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Executive Summary

This Remedial Investigation (RI) Sampling and Analysis Plan (SAP) was prepared to conduct an Rl 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 Il 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 Rl. 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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Acronyms and Abbreviations

AM
AOC
AQM
ASTM
AUF

bgs
BTAG

CA
CAX
CLEAN
CoC
cocC
COPC
CSM
CTO

DL
DNT
DO
DoD
DPT
Dal
DV

ELAP
ERA
ESV

FTL

GPS
GW

H&S
HSP
HHRA
HQ
HSM

ID
IDW

LOAEL
LOD
LoQ

MATC
MCL
MPC
MS/MSD

Activity Manager

Area of Concern

Activity Quality Manager

American Society for Standards and Materials
Area Use Factor

below ground surface
Biological Technical Assistance Group

Corrective Action
Cheatham Annex

Comprehensive Long-term Environmental Action Navy

Chain of Custody

Constituent of Concern
Chemicals of Potential Concern
Conceptual Site Model
Contract Task Order

Detection Limit
2,4-dinitrotoluene
Dissolved Oxygen
Department of Defense
Direct Push Technology
Data Quality Indicator
Data Validator

Environmental Laboratory Accreditation Program
Ecological Risk Assessment
Ecological Screening Value

Field Team Leader

Global Positioning System
groundwater

Health and Safety

Health and Safety Plan

Human Health Risk Assessment
Hazard Quotient

Health and Safety Manager

Inside Diameter
Investigation Derived Waste

lowest observed adverse effect level
Limit of Detection
Limit of Quantitation

Maximum Acceptable Toxicant Concentration
Maximum Contaminant Level

Measurement Performance Criteria

Matrix Spike/Matrix Spike Duplicate
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NAIP Natural Attenuation Indicator Parameter
NAVFAC Naval Facilities Engineering Command
Navy Department of the Navy

NOAA National Oceanic and Atmospheric Administration
NOAEL no observed adverse effect level

NTR Navy Technical Representative

ORP Oxidation-Reduction Potential

PAL Project Action Limit

PC Project Chemist

PCB Polychlorinated Biphenyl

PDM Project Delivery Manager

PID Photoionization Detector

PM Project Manager

POC Point of Contact

PPE Personal Protective Equipment

PSLP Penniman Shell Loading Plant

PVC Polyvinyl Chloride

QA Quality Assurance

QAO Quality Assurance Officer

QAPP Quality Assurance Project Plan

QcC Quality Control

QL Quantitation Limit

Qsm Quality Systems Manual

RPD Relative Percent Difference

RI Remedial Investigation

RPM Remedial Project Manager

RSL Risk Screening Levels

SAP Sampling and Analysis Plan

SI Site Investigation

SOP Standard Operating Procedure

STC Senior Technical Consultant

svoc Semivolatile Organic Compound

SW Surface Water

TAL Target Analyte List

TCL Target Compound List

TCLP Toxicity Characteristic Leaching Procedure
TNT Trinitrotoluene

TOC Total Organic Carbon

TRV toxicity reference value

UCL Upper Confidence Limit

UFP-QAPP Uniform Federal Policy for Quality Assurance Project Plans
us United States

uUscCs Unified Soil Classification System

USEPA United States Environmental Protection Agency
UTL Upper Tolerance Limit

VDEQ Virginia Department of Environmental Quality
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1
1.1

Project Organization
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

Lead Organization
Navy Technical Representative/Remedial
Project Manager (NTR/RPM)
Scott Park - NAVFAC Mid-Atlantic
(757) 341-0481

Lead Organization Chemist/Quality
Assurance Officer (QAO)

Health & Safety Manager

Hsm)  k----

Mark Orman - CH2M HILL
(414) 847-0597

Senior Technical Consultant
(STC)
Doug Bitterman - CH2M HILL
(757) 671-6209

Kenneth Bowers - NAVFAC Atlantic
(757) 322-8341

Contractor Activity Quality

Activity Manager (AM)
Marlene Ivester - CH2M HILL R
(757) 671-6282

Doug Bitterman - CH2M HILL

Manager (AQM) Navy CLEAN Program Chemist

Anita Dodson - CH2M HILL
(757) 671- 6218

UFP-SAP Reviewer

(757) 671-6209

Project Manager (PM)
Laura Lampshire - CH2M HILL

Paul Favara - CH2M HILL
(352) 384-7067

(301) 570-1042

Utility Locator

Accumark
Mike Schwartz —
(757) 813-8949

Parratt Wolff
Butch Stevens — --
(919) 644-2814

Field Team Leader (FTL)
- Toby Stewart - CH2M HILL
Drilling (757) 419-0430

Laboratories

Project Chemist (PC)

(757) 671-6335

Surveyor
TBD

IDW

TBD _,_ Line of Authority

1
! Line of Communication

Clairette Campbell - CH2M HILL

TriMatrix - -
Walt Roudebush
(616) 975-4561

Columbia Analytical Services
Rochester — Debbie Patton
] (585) 672-7473

Data Validator
Herb Kelly — CH2M HILL
(352) 384-7100
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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.

Primary point of contact (POC) for Navy; can delegate
communication to other internal or external POCs. Any issues

Naval Facilities that may impact project work are to be reported to Scott
Communication with Navy | Engineering Command | ¢ oo (757) 341-0481 immediately. RPM will notify the United States
(lead agency) (NAVFAC) Remedial scott.park@navy.mil Environmental Protection Agency (USEPA) and Virginia
Project Manager (RPM) Department of Environmental Quality (VDEQ) via email or

telephone within 24 hours of field changes affecting the
scope or implementation of the work.

Primary POC for USEPA; can delegate communication to

N . 215) 814-2077 other internal or external POCs. Upon notification of field
LCJZ?Pn;uRneIC?:r?g with USEPA RPM Gerald Hoover (215) changes, USEPA will have 24 hours to approve or comment
g hoover.gerald@epa.gov on the field changes. Responses will be communicated via

email or phone.

Primary POC for VDEQ; can delegate communication to other

(804) 698-4125 internal or external POCs. Upon notification of field changes,
Communication with VDEQ | VDEQ RPM Wade Smith . o VDEQ will have 24 hours to approve or comment on the field
wade.smith@deq.virginia.gov changes. Responses will be communicated via email or
phone.

Primary POC for stakeholder and agency managers; can

Communication regarding delegate agency communication to other contract staff as

overall project statusand | o n ) Activity (757) 671-6282 appropriate. Oversees project and will be informed of project
implementation and M AM Marlene Ivester . by the Proiect M PM). If field ch

primary POC with Navy anager (AM) marlene.ivester@ch2m.com s;atstvF”e r?(Jeqth f;naﬁer( RP')\-/I ield changes OCfc.uIro,I
RPM, USEPA, and VDEQ the will work with the Navy to communicate fie

changes to the USEPA and VDEQ via email within 24 hours.

Primary modes of communication are phone, email, letter,
document submittal; timing dependent on nature of
communication and predefined schedule as applicable and as

Communications regarding | o5\ Project . (301) 570-1042 requested by stakeholder agencies. The PM will have
project management and M PM Laura Lampshire . 24 h d h for field . .
implementation anager (PM) laura.lampshire@ch2m.com ours 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 (Sl) 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 Sl data (from Penniman Lake) will not be evaluated
since these media will be evaluated as part of the Penniman Lake Rl and groundwater data collected during the
2008 Sl will not be evaluated in the Rl 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 R, 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 Rl

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 Sl report recommendations,

and the objectives of the remedial investigation.

PAGE 17 OF 81
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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 Sl 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-SOO01. 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.

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 S, the plan is that the Sl 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.

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.

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.

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 Rl 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 RIl. 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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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 S| DPT groundwater

results in the RI.

John to discuss proposed Rl 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 Rl

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@degq.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 CH2M HILL (757) 671-6218 anita.dodson@ch2m.com

Chemist
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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 Sl
location SO03, and two, instead of five, subsurface soil samples near Sl locations SO03 and SOO01 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@deg.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 Rl
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.
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2.1.4 June 2013 Scoping Session

TABLE 5

June 2013 Scoping Session

Project Name: AOC 6 TNT subareas Rl

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

National Oceanic
Atmospheric

(215) 814-3321

peter.knight@noaa.gov

Assessor Administration (NOAA)
(USEPA BTAG)

Wade Smith RPM VDEQ (804) 698-4125 wade.smith@deg.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 i‘:g‘;‘;;ff”ogica' Risk | chom HILL (703) 376-5152 william.kappleman@®ch2m.com
Roni Warren Senior Human Health | -0, 1y (814) 364-2454 roni.warren@ch2m.com

Risk Assessor

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 Sl 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 |, 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 S| Work Plan (CH2M HILL, 2008).

In 2008, Sl 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 Rl was
recommended. Because no potential human health or ecological risks were identified for the sediment and
surface water data and an Rl 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 S, 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 Sl 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 Rl 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 Sl 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 Rl 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:
e Surface Soil — Current Base Workers and Adult and Child Recreational Users

e Surface and Subsurface Soil — Potential Future Base Workers, Adult and Child Recreational Users, Construction
Workers, and Adult and Child Residents

e Groundwater — Future Base Workers, Construction Workers, and Adult and Child Residents

o 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 Rl, 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 Rl is to collect additional data to supplement the current Sl 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
guantitation, 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 Sl 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 Rl 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
Rl 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-S028 through CAA06-S034 and from the soil borings for
monitoring well locations CAA0O6-MWO1 through CAA06-MWO06 (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-S027, 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 Sl location CAA06-S0O01 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 Sl). 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
Sl location CAA06-S001), 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 Rl monitoring well locations. However,
because the Sl groundwater samples were collected from temporary monitoring wells using DPT rather than
permanent monitoring wells, the 2008 S| groundwater data may not be representative of current
groundwater concentrations. Therefore, these data will not be evaluated in the Rl 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-MWO01 through CAA06-MWO6 (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 Rl 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 Sl 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 S| 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 Sl soil data and soil and groundwater data collected as part of this Rl 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 Rl sample locations CAA06-S0026 and CAAQ6-
S0027 (Figure 5) and analyzed for total and hexavalent chromium. These two sampling locations are in the
vicinity of the Sl sample locations that had the highest chromium detections (i.e., CAA06-SO01 and CAAQ6-
S003).

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 R, 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 Rl 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 S| and as part of this Rl 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 Rl 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.

4.

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

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

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).

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 | and lla/llb) Process Table (Section 2.3.11). In general:

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

e 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 (DQls).

e For duplicate sample results, the most conservative detected value will be used for project decisions.
e Field and laboratory precision will be compared as Relative Percent Difference (RPD) between the two results.

e 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:

e 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.

e 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.

e 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 Rl 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 | and lla/llb) 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 | and lla/Ilb) 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 | and lla/llb) Process Table
Data Review Input Description Responsible for Verification Internal/l
External
Field Notebooks Field notebooks will be reviewed internally and placed into Field Team Leader/CH2M HILL Internal
the project file for archival at project closeout.
Chain-of-custody forms and shipping documentation will be
reviewed internally upon their completion and verified
against the packed sample coolers they represent. The .
Chains of Custod shipper's signature on the chain-of-custody will be initialed Field Team Leader/CH2M HILL Internal &
- v by the reviewer, a copy of the chains-of-custody retained in
and Shipping Forms - L - ! External
the site file, and the original and remaining copies taped Project Chemist/CH2M HILL
inside the cooler for shipment. Chains-of-custody will also )
be reviewed for adherence to the SAP by the project
chemist.
Samble Condition Any discrepancies, missing, or broken containers will be
u or? Receint communicated to the Project Delivery Manager (PDM) in Project Chemist / CH2M HILL External
P P the form of laboratory logins.
. Laboratory Method Deviations will be discussed and
Documentation of - p . ]
approved by the project chemist. Documentation will be . .
Ibi?/?;;g?‘r! Method incorporated into the case narrative which becomes part of Project Chemist/CH2M HILL External
the final hardcopy data package.
Electronic Data Electronic Data Deliverables will be compared against . .
Deliverables hardcopy laboratory results (10% check). Project Chemist / CH2M HILL External
Case narratives will be reviewed by the data validator
Case Narrative during the data validation process. This is verification that Data Validator/CH2M HILL External
they were generated and applicable to the data packages.
All laboratory data packages will be verified internally by . .
Laboratory Data the laboratory performing the work for completeness and ig:gf;;g’:é?f?ggftory Quality Internal
technical accuracy prior to submittal.
Laboratory Data The data will be verified for completeness by the PDM. Project Chemist / CH2M HILL External
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. .
Audit Reports Periodically, and at the completion of site work, site file Project Manager/CH2M HILL Internal
P audit reports and corrective action forms will be reviewed Project Chemist/CH2M HILL
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.
. . Corrective action reports will be reviewed by the project .
ggrrgrcttslve Action chemist or project manager and placed into the project file E::g!:gt g]aer:gigset;/ccl_gzl\zﬂl_nll_tl‘ External
P for archival at project closeout. )
Laboratory Methods :Ennestuhr;}she laboratory analyzed samples using the correct Project Chemist/CH2M HILL External
Target Compound
List and Target grr:;lljrfistht:ollajboratory reported all analytes from each Project Chemist/CH2M HILL External
Analyte List VSIS group.
Ensure the laboratory met the project-designated
Reporting Limits quantitation limits. If quantitation limits were not met, the Project Chemist/CH2M HILL External
reason will be determined and documented.
Field Standard
Operating Ensure that all field SOPs were followed. Field Team Leader/CH2M HILL Internal
Procedures (SOPs)
Laboratory SOPs Ensure that approved analytical laboratory SOPs were Respective Laboratory Quality Internal
Y followed. Assurance Officer
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TABLE 6
Data Verification and Validation (Steps | and lla/llb) Process Table
Data Review Input Description Responsible for Verification Internal/l
External

Raw Data gglfjgctfg;;e‘“ew of raw data to confirm laboratory Data Validator/CH2M HILL External
All non-analytical field data will be reviewed against SAP

Onsite Screening requirements for completeness and accuracy based on the Field Team Leader/CH2M HILL Internal
field calibration records.

I?Ac:actl}f\:c?rg(a:tllk%r;fl{s Establish that all required QC samples were run. Data Validator/CH2M HILL External

Documentation of

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

Results
Ensure that each laboratory is DoD ELAP Certified for the

DoD ELAP Evaluation | analyses they are to perform. Ensure evaluation timeframe Project Chemist/CH2M HILL External
does not expire.

é;allg::\c/aelsdﬁ/fztgcig Analytical methods and laboratory SOPs as presented in

(toF;aI and ’dissolved) this SAP will be used to evaluate compliance against QA/QC

Mercury (total and ’ | criteria. Should adherence to QA/QC criteria yield

dissolveyd) Cvanide deficiencies, data may be qualified. The data qualifiers used

and Hexavlalgnt ’ are those presented in Region Il Modifications to the

Chromium in all National Functional Guidelines for Organic Data Review

matrixes analvzed (USEPA, September 1994) and in Region Ill Modifications to | Data Validator/CH2M HILL External

e roun dwgter ’ the Laboratory Data Validation Guidelines for Inorganic

sﬂgri’zagce soil Resicjual Data Review (USEPA, April 1993). National Functional

Sum Matelrial Guidelines will not be used for data validation; however,

sam ple (if present) the specific qualifiers listed therein may be applied to data

and/por subpsurface ’ should non-conformances against the QA/QC criteria as

soil presented in this SAP be identified.

Analytical data for

wet chemistry or

grain-size in all

matrixes analyzed, Wet chemistry [Natural Attenuation Indicator Parameter

e.g. groundwater, (NAIPs)] and grain-size analytical data will not undergo NA NA

surface soil, Residual
Sump Material
sample (if present),
and/or subsurface
soil.

third-party data validation, but are subject to all other data
review protocols detailed above.

nternal/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 present?!

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

Concentration Level: Medium / Low

QC Sample

Analytical Group

Frequency

Data Quality Indicators
(Dals)

Measurement Performance
Criteria

Field Duplicate

Equipment Blank

Cooler Temperature
Indicator

Metals including
Mercury, Cyanide,
and Hexavalent
Chromium

1 per 10 field samples

Precision

Relative Percent Difference
(RPD) £ 20%

1 per day of sampling,
per type of equipment

Bias/ Contamination

Target analytes < 1/2 LOQ

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 present?!
Analytical Group: Wet Chemistry (TOC, pH)2
Concentration Level: Medium

QC Sample

Analytical Group

Frequency

Data Quality Indicators
(DQls)

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
(DQls)

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 Mercury?!
Concentration Level: Medium / Low

QC Sample

Analytical Group

Frequency

Data Quality Indicators
(DaQls)

Measurement Performance
Criteria

Field Duplicate

Equipment Blank

Cooler Temperature
Indicator

Total Metals including
Mercury and Cyanide;
Dissolved Metals
including Mercury

1 per 10 field samples

Precision

Relative Percent Difference
(RPD) < 20%

1 per day of sampling,
per type of equipment

Bias/ Contamination

Target analytes < 1/2 LOQ

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)!
Concentration Level: Medium

QC Sample

Analytical Group

Frequency

Data Quality Indicators
(Dals)

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
Sample
Media Count Analysis Rationale
Collected to provide adequate spatial coverage,
13 Explosives, metals determine the nature and extent of contamination, and
Surface Soil (discrete) (0- 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
Collected to provide adequate spatial coverage,
13 Explosives, metals determine the nature and extent of contamination, and
Subsurface Soil (discrete) support an HHRA and ERA
(6-24 inches) 2 Total and hexavalent chromium Collected to refine the HHRA
13 pH and TOC Collected to refine the ERA
Collected to account for the potential variability of
. . 1 Exolosives. metals contaminant concentrations within the Catch Box Ruins,
Surface Soil (composite) P ’ address the potential for contamination at depths below
(0-6”) 24 inches, and support an HHRA and ERA
1 pH, TOC, sieve grain size Collected to refine the ERA
Total and dissolved metals Collected to characterize the nature and extent of
Groundwater 6 nitrate, nitrite, sulfate, sulfide, cr?n'iiammzthn n gr(;)undk\)lylgter;fto ass||s.t In ddetermlnlng
alkalinity, methane, TOC, pH the degradation and mobility of metals; and support an
! ! ’ HHRA and ERA
Residual Material Collected to characterize any residual material
(if present) 1 Explosives, metals remaining from former plant processes and to support
(from surface of concrete an HHRA and ERA
TNT Graining House Sump .
1 pH and TOC Collected to refine ERA

compartments)
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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-S028 through CAA06-S034 and CAA06-MWO01 through CAA06-MWO06) 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 CAA06-5026 and CAA06-5027) 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 CAA06-5026) 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:

e pH within 0.1 pH units

e Conductivity within 3 percent

e DO within 10 percent

e  ORP within 10 millivolts (mV)

e  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 (Ipm),
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 Rl 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)
Chloride, Ferrous
Analysis Group Tota! Metals, including mercury and Dissolved Metals, including Methane Alkalinity N!trjate, Sulfide TOC pH Explosives Crvi Irgn and Explosives Metals, including mercury and cyanide wet chemistry (pH and Crvi Qraln-
cyanide mercury Nitrite, Dissolved TOC) size
Sulfate Oxygen
2\:1-(?:/6 SW-846 2\(;\11-(?:/6 Sw-846 SW-846 ASTM
Preparation and 6010C and SW-846 9010C/ 6010C and SW-846 RSK-175 SM23208 EPA 300.0 SM 4500- SW-846 SW-846 SW-864 SW-846 Field test SW-864 3050B/6010C SW-846 9010C/ SW-846 Lloyd SW-846 D422
CTO-56 Analytical Method 7470A 7470A . S2-F 9060A 9040C 8330 7199 kits 8330 and 7471A 9045C Kahn 7199 (sieve
heath 3020A/ 9014 3020A/ 3050B/6020A 9014 only)
. Cd?altl am ?”“t?" A?C 6 ; 6020A 6020A v
emedial Investigation Sampling Analytical TriMatrix / TriMatrix TriMatrix | TriMatrix/ TriMatrix TriMatrix | TriMatrix CASR/ TriMatrix / TriMatrix TriMatrix TriMatrix | TriMatrix TriMatri
Fall 2012, tentative Laboratory/ SOP GR01-100, | /GROL- | /GROS- | GROL10o, | [N/ | TaMatme/i | TaMatie/ ) TAVOUKS | Gros | GRos- | /GROT- | ARl | GEN- Performed | CASR/ o | GROL100, /eRor | JoRos- | /GRo7- | /GROs | SR/ | /GR
Reference GR-01-129 123 122 GR-01-129 110 105 100 7199 GR-01-129 123 122 113 132 16-119
Main Laboratory bata PaCkage. 28 Calendar Days
N " Turnaround Time
TriMatrix Labs 3 20mL
5560 Corporate Exchange Ct.SE Container Type/ 500m| 500m| ' 1-doz.
Grand Rapids, MI 49512 Volume required (if | g0, npe / 150mi opaque 500mI HDPE / 150ml illetormllass 500mI HDPE / 100ml amber C'@lr 3%0;2'/ 2L amber a%OPrE/L NA 1-doz. Wide- | g class jar / 20 407 glass jar / 60, Sozglass | Wide- \3/5&2
Walt Roudebush - 616-975-4561 different than HDPE / R g glass / g. glass / 1L mouth/ 20g glass) s glass) s jar/100g mouth/
N vials / 40ml vials 50ml 10mL HDPE
container volume) 50ml 100ml Jaoml 25g
Hexavalent Chromium Laboratory m
Columbia Analytical Services, Inc. pH >10 H< p?N>90H pH<2
1565 Jefferson Road, Building 300, Suite 360 . . w/NaOH, pH <2 w/HNO3, Cool to p < . w/hal W/H,S04, Cool to Cool to Cool to
Rochester, NY 14623 Preservative pH <2 w/HNO3, Cool to <6°C Cool to <6°C w/HCI; Cool Coolto <6 °C and ZnAC, ool to <6°C <6°C 0-62C NA Cool to 0-62C
Deb Patton - (585)-672-7473 <6°C to<6°C cgfc' to <6°C
<
7 days 14 days until 7 days 30 days to
. . 48 hrs: Nitrate| extraction, extraction/ from extraction;
Holding Time Nitrite; 28 40 days for 24 40 days sample 7 days
g’;aer:;':)t;on/ 180 days 28 days 14 days 180 days 28 days 14 days 14 days days Chloride, 7 days 28 days 7 days analysis from | hours NA from 180 days 28 days 14 days receipt 14 days from 28 days
v Sulfate date of extraction to (lab- extraction
extraction analysis specified) to analysis
Matrix ‘ Station ID ‘ Sample ID2 QC Sample 8 pling Depth
CAAOE-MWO1 CAA06-GW01-MMYY - TBD X X X X X X X X X X X X
CAA06-GWO1P-MMYY duplicate TBD X X X X X X
CAA06-GWO02-MMYY - TBD X X X X X X X X X X X X
CAA06-MWO02 CAA06-GW02-MMYY-MS MS TBD X X X X X
GW CAA06-GW02-MMYY-SD MSD TBD X X X X X
CAA06-MWO03 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-MWO05 CAA06-GWO05-MMYY - TBD X X X X X X X X X X X X
CAA06-MWO06 CAA06-GWO06-MMYY - TBD X X X X X X X X X X X X
Soil les (discrete or composite)
CAA06-S026-TDBD-MMYY - 0-0.5ft X X X X X X X
CAA06-SO26-TDBD-MMYY - 0.5-2ft X X X X X X
3-point CAA06-5026-TDBD-MMYY - 2-4ft X X X X
composite Soil CAA06-SO26-TDBD-MMYY - 4-6ft X X X X
N CAA06-SO26-TDBD-MMYY - 6-8ft X X X X
CAAD6-5026 CAA06-SO26-TDBD-MMYY - 8-10ft* X X X X
CAA06-S526-MMYY - 0-0.5ft Cr only X
CAA06-SS26P-MMYY duplicate 0-0.5ft Cronly X
CAA06-SB26-TDBD-MMYY - 0.5-2ft Cronly X
CAA06-SB26P-TDBD-MMYY duplicate 0.5-2ft Cronly X
CAA06-SS27-MMYY - 0-0.5ft Cr only X
CAA06-S527-MMYY-MS MS 0-0.5ft Cr only X
CAA06-5027 5 CAA06-S527-MMYY-SD MSD 0-0.5ft Cronly X
CAA06-SB27-TBDB-MMYY - 0.5-2ft Cronly X
CAA06-SB27-TBDB-MMYY-MS MS 0.5-2ft Cronly X
) ! CAA06-SB27-TBDB-MMYY-SD MSD 0.5-2ft Cronly X
Discrete Sol CAAQ6-S528-MMYY 0-05ft X X X X X X X
CAA06-5028 - -
CAA06-SB28-TBDB-MMYY - 0.5-2ft X X X X X X
CAA06-5529-MMYY - 0-0.5ft X X X X X X X
CAA06-5029
CAA06-SB29-TBDB-MMYY - 0.5-2ft X X X X X X
CAA06-SS30-MMYY - 0-0.5ft
CAA06-S030 X X X X X X X
CAA06-SB30-TBDB-MMYY - 0.5-2ft X X X X X X
CAA06-SS31-MMYY - 0-0.5ft X X X X X X X
CAA06-5031
CAA06-SB31-TBDB-MMYY - 0.5-2ft X X X X X X
CAA06-SS32-MMYY - 0-0.5ft
CAA06-5032 X X X X X X X
CAA06-SB32-TBDB-MMYY - 0.5-2ft X X X X X X
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TABLE 9 (continued)

Aqueous _ Solid
Wet Chemistry (NAIPs)
Chloride, Ferrous
Nitrate, Iron and
Total Metals, including mercury and Dissolved Metals, Nitrite, Dissolve Metals, including mercury and wet chemistry (pH Grain-
Analysis Group | cyanide including mercury Methane Alkalinity Sulfate Sulfide TOC pH Explosives | CrVI d Oxygen Explosives cyanide and TOC) Crvi size
Matrix | Station ID Sample ID2 [ QC Sample 8 Analysis Group
Soil ples (discrete or p ) CONTINUED
CAA06-5S33-MMYY - 0-0.5ft
CAA06-S033 X X X X X X X
CAA06-SB33-TBDB-MMYY - 0.5-2ft X X X X X X
CAA06-5534-MMYY - 0-0.5ft X X X X X X X
CAA06-S034
CAA06-SB34-TBDB-MMYY - 0.5-2ft X X X X X X
CAA06-5535-MMYY - 0-0.5ft
CAA06-MWO01 X X X X X X X
CAA06-SB35-TBDB-MMYY - 0.5-2ft X X X X X X
CAA06-5S36-MMYY - 0-0.5ft X X X X X X X
CAA06-5S36P-MMYY duplicate 0-0.5ft X X X X
CAA06-MWO02
CAA06-SB36-TBDB-MMYY - 0.5-2ft X X X X X X
CAA06-5B36P-TBDB-MMYY duplicate 0.5-2ft X X X X
CAA06-SS37-MMYY - 0-0.5ft X X X X X X X
CAA06-5537-MMYY-MS MS 0-0.5ft X X X X
CAA06-5537-MMYY-SD MSD 0-0.5ft X X X X
CAA06-MWO03
CAA06-5B37-TBDB-MMYY - 0.5-2ft X X X X X X
CAA06-SB37-TBDB-MMYY-MS MS 0.5-2ft X X X X
CAA06-SB37-TBDB-MMYY-SD MSD 0.5-2ft X X X X
CAA06-5538-MMYY - 0-0.5ft
CAA06-MWO04 X X X X X X X
CAA06-SB38-TBDB-MMYY - 0.5-2ft X X X X X X
CAA06-5539-MMYY - 0-05ft X X X X X X X
CAA06-MWO5
CAA06-SB39-TBDB-MMYY - 0.5-2ft X X X X X X
CAA06-5S40-MMYY - 0-0.5ft
CAA06-MWO06 X X X X X X X
CAA06-SB40-TBDB-MMYY - 0.5-2ft X X X X X X
Contil Residual Sump Material Sample (if present, this sample will be treated as sedi )
CAA06-SD03-MMYY - TBD X X X X X X
CAA06-SDO3P-MMYY duplicat TBD X X X X
Sump Material | CAA06-SD03 upficate
CAA06-SD03-MMYY-MS MS TBD X X X X
CAA06-SD03-MMYY-SD MSD TBD X X X X
Blank les &
Equipment CAA06-QC CAA06-EBMMDDYY-GW EB NA X X X X X
Blank for GW
Equipment CAA0B-QC CAAQ6-EBMMDDYY-SO £B NA X X X X X
Blank for Soil
Equipment
Blank for Sump CAA06-QC CAA06-EBMMDDYY-SD EB NA X X X X
Material
Total Number of Samples to the
Laboratory: 12 12 12 10 10 6 6 6 6 6 2 1 7 42 42 42 42 29 15 10 14
Notes:

1For a complete reference of laboratory SOPs, see the Analytical SOP References Table.
2Sample 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.
3Samples 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 CAA06-5026, 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-S027 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.
7Maximum 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 sz‘rli?(i)c:lnNDua;ebg: Location of SOP (if not included in the SAP) Any plgr:gjt::itd\t’e\;lti,?&ion for Comments
1_BlankPrep Equipment Blank and Field Blank Preparation 8/2013 \\orion\proj\CLEANI\SOPS\1 - MASTER\Sample Preparation and Handling N/A N/A
2_COoC 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\CLEANI\SOPS\1 - MASTER\Hydrogeology N/A
4_Decon Decontamination of Personnel and Equipment 8/2013 \\orion\proj\CLEANI\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\CLEANI\SOPS\1 - MASTER\Other N/A N/A
7_Dispose Disposal of Waste Fluids and Solids 8/2013 \\orion\proj\CLEANI\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\CLEANI\SOPS\1 - MASTER\Sample Preparation and Handling N/A N/A
10_Log Books Preparing Field Log Books 8/2013 \\orion\proj\CLEANI\SOPS\1 - MASTER\Log Books N/A N/A
11_LowFlow-EPA Reg I1&lI Low-Flow Groundwater Sampling from Monitoring Wells — EPA Region | and Ill 8/2013 \\orion\proj\CLEANIN\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_MWiInstall General Guidance for Monitoring Well Installation 8/2013 \\orion\proj\CLEANI\SOPS\1 - MASTER\Hydrogeology N/A N/A
14_MWSamp-EPA Reg I&llI Groundwater Sampling from Monitoring Wells- EPA Region &1l 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_SBlLog Logging of Soil Borings 8/2013 \\orion\proj\CLEANI\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\CLEANI\SOPS\1 - MASTER\Utility Location N/A N/A
23_WaterlLevels Water Level Measurements 8/2013 \\orion\proj\CLEANII\SOPS\1 - MASTER\Hydrogeology N/A N/A
24_WaterQual-Horiba_YSI ;fgpgiﬁjﬁé s ofph. jf’gfl’gﬁtg‘;”a‘i‘éf;‘;'ggf,Jg[é’r’%’fl{h2’/;5;";;‘70%’;,952” ORP, and 8/2013 \\orion\proj\CLEANI\SOPS\1 - MASTER\Field Parameters N/A N/A
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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 Al1-1 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

14 o 2 i LCS and MS/MSD Recovery and RPD
PALs CAX Background 95% UTL Values Project QL Laboratory Limits (mg/kg) Limits® (%)
Analyte Name CAS No. Analytical Method Goal®**
Adjusted Residential Soil RSL, ECO SV Surface Soil Subsurface Soil (mg/kg)
Nov. 2011 (mg/kg) (mg/kg) (mg/kg) (mg/kg) LoQ LOD DL LCL UCL RPD
Aluminum 7429-90-5 6010C 7700 pH<5.5 12200 13000 3850 10 5 1.36
Antimony 7440-36-0 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 6020A 1500 330 52.9 84.5 26.45 0.1 0.02 0.0122
80 120 20
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
. LCS 80 LCS 120
Chromium VI (Hexavalent) 18540-29-9 7199 0.29 0.4 NC NC 0.145 0.4 0.2 0.065 MS 75 MS 125 20
Cobalt 7440-48-4 2.3 13 9.93 5.18 1.15 0.1 0.02 0.0064
6020A 80 120
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
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
80 120
Mercury 7439-97-6 7471A 2.3 0.1 0.111 NE 0.05 0.05 0.02 0.0061
20
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 39 0.52 0.51 NE 0.255 0.5 0.1 0.0456
6020A
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
Thallium 7440-28-0 0.078 1 NC NC 0.039 0.1 0.01 0.0026
80 120
Vanadium 7440-62-2 6020A 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.

5DoD 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

PALs'3 Project QL Goal®? Laboratory Limits (mg/kg) LCS and MS/lI\./iI;Ii)tz‘e(“:;:;lery and RPD
Analyte Name chs o Adjusted Residential Soil RSL Ecological SV (me/ke)
justed Residentia , g
Nov. 2011 (mg/kg) (mg/ke) LoqQ LoD DL LCL ucL RPD
1,3,5-Trinitrobenzene 99-35-4 220 NC 110 0.4 0.2 0.017
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 40 140 20
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.
4DoD 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 *

Laboratory Limits

LCS and MS/MSD Recovery and RPD

2 Analytical . Limits3 (%)
Analyte Name CAS No. Method Units
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.

2Values presented are contractor-specific chemical identifiers.

3DoD 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
GSO07 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) SIEVES.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) SIEVE8S50 % 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

PALs! broject QL Goal? Laboratory Limits (ug/L) LCS and MS/MSD Recovery Limits* (%)

Analyte Name CAS No. Analytical Method Adjusted Tap\7:é7[)RSL, Nov 2011 N rojefug/L) oa o . N " ” -
Aluminum 7429-90-5 6010C 1600 NC 800 100 100 24.2
Antimony 7440-36-0 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 6020A 290 2000 145 2 0.5 0.136
Beryllium 7440-41-7 1.6 4 0.8 1 0.4 0.111

80 120 20
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 0.031 100 0.0155 1 0.5 0.195
Cobalt 7440-48-4 6020A 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
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 80 120 20
Selenium 7782-49-2 7.8 50 3.9 5 1 0.777
6020A

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 0.016 2 0.008 0.2 0.1 0.0268
Vanadium 7440-62-2 6020A 7.8 NC 3.9 1 0.2 0.0657
Zinc 7440-66-6 470 NC 235 10 4 3.76
Notes:

! 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.

“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

PALs!

Laboratory Limits (ug/L)

LCS and MS/MSD Recovery

Analyte Name CAS No. A“’}Iae't‘mfj' — gf%’z;fs Limits* (%)
justed Tapwater RSL, MCL (ug/L)
Nov 2011 (ug/L) (ug/L) LoqQ LoD DL LCL ucL RPD
Aluminum 7429-90-5 6010C 1600 NC 800 100 100 24.2
Antimony 7440-36-0 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 6020A 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 0.031 100 0.0155 1 0.5 0.195
Cobalt 7440-48-4 6020A 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 80 120 20
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 7.8 50 3.9 5 1 0.777
Silver 7440-22-4 00204 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 0.016 2 0.008 0.2 0.1 0.0268
Vanadium 7440-62-2 6020A 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.

4DoD 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. Al\r;lilty;:’cjl Projelc_te‘llr;‘ljlicator Laboratory Limits (ug/L, or pH) LCS and MS/MSD Recovery Limits* (%)
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 bacteriais 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

LCS and MS/MSD Recovery

PALs'?3 (mg/kg) Project QL Laboratory Limits (mg/kg) and RPD Limits* (%)
Analytical | Adjusted Residential Soil RSLx 10 | Sediment Goal?3?
Analyte Name CAS No. Method for Sediment (May2013) ESV (mg/kg) LoOQ LOD DL LCL ucCL RPD
Aluminum 7429-90-5 | 6010C 77000 25500 12750 10 5 1.36
Antimony 7440-36-0 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 | 6020A 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 2.9 43.4 1.45 0.2 0.05 0.0139
Cobalt 7440-48-4 | 6020A 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 80 120
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 20
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 1 0.5 0.1 0.0456
Silver 7440-22-4 390 0.5 0.1 0.01 0.0039 75 120
Sodium 7440-23-5 | 6010C NC NC Lab LOD 50 25 6
Thallium 7440-28-0 0.78 NC 0.39 0.1 0.01 0.0026 80 120
Vanadium 7440-62-2 | 6020A 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

LCS and MS/MSD Recovery and RPD

PALs'3 (mg/kg) Laboratory Limits (mg/kg) Limits? (%)
Adjusted
Residential Soil RSL Project QL
x 10 for Sediment Sediment Goal*?
Analyte Name CAS No. (May2013) ESV (mg/kg) LOQ LOD DL LCL UCL RPD

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

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 33 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 40 140 20
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
Octahyd.ro-1,3,5,7-tetranitro-1,3,5,7- 0.4 02 0.018

tetrazocine (HMX) 2691-41-0 3800 0.00474 0.00237

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.

4DoD 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 !

LCS and MS/MSD Recovery and RPD Limits3
Laboratory Limits (%)
Analytical LCL UCL RPD
Analyte Name CAS No. 2 Method Units LOQ LOD DL
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.
2Values presented are contractor-specific chemical identifiers.

3DoD 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, M| 49512
Point of Contact: Walt Roudebush
Phone Number: (616) 975-4561

. . Definitive or . . . Modified for
Lab SOP . .. Date reviewed if . Matrix and Analytical Variance to . N
Number Title, Revision Date, and Number not revised Screening Group Instrument Qsm Project Work?
Data (Y/N)
Inductively Coupled Plasma Atomic Emission
GR-01-100 Spectroscopy-Perkin ElImer OPTIMA- NA Definitive Soil, Water / Metals ICP None N
3300DV/5300DV; 09/20/11, rev 5.9
N1 Mercury by semi-Automated Cold Vapor . .
GR-01-123 Atomic Absorption, 09/25/11; rev 5.8 NA Definitive Soil, Water / Metals CVAA None N
Inductively Coupled Plasma Mass Spectrometry
GR-01-129 Perkin EImer ELAN-6000/6100; 09/25/11, rev NA Definitive Soil, Water / Metals ICPMS None N
4.0
Block Digestion of Solids for ICP and ICPMS; S . .
GR-01-137 09/20/11, rev 1.6 NA Definitive Soil / Metals Block Digester None N
Preparation Procedure for Mercury in Soils, _— . .
GR-01-139 Wastes, and Oils; 04/09/11, rev 0.2 NA Definitive Soil / Metals Block Digester None N
Preparation Procedure for Mercury in Water,
GR-01-140 Wastewater, and Liquid Waste; 04/09/10, rev NA Definitive Water / Metals Block Digester None N
0.4
Block Digestion of Total Metals in Water for . o .
GR-01-147 ICP; 04/09/10, rev 0.4 In review Definitive Water / Metals Block Digester None N
Block Digestion of Aqueous Samples and
GR-01-148 Extracts for Total/Dissolved Metals by ICPMS; NA Definitive Water / Metals Block Digester None N
10/20/11, rev 0.4
GR-02-113 Determination of Inorganic Anions by lon NA Definitive Water / Wet Chemistry IC None N
Chromatography; 04/29/11, rev 300.0
Analysis of Dissolved Methane, Ethane, and
Na. Ethylene in Water Using a Gas Chromatography N
GR-03-130 Headspace Equilibrium Technique; 09/30/11, NA Definitive Water / GC GC/FID None N
rev0..5
ne. Total Organic Carbon (TOC), Dissolved Organic o .
GR-05-105 Carbon (DOC); 02/25/11, rev 3.5 NA Definitive Water / Wet Chemistry TOC Analyzer None N
Total and Amenable Cyanide by Konelab UV . —_— Soil, Water / Wet
GR-05-122 Spectrophotometry; 10/06/10, rev 0.4 In review Definitive Chemistry Spectrophometer None N
GR-05-132 Leco Carbon Analyzer (Organic Carbon); In review Definitive Soil / Wet Chemistry TOC Analyzer None N

10/31/10, rev 0.0 (Draft)




TABLE A2-1

Analytical SOP References Table

Laboratory Name and Address: TriMatrix Laboratories, 5560 Corporate Exchange Ct. SE, Grand Rapids, M| 49512
Point of Contact: Walt Roudebush
Phone Number: (616) 975-4561

. . Definitive or . . . Modified for
Lab SOP . - Date reviewed if . Matrix and Analytical Variance to X 2
Number Title, Revision Date, and Number not revised Screening Group Instrument Qsm Project Work?
Data (Y/N)
Alkalinity, Automatic Titration Method (Total,
GR-06-101 Bicarbonate, Carbonate, and Hydroxide In review Definitive Water / Wet Chemistry Autotitrator None N
Alkalinity); 04/19/10, rev 3.3
GR-06-110 Sulfide Titrimetric; 09/25/11, rev 0.3 NA Definitive Water / Wet Chemistry T:\t’mg?:y None N
GR-07-100 ?(:IVI gcitentlometrlc Method; 10/13/10, In review Screening Water / Wet Chemistry pH meter None N
e pH Potentiometric Method Soils and Wastes : . . .
GR-07-113 (Non-Aqueous Liquids); 04/19/10, rev 0.3 In review Screening Soil / Wet Chemistry pH meter None N
. . . . . L . . gravimetric,
GR-16-119 Particle-Size Analysis of Soils; 08/01/10, rev 0.0 In review Definitive Soil / Wet Chemistry sieves None N
. . lassware /
e Total and Amenable Cyanide Extraction and/or S . . £1a
GR-18-106 Macro-Distillation: 05/30/11, rev 3.3 NA Definitive Soil / Wet Chemistry equipment for None N
distillation
e icpilag glassware /
GR-18-109 Midi .D'S.t'”at'on for Total and Amenable NA Definitive Water / Wet Chemistry equipment for None N
Cyanide; 05/30/11, rev 3.6 ST,
distillation
GR-10-104 Izngernal Chain of Custody (CoC); 11/10/11, rev NA NA NA NA None N
GR-15-100 Sample Receiving/Sample Log-In; 04/19/10, rev In review NA NA NA None N

3.2

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

. . . Modified for
Lab SOP . . Date reviewed Definitive or Matrix and . T -
Number Title, Revision Date, and Number if not revised Screening Data Analytical Group Instrument Variance to QSM Proltz{:(t/NW)ork.
GEN-7199 Hexavalent Chromium by lon In Review Definitive water and soil lon Chromatography N N
Chromatography, Revision 3, 1/6/11
Alkaline Digestion for Hexavalent . .
GEN-3060A | Chyomium in Soils, Revision 2, 1/6/11 In Review Prep soil Prep N N
Nitroaromatics and Nitramines
HPLC-8330 (Explosives) by High Performance Liquid 5/27/2011 Definitive water and soil HPLC-UV N N

Chromatography, Revision 1, 5/27/11

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

Person(s) .
. Frequency/ Method/SOP QC Acceptance . . . Data Quality Measurement
Qc sample: Number Limits Corrective Action cRespor)5|bIe fpr Indicator (DQ) Performance Criteria
orrective Action
Evaluate and reanalyze if possible. If
the surrogate is outside the
All field and QC 1,2-Dinitrobenzene established limits due to well-
Surrogate samples - one pre 40-140% water documented matrix effects, the Accuracy/Bias

sample

50-150% soil

results must be flagged and an
explanation included in the case
narrative.

Method Blank

LCS

MS

MSD

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.

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.

Same as LCS.

If LCS acceptable, may report with
qualifier and note outliers in the case
narrative

Same as MS, and refer to Table
Al-3.

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

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.

Analyst/Supervis
or

Bias/Contaminatio
n

Accuracy/Bias

Precision /
Accuracy/
Bias

Precision /
Accuracy/
Bias

Identification

Same as Method/SOP
QC Acceptable Limits




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

Person(s)
. Frequency/ Method/SOP QC Acceptance . . Responsible for Data Qualit Measurement
QcC sample: Ngmbey Limits ? Corrective Action CI:Jrrective Indicator (D({I) Performance Criteria
Action
No analytes detected > 1/2 RL
and greater than 1/10 the
regulatory limit (whichever is Correct the problem. If required,
Method Blank greater). Blank result must not | reprep and reanalyze the method Contamination /
otherwise affect sample blank and all samples processed with Bias
results. For common the contaminated blank.
laboratory contaminants, no
analytes detected > RL.
Laboratory Control Correct problem, then reprep and
Sample (LCS) QC acceptance criteria reanalyze the LCS and all samples in
containing all One per specified in DoD QSM v4.1., the associated preparatory batch for Accuracy / Bias
analytes to be preparatory batch refer to Tables Al-1,-5,-6,-8 | failed analytes, if sufficient sample
reported of up to 20 samples. material is available.
Examine results of LCS. If both the
LCS and MS/MSD or MS/DUP are
Matrix Spike (MS) Same as LCS. unacceptable, re-prepare and Accuracy / Bias
analyze the associated samples and Analyst /
QC, otherwise report and narrate. Labo¥atory Area Same as Method/SOP
Examine results of LCS. If both the Supervisor QC Acceptance Limits.

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

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

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

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.

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.

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.

Precision / Accuracy
/ Bias

Precision / Accuracy

Precision / Accuracy

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

Person(s)
. Frequency/ Method/SOP QC Acceptance . . Responsible for Data Quality Measurement
QcC sample: Number Limits Corrective Action Corrective Indicator (DQI) Performance Criteria
Action
No analytes detected > 1/2 RL
and greater than 1/10 the
regulatory limit (whichever is Correct the problem. If required,
M greater). Blank result must not | reprep and reanalyze the method Contamination /
ethod Blank : . -
otherwise affect sample blank and all samples processed with Bias
results. For common the contaminated blank.
laboratory contaminants, no
analytes detected > RL.
Laboratory Control Correct problem, then reprep and
Sample (LCS) QC acceptance criteria reanalyze the LCS and all samples in
containing all One per specified in DoD QSM v4.1., the associated preparatory batch for Accuracy / Bias
analytes to be preparatory batch refer to Tables Al1-1,-5,-6,-8 | failed analytes, if sufficient sample
reported of up to 20 samples. material is available.
Examine results of LCS. If both the
LCS and MS/MSD or MS/DUP are
Matrix Spike (MS) Same as LCS. unacceptable, re-prepare and Accuracy / Bias
analyze the associated samples and Analyst /
QC, otherwise report and narrate. Labo\ﬁatory Area Same as Method/SOP
Examine results of LCS. If both the Supervisor QC Acceptance Limits.

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

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

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

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.

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.

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.

Precision / Accuracy
/ Bias

Precision / Accuracy

Precision / Accuracy

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

Person(s)
. Frequency/ Method/SOP QC Acceptance . . Responsible for Data Quality Measurement
QcC sample: Number Limits Corrective Action Corrective Indicator (DQI) Performance Criteria
Action
No analytes detected > 1/2 RL
and greater than 1/10 the
regulatory limit (whichever is Correct the problem. If required,
Method Blank greater). Blank result must not | reprep and reanalyze the method Contamination /
otherwise affect sample blank and all samples processed with Bias
results. For common the contaminated blank.
laboratory contaminants, no
analytes detected > RL.
Correct problem, then reprep and
Iggfnogf;?[és(;ontrol QC acceptance criteria reanalyze.the LCS and all samples in )
containing analyte One per specified in DoD QSM v4.1., th_e associated preparatory batch for Analyst / Accuracy / Bias
to be reported preparatory batch refer to Tables A1-1, -5, 6, -8 failed _ar;glytesfllfbsluffluent sample Laboratory Area Sacm: as I\{Iethoﬁ_/ StOP
of up to 20 samples. material is available. Supervisor QC Acceptance Limits.

Matrix Spike (MS)

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

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.

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.

Accuracy / Bias

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

Person(s)
. Frequency/ Method/SOP QC Acceptance . . Responsible for Data Quality Measurement
QcC sample: Number Limits Corrective Action Corrective Indicator (DQI) Performance Criteria
Action
No analytes detected > 1/2 RL
and greater than 1/10 the Correct the problem. If required,
Method Blank regulatory limit (whichever is reprep and reanalyze the method Contamination /
greater). Blank result must not | blank and all samples processed with Bias
otherwise affect sample the contaminated blank.
results.
Correct problem, then reprep and
Laboratory Control Qc acceptance criteria reanalyze.the LCS and all samples in )
sample (LCS) specified in DoD QSM v4.1., the as_soaated preparatory batch for Accuracy / Bias
One per refer to Tables A1-1, -5, -8 the faliled. analyte, if sufficient sample Analyst /
preparatory batch material is available. Laboratory Area Same as Metth/SQP
of up to 20 samples. Supervisor QC Acceptance Limits.

Matrix Spike (MS)

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

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.

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.

Accuracy / Bias

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 (DQ)

Measurement
Performance Criteria

Method Blank

LCS-soluble

1 per batch of 20 or
fewer samples.

No target compounds should
be >1/2 LOQ.

Reclean, reanalyze and/or qualify the
data.

LCS-insoluble

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

QC acceptance criteria
specified in DoD QSM v4.1.,
refer to Table Al1-2.

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.

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.

MS-soluble

1 per batch of 20 or
fewer samples.

MS-insoluble

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

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.

DUP(or MSD)

Post Digestion
Matrix Spike

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.

85-115% of the true value.

If MS also failed, no action beyond
CA for MS.

Analyst/Supervi
sor

Bias/Contamination

Accuracy/Bias

Accuracy/Bias

Accuracy/
Bias

Precision

Bias

Same as Method/SOP
QC Acceptance Limits.




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

Person(s)
. Frequency/ Method/SOP QC Acceptance . . Responsible for Data Quality Measurement
QC sample: Number Limits Corrective Action Corrective Indicator (DQI) Performance Criteria
Action
Analyte not detected > 1/2 RL
One per and greater.th‘an 1/.10 the . Re-prepare and analyze all associated | Analyst / S
regulatory limit (whichever is . : . P Contamination /
Method Blank preparatory batch samples. Discuss with client/qualify if | Laboratory Area -
greater). Blank result must not ) - h Bias
of up to 20 samples. : re-analysis not feasible. Supervisor
otherwise affect sample
results.
Laboratory Control One per QC acceptance criteria Re-prepare and analyze all associated | Analyst /
Sample (Lés) preparatory batch specified in DoD QSM v4.1., samples. Discuss with client/qualify if | Laboratory Area | Accuracy / Bias
P of up to 20 samples. | refer to Table A1-4 and 10. re-analysis not feasible. Supervisor
Same as Method/SOP
Examine results of LCS. If both the QC Acceptance Limits.
One per For matrix evaluation use QC LCS and MS/MSD are unacceptable, Analyst /
Matrix Spike (MS) preparatory batch acceptance criteria specified re-prepare and analyze the Laboratory Area | Accuracy / Bias
of up to 20 samples. | for LCS. associated samples and QC, Supervisor
otherwise report and narrate.
MSD: For matrix evaluation Examine results of LCS. If both the
Matrix Spike One per use dC acceptance criteria ’ LCS and MS/MSD are unacceptable, Analyst / )
Duplicate (MSD) preparatory batch specified for LCS. MSD: RPD < re-prepare and analyze the LaboraFory Area | Accuracy / Bias
of up to 20 samples. associated samples and QC, Supervisor

20% (between MS and MSD).

otherwise report and narrate.




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

Person(s)
. Frequency/ Method/SOP QC Acceptance . . Responsible for Data Quality Measurement
QcC sample: Number Limits Corrective Action Corrective Indicator (DQI) Performance Criteria
Action
Standard Reference Two per batch +0.05 pH units of certified Re-prepare and analyze all associated ,I’:\ntz:llyst/ A A
Material (SRM) preparatory batc value sampoles. aboratory Area ccuracy
of up to 20 samples P Supervisor
) Same as Method/SOP
QC Acceptance Limits.
Laboratory One per batch RPD limit for oH is 20 Re-prepare and analyze all associated ,I’:\nslyst/ A Bi
Duplicate (DUP) preparatory batc imit for pH is 20. samples. a oraFory rea ias
of up to 20 samples. Supervisor




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

Person(s)
. Frequency/ Method/SOP QC Acceptance . . Responsible for Data Quality Measurement
QcC sample: Number Limits Corrective Action Corrective Indicator (DQI) Performance Criteria
Action
No analytes detected > 1/2 RL
and greater than 1/10 the .
One per L - . Re-prepare and analyze all associated | Analyst / L
Method Blank preparatory batch regulatory limit (whichever is samples. Discuss with client/qualify if | Laboratory Area Cpntamlnatlon/
greater). Blank result must not B - - Bias
of up to 20 samples. : re-analysis not feasible. Supervisor
otherwise affect sample
results.
Laboratory Control 0 C - R d | I iated | Anal
sample (LCS) ne per Q a.ct.:eptance criteria e-prepare and analyze a assocatg nalyst / )
containing analvte preparatory batch specified in DoD QSM v4.1., samples. Discuss with client/qualify if | Laboratory Area | Accuracy / Bias
to be re cg)rted \ of up to 20 samples. | refer to Table A1-8. re-analysis not feasible. Supervisor
P ) Same as Method/SOP
Examine results of LCS. If both the QC Acceptance Limits.
One per For matrix evaluation use QC LCS and MS/MSD are unacceptable, Analyst /
Matrix Spike (MS) preparatory batch acceptance criteria specified re-prepare and analyze the Laboratory Area | Accuracy / Bias
of up to 20 samples. | for LCS. associated samples and QC, Supervisor
otherwise report and narrate.
MSD: For matrix evaluation Examine results of LCS. If both the
Matrix Spike One per use dC acceptance criteria ’ LCS and MS/MSD are unacceptable, Analyst / )
Duplicate (MSD) preparatory batch specified for LCS. MSD: RPD < re-prepare and analyze the LaboraFory Area | Accuracy / Bias
of up to 20 samples. associated samples and QC, Supervisor

15% (between MS and MSD).

otherwise report and narrate.




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

Person(s)
. Frequency/ Method/SOP QC Acceptance . . Responsible for Data Quality Measurement
QcC sample: Number Limits Corrective Action Corrective Indicator (DQI) Performance Criteria
Action
Analyte not detected > 1/2 RL
d greater than 1/10 the .
One per an L - . Re-prepare and analyze all associated | Analyst / L
Method Blank preparatory batch regulatory limit (whichever is samples. Discuss with client/qualify if | Laboratory Area Cpntamlnatlon/
greater). Blank result must not B - - Bias
of up to 20 samples. : re-analysis not feasible. Supervisor
otherwise affect sample
results.
Laboratory Control One per QC acceptance criteria Re-prepare and analyze all associated | Analyst/
sample (LCS) preparatory batch specified in DoD QSM v4.1., samples. Discuss with client/qualify if | Laboratory Area | Accuracy / Bias
of up to 20 samples. | refer to Table A1-8. re-analysis not feasible. Supervisor
Same as Method/SOP
Examine results of LCS. If both the QC Acceptance Limits.
One per For matrix evaluation use QC LCS and MS/MSD are unacceptable, Analyst /
Matrix Spike (MS) preparatory batch acceptance criteria specified re-prepare and analyze the Laboratory Area | Accuracy / Bias
of up to 20 samples. | for LCS. associated samples and QC, Supervisor
otherwise report and narrate.
. . Examine results of LCS. If both the
Matri . One per MSD: For matrix evaIL_Jatpn, LCS and MS/MSD are unacceptable, Analyst /
atrix Spike batch use QC acceptance criteria d | th Laborat A A / Bi
Duplicate (MSD) preparatory batc specified for LCS. MSD: RPD < re-prepare and analyze the aboratory Area ccuracy / Bias
of up to 20 samples. = associated samples and QC, Supervisor

20% (between MS and MSD).

otherwise report and narrate.




TABLE A3-11

Laboratory QC Samples Table

Matrix: Groundwater
Analytical Group: Wet Chemistry (Alkalinity)

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

Person(s)
. Frequency/ Method/SOP QC Acceptance . . Responsible for Data Quality Measurement
QcC sample: Number Limits Corrective Action Corrective Indicator (DQI) Performance Criteria
Action
Analyte not detected > 1/2 RL
and greater than 1/10 the .
One per regulatory limit (whichever is Re-prepare and ane)lyze‘all assougtgd Analyst / Contamination /
Method Blank preparatory batch reater). Blank result must not samples. Discuss with client/qualify if | Laboratory Area Bias
of up to 20 samples. g I re-analysis not feasible. Supervisor
otherwise affect sample
results.
Laboratory Control One per QC acceptance criteria Re-prepare and analyze all associated | Analyst /
Sample (L%S) preparatory batch specified in DoD QSM v4.1., samples. Discuss with client/qualify if | Laboratory Area | Accuracy / Bias
P of up to 20 samples. | refer to Table A1-8. re-analysis not feasible. Supervisor
Same as Method/SOP
Examine results of LCS. If both the QC Acceptance Limits.
One per For matrix evaluation use QC LCS and MS/MSD are unacceptable, Analyst /
Matrix Spike (MS) preparatory batch acceptance criteria specified re-prepare and analyze the Laboratory Area | Accuracy / Bias
of up to 20 samples. | for LCS. associated samples and QC, Supervisor
otherwise report and narrate.
. . . Examine results of LCS. If both the
. . One per MSD: For matrix evalgatlpn, LCS and MS/MSD are unacceptable, Analyst /
guatlrilé(aiglz(l\jSD) preparatory batch ;1Sgcciﬁiegc;::rpfggc:/lcsrlljt.er\r'll;dD < re-prepare and analyze the Laboratory Area | Accuracy / Bias
P of up to 20 samples. P . ’ associated samples and QC, Supervisor

20% (between MS and MSD).

otherwise report and narrate.




TABLE A3-12

Laboratory QC Samples Table

Matrix: Groundwater
Analytical Group: Wet Chemistry (Methane)

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

Person(s)
. Frequency/ Method/SOP QC Acceptance . . Responsible for Data Quality Measurement
QC sample: Number Limits Corrective Action Corrective Indicator (DQI) Performance Criteria
Action
No analytes detected > 1/2 RL
One per and Igrteatelr.th.in 1{].1Ohthe . Re-prepare and analyze all associated | Analyst / Contamination /
Method Blank preparatory batch regulatory limit (whichever is samples. Discuss with client/qualify if | Laboratory Area ontamination
greater). Blank result must not B - - Bias
of up to 20 samples. : re-analysis not feasible. Supervisor
otherwise affect sample
results.
Laboratory Control
Sample (LCS) One per QC acceptance criteria Re-prepare and analyze all associated | Analyst /
containing all preparatory batch specified in DoD QSM v4.1., samples. Discuss with client/qualify if | Laboratory Area | Accuracy / Bias
analytes to be of up to 20 samples. | refer to Table A1-8. re-analysis not feasible. Supervisor
reported Same as Method/SOP QC
Acceptance Limits.
Examine results of LCS. If both the
One per For matrix evaluation use QC LCS and MS/MSD are unacceptable, Analyst /
Matrix Spike (MS) preparatory batch acceptance criteria specified re-prepare and analyze the Laboratory Area | Accuracy / Bias
of up to 20 samples. | for LCS. associated samples and QC, Supervisor
otherwise report and narrate.
MSD: For matrix evaluation Examine results of LCS. If both the
Matrix Spi One per : o LCS and MS/MSD are unacceptable, Analyst /
atrix Spike batch use QC acceptance criteria d | th Laborat A A / Bi
Duplicate (MSD) preparatory batc specified for LCS. MSD: RPD < re-prepare and analyze the aboratory Area ccuracy / Bias
of up to 20 samples. = associated samples and QC, Supervisor

20% (between MS and MSD).

otherwise report and narrate.




TABLE A3-13

Laboratory QC Samples Table

Matrix: Groundwater

Analytical Group: Wet Chemistry (pH)
Analytical Method/SOP Reference: SW-846 9040C / GR-07-100

Person(s)
. Frequency/ Method/SOP QC Acceptance . . Responsible for Data Quality Measurement
QC sample: Number Limits Corrective Action Corrective Indicator (DQI) Performance Criteria
Action
Standard Two per . - Analyst /
Reference Material | preparatory batch +0.05 pH units of certified Re—prgpare and analyze all Laboratory Area | Accuracy
(SRM) of up to 20 samples value associated samples. Supervisor
' Same as Method/SOP
QC Acceptance Limits.
Laboratory One per . . Re-prepare and analyze all Analyst / .
Duplicate (DUP) preparatory batch RPD limit for pH is 20. Laboratory Area | Bias

of up to 20 samples.

associated samples.

Supervisor




TABLE A3-14

Laboratory QC Samples Table

Matrix: Groundwater

Analytical Group: Wet Chemistry (TOC)
Analytical Method/SOP Reference: SW-846 9060A / GR-05-105

Person(s)
i Frequency/ Method/SOP QC Acceptance . . Responsible for Data Quality Measurement
Qc sample: Number Limits Corrective Action Corrective Indicator (DQI) Performance Criteria
Action
Analyte not detected > 1/2 RL
One per and greater than 1/10 the Re-prepare and analyze all Analyst /
Method Blank preparatory batch regulatoryélllmllt (whllchever is als:SOC|ated|.?car2ples. Dllscgss with Laboratory Area gpntamlnatlon/
of up to 20 samples. greater). ank result must not | ¢ |en_t/qua ify if re-analysis not Supervisor ias
otherwise affect sample feasible.
results.
L Re-prepare and analyze all
One per QC acceptance criteria - - . Analyst /
Laboratory Control preparatory batch specified in DoD QSM v4.1., as:soaated .Sa'T‘p'eS- D'SC\JSS with Laboratory Area | Accuracy / Bias
Sample (LCS) client/qualify if re-analysis not h
of up to 20 samples. | refer to Table A1-8. feasible Supervisor
) Same as Method/SOP
Examine results of LCS. If both the QC Acceptance Limits.
One per For matrix evaluation use QC LCS and MS/MSD are unacceptable, Analyst /
Matrix Spike (MS) preparatory batch acceptance criteria specified re-prepare and analyze the Laboratory Area | Accuracy / Bias
of up to 20 samples. | for LCS. associated samples and QC, Supervisor
otherwise report and narrate.
MSD: For matrix evaluation Examine results of LCS. If both the
Matrix Spike One per use dC acceptance criteria ’ LCS and MS/MSD are unacceptable, Analyst / )
Duplicate (MSD) preparatory batch specified for LCS. MSD: RPD < re-prepare and analyze the LaboraFory Area | Accuracy / Bias
of up to 20 samples. associated samples and QC, Supervisor

20% (between MS and MSD).

otherwise report and narrate.
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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

Page 1 of 2



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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ATTACHMENT 1—REFERENCES FOR ECOLOGICAL SCREENING VALUES
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Ammonia Finishing I\

Station ID

CAA06-SO04

Sample ID

CAA06-SS04-1008

Sample Date

10/21/08

Depth

0-6"

SVOCs (UG/KG)

Station ID CAA06-SO01
Sample ID CAA06-SS01-1008

No Exceedances

Sample Date 10/20/08

Explosives (UG/KG)

No Exceedances

v

Total Metals (MG/KG)

Station ID CAA06-S0O13
Sample ID CAA0B-SS13-1108 Depth 0-6"
Sample Date 11706108 SVOCs (UG/KG)
Depth 0-6" 2,4-Dinitrotoluene

Ammonia Evaporating No Exceedances

Ammonia Settling

SVOCs (UGIKG) Explosives (UG/KG)

1,3-Dinitrobenzene 730 J

No Exceedances

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

Explosives (UG/KG)

Total Metals (MG/KG)

2,4,6-Trinitrotoluene | 51,000 ,
Arsenic

Total Metals (MG/KG)

No Exceedances

Station ID CAA06-S007 Mercury
Sample ID CAA06-SS07-1108 Selenium 2]
Sample Date 11/05/08
Depth 0-6"
CLEANRSLS CLEANRSLS SVOCs (UG/KG) Station ID CAA06-S002
Conta}m inant of CLEANCAX | Eco Sunrface Soil Industrial Soil | Residential Soil No Exceedances Sample ID CAA06-SS02-1008
Potential Concern BKG SS Screening Value Adjusted Adjusted Explosives (UG/KKG) Sample Date 10/21/08
No Exceedances Depth 0-6"
Semivolatile Organic Compounds (UG/KG) Total Metals (MG/KG) Catch Box Ruins SVOCs (UG/KG)
2 4-Dinitrotoluene - | 11,000 | 5,500 | 1,600 No Bxceedances : No Exceedances
Explosives (UG/KG) Station 1D CAA06-S003 Explosives (UG/KG)
1,3-Dinitrobenzene - - 6,200 610 TNT Graining House Sample 1D CAAQD-S303-1008 2,4,6-Trinitrotoluene 320,000
2,4,6-Trinitrotoluene - 10,000 42,000 3,600 .\ Sample Date 10/21108 2-Amino-4,6-dinitrotoluene 16,000 J
2-Amino-4,6-dinitrotoluene - 80,000 200,000 15,000 Depth 06 S Nirotohens
2-Nitrotoluene - - 13,000 2,900 SVOCs (UGIKG) 4-Amino-2,6-dinitrotoluene 17,000
4-Amino-2,6-dinitrotoluene - 80,000 190,000 15,000 Station 1D CAADG-SO08 No 'Ifxcéedancesl Total Metals (MG/KG)
: Total Metals (MG/KG) Sample ID CAA06-SS08-1108 = EXIGO'IS' I'V'erts t(l':G KG) | 5500 No Exceedances
Aluminum 12,200 pH<55 99,000 7,700 Sample Date Tioe/08 14,6-Trinitrotoluene .
Arsenic 6.36 18.0 16 0.39 Depth 06" Total Metals (MG/KG)
i Aluminum
Chromium 18.2 64.0 5.6 0.29 SVOCs (UGIKG) s
|rond 19,900 pH<5 or pH>8 72,000 5,500 No Bxceedances A B 000 LYY
Lea 17.4 120 800 400 -
Explosives (UG/KG e —
Mercury 0.111 0.10 31 2.3 £ ( ) Iron 21,700 J
No Exceedances -
Selenium 051 052 510 39 Selenium 0917
- Total Metals (MG/KG) -
Vanadium 27.9 130 520 39 Vanadium 50
- No Exceedances -
Zinc 26.5 120 31,000 2,300 Zinc 176
Notes: .
E——— *Eco exceedance due to pH value AOC 6 Surface Soil Exceedance Results
. . . . W E . . .
@ Soil Sample Location Exceeds BKG & Res RSL No value available _ TNT Graining House and Catch Box Ruins Subarea
J - Analyte present, value may or may not be accurate or precise 3 Site | fi R rt
Approximate AOC 6 Study Area _ L - Analyte present, value may be biased low, actual value may be higher Ite Inspection kepo
o UG/KG - Micrograms per kilogram 0 100 200 Areas of Concern 1, 2, 6, 7, and 8
I:I Buildings Exceeds BKG, ECO, Res & Ind RSLs | \G/KG - Milligrams per kilogram Feot Cheatham Annex
ee

Williamsburg, Virginia
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Station ID CAA06-S007
Sample ID CAAO06-SB07-1108 Station ID CAA06-SO13
Sample Date 11/05/08 Sample ID CAA06-SB13-1108
Depth 6-2 Sample Date 11/06/08
SVOCs (UG/KG) Date 6-24"
No Detections SVOCs (UG/KG)
Explosives (UG/KG
NopDetectioni ) No Exceedances Station ID CAA06-S001
ot Motals TGOKG Ammonia Finishing Explosives (UG/KG) Sample ID CAA06-SB01-1008
otal Metals ( ) 2,4 6-Trinitrotoluene 660,000 Sample Date 10750108
No Exceedances 4-Amino-2,6-dinitrotoluene 30,000 Date 6-24"
Station ID CAA06-5003 Total Metals (MG/KG) SVOCs (UG/KG)
Sample ID_ | CAA06-SB03-1008 Ammonia Evaporating % Aluminum 2,4-Dinitrotoluene | 12,000
Sample Date 10/21/08 ) Explosives (UG/KG)
Date 6-24" 1,3-Dinitrobenzene 1,600 J
SVOCs (UG/KG) Ammonia Settling Station ID CAA06-S004 2,4,6-Trinitrotoluene 2,700,000
No Exceedances . Sample ID CAA06-SB04-1008 Total Metals (MG/KG)
Explosives (UGIKG) Sample Date 10/21/08 Arsenic 20.9 J
No Exceedances Date o2t
Total Metals (MG/KG) SVOCs (UG/KG) Iron 34,700 J
Aluminum 23,600 No Exceedances Selenium 14
Py I 2. Ol S Explosives (UGIKG)
a;romium No Exceedances -
J Total Metals (MGIKG) Station ID CAA06-S002
Selenium 16J Arsenic Sample ID CAA06-SB02-1008
Vanadium 54.2 Tradiom Sample Date 10/21/08
Date 6-24"
SVOCs (UG/KG)
Contaminants of CLEAN CAX Eco Surface Soil Icri;E:t’;‘igsslasil REIS‘E’Z:“ZIS;;” o Exct.aedances
Potential Concern BKG SB Screening Value Adjusted “djusted Explosives (UG/KG)
) ) 2,4,6-Trinitrotoluene | 6,700
Semivolatile Organic Compounds (UG/KG) h . Tota! Metals (MGIKG)
2,4-Dinitrotoluene - | 11,000 | 5,500 1,600 Catch Box Ruins Aluminum 15,200
Explosives (UG/KG) Arsenic
1,3-Dinitrobenzene -- -- 6,200 610 Station ID CAA06-S008
2,4,6iTrinitrotglt{ene - 10,000 42,000 3,600 Sample ID CAA06-SB08-1108
[4-Amino-2,6-dinitrotoluene - 80,000 190,000 15,000 .. | Sample Date 11/06/08
Total Metals (MG/KG) TNT Grammg House De tf] 6-24"
Aluminum 13,000 pH <55 99,000 7,700 B -
Arsenic 554 18.0 1.6 0.39 SVOCs (UGIKG)
(Chromium 337 64.0 56 0.29 E— No Detections
ron 32,000 pH<5o0rpH >8 72,000 5,500 Explosives (UG/KG)
Selenium 0.64 0.52 510 39 No Detections
Thallium - 1 1! 0.078" Total Metals (MG/KG)
Vanadium 48.3 130 520 39 No Exceedances
Legend [\,ll-\odfjiss:ted June 2011 RSL value UG/KG - Micrograms per kilogram Figure 5-15
[ Soil Sample Location * Indicates duplicate sample was collected at this location. MG/KG - Milligrams per kilogram N AOC 6 Subsurface Soil Exceeda.nce Results
) Values presented are the higher of the two. Exceeds BKG & ECO W e TNT Graining House and Catch Box Ruins Subarea
Approximate AOC 6 Study Area  «+gco exceedance due to pH value Exceeds BKG & Res RSL Site Inspection Report

[ ] suildings ~-Novalue available s Areas of Concern 1, 2, 6,7, and 8
J - Analyte present, value may or may not be accurate
Cheatham Annex

or precise Exceeds BKG, ECO, Res & Ind RSLs 0 60 120 WiIIiamsburg Virginia

L - Analyte present, value may be biased low, actual
Feet
CH2MHILL

value may be higher
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Ammonia Finishing

Ammonia Evaporating

Station ID

CAA06-DW06

Sample ID

|
CAA06-DW06-1108 |

Sample Date

11/10/08

SVOCs (UGIL)

No Detections

Explosives (UG/L)

No Detections

Total Metals (UG/L)

Aluminum

Arsenic

Beryllium

Chromium

Copper

Iron

Lead

Manganese

JReNnniman

Station ID

CAA06-DW07

Sample ID

CAA06-DW07-1108

Sample Date

11/10/08

SVOCs (UGIL)

No Detections

Explosives (UG/L)

No Detections

Total Metals (UG/L)

Aluminum

Arsenic

- Beryllium
N!CkEI Chromium
Silver Cobalt
- - y Vanadium Copper
Ammonia Settling Zinc ron
Dissolved Metals (UG/L) Lead
Arsenic, Dissolved Manganese
Iron, Dissolved 19,500 Nickel
Manganese, Dissolved 259 Silver
CLEANCAX v CLEANRSL Silver, Dissolved 0.76 J Vanadium
. 0 Surrace S .
PCtontta}nﬂlncr:\ant of BKG GW YE |Water Screening GCLEA':MC?" Tapwater Z!nc
otential Concern AQUIFER Value - Fresh roundw ater Adjusted Dissolved Metals (UG/L)
Aluminum, Dissolved 4,080
Total Metals (UGIL) Arsenic, Dissolved
Aluminum 2,230 87.0 - 3,700 e - e 171
Arsenic 2.28 150 10 0.045 OOLOT'”;’ 'Tvsod < o
Berylium 245 0.66 4 73 _ o & ;50 |e - 5
Chromium 151 11.4 100 0.043 Station 1D CAA06-DWO1 pper, Dssove :
Cobalt 20.6 23.0 - 1.1 Sample ID CAA06-DW01-1108 Iron, Dls'solved 46,500
Copper 122 9.33 1,300 150 Sample Date 11/05/08 : Lead, Dissolved 983
ron 894 1,000 - 2600 SVOCs (UGIL) Station ID CAA06-DW08 M'anganc'ase, Dissolved 480
Lead 13 318 15 15 No Detections ; zam p:e II:I)Z)elt CAAOfl-/Ii\g\//gz-1108 Silver, Dissolved 127
am ple Date
Manganese 57.9 120 -- 88 Explosives (UG/L) Catch Box Ruins D
Nickel 11.4 522 - 73 No Detections SVOCs (UGIL)
Silver - 0.36 - 18 Total Metals (UG/L) o Derectons
Vanadium 26.2 20.0 - 18 Arsers m — Explosives (UG/L)
Zinc 452 120 . 1,100 rsenic TNT Gra'n'ng HOUSG No Detections
Iron 34,000
Dissolved Metals (UG/L) e Total Metals (UG/L)
Aluminum, Dissolved 100 87.0 - 3,700 anganese 239 E\Afse”ic ,,,,,,,,,,,,,,,,,
Arsenic, Dissolved 137 150 10 0.045 Dissolved Metals (UG/L) Iron
Chromium, Dissolved 6.04 11.0 100 0.043 Aluminum, Dissolved 127 J Manganese
Cobalt, Dissolved 0.7 23.0 - 1.1 Arsenic, Dissolved Silver
Copper, Dissolved 3 8.96 1,300 150 Cobalt, Dissolved 1.8 J Dissolved Metals (UG/L)
Iron, Dissolved 275 1,000 -- 2,600 Iron, Dissolved 25,400 Arsenic, Dissolved
Lead, Dissolved 17 2.52 15 15 Manganese, Dissolved 237 Iron, Dissolved
Manganese, Dissolved 49.5 120 -- 88 Manganese, Dissolved
Silver, Dissolved -- 0.36 -- 18 Silver, Dissolved
Legend Notes: . Figure 5-16
. . . Exceeds BKG & ECO - - Novalue available AOC 6 Groundwater Exceedance Results
Groundwater/Soil Sample Location J - Analyte present, value may or may not be accurate - .
A imate AOC 6 Study A Exceeds BKG & Tapwater RSL or precise w TNT Graining House and Catch Box Ruins Subarea
PGS FO G S A peeds BUG, Tapwater BSLANCL - - e Inspect
o UGIL - Micrograms per liter Site Inspection Report
I:I Buildings Exceeds BKG, ECO & Tapwater RSL Areas of Concern 1, 2, 6,7, and 8
Exceeds BKG, ECO & MCL 0 200 Cheatham Annex
~ Brceeds BKG, ECO, Tapwater RSL&MCL Feet Williamsburg, Virginia
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Station 1D CAA06-SD02

Sample ID CAA06-SD02-1008

Sam ple Date 10/23/08

Depth 0-4" Station ID CAA06-SW02
SVOCs (UG/KG) Sample ID CAA06-SW02-1008
No Exceedances Sample Date 10/23/08

Explosives (UG/KG)
No Exceedances

Total Metals (MG/KG)
No Exceedances

SVOCs (UG/L)

No Exceedances

Explosives (UG/L)

No Exceedances

Total Metals (UG/L)

Barium | 19.8 3

Penniman
ake

Station ID CAA06-SD02 Dissolved Metals (UG/L)
Sample ID CAA06-SSD02-1008 Barium, Dissolved
Sample Date 10/23/08
Depth 4-8"
SVOCs (UG/IKG) Vv Station ID CAA06-SDO1
2,6-Dinitrotoluene | 260 | Ammonia Finishing Sample ID CAA06-SD01-1008*
Explosives (UG/KG) y Sample Date 10/23/08
No Exceedances | Ammonia Evaporating Depth 0-4"
Total Metals (MG/KG) Station ID CAA06-SDO1 SVOCs (UG/KG)
ArsemIC 46 Ammonia Settling Sample ID CAA06-SSD01-1008 No Exceedances
Chromium 76 J Sample Date 10/23/08 Explosives (UG/KG)
Depth 48 4-Amino-2,6-dinitrotoluene | 110
SVOCs (UG/KG) Total Metals (MG/KG)
No Exceedances Arsenic 12.17
Explosives (UG/KG) Chromium 5J
No Exceedances
Total Metals (MG/KG)
. Eco Surface Water | CLEAN RSLs Tap X | Eco Sediment | CLEAN RSLs Res Arsenic “ 6.9 J -
Contaminant of ) ) ) - Station ID CAAD6-SWO01
Potential Concern Screening Value - | 10 for SW Adjusted |Screening Value| Soil X 10 for SD Sample ID CAACG-SWOL-1008~
Fresh (UGIL) (UGIL) - Fresh (MG/KG)| Adjusted (MG/KG) Sample Date 10/23/08
Catch Box Ruins SvoCs (UG/L)
Semivolatile Organic Compounds _ No Exceedancos
2,6-Dinitrotoluene 187" 61,000 Explosives (UGIL)
bis(2-Ethylhexyl)phthalate - - 4,094,000" 350,000 No Exceedances
Explosives [Total Metals (UG/L)
4-Amino-2 6-dinitrotoluene | ~ - | 107" | 150,000 Barium | & J
Total Metals Dissolved Metals (UG/L)
Barium, Dissolved I 178 J
JArsenic - - 9.79 3.9
Barium 4.00 7,300 -- -- INT Graining H Y
IChromium - - 43.4 2.9 raining House
[Thallium 12 0.37° - _
Dissolved Metals
Barium, Dissolved | 4.00 7,300 | - ‘| -
Notes: -
wegend oot ros N AOC 6 Surface Water and Sediment Excoedants Resalts
. . Exceeds Res RSL urface vwater an ediment exceedance Results
A  Sediment/Surface Water Sample Location Exceeds Eoo & Res RSL W % . Site Inspection Report
Approximate AOC 6 Study Area 'Equilibrium Partitioning Value used as eco screening value. Areas of Concern 1, 2,6, 7, and 8
;ee Tables B-41 and B-43 in Appendix B. S
I:I Buildinas 'Adjusted June 2011 Tapwater RSL Cheatham Annex
9 * Indicates duplicate sample was collected at this location. Willi b Virgini
Values presented are the higher of the two. 0 60 120 lilamsburg, Virginia
-- - No value available
#/I G A/\E%Iytt’ew plijesent, valuilmay or may not be accurate or precise [ ] Fect
- Milligrams per kilogram
UGIL - Micrograms per liter cH2M H I LL




Appendix C
Field Standard Operating Procedures




STANDARD OPERATING PROCEDURE

Equipment Blank and Field Blank Preparation

|.  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.

IIl. 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.

lll. 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.

BlankPrep.doc

Decontaminate all sampling equipment that has come in contact with sample
according to SOP Decontamination of Personnel and Equipment.

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.
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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.

To collect a field blank, slowly pour ASTM Type II or lab grade water directly
into sample containers.

Document and ship samples in accordance with the procedures for other
samples.

Collect next field sample.

V. Attachments

None.

VI. Key Checks and Items

BlankPrep.doc

Wear gloves.
Do not use any non-decontaminated equipment to prepare blank.
Use ASTM-Type Il or lab grade water.

QC and Reviewed 08/2013



STANDARD OPERATING PROCEDURE

Chain-of-Custody

COC.doc

Purpose

The purpose of this SOP is to provide information on chain-of-custody procedures to
be used under the CLEAN Program.

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.

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:

e Itisin one’s actual possession.
e Itisin one’s view, after being in one’s physical possession.

e It was in one’s physical possession and then he/she locked it up to prevent
tampering.

e [tisina 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.

COC.doc

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:

e Field Sampler(s),

e Contract Task Order (CTO) Number,

e Project Sample Number,

e Sample location or sampling station number,

¢ Date and time of sample collection and/or measurement,

o Field observations,

e Equipment used to collect samples and measurements, and
e 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:

e Project - CTO Number.
e Station Location - The unique sample number identifying this sample.

e Date - A six-digit number indicating the day, month, and year of sample
collection (e.g., 08/21/12).
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e 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.

e Sample Type - Grab or composite.

e DPreservation - Type and quantity of preservation added.

e Analysis - VOA, BNAs, PCBs, pesticides, metals, cyanide, other.
e Sampled By - Printed name of the sampler.

e 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

e 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.

e 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.

e 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.

e 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



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:
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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.



Vi
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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 Formes; 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.

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.

Attachments

A. Sample Label
B. Chain of Custody Form
C. Custody Seal

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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STANDARD OPERATING PROCEDURE

Use of Data Loggers and Pressure Transducers

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.

Equipment and Materials

o Continuously recording data logger (e.g., Campbell® or In Situ® Hermit or In
Situ®Trolls)

o Pressure transducers (e.g., Druck® or In Situ® Trolls) of adequate pressure ranges
and cable lengths

o 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

o Duct tape

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

DataLoggers.doc
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Iv.

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.

Attachments

None.

Key Checks and Preventative Maintenance

e DPrior 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.

e 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.

e DProtect the logger from inclement weather and vandalism.

DataLoggers.doc
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STANDARD OPERATING PROCEDURE

Decontamination of Personnel and Equipment

|.  Purpose

To provide general guidelines for the decontamination of personnel, sampling
equipment, and monitoring equipment used in potentially contaminated
environments.

Il. Scope

This is a general description of decontamination procedures.

lll. Equipment and Materials

Demonstrated analyte-free, deionized (“DI”) water (specifically, ASTM Type
IT 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.

Decon.doc
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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.

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.



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 ltems

o Clean with solutions of Liquinox®, methanol (optional), and distilled water.

o Do not use acetone for decontamination.

o Drum all contaminated rinsate and materials.

o Decontaminate filled sample bottles before relinquishing them to anyone.
Decon.doc
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STANDARD OPERATING PROCEDURE

Decontamination of Drilling Rigs and Equipment

|.  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.

IIl. 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 Il grade water or Lab Grade DI Water

Aluminum foil

lll. Procedures and Guidelines

A.
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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.

Downbhole 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

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

o 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.

DeconRig.doc
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STANDARD OPERATING PROCEDURE

Sampling Contents of Tanks and Drums

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.

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.

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.
B.

E.

Health and safety equipment/materials: As listed in the site safety plan.

Sampling equipment: COLIWASA, glass sample tubes, Kemmerer depth
sampler, Bacon Bomb, gravity corer.

Tools: Rubber mallet, bung wrench, speed wrench with socket, etc., (all non-
sparking), paint marker.

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).

Sample Containers: As specified in the field sampling plan.

V. Procedures

A.
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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.

If possible, stage drums for easy access.
If necessary, attach ground strap to drums and grounding point.

Remove any standing material (water, etc.) from container top.

AL

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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10.

11.

12.

13.
14.

15.

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.

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.

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.

Record a visual description of the sample (e.g., liquid, solid, color,
viscosity, and percent layers).

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.

Place lid, bung, cap, etc., back in place on drum. Tighten hand tight.
If necessary, the sampling port can be sealed using a cork.

Wipe up spilled material with lab wipes. Wipe off sample containers.

Mark the drum with a unique sample identification number and date
using a paint marker.

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.
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A sampling team of at least two people is required for sampling —one
will collect samples, the other will relay required equipment and
implements.



Sampling team will locate a sampling port on the tank. Personnel
should be wearing appropriate protective clothing at this time and
carrying sampling gear.

Do not attempt to climb down into tank. Sampling MUST BE
accomplished from the top.

Collect a sample from the upper, middle, and lower section of the
tank contents with one of the recommended sampling devices.

If compositing is necessary, ship samples to laboratory in separate
containers for laboratory compositing.

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.
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A sampling team of two is required. One will collect samples, the
other will relay required equipment and implements.

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.

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.

If no release valve exists, slowly loosen hatch cover bolts to relieve
pressure in the tank. (Again, stop if pressure is too great.)

Once pressure in tank has been relieved, open the hatch and
withdraw sample using one of the recommended sampling devices.

Sample each trailer compartment.

If compositing is necessary, ship samples to laboratory in separate
containers for laboratory compositing.

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.



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.

VIIl. Attachments

A. Collection of Liquid-Containerized Wastes Using Glass Tubes

B. Sampling Containerized Wastes Using the Composite Liquid Waste Sample
(COLIWASA)

Sampling Containerized Wastes Using the Bacon Bomb Sampler
Gravity Corer for sampling Sludges in Large Containers

Construction of a Typical COLIWASA

mEooon

Drum Opening Techniques and Equipment
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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 11, 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.

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
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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



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.
2.

Note:

Remove the cover from the container opening.

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.

Allow the waste in the drum to reach its natural level in the tube.

Gently push the tube towards the bottom of the drum into the sludge layer. Do not
force it.

Cap the top of the tube with a safety-gloved thumb or stopper.

Carefully remove the capped tube from the drum and insert the uncapped end into
the sample container.

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.

Repeat if more volume is needed to fill sample container and recap the tube.

If a reaction is observed when the glass tube is inserted (violent agitation, smoke,
light, etc.), the investigators should leave the area immediately.

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.

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.

DrumSample.doc
QC and Reviewed 08/2013

10



Attachment C: Sampling Containerized Wastes using the
Bacon Bomh 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.

DrumSample.doc
QC and Reviewed 08/2013

12



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!

. 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.

IIl.  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.

. 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

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.

Equipment and Materials

A. Fluids
. DOT-approved 55-gallon steel drums or Baker® Tanks
o Tools for securing drum lids
. Funnel for transferring liquid into drum
. Labels
o Paint Pens
o Marking pen for appropriate labels
o Seals for 55-gallon steel drums
B Solids
o DOT-approved 55-gallon steel drums or rolloffs
o Tools for securing drum lids
. Paint Pens
. Plastic sheets
o Labels

. Marking pen for appropriate labels

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)
e Date that accumulation began

e Date that accumulation ended

e Generator Contact Information

e  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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IV.

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.

Attachments

None.

Key Checks and Preventative Maintenance

o Check that representative samples of the containerized materials are obtained.
e 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

|.  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.

Il. 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.

lll. 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.

GPS.DOC
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10.

11.

Calibration

Check to ensure that the datalogger and antenna cables are properly connected to the
receiver and that the batteries are securely connected.

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).

Once the datalogger receives a satellite signal then it is ready for operation.

. Operations for surveying coordinates of a location

The datalogger and GPS receiver are ready for use after the initial self-calibration.
Field data may be immediately recorded in the datalogger.

The first screen view is the 'Main Menu'. Use the round keypad to select 'Data
Collection' and press the Enter key.

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.

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.

The next screen is 'Antenna options'. Press the Enter key to move to the next screen.

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

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.

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.

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.

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

GPS.DOC
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D.

other software. Export file formats support standard ASCII text, generic database .dbf
and most GIS and CAD software.

Operations for locating a point using coordinates/reacquiring a previously
surveyed location

The datalogger and GPS receiver are ready for use after the initial self-calibration.

Use the Trimble Pathfinder software to load the data file containing the coordinates for
each desired location (“programmed location”).

The first screen view is the 'Main Menu'. Use the keypad to select 'Navigation” and press
the Enter key.

Use the round keypad to select 'Open existing file' to open the file loaded in Step 2
above.

Select the location to be reacquired from the screen and press the enter key.

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.

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.

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.

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.

GPS.DOC
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STANDARD OPERATING PROCEDURE

Homogenization of Soil and Sediment Samples

l.  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.

Il. 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.

lIl. 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.

Homog.doc
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V. Attachments

None.

VI. Key Checks and ltems

e Take VOC samples immediately and do not homogenize the soil.

¢ Homogenize soil for analyses other than VOCs in a clean, stainless steel
bowl.

Homog.doc
QC and Reviewed 08/2013



STANDARD OPERATING PROCEDURE

Preparing Field Log Books

Iv.

Field Books

Purpose

This SOP provides general guidelines for entering field data into log books during
site investigation and remediation activities.

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.

Equipment and Materials

. Log book
o Indelible pen

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

e Activity or location

QC and Reviewed 08/2013 1



10.

e Project name
e Project manager’s name

e Phone numbers of the company, supervisors, emergency
response, etc.

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.”

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.

Daily entries will be made chronologically.

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.

Each page of the log book will have the date of the work and the note
takers initials.

The final page of each day’s notes will include the note-takers
signature as well as the date.

Only information relevant to the subject project will be added to the
log book.

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.

Field Books
QC and Reviewed 08/2013

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.

General project information will be recorded at the beginning of each
tield project. This will include the project title, the project number,
and project staff.

Scope: Describe the general scope of work to be performed each day.

Weather: Record the weather conditions and any significant changes
in the weather during the day.

Tail Gate Safety Meetings: Record time and location of meeting, who
was present, topics discussed, issues/problems/concerns identified,



10.

11.

12.

13.

14.

15.

16.

Field Books
QC and Reviewed 08/2013

and corrective actions or adjustments made to address concerns/
problems, and other pertinent information.

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.

Instrument Calibration; Record calibration information for each piece
of health and safety and field equipment.

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.

Communications: Record communications with project manager,
subcontractors, regulators, facility personnel, and others that impact
performance of the project.

Time: Keep a running time log explaining field activities as they occur
chronologically throughout the day.

Deviations from the Work Plan: Record any deviations from the work
plan and document why these were required and any
communications authorizing these deviations.

Heath and Safety Incidents: Record any health and safety incidents
and immediately report any incidents to the Project Manager.

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.

Problems and Corrective Actions: Clearly describe any problems
encountered during the field work and the corrective actions taken to
address these problems.

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.

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).



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.

Field Books
QC and Reviewed 08/2013



e TR A e gy e

May

T S

| Argavi

E on SE At XYZ

Sit€.

-
=

|

Yol srapF:

——

.
£y

% CH2M
i Vol

U - Smith s Freep TEAM

W s K,
=
b
v

t,|=+

| Beb

Buildet: Sice Sarety

Coorp..

L.
b ]
i

_,!_LIJG'ZA-'(

EL: OOERCAS ¥ Cpol

—

=

A J CHANCE ofF [AAE€  SlowErs

Y5

>S5S

;! _l_smpf 3

*Coll€dt GRoINbwAT

W o

ik
S
E ol 7

| SAMPLE

£S  Gor lLAM  ork ot

56 4 ||

=

]
=<

ew

/DG

o

R [

Pt

o SopELuisE §, 28VEY

ESr'{g I _

©725 | BB

cg cfﬁi.l.bf#!

ol Lo

L Pt

(o1 _pper[ 100 Pt Ok

odel & SE]_:A( ~

i

Al brades Horue.A Me

HER ’

_©73° | B C

Me

L4k Sepial 4

-—

List c.Ai ‘brmboa RES.

s -

0738 I: S rvey

Créw ARvES o,

5.'}8""_

-_?

List NAmes

o745

B85 e

s H+S ralk on

5‘:&5‘1"

salls, Tieks * A Mo/

1‘\va‘v~”‘| '

rips,

sl TNE S

b Survey Ac-(EMD

Ne

RS (FsweEs Hieu*ﬁm:

d as

i.‘!?_"ﬂ

ent

EONE, Al werk |5 1n0"

vel D'

Mt

g

<SS  Conduths ~“WiDg A

/ Mt‘\"m b

I3
b.

All reo

dapas T o0 ppm  w

e T

ORI Ty Yooy - TS T Tl
R [ RS oy s

]

T




STANDARD OPERATING PROCEDURE

Low-Flow Groundwater Sampling from
Monitoring Wells — EPA Region | and lli

|.  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.

IIl. Equipment and Materials

o Adjustable-rate positive-displacement pump, submersible pump, or peristaltic
pump
o 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

U Generator or alternate power source depending on pump type

o Water-level indicator

. Disposable Teflon, Teflon-lined polyethylene tubing or polyethylene tubing for
metals and other inorganics

. Plastic sheeting

. Well-construction information

o Calibrated container and stopwatch to determine flow rate

. Sample containers

. In-line disposable 0.45um filters (QED® FF8100 or equivalent)

o Shipping supplies (labels, coolers, and ice)
. Field book

lll. 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.

LowFlow — EPA Reg 1&llI
QC and Revised 08/2013
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11.

12.

LowFlow — EPA Reg 1&llI
QC and Revised 08/2013

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.

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.

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.

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.

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.

If using a generator, locate it 30 feet downwind from the well to avoid
exhaust fumes contaminating the samples.

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.

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.

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:

e pH: within 0.1 pH units

e Specific conductance: within 3 percent



¢ 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

e ORP: within 10 mV
e 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 %4 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.

LowFlow — EPA Reg 1&llI
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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:

1. Sample identification (site name, location, and project number; sample
name/number and location; sample type and matrix; time and date;
sampler's identity)

2. Sample source and source description

3. 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

4. Sample disposition (preservative; laboratory name, date and time sent;
laboratory sample number, chain-of-custody number, sample bottle lot
number)

5. 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

o 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.

LowFlow — EPA Reg 1&llI
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J The highest purging rate should not exceed 1 liter per minute. This is to keep the
drawdown minimized.

J 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.

o Overheating of the pump should be avoided to minimize the potential for losing

VOCs through volatilization.
o Keep the working space clean with plastic sheeting and good housekeeping.

o 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
o Inspect quick-connects regularly and replace as warranted

o Verify battery charge, calibration, and proper working order of field
measurement equipment prior to initial mobilization and daily during
tield efforts

LowFlow — EPA Reg 1&llI
QC and Revised 08/2013



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:

e Make filtering the samples for metals analysis more difficult
e 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.

LowFlow — EPA Reg 1&llI
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STANDARD OPERATING PROCEDURE

Mini RAE Photoionization Detector (PID)

l.  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.

Il. 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.

lll. 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.

MiniRAE.doc
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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
e Press Mode button

e Observe displays:

Version X.XX

Model Number
SN XXXX

Date Time
Temp

e 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.

e 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.

e Depress the [N/-] key first, then while depressing the [N/-], depress the [Mode] key also
and depress both keys for 5 seconds.

e Display will read:

Calibrate
Monitor?

e DPress the [Y/+] key
e Display will read:

MiniRAE.doc
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Fresh Air
Calibration?

e Perform the Fresh Air Calibration in an area free of any detectable vapor near your work
zone.

e Press the [Y/+] key
e Display will read:

Zero....
In progress...

Wait...

Update data...

Zeroed...

Reading = X.X ppm

e DPress any key and the display will go back to:

Fresh Air
Calibration?

e DPress the [N/+] key
e Display will read:
Span/Cal?

e DPress the [Y/+] key
e Display will read:

Isobutylene = 100 ppm

Apply Gas Now!

e DPress the [Y/+] key

e 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

e The display will count down showing the number of remaining seconds:
Reading = 100

MiniRAE.doc
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VI.

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.

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.

Site Maintenance

After each use, the meter should be recharged and the outside of the instruments
should be wiped clean with a soft cloth.

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

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.

e Field observations - Appearance of sampled media (if definable).

e Additional remarks (e.g, Mini RAE had wide range fluctuations during air
monitoring activities.)

References
Mini RAE 2000 Portable VOC PGM-7600, RAE Systems, Revision E, May 2005.
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Recharge batteries only in non-hazardous locations.

Do not connect external cable to serial interface jack in
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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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A warNnING A

- 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.

-

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.




AVERTISSEMENTS

DANGER RISQUE D'ORIGINE ELECTROSTATIQUE:
Nettoyer uniquement avec un chiffon humide.

Pour des raisons de sécurité, cet équipment doit étre utilisé,
entretenu et réparé uniquement par un personnel qualifié.
Etudier le manuel d’instructions en entier avant d’utiliser,
d’entretenir ou de réparer I’équipement.

Utiliser seulement I'ensemble de batterie RAE Systems, la
reference 012-3050, 012-3051 au 012-3052. Cet instrument
n’a pas été essayé dans une atmosphére de gaz/air explosive
ayant une concentration d’oxygéne plus élevée que 21%. La
substitution de composants peut compromettre la sécurité
intrinsique. Ne charger les batteries que dans emplacements
désignés non-dangereuse.

La calibration de toute instruments de RAE Systems
doivent étre testé en exposant I’instrument a une
concentration de gaz connue par une procédure
diétalonnage avant de mettre en service I’instrument pour la
premiére fois.

Pour une securite maximale, la sensibilité du MiniRAE
2000 doit étre verifier en exposant ’instrument a une
concentration de gaz connue par une procédure
diétalonnage avant chaque utilisation journaliére.

vi




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 €V, or 11.7 eV gas discharge
lamp. Features are:

e 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

e 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.

e 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: 82"L x3.0"Wx 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: 1 line by 8 characters 5x7 dot matrix LCD (0.4”

character height) with LED back light
automatically in dim light

Range, Resolution & Response time (tgq):

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€
0575 €& 11 1G DEMKO 02 ATEX 0204759

Eex ia IIC T4 (Europe)

EM Interference: No effect when exposed to 0.43 W/cm? 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: 0 % to 95 % relative humidity
(non-condensing)

Housing: ABS + PC, conductive coating, splash and dust
proof, will withstand 1 meter drop test with
rubber boot

Attachment: Wrist strap, rubber boot and belt clip
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OPERATION

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



OPERATION

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

7 Charge LED

Light sensor

00ppm

(n

:J-C

Figure 2-2 LCD Display and Keypad

Key Function in Normal Operation

.

[MODE] -Turn on/off the power* and step through menu items

[N/-] -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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OPERATION

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 “Offl..” 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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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).

O CO 0 )

(g ON
w) (oo [w-
\. _/

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/4] button to proceed to take a measurement.



OPERATION

The Main Menu

Press the [MODE] button to enter the Main Menu. Press the
[Y/+], [MODE] or [N/-] 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 = xxxx

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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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
Yi+
1
Can not turn on Clean sensor,
lamp, quit Quit?
b
Ready... (—v+
Survey

MODE

MODE
Gas=xxxx

MODE

Log
On/Off?

R
T=xxF P:::S? l—v+— Peak

{ vy MDE'! Bat = xxx V ]ﬂ-uoos— w
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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/+] 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/+] button to turn
the monitor off and clean the sensor. Press the [N/-]
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/4] 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 [Y/4]
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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e T = xxxF: The internal unit temperature in degrees
Fahrenheit. (see Section 4.7.13 to change temperature units)

e 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.

e 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/4] 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.

e 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/4] 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
[N/-] 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 buzzer 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 wunit 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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HYGIENE MODE MAIN MENU
XX.X ppm —
4
'Hygiene TWA 0.0
T MODE v ¥ mooe
PC Comm? STE.. 0.0
¥ wooE ¥ MODE
Gas = Reset M
XXXXXXXX Peak? &= Pea: MOOD'EO
" MODE == »
Run time
Log On/Off? 00:00
MODE MODE
11/18/98 y
11:20 - MopE 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 witha 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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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 unit | Low | High | TWA | STEL
Span

Isobutylene 100 | ppm 50 100 100 250
Hexane, n- 100 ppm 500 750 500 750
Xylene, m- 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
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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:

e An AC Adapter (Battery Charger)

e Alkaline battery holder

o Water Trap Filter
Optional Accessories:

e Dilution Fitting

o Calibration adapter

o Calibration regulator and Flow controller

o 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 designés
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.

O CDO o )

Charging
(«Pa

o 3

Q 0
\\ _
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

[N/-]: 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 [N/-] 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 [N/-] keys simultaneously to
start the programming mode

5. Press [N/-] 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 concentratlon
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
I 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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10.

11.

Display shows “wait.... 30” with a count down timer
showing the number of remaining seconds while the
monitor performs the calibration.

To abort the calibration, press any key during the count
down. The display shows “Aborted!” and return to “Span
Cal?” sub-menu.

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.

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.

The calibration can be started manually by pressing any key
while the “Apply gas now!” is displayed.

After a span calibration is completed, the display will show
the message “Update Data Span Cal Done! Turn Off Gas.”

Turn off the flow of gas. Disconnect the calibration adapter
or Tedlar bag from the MiniRAE 2000 Monitor.

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?”

Press [N/-] to scroll through all the memory numbers and
the gas selections respectively. Press [Y/4] to accept the
displayed Cal Memory number.

After the [Y/+] key is pressed, the display shows “Save?”
Press [Y/+] key to save and proceed. Press [N/-] to discard
the entry and advance to the next sub-menu.

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.

. 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

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.

Starting from the left-most digit of the span gas value, use
the [Y/+] or [N/-] 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.

The display shows “Save?” To accept the new value, press
the [Y/+] key. Press the [N/-] key or the [MODE] key to
discard the change and move to the next sub-menu.

4-12



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.

After pressing [N/-], display shows “Copy gas from
library?” Press [Y/+] to accept or [N/-] for the next sub-
menu, “Enter Custom gas?”

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.

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.
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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.

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.

Starting from the left-most digit of the correction factor, use
[Y/4] or [N/-] 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.

The display shows “Save?” To confirm the new value,
press [Y/+] to accept the change. Press [N/-] 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 [N/-]
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.
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3. 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 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 [N/-] 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/+] 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 [N/-] 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.

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.

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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4.5.3 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.

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.

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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4.6 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 [N/-] 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/+] key again to confirm erasure of all the
datalog memory.

4. Press the [N/-] 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 [N/-] 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 [N/-]
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 [N/-] 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 [N/-]
or [MODE] to discard the change and return to the first sub-
menu.
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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? «
Change Site ID? Change Unit ID?
Change User ID? Change Host ID?
Change Alarm Mode? o
Change User Mode? «“
Change Date? «“
Change Time? “
Change Lamp? “
Change Pump Duty Cycle? o
Change Unit? N
Change Dilution Ratio? -
Change Output? “
Change DAC Range? .
Set Temperature Unit? “
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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/H] 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 [N/-] 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).

Press the [Y/+] key and the display shows the current site
ID: “Site ID = xxxxxxx” with the left most digit flashing.

Press the [Y/+] or [N/-] 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.

Press and hold the [MODE] key for 1 second to exit the
data entry mode.

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 [N/-] 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 [N/-] 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 [Y/+] 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. Ifthere 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 [N/-] 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 [N/-] 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.

Press [Y/+] and the display shows the current date “mm /
dd / yy” with the left most digit of the date flashing.

To modify this 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 date
and time values are entered. Press and hold the [MODE]
key for 1 second to exit data entry mode.

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.

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.

To modify this value, use the [Y/4+] 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 date
and time values are entered. Press and hold the [MODE]
key for 1 second to exit data entry mode.

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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4.7.8 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/4] 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/m®).

1.

“Change Unit?” is the ninth sub-menu item in the Monitor
Setup sub-menu.

Press the [Y/+] key, the display should show the current unit
“Display Unit = ppm?” or “Display Unit = mg?”
Press [Y/+] key to accept the currently displayed unit. Press

[N/-] key to toggle to the other unit. Press [MODE] key to
exit this sub-menu.

If there is any change to the existing selection, press [Y/+]
to confirm the new selection or press [N/-] 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.

No automatic conversion between “ppm” and “mg/m>”

reading is performed by the monitor.

When the unit name is changed from “ppm” to “mg”,
the unit must be recalibrated with the span gas
concentration entered in mg/m°. 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.

Press the [Y/+] key; the display shows the current dilution
ratio: “Dilution Ratio = xx” with the left most digit flashing.

Press the [Y/+] or [N/-] 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.

Press and hold the [MODE] key for 1 second to exit the
data entry mode and move to the next sub-menu.

If there is any change to the existing dilution ratio, 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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4.7.11 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 [N/-] 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 [N/-] 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.)

I,

“Change DAC Range?” is the twelfth sub-menu item in the
Monitor Setup menu.

Press the [Y/+] key, the display shows the current DAC
Range value: “DAC Range = 2000 ppm?”

Press the [Y/+] key to accept the currently displayed value.
Press [N/-] 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.

If there is any change to the existing selection, press the
[Y/H] key and the display will show “Save?” Press the
[Y/+] key to save the change or press the [N/-] 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.

Press the [Y/+] key, and the display shows the current
setting: “Temperature Unit = Fahrenheit?”

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.

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 [N/-] 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.

To exit programming mode from 2nd tier sub-menu, press
the [MODE] key twice.

. To return to programming mode, press and hold down both

the [MODE] and [N/-] keys for 3 seconds.
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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.

Figure 5-1 MiniRAE 2000 Block Diagram

LCD Display Sample Gas
Outlet
Pump
Keypad

Buz;er Micro- PID Sensor

\( processor /
P ) \ Sample Gas
-0~ :
P Serial Inlet Probe
LED '~ Battery [] Port
Light I
sensor Cha.rger
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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

Battery Cover

Battery
Compartment

Charge _
Connector

’ V\ Communication
Connector

Figure 6-1 Battery Replacement
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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 PID 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.

3/8" O'Ring
Sensor Adapte
Gas Inlet Probe

Lamp Housing Cap

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 “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.
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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 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.

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.

Bottery Cover

Bottom Cover-

Figure 7-3 Sampling Pump
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Pump Replacement

1.
2.

Turn off the MiniRAE 2000 power.

Open the battery cover, remove the battery pack, and
carefully unscrew the six screws to open the bottom cover.

. 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.

. 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.

. 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.

6-9



TROUBLESHOOTING

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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TROUBLESHOOTING

7.1 Troubleshooting Table

Problem Possible Reasons & Solutions

Cannot turn on power Reasons: Discharged battery.

after charging the 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 Reasons: Dirty sensor module.

High 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 Reasons: Bad buzzer.

Inoperative
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 O-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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APPENDIX A

APPENDIX A. QUICK REFERENCE GUIDE

Press [N/-] and [MODE], simultaneously, for 3 seconds, to
enter Programming Mode. Press [MODE] to return to Survey
Mode.

PROGRAMMING MODE

| Calibrate/Select Gas [ Press [Y/+] to select menu] |

L [Y/+] P

IN/-]

Fresh air cal?
Span cal?
Select cal memory?
Change span value?
Modify cal memory?
Change correction factor?

N/]

l

=

l Change Alarm

Limits?

l L— [Y/+]1 >
N

High limit?
Low limit ?

STEL limit?
TWA limit?

T

| Change Datalog?

0

I L [YH+] P

[MODE] -

— >
Reset Peak/Minimum? —
IN/]

v

Clear data?
Change data period?
Change average type?

hange Monitor Setup?

[YH1—
N/
— [MODE]

Change Op Mode?—l
h ite ID?
Change Site N

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

@




RAE Systems, Inc. Contact Information

Main Office: 3775 N. First St.
San Jose, CA 95134-1708
USA
Telephone: 408-952-8200
Fax: 408-952-8480
Instrument Sales: 877-723-2878
Email: RaeSales@raesystems.com
Website: www.raesystems.com
Technical Service: 888-723-4800
Tech@raesystems.com

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: P14411B

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.

© Copyright 2010 RAE Systems, Inc.
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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 equipment doit étre utilisé, entretenu et
réparé uniquement par un personnel qualifié. Etudier le manuel
d’instructions en entier avant d’utiliser, d’entretenir ou de réparer
I’équipement.

Utiliser seulement I'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 atmosphere de gaz/air explosive ayant une
concentration d’oxygeéne plus élevée que 21%. La substitution de
composants peut compromettre la sécurité intrinsique. Ne charger les
batteries que dans emplacements désignes 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 étre testé
en exposant I’instrument a une concentration de gaz connue par une
procédure diétalonnage avant de mettre en service I’instrument pour la
premiere folis.

Pour une securite maximale, la sensibilité du I’instrument doit étre
verifier en exposant I’instrument a une concentration de gaz connue par
une procédure diétalonnage avant chaque utilisation journaliere.

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 a9.8 eV, 10.6 eV, or 11.7 eV gas-discharge lamp. Features
are:

Lightweight and Compact
e Compact, lightweight, rugged design
e Built-in sample draw pump

Dependable and Accurate
e Up to 16 hours of continuous monitoring with rechargeable
battery pack
e Designed to continuously monitor VOC vapor at parts-per-
million (ppm) levels
User-friendly
e Preset alarm thresholds for STEL, TWA, low- and high-level
peak values.
e Audio buzzer and flashing LED display are activated when the
limits are exceeded.

Datalogging Capabilities
e 260,000-point datalogging storage capacity for data download to PC



MiniRAE 3000 User’s Guide

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: 925" L x3.6"Wx29"H
Weight: 28 0z with battery pack
Detector: Photoionization sensor with 9.8, 10.6, or

11.7 eV UV lamp

Battery: A 3.7V rechargeable Lithium-lon 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

11
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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 (Tg): 2 seconds

Accuracy
(Isobutylene):

PID Detector:

Correction Factors:

Calibration:

Calibration Reference:

Inlet Probe:
Radio module:

Keypad:
Direct Readout:

Intrinsic Safety:

10 to 2000 ppm: £3% at calibration point.

Easy access to lamp and sensor for cleaning
and replacement

Over 200 VOC gases built in (based on RAE
Systems Technical Note TN-106)

Two-point field calibration of zero and
standard reference gases

Store up to 8 sets of calibration data, alarm
limits and span values

Flexible 5" tubing

Bluetooth (2.4GHz), RF module (433MHz,
868MHz , 915MHz, or 2.4GHz)

1 operation key and 2 programming keys; 1
flashlight switch

Instantaneous, average, STEL, TWA and peak
value, and battery voltage

US and Canada: Class I, Division 1, Groups A,

B,C,D
Europe: ATEX (0575 Ex Il 2G Ex ia
[1C/11B T4 Gb)
KEMA 07 ATEX 0127

Complies with EN60079-0:20009,
EN60079-11:2007

12
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EM Interference:
Alarm Setting:
Operating Mode:
Alarm:

Alarm Type:
Real-time Clock:
Datalogging:
Communication:
Sampling Pump:

Temperature:
Humidity:

Housing (including
rubber boot):

IECEx CSA 10.0005 Ex ia IIC/11B T4 Gb
Complies with IEC 60079-0:2007,
IEC 60079-11:2006

(11C: 059-3051-000 L.i-ion bat pack

or 059-3054-000 NiMH bat pack;

11B: 059-3052-000 alkaline bat pack)

Highly resistant to EMI/RFI.  Compliant with
EMC R&TTE (RF Modules)

Separate alarm limit settings for Low, High,
STEL and TWA alarm

Hygiene or Search mode

Buzzer 95dB at 30cm and flashing red LEDs
to indicate exceeded preset limits, low battery
voltage, or sensor failure

Latching or automatic reset

Automatic date and time stamps on datalogged
information

260,000 points with time stamp, serial number,
user ID, site ID, etc.

Upload data to PC and download instrument
setup from PC via USB on charging station.

Internally integrated. Flow rate: 450 to 550
cc/min.

-20°Cto 50° C (-4°to 122° F)
0% to 95% relative humidity (non-condensing)
Polycarbonate, splashproof and dustproof

Battery can be changed without removing
rubber boot.

13
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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.

DC12VIN
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...”

is no longer animated and shows a full battery. The message
“Fully charged!” is shown. The cradle’s LED glows
continuously green.

When the instrument’s battery is fully charged, the battery icon @

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

14
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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-
lon battery.

15
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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.
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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\( w

Y/+ key %

MODE ke

§ N/- 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

17
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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:

18
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Display

The display shows the following information:

Graph
Gas info
Reading

Calibration needed
Radio power

Radio signal
Battery
Pump
Datalog

Y+

MODE

N/-

Graphic representation of concentration plotted
over time

Tells the Correction Factor and type of
calibration gas

Concentration of gas as measured by the
instrument

Indicates that calibration should be performed
Indicates whether radio connection is on or
off

Indicates signal strength in 5-bar bargraph
Indicates battery level in 3 bars

Indicates that pump is working

Indicates whether datalog is on or off

Y/+ key’s function for this screen

MODE key’s function for this screen

N/- key’s function for this screen

19
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Operating The Instrument

The instrument is designed as a broadband VVOC 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.

Ytl" ﬁ
> p| Start-Up& > 0 " 0 PPM
@B.AE Self-Test CF=1.00 Isobuten "¢y

SYS_I'EMS ﬁ|®]+

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:

QU0
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During duty cycling (PID lamp cleaning), the display shows these icons
in alternation:

QU RT

If there is a pump failure or obstruction that disrupts the pump, you will
see this icon blinking on and off:

X

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:

e The lamp type has been changed (for example, from 10.6 eV to
9.8 eV).

e The sensor has been replaced.

e It has been 30 days or more since the instrument was last
calibrated.

e 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].

24



MiniRAE 3000 User’s Guide

‘uolssalfoud a1ewoIne sayedIpul aulj payseq 810N

Ke|dsip ulew 0] S112A31 ‘919|d WO 31€ SUOIIEIIUNWIWIOD Ja)y

Spuodas 0g ul paysnd aJe suolng ou Ji Aejdsip uiew o} sudAal Aj|ednewoiny

<

alnjesadwa)]
gowl]
g 91ed

+ A
i

Spuo2as 9 ul paysnd ase suoung ou
J1 Aejdsip uiew o3 syaA8M Ajjed1jewoIny

feydsig :
=i ~Apeay )| iuswainseaw ] iy D
SUOIEDIUNLIWIOY) | dois pue g— 35ebseapy
d Wwiwo3 Od 491Uz 9 seb’jed
I
|
1
I
|
1
I |
( H ) i
|
I Aeydsig 1
: iesn
_ paeD | @D e
-——- A9 l—— TIISBYML [«

LA A /

<

Aedsig uiey

25



MiniRAE 3000 User’s Guide

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.

26



MiniRAE 3000 User’s Guide

Alarm Signal Summary

less than number stored in

calibration

Message | Condition Alarm Signal

HIGH Gas exceeds “High 3 beeps/flashes per second*
Alarm” limit

OVR Gas exceeds 3 beeps/flashes per second*
measurement range

MAX Gas exceeds electronics’ | 3 beeps/flashes per second*
maximum range

LOW Gas exceeds “Low 2 beeps/flashes per second*
Alarm” limit

TWA Gas exceeds “TWA” 1 Beep/flash per second*
limit

STEL Gas exceeds “STEL” 1 Beep/flash per second*
limit

Pump Pump failure 3 beeps/flashes per second

icon

flashes

Lamp PID lamp failure 3 beeps/flashes per second

plus “Lamp” message on
display

Battery Low battery 1 flash, 1 beep per minute

icon plus battery icon flashes on

flashes display

CAL Calibration failed, or 1 beep/flash per second
needs calibration

NEG Gas reading measures 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 Cal unit | Low High TWA | STEL

(Isobutylene) Span

MiniRAE 100 ppm 50 100 10 25
3000

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.

28



MiniRAE 3000 User’s Guide

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:

e An AC Adapter (Battery Charger)
o Alkaline battery adapter
o External Filter
e Organic Vapor Zeroing kit
Hard-case Kits also include these accessories:
o Calibration adapter
o 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 VVDC 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
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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.

Password

B___
AN |Enter| >

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.

Calibration

Zero Calib

Span Calib
Select| Back | V

These are your options:

e Press [Y/+] to select the highlighted calibration (Zero Calib or
Span Calib).

e Press [MODE] to exit calibration and return to the main display
and resume measurement.

e 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.

e Press [Y/+] to start calibration.
e 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:

Please apply zero
gas...

Start | Quit

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.

e Press [Y/+] to enter Span calibration.

e Press [N/-] to skip Span calibration and return to Zero
calibration.

e 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:

C. Gas = Isobutene
Span =100 ppm
Please apply gas 1...

Start | Quit

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.
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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.

e Press [Y/+] to enter Span 2 calibration.

e Press [N/-] to skip Span calibration and return to Zero
calibration.

e 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.

Password

B
AN |Enter| =

2. Input the 4-digit password:
e Increase the number from 0 through 9 by pressing [Y/+].
e Step from digit to digit using [N/-].
e 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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999 ﬁ
e
Calibration | Measurement | Alarm Datalog | Monitor
Setting Setup
Zero Meas. Gas High Clear Op Mode
Calibration Alarm Datalog
Span Meas. Unit Low Interval | Site ID
Calibration Alarm
STEL Data User ID
Alarm Selection
TWA Datalog | User Mode
Alarm Type
Alarm Date
Type
Buzzer Time
& Light
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:

Select | Back —

13

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.

Calibration

@mﬁﬁﬁ

elect | Back —=

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.

Measurement

M = BalEIE

Select | Back —

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

e Scroll through the list by pressing [N/-].

e Select by pressing [Y/+].

e 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 pg/m®
(micrograms per cubic meter), depending on your setting.

Alarm Setting

il=FIE&

Select | Back —

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.

e Press [Y/+] to save the changes.

e 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.
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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.

e Press [Y/+] to save the changes.
e 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.

e Press [Y/+] to save the changes.

e 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:

e Save
e Undo

You have the opportunity to register the new settings or to change your
mind and revert to your previous settings.

e Press [Y/+] to save the changes.

e 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.

e Press [Y/+] to save the changes.

e 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

=

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.

e Press [Y/+] to save the changes.
e 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.

Datalog

ﬁ 999
pPpm

Select
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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?”
e Press[Y/+] if you want to clear the datalog. When it has been
cleared, the display shows “Datalog Cleared!”

e 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.

e Press [Y/+] to save the changes.
e 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):

e Average
e Maximum
e 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.

e Press[Y/+] to save the changes.

e 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.

e 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.

e 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.

Monitor Setup

8 Eﬂiﬁ
%

Select | Back

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:
“RAEO00001.” Note that the left-most digit flashes to indicate it
is the selected one.

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.

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 1D, 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”).

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.

w

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.

e Press[Y/+] to save the new date.
e 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.

e Press [Y/+] to save the new date.
e 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].
e Press [Y/+] to save the new duty cycle value.
e 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].
e Press [Y/+] to save the new temperature unit.
e 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].
e Press [Y/+] to save the new temperature unit.
e 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].
e Press [Y/+] to save your new language choice.
e 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].

e Press [Y/+] to accept the new radio setting (on or off).

e 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.

=

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].

e Press [Y/+] to save the new real-time communications protocol.

e  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].
e Press [Y/+] to save the change.
e 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.
e Press [Y/+] to save the change.
e 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.

e The minimum value is 20.
e 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.

e Press [Y/+] to save your new contrast value.

e 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.
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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.

Calibration needed Radio power
\ /_..-Radio signal

Graph |

Gas info—CF=1.00 Isobuten” &,

Y all B —sattery

PPM Reading

L%

O)

> \Datalog

Y/+ k‘é’;

Mod}) key

< Pump
N/- key

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.
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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 “17)
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.”

85



MiniRAE 3000 User’s Guide

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.
2.

3.
4.

5.

6.
7.

Connect the data cable to the PC and the cradle.

Place the instrument into its cradle. The charging LED should
be illuminated.

Start ProRAE Studio on your PC.

From ProRAE Studio, select “Operation” and select Setup
Connection.

Select the COM port to establish a communication link
between the PC and the instrument.

To receive the datalog in the PC, select “Downlog Datalog.”
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.
2.

3.
4.

5.

6.

Connect the data cable to the PC and the cradle.

Place the instrument into its cradle. The charging LED should
be illuminated.

Start RAEProgrammer 7000 on your PC.

From RAEProgrammer 7000, select “Operation” and select
Setup Connection.

Select the COM port to establish a communication link
between the PC and the instrument.

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:

e Battery pack

e Sensor module

e PID lamp

e Sampling pump

e 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

Sensor Cover PN 023-3012-000\
Assembly

O-ring, 35mm x 2mm

Filter Fixer

Lamp 1/2" (10.6eV)
PN 050-0000-004 \\

’ Porous Metal Filter
\'\ Sensor Detector

\, PN 023-3010-000
Teflon O-ring

O-ring, 36.5mm x 2.65mm

% Sensor Module Assembly
PN 023-3005-200-FRU

\THP (temperature, humidity, pressure) Sensor Module
PN 023-3011-000-FRU

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. Aliquid 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.

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

e 1bar:11.7eV
e 2bars: 9.8eV

Also, when the monitor is running, the lamp type is shown along with
the calibration and measurement gas and Correction Factor:

C. Gas = Isobutene
M. Gas = Isobutene
CF=1.00 10.6eV

| O [ =

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:

Solutions:

Discharged battery.
Defective battery.

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:

Solutions:

Dirty filter.

Dirty sensor module.
Excessive moisture and
water condensation.
Incorrect calibration.

Replace filter.
Blow-dry the sensor
module.

Calibrate the unit.

Reading abnormally
Low

Reasons:

Solutions:

Dirty filter.

Dirty sensor module.
Weak or dirty lamp.
Incorrect calibration.

Replace filter.
Remove Calibration
Adapter.

Calibrate the unit.
Check for air leakage.

Buzzer
Inoperative

Reasons:

Solutions:

Bad buzzer.

Check that buzzer is not
turned off.

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 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:

Solutions:

Lamp drive circuit.
Weak or defective PID
lamp, defective.

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
Kirstinehgj 23 A

DK-2770 Kastrup

Denmark

Phone: +45 86 52 51 55
Fax: +4586 525177
orders@raeeurope.com
sales@raeeurope.com
service@raesystems.com
Web: www.raesystems.dk
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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: +334 78 46 16 65

Fax: +33 4 78 46 25 98

Email: info-france@raeeurope.com
Web: www.raesystems.fr

RAE BeNelLux BV
Rijndal 20

2904 DC Capelle a/d 1Jssel
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 EI 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 Il 2G Ex ia IIC/1I1B T4 Gb)

KEMA 07 ATEX 0127

Complies with EN60079-0:2009, EN60079-11:2007
IECEx CSA 10.0005 Ex ia IIC/1IB T4 Gb

Complies with IEC 60079-0:2007, IEC 60079-11:2006

Temperature: -20°Cto 50°C (-4°to 122°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 3 beeps/flashes per second*
Alarm” limit

OVR Gas exceeds 3 beeps/flashes per second*
measurement range

MAX Gas exceeds electronics’ | 3 beeps/flashes per second*
maximum range

LOW Gas exceeds “Low 2 beeps/flashes per second*
Alarm” limit

TWA Gas exceeds “TWA” 1 Beep/flash per second*
limit

STEL Gas exceeds “STEL” 1 Beep/flash per second*
limit

Pump Pump failure 3 beeps/flashes per second

icon

flashes

Lamp PID lamp failure 3 beeps/flashes per second

plus “Lamp” message on
display
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Battery Low battery 1 flash, 1 beep per minute
icon plus battery icon flashes on
flashes display
CAL Calibration failed, or 1 beep/flash per second
needs calibration
NEG Gas reading measures 1 beep/flash per second
less than number stored in
calibration

Preset Alarm Limits & Calibration

The instrument is factory calibrated with standard calibration gas, and
Is programmed with default alarm limits.

Cal Gas Cal unit | Low | High | TWA | STEL

(Isobutylene) Span

ppbRAE 10 ppm 10 25 10 25
3000

MiniRAE 100 ppm 50 100 10 25
3000

MiniRAE 100 ppm 50 100 10 25
Lite

UltraRAE 100 ppm 50 100 10 25
3000
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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.
©
& Q@—@

DC12VIN

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-lon 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-lon 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:

Solutions:

Discharged battery.
Defective battery.

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:

Solutions:

Dirty filter.

Dirty sensor module.
Excessive moisture and
water condensation.
Incorrect calibration.

Replace filter.
Blow-dry the sensor
module.

Calibrate the unit.

Reading abnormally
Low

Reasons:

Solutions:

Dirty filter.

Dirty sensor module.
Weak or dirty lamp.
Incorrect calibration.

Replace filter.
Remove Calibration
Adapter.

Calibrate the unit.
Check for air leakage.

Buzzer
Inoperative

Reasons:

Solutions:

Bad buzzer.

Check that buzzer is not
turned off.

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 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:

Solutions:

Lamp drive circuit.
Weak or defective PID
lamp, defective.

Turn the unit off and back
on.
Replace UV lamp
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STANDARD OPERATING PROCEDURE

General Guidance for Monitoring Well
Installation

|.  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.

Il. 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.

lIl. 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
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A record of the finished well construction will be compiled.

All soils and liquids generated during well installations will be drummed for
proper disposal.

Monitoring Well Installation

MWinstall.doc

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
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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.

QC and Reviewed 08/2013 3



V. Attachments

None.

VI. Key Check and ltems

¢ 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.

e Care shall be taken when making downhole measurements to ensure that proper
heights of sand, seal, and grout are achieved.

MWinstall.doc
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STANDARD OPERATING PROCEDURE

Groundwater Sampling from Monitoring Wells -
EPA Region | and |l

|.  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 1II). Operations manuals should be consulted for specific
calibration and operating procedures.

Il. 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 0.45um 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

lll. 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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10.

11.
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The well number, site, date, and condition are recorded in the field
logbook.

Plastic sheeting is placed on the ground, and the well is unlocked and
opened.

Water level measurements are collected in accordance with the Water
Level Measurement SOP.

The volume (v) of water in a well casing is calculated as follows:
v="7.48(n 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

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.

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.

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.



12.

13.

14.

Field parameters including pH, ORP, turbidity, dissolved oxygen,
specific conductance, and temperature are measured and recorded in the
tield 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.

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.

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.
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The cap is removed from the sample bottle, and the bottle is tilted
slightly.

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.

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.

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:

1. Sample identification (site name, location, and project number; sample
name/number and location; sample type and matrix; time and date;
sampler's identity)

2. Sample source and source description

3. 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

4. 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

o Use of peristaltic pumps and bailers should be avoided, if possible.
o Allow the field parameters to stabilize within the specified criteria as much as
possible.

o Fill bottles for VOC samples first.
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o Be sure the sample identification is properly specified.

o 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
tield efforts
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STANDARD OPERATING PROCEDURE

Installation of Shallow Monitoring Wells

|.  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.

IIl. 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

o 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)

o Above-grade well completion: PVC well cap, threaded or push-on type, vented

o Flush-mount well completion: PVC well cap, locking, leak-proof seal

. Stainless steel to be used as appropriate

Sand

o 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

o Pure, additive-free bentonite pellets or chips

o Pure, additive-free powdered bentonite

. Coated bentonite pellets; coating must biodegrade within 7 days
MWShall.doc
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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.

lll. Procedures and Guidelines

A.
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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.

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.

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.

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)

MWShall.doc
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STANDARD OPERATING PROCEDURE

Logging of Soil Borings

|.  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.

Il. Equipment and Materials

o Indelible pens

. Tape measure or ruler

. Field logbook

. Spatula

o HCL, 10 percent solution

o Squirt bottle with water

. Rock- or soil-color chart (e.g., Munsell)

. Grain-size chart

o Hand lens

o Unified Soil Classification System (USCS) index charts and tables to help with

soil classification (attached)

lll. 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.

SBLog.doc
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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
o 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

o 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:

o 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).

o 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-5C) 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.

L 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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V.

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.

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.

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)

Key Checks and Preventive Maintenance

e 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.

e Check that sample numbers and intervals are properly specified.

e Check that drilling and sampling equipment is decontaminated using the
procedures defined in SOP Decontamination of Drilling Rigs and Equipment.
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qﬂ.lb Designation: D 2488 — 00

Standard Practice for

Description and Identification of Soils (Visual-Manual

Procedure)’

This standard is 1ssued under the fixed designation D 2488; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A pumber in parenthescs indicates the year of last reapproval. A
superscnpt epsilon (€} indicates an editorial change since the last revision or reapproval

This standard has been approved for use by agencies of the Department of Defense.

1. 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).

Nore 1--This practice may be used as a descriptive system applied to
such matenals as shale, claystone, shells, erushed rock, etc. (see Appendix
X2)

I.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.

1.5 This standard does not purport to address all of the
safety problems, if any. associated with its wse. [t is the
responsibility of the user of this standard o establish appro-
priate safety and health practices and determine the applica-
hility of regulatory limitations prior to use. For specific
precautionary statements see Section 8,

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
intended to represent or replace the standard of care by which

* This practice is under the jurisdiction of ASTM Committee D-18 on Soil and
Rock and is the direct responsibility of Subcommittee D18.07 on Identification and
Classificanon of Soils.

Cuwrrent edition approved Feb, 10, 2000 Published May 2000, Onginally
published as 1) 2488 - 66 T. Last previous edition D 2488 - 93*

the adequacy of a given professional service must be judged,
nor should this document be applied withowt 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 Soils?

D 1587 Practice for Thin-Walled Tube Sampling of Soils?

D 2113 Practice for Diamond Core Drilling for Site Inves-
tigation®

D 2487 Classification of Soils for Engineering Purposes
(Unified Soil Classification System)®

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)?

3. Terminology

3.1 Definitions—Except as listed below, all definitions are
in accordance with Terminology D 653.

Note 2—For particles retained on a 3-in. (75-mm) US standard sieve,
the following definitions are suggested:

Cobbles—paruicles of rock that will pass a 12-m. (300-mm) square
opening and be retained on a 3-in. (75-mm) sieve. and
Boulders—panticles of rock that will not pass a 12-in. (300-mm) square
opening.

3.1.1 clay—soil passing a No. 200 (75-um) 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

? Anmual Book of ASTM Siandards, Vol 04,08,
" Annual Book of ASTM Standards, Vol 04.09.

*A Summary of Changes section appears at the end of this standard.
Copynight © ASTM, 100 Barr Harbor Drive, Wast Conshohocken, PA 19428-2959, United Stales.
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il D 2488

limit falls on or above the “A” line (see Fig. 3 of Test Method
D 2487).

3.1.2 gravel—particles of rock that will pass a 3-in. (75-
mm) sieve and be retained on a No. 4 (4.75-mm) sieve with the
following subdivisions:

coarse—passes a 3-in. (73-mm) sieve and is retained on a
Ya-in. (19-mm) sieve.

fine—passes a Ys-in. (19-mm) sieve and is retained on a No.
4 (4.75-mm) sieve.

3.1.3 organic clay—a clay with sufficient organic content to
influence the soil properties. For classification, an organic clay
15 a soil that would be 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 silr—a silt with sufficient organic content to

influence the soil properties. For classification, an organic silt
15 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 pear—a soil composed primarily of vegetable tissue in
various stages of decomposition nsually 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-
mim) steve and be retained on a No. 200 (73-um) sieve with the
following subdivisions:

coarse-—passes a No. 4 (4.75-mm) sieve and is retained on
a No. 10 (2.00-mm) sieve.

medinm—passes a No. 10 (2,00-mm) sieve and 1s retained
on a No, 40 (425-um) sieve,

fine—passes a No. 40 (425-um) sieve and 1s retained on a
No. 200 (75-um) sieve.

3.1.7 silr—soil passing a No. 200 (75-um) 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 symbol(s) and name, The flow charts, Fig. la and Fig. 1b
for fine-grained soils, and Fig. 2. for coarse-grained soils, can
be used 10 assign the appropriate group symbol(s) and name. 1f
the soil has properties which do not distinctly place it into a
specific group, borderline symbols may be used, see Appendix
X3.

Nore 3--1t is suggested that a distinction be made between dual
svimbols and harderfine symbols.

Dual Symbol—A dual symbol 1s two symbols separated by a hyphen,
for example, GP-GM, SW-8C, CL-ML used to indicate that the soil has
been wdentified as having the properties of a classification in accordance
with Test Method D 2487 where two symbols are required. Two symbols
are required when the soil has between 5 and 12 % fines or when the liquid
linit and plasticity index values plot in the CL-ML area of the plasticity
chart

ASTM Infernationai

Copynght
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No raproduchon o nstwonong permified withoul llioense fram HS

Borderline Symbuol—A borderline symbol s two symbols separated by a
slash, for example, CL/CH, GM/SM, CL/ML. A borderline symbol should
be used to indicate that the so1l bas been identified as having properfies
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 md 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 1D 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 stated 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 grouping similar
soil samples so that only @ minimum number of laboratory tests
need be run for positive soil classification.

Note 4 The ability 10 describe and wentify soils correctly is learned
more readily under the gindance of expenienced personnel, but it may also
be aequired systematically by comparing numerical laboratory test results
for typicab soils of each type with their visual and manual charactenstics.

5.6 When describing and identifying soil samples from a
given boring, test pit, or group of borings or pits, it i1s 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 be used in combination with Practice
D 4083 when working with frozen sotls.

Note §5—Notwithstanding the statements on precision and bias con-
tained 1n this standard: The precision of this test method is dependent on
the competence of the personnel performing 1t and the suitability of the
equipment and facilities used. Agencies thar meet the criteria of Practice
[23740 are generally considered capable of competent and objective
testing. Users of this test method are cautioned that compliance with
Pracuce 1) 3740 does not in itself assure reliable testing. Reliable testing
depends on several factors; Practice D 3740 provides o means for
evaluating some of those factors.

6. Apparatus
6.1 Required Appararus:
6,1.1 Pocket Knife or Small Spatula.
6.2 Useful Auxiliary Apparatus:
6.2.1 Small Test Tube and Stopper (or jar with a lid).
6.2.2 Small Hand Lens.

7. Reagents

7.1 Purity of Water—Unless otherwise indicated, references
to water shall be understood 10 mean water from a city water
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GROUP_SYMBOL

CL

ML

CH

MH

AWAWAWA

<30% plus No. 200 ——<‘—’<155 plus No. 200
1&25%”“.2@—:’%“2%'“—’“*1&%“

<30% plus m.m—<:<1sx plus No. 200
1szsxmuuo.m?:xmzxm———mmm

<30% plus No. 200 <15% plus No. 200
:wzsu w-m.m—i:%wzﬂtwmﬁ ——— Fat clay with 1and

%*lﬂﬂ.?ﬂ? <15% phus No. 200
IFE‘M*.M?%M%,M———DEW*UM“

GROUP NAME

—» Lean clay

% sand <% gravel ——* Lean clay with gravel

215% gravel ———— Sandy lean clay with gravel

% sand <KMT:<15‘IM—P Gravelly lean clay
215% and ———* Gravelly lean clay with sand

% sand 2% of gravel <15% gravel ———— Sandy lean clay
zmmuo.zuo-<: —

= Silt

% sand <% gravel ———= Silt with gravel

Z215% gravel ——————— Sandy silt with gravel

% sand >% of gravel <15% gravel ——————= Sandy silt
zmpmuo.zm<: —

% sand <"ﬂﬂ—<:<|“l-ﬂ——-—b6nﬂvﬁh

2>15% sand —————————= Gravelly silt with sand

» Fat clay

% sand <% gravel ——* Fat clay with gravel

215% gravel ———————» Sandy fat clay with gravel

%5 bond % vl <15% sand ———= Gravelly fat clay
2108 st ————— - Grualiy ot choy Wi e

% sand zxolmT:ﬂslm-——smmdw
ZMDIWNO.M‘<:

» Elastic silt

% sand <% gravel ——— Elastic silt with gravel

% sand zxdm—<:<lmm——-mmnm
gmmsm.m<: >15% gravel ————»= Sandy slastic sift with gravel
% sand <$MT:<ISSM—-MMHMM

215% sand ——»= Gravelly elastic silt with sand

NOTE 1—Percentages are based on estimating amounts of fines, sand, and gravel to the nearest § %

GROUP SYMBOL

OL/OH

/\

FIG. 1a Flow Chart for identifying Inorganic Fine-Grained Soil (50 % or more fines)

<30% WIM.M-? <15% plus No. 200
15.2sspmun‘m-<: % sand >% gravel————— Organic soil with sand

GROUP_NAME

» Organic soil

% sand <% gravel ——— Organic soil with gravel

215% gravel ————== Sandy organic soil with gravel

%wz%vndt:(ﬁ%ml———h Sandy organic soil
gmm.m,m<

%l.ﬂl(ﬁ.ﬂvﬂ?-flﬁﬁw—-—’ Gravally organic soil

— G

>15% sand

NOTE 1—Percentages are based on estimating amounts of fines, sand. and gravel to the nearest § %

FIG. 1 b Flow Chart for ldentifying Organic Fine-Grained Soil (50 % or more fines)

supply or natural source, in¢cluding non-potable water.

7.2 Hvdrochloric Acid—A small bottle of dilute hydrochlo-
ric acid, HCI, one part HCI (10 N) 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 HCI solution of one part
concentrated hydrochloric acid (10 N) to three parts of distilled
water, slowly add acid into water following necessary safety
precautions. Handle with caution and store safely. If solution
comes inlo contact with the skin, rinse thoroughly with water.
8.2 Caution—Do not add water to acid.

9. Sampling

9.1
the stratum from which it was obtained by an appropriate,
accepted, or standard procedure.

Nt 6—Preferably. the sampling procedure should be identified as

ght ASTM intematioral
Juced ty IHS under keanss with ASTM
OEUEbon o nehworking permilled witheut icense trom IHS

[he sample shall be considered to be representative of

having been conducted in accordance with Practices D 1452, D 15387, or
D 2113, or Test Method DD 1586

9.2 The sample shall be carefully identified as to origin.

Nore 7—Remarks as to the origin may take the form of a boring
number and sample number in conjunction with a job number, a geologic
stratum, a pedologic horizon or a location description with respect 1o a
permanent monument, a grid system or g station number and offset with
respect to a stated centerline and a depth or clevaton

9.3 For accurate description and identification, the mimi-
mum amount of the specimen to be examined shall be in
accordance with the following schedule:

Maximum Particle Size Mimimum Specimen Size,

Sieve Opening Dry Weight
475 mm (No. 4) 100 g (0.25 Ib)
9.5 mm (¥ in.) 200 g (0.5 b)
19.0 mm (% in.) 1.0 kg (2.2 Ib)
38.1 mm (1% In.) 8.0 kg (18 Ib)
75.0 mm (3 in.) 60.0 kg (132 Ib)

Liconsee=CH2M MIVS960450001, Usar=Carter, Lisa
Not for Resale, 0870472005 08:22 50 MDY

iy organic soil with sand



{ilv o 2488

GROUP SYMBOL GROUP NAME

<5% "me
/ Poarly graded

GRAVEL
% gravel >
% sand

VQW-?:ctsum-—, Weil graded gravel

215% sand ——— Wall-graded gravel with sand

GP <15% sand ———= Poorly graded gravel
:215$md——b- Poorly graded gravel with sand

Z15% sand ———= Well-graded gravel with silt and sand
GW-GC S 15% sand ———= Wellgraded graval with clay
GP-GM Z15% sand ———= Well.graded gravel with clay and sand
-—q:(ﬂimd—- Pootly graded gravel with silt
2>15% sand ———# Poorly graded gravel with silt and sand

Well-graded —-<:CMML ar MM ——--GW'GM-'?::-CJH sand ———s= Well.graded gravel with 1ilt
10% fmn< fines=CL or CH
Poorly MT:'.ML or MH

fines=CL or CH —«-GP-GCT: <15% sand ——= Poorly graded gravel with clay

e
Z15% lines
tines=CL or CH

215% sand —— Poorly graded gravel with clay and sand
GM—\———:’«“ sand ——— Silty gravel

215% sand ————= Silty gravel with sand
GC ————> Ik and ——> Crey o

>15% jand ——o= Claywy gravel with sand

vsw—?:<151 gravel ——= Well-graded sand
s >15% gravel —— = Well graded sand with gravei

tines=ML or MH

M<
SAND fines=CL or CH
1umm<

% vand >
% gravel

P?:ﬂnym—ommw
Z15% gravel —— Poorly graded sand with gravel

SW-SM o <15 prevet —— - Wk gradad sand with st

>15% gravel ——= Well-graded sand with silt and gravel
SW-SC Z15% gravel ——- Well graded sand with clay
S15% gravel — = Well graded sand with clay and gravel

2 15% gravel ——e Poorly graded sand with silt and gravel

fines=ML or MH ———=SP-SM 15% - sand
Poorly IM< e e e e

finas=CL or cH——o-SP-SC —~——r ISk —e Poorly graded sand with clay

tines=ML or MM
215% fines <:
tinss=CL or CH

216% gravel ——a= Poorly graded sand with clay and gravel

SMT_—:«:tﬂm-———w sand
Z15% gravel ———a= Silty sand with gravel

sSC ——-____H_‘hﬂ“"lM—-C""\' sand
2 156% gravel ——»= Clayry sand with gravel

Note 1 Percentages are based on estimating amounts of fines, sand, and gravel 10 the nearest 5 %.
FIG. 2 Flow Chart for Identifying Coarse-Grained Soils (less than 50 % fines)

Nt 81 random isolated particles are encountered thut are signifi-
cantly larger than the particles in the soil matrix. the soil matnix can be
accurately described and identified m accordance with the preceeding
schedule

9.4 If 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

10.1 Angularity—Describe the angularity of the sand
(coarse sizes only). gravel, cobbles, and boulders, as angular,
subangular, subrounded, or rounded in accordance with the
criteria in Table | 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

Anguiar Particles have sharp edges and relatively plane sides with
unpolished surfaces

Subangular Particles are similar 1o angular description but have
rounded edges

Subrounded Particles have nearly plane sides but have well-rounded
cormers and edges

Rounded Particles have smoolhly curved sides and no edges

Cofrynight ASTM Inteemational
Raproduced by HS wnder lcenss with ASTM
Nes rtroduction o networong permitted without licanss from IHS

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 be 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 decaving vegetation. This is espe-
cially apparent in fresh samples. but if the samples are dried,
the odor may ofien be revived by heating a moistened sample.
If the odor is unusual (petroleum product. chemical. and the
like), 1t shall be described.

10,5 Moisture Condition—Describe the moisture condition
as dry, moist, or wet, in accordance with the criteria in Table 3.

10.6 HC! Reaction—Describe the reaction with HCl 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 Consisrency—For intact fine-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.

Lcansee=CHIM HINESB0458001, User=Canar Lisa
Not for Resale DB0472005 08:22 58 MOT
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FIG. 3 Typical Angularity of Bulky Grains

TABLE 2 Criteria for Describing Particle Shape (see Fig. 4) PARTICLE SHAPE

The particie shape shall be described as follows where length, width, and
thickness refer to the greatest, intermediate, and least dimensions of a particle,

respectively.

W=WIDTH
Flat Particles with width/thickness > 3 T=TH N
Elongated Particles with length/width > 3 ICKNESS
Flat and elongated Particles meet criteria for both fiat and elongated L=LENGTH

10.9 Strucrure—Describe the structure of intact soils in
accordance with the criteria in Table 7,
10.10 Range of Particle Sizes—For gravel and sand com- S
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 Maximum Particle Size—Describe the maximum par- T
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, 1'2 in. (will pass a 1'%-in. square opening
but not a ¥s-in. square opening).
10.11.3 Cobble or Boulder Size—If the maximum particle FLAT: W/T>3
size is a cobble or boulder size, describe the maximum ELONGATED: L/W >3
dimension of the largest particle. For example: maximum FLAT AND ELONGATED:

dimension. I8 . (450 mm). o . :
10.12 Hardness—Describe the hardness of coarse sand and meets both criterio

larger particles as hard, or state what happens when the

]Tumclcs are hit by a hammer, for example, gravel-size purllc?ea FIG. 4 Criteria for Particle Shape

fracture with considerable hammer blow, some gravel-size

particles crumble with hammer blow. “Hard™ means particles 10.13 Additional comments shall be noted. such as the
do not crack, fracture, or crumble under a hammer blow. presence of roots or root holes, difficulty in drilling or augering

L5
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TABLE 3 Criteria for Describing Moisture Condition

Descrption Criteria
Dry Absence of moisture, dusty. dry to the louch
Menst Damp bul no visible water
Wet Visible free water, usually soil is below waler table

TABLE 4 Criteria for Describing the Reaction With HCI

Description Criteria
None No visible reaction
Weak Some reaction, with bubbles forming slowly
Strong Violen! reaction, with bubbles forming immediately
TABLE 5 Criteria for Describing Dilatancy
Description Criteria
Very soft Thumb will penetrate soil more than 1 in. (25 mm)
Soft Thumb will penetrate soil about 1 in. (25 mm)
Firm Thumb will indent soil about Yain. (6 mm)
Hard Thumb will not indent soil but readily indented with thumbnail
-Very hard Thumbnall will not indent soil
TABLE 6 Criteria for Describing Toughness
Description Criteria
Weak Crumbles or breaks with handling or lifite finger pressure
Moderate Crumbles or breaks with considerable finger pressure
Strong Will not crumble or break with finger pressure
TABLE 7 Criteria for Describing Dilatancy
Descripion Criteria
Stratified Alternating layers of varying material or color with layers al
least 6 mm thick; note thickness
Laminated Alternating layers of varying material or color with the
layers less than 6 mm thick; note thickness
Fissured Breaks along definite planes of fracture with little
resistance to fracturing
Slickensided Fracture planes appear polished or glossy, somelimes
slriated
Blocky Cohesive soil thal can be broken down into small angular
lumps which resist further breakdown
Lensed Inclusion of small pockets of different soils, such as small
lenses of sand scatlered through a mass of clay: nole
thickness
Homogeneous Same color and appearance Ihroughout

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 bath, may be added if identified as such.
10.15 A classification or identification of the soil in accor-
dance with other classification svstems may be added if
identified as such.

11. ldentification of Peat

1.1 A sample composed primarily of vegetable tissue in
vanous 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
idennification procedures described hereafier.

12. Preparation for ldentification
12.1 The soil identification portion of this practice is based

Cooyrght ASTM Intemnubonal
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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. (75-mm) particles must be 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.

Nare 9 Since the percentages of the particle-size distnbution in Test
Method D 2487 are by dry weight, and the estimates of percentages for
gravel, sand, and fines in this practice are by dry weight, it is recom-
mended that the report state that the percentages of cobbles and boulders
are by volume.

12.3 Of the fraction of the soil smaller than 3 in. (75 mm),
estimate and note the percentage, by dry weight, of the gravel.
sand, and fines (see Appendix X4 for suggested procedures).

None 10 Since the particle-size components appear visually on the
basis of volume, considerable experience is required o estimate the
percentages on the basis of dry weight. Frequent compansons 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 rrace,
for example, trace of fines. A trace is not to be considered in the
total of 100 % for the components,

13. Preliminary Identification

13.1 The soil is fine grained if it contains 50 % or more
fines. 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 matenal for
examination. Remove particles larger than the No. 40 sieve
{medium sand and larger) until a specimen equivalent to about
a handful of material is available. Use this specimen for
performing the dry strength, dilatancy, and toughness tests.

14.2 Dry Strength:

14.2.1 From the specimen, select enough material to mold
into a ball about | in. (25 mm) in diameter. Mold the matenal
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 be a ball of material about 2
in. (12 mm) 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 Y% in. (12 mm) in diameter may be used in place
of the molded balls.

Note 11—The process of molding and drying usually produces higher
strengths than are found in natural dry lumps of soil.

14.2.4 Test the strength of the dry balls or lumps by
crushing between the fingers. Note the strength as none. low.

Licunsas=CrzM HILSBB0458001, Usar=Cartar, Lisa
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medium, high, or very high in accorance with the criteria in
Table 8. If 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 caleium 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 Dilatancy:

14.3.1 From the specimen, select enough material to mold
into a ball about 4 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, and 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.

144 Toughness:

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 surtace or between the paims into a thread
about Y& . (3 mm) in diameter. (If the sample is too wet to roll
easily. it should be spread into a thin layer and allowed 1o lose
some water by evaporation.) Fold the sample threads and reroll
repeatedly until the thread crumbles at a diameter of about '4
in. The thread will crumble at a diameter of Y& 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 untl 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 Plasticity—On the basis of observations made during
the toughness test. describe the plasticity of the material in
accordance with the criteria given in Table 1.

14.6 Decide whether the soil is an inorganic or an organic
tine-grained soil (see 14.8). If inorganic, follow the steps given
in 14.7.

TABLE 8 Criteria for Describing Toughness

TABLE 9 Criteria for Describing Dilatancy

Description Criteria
None No visible change in the spacimen
Slow Water appears slowly on the surface of the specimen during
shaking and does not disappear or disappears slowly upon
squeezing
Rapid Waler 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 he
plastic limil. The thread and the lump are weak and soft
Medium Medium pressure Is required to roll the thread 1o near the
plastic limit. The thread and the lump have medium stiffness
High Considerable pressure is required lo roll the thread to near the
plastic limil. The thread and the lump have very high
sliffness
TABLE 11 Criteria for Describing Plasticity
Descri o
Nonplastic A %-in. (3-mm) thread cannot be rolled at any water content
Low The thread can barely be rolled and the lump cannol be
formed when drier than the plastic imit
Medium The thread is easy o roll and not much time is required to

reach the plastic limil. The thread cannol be rerolied after
reaching the plastic limil. The lump crumbles when drier
than the plastic fimit

High It 1akes considerable ime rolling and kneading to reach the
plastic limit. The thread can be rerofled several limes afler
reaching the plastic imit. The lump can be formed without
crumbling when drier than the plastic limit

14.7 Identification of Inorganic Fine-Grained Soils:

14.7.1 ldentify the soil as a lean clay, CL, 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 jar clav, CH, if the soil has high
to very high dry strength, no dilatancy, and high toughness and
plasticity (see Table 12).

14.7.3 Identify the soil as a sils, ML. if the soil has no 1o 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 elasric sift, MH, if the soil has
low to medium dry strength, no to slow dilatancy, and low to
medium toughness and plasticity (see Table 12).

Nore 12 These properties are similar 1o those for a lean clay
However, the silt will dry quickly on the hand and bave a smooth, silky
feel when dry. Some soils thmt would classify as MH 1n accordance with
the eritena in Test Method D 2487 are visually difficult 1o distinguish from
lean clays, CL, It may be necessary lo perform laboratory testing for

Description Critena proper dentification,

None The dry 5 en crumbles into with mera ure
e P o TABLE 12 Identification of Inorganic Fine-Grained Soils from

Low The dry specimen crumbles into powder with some finger Manual Tests
pressure Sail .

Medium The dry specimen breaks into pieces or crumbles with Symbol Dry Strangth Dilatancy Toughness
considerable finger pressure

High The dry specimen cannol be broken with finger pressure. ML None to low Slow lo rapid Low or thread cannol be
Specimen will break inlo pieces between thumb and a hard formed
surface CL Medium to high None 1o slow edium

Very high The dry specimen cannot be broken between the thumb and a MH Low to medium Nane o slow Low 1o medium
hard surface CH High to very high None High
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14 8 Identification of Organic Fine-Grained Soils:

14.8.1 Identify the soil as an organic soil, OL/OH, 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 be spongy.

Nore 13-—In some cases, through practice and experience; it may be
possible 1o further identify the organic soils as organic silts or organic
clays, OL or OH. Correlations between the dilatuncy, dry strength,
toughness tests, and laboratory tests can be made to wdentify organic soils
in certain deposits of similar materials of known geologic ongin.

14.9 If the soil is estimated to have |5 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. |b). 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 % or more sand or
gravel, or both, the words “sandy” or “gravelly” shall be added
to the group name. Add the word “sandy™ if there appears to be
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.
la and Fig. 1h). If the percentage of sand is equal to the percent
of gravel, use “sandy.”

15. Procedure for Identifving 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 fines is estimated to be 5 % or less.

15.3.1 Identify the soil as a well-graded gravel, GW, or as a
well-graded sand. SW, if it has a wide range of particle sizes
and substantial amounts of the intermediate particle sizes.

15.3.2 Idenufy 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 intermediale sizes obviously missing (gap or skip
graded).

15.4 The soil is either a gravel with fines or a sand with fines
if the percemtage of fines is estimated to be 15 % or more.

154.1 Identify the soil as a clavey gravel, GC, or a clayey
sand, SC. if the fines are clavey as determined by the
procedures in Section 14,

15.4.2 Identify the soil as a silty gravel, GM, or a silty sand,
SM, 1f 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
so1l # 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

Copyrght ASTM Intemationa:
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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 % or more of the other coarse-gramed
constituent, the words “with gravel” 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 If 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 gravel
with cobbles, GM,”

16. Report

16.1 The report shall include the information as to origin,
and the items indicated in Table 13.

Nore 14—Example: Clayey Gravel with Sand and Cobbles, GC
About 50 % fine to coarse, subrounded 1o subangular gravel: about 30 %
fine to coarse, subrounded sand; about 20 % fines with medium plasticity,
high dry strength. no dilatancy, medium toughness: weak reaction with
HCL: onginal field sample had about 5% (by volume) subrounded
cobbles, maximum dimension, 150 mm

In-Place Conditions—Firm, homogeneous, dry. brown

Geologic Interpretation—Alluvial fan

Nomne 15— Other examples of soil descriptions and identification are
given in Appendix X1 and Appendix X2

None 16— 1f desired, the percentages of gravel, sand, and fines may be
stated i terms indicating a range of percentages, us follows

Trace-_Particles are present but estimated to be less than 5 %

Few—510 10%

Little—1510 25 %

Some—30 10 45 %

Moxriv—350 10 100 %

TABLE 13 Checklist for Description of Soils

. Group name

Group symbaol

. Percen! of cobbles or boulders, or both (by volume)
Percen! of gravel, sand, or fines, or all three (by dry weight)
Particie-size range

bW N -

Gravel—fine, coarse
Sand—fine, medium, coarse
6. Particle angularity: angular, subangular, subrounded, rounded
7. Particle shapa: (if appropriate) flal, elongated. lat and elongaled
8 Maximum particle size or dimension
9. Hardness of coarse sand and larger paricles
10. Plasticity of fines: nonplastic, low. medium, high
11. Dry strength: none, low, medium, high, very high
12. Dilatancy: none, slow, rapid
13. Toughness: low, medium, high
14, Color (in moist candition)
15. Odor {mention only If organic or unusual)
16. Moisture: dry, moist, wel
17. Reaction with HCL: none. weak, strong
For intact samples:
16. Consistency (fine-grained soils only): very soft, soft. firm. hard, very hard
19. Structure stratified, laminated, fissured, slickensided. lensed, homo-
geneous
20. Cementalion: weak, moderale, sirong
21. Local name
22. Geologic interpretation
23. Additional comments: presance of roots or rool holes, presence of mica.
gypsum, elc.. surface coalings on coarse-grained particles, caving or
sloughing of auger hole or trench sides, difficulty in augering or excavating.
elc
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16.2 1f, n the soil description, the soil is identfied using a
classification group symbol and name as described in Test
Method D 2487, it must be distinetly 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 mformation only,

therefore, a precision and bias statement 1s not applicable.

18. Kevwords
181 classification; clay; gravel: organic soils; sand; silt; soil
classification; soil description; visual classification

APPENDIXES

(Nonmandatory Information)

X1. EXAMPLES OF VISUAL SOIL DESCRIPTIONS

X1.1 The following examples show how the mnformation
required in 16.] can be reported. The information that is
mcluded in descriptions should be based on individual circum-
stances and need.

X111 Well-Graded Gravel with Sand (GW}—About 75 %
fine to coarse, hard, subangular gravel; about 25 % fine to
coarse, hard, subangular sand; trace of fines; maximum size, 75
mim. brown, dry: no reaction with HCL.

X1.1.2 Sifty Sand with Gravel (SM)—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 HCl (Note—Field sample size smaller than
recommended).

In-Place Conditions—Firm, stratified and contains lenses of
silt 1 102 in. (25 to 50 mm) thick, moist, brown to gray;
in-place density 106 Ib/ft’; in-place moisture 9 %.

XLL3 Organic Soil (OL/OH)—About 100 % fines with
low plasticitv, slow dilatancy, low dry strength, and low
toughness; wet, dark brown, organic odor; weak reaction with
HCL.

X1.1.4 Silty Sand with Organic Fines (SM)—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 HCL

X1.1.5 Poorly Graded Gravel with Sili, Sand, Cobbles and
Boulders (GP-GM)—About 75 % fine to coarse, hard, sub-
rounded to subangular gravel: about 13 % fine, hard. sub-
rounded to subangular sand; about 10 % silly nonplastic fines;
moist, brown; no reaction with HCI: original field sample had
about 5 % (by volume) hard, subrounded cobbles and a trace of
hard, subrounded boulders, with a maximum dimension of 18
im. (450 mm).

X2. USING THE IDENTIFICATION PROCEDURE AS A DESCRIPTIVE SYSTEM FOR SHALE, CLAYSTONE.
SHELLS, SLAG, CRUSHED ROCK. AND THE LIKE

X2.I The identificaton procedure may be used as a
descriptive system applied to materials that exist m-situ as
shale. claystone, sandstone, siltstone, mudstone, etc., but con-
vert to soils after field or laboratory processing (crushing,
slaking, and the like).

X22 Matenals such as shells, crushed rock, slag, and the
like, should be identified as such. However, the procedures
used n 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 be assigned to aid in
describing the material.

X2.3 The group symbol(s) 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

il ASTM Intatnational
ucad by IHS under licanse wilth ASTM
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naturally occurring soils are as follows:

X2.4.1 Shale Chunks—Retrieved as 2 to 4-in. (50 to 100-
mm) pieces of shale from power auger hole, dry, brown, no
reaction with HCL 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 HCL

X2.4.3 Broken Shells—About 60 % gravel-size broken
shells; about 30 % sand and sand-size shell pieces: about 10 %
fines; “Poorly Graded Gravel with Sand (GP).”

X244 Crushed Rock—Processed from gravel and cobbles
in Pit No. 7; "“Poorly Graded Gravel (GP)"; about 90 % fine,
hard. angular gravel-size particles; about 10 % coarse, hard,

Lansoe=CHIM HIVSEE04 58001, User=Canar, Lisa
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angular sand-size particles; dry, tan: no reaction with HCL

X3, SUGGESTED PROCEDURE FOR USING A BORDERLINE SYMBOL FOR SOILS WITH TWO POSSIBLE
IDENTIFICATIONS,

X3.1  Since this practice is based on estimates of particle
size distribution and plasticity characteristics, 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/CL or CL/CH.

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 fines and the
other for a fine-grained soil. For example: GM/ML or CL/SC,

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. 1t is
practically impossible to have a soil that would have a
borderline svmbol of GW/SW,

X3.1.3 A borderline symbol may be used when the soil
could be either well graded or poorly graded. For example:
GW/GP. SW/SP.

X3.1.4 A borderline symbol may be used when the sol
could either be a silt or a clay. For example: CL/ML, CH/MH,
SC/SM.

X3.1.5 A borderline symbol may be used when a fine-
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/CH, MH/ML.

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 1s
considered 1o 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:
CL/CH lean to fat clay
ML/CL clayey silt
CL/ML silty clay

X34 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 PERCENTAGES OF GRAVEL, SAND.
AND FINES IN A SOIL SAMPLE

X4.1 Jar Method—The relative percentage of coarse- and
fine-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 1o
the bottom and successively finer particles will be deposited
with increasing time; the sand sizes will fall out of suspension
in 20 1o 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.

X42 VFisuwal 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 fines. 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 (X4.3).

X4.3  Wash Test (for relative percentages of sand and

fines)—Select and moisten enough minus No. 4 sieve size

material to form a l-in (25-mm) cube of soil. Cut the cube n
half, set one-half to the side, and place the other half in a small
dish. Wash and decant the fines 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 fines. 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.

X35, ABBREVIATED SOIL CLASSIFICATION SYMBOLS

X5.1 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 cases would be graphical
logs, databases, tables, etc.

X35.2 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. Suffix:

Copynght ASTI Intamational 10
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Group Symbol and Full Name Abbraviated
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 sill and gravel (SP-SMig
b - with boulders GP, poorly graded gravel with sand. cobbles, and (GP)scb
boulders
s . g ‘ - ML. gravelly silt with sand and cobbles g(ML)sc
X54 The soil classification symbol 1s to be enclosed in
parenthesis. Some examples would be:
SUMMARY OF CHANGES

In accordance with Committee D18 policy, this section identifies the location of changes to this standard since
the last edition (1993"') that may impact the use of this standard,

(1) Added Practice D 3740 to Section 2. {2) Added Note 5 under 5.7 and renumbered subsequent notes.

The American Sociely for Testing and Materials lakes na position respecling the validity of any patent rights asserted in connection
with any item mentioned in this standard. Users of this standard are expressly advised thal deterrmination of the validity of any such
palenl rights, and the nsk of infringement of such rights, are entirely thew own responsibility.

This standard is subject o revision at any time by the respensible lechnical committee and mus! be reviewed every five years and
if not revised, elther reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meelting of the responsible
technical committee, wiuch you may attend. If you feel that your comments have not received a fair heanng you should make your
views knawn o the ASTM Committee on Standards. at the address shown below.

This standard is copyrighted by ASTM, 100 Barr Harbor Drive, PO Bax C700. West Conshohocken, PA 19428-2958, United States.
Individual reprints (single or muttiple copies) of this standard may be oblained by contacting ASTM at the above address ar at
610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-rail), or through the ASTM websife (www.asim org).
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|, Designation: D 1586 — 08

INTERNATIONAL

Standard Test Method for

Standard Penetration Test (SPT) and Split-Barrel Sampling

of Soils’

This stundard is issued under the fixed designation D 1586; the number immediately following the designation idicates the yeur of
onginil adoption or, i the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval, A
superseript epsilon (€) indicates an editonal change since the fust revision or reapproval.

This standard hax born approved Jor we by agencies of the Depariment of Defense

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 2 3550)) to drive a split-barrel sampler to obtain a
representative soil sample 1s available but the hammer energy
1s not standardized.

1.2 Practice [ 6066 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 al
5-foot depth intervals or when a significant change of materials
is observed during drilling, unless otherwise specified.

1.5 This test method 1s limited to use in nonlithified 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 D 5783, Practice 1D 6151). Other drilling and
sampling procedures (Guide D 6286, Guide D 6169) are avail-
able and may be more appropriate. Considerations for hand
driving or shallow sampling without boreholes are not ad-
dressed. Subsurface investigations should be recorded in ac-
cordance with Practice D 5434, Samples should be preserved
and transported n accordance with Practice [2 4220 using
Group B. Soil samples should be identified by group name and
symbol in accordance with Practice 1) 2484,

1.7 All observed and calculated values shall conform 1o the
guidelines for significant digits and rounding established in
Practice D 6026, unless superseded by this test method.

1.8 The values stated in inch-pound units are to be regarded
as standard, except as noted below. The values given in

' This method is under the jurisdiction of ASTM Committee DIX on Soil and
Rock and is the direet responsibility of Subcommitiee DI1B.02 on Sumpling and
Related Fireld Testing for Soil Evaluations.

Curremt edition approved Feb, 1. 2008. Published Mach 2008, Originally
approved m 1958, Last previous edition approved in 1999 ax 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
(Ibf) 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 standard does not purport 1o 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 regulatory limitations prior to use. Performance of the
test wsually 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: *

D653 Terminology Relating to Soil. Rock, and Contained
Fluids

D 554 Test Methods for Specific Gravity of Soil Solids by
Witer Pycnometer

13 1557 Practice for Thin-Walled Tube Sampling of Soils
for Geotechnical Purposes

[ 2216 Test Methods for Laboratory Determination of Wa-
ter (Moisture) Content of Soil and Rock by Mass

13 2457 Practice for Classification of Soils for Engineering
Purposes (Unified Soil Classification System)

[3 2488 Practice for Description and Identification of Soils

“ Available from Occupational Safety and Health Admimstration (OSHA ), 200
Constitution Ave., NW, Washington, DC 20210, hinpwww.oshigov

" Available from the National Drilling Association. 3511 Center Rd., Suite 8,
Brunswick. OH 44212, hitp/Avww ndadu com.

“ For referenced ASTM standards. visit the ASTM website. www.astm.org, of
contuct ASTM Customer Service al service@astmn.org. For Annual Book of ASTM
Standards volume information, refer 1o the standard’s Document Summary page on
the ASTM wehsite.

*A Summary of Changes section appears at the end of this standard.
Copyrgnt © ASTM Inteenational, 100 Barr Harvor Dnve, PO Box C700, West Conshohocken, PA 10428.2656 Unied Stales
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(Visual-Manual Procedure)

[ 3550 Pracuce for Thick Wall. Ring-Lined. Split Barrel,
Drive Sampling of Soils

3 3740 Practice for Mimmum Requirements for Agencies
Engaged in the Testing and/or Inspection of Soil and Rock
as Used in Engineering Design and Construction

[7 4220 Practices for Preserving and Transporting Soil
Samples

[ 4633 Test Method for Energy Measurement for Dynamic
Penetrometers

D 53431 Guide for Field Logging of Subsurtace Explora-
tions of Soil and Rock

[7 5751 Guide for Use of Direct Rotary Drilling with
Water-Based Drilling Fluid for Geoenvironmental Explo-
ration and the Installation of Subsurface Water-Quality
Monitoring Devices

D 6026 Practice for Using Significant Digits in Geotechni-
cal Data

D 666 Practice for Determining the Normalized Penetra-
tion Resistance of Sands for Evaluaton of Liguefaction
Potential

D615l Pracuce for Using Hollow-Stem Augers for Geo-
technical Exploration and Seil Sampling

) 6169 Guide for Selection of Soil and Rock Sampling
Devices Used With Drill Rigs for Environmental Investi-
gatons

D 6286 Guide for Selection of Drilling Methods for Envi-
ronmental Site Characterization

176913 Test Methods for Particle-Size Distribution (Grada-
tion) of Soils Using Sieve Analysis

3. Terminology

3.1 Defimitions: Definitions of terms included in Terminol-
ogy 12 633 specific 1o 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 bit 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 (SPT), 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 1-3/8-in,
{34.9 mm) (see Note 2) is driven a given distance of 1.0 ft (0.30
m) after a seating interval of 0.5 ft (0.15 m) using a hammer
weighing approximately 140-1bf (623-N) falling 30 = 1.0 in.
(0.76 m = 0.030 m) 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 Ibf (623 = 9 N) 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 10
produce the blow.

3.2.5 hammer fall guide. n—that part of the drive-weighi
assembly used to guide the fall of the hammer.

3.2.6 number of rope turns. 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
3607 (see Fig. 1)

3.2.7 sampling rods, ni—rods that connect the drive-weight
assembly 1o the sampler. Drill rods are often used for this

purpose.

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 D 2458) 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 1D 854, D 2216, and D 6913, 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 wbe sampler
(Practice D 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 D 6151, and Guide D) 6169,

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 12 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 dnll rod energy ratio of 60 % by using a hammer
system with either an estimated energy delivery or directly
measuring drill rod stress wave energy using Test Method
D 4633,

Note 1—The reliability of data and interpretations generated by this
practice is dependent on the competence of the personnel performing it

-
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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

and the suitability of the equipment and facilines used. Agencies that meel
the critenia of Practice D 1740 generally are considered capable of
competent testing. Users of this practice are cautioned that compliance
with Practice D 3740 does nat assure reliable testing. Reliable testing
depends on several factors and Practice D 3740 provides a means of
evaluating some of these factors. Practice D 374 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 recognize that the framework of Practice
19 3740 1 appropriate for evaluating the quality of an agency performing
this test method. Currently, there is no known gualifying national authority
that mspects 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 befare
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 be suitable for
advancing a borehole in some subsurface conditions:

5.1.1 Drag. Chopping, and Fishtail Bits. less than 6'2 in.
(165 mm) and greater than 2% 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 bits are not permitted; only
side discharge bits are permitted.

Capyright ASTM intaimatons!
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5.1.2 Roller-Cone Bits. less than 6%2 in. (165 mm) and
greater than 2% in. (57 mm) in diameter may be 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 6% in. (165 mm) and not less than 2'4 in. (57 mm).

5.1.4 Solid, Continuous Flight, Bucker and Hand Augers.
less than 62 in. (165 mm) and not less than 2% in, (57 mm) in
diameter may be used if the soil on the side of the borehole
does not cave onto the sampler or sampling rods dunng
sampling.

5.2 Sampling Rods—Flush-joint steel drill rods shall be
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 Splir-Barrel Sampler—The standard sampler dimen-
sions are shown in Fig. 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 1Y2-in. (38.1
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FIG. 2 Split-Barrel Sampler

mm) or 1Y-in. (34.9 mm) (see Note 7). A 16-gauge liner can
be used inside the 1%-in. (38.1 mm) split barrel sampler. The
driving shoe shall be of hardened steel and shall be 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 be used to retain soil samples.

Nore 2—Both theory and available test duts suggest that N-values may
differ as much as 10 10 30 9% between a constant inside dimmeter sampler
and upset wall sampler. 1f it is necessary to correct for the upset wall
sampler refer to Practice [ 6066, In North America, it 1s now common
practice 1o use an upset wall sumpler with an inside diameter of Y2 in. At
one time. liners were used but practice evolved 1o use the upset wall
sampler without liners. Use of an upser wall sampler allows for use of
retainers if needed, reduces inside friction, and improves recovery. Many
ather countries still use a constant 1D split-barrel sampler. which was the
original standard and sull acceptable within this standard

5.4 Drive-Weight Assembly:

5.4.1 Hammer and Anvil—The hammer shall weigh 140 =
2 Ibf (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 be used. IFig. 3 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. (100
mm). For safety reasons. the use of a hammer assembly with an
internal anvil is encouraged as shown in Fig. 3. The total mass
of the hammer assembly bearing on the drill rods should not be
more than 250 = 10 Ibm (113 = 5 kg).

Nome 3—It is suggested that the hammer fall guide be permanently
marked 1o enable the operator or inspector fo judge the hammer drop
height.

5.4.2 Hammer Dirop System—Rope-cathead, tnp, semi-
automatic or automatic hammer drop systems, as shown in Fie
4 may be 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

6.1 The borehole shall be 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 0.1 ft (0.030 m).

6.2 Any drilling procedure that provides a suitably clean
and stable barehole 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 be considered when
selecting the drilling method 1o be used.

6.2.1 Open-hole rotary drilling method.

6.2.2 Continuous flight hollow-stem 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

A
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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 18 not
permissible. It is not permissible to advance the borehole for
subsequent insertion of the sampler solely by means of
previous sampling with the SPT sampler.

6.4 The drilling Auid 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 dnll
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 cleanout depth to the nearest 0.1 ft (0.030 m), and
prepare for the test with the following sequence of operations:

7.1.1 Auach either split-barrel sampler Tvpe A or B to the
sampling rods and lower into the borehole. Do not allow the
sampler to drop onto the soil to be 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 f1 (0.030 m). Compare

Copytight ASTM International
Provided by INS under leense with ASTM

No reproduct

withoul license from IHS

o v

£

the sampling start depth to the cleanout depth in 7.1. If
excessive cuftings are encountered at the bottom of the
borehole, remove the sampler and sampling rods from the
borehole and remove the cuttings.

7.1.4 Mark the drill rods in three successive 0.5-foot (0.15
m) increments so that the advance of the sampler under the
impact of the hammer can be easily observed for each 0.5-fool
(0,15 m) increment.

7.2 Drive the sampler with blows from the 140-1bf (623-N)
hammer and count the number of blows applied in each
0.5-foot (0.15-m) increment until one of the following occurs:

7.2.1 Atotal of 50 blows have been applied during any one
of the three 0.5-foot (0.15-m) increments described in 7 1 -4

7.2.2 Atotal of 100 blows have been applied.

7.2.3 There is no observed advance of the sampler durning
the application of 10 successive blows of the hammer.

7.2.4 The sampler is advanced the complete 1.5 ft, (0.45 m)
without the limiting blow counts occurring as described in
r.2:1, 7.2:2, or 7.23.

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 (1.1 ft (0.030 m), and drive the sampler through the
remainder of the test interval. If the sampler sinks the complete
interval, stop the penerration, 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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FIG. 4 Automatic Trip Hammer

7.3 Record the number of blows (N) required to advance the
sampler each 0.5-foot (0.15 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 m) of penetration is termed the
“standard penetration resistance,” or the “N-value.” If the
sampler is driven less than 1.5 ft (0.45 m), as permitted in
720, 722, 0or 7.2.3, the number of blows per each complete
0.5-foot (.15 m) increment and per each partial increment
shall be recorded on the boring log. For partial increments, the
depth of penetration shall be reported to the nearest 0.1 ft
(0.030 m) in addition 1o 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 be noted
on the boring log.

7.4 The raising and dropping of the 140-Ibf (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 [ 4633,

74.1 Method A—By using a trip, automatic, or semi-
automatic hammer drop system that lifts the 140-1bf (623-N)
hammer and allows it to drop 30 = 1.0 in. (0.76 m = 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. o1
grease and have a diameter in the range of 6 to 10 1n. (150 10
250 mm).

7.4.2.2 The cathead should be 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 (1-3/4 wrns 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. [. 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 suff, relatively dry, clean, and should be 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.

Note 4—If the hammer drop height is something other than 30 = 1.0
in. (0.76 m = 0.030 m). then record the new drop height. For soils other
than sands, there 1s no known data or research that relates to adjusting the
N-vajue obtained from different drop heights. Test method [3 4633
provides information on making energy measurement for variable drop
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heights and Practice D o066 provides information on adjustment of
N-value 1o a constant energy level (60 % of theoretical, N60). Practice
Dot allows the hammer drop height 10 be adjusted to provide 60 %
ehergy.

7.5 Bning the sampler to the surface and open. Record the
percent recovery to the nearest | % 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 [ 2488,
then place one or more representative portions of the sample
into sealable moisture-proof containers (jars) without ramming
or distorting any apparent stratilication. Seal each container to
prevent evaporation of soil moisture. Affix labels to the
containers bearing job designation. boring number, sample
depth. and the blow count per 0.5-foot (0.15-m) increment.
Protect the samples against extreme temperature changes. If
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 12 4220 using Group B.

8. Data Sheetis)/Form(s)

8.1 Data obtained in each borehole shall be recorded in
accordance with the Subsurface Logging Guide D 5434 as
required by the exploration program. An example of a sample
data sheet is included in Appendis X1,

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 timsh of borehole,

8.2.6 Bonng number and location (station and coordinates,
if available and applicable),

8.2.7 Surtace 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 dnlling depth to the nearest 0.1 fi (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 10
the nearest 0.1 ft (0.030 m),

2

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 m)
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 m). and

8.3.5 Number of blows per (.5 foot (0.015 m) 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 Subcommuttee 18.02 is seeking additional data
from the users of this test method that might be used to make
a limited statement on precision. Present knowledge indicates
the following:

9.1.1.1 Varations in N-values of 100 % 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 field 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:
sphit-barrel sampling: standard penetration test
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APPENDIX
(Nonmandatory Information)

X1. Example Data Sheet

X1.1 See Fig. 5.
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SUMMARY OF CHANGES

Committee D18 has identified the locaton of selected changes to this standard since the last issue
(D 1586 - 99) that may impact the use of this standard. (Approved February 1. 2008.)

(/) There have been numerous changes to this standard to st (4) Terminology: added section on Definitions,

them separately. From the most recent main ballot process.  (5) Significance and Use: clarified use of the SPT test.
additional changes were requested and incorporated into this  (6) Apparatus: general editorial changes.

newest revision, Stated below is a highlight of some of the  (7) Sampling and Testing Procedure: general editorial

changes. changes.
(2) Scope was completely revised. (8) Data Sheets/Forms: general editorial changes.
() Referenced Documents updated to include new standards. (%) Precision and Bias: added Sections 9.1.1.1 and 9 1 1.1,

ASTM International takes ne position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are axpressly advised that determination of the validity of any such patent nights, and the risk
of infringement of such nghts, are entirely their own responsibility.

This standard is subject lo revision al any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn, Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM international Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committea, which you may attend. If you feel that your comments have nol recewved a fair heanng you should
make your views known to the ASTM Commitiee on Standards, at the address shown below.

This slandard is copyrighted by ASTM Intemational. 100 Barr Harbor Dnive. PO Box C700. West Conshohocken. PA 18428-2959.
United Stares. Individua! reprints (single or multiple copies) of this standard may be obtained by contacling ASTM al the above
address or al 610-832-9585 (phane). B10-B32-9555 (fax), or service@astm.org (e-man); or through the ASTM website
(www.asim.org)
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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 remoided, 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 nish gray, nonplastic, sudden reaction to shaking, layers mostly 1.5 1o 8.3 inches
thick; 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
10 1.0 inches max, very few small particles of coal, fill

SANDY ELASTIC SILT (MH), very light gray to white, wet, stiff, weak calcareous cementation
LEAN CLAY WITH SAND (CL/MH), dark brownish gray, moist, stiff

WELL-GRADED GRAVEL WITH SILT (GW-GM), brown, moist, very dense, rounded gravel
to 1.0 inches max

SF032/010.50



Table 2
CRITERIA FOR DESCRIBING MOISTURE CONDITION

Description Criteria

Absence of moisture, dusty, dry to the touch
Moist Dam];. 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 Field Test
0-4 Very loose Easily penetrated with %-in. steel rod pushed
by hand
5-10 Loose Easily penetrated with %-in. steel rod pushed
by hand
11-30 Medium Easily penetrated with ¥%-in. steel rod driven
with 5-1b hammer
31-50 Dense Penetrated a foot with %-in. steel rod driven
with 5-1b hammer
>50 Very dense Penetrated only a few inches with %-in. steel

rod driven with 5-1b hammer

Table 4
CONSISTENCY OF FINE-GRAINED SOIL

(Developed from Sowers, 1979)

Pocket
Penctrometer Torvane
Blows/Ft  Consistency (TSF) (TSF) Field Test

<2 Very soft <0.25 <0.12 Easily penetrated several inches
by fist

24 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 1.0-2.0 0.5-1.0 ; Readily indented by thumb, but

! S 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



STANDARD OPERATING PROCEDURE

Shallow Soil Sampling

l.  Purpose

To provide general guidelines for the collection and handling of surface soil samples
during field operations.

Il. Scope

The method described for surface soil sampling is applicable for loosely packed
earth and is used to collect disturbed-soil samples.

lIl. 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.

B.

ShallowS.doc

Wear protective gear, as specified in the Health and Safety Plan.

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.

QC and Revised 08/2013 1
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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.

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,.

To collect samples:

Use a decontaminated stainless steel scoop/trowel or disposable plastic
scoop to scrape away surficial organic material (grass, leaves, etc.) adjacent to

QC and Revised 08/2013 2



10.

the stake. New disposable scoops or trowels may also be used to reduce the
need for equipment blanks.

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.

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.

Empty the contents of the scoop/trowel into a decontaminated stainless steel
pan or dedicated sealable bag.

Repeat this procedure until sufficient soil is collected to meet volume
requirements.

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.

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.

Transfer sample for analysis into appropriate containers with a decon-
taminated utensil.

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

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.

ShallowS.doc
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VI. Key Checks and ltems

e Use phthalate-free latex or surgical gloves and other personal protective
equipment.

e Transfer volatiles first, avoid mixing.

¢ Decontaminate utensils before reuse, or use dedicated, disposable utensils.

ShallowS.doc
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STANDARD OPERATING PROCEDURE

Packaging and Shipping Procedures for Low-
Concentration Samples

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.

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.

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

ShipLowConc.doc
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IV. Procedures and Guidelines

Low-Concentration Samples

A.

ShipLowConc.doc

Prepare coolers for shipment:
o Tape drains shut.

o 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.
o Fill bottom of coolers with about 3 inches of vermiculite or
absorbent pads.

Arrange decontaminated sample containers in groups by sample number.
Consolidate VOC samples into one cooler to minimize the need for trip
blanks.

Affix appropriate adhesive sample labels to each container. Protect with
clear label protection tape.

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.

Arrange sample bottles in coolers so that they do not touch.

If ice is required to preserve the samples, cubes should be repackaged in
zip-lock bags and placed on and around the containers.

Fill remaining spaces with vermiculite or absorbent pads.

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.

Close lid and latch.

Carefully peel custody seals from backings and place intact over lid
openings (right front and left back). Cover seals with clear protection
tape.

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.

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.

QC and Reviewed 08/2013 2



VL.

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.

Attachments

None.

Key Checks and ltems

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

ShipLowConc.doc
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STANDARD OPERATING PROCEDURE

Aquifer Slug Testing

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.

Equipment and Materials

¢ In-Situ data loggers or equivalent
e Well-testing assembly
e packer
o fittings for pressure transducers
e fittings for air supply
e release valve
e Compressed air
¢ Computer and associated equipment
e Solid displacement device with rope

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

SlugTest.doc
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V.

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.

Attachments

None.

Key Checks and Preventive Maintenance

e 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.

o Check the batteries for the datalogger and computer. Check that the computer disks
containing the programs for the datalogger are packed.

o Check the datalogger calculation of the well hydraulic conductivity at the end of
each test to determine if these are consistent with expectations.

SlugTest.doc
QC and Reviewed 08/2013 2



STANDARD OPERATING PROCEDURE

Soil Sampling

Soils.doc

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.

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

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.

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.
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.

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

e  Check that decontamination of equipment is thorough.

e Check that sample collection is swift to avoid loss of volatile organics during
sampling.

Soils.doc
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INTERNATIONAL

Standard Test Method for

Standard Penetration Test (SPT) and Split-Barrel Sampling

of Soils’

This stundard is issued under the fixed designation D 1586; the number immediately following the designation idicates the yeur of
onginil adoption or, i the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval, A
superseript epsilon (€) indicates an editonal change since the fust revision or reapproval.

This standard hax born approved Jor we by agencies of the Depariment of Defense

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 2 3550)) to drive a split-barrel sampler to obtain a
representative soil sample 1s available but the hammer energy
1s not standardized.

1.2 Practice [ 6066 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 al
5-foot depth intervals or when a significant change of materials
is observed during drilling, unless otherwise specified.

1.5 This test method 1s limited to use in nonlithified 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 D 5783, Practice 1D 6151). Other drilling and
sampling procedures (Guide D 6286, Guide D 6169) are avail-
able and may be more appropriate. Considerations for hand
driving or shallow sampling without boreholes are not ad-
dressed. Subsurface investigations should be recorded in ac-
cordance with Practice D 5434, Samples should be preserved
and transported n accordance with Practice [2 4220 using
Group B. Soil samples should be identified by group name and
symbol in accordance with Practice 1) 2484,

1.7 All observed and calculated values shall conform 1o the
guidelines for significant digits and rounding established in
Practice D 6026, unless superseded by this test method.

1.8 The values stated in inch-pound units are to be regarded
as standard, except as noted below. The values given in

' This method is under the jurisdiction of ASTM Committee DIX on Soil and
Rock and is the direet responsibility of Subcommitiee DI1B.02 on Sumpling and
Related Fireld Testing for Soil Evaluations.

Curremt edition approved Feb, 1. 2008. Published Mach 2008, Originally
approved m 1958, Last previous edition approved in 1999 ax 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
(Ibf) 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 standard does not purport 1o 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 regulatory limitations prior to use. Performance of the
test wsually 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: *

D653 Terminology Relating to Soil. Rock, and Contained
Fluids

D 554 Test Methods for Specific Gravity of Soil Solids by
Witer Pycnometer

13 1557 Practice for Thin-Walled Tube Sampling of Soils
for Geotechnical Purposes

[ 2216 Test Methods for Laboratory Determination of Wa-
ter (Moisture) Content of Soil and Rock by Mass

13 2457 Practice for Classification of Soils for Engineering
Purposes (Unified Soil Classification System)

[3 2488 Practice for Description and Identification of Soils

“ Available from Occupational Safety and Health Admimstration (OSHA ), 200
Constitution Ave., NW, Washington, DC 20210, hinpwww.oshigov

" Available from the National Drilling Association. 3511 Center Rd., Suite 8,
Brunswick. OH 44212, hitp/Avww ndadu com.

“ For referenced ASTM standards. visit the ASTM website. www.astm.org, of
contuct ASTM Customer Service al service@astmn.org. For Annual Book of ASTM
Standards volume information, refer 1o the standard’s Document Summary page on
the ASTM wehsite.

*A Summary of Changes section appears at the end of this standard.
Copyrgnt © ASTM Inteenational, 100 Barr Harvor Dnve, PO Box C700, West Conshohocken, PA 10428.2656 Unied Stales

Copyright ASTM Intermalional
Propviced by IS ander licenss with ASTM
No mproduction o Aetworking permillad withoul lcense from IHS.
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(Visual-Manual Procedure)

[ 3550 Pracuce for Thick Wall. Ring-Lined. Split Barrel,
Drive Sampling of Soils

3 3740 Practice for Mimmum Requirements for Agencies
Engaged in the Testing and/or Inspection of Soil and Rock
as Used in Engineering Design and Construction

[7 4220 Practices for Preserving and Transporting Soil
Samples

[ 4633 Test Method for Energy Measurement for Dynamic
Penetrometers

D 53431 Guide for Field Logging of Subsurtace Explora-
tions of Soil and Rock

[7 5751 Guide for Use of Direct Rotary Drilling with
Water-Based Drilling Fluid for Geoenvironmental Explo-
ration and the Installation of Subsurface Water-Quality
Monitoring Devices

D 6026 Practice for Using Significant Digits in Geotechni-
cal Data

D 666 Practice for Determining the Normalized Penetra-
tion Resistance of Sands for Evaluaton of Liguefaction
Potential

D615l Pracuce for Using Hollow-Stem Augers for Geo-
technical Exploration and Seil Sampling

) 6169 Guide for Selection of Soil and Rock Sampling
Devices Used With Drill Rigs for Environmental Investi-
gatons

D 6286 Guide for Selection of Drilling Methods for Envi-
ronmental Site Characterization

176913 Test Methods for Particle-Size Distribution (Grada-
tion) of Soils Using Sieve Analysis

3. Terminology

3.1 Defimitions: Definitions of terms included in Terminol-
ogy 12 633 specific 1o 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 bit 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 (SPT), 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 1-3/8-in,
{34.9 mm) (see Note 2) is driven a given distance of 1.0 ft (0.30
m) after a seating interval of 0.5 ft (0.15 m) using a hammer
weighing approximately 140-1bf (623-N) falling 30 = 1.0 in.
(0.76 m = 0.030 m) 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 Ibf (623 = 9 N) 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 10
produce the blow.

3.2.5 hammer fall guide. n—that part of the drive-weighi
assembly used to guide the fall of the hammer.

3.2.6 number of rope turns. 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
3607 (see Fig. 1)

3.2.7 sampling rods, ni—rods that connect the drive-weight
assembly 1o the sampler. Drill rods are often used for this

purpose.

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 D 2458) 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 1D 854, D 2216, and D 6913, 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 wbe sampler
(Practice D 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 D 6151, and Guide D) 6169,

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 12 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 dnll rod energy ratio of 60 % by using a hammer
system with either an estimated energy delivery or directly
measuring drill rod stress wave energy using Test Method
D 4633,

Note 1—The reliability of data and interpretations generated by this
practice is dependent on the competence of the personnel performing it

-
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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

and the suitability of the equipment and facilines used. Agencies that meel
the critenia of Practice D 1740 generally are considered capable of
competent testing. Users of this practice are cautioned that compliance
with Practice D 3740 does nat assure reliable testing. Reliable testing
depends on several factors and Practice D 3740 provides a means of
evaluating some of these factors. Practice D 374 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 recognize that the framework of Practice
19 3740 1 appropriate for evaluating the quality of an agency performing
this test method. Currently, there is no known gualifying national authority
that mspects 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 befare
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 be suitable for
advancing a borehole in some subsurface conditions:

5.1.1 Drag. Chopping, and Fishtail Bits. less than 6'2 in.
(165 mm) and greater than 2% 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 bits are not permitted; only
side discharge bits are permitted.

Capyright ASTM intaimatons!
Provided by IS under icanss with ASTM
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5.1.2 Roller-Cone Bits. less than 6%2 in. (165 mm) and
greater than 2% in. (57 mm) in diameter may be 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 6% in. (165 mm) and not less than 2'4 in. (57 mm).

5.1.4 Solid, Continuous Flight, Bucker and Hand Augers.
less than 62 in. (165 mm) and not less than 2% in, (57 mm) in
diameter may be used if the soil on the side of the borehole
does not cave onto the sampler or sampling rods dunng
sampling.

5.2 Sampling Rods—Flush-joint steel drill rods shall be
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 Splir-Barrel Sampler—The standard sampler dimen-
sions are shown in Fig. 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 1Y2-in. (38.1
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FIG. 2 Split-Barrel Sampler

mm) or 1Y-in. (34.9 mm) (see Note 7). A 16-gauge liner can
be used inside the 1%-in. (38.1 mm) split barrel sampler. The
driving shoe shall be of hardened steel and shall be 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 be used to retain soil samples.

Nore 2—Both theory and available test duts suggest that N-values may
differ as much as 10 10 30 9% between a constant inside dimmeter sampler
and upset wall sampler. 1f it is necessary to correct for the upset wall
sampler refer to Practice [ 6066, In North America, it 1s now common
practice 1o use an upset wall sumpler with an inside diameter of Y2 in. At
one time. liners were used but practice evolved 1o use the upset wall
sampler without liners. Use of an upser wall sampler allows for use of
retainers if needed, reduces inside friction, and improves recovery. Many
ather countries still use a constant 1D split-barrel sampler. which was the
original standard and sull acceptable within this standard

5.4 Drive-Weight Assembly:

5.4.1 Hammer and Anvil—The hammer shall weigh 140 =
2 Ibf (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 be used. IFig. 3 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. (100
mm). For safety reasons. the use of a hammer assembly with an
internal anvil is encouraged as shown in Fig. 3. The total mass
of the hammer assembly bearing on the drill rods should not be
more than 250 = 10 Ibm (113 = 5 kg).

Nome 3—It is suggested that the hammer fall guide be permanently
marked 1o enable the operator or inspector fo judge the hammer drop
height.

5.4.2 Hammer Dirop System—Rope-cathead, tnp, semi-
automatic or automatic hammer drop systems, as shown in Fie
4 may be 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

6.1 The borehole shall be 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 0.1 ft (0.030 m).

6.2 Any drilling procedure that provides a suitably clean
and stable barehole 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 be considered when
selecting the drilling method 1o be used.

6.2.1 Open-hole rotary drilling method.

6.2.2 Continuous flight hollow-stem 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

A
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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 18 not
permissible. It is not permissible to advance the borehole for
subsequent insertion of the sampler solely by means of
previous sampling with the SPT sampler.

6.4 The drilling Auid 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 dnll
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 cleanout depth to the nearest 0.1 ft (0.030 m), and
prepare for the test with the following sequence of operations:

7.1.1 Auach either split-barrel sampler Tvpe A or B to the
sampling rods and lower into the borehole. Do not allow the
sampler to drop onto the soil to be 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 f1 (0.030 m). Compare

Copytight ASTM International
Provided by INS under leense with ASTM

No reproduct

withoul license from IHS

o v

£

the sampling start depth to the cleanout depth in 7.1. If
excessive cuftings are encountered at the bottom of the
borehole, remove the sampler and sampling rods from the
borehole and remove the cuttings.

7.1.4 Mark the drill rods in three successive 0.5-foot (0.15
m) increments so that the advance of the sampler under the
impact of the hammer can be easily observed for each 0.5-fool
(0,15 m) increment.

7.2 Drive the sampler with blows from the 140-1bf (623-N)
hammer and count the number of blows applied in each
0.5-foot (0.15-m) increment until one of the following occurs:

7.2.1 Atotal of 50 blows have been applied during any one
of the three 0.5-foot (0.15-m) increments described in 7 1 -4

7.2.2 Atotal of 100 blows have been applied.

7.2.3 There is no observed advance of the sampler durning
the application of 10 successive blows of the hammer.

7.2.4 The sampler is advanced the complete 1.5 ft, (0.45 m)
without the limiting blow counts occurring as described in
r.2:1, 7.2:2, or 7.23.

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 (1.1 ft (0.030 m), and drive the sampler through the
remainder of the test interval. If the sampler sinks the complete
interval, stop the penerration, 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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FIG. 4 Automatic Trip Hammer

7.3 Record the number of blows (N) required to advance the
sampler each 0.5-foot (0.15 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 m) of penetration is termed the
“standard penetration resistance,” or the “N-value.” If the
sampler is driven less than 1.5 ft (0.45 m), as permitted in
720, 722, 0or 7.2.3, the number of blows per each complete
0.5-foot (.15 m) increment and per each partial increment
shall be recorded on the boring log. For partial increments, the
depth of penetration shall be reported to the nearest 0.1 ft
(0.030 m) in addition 1o 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 be noted
on the boring log.

7.4 The raising and dropping of the 140-Ibf (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 [ 4633,

74.1 Method A—By using a trip, automatic, or semi-
automatic hammer drop system that lifts the 140-1bf (623-N)
hammer and allows it to drop 30 = 1.0 in. (0.76 m = 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. o1
grease and have a diameter in the range of 6 to 10 1n. (150 10
250 mm).

7.4.2.2 The cathead should be 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 (1-3/4 wrns 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. [. 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 suff, relatively dry, clean, and should be 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.

Note 4—If the hammer drop height is something other than 30 = 1.0
in. (0.76 m = 0.030 m). then record the new drop height. For soils other
than sands, there 1s no known data or research that relates to adjusting the
N-vajue obtained from different drop heights. Test method [3 4633
provides information on making energy measurement for variable drop
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heights and Practice D o066 provides information on adjustment of
N-value 1o a constant energy level (60 % of theoretical, N60). Practice
Dot allows the hammer drop height 10 be adjusted to provide 60 %
ehergy.

7.5 Bning the sampler to the surface and open. Record the
percent recovery to the nearest | % 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 [ 2488,
then place one or more representative portions of the sample
into sealable moisture-proof containers (jars) without ramming
or distorting any apparent stratilication. Seal each container to
prevent evaporation of soil moisture. Affix labels to the
containers bearing job designation. boring number, sample
depth. and the blow count per 0.5-foot (0.15-m) increment.
Protect the samples against extreme temperature changes. If
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 12 4220 using Group B.

8. Data Sheetis)/Form(s)

8.1 Data obtained in each borehole shall be recorded in
accordance with the Subsurface Logging Guide D 5434 as
required by the exploration program. An example of a sample
data sheet is included in Appendis X1,

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 timsh of borehole,

8.2.6 Bonng number and location (station and coordinates,
if available and applicable),

8.2.7 Surtace 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 dnlling depth to the nearest 0.1 fi (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 10
the nearest 0.1 ft (0.030 m),

2

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 m)
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 m). and

8.3.5 Number of blows per (.5 foot (0.015 m) 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 Subcommuttee 18.02 is seeking additional data
from the users of this test method that might be used to make
a limited statement on precision. Present knowledge indicates
the following:

9.1.1.1 Varations in N-values of 100 % 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 field 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:
sphit-barrel sampling: standard penetration test
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APPENDIX
(Nonmandatory Information)

X1. Example Data Sheet

X1.1 See Fig. 5.
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SUMMARY OF CHANGES

Committee D18 has identified the locaton of selected changes to this standard since the last issue
(D 1586 - 99) that may impact the use of this standard. (Approved February 1. 2008.)

(/) There have been numerous changes to this standard to st (4) Terminology: added section on Definitions,

them separately. From the most recent main ballot process.  (5) Significance and Use: clarified use of the SPT test.
additional changes were requested and incorporated into this  (6) Apparatus: general editorial changes.

newest revision, Stated below is a highlight of some of the  (7) Sampling and Testing Procedure: general editorial

changes. changes.
(2) Scope was completely revised. (8) Data Sheets/Forms: general editorial changes.
() Referenced Documents updated to include new standards. (%) Precision and Bias: added Sections 9.1.1.1 and 9 1 1.1,

ASTM International takes ne position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are axpressly advised that determination of the validity of any such patent nights, and the risk
of infringement of such nghts, are entirely their own responsibility.

This standard is subject lo revision al any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn, Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM international Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committea, which you may attend. If you feel that your comments have nol recewved a fair heanng you should
make your views known to the ASTM Commitiee on Standards, at the address shown below.

This slandard is copyrighted by ASTM Intemational. 100 Barr Harbor Dnive. PO Box C700. West Conshohocken. PA 18428-2959.
United Stares. Individua! reprints (single or multiple copies) of this standard may be obtained by contacling ASTM al the above
address or al 610-832-9585 (phane). B10-B32-9555 (fax), or service@astm.org (e-man); or through the ASTM website
(www.asim.org)
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Designation: D 1587 — 00 (Reapproved 2007)*"

‘U

INTERNATIONAL
Standard Practice for
Thin-Walled Tube Sampling of Soils for Geotechnical

1

Purposes
This standurd s issued under the fixed designation 1) 1587 the number immedutely following the designation indicutes the year of
arigingl adoption or. in the case of revision, the year of last revision. A number i parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicares an editorial change since the last revision or reapprovil.
This standard has been approved for we by agencies of the Department of Defense
€' Nore—Editorial changes were made in June 2007.

1. Scope*® America. Use of metric equivalent is acceptable as long as

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.

Note |—This practice does not apply 1o liners used within the
samplers.

1.2 'This Practice is limited to soils that can be penetrated by
the thm-walled tube. This sampling method is not recom-
mended for sampling soils containing gravel or larger size soil
particles cemented or very hard soils. Other soil samplers may
be used for sampling these soil types. Such samplers include
driven spht barrel samplers and soil coring devices (D 586,
2 3550, and D 6151), For information on appropriate use of
other soil samplers refer to D 6169,

1.3 This practice is often used in conjunction with fluid
rotary drilling (D 1452, D 5783) or hollow-stem augers
(I 6151). Subsurface geotechnical explorations should be
reported in accordance with practice (D 5434), 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 I) 4220, This practice
does not address environmental sampling: consult 1) 6169 and
[ 6232 for information on sampling for environmental investi-
2auons.

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 tolerances
presemted in Table | are from sources available in North

" This practice 1x undet the jurisdiction of ASTM Commitice DIS on Sonl and
Rock and Is the direct responsibility of Subcommitiee D18.02 on Samphng and
Related Field Testing for Soil Evaluations

Current edition approved May 1. 2007, Published July 2007 Originally approved
m 1958 Last previous edition approved in 2003 as D 1587 - 03.

thickness and proportions are similar to those required n this
standard.

1.5 This standard does not purport to address all of the
safety concerns, if anv, asseciated with ils use. It is the
responsibility of the user of this standard fo establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitattons prior 1o 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 1s not
intended 1o represent or replace the standard of care by which
the adequacy of a given professional service must be judged.
nor should this document be 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: *

1653 Terminology Relating to Soil, Rock. and Contained
Fluids

> 1452 Practice for Soil Investigation and Sampling by
Auger Borings

D 1586 Test Method for Penetration Test and Split-Barrel
Sampling of Soils

[ 2488 Practice for Description and Identification of Soils
(Visual-Manual Procedure)

I3 3550 Practice for Thick Wall, Ring-Lined, Split Barrel,
Drive Sampling of Soils

[2 3740 Practice for Minimum Requirements for Agencies
Engaged in the Testing and/or Inspection of Soil and Rock

* For referenced ASTM sundards. visit the ASTM website, www.astm.arg, o1
contact ASTM Customer Service at service @ astm.org. For Anmal Book of ASTM
Standurdy volume information. refer to the standard’s Document Sumnisy page on
the ASTM website,

*A Summary of Changes section appears at the end of this standard.
Copynghl ©ASTM Intamational, 100 Barr Harbor Dnve, PO Box C700, West Conshohocken, PA 18428-29850. United Stales
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TABLE 1 Dimensional Tolerances for Thin-Walled Tubes

Nominal Tube Diameters from Table 2 Tolerances

Size Outside 2 50.8 3 762 B 127
Diameter i mm n mm n. mm
Outside diameter, D, +0.007 +0.178 40010 +0254 +0.015 0.381
-0.000 -0.000 -0.000 -0.000 -0000 -0.000
Inside diameter, D, +0.000 +0.000 +0.000 +0.000 +0.000 +0.000
0007 0179 0010 -0254 0015 -0.381
Wall thickness «0.007 =079 =*0010 +0254 +0015 =0381
Ovality 0015 0381 0020 0508 0030 D0.762
Siraightness 0.030M 250/m 0030M 250/m 0030Mt 2.50/m

* Intermediate or larger diameters should be proportional. Specify only two of
the first three lolerances: that is, D, and D, or D, and Wall thickness, or D, and Wall
thickness

as Used in Engineening Design and Construction

[2 4220 Practices for Preserving and Transporting Soil
Samples

12 5434 Guide for Field Logging of Subsurface Explora-
tions of Soil and Rock

[D 5743 Guide for Use of Direct Rotary Drilling with
Water-Based Drilling Fluid for Geoenvironmental Explo-
ration and the Installation of Subsurface Water-Quality
Monitoring Devices

(316151 Practice for Using Hollow-Stem Augers for Geo-
technical Exploration and Soil Sampling

26169 Guide for Selection of Seoil and Rock Sampling
Devices Used With Drill Rigs for Environmental Investi-
gations

36232 Guide for Selection of Sampling Equipment for
Waste and Contaminated Media Data Collection Activities

3. Terminology
3.1 Definitions:

-

LA o

'f_

oL ength as Specified in Method

3.1.1 For common definitions of terms in this standard. refer
to Terminology 1) 0653,

3.2 Definitions of Terms Specific to This Standard:

3.2.1 inside clearance ratio, %, n—the ratio of the differ-
ence in the inside diameter of the tube, D, minus the mside
diameter of the cutting edge, D... to the inside diameter of the
tube. D, expressed as a percentage (see Fig. ).

3.2.2 ovality, n—the cross section of the tube that deviates
from a perfect circle.

4. Summary of Practice

4.1 A relauvely 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-filled 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 [ 3550 with thin wall shoe. 15
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.

Nine 2—The quality of the result produced by this standard s
dependent on the compelence of the personnel performing i and the
suitability of the equipment and facilities used. Agencies that meet the
criferia of Practice D 1740 are generally considered cupable of competent
and objective sampling. Users of this practice. are cautioned that compli-
ance with Practice D 3740 does not in itselll assure reliable results.
Reliable results depend on many factors; Practice T 3740 provides a
mieansof evaluating some of those factors.

6. Apparatus
6.1 Drilling Equipment—When sampling in a boring. any
drilling equipment may be used that provides a reasonably

1 min -

=

A

inside Clecronce Ratio = —g—-o'
e

R T | S

dia (minl
Mounting Holes

Nore |—Mimimum of two mounting holes on opposite sides for D, smaller than 4 in. (101.6 mm),

Nare
Nore 3—Tube held with hardened screws or other suitable means.

2—Minimum of four mounnng holes equally spaced for D, 4 in. (101.6 mm) and larger.

Note 4—2.in (50.8 mm) outside-diameter tubes are specified with an 18-gage wall thickness to comply with area ratio critena accepted for
“undisturbed samples.” Users are advised that such tbing is difficult 10 locate and can be extremely expensive in small quantities. Sixteen-gage tubes

are generally readily available

Metric Equivalent Conversions

n mm
R 253
Ve 127
1 254
2 50.8
3 762
4 101.6
5 127

FIG. 1 Thin-Walled Tube for Sampling
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TABLE 2 Suitable Thin-Walled Steel Sample Tubes”

Outside diameter (0,):

n 2 3 5

mm 50.8 76.2 127
Wall ihickness.

Bwg 18 16 1

in 0.049 0.085 0.120

mm 1.24 1.65 3.05
Tube length:

n 36 36 54

m 0.91 0., 1.45
Inside clearance ralio, % <1 <1 <1

“The three diamelers recommended in Table 2 are indicated for purposes af
standardization, and are nol intended to indicate tha! sampling tubes of interme-
diate or larger diameters are not acceptable. Lengihs of fubes shown are
llystrative. Proper lengths to be delermined as sutted 1o 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 be adequate (o
provide a relatively rapid continuous penetration force. For
hard formations it may be necessary. although not recom-
mended, to drive the thin-walled tube sampler.

6.3 Thin-Walled Tubes. should be manufactured to the
dimensions as shown in Fig, |, They should have an outside
diameter of 2 to 5 in. (50 to 130 mm) and be made of metal
having adequate strength for the type of soil to be sampled.
Tubes shall be clean and free of all surface irregularities
mcluding projecting weld seams. Other diameters may be used
but the tube dimensions should be proportional to the tube
designs presented here.

6.3.1 Length of Tubes—See Table 2 and 7.4.1.

6.3.2 Tolerances, shall be within the limits shown in Table
ks

6.3.3 Inside Clearance Ratio, should be not greater than
1 % 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 3.2 1 and F1p. | for definition of inside
clearance ratio.

6.34 Corrosion Protection—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 be used may vary depending upon the
material to be sampled. Plating of the tubes or alternate base
metals may be 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.

Nor: 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.
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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 1o or greater than the area
through the check valve. In some special cases. a check valve
may not be required but venting is required to avoid sample
compression. Attachment of the head to the whe shall be
concentric and coaxial to assure uniform application of force to
the tube by the sampler insertion equipment.

7. Procedure

7.1 Remove loose material from the center of a casing or
hollow stem auger as carefully as possible to avoid disturbance
of the material 1o 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
bits may be used. with caution. Jetting through an open-tube
sampler to clean out the borehole to sampling elevation is not
permitted.

Nere 4—Roller bits are available in downward-jetting and diffused-jet
configurations, Downward-jetting configuration rock bits are not uccept-
able. Diffuse-jet configurations are 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 m)

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 | 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 1o 15
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.

Nore 5—The mass of sample. luboratory handling capabilities. trans
portation problems, and commercial avatlability of tubes will generally
limit maximum practical lengths to those shown in Tanle 2

7.5 When the soil formation 15 too hard for push-type
insertion, the tube may be driven or Practice [D 355() may be
used. If driving methods are used, the data regarding weight
and fall of the hammer and penetration achieved must be
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
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sample recovered o the nearest 0.25 in. (5 mm) in the twbe.
Seal the upper end of the tube. Remove at least | in. (25 mm)
of material from the lower end of the tube, Use this material for
soil description in accordance with Practice D 2485, Measure
the overall 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 tbe.

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 be
nonabsorbent and must maintain their properties to provide the
same degree of sample support with time.

8.1.2 Depending on the requirements of the investigation,
field extrusion and packaging of extruded soil samples can be
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 be extruded and preserved for testing
(I3 4220). 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 7). Assure that
the markings or labels are adequate to survive transportation
and storage,

Note 6—Top end of the tube should be labeled “top™.

Y. Field Log

9.1 Record the information that may be required for prepar-
ing field logs in general accordance to ASTM [ 5434 “Guide

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,

9.1.2 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 inspector(s).

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:

9.2.1 Depth 1o top of sample to the nearest 0.1 ft. (.03 m)
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) 2485,

9.2.6 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 investugations; undisturbed

SUMMARY OF CHANGES

In accordance with committee D18 policy, this section identifies the location of changes to this standard since
the last edition, 200, which may impact the use of this standard.

(1) Added parts of speech to terms.

(2) Corrected reference in Note 2 from D 5740 1o D 3740,
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STANDARD OPERATING PROCEDURE

Soil Boring Sampling-Split Spoon

l.  Purpose

To provide a general procedure for sampling subsurface soil produced from a split
spoon.

Il. Scope

The scope of this procedure is to cover the sample team's responsibility beginning
with the opening of the split spoon.

lIl. 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.

SplitSpoon.doc
QC and Revise

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.

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.

The sample description, depth, time, and date will be logged in the field
notebook.

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.

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