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1.0 PROJECT DESCRIPTION

1.1 AUTHORIZATION

As requested by the U.S. Navy, HALLIBURTON NUS Environmental Corporation (HALLIBURTON NUS) bas
prepared this Resource Conservation and Recovery Act (RCRA) Facility Assessmeat Sampling Visit (RFA-SV)
Work Plan for the Naval Weapons Industrial Reserve Plant (NWIRP), located in Calverton, New York. This RFA-
SV Work Plan is being prepared under the Comprehensive Long-Term Environmental Action Navy (CLEAN)
Contract No. N62472-90-D-1298, Contract Task Order (CTO) 0090. The Work Plan was prepared in accordance
with the New York State RCRA Hazardous Waste Permit for the facility (NYSDEC 1-4730-00013/00001-0), dated
March 25, 1992. The permit references the New York State Department of Environmental Conservation
(NYSDEC) RCRA Quality Assurance Project Plan (QAPP) Guidance document (NYSDEC, 1991) for direction in
preparing the work plan. As a result, this document bas been prepared in accordance with the NYSDEC QAPP
format.

This work plan is also intended to comply with the requirements of the United States Environmental Protection
Agency (EPA) facility permit (EPA ID Number NYD003995198), dated May 11, 1992. The EPA permit requests
the performance of a First Phase RCRA Facility Investigation. The mMu of both permits appear to be the
same, although terminology and format vary.

The Calverton NWIRP is located in Suffolk County on Long Island, New York, see Figures 1-1 and 1-2. The
primary mission at the facility is to assemble and test sircraft. The NWIRP is 2 Government-Owned Contractor

Operated (GOCO) facility operated by Grumman Corporation.
1.2 PURPOSE
The objective of this study is to obtain environmental information in order to:

e Eliminate from further investigation those sites that pose no definable threat to the environment
or 1o human bealth under RCRA.

L] Document the release or potential release of hazardous substances at each site and determine if
additional action is required.
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13 SCOPE OF WORK

HALLIBURTON NUS has been tasked to perform a RFA-SV Work Plan for three sites at the NWIRP Calverton.
In 1986, an Initial Assessment Study (IAS) ideatified potentially contaminated sites at NWIRP Calverton (RGH,
1986). Based on the IAS, a Site Investigation (SI) was conducted for the NWIRP Calveston between July 1991
through April 1992 (HALLIBURTON NUS, 1992). This SI evaluated environmental contamination at seven areas.
Environmental contamination has been confirmed at four of these areas and is being addressed under a separate Full
RF1 and QAPP. These areas are the Site 1 - Northeast Pond Disposal Area (SWMU 1), Site 2 - Fire Training Area
(SWMU 13), Site 6A - Fuel Calibration Area (AOC 1A), and Site 7 - Fuel Depot. Contaminants detected at one
or more of these sites include solvents, fuels, heavy metals, and PCBs/pesticides.

Since the scoping of the SI, additional areas have been identified as potentially contaminated and are being addressed
under this work plan. The specific areas to be addressed under this work plan are as follows.

L Site 8 - Coal Storage Pile Area ‘
® Site 9 - Electronic Counter Measures (ECM) Area
° Site 10 - Cesspool/Leach Field Areas (multiple locations)

The location of each of these areas is presented in Figure 1-3.
1.4 SAMPLE MATRICES, PARAMETERS, AND FREQUENCY COLLECTION

As part of the RFA-SV, eavironmental samples will be collected from the following matrices: soil, sediment,
waste (coal and others if encountered), groundwater, and surface water. A listing of the sample matrices,
parameters, and frequency of collection is found in Table 1-1. Sampling protocols to be used in this study are
provided in Section 4.0 of this work plan. All samples (except for six background samples) submitted for offsite
laboratory analysis will be analyzed for the Target Compound List (TCL) volatiles organics plus freon 113
(trichloro, triflucroethane). Target Analyte List (TAL) metals and cyanide will be analyzed on select soil and water
samples, and waste samples (if encountered and other than coal). Also, TCL PCBs/pesticides and TCL. semivolatile
organics will be analyzed on waste samples (if encountered and other than coal). Additional parameters are
summarized in Table 3-1 of Section 3.0.
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FIELD AND QA/QC SAMPLES RCRA FACILITY ASSESSMENT SAMPLING VISIT

TABLE 1-1

NWIRP CALVERTON, NEW YORK

Number Number
Number of | Number of of Number Number of of
of MS/ Rinsate
Samples Duplicates Field MSD/LD? Blanks’ Trip
Blanks' Blanks'
MATRIX - GROUNDWATER/SURFACE WATER
6* 1 - 1 1 1 10 TCL Volatiles, | CLP SOW
freon®, TAL .
metals and
cyanide
MATRIX - SOIL GAS*
64 7 NA - 1 NA 72 Volatile SW846 8010/
organics’® 5030
MATRIX - SOLID WASTE
9 1 - - 1 1 12 TCL Volatiles | CLP SOW
. plus freon®
6 1 1 2 1 - 11 TCL semi- CLP SOW
volatiles, freon,
TAL Metals,
cyanide, and
PCB/pesticides
MATRIX - SEDIMENT
6 1 - 1 1 ! i TCL Voiatiles | CLP SOW
plus freon®




TABLE i-1 (continued)
FIELD AND QA/QC SAMPLES, RCRA FACILITIES ASSESSMENT SAMPLING VISIT
NWIRP CALVERTON, NEW YORK

DACE 2
TRUL &

] T Number | o~ 2 | mow. .o | Number | Tota |
Number of | Number of of Numbez Aumber of of Number : Analytical

I Samples Duplicates Field e | e Telp of Analysis Meihiod |

| Blanks' an Blanks' Samples |

i ]

MATRIX - SOILS

B 3 - 2 2 3 32 TCL Volatiles |CLPSOW |

| plus freon® |

I 6 1 - | 1 0 , 9 TAL metals CLPSOW l
A 3 2 2 3 s 45 TCL Volatiles, | CLP SOW |

| ' freon®, TAL |

A& _.i iﬁd
l cyanide |

1 - Field blank consist of one driller’s decontamination water and one analyte-free water used for decontamination and rinsate pet week of sampling activities.

Canmanny of analuveie 1o ace sacumteforatas anttene fassact
TIVutavy Us &Ry 3i3 18 Uuv SRlpIt/ wRiCT SUUIer SV eias.

2 - Single sample collected with additional volume for MS/MSD/LD analyses.

3 - Collected on & 1/day/media frequency. (Sample from every other day analyzed initially). # shown nﬂecu # analyzed.

4 .- TCL, Volatiles nnlv

S - The target analyte Iut for soil gas include: benzene, ethylbenzene, 1,1-dichloroethene, cis-1,2-dichloroethene, trichloroethene, 1,1, 1-trichloroethane, chloroform, carbon
tetrachloride, toluene, total xylenes, 1,1-dichloroethane, trans-1,2-dichloroethene, 1,1,2-TCA, methylene chloride, and. freon®.

6 -  The freon referenced herein applies to Freon-113 (trichlorotrifluoroethane).

Surface water at the Coal Piie area and the three offsite groundwater sampies near the ECM area (to be obtained contingent upon Suifoik County’s apprdvni) are to be

sampled for TCL volatiles plus freon only.

NA - . Not applicable.

&+
]



1.5 QUALITY ASSURANCE OVERVIEW

HALLIBURTON NUS has established quality assurance/quality control (QA/QC) measures and a program to ensure
that these measures are applied to the collection and interpretation of environmental quality data at the NWIRP
facility. The work plan is designed to assure that the precision, accuracy, representativeness, comparability, and
completeness (the PARCC parameters) of the data are known, documented, and adequate to satisfy the data quality
objectives of the study.

This plan presents the policies, organization, objectives, data-collection activities, and QA/QC activities that will
be utilized to ensure that all data collected during, and reported by, this study are representative of existing
conditions. Chemical testing will be conducted by a laboratory subcontractor. The laboratory will have prior Naval
Energy and Environmental Support Activity (NEESA) approval. QA/QC procedures for the chemical analysis will
conform to or exceed the requirements of the NYSDEC Analytical Services Protocols (ASP) and will satisfy NEESA
requirements for Level D QC.



2.0 PROJECT ORGANIZATION AND RESPONSIBILITY

HALLIBURTON NUS will be responsible for the overall management of the project, including the field inspection
and conduct of all drilling and sampling activities. Personnel from the Navy will be actively involved in the
investigation and will coordinate with personnel from HALLIBURTON NUS in a number of arcas.

2.1 PROJECT ORGANIZATION

The key firms and personnel involved in the RFA Sampling Visit, as well as the chain-of-communication and
responsibility of the project personnel are as follows. The Navy Remedial Project Manager is responsibie for the
overall management of the IR Program for the NWIRP Calverton.

~ Northern Division
Naval Facilities Engineering Command
10 Industrial Highway, Mail Stop #82
Lester, Pennsyivania 19113
(215) 595-0567

Debra Felton, P.E (Code 1821)
Remedial Project Manager

The project is being conducted by HALLIBURTON NUS.

HALLIBURTON NUS Environmental Corporation
Foster Plaza 7

661 Andersen Drive

Pittsburgh, Pennsylvania

(412) 931-7090

David D. Brayack, P.E.
Project Manager



Elizabeth Rodman
Project Geologist

Debra Scheib
Quality Assurance/Quality Control Advisor

Matthew Soltis
Health and Safety Specialist -

The Project Manager has the primary responsibility for project and technical management of this project. He is
responsible for the coordination of all onsite personnel, and for providing technical assistance for all activities that
are directly related to the determination of the of the environmental quality of the site. If quality assurance problems
or deficiencies requiring specific action are identified, the project manager and project QA/QC advisor will identify
the appropriate corrective action.

22 FIELD ORGANIZATION

The HALLIBURTON NUS field investigation team will be organized according to the activity planned. For onsite
sampling, the sampling team members will be selected based upon the type and extent of effort required. The team
will consist of a combination of the following personnel.

Field Operation Leader (FOL)

Field Geologist

Quality assurance/quality control advisor
Site health and safety specialist

The FOL will be respoasible for the coordination of all onsite personnel and for providing technical assistance when
required. The FOL, or his designee, will coordinate and be present during all sampling activities and will assure
the availability and maintenance of all sampling materials and equipment. The FOL will be responsibie for the
completion of all sampling and chain-of-custody documentation, will assume custody of all samples, and ensure the
proper handling and shipping of samples.

The Field Geologist will be responsible for providing technical supervision of the drilling subcontractor and for
maintaining a geologic log of all borings drilled. Copies of the forms to be used in this investigation are provided
as Appendix B. A

10



The QA/QC advisor will be responsible for the adherence of all QA/QC guidelines as defined in this work plan.
Strict adherence to these procedures is critical to the collection of acceptable and representative data.

The site health and safety specialist will be responsible for assuring that all team members adhere to the site health
and safety requirements. Additional responsibilities of the site health and safety specialist are as follows:

L Updating equipment or procedures based upon new information gathered during the site operation.
® Modifying the levels of protection based upon site observations.

o " Determining and posting locations and routes to medical facilities, including poison control
centers, and arranging for emergency transportation to medical facilities.

® Noﬁfyhgloa!pubﬁcmxencyofﬁm,inchﬂingpoﬁeendﬁwdepmu,ofthemnmor
the team’s operations and for posting these department’s telephone numbers.

° Examining work-party members for symptoms of exposure of stress.
° Providing emergency medical care and first aid as necessary on site. The site health and safety

manager also has the responsibility to stop any field operation that threatens the health or safety
of the team or the surrounding populace.

2.3 LABORATORY OPERATIONS
Analysis of all environmental samples will be performed b);a NEESA-approved laboratory. The laboratory work
will be performed in accordance with QC level D guidance as stipulated in the NEESA guidelines (20.2-0478; 6/88),

which requires CLP methods and CLP-type deliverables. The QA/QC procedures should meet or exceed NYSDEC

requirements.

11



3.0 QUALITY ASSURANCE OBJECTIVES FOR DATA MANAGEMENT

The overall QA objective is to develop and implement procedures for field sampling, chain-of-custody, laboratory
analysis, and reporting that will provide eavironmeatal monitoring data of known and acceptable quality. Specific
procedures to be used for sampling, chain-of-custody, calibration of field instruments, laboratory analysis, reporting,
internal quality control, audits, preventative maintenance, and corrective actions are described in later sections of
this work plan. The purpose of this section is to address the data quality objectives in terms of the (PARCC)
parameters, quantitation and detection limits, field blanks, trip blanks, rinsate blanks, and bottleware cleanliness.

3.1  Data Quality Objectives

Data Quality Objectives (DQOs) are qualitative and/or quantitative statements regarding the quality of data needed
to support the RFA-SV activities. The sampling ratiopale provided in Section 4.0 of this work pian explains the
choice of sample locations and media which will supply information needed for the RFA-SV. The use of Contract
Laboratory Program (CLP) analyses listed in Table 3-1 following current CLP SOW protocols is expected to satisfy
data quality needs in accordance with NEESA, NYSDEC, and CLP requirements.

3.2 Quantitation Limits

Both aqueous and solid quantitation limits are those required as Contract Required Quantitation Limits (CRQLs -
for organics) and Contract Required Detection Limits (CRDLs - for inorganics) for a current CLP SOW with
allowances for dilutions and dry weight conversions. The CRQLs and CRDLs for the 1990 SOW are presented in
Table 3-1. The laboratory also reports Method Detection Limits (MDLs) and Instrument Detection Limits (IDLs).
These limits, by contract, must be equal to or less than the CRQLs and CRDLs, respectively. For the RFA-SV
report, the MDLs and IDLs of the laboratory selected mdinmnmenlsuudwiﬂbepmwd. For soil gas
measurements, the detection limit for each chemical is expected to be about 1 ug/l. The actual detection limit is
based on vendor selected and instruments used. These detection limits will also be documented.

33 Detection Limit

Instrument detection limits (IDL) are reported quarterly under CLP protocol. The quarterly IDLs applicable at the
date of analysis will be supplied in each data package. IDLs must be less than or equal to CRQLs.

12



TABLE 3-1

CONTAINER, AMOUNT, PRESERVATION, HOLDING TIME, AND CONTRACT-REQUIRED QUANTITATION LIMIT REQUIREMENTS
, RCRA FACILITY ASSESSMENT - SITE VISIT WORK PLAN
NWIRP
CALVERTON, NEW YORK

A. Groundwater and Surface Water Samples -

Parameter Container Preservative Holding Time CRQL : Methodology
{ug/L)

TCL Volstile Organic Compounds @, Teflon-lined septum Three | Cool, 4°C 14 days CLP SOW!
40-md vials HClwo pH<2 :

Chloromethane ' 10

Bromomethane . ] 10

Vinyl Chloride 0

Chloroethane ' 10

Acetone ' 10

Carbon Disulfide . ’ 10

1,1-Dichloroethene . 10

1.1-Dichloroethane ' : 10

1,2-Dichloroethene (total) . ) ] 10

Chloroform ' 10

I Methylene Chloride 10

1,2-Dichloroethane 10

2-Butanone - , : 10
1,1,1-Trichloroethane . 10
Carbon Tetrachloride | 10
Vinyl Acetate

Bromodichloromethane
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TABLE 3-1

CONTAINER, AMOUNT, PRESERVATION, HOLDING TIME, AND CONTRACT-REQUIRED QUANTITATION LIMIT

REQUIREMENTS
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A. Groundwater and Surface Water Samples

SN

Parameter Container Preservative Holding Time CRQL Methodology
' L)
TCL Volatile Organic Compounds G, Teflon-lined septum Three | Cool, 4°C 14 diy- CLP SOW!
{Continued) 40-mi vials HClto pH<2
1,2-Dichloropropane 10
cis-1,3-Dichloropropane 10
Trichloroethene 10 -
Dibromochioromethane 10 .
1,1,2-Trichloroethane 10
Benzene 10
trans-1,3-Dichloropropane 10 .
Bromoform 10
4-Methyl-2-pentanone 10
2-Hexanone 10
Tetrachloroethene 10
Toluene 10
1,1,2,2-Tetrachloroethane 10
Chiorobenzene 10
- Ethy! Benzene 10

il Styrene 10

n Xylenes (total) 10
Trichlorodifluoroethane 10
Trichlorotrifluoroethane 10 H

I
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ine Time oDt Mathodoloay

it A e VaRRn TRy

(ng/L)
TAL Metals, Cysnide P; one 1-liter bottle total HNO, to pH <2 180 days . CLP SOW*

b 4D
CooL, 2 L

»

-
-
3
3
A
’
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Copper . - 25

g
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B

Magnesium ‘ 3,&0

Manganess 15

: Mercury 28 days 02
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TABLE 3-1
CONTAINER, AMOUNT, PRESERVATION, HOLDING TIME, AND CONTRACT-REQUIRED QUANTITATION LIMIT
REQUIREMENTS
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A. Groundwater and Surface Water Samples

P s s

Atz ARy

Parameter Container Preservative Holding Time CRDL Methodology
G/
TAL Metals, Cyanide P; one 1-liter bottle total HNO, to pH <2 130 days CLP SOW
(Continued) Cool, 4°C '
Selenium 5
Silver o B
Sodium 5,000 .
Thallium 10
Vanadium 50
Zinc 20
Cyanide P; one 1-liter bottle NaOH pH>12 14 days 10 -
Cool 4°C
e o
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REQUIREMENTS
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B. Soiis, Soiid Waste, and Sediment Sampies

|

i
ﬂ Parameter Container Preservaiive CRQL Methodology I
ﬂ /ks) I
H‘ TCL Volatile Organic Compounds G, Teflon-lined septum Three | Cool, 4°C CLP SsOW' I
I 60-mi visis I

Chioromeihane i0

! Bromomethane id I
I Viny! Chioride i I
I Chicrosthane 10 I
Methylene Chioride 10 I
o Acetone 10 I
I Carbon Disulfide 10 I
! 1.1-Dichloroethene 10 I
I 1,1-Dichloroethane 10 I
1,2-Dichloroethene (total) 10 I
Chloroform 10 I
I 1,2-Dichloroethane 10 I
I 2-Butanone 10 I
I 1,1, 1-Trichloroethane 10 I
I Carbon Tetrachloride 10 l
I Vinyl Acetate 10 I

_ Bromodichloromethane

|

|
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B. Soils, Solid Waste, and Sediment Samples
Parameter Container Preservative Holding Time CRQL Methodology
(ug/kg)
TCL Volatile Organic Compounds ’ G, Teflon-lined septum Three | Cool, 4°C 7 days . CLP SOW'
(Continued) 60-mL. vials :
1,2-Dichloropropane . 10
cis-1,3-Dichioropropane _ 10
Trichloroethene 10 A
Dibromochloromethane 10 e
1,1,2-Trichloroethane . 10 s
Benzene ) 10 | o
trans-1,3-Dichloropropane 10 -
Bromoform | 10 -
4-Methyl-2-pentanone ’ 10
2-Hexanone ' : ' 10
Teteachloroethene 10
Toluene ’ 10
1,1,2,2-Tetrachloroethane . : 10
Chlorobenzene C i 10
u Ethyl Benzene ‘ 10
Styrene 10
Xylenes (total) 10
Trichlorodifluoroethane 10 “
ﬂ Trichloroteifluoroethane 10 u
e —
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B. Soils, Solid Waste, and Sediment Samples
Parameter Container Preservative Holding Time CRQL
(ug/kg)
TCL Semivolatite Compounds G, Teflon-lined cap Cool, 4°C 7 dlyi from collection CLP sOW'
i, 8-oz. jar to extraction, 40 days
after extraction

bis(2-Chloroethyl)ether : 10

2-Chlorophenol : : 10

1,3-Dichlorobenzene . 10

| 1,4-Dichlorobenzene 10

Benzy! Alcohol . 10
1,2-Dichlorobenzene : 10
2-Methylphenol - 10
bis(2-Chloroisopropyl)ether ' 10
4-Methylphenol ' 10
n-Nitroso-di-n-dipropylamine o 10
Hexachloroethane ' 10
Nitrobenzene ' 10
sophorone 10
2-Nitrophenol ‘ ’ 10
2-4-Dimethylphenol ' 50

Benzoic Acid
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B. Soils, Solid Waste, and Sediment Samples

Parameter Container Preservative Holding Time | CRQL Methodology
: (ug/kg)
TCL Semivolatile Compounds G, Teflon-lined cap Cool, 4°C 7 dayi from colfection CLP SOW'
(Continued) i, 8-0z. jar to exteaction, 40 days
sfter extraction

bis(2-Chloroethoxy)methane 10
2,4-Dichlorophenol 10
1,2,4-Trichlorobenzene 10
;‘ Naphthalene 10

4-Chloroaniline 10
i Hexachlorobutadiene 10
4,-Chloro-3-methylphenol 10
8 (para-chloro-meta-cresol)
| 2-Methylnaphthalene 10
Hexachlorocyclopentadiene 10
_ 2,4,6-Trichlorophenol 10
| 2,4,5-Trichlorophenol s0
2-Chloronaphthalene 10
2-Nitroaniline 50

Dimethylphthalate 10

Acensphthylene 10
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B. Soils, Solid Waste, and Sediment Samples

Parameter Container Preservative Holding Time CRQL Methodology
(ng/kg)
TCL Semivolatile Compounds Q, Teflon-lined cap Cool, 4°C 7 days fM collection ) CLP SOW'
{Continued) 1, 8-oz. jar to extraction, 40 days
after extraction

2,6-Dinitrotoluene : 10
3-Nitroaniline - 50
Acenaphthene » 10
2.4-Dinitrophenol 50
4-Nitrophenol ' 50
Dibenzofuran ] 10
Diethylphthalate 10
4-Chlorophenyl-phenyl ether ' . 10
Fluorene : .. 10
4-Nitroaniline 50
4,6-Dinitro-2-methylphenol 50
n-Nitrosodiphenylamine | 10
4-Bromophenyl-pheny! ether ‘ - . v 10
Hexachlorobenzene 10
Pentachlorophenol | 50
Phenanthrene | 10
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E B. Soils, Solid Waste, and Sediment Samples
Parameter Container Preservative Holding Time : CRQL Methodology
. (ng/kg)
TCL Semivolatile Compounds @, Teflon-lined cap Cool, 4°C 7 days from collection ' CLP SOW!
(Continued) I, 8-oz. jar to extraction, 40 days
' after extraction
Anthracene ' 10
Di-n-butylphthalate ' 10

Fluoranthene i ’ 10

Pyrene 10

Butyibenzyiphthatate 10

3,3'-Dichlorobenzidine 20

Benzo{e)anthracene 10

Chyrsene : 10

bis(2-Ethythexylhphthalate R 10

Di-n-octylphthalate 10

Benzo(b)fluoranthene 10

Benzo(k)fluoranthene 10

Wmnﬂ

Benzo(a)pyrene ’ . ‘ 10

Indeno(1,2,3-cd)pyrene 10
Dibenz(s,h)anthracene 10

|

. i

i Benzo(g,h,i)perylene 10 H
— % —

“
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B. Soils, Solid Waste, and Sediment Samples

1

Parameter

Container

Preservative

Holding Time

CRQL
(ug/kg)

Methodology

C icides/PCB;

0, Teflon-lined cap
i, 8-0z. jar

Cool, 4°C

7 days from collection
to extraction, 40 days
after extraction

CLP SOW!

sipha-BBC

0.05

beta-BHC

0.05

‘delta-BHC

0.08

gamma-Bhe (lindane)

0.05

Heptachlor

0.05

Aldrin

Heptachlor Epoxide

Endosulfan

Dieldrin

R 4,4'-DDE

8 Endrin

Endosulfan I

3 4,4°-DDD

Endosulfan Sulfate

4,4'-DDT

‘ Methoxychlor
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- B. Soils, Solid Waste, and Sediment Samples

Parameter Container Preservative Holding Time Methodology

ICL gamcidel/PCBl 0, Teflon-lined cap Cool, 4°C 7 days from collection _' CLP SOW!
(Continued) 1, 8 oz. jar to exttaction, 40 days
after extraction

alpha-Chlordane

gamma-Chiordane

Toxaphene

Aroclor-1016

I Aroclor-1221

Aroclor-1232

Aroclor-1242

Aroclor-1248

Aroclor-1254

I Aroclor-1260
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B. Soils, Solid Waste, and Sediment Samples
Parameter Container Preservative Holding Time CRDL Methodology
(mg/kg)
TAL Metals and Cyanide Q; one 8-oz glass jar Cool, 4°C 180 days CLP SOW'
Aluminum ' ©
Antimony - . 12
Arsenic : ‘ 2
Barium 40
Beryllium 1
Cadmium 1
Calcium 1,000
Chromivm 2
Cobalt : 10
Copper L]
fron 20
Lead | 0.6
Magnesium : 1,000
Manganese . 3
Mercury 28 days 02
Nickel ‘ ]
Potassium ’ 1,000
—— e
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B. Soils, Solid Waste, and Sediment Samples

i

|
l Parameter Container Preservative Holding Time CRDL Methodology
; (mg/kg)
I TAL Metals end Cysnide G: one 8-oz glass jar " | Cool, 4°C 180 d.nyl CLP SOW!
(Continued) i
I Selenium
E Silver
Sodium
E Thallium
Vanadivm
Zine
Cyanide . - 14 days '
1) C:lnlrlcl :.lb:'n(ory Program Statement Of Work - CRQL's and CRDL'S presented are for 1990 SOW. CRQLs and CRDLs will vary with dilution factor and sampte % sofids.
NA - Not spplicable.

CRDL - Contract Required Detection Limits
CRQL - Contract Required Quantitstion Limits
P - Polyethylene

[¢) - Glass




3.4  PARCC Parameters

The quality of the data set is measured by certain characteristics of the data, namely the PARCC (precision,
accuracy, representativeness, comparability, and completeness) parameters. Some of the parameters are expressed
quantitatively, while others are expressed qualitatively. The objectives of the RFA-SV and the intended use of the
data define the PARCC goals,

3.4.1 Precision

Precision characterizes the amount of variability and bias inherent in a data set. Precision describes the
reproducibility of measurements of the same parameter for a sampie under the same or similar conditions. Precision
is expressed as a range (thediﬁmcebaweentwomnofﬂwmmm) orasatelativepewént

e P vVE sesmce sememamaa—ad e o e a) ) - PRSI I . P PPN Sy T e TALE . /MNDTN
nlnen:nw \me nnp Wllu l.ne IDCEIL, CAPICINGG B3 & DpOICEIL). INAOEC RDG MMVB FerCt JLICITOte (IRTV)

values are cajculated as follows:

where: OR
DR

original sample resuit
duplicate sample resuit

The internal laboratory control limits for precision are three times the standard deviation of a series of RPD or range
values. RPD values may be calculated for both laboratory and field duplicates, and can be compared to the control
limits as a QA check. Laboratory duplicates will be analyzed at the rate required by the CLP. Field duplicates will

mrlas cnllactad
L2

L¢84 S 8w s s, =lu,' WA S -

Accuracy is the comparison between experimental and known or calculated values expressed as a percent recovery
(%R). Percent recoveries are derived from analysis of standards spiked into deionized water (standard recovery)

or into actual samples (matrix spike or surrogate spike recovery). Recovery is calculated as follows:



bl |
=
U
1
5
>

where: E =  experimental result
T = true value (theoretical result)
and |
T = [(sample sliq.)(sample conc.) + (spike aliq.spike conc.))/(sample alig. + spike aliq)

Control limits for accuracy are set at the mean plus or minus three times the standard deviation of a series or %R
values. Organic %R values are set at the mean plus or minus two times the standard deviation. Accuracy for
aqueous and solid samples will be evaluated by use of surrogate and matrix spikes at the CLP-required incidences.
CLP acceptance criteria and corrective actions apply. Out-of-criteria results will be reviewed for diata applicability
as a part of data va.lid_aiion.

All data obtained should be representative of actual conditions at the sampling location. The work plan is designed
so that the samples taken will present an accurate representation of actual site conditions. The rationales discussed
in the work plan are designed to ensure this. All sampling activities will conform to the protocols given in
Section 4.0 of this work plan. The use of CLP analytwd protocols and data deliverables will ensure that analytical
results and deliverables are representative, and both consistently performed and reported.

3.4.4 Comparability

Comparability will be achieved by utilizing standardized sampling and analysis methods and data reporting format,
Both analytical procedures and sample collection techniques will maximize the comparability of this new data to
previous data. Additionally, consideration will be given to seasonal conditions and other environmental conditions
that could influence analytical results.

3.4.5 Completeness

Completeness is a measure of the amount of valid data obtained from the measurement program, compared to the
total amount collected. For relatively clean, homogeneous matrices, 100-percent completeness is expected.
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However, as matrix comialexity and heterogeneous increase, completeness may decrease. Where analysis is
preciuded or where DQOs are compromised, effects on the overall investigation must be considered. Whether any
particular sample is critical to the investigation will be evaluated in terms of the sampie location, the parameter in
question, the intended data use, and the risk associated with the error.

Critical data points may not be evaluated until all the analytical results are evaluated. If in the evaluation of results
it becomes apparent that the data for a specific medium are of insufficient quality (95 percent), either with respect
to the number of samples or an individual analysis, resampling of the deficient data points may be necessary.

3.5  Fieid Blanks

To determine whether cross-contamination of samples has occurred, field bianks will be obtained. Field blanks will
be taken at the rate of ope per source per sampling event, and will be analyzed for TCL Volatiles, frean 113, TAL
metals, semivolatile organics, PCBs/pesticides and/or cyanide in accordance with NEESA guidelines and depending
on the sampling activities. In general, field blanks will be taken of water used for equipment decontamination
purposes, once per week.

3.6  Trip Blanks

To determine whether contamination of samples or bottleware has occurred in the field, trip blanks will be used.
Trip blanks consist of analyte-free water taken from the laboratory to the site, and returned. Trip blanks are taken
at the rate of one per cooler of volatile organic sampies and will be analyzed for TCL VOAs only.

3.7  Rinsate Blanks
An equipment rinsate biank consists of the final analyte-free water rinse from equipment cleaning. Rinsate blanks
are coliected daily during the sampling event and media, and the samples from every other day are analyzed for

inorganic and/or organic contaminants. If poteatial contamination is observed, the remaining rinsate blanks are aiso
analyzed.

3.8 Bottleware

NEESA requires specific bottleware cleaning procedures. Precleaned bottles will be used at the NWIRP Calverton.
The required certification will be provided.
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4.0 FIELD SAMPLING PLAN

4.1 GENERAL SITE BACKGROUND

HALLIBURTON NUS has been tasked to perform a RFA-SV Work Plan at the NWIRP Calverton for three sites.
In 1986, an Initial Assessment Study (IAS) identified potentially contaminated sites at NWIRP Cslverton (RGH,
1986). Based on the IAS, a Site Investigation (SI) was conducted for the NWIRP Calverton between July 1991 and
April 1992 (HALLIBURTON NUS, 1992). This SI evaluated environmental contamination at seven areas.
Environmental contamination has been confirmed at four of these areas and are being addressed under a separate
Full RFI and QAPP. These areas are the Site 1 - Northeast Pond Disposal Area, Site 2 - Fire Training Area, Site
6A - Fuel Calibration Area, and Site 7 - Fuel Depot. Contaminants detected at one or more of these sites include
solvents, fuels, heavy metals, and PCBa/pelucldes

Since the scoping of the SI, lddmonal areas have been identified as potentially contaminated and are being addressed
under the work plan. The specific areas to be addressed under this work plan are as follows.

Site 8 - Coal Storage Pile Area

Site 9 - ECM Area

Site 10 - Cesspool/Leach Field Areas
The location of each of these areas is present in Figure 1-3.
4.2 SAMPLING OBJECTIVES

The objective of this study is to obtain environmental information in order to:

L] Eliminate from further investigation those sites that pose no definable threat to the environment
or to buman bealth under RCRA.

. Document the release or potential release of hazardous substances at each site and determine if
additional action is required.



43 FIELD OPERATIONS

The three sites to be addressed under this work plan are Site 8 - Coal Pile Storage Area, Site 9 - ECM Area, and
Site 10 - Cesspool/Leach Field Areas. The site background, sampling rational, and sampling activities are discussed

as follows.
4.3.1 Site 8 - Coal Pile Storage Ares

43.1.1 Site Background

The coal pile storage areas was used for the storage of coal and was present as a backup fuel source for the boiler
house (see Figure 4-1). Reportedly, the coal was never used in the boiler house, and currently, the boiler house
is no longer able to burn coal. As a result, the coal is being used at the facility as a road base material, particularly
" on the perimeter roads. Based on the residual mounded coal pile and residual surface coal, the majority of coal has

4.3.1.2 Sampling Rationale

The former coal pile area is being investigated because of reports of Qolvents being placed on the piles for eventual
destruction during the bumning of thé coal. Solvents may have entered the soils and groundwater in the area.
During an initial reconnaissance of the area in October 1992, it was observed that precipitation runoff from the coal
pile enters a small marshy area north of the coal pile (see Figure 4-1). This marsh is near drinking water weils for
the facility. Two of these wells (Production Wells 2 and 3) have been ideatified to be contaminated with low levels
of solveats. The solvents and concentrations detected at levels near and above drinking water standards in these
Production Wells are summarized as follows.

1,1, 1-trichloroethane 5 ug/l
freon 113 14 ug/i
viny! chloride 2ug/l

Activities in this area should concentrate on investigating potential solvent (volatile organic) contamination in the
remaining coal pile, in the soils and groundwater underneath the coal pile, and in the sediments and surface water
in marsh. Other organics (except for those naturally found in coal) and inorganic contaminants are not be expected

to be a concern for this area.

31



\bwre,

T

3
7

[RUICTOr I

JRPRVIR 19

LYY TIN )

Pty e e e

LEGEND

P PROPOSED SEDIMENT
SAMPLE LOCATION

@ PROPOSED SURFACE WATER
SAMPLE LOCATION

/\ PROPOSED WASTE
SAMPLE LOCATION

PROPOSED SOIL
BORING LOCATION

@ PRODUCTION
WELL (PW)

PW3

APPROXIMATE ‘
LOCATION OF \
FORMER COAL PILE |

APPROXIMATE A
LOCATION OF T~ |
A

REMAINING | @

APPROXIMATE SCALE 1° = 250

EIGURE 4-1

e aaae ARE A HALLIBURTON NUS

7 E nvironmental Corporation



4.3.1.3 Sampling Activities
The field investigation will consist of the following tasks:

Subsurface soil borings and subsurface soil sampling
. Waste Sampling

Surface water sampling

Sediment sampling

Soil, sediment, waste, and surface water samples will be collected in accordance with NEESA methodology for TCL
Volatiles Organics and freon. YWuté samples (other than coal), if encountered, will be analyzed for TCL volatile
organics, semivolatile organics, PCB/pesticides, TAL metals, and cyanide. A list of analytes, analytical methods,
contract required quantitation limits, containers, preservatives, and holding times is provided on Table 3-1. Field
samples and analytical testing are summarized in Table 4-1.

Three subsurface soil borings (6 subsurface soil samples) will be drilled at the coal pile site (sec Table 4-1 and
Figure 4-1). Borings CP-SB09, CP-SB10, and CP-SB11 will be drilled on the west, north, and cast side of the
remaining coal pile, respectively. The subsurface soils at the coal pile will be analyzed for TCL Volatiles plus
freon. The borings will be drilled in the area surrounding the existing coal pile and within the area of the larger,
former coal pile. These three borings will investigate the poteatial downward migration of contamination from the
existing and/or former coal pile into the underlying soils.

Test borings will be drilled and subsurface soil samples will be coliected at selected sites to determine the presence
or absence of subsurface soil contamination. Borings will be advanced to the water table (estimated depth of 5 to
20 feet bgs). Drilling operations for soil borings will be conducted using the hollaviv-stemi auger method. During
drilling operations of overburden mnenal, Standard Penetration Tests and split-spoon sampling will be performed
continuously in all soil borings. All split-spoon samples will be screened with an Organic Vapor Analyzer (OVA)
and visually inspected for lithologic description. Soil borings will be backfilled to the surface upon completion with
cement/bentonite grout. Based on the OVA measurements of the soil, cuttings will be containerized in 55-gallon
drums if readings above background levels are present or spread on thegmnndnurtbeboﬁngifno OVA readings
sbove background levels are observed.

kx}



TABLE 4-1

DESCRIPTION OF ACTIVITIES

' ANALYSIS

SITE 8 - COAL PILE STORAGE AREA - FIELD ACTIVITIES
RCRA FACILITIES ASSESSMENT SITE VISIT
NWIRP, CALVERTON, NY

3 subsurface soil borings - 2 TCL Volatile Organics and freon
subsurface soil samples/boring .

1 surface water sample (rain event) TCL Volatile Organics and freon n
3 sediment locations - 2 sediment TCL Volatile Organics and freon
sampies/location

3 waste samples taken in remsaining TCL Volatile Organics and freon

coal pile

0 to 2 waste samples taken in soil

| borings, if waste sludges are
encountered

TCL Volatile Organics, Semi-

TAL Metals, freon, and cyanide

volatile Organics, PCB/pesticides,




Two samples per boring will be submitted for chemical analysis as outlined in Tables 4-1 and 1-1. Sampled

St minle Loe abacelon]l amalenie aluall -n‘ sl ama hotmrasn the susfans and the water table and one acmnes the water
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table. methmmeOVAmpmemmofmmmm
(i.e. staining or discoloration of soil). The sample above the soil/water interface with the highest OVA reading
(primary determination) or appearing discolored (secondary determination) will be retained for testing. To obtain

this sample, the initial split spoon ssmple in each boring will be collectsd as a sample for chemical analysis (i.e.
Wiis SSliipravy o e e e ==

placed into the required sample containers, labeled, and temporarily stored in a cooler). If the next split spoon
sample in the boring has higher OVA readings than the first, or greater visual evidence of contamination, the first
sample will be discarded and the second split spoon sample will be collected for chemical analysis. The third,
fourth, and subsequent split spoon sampies in the boring will be compared to the previous samplies in the boring
in the same way to the total depth of the boring. In each boring, the sample at the soil/water interface will be
submitted for chemical analysis.

In addition to soil samples, sludgea.mplea ﬁfenmtaad)mybeeoﬂemduducnbedmdcnheWmeS:mphng
section below.

Samiples for analysis will be collected by splitting the soil sample opea longitudinally and extracting soil from the
entire length of the interior of the sampile. Portions of the sample submitted for TCL Voliatiles plus freon analysis
will be placed directly in to the required containers. Remaining portions of the sample will be homogenized and
distributed to the appropriate containers. A stainless steel will be used to place the sample into the required

nmtnlnm .A_q\l mmnun"\a nlnnln m'.ﬂ.l I.Illl' h ﬂ'.f‘d .IIII m.l'l“' III -n ﬁ.nnnm M At a ‘;’ ll\ﬂ;ﬁ nmnlo
] S aammanesrg teesiapews Ramwevers & wesmasE e WA JEA SHF W BAAWIW v Swessprsery

as will those split-spoon samples not submitted for chemical analysis. Drilling and sampling will be performed in
accordance with HALLIBURTON NUS SOPs GH-1.3 and GH-1.5 (Appendix A). Decoantamination of drilling and
sampling equipment will be performed as described in Section 4.7.

A complete log of each boring will be maintained by the field geologist. Appendix B contains an example of the
boring log form. At a minimum, the boring log will contain the following information, when applicable, for each
overburden boring:

Sample numbers and types

Sample depths

Standard Penetration Test data

Samp!e lvuvvvx_y'aunpl interval
Soil density or cobesiveness

Soil color
Unified Soil Classification System (USCS) material description and symbol
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In addition, depths of changes in lithology, sample moisture observations, depth to water, OVA readings, drilling
method, and total depth of each borehole should be included on each boring log, as well as any other pertinent
observations. Sample bottles containing soil samples collected solely for lithologic description will be aumbered
consecutively starting with S-1. In addition, the following information shall be recorded on the lid of the sample

jars:

Job number and name
Boring and sample number
m .

Depth interval

Blow counts

As an alternative to obtaining samples with bollow stem augers, during the subcontractor procurement process,
alternative sample collection techniques will be considered. One poteatial alternative is the "direct push” method

' of obtaining samples. Under this method, the samples are collected by hydraulically driving a 1-inch diameter

piston-type sampler to the top of the desired sample interval; the piston within the sampler is released and the pipe
advanced through the target interval. The soil core then enters the sampler, which contains a non-reactive plastic
or stainless steel liner. After the drive rod is removed from the soil, the liner containing the soil column can be

removed.

Waste Sampling

Three samples of waste material will be collected from the coal pile (sec Table 4-1 and Figure 4-1). These samples
ofpownﬁdsonmem&eﬁalwillbecolleaedﬁomapproximﬂely 10 to 20 inches below the outside surface of the
coal pile and be analyzed for TCL volatile organics. The samples will be collected using stainless steel trowels to
transfer material directly to the required sample jars. Samples will be collected in accordance with
HALLIBURTON NUS SOP GH-1.3 (Appendix A). Decontamination of sampling equipment will be conducted as
described in Section 4.7.

If sludges are encountered during the soil borings activities, up to two samples of the sludge will be collected for
full TCL/TAL parameters plus freon. These samples will be collected as described for subsurface 10il sampling.
The identification of sludges will be determined in the field by the field geologist. Properties distinguishing sludges
from natural soils include differences in particle size, moisture content, cobhesion, color, an& oil content from the
natural soils. Materials which can be confidently identified in the field as construction debris such as asphalt,
concrete, and wood will not be sampled.
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Surface Water Sampling

A surface water sample will be collected in accordance with HALLIBURTON NUS SOP SA-1.2 (Appendix A) from
the north trending ditch that drains the coal pile into 2 marsh/pond located approximately 500 feet to the northwest
of the coal pile (see Table 4-1 and Figure 4-1). ’lhe surface water sample will be analyzed for TCL Volatiles plus

fracn. The samnle will be collestad durine a rain svent to determine if water flowino over and ﬂnmtah the coal
ARSI A AW w‘v VY ASER WY WALV ML m. - ATRAAE WV WSS was TVeBLWE asw YV anngm W

pile is carrying contamination away from the site. The sample will be collected either by directly dipping the
sample bottles into the water, or using a stainless steel beaker to transfer sample water to the required containers.
Decontamination of sampling equipment, if used, will be conducted as described in Section 4.7.

In addition, field measurements will be obtained on the surface water sample prior to sample collection. These field
measurements include:

pH. o
Specific Conductance
Temperature

Relative color and turbidity will also be noted on the sample log form. A biank sample log form is provided in
Appendix B. Procedures for obtaining these field measurements are described in HALLIBURTON NUS SOP SF-
1.1 (Appendix A). '

Sixsédimentumpluwﬂlbecollectedfwmthreelouﬁom&umplperlouﬁon)inthepond/mrshynm located
approximately 500 feet northwest of the coal pile (sse Table 4.1 and Figure 4-1), All samples will be collected in

accordance with HALLIBURTON NUS SOP SA-1.2 (Appendix A) and analyzed for TCL Volatiles plus freon.
These samples will be used to confirm the presence or absence of solvents from the coal pile in the pond sediments.
Stainiess steel bucket-type hand augers and troweis wiil be used to coiiect two sampies at each iocation. Sampied
material will be transferred directly from the bucket auger to the required containers. The upper sample at cach
location will be collected from 4 to 8 inches beiow the surface, Theléweramplewiubeeouected from 18 to 24
inches below the surface. Decontamination of sampling equipment will be conducted as described in Section 4.7.

37



432 Site9-ECM Area
4.3.2.1 Site Background

The ECM area was constructed in the early 1970s. There are no manufacturing activities occurring at the site,
although 1,1,1-trichioroethane is used for cleaning purposes, (spproximately 10 galions per year).

In June 1992, Suffolk County Department of Health Services notified Grumman Corporation that up to 190 ug/l of
TCA were detected in offsite wells adjacent to this ares. These wells were instalied in support of & municipal
sludge/sod growing experiment by the county. Based on groundwater flow patterns estimated by the county, the
ECM is a potential source area of TCA lying hydraulically upgradient of these wells, (see Figure 4-2 for the
approximate location of these wells),

2 - o om

The ECM area is being investigated because volatile organics were detected in an area immediately adjacent to the
east (and potentially hydraulically downgradient) of the ECM area (see Figure 4-2). Based on the reconnaissance
of the area in October 1992, there is visual evidence that construction debris was disposed near the area in the past.
Historic photographs of the facility indicate disturbances of the soils in the area during the 1960s and 1970s. Also,
solvents (volatile organics) have been used at the site in the past. The disposal of other materials in this area cannot
be ruled out. Field activities in this area will focus on the disposal area, the former solvent storage area, and the
cesspool for solvent contamipation of the soils. There is no evidence that suggests other organics or inorganic
contaminants would be present at the site.

4.3.2.3 Sampling Activities

The field investigation will consist of the following tasks:

L Subsurface soil borings and subsurface soil sampling
L Groundwater sampling
. Waste sampling

Soil and groundwater samples will be collected in accordance with NEESA methodology for TCL Volatiles Organics
and freon. Waste samples, if encountered, will be analyzed for TCL volatile organics, semivolatile organics,
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PCB/pesticides, TAL metals, and cyanide. A list of analytes, analytical methods, contract required quantitation
limits, containers, preservatives, and holding times is provided on Table 3-1. Field samples and analytical testing
are summarized in Table 4-2.

Subsurface Soil Bori 1 Subsurface Soil Sampli

Eight subsurface soil borings (16 subsurface soil samples) will be completed to the water table at the ECM site (see
Table 4-2). Groundwater flow directions are not clearly defined, but are expected to be approximately from west
to east-southeast, based on regional information. Figure 4-2 shows.the locations of all sampling locations at the
ECM site. Preliminary subsurface soil boring locstions were determined during a recent site visit. Exact boring
locations will be adjusted in the field to avoid underground and overhead utility lines. Subsurface soil samples at
the ECM site will be analyzed for TCL Volatiles plus freon.

One boring (ECM-SB01) will be drilled adjacent to the cesspool on the west side of the radar installation building.
A second boring (ECM-SBO02) will be drilled on the cast side of the building where a 55-gallon drum of 111 TCA
(trichloroethane) was formerly stored. The drum was equipped with a spigot and an open catch-pan used for
evaporation of spent solvent. Boring ECM-SBO03 will be drilied down gradicat of the building, betwoen the former
solvent storage location and offsite monitoring well MW-7. These three borings will be used to establish the
presence or absence of soil contamination associated with activities at building and the former solvent storage area.

Borings ECM-SB04 and ECM-SBOS5 will be drilled in the swale to the southeast of the building. These two borings
are located to investigate potential contamination from undetermined historic activities in the swale and potential
contamination because of activities at the existing installation. Air photographs indicate activity in this area prior
to the construction of the present ECM installation in 1972.

Borings ECM-SB06, ECM-SB07, and ECM-SB08 will be drilled along a north-south line between the: building and
an above ground disposal area south of the building. ECM-SBO8 will be drilled as close as possible into this
disposal area. The disposal area is located along a north-south trending road that extends from the ECM building
to the south. Concrete, asphalt, large steel equipment, generators, and miscellaneous construction debris were
observed in the disposal area during the recent site visit.

Test borings will be drilled and subsurface soil samples will be collected at selected sites to determine the presence
or absence of subsurface soil contamination. Borings will be advanced to the water table (estimated depth of 5 to
20 feet bgs). Drilling operations for soil borings will be conducted using the holiow-stem auger method. During




TABLE 42

SITE 9 - ECM AREA - FIELD ACTIVITIES
RCRA FACILITIES ASSESSMENT SITE VISIT
NWIRP, CALVERTON, NY

SITE DESCRIPTION OF ACTIVITIES | ANALYSIS

Site 9 - ECM 8 subsurface soil borings - 2 TCL Volatile Organics and freon |

Area * - | subsurface soil sampies/boring u
3 groundwater samples - existing TCL Volatile Organics and freon
offsite Suffolk County wells
1 groundwater sample - existing TCL Volatile Organics, freon,
well at Building 07-39 TAL Metals, and cyanide
0 to 9 waets aavvwnias talkan in anil TC1, Valatila Oroanice Semi.
VWS i TV RRRALMTANAS SSMEAAAL ALL Sras & el ¥ WTESRRAAN & JYRAR WY  Srareas
borings, if waste sludges are volatile Organics, PCB/pesticides,
encountered TAL Metals, freon, and cyanide
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drilling operations of overburden material, Standard Penetration Tests and split-spoon sampling will be performed
continuously in all soil borings. All split-spoon samples will be screened with an Organic Vapor Analyzer (OVA)
and visudly inspected for lithologic description. Borings will be backfilled to the surface upon completion with
cement/bentonite grout. Based on the OVA measurements of the soil, cuttings will be containerized in 55-gallon
drums is OVA readings above background levels are present or spread on the ground near the boring if no OVA
readings above background levels are observed.

Two samples per boring will be submitted for chemical analysis as outlined in Tables 4-2 and 1-1. Sampled
intervals for chemical analysis shall include one between the surface and the water table, and one across the water
table. The upper sampie will be selected based on elevated OVA readings and/or visual evidence of contamination
(i.e. staining or discoloration of soil). The sampie above the water table with the highest OVA reading (primary
determination) or appearing discolored (secondary determination) will be retained for testing. To obtain this sample,
the initial split spoon sample in each boring will be collected as a sample for chemical analysis (i.c. placed into the
required sample containers, labeled, and temporarily stored in a cooler). If the next split spoon sample in the boring
has higher OVA readings than the first, or greater visual evidence of contamination, the first sample will be
discarded and the second split spoon sampie will be collected for chemical analysis. The third, fourth, and
subsequent split spoon samples in the boring will be compared to the previous sampies in the boriag in the same
way to the total depth of the boring. In each boring, the sample at the soil/water interface will be: submitted for
chemical analysis.

In addition to soil samples, sludge samples (if encountered) may be collected as described under the Waste Sampling |

section below.

Samples for analysis will be collected by splitting the soil sampie open lbngimdimlly and extracting soil from the
entire léng!h of the interior of the sample. Portions of the sample submitted for TCL Volatiles plus freon analysis
will be piaced directly in to the required containers. Remaining portions of the sample will be homogenized and
distributed to the appfopnae containers. A stainless steel trowel will be used to place the sample into the required
containers. Any remaining sample material will be placed and retained in an 8-ounce jar as a lithologic sample,
as will those split-spoon samples not submitted for chemical analysis. Drilling and sampling will be performed in
accordance with HALLIBURTON NUS SOPs GH-1.3 and GH-1.5 (Appendix A). Decontamination of drilling and
sampling equipment will be performed as described in Section 4.7.

A complete log of each boring will be maintained by the field geologist. Appeadix B contains an example of the
boring log form. At a minimum, the boring log will contain the following information, whea applicable, for each
overburden boring:
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Sample numbers and types

Sample depths

Standard Penetration Test data

Sample recovery/sample interval

Soil density or cohesivencss

Soil color ’

Unified Soil Classification System (USCS) material description and symbol

In addition, depths of changes in lithology, sample moisture observations, depth to water, OVA readings, drilling
method,mdtouldepth_ofenhbomholesho\ndbeinclndedonwhhoringlog,aswellasmy other pertinent
observations. Sample bottles containing soil samples collected solely for lithologic description will be numbered
consecutively starting with S-1. In addition, the following information shall be recorded on the lid of the sample
jars:

Job number and name
Boring and sample number
Date

Depth interval

Blow counts

As an aiternative to obtaining samples with holiow stem augers, during the subcontractor procurement process,
alternative sample collection techniques will be considered. One potential alternative is the "direct push” method
of obtaining samples. Under this method, the samples are collected by hydraulically driving a 1-inch diameter
piston-type sampler to the top of the desired sample interval; the piston within the sampler is released and the pipe
advanced through the target interval. The s0il core then enters the sampler, which contains a non-reactive plastic
or stainless steel liner. Afier the drive rod is removed from the soil, the liner containing the soil column can be

removed.

Groundwater Sampling

The purpose of groundwater sampling is to determine if groundwater has been contaminated by constituents in the
site area. A groundwater sample will be collected from the existing supply well at this site and three groundwater

samples will be collected from the Suffolk County monitoring wells located to the east of the site. New wells will .
not be installed during this field investigation.
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The groundwater sample from the supply well will be collected from the tap on the line that is closest to the pump
and before the lines encounter any storage tanks or filtration apparatus. Samples will be collected by filling the
required sample bottles directly from the tap. Prior to obtaining groundwater samples, the lines and wells will be
purged. The tap that is to be sampled will be opened to its maximum flow and allowed to run for approximately
15 minutes. Ficld measurements of pH, temperature, and specific conductance will be taken as described in
HALLIBURTON NUS SOP SF-1.1 (Appendix A) during purging. The field measurements will be collected at the
beginning of purging and at 5 minute intervals until the above parameters stabilize. Stabilization of the above
~ parameters is. defined as follows: temperature +/- 1°C, pH +/- 0.2 units, SC +/- 5 percent. If these parameters
do not stabilize after 15 minutes, the tap will be run for an additional 10 minutes before sampling. Additional
information concerning groundwater sampling is included in HALLIBURTON NUS SOP SA-1.1 (Appeadix A).

A groundwater sample will be collected from a supply well located at the southwest corner of the building at the
ECM site (Figure 4-2). The sample will be analyzed for TCL Volatiles, freon, TAL metals, and cyanide.

Samples from the offsite monitoring wells will be collected using a dedicated stainless steel bailer with dedicated
polyogy{eﬁe rope. Sampling will be conducted in accordance with HALLIBURTON NUS SOP SA-1.1. Prior to
obtaining samples, water levels and the depth of the well will be measured. Three to six well volumes will be
purged.

Waste Sampling

If sludges are encountered during the soil boring activities, up to two samples of the sludge will be collected for
full TCL/TAL parameters plus freon. These samples will be coliected as described for subsurface soil sampling.
The identification of sludges will be determined in the field by the field geologist. Properties distinguishing sludges
from natural soils include differences in particle size, moisture content, cohesion, color, and oil conteat from the
natural soils. Materials which can be confidently identified in the field as construction debris such as asphait,
concrete, and wood will not be sampled.

4.3.3  Site 10 - Cesspool/Leach Field Areas
4.3.3.1 Site Background

There are approximately 22 cesspool/leach field areas at the NWIRP Calverton. The primary function of the leach
fields is to treat sanitary wastes and to dispose of residual water. Many of these facilities are linked only to rest
rooms and as a result, there is a very low potential that industrial type chemicals may have entered the environment
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through these points. In other areas, where manufacturing facilities are present, and in particuiar where soivents
may have been used, these cessnools and leach fields represent a potential pathway for environmental contamination.

Information is currently being collected on activities conducted in each of the buildings. If there is uncertainty
regarding current or historic activities at each area, environmental testing would be conducted.

4.3.3.2 Sampling Rationale

The cesspools/leach field sites are being investigated because of the potential for wastes to have been discharged

A Ao W LAl D ek D e ek 22 s tha Lo acead ol

to them in ihe past (35 Figure 1-3). Because of the large number of cesspools/ieach fields at the facility, and the
consideration that some are used only for sanitary wastes (no industrial-type activity), a preliminary screening was
conducted to limit the number of areas to be investigated during this RFA-SV. Activities for these arcas will focus
on soil contamination for solvents and to & lesser extent, inorganic contaminants.

4.3.3.3 Field Activities

The field investigation will consist of the following tasks:

) Sail gax survey

L Subsurface soil borings and subsurface soil sampling
L Groundwater sampling
L Waste sampling

Soil gas samples will be collected and analyzed for field screening purposes and soil samples will be collected in
accordance with NEESA methodology for TCL Volatiles plus freon, and TAL metals and cyanide. Waste samples,
if encounicred, wiii be analyzed for TCL voiaiiic organics, scmivoiatiic organics, FCB/pesiicides, TAL meiais, and
cyanide. A list of analytes, anslytical methods, contract required quantitation limits, containers, preservatives, and
holding times is provided on Table 3-1.

ponciienant s nhase fiald investication io nlanned at thic fanilitey Dhaca 1 3
Lo/ id Ll g lll wlls.llvll L4 vlm &L WIS l“lll‘] 2 MmN A

a soil sampling investigation. The soil gas survey will be used to identify potential areas of soil and groundwater
contamination associated with selected facility cesspools/leach fields. The soil gas samples will be analyzed at an

onsite mobile field gas chromatograph laboratory and/or depeading on capacity, at the subcontractors facility. Each
of the samnles will he analyzed on a quick tum around bacis (1 to 3 days). The decision to samnle eoils at spec snecific
sites and the location of any soil borings at cesspool/leach field areas will be based on the soil gas results, with
sampling planned for locations with the highest soil gas concentrations. The second phase consists of subsurface
soil sampling. |
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Soil Gas Survey

Contaminant specific soil gas surveys will be conducted at those cesspool/leach field sites identified by an initial
evaluation of cesspool locations and building activities as a potential source of contamination. Several cesspool/leach
field areas wese eliminated from further consideration without any environmental testing because there was a low
potential for industrial-type solvent or metal contaminants to be preseat. The quantitative results of the soil gas
surveys will be used to identify areas of potential subsurface soil and/or groundwater contamination, and as a basis
for selection subsurface soil boring locations. Table 4-3 and Table 4-4 present a summary of the initial
cesspool/leach field evaluation and summarizes the proposed soil gas and boring program for the cesspool/leach field
sites. Figure 1-3 presents the locations of buildings with associated cesspools/leach fields to be investigated during

soil gas survey sctivities.

Both sampling grids and discrete sampling locations will be used to provide suitable coverage of the area of
suspected contamination at each site. In areas containing several cesspools (greater than four), a rectangular
sampling grid will be set up over the entire area. Grid spacing will vary according to the overall size of each site
and the number of cesspools at each site. Grid spacing will be adjusted in the field to place approximately 1 to 2
sampling points adjacent to each cesspool. At sites containing a single or a small number of cesspools (less than
four), two soil gas sampling points per cesspool with a2 minimum of three soil gas sampling locations per site is
proposed. Soil gas sampling points will be located within 5 to 10 feet of known cesspool edges. In addition, one
soil gas sample will be collected in an area believed to be free of contamination to serve as a background sample.

Each potential sampling location will be marked with a surveyor’s pin flag. Groundwater is estimated to lie between
approximately 5 and 20 feet below ground surface (bgs) at the NWIRP, Calverton. Soil gas sumples will be
collected by driving a steel sampling probe approximately 3 to 6 feet into the ground. The drive point on the probe
is slotted to allow soil gas to flow through the sampling probe. The sampling probe will be evacuated with sample
prior to collection the s0il gas sample. The soil gas sample will be collected into an air sampie bag from a
dedicated inert sampling tube that connects the steel probe 10 a pump. The samples will be analyzed onsite using
a portable gas chromatograph (GC). Decontamination of steel sampling equipment will be performed as described
in Section 4.7.
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TABLE 4-3

SITE 10 - CESSPOOL/LEACH FIELD - FIELD ACTIVITIES
RCRA FACILITIES ASSESSMENT SITE VISIT

NWIRP, CALVERTON, NY
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Soil gas survey at each site - 8 sites, | Select Volatile Organics

64 s0il gas samples

Submrfwe'loilborings-upto 15 TCL Volatile Organics, freon,

borings - 2 subsurface soil TAL metals, and cyanide
lea/bori

1 gr-mdg':-m sammnls - axistine

well at Building 07-43T

TCL Volatile Oroanics. freon

SRR e G ——— = -

TAL metals, and cyanide

0 to 2 waste samples taken in soil
borings, if waste sludges are

TCL Volatile Organics, Semi-
volstile Organics, PCB/pesticides,

i
i
1
i

! . encountered | TAL Metals, freon, and cyanide ﬂ
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TABLE 4-4

CESSPOOL/LEACH FIELD SCREENING AND
SOIL GAS AND SOIL BORING QUANTITY ESTIMATES
NWIRP CALVERTON, NEW YORK

e
Building | Description Number | Number Number | Potential for
Number of Pools | of Soil gas | of Soil Solvent
points borings | Contamination
0602 | Main Gate House STTF | o 0 Low
06-11 Fuel System Test Lab 2 4 1 Medium "
06-13 Facilities Maintenance Building ? 4 1 Medium ﬂ
06-14 Yellow Shack 2 0 0 Low
l 06-17 Sewage Pump Station 24 24 4 Medium
06-18 Engine Test House STTF 6 1 Medium
| 06-224 | Gun Firing Butt STTF o 0 Low
| 0624 | Fiight Line Shact 2 o 0 Low
I 06-28 Thrust Stand Shack 1 0 0 Low
06-32 Lunsr Test Building 1 0 0 Low
0642 Vehicle Transportation Building ? 4 1 Medium
06-57 Credit Union 1 0 0 Low 1
06-73 New Fuel Calibration Building 1 3 1 Medium
07-03 Sewage Pump Station 8 10 4 Medium
07-04 Flight Emergency Shelter 2 0 0 Low
07-05 Anechoic Chamber STTF 0 0 Low
07-12 Guard Building at North Gate #' 1 0 0 Low
07-43T Rotodome Range Trailers' 1 0 0 Low
07-45T Line Crew Trailer 1 0 0 Low ]
07-85 Picnic Grounds Toilet' 5 0 0 Low
080-01 Avionics Noise Check 4 8 2 Medium H
080-03 AWSACS Development Building STTF 0 0 Low n
- Background 1 0 ' ﬂ
Total 64 15 n

STTF - Septic Tank Tile Field
1) - Wells are reported to be present at these locations.




Prior to soil gas sample collection, a gas chromatograph compound library will be established using certified gas
standards for the following target compounds:

Benzene Ethylbenzene
1,1-dichloroethene (DCE) ¢-1,2-DCE

" +1,2-DCE | 1,1-dichloroethane (DCA)
Trichloroethene (TCE) Tetrachloroethene (PCE)
1,1,1 trichloroethane (TCA) 1,1,2-TCA
Chloroform Carbon tetrachloride
Toluene Total (m-, p-, and o-,) Xylenes
Methylene chloride Freon-1 13

AregnachﬁwfmmdmhvedwamdnﬂmmmﬁmofwhmeormiQWuﬁutherinvestigatedby
collecting and analyzing subsurface soil boring samples. '

A minimum of one subsurface soil boring (2 samples/boring) will be drilled at each cesspool/leach field site
identified by a soil gas survey as a potential source of contamination (see Table 4-3 and Figure 1-3). Subsurface
soil samples collected at cesspool/leach field sites will be analyzed for TCL Volatiles, freon, TAL metals and
cyanide. At large cesspool/leach field sites (greater than four cesspools), up to four subsurface soil borings will
be drilled, based on the results of the s0il gas surveys. The soil borings will be located near the highest soil gas
volatile organic measurements observed. In addition, at two of the sites where elevated soil gas readings are not
found, subsurface soil samples will be collected to confirm the absence of contamination. Table 4-4 summarizes
the proposed soil boring program for the cesspool/leach field sites. Soil boring numbers will be assigned in the field
chronologically beginning with CL-SB18.

Test borings will be drilied and subsurface soil samples will be coliected at selecﬁad-sites to determine the presence
or absence of subsurface soil contamination. Borings will be advanced to the water table (estimated depth of 5 to
20 feet bgs). Drilling operations for soil borings will be conducted nsmg the hollow-stem auger method. During
drilling operations of overburden material, Standard Penetration Tests and split-spoon sampling will be performed
continuously in all soil borings. All split-spoon samples will be screened with an Organic Vapor Analyzer (OVA)
and visually inspected for lithologic description. Borings will be backfilled to the surface upon completion with
cement/bentonite grout. Based on the OVA measurements of the soil, cuttings will be containerized in 55-galion
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readings above background levels are observed.

Two samples per boring will be submitted for chemical analysis as outlined in Tables 4-3 and 1-1. Sampled
intervals for chemical analysis shall include one between the surface and the water table, and one across the water
table. The upper sample will be selected based on elevated OVA readings and/or visual evidence of contamination
(i.c. staining or discoloration of soil). The sample above the water table with the highest OVA reading (primary .
determination) or appearing discolored (secondary determination) will be retained for testing. To obtain this amplé,
the initial split spoon sampie in each boring will be coliected as a sample for chemical analysis (i.e. placed into the
required sample contaivers, labeled, and temporarily stored in a cooler). If the next split spoon sample in the boring
bas higher OVA readings than the first, or greater visual evidence of contamination, the first sample will be
discarded and the second split spoon sample will be collected for chemical analysis. The third, fourth, and
 subsequent split spoon samples in the boring will be compared to the previous samples in the boring in the same
way to the total depth of the boring. In each boring, the sample at the soil/water interface will be submitted for
chemical analysis. |

In addition to soil samples, sludge samples (ii" encountered) may be collected as described under the Waste Sampling

section below.

Samples for analysis will be collected by splitting the soil sample open longitudinally and extracting soil from the
entire length of the interior of the sample. Portions of the sample submitted for TCL Volatiles plus freon analysis
- will be placed directly in to the required containers. Remaining portions of the sample will be homogenized and
distributed to the appropriate containers. A stainless steel trowel will be used to place the sample into the required
containers. Any remaining sample material will be placed and retained in an 8-ounce jar as a lithologic sample,
as will those split-spoon samples not submitted for chemical analysis. Drilling and sampling will be performed in
. accordance with HALLIBURTON NUS SOPs GH-1.3 and GH-1.5 (Appendix A). Decontamination of drilling and
sampling equipment will be performed as described in Section 4.7.

A complete log of each boring will be maintained by the field geologist. Appendix B contains an example of the
boring log form. At a minimum, the boring log will contain the following information, when applicable, for each
overburden boring: '

Sample numbers and types

Sampie depths
Standard Penetration Test data
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Sample recovery/sample interval

Soil density or cobesiveness

Soil color

Unified Soil Classification System (USCS) material description and symbol

In addition, depths of changes in lithology, sample moisture cbservations, depth to water, OVA readings, drilling
method, and total depth of each borehole should be included on each boring log, as well as any other pertinent
observations. Sample botties containing soil samples collected solely for lithologic description will be numbered
consecutively starting with S-1. In addition, the following information shall be recorded on the lid of the sample

jars:

Job number and name
Boring and sample number
Date

Depth interval

Blow counts

As an alternative to obtaining samples with hollow stem augers, during the subcontractor procurement process,
alternative sample collection techniques will be considered. One potential alternative is the "direct push” method
of obtaining samples. Under this method, the samples are collected by hydraulically driving a 1-inch diameter
piston-type sampler to the top of the desired sample interval; the piston within the sampler is released and the pipe
advanced through the target interval. The soil core then enters the sampler, which contains a non-reactive plastic
or stainiess steel liner. After the drive rod is removed from the soil, the liner containing the soil column can be

removed.
Groundwater Sampling

The purpose of groundwater sampling is to determine if groundwater has been contaminated by constituents in the
site area. A groundwater sample will be collected from the existing supply well at this site. New wells will not
be instalied during this field investigation. '

The groundwater sample will be collected from the tap on the line that is closest to the pump and before the lines
encounter any storage tanks or filtration apparatus. Samples will be coliected by filling the required sample botties
diteétly from the tap. Prior to obtaining groundwater samples, the lines and wells will be purged. The tap that is
to be sampled will be opened to its maximum flow and allowed to run for approximately 15 minutes. Field
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messurements of pH, temperature, and specific conductance will be taken as described in HALLIBURTON NUS
SOP SF-1.1 (Appendix A) during purging. The field measurements will be coliected at the begirning of purging
and at 5 minute intervals until the above parameters stabilize. Stabilization of the above parameters is defined as
follows: temperature +/- 1°C, pH +/- 0.2 units, SC +/- 5 percent. If these parameters do not stabilize after 15
minutes, the tap will be run for an additional 10 minutes before sampling. Additional information concerning
groundwater sampling is included in HALLIBURTON NUS SOP SA-1.1 (Appendix A).

A sample will be collected from the supply well at Building 07-43T (Figure 1-3). The sample will be analyzed for
TCL Volatiles, freon, TAL metals, and cyanide.

Waste Sampling

If sludges are encountered during the soil boring activities, up to two samples of the sludge will be collected for
full TCL/TAL parameters plus freon. These samples will be collected as described under subsurface soil sampling.
The identification of sludges will be determined in the field by the field geologist. Properties distinguishing sludges
from natural soils include differences in particie size, moisture content, cohesion, color, and oil conteat from the
patural soils. Materials which can be confidently identified in the field as construction debris such as asphalt,
concrete, and wood will not be sampled.

4.3.4 Background Soil Samples

Six background soil samples will be collected at six separate locations throughout the NWIRP (one at sach location).
The locations will be selected in the area away from known or suspected activities. These samples will be collected
with a hand auger at a depth of 6 to 12 inches bgs and analyzed for TAL metals. The results of testing will be used
to statistically develop site-specific background soil concentration action levels for TAL metals. Background soil
samples will be numbered BG-SB12 through BG-SB17.

4.4 SAMPLE IDENTIFICATION SYSTEM
Each sample collected will be assigned a unique sample tracking number. The sample tracking number will consist
of a four-segment, alpha-numeric code that identifies the site (plus building number), sampie medium and location,

and sample depth (in the case of soil and sediment samples). QA sample designations will be blind relative to

sample duplicates.
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Anyothupetﬁnentinfmmﬁonngudingampleidentiﬁelﬁonwillbenemdedin&eﬁeldloghooksmd sample
log sheets. ' ‘

The alpha-numeric coding to be used in the sample system is explained below.

Field Samples
(AAA) - (AANN) - (NNN)
(Site pame) (Medium & Location) (Sample depth) *

QA Sagples
- (AA) - (NN)
(QA Type) (Number)

Character Type:
A = Alpha

N = Numeric

Site name:
ECM = Electronic Counter Measures (no building #s)
CP = Coal Pile (no building #s)
CL = Cesspool/Leach Field (plus 4-digit building number)
BG = Background

Medium:
GW = Groundwater
SB = Subsurface Soil from s0il boring
WS = Waste from coal pile
SW = Surface water
SD = Sediment

Sample Location:
Subsurface soil = soil boring number (i.e. 01, 02, 03...)
Surface water or Sediment = sample location number
Groundwater = well number
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Sample Identifier:
For soil and sediment samples = Start depth, in feet, of sample.
Not used for groundwater or surface water/sediment samples.

QA Sample Designstion:
DU = Duplicate
RB = Equipment Rinsate Blank
FB = Field Blank
TB = Trip Blank

QA sampies will be numbered sequentially starting with 01. Matrix Spike and Matrix Spike
Duiplicate (MS/MSD) samples will be designated on the field documeatation forms and sample
labels.

For enll;ple, a subsurface soil sample and its duplicate (with the duplicate being the third obtained during the
sampling activities) from soil boring number 04 at the ECM site at a depth of 10 to 12 feet would be:

ECM-SB04-10.0, and
DuU-03

4.5 SAMPLING EQUIPMENT AND PROTOCOLS

The sampling equipment and protocols to be used are presented in Appendix A and are HALLIBURTON NUS
Standard Operating Procedures.

4.6 SAMFLE HANDLING

Sample handling includes the ficld-related considerations regarding the selection of sample containers, preservatives,
allowable holding times and analyses requested. Table 3-1 summarizes the sample bandling considerations for this
field investigation. The EPA User's Guide to the Contract Laboratory Program (EPA, December 1988), and the
Federal Register (EPA, October 26, 1984) address the topics of containers and sample preservations.




4.6.1 Sample Packaging and Shipping

Samples will be packaged and shipped in accordance with HALLIBURTON NUS SOP SA-6.2 (Appendix A). The
FOL will be responsible for completion of the following forms:

° _ Sample Labels

L] Chain-of-Custody Forms

e Appropriate labels applied to shipping coolers
° Chain-of-Custody Labels

. Federal Express Air Bills

4.6.2 Sample Custody

Custody of samples must be maintained and documented at all times. Chain-of-custody begins with the collection
of the samples in the field. Section 5.3 of HALLIBURTON NUS SOP SA-6.1 (Appendix A) provides a description
of the chain-of-custody procedures to be followed. A sample chain-of-custody form is attached in Appendix B.

4.7 EQUIPMENT DECONTAMINATION

The equipment involved in field sampling activities will be decontaminated prior to and during drilling and sampling
activities. This equipment includes soil gas probes, drilling rigs, downhole tools, augers, well casing and screens,
and all sampling equipment.

4.7.1 Maior Equipment

All downhole drilling or soil gas equipment and ‘sampling tools shall be steam cleaned prior to beginning work,
between well borings, any time the drilling rig leaves the site prior to completing a boring, and at the completion
of the drilling program. ‘

These decontamination operations will consist of washing the equipment using a high-pressure steam wash. All
decontamination activities will take place at a location determined during mobilization. It is assumed that the facility
will provide a suitable location for decontamination operations along with potable water and electricity. Additional
requirements for drilling equipment decontamination can be found in HALLIBURTON NUS SOP SA-7.1: Section
5 (Appendix A).
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4.7.2 Sampling Equipment

Aliumplingequipmentmed for collecting samples will be decontaminated both prior to beginning field sampling
and between samples. The following decontamination steps will be taken:

Potable water rinse

Alconox or liquinox detergeat wash

Potable water rinse

Nitric acid rinse (for TAL metals samples only)

Steam distilled water rinse (for TAL metal samples only)
Methanol rinse

Steam distilled water rinse

Air dry

Field anﬂyﬁed equipmmi such as pH, conductivity and temperature instrument probes will be rinsed first with
steam distilled water, then with the sample liquid.

4.8 RESIDUE MANAGEMENT

Four types of potentially contaminated residues are expecied to be generated during this field investigation, namely
Personal Protection Equipmeat (PPE), drill rig decontamination fluids, sampling equipment decontamination fluids,
and auger soil cuttings. Based on the activities and types of contaminants present, none of these residues are
expected to represent a significant risk to human bealth or the environment if properly managed. Planned
management of each of these residues is provided below. '

PPE - PPE will be placed in the trash receptacies at the facility.
Drill Rig Decontamination Fluids - Drill rig decontamination fluids will be contunenzed in 55-gallon drums at the
fire training area. Pending the results of the RFA-SV testing, these decontamination fluids will be discharged to

the onsite wastewater treatment plant.

ds - Equipment decontamination fluids will be containerized and bandled

with the drill rig decontamination fluids.
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Auger Soil Cuttings - Auger soil cutting will be screened with an OVA. If OVA readings are detected above
background levels or discoloration of the soils is noted, then the cutting will be containerized in 55-galion drums
and stored at the fire training area for additional testing. Otherwise, the cuttings will be spread on the ground pear
the soil boring.



5.0 DOCUMENTATION AND CHAIN-OF CUSTODY

Sample custody procedures are designed to provide documentation of preparation, handling, storage, and shipping
of all samples collected. An example of the chain-of-custody form, which will be used during this investigation,
is included in Appendix B.

Samples collected during the site investigation will be the responsibility of identified persons from the time they are
collected until they, or their derived data, are incorporated into the final report. = Stringent chain-of-custody
procedures will be followed to document sample possession.

5.1  Field Custody

. The FOL, or his or ber designee, is responsible for the care and custody of the samples collected
until they are delivered to the analyzing laboratory or entrusted to a carrier.

L Sample logs or other records will always be signed and dated.

®  Chbain-of-custody sample forms will be compieted to the fullest extent possible prior to sample
shipment. They will include the following information: project name, sample number, time
collected, source of sample and location, description of sample location, matrix, type of sample,
grab or composite designation, preservative, number and size of bottle, analysis, and name of

sampler.

These forms will be filled out in a legible manner, using waterproof ink, and will be signed by
tbe sampler. Similar information will be provided on the sample label which will be securely
attached to the sample bottle. The label will also include the general analyses to be conducted.
In addition, sampling forms will be used to document collection, filtration, and preparation
procedures. Copies of all field documeatation forms are provided in Appendix B.
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Transfer of Custodv and Shipment

Thefouowingproeedmuwillbemedvihmhmsfaﬁngwmdyofmlu:
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Samples will aiways be accompanied by a chain-of-custody record. When transferring samples,
_ the individuals relinquishing and receiving them will sign, date, and note the time of the chain-of-

custody record. This record documeats the sampie custody transfer from the sampler to the
Iaboratory, often through another person or agency (common carrier). Upon arrival at the
laboratory, internal sampie custody procedures will be foliowed.

Prior to shipment to the laboratory for analysis, samples will be properly packaged. Individual
custody records will accompany each shipment. Shipping containers will then be sealed for
shipment to the laboratory. The methods of shipment, courier name, and other pertinent
information, will be entered in the remarks section of the custody record.

All shipments will be accompanied by the chain-of-custody record identifying the contents. The
original record will accompany the shipment; and a copy will be retained by the field sampler.

Proper documentation will be maintained for shipments by common carrier.

Sampie Shipment Procedures

The following procedures will be followed when shipping samples for laboratory analysis:

Samples requiring refrigeration will be promptly chilled with ice or Blue Ice to a temperature of
4°C and will be packaged in an insulated cooler for transport to the laboratory. Ice will be sealed
in containers to prevent leakage of water. Samples will not be frozen.

Only shipping containers that meet all applicable state and Federal standards for safe shipment will
be used.

Shipping containers will be sealed with nylon strapping tape, custody seals will be signed, dated,

and affixed, in a manner that will allow the receiver to quickly identify any tampering that may
have occurred during transport to the laboratory.
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L Shipment will be made by overnight courier. After samples bave been taken, they must be sent
to the laboratory within 24 hours.
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It will be the responsibility of the FOL to secure all documents produced in the field (geologist’s daily logs,
lithologic and sampling logs, communications) at the end of each work day.

.The possession of all records will be documented; however, only the project FOL or designee may remove field
data from the site for reduction and evaluation.

The data genersted by the laboratory will be sent to HALILIBURTON NUS, validated, and stored by

HALLIBURTON NUS until completion and acceptance of the RFA-SV investigation reports. A final QC data
report will be issued to the NCR at least 3 weeks before the final report is issued.



6.0 CALIBRATION PROCEDURES

Field equipment such as the portable gas chromatograph (GC), the Organic Volatile Analyzer (OVA), the pH and
specific conductance meters, and any geophysical equipment used during this project will be calibrated and opérated
in accordance with the manufacturer’s instructions and manuals. A log will be kept documenting the calibration
results for each field instrument. The log will include the date, standards, personnel, and results of the calibration.

Calibration procedures for laboratory equipment used in the analysis of environmental samples will be performed
in accordance with CLP requirements.
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7.0 SAMPLE PREPARATION AND ANALYTICAL PROCEDURES

Environmental samples collected during the field investigation for chemical analyses will be anslyzed using the
appropriate analytical procedures as outlined in Table 3-1 of this work plan. The methods are referenced to the
appropriate CLP, EPA, or other guidance.
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8.0 DATA REDUCTION, VALIDATION, AND REPORTING

Data reduction, validation, and reporting are basic steps in the control and processing of field and laboratory project-
generated data. Data will be presented in tabular form with site background result (for inorganics) and relevant
requirements for organic results used as screening criterit. Data validation procedures are described below.

Data validation consists of a stringent review of an analytical chemical data package with respect to sample receipt
and handling, analytical methods, data reporting and deliverables, and document control. The quality of data
generated by a laboratory is extremely important; it is an integral part of the investigation and should be clearly tied
to the project goals. Data used to develop qualitative trends, for example, will not have the same: data validation
requirements as data used for litigation purposes.

AthﬁedHALUBURTONNUSchemutwdlevduﬂethemalyhal data package mngPApm:ednru (i.c. the
National Functional Guidelines for Evaluating Apalytical Data). After the data is validated, a listing of non-
conformmeswdlbegeneutedmdusedtodetermnewhetherthedahmbeuuhzedfornsmmdedpmpme
(assessment, enforcement, litigation). Non-conformities yield data qualifiers, which are used to alert the data user
fo inaccurate or imprecise data. For example, if the calibration criteria are not met, the data reviewer must qualify
all affected positive results as estimated and all affected sample quantitation limits as directed in the National
Functional Guidelines (NFGs). For situations in which there are several quality control criteria out of specification
with regard to method-specific quality control criteria, the thty control criteria outlined in the NFGs and/or the
quality control criteria stipulated in the Ss ¢ al_Analys ' ASSurs i
Navy Ipstallation Restoration Program (20.2-047B; 6/88), the data vahdator may make profeaslona.l judgments
and/or comments on the validity of the overall data package. In situations where the validity of an entire data
package is in question, it may be necessary for the sample(s) to be re-analyzed. As a component of the data
validation process, the validator will generate a technical memorandum presenting changes in the data, if necessary,
and the rationale for making such changes. . |

The net result is a data package that has been carefully reviewed for its adherence to prescribed requirements and
is suitable for its intended use. Data validation thus plays a major role in determining the confidence with which
key technical evaluations may be made.

A QC data report shall be sent to the NCR at least 3 weeks before issuance of the final report. For Level D QC,
a subset of data from the CLP data packages shall be submitted. For 20 percent of the water samples and 20
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percent of the soil samples, the subcontractor shall submit the full CLP package. The report shall indicate the
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potebooks, work sheets, automated data processing system output, and calibration.

The final report, which shall be reviewed by the NCR prior to its release, will include a data summary. The
summary of analytical dats will exclude non-detected compounds. No subtraction of blank contaminants will be

allowed; data will be flagged if associated blank contamination occurs. All dats flags will follow the result in the
summary.

The final report will also include a QC summary section. The QC summary will discuss flagged data, matrix
spikes/spike duplicates, control charts, laboratory duplicates, surrogate spike recoveries, holding times, field blanks,
trip blanks, rinsates, field duplicates, precision, accuracy, and completeness.

The laboratory data for each sample will be reported in an appendix. These dats will be presented in a spreadsheet
format with all trip, field, and rinsate blanks marked. The format recommended by NEESA will be used.

Field logs and forms will he insluded in another anmendiy Annther -nn.noﬁv will include methad hlank nnlrp
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control charts, surrogate recoveries, matrix spike and duplicate, field, and laboratory duplicates for all spike
samples.
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9.0 INTERNAL QUALITY CONTROL CHECKS

Quality control samples generated by HALLIBURTON NUS will include the collection of field duplicates, the
preparation of field blanks and rinsate blanks, and the use of laboratory-prepared trip blanks. An approximate
10 percent duplication - one per 10 samples or one per sample matrix if less than 10 samples are collected (see
Table 3-1) of soil, sediment, surface water/groundwater samples will be used to monitor the laboratory’s

performance.

Trip blanks (volatiles only) will be shipped along with the sample botties and will be analyzed concurrently with
the coliected environmental samples. These trip blanks will be submitted at a rate of one per sample shipment of
samples for TCL volatile analysis. Rinsates, prepared by running distilled water through the sampling equipment,
will be analyzed to determine whether the decontamination procedures may be biasing the data. Field blanks will
be prepared at a rate of one per source per eveat.

There are two types of quality assurance mechanisms used to ensure the production of analytical data of known and
documented quality. The internal laboratory quality control procedures for the analytical services are specified in
the CLP protocol and Table 3-1. These specifications include the types of control samples required (sample spikes,
surrogate spikes, controls, and bianks), the frequency of each control, the compounds to be used for sample spikes
and surrogate spikes, and the quality control acceptance criteria. It will be the liboratory’s responsibility to
document, in each data package, that both initial and on-going instrument and analytical QC criteria are met.

Analytical results of field-collected quality control samples will also be compared to acceptance criteria, and
documentation will be performed showing that criteria have been met. Any samples in nonconformance with the
QC criteria will be ideatified and reanalyzed by the laboratory, as required. The following procedures will be
employed for the processing of NWIRP Calverton samples:

L4 Proper storage of samples.

L Use of qualified and/or certified technicians.

L4 Use of calibrated equipment traceable to the CLP Protocol.

® Formal independent confirmation of all computation and reduction of laboratory data and results.
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Use of standardized test procedures.

Inclusion of duplicate samples at a frequeacy of one replicate per 10 samples or one per sample
matrix if less than 20 samples are collected.



10.0 PERFORMANCE AND SYSTEM AUDITS

System audits will be performed on a semi-continuous basis, as appropriate, to assure that the work is being
implemented in accordance with the approved project SOPs and in an overall satisfactory manner.

e The FOL will supervise and check on a daily basis that the soil borings are installed correctly,
field measurements are made accurately, equipment is thoroughly decontaminated, samples are
collected and handied properly, and the field work is accurately and neatly docurnented.

L4 The data validator will review (on a timely basis) the data packages submitted by the laboratory.
The data validator will check that the data was obtained through the approved methodology, that
the appropriate level of QC effort and reporting was conducted, that holding times were met, and
thntheresultsmmconformneethhtheapphableQCcnm On the basis of these factors,
the data validator will evaluate the data quality and limitations.

o The project manager will oversee the FOL and data validator, and check that management of the
acquired data proceeds in an organized and expeditious manner.

L System audits for the laboratory are performed on a regular basis.

A formal audit of the field sampling procedures may be conducted in addition to the auditing that
is ap inherent part of the daily project activities. If so conducted, the auditors will check that
sample collection, sample handling, decontamination protocols, and instrument calitiration and use
are in accordance with the approved project SOPs. The auditors will also check that the field
documentation logs and chain-of-custody forms are being filled out properly.

Performance audits of laboratories participating in the CLP are performed quarterly in accordance with the
procedures and frequencies established by the CLP.
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11.0 PREVENTATIVE MAINTENANCE

HALLIBURTON NUS has established a program for the maintenance of field equipment to ensure the availability
of equipment in good working order when and where it is needed. This program consists of the following elements:

° The equipment manager keeps an inventory of the equipment in terms of items (model and serial
number) quantity and condition. Each item of equipment is signed out when in use, and its
operating condition and cleanliness checked upon return.

° The equipment manager conducts routine checks on the status of equipment and is responsible for
the stocking of spare parts and equipment readiness.

. The equipment manager maintains the equipment manual library and trains ficld personnel in the
properuieandmofequipmt.

] The FOL is responsible for working with the equipment manager to make sure that the equipment
is tested, cleaned, charged, and calibrated in accordance with the manufacturer’s instructions
before being taken to the job site.

The laboratory follows a well-defined program to prevent the failure of laboratory equipment and instrumentation.

This preventative program, includes the periodic inspection, lubrication, cleaning, and replacement of parts of the

equipment.
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12.0 DATA ASSESSMENT PROCEDURES

All data generated in the investigation will be assessed for its representativeness, accuracy, and precision. The
completeness of the data will also be assessed by comparing the valid acquired data to the project objectives to see
that these objectives are being addressed and met. The specific procedures used to determine data precision,
accuracy, and completeness will be provided in the analytical reports. Accuracy will be determined using laboratory
spiked sampies and laboratory field blanks.

The representativeness of the data will be assessed by determining if the data are consistent with known or
anticipated hydrogeologic or chemical conditions and accepted principles. Field measurements will be checked for
completeness of procedures and documentation of procedures and results.

Precision and accuracy will be determined using replicate sampies and blank and spiked samples, respectively. The
specific proeedurw for determining PARCC parameters are outlined in Section 5.0.

122 Validation

One hundred percent of the analytical data packages will be validated.
12.3  Data Evaluation

The evaluation of the data collected during the field investigation will be a comparison of: chemical concentrations
. in groundwater and surface water versus ARARs (such as the Safe Drinking Water Act MCLs and the Ambient
Water Quality Criteria) and risk-based concentrations; and chemical concentrations in soils versus background and

risk-based concentrations.

The groundwater and surface water evaluation will be based directly on standards established under Federal and state
drinking water and surface water standards for volatile orginics and metals. For soil and sedunent samples organic
results, any organics detected will be considered potentially significant. Contaminants detected will only be
discounted if very low levels are found (near the detection limit) and they are found infrequently at the site; or if
a higher concentration is found but that the concentration in combination with the toxicity of the chemical would

not be considered a significant risk to human health or the environment. For soil and sediment sample inorganic
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results, the result will be compared to s0il background sample results. Action levels will be based on a normal
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twenty chance that a background soil samplie at that concentration has been "incorrectly” identified as contaminated.
The contaminant specific action levels will be calculated as follows.

_at __. ¥ ____1

Action Level = 1.645
where: ¢ = standard deviation (with n - 1 samples)
@ = 1/(n-1) * Z(x; - x.)°

x, = individual value

X = mean value
n = number of sampies
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13.0 CORRECTIVE ACTIONS

The QA program will enzble probiems to be identified, controlied, and corrected. Potential problems may involve
nonconformance with the SOPs and/or analytical procedures established for the project or other unforeseen
difficulties. Any person identifying an unacceptable condition will notify the project manager. The project
manager, with the assistance of the project QA/QC officer, will be responsible for developing and initiating
appropriate corrective action and verifying that the correction action has been effective. Corrective actions may
include the following: resampling and/or reuﬁlysis of sample, amending or adjusting project procedures. If
warranted by the severity of the problem (for example, if a change in the approved work plan is required), the Navy
will be notified in writing and their approval will be obtained prior to implementing any change. Additional work
that is dependent on a nonconforming activity will not be performed until the problem has been eliminated.

The laboratory maintains an internal closed-loop corrective action system that operates under the direction of the
laboratory QA coordinator.
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14.0 QUALITY ASSURANCE REPORTS TO MANAGEMENT

The QA/QC advisor will review all aspects of the implementation of the work plan on a regular basis and with the
use of designated support personnel, will prepare a summary report. Reviews will be performed at the completion
of each field activity and reports will be completed at this time. These reports will include an assessment of data
quality and the results of system and/or performance audits. Any significant QA deficiencies will be reported and
identified, and corrective action possibilities discussed. The laboratory will issue monthly progress reports. Other
QA/QC reports are listed in Section 8.0.
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1.0 PURPOSE
The purpose of this procedure is to descnbe the methods and equipment necessary to perform soil

2 o s amam - P A P e

and rock Dﬁﬁﬁ@’a and lﬁ'mlun‘y the Gﬁuuplutnl, sequence of events, and appropriate methods

necessary to obtain soil, both surface and subsurface, and rock samples during field sampling

activities

20  SCOPE

This guide line addrectac moet of the accented and ctandard dr rilling techniques, their benefits, a: .d
drawbacks. it should be used generaily to determine what type of dnllmg techniques would be m
successful depending on site-specific geologic conditions and the type of sampling required.
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The sampling methods descnbed within this procedure are applicable while collecting surface and

subsurface soil samples; obtaining rock core samples for hthologlc and. hydrogeolognc evaluation;
excavation/foundation design and related civil engineering purposes.

3.0 GLOSSARY 4

g

= .
Hand Auger. A sampling device used to extract soil from the ground in a relatively undisturbed form.

Thin-Walled Tube Sampler. - A thin-walled metal tube (aiso calied Shelby tube) used to recover
relatively undisturbed soil samples. These tubes are available in various sizes, ranging from
2to Sinches O.D. and 18 to 54 inches long. A stationary piston device may be included in the sampler
to reduce sampling disturbance and increase sampie recovery.

Split-Barrel Sampler. A steel tube, split in half lengthwise, with the halves held together by threaded
collars at either end of the tube. Also calied a spiit-spoon sampler, this device can be driven into
resistant materials using a drive weight mounted in the drilling string. A standard split-spoon
sampler (used for performing Standard Penetration Tests) is 2inches outside diameter (OD) and
1-3/8 inches inside diameter (ID). This standard spoon typically is avaiiable in two common lengths,
providing either 20-inch or 26-inch longitudinal clearance for obtaining 18-inch or 24-inch-long
samples, respectively. These split-spoon samplers range in size from 2-inch 0.D. to 3-1/2-inch 0.D.,
depending upon manufacturer. The larger sizes are commonly used when a larger volume of
material is required. .

5"
Rock Coring. A method in which a cortinuous solid cylindrical sample of rock or compact rock-like soil
is obtained by the use of a double tube core barrel that is equipped with an appropriate diamond-

studded drill bit which is advanced with a hydraulic rotary drilling machine.

Wire-Line Coring. As an aiternate for conventionai conng, this is vajuabie in deep hoie driiiing, since
this method eliminates trips in and out of the hole with the coring equipment. With this technique
the core barrei becomes an integrai part of the driii rod string. The driii rod serves as both a coring
device and casing. .

4.0 RESPONSIBILITIES

Manager. in consuitation wnth the project geologlst. responstble for evaluatmg the dnllmg

Al oldha mcmal ot PRy | gy Ry b cecmmaoal

requirements for the site and ap!cuylng unmng techniques that will be successiul given the study

objectives and geologic conditions at the site. He shouid aiso determine the disposal methods for
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products generated by drilling, such as drill cuttings and well development water, as well as any
specialized supplies or logistical support required for the drilling operations.

Site Geologist. Responsible for insuring that standard and approved drilling procedures are foliowed.
The geologist will generate a detailed boring log for each test hole. This log shall include a
description of materials, samples, method of sampling, biow counts, and other pertinent drilling and
testing information that may be obtained during drilling (see Attachment A of Procedure GK-1.7).
Often this position for inspecting the drilling operations may be filled by other geotechnical
personnel, such as soils and foundation engineers, civil engineers, etc.

Determination of the exact location for borings is the responsibility of the site geologist. The final
location for drilling must be properiy documented on the boring log. The general area in which the
borings are to be located will be shown on a site map included in the Work Plan.

Field Operations Leader. Responsible for overali supervision and scheduling of drilling activities.

Drilling Subcontractor. Responsibie for obtaining all drilling permits and clearances, and supplying all
services (inciuding labor), equipment and material required to perform the drilling, testing, and well
instaliation program, as well as maintenance and quality control of such required equipment except
as stated in signed and approved subcontracts.

The driller must report any major technical or analytical problems encountered in the field to the
Field Operations Leader within 24 hours, and must provide advance written notification for any
changes in field procedures describing and justifying such changes. No such changes shall be made
uniess requested and authorized in writing by the Field Operations Leader. _

The drilling subcontractor will be responsibie for following decontamination procedures specified in
the Work Plan. Upon completion of the work, the Drilling Subcontractor will be responsible for
demobilizing all equipment, cleaning up any materiais deposited on site during drilling operations,
and properly backfilling any open borings.

5.0 PROCEDURES
5.1 GENERAL
The purpose of driliing boreholes is:

¢ To determine the type, thickness, and certain physical and chemical properties of the soil,
water and rock strata which underlie the site. -

® Toinstall monitoring wells or piezometers.

All drilling and sampling equipment will be cleaned using appropriate decontamination procedures
(see Procedure SA-7.1) between samples and borings. Unless otherwise specified, it is generally
advisable to drill borings at “clean” locations first, and at the most contaminated locations last, to
reduce the risk of spreading contamination between locations. All borings must be logged by the rig
geologist as they proceed (see Procedure GH-1.4). Situations where logging would not be required
would include installation of multiple well points within a small area, or a “second attempt” boring
adjacent to a boring that could not be continued through resistant material. in the iatter case, the
boring log can be resumed S feet above the depth at which the initial boring was abandoned,

D-33-4-90-1/R1
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although the ng geologist should still confirm that the stratlgraphy at the redrilied location conforms
b s o i amrmem] jmsmdlam I olamani iftsame diffavamons moa oomwm

éiiiﬁilally with that encountered at the Gugun‘:l location. if )lguluwnt gitterences are seen, ach

hole shouid be iogged separately.
5.2 DRILLING METHODS

The selected drilling methods described below apply to dnlling in subsurface materials, including, but

not limited to, sand, gravel, clay, silt, cobbles, boulders, rock and man.made fill. Drilling methods
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should be seiected aftcr studying the site geology and terrain, purpose of drilling, waste conditions at
the site, and the overall subsurface investigation program proposed for the site. The full range of
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different drilling methods applicable to the proposed program shouid be identified with f nal
selection based on relative cost. availahility, time constraints. and how well each method meets the
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sampling and testing requirements of the mdmdual drilling program.
521  Continuous-Flight Hollow-Stem Auger Drilli

This method of drilling consists of screwing augers with a hollow stem into the ground. Cuttings are
brought to the surface by the rotating action of the auger.  This method is relatively quick and
inexpensive. Advantages.of this type of drilling include:

-® Samples can be obtained without pulling the augers out of the hole. However, this is a
poor method for obtaining grab samples from thin, discrete formations because of mixing
of soils which occurs as the material is brought to the surface. Sampling of such formations
will require the use of split-barrel or thin-wall tube samplm advanced through the hollow
core of the auger.

@ Nodrilling fluids are required.

® A well can beinstalled inside the auger steh and backfilled as the augers are withdrawn.
Disadvantages and limitations of this method of drilling include:

& Augering can only be done in unconsolidated materials. -

® The inside diameter of hollow stem augers used for well installation should be at least
‘4inches greater than the well casing. Use of such large-diameter hollow-stem augers is
more expensive than the use of smaii-diameter augers in boreholes not used for weli
installation. Furthermore, the dmty of unconsolidated materials and depths become

more of a iimiting factor. More friction is produced with the iarger diameter auger and
subsequently greater torque is needcd to advance the boring.

"® The maximum effective depth for drilling is 150 feet or less, depending on site condmons '

PR R T gy 4 gy

anda tne size ot augers used.

¢ In augering through clean sand formations below the water table, the sand will tend to
flow into the hollow stem when the plug is removed for soil sampii ng or well installation.
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a
method of drilling is recommended, in parucular for wells or borcholes deeper than
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methods require the introduction of water or mud downhole (air rotary is the exception) .
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to maintain the open borehole. With these other methods great care must be taken to
ensure that the method does not interfere with the collection of a representative sample
which is the object of the construction. With this in mind, the preferred order of choice of
drilling method after holiow-stem augering (HSA) is:

- Cabletool

- Casing drive (air)
- Airrotary

- Mud rotary

- Drive and wash

- letting

However, the use of any method will also depend on efficiency and cost effectiveness. in many cases,
mud rotary is the only feasibie alternative to hollow-stem augenng Thus, mud rotary drilling is
generally acceptabie as a first substitute for HSA.

The procedures for sampiing soils through holes driiied by holiow-stem auger shail conform with the
applicable ASTM Standards: D1587-83 and D1586-84. The hollow-stem auger may be advanced by
any power-operated drilling machine having sufficient torque and ram range to rotate and force the
auger to the desired depth. The machine must, however, be equipped with the accessory equipment
needed to perform required samphng, or rock coring.

When taking soil samples for chemical analysis, the holiow-stern auger shall be plugged until the
desired sampling depth is reached. Sampies can be taken using split-spoon or thin-wall tube sampiers
driven into the formation in advance of the auger (see Procedure GH-1.3). If the sample is to be taken
at a relatively deep point, the auger may be advanced without a plug to within 5 feet of the sample
depth. Then clean out the auger stem, insert a plug and continue to the sampling depth. The plug is
then removed and sampies taken as specified by the rig geologist. Samples should be taken
according to the specifications of the sampling plan. Any required sampling shall be performed by
rotation, pressing, or driving in accordance with the standard or approved method governing use of
the particular sampling tool. The sequence shall be repeated for each sample desired.

The holiow-stem auger may be used without the plug when boring for. gectechnical examination or
for well installation.

When drilling beiow the water table, specially designed plugs which allow passage of fonﬁation
water but not solid material shall be used (see Reference 1 of this guideline). This method also
prevents blow back and plugging of the auger when the plug is removed for sampling.

Alternately, it may be necessary to keep the hollow stem full of water, at least to the level of the
water table, to prevent blowback and plugging of the auger. If water is added to the hole, it must be
sampled and anaiyzed to determine if it is free from contaminants prior to use. In addition, the
amount of water introduced, the amount recovered upon attainment of depth, and the amount of
water extracted during well development must be carefully logged in order to ensure that a
representative sample of the formation water can be obtained. Well development should occur as
soon after well compietion as practicable (see GH-1.7 for Well Development Procedures). if gravelly
“or hard material is encountered which prevents advancing the auger to the desired depth, augering
should be halted and either driven casing or hydraulic rotary methods should be attempted. If the
depth to the bedrock/soil interface and bedrock lithology must be determined, then a 5-foot
confirmatory core run should be conducted (see Section 5.2.9).
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At the option of the Field Operations Leader, when resistant materiais prevent the advancement of
the auger, a new boring can be attempted. The original boring must be properly backfilied and the
new boring started a short distance away at a location determined by the site geoiogist. If muitiple
water beanng strata were encountered, the ongmal boring must be grouted. In some formations it
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may be prudent to ais0 grout bonngs which vmy pRNSTale e wats Waoe cqm l'l, M E 100 Wi

backfill in the boring would still provide a preferred pathway for surface liquids to reach the water
table.

5.2.2 Continuous-Flight Solid-Stem Auger Drilling

This method is similar to hollow-stem augering. Practical application of this method is severely
restricted as compared with hollow-stem augers. Split-barrel (split-spoon) sampiing cannot be done

without pulling the augers which may aliow the hole to collapse. The method is therefore very time

consuming and is not cost effective. Also, augers would have to be withdrawn before installing a
monitoring well, which again, may allow the hole to collapse. Furthermore, geologic logging by
examining the soils brought to the surface is unreliable as in the case of the hollow-stem auger, and
depth to water may be difficuit to determine while drilling. -

There would be very few situations where use of a solid stem auger would be preferable to other
drilling methods. The only practical applications of this method would be to drill boreholes for well

_ installation where no lithologic information is desired and the soiis are such that the borehole can be
expected to remain open after the augers are withdrawn. Alternatively, the technique can be used to
find depth to bedrock in an area when no other information is required from drilling.

523 Rotary Drill'ing.

Direct rotary drilling includes air rotary and fluid rotary drilling. Air rotary drilling is a method of
drilling where the drill rig sumultamously turns and exerts 8 downward pressure on the driiling rods
and bit while circulating compressed air down the inside of the drill rods, around the bit, and out the
annulus of the borehole. Air circulation serves to both cool the bit and remove the cuttings from the
borehole. Advantages of this method include:

The driiling rate is high (even in rock).

The cost per foot of drilling is relatively iow.

Air rotary rigs are common in most areas.

No drilling fluid is required (except when water is injected to keep down dust).

The borehole diameter is large, to allow room for proper well installation procedures.

Disadvantages to using this method include:

® Formations must be logged from the cuttings that are blown to the surface aﬁd thus the
depths of materials iogged are approximate.

® Air blown into the formation during drilling may “bind” the formation and impede well
development and naturai groundwater flow.

® Insitu samples cannot be taken, uniess the hole is cased.

0-33-4.90-1R1
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e Casing must generally be used in unconsolidated materials.

® Airrotary drill rigs are iarge and heavy.

A variation of the typical air-rotary drill bit is a down hole hammer which hammers the drill bit down
as it drills. This makes drilling in hard rock faster. Air rotary drills can also be adapted to use for rock
coring although they are generally siower than other types of core drilis. A major application of the

air-rotary drilling method would be to drill holes in rock for well installation.

Fluid-Rotary drilling operates in a similar manner to air rotary drilling except that a drilling fluid
(“mud”) or clean water is used in place of air to cool the drill bit and remove cuttings. There are a
variety of fluids that can be used with this drilling method, including bentonite slurry and synthetic
slurries. If a drilling fluid other than water/cuttings is used, it must be a natural clay (i.e., bentonite)
and a "background” sample of the fiuid should be taken for analysis of possibie organic or inorganic
contaminants.

Advantages to the fluid-rotary drilling method include:
e The ability to drill in many types of formations.
® Relatively quick and inexpensive.

e Split-barre! (split-spoon) or thin-wall tube samples can be obtained without removing drill
rods if the appropriate size drili rods and bits (i.e., fish-tail or drag bit) are used.

o In some borings temporary caslng may not be needed as the drilling fluids may keep the
borehoie open.

® Drill rigs are readily available in most areas.
Disadvantages to this method include:
e Formation logging is not as accurate as with hollow-stem auger method if split-barrel
(split-spoon) sampies are not taken (i.e., the depths of materials iogged from cuttings
delivered to the surface are approximnate).

e Drilling fluids reduce permeability of the formation adjacent to the boring to some degree,
and require more extensive well development than “dry” techniques (augering, air-rotary).

® Noinformation on depth to water is obtainabie while drilling.

" @ Fluids are needed for drilling, and there is some question about the effects of the drilling
fluids on water samples obtained. For this reason as well, extensive well development may
be required.

® in very porous materiais (i.e., rubble fili, boulders, coarse gravel) drilling fluids may be
continuously lost into the formation. This will require either constant repienishment of the
drilling fluid, or the use of casing through this formation.

D-33-4-90-1/R1
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® Drill rigs are large and heavy, and must be supported with supplied water.
e Groundwater samples can be potentially diluted with drilling fluid.

The procedures for performing direct rotary soil investigations and sampling shall conform with the
applicable ASTM standards: D2113-83, D1587-83, and D1586-84.

For air or fluid rotary drilling, the rotary drill may be advanced to the desired depth by any power-
operated drilling machine having sufficient torque and ram range to rotate and force the bit to the
desired depth. The drilling machine must, however, be equipped with any accessory equipment
" needed to perform required sampling, or coring. Prior to sampling, any settled drill cuttings in the
borehole must be removed. - : S

Soil samples shall be taken as specified by the Work Plan or more frequently if requested by the fieid
geologist. Any required sampling shall be performed by rotation, pressing, or driving in accordance
with the standard or approved method governing use of the particular sampling tool.

When field conditions prevent the advancement of the hole to the desired depth, a new boring may
be drilled at the request of the Field Operations Leader. The original boring shall be backfilled using
methods and materials appropriate for the given site and a new boring started a short distance away
at a location determined by the site geologist.

524 R reul Ro rilling-

The common reverse-circulation rig is a water or mud rotary rig with a large-diameter drill pipe which
circuiates the drilling water down the annulus and up the inside of the drill pipe (reverse flow
direction from direct mud rotary). This type of rig is used for the construction of large-capacity
production water wells and is not suited for small, water-quality sampling wells because of the use of
drilling muds and the large-diameter hole which is created. A few special reverse-circulation rotary
rigs are made with doubie-wall drill pipe. The drilling water or air is circulated down the annulus
between the drill pipes and up inside the inner pipe. : '

Advantages of the latter method include:
e The formation water is not contaminated by the drilling water.
® Formation sampies can be obtained, from known depths.

® When drilling with air, immediate information is availabie regarding the water-bearing
properties of formations penetrated.

® Collapsing of the hole in unconsolidated formations is not as great a problem as when
drilling with the normal air rotary rig. .

0-33-4-90-1/RY
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Disadvantages include:
e Double-wall, reverse-circulation drili rigs are very rare and expensive to operate.

e Placing cement grout around the outside of the well casing above a well screen often is
difficult, especially when the screen and casing are placed down through the inner drill
pipe before the drill pipe is pulled out.

525 Drill-through Casing Driver

The driven-casing method consists of alternately driving casing (fitted with a sharp, hardened casing
shoe) into the ground using a hammer lifted and dropped by the drill rig or an air hammer and
clcamng out the casing using a rotary chopping bit and air or water to flush out the materials. The
casing is driven down in stages (usually 5 feet per stage). A continuous record is kept of the blows per
foot in driving the casing (see Procedure GH-1.5). The casing is normally advanced by a 300-pound
hammer falling freely through a holqht of 30inches. Simultaneous washing and drmng of the casing
is not recommended. If this procedure is usod the elevations between which water is used in driving
the casing should be recorded.

The driven casing method is used in unconsolidated formations only. When the boring is to be used
for later well instaliation, the driven casing used shouid be at léast 4inches larger in diameter than
the well casing to be installed. Advantages to this method of drilling include:

e Split-barrel (spiit-spoon) sampling can be conducted while drilling.

o Well installation is easily accomplished.

e Drill rigs used are relatively small and mobile.

e The use of casing minimizes flow into the hole from upper water-bearing layers; therefore
multiple aquifers can be penetrated and sampied for rough fieid determinations of some
water quality parameters.

Some of the disadvantages include:

¢ This method can only be used in unconsolidated formations.

¢ The method is slower than other methods (average drilling progress is 30to 50 feet per
day). :

® Maximum depth of the borehole varies with the size of the drill rig and casing diameter
used, and the nature of the formations drilled.

e The cost per hour or per foot of drilling may be substantially higher than other drilling
methods.

® Itis difficult and time consuming to pull back the casing if it has been driven very deep
(deeper than 50 feet in many formations).

D-33-4-90-1R1
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5.2.6 Cable Tool Drilling
A cable tool rig uses a heavy, solid-steel, chisel-type drill bit (“tool”) suspended on a steei cable, which
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be expedited by the use of “slip-jars” which serve asa cable-actlvatod down hole percussion device to
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Whan dnll.ng fhnmnh fh. uncaturated zone, come water must ha added to the hale, The cuttings

are suspended in the water and then bailed out periodically. Below the water table, after sufﬁcnent
ground water enters the borehole to renlace the water removed by hmhnn no further water need he

added.

When soft caving formations are encountered, it is usually necessary to drive casing as the hole is
advanced to prevent collapse of the hole. Often the drilling can be only a few feet below the bottom
of the casing. Because the drill bit is lowered through the casing, the hole created by the bit is smaller
than the casing. Therefore, the casing (with a sharp, hardened casing shoe on the bottom) must be

driven into the hole (see Section 5.2.5 of this guideline).
Advantages of the cable-tool method include the following:

¢ information regarding water-bcanng zones is readily available during the drilling. Even
relative permeabilities and rough water quality data from different zones penetrated can
be obtained by skilled operators. -

® The cable-tool rig can operate satisfactorily in all formations, but is best suited for caving,
boulider, cable or coarse gravel type formations (e.g., glacial till) or formations with large
cavities above the water table (such as limestones). .

® When casing is used, the casing seals formation water out of the hole, preventing
down-hole contamination and allowing sampling of deeper aquifers for fieid-measurable
water quality parameters.

° Split-barrel (spiit-spoon) or thin-wall tube samples can be collected through the casing.

Disadvantages include:

® Driiling is siow compared with rotary rigs.

® The necessity of driving the casing in unconsoiidated formations requires that the casing be
pulled back if exposure of selected water-bcaring zones is desired. This process complicates

the weii compietion process and often increases cosis. There is aiso a chance thai the
casing may become stuck in the hole.

e The rolatively Iarge diameters nquind (minimum of 4-inch casing) plus the cost of steel
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casing result in higher costs compared to rotary drillir

required, such as use of a hollow-stem auger.

® Cabie-tool rigs have largely been replaced by rotary rigs. in some parts of the US.,
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527 JetDrilling (Washin

Jet drilling, which should be used only for piezometer or vadose zone sampler installation, consists of .
pumping water or drilling mud down through a small diameter (1/2- to 2-inch) standard pipe (steei or
PVC). The pipe may be fitted with a chisel bit or a special jetting screen. Forration materials
disiodged by the bit and jetting action of the water are brought to the surface through the annulus
around the pipe. As the pipe is jetted deeper, additional lengths of pipe may be added at the surface.

Jet percussion is a variation of the jetting method, in which the casing is driven with a drive weight.
Normally, this method is used to place 2-inch-diameter casing in shallow, unconsolidated sand
formations but has been used to install 3- to 4-inch-diameter casings to 200 feet.

Jetting is acceptabie in very soft formations, usually for shaliow sampling, and when introduction of
drilling water to the formation is acceptable. Such conditions would occur during rough stratigraphic
investigation or installation of piezometers for water level measurement. Advantages of this method
include:
e Jetting is fast and inexpensive.
e Because of the small amount of equipment required, jetting can be accomplished in
- locations where access by a normal drilling rig would be very difficult. For example, it

would be possible to jet down a well point in the center of a lagoon at a fraction of the cost
of using a drill rig. .

® Jetting numerous wel! points just into a shallow water table is an inexpensive method for
determining the water table contours, hence flow direction.

Disadvantages includé the following:

® A large amount of foreign water or drilling mud is introduced above and into the
formation to be sampled. :

® Jetting is usually done in very soft formations which are subject to caving. Because of this
caving, it is often not possibie to place a grout seal above the screen to assure that water in
the well is only from the screened interval. _

o The diameter of the casing is usually limited to 2inches; therefore, samples must be
obtained by methods applicable to small diameter casings.

@ Jetting is only possible in very soft formations that do not contain bouiders or coarse
gravel, and the depth limitation is shaliow (about 30 feet without jet percussion
equipment).

® Large quantities of water are often needed.

528 Drilling with 8 Hand Auger

This method is applicable wherever the formation, total depth of sampling, and the site and
groundwater conditions are such as to aliow hand auger drilling. Hand augering can aiso be

D-33-4.90-1/R1
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considered at locations where drill rig access is not possi ble All hand auger borings will be performed
according to ASTM D1452-80.

Sampies should be taken continuously uniess otherwise specified by the Work Plan. Any required
sampling is performed by rotation, pressing, or driving in accordance with the standard or approved
method governing use of the particular sampii~g tool. Typical equipment used for sampling and
advancing shallow “hand auger” holes are iwan samplers (which are rotated) or post hole diggers
(which are operated like tongs). This technique is slow but -effective where larger pieces of
equipment do not have access and where very shallow holes are desired (less than S feet). Surficial
soils must be composed of rdatwely soft and non-cemented formations to allow penetration by the

auger.

5.29 m’mmm:

When soil borings cannot be continued using augers or rotary methods due to the hardness of the soil
or when rock or largc bouiders are encountered, drilling and samplmg can be performed using a
diamond bit corer in accordance with ASTM D2113.

Drilling is done by rotating and applying downward pressure to the drill rods and drill bit. The driil
bit is a circular, hollow, diamond-studded bit attached to the outer core barrel in a double-tube core
barrel. The use of singie-tube core barreis is not recommended, as the rotation of the barrel erodes
the sampie and limits its use for detailed geological evaluation. Water or air is circulated down
through the drill rods and annuiar space between the core barrel tubes to cool the bit and remove the
cuttings. The bit cuts a core out of the rock which rises into an inner barrel mounted inside the outer
barrel. The inner core barrel and rock core are removed by lowering a wire line with a coupling into
the drill rods, latching onto the inner barrel and withdrawing the inner barrel. A less efficient
variation to this method utilizes a core barrel that cannot be removed without pulling all of the drill
rrods. This variation is practical only if less than 50 feet of core is required.

Core borings are made through the casing used for the soil borings. The casing must be driven and
sealed into the rock formation to prevent seepage from the overburden into the hole to be cored (see
Section 5.3 of. this guideline). A double-tube core barrel with a diamond bit and reaming shell or
equivalent should be used to recover rock cores of a size specified in the Work Plan. The most
common core barrel diameters are listed in AttachmentA. -Soft or decomposed rock should be
sampied with a driven split barrel whenever possible or cored with a Denison or Pitcher samplier.

When coring rock, including shaie and claystone, the speed of the drill and the drilling pressure,
amount and pressure of water, and length of run can be varied to give the maximum recovery from
the rock being drilled. Should any rock formation be so soft or broken that the pieces continually fall
into the hole, causing unsatisfactory coring, the hole should be reamed and a flush-joint casing
installed to a point below the broken formation. The size of the flush-joint casing must permit
securing the core size specified. When soft or broken rock is anticipated, the length of core runs
' should be reduced to iess than 5 feet to avoid core loss and minimize core disturbance.

D-33-4-90-1/R1
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Advantages of core drilling include:
e Undisturbed rock cores can be recovered for examination and/or testing.

e In formations in which the cored hole will remain open without casing, water from the
rock fractures may be recovered from the well without the installation of a well screen and
gravel pack.

e Formation logging is extremely accurate.
®  Drill rigs are relatively small and mobile. .
Disadvantages inciude:
® Waterorairis needed for drilling. 7
‘® Coringis sloyver than rotary drilling (and more expensive).
e Depth to water cannot accurately be determined if water is used for drilling.
® Thesize of the borehole is limited. |

This drilling method is useful if accurate determinations of rock lithology are desired or if open welis
are to be instalied into bedrock. To install larger diameter wells in coreholes, the hole must be
reamed out to the proper size after boring, using air or mud rotary drilling methods.

5.2.10 Drilling & Support Vehicles

in addition to the drilling method required to accomplish the objectives of the field program, the .
type of vehicle carrying the drill rig and/or support equipment, and its suitability for the site terrain,
will often be an additional deciding factor in planning the drilling program. The types of vehicies
available are extensive, and depend upon the particular drilling subcontractor’s fleet. Most large
drilling subcontractors will have a wide variety of vehicie and drill types suited for most drilling
assignments in their particular region, while smaller drilling subcontractors will usualiy have a fieet of
much more limited diversity. The weight size, and means of locomotion (tires, tracks, etc.) of the drill
rig must be selected to be compatible with the site terrajn, to assure adequate mobility between
borehole locations. Such considerations also apply to necessary support vehicles used to transport
water and/or drilling materials to the drill rigs at the borehole locations. When the drill rigs or
support vehicies do not have adequate mobility to easily traverse the site, provisions must be made
for assisting equipment, such as bulldozers, winches, timber planking, etc., to maintain adequate
progress during the drilliing program.

_ D-33-4-90-1/R!
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Some of the typical vehicies which are usually availabie for drill rigs and support equipment are:

Totally portable drilling/sampling equipment, where all necessary components (tripods,
sampiers, hammers, catheads, etc.) may be hand carried to the borehole site.
Drilling/sampling methods used with such equipment include:

- Hand augers and lightweight motorized augers

< Retractable plug samplers-—-driven by hand (hammer)

- Motorized cathead - a lightweight aluminum tripod with a small gas-engine cathead
mounted on one leg, used to install small-diameter cased borings. Thisrig is sometimes
calied a “monkey on a stick.”

Skid-mounted drilling equipment containing a rotary drill or ongme-dnvcn cathead (to lift
hammers and drill string), a pump, and a dismounted tripod. The skid is pushed, dragged
or winched (using the cathead drum) between boring locations.

Small truck-mounted drilling equipment uses a jeep, stake body or other light truck (4 to
6 wheeis), upon which are mounted the drill and/or a cathead, a pump, and a tripod or
small drilling derrick. On some rigs the drill and/or a cathead are driven by a power take-
off from the truck, instead of by a separate engine.

Track-mounted drilling equipment is similar to truck-mounted rigs, except that the vehicle
used has wide bulldozer tracks for traversing soft ground. Sometimes a continuous-track
"all terrain vehicle” is aiso modified for this purpose. Some types of tracked drill rigs are

- called “bombardier” or “weasel” rigs.

Heavy truck-mounted drilling equipment is mounted on tandem or dual tandem trucks to
transport the drill, derrick, winches, and pumps or compressors. The drill may be provided
with a separate engine or may use a power take-off from the truck engine. Large augers,
hydraulic rotary and reverse circulation rotary drilling equipment are usually mounted on
such heavy duty trucks. For soft-ground sites, the drilling equipment is sometimes
mounted on and off the road vehicle having low pressure, very wide diameter tires and
capablie of floating; these vehicies are called “swamp buggy” rigs.

Marine drilling equipment is mounted on various floating equipment for drilling borings in
lakes, estuaries and other bodies of water. The floating equipment varies, and is often
manufactured or customized by the drilling subcontractor to suit specific drilling
requirements. Typically, the range of flotation vehicles includes:

- Barrel float rigs - a drill rig mounted on a timber platform buoyed by empty 55-galion
drums or similar flotation units.

- Barge-mounted drill rigs.

- Jack-up platforms - drilling equipment mounted on a floating piatform having
retractabie legs to support the unit on the sea or lake bed when the platform is jacked
up out of the water.

- Drill ships - for deep ocean drilling.

D-33-4.90-1/R1
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in addition to the mobility for the drilling equipment, similar consideration must be given for
equipment to support the drilling operations. Such vehicies or floating equipment are needed to
transport drill water, drilling suppiies and equipment, sampies, drilling personnel, etc. to and/or from
various boring locations. '

5.2.11 EquipmentSizes

in planning subsurface expioration programs, care must be taken in specifying the various drilling
components, so that they will fit properly in the boring or well.

For drilling open boreholes using rotary drilling equipment, tri-cone drill bits are empioyed with air,
water or drilling mud to remove cuttings and cool the bit. Tri-cone bits are slightly smaller than the
holes they drill (i.e., 5-7/8-inch or 7-7/8-inch bits will nominally drill 6-inch and 8-inch holes,

respectively).

For obtaining split-barrel samples of a formation, samplers are manufactured in sizes ranging from
2inches to 4-172inches in outside diameter. However, the most commonly used size is the
2-inch 0.D., 1-3/8-inch L.D. split-barrel sampler. When this sampler is used, and driven by a 140-pound
(£ 2-pound) hammer dropping 30inches (£ 1inch), the procedure is called a Standard Penetration
Test, and the biows per foot required to advance the sampler into the formation can be correlated to
the formation’s density or strength. '

in planning the drilling of boreholes using holiow-stem augers or casing, in which thin-wall tube
sampies or diamond core drilling will be performed, refer to the various sizes and clearances provided
in Attachment A of this guideline. Sizes selected must be stated in the Work Plan.

5.2.12 Estimated Drilling Progress

To estimate the ahticipated rates of drilling progress for a site the following must be considered:
® The speed of the drilling method employed.

® Applicable site conditions (e.g., terrain, mobility between borings, difficult drilling
conditions in bouldery soils, rubble fill or broken rock, etc.). :

® Project-imposed restrictions (e.g., drilling while wearing persbnal protective equipment,
decontamination of drilling equipment, etc.).

Based on recent experience in drilling average soil conditions (no boulders) and taking samples at
S-foot intervals, for moderate depth (30 feet to 50 feet) boreholes (not including instaltation or
development of wells), the following daily rates of total drilling progress may be anticipated for the
foliowing driliing methods:

D-334-90-1R1
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DrillingMethod Aver ‘3::::'}':39"“
Hollow-stem augers , 75
Solid-stem augers ~ 50° .
Mud Rotary Drilling 100° {cuttings samples)
Reverse Circulation Rotary 100’ (cuttings samples)
Skid Rig with driven casing 30°
Rotary with driven casing 50°
Cable Tool _ 30
Hand Auger Varies
ContinuousRock Coring - SO’

53  PREVENTION OF CROSS-CONTAMINATION

A telescoping or muitipie casing technique minimizes the potential for the migration of
contaminated groundwater to lower strata below a confining layer. The telescoping technique
consists of drilling to a confining layer utilizing a spun casing method with a diamond cutting or
augering shoe, (a method similar to the rock coring method described in Section 5.2.9, except that
larger casing is used) or a driven-casing method (see Section 5.2.5 of this guideline), and installing a
specified diameter steel well casing. The operation consists of three separate steps. Initially, a drilling
casing usually of 8-inch diameter is installed followed by installation of the well casing (6-inch-
diameter is common for 2-inch wells). This well casing is driven into the confining layer to insure a
tight seal at the bottom of the hole. The well casing is sealed at the bottom with a bentonite~cement
slurry The remaining depth of the boring is drilled utilizing a narrower diameter spun or driven
casing technique within the outer well casing. A smaller diameter well casing with an appropriate
length of slotted screen on the iower end is instalied to the surface.

Clean sand is placed in the annulus around and to a point about 2 feet above the screen prior to
withdrawal of the drilling casing. The annular space above the screen and to a point 2 feet above the
bottom of the outer well casing is sealed with a tremied cement-bentonite slurry which is
pressure-grouted or displacement-grouted into the hole. The remaining casing annulus is backfilled
with clean material and grouted at the surface, or it is grouted all the way to the surface.

54 CLEANOUT OF CASING PRIOR TO SAMPLING

The boring hole must be completely cieaned of disturbed soil, segregated coarse material and clay
adhering to the inside walls of the casing. The cleaning must extend to the bottom edge of the casing
and, if possibie, a short distance further (1 or 2inches) to bypass disturbed soil resuiting from the
advancement of the casing. Loss of wash water during cleaning should be recorded.

D-33-2-90-1/R1




A .

Subject Number Page

GH-1.3 ’ 17 of 31

SOIL AND ROCK DRILLING AND Revion " | Eftecove Date
SAMPLING METHODS 2 01/02/92

For disturbed samples both above and below the water tabie and where introduction of relatively
large volumes of wash water is permissible, the cleaning operation is usually performed by washing
the material out of the casing with water; however, the cleaning should never be accomplished with .
a strong, downward-directed jet which will disturb the underlying soil. When ciean-out has reached
the bottom of the casing or slightly below (as specified above), the string of tools shouid be lifted one
foot off the bottom with the water still flowing, until the wash water coming out of the casing is ciear
of granular soil particies. In formations where the cuttings contain gravel and other larger particles,
it is often useful to repeatedly raise and iower the drill rods and wash bit while washing out the hole,
to surge these large particies upward out of the hole. As a time saver, the drilling contractor may be
permitted to use a split-barrel (split-spoon) sampier with the ball check valve removed as the
clean-out tool, provided the material below the spoon is not disturbed and the shoe of the spoon is
not damaged. However, because the ball check vaive has been removed, in some formations it may
be necessary to install a flap valve or spring sample retainer in the split-spoon bit, to prevent the
sample from falling out as the sampler is withdrawn from the hole. The use of jet-type chopping bits
is discouraged except where large bouiders and cobbies or hard-cemented soiis are encountered. If
water markedly softens the soils above the water table, clean-out should be performed dry with an
auger. .

For undisturbed sampies beiow the water table, or where wash water must be minimized, clean out is
usually accomplished with an appropriate diameter clean-out auger. This auger has cutting blades at
the bottom to carry loose material up into the auger, and up-turned water jets just above the cutting
blades to carry the removed soil to the surface. In this manner there is 2 minimum of disturbance at
the top of the material to be sampled. If any gravel material washes down into the casing and cannot
be removed by the cleanout auger, a split-barrel sample can be taken to remove it. Bailers and
sandpumps should not be used. For undisturbed samples above the groundwater table, all
operations must be performed in a dry manner.

if all of the cuttings created by drilling through the overlying formations are not cleaned from the
borehoie prior to sampling, some of the problems which may be encountered during sampling
include: '

® When sampling is attempted through the cuttings remaining in the borehole, all or part of
the sampler may become filled with the cuttings. This limits the amount of sample from
the underlying formation which can enter and be retained in the sampler, and aiso raises
questions on the validity of the sample.

o If the cuttings remaining in the borehole contain coarse gravel and/or other large particles,
these may block the bit of the sampler and prevent any materials from the underlying
formation from entering the sampier when the sampiler is advanced.

¢ in cased borings, should sampling be attempted through cuttings which remain in the
lower portion of the casing, these cuttings could cause the sampler to become bound into
the casing, such that it becomes very difficult to either advance or retract the sampler.

® When sampler blow counts are used to estimate the densify or strength of the formation
being sampied, the presence of cuttings in the borehole will usually give erroneously high
sampie blow counts.

_To confirm that all cuttings have been removed from the borehole prior to attempting sampling, it is
important that the rig geologist measure the “stickup® of the drill string. This is accomplished by
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measuring the assembled iength of all drill rods and bits or sampiers (the drill string) as they are
lowered to the bottom of the hoie, below some convenient reference point of the drill string; then to
measure the height of this reference point above the ground surface. The difference of these
measurements is the depth of the drill string (lower end of the bit or sampier) beiow the ground
surface, which must then be compared with the depth of sampliing required (instalied depth of casing
or depth of borehoie driiled). if the iength of driil string beiow grade is more than the drilied or
casing depth, the borehole has been cleaned too deeply, and this deeper depth of sampling must be
recorded on the log. If the length of drill string below grade is less than the drilied or casing depth,
the difference represents the thickness of cuttings which remain in the borehole. In most cases, an
inch or two of cuttings may be left in the borehole with littie or no problem. However, if more than a
few .inches for cuttings are encount«ed tho borehole must bo ndumd prior to attcmptung

samplmg

535 MAT uum OF CONSTRUCTION

The effects of monitoring well construction materials on specific chemical analytical parameters are
described and/or referenced in FT-7.01. However, there are several materials used during drilling,
particularly drilling fluids and lubricants, which must be used with care to avoid compromising the
representativeness of soil.and ground water samples. '

The use of synthetic or organic polymer slurries is not permitted at any location where soil samples for
chemical analysis are to be collacted. - These slurry materials could be used for instaliation of long
term monitoring wells, but the early time data in time series collection of ground water data may
then be suspect. If synthetic or organic polymer muds are proposad for use at a given site, a compiete
written justification including methods are procedures for their use must be provided by the site -
geologist and approved by the site manager. The specific slurry composition and the concentration of
selected chemicals for each site must be known.

For many drilling operations, potable water is an adequate lubricant for drill stem and drifling tool
connections. However, there are instances, such as drilling in tight clayey formations or in loose
graveis, when threaded couplings must be lubricated to avoid binding. In these instances, to be
determined in the field at the judgment of the site geologist and noted in the Site Logbook, and only
after approval by the site manager, a vegetabie oil or silicone- based lubricant should be used.
Petroleumn based greases, etc. will not be permitted. Samples of lubricants used must be provnded and
analyzed for chemical parameters appropmte to the given site.

5.6 SUBSURFACE SOIL SAMPLES

Subsurface soil sampies are used to characterize subsurface stratigraphy. This characterization can
indicate the potential for migration of chemical contaminants in the subsurface. In addition,
definition of the actual migration of contaminants can be obtained through chemical analysis of the
soil samples. Where the remedial activities may include in-situ treatment or the excavation and
removal of the contaminated soil, the depth and areal extent of contamination must be known as
accurately as possible.

Engineering and physical properties of soil may aiso be of interest should site construction activities
be planned. Soil types, grain size distribution, shear strength, compressibility, permeability, plasticity,
unit weight, and moisture content are some of the physical characteristics that may be determined
for soil samples.

D-33-4-90-1R1
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Penetration tests are aiso described in this procedure. The tests can be used to estimate various
physical and engineering parameters such as relative density, unconfined compressive strength, and
consolidation characteristics of soils.

The procedures described here are representative of a larger number of possible drilling and
sampling techniques. The choice of techniques is based on a large number of variables such as cost,
local geology, etc. The final choice of methods must be made with the assistance of drilling
subcontractors familiar with the local geologic conditions. Alternative techniques must be based
upon the underlying principles of quality assurance implicit in the following procedures.

5.6.1 Eguipment
' The following equipment is used for subsurface soil sampling and test boring:

e Drilling equipment, provided by subcontractor.

‘@ split-barrel (split-spoon) samplers, O.D. 2inches, LD. 1-3/Binches, either 20-inch or
26 inches long. Larger O.D. samplers are availabie if a larger volume of sample is needed.
A common size is 3-inch 0.D. (2-1/2-inch |.D.).

e Thin-walled tubes (Shelby), 0.D. 2 to 5 inches, 18 to 54 inches long.

e Drive weight assembly, 140-lb. (£ 2 Ib.) weight, driving head and guide permitting free fall
of 30inches (£ 1 inch).

® Drive weight assembly, 300-lb. ( £ 2 Ib.) weight, driving head and guide permitting free fall
of 18inches (£ 1inch).

® Accessory equipment, including iabels, iogbook, paraffin, and sample jars.
5.6.2  Split-barrel (Split-S Sampling (ASTM D1586-84)
The following method will be used for split-barrel sampling:

o Clean out the borehole to the desired sampling depth using equipment that will ensure
that the material to be sampled is not disturbed by the operation. In saturated sands and
silts, withdraw the drill bit slowly to prevent loosening of the soil around the hole and
maintain the water level in the hole at or above groundwater level. ,

e Side-discharge bits are permissible. A bottom-discharge bit shali not be used. The process
of jetting through an open tube sampier and then sampling when the desired depth is
reached shall not be permitted. Where casing is used, it may not be driven below the
sampling elevation.

® Install the split-barrel sampler and sampling rods into the boring to the desired sampling
depth. After seating the sampier by means of a single hammer blow, three 6-inch
increments shall be marked on the sampling rod so that the progress of the sampler can be
monitored. .

D-33-2-90-1R1
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5.6.3

The 2-inch O.D. split-barrel sampler shall be driven with biows from a 140-lb. (£ 21b.)
hammer falling 30inches (£ 1inch) until either a total of 50 blows have been applied
during any one of the three 6-inch increments, a total of 100 blows have been applied,
there is no observed advance of the sampler for 10 successive hammer biows, or until the
sampier has advanced 18inches without reaching any of the blow count limitation
constraints described herein. This process is referred to as the Standard Penetration Test.

A 300-ib. weight falling 18 inches is sometimes used to drive a 2-1/2-inch or 3-inch O.D.
spoon sampler. This procedure is used where dense materials are enountered or when a
large volume of samplie is required. However, this method does not conform the ASTM
specifications.

Repeat this operation at intervals not greater than 5 feet in homogeneous strata, or as
specified in the ampling pian.

Record the number of blows required to effect sach Sinches of penetration or fraction

thereof. The first 6inches is considered to be seating drive. The sum of the number of
blows required for the second and third 6 inches of penetration is termed the penetration
resistance, N. If the sampler is driven less than 18 inches, the penetration resistance is that
for the last 1 foot penetrated.

Bring the sampier to the surface and remove both ends and one-half of the split barrel so
that the soil recovered rests in the remaining haif of the barrel. Describe carefully the
sample interval, recovery (length), compaosition, structure, cansistency, color, condition,
etc., of the recovered soil then put a representative portion of each sample into a jar,
without ramming. Jars with sampies not taken for chemical analysis shall be sealed with
wax, or hermetically sealed (using a teflon cap liner) to prevent evaporation of the soil
moisture, if the samplie is to be iater evaiuated for moisture content. Affix labels to the jar
and compiete Chain-of-Custody and other required sampie data forms. Protect sampies
against extreme temperature changes and breakage by placing them in appropriate
cartons stored in a protected area. Pertinent data which shall be noted on the iabel or
written on the jar lid for each sampie includes the project number, boring number, sample
number, depth interval, biow counts, and date of sampling.

An addition to the sampler mentioned above is an internal liner, which is split
longitudinally and has a thin-wall brass, steel, or paper liner inserted inside, which will
preserve the sample. However, since the development of the thin-walled sampiers
(mentioned below) the split-barrel sampler with liner has declined in use.

Thin-Walled Tu helby Tube) Sampliing (A D1587-83

When it is desired to take undisturbed samples of soul thin-walled sumless tube samplers (Shelby
tubes) will be used. The following method will be used:

e (lean out the borehole to the sampling depth, being careful to minimize the chance for

disturbance of the material to be sampied. in saturated materials, withdraw the drill bit
siowly to prevent loosening of the soil around the borehole and maintain the water level in
the hole at or above groundwater level.

D-33-4.90-1R1
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The use of bottom discharge bits or jetting through an open-tube sampler to clean out the
hole shall not be allowed. Any side discharge bits are permitted.

A stationary piston-type sampler may be required to limit sample disturbance and aid in
retaining the sample. Either the hydraulically operated or control rod activated-type of
stationary piston sampier may be used. Prior to inserting the tube sampier in the hole,
check to ensure that the sampler head contains a check vaive. The check vaive is necessary
to keep water in the sampling rods from pushing the sampie out of the tube sampler
during sample withdrawal and to maintain a suction within the tube to help retain the
sample.

To minimize chemical reaction between the sample and the sampling tube, brass tubes
may be required, especially if the tube is stored for an extended time prior to testing.
While steel tubes coated with shellac are less expensive than brass, they are more reactive,
and shall only be used when the sample will be tested within a few days after sampling or if
chemical reaction is not anticipated. With the sampling tube resting on the bottom of the
hole and the water level in the boring at the groundwater level or above, push the tube
into the soil by a continuous and rapid motion, without impacting or twisting. in no case
shall the tube be pushed farther than the iength provided for the soil sample. Allow about
3 inches in the tube for cuttings and siudge.

Upon removal of the sampier tube from the hole, measure the length of sample in the tube
and also the length penetrated. -Remove disturbed material in the upper end of the tube
and measure the length of sample again. After removing at ieast an inch of soil from the
iower end and after inserting an impervious disk, seal both ends of the tube with at least a
1/2-inch thickness of wax applied in a way that will prevent the wax from entering the
sample. Newspaper or other types of filler must be placed in voids at either end of the
sampler prior to sealing with wax. Place plastic caps on the ends of the samipler, tape in the
caps place, and dip the ends in wax.

Affix labels to the tubes as required and record sample number, depth, penetration, and
recovery iength on the label. Mark the same information and “up” direction on the tube
with indelible ink, and mark the end of the sample. Compiete Chain-of-Custody and other
required forms. Do not allow tubes to freeze and store the sampies vertically (with the
same orientation they had in the ground, i.e., top of sample is up) in a cool place out of the
sun at all times. Ship samples protected with suitable resilient packing material to reduce
shock, vibration, and disturbance. '

Thin-walled undisturbed tube samplers are restricted in their usage by the consistency of the soil to
be sampied. Often, very loose and/or wet sampies cannot be retrieved by the sampiers, and soils with
a consistency in excess of very stiff cannot be penetrated by the sampler. Devices such as Denison or
Pitcher core samplers can be used to obtain undisturbed samples of stiff soils. Using these devices
normally increases sampling costs and therefore their use shall be weighed against the increased cost
and the need for an undisturbed sample. in any case, if a sample cannot be obtained with a tube
sampler, an attempt shall be made with a split-barrel sampler at the same depth so that at least a
sampie can be obtained for classification purposes.
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5.6.4 Continuous Core Soil Samples

The CME continuous sample tube system provides a method of sampling soil continuously during
hollow-stem augering. The 5-foot sampie barrel fits within the lead auger of a holiow-auger column.
The samping system can be used with a wide range of I.D. hollow-stem augers (from 3-1/4-inch to
8-1/4-inch 1.D.). This method has been used to sampie many different materials such as glacial drift,
hard clays and shales, mine tailigs, etc. This method is particularly used when SPT sampies are not
required and a large volume of material is needed. Aiso, this method is useful when a visual
" description of the subsurface lithology is required.

5.7 SURFACE SOIL SAMPLES

For ioosely packed earth or waste pile sampies, stainiess steel scoops or trowels can be used to collect
representative samples. For densely packed soils or deeper soil sampies, a hand or power soil auger
may be used. .

The following methods are to be used:

e Use a soil auger for deep samples (6 to 24 inches) or a scoop or trowel for surface samples.
Remove debris, rocks, twigs, and vegetation before collection of soil. Mark the location
with a numbered stake if possible and locate sampie points on a sketch of the site.

¢ Use a new or freshiy-decontaminated sampler for each sampie taken. Attach a label and
identification tag. Record all required information in the field logbook and on the sampie
log sheet, Chain-of-Custody record, and other required forms.

® Pack and ship accordingly.

¢ When a representative composited sampie is to be prepared (e.g., samples taken from a -
gridded area or from several different depths), it is best to composite individual samples in
the Iabomory where they can be more precisely composited on a weight or volume basis.
if this is not possible, the individual samples (all of equal volume, i.e., the sample botties
shall be full) shall be placed in a decontaminated stainless steel bucket, mixed thoroughly
using a stainiess steel spatula or trowel, and a composite sample collected.

S8  WASTEPILE SAMPLES

The use of stainiess steel scoops or trowels to obtain small discrete samples of homogeneous waste
piles is usuaily sufficient for most conditions. ‘Layered (nonhomogeneous) piles require the use of
tube samplers to obtain cross-sectional samples.

e Collect small, equal portions of the waste from several points around the pile, penetrating
it as far as practical. Use numbered stakes, if possibie, to mark the sampling locations and
locate sampling points on the site sketch.

¢ Place the waste sampie in a giass container. Attach a iabel and identification tag. Record
all the required information in the field logbook and on the sampie log sheet and other
required forms. ’

0-33-4-90-1R1




.

Subject _ Number Page

GH-1.3 23 of 31

SOIL AND ROCK DRILLING AND — Efrecuve Date
SAMPLING METHODS 2 01/02/92

For layered, nonhomogeneous piles, grain sampiers, sampling triers, or waste pile sampiers must be
used at several representative locations to acquire a cross section of the pile. The basic steps to obtain

each sampie are:

® insert a sampler im§ the pile at a 0- to 45-degree angle from the horizontal to minimize
spillage.

® Rotate the sampler once or twice to cut a core of waste material. Rotate the grain sampler
inner tube to the open position and then shake the sampler a few times to aliow the
material to enter the open slits. Move the samplier into position with siots upward (grain
sampler closed) and slowly withdraw from the pile.

5.9 ROCK SAMPLING (CORING) (ASTM D21 15-83)

Rock coring enables a detailed assessment of borehole conditions to be made, showing precisely all
lithologic changes and characteristics. Because coring is an expensive drilling method, it is commonly
used ‘for shallow studies of 500 feet or less, or for specific intervals in the drill hole that require
detailed logging and/or analyzing. It can, however, proceed for thousands of feet continuously,
depending on the size of the drill rig. It yieids better quality data than air rotary drilling, although at
a substantially reduced drilling rate. Rate of driliing varies widely, depending on the characteristics of
lithologies encountered, drilling methods, depth of drilling, and condition of drilling equipment.
Average output in a 10-hour day ranges from 40 to over 200 feet. Downhole geophysical logging or
television camera monitoring is sometimes used to compiement the data generated by coring.

Borehole diameter can be drilled to various sizes, depending on the information needed. Standard
sizes of core barrels (showing core diameter) and casing are shown in Attachment No. 1.

Core drilling is used when formations are too hard to be sampied by soil sampling methods and a
continuous solid sample is desired. Usually, soil samples are used for overburden, and coring begins in
sound bedrock. Casing is set into bedrock before coring begins to prevent ioose material from
entering the borehole, to prevent loss of drilling fluid, and to prevent cross contamination of
aquifers.

Drilling through bedrock is initiated by using a diamond-tipped core bit threaded to a drill rod (outer
core barrel) with a rate of drilling determined by the downward pressure, rotation speed of drill rods,
drilling fluid pressure in the borehole, and the characteristics of the rock (mineralogy, cementation,
weathering).

59.1 Diamond Core Drilling

A penetration of typically less than 6inches per 50 blows using 2 140-ib. hammer dropping 30 inches
with a 2-inch split-spoon sampler shall be considered an indication that soil sampling methods may
not be applicable and that coring may be necessary to obtain samples.
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When formations are encountered that are too hard to be sampied by soil sampling methods, the
following diamond core drilling procedure may be used.

e Firmly seat a casing into the bedrock or the hard material to prevent ioose materials from
entering the hole and to prevent the loss of drilling fluid return. Level the surface of the
rock or hard material when necessary by the use of a fishtaii or other bits. If the drill hole
can be retained open without the casing and if cross contamination of aquifers in the
unconsolidated materials is unlikely, it may be omitted. -

® Begin the core drilling using a double-tube swivel-core barrel of the desired size. After
drilling no more than 10 feet (3 m), remove the core barrel from the hole, and take out the
core. If the core blocks the flow of the drilling fluid during drilling, remove the core barrei
immediately. In soft materials, a large starting size may be specified for the coring tools;
where local experience indicates satisfactory core recovery or where hard, sound materials
are anticipated, a smaller size or the single-tube type may be specified and longer runs may
bedrilled. NX/NW size coring equpment is the most commonly used size.

® When soft materials are encountered that produce less than 50 percent recovery, stop the
core drilling. If soil samples are desired, secure such samples in accordance with the
procedures described in ASTM Method D 1586 (Split-barrel Sampling) or.in Method D 1587
(Thin-Walled Tube Sampling) for Sampling of Soils (see Section5.1.1 and 5.1.2). Resume.
diamond core drilling when refusal materiais are again encountered.

® Since rock structures and the occurrence of seams, fissures, cavities, and broken areas are
among the most important items to be detected and described, take speciai care to obtain
and record these features. If such broken zones or cavities prevent further advance of the
boring, one of the foliowing three steps shall be taken: (1) cement the hole; (2) ream and
case; or (3)case and advance with the next smaller size core barrel, as the conditions
warrant.

® Insoft, stamy, or othorwuso unsound rock, where core recovery may be dlfﬁcult, M-destgn
core barrels may be used. In hard, sound rock where a high percentage of core recovery is
anticipated, the singie-tube core barrel may be empioyed.

5.9.2  Rock Sample Preparation and Documentation

Once the rock coring has been compieted and the core recovered, the rock core shall be carefully
removed from the barrel, placed in a core tray (previously labelied “top” and “bottom” to avoid
confusion), classified, and measured for percentaqe of recovery as well as the rock quality designation
(RQD). Each core shall be described, classified, 2~c logged using a uniform system as presented in
Procedure GH-1.4. If moisture content will be determined or if it is desirabie to prevent drying (e.g.,
to prevent shrinkage of clay formations) or oxidation of the core, the core shall be wrapped in plastic
sleeves immediately after logging. Each plastic sieeve shall be labeled with indelible ink. The boring
number, run number, and the footage represented in each sieeve shall be included, as well as the top .
and bottom of the core run.

After sampling, rock cores shall be placed in the sequence of recovery in well-constructed wooden
boxes provided by the drilling contractor. Rock cores from two different borings shall not be placed
in the same core box uniess accepted by the Site Geologist. The core boxes shail be constructed to
accommodate at least 20 linear feet of core in rows of approximately 5 feet each and shall be

D-33-4-90-1/R1




. Number Page '
e GH-1.3 25 of 31
SOIL AND ROCK DRILLING AND Revisron EHrecuve Date
SAMPLING METHODS 2 01/02/92

constructed with hinged tops secured with screws, and a latch (usually a hook and eye) to keep the
top securely fastened down. Wood partitions shall be piaced at the end of each core run and
between rows. The depth from the surface of the boring to the top and bottom of the drill run and
run number shall be marked on the wooden partitions with indelibie ink. A wooden partition
(wooden block) shall be placed at the end of each run with the depth of the bottom of the run

 written on the block. These blocks will serve to separate successive core runs and indicate depth
intervals for each run. The order of placing cores shall be the same in all core boxes. Rock core shall
be placed in the box so that, when the box is open, with the inside of the lid facing the observer,the
top of the cored interval contained within the box is in the upper left comer of the box,and the
bottom of the cored interval is in the lower right corner of the box (see Attachment 2). The top and
bottom of each core obtained and its true depth shall be ciearly and permanently marked on each
box. The width of each row must be compatible with the core diameter to prevent lateral movement
of the core in the box. Similarly, an empty space in a row shall be filled with an appropriate filler
material or spacers to prevent longitudinal movement of the core in the box.

The inside and outside of the core-box lid shall be marked by indelible ink to show all pertinent data
on the box's contents. At a minimum, the following information shall be inciuded:

Project name

Project number

Boring number

Run numbers

Footage (depths)

Recovery

RQD (%)

Box number and total number of boxes for that boring (Example: Box 5 of 7).

For easy retrieval when core boxes are stacked, the sides and ends of the box shall aiso be labeled and
include project number, boring number, top and bottom depths of core and box number.
Attachment No. 2 iliustrates a typical rock core box.

Prior to final closing of the core box, a photograph of the recovered core and the labeling on the
inside cover shall be taken. If moisture content is not critical, the core shall be wetted and wiped
ciean for the photograph. (This will heip to show true colors and bedding features in the cores).
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Attachment A - Drilling Equipment Sizes.
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ATTACHMENT 1
STANDARD SIZES OF CORE BARRELS AND CASING
Nominal* Set Size*
Coring Bit Size
: 0.D. L.D. 0.D. L.D.
RWT 1 5/32 34 1.160 735
EWT 112 29/32 1.470 905
EX, EXL, EWG, EWM 112 13/16 1.470 845
AWT. 178 1932 1.875 1.281
AX, AXL, AWG, AWM 178 13716 1.875 1.185
BWT 238 134 2.345 1.750
BX, BXL, BWG, BWM 238 158 2.345 1.655
NWT 3 25116 2.965 2313
NX, NXL, NWG, NWM 3 218 2.965 2.155
HWT 3 29/32 3316 3.889 3.187 -
HWG 3 29/32 3 3.889 3.000
234 x 378 38 234 3.840 2.690
4 x512 512 a. 5.435 3.970
6 x 734 7 34 6 + 7.655 5.970
AXWireline __| / 1778 1. 1.875 1.000
BXWireline __| / 238 1716 2.345 1.437
NX Wireline __ | / 3 1 15/16 2.965 1.937

* All dimensions are in inches; to convert ta millimeters, multiply by 254.
|/ Wireline dimensions and designations may vary according to manufacturer.
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ATTACHMENT 1
STANDARD SIZES OF CORE BARRELS AND CASING
PAGE TWO
Size Designations i i Approximate Core
t g Casing Coupling Diameter
Casing; . .
c:sling Casing . Casing Core Drill rod
ng . barrel
coupling; 0.D., - { bit, 0.D., bit 0.0 0.D.,
. Rod; Rod | inches ~ . Inches ‘o | Inches | Normal, | Thinwall
. c‘”ng coup"ngs 0. D ‘-D-, ) . 'm '
bits; Core “Inches | inches - , inches Inches
barrel B
bits .
RX RW 1437 | 1.437 | 1.188 | 1.485 1160 | 1094 | — 735
- EX E 1.812 1.812 1.500 | 1.875 1470 | 1313 .845 905
AX A 2250 | 2250 | 1.906 | 2.345 1.875 | 1.625 1.185 1.281
BX B 2.875 2.875 2.375 2.965 2.345 1.906 1.655 1.750
NX N 3.500 3500 | 3000 | 3.615 2965 | 2375 2.155 2313
HX HW 4.500 4500 | 3938 4.625 3.890 3.500 3.000 | 3.187
RW RW 1.437 ' ] 1.485 1.160 1.094 | — 735
EW EW 1.812 , | 1875 1.470 1.375 .845 .905
AW AW 2.250 2.345 1.875 1.750 1.185 1.281
BW BW | 2875 - 2.965. 2.345 2.125 1.655 1.750
NW | NW 3.500 ' 3.615 2.965 2.625 2.155 2.313
HW HW 4.500 . 4.625 3.890 3.500 3.000 3.187
PW - 5.500 : 5.650 - - - -
W -— 6.625 6.790 -— -— . -—
uw — 7.625 : 7.800 -— -_— — -—
w - 8625 8.810 - - |- =
-— AX_| / -— - -— C— 1.875 1.750 1.000 | —
- BX_1| / - - - | - 2345 | 2250 1437 | —
- NX_] / -— -— -— -— 2.965 2.813 1937 | -
"* Forhole diameter approximation, assume 1/32-inch Iarger than core barrel bit.
—1_/ Wireline designation, drill rod only, serves as both casing and drill rod. Wire line core bit, and
core diameters vary sllghtly according to manufactur«
NOMINAL DIMENSIONS FOR DRILL CASINGS AND ACCESSORIES. (DIAMOND
CORE DRILL MANUFACTURERS ASSOCIATION). 288-D-2889.
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ATTACHMENT 2
TYPICAL ROCK CORE BOX
{(NOT TO SCALE)
80X 20f 3
»lOHNG 8-3 : ABC DISPOSAL
[ RUN  DEPTH.FT  RECOVERY%,  RQGD%
6 28.0-650 90 s
? 65.0-700 100 100
SCREW HOLES =HINGES
TOP
P—
|
ARATORS
([ — T ————
l BOTTOM

CORE BOX (OBLIQUE VIEW)

ABC DISPOSAL
BORING B-3
BOX 20of 3

CORE BOX (TOP VIEW)

CORE BOX  (END VIEW)
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ATTACHMENT A
DRILLING EQUIPMENT SIZES
. Designation 0.D. LD Coupling 1.D.
Drilling Component or(l'mu (Inches) (inches) ( azmgs )D
‘| Hollow-stem Augers (Ref. 7) 6 1/4 . 5 2 14
6 3/4 S5 34 2 34 -—
74 6 14 314 —
13 1/4 12 6 —-—
Thin Wall Tube Samplers - 2 178 -
(Ref. 7) - 212 238 -
— 3 278 —_
- 3R 338 -
— 4172 4 3/8 —
-— 5 4 34 -—
Drill Rods (Ref. 7) RW 1 3732 23/32 13732
EW 138 15/16 7716
AW 134 114 5/8
BW 218 134 3/4
NW 258 2 14 138
HW 3172 3 1716 2 3/8
E 1 5/16 7/8 7116
A 158 1178 9/16
B 17/8 114 5/8
N 238 2 1
Wali Thickness
, (Inches)
Driven External Coupled 212 . 2.875 2.323 0.276
Extra Strong Steel*® Casing 3 3.5 2.9 0.300
(Ref. 8)
312 . 4.0 3.364 0.318
4 4.5 3.826 0.337
S 5.63 4813 0.375
6 - 6.825 5.761 0.432
8 - 8.625 7.625 0.500
10 10.750 9.750 0.500
12 12.750 11.750 0.500

»

Add twice the casing wall thickness to casmg 0.D. to obtain the approximate O. D. of the
external plpe couplings.
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ATTACHMENT A
DRILLING EQUIPMENT SIZES
PAGE TWO
Designation or o.D. - 1D Coupling 1.D.
Drilling Component ":::::::)e (inches) (inches) (l:chzs)
Flush Coupled Casing RX 1716 13/16 1 3/16
(Ref.7) EX 1 13/16 158 112
AX 214 2 1 29/32
BX 278 2 916 238
NX 312 3 316 3
HX 4 12 4 1/8 3 1516
Fiush Joint Casing RW 17116 1 3/16
(Retf.7) EW 1 13/16 112
AW -2 Y4 1 29732
BW 278 238
NW 312 3
HW 4 172 4
PW 512 5
SW. 6 58 6
uw 7 58 7
w 8 558 8
Diamond Core Barrels EWM 112 7/8**
(Ref. 7) AWM 178 1 178"
BWM 238 1 5/8**
NWM 3 21/8
HWG 378 3
23/4 x 378 378 2 1116 .
4 x 512 S 12 3 15716
6 x 7 3/4 7 3/4 5 15/16
AQ (wireline) 1 57/64 1 1/16**
BQ (wireline) 2 23/64 1 .7/16**
NQ (wireline) 2 63/64 17/8
HQ (wireline) 3 25/32 212
** Because of the fragile nature of the core and the difficulty to identify rock details, use of
small-diameter core (1 3/8") is not recommended.
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10 PURPOSE

The purpose of this document is to establish standard procedures and technical guidance on borehoie
and sample logging.

20  SCOPE

These procedures provide descriptions of the standard techniques for borehole and sample logging.
" These techniques shall be used for each boring logged to provide consistent descriptions of
subsurface lithology. While experience is the only method to develop confidence and accuracy in the
description of soil and rock, the field geologist/engineer can do a good job of classification by careful,
thoughtful observation and by being consistent throughout the classification procedure.

3.0 GI.OSSARY
None.
4.0 RESPONSIBILITIES

Site Geologist. Responsible for supervising all boring activities and assuring that each borehole is
compietely logged. if more than one rig is being used onsite the Site Geologist must make sure that
each field geologist is properly trained in logging procedures. A brief review or training session may
be necessary prior to the start up of the field program and/or upon compietion of the first boring.

50 = PROCEDURES

The classification of soil and rocks is one of the most important jobs of the field geologist/engineer.
To maintain a consistent flow of information, it is imperative that the field geologist/engineer
understand and accurately use the field classification system descnbed in this SOP. This |dentxﬁcat:on -
is based on visual examination and manual tests.

5.1 MATERIALS NEEDED
When logging soil and rock samplies, the geologist or engineer may be equipped with the following:

Rock hammer

Knife

Camera

Dilute HCl

Ruler (marked in tenths and hundnths of feet)
Hand Lens

5.2 CLASSIFICATION OF SOILS

All data shall be written directly on the boring log (Exhibit 4-1) or in a field notebook if more space is
needed. Details on filling out the boring log are discussed in Section 5.5.
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5.2.1  USCs Classification

Soils are to be classified according to the Unified Soil Classification System (USCS). This method of
classification is detailed in Exhibit 4-2. This method of classification identifies soil types on the basis of
grain size and cohesiveness.

Fine-grained soils, or fines, are smalier than the No. 200 sieve and are of two types: silt (M) and
clay(C). Some classification systems define size ranges for these soil particies, but for field
classification purposes, they are identified by their respective behaviors. Organic material (O) is a
common component of soil but has no size range; it is recognized by its composition. The careful
study of the USCS will aid in developing the competence and consistency necessary for the
classification of soils. .

Coarse-grained soils shall be divided into rock fragments, sand, or gravel. The terms and sand and
gravel not only refer to the size of the soil particies but aiso to their depositional history. To insure
accuracy in description, the term rock fragments shall be used to indicate angular granular materials
resulting from the breakup of rock. The sharp edges typically observed indicate little or no transport
from their source area, and therefore the term provides additional information in reconstructing the
depositional environment of the soils encountered. When the term “rock fragments” is used it shall
be followed by a size designation such as (1/4inche-1/2inche)” or “coarse-sand size” either
immediately after the entry or in the remarks column. The USCS classification would not be affected

by this variation in terms.
522  Color

Soil colors shall be described utilizing a single color descriptor preceded, when necessary, by a
modifier to denote variations in shade or color mixtures. A soil could therefore be referred to as
“gray” or “light gray” or “"blue-gray.” Since color can be utilized in correlating units between
sampling locations, it is important for color descriptions to be consistent from one boring to another.

Colors must be described while the sampile is still moist. Soil samples shall be broken or split vertically
to describe colors. Sampiers tend to smear the sample surface creating color variations between the
sample interior and exterior. :

The term “mottied” shall be used to indicate soils irregularly marked with spots of different colors.
Mottling in soils usually indicates poor aeration and lack of good drainage.

Soil Color Charts shall not be used uniess specified by the project manager.
5.2.3  Relative Density and Consistency

To classify the relative density and/or consistency of a soil, the geologist is to first identify the soil
type. Granular soils contain predominantly sands and gravels. They are noncohesive (particies do not
adhere well when compressed). Finer-grained soils (silts and clays) are cohesive (particlies will adhere
together when compressed).
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The density of noncohesive, granular soils is classified according to standard penetration resistances
obtained from split barrel sampling performed according to the methods detailed in Standard
Operating Procedures GH-1.3 and SA-1.2. Those designations are:

Designation 333‘33:.'?57&??2&)
Very loose ‘ Otod
Loose : 5to0 10
Medium dense 11t0 30
Dense 31t050
Very dense Over 50

Standard penetration resistance is the number of blows required to drive a split-barrel sampler with a
2-inch outside diameter 12 inches into the material using a 140-pound hammer falling freely through
30inches. The sampler is driven through an 18-inch sampie interval, and the number of blows is
recorded for each 6-inch increment. The density designation of granular soils is obtained by adding
the number of blows required to penetrate the last 12 inches of each sample interval. It is important
to note that if gravel or rock fragments are broken by the sampler or if rock fragments are iodged in
the tip, the resulting blow count will be erroneously high, reflecting a higher density than actually
- axists. This shall be noted on the log and referenced to the sampie number. Granular soils are given
the USCS classifications GW, GP, GM, SW, SP, SM, GC, and SC (see Exhibit 4-2).

The consistency of cohesive soils is determined by performing fieid tests and identifying the
consistency as shown in Exhibit4-3. Cohesive soils are given the USCS classifications ML, MH, CL, CH,
OL, or OH (see Exhibit 4-2). ~

The consistency of cohesive soils is determined either by blow counts, a pocket penetrometer (vaiues
listed in the table as Unconfined Compressive Strength) or by hand by determining the resistance to
penetration by the thumb. The pocket penetrometer and thumb determination methods are
conducted on a selected sample of the soil, preferably the lowest 0.5 foot of the sample in the
split-barrel sampier. The sample shall be broken in half and the thumb or penetrometer pushed into
the end of the sample to determine the consistency. Do not determine consistency by attempting to
penetrate a rock fragment. If the sample is decomposed rock, it is classified as a soft decomposed
rock rather than a hard soil. Consistency shall not be determined solely by blow counts. One of the
other methods shall be used in conjunction with it. The designations used to describe the consistency
of cohesive soiis are as follows:
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Unc. Standard
Consistency Comgtr:ssive P:;f::::: Field Identification Methods
Tons/Sq. Foot | (Blows per Foot)
Very soft Less than 0.25 0to2 Easily penetrated several inches by fist
Soft 0.251t00.50 2t04 Easily penetrated several inches by thumb
Mediumsstiff ]0.50t0 1.0 4t08 Can be penetrated several inches by thumb
Very stiff 1.0t02.0 8to 15 | Readily indented by thumb
Hard 2.0t04.0 151030 Readily indented by thumbnail
Hard More than 4.0 Over 30 Indented with difficulty by thumbnail
524  WeightPercentages

In nature, soils are comprised of particies of varying size and shape, and are combinations of the
various grain types. The following terms are useful in the description of soil:

Terms of Identifying Proportion of the Component pezm;ﬂ‘:;?; :«l’;ht
trace 0- 10 percent
some 11 -30 percent

and or adjective form of the soil type (e.g., “sandy”) 31 -50 percent

Exampies:

e Silty fine sand: 50 to 69 percent fine sand, 31 to 50 percent siit.

e Medium to coarse sand, some silt: 70 to 80 percent medium to coarse sand, 11t0 30 percent

silt.

e Fine sandy silt, trace clay: 50to 68 percent silt, 31 to 49 percent fine sand, 1to 10 percent

clay.

e (Clayeysilt, some coarse sand: 70 to 89 percent clayey silt, 11 to 30 percent coarse sand.

Moisture

Moisture content is estimated in the field according to four categories: dry, moist, wet, and
saturated. in dry soil, there appears to be littie or no water. Saturated sampies obviously have all the
water they can hold. Moist and wet classifications are somewhat subjective and often are determined
by the individual's judgment. A suggested parameter for this would be calling a soil wet if rolling it in
the hand or on a porous surface liberates water, i.e., dirties or muddies the surface. Whatever
-method is adopted for describing moisture, it is important that the method used by an individual
remains consistent throughout an entire drilling job.
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Laboratory tests for water content shall be performed if the natural water content is important.

5.26  Stratification

Stratification can only be determined after the sample barrel is opened. The stratification or bedding
thickness for soil and rock is depending on grain size and composition. The classification to be used
for stratification description is shown in Exhibit 4-4.

5.2.7  Texture/Fabri di

The texture/fabricbedding of the soil shall be described. Texture is described as the relative
angularity of the particles: rounded, subrounded, subangular, and angular. Fabric shall be noted as
to whether the particies are flat or bulky and whether there is a particular relation between particies
(i.e., all the flat particies are paraiiel or there is some cementation). The bedding or structure shall
also be noted (e.g., stratified, lensed, nonstratified, heterogeneous varved).

5.28  Summary of Soil Classification

In summary, soils shail bo classified in a similar manner by each gtologust/ongmeer at a project site.
The hierarchy of dasslﬁcatlon is as follows:

Density and/or consustcncy
Color

Plasticity (Optional)

Soil types

Moisture content
Stratification

Texture, fabric, bedding
Other distinguishing features

5.3 CLASSIFICATION OF ROCKS

Rocks are grouped into three main divisions, including sedimentary, igneous and metamorphic rocks.
Sedimentary rocks are by far the predominant type exposed at the earth’s surface. The foliowing
basic names are appliedtothttypesofrocksfound in sedimentary sequcnas:

¢ Sandstone - Made up predominantly of granular materials ranging between 1/16to 2mm
in diameter.

o Siltstone - Made up of granuiar materials less than 1/16to 1/256 mm in diameter. ractures
irregularly. Medium thick to thick bedded. '

® C(Claystone - Vary fine-grained rock made up of clay and siit-size materials. Fractures
irreguiarly. Very smooth to touch. Generally has irregularly spaced pitting on surface of
drilled cores.

® Shale- A fissile very fine-grained rock. Fractures along bedding planes.
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e Limestone - Rock made up predominantly of calcite (CaCO3). Effervesces strongly upon the
application of dilute hydrochloric acid.

o Coil - Rock consisting mainly of organic remains.

e Others - Numerous other sedimentary rock types are present in lesser amounts in the
stratigraphic record. The local abundance of any of these rock types is dependent upon the
depositional history of the area. These include congiomerate, halite, gypsum, dolomite,
anhydrite, lignite, etc. are some of the rock types found in lesser amounts.

in classifying a sedimentary rock the following hierarchy shall be noted:

Rock type
Color

Bedding thickness
Hardness :
Fracturing
Weathering

Other characteristics

53.1  RockType

" As described above, there are numerous names of sedimentary rocks. in most cases a rock will be a

combination of several grain types, therefore, a modifier such as a sandy siltstone, or a silty sandstone
can be used. The modifier indicates that a significant portion of the rock type is composed of the
modifier. Other modifiers can include carbonaceous, calcareous, siliceous, etc.

Grain size is the basis for the classification of clastic sedimentary rocks. Exhibit4-5 is the Udden-
Wentworth classification that will be assigned to sedimentary rocks. The individual boundaries are
slightly different than the USCS subdivision for soil classification. For field determination of grain
sizes, a scale can be used for the coarse grained rocks. For example, the division between siltstone
and claystone may not be measurable in the field. The boundary shall be determined by use of a
hand lens. If the grains cannot be seen with the naked eye but are distinguishable with a handiens,
the rock is a siltstone. if the grains are not distinguishable with a handiens, the rock is a claystone.

532  Color

The color of a rock can be determined in a similar manner as for soil samples. Rock core samples shall
be ciassified while wet, when possibie, and air cored samples shall be scraped clean of cuttings prior
to color ciassifications.

Rock Color Charts shall not be used unless spéciﬁed by the project manager.

533 Bedding Thickness

The bedding thickness designations applied to soil classification will also be used for rock
classification.
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534  Hardness

The hardness of a rock is a function of the compaction, cementation, and mineraiogical composmon
of the rock. A relative scale for sedimentary rock hardness is as follows:

@ Soft - Weathered, considerable erosion of core, easily gouged by screwdriver, scratched by
fingernail. Soft rock crushes or deforms under pressure of a pressed hammer. This term is
always used for the hardness of the saprolite (decomposed rock which occupies the zone
between the lowest soil horizon and firm bedrock).

® Medium soft - Slight erosion of core, slightly gouged by screwdriver, or breaks with
crumbly edges from singie hammer biow.

® Medium hard - No core erosion, easily scratched by screwdriver, or breaks with sharp edges
from singie hammer biow.

® Hard - Requires several hammer blows to break and has sharp conchoidal breaks. Cannot
be scratched with screwdriver. ,

Note the difference in usage here of the works “scratch” and “gouge.” A scratch shall be considered
a slight depression in the rock (do not mistake the scraping off of rock flour from drilling with a
scratch in the rock itself), while a gouge is much deeper.

535 Fracturing

The degree of fracturing or brokeness of a rock is described by measuring the fractures or joint
spacing. After eliminating drilling breaks, the average spacing is calcuiated and the fracturing is
described by the following terms:

Very broken (V. BR.) - Less than 2-inch spacing between fractures
Broken (BR.) - 2-inch to 1-foot spacing between fractures

Blocky (BL.) - 1- to 3-foot spacing between fractures

Massive (M.) - 3 to 10-foot spacing between fractures

The structural integrity of the rock can be approximated by calculating the Rock Quality Designation
(RQD) of cores recovered. The RQD is determined by adding the total lengths of all pieces exceeding
4 inches and dividing by the total length of the coring run, to obtain a percentage.

Method of Caiculating RQD
(After Deere, 1964)

RQD % = r1x 100
r = Total length of all pieces of the lithologic unit being measured, which are greater than
4 inches length, and have resuited from natural breaks. Natural breaks inciude slickensides,
joints, compaction slicks, bedding plane partings (not caused by drilling), friabie zones, etc.

| = Total length of the cbring run.
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5.3.6 Weathering

The degree of weathering is a significant parameter that is irﬁponant in determining weathering
profiles and is also useful in engineering designs. The foliowing terms can be applied to distinguish
the degree of weathering: :

Fresh - Rock shows little or no weathering effect. Fractures or joints have littie or no
staining and rock has a bright appearance.

Slight - Rock has some staining which may penetrate several centimeters into the rock. Clay
filling of joints may occur. Feldspar grains may show some alteration.

Moderate - Most of the rock, with exception of quartz grains, is stained. Rock is weakened
due to weathering and can be easily broken with hammer.

Severe - All rock including quartz grains is stained. Some of the rock is weathered to the
extent of becoming a soil. Rock is very weak.

5.3.7  Other Characteristics
The following items shall be included in the rock description:

Description of contact between two rock units. These can be sharp or gradational.
Stratification (parallel, cross stratified)

Description of any filled cavities or vugs.

Cementation (calcoreous, siliceous, hematitic)

‘Description of any joints or open fractures.

Observation of the presence of fossils.
Notation of joints with depth, approximate angle to horizontal, any mineral filling or
coating, and degree of weathering. : :

All information shown on the boring logs shall be neat to the point where it can be reproduced on a
copy machine for report presentation. The data shall be kept current to provide control of the
drilling program and to indicate various areas requiring special consideration and sampiing.

Additional Terms Used in the Description of Rock

The following terms are used to further identify rocks:

Seam - Thin (12 inch or less), probably continuous layer.

Some - Indicates significant (15 to 40 percent) amounts of the accessory material. For
exampie, rock composed of seams of sandstone (70 percent) and shale (30 percent) would
be “sandstone —- some shaie seams.”

Few - Indicates insignificant (0 to 15 percent) amounts of the accessory material. For
example, rock composed of seam of sandstone (90 percent) and shaie (10 percent) would
be “sandstone - few shaie seams.”
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Interbedded - Used to indicate thin or very thin alternating seams of materiai occurring in
approximately equal amounts. For example, rock composed of thin alternating seams of
sandstone (50 percent) and shale (50 percent) wouid be “interbedded sandstone and
shale.”

interlayered - Used to indicate thick aiternating seams of material occurring in
approximately equal amounts.

The preceding sections describe the classification of sedimentary rocks. The following are some basic
names that are applied to igneous rocks:

Basait - A fine-grained extrusive rock composed primarily .of caicic plagioclase and
pyroxene.

Rhyolite - A fine-grained voicanic rock commmng abundant quartz and orthoclase. The
fine-grained equivalent of a granite.

Granite - A coarse-grained plutonic rock consisting essentially of alkali feldspar and quartz.

Diorite - A coarse-gramed plutonic rock consisting mrmally of sodic plagaodase and
hornblende.

Gabbro - A coarse-graimd plutonic rock consisting of calcic plagiociase and clinopyroxene.
Loosely used for any coarse grained dark igneous rock.

The follo\&ing are some basic names that are applied to metamorphic rocks:

Slate - A very fine-grained foliated rock possessing a well developed slaty cleavage.
Contains predominantly chiorite, mica, quartz, and sericite. ‘

Phyllite - A fine-grained foliated rock that splits into thin flaky sheets with a silky sheen on
cleavage surface.

Schist - A medium to coarse-grained foliated rock with subparailel arrangement of the
micaceous minerals which dominate its composition.

Gneiss - A coarse-grained foliated rock with bands rich in granular and platy minerals.

Quartzite - A fine- to coarse-grained nonfohatod rock breaking across grains, consisting
essentially of quartz sand with silica ccmcm:.
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5.4 ABBREVIATIONS

Abbreviations may be used in the description of a rock or soil. However, they shall be kept at a
minimum. Following are some of the abbreviations that may be used: :

C - Coarse Lt - Light Yl - VYellow
Med - Medium BR - Broken Or - Orange

F - Fine BL - Blocky . SS -. Sandstone
v - Very M - Massive Sh - Shale

S| - Slight Br - Brown LS - Limestone
Occ - Occasional |Bl - Black Fgr- Fine grained
Tr - Trace

BORING LOGS AND DOCUMENTATION

This section describes in more detail the procedures to be used in completing boring logs in the field.
information obtained from the preceeding sections shall be used to complete the logs. A sample
boring log has been provided. as Exhibit4-6. The field geologistengineer shall use this example as 3
guide in completing each borings log. Each boring log shall be fully described by the
geologist/engineer as the boring is being drilled. Every sheet contains space for 25 feet of log.
information regarding classification details is provided on the back of the boring log, for field use.

Soil Classification

identify site name, boring number, job number, etc. Elevations and water level data to be
entered when surveyed data is available.

Enter sampie number (from SPT) under appropriate column. Enter depth sample was taken
from (1 block = 1foot). Fractional footages, i.e., change of lithology a 13.7 feet, shall be
lined off at the proportional location between the 13- and 14-foot marks. Enter blow
counts (Standard Penetration Resistance) diagonally (as shown). Standard penetration
resistance is covered in Section 5.2.3.

Determine sample recovery/sampie length as shown. Measure the total length of sample
recovered from the split spoon sampler, inciuding material in the drive shoe. Do not
inciude cuttings or wash material that may be in the upper portion of the sample tube.

indicate any change in lithology by drawing a line at the appropriate depth. For example,
if clayey silt was encountered from 0 to 5.5 feet and shale from 5.5 to 6.0 feet, a line shall
be drawn at this increment. This .information is helpful in the construction of
cross-sections. As an alternative, symbols may be used to identify each change in lithology.

The density of granular soils is obtained by adding the number of biows for the last two
increments. Refer to Density of Granular Soils Chart of back of log sheet. For consistency of
cohesive soils refer aiso to the back of log sheet - Consistency of Cohesive Soils. Enter this
information under the appropriate column. Refer to Section5.2.3.
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Enter color of the material in the appropriate column.

Describe material using the USCS. Limit this column for sampie description only. The
predominate material is described last. If the primary soil is silt but has fines (clay) - use
clayey siit. Limit soil descriptors to the following:

- Trace 0- 10 percent

- Some 11-30percent

- And  31-50percent

Also indicate under Material Classification if the material is fill or natural soils. Indicate
roots, organic material, etc. : '

Enter USCS symbol - use chart on back of boring log as a guide. If the soils fall into one of
two basic groups, a borderiine symbol may be used with the two symbols separated by a
slash. For exampie ML/CL or SM/SP.

The following information shall be entered under the Remarks Column and shall include,
but is not limited by the following:

- Moisture - estimate moisture content using the following terms - dry, moist, wet
and saturated. These terms are determined by the individual. Whatever method
is used to determine moisture, be consistent throughout the log.

- Angularity - describe angularity of coarse grained particles using Angular,
Subangular, Subrounded, Rounded. Refer to ASTM D 2488 or Earth Manual for
criteria for these terms.

- Particle shape - flat, elongated, or flat and elongated.

- Maximum p:rtido size or dimension.

- Waterlevel observations.

s Reaction with HCl - none, weak or strong.

@ Additional comments:

- indicate presence of mica, caving of hole, when water was encountered, difficulty
indrilling, loss or gain of water.

- Indicate odor and HNu or OVA reading if applicable.

- indicate any change in lithology by drawing in line through the lithology change
column and indicate the depth. This will help later on when cross-sections are

" constructed.

- At the bottom of the page indicate type of rig, drilling method, hammer size and
drop and any other useful information (i.e., borehole size, casing set, changes in
drilling method). '
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-« Vertical lines shall be drawn (as shown in Exhibit 4.6) in columns 5 to 8 from the
bottom of each sampie to the top of the next sampie to indicate consistency of
material from sample to sample, if the material is consistent. Horizontal lines shall
be drawn if there is a change in lithology, then vertical lines drawn 1o that point.

- Indicate screened interval of well, as néeded, in the lithology column. Show top -
and bottom of screen. Other details of well construction are provided on the well
-construction forms. ‘

5.5.2 Rock Classification

o indicate depth at which coring began by drawing a line at the appropriate depth. indicate
core run depths by drawing coring run lines (as shown) under the first and fourth columns
on the log sheet. Indicate RQD, core run number, RQD percent and core recovery under
the appropriate columns. '

e indicate lithology change by drawing a line at the appropriate depth as explained in
Section 5.5.1. : -

e Rock hardness is entered under designated column using terms as described on the back of
the log or as explained earlier in this section.

e Enter color as determined while the core sample is wet; if the sample is cored by air, the
core shall be scraped clean prior to describing color.

e Enter rock type based on sedimentary, igneous or metamorphic. For sedimentary rocks use
terms as described in Section 5.3. Again, be consistent in classification. Use modifiers and
additional terms as needed. For igneous and metamorphic rock types use terms as
described in Sections 5.3.8. '

e Enter brokeness of rock or degree of fracturing under the appropriate column using
symbols VBR, BR, BL, or M as expiained in Section 5.3.5 and as noted on the back of the

Boring Log.

¢ The following information shall be entered under the remarks column. Items shall include
but are not limited to the following: '

- Indicate depths of joints, fractures and breaks and also approximate to horizontal
angle (such as high, low), i.e., 70° angie from horizontal, high angie.

- indicate calcareous zones, description of any cavities or vugs.

- Indicate any loss or gain of drill water.

. Indicate drop of drill tools or change in color of drill water.

& Remarks at the bottom of Boring Log shall include:
- Type and size of core obtained.

- Depth casing was set.
-  Typeof Rig used.
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¢ Asa final check the boring log shall include the following:

- Vertical lines shall be drawn as explained for soil classification to indicate
consistency of bedrock material.

- If applicable, indicate screened interval in the lithology column. Show top and
bottom of screen. Other details of well construction are provided on the well
construction forms.

553 Classification of Soil and Rock from Drill Cuttings

The previous sections describe procedures for classifying soil and rock sampies when cores are
obtained. However, some drilling methods (air/mud rotary) may require classification and borehole
logging based on identifying drill cuttings removed from the borehole. Such cuttings provide only
general information on subsurface lithology. Some procedures that shail be follcwed when logging
cuttings are:

e Obtain cutting samples at approximately 5-foot intervals, sieve the cuttings (if mud rotary
drilling) to obtain a cieaner sampie, place the sample into a small sample bottie or “zip
lock” bag for future reference, and label the jar or bag (i.e. hole number, depth, date, etc.).
Cuttings shall be closely examined to determine general lithology.

e Note any change in color of drilling fluid or cuttings, to estimate changes in lithology.

e Note drop or chattering of drilling tools or a change in the rate of drilling, to determine
fracture iocations or lithologic changes.

® Observe loss or gain of drilling fluids or air (if air rotary methods are used), to identify

potential fracture zones.

® Record this and any othor useful information onto the boring log as provided in
Exhibit 4-1.

This logging provides a general description of subsurface lithology and adequate information can be
obtained through careful observation of the drilling process. It is recommended that split barrel and
rock core sampling methods be used at selected boring locations during the field investigation to
provide detailed information to supplement the less detailed data generated through borings drilled
using air/mud rotary methods. )

5.6 REVIEW

Upon completion of the borings logs, copies shall be made and reviewed. items to be reviewed
inciude:

® Checking for consistency of all logs ,
® Checking for conformance to the guideline
¢ Checking to see that all information is entered in their respective columns and spaces
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6.0 REFERENCES
Unified Soil Classification System (USCS)

ASTM D2488, 1985 |

Earth Manual, U.S. Department of the Interior, 1974

7.0 RECORDS

Originals of the boring logs shall be retained in the project files.
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EXHIBIT 4-1
BORING LOG
BORING LOG HALLIBURTON NUS ENVIRONMENTAL CORPORATION
PROJECT NAME: BORING NO.:
PROJECT NO.: DATE: DRILLER:
ELEVATION: FIELD GEOLOGIST:
WATERLEVEL DATA:
(Date, Time & Conditions)
1 sompie Siowy | Sempie | Uthotomy MATERIAL DESCRIPTION -
Oench . Chenge uscS or
or (Depthvir) foce Aenorss
il PN Bl Bagaanlll PoreS a:::’ Color Matorial Classification Sroxenes
L] o) Longth " :
REMARKS BORING
PAGE OF
* See Legend on back. :
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EXHIBIT 4-3
CONSISTENCY FOR COHESIVE SOILS
Unconfined
Compressive
.. (Blows Strength . .
Consistency per Foot) (tons/square Field identification
. foot by pocket
penetration
Very soft 0to2 Less than 0.25 Easily penetrated several inches by fist
Soft 2t04 0.251t00.50 Easily penetrated several inches by thumb
. . ' Can be penetrated several inches by
Medium stiff 4t08 0.50t0 1.0 thumb with mod effort
\ . 1 Readily indented by thumb but penetrated
Sm‘f' 8to 15 1.0t02.0 only with great eff
Very stiff 15t030 2.0t04.0 Readily indented by thumbnail
Hard Over 30 Morethan 4.0, | indented by thumbnail

0-33-4.90-1




BEDDING THICKNESS CLASSIFICATION

Subject Number Page
L GH-1.5 19 0f 27
BOREHOLE AND SAMPLE LOGGING Revision Efiective Date
2 01/02/92
EXHIBIT 4-4

Thickness Thickness (Approximate Ciassification
(Metric) English Equivalent)
> 1.0 meter >33’ Massive
30cm - 1 meter 1.0'-3.3  Thick Bedded
10cm-30cm 4°-1.0' Medium Bedded
3cm-10cm 1°-4° Thin Bedded
1cm-3cm 255°-1° Very Thin Bedded
3mm-1cm 1/8° - 2/5° Laminated
1mm-3mm 1/32° - 1/8* Thinly Laminated
<imm <1/32* Micro Laminated

(Weir, 1973 and ingram, 1954)

D-33-4-90-1




Subject Number Page ‘
' GH-1.5 20 of 27
BOREHOLE AND SAMPLE LOGGING Revision Effecuve Date
2 01/02/92
EXHIBIT &4-5
GRAIN SIZE CLASSIFICATION FORROCKS
Particile Name Grain Size Diameter
Cobbles > 64mm
Pebbles 4-64mm
Granules 2-4mm
Very Coarse Sand 1-2mm
Coarsa Sand 0.5-1mm
Medium Sand 0.25-0.S mm
7 Fint Sand 0.125-0.25mm
~ VeryFine Sand 0.0625-0.125 mm
Sitt 0.0039-0.0625 mm
After Wentworth, 1922
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1.0  PURPOSE

The purpose of this procedure is to provide general reference information on the sampiing of
groundwater wells. The methods and equipment described are for the coliection of water samples
from the saturated zone of the subsurface.

2.0 SCOPE

This procedure provides information on proper sampling equipment and techniques for groundwater
sampling. Review of the information contained herein will facilitate planning of the field sampling
effort by describing standard sampling techniques. The techniques described shall be foliowed
whenever appiicable, noting that site-specific conditions or project-specific plans may require
adjustments in methodology.

3.0 GLOSSARY
None.

4.0 RESPONSIBILITIES

Site Hvdrogeologist or Geochemist - responsible for selecting and detailing the specific groundwater

sampling techniques and equipment to be used, documenting these in the Project Operations Plan
(POP), and properiy briefing the site sampling personnel.

Site_Geologist- The Site Geologist is primarily responsible for the proper acquisition of the
groundwater sampies. When appropriate, such responsibilities may be performed by other qualified
personne! (engineers, field technicians).

Site Manager - The Site Manager is responsible for mncwmg the sampling procedures used by the ,
field crew and for performing in-field spot checks for proper sampling procedures.

5.0 PROCEDURES
S.1 GENERAL

To be useful and accurate, a groundwater sampie must be representative of the particular zone of the
water being sampied. The physical, chemical, and bacteriological integrity of the sample must be
maintained from the time of sampling to the umo of testing in order to keep any changes in water
quality parameters to a minimum. )

Methods for wnthdrawmg samples from compieted wells include the use of pumps, compressed air,
bailers, and various types of samplers. The primary considerations. in obtammg a representative
sampie of the groundwater are to avoid collection of stagnant (standing) water in the well and to
avoid physical or chemical aiteration of the water due to samplmg tochmques. In a non-pumping
well, there will be little or no vertical mixing of water in the well pipe or casing, and stratification will
occur. The well water in the screened section will mix with the groundwator due to normal flow
patterns, but the well water above the screened section will remain isolated and become stagnant.
To safeguard against collecting non-representative stagnant water in a sample, the following
approach shall be followed prior to sample acquisition:

D-33-4.90-1
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1.

All monitoring wells shall be purged prior to obtaining a sample. Evacuation of three to
five volumes is recommended for a representative sample. in a high-yielding groundwater
formation and where there is no stagnant water in the well above the screened section,
evacuation prior to sampie withdrawal is not as critical.

For wells that can be purged to dryness with the sampling equipment being used, the well
shall be evacuated and allowed to recover prior to sampie acquisition. If the recovery rate
is fairly rapid, evacuation of more than one volume of water is preferred.

For high-yielding monitoring wells which cannot be evacuated to dryness, there is no
absolute safeguard against contaminating the sampie with stagnant water. One of the
following techniques shall be used to minimize this possibility:

A submersible pump, intake line of a surface pump or bailer shall be placed just below
the water surface when removing the stagnant water and lowered as the water level
decreases. Three to five volumes of water shall be removed to provide reasonable
assurance that all stagnant water has been evacuated. Once this is accomplished a
bailer may be used to coliect the sample for chemical analysis.

The iniet line of the sampling pump (or the submersible pump itself) shall be piaced
near the bottom of the screened section, and approximately one casing volume of
water shall be pumped from the well at a rate equal to the well's recovery rate.

Stratification of contaminants may exist in the aquifer formation, both in terms of a concentration
gradients due to mixing and dispersion processes in a homogeneous layer, and in layers of variabie
permeability into which a greater or lesser amount of the contaminant plume has flowed. Excessive
pumping can dilute or increase the contaminant concentrations in the recovered sampie compared to
what is representative of the integrated water column at that point, and thus result in the collection
of a non-representative sample. ’ '

52  SAMPLING, MONITORING, AND EVACUATION EQUIPMENT
Sample containers shall conform with EPA regulations for the appropriate contaminanis.

The following equipment shall be on hand when sampliing ground water wells:

Sample_packaging and shipping equipment - Coolers for sampie shipping and cooling,
chemical preservatives, appropriate packing containers and filler, ice, labels and chain-of-

custody documents.

Field tools and instrumentation - Thermometer; pH paper/meter; camera and film; tags;
appropriate keys (for locked welis); engineers rule; water-level indicator; where
applicable, specific-conductivity meter.

D-33-4-90-1
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53

To insure that the proper volumc of water has been removed from the well prior to sampling it is first
necessary to know the volume of standing water in the well pipe. This volume can be easily
calculated by the following method. Calculatlons shall be entered in the field logbook and on the
field data form (Attachment A):

Pumps

- Shallow-well pumps—-Centrifugal, pitcher, suction, or peristaltic pumps wuth droplines,
air-lift apparatus (compressor and tubing) where applicable.

- Deep-well pumps—submersible pump and electrical power generating unit, or air-lift
apparatus where appiicable.

r sampling equi - Bailers and monofilament line with tripod-pulley assembly (if
necessary). Bailers shall be used to obtain sampies for volatile organics from shallow and
deep groundwater wells.

Pails - Plastic, graduated.

Decontamination solutions - Distilled water, Alconox. methanol, acetone

Idcally. sample withdrawal equipment shall be completely inert, economical, easily cieaned,
sterilized, and reused, able to operate at remote sites in the absence of power sources, and capabie of
delivering variable rates for well flushing and sample collection.

CALCULATIONS OF WE!.I. VOI.DME _

Obtain all available information on well construction (location, casing, screens, etc.).
Determine well or casing diameter.

Measure and record static water level (depth beiow ground level or top of casing reference
point).

Determine depth of well (if not known from past records) by sounding using a clean,
decontaminated weighted tape measure.

Calculate number of linear feet of static water (total depth or iength of weil pipe minus the

. depth to static water level).
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® Calculate one static well volume in galions (V = 0.163Tr2). -

where:
v = Static volume of well in gallons.
T = Thickness of water table in the well measured in feet, i.e., linear feet of static

water.
r = Inside radius of well casing ininches.
0.163 = A constant conversion factor which compensates for the conversion of the
casing radius from inches to feet, the conversion of cubic feet to gallons, and

pi.
e Determine the minimum amount to be evacuated before sampling.
5.4 EVACUATION OF STATIC WATER (PURGING)
54.1 General

The amount of flushing a well shall receive prior to sample coliection will depend on the intent of the
monitoring program and the hydrogeologic conditions. Programs to determine overall quality of
water resources may require long pumping periods to obtain a sample that is representative of a
large volume of that aquifer. The pumped volume may be specified prior to sampiing so that the
sampie can be a composite of a known volume of the aquifer. Alternately the well can be pumped
until the parameters such as temperature, eiectrical conductance, and pH have stabilized. Onsite
measurements of these parameters shall be recorded on the field data form.

For defining a contaminant plume, a representative sampie of only a small volume of the aquifer is
required. These circumstances require that the weil be pumped enough to remove the stagnant
water but not enough to induce significant groundwater flow from other areas. Generally three to
five well voiumes are considered effective for purging a well.

The site hydrogeologist, geochemist and risk assessment personnel shall define the objectives of the
groundwater sampling program in the Work Plan, and provide appropriate criteria and guidance to
the sampling personnel on the proper methods and volumes of well purging.

5.4.2 Evacuation Devices

The following discussion is limited to those devices commonly used at hazardous waste sites.
Attachment B provides guidance on the proper evacuation device to use for given sampling
situations. Note that all of these techniques involve equipment which is portable and readily
available. )

5.4.21 Bailers
Bailers are the simplest evacuation devices used and have many advantages. They generally consist of

a length of pipe with a sealed bottom (bucket-type bailer) or, as is more useful and favored, with a
ball check-vaive at the bottom. An inertline is used to lower the bailer and retrieve the sample.

D-33.4-90-1
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Advantages of bailers include:

e Few limitations on size and materials used for bailers.

No external power source needed.

o Bailers are inexpensive, and can be dedicated and hung in a well to reduce the chances of
cross-contamination.

® Thereis minimal outgassing of volatile organics while the sample is in the bailer.

® Bailers are relatively easy to decontaminate.

Limitations on the use of bailers inciude the following:

e itistime consuming to remove stagnant water using a bailer.

® Transfer of sampie may cause aeration.

e Use of bailers is physically demanding, especially in warm temperatures at protection ievels
above Levei D.

5.4.2.2 SuctionPumps

There are many different types of inexpensive suction pumps including centrifugal, diaphragm,
peristaitic, and pitcher pumps. Centrifugal and diaphragm pumps can be used for well evacuation at
a fast pumping rate and for sampling at a low pumping rate. The peristaitic pump is a low volume
pump (therefore not suitable for well purging) that uses rollers to squeeze a flexibie tubing, thereby
creating suction. This tubing can be dedicated to a well to prevent cross contamination. The pitcher
pump is a common farm hand-pump.

These pumps are all portable, inexpensive and readily available. However, because they are based on
suction, their use is restricted to areas with water levéls within 20 to 25 feet of the ground surface. A
significant limitation is that the vacuum created by these pumps can cause significant loss of dlssolved
gases and voistile organics. In addition, the complex internal components of these pumps may be
difficuit to decontaminate.

5.4.23 Gas-Lift Samplers

This group of sampiers uses gas pressure either in the annuius of the well or in a venturi to force the
water up a sampiing tube. These pumps are also relatively inexpensive. Gas lift samplers are more
suitable for well development than for sampiing because the samples may be aerated, leading to pH
changes and subsequent trace metal precipitation or loss of volatile orgamcs.

54.24 Submersible Pumps

Submersible pumps take in water and push the sampie up a sampie tube to the surface. The power
sources for these samplers may be compressed gas or electricity. The operation principles vary and
the displacement of the sampie can be by an inflatable bladder, sliding piston, gas bubbie, or
impeller. Pumps are available for 2-inch-diameter weils and larger. These pumps can lift water from
considerable depths (several hundred feet).

ty

D-33-4-90-1
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Limitations of this class of pumps include:

e They may have low delivery rates. )

® Many modeis of these pumps are expensive.

e Compressed gas or electric power is needed.

e Sediment in water may cause clogging of the vaives or eroding the impeliers with some of
these pumps.

e Decontamination of internal components is difficult and time-consuming.

55  SAMPLING |
55.1  SamplingPlan
The sampling approach consisting of the following, shall be developed as part of the POP prior to the
field work: .
-® Background and objectives of sampling.

e Brief description of area and waste characterization.

e |dentification of sampling locations, with map or sketch, and applicable well construction
data (well size, depth, screened interval, reference elevation).

@ intended number, sequence volumes, and types of samples. [If the relative degrees of
contamination between wells is unknown or insignificant, a sampling sequence which
facilitates sampling logistics may -be followed. Where some wells are known or strongly
suspected of being highly contaminated, these shall be sampled last to reduce the risk of
cross-contamination between welis as a resuit of the sampling procedures.

¢ Sample preservation requirements.

¢ Working schedule.

e List of team members.

" @ List of observers and contacts.

e Other information, such as the necessity for a warrant or permission of entry, requirement

for split samples, access problems, location of keys, etc.

D-33-4-90-1
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5.5.2 mpling Methods

The collection of a groundwater sample is made up of the following steps:

HSO or designee will first open the well cap and use volatile organic detection equipment
(HNU or OVA) on the escaping gases at the well head to determine the need for respiratory

protection.

When proper respiratory protection has been donned, sound the well for totai depth and |
water level (using clean equipment) and record these data in a well sampiing data sheet
(Attachment A); then caiculate the fiuid volume in the well pipe.

Calculate well volume to be removed as stated in Section 5.3.

Select appropriate purging equipment (see Attachment 8). f an electric submersible pump

- with packer is chosen, go to Step 10.

10.

11.

12.

Lower purging equipment or intake into the well to a short distance below the water level
and begin water removal. Collect the purged water and dispose of it in an acceptable
manner. Lower the purging device, as required, to maintain submergence.

Measure rate of discharge frequently. A bucket and stopwatch are most commonly used;
other techniques include using pipe trajectory methods, weir boxes or flow meters.

Observe peristaitic pump intake for degassing "bubbles.” if bubbles are abundant and the
intake is fully submerged, this pump is not suitable for collecting samples for volatile
organics. Never collect volatile organics samples using a vacuum pump.

Purge a minimum of three-to-five casing volumes before sampling. In iow permeability
strata (i.e., if the well is pumped to dryness), one voiume will suffice. :

If sampling using a pump, lower the pump intake to midscreen or the middie of the open
section in uncased wells and collect the sample. If sampling with a bailer, lower the bailer
to sampling level before filling (this requires use of other than a ‘bucket-type’ bailer).
Purged water shall be coliected in a designated container and disposed of in an acceptable
manner.

(For pump and packer assembiy only). Lower assembly into well so that packer is
positioned just above the screen or open section and inflate. Purge a volume equal to at
ieast twice the screened interval or unscreened open section volume below the packer
before sampliing. Packers shali always be tested in a casing section above ground to
determine proper inflation pressures for good sealing.

in the event that recovery time of the well is very slow (e.g., 24 hours), sampie coilection
can be delayed until the foliowing day. If the well has been bailed early in the morning,
sufficient water may be standing in the well by the day’s end to permit sample collection. if
the well is incapable of producing a sufficient volume of sample at any time, take the
largest quantity available and record in the logbook.

Add preservative if required. Label, tag, and number the sampie bottie(s). -

D-33-4-90-1
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13. Replace the well cap. Make sure the well is readily identifiable as the source of the

sampies.

14. Pack the sampies for shipping. Attach a custody seal to the front and back of the shipping
package. Make sure that traffic reports and chain-of-custody forms are properly fill ed out
and enclosed or atiached.

£ ﬂ.ﬁ-M.’m mata nll ameimon anme
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EED Camnla Camtainare
Boddesr S|y et
For most camples and analyvtical parameters, either glase or plastic containers are satistactory

11 ¥ ) P.m:-rvahnn ‘of Samples and Sample Volume Reauirements

Sample preservation techniques and volume requirements depend on the type and concentration of
the contaminant and on the type of analysis to be performed. Procedure SF-1.2 describes the sampie
preservation and volume requirements for most of the chemicais that will be encountered during
hazardous waste site investigations. Procedure SA-4.3 describes the preservation requirement for

microbial samples.

555 Handling and Transporting Samples

After collection, samples shall be handied as little as possible. it is preferabie to use self-contained
“chemical” ice (e.g., “blue ice”) to reduce the risk of contamination. If water ice is used, it shail be
bagged and steps taken to ensure that the meited ice does not cause sample containers to be
submerged and thus possibly become cross-contaminated. All sampie containers shall be enclosed in
plastic bags or cans to prevent cross-contamination. Samples shall be secured in the ice chest to
prevent movement of sampie containers and possible breakage. Sampie packing and transportation
requirements are described in SA-6.2. <

5.5.6 Sample Holding Times

Holding times (i.e. allowed time between sample coliection and analysis) for routine samples are
given in Procedure 5fF-1.2.

5.8 RECORDS

| - YL Pl PR SUPp, JEpps 3F 4

Records will be maintained Tor @ach
the following information:

cmed tm oo oo ood
Uuseu Lo recoru

w

ettt b
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® Sample identification (site name, location, project number; sample narne/number and
larae

imene enmmnia tne and mmarriv: tisne and data: camniar’e idantit)
IwLE LIS, “lll"l‘ LYNE B IR A, LN G i MBS, ISPl JiuciiuLy).

® Purge data - prior to removal of each casing volume and before sampling, pH, electrical

conductance, temperature, color, and turbldlty shall be measured and reconded
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® Field observations and measurements (appearam:e, volatlle screening; field chemistry;
sampling method).

e Sampie disposition (preservatives added; lab sent to, date and time; lab sampie number,
EPA Traffic Report or Special Analytical Services number, chain-of-custody number.

® Additional remarks - (e.g., sampled in conjunction with state, county, local reguiatory
authorities; sampies for specific conductance vaiue oniy; sampied for key indicator
analysis; etc.).
5.7 CHAIN-OF-CUSTODY

Proper chain-of-custody procedures play a crucial role in data gathering. Procedure SA-6.1 describes
the requirements for a correct chain-of-custody.

s.a neernrLsee
U.S. EPA, 1980. Procedures Manual for Ground Water Monitoring at Solid Waste Disposal Facilities.

Office of Solid Waste, United States Environmental Protection Agency, Washington, D.C.

Johnson Division, UOP, Inc. 1975. W nd Wells, A R k for the Water Well
industry. Johnson Division, UOP, Inc., Saint Paul, Minnesota. ‘

Barcelona, M. ., J. P. Gibb and R. A. Miller, 1983 A quide to the Selection of Materials for Monitoring

Well Construction and Groundwater Sampling, ISWS Contract Report 327, illinois State Water Survey,

Champaign, lllinois.

Scaif, M. R., J. F. McNabb, W. J. Dunlap, R. L. Crosby and J. Fryberger, 1981. Manual of Ground Water
Sampling Procedures. R.S.Kerr Environmental Research Laboratory Office of Research and -

Developmem, U.S. EPA, Ada, Okiahoma.

Nieisen,D.M. and G.L. Yeates, 1985. A Comparison fi ani Available for
Smali-Diameter Ground gg_:Momtgngg Wells. Ground Water Momtonng Review 5:83-98.

7.0 ATTACHMENTS

Attachment A - Well Sampling Data Sheet
Attachment B - Purging Equipment Selection
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ATTACHMENT A
SAMPLE LOG SHEET
Page of
éais HALLIBURTON NUS O wonnoringweiiosn Case #
& Environmental Corporation g 'g:::sucw.n Data .

Tota! Well Depth:

Pyrge Data

Waell Casing Size and Depth:

Volume

Color & Turbidrnty

pH $.C Temp. °C)

Static Water Level:

One Casing Volume:

Start Purge (hrs.):

End Purge (hrs.):

Total Purge Time {min.):

Total Amount Purged (gal.):

Monitor Reading:

Purgo Method:

Sampie Method:

Depth Sampled:

Sampie Date and Time:

Sample Data

pH

s.C. Temp. {*C)

Color & Turbidity

Sampled By:

Signature(s):

Type of Sampie
Low Concentration
High Concentration
Grab
Composite
Grab - Composite

oooaa

Observations/Notes:

Analysis: Preservative:

Organic

Inorganic

Tratfic Report #

Tag#

AB #

Date Shipped

Time Shipped

Lab

Volume
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Subject Number Page
| SA-1.1 120f14
GROUNDWATER SAMPLE ACQUISITION  [Revaron pr——
2 01/02/92
ATTACHMENT B
PURGING EQUIPMENT SELECTION
weatic | v Diaphragm | Submersibie | Submersibie Su::mmble
Dismeter Casing Bailer | Feratuc | Vacuum | e | ~trash® | Disphragm | Electnc ectric
Pump pump a - - Pump
rump PUmMmp rump
wiPacker
1.25-inch ] Water Leve!
<28 feet) X X X X
Water Level x
>25 feat o
24nch Water Leve! X X X ' X X
<25 feat) X
Water Level
>25 feet X X X
4inch | Waterievel X X - X X X X X X
<25 feet) v
>25 feet X X X X X
6-inch Water Level
<25 feet) X X X X
Water Lavel X X X
P49 TREL
R Dol X X X X
Water Level )
>25 feet _ X X X
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1.0 PURPOSE

This procedure describes methods and equipment commoniy used for collecting environmental
samples of surface water and aquatic sediment for either on-site examination and chemical testing or

for laboratory analysis.
20 SCOPE

The information presented in this guideline is generaily applicabie to all environmental sampling of
surface waters (Section 5.3) and aquatic sediments (Section 5.4), except where the analyte(s) may
interact with the sampling equipment. The collection of concentrated siudges or hazardous waste
samples from disposal or process lagoons often requires methods, precautions and equipment
different from those described herein.

3.0 GLOSSARY

Environmental Sample - low concentration sample typically collected offsite and not requiring DOT
hazardous waste labeling or CLP handling as a high concentration sampie.

Hazardous Waste Sample - medium- to high-éonccntration sample (e.g., source material, sludge,
leachate) requiring DOT labeling and CLP handling as a high concentration sample.

4.0 RESPONSIBILITIES

Field Operations Leader - has overall responsibility for the correct impiementation of surface water
and sediment sampling activities, including review of the sampling plan with, and any necessary
training of, the sampling technician(s). The actual collection, packaging, documentation (sample
label and log sheet, chain-of-custody record, CLP traffic reports, etc.) and initial custody of sampies

will be the responsibility of the sampling technician(s). -

5.0 PROCEDURES
5.1 INTRODUCTION

Collecting a representative sampie from surface water or sediments is difficult because of water
'~ movement, stratification or patchiness. To coliect representative samples, one must standardize
sampling bias related to site selection; sampling frequency; sampie collection; sampling devices; and
sampie handling, preservation, and identification.

Representativeness is a qualitative description of the degree to which an individual sample accurately
reflects population characteristics or parameter variations at a sampling point. It is therefore an
important quality not only of assessment and quantification of environmental threats posed by the
site, but also for providing information for engineering design and construction. Proper sampie
location selection and proper sample collection methods are important to ensure that a truly
representative sampie has been taken. Regardiess of scrutiny and quality control applied during .
laboratory analyses, reported data are not better than the confidence that can be placed in the
representativeness of the samples. _
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5.2 DEFINING THE SAMPLING PROGRAM

Many factors must be considered in developing a sampling program for surface water or sediments
including study objectives; accessibility; site topography; flow, mixing and other physical
characteristics of the water body; point and diffuse sources of contamination; and personnel and
equipment available to conduct the study. For waterborne constituents, dispersion depends on the
vertical and iateral mixing within the body of water. For sediments, dispersion depends on bottom
current or flow characteristics, sediment characteristics (density, size) and geochemical properties

" (which affect an adsorption/desorption). The hydrologist developing the sampling plan must
therefore, know not only the mixing characteristics of streams and lakes, but aiso must understand
the role of fluvial-sediment transport, deposition, and chemical sorption.

52.1  Sampling Program Obijectives

The objective of surface water sampling is to determine the surface water quality entering, leaving or
remaining within the site. The scope of the sampling program must consider the sources and
potential pathways for transport of contamination to or in a surface water body. Sources may include

- point sources (leaky tanks, outfalls, etc.) or nonpoint sources (e.g., spills). The major pathways for
surface water contamination (not including airborne deposition are: (a) overiand runoff; (b) leachate
influx to the waterbody; (c)direct waste disposal (solid or liquid) into the water body; and
groundwater flow influx from upgradient. The relative importance of these pathways, and therefore
the design of the sampling program, is controlied by the physiographic and hydrologic features of the
site, the drainage basin(s) which encompass the site, and the history of site activities.

Physiographic and hydrologic features to be considered include siopes and runoff direction, areas of
temporary flooding or pooling, tidal effects, artificial surface runoff controls such as berms or
drainage ditches (and when they were constructed relative to site operation), and locations of
springs, seeps, marshes, etc. In addition, the obvious considerations such as the location of man-made
discharge points to the nearest stream (intermittent or flowing), pond, lake, estuary, etc., shall be
considered. : :

A more subtle consideration in designing the sampling program is the potential for dispersion of
dissolved or sediment-associated contaminants away from the source. The dispersion could lead to a
more homogeneous distribution of contamination at iow or possibly non-detectable concentrations.
Such dispersion does not, however, always readily occur. For example, obtaining & representative
sample of contamination from a main stream immediately beiow an outfall or a tributary is difficult
because the inflow frequently foliows a stream bank with little lateral mixing for some distance.
Sampling alternatives to overcome this situation are: (1) move the site far enough downstream to
allow for adequate mixing, or (2)coliect integrated samples in a cross section. Also,
nonhomogeneous distribution is a particular problem with regard to sediment-associated
contaminants, which may accumuiate in low-energy environments (coves, river bends, deep spots, or
even behind boulders) near or distant from the source while higher-energy areas (main stream
channels) near the source may show no contaminant accumulation.

The distribution of particulates within a sample itself is an important consideration. Many organic
compounds are only slightly water solubie and tend to be absorbed by particulate matter. Nitrogen,
phosphorus, and the heavy metais may aiso be transported by particulates. Samples will be collected
with a representative amount of suspended material; transfer from the sampling device shall include
transferring a proportionate amount of the suspended material.
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5.2.2 Location of Sampling Stations

Accessibility is the primary factor affecting sampling costs. The desirability and utility of a sample for
analysis and description of site conditions must be balanced against the costs of coliection as
controlied by accessibility. Bridges or piers are the first choice for locating a sampling station on a
stream because bridges provide ready access and also permit the sampling technician to sample any
point across the stream. A boat or pontoon (with an associated increase in cost) may be needed to
sampie locations on lakes and reservoirs, as well as those on larger rivers. Frequently, however, a boat
will take longer to cross a water body and will hinder manipulation of the sampling equipment.
Wading for samples is not recommended unless it is known that contaminant leveis are low so that
skin contact will not produce adverse heaith effects. This provides a buiit in margin of safety in the
event that wading boots or other protective equipment shouid fail to function properly. If it is
necessary to wade into the water body to obtain a sampie, the sampler shall be careful to minimize
disturbance of bottom sediments and must enter the water body downstream of the sampling
location. if necessary, the sampling technician shall wait for the sediments to settie before taking a
sample.

Sampling in marshes or tidal areas may require the use of an all-terrain vehicie (ATV). The same
precautions mentioned above with regard to sediment disturbance will apply.

Under ideal and uniform contaminant dispersion conditions in a flowing stream, the same
concentrations of each would occur at all points along the cross section. This situation is most likely
downstream of areas of high turbulence. Careful site selection is needed in order to ensure, as nearly
as possible, that sampies are taken where uniform flow or deposition and good mixing conditions
exist. '

The availability of streamflow and sediment discharge records can be an important consideration in
choosing sampling sites in streams. Streamfiow data in association with contaminant concentration
data are essential for estimating the total contaminant loads carried by the stream. If a gaging
station is not conveniently iocated on a selected stream, the project hydrologist shall explore the
possibility of obtaining streamflow data by direct or indirect methods.

The sampling frequency and the objectives of the sampling event will be defined by the work plan.
For single-event site- or area-characterization sampling, both bottom material and overlying water
samples shail be coliected at the specified sampling stations. If valid data are available on the
distribution of the contaminant between the solid and aqueous phases it may be appropriate to
sample only one phase, although this is not often recommended. If samples are collected primarily
for monitoring purposes, consisting of repetitive, continuing measurements to define variations and
trends at a given location, water samples shall-be collected at a pre-established and constant interval
as specified in the work plan (often monthly or quarterly) and during droughts and fioods. Sampies
of bottom material shail be coliected from fresh deposits at least yearly, and preferably during both
spring and fall seasons.

The variability in available water-quality data shall be evaiuated before deciding on the number and
coliection frequency of samples required to maintain an effective monitoring program.
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53 SURFACE WATER SAMPLE COLLECTION

5.3.1  Streams, Rivers, Outfalis and Drainage Features (Ditches, Culverts)

Methods for sampling streams, rivers, outfalls and drainage features at a single point vary from the
simplest of hand sampling procedures to the more sophisticated multipoint sampiing techniques
known as the equal-width-increment (EWI) method or the equal-discharge-increment (EDI) methods

{see below).

Samples from different depths or cross-sectional locations in the water course taken during the same
sampling episode shall be composited. However, samples collected along the length of the
watercourse or at different times may reflect differing inputs or dilutions and therefore shall not be
composited. Generally, the number and type of sampies to be taken depend on the river's width,
depth, discharge and on the suspended sediment the river's transports. The greater number of
individual points that are sampied, the more likely that the composite sampie will truly represent the
overali characteristics of the water.

in small streams less than about 20 feet wide, a sampliing site can generally be found where the water
is well mixed. In such cases, a single grab sample taken at mid-depth in the center of the channel is
adequate to represent the entire cross section.

For larger streams, at least one vertical composite shall be taken with one sampie each from just
below the surface, at mid-depth, and just above the bottom. The measurement of DO, pH,
temperature, conductivity, etc., shall be made on each aliquot of the vertical composite and on the
composite itself. For rivers, several vertical composites shall be collected.

5.3.2 Lakes, Ponds and Reservoirs

Lakes, ponds, and reservoirs have as much greater tendency to stratify than rivers and streams. The
relative lack of mixing requires that more samples be obtained.

The number of water sampling sites on a lake, pond, or impoundment will vary with the size and
shape of the basin. in ponds and small lakes, a single vertical composite at the deepest point may be
sufficient. Similarly, the measurement of DO, pH, temperature, etc., is to be conducted on each
aliquot of the vertical composite. in naturally-formed ponds, the deepest point may have to be
determined empirically; in impoundments, the deepest point is usually near the dam.

in lakes and larger reservoirs, several vertical composites shall be composited to form a single sample.
These verticais are often taken along a transect or grid. In some cases, it may be of interest to form
separate composites of epilimnetic and hypolimnetic zones. In a stratified lake, the epilimnion is the
thermocline which is exposed to the atmosphere. The hypolimnion is the lower, “confined” layer
which is only mixed with the epilimnion and vented to the atmosphere during seasonal “overturn”
(when density stratification disappears). These two 2ones may thus have very different
concentrations of contaminants if input is only to one zone, if the contaminants are voiatile (and
therefore vented from the epilimnion but not the hypolimnion), or if the epilimnion oniy is involved
in short-term flushing (i.e., inflow from or outflow to shaliow streams). Normally, however, a
composite consists of several verticals with sampies coliected at various depths.

In lakes with irreguiar shape and with bays and coves that are protected from the wind, separate
composite samples may be needed to adequately represent water quality since it is likely that only
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poor mixing will occur. Similarly, additional samples are recommended where discharges, tributaries,
land use characteristics, and other such factors are suspected of influencing water quality.

Many lake measurements are now made in-situ using sensors and automatic readout or recording
devices. Single and multiparameter instruments are available for measuring temperature, depth, pH,
oxidation-reduction potential (ORP), specific conductance, dissolved oxygen, some cations and
anions, and light penetration.

53.3  Estuaries

Estuarine areas are by definition zones where iniand freshwaters (both surface and ground) mix with
oceanic saline waters. Estuaries are generally categorized into three types dependent upon
freshwater inflow and mixing properties. Knowiedge of the estuary type is necessary to determine
sampling locations:

o Mixed estuary - characterized by the absence of a vertical halocline (gradual or no marked
increase in salinity in the water column) and a gradual increase in salinity seaward.
Typically this type of estuary is shallow and is found in major freshwater sheetfiow areas.
Being well mixed, the sampling iocations are not critical in this type of estuary.

¢ ' Salt wedge estuary - characterized by a sharp vertical increase in salinity and stratified
freshwater flow along the surface. In these estuaries the vertical mixing forces cannot
override the density differential between fresh and saline waters. In effect, a salt wedge
tapermg inland moves horizontally, back and forth, with the tidal-phase. If contamination
is being introduced into the estuary from upstream, water nmplmg from the sait wedge
may miss it entirely.

® - Oceanic estuary - characterized by salinities approaching full-strength oceanic waters.
Seasonally, freshwater inflow is small with the preponderance of the fresh-salmo water
mixing occurring near, or at, the shon line.

Sampling in estuarine areas is normally based upon the tidal phases, with sampies collected on
successive slack tides (i.e. when the tide turns). Estuarine sampling programs shail include vertical
salinity measurements at i-to S-foot increments coupled with vertical dissolved oxygen and
temperature profiles. :

534  surface Water Sampling Equipment

The selection of sampling equipment depends on the site conditions and sample type required. The
most frequently used sampiers are:

Open tube

Dip sampler

Hand pump

Kemmerer
Depth-integrating Sampler

The dip sampler and the weighted bottie sampler are used most often.

0-33-4.90-1
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The criteria for selecting a sampler include:

Disposable and/or easily decontaminated

Inexpensive (if the item is to be disposed of)

Ease of operation

Nonreactive/noncontaminating - Teflon-coating, glass, stainless steel or PVC sample
chambers are preferred (in that order)

Each sample (grab or each aliquot coliected for compositing) shail be measured for:

o Specific conductance

o Temperature

e pH (optional)

e Dissolved oxygen (optional)

as soon as it is recovered. These analyses will provide information on water mixing/stratification and
potential contamination.

53.4.1 Dip Samplil_ig

Water is often sampied by filling a container either attached to a poie or held directly, from just
beneath the surface of the water (a dip or grab sample). Constituents measured in grab sampies are
only indicative of conditions near the surface of the water and may not be a true representation of
the total concentration that is distributed throughout the water column and in the cross section.

Therefore, whenever possible it is recommended to augment dip samples with sampies that represent
both dissolved and suspended constituents and both vertical and horizontal distributions.

5.3.42 Weighted Bottie Sampling

A grab sample can also be taken using a weighted holder that allows a sampie to be lowered to any
desired depth, opened for filling, closed, and returned to the surface. This allows discrete sampling
with depth. Several of these samples can be combined to provide a vertical composite. Alternatively,
an open bottie can be lowered to the bottom and raised to the surface at a uniform rate so that the
bottle collects sample throughout the total depth and is just filled on reaching the surface. The
resulting sample using either method will roughly approach what is known as a depth-mtegrated
sample.

A closed weighted bottie sampler consists of a stopped glass or plastic bottie, a weight and/or holding
device, and lines to open the stopper and lower or raise the bottle. The procedure for sampling is:

e Gently iower the sampier to the desired depth so as not to remove the stopper prematurely
(watch for bubbles).

® Pull out the stopper with a sharp jerk of the sampier line.

o Allow the bottle to fill completely, as evidenced by the absence of air bubbies.
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® Raise the sampler and cap the bottle.

e Decontaminate the outside of the bottle. The bottie can be used as the sampie container
(as long as original bottle is an approved container).

53.4.3 Kemmerer

If samples are desired at a specific depth, and the parameters to be measured do not require a Teflon
coated sampler, a standard Kemmerer sampier may be used. The Kemmerer sampler is a brass,
stainless steel or acrylic cylinder with rubber stoppers that leave the ends open while being lowered in
a vertical position to aliow free passage of water through the cylinder. "Messenger” is sent down the
line when the sampler is at the designated depth, to cause the stoppers to close the cylinder, which is
then raised. Water is removed through a vaive to fill sampie bottles.

53.5  Surface Water Sampling Technigues

Most samples taken during site investigations are grab sampies. Typically, surface water sampling
. invoives immersing the sample container in the body of water; however, the following suggestions
are made to help ensure that the samples obtained are representative of site conditions:

e The most representative samples are obtained from mid-channel at 0.6 stream depth ina
well-mixed stream.-

e Even though the containers uscd to obtain the samplcs are previously laboratory cieaned,
it is suggested that the sample container be rinsed at least once with the water to be
sampied before the sample is taken.

® For sampling running water, it is suggested that the farthest downstream sampie be
obtained first and that subsequent samples be taken as one works upstream. Work from
zones suspected of low contamination to zones of high contamination.

¢ To sample a pond or other standing body of water, the surface area may be dmded into
grids. A series of samples taken from each grid is combined into one sample, or several
grids are selected at random.

® Care should be taken to avoid excessive agitation of the water that resuits in the loss of
volatile constituents.

® When obtaining samples in 40 mL septum vials for volatile organics, analysis, it is important ’
to exclude any air space in the top of the bottie and to be sure that the Teflon liner faces in
after the bottle is filled and capped. The bottie can be turned upside down to check for air
bubbies.

¢ Do not sample at the surface, uniess sampling specifically for a known constituent which is
immiscible and on top of the water. Instead, the sample container should be inverted,
lowered to the approximate depth, and held at about a 45-degree angle with the month of
the bottie facing upstream.
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5.4 SEDIMENT SAMPLING

5.4.1 eneral

Sediment samples are usually coliected at the same verticals at which water sampies were collected. If
only one sediment sampie is to be collected, the site shall be approximately at the center of water
body. Generally, the coarser grained sediments are deposited near the headwaters of the reservoir.
Bed sediments near the center will be composed of fine-grained materials which may, because of
their lower porosity and greater surface area available for adsorption, contain greater concentrations
of contaminants. The shape, flow pattern, bathometry (depth distribution), and water circulation
patterns must all be considered when selecting sediment sampling sites. In streams, areas iikely to
have sediment accumulation (bends, behind islands or boulders, quiet shallow areas or very deep,
low-velocity areas) shall be sampied while areas likely to show net erosion (high-velocity, turbulent
areas) and suspension of fine solid materiails shall be avoided. A

Chemical constituents associated with bottom material may reflect an integration of chemical and
biological processes. Bottom samples refiect the historical input to streams, lakes, and estuaries with
respect to time, application of chemicals, and iand use. Bottom sediments (especially fine-grained
material) may act as a sink or reservoir for adsorbed heavy metals and organic contaminants (even if
water column concentrations are below detection limits). it is therefore important to minimize the
loss of low-density “fines” during any sampling process.

54.2 Sampling Equipment and Technigues

A bottom-material sample may consist of a single scoop or core or may be a composite of several
individual samples in the cross section. Sediment sampies may be obtained using on-shore or
off-shore techniques.

When boats are used for sampling, life preservers must be provided and two individuals must
undertake the sampling. An additional person shall remain on-shore in visual contact at all times.

The following sampiers may be used to coliect bottom materiais:

® Scoop sampier
¢ Dredge sampiers

5.4.2.1 Scoop Sampler

A scoop sampler consists of a pole to which a jar or scoop is attached. The pole may be made of
bamboo, wood or aluminum and be either telescoping or of fixed length. The scoop or jar at the end
of the pole is usually attached using a clamp.

If the water body can be sampied from the shore or if it can be waded, the easiest and "cleanest” way
to collect a sediment sample is to use a scoop sampler. This reduces the potential for cross-
contamination. This method is accomplished by reaching over or wading into the water body and,
while facing upstream (into the current), scooping in the sample along the bottom in the upstream
direction. It is very difficult not to disturb fine-grained materials of the sediment-water interface
when using this method.

D-33-'4-90-1
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I

5422 Dredges

Dredges are generally used to sample sediments which cannot easily be obtained using coring devices
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required. Dredges generally consist of a clam shell arrangement of two buckets. The buckets may

sither cloce unon imnact or be activated bv ute of a messanger. Most dr.dnm are heavy (up to
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several hundred pounds) and require use of a winch and crane asscmbly for samplc retrieval. There
ars thraa maior tvnes of dradass: Peterson, Eckman and Ponar dredges.
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The Peterson dredge is used when the bottom is rocky, in very deep water, or when the flow velocity

is high. The dredgc shall be lowered very siowiy as it approadns bottom because it can force out and
miss lighter materiais if allowed to drop freely. ,

The Eckman dredge has only limited usefuiness. it performs well where bottom material is unusually
soft, as when covered with organic siudge or light mud. It is unsuitable, however, for sandy, rocky,
and hard bottoms and is too light for use in streams with high flow velocities.

The Ponar dredge is a Peterson dredge modified by the addition of side plates and a screen on the top
of the sample compartment. The screen over the sample compartment permits water to pass through
the sampler as it descends thus reducing the “shock wave” and permitting direct access to the secured
sample without opening the ciosed jaws. The Ponar dredge is easily operated by one person in the
same fashion as the Peterson dredge. The Ponar dredge is one of the most effective samplers for
general use on all types of substrates. Access to the secured sampie through the covering screens
permits subsampling of the secured material with coring tubes or Tefion scoops, thus minimizing the
change of metal contamination from the frame of the device.

Feitz, H. R., 1980. Significan fB Material Data in Evaiyating Water Quality in Contaminants
and Sediments. Ann Arbor, Michigan, Ann Arbor Science Publishers, Inc,, V. 1, p. 271-287.

Kittrell, F. W., 1969. A Practical Guide to Water Qualg Studi g of Streams. U.S. Federal Water
Pollution Control Administration, Washington, D.C., 135 p. .

U.S. EPA, 1980. Standard Operating Procedyres and Quality Assurance Manual, Water Surveillance
Branch, USEPA Surveiilance and Analytical Division, Athens, Georgia. -

U.S. Geological Survey, 1977. National H Recomm Methods for Water-Data
Acguisition. Office of Water Data Coordination, USGS, Reston, Virginia.

7.0 ATTACHMENTS

Ablowsn
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1.0 PURPOSE

This purpose of this procedure is to provide information on chain-of-custody, sampie preservation,
packaging and shipping procedures to be used under the HALLIBURTON NUS Program.

2.0 SCOPE
This procedure:

° Descnbes the steps necessary for transfemng sampies through the use of Chain-of-Custody
Records.

'@ Describes the appropriate comeiners to be used for samples depending on the analyses to
be performed, and the steps necessary to preserve the samples when shipped offsite for
chemical analysis.

® Provides instruction for sample packaging and shipping in accordance with
U.S. Department of Transportation (DOT) regulations.

3.0 GLOSSARY

Chain-of-Custody Record Form - A Chain-of-Custody Record Form is a printed two-part form that
accompanies a sampie or group of sampies as custody of the sample(s) is transferred from one
custodian to another custodian.

The chain-of-eustody form is a two-page carbon copy-type form. The original form accompanies the
sampies during shipment, and the carbon-copy is 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
your custody if:

® [Itisin your actual possession.

® Itisin your view, after being in your physical possessuon

® It wasin your physical possession and then you locked it up to prevent tampering.
® [Itisinadesignated and identified secure area.

Hazardous Material - A substance or material in a quantity and form which may pose an unreasonable
risk to heaith and safety or property when transported in commerce (“commerce” here to include any
traffic or transportation). Defined and regulated by DOT (49 CFR 173.2) and listed in AttachmemA of
this guideline.

Hazardous Waste - Any substance listed in 40CFR SubpartD (7261.20e1:seq.) or otherwise
characterized as ignitable, corrosive, reactive, or EP toxic as specified under 40 CFR SubpartC
(y261.20 et seq) that would be subject to mamfest requirements specified in 40 CFR 262. Defined and
reguiated by EPA.

Marking - Applying the descriptive name, instruction, cautions, weight, or specification marks or
combination thereof required to be placed outside containers of hazardous materiais.
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n.o.i - Not otherwise indicated.
n.o.s. - Not otherwise specified.
ORM - Other regulated material.

Packaging - The assembiy of one or more containers and Sny other components necessary to assure
compliance with the minimum packaging requirements of 49 CFR 174, including containers (other
than freight containers or overpacks), portable tanks, cargo tanks, tank cars, muli-unit tank car tanks.

Placard - Color-coded, pictorial sign depicting thed hazard class symbol and name to be placed on all
four sides of a vehicie transporting certain hazardous materials.

‘Preservatives:

‘HCl - Hydrochloric Acid
H3S04 - Sulfuric Acid
HNO3 - Nitric Acid

NaOH - Sodium Hydroxide

Normality (N) - Concentration. of a solution expressed as equivalent per liter, an equivaient being the
amount of a substance containing 1 gram-atom of replaceable hydrogen or its equivalent. Thus, a
one-molar solution of HCl, containing 1 gram-atom of H, is “one normal,” while a one-molar solution
of H350, containing 2 gram-atoms of H, is “two normal.”

Reportable Quantity (RQ) - A parenthetical note of the form “(RQ-1000/454)° following an entry in
the DOT Hazardous Materials table (49 CFR 172.101) indicates the reportable quantity of the
substance in pounds and kilograms. If a spill of that amount or more of the substance occurs during
transit or storage, a report must be filed with DOT according to y171.15-15 concerning hazardous
materials incidents reports. If the material spilied is a hazardous waste, a report must aiways be filed,
regardless of the amount, and must include a copy of the manifest. If the RQ notation appears, it
must be shown either immediately before or after the proper shippin name on the shipping paper (or
manifest). Most shipping papers and manifests will have a column designated “"HM® which may be
used for this purpose.

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.

4.0 RESPONSIBILITIES

Field Operations Leader - Directly responsible for the bottiing, preservation, labeling, packaging,
shipping, and custody of the sampies uup to and including reiease to the shipper.

Field Samplers - Responsible for fnitiaﬁng the Chain-of-Custody Record, impiementing the packaging
and shipping requirements, and maintaining custody of samples until they are relinquished to
ancther custodian or to the common carrier.
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s.0 PROCEDURES

5.4 SAMPLE IDENTIFICATION AND CHAIN-OF-CUSTODY

5.1 OVERVIEW |

A Chain-of-Custody Record is required, without exception, for the tracking and recording of all
samples coliected for onsite or offsite analysis (chemical or geotechnical) during program activities.

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 coliection through analysis.

51.2  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 directiy in bound Iogbooks
or other field data records, with identifying information.

Samples, other than in-situ measurements, are removed and transported from the sample location to
" a laboratory or other location for analysis. Before removal, however, 2 sample is often divided into
portions, depending upon the analyses to be performed. Each portion is preserved in accordance
with the Sampling Plan. Each sample container is identified by a sampie label (see¢ AttachmentB).
Sampie labels are provided by the PMO. The information recorded on the sampie iabel includes:

e Project: Site name or project number (obtained from the Site Manager).

e Station Location: The unique sampie number identifying this sample (can be obtained
from the Sampling Plan).

o Date: A six-digit number indicating the day, month, and year of sample collection; -
e.g., 12/21/85.

e Time: A four-digit number indicating the 24-hour time of collection (for example: 0954 is
9:54 a.m., and 1629is4:29 p.m.).

‘@ Medium: Water, soil, sediment, sludge, waste, etc.
o Concentration: The expected concentration (i.e., low, medium, high).
o Sample Type: Grab or composite.
® Preservation: Type of breservation added and pH leveis.
e Analysis: VOA, BNAs, PCBs, pesticides, metals, cyanide, other.
e Sampled By: Sampler’s initials.
® Remarks: Any pertinent additional information.

Using just the project number of the sample labe! maintains the anonymity of sites. This may be
necessary, even to the extent of preventing the laboratory performing analysis from knowing the
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identity of the site (e.g., if the laboratory is part of an organization that has performed previous work
on the site).
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chain-of-custody procedures until it is in the custody of the analyual Iabontory and has been stored
or disposed of.

5.1.3.1 Field Custody Procedures

e Sampies are coliected as described in the site-specific Sampling Plan. Care must be taken to

record precisely the sampie location and to ensure that the sampie number on the label
atehas the ensmala lan chaat and FPhainaf fuctady Darard avartlu
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® ' The person undertaking the actual sampling in the field is MNQ for the care and
custody of the samples coliected until they are properly transferred or dispatched.

o 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 developed, the photographic
prints shall be serially numbered, corresponding to the logbook descriptions.

o Sampie labels shall be completed for each sample, using waterproof ink uniess prohibited

. by weather conditions, e.g., a logbook notation would explain that a pencil was used to fill
out the sampie label because a ballpoint pen would not function in freezing weather.

5.1.3.2 Transfer of Custody and Shipment
Samples are accompanied by a Chain-of-Custody: Record Form. Chain-of-Custody Record Forms used
are shown in Attachments 8. The appropriate form shall be obtained from the EPA Regionai Office.
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 Cham-of»Custody
Record is filled out as follows:

® Enter header information (pl'oied number, sampiers, and project name — project name if
approved by SM).

® Sign, date, and enter the time under “Relinquished by” entry.

® Enterstation number. | |

® Check composite or grab sample.

® Enter station location number (the same number as 'the station location on the.

® Enter the total number of containers per station number and the type of oach bottle.

D-33-4-90-1R1
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® Make sure that the person receiving the sample signs the “Received by” entry, or enter the
name of the carrier (e.g., UPS, Federal Express) under “Received by.” Receiving laboratory
will sign “"Received for Laboratory by” on the lower line and enter the date and time.

e Enter the bili-of-lading or Federal Express airbill number under “Remarks,” in the bottom
right corner, if appropriate.

e Place the original (top, signed copy) of the Chain-of-Custody Record Form in the
appropriate sample shipping package. Retain the carbon copy with field records.

® Sign and date the custody seal, a 1- by 3-inch white paper label with black lettering and an
- adhesive backing. AttachmentF is an example of a custody seal. The custody seal is part of
' the chain-of-custody process and is used to detect tampering with samples after they have
been coliected in the field. Custody seals are provided by the Sample Cooridinator on an
as-needed basis. '

"~ @ Place the seal across the shipping container opening so that it would be broken if the
container is opened.

5 Complete other carrier-required shipping papers.

The custody record is completed using black waterproof ink. Any corrections are made by drawing a
line through and initialing and dating the change, then entering the correct information. Erasures
are not permitted. : ,

Common carriers will usually not accept responsibility for handling Chain-of-Custody Record Forms;
this necessitates packing the record in the sample container (enciosed with other documentation in a
plastic zip-lock bag). As long as custody forms are sealed inside the sample container and the custody
seals are intact, commercial carriers are not required to sign off on the custody form.

If sent by mail, the package will be registered with return receipt requested. If sent by common
carrier or air freight, proper documentation must be maintained.

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 sampie preparation and
analysis.

5.2 SAMPLE PRESERVATION

521  Overview

Different types of chemicals react differentiy with sample containers made of various materials. For
example, trace metais adsorb more strongly to glass than to plastic, while many organic chemicals
may dissolve various types of piastic containers. it is therefore critical to seiect the correct container in
order to maintain the quality of the sampie prior to analysis.

Many water and soil samples are unstable, and therefore require preservation when the time interval

T between field coliection and laboratory analysis is long enough to produce changes in either the

concentration or the physical condition of the constituent(s) requiring analysis. While complete and
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irreversible preservation of samples is not possible, preservation does retard the chemical and
biological changes that inevitably take place after the sampie is collected.

Preservation techniques are usually limited to pH control, chemical addition(s) and refrigeratiorv
freezing. Their purpose is to (1) retard biological activity, (2)retard hydrolysis of chemical
compound/compiexes, (3) reduce constituent volatiiity, and (4) reduce adsorption effects.

522  Sample Containers

For most sampies and anaiytical parameters either glass or plastic containers are satisfactory. In
general, if the analyte(s) to be determined is organic in nature, the container shall be made of glass.
If the analyte(s) is inorganic, then the container shall be plastic. Since container specification will
depend on the analyte and sampie matrix types (as indicated in Attachment D) duplicate sampies
shall be taken when both organic and inorganic analyses are required. Containers shall be kept in the
dark (to minimize biological or photooxidation/photolysis breakdown of constituent) until they reach
the anaiytical laboratory. The sample container shall aliow approximatdy 5-10 percent air space
(“ullage®) to aliow for expansion/vaporization if the sample is heated during transport (1 liter of
water at 4°C expands by 15SmL if heated to 130°F/55°C), however, hcad space for volatile organic
analyses shall be omitted.

Generally, the analytical laboratory shall provide containers that have been cleaned according to
U.S. EPA procedures. Sufficient lead time shall be allowed for a final delivery of all bottie orders.

Once opened, the container must be used at once for storage of a particular sample. Unused but
opened containers are to be considered contaminated and must be discarded; because of the
potential for introduction of contamination, they cannot be reclosed and saved for later use.
Likewise, any unused containers which appear contaminated upon receipt, or which are found to
have loose caps or missing Teflon liner (if required for the container) shall be discarded.

General sample container and sample volume requirements are listed in AttachmentD. Specific
container requirements are listed in Attachment E. .

523 Preservation Techniques

The preservation techniques to be used for various anaiytes are listed in AttachmentsD and E.
Reagents required for sampie preservation will either be added to the sample containers by the
laboratory prior to their shipment to the Fieid or added in the Fieid. In general, aqueous sampies of
low concentration organics (or soil samples of low or medium concentration organics) are cooled to
4°C. Medium concentration aqueous sampies and high hazard organics sample are not preserved.
Low concentration aqueous sampies for metals are acidified with HNO3, while medium concentration
and high hazard aqueous metal samples are not preserved. Low or medium concentration soil
samples for metals are cooled to 4°C while high hazard samples are not preserved.

The foliowing subsections describe the procedures for preparing and. adding chemical preservatives.
Attachments D and E indicate the specific analytes which require these preservatives.
3
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5.2.3.1  Addition of Acid (H,S04, HCl, or HNO3) or Base

Addition of the following acids or bases may be specified for sampie preservation; these reagents
shall be analytical reagent (AR) grade and shall be diluted to the required concentration with doublie-
distilled, deionized water in the laboratory, before Field sampling commences:

Acid Base Concentration Normality | Amountfor .
HCI 1:1 dilution of concentrated HCl 6N 5-10 mL
H.50, 1:1 dilution of concentrated HaSO, 18N 2-5mL
HNO3 Undiluted concentrated HNO3; 16N 2-5mlL
NaOH 400 grams solid NaOH in 870 mL water 10N 2mL**

* Amount of acid to add (at the specified strength) per liter of water to reduce the sample
pH to less than 2, assuming that the water is mmally at pH 7, and is poorly buffered and
does not contain particulate matter.

** To raise pH of 1 liter of waterto 12.

The approximate volumes needed to acidify one liter of neutral water to a pH of less than 2 (or raise
the pH to 12) are shown in the last column of the above table. These volumes are only approximate;
if the water is more alkaline, contains inorganic or organic buffers, or contains suspended particies,
more acid may be required. The final pH must be checked using narrow-range pH paper.

Sampie acidification or base addition shall proceed as foliows:
e Check initial pH of sample with wide range (0-14) pH paper.

e Fill sample bottle to within 5-10 mL of final desired volume and add about 1/2 of estimated
acid or base required, stir gently and check pH with medium range pH paper (pHo-G or
pH 7.5-14, respectwely)

® Add acid or base a few drops at a time while stirring gently. Check for final pH using
narrow range (0-2.5or 11-13, respectively) pH paper; when desired pH is reached cap
sample bottle and seal.

Never dip pH paper into the sample; apply a drop of sample to the pH paper using the
stirring rod.

5.23.2 Cyanide Preservation

Pre-sample preservation is required if oxidizing agents such as chiorine are suspected to be present.
To test for oxidizing agents, piace a drop of the sampie on Kli-starch paper; a blue color indicates the.
need for treatment. Add ascorbic acid to the sample, a few crystals at a time, until a drop of sample
produces no color on the Ki-starch paper. Then add an additional 0.6 g of ascorbic acid for each liter
of sample volume. Add NaOH solution to raise pH to greater than 12 as described in 5.2.3.1. If
oxidizing agents are not suspected, add NaOH as directed.

’ D-33-4-90-1R1
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5.2.3.3 Sulfide Preservation

Samples for sulfide analysis must be preserved by addition of 4drops (0.2mL) of 2N zinc acetate
solution per 100 mL sample. The sample pH is then raised to 9 using NaOH. The 2N zinc acetate
solution is made by dissolving 220 g of zinc acetate in 870 mL of distilled water to make 1 liter of
solution. ‘

5.2.3.4 Preservation of Organic Samples Containing RcsiduaI.Chlorim

Some organic samples containing residual chlorine must be treated to remove this chlorine upon
collection (see AttachmentA). Test the samples for residual chiorine using EPA Methods 330.4
or 330.5 (Field Test Kits are available for this purpose). If residual chiorine is present, add 0.008%
sodium thiosulfate (80 mg per liter of sample).

5.23.5 Field Filtration

When the objective is to determine concentration of dissolved inorganic constituents in a water
system, the sampie must be filtered through a non-metallic 0.45-micron membrane filter immediately
after collection. A filtration system is recommended if large quantities of samples must be filtered in
the field. The filtration system shall consist of a Blichner funnel inserted into a single-hole rubber
stopper, sized to form a seal when inserted into the top of a vacuum filter flask equipped with a
single side arm. Heavy-wall Tygon tubing shail be attached to the single side arm of the vacuum filter
flask and the suction port of a vacuum pump. The stem of the Bichner funnel shall extend below the
level of the side arm of the vacuum filter flask to prevent any soivent. from entering the tubing
leading to the vacuum pump. Before filtration, the filter paper, which shail be of a size to lay flat on
the funnel plate, shall be wetted with the solvent in order to “seal” it to the funnel. Slowly pour the
solvent into the funnel and monitor the amount of solvent entering the vacuum filter flask. When
the rate of soivent entering the flask is reduced to intermittent dripping and the added aliquot of -
solvent in the funnel has passed through the filter, the used filter paper shall be replaced with new
filter paper. If the solvent contains a high percentage of suspended solids, a coarser-sized
nonmetallic membrane filter may be used prior to usage of the 0.45-micron membrane filter. This
“prefiltering” step may be necessary to expedite the filtration procedure. Discard the first 20to
50 mL of filtrate from each sampie to rinse the filter and filtration apparatus to minimize the risk of
altering the composition of the samples by the filtering operation. For analysis of dissolved metals,
the filtrate is coliected in a suitable bottie (see Section 5.2.2) and is immediately acidified to pH 2.0 or
less with nitric acid whose purity is consistent with the measurement to be made. Inorganic anionic
constituents may be determined using a portion of the filtrate that has not been acidified.

Samples used for determining temperature, dissoived oxygen, Eh, and pH should not be filtered. Do
not use vacuum fiitering prior to determining carbonate and bicarbonate concentration because it
removes dissolved carbon dioxide and exposes the sampie to the atmosphere. Pressure filtration can
be done using water pressure from the well. If gas pressure is required, use an inert gas such as argon

or nitrogen.

Do not filter samples for analysis of volatile organic compounds. If sampies are to be filtered for
analyzing other dissoived organic constituents, use a glass-fiber or metal-membrane filter and coliect
the sampies in a suitable container (see Section 5.2.2). Because most organic analyses require
extraction of the entire sample, do not discard any of it. After filtering, the membrane containing the
suspended fraction can be sealed in a glass container and analyzed separately as soon as practicable.
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Total recoverable inorganic constituents may be determined using a second, unfiltered sampie
coliected at the same time as the sampie for dissoived constituents.

5.3 SAMPLE PACKAGING AND SHIPPING

5.3.1 introduction

Samples collected for shipment from a site shall be classified as either environmental or hazardous
material (or waste) sampies. In general, environmental samples are coliected off-site (for example
from streams, ponds, or wells) and are not expected to be grossly contaminated with high levels of
hazardous materiais. On-site samples (for example, soil, water, and materials from drums or bulk
storage tanks, obviously contaminated ponds, lagoons, pools, and leachates from waste sites) are
considered hazardous. A distinction must be made between the two types of samples in order to:

e Determine appropriate procedures for transportation of samples. If there is any doubt, a
sample shall be considered hazardous and shipped accordingly.

e Protect thé heaith and safety of transport and laboratory personnel receiving the sampies.

Special precautnons are used by the shipper and at laboratories when hazardous materials
arereceived.

5.3.2 Environmenta! Samples
5.3.2.1 Packaging
Environmental samples are packaged as follows:

® Place sample container, properly identified and with a sealed lid, in a polyethylene bag,
and seal the bag.

® Place samplie in a cooler constructed of sturdy material which has been lined with a large
polyethyiene bag.

e Pack with enough noncombustible, absorbent, cushioning materials (botties shoulders if
ice is required) to minimize the possibility of the container breaking.

e If cooling is required (see Attachments D and E), place ice in zip-lock bags, on container lids
(minimum of 8 pounds of ice for a medium size cooler).

o Seal large bag.
® Seal or close outside container.
5322 Marking/labeling
Sample containers must have a completed sample identification tag and the outside container must

be marked “Environmental Sample.” The appropriate side of the container must be marked “This
End Up” and arrows placed appropriately. No DOT marking or labeling are required. :
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5.3.23 Shipping Papers

No DOT shipping papers are required. However, the appropriate chain-of-custody forms must be
included with the shipment.

5.3.2.4 Transportation

There are no DOT restrictions on mode of transportation.
523  Determination of Shippin ifi Hazardous Materia! Sampl

Sampies not determined to be environmental sampies, or samples known or expected to contain
hazardous materiais, must be considered hazardous material sampies and transported according to
the requirements listed below.

5.3.3.1 Known Substances

If the substance in the sample is known or can be identified, packagc. mark, label and ship according
 to the specific mstrucuom for that material (if it is listed) in the DOT Hazardous Materials Table,
49 CFR 172.101.

Unz and Company have published the following steps to help in locating a proper shipping name
from the Hazardous Materials Table, 49 CFR 172.101. ‘

1. Look first for the chemical or technical name of the material, for example, ethyl alcohol.
Note that many chemicals have more than one technical name, for example, .
perchloroethylene (not listed in 172.101) is aiso called tetrachioroethyiene (listed 172.101).
It may be useful to consuit a chemist for all possible technical names a material can have. If
your material is not listed by its technical name then. . . . . .. .

2. Look for the chemical farmly name. For exampile, pentyl aicohol is not lnsted but the
chemical family name is: alcohol, n.o.s. (not otherwise specified). If the chemical family
nameisnotlistedthen. . . . .....

3. Lookforagcnencmmebasodonmduu. Formmplo,Pamt.nosorFareworks n.os. If
ageneric name based onend useisnotlistedthen. . . . .. ...

4. Look for a generic family name based on end use, for example, drugs, n.o.s. or cosmetics,
n.o.s. Finally, if your material is not listed by a generic family name but you suspect or
know the material is hazardous bocause it meets the definition of one or more haxardous

5. You will have to go the the general hazard class for a proper shipping name. For example,
Flammable Liquid, n.o.s, or Oxidizer, n.o.s.

5.3.3.2 Unknown Substances
For samples of hazardous substancos of unknown content, select the appropriste transportation

category according to the DOT Hazardous Materials Classification (Attachment F), a priority system of
transportation categories.
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The correct shipping classification for an unknown sample is selected through a process of
elimination, utilizing AttachmentF. Unless known or demonstrated otherwise (through the use of
radiation survey instruments), the sample is considered radioactive and appropriate shipping
regulations for “radioactive material” foliowed.

If a radioactive material is eliminated, the sample is considered to contain “Poison A" materiais
(Attachment G), the next classification on the list. DOT defines “Poison A® as extremely dangerous
poisonous gases or-liquids of such a nature that a very small amount of gas, or vapor of the liquids,
mixed with air is dangerous to life. Most Poison A materiais are gases or compressed gases and would

-not be found in drum-type containers. Liquid Poison A would be found only in closed containers;
however,all samples taken from closed drums do not have to be shipped as Poison A, which provides
for a “worst case” situation. Based upon information available, a judgment must be made whether a
sample from a ciosed container is a Poison A.

If Poison A is eliminated as a shipment category, the next two classifications are "flammable® or
“nonflammable” gases. Since few gas samples are collected, “flammable liquid® would be the next
applicable category. * With the elimination of radioactive material, Poison A, flammabie gas, and
nonflammable gas, the sample can be classified as flammable liquid (or solid) and shipped
accordingly. These procedures would also suffice for shipping any other sampies classified below
flammable liquids in the DOT classification table (AttachmentF). For samples containing unknown
materiails, categories listed below flammable liquids/solids on AttachmentF are generally not used
because showing that these materials are not flammabile liquids (or solids) requires flashpoint testing,
which may be impractical and possibly dangerous at a site. Thus, uniess the sample is known to
consist of materials listed as less hazardous than flammable liquid (or solid) on AttachmentF, it is
considered a flammable liquid (or solid) and shipped as such. .

For any hazardous material shipment, utilize the shipping checklist (Attachment H) as a guideline to
ensure that ali sample-handling requirements are satisfied.

5.3.4 PACKAGING AND SHIPPING OF SAMPLES CLASSIFIED AS FLAMMABLE LIQUID (OR SOLID)

5.3.41 Packaging

Apblying the word “flammable” to a sample does not imply that it is in fact flammabie. The word
prescribes the class of packaging according to DOT regulations.

1. Coliect sample in the prescribed container with a nonmetallic, Teflon-lined screw cap. To
prevent leakage, fill container no more than 90 percent full.

‘2. Complete sample label tag and attach securely to sample container.

3. Seal container and place in 2-mil-thick (or thicker) polyethylene bag, one sample per bag.
Position sample identification label so that it can be read through bag. Seal bag.

4. Place sealed bag inside metal can and cushion it with enough noncombustible, absorbent
material (for exampie, vermiculite or diatomaceous earth) between the bottom and sides
of the can and bag to prevent breakage and absorb leakage. Pack one bag per can. Use
clips, tape, or other positive means to hold can lid securely, tightly and perrnanently Mark
can as indicated in Paragraph 1 of Section5.3.4.2, below.

D-33-4-90-1R1
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5. Place one or more metal cans (or single 1-galion bottie) into a strong outside container,
such as a metal picnic cooler or a DOT-approved fiberboard box. Surround cans with
noncombustible, absorbent cushioning materials for stability during transport. Mark
container as indicated in Paragraph 2 of Section 5.3.4.2.
53.42 Marking/Labeling

Use abbreviations only where specified. Place the following information, either
hand-printed or in label form, on the metal can (or 1-galion bottle):

®. Laboratory name and address.
® “Fiammabie Liquid, n.o.s. UN1993° or *Flammablie Solid, n.o.s. UN1325."

Not otherwise specified (n.o.s) is not used if the flammable liquid (or solid) is identified. Then the
name of the specific material is listed before the category (for example, Acetone, Flammable Liquid),
followed by its appropriate UN number found in the DOT Hazardous Materiais table (49 CFR 172.101).

2. Place all information on outside shipping container as on can (or bottle), specifically:

Proper shipping name.
UN or NA number.
Proper label(s).
Addressee and sender.

Place the following labeis on the outside shipping container: “Cargo Aircraft Only” and
“Flammable Liquid” (or “Flammable Solid”). "Dangerous When Wet” label shall be used if
the solid has not been exposed to a wet environment. “Laboratory Samples” and “THIS
SIDE UP” or "THIS END UP” shall aiso be marked on the top of the outside container, and
upward-pointing arrows shall be placed on all four sides of the container.

shipping Papers

Use abbreviations only where specified. Compiete the carrier-provided bill of iading and

sign certification statement. Provide the following information in the order listed (one

form may be used for more than one exterior container).

e “Flammable Liquid, n.0.s. UN1993” or “Flammable Solid, n.o.s. UN1325."

® “Limited Quantity” (or “Ltd. Qty.”).

® "Cargo Aircraft Only.”

® Net weight (wt) or net volume (vol), just before or just after “Flammable Liquid, n.o.s.”
or “Flammable Solid, n.0.s.,” by item, if more than one metal can is inside an exterior
container.

® “Laboratory Samples” (if appiicable).
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2. Include Chain-of-Custody Record, properly executed in outside container.
3. “Limited Quantity” of "Flammble Liquid, n.0.s.” is limited to one pint per inner container.
For “Flammable Solid, n.o.s.,” net weight of inner container pius sampbe shall not exceed
one pound; total package weight shali not exceed 25 pounds.
' 5344 Trans ion

1. Transport unknown hazardous substance samples classified as flammable iiquids by rented
or common carrier truck, railroad, or express overnight package services. Do not transport
by any passenger-carrying air transport system, even if they have cargo-only aircraft. DOT
regulations permit regular airiine cargo-only aircraft, but difficulties with most suggest
avoiding them. Instead, ship by airline carriers that only carry cargo.

2. For transport by government-owned vehicle, including aircraft, DOT regulations do not
apply. However, procedures described above, wnth the exception of execution of the bill of

lading with certification, shall still be used.
- 6.0 REFERENCES

American Public Health Association, 1981. Standard Methods fgr the Examination of Water and
Wastewater. 15th Edition. APHA, Washmgton, D.C. _

U. S. Department of Transportation, 1983. Hazardous Materiais Regulations, 49 CFR 171-177.

U.S. EPA, 1984; “Guidelines Establishing Test Procedures for the Analysis of Pollutants under Ciean
Water Act.” Federal Register, Volume 49 (209), October 26, 1984, p. 43234.

US. EPA, 1979. Methods for Chemical Analysis of Water and Wastes. EPA-600/4-79-020.

U.S. EPA-EMSL, Cincinnati, Ohio.
7.0 ATTACHMENTS

Attachment A - Sample Label

Attachment B - Chain-of-Custody Record Form

Attachment C - Chain-of-Custody Seal ’

Attachment D - General Sampie Container and Preservation Requirements CERCLA/RCRA Sampies
Attachment E - Required Containers, Preservation Techniques, and Holding Times (sheets)
Attachment F - DOT Hazardous Material Classification (49 CFR 173.2)

Attachment G - DOT List of Class “A” Poisons (40 CFR 172.101)

Attachment H - Hazardous Materiais Shipping Checklist
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ATTACHMENT A
SAMPLE LABEL
PROJECT:
STATION LOCATION:
DATE: /___/ TIME: ~ hrs.
MEDIA: WATER [J SOIL O SEDIMENT O _
CONCENTRATION: LoW O MEDIUM O - HIGH O
TYPE: GRAB [J COMPOSITE O
ANALY | PRESERVATION
VOA O BNAs [ | Cool to 4°C (]
PCBs O PESTICIDES [J | HNO3 to pH <2 O
METALS: TOTAL [J ODISSOLVED [J| NaOH to pH>12 O
CYANIDE O | 0O
ol
Sampled by:
Case No. Traffic Report No.:
Remarks: ) '

D-33-4-90-1/R1




LW/L-06-v-£2-Q

[
g
P 2
ATTACHMENT B <
)
- CHAIN-OF-CUSTODY RECORD m
{Original is 8-1/2 by 11) ;
5
PROMCT RAME =
4
(1]
SAMPLERS: (Signature) NO. OF
' . CONTANERS REMARKS
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3
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ATTACHMENTC
CHAIN-OF-CUSTODY SEAL

_eamueubis

a8g
avas AQOLsSNO

Bate
Signature

SN NoLHna VIl GD

S
% CUSTODY SEAL
9
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ATTACHMENTD
GENERAL SAMPLE CONTAINER AND PRESERVATION IEWREMENTS
CERCLA/RCRA SAMPLES
Sample Type and Concentration Container(!) Sample Size Preservationi?) Holding Timel2)
WATER Organics VOA Borosilicate glass 2x40mli Cool t0 4°C Tdays :
(GC 8 GUMS) Extractables Llow Amber glass 2x20L or 4x 1L |Coolto4C S days after extraction;
Medium 4x320z. None 40 days after extraction
Metals tow  [High-density polyethylene n HNO3 topH $2 |6 months (Hg-30 days)
S Medium ] Wide-mouth glass 16 oz. None 6 months
[¢]
games Cyanide  tow | High-density polyethylene m NeOHtopH >12 |,
Medium | Wide-mouth glass 160z2. None oy
Organic/inorganic | High Hazard 8-oz. wide-mouth giass 6oz None tadays
coD High-density polyethylene oStL H S0, topH <2 | 28days
10C - High-density polyethylene oSt HC topH <2 28days
Oit & Grease - ] Glass 1.0L H2S04topH <2 | 28 days
Phenols High-density polyethylene 1.0t HiSO¢topH <2 |28 days
General Chemistry  §—- High-density polyethylene 1.0L None -
SOIt VOA 2'1 120 mL (4 oz.) wide-mouth 240mi. Cool to4°C 10days
Organics glass . - :
(GC & GUMS) Extractables  Low 8-02.or 2x4-0z. (120 ml) oz Cool to4°C 10 days to extraction;
Medium | wide-mouth glass * 40 days siter extraction
lnorgania. ) Low/Medium ;‘:’:_: :u:h‘-:l:s(s'm mu) Soz. Cool to 4°C NA
Organiv/inorganic | High Hazard 8-oz. (120 mL) wide-mouth glass 6oz None NA
Dioxin Al 4-02. (120 mi) wide-mouth glass 4o1. None NA
EP Toxicity All 250 mt high-demsity polyethylene 200 grams None NA
AIR vila O manioe Low Charcoal Tube _ o v asa
Volatile Organics Medium |7 ¢cm long, 6 mm OD, 4 mm ID ool ok Coolto 4°C o

() ANl glass containers should have Teflon cap liners or septs.
(2) See AttachmentB.
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ATTACHMENTE
REQUIRED CONTAINERS, PRESERVATION TECHNIQUES, AND HOLDING TIMES
Parameter Number/Name Container(!) Preservation@X® Mam:ti.l:::’oldmg
INORGANIC TESTS:
Acidity P.G Cool, 4°C 14 days
Alkalinity .G Cool, £4°C 14 days
Ammonia .G Cool, 4°C. H,50,to pH 2 28 days
8iochemical Oxygen Demand .G Cool, £4°C 48 hours
Sromide - P.G None required 28 days
Biochemical Oxygen Demand, Carbonaceous ’.G Cool, 4°C 48 hours
Chemical Oxygen Demand P.G Cool, 4°C, H,S0, to pH 2 28 days
Chioride P.G None required 28 days
Chiorine, Total Residual P.G None required Analyze immediately
Color ?.G Cool, 4°C 48 hours
Cyanide, Total and Amenableto Chiorination | . P.G gz"'c'ml. o 12 12 days®
Fluoride P None required 28 days
Hardness PG HNOj to pH 2, H,S0, topH 2 6 montis
Hydrogen ton (pH) PG None required Analyze immediately
Kieldahl and Organic Nitrogen P.G Cool, 4°C, H,50,to pH 2 28days
Nitrate P.G None required 48 hours
Nitrate-Nitrite P.G Cool, 8°C, H,50, to pH 2 28 days
Nitrite PG Cool, £°C 48 hours
Qil & Grease G Cool, 4°C, H50,t0 p 2 28 days
Organic Carbon .G Cool, 4°C. HCl or H,50, to pH 2 428 days
Orthophosphate P.G Filter immediately, Cool 4°C 48 hours
Oxygen, Dissoived-Probe G Bottieand top | None required Analyze immediately
Oxygen, Dissolved-Winkier G Bottie and top | Fix on site and store in dark 8 hours
Phenois G Cool, 4°C, H;50,to pH 2 28 days
Phosphorus (elemental) G . Cool, 4°C 48 hours
Phosphorus, Total P.G Cool, 8°C, H,50,to pH 2 - | 28 days
Residue, Total P.G Cool, 4°C 7 days
Residue, Filterable G Cool, 8°C 48 hours
Residue, Nonfilterable (TSS) P.G Cool, 4°C 7 days
Residue, Settieable P.G Cool, 8°C 48 hours
Residue, Voiatile P.G Cool, 4°C 7 days
Silica P Cool, 8°C 28 days
Specific Conductance PG Cool, 4°C 28 days
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ATTACHMENT E
- REQUIRED CONTAINERS, PRESERVATION TECHNIQUES, AND HOLDING TIMES
PAGE TWO
parameter Number/Name Containerid Preservation3) M“'";‘:e:?“mg
INORGANIC TESTS (Cont'd):
Sulfate P.G Cool, 8°C 28 days
) Cool, 2°C, add zinc acetate plus sodium 9
Sulfide PG hydraxide to pH 9 7days
Sulfite P.G None required Analyze immediately
Surfactants PG Cool. 4°C 48 hours
Temneraturs P.G None required Analyze immediately
Turbidity P.G Cool, 8°C 18 hours
METALS:(?)
Chromium VI P.G. Cool, 4°C 28 hours
Mercury P.G HNO, to pH 2 28 days
Metals, excapt Chromium Vi and Mercury P.G HNOy topH 2 & months
ORGANIC TESTS:(®
Purgeable Halocarbons G. T:m""’ €00, 4°C, 0.008% Na;5,0: 18 days
. G. Tefion-lined | Cool, 8°C, 0.008% Na,5,0,
Purgeabie Aromatic Hydrocarbons septum HCIto pH 200 Adays
. o G, Tefion-lined | Cool, 8°C, 0.008% Na,5,0,4%!
Acrolein and Acrylonitrite septum adjust pH 0 4-5(10) 14 days
. ' 7 days until extraction,
) )
Phenols(1! G, Tefion-lined cap | Cool, 4°C, 0.008% Na,5,04 40 days atter extraction
Benzidines() G, Teflon-lined cap | Cool, 8°C. 0.008% Na,5,0,® 7 days until extraction(13)
A 7 days until extraction,
1"
Phthalate Esters( G. Tefion-lined cap | Cool, 8°C 40 days atter ction
X . . . 7 days until extraction,
X 5)
Nitrosamines G. Teflon-lined cap | Cool, &°C. store in dark, 0.008% Na;S;05® | days after extraction

PCBs(") Acrylonitrile

G, Tefion-lined cap

Cool, 8°C

7 days until extraction,
40 days stfter extraction

Nitroaromatics & isophorone(tV)

G, Tefion-lined cap

Cool. 8°C, 0.008% Na;$,04™, store in dark

7 days urtil extraction,
40 days after extraction

Polynuciear Aromatic Hydrocarbons('?)

G, Teflon-lined cap

Cool, 4°C, 0.008% Na,$,0,, store in dark

7 days until extraction, .
40 days after extraction

7 days until extraction,

Haloethers('V . Teflon-li ,4°C, 0. (%) ¢
a e G, Tefion-lined cap | Cool, 4°C, 0.008% Na,S,0, 40 days strer extraction
. . 7 days until extraction,
Chiori H 11) , Tefion-i , .
nated Hydrocarbons( G, Teflon-lined cap } Cool, 8°C 40 days chion
TCDDIY G, Tefion-lined cap | Cool, 4°C. 0.008% Na,$,04™ 7 days until extraction,

40 days atrer extraction
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ATTACHMENTE
REQUIRED CONTAINERS, PRESERVATION TECHNIQUES, AND HOLDING TIMES
PAGE THREE .
Parameter Number/Name Container" Pressrvationtio) M‘"";‘i':xw'"g
PESTICIDES TESTS:
. . 7 days until extraction;
Pesticidesi'!) G, Teflon-lined cap | Cool, 4°C, pH 5-9(% 40 days after extraction
‘RADIOLOGICAL TESTS:

{ 1.5 Alpha, beta and radium

| P.G HNOy topM 2 | 6 montns |

(L
@

28

ge8s

($1))

(12
a3
08
(15)

Polysthyiene (P) or Glass (G)

Sample preservation should be performed immediately upon sample coliection. For composite chemical samples each aliquot
shouid be preserved atthe _____ of coliection. When use of an automated sampier makes it impossible to preserve each aliquot,
then chemical sampies may be preserved by maintaining at ______ urtil compositing and sample splitting is compieted.

When any sampie is to be shipped by common carrier or sent through the United States mails, it must comply withy the
Department of Transportation Hazardous Materisis Regulations (49 CFR Part 172).

Sampies should be anaiyzed as soon as possible after collection. The times listed are the maximum times that sampies may be
heid before analysis _____ still be considered valid. Sampiles may be heid for longer periods only it the permittee, or monitoring
laboratory, has data on file t0 show that the specific types of sampies under study are stable for the longer time, and has received
a variance from the Regional Administrator.

Shouid only be used in the presence of residusi chiorine.

Maximum holding time is 24 hours when sulfide is present. Optionally, all samples may be tested with lead acetate paper before
pH adjustments is order to determine if sulfide is present. !t sulfide is present, it can be removed by the addition of
cadmium nitrate powder until » negative spot test is obtained. the sample is filtered and then NaOH is added to pH 12.
Sampies should be filtered immediately on site before adding preservative for dissolved metals. '

Guidance appiies to sampies to be analyzed by GC. LC, or GO/MS for specific compounds.

Sample receiving no pH adjustment must be analyzed within 7 days of sampling.

the pH adjustment is not required it acrolein will not be measured. ‘Sampies for acrolein receiving no pH adjustment must be
mlyndwnhmadlysafnmplmg

wmmmbhamiywofmmhllwuhmamhdnmnlm ﬂnsp-cfndpmemmondmmmum holding
times should be observed for optimum safeguard of sample integrity. When the analytes of concern fall within two or more
chemical categories, the sample may be preserved by cooling to 4°C, reducing residual chiorine with 0.008% sodium thiosulfate,
storing in the dark, and adjusting the pH to 6-9; samples preserved in this manner may be heid for 7 days before extraction and
for 40 days after extraction. Exceptions to this optionai preservation and holding time procedure are noted in footnote 5 (re: the
requirement for thiosulfate reduction of residual chiorine).and footnotes 12, 13 (re: the analysis of benzidine).

It 1,2-diphenylthydrazine is likely to be present, adjust the pH of the sampie to 4.0 £0.2 to prevent rearrangement to benzidine.
Extracts may be stored up to 7 days before analysis if storage is conducted under an inert (oxidant-free) atmosphere.

For the analysis of diphenyinitrosamine add 0.008% Na,$,0, and adjust pH to 7-10 with NaOM within 24 hours ot sampling.

The pH adjustment may be performed upon receipt at the laboratory and may be omitted if the samples are extracted within
72 hours of collection. For the analysis of aldrin, add 0.008% Na,5,0;.
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ATTACHMENT F

DOT HAZARDOUS MATERIAL CLASSIFICATION
(49 CFR 173.2)

Radiucﬁve material (except a limited quantity)
Poison A '
Flammable gas

Nonftammable gas

Flammabile liquid

Oxidizer

Flammabie Solid

Corrosive material {liquid)

Poison B

Corrosive material (solid)

irritating material

Combustible liquid (in containers having capacities

exceeding 110 gallons [416 liters])
ORM-8
ORM-A

Combustible liquid (in containers having capacities of

110 gallons [416 liters] or less)
ORM-E |
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ATTACHMENT G
DOTLIST OF CLASS “A” POISON (49 CFR 172.101)
: Physical State at
Material Standard
Temperature

Arsine Gas
Bromoacetone Liquid

1 Chioropicrin and methyl chioride mixture Gas
Chioropicrin and qonﬂammabh,nonliqucﬁed Gas
compressed gas mixture ,
Cyanogen chioride Gas(>13.1°0)
Cyanogen gas Gas
Gas identification set Gas
Gelatin dynamite (H. E. Germaine) —
Grenade (with Poison “A” gas charge) —
Hexaethyl tetraphosphate/compressed gas mixture | Gas
Hydrocyanic (prussic) acid solution Liquid
Hydrocyanic acid, liquefied Gas
insecticide (liquefied) gas commmng Poison “A”or |Gas
Poison "B” material
Methyldichloroarsine Liquid
Nitric oxide Gas
Nitrogen peroxide Gas
Nitrogen tetroxide Gas
Nitrogen dioxide, liquid Gas
Parathior/compressed gas mixture Gas
Phosgene (diphosgene) Liquid
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Subject Number Page -
SA-6.1 25 of 25

SAMPLE HANDLING Revision Effectve Date
3 01/02/92

ATTACHMENTH

HAZARDOUS MATERIALS SHIPPING CHECKLIST

PACKAGIN

Check DOT 172.500 table for appropriate type of package for hazardous substance.
Check for container integrity, especially the closure. :
Check for sufficient absorbent material in package.

Check for sample tags and log sheets for each sample, and chain-of-custody record.

bwn -~

SHIPPING PAPERS

Check that entries contain only approved DOT abbreviations.

Check that entries are in English.

Check that hazardous material entries are specially marked to differentiate them from any
nonhazardous materials being sent using same shipping paper.

Be careful all hazardous classes are shown for multiclass materials.

Check total amounts by weight, quantity, or other measures used.

Check that any limited-quantity exemptions are so designated on the shipping paper.

Offer driver proper placards for transporting vehicle.

Check that certification is signed by shipper.

Make certain driver signs for shipment.

Ladk sl

LNV A

RCRA MANIFEST

Check that approved state/federal manifests are prepared.

Check that transporter has the following: valid EPA identification number, valid driver's
license, valid vehicle registration, insurance protection, and proper DOT labeis for materials
being shipped.

Check that destination address is correct.

Check that driver knows where shipment is going.

Check that the driver is aware of emergency procedures for spills and accidents.

Make certain driver signs for shipment

Make certain one copy of executed manifest and shipping document is retained by shipper.

N -

NowvbsWw
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1.0 PURPOSE
The purpose of thns standard operating procedure is to delineate the field data record forms, logs and

T | atmed manel —-nimtnlead fas dasiimmarntime ETE flald astivitiae
TepIIL 9'"2""’ i"l ucuw aNd MaiNtained 7or aodumenung Y &I HISIWU T VI USS.

240 ernne
ooV PN -

Documents precented within thic procedure chall be used for all ETG field projects, as applicabie.

Tod PP eowstemw Vv we ' WMWY - @V ¥ e

Exceptions may inciude other addmonal documents required specifically by contract.

3.0 GLOSSARY

None

4.0 RESPONSIBILITIES

Site Manager - The Site Manager releases the site logbook to the Field Operations Leader or other -
person responsible for the direction of on-site activities (e.g.. Reconnaissance Survey Team Leader,

Sampling Team Leader). Also, responsibie for placing all forms used in site activities, field reports,
and upon the completion of field work the site logbook in the permanent site file.

ﬂ_qu_uom_m The Field Operations Leader is rcsponsablo for ensuring that the site
logbook and the appropriate forms and field reports illustrated in this guideline are correctly used,
accurately filled out, and completed in the required time-frame.

5.0 PROCEDURES
5.1 . SITELOGBOOK

5.1.1 Genersl

The site logbook is 2 controlied document which records all major on-site activities. At a minimum,
the following activities/events shall be recorded in the site logbook:

Arrivai/departure of site visitors

Arrival/departure of equipment

Sampie pickup (chain-of-custody form numbers, carrier, time)

Samplmg acmntuoslsamplo Iogshnt numbers

Start or compietion of borehoie/trenchymonitoring weii instaiiation or sampung activities
Heaith and Safety issues

The site logbook is mmatod at tho start of the ﬁrst on-site activity (e.g., initial reconnaissance survey).

Bt as mom e oad Laman amnoonoma mman sl oebiildlios cobem mlass casddei ol onvemloom LEIAL L ID IDTAA AHIC was
cfitines are maoe® 107 evely u.y Ul-l OF3(® aCuvitues wane PIGLE WINLI INTIVUIVE MALLIDUNRNIWVIY iYWa Ul

subcontractor personnol One current site logbook is maintained per site. The site logbook becomnes

mast af thhae maces amant sidta Hla
PSIL W U PEIIIIGITEIIL W HIlE.
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The cover of each site logbook contains the following information:

Project Name

HALLIBURTON NUS Project Number
Site Manager's Name

Sequential Book Number

Start Date

End Date

Daily entries into the logbodk may contain a variety of information. At the beginning of each day the
following information must be recorded:

Date

Start time

Weather :

All field personnel present
Any visitors present

During the day, a summary of all site activities and level of personal protection shall be recorded in
the logbook. The information need not duplicate that recorded in other field notebooks (e.g.,
sample logbook, Site Geologist's notebook, Heaith and Safety Officer's notebook, etc.), but shall
summarize the contents of these other notebooks and refer to the page locations in these notebooks
for detailed information. An exampie of a site logbook page is shown in Attachment A.

The sampie logsheet for each sample collected (see Procedure ") must be referenced. If
measurements are made at any location, the measurements and equipment used must either be
recorded in the site logbook or reference must be made to the notebook and page number(s) on
which they are recorded (see Attachment A).

All entries shall be made in black pen. No erasures are permitted. If an incorrect entry is made, the
data shall be crossed out with a single strike mark, and initialed and dated. At the completion of
entries by any individual, the logbook must be signed. it must aiso be signed by the Field Operations
Leader or responsible site leader at the end of each day.

5.1.2  Photographs

‘When movies, slides, or photographs are taken of a site or any monitoring location, they are

numbered to correspond to logbook entries. The name of the photographer, date, time, site
location, site description, and weather conditions are entered in the logbook as the photographs are
taken. A series entry may be used for rapid-sequence photographs. The photographer is not
required to record the aperture settings and shutter speeds for photographs taken within the normal
automatic exposure range. However, special lenses, films, filters, and other image-enhancement
techniques must be noted in the logbook. !f possibie, such techniques shall be avoided, since they can
adversely affect the admissibility of photographs as evidence. Chain-of-custody procedures depend
upon the subject matter, type of film, and the processing it requires. Film used for aerial
photography, confidential information, or criminal investigation require chain-of-custody
procedures. Adequate logbook notation and receipts may be used to account for routine film
processing. Once processed, the slides of photographic prints shall be senally numbered and labeied

~ according to the logbook descriptions.
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5.2 FORMS USED IN Rl ACTIVITIES

Tabile 1 lists the forms illustrated in this pfocedure. Forms may be altered or revised for project-
specific needs, with proper client notification.

S.2.1  Sample Collection, Labeling, Shipment and R Analysi
5.2.1.1 Sample Label

The sample label is a 2-by 4-inch white label with black lettering and an adhesive backing.
Attachment B-1 is an exampie of a sample label. These labeis are required on every sample but are
not controlled documents. Guidelines for filling out sampie labels are contained in .

5.2.1.2 Chain-of-Custody Record Form

The Chain-of-Custody Record Form accompanies a sample (or group of samples) as it is transferred
from person to person. This form must be used for any samples collected for chemical or geotechnical
analysis, whether on-site or off-site. Attachment B-2 illustrates a Chain-of-Custody Record form used
by HALLIBURTON NUS. -

5213 Chain-of-Custody Seal

Attachment B-3 is an example of a custody seal. The Custody seal is a 1-by 3-inch adhesive-backed
label. Itis part of a chain-of-custody process and is used to prevent tampering with samples after they
have been collected in the field. It is used whenever sampies are shipped with an accompanying
Chain-of-Custody Record form. Procedure describes the procedures for using chain-of-custody
‘seals. ‘

5.2.1.4 Sample Log Sheet

A Sample Log Sheet is a notebook (3-ring binder) page that is used to record specified types of data
while sampling. AttachmentsB-4 to 8-7 are examples of Sample Log Sheets. The data recorded on
these sheets are useful in describing the waste source and sample as well as pointing out any
problems encountered during sampling. Guidelines for filling out the Sampie Log Sheet are
contained in :

522 Geohvdrological and Geotechnical Forms
. 5.2.2.1 Groundwater Level MasunmchtShut

A groundwater level measurement sheet, shown in AttachmentC-1 should be filled out for each
round of water level measurements at a site.

5.2.22 Data Sheet for Pumping Test (Pumping Well)
During the performance of a pumping test, a large amount of data must be recorded, often within a

short time period. The pumping test data sheet (Attachmerit C-2) facilitates this task by standardizing
the data collection format, and aliowing the time interval for collection to be laid out in advance.
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TABLE 1
TECHNICAL FORMS IN CURRENT USE FOR REMEDIAL INVESTIGATIONS

Form Usage

-Attachment Number/Description Described in

SOP Number
B-1 Sample Label SA-6.1
B-2 Chain-of-Custody Record SA-6.1
B-3 Chain-of-Custody Seal SA-6.6
B-4 Groundwater Sample Log Sheet SA-6.6
B-5 Soil Sample Log Sheet SA-6.6
B-6 Surface Water Sample Log Sheet SA-6.6
B-7 Container Sampie Log Sheet SA-6.6
C-1  Groundwater Level Measurement Sheet GH-2.5
C-2 Pumping Test Data Sheet GH-2.3
C-3  Hydaulic Conductivity Testing Data Sheet GH-2.4
C-4  Packer Testing Report Form GH-2.2
C-5 Summary Log of Boring GH-1.5
C-6 Overburden Monitoring Well Construction Sheet - GH-1.5
C-7 Confining Layer Monitoring Well Construction Sheet GH-1.5
C-8 Bedrock (Open Hole) Monitoring Well Construction Sheet GH-1.5
C-9 Bedrock (Well Instailed) Monitoring Well Construction Sheet GH-1.5
C-10 Bedrock (Well instalied) Monitoring Well Construction Sheet GH-1.5
C-11  TestPitLog . GH-1.8

D-1  Equipment Calibration Log ———
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5.2.2.3 Dats Sheet for Pumping Test (Observation Well) or in-Situ Hydraulic Conductivity Test

This data sheet (Attachment C-3) is similar to that described in Section 5.2.2.2. However, somewhat
different data must be recorded for pumping test observation weils and in-situ hydraulic conductivity
tests, as shown on this sheet.

5.2.2.4 Packer Test Reporting Forms

A packer test reporting form shown in Attachment C-4 is used for cdlectihg data when conducting
packer tests during monitoring well drilling. ,

5225 Summary Log of Boring

During the progress of each boring, a log of the materials encountered, operation and driving of
casing, and iocation of samples must be kept. The Summary Log of Boring (Attachment C-S) is used
for this purpose. in addition, if volatile organics are monitored on cores, samples or cuttings from the
borehole (using HNU or OVA detectors), the resuits are entered on the boring log at the appropriate
depth. The boring log also provides space for entry of the laboratory sample number and the
concentration of a few key analytical results. This feature aliows direct comparison of contaminant
concentrations with soil characteristics. :

5.2.2.6 Monitoring Well Construction Details Form

A Monitoring Well Construction Details Form must be completed for every monitoring well installed.
This form contains specific information on length and type of well riser pipe and screen, backfill, filter
sand and grout characteristics, and surface seal characteristics. This information is important in
evaluating the performance of the monitoring well, particularly in areas where water levels show
temporal variation, or where there are multiple (immiscible) phases of contaminants. Depending on
the type of monitoring well (in overburden or bedrock), different forms are used (see
Attachments C-6 through C-10). The Monitoring Well Construction Details Form is not a controlled
document. Guidelines on completing this form are contained in

52.2.7 TestPitlog

When a test pit or trench is constructed for investigative or sampling purposes, a Test Pit Log
(Attachment C-11) must be filled out by the responsible field geologist or sampling technician.

523 i fibr nd Maintsnance Eo
5.23.1 Equipment Calibration Log

The caiibration or standardization of monitoring, measuring or test equipment is necessary to assure
the proper operation and response of the equipment, to document the accuracy, precision or
sensitivity of the measurement, and determine if correction shouid be appiied to the readings. Some
items of equipment require frequent calibration, other infrequent. Some are calibrated by the
manufacturer, other by the user.

Each instrument requiring calibration has its own Equipment Calibration Log (Attachment D-1) which
documents that the manufacturer’s instructions were followed for calibration of the equipment,
including frequency and type of standard or calibration device.
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53 FIELD REPORTS

The reports described herein are to be used during field investigations, but do not replace or take
precedence over project-specific or subcontractor-specific required reports.

These reports serve several purposes:

e To maintain a written record of major events/accomplishments/problems related to the
field work.

e To allow ongoing monitoring of the actual progresi of field tasks in comparison to the
planned schedule, and to aliow timely corrective action (if required).

® To inform Site Managers of progress/accomplishments for mdusuon in The Monthly Project
Tracking System.

5.3.1 ram Design

The primary means of recording onsite activities is the site logbook (see Procedure ) and other
field logbooks (e.g. geologists notebook, health and safety officer’s logbook, sampie logbooks)
However, these logbooks and notebooks usually contain extremely detailed information which is
required for data interpretation or documentation, but not for tracking and reporting of progress.
Furthermore, the field logbooks remain onsite for extended periods of time and are thus not
accessible for review by project management. The reports described in this procedure are, in essence,
simplified summaries of the logbooks, which are designed to provide only the information needed by
project management to keep informed of the progress of field activities.

5.3.2 Daily Activities Report
5.3.2.1  Description

The Daily Activities Report documents the activities and progress for each day's field work. This
report is filled out on a daily basis whenever there are drilling, test pitting, well construction, or other
related activities occurring which involve subcontractor personnel. These sheets summarize the work
performed and form the basis of payment to subcontractors (Attachment E is an example of a Daily
Activities Report).

5.3.2.2 Responsibilities

It is the responsibility of the rig geologist to complete the report and obtain the drilier's signature
acknowiedging that the times and quantities of material entered are correct.

5.3.2.3 Submittal and Approval

At the end of the shift, the rig geologist submits the Daily Activities Report to the Field Operations
Leader (FOL) for review and filing. The Daily Activities Report is not a formal report and thus requires
no further approval. The reports are retained by the FOL for use in preparing the site logbook and
weekly Field Summaries, and are submitted to the Site Mamger weekiy along with the Weekiy Fieid
Summary
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533  Field Trip Summary
53.3.1 Description

The Field Trip Summary is an abstract of the Site Logbook, summarizing the major activities onsite for
a particular week or field cycie (e.g., 10days). it should be organized on a day-by-day basis, and
contain the following information at a minimum (see Attachment B):

Date (week ending)

Personnel onsite (contractor, subcontractors, visitors)

Weather conditions encountered during the week

Site activities

Number and type of samplies collected (inciuding CO.C. form numbcrs)
Issues impacting progress of the project.

5.3.3.2 Responsibilities
The Field Operations Leader or responsible individual onsite if not the FOL (e.g.. geophysics team
leader, sampling team leader) is responsible for completing the Weekly Field Summary at the end of

each week of ongoing site activity, or at the complmon of an activity (if no further activity will take
piace during that week). :

5.33.3 Submittal and Approval

The summary, along with Daily Activities Reports, Health & Safety Officer’s Reports, and any other
documentation, must be delivered or sent to the Site Manager at the end of each week.

The Field Trip Summary is an internal informational document and is not subject to project
management review or approval,

6.0 REFERENCES

None.
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70 ATTACHMENTS

Attachment A - Typical Site Logbook Entry

Attachment B-1 - Sample Label

Attachment B-2 - Chain-of-Custody Record From, Region lii
Attachment B-3 - Chain-of-Custody Seal -
Attachment B-4 - Groundwater Sampie Log Sheet Form
Attachment B-5 - Soil Sampie Log Sheet Form

Attachment B-6 - Surface Water Sampie Log Sheet Form
Attachment B-7 - Container Sampie Log Sheet Form
Attachment C-1 - Groundwater Level Measurement Sheet
Attachment C-2 - Pumping Test Data Sheet

Attachment C-3 - Hydraulic Conductivity Testing Data Sheet
Attachment C-4 - Packer Testing Report Form

Attachment C-5 - Summary Log of Boring

Attachment C-11 - Test Pit Log Form

Attachment D-1 - Equipment Calibration Log
Attachment E - Rig Shift Report

Attachment F - Field Trip Summary Report (2 pages)

Attachment C-6 - Overburden Monitoring Well Construction Sheet

Attachment C-7 - Confining Layer Monitoring Well Construction Sheet
Attachment C-8 - Bedrock (Open Hole) Monitoring Well Construction Sheet
Attachment C-9 - Bedrock (Well instalied) Monitoring Well Construction Sheet
Attachment C-10 - Bedrock (Well installed) Monitoring Well Construction Sheet
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ATTACHMENT A
TYPICAL SITE LOGBOOK ENTRY
START TIME: ~ DATE:
SITE LEADER: :
PERSONNEL:
HALLIBURTON NUS DRILLER EPA

1.
2.

WEATHER: Clear, 68°F, 2-5 mph wind from SE
ACTIVITIES: '

Steam jenney and fire hoses were set up.

Drilling activities at well resumes. Rig geologist was .
See Geologist's Notebook, No.1, page29-30, for details of dnlling activity. Sample
No. 123-21-S4 collected; see sampie logbook, page42. Drilling activities completed at 11:50
and a 4inch stainless steel well installed. See Geologist's Notebook, No. 1, page 31, and well
construction details for well C . B

Drilling rig No.2 steam-cleaned at decontamination pit. Then set up at location of
waell . v

Well drilled. Rig geologist was . See
Geologist's Notebook, No.2, page for details of drilling activities. Sample
numbers 123-22-S1, 123-22-S2, and 123-22-33 collected; see sample logbook, pagesd3, 44,
and 45, : .

Well was developed. Seven 55-galion drums were filled in the flushing stage. The
well was then pumped using the pitcher pump for 1hour. At the end of the hour, water
pumped from well was “sand free.”

EPA remedial project manger arrives on-site at 14:25 hours.

Large dump truck arrives at 14:45 and is steam-cleaned. Backhoe and dump truck set up over
test pit .

Test pit dug with cuttings placed in dump truck. Rig geologist was
. See Geologist's Notebook, No. 1, page 32, for details of test

. pit activities. Test pit subsequently filled. No samples taken for chemical analysis. Due to

shailow groundwater table, filling in of test pit resuited in a very soft and wet area. A
mound was deveioped and the area roped off.

Express carrier picked up samples (see Sampie Logbook, pages 42 through 45) at 17:50 hours.
Site activities terminated at 18:22 hours. All personnel offsite, gate locked.

Field Operations Leader

D-33-4-90-1/R1




Subject Number Page
' § S SA-6.2 11 0f 33
FIELD DOCUMENTATION Revision Effecuve Date
3 01/02192
ATTACHMENT 8-1
SAMPLE LABEL
PROJECT:
STATION LOCATION: —
DATE: / _ _ TIME: - hrs.
MEDIA: WATER [J SOIL [ SEDIMENT O
CONCENTRATION: LOW O MEDIUM O HIGH O
TYPE: GRAB O COMPOSITE
ANALY. | P RVATION _
“VOA ‘BNAs | Cool to 4°C m]
PCBs O - PESTICIDES (O | HNO3 to pH <2 O
METALS: TOTAL [0 DISSOLVED [J] NaOH to pH>12 O
CYANIDE [ | O
m
Sampled by: :
Case No. Traffic Report No.:
Remarks:
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ATTACHMENT B-2

CHAIN-OF-CUSTODY RECORD

(Original is 8-1/2 by 11)

PROJECT NAME

SAMPLIRS: (Signature)

§90.0¢

NOLLYIN3IWNNO0Aa a131d

mhns

T9vS

aquiny

CONTAINERS REMARKS
suno.‘ DATE STATION LOCATION
Bollnquished by: (Siprstwre) Data/Time Roceived by: {Signature) Sefinguished by: (Signatwre) Recolved by: (Signature)
Rolinquished by: (Signature) Date/Time Recoived by: (Signatwe) Rolinquished by: (Signatwre) Recaived by; (Signatwre)
Relinguished by: (Signatwre) Date/Time ml :‘," Laboratory by: lbhlmln Remarhs:

26/20/10

8OG IAN8YI

gEejozl

abey
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ATTACHMENT B-3
CHAIN-OF-CUSTODY SEAL
@ gi -
sinsubis %E | & cusTODY SEAL
. gg §§ Date
Iv3S AQOLSNO 5;, | : Signature
‘ % ‘
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ATTACHMENT B-4

SAMPLE LOG SHEET

9.9. ———— —

ism H.ALLIBURTON NUS O Monronngweticen Case s

&% Environmental Corporation g mmw'“ Data

By

Project Site Name ' Project Site Number

HALLIBURTON NUS Source No. Source Location

Total Well Depth: Data
Well Casing Size and Depth: Volume pH $.C. Temp. (n2l Color & Turbidity

Static Water Level:

One Casing Volume:

| Start Purge (hrs.):

End Purge (hrs.):

Total Purge Time (min.):
Total Amount Purged (gal.):
Monitor. Reading:

| Purge Method:
Sampie Method:
Depth Sampled:
Sample Date and ‘[imo: - Sampie Data
: oH S.C. Temp. {"C) Color & Turbidity

Sampled By:

Signature(s): Observations/Notes:

Type of Sampie
Low Concentration
High Concemtration
Grab
Composite
Grab - Composite
Preservative: . Organic Inorganic
Traffic Report #
Tag ¢

i ooooo

AS #
Date Shipped
Time Shipped

Lab

Volume

D-33-4-90-1/R1
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ATTACHMENT B-5
SAMPLE LOG SHEET
Page _____ of _____
é&x HALLIBURTON NUS D Suricesol Case #
Subsurface Soil
&% Environmental Corporation o CCo oy
O Lagoonfond
0 Other
Project Site Name Project Site Number
HALLIBURTON NUS Source No. Source Location
Sampie Method: Composite Sampie Data
Sample Time Color/Description
Dcpth Sampied:
Sampie Date & Time:
Sampied By:
Signature(s):
Type of Sam ble
0 HighConcentration
[0 LowConcentration
O Grab Sampie Data
D Composite Col i o ’
O Grab- Composite or Description: (Sand, Clay, Dry, Moist, Wet, etc.)
Analysis: Observations/Notes:
) Organic inorganic
Tratfic Report #
Tag ¢
AB #
Date Shipped
Time Shipped
Lab
Voilume
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ATTACHMENT B-6
SAMPLE LOG SHEET )
: Page of
N .
&5 HALLIBURTON NUS o s o
&% Environmental Corporation C e 8y
O Other
Project Site Name Project Site Number
HALLIBURTON NUS Source No. Source Location
Sampie Method: Sampie Data
pH $.C Temp. (°Q Color & Turbidity
Depth Sampied:
Sampie Date & Time:
Sampied By:
Signature(s):
Type of Sample
O vLowConcentration
[J HighConcentration
O Grab
O Composite
O Grab-Composite
Analysis: Preservative.
- Organic Inorganic
Trattic Report #
Tag #
AB #
Date Shipped
Time Shipped
Lab
Volume
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. ATTACHMENTB-?7
SAMPLE LOG SHEET
Page _____ of __
;‘h TIAT ¥ YDTITNAT AITIC
B IIALULIDURI VN INUD [ ContainerData Case #
‘, Environmental Corporation
8y
Project Site Name Project Site Number
MALLIBURTON NUS Source No. Source Locstion
Container Source Container Description
0 Drum
[] BungTop Color
[0 Leverlock
71 Bolted Ring Condition
O Other
Markings
O Bag/Sack Vel. of Contents
O Tank
O Other Other
Ditnocition of Samnie Camnla Nacsrintinn
-r ~ “‘llvl‘ mllpuvu
] Container Sampled Layer 1 . Layer2 Layer3
[0 Container opened but not Phase 0Osol. [lig. [Sol. Otig. [JSol. [Lig.
sampled. Reason: Color '
Viscosity DLDDOvDHE DLDOVDOH OLDOMOH
. 9% of Total
D Container not Opened. Volume
Reason: Other
Monitor Reading: Type of Sample
' O Grab
Sampie Method: O Low Concentration O Composite
[0 High Concentration [ Grab-Composite
Sampie Date & Time: Organic Inorganic
Tratfic Report &
Sampiled By: Tag#
Signature(s): AB #
Date Shipped
Analysis: Time Shipped
Lab
vVoiume
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ATTACHMENT C-1
GROUNDWATER LEVEL MEASUREMENT SHEET
LOCATION
Project Name: - Municipality:
Project No.: County:
Personnel: State:
Date: Streetor
Map Location
(if Off-Site)
WEATHER CONDITIONS
Temperature Range: EquipmentNo.: *
Precipitation: Equipment Name:
Barometric Pressure: Latest Calibration Date:
Tidally-influenced: | [ .1 Yes [ ] No
Well or Elevationof | Waterlevel | Adjusted
Piezometer | Date/Time | Reference Point indicator Depth E:;::mm.
. Number (Feet)* Reading (Feet)* (Feet)*

*  All elevations to nearest 0.01 foot.
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ATTACHMENT C-2
PUMPING TEST DATA SHEET
PUMPING TEST DATA SHEET HALLIBURTON NUS ENVIRONMENTAL CORPORATION
PROJECT NAME: MEASURED WELL:
PROJECTNO.: DATE: PUIMPING WELL:
GEOLOGIST: CHECKED: TESTNO.: |
DISTANCE FROM PUMPING WELL (ft) (r): PUMP SETTING, FEET BELOW MONITORING POINT:
STATIC H,0 LEVEL {ft) (SO): MONITORING POINT:
TIME PURGE START OR STOP (To): ELEVATION OF MONITORING POINT (ft. above MSL):
) MIN. SINCE WATER LEVEL MEASUREMENTS (ft) ()DDOR PUMPING
TIME | PUMPSTART OR RECOVERY | RATE(Q) REMARKS
sTOP READING | CORRECTION o™W (1) GPM
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ATTACHMENTC-3

HYDRAULIC CONDUCTIVITY TESTING DATA SHEET

HYDRAULIC CONDUCTIVITY TESTING HALLIBURTON NUS
DATA SHEET ENVIRONMENTAL CORPORATION
PROJECT NAME: ' WELL/BORING NO.:
PROJECT NO.: GEOLOGIST:
WELL DIAMETER: SCREEN LENGTH/DEPTH: TESTNO..:
STATIC WATER LEVEL (Depth/Elevation): DATE:
TEST TYPE (Rising/Falling/Constant Head): CHECKED:
METHOD OF INDUCING WATER LEVEL CHANGE: PAGE OF
ELAPSED TIME | MEASUREDDEPTH | oo r | DEPTHTO | DRAWDOWN
TME tmimnesor second) | TO WATER (ft) o WATER(ft) | ORMEAD(ft) | REMARKS
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ATTACHMENT C-4
PACKER TEST REPORT
PROJECT: PROMECTNO.: TEST NO: PAGE OF
BORING NO.: CASING DEPTH: CONTRACTOR: STATIC WATER LEVEL
TESTINTERVAL: aY: CHECKED: PACKER PRESSURE .
How test ’ Calculated Resuits TISTCONMNOUMATION  Mre=wesnps
Atiow, | Sriew, | Flowhew . . - -
e || o, | B E GRS W[ R KN o [oweeoe |HER
{1
Songeh ot ™
- 703155 " ¥y s uted when the test length is below the water able. P d Jutna Lo |
‘i_'..é'.’.‘.:;."."?:'.’:’" , N;llmdmnuntml:::mnmn-w:wum. v KT8 e :._-.: [ v |
tpsi = 231 fthead wws | wwe | wme | new
Remarks: e ) " AR
ﬁ_‘ [ S e 0%
... L Ll 08 490
L ITTTTN 4,999 000 el ji ]
» . E ad 10 108
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ATTACHMENT C-5
BORING LOG
BORING LOG HALLIBURTON NUS ENVIRONMENTAL CORPORATION
PROJECT NAME: BORING NO.:
PROJECT NO.: DATE: DRILLER:
ELEVATION: FIELD GEOLOGIST: .
WATER LEVEL DATA:
(Date, Time & Conditions)
Depth - Chonge T UsSCS or
[} Recovery Donsiey
::: Fror n: Sompie | Do) s:--.q oo Remerm
Aun No. or Scresned or Rock Coler Matwrisi Clamification Srokeness
hao o Longth mervel Hordnan
REMARKS BORING
PAGE OF
* See Legend on back.

D-33-4-90-1/R1




LWL-06-£E-Q

R

/
' 1
e L
UNIFED SO0 CLASSIHCATION {USCS) o]
m
COARSE-GRAINED SOMS NE-GRAMNED SORS . E
More Then Half of Materlal is LARGER Then No. 200 Sieve Size MMM'OIM:WI!MRMN&MMNN o
L0 OFNTHCATION PROCSDURES FIELO IDENTIFHCATION PROCIOURES (o]
. g0 Than 3 nches . ovont 19PRAL wAMES Echudng Partcies Larger Thon § ches ond Suing Hocsanaen | 00U TYPCaL KNS ]
Estwaoted Weights : Eatimated Weightvt T cC
smAviLS QEAN Wide 1300 m grain “Q‘“ o Well raded graven, gravel sond miviores, |  Meraificosio dh llo: then e 48 §
L RULATA e vioas. Secte &2 na inen ' TLTS AND CLATS | DAY STRENGTH | DRATANCY
Row % Haedd - . iquid Limit <90 Posctionse | Comisioncy 5
Pradominontly one 4ee & & 100ge o or | Pestyerasesparet. grovetrond Char Shetingd Plostie >
mivtar g, Sevle or no M.
Py Quih %o ‘nargank s and vory Pt sondi, roch -
Nene to Nane - cloyey hnd sonds -—
T |y e | o | el B sy e 0
-'::-:« ::-o- deraustion oy aded votunte fmswver] e | |t oo o oy o oo z
g [ rosdunsett) « mm oh Sow | 4oy
sanos | Creantanos | Wederonge mgr e e gns | WS Esdetiont provety sant, irte Bow Yo Shgha 0 [ Ormmtc s snd argan ot oy o e
3 o fnes. Sleoticiy.
W o)<t B | Row R e} e medinte Particle pres. LTS AND CLAYS ™ Nowe § matganis. 01 fAtom acreus
Uneadlimt 550 | Modhn | Sowiotione | SoMtoitodem | M o, v, ohestic s
Pradominomily ane site o1 & 1ange of » Poarly 6608 13001, gravetly sandy, Mtle o sandy o1 uly
1408 wth same intermediste nrey e bnes N-Q:'b'm Hona gh € §morganic doys of hagh ploviicity, it cloys
SANDS | Won-placke et tier dentiticstion 100ds, pocrly graded sand.wit — - —
whss | proceduresvee i) " :'n-u “..‘:“ m.'.':" SighteMotion 1 ON oo ph plostucity
[\ Pastsc bngs thor idemtduation sonde, vdod odor, ™
Phgh 8 Fney) prrerpertiy I e ] poorly graded sond they m.vo" Mm:inuw- pongy lost ond ] 0eotend othn orgenic sos
dory dooh sohp oon  tore g1 owps 002 Srsignated by combaning grovp iymboh, Fou ¢xample GW-GE, woll graded o bvel 10nd cloy binde .
Al 4ove pizes on s thart sre U'S Standord i E
- |
DENSITY OF GRANULAR SORS CONSISTENCY OF COMISIVE SONS g
TANDARD PENE IRATION UNC.COMPRESIVE § STANDARD PENETAATION
DEUGHATION RESISTANCE - CONNSTENCY SINNGTH AIRTANCE LD DENTIFICATION METHODS
SHOWIF00T (o #1) ROWISOOT
Vorptome [ Very St tonthantls (1 1] | Souty ponotroted soverad inches by ot
tome '™ on 0150009 1.0 Corty ponetesiod seversl Inches by thumb g
Modum Denes 18 ) Modium Sttt (1" 13T (Y] Cond A inthes by humd w &
Ueme NN Sult 10010 [ 1]} eadly indented by themt ~
VoryBome Over B Vory Sott 10 nen Roadily indanted by thumbned.
Moed More then 48 Ovee 8 | ndowted with Gitcuity by humbnad.
ROCK TERMS
ROCK HARDNESS (FROM CORE SAMPLES) NOCK BAOKENNESS
forme drrvge 0 Kty Etteck Hammar ifece Oourighivg Torms Abbrovighion tgeting o
©
okt Sy Govged whes wh d whh Vorytrokon W) "o 3 §
Medusn Soht Conbe Gouged Seasks fone biow); crumbly edger Seohon ) »y g
Conve ’l Seashe fane blawh: shars adpes Socky -y - H
Hud 4 d o x); harp edpes | Mdessive ") rw E’-
-
»n
LEGEND:
e SO SAMPLES - TYPES ———ROCK SAMPLES - TYPES WATERILYELS
; O
$-2° O D. Split-Barrel Sample X-NX {Conventionsl) Core {(~2-18° O D) ﬂll o w
$7-3° 0 0. Unditturbed Sample Q-NQ (Wireling) Core {~1.78° 0.0} ﬂ‘ initisl Level wiDate & Depth a o
O - Othes Samples, Specily in Rernarks 2 = Other Core Sires, Specily in Remarky g -~
1218 w
~ w

V11§ Stadbilized Level wiDste & Depth




N

Subject Number Page
: _ SA-8.2
FIELD DOCUMENTATION Revision 3 EHecuve Date
ATTACHMENT C-6
&5 HALLIBURTON NUS onNG S0
QW Environmenzal Corporation
OVERBURDEN
MONITORING WELL SHEET
DRILLER
PROIJECT LOCATION
PROJECT NO. BORING b
ELEVATION DATE DEVELOPMENT
FIELD GEOLOGIST. METHOD
o ELEVATION OF TOP OF SURFACE CASING : ———
- ELEVATION OF TOP OF RISER PIPE: N
- ” STICK - UP TOP OF SURFACE CASING: ——
GROUND fumse STICK = UP RISER PIPE : - —_—
ELEVATION

= TYPE OF SURFACE SEAL:

= 1.0. OF SURFACE CASING:
TYPE OF SURFACE CASING...

R AR RN NN,

TYPE OF RISER P1PE:

== SOREHOLE OIAMETER:

= TYPE OF SACKFILL:

— ELEVATION / DEPTH TOP OF SEAL:
e TYPEOP SEAL:

= DEPTH TOP OF SAND PACK:

= ELEVATION / DEPTH TOP OF SCREEN:

1.O. OF SCREEN:

= TYPE OF SAND PACK:

ELEVATION/ DEPTH BOTTOM OF SCREEN:

e ELEVATION / DEPTH SOTTOM OF SAND PACK: e
TYPE OF sACKFILL BELOW OSSERVATION

- ELEVATION/ DEPTH OF HOLE: ——
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ATTACHMENTC-7
BORINGNO.
sa=: HALLIBURTON NUS
MONITORING WELL SHEET
DRILLER
PROJECT LOCATION 'DRILLING
PROJECT NO. BORING METHOD
ELEVATION DATE DEVELOPMENT
FIELD GEOLOGIST. METHOD
- ELEVATION OF TOP OF PERM. CASING —_—
|~ ELEVATION OF TOP OF RISER PIPE: P
I | TYPE OF SURFACE SEAL: _
GROUND 1.5, OF PERM. CASING:
ELEVATION gal | | LS ™ TYPE OF SURFACE CASING:
4 V7
Z é %7 . RISERPIPELD.
i A TYPE OF RISER PIPE:
70
7 é é ; . BOREHOLE DIAMETER:
7
? é; |~ PERM. CASING 1.D.
é é 2 TYPE OF CASING & BACKFILL:
n
A
é é % ELEVATION/ DEPTH TOP CONFINING LAYER: oo
Z % 7 ELEVATION / DEPTH BOTTOM OF CASING: ——
Z ELEVATION/ DEPTH BOT. CONFINING LAYER: oo
L ELEVATION / DEPTH TOP OF SEAL: —_—
| TYPE OF SEAL:
L~ DEPTH TOP OF SAND PACK: —
| ELEVATION/DEPTH TOP OF SCREEN: —_—
TYPE OF SCREEN:
— TYPE-OF SAND PACK:
— BOREHOLE DIA. BELOW CASING:
_ ELEVATION / DEPTH BOTTOM OF SCREEN: —_—
_ ELEVATION/ DEPTH BOTTOMOF SANDPACK:
TYPE OF BACKFILL BELOW OBSERVATION
WELL:
BESR < | ELEVATION / DEPTH OF HOLE:
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ATTACHMENTC-8
&= HALLIBURTON NUS S—_—
@Y Environmental CorpuNnuuon BEDROCK
' MONITORING WELL SHEET
OPEN HOLE WELL
‘ ' ' ORILLER
PROJECT LOCATION
PROJECT NO. : BORING. oS
FIELD GEOLOGIST METHOD
. ELEVATION OF TOP OF CASING:
STICX UP OF CASING ABOVE GROUND
SURFACE: m—
GROUND : .
ELEVATION == TYPE OF SURFACE SEAL:
1.D. OF CASING
= TYPE OF CASING
TEMP. / PERM

L] DIAMETER OF HOLE IN BEDROCK:
OESCRIBE iF CORE / REAMED WITK MIT:

OESCRIBE JOINTS IN BEDROCK AND DEPTHM:

' ELEVATION/ DEPTM OF HOLE: —

-me
-
—
. o
4
=

D-33-4-90-1/R1



T,
y v

Sub; Number Page
ubrect L SA-6.2 27 of 33
FIELD DOCUMENTATION Revision Effecuve Date
3 01/02/92
ATTACHMENTC-9
2% HALLIBURTON NUS BORINGNO..
a’ Environmental Corporation BEDROCK
MONITORING WELL SHEET
WELL INSTALLED IN BEDROCK
DRILLER
PROJECT LOCATION ox:u.unc
PROJECT NO. BORING METHOD
ELEVATION DATE DEVELOPMENT
FIELD GEOLOGIST. METHOD

GROUND
ELEVATION

- TYPE OF SURFACE SEAL:

* ELEVATION OF TOP OF SURFACE CASING :
|t ELEVATION OF TOP OF RISER PIPE:
- ELEVATION TOP OF PERM. CASING:

- 1.D. OF SURFACE CASING:
TYPE OF SURFACE CASING:

b RISER PIPE LD.

TYPE OF RISER PIPE:

SANANNNRSNRANRRN A

)

b= PERM. CASING 1.D.

= BOREHOLE DIAMETER:

TYPE OF CASING & BACKFILL:

NN
T\\\\\\' M

- TYPE OF BACKFILL:

— BOREHOLE DIA. BELOW CASING:

le—ELEVATION / DEPTH TO BEDROCK:
| ELEVATION/DEPTH BOTTOM OF CASING:

A U N NN
T Nt SN N NN AN N NN NN

[

TYPE OF SEAL:

™~ ELEVATION/DEPTH TOP OFSEAL.

TYPE OF SCREEN:

™ ELEVATION / DEPTH TOP OF SAND PACK:
™~ ELEVATION/DEPTH TOP OF SCREEN:

TYPE OF SAND PACK:

WELL:

= ELEVATION / DEPTH BOTTOM OF SCREEN:

I~ ELEVATION/DEPTH BOTTOM OF SAND PACK:
TYPE OF BACKFILL SELOW OBSERVATION

ELEVATION / DEPTH OF HOLE:
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= ELEVATION / DEPTH TOP OF BEDROCK:
e TYPE OF SEAL.

a1 ELEVATION/ DEPTH TOP OF SAND:

= ELEVATION/ DEPTH TOP OF SCREEN:
-TYPE OF SCREEN:

SLOT SiZE x LENGTH:

1.0. SCREEN:

e TYPE OF SAND PACK:

. e — - ———— - e ————

o OIAMETER OF HOLE IN BEDROCK:
CORE/REAM:

== ELEVATION/ DEPTH BOTTOM SCREEN:
ELEVATION/ DEPTM SOTTOM OF HOLE:
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ATTACHMENT C-10
&= HALLIBURTON NUS BORING NO
AW Environmental Corporation BEDROCK
' MONITORING WELL SHEET
WELL INSTALLED IN BEDROCK
PROJECT LOCATION G
PROJECT NO. SORING METOD
ELEVATION DATE | SeverosmenT
FIELD GEOLOGIST. ‘ e ;
. ELEVATION OF TOP OF SURFACE CASING: —_
) STICK UP OF CASING ASOVE GROUND
H SURFACE: ———
GROUND | i
ELEVATION Q. el TYPe OF SURFACE SEAL: - - .
. g 7 fg—t— 1.D. OF SURFACE CASING: '
2 — DIAMETER OF HOLE:
% ‘ )
“Z st = RISER PIPE 1.D.: .
4 TYPE OF RISER M1PE: ;
Z | F&—1— rtormonu ‘
. |
% !
v /4 l
ron 24 e ELEVATION/ OEPTH TOP OF SEAL: ;
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ATTACHMENT C-11
TESTPITLOG
TESTPITLOG " HALLIBURTON NUS ENVIRONMENTAL CORPORATION
PROJECT NAME: TEST PIT NO.:
PROJECT NO.: DATE:
LOCATION:
FIELD GEOLOGIST:
DEPTH LITHOLOGY MATERIAL DESCRIPTION
e CHANGE uscs REMARKS
{Depth, ft.} (Soil DensityXConsistency, Color) :
Test Pit Cross Section and/or Plan View
REMARKS:
PHOTO LOG
TEST PIT
PAGE - OF
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ATTACHMENT D-1
EQUIPMENT CALIBRATION LOG .
.

Smdudl@n
Used

sesssbrscscfovncselecsscdecoascefescessdoccrcdoccscsdresacdraceny

Initlal Settings

(A 2 XX .l.... ........‘.. esees .....-.I...-....';‘..l'....l'g

instrument (NameModel Numbes/Serisl Number):
Manufacturer:

Calibration Date
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ATTACHMENTE
DAILY ACTIVITIES RECORD - FIELD INVESTIGATION
DAILY ACTIVITIES RECORD - FIELD INVESTIGATION HALLIBURTON NUS
PROJECT NAME: PROJECT NO.:
CLIENT: LOCATION:
DATE: ARRIVAL TIME: DEPARTURE TIME:
CONTRACTOR: DRILLER: :
BORING NO.: HNUS REPRESENTATIVE:
TEM) om QU:O"DT:” ':cf:ﬁgf mf
ESTIMATE QUANTITY TO DATE
1. Mobilization/Demobilization Job
2. Overburden Drilling/Sampling, Minimum 6-inch 100 ft.
3. Overburden Driliing, 10-inch 250 ft.
4. Overburden Driliing, 14-inch 450 f
S. Bedrock Drilling, 6~inch 5301t
€. Bedrock Drilling, 10-inch 650 ft.
7. Bedrock Drilling, 14-inch 150 f&.
8. Temporary 6-inch Steel Casing 250 ft.
9. Temporary 10-inch Steel Casing 200 ft.
10. Temporary 14-inch Steel Casing 250 ¢
11. Permanent 6-inch Steel Casing 1.250 ft.
12. Permanent 10-inch Steel Casing 400 f2.
13. PVC Well Construction/instaliation 1,120 f2.
14. Mine Void Sealing ‘8
1S. Boring Backfilling NA
16. Well Develpment 24 hrs.
17. TestBorings 200 ft.
18. TestPit Excavation S0 hrs.
19. Standby 20 hrs,
COMMENTS:
m As listed in Specifications
@ inciude Quantity and Units APPROVED BY:
{Ex. 20 ft., 6 hrs.)
HALLIBURTON NUS FIELD REPRESENTATIVE
DRILLER OR REPRESENTATIVE

D-33-4-90-1R1
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PAGE10OF2
FIELD TRIP SUMMARY REPORT

SUNDAY

‘Date: Personnel:
Waeather: Onsite:
Site Activities:
MONDAY
Date: Personnel:
Weather: Onsite:
Site Activities:
TJUESDAY
Date: . Personnel:
Weather: Onsite:
Site Activities:
WEDNESDAY
Date: Personnel:
Weather: Onsite:
Site Activities:
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Page
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ATTACHMENT F
PAGE2OF2
FIELD TRIP SUMMARY REPORT

THURSDAY
Date: . Personnel:

Weather: Onsite:

Site Activities:

FRIDAY
Date: Personnel:

Weather: Onsite:

Site Activities:

SATURDAY
Date: Personnel:

Weather: Onsite:

Site Activities:
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1.0 ‘PURPOSE

The purpose of this procedure is to provide reference information regarding the appropriate
procedures to be folilowed when conducting decontamination activities of drilling equipment,
monitoring well materials, chemical sampiing equipment and field analytical equipment used during
field investigations. This procedure also provides general reference information on the control of
contamianted materials.

20 SCOPE

This procedure addresses drilling equipment and monitoring well materiails decontamination, as well
as chemical sampling and field analytical equipment decontamination. This procedure aiso describes
methods of handling contaminated material during field investigations.

3.0 GLOSSARY
None.
4.0 RESPONSIBILITIES

Field Operations Leader - Responsible for ensuring that project-specific plans and the implementation
of field investigations are in compliance with these procedures.

5.0 PROCEDURES

To insure that anaiytical chemical resuits are reflective of the actual concentrations present at
sampling locations, various drilling equipment and chemical sampling and analytical equipment
involved in field investigations must be properly decontaminated. This will minimize the potential
for cross-contamination between sampling locations, and the transfer of contamination off site. .

5.1 DRILLING EQUIPMENT

Prior to the initiation of a drilling program. all drilling equipment invoived in field sampling activities
shall be decontaminated by steam cleaning at a predetermined area. The steam cleaning procedure
shall be performed using a high-pressure spray of heated potable water producing a pressurized
stream of steam. This steam shall be sprayed directly onto all surfaces of the various equipment which
might contact environmental sample. The decontamination procedure shall be performed until all
‘equipment is free of all visibie potential contamination (dirt, grease, oil, noticeable odors, etc.) in
addition, this decontamination procedure shall be performed at the completion of each sampling
and/or driiling location, including soil borings, installation of monitoring wells, test pits, etc. Such
equipment shall include drilling rigs, backhoes, downhole tools, augers, well casings, and screens.

The steam cleaning area shall be designed to contain decontamination wastes and waste waters, and
can be a lined excavated pit or a bermed concrete or asphait pad. For the latter, a floor drain must be
provided which is connected to a holding facility. A shallow above-surface tank may be used or a
pumping system with discharge to a waste tank may be instalied.

in certain cases, due to budget constraints, such an elaborate decontamination pad is not possibie. In
such cases, a plastic lined gravel bed pad with a collection system may serve as an adeguate

D-33-4-90-1/R1
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decontamination area. The location of the steam cleaning area shall be on site in order to minimize
potential impacts at certain sites.

Guidance to be used when decontaminating equipment shall include:

® As a general rule, any part of the dnllmg rig which extends over the borehole, shall be
steam cleaned. .

e All drilling rods, augers, and any other equipment which will be introduced to the hole
shall be steam cleaned. '

® The drilling rig, all rods and augers, and any other potermally contaminated equipment
shall be decontaminated between each well location to prevent cross contamination of
potential hazardous substances.

Prior to leaving at the end of each work day and/or at the completion of the drilling program, drilling
rigs and transport vehicles used onsite for personnel or equipment transfer shall be steam cleaned. A
drilling rig left at the dnllmg location does not need to be steam cleaned until it is finished drilling at
that location.

5.2 - SAMPLING EQUIPMENT

5.2.1 Bailers and Bailing Line

The potential for cross-contamination between sampling points via the use of common bailer, or its
attached line, is high uniless strict procedures for decontamination are foliowed. It is preferable, for
the aforementioned reason, to dedicate an individual bailer and its line to each sample point,
although this does not eliminate the need for decontamination of -dedicated bailers. For
non-dedicated sampling equipment, the following conditions and/or decontamination procedures
should be followed.

Before the initial sampling and after each succeeding sampling point, the bailer must be
decontaminated. The foliowing steps should be followed if sampling for organic contaminants:

® Potabie waterrinse

Alconox or Liquinox detergent wash

Scrubbing of the line and bailer with a scrub brush may be required if the sample point if
heavily contaminated with heavy or extremely viscous compounds

Potabie water rinse

Rinse with 10 percemt nitric acid solution*

Deionized water rinse

Acetone or methanol rinse

Hexane rinse**

* Due to the leaching ability of nitric acid, on stainless steel, this step is to be omitted if a stainiess
steel sampling device is being used and metais analysis is required with detection limits less than
approximately 50 ppb; or the sampling equipment is dedicated.

** if sampling for pesticides, PCBs, or fuels.

D-33-4-90-1R1
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e Distilled/Deionized water rinse
e Airdry

If sampling for organics only, the nitric acid, acetone, methanol, and hexane rinses may be omitted.
Contract-specific requirements may permit alternative procedures.

Braided nylon or polypropylene lines may be used with a bailer, however, the same line must not
come in contact with the sample medium, otherwise, the line must be discarded in an approved
receptacie and replaced. Prior to use, the baiier should be wrapped in aluminum foil or polyethylene
sheeting.

§22  samplingPumps

Maer gmnhnn numne ara nnrmnllu low valume (lase than 7nnm\ sumne Theca includa n-nn:hm
"ws - , P- P‘ - T STV VUWFIWIITWE \"HEF W aEe -,F P- F‘ LR R L TSV P'

diaphragm, air-ift, pitcher and bladder pumps, to name a few. lf these pumps are used for samphng ‘
from more than one sampling point, they must be decontaminated.

The procedures to be used for decontamination of sampling pumps compare to those used for a
baiier except the 10 percent nitric acid solution is omitted. Each of the liquid factions is to be pumped
through the system. The amount of pumping is dependent upon the size of the pump and the iength
of the intake and discharge hoses. Certain types of pumps are unacceptabie for sampling purposes.

An additional problem is introduced when the pump relies on absorption of water via an inlet or
outiet hose. For organic sampling, this hose shouid be Teflon. Other types of hoses leach organics
into the water being sampied (especially the phthalate esters) or adsorb organics from the sampied
water. For all other sampling, the hose should be Viton, poiyethyiene, or polyvmyl chioride (in order
of preference). Whenever possible, dedicated hoses shouid be used.

523  Hitering Equipment

Part of the sampling plan may incorporate the filtering of groundwater samples, and subsequent
preservation. This should occur as soon after sample retrieval as possible; preferably in the field as
soon as the sample is obtained. To this end, three basic filtration systems are most commoniy used -
the in-line disposable Teflon filter, the inert gas over-pressure filtration system, and the vacuum
filtration system.

For the in-ine filter, dccontimsmndn is not required since the filter cartridge is disposable, however,
the cartridge must be disposed of in an approved receptaclc and the intake and discharge lines must
still be decontaminated.

For the over-pressure and the vacuum filtration systems, the portions of the apparatus which come in
contact with the sample must be decontaminated as outlined in the paragraphs describing the
decontamination of bailers. (Note: Varieties of both of these systems come equipped from the
manufacturer with Teflon-lined surfaces for those that would come into contact with the sample.
These filtration systems are preferred when decontamination procedures must be employed.)

© D-33-4-90-1/R1
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5.3 FIELD ANALYTICAL EQUIPMENT

5.3.1 Water Level indicators

Water level indicators that come into contact with groundwater must be decontaminated using the
following steps: ,

Rinse with potable water
Rinse with deionized water
Acetone or methanol rinse
Rinse with deionized water

Water level indicators that do not come in contact with the groundwater but may encounter
incidental contact during instaliation or retrieval need only undergo the first and last steps stated
above.

5.2.2 Probes

Probes, e.g., pH or specific ion electrodes, geophysical probes, or thermometers which would come in
direct contact with the sample, will be decontaminated using the procedures specified above uniess
manufacturer’s instructions indicate otherwise. Probes that contact a volume of groundwater not
used for iaboratory anaiyses can be rinsed with deionized water. For probes which make no direct
contact, e.g., OVA eguipment, the probe will be wiped with clean paper-towels or cloth wetted with

.alcohol.

5.4 WASTE HANDLING

For the purposes of these procedures, contaminated materials are defined as any byproducts of a
field investigation that are suspected or known to be contaminated with hazardous substances. -
These byproducts inciude such materials as decontamination solutions, disposable equipment, drilling
muds, well-development fluids, and spill-contaminated materials.

The procedures for obtaining permits for investigations of sites containing hazardous substances are
not clearly defined at present. In the absence of a clear directive to the contrary by the EPA and the
states, it must be assumed that hazardous wastes generated during investigations will require
compliance with Federal agency requirements for generation, storage, transportation, or disposal. in
addition, there may be state regulations that govern the disposal action. This procedure will
exclusively describe the technical methods used to control contaminated materials.

The work plan for a site investigation must inciude a description of control procedures for
contaminated materials. This planning strategy would assess the type of contamination, estimate the
amounts that would be produced, describe containment equipment and procedures, and delineate
storage or disposal methods. As a2 general policy, it is wise to select investigation methods that
minimize the generation of contaminated spoils. Handling and disposing of potentially hazardous
materiais are expensive and dangerous. Until sample analysis is complete, it is assumed that all
produced materials suspected of contamination from hazardous chemicals will aiways require
containment.

D-33-4-90-1/R1
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55 SOURCES OF CONTAMINATED MATERIALS AND CONTAINMENT METHODS

5.5.1 Decontamination Solutions

All decontamination solutions and rinses must be assumed to contain the hazardous chemicais
associated with the site uniess there are anaiytical or other data to the contrary. The solution
volumes could vary from a few gallons to several hundred gallions in cases where large equipment
required cleaning. ,

Containerized rinse solutions such as those recommended for the personnel decontamination station
are best stored in 55-galion drums (or equivalent containers) that can be sealed until uitimate
disposal at an approved facility. Larger equipment such as backhoes and tractors should be
decontaminated in an area provided with an impermeable liner and a liquid collection system. A
decontamination area for large equipment could consist of a bermed concrete pad with a ﬂoor drain
leading to a buried holding tank.

5.5.2  Disposal Equipment

Disposable equipment that could be contaminated during a site investigation typically includes
rubber gioves, boots, broken sample containers, and laboratory tissues. These items are small and can
easily be contained in 55-gallon drums with lids. These containers should be closed at the end of each

work day and upon project compietion to provide secure containment.
5.5.3 Drilling Muds and Well-Development Fiuids

Drilling muds and well-development fluids are materials used in groundwater monitoring well
installations. Their proper use could results in the surface accumulation of contaminated liquids and
muds that require containment. Often monitoring wells are placed off the site to determine if
hazardous chemicals have migrated below ground. These offsite wells require especxally careful .
management since they threaten contamination of offsite property.

The volumes of drilling muds and well-development fluids used depend on well diameter and depth,

groundwater characteristics, and geologic formations. There are no simple mathematical formuias

available for accurately predicting these volumes. It is best to rely on the experience of reputable wel!

driliers familiar with local conditions and the well installation techniques selected. These individuais

should be abie to estimate the sizes of containment structures required. Since guesswork is involved,

one should always be prepared so hait drilling or other weli-development operations if more
containment capacity is needed.

Drilling fluid (mud) is mixed and stored in a container commonly referred to as a mud pit. This mud
pit consists of a suction section from which drilling fluid is withdrawn and pumped through hoses and
down the drill pipe to the bit and back up the hole to the settling section of the mud pit. In the
settling section, the fluid velocity is reduced by a screen and several flow-restriction devices, thereby
allowing the well cuttings to settie out of the fluid.

The mud pit may be either portable above-ground tanks commoniy made of steel which is preferred
or stationary in-ground pits (Attachment A). The above-ground tanks have a major advantage over
the in-ground pits because the tanks isolate the natural soils from the contaminated fluids within the
drilling system. The tanks are aiso portabie and can usually be cleaned easily.

0-33-4-90-1/R1




—

Subject Number Page

SA-7.1 70f9

DECONTAMINATION OF FIELD EQUIPMENT] pevision Effective Date
AND WASTE HANDLING 0 | 01/02/92

As the well is drilled, the sediments that accumulate in the settling section must be removed. This is
best done by shoveling them into drums or other similar containers. When the drilling is compliete,
the contents of the above-ground tank are likewise shoveled or pumped into drums, and the tank is
cleaned and availabie for use.

If in-ground pits are used, they should not extend into the natural water table. They shouid aiso be
lined with a bentonite-cement mixture foliowed by a iayer of fiexibie impermeabie materiai such as
plastic sheeting. Of course, to maintain its impermeable seal, the material used would have to be
nonreactive with the wastes. An advantage of the in-ground pits is that well cuttings do not
necessarily have to be removed periodically during drilling because the pit can be made deep enough
to contain them. Depending on site conditions, the in-ground pit may have to be totally excavated
and refilled with uncontaminated natural soils when the drilling operation is compiete.

When the above-ground tank or the m-qround pit is used, a reserve tank or pit should be located at
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such that any excess fluid could be controlled within the immediate area of the drili site.

The containment procedure for well-development fluids is similar to that for drilling fluids. The
volume and weight of contaminated fluid will be determined by the method of development. When
a new well is bailed to produce clear water, substantially less volume and weight of fiuid result than
when backwashing or high-velocity jetting is used.

5.5.4 Spill-Contaminated Materials

A spill is always possible when a site investigation involves opening and moving containers of liquids.
Contaminated sorbents and soiis resulting from spills will have to be contained. Small quantities of
spill-contaminated materiais are usually .best contained in drums, while larger quantities can be
placed in lined pits or in other impermeabie structures. in some cases on-site containment may not be
feasible, and immediate transport to an approved disposal site will be required.

5.6 DISPOSAL OF CONTAMINATED MATERIALS

Actual disposal techniques for contaminated materials are the same as those for any hazardous

substance—incineration, landfilling, treatment, and so on. The problem centers around the

assignment of responsibility for disposal. The responsibility must be determined and agreed upon by

all involved parties before the field work starts. If the site owner or manager was invoived in

activities that precipitated the investigation, it seems reasonable to encourage his acceptance of the

disposa! obligation. In instances where a responsible party cannot be identified, this responsibility
 may fall on the public agency or private organization investigating the site.

Another consideration in selecting disposal methods for contaminated materials is whether the
disposal can be incorporated into subseguent site cleanup activities. For example, if construction of
suitable onsite disposal structure is expected, contaminated materials generated during the
investigation should be stored at the site for disposal with other site materials. In this case, the initial
containment structures should be evaluated for use as long-term storage structures. Also, other site
conditions such as drainage control, security, and soil type must be considered so that proper storage
is provided. If onsite storage is expected, then the limited containment structures should be designed
for that purpose.
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6.0 REFERENCES

HALLIBURTON NUS Environmental Corporation: Standard Operating Procedure No. 4.33, Control of
Contaminated Material.

7.0 ATTACHMENTS
Attachment A - Two Types of Mud Pits Used in Drilling.
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FIGURE 5-1

TWO TYPES OF MUD PITS USED IN WELL DRILLING
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1.0 PURPOSE

This procedure describes the procedures and equipment required to measure the foliowing
parameters. of an aqueous sample in the field:

pH

Specific Conductance :

Temperature -
Dissolved Oxygen (DO) Concentration

Oxidation Reduction Potential

Certain Dissolved Constituents Using Specific ion Elements

2.0 SCOPE

This procedure is applicable for use in an on-site groundwater quality monitoring program to be
conducted durmg 8 remedial mvcstnmon or site mvcstagauon program at a hazardous or
nonhazardous site. The procedures and equipment described are appiicabie 1o neariy aii agueous
samples, including potable well water, monitoring well water, surface water, leachate and drummed
water, etc. and are not, in-general, subject to solution interferences from color, turbidity and colloidal
material, or suspended matter.

This procedure provides generic information for measuring the parameters listed above with
instruments and techniques in common use. Since instruments from different manufacturers may
vary, review of the manufacturer's literature pertaining to the use of a specific instrument is required
before use.

30  GLOSSARY
3.1 pH MEASUREMENT

pH - The negative logarithm (base 10) of the hydrogen ion activity. The hydrogen ion activity is
related to the hydrogen ion concentration, and, in reiatively weak soiution, the two are nearly equal.
Thus, for all practical purposes, pH is a measure of the hydrogen ion concentration.

gH Paper - Paper that turns different coiors depending on the pM of the solution to which it is
exposed. Comparison with color standards supplied by the manufacturer will then give an indication
of the solution pH.

3.2 SPECIFIC CONDUCTANCE MEASUREMENT

Ohm - Standard unit of electrical resistance (R). A siemen (or umho) is the standard unit of electrical
conductance, the inverse of the ohm.

Resigg nce - A measure of the solution’s ability to oppose the passage of electrical current. For metais
and solutions, resistance is defined by Ohm’s law, E = IR, where E is the potential difference, | is the
current, and R is the resistance. _

Conductance - The conductance of a conductor 1 centimeter long and 1 square centimeter in cross-
~ sectional area. Conductivity and specific conductance are used synonymously.

D-33-4-90-1
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3.3 TEMPERATURE MEASUREMENT

None.

3.4 DISSOLVED OXYGEN MEASUREMENT

Galvanic Cell - An electrochemical cell in which chemical energy .is spontaneously converted to
electrical energy. The electrical energy produced is supplied to an external circuit.

Electroivtic Cell - An electrochemical cell in which electrical energy is supplied from an external
source. This cell functions in much the same way as a galvanic cell, only in the opposite direction due
to the external source of applied voitage.

35  OXIDATION-REDUCTION POTENTIAL MEASUREMENT

Oxidation - The process in which an atom or group of atoms loses electrons to achieve an increasing
positive charge.

" Reduction - Thogammgofolmmbyanatomorgmupofatomsand subsequent increase in
mgatwochargc

i nti I - A measure of the activity ratio of oxidizing and reducing
species as determined by the electromotive force deveioped by a nobie metal electrode, immersed in
water, as referenced against a standard hydrogen electrode. ‘

36 SPECIFICION ELECTRODES MEASUREMENT

Specific lon Electrode - An electrode which develops a potential difference across a membrinc in
response to the concentration differences for selected ions on either side of that membrane.

40  RESPONSIBILTIES

Site Manager - in consuitation with the Project Geochemist, is responsible for determining which on-
site water quality measurements can contribute to the Ri, when these measurements shall be made,
and the data quality objectives (DQOs) for these measurements. The Project Operations Plan (POP)
shali contain details of type, frequency and locations of the desired measurements. .

&gﬁm - primarily responsible for dmrmumng the type, frequency and locations for on-
site water quality measurements as presented in the POP and for mtorprotmg the results, including
determination of which measurements are unnprescmatwo

Field Operations Leader - responsible for implementing the POP, and also for deciding undcr what
field conditions a particular on-site measurement will be unrepresentative or unobtainable.

Field Sampiers/Analysts - responsible for the actual analyses that take place, including calibration,
quality control and recording of results, as well as for the care and maintenance of the equipment in

the field.
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5.0 GUIDELINES
5.1 MEASUREMENT OF pH

5.1.1 Genersl

. ____8 o _al’ —ems sL o

Measurement of pH is one of the most important and frequentiy used tests in water chemistry.
Practically every phase of water supply and wastewater treatment such as acid-base neutralization,
water softening, and corrosion control, is pH dependent. Likewise, the pH of leachate can be

. correlated with other chemical analyses to determine the probable source of contamination. It is
therefore important that reasonably accurate pH measurements be taken.

Measurements of pH can aiso be used to check the quality and corrosivity of soil and solid waste
samples. However, these samples must be immersed in water prior to analysis, and specific

bmabmime s ms oom matd olassss
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Two methods are given for pH measurement: the pH meter and pH indicator paper. The indicator
paper is used when oniy a rough estimate of the pH is required, and the pH meter when a more
accurate measurement is needed. The response of a pH meter can be affected to a siight degree by
high levels of colloidal or suspended solids, but the effect is usually small and generally of little
significance. Consequently, specific methods to overcome this interference are not described. The
response of pH paper is unaffected by solution interferences from color, turbidity, colloidal or
suspended materials uniess extremely high leveis capable of coating or masking the paper are
encountered. In such cases, use of a pH meter is recommended.

5.1.2 Principles of Equipment Operation

Use of pH papers for pH measurement relies on a chemical reaction caused by the acidity or basicity of
the solution with the indicator compound on the paper. Depending on the indicator and the pH
range of interest, a variety of different colors can be used. Typical indicators are weak acids or bases,
or both. Process chemistry and molecular transformations ieading to the color change are variable
and complex.

Use of a pH meter relies on the same principle as other ion-specific electrodes. Measurement relies on
establishment of a potential difference across a glass or other type of membrane in response to
hydrogen ion concentration across that membrane. The membrane is conductive to ionic species and,
in combination with a standard or reference electrode, a potential difference proportional to
hydrogen ion concentration can be generated and measured.

513 Equipment
‘The following equipment is needed for taking pH measurements:
e Accumet 150 portabie pH meter, or equivalent. _
& Combination electrode with polymer' body to fit the above meter (alternately a pH

electrode and a reference electrode can be uscd if the pH meter is equipped with suitable
electrode inputs.
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® pH indicator paper, such as Hydrion or Alkacid, to cover the pH range 2 through 12.
e Buffer solutions of pH 4, 7 and 10, or other buffers which bracket the expected pH range.
5.1.4  Measurement Techniques for Field Determination of pH

;SH Meter

The following procedure is used for measuring pH with a pH meter (Standardization is
according to manufacturers instructions):

a.

The instrument and batteries shall be checked and calibrated prior to initiation of the field
effort.

The accuracy of the buffer solutions used for field and lsboratory calibration shall be
checked. Buffer solutions need to be changed often due to dogndauon upon exposure to

the atmosphere.

Immerse the tip of the electrodes in water overnight. If this is not possibie due to fieid
conditions, immerse the electrode tip in water for at least an hour before use. The
electrode tip may be immersed in a rubber or plastic sack containing buffer solution for
field transport or storage. ‘l'hts is not applicable for all electrodes as some must be stored

dry.

Make sure all eiectrolyte solutions within the electrode(s) are at their proper levels and that
no air bubbles are present within the electrode(s).

Immerse the electrode(s) in a pH-7 buffer solution.

Adjust the temperature compensator to the proper temperature (on modeis with

automatic temperature adjustment, immerse the temperature probe into the buffer

solution). Alternately, the buffer solution may be immersed in the sampie and allowed to .
reach temperature equilibrium before equipment calibration. It is best to maintain buffer

solution at or near expected sampie temperature before calibration. .

Adjust the pH meter to read 7.0. -

Remove the electrode(s) from the buffer and rinse well with demineralized water.
immerse the electrode(s) in pH-4 or 10 buffer solution (depending on the expected pH of
the sample) and adjust the siope control to read the appropriate pH. For best results, the
standardization and siope adjustments shall be repeated at least once.

Immerse the electrode(s) in the unknown solution, siowly stirring the probe until the pH
stabilizes. Stabilization may take several seconds to minutes. If the pH continues to drift,
the sample temperature may not be stable, a chemical reaction (e.g., degassing) may be
taking place in the sample, or the meter or electrode may be malfunctioning. This must be
ciearly noted in the logbook.
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j. Read and record the pH of the solution, after adjusting the temperature compensator to
the sample temperature. pH shall be recorded to the nearest 0.1 pH unit. Also record the

sample temperature.
k. Rinse the electrode(s) wnth deionized water.

. Keep the electrode(s) immersed in deionized water when not in use.

The sample used for pH measurement shall never be saved for subsequent conductivity or
chemical analysis. All pH electrodes ieak small quantities of electrolytes (e.g., sodium or
potassium chloride) into the solution. Precipitation of saturated eiectrolyte solution, especially
at colder temperatures, or in cold water, may result in siow electrode response. Any visual
observation of conditions which may interfere with pH measurement, such as oily materials, or
turbidity, shall be noted.

2. pH Paper

Use of pH paper is very simple and requires no sample preparation, standardization, etc. pH
paper is available in several ranges, including wide-range (indicating approximately pH 1
to 12), mid-range (approximately pH 0 t0 6, 6to 9, 8to 14) and narrow-range (many available,
with ranges as narrow as 1.5 pH units). The appropriate range of pH paper shall be selected. If
the pH is unknown the investigation shall start with wide-range paper.

5.2 MEASUREMENT OF SPECIFIC CONDUCTANCE

521 General

Conductance provides a measure of dissolved ionic species in water and can be used to identify the
direction and extent of migration of contaminants in groundwater or surface water. [t can also be
used as a measure of subsurface biodegradation or to indicate alternate sources of groundwater
contamination.

Conductivity is a numerical expression of the ability of a water sample to carry an electric current.
This vaiue depends on the total concentration of the ionized substances dissolved in the water and
the temperature at which the measurement is made. The mobility of each of the various dissolved
ions, their valences, and their actual and relative concentrations affect conductivity.

ft is important to obtain a specific conductance measurement soon after taking a sample, since

temperature changes, precipitation reactions, and absorption of carbon dloxlde from the air all affect
the specific conductance.

52.2 Principles of Equipment Operation

"An aqueous system containing ions will conduct an electric current. in a direct-current field, the

positive ions migrate toward the negative electrode, while the negatively charged ions migrate
toward the positive electrode. Most inorganic acids, bases and salts (such as hydrochloric acid, sodium
carbonate, or sodium chloride, respectively) are relatively good conductors. Conversely, organic
compounds such as sucrose or benzene, which do not disassociate in aqueous solution, conduct a
current very poorly, if at all.
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A conductance ceil and a Wheatstone Bridge (for the measurement of potential difference) may be
used for measurement of electrical resistance. The ratio of current applied to voltage across the cell
may aiso be used as a measure of conductance. The core eiement of the apparatus is the conductivity

cell containing the solution of interest. Depending on ionic strength of the aqueous solution to be
tested, a potential difference is developed across the cell which can be converted directly or indirectly

(depending on instrument type) to a measurement of specific conductance.

523 Equipment
The following equipment is needed for taking specific conductance measurements:

® YSIModel 33 portable conductivity, meter, or equivalent
® Probe for above meter

A variety of conductivity meters are available which may aiso be used to monitor salinity and
temperatures. Probe types and cabie lengths vary, so equipment may be obtained to meet the
specific requirement of the sampling program.

524  Messurement Technigues for SpecificConductance

The steps involved in taking specific conductance measurements are listed below (standardization is
according to manufacturers instructions):

® Check batteries and calibrate instrument before going into the field.

e QCalibrate the instrument daily when used. Potassium chioride solutions with a specific
conductance closest to the values expected in the field shall be used. Attachment A may be
used for guidance.

® Rinse the cell with one or more portiomofthosamplotobotestedorwithdcionized
. water.

® Immerse the electrode in the sample and measure the conductivity. Ad;ust the
temperature satting to the sampie temperature.

® Read and record the resuits in a field logbook or sampie log sheet.
If the specific conductance measurements MQ erratic, or inspection shows that any platinum
black has flaked off the electrode, replatinization of the electrode is necessary. See the
manufacturer’s instructions for details. _
Note that specific conductance is occasionally reported at temperatures other than ambient.
53 MEASUREMENT OF TEMPERATURE
$3.1  General

In combination with other parameters, temperature can be a. useful indicator of the likelihood of
biological action in a water sample. It can aiso be used to trace the flow direction of contaminated
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groundwater. Temperature measurements shall be taken in-situ, or as quickly as possib}e in the field.
Coliected water samplies may rapidly equilibrate with the temperature of their surroundings.

53.2 Equipment

Temperature measurements may be taken with alcohol-toluene, mercury filled or dial-type
thermometers. in addition, various meters such as specific conductance or dissolved oxygen meters,
which have temperature measurement capabilities, may aiso be used. Using such instrumentation
along with suitabie probes and cables, in-situ measurements of temperature at great depths can be
performed.

§3.3 Measurement Techni Water Tem :
if a thermometer is used on a collected water sample:

e Immerse the thermometer in the sample until temperature equilibrium is obtained
(1-3 minutes). To avoid the possibility of contamination, the thermometer shall not be
inserted into samples which will undergo subsequent chemical analysis.

e Record values in a field iogbook or sampie log sheet.

if a temperature meter or probe is to be used, the instrument shall be calibrated according to
manufacturer's recommendations with an approved thermometer before each measurement or
group of closely spaced measurements.

54 MEASUREMENT OF DISSOLVED OXYGEN CONCENTRATION
5.4.1 General

Dissolved oxygen (DO) levels in natural water and wastewater depend on the physical, chemical and
biochemical activities in the water body. Conversely, the growth of many aquatic organisms as well as
the rate of corrosivity, are dependent on the dissolved oxygen concentration. Thus, analysis for
dissoived oxygen is a key test in water poliution and waste treatment process control. If at all
possible, DO measurements shall be taken in-situ, since concentration may show a large change in a
short time if the sample is not adequately preserved.

The method monitoring discussed herein is limited to the use of dissolved oxygen meters only.
Chemical methods of analysis (i.e., Winkier methods) are available, but require more equipment and
greater sampie manipulation. Ffurthermore, DO meters, using a membrane electrode, are suitable for
highly polluted waters, because the probe is completely submersible, and are free from interference
caused by color, turbidity, colloidal material or suspended matter. :

5.4.2 Principl uipment Operation

Dissoived oxygen probes are normaliy electrochemical celis that have two solid metal electrodes of
different nobility immersed in an electrolyte. The electrolyte is retained by an oxygen-permeable
membrane. The metal of highest nobility (the cathode) is positioned at the membrane. When a
suitable potential exists between the two metals, reduction of oxygen to hydroxide ion (OH) occurs at
the cathode surface. An electrical current is developed that is directly proportional to the rate of
arrival of oxygen molecules at the cathode. :
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Since the current produced in the probe is directly proportional to the rate of arrival of oxygen at the
cathode, it is important that a fresh supply of sample aiways be in contact with the membrane.
Otherwise, the oxygen in the aqueous layer along the membrane is quickly depieted and faise low
readings are obtained. It is therefore necessary to stir the sampie (or the probe) constantly to
maintain fresh solution near the membrane interface. Stirring, however, shall not be so vigorous that
additional oxygen is introduced through the air-water interface at the sample surface. To avoid this
possibility, some probes are equipped with stirrers to agitate the solution near the probe, but to leave
the surface of the solution undisturbed. ' ‘

" Dissolved oxygen probes are relatively free of interferences. Interferences that can occur are
reactions with oxidizing gases (such as chiorine) or with gases such as hydrogen sulfide which are not
easily depolarized from the indicating electrode. If the gaseous interference is suspected, it shall be
noted in the field log book and checked if possible. Temperature variations can aiso cause
interference because probes exhibit temperature sensitivity. Automatic temperature compensation is
normally provided by the manufacturer.

543  Equipment

The following equipment is needed to measure dissolved oxygen concentration:
® YSi Model 56 dissolved oxygen monitor or equivalent.
o Dissolved oxygen/temperature probe for above monitor.
o Sufficient cable to allow the probe to contact the sampie.

54.4

Probes differ as to specifics of use. Follow the manufacturer’s instructions to obtain an accurate

reading. The following general steps shall be used to measure the dissoived oxygen concentration:

® The equipment shall be calibrated and have its batteries checked in the laboratory-before
going to the field.

® The probe shall be conditioned in a water sample for as long a period as practical before
use in the field. Long periods of dry storage followed by short periods of use in the field
may resuit in inaccurate readings.

® The instrument shall be calibrated in the field before each measurement or group of
closely spaced measurements by placing the probe in a water sample of known dissolved
oxygen concentration (..e., determined by Winkier method) or in a freshly air-saturated
water sample of known temperature. Dissolved oxygen values for airsaturated water can
be determined by consulting a table listing oxygen solubilities as a function of temperature
and salinity (see Attachment B).

® Immerse the probe in the sample. Be sure to provide for sufficient flow past the
membrane, either by stirring the samplie, or placing the probe in a flowing stream. Probes
without stirrers placed in wells can be moved up and down.
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e Record the dissolved oxygen content and temperature of the sample in a field logbook or
sample log sheet.

e Recalibrate the probe when the membrane is replaced, or as needed. Foliow the
manufacturer’s instructions.

Note that in-situ placement of the probe is preferable, since sampie handling is not involved.
however, may not always be practical. Be sure to record whether the liquid was analyzed in-sit.
a sample was taken.

Special care shall be taken during sampie collection to avoid turbulence which can iead to increc
oxygen solubilization and positive test interferences.

55 MEASUREMENT OF OXIDATION-REDUCTION POTENTIAL

55.1 Genersl

The oxidation-reduction potential (ORP) provides a measure of the tendence of organic or inorganic

~ compounds to exist in an oxidized state. The technique therefore provides evidence of the likelihood
of anaerobic degradation of biodegradabie organics or the ratio of activities of oxidized to reduced
species in the sample. : :

552 Principles of Equipment Operation-

When an inert metai electrode, such as piatinum, is immersed in a solution, a potential is developed
at that electrode depending on the ions present in the solution. if a reference electrode is placed in
the same solution, an ORP electrode pair is established. This electrode pair aliows the potential
difference between the two electrodes to be measured and will be dependent on the concentration
of the ions in solution. By this measurement, the ability to oxidize or reduce species in solution may -
be determined. Supplemental measurements, such as dissolved oxygen, may be correlated with ORP
1o provide a knowiedge of the quality of the solution, water, or wastewater.

553  Eguipment

The following equipment is needed for measuring the oxidation-reduction potential of a solution:
& Accumet 150 portable pH meter or equivaient, with a millivolt scale.

o Platinum electrode to fit above pH meter.
o Reference electrode such as a calomel, silver-silver chioride, or equivalent.

S.54  Measurement Technigues for Oxidation-Reduction Potential
The following procedure is used for measuring oxidation-reduction potential:
® The equipment shall be calibrated and have its batteries checked before going to the field.
¢ Check that the platinum probe is ciean and that the platinum bond or tip is unoxidized. If

dirty, polish with emery paper or, if necessary, clean the electrode using aqua regia, nitric
acid, or chromic acid, in accordance with manufacturer’s instructions.
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e Thoroughly rinse the electrode with demineralized water.

o Verify the sensitivity of the electrodes by noting the change in millivoit reading when the
pH of the test solution is aitered. The ORP will increase when the pH of the test solution
decreases and the ORP will decrease if the test solution pH is increased. Place the sample in
a clean glass beaker and agitate the sample. Insert the electrodes and note the ORP drops
sharply when the caustic is added, the electrodes are sensitive and operating properly. if
the ORP increases sharply when the caustic is added, the polarity is reversed and must be
corrected in accordance with the manufacturer’s instructions. if the ORP does not respond
as above when the caustic is added, the electrodes shall be cleaned and the above
procedure repeated. :

o After the assembly has been checked for sensitivity, wash the electrodes with three
changes of water or by means of a flowing stream of water from a wash bottie. Place the
sample in a clean glass beaker or sampie cup and insert the electrodes. Set temperature
compensator throughout the measurement period. Read the millivoit potential of the
solution, allowing sufficient time for the system to stabilize and reach temperature
equilibrium. Measure successive portions of the sample until readings on two successive
portions differ by no more than 10 mV. A system that is very slow to stabilize properiy will
not yield a meaningful ORP. Record ail resulits in a field logbook, including ORP (to nearest -
10 mV), sample temperature and pH at the time of measurement.

S.6 SPECIFICION ELECTRODE MEASUREMENTS

56.1 Genenal

Use of specific ion electrodes can be beneficial in the field for determining the presence and
concentration of dissolved inorganic species which may be associated with contaminant piumes or
leachate. Thus, electrodes can be used for rapid screening of water quality and dotermmauon of
water migration pathways. :

This procedure provides generic information for specific ion electrodes commonly used in .
groundwater quality monitoring programs and describes the essential elements of a field
investigation program. Analytical methods using some specific ion electrodes have not been
approved by the U.S.EPA. In addition, calibration procedures and solutions, interferences and
conditions and requirements for use for various electrodes vary greatly. Consequently, review of
manufacturer’s literature is mandatory prior to use.

5.6.2  Principles of Equipment Operation

All specific ion electrode measurements involve the use of a reference electrode, a pH meter, and a
specific ion electrode (SIE). When the SIE and the reference electrode are irmmmersed in a solution of
the ion to be measured, a potential difference is developed between the two electrodes. This
potential can be measured by a pH meter and related to the concentration of the ion of interest
through the use of standard solutions and calibration curves.

Several different types of SIEs are in use: glass, solid-state, liquid-liquid membrane, and gas-sensing.
All of the electrodes function using an ion exchange process as the potential determining mechanism.
Glass electrodes are used for pH measurement. The glass in the tip of the electrode actually acts as a
semi-permeable membrane to allow solution. Solid-state electrodes replace the glass membrane with

D-33-4-90-1



Subject Number Page

SF-1.1 13 of 17

ONSITE WATER QUALITY TESTING Revision Effective Date
2 . 01/02/92

an ionically-conducting membrane (but act in essentially the same manner), while liquid-liqui‘d
membrane electrodes have an organic liquid ion exchanger contained in the pores of a hydrophobic
membrane. Maintenance of the conducting interface, in combination with a reference electrode,
allows completion of the electrical circuit and subsequent measurement of the potentiai difference.
Gas-sensing electrodes have a membrane that permits the passage of gas only, thus allowing for the
measurement of gas concentration. Regardiess of the mechanism involved in the electrode, most SIEs
are easy to use under field conditions. The sensitivity and applicable concentration range for various
membranes and eiectrodes will vary.

5.63 Eguipment

The following equipment is required for perfonﬁing quantitative analyses using a specific ion
electrode:

® A pH meter with a millivolt scale, or equivaient. o

o The specific ion electrode for the parameter to be measured. A partial list of ions which can
: be measured inciudes cyanide, sulfide, ammonia, lead, fluoride and chloride.

® Asuitable reference electrode to go with the above SIE.

Speciﬁc electrodes for other ions have also been developed, but are not widely used for field
investigation efforts at this time. Note that of the specific electrodes referenced above, only fluoride
and ammonia have analytical methods approved by the U.S. EPA.

5.64  Measurement Techniques for Inorganic lons Using Specific lon Electrodes

Different types of electrodes are used in slightly different ways and are applicable for different
concentration ranges. Following the manufacturer's instructions, the general steps given below are
usually-followed:

® immerse the electrode in water for a suitable period of time prior to sample analysis.

e Standardize the electrode according to the manufacturer's instructions, including

" necessary chemical additions for ionic strength adjustment, etc. Standard solutions
normally differ by factors of ten in concentration. Constant stirring is needed for accurate
readings.

® immerse the electrode in the sampie. Aliow the reading to stabilize and record the results
in a site logbook. Stir the sampie at the same rate as the standards. Air bubbles near the
membrane shall be avoided, since this may cause interference in millivolt readings.

(NOTE: Each SIE has substances which interfere with proper measurement. These may be eliminated
using pretreatment methods as detailed by the manufacturer. It is important to know if interferences
are present so that suspect readings may be noted as such.)

e if the pH meter does not read out directly, plot millivolts versus concentration for the
standards and then determine sampie concentration.
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American Public Health Association, 1980. Standard Methods for the Examination of Water and

 Wastewater, 15th Edition, APHA, Washington, D.C.
US. EPA, 1979. M mical Anslysis of Wi W, EPA-600/4-79-020.
U.S. Geological Survey, 1984. National Handbook of Recommended Methods for Water Data

Acquisition, Chapter 5: Chemical and Physical Quality of Water and Sediment. U.S. Department of
the interior, Reston, Virginia.

70  ATTACHMENTS

Attachment A - Specific Conductance of KCl Solutions at 25 degrees Centigrade

Attachment B - Variation of Dissolved Oxygen Concentration in Water as a a Function of Temperature
and Salinity. .
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ATTACHMENT A
SPECIFIC CONDUCTANCE OF M KCI
AT VARIOUS TEMPERATURES!
Temperature -Specific Conductance
O (umhos/cm)
15 1,147
16 1,173
17 1,199
18 1,225
19 " 1,251
20 1,278
21 1,305
22 1,332
23 1,359
24 1,368
25 1,413
26 1,441
27 1,468
28 1,496
29 1,524
30 1,552.
! Dataderived from the international Critical
Tables 1-3-8.
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ATTACHMENT B
VARIATION OF DISSOLVED OXYGEN CONCENTRATION
IN WATER AS A FUNCTION OF TEMPERATURE AND SALINITY
Dissolved Oxygen (mg/L)
Temperature Chloride Concentration in Water '
< Difference/100 mg chioride
0 5,000 | 10,000 | 15,000 | 20,000
0 14.6 13.8 13.0 12.1 113 0.017
1 14.2 13.4 12.6 1.8 11.0 0.016
2 13.8 13.1 123 11.5 10.8 0.015
3 135 12.7 120 | n.2 10.5 0.015
4 13.1 12.4 11.7 11.0 10.3 0.014
5 12.8 12.1 11.4 10.7 10.0 0.014
6 12.5 1.8 1.1 10.5 9.8 0.014
7 12.2 ‘115 109 -| 102 9.6 0.013
8 11.9 1.2 10.6 10.0 9.4 ©0.013
9 11.6 11.0 10.4 9.8 9.2 0.012
10 11.3 10.7 10.1 9.6 9.0 0.012
11 11.1 10.5 9.9 9.4 88 0.011
12 10.8 103 9.7 9.2 8.6 0.011
13 10.6 10.1 95 ‘| 9.0 85 0.011
14 10.4 99 9.3 88 83 0.010
15 10.2 9.7 9.1 8.6 8.1 0.010
16 100 | 95 9.0 85 8.0 0.010
17 9.7 93 88 8.3 78 0.010
18 9.5 9.1 8.6 8.2 7.7 0.009
19 9.4 89 8.5 8.0 7.6 0.009
20 9.2 8.7 83 7.9 74 0.009
21 9.0 86 8.1 1.7 73 0.009
22 88 8.4 8.0 7.6 7.1 0.008
23 8.7 83 7.9 7.4 7.0 0.008
24 85 8.1 7.7 7.3 6.9 0.008
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ATTACHMENT B
VARIATION OF DISSOLVED OXYGEN CONCENTRATION
IN WATER AS A FUNCTION OF TEMPERATURE AND SALINITY
PAGE TWO
Dissolved Oxygen (mg/L)
Temperature Chloride Concentration in Water
€ Difference/100 mg chioride
0 5,000 4 10,000 | 15,000 | 20,000
25 8.4 8.0 7.6 7.2 . 6.7 0.008
26 8.2 7.8 74 7.0 6.6 0.008
27 8.1 7.7 73 6.9 6.5 0.008
28 7.9 2.5 71 6.8 64 0.008
29 7.8 74 7.0 6.6 6.3 0.008
30 7.6 73 69 6.5 6.1 0.008
31 75
32 7.4
33 7.3
34 7.2
35 7.1
36 7.0
37 6.9 2
38 . 6.8
39 6.7
40 6.6
41 6.5
42 6.4
43 6.3
a4 6.2
45 6.1
46 6.0
47 5.9
48 58
49 5.7
50 5.6
Note: In a chioride solution, conductivity can be roughly related to chioride concentration (and
therefore used to correct measured D.O. concentration) using Attachment A.
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