes determination of the in situ relative density or 
consistency difficult, then this item should be left out of the description and explained 
in the Comments column of the soil boring log. 

Consistency of fine-grained (cohesive) soil is properly based on results of pocket 
penetrometer or torvane results.  In the absence of this information, consistency can be 
estimated from N-values.  Relationships for determining relative density or 
consistency of soil samples are given in Tables 3 and 4. 

J. Soil Structure, Mineralogy, and Other Descriptors 

Discontinuities and inclusions are important and should be described.  Such features 
include joints or fissures, slickensides, bedding or laminations, veins, root holes, and 
wood debris.   
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Significant mineralogical information such as cementation, abundant mica, or unusual 
mineralogy should be described. 

Other descriptors may include particle size range or percentages, particle angularity or 
shape, maximum particle size, hardness of large particles, plasticity of fines, dry 
strength, dilatancy, toughness, reaction to HCl, and staining, as well as other 
information such as organic debris, odor, or presence of free product. 

K. Equipment and Calibration 

Before starting the testing, the equipment should be inspected for compliance with the 
requirements of ASTM D 1586.  The split-barrel sampler should measure 2-inch or 3-
inch O.D., and should have a split tube at least 18 inches long.  The minimum size 
sampler rod allowed is “A” rod (1-5/8-inch O.D.).  A stiffer rod, such as an “N” rod  
(2-5/8-inch O.D.), is required for depths greater than 50 feet.  The drive weight 
assembly should consist of a 140-pound or 300-pound hammer weight, a drive head, 
and a hammer guide that permits a free fall of 30 inches.   

IV. Attachments 

Soil Boring Log (Sample Soil Boring Log.xls) 

CH2M HILL Form D1586 and a completed example (Soil_Log_Examp.pdf) 

ASTM D 2488 Standard Practice for Description and Identification of Soils (Visual-Manual 
Procedures) (ASTM D2488.pdf) 

ASTM 1586 Standard Test Method for Penetration Test and Split-Barrel Sampling of Soils 
(ASTM D1586.pdf) 

Tables 1 through 4 (Tables 1-4.pdf) 

V. Key Checks and Preventive Maintenance 

 Check entries to the soil-boring log and field logbook in the field; because the 
samples will be disposed of at the end of fieldwork, confirmation and corrections 
cannot be made later.   

 Check that sample numbers and intervals are properly specified.   

 Check that drilling and sampling equipment is decontaminated using the 
procedures defined in SOP Decontamination of Drilling Rigs and Equipment. 
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go Designation: D 2488 — 00 

Standard Practice for 
Description and Identification of Soils (Visual-Manual 
Procedure)' 

This standard is issued under the fixed designation D 24813; the cool 	leure:dide#:: k tluumg the designation indicates the year of 
original adoption or. in the rase of revision, the year of Last revision. A number in parentheses indicates the year of last reawroval. A 

superscript epsilon tt t indicates an editorial change since the last revision or rcapproval 

Thai standard has been approved jar use Sr ogeovex of the Deparommt of Defewie 

I. Scope * 

1.1 This practice covers procedures for the description of 
soils for engineering purposes. 

1.2 This practice also describes a procedure for identifying 
soils, at the option of the user, based on the classification 
system described in Test Method D 2487. The identification is 
based on visual examination and manual tests. It must be 
clearly stated in reporting an identification that it is based on 
visual-manual procedures. 

1.2.1 When precise classification of soils for engineering 
purposes is required, the procedures prescribed in Test Method 
D 2487 shall be used. 

1.2.2 In this practice, the identification portion assigning a 
group symbol and name is limited to soil particles smaller than 
3 in. (75 mm). 

1.2.3 The identification portion of this practice is limited to 
naturally occurring soils (disturbed and undisturbed). 

Nort, 1 This practice may be used as a descriptive system applied to 
such materials as shale. clayslone. shells, crushed rock. etc. (see Appendix 
X21  

1-3 The descriptive information in this practice may be used 
with other soil classification systems or for materials other than 
naturally occurring soils, 

1.4 The values stated in inch-pound units are to be regarded 
as the standard. 

13 This standard does not purport to address 	of the 
safety pinblems if any, associated with its use. It is the 
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use. For specific 
precautionary statements see Section 8. 

I.6 This practice offers a set of instructions .for performing 
one or more specific operations. This document cannot replace 
education or experience and should be used in conjunction 
with professional judgment. Not all aspects of this practice may 
be applicable in all circumstances. This ASTM standard is not 
intended to represent or replace the standard of care by which 

This practice is under the jurisdiction of ASTM Committee D-l8 on Soil and 

Rock and is the direct responsibility of Subcommittee D18.07 on Identification and 

Classifiearion of Soils.  
Cwrern edition approved Feb. 10. 2000 Published May 2000 Onginally 

published an D 2488 - (Ai T. Last previous edition D 248/4 - 93" 

the adequacy of a given professional service must be judged 
nor should this document he applied without consideration of 
a project's many unique aspects. The word "Standard" in the 
title of this document means only that the document has been 
approved through the ASTM consensus process. 

2. Referenced Documents 

2.1 ASTM Standards: 
D 653 Terminology Relating to Soil. Rock, and Contained 

Fluids' 
D 1452 Practice for Soil Investigation and Sampling by 

Auger Borings.' 
D 1586 Test Method for Penetration Test and Split-Barrel 

Sampling of Soils2  
▪ 1587 Practice for Thin-Walled Tube Sampling of Soils' 

2113 Practice for Diamond Core Drilling for Site Inves-
tigation' 

D 2487 Classification of Soils for Engineering Purposes 
(Unified Soil Classification System)2  

D 3740 Practice for Minimum Requirements for Agencies 
Engaged in the Testing and/or Inspection of Soil and rock 
as Used in Engineering Design and Construction' 

D 4083 Practice for Description of Frozen Soils (Visual-
Manual Procedure)2  

3. Terminology 

3.1 Definitions—Except as listed below, all definitions are 
in accordance with Terminology D 653. 

Nora 2—For particles retained on a 3-in, (75-mm) US standard sieve. 
the following definitions are suggested: 
Cobbles—particles of rock that will pass a 12-m. (300-mml square 
opening and be retained on a 3-in. (75-mm) sieve. and 
Boulders—particles of rock that will not pass a 12-in- (300-mm) square 
opening. 

3.1.1 clay—soil passing a No. 200 (75-.tm) sieve that can be 
made to exhibit plasticity (putty-like properties) within a range 
of water contents, and that exhibits considerable strength when 
air-dry. For classification, a clay is a fine-grained soil, or the 
fine-grained portion of a soil, with a plasticity index equal to or 
greater than 4, and the plot of plasticity index versus liquid 

-lomat Bnttk at ASTAI Standards, Vol 04.08. 
4nnual flank of /ant Standordr. Vol 04.09. 

*A Summary of Changes section appears 2r the end of this standard. 
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Standard Practice for 
Description and Identification of Soils (Visual-Manual 
Procedure)1 

Tho' >IJnJ.ml "' '"ucd under lh• ll\cJ J.:,1!,'l13llon D 24X~; lhc nwnbcr unmcdtald\ folio" mg. Lh<· d<..,lj,'llal•On 1n.J11::a1"' lhc year of 
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\Upcr<cnp1 cp>11on (tl onJ1ca1"' an cdotonal chan~c 'once 1h,· la.I fC\l>IOO or n:al'Jlro•al 

I. cope • 

1. 1 This practice covers pmccdures for the descnpllon of 
soils for engmi:enng purposes. 

I ~ This pracuce also descnbes a procedure for 1den11fying 
soils. at the option of the user. ba.<;ed on the clnss1tica11011 
system described m Test Method D 2487 The 1dent1ficat1on 1s 
ba..sed on nsual exammnrion and manual tests. Lt must be 
clearly stated m reportmg an 1dent1ficauon 1hat It 1s based on 
visual-manual procedures. 

1.2. 1 \\'hc:n precise class1ficancm of soils for engmeenng 
purposes 1s requm:d, t11e procedures prescnbc:d in Test Method 
D 24l:P shall be used. 

I 2 2 In this practice. me identification portion ass1g111ng a 
group symbol and name 1s limned to soil panicles smaller than 
3 in. (75 mm) 

J.2,) The 1dent1fica11on ponion of mis practice IS hn11tcd tO 
naturally occumng soils (d1srurbed and undisturbed) 

:'l;nn I This pra~11cc may be u,,ed a' a descnplivc system apphe<l to 
>m.:h mah:nals as ~hale . clnyslonc:. ~hdb, crushed ro1.:k, c1c. (~cc Append" 
X~1 

1.3 The descnpt1ve infonnation in t11i' prnct11.:e ma\ he used 
'' ith other soil class1ticm1on system~ or fi.1r matenals other than 
naturally occumng ~oib. 

1.4 The values stated m melt-pound units are to be regarded 
:l!i the standard. 

I 5 n1i.\ Standard does nor purport IO address all of the 
wferv pmh/ems. if anv. as.mewled with its 11se. It i.\ the 
re\po11~ihilitr of the user of thiv sra11dard to eswhlish appro­
priatt' wfetv and health prau1ci!\ a11d determme the c1pplica­
h1/it_1 uj ro:!(lilaton limitatwns prior 10 use. for specific 
precau11onary statements see ecuon 8. 

I 6 Tim prac11ce of/en u \l'I o/ 111s1r11t1iom for perft>rming 
0111! or mnre ~pec1fil operat1011s T/11.\ tfoc11111e11r cannot r<'place 
ed11ca11011 or e;i.peril!nce and should ht u~ed 111 cm111111c:tt011 
11·11h profeuianal 111dg111e111. Not all w.peus of this practice may 
he upplicah/e in all c1rc11mstt111et'S Tim ./ST\/ wandard ts not 
i111e11dl!d to r<?presellf or replace the -~tandem} of care hi' wl11ch 

'Th" rrJdocc "unJcr Lhc Jlln.,J1c11on t>f Aq'\I C••numncc D-1~ on Sml and 
Roel anJ l' rhc d1rcc1 rnr<>n"h1hty of Sulxomm11l« ()J ~ 07 CIO ldcnl1hc.111on and 
Ci .. t.v•thCDlln"I f Soil~ 
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puhh,he<l a. () !4S~ M> T. L11>1 pre\ 1l>US e<l111011 D !~~~ 91' 1 

tht• adt't.Jllm:v nf a l(ll'l'll pro/essionul ,·.:n·tn mm'/ be JUCff!.cd, 

nor :.lwulcl t/111 tlocumem he applied "ithout cr11mderatio11 of 
a project\ mcmi- 11111q11e aspects Thi! word "Standard 111 tlu• 
t11/e of tlus document memH only that the doc11ml'11t hm ht'L·n 
t1ppm1 .:d rhmu}!h tht 4ST\f cc>nH'fl\11 .\ prown 

2. Referenced Documents 

2.1 A.ST\1 Stundard~. 
D 653 Tennmology Relating to Soil Rock, and Contained 
Flmch~ 

D 1452 Prac11ce for 011 lmestigauon und Sampling by 
Auger Bonngs2 

D 1586 Test Method for Peneu~uon Test and Spin-Barrel 
Sampling of Soib~ 

D 1587 Pracuce for Thm-Wallcd Tube Sampling of Solis 
D 2113 Pracuce for Diamond Core Dnllmg lor Site lnves­

tigalion7 
D 248' Class1ficat1on of S01ls for Eogmeering Purposes 

(unified Soil Class1ficat1on System)~ 
D 3740 Practice for Minimum Requirements for Agencies 

Engaged in me Tesung and or lnspecuon of Soil and rock 
as u~ed in r ngmeenng Design and Construction 1 

D 4083 Practice for Descnpt1on of frozen Soils (Visual­
\fanual Proceduref 

3. rerminOIOg) 

3.1 D.:{initions-Except as listed belO\\, all defi11111ons arc 
m accordance wi th Tenninology D 65'3 

~ '·- 2 ~or panicles retained on a 3-on 175-mml l <; ,1an<latd s1c,c:. 
th.: follm• ing Jcfiniuons are suggested: 
Cnbhle.< pan1des of rod that will pa.'" a 1~-m. tJOO-mml -.quJrc: 
op.:nmg .md Ix· rc:1u1ned on a 3-in . (75-mmi slC\'C. an<l 
8011/d.:r~ p.1n1clcs of rock 1hu1 '"ill not pa" 11 l 2·in . 1J<N>-mmJ 'i<)UJ J'C 

opening 

3. 1.1 clay soil passing a 'o. 200 (75-µm) sieve that can be 
made to exhibit plasucny (putty-like propen1es) wnhm a range 
of water contents. and that exhibits considerable strength ''hen 
air-dr) For class1fkat1on, a clay 1s a fine-gramed soil , or the 
fine-grained pon1on of a ~oil. wnh a pla.'illCll) mdex equal to or 
greater than 4, and the plot of plasticity mdex versu.s liquid 
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limit falls on or above the "A" line (see Fig. 3 of Test Method 
D 2487). 

3,1.2 grave/-particles of rock that will pass a 3-in. (75-
min) sieve and be retained on a No.4 (4.75-min) sieve with the 
following subdivisions: 

course--passes a 3-in. (75-mm) sieve and is retained on a 
4."4-in. (19-mm) sieve. 

fine-passes a !.4-in. (19-mm) sieve and is retained on a No. 
4 (4.75-mm) sieve. 

31.3 ()Tonic clot -a clay with sufficient organic content to 
influence the soil properties. For classification, an organic clay 
is a soil that would he classified as a clay, except that its liquid 
limit value after oven drying is less than 75 % of its liquid limit 
value before oven drying. 

3.1.4 organic .rill--a silt with sufficient organic content to 
influence the soil properties. For classification, an organic silt 
is a soil that would be classified as a silt except that its liquid 
limit value after oven drying is less than 75 % of its liquid limit 
value before oven drying. 

3.1.5 peat-a soil composed primarily of vegetable tissue in 
various stages of decomposition usually with an organic odor. 
a dark brown to black color, a spongy consistency. and a 
texture ranging from fibrous to amorphous. 

3.1.6 sand-particles of rock that will pass a No. 4 (4.75-
mm) sieve and be retained on a No. 200 (75-pm) sieve with the 
following subdivisions: 

eaarse-passes a No. 4 (4.75-mm) sieve and is retained on 
a No. 10 (2.00-mm) sieve. 

medium-passes a No. 10 (2.00-mm) sieve and is retained 
on a No. 40 (425--gm) sieve. 

line--passes a No. 40 (425-gm) sieve and is retained on a 
No. 200 (75-am) sieve. 

3.1.7 sill-soil passing a No. 200 (75-pm) sieve that is 
nonplastic or very slightly plastic and that exhibits little or no 
strength when air dry. Forclassification, a silt is a fine-grained 
soil, or the fine-grained portion of a soil. with a plasticity index 
less than 4, or the plot of plasticity index versus liquid limit 
falls below the "A-  line (see Fig. 3 of Test Method D 2487). 

4. Summary of Practice 

4.1 Using visual examination and simple manual tests, this 
practice gives standardized criteria and procedures for describ-
ing and identifying soils. 

4.2 The soil can be given an identification by assigning a 
group symbols) and name. The flow charts. Fig. la and Fig. Ib 
for fine-grained soils, and Fig. 2. for coarse-grinned soils, can 
be used to assign the appropriate group symbol(s) and name. If 
the soil has properties which do not distinctly place it into a 
specific group. borderline symbols may be used, see Appendix 
X3. 

Nor 3 It is suggested that a distinction be made between dual 
vimbok and borderline symbols. 

Dual Symbol--A dtuil symbol is two symbols separated by a hyphen. 
for example. GP-GM, SW-SC. CL-ML used to indicate that the soil has 
been identified as having the properties of a classification in accordance 
with rest Method D 2487 where two symbols are required. Iwo symbols 
arc required when the soil has between 5 and 12 "•6 fines or when the liquid 
limit and plasticity index values plot an the CL-MI.. area of the plasticity 
chan 

7 
Copyrone AS71.4 41111"111/10.1 
Rothodur-o6 Di' *IS under mom ••61h 55154 
No roorr000ctort 6r oolvioriong coorrhoO volTml loom. Own 1145 

Border/me Symhol--A borderline symbol is two symbols separated by a 
slash. for example. CUCH, GMp'SM. ('L-'ML. A borderline symbol should 
be used to indicate that the soil has been identified as having properties 
that do not distinctly place the soil into a specific group (see Appendix 
X3) 

5. Significance and Use 

5.1 The descriptive information required in this practice can 
be used to describe a soil to aid in the evaluation of its 
significant properties for engineering use. 

5.2 The descriptive information required in this practice 
should be used to supplement the classification of a soil as 
determined by Test Method 1) 2487. 

5.3 This practice may be used in identifying soils using the 
classification group symbols and names as prescribed in Test 
Method D 2487. Since the names and symbols used in this 
practice to identify the soils are the same as those used in Test 
Method D 2487, it shall be clearly slated in reports and all 
other appropriate documents, that the classification symbol and 
name are based on visual-manual procedures. 

5.4 This practice is to be used not only for identification of 
soils in the field, but also in the office, laboratory, or wherever 
soil samples are inspected and described. 

5.5 This practice has particular value in souping similar 
soil samples so that only a minimum number of laboratory tests 
need be run for positive soil classification. 

NI, as 4 The ability to describe and identify soils correctly is learned 
inure readily under the guidance of experienced personnel, but it may also 
be acquired systematically by comparing numerical laboratory test results 
for typical soils of each type with their visual and manual characteristics. 

5.6 When describing and identifying soil samples from a 
given boring, test pit, or group of borings or pits, it is not 
necessary to follow all of the procedures in this practice for 
every sample. Soils which appear to be similar can be grouped 
together: one sample completely described and identified with 
the others referred to as similar based on performing only a few 
of the descriptive and identification procedures described in 
this practice. 

5.7 This practice may he used in combination with Practice 
D 4083 when working with frozen soils. 

Noit 5 Notwithstanding the statements on precision and bias con-
tained in this standar& The precision of this test method is dependent on 
the competence of the personnel performing it and the suitability of the 
equipment and facilities used. Agencies Mai meet the criteria of Practice 
D 3740 are generally considered capable of competent and objective 
testing. Users of this t•ii method arc cautioned that compliance with 
Practice D 3740 does not in itself assure reliable testing. Reliable testing 
depends on sex eral factors: Practice I) 3740 pros ides a means for 
evaluating some of those factors. 

6. Apparatus 

6.1 Required Apparatus: 
6.1.1 Pocket Knife or Small Spatula. 
6.2 Useful Auxiliary Apparatus: 
6.2 I Small Test Tube and Stopper (or jar with a lid). 
6.2 2 Small !land Lens. 

7. Reagents 

7.1 Purity of Water-Unless otherwise indicated, references 
to water shall he understood to mean water from a city water 

1...1,16.,012.14 HM5900458001 Leer Comer, Loft 
NW Ito Roma OtoOo2005 {15•22 59 MDT 
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I unit tails on or abm i: the··,\" line (o;c:e Fig. J of"Te-;t .\lcthod 
D 2-IS7l. 

3.1.2 l!rm'C'I panich.·s 111 ruck that ,qJl pa's a 3-m (75-
rnm) 'ICH' anc.1 be ret:1111ed lln .i '\o -I H -'-mm) '1e\c \\Ith the: 
fol111\\ 1111.! 'llbdl\ ISIOllS. 

c1i.irsL: pas1,es ii 3-in 175-mml s1e\e and is rctamed on a 
·~-111 . I 19-mm) 'IC\C. 

fi11e-pa"'"'e-; :i ~··-in. t I lJ-mm) -.ie\ e and is ret;iincJ 1m :1 o. 
4 l4.75-mml .;ic:,e. 

J. I .J w~onu dc11 a cht\ '' ith sufficient organic. content to 
influence the soil propertic:s. fl)!' class1tication. an orga111c day 
is a sot I that woulJ be ch1sslfied :b a clay. e\cepl that lls liquid 
Imm \'alue niter ll\'en drv1ng ts le.;s th:u1 75 'ln of its liquid limit 
value hctore (l\Cm drymg. 

J I -I orcamc 1i/r a sill '' 11h -.utlicient organic l·on1e111 to • 

mfluem:e the sotl propc:n1es. !-"or class1fication, :m nrganil. silt 
1s n .;liil that \\nul<l be cla,sifit:d as a .,jlt e\cept that its hqmd 
li11111 \alue after ln-en <lrv1ng h less than 75 °o ol lls liquid 1111111 
';llue hdorc men dry ing. 

J.1.5 J'l'Clf a suil composed primarilyof,egetablc 11s~ue m 
\'arious stages ol decomposition usually with an organtc odor. 
n dark brown to black color. a spl1ngy consistency. and a 
te\lltre r:mgmg from tibrous 10 amurphou ... 

J .1.6 ,,,,,c/ panil'les of r11ck that \\tll pa, .. a t'\,1, 4 14.75-
111111) ,It'\ e and be reta111ed on :1 :0-:o. 21)0 t 75-µm l 'ic\"C with the 
loll ow mg subdt\ 1s1011.,· 

co,1r\e pa"'se'> a 1\o. -I t-1 .75-mm) 'le\·e and 1-. retarned on 
a ~o IO t 2 00-mm) ~1e\ t:. 

1111 hum- passes a !'-o. 10 12 Oil-mm) 'ie\e and l'> retained 
llll J !\0 40 1425-µml sieve. 

/111, pa,scs a !\o. 40 (425-pml sieve and is retained on a 
:\o. 200 I~ 5-~11111 st eve 

3.1.7 ,;/r-so1l pass111g a :\o . 200 (75-pm) 'ien! that 1s 
nonplasllc or \ery shghtl} plas11~· and thut c\hibth lillle or no 
,lrength "hen air dry. I ur class11icaiion. a ,.It 1s a l1nc-gn11ned 
.. ml. l1f the fine-gramed ponwn of ,1 soil.\\ 11h J plas111.:i1y 111de\ 
less thun 4. 01 1he plot of plas11c1ty inde\ \e~us liquid lurnt 
1:111-. hdm1 the .. , .. line (sec 1-tg 3 of Test ~klhod D 24X7J. 

-4. ~ummury of Practict' 

4.1 L-;ing nsual exammation and simple manual tests. this 
practice gh~s -;tandard1?ed critena and procedures for de.:;cnb­
mg and iden11ty1ng soils. 

-1.2 Thc: sot! can be gt\en an 1dent1licauon h~ ;1ss1gning a 
gr1lllp symbol(-.) and name The f11m charts. Fig. I a and Ftg. I b 
for tine-!.!t .tmed .. nils. and Ft!!. 2. lor eoarse-gra111ed so1k can 
b~ used i~l assign the <lpprnpr;ate group s~ mhol( 'l .1nJ name If 
the '>Oil ha-. properties '' luch 1ki no! distinct I~ place ll into a 
.;pccitie group. horderlmc S}mbob may he u,cJ, -.ce Appl.'ndi\ 
X3 

t\'[) 1 3 It '' .. uggc,lcd 1ha1 .1 J1,1111c11~·n be made hclwccn dual 
nmlwf, .ind hnrd('r/i1w vp11/>o/1 

[)11,i/ Sm1hc1/ ,\ Ju.ii '>mb.11 '' mv ,~ mbols 'cp.l1a1cd hy .1 h) phcn. 
for c:~.1mplc. CiP-Ci\1 <; W '\(.', CL-\1 L IN~d tel md1cu1c lh•ll lhc soil hJ' 
been 1Jl'l\1tlicd a' havmg the prupcn1c' 11f ;i cla,"ficmwn m accord.mc·c 
v.ith lest \le1hoJ D 24>->7 whcn: l\w ,)mlx•I' .trc rcq111ri:1I h\o ')1111><•1~ 
trc rc:qum:J when th..- 'oil h•h lxt\\.ccn 5 3nd I::! ~.fine' ••I" hcn th;: hq111d 
l11mt. nd pl:"11c111 mJ~, value' pl<1t in the C.L-\11 urea of the· pl.i..11.:it> 
..:hJrt 

~ASTI.o.,..._o 

R~ Dt HS.,,_,.,"'*- ••lf'IAST'M 
J!+)•~ar~ D9'TT'IDld ""'tnouthoeciM~IHS 

801ven11w Srmb11/ ,\ hordcrl111t: wmhul '' t"'" ')rnbols 'cpar.ucd h) .1 

sla,h. for c~ampk. Cl . ..iCll C1\I 'i\1, CIJ.\11..,\ horderl111c ')mhol ,houl•I 
be u,cJ 10 mJu:utc th;tt •h~ ,1111 hJ., hccn 1dcn11licd ,,, hJ\lllt! pn1per11c' 
th.11 do OCll d1sum:ll> place thl' ""I 1111<1 ;1 i;p..-.:1lk group ''cc 1\ppc11d1\ 
'\~I 

5. ~i)!nincancc and L~c 

5. 1 T'11e de..,1.np1i\ c 11110r11atin11 required in this p1<11.llce can 
be used hi de,cnbe ,1 .;otl lo :tic.I Ill the e\'alualll'n of th 
sigmlicant pn1pcn1e' for cngmeering use. 

5.2 The c.1esi:npt1ve 111formation re.:iu1red in this prnclil·e 
should be used LO supplemc:nt the class1tica1 llltt of a .. oil a-. 
determined h\ fest 'Vleth1>d I) 24X7. 

5 3 Thi.; p~acllct: ma\ be used 111 1den1itying soils usmg the 
clas-.1lic:11wn group s> mbuls and name' as prc.:,criheu in ·1 est 
~1e1h11d [) 2-H»' ')mc;e the name' and '>) mbols useJ 111 this 
practice to idenlll} the soils are the s;ime as thu!>C.: useJ 111 Te.;t 
Method D 24h7. it shall be.: dearly ... wted 111 rqmrb and all 
\)thc:r appropriate documc.:ni... that the dass1ficJt1011 ... ymb11l 11nu 
name are ba'icd on visual-manual procedures. 

5..t This prac11ce 1s to be used not only for 1dentilicat1on of 
soil' in the field. but also in the onice, laboratory. 11r \\: hereH:r 
"tlll sample!> are mspected and described . 

5.5 TI1is pracuce ha ... particular vlllue in grouping sumlar 
,oil '>ample' ,o that llll l) a mm1mum number oflaboratory 1c.: t' 
need he nm h1r pos1lt\C soil dass1fica11on. 

i'l:ori 'I Ilic Jhlill) 111 dc>Crtbl' .1nJ ufcntif) '"'" wrrc.:tl\ " l.::1mcd 
nwrl' n.-:1Jll} under tht• \!UIOJncc ul C\pcni.:nu:d p..-r~11nncl. bul 11 111:1) .ii''' 
he 11.:quircd ~) ,tcmJll.:ally h) co111r;1r1ng num.:ri.:Jl l.1h.n·Jtlll'\ le: t rc~ult' 
for typical -uil' of.:ach l}pc w11h 1h.:1r ~1sual anJ nanual char.1c1crhll<'S.. 

5 o \\'hen descnbmg and ident1t\111g soil ... amples from n 
!!l\c!n boring. test pit, or grnup ot' bonngs or ptts. II I\ nut 
~cce,sarv 1' folio\\ all of the procedures in thb practice: for 
e\ el}' ,a;npk 1;)01ls \\ hich appear ltl be .;imilar can be grouped 
IOl!ethc.:r: one -.ample completely Je,cnbed and 1c.1e11t1hed \\llh 
th~ llthers referred to as .. imilar ba,ed on pcrfom1ing uni) a fo,, 
or the de~cripti\C and 1dc111ilica11011 procedure.; UC'\Cntied Ill 

lht~ pr;1ctice 
5. i rhis pracuce may be used 111 comb111at1on with Pracucc 

D 40..,3 \\hen workmg with lro1en "11ls. 

!\'on S ~Ol\\llh,tanJmg the statcm.:nts C1n prcciswn 1111J hi~ ,·on· 
t.,incd m this ,tand;1rJ: The pn:d,ion of th" lc.'1 mc1ht1<l 1' dcpcnJenl on 
the cvmpct•-nco: .. r 1hc pcr-.onnel pcrform1ng 11 anJ th.: sut1ah1h1y uf the 
equipment .111d f.1t:1h11c' u.,cJ . ,\gcncte" that mo:ct the •ritcna ol Pr.illll'C 
D \740 ure· ~-n~·rally rnns11krcJ capabk of .:omrctcnl ,111d {1h1«ll\C 
t•~llng. t '~cr' ,11 1h1' 1c't nwtlwd m: c.iur1c,ncd 1ha1 c11mplmnre ""h 
Pr.1C11ee () 37-lU .fl'C' 11111 Ill 1L-iclf ll"un: reliable l~Wll!_!. Rch.1hk ICStmg 
d•"J'Cfld.' on ~,.., ernl facu•rs; rrnct1ce l> J 7411 pro' ides .1 me.in~ for 
t'\ 1l11a11m.: '"rne of those llic1or'. 

6. \ppJnllU\ 

ti . I Rc111111·.:d lpf)(lrar11~ 

6. I . I l'ocl..t·r K111/I! or ~·mall Spaw/11. 
6.2 Uw(ul 11/).iliary lpporur111 
6.2.1 Smafl Tot Tulw c111d Su111111•r (ur pr with a lid!. 
b.2.2 Smt1/I /land LL·m. 

7. Rca~(.·nl\ 

~ I /'11ri11 • o/ IVi1ft'r-ljnle, .. othem t~e mdicated, rclercnces 
111 \\ arcr sh,;11 he unde!'itood 10 mean water from a Cll} water 

ll:OnNo<H2M-S8001 U.~· , ... 
Nailor- 0Ml'l20050l 22 Sii '"'OT 



<30% plus No. 200 	 IP  <IS% plus No. 200 	  15-25% 
plus 

No 200 	 a  

CH 
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GROUP SYMBOL 	 GROUP NAME 

CL 

.--,30% plus No. 200 	 15% OAS No 200 	 • 
15,25% plus No 200 	  sand 2.% gravel 

%find <% gravel 

% sand 2% of gravel 	 <15% vivo 

230% plus No. 200 	 Z115% gravel --as• 

% sand <% gravel 	 • <15% sand 
kiS% sand 

Lean clay 
Lean day with sand 
Lean clay with gravel 

Sandy lean clay 
Sandy lean clay with gravel 
Gravelly lean clay 
Gravelly lean day with sand 

	 <15% ON  No- 200 	  
glut No. 200 	  

Silt 
% sand 2% gravel --ay.Slit with sand 
% sand <% gravel 	gm with gravel 

<15% gravel 	 Sandy eat 

.?_'15% gravel 	 Sandy Oh with gravel 
<15% sand 	 Gravelly eat 
215% sand 	 Gravelly silt with sand 

<30% plus No. 200 

ML 
% soma ?.% of world 

L.304, pus Mo. 200 
% sand <S ward 	  

Fat clay 
% sand 2% gravel —11. Fat clay with send 
% sand <% gravel --P. Fat cloy with gravel 
<15% gravel —0. Sandy fat day 
Z15% gravel 	 Sandy fat clay with gravel 
<15% send —la. Gravelly let clay 

15% sand --ev-Grawily fat clay with sand 

230% plus No. 200. 

% iisad z% 01 gravel 	  

% fond <5 grovel 	  

MH 
15-25% pins No 200 	  

% sand k% of gravel 	  

?30% plus No. 200 
% sand <% gravel 	  

NOTE 1—Percentages are based on estimating amounts of fines. sand. and gravel 
FIG. la Flow Chart for identifying Inorganic Fine-Grained Soli (50 % or 

% sand 2% gravel 
% rand <% gravel 
<15% gravel —an 
alli% gravel --a. 
<15% sand 	 a. 
215% sand 

to the nearest 5 % 
more fines) 

Elastic silt 
Elastic silt with sand 
Elastic silt with gravel 
Sandy elastic sill 
Sandy elastic silt with gravel 
Gravelly elastic silt 
Gravelly elastic tilt with sand 

<30% plus No. 200 
	

1ns < 5% plus No 200 

GROUP SYMBOL GROUP NAME 

    

OL/OH 

<30% plus No  zgg 	  <15% plus No_ 200 	  
1545% plus Na_ 200 	 w % sand 211 greeet---e- 

% sand <% gravel 
% sand 2% gravel 	  <15% gravel 

2.30% plus No. 200 	 Z16% gravel 
% sand <% gravel 	  <-15% sand 

215% sand 

NOTE 1—Percentages are based on estimating amounts of fines, sand and gravel to the nearest 5 % 

FIG. 1 b Flow Chart for Identifying Organic Fine-Grained Soil (50 % or more fines) 

Orsanic toll 
Organic soil with sand 
Organic soul with gravel 
Sandy organic soil 
Sandy organic soil with grovel 
Gravelly organic sail 
Gravelly organic soil with sand 

supply or natural source, including non-potable water. 
7.2 Hydrochloric Acid- -A small bottle of dilute hydrochlo-

ric acid. 11(1, one part I ICI (10 Al to three parts water (This 
reagent is optional for use with this practice). See Section 8. 

8. Safety Precautions 

8.1 When preparing the dilute IICI solution of one part 
concentrated hydrochloric acid (10 N) to three parts of distilled 
water, slowly add acid into water following necessary safety 
precautions. I landle with caution and store safely. If solution 
comes into contact with the skin, rinse thoroughly with water. 

8.2 Caution—Do not add water to acid. 

9. Sampling 

9.I The sample shall be considered to he representative of 
the stratum from which it was obtained by an appropriate. 
accepted. or standard procedure. 

-Preferably, the sampling procedure should be identified as 

has ing hem conducted in accordance with Practices D 1452, D 1587. or 

2113. or Test Method D 1581,  

9.2 The sample shall be carefully identified as to origin. 

Non 7—Remarks as to ihe origin may take the form of a boring 

number and sample number in conjunction with a lob number. a geologic 

stratum, a pcdologic horieon or a location descriptton with respect to a 

permanent monument. a grid system or a station number and offset with 

respect to a stated centerline and a depth or elesation. 

9.3 For accurate description and identification, the mini-
mum amount of the specimen to be examined shall be in 
accordance with the following schedule! 

Maximum Particle Size 	 Minimum Specimen Size, 
Sieve Opening 	 Dry Weight 

4.75 mm (No. 41 
	

100 g (0.25 lb) 
9,5 rnm (N. in.) 
	

200 g (0.5 Ibl 
18.0 mm (14 et) 
	

1 0 kg (2.2 lb) 
38.1 mm (1;6 
	

8 0 kg (18 lb) 
75.0 mm (3 in.) 
	

6o 0 kg (132 tu) 

'gni A5710 Inornournou 
	 3 

ul,cod by His undo,  mime win MTV 
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Vre.4.00.,  w nil Ol r5 PO/nulled vottoell wean hnld 1,1-15 
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GROUP SYMBOL GROUP NAME 

< 
< 30% plus No. 200 ~ < 15% pku No. 200 Lun clay 

---. 15-25% plus No. 200 -=:::::::: % und ~"gr awl - Lhll clay with sand 
Cl "And < %,, ... ,_ Lun clay with gra•el 

% Mnd ;?;% of .,a•el -=::::::::::::: < 15% gr ... I Sandy lqn clay 
;:?30% plu1 No. 200 ~15% gr..,.I Sandy lun clay wrlh granl "Mftd < "gravel -=::::::::::: < 15" und Gra .. ny lean clay 

~15% Mnd Gravelly lun clay with und 

< 
< 30% pku No. 200 ~ < 15% plus No. 200 Silt 

---. 15-25" plu1 No. 200 -=:::::::: % und ;:?% gravel - Slh with tand 
ML "sand < % ere•ll - Silt with gravel 

% sand 2:% of gr.,,.. -=::::::::::::: < 15% gravel Sandy 11h 
~JO% pku No. 200 ~15% gtMll Sandy 11lt wrlh gravel 

% sand < % .,..,., ~ < 16% Mnd Gra...tly lilt 
----- ~15% tand Grafflly lilt wrth und 

< 
<30% plu1 No. 200 ~ < 15% plus No. 200 Fat clay 

--- 15-25% pkn No. 200 ~ % tand ~% 11<aY1I -Fat clay with land 
CH .__" tand < % llflffl- Fat clay with er•••I 

% sand > %of llfavef ~ < 15% grnel Sandy f11 clay 
~30% plus No. 200 - ----- ~16% er•"' Sandy fat clrt wr1h gravel 

% land < %graft! ~ < 15% Mnd Gra•elly fat clay 
---~15% und Grafflly fat clay with sand 

< 
< 30% plus No. 200 ~ < 15% plus No. 200 e1 .. 1ic ult 

~ 15-25% plus No 200 ~%sand~% granl-Elamc ult with sand 
MH --- "'sand < " granl - Et...uc ult with gra••I 

"Mnd ~of 9r1..t ~ < 15% gtam Sandy elastic 1111 
> 30% plus No 200 <:::::::: ---~15% gtavef Sandy elastic 1tlt with graft.I 
- % Mnd <"•~•I -=::::::::::: < 15% sand Gravelly elastic ttlt 

~15" sand Graftlty elastic sih With tand 

NOTE I-Percentages are based on eshmaung amounts of fines sand. and gravel to the nearest 5 % 
FIG. ta Flow Chart for Identifying Inorganic Fine-Grained Soll (50 "!.or more fines) 

GROUP SYMBOL GROUP NAME 

< < JO')(, phu No 200 ~ < ts"' plu1 No 200 Ortanoc 101I 

15-25% plus No 200 ~ % wnd 2:;% ''"' Or90111C IO•I with Mnd 
OL /OH ---._" wnd <% tn••I - Ortanoc soil with t••••I 

---% wnd ~% vra••I -~----~ < 15"' 9t1wl s.ndy organic tool 
2:30% plu1 No. 200 --- ---- ~15"' gravel ----- Sandy or .. noc 10d wnh gufll 

% sand < % o•n•• ~ < 15" 1and au .. lly or .. nlc '°" 
---~15" 1and Grafllly orpnoc '°''with wnd 

NOTE 1-Percentages are based on eshma11ng amounts of fines, sand and gravel lo the nearest 5 % 

FIG. 1 b Flow Chart for Identifying Organic Fine-Grained Soil (50 ~. or more fines) 

supply or natural \C'Urcc. mclu<lmg non-plllable water. 
- .2 I frdmd1/oru 4nd \ small b11ttlc ot dilute h~ drnchlo­

nc m:1<l. llCI. one pa11 llCI (I 0 \ l to three pan' " 1ter (TlllS 
reagent ''optional for use \\ 1th th is prac11ce) See 'icclton 8 

8. ~afcl~ Precautions 

~U \\hen prcpanng the dilute llCI solution or oni: part 
concentrated h:drochloric acid (I 0 ,\1 to three parts of d1-.1tlled 
\\atcr, slO\\ I) add acid Ullo water folio\\ ing necessal) ,afet) 
precautwn~ llandle ''1th caution and 'tore -.afely. Jr -.olu11on 
comes into contact wnh the -;km. rinse thorough I~ \\1th \\atc1 

8.2 ( aution Do not add '"'<lh.:r to acid. 

9. ~ampling 

9 I I he sample shall he wnsidi:red to he representatl\c of 
the stratum lrom '' 1111:.h II "as obtained by an appropriate. 
:tccepti:d, or standard procedure. 

'\ ' 1 o Prcfombl). the ~amplang P""cdurc 'hould be 1do:nllfic<l Js 

rightAS™l~I 

>duc.eid ti" )HSU..-~ 1'l'ICl1 A.SN 
·~IOl'IQr"91~~~~ftotnlHS 

3 

h.1\IOf! been condm:te<l an u.:wnfon.:c with Pruct1~-c- D 1~5~. 0 I 'i~7. l>r 
0 21 IJ. ,,r Tc-1 \lctho<l I) '5'i6 

9 . .:! ll1e sample -.hall he carefully idcntil1cd a-. 111 origin . 

:-.;""' 7 Rcmarh .1• h> 1hc ur1g111 ma) 1.1k.: thl' form of .1 lwnnl: 
numl>cr aod ,,1mplc numl>cr an cnni1111c11un \\1th a l<•I> rmmhcr. a go:11log1L· 
stratum, ;i p..-Jolo21c hl>n1<>11 or a locallon JL,...cnptton "11h rc,pc.:t 10 .1 
pcrrnancnt nll•numcnl, u gnd ~r1cm <•r 11 '1at11l11 numlx"f un<l 01b,·1 "llh 

re5JX.-.:I to ;i s1a100 ccnto:rhnc an<l 11 d..-pth vr ..:lc\atton. 

9.3 For accurate description :ind 1dentifica1ion. the 111i111-

mu111 amount of the spec11ncn to be examined shall be 111 
accordance \\ ith the follow111g scheduh:: 
Ma~omu Panic •e Silo 

Sieve Opening 

475mm\N'l •1 
95mm("lft) 
190mm ~111) 
381 mm(1Y.!tnJ 
750 mm (3 In) 

L--c:H2 ... t~$8001.\IM<>Con., LIN 
No<br- QM)<~Qenst••OT 

Minimum Specimen Size. 
Ory Weight 

10() g (0 25 lb) 
200 g (0.5 lb) 
I 0 ~g (2.2 lb) 
80 kg ( 18 h:>) 
60 0 kg 1132 lb) 
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GROUP SYMBOL 
	

GROUP NAME 

Ilan 

 

Welliesdad 

 

	 15% sand --os Warr ornion 

  

Poorly waded 

 

----nr.,15% sand —en Wad wad's! Hirer wren sand 

•G P 	 15% sand —an Poorly waded Haver 
grind 	Poorly yrodad rasai Write sand 

 

	 _ is% ...A 
215% sand 

GW-GC 	 15% sand —ss. 
lk15% sand 

	  :15% sand 
sand —of 

TrisinlaCt or CH — — GP-GC 	••• 416% sand 
sand 

ttnertAL m AIR 	 GM 	 is% and 
215% Sand 

O. I ron.CL or CH 	 GC 	1.< 15% and - 
and 

.SW  	C15% gravel ---0- 

graded 

':15% Snot 

foitt.MIL  or MN--.. SW'S IYI 	  C15% grand - r 	graded sand wrin srlr 

imin-a. Or CH —a-SW -SC 	  <15% yawn —an Wel spaded owbO -Oh clay 
115% yawl --an 	waded and soon sili and orarN 

Z15% errni orfif q. .dsd umd wnh dal and drawn 
Or 116114  	<15% ways' — 	Poorly graded and with sill 

',.1511‘ WOW —6. Poorly roared sand with rill and gravel 
r.nas.CL or CH 	r <15% gravid —an Poorly dradna sand with clay 

▪ rand 	poorly graded sand won clay end drawn 

GSM   TS% drawl —sir Silly sand 

215% Wadi 	Silty sand *id, arawd 
lrnes-CL or CH 	 in SC 	 15% carer —as Clam sand 

.15Ars royal —.— Cirri,. sand wtth yawl 

NorE 1-- Percentages are based on estimating amounts of tines. sand, and gravel to the nearest 5 "r, 

FIG. 2 Flow Chart for Identifying Coarse-Grained Soils (less than 50 % fines) 

linHaML ar WM 

W CN 

	oa flan ML or MH 

"-----wZ115% gravel 
SP 	  <Is% Havel 

▪ yawl —sr 

w rows...AL ar MN— — 
,.15% lane. — 	

GRAVEL 
% grand 
	

10% firms 
% sand 

Poorly gradad 

Wen voided pa.* rosin id! 
Well-radod drawn orosh soli and sand 
VI*11-gradaid ravel 00.111 clay 
dialrgrodiad wand with clay and sand 
Poorly graded Havel wish 5.11 
Poorly dradad gravel sordt sill and sand 
Poorly graded grass! with nay 
Poorly graded grand with clay and sand 

Silty Has* 
5rlty orwol with sand 
Clayey grayer 
Clot/6y 6,6661.61111 aril 

Will graded sand 
Walliradol and arrrh gravel 
POOrlY WIRIld sand 
Poorly Halal sand with drawl 

SAND 
1. sand 

% rand 

x 	If random isolated particles are encountered that arc signifi- 

cantly linger than thy particles in the soil matrix. the soil matrix can be 

acenralel!, described and identified in accordance with the prceeeding 

schedule 

(1.-$ 11 the field sample or specimen being examined is 
smaller than the minimum recommended amount, the report 
shall include an appropriate remark. 

10. Descriptive Information for Soils 

I0.1 Angularitt— -Describe the angularity of the sand 
(coarse sizes only). gravel, cobbles, and boulders, as angular. 
subangular, stibrounded, or rounded in accordance with the 
criteria in Table I and Fig. 3. A range of angularity may be 
stated. such as: subrounded to rounded. 

10.2 Shape--Describe the shape of the gravel, cobbles, and 
boulders as flat, elongated, or flat and elongated if they meet 
the criteria in Table 2 and Fig. 4. Otherwise, do not mention the 
shape. Indicate the fraction of the particles that have the shape, 
such as: one-third of the gravel particles are flat. 

TABLE 1 Criteria for Describing Angularity of Coarse-Grained 
Particles (see Fig. 3) 

Description 	 Criteria 

Angular 
	

Parton have sharp edges and relatively plane sides with 
unpolished surfaces 

Subengular 
	Particles are similar lo angular description but have 

rounded edges 
Subrounded 
	

Particles have nearly plane sides but have welt-rounded 

corners and edges 

Rounded 
	

Particles have smoothly curved sides and no edges 

4 
ronylWil OSTV 466.1611c6.6. 
Ili6160Ouw6 r. WS .oiler ,L-64se wan ASTM 
No ,uronclucton u wholr-wo wontliKloilhoul Want. horn 6-6 

10.3 Color—Describe the color. Color is an important 
property in identifying organic soils, and within a given 
locality it may also be useful in identifying materials of similar 
geologic origin. If the sample contains layers or patches of 
varying colors, this shall be noted and all representative colors 
shall he described. The color shall be described for moist 
samples. If the color represents a dry condition, this shall be 
stated in the report. 

10.4 Odor—Describe the odor if organic or unusual. Soils 
containing a significant amount of organic material usually 
have a distinctive odor of decaying vegetation. This is espe-
cially apparent in fresh samples. but if the samples arc dried. 
the odor may often he revived by heating a moistened sample. 
If the odor is unusual (petroleum product. chemical, and the 
like), it shall be described. 

10.5 Moistuir Condition—Describe the moisture condition 
as dry. moist, or wet, in accordance with the criteria in Table 3, 

10.6 1K? Reaction—Describe the reaction with !ICI as 
none. weak, or strong, in accordance with the critera in Table 
4. Since calcium carbonate is a common cementing agent. a 
report of its presence on the basis of the reaction with dilute 
hydrochloric acid is important. 

10.7 Consivenc-)—For intact tine-grained soil, describe the 
consistency as very soft, soft. firm. hard, or very hard, in 
accordance with the criteria in Table 5. This observation is 
inappropriate for soils with significant amounts of gravel. 

10.8 Cementation—Describe the cementation of intact 
coarse-grained soils as weak, moderate, or strong, in accor-
dance with the criteria in Table 6. 
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Gp··GM ~1611; .. nc1--• w,11 .,..,.., 1••••' wot h d •v • nd Mnd 
Poo, tv 91ad.d ~fines ML 01 MH---... 15% .-nd P00t lv trMled eraol wuh t1h 

--- GP GC _!15'11. ,.nd _ Poorly F"dod '"''' woth IOI! Ind llnd 
f1nu•Cl O• CH • -=::::::::::::: 1594 sand.___... Poor ly tr-ad~ gravel wnh cl• Y 

~151'. Mnd ._._...... Poo•IY 91.dtd 9""''' with c ity ind Mlltld 
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---------------SP~ 1s'll •o•t - Poor1vr.ooc1 .. nc1 
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SANO 

"'\Ind 2: ,,.. ... , 

--==============••net•MLOf Mli -SM~ 1S,. 911•••-S.ttv....., ~16.,. f1nct ------.. ..?15'\. graw-e• __.,.. S1tty iand w11h g•n•f 
tone,.CLorCH ---~SC ~ 1511.fT•ve•-Cl•V•YAt>d 

-------.. .;::15"" t •eint._..Cl• Y• Y Mnd w ith t•evll 

No11 I Percentage!.> are based on ~1 1matmg Jmounh of line:.. >and. and gravel to the ncarc,1 5 • •· 
FIG. 2 Flow Chart for Identifying Coarse-Grained Soils (less than 50 % fines) 

~!• 1 s 1r rundom ''"la1cd particle, Jrc encoun!t.-rcd 1ha1 ,1n: sig111ti­
cant ly larccr 1h;m the p.1r1tdc, m lhc '"'I main\. lh, ,,,ii llHllll\ can he 
.r1 curntd) dL-s;:nh<:d 11111 1dcn11ficd 111 1,·.:ord:111.:c \\Ith 1h.: prc.:ccdmg 

s~hcduk 

l) -I II the fit:ld sarnph.: or specimen hemg cx~rn111ed I' 

smaller than the mm1111um recommended nmount. the repon 
shall mcludc an appropriate remark. 

JO. Dc,criptiu• Information for oils 

HU /11gule1nt\ De".:ribe the anguf::trit~ or the '~md 
(i:,,ar'e -.ize~ uni)). gra\el. ctihble-.. and houl<lcrs. as angular. 
-.ub:11111ul,1r. -.ubrounded. nr rounded in accordance "'1th the 
l'llh.'rl; Ill l.1hle I and l'ig. 3. " rangl' or ;ingulant~ Illa) he 
!\lall'd -.ud• ,,,. ,ubmunde<l to rnundt'J . 

10 2 \'/rap<' Describe the shapt' 01"the gr.t\el, whhlcs. and 
huuldcr-. a~ nat. elongated. or lhlt :tnd donga1etl if the) met'! 
the criteria in I ah le 2 nnd ftg. -1. Othern ise. dl' not 1nent111n the: 
,hap.:. Indicate the fraction of the panicle-. that ha\ e the \hape. 
such a,· 1l0t'·lh1rd or the gra\'el panide' are flat. 

TABLE 1 Criteria for Describing Angularity of Coarse-Grained 
Particles (see Fig. 3) 

OescroptoOll 

Sut>angular 

Sub<ounded 

Roundll(l 

Cntena 

Particles have sharp edges and relatively plane sides w1lh 
unpohshed surfaces 

Partocles are similar lo angular descnphon bul have 
rounded edges 

Particles have nearly plane Sides but have well-rounded 
corners and edges 

Parllcles have smoothly curved sides and no edges 

Cu1,,.r~ASTI.l~I 
Ft~D,MS""*'_........mASTM 
,.,,, 1~0t "9t""7'l"IJ pe""'4Wd •l"CM ~ufiom »<S 

I O.J C11/01 D..:scnbe the Cl'lor. Color is an tmport<lllt 
propeny 111 iJenllf)mg organic 01k and \lilhin a gt\1!11 
locality it lllJ) also he useful in iJcnl1l)1111g mate11ab ol 'irnilar 
gc"k'g1c origin. II the sample conta111s layer-. or patches l'I 
van mg colors. this shall bt! noted and all rt!prcscntatiw Clllors 
sha

0

ll he dt.>scribed The color shall be de .. cribcd for nhw•t 
-.amples. II the color represents o dry condition. thi' shall hc 
stated 111 the repon. 

I 0.-1 Vdor- Descnht! the odor if organic or unusual Sot I' 
containing a significant :ttnl)Unt or organic material U'Uall~ 
ha\ C a dtstincti\ C odor of' deca~ lllg \'egetal111n l"hls I' e-.pe­
Ctall} apparent 1n lresh -.amples. but 11 the sampks are dried. 
the t'dlir ma~ nficn be rt:!\ 1\cd b) heating a moistened 'ample 
Ir th.: odlll 1-. unusua l (petwleum product. chemical. and th~· 
likl!I. 11 .;hall be described . 

I 0.5 \f111,1111-. Cr111d11io11 Lk-.cribe the moi-.ture cond111011 
a~ di'). mo1,.,1, or v.:et. m accordanl'e with the cntena 111 fohle 1 

I O.b I/Cl Rl·actwn De,cnbe the r..:acti0n "ith llCI as 
none. \\eak, or strong. m ac;;cordance \\Ith thL· critcra in Table 
4 Smee calcium carbonate '' a ct11nmon cementing agent, a 
rep)n of it, presence on the basis or th.: reaction '' 1th dilute 
hydfllChlonc acid 1s imponant. 

I0.7 Comi\le11c1.__for inract line-gra111ed ,oil. descnbt.· the 
cothistenc' as 'en· soil. soil, finn. hard. or 'erv hard. in 
ncc11rJa11.:~ \\ nh the criteria in Table 5. This ob,~n auun i-. 
mapprnpnate for soi ls with signilicant amounh or gra\ el 

f o.: Ce111e/lfation Descnbe the cementation o l int:ict 
Cllar;e-grained so1b as \\ eak. moderate. or strong. in accor­

dance "1th the crtterta m Table '" 
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FIG. 3 Typical Angularity of Bulky Grains 

TABLE 2 Criteria for Describing Particle Shape (see Fig. 4) 

The particle shape shall be described as follows where length, width, and 
trockness refer to the greatest. intermediate. and least dimensions of a particle. 
respectively.  

Flat 	 Particles with widltuthickness > 3 
Elongated 	Particles with length/wkith C 3 
Flat and elongated Particles meet criteria for both flat and elongated 

PARTICLE SHAPE 

W =WIDTH 

T =THICKNESS 

L =LENGTH 

10.9 Structure—Describe the structure of intact soils in 
accordance with the criteria in Table 7, 

10.10 Range of Particle Sizes—For &travel and sand com-
ponents. describe the range of particle sizes within each 
component as defined in 3.1.2 and 3.1.6. For example. about 
20 % fine to coarse gravel. about 40 % fine to coarse sand. 

10.11 Matinnun Particle Si:e—Describe the maximum par-
ticle size found in the sample in accordance with the following 
information: 

10.11.1 Sand Size—If the maximum particle size is a sand 
size, describe as fine, medium, or coarse as defined in 3.1.6. 
For example: maximum particle size. medium sand. 

10.11.2 Gravel Size--If the maximum particle size is a 
gravel size, describe the maximum particle size as the smallest 
sieve opening that the particle will pass. For example, maxi-
mum particle size. 11/2  in. (will pass a 11/2-in. square opening 
but not a 	square opening). 

10.11.3 Cnbble or Boulder Size—if the maximum particle 
size is a cobble or boulder size, describe the maximum 
dimension of the largest particle. For example: maximum 
dimension. 18 in. (450 mm). 

10.12 fiandness--Describe the hardness of coarse sand and 
larger particles as hard, or state what happens when the 
particles are hit by a hammer. for example. gravel-size particles 
fracture with considerable hammer blow,. some gravel-size 
particles crumble with hammer blow. "'lard-  means particles 
do not crack, fracture, or crumble under a hammer blow. 

FLAT: WET > 3 

ELONGATED: L/ W >3 
FLAT AND ELONGATED: 

—meets both criteria 

FIG. 4 Criteria for Particle Shape 

10.13 Additional comments shall be noted, such as the 
presence of roots or root holes. difficulty in drilling or augering 
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FIG 3 Typical Angularity o f Bulky Grains 

TABLE 2 Criteria for Describing Particle Shape (see Fig. 4) 

The partiele shape shall be descnbed as follows where lenglh, width and 
thickness refer to the greatest, intermediate. and least dimensions or a par11cie. 
respec~vety 

Flat Par11cles with wldthlthlcilness > 3 
Elongated Par1icles with lengthlwldlh > 3 
Flat and elOngated Par1icles meet cntena fa both Hat arid elongated 

I II 9 Struc 11m Describe the -;tructurc of tntact soils m 
UCl'Or<lancl' \1 ith thC' Lnll!na 111 fohle i . 

I 0 In Rani!.< u/ l'ar//c le S1:c'' For grn\el and 'and Cll1TI­

po11e111s. desert he the range of panh:le ..,jze!'> \111h111 each 
comp<lllent :is detined 111 3 1.2 and 3.1.6. h.>r example. aboul 
20 'l-11 tmc lo coar ... e gra1 cl. aboul 40 u tine Ill coarse sand. 

I 0.11 \/1nim11111 ?arlidc• Si:t [)c-;cnbe the maximum par­
ticle stLe Jound 111 the sample tn accordance with 1he followmg 
111 fonnatton 

I 0. 11 I '\ancl 51:1 II the maximum partich: size is a sand 
'itc. dcscnl:ie as fine. medium. or coarse Hs defined in 3.1 .6. 
r or example· ma\lmum part icle size. medtum -,;ind 

10. 11.~ Gran:/ \'rC' If the 111nx1111um particle ""e ts a 
grml'I '"e. <lc..cnbe the maxttnum particle si1e as the smallest 
'1e1e <1pening that the pa111cle 1\ill pa'>s. Fur e\umple, maxi­
mum particle '>Ile. 11 '> 111 (will pass a I ·-in. 'quare opcntng 
but not a ' "-in. squ:ire ope11111g) 

111. 11 .3 Cohh/e or 8011/da Si=t If the maximum particle 
s11e '' a cohble or boulder s11e. de,1,;rihc the maximum 
dtmen,ton of 1he largesl parttele. I or example; ma'\lmum 
dimem.ion. IX 111 ! 450 111 111) 

I 0 12 l/mdneH Describe the hardnes ... 11f rn.1rsl' sand and 
l:ugcr particle-. as lli.lrd. or ... tate 11 hat happens \\hen the 
particle-. arc hll by .1 hammer. for example. gra1cl-s11c particles 
fracture ''1th 1,;on ... iderahle hammer bkm. '11me gr:l\ cl-,1,re 
par11cl.:' cnnnble \I ith hammer blow. "I lard" means particle... 
do 11C1t crack. fracture. or cn1111blc under a hammer hlO\\. 

Cc)oyl'tQlll AS TM Int~ 
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PARTICLE SHAPE 

W=WIOTH 
T =THICKNESS 
L =LENGTH 

FLAT: W/ T>3 
ELONGA TEO: LI W > 3 
FLAT AND ELONGATED: 

- meets both cr i ter ro 

FIG. 4 Criteria for Partic le Shape 

I 0. 13 Add111onal comm.:111' shall be noted. such ;is tht." 
pre,cncc or mots or root holes. dtlliculty in drilling or augering 
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very soft 
Soft 
Firm 
Hard 
Very hard 

Thumb will penetrate soil more than 1 in 125 mm) 
Thumb will penetrate sod about t in_ 125 mmt 
Thumb will Indent soil about 'Ain 16 mm) 
Thumb will not indent soil but readily indented with Thumbnail 
Thumbnail will not Indent soil 

TABLE 6 Criteria for Describing Toughness 

Description 
	

Crams 

Weak 
	

Crumbles or breaks with handling or tittle ringer pressure 
Moderate 
	Crumbles or breaks with considerable finger pressure 

Strong 
	Wilt not crumble or break with finger pressure 

TABLE 7 Criteria for Describing Dilatancy 

Description 
	 Criteria 

Stratified 

Laminated 

Fissured 

Slickensuled 

Blocky 

Lensed 

Homogeneous 

Alternating layers of varying material or color with layers at 
least 6 mm thick. note thickness 

Alternating layers of varying material or Color with the 
layers less than 6 mm thick: note thickness 

Breaks along definite planes of fracture with little 
resistance to fracturing 

Fracture planes appear polished or glassy sometimes 
striated 

Cohesive soil mat can be broken down into smell angular 
lumps which resist further breakdown 

Inclusion of small pockets of different soils. such as small 
lenses of sand scattered through a mass at clay: note 
thickness 

Same color and appearance throughout 

hole, caving of trench or hole. or the presence of mica. 
10.14 A local or commercial name or a geologic interpre-

tation of the soil. or both, may be added if identified as such. 

10.15 A classification or identification of the soil in accor-
dance with other classification systems may be added if 

identified as such. 

I I. Identification of Peat 

11.1 A sample composed primarily of vegetable tissue in 

various stages of decomposition that has a fibrous to amor-

phous texture. usually a dark brown to black color, and an 
organic odor, shall be designated as a highly organic soil and 

shall be identified as peat. PT, and not subjected to the 

identification procedures described hereafter. 

12. Preparation for Identification 

12.1 The soil identification portion of this practice is based 
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on the portion of the soil sample that will pass a 3-in, (75-mm) 

sieve. The larger than 3-in. 175-mm) particles must he re-

moved. manually, for a loose sample. or mentally. for an intact 
sample before classifying the soil. 

12.2 Estimate and note the percentage of cobbles and the 

percentage of boulders. Performed visually, these estimates 
will be on the basis of volume percentage. 

Not 9 Since the percentages of the panicle-size distribution in Test 
Method D 2487 arc by dry weight. and the estimates of percentages for 
gravel, sand. and fines in this practice are by dry weight, it ix recom-
mended that the report lune dint the percentages of cobbles and boulders 
are by volume. 

TABLE 3 Criteria for Describing Moisture Condition 

Description 	 Cidena 

Dry 
	 Absence of moisture dusty dry to the louch 

Moist 
	

Damp but no visible wale.,  
Wet 
	 Visible free water. usually soil is below water table 

TABLE 4 Criteria for Describing the Reaction With HC1 

Description 
	 Criteria 

None 
	

No visible reaction 
Weak 
	

Some reaction, with bubbles forming slowly 
Strong 	Violent reaction, with bubbles forming immediately 

12.3 or the fraction of the soil smaller than 3 in. (75 mm). 
TABLE 5 Criteria for Describing Dilatancy 	 estimate and note the percentage, by dry weight, of the gravel. 

Description 	 cniena 	 sand. and fines (see Appendix X4 for suggested procedures). 

Noss 10 Since the particle-size components appear iiisually on the 
basis of volume, considerable experience is required to estimate the 
percentages on the basis of dry weight Frequent comparisons with 
laboratory particle-size analyses should be made, 

12.3.1 The percentages shall be estimated to the closest 5 %. 
The percentages of gravel, sand, and fines must add up to 

100 %. 
12.3.2 If one of the components is present but not in 

sufficient quantity to be considered 5 % of the smaller than 

3-in. (75-mm) portion. indicate its presence by the term trace. 

for example. trace of fines. A trace is not to be considered in the 

total of 100 % for the components. 

13. Preliminary Identification 

13.I The soil is Fins' grained if it contains 50 % or more 

tines. Follow the procedures for identifying fine-grained soils 

of Section 14. 

13.2 The soil is coarse grained if it contains less than 50 % 

fines. Follow the procedures for identifying coarse-grained 

soils of Section 15. 

14. Procedure for Identifying Fine-Grained Soils 

14.1 Select a representative sample of the material for 

examination. Remove particles larger than the No. 41) sieve 

(medium sand and larger) until a specimen equivalent to about 
a handful of material is available. [se this specimen for 

performing the dry strength. dilatancy, and toughness tests. 

14.2 Dry Strength: 

14.11 From the specimen. select enough material to mold 
into a ball about 1 in. (25 mm) in diameter. Mold the material 

until it has the consistency of putty, adding water if necessary. 
14.2.2 From the molded material, make at least three test 

specimens. A test specimen shall he a ball of material about 
in. 112 min) in diameter. Allow the test specimens to dry in air, 

or sun, or by artificial means, as long as the temperature does 

not exceed 60°C, 

14.2.3 If the test specimen contains natural dry lumps, those 

that are about 1,2 in. (12 mm) in diameter may he used in place 

of the molded balls. 

Non t I The process of molding and drying usually produces higher 
strengths than are found in natural dry lumps of sail. 

14.2.4 Test the strength of the dry balls or lumps by 
crushing between the fingers. Note the strength as none. low. 
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TABLE 3 Criteria for Describing Moisture Condition 
OeSC<•PhOn 

Orv 
MOISt 
Wet 

Absence of moisture dusty dry :o the touch 
Damp but no v1s1ble .... ater 
Visible free wale'. usually soil IS bolOVi wato1 table 

TABLE 4 Criteria for Describing the Reaction With HCI 
o Criteria 

n111he porthm ufthe Sl'tl sample that will pa-.s a 3-111 . (75-mm) 
.. ie\e, The lar!_!cr than l-111. {75-mml panicles musl h,· re-
1ml\ o.:d. manuall), for n Joo'>e sample-. lll' m.:ntally. for an intact 
'ample before dassit) ing the ... 1111. 

I 2.2 Estimate and note the percentage of cobble' and th<-" 
percentage ol houlder... Perfr•rmcd visually. these e•aimate' 
\\ill he on the ha.sis ol \'Olume percentage. 

~nn 9 <;mcc •hi: perL.:nt.1gC's of the p.1mdc-,11C' <l1,111hu11on an Tc,1 
N_on_o _____ N-'o-vis-ib-le_re_a_c-tio_n _________ _______ \lc:h11ll () 2-IS7 1m: hy UI} ''Cl!!hl. 11nd the c-11m"1c, of pc1"cntag~ for 

Wea>. Some reaction. wllh bubbles ronning slowly grJ\d, ,;iu<l • • 111<l tini:' m th" prJ,·t1.:e arc h) UI} '":ight, II 1~ n:com-
Strong Vt01ent rear.hon Mth bubble& f()(l1'1ng Immediately mL"ll<lc•d th.It the TCf">rl ,1,11,· that the pcrcenUl!!C- ,,f .:ot>hh:, .111d lwulucrs 
---------------------------- "rc h) \ulumc 

12 . .1 or the fra1:1 1on ut' the- .. 011 ,.mailer than J Ill (75 1111111. 

_____ T_A_B_L_E_5_C_r_1t_e_ri_a_r_o_r_D_e_s_c_r_1b_1_n_g_D_1_·1a_t_a_n_c_y _______ c,11malc nnd note the percentage, by di) \\ctght. ul the gr.nc-1. 
Oescnp!Jc:· Crt .... _ .. and. and l11w .. (sec Append I\ X4 fi.>r :.ugge~tc-d procedures). --------- ---- - - ---- ------ ---1/ e ry soft Thumb will penetrate soil mOl'e than I in (25 mm) 

Solt Thumb ,,.111 punetratc sCMl aoout l tn. 125 mm/ :Sn11 to <;mn: the pJntdC'·Stzc co111ponc111' uppcjr 'i-11.1lly on th,· 

Firm Thumb wall Indent soil about ~Ill. 40 mm) h;1'i' of '"funk cons1dcrnhk c\pcncnLC '' n:IJlllf•'ll 10 .:. wnatc the: 
Haro Thumb will not indent soil but readily 1ndcnlnd w1lh lhumbna1l Jl•'rl'ent11gc:; \\II lhc ha'b l•I di) \~eight l'r.:qucnl ,·0111par1,11ns with 

V_f!fY_;__ha_ r_d ___ T_h_u_m_b_n_ai_I w_ 111_n_o_1 _1n_e1_en_1_so_ 11 ____________ l.1bor.t1ury part1dc-s11c an;tl) '"' •lmuld be made 

Weak 
Modorate 
Strong 

TABLE 6 Criteria for Describing Toughness 
Cn•• na 

Crumbles or breal<S w•lt'I handling OI' tiltle finger pressure 
Cn.imbies or brea~s .Ylth cons•deiaolo fmget pees.sure 
Will not crumble or brea~ w•lJl finger pressure 

TABLE 7 Criteria for Describing Dilatancy 

De.... . '''°" C 1tena 

Sr:alif1ed Allemating layer; ol vary>ng material or color w•lh layers at 
leasl 6 mm Ink.~; note thiekness 

Lam1natetl Allemating layers of varying matenat or color With Iha 
layers less than 6 mm 1hte11.. nole thickness 

Fls!.ured Breaks along definite planes of !ratture w1trl l1t11e 
res1sL1oce lo rr actunng 

SIK .. enstded Fracture planes <1ppear polosl'led or glOs.sy, :;omellmes 
striated 

Blocky Cohes'"e soil that can be broken down into small angular 
lumps which resist furtt>er brea ... down 

Leoscd Inclusion of small pockets or ll•flerent sons such as smatl 
i..nses or sand scattereci lhrougt> a mas~ of clay. note 
tha<:!o.ness 

Homc>gilncous Same colOr and appearance throughout 

hole. ca\ mg of trench or hole. or the prc,encc 111 mica. 
I CJ. I -l A local or commcrctal name or a geologic. 1111crpre­

latil'll of the soil. or both. may be added if tdenttticd as such. 
I 0. 15 ,\ clnss1hcation or 1dcmifica11on oJ' the soil 111 accor­

dance with other clas .. 1fica1mn system~ may he added if 
1dcn111ic-d as such 

11. Identification of Pc:il 

I I . I \ -.;1111ple n>mpl1s.:d primarily of \ egctabk t1s,ue Ill 

'.irmu' 'tnge., of delam1p11st1ion that h:is a fibrous to a.tnl)r­
phous te\lure. u'uall) a dark brown to blac.k color. and :in 

organic odor. shall be designated as a h1ghl} org.mrc soil and 
'hall be tdenulied as peat. PT. and not subjectc-d 10 the 
idcntilie •t1on procedures dcs~nbed hc-re:i.fier. 

12. Preparation for Identification 

12 I I he soil 1den111ic.1t1on pNt11.m of thi' practice is based 

Coovt~ASTM~ 
RtlOt'Dd:JtlldDY~~~-''""5TM 
N•) reoroa\ldO"I OI Mt*OI • I'll owmllild W"motll lteof'tff tl'Ol'ft IHS 
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I 2.3. I The percentages 'hal I be estimated to the close .. t 5 1: .. 
' Ille percentage~ of gra\'C'I. 'and, :inc.I line!> must add up to 
JOO 0 n. 

12.3.2 I I (Ille or the components i, present but 1101 Ill 

,utlicic-111 q11an111y lo be- considered 5 ° n of the smaller than 
J-m (75-mm) ponion. indicate ii'< presence hy the tcm1 mue. 
for ex:imple. trace of fines. ,\ trace ts not to he considered 111 the 
tot.al ci t IOC\ "·,. for the compom:nh. 

13. Prcliminar) ldcnlific:ition 

13 I l'he :-.oil '' /111< ~ra111.•d t I it contains 50 °" m more 
·me' I 1'llow the procedure:. for 1dcnlll)mg hoc-grained ,oiJ, 
of <..,c- ·11on 14 

13 2 111c soil i .. cour.1£' ~ruined if 11 C<intams lo.:ss than 511°o 
fine... f OIJll\\ the prl1cedure' for identt fymg COaN:-gramed 
-;oils ,,1 See111111 I 5 

14. Procedure for ldl•nlif~ ing rinc-Grained ~oi1' 

I~ I 5dtt.·1.t •t representali\\: .;;unpk of the material 1,11 

e\amm• tt•m Re-mo\ e particles larger than the No 411 sie,.e 
I medium s:md and larger> until a ... pedmen equt\ ah:nt to ahout 
a handtul of ma1cnal '" a\'a1lable t:.;c thi' .,pccimen for 
perfonning the di) '>treng1h. dtlatancy. and toughness 1c .. i.. 

I 4.2 Dn Strc!11gth 

14.2. I (· rom the spo.:cimcn. sekcl enough mutcnal 111 mold 
into a ball ahnut I in. (25 mm) in diameter. \lold the matcnal 
until it has the consistency of puuy. add mg \\.atcr 1 f ne.:c.,sary. 

14 .2.2 l'rom the molded matt'.'rial. make at Jc-a-.1 three tc-;t 
'pec11nen .. . A 1c ... 1 .,pcc1mcn :.hall ht'.' a hall of maten:il .1bou1 1 ~ 

1n t 12 mm) in diameter \lltm the 1e .. 1 spec11nen' to dry 111 air, 
or ~llll, or h} anilicial mean' . :1' Ion!! a' the temperature Joe' 
not e.xceed till' C 

I 4 .2.J II !he test 'pecirnen CC111tams nantral dry lumps. those 
1h111 arc about 1 • m. ( I 2 mm l in diameter may he used in plac~ 
of' the molded halls 

:-;ono 11 Thi: procc'~ vf molJtn!? .. nd d!)·ing u'uJll)' pwd11Cc' h1ghi:r 

Strengths 1h:m ar~ lound 111 11Jtun1l UI') lumps of SOii 

14 .2 4 Test tht' -;trength ~1f the di} balls 1>r Jump~ h) 
cni...h111g hel\\ cen the lingers. ~otc the .. 1rength as none-. l1m. 

IA:--0121J Hl.'!>lltl0458001, .-..c. ... ,. l .. 
""'lo< R- llM).I ?005 Oii 22 59 '-'Or 



TABLE 9 Criteria for Describing Dilatancy 

Description Criteria 

None 
	

No visible change in the specimen 
Slaw 
	

Water appears slowly on the surface of the specimen during 
shaking and does not disappear or disappears slowly upon 
squeezing 

Rapid 
	

Water appears Quickly on the surface of the specimen during 
shaking and disappears quickly upon squeezing 

TABLE 10 Criteria for Describing Toughness 

Description Criteria 

Low 	Only slight pressure is required to roll the thread near the 
plastic Ione The thread and the lump are weak and soft 

Medium 	Medium pressure is required to roll the thread to near the 
plastic limit. The thread and the rump have medium stiffness 

High 	Considerable pressure is required to roil the thread to near the 
plastic limit The thread and the lump have very high 
stiffness 

TABLE 11 Criteria for Describing Plasticity 

Description Criteria 

Nonelastic 
Low 

1,4 ei 'I, 

High 

A 1/4-in (3-mm) thread cannot be rolled al any water content 
The thread can barely be rolled and the lump cannot be 

formed when drier than the plastic limit 
The thread is easy to roll and not much lime is required to 

reach the rghsw limit The thread cannot be rerefiee after 
reaching the plastic limit The lump crumbles when dner 
than the plastic limit 
takes considerate& erne rolling and kneading io reach The 
plastic limit The thread can be carolled several limes after 
reaching the plastic limit The lump can be formed without 
crumbling when drier than the plastic limit 

14.7 Identification of Inaixanic Fine-Grained Soils: 
14.7.1 Identify the soil as a lean clam', CI.. if the soil has 

medium to high dry strength. no or slow dilatancy, and medium 
toughness and plasticity (see Table 12). 

14.7_2 Identify the soil as a lat dim CI I, if the soil has high 
to vet) high dry strength, no dilatancy, and high toughness and 
plasticity (see Table 12). 

14.7.3 Identify the soil as a sih, ML. if the soil has no to low 
dry strength. slow to rapid dilatancy. and low toughness and 
plasticity. or is nonplastic (see Table 12). 

14.7.4 Identify the soil as an elastic silt, MI I. if the soil has 
low to medium dry strength. no to slow dilatancy. and low to 
medium toughness and plasticity (see Table 12). 

Milk 12 These properties are saunter to those for at lean clay 

ilowever. the silt rill dry quickly on the hand and have a smooth. silk} 

feet when dry. Some soils that would class-if) ax MH in accordance with 
the cntcna in Test Method D 2487 are visually difficult to distinguish from 
lean clays. CL. It may be necessary to perform laboratory testing for 
proper identification. 
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medium. high. or very high in accorance with the criteria in 
Table S. ff natural dry lumps are used. do not use the results of 
any of the lumps that are found to contain particles of coarse 
sand. 

14.2.5 The presence of high-strength water-soluble cement-
ing materials, such as calcium carbonate. may cause excep-
tionally high dry strengths. The presence of calcium carbonate 
can usually be detected from the intensity of' the reaction with 
dilute hydrochloric acid (see 10.6). 

14.3 Dilatanty: 
1-1.3.1 From the specimen. select enough material to mold 

into a ball about V: in. (12 mm) in diameter. Mold the material, 
adding water if necessary, until it has a soft, but not sticky. 
consistency. 

14.3.2 Smooth the soil ball in the palm of one hand with the 
blade of a knife or small spatula. Shake horizontally, striking 
the side of the hand vigorously against the other hand several 
times. Note the reaction of water appearing on the surface of 
the soil. Squeeze the sample by closing the hand or pinching 
the soil between the fingers, anti note the reaction as none. 
slow. or rapid in accordance with the criteria in Table 9. The 
reaction is the speed with which water appears while shaking. 
and disappears while squeezing. 

14 4 Thughness: 
14.4.1 Following the completion of the dilatancy test, the 

test specimen is shaped into an elongated pat and rolled by 
hand on a smooth surface or between the palms Into a thread 
about 	in. (3 min) in diameter. (If the sample is too wet to roll 
easily. it should he spread into a thin layer and allowed to lose 
sonic water by evaporation.) Fold the sample threads and reroll 
repeatedly until the thread crumbles at a diameter of about 1,'14 
in. The thread will crumble at a diameter of'a, in. when the soil 
is near the plastic limit. Note the pressure required to roll the 
thread near the plastic limit. Also, note the strength of the 
thread. After the thread crumbles, the pieces should be lumped 
together and kneaded until the lump crumbles. Note the 
toughness of the material during kneading. 

14.4.2 Describe the toughness of the thread and lump as 
low, medium, or high in accordance with the criteria in Table 
10. 

14.5 Plasticitv---On the basis of observations made during 
the toughness test. describe the plasticity of the material in 
accordance with the criteria given in Table I I. 

14.6 Decide whether the soil is an inorganic or an rnyorne 
tine-grained soil (see 14.8). 1f inorganic, follow the steps given 
in 14.7. 

TABLE 8 Criteria for Describing Toughness 

Description 
	

Criteria 

The dry specimen crumbles into powder with mere pressure 
of handling 

The dry specimen crumbles into powder with some finger 
pressure 

The dry specimen breaks into pieces or crumbles with 
considerable finger pressure 

The dry specimen cannot be broken with finger pressure. 
Specimen will break into pieces between thumb and a hard 
surface 

The dry specimen cannot be broken between the thumb and a 
hard surface 

TABLE 12 Identification of Inorganic Fine-Grained Soils from 
Manual Tests 

Sall 
Symbol 

Dry Strength Dilatancy Toughness 

ML None to low Slow to rapid Low or thread cannot be 
formed 

CL Medium to high None to slow laecilum 
MH Low to medium None to stow Low to medium 
CH High to very high None High 

None 

Low 

Medium 

High 

Very high 

Cooy.01A-STU ollornatonar 
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medium, !ugh, or very l11gh 111 ncc:orance \\Ith lhe crilcna m 
·1 ahk x. It natural dry lumps .ire u ... ed. do m•t u'e the results or 
un) 1>f the lump~ that are found to contain particle' nf coar,e 
"and. 

1-L! 5 The presence of h1gh-,treng1h \\ .1ter-soluhle cemenl­
ing matt'n.11,, 'uch as c::dc1um carhonute. ma} cause C\cep­
lhlll:tlt) high dr) strengths. rhe pre,erKe 1•1 ~·ofc1um carb11nate 
c:in u~uall} be dt'tccted from the intensity o l thc re;1ct1on \\1th 
dilute hydrol·hlonc acid b.:e I0.6J 

1-t3 D1/.itw1l 1 

14.3. 1 From lh.: specimen. st!li:ct enough material 10 mold 
into a ball nhnut 1 111 ( 12 mm l in diameter. :\fold the material. 
adding \\ ater 1f nec:ess:iry. unul 11 ha.., a ,on. but not sucl\y. 
C\lOSISh:I'.:\. 

1-tJ.2 "moo1h the so il hall m the palm ol one hand '' 11h the 
blade ol ~1 l.n1fe or small -..patula. Shake hori/ont;i lly, striking 
the ~1de of tht.> hand \ 1g,orousl} against the other hand sevi:rul 
tunes. ' ''k the reaction ol \\ .11cr appearing 11n the surfocc of 
the '011. "i<Jueae the sample by closing the hand or p1111:hing 
the .. 011 hetween the fingers. and note the reaction a;. none. 
shm. or rapid m accordance \\ ith the criteria in Table 9. The 
reacuon is 1he speed with \\ lm:h \\ater appear-. \\ htlc ~hal\111g. 
.111d <li,~1ppe;irs \\111 le squeenng 

IJ -l Tr>ug/11/t'H: 
1-l ..:.1 f-01111\\ ing the comple11011 ol the d1l;11ancy tc-.t. th.: 

te-.1 'pec1111en b -.h<1ped 111t11 an dongati:d pat and rolled by 
hand llll .1 -.mm11h 'urfoct' or bet\\ ecn the palm' inio a thread 
UbllUt 1 • 111 t 3 tlllll) In diamctCf. I ( f !he 'ample IS lllO Wet fO rnll 
e;isil~. II i.hNtld bl' spread 111111 a thin la~ er and allowed to l11Sl" 
'ome \\Oler b) evaporation l Fold the s.unple thrcad;. and n:roll 
repeatedly u1111I the thread crumhle-. at a Ji:imeter of about 1Ac 
in. ll1l' thread" ill crumble at a diameter of 1 in \\hen the 'oil 
t-. near the plasltc 1111111. l'<ote 1he pre>.sure n:quirl'd to roll the 
thread near the plast ic l11ml. J\bo. note thl.' strength of 1he 
thread After the thread cn1111hle-., the piece' -.hould bi: lumped 
togc1her ond kneaded unlll lht• lump crumhle-. l'<nte the 
tm1ghne'' ot' the material during knead mg. 

14.4.2 Describe the toughness of the thread and lump a-. 
111\\, medium. llf high 1n accordance "ith 1he cnlena in Table 
Io. 

1-l 5 Phl\f1cit1'-0n the basis of obserYations made during 
the 1oug.hne'' 1e'1. describe the plastierty of the material in 
aceordam:e "ith the enti:na gi\ i:n in Table 11. 

I-I.ti De1:1de \\hether th1.: soil i-. an 11101~/mic 111 ;111 org11t11t' 

tinc-grainl·d '>Oii (see 14.8). lfi1wrga11ic. folllm the :;teps g1\e11 
m 1-l 7 

Oescoplion 

None 

Very high 

TABLE 8 Criteria for Describing Toughness 

Cr1tena 

TM dry specimen crumbltJS 1n10 pow~er W•th mere pressure 
of hand~ng 

The dry speetmen crumbles lnlo powder With some finget 

pre•sure 
The dry specm1en bleaks Ullo pieces or crumbles wilh 

considerable f1ngei pressure 
The dry specimen canno1 bo brol<en with ringer pressu1e. 

Specimen will breai. Into pieces be1ween thumb and a hard 
surface 

Tile dry speC1men cannot be broroen tielwecn 1ne 1numb and a 
hard surface 

~ASfM~tgn1, 

R~Ot"f5~~·1•1ASTM 
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TABLE 9 Criteria for Describing D1latancy 

None No V1s1ble change In the specimen 
SJov. Waler appe11rs slowly on Uie surface o! lhe specimen during 

shaking and does not disappear or disappears slowly upon 
squeezing 

RaDld Water apoea•~ quici<ly on lhe surfa~e of 1ne specunen during 

low 

Nonplasltc 
low 

Hlgti 

shaking ""d disappears qUICkly upon SQ\.loez111g 

TABLE 10 Criteria for Describing Toughness 

Only shght pressure 15 requlfed co roll lhe lltread near lhe 
plaslic 11m11 The 1nrcao ano the lump are wea~ and soft 

Medium pressure Is roqulred to roll !he thread lo near Ille 
plasuc f1m1t. The llveaa and :.ne turnp have medium shl!noss 

Considerable pressure Is required to roll the 1hread to near 1ne 
plasltc 1tm1I Tne throed Md lhe lump have very high 
stiffness 

TABLE 11 Criteria for Describing Plast1c1ty 

A 'A·•n (3-mm) thread cannot be rolled at any water contenl 
The thread can barely be rolled and the lump cannol be 

formed when drier than Ille pla~1.c l1m11 
The thread IS t'DSy IO roll and not much 11me IS required IO 

reac./l lhe plas1oe limll. The thread c:innol tie rerolled after 
reacn1ng lhe plasllc lirrut Tno lump crumbles when doer 
man 1t1e olasuc l&flla 

II lakes considerable time romng and kneading to reach tno 
plastic hmll TM lhreaa can be rerolled sever al ltmes after 
reaching the plilshc hrnil The lump can be rormeo w11riou1 
trumblong when droer !t>an the Pktshc l1m11 

l.:l.7 hlt'llf/f1ulficm o/ /11111y.a11i F11J!!·Grni11n/ .)mf.I: 
14.7.1 ldentlf) the ~oil ;i., a lcun r/111•, Cl. 1f the sml ha-. 

medium to high dry strength. no or sit,\\ dil:11anc}. and medium 
toughm:'' und pla~uc1ty I si:e Tnhle I:! J. 

14 .7.2 lde1111fv the ~1111 a-. :.i/111 dm, ('JI, if the -.ml ha~ lugh 
to h'I) high dr) strength. nn Jilatanc). and lugh tnughnes' and 
plasucit) ( ":e I .1bk 12 l 

1-l .., 1 ldentil} the soil as a \·ilr • .\1L. ii the 'illil has no to lo\\ 
di) str1.:ngth, sill\\ to rapid d1lataney. ilnd low toughness and 
plasttcn). or is nonplas1ic (-.cc Table I:!). 

1-1.7.4 !<lentil~· the soil as an c/(l\·tic "''· :\.111. if the Sl)il ha' 
low lei mi:d1um di) strcngth, no to sill\\ d1latnncy. and l1rn to 
medium t11ughne'' and pla .. tic1ty (see Tahle 12 ). 

~011 12 lhC>l' propcnic~ :Jrl" sunilJr II• 1huw for .1 k:an rl.1) 
lll•\\C\CI. the ,,11 \\ 111 t.lry qu1.:kh 11n 1hc hand and h.l\c u ,m11111h. •111\} 
fed v.h,11 thy s .. m ... 'oil' 1h111 \\011ld cl~,,,f~ '" \Ill 111 ut:o:l•r<lano:.: \\1th 
the cn11:n:1111 li:,t \lclhl>t.l l> ,:?!IS7ar~·\1 uall) d1fik11lt 1(11h,lmg111~h from 
lean dip. Cl It ma) he n..-.cssar) to pc1Jur111 l.1ht'•·lhH} 10.:s11ng for 
prnpl.'r 1<li:n11hl\lll<lll 

TABLE 12 Identification of Inorganic Fine-Grained Soils from 
Manual Tests 

Son 
Ory Strength D•lalancy 

Symbol 

ML None to low Slow lo ropid 

CL Medium IO hogh None IO slc>v. 
MH Low to medium None las.ta... 
CH High to very high None 

~N i~~Sli604S.S001 UM,..Can•f UM 
""'""- Cl&VC700SOll2Hll~OT 

Toughne~s 

Low or lhread cannot be 
fonned 

J.led1um 
Low lo medium 
High 
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14 5 Identification of Organic Fine-Grained Soils: 
14.5.1 Identify the soil as an organic' soil, 01../011, if the soil 

contains enough organic particles to influence the soil proper-
ties. Organic soils usually have a dark brown to black color and 
may have an organic odor. Often, organic soils will change 
color, for example. black to brown, when exposed to the air. 
Some organic soils will lighten in color significantly when air 
dried. Organic soils normally will not have a high toughness or 
plasticity. The thread for the toughness test will he spongy. 

Nutt. 13 In sonic cases. through practice and experience. it may be 
possible to further identify the organic soils as organic silts or organic 
clays. 01 or 011_ Correlations between the dilaiuney. dry strength. 
toughness tests. and laboratory teats can be made to identify organic soils 
in cenain deposits of similar materials of known geologic 

14.9 If the soil is estimated to have 15 to 25 % sand or 
gravel, or both, the words "with sand" or "with gravel" 
(whichever is more predominant) shall be added to the group 
name. For example: "lean clay with sand. CL" or "silt with 
gravel. ML" (see Fig. la and Fig. 1b). If the percentage of sand 
is equal to the percentage of gravel, use "with sand." 

14.10 If the soil is estimated to have 30 1'4 or more sand or 
gravel, or both. the words "sandy" or "eravelly" shall be added 
to the group name. Add the word "sandy" if there appears to he 
more sand than gravel. Add the word "gravelly" if there 
appears to be more gravel than sand. For example: "sandy lean 
clay. CL". "gravelly fat clay, CH". or "sandy silt. ML" (see Fig. 
1a and Fie. lb). If the percentage of sand is equal to the percent 
of gravel. use "sandy." 

IS, Procedure for Identifying Coarse-Grained Soils 
(Contains less than 50 % fines) 

15.1 The soil is a gravel if the percentage of gravel is 
estimated to be more than the percentage of sand. 

15.2 The soil is a sand if the percentage of gravel is 
estimated to be equal to or less than the percentage of sand. 

15.3 The soil is a clean gravel or clean sand if the 
percentage of tines is estimated to be 5 "./.1 or less. 

15.3,1 identify the soil as a well-graded gravel, CiW, or as a 
well-graded sand. SW, if it has a wide ranee of particle sizes 
and substantial amounts of the intermediate particle sizes. 

15.3.2 Identify the soil as a poorly graded gravel, GP, or as 
a poorly graded sand, SP. if it consists predominantly of one 
size (uniformly graded), or it has a wide range of sizes with 
some intermediate sizes obviously missing (gap or skip 
graded). 

15.4 The soil is either a gravel with fines or a sand with .fines 
if the percentage of fines is estimated to be 15 % or more. 

15.4.1 Identify the soil as a clayey gravel, GC', or a clavey 
sand. SC. if the fines are clayey as determined by the 
procedures in Section 14. 

15.4.2 Identify the soil as a silty gravel. GM, or a silly sand, 
SM, if the fines are silty as determined by the procedures in 
Section 14. 

15,5 If the soil is estimated to contain 10% fines. give the 
soil a dual identification using two group symbols. 

15_5.1 The first group symbol shall correspond to a clean 
gravel or sand (GW. GP, SW, SP) and the second symbol shall 
correspond to a gravel or sand with fines (GC, GM, SC', SM). 

15.5.2 The group name shall correspond to the first group 

S 
Cowell ASTM inturnallonx 
R•Prockced of INS unOr lama xIIF 011.1 
NCO ISPRXIYCIWP 0,1•1•0191We pprnlix walthxil karma horn Hs 

symbol plus the words "with clay" or "with silt" to indicate the 
plasticity characteristics of the fines. For example: "well-
graded gravel with clay. GW-GC" or "poorly graded sand with 
silt, SP-SM" (see Fig. 2). 

15.6 If the specimen is predominantly sand or gravel but 
contains an estimated 15 ".4, or more of the other coarse-grained 
constituent. the words "with grave!" or "with sand" shall be 
added to the group name, For example: "poorly graded gravel 
with sand, GP" or "clayey sand with gravel. SC" (see Fig. 2). 

15.7 It' the field sample contains any cobbles or boulders, or 
both, the words "with cobbles" or "with cobbles and boulders" 
shall be added to the group name. For example: "silty g.ra‘el 
with cobbles, GM." 

16. Report 

16.1 The report shall include the information as to origin. 
and the items indicated in Table 13. 

Nun 14 • Example.- 	Grine/ 	Sand and Cobbio, CiC 
About 50 % fine to coarse, subrounded to subangular gravel; about 30 % 
fine to coarse, subrounded sand; about 20 fines wish medium plasma!, 
high dry strength. nu  chlataney. medium toughness: weak reaction with 
HO: original field sample had about 5 % fhy volume) sultroundcd 
cobbles. maximum dimension. 150 ram 

In-Place Conditions Firm, homogeneous. dry. brown 
Geologic Interpretation—Alluvial fart 
Nom 15- -Other examples of soil descriptions and identification arc 

given in Appendix XI and Appendix X2. 
blurs 16 If desired, the percentages of gravel. sand, and lines nias be 

stated in terms indicating a range of pereanages, as follows 
May- ,Partictm are present but estimated to be less than 5 "..0 

Few 5 to 10% 

Link —15 to 25 % 
Soine4--30 to 45% 
Manly- -50 to 100 % 

TABLE 13 Checklist for Description of Soils 

Group name 
2 Group symbol 
3 Percent or cobbles or boulders, or born (try VCALIMei 
4 Percent of gravel, sand. or fines. or all three (by dry weight) 
5 Particle-size range 

Gravel—fine. coarse 
Sand—fine, medium. coarse 

6 Particle angularity angular subangular. subrounded. rounded 
7 Particle shape (If appropriate) flat. elongated. flat and elongated 
8 Maximum parocte size or dimension 
9 Hardness al coarse sand and larger particles 

¶0 Plasticity of fines: rionplaStic. tow medium. nigh 
11 Dry strength none, law, medium. high. very high 
12, Dilatency• none. slow, rapid 
13. Toughness: low, medium. high 
14 Color (In moist condition) 
IS Odor Intention only if organic or unusual) 
16. Moisture dry. moist. wet 
17 Reaction with HCI. none. weak. strong 
For intact samples 
18. Consistency (fine-grained soils only) very soft. soft, !inn. hard. very hard 
19 Structure stratified, Laminated, fissured, slickensided lensed, homo- 

geneous 
20. Cementation. weak, moderate, strong 
21 Local name 
22. Geologic interpretation 
23 Additional comments: presence of roots or root holes, presence of mica 

gypsum. etc., surface coatings on coarse-grained particles, caving or 
sloughing of auger hole or trencn sides difficulty in sugaring or excavating 
etc 

Lewwwir.cersi Hissseoissesi Llser,Calso Use 
tie lor Flormkp OWN/WM OS 22.58 HOT 
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1-t ~ /do111f1((/fi1111 of Organw Fow-Grm11< I \,,,/~. 
1-1 ~ I l<lenut) the soil JS an organic mil. 01 011, II !hi.' srnl 

contains enough orgnmc particles to influence tlw .;nil proper­
tic:s. Org.uuc soils usually h;iw a <larl,; brO\\ n to black color and 
may h.1' i: <Ill lHganic odor. Olten. organtc sm" \\ 111 change 
colt1r. for example, black to brcmn. ''hen exposed to the air. 
Snme org:rn1c soi l ... \\111 lighten m coll>r .;1g111fit::.1111ly when air 
dried Orgamc soils minnally ''ill not ha\e a high tnughnes~ or 
pl:i~11ci1y. fht: thread for the toughne"' te-;t wi II be spong.~. 

t\1 1 l l In '01111: .:a'.:'. lhr••ugh p1.1cl1C'C mid c~1>cnc11.:c. 11 ma~ be 
pus,1hk• to forth,·r 1Jcn1it\ the org.tni.: "'1ls ·" t•ri;m11L' silt- •II t•tg11111, 
cln\J>, tlL or Oii C1>11cf,111l11i- h~l"-<"Cll th1· d1l,11unr). dry ,lrcnl(lh. 
toughnes> tcsb. and lahural\l~ 1~,1s •llll bC' m.u.k to 11knl1f} urga111.- so1l-
111 .~cn.11n dcpc1,1ts ul ~11ml.1r mall:nals of knov. n c .. '01••£1< •lfl~1n 

14.9 II the soil " estimated to haw 15 to 25 % sand or 
gra' d. or both, the wonb "with sand" or ··\, ilh gra\ cl" 
I w h1che\ er ts more predomin:mtl .;hall be added to the group 
n.1111c. Ft•r c'\amplc; "lean cla) wnh -.and. CL" m "silt wnh 
gra,cl.\IL"(~ccr1g. laandFig. lbl llthepcrccntagcnfsand 
i, equal to the percentage of gr.1vd, use .. ,, 1th sand." 

14. 10 II' the soil is cst1111ated to h:ne 30 °o or mon: sand or 
gr:n el, or hoth. the wmd' .. ,andy" or "g.ra\ elly" -;hall he addeJ 
tu the grnup name. ,\dd the word .. ,andy" if there appl.'ar~ to he 
more sand than gra' cl. "dd the "ord "gra,·dl)" 11" there 
appl.'ar, 10 be more gravel than 'an<l. F\>r e.'\nmple: "sandy lean 
day. CL". ··~'Ta"elly fot clny. Cl I". or ··sand) silt. :'-. 1 l." (see rig 
I 11 and Fig. I bJ. II the pen.:cnt:ige tif 'and is equal 10 the percent 
.,r gm\. el, u'e "sand) .. 

15. Proccdur(' for ldcnt i(\ ing Coarw-Graincd Soil\ 
(Contain,. ks' than 'i(l "., tine~l 

15 .1 lh1.e wll i~ a gra1·c/ 1f rhe percentage nl gra\d j, 

c,11mated "o b<: more than the pt:rcentage tit' .;;111<l 
15.2 Th.: '''" 1s a m11C/ if the percent:tgc ot gr;nel '' 

c: 11mated to be t:qual to or !es' than the percentage of sand. 
15.3 ·me soil is a deem gral'ld or cl<'llll wml if the 

percentage ol tines 1s e'llmated to be 5 '111 or les~ . 
15.3.1 (<.lentil) the soil as :i we/1-grudl'd grm't'I. GW, or as a 

wcll-gru,led ~an.I. 5\\.. 11 II has a \\ide r::mgc of particle site.., 
:md suhstantial amount... uf the intermediate partide .;1zes. 

15.3.2 Identify the \Oil as a poor~1· cradl'.d g,rm·el. GP. or as 
.1 po11r(1• l.!1"<1ded ~.1111/. l)P. 1f II consists pred1)1111nantly of one 
s11e (unit\1rml) grnded). or it has a wide range of sizes \\1th 
s11mc 111tcm1ediate s11cs obvious!} missing !gap or skip 
graded). 

15 4 The soil 1s either a gr,1wl ll'itlt fine' or a .~and ll'ilh /i11e., 
111he pcn:entage or tines is c-,1imated 10 he 15 "r., or more. 

15.-t I ldentil) the -.oil a-, a 1 /cm.~1 · g1m·c/, GC, or a daye"1-
'1111d. SC. 11' ·he tine' an: cki)ey a' <lctem1ine<l by the 
procedure-. m ...,ectwn 14 

I 'i,-1,~ ldenllt\ the soil"" u '"'Y ~rtll't'I G\1. or a ,;/11 11111d. 

\\I. it the fines are silt)' as dctem1ined b~ the procedures 111 
\ect1on 14 

15 5 If the -;011 1<> estunated 10 contain I 0 % lines. giw the 
"till . dual 1den11fication using I\\ o group symbols. 

15 5 I The first group S) mhol shall corre-.po11d to a clean 
gr:l\d or -;and tG\\.. (ii',...,\.\ "Pl and the -;ecoml -.~mbol shall 
currespon<l w a gra' el ,,r ,;ind \\1th tines (GC C, \1 Sl, S 'v1 l 

15 5 ~ l'hc group name 'hall corresplind ll' rhc first gruup 

~1"51 .. _ 
Ft~ o,. 9't$ .,wJetl r.c.n.. w 1•1 A.STU 
Nof~Cl"~~..,.l'lOUIMClllMB~iHS 

8 

...y111h11I p(u, the words "with day" l)r .. ,, ith silt .. llt in<l1c.:atc the 
plastic1l) char.1ctens11cs o f the tines. For e\amplc· "\\ dl­
era<led gravel \\1th clav. GW-fiC" 11r "poorly graded sand \\1th 
1lt. "I'·"> \I" (sec hg. 2 I. 

I<; Ci Ir the -;pec1men IS predvmmantly sand or gr.I\ cl hut 
contains an e'timated 15 'J,o or more of the other c.:nar-.i:-~rnuwd 
co1hlltui:111. the \\ ords "with grm ei·· or "\\Ith 'and" 'hall h.:­
added 1,1 the group name . For e'\ample: ··ronrl) graded gm1,.el 
\\.1th 'and. GP" or "cl aye) -.;ind \\ ith gra' el. \('" ('it:\.' rig. 21. 

15.7 11 the field sample contains .111) cobhb or boulders, or 
ho1h, thi: "on!' "with cobble., .. or "with cobble-. and boulders .. 
<>hall be .1dded In lhe grnup name for C\ample· ··.;11!) gl:l\cl 
\\1th cobhb. G\.1 :· 

16. R~port 

I h I Inc report shall mdudc the infom1a11011 '" to ong111. 
anJ the items ind1catcd 111 liihle I'· 
~on 14 L'tample ('Im·, r G1H11d 1111'1 S,md ,md Cohbh•s, ut 

,\t>.1111 "fl% hill' lo l'l>arsc. subroumlcd ltt ,uh;mgular gr.llcl, 11h11111 lt) • ., 
fim: lu ,u.111-.:. 'uhruunded ~Jnd, ubuul ZO 0..t, fin.:,'' 11h 111cd1111n pl.i-llcll). 
lugh dry ,1n:ng1h. no d1l,11am:). mcdoum l•>Ughncs,: •.1c.1I.. 1ca1·11un \\llh 
llCI; ongm:tl field sample had ulwul 5 ~. (h) \'olum.:l ~uhr,11mclcd 

cobbk~. m.1\11num dimen>1<111, 150 111111 

In-Place Cood111ons Fim1, homvgcncou" dry bro\\n 
<il"t•log1,· lnt.:rprcl:'lllun J\1111\ 1al fim 
~ur1 15 Other c\ampk-i. t•I 'oil d .. -.;,·nrnon~ .ind 1Jcn11fi.:.i11t•n .ire 

gm:n m J\ppcnJ1 \ .\ I ;mJ i\ppenJI\ X2 . 
!'\on 1<1 ll'dc~1rcd. the pcr.:.:ntago ofg1ll\CI , ,,111.1, 11111lin,·s111.1) lie 

51,11<'tl 111 tc11n' 111d1calln!,\ a rungc of pcr.·cnlagc~ • .I> folio"' 
1r11L"e Jlaniclc~ .m: pr .. -s.:nt but cs11ma1L-<l tu be fc,> 1ha11 ~ "• 
f(!11 5-iolf! 0 ,, 

Lf11!1~ I' to 25 °1. 
S1'J111,._ ~O tu ..i 5 ° o 

M<ntf~ 511 10 111(1 ° .. 

TABLE 13 Checklist for Description of Soils 

1. Group l'lam& 
2 Group symbOI 
3 Parccnl of cobbles or boulders. or both (by volur!'e) 
4 Perceol of gravel, sand or fines. or alt lhree (by dry w~ghtt 
5, Partido-stze range 

Gravel-line. coarse 
San<J-firio. medium, coarse 

6. Partide angularity angular, ;;ubangular. subroundect, rounded 
Partlde sh<tpe (11 app1opnate) nat elongated na1 ano elongalud 

8 M.n:mum paniete size or d1men510n 
9 t-tardncu of coarse sand and larger pantder. 

10 Plast1Clll' of r1nes· nonplashc. low me<11um. r11gh 
11 Dry stranglh none low. med•um, h>gh, \·ary high 
12. D1lalilncy OOtlO, slow. raptd 
13 ioughness. ioN medium. high 
14 Color (111 moist cond11>on I 
15 Odor (manfj()fl only of organic or unusual) 
16 ·.~oisture dry, moost. wel 
17 Reac.tJon wllh HCI none Nea~. strong 
For rotacr samples 
18 ConstS1ency (fine-grained so~s only) vary soil, sofl. firm. hard, very hard 
19 Structure s1ra11f1ed. laminated, f1ssurod, sflCl•enS>dad lensed. homo· 

ger>eous 
20 Cementalion . weak, moderate. strong 
2t Local name 
22 Geologic 1111P.rprelahon 
23 A\!d1llonal comments prosenca of roots or rool ll<>les presence of m1ea 

gypsum, ate.. surface coa~ngs on coarse..gral!led par1ocies, caV1ng or 
sloughing of auger hole or trench sides. d11fculty in augenng or e•C•h1ll1ng. 
e!c 

1-ee-CCHlM IU'DGQ.158001 U--C.- Usa 
>H lo< - ()Ml<.'21JOS 08 2B9 MOT 
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16.2 It, in the soil description. the soil is identified using a 
classification group symbol and name as described in Test 
Method I) 24K7, it must be distinctly and clearly stated in log 
forms, summary tables, reports. and the like. that the symbol 
and name are based on visual-manual procedures. 

17. Precision and Bias 

17.1 This practice provides qualitative intOrmation only.  

theretbre. a precision and bias statement is not applicable. 

18. Keywords 

18.1 classification; clay; gravel: organic soils: sand; silt; soil 
classification; soil description; visual classification 

APPENDIXES 

(Nonmandator) Information) 

XI. EXAMPLES OF VISUAL SOIL DESCRIPTIONS 

X1.1 The following examples show how the information 
required in 16.1 can be reported. The information that is 
included in descriptions should be based on individual circum-
stances and need. 

X1.1.1 Well-Graded Growl with Sand WW1—About 75 
fine to coarse, hard, subangular gravel: about 25 % fine to 
coarse. hard, subangular sand; trace of fines; maximum size, 75 
mm. brown, dry: no reaction with 

X1.1.2 .Silty Sand with Growl (S.411 -About 60 predomi-
nantly fine sand: about 25 % silty fines with low plasticity, low 
dry strength, rapid dilatancy. and low toughness; about 15 % 
fine, hard, subrounded gravel, a few gravel-size particles 
fractured with hammer blow: maximum size. 25 mm; no 
reaction with IIC1 (Note—Field sample size smaller than 
recommended). 

In-Place Conditions—Firm, stratified and contains lenses of 
silt I to 2 in. (25 to 50 nun) thick, moist, brown to gray; 
in-place density 106 Ibifti; in-place moisture 9 3/4. 

X I A.3 Organic Soil (011010—About 100 % fines with 
low plasticity. slow dilataney, low dry strength, and low 
toughness; wet, dark brown, organic odor; weak reaction with 
IIC1. 

X1.1.4 Silly Sand with Organic Fines 61%0—About 75 "/;, 
fine to coarse. hard, subangular reddish sand: about 25 % 
organic and silty dark brown nonplastic fines with no dry 
strength and slow dilatancy; wet; maximum size, coarse sand: 
weak reaction with !ICI. 

XI.1.5 Poorly Graded Gravel with Silt. Sand Cobbles and 
Boulders (GP-GM)—About 75 % fine to coarse, hard. sub-
rounded to subaneular gravel; about 15 % fine, hard, sub-
rounded to subangular sand; about 10 % silty nonplastic fines; 
moist, brown: no reaction with 110: original field sample had 
about 5 % (by volume) hard. subrounded cobbles and a trace of 
hard. subrounded boulders. with a maximum dimension of 18 
in. (450 mm). 

X2. USING THE IDENTIFIC %TION PROCEDURE AS A DESCRIPTIVE SYSTEM FOR SHALL CLAYSTONE. 
SHELLS, SLAG. CRUSHED ROCK. AND THE LIKE 

X2.1 The identification procedure may be used as a 
descriptive system applied to materials that exist in-situ as 
shale. claystone. sandstone, siltstone. mudstone. etc.. but con-
vert to soils after field or laboratory processing (crushing, 
slaking. and the like). 

X2.2 Materials such as shells, crushed rock. slag. and the 
like, should be identified as such. However, the procedures 
used in this practice for describing the particle size and 
plasticity characteristics may be used in the description of the 
material. If desired, an identification using a group name and 
symbol according to this practice may he assigned to aid in 
describing the material. 

X2.3 The group symbols) and group names should be 
placed in quotation marks or noted with some type of distin-
guishing symbol. See examples. 

X2.4 Examples of how group names and symbols can be 
incororated into a descriptive system for materials that are not 

'Jrw ISM intemaironal 
ucea ov m5 vhcle,  icenso 'ow' RSTV 

uron..11.13. nerommng werntino *Owl irainui. frerni1145 

naturally occurring soils are as follows: 

X2.4.1 Shale C'hunks—Retrieved as 2 to 4-in. (50 to 100-
mm) pieces of shale from power auger hole, dry, brown. no 
reaction with !ICI. After slaking in water For 24 h. material 
identified as "Sandy Lean Clay (CL)"; about 60 % fines with 
medium plasticity. high dry strength, no dilatancy, and medium 
toughness: about 35 % fine to medium, hard sand; about 5 % 
gravel-size pieces of shale. 

X2.4.2 Crushed Sandstone—Product of commercial crush-
ing operation: "Poorly Graded Sand with Silt (SP-SM)": about 
90 % fine to medium sand: about 10 % nonplastic fines: dry. 
reddish-brown, strong reaction with WI. 

X2.4.3 Broken Shells—About 60 % gravel-size broken 
shells; about 30 % sand and sand-size shell pieces: about 101.0 
fines: "Poorly Graded Grave! with Sand tGP)." 

X2.4.4 Crushed Rock—Processed from gravel and cobbles 
in Pit No. 7: "Poorly Graded Gravel (GP)"; about 90 % line. 
hard. angular gravel-size particles; about 10 % coarse, hard, 

a 
Lsoneee.CK21114,151304160:11:11 Uset-Caneu Lisa 
Not*,  Row* 0600= as 22 SS IADT 
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It> 2 II, 111 thi: ,,lil de,criptton. thi: -,,)ii I!' 1dent1fied using ,1 
d:1"1lication grllUf1 s~ 111hol and 11at11l' a ... dt:scnhed m Tcsl 
\.1cth11d D 24l\7, 11 must b.: dis1im:tl) .iml dearl) 'lated 111 log. 
llmm .. 'ummal} tahJc,, reports. and the likl'. that lhl· '~ mhol 
nnd 1111me are h;1scd on \ i'ual-manual procedure' 

I 7. Prl'cMon and Bias 

I"' I l111s practice pnn ides qualitati\e 1nfo1111a110n only. 

therclore. a preci-;ion and bia, 'tatement ,, not applicahll' 

IS. I l lass1hca111111; clay: gmwl: lirg.tnil· 'l" b , ,,111d. ,,111 .... oil 
das,1licat1on; 'otl de,criptiun; 'isual da~~1fication 

('\onmanclutor~ lnfunnationl 

'\ I. L'\\\l l'l t 'i OFVl'll\l. 0 11. l>l- 'iCRIPllO;-. \ 

\I I nie following examples o;hll\\ ho" the 111fommtwn 
re4uired in 1 (1 I can he reported fhc mfomrntion that 1s 
mcludcd in dcscnpt1on~ should be ba-.cd on indiviuual circum­
'itancc" :ind need 

XI. I.I ll 'ell-Gradt•d Gran!l 1mh s,,,, I tGWJ-1\bnut 75 % 
tint: to coarse. hard .... uhangular gra,·el. about 25 °o fine to 
C\,ar.sc. hard. suhangular sand: 1race of fint:s: maximum si;re, 75 
mm. bro" 11, dry: no reartion \\ nh 11( I 

.\.I 1.2 Silty Sand 1r1th (;raw!('> \11 AbClut 60 C! o predomi­
nant I} tint: s.ind: about 25 °" 'ilty hnes \\1th IO\\ pl l'llClly, lo\\ 
dry 'trength, rnp1d dilatancy. and lo\\ toughness. ahout 15 11

:, 

tme. hard. 'ubrounded graYel. a ll:" gra\e(-,1zc particks 
fr:tctured \\1th ham111e1 blm". ma,1111um size. 25 mm: no 
rc;1clilll1 \\ ith I !Cl ('otc I 1cld sample size 'mailer than 
rcc11m111cndcd) 

!11 -Plau~ Cw1c/11iom f mn. stratified and conta111s lenses of 
,jJt I t,1 2 111 . (25 to 50 mm) thick, moist. bro" n to gray: 
111-pl.icc dethll) !On lh ft . 111-place moi-;ture 9 °o. 

XI U <h~11111t Soil (Ol 01/J - About I 00 °'<. tines \\Ith 
low pla·a1city. 'ill''' dilat;mc~. klw dry strength, and In'' 
toughnt!\s, \\et, dark brown. organi1. odor; weak reac1i,111 \\llh 

I IC!. 

XI. I 4 S i \,m,/ 11 i!l1 Organic Fm,._ (SMJ About 75 '! 11 

tine 1,1 coaN: hard, ... ubangular reddish 'and ; nhuut 25 °" 
organic :md 'ilt~ dark brown nonpk1slll' line" w11h no di) 
'trcnglh :lllU -;fl)\\ dilatJl1C)'. Wt:l: maximulll site, C\lalse ,and . 
weak reacti1'n "ith llCI. 

\ I I 5 !'mid) Graded Ur111·c/ 1ruh Sib, Sand. C11hh/c, a11ti 
81111/cla.,· tGP. (i,\f) -,\hout 75 ° ~ tine to coar!:te. hanl , suh­
roundcd tu "ubangul:ir gravel, abC1ut 15 °., tine. hard. sub­
rounued {\l ... ubangular ,,and: ahmn I 0 n II ,jlt) nllllp(a,11c tines: 
moist, brown: no reaction \\ ith I IC!: original tldd .;ample hnd 
ahout 5 ° u (by volume) hard. subrounded cobbles and a trace ol 
hard. submunded l1oulders. '"Ith a maxnnum dimension or I)-; 
m. 1450 mml. 

\ '1. l 'I I'\ ( , rm: IOI 'TU IC \I 10 '\ l' l~O{ ( Dl Rl \ " \ l>E\UU PTI\ E .., \ \ T E\ 1 FOR ""\ I E. Cl " l\TO'\ r. 
'- llLll\.'i l \(,.( IU "illl.DIWt h.. \\01 111111\.E 

X2 I The 1dcntitil-a11\111 prncedurl' may b(' u~eJ a'i a 
descnpti' e ') -.1t:111 appl it:d to materials that C\ ist 111--;11u ;1s 

'hale. cla)slllne, 'an<lslone, silhtone. mudst~me etc l1ut con­
' en to soil' .11ter field or lt1bor:itol) processing (crnsh1ng, 
,fakmg. and the like). 

X2.2 :\lateriab such as shell!>, crnshcd rock. ,(;ig, and tht: 
like. should be identified tis ~uch I lo\\ t:\ er. the procedures 
used Ill this practice for dcscrib1ng the particle sile and 
plast1cll) characteristic.; ma} be uscJ 111 the description of' the 
matt:nal. If de ... ircd, an 1den1ificatton uo.;ing a group name and 
symbol acrordmg to this pra<.:11ce may he :!!>signed lo aid 111 

dt:scnbing the material 

X2.3 The group ~~mhol(s) and group names o;hould be 
placed m quotation marks or noted with 'ome type of distin­
guishing ')lllhol 5ee e\amplcs. 

X2 .~ F\ampk"' ol l1ll\\ group name' and .;ymhoh cnn he 
incororatcd mw a de-.cripti"c syo.;tem for materiab that arc not 

tnQ"ll AS JV kCetnat1aN 
"'Oduc.ed bv lttSunde" 1i1::9tM wrt ASN 
~ 01 "~:1'9 pems!!80 ..chOl.lll "'*-a l •i)m IHS 

natuntll) occurrmg '>Oil' .ire as 1\.illnws: 

.'\:!A. I Shah• Ch1111A' Rctnt:\ed as 2 to 4-in 150 Ill 100-
nm I p1e<.:e' of shalt. from pow t:r auger hole. di). brn'' n. no 
reaction wnh Jf(l \fter slakmg 111 \\atcr for 24 h. mato..:nal 
1den111led us "'iand' I ean Cla\ (CL)": ahoul 60 n;, lines ~ith 
medium pl ... sllcll~ high dry strength, no dilatuncy. and mcd1un1 
toughnc,.,: about 35 n fine to mcdmm. hard .;and: about 5 % 
gr:n cl-sill' pieces of shale 

\2 -' 2 Crl/\hl'J !:Ja11d~11mc Product of <.:ommerc1al cru~h-
mg opt:ratton: "Poorl) Graded Sand \\1th \1lt ( SP-S "1 )'', about 
90 % fin~· to medium sand. ah1lUI I 0 " nonplJsllt. Imes: dry, 
redJ1sh-bro\\ n. ~trong reacuon "1th I ICI. 

X:!AJ Bmkc11 ')hells \bout l'lO % gra,el-~izc: brul..t:n 
shdl'> .. 1hout .30" o.;,md and s;111d-s1ze ~hell pic:<.:es; about I 0 ' 
fines ·PoMly Graded Cira\ el w11h \and I GP).'' 

\2 4 4 Cnished Rock- Proce-;scd tr0m grn'd and cobhlc:s 
m Pll ~o. 7: "P1wrly Graded Cirnvel 1GPI": ahout 90 "u tine. 
hard. angular gr:n d -s11e parti<.:fe,, 11hout f ll " ~ coaN:. hard, 

L_,,.tui59!SOAsaoo1 U.-Cano• uu 
No<fotR-~0822.59 "10T 
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angular sand-size particles: dry, tan: no reaction with 11(1. 

X.3. SUGGESTED PROCEDURE FOR USING A BORDERLINE SYMBOL FOR SOILS WITH TWO POSSIBLE 
IDENT1FKATioNs. 

X3.I Since this practice is based on estimates of particle 
stye distribution and plasticity charactensttes, it may be diffi-
cult to clearly identify the soil as belonging to one category. To 
indicate that the soil may fall into one of two possible basic 
groups. a borderline symbol may be used with the two symbols 
separated by a slash. For example: SC.C1. or CUM. 

X3.1.1 A borderline symbol may be used when the percent- 
age of fines is estimated to be between 45 and 55 	One 
symbol should be for a coarse-grained soil with lines and the 
other for a line-grained soil. For example: GMIML or CLSC. 

X3.1.2 A borderline symbol may be used when the percent-
age of sand and the percentage of gravel are estimated to be 
about the same For example: GP.-SP. SC#GC, GM/SM. It is 
practically impossible to have a soil that would have a 
borderline symbol of GW/SW, 

X3.I.3 A borderline symbol may be used when the soil 
could be either well graded or poorly graded. For example: 

SW/SP. 

X3.I.4 A borderline symbol may be used when the soil 
could either be a silt or a clay. For example: CUML. CH/Mil. 
SC/SM. 

X3.1.5 A borderline symbol may be used when a tine-
grained soil has properties that indicate that it is at the 
boundary between a soil of low compressibility and a soil of 
high compressibility. For example: CL ['I I. VI I \IL 

X3.2 The order of the borderline symbols should reflect 
similarity to surrounding or adjacent soils, For example: soils 
in a borrow area have been identified as CH. One sample is 
considered to have a borderline symbol of CL and CH. To 
show similarity, the borderline symbol should be CH/CL. 

X3.3 The group name for a soil with a borderline symbol 
should be the group name for the first symbol, except for: 

CLIC!! lean to fat clay.  

MUCL clayey silt 

CUML silty clay 

X3.4 The use of a borderline symbol should not be used 
indiscriminately. Every effort shall be made to first place the 
soil into a single group. 

• 
X4. SUGGESTED PROCEDURES FOR ESTIMATING THE PERCEN rAGEs OF GRAVEL, SAND. 

AND FINES IN A SOIL SAMPLE 

X4.1 Jar Meihod—The relative percentage of coarse- and 
tine-grained material may be estimated by thoroughly shaking 
a mixture of soil and water in a test tube or jar, and then 
allowing the mixture to settle. The coarse particles will fall to 
the bottom and successively finer particles will be deposited 
with increasing time: the sand sizes will fall out of suspension 
in 20 to 30 s. The relative proportions can be estimated from 
the relative volume of each size separate. This method should 
be correlated to particle-size laboratory determinations. 

X4.2 Usual Method—Mentally visualize the gravel size 
particles placed in a sack (or other container) or sacks. Then, 
do the same with the sand size particles and the lines. Then. 
mentally compare the number of sacks to estimate the percent-
age of plus No. 4 sieve size and minus No. 4 sieve size present. 

The percentages of sand and fines in the minus sieve size No. 
4 material can then be estimated from the wash test (X4.31. 

X4.3 Wash rem (for' lYlulivC perrernages 	sand and 
finesi—Select and moisten enough minus No. 4 sieve size 
material to form a I-in (25-mm) cube of soil. Cut the cube in 
half. set one-half to the side, and place the other half in a small 
dish. Wash and decant the lines out of the material in the dish 
until the wash water is clear and then compare the two samples 
and estimate the percentage of sand and tines. Remember that 
the percentage is based on weight, not volume. However. the 
volume comparison will provide a reasonable indication of 
grain size percentages. 

X4.3.1 While washing, it may be necessary to break down 
lumps of fines with the finger to get the correct percentages. 

X5. ABBREVIATED SOIL CLASSIFICATION SYMBOLS 

X5.I In some cases, because of lack of space, an abbrevi-
ated system may be useful to indicate the soil classification 
symbol and name. Examples of such eases would be graphical 
logs. databases, tables. etc. 

X5.2 This abbreviated system is not a substitute for the full 
name and descriptive information but can be used in supple- 

mentary presentations when the complete description is refer-
enced. 

X5.3 The abbreviated system should consist of the soil 
classification symbol based on this standard with appropriate 
lower case letter prefixes and suffixes as: 

Prefix. 	 SON. 

Copynahl ASTNI INIarnaloorei 
	 t0 
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rtngular sand-s11e part icles: <lf}. tan: no reac1111n \\ 11h 1 ll I 

'\ J . ... LC.C.F.STED PROC I DLRr FO R t "l'\G \ BOIWfRLl'\ f "' \lllOI. I OR " 0 11"i\\1111 '1 \\ 0 l'O'i..,IBLE 
101' '\I 111( UIO'\"i. 

XJ. I Su ·e this practice '' hased on c-.umatcs of' partick 
'"" d1-;tnnu 1011 and plasticit~ charac1ens11c,, 11 may hc ditli­
cult to clearly 1dentit) the soil llS helong111g Ill one LJtcgory ro 
indicate that the '\oil may fall into one of l\\O possible hasic 
grnups. a hon.krhne symbol may he lhed with the two symb1,Js 
'cp.1ra1eJ hy a slash. ror C\ample \( n . \)f c. L (IJ 

XJ.1.1 A bMderline symhol ma) be used \\hen the percent­
age of hnes 1s estimntcd 10 be be~\ccn -15 and 'i'i "·,, One 
symbol should bc lor 11 Cl)tlrse-grained Sllil \\ llh llncs and tht: 
other for :1 line-grained -;oil for e\ample; G~l iMI. or CL..,<. 

:0.1.2 A borderlmc S) mbol may he u"ed \\hen the pcrL·1:nt­
nge of .;:ind and the pem:ntage .1f ~~a\ el ire t'sllm 1ted 10 bl· 
ah0ut the .;,1111c I or e\atnple: GP SP ~{ GC. Ci\11 S\I It 1s 
pract11:all~ impl)ss1ble lll ha"e a soil that would ha\ c :i 
b11rderline s)mbol of G \\. S\\. 

XJ.1 J A borderlme symhol may be used when the soil 
could he either well graded or pol1rly graded For exmnplc: 
Ci\\' uP. \\\ -;p 

.\3 I -I -\ hordcrline '~mhol may be u,eJ \\hen the 'oil 
could either be a silt or a cli:l}. For example. C!JML. Cl I r<.t l I. 
c.;c <.)\I 

X3.1 .5 ,\ bnrderline S) mbol m:i) he u'ed when a tinc­
gramed '011 h<ts properties that mdk:ite that it j, at the 
hound:iry bet\H!cm a soil ol lo\\ compn.!•\'.;1h1l11y and ;1 ,lllJ ol 
high compressibility. For example: CUCll. ~1ll l:V1L. 

XJ.2 Thc order ol the borderline symbols should retlect 
.;11rnl:tnt) to 'urmunding or adpcent soil' For example: ... utJ, 
m a born.>\\ are;i ha\e been identitied ao;; Cl I. One sJmple '' 
considcred to have n borderlme s~ mb\11 of CL and Cl I. f o 
shO\\ 'nnilarity. the h11nle1 lme s) ml)(IJ ... 1w11ld be Cl J1CL .. 

XJ .3 Thi.' group name for a soil "-ith 11 borderline symh1ll 
should be the group name for the first ') mb,11. e\cept 1,1r; 

CL Cl I lean to fat cl:i) 
\1 L CL claye~ silt 
CL \11. silty day 

X3.-l !"hi.' use or a borderline ') mhnl ,h,1uld nut he u,ed 
indiscriminately E\el") effort shall he made lll lirst plill:e th~· 

'011 into a smgle group. 

\.-1. SLGGE\TtD PROC EDllH ~FOR E~ fl\1 \11'\G Tiff PlRCt' I \ G I:..'- 01 t. R \\Fl , ..,\ ,D. 
\ '\ DFl'E~ I '\ \"iOIL.., _\\IPLl 

X-1.1 Jar Mi·thml- The rclatn e percentage nf coarse- and 
llne-grnme<l material may be estimated h) tlwmughlv 'ha!-mg 
:i mi\rure of soil :md \\<Iler in :i test tuhc or jar and then 
.1lll1\d11g the mi\ture LO set1le. The coar-;e paniclc!> \\Ill fall to 
the boltlllll anti "uccessl\ dy liner p;irucJe, "ill hc dcpositcJ 
Wllh lllCrl•a,jng time, the ~am] -.j,re' Wiii falJ out of SU,penSlllll 
in 20 llJ 30 s lhe relat1\'e prnportwn.; can be c:stimJled from 
the relall\e \olume of each s11e scparJIC Thi~ method should 
he correlated 10 particle-site laboratOI) detenninations. 

\4.2 lisuaf \lt"thod \ -11.!ntall)' \1sual17e the gr:t\.el s11e 
part icles placed in a sack (nr otJ1er container) or sacb Then. 
do the .;1me \\'Ith the sanu '17e part11.les and lh1; Imes rhe1 . 
mentally c1,mparc the number of 'ad;, to e,.,11111ate the per1..cnt­
age lll plus t\o. 4 sie\e ~•LC and minus !\o. -I sieve ,.,i,.e present. 

The pcrccnta!!es of sand and line, Ill the minus 'ilC\ c s11c l\o 
4 material c•u th..:n be csttmated from the wash lest ( \-1 'I 

X4.3 JJh.~h fr\/ (/or ll'la111l' f'N'CC'll/<11!,C\ 11/ \1111.I llllll 

/mes) Sek-ct and moi,ten enough 111111us Nl>. 4 \lc\·e "11e 
m;i1enal to tonn a I-in 125-111111) cuhc ol soil. Cut the lUhc 111 

h:ilf. set one-half11, the .,idc .• md pla1.:c the other half 111 a small 
dish. \\':ish and decant thc fine-. out ol the material 111 the dish 
until the wash \\ater 1s clear and then compare the l\rn amples 
and estimate the percentage of sand and fine, . Remember thnt 
the percenwge '' based on '"'eight. not \'olume. llowe\ er. the 
\'olume compa11son will provide a rea,onable 111d1cm1on ol 
!!r.tin -;i1c pen:entagc-. 

\4; I While \\ashing. il 111:iy be necessary w hrl.'ak <limn 
lumps or fines \\ ith the finger l(l gel the correi.:t percentage,, 

~5. \ BBIU \'1 ' fED ... on u \ """ I( 'fl()'\ ~ \'MBOl ... 

XS. I In ~omc ..:ases. because of lack of space. an abbre,·i­
ated ')~tern m.1~ be useful tn indicate the sod d•1ss1tic:ition 
') mbol and name f \:'lmpks l)f 'uch c:1'es \\ould be graphicnl 
ll1g~. dataha,.,es. lahlc~. elc 

:\5.2 Tiu' ahbrc\ iated sy,tem " m1t a suh~111111c li1r the full 
name and dcscnpll\ e inlOnnation hut can be u'ed in supple-

COpynghl ASn.t ,_, 
q~..00 D• tH$ ...,_, kwnH wth ~TM 
N-)r~ or~ W!!ll»G *'1hol.lt ken• from HS 

10 

mentary prescntallons when the complete de::-1.:ription j, n:ler­
enced. 

\..5 ~ The ;1bbrev1ated sy'>!Clll should COlhlSI or lhe sod 
da,s1 ication symbol ha,cd on tlm <;t;111dard \\ tth appropriate 
lo\\er case le1te1 prcflw~ and sullhes ;1' 

L->C>au -5a001 U--Colno< llOO 
..,. 1or R- oo.ew.ioos oe 22 58 v.or 

Su!l1x. 



D 2488 

Group Symbol arid Full Name 	 Abbreviated 
s 	sandy 	 s - with sand 
g - gravelly 	 g = with gravel 	 CL, Sandy lean clay 	 s(CL) 

c 	with cobbles 	 SP-SM, Poorly graded sand with sin and gravel 	 1SP•SM Ig 
b 	with boulders 	 GP. poorly graded gravel with sand_ cobbles. arid 	(GPlscb 

boulders 

X5.4 The soil classification symbol is to he enclosed in 
	ML gravelly sill with sand and cobbles 	 g(ML)sc 

parenthesis. Some examples would be 

SUMMARY OF CHANGES 

In accordance with Committee DIX policy, this section identifies the location of changes to this standard since 
the last edition (1993" 1 that may impact the use of this standard. 

(1) Added Practice D 3740 to Section 2. 	 (21 Added Note 5 under 5.7 and renumbered suhsequeni notes. 

The American Society for Testing and Materials takes no position respecting the validity of any patent rights asserted in connection 
with any item mentioned in this standard Users of this standard are expressly advised that determination at the validity of any such 
patent rights, and the risk of infringement of such rights_ are entirely their own responsibility 

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years arid 
if not revised. either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards 
and should he addressed to ASTM Headquarters. Your comments Ml! receive careful consideration at a meeting of the responsible 
technical committee which you may attend. If you feet that your comments have not received a fair nearing you mould make your 
views known In the ASTM Committee on Standards at trie address shovel below. 

This standard is copyrignted by ASTM. 100 Barr Harbor Drive, PO Boy 0700 West Conshohocken PA 79428-2959, United States 
indhiirluai reprints isingte or muthple copies) of this standard may be obtained by contacting ASTM at the above address or at 
610432-9585 (phone), 1510-832-9555 (fax), or service@astm org (e-mail), or through the ASTM websrte ianvwastrn org1 

CoDynirt ASTM IrOonal.onv 
RooroOomd M IHS utowss....11,-. AS TM 
Na rugamitycbon or Notraorkog poon,11.99 wrIhnut iirensw tram 915 

11 

,00soo--Ci17M H.11.54504561301 UsemCono,  1.10.11 
Not tor *WHIR 06.1142095 05.22 59 MDT 

s sandy 
g gravelly 

S W•lh sand 
g with gra.el 
c W<lh cobbles 
b "''in boUlders 
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Group Symbol and Full Namtl 

CL Sandy lean ctay 
SP-SM. Poorly graded sand w•lh slit and g•avel 
GP, pOOrly graded gravel .-1th sand. cobbles, and 
boulders 
M~ gravelly slll with sand and cobbles 

~L \11\t \R' or Cl I \ "(, L:S 

Ahbrevlalcd 

s(Cll 
(SP-SM)g 
(GP)scb 

g(Ml)SC 

In accordance\\ 1th Commnh:e D 18 policy. this 'iectmn idcnllhcs the loc<t11011 M diange:. tl' thi' st:indard "111cl' 
the last edi11on (I 99J' 11 that may 1mpacl the ll'•C of this -.tamlard. 

I I l Added Prac11ce D 3 7411 ht \euion .2 . 
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w11/1 any item me11t1onf>.:J 111 this stanelafl1 Us<Jrs of tn1s stanaarct are e1qN6"sly s<NISed I/lat determ111<1t10n of 1/111 "8hd1ty of any such 
patent rights. and tne risk of lnfnngement of such r1g/1ts 810 entlfely thfJJ£ own respons11>iflty 

T111s standard is svb1oct to re• ~IOfl at nnv limo l>y th11 responsible technieal comm11/11e and must be reviewed 11\'etY live years and 
if nat rev1sea etther reaopravea or ... th<frawn Yoor comment~ are mvfred elt.'ler for reV1S1on of this stanaard or for Bdtl.Lonal standard.~ 
and .<llould oe 8dl1rercse<1 to A.S™ Headquarters Your comments .. m rrJCCNe careful ClJnsideratran at a meeung of the rt>~pons•t>le 
tecnnicat committee, wtiich you rtld)' atrend 11 you feel In.at your comments /lave not recl!ived a fa!f h&1nng )'OU shOCJld make )'OU• 

l<ft>WS known lo the ASTM Comm11!ee on Sldtldaras. et tne a.1dress shawl> be!Ow 

This standart11$ copyr19111ed o.r ASTM. 100 Barr Harbor Dr1-.~. PO Box ClOO West Conshohoclom PA 19428-1959. Uruted Stares 
lncJMdual repnnts js1ng1e or mu/14)/e oop,es) of this smn.J.1rd may be obi.lined oy contacting ASTM 111 lfle Dbove lldl1•e.ss or at 
610-832-9585 (phone/. 610-832-9555 tfaxJ. or serv1ce@astm.org le-ma•IJ, or throuqh the ASTM ••eos110 f•-wastm org/. 
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Standard Test Method for 

Standard Penetration Test (SPT) and Split-Barrel Sampling 
of Soils' 

Tins standard is issued under the toted designation D 1586: the number unmediately following the designation rischemes the year of 
original adoption or, ill the -USW of revision. the year of last revimon. A number in parentheses indicates the year of last reapprovat A 
superscript epsilon tet indicates an editorial change since the last revision err proppry3val, 

oandaril Sire herr, upprrned 1,r riAr by umenrws gd the tle,rxrinowter of Defame 

1. Scope* 

1.1 This test method describes the procedure. generally 
known as the Standard Penetration Test (SPT). for driving a 
split-barrel sampler to obtain a representative disturbed soil 

sample for identification purposes. and measure the resistance 
of the soil to penetration of the sampler. Another method (Test 
Method I) 35:',(1) to drive a split-barrel sampler to obtain a 

representative soil sample is available but the hammer energy 
is not standardized. 

1.2 Practice I) ()owl gives a guide to determining the nor-

malized penetration resistance of sands for energy adjustments 

of N-value to a constant energy level for evaluating liquefac-
tion potential. 

1.3 Test results and identification information are used to 
estimate subsurface conditions for foundation design. 

1.4 Penetration resistance testing is typically performed at 
5-foot depth intervals or when a significant change of materials 

is observed during drilling. unless otherwise specified. 

1.5 This test method is limited to use in nonlithilied soils 
and soils whose maximum particle size is approximately less 
than one-half of the sampler diameter. 

1.6 This test method involves use of rotary drilling equip-
ment (Guide 1) 378_14, Practice 1) 6151). Other drilling and 

sampling procedures (Guide I) 6286. Guide I) 616o) are avail-
able and may he more appropriate. Considerations for hand 
dnving or shallow sampling without boreholes are not ad-

dressed. Subsurface investigations should he recorded in ac-

cordance with Practice 174 5•13-1. Samples should be preserved 
and transported in accordance with Practice 1) I -'211 using 
Group B. Soil samples should be identified by group name and 

symbol in accordance with Practice I) 248s, 

1.7 Ali observed and calculated values shall conform to the 
guidelines for significant digits and rounding established in 

Practice I) 6026, unless superseded by this test method. 

1.8 The values stated in inch-pound units are to he regarded 
as standard. except as noted below. The values given in 

' Tht> 'Ittihad is under the Jurisdiction of ASTM Committee 1.118 on Sod and 
12.s:A and t; the direct responsibility of Subcommittee rilicaz tin Sampling and 
Related Field Testing for Soil Evaluations 

Currem edititm approved Feb. t, MOB. Published March 2008 Originally 
appnwed in 1958. Last previous edition approved in 1999 as D 1586 - 99.  

parentheses are mathematical conversions to SI units. which 

are provided for information only and are not considered 
standard. 

1.8.1 The gravitational system of inch-pound units is used 

when dealing with inch-pound units. In this system. the pound 

Ilbf) represents a unit of force (weight,. while the unit for mass 
is slugs. 

1.9 Penetration resistance measurements often will involve 

safety planning. administration. and documentation. This test 
method does not purport to address all aspects of exploration 

and site safety. This standaid does not purport to address all of 
the safety concerns, if an): associated with its use. It is the 
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatoty limitations prior to use. Performance of the 
test usually involves use of a drill rig therefore, safety 

requirements as outlined in applicable safety standards (for 

example. OSHA regulations.' NDA Drilling Safety Guide.' 
drilling safety manuals, and other applicable state and local 

regulations) must be observed. 

2. Referenced Documents 
2.1 ASTM Standards: 
1)O53 Terminology Relating to Soil. Rock, and Contained 

Fluids 

t) iss4 Test Methods for Specific Gravity of Soil Solids hy 
Water Pycnometer 

I) 15;,7  Practice for Thin-Walled Tube Sampling of Soils 

for Geotechnical Purposes 
22117 Test Methods for Laboratory Determination of Wa-

ter (Moisture) Content of Soil and Rock by MiASS 
I) 2487 Practice for Classification of Soils for Engineering 

Purposes (Unified Soil Classification System) 
U 2488 Practice for Description and Identification of Soils 

- Available from Occupational Safely and Health A*niniuration (OSHA] :tat 
Constitution Ave.. NW. Washington. DC 2112111. hnp:llwvisvosha.gov 

Available from the National Drilling Association. 3511 Center Rd . Suite 8. 
Brurgavia. OH 442! 2. http:/hvww ndadu.com. 

Fur referenced ASTM standards. visit the ASTM ivehsite. www.asim.org. in 
contact ASTM Customer Scram at service*asam.org. rip Annual Rook if 551M 
Standards volume information. refer to the standard's Document SLUMMY, page no 
the ASTM wehahe. 

• 4 Summary of Changes section appears di the end of this standard. 
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Standard Test Method for 
Standard Penetration Test (SPT) and Split-Barrel Sampling 
of Soils1 

fh" M,1ml.11 <f h "MICd uro.ler I~ h~c(l i.kM~ll.llH•ll () f~X(>; ll~ nUml>er 1mmcdio1el) l••llol•>tllg the •kstgn.'1110!1 10.hCalO lhc )'Clll .,f 
<>ng111.1t .1.Jopl11111 or 1111hc '•'"" ol rc••~t(\ll. 1hc ~~ar nt la..i 1c"""ll 1\ number tn l'J~lllh<''<'S mJ1c:uc< the )GU of 1a,1 n::1ppr0\;1I \ 
'Ufl\'1'•'111'1 cp-tl•m It) 111d1c.ito:'• "" e.l1t11n.1I .-h •• ngc ''"''C w l:t-1 n:Vl\IOll 01 IC~f'p!•)"'' 

Ill" umt1ld11/ lun htnr U/'P"""" /elf 1tu- h\ u-:(·nc U'J 11j 1!1r ()f111.111mrn1 vf l>f'(~1uc 

I. ~cope• 

I I ntj, te't method dc ... cribe' the prn(;cdtm:. generall) 
kno\\n a ... the 1)1,mdard Pl'nctr<ition Te,t ('iPTl. for drhing a 
~rlit·harrel 'ampler to obtain a repre,entatl\ c di.,turhcd ... oil 
... ;unpk tor 1dentitica11011 J1Llf'Jlthe~. and me,1,un.• the n.: ... 1,tance 
ul the 'oi l to penetration of the 'ampler. An111he1 mctho<l flht 
.'.\lcthod D •"i:>O ) to Jri\'e .1 ,pJit-barrel ,,1mple1 to nhta111 a 
repn:,entative ,m) ... ample '' ,t\ arlable hut the hammer energ! 
1, not 't:mdardi1cJ 

I 2 Pr<tl'llCC D (10!1!> 1!1\ c' .. t ~utdc 10 detcrn11ninl! the nl1r-
111.1li1cJ penetr<1t1on .-C\l~ta111.:c of "Jlld-. for energy i.l~justmenh 
ol ~-v~tlue to a constant energy Je,cl for c\aluming ltquelac­
tr11n potelllial 

1.3 Te ... t re'>ulh and 1dent1 ticarron tnformation arc u'cd to 

c .. 111nate ... ub ... urfoce condition' tor foumfatinn de,11!11. 
I ~ Penetration re't'tancc te,ting j, I) ptl'ally ~rtom1eJ .11 

5-10111 Jepth l/ltet\ a), 11r \\hen a 'ignific"ant change of material\ 
'' l•IN:neJ Junng drilltng. un)e,, othet\\N:' '(')\.~citied . 

I 5 TJ11., te'l method ., limited ll u'e in nonlith1ftcd .. oih. 
. 111d ,rnJ, \\ho'c ma\1mum partid.: -.11c j, appnn.imatel} Jc.,, 
than one-halt of 1he \ampler tltamcter 

1.6 llm tc\l method 111voh e ... u .. e of rotar)' drilling. equip· 
mcnt 1Guide ()' s . Pr;ict1ce ) 615 ). Other drtlhng and 
\:unphng procedurl'' I Gu1uc "6. Guide '16lJ J are a\·ai1-
11hlc attd 111;.i} ht: mllrc appropriate. Con,iu.:ratiom. for hand 
drn 111_ or ,hJJl1m .. :1111pl111g \\ithout b1lrt:hnk., are lllll ad­
Jrc\,cJ \uti,urlacc.: in'e'11gat 1111' ,Jmuld he rccnrded 111 ac­
l'Cll d:mi;e \\ nh Practice () ..,.i '),unpJe., shou Id ht! prc"e" eJ 
and tran,p;u1cd 111 .tc(;nrdan~·c \\Ith Practice lJ ~:! u .. ing 
{;r11up B. Srnl .. ample' ' hould be identified by grliup 11<1me .rnd 
"mhol in accordance ''1th Pral't1ce J) :?4XX. 

I 7 All oh,er\ed and cakulateJ value' ,)1<1 11 cnntom1 to the 
gutdelinc' for '1g111ficant dig1i... :ind rounding e\tahlished in 
Praetii;e D <iO:!o. unle'' 'llJ'Cr-.eded h) 1hi' 1e,1 method. 

I .S The: ,·alue ... -.ta1ed 111 inch-pound umi... are to he regarJed 
·'' ~1.mdard. e'cept ,1, noted hclo\\ , The \aluc' gt\en in 

1111, mclhoJ '' unJ.:r the 1unsJ14·1111n ol /\S1\1C 'o11111111l4'l'1111\ 1•11 Sml .1nJ 
R,,.~ •• nJ a< 1h~ Juc.i re'f""'"h1ht) ,,f S11txornrn111e.· 11111 ll:! "" s .. mplrng anJ 
Rcl.11cJ f'iclJ Tc,tini,: h•r S11il l:H•ht•lion< 

Cunc111 r..htion uppn•wu Id• I. lOll~ Puhlisha.I \l.u.:h ~CXJ~ On~m;illy 
lll'PmvcJ 1n f9)M, 1 .. ,r I"~"""' cJ11u•n appmvcJ an 1~1'1 ll< f) I ~Xh •N. 

parcnthc'e' .ire mathematkal conver).iom. 10 <)I umh. "h1eh 
are pnw1dcd for 11tfonn:t11lln only and are not rnn,11.kred 
'tandard. . 

I .S. I Tiie gr:\\'it;llil1nal '}'Lem of mch-pnund ttlllh j, u-;ed 
\\hen dealtn,g \\ 11h inch-pound unih. ln tht' system. th.: pound 
rlhl) rcprc,.:111, a u1111 nl ltiR"c 1weight1. \\hi le the u111t tor 111;i" 

I' , Jug .... 
1.9 Penetration re ... i,1ance me;t-.uremeni... Cllten ''ill 111\ 11IH' 

s,1fet) pl.urning. adrmni,trat111n. and documcntatmn. Thi' 1c'l 
method doe' not purpnrt tn ,1Jdre'' all a .. pech of e\plor.1111111 
.mJ 'ite 'alet:--. 7111.\ Wt111d1m/ dm•:. 11011mr111ir1111addri•,111ll 11/ 
1111• '"ft'I) nl/ll'l'ms. t{ am: <1.1.wciated 1rith tis 1111'. It t{ tl1c 
,., 1ro11H/Ji/1ty of tit<• uwr oj thi.1 \/llltdard to 1•1111/>/ult appm· 
prwte wit t\' and /tea/th prctnin!\ "'"' detcm1int• 1'11• 1111plic,1-
htlt1) 1~(ffg11/a10n /11111tati1111~ pr111r 1<111w. Pc.:1fon11ance nf'thl! 
1e,1 u ... uall~ 111vol\e' u'e nf' a drill ng. therclorc .... 1tet~ 
requ1rcmcni... a., outlined in ttpplicahle .,afet) 'tandardo;; (for 
e\arnple OSH \ re!!ul<!ltnn .... 1 NOA Drilling \,1ft:ty Gu1.tc.' 
drilltng ... atet~ munuah. ~u1d other .1pplil·ahlc ... iate anJ J11cal 
regulation\) mu ... 1 be oh,cned . 

2. Referenced Document.. 

2 I \\HI Standun./1: ' 
D fem1inolog)' Rt:latrng tn <;011. Rod .. anti C11nt:1111.:d 

Flutd' 
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I> J 5, 7 Pr;1ct1cc for l'hln-\\'alled Tubi: <;ampltng nt Sotl ... 

1111 Geo1eLhn1Lal Purp1i-e~ 
D Te ... t \1ethod' Jor l. .thmatnl) Dctt!rnu11at11in 111 \\'a-

1er (7\lntstllrel Content ol Sotl and Rock by 1\1,"' 
D Practice for l Ja,.,1ft1.atu1n of Soth for I nginc.:c.:nng 

Puf'J1l1'C\ (Unt iled Soil CJu ... ,lfication "iy,tcm) 
D 2· Practice tor De ... cription and ldent1fication of S111J... 

• \\nrl:lhk trurn t)(·1.'UpJll1'111:il SJtct; uni.I Health 1\dm1na,11.111(1n ~11,lll\t ~(kl 

Ct11t.\li1Uthlll 1\•c: •• :-\\ , \\u.,l11ng1on. rx.- 211~111, hnp:J""·"" '"ha gov 
A•.ulahl~ Imm th~ :-0.11 .. n.11 Dnlhni; ''"(1( .. l1t•n 1511 C'cnlcr R.I '"'"~ 

llru~"' 11;L , OH ... .i: l 2. hlCp:IN."" nJ.i-lu com 
• r-ur rdcrtlh.:cJ AS1 \1 'litlldJnl,, \ISll lhc ,\\T\1 \\Ch,llC'. \1,\\\\ U,.\(lfl \If~. Pl 
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\tmularrl• •·uhunc 111h>nn.tl1on, ~fer lo lhc ,;tll!IJarJ's o. ... umr111 ~umnlo'tf~ pJSC 0t1 
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I Visual-Manual Procedure) 

1' '..s50 Practice for Thick Wall. Ring-Lined, Split Barrel, 
Drive Sampling of Soils 

I / 1--W Practice for Minimum Requirements for Agencies 
Engaged in the Testing and/or inspection of Soil and Rock 
as Used in Engineering Design and Construction 

I) -12211 Practices for Preserving and Transporting Soil 
Samples 

1) 4o33 Test Method for Energy Measurement for Dynamic 
Penetrotneters 

1) zJ ;t Guide for Field Logging of Subsurface Explora-
tions of Soil and Rock 

r) S7:0 Guide for Use of Direct Rotary Drilling with 
Water-Based Drilling Fluid for Genenvironmental Explo-
ration and the Installation of Subsurface Water-Quality 
Monitoring Devices 

I) (1026 Practice for Using Significant Digits in Geotechni-
cal Data 

D 6066 Practice for Determining the Normalized Penetra-
tion Resistance of Sands for Evaluation of Liquefaction 
Potential 

I) n1 51 Practice for Using Hollow-Stem Augers for Geo-
technical Exploration and Soil Sampling 

D 0.169 Guide for Selection of Soil and Rock Sampling 
Devices Used With Drill Rigs for Environmental Investi-
gations 

1) 628i. Guide for Selection of Drilling Methods for Envi-
ronmental Site Characterization 

I) 6911 Test Methods for Particle-Size Distribution (Grada-
tion) of Soils Using Sieve Analysis 

3. Terminology 

3.1 Definitions: Definitions of terms included in Terminol- 
ogy I! 	specific to this practice are: 

3.1.1 cathead. n—the rotating drum or windlass in the 
rope-cathead lift system around which the operator wraps a 
rope to lift and drop the hammer by successively tightening and 
loosening the rope turns around the drum. 

3.1.2 drill rods. n—rods used to transmit downward force 
and torque to the drill hit while drilling a borehole. 

3.1.3 N-value, n—the blow count representation of the 
penetration resistance of the soil. The N-value. reported in 
blows per foot. equals the sum of the number of blows (N) 
required to drive the sampler over the depth interval of 6 to 18 
in. (150 to 450 mm) (see 7 3). 

3,1.4 Standard Penetration Test (SFr}, n—a test process in 
the bottom of the borehole where a split-barrel sampler having 
an inside diameter of either 1-1/2-in. (38.1 mm) or 1-318-in. 
(34_9 amt (see Not.: 2) is driven a given distance of 1.0 ft (0.30 
ml after a seating interval of 0.5 ft 10.15 mi using a hammer 
weighing approximately 140-1b1 (623-N) falling 30 	1.0 in. 
10.76 m 0.030 ni i for each hammer blow, 

3.2 Definitions of Terms Specific to This Standard: 
3.2.1 anvil, n—that portion of the drive-weight assembly 

which the hammer strikes and through which the hammer 
energy passes into the drill rods. 

3.2.2 drive weight assembly. n—an assembly that consists 
of the hammer. anvil, hammer fall guide system, drill rod 
attachment system, and any hammer drop system hoisting 
attachments, 

3.2.3 hammer, n—that portion of the drive-weight assembly 
consisting of the 140 2 lbf (623 9 Ni impact weight which 
is successively lifted and dropped to provide the energy that 
accomplishes the sampling and penetration. 

3.2.4 hammer drop system, n—that portion of the drive-
weight assembly by which the operator or automatic system 
accomplishes the lifting and dropping of the hammer to 
produce the blow. 

3.2.5 hammer fall guide. n—that part of the drive-weight 
assembly used to guide the fall of the hammer. 

3.2.6 number ref rope tarns. n—the total contact angle 
between the rope and the cathead at the beginning of the 
operator's rope slackening to drop the hammer. divided by 
360' (see hg. I 

3.2.7 sampling rods, n—rods that connect the drive-weight 
assembly to the sampler. Drill rods are often used for this 

rpose. 

4. Significance and Use 

4.1 This test method provides a disturbed soil sample for 
moisture content determination, for identification and classifi-
cation (Practices 1) 2487 and I) 23:s8i purposes. and for labo-
ratory tests appropriate for soil obtained from a sampler that 
will produce large shear strain disturbance in the sample such 
as Test Methods 1.) 854, D 221o. and 1) 013. Soil deposits 
containing gravels, cobbles, or boulders typically result in 
penetration refusal and damage to the equipment. 

4.2 This test method provides a disturbed soil sample for 
moisture content determination and laboratory identification. 
Sample quality is generally not suitable for advanced labora-
tory testing for engineering properties. The process of driving 
the sampler will cause disturbance of the soil and change the 
engineering properties. Use of the thin wall tube sampler 
(Practice I) 1587) may result in less disturbance in soft soils. 
Coring techniques may result in less disturbance than SPT 
sampling for harder soils, but it is not always the case. that is. 
some cemented soils may become loosened by water action 
during coring; see Practice I) o I 31, and Guide I) el(e, 

4.3 This test method is used extensively in a great variety of 
geotechnical exploration projects. Many local correlations and 
widely published correlations which relate blow count. or 
N-value, and the engineering behavior of earthworks and 
foundations are available. For evaluating the liquefaction 
potential of sands during an earthquake event, the N-value 
should be normalized to a standard overburden stress level. 
Practice D 6066 provides methods to obtain a record of 
normalized resistance of sands to the penetration of a standard 
sampler driven by a standard energy. The penetration resistance 
is adjusted to drill rod energy ratio of 60 ck by using a hammer 
system with either an estimated energy delivery or directly 
measuring drill rod stress wave energy using Test Method 
1) 4631. 

Nom I—The reliahifity of data and interpretations pertained by this 
practice is dependent on the competence of the personnel performing it 
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dnl\.i. D 1586 - 08 !lfilf' 
1 Vi ... ual-~hlnual Procedure) 

() 4'i Prallh:e h11 Thick Wall. Ring-Lined. Split Barrel. 
Dme S.1mpling ol So1h 

l> li Practin: lt11 \ltn11num Requirement.., lor Agenrn.: ... 
Engaged 111 llw fo.,lmg and/or Jn,pcu1un ol )oil and Roel.. 
.1' u ... cd 111 Engineering Dc ... 1gn .111d 01n ... 1rulllOn 

) Pr~1ct1l·e, tor Pre ... ening and Tran~porting. Srnl 
').unple, 

Te'-1 ~1e1hod for Energy Mca ... ure111en1 f111 D} mimic 
Penelr11111e1er' 

ll '-l \ l1u1Je for Field l.ogg11t!! nl Suh ... urtnl·c E\plma· 
llllfl' 111 Soll and Rticl.. 

D 'iix C.iuitk lor Use of D11<.'t1 R11tai: Drilling 1.1.11h 

\\'mer-B;1,ed Dnllmg fluid for Gctl<!n\ 1ronmen1al Explu· 
r~1t1on anJ rhe Jn,tallat1011 ul Suh\urtace W;uer-Quality 
~lon11oring Dcv1l·e ... 

D I PraclllC tor t.;,mg 'itgmtil:ant D1ic11' n Geotechui-
c.11 Dat.1 

D I Practice tor Dete1minmg the '\ormali1ed Penetra· 
tion R ...... i,tance of S;md' fo1 E\'aluaunn 01 l.iquefactitlfl 
Pntenual 

I> flJ<; J Practice lor L",ing Hnllov.-'item Am!e1' tor Geo· 
tedrnil.'al faplnrauon .ind Soil ~1.1111phn)! 

IJ '116•> Guide IM 'ielecunn 111 Soil and Ro..-1.. s.11npli11g 
De\ ICC' u ... ed With Dnll Rig' tor Em m111111cn1.1I Ill\ e ... ti­
g;niom. 

IJ 6! Guu.Je Im 'idectmn of Drilling ~1ethod ... for En\'i­
rnnment,tl 'iue Charaeten1ation 

I) 6"> 1 fl',t \1ethmh for Part1ck-~11t: Di,tribution (GradJ· 
li110) I I S1)iJ, u ... 111g Sine \na)\ ' 

. t forminolog) 

' · ' l>1J11 11u111.1 Dchn1t1tll1., ol term' m.:Judcd 111 li:m1inol-
og~ I 'pcc1tic to lht\ practice an~ : 

J I.I rnth1't1d. 11 the ro1.11ing drum nr '' mdla" 111 the 
rupe-c;nhcad lilt 'Y'lcm around which the llper:uor \Hap'> a 
rope to lift and drop the hammer by \UCce\stn:ly 11ghte111ng and 
lun ... t>ning the rope tum' around lhe drum. 

3.1.::! drill m<k 11-rod' u ... ed 10 tran ... mit dnv. nv..1rd force 
and wrque w the dnll h11 v. h1lc drilling 3 hnrehnlc 

J . 1.3 ;\'-1 aim•. 11 the hlt1\\ c11unt repre,entat111n or rhc 
pene1rat1on re'i'tanc.:e ol rhe ... oil. Tht> N-\<tlue. rep~1rted in 
hlo"'' per foot, equab the 'um of the numher (>f hlow ... (.VI 
required t11 drive the: ... ampler over the depth interval of 6 to 18 
in ! 150 to 450 mm) (\ee.., \). 

3. 1.4 Sr1111tlard Pt•111·trc111011 'fr.11 ( SPTJ. 11-a test pnx:e.,, in 
!he houom or the horehole \\here a ..,plit-barrel ~ampler ha\ ing 
:in in,ide diameter nf e11her 1-1/::!-in t38 I 1111111 or 1-3/8-in 
( 3-l 9 mnu -.Cl' :\ott•. ) ,., dn\'cn .1 !!t .cn d1 ... 1.mce of 1.0 It (().30 
111) Hiter a 'l'Jt111g 111tenal of 0.5 It 10 J 'i 1111 u ... mg a ha111111e1 
\\<.'1ghrn~ .tpprn\i111:11d~ 140 Jhl 162 ~-'\) t •. ,Jling JO .:: 1.0 in. 
10. 7ti 111 - 0 .030 rn I tor ead1 h;11nmer hlo" 

3. 2 l>cj111i1io11.1 1~l frrm.1 ~·1u•qfic lo 11li\ 5rmulurd: 
J 2. I cml'if. 11-1ha1 portlllll nf the drt\e \\ctght a .. ,emhl)' 

which rhe hammer ' tnke' and through which the h.unmer 
ener)!} pa ... ,e, into the drill ro<h. 

xP'f"'!!JhtASTI.ll~ - l>TIHS ___ ASTM 

:. ·~.on~n~:n;~dMIUtik:enliel"3miftS 

.' .2.2 ilnn• 11·1 i~ht ancmhly. 11-an <l"'emhly that con'1'h 
of the hammer. an\il. hammer fall guide 'Y'tcm. dnll rod 
auuchment ... y,tem. and an) hammer drop sy ... tem ho1,11ng 
attjchmenl'\ , 

3.2.3 ht11111111'r. 11-that ponwn ol thc dmc-we1ght a ... ,emhly 
com.i ... 1ing 11fthe 1..io = :! lhf(623 = 9 NI impact weight which 
b !lucce,si\ely hired und dropped to prm·ide the energ) that 
accompli.,he' the ... ampling. and penetr•llinn. 

3.2.4 hamma tlwp 1y1w11. 11-1hat pnrtion ot the JIJ\ e· 
v.e1ght "''cmhly b:,. y.,IJ1ch the operntor or automatk '):.tem 
an·11mpli ... he' the lifting and drnpping nt the hammer h) 

prn<luce till.' hlow. 
3.25 l111111111er full g11irl1•. 11-that p;1rt of the dri\L~·\I etght 

.Membl) u ... ed lo guide 1hc tall ol the hammer 
~.2.h 1111111h1•r oj rop1 t11r111. 11-thc tot;;) contact a11~k 

hdv.cen thl" rope ,ind the calhead at the heg111ning ol the 
l>pcrator·, rope ... 1ar.l..cn111g to dwp the hammer. divided h~ 

360 l 'ec ,.,~ I ). 
J .2.7 .m11111fi11~ md1. 11-rod' that connect the drive wt"1ght 

a"emhly to the 'ampkr. Drill rod' .m~ ofle11 u ... ed tor tht' 
purpo ... e. 

... '-;ignificancc and L'c 

4.1 Th ' le't method prm ide' a J1 ... turhed .,,,11 -.ample tor 
moi,ture content determination. I'm iden11hcatw11 .111d l.'la,,111-
catilm (Practice' - - and ) l ~88) purp..1,cs. and for l.1bo­
rator; te'>t\ appropnate lor 'oil ohtaincd from a '<tmplcr that 
will pnxluce large ... hear 'tram di ... turbancc in the .... 1mplc 'uch 
''' 'J'e,t i\lethod' """ ·. ) .22 16. nnd D (19 Soll depo,ii... 
cnnt;1in111g gra\ek t:obhle-.. or btiulder' typ1t·ally re,ult in 
penetratmn rdu,,11 .1ml d;im;:igc ll' the c:quipment. 

.l,2 Thi., te't method prU\ iJe, .1 tl1,turbeJ ,mJ .... unpll' tor 
mn1,ture .::l1nten1 determination .md l.1bnratol) identilkauon . 
S .. 111.ple quality j, gencr;ill~ not 'uitablc lor ad' •meed l,1hnra· 
h1n te,ting tor engineering prupertie .... The p111ce ... , ol dm mg 
the 'ampler v. ill lau'e d1,turbancc ul the 'oil <md change the 
engineering proper!le.,, u .. e of the thin \\all tuh<! 'ampler 
I Pr.1cllce D I '187 I ma) re ... ult in IL·,, d1,turh;mce in 'oil ,niJ,, 
Coring technique ... 1m1} re ... ult m Jes.., di,turhance than Sl'T 
...:1111pl111g h>r harder '011... hur 11 j, not :ilv.a}' !he ca'>e. th•ll 1,, 
'ome cemcllletl ... mb may hecome lnu,ened by water .tl' t11111 
during coring: 'cc Prar.111.:e )) h J 'i I , and CiuiJe I) 61 CJ9. 

4.3 Thi' 1e ... t method" u'ed C\tCJl'l\cly in a great qriel) 111 
gcutech111e:1l e'Xplurntion project,. ,\!any lm:;:il currcl.i111111' anJ 
'' idel~ puhli ... heJ c.:1melat1on' v.hich relate him\ count. or 
N-\ a Jue. and the cng1neenng beha\ ior of earthwork' und 
foundation-. are amt lab le. for C\ aluatmg rhc liquct.11. t111n 
po!cntial of <,and' dunng an e:1nh4ual..e cYent the '\ ,·aJue 
-.hould he nnnnali1ed to a \tandard o\'erhurden .. ire" le' el. 
Pr;1e1icc I) 606 pro' 1de' method., tt1 obtam a record nl 
n11rmah1cd re'1't;1nce of 'and' to the penelra11011 ot a 'umJarJ 
,.11npler dri' en hv a 'wndard energy. fhc penetration re ... 1 ... 11111ce 
i' .1dju ... ted to drill rod l.'ncrg) ratu> 11f 60 ~; hy ll'>ing a hammer 
')'tem \\1th e11hc1 ,m e ... 11111:.itcd energ} deliver) m direct I) 
111<-'.1 ... uring drill rnJ 'tre-,, '' a\'e energ) u ... ing Te ... t Method 
D ~lln. 

Non I The rchal:ii111y ol data :md 1n1crprclalion' g.:n.:ra1.:d h~ th1' 
prnl11cc i~ J.:p.:ndcnl nn th.: .:nmpctc:nc.: flf the pcr-onnel p.:rlornuni; 11 
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La) counterclockwise rotation 
approximately t1,1 turns 

Opera tor here 

(b) clockwise rotation 
approximately 2 turns 

Section B-B 
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Rope 

Cathead 

Section A-A 

FIG. 1 Definitions of the Number 01 Rope Turns and the Angie for (a) Counterclockwise Rotation and (b) Clockwise Rotation of the 
Cathead 

anit the suitability of the equipment and facilities used. Agencies that meet 
the criteria at Practice 1) 1740 generally arc considered capable of 
competent testing. Users of this practice arc cautioned that compliance 
with Practice I) 	does not assure reliable testing. Reliable testing 
depends on several factors and Practice I) 171i1  provides a means of 
evaluating some of these factors. Practice I) 57.111 was developed for 
agencies engaged in the testing, inspection. or both, of soils and rock. As 
such. it is not totally applicable to agencies performing this practice. Users 
of this test method should recoani/e that the framework of Practice 
1) 5 "411 is appropriate for evaluating the quality of an agency performing 
this test method. Currently, there is no known qualifying national authority 
that inspects agencies that perform this test method_ 

5. Apparatus 

5.1 Drilling Equipment—Any drilling equipment that pro-
vides at the time of sampling a suitable borehole before 
insertion of the sampler and ensures that the penetration test is 
performed on undisturbed soil shall be acceptable. The follow-
ing pieces of equipment have proven to he suitable for 
ads ancing a borehole in some subsurface conditions: 

5.1.1 Drag. Chopping, and Fishtail Bus. less than 61/2  in. 
(165 mm) and greater than 214 in. (57 mm) in diameter may be 
used in conjunction with open-hole rotary drilling or casing-
advancement drilling methods. To avoid disturbance of the 
underlying soil. bottom discharge hits are not permitted; only 
side discharge bits are permitted. 

5,1.2 Roller-Cone Has. lc 	than 	in, 1165 mm) and 
greater than 21/4  in. (57 nun) in diameter may he used in 
conjunction with open-hole rotary drilling or casing-
advancement drilling methods if the drilling fluid discharge is 
deflected. 

5.1.3 Hollow-Stem Continuous Flight Augers. with or with-
out a center bit assembly, may be used to drill the borehole. 
The inside diameter of the hollow-stem augers shall be less 
than 61.6 in. (165 mini and not less than .21.4ii in. (57 min). 

5.1.4 Solid, Continuous Flight. Bucket and Hand Augers. 
less than 61/2  in. (165 mm) and not less than 214 in. (57 mm) in 
diameter may he used if the soil on the side of the borehole 
does not cave onto the sampler or sampling rods during 
sampling. 

5,2 Sampling Rods—Flush-joint steel drill rods shall he 
used to connect the split-barrel sampler to the drive-weight 
assembly. The sampling rod shall have a stiffness (moment of 
inertia) equal to or greater than that of parallel wall -A*" rod (a 
steel rod that has an outside diameter of 1-5/8 in. (41,3 mm) 
and an inside diameter of 1-1/8 in. (28.5 mm). 

5.3 Split-Barrel Stunp/er—The standard sampler dimen-
sions are shown in Fie. 2. The sampler has an outside diameter 
of 2.00 in. (50.8 mm). The inside diameter of the of the 
split-barrel (dimension D in Fig. 2) can be either 	(38.1 

COPOIJM ASTM 1,1sona1 ya.  
PFoyidmI n, HS ,r4a, 	 ASTM 

	
4Orrogrwl-istralon, vA/59804158008. Utier- C.ertar, kAO 

No ,et.u.1444t,.., LY ,ei.cowv memo. 	Ncorya IM Pr, 1115 
	

Not km %ISMS NO IIKNIB 08,08 12 MDT 

0D1586-08 

A 

2 

A 

(al counterclockv.1se ro1a1ion 
dpprox•m<llely 1 :v. 1ums 

B 

(bl clociw.1se ro1a1ion 
approx1maiety 2 1.1ums 

--z_Rope 

Cathead 

Section A- A 

Section B-8 

FIG. 1 Definitions of the Number of Rope Turns and the Angle for (a) Counterclockwise Rotation and (b) Clockwise Rotation of the 
Cathead 

.ind 1hc -urn1holll) nt lhl' eq111pm.:n1nud1.1c1l11k~ u~nl 1\g.:ni.:ic·, 1ha1111c·,·1 
1hc <'nh:11a ut P1:1d1cc l) n.iu gcne1alll .ni." i.:on,ai.:r,·d capahk 111 

n•lllp<:ll.'nt 1c,11ng l '''" 111 1h1' prn<·1tcc arc: ..:autmncd that n>mpliancc 
\\ llh Pr.id KC D n dcx·' Olli ~'\lil'C rcliahlc ll'\ll0£. Reliahk IC,ttng 
depend' 011 'cvcral f:u:tor' ;ind Prn<lll'C [) 114( pruv1<lc' a m.:.m' ul 

C\ aluatrng "'1111.' \If thc'c fai:lnr, , Prm:ll.:e D H.t(I "a\ dcvcl''P<'d for 
ugen.;1e' engaged in lhc 1c,ung. 10\pc<:llon. '''both. nt '°''' and rvcl.; ,\, 

'uch, II" Olli l01'11Jy ;1ppltc;iblc In agent·ic, pcrtonmng lht' practu.:c L''cr' 

of 1lm 11.''I me1hud 'lmuld recngni1e 1h.n the frnme\\orl.. of Pr""'''' 
D ~ 'Jt '' apprnpnatc h•r evaluating the qualit~ of an agcnt'Y pcrtn111ung 
th" lc>t inc1hod Currently. there 1, no I.mm n 4uaht;. 111g national ;iuthonl) 

ti> I '"'!"•'' .igt:ncic' 1h.11 pcrlorm 1h1' rc't 11wth11tl 

S. \pparatu' 

5 I Dnfli11~ Lq111r1111e111-A11} dnlhng equipment that pro­
' ide' at the ttme of '><tmpling a ... uitahle borehole hclon: 
tn\cnwn of the '>ampler and cn,ure-. that thl! peni:trauon te-.t i' 
rcrtnnm:d on umfatttthed ,ntJ 'hall he .1cceptahle. The tollow­
lllg piece' of c!quipment h.11.c pro,en to he 'u1tablc for 
ad\ am:mg a borehole 111 ... ome ... ub,urface conditions: 

5.1.1 Dmg. Cltoppi11~. a11d l-iJl11t1il But. le'' than 61 2 in. 
I 165 mm) and greater than 21 :i in (57 mm) in diameter may he 
u,cJ 111 conjunction w11h open-hole rotaf) drilling or ca,111g­
ad\a1Kern1:111 dnlhng 111eth1xJ... To a\ oid d1 ... turhann.: of tht> 
under!) mg ... 011 bottom d1.,charge hip, are not pem1iued; only 
'1de dt,l:h:irge hm are penniued. 

~~A.STM~ 

Pf'OY\dedDy9KS1o1'0lf~•'atASTM 
N» tepf'Odut.l'°"' D' MhtOI• :'I) SW1"!1'194 w.JhOwl fill~ hum IH!i 

5.1.2 R111/er-Co111· 811.1. le'' than 6!h tn ( 165 mm I and 
greater than 21'4 111 t 57 mm) 111 diameter may he u'ed 111 
con1unct11>n with open-hole rotar: dnllrng nr 1.a,111g­
aJ, ancement drilltng method' ti the drilling nu1d d1,c:harge ,.., 
deflected. 

5 I 3 Hol!trn -Stem Co111i111mm Flil;'hf '\l/J!,NS. wtth or wtth­
out J center btt a~'embl}. may be u'ed to drill the hon:hnk. 
The tn\tde tfotmch.:r of the hollow-.,tcm ,1uger~ 'hall he le" 
th.in 61.i 111. ( 165 mm) and not le'<. than 21 ~ in ('i7 mm> 

5. I A S11/11l Co1111111m111 F/1gl11. H11ckl't 11111/ I/mu/ l11g1' n. 
Jc..,., than 61'2 in. ( 165 mrnJ .mJ nni k" than ::!1 • 111. ( 'i7 mml 111 

diameter ma~ he u-.etl 1t the ,011 nn the ,,tJe ol the hnrehole 
1.kle-. not ca\ e onto rile ,,1111pkr or 'ampltng rod' tlunng 
qmplmg 

'i 2 \·amp/1111!, Rod1 f.lu,h-joint ... teel Jrill rod-. 'hall he 
used to connect the 'pl11-barrd sampler Ill the drne-we1ght 
a,.,emhly The -.a111pl1ng roJ -.hall ha\e a \t10ne" (moment ot 
mental equal ro or greater than that of paralle l wull .. \ .. rod (a 

' 'tee) md that has an OUt'liJe diameter of J-5/8 Ill . (.i 1.'\ ltllll l 

and an in,ide diameter of 1-1/8 in. (28 5 111111). 

5 3 Sp/if-Barrel Sampler· The '1and,1rd s:implcr dimen­
,jon., are 'hown 111 I ~ The 'ampler has an oubide 1.hameter 
of 2.00 in ( 50.8 mm). l'he mi.tde diameter of the ol the 
'Piil-barrei 1d1me1h1011 D 111 I 

l~Hemoon VNS9604S8008 ~,, l .. 
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FIG. 2 Split-Barrel Sampler 

mm) or I 	(34.9 mm) (see Not,: 	A I6-gauge liner can 

be used inside the 11/2-in. (38.1 mm) split barrel sampler. The 
driving shoe shall be of hardened steel and shall he replaced or 
repaired when it becomes dented or distorted. The penetrating 
end of the drive shoe may be slightly rounded. The split-barrel 
sampler must be equipped with a ball check and vent. Metal or 
plastic baskets may he used to retain soil samples. 

2—Both theory and available test data suggest (.hat N-values may 
differ as much as 1(I to 30 Si- between a constant inside diameter samplci 
and upset wall sampler. If it is necessary to correct for the upset viall 
sampler refer to Practice r) rdrr.r, In North America, it is now common 
practice to use an upset wail sampler with an inside diameter of 11/2  in. At 

one unit. liners were used but practice evolved to use the upset wall 
sampler without liners- Use of an upset wall sampler allows for use of 
retaincrs if needed, reduces inside friction. and improves recovery. Many 
other coiintries still use a constant It) split-barrel sampler. which was the 
original standard and still acceptable within this standard 

5.4 Drive-Weight Assembly: 
5.4.1 Hammer and Anvil—The hammer shall weigh 140 

2 lbf (623 	9 N) and shall be a rigid metallic mass. The 
hammer shall strike the anvil and make steel on steel contact 
when it is dropped. A hammer fall guide permitting an 
unimpeded fall shall he used. Fig. ; shows a schematic of such 
hammers. Hammers used with the cathead and rope method 
shall have an unimpeded over lift capacity of at least 4 in. (1(X) 
mm). For safety reasons. the use of a hammer assembly with an 
internal .tit. tl is encouraged as shown in Fig. 3. The total mass 
of the hammer assembly bearing on the drill rods should not be 
more than 2511 7i 10 lbin (113 	5 kg). 

Non: 3—II is suggested that the hummer fall guide he permanently 
marked to enable the operator or inspector to judge the hammer drop 
height. 

5.4.2 Hammer Drop Systern—Rope-cathead. trip. SC1113-

autoroatic or automatic hammer drop systems. as shown in Fi 
4 may he used, providing the lifting apparatus will not cause 
penetration of the sampler while re-engaging and lifting the 
hammer. 

5.5 Accessory Equipment—Accessories such as labels, 

sample containers. data sheets, and groundwater level measur-
ing devices shall be provided in accordance with the require-
ments of the project and other ASTM standards. 

6. Drilling Procedure 

6. I The borehole shall he advanced incrementally to permit 
intermittent or continuous sampling. Test intervals and loca-
tions are normally stipulated by the project engineer or 
geologist. Typically, the intervals selected are 5 ft (1.5 m) or 
less in homogeneous strata with test and sampling locations at 
every change of strata. Record the depth of drilling to the 
nearest 0.i ft (0.030 m}. 

6.2 Any drilling procedure that provides a suitably clean 
and stable borehole before insertion of the sampler and assures 
that the penetration test is performed on essentially undisturbed 
soil shall be acceptable. Each of the following procedures has 
proven to be acceptable for some subsurface conditions. The 
subsurface conditions anticipated should he considered when 
selecting the drilling method to be used. 

6.2.1 Open-hole rotary drilling method. 
6.2.2 Continuous flight hollow-stern auger method. 

6.2.3 Wash boring method. 
6.2.4 Continuous flight solid auger method. 
6,3 Several drilling methods produce unacceptable bore-

holes. The process of jetting through an open tube sampler and 
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mm 1 or I ' ··tn. ( 14 9 mm) 1 ~Cl' '\11tc ::! ). \ I b gauge ltner can 
he u ... cd t11'1de the I h·m. (381 mm> -..pltt barrel \t11llple1 fhe 
dri .. mg 'hoe 'hall be ol hardened \tee! and ... hall he replaced or 
repaired ''hen 11 become" dented or d1,t0ne<l. The penetraung. 
end of the dm e 'hoe ma) be ,Jightl) wunded. n1e 'pl it-barrel 
... unpler mu't be equipped with a hall check and \.ent. \ fetal or 
pla,uc ha,kl'h 111'1) he u\ed en retam '°'I 'ample' 

~llll .:! . ff.,lh llWOI) .tnd ,1v.11!;1hk 1(,1 Joi1J 'U!!)(O:'I lh,11 ,\.\·;1h11:~ lllOI}' 
1hlfcr u' 11111,h a' 10 h• \(I <JI- ~l\H'CO a'''"''""' '"'"'k .lt.11111:1,·1 ,,;11npkr 
11nJ ur'•'I "all 'a111pll·1 II 11 I'• 11c''"''~') h> ,orr,·-i h•r 1h..: up,~1 \1all 
«ampkr r.:t1•r 1u J>ra..:11,·c ltll• In :-; .. 11h \ni1:n.-.1. II i- '""' c·o111111un 
praCli.:c 111 u'c Jn up'd wull 'ampler w tlh ;m 111,1Je J 1;11n.:1c:1 111 l ~·: 1n ,\1 
"".: llmc. hncr' w.·1.: u'.:d hu1 pr:1d1~c .:vol\ .:d to u'c the up,ct w;ill 
'ampler \\ilhoul liner\. L:'l' ol an Ufl\CI watt ,;implc:r allt>\\\ lnr u,,. ol 
re1a1ocr' 11 m·cJcd. retlucc' rn,1J,· ln..:tion . und impro\c\ n:.:owry ~Ian\ 
••lhcr .:ounln.:' ,1111 u'" a .:011,t.ml ID 'Pli1 -harrcl 'ampler. "h1d1 \~ii' th\' 
nrrgm:il •t;mdun.I und ,1111 ;11xcptahk wirhm tlm '1.mdard 

.5.4 /)m c-IVnght . \ uem/Jly: 
5 4.1 Jlw111111·r ond ,\111•1/-The hammer 'hall weigh 140 = 

2 lbt' 1623 - 9 Nl ;111d 'hall he a rig1<l metallil'. ma" The 
hammer ... hall -..1r1kc the ,111\ II and 111.1ke ... ceel on steel contall 
when 1t 1 ... dropped. A h;11nmer rail guide pcnmttrng an 
unimpeded fall shall he u:-.ed. h£ 'how' a -,chcmat1c of ... uch 
hammer; Hammers u'ed with the c:ithead and rope methn<l 
'>hall ha\'e .1n un11npcded over lift capacll)' of •lt lea"t 4 111 ( l!XJ 
mm I. For "'fety rea\ons the use 0f a hammer a:. ... embly with an 
mtemal am ii ., encouraged "' 'hll\\ n in fl . rhe total m•1" 
nf till' hammer a''cntbl} heanng nn the dnll rnd' 'hou ld not he 
nmre than 250 - I 0 lbm I 11 1 = 5 kg). 

:-.; m 1 11 1, 'u!?~l',IL'll that the h.1rnm('1 1.111 p11d<' t>c 1><:11n;mcn!I) 
rnarl.,·,J h• <."nahlc thl' 1111\:ralur or '"'JlCChH 111 iudi;c lfll' harnm.:r dr.•p 
hcr~hl. 

Copy•'V"1f ASTV W8"1\iitO"la! 
PrQw'ldedby*1'Siut'IOll lceflH W.t"IASn. 
No r$'0dudm or'*""°" "'ii Pll""i'tea ""'1nout 11c:-nse from IHS 

·' 

SA 2 //ammt r l>m11 \n1cm-J<ope-cat11ead. lnp. ..enn· 
aultllll<lliL or .1utomatK ha111111e1 drop'>) \!ems. a., 'ho\.\.n in 
i may he used. prm1d111g the lilting apparatu-. will not cau-.e 
penetrntion of the 'ampler while re-engaging and hftm~ the 
hummer . 

5 5 Acce1wr.> Fq11ip111t·111-Acce"ories 'uch a' lahcb. 
'ample LOntamer'. d.ita 'hech. <1nd ian>undwmer lc\'cl mea ... ur­
in!! de\ 11.:e' ,hal l he prt\\ ided m .1..:cord.irKe w11h 1he require­
ment.. ul the proiect and other ·\ ST\.1 ,t,111dard,. 

(1. Drilling Procedure 

6. I !'he horehole 'hall he aJ, anced tnl'.rcmenlilll) to per 11111 

tntermiucnt or cont111unu ... 'ampling. Tc,t mtenab and loca­
tions arc nonnally st1pul,1te<l b;.. the pro1ec1 t>ngmeer nr 
genlogi ... c. 1) p1cally, the inter. ab .,eleued are 5 fl < 1.5 m} or 
le-., in homngeneou<. ..irata \\.llh test and ''1111pltng locatwn~ .11 

e\er) change of '>trata. Record the depth of dnllmg to the 
neJre,c 0.1 It ((}.{l30 ml. 

6.2 Any dn ll mg procedure that prm 1de' a \Ullah!) dean 
and 'table hnrehnle hdorc in,cnion nl the s,1mpler and "''ure' 
that the penetration le\t '"performed un e ..... entta lly undisturbed 
'oil .,hall be acceptable. Lich of the tollo\.\.tng prucedun:' IM'> 

pm,en to he acceptable tor ..,ome wbwrface cnnd11mn'. The 
'>Ubsurface condi tion<. ant1c1pated 'hould he con,1dered "hen 
,cJectmg the drilling method to be u'ed 

6. 2.1 Open-hole rota!) drillrng method 
6.2 2 Contmuou' flight holk1"'·'te111 uuger rnethou. 
6.2 3 Wash boring method . 
6 2.-1 C11n1muou' flight '111iJ auger rm.:thod. 
6 .3 ~e,er.11 dnllmg method-. produce unaccept.iblt: btire­

hnh.~' · The proce" of 1eu111g through an open tube ... ampler and 

Litetwee._H9m0on. VN!t9f.i0458008 Ul«'='Can.t' l• 
- lotA-G<·1\.'2008080812MDT 
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FIG. 3 Schematic Drawing of the Donut Hammer and Safety 
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then sampling when the desired depth is reached shall not be 
permitted. The continuous flight solid auger method shall not 
be used for advancing the borehole below a water table or 
below the upper confining bed of a confined non-cohesive 
stratum that is under artesian pressure. Casing may not be 
advanced below the sampling elevation prior to sampling. 
Advancing a borehole with bottom discharge bits is not 
permissible. It is not permissible to advance the borehole for 
subsequent insertion of the sampler solely by means of 
previous sampling with the SFr sampler. 

h.4 The drilling fluid level within the borehole or hollow-
stem augers shall be maintained at or above the in situ 
groundwater level at all times during drilling, removal of drill 
rods, and sampling. 

7. Sampling and Testing Procedure 

7.1 After the borehole has been advanced to the desired 
sampling elevation and excessive cuttings have been removed. 
record the eleanout depth to the nearest 0.1 ft 10.030 ml. and 
prepare for the test with the following sequence of operations: 

7.1.1 Attach either split-barrel sampler Type A or B to the 
sampling rods and lower into the borehole. Do not allow the 
sampler to drop onto the soil to he sampled. 

7.1.2 Position the hammer above and attach the anvil to the 
top of the sampling rods. This may be done before the sampling 
rods and sampler are lowered into the borehole, 

7.1,3 Rest the dead weight of the sampler. rods, anvil, and 
drive weight on the bottom of the borehole. Record the 
sampling start depth to the nearest 0.1 ft (0.030 mi. Compare  

the sampling start depth to the cleanout depth in 7 1. If 
excessive cuttings are encountered at the bottom of the 
borehole. remove the sampler and sampling rods fmm the 
borehole and remove the cuttings. 

7.1.4 Mark the drill rods in three successive 0.5-foot (0.15 
in) increments so that the advance of the sampler under the 
impact of the hammer can be easily observed for each (1.5-foot 
10.15 m) increment. 

7.2 Drive the sampler with blows from the 140-lbf (623-Ni 
hammer and count the number of blows applied in each 
0.5-loot (0.15-nil increment until one of the following occurs: 

7.2.1 A total of 50 blows have been applied during any one 
of the three 0.5-foot (0.15-m) increments described in T I -1. 

7.2.2 A total or 1 GO blows have been applied. 

7.2.3 There is no observed advance of the sampler during 
the application of 10 successive blows of the hammer, 

7.2.4 The sampler is advanced the complete 15 ft. (0.45 mt 
without the limiting blow counts occurring as described in 
1.2 I, 7 2 2. or 7 

7.2.5 If the sampler sinks under the weight of the hammer. 
weight of rods, or both, record the length of travel to the 
nearest 0.1 ft f0.030 m), and drive the sampler through the 
remainder of the test interval. lithe sampler sinks the complete 
interval, stop the penetration, remove the sampler and sampling 
rods from the borehole. and advance the borehole through the 
very soft or very loose materials to the next desired sampling 
elevation. Record the N-value as either weight of hammer. 
weight of rods, or both. 
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then 'umrlin~ ''hen the de,ired depth j, n:.1~hc<l ,h;ill 1101 he 
permrtle<l. The continunu' !light solid auger metho<l ,hall not 
be u'cd Im .1<l\'ancing the horehole helm~ a water table or 
heln\\ the upper confining bed of u confine<l non-cohesi\c 
'tratum that j, un<le1 anc,1an pre,sure. Casmg 111.1y nnt be 
,iu\ anced below the s;.11npl111g ele\'aUon prior 10 sampling. 
A1.h ancmg a borehole \\1th bouom di,churge hits '' not 
pe1 mi"1ble. It j, not pcrmi,sible to .1dva1we the hnrehnle for 
'>Ub'ClfUCnt '"'ertmn 111 the s.impler 'olel)· b) 1m:•111' ol 
prnious ,,1mpling \\ilh 1he SPT ~mplei . 

fl~ The dnlling fluid le\\:I '' lll1111 the borehole or holh,\\­
'tem .1ugcr' sh;ill he maintained :11 or ahl•h' lhl.' m sllu 
ground\\ater k\el at all time' <luring Jrilhn!;!. rt>mn\'al of dnll 
rods . ;:imJ 'ampltng. 

7. Sampling and 1btin~ Procedure 

7.1 After the bordmlc ha' heen athunced to the desired 
:.ampling ele' utinn <llld e\ce"i' e cuttmgs h:I\ e hcen renw' ed. 
record the clean1mt depth tn the neare't 0 . 1 It co.cno mJ. and 
prep.ire for the te't "'ith the l"t,l11m mg 'c4ue1h:c of opcra11nn': 

7. 1.1 AllJ...:h cllht:r 'Jllit-h;.1rrd ,,,mpkr · 1~ JX' A m B to the 
'ampling rocJ, and lowc1 in111 the borehole. Do not .11!0\\ the 
,ampler tn drop onto the -.011 l\1 be 'ample<l 

7.1 .2 Po~ition the hammer ahme and .1ttach the Ull\ ii 10 the 
top of the 'amphng. rod~. Tl11' may be dlme bet ore the 'ampling. 
roJ, .ind ':impler are lowered into the borehole. 

7.1.3 Re't the dead v.ei!!hl of the 'umpler. nxh. anvil. and 
dm e weight on the hotlom nl the bnreholc. Record the 
'amphng 'tan <lepth to the neare'l 0.1 It ((),O.'O 1111 C'C1mpJ.Ie 

~"""'ASW­
"-OVIHS--wl!IAST>I 
N~~ Ot~~ perm..1Ud w&IOul 111;.,IM ''CWTI 1)-($ 

thl! ,,unpltng -.1an depth to the cle.1nou1 cJepch 111 7 I. If 
e\ce"i'e cumng., .ire encountered ut the bullllln ol thl! 
horeholt'. remove the -..unplcr und ... amplin~ rod' Imm the 
horehl>lc and remove the cutting,. 

7.1.-t \larl.. the drill rnds in three successl\e OS folll lltl.5 
ml in...:n:ments ,o th::tt the advance nl the ... ampler under the 
impact ol the hammer can be c<hily observed lor ead1 ll 'i-h>tll 
10.15 m I inaement 

7.2 Dnh· the ... ampler \\llh hlow' lrom thl' 1-tO-lhf ttt2' -~J 

hammer .ind 1.•oulll the number of blow' upplicd m t•ach 
0.5-1001 I0.15-mJ mnement until one 11r the follm\ mg o~'cur,· 

7.2 I A tCltal nl 50 bl1m ~ ha\c been upplied dunng an~ one 
ol the lhrcl.' llSfnnl <0.15-mJ increment'> desnihed rn ~I I. 

7.2.2 A tota l of 100 hlow ... h~i\e heen apphc<l. 

7.2.J There i~ no nh,cr\'ed ad\ .ince ol the 'Jmpler dunng 
thl' .1pphcauon or I 0 'ucce"h e hhl\\\ of the hammer. 

7.2 4 The 'ampler i-. advanced the complete 1.5 fl . (fl ~5 m1 
"nhout the limitmg hlow count ... occurring "' dt>,cnbed m 

7 ~ •. or 7 2 '· 
... 2 " II the 'ampler 'ink.., under the weight nl the h.11nmer. 

\\C1~ht nl rod,, or both. record the length ot Ua\cl to the 
ne.1re-.t 0.1 It (0.030 111), and d.rl\e the ,,1111plcr through the 
remainder of the l~'l mten al. I I the -.ampler 'ink' the rnmpktc 
inten al. 'top the penetrntion, remme the 'ampler and sampling 
flkl, I rnm the borehole. and ad' ;1111.:e the horehole chrough the 
\Cry ... 111t or \Cl) lno-.e material' tn the ne\t de,ired ... amphng 
elc\~ltinn . Record the ,\'-~ulue ·" either \\.eight of hammer. 
weight of rmh. or both 
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FIG. 4 Automatic Trip Hammer 

7.3 Record the number of blows (N) required to advance the 
sampler each 0,5-foot t0.15 m) of penetration or fraction 
thereof_ The first 0.5-foot )0.15 m) is considered to be a seating 
drive. The sum of the number of blows required for the second 
and third 0.5-foot (0.15 mi of penetration is termed the 
"standard penetration resistance," or the 'IV-value' If the 
sampler is driven less than 1.5 ft (0.45 m), as permitted in 
7  2_1, 	1. or 7  2.1, the number of blows per each complete 
0.5-foot (0.15 mt increment and per each partial increment 
shall be recorded on the bonng log. For partial increments. the 
depth of penetration shall he reported to the nearest 0.1 ft 
(0.030 m1 in addition to the number of blows. if the sampler 
advances below the bottom of the borehole under the static 
weight of the drill rods or the weight of the drill rods plus the 
static weight of the hammer, this information should he noted 
on the boring log. 

7.4 The raising and dropping of the 140-1b1 (623-N) ham-
mer shall be accomplished using either of the following two 
methods. Energy delivered to the drill rod by either method can 
be measured according to procedures in Test Method 11 4(131, 

7.4.1 Method A—By using a trip. automatic, or semi-
automatic hammer drop system that lifts the 140-lbf (623-N) 
hammer and allows it to drop 30 = 1.0 in. (0.76 ni 0.030 m) 
with limited unimpedence. Drop heights adjustments for auto-
matic and trip hammers should be checked daily and at first 
indication of variations in performance. Operation of automatic 
hammers shall be in strict accordance with operations manuals. 

7.4.2 Method B—By using a cathead to pull a rope attached 
to the hammer. When the cathead and rope method is used the 
system and operation shall conform to the following: 

7,4.2,1 The cathead shall be essentially free of rust. oil, or 
grease and have a diameter in the range of 6 to 10 in. (150 to 
250 mm). 

7.4.2.2 The cathead should he operated at a minimum speed 
of rotation of 100 RPM. 

7.4.2.3 The operator should generally use either 1-3/4 or 
2- 1/4 rope turns on the cathead. depending upon whether or not 
the rope comes off the top (1-314 turns for counterclockwise 
rotation) or the bottom (2-1/4 turns for clockwise rotation) of 
the cathead during the performance of the penetration test. as 
shown in Fig. I. It is generally known and accepted that 2-3/4 
or more rope turns considerably impedes the fall of the hammer 
and should not be used to perform the test. The cathead rope 
should be stiff, relatively dry, clean, and should he replaced 
when it becomes excessively frayed. oily. limp, or burned. 

7.4.2.4 For each hammer blow. a 30 	1.0 in. (0.76 m 
0.030 m) lift and drop shall be employed by the operator. The 
operation of pulling and throwing the rope shall be performed 
rhythmically without holding the rope at the top of the stroke_ 

Nan, 4—If the hammer drop height is something other than 30 

in. 10 7h m 0.030 mt. then record the new drop height. For soils other 

than sands, there is no known data or research that relates to adjusting the 
N-salue obtained tram different drop heights. Test method t 

provides intimnation on making enemy measurement for variable drop 
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FIG. 4 Automatic Trip Hammer 

7.3 Rel'ord the numher ot hlu"'' 11\'J re4uired tn ad\.anl·e the 
,,1rnpkr ea1.:h !) 5-foot 10 15 1111 ut penetration or traction 
thereol fhl· tir-.i 0.5 foot ({) 15 1111 ., con .. idered to be a 'eating 
drl\e. rhe 'um llf the number ot blo .... , required fill the ... ernnd 
.ind third 0.5·h>tlt 10.15 m I ,11 penetration 1 termed the 
•·,randard penetration re,1,t<1m:e. or the .. \ .\alue:· II the 
'ampler i' dri\l.:n Jc-,, than I 'i h ({1.45 ml ... , ~·rmntcd 111 

~ I. ~ . 111 ~ 1. the numher ol him" per l'.1rh complete 
U.5-tom Ill 11 nll 1ncrcmcnt and per each part1.1l inen:mc11t 
,h,111 he re.:or<lcJ nn thL honng lo!! . for pa111al tn1:rcmcn1,, the 
depth of penetration ,hall he repnned 10 the ncarc't 0.1 lt 
(0.0.'0 1111 111 addn1011 111 the number nf hll>w,. II the 'ampler 
:ttl\am:e" hclov.- the hotlllm ol the borehole under the 'talll' 
\1eight 111 the drill rmh 01 the weight of the drill rod' plu-. lhL' 
'tatic \1dght ol the hammer. 1h1 ... 111forrna11011 'hould he nnted 
1,11 the h1>ring log. 

7A The r;ii,mg and dropping of the 1-10-lhf <623 '\) ham­
mer 'hall be .1c1:11mpli,hcd u'ing either or the l11llu\11ng two 
111eth1>J,, Em~rg) c.Jeli' ercd 1e1 the drill r\ld h\ either method c:in 
he mea,urcd an.:nrding tn procedure' 111 'k't \letl11>d D 4(•' '· 

7.4. 1 Hetlwd tl-B~ u ... ing a trip. .1utomat1c. 1ir 'e1111 
automatic h.1mmer drop 'Y'tcm that hfh the 1-IO·lhf 162\ '\) 
hammer and allm" it to drop 30 = 1.0 in. (0.76 m :!: 0.010 1111 

w11h lim11ed unimpedence. Drop height' aJju,11111:nh tor :1uto· 
mati.: and tnp hanrn1cr' 'hould he checked dJily and at liN 
111d1c.1tmn 11t v.1riation' in performam:e. Operation ot autom.111c 
h.1111111L''" 'hall he in 'tri1:t .11.:cordance \11th upcrauon' manuah. 

Cooy•.goil ASTl,ll-
~"'°O toy 11$ ~ "-* "' l1\ ASn~ 
N" ·~ 0tf'letaOl'!f'IQ' Otf"Nlled ~I ht~ ,.am *iS 

,., 

/A.2 1/t>thotl H-B) u .. ing a .:athe.1d to pull a rope .1ttached 
to the hanuner. When the catheml and rnpc method 1~ u,eJ the 
')'tern and operation 'hall contnrm to the lollC1wmg· 

7.-t.2. I The t.athead 'hall be e~'en11al1) tree ot' ru,t, 011. or 
grea'e and ha\ c a diameter in the r.ingc ot h to IO 111 . ( 1511 111 

250 mm). 
7.-l.2.2 The cathead 'hnuld be operated ma mmimurn '~ed 

nl rot.1tion ot 100 RP:'-1. 
7 -I 2.3 The opcralllr ,110ukl genc1 all) u'c eith1:r 1-314 or 

2-114 rope turn' on the cathcad. depending upon "hcthcr or not 
the rupe n1me' off thl'. top 11-3/4 turn' for 1:ounterdm:kw 1-.e 
rototllonl or the hot111m (2-1/-1 turn-. tor d1x.k\\i'c nn.1110111111 

the cathead dunng the perlormance 111 the penetratmn tc't. ·'' 
'h1mn in I tg I It j, genl!rall) kmm n .md .tt-repted th.it 2-J/-I 
nr more rope turn' t•on,1derabl) impede-. the fall 11f the h.unmcr 
and 'hould not he U\l!d to perform the te't. fhe emhead rope 
'hnuld be 'till, relall\CI) Jr), dean. and ,hould be replaced 
when it bccoml!\ e:<ce,-.1\cl) lra~ed. ml). hmp. m burned . 

7.-l.2.4 for c.tch hamnwr blm\. a 30 =: 1.0 in. t0.76 m =: 
0.030 111) lilt and Jrop 'hall he emplo}Cd h) thl' 11per;1tor rfll: 
01~r:ition of pulling and throwing the rope 'hall be perlurnwd 
lit} 1hm1call) v.nhout holding the rope ,11 the top nl the ~trnke. 

:\on -1-lf lh<· hammer drop h~1i:h1 '' snmdlung 111hcr 1h"n <o • I 0 
m 10 71> m :: 0 <JlO 1111. 1h.:n record 1hc new drop hc1i;l11 hlJ \rnh orhcr 
1h.m !.:!nJ,, lhcrl' 1~ m> !..mm n Ja1a or f\.'<l'.llth 1h;11n:J:111•s111 ud1u,1mg lhc 
v.,uful' oh1;11ncd Imm d1ll.:r.:nt Jror h.:1~l1h f,·,1 mc1h1xl I> r • 
pr0\1d.:' 111torma11<m on makmi,: energy llll'a,urc111cn1 ln1 \,1rrnhll• drop 

UC-- VA.~llfl0458008 U....C.'10" lJU 
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heights arid Practice I) onho provides information on adjustment of 
*value to a constant energy level MI. of theoretical, Nlidt. Practice 

allows the hammer drop height to be adjusted to provide 601:-
energy 

7.5 Bring the sampler to the surface and open. Record the 
percent recover to the nearest I % or the length of sample 
recovered to the nearest 0.01 ft (5 mm). Classify the soil 
samples recovered as to, in accordance with Practice I) 2488. 
then place one or more representative portions of the sample 
into sealable moisture-proof containers (jars) without ramming 
or distorting any apparent stratification. Seal each container to 
prevent evaporation of soil moisture. Aflix labels to the 
containers bearing job designation. boring number, sample 
depth. and the blow count per 0.5-foot (0.15-in) increment. 
Protect the samples against extreme temperature changes. It 
there is a soil change within the sampler. make a jar for each 
stratum and note its location in the sampler barrel Samples 
should be preserved and transported in accordance with Prac-
tice 1") 1221:1 using Group B. 

8. Data Sheet(s)/Forrnisi 

8.1 Data obtained in each borehole shall be recorded in 
accordance with the Subsurface Logging Guide D 5,1i4 as 
required by the exploration program. An example of a sample 
data sheet is included in Apperidi‘ N I. 

8.2 Drilling information shall be recorded in the field and 
shall include the following! 

8.2.1 Name and location of job. 
8.2.2 Names of crew. 
8 2.3 Type and make of drilling machine. 
8.2.4 Weather conditions. 
8.2.5 Date and time of start and finish of borehole. 
8.2.6 Boring number and location (station and coordinates. 

if available and applicable). 
8.2.7 Surface elevation. if available. 
8.2.8 Method of advancing and cleaning the borehole, 
8.2.9 Method of keeping borehole open. 
8.2.10 Depth of water surface to the nearest 0.1 ft (0.030 m) 

and drilling depth to the nearest 0.1 ft (0.030 m) at the time of 
a noted loss of drilling fluid, and time and date when reading 
or notation was made. 

8.2.11 Location of strata changes. to the nearest 0.5 ft (15 
cm). 

8.2.12 Size of casing. depth of cased portion of borehole to 
the nearest 0.1 It (0.030 m). 

8.2.13 Equipment and Method A or B of driving sampler. 
8.2.14 Sampler length and inside diameter of barrel. and if 

a sample basket retainer is used. 
8.2.15 Size, type. and section length of the sampling rods. 

and 
8.2.16 Remarks. 
8.3 Data obtained for each sample shall be recorded in the 

field and shall include the following: 
8.3.1 Top of sample depth to the nearest 0.1 ft (0.030 mi 

and. if utilized. the sample number. 
8.3.2 Description of soil. 
8.3.3 Strata changes within sample. 
8.3.4 Sampler penetration and recovery lengths to the near-

est 0.1 ft (0.030 in), and 
8.3.5 Number of blows per 0.5 foot (0.015 ni) or partial 

increment. 

9. Precision and Bias 

9.1 Precision—Test data on precision is not presented due 
to the nature of this test method. It is either not feasible or too 
costly at this time to have ten or more agencies participate in 
an in situ testing program at a given site. 

9.1.1 The Subcommittee 18.02 is seeking additional data 
from the users of this test method that might he used to make 
a limited statement on precision. Present knowledge indicates 
the Following: 

9.1.1.1 Variations in N-values of 1(X)% or more have been 
observed when using different standard penetration test appa-
ratus• and drillers for adjacent boreholes in the same soil 
formation. Current opinion, based on held experience. indi-
cates that when using the same apparatus and driller. N-values 
in the same soil can be reproduced with a coefficient of 
variation of about 10 %. 

9_1.1.2 The use of faulty equipment. such as an extremely 
massive or damaged anvil, a rusty cathead. a low speed 
cathead, an old, oily rope. or massive or poorly lubricated rope 
sheaves can significantly contribute to differences in N-values 
obtained between operator-drill rig systems. 

9.2 Bias—There is no accepted reference value for this test 
method. therefore, bias cannot be determined. 

10. Keywords 

10.1 blow count: in-situ test: penetration resistance: soil: 
split-barrel sampling; standard penetration test 

Copy.0,1 ASTV III 
12" 111a uncir leonee.rtl. 
	

Lcs.sev.4-14..clan '0/05212.0.15110:10. 	 Lisa 
N. nr2.26.41.2. P .olwom.ilm.molle.1withoul !mann hum MIS 

	
Nil t¢Rasie 24111,20212 S15 Cle 12 16101 

0D1586-08 

h~1i;h1' anJ PtJd1C<' I) 6(11 h I'"'' iJes inrorm~rwn ''" 11d1u,trn.:nt 111 
1\ ·\ illlll' hl a u,n,lant l'tlCljl)' ,..., d Hi) 'II ••I thrurcll\.'al, :-<1101. P1;id1cc: 
I 11t1lr11 nllcm' lhl' h.111111w1 Jrcip h••1gh1 h• I>.: 1uJ1u,1c:J tu pm\ 1Jc <lo 'i{ 
C:llCIJ;) 

7.5 Hnng the ,,1mplcr tn the 'urlal·e and orcn. Record Lhe 
pcrcl'nt rei:o' Cf) !{l the nean:'t I ', or the length of ... ample 
n:unered to the neare't 0.01 tt 15 mm). Cla"i('t the ... nil 
,,1mpll'~ recoH~rcd J' tn, in :.i.:cc•rdanl·e with Prac1ice I) 24SS, 
then place one or more fl'prc,entati\e pon1un' ol the 'ample 
111111 ~.1lahlt' 111111,iure prriof l'Unta1ner-; (jar' l '' ithout ramming 
or d1,tor11ng Jll) .1pp:11 cnt 'Halilic:ttion. Sc.11 e•tl'll l Ontainc1 tu 
prc,ent c\·aporat11111 of 'oil moi-.ture. Alfi\ label' to the 
(1mt.11nc::r' hearing j<ih dc,1gn.lllllll. h11n11g numher, ... t1mple 
depth. and the hl11\\' i.:11u111 per 0.5· h>Ol IO I 5·1111 increment. 
l'n1tect the ,;unple' agat11't e\treme tcmrcrature change,. lt 
there '' a 'oil d1angc withrn the 'ampler. m:il;c- a pr for e.1ch 
'tratum .md note ih location in the 'ampler h.im:I c;;unple' 
'hould b.: pre,en ed and tran ... poned 111 accord.incc w 11h Pr<1c­
tice () ,rno u'mg Group B. 

8. Data Shl'elh J/Form(~) 

S DatJ obtained 111 eJch borehole 'h:ill hl' recorded m 
acco1dancc \\.Ith the Su~,urlacc- Loggme Guide D ~!! ~4 "' 
required h~ the e\plur.111011 pro~ram. An c\amplc nf a 'ample 
data 'heet '' mcludcd 111 Appcndr\ XI. 

li .2 Dnlhng mlmmation 'hall be recorded in the held and 
,11:111 include the fo llowmg 

X.2 I 'lumc and lnc;iuon of j11h. 
S.2 2 \i,1me' 111 ..:re\\ 
8.2 ~ l) pc and mt1J...c ol dnlhng m.Khmc. 
S.2 -t Weather c1111d1l 1l1ns. 
S.2.5 D.uc .ind tune nl 't:in and hn1'h 1>f hnrehnle. 
8.2.tl Bonng 11u111hc1 und loc:1111111 ('tat11111 and i:oordmat..:.,, 

11 ~1' all.1hle and apphl.;1ble J. 
S.2 .., Surtan~ t!lc\ .111011. II J\ atlahle. 
S.2 '> :\lethod ol ad1 •tndng and cleaning the borehole. 
S.2 q \ lethod nl J...cep1ng hllreholc 1lp..:n. 
~.2. 10 Depth nf wate1 ... urt,1l'e to the neare't 0. 1 It (ll.1130 ml 

.md dnllmg depth tn the neare't ll.I ft (U.030 ml at the time nl 
J rwted Jo,, 111 drill ing llu1d. anJ time nnd date when read111g 
111 r11lt<111on \I a' made. 

8 2.11 L1K':ttion ol 'trata 1..·hange .... to the neare't 0.5 fl ( 15 
..:ml. 

1\,2 I::! '"i11e ul C<.l\rllg depth nr 1..·a,cd poninn nl bnn:hole l1) 
the neare't 01 It10010 111). 

~ASTl.t~-' 
~t....IHS~lanN•.inASTM 

Ne) t*'PfOCk;Cl~ 01 ~ perrndfiid .,.,!UQ,I keNe l\'Oln NiS 

., 

1\.2. I ' Cquipment anu .\let hod A 11r B ut dm mg ':11nple1. 
S.2.1-t Sampler length and 1n ... ide d1mnctcr ol barrel. amt 11 

a ... ample ha ... ket ret.11ner 1' lM~d. 
~ 2. 15 l\tl'c. type and ... ccLi1m length 11! the ... ampltng rod,, 

und 
S.2. 16 Remark,. 
~.3 Data ohtained for each .... unplc ... hall hl' rcc111deJ 111 the 

ltcld and 'hall mduJe the lnllcl\\ ing: 
8.3. 1 Tur of 'ample depth to the neare\l II. I n ~o.mo Ill I 

anJ. if' u1tli1ed. the ... ample number. 
S.3 2 D..: ... 1..nptinn of ... oil, 
XJ ' Str:1tJ d1ange' \\ ithin ... ample. 
X.3 -t '°lJmplcr pcn.:tr;1ti11n ::md 1ecm ..:I} length' tll thl' ne:ir­

c t 0.1 II !O 010 ml. Jlld 
X.35 '\umher ot hhm~ {l\!r 0.5 loot \0.015 1111111 pan1al 

mcremcnt 

9. Preci,ion and Bia!. 

lJ I P1tTt11rm-·1e,1 data lln prec1,mn i' 1101 pre ... cnted due 
to the nature 11f th1-. te'l method. It 10, either not lea,1hlc or too 

c1htl) at th1' lime to ha\c 1cn 1•r more agenc1c., p;111K·1pa1c 111 

an in ,jiu 1e .. 11ng pmgram at .1 giH::n 'ite. 
9 I . I The '>uhcornm1ttee I X.02 '' 'eeking udditior1JI datu 

from the u ... er ... nt thi' te't method that rn1!?ht he u ... ed tn nwJ..e 
a ltmited ,t,ttemc.:nt on pre.:1,111n. Pre,ent knowledge 1111hc:11c-. 
tht! tollm~ 1ng 

Q, 1. I I Vanatton' in \ '.1lue' of I 00 '·'< or mnrc- ha' c hecn 
uh,cn·ed '' hen using d1tlercnt ... wndard penctrat1n11 te't app<i · 
ratu.,. and dn llcr' for .1djacent borehole' m the 'a me '011 
101111.1111111 . Current upinion . ha,ed on held C\p..:ricncc, 111di­
ca1<•, that \\hen u,1ng the ,,1111c .1pparatu' and driller. N-\;1lue' 
111 thc 'amc -.oil can be rep1 odu~>ed '' ith a l·C1clfll't1.•nt ot 
,·ari:11 i1in 11f ahnut Ill '1' 

() I l.2 The u'i: ol J,1111!~ e11111p111ent. '111.:h a' an c·uremel) 
mt1.,,i, e 1ir damaged JO\ 11. a ru't) 1:.ithe<1u .• 1 hm si-,.:cd 
cathe.1d, Jn old. oil) rope. or m.1 ...... 1vc or poorly luhnc:ated rope 
'hea~e' can '1g111 ticantly contrihute to d1tlere 11l'C' m V-\',tlue' 
ohtamcd between operato1-dnll rig :-.}'tern,, 

9.2 /li111-Thcre i-. no .1cceptcd relercni:e \ialui: lor th" tc~t 
meth1xf. therefore. hrn' l''lnnot he determined. 

111. Kc) "ord' 

I 0.1 hlnw cnunt; 111-~11u teM penetratmn rc"'tarll.:e; \!>ti. 

... pltt·harrel 'ampltng: 'tan<lard pcnetrauon tc't 

Lbnueatt.tmoon, \l"~S8008. ~atte· Ltu 
t<ol lot R- ~ t1'2008 08 Oii " "OT 
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APPENDIX 

(Nonmandatory Information) 

Xl. Example Data Sheet 

X I . I See Fig. c. 
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SUMMARY OF CHANCES 

Committee 1)18 has identified the location of selected changes to this standard since the last issue 
ID 1586 -99) that may impact the use of this standard. (Approved February 1. .2008.1 

f 11 There have been numerous changes to this standard to list 
them separately. From the most recent main ballot process. 
additional changes were requested and incorporated into this 
newest revision. Stated below is a highlight of some of the 
changes. 
(2) Scope was completely ro. ised. 
1) Reterenced Documents updated to include new standards. 

14) Terminology: added section on Definitions. 
(5) Significance and Use: clarified use of the SPT test. 
(6) Apparatus: general editorial changes. 
( 71 Sampling and Testing Procedure: general editonal 
changes. 
(8) Data Sheets/Forms: general editorial changes. 
(9I Precision and Bias: added Sections 	1.1.1 and 9 1 1 

ASTM International lakes no position respecting the validity of any patent rights asserted in connection with any Item mentioned 
this standard Users of this standard are expressly advised Mat determination of the validity of any such patent rights and the nsk 

of infringement of such tights, are entirely their own reSporrSibility 

This standard is subject to revision al arty tome by the responsible technical committee and must be reviewed every live years and 
it not revised, either reapproved or withdrawn. YOU, comments are invited either for revision of this standard or for additional standards 
and should be addressed to ASTM OntemabOnal Headquarters Your comments will receive care/id consideration at a meeting of the 
responsible technical committee, yawl, you may attend. If you feel Thar your comments have not received a tau hearing you should 
make your views known to the ASTM Committee on Standards, at the address shown below 

This standard rs copyrighted by ASTM International, 100 Barr Harbor Dave. PO Box C700. West Conshohocken, PA 19.4284959. 
united Slates individual reonnis (single or multiple copies) of this standard may be obtained by contacting ASTM at the above 
address or at 610.632-9585 iphonel. 610.832-9555 ilex,. or serviceeaStin org le-mart); or through the ASTM website 
wiiwv astm en) 
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Sl 1\1\I \RV Ol• CH\ "GES 

l 11n1111111t.•e DI lo{ h;i, identilicJ 1he loca11on ol 'ckcteJ chan!!c' Ill 1hi' :.tanJard :.tnce !he (a,l 1•-...ue 
fl> I "'86 - lJ1>1 1h.11 ma) impal.'.'t the tN'. 111 1l11s 'rnml.ml f Apprm cd Fehruary 1. 2008.) 

I I) l'ht•re ha1 l' hcen numcrou' change' 10 th1' ,l,trHford 10 fa,l 
them 'cp:1ratcl~. From !he 1110,t recent main ballllt pr1k' C!>:.. 

.iJJi1io11;1l change ... were n:que,teJ and inc11rpora1cd inw 1hi, 
nc\\ e'l re\ ''inn <>1atcd b..:1011 '' a htghhght 111 '0111c of !he 
chan< _., 

C..J) I erm11111log}: Jddcd 'cct11111 11n Dctl11it1011' 
(51 Signilicancc and u.,c; climhed u'c of the SPI ll'''­
(61 ·\ppJratu': general ediwnal change .. . 
I .,l Sampling and Tc,tinp Pn1cedure: pcnual edi111rrnl 
change' 

(2 l "ic1•pt• """ cornpk1el~ rc1 i'Cd. 18> Data Shcci...trom1' gcn..:ral cduorial change' 
( I Rt:krcnccd Don1111ent' upd:lft•d to rndutlc nc11 'l<mtlar,h, (I/) Preu,1011 .1mJ l31a' .1ddc:d Sc..:111111., 9 I I and I I ' 

Coow1"J'lf ASlM I~ 

ASTM lntemat.onal takes no oos11'°" tespecting the vnlld1ty of any oatem ngh;s asserred m connecilOll w•m eny item mt1nt1oned 
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Table 1 
EXAMPLE SOIL DESCRIPTIONS 

POORLY GRADED SAND (SP), light brown, moist, loose, fine sand size 

FAT CLAY (CH), dark gray, moist, stiff 

SILT (ML), light greenish gray, wet, very loose, some mica, Lacustrine 

WELL-GRADED SAND WITH GRAVEL (SM), reddish brown, moist, dense, subangular 
gravel to 0.6 inches max 

POORLY GRADED SAND WITH SILT (SP-SM), white, wet, medium dense 

ORGANIC SOIL WITH SAND (OH), dark brown to black, wet, firm to stiff but spongy 
undisturbed, becomes soft and sticky when remolded, many fine roots, trace of mica 

SILTY GRAVEL WITH SAND (GM), brownish red, moist, very dense, subrounded gravel to 
1.2 inches max 

INTERLAYERED SILT (60 percent) AND CLAY (40 percent): SILT WITH SAND (ML), 
medium greenish gray, nonplastic, sudden reaction to shaking, layers mostly 1.5 to 8.3 inches 
thick:, LEAN CLAY (CL), dark gray, firm and brittle undisturbed, becomes very soft and sticky 
when remolded, layers 0.2 to 1.2 inches thick 

SILTY SAND WITH GRAVEL (SM), light yellowish brown, moist, medium dense, weak gravel 
to 1.0 inches max, very few small panicles of coal, fill 

SANDY ELASTIC SILT (MI-1), very light gray to white, wet, stiff, weak calcareous cementation 

LEAN CLAY WITH SAND (CLIMH), dark brownish gray. moist, stiff 

WELL-GRADED GRAVEL WITH SILT (OW-GM), brown, moist, very dense, rounded gravel 
to 1.0 inches max 
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Table 1 
EXAMPLE son, DESCRIPTIONS 

POORLY GRADED SAND (SP), light brown, moist., loose, fine sand size 

FAT Cl.AY (CH), dark gray, moist., stiff 

Sll..T (ML), light greenish gray, wet., very loose, some mica, lacustrine 

WELL-GRADED SAND WITH GRAVEL (SM). reddish brown, moist., dense, subangular 
gravel to 0.6 inches max 

POO~Y GRADED SAND WITH Sll..T (SP-SM), white, wet., medium dense 

ORGANIC SOU.. WITH SAND (OH), dark brown to black, wet., firm to stiff but spongy 
undisturbed, becomes soft and sticky when remolded, many fine roots, trace of mica 

Sll..TY GRAVEL WITH SAND (GM), brownish red, moist., very dense, subrounded gravel to 
1.2 inches max 

INTERIAYERED Sll..T (60 percent) AND Cl.AY (40 percent): Sll..T WITH SAND (ML), 
medium greenish gray, nonplastic, sudden reaction to shaking, layers mostly 1.5 to 8.3 inches 
thick; LEAN Cl.A Y (CL), dark gray, firm and brittle undisturbed, becomes very soft and sticky 
when remolded, layers 0.2 to 1.2 inches thick 

SIL TY SAND WITH GRAVEL (SM), light yellowish brown, moist, medium dense, weak gravel 
to 1.0 inches max, very few small particles of coal, fill 

SANDY ELASTIC SILT {MH), very light gray to white, wet, stiff, weak calcareous c.ementation 

LEAN CLAY WITH SAND (CUMH), dark brownish gray, moist, stiff 

WELL-GRADED GRAVEL WITH SILT (GW-GM), brown, moist., very dense, rounded gravel 
to 1.0 inches max 

: . 

SF032ft)I0.50 



Table 2 
CRITERIA FOR DESCRIBING MOISTURE CONDITION 

Description 	 Criteria 

Dry 	 Absence of moisture, dusty, dry to the touch 
Moist 	 Damp, but no visible water 
Wet 	 Visible free water, usually soil is below water table 

Table 3 
RELATIVE DENSITY OF COARSE-GRAINED SOIL 

(Developed from Sowers, 1979) 

Relative 
Blows/Ft 	 Density  

0-4 	 Very loose 

5-10 	 Loose 

11-30 	 Medium 

31-50 	 Dense 

>50 	 Very dense 

Field Test 

Easily penetrated with 1/2-in. steel rod pushed 
by hand 

Easily penetrated with 1/2 -in. steel rod pushed 
by hand 

Easily penetrated with 1/2-in. steel rod driven 
with 5-lb hammer 

Penetrated a foot with 1/2-in. steel rod driven 
with 5-lb hammer 

Penetrated only a few inches with 1/2-in. steel 
rod driven with 5-lb hammer 

Table 4 
CONSISTENCY OF FINE-GRAINED SOIL 

(Developed from Sowers, 1979) 

Blows/Ft Consistency 

Pocket 
Penetrometer 

(TSF) 
Torvane 
(TSF) Field Test 

<2 Very soft <0.23 <0.12 Easily penetrated several inches 
by fist 

2-4 Soft 0.25-0.50 0.12-0.25 Easily penetrated several inches 
by thumb 

5-8 Firm 0.50-1.0 0.25-0.5 Can be penetrated several inches 
by thumb with moderate effort 

9-15 . Stiff 1.0-20 03-1.0 Readily indented by thumb, but 
penetrated only with great effort 

16-30 Very stiff 2.0-4.0 1.0-2.0 Readily indented by thumbnail 

>30 Hard >4.0 >2.0 Indented with difficulty by 
thumbnail 

Description 

Dry 
Moist 
Wet 

Blows/Ft 

()...4 

5-10 

11-30 

31-50 

>50 

Blows/FL 

<2 

2-4 

5-8 

9-15 

16-3b 

>30 

Table 2 
CRITERIA FOR DESCRIBING MOISTURE CONDmON 

Criteria 

Absence of moisture, dusty, dry to the touch 
Damp, but no visible water 
Visible free water, usually soil is below water table 

Table 3 
REU.TIVE DENSilY OF COARSE-GRAINED SOIL 

(Devdoped from Sowers, 1979) 

Relative 
Density Field Test 

Very loose Easily penetrated with ~-in. steel rod pushed 
by hand 

Loose Easily penetrated with Vi-in. steel rod pushed 
by hand 

Medium Easily penetrated with Vi-in. steel rod driven 
with 5-lb hammer 

Dense Penetrated a foot with !n-in. steel rod driven 
with 5-lb hammer 

Very dense Penetrated only a few inches with Vi-in. steel 
rod driven ·with 5-lb hammer 

Table 4 
CONSISTENCY OF FINE-GRAINED SOIL 

(Developed from Sowers, 1979) 

Pocket 
Penetrometer Torvane 

Consistency (TSF) (I'SF) Field Test 

Very soft <0.25 <0.12 Easily penetrated several inches 
by fist 

Soft 0.25-0.50 0.12-0.25 Easily penetrated several inches 
by thumb 

Fmn 0.50-1.0 0.25-0.5 Can be penetrated several inches 
by thumb with moderate effort 

Stiff 1.0-2-0 0.5-1.0 Readily indented by thumb, but 
penetrated only. with great e(fort . 

Very stiff .2.0-4.0 1.0-2.0 Readily fodented by thumbnail 

Hard >4.0 >2.0 Indented with difficulty by 
thumbnail 
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STANDARD OPERATING PROCEDURE 

Shallow Soil Sampling 

I. Purpose 

To provide general guidelines for the collection and handling of surface soil samples 
during field operations. 

II. Scope 

The method described for surface soil sampling is applicable for loosely packed 
earth and is used to collect disturbed-soil samples. 

III. Equipment and Materials 

 Sample jars. 

 A hand auger or other device that can be used to remove the soil from the 
ground.  Only stainless steel, Teflon, or glass materials should be used.  The only 
exception is split spoons, which are most commonly available in carbon steel; 
these are acceptable for use only if they are not rusty. 

 A stainless steel spatula or disposable plastic scoop should be used to remove 
material from the sampling device. 

 Unpainted wooden stakes or pin flags 

 Fiberglass measuring tape (at least 200 feet in length) 

 GPS Unit (if available) 

IV. Procedures and Guidelines 

A. Wear protective gear, as specified in the Health and Safety Plan. 

B. To locate samples, identify the correct location using the pin flags or stakes.  
Proceed to collect a sample from the undisturbed soil adjacent to the marker 
following steps C and D.  If markers are not present, the following 
procedures will be used. 

1. For samples on a grid: 

a. Use measuring tape to locate each sampling point on the first 
grid line as prescribed in the sampling plan.  As each point is 
located, drive a numbered stake in the ground and record its 
location on the site map and in the logbook. 
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b. Proceed to sample the points on the grid line. 

c. Measure to location where next grid line is to start and stake 
first sample.  For subsequent samples on the line take two 
orthogonal measurements: one to the previous grid line, and 
one to the previous sample on the same grid line. 

d. Proceed to sample the points on the grid line as described in 
Section C below. 

e. Repeat 1c and 1d above until all samples are collected from the 
area. 

f. Or, a GPS unit can be used to identify each location based on 
map coordinated, if available. 

2. For non-grid samples:  

a. Use steel measuring tape to position sampling point at 
location described in the sampling plan by taking two 
measurements from fixed landmarks (e.g., corner of house and 
fence post). 

b. Note measurements, landmarks, and sampling point on a 
sketch in the field notebook, and on a site location map. 

c. Proceed to sample as described in Section C below. 

d. Repeat 2a through 2c above until all samples are collected 
from the area. 

e. Or, a GPS unit can be used to identify each location based on 
map coordinated, if available. 

C. To the extent possible, differentiate between fill and natural soil.  If both are 
encountered at a boring location, sample both as prescribed in the field 
sampling plan.  Do not locate samples in debris, tree roots, or standing water.  
In residential areas, do not sample in areas where residents’ activities may 
impact the sample (e.g., barbecue areas, beneath eaves of roofs, driveways, 
garbage areas).  If an obstacle prevents sampling at a measured grid point, 
move as close as possible, but up to a distance of one half the grid spacing in 
any direction to locate an appropriate sample.  If an appropriate location 
cannot be found, consult with the Field Team Leader (FTL).  If the FTL 
concurs, the sampling point will be deleted from the program.  The FTL will 
contact the CH2M HILL project manager (PM) immediately.  The PM and 
Navy Technical Representative (NTR) will discuss whether the point should 
be deleted from the program.  If it is deleted, the PM will follow-up with the 
NTR in writing. 

D. To collect samples: 

1. Use a decontaminated stainless steel scoop/trowel or disposable plastic 
scoop to scrape away surficial organic material (grass, leaves, etc.) adjacent to 



ShallowS.doc   
QC and Revised 08/2013 3 

the stake.  New disposable scoops or trowels may also be used to reduce the 
need for equipment blanks. 

2. If sampling: 

a. Surface soil: Obtain soil sample by scooping soil using the augering 
scoop/trowel, starting from the surface and digging down to a depth 
of about 6 inches, or the depth specified in the workplan. 

b. Subsurface soil: Obtain the subsurface soil sample using an auger 
down to the depths prescribed in the field sampling plan. 

3. Take a photo ionization detector (PID) reading of the sampled soil if organics 
are anticipated to be present and record the response in the field notebook.  
Also record lithologic description and any pertinent observations (such as 
discoloration) in the logbook. 

4. Empty the contents of the scoop/trowel into a decontaminated stainless steel 
pan or dedicated sealable bag. 

5. Repeat this procedure until sufficient soil is collected to meet volume 
requirements. 

6. For TCL VOC and field GC aliquots, fill sample jars directly with the trowel 
or scoop or specialized sampling equipment (i.e. Encore® or Terra Core® 
sampler) and cap immediately upon filling.  DO NOT HOMOGENIZE. 

7. For TCL pesticides/PCBs and SVOCs, TAL metals, and field XRF aliquots, 
homogenize cuttings in the pan using a decontaminated stainless steel utensil 
in accordance with SOP Decontamination of Drilling Rigs and Equipment. 

8. Transfer sample for analysis into appropriate containers with a decon-
taminated utensil. 

9. Immediately upon collection, all samples for chemical analysis are to be 

placed in a closed container on ice unless it is not possible to do so. Although 

unusual and uncommon, there may be instances where it is not possible to 

have containers with ice at the sample location. In these instances, the 

samples should be placed on ice as soon as practical and during the time 

between collection and placing the samples on ice, the samples should be 

kept as cool as possible 

10. Backfill the hole with soil removed from the borehole.  To the extent possible, 
replace topsoil and grass and attempt to return appearance of sampling area 
to its pre-sampled condition.  For samples in non-residential, unmowed 
areas, mark the sample number on the stake and leave stake in place.  In 
mowed areas, remove stake. 

V. Attachments 

None. 
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VI. Key Checks and Items 

 Use phthalate-free latex or surgical gloves and other personal protective 
equipment. 

 Transfer volatiles first, avoid mixing. 

 Decontaminate utensils before reuse, or use dedicated, disposable utensils. 
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STANDARD OPERATING PROCEDURE 

Packaging and Shipping Procedures for Low-
Concentration Samples 

I. Purpose and Scope 

The purpose of this guideline is to describe the packaging and shipping of low-
concentration samples of various media to a laboratory for analysis.   

II. Scope 

The guideline only discusses the packaging and shipping of samples that are 
anticipated to have low concentrations of chemical constituents.  Whether or not 
samples should be classified as low-concentration or otherwise will depend upon the 
site history, observation of the samples in the field, odor, and photoionization-
detector readings.   
 
If the site is known to have produced high-concentration samples in the past or the 
sampler suspects that high concentrations of contaminants might be present in the 
samples, then the sampler should conservatively assume that the samples cannot be 
classified as low-concentration.  Samples that are anticipated to have medium to 
high concentrations of constituents should be packaged and shipped accordingly.   
 
If warranted, procedures for dangerous-goods shipping may be implemented.  
Dangerous goods and hazardous materials pose an unreasonable risk to health, 
safety, or property during transportation without special handling. As a result only 
employees who are trained under CH2M HILL Dangerous Goods Shipping course 
may ship or transport dangerous goods.  Employees should utilize the HAZMAT 
ShipRight tool on the Virtual Office and/or contact a designated CH2M HILL 
HazMat advisor with questions.    

 

III. Equipment and Materials 

 Coolers 

 Clear tape 

 “This Side Up” labels 

 “Fragile” labels 

 Vermiculite 

 Ziplock bags or bubble wrap 

 Ice 

 Chain-of-Custody form (completed) 

 Custody seals 
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IV. Procedures and Guidelines 

  Low-Concentration Samples 

A. Prepare coolers for shipment: 

 Tape drains shut. 

 Affix “This Side Up” labels on all four sides and “Fragile” labels on 
at least two sides of each cooler. 

 Place mailing label with laboratory address on top of coolers. 

 Fill bottom of coolers with about 3 inches of vermiculite or 
absorbent pads. 

B. Arrange decontaminated sample containers in groups by sample number. 
Consolidate VOC samples into one cooler to minimize the need for trip 
blanks. 

C. Affix appropriate adhesive sample labels to each container.  Protect with 
clear label protection tape. 

D. Seal each sample bottle within a separate ziplock plastic bag or bubble 
wrap, if available.  Tape the bag around bottle.  Sample label should be 
visible through the bag. 

E. Arrange sample bottles in coolers so that they do not touch. 

F. If ice is required to preserve the samples, cubes should be repackaged in 
zip-lock bags and placed on and around the containers.  

G. Fill remaining spaces with vermiculite or absorbent pads. 

H. Complete and sign chain-of-custody form (or obtain signature) and 
indicate the time and date it was relinquished to Federal Express or the 
courier. 

J Close lid and latch. 

K. Carefully peel custody seals from backings and place intact over lid 
openings (right front and left back).  Cover seals with clear protection 
tape. 

L. Tape cooler shut on both ends, making several complete revolutions with 
strapping tape.  Cover custody seals with tape to avoid seals being able to 
be peeled from the cooler. 

M. Relinquish to Federal Express or to a courier arranged with the laboratory.  
Place airbill receipt inside the mailing envelope and send to the sample 
documentation coordinator along with the other documentation. 
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 Medium- and High-Concentration Samples: 

Medium- and high-concentration samples are packaged using the same techniques 
used to package low-concentration samples, with potential additional restrictions.  If 
applicable, the sample handler must refer to instructions associated with the 
shipping of dangerous goods for the necessary procedures for shipping by Federal 
Express or other overnight carrier.  If warranted, procedures for dangerous-goods 
shipping may be implemented.  Dangerous goods and hazardous materials pose an 
unreasonable risk to health, safety, or property during transportation without special 
handling. As a result only employees who are trained under CH2M HILL Dangerous 
Goods Shipping course may ship or transport dangerous goods.  Employees should 
utilize the HAZMAT ShipRight tool on the Virtual Office and/or contact a 
designated CH2M HILL HazMat advisor with questions.    

V. Attachments 

None. 

VI. Key Checks and Items 

 Be sure laboratory address is correct on the mailing label 
 Pack sample bottles carefully, with adequate vermiculite or other packaging and 

without allowing bottles to touch 
 Be sure there is adequate ice 
 Include chain-of-custody form 
 Include custody seals 
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STANDARD OPERATING PROCEDURE 

Aquifer Slug Testing 

I. Purpose and Scope 

The purpose of this procedure is to outline the equipment and methods that will be 
used to perform variable-head tests (“slug” tests) on piezometers and monitoring wells. 
The guidance covers use of both air and solid displacement methods.  

II. Equipment and Materials 

 In-Situ data loggers or equivalent 

 Well-testing assembly 

 packer 

 fittings for pressure transducers 

 fittings for air supply 

 release valve 

 Compressed air 

 Computer and associated equipment 

 Solid displacement device with rope 

III. Procedures and Guidelines 

The tests to be performed are rising head tests.  The tests are accomplished by lowering 
the head of water in the well and monitoring the recovery of the water level to the static 
water level.  The water level will be lowered by one of two methods. One method is the 
use of an air displacement device. Alternatively, a solid displacement device removed 
from the well will be used. 

The air displacement apparatus consists of a packer assembly, fittings to accommodate 
transducers and air pressurization, and a pressure-release valve.  The packer is lowered 
into the upper portion of the monitoring well, secured in place and inflated, providing a 
seal between the apparatus and the inside of the well.  Two fittings are provided for 
pressure transducers: one transducer is fed through the inside of the device and 
positioned below the water surface and the other is inserted to measure the air pressure 
inside the assembly.  A third fitting is connected to the pressurized air supply, a 
compressed air tank. 

The datalogger will be programmed to display the air pressure in units of head, the 
head measured by the submerged transducer, and the difference between the two.  The 
difference between the two pressure transducers is the height of the water column on 
the submerged transducer.  The readings are recorded in a field notebook, and then the 
assembly is pressurized.  The air pressure applied will be equivalent to 3 to 7 feet of 
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head.  The pressures are allowed to stabilize.  The pressure of the air should not lower 
the water level to below the base of the bentonite seal installed in the well. 

Each test is started by releasing the air pressure inside the assembly and allowing the 
water level to rise to the static water level.  When the datalogger perceives a change in 
water level in the well above a preset trigger amount, it automatically begins to record 
the water levels and elapsed time.  Alternatively, the datalogger can be started 
manually just prior to injection of air.  Each test will be terminated when the water level 
has recovered to at least 90 percent of the original equilibrium level before 
pressurization. Note that the test method cannot be used if the well is screened across or 
near the water table. 

An alternate method of lowering the water level is to use a solid displacement device. A 
single transducer will be installed in the well below the water table.  A weighted solid 
displacement device is added to the well and the water level allowed to stabilize at the 
original static water level.  The test is started by rapidly removing the displacement 
device, which causes a drop in the water level.  The data logger begins recording the 
water level and elapsed time when the preset trigger amount is reached. Readings are 
taken as above, and the test stopped when the well has recovered to 90 percent of the 
original level. 

At least two valid tests will be performed in each well. Additional tests will be required 
if there is some evidence that any of the tests were unacceptable. 

At the end of each test, the test results will be transferred to a laptop and the data 
downloaded and checked for preliminary completeness. 

IV. Attachments 

None. 

V. Key Checks and Preventive Maintenance 

 Check that the packer assembly is in good condition and not leaking.  Provide a 
repair kit including tape and clamps.  Take additional packer assembly and other 
spare parts. 

 Check the batteries for the datalogger and computer.  Check that the computer disks 
containing the programs for the datalogger are packed.   

 Check the datalogger calculation of the well hydraulic conductivity at the end of 
each test to determine if these are consistent with expectations. 
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STANDARD OPERATING PROCEDURE 

Soil Sampling 

I. Purpose and Scope 

The purpose of this procedure is to provide guidelines for obtaining samples of surface and 
subsurface soils using hand and drilling-rig mounted equipment. 

II. Equipment and Materials 

 Stainless-steel trowel, shovel, scoop, coring device, hand auger, or other 
appropriate hand tool 

 Stainless-steel, split-spoon samplers 

 Thin-walled sampling tubes 

 Drilling rig or soil-coring rig 

 Stainless-steel pan/bowl or disposable sealable bags 

 Sample bottles 

III. Procedures and Guidelines 

Before sampling begins, equipment will be decontaminated using the 
procedures described in SOP Decontamination of Drilling Rigs and Equipment.  The 
sampling point is located and recorded in the field logbook.  Debris should be 
cleared from the sampling location.   

A. Surface and Shallow Subsurface Sampling 

A shovel, post-hole digger, or other tool can be used to remove soil to a point 
just above the interval to be sampled.  A decontaminated sampling tool will be 
used to collect the sample when the desired sampling depth has been reached. 
Soil for semivolatile organic and inorganic analyses is placed in the bowl and 
mixed; soil for volatile organic analysis is not mixed or composited but is placed 
directly into the appropriate sample bottles.  A stainless-steel or dedicated 
wooden tongue depressor is used to transfer the sample from the bowl to the 
container. 

The soils removed from the borehole should be visually described in the field 
log book, including approximated depths.  

When sampling is completed, photo-ionization device (PID) readings should be 
taken directly above the hole, and the hole is then backfilled. 
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More details are provided in the SOP Shallow Soil Sampling. 

B. Split-Spoon Sampling 

Using a drilling rig, a hole is advanced to the desired depth.  For split-spoon 
sampling, the samples are then collected following the ASTM D 1586 standard 
(attached).  The sampler is lowered into the hole and driven to a depth equal to 
the total length of the sampler; typically this is 24 inches.  The sampler is driven 
in 6-inch increments using a 140-pound weight (“hammer”) dropped from a 
height of 30 inches.  The number of hammer blows for each 6-inch interval is 
counted and recorded.  To obtain enough volume of sample for subsequent 
laboratory analysis, use of a 3-inch ID sampler may be required.  Blow counts 
obtained with a 3-inch ID spoon would not conform to ASTM D 1586 and 
would therefore not be used for geotechnical evaluations. 

Once retrieved from the hole, the sampler is carefully split open.  Care should be 
taken not to allow material in the sampler to fall out of the open end of the 
sampler.  To collect the sample, the surface of the sample should be removed 
with a clean tool and disposed of.  Samples collected for volatiles analysis 
should be placed directly into the sample containers from the desired depth in 
the split spoon.  Material for samples for all other parameters should be 
removed to a decontaminated stainless steel tray or disposable sealable bag.  
The sample for semivolatile organic and inorganic analyses should be 
homogenized in the field by breaking the sample into small pieces and 
removing gravel.  The homogenized sample should be placed in the sample 
containers.  If sample volume requirements are not met by a single sample 
collection, additional sample volume may be obtained by collecting a sample 
from below the sample and compositing the sample for non-volatile parameters 
only.   

Split-spoon samples also will be collected using a tripod rig.  When using a 
tripod rig the soil samples are collected using an assembly similar to that used 
by the drilling rig. 

C. Thin-Walled Tube Sampling 

Undisturbed fine grained samples may be collected for analysis for geotechnical 
parameters such as vertical hydraulic conductivity. These samples will be 
collected using thin-walled sampling tubes (sometimes called Shelby tubes) 
according to ASTM D 1587 (attached). Tubes will be 24- to 36 inches long and 3- 
to 4-inches in diameter, depending upon the quantity of sample required. 
Undisturbed samples will be obtained by smoothly pressing the sampling tube 
through the interval to be sampled using the weight of the drilling rig. Jerking 
the sample should be avoided. Once the sample is brought to the surface, the 
ends will be sealed with bees wax and then sealed with end caps and heavy 
tape. The sample designation, data and time of sampling, and the up direction 
will be noted on the sampling tube. The tube shall be kept upright as much as 
possible and will be protected from freezing, which could disrupt the 
undisturbed nature of the sample. Samples for geochemical analysis normally 
are not collected from thin-walled tube samples.    
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IV. Attachments 

ASTM D 1586 Standard Penetration Test Method for Penetration Test and Split-Barrel 
Sampling of Soils (ASTM D1586.pdf) 

ASTM D 1587 Standard Practice for Thin-Walled Tube Sampling of Soils (ASTM D1587.pdf) 

V. Key Checks and Preventative Maintenance 

 Check that decontamination of equipment is thorough.   

 Check that sample collection is swift to avoid loss of volatile organics during 
sampling. 
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Standard Test Method for 

Standard Penetration Test (SPT) and Split-Barrel Sampling 
of Soils' 

Tins standard is issued under the toted designation D 1586: the number unmediately following the designation rischemes the year of 
original adoption or, ill the -USW of revision. the year of last revimon. A number in parentheses indicates the year of last reapprovat A 
superscript epsilon tet indicates an editorial change since the last revision err proppry3val, 

oandaril Sire herr, upprrned 1,r riAr by umenrws gd the tle,rxrinowter of Defame 

1. Scope* 

1.1 This test method describes the procedure. generally 
known as the Standard Penetration Test (SPT). for driving a 
split-barrel sampler to obtain a representative disturbed soil 

sample for identification purposes. and measure the resistance 
of the soil to penetration of the sampler. Another method (Test 
Method I) 35:',(1) to drive a split-barrel sampler to obtain a 

representative soil sample is available but the hammer energy 
is not standardized. 

1.2 Practice I) ()owl gives a guide to determining the nor-

malized penetration resistance of sands for energy adjustments 

of N-value to a constant energy level for evaluating liquefac-
tion potential. 

1.3 Test results and identification information are used to 
estimate subsurface conditions for foundation design. 

1.4 Penetration resistance testing is typically performed at 
5-foot depth intervals or when a significant change of materials 

is observed during drilling. unless otherwise specified. 

1.5 This test method is limited to use in nonlithilied soils 
and soils whose maximum particle size is approximately less 
than one-half of the sampler diameter. 

1.6 This test method involves use of rotary drilling equip-
ment (Guide 1) 378_14, Practice 1) 6151). Other drilling and 

sampling procedures (Guide I) 6286. Guide I) 616o) are avail-
able and may he more appropriate. Considerations for hand 
dnving or shallow sampling without boreholes are not ad-

dressed. Subsurface investigations should he recorded in ac-

cordance with Practice 174 5•13-1. Samples should be preserved 
and transported in accordance with Practice 1) I -'211 using 
Group B. Soil samples should be identified by group name and 

symbol in accordance with Practice I) 248s, 

1.7 Ali observed and calculated values shall conform to the 
guidelines for significant digits and rounding established in 

Practice I) 6026, unless superseded by this test method. 

1.8 The values stated in inch-pound units are to he regarded 
as standard. except as noted below. The values given in 

' Tht> 'Ittihad is under the Jurisdiction of ASTM Committee 1.118 on Sod and 
12.s:A and t; the direct responsibility of Subcommittee rilicaz tin Sampling and 
Related Field Testing for Soil Evaluations 

Currem edititm approved Feb. t, MOB. Published March 2008 Originally 
appnwed in 1958. Last previous edition approved in 1999 as D 1586 - 99.  

parentheses are mathematical conversions to SI units. which 

are provided for information only and are not considered 
standard. 

1.8.1 The gravitational system of inch-pound units is used 

when dealing with inch-pound units. In this system. the pound 

Ilbf) represents a unit of force (weight,. while the unit for mass 
is slugs. 

1.9 Penetration resistance measurements often will involve 

safety planning. administration. and documentation. This test 
method does not purport to address all aspects of exploration 

and site safety. This standaid does not purport to address all of 
the safety concerns, if an): associated with its use. It is the 
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatoty limitations prior to use. Performance of the 
test usually involves use of a drill rig therefore, safety 

requirements as outlined in applicable safety standards (for 

example. OSHA regulations.' NDA Drilling Safety Guide.' 
drilling safety manuals, and other applicable state and local 

regulations) must be observed. 

2. Referenced Documents 
2.1 ASTM Standards: 
1)O53 Terminology Relating to Soil. Rock, and Contained 

Fluids 

t) iss4 Test Methods for Specific Gravity of Soil Solids hy 
Water Pycnometer 

I) 15;,7  Practice for Thin-Walled Tube Sampling of Soils 

for Geotechnical Purposes 
22117 Test Methods for Laboratory Determination of Wa-

ter (Moisture) Content of Soil and Rock by MiASS 
I) 2487 Practice for Classification of Soils for Engineering 

Purposes (Unified Soil Classification System) 
U 2488 Practice for Description and Identification of Soils 

- Available from Occupational Safely and Health A*niniuration (OSHA] :tat 
Constitution Ave.. NW. Washington. DC 2112111. hnp:llwvisvosha.gov 

Available from the National Drilling Association. 3511 Center Rd . Suite 8. 
Brurgavia. OH 442! 2. http:/hvww ndadu.com. 

Fur referenced ASTM standards. visit the ASTM ivehsite. www.asim.org. in 
contact ASTM Customer Scram at service*asam.org. rip Annual Rook if 551M 
Standards volume information. refer to the standard's Document SLUMMY, page no 
the ASTM wehahe. 

• 4 Summary of Changes section appears di the end of this standard. 
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Standard Test Method for 
Standard Penetration Test (SPT) and Split-Barrel Sampling 
of Soils1 

fh" M,1ml.11 <f h "MICd uro.ler I~ h~c(l i.kM~ll.llH•ll () f~X(>; ll~ nUml>er 1mmcdio1el) l••llol•>tllg the •kstgn.'1110!1 10.hCalO lhc )'Clll .,f 
<>ng111.1t .1.Jopl11111 or 1111hc '•'"" ol rc••~t(\ll. 1hc ~~ar nt la..i 1c"""ll 1\ number tn l'J~lllh<''<'S mJ1c:uc< the )GU of 1a,1 n::1ppr0\;1I \ 
'Ufl\'1'•'111'1 cp-tl•m It) 111d1c.ito:'• "" e.l1t11n.1I .-h •• ngc ''"''C w l:t-1 n:Vl\IOll 01 IC~f'p!•)"'' 

Ill" umt1ld11/ lun htnr U/'P"""" /elf 1tu- h\ u-:(·nc U'J 11j 1!1r ()f111.111mrn1 vf l>f'(~1uc 

I. ~cope• 

I I ntj, te't method dc ... cribe' the prn(;cdtm:. generall) 
kno\\n a ... the 1)1,mdard Pl'nctr<ition Te,t ('iPTl. for drhing a 
~rlit·harrel 'ampler to obtain a repre,entatl\ c di.,turhcd ... oil 
... ;unpk tor 1dentitica11011 J1Llf'Jlthe~. and me,1,un.• the n.: ... 1,tance 
ul the 'oi l to penetration of the 'ampler. An111he1 mctho<l flht 
.'.\lcthod D •"i:>O ) to Jri\'e .1 ,pJit-barrel ,,1mple1 to nhta111 a 
repn:,entative ,m) ... ample '' ,t\ arlable hut the hammer energ! 
1, not 't:mdardi1cJ 

I 2 Pr<tl'llCC D (10!1!> 1!1\ c' .. t ~utdc 10 detcrn11ninl! the nl1r-
111.1li1cJ penetr<1t1on .-C\l~ta111.:c of "Jlld-. for energy i.l~justmenh 
ol ~-v~tlue to a constant energy Je,cl for c\aluming ltquelac­
tr11n potelllial 

1.3 Te ... t re'>ulh and 1dent1 ticarron tnformation arc u'cd to 

c .. 111nate ... ub ... urfoce condition' tor foumfatinn de,11!11. 
I ~ Penetration re't'tancc te,ting j, I) ptl'ally ~rtom1eJ .11 

5-10111 Jepth l/ltet\ a), 11r \\hen a 'ignific"ant change of material\ 
'' l•IN:neJ Junng drilltng. un)e,, othet\\N:' '(')\.~citied . 

I 5 TJ11., te'l method ., limited ll u'e in nonlith1ftcd .. oih. 
. 111d ,rnJ, \\ho'c ma\1mum partid.: -.11c j, appnn.imatel} Jc.,, 
than one-halt of 1he \ampler tltamcter 

1.6 llm tc\l method 111voh e ... u .. e of rotar)' drilling. equip· 
mcnt 1Guide ()' s . Pr;ict1ce ) 615 ). Other drtlhng and 
\:unphng procedurl'' I Gu1uc "6. Guide '16lJ J are a\·ai1-
11hlc attd 111;.i} ht: mllrc appropriate. Con,iu.:ratiom. for hand 
drn 111_ or ,hJJl1m .. :1111pl111g \\ithout b1lrt:hnk., are lllll ad­
Jrc\,cJ \uti,urlacc.: in'e'11gat 1111' ,Jmuld he rccnrded 111 ac­
l'Cll d:mi;e \\ nh Practice () ..,.i '),unpJe., shou Id ht! prc"e" eJ 
and tran,p;u1cd 111 .tc(;nrdan~·c \\Ith Practice lJ ~:! u .. ing 
{;r11up B. Srnl .. ample' ' hould be identified by grliup 11<1me .rnd 
"mhol in accordance ''1th Pral't1ce J) :?4XX. 

I 7 All oh,er\ed and cakulateJ value' ,)1<1 11 cnntom1 to the 
gutdelinc' for '1g111ficant dig1i... :ind rounding e\tahlished in 
Praetii;e D <iO:!o. unle'' 'llJ'Cr-.eded h) 1hi' 1e,1 method. 

I .S The: ,·alue ... -.ta1ed 111 inch-pound umi... are to he regarJed 
·'' ~1.mdard. e'cept ,1, noted hclo\\ , The \aluc' gt\en in 

1111, mclhoJ '' unJ.:r the 1unsJ14·1111n ol /\S1\1C 'o11111111l4'l'1111\ 1•11 Sml .1nJ 
R,,.~ •• nJ a< 1h~ Juc.i re'f""'"h1ht) ,,f S11txornrn111e.· 11111 ll:! "" s .. mplrng anJ 
Rcl.11cJ f'iclJ Tc,tini,: h•r S11il l:H•ht•lion< 

Cunc111 r..htion uppn•wu Id• I. lOll~ Puhlisha.I \l.u.:h ~CXJ~ On~m;illy 
lll'PmvcJ 1n f9)M, 1 .. ,r I"~"""' cJ11u•n appmvcJ an 1~1'1 ll< f) I ~Xh •N. 

parcnthc'e' .ire mathematkal conver).iom. 10 <)I umh. "h1eh 
are pnw1dcd for 11tfonn:t11lln only and are not rnn,11.kred 
'tandard. . 

I .S. I Tiie gr:\\'it;llil1nal '}'Lem of mch-pnund ttlllh j, u-;ed 
\\hen dealtn,g \\ 11h inch-pound unih. ln tht' system. th.: pound 
rlhl) rcprc,.:111, a u1111 nl ltiR"c 1weight1. \\hi le the u111t tor 111;i" 

I' , Jug .... 
1.9 Penetration re ... i,1ance me;t-.uremeni... Cllten ''ill 111\ 11IH' 

s,1fet) pl.urning. adrmni,trat111n. and documcntatmn. Thi' 1c'l 
method doe' not purpnrt tn ,1Jdre'' all a .. pech of e\plor.1111111 
.mJ 'ite 'alet:--. 7111.\ Wt111d1m/ dm•:. 11011mr111ir1111addri•,111ll 11/ 
1111• '"ft'I) nl/ll'l'ms. t{ am: <1.1.wciated 1rith tis 1111'. It t{ tl1c 
,., 1ro11H/Ji/1ty of tit<• uwr oj thi.1 \/llltdard to 1•1111/>/ult appm· 
prwte wit t\' and /tea/th prctnin!\ "'"' detcm1int• 1'11• 1111plic,1-
htlt1) 1~(ffg11/a10n /11111tati1111~ pr111r 1<111w. Pc.:1fon11ance nf'thl! 
1e,1 u ... uall~ 111vol\e' u'e nf' a drill ng. therclorc .... 1tet~ 
requ1rcmcni... a., outlined in ttpplicahle .,afet) 'tandardo;; (for 
e\arnple OSH \ re!!ul<!ltnn .... 1 NOA Drilling \,1ft:ty Gu1.tc.' 
drilltng ... atet~ munuah. ~u1d other .1pplil·ahlc ... iate anJ J11cal 
regulation\) mu ... 1 be oh,cned . 

2. Referenced Document.. 

2 I \\HI Standun./1: ' 
D fem1inolog)' Rt:latrng tn <;011. Rod .. anti C11nt:1111.:d 

Flutd' 
D !.i'i4 l t-.. 1 Method' 11>1 <;peutic Grarnv 111 Sml \111 d' b\ 

\\'mer 1'1 Lnomctt:r . • 
I> J 5, 7 Pr;1ct1cc for l'hln-\\'alled Tubi: <;ampltng nt Sotl ... 

1111 Geo1eLhn1Lal Purp1i-e~ 
D Te ... t \1ethod' Jor l. .thmatnl) Dctt!rnu11at11in 111 \\'a-

1er (7\lntstllrel Content ol Sotl and Rock by 1\1,"' 
D Practice for l Ja,.,1ft1.atu1n of Soth for I nginc.:c.:nng 

Puf'J1l1'C\ (Unt iled Soil CJu ... ,lfication "iy,tcm) 
D 2· Practice tor De ... cription and ldent1fication of S111J... 

• \\nrl:lhk trurn t)(·1.'UpJll1'111:il SJtct; uni.I Health 1\dm1na,11.111(1n ~11,lll\t ~(kl 

Ct11t.\li1Uthlll 1\•c: •• :-\\ , \\u.,l11ng1on. rx.- 211~111, hnp:J""·"" '"ha gov 
A•.ulahl~ Imm th~ :-0.11 .. n.11 Dnlhni; ''"(1( .. l1t•n 1511 C'cnlcr R.I '"'"~ 

llru~"' 11;L , OH ... .i: l 2. hlCp:IN."" nJ.i-lu com 
• r-ur rdcrtlh.:cJ AS1 \1 'litlldJnl,, \ISll lhc ,\\T\1 \\Ch,llC'. \1,\\\\ U,.\(lfl \If~. Pl 

(;OJrulCl ,\SI \l ('u,11>111cr SCt\Jl'C ,11 """ 1<-cllta,1m ur~ r •. , "'""""/ /lo .. A nf AH If 
\tmularrl• •·uhunc 111h>nn.tl1on, ~fer lo lhc ,;tll!IJarJ's o. ... umr111 ~umnlo'tf~ pJSC 0t1 

the AS I \I \\'Ch,llc . 

. \ ~ummilr) of ( hilll!tl" 'ol'dion appl':I~ at lht• urd or thi\ \ tandard. 

Covt'f!1l'W .t.STM I~ 
P"t1¥dod t1'Y IHS ""'°91' licanM ..ch ASTI.4 
N·l~OI~~~ ,1r>ll'Ol,.l llCW\Hf'Oft'IH$ 

~1~ VMP&MS8008_ UMr'-C&'1at Lau 
""""'.....,. o.& 11.200a 08 08 12 ... or 
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I Visual-Manual Procedure) 

1' '..s50 Practice for Thick Wall. Ring-Lined, Split Barrel, 
Drive Sampling of Soils 

I / 1--W Practice for Minimum Requirements for Agencies 
Engaged in the Testing and/or inspection of Soil and Rock 
as Used in Engineering Design and Construction 

I) -12211 Practices for Preserving and Transporting Soil 
Samples 

1) 4o33 Test Method for Energy Measurement for Dynamic 
Penetrotneters 

1) zJ ;t Guide for Field Logging of Subsurface Explora-
tions of Soil and Rock 

r) S7:0 Guide for Use of Direct Rotary Drilling with 
Water-Based Drilling Fluid for Genenvironmental Explo-
ration and the Installation of Subsurface Water-Quality 
Monitoring Devices 

I) (1026 Practice for Using Significant Digits in Geotechni-
cal Data 

D 6066 Practice for Determining the Normalized Penetra-
tion Resistance of Sands for Evaluation of Liquefaction 
Potential 

I) n1 51 Practice for Using Hollow-Stem Augers for Geo-
technical Exploration and Soil Sampling 

D 0.169 Guide for Selection of Soil and Rock Sampling 
Devices Used With Drill Rigs for Environmental Investi-
gations 

1) 628i. Guide for Selection of Drilling Methods for Envi-
ronmental Site Characterization 

I) 6911 Test Methods for Particle-Size Distribution (Grada-
tion) of Soils Using Sieve Analysis 

3. Terminology 

3.1 Definitions: Definitions of terms included in Terminol- 
ogy I! 	specific to this practice are: 

3.1.1 cathead. n—the rotating drum or windlass in the 
rope-cathead lift system around which the operator wraps a 
rope to lift and drop the hammer by successively tightening and 
loosening the rope turns around the drum. 

3.1.2 drill rods. n—rods used to transmit downward force 
and torque to the drill hit while drilling a borehole. 

3.1.3 N-value, n—the blow count representation of the 
penetration resistance of the soil. The N-value. reported in 
blows per foot. equals the sum of the number of blows (N) 
required to drive the sampler over the depth interval of 6 to 18 
in. (150 to 450 mm) (see 7 3). 

3,1.4 Standard Penetration Test (SFr}, n—a test process in 
the bottom of the borehole where a split-barrel sampler having 
an inside diameter of either 1-1/2-in. (38.1 mm) or 1-318-in. 
(34_9 amt (see Not.: 2) is driven a given distance of 1.0 ft (0.30 
ml after a seating interval of 0.5 ft 10.15 mi using a hammer 
weighing approximately 140-1b1 (623-N) falling 30 	1.0 in. 
10.76 m 0.030 ni i for each hammer blow, 

3.2 Definitions of Terms Specific to This Standard: 
3.2.1 anvil, n—that portion of the drive-weight assembly 

which the hammer strikes and through which the hammer 
energy passes into the drill rods. 

3.2.2 drive weight assembly. n—an assembly that consists 
of the hammer. anvil, hammer fall guide system, drill rod 
attachment system, and any hammer drop system hoisting 
attachments, 

3.2.3 hammer, n—that portion of the drive-weight assembly 
consisting of the 140 2 lbf (623 9 Ni impact weight which 
is successively lifted and dropped to provide the energy that 
accomplishes the sampling and penetration. 

3.2.4 hammer drop system, n—that portion of the drive-
weight assembly by which the operator or automatic system 
accomplishes the lifting and dropping of the hammer to 
produce the blow. 

3.2.5 hammer fall guide. n—that part of the drive-weight 
assembly used to guide the fall of the hammer. 

3.2.6 number ref rope tarns. n—the total contact angle 
between the rope and the cathead at the beginning of the 
operator's rope slackening to drop the hammer. divided by 
360' (see hg. I 

3.2.7 sampling rods, n—rods that connect the drive-weight 
assembly to the sampler. Drill rods are often used for this 

rpose. 

4. Significance and Use 

4.1 This test method provides a disturbed soil sample for 
moisture content determination, for identification and classifi-
cation (Practices 1) 2487 and I) 23:s8i purposes. and for labo-
ratory tests appropriate for soil obtained from a sampler that 
will produce large shear strain disturbance in the sample such 
as Test Methods 1.) 854, D 221o. and 1) 013. Soil deposits 
containing gravels, cobbles, or boulders typically result in 
penetration refusal and damage to the equipment. 

4.2 This test method provides a disturbed soil sample for 
moisture content determination and laboratory identification. 
Sample quality is generally not suitable for advanced labora-
tory testing for engineering properties. The process of driving 
the sampler will cause disturbance of the soil and change the 
engineering properties. Use of the thin wall tube sampler 
(Practice I) 1587) may result in less disturbance in soft soils. 
Coring techniques may result in less disturbance than SPT 
sampling for harder soils, but it is not always the case. that is. 
some cemented soils may become loosened by water action 
during coring; see Practice I) o I 31, and Guide I) el(e, 

4.3 This test method is used extensively in a great variety of 
geotechnical exploration projects. Many local correlations and 
widely published correlations which relate blow count. or 
N-value, and the engineering behavior of earthworks and 
foundations are available. For evaluating the liquefaction 
potential of sands during an earthquake event, the N-value 
should be normalized to a standard overburden stress level. 
Practice D 6066 provides methods to obtain a record of 
normalized resistance of sands to the penetration of a standard 
sampler driven by a standard energy. The penetration resistance 
is adjusted to drill rod energy ratio of 60 ck by using a hammer 
system with either an estimated energy delivery or directly 
measuring drill rod stress wave energy using Test Method 
1) 4631. 

Nom I—The reliahifity of data and interpretations pertained by this 
practice is dependent on the competence of the personnel performing it 
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dnl\.i. D 1586 - 08 !lfilf' 
1 Vi ... ual-~hlnual Procedure) 

() 4'i Prallh:e h11 Thick Wall. Ring-Lined. Split Barrel. 
Dme S.1mpling ol So1h 

l> li Practin: lt11 \ltn11num Requirement.., lor Agenrn.: ... 
Engaged 111 llw fo.,lmg and/or Jn,pcu1un ol )oil and Roel.. 
.1' u ... cd 111 Engineering Dc ... 1gn .111d 01n ... 1rulllOn 

) Pr~1ct1l·e, tor Pre ... ening and Tran~porting. Srnl 
').unple, 

Te'-1 ~1e1hod for Energy Mca ... ure111en1 f111 D} mimic 
Penelr11111e1er' 

ll '-l \ l1u1Je for Field l.ogg11t!! nl Suh ... urtnl·c E\plma· 
llllfl' 111 Soll and Rticl.. 

D 'iix C.iuitk lor Use of D11<.'t1 R11tai: Drilling 1.1.11h 

\\'mer-B;1,ed Dnllmg fluid for Gctl<!n\ 1ronmen1al Explu· 
r~1t1on anJ rhe Jn,tallat1011 ul Suh\urtace W;uer-Quality 
~lon11oring Dcv1l·e ... 

D I PraclllC tor t.;,mg 'itgmtil:ant D1ic11' n Geotechui-
c.11 Dat.1 

D I Practice tor Dete1minmg the '\ormali1ed Penetra· 
tion R ...... i,tance of S;md' fo1 E\'aluaunn 01 l.iquefactitlfl 
Pntenual 

I> flJ<; J Practice lor L",ing Hnllov.-'item Am!e1' tor Geo· 
tedrnil.'al faplnrauon .ind Soil ~1.1111phn)! 

IJ '116•> Guide IM 'ielecunn 111 Soil and Ro..-1.. s.11npli11g 
De\ ICC' u ... ed With Dnll Rig' tor Em m111111cn1.1I Ill\ e ... ti­
g;niom. 

IJ 6! Guu.Je Im 'idectmn of Drilling ~1ethod ... for En\'i­
rnnment,tl 'iue Charaeten1ation 

I) 6"> 1 fl',t \1ethmh for Part1ck-~11t: Di,tribution (GradJ· 
li110) I I S1)iJ, u ... 111g Sine \na)\ ' 

. t forminolog) 

' · ' l>1J11 11u111.1 Dchn1t1tll1., ol term' m.:Judcd 111 li:m1inol-
og~ I 'pcc1tic to lht\ practice an~ : 

J I.I rnth1't1d. 11 the ro1.11ing drum nr '' mdla" 111 the 
rupe-c;nhcad lilt 'Y'lcm around which the llper:uor \Hap'> a 
rope to lift and drop the hammer by \UCce\stn:ly 11ghte111ng and 
lun ... t>ning the rope tum' around lhe drum. 

3.1.::! drill m<k 11-rod' u ... ed 10 tran ... mit dnv. nv..1rd force 
and wrque w the dnll h11 v. h1lc drilling 3 hnrehnlc 

J . 1.3 ;\'-1 aim•. 11 the hlt1\\ c11unt repre,entat111n or rhc 
pene1rat1on re'i'tanc.:e ol rhe ... oil. Tht> N-\<tlue. rep~1rted in 
hlo"'' per foot, equab the 'um of the numher (>f hlow ... (.VI 
required t11 drive the: ... ampler over the depth interval of 6 to 18 
in ! 150 to 450 mm) (\ee.., \). 

3. 1.4 Sr1111tlard Pt•111·trc111011 'fr.11 ( SPTJ. 11-a test pnx:e.,, in 
!he houom or the horehole \\here a ..,plit-barrel ~ampler ha\ ing 
:in in,ide diameter nf e11her 1-1/::!-in t38 I 1111111 or 1-3/8-in 
( 3-l 9 mnu -.Cl' :\ott•. ) ,., dn\'cn .1 !!t .cn d1 ... 1.mce of 1.0 It (().30 
111) Hiter a 'l'Jt111g 111tenal of 0.5 It 10 J 'i 1111 u ... mg a ha111111e1 
\\<.'1ghrn~ .tpprn\i111:11d~ 140 Jhl 162 ~-'\) t •. ,Jling JO .:: 1.0 in. 
10. 7ti 111 - 0 .030 rn I tor ead1 h;11nmer hlo" 

3. 2 l>cj111i1io11.1 1~l frrm.1 ~·1u•qfic lo 11li\ 5rmulurd: 
J 2. I cml'if. 11-1ha1 portlllll nf the drt\e \\ctght a .. ,emhl)' 

which rhe hammer ' tnke' and through which the h.unmer 
ener)!} pa ... ,e, into the drill ro<h. 

xP'f"'!!JhtASTI.ll~ - l>TIHS ___ ASTM 

:. ·~.on~n~:n;~dMIUtik:enliel"3miftS 

.' .2.2 ilnn• 11·1 i~ht ancmhly. 11-an <l"'emhly that con'1'h 
of the hammer. an\il. hammer fall guide 'Y'tcm. dnll rod 
auuchment ... y,tem. and an) hammer drop sy ... tem ho1,11ng 
attjchmenl'\ , 

3.2.3 ht11111111'r. 11-that ponwn ol thc dmc-we1ght a ... ,emhly 
com.i ... 1ing 11fthe 1..io = :! lhf(623 = 9 NI impact weight which 
b !lucce,si\ely hired und dropped to prm·ide the energ) that 
accompli.,he' the ... ampling. and penetr•llinn. 

3.2.4 hamma tlwp 1y1w11. 11-1hat pnrtion ot the JIJ\ e· 
v.e1ght "''cmhly b:,. y.,IJ1ch the operntor or automatk '):.tem 
an·11mpli ... he' the lifting and drnpping nt the hammer h) 

prn<luce till.' hlow. 
3.25 l111111111er full g11irl1•. 11-that p;1rt of the dri\L~·\I etght 

.Membl) u ... ed lo guide 1hc tall ol the hammer 
~.2.h 1111111h1•r oj rop1 t11r111. 11-thc tot;;) contact a11~k 

hdv.cen thl" rope ,ind the calhead at the heg111ning ol the 
l>pcrator·, rope ... 1ar.l..cn111g to dwp the hammer. divided h~ 

360 l 'ec ,.,~ I ). 
J .2.7 .m11111fi11~ md1. 11-rod' that connect the drive wt"1ght 

a"emhly to the 'ampkr. Drill rod' .m~ ofle11 u ... ed tor tht' 
purpo ... e. 

... '-;ignificancc and L'c 

4.1 Th ' le't method prm ide' a J1 ... turhed .,,,11 -.ample tor 
moi,ture content determination. I'm iden11hcatw11 .111d l.'la,,111-
catilm (Practice' - - and ) l ~88) purp..1,cs. and for l.1bo­
rator; te'>t\ appropnate lor 'oil ohtaincd from a '<tmplcr that 
will pnxluce large ... hear 'tram di ... turbancc in the .... 1mplc 'uch 
''' 'J'e,t i\lethod' """ ·. ) .22 16. nnd D (19 Soll depo,ii... 
cnnt;1in111g gra\ek t:obhle-.. or btiulder' typ1t·ally re,ult in 
penetratmn rdu,,11 .1ml d;im;:igc ll' the c:quipment. 

.l,2 Thi., te't method prU\ iJe, .1 tl1,turbeJ ,mJ .... unpll' tor 
mn1,ture .::l1nten1 determination .md l.1bnratol) identilkauon . 
S .. 111.ple quality j, gencr;ill~ not 'uitablc lor ad' •meed l,1hnra· 
h1n te,ting tor engineering prupertie .... The p111ce ... , ol dm mg 
the 'ampler v. ill lau'e d1,turbancc ul the 'oil <md change the 
engineering proper!le.,, u .. e of the thin \\all tuh<! 'ampler 
I Pr.1cllce D I '187 I ma) re ... ult in IL·,, d1,turh;mce in 'oil ,niJ,, 
Coring technique ... 1m1} re ... ult m Jes.., di,turhance than Sl'T 
...:1111pl111g h>r harder '011... hur 11 j, not :ilv.a}' !he ca'>e. th•ll 1,, 
'ome cemcllletl ... mb may hecome lnu,ened by water .tl' t11111 
during coring: 'cc Prar.111.:e )) h J 'i I , and CiuiJe I) 61 CJ9. 

4.3 Thi' 1e ... t method" u'ed C\tCJl'l\cly in a great qriel) 111 
gcutech111e:1l e'Xplurntion project,. ,\!any lm:;:il currcl.i111111' anJ 
'' idel~ puhli ... heJ c.:1melat1on' v.hich relate him\ count. or 
N-\ a Jue. and the cng1neenng beha\ ior of earthwork' und 
foundation-. are amt lab le. for C\ aluatmg rhc liquct.11. t111n 
po!cntial of <,and' dunng an e:1nh4ual..e cYent the '\ ,·aJue 
-.hould he nnnnali1ed to a \tandard o\'erhurden .. ire" le' el. 
Pr;1e1icc I) 606 pro' 1de' method., tt1 obtam a record nl 
n11rmah1cd re'1't;1nce of 'and' to the penelra11011 ot a 'umJarJ 
,.11npler dri' en hv a 'wndard energy. fhc penetration re ... 1 ... 11111ce 
i' .1dju ... ted to drill rod l.'ncrg) ratu> 11f 60 ~; hy ll'>ing a hammer 
')'tem \\1th e11hc1 ,m e ... 11111:.itcd energ} deliver) m direct I) 
111<-'.1 ... uring drill rnJ 'tre-,, '' a\'e energ) u ... ing Te ... t Method 
D ~lln. 

Non I The rchal:ii111y ol data :md 1n1crprclalion' g.:n.:ra1.:d h~ th1' 
prnl11cc i~ J.:p.:ndcnl nn th.: .:nmpctc:nc.: flf the pcr-onnel p.:rlornuni; 11 

l..C*w:IWitQliilt. VA/5.96CMS800I, UMr.ic.rt9' l• 
'°"lot- 0'111 '7DOeOllOll11...0T 



La) counterclockwise rotation 
approximately t1,1 turns 

Opera tor here 

(b) clockwise rotation 
approximately 2 turns 

Section B-B 

Oats) D 1586 - 08 

Rope 

Cathead 

Section A-A 

FIG. 1 Definitions of the Number 01 Rope Turns and the Angie for (a) Counterclockwise Rotation and (b) Clockwise Rotation of the 
Cathead 

anit the suitability of the equipment and facilities used. Agencies that meet 
the criteria at Practice 1) 1740 generally arc considered capable of 
competent testing. Users of this practice arc cautioned that compliance 
with Practice I) 	does not assure reliable testing. Reliable testing 
depends on several factors and Practice I) 171i1  provides a means of 
evaluating some of these factors. Practice I) 57.111 was developed for 
agencies engaged in the testing, inspection. or both, of soils and rock. As 
such. it is not totally applicable to agencies performing this practice. Users 
of this test method should recoani/e that the framework of Practice 
1) 5 "411 is appropriate for evaluating the quality of an agency performing 
this test method. Currently, there is no known qualifying national authority 
that inspects agencies that perform this test method_ 

5. Apparatus 

5.1 Drilling Equipment—Any drilling equipment that pro-
vides at the time of sampling a suitable borehole before 
insertion of the sampler and ensures that the penetration test is 
performed on undisturbed soil shall be acceptable. The follow-
ing pieces of equipment have proven to he suitable for 
ads ancing a borehole in some subsurface conditions: 

5.1.1 Drag. Chopping, and Fishtail Bus. less than 61/2  in. 
(165 mm) and greater than 214 in. (57 mm) in diameter may be 
used in conjunction with open-hole rotary drilling or casing-
advancement drilling methods. To avoid disturbance of the 
underlying soil. bottom discharge hits are not permitted; only 
side discharge bits are permitted.  

5,1.2 Roller-Cone Has. lc 	than 	in, 1165 mm) and 
greater than 21/4  in. (57 nun) in diameter may he used in 
conjunction with open-hole rotary drilling or casing-
advancement drilling methods if the drilling fluid discharge is 
deflected. 

5.1.3 Hollow-Stem Continuous Flight Augers. with or with-
out a center bit assembly, may be used to drill the borehole. 
The inside diameter of the hollow-stem augers shall be less 
than 61.6 in. (165 mini and not less than .21.4ii in. (57 min). 

5.1.4 Solid, Continuous Flight. Bucket and Hand Augers. 
less than 61/2  in. (165 mm) and not less than 214 in. (57 mm) in 
diameter may he used if the soil on the side of the borehole 
does not cave onto the sampler or sampling rods during 
sampling. 

5,2 Sampling Rods—Flush-joint steel drill rods shall he 
used to connect the split-barrel sampler to the drive-weight 
assembly. The sampling rod shall have a stiffness (moment of 
inertia) equal to or greater than that of parallel wall -A*" rod (a 
steel rod that has an outside diameter of 1-5/8 in. (41,3 mm) 
and an inside diameter of 1-1/8 in. (28.5 mm). 

5.3 Split-Barrel Stunp/er—The standard sampler dimen-
sions are shown in Fie. 2. The sampler has an outside diameter 
of 2.00 in. (50.8 mm). The inside diameter of the of the 
split-barrel (dimension D in Fig. 2) can be either 	(38.1 
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FIG. 1 Definitions of the Number of Rope Turns and the Angle for (a) Counterclockwise Rotation and (b) Clockwise Rotation of the 
Cathead 

.ind 1hc -urn1holll) nt lhl' eq111pm.:n1nud1.1c1l11k~ u~nl 1\g.:ni.:ic·, 1ha1111c·,·1 
1hc <'nh:11a ut P1:1d1cc l) n.iu gcne1alll .ni." i.:on,ai.:r,·d capahk 111 

n•lllp<:ll.'nt 1c,11ng l '''" 111 1h1' prn<·1tcc arc: ..:autmncd that n>mpliancc 
\\ llh Pr.id KC D n dcx·' Olli ~'\lil'C rcliahlc ll'\ll0£. Reliahk IC,ttng 
depend' 011 'cvcral f:u:tor' ;ind Prn<lll'C [) 114( pruv1<lc' a m.:.m' ul 

C\ aluatrng "'1111.' \If thc'c fai:lnr, , Prm:ll.:e D H.t(I "a\ dcvcl''P<'d for 
ugen.;1e' engaged in lhc 1c,ung. 10\pc<:llon. '''both. nt '°''' and rvcl.; ,\, 

'uch, II" Olli l01'11Jy ;1ppltc;iblc In agent·ic, pcrtonmng lht' practu.:c L''cr' 

of 1lm 11.''I me1hud 'lmuld recngni1e 1h.n the frnme\\orl.. of Pr""'''' 
D ~ 'Jt '' apprnpnatc h•r evaluating the qualit~ of an agcnt'Y pcrtn111ung 
th" lc>t inc1hod Currently. there 1, no I.mm n 4uaht;. 111g national ;iuthonl) 

ti> I '"'!"•'' .igt:ncic' 1h.11 pcrlorm 1h1' rc't 11wth11tl 

S. \pparatu' 

5 I Dnfli11~ Lq111r1111e111-A11} dnlhng equipment that pro­
' ide' at the ttme of '><tmpling a ... uitahle borehole hclon: 
tn\cnwn of the '>ampler and cn,ure-. that thl! peni:trauon te-.t i' 
rcrtnnm:d on umfatttthed ,ntJ 'hall he .1cceptahle. The tollow­
lllg piece' of c!quipment h.11.c pro,en to he 'u1tablc for 
ad\ am:mg a borehole 111 ... ome ... ub,urface conditions: 

5.1.1 Dmg. Cltoppi11~. a11d l-iJl11t1il But. le'' than 61 2 in. 
I 165 mm) and greater than 21 :i in (57 mm) in diameter may he 
u,cJ 111 conjunction w11h open-hole rotaf) drilling or ca,111g­
ad\a1Kern1:111 dnlhng 111eth1xJ... To a\ oid d1 ... turhann.: of tht> 
under!) mg ... 011 bottom d1.,charge hip, are not pem1iued; only 
'1de dt,l:h:irge hm are penniued. 

~~A.STM~ 

Pf'OY\dedDy9KS1o1'0lf~•'atASTM 
N» tepf'Odut.l'°"' D' MhtOI• :'I) SW1"!1'194 w.JhOwl fill~ hum IH!i 

5.1.2 R111/er-Co111· 811.1. le'' than 6!h tn ( 165 mm I and 
greater than 21'4 111 t 57 mm) 111 diameter may he u'ed 111 
con1unct11>n with open-hole rotar: dnllrng nr 1.a,111g­
aJ, ancement drilltng method' ti the drilling nu1d d1,c:harge ,.., 
deflected. 

5 I 3 Hol!trn -Stem Co111i111mm Flil;'hf '\l/J!,NS. wtth or wtth­
out J center btt a~'embl}. may be u'ed to drill the hon:hnk. 
The tn\tde tfotmch.:r of the hollow-.,tcm ,1uger~ 'hall he le" 
th.in 61.i 111. ( 165 mm) and not le'<. than 21 ~ in ('i7 mm> 

5. I A S11/11l Co1111111m111 F/1gl11. H11ckl't 11111/ I/mu/ l11g1' n. 
Jc..,., than 61'2 in. ( 165 mrnJ .mJ nni k" than ::!1 • 111. ( 'i7 mml 111 

diameter ma~ he u-.etl 1t the ,011 nn the ,,tJe ol the hnrehole 
1.kle-. not ca\ e onto rile ,,1111pkr or 'ampltng rod' tlunng 
qmplmg 

'i 2 \·amp/1111!, Rod1 f.lu,h-joint ... teel Jrill rod-. 'hall he 
used to connect the 'pl11-barrd sampler Ill the drne-we1ght 
a,.,emhly The -.a111pl1ng roJ -.hall ha\e a \t10ne" (moment ot 
mental equal ro or greater than that of paralle l wull .. \ .. rod (a 

' 'tee) md that has an OUt'liJe diameter of J-5/8 Ill . (.i 1.'\ ltllll l 

and an in,ide diameter of 1-1/8 in. (28 5 111111). 

5 3 Sp/if-Barrel Sampler· The '1and,1rd s:implcr dimen­
,jon., are 'hown 111 I ~ The 'ampler has an oubide 1.hameter 
of 2.00 in ( 50.8 mm). l'he mi.tde diameter of the ol the 
'Piil-barrei 1d1me1h1011 D 111 I 

l~Hemoon VNS9604S8008 ~,, l .. 
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B = 18,0 to 30-0 in (0-457 to 0.762 m) 
C = 1.375 0.005 In. (34.93 .0.13 tam) 
0 = 1,50 • 0.05 - 0.00 in. (38.1 - 1.3 - 0.0 mm) 
E = 0,10 • 0021n-12.54 - 0.25 mm) 
F = 2.00 - 0.05 - 0.00 in. 150-8 	1 3 - 0.0 mm) 

= 16.0' to 23.0' 

FIG. 2 Split-Barrel Sampler 

mm) or I 	(34.9 mm) (see Not,: 	A I6-gauge liner can 

be used inside the 11/2-in. (38.1 mm) split barrel sampler. The 
driving shoe shall be of hardened steel and shall he replaced or 
repaired when it becomes dented or distorted. The penetrating 
end of the drive shoe may be slightly rounded. The split-barrel 
sampler must be equipped with a ball check and vent. Metal or 
plastic baskets may he used to retain soil samples. 

2—Both theory and available test data suggest (.hat N-values may 
differ as much as 1(I to 30 Si- between a constant inside diameter samplci 
and upset wall sampler. If it is necessary to correct for the upset viall 
sampler refer to Practice r) rdrr.r, In North America, it is now common 
practice to use an upset wail sampler with an inside diameter of 11/2  in. At 

one unit. liners were used but practice evolved to use the upset wall 
sampler without liners- Use of an upset wall sampler allows for use of 
retaincrs if needed, reduces inside friction. and improves recovery. Many 
other coiintries still use a constant It) split-barrel sampler. which was the 
original standard and still acceptable within this standard 

5.4 Drive-Weight Assembly: 
5.4.1 Hammer and Anvil—The hammer shall weigh 140 

2 lbf (623 	9 N) and shall be a rigid metallic mass. The 
hammer shall strike the anvil and make steel on steel contact 
when it is dropped. A hammer fall guide permitting an 
unimpeded fall shall he used. Fig. ; shows a schematic of such 
hammers. Hammers used with the cathead and rope method 
shall have an unimpeded over lift capacity of at least 4 in. (1(X) 
mm). For safety reasons. the use of a hammer assembly with an 
internal .tit. tl is encouraged as shown in Fig. 3. The total mass 
of the hammer assembly bearing on the drill rods should not be 
more than 2511 7i 10 lbin (113 	5 kg). 

Non: 3—II is suggested that the hummer fall guide he permanently 
marked to enable the operator or inspector to judge the hammer drop 
height. 

5.4.2 Hammer Drop Systern—Rope-cathead. trip. SC1113-

autoroatic or automatic hammer drop systems. as shown in Fi 
4 may he used, providing the lifting apparatus will not cause 
penetration of the sampler while re-engaging and lifting the 
hammer. 

5.5 Accessory Equipment—Accessories such as labels, 

sample containers. data sheets, and groundwater level measur-
ing devices shall be provided in accordance with the require-
ments of the project and other ASTM standards. 

6. Drilling Procedure 

6. I The borehole shall he advanced incrementally to permit 
intermittent or continuous sampling. Test intervals and loca-
tions are normally stipulated by the project engineer or 
geologist. Typically, the intervals selected are 5 ft (1.5 m) or 
less in homogeneous strata with test and sampling locations at 
every change of strata. Record the depth of drilling to the 
nearest 0.i ft (0.030 m}. 

6.2 Any drilling procedure that provides a suitably clean 
and stable borehole before insertion of the sampler and assures 
that the penetration test is performed on essentially undisturbed 
soil shall be acceptable. Each of the following procedures has 
proven to be acceptable for some subsurface conditions. The 
subsurface conditions anticipated should he considered when 
selecting the drilling method to be used. 

6.2.1 Open-hole rotary drilling method. 
6.2.2 Continuous flight hollow-stern auger method. 

6.2.3 Wash boring method. 
6.2.4 Continuous flight solid auger method. 
6,3 Several drilling methods produce unacceptable bore-

holes. The process of jetting through an open tube sampler and 
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FIG. 2 Split-Barrel Sampler 

mm 1 or I ' ··tn. ( 14 9 mm) 1 ~Cl' '\11tc ::! ). \ I b gauge ltner can 
he u ... cd t11'1de the I h·m. (381 mm> -..pltt barrel \t11llple1 fhe 
dri .. mg 'hoe 'hall be ol hardened \tee! and ... hall he replaced or 
repaired ''hen 11 become" dented or d1,t0ne<l. The penetraung. 
end of the dm e 'hoe ma) be ,Jightl) wunded. n1e 'pl it-barrel 
... unpler mu't be equipped with a hall check and \.ent. \ fetal or 
pla,uc ha,kl'h 111'1) he u\ed en retam '°'I 'ample' 

~llll .:! . ff.,lh llWOI) .tnd ,1v.11!;1hk 1(,1 Joi1J 'U!!)(O:'I lh,11 ,\.\·;1h11:~ lllOI}' 
1hlfcr u' 11111,h a' 10 h• \(I <JI- ~l\H'CO a'''"''""' '"'"'k .lt.11111:1,·1 ,,;11npkr 
11nJ ur'•'I "all 'a111pll·1 II 11 I'• 11c''"''~') h> ,orr,·-i h•r 1h..: up,~1 \1all 
«ampkr r.:t1•r 1u J>ra..:11,·c ltll• In :-; .. 11h \ni1:n.-.1. II i- '""' c·o111111un 
praCli.:c 111 u'c Jn up'd wull 'ampler w tlh ;m 111,1Je J 1;11n.:1c:1 111 l ~·: 1n ,\1 
"".: llmc. hncr' w.·1.: u'.:d hu1 pr:1d1~c .:vol\ .:d to u'c the up,ct w;ill 
'ampler \\ilhoul liner\. L:'l' ol an Ufl\CI watt ,;implc:r allt>\\\ lnr u,,. ol 
re1a1ocr' 11 m·cJcd. retlucc' rn,1J,· ln..:tion . und impro\c\ n:.:owry ~Ian\ 
••lhcr .:ounln.:' ,1111 u'" a .:011,t.ml ID 'Pli1 -harrcl 'ampler. "h1d1 \~ii' th\' 
nrrgm:il •t;mdun.I und ,1111 ;11xcptahk wirhm tlm '1.mdard 

.5.4 /)m c-IVnght . \ uem/Jly: 
5 4.1 Jlw111111·r ond ,\111•1/-The hammer 'hall weigh 140 = 

2 lbt' 1623 - 9 Nl ;111d 'hall he a rig1<l metallil'. ma" The 
hammer ... hall -..1r1kc the ,111\ II and 111.1ke ... ceel on steel contall 
when 1t 1 ... dropped. A h;11nmer rail guide pcnmttrng an 
unimpeded fall shall he u:-.ed. h£ 'how' a -,chcmat1c of ... uch 
hammer; Hammers u'ed with the c:ithead and rope methn<l 
'>hall ha\'e .1n un11npcded over lift capacll)' of •lt lea"t 4 111 ( l!XJ 
mm I. For "'fety rea\ons the use 0f a hammer a:. ... embly with an 
mtemal am ii ., encouraged "' 'hll\\ n in fl . rhe total m•1" 
nf till' hammer a''cntbl} heanng nn the dnll rnd' 'hou ld not he 
nmre than 250 - I 0 lbm I 11 1 = 5 kg). 

:-.; m 1 11 1, 'u!?~l',IL'll that the h.1rnm('1 1.111 p11d<' t>c 1><:11n;mcn!I) 
rnarl.,·,J h• <."nahlc thl' 1111\:ralur or '"'JlCChH 111 iudi;c lfll' harnm.:r dr.•p 
hcr~hl. 

Copy•'V"1f ASTV W8"1\iitO"la! 
PrQw'ldedby*1'Siut'IOll lceflH W.t"IASn. 
No r$'0dudm or'*""°" "'ii Pll""i'tea ""'1nout 11c:-nse from IHS 

·' 

SA 2 //ammt r l>m11 \n1cm-J<ope-cat11ead. lnp. ..enn· 
aultllll<lliL or .1utomatK ha111111e1 drop'>) \!ems. a., 'ho\.\.n in 
i may he used. prm1d111g the lilting apparatu-. will not cau-.e 
penetrntion of the 'ampler while re-engaging and hftm~ the 
hummer . 

5 5 Acce1wr.> Fq11ip111t·111-Acce"ories 'uch a' lahcb. 
'ample LOntamer'. d.ita 'hech. <1nd ian>undwmer lc\'cl mea ... ur­
in!! de\ 11.:e' ,hal l he prt\\ ided m .1..:cord.irKe w11h 1he require­
ment.. ul the proiect and other ·\ ST\.1 ,t,111dard,. 

(1. Drilling Procedure 

6. I !'he horehole 'hall he aJ, anced tnl'.rcmenlilll) to per 11111 

tntermiucnt or cont111unu ... 'ampling. Tc,t mtenab and loca­
tions arc nonnally st1pul,1te<l b;.. the pro1ec1 t>ngmeer nr 
genlogi ... c. 1) p1cally, the inter. ab .,eleued are 5 fl < 1.5 m} or 
le-., in homngeneou<. ..irata \\.llh test and ''1111pltng locatwn~ .11 

e\er) change of '>trata. Record the depth of dnllmg to the 
neJre,c 0.1 It ((}.{l30 ml. 

6.2 Any dn ll mg procedure that prm 1de' a \Ullah!) dean 
and 'table hnrehnle hdorc in,cnion nl the s,1mpler and "''ure' 
that the penetration le\t '"performed un e ..... entta lly undisturbed 
'oil .,hall be acceptable. Lich of the tollo\.\.tng prucedun:' IM'> 

pm,en to he acceptable tor ..,ome wbwrface cnnd11mn'. The 
'>Ubsurface condi tion<. ant1c1pated 'hould he con,1dered "hen 
,cJectmg the drilling method to be u'ed 

6. 2.1 Open-hole rota!) drillrng method 
6.2 2 Contmuou' flight holk1"'·'te111 uuger rnethou. 
6.2 3 Wash boring method . 
6 2.-1 C11n1muou' flight '111iJ auger rm.:thod. 
6 .3 ~e,er.11 dnllmg method-. produce unaccept.iblt: btire­

hnh.~' · The proce" of 1eu111g through an open tube ... ampler and 

Litetwee._H9m0on. VN!t9f.i0458008 Ul«'='Can.t' l• 
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FIG. 3 Schematic Drawing of the Donut Hammer and Safety 
Hammer 

then sampling when the desired depth is reached shall not be 
permitted. The continuous flight solid auger method shall not 
be used for advancing the borehole below a water table or 
below the upper confining bed of a confined non-cohesive 
stratum that is under artesian pressure. Casing may not be 
advanced below the sampling elevation prior to sampling. 
Advancing a borehole with bottom discharge bits is not 
permissible. It is not permissible to advance the borehole for 
subsequent insertion of the sampler solely by means of 
previous sampling with the SFr sampler. 

h.4 The drilling fluid level within the borehole or hollow-
stem augers shall be maintained at or above the in situ 
groundwater level at all times during drilling, removal of drill 
rods, and sampling. 

7. Sampling and Testing Procedure 

7.1 After the borehole has been advanced to the desired 
sampling elevation and excessive cuttings have been removed. 
record the eleanout depth to the nearest 0.1 ft 10.030 ml. and 
prepare for the test with the following sequence of operations: 

7.1.1 Attach either split-barrel sampler Type A or B to the 
sampling rods and lower into the borehole. Do not allow the 
sampler to drop onto the soil to he sampled. 

7.1.2 Position the hammer above and attach the anvil to the 
top of the sampling rods. This may be done before the sampling 
rods and sampler are lowered into the borehole, 

7.1,3 Rest the dead weight of the sampler. rods, anvil, and 
drive weight on the bottom of the borehole. Record the 
sampling start depth to the nearest 0.1 ft (0.030 mi. Compare  

the sampling start depth to the cleanout depth in 7 1. If 
excessive cuttings are encountered at the bottom of the 
borehole. remove the sampler and sampling rods fmm the 
borehole and remove the cuttings. 

7.1.4 Mark the drill rods in three successive 0.5-foot (0.15 
in) increments so that the advance of the sampler under the 
impact of the hammer can be easily observed for each (1.5-foot 
10.15 m) increment. 

7.2 Drive the sampler with blows from the 140-lbf (623-Ni 
hammer and count the number of blows applied in each 
0.5-loot (0.15-nil increment until one of the following occurs: 

7.2.1 A total of 50 blows have been applied during any one 
of the three 0.5-foot (0.15-m) increments described in T I -1. 

7.2.2 A total or 1 GO blows have been applied. 

7.2.3 There is no observed advance of the sampler during 
the application of 10 successive blows of the hammer, 

7.2.4 The sampler is advanced the complete 15 ft. (0.45 mt 
without the limiting blow counts occurring as described in 
1.2 I, 7 2 2. or 7 

7.2.5 If the sampler sinks under the weight of the hammer. 
weight of rods, or both, record the length of travel to the 
nearest 0.1 ft f0.030 m), and drive the sampler through the 
remainder of the test interval. lithe sampler sinks the complete 
interval, stop the penetration, remove the sampler and sampling 
rods from the borehole. and advance the borehole through the 
very soft or very loose materials to the next desired sampling 
elevation. Record the N-value as either weight of hammer. 
weight of rods, or both. 
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then 'umrlin~ ''hen the de,ired depth j, n:.1~hc<l ,h;ill 1101 he 
permrtle<l. The continunu' !light solid auger metho<l ,hall not 
be u'cd Im .1<l\'ancing the horehole helm~ a water table or 
heln\\ the upper confining bed of u confine<l non-cohesi\c 
'tratum that j, un<le1 anc,1an pre,sure. Casmg 111.1y nnt be 
,iu\ anced below the s;.11npl111g ele\'aUon prior 10 sampling. 
A1.h ancmg a borehole \\1th bouom di,churge hits '' not 
pe1 mi"1ble. It j, not pcrmi,sible to .1dva1we the hnrehnle for 
'>Ub'ClfUCnt '"'ertmn 111 the s.impler 'olel)· b) 1m:•111' ol 
prnious ,,1mpling \\ilh 1he SPT ~mplei . 

fl~ The dnlling fluid le\\:I '' lll1111 the borehole or holh,\\­
'tem .1ugcr' sh;ill he maintained :11 or ahl•h' lhl.' m sllu 
ground\\ater k\el at all time' <luring Jrilhn!;!. rt>mn\'al of dnll 
rods . ;:imJ 'ampltng. 

7. Sampling and 1btin~ Procedure 

7.1 After the bordmlc ha' heen athunced to the desired 
:.ampling ele' utinn <llld e\ce"i' e cuttmgs h:I\ e hcen renw' ed. 
record the clean1mt depth tn the neare't 0 . 1 It co.cno mJ. and 
prep.ire for the te't "'ith the l"t,l11m mg 'c4ue1h:c of opcra11nn': 

7. 1.1 AllJ...:h cllht:r 'Jllit-h;.1rrd ,,,mpkr · 1~ JX' A m B to the 
'ampling rocJ, and lowc1 in111 the borehole. Do not .11!0\\ the 
,ampler tn drop onto the -.011 l\1 be 'ample<l 

7.1 .2 Po~ition the hammer ahme and .1ttach the Ull\ ii 10 the 
top of the 'amphng. rod~. Tl11' may be dlme bet ore the 'ampling. 
roJ, .ind ':impler are lowered into the borehole. 

7.1.3 Re't the dead v.ei!!hl of the 'umpler. nxh. anvil. and 
dm e weight on the hotlom nl the bnreholc. Record the 
'amphng 'tan <lepth to the neare'l 0.1 It ((),O.'O 1111 C'C1mpJ.Ie 

~"""'ASW­
"-OVIHS--wl!IAST>I 
N~~ Ot~~ perm..1Ud w&IOul 111;.,IM ''CWTI 1)-($ 

thl! ,,unpltng -.1an depth to the cle.1nou1 cJepch 111 7 I. If 
e\ce"i'e cumng., .ire encountered ut the bullllln ol thl! 
horeholt'. remove the -..unplcr und ... amplin~ rod' Imm the 
horehl>lc and remove the cutting,. 

7.1.-t \larl.. the drill rnds in three successl\e OS folll lltl.5 
ml in...:n:ments ,o th::tt the advance nl the ... ampler under the 
impact ol the hammer can be c<hily observed lor ead1 ll 'i-h>tll 
10.15 m I inaement 

7.2 Dnh· the ... ampler \\llh hlow' lrom thl' 1-tO-lhf ttt2' -~J 

hammer .ind 1.•oulll the number of blow' upplicd m t•ach 
0.5-1001 I0.15-mJ mnement until one 11r the follm\ mg o~'cur,· 

7.2 I A tCltal nl 50 bl1m ~ ha\c been upplied dunng an~ one 
ol the lhrcl.' llSfnnl <0.15-mJ increment'> desnihed rn ~I I. 

7.2.2 A tota l of 100 hlow ... h~i\e heen apphc<l. 

7.2.J There i~ no nh,cr\'ed ad\ .ince ol the 'Jmpler dunng 
thl' .1pphcauon or I 0 'ucce"h e hhl\\\ of the hammer. 

7.2 4 The 'ampler i-. advanced the complete 1.5 fl . (fl ~5 m1 
"nhout the limitmg hlow count ... occurring "' dt>,cnbed m 

7 ~ •. or 7 2 '· 
... 2 " II the 'ampler 'ink.., under the weight nl the h.11nmer. 

\\C1~ht nl rod,, or both. record the length ot Ua\cl to the 
ne.1re-.t 0.1 It (0.030 111), and d.rl\e the ,,1111plcr through the 
remainder of the l~'l mten al. I I the -.ampler 'ink' the rnmpktc 
inten al. 'top the penetrntion, remme the 'ampler and sampling 
flkl, I rnm the borehole. and ad' ;1111.:e the horehole chrough the 
\Cry ... 111t or \Cl) lno-.e material' tn the ne\t de,ired ... amphng 
elc\~ltinn . Record the ,\'-~ulue ·" either \\.eight of hammer. 
weight of rmh. or both 

~ v...-seooe. u.....c. .... u.. 
Nolb'Res.M tiol11tQQOIC1081,~0T 
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FIG. 4 Automatic Trip Hammer 

7.3 Record the number of blows (N) required to advance the 
sampler each 0,5-foot t0.15 m) of penetration or fraction 
thereof_ The first 0.5-foot )0.15 m) is considered to be a seating 
drive. The sum of the number of blows required for the second 
and third 0.5-foot (0.15 mi of penetration is termed the 
"standard penetration resistance," or the 'IV-value' If the 
sampler is driven less than 1.5 ft (0.45 m), as permitted in 
7  2_1, 	1. or 7  2.1, the number of blows per each complete 
0.5-foot (0.15 mt increment and per each partial increment 
shall be recorded on the bonng log. For partial increments. the 
depth of penetration shall he reported to the nearest 0.1 ft 
(0.030 m1 in addition to the number of blows. if the sampler 
advances below the bottom of the borehole under the static 
weight of the drill rods or the weight of the drill rods plus the 
static weight of the hammer, this information should he noted 
on the boring log. 

7.4 The raising and dropping of the 140-1b1 (623-N) ham-
mer shall be accomplished using either of the following two 
methods. Energy delivered to the drill rod by either method can 
be measured according to procedures in Test Method 11 4(131, 

7.4.1 Method A—By using a trip. automatic, or semi-
automatic hammer drop system that lifts the 140-lbf (623-N) 
hammer and allows it to drop 30 = 1.0 in. (0.76 ni 0.030 m) 
with limited unimpedence. Drop heights adjustments for auto-
matic and trip hammers should be checked daily and at first 
indication of variations in performance. Operation of automatic 
hammers shall be in strict accordance with operations manuals. 

7.4.2 Method B—By using a cathead to pull a rope attached 
to the hammer. When the cathead and rope method is used the 
system and operation shall conform to the following: 

7,4.2,1 The cathead shall be essentially free of rust. oil, or 
grease and have a diameter in the range of 6 to 10 in. (150 to 
250 mm). 

7.4.2.2 The cathead should he operated at a minimum speed 
of rotation of 100 RPM. 

7.4.2.3 The operator should generally use either 1-3/4 or 
2- 1/4 rope turns on the cathead. depending upon whether or not 
the rope comes off the top (1-314 turns for counterclockwise 
rotation) or the bottom (2-1/4 turns for clockwise rotation) of 
the cathead during the performance of the penetration test. as 
shown in Fig. I. It is generally known and accepted that 2-3/4 
or more rope turns considerably impedes the fall of the hammer 
and should not be used to perform the test. The cathead rope 
should be stiff, relatively dry, clean, and should he replaced 
when it becomes excessively frayed. oily. limp, or burned. 

7.4.2.4 For each hammer blow. a 30 	1.0 in. (0.76 m 
0.030 m) lift and drop shall be employed by the operator. The 
operation of pulling and throwing the rope shall be performed 
rhythmically without holding the rope at the top of the stroke_ 

Nan, 4—If the hammer drop height is something other than 30 

in. 10 7h m 0.030 mt. then record the new drop height. For soils other 

than sands, there is no known data or research that relates to adjusting the 
N-salue obtained tram different drop heights. Test method t 

provides intimnation on making enemy measurement for variable drop 

CoPla•ONASTM Inlarrtatiatto,  
PmyySiel w  4411 Qn•dw 6131.111f 1,101 ASTM 
No rwroaucloan W nerocanj ownelbld .14rMili Wilmot heir HIS 
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FIG. 4 Automatic Trip Hammer 

7.3 Rel'ord the numher ot hlu"'' 11\'J re4uired tn ad\.anl·e the 
,,1rnpkr ea1.:h !) 5-foot 10 15 1111 ut penetration or traction 
thereol fhl· tir-.i 0.5 foot ({) 15 1111 ., con .. idered to be a 'eating 
drl\e. rhe 'um llf the number ot blo .... , required fill the ... ernnd 
.ind third 0.5·h>tlt 10.15 m I ,11 penetration 1 termed the 
•·,randard penetration re,1,t<1m:e. or the .. \ .\alue:· II the 
'ampler i' dri\l.:n Jc-,, than I 'i h ({1.45 ml ... , ~·rmntcd 111 

~ I. ~ . 111 ~ 1. the numher ol him" per l'.1rh complete 
U.5-tom Ill 11 nll 1ncrcmcnt and per each part1.1l inen:mc11t 
,h,111 he re.:or<lcJ nn thL honng lo!! . for pa111al tn1:rcmcn1,, the 
depth of penetration ,hall he repnned 10 the ncarc't 0.1 lt 
(0.0.'0 1111 111 addn1011 111 the number nf hll>w,. II the 'ampler 
:ttl\am:e" hclov.- the hotlllm ol the borehole under the 'talll' 
\1eight 111 the drill rmh 01 the weight of the drill rod' plu-. lhL' 
'tatic \1dght ol the hammer. 1h1 ... 111forrna11011 'hould he nnted 
1,11 the h1>ring log. 

7A The r;ii,mg and dropping of the 1-10-lhf <623 '\) ham­
mer 'hall be .1c1:11mpli,hcd u'ing either or the l11llu\11ng two 
111eth1>J,, Em~rg) c.Jeli' ercd 1e1 the drill r\ld h\ either method c:in 
he mea,urcd an.:nrding tn procedure' 111 'k't \letl11>d D 4(•' '· 

7.4. 1 Hetlwd tl-B~ u ... ing a trip. .1utomat1c. 1ir 'e1111 
automatic h.1mmer drop 'Y'tcm that hfh the 1-IO·lhf 162\ '\) 
hammer and allm" it to drop 30 = 1.0 in. (0.76 m :!: 0.010 1111 

w11h lim11ed unimpedence. Drop height' aJju,11111:nh tor :1uto· 
mati.: and tnp hanrn1cr' 'hould he checked dJily and at liN 
111d1c.1tmn 11t v.1riation' in performam:e. Operation ot autom.111c 
h.1111111L''" 'hall he in 'tri1:t .11.:cordance \11th upcrauon' manuah. 

Cooy•.goil ASTl,ll-
~"'°O toy 11$ ~ "-* "' l1\ ASn~ 
N" ·~ 0tf'letaOl'!f'IQ' Otf"Nlled ~I ht~ ,.am *iS 

,., 

/A.2 1/t>thotl H-B) u .. ing a .:athe.1d to pull a rope .1ttached 
to the hanuner. When the catheml and rnpc method 1~ u,eJ the 
')'tern and operation 'hall contnrm to the lollC1wmg· 

7.-t.2. I The t.athead 'hall be e~'en11al1) tree ot' ru,t, 011. or 
grea'e and ha\ c a diameter in the r.ingc ot h to IO 111 . ( 1511 111 

250 mm). 
7.-l.2.2 The cathead 'hnuld be operated ma mmimurn '~ed 

nl rot.1tion ot 100 RP:'-1. 
7 -I 2.3 The opcralllr ,110ukl genc1 all) u'c eith1:r 1-314 or 

2-114 rope turn' on the cathcad. depending upon "hcthcr or not 
the rupe n1me' off thl'. top 11-3/4 turn' for 1:ounterdm:kw 1-.e 
rototllonl or the hot111m (2-1/-1 turn-. tor d1x.k\\i'c nn.1110111111 

the cathead dunng the perlormance 111 the penetratmn tc't. ·'' 
'h1mn in I tg I It j, genl!rall) kmm n .md .tt-repted th.it 2-J/-I 
nr more rope turn' t•on,1derabl) impede-. the fall 11f the h.unmcr 
and 'hould not he U\l!d to perform the te't. fhe emhead rope 
'hnuld be 'till, relall\CI) Jr), dean. and ,hould be replaced 
when it bccoml!\ e:<ce,-.1\cl) lra~ed. ml). hmp. m burned . 

7.-l.2.4 for c.tch hamnwr blm\. a 30 =: 1.0 in. t0.76 m =: 
0.030 111) lilt and Jrop 'hall he emplo}Cd h) thl' 11per;1tor rfll: 
01~r:ition of pulling and throwing the rope 'hall be perlurnwd 
lit} 1hm1call) v.nhout holding the rope ,11 the top nl the ~trnke. 

:\on -1-lf lh<· hammer drop h~1i:h1 '' snmdlung 111hcr 1h"n <o • I 0 
m 10 71> m :: 0 <JlO 1111. 1h.:n record 1hc new drop hc1i;l11 hlJ \rnh orhcr 
1h.m !.:!nJ,, lhcrl' 1~ m> !..mm n Ja1a or f\.'<l'.llth 1h;11n:J:111•s111 ud1u,1mg lhc 
v.,uful' oh1;11ncd Imm d1ll.:r.:nt Jror h.:1~l1h f,·,1 mc1h1xl I> r • 
pr0\1d.:' 111torma11<m on makmi,: energy llll'a,urc111cn1 ln1 \,1rrnhll• drop 

UC-- VA.~llfl0458008 U....C.'10" lJU 

" ~ '°' R-• 0<>1112008 ~es 11 ... 01 
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heights arid Practice I) onho provides information on adjustment of 
*value to a constant energy level MI. of theoretical, Nlidt. Practice 

allows the hammer drop height to be adjusted to provide 601:-
energy 

7.5 Bring the sampler to the surface and open. Record the 
percent recover to the nearest I % or the length of sample 
recovered to the nearest 0.01 ft (5 mm). Classify the soil 
samples recovered as to, in accordance with Practice I) 2488. 
then place one or more representative portions of the sample 
into sealable moisture-proof containers (jars) without ramming 
or distorting any apparent stratification. Seal each container to 
prevent evaporation of soil moisture. Aflix labels to the 
containers bearing job designation. boring number, sample 
depth. and the blow count per 0.5-foot (0.15-in) increment. 
Protect the samples against extreme temperature changes. It 
there is a soil change within the sampler. make a jar for each 
stratum and note its location in the sampler barrel Samples 
should be preserved and transported in accordance with Prac-
tice 1") 1221:1 using Group B. 

8. Data Sheet(s)/Forrnisi 

8.1 Data obtained in each borehole shall be recorded in 
accordance with the Subsurface Logging Guide D 5,1i4 as 
required by the exploration program. An example of a sample 
data sheet is included in Apperidi‘ N I. 

8.2 Drilling information shall be recorded in the field and 
shall include the following! 

8.2.1 Name and location of job. 
8.2.2 Names of crew. 
8 2.3 Type and make of drilling machine. 
8.2.4 Weather conditions. 
8.2.5 Date and time of start and finish of borehole. 
8.2.6 Boring number and location (station and coordinates. 

if available and applicable). 
8.2.7 Surface elevation. if available. 
8.2.8 Method of advancing and cleaning the borehole, 
8.2.9 Method of keeping borehole open. 
8.2.10 Depth of water surface to the nearest 0.1 ft (0.030 m) 

and drilling depth to the nearest 0.1 ft (0.030 m) at the time of 
a noted loss of drilling fluid, and time and date when reading 
or notation was made. 

8.2.11 Location of strata changes. to the nearest 0.5 ft (15 
cm). 

8.2.12 Size of casing. depth of cased portion of borehole to 
the nearest 0.1 It (0.030 m). 

8.2.13 Equipment and Method A or B of driving sampler. 
8.2.14 Sampler length and inside diameter of barrel. and if 

a sample basket retainer is used. 
8.2.15 Size, type. and section length of the sampling rods. 

and 
8.2.16 Remarks. 
8.3 Data obtained for each sample shall be recorded in the 

field and shall include the following: 
8.3.1 Top of sample depth to the nearest 0.1 ft (0.030 mi 

and. if utilized. the sample number. 
8.3.2 Description of soil. 
8.3.3 Strata changes within sample. 
8.3.4 Sampler penetration and recovery lengths to the near-

est 0.1 ft (0.030 in), and 
8.3.5 Number of blows per 0.5 foot (0.015 ni) or partial 

increment. 

9. Precision and Bias 

9.1 Precision—Test data on precision is not presented due 
to the nature of this test method. It is either not feasible or too 
costly at this time to have ten or more agencies participate in 
an in situ testing program at a given site. 

9.1.1 The Subcommittee 18.02 is seeking additional data 
from the users of this test method that might he used to make 
a limited statement on precision. Present knowledge indicates 
the Following: 

9.1.1.1 Variations in N-values of 1(X)% or more have been 
observed when using different standard penetration test appa-
ratus• and drillers for adjacent boreholes in the same soil 
formation. Current opinion, based on held experience. indi-
cates that when using the same apparatus and driller. N-values 
in the same soil can be reproduced with a coefficient of 
variation of about 10 %. 

9_1.1.2 The use of faulty equipment. such as an extremely 
massive or damaged anvil, a rusty cathead. a low speed 
cathead, an old, oily rope. or massive or poorly lubricated rope 
sheaves can significantly contribute to differences in N-values 
obtained between operator-drill rig systems. 

9.2 Bias—There is no accepted reference value for this test 
method. therefore, bias cannot be determined. 

10. Keywords 

10.1 blow count: in-situ test: penetration resistance: soil: 
split-barrel sampling; standard penetration test 
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h~1i;h1' anJ PtJd1C<' I) 6(11 h I'"'' iJes inrorm~rwn ''" 11d1u,trn.:nt 111 
1\ ·\ illlll' hl a u,n,lant l'tlCljl)' ,..., d Hi) 'II ••I thrurcll\.'al, :-<1101. P1;id1cc: 
I 11t1lr11 nllcm' lhl' h.111111w1 Jrcip h••1gh1 h• I>.: 1uJ1u,1c:J tu pm\ 1Jc <lo 'i{ 
C:llCIJ;) 

7.5 Hnng the ,,1mplcr tn the 'urlal·e and orcn. Record Lhe 
pcrcl'nt rei:o' Cf) !{l the nean:'t I ', or the length of ... ample 
n:unered to the neare't 0.01 tt 15 mm). Cla"i('t the ... nil 
,,1mpll'~ recoH~rcd J' tn, in :.i.:cc•rdanl·e with Prac1ice I) 24SS, 
then place one or more fl'prc,entati\e pon1un' ol the 'ample 
111111 ~.1lahlt' 111111,iure prriof l'Unta1ner-; (jar' l '' ithout ramming 
or d1,tor11ng Jll) .1pp:11 cnt 'Halilic:ttion. Sc.11 e•tl'll l Ontainc1 tu 
prc,ent c\·aporat11111 of 'oil moi-.ture. Alfi\ label' to the 
(1mt.11nc::r' hearing j<ih dc,1gn.lllllll. h11n11g numher, ... t1mple 
depth. and the hl11\\' i.:11u111 per 0.5· h>Ol IO I 5·1111 increment. 
l'n1tect the ,;unple' agat11't e\treme tcmrcrature change,. lt 
there '' a 'oil d1angc withrn the 'ampler. m:il;c- a pr for e.1ch 
'tratum .md note ih location in the 'ampler h.im:I c;;unple' 
'hould b.: pre,en ed and tran ... poned 111 accord.incc w 11h Pr<1c­
tice () ,rno u'mg Group B. 

8. Data Shl'elh J/Form(~) 

S DatJ obtained 111 eJch borehole 'h:ill hl' recorded m 
acco1dancc \\.Ith the Su~,urlacc- Loggme Guide D ~!! ~4 "' 
required h~ the e\plur.111011 pro~ram. An c\amplc nf a 'ample 
data 'heet '' mcludcd 111 Appcndr\ XI. 

li .2 Dnlhng mlmmation 'hall be recorded in the held and 
,11:111 include the fo llowmg 

X.2 I 'lumc and lnc;iuon of j11h. 
S.2 2 \i,1me' 111 ..:re\\ 
8.2 ~ l) pc and mt1J...c ol dnlhng m.Khmc. 
S.2 -t Weather c1111d1l 1l1ns. 
S.2.5 D.uc .ind tune nl 't:in and hn1'h 1>f hnrehnle. 
8.2.tl Bonng 11u111hc1 und loc:1111111 ('tat11111 and i:oordmat..:.,, 

11 ~1' all.1hle and apphl.;1ble J. 
S.2 .., Surtan~ t!lc\ .111011. II J\ atlahle. 
S.2 '> :\lethod ol ad1 •tndng and cleaning the borehole. 
S.2 q \ lethod nl J...cep1ng hllreholc 1lp..:n. 
~.2. 10 Depth nf wate1 ... urt,1l'e to the neare't 0. 1 It (ll.1130 ml 

.md dnllmg depth tn the neare't ll.I ft (U.030 ml at the time nl 
J rwted Jo,, 111 drill ing llu1d. anJ time nnd date when read111g 
111 r11lt<111on \I a' made. 

8 2.11 L1K':ttion ol 'trata 1..·hange .... to the neare't 0.5 fl ( 15 
..:ml. 

1\,2 I::! '"i11e ul C<.l\rllg depth nr 1..·a,cd poninn nl bnn:hole l1) 
the neare't 01 It10010 111). 

~ASTl.t~-' 
~t....IHS~lanN•.inASTM 

Ne) t*'PfOCk;Cl~ 01 ~ perrndfiid .,.,!UQ,I keNe l\'Oln NiS 

., 

1\.2. I ' Cquipment anu .\let hod A 11r B ut dm mg ':11nple1. 
S.2.1-t Sampler length and 1n ... ide d1mnctcr ol barrel. amt 11 

a ... ample ha ... ket ret.11ner 1' lM~d. 
~ 2. 15 l\tl'c. type and ... ccLi1m length 11! the ... ampltng rod,, 

und 
S.2. 16 Remark,. 
~.3 Data ohtained for each .... unplc ... hall hl' rcc111deJ 111 the 

ltcld and 'hall mduJe the lnllcl\\ ing: 
8.3. 1 Tur of 'ample depth to the neare\l II. I n ~o.mo Ill I 

anJ. if' u1tli1ed. the ... ample number. 
S.3 2 D..: ... 1..nptinn of ... oil, 
XJ ' Str:1tJ d1ange' \\ ithin ... ample. 
X.3 -t '°lJmplcr pcn.:tr;1ti11n ::md 1ecm ..:I} length' tll thl' ne:ir­

c t 0.1 II !O 010 ml. Jlld 
X.35 '\umher ot hhm~ {l\!r 0.5 loot \0.015 1111111 pan1al 

mcremcnt 

9. Preci,ion and Bia!. 

lJ I P1tTt11rm-·1e,1 data lln prec1,mn i' 1101 pre ... cnted due 
to the nature 11f th1-. te'l method. It 10, either not lea,1hlc or too 

c1htl) at th1' lime to ha\c 1cn 1•r more agenc1c., p;111K·1pa1c 111 

an in ,jiu 1e .. 11ng pmgram at .1 giH::n 'ite. 
9 I . I The '>uhcornm1ttee I X.02 '' 'eeking udditior1JI datu 

from the u ... er ... nt thi' te't method that rn1!?ht he u ... ed tn nwJ..e 
a ltmited ,t,ttemc.:nt on pre.:1,111n. Pre,ent knowledge 1111hc:11c-. 
tht! tollm~ 1ng 

Q, 1. I I Vanatton' in \ '.1lue' of I 00 '·'< or mnrc- ha' c hecn 
uh,cn·ed '' hen using d1tlercnt ... wndard penctrat1n11 te't app<i · 
ratu.,. and dn llcr' for .1djacent borehole' m the 'a me '011 
101111.1111111 . Current upinion . ha,ed on held C\p..:ricncc, 111di­
ca1<•, that \\hen u,1ng the ,,1111c .1pparatu' and driller. N-\;1lue' 
111 thc 'amc -.oil can be rep1 odu~>ed '' ith a l·C1clfll't1.•nt ot 
,·ari:11 i1in 11f ahnut Ill '1' 

() I l.2 The u'i: ol J,1111!~ e11111p111ent. '111.:h a' an c·uremel) 
mt1.,,i, e 1ir damaged JO\ 11. a ru't) 1:.ithe<1u .• 1 hm si-,.:cd 
cathe.1d, Jn old. oil) rope. or m.1 ...... 1vc or poorly luhnc:ated rope 
'hea~e' can '1g111 ticantly contrihute to d1tlere 11l'C' m V-\',tlue' 
ohtamcd between operato1-dnll rig :-.}'tern,, 

9.2 /li111-Thcre i-. no .1cceptcd relercni:e \ialui: lor th" tc~t 
meth1xf. therefore. hrn' l''lnnot he determined. 

111. Kc) "ord' 

I 0.1 hlnw cnunt; 111-~11u teM penetratmn rc"'tarll.:e; \!>ti. 

... pltt·harrel 'ampltng: 'tan<lard pcnetrauon tc't 

Lbnueatt.tmoon, \l"~S8008. ~atte· Ltu 
t<ol lot R- ~ t1'2008 08 Oii " "OT 
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SUMMARY OF CHANCES 

Committee 1)18 has identified the location of selected changes to this standard since the last issue 
ID 1586 -99) that may impact the use of this standard. (Approved February 1. .2008.1 

f 11 There have been numerous changes to this standard to list 
them separately. From the most recent main ballot process. 
additional changes were requested and incorporated into this 
newest revision. Stated below is a highlight of some of the 
changes. 
(2) Scope was completely ro. ised. 
1) Reterenced Documents updated to include new standards. 

14) Terminology: added section on Definitions. 
(5) Significance and Use: clarified use of the SPT test. 
(6) Apparatus: general editorial changes. 
( 71 Sampling and Testing Procedure: general editonal 
changes. 
(8) Data Sheets/Forms: general editorial changes. 
(9I Precision and Bias: added Sections 	1.1.1 and 9 1 1 

ASTM International lakes no position respecting the validity of any patent rights asserted in connection with any Item mentioned 
this standard Users of this standard are expressly advised Mat determination of the validity of any such patent rights and the nsk 

of infringement of such tights, are entirely their own reSporrSibility 

This standard is subject to revision al arty tome by the responsible technical committee and must be reviewed every live years and 
it not revised, either reapproved or withdrawn. YOU, comments are invited either for revision of this standard or for additional standards 
and should be addressed to ASTM OntemabOnal Headquarters Your comments will receive care/id consideration at a meeting of the 
responsible technical committee, yawl, you may attend. If you feel Thar your comments have not received a tau hearing you should 
make your views known to the ASTM Committee on Standards, at the address shown below 

This standard rs copyrighted by ASTM International, 100 Barr Harbor Dave. PO Box C700. West Conshohocken, PA 19.4284959. 
united Slates individual reonnis (single or multiple copies) of this standard may be obtained by contacting ASTM at the above 
address or at 610.632-9585 iphonel. 610.832-9555 ilex,. or serviceeaStin org le-mart); or through the ASTM website 
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l 11n1111111t.•e DI lo{ h;i, identilicJ 1he loca11on ol 'ckcteJ chan!!c' Ill 1hi' :.tanJard :.tnce !he (a,l 1•-...ue 
fl> I "'86 - lJ1>1 1h.11 ma) impal.'.'t the tN'. 111 1l11s 'rnml.ml f Apprm cd Fehruary 1. 2008.) 

I I) l'ht•re ha1 l' hcen numcrou' change' 10 th1' ,l,trHford 10 fa,l 
them 'cp:1ratcl~. From !he 1110,t recent main ballllt pr1k' C!>:.. 

.iJJi1io11;1l change ... were n:que,teJ and inc11rpora1cd inw 1hi, 
nc\\ e'l re\ ''inn <>1atcd b..:1011 '' a htghhght 111 '0111c of !he 
chan< _., 

C..J) I erm11111log}: Jddcd 'cct11111 11n Dctl11it1011' 
(51 Signilicancc and u.,c; climhed u'c of the SPI ll'''­
(61 ·\ppJratu': general ediwnal change .. . 
I .,l Sampling and Tc,tinp Pn1cedure: pcnual edi111rrnl 
change' 

(2 l "ic1•pt• """ cornpk1el~ rc1 i'Cd. 18> Data Shcci...trom1' gcn..:ral cduorial change' 
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Designation: D 1587 - 00 (Reapproved 2007}' 1  

Standard Practice for 
Thin-Wailed Tube Sampling of Soils for Geotechnical 
Purposes' 

This 	 iS841 dunder the fixed desitinaiiiiii 1)1,587 the number immediately following the designation indicates the year ol 

original adoption or. in the tie of eevisiiirt ihe year 	TCVIS141n. A number in parrnlboxs indicaics the year of Iasi reapproval. A 

superscript epsilon lit indicates an cdnoriat ..:..h an1,7e since the last rnvislint ur reapprilval. 

Aherirlard h4is been eqPirrerml 	1430.  it% 1110111 	ihr Drperrernrrrt 4,1 nriervir 

e' Nosed—Editorial changes %err made in June 201)7. 

1. Scopes 

1.1 This practice covers a procedure for using a thin-walled 
metal tube to recover relatively undisturbed soil samples 
suitable for laboratory tests of engineering properties. such as 
strength. compressibility, permeability, and density. Thin-
walled tubes used in piston, plug. or rotary-type samplers 
should comply with Section 6.3 of this practice which de-
scribes the thin-walled tubes. 

Nut t. 1 	practice does not apply to liners used within the 
sawlers. 

1.2 This Practice is limited to soils that can be penetrated by 
the thin-walled tube. This sampling method is not recom-
mended for sampling soils containing gravel or larger size soil 
particles cemented or eery hard soils. Other soil samplers may 
be used for sampling these soil types. Such samplers include 
driven split barrel samplers and soil coring devices (ft 
1) 3550. and I) 6151). For information on appropriate use of 
other soil samplers refer to D haul. 

1.3 This practice is often used in conjunction with fluid 
rotary drilling (1) 1452, I) 5783) or hollow-stem augers 
11) id 7',  11. Subsurface geotechnical explorations should be 
reported in accordance with practice (1) 54341. This practice 
discusses some aspects of sample preservation after the sam-
pling event. For information on preservation and transportation 
process of soil samples. consult Practice Fi .1220. This practice 
does not address environmental sampling: consult 1) 616+) and 

6232for information on sampling for environmental investi-
gations. 

1.4 The values stated in inch-pound units are to be regarded 
as the standard. The SI values given in parentheses are 
provided for information purposes only. The tubing tolerancesti  i  
presented in 1.11)1e I are from sources available in North  

Phis pr:uaiec IN under the turisdiction of ASTM Coninnuee UIK on Sotl and 

Hock and IS the diner responsibility of SUboultiMallVe 1311102 on Sampling iintl 

Relined Field Testing for Soil Evaluations. 
Current edition approved May 1. 2007, Published July 2007. Originally approved 

in 1458_ Last pervious edition approved in 2003 as D 1587 - 03. 

America. Use of metric equivalent is acceptable as long as 
thickness and proportions are similar to those required in this 
standard. 

1.5 This standard does not purport to address all of the 
safety concerns, if any, associated with its use. It is the 
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regiehttory limitations prior to use. 

1.6 This practice offers a set of instructions for performing 
one or more specific operations. This document cannot replace 
education or experience and should be used in conjunction with 
professional judgment. Not all aspects of this practice may be 
applicable in all circumstances. This ASTM standard is not 
inienaed to represent or replace the standard of care by which 
the adequacy of a given professional service must be judged. 
nor should this document he applied without consideration of 
a projects many unique aspects. The word "Standard" in the 
title of this document means only that the document has been 
approved through the ASTM consensus process. 

2. Referenced Documents 

2.1 ASTM Standards: = 
I) 65 .t Terminology Relating to Soil, Rock. and Contained 

Fluids 
D 1452 Practice for Soil Investigation and Sampling by 

Auger Borings 
I) 15R6 Test Method for Penetration Test and Split-Barrel 

Sampling of Soils 
I) 24S8 Practice for Description and Identification of Soils 

(Visual-Manual Procedure) 
D 35511 Practice for Thick Wall. Ring-Lined, Split Barrel, 

Drive Sampling of Soils 
D 371i) Practice for Minimum Requirements for Agencies 

Engaged in the Testing and/or Inspection of Soil and Rock 

For referenced ASTM standards. visit the ASTM wehane, www.aatni.org. ra 

contact ASTM Customer Service al wsviceaeataiti.org. For Annual Book of i5-STI1f 

SlattdatkiN volunle information. reler to the standind's Document Summary page on 

the ASTM wchsiic. 

*A Summary or Changes section appears al the end or this standard. 
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Standard Practice for 
Thin-Walled Tube Sampling of Soils for Geotechnical 
Purposes1 

1111'" ,t,1nJ..uJ I'll j~'SlicJ t.llldc:r the h\Ctl ~k,1~11.dmll Jl I ~'!\'i th( JllJ.mht°r 1mutCd1Jtcl) f1,1fO'A.tll!!' lh~ J<,1g.11~l1PU Hhfo ••• 11('' th!' \'C'al nl 
nngrn.tl .1Jop11,1u llf. IO chc i.:..t\C f1J rt\J'hm. 1h,· )l'.u iu 1.~l rr\1~wn. J\ uumhcr 111 pJu.'nlhL•:1.c' tndh .. 1.UL"S chL" )C-ar {'If ta .. 1 rt!.1ppruv.tl ,\ 
'UJ"':r"1.:npl ep,1lon ( q mJ1CblC' t.m cJ1111rml 'h;rn~1; '1111..'t" l hc 1;1,w O:\l,lt11t • 11 Jt ... ~ppuwail 

//U\ ,/Wltftut/ ltd\ been CIJ1/lft..l\<t/ '''' U.\I" IJ\ u~Oh II ~\ 11j tlu f>tJIUrllllt".JJJ of !>.-/c11\1 

I. l\copr* 

I I fh1' practll·c cmcr' a procedure for u-.ing a thin-walled 
metal tu tie tn reu)\ er re la ti\ el~ unJi,turbed \Oil -. • .11npJe, 
... uuahlc: for labnratrn) te'>h ol engineering propc111e,. \Uch a' 
,trength. compre~,1h1ht;. pcrmcahiht). and dcn'll). Tl11n­
walled LUbe' u-.,ed m p1,1011. plug. or rolary-t~ re 'ample!:' 
.,hnuld comply "tth Section fi ) ot lht'> practtt:e which Je­
":nbe' the thin-walled tuhe-.. 

~"fl. nu, prac11cc dt><:' nl>I appl) ll> lin.:r' u'cu w11hin the 
,.1mpkr' 

1.2 Thi, Pracl!ce " limited to 'oib that can he penetrated b) 
1lw thlfl-\\ ,tiled tube Thi' 'ampl1ng method '' 1101 rccl1m· 
11w11JcJ for '"rnplmg ,011, co11t;11ning gr;\\ el 111 kirger 'lh' \\)ii 
p.1n1.:le' cemented or 'er~ hard '°'!.... Other 'oil 'amplcr' Ill.!) 
be u,ed tor 'amphn)! lhl'\e 'uil t) pc' 'iuch ... ampler'> 111duJ~ 
Jm en ... pit! hm rel ''unpler-. and ... uil t.:nnng J..:\ ice' (I 

ll 3550 .• mJ > '' t ). l·nr informaunn on approp1iate u'>e l)I 

other ... 011 ... ampler'> refer to ) h I f>C). 
1.3 Thi' pracucc 1' often u~ed in eonjunet1on with flu1J 

rotary drilling (I> 11 , D ~783> or hollm\-stem auger.­
(!>(ii~ I 1 <iub'>urfacc geotechnical e:>.plorallon' 'hould he 
reponcd ll1 at·cordance with practit·e 10 54. ) n11 ... pracuce 
d1,cu"I.'' ... onie a'pett~ ol 'ample prc,crv;1tion after the ... am­
phng e\ ent. I or mlrn mauon nn pfl.!,en au on and 1ra1hpol1<1tit>n 
prot'c" ot ... 011 ... ample,. eon...ult Pr•1cticc D ~:!.20 . Thr' practi..:e 
doe' not addr..:" ern ironmental .... unpling: con ... ult > > and 
() Ci2~: for 1nlormaunn nn ... ampling for emmmmental inve~ti­
gatiom .. 

I A The\ alue~ ,lated m inch-pound unih Me to be regarded 
a-. the -.tandard. The SI value'> gi' en tn parcnthe:...e' are 
raov1dt:d for 1nlormauon pu11-xi...es onl) The tubi ng tolernncc-. 
pre,emed in I I :1re from '>otm:e' 1vatlable 111 '\lorth 

1ht'I p1adu.t" '' unJct tin: 1u11,J 1vn "' \\T\1 f\mrnuun .. • PJ!\ 1m Soil .mt! 
1<111:~ .mJ I• 1h~ Jn<.:I r~'l"'"'11l1ht~ •II <;uh1:<1mm111re l>l\.02 "" S;1111plrn~ anJ 
l<d.Uc•l I 1~hl Tcs1111c 1111 'i111l fa 1Ju,111011' 

Curren! cJ1t11111 Jp(lnl\cd \lu> I. 2007. Puhl1,hc:..I Jul) ~(~17 On~mall)' app1mc.I 

111 1951< l.:N P"'"''U' cdmnn appruwd in ~ll(ll .,, IJ 151\7-0.\ 

Amcrit'a. L ... c of metric cqui\ :lle111 '" acceptable a" long. a' 
thicknc'' and proptm1on ... are ... imilar to tho'>e required m thb 
\t;mdar<l. 

I 5 1111s 11c111dard doe 1 1101 111117>or1 111 tl(/drt•u "" 1!(' tlw 
1a/<'I)' u111e·ern.1. 1{ any. a .• wciatcd in th 11.1 11.1< It 1.1 rlw 
rc•1po11.1ihili1'' of 1/w 1Ha 11/ 1/ii.1 \lcllldarcl W t'1tah!Hh clf't'm­
(1riatc 1<1/t'I) anti health pr11t'f1<:t'.• mul dt•/er111i11I' 1/11 11pplH t1· 

hi/i11• <(l reµulatorr /1111ita/1(>111 prior to llH' 

1.6 Thi' prnctice offer~ a \et ot in:...tnicuon' lw pcrfonning 
one or more specific opcraticm'>. This document rnnnot rcpli'.ll'L' 
edu,auon M expem!llcc and '>hnuld he u ... ed m conJunctiun \\1th 
pmlc,,1<rnal .1udgmcn1. i\m all aspect\ ol th1' prat lice 1m1) he 
apphl·,1blc in .ill c1rrn111\l.tnce,. !ht'> AS I M ... 1andard i-. not 
intcnile<l tL1 repn:'>cnt ur rcpl.tce the -.1and<11d ol c;irc b\ v. lmh 
the :1JL·quaL') of a gl\cll pro1c ...... 1tmal 'ernt·e mu'>t ti~ judged. 
nor 'hould thl' th><..umcnt he applied \\ ith<'UI .::ori,1dera1111n 111 

u pro.rec!'' man} u111que a'pe..:i-. . The worJ "Swndard"' 10 the 
Litle of thi, document mean-. only that 1he document ha' hcen 
apprmcd through the ASTM con,cn'u' procc"'· 

2. Rrfercnced Docu ments 
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TABLE 1 Dimensional Tolerances for Thin-Walled Tubes 

Nominal Tube Diameters from T.-itkL ,'" Tolerances 

Sire Outside 2 50.8 3 76.2 5 127 
Diameter in mm mm In. mm 

Outside diameter. 0, +0.007 +0.179 +0010 .0254 +0.015 0,381 
-0.000 -0.000 -0.000 -0.000 -0.000 -0.000 

Instde diameter, Di  +0.000 +0.000 +0.000 4-0 000 +0.000 +0.000 
-0.007 -0.179 -0.010 -0.254 -0.015 -0,381 

Wan ihrekness -0.007 A.179 0.010 • 0 254 • 0 015 '0381 
'Duality 0,015 0.381 0 020 0.508 0.030 0.762 
Straightness 0.0301it 250/M 0.030M 2.50/rn 0.030.41 2.50rm 

Intermediate or larger diameters should be proportional. Specify only two of 
the first three tolerances; that is, D„ and D„ or D., and Welt thickness, or D, and Wall 
thickness 

as Used in Engineering Design and Construction 
I) 42211 Practices for Preserving and Transporting Soil 

Samples 
I) 54'14 Guide for Field Logging of Subsurface Explora-

tions of Soil and Rock 
1) S-‘.: Guide for Use of Direct Rotary Drilling with 

Water-Based Drilling Fluid for Geoenvironinental Explo-
ration and the Installation of Subsurface Water-Quality 
Monitoring Devices 

3 I Practice for Using Hollow-Stem Augers kw Geo-
technical Exploration and Soil Sampling 

I) 6169 Guide for Selection of Soil and Rock Sampling 
Devices Used With Drill Rigs for Environmental Investi-
gations 

D 6212 Guide for Selection of Sampling Equipment for 
Waste and Contaminated Media Data Collection Activities 

3. Terminology 

3.1 Definitions: 

3.1.1 For common definitions of terms in this standard, refer 
to Terminology 1) 	t. 

3.2 Definitions of Terms Specific to This Standard: 
3.2.1 inside clearanrc ratio, 5f, to—the ratio of the differ-

ence in the inside diameter of the tube. D,. minus the inside 
diameter of the cutting edge. D,. to the inside diameter of the 
tube. D, expressed as a percentage (see Fit.;. ft. 

3.2.2 ovalits, n---the cross section of the tube that deviates 
from a perfect circle. 

4. Summary of Practice 

4.1 A relatively undisturbed sample is obtained by pressing 
a thin-walled metal tube into the in-situ soil at the bottom of a 
boring, removing the soil-tilled tube, and applying seals to the 
soil surfaces to prevent soil movement and moisture gain or 
loss, 

5. Significance and Use 

5.1 This practice. or Practice I1 il1  I with thin wall shoe. is 
used when it is necessary to obtain a relatively undisturbed 
specimen suitable for laboratory tests of engineering properties 
or other tests that might be influenced by soil disturbance. 

2—The quality ()I the result pruaticed by this standard is 
dependent on the competence of the personnel performing tt. and the 
suitability of the equipment and facilities used. Agencies that meet the 
criteria of Practice t) 1740 are generally considered capable of competent 
and objective sampling. Users of this practice. arc cautioned that compli-
ance with Practice El ..7.-1-11 does not 111 itself assure reliahle results. 
Reliahle results depend on many factors: Practice 1) 4 "..tr r pro  vide%  

nicans•of evaluating some of those factors. 

b. Apparatus 

6.1 Drinoin Equipment—When sampling in a boring, any 
drilling equipment may he used that provides a reasonably 

NrirE 1—Minimum of two mounting holes on opposite sides for D„ smaller than 4 in. 11(11.6 mini. 
Nom. 2—Minimum of four mounting holes equally spaced for D„ 4 in. (101.6 mini and larger. 
Nara 3—Tube held with hardened screws or other suitable means. 
Nail 4-2-in (50.8 mml outside-diameter tubes are specified with an IS-gage wall thickness to comply with area ratio criteria accepted for 

-undisturbed samples?' Users are advised that such tubing is difficult to locate and can be extremely expensive in small quantities. Sixteen-gage tubes 
are generally readily available 

Metric Equivalent Conversions 

in 
	

mm 

2 
3 
4 

5 

9.53 
12.7 
25 4 
50.8 
76 2 
101.6 
127 

FIG. 1 Thin-Walled Tube for Sampling 
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TABLE 1 Dimensional Tolerances for Thin-Walled Tubes 
flj, .~ ...s Tuhe Dia,,.. r irom T.lt l"' ToternncEs 

Size Outslde 2 508 3 76 2 5 127 
Diameter 1n mm on mm 1n mm 

O..tsKJo diameter, 0 0 •0.007 •O. t79 .0010 .+-0.25'1 ... o.01s 0381 
·0000 -0000 ·0000 ·0000 -0000 ·0000 

Inside oiameter. D +0000 +0000 +-0000 .+Q 000 •0000 +0.000 
·0.007 -0.179 -0 010 -0.254 -0.015 -0381 

wan 11'1icl-.ness •0007 •0.179 •0-010 ·o 2S4 •0.015 ·o 381 
Olallly 0.015 0381 0020 0508 0.030 0 762 
S1raig11tncss 0030,ft 250/m 0 oooit1 2 50/m 0.030,11 2.SO'm 

.. 1n1e1mcd1a1e or larger d111me1ers shOuld be proportional Specify only two 01 
100 first three tolerances: lhat 1s, D And D, or D~ and Wall thickness. or D, and Wall 
trllC•ness 

a, lJ,ed 111 [ngineenng De,ign :111d C11n\trucuo11 
I Pract1ce' lor Pn!,cn·ing and Tran ... poning Soil 

<)Jmple' 
Guide lor FielJ Logging of <)uh,urlace E\plora­

tilllh 111 ..,ml and R<K'k 
I) .,7 Guide tor lhe Pl Dire1:·1 Rotan Dnlling .,.. 1th 

\\'a1cr-[h-.ed Dnllmg Fluid t.1r Cieocn\ 1ronment.il L \plo­
rallon :ind the ln,1all.11inn nl Sulhurl.1ce Watt!r· CJu.1lny 
.\1on11unng Device' 

D M~I P1:1ctice for U'tn)! Hollo\\ Stem Au!!l!f\ ll11 G.:u­
ti:d1111{'JI Explora111111 rnd <)011 Sampling 

I) MM Guide for Sde1:11on ot Srnl and Rod, ~ampling 
Dc\lrt:' u,ed With Dnll Rig' for rm tr1t11mental lme'>ll­
,g.1uon' 

D 6.! l2 Gu!lle for 'ick.:11011 ot <,Jmpltng Equipment lor 
\\'a,tc und ContarnmateJ :\kJ1.1 D.1t 1 Cnllectinn ,\ cti' 111.:s 

3. Tcrminolo~ 

3.1 J>c/i1111um1: 

; I I h,1 l'(llllnwn dcllmuon~ of 1t·1 m' in thi' 'landard. reti:r 
to li:nninoloµ) I> 111\\. 

~.2 l>1'ji11111011 .1 of frr1111 !'Ji1<·c'i/ic· 111 l hn S111111/111d: 

~.2.1 1m11!t• dt'<llc/llt t' mtio, r;. 11-the r:mo 111 the differ­
ence in the in-.ide diameter ol' thi: tuhc. D,. m111u' the lll\td<." 
diameter ol the rutt111g .:Jge. D.,. ro the in,1Je diameter of lhl' 
tuhc. D, C\pre,,i:J a' ,1 perct!ntaµ..: ht!c I Jg I 1. 

3.2 . .! ()1"(1/11r. 11-tht.' l'rn" 'ectiltn or the tuhe that Jl'\ i,11.:, 
trnm a pcrh:ct cird.: 

4. Sumrmtr) of Prncticc 

4 I A r.:la11vc.:I) undt,turbcd 'ample t' nhtained h) p11:•"111g 
a thm·" :riled metJI tuh.: into the in-,itu wil :11 the bo111•111 ol .-. 
boring. removing thi: 'rnl-1111..:d tub\:, and .1ppl~ ing 'cals to thl" 
'oil 'urlacc' to pre,·t!nt 'ml OHl\ClllCnt and moi-.turc gain or 
lo" 

5. "ignificancc and L .,e 

5.1 lb1 pr.tLllLl' or Pr•Kllce Di<; l "llh thin ""II 'ho1:. 1, 
u .. c:d \\hen it i' necc ... sa~ Ill ohwin ,, 11.'h.11!\CI} Ulhh,turbed 
'pcc1mc11 'u11ahlc tor l.thoratM) te\h ol i:ngmcenni; pro1x•n1t!' 
or .ithl'I 1c'1" 1ha1 1111gl11 he intiuenli:d h~ 'oi l d1 ,turh.111.:c 

:-.; lll 2 flt ,· quafll) or th~ rc,ull p1,.Ju c:J h) 1h1 t.11hl.ird " 
<kpcnlknt 1•11 till: ''"liJl<:lcn,c 111 lhc pc:rsonnd pcrl11rm111g 11 :ind 1m· 
'u11nb1ltt} 01 1hc cc.iu1pmc111 11nd foc1l111c~ u~d ,\gcn"c' 1h;i1 mccl the 
~n1cr1:1 ol l'lil•ll•·c l> r'J0 11r<· gcncr.:ifl} cou,idc:r..-J c:1p.ihk ol compclc:rll 
anJ 0\11..- II\<' 'amphng l '''"" ol thh prn.:u,~ u1<' c:11Hr1111.:d rh.11 compli· 
an_-c '' ith Pr,ictu.:c D "l" .t(I Jo.:~ not tn 1i-dl .1"urt· rdi.rhk rc:,ull~ 
Rcli.1hk rc,1111, d1·rc:nd on many l•Kl<~r•: l1111<11n• D 1 i1 rn"1de- <1 

mc;u1,. of "' nll1.11i11!? \llllll" ol lhll"<" l.1d••r' 

6. App<1ralm 

6.1 /Jn//111i: Lqw11m1·111-\\'hen ,.amphng tn a ho1111g. an~ 
dnlling equipment may bt' u,eJ th.it prm 1de\ .1 rc.1'l1nahl) 

~~;-~~-~------~~:;~cs Spec1f!oed '" Mtl~od ------F-i"_m_in__ ~ 

~----o.- ---- fc::::::::=======w=j::ll y 
:ns•de Cltoronce Ro••o = ~o' e Lj d •o <mu;_J 

~oun11119 Holes 

.\ITTE 1-~11111mum Ill m11 muu111mg huh:' <1n "l'l""ttc ,jde, lor I> , 'm.ill.:r than .i 111 (IOI 6 111111). 
:SITTli ~ \1101111um 111 t.u11 111<1un11ng h1>fc, cquall) 'paced fo1 l> , .I 111 (IOI ti 1111111 und la1get 
:So"' J-Tuhc hdJ \~1th harJ.:nC'd "."Tl!I\' or olh('r 'uttahl.: mean, . 
.\m·1; ~-10 t:iO.li mmJ oui-1Jc-<llame1cr 1uti.:- :.ire spcciht•d '~11h an li<·11.1gc \\all 1h1dne" 111 compl) w11h un::1 rJti11 a11.:nJ ii.,'CptcJ Im 

.. unJl\turbed ,,unpt.:,;· ll\<!C• me ruJ,·1,cd 1h:u •11d1 wbing" J111i,·ull lo h1<.~le nod c~n he n1rcmd) .:xpcn,tn~ m ~milll 4uan1111c' 'i1\lc.:n ·gagc tube, 

.ire fCne1ally 1c~1tltly a\-.ulabk• 

~"IF" A.SW,._,,._, 
~ o., IHS 1AW tQinse "'Ci ASTM 
""·~~orne!'"°".:ng~~~'·am .. s 

In 
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FIG. 1 Thin-Walled Tube for Sampling 

mm 

9 53 
12.7 
254 
508 
76 2 
101 6 
127 

u:.nueu .. mcson VMMQ.458001. lJ"9f'-.Carto' Uu 
"°''°'P-11"11'20080&0930 ... 0T 



4t1IP)-  D 1587 — 00 (2007)€1  

TABLE 2 Suitable Thin-Walled Steel Sample Tubes'' 

Outside diameter (D I 
In 2 3 5 
mm 50.8 76.2 127 

Wall thick neeS 
Beg 16 16 11 
In 0.049 0.065 0,120 
rrtm 1,24 1.65 3,05 

Tube length 
1rk 36 36 54 
m 0.91 0.91 1.45 

inside clearance ralio, <1 <1 <1 

"The three diameters recommended in lak< 2 we indicated for purposes of 
standardization, and are not intended to indicate that sampling tubes of Interme-
dram or larger diameters are not acceptable. Lengths of tubes shown are 
illustrative Proper lengths to be determined as suited to field conditions,  

clean hole; that minimizes disturbance of the soil to be 
sampled: and that does not hinder the penetration of the 
thin-walled sampler. Open borehole diameter and the inside 
diameter of driven casing or hollow stem auger shall not 
exceed 3.5 times the outside diameter of the thin-walled tube. 

6.2 Sampler insertion Equipment. shall he adequate to 
provide a relatively rapid continuous penetration force. For 
hard formations it may he necessary. although not recom-
mended. to drive the thin-walled tube sampler. 

6.3 Thin-Walled Tubes. should he manufactured to the 
dimensions as shown in Ha I, They should have an outside 
diameter of 2 to 5 in. (50 to 130 mml and he made of metal 
having adequate strength for the type of soil to be sampled, 
Tubes shall he clean and free of all surface irregularities 
including projecting weld seams. Other diameters may be used 
but the tube dimensions should he proportional to the tube 
designs presented here. 

6.3. I Length of Tubes—See 'Fable i and 7  -1_ I . 

6.3.2 Tolerances, shall he within the limits shown in cable 
I. 

6.3.3 Inside Clearance Ratio, should be not greater than 
I % unless specified otherwise for the type of soil to be 
sampled. Generally, the inside clearance ratio used should 
increase with the increase in plasticity of the soil being 
sampled, except for sensitive soils or where local experience 
indicates otherwise. See . I and lag. I for definition of inside 
clearance ratio. 

6.3.4 Corrosion Pmteetion—Corrosion, whether from gal-
vanic or chemical reaction. can damage or destroy both the 
thin-walled tube and the sample. Severity of damage is a 
function of time as well as interaction between the sample and 
the tube. Thin-walled tubes should have some form of protec-
tive coating. unless the soil is to be extruded less than 3 days. 
The type of coating to he used may vary depending upon the 
material to he sampled. Plating of the tubes or alternate base 
metals may he specified. Galvanized tubes are often used when 
long term storage is required. Coatings may include a light coat 
of lubricating oil, lacquer. epoxy. Teflon, zinc oxide, and 
others. 

NOT 3—Most coating materials are not resistant to scratching by soils 
that contain sands. Consideration should be given for prompt testing of the 
sample because chemical reactions between the metal and the soil sample 
con occur with time. 

6.4 Sampler Head, serves to couple the thin-walled tube to 
the insertion equipment and, together with the thin-walled tube.  

comprises the thin-walled tube sampler. The sampler head shall 
contain a venting area and suitable check valve with the 
venting area to the outside equal to or greater than the area 
through the check valve. In some special cases, a check valve 
may not be required hut venting is required to avoid sample 
compression. Attachment of the head to the tube shall he 
concentric and coaxial to assure uniform application of force to 
the tube by the sampler insertion equipment. 

7. Procedure 

7. I Remove loose material from the center of a casing or 
hollow stem auger as carefully as possible to avoid disturbance 
of the material to be sampled. If groundwater is encountered. 
maintain the liquid level in the borehole at or above ground 
water level during the drilling and sampling operation. 

7.2 Bottom discharge bits are not permitted. Side discharge 
hits may be used, with caution. Jetting through an open-tube 
sampler to clean out the borehole to sampling elevation is not 
permitted. 

Nino- 4—Roller bits arc Availablc in downward-jetting and diffused-jet 
configurations. Downward-jetting configuration rock hits arc nor accept-
able Diffuse-jet configurations arc generally acceptable. 

7.3 Lower the sampling apparatus so that the sample tube's 
bottom rests on the bottom of the hole and record depth to the 
bottom of the sample tube to the nearest 0.1-ft (.03 In) 

7.3.1 Keep the sampling apparatus plumb during lowering. 
thereby preventing the cutting edge of the tube from scraping 
the wall of the borehole. 

7.4" Advance the sampler without rotation by a continuous 
relatively,  rapid downward motion and record length of ad-
vancement to the nearest I in. (25 mm). 

7.4.1 Determine the length of advance by the resistance and 
condition of the soil formation. but the length shall never 
exceed 5 to 10 diameters of the tube in sands and 10 to IS 
diameters of the tube in clays, In no case shall a length of 
advance be greater than the sample-tube length minus an 
allowance for the sampler head and a minimum of 3-in. (75 
mm) for sludge and end cuttings, 

rat a J 5—The mass of sample. laboratory handling capabilities. trans -
portation problems, and commercial availability of tubes will gencrall) 
limit maximum practical lengths to those shown in I 	' 

7.5 When the soil formation is too hard for push-type 
insertion, the tube may be driven or Practice I) 35 `31 I may be 
used. If driving methods are used. the data regarding weight 
and fall of the hammer and penetration achieved must he 
shown in the report. Additionally, that tube must be promi-
nently labeled a "driven sample." 

7.6 Withdraw the sampler from the soil formation as care-
fully as possible in order to minimize disturbance of the 
sample. The tube can be slowly rotated to shear the material at 
the end of the tube, and to relieve water and/or suction 
pressures and improve recovery. Where the soil formation is 
soft, a delay before withdraw of the sampler (typically 5 to 30 
minutes) may improve sample recovery. 

8. Sample Measurement, Sealing and Labeling 

8.1 Upon removal of the tube. remove the drill cuttings in 
the upper end of the tube and measure the length of the soil 

COOVIfpg ASTM Irgern4lkiNs. 
P4,000 try 1145 aftESIff IGMee vd'. ASTU 

	 t1oms...0.04,proas. vussof-isiioori Uriciotim. Lssa 
No ,..woo.u.o. a ,44,44=4,41 patnydrad wnnoul nimp.11611 Iraq-n.1115 

	
N44 lo.Hew.M 04.1 1*008 0111.011:30 MOT 

0 D 1587 - 00 (2001r1 

TABLE 2 Suitable Thin -Walled Steel Sample TubesA 

Outs>de 01ame1er D, I 
rn 2 3 5 
mm 50.8 76.2 127 

Wall tn!Ckn.JSS 
Swg 18 16 11 

"' 0.049 0065 0. 120 
mm 12•1 1 65 305 

Tube lengrh 
rn 36 36 54 
m 091 091 , 45 

lnsiOP. clea•ance ra1io, •• < 1 < 1 < 1 

A Tiie 1hree d1ame1ers recommended Ill T11h 2 are 1no1caled ror purposes ol 
siandara1zauon. and are not 1n1ended IO ll'l<licate that sampling tubes 01 1n1erme-
01a1e or larger oiame1ers ar" not ecceptal>I<'> Lengrhs ot rubes shown are 
lllustratl\le Prooer iengrhs 10 be deletmined as suited to field condl11ons 

clean hule; that 1111111m11e ... c.faturbanee of the ,oil Lo be 
... ample<l. and 1hat doe' not hmder the penetratmn of the 
thin-\\alled '"mpler Open borehok diameter and the in'>tde 
dtarneter ot drt\'ell t'm.mg 0r hollow stem auger 'hall not 
e.\ceed t5 tune-. the out<.1de diameter nf the thm-walled tube. 

6.2 'lt1111f1/er l11.1er11m1 Lq111pmf11t . .,hall be adequate to 
prm 1<le a n:lat1vel) rapid l·onttnuou' penetratwn tore..: . For 
hard fom1at1ons tt tna)' he nel.°:e"al). although not rec<,m-
1m:ndec.I. 111 dme the thm-w;ilkd whe ... ampler. 

6.3 1hi11-m1ll<'d 7i1bn. ...110ulJ he manufactured to the 
Jimen...ion ... ,,.., .,hm\ n in hg I. The) )>hould ha\'e an ouhi<le 
diameter of'.'! to S 111. 150 to 130 mmi and he made ot metal 
ha\'ing aJt!qua1e ... 1rength for the type ot ,Ill! to be .,ample<l. 
l'uhe' 'h•rll he clean .-i11d free of all 'urface irrcgularitie' 
mdudmg. prnJectmg \\eld ... earn ... Other diameter ... may be u~ed 
hut the tuhe tlimen ... 11m'> ... hould he prop11111011al to the tuhe 
de,ign' prt!.,ented ht!re 

6 .3. 1 u ·111-11h of fohn-See I Jhle '.:! ,md 7.4 I. 
<d.~ lolacmu .1. 'hall he w1thlll the limit' -,hown in Table 

I. 
6.3 1 lm1Clc Clt·am11n' Ra110 • .,hould be not greater than 

I C:r unle'' -.pecified otherwi'e for the type of 'oi l to be 
'ampled Generally. the 111,tde clearance rat1(1 u ... ed ... hould 
m.:rea'c with the tncrea ... c m pla,,ticit) ol the -,011 herng 
,,tmpleJ. C\Cept for ... en~tti\'e ,oti-.. or v.here Inca( e.\penence 
111dic•t1e' othl.!rw1'e See .., and I 111 I tor dchmllon of 111,ide 
clearJnce rat io. 

6.3.-4 Cono\11111 Pm1cc11m1-Corrl1,ion . "hcthl!r from gal­
' <Jllll' or ch..:1111.:al rcact1on. can dam,1gc or c.Je..,trny hoth the 
thlll· \\:tllcd tube and the sample Se\enty of damage ,.., a 
function ol time ~t., well a' mternct1on betv.een the ~ample and 
the tube. Thin-\\alled tube ... -,hould have ... ome fonn ot prntel­
ti\e co<ittn!!, unle'' the -,011 "LO he t!\truJed le\'> than 3 day .... 
The type of coating to he U\ed nrny va0 c.Jepenc.Jmg upcm the 
111.1tcri.1l to be 'ampled . Platmg of the! tube' or alternate ba'c 
metal-, ma~ he !.pecificd. Gahanited tube-. .ire often u-;ed \\.hen 
lnng tenn 'torage i-, rl!quirt!d. Cnatings ma) mclude a light cout 
of lubricating otl. l<1cquer. ep<>.\}. Teflon. /till. oxide. anJ 
other' . 

No1t > ;\11"1 t:oatmg mah:rial' ure 001 re,i,tanl 10 ''rutdung b} ,,,jJs 
that c1>U1•1in 'amh Co1Ndcra111in 'hould be gi\o.~n tor pw111pt 1c,11ng of th.: 
'ampk ~c;1u'c ,·hcn111:al rcact11>n' bet\\CCn the 1111.:IJI and lhc ,011 "'mpk 
n>n Ol'(Uf \\ llh 11111C 

6.4 Sw1111lcr Head, 'ene' ltl couple the thin-wulleJ tuhe to 
the 111'-<'nmn equ1pmen1 ,1110. together\\ ith the thm-v.alle<l tuhe. 

~ASTVl-
P ro..,dea bY IHS ~~-... th ASTM 
Nil 1~0' ~0·9 penn.ttld wilhel'JI kt•nN f"Oft\ IHS 

wmpn'e" the thin-walled tube '<1mplc1 . The -,ampler he:td ,h.111 
contarn ,1 \enting are;1 anJ 'uitahle ch1xl vah e 11 ith th ... 
1e11ung area to the out"iJe equal to or greater than 1hc are:i 
through the ched. \.al\e. In ' ome ,pecial l' :t'c'. a check ,·ah.\.' 
ma~ not be required hut \e111111g '' rcquire<l 10 :t1 oid , ,unplc 
cnmpre,,ion. Attal·hm.:nt of the head tn the tuhe .,hall be 
concentric and coaxial LO a'"ure uniform apphcaLwn of force l<t 

the tube hy the -.ampler 111'-enmn equipment 

1. Procedurt-

7 I Remo\'c loose maierial from the center 01 a ca"tng or 
holhm 'tem .mger "'carefully a-.. po-.,1ble to avoid c.Ji-.turbancc 
of the materiJI to he ... ampletl . If gn1und\\ ater ,.., encnunter..:J. 
milintain the hqu1c.J leH!l tn the borehole at or abm e gn1u11d 
v. ~Her le\ el during the Jnlling <md "illnpllng operatmn . 

7.2 Bottom di<.chargc bit-.. an: not penrnttcd Stde dt-.l'harge 
bit.., ma}' be u..,ed. with c.:auuon. Jetung thrnugh an opcn-tuhe 
'ampler to clean out the borehole to ... amphng cle\at1011 '' nnt 
pem1it1e<l 

:-\on 4 - Rullcr h1h arc a\ ail.1\lk m J,11\nw:mt· 1•· t11ng and illlhhcd 1c1 
•'t>n hj!Ufilfl1•n•. D11\\11\\.1rd ·1clllng •'\>nfigura111111 ro.:I.; bu, .ire nor arc·cpt· 
Jhlc Dlllu-.c· t•·t u111lrgl•ra11nn, lire g.:ocr;tlly n~n:plahk 

73 Lower the -.<.1nipling 1.1pp:iratu" 'o that 1he 'itmpk tuhe·, 
bottom rt''t' on the bottom ot the hole and f'l.'lord depth to the 
hotwrn of the ~ample tu he to the neare:-.t 0. I -ft r.rn ml 

7.3 I Keep thc ... ampling :ipparatu' plumb <lunng lowerin,!!. 
thereby prcventtng the cutting edge of the tube fr0m 'crapmg 
the \\all nf the horehole. 

7.4 Ad\ •llK'e the 'ampler withllut rota11on by a 1.ontinuou' 
relamely rnptd dO\\flW,1rd motion :ind record length of .1d­
\ ,tncement to the neure~t I in. i25 mmJ. 

.., 4 I Detenrnne the length ot ad\'ancc b) the re\l\tance ;ind 
conditwn lll the ... otl fonnmion. hm the length -.hall n.:1 er 
C'l(Cced 5 to IO dtametef'I nt the tube tn 'and' •tnU I 0 to 15 
d1arm!tCf\ ol the tube m day-.. In no lil~e 'hall a length of 
advance he greater th;m the .,~m1ple-tube length mmu' an 
allnv. .mce for the ..,ampkr head .inJ a m1111mum ot 3· m. t 75 
mm l tor -.ludge Jnd cnd i:utting .... 

:-.;, -; ·y he ma" of ' ample. lahor;ih•I) handling c:ipah1ht1•·'· 11 ~n' 
('lirl:1111111 prohlcm,, mid ..:1>111111.:rcial .l\':J1!ahilr1) of 111h.:' \\ 111 !! t:l1<"1o11l~ 
1111111 m.tx1mum p1."trc tl length' h l 1!11"c' ,fi•>\\11 111 t. 

7.5 \\'h1tn the ~nil fonnmion '' wo hard Im pu,h-ty pc 
1n,cni11n. the tuhe tll<l) be dnven or Practice I r may be 
u-.cd If drh mg method' .ire u ... ed. the data reg<1rding \\eight 
Jnd fall of 1he hammer <Uld penetration achte\ ed mu't be 
'hO\\ll in the repon. Ac.ldttionally. that tube mu~t be promi­
nently labeled a "dnven 'ample ·· 

7.6 Withdraw the sampler from the ... oil format ion a' care­
full~ '" po-..'1hlc tn orJer to mm1m11e dr...turhance of the 
-.ample. The tube t.:an he 'lo\\ ly mt:1ted to 'hear 1he material at 
the end of the tube. and to relieve water and/or 'uctinn 
pre ... ,ure ... and impro\ e reco\'er). Where the sot! fom1at1011 j, 

.,oft. a Jela) before v..ithJraw ol the ... ampler (t) picall) 1 to :m 
minute-,) may 1111pro\e ... ample recovery. 

It Sample l\lea<;urement, Sealing and Labeling 

8 1 Upon removal of the tubc. rcmcl\e the t.lnll cutting ... rn 
the upper end ot the tube and mea ... ure the length of the ... rnl 

..-,._ v ..... .<96045'005. u ..... eo"•" l.Jta 
N·~ '°' R..- 0< 112005 OS 00 JO WOT 
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sample recovered to the nearest 0.25 in. (5 mm) in the tube. 
Seal the upper end of the tube. Remove at least I in, (25 mm) 
of material from the lower end of the tube, Use this material for 
soil description in accordance with Practice n 245 . Measure 
the os-erall sample length. Seal the lower end of the tube. 
Alternatively. after measurement. the tube may be sealed 
without removal of soil from the ends of the tube. 

8.1.1 Tubes sealed over the ends. as opposed to those sealed 
with expanding packers. should be provided with spacers or 
appropriate packing materials. or both prior to sealing the tube 
ends to provide proper confinement. Packing materials must he 
nonahsorbent and must maintain their properties to provide the 
same degree of sample suppon with time. 

8.1.2 Depending on the requirements of the investigation. 
field extrusion and packaging of extruded soil samples can he 
performed. This allows for physical examination and classifi-
cation of the sample. Samples are extruded in special hydraulic 
jacks equipped with properly sized platens to extrude the core 
in a continuous smooth speed, In some cases, further extrusion 
may cause sample disturbance reducing suitability for testing 
of engineering properties. In other cases, if damage is not 
significant. cores can he extruded and preserved for testing 
t1.1.-1.7.(1). Bent or damaged tubes should be cut off before 
extruding. 

8.2. Prepare and immediately affix labels or apply markings 
as necessary to identify the sample (see Section 9). Assure that 
the markings or labels are adequate to survive transportation 
and storage. 

Non 6—Top end of ihr lithe should be labeled "top- 

9. Field Log 

9.1 Record the information that may be required for prepar-
ing field logs in general accordance to ASTM I) 44 t4  

for Field Logging of Subsurface Explorations of Soil and 
Rock*._ This guide is used for logging explorations by drilling 
and sampling. Some examples of the information required 
include: 

9.1.1 Name and location of the project. 
Q.1.2 Boring number, 
9.1.3 Log of the soil conditions. 
9.1.4 Surface elevation or reference to a datum to the 

nearest foot (0.5 m) or better. 
9.1.5 Location of the boring. 
9.1.6 Method of making the borehole. 
9.1.7 Name of the drilling foreman and company. and 
9.1.8 Name of the drilling inspectorfs). 
9.1.9 Date and time of boring-start and finish. 
9.1.10 Depth to groundwater level: date and time measured. 
9.2 Recording the appropriate sampling information is re- 

quired as follows: 
9.21 Depth to top of sample to the nearest 0.1 ft. (.03 mi 

and number of sample, 
9.2.2 Description of thin-walled tube sampler: size. type of 

metal. type of coating, 
9.2.3 Method of sampler insertion: push or drive. 
9.2.4 Method of drilling, size of hole. casing. and drilling 

fluid used. 
9.2.5 Soil description in accordance with Practice 1) 
9.16 Length of sampler advance (push), and 
9.2.7 Recovery: length of sample obtained. 

10. Keywords 

10.1 geologic investigations; sampling: soil exploration: 
soil investigations: subsurface investigations: undisturbed 
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':imple rt•c.:1nen:d lll the: nc:arc:'l 0.25 m_ <5 mmJ m the tube. 
Sc:al thL' upper c:ml ot the: tuhc_ Rc:mme JI k.i't I in 125 tllllll 

01 matenal 1r,1m the lower end ol thl' tuhe. lf-.e th1' 111Jteri.1l lor 
"'ii dc:,rnption in 111:e11rdance w11h Pr.tL·tic.:c: () :! t88. 1\kil,ure 
the 11\e1':1ll 'arnpk length. Seal the: h>\\er end ut the tuhc. 
Altem•lll\CI). after mc:a,uremc:nt. the rube ma) hl' 'ealeu 
"ithout rc:rnn\'a) ol 'otl from the end, of the tuhc. 

S. I. I Tul'lt!' ,c.lled O\ er the end,, a' oppo,ed 111 thn'e 'ea led 
'' i1h e\p;mding packer,. 'hould he:: pn1,·iue<l with ,pac.:er' or 
apprnpnatt> p;ieking matcnab. or hoth prior to 'ealing the tuhc 
t•nu' tn prm iJe propc.:1 u1111incment. Paci> mg materi;1b nrn't he 
nonJthurhcnt ,1nu mu't 11i;11111a1n their propertie' 111 prm ide the 
,,1mc: ue,gree •II \:tlllplc 'ltppo11 \\Ith lllllC 

X. I 2 Depem.ling on the: ret1uin:mcnh \_If the im e'tig.111011. 
tield C:\tru,ion and pal'kaging ot c\truded ,oiJ 'amph:' L'Ull he 
perlormc:d . Thi' all<m' fnr ph)'ical examination and ch1',tli­
cation ot the 'ample Sample' an! extruded in 'pt!l'ial h)drauhc 
1ack' c4mpped "ith properly '11cJ plillen' 10 C\trude the core 
in a conlinuou' 'mnoth :-.peed. In :-.ome e;1'e'• funher extm,ion 
ITIJ) CTIU'-C ~:unpk di,turhant'l' reducing 'uitahilily for tc:,ting 
ot engineering propcrt1e .... In other ca'e'. if <lamagc j, not 
,j~nihcant. core" can he e.\tru<le<l an<l p1-e,erwd tnr 1e,1ing 
{D Jl ' O)_ Bent or damaged tuhe' ,1111uld be cut oil hclorL' 
C\trudmg. 

S.2 Pn:p;m: and immcd1a1el~ atlh laheb or apply marking_'! 
a ... nccc";ir) Ill iden11ly the ..,ample t'ee Secunn 1. A"urc:: that 
the marking-. or laheJ, are adequate to ,un 1ve tra11'po11atinn 
.111d ,111rage. 

Y. 1-'il'ld Loi-t 

9.1 ReL·orJ the information that ma) be required for prepar­
mg lleld Ing" 111 general an·or<lance Ill AST\! D 'W l.I ··Guide 

tor f1elJ l.oggmg of Suh,urt:u.e E\pl,mnion' nt Soil :111d 
Rock"". Thi' guide 1.., u'ed for logging e'plorntum' h) drilling 
and 'amphng. SlllllC C.\;unph:s of the inl11rm,1unn re<1utn:d 
indudc: 

9 I . I Name and locution of the projcc.:t. 
I) I.:! Bonng numher, 
IJ. I ) Lug of the '011 c11ndiliC1n\, 
9.1 . .t Surface elevation or reien.:nce to :1 datum to 1he 

neare..,t lrnlt Hl.5 m I or better. 
9 .1.5 l.orntinn of the bunng. 
ll. I .6 .\lethml ol 111.il\mg the horchnk, 
1J. 1.7 Nrimc 111 the drilling tnrcman :ind compam and 
9. 1.8 Name l•l the dnll111g m~pectorf ,,). 
1J. l.9 D,nc ;.md 111111: of h11rin,g-,tan and fim,h. 
9. I . I 0 Depth 10 groundwater level: Jate and 11111e mea,u1cd. 
9.2 Recording the .1pprnpn:.1te ,,unpling mlonnation " re -

quired :1, ti11l~m -.: 

9.2.I Depth Ill top of ~ample to the nc;ue,t 0 I It. 1.113 1111 
.md number nf '-illllple. 

IJ 2.2 Dt:,criplion ol thin-walled 1uhc ,,1mpler: '-lie. t~pc 111 

mewl. l) IX' of coating. 
l) 2.J :\1ethod nr 'ampler in,ert1011: push or dm c. 
1J.2A Metlwd of drilling. ,j,e ol hole. L·.1,ing. and dnlhng 

llutd ll'-Cd. 
lJ 2.5 Soll dL·,cnp11on in accordance '-'ilh Prat:lice I> .~AXK. 

9.2.6 Lcnp.th ot sampler ad\'ancc lJ"IU'h ). and 
9.2.7 Renne!) : length nl -.ample oht;.11nc<l. 

Ill. Kep\ord'> 

10 I geolog1c 1nve,11gatmn ... ; ,,unpl1ng: s11iJ C\pl11ra11on, 
'"ii lll\C:'-llg<Hion': 'ub,urtm:e lll\C'-llgauons: unJ1,turncd 
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STANDARD OPERATING PROCEDURE 

Soil Boring Sampling–Split Spoon 

I. Purpose 

To provide a general procedure for sampling subsurface soil produced from a split 
spoon. 

II. Scope 

The scope of this procedure is to cover the sample team's responsibility beginning 
with the opening of the split spoon. 

III. Equipment and Materials 

 Latex or surgical gloves 

 Stainless steel tray or pan or disposable sealable bags 

 Field notebook 

 Stainless steel spoon or spatula or disposable plastic scoop 

 Sampling jars 

 Decontamination solutions and equipment 

IV. Procedures and Guidelines 

1. Field team personnel will wear latex or surgical inner gloves and nitrile or 
neoprene outer gloves to protect from potential dermal contact with 
hazardous substances. 

2. After the split spoon is removed from the borehole and opened by the driller 
or driller's assistant, it will be turned over to field team personnel. 

3. The sample description, depth, time, and date will be logged in the field 
notebook. 

4. Samples for laboratory analysis will be separated and transferred from the 
split spoon half into the sample jars by a decontaminated stainless steel 
utensil or plastic disposable scoop.  Samples for VOC analysis will be 
separated and transferred first, followed by semivolatile samples.  For 
volatile samples, avoid mixing soil before or during transfer.  Homogenize 
the rest of the sample according to SOP Homogenization of Soil and Sediment 
Samples. 

5. Immediately upon collection, all samples for chemical analysis are to be 

placed in a closed container on ice unless it is not possible to do so. Although 
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unusual and uncommon, there may be instances where it is not possible to 

have containers with ice at the sample location. In these instances, the 

samples should be placed on ice as soon as practical and during the time 

between collection and placing the samples on ice, the samples should be 

kept as cool as possible. 

6. Split spoon and media transfer tools will be decontaminated before being 
used again. 

V. Attachments 

None. 

VI. Key Checks and Items 

 Latex or surgical gloves. 

 Decontaminate split spoon and transfer tools before next sample. 

 Sample volatiles first, then semivolatiles.   

 Avoid mixing for volatiles samples. 
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Standard Operating Procedure 

Locating and Clearing Underground Utilities  

I. Purpose  

The purpose of this SOP is to provide general guidelines and specific procedures that 
must be followed on Navy CLEAN projects for locating underground utilities and 
clearing dig locations in order to maximize our ability to avoid hitting underground 
utilities and to minimize liabilities to CH2M HILL and its subcontractors and health and 
safety risks to our project staff.  

This SOP shall be used by Activity Managers and Project Managers to, in-turn, develop 
Activity-specific and project-specific utility location procedures. The activity and 
project-specific procedures will become part of work plans and project instructions and 
will be used to prepare scopes of work (SOWs) for the procurement of utility location 
subcontractors to meet the needs of individual projects.  

This SOP also identifies the types of utility locating services that are available from 
subcontractors and the various tools that are used to locate utilities, and discusses when 
each type of service and tool may or may not be applicable. 

II. Scope 

Depending on the Navy/Marine Activity we typically find ourselves in one of two 
scenarios: 
 

Scenario 1 

The Activity provides utility locating (or dig clearance) services through the public 
works department or similar organization, or has a contract with an outside utility 
clearance service. Some of these services are provided in the form of dig permits which 
are required before you can dig or drill. In other cases no official permit is required and 
the process is somewhat vague.  

Scenario 2 

The Activity does not get involved in any utility locating processes aside from possibly 
providing the most recent utility maps, and relies on CH2M HILL to clear the dig 
locations. 
 

Table 1 provides an up to date summary of which scenarios apply to the various 
primary Activities served under the Navy CLEAN program.  

Scenario 1 is preferred because under this scenario the Navy tends to assume the 
responsibility if the location is improperly cleared, a utility is struck, and property 
damage results. However, our experience has been that the clearance services provided 
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by the Navy do not meet the standards that we consider to be adequate, in that they 
often simply rely on available base maps to mark utilities and do not verify locations 
using field geophysics. And if they do use locating tools, they do not provide adequate 
documentation or marking to confirm that a location has been cleared. So while the 
Navy’s process may protect us from liability for property damage, it does not 
adequately protect our staff and subcontractors from health risks nor does it compensate 
us for down time, should a utility be hit.  

Therefore, regardless of what services the Navy provides, in most cases we still need 
to supplement this effort with clearance services from our own third party utility 
location subcontractor following the procedures and guideline outlined in Section IV 
of this SOP. The cost implications of providing this service will range from $500 to 
several $1,000 depending on the size of the project. 

The scope of services that we ask our subcontractors to provide can involve utility 
marking/mapping or the clearing of individual dig locations. In the former we ask our 
subs to mark all utilities within a “site” and often ask them to prepare a map based on 
their work. In the later, we ask them to clear (identify if there are any utilities within) a 
certain radius of a proposed dig/drill location. 

The appropriate requested scope of services for a project will depend on the project. 
Clearing individual boreholes is often less expensive and allows the sub to concentrate 
their efforts on a limited area. However if the scope of the investigation is fluid (all 
borehole locations are not predetermined) it may be best to mark and map an entire site 
or keep the subcontractor on call. 

Clearance of individual dig locations should be done to a minimum 20 foot radius 
around the location. 

An example SOW for a utility subcontractor procurement is provided in Attachment A. 

III. Services and Equipment  

This section provides a general description of the services available to help us locate 
subsurface utilities and describes the types of equipment that these services may (or may 
not) use to perform their work.  It identifies the capabilities of each type of equipment to 
help the PM specify what they should require from our utility location subs.  

Services 

The services that are available to us for identifying and marking underground utilities 
are: 

 The local public/private utility-run service such as Miss Utility 

 Utility location subcontractors (hired by us) 
 
Attachment B provides a detailed description of each type of organization.  It also 
provides contact numbers and web sites for the various Miss-Utility-type organizations 
in the areas where we do work for the Navy and contacts and services provided by 
several subcontractors that we have used or spoken to in the past. 
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Equipment 

Attachment C provides a summary of the various types of equipment used for 
subsurface utility location.  It describes the capabilities and limitations of each in order 
to help the PM determine if the equipment being used by a subcontractor is adequate.  

It is important to make the potential subcontractors aware of the possible types of 
utilities (and utility materials) that are at the site, and to have them explain in their bid 
what types of equipment they will use to locate utilities /clear dig locations, and what 
the limitations of these equipment are. 

A list of in-house experts that can be used to help you evaluate bids or answer questions 
you may have is provided in Appendix C.  

IV. Procedures and Guidelines 

This section presents specific procedures to be followed for the utility location work to 
be conducted by CH2M HILL and our subcontractors. In addition, a PM will have to 
follow the procedures required by the Activity to obtain their approvals, clearances and 
dig permits where necessary. These “dig permit” requirements vary by Activity and 
must be added to the project-specific SOP, or project instructions. It is preferable that the 
Activity perform their clearance processes before we follow up with our clearance work. 

Activity Notification and Dig Permit Procedures 

Identify Activity-specific permit and/or procedural requirements for excavation and 
drilling activities.  Contact the Base Civil Engineer and obtain the appropriate form to 
begin the clearance process. 

Activity Specific: To be provided by Activity or Project Manager 

CH2M HILL Utility Clearance Procedures 

Do not begin subsurface construction activities (e.g., trenching, excavation, drilling, etc.) 
until a check for underground utilities and similar obstructions has been conducted by 
CH2M HILL as a follow-up to the services provided by the Navy. The use of as-built 
drawings and utility company searches must be supplemented with a geophysical or 
other survey by a qualified, independent survey contractor (subcontracted to 
CH2M HILL) to identify additional and undiscovered buried utilities. 

Examples of the type of geophysical technologies include (these are further described in 
Attachment C): 

 

 Ground Penetrating Radar (GPR), which can detect pipes, including gas pipes, 
tanks, conduits, cables etc, both metallic and non-metallic at depths up to 30 feet 
depending on equipment.  Sensitivity for both minimum object size and maximum 
depth detectable depends on equipment selected, soil conditions, etc. 

 Radio Frequency (RF), involves inducing an RF signal in the pipe or cable and using 
a receiver to trace it.   Some electric and telephone lines emit RF naturally and can be 
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detected without an induced signal. This method requires knowing where the 
conductive utility can be accessed to induce RF field if necessary.  

 Dual RF, a modified version of RF detection using multiple frequencies to enhance 
sensitivity but with similar limitations to RF 

 Ferromagnetic Detectors, are metal detectors that will detect ferrous and non-
ferrous utilities.  Sensitivity is limited, e.g. a 100 mm iron disk to a depth of about 
one meter or a 25 mm steel paper clip to a depth of about 20 cm. 

 Electronic markers, are emerging technologies that impart a unique electronic 
signature to materials such as polyethylene pipe to facilitate location and tracing 
after installation.  Promising for future installations but not of help for most existing 
utilities already in place. 

The following procedures shall be used to identify and mark underground utilities 
during subsurface construction activities on the project: 

 

 Contact utility companies or the state/regional utility protection service (such as 
Miss Utility) at least two (2) working days prior to intrusive activities to advise of the 
proposed work, and ask them to establish the location of the utility underground 
installations prior to the start of actual excavation: this is a law. These services will 
only mark the location of public-utility-owned lines and not Navy-owned utilities. In 
many cases there will not be any public-utility-owned lines on the Activity. There 
may also be Base-access issues to overcome. 

 Procure and schedule the independent survey. 

 The survey contractor shall determine the most appropriate geophysical technique 
or combinations of techniques to identify the buried utilities on the project site, 
based on the survey contractor’s experience and expertise, types of utilities 
anticipated to be present and specific site conditions. The types of utilities must be 
provided to the bidding subcontractors in the SOW and procedures to be used must 
be specified by the bidder in their bid. It is extremely helpful to provide the sub with 
utility maps, with the caveat that all utilities are not necessarily depicted. 

 The survey subcontractor shall employ the same geophysical techniques used to 
identify the buried utilities, to survey the proposed path of subsurface 
investigation/construction work to confirm no buried utilities are present.   

 Obtain utility clearances for subsurface work on both public and private property.   

 Clearances provided by both the “Miss Utility” service and the CH2M HILL-
subcontracted service are to be in writing, signed by the party conducting the 
clearance. The Miss Utility service will have standard notification forms/letters 
which typically simply state that they have been to the site and have done their 
work. The CH2M HILL subcontractor shall be required to fill out the form provided 
in Attachment D (this can be modified for a particular project) indicating that each 
dig/drill location has been addressed. This documentation requirement (with a copy 
of the form) needs to be provided in the subcontractor SOW. 
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 Marking shall be done using the color coding presented in Attachment E. The type of 
material used for marking must be approved by the Activity prior to marking. Some 
base commanders have particular issues with persistent spray paint on their 
sidewalks and streets. Any particular marking requirements need to be provided in 
the subcontractor SOW. 

 Protect and preserve the markings of approximate locations of facilities until the 
markings are no longer required for safe and proper excavations. If the markings of 
utility locations are destroyed or removed before excavation commences or is 
completed, the Project Manager must notify the utility company or utility protection 
service to inform them that the markings have been destroyed. 

 Perform a field check prior to drilling/digging (preferably while the utility location 
sub is still at the site) to see if field utility markings coincide with locations on utility 
maps.  Look for fire hydrants, valves, manholes, light poles, lighted signs, etc to see 
if they coincide with utilities identified by the subcontractor. 

 Underground utility locations must be physically verified (or dig locations must be 
physically cleared) by hand digging using wood or fiberglass-handled tools, air 
knifing, or by some other acceptable means approved by CH2M HILL, when the dig 
location (e.g. mechanical drilling, excavating) is expected to be within 5 feet of a 
marked underground system.  Hand clearance shall be done to a depth of four feet 
unless a utility cross-section is available that indicates the utility is at a greater depth. 
In that event, the hand clearance shall proceed until the documented depth of the 
utility is reached. 

 Conduct a site briefing for employees at the start of the intrusive work regarding the 
hazards associated with working near the utilities and the means by which the 
operation will maintain a safe working environment. Detail the method used to 
isolate the utility and the hazards presented by breaching the isolation. 

 Monitor for signs of utilities during advancement of intrusive work (e.g., sudden 
change in advancement of auger or split spoon during drilling or change in color, 
texture or density during excavation that could indicate the ground has been 
previously disturbed). 

 

IV. Attachments 

A- Example SOW for Utility Location Subcontractor Procurement 
B - Services Available for Identifying and Marking Underground Utilities 
C – Equipment Used for Identifying Underground Utilities 
D – Utility Clearance Documentation Form 
E – Utility Marking Color Codes 



■ 
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Attachment A – Example SOW for 
Subcontracting Underground Utilities 
Locating Services  

 

CTO-XXX 

Scope of Work 

Subsurface Utility Locating 

Site XX 

Navy Activity 

City, State 
 

 
A licensed and insured utility locator will be subcontracted to identify and mark out 
subsurface utilities for an environmental investigation/remediation project at Site XX of 
<<insert name of base, city, and state>>.  The subcontractor will need to be available 
beginning at <<insert time>> on <<insert date>>.  It is estimated that the work can be 
completed within XX days.   

Proposed Scope of Work 

The subcontractor will identify and mark all subsurface utilities (CHOOSE 1) that lie 
within a radius of 20 feet of each of XX sampling locations at Site XX shown on the 
attached Figure 1; (OR) that lie within the bounds of Site XX as delineated on the 
attached Figure 1. (If multiple sites are to be cleared, provide maps of each site with 
sample locations or clearance boundaries clearly delineated and a scale provided.) 

Utilities will be identified using all reasonably available as-built drawings, electronic 
locating devices, and any other means necessary to maintain the safety of drilling and 
sampling personnel and the protection of the base infrastructure.  The location of 
utilities identified from as-built drawings or other maps must be verified in the field 
prior to marking. 

Base utility drawings for the Site(s) (CHOOSE 1) can be found at <<insert specific 
department and address or phone number on the base>> and should be reviewed by the 
subcontractor and referenced as part of the utility locating. (OR), will be provided to the 
subcontractor by CH2M HILL upon the award of the subcontract. (OR), are not 
available.  Utility drawings shall not be considered definitive and must be field verified. 
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Field verification will include detection using nonintrusive subsurface detection 
equipment (magnetometers, GPR, etc) as well as opening manhole covers to verify pipe 
directions. As part of the bid, the Subcontractor shall provide a list of the various 
subsurface investigation tools they propose to have available and use at the site and 
what the limitations are of each tool.  

A CH2M HILL representative shall be present to coordinate utility clearance activities 
and identify points and features to be cleared.  

Field Marking and Documentation 

All utilities located within (CHOOSE 1) a 20-ft radius of the XX proposed soil boring 
locations (OR) within the boundary of the site(s) as identified on the attached figure(s) 
will be marked using paint (some Bases such as the WNY may have restrictions on the 
use of permanent paint) and/or pin flags color coded to indicate electricity, gas, water, 
steam, telephone, TV cable, fiber optic, sewer, etc. The color coding shall match the 
industry standard as described on the attached form. In addition, the Buried Utility 
Location Tracking Form (attached) will be completed by the Subcontractor based upon 
what is identified in the field during the utility locating and submitted back to 
CH2M HILL (field staff or project manager) within 24 hours of completing the utility 
locating activities.   

(OPTIONAL) The subcontractor shall also provide a map (or hand sketch) of the 
identified utilities to the Engineer within XX days of field demobilization. The map 
shall include coordinates or ties from fixed surface features to each identified subsurface 
utility. 

Bid Sheet/Payment Units 

The subcontractor will bid on a time and materials basis for time spent on site and 
researching utility maps. Mobilization (including daily travel to the site) should be bid 
as a lump sum, as well as the preparation of the AHA and any required mapping. The 
per diem line item should be used if the field crew will require overnight 
accommodations at the project site. 

Health and Safety Requirements   

The utility locating subcontractor is to provide and assume responsibility for an 
adequate corporate Health and Safety Plan for onsite personnel.  Standard personal 
safety equipment including: hard hat, safety glasses, steel-toed boots, gloves are 
recommended for all project activities. Specific health and safety requirements will be 
established by the Subcontractor for each project.  The health and safety requirements 
will be subject to the review of CH2M HILL. 

The subcontractor shall also prepare and provide to the Engineer, at least 48 hours prior 
to mobilization, an acceptable Activity Hazard Analysis (AHA) using the attached AHA 
form or similar. 

It is also required that all subcontractor personnel who will be on site attend the daily 
15-minute health and safety tailgate meeting at the start of each day in the field. 



Utility Location_General.doc 
QC and Reviewed 08/2013  8 

Subcontractor personnel showing indications of being under the influence of alcohol or 
illegal drugs will be sent off the job site and their employers will be notified.  
Subcontractor personnel under the influence of prescription or over-the-counter 
medication that may impair their ability to operate equipment will not be permitted to 
do so.  It is expected that the subcontractor will assign them other work and provide a 
capable replacement (if necessary) to operate the equipment to continue work. 

Security 

The work will be performed on US Navy property.  CH2M HILL will identify the 
Subcontractor personnel who will perform the work to the appropriate Navy facility 
point-of-contact, and will identify the Navy point-of-contact to the Subcontractor crew.  
The Subcontractor bears final responsibility for coordinating access of his personnel onto 
Navy property to perform required work.  This responsibility includes arranging 
logistics and providing to CH2M HILL, in advance or at time of entry as specified, any 
required identification information for the Subcontractor personnel.  Specifically, the 
following information should be submitted with the bid package for all personnel that 
will perform the work in question (this information is required to obtain a base pass): 

 Name 

 Birth Place 

 Birth Date 

 Social Security Number 

 Drivers License State and Number 

 Citizenship 

Please be advised that no weapons, alcohol, or drugs will be permitted on the Navy 
facility at any time.  If any such items are found, they will be confiscated, and the 
Subcontractor will be dismissed. 

Quality Assurance 

The Subcontractor will be licensed and insured to operate in the State of <<state>> and 
will comply with all applicable federal, state, county and local laws and regulations.  
The subcontractor will maintain, calibrate, and operate all electronic locating 
instruments in accordance with the manufacturer’s recommendations.  Additionally, the 
Subcontractor shall make all reasonable efforts to review as-built engineering drawings 
maintained by Base personnel, and shall notify the CH2M HILL Project Manager in 
writing (email is acceptable) whenever such documentation was not available or could 
not be reviewed. 
 

Subcontractor Standby Time 

At certain periods during the utility locating activities, the Subcontractor’s personnel 
may be asked to stop work and standby when work may normally occur.  During such 
times, the Subcontractor will cease activities until directed by the CH2M HILL 
representative to resume operations.  Subcontractor standby time also will include 
potential delays caused by the CH2M HILL representative not arriving at the site by the 
agreed-upon meeting time for start of the work day.  Standby will be paid to the 



• 
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Subcontractor at the hourly rate specified in the Subcontractor’s Bid Form attached to 
these specifications. 

Cumulative Subcontractor standby will be accrued in increments no shorter than 15 
minutes (i.e., an individual standby episode of less than 15 minutes is not chargeable). 

During periods for which standby time is paid, the surveying equipment will not be 
demobilized and the team will remain at the site.  At the conclusion of each day, the 
daily logs for the Subcontractor and CH2M HILL representative will indicate the 
amount of standby time incurred by the Subcontractor, if any.  Payment will be made 
only for standby time recorded on CH2M HILL’s daily logs. 

Down Time 

Should equipment furnished by the Subcontractor malfunction, preventing the effective 
and efficient prosecution of the work, or inclement weather conditions prevent safe and 
effective work from occurring, down time will be indicated in the Subcontractor’s and 
CH2M Hill representative’s daily logs.  No payment will be made for down time. 

Schedule 

It is anticipated that the subsurface utility locating activities will occur on <<insert 
date>>.  It is estimated that the above scope will be completed within XXX days. 
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Attachment B - Services Available for 
Identifying and Marking Underground Utilities 

The services that are available to us for identifying and marking underground utilities 
are: 
 

 The Activity’s PWC (or similar organization) 

 The local public/private utility -run service such as Miss Utility 

 Utility location subcontractors (hired by CH2M HILL) 
 
Each are discussed below. 

Navy Public Works Department 

A   Public Works Department (PWD) is usually present at each Activity. The PWD is 
responsible for maintaining the public works at the base including management of 
utilities. In many cases, the PWD has a written permit process in place to identify and 
mark-out the locations of Navy-owned utilities [Note: The PWD is usually NOT 
responsible for the locations/mark-outs of non-Navy owned, public utilities (e.g., 
Washington Gas, Virginia Power, municipal water and sewer, etc.). Therefore, it is likely 
that we will have to contact other organizations besides the PWD in order to identify 
non-Navy owned, public utilities]. 

At some Activities, there may not be a PWD, the PWD may not have a written permit 
process in place, or the PWD may not take responsibility for utility locating and mark-
outs. In these cases, the PWD should still be contacted since it is likely that they will 
have the best understanding of the utility locations at the Activity (i.e., engineering 
drawings, institutional knowledge, etc.).  Subsequently, the PWD should be brought into 
a cooperative arrangement (if possible) with the other services employed in utility 
locating and mark-out in order to have the most comprehensive assessment performed.  

At all Activities we should have a contact (name and phone number), and preferably an 
established relationship, with PWD, either directly or through the NAVFAC Atlantic, 
Midlant, or Washington NTR or Activity Environmental Office that we can work with 
and contact in the event of problems. 

Miss Utility or “One Call” Services for Public Utility Mark-outs  

Miss Utility or “One Call” service centers are information exchange centers for 
excavators, contractors and property owners planning any kind of excavation or 
digging. The “One Call” center notifies participating public utilities of the upcoming 
excavation work so they can locate and mark their underground utilities in advance to 
prevent possible damage to underground utility lines, injury, property damage and 
service outages. In some instances, such with southeastern Virginia bases, the Navy has 
entered into agreement with Ms. Utilities and is part of the response process for Miss 
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Utilities.  Generally, a minimum of 48 hours is required for the public utility mark-outs 
to be performed. The “One Call” services are free to the public. Note that the “One Call” 
centers only coordinate with participating public utilities. There may be some public 
utilities that do NOT participate in the “One Call” center which may need to be 
contacted separately. For example, in Washington, DC, the Miss Utility “One Call” 
center does not locate and mark public sewer and water lines. Therefore, the municipal 
water and sewer authority must be contacted separately to have the sewer and water 
lines marked out.  The AM should contact the appropriate one-call center to determine 
their scope of services.  

For the Mid-Atlantic region, the following “One Call” service centers are available.   
 
Name Phone Website Comments 

Miss Utility of 
DELMARVA 

800-257-7777 www.missutility.net Public utility mark-outs in 
Delaware, Maryland, 
Washington, DC, and Northern 
Virginia 

Miss Utility of Southern 
Virginia (One Call) 

800-552-7001  not available Public utility mark-outs in 
Southern Virginia 

Miss Utility of Virginia 800-257-7777 
800-552-7007 

www.missutilityofvirginia.com  General information on public 
utility mark-outs in Virginia, 
with links to Miss Utility of 
DELMARVA and Miss Utility 
of Southern Virginia (One Call) 

Miss Utility of West 
Virginia, Inc 
 

800-245-4848 none Call to determine what utilities 
they work with in West 
Virginia 

North Carolina One Call 
Center 

800-632-4949 www.ncocc.org/ncocc/default.htm  Public Utility Markouts in 
North Carolina 

 

Private Subcontractors 

1. Utility-locating support is required at some level for most all CH2M HILL field 
projects in "clearing" proposed subsurface boring locations on the project site. Utility 
location and sample clearance can include a comprehensive effort of GIS map 
interpretation, professional land surveying, field locating, and geophysical 
surveying. Since we can usually provide our own GIS-related services for projects 
and our professional land surveying services are normally procured separately, 
utility-locating subcontractors will normally only be required for some level of 
geophysical surveying support in the field. This level of geophysical surveying 
support can range widely from a simple electromagnetic (EM) survey over a known 
utility line, to a blind geophysical effort, including a ground-penetrating radar (GPR) 
survey and/or a comprehensive EM survey to delineate and characterize all 
unknown subsurface anomalies.  

The level of service required from the subcontractor will vary depending on the 
nature of the site. At sites where utility locations are well defined on the maps and 
recent construction is limited, CH2M HILL may be confident with a limited effort 
from a traditional utility-locating subcontractor providing a simple EM survey. At 
sites where utility locations are not well defined, where recent constructions may 
have altered utility locations, or the nature of the site makes utility location difficult, 
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CH2M HILL will require the services of a comprehensive geophysical surveying 
subcontractor, with a wide range of GPR and EM services available for use on an "as-
needed" basis. Typical costs for geophysical surveying subcontractors will range 
from approximately $200 per day for a simple EM effort (usually one crew member 
and one instrument) to approximately $1,500 per day for a comprehensive 
geophysical surveying effort (usually a two-person crew and multiple instruments). 
Comprehensive geophysical surveying efforts may also include field data 
interpretation (and subsequent report preparation) and non-destructive excavation 
to field-verify utility depths and locations. 

The following table provides a list of recommended geophysical surveying support 
subcontractors that can be used for utility-locating services: 

Company Name and 
Address 

Contact Name 
and Phone 

Number 

Equipment1 Other Services2 

1 2 3 4 5 A B C 

US Radar, Inc.* 
PO Box 319 
Matawan, NJ 07747 

Ron LaBarca 

732-566-2035 

       

Utilities Search, Inc.* Jim Davis  

703-369-5758 

       

So Deep, Inc.* 
8397 Euclid Avenue 
Manassas Park, VA 20111 

703-361-6005        

Accurate Locating, Inc. 
1327 Ashton Rd., Suite 101 
Hanover, MD 21076 

Ken Shipley  

410-850-0280 

       

NAEVA Geophysics, Inc. 
P.O. Box 7325   
Charlottesville, VA 22906 

Alan 
Mazurowski 

434-978-3187 

       

Earth Resources 
Technology. Inc.              
8106 Stayton Rd.           
Jessup, MD 20794 

Peter Li 

240-554-0161 

       

Geophex, Ltd                        
605 Mercury Street 
Raleigh, NC 27603 

I. J. Won 

919-839-8515 

       

         
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Notes: 

*Companies denoted with an asterisk have demonstrated reluctance to assume responsibility for 
damage to underground utilities or an inability to accommodate the insurance requirements that 
CH2M HILL requests for this type of work at many Navy sites.  

1Equipment types are: 

1. Simple electromagnetic instruments, usually hand-held 

2. Other, more innovative, electromagnetic instruments, including larger instruments for more area 
coverage 

3. Ground-penetrating radar systems of all kinds 

4. Audio-frequency detectors of all kinds 

5. Radio-frequency detectors of all kinds 

2Other services include: 

A. Data interpretation and/or report preparation to provide a permanent record of the geophysical 
survey results and a professional interpretation of the findings, including expected accuracy and 
precision. 

B. Non-destructive excavation to field-verify the depths, locations, and types of subsurface utilities. 

C. Concrete/asphalt coring and pavement/surface restoration. 
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Attachment C – Equipment Used for 
Identifying Underground Utilities 

This attachment provides a summary of the various types of equipment used for 
subsurface utility location.  It describes the capabilities and limitations of each in order 
to help the AM and PM determine if the equipment being proposed by a subcontractor 
or Navy is adequate. A list of in-house experts that can be used to answer questions you 
may have is provided below.  

CH2M HILL In-house Utility Location Experts 

Tamir Klaff/WDC  

Home Office Phone – 703-669-9611 

Electromagnetic Induction (EMI) Methods 

EMI instruments, in general, induce an electromagnetic field into the ground (the 
primary field) and then record the response (the secondary field), if any.  Lateral 
changes in subsurface conductivity, such as caused by the presence of buried metal or 
by significant soil variations, cause changes in the secondary field recorded by the 
instrument and thus enable detection and mapping of the subsurface features.  It should 
be noted that EMI only works for electrically conductive materials--plastic or PVC pipes 
are generally not detected with EMI. Water and gas lines are commonly plastic, 
although most new lines include a copper “locator” strip on the top of the PVC to allow 
for detection with EMI.   

EMI technology encompasses a wide range of instruments, each with inherent strengths 
and weaknesses for particular applications.  One major division of EMI is between 
“time-domain” and “frequency-domain” instruments that differ in the aspect of the 
secondary field they detect.  Another difference in EMI instruments is the operating 
frequency they use to transmit the primary field.   Audio- and radio-frequencies are 
often used for utility detection, although other frequencies are also used.  Consideration 
of the type of utility expected, surface features that could interfere with detection, and 
the “congestion” of utilities in an area, should be made when choosing a particular EMI 
instrument for a particular site.  

One common EMI tool used for utility location is a handheld unit that can be used to 
quickly scan an area for utilities and allows for marking locations in “real time”.  This 
method is most commonly used by “dig-safe” contractors marking out known utilities 
prior to excavation.  It should be noted that this method works best when a signal (the 
primary field) can be placed directly onto the line (i.e., by clamping or otherwise 
connecting to the end of the line visible at the surface, or for larger utilities such as 
sewers, by running a transmitter through the utility).  These types of tools also have a 
limited capability to scan an area for unknown utilities.  Usually this requires having 
enough area to separate a hand held transmitter at least a hundred feet from the 
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receiver.  Whether hunting for unknown, or confirming known, utilities, this method 
will only detect continuous lengths of metallic conductors.  

In addition to the handheld EMI units, larger, more powerful EMI tools are available 
that provide more comprehensive detection and mapping of subsurface features.  
Generally, data with these methods are collected on a regular grid in the investigation 
area, and are then analyzed to locate linear anomalies that can be interpreted as utilities.  
These methods will usually detect all subsurface metal (above a minimum size), 
including pieces of abandoned utilities. In addition, in some situations, backfill can be 
detected against native soils giving information on trenching and possible utility 
location.  Drawbacks to these methods are that the secondary signals from utilities are 
often swamped (i.e., undetectable) close to buildings and other cultural features, and 
that the subsurface at heavily built-up sites may be too complicated to confidently 
interpret completely.   

Hand-held metal detectors (treasure-finders) are usually based on EMI technology.  
They can be used to locate shallow buried metal associated with utilities (e.g., junctions, 
manholes, metallic locators).  Advantages of these tools is the ease of use and real-time 
marking of anomalies.  Drawbacks include limited depths of investigations and no data 
storage capacity. 

Ground Penetrating Radar (GPR) 

GPR systems transmit radio and microwave frequency (e.g., 80 megaHertz to 1,000 
megaHertz) waves into the ground and then record reflections of those waves coming 
back to the surface. Reflections of the radar waves typically occur at lithologic changes, 
subsurface discontinuities, and subsurface structures. Plastic and PVC pipes can 
sometimes be detected in GPR data, especially if they are shallow, large, and full of a 
contrasting material such as air in a wet soil, or water in a dry soil.  GPR data are usually 
collected in regular patterns over an area and then analyzed for linear anomalies that 
can be interpreted as utilities.  GPR is usually very accurate in x-y location of utilities, 
and can be calibrated at a site to give very accurate depth information as well.  A 
significant drawback to GPR is that depth of investigation is highly dependant on 
background soil conductivity, and it will not work on all sites.  It is not uncommon to 
get only 1-2 feet of penetration with the signal in damp, clayey environments.  Another 
drawback to GPR is that sites containing significant fill material (e.g., concrete rubble, 
scrap metal, garbage) will result in complicated anomalies that are difficult or 
impossible to interpret.   

Magnetic Field Methods 

Magnetic field methods rely on detecting changes to the earth’s magnetic field caused by 
ferrous metal objects.  This method is usually more sensitive to magnetic metal (i.e., 
deeper detection) than EMI methods.  A drawback to this method is it is more 
susceptible to being swamped by surface features such as fences and cars.  In addition, 
procedures must usually be implemented that account for natural variations in the 
earth’s background field as it changes throughout the day.  One common use of the 
method is to measure and analyze the gradient of the magnetic field, which eliminates 
most of the drawbacks to the method.  It should be noted this method only detects 
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ferrous metal, primarily iron and steel for utility location applications.  Some utility 
detector combine magnetic and EMI methods into a single hand-held unit.  

Optical Methods 

Down the hole cameras may be useful in visually reviewing a pipe for empty conduits 
and/or vaults. 
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Attachment D – Utility Clearance 
Documentation Form 
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Attachment E – Utility Marking Color Codes 

The following is the standard color code used by industry to mark various types of 
utilities and other features at a construction site. 

White – Proposed excavations and borings 

Pink – Temporary survey markings 

Red – Electrical power lines, cables, conduits and lighting cables 

Yellow – Gas, oil, steam, petroleum or gaseous materials 

Orange – Communication, alarm or signal lines, cables, or conduits 

Blue – Potable water 

Purple – Reclaimed water, irrigation and slurry lines 

Green – Sewer and storm drain lines 

 



PMS 2-19 

PMS I795 
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+3,0 1:101E pozinec 
ro,rt 
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PMS 3415 

UNIFORM COLOR CODE 
WI-I IT E - Proposed Excavanon 

PINK -Temporary SurVey Markirtgs 

ME RED - Electric Power Lines, Cable_s, 
COMILlit and Lighting Galles 

YELLOW - Gas, Oil, Steam, 
Petroleum or Gaseous Materials 
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BLUE - Parable Water 

PURPLE - Reclaimed Water, 
Irrigation and Slurry Lines 

GREEN - Sewers and Drain Lingo 
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GUIDELINES FOR UNIFORM TEMPORARY 
MARKING OF UNDERGROUND FACILITIES 
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oirigrating Frrm. Mufipie ires r joint trench are marked in larder'. If 
the sorface oVerlhe our ea rms is to be removed. supplementary °Ilse" 
markings are used. Offset markings are on a uniform aftgr ment and 
clearly indicate the aduat fact Hy is a speciFc distance away. 

TOLERANCE ZONE 
Any excavator with.) the tolerance zone G performed with ron-
powered hard tads or non-irvasrve method until the narked foffrty is 
atroveec. The width of the tolerance zone may he specified law or 
code. if  nal a tolerance zone inducting the yrid1h or the fadiliky plus 1.3" 
1450 mm; measured horriaanta3y from each ode of the •taiRly ls 
recommended 

AIDEFT UNJFOfM COLOR CODE 
The American Public Works Association encourages odINc agences, 
ugiligies. contractors, other associations, raanufaclurers and all others 
Invedued in ex :at...aim to adapt the APWA Uniform Guar Code. using 
ANSI standard Z53F_< Safely Colors for temporary marking and tacky 
iderrtification. 

Fier. 
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STANDARD OPERATING PROCEDURE 

Water-Level Measurements 

I. Purpose and Scope 

The purpose of this procedure is to provide a guideline for the measurement of the 
depth to groundwater in piezometers and monitoring wells, even where a second 
phase of floating liquid (e.g., gasoline) is encountered, and on staff gages in surface-
water bodies.  This SOP includes guidelines for discrete measurements of static 
water levels and does not cover the use of continuously recording loggers (see SOP 
Use of Data Loggers and Pressure Transducers). 

II. Equipment and Materials 

 Electronic water-level meter (Solinst® or equivalent) with a minimum 100-foot 
tape; the tape should have graduations in increments of 0.01 feet or less 

 Interface probe (Solinst® Model 122 Interface Meter or equivalent) 

III. Procedures and Guidelines 

Verify that the unit is turned on and functioning properly.  Slowly lower the probe on 
its cable into the piezometer or well until the probe just contacts the water surface; the 
unit will respond with a tone or light signal.  Note the depth from a reference point 
indicated on the piezometer or well riser. Typically this is the top of the PVC casing. If 
no reference is clearly visible, measure the depth to water from the northern edge of the 
PVC casing. If access to the top of the PVC casing is difficult, sight across the top of the 
locking casing adjacent to the measuring point, recording the position of the cable when 
the probe is at the water surface.  

Measure the distance from this point to the closest interval marker on the tape, and 
record the water level reading in the logbook. Water levels will be measured to the 
nearest 0.01-foot. Also when specified in the project plans, measure and record the 
depth of the piezometer or well. The depth of the piezometer or well may be measured 
using the water-level probe with the instrument turned off. 

Free product light or dense nonaqueous phase liquid may be present in the piezometer 
or well. If the presence of free product is suspected, the thickness of the product should 
be determined using appropriate equipment (e.g., Solinst® Model 122 Interface Meter). 
The depth to water also is determined with this equipment and the water-level meter 
should not be used in the piezometer or well as long as product is present. Typically, a 
constant sound is emitted from the device when free product is encountered and an 
alternating on/off beep sound is emitted when water is encountered.  
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The apparent elevation of the water level in the well or piezometer is determined by 
measuring both the apparent depth to water and the thickness of free product. The 
corrected water-level elevation is calculated by the following equation: 

  WLc = Wla + (Free-product thickness x 0.80) 

Where WLc = Corrected water-level elevation 

  Wla = Apparent water-level elevation 

  0.80 = Typical value for the density of petroleum hydrocarbon products. 

If free product is detected on the surface of the water in the piezometer or well, the 
value of sampling should be reconsidered because of the potential for contaminating the 
sampling equipment. 

Staff gages may be installed in some surface-water bodies.  These facilities typically are 
constructed by attaching a calibrated, marked staff gage to a wood or metal post, 
driving the post into the bottom of the surface-water body, and surveying the elevation 
of the top of the post to a resolution or 0.01-foot. The elevation of the water in the 
surface-water body then can be determined by reading off the distance the water level is 
from the top of the post. A shield or other protection may be needed to calm the 
fluctuations in water level if the gage is installed at a location exposed to wind or wave.  

IV. Attachments 

None. 

V. Key Checks 

 Before each use, verify that the battery is charged by pressing the test button on the 
water-level meter.   

 Verify that the unit is operating correctly by testing the probe in distilled or de-
ionized water.  Leave the unit turned off when not in use. 
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STANDARD OPERATING PROCEDURE 

Field Measurement of pH, Specific Conductance, 
Turbidity, Dissolved Oxygen, ORP, and 
Temperature Using a Horiba or YSI Water Quality 
Parameter Meter with Flow-through Cell 

I. Purpose and Scope 

The purpose of this procedure is to provide a general guideline for using a water quality 
parameter meter (e.g., Horiba® or YSI) for field measurements of pH, specific 
conductance, turbidity, dissolved oxygen, oxidation-reduction potential (ORP), and 
temperature of aqueous samples.  The YSI instrument does not measure turbidity.  A 
separate turbidity meter (i.e., Hanna Turbidity Meter) will need to be used in 
conjunction with the YSI meter.  The operator’s manual should be consulted for detailed 
operating procedures. 

II. Equipment and Materials 

 Water Quality Parameter Meter such as a Horiba® Water Quality Monitoring 
System or YSI with flow-though cell 

 Auto-Calibration Standard Solution (provided by rental company) 

 Distilled water in squirt bottle 

III. Procedures and Guidelines 

 A. Parameters and Specifications:  

Parameter 

 

Range of measurement 

 

 Accuracy 

 
pH 

 

0 to 14 pH units +/- 0.1 pH units 
Specific 
conductance 

0 to 9.99 S/m 

 

+/- 3 % full scale 

Turbidity 

 

0 to 800 NTU 

 

+/- 5 % full scale 

 
Dissolved 
oxygen 

 

0 to 19.99 mg/l 

 

+/- 0.2 mg/l 

a 

 

 

Temperature 

 

0 to 55 oC 

 

+/- 1.0 oC 

 

 

ORP -999 to +999 mV +/- 15 mV 
Salinity 

 

0 to 4 %  

 

+/- 0.3 % 

 

 

 

 

 

 

 

 

 B. Calibration:   

Prior to each day’s use, clean the probe and flow-through cell using deionized water 
and calibrate using the Standard Solution.  
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Horiba Calibration procedure: 

1. Fill a calibration beaker with standard solution to the recommended fill line. 

2. Insert the probe into the beaker.  All the parameter sensors will now be immersed in the 
standard solution except the D.O. sensor; the D.O. calibration is done using atmospheric 
air. 

3. Turn power on and allow some time for the machine to warm-up prior to starting the 
calibration.  When the initial readings appear to stabilize the instrument is ready to 
calibrate.   

4. Press CAL key to put the unit in the calibration mode. 

5. Press the ENT key to start automatic calibration.  Wait a moment, and the upper cursor 
will gradually move across the four auto-calibration parameters one by one: pH, 
COND, TURB, and DO. When the calibration is complete, the readout will briefly show 
END. The instrument is now calibrated. 

6. If the unit is calibrated properly the instrument readings, while immersed in the 
standard solution, will match the standard solution values provided on the solution 
container.  The typical standard solution values are: pH = 4.0 +/- 3%, conductivity 
4.49 mS/cm +/- 3%, and turbidity = 0 NTU +/- 3%. 

7. Record the calibration data (e.g. time, instrument ID, solution lot number and expiration 
date, final calibrated readings, and solution temperature in the field logbook.   

YSI Calibration procedure: 

1. Press the On/off key to display the run screen 

2. Press the Escape key to display the main menu screen 

3. Use the arrow keys to highlight the Calibrate 

4. Press the Enter key. The Calibrate screen is displayed 

5. Choose the parameter to calibrate 

A. Conductivity Calibration: 

This procedure calibrates specific conductance (recommended), conductivity and 
salinity. Calibrating any one option automatically calibrates the other two.  

1) Use the arrow keys to highlight the Conductivity selection 
2) Press Enter. The Conductivity Calibration Selection Screen is displayed. 
3) Use the arrow keys to highlight the Specific Conductance selection. 
4) Press Enter. The Conductivity Calibration Entry Screen is displayed. 
5) Place the correct amount of conductivity standard (see Instrument Manual) into a 

clean, dry or pre-rinsed transport/calibration cup. 
6) Carefully immerse the sensor end of the probe module into the solution. 
7) Gently rotate and/or move the probe module up and down to remove any bubbles 

from the conductivity cell. 
NOTE: The sensor must be completely immersed past its vent hole. Using 
the recommended volumes from the Instrument Manual Calibration Volumes 
should ensure that the vent hole is covered. 
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8) Screw the transport/calibration cup on the threaded end of the probe module and 
securely tighten. 

NOTE: Do not over tighten as this could cause damage to the threaded 
portions. 

9) Use the keypad to enter the calibration value of the standard you are using. 
NOTE: Be sure to enter the value in mS/cm at 25C. 

10) Press Enter. The Conductivity Calibration Screen is displayed. 
11) Allow at least one minute for temperature equilibration before proceeding. The 

current values of all enabled sensors will appear on the screen and will change with 
time as they stabilize. 

12) Observe the reading under Specific Conductance. When the reading shows no 
significant change for approximately 30 seconds, press Enter. The screen will 
indicate that the calibration has been accepted and prompt you to press Enter again 
to Continue. 

13) Press Enter. This returns you to the Conductivity Calibrate Selection Screen 
14) Press Escape to return to the calibrate menu. 
15) Rinse the probe module and sensors in tap or purified water and dry. 

B. Dissolved Oxygen Calibration: 

This procedure calibrates dissolved oxygen. Calibrating any one option (% or mg/L) 
automatically calibrates the other. 

1) Go to the calibrate screen as described in Section 
NOTE: The instrument must be on for at least 20 minutes to polarize the DO 

sensor before calibrating. 
2) Use the arrow keys to highlight the Dissolved Oxygen selection.  
3) Press Enter. The dissolved oxygen calibration screen is displayed. 
4) DO calibration in mg/L is carried out in a water sample which has a known 

concentration of dissolved oxygen (usually determined by a Winkler titration). 
5) Use the arrow keys to highlight the DO mg/L selection. 
6) Press Enter. The DO mg/L Entry Screen is displayed. 
7) Place the probe module in water with a known DO concentration. 

NOTE: Be sure to completely immerse all the sensors. 
8) Use the keypad to enter the known DO concentration of the water. 
9) Press Enter. The Dissolved Oxygen mg/L Calibration Screen is displayed. 
10) Stir the water with a stir bar, or by rapidly moving the probe module, to provide fresh 

sample to the DO sensor. 
11) Allow at least one minute for temperature equilibration before proceeding. The 

current values of all enabled sensors will appear on the screen and will change with 
time as they stabilize. 

12) Observe the DO mg/L reading, when the reading is stable (shows no significant 
change for approximately 30 seconds), press Enter. The screen will indicate that the 
calibration has been accepted and prompt you to press Enter again to Continue. 

13) Press Enter. This returns you to the DO calibration screen. 
14) Press Escape to return to the calibrate menu. 
15) Rinse the probe module and sensors in tap or purified water and dry. 

C. pH Calibration: 

1) Go to the calibrate screen. 
2) Use the arrow keys to highlight the pH selection.  
3) Press Enter. The pH calibration screen is displayed. 
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 Select the 1-point option only if you are adjusting a previous calibration. If a 
2-point or 3-point calibration has been performed previously, you can adjust 
the calibration by carrying out a one point calibration. The procedure for this 
calibration is the same as for a 2-point calibration, but the software will 
prompt you to select only one pH buffer. 

 Select the 2-point option to calibrate the pH sensor using only two 
calibration standards. Use this option if the media being monitored is known 
to be either basic or acidic. For example, if the pH of a pond is known to 
vary between 5.5 and 7, a two-point calibration with pH 7 and pH 4 buffers 
is sufficient. A three point calibration with an additional pH 10 buffer will 
not increase the accuracy of this measurement since the pH is not within this 
higher range. 

 Select the 3-point option to calibrate the pH sensor using three calibration 
solutions. In this procedure, the pH sensor is calibrated with a pH 7 buffer 
and two additional buffers. The 3-point calibration method assures maximum 
accuracy when the pH of the media to be monitored cannot be anticipated. 
The procedure for this calibration is the same as for a 2-point calibration, but 
the software will prompt you to select a third pH buffer. 

4) Use the arrow keys to highlight the 2-point selection. 
5) Press Enter. The pH Entry Screen is displayed. 
6) Place the correct amount of pH buffer into a clean, dry or pre-rinsed 

transport/calibration cup. 
NOTE: For maximum accuracy, the pH buffers you choose should be within 
the same pH range as the water you are preparing to sample. 
NOTE: Before proceeding, ensure that the sensor is as dry as possible. 
Ideally, rinse the pH sensor with a small amount of buffer that can be 
discarded. Be certain that you avoid cross-contamination of buffers with 
other solutions. 

7) Carefully immerse the sensor end of the probe module into the solution. 
8) Gently rotate and/or move the probe module up and down to remove any bubbles 

from the pH sensor. 
NOTE: The sensor must be completely immersed. Using the recommended 
volumes from Table 6.1 Calibration Volumes, should ensure that the sensor 
is covered. 

9) Screw the transport/calibration cup on the threaded end of the probe module and 
securely tighten. 

NOTE: Do not over tighten as this could cause damage to the threaded 
portions. 

10) Use the keypad to enter the calibration value of the buffer you are using at the 

current temperature. 
NOTE: pH vs. temperature values are printed on the labels of all YSI pH 
buffers. 

11) Press Enter. The pH calibration screen is displayed. 
12) Allow at least one minute for temperature equilibration before proceeding. The 

current values of all enabled sensors will appear on the screen and will change with 
time as they stabilize. 

13) Observe the reading under pH, when the reading shows no significant change for 
approximately 30 seconds, press Enter. The screen will indicate that the calibration 
has been accepted and prompt you to press Enter again to Continue. 

14) Press Enter. This returns you to the Specified pH Calibration Screen.  
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15) Rinse the probe module, transport/calibration cup and sensors in tap or purified water 
and dry. 

16) Repeat steps 6 through 13 above using a second pH buffer. 
17)  Press Enter. This returns you to the pH Calibration Screen. 
18) Press Escape to return to the calibrate menu.  
19) Rinse the probe module and sensors in tap or purified water and dry. 

D. ORP Calibration: 

1)  Go to the calibrate screen. 
2) Use the arrow keys to highlight the ORP selection. 
3) Press Enter. The ORP calibration screen is displayed. 
4) Place the correct amount of a known ORP solution into a clean, dry or pre-rinsed 

transport/calibration cup. 
NOTE: Before proceeding, ensure that the sensor is as dry as possible. 
Ideally, rinse the ORP sensor with a small amount of solution that can be 
discarded. Be certain that you avoid cross-contamination with other 
solutions. 

5) Carefully immerse the sensor end of the probe module into the solution. 
6) Gently rotate and/or move the probe module up and down to remove any bubbles 

from the ORP sensor. 
NOTE: The sensor must be completely immersed. 

7) Screw the transport/calibration cup on the threaded end of the probe module and 
securely tighten. 

8) Use the keypad to enter the correct value of the calibration solution you are using at 
the current temperature.  

9) Press Enter. The ORP calibration screen is displayed. 
10) Allow at least one minute for temperature equilibration before proceeding. The 

current values of all enabled sensors will appear on the screen and will change with 
time as they stabilize. 

11) Observe the reading under ORP, when the reading shows no significant change for 
approximately 30 seconds, press Enter. The screen will indicate that the calibration 
has been accepted and prompt you to press Enter again to Continue. 

12) Press Enter. This returns you to the Calibrate Screen. 
13) Rinse the probe module and sensors in tap or purified water and dry. 

Record the calibration data (e.g. time, instrument ID, solution lot number and 
expiration date, final calibrated readings, and solution temperature in the field 
logbook.  

 C. Sample Measurement:   

Horiba measurement procedure: 

As water passes through the flow-through the flow cell, press MEAS to obtain reading; 
record data in a field notebook. 

YSI measurement procedure: 

As water passes through the flow-through the flow cell, the readings are displayed for 
each parameter.  Record the water quality parameter data in a field notebook.  In 
addition, the data is recorded in the YSI and can be downloaded to a computer 
following completion of the sampling event. 
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lV. Key Checks and Preventive Maintenance 

  Calibrate meter 

  Clean probe with deionized water when done 

  Refer to operations manual for recommended maintenance and troubleshooting 

  Check batteries, and have a replacement set on hand 

 Due to the importance of obtaining these parameters, the field team should have 
a spare unit readily available in case of an equipment malfunction. 

V. References 

YSI 556 Multi Probe System Operator Manual 
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1. Safety 

1.1 General Safety Information 

Read all safety information in this manual carefully before using 
the YSI 556 Multi-Probe System (MPS). Reagents that are used 
to calibrate and check this instrument may be hazardous to your 
health. Take a moment to review Appendix D Health and Safety. 

 WARNING  

Warnings are used in this manual when misuse of the instrument 
could result in death or serious injury to a person. 

 CAUTION  

Cautions are used in this manual when misuse of the instrument 
could result in mild or serious injury to a person and/or damage 
to equipment. 

 IMPORTANT SAFETY INSTRUCTIONS! 

 SAVE THESE INSTRUCTIONS! 

 In essence, the most important safety rule for use of the YSI 556 
MPS is to utilize the instrument ONLY for purposes documented 
in this manual. This is particularly true of the YSI 6117 
rechargeable battery pack that contains nickel metal hydride 
(NiMH) batteries. The user should be certain to read all of the 
safety precautions outlined below before using the instrument. 

 YSI 6117 Rechargeable Battery Pack Safety Information 

 Restrictions on Usage 

1. Never dispose of the battery pack in a fire. 

2. Do not attempt to disassemble the YSI 6117 battery pack. 

3. Do not tamper with any of the electronic components or the 
batteries within the battery pack. Tampering with either the 
electronic circuitry or the batteries will result in the voiding 
of the warranty and the compromising of the system 
performance, but, more importantly, can cause safety 
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hazards which result from overcharging such as overheating, 
venting of gas, and loss of corrosive electrolyte.  

4. Do not charge the battery pack outside the 0–40°C 
temperature range. 

5. Do not use or store the battery at high temperature, such as 
in strong direct sunlight, in cars during hot weather, or 
directly in front of heaters. 

6. Do not expose the battery pack to water or allow the 
terminals to become damp. 

7. Avoid striking or dropping the battery pack. If the pack 
appears to have sustained damage from these actions or 
malfunctions after an impact or drop, the user should not 
attempt to repair the unit. Instead, contact YSI Customer 
Service. Refer to Appendix E Customer Service. 

8. If the battery pack is removed from the YSI 556 MPS, do not 
store it in pockets or packaging where metallic objects such 
as keys can short between the positive and negative 
terminals.  

 Precautions for Users with Small Children 

Keep the battery pack out of reach of babies and small children. 

 Danger Notifications – Misuse creates a STRONG possibility of death 
or serious injury. 

FAILURE TO CAREFULLY OBSERVE THE 
FOLLOWING PROCEDURES AND PRECAUTIONS CAN 
RESULT IN LEAKAGE OF BATTERY FLUID, HEAT 
GENERATION, BURSTING, AND SERIOUS PERSONAL 
INJURY. 

1. Never dispose of the battery pack in a fire or heat it. 

2. Never allow the positive and negative terminals of the 
battery pack to become shorted or connected with 
electrically conductive materials. When the battery pack has 
been removed from the YSI 556 MPS, store it in a heavy 
plastic bag to prevent accidental shorting of the terminals. 
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3. Never disassemble the battery pack and do not tamper with 
any of the electronic components or the batteries within the 
battery pack. The battery pack is equipped with a variety of 
safety features. Accidental deactivation of any of these 
safety features can cause a serious hazard to the user. 

4. The NiMH batteries in the battery pack contain a strong 
alkaline solution (electrolyte). The alkaline solution is 
extremely corrosive and will cause damage to skin or other 
tissues. If any fluid from the battery pack comes in contact 
with a user’s eyes, immediately flush with clean water and 
consult a physician immediately. The alkaline solution can 
damage eyes and lead to permanent loss of eyesight.  

 Warning Notifications – Misuse creates a possibility of death or serious 
injury 

1. Do not allow the battery pack to contact freshwater, 
seawater, or other oxidizing reagents that might cause rust 
and result in heat generation. If a battery becomes rusted, the 
gas release vent may no longer operate and this failure can 
result in bursting. 

2. If electrolyte from the battery pack contacts the skin or 
clothing, thoroughly wash the area immediately with clean 
water. The battery fluid can irritate the skin. 

 Caution Notifications – Misuse creates a possibility of mild or serious 
injury or damage to the equipment. 

1. Do not strike or drop the battery pack. If any impact damage 
to the battery pack is suspected, contact YSI Customer 
Service. Refer to Appendix E Customer Service. 

2. Store the battery pack out of reach of babies and small 
children. 

3. Store the battery pack between the temperatures of -20 and 
30°C. 

4. Before using the battery pack, be sure to read the operation 
manual and all precautions carefully. Then store this 
information carefully to use as a reference when the need 
arises. 
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 YSI 616 Cigarette Lighter Charger Safety Information 

1. This section contains important safety and operating 
instructions for the YSI 556 MPS cigarette lighter battery 
charger (YSI 616; RadioShack Number 270-1533E). BE 
SURE TO SAVE THESE INSTRUCTIONS. 

2. Before using the YSI 616 cigarette lighter charger, read all 
instructions and cautionary markings on battery charger, 
battery pack, and YSI 556 MPS. 

3. Charge the YSI 6117 battery pack with the YSI 616 cigarette 
lighter charger ONLY when the YSI 6117 is installed in the 
YSI 556 MPS. 

4. Do not expose charger to rain, moisture, or snow. 

5. Use of an attachment not recommended or sold by the 
battery charger manufacturer may result in a risk of fire, 
electric shock, or injury to persons. 

6. To reduce risk of damage to cigarette lighter and cord, pull 
by cigarette lighter rather than cord when disconnecting 
charger. 

7. Make sure that the cord is located so that it will not be 
stepped on, tripped over, or otherwise subjected to damage 
or stress. 

8. Do not operate charger with damaged cord or cigarette 
lighter connector – replace it immediately. 

9. Do not operate charger if it has received a sharp blow, been 
dropped, or otherwise damaged in any way; contact YSI 
Customer Service. Refer to Appendix E Customer Service. 

10. Do not disassemble charger other than to change the fuse as 
instructed. Replace the part or send it to YSI Product Service 
if repair is required (refer to Appendix E Customer Service). 
Incorrect reassembly may result in a risk of electric shock or 
fire. 

11. To reduce risk of electric shock, unplug charger before 
attempting any maintenance or cleaning. Turning off 
controls will not reduce this risk. 
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 YSI 556 MPS Water Leakage Safety Information 

The YSI 556 MPS has been tested and shown to comply with 
IP67 criterion, i.e. submersion in 1 meter of water for 30 minutes 
with no leakage into either the battery compartment or the main 
case. However, if the instrument is submersed for periods of time 
in excess of 30 minutes, leakage may occur with subsequent 
damage to the batteries, the rechargeable battery pack circuitry, 
and/or the electronics in the main case.  

If leakage into the battery compartment is observed when using 
alkaline C cells, remove batteries, dispose of batteries properly, 
and dry the battery compartment completely, ideally using 
compressed air. If corrosion is present on the battery terminals, 
contact YSI Customer Service for instructions. Refer to 
Appendix E Customer Service. 

If leakage into the battery compartment is observed when using 
the YSI 6117 rechargeable battery pack, remove the battery 
assembly and set aside to dry. Return the battery pack to YSI 
Product Service for evaluation of possible damage. Finally dry 
the battery compartment completely, ideally using compressed 
air. If corrosion is present on the battery terminals, contact YSI 
Customer Service for instructions. Refer to Appendix E 
Customer Service. 

 CAUTION: If water has contacted the rechargeable battery 
pack, do not attempt to reuse it until it has been evaluated by YSI 
Product Service (refer to Appendix E Customer Service). Failure 
to follow this precaution can result in serious injury to the user. 

If it is suspected that leakage into the main cavity of the case has 
occurred, remove the batteries immediately and return the 
instrument to YSI Product Service for damage assessment. Refer 
to Appendix E Customer Service. 

 CAUTION: Under no circumstances should the user attempt to 
open the main case.  
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2. General Information 

2.1 Description 

The rugged and reliable YSI 556 MPS (Multi-Probe System) 
combines the versatility of an easy-to-use, easy-to-read handheld 
unit with all the functionality of a multi-parameter system. 
Featuring a waterproof, impact-resistant case, the YSI 556 MPS 
simultaneously measures dissolved oxygen, conductivity, 
temperature, and optional pH and ORP. A simple cellular phone 
style keypad and large display make the instrument easy to use. 
The YSI 556 MPS is compatible with YSI EcoWatchTM for 
WindowsTM software. 

The YSI 556 MPS assists the user in conforming to Good 
Laboratory Practice (GLP) standards which help ensure that 
quality control/quality assurance methods are followed. Battery 
life is displayed with a fuel gauge, and the user can choose 
standard alkaline batteries or an optional rechargeable battery 
pack.  

The 1.5 MB memory can store more than 49,000 data sets. Other 
options include a flow cell and barometer. The internal 
barometer can be user-calibrated and displayed along with other 
data, used in dissolved oxygen calibrations, and logged to 
memory for tracking changes in barometric pressure. 

Features 
• Waterproof - meets IP67 specifications  
• Field-replaceable DO electrode module; pH and pH/ORP sensors 
• Compatible with EcowatchTM for WindowsTM data analysis 

software 
• Assists with Good Laboratory Practice Standards (GLP) 
• Choice of DO membrane material for different applications 
• Easy-to-use, screw-on cap DO membranes 
• User-upgradable software from YSI website 
• Three-year warranty on the instrument; one-year on the probe 

modules 
• Available with 4,10, and 20 m cable lengths 
• Stores over 49,000 data sets, time and date stamped 
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• Auto temperature compensating display contrast 
• Optional barometer 

• Optional rechargeable battery pack or standard alkaline batteries 

2.2 Unpacking the Instrument 

1. Remove the instrument from the shipping box. Note that the 
probe module and sensors are shipped in a separate box and 
will be unpacked later in Section 3.2 Unpacking the Probe 
Module. 

NOTE: Do not discard any parts or supplies. 

2. Use the packing list to ensure all items are present.  

3. Visually inspect all components for damage. 

NOTE: If any parts are missing or damaged, contact your 
YSI Service Center immediately. Refer to Appendix E 
Customer Service or www.ysi.com. 
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2.3 Features of the YSI 556 Multi-Probe System  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.1 Front View of YSI 556 MPS 
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Figure 2.2 Back View of YSI 556 MPS 

2.4 Batteries 

2.4.1 Battery Life 

 Standard Alkaline Batteries 

With the standard battery configuration of 4 alkaline C cells, the 
YSI 556 MPS will operate continuously for approximately 180 
hours. Assuming a standard usage pattern when sampling of 3 
hours of “on time” in a typical day, the alkaline cells will last 
approximately 60 days. 

 Optional Rechargeable Battery Pack 

When fully charged, the optional rechargeable battery pack will 
provide approximately 50 hours of battery life. 

Barometer 
Vent Patch 

Accessory 
Mounting 
Holes 

Battery Lid 
Screws 

Lid 
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2.4.2 Inserting 4 C Batteries  

 

Figure 2.3 Inserting C Cells 

 CAUTION: Install batteries properly to avoid damage to the 
instrument. 

1. Loosen the four screws in the battery lid on the back of the 
instrument using any screwdriver. 

2. Remove the battery lid. 

3. Insert four C batteries between the clips following the 
polarity (+ and -) labels on the bottom of the battery 
compartment. 

4. Check gasket for proper placement on the battery lid. 

5. Replace the battery lid and tighten the 4 screws securely and 
evenly.  

NOTE: Do not over-tighten the screws. 
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2.4.3 Inserting Optional Rechargeable Battery Pack  

 

 

 Figure 2.4 Inserting Battery Pack 

 CAUTION: Read all cautions and warnings that come with 
the battery pack before using the battery pack. 

1. Loosen the four screws in the battery lid on the back of the 
instrument using any screwdriver.  

2. Remove the C battery lid and store for future use. Remove C 
batteries, if installed. 

3. Check for proper placement of gasket on the rechargeable 
battery pack and lid.  

4. Install the rechargeable battery pack and lid and tighten the 4 
screws securely and evenly.  

NOTE: Do not over tighten the screws. 
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2.4.4 Charging the Optional Rechargeable Battery Pack  

 

 Figure 2.5 Charging the Battery Pack 

 CAUTION: Do not use or store the battery pack at extreme 
temperatures such as in strong direct sunlight, in cars during 
hot weather or close to heaters. 

1. Install the rechargeable battery pack into the instrument as 
described in Section 2.4.3 Inserting Optional Rechargeable 
Battery Pack. 

2. Attach the charger adapter cable (YSI 6119) to the 
instrument. 

NOTE: Wall power supplies for use in countries outside the 
US and Canada can be found in Appendix B Instrument 
Accessories. 

3. Insert the barrel connector of the wall power supply into the 
barrel of the adapter cable. 

 CAUTION: Do not charge the battery pack continuously for 
more than 48 hours.  

 CAUTION: Do not drop or expose to water. 

 CAUTION: Do not charge the battery pack at temperatures 
below 0°°°°C or above 40°°°°C. 

Wall power 
supply  
(YSI 6114)

Charger adapter cable 
(YSI 6119) 
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4. Plug the wall power supply into an AC power outlet for 
approximately 2 hours to obtain an 80% to 90% charge and 
for 6 hours to get a full charge. 

NOTE: The battery pack can be recharged whether the 
instrument is on or off.  

2.4.5 Storing the Battery Pack  

Remove the battery pack from the instrument when the 
instrument will not be used for extended periods of time to 
prevent over discharge of the battery pack.  

Store the battery pack in a heavy plastic bag to prevent 
accidental shorting of the terminals. Store between –20 and 
30°C. 

2.4.6 Optional Cigarette Lighter Charger 

 CAUTION: Read all warnings and cautions that come with 
the charger before using the charger. 

 CAUTION: Only use cigarette lighter charger when 
rechargeable battery pack is inserted into instrument. 

 CAUTION: Do not mishandle cigarette lighter charger. Do 
not expose to moisture. 

1. Plug the barrel connector of the cigarette lighter charger into 
the mating end of the YSI 6119 Charger Adapter Cable. 

2. Attach the MS-19 end of the YSI 6119 Charger Adapter 
Cable to the instrument.  

3. Make one of the following modifications to the other end of 
the charger: 

Slide the adapter ring off the plug to use the device with an 
American or Japanese vehicle. 



American and Japanese Vehicles 

Adapter 

European Vehicles 

Adapter Ring Slot 
	

Spring Clip 
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 Figure 2.6 Charger Plug Adapter Use 

Leave the adapter ring on the plug and position it so that the 
slots on the adapter ring line up with the plug’s spring clips 
to use the device on a European vehicle.  

 

Figure 2.7 European Charger Plug Adapter Use 

NOTE: If the charger stops working properly, refer to 
Section 13 Troubleshooting. 

2.5 Power On 

Press and release the on/off button in the upper left corner of the 
instrument keypad to turn the instrument on or off. See Figure 
2.1 Front View of YSI 556 MPS. 

2.6 Setting Display Contrast 

The display contrast automatically compensates for temperature 
changes. However, under extreme temperature conditions you 
may wish to optimize the display by manual adjustment as 
follows: 
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1. Press and hold down the backlight key in the upper right 
corner of the keypad and press the “up” arrow to increase 
(darken) the contrast. 

2. Press and hold down the backlight key in the upper right 
corner of the keypad and press the “down” arrow to decrease 
(lighten) the contrast. 

2.7 Backlight 

Press and release the backlight key in the upper right corner of 
the keypad to turn the backlight on or off. See Figure 2.1 Front 
View of YSI 556 MPS. 

NOTE: The backlight turns off automatically after two minutes 
of non-use. 

2.8 General Screen Features 

 

 

 

 

 

 

 

 

 

 

 

 

 Figure 2.8 Main Menu Screen 
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2.9 Keypad Use 

 
 

 

 

 

 

 

 

 

 

 Figure 2.9 Keypad Features  

 

 

 

 

 

 

 

 

 

Figure 2.10 Keypad Letters & Numbers 

1. See Figure 2.10 Keypad Letters & Numbers and press the 
appropriate key repeatedly until letter or number desired 
appears in display. 

NOTE: Press the key repeatedly in rapid succession to get to 
the desired letter or number. If you pause for more than a 

KEY LETTER/ NUMBER 
1 1 
2 ABC2abc3 
3 DEF3def3 
4 GHI4ghi4 
5 JKL5jkl5 
6 MNO6mno6 
7 PQRS7pqrs7 
8 TUV8tuv8 
9 WXYZ9wxyz9 
0 0 

On/Off Key 
Escape Key – Use 
to return to 
previous position 
in menu 
Alpha/Numeric 
Keys – Used to 
enter letters and 
numbers 
Minus/Hyphen 
(-) Key 

Backlight/Contrast 

Arrows Keys 

Enter Key 

Period/Decimal 
Point Key 
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second, the cursor automatically scrolls to the right to 
prepare for the next input. 

EXAMPLE 1: Press the 6 key once and release to display an 
uppercase “M.” 

EXAMPLE 2: Press the 6 key four times and release to 
display the number “6.” 

EXAMPLE 3: Press the 6 key five times and stop to display 
a lowercase “m.” 

2. Press the left arrow key to go back and reenter a number or 
letter that needs to be changed. 

3. Press the Enter key when your entry is complete. 

NOTE: The instrument software permits only numeric 
entries in many instances, such as when setting the clock or 
entering calibration parameters.  

2.10 Instrument Reset 

The YSI 556 MPS is characterized by sophisticated software that 
should provided trouble-free operation. However as with all 
high-capability software packages, it is always possible that the 
user will encounter circumstances in which the instrument does 
not respond to keypad entry. If this occurs, the instrument 
function can easily be restored by removing and then reapplying 
battery power. Simply remove either your C-cells or 
rechargeable battery pack from the battery compartment, wait 30 
seconds and then replace the batteries. See Section 2.4 Batteries 
for battery removal/reinstallation instructions. 
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2.11 Menu Flowchart 
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3. Probe Module 

3.1 Introduction 

The YSI 5563 Probe module is used for measuring dissolved 
oxygen, temperature, conductivity, and optional pH and ORP. 
The probe module is rugged, with the sensors enclosed in a 
heavy duty probe sensor guard with attached sinking weight. A 
4, 10 or 20 meter cable is directly connected to the probe module 
body making it waterproof. An MS-19 connector at the end of 
the cable makes the YSI 5563 fully compatible with the YSI 556 
Multi-Probe System. 

3.2 Unpacking the Probe Module 

1. Remove the YSI 5563 Probe module from the shipping 
boxes. 

NOTE: Do not discard any parts or supplies. 

2. Use the packing list to ensure all items are present.  

3. Visually inspect all components for damage. 

NOTE: If any parts are missing or damaged, contact your 
YSI Service Center immediately. Refer to Appendix E 
Customer Service or www.ysi.com. 
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3.3 Features of the YSI 5563 Probe Module 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Figure 3.1 Probe Module 

3.4 Preparing the Probe Module 

To prepare the probe module for calibration and operation, you 
need to install the sensors into the connectors on the probe 
module bulkhead. In addition to sensor installation, you need to 
install a new DO membrane cap. 

3.4.1 Sensor Installation 

Whenever you install, remove or replace a sensor, it is extremely 
important that the entire probe module and all sensors be 
thoroughly dried prior to the removal of a sensor or a sensor port 
plug. This will prevent water from entering the port. Once you 
remove a sensor or plug, examine the connector inside the probe 
module sensor port. If any moisture is present, use compressed 
air to completely dry the connector. If the connector is corroded, 
return the probe module to your dealer or directly to YSI 
Customer Service. Refer to Appendix E Customer Service. 
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  Conductivity/Temperature and pH, pH/ORP Sensor Installation 

1. Unscrew and remove the probe sensor guard. 

2. Using the sensor installation tool supplied in the YSI 5511 
maintenance kit, unscrew and remove the sensor port plugs. 

 

 

 

 
                         Figure 3.2 Port Plug Removal 

3. Locate the port with the connector that corresponds to the 
sensor that is to be installed. 

Figure 3.3 Sensor Port Identification 

4. Apply a thin coat of o-ring lubricant (supplied in the YSI 
5511 maintenance kit) to the o-rings on the connector side of 
the sensor (see Figure 3.4 O-Ring Lubrication). 

 

pH or pH/ORP port 

Conductivity/Temperature 
port 

Oxygen port
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            Figure 3.4 O-Ring Lubrication 

 CAUTION: Make sure that there are NO contaminants between 
the O-ring and the sensor. Contaminants that are present under 
the O-ring may cause the O-ring to leak. 

5. Be sure the probe module sensor port is free of moisture and 
then insert the sensor into the correct port. Gently rotate the 
sensor until the two connectors align. 

6. With connectors aligned, screw down the sensor nut using 
the sensor installation tool. 

 

 

 

 

   Figure 3.5 Sensor Installation 

 CAUTION: Do not cross thread the sensor nut. Tighten the nut 
until it is flush with the face of the probe module bulkhead. Do 
not over tighten. 

 

 

   Figure 3.6 Bulkhead Seating 

O-Rings Sensor nut 
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7. Repeat steps 3-6 for any other sensors. 

8. Replace the probe sensor guard. 

  Dissolved Oxygen Sensor Installation 

The YSI 5563 comes with the DO sensor already installed. Refer 
to Section 11.1.2 DO Sensor Replacement for instructions on 
installing the YSI 558 Replaceable DO Module Kit. 

3.4.2 Membrane Cap Selection 

The YSI 5563 is shipped with a YSI 5909 kit that contains 
membrane caps made with 2 mil polyethylene (PE), a material 
which should be ideal for most field applications of the 556. 
However, YSI also offers membrane caps made with two other 
materials (1 mil polyethylene and 1 mil Teflon) which some 
users may also prefer.  All membranes available for the 
556/5563 system provide comparable accuracy if used properly.  
The difference between the two thicknesses of PE is found in the 
trade-off of flow dependence and response time as described 
below. Teflon is offered because some users may prefer to 
continue using the traditional membrane material used by YSI. 
To avoid confusion, the membrane caps are color coded as 
described below and can be ordered in kits as noted: 

1 mil Teflon – Black Caps (Kit = YSI 5906) 
1 mil Polyethylene (PE) – Yellow Caps (Kit = YSI 5908) 
2 mil Polyethylene (PE) – Blue Caps (Kit = YSI 5909) 

The 1 mil Teflon caps will offer traditional, reliable performance 
for most dissolved oxygen applications. The 1 mil PE caps will 
provide a significantly faster dissolved oxygen response (as long 
as your 556 Data Filter is set correctly as described below in 
Sections 10.2 and 10.3.1)) while also giving readings which are 
significantly less flow dependent than the 1 mil Teflon caps.  
Finally, 2 mil PE caps will show a large reduction in flow 
dependence over 1 mil Teflon while not significantly increasing 
the response time. Generally, one of the PE caps is likely to 
provide better performance for your application. 

IMPORTANT: No matter which type of membrane cap you 
select, you will also have to confirm your selection in the 556 
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software from the Sensor menu as described in Section 4 
Sensors. 

3.4.3 Membrane Cap Installation 

NOTE: The YSI 5563 DO sensor (already installed in the probe 
module) was shipped dry. A shipping membrane was installed to 
protect the electrode. A new membrane cap must be installed 
before the first use. 

1. Unscrew and remove the probe sensor guard. 

2. Unscrew, remove, and discard the old membrane cap. 

3. Thoroughly rinse the sensor tip with distilled water. 

4. Prepare the electrolyte according to the directions on the 
electrolyte solution bottle. 

5. Hold the new membrane cap and fill it at least 1/2 full with 
the electrolyte solution. 

6. Screw the membrane cap onto the sensor moderately tight. A 
small amount of electrolyte should overflow. 

 CAUTION: Do not touch the membrane surface. 

7. Screw the probe sensor guard on moderately tight.  

3.5 Transport/Calibration Cup 

The YSI 5563 Probe module has been supplied with a 
convenient transport/calibration cup. This cup is an ideal 
container for calibration of the different sensors, minimizing the 
amount of solution needed. Refer to Section 6 Calibrate. 
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3.5.1 Transport/Calibration Cup Installation 

1. Remove probe sensor guard, if already installed. 

2. Ensure that an o-ring is installed in the o-ring groove on the 
threaded end of the probe module body.  

3. Screw the transport/calibration cup on the threaded end of 
the probe module and securely tighten.  

NOTE: Do not overtighten as this could cause damage to 
the threaded portions. 

 

 

 

 

 

Figure 3.7 Transport/Calibration Cup Installation 

3.6 Instrument/Cable Connection 

Attach the cable to the instrument as follows: 

1. Line up the pins and guides on the cable with the holes and 
indentations on the cable connector at the bottom of the YSI 
556 instrument. See Figure 2.1 Front View of YSI 556 MPS.  

2. Holding the cable firmly against the cable connector, turn 
the locking mechanism clockwise until it snaps into place. 

Remove the cable from the instrument by turning the cable 
connector counterclockwise until the cable disengages from the 
instrument. 

O-ring 
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4. Sensors 
The Sensors Enabled screen allows the user to enable or disable 
each of the sensors and select which membrane material will be 
used for the dissolved oxygen sensor. Disabled sensors will not 
be displayed on the screen in real time or logged to files. 

1. Press the On/off key to display the run screen.  

2. Press the Escape key to display the main menu screen. 

 

Figure 4.1 Main Menu Screen 

3. Use the arrow keys to highlight the Sensor selection. 

4. Press the Enter key to display the sensors enabled screen. 

 

Figure 4.2 Sensors Enabled Screen Before DO Membrane Selection 
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A black dot to the left of a sensor indicates that sensor is 
enabled. Sensors with an empty circle are disabled. 

Highlight the “DO None” entry as shown above and press Enter 
to display the membrane choice screen. Consult Section 3.4.2 
Membrane Cap Selection for information on the advantages of 
each type of membrane material. Blue membrane caps using 2 
mil polyethylene (PE) were shipped with your YSI 5563 and are 
likely to be the best choice for most 556 field applications. 

 

Figure 4.3 Membrane Selection Screen 

Highlight the desired membrane choice – in this case, 2 mil PE -- 
and press Enter to activate your selection with a dot to the left of 
the screen.  Then press Escape to return to the Sensor menu that 
now shows your DO membrane selection. 

 

Figure 4.4 Sensors Enabled Screen After DO Membrane Selection 
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NOTE: The Temperature sensor cannot be disabled. Most 
other sensors require temperature compensation for accurate 
readings. In addition, the conductivity sensor must be 
activated in order to obtain accurate dissolved oxygen mg/L 
readings. 

5. Use the arrow keys to highlight the sensor you want to 
change, then press the Enter key to enable or disable it. 

6. Repeat step 5 for each sensor you want to change. 

7. Press the Escape key to return to the main menu screen. 
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5. Report 
The Report Setup screen allows the user to select which sample 
parameters and units the YSI 556 MPS will display on the 
screen. It does NOT determine which parameters are logged to 
memory. Refer to Section 4 Sensors. 

1. Press the On/off key to display the run screen.  

2. Press the Escape key to display the main menu screen. 

 

Figure 5.1 Main Menu 

3. Use the arrow keys to highlight the Report selection. 

4. Press the Enter key to display the report setup screen. 

 

Figure 5.2 Report Setup Screen 
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NOTE: A black dot to the left of a parameter indicates that 
parameter is selected for display. Parameters with an empty 
circle will not be displayed. 

NOTE: You may have to scroll down past the bottom of the 
screen to see all the parameters. 

5. Use the arrow keys to highlight the parameter you want to 
change, then press the Enter key. If you can't find the 
parameter you want, even after scrolling down past the 
bottom of the screen, the sensor used for that parameter is 
disabled. Refer to Section 4 Sensors. 

6. If you selected Temperature, Specific Conductivity, 
Conductivity, Resistance or Total Dissolved Solids, the 
Units screen will appear. 

 

Figure 5.3 Units Screen 

7. Use the arrow keys to select the units desired, then press the 
Enter key to return to the report setup screen. 

If you selected Salinity, Dissolved Oxygen %, Dissolved 
Oxygen mg/L, pH, pH mv or ORP mv, the selection dot will 
simply toggle on or off. 

8. Repeat steps 5 and 6 for each parameter you want to change. 
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NOTE: All parameters may be enabled at the same time. 

 

Figure 5.4 All Parameters Displayed 

9. Press the Escape key to return to the Main menu screen. 
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6. Calibrate 
All of the sensors, except temperature, require periodic 
calibration to assure high performance. You will find specific 
calibration procedures for all sensors that require calibration in 
the following sections. If a sensor listed is not installed in your 
probe module, skip that section and proceed to the next sensor 
until the calibration is complete. 

 CAUTION: Reagents that are used to calibrate and check this 
instrument may be hazardous to your health. Take a moment to 
review Appendix D Health and Safety. Some calibration standard 
solutions may require special handling. 

6.1 Getting Ready to Calibrate 

6.1.1 Containers Needed to Calibrate the Probe Module 

The transport/calibration cup that comes with your probe module 
serves as a calibration chamber for all calibrations and 
minimizes the volume of calibration reagents required. 

Instead of the transport/calibration cup, you may use laboratory 
glassware to perform calibrations. If you do not use the 
transport/calibration cup that is designed for the probe module, 
you are cautioned to do the following: 

Perform all calibrations with the Probe Sensor Guard 
installed. This protects the sensors from possible physical 
damage. 

Use a ring stand and clamp to secure the probe module body 
to prevent the module from falling over. Most laboratory 
glassware has convex bottoms. 

Ensure that all sensors are immersed in calibration solutions. 
Many of the calibrations factor in readings from other 
sensors (e.g., temperature sensor). The top vent hole of the 
conductivity sensor must also be immersed during some 
calibrations. 
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6.1.2 Calibration Tips 

1. If you use the Transport/Calibration Cup for dissolved 
oxygen (DO) calibration, make certain to loosen the seal to 
allow pressure equilibration before calibration. The DO 
calibration is a water-saturated air calibration. 

2. The key to successful calibration is to ensure that the sensors 
are completely submersed when calibration values are 
entered. Use recommended volumes when performing 
calibrations. 

3. For maximum accuracy, use a small amount of previously 
used calibration solution to pre-rinse the probe module. You 
may wish to save old calibration standards for this purpose. 

4. Fill a bucket with ambient temperature water to rinse the 
probe module between calibration solutions. 

5. Have several clean, absorbent paper towels or cotton cloths 
available to dry the probe module between rinses and 
calibration solutions. Shake the excess rinse water off of the 
probe module, especially when the probe sensor guard is 
installed. Dry off the outside of the probe module and probe 
sensor guard. Making sure that the probe module is dry 
reduces carry-over contamination of calibrator solutions and 
increases the accuracy of the calibration. 

6. If you are using laboratory glassware for calibration, you do 
not need to remove the probe sensor guard to rinse and dry 
the sensors between calibration solutions. The inaccuracy 
resulting from simply rinsing the sensor compartment and 
drying the outside of the guard is minimal. 

7. If you are using laboratory glassware, remove the stainless 
steel weight from the bottom of the probe sensor guard by 
turning the weight counterclockwise. When the weight is 
removed, the calibration solutions have access to the sensors 
without displacing a lot of fluid. This also reduces the 
amount of liquid that is carried between calibrations. 

8. Make certain that port plugs are installed in all ports where 
sensors are not installed. It is extremely important to keep 
these electrical connectors dry. 
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6.1.3 Recommended Volumes 

Follow these instructions to use the transport/calibration cup for 
calibration procedures. 

Ensure that an o-ring is installed in the o-ring groove of the 
transport/calibration cup bottom cap, and that the bottom cap 
is securely tightened.  

NOTE: Do not over-tighten as this could cause damage to 
the threaded portions. 

Remove the probe sensor guard, if it is installed. 

Remove the o-ring, if installed, from the probe module and 
inspect the installed o-ring on the probe module for obvious 
defects and, if necessary, replace it with the extra o-ring 
supplied. 

Some calibrations can be accomplished with the probe 
module upright or upside down. A separate clamp and stand, 
such as a ring stand, is required to support the probe module 
in the inverted position. 

To calibrate, follow the procedures in the next section, 
Calibration Procedures. The approximate volumes of the 
reagents are specified below for both the upright and upside 
down orientations. 

When using the Transport/Calibration Cup for dissolved 
oxygen % saturation calibration, make certain that the vessel 
is vented to the atmosphere by loosening the bottom cap or 
cup assembly and that approximately 1/8” of water is present 
in the cup. 

 

Sensor to Calibrate Upright Upside Down 

Conductivity 55ml 55ml 

pH/ORP 30ml 60ml 

Table 6.1 Calibration Volumes 
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6.2 Calibration Procedures 

6.2.1 Accessing the Calibrate Screen 

1. Press the On/off key to display the run screen.  

2. Press the Escape key to display the main menu screen. 

3. Use the arrow keys to highlight the Calibrate selection. 

 

Figure 6.1 Main Menu 

4. Press the Enter key. The Calibrate screen is displayed. 

 

Figure 6.2 Calibrate Screen 
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6.2.2 Conductivity Calibration 

This procedure calibrates specific conductance (recommended), 
conductivity and salinity. Calibrating any one option 
automatically calibrates the other two. 

1. Go to the calibrate screen as described in Section 6.2.1 
Accessing the Calibrate Screen. 

2. Use the arrow keys to highlight the Conductivity selection. 
See Figure 6.2 Calibrate Screen. 

3. Press Enter. The Conductivity Calibration Selection Screen 
is displayed. 

 
Figure 6.3 Conductivity Calibration Selection Screen 

4. Use the arrow keys to highlight the Specific Conductance 
selection. 

5. Press Enter. The Conductivity Calibration Entry Screen is 
displayed. 



Cond calibration 
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Figure 6.4 Conductivity Calibration Entry Screen 

6. Place the correct amount of conductivity standard (see Table 
6.1 Calibration Volumes) into a clean, dry or pre-rinsed 
transport/calibration cup. 

 WARNING: Calibration reagents may be hazardous to 
your health. See Appendix D Health and Safety for more 
information. 

NOTE: For maximum accuracy, the conductivity standard 
you choose should be within the same conductivity range as 
the samples you are preparing to measure. However, we do 
not recommend using standards less than 1 mS/cm. For 
example: 

For fresh water use a 1 mS/cm conductivity standard. 

For brackish water use a 10 mS/cm conductivity 
standard. 

For seawater use a 50 mS/cm conductivity standard. 

NOTE: Before proceeding, ensure that the sensor is as dry 
as possible. Ideally, rinse the conductivity sensor with a 
small amount of standard that can be discarded. Be certain 
that you avoid cross-contamination of solutions. Make 
certain that there are no salt deposits around the oxygen and 
pH/ORP sensors, particularly if you are employing standards 
of low conductivity. 
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7. Carefully immerse the sensor end of the probe module into 
the solution. 

8. Gently rotate and/or move the probe module up and down to 
remove any bubbles from the conductivity cell. 

NOTE: The sensor must be completely immersed past its 
vent hole. Using the recommended volumes from Table 6.1 
Calibration Volumes, should ensure that the vent hole is 
covered. 

9. Screw the transport/calibration cup on the threaded end of 
the probe module and securely tighten. 

NOTE: Do not overtighten as this could cause damage to 
the threaded portions. 

10. Use the keypad to enter the calibration value of the standard 
you are using. 

NOTE: Be sure to enter the value in mS/cm at 25°°°°C. 

11. Press Enter. The Conductivity Calibration Screen is 
displayed. 

 

Figure 6.5 Conductivity Calibration Screen 

12. Allow at least one minute for temperature equilibration 
before proceeding. The current values of all enabled sensors 
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will appear on the screen and will change with time as they 
stabilize. 

13. Observe the reading under Specific Conductance. When the 
reading shows no significant change for approximately 30 
seconds, press Enter. The screen will indicate that the 
calibration has been accepted and prompt you to press Enter 
again to Continue. 

 

Figure 6.6 Calibrated 

14. Press Enter. This returns you to the Conductivity Calibrate 
Selection Screen, See Figure 6.3 Conductivity Calibration 
Selection Screen. 

15. Press Escape to return to the calibrate menu. See Figure 6.2 
Calibrate Screen. 

16. Rinse the probe module and sensors in tap or purified water 
and dry. 

6.2.3 Dissolved Oxygen Calibration 

This procedure calibrates dissolved oxygen. Calibrating any one 
option (% or mg/L) automatically calibrates the other. 

1. Go to the calibrate screen as described in Section 6.2.1 
Accessing the Calibrate Screen. 
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NOTE: The instrument must be on for at least 20 minutes to 
polarize the DO sensor before calibrating. 

2. Use the arrow keys to highlight the Dissolved Oxygen 
selection. See Figure 6.2 Calibrate Screen. 

3. Press Enter. The dissolved oxygen calibration screen is 
displayed. 

 

Figure 6.7 DO Calibration Screen 

  DO Calibration in % Saturation 

1. Use the arrow keys to highlight the DO% selection. 

2. Press Enter. The DO Barometric Pressure Entry Screen is 
displayed. 

 

Figure 6.8 DO Barometric Pressure Entry Screen 
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3. Place approximately 3 mm (1/8 inch) of water in the bottom 
of the transport/calibration cup. 

4. Place the probe module into the transport/calibration cup. 

NOTE: Make sure that the DO and temperature sensors are 
not immersed in the water. 

5. Engage only 1 or 2 threads of the transport/calibration cup to 
ensure the DO sensor is vented to the atmosphere. 

6. Use the keypad to enter the current local barometric 
pressure. 

NOTE: If the unit has the optional barometer, no entry is 
required. 

NOTE: Barometer readings that appear in meteorological 
reports are generally corrected to sea level and must be 
uncorrected before use (refer to Section 10.10 Calibrate 
Barometer, Step 2). 

7. Press Enter. The DO% saturation calibration screen is 
displayed. 

 

Figure 6.9 DO Sat Calibration Screen  

8. Allow approximately ten minutes for the air in the 
transport/calibration cup to become water saturated and for 
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the temperature to equilibrate before proceeding. The current 
values of all enabled sensors will appear on the screen and 
will change with time as they stabilize. 

9. Observe the reading under DO %. When the reading shows 
no significant change for approximately 30 seconds, press 
Enter. The screen will indicate that the calibration has been 
accepted and prompt you to press Enter again to Continue. 
See Figure 6.6 Calibrated. 

10. Press Enter. This returns you to the DO calibration screen, 
See Figure 6.7 DO Calibration Screen. 

11. Press Escape to return to the calibrate menu. See Figure 6.2 
Calibrate Screen. 

12. Rinse the probe module and sensors in tap or purified water 
and dry. 

 DO Calibration in mg/L 

DO calibration in mg/L is carried out in a water sample which 
has a known concentration of dissolved oxygen (usually 
determined by a Winkler titration). 

1. Go to the DO calibrate screen as described in Section 6.2.3 
Dissolved Oxygen Calibration, steps 1 through 3. 

2. Use the arrow keys to highlight the DO mg/L selection. 

3. Press Enter. The DO mg/L Entry Screen is displayed. 
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Figure 6.10 DO mg/L Entry Screen 

4. Place the probe module in water with a known DO 
concentration. 

NOTE: Be sure to completely immerse all the sensors. 

5. Use the keypad to enter the known DO concentration of the 
water. 

6. Press Enter. The Dissolved Oxygen mg/L Calibration 
Screen is displayed. 

 

Figure 6.11 DO mg/L Calibration Screen 
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7. Stir the water with a stir bar, or by rapidly moving the probe 
module, to provide fresh sample to the DO sensor. 

8. Allow at least one minute for temperature equilibration 
before proceeding. The current values of all enabled sensors 
will appear on the screen and will change with time as they 
stabilize. 

9. Observe the DO mg/L reading, when the reading is stable 
(shows no significant change for approximately 30 seconds), 
press Enter. The screen will indicate that the calibration has 
been accepted and prompt you to press Enter again to 
Continue.  

10. Press Enter. This returns you to the DO calibration screen. 
See Figure 6.7 DO Calibration Screen. 

11. Press Escape to return to the calibrate menu. See Figure 6.2 
Calibrate Screen. 

12. Rinse the probe module and sensors in tap or purified water 
and dry. 

6.2.4 pH Calibration 

1. Go to the calibrate screen as described in Section 6.2.1 
Accessing the Calibrate Screen. 

2. Use the arrow keys to highlight the pH selection. See Figure 
6.2 Calibrate Screen. 

3. Press Enter. The pH calibration screen is displayed. 
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Figure 6.12 pH Calibration Screen 

Select the 1-point option only if you are adjusting a previous 
calibration. If a 2-point or 3-point calibration has been 
performed previously, you can adjust the calibration by 
carrying out a one point calibration. The procedure for this 
calibration is the same as for a 2-point calibration, but the 
software will prompt you to select only one pH buffer. 

Select the 2-point option to calibrate the pH sensor using 
only two calibration standards. Use this option if the media 
being monitored is known to be either basic or acidic. For 
example, if the pH of a pond is known to vary between 5.5 
and 7, a two-point calibration with pH 7 and pH 4 buffers is 
sufficient. A three point calibration with an additional pH 10 
buffer will not increase the accuracy of this measurement 
since the pH is not within this higher range. 

Select the 3-point option to calibrate the pH sensor using 
three calibration solutions. In this procedure, the pH sensor 
is calibrated with a pH 7 buffer and two additional buffers. 
The 3-point calibration method assures maximum accuracy 
when the pH of the media to be monitored cannot be 
anticipated. The procedure for this calibration is the same as 
for a 2-point calibration, but the software will prompt you to 
select a third pH buffer. 

4. Use the arrow keys to highlight the 2-point selection. 

5. Press Enter. The pH Entry Screen is displayed. 
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Figure 6.13 pH Entry Screen 

6. Place the correct amount (see Table 6.1 Calibration 
Volumes) of pH buffer into a clean, dry or pre-rinsed 
transport/calibration cup. 

 WARNING: Calibration reagents may be hazardous to your 
health. See Appendix D Health and Safety for more 
information. 

NOTE: For maximum accuracy, the pH buffers you choose 
should be within the same pH range as the water you are 
preparing to sample. 

NOTE: Before proceeding, ensure that the sensor is as dry 
as possible. Ideally, rinse the pH sensor with a small amount 
of buffer that can be discarded. Be certain that you avoid 
cross-contamination of buffers with other solutions. 

7. Carefully immerse the sensor end of the probe module into 
the solution. 

8. Gently rotate and/or move the probe module up and down to 
remove any bubbles from the pH sensor. 

NOTE: The sensor must be completely immersed. Using the 
recommended volumes from Table 6.1 Calibration Volumes, 
should ensure that the sensor is covered. 
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9. Screw the transport/calibration cup on the threaded end of 
the probe module and securely tighten. 

NOTE: Do not overtighten as this could cause damage to 
the threaded portions. 

10. Use the keypad to enter the calibration value of the buffer 
you are using at the current temperature.  

NOTE: pH vs. temperature values are printed on the labels 
of all YSI pH buffers. 

11. Press Enter. The pH calibration screen is displayed. 

 

Figure 6.14 pH Calibration Screen 

12. Allow at least one minute for temperature equilibration 
before proceeding. The current values of all enabled sensors 
will appear on the screen and will change with time as they 
stabilize. 

13. Observe the reading under pH, when the reading shows no 
significant change for approximately 30 seconds, press 
Enter. The screen will indicate that the calibration has been 
accepted and prompt you to press Enter again to Continue. 

14. Press Enter. This returns you to the Specified pH 
Calibration Screen, See Figure 6.13 pH Entry Screen. 
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15. Rinse the probe module, transport/calibration cup and 
sensors in tap or purified water and dry. 

16. Repeat steps 6 through 13 above using a second pH buffer. 

17. Press Enter. This returns you to the pH Calibration Screen, 
See Figure 6.12 pH Calibration Screen. 

18. Press Escape to return to the calibrate menu. See Figure 6.2 
Calibrate Screen. 

19. Rinse the probe module and sensors in tap or purified water 
and dry. 

6.2.5 ORP Calibration 

1. Go to the calibrate screen as described in Section 6.2.1 
Accessing the Calibrate Screen. 

2. Use the arrow keys to highlight the ORP selection. See 
Figure 6.2 Calibrate Screen.  

3. Press Enter. The ORP calibration screen is displayed. 

 

Figure 6.15 Specified ORP Calibration Screen 

4. Place the correct amount (see Table 6.1 Calibration 
Volumes) of a known ORP solution (we recommend Zobell 
solution) into a clean, dry or pre-rinsed transport/calibration 
cup. 
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 WARNING: Calibration reagents may be hazardous to your 
health. See Appendix D Health and Safety for more 
information. 

NOTE: Before proceeding, ensure that the sensor is as dry 
as possible. Ideally, rinse the ORP sensor with a small 
amount of solution that can be discarded. Be certain that you 
avoid cross-contamination with other solutions. 

5. Carefully immerse the sensor end of the probe module into 
the solution. 

6. Gently rotate and/or move the probe module up and down to 
remove any bubbles from the ORP sensor. 

NOTE: The sensor must be completely immersed. Using the 
recommended volumes from Table 6.1 Calibration Volumes 
should ensure that the sensor is covered. 

7. Screw the transport/calibration cup on the threaded end of 
the probe module and securely tighten. 

NOTE: Do not overtighten as this could cause damage to 
the threaded portions. 

8. Use the keypad to enter the correct value of the calibration 
solution you are using at the current temperature. Refer to 
Table 6.2 Zobel Solution Values. 

Temperature °C Zobell Solution Value, mV 
-5 270.0 
0 263.5 
5 257.0 

10 250.5 
15 244.0 
20 237.5 
25 231.0 
30 224.5 
35 218.0 
40 211.5 
45 205.0 
50 198.5 

Table 6.2 Zobel Solution Values 
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9. Press Enter. The ORP calibration screen is displayed. 

 

Figure 6.16 ORP Calibration Screen 

10. Allow at least one minute for temperature equilibration 
before proceeding. The current values of all enabled sensors 
will appear on the screen and will change with time as they 
stabilize. 

NOTE: Verify that the temperature reading matches the 
value you used in Table 6.2 Zobel Solution Values.  

11. Observe the reading under ORP, when the reading shows no 
significant change for approximately 30 seconds, press 
Enter. The screen will indicate that the calibration has been 
accepted and prompt you to press Enter again to Continue. 

12. Press Enter. This returns you to the Calibrate Screen. See 
Figure 6.2 Calibrate Screen. 

13. Rinse the probe module and sensors in tap or purified water 
and dry. 
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6.3 Return to Factory Settings 

1. Go to the calibrate screen as described in Section 6.2.1 
Accessing the Calibrate Screen. 

2. Use the arrow keys to highlight the Conductivity selection. 
See Figure 6.2 Calibrate Screen. 

NOTE: We will use the Conductivity sensor as an example; 
however, this process will work for any sensor. 

3. Press Enter. The Conductivity Calibration Selection Screen 
is displayed. See Figure 6.3 Conductivity Calibration 
Selection Screen. 

4. Use the arrow keys to highlight the Specific Conductance 
selection. 

5. Press Enter. The Conductivity Calibration Entry Screen is 
displayed. See Figure 6.4 Conductivity Calibration Entry 
Screen. 

6. Press and hold the Enter key down and press the Escape 
key. 

 

Figure 6.17 ORP Calibration Screen 

7. Use the arrow keys to highlight the YES selection. 



Calibrate  Section 6 
 

YSI Incorporated YSI 556 MPS  Page 57

CAUTION: This returns a sensor to the factory settings. For 
example, in selecting to return specific conductance to the 
factory setting, salinity and conductivity will automatically 
return to their factory settings. 

8. Press Enter. This returns you to the Conductivity Calibrate 
Selection Screen, See Figure 6.3 Conductivity Calibration 
Selection Screen. 

9. Press Escape to return to the calibrate menu. See Figure 6.2 
Calibrate Screen. 



Section 6  Calibrate 
 

 YSI 556 MPS YSI Incorporated Page 58 



Run 
Menu 

10 	one sam le 
Start logging 

21.670. 
0.60744 
104.6Do% 

249.20Rp 
7.82,H 

745.2mmHg 
01/25/2001 1137:09 	CI 	 I 

 

YSI Incorporated YSI 556 MPS  Page 59

7. Run 
The Run screen displays data from the sensors in real-time and 
allows the user to log sample data to memory for later analysis. 
Refer to Section 9 Logging for details on logging sample data. 

7.1 Real-Time Data 

NOTE: Before measuring samples you must prepare the probe 
module (refer to Section 3.4 Preparing the Probe Module), 
attach the probe module to the instrument (refer to Section 3.6 
Instrument/Cable Connection) and calibrate the sensors (refer to 
Section 6 Calibrate). 

1. Press the On/off key.  

OR select Run from the main menu to display the run screen. 

 

Figure 7.1 Run Screen 

2. Make sure the probe sensor guard is installed. 

3. Place the probe module in the sample. Be sure to completely 
immerse all the sensors. 

4. Rapidly move the probe module through the sample to 
provide fresh sample to the DO sensor. 

5. Watch the readings on the display until they are stable. 
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6. Refer to Section 9 Logging for instructions on logging 
sample data. 
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8. File 
The File menu allows the user to view, upload or delete sample 
data and calibration record files stored in the YSI 556 MPS. 

8.1 Accessing the File Screen 

1. Press the On/off key to display the run screen.  

2. Press the Escape key to display the main menu screen. 

 

Figure 8.1 Main Menu Screen 

3. Use the arrow keys to highlight the File selection. 

4. Press the Enter key. The file screen is displayed.  

 

Figure 8.2 File Screen 
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8.2 Directory 

1. Go to the file screen as described in Section 8.1 Accessing 
the File Screen. 

2. Use the arrow keys to highlight the Directory selection. See 
Figure 8.2 File Screen. 

3. Press the Enter key. The file list screen is displayed.  

NOTE: Files are listed in the order in which they are logged 
to memory. Sample Data files have the file extension .dat, 
while Calibration Record files have the file extension .glp. 

 

Figure 8.3 File List Screen 

4.  Use the arrow keys to highlight a file. 

5. Press the Enter key. The file details screen is displayed. 
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Figure 8.4 File Details Screen 

6. Press the Enter key to view the file data. Refer to Section 
8.3 View File for details.  

7. Press the Escape key repeatedly to return to the main menu 
screen. 

8.3 View File  

1. Go to the file screen as described in Section 8.1 Accessing 
the File Screen. See Figure 8.2 File Screen. 

2. Use the arrow keys to highlight the View file selection. 

3. Press the Enter key. A list of files is displayed. See Figure 
8.3 File List Screen. 

4. Use the arrow keys to highlight an individual file. 

NOTE: You may have to scroll down to see all the files. 

5. Press the Enter key. The file data is displayed with the file 
name at the top of the display.  

NOTE: If no file name was specified, the data is stored 
under the default name NONAME1.dat. 



OHIO.dat 
Date 	Time Temp 
m/d/y hh:mm:■■ 	C 

01/20/2001 13:56:13 22.54 
01/20/2001 13:56:14 22.54 
01/20/2001 13:56:14 22.54 
01/20/2001 13:56:15 22.54 
01/20/2001 13:56:15 22.54 
01/20/2001 13:56:16 22.54 
01/20/2001 13:56:16 22.54 
01/20/2001 13:56:17 22.54 
* 	 

736.7mmHg 
■1/20/2001 13:59:34 CI 
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Figure 8.5 File Data Screen 

6. Use the arrow keys to scroll horizontally and/or vertically to 
view all the data. 

7. Press the Escape key repeatedly to return to the main menu 
screen. 

8.4 Upload to PC 

EcoWatch™ for Windows™ must be used as the PC software 
interface to the YSI 556 MPS. Refer to Appendix G EcoWatch 
for more information. EcoWatch for Windows is available at no 
cost via a download from the YSI Web Site (www.ysi.com) or 
by contacting YSI Customer Support. Refer to Appendix E 
Customer Service. 

8.4.1 Upload Setup 

1. Disconnect the YSI 5563 Probe Module from the YSI 556 
MPS instrument. 

2. Connect the YSI 556 MPS to a serial (Comm) port of your 
computer via the 655173 PC Interface cable as shown in the 
following diagram: 



Egg g 

0 
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            Figure 8.6 Computer/Instrument Interface  

3. Open EcoWatch for Windows on your computer. 

NOTE: See Appendix G EcoWatch for installation 
instructions. 

4. Click on the sonde/probe icon  in the upper toolbar. 

5. Set the Comm port number to match the port the YSI 556 
MPS is connected to. After this setup procedure, the 
following screen will be present on your PC monitor: 

 

556 MPS

655173 PC
Interface Cable

DE-9 PC Serial Port

Computer with 
EcoWatch for 
Windows 
Installed 



EeoWatch - Sonde - COM2 glom 
File View Comm Beal-time 8ppl Window Help 

      

            

    

11711 1E1 i I IPIPJ I 

  

 

Sonde - COM2 
	 lo© 

 

LU 

For Help, press Fl 	 = 	NUM 

Start 	Fy Microsoft Word 	 II 	E ...Watch - Sonde - 	 912 PM 
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8.4.2 Uploading a .DAT File 

1. Setup the instrument as described in Section 8.4.1 Upload 
Setup. 

2. Go to the YSI 556 MPS file screen as described in Section 
8.1 Accessing the File Screen. 

3. Use the arrow keys to highlight the Upload to PC selection. 
See Figure 8.2 File Screen. 

4. Press the Enter key. The file list screen is displayed. See 
Figure 8.3 File List Screen. 

5. Use the arrow keys to highlight the DAT file that you wish 
to transfer and press Enter, both the YSI 556 MPS and PC 
displays show the progress of the file transfer. 



For Help, press Fl 

EcoWatch - Sonde - COM2 

File "lie., Comm Real-time 8ppl Window Help 

li 31 	I 

 

I 	I 

 

III 

 

I 	I 

 

III 

        

Start 	py Microsoft Word 	 .__,EcoWatch - Sonde - 
	

PM 
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Figure 8.7 File Transfer Progress Screen 

NOTE: After transfer, the file will be located in the 
C:\ECOWWIN\DATA folder of your PC, designated with a 
.DAT extension. 

6. After the file transfer is complete, close the terminal window 
(small window on the PC) by clicking on the “X” at its upper 
right corner. 

 

 

Click on X to 
close window
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7. Press the Escape key on the YSI 556 MPS repeatedly to 
return to the main menu screen. 

8.4.3 Uploading a Calibration Record (.glp) File 

For more information on the calibration record, Refer to 
Appendix H Calibration Record Information. 

1. Setup up the instrument as described in Section 8.4.1 Upload 
Setup. 

2. Go to the YSI 556 MPS file screen as described in Section 
8.1 Accessing the File Screen. 

3. Use the arrow keys to highlight the Upload to PC selection. 
See Figure 8.2 File Screen. 

4. Press the Enter key. The file list screen is displayed. See 
Figure 8.3 File List Screen. 

5. Use the arrow keys to highlight the calibration record file 
that you wish to transfer and press Enter. 

6. You will then be given a choice of uploading the file in three 
formats; Binary, Comma & “” Delimited, and ASCII 
Text. 

NOTE: The binary format is reserved for future YSI 
software packages. 

7. Choose an option and press Enter, both the YSI 556 and PC 
displays show the progress of the file transfer. 

NOTE: After transfer, the file will be located in the 
C:\ECOWWIN\DATA folder of your PC, designated with the 
appropriate file extension. 

NOTE: To view the Calibration Record data after upload, 
simply open the .txt file in a general text editor such as 
Wordpad or Notepad. 



In files 	 152832 
In deleted files 	0 
Free 	 1413532 
Total 	 1572854 
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8. After the file transfer is complete, close the terminal window 
(small window on the PC) by clicking on the “X” at its upper 
right corner. 

9. Press the Escape key repeatedly to return to the main menu 
screen. 

8.5 File Memory 

1. Go to the file screen as described in Section 8.1 Accessing 
the File Screen.  

2. Use the arrow keys to highlight the File memory selection. 
See Figure 8.2 File Screen. 

3. Press the Enter key. The file bytes used screen is displayed. 

 

Figure 8.8 File Bytes Used Screen 

4. The amount of free memory is listed in line 4 of the file 
bytes used screen.  

NOTE: If the amount of free memory is low, it may be time 
to delete all files (after first uploading all data to a PC). 
Refer to Section 8.6 Delete All Files. 

5. Press the Escape key repeatedly to return to the main menu 
screen. 



	Delete all files 
WARNING: This will delete 
all data from memory. 

Delete 
'sort 

735.3mmHg 
01/30/2000 20:31:54 	CI 
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8.6 Delete All Files 

NOTE: It is not possible to delete individual files in order to free 
up memory. The only way to free up memory is to delete ALL 
files present. Take care to transfer all files to your computer 
(refer to Section 8.4 Upload to PC) before deleting them. 

1. Go to the file screen as described in Section 8.1 Accessing 
the File Screen. 

2. Use the arrow keys to highlight the Delete all files selection. 
See Figure 8.2 File Screen. 

3. Press the Enter key. The Delete all Files screen is displayed. 

 

Figure 8.9 Delete All Files Screen 

4. Use the arrow keys to highlight the Delete selection. 

5. Press the Enter key.  



	Delete all files 
WARNING: This will delete 
all data from memory. 
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Figure 8.10 Deleting 

The progress of file deletion is displayed in bar graph 
format. 

NOTE: Deleting all files in the directory will not change 
any information in the site list.  

6. Press the Escape key repeatedly to return to the main menu 
screen. 
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	Main Menu 
Run 
Report 
Sensor 
Calibrate 
File 
Logging setup 
System setup 

736.5mmHg 
01/20/200114:06:20 CI 

	Logging setup 
Interval= 00:00:01 
❑Use site list 
EiStore Barometer 

745.2mmHg 
01/25/200111:38:18 CI 
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9. Logging 

9.1 Accessing the Logging Setup Screen 

1. Press the On/off key to display the run screen.  

2. Press the Escape key to display the main menu screen. 

 

Figure 9.1 Main Menu 

3. Use the arrow keys to highlight the Logging setup selection. 

4. Press the Enter key. The logging setup screen is displayed. 

 

Figure 9.2 Logging Setup Screen  
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9.2 Setting Logging Interval 

Follow steps below to set the interval for logging a data stream.  

NOTE: If you do not specify an interval, the instrument will use 
a default interval setting of 1 second. 

NOTE: It is not necessary to set a logging interval when logging 
a single sample. 

1. Go to the logging setup screen as described in Section 9.1 
Accessing the Logging Setup Screen.  

2. Use the keypad to enter an interval between 1 second and 15 
minutes. Refer to Section 2.9 Keypad Use. 

NOTE: The interval field has hour, minute and second entry 
fields. Any entry over 15 minutes will change automatically 
to a 15-minute setting. 

3. Press the Enter key. The data stream interval is set. 

4. Press the Escape key repeatedly to return to the main menu 
screen. 

9.3 Storing Barometer Readings 

NOTE: The Store barometer option is only available on 
instruments that are equipped with the optional barometer. 

1. Go to the logging setup screen as described in Section 9.1 
Accessing the Logging Setup Screen. 

2. Use the arrow keys to highlight the Store barometer 
selection. See Figure 9.2 Logging Setup Screen. 

3. Press the Enter key until a check mark is entered in the box 
next to the store barometer selection if you want to log 
barometric readings.  

OR press the Enter key until the box next to the barometer 
selection is empty if you do not want to log barometric 
readings. 



	Logging setup 
Interval=00 :00 :01 
❑Use site list 
El Store Barometer 

745.2mmHg 
01/25/200111:39:25 	CI 
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Figure 9.3 Store Barometer 

4. Press the Escape key repeatedly to return to the main menu 
screen. 

9.4 Creating a Site List 

The site list option allows you to define file and site descriptions 
in the office or laboratory before moving to field logging studies. 
This is usually more convenient than entering the information at 
the site and is particularly valuable if you are visiting certain 
sites on a regular basis. The following section describes how to 
set up site lists which contain entries designated “Site 
Descriptions” that will be instantly available to the user in the 
field to facilitate the logging of data with pre-established naming 
of files and sites. There are two kinds of Site Descriptions 
available for use in Site lists: 

• Site Descriptions associated with applications where data 
from a single site is always logged to a single file. This type 
is referred to as a “Single-Site Description” and is 
characterized by two parameters – a file name and a site 
name. Files logged to YSI 556 MPS memory under a Single-
Site Description will be characterized primarily by the file 
name, but will also have the Site name attached, so that it is 
viewable in either the YSI 556 MPS File directory or in 
EcoWatch for Windows after upload to a PC 



M Iii[1 1  02/06/2000 06:36:26 

	Edit site list 
-Site list 	  
Filename Site name4I— 
BRIDGE1 MIAMI RIV 
BRIDGE2 MIAMI RIV 
BRIDGE3 MIAMI RIV 

i-Fi2i or ii+y to move a site 
i-Fr) to insert a site 
i-FC1 to delete a site 

Tip: Leave blank to use the same 
filename as the previous site. 

731.0mmHg 

M Iii[1 1  02/06/2000 06:39:00 

	Edit site list 
-Site list 	  
Filename Site name 
MIAMI 	BRIDGE1 
MIAMI 	BRIDGE2 
MIAMI 	BRIDGE3 

Site Num 
1 

0 
i-Fi2i or ii+y to move a site 
i-Fr) to insert a site 
i-FC1 to delete a site 

Tip: Leave blank to use the same 
filename as the previous site. 

730.7mmHg 
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• Site Descriptions associated with applications where data 
from multiple sites are logged to a single file. This type is 
referred to as a “Multi-site Description” and is characterized 
by three parameters – a file name, a site name, and a site 
number. Files logged to YSI 556 MPS memory under a 
Multi-site Description are characterized by a file name, but 
not a site name, since multiple sites are involved. However, 
each data point has a Site Number attached to it so that the 
user can easily determine the sampling site when viewing the 
data from the YSI 556 MPS File menu or processing the data 
in EcoWatch for Windows after upload to a PC. 

 

Figure 9.4 Single-Site Descriptions 

 

Figure 9.5 Multiple-Site Descriptions 

Site List 

Single-Site Descriptions 
with Different File 
Names 

Site List 

Multi-Site Descriptions 
with the Same File 
Name 



	Logging setup 
Interval=00:00:01 

se site list 
gaStore Barometer 
OStore site number 
Edit Site List 

745.3mmHg 
01/25/200111:40:24 	CI 
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NOTE: Site lists containing Single Site Descriptions are usually 
input with the designation Store Site Number INACTIVE in the 
YSI 556 MPS Logging setup menu. Thus, no site numbers 
appear in the first Site list example. Conversely, Site lists 
containing Multi-Site Descriptions MUST be input with the 
Store Site Number selection ACTIVE as shown in the second 
example. 

To create a site list: 

1. Go to the logging setup screen as described in Section 9.1 
Accessing the Logging Setup Screen. 

2. Use the arrow keys to highlight the Use site list selection.  

3. Press the Enter key. A check mark is entered in the box next 
to the use site list selection and two new entries appear on 
the logging setup screen. See Figure 9.6 Logging Setup 
Screen. 

 

Figure 9.6 Logging Setup Screen 

4. Use the arrow keys to highlight the Store site number 
selection. 

5. If you are creating Multi-Site Descriptions (which require 
that the site number be stored in your data files), press the 
Enter key until a check mark appears in the box next to the 
store site number selection.  



	Edit site list 
-Site list 	 
Filename Site name Site Num 

0 

i-Fi2i or ii+y to move a site 
i-Fr) to insert a site 
i-FC1 to delete a site 

Tip: Leave blank to use the same 
filename as the previous site. 

745.3mmHg 
01/25/2001 1142:21 M 
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OR Press the Enter key until the box next to the store site 
number selection is empty, to create Single-Site 
Descriptions. The site name will be stored in the header of 
your data files. 

6. Use the arrow keys to highlight the Edit site list selection. 

7. Press the Enter key. The edit site list screen is displayed. 
See Figure 9.7 Edit Site List Screen. The Filename field is 
ready for input. 

 

 Figure 9.7 Edit Site List Screen 

8. Use the keypad to enter a filename up to 8 characters in 
length. Refer to Section 2.9 Keypad Use. 

9. Press the Enter key. The cursor moves to the right for the 
entry of a Site name. 

10. Use the keypad to enter a site name up to 11 characters in 
length. Refer to Section 2.9 Keypad Use. 

NOTE: If the store site number selection is not checked, 
skip to Step 13. 

11. Press the Enter key. The cursor moves to the site number 
entry position. 
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12. Use the keypad to enter a site number up to 7 characters in 
length. Refer to Section 2.9 Keypad Use. 

13. Press Enter. The cursor moves to the next filename entry 
position. 

14. Repeat Steps 8 to 13 until all filenames and sites have been 
entered. 

15. Press Escape repeatedly to return to the main menu screen. 

9.5 Editing a Site List 

1. Go to the logging setup screen as described in Section 9.1 
Accessing the Logging Setup Screen. 

2. Use the arrow keys to highlight the Edit Site List selection. 
See Figure 9.6 Logging Setup Screen. 

3. Press the Enter key. The edit site list screen is displayed. 

4. Edit the site list using the keystrokes described below. 

NOTE: Editing the site list will not have any effect on files 
stored in the instrument memory. 



	Edit site list 	 
-Site list 	  
Filename Site name Site Num 

0 

+in or EIB-EY to move a s' e 
+r) to insert a site 
+C to delete a sit 

Tip: Leave blank to use the same 
101c\\\\\  filename as the previous site 

745.3mmHg 
01/25/2001 1142:21 	Ell 
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                        Figure 9.8 Keystrokes for Editing Site List 

 

 

 

 

 
 

To MOVE a site: 
Use the arrow keys 
to highlight a site. 
Press the Up or 
Down arrow key 
while holding down 
the Enter key. 

To INSERT a site 
above another site: 
Use the arrow keys 
to highlight the site. 
Press the Right 
arrow key while 
holding down the 
Enter key. Use 
keypad to input 
letters. Refer to 
Section 2.9 Keypad 
Use. 

To DELETE a site: 
Use the arrow keys to 
highlight a site. Press 
the Left arrow key 
while holding down 
the Enter key. 

To use the same file 
name as the previous 
site: Leave the 
filename blank. 



Run 
Menu 

10 	one sam le 
Start logging 

21.670. 
0.60744 
104.6Do% 

249.20Rp 
7.82,H 

745.2mmHg 
01/25/2001 1137:09 	CI 	 I 

Enter info, then chose OK 
Filename 

SDlI_ OK 
Site description 

Configure... 

747.6mmHg 
12/06/2000 10:45:20 	i2 	 I 
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9.6 Logging Data Without a Site List 

1. Follow Steps 1 through 5 in Section 7.1 Real-Time Data. 

2. Use the arrow keys to highlight the Log one sample 
selection on the run screen if only a single sample is being 
logged. 

OR Use the arrow keys to highlight the Start logging 
selection on the run screen if a data stream is being logged. 

 

Figure 9.9 Run Screen 

3. Press the Enter key. The Enter information screen is 
displayed. 

 

Figure 9.10 Enter Information Screen 
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NOTE: The last filename used will be displayed. 

4. Use the keypad to enter a file name. Refer to Section 2.9 
Keypad Use.  

NOTE: The instrument will assign a default file name of 
NONAME if no file name is specified. 

5. Press the Enter key to input the file name. 

6. Use the arrow keys to highlight the Site description field in 
the enter information screen. 

NOTE: Entering a Site Description is optional. You may 
leave the Site Description blank and skip to Step 9. 

7. Use the keypad to enter a site description name. Refer to 
Section 2.9 Keypad Use.  

8. Press the Enter key to input the site description. 

NOTE: If you want to change the logging setup, such as 
sampling interval or storing the barometer reading, use the 
arrow keys to highlight the Configure field, press the Enter 
key, then refer to Section 9.2 Setting Logging Interval or 9.3 
Storing Barometer Readings for details. 

9. Use the arrow keys to highlight the OK field in the center of 
the information screen.  

10. Press the Enter key to start logging. 

NOTE: If the parameter mismatch screen is displayed, refer 
to Section 9.8 Adding Data to Existing Files. 

11. If a single point is being logged, the header on the run screen 
changes momentarily from Menu to Sample logged to 
confirm that the point was successfully logged. Skip to Step 
13. 



Run 
Samile 	1o..ed  

10 	one sam le 
Start logging 

21.840. 

98.200% 
7.93,H 

-2450.00Rp 

4,,;, 

744.8mmHg 
01/22/200114:44:11 	1:11 	 I 

Run 
Logging 

Lo 	one sanke 
%to 	lo 	in 

-2448.1 

21.840. 

98.200% 
7.89,H 

4,,;, 

ORP 
744.8mmHg 

01/22/200114:44:50 	1:11 	 I 
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Figure 9.11 Sample Logged Screen 

If a continuous stream of points is being logged, the start 
logging entry in the run screen changes from Start logging 
to Stop logging.  

 

Figure 9.12 Logging Screen 

12. At the end of the logging interval, press Enter to stop 
logging. 

13. Refer to Section 8.3 View File to view the data on the 
instrument display. 



---Pick a site, then press Ee -- 
-Site list 	  
Filename Site name Site Num 
.ili4.1.31. 
MIAMI BRIDGE 2 
MIAMI BRIDGE3 3 

Configure... 

740.2mmHg 
01/27/2001 10:48:53 M Iii[1 1 
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9.7 Logging Data With a Site List 

1. If you have not already created a site list, refer to Section 9.4 
Creating a Site List. 

2. Follow Steps 1 through 5 in Section 7.1 Real-Time Data. 

3. Use the arrow keys to highlight the Log one sample 
selection on the run screen if only a single sample is being 
logged. 

OR Use the arrow keys to highlight the Start logging 
selection on the run screen if a data stream is being logged. 
See Figure 9.9 Run Screen. 

4. Press the Enter key. The Pick a site screen is displayed. 

 

Figure 9.13 Pick a Site Screen 

5. Use the arrow keys to highlight the site of your choice. 

NOTE: If the site of your choice is grayed out in the site list, 
refer to Section 9.8 Adding Data to Existing Files.  

NOTE: Refer to Section 9.5 Editing a Site List if you want 
to edit the site list. 

6. Press the Enter key to start logging. 
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NOTE: If the parameter mismatch screen is displayed, refer 
to Section 9.8 Adding Data to Existing Files. 

7. If a single point is being logged, the header on the run screen 
changes momentarily from Menu to Sample logged to 
confirm that the point was successfully logged. See Figure 
9.11 Sample Logged Screen. Skip to Step 9. 

If a continuous stream of points is being logged, the start 
logging entry in the run screen changes from Start logging 
to Stop logging. See Figure 9.12 Logging Screen. 

8. At the end of the logging interval, press Enter to stop 
logging. 

9. Refer to Section 8.3 View File to view the data on the 
instrument display. 

9.8 Adding Data to Existing Files 

In order to add new data to an existing file, the current logging 
and sensor setup must be exactly the same as when the file was 
created. The following settings must be the same: 

• Sensors enabled (refer to Section 4 Sensors) 

• Store Barometer (refer to Section 9.3 Storing 
Barometer Readings) 

• Store Site Number (refer to Section 9.4 Creating a Site 
List) 

If the current logging setup is not exactly the same as when the 
file was created, a parameter mismatch screen is displayed.  



filename:NEW 
Parameter mismatch 
Temp C = Temp C 

Cond mS/cm = Cond mS/cm 
pH != DOsat % 
pH mV != pH 

ORP mV != pH mV 

OK 
745.3mmHg 

01/25/2001 1145:47 	CI 	 I 
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Figure 9.14 Parameter Mismatch Screen 

NOTE: The right column shows parameters used when the 
file was created. The left column shows current parameters. 

1. Press the Down Arrow key to scroll down and find the 
mismatch(es). 

2. Use the following chart to resolve the mismatch(es). 

Mismatch Action Reference 
Sensor(s) missing 
from left column 

Enable the missing 
sensor(s) 

Section 4 Sensors 

Extra sensor(s) listed 
in left column 

Disable the extra 
sensor(s) 

Section 4 Sensors 

Barometer missing 
from left column, 
but present in right 
column 

Enable the Store 
Barometer setting 

Section 9.3 Storing 
Barometer Readings 

Barometer present in 
left column, but 
missing from right 
column 

Disable the Store 
Barometer setting 

Section 9.3 Storing 
Barometer Readings 

Store Site Number 
missing from left 
column, but present 
in right column 

Enable the Store Site 
Number setting 

Section 9.4 Creating a 
Site List 

Store Site Number 
present in left 
column, but missing 
from right column 

Disable the Store Site 
Number setting 

Section 9.4 Creating a 
Site List 
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3. Return to Section 9.6 Logging Data Without a Site List or 
9.7 Logging Data With a Site List. 
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	Main Menu 
Run 
Report 
Sensor 
Calibrate 
File 
Logging setup 
System setup 

736.5mmHg 
01/20/200114:07:55 CI 
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10. System Setup 
The YSI 556 MPS has a number of features that are user-
selectable or can be configured to meet the user’s preferences. 
Most of these choices are found in the System setup menu. 

10.1 Accessing the System Setup Screen 

1. Press the On/off key to display the run screen. See Figure 
2.1 Front View of YSI 556 MPS. 

2. Press the Escape key to display the main menu screen. 

3. Use the arrow keys to highlight the System setup selection. 

 

Figure 10.1 Main Menu 

4. Press the Enter key. The system setup screen is displayed. 



System setup 
ersion 1.02 07/01/2002 

(minutes)=30 

SN:00008954 

Date & time 
Data filter 
Shut off time 
0Comma radix 
ID= 
Circuit board 

CI IIIEM I 06/06/2002 10:04:56 
733.7mmHg 

GLP filename=00008964 
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Figure 10.2 System Setup Screen 

NOTE: The first line of the System setup menu shows the 
current software version of your YSI 556 MPS. As software 
enhancements are introduced, you will be able to upgrade 
your YSI 556 MPS from the YSI Web site. Refer to Section 
11.2 Upgrading YSI 556 MPS Software for details. 

 

10.2 Date and Time Setup 

1. Go to the system setup screen as described in Section 10.1 
Accessing the System Setup Screen.  

2. Use the arrow keys to highlight the Date & time selection 
on the system setup screen. See Figure 10.2 System Setup 
Screen. 

3. Press Enter. The date and time setup screen is displayed.  



Date & time setup 
* /d/y 
Odimiy 
Oyiraid 
I114 digit year 
Date=12/01/2000 
Time=16 :27 :55 

751.6mmHg 
12/01/2000 16:27:55 CI 
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Figure 10.3 Date Setup Screen 

NOTE: A black dot to the left of a date format indicates that 
format is selected. 

4. Use the arrow keys to highlight your desired date format. 

5. Press Enter.  

6. Use the arrow keys to highlight the 4-digit year selection. 

7. Press Enter. A check mark appears in the check box next to 
the 4-digit year selection. 

NOTE: If unchecked, a 2-digit year is used. 

8. Use the arrow keys to highlight the Date selection. 

9. Press Enter. A cursor appears over the first number in the 
date. 

10. Enter the proper number from the keypad for the highlighted 
date digit. The cursor moves automatically to the next date 
digit. Refer to Section 2.9 Keypad Use for more keypad 
information. 

11. Repeat Step 10 until all date digits are correct. 

Currently selected
date format

4-digit year 
selected
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12. Press Enter to input the specified date. 

13. Use the arrow keys to highlight the Time selection. 

14. Press Enter. A cursor appears over the first number in the 
time selection. 

15. Enter the proper number from the keypad for the highlighted 
time digit. The cursor moves automatically to the next time 
digit. 

NOTE: Use military format when entering time. For 
example, 2:00 PM is entered as 14:00. 

16. Repeat Step 15 until all time digits are correct. 

17. Press Enter to input the correct time. 

18. Press the Escape key repeatedly to return to the Main menu 
screen. 

10.3 Data Filter 

The Data Filter is a software filter that eliminates sensor noise 
and provides more stable readings. 

NOTE: YSI recommends using the default values for the 
data filter for most field applications. 

However, users who are primarily interested in a fast response 
from their dissolved oxygen sensor should consider a change of 
the default time constant setting of 8 seconds to one of 2 
seconds. This change can be made according to the instructions 
in Section 10.3.1 Changing the Data Filter Settings below. The 
disadvantage of lowering the time constant is that field pH 
readings may appear somewhat noisy if the cable is in motion. 

10.3.1 Changing the Data Filter Settings 

1. Go to the system setup screen as described in Section 10.1 
Accessing the System Setup Screen.  



Data filter setup 
@Enabled 
Time constant= 8 
Threshold=0.01 
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2. Use the arrow keys to highlight the Data filter selection. See 
Figure 10.1 Main Menu. 

3. Press the Enter key. The Data filter setup screen is 
displayed. 

 

Figure 10.4 Data Filter Screen 

4. With Enabled highlighted, press the Enter key to Enable or 
Disable the data filter. A black dot to the left of the selection 
indicates the data filter is enabled. 

5. Use the arrow keys to highlight the Time constant field. 

NOTE: This value is the time constant in seconds for the 
software data filter. Increasing the time constant will result 
in greater filtering of the data, but will also slow down the 
apparent response of the sensors.  

6. Use the keypad to enter a value. The default value is 8 and 
this value is ideal for most 556 field applications. As 
described in Section 10.3 Data Filter above, users who wish 
to decrease the response time of the DO readings at the 
expense of some noise for the pH readings determined 
concurrently, should change the Time Constant to a value of 
2. 

7. Press the Enter key to enter the time constant.  
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8. Use the arrow keys to highlight the Threshold field. 

NOTE: This value determines when the software data filter 
will engage/disengage, speeding the response to large 
changes in a reading. When the difference between two 
consecutive readings is larger than the threshold, then the 
reading is displayed unfiltered. When the difference between 
two consecutive readings drops below the threshold, 
readings will be filtered again.  

9. Use the keypad to enter a value. The default value is 0.01. 

10. Press the Enter key to enter the threshold. 

11. Press the Escape key repeatedly to return to the Main menu 
screen. 

10.4 Shutoff Time 

The YSI 556 MPS shuts off automatically after 30 minutes of 
inactivity. The shut off time may be changed as described below. 

1. Go to the system setup screen as described in Section 10.1 
Accessing the System Setup Screen.  

2. Use the arrow keys to highlight the Shutoff time selection 
on the system setup screen. See Figure 10.2 System Setup 
Screen. 

3. Use the keypad to enter a value from 0 to 60 minutes. The 
default value is 30. 

NOTE: To disable the automatic shutoff feature, enter a 
zero (0). 

4. Press the Enter key to enter the correct shutoff time. 

5. Press the Escape key repeatedly to return to the main menu 
screen. 
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10.5 Comma Radix 

The user can toggle between a period (default) and comma for 
the radix mark by selecting this item and pressing the Enter key 
as follows: 

1. Go to the system setup screen as described in Section 10.1 
Accessing the System Setup Screen.  

2. Use the arrow keys to highlight the Comma radix selection 
on the system setup screen. See Figure 10.2 System Setup 
Screen. 

3. Press the Enter key. A check mark appears in the check box 
next to the comma radix selection indicating that the radix 
mark is a comma. 

10.6 ID 

This selection allows you to enter an identification name/number 
for your YSI 556 MPS. This ID name/number is logged in the 
header of each file. 

1. Go to the system setup screen as described in Section 10.1 
Accessing the System Setup Screen. 

2. Use the arrow keys to highlight the ID selection. See Figure 
10.1 Main Menu. 

3. Use the keypad to enter an alphanumeric ID up to 15 
characters in length. Refer to Section 2.9 Keypad Use. 

4. Press the Enter key to enter the ID. 

5. Press the Escape key repeatedly to return to the main menu 
screen. 

10.7 GLP Filename 

This selection allows you to enter a different filename for the 
YSI 556 MPS Calibration Record file. 



Section 10  System Setup 
 

 YSI 556 MPS YSI Incorporated Page 96 

NOTE: The default filename is the “556 PC board Serial 
Number.glp.” 

6. Go to the system setup screen as described in Section 10.1 
Accessing the System Setup Screen. 

7. Use the arrow keys to highlight the GLP Filename 
selection. See Figure 10.1 Main Menu. 

8. Use the keypad to enter a filename up to 8 characters in 
length. Refer to Section 2.9 Keypad Use. 

9. Press the Enter key to enter the new filename. 

Press the Escape key repeatedly to return to the main menu 
screen. 

10.8 TDS Constant 

This selection allows you to set the constant used to calculate 
Total Dissolved Solids (TDS). TDS in g/L is calculated by 
multiplying this constant times the specific conductance in 
mS/cm. 

10.8.1 Changing the TDS Constant 

1. Go to the system setup screen as described in Section 10.1 
Accessing the System Setup Screen. 

2. Use the arrow keys to highlight the TDS Constant selection. 
See Figure 10.1 Main Menu. 

3. Use the keypad to enter a value. Refer to Section 2.9 Keypad 
Use. The default value is 0.65. 

4. Press the Enter key to enter the correct TDS constant. 

5. Press the Escape key repeatedly to return to the main menu 
screen. 
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10.9 Barometer Units 

The following information is only for instruments with the 
barometer option.  

1. Go to the system setup screen as described in Section 10.1 
Accessing the System Setup Screen.  

2. Use the arrow keys to highlight the Barometer units 
selection on the system setup screen. See Figure 10.2 System 
Setup Screen. 

3. Press the Enter key. The Barometer units screen will appear. 

 

Figure 10.5 Barometer Units Screen 

A black dot indicates the currently selected units.  

4. Use the arrow keys to highlight your desired barometric unit. 

5. Press the Enter key to select your choice. A black dot will 
appear in the circle next to your selected units. 

6. Press the Escape key repeatedly to return to the main menu 
screen. 

 



Calibrate barometer 
mmHg 735.4 
Baro offset: 0.0 

736.4mmHg 
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10.10 Calibrate Barometer 

The optional barometer has been factory calibrated to provide 
accurate readings. However, some sensor drift may occur over 
time, requiring occasional calibration by the user, as follows: 

1. Determine your local barometric pressure from an 
independent laboratory barometer or from your local weather 
service. 

2. If the barometric pressure (BP) reading is from your local 
weather station, reverse the equation that corrects it to sea 
level. 

NOTE: For this equation to be accurate, the barometric 
pressure units must be in mm Hg. 

True BP = (Corrected BP) – [2.5 * (Local Altitude/100)] 

3. Go to the system setup screen as described in Section 10.1 
Accessing the System Setup Screen.  

4. Use the arrow keys to highlight the Calibrate barometer 
selection on the system setup screen. See Figure 10.2 System 
Setup Screen. 

5. Press the Enter key. The Calibrate Barometer screen is 
displayed. 
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6. Use the keypad to input the known barometric pressure value 
as determined in Step 2.  

7. Press the Enter key. The new barometer reading is displayed 
as well as the approximate offset from the factory reading.  

NOTE: To return the sensor to the factory setting, subtract 
the offset amount from the current setting and repeat Steps 5 
to 7. 

8. Press the Escape key repeatedly to return to the main menu 
screen. 



Section 10  System Setup 
 

 YSI 556 MPS YSI Incorporated Page 100 



 

YSI Incorporated YSI 556 MPS  Page 101

11. Maintenance  

11.1 Sensor Care and Maintenance 

Once the sensors have been properly installed, remember that 
periodic cleaning and DO membrane changes are required. 

11.1.1 DO Sensor 

For best results, we recommend that the KCl solution and the 
membrane cap be changed at least once every 30 days. 

1. It is important to recognize that oxygen dissolved in the 
sample is consumed during sensor operation. It is therefore 
essential that the sample be continuously stirred at the sensor 
tip. If stagnation occurs, your readings will be artificially 
low. Stirring may be accomplished by mechanically moving 
the sample around the sensor tip, or by rapidly moving the 
sensor through the sample. The rate of stirring should be at 
least 1 foot per second. 

2. Membrane life depends on usage. Membranes will last a 
long time if installed properly and treated with care. Erratic 
readings are a result of loose, wrinkled, damaged, or fouled 
membranes, or from large (more than 1/8" diameter) bubbles 
in the electrolyte reservoir. If erratic readings or evidence of 
membrane damage occurs, you should replace the membrane 
and the electrolyte solution. The average replacement 
interval is two to four weeks. 

3. If the membrane is coated with oxygen consuming (e.g. 
bacteria) or oxygen producing organisms (e.g. algae), 
erroneous readings may occur. 

4. Chlorine, sulfur dioxide, nitric oxide, and nitrous oxide can 
affect readings by behaving like oxygen at the sensor. If you 
suspect erroneous readings, it may be necessary to determine 
if these gases are the cause.  

5. Avoid any environment that contains substances that may 
attack the probe module and sensor materials. Some of these 
substances are concentrated acids, caustics, and strong 
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solvents. The sensor materials that come in contact with the 
sample include FEP Teflon, acrylic plastic, EPR rubber, 
stainless steel, epoxy, polyetherimide and the PVC cable 
covering. 

6. It is possible for the silver anode, which is the entire silver 
body of the sensor, to become contaminated. This will 
prevent successful calibration. To restore the anode, refer to 
Section 11.1.1 DO Sensor, Silver Anode Cleaning. 

7. For correct sensor operation, the gold cathode must always 
be bright. If it is tarnished (which can result from contact 
with certain gases), or plated with silver (which can result 
from extended use with a loose or wrinkled membrane), the 
gold surface must be restored. To restore the cathode, refer 
to Section 11.1.1 DO Sensor, Gold Cathode Cleaning. 

8. To keep the electrolyte from drying out, store the sensor in 
the transport/calibration cup with at least 1/8″ of water. 

  Silver Anode Cleaning 

After extended use, a thick layer of AgCl builds up on the silver 
anode reducing the sensitivity of the sensor. The anode must be 
cleaned to remove this layer and restore proper performance. The 
cleaning can be chemical or mechanical: 

Chemical Cleaning: Remove the membrane cap and soak the 
entire anode section in a 14% ammonium hydroxide solution for 
2 to 3 minutes, followed by a thorough rinsing with distilled or 
deionized water. The anode should then be thoroughly wiped 
with a wet paper towel to remove the residual layer from the 
anode. 

Mechanical Cleaning: Sand off the dark layer from the silver 
anode with 400 grit wet/dry sandpaper. Wrap the sandpaper 
around the anode and twist the sensor. Rinse the anode with 
clean water after sanding, followed by wiping thoroughly with a 
wet paper towel. 

NOTE: After cleaning, a new membrane cap must be installed. 
Refer to Section 3.4.3 Membrane Cap Installation. 
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Turn the instrument on and allow the system to stabilize for at 
least 30 minutes. If, after several hours, you are still unable to 
calibrate, contact your dealer or YSI Customer Service. Refer to 
Appendix E Customer Service. 

  Gold Cathode Cleaning 

For correct sensor operation, the gold cathode must be textured 
properly. It can become tarnished or plated with silver after 
extended use. The gold cathode can be cleaned by using the 
adhesive backed sanding disc and tool provided in the YSI 5238 
Probe Reconditioning Kit. 

Using the sanding paper provided in the YSI 5238 Probe 
Reconditioning Kit, wet sand the gold with a twisting motion 
about 3 times or until all silver deposits are removed and the 
gold appears to have a matte finish. Rinse the cathode with clean 
water after sanding, followed by wiping thoroughly with a wet 
paper towel. If the cathode remains tarnished, contact your 
dealer or YSI Customer Service. Refer to Appendix E Customer 
Service. 

NOTE: After cleaning, a new membrane cap must be installed. 
Refer to Section 3.4.3 Membrane Cap Installation. 

11.1.2 DO Sensor Replacement 

1. Remove the probe sensor guard. 

 CAUTION: Thoroughly dry the sensor so that no water enters 
the probe module sensor port when the sensor is removed. 

2. Insert the long end of the hex key wrench into the small hole 
in the side of the probe module bulkhead. Turn the wrench 
counterclockwise and remove the screw. (You do not have to 
remove the screw all the way to release the sensor.) 

3. Pull the old DO sensor module straight out of the probe 
module body. 

NOTE: The DO sensor is not threaded, it is keyed, so it 
cannot be removed by twisting. 
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Hex Key 
Wrench 

Set Screw 
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  Figure 11.1 DO Sensor Replacement 

4. Insert the new DO sensor module. Make sure that the inside 
of the probe module sensor port and the o-ring on the sensor 
are clean, with no contaminants, such as grease, dirt, or hair. 
The DO sensor is keyed, or has a flat side, so that it cannot 
be aligned improperly. 

NOTE: Make sure the DO sensor bottoms out before the set 
screw is inserted. 

5. Insert the set screw into the small hole in the side of the 
probe module bulkhead, and turn clockwise to rethread. 

 CAUTION: Make sure that you do not cross-thread the set 
screw. Use the hex key wrench to tighten the screw in properly, 
making sure that the screw does not stick out of the side of the 
probe module bulkhead. The probe sensor guard will not thread 
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on properly and damage may result if the screw is allowed to 
stick out. 

NOTE: The YSI 5563 DO sensor is shipped dry. A shipping 
membrane was installed to protect the electrode. A new 
membrane cap must be installed before the first use. Refer to 
Section 3.4.1 Sensor Installation. 

11.1.3 YSI 5564 pH and 5565 Combination pH/ORP Sensor Cleaning 

Cleaning is required whenever deposits or contaminants appear 
on the glass and/or platinum surfaces of these sensors or when 
the response of the sensor becomes slow. 

1. Remove the sensor from the probe module. 

2. Initially, simply use clean water and a soft clean cloth, lens 
cleaning tissue, or cotton swab to remove all foreign material 
from the glass bulb (YSI 5564 and YSI 5565) and platinum 
button (YSI 5565). Then use a moistened cotton swab to 
carefully remove any material that may be blocking the 
reference electrode junction of the sensor. 

 CAUTION: When using a cotton swab with the YSI 5564 or 
YSI 5565, be careful NOT to wedge the swab tip between the 
guard and the glass sensor. If necessary, remove cotton from the 
swab tip, so that the cotton can reach all parts of the sensor tip 
without stress.  

NOTE: If good pH and/or ORP response is not restored by the 
above procedure, perform the following additional procedure: 

1. Soak the sensor for 10-15 minutes in clean water containing 
a few drops of commercial dishwashing liquid. 

2. GENTLY clean the glass bulb and platinum button by 
rubbing with a cotton swab soaked in the cleaning solution. 

3. Rinse the sensor in clean water, wipe with a cotton swab 
saturated with clean water, and then re-rinse with clean 
water. 
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NOTE: If good pH and/or ORP response is still not restored by 
the above procedure, perform the following additional 
procedure: 

1. Soak the sensor for 30-60 minutes in one molar (1 M) 
hydrochloric acid (HCl). This reagent can be purchased from 
most distributors. Be sure to follow the safety instructions 
included with the acid. 

2. GENTLY clean the glass bulb and platinum button by 
rubbing with a cotton swab soaked in the acid. 

3. Rinse the sensor in clean water, wipe with a cotton swab 
saturated with clean water, and then re-rinse with clean 
water. To be certain that all traces of the acid are removed 
from the sensor crevices, soak the sensor in clean water for 
about an hour with occasional stirring. 

NOTE: If biological contamination of the reference junction is 
suspected or if good response is not restored by the above 
procedures, perform the following additional cleaning step: 

1. Soak the sensor for approximately 1 hour in a 1 to 1 dilution 
of commercially available chlorine bleach. 

2. Rinse the sensor with clean water and then soak for at least 1 
hour in clean water with occasional stirring to remove 
residual bleach from the junction. (If possible, soak the 
sensor for period of time longer than 1 hour in order to be 
certain that all traces of chlorine bleach are removed.) Then 
re-rinse the sensor with clean water and retest.` 

11.1.4 Temperature/Conductivity Sensor Cleaning 

The single most important requirement for accurate and 
reproducible results in conductivity measurement is a clean 
cell. A dirty cell will change the conductivity of a solution 
by contaminating it. The small cleaning brush included in 
the YSI 5511 Maintenance Kit is ideal for this purpose. 

To clean the conductivity cell: 
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1. Dip the brush in clean water and insert it into each hole 15-
20 times. 

2. Rinse the cell thoroughly in deionized or clean tap water. 

NOTE: In the event that deposits have formed on the electrodes, 
perform the following additional procedure: 

1. Use a mild detergent solution in combination with the brush. 
Dip the brush in the solution and insert it into each hole 15-
20 times. 

2. Rinse the cell thoroughly in deionized or clean tap water. 

NOTE: After cleaning, check the response and accuracy of 
the conductivity cell with a calibration standard. 

NOTE: If this procedure is unsuccessful, or if sensor 
performance is impaired, it may be necessary to return the 
sensor to a YSI authorized service center for service, Refer 
to Appendix E Customer Service. 

The temperature portion of the sensor requires no 
maintenance. 

 

11.2 Upgrading YSI 556 MPS Software 

1. Access the YSI Environmental Software Downloads page as 
described in Appendix G EcoWatch Step 1 through 3. 

2. Click on the YSI Instruments Software Updates link (or 
scroll down until you see YSI 556 MPS). 

3. Click on the file icon to the right of the YSI 556 MPS listing 
and save the file to a temporary directory on your computer. 

4. After the download is complete, run the file (that you just 
downloaded) and follow the on screen instructions to install 
the YSI Code Updater on your computer. If you encounter 
difficulties, contact YSI customer service for advice. Refer 
to Appendix E Customer Service. 
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5. If necessary, disconnect the YSI 5563 Probe Module from 
the YSI 556 MPS instrument. 

6. Connect the YSI 556 MPS to a serial port of your computer 
via the 655173 PC interface cable. See Figure 8.6 
Computer/Instrument Interface. 

7. Press the On/off key on the YSI 556 MPS to display the run 
screen.  

8. Run the YSI Code Updater software that you just installed 
on your computer. The following window will be displayed: 

 

9. Set the Comm port number to match the port that you 
connected the 655173 PC Interface Cable to, then click on 
the Start Code Update button. 

The YSI 556 MPS screen will blank out and a progress indicator 
will be displayed on the PC.  

 

When the update is finished (indicated on the PC screen), the 
YSI 556 MPS will return to the Run screen. See Figure 7.1 Run 
Screen. 

Select Comm port 

Click on Start code update 

Progress Indicator 
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10. Close the YSI Code Updater window (on the PC) by clicking 
on the "X" in the upper right corner of the window. 

11. Disconnect the YSI 556 MPS from the 655173 PC interface 
cable and reconnect it to the YSI 5563 Probe Module. Refer 
to Section 3.6 Instrument/Cable Connection. 
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12. Storage 
Proper storage between periods of usage will not only extend the 
life of the sensors, but will also ensure that the unit will be ready 
to use as quickly as possible in your next application. 

12.1 General Recommendations for Short Term Storage 

No matter what sensors are installed in the instrument, it is 
important to keep them moist without actually immersing them 
in liquid. Immersing them could cause some of them to drift or 
result in a shorter lifetime. 

YSI recommends that short term storage of all multi-parameter 
instruments be done by placing approximately 1/2 inch of tap 
water in the transport/calibration cup that was supplied with the 
instrument, and by placing the probe module with all of the 
sensors installed into the cup. The use of a moist sponge instead 
of a 1/2 inch of tap water is also acceptable, as long as its 
presence does not compromise the attachment of the cup to the 
probe module. The transport/calibration cup should be sealed to 
prevent evaporation. 

NOTE: Ensure that an o-ring is installed in the o-ring groove on 
the threaded end of the probe module body. See Figure 3.7 
Transport/Calibration Cup Installation. 

 CAUTION: The water level has to be low enough so that none 
of the sensors are actually under water. Check the 
transport/calibration cup periodically to make certain that the 
water is still present or the sponge is still moist. 

NOTE: If the storage water (tap water) is accidentally lost 
during field use, environmental water can be used. 

12.2 General Recommendations for Long Term Storage 

12.2.1 Probe Module Storage 

1. Remove the pH or pH/ORP sensor from the probe module 
and store according to the individual sensor storage 
instructions found in Section 12.2.2 Sensor Storage. 

2. Seal the empty port with the provided port plug.  
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NOTE: Leave the conductivity/temperature sensor and 
dissolved oxygen sensor, with membrane cap still on, in the 
probe module. 

3. Place 1/2″ of water, deionized, distilled or tap, in the 
transport/calibration cup. 

 CAUTION: The water level has to be low enough so that 
none of the sensors are actually under water. Check the 
transport/calibration cup periodically to make certain that the 
water is still present or the sponge is still moist. 

4. Insert the probe module into the cup. 

NOTE: Ensure that an o-ring is installed in the o-ring 
groove on the threaded end of the probe module body. See 
Figure 3.7 Transport/Calibration Cup Installation. 

12.2.2 Sensor Storage 

 Temperature/Conductivity Sensor 

No special precautions are required. Sensor can be stored dry or 
wet, as long as solutions in contact with the thermistor and 
conductivity electrodes are not corrosive (for example, chlorine 
bleach). However, it is recommended that the sensor be cleaned 
with the provided brush prior to long term storage. Refer to 
Section 11.1.4 Temperature/Conductivity Sensor Cleaning. 

 pH and Combination pH/ORP Sensor 

The key to sensor storage is to make certain that the reference 
electrode junction does not dry out. Junctions which have been 
allowed to dry out due to improper storage procedures can 
usually be rehydrated by soaking the sensor for several hours 
(overnight is recommended) in a solution which is 2 molar in 
potassium chloride. If potassium chloride solution is not 
available, soaking the sensor in tap water or commercial pH 
buffers may restore sensor function. However in some cases the 
sensor may have been irreparably damaged by the dehydration 
and will require replacement. 
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 CAUTION: Do not store the sensor in distilled or deionized 
water as the glass sensor may be damaged by exposure to this 
medium. 

1. Remove the pH or pH/ORP sensor from the probe module. 

2. Seal the empty port with the provided port plug. 

3. Place the sensor in the storage vessel (plastic boot or bottle) 
which was on the sensor at delivery. The vessel should 
contain a solution which is 2 molar in potassium chloride. 

NOTE: Make certain that the vessel is sealed to prevent 
evaporation of the storage solution. 
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13. Troubleshooting 
The following sections describe problems you may encounter when using the YSI 
556 MPS and provides suggestions to overcome the symptom. 

PROBLEM POSSIBLE SOLUTION 
Display Problems 
No display is visible after 
pressing the on/off key. 

If C cells are used, make certain that they are installed 
properly with regard to polarity and that good batteries are 
used. If a rechargeable battery pack is used, place the pack 
in the instrument and charge for 30 minutes. 

Instrument software appears to be 
locked up as evidenced by no 
response to keypad entries or 
display not changing. 

First, attempt to reset the instrument by simply turning off 
and then on again. If this fails, remove battery power from 
the instrument for 30 seconds and then reapply power.  
When using C cells, remove the battery lid and one of the 
batteries; when using the rechargeable battery pack, 
remove the pack completely from the instrument. After 30 
seconds replace the battery or battery pack and check for 
instrument function. 

The 556 display flashes and the 
instrument speaker makes a 
continuous clicking sound. 

The battery voltage is low. Change to new C cells or 
recharge the 6117 battery pack. 

Water Damage to Instrument 
Leakage detected in battery 
compartment when using C cells 

Dispose of batteries properly. 
Dry the battery compartment using compressed air if 
possible. 
If corrosion is present on battery terminals, contact YSI 
Customer Service. 

Water has contacted 
rechargeable battery pack 

Remove battery pack immediately. 
Send battery pack to YSI Product Service for evaluation. 
CAUTION: DO NOT REUSE BATTERY PACK 
UNTIL YSI PRODUCT SERVICE HAS EVALUATED 
IT. 

Leakage suspected into the main 
cavity of the instrument case 

Remove the batteries immediately. 
Return the instrument to YSI Product Service. 
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PROBLEM POSSIBLE SOLUTION 
Optional Cigarette Lighter Charger  
Power cord fuse blown 

 

1. Unscrew adapter’s cap, remove tip and pull out fuse. 

2. Replace fuse with a new 2-amp fast-blow fuse from an 
electronics store such as Radio Shack. 

3. Reassemble the adapter and securely screw the cap 
back onto the adapter body.  

 

File Problems 
Upload of files from YSI 556 
MPS to PC fails 

1. Make sure that cable is connected properly to both 556 
and PC. 

2. Make certain that the proper Comm port is selected in 
EcoWatch for Windows. 

Barometer data is not stored with 
sensor data file. 

Make sure Store barometer is active in the 556 Logging 
setup menu. 

Site Descriptions in the Site 
List are “grayed-out” and not 
available for appending files 
with additional data. 

There is a parameter mismatch between the current 556 
setup and that initially used. Change the current logging 
and sensor setup to match the setup that was initially used 
to create the file. 

Sensor Problems 
Sensor not properly calibrated. Follow DO cal 
procedures. 
Membrane not properly installed or may be punctured. 
Replace membrane cap. 
DO sensor electrodes require cleaning. Follow DO 
cleaning procedure. Use 5511 Maintenance kit. 
Water in sensor connector. Dry connector; reinstall 
sensor. 
Algae or other contaminant clinging to DO sensor. Rinse 
DO sensor with clean water. 
Barometric pressure entry is incorrect. Repeat DO cal 
procedure. 
Calibrated at extreme temperature. Recalibrate at (or 
near) sample temperature. 
DO sensor has been damaged. Replace sensor. 

Dissolved Oxygen reading  
unstable or inaccurate. Out of 
Range message appears during 
calibration. 

Internal failure. Return probe module for service. 
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PROBLEM POSSIBLE SOLUTION 

Sensor Problems 
Sensor requires cleaning. Follow sensor cleaning 
procedure. 
Sensor requires calibration. Follow cal procedures. 
pH sensor reference junction has dried out from improper 
storage. Soak sensor in tap water or buffer until readings 
become stable. 
Water in sensor connector. Dry connector; reinstall 
sensor. 
Sensor has been damaged. Replace sensor. 
Calibration solutions out of spec or contaminated with 
other solution. Use new calibration solutions. 
ORP fails Zobell check. Take into account temperature 
dependence of Zobell solution readings. 

pH or ORP readings are unstable 
or inaccurate. Out of Range 
message appears during 
calibration. 

Internal failure. Return probe module for service. 
Conductivity improperly calibrated. Follow calibration 
procedure. 
Conductivity sensor requires cleaning. Follow cleaning 
procedure. 
Conductivity sensor damaged. Replace sensor. 
Calibration solution out of spec or contaminated. Use new 
calibration solution. 
Internal failure. Return probe module for service. 

Conductivity unstable or 
inaccurate. Out of Range 
message appears during 
calibration. 

Calibration solution or sample does not cover entire 
sensor. Immerse sensor fully. 
Water in connector. Dry connector; reinstall sensor. Temperature, unstable or 

inaccurate Sensor has been damaged. Replace the 5560 sensor. 
The sensor has been disabled. Enable sensor. 
Water in sensor connector. Dry connector; reinstall 
sensor. 
Sensor has been damaged. Replace the sensor. 
Report output improperly set up. Set up report output. 

Installed sensor has no reading 

Internal failure. Return probe module for service. 

If these guidelines and tips fail to correct your problem or if any other symptoms 
occur, contact YSI Customer Service for Advice. Refer to Appendix E Customer 
Service. 
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14. Appendix A YSI 556 MPS Specifications 

14.1 Sensor Specifications 

Dissolved Oxygen 

Sensor Type  Steady state polarographic 
Range:            % air sat’n 
                                   mg/L 

0 to 500% air saturation 
0 to 50 mg/L 

Accuracy:       % air sat’n 
 
 
 
 
                                  mg/L 
 
 
 
 

0 to 200% air saturation: 
±2% of the reading or 2% air saturation; 
whichever is greater 
200 to 500% air saturation: 
±6% of the reading 
0 to 20 mg/L: 
±2% of the reading or 0.2 mg/L; whichever is 
greater  
20 to 50 mg/L: 
±6% of the reading 

Resolution:     % air sat’n 
                                  mg/L 

0.1% air saturation 
0.01 mg/L 

Temperature 
Sensor Type: YSI PrecisionTM thermistor 
Range: -5 to 45°C 
Accuracy: ±0.15°C 
Resolution: 0.01°C 
Conductivity 
Sensor Type: 4-electrode cell with auto-ranging 
Range: 0 to 200 mS/cm 
Accuracy: 
 
 
 

±0.5% of reading or ±0.001 mS/cm; whichever is 
greater–4 meter cable 
±1.0% of reading or ±0.001 mS/cm; whichever is 
greater–20 meter cable 

Resolution:  0.001 mS/cm to 0.1 mS/cm (range-dependent) 
Salinity 
Sensor Type: Calculated from conductivity and temperature 
Range: 0 to 70 ppt 
Accuracy: ±1.0% of reading or 0.1 ppt; whichever is greater 
Resolution: 0.01 ppt 
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pH (optional) 
Sensor Type: Glass combination electrode 
Range: 0 to 14 units 
Accuracy: ±0.2 units 
Resolution: 0.01 units 
ORP (optional) 
ORP Sensor Type: Platinum button 
Range: -999 to +999 mV 
Accuracy: ±20 mV 
Resolution: 0.1 mV 

 
Barometer (optional) 
Range: 500 to 800 mm Hg 
Accuracy: 
 

±3 mm Hg within ±15°C temperature range from 
calibration point 

Resolution: 0.1 mm Hg 

14.2 Instrument Specifications 

Memory Size: 
 
 
 
 

1.5 MB Flash Memory 
49,000 data sets (@ 6 parameters per set plus time 
stamp) 
100 Sites 

Size: 11.9 cm width x 22.9 cm length (4.7 in. x 9 in.) 
Weight with batteries: 0.92 kg (2.1 lbs) 
Power: 4 alkaline C-cells; optional rechargeable pack 
Cables: 4, 10, and 20 m (13.1, 32.8, 65.6 ft.) lengths 
Warranty: 
 

3-Years for the instrument; 1-Year for the probe 
modules and cable 
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15. Appendix B Instrument Accessories 
 

ITEM # ACCESSORY 
5563-4 4m Cable with DO/temp/conductivity  
5563-10 10m Cable with DO/temp/conductivity 
5563-20 20m Cable with DO/temp/conductivity 
5564 pH Kit 
5565 pH/ORP Kit 
6118 Rechargeable Battery Pack Kit for use in US 
5094 Rechargeable Battery Pack Kit with universal charger and three adapter 

cables for use in international applications 
 
 
 
 
 

5095 
 
 
 
 
 
 

Rechargeable Battery Pack Kit with universal charger and two adapter 
cables for use in international applications 
 
 
 
 
 

5083 Flow Cell – probe module is secured in the flow cell and groundwater is 
pumped through it 

616 Charger, Cigarette Lighter – used to power up the instrument from a car’s 
cigarette lighter 

4654 Tripod 
614 Ultra Clamp, C Clamp –used to clamp the instrument to a table top or car 

dashboard 
6081 Large Carrying Case, Hard-sided 
5085 Hands-free Harness 
5065 Carrying Case, Form-fitted, for use in the field – has a clear vinyl window, 

shoulder strap, belt loop strap and hand strap 
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16. Appendix C Required Federal Communications 
Notice 

The Federal Communications Commission defines this product 
as a computing device and requires the following notice. 

This equipment generates and uses radio frequency energy and if 
not installed and used properly, may cause interference to radio 
and television reception. It has been type tested and found to 
comply with the limits for a Class A or Class B computing 
device in accordance with the specification in Subpart J of Part 
15 of FCC Rules, which are designed to provide reasonable 
protection against such interference in a residential installation. 
However, there is no guarantee that interference will not occur in 
a particular installation. If this equipment does cause interference 
to radio or television reception, which can be determined by 
turning the equipment off and on, the user is encouraged to try to 
correct the interference by one or more of the following 
measures: 

• Reorient the receiving antenna 

• Relocate the computer with respect to the receiver 

• Move the computer away from the receiver 

• Plug the computer into a different outlet so that the 
computer and receiver are on different branch circuits. 

If necessary, the user should consult the dealer or an experienced 
radio/television technician for additional suggestions. The user 
may find the following booklet, prepared by the Federal 
Communications Commission, helpful: "How to Identify and 
Resolve Radio-TV Interference Problems". This booklet is 
available from the U.S. Government Printing Office, 
Washington, D.C. 20402, Stock No.0004-000-00345-4. 
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17. Appendix D Health and Safety 

 
 

YSI Conductivity solutions: 3161, 3163, 3165, 3167, 3168, 
3169 
 

 
INGREDIENTS:  

❑ Iodine 
❑ Potassium Chloride 
❑ Water 

 
WARNING: INHALATION MAY BE FATAL.  
 

 CAUTION: AVOID INHALATION, SKIN CONTACT, EYE 
CONTACT OR INGESTION. MAY EVOLVE TOXIC 
FUMES IN FIRE.  
 
Harmful if ingested or inhaled. Skin or eye contact may cause 
irritation. Has a corrosive effect on the gastro-intestinal tract, 
causing abdominal pain, vomiting, and diarrhea. Hyper-sensitivity 
may cause conjunctivitis, bronchitis, skin rashes etc. Evidence of 
reproductive effects.  
 
FIRST AID: 
INHALATION: Remove victim from exposure area. Keep victim 
warm and at rest. In severe cases seek medical attention. 
SKIN CONTACT: Remove contaminated clothing immediately. 
Wash affected area thoroughly with large amounts of water. In 
severe cases seek medical attention. 
EYE CONTACT: Wash eyes immediately with large amounts of 
water, (approx. 10 minutes). Seek medical attention immediately.  
INGESTION: Wash out mouth thoroughly with large amounts of 
water and give plenty of water to drink. Seek medical attention 
immediately.  
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YSI pH 4.00, 7.00, and 10.00 Buffer Solutions: 3821, 3822, 
3823  
 

 
pH 4 INGREDIENTS:  

❑ Potassium Hydrogen Phthalate 
❑ Formaldehyde 
❑ Water 

 
pH 7 INGREDIENTS: 

❑ Sodium Phosphate, Dibasic 
❑ Potassium Phosphate, Monobasic 
❑ Water 

 
pH 10 INGREDIENTS: 

❑ Potassium Borate, Tetra 
❑ Potassium Carbonate 
❑ Potassium Hydroxide 
❑ Sodium (di) Ethylenediamine Tetraacetate 
❑ Water 

 

 CAUTION - AVOID INHALATION, SKIN CONTACT, EYE 
CONTACT OR INGESTION. MAY AFFECT MUCOUS 
MEMBRANES.  

Inhalation may cause severe irritation and be harmful. Skin contact 
may cause irritation; prolonged or repeated exposure may cause 
Dermatitis. Eye contact may cause irritation or conjunctivitis. 
Ingestion may cause nausea, vomiting and diarrhea.  

FIRST AID:  

INHALATION - Remove victim from exposure area to fresh air 
immediately. If breathing has stopped, give artificial respiration. 
Keep victim warm and at rest. Seek medical attention immediately.  

SKIN CONTACT - Remove contaminated clothing immediately. 
Wash affected area with soap or mild detergent and large amounts 
of water (approx. 15-20 minutes). Seek medical attention 
immediately.  



Health and Safety  Appendix D 

YSI Incorporated YSI 556 MPS  Page 127

EYE CONTACT - Wash eyes immediately with large amounts of 
water (approx. 15-20 minutes), occasionally lifting upper and 
lower lids. Seek medical attention immediately.  

INGESTION - If victim is conscious, immediately give 2 to 4 
glasses of water and induce vomiting by touching finger to back of 
throat. Seek medical attention immediately.   
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 YSI Zobell Solution: 3682 
 

 
INGREDIENTS:  

❑ Potassium Chloride 
❑ Potassium Ferrocyanide Trihydrate 
❑ Potassium Ferricyanide 

 

 CAUTION - AVOID INHALATION, SKIN CONTACT, EYE 
CONTACT OR INGESTION. MAY AFFECT MUCOUS 
MEMBRANES.  
 
May be harmful by inhalation, ingestion, or skin absorption. 
Causes eye and skin irritation. Material is irritating to mucous 
membranes and upper respiratory tract. The chemical, physical, 
and toxicological properties have not been thoroughly investigated.  
 
Ingestion of large quantities can cause weakness, gastrointestinal 
irritation and circulatory disturbances. 
 
FIRST AID: 

INHALATION - Remove victim from exposure area to fresh air 
immediately. If breathing has stopped, give artificial respiration. 
Keep victim warm and at rest. Seek medical attention immediately.  

SKIN CONTACT - Remove contaminated clothing immediately. 
Wash affected area with soap or mild detergent and large amounts 
of water (approx. 15-20 minutes). Seek medical attention 
immediately.  

EYE CONTACT - Wash eyes immediately with large amounts of 
water (approx. 15-20 minutes), occasionally lifting upper and 
lower lids. Seek medical attention immediately.  

INGESTION - If victim is conscious, immediately give 2 to 4 
glasses of water and induce vomiting by touching finger to back of 
throat. Seek medical attention immediately.   
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18. Appendix E Customer Service 
For information on Authorized Service Centers, refer to 
Authorized Service Centers in this appendix. 

Equipment exposed to biological, radioactive, or toxic materials 
must be cleaned and disinfected before being returned or 
presented for service. A cleaning certificate must accompany the 
equipment. Refer to 18.2 Cleaning Instructions in this appendix. 

18.1 YSI Environmental Authorized Service Centers 

For information on the nearest authorized service center, please contact: 

YSI Technical Support • 1725 Brannum Lane  
Yellow Springs, Ohio • 45387 • Phone: +1 (937) 767-7241  
Phone: 800-897-4151 (US) • Email: environmental@ysi.com   
 

 or visit our website for the most current information:  

www.ysi.com
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18.2 Cleaning Instructions 

Equipment exposed to biological, radioactive, or toxic materials 
must be cleaned and disinfected before being serviced. 
Biological contamination is presumed for any instrument, probe, 
or other device that has been used with body fluids or tissues, or 
with wastewater. Radioactive contamination is presumed for any 
instrument, probe or other device that has been used near any 
radioactive source. 

If an instrument, probe, or other part is returned or presented for 
service without a Cleaning Certificate, and if in our opinion it 
represents a potential biological or radioactive hazard, our 
service personnel reserve the right to withhold service until 
appropriate cleaning, decontamination, and certification has been 
completed. We will contact the sender for instructions as to the 
disposition of the equipment. Disposition costs will be the 
responsibility of the sender. 

When service is required, either at the user's facility or at a YSI 
Service Center, the following steps must be taken to ensure the 
safety of service personnel. 

• In a manner appropriate to each device, decontaminate all 
exposed surfaces, including any containers. 70% isopropyl 
alcohol or a solution of 1/4-cup bleach to 1-gallon tap water 
is suitable for most disinfecting. Instruments used with 
wastewater may be disinfected with .5% Lysol if this is more 
convenient to the user. 

• The user shall take normal precautions to prevent radioactive 
contamination and must use appropriate decontamination 
procedures should exposure occur. 

• If exposure has occurred, the customer must certify that 
decontamination has been accomplished and that no 
radioactivity is detectable by survey equipment. 

• Any product being returned to the YSI Repair Center should 
be packed securely to prevent damage. 

• Cleaning must be completed and certified on any product 
before returning it to YSI. 
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18.3 Packing Procedure 

• Clean and decontaminate items to ensure the safety of the 
handler.  

• Complete and include the Cleaning Certificate.  

• Place the product in a plastic bag to keep out dirt and 
packing material. 

• Use a large carton, preferably the original, and surround the 
product completely with packing material.  

• Insure for the replacement value of the product. 

18.4 Cleaning Certificate  

 

Organization         

Department         

Address         

City      State    Zip      

Country      Phone      

Model No. of Device    Lot Number      

Contaminant (if known)      

Cleaning Agent(s) used       

Radioactive Decontamination Certified? 

(Answer only if there has been radioactive exposure)  

  Yes     No 

Cleaning Certified By        

   Name   Date 
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18.5 Warranty 

The instrument is warranted for three years against defects in 
workmanship and materials when used for its intended purposes 
and maintained according to instructions. The probe module and 
cables are warranted for one year. The dissolved oxygen, 
temperature/conductivity, pH, and pH/ORP combination sensors 
are warranted for one year. Damage due to accidents, misuse, 
tampering, or failure to perform prescribed maintenance is not 
covered. The warranty period for chemicals and reagents is 
determined by the expiration date printed on their labels. Within 
the warranty period, YSI will repair or replace, at its sole 
discretion, free of charge, any product that YSI determines to be 
covered by this warranty. 

To exercise this warranty, write or call your local YSI 
representative, or contact YSI Customer Service in Yellow 
Springs, Ohio. Send the product and proof of purchase, 
transportation prepaid, to the Authorized Service Center selected 
by YSI. Repair or replacement will be made and the product 
returned transportation prepaid. Repaired or replaced products 
are warranted for the balance of the original warranty period, or 
at least 90 days from date of repair or replacement. 

 Limitation of Warranty 

This Warranty does not apply to any YSI product damage or 
failure caused by (i) failure to install, operate or use the product 
in accordance with YSI’s written instructions, (ii) abuse or 
misuse of the product, (iii) failure to maintain the product in 
accordance with YSI’s written instructions or standard industry 
procedure, (iv) any improper repairs to the product, (v) use by 
you of defective or improper components or parts in servicing or 
repairing the product, or (vi) modification of the product in any 
way not expressly authorized by YSI. 
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THIS WARRANTY IS IN LIEU OF ALL OTHER 
WARRANTIES, EXPRESSED OR IMPLIED, INCLUDING 
ANY WARRANTY OF MERCHANTABILITY OR 
FITNESS FOR A PARTICULAR PURPOSE. YSI’S 
LIABILITY UNDER THIS WARRANTY IS LIMITED TO 
REPAIR OR REPLACEMENT OF THE PRODUCT, AND 
THIS SHALL BE YOUR SOLE AND EXCLUSIVE 
REMEDY FOR ANY DEFECTIVE PRODUCT COVERED 
BY THIS WARRANTY. IN NO EVENT SHALL YSI BE 
LIABLE FOR ANY SPECIAL, INDIRECT, INCIDENTAL 
OR CONSEQUENTIAL DAMAGES RESULTING FROM 
ANY DEFECTIVE PRODUCT COVERED BY THIS 
WARRANTY. 
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19. Appendix F Ferrite Bead Installation 

 WARNING: If you are using your YSI 556 in a European 
Community (CE) country or in Australia or New Zealand, you 
must attach a ferrite bead to the 655173 PC Interface Cable and 
the YSI 6117 Charger Adapter Cable in order to comply with the 
Residential, Commercial and Light Industrial Class B Limits for 
radio-frequency emissions specified in EN55011 (CISPR11) for 
Industrial, Scientific and Medical laboratory equipment. These 
ferrite assemblies are supplied as part of cable kits. 

1. Make a small loop (approximately 5 cm in diameter) in the 
cable near the YSI 556 MS-19 connector. 

2. Lay the open ferrite bead assembly under the loop with the 
cable cross-over position within the cylinder of the ferrite 
bead. 

 

Figure 19.1 Ferrite Bead Installation 

3. Snap the two pieces of the bead together making certain that 
the tabs lock securely. 

4. When the installation is complete, the 655173 and YSI 6117 
cables should resemble the following drawings. 
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Figure 19.2 Cables with Ferrite Beads 
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20. Appendix G EcoWatch 

EcoWatch™ for Windows™ must be used as the PC software 
interface to the YSI 556 MPS. EcoWatch is a powerful tool that 
can also be used with YSI 6-series sondes. Many features of the 
software will only be utilized by advanced users or are not 
relevant to the 556 MPS at all. This section is designed in 
tutorial format to familiarize you with the commonly used 
features of EcoWatch so that it will be possible to: 

• Upload data from a 556 MPS to a PC 
• Assemble plots and reports of your data 
• Zoom in on certain segments of the plots of your data to 

facilitate analysis 
• Show statistical data for your studies 
• Export data in spreadsheet-compatible formats 
• Print plots and reports 

The advanced features of EcoWatch can be explored by 
downloading a 6-series manual from the YSI Web Site 
(www.ysi.com), purchasing a hard copy of the manual through 
YSI Customer Service (Item # 069300), or utilizing the on-line 
help feature of the software. 

20.1 Installing EcoWatch for Windows 

EcoWatch for Windows is available at no cost via a download 
from the YSI Web Site. 

1. Access the YSI Web Site at 
www.ysi.com. 

2. Click on the Login link and login (or register 
if you have not previously registered). 
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3. Click on the EcoWatch link and save the file to a 
directory on your computer.

4. After the download is complete, run the EcoWatch 
file (that you just downloaded) and follow the on screen 
instructions to install the software on your computer.

If you encounter difficulties in the download procedure, contact YSI 
Customer Service. Refer to Appendix E Customer Service.
Alternatively, you may purchase the software on CD ROM (Item
#006075) by contacting YSI Customer Service.
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20.2 EcoWatch Tutorial 

This EcoWatch tutorial is designed to teach you the commonly 
used operations associated with the software when used with 
your 556 MPS.  

After you have uploaded a file, Refer to Section 8.4 Upload to PC, 
you will see two files in the C:\ECOWWIN\DATA directory; the 
file you transferred and a file supplied by YSI designated 
SAMPLE.DAT. This SAMPLE.DAT file is referred to in the 
remainder of this tutorial section. After following the instructions 
below for the analysis of SAMPLE.DAT, you apply the same 
analysis to the data file which was uploaded from your 556 MPS 
to assure that you are familiar with the basic features and 
capabilities of EcoWatch for Windows. 

To start the analysis of the SAMPLE.DAT file, note that a 
shortened menu bar is visible and many of the tools in the 
toolbar appear dimmed or “grayed out” before any file is opened 
(see below). 

 
Full activation of EcoWatch features will be realized after a file 
is opened. 

To open the sample data file: 
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5. 1. Click the File menu  button in the toolbar.  

6. 2. Select the SAMPLE.DAT file.  

7. 3. Click OK to open the file. 

The following display will appear: 

 
Note that the data in this file appears as a graph of temperature, 
specific conductance, dissolved oxygen, pH, ORP, and depth, all 
versus time. The graphs are scaled automatically so that all data 
fits comfortably on the computer screen. Note also that this data 
file was obtained with a 6-series sonde for which a depth sensor 
is available. Depth is NOT a current parameter for the 556 MPS.  

The Table  and Graph  buttons on the toolbar are on/off 
switches that are used to display or hide the graph and table 
pages respectively. When displaying a graph and a table at the 
same time, you can control the relative size of the two pages by 
placing the cursor over the small bar that separates them and 

then dragging it to the desired location. Click the Table  
button to generate the following dual display of data. 



EcoWatch - ISAMPLE.DATI prnm 
File Edil View Comm Real-time Graph Setup Appl Window Help 	 is] 

? 711  I:v<1 I  ,0 $ 
SAMPLE.DAT 

" 

fl tai, ALUM) 

DateTime Temp 	1 	SpCond DO Conc pH 	1 	ORP 	Depth .. 

M!DIY C mS/cm mg/L mV ft 

9 06121/93 13:30:45 25.00 0.007 8.04 7.44 197 -0.415 

1 06/21/93 13:45:45 25.07 0.007 8.05 7.53 190 -0.415 
? I 	06/21/93 14:00:45 25.07 0.007 8.05 ,  .54 190 -0.415 

3   06121/93 14:15:45 25.07 0.007 t  .51 12 -0.41 
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File Edit View Comm Real-time Graph Setup Appl Window Help 

k  71IN 
	

2tILI $1,8101 
DateTime Temp SpCond DO Conc pH ORP Depth 

ANDIY C mSicm mg/L mV ft 

0 06/21/9313:30:45 25.00 0.007 8.04 7.44 197 -0.416 

1 06/21/9313:45:45 25.07 0.007 0.05 7.53 190 -0.415 

2 06.,21/93 14:00:45 25.07 0.007 8.05 7.54 190 -0.415 

3 06721/93 14'15'45 25.07 0.007 8.08 7.51 192 -0.415 

4 06/21/9314:30:45 25.07 0.008 8.03 7.53 193 -0.669 

5 06/21/9314:45:45 25.07 0.008 8.02 7.54 191 -0.669 

6 05.,21/93 15.00.45 25.07 0.008 8.05 7.53 187 -0.669 

7 06/21/93 15:15:45 25.07 0.008 8.04 7.53 191 -0.669 

13 06/21/9315:30:45 25.07 0.008 8.03 7.51 190 -0.669 

9 06/21/9315:45:45 25.13 0.008 8.05 7.54 185 -0.669 

10 06/21/9316:00:45 25.13 0.008 8.04 7.51 191 -0.669 

11 06.21/9316:15:45 25.07 0.008 8.01 7.53 183 -0.669 

12 06721/93 18'30'45 25.00 0.008 8.07 7.52 188 0.000 

13 06/21/9316:45:45 25.00 0.008 8.04 7.57 182 0.000 

14 06/21/9317:00:45 25.07 0.010 8.05 7.54 174 0.000 

15 06.,21/93 17 	5.45 26.50 0.010 7.88 7.56 174 0.323 

16 06/21/93 17:30:45 27.00 0.010 7.82 7.58 172 0.369 

17 06/21/93 17:45:45 27.07 0.010 7.80 7.60 169 0.069 

18 06/21/9318:00:45 26.81 0.010 7.84 7.60 167 0.116 

19 06/21/9318:15:45 26.50 0.010 7.87 7.60 165 0.115 

20 06.21/9318:30:45 26.19 0.010 7.92 7.59 164 0.115 

21   06721/9318:45:45 25 BO 0.010 7.95 7.59 181 0.115 

For Help, press Fl 
	

NUM 
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Now click the Graph  button (turn it off) to display only a 
report of your data as shown below. Note that the size of the 

report can be varied by clicking on the  and  buttons in 
the Toolbar. 

 



Arm EcoWatch - [SAMPLE.DAT] 
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DateTime(MIIN) 
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Now return to the original graphic display by toggling the Table 

 button “off” and Graph  button “on”. 

 
From the Setup menu, click Graph. Click 2 Traces per Graph 
and notice that the parameters are now graphed in pairs for easy 
comparison of parameters. 

 
Click 1 Trace per Graph to return the display to the original 
setting. Move the cursor to any position in the graph, then click 
and hold the right mouse button.  



R? II X‘,`, 1•1 

ElateTime(MIDNJ 
06123/93 18:45:45 

EcoWatch - [SAM PLE.DAT 

File Edit View  Comm 13.1-time Graph Setup ..appl Window Help 
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0
0 

08:64 16:08 00:18 ' 021 
206.4 
191.8 

',:"2 	177.2 
162.6 
148.0 , 

22 :12 015!54 00!18 

1, 	3 4 
5 2 
7 0 gn n6.54 nn•iA 
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Note that the exact measurements for this point in time are 
displayed to the left of the graph. While holding down the right 
mouse button, move to another area on the graph. Notice how 
the measurements change as you move. When you release the 
mouse button, the display returns to normal. 

To view statistical information for the study, click the Statistics 

 button on the toolbar. On the statistics window, click on any 
min or max value to display the time when it occurred.  



inn EcoWatch - [SAMPLE. 

;t1 File Edit Vice Comm Beal-time Graph Setup April Window Help 

1 ,11211e  z;Ljil j. 14-1  

SAMPLE.DAT 

u 282-
a 234- 

17.8 - 
1R n 

 

-1-1  

0960 Statistic 

0960 

655 Samples 

From (06/21/93 13:30:45) To (06/28/93 09:00:45) 

Min 	 Max 	Mean 	 Std 

Temp (C) 

SpCond (mS/cm) 

27.07 	I I 	19.82 1.779 

0.82 	
I 0-75  

0.164 
7 

=7 DO Cone (mg/L] 06/26/93 08.15:45 77 8.42 1-879 
a 7  

7 DO 7.22 	 8.07 7.40 0.122 
7 

22 
ORP (mV) 154.85 214.49 1189.62 4.074 j 

2O1 
19 Depth [ft) -0.67 5.67 I 4.82 1.086 

g 	1 76:  
148.0 

22:12 5:38 09:00 
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1.6- 
3.4- 

 5.2 
7.0 

rs sn 	 72.12 76 54 15 26 nmrs nmnn 
0012103 	 00122/93 00124,93 00125/93 0727/93 00128/93 

DateTime(M/DA') 

For Help, press Fl NUM 
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0 

For Help, press Fl 
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After viewing statistics, click the “x” at the upper right to close 
the window and return to the normal display. 

Now click on the delimiter  icon in the toolbar and then 
move the displayed icon to the graph. Click at the two points 
shown by dotted lines in the display below, being sure that the 
first click is to the left of the second. 

 



, I File Edit View, Comm Real-time Giaph Setup Appl Window Help 

1 21 121e  1711a11001117111ili  0"- 111 IPI 101 
SAMPLE.DAT 
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11.12 16.09 21:06 02 '.03 

1112 16!00 21 '06 02 '03 
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DateTime(MILY) 
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22.0 
c 208 
r 19.6  

18 4 
172 
160 

▪ 0.816 
t  ▪  0.702 
t 0.788 

:'78f1 

0  12.0 
10,1,  

2 
7.6A 

7.510 
▪ 7

.310 
0

7.230 

1934 
▪ 101.4 

O' 189.6 

186 0 

4 
4.68 

'51'4 
▪ 5.52 

80 
nn 

06722193 

EcoWatch - ISAMPLE.DATI 

EcoWatch  Appendix G 

YSI Incorporated YSI 556 MPS  Page 145

The data between the two selected points will then be graphed in 
higher resolution as shown below. 

 
To return to the complete data set, select Graph from the toolbar 
and then click Cancel Limits.  

Now select the  icon from the Toolbar to create a new data 
file which will allow your data to be imported into spreadsheets. 
Select the default export settings for a Comma Delimited File 
(.CDF) and click OK. A new spreadsheet-importable file 
(SAMPLE.CDF) is now present in the same folder as the 
SAMPLE.DAT file.  
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Now select the  icon from the toolbar to print the plot. 
Accept the default settings and click OK to complete the printing 
operation. 

 
Finally, end the tutorial by saving the Data Display in the format 
shown. From the File menu, click Save Data Display. 
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Then type “Default” for the file name and click Save. The 
parameters, colors, format, and x-axis time interval associated 
with the current display are now saved and can be accessed any 
time in the future. Nine different data displays may be saved for 
any data file. You can easily switch between various displays of 
the data. The data files can be accessed by clicking Load Data 
Display from the file menu and then selecting the desired 
presentation. 

20.2.1 Summary of Toolbar Capability 

The EcoWatch toolbar includes buttons for some of the most 
common commands in EcoWatch, such as File Open. To display 
or hide the toolbar, open the View menu and click on the 
Toolbar command. A check mark appears next to the menu item 
when the toolbar is displayed. 

The toolbar is displayed across the top of the application 
window, below the menu bar.  

 
Click To: 

 Open an existing data file (.DAT). EcoWatch displays 
the Open dialog box, in which you can locate and open the 
desired file. 



121 

171 

4 

p 

1! 
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 Save the working Data Display of the active data file. 
EcoWatch displays the Save Data Display dialog box in which 
you can overwrite existing Data Display or save to a new one. 

 Export data as a graph in Window Meta File (.WMF) 
format or as data in Comma Delimited (.CDF) format. 

 Copy the whole graph page or data from the selection on 
the table to the clipboard. 

 Print the active graph page or table page depending on 
which one is currently active. 

 Open a new terminal window to communicate with the 
sonde. 

 Access context sensitive help (Shift+F1). 

 Toggle table window during file processing. 

 Toggle graph window during file processing. 

 Display study statistics. 

 Display study info. 

 Limit the data to be processed in a study. 

 Enlarge a selective portion of graph. 

 Center the graph under the cursor. 

 Enlarge graph or table 20%. 

 Reduce graph or table 20%. 

 Return graph or table to its normal state (unzoom) 

 Redraw the graph. 
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20.2.2 Other Capabilities 

The above tutorial and function list for the toolbar provide basic 
information to allow you to view and analyze the field data 
which was stored in your 556 MPS. Some of the other 
commonly used capabilities of EcoWatch which the user may 
want to explore are listed below: 

• Customize the units for each parameter, e.g., report 
uS/cm instead of mS/cm for conductivity. 

• Customize the order of parameters in each plot or report. 

• Customize the colors and fonts of each data display. 

• Manually scale the y-axis sensitivity for each parameter. 

• Merging of two or more data files with compatible 
parameter formats 

• View information about the study such as number of 
points, instrument serial number, etc. which was stored 
in the 556 with the data. 

• Print data reports in different statistical formats. 

• Create plots of parameter vs. parameter rather than 
parameter vs. time. 

These additional features of EcoWatch for Windows are 
explained in detail in the YSI 6-series manual (which can be 
downloaded at no cost from the YSI Web Site as described 
above) and the Help selection in the EcoWatch menubar. To 
purchase a hard copy of the 6-series manual, contact YSI 
Customer Service using the contact information in Appendix E 
Customer Service. 
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21. Appendix H Calibration Record Information 

When your YSI 556 MPS sensors are initially calibrated, 
relevant information about the sensors will be stored in a 
separate file in the YSI 556 MPS memory. 

NOTE: This file, by default, will have the name “556 Circuit 
Board Serial Number.glp.” The circuit board serial number is 
assigned at the factory and has a hexadecimal format such as 
000080A4. Thus the default calibration record file would be 
designated 00080A4.glp. Refer to Section 10.7 GLP Filename to 
change the filename. 
The information in the calibration record will track the sensor 
performance of your instrument and should be particularly useful 
for programs operating under Good Laboratory Practices (GLP) 
protocols. 

21.1 Viewing the Calibration Record (.glp) File 

NOTE: Make certain that you have performed a calibration on at 
least one of the sensors associated with your YSI 556 MPS.  

1. Follow the procedures outlined in Section 8.3 View File. 

21.2 Uploading the Calibration Record (.glp) File 

NOTE: Make certain that you have performed a calibration on at 
least one of the sensors associated with your YSI 556 MPS. 

1. Follow the procedures outlined in Section 8.4 Upload to PC. 

21.3 Understanding the Calibration Record (.glp) File 

1. Open a calibration record file. Refer to Section 8.3 View 
File. 

2. Use the arrow keys to scroll horizontally and/or vertically to 
view all the data. 



00008003.glp 
m/d/y hh:mm:ss 	S/N 

$ 	$$ 	II; 	$$$$;$$ 
01/24/2001 
01/24/2001 
01/24/2001 
01/24/2001 
01/24/2001 
01/24/2001 
01/24/2001 
01/24/2001 
01/24/2001 
* 	 

08:17:51 
08:17:51 
08:17:51 
08:17:51 
08:17:51 
08:17:51 
08:17:51 
08:25:40 
08:25:40 

00008003 
00008003 
00008003 
00008003 
00008003 
00008003 
00008003 
00008003 
00008003 

735.9mmHg 
01/24/200108:39:53 CI 

00008003.glp 

	

Type 	Value 

	

Con•uc ivi y gain 	$$$$$$ 

DO gain 1.000000 
pH gain (pH-7}*K/mV -5.05833 
pH offest {pH-7} *H 0.000000 

CRP offset mV 0.000000 
TDS constant 0.650000 

Barometer offset PSI 0.000000 
DO gain 1.110250 

pH gain (pH-7}*K/mV -5.05833 
pH offest {pH-7} *K -12.2899 

735.9mmHg 
01/24/2001 08:39:19 CI 
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Figure 21.1 Calibration Record Screen 1 

 

Figure 21.2 Calibration Record Screen 2 

NOTE: Each sensor (not parameter) is characterized by either 1 
line (Conductivity, Dissolved Oxygen, ORP, TDS, or Barometer 
(Optional)) or 2 lines (pH) of calibration documentation. 
The left hand portion of each calibration entry shows the date 
and time that a calibration of a particular sensor was performed. 
In addition, each calibration entry is characterized by the 
instrument serial number, as defined by YSI. See Figure 21.1 
Calibration Record Screen 1. The right hand portion shows the 
YSI designation of the calibration constants and their values 
after their calibration has been performed. A more detailed 
description of the calibration constants is provided below: 
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• Conductivity Gain – A relative number which describes the 
sensitivity of the sensor. Basically, the value represents the 
calculated cell constant divided by the typical value of the 
cell constant (5 cm-1). 

• DO Gain – A relative number which describes the 
sensitivity of the sensor. Basically, the value represents the 
sensor current at the time of calibration divided by the 
typical value of the sensor current (15 uA). 

• pH Gain – A number which basically represents the 
sensitivity of the pH sensor. To remove the effect of 
temperature on the slope of the relationship of probe output 
in mv versus pH, the value of pH/mv is multiplied by the 
temperature in degrees Kelvin (K). 

• pH Offset – A number which basically represents the offset 
(or intercept) of the relationship of probe output in mv 
versus pH, the value of pH is multiplied by the temperature 
in degrees Kelvin (K). 

Anytime you perform a calibration, information concerning the 
calibration constants will be logged to the Calibration Record 
file (.glp file). However, if the Delete All Files command is 
used, Refer to Section 8.6 Delete All Files, the Calibration 
Record file will also be lost. It is critical that this file should be 
uploaded to your PC prior to issuing a Delete All Files 
command. Refer to Section 8.4 Upload to PC. 
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Laboratory DoD ELAP Accreditation Certificates



 

 

 

CERTIFICATE OF ACCREDITATION 

ANSI-ASQ National Accreditation Board/ACLASS 
500 Montgomery Street, Suite 625, Alexandria, VA 22314, 877-344-3044 

This is to certify that 

TriMatrix Laboratories, Inc. 
5560 Corporate Exchange Court, SE 

Grand Rapids, MI 49512 

has been assessed by ACLASS 
and meets the requirements of  

ISO/IEC 17025:2005 and DoD-ELAP 

while demonstrating technical competence in the field(s) of 

TESTING 

Refer to the accompanying Scope(s) of Accreditation for information regarding the 
types of tests to which this accreditation applies. 

 
  ADE-1542 

        Certificate Number     
  

  
        ACLASS Approval 
 
Certificate Valid:  4/30/2013-04/30/2015        
Version No. 003       Issued: 05/30/2013 
                         

This laboratory is accredited in accordance with the recognized International Standard ISO/IEC 17025:2005.  This 
accreditation demonstrates technical competence for a defined scope and the operation of a laboratory quality 

management system (refer to joint ISO-ILAC-IAF Communiqué dated January 2009). 



 

ANSI-ASQ National Accreditation Board/ACLASS 
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         500 Montgomery St. Suite 625│ Alexandria, VA 22314│703-836-0025 │ www.aclasscorp.com 

 

SCOPE OF ACCREDITATION TO ISO/IEC 17025:2005 & DoD-ELAP  

 

TriMatrix Laboratories, Inc 
5560 Corporate Exchange Court, SE, Grand Rapids, MI 49512 

Rick Wilburn Phone:  616-975-4500 
 

TESTING 

 
Valid to:   April 30, 2015  Certificate Number:  ADE - 1542 

I. Environmental 

MATRIX 

SPECIFIC TEST 

or ANALYTE 

GROUP**  

SPECIFICATION OR 

STANDARD 

METHOD  

(all EPA unless 

specified) 

* KEY EQUIPMENT 

OR TECHNOLOGY 

Water Metals Digestion 200.2 Block Digestion 

Water Metals Digestion 3010A Block Digestion 

Water Metals Digestion 3020A Block Digestion 

Solid Metals Digestion 3050B Block Digestion 

Water  Metals 200.7 / 6010C ICP 

Water Calcium Hardness   
(as CaCO3) 

SM 2340B ICP 

Solid Metals 6010C ICP 

Water Total Hardness   
(as CaCO3)  

SM 2340B ICP 

Water Metals 200.8 / 6020A ICP MS 

Solid Metals 6020A ICP MS 

Water Mercury 245.1 / 7470A CVAA 

Solid Mercury 7471B CVAA 
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MATRIX 

SPECIFIC TEST 

or ANALYTE 

GROUP**  

SPECIFICATION OR 

STANDARD 

METHOD  

(all EPA unless 

specified) 

* KEY EQUIPMENT 

OR TECHNOLOGY 

Water Mercury,  
Low-Level                                                                                 1631E CVAF 

Water 
1,2-Dibromo-3-

Chloropropane &  
1,2-Dibromoethane 

8011 GC-ECD 

Water / Solid Carbonyl Compounds 8315A HPLC-UV 

Water / Solid Nitroaromatics and 
Nitramines 8330A HPLC-UV 

Water / Solid Nitroglycerine and 
PETN 8332 HPLC-UV 

Water / Solid Chlorinated 
Herbicides 8151A GC-ECD 

Water Methoxychlor                                                                                         608.2 GC-ECD 

Water Organochlorine 
Pesticides 608 / 8081B GC-ECD 

Solid Organochlorine 
Pesticides 8081B GC-ECD 

Water PCBs 608 / 8082A GC-ECD 

Solid PCBs 8082A GC-ECD 

Water / Solid Diesel Range 
Organics (DRO) Wisconsin DRO / 8015C GC-FID 

Water / Solid Oil Range Organics 8015C GC-FID 

Water Dissolved Gas 
Analysis RSK-175 GC-FID 

Water / Solid Nonhalogenated 
Organics 8015C GC-FID 

Water Semivolatile Organic 
Compounds 625 / 8270C GCMS 

Solid Semivolatile Organic 
Compounds 8270C GCMS 

Water / Solid Semivolatile Organic 
Compounds 8270C SIM GCMS 
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MATRIX 

SPECIFIC TEST 

or ANALYTE 

GROUP**  

SPECIFICATION OR 

STANDARD 

METHOD  

(all EPA unless 

specified) 

* KEY EQUIPMENT 

OR TECHNOLOGY 

Solid Semivolatile 
Extraction 3545A Pressurized Fluid Ext 

Water Semivolatile 
Extraction 3510C Separatory Funnel Ext 

Solid Semivolatile 
Extraction 3550C Ultrasonic Extraction 

Water / Solid 
Chlorinated 

Hydrocarbons 8121 / 612 GC-ECD 

Water / Solid Gasoline Range 
Organics (GRO) Wisconsin GRO / 8015C GC-FID 

Solid Volatile Organics  8021B GC-PID; HECD 

Water Volatiles Organics 601 / 602 / 8021B GC-PID; HECD 

Water Volatile Organics 524.2 / 624 / 8260B GCMS 

Solid Volatile Organics 8260B GCMS 

Solid Volatiles Extraction 5035A Purge & Trap 

Water Volatiles Extraction 5030B Purge & Trap/Water 

Water / Solid SPLP 1312 Acetic Acid Leaching 

Water / Solid TCLP 1311 Acetic Acid Leaching 

Solid Ignitability 1020A Closed-Cup 

Solid 

Acid Volatile Sulfide 
and Selected 

Simultaneously  
Extractable Metals 

821-R-91-100 Distillation/ 
Spectrophotometric 

Solid Paint Filter Test 9095B Filtration 

Water 
HEM Oil and Grease / 
SGT-HEM Non-Polar 

Material 
1664A / 9070A Gravimetric 
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MATRIX 

SPECIFIC TEST 

or ANALYTE 

GROUP**  

SPECIFICATION OR 

STANDARD 

METHOD  

(all EPA unless 

specified) 

* KEY EQUIPMENT 

OR TECHNOLOGY 

Solid 
HEM Oil and Grease / 
SGT-HEM Non-Polar 

Material 
9071B Gravimetric 

Water Filterable Residue 
(TDS) SM 2540C Gravimetric 

Water Non-Filterable 
Residue (TSS)  SM 2540D Gravimetric 

Water Total Residue / Solids 
(TS) SM 2540B Gravimetric 

Solid Total Residue / Solids 
(TS) SM 3550C Gravimetric 

Water Volatile Residue (VS) SM 2540E Gravimetric 

Solid Volatile Residue (VS) SM 2540G Gravimetric 

Water Settleable Residue / 
Solids SM 2540 F Imhoff cone 

Water Anions 300.0/9056A Ion Chromatographic 

Solid Anions 9056A Ion Chromatographic 

Water Bromide ASTM D1246 ISE 

Water / Solid Fluoride SM 4500-F C ISE 

Water BOD and CBOD SM 5210B Luminescence 

Water Turbidity SM 2130B Nephelometric 

Water Color SM 2120B Platinum-Cobalt Color 

Water pH and Corrosivity SM 4500-H+ B / 9040C Potentiometric 

Solid pH and Corrosivity 9045D Potentiometric 

Water  Conductivity SM 2510B / 9050A Specific Conductance 
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MATRIX 

SPECIFIC TEST 

or ANALYTE 

GROUP**  

SPECIFICATION OR 

STANDARD 

METHOD  

(all EPA unless 

specified) 

* KEY EQUIPMENT 

OR TECHNOLOGY 

Water / Solid Ammonia-N SM 4500-NH3 B Distillation 

Water / Solid Ammonia-N SM 4500-NH3 G Spectrophotometric 

Water Chloride SM 4500-Cl E / 9251 Spectrophotometric 

Solid Chromium (VI) Cr+6 3060A Digestion 

Water Chromium (VI) Cr+6 SM 3500-Cr B / 7196A Spectrophotometric 

Solid Chromium (VI) Cr+6 7196A Spectrophotometric 

Water COD SM 5220D Spectrophotometric 

Water / Solid Cyanide Available OIA-1677 Amperometry 

Solid Cyanide 9010C Distillation 

Water Cyanide                                                                                        SM 4500-CN C / 9010C Distillation 

Solid Cyanide Extraction 9013A Extraction 

Solid Cyanide Amenable 9014 Spectrophotometric 

Water Cyanide Amenable  SM 4500-CN G / 9014 Spectrophotometric 

Solid Cyanide, Total 9014 Spectrophotometric 

Water Cyanide, Total  SM 4500-CN E / 9014 Spectrophotometric 

Water Ferrous Iron SM 3500-Fe B Spectrophotometric 

Water / Solid Nitrate-N SM 4500-NO3 F Spectrophotometric 

Water Nitrate+Nitrite-N SM 4500-NO3 F Spectrophotometric 
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MATRIX 

SPECIFIC TEST 

or ANALYTE 

GROUP**  

SPECIFICATION OR 

STANDARD 

METHOD  

(all EPA unless 

specified) 

* KEY EQUIPMENT 

OR TECHNOLOGY 

Water Nitrite-N SM 4500-NO2  B / NO3 F Spectrophotometric 

Water o-Phosphate SM 4500-P E Spectrophotometric 

Water / Solid Phosphorus Total SM 4500-P E Spectrophotometric 

Water Silica as SiO2 SM 4500-SiO2 D Spectrophotometric 

Water Surfactants (MBAS) SM 5540C Spectrophotometric 

Water / Solid TKN SM 4500-Norg D Spectrophotometric 

Solid Total Phenolics 9065 Spectrophotometric 

Water Total Phenolics  420.4 / 9065 Spectrophotometric 

Water Acidity SM 2310B Titrimetric 

Water Calcium Hardness   
(as CaCO3) 

SM 2340 C Titrimetric 

Water / Solid Sulfide                                                                                              9030B Distillation 

Water Sulfide SM 4500-S2 D Spectrophotometric 

Water Sulfide SM 4500-S2 F Titrimetric 

Water / Solid Sulfide 9034 Titrimetric 

Water / Solid Reactive Sulfide 7.3.4.2 Titrimetric 

Water Sulfite SM 4500-SO3
2- B Titrimetric 

Water Total Alkalinity 
 (as CaCO3) 

SM 2320B Titrimetric 

Water Total Hardness  
(as CaCO3) 

SM 2340C Titrimetric 
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MATRIX 

SPECIFIC TEST 

or ANALYTE 

GROUP**  

SPECIFICATION OR 

STANDARD 

METHOD  

(all EPA unless 

specified) 

* KEY EQUIPMENT 

OR TECHNOLOGY 

Water Sulfate ASTM D516 / 9038 Turbidimetric 

Solid Total Organic Carbon 
(TOC)  Lloyd Kahn  Infrared 

Water 
Total Organic Carbon 

(TOC) 
 

SM 5310C / 9060A Oxidation/CO2 Det 

Solid Total Organic Carbon 
(TOC) WALKLEY BLACK Titrimetric 

Solid Extractable Organic 
Halides 9023 Coulometric Titration 

Water Dissolved Organic 
Carbon SM 5310C Titrimetric 

Solid Fractional Organic 
Carbon ASTM D2974 Gravimetric 

Solid Grain Size ASTM D422 Size Exclusion 

Water Total Organic Halides 
(TOX) 9020B Coulometric Titration 

Solid % Moisture in Soil 
and Rock ASTM D2216 Gravimetric 

Solid Shake Extraction  ASTM D3987 Water Leaching 

 

 

II. Microbiological 

MATRIX 

SPECIFIC TEST 

or ANALYTE 

GROUP**  

SPECIFICATION OR 

STANDARD 

METHOD  

(all EPA unless 

specified) 

* KEY EQUIPMENT 

OR TECHNOLOGY 

Water Fecal Coliform SM 9222D Microbiological 

Water 
Heterotrophic 

Bacteria  
(Std Plate) 

SM 9215B Microbiological 

Water Total Coliform / 
 E. coli 

SM 9223B Microbiological 
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Notes: 
1. * = As Applicable 

2. ** = Refer to Accredited Analyte Listing for specific analytes in which the laboratory is accredited. 

3. This scope is part of and must be included with the Certificate of Accreditation No. ADE-1542 

 

 
______________________ 

Vice President 



Analyte

Trace Metals

Aluminum 200.7 200.8 6010C 6020A 6010C
Antimony 200.7 200.8 6010C 6020A 6010C 6020A
Arsenic 200.7 200.8 6010C 6020A 6010C 6020A
Barium 200.7 200.8 6010C 6020A 6010C 6020A
Beryllium 200.7 200.8 6010C 6020A 6010C 6020A
Boron 200.7 200.8 6010C 6020A 6010C 6020A
Cadmium 200.7 200.8 6010C 6020A 6010C 6020A
Calcium 200.7 6010C 6010C
Chromium, total 200.7 200.8 6010C 6020A 6010C 6020A
Chromium VI SM3500Cr B 7196A 7196A
Cobalt 200.7 200.8 6010C 6020A 6010C 6020A
Copper 200.7 200.8 6010C 6020A 6010C 6020A
Iron 200.7 6010C 6010C
Lead 200.7 200.8 6010C 6020A 6010C 6020A
Lithium 200.7 6010C  6010C
Magnesium 200.7 6010C 6010C
Manganese 200.7 200.8 6010C 6020A 6010C 6020A
Mercury 245.1 7470A 7471B
Mercury (Low Level) 1631E
Molybdenum 200.7 200.8 6010C 6020A 6010C 6020A
Nickel 200.7 200.8 6010C 6020A 6010C 6020A
Potassium 200.7 6010C 6010C
Selenium 200.7 200.8 6010C 6020A 6010C 6020A
Silver 200.7 200.8 6010C 6020A 6010C 6020A
Sodium 200.7 6010C 6010C
Strontium 200.7 200.8 6010C 6020A 6010C
Thallium 200.7 200.8 6010C 6020A 6010C 6020A
Tin 200.7 200.8 6010C 6020A 6010C 6020A
Titanium 200.7 6010C 6010C
Vanadium 200.7 200.8 6010C 6020A 6010C 6020A
Zinc 200.7 200.8 6010C 6020A 6010C 6020A

Demands 

TOC SM5310C 9060A Walkley Black Lloyd Kahn
COD SM5220D
DOC-Dissolved Organic Carbon  SM5310C

Accredited Analytes/Methods (by matrix)

Solid

Grand Rapids, MI

TriMatrix Laboratoires, Inc.

Matrix

Aqueous
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Analyte

Accredited Analytes/Methods (by matrix)

Solid

Grand Rapids, MI

TriMatrix Laboratoires, Inc.

Matrix

Aqueous

BOD and CBOD SM5210B

Misc Analytes

Total Alkalinity (as CaCO3) SM2320B
Calcium Hardness as CaCO3 SM2340B
Total Hardness as CaCO3 SM2340B SM2340C
% Moisture in Soil and Rock ASTM D2216
Total Residue/Solids (TS) SM2540B 3550C
Filterable Residue (TDS) SM2540C
Ignitability 1020A
Non-Filterable Residue (TSS) SM2540D
Volatile Residue (VS) SM2540E SM2540G
Settleable Residue SM2540F
pH 9040C SM4500H+ B 9045D
Sulfide SM4500S2- D SM4500S2- F 9034 9034
Total Cyanide SM4500CN E 9014 9014
Cyanide, Amenable SM4500CN G 9014 9014
Ammonia SM4500NH3 G SM4500NH3 G
Conductivity SM2510B 9050A
Nitrogen, Total Kjeldahl (TKN) SM4500Norg D SM4500Norg D
Total Phenolics 420.4 9065 9065
Total Organic Halides (TOX) 9020B
Bromide ASTM D1246 300.0 9056A
Chloride SM4500Cl E 9251 300.0 9056A 9056A
Fluoride SM4500F C 300.0 9056A 9056A
Nitrate as N SM4500NO3 F 300.0 9056A 9056A SM4500NO3 F
Nitrite as N SM4500NO2 B SM4500NO3 F 300.0 9056A 9056A
Nitrate + Nitrite as N SM4500NO3 F 300.0 9056A 9056A
ortho-phosphate SM4500P E
Total Phosphorus SM4500P E SM4500P E
Silica as SiO2 SM4500SiO2 D
Sulfate ASTM D516 9038 300.0 9056A 9056A
Surfactants - MBAS SM5540C
Fecal Coliform SM9222D
Heterotrophic Bacteria (Std Plate) SM9215B
Total Coliform, E. Coli SM9223B
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Analyte

Accredited Analytes/Methods (by matrix)

Solid

Grand Rapids, MI

TriMatrix Laboratoires, Inc.

Matrix

Aqueous

Turbidity SM2130B
EOX-Extractable Organic Halides 9023
FOC-Fractional Organic Carbon  ASTM D2974

Petroleum Hydrocarbons

SGT-HEM; Non-Polar Material 1664A 9070A 9071B
HEM; Oil and Grease 1664A 9070A 9071B
Gasoline Range Organics (GRO) 8015C Wisconsin GRO 8015C Wisconsin GRO
Diesel Range Organics (DRO) 8015C Wisconsin DRO 8015C Wisconsin DRO
Oil Range Organics (ORO) 8015C 8015C

VOCs

Acetone 624 8260B 8260B
Acetonitrile 624 8260B 8260B
Acrolein 624 8260B 8260B
Acrylonitrile 624 8260B 8260B
Benzene 524.2 624 8260B 602 8021B 8021B 8260B
Bromobenzene 524.2 8260B 8260B
Bromochloromethane 524.2 8260B 8260B
Bromodichloromethane 524.2 624 8260B 601 8021B 8021B 8260B
Bromoform 524.2 624 8260B 601 8021B 8021B 8260B
Bromomethane 524.2 624 8260B 601 8021B 8021B 8260B
2-Butanone (MEK) 624 8260B 8260B
n-Butylbenzene 524.2 8260B 8260B
sec-Butylbenzene 524.2 8260B 8260B
tert-Butylbenzene 524.2 8260B 8260B
Carbon disulfide 624 8260B 8260B
Carbon Tetrachloride 524.2 624 8260B 601 8021B 8021B 8260B
Chlorobenzene 524.2 624 8260B 601 602 8021B 8021B 8260B
Chlorodibromomethane 524.2 624 8260B 601 8021B 8021B 8260B
Chloroethane 524.2 624 8260B 601 8021B 8021B 8260B
2-Chloroethylvinylether 624 8260B 601 8021B 8021B 8260B
Chloroform 524.2 624 8260B 601 8021B 8021B 8260B
Chloromethane 524.2 624 8260B 601 8021B 8021B 8260B
2-Chlorotoluene 524.2 8260B 8260B
4-Chlorotoluene 524.2 8260B 8260B
1,2-Dibromo-3-chloropropane (DBCP) 624 8260B 8260B
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Analyte

Accredited Analytes/Methods (by matrix)

Solid

Grand Rapids, MI

TriMatrix Laboratoires, Inc.

Matrix

Aqueous

1,2-Dibromoethane (EDB) 624 8260B 8260B
Dibromomethane 524.2 624 8260B 8260B
1,2-Dichlorobenzene 524.2 624 8260B 601 602 8021B 8021B 8260B
1,3-Dichlorobenzene 524.2 624 8260B 601 602 8021B 8021B 8260B
1,4-Dichlorobenzene 524.2 624 8260B 601 602 8021B 8021B 8260B
Dichlorodifluoromethane 524.2 624 8260B 601 8021B 8021B 8260B
1,1-Dichloroethane 524.2 624 8260B 601 8021B 8021B 8260B
1,2-Dichloroethane 524.2 624 8260B 601 8021B 8021B 8260B
1,1-Dichloroethene 524.2 624 8260B 601 8021B 8021B 8260B
cis -1,2-Dichloroethene 524.2 624 8260B 601 8021B 8021B 8260B
trans -1,2-Dichloroethene 524.2 624 8260B 601 8021B 8021B 8260B
Dichloromethane (Methylene Chloride) 524.2 624 8260B 601 8021B 8021B 8260B
1,2-Dichloropropane 524.2 624 8260B 601 8021B 8021B 8260B
1,3-Dichloropropane 524.2 8260B 8260B
2,2-Dichloropropane 524.2 8260B 8260B
1,1-Dichloropropene 524.2 8260B 8260B
cis -1,3-Dichloropropene 524.2 624 8260B 601 8021B 8021B 8260B
trans -1,3-Dichloropropene 524.2 624 8260B 601 8021B 8021B 8260B
Di-isopropylether (DIPE) 8260B 8260B
Ethylbenzene 524.2 624 8260B 602 8021B 8021B 8260B
Ethanol 8260B 8015C 8015C 8260B
1,1,2-trichloro-1,2,2-trifluoroethane (Freon 113) 8260B 8260B
Hexachlorobutadiene 524.2 624 8260B 8260B
2-Hexanone 624 8260B 8260B
Isopropylbenzene 524.2 624 8260B 8260B
4-Isopropyltoluene 524.2 8260B 8260B
4-Methyl-2-pentanone (MIBK) 624 8260B 8260B
Methyl-tert-butylether (MTBE) 524.2 624 8260B 8260B
Naphthalene 524.2 624 8260B 8260B
n-Propylbenzene 524.2 8260B 8260B
Styrene 524.2 624 8260B 8260B
tert-amylmethylether (TAME) 8260B 8260B
1,1,1,2-Tetrachloroethane 524.2 624 8260B 8260B
1,1,2,2-Tetrachloroethane 524.2 624 8260B 601 8021B 8021B 8260B
Tetrachloroethene 524.2 624 8260B 601 8021B 8021B 8260B
Toluene 524.2 624 8260B 602 8021B 8021B 8260B
1,2,3-Trichlorobenzene 524.2 8260B 8260B
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Analyte

Accredited Analytes/Methods (by matrix)

Solid

Grand Rapids, MI

TriMatrix Laboratoires, Inc.

Matrix

Aqueous

1,2,4-Trichlorobenzene 524.2 624 8260B 8260B
1,1,1-Trichloroethane 524.2 624 8260B 601 8021B 8021B 8260B
1,1,2-Trichloroethane 524.2 624 8260B 601 8021B 8021B 8260B
Trichloroethene 524.2 624 8260B 601 8021B 8021B 8260B
Trichlorofluoromethane (Freon 11) 524.2 624 8260B 601 8021B 8021B 8260B
1,2,3-Trichloropropane 524.2 624 8260B 8260B
1,2,4-Trimethylbenzene 524.2 8260B 8260B
1,3,5-Trimethylbenzene 524.2 8260B 8260B
Vinyl acetate 624 8260B 8260B
Vinyl chloride 524.2 624 8260B 601 8021B 8021B 8260B
o-Xylene 624 8260B 602 8260B
m+p-Xylene 624 8260B 602 8260B
Xylenes, total 524.2 624 8260B 602 8021B 8021B 8260B

SVOCs - Base/Neutrals/Acids

Acenaphthene 8270C SIM 625 8270C 8270C 8270C SIM
Acenaphthylene 8270C SiM 625 8270C 8270C 8270C SIM
Aniline 625 8270C 8270C
Anthracene 8270C SIM 625 8270C 8270C 8270C SIM
Benzo(a)anthracene 8270C SIM 625 8270C 8270C 8270C SIM
Benzo(b)fluoranthene 8270C SIM 625 8270C 8270C 8270C SIM
Benzo(k)fluoranthene 8270C SIM 625 8270C 8270C 8270C SIM
Benzo(g,h,i)perylene 8270C SIM 625 8270C 8270C 8270C SIM
Benzo(a)pyrene 8270C SIM 625 8270C 8270C 8270C SIM
Benzidine 625 8270C 8270C
Benzoic acid 625 8270C 8270C
Benzyl alcohol 625 8270C 8270C
4-Bromophenyl-phenylether 625 8270C 8270C
Butyl benzyl phthalate 625 8270C 8270C
Carbazole 8270C 8270C
4-Chloroaniline 625 8270C 8270C
bis(2-Chloroethoxy)methane 625 8270C 8270C
bis(2-Chloroethyl)ether 625 8270C 8270C
bis(2-Chloroiospropyl) ether 625 8270C 8270C
4-Chloro-3-methylphenol 625 8270C 8270C
2-Chloronaphthalene 625 8270C 612 8121 8270C 8121
4-Chlorophenyl-phenylether 625 8270C 8270C
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Analyte

Accredited Analytes/Methods (by matrix)

Solid

Grand Rapids, MI

TriMatrix Laboratoires, Inc.

Matrix

Aqueous

2-Chlorophenol 625 8270C 8270C
Chrysene 8270C SIM 625 8270C 8270C 8270C SIM
Dibenzo(a,h)anthracene 8270C SIM 625 8270C 8270C 8270C SIM
Dibenzofuran 625 8270C 8270C
Di-n-butylphthalate 625 8270C 8270C
1,2-Dichlorobenzene 625 8270C 612 8121 8270C 8121
1,3-Dichlorobenzene 625 8270C 612 8121 8270C 8121
1,4-Dichlorobenzene 625 8270C 612 8121 8270C 8121
3,3'-Dichlorobenzidine 625 8270C 8270C
2,4-Dichlorophenol 625 8270C 8270C
2,6-Dichlorophenol 625 8270C 8270C
Diethyl phthalate 625 8270C 8270C
2,4-Dimethylphenol 625 8270C 8270C
Dimethylphthalate 625 8270C 8270C
Diphenylamine 8270C 8270C
2,4-Dinitrophenol 625 8270C 8270C
2,4-Dinitrotoluene 625 8270C 8270C
2,6-Dinitrotoluene 625 8270C 8270C
Di-n-octylphthalate 625 8270C 8270C
Dinoseb 8270C 8270C
1,4-Dioxane  8270C
bis(2-ethylhexyl) phthalate 625 8270C 8270C
Fluoranthene 8270C SIM 625 8270C 8270C 8270C SIM
Fluorene 8270C SIM 625 8270C 8270C 8270C SIM
Hexachlorobenzene 625 8270C 612 8121 8270C 8121
Hexachlorobutadiene 625 8270C 612 8121 8270C 8121
Hexachlorocyclopentadiene 625 8270C 612 8121 8270C 8121
Hexachloroethane 625 8270C 612 8121 8270C 8121
Indeno(1,2,3, cd)pyrene 8270C SIM 625 8270C 8270C 8270C SIM
Isophorone 625 8270C 8270C
2-Methyl-4,6-Dinitrophenol 625 8270C 8270C
2-Methylphenol 625 8270C 8270C
4-Methylphenol (and/or 3-Methylphenol) 625 8270C 8270C
2-Methylnaphthalene 8270C SIM 625 8270C 8270C 8270C SIM
Naphthalene 8270C SIM 625 8270C 8270C 8270C SIM
2-Nitroaniline 625 8270C 8270C
3-Nitroaniline 625 8270C 8270C
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Analyte

Accredited Analytes/Methods (by matrix)

Solid

Grand Rapids, MI

TriMatrix Laboratoires, Inc.

Matrix

Aqueous

4-Nitroaniline 625 8270C 8270C
Nitrobenzene 625 8270C 8270C
2-Nitrophenol 625 8270C 8270C
4-Nitrophenol 625 8270C 8270C
4-nitroquinoline-1-oxide 8270C 8270C
N-Nitrosodiethylamine 625 8270C 8270C
N-Nitrosodimethylamine 625 8270C 8270C
N-Nitrosodiphenylamine 625 8270C 8270C
N-Nitroso-di-n-propylamine 625 8270C 8270C
Pentachlorobenzene 625 8270C 8270C
Pentachlorophenol 625 8270C 8270C
Phenanthrene 8270C SIM 625 8270C 8270C 8270C SIM
Phenol 625 8270C 8270C
Pyrene 8270C SIM 625 8270C 8270C 8270C SIM
Pyridine 625 8270C 8270C
1,2,4,5-Tetrachlorobenzene 625 8270C 8270C
2,3,4,6-Tetrachlorophenol 625 8270C 8270C
o-Toluidine 625 8270C 8270C
1,2,4-Trichlorobenzene 625 8270C 612 8121 8270C 8121
2,4,5-Trichlorophenol 625 8270C 8270C
2,4,6-Trichlorophenol 625 8270C 8270C

Nitroaromatic and Nitramines

4-Amino-2,6-dinitrotoluene 8330A 8330A
2-Amino-4,6-dinitrotoluene 8330A 8330A
1,3-Dinitrobenzene 8330A 8330A
2,4-Dinitrotoluene 8330A 8330A
2,6-Dinitrotoluene 8330A 8330A
HMX (Octahydro-1,3,5,7-tetranitro-1,3,5,7-tetrazocine) 8330A 8330A
Nitrobenzene 8330A 8330A
Nitroglycerin 8330A 8332  8330A 8332
2-Nitrotoluene 8330A 8330A
3-Nitrotoluene 8330A 8330A
4-Nitrotoluene 8330A 8330A
Pentaerythritoltetranitrate 8330A 8332  8330A 8332
RDX (hexahydro-1,3,5-trinitro-1,3,5-triazine) 8330A 8330A
Tetryl (methyl-2,4,6-trinitrophenylnitramine) 8330A 8330A
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Analyte

Accredited Analytes/Methods (by matrix)

Solid

Grand Rapids, MI

TriMatrix Laboratoires, Inc.

Matrix

Aqueous

1,3,5-Trinitrobenzene 8330A 8330A
2,4,6-Trinitrotoluene 8330A 8330A

Pesticides

Aldrin 608 8081B 8081B
alpha-BHC 608 8081B 8081B
beta-BHC 608 8081B 8081B
delta-BHC 608 8081B 8081B
gamma-BHC (Lindane) 608 8081B 8081B
alpha-Chlordane 608 8081B 8081B
gamma-Chlordane 608 8081B 8081B
Chlordane (technical) 608 8081B 8081B
DDD (4,4) 608 8081B 8081B
DDE (4,4) 608 8081B 8081B
DDT (4,4) 608 8081B 8081B
Dieldrin 608 8081B 8081B
Endosulfan I 608 8081B 8081B
Endosulfan II 608 8081B 8081B
Endosulfan sulfate 608 8081B 8081B
Endrin 608 8081B 8081B
Endrin aldehyde 608 8081B 8081B
Endrin ketone 608 8081B 8081B
Heptachlor 608 8081B 8081B
Heptachlor Epoxide (beta) 608 8081B 8081B
Methoxychlor 608.2 8081B 8081B
Toxaphene (total) 608 8081B 8081B

Organophoshorus Pesticides

Dimethoate 8270C 8270C
Dichlorvos 8270C 8270C
Disulfoton 8270C 8270C
Parathion, ethyl 8270C 8270C
Parathion, methyl 8270C 8270C
Phorate 8270C 8270C
Sulfotepp 8270C 8270C

Herbicides
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Analyte

Accredited Analytes/Methods (by matrix)

Solid

Grand Rapids, MI

TriMatrix Laboratoires, Inc.

Matrix

Aqueous

2,4,5-T 8151A 8151A
2,4,5-TP (Silvex) 8151A 8151A
2,4-D 8151A 8151A
2,4-DB 8151A 8151A
Dalapon 8151A 8151A
Dicamba 8151A 8151A
Dichloroprop 8151A 8151A
Dinoseb 8151A 8151A
MCPA 8151A 8151A
MCPP 8151A 8151A
Pentachlorophenol 8151A 8151A
Picloram 8151A 8151A

PCBs

Aroclor 1016 608 8082A 8082A
Aroclor 1221 608 8082A 8082A
Aroclor 1232 608 8082A 8082A
Aroclor 1242 608 8082A 8082A
Aroclor 1248 608 8082A 8082A
Aroclor 1254 608 8082A 8082A
Aroclor 1260 608 8082A 8082A

Misc. Analytes -Additional

Iron, Ferrous SM 3500Fe B
Cyanide, Available OIA-1677 OIA-1677
Acidity SM 2310 B
Sulfite SM 4500SO3

2- B
Paint Filter Liquids Test 9095B
Color SM 2120 B
Acid Volatile Sulfides (AVS/SEM) EPA-821-R-91-100
Grain Size  ASTM D422-63
Reactive Sulfide 7.3.4.2 7.4.3.2

PCBs - Additional Aroclors

Aroclor 1262 608 8082A 8082A
Aroclor 1268 608 8082A 8082A
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Analyte

Accredited Analytes/Methods (by matrix)

Solid

Grand Rapids, MI

TriMatrix Laboratoires, Inc.

Matrix

Aqueous

Misc. Organics

Ethane RSK-175
Ethylene RSK-175
Methane RSK-175

 Additional Compounds

Volatiles 

1,2-dibromo-3-chloropropane 8011
1,2-dibromoethane 8011
1,2,3-Trimethylbenzene 8260B 8260B
1,4-dioxane 8260B 8260B
1-chlorohexane 8260B 8260B
sec-butanol 8015C 8260B 8015C 8260B
2-chloro-1,3-butadiene (Chloroprene)  8260B 8260B
2-methylnaphthalene 8260B 8260B
2-nitropropane 8260B 8260B
allyl chloride 8260B 8260B
cyclohexane 8260B 8260B
ETBE 8260B 8260B
ethanol 8015C 8015C
ethyl acetate 8260B 8260B
ethyl ether 8260B 8260B
ethyl methacrylate 8260B 8260B
hexachloroethane 8260B 8260B
hexane 8260B 8260B
iodomethane 8260B 8260B
isobutanol 8015C 8260B 8015C 8260B
isopropanol 8015C 8260B 8015C 8260B
methacrylonitrile 8260B 8260B
methanol 8015C 8015C
methyl acetate 8260B 8260B
methyl methacrylate 8260B 8260B
methylcyclohexane 8260B 8260B
n-butanol 8015C 8260B 8015C 8260B
n-butyl acetate 8260B 8260B
n-propanol 8015C 8260B 8015C 8260B
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Analyte

Accredited Analytes/Methods (by matrix)

Solid

Grand Rapids, MI

TriMatrix Laboratoires, Inc.

Matrix

Aqueous

propionitrile 8260B 8260B
t-butanol 8015C 8260B 8015C 8260B
tetrahydrofuran 8260B 8260B
trans -1,4,dichloro-2-butene 8260B 8260B
trichlorotrifluoromethane 8260B 8260B

SVOCs - Base/Neutrals/Acids

1,1'-Biphenyl 8270C 8270C
1,2-Bis(2-chloroethoxy)ethane 8270C 8270C
1,2-Diphenylhydrazine 8270C 8270C
1,3 Dinitrobenzene 8270C 8270C
1,4-Naphthoquinone 8270C 8270C
1,4-Phenylenediamine 8270C 8270C
1-Methylnaphthalene 8270C 8270C
1-Naphthylamine 8270C 8270C
1-Nitrosopyrrolidine 8270C 8270C
2-Acetylaminofluorene 8270C 8270C
2-Chloroaniline 8270C 8270C
2-Naphthylamine 8270C 8270C
2-Picoline 8270C 8270C
3,3'-Dimethylbenzidine 8270C 8270C
3-Methylchloanthrene 8270C 8270C
4-Aminobiphenyl 8270C 8270C
5-Nitro-o-toluidine 8270C 8270C
7,12-Dimethylbenz(a)anthracene 8270C 8270C
a,a-Dimethylphenethylamine 8270C 8270C
Acetophenone 8270C 8270C
Aramite 8270C 8270C
Atrazine 8270C 8270C
Benzaldehyde 8270C 8270C
Bis(2-ethylhexyl) adipate 8270C 8270C
Caprolactam 8270C 8270C
Chlorobenzilate 8270C 8270C
Diallate 8270C 8270C
Dicyclohexyl Phthalate 8270C 8270C
Ethyl Methacrylate 8270C 8270C
Ethyl Methansulfonate 8270C 8270C
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Analyte

Accredited Analytes/Methods (by matrix)

Solid

Grand Rapids, MI

TriMatrix Laboratoires, Inc.

Matrix

Aqueous

Famphur 8270C 8270C
Hexachlorophene 8270C 8270C
Hexachloropropene 8270C 8270C
Isodrin 8270C 8270C
Isosafrole 8270C 8270C
Kepone 8270C 8270C
Methapyrilene 8270C 8270C
Methyl Methacrylate 8270C 8270C
Methyl Methanesulfonate 8270C 8270C
N-Nitroso-di-n-butylamine 8270C 8270C
N-Nitrosomethylethylamine 8270C 8270C
N-Nitrosomorpholine 8270C 8270C
N-Nitrosopiperidine 8270C 8270C
o,o,o-Triethylphosphorothioate 8270C 8270C
p-Dimethylaminoazobenzene 8270C 8270C
Phenacetin 8270C 8270C
Pentachloroethane 8270C 8270C
Pentachloronitrobenzene 8270C 8270C
Pronamide 8270C 8270C
Safrole 8270C 8270C
Thionazin 8270C 8270C
1,3,5-Trinitrobenzene 8270C 8270C

Carbonyls

Formaldehyde 8315A 8315A
Acetaldehyde 8315A 8315A
Propanal 8315A 8315A
Crotonaldehyde 8315A 8315A
Butanal 8315A 8315A
Pentanal 8315A 8315A
Cyclohexanone 8315A 8315A
m-Tolualdehyde 8315A 8315A
Hexanal 8315A 8315A
Heptanal 8315A 8315A
Octanal 8315A 8315A
Nonanal 8315A 8315A
Decanal 8315A 8315A
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PERRY JOHNSON LABORATORY 

ACCREDITATION, INC. 

Certificate of Accreditation 

Perry Johnson Laboratory Accreditation, Inc. has assessed the Laboratory of: 

Columbia Analytical Services 
1565 Jefferson Road, Building 300, Suite 360, Rochester, NY  14623 

(Hereinafter called the Organization) and hereby declares that Organization has met the requirements of 

ISO/IEC 17025:2005 “General Requirements for the competence of Testing and Calibration 

Laboratories” and the DoD Quality Systems Manual for Environmental Laboratories Version 4.1 

4/22/2009 and is accredited is accordance with the:  

United States Department of Defense 
Environmental Laboratory Accreditation Program  

(DoD-ELAP) 

This accreditation demonstrates technical competence for the defined scope: 

Environmental Testing 
(As detailed in the supplement) 

Accreditation claims for such testing and/or calibration services shall only be made from addresses referenced within this 

certificate. This Accreditation is granted subject to the system rules governing the Accreditation referred to above, and the 

Organization hereby covenants with the Accreditation body’s duty to observe and comply with the said rules. 

 Initial Accreditation Date: Issue Date: Accreditation No.: Certificate No.: 

 January 22, 2010 April 7, 2012 65817 L12-48 

 

The validity of this certificate is maintained through ongoing assessments based  

on a continuous accreditation cycle.  The validity of this certificate should be  

confirmed through the PJLA website: www.pjlabs.com  

 

For PJLA: 

 
_________________________ 

Tracy Szerszen 

President/Operations Manager 

Perry Johnson Laboratory 

Accreditation, Inc. (PJLA) 

755 W. Big Beaver, Suite 1325 

Troy, Michigan  48084 
 



Certificate of Accreditation: Supplement 
ISO/IEC 17025:2005 and DoD-ELAP 

Columbia Analytical Services 
1565 Jefferson Road, Building 300, Suite 360, Rochester, NY  14609 

Lisa Reyes   Phone: 585-288-5380 

Accreditation is granted to the facility to perform the following testing: 

Issue: 4-12 This supplement is in conjunction with certificate #L12-48 Page 2 of 16 

 

Matrix Standard/Method Technology Analyte 
Aqueous (CAS SOP) GEN-TICW UV-VIS Total inorganic carbon 

Aqueous EPA 1631 CVAFS Mercury 

Aqueous EPA 1664A Gravimetric Oil and grease 

Aqueous EPA 1664A Gravimetric Total petroleum hydrocarbons 

Aqueous EPA 218.6 IC-UV Chromium, Hexavalent 

Aqueous EPA 245.1 CVAA Mercury 

Aqueous EPA 300.0 IC Chloride 

Aqueous EPA 300.0 IC Fluoride 

Aqueous EPA 300.0 IC Nitrate 

Aqueous EPA 300.0 IC Sulfate 

Aqueous EPA 351.2 UV-VIS Nitrogen, total Kjeldahl 

Aqueous EPA 353.2 UV-VIS Nitrite as N 

Aqueous EPA 410.4 UV-VIS Chemical oxygen demand 

Aqueous EPA 7470A  CVAA Mercury 

Aqueous EPA 8151A GC-ECD Dinoseb 

Aqueous EPA 8260C GC-MS-SIM 1,1-Dichloroethene  

Aqueous EPA 8260C GC-MS-SIM 1,2-Dichlorobenzene 

Aqueous EPA 8260C GC-MS-SIM 1,2-Dichloroethane  

Aqueous EPA 8260C GC-MS-SIM 1,4-Dioxane 

Aqueous EPA 8260C GC-MS-SIM Carbon tetrachloride  

Aqueous EPA 8260C GC-MS-SIM Dichloromethane 

Aqueous EPA 8260C GC-MS-SIM Ethylbenzene  

Aqueous EPA 8260C GC-MS-SIM m- + p-Xylene  

Aqueous EPA 8260C GC-MS-SIM o-Xylene  

Aqueous EPA 8260C GC-MS-SIM Tetrachloroethene  

Aqueous EPA 8260C GC-MS-SIM Trichloroethene  

Aqueous EPA 8260C GC-MS-SIM Vinyl chloride  

Aqueous EPA 8260C GC-MS-SIM Xylenes, total 

Aqueous EPA 8310 HPLC-UV/FLUOR Acenaphthene 

Aqueous EPA 8310 HPLC-UV/FLUOR Acenaphthylene 

Aqueous EPA 8310 HPLC-UV/FLUOR Anthracene 

Aqueous EPA 8310 HPLC-UV/FLUOR Benzo(a)antracene 

Aqueous EPA 8310 HPLC-UV/FLUOR Benzo(a)pyrene 
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ISO/IEC 17025:2005 and DoD-ELAP 

Columbia Analytical Services 
1565 Jefferson Road, Building 300, Suite 360, Rochester, NY  14609 

Lisa Reyes   Phone: 585-288-5380 

Accreditation is granted to the facility to perform the following testing: 

Issue: 4-12 This supplement is in conjunction with certificate #L12-48 Page 3 of 16 

 

Matrix Standard/Method Technology Analyte 
Aqueous EPA 8310 HPLC-UV/FLUOR Benzo(b)fluoranthene 

Aqueous EPA 8310 HPLC-UV/FLUOR Benzo(g,h,i)perylene 

Aqueous EPA 8310 HPLC-UV/FLUOR Benzo(k)fluoranthene 

Aqueous EPA 8310 HPLC-UV/FLUOR Chrysene 

Aqueous EPA 8310 HPLC-UV/FLUOR Dibenzo(a,h)anthracene 

Aqueous EPA 8310 HPLC-UV/FLUOR Fluoranthene 

Aqueous EPA 8310 HPLC-UV/FLUOR Fluorene 

Aqueous EPA 8310 HPLC-UV/FLUOR Indeno(1,2,3-cd)pyrene 

Aqueous EPA 8310 HPLC-UV/FLUOR Naphthalene 

Aqueous EPA 8310 HPLC-UV/FLUOR Phenanthrene 

Aqueous EPA 8310 HPLC-UV/FLUOR Pyrene 

Aqueous EPA 9040B, C POT  pH 

Aqueous EPA 9060, A UV-VIS Total organic carbon 

Aqueous EPA 9066 UV-VIS Phenolics, total 

Aqueous RSK-175 GC-FID Ethane 

Aqueous RSK-175 GC-FID Ethylene 

Aqueous RSK-175 GC-FID Methane 

Aqueous RSK-175 GC-FID Propane 

Aqueous RSK-175 GC-FID Acetylene 

Aqueous SM 2320B Titration Alkalinity, total, carbonate, and bicarbonate 

Aqueous SM 2340C Titration Hardness, total 

Solids (CAS SOP) GEN-351.2 UV-VIS Nitrogen, total Kjeldahl 

Solids (CAS SOP) GEN-420.4/9066 UV-VIS Phenolics, total 

Solids EPA Lloyd Kahn UV-VIS Total organic carbon 

Solids EPA 300.0 IC Chloride 

Solids EPA 300.0 IC Fluoride 

Solids EPA 300.0 IC Nitrate 

Solids EPA 300.0 IC Sulfate 

Solids EPA 7471B CVAA Mercury 

Solids EPA 8330A HPLC-UV 1,3,5-Trinitrobenzene 

Solids EPA 8330A HPLC-UV 1,3-Dinitrobenzene 

Solids EPA 8330A HPLC-UV 2,4,6-Trinitrotoluene 

Solids EPA 8330A HPLC-UV 2,4-Dinitrotoluene 
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Matrix Standard/Method Technology Analyte 
Solids EPA 8330A HPLC-UV 2,6-Dinitrotoluene 

Solids EPA 8330A HPLC-UV 2-Amino-4,6-dinitrotoluene 

Solids EPA 8330A HPLC-UV 2-Nitrotoluene 

Solids EPA 8330A HPLC-UV 3-Nitrotoluene 

Solids EPA 8330A HPLC-UV 4-Amino-2,6-dinitrotoluene 

Solids EPA 8330A HPLC-UV 4-Nitrotoluene 

Solids EPA 8330A HPLC-UV HMX 

Solids EPA 8330A HPLC-UV Nitrobenzene 

Solids EPA 8330A HPLC-UV RDX 

Solids EPA 8330A HPLC-UV Tetryl 

Solids EPA 9045C, D POT  pH 

Solids SM 5220B Titration Chemical oxygen demand 

Aqueous/Solids EPA 1010A Pensky Martin Ignitability 

Aqueous/Solids EPA 353.2 UV-VIS Nitrate/nitrite as N 

Aqueous/Solids EPA 6010C ICP-AES Aluminum 

Aqueous/Solids EPA 6010C ICP-AES Antimony 

Aqueous/Solids EPA 6010C ICP-AES Arsenic 

Aqueous/Solids EPA 6010C ICP-AES Barium 

Aqueous/Solids EPA 6010C ICP-AES Beryllium 

Aqueous/Solids EPA 6010C ICP-AES Boron 

Aqueous/Solids EPA 6010C ICP-AES Cadmium 

Aqueous/Solids EPA 6010C ICP-AES Calcium 

Aqueous/Solids EPA 6010C ICP-AES Chromium 

Aqueous/Solids EPA 6010C ICP-AES Cobalt 

Aqueous/Solids EPA 6010C ICP-AES Copper 

Aqueous/Solids EPA 6010C ICP-AES Iron 

Aqueous/Solids EPA 6010C ICP-AES Lead 

Aqueous/Solids EPA 6010C ICP-AES Magnesium 

Aqueous/Solids EPA 6010C ICP-AES Manganese 

Aqueous/Solids EPA 6010C ICP-AES Nickel 

Aqueous/Solids EPA 6010C ICP-AES Potassium 

Aqueous/Solids EPA 6010C ICP-AES Selenium 

Aqueous/Solids EPA 6010C ICP-AES Silver 
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Matrix Standard/Method Technology Analyte 
Aqueous/Solids EPA 6010C ICP-AES Sodium 

Aqueous/Solids EPA 6010C ICP-AES Thallium 

Aqueous/Solids EPA 6010C ICP-AES Tin 

Aqueous/Solids EPA 6010C ICP-AES Vanadium 

Aqueous/Solids EPA 6010C ICP-AES Zinc 

Aqueous/Solids EPA 6020A ICP-MS Arsenic 

Aqueous/Solids EPA 6020A ICP-MS Antimony 

Aqueous/Solids EPA 6020A ICP-MS Barium 

Aqueous/Solids EPA 6020A ICP-MS Beryllium 

Aqueous/Solids EPA 6020A ICP-MS Cadmium 

Aqueous/Solids EPA 6020A ICP-MS Chromium 

Aqueous/Solids EPA 6020A ICP-MS Cobalt 

Aqueous/Solids EPA 6020A ICP-MS Copper 

Aqueous/Solids EPA 6020A ICP-MS Lead 

Aqueous/Solids EPA 6020A ICP-MS Manganese 

Aqueous/Solids EPA 6020A ICP-MS Nickel 

Aqueous/Solids EPA 6020A ICP-MS Selenium 

Aqueous/Solids EPA 6020A ICP-MS Silver 

Aqueous/Solids EPA 6020A ICP-MS Thallium 

Aqueous/Solids EPA 6020A ICP-MS Vanadium 

Aqueous/Solids EPA 6020A ICP-MS Zinc 

Aqueous/Solids EPA 680 GC-MS Monochlorobiphenyls, Total 

Aqueous/Solids EPA 680 GC-MS Dichlorobiphenyls, Total 

Aqueous/Solids EPA 680 GC-MS Trichlorobiphenyls, Total 

Aqueous/Solids EPA 680 GC-MS Tetrachlorobiphenyls, Total 

Aqueous/Solids EPA 680 GC-MS Pentachlorobiphenyls, Total 

Aqueous/Solids EPA 680 GC-MS Hexachlorobiphenyls, Total 

Aqueous/Solids EPA 680 GC-MS Heptachlorobiphenyls, Total 

Aqueous/Solids EPA 680 GC-MS Octachlorobiphenyls, Total 

Aqueous/Solids EPA 680 GC-MS Nonachlorobiphenyls, Total 

Aqueous/Solids EPA 680 GC-MS Decachlorobiphenyls, Total 

Aqueous/Solids EPA 6850 HPLC-MS Perchlorate 
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Matrix Standard/Method Technology Analyte 
Aqueous/Solids EPA 7196A UV-VIS Chromium, hexavalent 

Aqueous/Solids EPA 7199 IC-UV  Chromium, hexavalent 

Aqueous/Solids EPA 8015C GC-FID Gasoline range organics 

Aqueous/Solids EPA 8015C  GC-FID Diesel range organics 

Aqueous/Solids EPA 8081B GC-ECD 4,4'-DDD  

Aqueous/Solids EPA 8081B GC-ECD 4,4'-DDE  

Aqueous/Solids EPA 8081B GC-ECD 4,4'-DDT  

Aqueous/Solids EPA 8081B GC-ECD Aldrin  

Aqueous/Solids EPA 8081B GC-ECD α-BHC  

Aqueous/Solids EPA 8081B GC-ECD Alpha-chlordane  

Aqueous/Solids EPA 8081B GC-ECD β-BHC  

Aqueous/Solids EPA 8081B GC-ECD Chlordane, technical 

Aqueous/Solids EPA 8081B GC-ECD δ-BHC  

Aqueous/Solids EPA 8081B GC-ECD Dieldrin    

Aqueous/Solids EPA 8081B GC-ECD Endosulfan I  

Aqueous/Solids EPA 8081B GC-ECD Endosulfan II  

Aqueous/Solids EPA 8081B GC-ECD Endosulfan sulfate  

Aqueous/Solids EPA 8081B GC-ECD Endrin  

Aqueous/Solids EPA 8081B GC-ECD Endrin aldehyde  

Aqueous/Solids EPA 8081B GC-ECD Endrin ketone  

Aqueous/Solids EPA 8081B GC-ECD γ-BHC (Lindane)  

Aqueous/Solids EPA 8081B GC-ECD γ-Chlordane  

Aqueous/Solids EPA 8081B GC-ECD Heptachlor  

Aqueous/Solids EPA 8081B GC-ECD Heptachlor epoxide  

Aqueous/Solids EPA 8081B GC-ECD Hexachlorobenzene 

Aqueous/Solids EPA 8081B GC-ECD Methoxychlor  

Aqueous/Solids EPA 8081B GC-ECD Toxaphene  

Aqueous/Solids EPA 8082A GC-ECD PCB 1016  

Aqueous/Solids EPA 8082A GC-ECD PCB 1221  

Aqueous/Solids EPA 8082A GC-ECD PCB 1232   

Aqueous/Solids EPA 8082A GC-ECD PCB 1242  

Aqueous/Solids EPA 8082A GC-ECD PCB 1248  

Aqueous/Solids EPA 8082A GC-ECD PCB 1254  
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Matrix Standard/Method Technology Analyte 
Aqueous/Solids EPA 8082A GC-ECD PCB 1260  

Aqueous/Solids EPA 8082A GC-ECD PCB 1268  

Aqueous/Solids EPA 8151A GC-ECD 2,4-D 

Aqueous/Solids EPA 8151A GC-ECD Dicamba 

Aqueous/Solids EPA 8151A GC-ECD 2,4,5-T 

Aqueous/Solids EPA 8151A GC-ECD 2,4,5-TP 

Aqueous/Solids EPA 8151A GC-ECD Pentachlorophenol (PCP) 

Aqueous/Solids EPA 8260C GC-MS 1,1,1,2-Tetrachloroethane 

Aqueous/Solids EPA 8260C GC-MS 1,1,1-Trichloroethane  

Aqueous/Solids EPA 8260C GC-MS 1,1,2,2-Tetrachloroethane  

Aqueous/Solids EPA 8260C GC-MS 1,1,2-Trichloro-1,2,2-trifluoroethane (Freon 113) 

Aqueous/Solids EPA 8260C GC-MS 1,1,2-Trichloroethane  

Aqueous/Solids EPA 8260C GC-MS 1,1-Dichloroethane  

Aqueous/Solids EPA 8260C GC-MS 1,1-Dichloroethene  

Aqueous/Solids EPA 8260C GC-MS 1,1-Dichloropropene 

Aqueous/Solids EPA 8260C GC-MS 1,2,3-Trichlorobenzene 

Aqueous/Solids EPA 8260C GC-MS 1,2,3-Trichloropropane 

Aqueous/Solids EPA 8260C GC-MS 1,2,4-Trichlorobenzene 

Aqueous/Solids EPA 8260C GC-MS 1,2,4-Trimethylbenzene 

Aqueous/Solids EPA 8260C GC-MS 1,2-Dibromo-3-chloropropane 

Aqueous/Solids EPA 8260C GC-MS 1,2-Dibromoethane 

Aqueous/Solids EPA 8260C GC-MS 1,2-Dichloro-1,1,2,2-tetrafluoroethane (Freon-114) 

Aqueous/Solids EPA 8260C GC-MS 1,2-Dichloro-1,1,2-trifluoroethane (Freon 123a) 

Aqueous/Solids EPA 8260C GC-MS 1,2-Dichlorobenzene 

Aqueous/Solids EPA 8260C GC-MS 1,2-Dichloroethane  

Aqueous/Solids EPA 8260C GC-MS 1,2-Dichloroethene, total 

Aqueous/Solids EPA 8260C GC-MS 1,2-Dichloropropane  

Aqueous/Solids EPA 8260C GC-MS 1,3,5-Trimethylbenzene 

Aqueous/Solids EPA 8260C GC-MS 1,3-Dichlorobenzene 

Aqueous/Solids EPA 8260C GC-MS 1,3-Dichloropropane 

Aqueous/Solids EPA 8260C GC-MS 1,4-Dichlorobenzene 

Aqueous/Solids EPA 8260C GC-MS 1,4-Dioxane 
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Matrix Standard/Method Technology Analyte 
Aqueous/Solids EPA 8260C GC-MS 2,2-Dichloro-1,1,1-trifluoroethane (Freon 123) 

Aqueous/Solids EPA 8260C GC-MS 2,2-Dichloropropane 

Aqueous/Solids EPA 8260C GC-MS 2-Butanone (MEK)  

Aqueous/Solids EPA 8260C GC-MS 2-Chloro-1,3-butadiene 

Aqueous/Solids EPA 8260C GC-MS 2-Chloroethylvinyl ether 

Aqueous/Solids EPA 8260C GC-MS 2-Chlorotoluene 

Aqueous/Solids EPA 8260C GC-MS 2-Hexanone  

Aqueous/Solids EPA 8260C GC-MS 2-Methyl-1-propanol (Isobutlyl alcohol) 

Aqueous/Solids EPA 8260C GC-MS 2-Methyl-2-propanol (Tertbutyl alcohol) 

Aqueous/Solids EPA 8260C GC-MS 2-Nitropropane 

Aqueous/Solids EPA 8260C GC-MS 2-Propanol 

Aqueous/Solids EPA 8260C GC-MS 3-Chloro-1-propene (Allyl chloride) 

Aqueous/Solids EPA 8260C GC-MS 4-Chlorotoluene 

Aqueous/Solids EPA 8260C GC-MS 4-Ethyltoluene 

Aqueous/Solids EPA 8260C GC-MS 4-Isopropyltoluene 

Aqueous/Solids EPA 8260C GC-MS 4-Methyl-2-pentanone (MIBK)  

Aqueous/Solids EPA 8260C GC-MS Acetone  

Aqueous/Solids EPA 8260C GC-MS Acetonitrile 

Aqueous/Solids EPA 8260C GC-MS Acrolein 

Aqueous/Solids EPA 8260C GC-MS Acrylonitrile 

Aqueous/Solids EPA 8260C GC-MS Benzene  

Aqueous/Solids EPA 8260C GC-MS Benzyl chloride 

Aqueous/Solids EPA 8260C GC-MS Bromobenzene 

Aqueous/Solids EPA 8260C GC-MS Bromochloromethane 

Aqueous/Solids EPA 8260C GC-MS Bromodichloromethane  

Aqueous/Solids EPA 8260C GC-MS Bromoform  

Aqueous/Solids EPA 8260C GC-MS Bromomethane  

Aqueous/Solids EPA 8260C GC-MS Carbon disulfide  

Aqueous/Solids EPA 8260C GC-MS Carbon tetrachloride  

Aqueous/Solids EPA 8260C GC-MS Chlorobenzene  

Aqueous/Solids EPA 8260C GC-MS Chloroethane  

Aqueous/Solids EPA 8260C GC-MS Chloroform  

Aqueous/Solids EPA 8260C GC-MS Chloromethane  
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Matrix Standard/Method Technology Analyte 
Aqueous/Solids EPA 8260C GC-MS cis-1,2-Dichloroethene  

Aqueous/Solids EPA 8260C GC-MS cis-1,3-Dichloropropene  

Aqueous/Solids EPA 8260C GC-MS Cyclohexane 

Aqueous/Solids EPA 8260C GC-MS Cyclohexanone 

Aqueous/Solids EPA 8260C GC-MS Dibromochloromethane  

Aqueous/Solids EPA 8260C GC-MS Dibromomethane 

Aqueous/Solids EPA 8260C GC-MS Dichlorodifluoromethane (Freon 12) 

Aqueous/Solids EPA 8260C GC-MS Dichlorofluoromethane (Freon 21) 

Aqueous/Solids EPA 8260C GC-MS Dichloromethane 

Aqueous/Solids EPA 8260C GC-MS Diethyl ether 

Aqueous/Solids EPA 8260C GC-MS Diisopropyl ether 

Aqueous/Solids EPA 8260C GC-MS Ethyl methacrylate 

Aqueous/Solids EPA 8260C GC-MS Ethyl tert-butyl ether 

Aqueous/Solids EPA 8260C GC-MS Ethylbenzene  

Aqueous/Solids EPA 8260C GC-MS Hexachlorobutadiene 

Aqueous/Solids EPA 8260C GC-MS Iodomethane 

Aqueous/Solids EPA 8260C GC-MS Isopropylbenzene 

Aqueous/Solids EPA 8260C GC-MS m- + p-Xylene  

Aqueous/Solids EPA 8260C GC-MS Methacrylonitrile 

Aqueous/Solids EPA 8260C GC-MS Methyl acetate 

Aqueous/Solids EPA 8260C GC-MS Methyl methacrylate 

Aqueous/Solids EPA 8260C GC-MS Methylcyclohexane 

Aqueous/Solids EPA 8260C GC-MS Methyl-tert-butyl ether (MTBE) 

Aqueous/Solids EPA 8260C GC-MS Napthalene 

Aqueous/Solids EPA 8260C GC-MS N-butylacetate 

Aqueous/Solids EPA 8260C GC-MS N-butylbenzene 

Aqueous/Solids EPA 8260C GC-MS N-heptane 

Aqueous/Solids EPA 8260C GC-MS N-propylbenzene 

Aqueous/Solids EPA 8260C GC-MS o-Xylene  

Aqueous/Solids EPA 8260C GC-MS Propionitrile 

Aqueous/Solids EPA 8260C GC-MS sec-butylbenzene 

Aqueous/Solids EPA 8260C GC-MS Styrene  

Aqueous/Solids EPA 8260C GC-MS tert-amyl methyl ether 
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Matrix Standard/Method Technology Analyte 
Aqueous/Solids EPA 8260C GC-MS tert-butylbenzene 

Aqueous/Solids EPA 8260C GC-MS Tetra hydrofuran 

Aqueous/Solids EPA 8260C GC-MS Tetrachloroethene  

Aqueous/Solids EPA 8260C GC-MS Toluene  

Aqueous/Solids EPA 8260C GC-MS trans-1,2-Dichloroethene  

Aqueous/Solids EPA 8260C GC-MS trans-1,3-Dichloropropene  

Aqueous/Solids EPA 8260C GC-MS trans-1,4-Dichloro-2-butene 

Aqueous/Solids EPA 8260C GC-MS Trichloroethene  

Aqueous/Solids EPA 8260C GC-MS Trichlorofluoromethane (Freon 11) 

Aqueous/Solids EPA 8260C GC-MS Vinyl acetate 

Aqueous/Solids EPA 8260C GC-MS Vinyl chloride  

Aqueous/Solids EPA 8260C GC-MS Xylenes, total 

Aqueous/Solids EPA 8270D GC-MS 1,2,4,5-Tetrachlorobenzene 

Aqueous/Solids EPA 8270D GC-MS 1,2,4-Trichlorobenzene  

Aqueous/Solids EPA 8270D GC-MS 1,2-Dichlorobenzene  

Aqueous/Solids EPA 8270D GC-MS 1,2-Diphenylhydrazine 

Aqueous/Solids EPA 8270D GC-MS 1,3,5-Trinitrobenzene 

Aqueous/Solids EPA 8270D GC-MS 1,3-Dichlorobenzene  

Aqueous/Solids EPA 8270D GC-MS 1,3-Dinitrobenzene 

Aqueous/Solids EPA 8270D GC-MS 1,4-Dichlorobenzene  

Aqueous/Solids EPA 8270D GC-MS 1,4-Dioxane 

Aqueous/Solids EPA 8270D GC-MS 1,4-Naphthoquinone 

Aqueous/Solids EPA 8270D GC-MS 1-Methyl-2-pyrrolidinone 

Aqueous/Solids EPA 8270D GC-MS 1-Methylnaphthalene 

Aqueous/Solids EPA 8270D GC-MS 1-Naphthylamine 

Aqueous/Solids EPA 8270D GC-MS 2,3,4,6-Tetrachlorophenol 

Aqueous/Solids EPA 8270D GC-MS 2,4,5-Trichlorophenol  

Aqueous/Solids EPA 8270D GC-MS 2,4,6-Trichlorophenol  

Aqueous/Solids EPA 8270D GC-MS 2,4-Dichlorophenol  

Aqueous/Solids EPA 8270D GC-MS 2,4-Dimethylphenol  

Aqueous/Solids EPA 8270D GC-MS 2,4-Dinitrophenol  

Aqueous/Solids EPA 8270D GC-MS 2,4-Dinitrotoluene  

Aqueous/Solids EPA 8270D GC-MS 2,6-Dichlorophenol 
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Matrix Standard/Method Technology Analyte 
Aqueous/Solids EPA 8270D GC-MS 2,6-Dinitrotoluene  

Aqueous/Solids EPA 8270D GC-MS 2-Acetylaminofluorene 

Aqueous/Solids EPA 8270D GC-MS 2-Chloronaphthalene  

Aqueous/Solids EPA 8270D GC-MS 2-Chlorophenol  

Aqueous/Solids EPA 8270D GC-MS 2-Methyl-5-nitroaniline (5-Nitro-o-toluidine) 

Aqueous/Solids EPA 8270D GC-MS 2-Methylnaphthalene  

Aqueous/Solids EPA 8270D GC-MS 2-Methylphenol  

Aqueous/Solids EPA 8270D GC-MS 2-Naphthylamine 

Aqueous/Solids EPA 8270D GC-MS 2-Nitroaniline  

Aqueous/Solids EPA 8270D GC-MS 2-Nitrophenol  

Aqueous/Solids EPA 8270D GC-MS 2-Picoline 

Aqueous/Solids EPA 8270D GC-MS 3,3'-Dichlorobenzidine  

Aqueous/Solids EPA 8270D GC-MS 3,3'-Dimethylbenzidine 

Aqueous/Solids EPA 8270D GC-MS 3+4-Methylphenol  

Aqueous/Solids EPA 8270D GC-MS 3-Methylcholanthrene 

Aqueous/Solids EPA 8270D GC-MS 3-Nitroaniline  

Aqueous/Solids EPA 8270D GC-MS 4,6-Dinitro-2-methylphenol  

Aqueous/Solids EPA 8270D GC-MS 4-Aminobiphenyl 

Aqueous/Solids EPA 8270D GC-MS 4-Bromophenyl-phenylether  

Aqueous/Solids EPA 8270D GC-MS 4-Chloro-3-methylphenol  

Aqueous/Solids EPA 8270D GC-MS 4-Chloroaniline  

Aqueous/Solids EPA 8270D GC-MS 4-Chlorophenyl-phenylether  

Aqueous/Solids EPA 8270D GC-MS 4-Nitroaniline  

Aqueous/Solids EPA 8270D GC-MS 4-Nitrophenol  

Aqueous/Solids EPA 8270D GC-MS 4-Nitroquinoline-1-oxide 

Aqueous/Solids EPA 8270D GC-MS 7,12-Dimethylbenz(a)anthracene 

Aqueous/Solids EPA 8270D GC-MS α,α-Dimethylphenethylamine 

Aqueous/Solids EPA 8270D GC-MS Acenaphthene  

Aqueous/Solids EPA 8270D GC-MS Acenaphthylene  

Aqueous/Solids EPA 8270D GC-MS Acetophenone 

Aqueous/Solids EPA 8270D GC-MS Aniline 

Aqueous/Solids EPA 8270D GC-MS Anthracene  

Aqueous/Solids EPA 8270D GC-MS Aramite 
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Matrix Standard/Method Technology Analyte 
Aqueous/Solids EPA 8270D GC-MS Atrazine 

Aqueous/Solids EPA 8270D GC-MS Benzaldehyde 

Aqueous/Solids EPA 8270D GC-MS Benzidine 

Aqueous/Solids EPA 8270D GC-MS Benzo(a)anthracene   

Aqueous/Solids EPA 8270D GC-MS Benzo(a)pyrene  

Aqueous/Solids EPA 8270D GC-MS Benzo(b)fluoranthene  

Aqueous/Solids EPA 8270D GC-MS Benzo(g,h,i)perylene  

Aqueous/Solids EPA 8270D GC-MS Benzo(k)fluoranthene  

Aqueous/Solids EPA 8270D GC-MS Benzoic acid 

Aqueous/Solids EPA 8270D GC-MS Benzyl alcohol  

Aqueous/Solids EPA 8270D GC-MS Biphenyl 

Aqueous/Solids EPA 8270D GC-MS Bis(1-chloroisopropyl)ether 

Aqueous/Solids EPA 8270D GC-MS Bis(-2-chloroethoxy)methane  

Aqueous/Solids EPA 8270D GC-MS Bis(2-chloroethyl)ether  

Aqueous/Solids EPA 8270D GC-MS Bis(2-ethylhexyl)phthalate  

Aqueous/Solids EPA 8270D GC-MS Butyl benzyl phthalate   

Aqueous/Solids EPA 8270D GC-MS Caprolactam 

Aqueous/Solids EPA 8270D GC-MS Carbazole  

Aqueous/Solids EPA 8270D GC-MS Chlorobenzilate 

Aqueous/Solids EPA 8270D GC-MS Chrysene  

Aqueous/Solids EPA 8270D GC-MS Cyclohexane, isothiocyanato- 

Aqueous/Solids EPA 8270D GC-MS Diallate 

Aqueous/Solids EPA 8270D GC-MS Dibenzo(a,h)anthracene  

Aqueous/Solids EPA 8270D GC-MS Dibenzofuran   

Aqueous/Solids EPA 8270D GC-MS Diethylphthalate  

Aqueous/Solids EPA 8270D GC-MS Dimethoate 

Aqueous/Solids EPA 8270D GC-MS Dimethyl phthalate  

Aqueous/Solids EPA 8270D GC-MS Di-n-butylphthalate  

Aqueous/Solids EPA 8270D GC-MS Di-n-octyl phthalate  

Aqueous/Solids EPA 8270D GC-MS Dinoseb 

Aqueous/Solids EPA 8270D GC-MS Diphenylamine 

Aqueous/Solids EPA 8270D GC-MS Disulfoton 

Aqueous/Solids EPA 8270D GC-MS Ethyl methanesulfonate 
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Matrix Standard/Method Technology Analyte 
Aqueous/Solids EPA 8270D GC-MS Fluoranthene  

Aqueous/Solids EPA 8270D GC-MS Fluorene  

Aqueous/Solids EPA 8270D GC-MS Hexachlorobenzene  

Aqueous/Solids EPA 8270D GC-MS Hexachlorobutadiene  

Aqueous/Solids EPA 8270D GC-MS Hexachlorocyclopentadiene  

Aqueous/Solids EPA 8270D GC-MS Hexachloroethane  

Aqueous/Solids EPA 8270D GC-MS Hexachlorophene 

Aqueous/Solids EPA 8270D GC-MS Hexachloropropene 

Aqueous/Solids EPA 8270D GC-MS Indeno(1,2,3-cd)pyrene  

Aqueous/Solids EPA 8270D GC-MS Isodrin 

Aqueous/Solids EPA 8270D GC-MS Isophorone  

Aqueous/Solids EPA 8270D GC-MS Isosafrole 

Aqueous/Solids EPA 8270D GC-MS Methapyrilene 

Aqueous/Solids EPA 8270D GC-MS Methyl methanesulfonate 

Aqueous/Solids EPA 8270D GC-MS Methyl parathion 

Aqueous/Solids EPA 8270D GC-MS Naphthalene  

Aqueous/Solids EPA 8270D GC-MS Nitrobenzene  

Aqueous/Solids EPA 8270D GC-MS N-nitrosodiethylamine 

Aqueous/Solids EPA 8270D GC-MS N-nitrosodimethylamine  

Aqueous/Solids EPA 8270D GC-MS N-nitrosodi-n-butylamine 

Aqueous/Solids EPA 8270D GC-MS N-nitroso-di-n-propylamine  

Aqueous/Solids EPA 8270D GC-MS N-nitrosodiphenylamine  

Aqueous/Solids EPA 8270D GC-MS N-nitrosomethylethylamine 

Aqueous/Solids EPA 8270D GC-MS N-nitrosomorpholine 

Aqueous/Solids EPA 8270D GC-MS N-nitrosopiperidine 

Aqueous/Solids EPA 8270D GC-MS N-nitrosopyrolidine 

Aqueous/Solids EPA 8270D GC-MS Octachlorostyrene 

Aqueous/Solids EPA 8270D GC-MS o,o,o-triethyl phosphorothioate 

Aqueous/Solids EPA 8270D GC-MS o-toluidine 

Aqueous/Solids EPA 8270D GC-MS Parathion (ethyl) 

Aqueous/Solids EPA 8270D GC-MS p-dimethylaminoazobenzene 

Aqueous/Solids EPA 8270D GC-MS Pentachlorobenzene 

Aqueous/Solids EPA 8270D GC-MS Pentachloroethane 
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Matrix Standard/Method Technology Analyte 
Aqueous/Solids EPA 8270D GC-MS Pentachloronitrobenzene 

Aqueous/Solids EPA 8270D GC-MS Pentachlorophenol  

Aqueous/Solids EPA 8270D GC-MS Phenacetin 

Aqueous/Solids EPA 8270D GC-MS Phenanthrene  

Aqueous/Solids EPA 8270D GC-MS Phenol  

Aqueous/Solids EPA 8270D GC-MS Phorate 

Aqueous/Solids EPA 8270D GC-MS Phthalimide 

Aqueous/Solids EPA 8270D GC-MS Pyrene  

Aqueous/Solids EPA 8270D GC-MS Pyridine 

Aqueous/Solids EPA 8270D GC-MS Safrole 

Aqueous/Solids EPA 8270D GC-MS Sulfotepp 

Aqueous/Solids EPA 8270D GC-MS Thionazin 

Aqueous/Solids EPA 8270D GC-MS-LL 1,4-Dioxane 

Aqueous/Solids EPA 8270D GC-MS-LL 1-Methylnaphthalene 

Aqueous/Solids EPA 8270D GC-MS-LL 2-Methylnaphthalene 

Aqueous/Solids EPA 8270D GC-MS-LL Acenaphthene  

Aqueous/Solids EPA 8270D GC-MS-LL Acenaphthylene  

Aqueous/Solids EPA 8270D GC-MS-LL Anthracene  

Aqueous/Solids EPA 8270D GC-MS-LL Benzo(a)anthracene  

Aqueous/Solids EPA 8270D GC-MS-LL Benzo(a)pyrene  

Aqueous/Solids EPA 8270D GC-MS-LL Benzo(b)fluoranthene  

Aqueous/Solids EPA 8270D GC-MS-LL Benzo(g,h,i)perylene  

Aqueous/Solids EPA 8270D GC-MS-LL Benzo(k)fluoranthene  

Aqueous/Solids EPA 8270D GC-MS-LL Bis(2-ethylhexyl)phthalate 

Aqueous/Solids EPA 8270D GC-MS-LL Butyl benzyl phthalate 

Aqueous/Solids EPA 8270D GC-MS-LL Carbazole 

Aqueous/Solids EPA 8270D GC-MS-LL Chrysene  

Aqueous/Solids EPA 8270D GC-MS-LL Dibenzo(a,h)anthracene  

Aqueous/Solids EPA 8270D GC-MS-LL Dibenzofuran 

Aqueous/Solids EPA 8270D GC-MS-LL Diethyl phthalate 

Aqueous/Solids EPA 8270D GC-MS-LL Dimethyl phthalate 

Aqueous/Solids EPA 8270D GC-MS-LL Di-n-butyl phthalate 

Aqueous/Solids EPA 8270D GC-MS-LL Di-n-octyl phthalate 
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Matrix Standard/Method Technology Analyte 
Aqueous/Solids EPA 8270D GC-MS-LL Fluoranthene  

Aqueous/Solids EPA 8270D GC-MS-LL Fluorene  

Aqueous/Solids EPA 8270D GC-MS-LL Hexachlorobenzene 

Aqueous/Solids EPA 8270D GC-MS-LL Indeno(1,2,3-cd)pyrene  

Aqueous/Solids EPA 8270D GC-MS-LL Naphthalene  

Aqueous/Solids EPA 8270D GC-MS-LL Nitrobenzene 

Aqueous/Solids EPA 8270D GC-MS-LL Octachlorostyrene 

Aqueous/Solids EPA 8270D GC-MS-LL Phenanthrene  

Aqueous/Solids EPA 8270D GC-MS-LL Pyrene  

Aqueous/Solids EPA 8270D GC-MS-LL Pyridine 

Aqueous/Solids EPA 9012A, B UV-VIS Cyanide, total 

Aqueous/Solids EPA 9034 Titration Sulfide, acid soluble 

Aqueous/Solids EPA 9056A IC Bromide 

Aqueous/Solids EPA 9056A IC Chloride 

Aqueous/Solids EPA 9056A IC Fluoride 

Aqueous/Solids EPA 9056A IC Nitrate as Nitrogen 

Aqueous/Solids EPA 9056A IC Nitrite as Nitrogen 

Aqueous/Solids EPA 9056A IC Sulfate 

Aqueous/Solids GEN-AVS Titrimetric Acid Volatile Sulfide 

Aqueous/Solids EPA 8330B HPLC 1,3,5-Trinitrobenzene 

Aqueous/Solids EPA 8330B HPLC 1,3-Dinitrobenzene 

Aqueous/Solids EPA 8330B HPLC 2,4,6-Trinitrotoluene (TNT) 

Aqueous/Solids EPA 8330B HPLC 2,4-Dinitrotoluene 

Aqueous/Solids EPA 8330B HPLC 2,6-Dinitrotoluene 

Aqueous/Solids EPA 8330B HPLC 2-Amino 4,6-Dinitrotoluene 

Aqueous/Solids EPA 8330B HPLC 2-Nitrotoluene 

Aqueous/Solids EPA 8330B HPLC 3,5-Dinitroaniline 

Aqueous/Solids EPA 8330B HPLC 3-Nitrotoluene 

Aqueous/Solids EPA 8330B HPLC 4-Amino 2,6-Dinitrotoluene 

Aqueous/Solids EPA 8330B HPLC 4-Nitrotoluene 

Aqueous/Solids EPA 8330B HPLC Hexahydro 1,3,5-Trinitro 1,3,5-Triazine  

Aqueous/Solids EPA 8330B HPLC Methyl 2,4,6 Trinitrophenylnitramine  

Aqueous/Solids EPA 8330B HPLC Nitrobenzene 

Aqueous/Solids EPA 8330B HPLC Nitroglycerin 
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Matrix Standard/Method Technology Analyte 
Aqueous/Solids EPA 8330B HPLC Octahydro 1.3.5.7 Tetranitro 1,3,5,7 

Tetraz 

Aqueous/Solids EPA 8330B HPLC Pentaerythritol Tetranitrate (PETN) 

Aqueous/Solids HPLC-METACID HPLC Acetic Acid 

Aqueous/Solids HPLC-METACID HPLC Butanoic Acid (Butyric Acid) 

Aqueous/Solids HPLC-METACID HPLC Lactic Acid 

Aqueous/Solids HPLC-METACID HPLC Propionic Acid 

Aqueous/Solids HPLC-METACID HPLC Pyruvic Acid 

 

 

 

Matrix Standard/Method Technology Analyte 
Aqueous EPA 3010A  Acid Digestion Metals prep 

Aqueous EPA 3510C SF Extraction Semivolatiles, pesticides, PCBs, DRO 

Aqueous EPA 5030B P&T Volatiles 

Solids EPA 3050B Acid Digestion Metals prep 

Solids EPA 3060A Digestion Hexavalent chromium digestion 

Solids EPA 3541 SOX Extraction Semivolatiles, pesticides, PCBs, DRO 

Solids EPA 5035 P&T closed Volatiles 

Aqueous/Solids EPA 1311 TCLP Physical Extraction  

Aqueous/Solids EPA 1312 SPLP Physical Extraction  

Aqueous/Solids EPA 3620B Florisil Cleanup Semivolatiles, pesticides, PCBs 

Aqueous/Solids EPA 3660B Sulfur Cleanup Semivolatiles, pesticides, PCBs 

Aqueous/Solids EPA 3665A Sulfuric Acid Cleanup PCBs 

Aqueous/Solids EPA 9012A, B Distillation Cyanide 

Aqueous/Solids EPA 9030B Distillation Sulfide, acid soluble 

 



 

 

Responses to Comments 



From: Haug.Susanne@epamail.epa.gov [mailto:Haug.Susanne@epamail.epa.gov]  

Sent: Wednesday, October 31, 2012 11:32 AM 
To: Scott Park; Ivester, Marlene/VBO; Sawyer, Stephanie/VBO; Wade.Smith@deq.virginia.gov 

Subject: AOC 6 TNT Subareas comments 1 of 2 

 
Hi Everyone, 

  

I was planning on sending these comments on Monday but we were shut down for 2 days. 

These are only partial comments on the AOC 6 TNT Subareas SAP. I haven't yet received 

BTAG comments. I've sent a reminder email to the BTAG and will send you their comments 

as soon as I get them. A lot of people are still without power and we have a "liberal leave 

policy" in effect. I am working from home today and am having trouble sending 

attachments so I pasted the comments below. I'll send it in letter form tomorrow when I'm 

in the office. 

  

Let me know if you have any questions. 

  

Sue 

 

  
1. PAGES 18 and 26. For soil and gw samples collected during the RI, limited analysis is 

proposed (SVOCs, explosives and metals).  In 2008, for the Site Inspection conducted in 
this area, the analysis was also limited (per page 21 of the report).  Either justification for 
deviating from a full suite analysis of RI samples should be provided or complete 
analysis should be performed. 

  
2. PAGE 24. In the third and seventh bullets, please clarify the text to indicate that 

maximum on-site concentrations will be compared to 95th percent UTL levels in the bg 
population. In the sixth bullet, please clarify that exposure point concentrations for gw 
will be based on the 95th percent UCL of the mean for wells in the most contaminated 
portion of the plume. 

  
3. PAGE 25. According to the last paragraph on this page, 13 "co-located surface (0 to 6 

inches) and subsurface (6 to 24 inches) soil samples will be collected" for the 
RI.  Typically, subsurface soil samples are collected at intervals much deeper than a 
maximum of 24 inches.  Are the top 24 inches at this site comprised of original soil (as 
compared to fill placed after operations)?  If so, if contamination is observed in this 
interval, the full extent of contamination will have to be characterized at some point.  If 
not, samples should be collected at a depth where contamination might be expected to be 
found based on historical site activities. 

  
4. FIGURE 4. The final step of this flow chart states that if maximum bg concentrations are 

not exceeded, then no further investigation or action is warranted.  After many 
discussions on this topic, I believe the team agreed that this step (which has been 
consistently opposed by EPA) would be used as a single line of evidence and in 
conjunction with other information to help characterize sites, and not as a screen to 
eliminate sites.  The Decision Tree should be modified to reflect this. 
  



5.       In an effort to completely and comprehensively characterize the contamination at this 
Site, it is highly recommended the laboratories performing the analyses report Tentatively 
Identified Compounds (TICs). TIC reporting is very useful in preventing chemical 
contaminants not previously screened for from being overlooked. 

  
6.      If any samples are split between laboratories, it is strongly recommended each laboratory 

perform the exact same method for the split sample analysis. It is also recommended each 
split sample be accompanied by blind Performance Evaluation (PE) samples.  
  

7.      Laboratory accreditation should be reviewed to ensure each is up to date. 
  

8.      Note: United States Environmental Protection Agency Region III has made the National 
Functional Guidelines for performing Data Validation the standard. 

  

Sue 

 

Susanne Haug, P.E. 

Remedial Project Manager 

US EPA Region III (3HS11) 

215-814-3394 (ph 



 
 UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 

REGION III 
1650 Arch Street 

Philadelphia, Pennsylvania 19103-2029 

 
 
 

November 6, 2012 
 
 
 
Mr. Scott Park 
NAVFAC MIDLANT, Building N-26, Room 3208 
Attention: Code OPHE3, Mr. Scott Park 
9742 Maryland Avenue 
Norfolk, VA 23511-3095 
 

Subject:  Draft Tier II Sampling and Analysis Plan, AOC 6 – TNT Graining House Sump and 
TNT Catch Box Ruins Subareas - Remedial Investigation, Naval Weapons Station 
Yorktown Cheatham Annex, Williamsburg, Virginia, September 2012 

 
Mr. Park: 
 
Thank you for the opportunity to review the subject document.  On October 31, 2012 EPA 
submitted a partial list of comments. The comments below are in addition to those previously 
submitted. This completes the review on this draft version of the document.  
 
1. Page 18, Numbers 1 and 2:  The text needs to clearly state why the groundwater sample 

analysis (metals) is not the same as the soil sample analysis (SVOCs, explosives, and 
metals).  Because soil constituents can migrate to groundwater, analysis for soil and 
groundwater should be for the same constituents. 
 

2. Page 18, Number 5:  The text states “The Team agreed not to include the groundwater 
data in the ERA in this RI.”  It is not clear if adequate sediment and surface water data 
from Penniman Lake have been collected to identify contaminant migration from this site 
to Penniman Lake in order to address ecological risk in Penniman Lake.  The text needs 
to clearly state that data in Penniman Lake is limited and additional sampling will be 
needed as part of the Penniman Lake RI to assess impacts from this site. 
 

3. Section 2.2.1 on page 21 states that a Final Site Inspection (SI) Narrative Report for the 
Penniman Shell Loading Plant was prepared in 1999 and found that one explosive and 
several metals exceeded the 1999 EPA Region 3 risk-based concentrations.  Based on 
these results, it appears that the sample analysis in the 2008 SI was limited to SVOCs, 
explosives, metals, and cyanide; and pesticides and PCBs were not analyzed.  Additional 
justification needs to be provided for eliminating these analytes in the 2008 SI and the 



 
current investigation as the original results in 1999 were only compared to human health 
criteria and did not consider exceedances of ecological criteria. 
 

4. Section 2.2.1 on page 21 states that since no potential human health or ecological risks 
were identified for sediment and surface water and a remedial investigation for Penniman 
Lake is planned, no further action was recommended for these media as part of AOC 6.  
A similar statement is made in Section 2.2.3 on page 22.  It is unclear how the conclusion 
of no ecological risk was reached since screening levels were exceeded in sediment for 
explosives and metals and in surface water for metals.  Since only one sediment sample 
was collected, the extent of the contamination and potential risk in Penniman Lake is 
undefined.  This area of Penniman Lake should be further evaluated as part of the 
Penniman Lake remedial investigation. 
 

5. Page 22, Section 2.2.3 Distribution of Contamination:  The text indicates that the soil in 
the western and northeastern portions of the site was not sampled.  Therefore additional 
soil samples are required to fill this data gap.  While the existing SI data may suggest a 
limited number of contaminants, this is based on a very limited number of samples. All of 
the contaminants included in the original SI analyses need to be included in the 
subsequent RI sampling analysis because of the uncertainty with limiting the analyte list 
based on limited sampling. 
 

6. Section 2.2.2 on page 22 states that surficial runoff from the AOC 6 TNT subareas flows 
primarily east toward Penniman Lake and southeast toward King Creek.  The section 
further states that groundwater is expected to flow east to Penniman Lake and southeast 
toward King Creek.  Based on the migration pathway, it is unclear why no samples have 
been collected and none are proposed for collection in King Creek.  This represents a data 
gap that will need to be addressed as part of this or another investigation.  This issue 
should be discussed. 
 

7. Section 2.2.6 on page 23 states that due to the small size of the potentially impacted area, 
potential exposures for upper trophic level receptors (e.g., birds and mammals) are not 
likely to be significant. Therefore, no food chain modeling will be performed as part of 
the ecological risk assessment.  BTAG does not support this approach particularly since 
the extent of contamination is not well defined.  BTAG recommends addressing potential 
risk to upper trophic level receptors, particularly those with smaller home ranges (e.g., 
American robin [Turdus migratorius] and short-tailed shrew [Blarina brevicauda]). 
Because of their small home range, small body size, and high ingestion rates, these 
receptors would be sensitive to contaminants found at the site. 
 

8. Page 24, Section 2.3.2 Data Quality Objectives:  In order to know that analytes are 
undetected, the quantitation levels (QLs) need to be lower than the respective ecological 
screening values.  If this is not the case, then those contaminants will need to be retained 
as contaminants of potential concern. 
 



Sincerely, 

Susanne Haug, P.E. 
NPL/BRAC Federal Facilities Branch 

 
9. Section 2.3.2.2 on page 25 states that to evaluate potential ecological risk, mean soil 

concentrations will be compared with soil ecological screening values (ESVs).  If soil 
concentrations are below soil ESVs, the chemical will not be considered a contaminant of 
potential concern.  The magnitude of the maximum hazard quotient will also be 
considered when making this determination.  This approach is unacceptable. Because soil 
invertebrates and plants have limited or no mobility, potential risk from individual hot 
spots should also be evaluated.  Any soil samples with concentrations exceeding ESVs 
present potential risk to plants and soil invertebrates.   
 

10. Page 26, Section 2.3.3: The first bullet indicates 6 permanent monitoring wells will be 
installed.  Figure 5 shows the locations of these wells and there is no well located on the 
west side of these former structures.  An adequate explanation for this potential data gap 
needs to be included in this section or else another permanent monitoring well needs to 
be added. 
 

11. Section 2.5 on page 33 states that during meetings, the Partnering Team discussed and 
agreed to the proposed sampling rationale for the this site.  Figure 5 presents the proposed 
sample locations for each medium to be evaluated.  Within the boundaries of the former 
graining house sump (no samples) and catch box ruins (1 sample) sampling is too limited. 
A minimum of three soil samples should be taken within the footprint of each of the ruins 
of the TNT Graining House and the Catch Box ruins. 
 

12. Section 2.3.4 on page 27 states that literature-based ESVs for plants and soil invertebrates 
will be used as project action limits to identify contaminants of potential concern for 
ecological receptors.  The specific values are provided in Tables A1-1 and A1-2 in 
Appendix A-1.  However, the basis for the values is not provided.  BTAG strongly 
recommends that the EPA Eco-SSLs be used when available to assess ecological risk to 
invertebrates and plants.  Other similarly conservative screening levels from the literature 
can be used if Eco-SSLs are not available. 
 

13. Page 27, Section 2.3.4:  The text states “Identified COPCs will be used in a 
quantitative…ERA (through Step 3a) to identify the COPCs for each medium.”  This 
sentence is confusing.  Please re-write to clarify how the first set of COPCs differs from 
the second set of COPCs. 

If you have any questions, please contact me at 215-814-3394. 

    

cc:  Wade Smith, VDEQ            



From: Smith, Wade (DEQ) [mailto:Wade.Smith@deq.virginia.gov]  

Sent: Wednesday, December 12, 2012 1:19 PM 
To: scott.park@navy.mil 

Cc: Ivester, Marlene/VBO; Sawyer, Stephanie/VBO; Haug.Susanne@epamail.epa.gov 
Subject: CAX: AOC 6 SAP - DEQ Comments 

 
Thank you for giving the DEQ the opportunity to comment on the September 2012 Draft SAP for AOC 6 
at CAX. 
  
The Draft SAP was received by the DEQ on September 27, 2012. 
  
Based on the scoping sessions associated with this Draft SAP, the DEQ concurs with the Sampling 
Design and Rationale and has two additional minor comments on the document: 
 
            Please replace John Burchette with Susanne Haug, EPA RPM, throughout document as 
appropriate; and 
 
            Please revise Figure 2 to indicate that the Ammonia Settling Pits are part of the AOC 6 
Approximate Study Area Boundary and not included in the Approximate AOC 6 TNT Subareas Study 
Boundary. 
 
Upon your submittal of the Draft Final SAP, the DEQ will issue an official letter for your files. 
  
Please let me know if you have any questions. 
  
Sincerely, 
 
 

Wade M. Smith 

Remediation Project Manager 

Virginia Department of Environmental Quality 

Office of Remediation Programs 

Phone: (804) 698-4125 
wade.smith@deq.virginia.gov 
 
 



 Response to Comments 
Draft Tier II Sampling and Analysis Plan 

AOC 6 – TNT Graining House Sump and TNT Catch Box Ruins Subareas 
Remedial Investigation 

Naval Weapons Station Yorktown Cheatham Annex 
Williamsburg, VA 
March 18, 2013 

 
Comments received by email on October 31, 2012 and letter dated November 6, 2012 from Sue Haug, U. S. 
Environmental Protection Agency (USEPA) Region 3, and by email on December 12, 2012 from Wade Smith, 
Virginia Department of Environmental Protection (VDEQ), following review of the draft remedial investigation (RI) 
Uniform Federal Policy Sampling and Analysis Plan (SAP) submitted September 26, 2012. 

Comments received from USEPA via email dated October 31, 2012 

EPA RPM Comment 1:  PAGES 18 and 26. For soil and gw samples collected during the RI, limited analysis is 
proposed (SVOCs, explosives and metals).  In 2008, for the Site Inspection conducted in this area, the analysis was 
also limited (per page 21 of the report).  Either justification for deviating from a full suite analysis of RI samples 
should be provided or complete analysis should be performed. 

Response: The AOC 6 TNT subareas waste source samples were analyzed for VOCs, SVOCs, pesticides/PCBs, 
explosives, and inorganics. However, the only contaminants that exceeded the USEPA Region III risk‐based 
concentrations (RBCs) included inorganics and explosives. Specifically, Table 1 of the 1999 Site Inspection (SI) 
Report (Weston, 1999) identified these contaminants as 2,4,6‐TNT, arsenic, cadmium, lead, and manganese and 
the analytical results are included in Table A‐1 in the Attachments to these RTCs.  Therefore, during the 
development of the recent SI UFP‐QAPP (CH2M HILL, 2008), the Partnering Team agreed that full suite analyses 
were not necessary and the samples would be analyzed for SVOCs, explosives, and inorganics (including cyanide) 
(SVOCs added at the request of USEPA). The Final SI Report (CH2M HILL, 2012) concluded that the COPCs 
consisted of one SVOC, six explosives, and 10 inorganics in surface soil; one SVOC, three explosives, and seven 
inorganics in subsurface soil; and 13 total and 10 dissolved inorganics in groundwater. Note also that the one 
SVOC that exceeded screening criteria for surface soil and subsurface soil during the 2008 SI is 2,4‐dinitrotoluene, 
which can also be classified as an explosive constituent for the purposes of laboratory analysis and human health 
and ecological risk screenings.  Therefore, the Team discussed and agreed that this constituent will be captured as 
part of the explosives analysis, and separate SVOC analysis is not needed.   

As stated in Guidance for Conducting Remedial Investigations and Feasibility Studies Under CERCLA (USEPA, 1988), 
Section 2.2.2,  

“Before the activities necessary to conduct an RI/FS can be planned, it is important to compile the available data that have 
previously been collected for a site. These data can be used to determine the additional work that needs to be conducted 
both in the field and within the community. A thorough search of existing data should help avoid duplication of previous 
efforts and lead to a remedial investigation that is more focused and, therefore, more efficient in its expenditure of 
resources.” 

Following this guidance, the RI should include analysis of a focused list of analytes based on the SI exceedances. 
One of the primary purposes of the proposed RI soil and groundwater sampling is to fill relatively minor spatial 
data gaps in areas that were previously investigated with a reasonable degree of spatial coverage. As a result, 
upon evaluation of the recent SI analytical results, the CAX Partnering Team agreed during the three scoping 
sessions (documented in WS #9 of the SAP) that it was appropriate to limit the RI soil sample analyses to 
explosives and inorganics, and groundwater analyses to inorganics in order to fulfill this purpose. 
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Since VOCs, pesticides, and PCBs were not potential constituents of concern following the 1999 SI and were not 
carried forward for the recent SI conducted in 2008, these analyses have not been included in the RI SAP. For 
clarification, text will be added to Section 2.2.1, fourth paragraph, as follows: 

In 2008, SI field activities were conducted and included surface and subsurface soil sampling, temporary 
groundwater well installation activities, groundwater well development and sampling, temporary 
groundwater well abandonment activities, and surface water and sediment (surface and subsurface) 
sampling. The soil and sediment samples were analyzed for SVOCs, explosives, inorganics, and cyanide; 
the groundwater and surface water samples were analyzed for SVOCs, explosives, inorganics (total and 
dissolved), cyanide (total and dissolved), and hardness (surface water only). Since VOCs, SVOCs, 
pesticides, and PCBs were not found to be potential constituents of concern during the 1999 SI, these 
analyses were not carried forward in the recent SI conducted in 2008, except for SVOCs, which were 
added at the request of the USEPA. The results were evaluated as part of the SI Report (CH2M HILL, 2012) 
and indicated that potentially unacceptable human health and/or ecological risks were associated with 
exposure to explosives and inorganics in soil, and inorganics in groundwater, and an RI was 
recommended. Additionally, since no potential human health or ecological risks were identified for 
sediment and surface water and an RI for Penniman Lake is planned, no further action was recommended 
for these media as part of AOC 6 (CH2M HILL, 2012). 

EPA RPM Comment 2:  PAGE 24. In the third and seventh bullets, please clarify the text to indicate that maximum 
on‐site concentrations will be compared to 95th percent UTL levels in the bg population. In the sixth bullet, please 
clarify that exposure point concentrations for gw will be based on the 95th percent UCL of the mean for wells in 
the most contaminated portion of the plume. 

Response: The text will be clarified on page 24 as follows: 

(third bullet)  

 If potentially unacceptable risks are identified associated with inorganics, the maximum detected 
inorganics concentrations will be compared to the base background 95 percent upper tolerance limits 
(UTLs) (CH2M HILL, 2011) to determine if the risks are associated with the site or background 
conditions. If risks are associated with background conditions, no further action or assessment based 
on human health will be required for inorganics in soil. If risks are not associated with base 
background conditions, the constituent will be identified as a constituent of concern (COC). 

(seventh bullet) 

 If potentially unacceptable risks are identified associated with inorganics, the maximum detected 
inorganics concentrations will be compared to the base background 95 percent UTLs to determine if 
the risks are associated with the site or background conditions. If all risks are associated with 
background conditions, no further action or assessment based on human health will be required for 
inorganics in groundwater. If risks are not associated with base background conditions, the 
constituent will be identified as a COC. 

(sixth bullet) 

 If COPCs are identified, human health risks will be evaluated for exposure to the COPCs indentified in 
groundwater for future industrial workers, residents, and construction workers. The 95 percent UCL of 
the mean for wells from the most contaminated portion of the groundwater plume (if a plume is 
identified) will be used as the exposure concentration for the risk calculations. If all risks are within 
acceptable USEPA risk levels, no further action/assessment based on human health will be required 
for groundwater.  

EPA RPM Comment 3:  PAGE 25. According to the last paragraph on this page, 13 "co‐located surface (0 to 6 
inches) and subsurface (6 to 24 inches) soil samples will be collected" for the RI.  Typically, subsurface soil samples 
are collected at intervals much deeper than a maximum of 24 inches.  Are the top 24 inches at this site comprised 
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of original soil (as compared to fill placed after operations)?  If so, if contamination is observed in this interval, the 
full extent of contamination will have to be characterized at some point.  If not, samples should be collected at a 
depth where contamination might be expected to be found based on historical site activities. 

Response:  It is assumed that the top 24 inches of soil at the AOC 6 TNT subareas consists of “original” soil, which 
may have been disturbed during construction and dismantling of the TNT Graining House and TNT Catch Boxes.  It 
is also assumed that the top 24 inches of soil are more likely to be contaminated than deeper soil, and would be 
more likely to have higher site‐related concentrations.  While it is typically assumed for Ecological Risk Assessment 
(ERA) purposes that there are no significant ecological exposures to soil below 24 inches below ground surface 
(bgs), for Human Health Risk Assessment (HHRA) purposes, there is a potential for human exposure associated 
with soil contamination deeper than 24 inches bgs.  

To address the potential for contamination at depths below 24 bgs, collection of a continuous soil core to the 
depth of the water table is proposed at SI sample location CAA06‐SO01. This  location is where the highest 
detections of explosives and inorganics were observed in surface and subsurface soil during the SI (see Figure 5‐14 
(surface soil) and Figure 5‐15 (subsurface soil), included in the Attachments).  It is proposed that soil samples be 
collected from the continuous soil core at each 2‐foot interval from 24 inches bgs to just above the water table 
depth (anticipated to be around 8‐9.5’ bgs).  A graduated approach for analyzing the soil samples for explosives 
and inorganics will be conducted, beginning with the 24‐48 inches bgs subsurface soil sample. If the detection(s) 
of explosives and/or inorganics exceed the current Residential Soil (Adjusted) Levels  in the 24‐48‐inch sample, 
then the 48‐72‐inch  sample will be analyzed for explosives and/or inorganics, and so on. This step‐wise 
comparison of explosives and inorganics detections and soil analyses will continue until no exceedances of current 
Residential Soil (Adjusted) Levels are observed or the deepest subsurface soil sample collected at this location is 
analyzed.  In addition to explosives and inorganics, these deeper soil samples will be analyzed for hexavalent 
chromium if hexavalent chromium is detected, and the concentration is above the RSL, in the sample interval 
above to determine whether or not the human health evaluation assumption that the chromium is in the 
hexavalent form is appropriate. 

EPA RPM Comment 4:  FIGURE 4. The final step of this flow chart states that if maximum bg concentrations are 
not exceeded, then no further investigation or action is warranted.  After many discussions on this topic, I believe 
the team agreed that this step (which has been consistently opposed by EPA) would be used as a single line of 
evidence and in conjunction with other information to help characterize sites, and not as a screen to eliminate 
sites.  The Decision Tree should be modified to reflect this. 

Response:  As discussed with the team as part of resolving the comments on the CAX Site 4 UFP‐SAP, the intention 
of the Decision Tree (Figure 4) presented in the UFP‐SAP is that comparison of COPC/COC concentrations to 
background 95% UTL data (or any other background‐related criteria) will be conducted independently of the 
evaluation of potential risk through the completion of the human health and ecological risk assessments. Only in 
cases where potential human health or ecological risk is identified and comparison of site data to the background 
95% UTLs indicates UTL exceedances, would further evaluation of the data with respect to consistency with 
background conditions be considered. In other words, should further evaluation methods (such as evaluating the 
magnitude of the 95% UTL exceedance and/or comparing to maximum background concentrations) be employed, 
they would only be utilized following the completion of the risk assessments. Therefore, the final step in the 
decision logic will be revised as follows: 

(Section 2.3.2.1, last bullet under “Human Health Decision Logic”) 

 (Section 2.3.2.2, last bullet under “Ecological Decision Logic”)  

 If the COC concentrations exceed the background 95 percent UTLs, further evaluation will be conducted 
to consider whether the COC concentrations are consistent with background conditions or if they 
represent a release such that further action is warranted. 

The 2nd to last box in the decision logic (Figure 4) will be revised to state: 



PAGE 4 OF 9 
 

“Conduct further evaluation to consider whether the COC concentrations are consistent with background 
conditions or if they represent a release such that further action is warranted.” In addition, the text label for the 
arrow from this box directed to the left will be revised to read “COC concentrations not indicative of a CERCLA‐
related release” and the arrow directed to the right to read “COC concentrations indicative of a CERCLA‐related 
release.” 

EPA RPM Comment 5:  In an effort to completely and comprehensively characterize the contamination at this Site, 
it is highly recommended the laboratories performing the analyses report Tentatively Identified Compounds (TICs). 
TIC reporting is very useful in preventing chemical contaminants not previously screened for from being 
overlooked.  

Response: The Navy does not agree with EPA’s recommendation to include reporting for TICs as part of the RI. 
When employed, TIC reporting is generally conducted during the initial phase of investigation when a site has not 
been characterized at all and when there is reason to believe that unconventional pollutants may have been 
released. At the CAX AOC 6 TNT subareas, multiple earlier phases of investigation have included full scan or an 
extensive variety of analytes likely to have been released, such that preliminary lists of COPCs by media have 
already been determined. As a result, the objectives of the current RI are collecting limited additional data to 
refine the spatial dataset to complete the characterization of the site and to refine the assessment of risks to 
human health and the environment. Moreover, experience has shown that generating TIC data at this stage of 
investigation will provide a very small likelihood of ultimately providing actionable information while creating 
substantial additional costs to analyze, report, tabulate, interpret, and manage TIC data. TIC results are fraught 
with uncertainty in nearly every aspect. Very often with TIC reporting, only the class of compound can be 
identified (e.g., “unidentified alkane”). In the event that a specific TIC can be identified by name, there is typically 
very little chance that any regulatory standards associated with the compound exist. The accuracy of reported TIC 
concentrations is also highly suspect, as the analytical instruments have not been calibrated with respect to these 
compounds. Finally, experience has shown that many reported TICs are not actually associated with the 
environmental samples, but are laboratory or sampling artifacts. In summary, it is the Navy’s judgment that 
including TIC reporting as part of the RI would not be a cost‐effective use of resources and would detract from the 
RI effort by creating additional and unnecessary uncertainty associated with the RI results. 

EPA RPM Comment 6:  If any samples are split between laboratories, it is strongly recommended each laboratory 
perform the exact same method for the split sample analysis. It is also recommended each split sample be 

accompanied by blind Performance Evaluation (PE) samples. 

Response: Split sampling is not proposed as part of the CAX AOC 6 TNT subareas RI. As outlined in Section 3.3, 
Table 8, all soil and groundwater samples will be shipped to TriMatrix Labs in Grand Rapids, MI, with the 
exception of hexavalent chromium samples. All hexavalent samples will be shipped directly to Columbia Analytical 
Services, Inc. in Rochester, NY, due to the short hold time for this analyte. Explosives analyses will be performed at 
CAS‐Rochester (8330) or CAS‐Kelso (Nitroguanidine); however, because the hold time for explosives is not short, 
 CH2M HILL will not ship directly to the subcontracted labs. TriMatrix will receive the explosives samples and then 
ship them to the other laboratories. There will be no duplication of analytical results among the respective 
laboratories. No changes were made to the SAP. 
 
EPA RPM Comment 7:  Laboratory accreditation should be reviewed to ensure each is up to date.    

Response: As requested, prior to submittal of the Final SAP, laboratory accreditation will be reviewed by a CH2M 
HILL chemist to ensure that each is up to date. 

EPA RPM Comment 8:  Note: United States Environmental Protection Agency Region III has made the National 
Functional Guidelines for performing Data Validation the standard. 

Response: The data validator may take guidance from the National Functional Guidelines (NFGs) when the 
guidance is relevant to the EPA and lab methods used for this RI. Note that the NFGs are specific to the evaluation 
of Contract Laboratory Program (CLP) methods; since no CLP methods are to be used for this RI, the validation 
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criteria specified in the NFGs are not directly applicable and may not be followed strictly.  No changes were made 
to the SAP. 

Comments received from USEPA via letter dated November 6, 2012 

EPA RPM Comment 1:  Page 18, Numbers 1 and 2:  The text needs to clearly state why the groundwater sample 
analysis (metals) is not the same as the soil sample analysis (SVOCs, explosives, and metals).  Because soil 
constituents can migrate to groundwater, analysis for soil and groundwater should be for the same constituents. 

Response: Page 18, numbers 1 and 2, document the comments and decisions that were made by the CAX 
Partnering Team during the November 16, 2011 scoping session and should not be modified. The environmental 
questions being addressed during the RI and the sampling approach are presented in Section 2.3.3, and 
groundwater is addressed in this section starting on page 26. To clarify why SVOCs and explosives analyses are not 
proposed for the groundwater samples, the first bullet on page 26 will be revised as follows: 

The following work is proposed to answer this environmental question: Six permanent monitoring wells 
(Figure 5) will be installed in the AOC 6 TNT subareas and six groundwater samples will be collected and 
analyzed for inorganics (total and dissolved). The six groundwater samples will also be analyzed for natural 
attenuation parameters (wet chemistry parameters – alkalinity, chloride, nitrate, nitrite, sulfate, sulfide, 
methane, TOC, and pH) to support a natural attenuation evaluation, if necessary.  

Although the RI soil samples will be analyzed for SVOCs and explosives, the groundwater samples will not be 
analyzed for these parameters since none of these constituents were detected in groundwater at similar 
locations during the recent SI (see Figure 5‐16 included in the Attachments). In addition, the release occurred 
nearly 100 years ago, such that if soil contaminants were present at concentrations sufficient to allow 
significant migration from soil to groundwater, the SI results would have provided evidence of that result 
given that groundwater is only approximately 8‐9.5 feet bgs and the matrix is sandy. Furthermore, the water 
solubility of 2,4,6‐TNT, the explosive constituent with the highest concentrations in soil in October 2008, is 
relatively low and “in the case of impact areas, the majority of the TNT may be degraded in the surface soil, 
but small quantities can reach shallow ground water” (Technical Fact Sheet – 2,4,6‐Trinitrotouene (TNT), EPA 
505‐F‐11‐011, May 2012, included in the Attachments).  

In addition, the monitoring wells will be gauged and slug tests will be conducted in order to determine the 
groundwater flow direction and velocity.  

EPA RPM Comment 2:  Page 18, Number 5:  The text states “The Team agreed not to include the groundwater 
data in the ERA in this RI.”  It is not clear if adequate sediment and surface water data from Penniman Lake have 
been collected to identify contaminant migration from this site to Penniman Lake in order to address ecological 
risk in Penniman Lake.  The text needs to clearly state that data in Penniman Lake is limited and additional 
sampling will be needed as part of the Penniman Lake RI to assess impacts from this site. 

Response: Page 18, number 5, documents the comments and decisions that were made by the CAX Partnering 
Team during the November 16, 2011 scoping session and should not be modified. Although the text included in 
the last paragraph of Section 2.2.3 does state that additional surface water and sediment sampling will occur 
during the Penniman Lake RI, this text will be revised as follows: 

The SI data indicate that exposure to surface water and sediment in Penniman Lake adjacent to the AOC 6 
TNT subareas would not be expected to result in any unacceptable human health or ecological risks.  
However, based on the limited surface water and sediment data from the AOC 6 TNT subareas and per 
Team agreement (November 2011 scoping session), any future investigation of Penniman Lake  surface 
water and sediment will be evaluated as part of a separate Penniman Lake RI and these media will not be 
sampled during this RI. 

EPA RPM Comment 3:  Section 2.2.1 on page 21 states that a Final Site Inspection (SI) Narrative Report for the 
Penniman Shell Loading Plant was prepared in 1999 and found that one explosive and several metals exceeded the 



PAGE 6 OF 9 
 

1999 EPA Region 3 risk‐based concentrations.  Based on these results, it appears that the sample analysis in the 
2008 SI was limited to SVOCs, explosives, metals, and cyanide; and pesticides and PCBs were not analyzed.  
Additional justification needs to be provided for eliminating these analytes in the 2008 SI and the current 
investigation as the original results in 1999 were only compared to human health criteria and did not consider 
exceedances of ecological criteria. 

Response: As reported in the Final Site Inspection Narrative Report, Penniman Shell Loading Plant, Williamsburg, 
Virginia (Weston, 1999), the AOC 6 TNT subareas waste source contaminants that exceeded the Region III RBCs 
included inorganics and explosives. Specifically, Table 1 of the 1999 Site Inspection (SI) Report (Weston, 1999) 
identified these contaminants as 2,4,6‐TNT, arsenic, cadmium, lead, and manganese and the analytical results are 
included in Table A‐1 in the Attachments to these RTCs.  As listed in Table A‐1, the 1999 soil sample results 
included low, estimated detections of pesticides and no detections for PCBs. Therefore, during the development 
of the recent SI UFP‐QAPP (CH2M HILL, 2008), the Partnering Team agreed that full suite analyses were not 
necessary and the samples would be analyzed for SVOCs, explosives, and inorganics (including cyanide) (SVOCs 
were added at the request of USEPA).   
 
Since the low, estimated concentrations of detected pesticides in the 1999 soil samples are typical of pesticides 
being used as intended and were not considered to represent a CERCLA release.  PCBs were not detected in the 
1999 soil samples. Consequently, analyses for pesticides and PCBs were eliminated for the recent SI and are not 
proposed for this RI. 
 
EPA RPM Comment 4:  Section 2.2.1 on page 21 states that since no potential human health or ecological risks 
were identified for sediment and surface water and a remedial investigation for Penniman Lake is planned, no 
further action was recommended for these media as part of AOC 6.  A similar statement is made in Section 2.2.3 
on page 22.  It is unclear how the conclusion of no ecological risk was reached since screening levels were 
exceeded in sediment for explosives and metals and in surface water for metals.  Since only one sediment sample 
was collected, the extent of the contamination and potential risk in Penniman Lake is undefined.  This area of 
Penniman Lake should be further evaluated as part of the Penniman Lake remedial investigation. 

Response: As documented in the Final SI Report (CH2M HILL, 2012), no refined COPCs were identified based on 
the ecological risk evaluation conducted for Penniman Lake surface water and sediment adjacent to AOC 6. Thus, 
no unacceptable ecological risks are associated with these media based upon the data set utilized in the Final SI 
report. Nonetheless, this area of Penniman Lake will be further evaluated as part of the Penniman Lake RI.  See 
also the response to EPA RPM Comment 2 above. 

EPA RPM Comment 5:  Page 22, Section 2.2.3 Distribution of Contamination:  The text indicates that the soil in the 
western and northeastern portions of the site was not sampled.  Therefore additional soil samples are required to 
fill this data gap.  While the existing SI data may suggest a limited number of contaminants, this is based on a very 
limited number of samples. All of the contaminants included in the original SI analyses need to be included in the 
subsequent RI sampling analysis because of the uncertainty with limiting the analyte list based on limited 
sampling. 

Response: The 2008 soil sample locations are shown in Figure 5‐7 (from the SI report, which has been attached to 
these RTCs for reference purposes) in the Attachments. In order to address the 2008 SI sampling data gaps in the 
western and northeastern portions of the site, surface and subsurface soil samples are proposed during the RI 
field activities, as shown on Figure 5 (Revised) in the Attachments.   

The original SI soil analyses conducted in 2008 included SVOCs, explosives, and inorganics. The SI constituents 
analyzed for in 2008 are included in the proposed RI analyses with the exception of SVOCs.    

Only one SVOC, 2,4‐dinitrotoluene (DNT), was detected in the 2008 SI soil samples at concentrations that 
exceeded HHRA screening values; ERA screening values were also not exceeded. As agreed to by the CAX 
Partnering Team during the March 2012 scoping session, SVOC analysis for soil samples was removed from the RI 
UFP‐SAP since: 
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 2,4‐DNT was the only SVOC constituent that exceeded any risk screening criteria (HHRA, but not ERA) in the 
soil samples 

 the exceedance occurred at only one sample location, and  

 2,4‐DNT is included as an analyte in the explosives analysis proposed for the RI 

No changes were made to the SAP. 

EPA RPM Comment 6:  Section 2.2.2 on page 22 states that surficial runoff from the AOC 6 TNT subareas flows 
primarily east toward Penniman Lake and southeast toward King Creek.  The section further states that 
groundwater is expected to flow east to Penniman Lake and southeast toward King Creek.  Based on the migration 
pathway, it is unclear why no samples have been collected and none are proposed for collection in King Creek.  This 
represents a data gap that will need to be addressed as part of this or another investigation.  This issue should be 
discussed. 

Response: As stated in Section 2.2.2, page 22, groundwater is expected to flow east toward Penniman Lake and 
southeast toward King Creek. However, the expected groundwater flow directions have not been demonstrated, 
nor has a pathway for the migration of contaminants to King Creek via groundwater been confirmed. Therefore, 
the collection of samples from King Creek is premature and not proposed as part of the RI.  

As documented in Section 2.1.1, page 18, number 2, data will be collected during the RI to allow for the 
determination of the groundwater flow directions and flow velocities at the AOC 6 TNT subareas. Presently, based 
on the results of the recent SI, there is not enough information to conclude that significant groundwater 
contamination is present at the AOC 6 TNT subareas. Until the nature and extent of significant contamination in 
groundwater, if any, is delineated and the potential risk to human health and ecological receptors is evaluated 
during the RI, it is premature to collect samples from King Creek.  

EPA RPM Comment 7:  Section 2.2.6 on page 23 states that due to the small size of the potentially impacted area, 
potential exposures for upper trophic level receptors (e.g., birds and mammals) are not likely to be significant. 
Therefore, no food chain modeling will be performed as part of the ecological risk assessment.  BTAG does not 
support this approach particularly since the extent of contamination is not well defined.  BTAG recommends 
addressing potential risk to upper trophic level receptors, particularly those with smaller home ranges (e.g., 
American robin [Turdus migratorius] and short‐tailed shrew [Blarina brevicauda]). Because of their small home 
range, small body size, and high ingestion rates, these receptors would be sensitive to contaminants found at the 
site. 

Response: This is the same approach that was used in the Final SI report. Specifically, no food web modeling was 
conducted during the SI for this site, as explained and documented in Appendix B of the Final SI Report, as part of 
the ecological risk assessment (ERA) methodology and conceptual site model (CSM). Because the basic ecological 
conceptual model for the site has not changed, nor has the size of the site (less than 1 acre), this approach has 
also been retained for the RI. No changes were made to the SAP in response to this comment. 

EPA RPM Comment 8:  Page 24, Section 2.3.2 Data Quality Objectives:  In order to know that analytes are 
undetected, the quantitation levels (QLs) need to be lower than the respective ecological screening values.  If this is 
not the case, then those contaminants will need to be retained as contaminants of potential concern. 

Response: The Project Action Limits (PALs), Quantitation Limits (QLs), and laboratory limits are provided in 
Appendix A, Table A1‐1 of the SAP. Undetected constituents whose maximum sample‐specific reporting limit 
exceeds an ecological screening value will be retained as a COPC in Step 2 of the ERA for that medium. In Step 3A, 
these constituents will be evaluated further as part of the uncertainty evaluation. 

EPA RPM Comment 9:  Section 2.3.2.2 on page 25 states that to evaluate potential ecological risk, mean soil 
concentrations will be compared with soil ecological screening values (ESVs).  If soil concentrations are below soil 
ESVs, the chemical will not be considered a contaminant of potential concern.  The magnitude of the maximum 
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hazard quotient will also be considered when making this determination.  This approach is unacceptable. Because 
soil invertebrates and plants have limited or no mobility, potential risk from individual hot spots should also be 
evaluated.  Any soil samples with concentrations exceeding ESVs present potential risk to plants and soil 
invertebrates. 

Response: The text of the first bullet in this subsection will be modified to indicate that both the mean and 95% 
UCL of the mean will be calculated and used in the evaluation, with the 95% UCL used as the primary decision EPC 
in Step 3A of the ERA (with consideration of the mean and maximum concentrations, as appropriate). This is 
consistent with Navy ERA guidance and also appropriate for population‐based assessment endpoints. 

EPA RPM Comment 10:  Page 26, Section 2.3.3: The first bullet indicates 6 permanent monitoring wells will be 
installed.  Figure 5 shows the locations of these wells and there is no well located on the west side of these former 
structures.  An adequate explanation for this potential data gap needs to be included in this section or else another 
permanent monitoring well needs to be added. 

Response: In order to address this potential data gap, the locations of the proposed northern‐most monitoring 
well and western‐most co‐located surface and subsurface soil sample within the yellow AOC 6 TNT subareas 
boundary will be switched, as shown on the revised Figure 5 in the Attachments. 

EPA RPM Comment 11:  Section 2.5 on page 33 states that during meetings, the Partnering Team discussed and 
agreed to the proposed sampling rationale for the this site.  Figure 5 presents the proposed sample locations for 
each medium to be evaluated.  Within the boundaries of the former graining house sump (no samples) and catch 
box ruins (1 sample) sampling is too limited. A minimum of three soil samples should be taken within the footprint 
of each of the ruins of the TNT Graining House and the Catch Box ruins. 

Response: The footprint of the former Catch Box Ruins is approximately 21 feet long (parallel to Penniman Lake) 
and 9 feet wide on the shorter side (perpendicular to Penniman Lake), and consists of an earthen, brick‐lined 
depression.  The depth of this depression varies depending on where one stands within it, from approximately 
two feet deep (along the short side closest to Garrison Road) to approximately 5.5 feet deep (along the opposite 
short side). Based on the small area, one sample in the center of the depression is adequate. In addition, this 
sample will be collected from the lowest point of the depression where the highest concentrations of potential 
contaminants are most likely.  

The remains of the former TNT Graining House consist of a concrete‐lined, open‐top pit believed to be the sump 
pit of the former TNT Graining House. This open‐top pit is 42 feet, 2 ½ inches long (perpendicular to Penniman 
Lake) and 20 feet, 1 inch wide (parallel to Penniman Lake). Collection of any soil samples within this concrete‐
lined pit consists of organic debris that has collected in this area and does not represent native soil conditions. As 
such, additional sampling within the footprint of the former TNT Graining House is not possible. The proposed RI 
samples, in conjunction with the SI samples, adequately characterize the site. 

During the recent SI, soil samples were collected to the southeast and adjacent to the former TNT Graining House 
where the greatest potential for contaminant migration exists. The proposed RI soil sample locations shown on 
Figure 5 (Revised) have been positioned to address any data gaps in potential contaminant migration directly 
south, southwest, and west of the former TNT Graining House. No changes were made to the SAP  

EPA RPM Comment 12:  Section 2.3.4 on page 27 states that literature‐based ESVs for plants and soil 
invertebrates will be used as project action limits to identify contaminants of potential concern for ecological 
receptors.  The specific values are provided in Tables A1‐1 and A1‐2 in Appendix A‐1.  However, the basis for the 
values is not provided.  BTAG strongly recommends that the EPA Eco‐SSLs be used when available to assess 
ecological risk to invertebrates and plants.  Other similarly conservative screening levels from the literature can be 
used if Eco‐SSLs are not available. 

Response: A table showing the specific reference for each ESV will be added to the SAP as an attachment to 
Appendix A. For soil, the lower of the plant and soil invertebrate Eco‐SSLs will be used as the ESV for chemicals 
with such values. 
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EPA RPM Comment 13:  Page 27, Section 2.3.4:  The text states “Identified COPCs will be used in a 
quantitative…ERA (through Step 3a) to identify the COPCs for each medium.”  This sentence is confusing.  Please 
re-write to clarify how the first set of COPCs differs from the second set of COPCs. 

Response: Because the PALs are derived from risk-based screening values, the comparison to PALs specified in the 
first sentence of this subsection constitutes a screening-level comparison (e.g., Step 2 of the ERA process) that 
results in a set of COPCs. The sentence referenced in the comment will be revised as follows: 

Identified COPCs from the screening-level comparison to PALs will be used in a quantitative HHRA (in 
accordance with USEPA guidance) and an ERA (through Step 3A) to calculate potential risks to human and 
ecological receptors, and to identify baseline COPCs for each medium. 

Comments received from VDEQ via email dated December 12, 2012 
VDEQ Comment 1:  Please replace John Burchette with Susanne Haug, EPA RPM, throughout document as 
appropriate.   

Response: The SAP will be revised to list the current USEPA RPM, Susanne Haug, where appropriate.  

VDEQ Comment 2:  Please revise Figure 2 to indicate that the Ammonia Settling Pits are part of the AOC 6 
Approximate Study Area Boundary and not included in the Approximate AOC 6 TNT Subareas Study Boundary. 

Response: To indicate that the Ammonia Settling Pits subarea are a subarea of AOC 6, and not included as part of 
the TNT Subareas Study Boundary, Figure 2 will be revised by removing the yellow hash marks within the 
Ammonia Settling Pits boundary. 
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TABLE A-1
AOC 6 - 1999 Soil Sampling Results
Cheatham Annex
Williamsburg, Virginia

Sample Location Area
Sample ID
Sample Date
Chemical Name

Volatile Organic Compounds (UG/KG)
Chloroform 3 B 10 J 12 U
Styrene 2.66666667 J 20 UJ 12 U
Xylene (total) 20 U 20 UJ 12 U

Semi-volatile Organic Compounds (UG/KG)
Naphthalene 660 U 670 U 400 U
2-Methylnaphthalene 660 U 670 U 400 U
Dibenzofuran 660 U 670 U 400 U
2,4-Dinitrotoluene 660 U 670 U 111.76 J
Diethyl phthalate 660 U 670 U 400 U
Phenanthrene 42 J 34 J 2.8 J
Di-n-butyl phthalate 660 U 670 U 400 U
Fluoranthene 42 J 48 J 25 J
Pyrene 1300 1500 510
Benzo(a)anthracene 97.67 J 125.58 J 21.86 J
Chrysene 740 840 J 30.23 J
Benzo(b)fluoranthene 33 J 38 J 3.6 J
Benzo(k)fluoranthene 31 J 37 J 4.5 J
Benzo(a)pyrene 47 J 55 J 400 U
Ideno(1,2,3-cd)pyrene 22.47 J 22.47 J 400 U
Dibenz(a,h)anthracene 15.73 J 19.1 J 400 U
Benzo(g,h,i)perylene 26 J 35 J 400 U

Nitroaromatics (MG/KG)
2,4,6-Trinitrotoluene 26 28 620
2-Amino-4,6-dinitrotoluene 1.8 J 1.8 U 18 U

Pesticide/Polychlorinated Biphenyls (UG/KG)
Endosulfan I 16 J 14 J 11 J
Dieldrin 66 U 1.35 J 80 U
4,4'-DDE 0.9 J 1.2 J 0.48 J
Endrin 4 J 67 U 80 U
Endosulfan II 0.43 J 67 U 80 U
4,4'-DDD 0.72 J 67 U 80 U
Endrin ketone 1.2 J 1.8 J 80 U
Endrin aldehyde 66 U 67 U 80 U
alpha-Chlordane 34 U 35 U 41 U

Inorganics (MG/KG)
Aluminum 2150 2730 7760
Antimony 2.9 B 2.2 B UL
Arsenic 12.5 15.5 11
Barium 283 203 34.5
Beryllium 0.18 0.17 0.36
Cadmium 4 4 UL
Calcium 7983.33 J 7633.33 J 768.33 J
Chromium 14.8 22.7 15.1
Cobalt 5.3 6.4 2.4
Copper 27.9 32.1 4.09 J
Iron 70800 101000 20000
Lead 7580 7750 813
Magnesium 605 J 900 J 648
Manganese 705 886 65.42 J
Mercury 0.49 0.6 0.07
Nickel 15.6 17.4 5.4
Potassium 485 570 722
Selenium 3.9 3.7 L U
Silver 2.7 4 0.76
Sodium 147 168 74.7
Vanadium 28 31.8 22.5
Zinc 1010 1150 87.69 J
Cyanide 0.57 1.2 0.07 L

NOTES:
Detections of a chemical are indicated in bold font. 
1Duplicate of PEN-SO-03
2Data as reported in the Final Site Inspection Narrative Report, Penniman Shell Loading Plant, Williamsburg, Virginia by Roy F. Weston, Inc., August 9, 1999.

U = Compound not detected.
J =  Analyte present. Reported value may or may not be accurate or precise.
L = Analyte present. Reported value may be biased low. Actual value is expected to be higher.
UL = Not detected, quantitation limit is probably higher.
B = Not detected substantially above the level reported in laboratory or field blanks.
K = Analyte present. Reported value may be biased high. Actual value is expected to be lower.
UJ = Not detected, quantitation limit may be inaccurate or imprecise.
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Figure 5-14
AOC 6 Surface Soil Exceedance Results

TNT Graining House and Catch Box Ruins Subarea
Site Inspection Report

Areas of Concern 1, 2, 6, 7, and 8
Cheatham Annex

Williamsburg, Virginia
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/

Station ID

Sample ID

Sample Date

Depth

2,4,6-Trinitrotoluene 320,000

2-Amino-4,6-dinitrotoluene 16,000 J

2-Nitrotoluene 48,000 J

4-Amino-2,6-dinitrotoluene 17,000

0-6"

SVOCs (UG/KG)

No Exceedances

Explosives (UG/KG)

Total Metals (MG/KG)

No Exceedances

10/21/08

CAA06-SO02

CAA06-SS02-1008

Station ID

Sample ID

Sample Date

Depth

No Exceedances

CAA06-SO04

CAA06-SS04-1008

10/21/08

0-6"

SVOCs (UG/KG)

No Exceedances

Explosives (UG/KG)

No Exceedances

Total Metals (MG/KG)

Station ID

Sam ple ID

Sam ple Date

Depth

CAA06-SO07

CAA06-SS07-1108

11/05/08

0-6"

SVOCs (UG/KG)

No Exceedances

Explosives (UG/KG)

No Exceedances

Total Metals (MG/KG)

No Exceedances

Station ID

Sample ID

Sample Date

Depth

11/06/08

0-6"

SVOCs (UG/KG)

No Exceedances

Explosives (UG/KG)

No Exceedances

Total Metals (MG/KG)

No Exceedances

CAA06-SS08-1108

CAA06-SO08

Station ID

Sample ID

Sample Date

Depth

2,4,6-Trinitrotoluene 51,000

SVOCs (UG/KG)

No Exceedances

Explosives (UG/KG)

Total Metals (MG/KG)

No Exceedances

0-6"

CAA06-SO13

CAA06-SS13-1108

11/06/08

Station ID

Sample ID

Sample Date

Depth

2,4-Dinitrotoluene 6,300 L

1,3-Dinitrobenzene 730 J

2,4,6-Trinitrotoluene 4,500,000

Arsenic 8.1 J

Iron 37,100* J

Lead 580 J

Mercury 0.13 L

Selenium 2 J

CAA06-SO01

CAA06-SS01-1008

10/20/08

0-6"

SVOCs (UG/KG)

Explosives (UG/KG)

Total Metals (MG/KG)

Notes:

Exceeds BKG & ECO

Exceeds BKG & Res RSL

Exceeds BKG, ECO & Res RSL

Exceeds BKG, Res & Ind RSLs

Exceeds BKG, ECO, Res & Ind RSLs

*Eco exceedance due to pH value
-- - No value available
J - Analyte present, value may or may not be accurate or precise
L - Analyte present, value may be biased low, actual value may be higher

UG/KG - Micrograms per kilogram
MG/KG - Milligrams per kilogram

2,4-Dinitrotoluene -- 11,000 5,500 1,600

1,3-Dinitrobenzene -- -- 6,200 610

2,4,6-Trinitrotoluene -- 10,000 42,000 3,600

2-Amino-4,6-dinitrotoluene -- 80,000 200,000 15,000

2-Nitrotoluene -- -- 13,000 2,900

4-Amino-2,6-dinitrotoluene -- 80,000 190,000 15,000

Aluminum 12,200 pH < 5.5 99,000 7,700

Arsenic 6.36 18.0 1.6 0.39

Chromium 18.2 64.0 5.6 0.29

Iron 19,900 pH < 5 or pH > 8 72,000 5,500

Lead 17.4 120 800 400

Mercury 0.111 0.10 31 2.3

Selenium 0.51 0.52 510 39

Vanadium 27.9 130 520 39

Zinc 26.5 120 31,000 2,300

Contaminant of 

Potential Concern

CLEAN CAX 

BKG SS

Eco Surface Soil 

Screening Value

CLEAN RSLs 

Residential Soil 

Adjusted

Semivolatile Organic Compounds (UG/KG)

CLEAN RSLs 

Industrial Soil 

Adjusted

Explosives (UG/KG)

Total Metals (MG/KG)

Station ID

Sample ID

Sample Date

Depth

2,4,6-Trinitrotoluene 6,600

Aluminum 25,000

Arsenic 11.8 J

Chromium 34.7 L

Iron 21,700 J

Selenium 0.91 J

Vanadium 50

Zinc 176

No Exceedances

CAA06-SO03

CAA06-SS03-1008

10/21/08

0-6"

SVOCs (UG/KG)

Explosives (UG/KG)

Total Metals (MG/KG)



Figure 5-15
AOC 6 Subsurface Soil Exceedance Results

TNT Graining House and Catch Box Ruins Subarea
Site Inspection Report

Areas of Concern 1, 2, 6, 7, and 8
Cheatham Annex

Williamsburg, Virginia
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Station ID
Sample ID
Sample Date
Date

2,4,6-Trinitrotoluene 6,700

Aluminum 16,200
Arsenic 9.6 J

CAA06-SO02
CAA06-SB02-1008

10/21/08
6-24"

SVOCs (UG/KG)
No Exceedances
Explosives (UG/KG)

Total Metals (MG/KG)

Station ID
Sample ID
Sample Date
Depth

No Detections
Total Metals (MG/KG)
No Exceedances

Explosives (UG/KG)

CAA06-SO07
CAA06-SB07-1108

11/05/08
6-24"

SVOCs (UG/KG)
No Detections

Station ID
Sample ID
Sample Date
Depth

No Exceedances
Total Metals (MG/KG)

CAA06-SO08
CAA06-SB08-1108

11/06/08
6-24"

SVOCs (UG/KG)
No Detections
Explosives (UG/KG)
No Detections

Station ID
Sample ID
Sample Date
Date

2,4,6-Trinitrotoluene 660,000
4-Amino-2,6-dinitrotoluene 30,000

Aluminum 13,400**

No Exceedances
Explosives (UG/KG)

Total Metals (MG/KG)

CAA06-SO13
CAA06-SB13-1108

11/06/08
6-24"

SVOCs (UG/KG)

Exceeds BKG & ECO
Exceeds BKG & Res RSL
Exceeds BKG, ECO & Res RSL
Exceeds BKG, Res & Ind RSLs
Exceeds BKG, ECO, Res & Ind RSLs

Notes:
1Adjusted June 2011 RSL value
* Indicates duplicate sample was collected at this location.
Values presented are the higher of the two.
**Eco exceedance due to pH value
-- - No value available
J - Analyte present, value may or may not be accurate
or precise
L - Analyte present, value may be biased low, actual
value may be higher

Station ID
Sample ID
Sample Date
Date

Aluminum 23,600
Arsenic 14.4 J
Chromium 36.3 L
Selenium 1.6 J
Vanadium 54.2

CAA06-SB03-1008
10/21/08

6-24"
SVOCs (UG/KG)
No Exceedances
Explosives (UG/KG)
No Exceedances
Total Metals (MG/KG)

CAA06-SO03

Station ID
Sample ID
Sample Date
Date

2,4-Dinitrotoluene 12,000

1,3-Dinitrobenzene 1,600 J
2,4,6-Trinitrotoluene 2,700,000

Arsenic 20.9 J
Chromium 34.4 L
Iron 34,700 J
Selenium 1.4 J

Explosives (UG/KG)

CAA06-SO01
CAA06-SB01-1008

10/20/08
6-24"

SVOCs (UG/KG)

Total Metals (MG/KG)
Station ID
Sample ID
Sample Date
Date

Arsenic 6.8 J
Thallium 0.1 J

6-24"

CAA06-SO04
CAA06-SB04-1008

10/21/08

SVOCs (UG/KG)
No Exceedances
Explosives (UG/KG)
No Exceedances
Total Metals (MG/KG)

2,4-Dinitrotoluene -- 11,000 5,500 1,600

1,3-Dinitrobenzene -- -- 6,200 610
2,4,6-Trinitrotoluene -- 10,000 42,000 3,600
4-Amino-2,6-dinitrotoluene -- 80,000 190,000 15,000

Aluminum 13,000 pH < 5.5 99,000 7,700
Arsenic 5.54 18.0 1.6 0.39

Chromium 33.7 64.0 5.6 0.29

Iron 32,000 pH < 5 or pH > 8 72,000 5,500
Selenium 0.64 0.52 510 39
Thallium -- 1 11 0.0781

Vanadium 48.3 130 520 39

Explosives (UG/KG)

Total Metals (MG/KG)

CLEAN RSLs 
Residential Soil 

Adjusted

Semivolatile Organic Compounds (UG/KG)

Eco Surface Soil 
Screening Value

CLEAN RSLs 
Industrial Soil 

Adjusted

Contaminants of 
Potential Concern

CLEAN CAX 
BKG SB

UG/KG - Micrograms per kilogram
MG/KG - Milligrams per kilogram
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Figure 5-16
AOC 6 Groundwater Exceedance Results

TNT Graining House and Catch Box Ruins Subarea
Site Inspection Report

Areas of Concern 1, 2, 6, 7, and 8
Cheatham Annex

Williamsburg, Virginia
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Aluminum 2,230 87.0 -- 3,700

Arsenic 2.28 150 10 0.045

Beryllium 2.45 0.66 4 7.3

Chromium 15.1 11.4 100 0.043

Cobalt 20.6 23.0 -- 1.1

Copper 12.2 9.33 1,300 150

Iron 894 1,000 -- 2,600

Lead 21.3 3.18 15 15

Manganese 57.9 120 -- 88

Nickel 11.4 52.2 -- 73

Silver -- 0.36 -- 18

Vanadium 26.2 20.0 -- 18

Zinc 4.52 120 -- 1,100

Aluminum, Dissolved 100 87.0 -- 3,700

Arsenic, Dissolved 1.37 150 10 0.045

Chromium, Dissolved 6.04 11.0 100 0.043

Cobalt, Dissolved 0.7 23.0 -- 1.1

Copper, Dissolved 3 8.96 1,300 150

Iron, Dissolved 275 1,000 -- 2,600

Lead, Dissolved 1.7 2.52 15 15

Manganese, Dissolved 49.5 120 -- 88

Silver, Dissolved -- 0.36 -- 18

Dissolved Metals (UG/L)

CLEAN RSLs 

Tapwater 

Adjusted

Total Metals (UG/L)

CLEAN MCL-

Groundw ater

Contaminant of 

Potential Concern

CLEAN CAX 

BKG GW YE 

AQUIFER

Eco Surface 

Water Screening 

Value - Fresh

Station ID

Sample ID

Sample Date

Arsenic 76.2

Iron 34,000

Manganese 239

Aluminum, Dissolved 127 J

Arsenic, Dissolved 74.6

Cobalt, Dissolved 1.8 J

Iron, Dissolved 25,400

Manganese, Dissolved 237

No Detections

Total Metals (UG/L)

Dissolved Metals (UG/L)

11/05/08

SVOCs (UG/L)

No Detections

Explosives (UG/L)

CAA06-DW01

CAA06-DW01-1108

Station ID

Sample ID

Sample Date

Aluminum 35,100

Arsenic 163

Beryllium 4.8 J

Chromium 152

Cobalt 22.2 J

Copper 43.4

Iron 230,000

Lead 71.8

Manganese 701

Nickel 62.5

Silver 5 J

Vanadium 155

Zinc 194

Aluminum, Dissolved 4,080

Arsenic, Dissolved 62.2

Chromium, Dissolved 17.1

Cobalt, Dissolved 2.4 J

Copper, Dissolved 9.9 J

Iron, Dissolved 46,500

Lead, Dissolved 9.8 J

Manganese, Dissolved 480

Silver, Dissolved 1.2 J

CAA06-DW07

CAA06-DW07-1108

11/10/08

SVOCs (UG/L)

No Detections

Explosives (UG/L)

No Detections

Total Metals (UG/L)

Dissolved Metals (UG/L)

Station ID

Sample ID

Sample Date

Arsenic 36.5

Iron 24,800

Manganese 457

Silver 0.77 J

Arsenic, Dissolved 35.4

Iron, Dissolved 23,100

Manganese, Dissolved 467

Silver, Dissolved 0.8 J

Dissolved Metals (UG/L)

11/10/08

SVOCs (UG/L)

No Detections

Explosives (UG/L)

No Detections

Total Metals (UG/L)

CAA06-DW08-1108

CAA06-DW08

Notes:

Exceeds BKG & ECO

Exceeds BKG & Tapw ater RSL

Exceeds BKG, Tapwater RSL & MCL

Exceeds BKG, ECO & Tapw ater RSL

Exceeds BKG, ECO & MCL

Exceeds BKG, ECO, Tapwater RSL & MCL

-- - No value available
J - Analyte present, value may or may not be accurate
     or precise
UG/L - Micrograms per liter

Station ID

Sample ID

Sample Date

Aluminum 30,600

Arsenic 83.2

Beryllium 2.7 J

Chromium 149

Copper 44.4

Iron 126,000

Lead 70.2

Manganese 368

Nickel 61.6

Silver 2.2 J

Vanadium 107

Zinc 205

Arsenic, Dissolved 38.5

Iron, Dissolved 19,500

Manganese, Dissolved 259

Silver, Dissolved 0.76 J

CAA06-DW06-1108

Total Metals (UG/L)

CAA06-DW06

11/10/08

SVOCs (UG/L)

No Detections

Explosives (UG/L)

No Detections

Dissolved Metals (UG/L)
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At a Glance 
 Highly explosive, yellow, 

odorless solid. 

 Synthetic product that does 
not occur naturally in the 
environment.  

 Has been used extensively in 
the manufacture of explosives 
and accounts for a large part 
of the explosives 
contamination at active and 
former U.S. military 
installations. 

 Sorbed by most soils, limiting 
its migration to water.  

 Not expected to persist for a 
long period of time in surface 
waters because of 
transformation processes.  

 Classified as a Group C 
(possible human) carcinogen. 

 Primarily damages the liver 
and blood systems if inhaled 
or ingested. 

 SW8515 is a field screening 
method used to detect TNT in 
soil by colorimetric screening. 

 The primary laboratory 
methods include liquid and 
gas chromatography. 

 Potential treatment 
technologies include in situ 
bioremediation, granular 
activated carbon treatment, 
composting, and incineration.  

Technical Fact Sheet –  
2,4,6-Trinitrotoluene (TNT) 

May 2012 

Introduction 

This fact sheet, developed by the U.S. Environmental Protection Agency 
(EPA) Federal Facilities Restoration and Reuse Office (FFRRO), provides 
a brief summary of 2,4,6-trinitrotoluene (TNT), including its physical and 
chemical properties; environmental and health impacts; existing federal 
and state guidelines; detection and treatment methods; and additional 
sources of information. This fact sheet is intended for use by site 
managers and field personnel who may address TNT contamination at 
cleanup sites or in drinking water supplies. 

Major manufacturing of TNT began in the U.S. in 1916 at the beginning of 
World War I. It was produced in enormous quantities both commercially 
and at government ammunition plants for use in military munitions in World 
War I and World War II (Steen 2007). During the 1940s through the 1970s, 
Department of Defense (DoD) ammunitions plants and depots 
demilitarized off-specification, unserviceable, and obsolete munitions 
based on steam-out and melt-out processes to recover TNT and TNT-
containing explosive fillers such as Composition B (TNT/ hexahydro-1,3,5-
trinitro-1,3,5-triazine [RDX] mixture). These processes often generated 
significant quantities of explosives-contaminated wastewaters. The 
untreated wastewater was discharged into unlined impoundments, 
lagoons, ditches and playas, which resulted in significant levels of soil and 
ground water contamination. Ground water contamination from TNT was 
first reported in the late 1980s (Spalding and Fulton 1988). 

TNT is still widely used in U.S. military munitions and accounts for a large 
part of the explosives contamination at active and former U.S. military 
installations. With its manufacturing impurities and environmental 
transformation products, TNT presents various health and environmental 
concerns. 

What is TNT? 

 TNT is a yellow, odorless solid that does not occur naturally in the 
environment. It is made by combining toluene with a mixture of nitric 
and sulfuric acids (ATSDR 1995). 

 Effluent from TNT manufacturing was a major source of munitions 
constituent contamination in soils, ground water, and occasionally 
surrounding surface water and sediment at Army ammunition plants. 
TNT production ended in the mid-1980s in the United States; however, 
contamination of soils and ground water remains in some areas (EPA 
2005; MMR 2001).  

 It is a highly explosive, single-ring nitroaromatic compound that is a 
crystalline solid at room temperature (CRREL 2006).  
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What is TNT? (continued) 
 

 TNT is one of the most widely used military high 
explosives, partly because of its insensitivity to 
shock and friction. It has been used extensively in 
the manufacture of explosives since the beginning 
of the 20

th
 century and is used in military cartridge 

casings, bombs, and grenades (ATSDR 1995).  

 It has been used either as a pure explosive or in 
binary mixtures. The most common binary mixtures 
of TNT are cyclotols (mixtures with RDX) and 
octols (mixtures with High Melting Explosive 
[HMX]) (ATSDR 1995; MMR 2001).  

 In addition to military use, small amounts of 
TNT may be used for industrial explosive 
applications, such as deep well and 
underwater blasting. Other industrial uses 
include chemical manufacturing as an 
intermediate in the production of dyestuffs and 
photographic chemicals (MMR 2001). 

 TNT is commonly found at hand grenade 
ranges, antitank rocket ranges, artillery 
ranges, bombing ranges, munitions testing 
sites, and open burn/open detonation 
(OB/OD) sites (CRREL 2006). 

 
Exhibit 1:  Physical and Chemical Properties of TNT 

(ATSDR 1995; EPA 1999) 
 

Property Value 

CAS Number 118-96-7 

Physical Description (physical state at room temperature) yellow, odorless solid 

Molecular weight (g/mol) 227 

Water solubility (mg/L at 20
o
C) 130 

Octanol-water partition coefficient (KOW) 1.6 

Soil organic carbon-water coefficient (KOC) 300 

Boiling point (
o
C) 240 (Explodes) 

Melting point (
o
C) 80.1 

Vapor pressure at 25
o
C (mm Hg) 1.99 x10

-4
 

Specific gravity 1.654 

Henry’s Law Constant (atm-m
3
/mol at 20

o
C) 4.57 x10

-7
 

Abbreviations:  g/mol – grams per mole; mg/L – milligrams per liter;
 o

C – degrees Celsius;  
mm Hg – millimeters of mercury; atm-m

3
/mol – atmosphere time cubic meter per mole. 

What are the environmental impacts of TNT? 
 

 TNT can be released to the environment through 
spills, firing of munitions, disposal of ordnance, and 
OB/OD of ordnance, leeching from inadequately 
sealed impoundments, and demilitarization of 
munitions. The compound can also be released 
from manufacturing and munitions processing 
facilities (ATSDR 1995). 

 TNT has been identified in at least 20 of the 1,338 
hazardous waste sites that have been proposed 
for inclusion on the National Priorities List (NPL) 
(ASTDR 1995).  

 TNT is a crystalline solid at room temperature and 
TNT’s water solubility (approximately 130 
milligrams per liter [mg/L] at 20

o
C) and vapor 

pressure are relatively low, but greater than those 
of RDX and HMX (CRREL 2006). 

 Partition coefficients reported by most investigators 
indicate soils have a high capacity for rapid 
sorption of TNT. TNT not sorbed into soil is usually 
transformed rapidly under anaerobic conditions but 
may persist under aerobic conditions (CRREL 
2006; USACE 1997). 

 In the case of impact areas, the majority of the 
TNT may be degraded in the surface soil, but small 
quantities can reach shallow ground water (CRREL 
2006). 

 Once released to surface water, TNT undergoes 
rapid photolysis to a number of degradation 
products. 1,3,5-Trinitrobenzene (1,3,5-TNB) is the 
primary photodegradation product of TNT in 
environmental systems (ATSDR 1995; CRREL 
2006). 
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What are the environmental impacts of TNT? (continued) 
 

 TNT is one of the most widely used military high 
explosives, partly because of its insensitivity to 
shock and friction. It has been used extensively in 
the manufacture of explosives since the beginning 
of the 20

th
 century and is used in military cartridge 

casings, bombs, and grenades (ATSDR 1995).  

 Products of photolysis of TNT have been observed 
as a coating on TNT particles and as a fine 
powdered residue surrounding TNT particles on 
ranges that receive limited rainfall (CRREL 2007a). 

 Generally, dissolved-phase TNT is broken down by 
biodegradation in water but at rates much slower 
than photolysis (ATSDR 1995; CRREL 2006). 

 Biological degradation products of TNT in water, 
soil, or sediments include 2-amino-4,6-
dinitrotoluene, 2,6-diamino-4-nitrotoluene, 4-
amino-2,6-dinitrotoluene, and 2,4-diamino-6-
nitrotoluene (CRREL 2007b; EPA 1999). 

 TNT does not seem to bioaccumulate in animals, 
but can be taken up by plants (CRREL 2006). 

 

What are the health effects of TNT? 
 

 The toxicity of TNT to humans was well 
documented in the 20

th
 century, with more than 

475 fatalities and more than 17,000 cases of TNT 
poisoning during World War I and World War II 
manufacturing operations (Bodeau 1993). 

 The primary routes of exposure in manufacturing 
environments are inhalation of dust and ingestion 
and dermal sorption of TNT particulates, and 
significant health effects were liver necrosis and 
aplastic anemia (ATSDR 1995). 

 The highest exposures to TNT have been found in 
areas around Army ammunition plants where these 
explosives are manufactured, packed, loaded, or 
released through the demilitarization of munitions 
(ATSDR 1995). 

 Potential exposure to TNT could occur by dermal 
contact or inhalation exposure, and the likely route 
is exposure to contaminated soils. However, 
exposure to contaminated ground water is also 
likely at sites with high infiltration rates such as 
washout lagoons or OB/OD areas (MMR 2001).  

 EPA has assigned TNT a weight-of-evidence 
carcinogenic classification of C (possible human 
carcinogen) (IRIS 1993; OSHA 1999).  

 The oral slope factor for carcinogenic risk is  
3 x 10

-2 
milligrams per kilogram per day 

(mg/kg/day) (IRIS 1993).  

 EPA assigned TNT a reference dose (RfD) of 5 
x10

-4
 mg/kg/day (IRIS 1993). 

 Animal study results indicated that inhalation or 
ingestion of high levels of TNT may cause liver, 
blood, immune system, and reproductive damage 
(EPA 2005; MMR 2001).  

 When TNT reaches the liver, it breaks down into 
several different substances. Not all of these 
substances have been identified (ATSDR 1995). 

 At high levels in air, workers involved in the 
production of TNT experienced anemia and 
abnormal liver tests. After long-term exposure to 
skin and eyes, some people developed skin 
irritation and cataracts (MMR 2001).  

 There is no information indicating that TNT causes 
birth defects in humans. However, male animals 
treated with high doses of TNT have developed 
serious reproductive system effects (ATSDR 
1995b; MMR 2001). 

 

Are there any federal and state guidelines and health standards for TNT? 
 

 A Minimal Risk Level (MRL) of 0.0005 mg/kg/day 
has been derived for intermediate oral exposure to 
TNT (ATSDR 1995).  

 The EPA has established a Lifetime Health 
Advisory guidance level of 2 parts per billion (ppb) 
for TNT in drinking water. The health advisory for 
a cancer risk of 10-4 is 0.1 mg/L (ATSDR 1995; 
EPA 2011a). 

 EPA has calculated a resident soil screening level 
of 19 milligrams per kilogram (mg/kg) and an 
industrial soil screening level of 79 mg/kg (EPA 
2011b). 

 The EPA has not established an ambient air level 
for TNT (MMR 2001). 

 Since TNT is explosive, flammable, and toxic, EPA 
has designated it as a hazardous waste and EPA 
regulations for disposal must be followed (EPA 
2012). 
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Are there any federal and state guidelines and health standards for TNT? 
(continued) 
 

 The Occupational Safety and Health 
Administration (OSHA) set a general industry 
permissible exposure limit (PEL) of 1.5 milligrams 
per cubic meter (mg/m

3
) of workplace air for an 8-

hour workday for a 40-hour work week (OSHA 
2010). 

 The National Institute for Occupational Safety and 
Health (NIOSH) recommended exposure limit 
(REL) for TNT during an 8-hour workday, 40-hour 
work week is 0.5 mg/m

3
 (OSHA 2010). 

 The American Conference of Governmental 
Industrial Hygienists (ACGIH) has set a threshold 
limit value (TLV) of 0.1 mg/m

3
 (OSHA 2010). 

 TNT in bulk and in cased munitions is a United 
Nations Hazard Division 1.1 Explosive, not a 
flammable solid, and a Resource Conservation 
and Recovery Act ((RCRA) D003 (reactive) waste 
for waste military munitions containing TNT (DOT 
1989). 

 

What detection and site characterization methods are available for TNT? 
 

 High performance liquid chromatography (HPLC) 
and high-resolution gas chromatography (HRGC) 
have been paired with several types of detectors, 
including mass spectrometry (MS), electrochemical 
detection (ED), electron capture detector (ECD), 
and ultraviolet detector (UV) (ATSDR 1995).  

 Laboratory Method 8330 is the most widely used 
analytical approach for detecting TNT in soil. The 
method specifies using HPLC with a UV. It has 
been used to detect TNT and some of its 
breakdown products at levels in the low ppb range 
(EPA 2006).  

 Another method commonly used is Method 8095, 
which employs the same sample-processing steps 
as Method 8330 but uses HRGC with an ECD for 
determination (EPA 2005). 

 SW8515 is a specific field screening method used 
to detect TNT in soil by a colorimetric screening 
method (USACE 2005; Army 2009). 

 Tested field-screening instruments for TNT include 
GC-IONSCAN, which uses ion mobility 
spectrometry (IMS), and the Spreeta Sensor, 
which uses surface plasma resonance (SPR) (EPA 
2000; 2001). 

What technologies are being used to treat TNT? 
 

 In situ bioremediation is an emerging technology 
for the treatment of explosives (including TNT)-
contaminated ground water. Biological treatment 
methods such as bioreactors, bioslurry treatment, 
and passive subsurface biobarriers have been 
proven successful in reducing TNT concentrations 
(EPA 2005; CRREL 2006; ESTCP 2010). 

 Composting has been proven in achieving cleanup 
goals for TNT at field demonstrations (EPA 2005). 

 Incineration can be used on soil containing low 
concentrations of TNT (EPA 2005). 

 Granular activated carbon (GAC) is the primary 
method to treat explosives-contaminated ground 
water and waste waters. Ultrafiltration and resin 
adsorption have not been used at full scale to treat 
ground water contaminated with TNT or related 
explosives co-contaminants such as 
trinitrobenzene (TNB), dinitrotoluene (DNT), tetryl, 
RDX, or HMX (FRTR 2007). 

 Fenton oxidation and treatment with iron metal 
(FeO) has been used to remediate TNT-
contaminated soil and water but has not been used 
as standalone full-scale treatment technology 
(NCER 2010; EPA 2005). 

Where can I find more information about TNT? 
 

 Agency for Toxic Substances and Disease 
Registry (ATSDR). 1995. Toxicological Profile for 
TNT. 
www.atsdr.cdc.gov/toxprofiles/TP.asp?id=677&tid
=125 

 Bodeau, D. 1993. Occupational Health: The 
Soldier and the Industrial Base. Chapter 9. Military 
Energetic Materials: Explosives and Propellant. 
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Where can I find more information about TNT? (continued) 
 

 Cold Regions Research and Engineering 
Laboratory (CRREL). 2006. Conceptual Model for 
the Transport of Energetic Residues from Surface 
Soil to Groundwater by Range Activities. 
ERDC/CRREL TR-06-18. www.dtic.mil/cgi-
bin/GetTRDoc?Location=U2&doc=GetTRDoc.pdf&
AD=ADA472270 

 CRREL. 2007a. Photochemical Degradation of 
Composition B and Its Components. ERDC/EL 
TR-07-16. www.dtic.mil/cgi-bin/GetTRDoc?Loca 
tion=U2&doc=GetTRDoc.pdf&AD=ADA472238 

 CRREL. 2007b. Protocols for Collection of Surface 
Soil Samples at Military Training and Testing 
Ranges for the Characterization of Energetic 
Munitions Constituents. ERDC/CRREL TR-07-10. 
www.dtic.mil/cgi-bin/GetTRDoc?Location= 
U2&doc=GetTRDoc.pdf&AD=ADA471045. 

 Environmental Security Technology Certification 
Program (ESTCP). 2010. Passive Biobarrier for 
Treating Comingled Perchlorate and RDX in 
Groundwater at an Active Range (ER-1028).  

 Federal Remediation Technologies Roundtable 
(FRTR). 2007. Remediation Technologies 
Screening Matrix and Reference Guide, Version 
4.0. Section 2.10.2 Common Treatment 
Technologies for Explosives in Ground Water, 
Surface Water, and Leachate. 

 Massachusetts Military Reservation (MMR) 2001. 
Impact Area Groundwater Study Program. 
Chemical Fact Sheet – TNT. Fact Sheet 2001-05. 
http://imc2.army.mil/wastewater/community/facts/ 
tnt.pdf 

 Occupational Safety & Health Administration 
(OSHA). 1999. 2,4,6-Trinitrotoluene. 
http://www.osha.gov/dts/chemicalsampling/data/ 
CH_274100.html 

 Spalding, R. and J. Fulton. 1988. Groundwater 
Munition Residues and Nitrate near Grand Island, 
Nebraska, USA. Journal of Contaminant 
Hydrology. Volume 2 (2), Pages 139-153. 

 Steen, K. 2007. Technical Expertise and U.S. 
Mobilization, 1917-18: High Explosives and War 
Gases. Frontline and Factory:  Comparative 
Perspectives on the Chemical Industry at War, 
1914-1924. Pages 103 –122. 

 U.S. Army. 2009. Military Munitions Response 
Program. Munitions Response Remedial 
Investigation/Feasibility Study Guidance.  

 U.S. Army Corps of Engineers (USACE). 1997. 
Review of Fate and Transport Processes of 
Explosives. Installation Restoration Research 
Program. Technical Report IRRP-92-2. March 
1997. http://el.erdc.usace.army.mil/elpubs/pdf/ 
trirrp97-2.pdf 

 USACE. 2005. Military Munitions Center of 
Expertise. Technical Update. Munitions 
Constituent (MC) Sampling.  

 U.S. Department of Transportation (DOT). 1989. 
Hazardous materials table and hazardous 
materials communications regulations. Code of 
Federal Regulations. 49 CFR 172.101. 

 U.S. Environmental Protection Agency (EPA). 
1999. Office of Research and Development. 
Federal Facilities Forum Issue. Field Sampling 
and Selecting On-site Analytical Methods for 
Explosives in Water. EPA 600-S-99-002. 

 EPA. 2000. Office of Research and Development. 
Barringer Instruments. GC-IONSCAN. 
Environmental Technology Verification Report. 
EPA 600-R-00-046.  

 EPA. 2001. Office of Research and Development. 
Research International, Inc. TNT Detection 
Technology. Texas Instruments Spreeta Sensor. 
Environmental Technology Verification Report. 
EPA/600/R-01/064. August 2001.   

 EPA. 2005. EPA Handbook on the Management of 
Munitions Response Actions. EPA 505-B-01-001 
http://nepis.epa.gov/Exe/ZyPURL.cgi?Dockey=P1
00304J.txt  

 EPA. 2006. 8330b. Nitroaromatics, Nitramines, 
and Nitrate esters by High Performance Liquid 
Chromatography (HPLC) Revision 2.  

 EPA. 2011a. 2011 Edition of the Drinking Water 
Standards and Health Advisories. 
http://water.epa.gov/action/advisories/drinking/uplo
ad/dwstandards2011.pdf 

 EPA. 2011b. Regions 3, 6, and 9. Regional 
Screening Levels Table. 
www.epa.gov/reg3hwmd/risk/human/index.htm 

 EPA. 2012. Listed Wastes- Hazardous Wastes. 
www.epa.gov/osw/hazard/wastetypes/listed.htm 
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Where can I find more information about TNT? (continued) 
 

 EPA. Integrated Risk Information System (IRIS). 
1993. 2,4,6-Trinitrotoluene (TNT) (CASRN 118-96-
7). Last Revised 1993. 
www.epa.gov/iris/subst/0269.htm 

 EPA. National Center for Environmental Research 
(NCER). 2010. Final Report: Fate and Transport of 
Munitions Residues in Contaminated Soil. Website 
accessed on July 2, 2010. 

 

Contact Information 

If you have any questions or comments on this fact sheet, please contact:  Mary Cooke, FFRRO, by phone at 
(703) 603-8712 or by email at cooke.maryt@epa.gov. 
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Figure 5 (Revised)
Proposed Sample Locations

AOC 6 TNT Subareas Remedial Investigation UFP-SAP
Cheatham Annex
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 UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 

REGION III 
1650 Arch Street 

Philadelphia, Pennsylvania 19103-2029 

 
 
 

April 29, 2013 
 
 
 
Mr. Scott Park 
NAVFAC MIDLANT, Building N-26, Room 3208 
Attention: Code OPHE3, Mr. Scott Park 
9742 Maryland Avenue 
Norfolk, VA 23511-3095 
 

Subject:  Response to Comments, Draft Tier II Sampling and Analysis Plan, AOC 6 – TNT 
Graining House Sump and TNT Catch Box Ruins Subareas - Remedial Investigation, 
Naval Weapons Station Yorktown Cheatham Annex, Williamsburg, Virginia, March 
18, 2013 

 
Mr. Park: 
 
Thank you for the opportunity to review the subject document.  The responses are acceptable 
except for the following which require further discussion. 
 
Comments received from USEPA via email dated October 31, 2012 
 
1. The response to EPA RPM comment 1 states, in part, “…the proposed RI soil and 

groundwater sampling is to fill relatively minor spatial data gaps….”  According to 
another response, the size of the sump was approximately 42 feet by 20 feet.  The size of 
the sump relative to the size of the TNT Graining House Ruins should be clarified.  
Please explain why sampling in the TNT Graining House is only proposed within the 
sump. 
 

2. The response to EPA RPM comment 4 states, in part, “If the COC concentrations exceed 
the background 95 percent UTLs, further evaluation will be conducted to consider 
whether the COC concentrations are consistent with background conditions or if they 
represent a release such that further action is warranted.”  Please detail what “further 
evaluation” means.  Also, please explain why the interpretation of site COC 
concentrations exceeding the respective background 95 percent UTLs would not mean 
that site concentrations are more than background and therefore, are a concern. 

 



 
Comments received from USEPA via letter dated November 6, 2012 
 
3. EPA comment 7 recommended that food chain modeling be performed to address risk to 

upper trophic level receptors, particularly those with smaller home ranges (e.g., American 
robin [Turdus migratorius] and short-tailed shrew [Blarina brevicauda]).  The RTC states 
that because no food chain modeling was performed as part of the Site Inspection, no 
food chain modeling will be performed as part of the Remedial Investigation.  BTAG still 
does not support this position. A Remedial Investigation is intended to be a more 
comprehensive evaluation and performing food chain modeling is warranted, even if the 
site is small.  Even if area use is not 100% because of the small size of the site, food 
chain modeling should be performed on receptors with small home ranges to assess this 
exposure pathway.  This approach would also be consistent with the recent agreement to 
perform food chain modeling at AOC 8. 
 

4. The response to EPA RPM comment 9 states, in part, “…with consideration of the mean 
and maximum concentrations, as appropriate….”  Please confirm that maximum 
concentrations will be used in the ecological risk assessment for plants and invertebrates 
since these receptors have limited or no mobility. 
 

5. The response to EPA RPM comment 10 refers to Figure 5 in the attachments.  When this 
figure is compared to Figure 5 in the Draft Tier II Sampling and Analysis Plan for AOC 6 
TNT Graining House Sump and TNT Catch Box Ruins Subareas Remedial Investigation 
(September 2012), the location of the Catch Box Ruins has changed.  Please verify that 
the new location is correct.  In addition, the revised Figure 5 shows one or more roads, 
paths, washouts to the south of Garrison Road leading to King Creek.  Please explain 
these areas and any need for them to be investigated in relationship to this site. 
 

6. EPA comment 11 stated that within the boundaries of the TNT Graining House Sump (no 
samples) and Catch Basin Ruins (1 sample) sampling is too limited and a minimum of 
three samples should be taken within the footprint of each of the ruins.  The RTC states 
that based on the small area of the Catch Basin Ruins (21 feet long by 9 feet wide), one 
sample is adequate.  Regardless of the size of this brick lined depression or how it bottom 
elevation varies (2 feet to 5.5 feet deep), one sample will not be sufficient to account for 
the potential variability of contaminant concentrations that might be present in this 
depression.  Without knowing this information, either a minimum of three discrete 
samples or a composite sample should be collected within the Catch Basin Ruins.  
 

7. EPA comment 11 stated that within the boundaries of the TNT Graining House Sump (no 
samples) sampling is too limited and a minimum of three samples should be taken within 
the footprint of the ruins.  The response indicates, in part, that sampling within the former 
footprint of the Graining House sump is not possible and would consist of organic debris 
and does not represent native soil.  If there is material within this sump or the building 
footprint, it should be sampled to verify that there is no residual contamination present, 
even if it is not native soil. 



Sincerely, 

Susanne Haug, P.E. 
NPL/BRAC Federal Facilities Branch 

 
If you have any questions, please contact me at 215-814-3394. 

    

cc:  Wade Smith, VDEQ            



- 

- 

 
 

Additional Response to Comments 
Remedial Investigation 

Sampling and Analysis Plan 
AOC 6 TNT Subareas 

Naval Weapons Station Yorktown Cheatham Annex 
Williamsburg, VA 

August 6, 2013 

Additional comments provided by the U.S. Environmental Protection Agency (EPA) Region 3 in a letter dated April 
29, 2013, following their review of the responses to their original comments (responses submitted March 18, 
2013).  The CAX Partnering Team held a conference call to discuss and resolve the comments listed below on June 
4, 2013.  The call included EPA technical support (BTAG) and CH2M HILL technical support (senior human health 
and ecological risk assessors).  All comments were resolved during the call, except Comment 2, which was tabled 
at the request of the EPA RPM to allow time for an internal EPA discussion. 
  

[Comments 1 and 2 below are in reference to the comments received from EPA via an 
email dated October 31, 2012 (refer to the original Response to Comments letter dated 
March 18, 2013).] 
 
EPA RPM Comment 1: The response to EPA RPM comment 1 states, in part, “…the proposed RI soil and 
groundwater sampling is to fill relatively minor spatial data gaps….”  According to another response, the size of the 
sump was approximately 42 feet by 20 feet.  The size of the sump relative to the size of the TNT Graining House 
Ruins should be clarified.  Please explain why sampling in the TNT Graining House is only proposed within the 
sump. 

Navy Response:   Per the discussion and agreement related to EPA Comment 7 (below) during the June 4, 2013 
conference call, John McCloskey with EPA BTAG said this comment was resolved, since the Navy agreed to field 
check for and sample, if present, any residual material (from the former plant process and not organic material)  
within the TNT Graining House Sump.  Refer also to the response to EPA Comment 7 (below) for more detail on 
the discussion and noted section changes to the SAP.  

EPA RPM Comment 2:  The response to EPA RPM comment 4 states, in part, “If the COC concentrations exceed the 
background 95 percent UTLs, further evaluation will be conducted to consider whether the COC concentrations are 
consistent with background conditions or if they represent a release such that further action is warranted.”  Please 
detail what “further evaluation” means.  Also, please explain why the interpretation of site COC concentrations 
exceeding the respective background 95 percent UTLs would not mean that site concentrations are more than 
background and therefore, are a concern. 

Navy Response:   During the June 4, 2013 conference call, discussion of this comment was tabled per the EPA 
RPM’s request.  In a subsequent email from EPA dated June 12, 2013, the EPA commented:  “We still disagree 
with the response, but you can move forward as you planned. When the time comes, EPA will do our own analysis 
and revisit this issue then, if necessary.”  Therefore, this comment is resolved and no changes to the SAP are 
needed.  
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 [Comments 3 through 7 below are in reference to the comments received from EPA via a 
letter dated November 6, 2012 (refer to the original Response to Comments letter dated 
March 18, 2013).] 
 
EPA RPM Comment 3:  EPA comment 7 recommended that food chain modeling be performed to address risk to 
upper trophic level receptors, particularly those with smaller home ranges (e.g., American robin [Turdus 
migratorius] and short-tailed shrew [Blarina brevicauda]).  The RTC states that because no food chain modeling 
was performed as part of the Site Inspection, no food chain modeling will be performed as part of the Remedial 
Investigation.  BTAG still does not support this position. A Remedial Investigation is intended to be a more 
comprehensive evaluation and performing food chain modeling is warranted, even if the site is small.  Even if area 
use is not 100% because of the small size of the site, food chain modeling should be performed on receptors with 
small home ranges to assess this exposure pathway.  This approach would also be consistent with the recent 
agreement to perform food chain modeling at AOC 8. 

Navy Response:   During the June 4, 2013 conference call, agreement was reached that food web modeling will be 
added to the ecological risk assessment. However, appropriate Area Use Factors may be applied to account for 
the small size of the site.  

A fourth bullet was added to Section 2.3.2.2 of the SAP as follows: 

 Food web exposures (for detected bioaccumulative constituents in surface soil) for upper trophic level 
receptors will also be modeled for terrestrial habitats at the AOC 6 TNT Subareas. Terrestrial receptors may 
include: (1) meadow vole; (2) short-tailed shrew; (3) white-footed mouse; (4) red fox; (5) American robin; and 
(6) red-tailed hawk. If maximum exposure doses (calculated using maximum surface soil concentrations) 
exceed NOAEL-based ingestion toxicity reference values (TRVs), the chemical will be identified as an initial 
COPC. Mean and 95% UCL-based exposure doses (for bioaccumulative chemicals) will also be calculated and 
compared with NOAEL, LOAEL, and Maximum Acceptable Toxicant Concentration (MATC)-based TRVs. If the 
MATC-based HQ equals or exceeds one based upon the mean soil concentration, the chemical will be 
identified as a refined COPC. Appropriate Area Use Factors [AUFs] may be applied when selecting refined 
COPCs. 

EPA RPM Comment 4: The response to EPA RPM comment 9 states, in part, “…with consideration of the mean and 
maximum concentrations, as appropriate….”  Please confirm that maximum concentrations will be used in the 
ecological risk assessment for plants and invertebrates since these receptors have limited or no mobility. 

Navy Response:  During the June 4, 2013 conference call, agreement was reached that no changes to the SAP 
were necessary if the SAP acknowledges factors other than the mean will be considered.  As stated in the March 
18, 2013 response, the text in the first bullet of Section 2.3.2.2 was revised to state that the mean and maximum 
concentrations will be considered, as appropriate; however, the 95% UCL will be used as the primary decision EPC 
in Step 3A of the ERA.  Therefore, no additional changes to the SAP are needed.  [It should be noted that the 
Screening Ecological Risk Assessment (SERA) (Steps 1 and 2 of the ERA process) is a very conservative assessment 
that does use maximum concentrations.] 

EPA RPM Comment 5:  The response to EPA RPM comment 10 refers to Figure 5 in the attachments.  When this 
figure is compared to Figure 5 in the Draft Tier II Sampling and Analysis Plan for AOC 6 TNT Graining House Sump 
and TNT Catch Box Ruins Subareas Remedial Investigation (September 2012), the location of the Catch Box Ruins 
has changed.  Please verify that the new location is correct.  In addition, the revised Figure 5 shows one or more 
roads, paths, washouts to the south of Garrison Road leading to King Creek.  Please explain these areas and any 
need for them to be investigated in relationship to this site. 

Navy Response:   The location of the Catch Box Ruins was verified during the CAX Partnering Team site visit 
conducted on November 15, 2012; thus, the figure was updated to reflect the correct location.  During the June 4, 
2013 conference call, it was determined that the “roads, paths, and washouts to the south of Garrison Road” 
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were shadows on the aerial photograph in the figure.   Agreement was reached to continue with the current 
sampling plan since there is no evidence that contamination has reached Garrison Road and there is no obvious 
pathway.  Per EPA request, Figure 5 was revised to include the outlines of the berms located in the vicinity of the 
former structures at the CAX AOC 6 TNT subareas, as well as the topographic high points along Garrison Road.  No 
changes to the SAP, other than to Figure 5, were necessary. 

EPA RPM Comment 6:  EPA comment 11 stated that within the boundaries of the TNT Graining House Sump (no 
samples) and Catch Basin Ruins (1 sample) sampling is too limited and a minimum of three samples should be 
taken within the footprint of each of the ruins.  The RTC states that based on the small area of the Catch Basin 
Ruins (21 feet long by 9 feet wide), one sample is adequate.  Regardless of the size of this brick lined depression or 
how it bottom elevation varies (2 feet to 5.5 feet deep), one sample will not be sufficient to account for the 
potential variability of contaminant concentrations that might be present in this depression.  Without knowing this 
information, either a minimum of three discrete samples or a composite sample should be collected within the 
Catch Basin Ruins. 

Navy Response:   During the June 4, 2013 conference call, the Navy proposed collection of surface and subsurface 
3-point composite samples from the Catch Box Ruins, and agreement was reached.   The 3-point composite 
samples will be collected from the lowest portion and center of the Catch Box Ruins to account for the potential 
variability of contaminant concentrations within this depression, with the vicinity of SI location CAA06-SO01 as the 
center point and a location to the north and south of it as the other two points.  The composite samples will be 
collected from the surface (0-6 inches below ground surface [bgs]) and from the subsurface at two-foot intervals 
(except for the first interval at 6 to 24 inches bgs) until groundwater is reached (anticipated to be around 10 feet 
bgs) to address the potential for contamination at depths below 24 inches bgs.  The samples will be analyzed for 
explosives and metals (and hexavalent chromium, pH, TOC, and grain size, as appropriate).  In the March 18, 2013 
response to EPA’s October 31, 2012 Comment 3, the Navy had proposed discrete samples from a single soil boring 
within the Catch Box Ruins and a graduated approach to analyzing the subsurface soil samples starting with the 2 
to 4-foot interval samples, meaning it would be analyzed and if any detection(s) of explosives and/or inorganics 
exceeded the current Residential Soil (Adjusted) Levels, the next two-foot interval (4-6’) would be analyzed and so 
on.  However, composites will now be collected and ALL of the composite samples will be analyzed instead of a 
graduated approach to analysis since this approach may result in the inability to meet laboratory holding times.  In 
summary, the SAP was revised to reflect 3-point composite samples will be collected from the Catch Box Ruins 
from the surface to groundwater, and all samples will be analyzed.  The specific revisions to the SAP occur within 
the first bullet of Section 2.3.3, as follows: 

 What is the nature and extent of contamination in soil? There are seven existing surface soil samples and 
seven existing subsurface soil samples that were collected and evaluated in the 2008 SI (CH2M HILL, 2012). 
These data will be used to aid in determining the nature and extent of contamination at the site. However, 
additional soil data are necessary for expanded spatial coverage to adequately characterize this medium. 

The following work is proposed to answer this environmental question: To supplement the existing soil data, 
thirteen co-located surface (0 to 6 inches) and subsurface (6 to 24 inches) soil samples (Figure 5) will be 
collected from the AOC 6 TNT subareas at soil sample locations CAA06-SO28 through CAA06-SO34 and from 
the soil borings for monitoring well locations CAA06-MW01 through CAA06-MW06 (Figure 5) and analyzed for 
explosives and metals.  The surface samples also will be analyzed for pH, TOC and sieve grain size, and the 
subsurface samples also will be analyzed for pH and TOC to assist in completing the ERA.  At soil sample 
location CAA06-SO27, a surface (0 to 6 inches) and a subsurface (6 to 24 inches) soil sample will be collected 
and analyzed for total and hexavalent chromium to assist with the HHRA.  and one surface soil and two 
subsurface soil samples from two additional sampling locations will be analyzed for hexavalent chromium to 
supplement the existing soil data. In addition, the 13 co-located surface soil and subsurface soil samples will 
be analyzed for pH, TOC, and sieve grain size (surface soil samples only) to assist in completing the ERA. Six of 
the proposed monitoring well locations will be co-located with six of the 13 co-located surface and subsurface 
soil sample locations. 
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To account for the potential variability of contaminant concentrations within the Catch Box Ruins and to 
address the potential for contamination at depths below 24 inches, 3-point composite soil samples will be 
collected from the surface of the depression (0-6 inch interval) and from the subsurface at two-foot intervals 
(except for the first interval at 6 to 24 inches bgs) until groundwater is reached (anticipated to be around 10 
feet bgs).   The 3-point composite samples will be collected from the lowest portion and center of the Catch 
Box Ruins, with the vicinity of SI location CAA06-SO01 as the center point and a location to the north and 
south of it as the other two points (location CAA06-SO01 is where the highest detections of explosives and 
metals were observed in surface and subsurface soil during the SI).   All of the composite samples will be field 
composited and analyzed for explosives and metals.   The surface composite sample also will be analyzed for 
pH, TOC and sieve grain size, and the subsurface composite sample from the 6 to 24-inch interval also will be 
analyzed for pH and TOC to assist with the ERA.  In addition, at the center point (vicinity of SI location CAA06-
SO01), a discrete surface (0 to 6 inches) and a discrete subsurface (6 to 24 inches) soil sample will be collected 
and analyzed for total and hexavalent chromium to assist with the HHRA. 

 

EPA RPM Comment 7:  EPA comment 11 stated that within the boundaries of the TNT Graining House Sump (no 
samples) sampling is too limited and a minimum of three samples should be taken within the footprint of the ruins.  
The response indicates, in part, that sampling within the former footprint of the Graining House sump is not 
possible and would consist of organic debris and does not represent native soil.  If there is material within this 
sump or the building footprint, it should be sampled to verify that there is no residual contamination present, even 
if it is not native soil.    

Navy Response:   During the June 4, 2013 conference call, John McCloskey (EPA BTAG) clarified this comment, 
stating he wondered if there was any actual residual material (from the former plant process and not organic 
material) within the Graining House Sump.  If present, he feels it should be sampled, because if the sump 
compartments can hold water, they can be used by receptors (e.g., insects, amphibians).   Agreement was 
reached that during the RI field activities, the sump will be field checked for residual material, and if present, a 3-
point composite sample will be collected.    The Navy assumes the analytical parameters for this sample will be 
the same as for the soil (i.e., explosives and metals, plus the physical parameters pH and TOC).  The screening 
values will depend upon the environmental conditions encountered and the nature of the collected material, but 
will likely, and are assumed to be freshwater sediment values for the ERA and the adjusted residential soil RSLs for 
the HHRA.  The SAP was revised to reflect the sampling and analyses of this contingent sample from the Graining 
House Sump [see Sections 2.1.4, 2.2.6, 2.3.1, 2.3.2.1, 2.3.2.2, 2.3.3 (2nd to last bullet), 2.3.4, 2.3.5, 2.5, 3.2.9, and 
3.3, Figure 3 (CSM), and Appendix A Tables A1-8 to A1-10,Tables A3-1 to A3-5, and Tables A3-7 to A3-8].  
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Figure 5
Proposed Sample Locations

AOC 6 TNT Subareas Remedial Investigation UFP-SAP
Cheatham Annex

Williamsburg, Virginia
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Douglas W. Domenech 
Secretary of Natural Resources 

COMMONWEALTH of VIRGINIA 
DEPARTMENT OF ENVIRONMENTAL QUALITY 

Sired address:  629 East Main Street, Richmond, Virginia 23219 
Mailing address:  P.O. Box 1105, Richmond, Virginia 23218 

TDD (804) 698-4021 
www.deq.virginia.gov  

David K. Paylor 
Director 

(804) 698.4000 
1-800-592-5482 

September 24, 2013 

Mr. Scott Park 
NAVFAC MIDLANT, Building N-26 
Hampton Roads Restoration Product Line, Code OPHREV4 
9742 Maryland Avenue 
Norfolk, VA 23511-3095 

Tier IT Sampling and Analysis Plan 
AOC 6 TNT Graining House Sump and TNT Catch Box Ruins Subareas 
Naval Weapons Station Yorktown 
Cheatham Annex 
Williamsburg, Virginia 

Dear Mr. Park: 

The Virginia Department of Environmental Quality (DEQ) has received the Redline Final Tier II 
Sampling and Analysis Plan (SAP) for AOC 6 Subareas at Naval Weapons Station Yorktown, Cheatham 
Annex, Williamsburg, Virginia. The SAP, prepared by CH2M HILL, was received by the DEQ 
(electronically) on September 16, 2013. 

Thank you for providing the DEQ's Office of Remediation Programs the opportunity to review the above-
referenced SAP. Subsequent to DEQ's internal review, this office concurs with the proposed text 
revisions and recommends submittal of the Final Tier II Sampling and Analysis Plan. 

Please contact me at (804) 698-4125 or wade.smith@deq.virginia.gov  with any additional questions. 

Sincerely, 

Wade M. Smit 
Remediation Project Manager 
Office of Remediation Programs 

cc: 	Jerry Hoover, EPA 

Douglas W. Domenech 
Secretary ofNnturnl Resources 

Mr. Scott Park 

COMMONWEALTH of VIRGINIA 
DEPARTJv!ENT OF ENVIRONMENTAL QUALITY 

Street address: 629 East Main Street, Richmond, Virginia 23219 
Mailing address: P.O. Box 1105, Richmond, Virginia 23218 

TDD (804) 698-402 1 
www.deq.virginia.gov 

September 24, 2013 

NA VF AC MIDLANT, Building N-26 
Hampton Roads Restoration Product Line, Code OPHREV 4 
9742 Maryland Avenue 
Norfolk, VA 23511-3095 . 

Tier II Sampling and Analysis Plan 
AOC 6 TNT Graining House Sump and TNT Catch Box Ruins Subareas 
Naval Weapons Station Yorktown 
Cheatham Annex 
Williamsburg, Virginia 

Dear Mr. Park: 

David K. Pnylor 
Director 

(804) 698-4000 
1-800-592-54 82 

The Virginia Department of Environmental Quality (DEQ) has received the Redline Final Tier fl 
Sampling and Analysis Plan (SAP) for AOC 6 Subareas at Naval Weapons Station Yorktown, Cheatham 
Annex, Williamsburg, Virginia. The SAP, prepared by CH2M HILL, was received by the DEQ 
(electronically) on September 16, 2013. 

Thank you for providing the DEQ' s Office of Remediation Programs the opportunity to review the above­
referenced SAP. Subsequent to DEQ's internal review, this office concurs with the proposed text 
revisions and recommends submittal of the Final Tier II Sampling and Analysis Plan. 

Please contact me at (804) 698-4125 or wade.smitb@deq.virginia.gov with any additional questions. 

cc: Jerry Hoover, EPA 

Sincerely, 

~ef 
Remediation Project Manager 
Office of Remediation Programs 



UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 
REGION III 

1650 Arch Street 
Philadelphia, Pennsylvania 19103-2029 

September 25, 2013 

Mr. Scott Park 
NAVFAC MIDLANT, Building N-26, Room 3208 
Attention: Code OPHE3, Mr. Scott Park 
9742 Maryland Avenue 
Norfolk, VA 23511-3095 

Subject: Tier II Remedial Investigation Sampling and Analysis Plan for AOC 6 TNT Graining 
House Sump and TNT Catch Box Ruins Subareas, Naval Weapons Station Yorktown 
Cheatham Annex, Williamsburg, Virginia 

Mr. Park: 

EPA has reviewed the Responses to Comments (RTCs) and the Red-line Text for the subject 
document submitted via email from CH2M Hill on September 16, 2013. EPA has no comments 
on either the RTCs or the Red-line Text. Please subMit a final copy of the subject document for 
our records. 

If you have any questions, please contact me at 215-814-2077. 

Sincerely, 

5F.€4.44/7f 

Gerald F. Hoover, RPM 
NPL/BRAC Federal Facilities Branch 

cc: Wade Smith, VDEQ 

UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 
REGION Ill 

1650 Arch Street 
Philadelphia; Pennsylvania 19103-2029 

Mr. Scott Park 
NA VF AC MIOLANT, Building N-26, Room 3208 
Attention: Code OPHE3, Mr. Scott Park 
9742 Maryland Avenue 
Norfo lk, VA 23511-3095 

September 25, 2013 

Subject: Tier II Remedial Investigation Sampling and Analysis Plan for AOC 6 TNT Graining 
House Sump and TNT Catch Box Ruins Subareas, Naval Weapons Station Yorktown 
Cheatham Annex, Williamsburg, Virginia 

Mr. Park: 

EPA has reviewed the Responses to Comments (RTCs) and the Red-line Text for the subject 
document submitted via email from CH2M Hill on September 16, 2013. EPA has no comments 
on either the RTCs or the Red-line Text. Please submit a final copy of the subject document for 
our records. 

If you have any questions, please contact me at 215-814-2077. 

Sincerely, 

Gerald F. Hoover, RPM 
NPL/BRAC Federal Facilities Branch 

cc: Wade Smith, VDEQ 
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