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1.0 INTRODUCTION

The Southern Division, Naval Facilities Engineering Command (SOUTHNAVFAC) has issued Contract
Task Order (CTO) 0066 to Tetra Tech NUS, Inc. (TtNUS) under Comprehensive Long-term Environmental
Action Navy (CLEAN) Il Contract No N62467-94-D-0888. This Work Plan has been developed under
CTO 0066 for the purposes of performing environmental investigation activities at Naval Air Station (NAS)
Cecil Field, Jacksonville, Florida, at Operable Unit (OU) 3, Site 7. Following the methodologies and
procedures outlined in this Work Plan, TtNUS will perform the long-term groundwater sampling program

outlined in the Remedial Design for Soil and Groundwater at OU 3, Site 7 (HLA, May 1998).

1.1 SITE DESCRIPTION

Site 7, Former Firefirefighting Training Area, Operable Unit (OU) 3, is located near the northwest end of
the old 310 flightline, approximately 800 feet east of Lake Fretwell and 1,200 feet northwest of the east
and west flightline on the main Base of NAS Cecil Field (Figure 1-1). The aircraft hangers, building 13 and
14, are approximately 2,000 feet east of Site 7. Training activities have ceased, and Site 7 is currently

used as an ordnance and general storage area.

The primary sources of contamination at Site 7 were the liquid wastes (e.g., waste solvents, paints, paint
thinners, and fuel) used to ignite aircraft frames during firefighting training activities. The remedial
investigation analytical results indicated the presence of volatile organic compounds (VOCs), semivolatile
organic compounds (SVOCs) and inorganics in surface soil, subsurface soil, and groundwater (ABB-ES,
March 1998).

1.2 REPORT ORGANIZATION

This work plan consists of the following sections:

» Section 1.0 presents this brief description of Site 7 and the organization of this report.

» Section 2.0 outlines the scope of work to be performed at Site 7.

e Section 3.0 discusses field operations to be performed.

» Section 4.0 outlines the environmental sampling program, describes sampling procedures, and

presents the relevant aspects of the quality assurance plan and data quality requirements.

079814/P 1-1 CTO 0066
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2.0 SCOPE OF WORK

Under CTO 0066, TtNUS will perform the long-term groundwater sampling program outlined in the
Remedial Design for Soil and Groundwater at OU 3, Site 7 (HLA, May 1998). The remedial design

specifies the following activities as part of a long-term sampling program to address Site 7 groundwater
contamination:

* Annually, sample four monitoring wells (CF7MW8S, CF7MW91, CF7MW12S, and CF7MW14l) for
benzene for a period of 30 years.

* Review analytical results from the monitoring program every five years to determine any further

courses of action.

Additionally, after each sampling event, a brief letter report containing analytical results will be distributed

to the Base Realignment and Closure Team.

079814/P 2-1 CTO 0066
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3.0 FIELD OPERATIONS

This section describes the procedures for conducting the project-specific field investigation activities to be
performed at Site 7 for long-term groundwater sampling. Field operation activities to be performed include
mobilization of equipment, groundwater sampling, equipment decontamination, waste handling, and site
restoration. All field operation activities will be performed as described in the Brown & Root Environmental
(B&R Environmental) Standard Operating Procedures (SOPs) provided in Appendix A, except where
noted.

3.1 MOBILIZATION/DEMOBILIZATION

The mobilization and demobilization of equipment required for each activity will be performed in
accordance with the following descriptions of activities. Personnel will be used from the TtNUS

Jacksonville and Pittsburgh Offices as needed.

3.2 GROUNDWATER SAMPLING

Groundwater sampling will be conducted as described in Section 4.0, Environmental Sampling.

3.3 DECONTAMINATION

Decontamination of sampling equipment will be in accordance with B&R Environmental SOP SA-7.1,
"Decontamination of Field Equipment and Waste Handling." An area for the decontamination pad for
major equipment and a source of potable water for steam washing will be arranged by the field operations

leader through NAS Cecil Field personnel.

3.4 WASTE HANDLING

All'solid and liquid wastes generated as a result of this investigation will be stored in 55-gallon drums and
handled in accordance with the procedures described in B&R Environmental SOP SA-71,

"Decontamination of Field Equipment and Waste Handling.”

3.5 SITE RESTORATION

To the extent practical, the site will be restored to its original condition that existed prior to the

investigation.

079814/P 3-1 CTO 0066
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4.0 ENVIRONMENTAL SAMPLING

This section outlines the environmental sampling program and describes the procedures for groundwater

sampling of Site 7 monitoring wells.

41 GROUNDWATER SAMPLING

Groundwater samples will be collected annually from the four monitoring wells at the locations shown in
Figure 4-1 (CF7MW8S, CF7MW91, CF7MW12S, and CF7MW14l). Samples will be sent to a fixed-based
laboratory and analyzed for the parameters shown in Table 4-1. Monitoring wells will be sampled in

accordance with B&R Environmental Number SOP SA-1.1, Section 5.7, “Low Flow Purge and Sampling.”

4.2 SAMPLE HANDLING

4.21 Sample Containers, Preservation, Holding Times, and Analyses

Sample handling includes proper selection of sample containers, preservation, allowable holding times,
and analyses. The Florida Department of Environmental Protection (FDEP), “DEP Standard Operating
Procedures for Laboratory Operations and Sample Collection Activities,” (September 1992), Section 4.4,

contains the sample handling requirements for this investigation. These requirements are summarized in
Table 4-1.

4.2.2 Sample Nomenclature

Each sample will be assigned a unique sample identification number. The unique label system

established for this sampling event is as follows:

1 2 3 4
AAA-NN AA NN NN
Site Location Media Sample Sample

and Site Number Number Depth

1 CEF = Cecil Field 3 An ascending sequential
07 = Operable Unit 3 - Site 7 number of samples collected
2 GW = Groundwater 4 Bottom of sample interval or sample
round.
Example: CEF-07-GW-08-01

079814/P 4-1 CTO 0066
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TABLE 4-1

SUMMARY OF ANALYTICAL METHODS, BOTTLEWARE, PRESERVATION, AND HOLDING TIMES

OPERABLE UNIT 3, SITE 7
NAS CECIL FIELD, FLORIDA

septum cap

zero headspace

Analysis Analytical Sample Bottleware Preservation® Holding Time®
Method Volume
AQUEOUS
.| Benzene SW-846 8021B 2 x40 mL Gilass; Teflon-lined HCI to pH<2; Cool to 4°C; 14 days to analysis

1 Sample volume may vary based on the laboratory.

2 HCI - Hydrochloric acid.

3 Holding times are measured from the date of sample collection.

livya
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423 Sample Documentation, Packaging, and Shipping

Matrix-specific sample logsheets will be maintained for each sample collected. In addition, sample

collection information will be recorded in field notebooks and the site logbook.

Samples will be packaged and shipped according to Chapter 5.0 of the FDEP, “DEP Standard Operating

Procedures for Laboratory and Sample Collection Activities,” (September 1992).

4.2.4 Sample Custody

Sample custody will be maintained and documented at all times. Custody begins at the time of bottle
receipt and-ends at the time of disposal by the laboratory. The procedures for custody are described in
Chapter 5.0 of the FDEP, “DEP Standard Operating Procedures for Laboratory Operations and Sample

Collection Activities,” (September 1992). These procedures will be implemented for this investigation.

4.3 DATA QUALITY REQUIREMENTS

4.3.1 Laboratory Analyses

The analytical method to be used is presented in Table 4-1. Chapter 10.0 of the FDEP, “DEP Standard
Operating Procedures for Laboratory Operations and Sample Collection Activities,” (September 1992)
describes the data reporting requirements for this investigation. The laboratory selected to perform the

work at this site must be Florida State certified.

4.3.2 External (Field) QC Samples

4.3.21 Field QC Samples Types and Frequencies

As per an agreement between the Navy, U.S. EPA, and State of Florida, the collection of rinsate and trip
blanks have been eliminated from investigations at installation restoration sites at NAS Cecil Field.
Additionally, the collection frequency of field blanks have been reduced from 1 per event per source to one
every 6 months or if the source of water changes. In accordance with these changes, Table 4-2

summarizes the frequency and type of field QA/QC samples to be collected for this investigation.

079814/P 4-6 CTO 0066
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TABLE 4-2

FREQUENCY OF FIELD QC SAMPLES
OPERABLE UNIT 3, SITE7
NAS CECIL FIELD, JACKSONVILLE, FLORIDA

Type Of Samples Frequency
Field Duplicate/Split Samples 1/10 samples/matrix
MS/MSD 1/20 samples/matrix
Field Blank 1/source/sampling event

Field blanks consist of the potable waters used in decontamination and steam cleaning activities. They
are collected to determine whether the source waters have introduced contaminants to the environmental

samples collected. Field duplicates are a single sample split into two portions for a determination of the

precision of the sampling and analysis method employed.

43.2.2 Matrix Spike/Duplicate Sample Aliquots

The field sampling team will provide the appropriate additional sample volume as prescribed by the
laboratory requirements for laboratory duplicate and matrix spike samples. The additional sample aliquots

required for analysis of matrix spike/duplicates will be collected with a frequency of 1 per 20 samples per

matrix.

4.3.3 Bottleware requirements

The bottleware, preservation, and holding time requirements for the analyses proposed for this

investigation are provided in Table 4-1. Pre-preserved, certified clean bottleware will be supplied by the
laboratory subcontractor.

4.3.4 Internal {Laboratory) QC Checks

Descriptions of the internal (laboratory) QC check types are provided in Chapter 9.0 of the FDEP, “DEP
Standard Operating Procedures for Laboratory Operations and Sample Collection Activities”, (September
1992).

4.3.5 Data Reduction, Validation, and Reporting

As per an agreement between Navy, U.S. EPA, and State of Florida, formal offsite data validation has

been eliminated from the installation restoration program at NAS Cecil Field. However, the analytical data

079814/P 4-7 CTO 0066
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packages generated by the analytical laboratory will be reviewed by TtNUS personnel to eliminate false

positive and negative results.

4.3.6 Corrective Actions

In the event there are discrepancies in field activities from the established procedures and/or requirements
or modifications to the proposed Work Plan, the procedures established in Chapter 11.0 of the FDEP,
‘DEP Standard Operating Procedures for Laboratory Operations and Sample Collection Activities”,

(September 1992) for documenting nonconformances will be implemented.

079814/P 4-8 CTO 0066
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1.0 PURPOSE

The purpose of this procedure is to provide general reference information regarding the sampling of
groundwater wells. ‘

2.0 SCOPE

This procedure provides information on proper sampling equipment, onsite water quality testing, 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 followed whenever applicable, noting that site-specific conditions or project-specific plans may require
modifications to methodology.

3.0 GLOSSARY

Conductance - The conductance of a conductor 1 centimeter long and 1 square centimeter in cross-
sectional area. For groundwater measurements, a volume of water contained ina 1 cm x 1 ¢cm sample

container (the water acts as the conductor). Conductivity and specific conductance are used
synonymously. ;

Electrolytic 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 the current flows in the opposite

direction due to the external source of applied voltage. Electrolytic cells are used in dissolved oxygen
measurement.

Galvanic Cell - A electrochemical cell in which chemical energy is spontaneously converted to electrical

energy. The electrical energy produced is supplied to an external circuit. Galvanic cells are used in
dissolved oxygen measurement.

Ohm - Standard unit of electrical resistance (R). Used in specific conductance measurement. A siemen
(or umho) is the standard unit of electrical conductance, the inverse of the ohm.

Oxidation-Reduction Potentiai (ORP) - A measure of the activity ratio of oxidizing and reducing species
as determined by the electromotive force developed by a noble metal electrode, immersed in water, as
referenced against a standard hydrogen electrode.

DH - The negative logarithm (base 10) of the hydrogen ion activity. The hydrogen ion activity is related
to the hydrogen ion concentration, and, in a relatively weak solution, the two are nearly equal. Thus, for
all practical purposes, pH is a measure of the hydrogen ion concentration.

pH Paper - Indicator paper that turns different colors depending on the pH of the solution to which lt is
exposed. Comparison with color standards supplied by the manufacturer will then give an indication of
the solution’s pH. ‘

Resistance - A measure of the solution’s ability to oppose the passage of electrical current. For metals
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. Used in measurement of specific conductance. ‘

019611/P Brown & Root Environmental
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4.0 RESPONSIBILITIES

Project Hydrogeologist - Responsible for selecting and detailing the specific groundwater sampling
techniques, onsite water quality testing (type, frequency, and location), and equipment to be used, and
providing detailed input in this regard to the project plan documents. The project hydrogeologist is also
responsible for property briefing and overseeing the performance of the site sampling personnei.

Project Geologist - is primarily responsible for the proper acquisition of the groundwater samples.
He/she is also responsible for the actual analyses of onsite water quality samples, as well as instrument
calibration, care, and maintenance. When appropriate, such responsibilities may be performed by other
qualified personnel (e.g., field technicians).

5.0 PROCEDURES

5.1 General

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

Methods for withdrawing samples from completed wells include the use of pumps, compressed air,
bailers, and various types of samplers. The primary considerations in obtaining a representative sample
of the groundwater are to avoid collection of stagnant (standing) water in the well and to avoid physical
or chemical alteration of the water due to sampling techniques. 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 groundwater due to normal flow patterns, but the weli 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: :

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

2. For wells that can be purged dry, the weli shall be evacuated and aflowed to recover prior

to sample acquisition. If the recovery rate is fairly rapid, evacuation of more than one volume
of water is required.

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

® A submersible pump or the 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 drops. 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 or other approved device may be used to collect the sample for analysis.

019611/P Brown & Root Environmental
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®  The intake line of the sampling pump (or the submersible pump itself) shall be placed
near the bottom of the screened section, and approximately one casing volume of
water shall be pumped from the well at a low purge rate, equal to the well’s recovery
rate (low flow sampling).

Stratification of contaminants may exist in the aquifer. Concentration gradients as a resuit of mixing and
dispersion processes, layers of variable permeability, and the presence of separate-phase product (i.e,
floating hydrocarbons) may cause stratification. Excessive pumping or improper sampling methods can
dilute or increase the contaminant concentrations in the recovered sample compared to what is
representative of the integrated water column as it naturally occurs at that point, thus the result is the
collection of a non-representative sample.

5.2 Sampling, Monitoring, and Evacuation Equipment

Sample containers shall conform with the guidelines expressed in SOP SA-6.1.

The following equipment shall be on hand when sampling ground water wells (reference SOPs SA-6.1
and SA-7.1):

] Sample packaging and shipping_equipment - Coolers for sample shipping and cooling,
chemical preservatives, appropriate sampling containers and filler, ice, labels and chain-of-
custody documents.

° Field tools and_instrumentation - Thermometer, pH paper/meter, camera and film (if
appropriate), appropriate keys (for locked wells), engineer’s rule, water level indicator, specific
conductivity meter, and turbidity meter (as applicable).

° Pumps

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

- Deep-well pumps: Submersible pump and electrical power-generating unit, or air-lift
apparatus where applicable.

] Other sampling equipment - Bailers and inert line with tripod-pulley assembly (if necessary).
Bailers or submersibie centrifugal pumps shall be used to obtain samples for volatile organics
from shallow and deep groundwater wells.

° Pails - Plastic, graduated.

° Decontamination solutions - Deionized water, laboratory detergents, 10% nitric acid solution
(as required), and analytical-grade solvents (e.g., methanol, acetone, hexane), as required.

Ideally, sample withdrawal equipment shall be completely inert, economical, easily cleaned, cleaned prior
to use, reusable, able to operate at remote sites in the absence of power sources, and capable of
delivering variable rates for well flushing and sample collection.

019611/P Brown & Root Environmental
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5.3 Calculations of Well Volume

To insure that the proper volume of water has been removed from the well prior to sampling it is first
necessary to know the volume of standing water in the well pipe. This volume can be easily calculated
by the following method. Calculations shall be entered in the site logbook or field notebook or on a
sample log sheet form (see SOP SA-6.3):

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

° Determine well or casing diameter.

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

. Determine depth of well by sounding using a clean, decontaminated, weighted tape measure.

] Calculate number of linear feet of static water (total depth or length of well pipe minus the
depth to static water level).

e  Calculate one static well volume in gallons V= (0.163)T )r?
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 in inches.
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.

[ Per evacuation volumes discussed above, determine the minimum amount to be evacuated
before sampling.

5.4 Evacuation of Static Water (Purging)

5.4.1 General

The amount of purging a well shall receive prior to sample collection will depend on the intent of the
monitoring program and the hydrogeologic conditions. Programs to determine overali 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 sampling so that the sample can be a
composite of a known volume of the aquifer. Alternately the well can be pumped until the parameters
such as temperature, electrical conductance, pH, and turbidity (as applicabie), have stabilized. Onsite
measurements of these parameters shall be recorded in the site logbook, field notebook, or on
standardized data sheets.
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5.4.2 Evacuation Devices

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

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-valve at the bottom. An inert line is used to lower the bailer and retrieve the sample.

Advantages of bailers include:

L] Few limitations on size and materials used for bailers.

. No external power source needed.

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

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

®  Bailers are relatively easy to decontaminate.

Limitations on the use of bailers include the following:

° It is time consuming to remove stagnant water using a bailer.
®  Transfer of sample may cause aeration.

° Use of bailers is physicaily demanding, especially in warm temperatures at protection levels
above Level D. -

Suction Pumps

There are many different types of inexpensive suction pumps including centrifugal, diaphragm, peristaltic,
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 that uses
rollers to squeeze a flexible 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 leveis 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 dissoived
gases and volatile organics.

Air-Lift Samplers

This group of pump samplers uses gas pressure either in the annufus of the well or in a venturi to force
the water up a sampling tube. These pumps are also relatively inexpensive. Air (or gas)ift samplers
are more suitable for well development than for sampling because the samples may be aerated, leading
to pH changes and subsequent trace metal precipitation, or loss of volatile organics.

019611/P
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Submersible Pumps

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

Limitations of this class of pumps include:

They may have low delivery rates.

Many models of these pumps are expensive.

Compressed gas or electric power is needed.

Sediment in water may cause clogging of the valves or eroding the impellers with some of
these pumps.

Decontamination of internal components can be difficult and time-consuming.

5.5 Onsite Water Quality Testing

This section describes the procedures and equipment required to measure the following parameters of
an aqueous sample in the field:

pH

Specific Conductance

Temperature

Dissolved Oxygen (DO) Concentration

Oxidation Reduction Potential

Certain Dissolved Constituents Using Specific lon Elements
Turbidity

This section is applicable for use in an onsite groundwater quality monitoring program to be conducted
at a hazardous or nonhazardous site. The procedures and equipment described are applicable to
groundwater samples and are not, in general, subject to solution interferences from color, turbidity, and
colloidal material or suspended matter.

This section provides general 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.

5.5.1 Measurement of pH

5.5.1.1 General

Measurement of pH is one of the most important and frequently used tests in water chemistry.
Practically every phase of water supply and wastewater treatment such as acid-base neutralization, water
softening, and corrosion control is pH dependent. Likewise, the pH of leachate can be correlated with
other chemical analyses to determine the probable source of contamination. It is therefore important that
reasonably accurate pH measurements be taken.
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Two methods are given for pH measurement: the pH meter and pH indicator paper. The indicator paper
is used when only 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 slight 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 unless

extremely high levels capable of coating or masking the paper are encountered. In such cases, use of
a pH meter is recommended.

5.5.1.2 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 created by the addition of the water sample reacting with the indicator compound on the
paper. Various types of pH papers are available, inciuding litmus (for general acidity or basicity
determination) and specific pH range hydrion paper.

Use of a pH meter relies on the same principle as other ion-specific electrodes. Measurement relies on
establishment of a potential difference across a glass or other type of membrane in response to (in this
instance, hydrogen) ion concentration across that membrane. The membrane is conductive to ionic

species and, in combination with a standard or reference electrode, a potential difference proportional
to the ion concentration is generated and measured.

55.1.3 Equipment
The following equipment is needed for taking pH measurements:

® Stand-alone 150 portable pH meter, or combination meter (e.g., Horiba U-10), or combination
meter equipped with an in-line sample chamber.

* Combination electrode with potymer body to fit the above meter (alternately a pH electrode
and a reference electrode can be used if the pH meter is equipped with suitable electrode
inputs). -

. Buffer solutions, as specified by the manufacturer.
] pH indicator paper, to cover the pH range 2 through 12.
° Manufacturer’'s operation manual.

55.1.4 Measurement Technigues for Field Determination of pH

pH Meter

The following procedure is used for measuring pH with a pH meter (meter standardization is according
to manufacturer’s instructions):

° Inspect the instrument and batteries prior to initiation of the field effort.

) Check the integrity of the buffer solutions used for field calibration. Buffer solutions need to
be changed often as a result of degradation upon exposure to the atmosphere.
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. Immerse the tip of the electrodes in water overnight. If this is not possible due to field
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. This is not applicable for all electrodes as some must be stored dry.

] If applicable, make sure all electrolyte solutions within the electrode(s) are at their proper
levels and that no air bubbles are present within the electrode(s).

e  Calibrate on a daily use basis following manufacturer’s instructions. Record calibration data
on an equipment calibration log sheet.

] Immerse the electrode(s) in the unknown solution, slowly 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 physical reaction (e.g., degassing) may be
taking place in the sample, or the meter or electrode may be malfunctioning. This must be
clearly noted in the logbook.

] Read and record the pH of the solution. pH shall be recorded to the nearest 0.1 pH unit.
Also record the sample temperature.

] Rinse the electrode(s) with deionized water.
e  Store the electrode(s) in an appropriate manner when not in use.

Any visual observation of conditions which may interfere with pH measurement, such as oily materials,
or turbidity, shall be noted.

pH Paper

Use of pH paper is very simple and requires no sample preparation, standardization, etc. pH paper is
available in several ranges, including wide-range (indicating approximately pH 1 to 12), mid-range
(approximately pH 0 to 6, 6 to 9, 8 to 14) and narrow-range (many available, with ranges as narrow as
1.5 pH units). The appropriate range of pH paper shall be selected. If the pH is unknown the
investigation shall start with wide-range paper and proceed with successively narrower range paper until
the sample pH is adequately determined.

5.5.2 Measurement of Specific Conductance

5.5.2.1 General

Conductance provides a measure of dissolved ionic species in water and can be used to identify the
direction and extent of migration of contaminants in groundwater or surface water. It can also be used
as a measure of subsurface biodegradation or to indicate alternate sources of groundwater
contamination.

Conductivity is a numerical expression of the ability of a water sample to carry an electric current. This
value depends on the total concentration of the ionized substances dissoived 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.
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it is important to obtain a specific conductance measurement soon after taking a sample, since

temperature changes, precipitation reactions, and absorption of carbon dioxide from the air all affect the
specific conductance.

5.5.2.2 Principles of Equipment Operation

An aqueous system containing ions will conduct an electric current. In a direct-current field, the positive
ions migrate toward the negative electrode, 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.

A conductance cell and a Wheatstone Bridge (for the measurement of potential difference) may be used
for measurement of electrical resistance. The ratio of current applied to voltage across the cell may also
be used as a measure of conductance. The core element 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.

55.2.3 Equipment
The following equipment is needed for taking specific conductance (SC) measurements:

] Stand alone portable conductivity meter, or combination meter (e.g., Horiba U-10), or
combination meter equipped with an in-line sample chamber.

[ ] Calibration solution, as specified by the manufacturer. : -

] Manufacturer's operation manual.

A variety of conductivity meters are available which may also be used to monitor salinity and
temperatures. Probe types and cable lengths vary, so equipment must be obtained to meet the specific
requirement of the sampling program.

5.5.2.4 Measurement Technigues for Specific Conductance

The steps involved in taking specific conductance measurements are listed below (standardization is
according to manufacturer’s instructions):

®  Check batteries and calibrate instrument before going into the field.

e  Calibrate on a daily use basis, according to the manufacturer’s instructions and record all
pertinent information on an equipment calibration log sheet. Potassium chloride solutions
with a SC closest to the values expected in the field shall be used for calibration. Attachment
B provides guidance in this regard.

e  Rinse the cell with one or more portions of the sample to be tested or with deionized water.
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®  Immerse the electrode in the sample and measure the conductivity. Adjust the temperature
setting to the sampie temperature (if applicable).

° Read and record the results in a field logbook or sample log sheet.
° Rinse the electrode with deionized water.

If the specific conductance measurements become erratic, recalibrate the instrument and see the
manufacturer’s instructions for detais.

5.5.3 Measurement of Temperature

5.5.3.1 General

In combination with other parameters, temperature can be a useful indicator of the likelihood of biological
action in a water sample. [t can also be used to trace the flow direction of contaminated groundwater.
Temperature measurements shall be taken in-situ, or as quickly as possible in the field. Collected water
samples may rapidly equilibrate with the temperature of their surroundings.

5.53.2 Equipment

Temperature measurements may be taken with alcohol-toluene, mercury fitled 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 suitable
probes and cables, in-situ measurements of temperature at great depths can be performed.

5.5.3.3 Measurement Techniques for Water Temperature

If a thermometer is used to determine the temperature for a water sample:

° Immerse the thermometer in the sample until temperature equilibrium is obtained (1-
3 minutes). To avoid the possibility of cross-contamination, the thermometer shall not be
inserted into samples which will undergo subsequent chemical analysis.

®  Record values in a field logbook or sample log sheet.

If a temperature meter or probe is used, the instrument shall be calibrated according to manufacturer's
recommendations.

5.5.4 Measurement of Dissolved Oxygen Concentration

5.5.4.1 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 weli as
the rate of corrosivity, are dependent on the dissolved oxygen concentration. Thus, analysis for
dissolved 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.
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The monitoring method discussed herein is limited to the use of dissolved oxygen meters only. Chemical
methods of analysis (i.e., Winkler methods) are available, but require more equipment and greater sample
manipulation. Furthermore, DO meters, using a membrane electrode, are suitable for highly polluted
waters, because the probe is completely submersible, and is not susceptible to interference caused by
color, turbidity, coiloidal material or suspended matter.

55.4.2 Principles of Equipment Operation

Dissolved oxygen probes are normally electrochemical cells that have two solid metal electrodes of
different nobility immersed in an electrolyte. The electrolyte is retained by an oxygen-permeable
membrane. The metal of highest nobility (the cathode) is positioned at the membrane. When a suitable
potential exists between the two metals, reduction of oxygen to hydroxide ion (OH) occurs at the
cathode surface. An electrical current is developed that is directly proportional to the rate of arrival of
oxygen molecules at the cathode.

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 always be in contact with the membrane.
Otherwise, the oxygen in the aqueous layer along the membrane is quickly depleted and false low
readings are obtained. It is therefore necessary to stir the sample (or the probe) constantly to maintain
fresh solution near the membrane interface. Stirring, however, shall not be so vigorous that additional
oxygen is introduced through the air-water interface at the sample surface. To avoid this possibility,
some probes are equipped with stirrers to agitate the solution near the probe, while leaving the surface
of the solution undisturbed.

Dissolved oxygen probes are relatively unaffected by interferences. Interferences that can occur are
reactions with oxidizing gases (such as chlorine) or with gases such as hydrogen sulfide, which are not
easily depolarized from the indicating electrode. If a gaseous interference is suspected, it shall be noted
in the field log book and checked if possible. Temperature variations can also cause interference
because probes exhibit temperature sensitivity. Automatic temperature compensation is normally
provided by the manufacturer.

5.5.4.3 Equipment
The following equipment is needed to measure dissolved oxygen concentration:
] Stand alone portable dissolved oxygen meter, or combination meter (e.g., Horiba U-10), or
combination meter equipped with an in-line sample chamber.
e  Sufficient cable to allow the probe to contact the sample.

] Manufacturer's operation manual.

5.5.44 Measurement Techniques for Dissolved Oxygen Determination

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 dissolved oxygen concentration:

] The equipment shall be calibrated and have its batteries checked in the warehouse before
going to the field.
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® 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
result in inaccurate readings.

] The instrument shall be calibrated in the field according to manufacturer’s recommendations
or in a freshly air-saturated water sample of known temperature. Dissolved oxygen values
for air-saturated water can be determined by consulting a table listing oxygen solubilities as
a function of temperature and salinity (see Attachment C).

. Record all pertinent information on an equipment calibration sheet.
] Rinse the probe with deionized water.

. Immerse the probe in the sample. Be sure to provide for sufficient flow past the membrane
by stirring the sample. Probes without stirrers placed in wells can be moved up and down.

° Record the dissolved oxygen content and temperature of the sample in a field logbook or
sample log sheet.

] Rinse the probe with deionized water.

] Recalibrate the probe when the membrane is replaced, or as needed. Follow the
manufacturer’s instructions.

Note that in-situ placement of the probe is preferable, since sample handling is not involved. This
however, may not always be practical. Be sure to record whether the liquid was analyzed in-situ, or if
a sample was taken. :

Special care shall be taken during sample collection to avoid turbulence which can lead to increased
oxygen solubilization and positive test interferences.

5.5.5 Measurement of Oxidation-Reduction Potentiai

5.5.5.1 General

The oxidation-reduction potential (ORP) provides a measure of the tendency of organic or inorganic
compounds to exist in an oxidized state. The ORP parameter therefore provides evidence of the
likelihood of anaerobic degradation of biodegradable organics or the ratio of activities of oxidized to
reduced species in the sample.

5.5.5.2 Principles of Equipment Operation

When an inert metal electrode, such as platinum, is immersed in a solution, a potential is developed at
that electrode depending on the ions present in the solution. If a reference electrode is placed in the
same solution, an ORP electrode pair is established. This electrode pair allows the potential difference
between the two electrodes to be measured and is dependent on the concentration of the ions in
solution. By this measurement, the ability to oxidize or reduce species in solution may be determined.
Supplemental measurements, such as dissolved oxygen, may be correlated with ORP to provide a
knowledge of the quality of the solution, water, or wastewater.
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5.56.5.3

Equipment

The following equipment is needed for measuring the oxidation-reduction potential of a solution:

5.5.5.4

Portable pH meter or equivalent, with a millivolt scale.

Platinum electrode to fit above pH meter.

Reference electrode such as a calomel, silver-silver chioride, or equivalent.
Reference solution as specified by the manufacturer.

Manufacturer’s operation manual.

Measurement Techniques for Oxidation-Reduction Potential

The following procedure is used for measuring oxidation-reduction potential:

5.5.6

5.5.6.1

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.

Thoroughly rinse the electrode with deionized water.

Verify the sensitivity of the electrodes by noting the change in millivolt reading when the pH
of the test solution is altered. 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 container and agitate the sample. Insert the electrodes and note the ORP drops
sharply when the caustic is added (i.e., pH is raised) thus indicating the electrodes are
sensitive and operating properly. |f 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.

After the assembly has been checked for sensitivity, wash the electrodes with three changes
of water or by means of a flowing stream of deionized water from a wash bottle. Place the
sample in a clean container 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 properly will not yield a meaningful ORP.
Record all resuits in a field logbook or sample logsheet, including ORP (to nearest 10 mvV),
sample temperature and pH at the time of measurement.

Measurement of Turbidity

General

Turbidity in water is caused by suspended matter, such as clay, silt, finely divided organic and inorganic
matter, soluble colored organic compounds, and microscopic organisms, including plankton. Turbidity
is an expression of the optical property that causes light to be scattered and absorbed rather than
transmitted in a straight line through the sample.
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It is important to obtain a turbidity reading immediately after taking a sample, since irreversible changes
in turbidity may occur if the sample is stored too long.

5.56.2 Principles of Equipment Operation

Turbidity is measured by the Nephelometric Method. This method is based on a comparison of the
intensity of light scattered by the sample under defined conditions with the intensity of light scattered by
a standard reference suspension under the same conditions. The higher the scattered light intensity, the
higher the turbidity.

Formazin polymer is used as the reference turbidity standard suspension because of its ease of
preparation combined with a higher reproducibility of its light-scattering properties than clay or turbid
natural water. The turbidity of a specified concentration of formazin suspension is defined as 40
nephelometric units. This same suspension has an approximate turbidity of 40 Jackson units when
measured on the candle turbidmeter. Therefore, nephelometric turbidity units (NTU) based on the

formazin preparation will approximate units derived from the candle turbidimeter but will not be identical
to them.

5.5.6.3 Equipment
The following equipment is needed for turbidity measurement:

e  Stand alone portable turbidity meter, or combination meter (e.g., Horiba U-10), or
combination meter equipped with an in-line sample chamber.

e  Calibration solution, as specified by the manufacturer.
] Manufacturer’'s operation manual.

5.5.6.4 Measurements Techniques for Specific Conductance

The steps involved in taking turbidity measurements are listed below (standardization is according to
manufacturer’s instructions):

] Check batteries and calibrate instrument before going into the field.
® Check the expiration date (etc.) of the solutions used for field calibration.

° Calibrate on a daily use basis, according to the manufacturer’s instructions and record all
pertinent information on an equipment calibration log sheet.

] Rinse the cell with one or more portions of the sample to be tested or with deionized water.
° Immerse the probe in the sample and measure the turbidity. The reading must be taken

immediately as suspended solids will settle over time resulting in a lower, inaccurate turbidity
reading.
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L Read and record the resuits in a field logbook or sample log sheet. Include a physical
description of the sampile, including color, qualitative estimate of turbidity, etc.

° Rinse the electrode with deionized water.

5.6 Sampling
5.6.1 Sampiling Plan

The sampling approach consisting of the following, shall be developed as part of the project plan
documents which are approved prior to beginning work in the field:

] Background and objectives of sampling.
] Brief description of area and waste characterization.

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

° Intended number, sequence volumes, and types of samples. If the relative 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 wells as a resuit of the sampling procedures.

[ ] Sample preservation requirements.

° Work schedule.

° List of team members.

° List of observers and contacts.

®  Other information, such as the necessity for a warrant or permission of entry, requirement for
split samples, access problems, location of keys, etc.

5.6.2 Sampling Methods
The collection of a groundwater sample consists of the following steps:

1. The site Health & Safety Officer (or designee) will first open the well cap and use volatile
organic detection equipment (PID or FID) on the escaping gases at the well head to
determine the need for respiratory protection.

2. When proper respiratory protection has been donned, sound the well for total depth and
water level (using clean equipment) and record these data on a groundwarer sampling log
sheet (see SOP SA-6.3); then calculate the fluid volume in the well pipe (as previously
described in this SOP).

3. Calculate well volume to be removed as stated in Section 5.3.
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4. Select the appropriate purging equipment (see Attachment A). If an electric submersible
pump with packer is chosen, go to Step 10.

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

6.  Measure the rate of discharge frequently. A graduated bucket and stopwatch are most

commonly used; other techniques include use of pipe trajectory methods, weir boxes or flow
meters.

7. Observe the 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.

8.  Purge a minimum of three to five casing volumes before sampling. In low-permeability strata
(ie., if the well is pumped to dryness), one volume will suffice. Purged water shall be
collected in a designated container and disposed in an acceptable manner.

9.  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 the sampling level befare filling.

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

1. In the event that recovery time of the well is very slow (e.g., 24 hours or greater), sample
collection can be delayed until the following day. If the well has been purged early in the
morning, sufficient water may be standing in the well by the day’s end to permit sample
collection. If the well is incapable of producing a sufficient volume of sample at any time,
take the largest quantity available and record this occurrence in the site logbook.

12.  Fill sample containers (preserve and label as described in SOP SA-6.1).

13. Replace the well cap and lock as appropriate. Make sure the well is readily identifiable as
the source of the samples.

14. Process sample containers as described in SOP SA-6.1.

15. Decontaminate equipment as described in SOP SA-7.1.

5.7 Low Flow Purging and Sampling
5.7.1 Scope & Application

Low flow purging and sampling techniques are sometimes required for groundwater sampling activities.
The purpose of low flow purging and sampling is to collect groundwater samples that contain
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‘representative” amounts of mobile organic and inorganic constituents in the vicinity of the selected open
well interval, at near natural flow conditions. The minimum stress procedure emphasizes negligible water
level drawdown and low pumping rates in order to collect samples with minimal alterations in water
chemistry. This procedure is designed primarily to be used in wells with a casing diameter of 2 inches
or more and a saturated screen, or open interval, length of ten feet or less. Samples obtained are
suitable for analyses of common types of groundwater contaminants (volatile and semi-volatile organic
compounds, pesticides, PCBs, metals and other inorganic ions [cyanide, chloride, sulfate, etc.]). This
procedure is not designed to collect non-aqueous phase liquids samples from wells containing light or
dense non-aqueous phase liquids (LNAPLs or DNAPLs), using the low flow pumps.

The procedure is flexible for various well construction types and groundwater vields. The goal of the
procedure is to obtain a turbidity level of less than 5 NTU and to achieve a water level drawdown of less
than 0.3 feet during purging and sampling. If these goals cannot be achieved, sample collection can take
place provided the remaining criteria in this procedure are met.

5.7.2 Equipment
The following equipment is required (as applicable) for low flow purging and sampling:

° Adjustable rate, submersible pump (e.g., centrifugal or bladder pump constructed of stainiess steel
or Teflon). Peristaltic pumps may be used only for inorganic sample collection.

e Disposable clear plastic bottom filling bailers may be used to check for and obtain samples of
LNAPLs or DNAPLs.

®  Tubing - Teflon, Teflon lined polyethylene, polyethylene, PVC, tygon steel tubing can be used to

collect samples for analysis, depending on the analyses to be performed and regulatory -
requirements.

e  Water level measuring device, 0.01 foot accuracy, (electronic devices are preferred for tracking
water level drawdown during ali pumping operations).

®  Flow measurement supplies.

® |Interface probe, if needed.

®  Power source (generator, nitrogen tank, etc.). If a gasoline generator is used, it must be located

downwind and at a safe distance from the well so that the exhaust fumes do not contaminate the
samples.

] Indicator parameter monitoring instruments - pH, turbidity, specific conductance, and temperature.
Use of a flow-through cell is recommended. Optional Indicators - eH and dissolved oxygen, flow-
through cell is required. Standards to perform field calibration of instruments.

. Decontamination supplies.

e  Logbook(s), and other forms (e.g., well purging forms).

e  Sample Bottles.
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Sample preservation supplies (as required by the analytical methods).

®  Sample tags or labels.

° Well construction data, location map, field data from last sampling event.
° Field Sampling Plan.

. PID or FID instrument for measuring VOCs (volatile organic compounds).
5.7.3 Purging and Sampling Procedure

Use a submersible pump to purge and sample monitoring wells which have a 2.0 inch or greater well
casing diameter.

Measure and record the water level immediately prior to placing the pump in the well.

Lower pump, safety cable, tubing and electrical lines slowly into the well so that the pump intake is
located at the center of the saturated screen length of the well. If possible keep the pump intake at least
two feet above the bottom of the well, to minimize mobilization of sediment that may be present in the
bottom of the well. Collection of turbid free water samples may be difficult if there is three feet or less
of standing water in the well.

When starting the pump, slowly increase the pump speed until a discharge occurs. Check water level.
Adjust pump speed to maintain littte or no water level drawdown. The target drawdown should be less
than 0.3 feet and it should stabilize. If the target of less than 0.3 feet cannot be achieved or maintained,
the sampling is acceptable if remaining criteria in the procedure are met. Subsequent sampling rounds
will probably have intake settings and extraction rates that are comparable to those used in the initial
sampling rounds.

Monitor water level and pumping rate every three to five minutes (or as appropriate) during purging.
Record pumping rate adjustments and depths to water. Pumping rates should, as needed, be reduced
to the minimum capabilities of the pump (e.g., 0.1-0.2 I/min) to ensure stabilization of indicator
parameters. Adjustments are best made in the first fifteen minutes of pumping in order to help minimize
purging time. During initial pump start-up, drawdown may exceed the 0.3 feet target and then recover
as pump flow adjustments are made (minimum purge volume calculations should utilize stabilized
drawdown values, not the initial drawdown). If the recharge rate of the well is less than minimum
capability of the pump do not allow the water level to fall to the intake level (if the static water fevel is
above the screen, avoid lowering the water level into the screen). Shut off the pump if either of the
above is about to occur and aflow the water level to recover. Repeat the process until field indicator
parameters stabilize and the minimum purge volume is removed. The minimum purge volume with
negligible drawdown (0.3 feet or less) is two saturated screen length volumes. In situations where the
drawdown is greater than 0.3 feet and has stabilized, the minimum purge volume is two times the
saturated screen volume plus the stabilized drawdown volume. After the minimum purge volume is
attained (and field parameters have stabilized) begin sampling. For low yields wells, commence sampling
as soon as the well has recovered sufficiently to collect the appropriate volume for all anticipated
samples.

During well purging, monitor field indicator parameters (turbidity, temperature, specific conductance, pH,
etc.) every three to five minutes (or as appropriate). Purging is complete and sampling may begin when
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all field indicator parameters have stabilized (variations in values are within ten percent of each other, pH
+/- 0.2 units, for three consecutive readings taken at three to five minute intervals). If the parameters
have stabilized, but turbidity remains above 5 NTU goal, decrease pump flow rate, and continue
measurement of parameters every three to five minutes. If pumping rate cannot be decreased any
further and stabilized turbidity vaiues remain above 5 NTU goal record this information. Measurements
of field parameters should be obtained (as per Section 5.5) and recorded.

VOC samples are preferably collected first and directly into pre-preserved sample containers. Fill all

sample containers by allowing the pump discharge to flow gently down the inside of the container with
minimal turbulence.

If the water column in the pump tubing collapses (water does nat completely fill the tubing) before exiting
the tubing, use one of the following procedures to collect VOC samples: (1) Collect the non-VQCs
samples first, then increase the flow rate incrementally until the water column completely fills the tubing,
collect the sample and record the new flow rate; (2) reduce the diameter of the existing tubing until the
water column fills the tubing either by adding a connector (Teflon or stainless steel), or clamp which
should reduce the flow rate by constricting the end of the tubing; (3) insert a narrow diameter Teflon tube
into the pump’s tubing so that the end of the tubing is in the water column and the other end of the
tubing protrudes beyond the pump’s tubing, collect sample from the narrow diameter tubing.

Prepare samples for shipping as per SOP SA-6.1.
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ATTACHMENT A

PURGING EQUIPMENT SELECTION

beristalt Diaphragm | Submersible | Submersibie | Submersible
Diameter Casing Bailer | onstaltic | Vacuum Airlift “Trash" Diaphragm Electric Electric
Pump Pump Pump Pump Pump Pump
w/Packer

1.25-Inch | Water level

<25 feet X X X X

Water Level X

>25 feet
2-Inch Water levei

<25 feet X X X X X X

Water Level

>25 feet X X X
4-inch Water levei

<25 fout X X X X X X X X

Water Level

>25 feet X X X X X
6-Inch Water level

<25 feet X X X X

Water Level

>25 feet X X X
8-Inch Water level "

<25 feet X X X X

Water Level

>25 feet X X X
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ATTACHMENT A
PURGING EQUIPMENT SELECTION
PAGE 2
Maximum .
A Construction .
. Outside . Lift . 1982
Model Principle of : Materials Delivery Rates A
Manufacturer Name/Number Operation Dfemn;:ﬁr/ (w/Lines and Ra(fr:)ge or Volumes (D:rlllgs) Comments
Tubing)
{Inches)
Dedicated; gas 0-150 |1 liter for each Requires compressed gas; custom sizes
E‘irCad Systems, BarCad Sampler |drive (positive 1.5/16 aPIE'n?i:nauS;' 2}::82' with std. | 10-15 feet of ]| $220-350 | and materials available; acts as
) displacement) tubing | submergence piezometer.
Cole-Parmer Inst Master Flex 7570 | Portable; (not submersible) 670 mL/min AC/DC; variable speed contro! available;
Co * | Portable peristaltic <1.0/NA | Tygon®, silicone 0-30 | with 7015- $500-600 | other models may have different flow
’ Sampling Pump | (suction) Viton® 20 pump head rates.
0-500 mbL/min . .
- . . <150r |PP, PE, PVC, SS, . AC, DC, or gasoline-driven motors
ECO Pump Corp. | SAMPLifier Portable; venturi | _ 2.0/NA | Teflons, Tefzel® 0-100 |depending on | $400-700 available: must be primed.
lift P
Portable; grab
Geltek Corp. Bailer 219-4 (positive 1.66/38 | Teflon® No limit | 1,075 mL $120-135 | Other sizes available.
P displacement)
isplaceme
G o Dedicated; gas Approximately . ) .
eoEngineering, GEO-MONITOR | drive (positive 1.5/16 PE, PP, PVC, Probably | 1 liter for each $185 Acts as piezometer; requires compressed
Inc. rve : Viton® 0-150 | 10 feet of gas.
displacement) submergence
Industrial and .
p Portable; _ | Requires compressed gas; other models
E:::ryc::smlenn:al Aquarius bladder (positive | 1.75/43 ai’):gﬂo"Q' 0-250 21!2_/8:1?n $; ggg available; AC, DC, manual operation
r displacement) ’ possible.
(IEA)
Portable; grab 850 mL :
IEA Syringe Sampler | (positive 1.75/43 | SS, Teflon® No limit | sample volum | $1,100 E:ggl;f:r::cuum and/or pressure from
displacement) e ’
Instrument Portable; PG, silicone, . .
Specialties Co. w;ﬁesl azrgo?er bladder {positive | 1.75/50 | Teflon®, PP, PE, 0-150 ?n{./ﬁn(:?n $990 rF:ﬁrc‘qiu'::srsn():ompressed gas (40 psi
(ISCO) P displacement) Detrin®, acetal )
; SP-81 Portable; helical
Keck Geophysical . ' 8§, Teflon®, PP, . 0-4,500
Instruments, Inc. g:z;::;b;z mp ‘rjc:;c;rl a(g:;'g\r’:) 1.75/25 EPDM, Viton® 0-160 | .- Jmin $3,500 | DC operated.
Leonard Mold GeoFilter Small | Portable; g _ [ Requires compressed gas (55 psi
and Die Works, Diameter Well bladder (positive | 1.75/38 ﬁEBTzI::; . PG, 0-400 21:13./5m0?n $11 5483 minimum); pneumatic or AG/DGC control
Inc. Pump (#0500) displacement) P ! module.

, Portable; grab . Other materials and models available; for
Qil Recovery Surface Sampler | (positive 1.75/12 |acrylic, Detrin® No limit Approximately $125-160 | measuring thickness of “floating"
Systems, Inc. P d’?splacement) 250 mlL contaminants ?

QE.D. Well Wizard® Dedicated; . L .
Environmental Monitoring bladder (positive | 1.66/36 |PVC 0-230 %ﬁ/or?m?n $300-400 Esg;‘::‘zsl c‘;‘;(';‘:f’getﬁs;dmﬁz}.Zl'sza%';gg:;
Systems, inc. System (P-100) displacement) ' ! .
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ATTACHMENT A
PURGING EQUIPMENT SELECTION
PAGE 3
Maximum
I Outside . . . ; 1982
Model Principle of : Construction Materials | Lift Range | Delivery Rates A
Manufacturer - Diameter/ . ) Price Comments
Name/Number Operation Length (w/Lines and Tubing) (ft) or Volumes (Dollars)
(Inches)
. R (Not submersible) Flow rate dependent on motor and
gzndolph Austin \“/n;gle::of\’s%ump l(as‘:g;g:,le)' peristaltic <0.5/NA | Rubber, Tygon®, or 0-30 See comments $11 ggg tubing selected; AC operated; other
) Neoprene® ’ models available.
Portable; piston : Requires compressed gas; water
gzbe" Bennett |14l 180 (positive 18/22 gg, Veflon®, Delin® & | 0-500  [0-1.800 mL/min $2.800 |level indicator and flow meter;
) displacement) ’ » acrylic, ' custom models available.
. ; Requires compressed gas; SS
Slope Indicator Model 514124 | Portable; gas drive 250 mL/ available; piezometer model
Co. (SINCO) | Pneumatic (positive 19/18 [ PVC, nylon 0-1.100 |4 shing cycle | $2°0-350 | 1vailable: dedicated model
: Water Sampler | displacement) 4 ian’e;
available.
. Portable; grab .
Solinst Canada | 5W Water e PVC, brass, nylon, $1,300- | Requires compressed gas; custom
(positive 1.9/27 0-330 |500 mL p !
Ltd. Sampler displacement) Neoprene® 1,800 | models available.
Portable; grab Other sizes, materials, models
TMCO Mig. Co.. [ st Bailer (positive 1.66/Cust | pyc, pp No fimit | 250 mt/ft of $20-60 |available; optional bottom-emptying
' displacement) device available; no solvents used.
. ; Portable; gas drive Requires compressed gas; other
TIMCO élarn(:r g?s Lift (positive 1.66/30 |PVC, Tygon®, Teflon® 0-150 gﬁgh?,"‘/ cvele $100-200 | sizes, materials, models available;
P displacement) 9 cy no solvents used.
. Portable; bladder - . ]
. Sampling P 88, silicone, Deirin®, . $800- | Compressed gas required; DC
Tole Devices Co. (positive 1.38/48 ® 0-125 [ 0-4,000 mL/min . .
Pump displacement) Tygon® 1,000 |control module; custom built.
Construction Material Abbreviations: Other Abbreviations:
PE Polyethylene NA  Not applicable
PP Polypropylene AC  Alternating current
PVC Polyvinyl chioride DC  Direct current
SS Stainless steel
PC Polycarbonate
EPDM Ethylene-propyiene diene (synthetic rubber)

NOTE:

No skimmer, scavenger-type, or high-capacity pumps are included.

Source: Barcelona et al., 1983.

Other manufacturers market pumping devices which could be used for groundwater sampling, though not expressly designed for this purpose. The list is not
meant to be all-inclusive and listing does not constitute endorsement for use. Information in the table is from sales literature and/or personal communication.

1)
=
g
o
Q
o -J0)
cOmx
>0
CCcC
3¢ 2
=
Mo
L
= xm
2=
O oow
O>
ZZ
U)-U
D -
3m
m
=
=
m
o)
] pd
sl 3
@ o
S 2
w w
>
m 0
3 a
Q_ (1]
£
®
(w]
S| R
\Q
2’| o
~ N
%] ~
(02}




Subject

GROUNDWATER SAMPLE
ACQUISITION AND ONSITE WATER

QUALITY TESTING

Number Page

SA-1.1. 25 of 27
Revision Effective Date

3 03/01/96

ATTACHMENT B

SPECIFIC CONDUCTANCE OF 1 MOLAR KClI

AT VARIOUS TEMPERATURES'

Temperature (°C)

Specific Conductance

(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 1,624
30 1,552

1
Tables 1-3-8.

Data derived from the International Critical
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VARIATION OF DISSOLVED OXYGEN CONCENTRATION IN WATER

ATTACHMENT C

AS A FUNCTION OF TEMPERATURE AND SALINITY

Dissolved Oxygen (mg/L)
Temperature Chloride Concentration in Water Difference/
(°C) 100 mg
0 5,000 10,000 15,000 20,000 Chioride
0 14.6 13.8 13.0 121 113 0.017
1 14.2 13.4 12.6 11.8 11.0 0.016
2 13.8 13.1 12.3 11.5 10.8 0.015
3 13.5 12.7 12.0 11.2 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 11.8 1.1 10.5 9.8 0.014
7 12.2 11.5 10.9 10.2 9.6 0.013
8 11.9 11.2 10.6 10.0 94 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 8.9 9.4 8.8 0.011
12 10.8 10.3 9.7 9.2 8.6 0.011
13 10.6 10.1 9.5 2.0 8.5 0.011
14 10.4 9.9 9.3 8.8 8.3 0.010
15 10.2 9.7 9.1 8.6 8.1 0.010
16 10.0 9.5 9.0 8.5 8.0 0.010
17 9.7 9.3 8.8 8.3 7.8 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 7.4 0.009
21 9.0 8.6 8.1 7.7 7.3 0.009
22 8.8 8.4 8.0 7.6 7.1 0.008
23 8.7 8.3 7.9 7.4 7.0 0.008
24 8.5 8.1 7.7 7.3 6.9 0.008
25 8.4 8.0 7.6 7.2 6.7 0.008
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ATTACHMENT C
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/
(°C) 100 mg
0 5,000 10,000 15,000 20,000 Chloride
26 8.2 7.8 7.4 7.0 6.6 0.008
27 8.1 7.7 7.3 6.9 6.5 0.008
28 7.9 7.5 71 6.8 6.4 0.008
29 7.8 7.4 7.0 6.6 6.3 0.008
30 7.6 7.3 6.9 6.5 6.1 0.008
31 7.5
32 7.4
33 7.3
34 7.2
35 7.1
36 7.0
37 6.9
38 6.8
39 6.7
40 6.6
41 6.5
42 6.4
43 6.3
44 6.2
45 6.1
46 6.0
47 5.9
48 5.8
49 57
50 5.6
Note: In a chloride solution, conductivity can be roughly related to chloride concentration

(and therefore, used to correct measured D.O. concentration) using Attachment B.
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1.0 PURPOSE

The purpose of this procedure is to provide guidelines regarding the appropriate procedures to be
followed when decontaminating drilling equipment, monitoring well materials, chemical sampling
equipment and field analytical equipment.

2.0 SCOPE

This procedure addresses drilling equipment and monitoring well materiais decontamination, as weli as
chemical sampling and field analytical equipment decontamination. This procedure also provides general
reference information on the control of contaminated matetials.

3.0 GLOSSARY

Acid - For decontamination of equipment when sampling for trace levels of inorganics, a 10% solution

of nitric acid in deionized water should be used. Due to the leaching ability of nitric acid, it should not
be used on stainless steel.

Alconox/Liguinox - A brand of phosphate-free laboratory-grade detergent.

Deionized Water - Deionized (analyte free) water is tap water that has been treated by passing through
a standard deionizing resin column. Deionized water should contain no detectable heavy metals or other
inorganic compounds at or above the analytical detection limits for the project.

Potable Water - Tap water used from any municipal water treatment system. Use of an untreated
potable water supply is not an acceptable substitute for tap water.

Solvent - The solvent of choice is pesticide-grade |sopropanol. Use of other solvents (methanol,
acetone, pesticide-grade hexane, or petroleum ether) may be required for particular projects or for a
particular purpose (e.g. for the removal of concentrated waste) and must be justified in the project
planning documents. As an exampie, it may be necessary to use hexane when analyzing for trace levels
of pesticides, PCBs, or fuels. in addition, because many of these solvents are not miscible in water, the
equipment should be air dried prior to use. Solvents should not be used on PVC equipment or well
construction materials.

4.0 RESPONSIBILITIES

Project Manager - Responsible for ensuring that all field activities are conducted in accordance with
approved project plan(s) requirements.

Field Operatiohs Leader (FOL) - Responsible for the onsite verification that all field activities are
performed in compliance with approved Standards Operating Procedures or as otherwise dictated by
the approved project plan(s).

5.0 PROCEDURES

To ensure that analytical chemical results reflect actual contaminant concentrations present at sampiing
locations, the various drilling equipment and chemical sampling and analytical equipment used to acquire
the environment sample must be properly decontaminated. Decontamination minimizes the potential for
cross-contamination between sampling locations, and the transfer of contamination off site.
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5.1 Drilling Equipment

Prior to the initiation of a drilling program, all drilling equipment involved 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 samples. The decontamination procedure shall be performed until all equipment is free
of all visible potential contamination (dirt, grease, oil, noticeable odors, etc.) In addition, this
decontamination procedure shall be performed at the completion of each sampling and/or drilling
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. Where the drilling rig
is set to perform multiple borings at a single area of concern, the steam-cleaning of the drilling rig itself
may be waived with proper approval. Downhole equipment, however, must always be steam-cieaned
between borings. Where PVC well casings are to be instalied, decontamination is not required if the
manufacturer provides these casings in factory-sealed, protective, plastic sleeves (so long as the
protective packaging is not compromised until immediately before use).

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 asphalt pad. For the latter, a floor drain must be
provided which is connected to a holding facility. A shallow above-ground tank may be used or a
pumping system with discharge to a waste tank may be installed.

In certain cases such an elaborate decontamination pad is not possible. In such cases, a plastic lined
gravel bed pad with a collection system may serve as an adequate decontamination area. Afternately,
a lined sloped pad with a collection pump installed at the lower end may be permissible. The location
of the steam cleaning area shall be onsite in order to minimize potential impacts at certain sites.

Guidance to be used when decontaminating drilling equipment shall include:

° As a general rule, any part of the drilling rig which extends over the borehole, shall be
steam cleaned.

° 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 potentially 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, as
practicable. A drilling rig ieft at the drilling location does not need to be steam cleaned until it is finished
drilling at that iocation.

5.2 Sampling Equipment
5.2.1 Bailers and Bailing Line

The potential for cross-contamination between sampling points through the use of a common bailer or
its attached line is high unless strict procedures for decontamination are followed. For this reason, it is
preferable to dedicate an individual bailer and its line to each sample point, although this does not
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eliminate the need for decontamination of dedicated bailers. For non-dedicated sampling equipment,
the following conditions and/or decontamination procedures must be followed.

Before the initial sampling and after each successive sampling point, the bailer must be decontaminated.
The following steps are to be performed when sampling for organic contaminants. Note: contract-
specific requirements may permit alternative procedures.

Potabie water rinse

Alconox or Liquinox detergent wash

Scrubbing of the line and bailer with a scrub brush (may be required if the sample point is
heavily contaminated with heavy or extremely viscous compounds)
Potable water rinse

Rinse with 10 percent nitric acid solution’

Deionized water rinse

Pesticide-grade isopropanol (uniess otherwise required)
Pesticide-grade hexane rinse”

Copious distilled /Deionized water rinse

Air dry

If sampling for volatile organic compounds (VOCs) only, the nitric acid, isopropanol, and hexane rinses
may be omitted. Only reagent grade or purer solvents are to be used for decontamination. When
solvents are used, the bailer must be thoroughly dry before using to acquire the next sample.

In general, specially purchased pre-cleaned disposable sampling equipment is not decontaminated (nor
is an equipment rinsate blank collected) so long as the supplier has provided certification of cleanliness.
If decontamination is performed on several bailers at once (i.e., in batches), bailers not immediately used
may be completely wrapped in aluminum foil (shiny-side toward equipment) and stored for future use.
When batch decontamination is performed, one equipment rinsate is generally collected from one of the
bailers belonging to the batch before it is used for sampling.

It is recommended that clean, dedicated braided nyion or polypropylene line be employed with each
bailer use.

5.2.2 Sampling Pumps

Most sampling pumps are low volume (less than 2 gpm) pumps. These include peristaltic, diaphragm,
air-lift, pitcher and bladder pumps, to name a few. If these pumps are used for sampling from more than
one sampling point, they must be decontaminated prior to initial use and after each use.

The procedures to be used for decontamination of sampling pumps compare to those used for a bailer
except that 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 length
of the intake and discharge hoses. Certain types of pumps are unacceptable for sampling purposes.
For peristaltic pumps, the tubing is replaced rather than cleaned.

Due to the leaching ability of nitric acid on stainless steel, this step is to be omitted if a stainless
steel sampling device is being used and metals analysis is required with detection limits less than
approximately 50 ppb.

* If sampling for pesticides, PCBs, or fuels.
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An additional problem is introduced when the pump relies on absorption of water via an inlet or outlet
hose. For organic sampling, this hose should be Teflon. Other types of hoses leach organics (especially
phthalate esters) into the water being sampled or adsorb organics from the sampled water. For all other
sampling, the hose should be Viton, polyethylene, or polyvinyl chioride (listed in order of preference).
Whenever possible, dedicated hoses should be used. It is preferable that these types of pumps not be
used for sampling, only for purging.

5.2.3 Filtering Equipment

On occasion, the sampling plan may require acquisition of filtered groundwater samples. Field-filtering
is addressed in SOP SA-6.1 and should be conducted as soon after sample acquisition as possible. To
this end, three basic filtration systems are most commonly used: the in-line disposable Teflon filter, the
inert gas over-pressure filtration system, and the vacuum filtration system.

For the in-line filter, decontamination is not required since the fiiter cartridge is disposable, however, the
cartridge must be disposed of in an approved receptacie and the intake and discharge lines must still
be decontaminated or replaced before each use.

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.)

5.24 Other Sampling Equipment

Field tools such as trowels and mixing bowls are to be decontaminated in the same manner as described
above. .
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:

L] Rinse with potable water
o Rinse with deionized water

Water ievel indicators that do not come in contact with the groundwater but may encounter incidental
contact during installation or retrieval need only undergo the first and last steps stated above.

5.3.2 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 unless
manufacturer’s instructions indicate otherwise (e.g., dissolved oxygen probes). Probes that contact a
volume of groundwater not used for laboratory analyses can be rinsed with deionized water. For probes
which make no direct contact, (e.g., OVA equipment) the probe is self-cleaning when exposure to
uncontaminated air is allowed and the housing can be wiped clean with paper-towels or cloth wetted with
alcohol.
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5.4 Waste Handling

For the purposes of these procedures, contaminated materials are defined as any byproducts of field
activities that are suspected or known to be contaminated with hazardous substances. These byproducts
include such materials as decontamination soiutions, disposable equipment, drilling muds, well-
development fluids, and spill-contaminated materials and Personal Protection Equipment (PPE).

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 field activities 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 exclusively describes the technical
methods used to control contaminated materials.

The plan documents for site activities must include a description of control procedures for contaminated
materials. This planning strategy must assess the type of contamination, estimate the amounts that
would be produced, describe containment equipment and procedures, and delineate storage or disposal
methods. As a general policy, it is wise to select investigation methods that minimize the generation of
contaminated spoils. Handling and disposing of potentially hazardous materials can be dangerous and
expensive. Until sample analysis is complete, it is assumed that all produced materials are suspected
of contamination from hazardous chemicals and require containment.

5.5 Sources of Contaminated Materials and Containment Methods

5.5.1 Decontamination Solutions

All waste decontamination solutions and rinses must be assumed to contain the hazardous chemicals
associated with the site uniess there are analytical or other data to the contrary. The waste solution
volumes could vary from a few gallons to several hundred gallons in cases where large equipment
required cleaning.

Containerized waste rinse solutions are best stored in 55-galion drums (or equivalent containers) that can
be sealed until ultimate disposal at an approved facility. Larger equipment such as backhoes and
tractors must 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 Disposable Equipment

Disposable equipment that could become contaminated during use typically includes PPE, rubber gloves,
boots, broken sample containers, and cleaning-wipes. 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 completion to provide secure containment until disposed.

5.53 Drilling Muds and Well-Development Fluids

Drilling muds and well-development fluids are materials that may be used in groundwater monitoring well
installations. Their proper use could result in the surface accumulation of contaminated liquids and muds
that require containment. 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 formulas available for accurately predicting these volumes. It is best to rely on the
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experience of reputable well drillers familiar with local conditions and the well installation techniques
selected. These individuals should be able to estimate the sizes (or number) of containment structures
required. Since guesswork is involved, it is recommended that an slight excess of the estimated amount
of containers required will be available.

Drilling muds are mixed and stored in what is commonly referred to as a mud pit. This mud pit consists
of a suction section from which drilling mud is withdrawn and pumped through hoses, 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 mud's
velocity is reduced by a screen and several flow-restriction devices, thereby allowing the well cuttings
to settle out of the mud/fluid.

The mud pit may be either portable above-ground tanks commonly made of steel (which is preferred)
or stationary in-ground pits as depicted in Attachment A. The above-ground tanks have a major
advantage over the in-ground pits because the above-ground tanks isolate the natural soils from the
contaminated fluids within the drilling system. These tanks are also portable and can usually be cieaned
easily.

As the well is drilled, the cuttings that accumuiate in the settling section must be removed. This is best
done by shoveling them into drums or other similar containers. When the drilling is complete, the
contents of the above-ground tank are likewise shoveled or pumped into drums, and the tank is cleaned
and made available for its next use.

If in-ground pits are used, they should not extend into the natural water table. They should also be lined
with a bentonite-cement mixture followed by a layer of flexible impermeable material such as plastic
sheeting. Of course, to maintain its impermeable seal, the lining 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 complete.

When the above-ground tank or the in-ground pit is used, a reserve tank or pit shouid be located at the
site as a backup system for leaks, spills, and overflows. |n either case, surface drainage should be such
that any excess fiuid could be controlled within the immediate area of the drill site.

The containment procedure for well-development fluids is similar to that for drilling muds. The volume
and weight of contaminated fiuid will be determined by the method used for development. When a new
well is pumped or bailed to produce clear water, substantially less volume and weight of fluid resuit than
when backwashing or high-velocity jetting is used.

5.5.4 Spill-Contaminated Materials

A spill is always possible when containers of liquids are opened or moved. Contaminated sorbents and
soils resulting from spills must be contained. Small quantities of spill-contaminated materials are usually
best contained in drums, while larger quantities can be placed in lined pits or in other impermeable
structures. In some cases, onsite 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, that is, incineration, landfilling, treatment, and so on. The problem centers around the
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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 involved in activities
that precipitated the investigation, it seems reasonable to encourage his acceptance of the disposal
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 subsequent site cleanup activities. For example, if construction of a 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. f onsite storage
is expected, then the containment structures should be specifically designed for that purpose.

6.0 REFERENCES

Brown & Root Environmental: Standard Operating Procedure No. 4.33, Control of Contaminated
Material. .
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