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1.0 BACKGROUND

Soil is sampled for three main reasons. First, samples can be obtained for laboratory
chemical analysis; second, samples can be obtained for laboratory physical analysis; and finally,
samples can be obtained for visual classification and field screening. Tnsse three sampling objectives
can be achieved separately or in combination. Sampling locations are typically chosen to provide
chemical, physical, or visual information in both the horizontal and vertical directions. A sampling
and analysis plan is used to outiine sampling methods and to provide a preliminary rationale for

choosing sampling locations. Sampling locations may be adjusted in the field based on the screening
methods being used and the physical features of the area.

1.1 PURPOSE

The purpose of this standard operating procedure (SOP) is to establish the requirements and
procedures for sampling soil at hazardous waste sites,

1.2 SCOPE

This SOP applies to sampl'ing soil using various types of sampling instruments. It also applies
to procedures used for test pit, surface, and subsurface soil sampling.

1.3 DEFINITIONS

Bucket augers -- Bucket augers are generaliy made up of two cutting blades attached to a 3-
t0 4-inch-diameter core that is 4 to 6 inches long. The bucket is attached to a hard metal shaft
generally 4 to 5 feet in length with 2 perpendicular handle attached for rotating the bucket.

Core samplers ~ Core samplers are cylindrical metal implements with diameters of 1/2 inch
to 3.inches. '
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Hand augers — Hand augers are made up of sharpened, spiral biades attached to a hardened-
metal central shaft. The diameters of hand augers are generally in the range of 1 to 1 172 inches,
They are used to core to depths of 15 feet.

Soil -- Soit is unconsolidated earthen material above bedrock that is not covered by standing

water.

Split-spoon sampler — Split-spoon (or sptit-barrel) samplers are devices used to obtain
subsurface soil samples up to 2.5 feet in length from hollow-stem auger flights, cased borings, and
mud holes.

Thin-wall tube samplers — Thin-wall tube samplers are hollow pipes that are pressed or
driven into soil without rotation to obtain core sampies of relatively undisturbed soils. Thin-wall tube
samplers generally have an inside diameter of 1.875 millimeters, an outside diameter of 2 millimeters,
and are 2 to 3 feet long; they are also available in other sizes convenient for sampling. The thin-wall

tube sampler has a sharp cutting edge and a positive inside clearance. Thin-wall tubes may be made
of metal or acrylic.

Triers -- Triers are tubes cut in half lengthwise; they have sharpened tips that aliow the
sampler to cut into sticky solids or to loosen soil.

Trowels -- Trowels are implements consisting of scooped blades 4 to 8 inches long and 2 to 3
inches wide attached to handles.

1.4 REFERENCES

Barth, D.S., and B.J, Mason. 1984, Soil Samplmg Quality Assurance Users Guide, EPA 600/4-84-
043.

DeVara, E.R., and others, 1980, Sampier and Sampling Procedures for Hazardous Waste Streams,
EPA 600!2 80-018.
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Mason; B.]., 1983, Preparation of Soil Sampling Protocol: Technigues and Strategies, EPA 600/4-
83-020. '

National Enforcement Investigation Center (NEIC), Manual for Groundwater/Subsurface
Investigations at Hazardous Waste Sites. '

U.S. Environmental Protection Agency (EPA), 1987, A Compendium of Superfund Field Operations
Methods: Volume L.

1.5 REQUIREMENTS AND RESOURCES

Soil sampling requires that one or more of the following types of equipment be used:

ling Equipmen Other Required Equipment
Spoons and spatulas Sampie containers and paperwork
Trowel - Logbook
Shovel or spade Tape for measuring recovery
Trier Unified Soil Classification System information
Core sampler Wax for thin-wall tube sampler
Hand auger | Decontamination equipment
Bucket auger Drilling equipment
Split-spoon sampler Backho;‘.
Thin-wall tube sampler Health and safety equipment

Plastic sheeting

2.0 PROCEDURES

Three general categories of soil sa.mﬁling are conducted: test pit, surface soil, and subsurface

soil sampling. This SOP presents procedures to be used for these types of sampling. The site
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sampling plan will specify which of the following procedures will be used. Sampling equipment must
be decontaminated before and after collection of each sample in accordance with SOP No. 002,
General Equipment Decontamination. -

Soil samples for chemical analysis shouid be collected in the following order: (1) volatile
organics, (2) semivolatile organics, and (3) metals. Sampies for chemical ané.lysis should be placed in
containers before samples for physical analyses. Typical physical analyses include (1) grain size
distribution, (2) moistre content, (3) saturated permeability, {4) unsaturated permeability, and (5)
Atterberg limits. Visual descriptions of soil sampies should also be provided based on the Unified
Soil Classification System (USCS) (see SOP No. 028, Visual Classification of Soils). Field tests such

as moisture and head space anﬁlyses can also be conducted.

Soil samples for chemical analyses can be collected either as grab samples or as composite
samples. A grab sample is collected from a discrete location or depth. A composite sampie consists
of soil combined from more than one discrete location. Typically, composite samples consist of soil
obtained from several locations and homogenized in a stainless steel or Teflon pan or tray. Samples

for volatile organic analysis (VOA) should not be composited.

2.1  TEST PIT SOIL SAMPLING

Test pit soil is sampled when a complete soil profile is required or as a means of locating
visually detectable contamination. This type of sampling provides a detailed description of the soil

profile and allows for multiple samples to be collected from specific soil horizons. Test pit sampling

procedures are described below.

All sampling tools should be cleaned before and after each use in accordance with SOP No.

002, General Equipment Decontamination. Before sampling, all sampling equipment should be placed

on clean plastic sheets in a clean area near the sampling location.
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Excavate a test pit or.trench by incrementafly removing soil material with a bucket. Place
excavated soil well away from the edge of the test pit. Do not excavate a test pit to depths greater
than 4 feet uniess its walls are properly stabilized.

Personnel entering the test pit may be exposed to toxic or explosive gases and oxygen-
deficient environments. In these cases, substantiai air monitoring is required before entering, and
appropriate respiratory gear and protective clothing is mandatory. At least two persons must be

present at the immediate site before a sampler may enter the test pit.

Test pits are not practical where 2 sampiing depth of more than 15 feet is desired. If soil
samples are required from greater than 15 feet below ground surface, obtain samples through test
borings instead of test pits. Test pits are also usually limited to a few feet below the water table. In

some cases, a pumping system may be required to control the water level within the pits.

Restrict access to open test pits with flags, tape, or fencing. If a fence is used, erect it at
least 6 feet from the perimeter of the test pit. Backfill the test pit as soon as possible after sampling.

_ Soil samples can be collected from the walls or bottom of a test pit using various equipment.
Use a hand auger, bucket auger, or core sampler to obtain samples from various depths. Use a trier,
trowel, or spoon to obtain samples from the walls or pit bottom surface.

2.2 SURFACE SOIL SAMPLING

The surface soil sampling techniques presented in this SOP are best suited for sampling depths
up to of 3 to 5 feet below ground surface. Sample depth, intended analyses, soil type, and soil
moisture will dictate the technique most suitable for sample collection. The following list includes

various types of surface soil sampling equipment and uses.
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Sampling Effective '

Methogd Depth Range (ft) Operating Mechanism ~ Sample Type - Analysis

Hand auger 0-6 Hand aoperated Disturbed Physical, chemical, and visual
Bucket auger 04 Power operated Disturbed Physical, chemﬁll. and visuai
Core sampler 0-4 Hand or power operated  Undisturbed Physical, chemical, and visual
Shovel 06 Hand operated Disturbed Physical, chemical, and visual
Trier 0-1 Hand operated Disturbed Physical, chemical, and visual
Trowel 0-1 Hand operated Disturbed Physical, chemical, and visual
Spoon or Spatula 0-0.5 Hand operated Disturbed Physical, chemical, and visual

All sampiing tools shouid be cleaned before and after each use in accordance with SOP No.
002, General Equipment Decontamination. Before sampling, all sampling equipment should be placed

on clean plastic sheets in a clean area near the sampling location.

Procedures for using various types of sampling equipment are discussed below.
Hand Auger

Use a hand auger to obtain samples at depths up to 6 feet. If necessary, use a shovel to
excavate surface soil to the desired sampling depth. Record the thickness of the excavated surface
soil. A hand auger collects disturbed soil samples, often making the exact sampling depth difficulit to

determine.

Screw the hand auger into the soil at an angle of 45 1o 90 degrees from horizontal. When the
entire auger blade has penetrated soil, pull the auger from the medium. Remove the auger by lifting
it straight up, without turning it, if possible. Use force to remove the sample from the auger. Place
the sample in an appropriate container (see SOP No. 017, Sample Collection Container

Requirements).
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Bucket Auger

Use a bucket auger to obtain disturbed samples at depths up to 4 feet. Use a bucket auger in
stony or dense materials that prohibit the use of a hand-operated core or screw auger. Use a bucket
auger with closed blades in materials that cannot generally be penetrated or retrieved by a core
sampler.

Rotate the bucket auger while applying downward pressure until the bucket is full. Remove
the bucket from the boring and transfer the sample to an appropriate container (see SOP No. 017,

Sample Collection Container Requirements). Repeat this procedure until the appropriate sampling
depth is attained. '

Core Sampler

Use a hand-operated core sampler (Figure 1) to obtain samples at depths up to 4 feet in
noncompacted materials. The core itself is generally 12 to 18 inches long; use extension rods t0
obtain cores greater than 1 foot in length, Use a stainless steel core sampler to retrieve undisturbed

samples of low concentrations of metals or organics. A polypropylene core sampler is generally not

 suitable for sampling dense soils or sampling at an appreciable depth.

Press the core sampler into the soil at an angle of 45 to 60 degrees from horizontai. When
the desired sampling depth is reached, rotate the core sampler. Remove the core and place the

sample in an appropriate container (see SOP No. 017, Sample Collection Container Requirements),

Shovel

Use a shovel to obtain large quantities of materials from depths up to 6 feet. A tiling spade
(sharpshooter) is recommended for hand excavation and sampling. Use a standard steel shovel for

excavation; use either a stainless steel or polypropylene shovel for sampling. When an adeguate
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sample has been obtained, place the sample material in an appropriate container (see SOP No. 017,
Sample Collection Container Requirements). '

Trier

Use a trier (Figure 2) to obtain samples from depths up to 1 foot. Use a stainless steel or
polypropylene trier. A chrome-plated steel trier may be used if samples are to be analyzed for

organics, and heavy metal contamination is not a concern.

Obtain samples by inserting the trier into soil at an angle of up to 45 degrees from horizontal.
Rotate the trier to cut a core and then pull the trier from the material being sampled. Remove the

core from the trier and transfer the sampled material to an appropriate sample container (see SOP No.
017, Sampie Collection Container Requirements}).

Trowel

Use a trowel to obtain surface soil samples that do not require more than 1 foot of excavation.
A trowel may also be used to collect subsoil samples from profiles exposed in test pits (see Section
2.1). Use a trowel to obtain sampie volumes of 1 pint or less. A trowel should be made of stainless
or galvanized steel and may be purchased from a hardware or garden store. Use a stainless steel
trowel to obtain samples to be analyzed for organic content. Transfer sampled material from the

trowel to an appropriate sample container (see SOP No, 017, Sample Collection Container -
Requirements).

Spoon or Spatuia

Use a spoon or spatula to obtain samples from depths of less than one-half foot. Spoons or
- spatulas should not be used if excavation is required prior to sampling. Use a stainless steel spoon or

spatula to obtain samples to be analyzed for organic content. Transfer sampled material from the
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FIGURE 2
TRIER
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spoon or spatula to an appropriate sample container (see SOP No. 017, Sample Collection Coritainer
Requirements).

23 SUBSURFACE SOIL SAMPLING

Subsurface soil sampling, in conjunction with borehole drilling, is required for soil sampling
from depths greater than about 5 feet. Subsurface soil sampling is frequently coupled with
exploratory boreholes or monitoring well installation (see SOP No. (45, Hollow Stem Auger Drilling;

SOP No. 046, Cable Tool Drilli'ng; SOP No. 047, Direct Rotary Drilling; and SOP No. 020, Well
Installation}. '

Subsurface soils may be sampled using a drilling rig or power auger, Selection of sampling
equipment depends on geologic conditions and the scope of the sampling program.  The types of
samplers used with machine-driven augers are discussed below. All sampling tools should be cleaned
before and after each use in accordance with SOP No. 002, Generai Equipment Decontamination,
Before sampling, all sampling equipment should be placed on clean plastic sheets in a clean area near

the sampling location. The table below illustrates various subsurface soil sampling equipment and

uses.
Sampling .
Method Geologic Condition Sampie Type Analysis
Split spoon Unconsolidatcd material - Undisturbed Physical, chemical, and visual
Thin-wall tube Unconzolidated material Undisturbed Physical
The procedures for using split-spoon sampling equipment are presented below.
Split-Spoon Sampler

Split-spoon samplers (Figure 3) are available in a variety of tjrpes and sizes. Site conditions

and project needs determine the split-spoon sampler to be used.
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FIGURE 3
GENERIC SPLIT-SPOON SAMPLER
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Advance the split-spoon sampier into undisturbed material beneath the bottom of the well
casing or borehole using a weighted hammer and a drill rod. The relationship bétween hammer
uieight, hammer drop,.and number of blows required to advance the splii-spdon sampler in 6-inch
increments indicates the density or consistency of subsurface soil. After the split-spoon sampler has
been driven to its intended depth, remove it carefully to avoid loss of sample maierial. In

nonéohesive or saturated soils, use a catcher or basket to help retain the sample,

After removing the split-spoon sampler from the casing, detach it from the drill rod. Open
the split-spoon sampler lengthwise to expose the sampled material. If samples are to be analyzed for
volatile organics, vials should be filled directly from the split-spoon sampler without jarring the
material. Obtain samples for other specific analyses after obtaining samples for volatile organic
analysis (VOA). Use the remainder of the material in the spiit-spoon sampler to visually classify the
sample, and place it in an appropriate container for physical analysis (see SOP No. 017, Sample
Collection Container Requirements). Retain the entire sample for analysis or disposal (except for the
top several inches of possibly disturbed material). |

Thin-Wall Tube Sampler

A thin-wall wbe sampler (sometimes called a Shelby tube) may be pressed or driven into soil
inside a hollow-stem auger flight, wash bore casing, or uncased borehole. Press the tube sampier into
the soil to the desired depth or until refusal. If the tube cannot be advanced by pushirig, it may be
necessary to drive it into the soil using a hammer and drifl rod: Do not rotate the thin-wall sampler
while pressing or driving it into the soil. When the desired sampiing depth is reached, rotate the tube
sampler to colleét the soil from the borehoie. |

After removing the tube sampler .from the drilling equipment, inspect the sampler for adequate
sample recovery. Repeat the sampling procedure until an adequate soil core is obtained. Document
the soil core in the logbook. Remove any disturbed soil from each end of the tube sampler. If
chemical analysis is required, samptes for VOA must be taken immediately after the tube sampler is

withdrawn. Sampies for VOA should be obtained by séraping so0il from the ends of the tube. Before
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use and during storage land transport, the tube sampier should be capped with a nonreactive material,
For physical sampling parameters, the tube sampler should be sealed by pouring three 0.25-inch
layers of liquid wax in'each end. Allow each layer of wax to solidify before applying the next. Fill
the remaining spabe at each end of the cyfinder with Ottawa sand or other similar sahd. Allow the
sand to settle and compact. Tape plastic caps over the ends of the cylinder to seal the tube. Label
the top and bottom of the tube sampler and store as appropriate {see SOP No. 016, Sample
Preservation and Maximum Holding Times).
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1.0 BACKGROUND
Sludges are semisolid materials ranging from dewatered solids to high-viscosity liquids. Siudges‘
~ generally accumulate as residuals of water-bearing waste treatment or industrial process systems.
Studges typically accumulate in tanks, drums, impoﬁndmehts. or other types of industrial containment

systems.

Sediments generally are materials deposited in surface impoundments or in natural waterways such as

lakes, streams, and rivers.
1.1 PURPOSE

This standard operating procedure (SOP) establishes the requirements and procedures for sampling
sludge and sediment.

1.2 SCOPE

This SOP applies to collection of sludge and sediment samples. It provides detailed procedures for

gathering such samples with specific instruments.

1.3 DEFINITIONS

Gravity Corer: A metal tube with a replaceable, tapered nosepiece on the bottom and a check valve
on the top '

Phleger: A type of gravity corer

Ponar Grab Sampler: A clamshell scoop activated using a counter-lever system
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1.4 REFERENCES

American Public Health Association. 1975. Standard Methods for the Examination of Water and
Wastewater. 14th Edition. Washington DC.

U.S. Environmental Protection Agency. 1984. Characterization of Hazardous Waste Sites -- A

Methods Manual: Volume II -- Available Sampling Methods. Second Edition. EPA-300
December.

1.5 REQUIREMENTS AND RESOURCES

The following equipment may be required to sample sludge or sediment:

Plastic sheeting

Field logbook _
Stainless-steel scoop or trowel
Glass tubes

Gravity corers

Ponar grab sampler

Stainless-steel or Teflon® tray

Peristaltic pump
Hand corer
Nylon rope

Sample containers and labels

Chain-of-custody and shipping materials

Decontamination materials
2.0 PROCEDURES FOR SLUDGE AND SEDIMENT SAMPLING

This section provides general procedures for sampling sludge and sediment. Sections 2.1 through 2.5
specify the methods and implements to be used for such sampling.
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Sampling Studge

Sludge can often be sampled using a stainless-steel scoop or trowel (see Section 2.1). Frequenty
sludge forms when components with higher densities settle out ofa liquid: When this happeas, the |
sludge may still have an upper liquid layer above the denser components. When the liquid layer is
sufficiently shallow, the sludge may be sampled using a pond sampler (see SOP No. 009, "Sampling
Surface Water™) or a hand corer (see Section 2.2). Use of the hand corer is preferced because it
results in less sample disturbance. The hand corer also allows for the collection of an aliquot of the
overlying liquid. This prevents drying or excessive oxidation of a sample before analysis. Sludge
that develops in 55-gallon drums can be collected usirig glass tubes provided for liquid sampling (see.
SOP No. 008, "Sampling Containerized Liquids”). The hand corer may be adapted to hold a brass,
polycarbonate plastic, or Teflon® liner.

If a containerized sludge layer is shallow (less than 30 centimeters), hand corec penetration may
damage the container tiner or bottom. In this case, a Ponar grab sampler may be used because it is
generally capabie of penetrating only a few centimeters (see Section 2.4). Additionally, a gravity
corer may be used to collect samples of most siudges and sediments (see Section 2.3). A gravity
corer is capable of collecting an undisturbed sample that profiles the strata present in a sludge or

sediment. Depending on the weight of the gravity corer and the density of the substrate, a gravity

_corer may penetrate up to 75 centimeters.
Sampling Sediment

‘Sediment can be sampled in much the same manner as sludge; however, 2 number of additional
factors must be considered. In streams, lakes, and impoundments, for instance, sediment is likely to

demonstrate significant variations in composition.

For stream sediment sampling, the sampling location farthest downstream should be sampled first.
Sediment samples collected in upstream and downstream locations should be obtained in similar

. depositiopal environments and, whenever possible, should be obtained from slow-moving pools. In
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addition, 2 sediment sample should be collected at approximately the same location as an associated
agueous sample. Agqueous samples should be obtained first to avoid collecting suspended particles
that may result from sediment sampling. To avoid disturbing an area to be sampled, sampling

locations in streams should always be approached from the downstream side.

Sediment samples collected from lakes and impoundments should also be collected at épproximately
the same locations as associated aqueous samples. As in stream sampling, aqueous samples should be
collected first to avoid collecting suspended particles that may resuit from sediment sampling.

'Downgradient and background samples should be collected from similar depositional environments.

Exact sampling locations should be documented using triangulation with stable references on the
banks of a stream or lake. In addition, the presence of rocks, debris, or organic material may
complicate sampling and may preclude use or require modification of sampling implements. Sediment

sampling should be conducted in a manner that reflects these and other variants.
The following subsections specify methods for sludge or sediment sampling with specific implements.
2.1 SLUDGE OR SEDIMENT SAMPLING WITH A SCOOP OR TROWEL

Sludge or sediment samples may be coliected with a simple laboratory scoop of garden trowel, This
method is more applicable to sludge but can also be used for sediments, provided that the water is
very shallow (a few centimeters). However, using a scoop of trowe} may disrupt the water-sediment
interface and cause substantial sample alteration. This method provides a simple, quick means of

collecting a disturbed sample of sludge or sediment.

All sampling equipment should be made of inert and ponreactive materials. Nondisposable equipment
should be cleaned before and after each use (see SOP No. 002, "Equipment Decontamination®).



PRC Environmental Management, Inc. SOP No. 006
Standard Operating Procedure Page S of 13
Title: Sampling Sludge and Sediment Revision No. 3

Revision Date: May 1993

The following is the procedure for sampling sludge or sediment with a scoop of trowel.

1. Place all sampling equipment on plastic sheeting next to the sampling location.

2. Affix a completed sampie container jabel to an appropriate sample container (see SOP
“No. 017, “Sample Cotlection Containec Requirements”).

3. Sketch the sampling area ot note recognizable features in the field logbook for future
refecence. Measure and record the distance from the sampling location to fixed
structures,

4, Insert a scoop or trowel into the material, and remove the sample. In the case of
sludge exposed to air, remove the first 1 to 2 centimeters of material before collecting
the sample. |

5. When compasiting a series of grab samples, use a stainless-steel bowl or- Teflon® tray
for mixing.

6. Place the sample in the labeled sample container using a stainless-steel laboratory
spoon or the equivalent. '

7. If required, ensure that a Teflon® liner is present in the sample container cap. Secure
the cap tightly. Preserve samples in accordance with SOP No. 16, "Sample
Preservation and Maximum Holding Times."

8. Complete all chain-of-custody docﬁments (see SOP No. 018, "Sample Custody”), the
field logbook entry, and all sample packaging requirements {see SOP No. 019,
"Packaging and Shipping Samples®).

9. Decontaminate all sampling equipment before and after use and between sampling
locations in accordance with SOP No. 002, "Equipment Decontamination.”

2.2 SLUDGE OR SEDIMENT SAMPLING WITH A HAND CORER

A hand corer is 3 thin-walled corer with two additions (see Figure 1): 2 handle to facilitate driving

' the implement and a check valve on top 10 prevent washout when retrieving a sample through an

overlying water layer.
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FIGURE 1
KAND CORER

Check Valve
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The hand corer is used in the same Situations and for the same materials as those described for the use
of a scoop or trowel (see Section 2.1). However, the hand corer may be used to collect an

undisturbed sample that can profile any stratification resulting from changes in deposition.

Some hand corers can be fitted with extension handles that allow collection of samples unc_ierl'yihg a
shallow layer of liquid. Most hand corers can be adapted to hold liners, which are generally available
in brass, polycarbonate pléstic, or Teflon®. A liner material should be chosea that will not

compromise the intended analytical procedures.

All sampling equipment shouid be made of inert and nonreactive materials. Nondisposable equipment
should be cleaned before and after each use. Liners also may require decontamination prior to use.
Equipment should be decontaminated in accordance with SOP No. 002, "Equipment
Decontamination.”

The following is the procedure for sampling sludge or sediment with a hand corer:
1. Place all sampling equipment on plastic sheeﬁng next to the sampling location.

2, Affix a completed sample container label to an appropriate sample container (see SOP
No. 017, "Sample Collection Container Requirements”).

3. Sketchthe sampling area or note recognizable features in the field logbook for future
reference. Measure and record the distance from the sampling location to fixed
structures.

4, Force the hand corer into the material using a smooth; continuous motion.

S. Twist the hand corer and withdraw it in a single, smooth motion.

6. Remove the nosepiece and withdraw the sample. Place the sample on a clean

stainless-steel or Teflon® tray.

7. Transfer the sample into the labeled sample container using a stainless-steel laboratory
spoon or the equivalent.
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8. If required, ensure that a Teflon® liner is present in the sample container ¢ap. Secure
the cap tightly. Preserve samples in accordance with SOP No. 016, "Sample
Preservation and Maximum Holding Times."

9. Complete al! chain-of-custody documents (see SOP No. 018, "Sample Custody™), the
field logbook entry, and all sample packaging requirements (see SOP No. 019,
“Packaging and Shipping Samples®).

10. Decontaminate 2ll sampling equipment before and after use and between sampling
locations in accordance with SOP No. 002, "Equipment Decontamination.”

23 BOTTOM SLUDGE OR SEDIMENT SAMPLING WITH A GRAVITY CORER

A gravity corer is a metal tbe with a replaceable, tapered nosepiece on the bottom and a ball valve
or other type of check valve on the top (see Figure 2). The tapered nosepiece facilitates cutting and
reduces core disturbance during penetration. The check valve allows water to pass through the
sample. Most gr.avity corers are made of brass or steel. Many can accept plastic liners and |
additional weights.

A gravity corer can collect most'sludge and sediment samples. It collects essentially undisturbed
samples to profile strata that may develop in sediment and sludge during variations in the deposition
process. Depending on substrate density and gravity corer weight, penetration to a depth of 75

centimeters is possible.

Gravity corers should be used carefully in vessels or lagoons with liners. A gravity corer could
penetrate beyond the substrate and damage liner material.

All sampling equipment should be made of inert and nonreactive materials. Nondisposable equipment
should be cleaned before and after each use. Liners may also reguire decontamination prior to use.

Equipment should be decontaminated in accordance with SOP No. 002, "Equipment
Decontamination,”
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FIGURE 2
GRAVITY CORER
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The following is the procedure for sampling bottom sludge or sediment with a gravity corer:

10.

11.

12.

Place all equipment on plastic sheeting next to the sampling location.

Affix a completed sample container label to an appropriate sample container (see SOP
No. 017, “Sample Collection Container Requirements”).

Sketch the sampling area or note recognizable features in the field logbook for future
reference. Measure and record the distance from the sampling location to fixed
structures.

Attach a precteaned gravity corer to the required length of sample line. Solid,
braided, 5-millimeter (3/16-inch) nylon line is sufficient; however, 20-millimeter (3/4-
inch) nylon line, is easier to grasp during hoisting.

Secure the free end of the line to a fixed support to prevent accidental loss of the
gravity corer,

Allow the gravity corer to fall freely through the liquid.

Retrieve the gravity corer with a smooth, continuous lifting motion. Do not bump the '
corer, as this may result in some sample loss.

Remove the nosepiece from the gravity corer. Slide the sample out of the corer into a
stainless-steel or Teflon® pan.

Place the sample in the labeled sample container using a stainless-steel laboratory
spoon or the equivalent.

If required, ensure that a Teflon® liner is present in the sample container cap. Secure
the cap tightly. Preserve samples in accordance with SQP No. 016, “Sampie
Preservation and Maximum Holding Times."

Complete all chain-of-custody documents (see SOP No. 018, "Sample Custody™), the

field logbook entry, and all packaging requirements (see SOP No. 019, “Packaging
and Shipping Samples®).

Decontaminate all sampling equipment before and after use and between sampling
locations in accordance with SOP No. 002, "Equipment Decontamination.”
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24 SLUDGE OR SEDIMENT SAMPLING WITH A PONAR GRAB

A Ponar gfab sampler can be used to sample most types of sludge and sediment (see Figure 3). Its
penetration depth usually does not exceed several centimeters. The Ponar grab sampler, like other
grab samplers, cannot collect undisturbed samples; therefore, this implement should be used only

after all overlying water sampies have been collected.
The following is the procedure for sampling sludge or sediment with 2 Ponar grab sampler:
1. Place all equipment on plastic shesting next to the sampling location.

2. Affix a completed sample container label to an appropriate sample container (ses SOP
No. 017, "Sample Coliection Container Requirements”™). ‘

3. Sketch the sampling area or note recognizable features in the field logbook for future
reference. Measure and record the distance from the sampling location to fixed
structures,

4, Attach a precleaned Ponar grab sampler to the sample line, Braided, 20-millimeter

(3/4-inch) nylon line is recommended for ease in hoisting.

5. Measure the distance to the bottom of the liquid overlaying the studge or sediment.
Mark this measurement on the sample line, To avoid unnecessary disturbance of the
sampling area by lowering the Ponar grab sampler 100 quickly, a second mark
indicating the proximity of the sample mark is recommended.

6. Open the Ponar sampler’s jaws until they are latched. The jaws wiil be triggered if
" the Ponar sampler comes in contact with or is supported by anything other than the
1ift line. Tie the free end of the sample line to a fixed support.

7. Lower the Ponar sampler until the proximity sample mark is reached. Slowly lower
the Ponar sampler until it touches the sludge or sediment.

8. Allow the sample line to slacken a few inches; more slack may be required when
sampling in strong currents. Release the mechanism 10 trap the sample and retrieve
the sampler. '

9. Release the contents of the Ponar sampler onto a stainless-steel or Teflon® tray.

10.  Place the sample in an appropriate sample bottle using a stainless-steel laboratory
spoon or the equivatent.
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PONAR GRAB SAMPLER
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11,

12.

13.

If required, eﬁsure,that a Teflon® liner is present in the cap. Secufe-t.he cap tightly.
Preserve samples in accordance with SOP No. 016, "Sample Preservation and ‘
Maximum Holding Times.”

Complete all chain-of-custody documents (see SOP No. 018, "Sample Custod'y"), the
field logbook entry, and ail sample packaging requirements (see SOP No. 019,
"Packaging and Shipping Samples®).

Decontaminate ali sampling equipment before and after use and between sampling
locations in accordance with SOP No. 002, “Equipment Decontamination.”

2.5 SLUDGE OR SEDIMENT SAMPLING WITH A PERISTALTIC PUMP

Sludge or sediment can be sampled with a peristaltic pump as described in SOP No. 009, "Sampling

Surface Water.” However, this method should only be used to collect slurried samples that are less

than about 20 percent solid. The increased weight of more solid material greatly reduces the lift

capacity of the pump; thus, it may be useful 1o laterally extend the reach of the sampler toward the

center of a vessel. In slurries that are not fully agitated, a bias may be established toward the liquid

portion of the material.
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1.0 BACKGROUND

The objective of logging a borehole is to document the details of the soil and rock recovered
trom the borehole. These details include soil type. color, grain size variation, grain characteristics,
staining, odor, moisture content, plasticity, blowcounts, soil sample interval, soil recovery, and
sample numbers. These data are eventually used to reconstruct the stratigraphy under the driil site.
It can then be correlated with similar data trom other boreholes in the region to draw
geological/hydrogeological cross-sections. These sections, various soil characteristics, and additional

hydrogeological data are used to prepare models to show the migration of ground water and of any
associated contaminants,

PRC Environmental Management. Inc., (PRC) has adopted a modified version of the Unified
Soit Classification System (USCS) for borehole logging. .A detailed discussion of the USCS is
- presented in SOP No. 028 (Visuai Classification of Soils). The USCS classifies soils based on texture
and liquid limits. The system is comprised of 15 soil groubs, each identified by a two-letter symbol.
The major divisions within the USCS (the first letter in each two-letter symbol) denote particle size:
coarse-grained soils are sands -(S) and gravels (G); fine-grained soils are silts (M) and clays (C). In
coarse-grained soils. the second letter in the classification refers to the grading (sorting) of the soils.
Thus (W) represents clean, well graded (poorly sorted) materials, while (P) represents clean, poorly
graded (well sorted) materials. In fine-grained soils. the silt§ and clays are further subdivided in

terms of Tiguid limits. with (L} indicating soils with low liquid limits and (H) representing soils with
high liquid limits.
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n PURPOSE

The purpose of this standard operating procedure (SOP) is to ensure that all the pertinent
information that can be obtained from drilling a borehole is completely and accurately logged and that

there is consistency in logging the information when there is a change ot personnei at the driil site.

1.2 SCOPE -

This SOP applies to all PRC personnel involved in the logging of a borehole. Preprinted
borehole log forms are available and all personnel invoived in borehole logging will use a form to

document field activities. Attachment A contains a sample form.

1.3 DEFINITIONS

Definitions ot terms that reiate to borehole logging are presented below. Definitions of soil

types are taken from American Society of Testing Materials (ASTM, 1985).

Blow Counts -- The number of blows delivered by a 140 pound hammer dropped 30 inches

required to drive a 1.5 inch inside diameter core sampler down a certain depth. generally 6 inches.

Unified Soil Classification System (USCS) -- A geotechnical classification in which soils are
classified into four major divisions (coarse-grained, fine-grained. organic soils. and peat). The
coarse-grained solls are classified according to grain size. whereas the fine-grained soiis are classitied
according to plasticity characteristics. A total of 15 soil types are recognized. Each is indicated by a
ditferent two-letter group symbol, such as SP, ML, and GW. '
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Well Graded Sediment/Soil -- An engineering term deScribing a soil or unconsbiidated
sediment consisting of particles of several or many sizes. The opposite is "poorly graded,” in which
the soil or sediment particies are of nearly the same size. In the geologi‘cal literature, "well graded”
and "poorly graded” sediments/soils are referred to as "poorly sorted” and "well sorted”,

respectively.

Clay — A fine-grained soil passing a No. 200 (75-um) sieve that can be made 1o exhibit

plasticity (putty-like properties) within a range ot water contents, and that exhibits considerable
strength when air dry.

Gravel — Particles of rock that will pass a 3-inch (75-mm) sieve and b'e retained on a2 No. 4
{4.75-mm) sieve with the foilowing subdivisions: coarse - passes a 3-inch (75-mm) sieve and is

retained on a 3/4-inch (19-mm) sieve; fine - passes a 3/4-inch (19-mm) sieve and is retained on a No.
4 (4.75-mm) sieve. . '

Organic Clay — A clay with sufficient organic content to influence the soil properties. For
lassification. an organic clay is a soil that would be classified as a clay, except that its liquid limit

value after oven drying is less than 75 percent of its liquid limit value before oven drying.

Peat — A soil composed primarily of vegetable tissue in various stages of decomposition
usually with an organic odor. a dark brown to black color. a spongy consistency, and a texture

ranging from fibrous to amorphous.

Sand -- Particies of rock that will pass a No. 4 (4.75-mm) sieve and be retained on a3 No. 200
(75-um) sieve with the following subdivisions: coarse - passes a No. 4 (4.75-mm) sieve and is

retained on No. 10 (2.00-mm) sieve: medium - passes a No. 10 (2.00-mm) sieve and is retained on a
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. Hydrochloric Acid — A small bottle of dilute hydrachloric acid. HCI (one part HC}

to three parts water). This wili be used to identify calcium carbonate bearing soils or
sediments. :

. Miscellaneous Reference Charts — These charts include explanations and drawings
of technical terms that are frequently used in logging boreholes. Examples include a
soil description summary tablie (see Attachment B); cohesive soil consistency chart:
blowcounts versus soil-stiffness correlation chart: granular soil density chart: moisture
table: percentage-composition estimation chart. and particle roundness sketches. PRC
has laminated these charts on metal clipboards for use in the field.

. Photoionization Detector (PID) -- Used to monitor possible emissions of hazardous
gases from the borehole. The unit comes with an operating instruction manual.

. Moisture Measuring Unit -- Used 1o measure the moisture content of a soil sample in -
the field. The unit comes with operating instructions,

L Driieger Tube -- Used to detect the presence of carbon tetrachloride and a variety of
other harmful chemicals. Allows personnel on site to take necessary heaith and safety
precautions. The unit comes with operatng instructions.

. Combustible Gas Indicator -- Used to monitor the level of combustible gases that
may be present at the drill site. Warns personnel on site of any danger of expiosion.
It is of special value for drilling at sites that have a potential for emitting methane.

L Work Table -- The table is needed to set up equipment, borehole samples. and
various supplies.

°

Tent or Canopy -- Used to protect the borehole log sheets and other documents from
rain or snow.



PRC Environmental Management, Inc. SOP No.: 026
Standard Operating Procedures Page 7 of 11

Date of Original Issue: 03/31/91 Revision No.: 2

Revision Date: 12/31/92

Title: Borehole Logging

2.0 PROCEDURE
The tollowing subsections detail the procedure tor horehole logging.

1 GETTING ORGANIZED AT THE DRILL SITE

Borehole logging requires setting up a mini-otfice and a mini-lab at the drill site. As the
borehole material is puiled up and retrieved for sampling, testing, or inspection, a variety of subtasks
must be completed in a certain sequence and in a limited time span. It is important, therefore, that all

the supplies and equipment be well organized and the tasks be clearly understood by the persons who
are supposed to log the borehole.

2.2 LOGGING A BOREHOLE

Preprinted borelog forms are available to ensure that pertinent informarion is recorded by

field personnel. Borelog forms will be completed by field personnel during drilling operations.
Instructions tor completing the sample form (see Attachment A) are given below.
. General: At the beginning of each day, use a new borelog sheet. The new sheet

should continue at the depth where previous day’s drilling was terminated.

Where appropriate. use the foliowing abbreviations:

M = Missing
NA = Not applicable
ND = Not done
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10.

Location of Borehole: Draw a sketch map of the borehole site in the space provided
at the upper left corner of the borelog form. Mark the precise location of the
borehole with an “X" and clearly label it (for example, BH-12). Also draw and label
prominent features in the vicinity of the borehole, -such as railroads, streets. buildings.

fencelines, and other landmarks. The direction to north should be shown ($N). Give
an approximate scale.

Job No.. Client, etc.: Enter this information as appropriate. Print the name(s) of the '
person(s) who logged the segment shown on any particular page ot the borelog form.

Site/Subsite. Borehole Location, etc.: This part of the form is self-explanatory.
Enter "Sheet __ of __,” on each page after the borehole is completed.

Sampler Type: Choose abbreviations from the tollowing list:

CHP = "Constant head probe
GP = Geoprobe

GWP = Ground-water probe
SGP = Soil-gas probe

5SS = Split spoon

ST = Sheiby tube

_ Other (specify)
Sample Depth: Record the top and bottom depths ot the segment drilled. The
traction of a foot shouid be recorded in decimals (for example, 5.6 feet) not in inches.

Blows/6" Sampiler: Record the number of blows in each 6-inch interval. If more
than 100 blows are counted in the 6-inch interval, then record only 100. In this
column, the hammer-weight should be entered immediately below the blowcount on

first entry of each day, after which the hammer-weight should be recorded only it it is
changed.

Inches Driven/Inches Recovered: This column is self-explanatory.

Time: Record the exact time when the sample was collected in military time (for
example, 1715 hours)

PID Reading: Record the PID reading in parts per million (ppm) units.
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11.

12.

I3.

14.

15.

Analyses (Physical!Chemical): Record the number of containers that will be sent for
each type of analysis (physical “Phy” and/or chemical "Chm™). If no sample will be
sent tor analysis. a zero (0) should be recorded in the appropriate sub-column.

Depth in Feet: Enter numerals before or after the preprinted numerals to indicate the
depth as multiples of 1 or 10. At the beginning of each day, a new borehole log sheet

should be used (see item ! A above). Boxes next to the numerals shouid be shaded to
indicate the exact sample depth. '

USCS Soil Type: Enter appropriate USCS abbreviations (SW, SP, ML, etc.) based
on the soil description in the next column. Compiete this column only after the soil
types have been described. Consult PRC SOP No. 028, Visual Classification of Soils.

Soil Description: Record the sail description noting the following items: soil type,

color (with code from the color chart), texture (grain size, roundness, etc.), bedding,

odor, consistency {stiffness, plasticity, etc., for cohesive soils), relative density (loose,
dense. etc., for granuiar soils), and moisture content (dry, moist, saturated, etc.).

The Field Descriptions for Soil table provided in Attachment B can be used to aid in
the description formuiation process. Record the depth of the water table where it is
encountered. The presence of the water table should be indicated by writing down
"saturated at __feet.” Soil classified as “sand” should be further categorized as well
graded (SW) or pooriy graded (SP). It should be remembered that the term "well
graded” in geotechnology is the opposite ot "well sorted” in geology. Consult PRC
SOP No. 027, Visual Sample Description - Rock, Sediment. Soil for more detaiis.
Record the sample media and sample tag number, as necessary.

When the borehoie is terminated. enter "Borehole terminated ar feer.”
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ATTACHMENT A

SAMPLE FIELD BORELOG FORM
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ATTACHMENT B

FIELD DESCRIPTIONS FOR SOIL SUMMARY TABLE
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1.0 BACKGROUND

A hand auger is primarily used to collect soil samples from relatively shallow unconsolidated
materials. Generally, hand augers are useful for sampling all types of soil except cohesionless
materials below the water table and hafd, rocky or cemented soils. The operational limit of a hand
auger is usually 5 feet, but deeper borings are possible using auger extensions. A hand auger may be
a preferred sampling tool when certain conditions prevail such as when contaminant SQUIces are
<hallow, when areas are inaccessible to conventional drill rigs, and for quick preliminary studies.
Using a hand auger is inappropriate when undisturbed samples are needed or when detailed lithologic

information is required.

Power augers may be a preferred tool for drilling when soils are gravelly, compacted, or clayey.
Power augers do not permit the discrete sampling of a soil interval. This method may be used in
conjunction with hand augering to obtain a sdil sample. To do this, a power auger is used to advance
to the depth needed and then a hand auger is used to collect the sample. A power auger can also be
used for quick, inexpensive drilling of shallow borings. However, these augers are butky and may be

difficult to operate in very coarse materials.

1.1 PURPOSE

This standard operating procedure (SOP) establishes the requirements and procedures for sampling

soil using the hand auger and the power auger methods.
1.2 SCOPE

This SOP applies to all personnel sampliﬁg soil with hand or power augers. Samples may be
collected for physical or chemical analyses. These methods are limited 1o shallow depths, usually less
than 5 feet, and to soils which are amenable to penetration by these methods. '
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13 DEFINITIONS

Hand Auger: The hand auger is usually composed of a croSsbar,_ anger stem, and head. The auger
stem is compatible with a number of different heads. Additional lengths of pipe can be added to the
stem as depth increases. Many types of auger heads exist, and their utility depends on the specific
type of soil sampling required. Auger head types include: bucket, Iwan, ship (screw), and spiral
(open and closed) heads (Figure 1). |

Bucket and Ywan Auger Heads: These heads are used when soils are relatively fine grained, dry,
and unconsolidated (both of these augers resemble post-hole diggers). These auger heads are
incft‘cctive when used for gravelly or clayey soils. The bucket auger head produces a good borehole
in competent, cohesive, dry material. The Iwan auger head is most effective in moderately plastic,

moist clays. Both augers provide intact depth-discrete samples.

Sampling Auger Head: This head is used when a depth-discrete sample is to be collected. This
head is.identical to the bucket auger head except that the top of the head is closed and liners can be

installed to retain soils for physical or chemical testing. This auger head also is effective in retaining

samples in cohesionless soils.

Ship Auger: This head, also called a helical or screw head, is used when a depth-discrete sample is

unnecessary and the soil material is competent and dry. This auger head is best applied for

exploratory drilling prior to sampling.

Spiral Augers: These augers are used when helical augers do not work well. The closed-spiral is

used in dry clays and gravelly soils. The open spiral is most useful in loose unconsolidated
sediments.

Power Auger: Generally, power augers are equipped with one type of bit, the solid stem screw

auger bit. The power source for a typical post-hole power auger is a gasoline powered engine, but
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FIGURE 1
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generator-equipped augers with a wheel-mounted motor are available. The power source for a two-

man auger is generaily located at the top of the auger stem.

Other ‘more sophisticated mobile augers are available. These are capable of drilling to greater depths,
but they operate with a similar auger stem. These types of augers have the same limitation -- they

~ cannot be used to obtain discrete samples.

1.4 REFERENCES

U.S. Environmental Protection Agency (EPA). 1984, (Characterization of Hazardous Waste Sites -
A Methods Manual: Volume Il, Available Sampling Methods.) Second Edition. EPA-600/4-
84-076. December.

EPA. 1987. A Compendium of Superfund Field Operations Methods. OSWER Directive 9355.0-14.
EPA/540/P-87/001. December.

L5 REQUIREMENTS AND RESOURCES

Soil sampling using the hand or power auger method requires that one or more of the following types

of equipment be used:

Sampling Equipment

Hand auger with appropriate auger head
Power auger

Power source for power auger

Fuel for gasoline-powered augers

er Required E
Logbook

Sampie containers and paperwork
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Spoons or spatulas for sampling
Decontamination equipment

Health and safety equipment
2.0 PR_OCEDURES
Drilling and sampling methods for the hand auger and the power auger are presented below.
2.1 HAND AUGER DRILLING METHOD

Drilling methods for all hand augers are generally the same. When soil characteristics are unknown,
several auger heads should be available. Atach the auger head to the bottom of the length of pipe
that has a crossarm at its top. Drill a hole by wrning the crossarm while pressing the auger into the
ground. Whea the auger head fills with soil, remove the auger from the hole, then remove the soil
from the auger bead. Place the soil on a clean, inert tray to physically characterize the soil and assess
the material with monitoring equipment. Add additional lengths of pipe as depth increases. Care

should be taken not to use too many extensions, as it may become impossible for the operator to

remove the auger stem from the ground.
2.2 HAND AUGER SAMPLING METHOD

To obtain a soil sample, first drill as detailed in the previous section. Once the soil is physically
characterized, composite and containerize the soil as appropriate. If a volatile organic fraction is

collected, it should be containerized before compositing. Specific sampling procedures are outlined
below. '

1. All sampling equipment will be made of inert material such as Teflon® or stainless
steel, and if not disposable, will be decontaminated before each use. The
decontamination procedures are given in SOP No. 002, "Generat Decontamination.”
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10.

11.

23

Carry sampling equipment to the sampling location. Be sure all equipment rests on
plastic sheeting next to the sampling location, if required to prevent sample
contamination.

Locate the sample area by surveying or sketching, and note recognizable features for
future reference. '

Affix a completed sampling label to the appropriate sampling jar.

Insert the bucket auger into the soil and advance it to the appropriate depth as

. described above in Section 2.1.

Collect the samples for VOC analysis by scooping the sample material directly into
the sample jar using a precleaned stainless-steel spoon.

If the soil samples are to be composited or mixed, transfer the remaining soil sample
from the bucket auger into a precleaned stainless-steel mixing bowl, aluminum pan, or
Teflon tray. Mix the sample with a precleaned stainless-steel spoon or equivalent,

and remove all foreign material (rocks, wood, debris, etc.). Monitor the sample with -
the appropriate health and safety equipment and record the results.

‘Transfer the sample into an appropriate sample bottle using the stainless-steel spoon.

If required, check that a Teflon® liner is present in the cap. Secure the cap tightly.

Complete all chain-of-custody documents, the field logbook, and sample packaging
requirements.

Decontaminate sampling equipment afier use and between sample intervals according
10 SOP No. 002, "General Decontamination.” If disposable sampling equipment is
used, properly containerize the equipment for disposal.

POWER AUGER DRILLING METHOD

The power auger should be equipped with a reverse and forward drive. Place the power auger on a
flat surface and hold it firmly in place while the drive is engaged. With the one-man auger, the

motor attachment should be equipped with a support arm, which stabilizes the auger during drilling.
With the two-man auger, each operator shouid hold the unit from an opposite side and level with the

ground surface. When the auger is advanced to the appropriate depth, clear the material from around

the borehole to prevent caving and engage the reverse drive to remove the bit from the borehole.
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24 POWERED AUGER SAMPLING METHOD

As previously discussed, power augering generally does not allow samplers 1o obtain discrete soil
samples. However, power augers can be used in conjunction with hand augers to collect soil
samples. To do this, a power auger is used to advance to the depth needed and then a hand auger is

used to collect the sample. Hand augering sampling techniques are described in Section 2.2.

3.0  ADVANTAGES AND DISADVANTAGES
The advantages and disaanntages of using the hand auger and the power auger are presented below.
i1 HAND AUGERING

Hand augering is the method of choice when (1) high mobility is needed at facilities with impaired
access, (2) quick and shallow borings are needed for a preliminary survey, Of (3) sampling is focused
on shallow soft soils of low plasticity.

The disadvantages of hand augering are that: (1) the method makes it difficult to locate changes in
soil strata, (2) samples are disturbed, and (3) the method may be very time consuming and labor

intensive in rocky or compact soils.
2 ADVANTAGES AND DISADVANTAGES OF POWER AUGERING

Many of the advantages and disadvantages of power augers are the same as those of hand augers.
Also, the greases, oils, and fuels required for most power augers greatly increase the possibility of
sample contamination by these organic compounds. Appropriate field procedures must be practiced to

avoid fuel and lubricant contamination of samples.
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33 CAUTION

Buried utility lines may present 2 significant hazard during both manual and power augering. Be sure
1o obtain and document in the logbook, utility clearances for electric lines, gas hnes water lines,

product lines, phone cables, and any other utilities before augering is initiated.
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1.0 BACKGROUND
1.1 PURPOSE

Thiis standard operating procedures (SOP) ﬁrovids general guidance for the planning and
implementation of hollow-stem auger geologic drilling for field investigations of haiardous waste
sites. This SOP is not intended for use in site-specific situations. Consult site project plan for step
by step procedures. ' '

1.2 SCOPE

Some general considerations should be foliowed when using the hollow stem auger method.
These involve borehole advancement, lithologic sampiing, well instatlation, decontamination
procedures, contaminated soil containment, borehole abandonment and health and safety monitoring.

13 . REFERENCES

Acker, W. L. Basic Procedures for Soil Sampling and Core Drilling. Scranton, Penn: Acker Drill
+ Co., 1976

Barcelona, M.J., 1.P. Gibbs, J.A. Helfrid, and E.E. Garske, Practical Guide for Groundwater
Sampling. SWS Contract Report 324, Champaign, lllinois: Ilinois State Water Survey, 1985

Johnson Division, YOP WC., g_mmj_dmm[_andlﬂls. St. Paul, Minnesota 1980

National Water Well Association, Water Well Specifications, Berkely, California: Premier Press
- 1981
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1.4 REQUIREMENTS AND RESOURCES

The following equipment are required for hollow stem auger drilling:
. Hollow Stem Auger Drill Rig (w/Associated Drill Tools and Hardware)

. Qualified and Experienced Driller and Helpers
2.0 PROCEDURES
The following procedures should be followed to operate the hollow stem auger.

2.1 GENERAL OPERATION

Hollow-stem augers are used to advance the borehole when discrete soil samples are needed.
The augers are advanced by applying downward pressure on the augers as they are rotated. Material
is forced to the ground surface around the exterior of the auger (spiral flights bring soil to the ground
surface) during drilling. Cuttings are brought to the surface and can be identified. The .hollow-stem
auger consists of (1) a hollow steel tube with 5-foot spiral flights (internal diameters (IDs) range from
2-1/2 10 13-inches) and (2) a finger-type cutter head at the bottom of the lead auger (drill rods can be
removed or inserted through the center of the auger assembly, facilitating soil sampling). A bottom
plug can be inserted into the hollow center of the cutter head to prevent loose (unconsolidated) soil
from coming up into the auger. This plug aiso has a pilot cutting head. The plug may be removed
from the auger whenever a soil sample from below the cutter head is needed. Lithologic sampling is
accomplished by removing the center plug from the auger stem and placing the appropriate sampling
device (for example, split-spoon, or Shetby tube (see SOP 005)) at the end of the drill-rod assembly.
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The drive stem is inserted through the hollow-stem auger and driven ahead of the augered material bj*
a rig mounted, weighted hammer. The boreholes may be completed as wells or abandoned.

2.1.1. Monitoring Well Installation

Well installation is described in more detail in SOP 020. However, specific well completion
methods should be followed when using the holiow-stem auger method. Bbrehole advancement will
proceed to the desired depth. Upon reaching the desired depth, 8 small-diameter casing and screen
can be set inside the hollow stem to produce a monitoring well. The augers are removed by section
while the well screen and risers are held in place. Typically, one 5-foot section of auger is removed
at a time. Clean sand and grave! pack is installed as the augers are withdrawn. Once the screen is
properly covered (usually to 2 feet above the top of the screen), a clay (bentonite) seal should be
installed (at least 2 feet of bentonite pellets or pressure grouted bentonite slurry should be placed on
top of the filter pack.) As a final step, grout or other impermeable material is tremied in place on top
of the clay seal to ground level as the remaining auger sections are removed. Careful installation of
clay or grout seals is essential, especially in areas where multiple aquifers are encountered. Aquifer

cross-contamination will be avoided, if at all possible.
2.1.2 Borehole Abandonment

In the event that a borehole or well needs to be abandoned, the hole will be filled from the
bottom 10 the surface using a cement-bentonite grout. The cement-bentonite grout will be of the same
consistency used to seal off the annular space of a completed well. The depth of the hole will be
measured with a steel tape and the volume of grout calculated to plug the bole. The method used to
place the grout into the hole will ensure that it is filled from the bottom to the surface (e.g. tremie
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pipe). Cement-bentonite grout will be pumped into the bole until it rises to within 5 feet of the land
surface. It will then be allowed to set overnight before the remainder of the bole is filled with neat
cement. ‘An alternative to cement-bentonite grout is straight bentonite grout. A cement cap will be
made over the abandoned borehole that will allow any surface water to drain away from the area.
The area of the abandoned borehole will be marked for future reference.

2.2 CONSIDERATIONS

Hollow-stemn augering allows for drilling through soils below the water table with minimal
cross-contamination. However, sediments such as flowing sands may "blow up® into the augers. If
this situation is encountered (or will be known to occur), water of known chemical quality may be
used to control sediment inflow. This method provides a greater head on the drilled sediments and
prevents materials from advancing up through the auger. |

The borehole should be advanced without using water unless abéolute!y necessafy. Use of
water while advanéing through the unsaturated zone should not be necessary. If water is added
during boring, it should be obtained from a source that has been analyzed and shows no -
contamination. It may be advisable to verify the quality of water through testing or by consulting
Jocal water authorities. If a sample is to be obtained, the borehole will be advanced by alternately
boring a specified intéﬁﬂ, removing the drive stem and bit, reinserting the drive stem with a sampler
artached, and obtaining a sample. This procedure is continued until the desired depth is reached.

The auger stem, drive stem, and bit will be decontaminated prior to boring at a borehole
location. At a minimum, this will include steam cleaning of the auger and drive stem. If a discrete

zone of contamination is encountered during drilling, and driliing is to advance through this zone,



PRC Environmental Management, Inc. : SOP No. 045

Standard Operating Procedure _ Page Sof 6
. : Revision No.: 1
Date of Original Issue: 03/31/91 Revision Date: 03/23/92

Title: Borehole Driliing, Hollow Stem
Auger Driiling

downhole tools in contact with the contaminated zone will-be steam cleaned after boring has
proceeded through the contaminated interval, Additionally, to prevent downhole cross-contamination,
it may be advisable 10 install an outer casing, grout the borebole while withdrawing the auger, redrill

the hole through the grout using an suger with a smaller diameter auger, and then further advance the
borehole.

Contaminated soil or water encountered during boring activities can be containerized within
55-gallon drums at the surface upon removal from the borehole.

Specific health and safety considerations will vary depending on site-specific factors. These
considerations will generally be specifically detailed in a work plan, quality assurance project plan
(QAPjP), or health and safety plan.

23  ADVANTAGES AND DISADVANTAGES
The hollow-stem auger method is the method of choice under the following circumstances:

* The boring is generally less than 100 feet in depth (see Table 1 for drilling
method limitations). Depths exceeding 100 feet should be discussed with the
drilling contractor.

® Boring is through a single saturated zone or through zones where cross-
" contamination is not suspected to be a potential problem.

L Locations of ground-water levels are important.

L Drilling must proceed with minimal use of water or boring fluid (little or no
water is needed). -
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¢  Information concerning dq:th-dis&ete downhole contamination or water

bearing zones can be easily obtained.
® Small-diameter monitoring wells are to be installed.
L Intact or undisturbed lithologic samples are required.

e Drilling will proceed through unconsolidated or loosely consolidated materials
(the augers act like casing).

L Boring of monitoring wells needs to be completed 'in a short time period.
The disadvantages of the method are as follows:
L There is potential for cross-contamination from higher to lower
hydrostratigrahic units.

* The method generally cannot be used for wells deeper than 100 feet (see
Table 1 for drilling method limitations).

L The method is difficult to use when large cobbles or flowing sands are
encountered. -

L The method cannot be used to drill through competent bedrock.
® Hollow-stem augering may smear natural clays into open sands and gravels,

thus limiting free flow of fluids into the wells and decreasing the response to
hydraulic tests.
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1.0 BACKGROUND
This standard operating procedure (SOP) details all procedures for using the Geoprobe System, 2
hydraulically operated samﬁling probe, and its specialized sampling tools. The procedures descriped
within this SOP include soil gas sampling, groundwater sampling, and soil sampling pr.ocedures as
well as procedures for installing piezometers and vapor sampling implants. This SOP also describes
general procedures for rod removal, backfiliing, and decontamination which are common elements to
all sampling procedures. This SOP No. 054 replaces former draft SOP No. 054 (Geoprobe Soil Gas
Sampling) and draft SOP No. 055 (Geoprobe Groundwater Sampling).

Use of the Geoprobe System is only one of many sampling techniques used by PRC Environmental
Management. Inc. (PRC); however, it is a preferred sampling method when certzin conditions
prevail. Specifically, Geoprobe sampling should be considered when sampling is limnited to relatively
shallow depths and any of the following are factors: (1) costs must be kept very low, (2) the time
period is short to perform the sampling, (3) maneuverability is important, and (4) the rcquired

sampling volume is limited.

Prior to the use of the Geoprobe equipment, all buried utility lines and other underground structures
must be marked because this equipment can penetrate buried piping and tanks. A diagram of the

Geoprobe system is shown in Figure 1.
1.1 PURPOSE

The purpose of SOP No. 054 is to establish positioning, preparing, and sampling procedures;
piezometer and vapor sampling impiant instailation procedures; rod removal procedures; backfiliing

procedures: and decontamination procedures to guide field personnel,
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FIGURE 1
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1.2 'SCOPE

:
The pr;Jcedures outlined in SOP- No. 054 are applicable to all PRC personnel involved in soil gas.
soil, or groundwater sampling using the Geoprobe System or any of its specialized equipment. It also

is applicable to all personnel using the Geoprobe System to install piezometers and vapor sampling

.. implants, This SOP, in fact, applies to all uses of the Geoprobe System.

1.3 DEFINITIONS

Because Geoprobe Systems is a corporation specializing in an innovative sampling process, many of
the terms used to describe its equipment are specialized and specific. For this reason, familiarity with
hydraulic system. soil sampling, soil gas sampling, and groundwater sampling terms is necessary.
These terms are discussed below.

1.3.1 - Hydraulic System Terms

The following terms are principally used to discuss the basic operation of the hydraulic punch and its
major components. If terms are encountered while using this SOP that are not listed below, check

Sections 1.3.2, 1.3.3, and 1.3.4 below.

Hydraulic Punch — The principal part of the Geoprobe System, the hydraulic punch, looks °
very much like a small mobile drilling rig and is usually attached to a truck or van. The
punch’s hydraulic system uses the weight of the vehicle for support and a hydraulic system
installed in the vehicle to advance sampling tools into the soil (see Figure 1).

Hammer — The hydraulic hammer pounds the rods and accessories into the soil once the
hydraulic punch is unable to push it farther (see Figure 1).

Control Panel — The control panel is located near the hydraulic punch and contains the
levers that control the movement of the punch (see Figure 2).

Probe Lever — This lever is found on the control panel and causes the hydraulic punch to
push the drive rod and accessories into the soil. Overall, this lever controls the vertical
movement of the punch (see Figure 2).
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Hammer Lever — This lever is found on the control panel and engages the hydraulic
hemmer when the hammer release valve is moved to its extended position (see Figure 2).

Hammer Release Valve — This lever is found on the front of the hydraulic punch and allows
the hammer to work when in its extended position. If the valve is not extended, pushing the
hammer lever will not engage the hammer.

Foot Lever — This lever is found on the control panel and lowers the foot of the hydraulic
punch so that it rests on the ground to stabilize the punch (see Figure 2).

Extend Lever — This lever is found on the control panel and controls the horizontal
movement of the hydraulic punch. The lever extends the punch out of the van or truck. It
also enables the hydraulic punch to extend about 2 feet from the rear of the vehicle (see
Figure 2).

Fold Lever — This lever is found on the control panel and folds and unfolds the hydraulic
punch so that it can be easily moved and stored (see Figure 2). This lever enables the
hydraulic punch to move from the horizontal position to the vertical position.

Electrical Control Switch — This switch is found on the control panel and turns on the
Geoprobe System’s hydraulic system. None of the other levers work until this switch is
turned on. It has slow, fast, and off speed positions (see Figure 2).

Vacuum System Panel — The vacuum system panel is located near the right rear of the
vehicle and contains the vacuum system controls, the hydraulic oil cooling switch, and the
remote ignition (see Figure 2).

Remote Ignition — This device is found on the vacuum system panel and allows one to start
the vehicle's engine from near the hydraulic punch instead of walking around the vehicle and
climbing into the vehicle's cab (see Figure 2).

Hydraulic Oil Coolihg Switch — This switch is found on the vacuum sysiem panel and turns
on the auxiliary cooling system for the hydraulic oil (see Figure 2). '

Vacuum/Volume (Vac/Vol) Pump Switch — This switch is found on the vacuum system
panel and allows pressure to build up in the vacuum tank (see Figure 2).

Vacuum Line Valve — This valve is found on the vacuum system panel and opens and closes
the vacuum line (see Figure 2).

Sampie Line Gauge — This gauge is found on the vacuum system panel and registers the
sample line pressure in inches of mercury (see Figure 2).
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Drive Rod — The Geoprobe drive rod (sometimes called a probe rod) is a high-strength-steel.
hollow tube with a 1-inch Juter diameter. Thovgh the rods come in l-foot, 2-foot, and 3-foot

* lengths, the standard length is 3 feet. Each rod is threaded on both ends and hias a male end
and a fernale end (see Figure 3).

Drive Cap — This cap is a steel cap screwed onto the male end of the drive rod so that the.
rod can be pushed or hammered into the soil without damaging its threads. The drive cap is
always installed to the top of the drive rod before advancing probe rods or sampling tools (see
Figure 3).

Pull Cap — This cap is a steel cap that screws onto the male end of the drive rod and is used
to pull the drive rod from the soil once the sample has been collected (see Figure 3).

Anvil — This piece of steel is placed inside the hydraulic punch at the point where the
hammer actually makes contact. The anvil transfers the force of the hammer to the drive cap
(see Figure 3). '

Rotary-Impact Carbide-Tipped Drill Bit — This 18-inch or 24-inch steel drill bit fits
directly into the hydraulic punch and is used to drill through concrete or hard asphalt. The
bit does not spin with appreciable torque but is driven by the hammer, spinning only slightly
to clear itself of debris (see Figure 3}.

Chain-Assisted Pull Cap — This modified pull cap is attached to the hydraulic punch with a
chain. It is most useful when the drive rod, for one reason or another, is not aligned directly
underneath the hydraunlic punch. With this cap, the rod can still be pulled using the punch

(see Figure 3).

Rod Extractor — This tool threads onto a drive rod and 1s sent down into the hole made by a
drive rod that has broken in the soil. The rod extractor, which looks a little like a drilt bit, is
then hammered into the broken rod and is used to pull the broken rod from the soil (see

Figure 3).

Rod Pull Plate — This stee! plate has a hole in its center through which a drive rod can be
fitted. It is used to extract drive rods when installing piezometers, soil gas implants, or to
expose the screen to groundwater when using a screen point sampler (see Figure 3).

O-Ring — An O-ring is a rubber ring used to seal sections of drive rods or various other
Geoprobe tools so that, once together, they are air- and water-tight.

Teflon Tape — This inert, sticky tape can be used to create air-tight seals when pieces of the
drive rod or accessories are threaded together. The tape can replace an O-ring,
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1.3.2 _ Soil Sampling Terms

I3

These terms are usually used when diséussing sail sampling using the Geoprobe System. Sometimes,
though, the terms are used when discussing other sampling techniques. If terms are encountered
while using this SOP that are not listed below, check Sections 1.3.1 above and Sections {.3.3 and

1.3.4 below.

Shelby Tube — This tube is used to collect large samples of cohesive soils. Its greatest
disadvantages are that it cannot be used to sample from depths greater than about 10 feet and
has no mechanism to stay closed until reaching the proper depth (see Figure 4).

Shelby-Tube-Drive Head — This 2-inch diameter piece of steel attaches to the Shelby tube
using hex bolts. The Shelby-tube-drive head consists of two parts: a standard 2-inch Shelby
tube drive head and a Geoprobe drive rod adapter. This allows the 2-inch wide Shelby tube
to be driven by the hydraulic punch, which is actually designed for 1-inch diameter drive rods
(see Figure 4).

Hex Bolts — These are the bolts used to attach a Shelby tube to a drive head (see Figure 4).

Extruder Latch — This device secures the Shelby tube to the extruder rack during the
extrusion process that removes the soil from the tube (see Figure 4).

Extruder Piston — This piston is threaded onto a drive rod, and with the help of the
hydraulic punch, extrudes the soil sample from the Shelby tube (see Figure 4).

Probe-Drive Systems — This sampling system allows samples to be collected at deeper
depths than the Shelby tube system. Each probe-drive sampler remains closed until it reaches
the depth desired and then is opened by those operating the punch by removing a stop pin (see
Figure'5). The sampler is then pushed through the soil at the desired depth and removed.
Three types of probe-drive samplers exist: the standard sampler, the Kansas sampler, and the
large bore probe-drive sampler.

Standard Probe-Drive Sampler — This probe-drive sampler has a diameter of 1 inch and
jengths of 10 or 24 inches. Its greatest difference from the other probe-drive sampler is that
it does not have a removabie cutting shoe (see Figure 53).

Stop Pin — This pin stops the point of a probe-drive sampler from retracting into the sampier
tube. Once it is removed, the sample can be collected (see Figure 5).

Piston Rod — This rod connects the drive head of a probe-drive sampler to the sampler’s
point. Once the stop pin is removed, this rod siides through the sampler, allowing the point
o retract inside the tube (see Figure 5).
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FIGURE §
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Expendable Point Holder — This holder threads into the leading drive rod. k is used for
driving expendable points (see Figure 6). '

Retractable Point Holder — This holder lifts off its point, ieaving a gap so that soil gas can
be drawn, but unlike expendable points, the holder does not separate complelely and
ultimately is retrieved with the lead drive rod (see Figure 6).

Gas Sampling Cap — When using Ihe standard soil gas sampling method, the gas sampling
cap replaces the drive cap on top of the drive rod and allows tubing to be connected to the
drive rod. A soil gas sample is drawn through the probe rod through this cap and into a
sample container (see Figure 6).

Post-Run Tubing (PRT) System — This system collects soil gas drawn directly through a
tube instead of through the drive rod itself. The system involves one of two specially
designed point holders, each threaded on top so that an adapter that has been attached to the
tube can be screwed into it after being advanced down the drive rod string. The two paint
holders differ in that one uses a retractable point and the other uses an expendable point (see
Figure 7).

PRT Expendable Point Holder — This holder is threaded into the leading probe rod and is
used for driving expendable points (see Figure 7).

PRT Adapter — The PRT adapter attaches the tubing through which the soil gas is to be
drawn to the point holder, which has been driven to the proper sampling depth (see Figure 7).

Polyethylene Tubing — This tubing is the preferred tubing for connecting the PRT system to
the samiple container. Its stiff nature, however, sometimes makes it difficult to attach to the
sample container and a coupler of Tygon tubing is necessary (see Figure 7). '

Tygon Tubing — This tubing is the preferred tubing for connecting soil gas sampling
containers to the drive rod and vacuum sysiem. It often is also necessary as a coupler sample
between the stiff polyethylene tubing used with PRT sampling systems and the sample
container.

Glass Bulb — This bulb of glass has valves on each side and a neoprene septum through
which gas can be withdrawn. The bulb is used to collect soil gas and can be used as the
coniatner in which the gas is taken for analysis (sec Figure 8).

Tedlar Bag — This smail bag has a vaive on it. It is placed in an air-tight chamber, the air in
the chamber is evacuated, and the bag fills with soit gas. The bags can then be taken for
analysis.

Tediar Bag Chamber — PRC uses these modified, air-tight kitchen containers as vacuum
chambers. These chambers are modified with nipples on each side, which enable it to be
attached 1o a vacuum pump, to a Tedlar bag, and to the Tygon tubing.



PRC Environmental Management, Inc. _ SOP No. 054
Standard Operating Procedure ' - Page 15 of 48
Title: Using the Geoprobe System Revision No. 1

Revision Date: March 28, 1994

FIGURE 8
SOIL GAS SAMPLE CONTAINER

STOPCOCK - SEPTUM

&
g

GLASS BULE

NOTE: TEDLAR BAGS ARE ALSO USED FOR COLLECTION OF SOIL GAS SAMPLES
HOWEVER, THEY ARE NOT SHOWN ON THIS FIGURE



PRC Environmental Management, Inc. SOP No. 054
Standard Operating Procedure Page 16 of 48
Title: Using the Geoprobe System _ Revision No. 1

) _ Revision Date: March 28, 1994

1.3.4 Groundwater Sampling Terms

r

The following terms are used to discuss groundwater sampling. If unfamiliar terms not listed below

are encountered while using this SOP, check Sections 1.3.1, 1.3.2, and 1.3.3 above.

Mill-Slotted Well Point — This 3-foot long tube has 15 mill-cut slots in it. each 2 inches
jong and 0.020 inches wide. Only the bottom 2 feet of this tube is slotted, and sometimes
mill-slotted well points come in two parts: a 2-foot slotted section and a 1-foot unslotted
section. The slots allow groundwater to enter (see Figure 9)..

Geoprobe Screen Point Sampler — This sampler has a 19-inch screen that encases a
perforated stainless-steel sleeve. Once in place, the screen allows the water to enter the tube
and prevents coarse sediment from entering the tube (see Figure 9).

Thieving Tube — This tube is used to extract the water from either mill-slotted well points or
Geoprobe screen point samplers, PRC uses polyethylene tubing as thieving tubes. This tubing
is lowered into the water, capped on top, and then extracted. The result is much like putting
a straw into a glass of water, sealing the straw with a finger and lifting it. This method is
used primarily for the coliection of groundwater samples to be analyzed for volatile organic
compounds. A check valve can aiso be attached to the thieving tube which seals the bottom
and holds the groundwater within the tube.

Check Valve — This stainjess steel valve has a small ball which, when attached 10 a thieving
tube, fioats to the top of the groundwater table and then sinks, ultimately sealing the thieving
tube with groundwater. Oscillating the thieving tube will allow groundwater to rise within the
tube for larger retrieval volume.

Well Mini-Bailer — THis specially designed bailer drops through the drive rods and into the
groundwater in the mill-slotted well point or screen point. A small ball in the bailer floats to

the top and then sinks, uitimately sealing the bailer after it fills with about 40 milliliters of
groundwater.

1.4 REFERENCES
The following references were used to prepare this SOP:

Driscoil, F.G. 1987. Groundwater and Wells. Second Edition. Johnson Division. St.
Paul, Minnesota.

Fisher Scientific. 1991. "The Fisher Catalog of Scientific Instruments.”
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Geoprobe Systems. 1990. "8-M Operations Manual.” July 27.
! Geoptrobe Systems. 1991. “Accessory Tools Catalog.”

.- Geoprobe Systems. -1992. "Equipment and Tools Caialog."
2.0 POSITIONING, PREPARING AND SAMPLING PROCEDURES

The Geoprobe System uses a hydraulic punch that is usually installed in the back of a van or truck to
first push and then to hammer its hollow drive rod through soils. Depending on which tools are
attached to the end of the drive rod and which sampling equipment is attached to it, the Geoprobe can
be used to remove soil, soil gas, or groundwater. It can also be used to drill through cement or
concrete and can aid in the instaliation of piezometer wells and vapor.sampling implants. The
following sections detail the procedures for positioning the Geoprobe unit, preparing the sampling

system, and sampling with the Geoprobe unit.
2.1 POSITIONING THE GEOPROBE UNIT

Before the Geoprobe System can be used, the Geoprobe hydraulic punch and accessories must be
properly positioned near the sampling site. The hydraulic punch and other equipment also needs to be
prepared. In cases where concrete or other hard surfaces hinder sampling, the Geoprobe must be

used to reach soil. This section details methods to perform these activities.
To position and unload the Geoprobe System use the following procedures:

1. Drive the vehicle containing the Geoprobe System to the sampling location and align
the center of the rear of the vehicie with the point at which the sample will be taken.
The rear bumper shouid be 1 to 2 feet from the sampling point so that the foot of the
hydraulic punch can be extended out over it.

-

Shut off the vehicle.
3. Put it in park.

4. Set the emergency brake before proceeding.
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5. One person only should operate the hydraulic punch and the assembly and
disassembly of probe rods and accessories. A second person is usually necessary to
' handle the samples and to decontaminate equipment. All personnel present must wear
steel-toed shoes, gloves, and eye protection. When drilling through concrete or using
the hydraulic hammer, ear protection is also necessary.

6. Once ready to take the sample, start the engine using the remote .ignition located in
the right rear of the vehicle. As a safety device, the remote ignition will not work
unless the vehicle is in park. :

7. Activate the hydraulic system by turning on the electrical control switch. The
vehicle’s engine must be running for the hydraulic system to work.

8. Slowly extend the Geoprobe out of the vehicle using the extend lever. Always use the
slow speed on the hydraulic controls when positioning the hydraulic punch. The
punch and mast should be far enough out of the van or truck so that the mast will not
strike the roof when it is unfolded.

9. Unfold the hydraulic punch out of the vehicle using the fold lever. Once the punch
has been lined up perpendicular to the ground surface, lower the foot of the punch
using the foot lever until the vehicle itself is raised about 1 foot on its springs. This
stabilizes the vehicle and punch. Never lift the vehicle completely off the ground
using the foot lever. Doing so destabilizes the vehicle and hydraulic punch and may
cause damage lo equipment or injury 1o those nearby. Also, as pressure is placed on
the rod, tools, and accessories, the foot of the punch may begin to lift. Do not allow
it to lift farther than 6 inches from the ground. Allowing it to lift farther than
6 inches may throw the vehicle off balance and cause the rod to bend or break.

The Geoprobe System is now positioned. If it is necessary to drill through concrete or hard asphalt.

use the following procedures:

l. Raise the hydraulic punch using the probe lever and then deactivate the hydrauiic
system by turning the efectrical control switch to off. The hydraulic system should
always be turned off when the hydraulic controls are not being used.

2. Place the drill bit into the hydraulic hammer. The bit is not used with a drive rod or
anvil. '
3 Activate the hammer rotation control knob, which is located on the hydraulic hammer,

by turning the knob counter-clockwise. This allows the drill bit to rotate when the
hammer lever on the control pane! is pressed.
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2.2

Activate the hammer release valve, which is located on the hydraulic hammer, by
pulling the lever out and down.

To drill through solid surfaces, both the probe and hammer mechanisms of the
hydraulic punch must be used. The hammer mechanism drives the drill bit in a
percussion fashion and causes it to tum slightly. The probe mechanism allows the
hammer and bit to be raised and lowered so that the bit can clear itself of debris.
Once ready to begin, turn on the hydraulic system.

Fully depress the hammer lever. This lever needs to remain depressed throughout the
drilling procedure and keeps the bit pounding and rotating.

Put pressure on the bit by pressing the probe lever down. Using this lever, advance
the bit in small increments through the concrete or other hard surface. If advanced

100 quickly, the bit will bind and stop rotating. Should this happen, raise the punch
slightly to allow the bit to rotate. If too little pressure is placed on the bit, too little
percussion will occur, and drilling wili be slow.

Continue drilling, in small increments, until soil has been reached. At that time
prepare for sampling.

PREPARING THE SAMPLING SYSTEM

Before the hydraulic punch is used to sample, decisions must be made concerning which type of

sample will be taken, whether several samples will be taken at varying depths, and which type of

Geoprobe sampiing equipment will be used. The following sections discuss preparation procedures

for soil sampling, soil gas sampling, and groundwater sampling.

2.2.1

Soil Sampling

The samplers attached to the hydraulic punch for soil sampling come in two forms. The first type is

the 2-inch diameter Shelby tube system that is common to other soil sampling methods. The second

system uses various specially designed probe-drive systems that remain compietely sealed while being

pushed or driven to a particular depth. They then are opened to allow a sample-to be collected. The

Shelby tube and probe-drive systems are discussed below.
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Shelby Tube System

i

The Shelby tube is a thin-walled steel tube, 2 inches in diameter and 30 inches long, with four
mounting holes around its top. It allows large amounts of soil to be sampled at once. but the soil

must be relatively cohesive. Béca'use the tube remains open at all times, the tube cannot be drivento |
great depths and must be removed and replaced after coring 30 inches of soil. Usually, the Shelby
tube system is chosen when large amounts of soil are needed at depths no deeper than 10 feet. Rocky

or sandy soils are not conducive to this sampling method.
To prepare for sampling using Shélby tubes, use the following procedures:
l. First attach 2 Shelby tube to the Shelby-tube-drive head by putting the head’s hex
boits through the holes in the wbe.
2. Next, screw a Geoprobe drive rod adapter into the top of the drive head to allow the
' 2-inch-wide Shelby tube to be driven by the hydraulic punch and hammer, which are

actually made for l-inch outer diameter drive rods.

3. A drive cap is then screwed onto the top of Geoprobe drive rod adapter. The tube is
now ready to be attached to the hydraulic punch.

4, To attach the tube, raise the hydraulic punch using the probe lever and then turn off
the Geoprobe hydraulic system.

s, Lift the hammer latch and insert the anvil inside.

6. Place the assembied-Shelby tube sampler. so that it is aligned under the anvil.

The hydraulic punch is now ready to drive a Shelby tube and collect a sample core. For collecting
soil cores at depths of greater than 30 inches, auach sections of probe rod to an assembled Shelby
tube sampler and drive the sampler down the same hole using a new Shelby tube for each 30-inch

increment in depth.
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Probe-Drive Systems

¢

All of the probe-drive systems work in essentially the same way. A sampler is attached 10 a hollow
drive rod, inserted into the hydraulic punch, and punched or hammered into the sc;il. Once the
sampler reaches the depth at which the sample is to be taken, a stop pin in the sampler is removed
using an extension rod that has been dropped through the inside of the hollow drive rod. The release
of the stop pin allows the point of the sampler to retract inside the sample tube as the sampler is.
further advanced into the soil. The probe is then punched through the soil where the sample is to be

taken. The rod and probe are then pulled to the surface for sample extraction.

'Currer;tly, three types of samplers are used in the probe-drive systems: the standard probe-drive
sampler, the Kansas sampler, and the large bore probe-drive sampler. Preparation of each is slightly

different. Each is discussed separately below.

Standard Probe-Drive Samplers

The standard probe-drive sampier comes in 10- and 24-inch lengths. The proper length is determined
by the size of the sample desired. The point of this sampler is connected to a piston rod that will
slide through its length. At its top, the piston rod is connected to the drive head, which keeps it -

centered and halds the piston stop pin, which stops the piston from sliding.
To prepare the standard probe-drive sampler, use the following procedures:

l. Insure that the sampler is assembled and complete, and that the piston stop pin which
is reverse threaded is tightly locked so that the sampler point will not slide into the
sampling tube.

2. Attach a shortened Geoprobe drive rod to the sampler so that the total length is nearly
the standard 3 feet. If the 10-inch sampler is used, a 2-foot drive rod should be
attached. and if the 24-inch sampler is used, a 1-foot drive rod should be attached.

3. Screw a drive cap onto the top of the shortened drive rod. The sampler is now ready
for attachment to the hydraulic punch.
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4, To insert the probe-drive sampler, raise the hydraulic punch using the probe iever.
and then turn the hydraulic system off.

5. Lift the hammer latch and insert the anvil inside.

6. Place the assembied standard probe-drive sampler and shortened drive rod directly
under the anvil so that the drive cap touches the anvil and the point of the sampler s
aimed at the place where the sample is to be taken. The standard probe-drive sampler
and the hydraulic punch should both be vertical.

Kansas Samplers

The Kansas sampler is much like the standard probe-drive sampler. However, it has a removable
hardened cutting shoe near its point that allows it to penetrate rockier soils and to be easily replaced
and decontaminated. Kansas samplers come in two versions: the Kansas Stainless Sampler, which has

a stainless-steel tube, and the Kansas Sampler, which has an alloy steel tube.
To prepare a Kansas sampler, use the following procedures:

l. Ensure that the hardened cutting shoe is in place.

2. Assemble and install the Kansas sampler in the same manner as the standard
probe-drive sampler (see Procedures 2 through 7 above).

Large Bore Samplers

The large bore sampler, similar to both types of Kansas samplers, has a removable cutting shoe and
‘works in the same manner. It is slightly larger than the Kansas sampiers, usually 24 inches long and
1-1/8 inches wide. The larger bore atlows for the use of acetate or brass liners. The sdil, therefore.
can be removed easily by removing the .iiner. The acetate jiner allows for easy visual examination of
the core and can be easily sliced away so that the sample can be prepared for the laboratory. The
brass liners come in four 6-inch sections that allow for easy separation and packaging of 6-inch soil
samples. Some laboratories accept full 6-inch brass liners, allowing the sampies to be cotlected with

a very minimal disturbance to the soil matrix.
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To prepare a large-bore sampler, use the following procedures:

I

1. Place the desired liner into the sampier by unscrewing the cutting shoe and sampler
drive head from the two ends and then inserting the liner.

2. Assemble the sampler and attach a 12-inch drive rod to the sampler.
3 Screw a drive cap onto the top of the drive rod.
4, Place the assembled sampler and drive rod under the hydraulic punch in the manner

detailed in the section above for preparing standard probe-drive samplers (see
Procedures 5, 6, and 7 above).

2.2.2 Soil Gas Sampling

Two main methods are used to collect soil gas using the Geopi'obe system: the standard method and

“the PRT system.

To use the standard method, the drive rods are decontamninated and assembled in an air-tight manner
as they are punched into the soil. To ensure an air-tight seal, either Teflon tape or an O-ring can be
placed on the male threads of the drive rods. The probe rods are driven approximately 6 inches
below the area from where the sample is to be taken. The rods are then lifted approximately 6 inches
teaving the expendable point and a small opening between the point and the end of the rod behind. A
~ gas sampling cap is then attached to the rop of the rod, a vacuum pump removes the necessary

volume of gas, and the sample is collected.

To collect soil gas samples using the PRT system, polyethylene tubing attached to a stainless steel
adapter is pushed through the drive rod after the rod is in place. The tubing and adapter is then
reverse threaded onto the top of the PRT expendable point holder, and the gas is collected through the
tubing. This method increases the accuracy of soil gas sampling, eliminates the potential for leaks in

the rod, and simplifies probe rod decontamination,
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Standard Method

{

_Only decontaminated drive rods can be used with the standard method. Rods should be

decontaminated using the procedures in Section 6.0 of this SOP.

To prepare a decontaminated drive rod for soil gas sampling using the standard method, use the

following procedures:

1. Screw an expendable point holder into the female end of a 3-foot drive rod. (Note: a
retractable point can also be used with this method; however, decontamination
requirements almost always preclude its use.)

2. Place an expendable point into this holder.

3. Screw a drive cap onto the male end of the drive rod.

4. ‘Place the rod into the hydraulic punclh.

5. Turn on the hydraulic system.

6. Instal] the anvil within the hydraulic pﬁnch’s hammer by lifting the hammer latch and

inserting it.

7. Place the assembled drive rod directly under the anvil so that the drive cap faces the
anvil and the expendable point is aimed at the desired sampling location.

8. Push sampler and hydraulic punch through the soil to gather the sample.

PRT System

Two types of PRT systems are available. The first uses an expendable point holder and expendable
paint like the standard method. The second uses a retractable point holder that lifts off of the

drive-point without actually separating from it. Both systems ailow the threading of a PRT adapter
and tubing through the drive rod so that the gas can be taken from the depth required without being

sucked through the drive rod.
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To, prepare the drive rod and sampler for PRT soil gas sampling, use the following procedures:

t

1. Select the desired PRT sampler (either one with an expendable point or one with a
rerractable point) and ensure that the PRT adapter easily screws into the threads on
top of the sampler. This step is necessary to ensure that the adapter will fit easily
when it is affixed from above ground. -

2. If uﬁing the sampler with an expendable point, attach the point.

3 Screw the sampler to the end of a shortened drive rod so that the total length of the
sarmmpler is nearly 3 feet.

4, Screw the drive cap to the other end of the drive rod.

5. Attach the drive rod and sampler to the hydraulic punch using the same procedures
detailed in the standard method (see Procedures 4, 5, and 6 above).

2.23 Groundwater Sampling

The Geoprobe System offers two systems for collecting groundwater, each with several groundwater
sampling options. The first method involves the use of a mill-slotted well point. The second method

uses 2 speciaity designed Geoprobe screen point sampier.
Mill-Slotted Well Points
The mill-stotted well point is a 2- or 3-foot length of hollow steel tubing with 15-millcut slots in it,

each 2 inches long and 0.020 inches wide. Once in place, groundwater enters the tube through these

slots. To prepare the mill-siotted well point, use the following procedures:

1. Screw a solid drive point into the female end of the sampler.

2 If a 2-foot well point is being used, screw the sampler to a 1-foot length of drive rod.
3. Screw a drive cap to the other end of the well point or 1-foot drive rod.

4. Place the sampler and rod into the hydraulic punch by raiSing the punch as much as

necessary and turn hydrauiic system off.
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5. Install the anvil within the hydraulic punch’s hammer by lifting the hammer latch and
inserting it. -
6. Place the mill-siotted well point sampler under the anvil with the drive cap near the

anvil and the point aimed at the sampiing location.

Geoprobe Screen Point Sampler

The Geoprobe screen point sampler has a 19-inch screen encased in a perforated stainless-steel sleeve.
The screen remains encased in the sieeve until the screen point sampler reaches the desired depth.
The rod is then pulled back approximately 19 inches, leaving the screen exposed to the formation.
Flexible tubing can be pushed through the drive rod and attached to the sampler using the adaptcrs for
the PRT soil gas system, enabling groundwater to be removed without touching the drive rod.

Decontaminating the drive rod is subsequently easier.

To prepare a Geoprobe screen point sampler, use the following procedures:

1. Close the screen on the Sampif;'r.
2. Attach its expendable point.
3. Attach the sampier to0 2 shortened drive rod so that. the assembly is nearly 3;0 inches
long.
4, Place the sampler into the-hydraulic punch using the methods detailed for mill-slotted

well points (see Procedures 4, 5, and 6 above).
2.3 SAMPLING
Sampling procedures for the Geoprobe hydrautic punch are similar for all samplers and samp[mg

media. This section presents general procedures that apply to all samplers and sample types, and

specific operating procedures for soil, soil gas, and groundwater.
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2.3.1 General Procedures

t

All control panel switches have a slow and fast position. All switches should initially be set at the
slow position when positioning the punch and the sampling tools. In all cases, the hydraulic system ‘
<hould be shut off when not in operation and when adapters and additionat drive rods are put into

place. The hydraulic punch should be turned off any time it is not actually in operation.

The Geoprobe hydraulic punch is designed with a key safety feature that will shut it off if the controls
-arc released. If the operator senses that something is wrong, he or she must release the controls and
stop operating the punch until all is well. At no time should the foot of the punch be allowed to lift
higher than 6 inches off the ground because the punch will destabilize and may bend the drive rod or

sampling tube.

Also, at no time should part of a human body be placed on top of a drive cap while the cap is near

the anvil or under the foot of the hydraulic punch.

Once the assembled sampler or drive rod is under the anvil, both it and the hydraulic punch should be
vertical., Positioning the drive rod and sampier is critical in order to drive the rod vertically. Not
positioning the sampier or drive rod vertically will result in problems when attaching subsequent drive

rods needed to reach the p.roper depth and with rod retrieval.

- To begin probing in soils of normal texture, use the following procedures:

1. Activate the hydraulic punch and push down on the probe lever on the control panel
so that the probe slowly lowers itself. Always use the slow control on the first rod or
sampler,

2. Continue to press on the probe lever until the rod or sampler is completely forced into

the soil. The point of the rod will then be nearly 3 feet into the soil.
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Soils and other materials are often too hard for the hydrz-iulic punch’s probe mechanism (o penetrate.

When,this occurs, the hammer on the hydraulic punch should be used in accordance with the

following procedures:

Ensure that the hammer rotaiion valve is closed.

Use the hydraulic punch to put pressure on the rod, sampler, and soil. When the
probe rod refuses to move, the foot of the hydraulic punch will begin lifting off the
ground. Never allow the foot to lift more than 6 inches off the ground, but never use
the hammer with the foot resting on the ground surface.

If the probe foor lifts off the ground, the hydraulic punch may no longer be
perpendicular. If this occurs, use the machine’s fold lever, which is located on the
control panel, to correct the punch’s position.

Press the hammer lever on the control panel. The rod should now advance. Never
use the hammer unless there is downward pressure on the drive cap because doing so
may damage the equipment.

Stop hammering periodically and check to see if the probe rods can be advanced using
the probe mechanism only. '

When samples are to be taken at depths of greater than 3 feet, additional drive rods must be added to

those already in the ground. Shelby tube soii sampling procedures for adding rods are discussed in

Section 2.3.2. For all other sampling methods, use the following procedures to add drive rods:

tJ

Using the probe iever, raise the hydraulic punch off the portion of the drive rod
protruding from the ground.

Unscrew the drive cap from the drive rod.
If using the standard method of collecting soil gas or other sampling methods that will
draw the sample through the iength of the entire drive rod, wrap the threads of the

drive rod with Teflon tape or push an O-ring over the threads to make the drive rod
string air- and water-tight.

Screw another drive rod onto the first drive rod protruding from the ground. Tighten
the rods together with a pipe wrench. :

Screw a drive cap onto the top of the new drive rod.
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6. Place the hydraulic punch over the new drive rod and push the rod farther into the
ground. ' '

r

As the rod string is pushed farther into the ground, it will sometimes begin to loosen. The rods

... should remain tight so that the threads are not damaged. Occasionally, stop probing and twist the rod

string with a pipe wrench to ensure that ail of the joints remain tightly sealed.
2.3.2 Soil Sampling

This section presents procedures used to sample soils using either the Shelby tube sampling method or
any of the probe-drive systems. In all cases, sampling tools should never be advanced farther than
their length once they are opened because the sampler will overfill. If the sampler overfills, it could

be damaged or expand, causing it to fall off the drive head.

Shelbv Tube Sampling Procedures

Because the Shelby tube does not remain closed until it reaches the desired sampling depth and
because it is not connected to a drive rod but to a Shelby drive head, sampling procedures for Shelby
tubes differ greatly from soil sampling with other methods. New drive rods cannot be continuously
added. Sampling at depths of greater than 30 inches requires a step-like procedure. ‘For example, to.
“sample to a depth of 90 inches, three Shelby tubes are needed. The first is advanced from 0 to

30 inches and then removed. The second is pushed through the hole madn_: by the first and advanced
to a depth of 60 inches and removed. The third is also pushed through the 60-inch deep hole and

advanced from 60 to 90 inches.

Samplers must be ready to change sampling methods if necessary. For example, if soils are not
cohesive. they tend to drop out of the Shelby tube as it is pulled from the ground. Also, if the soils
are not cohesive. they tend to collapse into the hole left by the initial tube before the second and third
tubes can be pushed into place. For this reason, use of the Shelby tube method is impractical at
depths of greater than 10 feet. Rocky soils are also difficult to sample with a Shelby tube sampler

because they tend to destroy the sampler while it is being driven into the ground.
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To sample using the Sheiby tube method, use the following procedures:

!

oL Turn on the hydraulic system and slowly press the Shelby tube into the soil using the
probe lever on the control panel.

2. Once the tube has reached the sampling depth or has been extended to nearly its full
30-inch length, stop the hydraulic punch and raise it off the drive cap and Shelby tube
drive head. , -

3. Unscrew the drive cap.

4. Screw on a pull cap.

5. Lower the hydraulic punch and lift the hammer latch. Remove the anvil. Place the

latch around the pull cap so that the latch will hold the cap to the hydraulic hammer.

6. Using the probe lever, raise the hydraulic punch to pull fhe Shelby tube from the
ground.

If the desired sampling depth is greater than 30 inches, additional Shelby tubes and probe rods must
be used. The tubes are then prepared for probing using the methods presented in Sections 2.2.1 and
2 3 1 above. To advance the Shelby tube deeper, the tubes are pushed through the hole left by the

first tube using the method detaiied above.

Once a Shelby tube core has been retrieved from a sampling point, it must be extruded from the

Shelby tube sampler using the following procedures:

1. Lower the hydraulic punch using the probe lever so that its mast will not strike the
top of the van as 1t is folded.

2. Lift the foot of the hydrauliz punch using the foot lever.
3. Slowly and carefully fold the hydraulic punch using the fold lever.
4, Once the punch is horizontal, the Shelby tube extruder bracket can be placed onto the

punch’s foot. This bracket will hold the Sheiby tube in place and allow the punch to
push the soil out of the tube.
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To sample using the Shelby tube method, use the following procedures:

[ ]

Turn on the hydraulic system and slowly press the Shelby tube into the soil using the
probe lever on the control panel.

Once the tube has reached the sampling depth or has been extended to nearly its full
30-inch length, stop the hydraulic punch and raise it off the drive cap and Shelby tube
drive head.

Unscrew the drive cap.

Screw on a pull cap.

Lower the hydraulic punch and lift the harmmer laich. Remove the anvil. Place the
latch around the pull cap so that the latch will hold the cap to the hydraulic hammer.

Using the probe lever, raise the hydraulic punch to pull the Shelby tube from the
ground.

If the desired sampting depth is greater than 30 inches, additional Shelby tubes and probe rods must

be used. The tubes are then prepared for probing using the methods presented in Sections 2.2.1 and

' 2.3.1 abave. To advance the Shelby tube desper, the tubes are pushed through the hole left by the

first tube using the method detailed above.

Once a Shelby tube core has been retrieved from a sampling point, it must be extruded from the

~ Shelby tube sampler using the following procedures:

Lower the hydraulic punch using the probe lever 50 that its mast will not strike the
1op of the van as it is folded.

Lift the foot of the hydraulic punch using the foot lever.
Siowly and carefully fold the hydraulic punch using the fold iever.
Once the punch is horizontal, the Shelby tube extruder bracket can be placed onto the

punch’s foot. This bracket will hold the Shelby tube in place and allow the punch to
push the soil out of the tube.
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13.

Insert an extension rod into the drive rod and screw additional extension rods together
until the assembly reaches the same depth as the sampler.

Attach a small extension rod handle to the top of the extension rod.

Rotate the extension rod handie clockwise until the leading extension rod has turned
the stop pin and disengaged it.

Pull and unscrew each extension rod from the hollow drive rod. The stop pih should
be attached to the bottom of the extension rod string. If not, repeat Procedures 1
through 6.

To sample, mark the drive rod with tape or chalk about 10 inches above the ground if
a 10-inch sampler is used or 24 inches from the ground if a 24-inch sampler is used.

Replace the drive cap and start the hydraulic system.
Drive the rod until the tape or chalk mark touches the ground. Be careful not to
overdrive the sampler. Doing so could compact the soil in the sampler or cause it to

halloon outward, making soil removal and extrusion difficult.

Raise the hydraulic punch and replace the drive cap with the pull cap. Remove the
anvil. :

Latch the pull cap underneath the hydraulic hammer latch and pull the rods out of the
ground, disassembling the rod as needed.

Check to ensure that a soil sampie is now in the sampler.

Once a soii sample has been removed from the ground, it can be extruded using the Geoprobe. The

tools supplied by Geoprobe Systems for extruding soil from probe-drive samptlers do not require the

Geaprobe to be folded and horizontal. If liners are used with large-bore samplers, extrusion is

usually unnecessary. When extrusion is necessary for probe-drive samplers, use the following

procedures:

Raise the foot of the hydraulic punch off the ground using the foot lever on the
control panel.

Attach the extruder rack onto the foot of the punch so that its crossbearn rests on top
of it.
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3. Completely disassemble the sampler. In all cases, remove the piston, point, and drive
head of the sampler. If using the Kansas and large-bore samplers, unscrew the
¢ removable cutting shoe as well. '

4. Insert the sample tube into the extruder with its cutting end up.

5. Insert a disposﬁble wooden dowel or the reusable steel piston above the soil and below
the hydraulic punch so that pressure on the dowel or piston from the punch will push
the soil out of the bottom of the sample tube.

6. Position proper sampling jars or trays under the sample tube and very slowly use the
probe lever to force the soil out of the tube. Injury can result if the soil is quickly
forced from the tube.

The soil sample is now ready for packaging or on-site laboratory analysis. For large-bore samplers,
the soil may be contained in a plastic sieeve that can be sliced away once the soil is to be packaged or
in a brass sleeve that may be capped on both ends and shipped to the laboratory as is. PRC's SOPs
on packaging and documenting samples for analysis should be followed when collecting samples using

the Geoprobe System.
2.3.3 Soil Gas Sampling Procedures

The standard method and the PRT system are used for collecting soil gas using the Geoprobe System.
The standard method requires the drive rods to be sealed together with either O-rings or Teflon tape.
to ensure an air-tight seal so that soil gas from depths other than the bottom of the drive-rod string

cannot penetrate the system.

The PRT system draws soil gas through continuous tubing that is dropped through the drive rod after
.the drive rod has reached the desired level. The tubing is then attached directly to the point holder at

the end of the drive-rod string.

For both methods, the drive rod should be driven to the desired depth. The drive cap should be
replaced by the drive pull cap, and the rod should be pulied back out of the hole approximately

6 inches. This 6-inch void is the area where the soil gas sample is collected from. A pipe wrench or
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vise-grip pliers should be attached to the pipe just above the foot of the hydraulic punch so that the

wrench or pliers rests on the foot to stop the drive rod from working its way back down into the hole.

Tygon tubing should be replaced berween each sample for both sampling methods to avoid cross

- contamination.

The standard method and the PRT system sampling procedures are presented below. In addition,
procedures for collecting soil gas in Tedlar bags, glass bulbs, and adsorption tubes is also presented

below.
Standard Method

To gather a sample using the standard method, raise the hydraulic punch as mentioneld above and
-replace the drive cap with a gas sampling cap. This cap is designed to fit the drive rods and is used
to connect them by tube to a vacuum supply. Once the tubing has connected the gas sampling cap t0
the vacuum supply, remove the volume of air necessary to ensure that none of the gas being drawn
was in the rod during probing, and then collect the sample in either Tedlar bags, glass bulbs, or

adsorption tubes as discussed below.

PRT System

To use the PRT system (with either an expendable or a retractable point} to collect soil gas samples

use the following procedures:

1. Secure the PRT adapter to the end of a piece of polyethylene tubing 1 to 2 feet longer
than the total length of the drive-rod string. The adapter must it tightly within the
tubing. If it does not, tape it into place. Also, ensure that the O-ring is in place on
the threaded end of the adapter.

2. Remove the drive cap from the probing rod and lower the adapter into it, holding on
to the tubing.
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Tediar Bags

Grasp the excess tubing and apply downward pressure. Turn the tubing
counter-ciockwise to engage the adapter threads on the sampier holder.

Pull up lightly on the tubing 1o test engagement of threads. If the adapter has not

engaged, try again. If it repeatedly does not engage, soil may have intruded into the
drive rod either during probing or, in the case of the retractable point, when the rod
was pulled back to leave the point opening. Use the threaded extrusion rods to clean

.out the threads.

In most cases, the adapter will easily screw into place. The sampler is now ready to
collect samples in either Tedlar bags, zlass bulbs, or adsorption tubes using the
procedures presented below. After the sample is collected and the sampler and tube is
removed from the ground, the O-ring should be checked to ensure that 2 good seal
exists between the sampler and adapter. If the O-ring is tightly smashed, the seal
should be good.

Discard polyethylene tubing and use new polvethylene tubing for each sample.

Soii gas can be collected for chemical analysis in a 500-cubic-centimeter Tedlar gas sampling bag by

inducing a vacuum on the exterior of the bag. The following procedures should be used to collect

soil gas samples in Tedlar bags:

For the PRT system, connect a short (6- to 12-inch) piece of Tygon tubing to the free
end of the polyethylene tubing protruding out of the drive rod. For the standard
method, connect the Tygon tubing to the soil gas sampling cap.

Attach the other end of the Tygon tubing to one end of the Tedlar bag chamber. PRC
uses modified, plastic. air-tight kitchen containers for these chambers. They are
inexpensive and work well.

Connect another piece of Tygon tubing 2 feet to 3 feet long to the other end of the
Tedlar bag chamber and to the nipple on the bottom of the vacuum system panel.

Place the lid on the Tedlar bag chamber.

Turn the vacuum/volume (vac/vol) pump switch on and allow pressure to build in the
vacuum tank. Make sure that the vacuum line valve is closed before turning on the
pump switch,
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1.

12.

Open the vacuum line vaive and purge three times the volume of ambient air our of
the Tedlar bag chamber and PRT tubing o~ probe rods. The equations for
determining purge volumes are as follows:

Probe rods or tubing

V = xr?H
where
¥V = Volume
x = 3.14159
r = Radius of tube or rod
H = Length of wbe or rod

Vacuum chamber

V = LWH
where
V = Volume
L = Length of chamber

W = Width of chamber
H = Height of chamber

Close the line valve.
Clamp the Tygon tubing shu: with hemostats.
Remove the lid from the Tedlar bag chamber.

Connect a Tedlar gas sampling bag to the fitting inside the Tedlar bag chamber and
open the valve on the gas sampling bag.

Place the lid back on the Tedlar bag chamber, seal it tightly, and remove the
hemostats, '

"Turn the vac/vol pump switch on and open the vacuum line valve to create a vacuum

in the chamber. The Tedlar bag should fill once the vacuum is created. The rate at
which the Tedlar gas sampling bag fills depends on the permeability of the soil. The
minimum amount of soil gas needed for analysis is approximately 0.5 Titer. If less
than 0.5 fiter is collected after 4 minutes of sampling, raise the soil gas probe 0.5 foot
and continue to evacuate the vacuum chamber for another minute. If the minimum
required volume of soil gas is not coliected, repeat the procedure. If the minimum
required volume of soil gas is still not collected, abandon the collection process. All
steps conducted should be accurately recorded in the logbock even if no sampies are
satisfactorily collected.
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13,

4.
15.

16.

Glass Bulbs

After the soil gas sample is collected in the Tedlar bag, clamp the Tygon tubing with
hemostats. o

Turn off the vacuum pump.
Remove the vacuum chamber lid.

Close the valve on the Tedlar gas sampling bag and remove the bag from the -
chamber. Label the Tedlar bag with the appropriate information.

The following procedures should be used to collect soil gas in glass buibs:

Tumn the vac/vol pump switch on and aliow pressure to build in the vacuum tank.
Make sure that the vacuum line valve is closed before starting the vacuum pump. The
inside scale of the vacuum tank gauge is calibrated in inches of mercury. The outside
scale is calibrated for volume in liters (at standard temperature and pressure). Obtain
the desired vacuum and turn the vacuum pump off. ‘

Connect a short (6- to 12-inch) piece of Tygon tubmg to lhe sample cap or PRT
protruding from the drive rod.

Connect one end of the labeled glass buib to the Tygon tubing.

Connect another piece of Tygon tubing 3 feet to 5 feet long to the other end of the
glass bulb and to the nipple on the bottom of the vacuumn system panel.

Open the two stopcocks on the glass bulb.
Turn off the vacuum pump.
Turn the vacuum line vaive to its open position.

Purge three times the volume of ambient air within the rods, buib, and tubing.
Equations for figuring out volumes are presented in the Tedlar bag discussion.

Turn the vacuum line valve to its closed position. Allow the pressure in the sample
train to equalize (the sample line gauge should read zero).

Close the stopcocks on the glass bulb.
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11. Remove the glass bulb and latel it with the appropriate information.

!

Adsorption Tubes

The following procedure should be used to collect soil gas in adsorption tubes:
1. Connect a short (6- to 12-inch) piece of Tygon tubing to the sample cap or PRT
protruding from the drive rod.
2. Connect this piece of tubing to the nipple on the bottom of the vacuum system panel
and purge three volumes of air from the drive rod or PRT system as described in the
discussion of the Tedlar bag method.

3. Use hemostats to clamp the Tygon tubing attached to the drive rod or PRT.

4.  Insert the adsorption tube between the Tygon tubing from the drive rod or PRT and
the Tygon tubing attached to the vacuum system panel.

5. Remove the hemostats and draw the required volume of air through the adsorption
tube.

6. Remove the adsorption tube and place the appropriate caps on the tube ends.

7. Clearly label package, and ship the samples as required by the laboratory or PRC and

U.S. Environmental Protection Agency (EPA) SOPs.
Soil Gas Sampling Pointers

If the needle on the vacuum line vaive does not move, the soil at the sampling depth may be
saturated, pore space may be too tight to yield a sample, or sampling train may be plugged. If the
needle moves back to zero very quickly, either the soil at the sampling depth is very permeable or a

leak is present in the sampling train.

In some soils, the needle may return to zero very siowly. The time it takes for the needle to return to
zero is calied the “recovery” time. Recovery time should be noted for each sampie taken. This

information will allaw reiative comparison of soil permeability. Recovery times of greater than
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10 minutes should be considered suspect. The effect of leakage in the sampling system increases with
longer, recovery times. After 10 minutes, the operator should consider either changing the sampling
depth, location, or length of pullback from the sampling tip, or switching entirely from soil gas

sampling to grab sampling and analysis of soil.
234 Groundwater Sampling

- The two options for sampling groundwater using the Geoprobe Syétem follow procedures similar to
those presented in Sections 2.3.2 and 2.3.3 above. The sections below detail procedures for using

mill-siotted well point samplers and Geoprobe screen point samplers to sample groundwater.

Mill-Slotted Well Point Sampler

Once the mill-slotted well point reaches grou.ﬁdwater, the water will begin to flow through the slots.
When the sample is to be analyzed for volatile organic compounds, do not use a vacuum to suck -
groundwater from the drive rod. If the sample is to be analyzed for other parameters such as metals,
semivolatiles, pesticides, or explosives, using a vacuum on the drive rod is acceptable. In all cases,
polyethylene tubing can be used as a thieving rod by lowering its end into the drive rod, capping or
sealing the tube’s top, and then removing it. The preferred method for collecting samples for volatile
organic analysis is to use a well mini-bailer. To collect groundwater samples with a mini-bailer, use

the following procedures:

1. Raise the hydraulic punch, turn off the hydraulic system, and remove the drive cap.

p Lower a weil mini-bailer into the drive rod until it reaches the bottom. As it reaches
the bottom, the check bail on the bailer’s end will float in the groundwater and then
slowly sink to the bottom. ' .

i Allow a couple of seconds for the ball to sink and set.

4, Pull the well mini-bailer out of the drive red. The bailer should contain about
20 miililiters of groundwarter.
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5. Package and document the samples in accordance with PRC SOPs No. 016, 017, 018.

and 019, or a similar EPA-approved procedure.
!

If a bailer is not required and volatile organic samples are not being collected, a foot valve sampler,
vacuum trap, or peristaltic pump can be used to collect samples. Once the sample has been removed

and packaged, the mill-slotted well point can be removed and decontaminated.

Geoprobe Screen Point Sampler

The Geoprobe screen point sampler contains a screen and screen plug that allows water to enter the

trod. To collect groundwater samples with a Geoprobe screen point sampler, use the following

procedures:
1. Push the sampler below the depth necessary to reach groundwater.

2. Raise the hydraulic punch and replace the drive cap with a puil cap. Also, remove the
anvil.

3 Latch the pull cap under the hammer latch, and use the probe lever to lift the drive.
rod about 18 inches. Because the sampler has a expendable point, the point should
stay at the deepest depth, and the screen and screen connector should fall out of the
bottom of the sampler. Sometimes, however, the screen stays within the sampler and
is lifted the 18 inches with the drive rod.

4 To ensure that the screen is exposed. attach a vice grip or pipe wrench (o the rod

above the foot of the hydraulic punch and raise the hydraulic punch. Then remaove
the puil cap and place an extension rod through the tubing to push the screen into
place. Additional extension rods can be attached to reach the desired depth.

To remove the groundwater sample for volatile organic analysis, with a weil mini-bailer, foliow steps
! through 5 under the mill-slotted well point section above. Tubing can be used as a thieving rod
with or without a check valve to collect groundwater samples as well. If the sampler is supplied with
‘the optional PRT expendable point holder, then a PRT adapter can be pushed through the drive rod
and threaded into place by following the PRT system Procedures previously discussed. A vacuum

trap system or peristaltic pump can then be used to withdraw the sampie. The PRT system method,
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however, should never be used when the sample is to be analyzed for volatile organic compounds

because it involves using a vacuum to remove the samplie.
3.0 PIEZOMETER AND VAPOR SAMPLING. IMPLANT INSTALLATION PROCEDURES

- The Geoprobe System’s ability to quickly probe into soil allows for easy installation of both

piezometers and vapor Sampling implants. Both instaliation procedures are discussed below.
3.1 PIEZOMETERS INSTALLATION

Piezometers are tubes that extend to groundwater and enable easy sampling of groundwater on a
routine basis (see Figure 10). In addition to installing the piezometer, piezometers must be protected
from the weather and from contamination. A well-head protector must therefore be installed around
therr. In some soil types, preparing the well-head protector may be the first step to installing a
piezometer. For this reason, the directions below should be read completely hefore beginning
piezometer installation. If a post-hole digger is to be used for well-head protector instaliation,

Procedure 5 should be performed first. The piezometer should then be advanced through this hole.
To install temporary or permanent piczometers, use the following procedures:

l. Use the hydraulic punch to drive the temporary casing to the desired piezometer
installation depth. Use the general procedures outlined in Section 2.3.1 above for
details on driving the piezometer casing. The different temporary casings that can be
used are described below. (Ceoprobe Systems also manufactures special drive caps,
expendable points, and pull caps that fit these types and sizes of pipe.

a) 1-7/16-inch outside diameter by 1-3/16-inch inside diameter, RW-flush
threaded pipe can be used as a temporary casing. This casing can be driven
to an approximately 25- to 30-foot depth. Two sizes of piezometer wells can
be installed inside of the temporary casing: (1) 3/4-inch outside diameter by
1/2-inch inside diameter, polyvinyl chloride (PVC) pipe, or (2) 1-inch outside
diameter by 3/4-inch inside diameter, PVC pipe.
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3.2

b) - 1-13/16-inch outside diameter by 1-1/2-inch inside diameter, EW-flush
threaded pipe can be used as a temporary casing. This casing can be driven
to an approximately 15- 1o 20-foot depth. Three sizes of piezometer wells can
be installed inside of the temporary casing: (1) 3/4-inch outside diameter by
1/2-inch insider diameter PVC pipe, or (2) 1-inch outside diameter by
3/4-inch inside diameter, PVC pipe, or (3) 1-1/2-inch outside diameter by
1-inch inside diameter, PVC pipe. :

) 1-1/4-inch outside diameter by 1-inch inside diameter, NPT-threaded pipe can
be used as a temporary casing. This casing can be driven to an approximately
25- to 30-foot depth. Only 3/4-inch outside diameter by 1/2-inch inside
diameter, PVC pipe piezometer wells can be installed inside of the temporary
casing. If using NPT-threaded pipe, couplers are needed to attach each
section of pipe.

Once the piezometer casing is at the proper depth, remove the drive cap and install
the selected size piezometer pipe inside of the temporary casing.

Using a pull plate, remove the temporary casing.

If the hole stays open, attempt to install 2 sand pack around the slotted portion of the
piezometer, and then place dry granular bentonite on top of the sand pack as a seal.
One foot of bentonite is recommended for a good seal.

Dig an 8-inch nominal-diameter hole around the piezometer pipe. This hole should
extend to a depth of 1.5 to 2 feet. A post-hole digger can be used for this procedure
if the hole is dug prior to driving the temporary casing. The bottom 6 inches of this
hole should be filled with dry granuiar or slurry bentonite. The remainder of the hole
should be filled with concrete. A steel, locking, aboveground or flush-mount well
protector should be inserted into the wet concrete to provide well-head security. A
concrete pad can also be constructed around the steel well-head protector.

VAPOR SAMPLING IMPLANT INSTALLATION

Figure 11 presents diagrams of vapor sampling implamts. To install vapor sampling implants, first

punch a drive rod to the desired depth using an expendable point holder and an expendable point.

Once at the desired sampling depth, use the following procedures:
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Disengage the expendable point and retract the probe rod about 1 foot by raising the
hydraulic punch, replacing the drive cap with a pull cap, removing the anvil, latching
the pull cap onto the hydraulic hammer using its latch, and raising the hydraulic
punch again using the probe lever.

Lock the rod into place so that it does not sink back into the hole by using vice grip
pliers or a pipe wrench. '

Unlatch the pull cap and raise the hydraulic punch again, leaving room to work
freely. '

Remove the pull cap.

Attach appropriate stainfess-steel tubing to the vapor implant. If tubing is precut,
allow 48 inches more than the required depth of the implant.

Insert the implant and tubing down the inside diameter of the probe rods until it stops.
Note the length of the tubing inserted to ensure that the desired depth has been
reached. Allow the excess rubing to extend out of the drive rod's top.

Pour glass beads down the inside diameter of the probe rod using a funnel to create a
permeable layer around the implant.

Use the tubing extending from the drive rod to stir the beads into place. Do not lift
up on the tubing while doing so.

Position the remaining tubing through the hole on a rod pull plate, and then place the
drive rod through that hole.

Attach the plate to the hydrautic punch using its chain and slowly pull the rod up
another 18 to 24 inches. While the punch pulls the rod, push down on the tubing so
that it stays in place. ‘

Pour bentonite seal mixture down the inside diameter of the probe rod. Stir the
mixture using the tubing as before. The initial mixture may also be topped with
distilled water 1o initiate the bentonite seal depending on the site and on the role the
vapor implant is to play.

Pull the drive rod from the hole using the probe rod pull plate aiready attached, and
then plug the hole using granular bentonite or a bentonite slurry mixture.

The vapor sampling implant should now be in piace and the stainless steel tubing connected to it

should be protruding from the ground. The vapor implant tubing shouid be protected by a well-head
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protector in the same manner as the top of the piezometer. Procedure 5 in Section 3.1 describes

well-head protector installation.
40 ROD REMOVAL PROCEDURES

Throughout the above discussions, it has occasionally been necessary to remove drive rods and -
samplers. The standard removal procedures involve raising the hydraullic punch, turning off the
hydraulic system, replacing the drive cap with a pull cap, rcmo»;ing the anvil, and then latching the
pull cap under the hammer laich. The hydraulic punch can then be used to pull the rod from the

ground.

Two deviations to this procedur'e often occur. The first deviation is necessary when sampling tubes
are 1o be left inside the hole as the drive rod is removed, especially when soil gas implants or
‘piczometers have been instalied. Because of the presence of these sampling tu_bés, a pull cap cannot
be screwed onto the top of the drive rod. Instead, a rod pull plate is used. This plate is a piece of
steel with a hole in it large enough for a drive rod to fit through it. The plate has a hook on one end.
The tubing and rod are pushed through the plate, and the pull plate is attached to the latch on the
hydraulic punch by a chain. As the punch pulls up, the plate shifts, and the inside of the hole binds
on the rod. This binding usually holds the rod to the plate and results in the rod being pulled up as

the punch is raised.

The second deviation occurs when the rods have not been pushed perpendicular to the grbund. In
these cases, a specially designed chain-assisted pull cap is used. This cap looks like a pull cap but
has a chain on it that fits under the latch of the hammer. Once the cap is screwed to the drive rod

and latched to the probe, raising the probe raises the rod.

In a few cases, drive rods break while in the ground. To retrieve these rods, a rod extractor is used.
This extractor looks something like a drill bit and is screwed to the end of a probe rod. A hammer is
then used to pound the extractor into the top of the broken rod. The extractor joins the broken rod to

the second drive rod so that they can be pulled out together.
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5.0 BACKFILLING PROCEDURES
Unless otherwise specified in the site-specific sampling plan, holes made by sampling with Geoprobe
System toois are to be backfilled with dry, fine, granular bentonite. Water may be added to activate
the bentonite. Tops of the holes may then be filled with soil or concrete as necessary for each -

particular site.
6.0 DECONTAMINATION PROCEDURES

Between holes, the probe rods and sampling tools must be decontaminated. Because no provisions for
~ decontamigation are included in the Geoprobe System, a separate decontamination station must be
provided. A wire brush, a barrel brush for rexming out the rods, and soft brushes will clean sticky
soil from the probe rods and sampling tools. Follow PRC SOP No. 002 deeontaminaﬁon procedures
when sampling soil or groundwater.

When sampling for soil gas by the standard method, Geoprobe rods and samplers are heated
approximately 15 to 20 minutes by a 100,000-British thermal unit heater until they are too hot to
touch with the bare hand. They are then allowed to cool before reuse. Do not heat the rods too
much or the rod metal will fatigue. |

When sampling for soil gas by the PRT methcd, the probe rods do not have to be decontaminated.
However, the PRT expendabie point holder and PRT adapter do need to be decontaminated. They
can be heated on the dash of the vehicie with the defrost system or scrubbed in Alconox and water.
Equipment blank samples can be collected, if necessary, as part of the quality control process.

Sampling plans may bave different decontamination requirements. Most plans also require rinsate

sample collection as part of the quality control process.
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1.0 BACKGROUND

Groundwater sampling may be required for a variety of reasons, such as examining potable or-
industrial water supplies, checking for and tracking contaminant plume movement in the vicinity of a
land disposal or spill site, RCRA compliance monitoring; or examining a-site where historical

information is minimal or nonexistent, but where it is thought groundwater may be contaminated.

Groundwater is usually sampled through an in-place well, either temporaﬁiy or permanently installed.

However, it can also be sampled anywhere groundwater is present, a$ in a seep or spring, pit or a
dug or drilled hole.

Qccasionally, a well will not be in the ideal location to obtain the needed sample (for example, to
track a contaminant plume). In such a case, a temporary or permanent well will have to be installed.
An experienced and knowledgeable person, preferably a hydrogeologist, will need to locate the weil

and supervise its installation so that the sarples ultimately collected will be representative of the
groundwater.

1.1 . PURPOSE

This standard operating procedure (SOP) establishes the requirements and procedure for measuring

through groundwater sampling, the guality of groundwater entering or leaving site, or affected by site
activities.

1.2 SCOPE

This SOP applies to all groundwater sampling activities conducted in the field.
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13 DEFINITIONS

Bailer ~ A tube of stainless steel or Teflon with valves on either end used to extract water from a
well. The bailer is lowered and raised by a cable that may be cleaned and reused, or by means of a
disposable rope.

Electrical Water Level Indicator — An electrical device that has a light or sound alarm connected to
an open circuit used to measure the depth to fluid. The circuit is closed when the probe intersects a

conducting fluid. The wire used to raise and lower the probe is usually graduated.

Immiscible Phase — Liquid phases that cannot be uniformly mixed or blended with water. Heavy

immiscible phases sink; light immiscible phases float on water.

Interface Probe — An electrical probe that measures the distance from the surface to air/water,

air/immiscible, or immiscible/water interfaces. The immiscible fluid is typically a floating

hydrocarbon.

Purge Volume — The volume of water that needs to be removed from the well to insure that a sample

representative of the groundwater is taken.
Riser Pipe - The length of well casing above the ground surface.
Total Well Depth — The distance from the ground surface to the bottom of the well.

Water Level — The level of water in a well. Measured as depth to water or as ¢levation of water,

relative to a reference mark or datum.
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15 REQUIREMENTS AND RESOURCES

There are various options available to obtain groundwater samples. The procedures are outlined in

the following section. The equipment needed for these procedures includes:

. Organic vapor analyzer (OVA) or photdio;lization detector (PID)

. Pipe wrench

U Electrical water level indicator or interface probe |

¢ Steel tape with heavy weight

. Purging device (type needed depends on well depth,'casing diameter, type of sample

desired)
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. Sampling device (type needed depends upon depth to water and type of sample
.desired) ' :

- Teflon bailer

- Stainless steel bailer

- . Teflon bladder pump

- Stainless steel submersible (nonoil-bearing) pump
- Existing dedicated equipment

- Peristaltic pump

. Sample containers

. Wastewater containers of kriown value
. Logbook

¢ Stopwatch

Additional equipment will be necessary to complete field measurements of the sampie (refer to SOP

Nos. 011, 012, and 013). These procedures are performed concurrent with groundwater sampling.
2.0 PROCEDURE

Prior to sampling, a site-specific sampling plan will be developed. The plan will consider the site

characteristics and will consist of:

. The specific repeatable well measurement techniques and reference points for the
depth to water and the depth to bottom of the well
. The specific method of purging and selection of purging equipment

. The specific method for field analytical measurements and the selection of field
analytical equipment

. The specific method of sample collection and selection of sampling equipment
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. The order of sample bottle filling

. The sample chemical analytical parameters

. Specific decontamination and cleaning procedures for equipment
2.1 APPROACHING THE WELL

In general, all wells should be assumed to pose a health and safety risk until field measurements

determine otherwise. Approach wells from the upwind side. Record well appearance and general
condition in the logbook. '

Once at the well, the lead person should systematically use the health and safety monitoring
instrument to survey the immediate area around the well (from casing to ground and from top of
casing to breathing zone) while wearing appropriate respiratory protection equipment. If elevated
OVA and PID meter readings are encountered, retreat to a safe area and instruct the sampling team 10

put on the appropriate safety gear.

Upon opening the well, the lead person should systematically survey inside the well casing from
casing to ground, from above well casing to breathing zone, and the immediate area around the well.
If elevated OVA and PID meter readings at the breathing zone are encduntered, (see health and safety
plan for actioni levéls) retreat and put on appropriate safety gear. It is important to remember that
action levels are not to be determined by readings within the well casing but at the breathing zone.

All heaith and safety monitoring instrument readings will be recorded in the logbook.
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2.2 ESTABLISHING A SAMPLE PREPARATION AREA

In general, survey readings at the well will dictate the appropriate location to set up an area for
sample preparation.' If no elevated readings are encountered, any area upwind or to either side of the
well should be selected. If elevated readings are encountered, this area should be taped off and
continuously monitored during sample preparation. If persistent elevated readings in this area are

encountered, cease sampling and reestablish the sample area upwind where safe ambient readings are

found.
23 PRELIMINARY WELL MEASUREMENTS

Several preliminary well measurements should be made before initiating sampling of the well. These
include measuring water levels and total wall depth, inspecting for the presence of immiscible phases,

and calculating purge volumes. All preliminary measurements will be recorded in the logbook as
they are made.

231 Water Level and Total Well Depth Measurements

PRC typically uses an electric water level indicator for water level measurements. This device sounds
an alarm or ifluminates a light when the measuring probe touches the water surface, thus closing an
electrical circuit. The electric cable supporting the probe is usually graduated in feet and can be read
at the well site directly. The remaining fraction is measured with a steel tape specifically graduated
to 0.01 foot. If the monitoring well is not constructed flush to the ground surface, the distance
between the static water level and the top of the riser pipe at the point of water-level measurement is
measured and recorded. The height of the riser pipe above ground surface is then subtracted from the
total reading to give the depth to static water. To improve the accuracy of the readings, the probe

and cables should be left hanging in the well for a series of three readings, and the values averaged.
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This procedure helps to eliminate any errors from kinks or bends in the wires, which may change the
length when the device is pulied up and let down.

The total well depth can be measured by using a steel tape with a heavy weight attached to the end.
The tape is lowered into the well until resistance is met, indicating that the weight has reached the
bottom of the well. The total well depth is then read directly from the steel tape to the nearest 0.01
foot fraction. If the well is not constructed flush to the ground surface, the distance between the
bottom of the well and the riser pipe at the point of water-level measurement is measured and
recorded. The height of the riser pipe above the ground surface is then subtracted from the total
reading to give the depth to the bottom of the well. To improve the accuracy of the readings, the

weighted steel tape should be left hanging in the well for a series of three readings, and the readings
averaged. '

Note: Electric water-level indicators and stee! measuring tapes must be periodically checked for
damage and repaired as necessary, and calibrated and modified as needed.

2.3.2 Assessing If Immiscible Phases Are Present

If immiscible phases (organic floaters or sinkers).are present, the following measurement activities
should be undertaken. Organic liquids are measured by lowering an interface probe slowly to the
surface of the liquid in the well. When the audible alarm sounds, record the depth. If the alarm is
continuous, an organic layer has been detected. To measure the thickness of this layer, continue
lowering the probe until the alarm changes to an oscillating signal. The oscillating signal indicates

that the probe has detected an aqueous layer. Record this depth as the depth to water and calculate
the thickness and the volume of the immiscible layer.
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Continue lowering the probe into the well to establish if immiscible dense phases (sinkers) are
present. If the alarm signal changes from oscillating to a continuous sound, a heavier immiscible

layer has been detected; record this depth,

Continue lowering the probe to the bottom of the well and record the total depth. Separate total depth
measurements with a steel tape are not necessary when using an interface probe. Calculate and
record the sinker phase volume and total water volume in the well. A chart is provided in Table 1 to

assist in these calculations. If immiscible phases are present, immediately refer to Sections 2.5.1 or
2.5.2 of this SOP.

- 2.3.3 Checking Physical Integrity of the Surface Seal and Redeveloping Wells

Following installation of the well and periodically (every 2 to 3 years, consult with the project
manager as to the time period), verify the surface seal of the well and redevelop the well. The
surface seal is checked to verify that surface water cannot infiltrate the weli. Redevelopment of the

well assures that wells are hydraulically connected to the aquifer.

Check the surface seal of the well by slowly pouring 5 gallons of deionized water around the surface
of the well. The water level in the well should be continuously recorded while pouring surface water
to see if the level shows any leakage of the surface seal. Record water level measurements for 5
minutes after the last of the deionized water is discharged around the well. Prohibit the deionized

water from draining into the wells with below-grade well casing,

- Wells previously developed should be developed again at an interval selected by the project manager.
Develop wells according to PRC’s Standard Operating Procedure No. 021.
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234 Calculation of Purging Volume

If the presence of floaters or sinkers does not need to be determined, measure the depth to water and
the total depth of the well as described in Section 2.3.1. Once these measurements have been made
and recorded, use Table 1 to calculate the total volume of water in the well. Multiply this volume by
the purging factor to calculate purging volume. The project-specific standard purging factor is at least
three casing volumes but may be superseded by site-specific program requirements and by individual |

well yield characteristics.

In Table 1, the volume of water in a 1-foot section of a 2-inch-diameter well is 0.16 galion. This
chart can easily be used for any water depth by multiplying all the values in Table 1 by the L value
{depth, in feet, of water in the well),

24 PURGING THE WELL

Currently, PRC standards allow for six options for purging wells:

1) Teflon bailers

2) Stainless steel bailers

3) Teflon bladder pumps

4) Stainless steel submersible (nonoil-bearing) pumps

5) Existing dedicated equipment (use of these devices must be approved by on-site client
representatives) '

6) Peristaltic pumps (these devices are for use in shallow wells only and must be
' approved by the on-site client representative)
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TABLE 1

LIQUID VOLUME IN A 1-FOOT SECTION OF WELL CASING

Volume of Liquid

Casing Inside '
Diameter _ (Fluid oz.) {Galions) (Milliliters)
(inches) (V=5.224.D.)) [V=0.408(1.D.) [V=154.401.D.)1

1 522 0.04 154.4

112 11.74 0.09 3473

2 20.88 0.16 617.5

3 46.98 0.37 1389.4

4 83.52 0.65 2470.0

The volume of water in the well is based on the formula;

r xD?

<
I
.#
.

4

where:
the inside diameter of the well in feet

the depth in feet of the water in the well

the volume of water in the well in cubic feet
3.14

N v
T (T,

As previously stated, the established standard purging volume is at least three casing volumes. The

exception to this standard (other than program requirements) is in the case of low-yield wells. When

purging low-yield wells, purge the well once to dryness. Sampies should be collected as soon as the
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well recovers. When full recovery exceeds 3 hours, samples should be collected as soon as sufficient

volume is available,

At 1o time should the purging rate be high enough to cause the groundwater to cascade back into the

well, resulting in excessive aeration and potential stripping of volatile constituents.

The actual volume of purged water can be measured using several acceptable methods:

. When bailers are used, the actual volume of each bailer’s contents can be measured
using a calibrated bucket.

. If a pump is used for purging, the pump rate can be determined by using a bucket,
stopwatch, and the duration of pumping until the necessary volume is purged.
. The volume of purged water and number of casing volumes purged should be
recorded.
2.5 SAMPLE COLLECTION

The technique used to withdraw a groundwater sample from a well should be selected based on the
parameters for which the sample will be analyzed. To ensure that the groundwater samples are

representative, it is important to avoid physically altering or chemically contaminating the sample

during collection, withdrawal, or containerization.

" The preferred sampling devices for all parameters are double check valve stainless steel or Teflon
bailers. A Teflon bladder pump may be used. Additional field measurements should be performed,
and results recorded, at the time of sampling. Refer to SOP Nos. 011, 012, and 013.
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In some cases, it may become necessary to use dedicated equipment already in the well to collect
samples. This is particularly true of high volume, deep wells (> 150 feet) where btadder pumps are
ineffective, and bailing is impractical. If existing equipment must be used, however, note .the make
and model of the pump, and check with the manufacturer concerning component construction
materials. If an existing pump is to be used for sampling, make sure the flow volume can be reduced
so that a reliable volatile organics analysis (VOA) sample can be taken. Record which specific port,
tap, or valve the sample is coilected from.

General sampling procedures include the following:

o Clean sampling equipment should not be placed directty on the ground. Use a plastic
drop cloth or feed line from clean reels. Never place contaminated lines back on
reels.

. Check the operation of the bailer check vatve assemblies to confirm free operatio.n.

L If the bailer cable is to be decontaminated and reused, it must be made of Teflon-

coated stainless steel. Braided stainless steel is acceptable if used once and disposed.

. Lower sampling equipment slowly into the well to avoid degassing the water and
- damaging the equ1pment

. Bladder pump flow rates should be adjusted to eliminate intermittent or pulsed flow.
The settings should be determined during the purging operations.

. A separate sample volume should be collected to measure necessary field data.
Samples should be collected and containerized in the order of the parameters’
volatilization sensitivity. Table 2 lists the preferred coliection order for some
common groundwater parameters.

There are two schools of thought on using an intermediate container to prepare VOA samples

specifically, and ali parameters in general. Until more quantitative data are generated, the project-
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specific standard is not to use such intermediate containers. PRC will, instead, obtain all replicate

VOA samples at a single sampling point or from a sihgle bailer load.

2.5.1 Collection of Light Immiscible Floaters

The approach used when collecting floaters depends on the depth to the floating layer and the
thickness of that layer. If the thickness of the floater is 2 feet or greater, a bottom valve bailer is the
equipment of choice. Slowly lower the bailer until contact is made with the floater surface, and lower

the bailer to a depth less than that of the floater/water interface depth as noted by preliminary

measurements with the interface probe.

When the thickness of the floating layer is less than 2 feet and the depth to the surface of the floating |

layer is less than 15 feet, a peristaltic pump can be used to extract a sample.

TABLE 2

ORDER OF PREFERRED SAMPLE COLLECTION

Rl e B =Nl ol

p—
_— )

p—
Lo

Volatile organics (VOA)
Purgeable organic carbon (POC)
Purgeable organic halogens (POX)
Extractable organics

Total metals

Dissolved metals’

Total organic carbon (TOC)
Total organic halogens (TOX)
Phenols

Cyanide

Sulfate and chioride

-Nitrate and ammonia

Radionuclides

SOP No. 010
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. However, when the thickness of the floating layer is less than 2 feet and the depth to
the surface of the floating layer is beyond the effective "lift" of a peristaitic pump
(greater than 25 feet), a bailer can.be modified to allow filling from the top only (an
acceptable alternative is to use a top-loading Teflon or stainiess steel bailer).
Disassemble the bailer’s bottom check vaive and insert a piece of 2-inch-diameter
Teflon sheet between the ball and ball seat. This will seal off the bottom valve.
Remove the ball from the top check valve, thus ailowing the sample to enter from the
top. To overcome buoyancy when the bailer is lowered into the floater, place a
length of 1-inch stainless steel pipe on the retrieval line above the bailer (this pipe
may have to be notched to allow sample entry if the pipe remains within the top of the
bailer). Or, as an alternative, use a top-loading stainless steel bailer. Lower the
device, carefully measuring the depth to the surface of the floating layer, until the top
of the bailer is level with the top of the floating layer. Lower the bailer an additional
one-half thicknass of the floating layer and collect sample. This technique is the most

effective method of collection if the floater consists of only a few inches of material.
2.5.2 Collection of Heavy Immiscible Sinkers

The best method for collection of sinkers is use of a double check valve bailer. The
key to collection is slow, controlled, lowering and raising of the bailer to and from
the bottom of the well. Collection methods are equivalent to those described in
Section 2.5.1 above. Note that both floaters and sinkers must be collected prior to
any purging activities.

2.5.3 Collection of Volatile Organics Samples

This section discusses the collection of YOAs using either a bailer or bladder pump.
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2531 Collection with Bailers

VOAs should be collected from the first bailer removed from the weil after purging.
The most effective means employees two people. One person should retrieve the
bailer from the well and pour its contents into the appropriate number of 40-mL VOA
vials held by the second person. Cap the vial and invert. If a bubble exists, discard
and repeat. Do not reopen the vial and add additional sample. The sample is
transferred from the bailer to the container in a manner that will }imit the amount of

agitation in order to reduce the loss of volatile organics from the sampie.

Always prepare VOA splits from the contents of a single bailer. If the bailer is

refiiled, samples are not splits.

2532 Collection with a Bladder Pump (Well Wizard)

To successfully perform VOA sampling with a Well Wizard bladder pump, the
following steps must be completed:

1) Following manufacturer’s diregtions, activate the Well Wizard pump.
Full water flow from the discharge tubing will begin after 5 to 15
pumping cycles. These initial pumping cycles are required to purge
air from the pump and discharge tubing. The discharge and recharge
settings must be manually set and adjusted to pump at optimum flow
rates. To activate the bladder, it is best to set the initial cycle at long
discharge and recharge rates.

2) Reduce water flow rate for VOA sample collection. To reduce the
water flow rate, turn the throttle control valve (located on the left side
of the Well Wizard pump control panel) counterclockwise.

3) Collect VOA sample from discharge ubing. VOA vials must be
placed beneath the discharge tubing while avoiding direct contact
between the vials and the tubing. Never place tubing past the mouth
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of the VOA vial. The pump throttie control must be turned as
necessary to maintain a trickle of water in order to obtain a meniscus

in the vial.
4) Continue with non-VOA sampling. Increase pump flow rate by

‘turning the throttle control knob clockwise.
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1.0 BACKGROUND

Temperature readings are used in the calculation of various forms of alkalinity, in studies of
saturation and stability with respect to calcium carbonate, in the calculation of salinity, and in general

laboratory operations. Properly measuring temperature, therefore, is important to a wide variety of
field operations.

1.1 PURPOSE

This standard operating procedure (SOP) establishes the requirements and procedures for measuring

water temperature in the field.

| 1.2 SCOPE

This SOP applies to méasuring the temperature of surface and groundwater while in the field.
1.3 DEFINITION

National Institute of Standards and Technology Certified Thermometer: A thermometer that

carries certification of its temperature-reading precision.

1.4 REFERENCE

U.S. Environmental Protection Agency. 1986. "Resource Conservation and Recovery Act (RCRA)
Ground-Water Monitoring Technical Enforcement Guidance Document” September.
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1.5 REQUIREMENTS AND RESOURCES
The following equipment may be required for the measurement of water temperature in the field:

A mercury-filled thermometer with metal case

]

® - An electronic thermistor with accuracy to 0.1°C and with an extension probe
e A National Institute of Standards Technology Centified Thermometer

L A container

) Decontamination materials

®

A field logbook

2.0 PROCEDURES

Under normal conditions, temperature measurements may be made with any reliable, glass, mercury-
filled thermometer. At a minimum, the thermometer should have a scale etched on the capiilary giass -
every 0.1°C or 0.2°C. The thermometer will have a minimal thermal capacity to permit rapid
equiiibration. The thermometer will be calibrated at least annually using a precision thermometer
certified by the National Institute of Standards and Technology. Centified thermometers are

maintained in the company's equipment distribution center. Thermometers will be housed in 2 metal

case to prevent breakage.

In some conditions, temperature measurements may be made with a digital electronic thermistor with
an accuracy of 0.1°C. The thermistor must be maintained as described in the manufacturer’s
operation and maintenance manual. In particular, always check the energy level of the thermistor's
battery before each use. If the standard probe is not sufficient for taking temperature readings, then
an extension probe may be used. Follow the manufacturer’s directions to insure that unbalanced

resistance in the extension probe does not distort temperature readings.

Temperature measurements should be taken ac the water source. If it is not possible to measure the

temperature at the source, collect a sample of the water 1o be measured and place the sample in an
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intermediate container. When an intermediate container is used, fill the container with the sample and
allow the temperatuce of the container to equilibrate with that of the sample and record the
temperature. Dispose of the sample and collect a new sample. Place the new sample in an

intermediate container and repeat the process just described.

Make temperature readings using the thermometer or probe while immersed in water long enough to
allow complete equilibration. Depending on the type of thermometer, immerse it to mark or immerse

totally. Report results to the nearest 0.1°C or 1.0°C, depending on the project specifications.

Record measurements in the field logbook. After taking the measurements, decontaminate the

thermometer or probe according to the requirements in SOP No. 002, "Equipment Decontamination.”
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1.0 BACKGROUND

Determining pH is critical for predicting and interpreting the reactions and migration of dissolved
‘chemical constituents in groundwater or surface water. The pH of groundwater or surface water must

be determined when a sample is collected in the field.
1.1 PURPOSE

This standard operating procedure (SOP) establishes the requirements and procedures for measuring

the pH of water samples in the field.

1.2 SCOPE

This SOP applies to the use of pH meters in the field.
1.3 DEFINITIONS

pH Electrode: An electrode that measures the hydrogen ion potential of a solution by comparing it
to a standard solution with a known hydrogen ion potential. A thin glass membrane functions as 2
cation exchange surface. When the electric potential of the interior of the glass membrane is
compared to the electric potential of a standard solution kept isolated from the environment, a
quantitative determination of the change in the internal solution’s electric potential, induced by the

external solution, can be made.

Nernst Potential: Nemst Potential is the voltage observed when the glass membrane separates the
external solution from the internal solution. Nernst Potential varies depending on the hydrogen ion

potential between the external and internal solutions and, therefore, correlates with the pH of the
solution.
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Because the hydrogen ion conteat of the internal solution is constant, the changes in Nernst Potential

are due to the changes in the external solution.

Buffer Solution: A buffer solution is capable of maintaining the relative concentrations of acids and
bases by neutralizing, within limits, added acids or bases. It has a known pH for a specific

temperature range.

1.4 REFERENCES
None.

1.5 'REQUIREMENTS AND RESOURCES

'I‘hé pH meters used by personnel in the field should have temperature and slope adjustments and a
repeatability of plus or minus 0.01 standard pH unit. Meters used for pH field measurement should
be of rugged construction. A foam-lined carTying case is convenient both for transport and for use as
a work table. Battery-operated meters with easily replaceable or rechargeable batteries are required.
Also, a spare pH electrode should be available in the field. Both the spare and working electrodes

should be irnmersed in a pH 4 or pH 7 buffer solution when not in use.

The following are recommended for field measurement of pH:

. pH meter with repeatability of +0.0! standard pH unit
L Buffer solutions of pH 4, 7, and 10

¢  pH electrode (probe)

* Electrode filling solution

. Electrode holder

. Thermometer |

®

Deionized water and wash bottle
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. Disposable beakers
L Logbook or field sheets

2.0 PROCEDURES
Meter calibration and field measurement procedures are outlined in the following subsections.
2.1 CALIBRATION

Commercially prepared buffer solutions should be used for calibration. Solutions traceable to the '
National Bureau of Standards can be purchased inexpensively from any major laboratory supply
house. These solutions are certified with an accuracy of plus or minus 0.01 pH unit at a specific
temperature, usually 25 °C. Theoretically, buffer solutions are stable indefinitely. However, they
are susceptible to contamination, and old, partially full bottles should be replaced.

Because various terms are used to describe the pH meter calibration process, providing a detailed set
of instructions for each type of instrument is not practical. Always refer to the manufacturer’s
instructions when using a particular instrument. The following general procedure should be used to

calibrate any pH meter:

1. Calibrate the meter with two buffer solutions to determine if the electrodes are in
working order. The slope canpot be adjusted with a one-point calibration.

2. To calibrate the meter, use one buffer solution with a pH greater than and one buffer
solution with a pH less than the anticipated pH of the sample. For example, for an
anticipated pH of 6, calibrate with pH 4 and pH 7 buffers; for an anticipated pH of 8,
calibrate with pH 7 and pH 10 buffers.

3. Ensure that the buffers are at the same temperature as the sample (within 2° C), Pour
aliquots into small containers; never put the electrode into the buffer storage bottles.

4. Adjust the instrument to read the pH 7 buffer accurately. Adjust the temperature
compensator according to the manufacturer’s instructions. Be sure to rinse the probe
with deionized water after taking the calibration measurement,
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2.2

Adjust the instrument to read the pH of the second buffer accurately. If it is not
possible to adjust the instrument to read the pH of buffer solutions accurately, check
for a defective electrode or contaminated buffer solution. Be sure to rinse the probe
with deionized water after taking the calibration measurement.

The meter must be calibrated before the start of each work day'. Check the calibration
periodically and recalibrate if necessary. ' B

FIELD MEASUREMENT

Do not filter field samples prior to analysis. When measuring the pH of groundwater samples, use a

submersible pump or bladder pump to obtain the sample to minimize the release of gas from the

sample.

The following procedure should be used for field measurement of pH:

Calibrate the instrument and set the temperature compensation according to the
manufacturer’s instructions.

Collect the sample to be measured in a prerinsed jar or beaker or a flow-through cell.

Measure the temperamfe of the sample to the nearest 1.0 °C, following procedures
outlined in SOP No. 11, "Field Measurement of Water Temperature.”

Set the temperature compensation on the pH meter to the temperature of the sample,
following the manufacturer’s instructions.

Rinse the probe with deionized water.

Immerse the probe in the sample. Record the pH value indicated. If the sample is
being pumped through a closed container, wait for the temperature and pH to

stabilize. Stop sampte flow to eliminate streaming potential. Record the pH value

indicated.

Record measurements in a logbook, on field sheets, or as specified in the project
work plan.
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3.0 POTENTIAL PROBLEMS

- Temperature, atmospheric contamination, and ionic strength are factors that may affect pH

measurements, Each of these three factors are discussed below. Color, turbidity, and colloaids will

not affect pH measurements,

Temperature: As indicated on Table 1, pH is affected by temperature, To prevent this from causing
incorrect pH readings, the temperature compensator on the pH meter must be set to the temperature
of the sample. Also, the meter must be calibrated at approximately this same temperature. The
temperatures of the buffer and the unknown liquid should both be recorded at the time of '
measurement. Ideally, their temperatures should be within 2 °C of each other,

Atmospheric Contamination: Atmospheric contamination can be a significant problem whea
sarmpling the pH of groundwater. When the sample is exposed to air, dissolvéd oxygen and carbon
dioxide can change a sample’s pH. To insure that this problem does not affect the pH measurement,
a groundwater sample should ideally be pumped through a closed container in which pH and |
temperature probes are immersed. The measurements should not be recorded until both temperature
and pH have stabilized. The sampling pump should be stopped before recording the data because a
streaming potential will affect the measurement in a flowing sample.

Ionic Strength: Because of the potential for errors due to ionic strength, pH measurement should
always be accompanied by a measuremeant of specific conductance, as discussed in SOP No. 13,
“Field Measurement of Specific Conductance.”
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TABLE 1

pH OF BUFFER SOLUTIONS AS A FUNCTION OF TEMPERATURE

Standard 40 7.0 10.0
0 401 7.13 10.34
| 3.99 7.10 10.26
10 4.00 7.07 10.19
15 3.99 7.05 10.12

20 400  7.02 10.06
25 4.00 7.00 10.00
30 4.01 6.99 9.94

In general terms, pH is a measure of hydrogen ion activity. Normally, water samples are assumed 10
be ideal solutions in which other ions do not affect hydrogen ion activity. However, if the ionic
strength is too high, this assumption does not hold true. Some site investigations include sampling of
waste ponds or other highly contaminated water that has very high ionic strength. Because buffer
solutions used in the field are not made with 2 similarly high concentration of dissolved ions, pH
measurement of highly contaminated water will be inaccurate. Similarly, pH measurement of samples
with very low ioni¢ strength will be inaccurate because the low ionic strength of the sample
approaches the level of resistance in the.glass electrode. To reduce this problem, samples with very
low ionic strength should be stirred for a few seconds before taking a reading. Even then, several
minutes may be required for the reading 1o stabilize, |

High sodium concentration also may produce errors in pH measurement because of the high ionic
strength of these solutions. To measure the pH of such solutions, a special electrode is needed. Such
an electrode can be purchased from any of several electrode manufacturers.
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1.0 BACKGROUND

Specific conductance is a widely used parameter for evaluating groundwater and surface water guality.
Tt is a simple indicator of change within a system and provides useful information to laboratory

personnel performing other measurements on a water sample.
1.1 PURPOSE

Speciﬁb conductance should be determined at the time the sample is collected. This standard
operating procedure (SOF) establishes the requirements and procedures for measuring specific

conductance in groundwater or surface water while in the field.
1.2 SCOPE
This SOP applies to the use of specific conductance meters in the field.

1.3 DEFINITIONS

Specific Conductance: Specific conductance is the reciprocal of electrical resistivity. The values of
electrical resistivity and specific conductance depend on the number of ions in a solution. Pure water
has 100 percent resistivity and no specific conductance. As ions are added to a solution, resistivity

drops and specific conductance increases.
1.4 REFERENCES
U.S. Environmental Protection Agency. November 1986, "Test Methods for Evaluating Solid

Waste, Volume 1C: Laboratory Manual Physical/Chemical Methods, SW-846."

American Society for Testing and Materials Annual Book of Standards. "Standard Test Methods for
Electrical Conductivity and Resistivity of Water, Method D-1125."

U.S. Geological Survey. 1977. (National Handbook of Recommended Methods for Water Data
Acquisirion). -
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1.5 REQUIREMENTS AND RESOURCES

Specific conductance meters should measure temperature, h;vc a temperature compensator, and read
directly in micromhos per centimeter (umhos/cm), corrected 10 25 °C. For field measurements, a
probe-type unit is preferred over a pipet-type unit. Specific conductance meters should have a foam- -
lined carrying case and should be battery-operated with easily rechargeable or replaceable batteries.

A relative accuracy of plus or minus 3 percent is adequate.

The following are required for calibrating a specific conductance meter and for the field measurement

of specific conductance:

L A probe-type speciﬁc conductance meter meeting the requirements given above
. Deionized water and wash bottle

. Disposable beakers

L Reagent-grade potassium chloride (KCI) or a commercially-prepared standard 0.01
mole (M) per liter KCl solution

. Sampling containers

. Sampling equipment

L One-liter mixing container

. A thermometer calibrated according to SOF No. 011, “Field Measurement of Water
Temperature”

®  Logbook
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2.0 PROCEDURES
Meter calibration and field measurement procedures are outlined in the following subsections.
2.1 METER CALIBRATION

Reagent-grade KCl is the universal standard for calibrating specific conductance equipment. The
electrodes are catibrated by reading the specific conductance of standard KCl solutions. A
concentration of 0.01 M KCI should be used because its specific conductance is closest to that of most

natural samples.

The measuring circuit of the specific conductance meter is calibrated either by the manufacturer or
with a calibrating resistor. The manufacturer's instructions for the particular instrument should be
followed for calibration. '

Individual manufacturers may use slightly different terminology, but the following general procedhre

will always apply:

1. Prepare 2 0.01 M KCl solution by dissolving 0.745 gram of pure, dry KCl in 1 liter of
deionized water. The base conductivity for the prepared solution is 1,408.1 pmhos/cm at
25 °C; if the deionized water has any conductance, it must be corrected to 25 °C and added
to the value of the solution. Alternatively, commercially prepared solutions can be used.

2. Measure the temperatures of the 0.01 M KCl solution and the deionized water used for the
dilution. They should be at the same temperature. :

3 Using Table 1, determine the expected specific conductance of the 0.01M KClI solution at the
temperature measured, : _

4, Measure the specific conductance of the 0.01M KC1 solution and of the deionized water.



PRC Environmental Management, Inc.
Standard Operating Procedure

‘Title: Field Measurement of Specific Conductance

SOP No. 013

Page 4 of 6

Revision No.: 3.
Revision Date; May 1993

TABLE 1

RELATIONSHIP OF TEMPERATURE AND SPECIFIC CONDUCTANCE
FOR 0.01 M POTASSIUM CHLORIDE

Expected
Temperature Specific Conductance
0. of 0.01 M KCI Solution
(pmhos/cm).
15 o 1,141.5
16 . i e s 1,167.5
1,193.6
18 . e 1,219.9
19 . e e e 1,246.4
20 . . e 1,273.0
25 1,299.7
22 e 1,326.6
K T 1,353.6
24 e e 1,380.8
S e e 1,408.1
26 . . e e e 1,436.5
. 1,463.2
72 . e 1,490.9
20 e e e 1,518.7
30, e e 1,546.7
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5. Use the following equation to check the cell constant specified by the manufacturer:

_C+ G
10 x C,

-

where :

the cell constant

the specific conductance of the deionized water

the specific conductance of the 0.01 M KCI solution
is the expected specific conductance from the Table 1

[T T I |

PPOX

6. A measured cell constant different from that specified by the manufacturer generally indicates
that the electrodes are dirty. If this is the case, clean and replatinize the electrodes according
to instructions found in the manufacturer’s manual or in the American Society for Testing and
Materials Method D-1125, Section 8.3

7. After verifying that the cell constant is acceptable, measure the specific conductance of
samples according to the procedure given in Section 2.2.

2.2. FIELD MEASUREMENT

Do not filter samples before analysis. To minimize gas releases from groundwater samples, 2

submersible pump or bladder pump should be used to obtain samples.
The following procedure should be used for field measurement of specific conductance: |

1. Calibrate the instrument and check the cell constant according to the manufacturer's
instructions and the procedure provided in Section 2.1.

2. Collect the sample in a prerinsed jar or beaker or a flow-through cell.
3. Rinse the specific conductance meter probe with deionized water.
4.  Using a thermometer or the specific conductance meter itself, measure and record the

temperature of the sampie in degress Ceatigrade. Follow the guidelines in SOP No. 011,
"Field Measurement of Water Temperature.”
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5. Immerse the specific conductance meter probe in the sample. Record the reading in
umhos/cm.
6. Record measurements in the logbook or as specified in the project work plan.

- 3.0 POTENTIAL PROBLEMS

Principal problem areas for specific conductance measurement are the temperature effect,
determination of the celt constant, and allowance for very high ionic strengths. A change in
temperature of 10 °C can cause a 20 percent change in the measured specific conductance. Reported
data should note whether temperature correction has bean applied. Some instruments perform |
temperature correction automatically, but this, too, should be noted in reported data. To ensure
uniformity of readings, all data should be corrected to 25 °C.

Field personnel must be aware that a significant change in the cell constant indicates that the

electrodes require cleaning or replatinizing. The constant should be checked at each calibration, as
described in Section 2.1,

Specific conductance varies directly with ion concentrations up to a specific conductance of about
5,000 pmhos/cm (National Handbook of Recommended Methods for Water Data Acquisition 1977).
Samples collected at most sites seldom have a specific conductance greater than'S,OOO wmhos/cm.
Readings above this level shouid not be considered accurate. However, such readings can stifl

provide useful information about the relative levels of conductance and should still be noted.
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1.0 BACKGROUND

The measurement of static water level, total depth, and any immiscible layers is necessary before a
well can be sampled and groundwater flow direction can be determined. If an immiscible layer is
present, its depth, and thickness, must be measured. If an immiscible layer is not present, the static

water Ievel and total depth of a well are needed to calculate a purging volume.

1.1 PURPOSE

The purpose of this standard operating procedure (SOP) is to provide guidelines for field personnel
measuring static water levels and total depths of monitoring wells or piezometers. This SOP also

provides guidelines for measuring immiscible layers in such weils.

1.2 SCOPE

This SOP describes the methodologies for measuring static water level, total well depth and
immiscible layer thickness. '

1.3 DEFINITIONS

To clarify the methodologies presented in this SOP, the following definitions are presented:
Electrical Water Depth Indicator - An electrical probe used to measure the depth to fluid. The
probe has a light or sound alarm connected to an open circuit. The circuit is closed and the alarm is

activated when the probe contacts a conducting fluid such as water.

Interface Probe — An electrical probe used to measure the thicknesses of light or dense non-aqueous

phase liquids in the water column of a well.
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Io'nization Detectors — A photoionization detector (PID) or a flame jonization detector (FID) is used
to measure the level of volatile compounds in the gaseous phase. These units are generaliy not
compound ‘specific and thus measure total volatile compounds. The PID generaily cannot detect as
completé a range of compounds as the FID. This difference is caused by the relative ionization

energies of the two detectors. Most photoionization units cannot detect methane but the flame

ionization unit can,

id REFERENCES
None.
1.5 REQUIREMENTS AND RESOURCES

The equipment required for measuring static water levels, total depths, and immiscible layers is as
follows:

. Pipe wrench
. Electrical water depth indicator
.. Interface probe
. PID or FID
. Steel tape with a securely fastened heavy weight at the bottom

2.0 PROCEDURES

The following procedures to be followed include: static water level, total depth and immiscible layer

measurement.
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Techniques for measuring depth b water and depth to the bottom of a well should be selected in the
planning phase of field work. Measuring devices should be chosen, and an individual should be
assigned to take and record measurements.

All measurement instruments should be decontaminated before and after use and between

measurement locations: Refer to SOP No. 002 (Genera! Equipment Decontamination).

Prior to initiation of any measuring activities, it is necessary to monitor the ambient air at a well head
for possible emissions of volatile compounds. To accomplish this monitoring, 2 PID or a FID should
be used. The HNu and Microtip are examples of photoionization units. The Foxboro organic vapor
analyzer (OVA) is an example of a flame ionization unit. The health and safety plan requiréd for on-

site activities should provide action levels and the rationale for the selection of either unit.

Appropriate respiratory protection equipment should be worn by the sampling team. Wells should be
approached from the upwind side. When opening the well, the sampling team should systematically
survey inside the well casing, from the casing 10 the ground, from above the well casing to the
breathing zone, and the area around the .well. If OVA readings are above action levels the sampling
team should retreat to a safe area and put on appropriate safety gear. The site-specific health and
safety plan should be consuited for action levels. Readings for comparison to action levels should be

taken not within the well casing but in the breathing zone.

2.1 STATIC WATER LEVEL MEASUREMENT

The following procedure should be followed to conduct static water well measurement.

An electric water level indicator is typically used for static water level measurement. This instrument

has a light or sound alarm that is activated when its probe touches the water surface. The cable

supporting the probe is usually graduated in feet and can be read directly at the well site. .The
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remaining fraction is measured with a steel tape specificaily graduated t0 0.01 foot. If the monitoring
well top is not flush with the ground surface, the distance between the static water level and the top of
the riser pipe at the point of water-level measurement should be measured and recorded. The height
of the riser pipe above ground surface is then subtracted from the first reading to calculate the depth
to static water below grade. If surveyed elevations are available, they shouid be used to establish the
water level elevation. To ensure measurement accuracy, the probe and cable should be left hanging

in the well; a series of three readings should be taken and the values averaged.
22 TOTAL DEPTH MEASUREMENT
The following procedure should be followed to conduct total depth measuremént.

The total well depth measurement can be done using a steel tape with a'heavy weight attached to the
end. The tape should be lowered into the well untii resistance is met, indicating that the weight has
reached the bottom of the well. The total weil depth is then read directly from the steel iape to the
0.01-foot fraction. If the well top is not flush with the ground surface, the distance between the
“bottoin of the well and the top of the riser pipe at the point of water-level measurement should be
measured and recorded. The heiglit of the riser pipé above ground surface is then subtracted from the
first reading to calculate the depth to the bottom of the well. To ensure measurement accuracy, the

weighted steel tape should be left hanging in the well; a series of three readings should be taken and
the values averaged.

23 IMMISCIBLE LAYER DETECTION AND MEASUREMENT
The following procedure should be followed to conduct immiscible layer detection and measurement.

An immiscible layer in a monitoring well is detected by siowly lowering an interface probe to the

surface of the water in the well, When the audible alarm sounds, the depth of the probe should be
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- recorded. If the alarm is continuous, an immiscible layer has been detected. To measure the
thickness of this layer, the probe should be lowered until the alarm changes to an oscillating signal.
The oscillating alarm indicates that the probe has reached a water layer. The probe depth at the time
the alarm begins oscillating shouid be recorded as the depth to water. The thickness of the
immiscible organic layer may now be determined by subtracting the depih at which a continuous
alarm occurred from the depth at which the alarm began to oscillate. These reédings should be
repeated three times and the resultant depths and thicknesses averaged.

To assess whether a dense immiscible layer is present, the probe should be lowered further into the
well. If the alarm changes from an oscillating to a continuous signal, a heavier immiscible layer has
been detected. The probe depth shouid be recorded. The probe should then be lowered to the bottom
of the well and the total depth recorded. The thickness of this dense layer can be calculated in a
similar fashion as described above. The depth at which the alarm became continuous should be
subtracted from the total weli depth. This results in an estimate of the thickness of the dense layer in
the well only. These measurements shoull be made three times and the thicknesses averaged w

produce a mean estimate,
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1.0 BACKGROUND

Monitoring well type, well construction, and well installation methods will vary with drilling method,
well utility, subsurface characteristics, or other site-specific criteria. Speciﬁcatiohs for well
installation will be identified within a site work plan, sampling plan, or Quality Assurance Project
Plan (QAPjP). A Monitoring Well Installation Record (see Attachment A) will be completed for each
weil installed by PRC. This standard operating procedure (SOP) discusses general types of wells and

minimum standards for well installation for PRC Environmental Management, Inc. (PRC) projects.

Specific boring protocols are detailed in individual SOPs. Well installation methods will depend
somewhat on the boring method. In turn, the boring method will depend on site-specific geology and
hydrogeology. Boring methods include: |

. hollow-stem auger

. cable tool

e  rotary (mud, reverse, or air)
. rock coring

. jetting

The hollow-stem auger method is preferred in areas where subsurface materials are unconsolidated or
loosely consolidated and the depth of the horing will be generally less than 100 feet.  This maximum
depth is dependent on the diameter of the augers, the formation characteristics, and the strength and
durability of the drilling equipment. This method is preferred because it is guick and inexpensive,

addition of water into the subsurface is limited, and continuous samples can easily be collected.
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Cable tool drilling is a preferred method when the subsurface contains boulders, coarse gravels, or
flowing sands, or when the operational depth of the hollow-stem auger is exceeded. This method,

however, is time consuming.

Rotary methods are generally used when other methods cannot be used. The use of drilling fluids, or
large amounts of water to maintain an open borehole, and the difficulty in obtaining representative
samples limit this method’s utility. However, ‘rhis method can be used to quickly and effectively drill
deep wells through consolidated or unconsolidated materials. Modifications of this method such as
dual-tube drilling, drill through casing hammers, or eccentric type drill system can reduce the amount
of fluids introduced into the well borehole.

Rock coring is an effective method when drilling in competent consolidated rock. Intact, continuous

cores can be obtained, and limited amounts of fluid are required if the formations are not fractured.

1.3 DEFINITIONS
None.
14 REFERENCES

California State Water Resource Department. Bulletins 7481 and 7490. California Well Standards.

Driscoll, Fietcher G. 1986. Groundwater and Wells, 2nd. Edition. Johnson Division, St. Paul,
Minnesota, p. 438-442.

National Well Water Association (NWWA), 1989. Handbook of Suggested Practices for the Design
and Installation of Ground-Water Monitoring Wells. NWWA, p. 145-246.
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1.5 REQUIREMENTS AND RESOURCES

o Monitoring Well
2.0 PROCEDURES

This section details the minimum general monitoring well installation criteria and procedures. Site-
specific geologic regimes may result in departures from this procedure. Specific procedures should

be detailed in a sampling plan, work plan, or QAPjP. Figure 1 shows the typical completed general
monitoring well. '

All wells will be equipped with factory slotted screen. Casings and screens should be threaded and
flush coupled and watertight joints should be used. Casings and screens will be selected in
accordance with criteria set forth in Section 2.1. Annular seals are described in Sections 2.2 and 2.3.

General monitoring well installation should follow these steps:

1) Prior to the installation of any casing or screen into the borehole the material should
be decontaminated. PRC SOP No. 002 explains decontamination rationale and
procedures.

2) Well casing and scfeens should be anchored within the borehole using centralizers.

3) The filter pack and other annular sealing materials should be installed through the
auger stem or borehole casing. A tremie pipe should be used to install this material
and a weighted tape should be used to tamp material. The tremie pipe is slowly
raised as material is added to the annular space. When wells are constructed in
temporary casing, such as hollow stem augers, the augers should be lifted when 1 to 2
feet of construction material has accumulated in the annulus. The casing should be

lifted enough so that the accumulated material settles to within 2 to 4 inches of the
bottom of the temporary casing.
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FIGURE 1

TYPICAL WELL CONSTRUCTION DIAGRAM
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4) Screens will be piaced within a filter pack. This filter pack wiil be constructed in the
manner detailed in Section 2.2 and will extend a minimum of 2 feet ahove and 2 feet
below the screened interval. ' '

5) A fine sand collar should be installed to 2 feet above the top of the filter pack.
6) A minimum 2-foot thick bentonite siurry seal will be placed above the filter pack.

7 A bentonite cement slurry should be pumped through a tremie pipe into the annular
space up to a point about 2 feet below the ground surface.

8) A protective outer casing and locking cap should then be placed in the borehole and a
cement surface seal should be installed. The cement surface seal will form a pad
around the monitoring well.

9 Borings and/or wells should not be left unattended or if necessary, may be
temporarily protected with barricades, secured fences, or watchmen, as appropriate,
until the well construction is completed. When the well construction is complete, a
locking cap or cover should be provided to deny unauthorized access.

2.1 CASINGS AND SCREENS
The following procedure should be followed in selecting casings and screens.

The selection of well casing and screen materials must take into account environmental factors such
as: 1) geologic environment, 2) natural geochemical environment, 3) anticipated well depth, and 4)
types and concentrations of known or suspected contaminants. Other non-environmental factors that

will impact the material selection include: 1) anticipated life of the monitoring well, 2) drilling and

installation methods, 3) cost, and 4) availability.

[nner casings and well screens should be constructed of inert, durable materials, such as stainless
steel, epoxy-fiberglass or polyvinyl chioride (PVC) casing and screen. At minimum, well

construction materials should be selected so that they are not expected to chemically interact with the
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expected contaminants, or that if interactions are possible, the levels of end products are within

acceptable ranges for the purpose of groundwater monitoring.

Epoxy-fiberglass weil construction materials are relatively new to the environmental mbnitoﬁng field;
however, preliminary data suggests they are comparable to stainless steel but approximately half the
cost. Due to the recent introduction of this material into the groundwater monitoriﬁg field, local
regulatory authorities should be consulted prior to the use of this material. Several states, EPA
regions, and Army Corps of Engineers Districts are using this material as an alternative to stainiess

steel. PVC may be used if the contaminants of interest do not react with PVC or the well life is
expected to be short.

Casing and screen joints should be threaded, and Teflon ta;ie should be used to assure a tight seal
with Teflon or stainless steel components. Epoxy-fiberglass and PVC joints typically are fitted with
rubber O-rings to provide a tight seal. Teflon tape may also be applied to these joints to assure a
prolonged tight seal. Under no circumstances should joints be glued or solvent sealed.

Screens will be factory-slotted. The screen slot size will be dependent on the required flow rates for
the well and the texture of the formation. When sieve analysis information is available for well
packing material, slot sizes should be capable of retaining 90 percent of the filter pack material (see

Section 2.2). When no such information is available, a default screen size of 0.01-inches {No. 10
slot) will be used.

Screen length and well diameter will depend on site-specific considerations such as intended well use,

contaminants of concern, and hydrogeology. Some considerations are as follows:

. Water (able wells should have screens of sufficient length and thickness to monitor the

water table and provide sufficient sample volume during high and low water table
conditions. '



PRC Environmental Management, Inc. — SOP No. 020

Standard Operating Procedure : Page 7 of 13
' ~ Revision No.: 2
Date of Original Issue: 03/31/9i Revision Date: 2/7/94

Title: Monitoring Well Installation

. Wells with low recharge should have screens of sufficient length and width so that
adequate sample volume can be collected. ' '

o Wells should be screened over short enough distances to allow for monitoring of
discrete migration pathways.

e Where light non-aqueous phase liquids (LNAPL) or contamination in the upper
portion of a hydraulic unit are being monitored, the screen should be set so that the
upper portion of the water-bearing zone is below the top of the screen.

4 Where dense non-aqueous phase liquids (DNAPL) are being monitored, the screen
should be set within the lower portion of the water bearing zone, just above a
relatively impermeable lithologic unit.

. The screened interval should not extend across an aguiclude or aquitard.

. If contamination is known to be present and concentrated within a portion of a
saturated zone, the screen should be constructed in a manner that minimizes the
potential for cross contamination within the aquifer.

. If downhole geophysical surveys are to be conducted the casing and screen material
must be of sufficient diameter and constructed of the appropriate material to allow
effective use of the geophysical survey tools. '

. If aquifer tests are to be conducted in a monitoring well, the slot size must allow
sufficient flux to produce the required drawdown and recovery. The diameter of the
well must be sufficient to house the pump and or monitoring equipment, and allow

sufficient water flux (in combination with the screen slot size) to produce the required -
drawdown or recovery.

In many instances it may be necessary to isolate stratigraphically higher portions of the subsurface,
during drilling, from the zone being monitored. In these cases special types of drilling may be
necessary. An example of this is the use of a temporary or permanent borehole casing that is
telescoped to smaller diameters with depth. With this approach, a large diameter casing is installed
through the zone to be isolated and drilling is continued to depth through this casing. If necessary,

additional smaller diameter casing can be installed to stabilize the formation or isolate progressively
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deeper stratigraphic units. Andther alternative involves the drilling of a large diameter borehole to
the base of the zone to be isolated. This borehole is then sealed with a cement-bentonite grout.

" When the grout has cured the well installation borehole is drilled through the grout down to its final
completion depth. As with the casing approach described above, progressively deeper units can be
isolated by the grouting of the portion of the borehole which penetrates overlying layers and then
advancing the borehole through the hardened grout.

Prior to their installation, the casing and screen should be fitted with centralizers to assure a uniform
thickness of the annular seais. The annular seal is composed of the filter pack, sand collar, bentonite
seal, and cement-bentonite grout. The annular seal should have a uniform thickness around the casing
and screen of between two to four inches. Thinner seals increase the possibility that the well screen
may be exposed to the formation, and thicker seals may interfere with the aquifer hydraulics around
the screen. Selection of the centralizer material should be based on the same criteria used to select
the casing and screen material. Centralizers should be spaced at closer intervals for smaller diameter

casing and screen. Two-inch casing and screen should have centralizers installed every 10 to 15 feet.

2.2 FILTER PACK

The filter pack will be composed of chemically inen, uncontaminated material. The preferred filter
pack material is pure silica sand. '

The methods for choosing the filter pack grain size should be clearly outlined in the work plan,
sampling plan, or QAPjP. The filter pack material must be tailored to the formation material. One
method for choosing the filter pack grain size is based on the inethod proposed by National Water
well Assoc_iation (NWWA) (1989). Using this method, at least one standard sieve analysis of
formation material is obtained. The grain size that retains 70 percent of the material is noted. This

grain size is multiplied by a factor of 4 or 6. The factor of 4 is used for coarse poorly sorted
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formations, and the factor 6 is used for fine grained, well sorted formations. The resultant grain size
is used as the 70 percent retained point for the grain size of the filter pack. A second more
conservative approach is described by Driscoll (1986). In this approach, the filter pack size is based
on multiplying the 50 percent retained formation grain size by 2. If formation particle size |
distribution information is not available, an Ottawa grade sand American Society for Testing and
Materials (ASTM) C-778 sand, or equivalent can be considered for use. The use of a default size
filter pack becomes more tenuous in increasingly finer grained formations. The uniformity coefficient

of the filter pack should not exceed 2.5. The filter pack should have a finished uniform thickness of 2
to 4 inches. '

The filter pack should extend 2 feet above the top of the well screen. A sand collar shouid be
installed on top of the filter pack. The sand collar should be constructed from a fine silica sand
(.0021 to .0041 inch-diameter) and it should extend 2 feet above the filter pack. This sand collar is

intended to prevent intrusion of bentonite and grout into the filter pack.

23 SLURRY AND GROUT

A bentonite slurry should be placed in the annular pack for a minimum of 2 feet above the fine sand
" collar. This slurry should be mixed at a ratio of. approximately 22 pounds of dry bentonite to 7
gallons of water. This procedure should result in a bentonite shurry mix 'weighing 10- to 11-pounds

per gallon. The bentonite slurry will act as a formation seal for the monitoring well borehole.

A cement and bentonite grout will be placed in the annular space above the bentonite slurry, generally
to a point approximately 2 feet below ground surface. Sufficient time should be allowed for the
bentonite slurry to gel to a strength able to support the cement and bentonite gout. When mixing the
slurry with a low shear device such as the grout pump or a drill rig, 30 to 60 minutes of mixing |

should be conducted prior to placing the slurry into the well annulus. After 30 to 60 minutes of low
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shear mixing, the slurry should be thick enough to support the cement-bentonite grout. The cement
and bentonite 'gro'ut will consist of a mixture of 8 gallons of water, 5 pounds of bentonite powder, and
a 94-pound sack of Portland cement. An alternative cement-bentonite grout would be a premixed
commercially equivalent material. A cement surface seal will be placed at the surface, Speciﬁc

construction criteria may vary. These criteria should be detailed in the work plan or QAPjP.

The bentonite slurry used as a formation seal above the filter pack and sand collar can be replaced
with a seal composed of bentonite pellets or chips. These materials should be added to the annulus
slowly to prevent bridging. Lifts of 3 to 4 inches high should be separated by sufficient time to allow
settiement. Past experience has shown that natural bentonite chips have slower hydration

characteristics and are not as prone to bridging as formed bentonite pellets.

Bentonite seals are not always appropriate. If they are installed in the vadose zone they may never
fully hydrate or they can dry creating desiccation cracks. Both situations cause seal failure.
Groundwater with high chloride concentrations or total dissolved solids less than 500 parts per miilion
(ppm) may inhibit the full hydration of the bentonite. This could limit the effectiveness of the annular
seal. The case of bentonite in areas were the seal may be exposed to high concentrations of organic
solvents, hydrocarbons, organic acids, basic and natural polar-organic compounds, and neutral non-
polar organic compounds may result in a several order-of-magnitude increase in the permeability of
the seal. Neat cement i§ an alternative to bentonite seals given any of the above environmental
conditions. Neat cement is a mixture of Portland cement (ASTM C-150) and water in the ratio of 5

to 6 gallons of water to 94 Ibs. of cement. Type I Portland cement is the most commonly used
material for this application.

2.4 OTHER COMPONENTS

The procedures below should be followed under specific circumstances.
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Several other well components which may be necessary depending of project specifications are listed

below: '

. Locking well caps and outer protective casings. These will be placed on all
completed wells. These can either be above ground or flush mount.

. Bumper posts or well head protection. Protective bumper posts or other types of
protective barriers should be placed around each completed well.

. Grout baskets. Grout baskets may be necessary when drilling proceeds through voids
or open spaces (such as underground mines).

. Telescoping or conductor casing. Telescoping or conductor casing is used when wells
are drilled to fairly deep depths when drilling proceeds through several separate
saturated intervals, or when drilling through grossly contaminated intervais.

3.0 OTHER TYPES OF WELLS

This section discusses other types of wells which may be instailed in special cases. These include

well points, wells installed through multiple saturated zones, and well nests.

31 WELL POINTS

Under certain conditions it may be necessary to instail well points. These wells are driven directly

into the subsurface. Applications include use as vadose zone monitoring or shallow piezometer wells.
However, the geologic subsurface must be compatible with this method. The utility of this method is
limited because the annular space is generally not sealed to the surface. These types of wells are not

acceptable for permanent monitoring well installations and should only be used under special

circumstances.



PRC Environmental Management, Inc. SOP No. 020

Standard Operating Procedure Page 12 of 13
Revision No.: 2
Date of Original Issue: 03/31/91 Revision Date: 2/7/94.

Title: Monitoring Well Installation

3.2 WELLS INSTALLED THROUGH MULTIPLE SATURATED ZONES

When wells are installed through multiple saturated zones, special well construction methods have to
* be used to assure well integrity and to limit the potential for cross-contamination. Generally, these
types of wells are necessary if hydraulic units are separated by relatively impermeable layers. Two
procedures which may be used are described below. |

The borehole is advanced to the base of the first saturated zone. Casing is then anchored in the
impermeable layer below and grouted to the surface. After the grouting has cured, a smaller diameter
borehole is drilled through the grout. This procedure is repeated until the zone of interest is reached.
After this zone is reached, a conventional well screen and riser casing is set. A typical well

constructed in this manner is shown on Figure 2.

Another acceptable procedure involves driving a casing through several saturated layers while drilling
ahead of the casing. This method, however, is not acceptable when a competent aquitard or

aquictude may be structurally damaged by the driven casing, because this method may result in cross
contamination of two saturated layers.

3.3 WELL NESTS

Well nests are installed when several distinct intervals in the aquifer are to be sampled at each
groundwater sampling location. These wells can be completed similarly to those described in Section
2.0. These wells can be installed in a single borehole or in close proximity to each other. When
installing multiple wells in a single borehole, extreme care should be exercised when placing bentonite

slurry seals above the filter packs. These seals must prevent flow between the wells in the single
borehole
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FIGURE 2

TYPICAL WELL COMPLETED
THROUGH SEVERAL SE:PARATED WATER BEARING UNITS
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ATTACHMENT A

MONITORING WELL INSTALLATION RECORD



RC

ENVIRONMENTAL MANAGEMENT, INC

WELL LOCATION INFORMATION

WELL NO..
BOREHOLE NO.
SITE
SUBSITE
DATE
RECORDED BY
WELL PERMIT NO.

SURFAGE COMPLETION INFORMATION

TYPE QOF INSTALLATION
0 ABGVE GROUND INSTALLATION
O PROTECTIVE POSTS INSTALLED
O FLUSH MOUNT INSTALLATION
TYPE
D TRAFFIC RATED
O WATERTIGHT SEAL
OWATERTICHT WELL CAP
TYPE OF PROTECTIVE CASING
OSTEEL SIZE
a
SURFACE SEAL
O NONSHRINKING CEMENT
O CONCRETE

a
O CHECKED FOR SETTLEMEKT
C1INTERNAL MORTAR ADDED
GROUND SURFACE ELEVATION
D SURVEYED

DATE
MEASURING POINT
O TOP OF WELL CASING
O TOP QF PROTECTIVE CASING
O GROUND SURFACE
u]

DRILLING INFORMATION
BRILLING COMPANY /PERSONNEL

MONITORING WELL INSTALLATION RECORD

.

NONTELESCOPING WELL

LOCKASLE COVER

VENTED CAP (WATERTIGHT
CAP FOR FLUSH MOUNT}

HEIGHT OF PROTECTIVE CASING e

HEIGHT OF WELL CASING e

PROTECTIVE CASING” &'

0 ABOVE GROUND
D AELOW GRUUND

SLOPED CONCRETE PAD/SURFACE SEAL

GROUT

DEFTH TO TOP OF GROUT

O GROUT FORMULA (PROPORTION OF EALTY
CEMENT . BENTONITE
WwWATER OTHER
QUANTITY USED

O PREPARED MIX
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1.0 BACKGROUND:

_ Well development is an attempt to remove the finer grained material, typiéally'cléys and silts, from
the geologic formation near the well screen and filter pack. These fine-grained particles may interfere

with water quality analyses, and alter the hydraulic characteristic of the filter pack and hydrologic unit
adjacent to the well screen. '

All drilling methods impair the ability of an aguifer to transmit water to a drilled hole. Typically,
this impairment is a result of the invasion of drilling fluids or solids into the aquifer during the
drilling process. Nonetheless, the impact to the hydrologic unit surrounding the borehole must be
remediated if the well hydraulics and éampling of the monitoring well are to be representative of the

aquifer.
1.1 PURPOSE

This standard operating procedure (SOP) establishes the requirements and procedure for monitoring

well installation and development.

Well development improves the hydraulic characteristics of the filter pack and borehole wall by
performing the following functions:

. Reduce the compaction and the intermixing of grain sizes produced during drilling by
removing fine material from the pore spaces.

e Remove the filter cake or drilling fluid film that coats the borehole, and remove much
or all of the drilling fiuid and natural formation solids that have invaded the
formation.

* Create a graded zone of sediment around the screen, thereby stabilizing the formation

so that the well can yield sediment-free water.
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1.2 ' SCOPE

This SOP applies to the specifications and methodologies of monitoring well development.

1.3 " DEFINITIONS

Aquifer — A geologic formation, group of formations, or part of a formation that is saturated, and is
capable of storing and transmitting water.

Bailer — A hollow tubular receptacle used to facilitate withdrawal of fluid from a well or borehole.

Conductance (Specific) — A measure of the ability of the water to conduct an electric current. Itis
directly proportional to the total concentration of ionizable solids (anions, cations, including

hydronium ions) in the water. It is inversely proportional to electrical resistance.

Drilling Fluid — A fluid (liquid or gas) that may be used in drilling operations to remove cuttings
from the borehole, to clean and cool the drill bit, and to maintain the integrity of the borehole during
drilling. '

Hydraulic Conductivity - The volume of water that will move in unit time under unit gradient

through a unit area measured at right angles to the direction of flow.

Hydrolegic Units — Geologic strata that can be distinguished on the basis of capacity to yield and
transmit fluids. Aquifers and confining units are types of hydrologic units. Boundaries of a

hydrologic unit may not necessarily correspond laterally or vertically to lithostratigraphic formations.

Oil Air Filter — A filter or series of filters placed in the air flow line from an air compressor t0
reduce the oil content of the air.
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Oil Trap — A device used to remove oil from the compressed air discharged from an air compressor.
Riser — The pipe extending from the well screen to or above the ground surface.

Static Water Level — The elevation of the top of a column of water in a monitoring well or

piezometer that is not influenced by pumping or conditions related to well installation, hydrologic .

testing, or nearby pumpage.

Transmissivity — The rate at which water is transmitted through a unit width of the aquifer under a
unit hydraulic gradient. NOTE: It is equal to an integration of the hydraulic conductivities across the
saturated part of the aquifer perpendicular to the flow paths.

Well Screen — A filtering device used to retain the filter pack; usually a cylindrical pipe with

openings of a uniform width, orientation, and spacing.

Well Screen Jetting (Hydraulic Jetting) — When jetting is used for development, a jetting tool with

nozzles and high pressure pump is used to force water outwardly through the screen, the filter pack,

and sometimes into the adjacent geologic unit.

1.4 REFERENCES

American Society of Testing and Materials (ASTM). 1989. "Proposed Recommended Practice for
Design and Installation of Ground Water Monitoring Wells in Aquifers." Annual Book of
ASTM Standards. Philadelphia, Pennsylvania.

Driscoll, F.G. 1986. "Ground Water and Wells." Johnson Division, UQP, Inc., St. Paul,
Minnesota.

National Well Water Association, (NWWA). 1989. Handbook of Suggested Practices for the Design
and Installation of Groundwater Monitoring Wells, NWWA. EPA 600/4-§9/034.
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.5  REQUIREMENTS AND RESOURCES

" There are various options available to develdp monitoring wells. The procedures and equipment

required are outlined in the follbwing sections.
2.0 WELL DEVELOPMENT PROCEDURES

Methods of well development vary with the physical characterizatidn of hydrologic units in which the
monitoring well is screened, well design, and with the drilling method used. The most common
methods of well development include mechanical surging, pumping or over-pumping, air lift
pumping, backwashing, and jetting. Air surging should never be attempted. Factors such as well
design and hydrogeologic conditions will determine which well development method will be most

practical and cost-effective. The most common and effective methods of well development are
described in Sections 2.1 to 2.5.

A Well Development Data Sheet (see Attachment A) can be used to document the site-specific data.

2.1 _ MECHANICAL SURGING

Mechanical surging is a very effective method for developing monitoring wells. This method forces

“water to flow in and out of the well screen by operating .a plunger (or surge block) or bailer in the
casing, similar to a piston in a cylinder. The surge block is typically attached to a drill rod or drill
stem and is of sufficient weight to cause the block to drop rapidly on the down stroke, forcing water
contained in the borehole into the aquifer surrounding the well. In the recovery stroke or upstroke,
water is lifted by the surge block, allowing the flow of water and fine sediments back into the well
from the aquifer. A typical surge block is schematically represented in Figure 1.

The surge block should be jowered into the well 10 to 15 feet beneath the static water level and above

the well screen depending on the hydrologic conditions of the aquifer. The water column will
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effectively transmit the action of the block to the filter pack and hydrologic unit adjacent to the well
screen. The initial surging action should be relatively gentle, allbwing any material blocking the
screen to break up, go into suspension, and then move into the well. As water begihs to move easily
both into and out of the screen, the surging tool is usually lowered in increments to a level just above
the screen. As the block is lowered, the force of the surging movement should be increased. In
wells equipped with long screens, it may be more effective to operate the surge block in .t.he screen to
concentrate its actions at various levels. Development should begin above the screen and move

progressively downward to prevent the 100l from becoming sand locked in the well.

Periodically a pump or bailer should then be used to remove dislodged sediment that may have

accumulated at the bottom of the well during the surging process.

Surging can disturb the formation and or filker pack, altering the hydraulic properties of these units.
In formations with high clay and silt contents, surging can cause the screen to become clogged with

fines. In all applicatibns surging should be used with caution to prevent casing and screen damage.

2.2 OVERPUMPING

Overpumping involves pumping the well at a rate substantially ﬁigher than it will be pumped during
well purging and groundwater sampling. This method is most effective on coarse-grained formations.
Overpumping is co.mmonly implemented by means of a submersible pump. In cases were the water
table is less than 30 feet from the top of the éasing it is possible to overpump the well with a

centrifugal pump. The intake pipe is lowered into the top of the water table and water is extracted.
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FIGURE 1
SCHEMATIC DRAWING OF A SURGE BLOCK
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Withdrawal of water from the top of the water table results in the same inflow at the screen as is
achieved with a submersible pump. Either method of overpumping wili induce a high velocity water
ﬂow, resulting in the flow of sand, silt, and clay. into the well; clogged opening screen slots; and
cleaning formation voids and fractures. The movement of these partiﬁ:l&s at high flow rates should
eliminate particle movement at the lower flow rates used during well purging and sampling. The
bridging of particles against the screen because of the flow rate and direction created by over

pumping may be overcome by using mechanical surging or backwashing in conjunction with this
method.

Effective overpumping involves the discharge 6f large amounts of groundwater. This may be a
problem where groundwater extracted during weil development is contaminated with hazardous
constituents. If the hazardous constituents are organic compounds, this problem can be largely

overcome by passing the groundwater through an activated carbon filter before final discharge.

2.3  AIR LIFT PUMPING

Air lift pumping uses a two pipe system where an air injection pipe is installed al;ongside a discharge
or educator pipe. The air injection pipe is bent up into the bortom of the discharge pipe. Air is
discharged directly into the discharge pipe. In this manner, air never enters the well casing or screen.
Pumping air into the filter pack and adjacent hydrologic unit may cause air to lodge there and inhibit
future sampling efforts and may alter ambient water chemistry, The well riser should not be used as
the educator pipe to prevent possible air injection into the formation. Air is injected through the inner
pipe at sufficient pressure to bubble out directly into the surrounding discharge pipe. The bubble
formed causes the column of water in the discharge pipe to be lifted upward and allows water from
the aquifer to rush into the well. The American Standards for Testing Materials (ASTM, 1989)
describes the method of air lift pumping. In this method, an air lift pump is operated by cycling the
air pressure on and off for short periods of time. This operation will provide a surging action that
will dislodge fine-grained particles. Applying a steady, low pressure will remove the fines that have
" been drawn into the well by the surging action. The air discharged to the well should be filtered to
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remove any compressor lubricant entrained in the air. Air pressures required for this technology are

relatively low, 14.8 pounds per square inch (psi) air pressure should move a 30-foot column of water.
2.4 BACKWASHING (RAWHIDING)

Effective development procedures should cause flow reversals through the screen openings that will
agitate the sediment, remove the finer fraction, and then rearrange the remaining formation particles.
Backwashing overcomes the bridging that results from overpumping by allowing the water that is
pumped to the top of the well to flow back through the submersible pump and out through the intake
portion of the well. The backflow portion of the backwashing cycle breaks down bridging, and the

inflow then removes the fine material toward the screen and into the weil.

Some wells respond satisfactorily to backwashing techniques, but in many cases the surging effect is
not vigorous enough to obtain maximum results. As in the case of the overpumping technique, the
surging effects may be concentrated only near the top of the screen or in the most permeable zones.

Thus, the lower part of a long screen may remain relatively undeveloped.

A variation of backwashing may be very effective in low permeability formations. After the filter
pack is installed on a monitoring well, water is circulated down through the well screen and filter
pack and up the open borehole prior to the placément of the grout or seal in the annulus (NWWA
1989). Flow rates should be controlied to prevent floating the filter pack. Because of the low
hydraulic conductivity of the formation, negligible amounts of water will infiltrate into the formation.

Immediately after this procedure the seal should be installed and the non-formation water should be

pumped out of the well and filter pack.
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2.5 WELL JETTING

Well jetting is effective in developing monitoring wells in both unconsolidated and consolidated
formations. Well jetting can open fractures and remove drilling mud that has penetrated the aquifer.
This discharge force of the jetting tool is concentrated over a small area of the well screen. Asa
result, the tool must be rotated constantly while it is raised and lowered in very small increments te
be sure that all portions of the screen are exposed to the jetting action. Like a surge block, the jetting .
nozzles should fit closely to the inside of the scfeen hecause the velocity of the jet stream is dissipated
within a few inches. Jetting is relatively ineffective on screens with slot sizes less than 0.02 inch
(NWWA, 1989). Jetting will generally not affect the interface of the filter pack and the borehole.
This interface, especially in fine grained formations or when drilling fluids are used, is a critical
target for well development. [f jetting is used, serious consideration should be given to the effect of

introducing water into the formation.

The major disadvantage of jetting is that an external supply of water is needed. The water added
during well jetting will alter the natural, ambient water quality. Therefore, the water added in this
development procedure should be obtained from a source of known chemistry.

3.0 OVERALL CONSIDERATIONS

Other methods of well development are also available. For small-diameter and small-volume wells, a
bailer can be used in place of a submersible pump in the overpumping method. Similarly, a bailer
can be used in much the same fashion as a surge block in smail-diameter wells. Wells can be

hackwashed by simply adding water to agitate and remove fines plugging the screen and formation.
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3.1 INITIATION OF WELL DEYE[DPMENT

" Regardless of the weli development method selected, a few considerations are universally applicable.
First, well development should be initiated gently. As flow is established through the intake portion
of the well, the degree of agitation can be slowly increased. Second, there should be no time limit
placed on well development. Well development should be considered completed when the flow is
reasonably clear and free of sediment and when pH, temperature, and specific conductivity have
stabilized. This threshold should be rechecked at feast once after letting the well sit undisturbed until
it has achieved 95% water elevation recovery. These considerations are described in greater detail in
sections 2.6.2 to 2.6.3, which were adopted from the "Proposed Recommended Practice for Design
and Installation of Groundwater Monitoring Wells in Aguifers” (ASTM, 1989).

3.2 "~ WELL DEVELOPMENT FACTORS TO BE CONSIDERED

An important factor in any method is that the development work start slowly and gently and increase
in vigor as the well is developed. Most methods of well development require the application of
sufficient energy to disturb the filter pack, thereby freeing the fines and allowing them to be drawn

into the well. The coarser fractions then settle around and stabilize the screen.

Development procedures for wells completed in fine sand and silt strata should involve methods that
are relatively gentle so that the strata material will not be incorporated into the filter pack. Vigorous
surging for development can produce mixing of the fine strata and filter pack and produce turbid
samples from the installation. Also, development methods should be carefully selected based upon
the potential contaminant(s) present, quality of waste water generated, and requirements for

containerization or treatment of waste water.

For small diameter and small volume wells, a bailer can be used in place of a submersible pump in

the pumping method. Similarly, a bailer can be used in much the same fashion as a surge block in

small diameter wells.
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Wells can be backwashed by simply adding water to agitate and remove fines plugging the screen and
formation. |

Any time an air compressor is used, it should be equipped with an oil air filter or oil trap to minimize
the introduction of oil into the screen area. The presence of oil impacts the organic constituent '

concentrations of the water samples.
33 DURATION OF WELL DEVELOPMENT

Well development should begin after the monitoring well is completely installed and prior to water
sampling. Development should be continued until representative water, free of the drilling fluids,
cuttings, or other materials introduced during weil construction is obtained. Representative water is
assumed to have been obtained when pH, temperature, and specific conductivity readings stabilize and
the water is visually clear of suspended solids. The minimum duration of well development should
vary in accordance with the method used to develop the well. For example, surging and pumping the
well may provide a stable, sediment free sample in a matter of minutes, whereas bailing the well may
require several hours of continuous effort to obtain 2 clear sample. Once the well is initially
considered developed, it should be left to recover to at least 95% of its natural water elevation. Once
this is achieved, the development procedure should be restarted and if the physical chemical

parameters used to verify successful well development have not changed,' the well can be considered
developed.



ATTACHMENT A
WELL DEVELOPMENT DATA SHEET
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WELL DEVELOPMENT DATA SHEET

BORING NO, _

Project
Project No.
Date(s) of Instaillation
Date(s) of Devetopment
Personnel/Company

Type of Rig Used

. REVELOPMENT '

___ Jeating (Airlif)

Sheot __
WELL NO.
Casing Diameter/Type
Borehole Diamecer
Screened Interval(s)
Tolal Length of Well Casing
Mezsured Total Depth {TOC)  Initia)
" Final
Initia] Depth to Water
(TOC) ' Dale Tims
Stabilized Depth 10 Water
{Tog) Date Time
- BURGE VOLUME CALCULATION
Pt. of water x Gallons/Foot

— Surge Block =_ ___ {s) Gallons per Single Casing Volume
— Bailing
—__ Pumping Sand Pack Volyme:
__ Other (b) P, of Saturated Sand Pack

X Gallona/Foot (borehole diameter)

- Gsllons (in borehole) ’

- Gallonz of Casing Vol. for Satyrmied Interval (a

ELUIDS ADDED - X 0.3 (assuming porosity = 10%)
. - Gallons Within Sand Pack '

Lost Drilling Fluid: Galions
Lost Purge Water: Gallons Single Purge Volunme: Galions (Casing Vol. -
Water During Instaliation: ___ Gallons Sand Pack Vol. + Fluids Adc
Total Fluids Added: Gallons Minimum Purge Volume: Gallons
Source of Added Water: : Actual Purge Volume: Gallons
Ground Water Quality Parameters of Volume Messured by:
Added Water Measured: Y N Rate of Development — Gallons/Minute (Hour,L
Sample Collected of Added Water: ¥ N Pumping Rate/Depth - ] A. (Below G
Sampie Deszignation of Added Water: Immiscibic Phases Present: Y N Thickness
INSTRUMENT CALIBRATION Calibration Date See Sheet ____ of _
pH Meter: Spec. Conductance Meter; :
pH 4.0 = @ *C Standard umhos/cm@ 25°C
pH 7.0 = @ *c Reading amhos/em @ C
pH100 = @ “C Turbidity Meter:
Dissoived Oxygen Meter: Other
Total Volume | Rate of Specific® “Turbioky | Clary, Odor
Discharged __ Dischacge | Time | Temp | oH ~Conductance or D.O. PID Readings, Other;
Development Compieted at Galions Bischargud. Date: Tune:

Critena:

Personnei:

*  Specific Conductance readings temperature compenssiad to 25*C, if not, report temperatures at which reading obtained.
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1.0 BACKGROUND

The HydroPunch provides a rapid, cost ef’ i‘ective‘way to collect grouhdwater samples
without installing monitoring wells. The results of the chemical data can be used to determine
the distribution of contaminants in water bearing zones and to aid in the placement of monitoring
wells. HydroPunch sampling can reduce the number of monitoring wells installed at a site and
ultimately reduce the cost of an investigation.

1.1 PURPOSE

The purpose of this SOP is to provide guidance and practical information regarding the
HydroPunch groundwater sampling system.

1.2 ° SCOPE B
This SOP applies to all PRC employees using the HydroPunch sampling system. Drilling
_ methods that the HydroPunch is used in conjunction with, shouid be described in the site specific
work plan and sampling plan and detailed .in other PRC SOPs.

1.3 DEFINITIONS

Definitions will be included as necessary within the body of the SOP.
1.4 .REFERENCES

Three references are attached to this SOP. They are: (1) Technical Information &
Application Guidelines, (2) HydroPunch Operation Manual, and (3) HydroPunch Users Guide all
developed by QED Environmental Systems, Inc.

1.5 REQUIREMENTS AND RESOURCES

See attached guidelines and manuals.

-— mc : ENVIRONMENTAL TRAINING CENTER ——
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HYDROPUNCH® USER'S GUIDE

by

Kent E. Cordry*
QED Ground Water Specialists

-

L INTRODUCTION

HydroPunch I (HP-I) (Patent #4669554) and HydroPunch II (HP-II) (patent
pending) are specialized field screening tools that are capable of collecting a
representative ground water sample without requiring the installation of a
ground water monitoring well. The tool is a drive sampler used to obtain
,g:rou.nd water samples. -

The HydroPunch provides a fast, inexpensive method to determine the
presence or absence of ground water contamination and, if present, to define
the vertical and horizontal extent of the contamination. The HydroPunch is
not intended to replace monitoring wells but is used to reduce the
number of monitoring wells needed to complete the hydrogeologic
investigation. HydroPunch samples enable the user to determine if long
term monitoring wells are needed and, when needed, to optimize the iocation of
the wells. While a monitoring well can collect hundreds of sampiles from a
sinele location, a single HydroPunch can collect hundreds of samples from
different locations. In short, the tools enable the user to get away from using
monitoring wells to locate monitoring wells. A summarj of the advantages of
using the HydroPunch for site screening, as opposed to the traditional
approach of installing monitoring wells, is outlined in Table 1 on the following

page.

! " This manual has been prevared by Kent E. Cordry. the inventor of the HudroPunch

W use of this tool. If vou have any questions or suggestions for this manuai, .
_ onract Kent through QED ENVIRONMENTAL TRAINING CENTER
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Other Screening Systems (general)

Prior to the availability of the HydroPunch, the only field screening tools
available to define the extent of ground water contamination consisted of
various geophysical systems and soil gas analysis. Unfortunately, developing
a correlation between the results of the soil gas or geophysical investigation
and concentrations of contaminants in the ground water is difficult, if },"t
impossible, unless site and contaminant conditions are ideal. By comparison,
the HydroPunch'provides a physical sample of the ground water. This sample
can be directly correlated with concentrations found in a
installed at the same location. P

-

n;opit.oring well

-~

Well points and screened hollow stem augers are sometimes used for site
screening, but both sha/rgg common pro__bl‘em. The screened intakes of the tools
are exposed as they are being advanced, Egrmitt:ing ouﬁside contamination to
enter and subsequently be carried down to the _samplé zone. As a result, large

quantities of water need to be removed during development and purging prior
to sampling. Even:after development and purging are completed, there is no
way to be posiﬁve:that a.ll-cont.a.ti::i’na'tion from the overlying zones has been
removed. When a screened auger is used, an additional problem is that the
auger does not seal itself in the borehole. The loose fit within the borehole
permits contamination to enter the sample zone from above via the annulus

between the flights of the auger and the wall of the borehole.

I HOW THE HYDROPUNCH SYSTEM WORKS

1. General Information

Currently, two models of the HydroPunch are available. The general operation
principles of HP-1 and HP.II are the same. The tools are designed to be pushed
or driven into the aquifer either from the ground surface or from the bottom of
a drilled borehole. Typically this is accomplished by using a drill rig or a cone
penetrometer rig. Both units utilize an air-tight and water-tight sealed intake
screen and sample chamber which is isolated from the surrounding
environment as the tool is advanced. '

R ‘! Rc ENVIRONMENTAL TRAINING CENTER ——
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The shape and smooth exterior surface of the HydroPunch prevent the .
downward transport of contamination as the tool is advanced (Figure 1). As
the tool is pushed deeper into the soil it cleans itself as the soil particles are
displaced to the side and adhere to the surrounding soil material. As the soil
is displaced, it compacts into the walls of the hole. This not only cleans the tool
as it moves downward but also produces a very tight annular seal around the
tool. The tight seal enables the HydroPunch to collect a very discrete sample
from a specific depth by sealing off ground water from above and below the
zone to be sampled (Figure 1). It should be noted that in fine-grained materials
with very thin water bearing zones, the compression of the soil particles
displaced by the HydroPunch may sometimes lower the permeability of the
material to a degree where ground water samples may not be collected in a
reasonable amount of time (i.e, < 1 hour). Handling conditions like this will be
~ covered later in more detail.

When the desired depth for collection of a ground water sample is reached, the
HyglroPunch is opened by pulling back on the body of the tool (Figure 1). Soil
friction holds the drive cone in place as the body moves back. Once the O-ring
seal between the drive cone and the body of the tool is broken, ground water
flows from the surrounding formation into the sample chamber. No foreign
materials (i.e. gravel pack, drilling fluid or cuttings) are introduced,
minimizing the possibility of outside contamination. As the sample is
collected, the drive cone and the sample chamber are tightly sealed against the
borehole walls. This "packer” effect isolates the intake from ground water
above and below and results in a very discrete vertical sample interval. Once
open, the HydroPunch fills from the bottom with no aeration and minimal
agitation of the sample.

With HP-I, and when HP-II is used in the water sampling mode, the sample is
collected and transported to the surface within the body of the tool. As the tool
is pulled upward, increased hydrostatic head within the tool closes lower and
upper check valves which retain the sample within the body of the Hydro-
Punch. Once at the surface, the HydroPunch is inverted and the sample is
decanted through a top discharge valve and tubing.

II is used in the hydrocarbon sampling mode, the tool is
the surfaeeusing-a-hollow-drivepipe FNVIREINSHN AL TRANING CENTER ——
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Unlike HP-II, which udlizes sacrificial cones and intake screens, these
components are attached to the body of HP-I in such a manner that they are
retrieved when the tool is pulled to the surface (Figure 2). This design not only
reduces the cost of expendable items required to complete an investigation, it
also permits numerous samples to be collected from the same borehole without
the concern of drilling or pushing through the sacrificial screen and cone
which would be left in the hole if HP-II were used. (Note: Some drilling

_ systems, such as auger drilling and mud rotary drilling using drag bits, do not
encounter problems in drilling through expendable cones and screens. Rotary
rolier bits and core bits normally cannot drill past the steel cones.)

HP-I is designed to collect a ground water sample in only one mode.

The sample is collected within the sample chamber and retrieved when the
tool is brought to the surface. The fact that the tool fills under an in-situ
hydrostatic head means that the top of the sample chamber must be below the
top of the aquifer (Fig'ur; 2) to collect a sample (similar to0 a bailer which must
be completely immersed within the water to collect a full sampie). Since the
HP-I is approximately five feet long:, the intake screen must be five feet below
the wuws table to collect a full sample. Often this is too deep to collect floating
product, or if the water bearing strata are lesa than one foot thick, it puts the
intake screen below the aquifer.

The open intake area for the HP-I is about 11 inches, meaning that the ground
water flow into the HP-I is limited to an 11-inch zone. There is a possibility of
missing the water bearing zones with the intake screen when sampling in
soils with thin water bearing zones interbedded between low permeability
material. In some cases the water bearing zones may not be thick enough or

. have enough hydraulic pressure to fill the tool.

- mc _ ENVIRONMENTAL TRAINING CENTER ——
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V. OPERATION: HYDROPUNCH II

While HP-I was designed to be used by both cone penetrometer rigs and
drilling contractors, HP-II is a more durable tool intended to be used primanily
by drilling contractors. The diameter of the tool is approximately 2-inches O.D.
with a wall thickness of /4-inch. - The additional diameter of the HP-II greatly
increases its rigidity; bowever, its large diameter limits its effective depth
when pushed from the surface with cone rigs. HP-II can be ugediﬁ’twg;
modes, hydrocarbon and water sampling. In the second configuration], the
water sampling mode, the sample is collected in the same matiner as HP-I
with the exception that a cone is lost each time the tool is used. In\Lhe
hydrocarbon mode, samples, including floating product, can be collected at the
very top of the aquifer. In addition, an unlimited quantity of sample can be
collected by additional pumping or bailing. '

"

1. Hydrocarbon Mods Sampling with HydroPunch II
’l‘['ﬁ; HP-II is used in the__fjr&roca’_xibon fnode primarily when a sample of
floating product i ueceded. Additionally, the HP-II can be used to collect
grbund water samples when: 1) a sample must come from the uppermost
portion of the aquifer, 2) the water bearing strata are very thin, or 3) a large
volume of sample is required (Figure 4). However, the hydrocarbon mode is
less suitable for collecting sensitive, low concentration level samples because it
ig then open to solid and/or liquid contaminants from the drive rod above.

In this configuration the check valves are removed from the body of the tool. A
sacrificial screen (approximately 5 feet long) is attached to a disposable cone.
The screen and internal parts of the tool are sealed from the exterior by an
O-ring seal at the base of the cone when the tool is in the closed position. The
screen is large enough in diameter to permit a small bailer to pass through it.
The screen, with the cone attached, is inserted into the body of the HP-II until
the O-ring on the cone is seated in the body. When the HP-II has been
advanced to the desired sample depth, the body is pulled back. Soil friction
holds the cone in position while the screen telescopes out of the body of the tool.
_ The drive casing (typically EW casing) is approximately the same LD. as the

L ermits a small O.D. bailer 1o be lowered through the casing and
e JL sned zone for sanfplWRONASENTAL SRAINING CENTER —
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material has been introduced into the sample zone, the screen does not need to
be purged prior to sample collection.

2. Ground Water Mode Sampling with HydroPunch II

The HP-II is used in the ground water sampling mode when a sample can be
collected from 5 feet or more below the top of the water table and when 1.2 liters
of sample volume is adequate. In this mode a lower check valve with an
attached filter screen is inserted in the bottom of the tool and an upper check
valve is placed in the top of the body. A disposablip_uint is 1,1;sert.ed 3:1':,0 t.he
drive shoe. The tool is pushed or driven into the undisturbed soil to-the desired
sampling depth either from the surface or from the bottom of a drilled borehole
(Figure 4). The body of the tool is then pulled back about 2 feet. Soil friction
holds the drive cone in place. Once the Osriné seal on the cone is broken,
ground water ﬂqws into the oﬁen end of 'tljien I-IP-H.;hrpugh the intake screen,
past t.hellioﬁwer chec:k va_l(@, in& the :s_amplﬁ chagnbef. and finally out the upper
c}}ck valve. thé‘{ opeH, % HydrpRm} §lls from the bottom with no
deration-and mmnnal agif:aﬁbg 25 the sample. When the tool is full, the
sample is . lected by pulling the tool toward the surface. This increases the
hydrostatic pressure within the tool, closing the two check vaives. At the
surface, the HP-II is inverted and the sample is decanted through an upper

discharge vaive and tubing into a sample container.

- l ’RL' ' ENVIRONMENTAL TRAINING CENTER ——
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HydroPimch II: Advantages and Limitations (see Table 2)

Advantages: 1) With a detachable cone and screen, the design of the HP-II is much
: simpler with fewer parta. HP.I has over 20 parts as opposed o 6§ for HP-IL.
HP-II has no moving parts which are attached permanently to the tool.

2) The lack of moving parts with tight tolerances greatly increases the
durability and reliability of the tool, particularly when subjected to hard
driving, typically encountered when used with drilling nigs.

3) The removable check valves of HP-II provide greater flexibility ﬁuring
sampling than the HP-1. By using the tool in the hydrocarbon sampling
mode, ground water samples can be collected at the top of the water table

-t ) \

and floating product can be captured; - L .

-

. . %

4) In addition, an unlimited volume of sample can be obtained either by
bailing or pumping the sample from the tool. ‘The filling of the system
can be closely monitored either visually at shallow depths or by using
various types of commonly available water level measuring devices.
Samples can also be collected from thin water bearing strata in this
mode. o T e

-

5) For saﬁxp_ling in.low permeability, cohesive soils where the borehole will
| - stand open, the HP-II can be used with the detachabie cone without the
- screen. By eliminating thé screen, the intake zone of the sampling tool

can be any length, not limited by the length of the screen but only by how
far the tool can be pushed into the sample zone (Figure 5). By increasing
the length of the open area (the cavity between the cone and the sample
chamber) the chances of intercepting thin water bearing zones within low
permeability material is greatly increased. The open bore below the
water bearing layers also serves as a collection sump for the sample,
enabling samples to be collected from permeable zones only inches thick.

Limitationﬁ: 1) A cone is lost each time the 'tool is used. _
2) Hollow drive pipe must extend to surface. (siow) (Hydrocarbon Oaly)
3) All drive pipes must be decontaminated. (slow) (Hydrocarbon Only)

3. Field Procedures: Sampling with HydroPunch II

The hollow stem auger drilling system is by far the most prevalent drilling
method used for environmental hydrogeciogic investigations. The HP-II has
been designed to be used with the auger drilling rig to collect ground water
samples in much the same manner as soil samples are collected with drive
samplers. Although the following section is targeted for holiow stem auger
drilling, the same general guidelines apply to other drilling techniques.

. mc ENVIRONMENTAL TRAINING CENTER ——
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HYPOTHETICAL SAMPLING PLAN

" The following is a brief description of the typical sampling procedures for
collecting a sample at the top of the aquifer using the HP-II in the hydrocarbon
mode, and collecting a second sample 15 feet below the top of the aquifer using
the same tool in the water sampling mode. e

-
rea .

-

HYPOTHETICAL GECGLOGY Y

The first sample is collected from a thin (3 foot thick) aquifer of fine, clean sand
occurring 10 feet below ground surface. The first water bearing zone is sand-
wiched between a very low. permeability, sandy clay extending from the surface
to 10 feet and occurring again from 13 feet to 20 feet. At 20 feet below ground
surface the sandy clay overhes a very clean medium-grained sand aquifer
about. 40 feet thick. The secund sample 1: to be collected from this second
aquer (Figure 6). . A

<

-

SAMPLING IN HYDROCARBON MODE

The first sample will be collected using the HP-II in the hydrocarbon mode.

TIP: Because the HydroPunch must be pushed into undisturbed material in the
20ne to be sampied, the drilling procedure must stop somewhere above the
sample point. Consequently, it is very helpful to have some idea of the depth
at which the sample is to be collected. If little is known of the site hydro-
geology, it is often a very good idea 10 use the initial boring as a pilot boring
to determine: 1) exactly where the water bearing zones are, 2) the
permeability of the sample zone, 3) the density of the soil, and 4) other
relepant factors.

1. The hydrocarbon mode was selected because a sample is needed as close to
the top of the aquifer as possible and, with only a 3-foot thick upper aquifer,
it is the only mode that can assure that a full sample will be collected. In
order to collect a sample in the water sampling mede, the HydroPunch
intake has to be a minimum of 5 feet below the top of the water table for the
tool to fll. At this site the intake screen would be open in the confining

w the aquifer, resulting in an extremely slow fill time or no
N _ ENVIRONMENTAL TRAINING CENTER — —
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TABLE 3
DRILLER'S RULES

1) DO NOT SET THE HYDROPUNCH DOWN ON THE BOTTOM OF
THE BOREHOLE AND THEN PICK IT UP. THIS WILL OPEN THE
TOOL, RUIN THE SAMPLE INTEGRITY AND, IF IT IS DRIVEN AFTER
BEING OPENED, MAY DAMAGE THE HYDROPUNCH. BE CAREFUL
NOT TO BACKHAMMER WHEN DRIVING FOR THE SAME RE{@,SDN.

2) ALWAYS ACCURATELY MEASURE THE DISTANCE THE TOOL IS
PUSHED OR DRIVEN AND THE DISTANCE PULLED BACK.

3) NEVER PULL THE HYDROPUNCH BACK FURTHER THAN IT IS
PUSHED OR DRIVEN INTO THE UNDISTURBED SOIL. .
TO EFFECTIVELY ISOLATE THE SAMPLE FROM OUTSIDE
CONTAMINATION; THE BODY OF THE HYDROPUNCH MUST

'REMAIN IN THE HOLE IT MADE DURING DRIVING OR PUSHING.
- ' - g .

. . L e - ,
7. It was determined from the biow count uuring soil sampling that the soil

density will require that the HydroPunch be driven into position using a
140-pound hammer. If the material had been soft, the HydroPunch could
have been pushed from the bottom of the augers using the hyd:ziulic '
downfeed on the drill rig. The HydroPunch will typically require 2 to 4
times as many blows to advance the same distance as a 2-inch split barrel
sampler. The reason for this is that all soil is dispiaced to the side with the
advance of the HydroPunch whereas, when utilizing a split barrel sampler,
the majority of the soil passes into the sampler .

TIP: Where s0il conditions permi, it it preferable to push, ruther than drive, the tool
into position. Pushing allows very accurate control of the depths the tool is
odvanced and retracted, is easier on the driller, and is frequently quicker than
driving. If the tool is to be pushed into position, it is best to make sure that the
driller has an adapter which will enable him to push and retract the drive pipe
before he gets intg the ficid

If soils are soft enough to enable the HP-II to be pushed from the surface into
the sample zone, G considerable umount of time can be saved. When the HP.[I
is used in this manner, no drill cuttings are generuted and there iy no handling of

mers, ete. The only major activity is to add casing as the tool is being
_— ' ENVIRONMENTAL TRAINING CENTER — —
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pulled back. Ezample: Distance to cone from top of drive casing as measured
inside the casing with tape prior to pull back is 13.5 feet. Pull back three feet.
Distance to the cone immediately after pull back is 16.5 feet from top of drive
casing, indicating the cone has telescoped out of the HydroPunch body three feet.

TIP: When used in the hydrocarbon sarmpling moae, the filling process of the
HydroPunch can be closely monitored. At shallow depths this can be done
using o bright flashlight or a mirror to shine light down into the casing. At
greater depths an electronic water level indicator can be used.

11. When an adequate volume of water has flowed into the screen, a small
diameter bailer is lowered through the drive pipe into the screened portion
of the HydroPunch to collect the sample. Smce there is minimum
disturbance to the sample zone and no forelg'n matenal has been
introduced, purging prior to sampling is not required. The sample is
collected from the HydroPunch in the same fashion as a monitoring weil.
It should be noted that most HydroPunch samples will be more turbid than
monitoring wells instalied in the same formation because there are no filter
packs to remove fines. To minimize the turbidity, gently lower and retrieve

_the bailer through the water to reduee the surging effect as the sample is
collected. e

DECONTAMINATION

Decontamination of the HydroPunch is quite simple. Lay the HydroPunch
body and the drive casing on suitable supports and decontaminate the
pieces, using the brushes and rods supplied with the tool and/or by steam
cleaning. When cleaning the tools, particular attention should be paid to
the HydroPunch body and the bailer, since these are the pieces which come
into direct contact with the sample. '

TIP: Always attempt to disassemble the HydroPunch while it is still wet. The
water serves as g lubricant and prevents damage to the stainless steel parts.
For decontamination, saw horses or some similar supports help make
cleaning easier. Also,  plastic bucket and a mesh basket, such as a fry
basket, can retain small parts during steam cleaning and prevent them from
flying all over when subjected to the high pressure steam.

- mc _ ENVIRONMENTAL TRAINING CENTER —
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hydrocarbon mode, stretch the rubber sleeve over the cone and body of the
tool to make sure that the cone does not separate as the tool is lowered down
the borehole.

' 6. For collecting the second sample in the ground water sampling mode, the
HydroPunch can be advanced using a wireline downhole hammer. When
the tool reaches the bottom of the drilled borehole, the cable used to raise
and lower the hammer is marked with the hammer in the gown position.

-

7. Again the three Driller's Rules apply (Table 3). Since sampling is well
below the top of the aquifer, the tool is only driven a few feet into the
und:sturbed soil below the borehole. The distance the tool is driven is
closely monitored by watching the marks on the cable as the tool is
advanced. Once again the contractor must be careful not to hammer
upward while driving the tool (Driller's Rule 1. .

8. When the HydroPunch reaches its final depth, in this case driven three feet
‘below the bottom of the augers (23 feet below surface), the hammer is gently
pulled to its up position and the cable marked to monitor tk: 7:ll back
procedure.

9. The HydroPunch is backhammered one foot. As soon as the tool moves
upward, the cone separates from. the body. This allows the formation water
to flow through the intake screen, past the lower check valve assembly, into
the sample chamber, and finally out the upper check valve. .

10. Essentially, the open HydroPunch becomes a dual check valve bailer that
has been driven into position. After a period of time, based on the estimated
formation permeability, the tool is pulled back to the surface. As the tool is
retrieved the hydrostatic head changes, closing both check valves and
trapping the sample within the body of the tool.

11. At the surface, the upper subassembly (AW adapter) is unthreaded and the
top check retainer is threaded onto the body of the tool to hold the the upper
check valve and disk in place. The reed valve barb is unthreaded from the
disk and the Teflon stopcock of the discharge assembly is threaded into the

- ‘ nc ~ ENVIRONMENTAL TRAINING CENTER ———
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TABLE 4 |
STEPS IN PREPARING THE HP-II FOR SAMPLING

" THE BEYDROCARBON MODE
STEPS

by

Make sure O-rings are on each end of HP-II body.

2)

Thread drive shoe on one end of the body and the EW casing adapr.er on the
other end. (The EW casing thread has a larger inside diameter than the
AW rod adapter.) Make sure that both fittings are tightened by hand as
much as possible.

3)

Push the barbed end of the drive cone inte the 5-foot long polypmpylene
sereefn.

4)

Insert the sereen into the drive shoe end of the HP-II and seat the O-ring
and cone in the drive shoe.

5)

Stretch the rubber retainer sleeve over the cone and body to hold the cone tn
place as the tool is lowered downhole.

. 6)

Attach the HP-II to the EwW easing (or other drive casing) using the
_.appropriate adapter.” Be sure that the drive casing is thoroughly cleaned
before attaching the HydroPunch.

THE GROUND WATER MODE
STEPS

1)

Insert the stainless steel plug with upper check valve into the top of tool.

2)

Upper subassembly from the HP-II, threaded to the AW adapter, is threaded
over the upper check vaive.

%y

Iniet assembly is unthreaded from screen cartridge sleeve.

4)

Thread short stainiess stsel screen onto lower portion of inlet assembly.

9)

Inlet assembly with screen attached is threaded back into screen cartridge
sleeve.

6)

Insert cartridge sleeve into bottom of HP-II body.

s

Thread drive shoe onto body to hold cartridge Sle_eve in place.

8)

Insert cone (without screen attached) into end of drive shoe. Make sure
O-ring is on cone.

9)

M/ered downhole.

Streteh rubber sleeve over cone and body of tool to hold cone in place as tool

ENVIRONMENTAT TRAINING

CENTER ——
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| FIGURE 8 |
HYDROCARBON MODE ASSEMBLY INSTRUCTIONS

A Place O-rlngs® on each end of HydroPunch II (HP-ID) body@.
B. Thread drive shoc onto one end of body and EW casing adapter @

onto other end. ten both fittings by hand as much as posstble.
(NOTE: The EW casing adapter has a larger inside diameter than the AW rod
adapter which is used in the Ground Water mode). : .

L~ _
C. Push the barbed end of the drive cone C) into the 5-foot long polypmpﬂcnc__ scrccn@
malking sure the O-ring 1s on the cone first. . : -

D. Insert the screen @a.nd drive cone @asscmbly into the drtve shoe cnd of thc
HP-II and seat the 0 -ring and cone in the drive shoe. L

E. Stretch rubber retainer sieeve @over cone and body to hold cone in place when
tool is lowered downhole.

— -

F. Attach HP-1I to EW casing (or other drive casing) using appropriate adapter.
(NOTE: Be sure drive casing s thoroughly clca.ncd before attaching to the
HydroPtmchJ, N | -~

|
INVIRONVMENTAL TRAINING CENTER ———
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TABLE 5B
HYDROPUNCH II—HYDROCARBON SAMPLING MODE*

STEP
]

#

BASIC OPERATING PROCEDURES

PROCEDURE

COMMENTS

Drill to & point just abova tha dasired sampie
dapth. If sarnpiing floating product, be sure W
stop drilling sbove tha top of the aguifer.

If sita conditions permit pushing the tool from the suriace
to the sample point, go to Sup .

| Attach wssembied HP.II to tha drive casizg.

Ba sure to use the rubber retainsr sleeve 10 hold the cone
onto the drive shoe if the tool is lowered downhole.

Lawer the tool to the bottom of the borehols.

Onee on the bottom of the Aole, DO NOT PICK UP THE
TOOL. (Driller's Rule 1}

Drive or push the HP-II a minimum of ane foot

(3 to 5 feet is better) past the bottom of the borebole

to the final sampie point.

1 If pushing or driving the HP-II from the surface,
advancs the tool directly to the seiected vample depth.

2 When driving or pushing, carefully count and mark

the casing 3o you inow exactly whars the end of the
tool is.

When the final depth has been achieved, puil
back op tha drive casing to puil the cona and
acrean out of the body of the tool, permitting
ground water to anter the HP-II.

-
-

1L DO NOT PULL THE TOOL BACK FURTHER
THAN IT HAS BEEN DRIVEN (Driller's Rule 3).
For example, if the tool is driven or pushed 3-1/2 feet,
do not pull the tool back more than 3 fest.

2 A mininrum of 6 inches of the body of the tooi needa ta
ba in the driven hole to provide s good annuiar seai.

i Additionally, sines the screen is § feet loog, the ool
eannot be pulled back more than § feet without -
separating the screen from the body.

{

Clamp the drive camng at the yurfacs.

This preveats the body of the HP-II from sliding back
down over the exposed screen.

|

{ Disconnect the drive casing from the hnmmer

ior push adapter) and check to see if tool is
filling. .

A mirrﬁr to reflect light down the cusing or & water level
indicatsr cap be used. ’

When an adequats volume of water has filled
the tool, lower a small dismeter bailer through
the drive casing to coliact the vample.

There is Do need {or development or purging prior to
sampis milection.

After compieting sample collection. pull the
drive caxing and the HP.II to the surface. The
cone and screen will normally atay downhole.

Should the acreep be recoversd, do not attemaot to tenas ot
It cannet be decontaminsted wnd. if reused, will likeiy
affect the integrity of subsequent samples.

10

Disassembla the HP-II while it is wet.

Watar lubricates the parts which reduces the potential for
galling. :

1

Decontaminawe the tool according to your
desmng protocol

In the Hydrocarbon mode, the drive pipa as well as the
tool and bailer need ts be thoroughly deconcam:nated.

*Prior to using HP-II in the hydrocarbon mode, be sure the drive casing is thoroughly
decontaminated. In this mode, the casing contacts the sampling bailer and is in
communication with the sample chamber.

___ PP
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cone will almost always lock in position making it extremely difficult to pull
free, even using wrenches and a vise. To prevent this from occurring,
always use the sleeves provided with the tool.

Drive Cone Separates Too Soon

1 The most common cause of early cone separation is the result of the tool
being pulled back prematurely by backhammering or being picked up after
being placed on the bottom of the borehole. See DRILLER'S RULE1..
(Table 3). Be careful.

2 When lowering the tool down an open borehole, always use the exterior
rubber friction sleeves provided with the tool to make sure the cone stays in
place.

Leaking Check Valve

'L The check vaives in the HydroPunch are designed to handle grit saturated
water and cunsequentiy do not usﬁa.ily leak to the degree where thereis a
critical loss of sample. Often, if the water is extremely sediment laden, the
sediment itself will collect on the check valve and seal the sample in the
tool. If a leak does occur, it is almost always very slow. The best way to
correct the problem is to retrieve the tool and decant the sample as rapidly
as possible. |

. HYDROGEOLOGY RELATED PROBLEMS

Sample Collection from Low Permeability Aquifers and
Thin Water Bearing Zones

1. As the HydroPunch is driven or pushed into position, the soil is displaced to
the side and compacts into the walls of the hole. The process cleans the tool
as it moves downward and also produces a very tight annular seal around
the tool. The consolidation of the soil particles around the tool can also
result in a reduction of the permeability of the soil. The tight seal and

m'meabﬂity enables the HydroPunch to collect a very discrete
N _ ENVIRONMENTAL TRAINING CENTER —
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open hole serves as the intake screen and intercepts the water bearing

layer. The portion of the hole in and below the saturated zone will collect

water. A bailer is lowered into the open hole for sample collection.

Frequently, thialy bedded water bearing formations occur at shallow depths

in soft, cohesive soils. These conditions make pushing the tool easy and
investigations frequently can be accomplished by pushing or driving from

the surface. s .

-

-
e

Intrusion of Drilling Mud or O'ﬁtside Ground Water

1 There is the possibility that outside fluid will be forced into the sample
chamber if the HydroPunch is used in the water sampling mode in: 1) a
mud filed borehole, or 2) is used to collect a sample from a deep aquifer
and, during retrieval is pulled back through an upper aquifer with a higher
hydrostatic head.

' As an example, assume the tool is lowered into a mud-filled borehole and is '
driven 3 feet into the underlying formation for a sample. The water table for
the aquifer is 30 feet and the sample was collected at 40 feet. When the
HydroPunch is filled with sample it has 10 feet of head above the sample
(the depth the tool is below tbe top of the aquifer). The borehole has about 40
feet of drilling mud in it. When the HydroPunch is pulled from its hole and
exposed to the drilling mud in the borehole, the mud, having much higher
hydraulic head (40 feet vs. 10 feet), dispiaces the sample in the tool and
forces it up the drive pipe. The same process can occur when the tool is
retrieved from a low head, deep aquifer through a borehole filled with water
from a shallow aquifer with a higher head.

2 To prevent thia from occurring, two things can be done:

a) The tool can be used in the hydrocarbon sampling mode. In this

confipuration the sample is collected prior to the intake being exposed to
the fluid in the borehole.

b) A barbed adapter is available which attaches to the top check valve of the

Imtbe water sampling mode. This adapter enabies thin tubing
N p ly 1/8 inch vinyl) to be attached to the GheplRGAIMENTRY FRAMING CENTER —
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. TABLES6 '
TROUBLE SHOOTING GUIDE |

MECHANICAL PROBLEMS

PROBLEM CAUSE SOLUTIGN
Drive Cons Does 1) Very fins sand has worined ite way a) Maks sure the rubber e&_ar'mr slacva is '
Not Separata from batween cone and drive ahoe as tocl ia used over tha cons and {rive shoe. -
Bod being driven, b) Make sure tool is not ljiad or ac dantally
¥ backhammared as it is|eing .advancad. |
2) In very lcosa formations there may 1) Initists puliback by-a sharp bsckhammer.
not ba anough soil friction to ssparate Ths sudden shock and ppward motion will
thl_um-uiti.lpulhdin:h. cause MpaAration. : .
1) Utilizing s “homamade” sleeve. | o) Use the sleaves pmdldiwit.h the tool
instaad of the sissve provided with tha . .
Hydfﬂm 1 i
Drive Cone 1) Tool is palisd beck prematurely or | &) Driller:s Rnls 1 (Table .

Separatas Too Scen

was picksd up after being piaced on
battom of barehole,

Rubbg;.&iﬂinnd?wnwnmmid,

oy . -

-1 .. .-shatool.

I
a) Alq-nﬁmhhu i

Laalcng Chack
Valve

——

1). Sediment clogs on chack vaive,..

HYDROGEOLOGY RELATED PROBLEMS

PROBLEM CAUSE SOLUTIONS {
No Sampia Due to | In some fine-grained silts and ciays or | Many low permeability conditions uéur inyl
Low Permeahility formations with very thin weter besring | [ine-grained cohesiva soils.: Often thase sotis
Conditions gonas, the compression of soil particias will “stand open” aftar theldrilling wois ary:
may lower parmaability of the sstnrated removed. II the Hy hole stands ophn, |
20ne causing the collection of ground it is possible to nam the tockiin the HyjiroCarpo
water sampias to taks s lunger parind of mods without a scresn sttaghed to the cons. |
time thas "narmal” (>1 beur). In some | This permits tha open ares to be as ipng 4 ;
Jow parinsability SonditinGs, saxiplé lishitad U tha'5-Took scresn  y |
enilaction may not be pasiible. length. The long open providas la gre
intaks ares and a collecti4g sump fo; the
sample. The incressed raducgs the B
tima required for the tool}s A1
Intrusion of Drilling | If the HydroPunch is used in the water | L Vent tubiog m 3 from the ®p ch
. . . valve of ACE.
Mud or Outside sampiing moda in & mud filled hole or iz The tuln.n.g vnnt.l t.h. mﬁl wh.l.lc ing.

Ground Water

retrisved threugh a zone with o highar
head than tha sample sone, the foreign
fluid will dispisce tha sarnpis in tha
HydroPunch.

___rc

| % | ::
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VI. SCHEDULING (General Guidelines)

As with all drilling projects, HydroPunch sampling rates are dependent upon
site conditions, depth of sampling, equipment available, and personnel
experience. However, some general guidelines can be used. Based on a
sample depth of 30 feet or less and easy drilling or pushing conditions, rough
sampling rates outlined in Table 7 may be used. The slow first dajr rates reflect
set up time and getting a feel for the tool and the site, parﬁt:ﬁla.rly if rio
hydrogeoclogic information is available. .

TABLE 7

SCBEDULING GUIDELINES
DAILY NUMBER OF SAMPLES COLLECTED
- SCHEDULE _Inexperienced Crew Experienced Crew
First Day 3 Samples 3 - 8 samples
Following Days 4.10 Samples 5 - 10 samples

epending on fepeh f sample | Gepencing gn fepfhadl oo




PLEASE NOTE:
HvdrePunch samples and ground-
water sampies collected from
morutoning wells instalied ;n same
borehole. Site referenced 15 3 landfill
located in . Calisorniz. Some vari-
ables exist between ;amples. 1) Sam-
ples were not collected from the
Hydrol'unch and well concurrently.
consequently chermcal conditions
may have changed between sampies:
2t HydraPunch and well sampies
were not collected from exactly the
“me intervals. Screened ntervals
2 10-30 teet. while HvdroPunch
<ty 2 wmpie from approxmmately
4 two-toot interval.

As the sample is collected, the drive cone and the sample chamber are
flush against the borehole walls, serving as packers which iscalate the intake
screen from grouncl water above and below the zone being sampled. The
sample is collected under in-situ hydrostatic pressure with no agitation.
Once the sample chamber is filled, the HydroPunch is pulled towards the
surface. This increases the hydrostatic pressure in the unit, which closes the
two Teflon check valves and retains the sample within the sample chamber.
Upon retrieval, the cone is removed and a simple stainless steel and Teflon
sample discharge device is inserted for transferring the groundwater sampie
to a sample contairer.

Unlike geophysical monitoring tec}uuques or soil gas sampling, which are
sometimes used to screen for ground water contamination plumes, the
HydroPunch provides a ground water sample consistent with sampling
requirements for all priority pollutants. The sample provided by the
HydroPunch is not subject to extraneous influences (i.e., changes in soil
type, vadose zone contamination, etc) which can affect the remote sensing
techniques and often complicate the data interpretation. In addition, the
potentiometric surface of the aquifer being sampled can be determined
from the stabilized water level inside the rods used to drive or push the
HydroPunch.

Comparison of HydroPunch and Monitoring Well Water Samples
Well Number Al A2 A A A3 Ak
Source of Sampie HydroPunch Well HydroPunch Well HydrPonch Well HydroPusch Well  HydroPonch Wall HpdmPunch  Welt
Diepth of Sample iFret! s @ 1 103435 13127 10835 M54 534S 10 LeH LHe 1349
Viglatile Prinney Pallutants iConcentration pg/ i} :
Beraene 03 L3 1 1 3 n 03 ND 0.1 63 12 0a
Chioroternome© ND ND ND ND ND ND ND ND ND ND 03 ND
D¥broenpchiorowwthane ND ND 4.3 ND ND ND ND ND MND ND ND ND
Cilorolorm 0.1 01 ND ND ND ND 03 0.2 ND ND ND 1
1.1—Dicloroethane 01 0.1 2 43 pir 2 02 o8 ND ND 4 4
1.2~ Dichlorosthans NG ND 25 25 ND ND ND ND ND 0.3 0s os
1.1=Dickloroethene - ND ND 15 28 ND ND . ND 0.1 ND ND ND Q1
1.3—Dichioropropane  ND ND 25 18 ND 258 ND ND ND ND ND 1
Erbylbenzene o2 ND ND ND MD ND ND ND 0.1 01 0.1 ND
Mathylene Chloride ND ND ND NO ND ND ND ND ND WD 15 0
Tetrachlorosthene 0.6 07 n “ 18 « 04 15 3 3 54 12
Tolwene 12 ND ND ND ND ND ND ND ND ND ND ND
1.1.)-Trichloroethans ND ND ND ND ND ND 02 ND ND ND N[ ND
1,12 Trichlorosthams 0l 0.1 ND ND MD ND ND ND ND ND ND ND
Trichlorosthane 0.1 ¢.3 14 ¥ ND b1 o1 03 03 0.2 b¥ | 53
Virryl Chioride ND ND ND az ND ND ND ND " ND ND ND ND
trame-1.2-Dichlororthens ND ND ND bAL ND 5 ND ND ND ND 02 n2
Unishile Non-Pronty Poliulants

»Xylaras o 7 0.1 ND 28 D 18 0.1 ND 0.3 0.1 0.3 ND

—Xyhene ND ND s ND ND ND ND 0.1 ND ND ND

l dn.:-bm.-a..r ; 48 5 " 8 . ND ND 0.3 03 2 13
{ J V™ P —— ENVIRONNVERTAT TRAMNINGCENTER {—
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'HYDROPUNCH (R) OPERATION MANUAL

INDEX
Specifiications _ | Page 1
General Operation : ' 2 .
Géneral Diagram | 3

Assembly Instructions

Screen Assenmbly A
Point Assembly S
Screen/Adapter Assembly 6
Stop/Extension Rod Assembly 7
Top Check Assembly _ 2]
AW Box/Top Check Assembly 9
Final Hydropunch Assenbly 10
Top Discharge Assembly 11
Use of Top Discharge Assembly 12

0-Ring ldentificaticn Chart i3

Parts List 14
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3 0. Box 3726 = Ann Arbor. MI 48106

OPERATING THE HYDROPUNCH (R) GROUNDWATER SAMPLING SYSTEM
GENERAL_OPERATION

The HydroPunch is used to gather representative groundwater
samples without installing complete monitoring wells. The
HydroPunch is pushed/driven through the undisturbed soil into a
water bearing zone, the outer body is retracted slightly to allow
liquid to enter into the sample chamber, the HydroPunch is pulled
to the surface and the sample is removed for analysis. The
HydroPunch is then cleaned prior to collecting the next
groundwater sample.

.....—_._.--———_..—_-.——-————_-—._.——_u————-—-——-——

1) Attach the clean HydroPunch (via the AW Box thread at the
top) ahead of the drive string. (See Diagram on Page 3.)

2) Push the HydroPunch a minimum of 5.5 feet into the water
bearing zone.
NOTE: Pre-punching the hole to just above the water bearing
-one will increase the useful life of the HydroPunch.

3} Retract the HydroPunch approximately 1.5 feet to allow the
sample to enter. (See Diagram on Page 3.)
NOTE: Pulling upward on the drive string should retract the
outer body and allow the sample to enter. Depending upon the
soil conu..ions, the point may not remain in place when the
suter body is retracted. Solid push rods or a weight on
cable can to used to lightly tap ("tunk") the top check valve
to assist in point extension and to verify extension.

4) The fill rate is dependent on the formation permeability.
Fill times of 10 to 40 minutes are normal.

5) Pull the HydroPunch to the surface when filled.

63 Rinse the HydroPunch off before removing the sample.

7) Remove the sample from the HydroPunch using the top discharge
device. (See Pages 11 and 12.)

8) Rinse any dirt/sand from unit before disassembly for
cleaning. Dirt can lock and gall stainless steel threads.

'USE_WITH_DRILLING_EQUIPMENT

1) Drill the initial hole to just above the water bearing zone.
2) Attach the clean HydroPunch (via the AW Box thread at the.
. top) to the drive rods. (See Diagram on Page 3)

3) Drive the HydroPunch a minimum of 5.5 feet into the
undisturbed water bearing zone.
NOTE: The HydroPunch is driven into position in the same
panner as a 2" split barrel soil sampler, normally using a
140 1b. hammer.

4) Follow Steps 3 thru 8 listed under "USE WITH CONE
PENETROMETER EQUIPMENT"..

, |
i C _ ENVIRONMENTAL TRAINING CENTER ——
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SCREEN ASSEMBLY

bl AT N F A e e e

35731
CLAMP

35448
PISTON
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d WAL OO |

PO SO IR XK IR KD

INSTRUCTIONS:

1. SUDE STAINLESS STEEL SCREEN (35726) OVER THE 3 CROSS-HOLES
ON THE PISTON (35448). NOTE THE LOCATION OF THE CLAMP
GROOVES ON EITHER SIDE OF THE 3 CROSS—HOLES.

USING CLAMP TOOL (35052), INSTALL 1 CLAMP {35731) ON EACH
END OF THE SCREEN. CLAMPS (35731) SHOULD BE LOCATED OVER
CLAMP GROOVES ON PISTON (35448).

2
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t._
STEP NO. i _ ﬂ _
STEP NO. 2 | ﬂ

STEP NO. J

STEP NO. 4

16070 35455 16070
ORING/ ADAPTER ORING

35477 - 25478
ORING  ORING

INSTRUCTIONS:

1.

2.

3.

4,

—_—

SLIDE SLEEVE OVER SCREEN/POINT SUB—ASSEMBLY. THREADED END
OF SLEEVE (35454) SHOULD BE OPPOSITE POINT. INSTALL

ORING {35478) INSIDE OF INTERNAL ORING GROOVE IN ADAPTER (35455).
INSTALL 2 ORINGS (16070) IN EXTERNAL ORING GROOVE ON BOTH
ENDS OF ADAPTER (35455). .
CAREFULLY SLIDE ADAPTER SUB—ASSEMBLY OVER THE END OF THE
PISTON (35448). SLOWLY ROTATE ADAPTER SUB-—ASSEMBLY WHILE
INSTALLING ON PISTON (35448) TO PREVENT TEARING INTERNAL
ORING (35478). CAREFULLY THREAD ADAPTER SUB—ASSEMALY INTO
SLEEVE (35454). SLOWLY TURN ADAPTER SUB—ASSEMBLY BACK AND
FORTH TO SEAT ORING AS IT ENTERS SLEEVE.

N “LL ORING (35477) ON END OF PISTON (35448).

e

—

—— e— —

NOTE:
IF ANY RESISTANCE, DUE TO SAND, GRIT OR METAL |
BURRS, 1S ENCOUNTERED WHILE ASSEMBLING
STAINLESS STEEL COMPONENTS, DO NOT _ngom_n _

DISASSEMBLE COMPONENTS AND DETERMINE C
RESISTANCE BEFORE ANY FURTHER ASSEMBLY.
FORCING STAINLESS STEEL PARTS TOGETHER §r”
CAUSE GALLING AND THE PARTS MAY BE Ic_Zmp

o




STEP

STEP

STEP

STEP

INSTRUCTIONS:

1.
2.

-3

*’

TOP CHECK ASSEMBLY

35451
NIPPLE

3517
ORING

/

NG CENTER

T

35578 7~ 35611
T0P PLUG |
Sou: TOP CHECK
BALL 35474
: x ORING

NO. 1
T

35475

STEP
et —

o § =

NO. 2

e

O

NO. 3

NO. 4

P —

NG. &

S[0 ==

INSTALL O-RING (35474) ON TOP CHECK (35811).
INSTALL O—RING (35475) IN TOP CHECK (35811).

MAKE SURE ORING IS SEATED. :

PLACE 5/18° DIAMETER BALL (35472) IN TOP

CHECK (35811). THREAD TOP PLUG (35578) INTO

TOP CHECK (35811).

SCREW NIPPLE (35451) INTO TOP CHECK (35811).

NOTE: THE TOP CHECK CAN BE SCREWED INTO BOTH
ENDS OF NIPPLE, BUT ONLY ONE END WALL MAKE A SEAL.

"~ THE CORRECT END IS THE ONE LOCATED FARTHEST FROM

m.

THE EXTETINAL ORING GROOVE ON THE NIPPLE. 1T IS ALSO
THE LARGEST DIAMETER ON THE NIPPLE
| \r_.._. ORING (35171) ON NIPPLE (35451).

= “EnvRONMENTAL TR
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FINAL HY

——— —

STEP NO. 2

10

=)

INSTRUCTIONS: .

1. INSTALL AW BOX SUB—ASSEMBLY INTO AODY (354409).
SLOWLY TURN AW BOX SUB—ASSEMBLY BACK AND FORTH
10 SEAT ORING AS IT ENTERS BODY (35449).

INSTALL POINT SUB—ASSEMBLY INTO BODY (35449).
SLOWLY TURN POINT SUB~—ASSEMBLY BACK AND FORTH
TO SEAT ORING AS IT ENTERS BODY (35449).

3. THE HYDROPUNCH IS NOW READY FOR USE.

2,

NOTE:

I ANY RESISTANCE, DUE TO SAND, GRIT OR METAL
BURRS, IS ENCOUNTERED WHILE ASSEMBLING
STAINLESS STEEL COMPONENTS, DO NOT FORCE!

DISASSEMBLE COMPONENTS AND DETERMINE CAUSE
RESISTANCE BEFORE ANY FURTHER ASSEMBLY.
FORCING STAINLESS STEEL PARTS TOGETHER WLL n

CAUSE GALLING AND THE PARTS MAY BE RUINED.
_



AEga

;;:E'ég%%
a§2=§
w %3

__PRc

J0IA30 39AVHOSIQ d01L 40 3Sn

ENVIRONMENTAL TRAINING CE

NTER




@D Sm. hC..l

P.C. Box 3726 « Ann Arbor, Ml 48106

HYDROPUNCH .(R) REPLACEMENT PARTS LISTS

PART NUMBER - DESCRIPTION - REFERENCE PAGE
35540 Kit, HydroPunch O-Ring
(Includes 1 Replacement Set)
35760 Kit, HydroPunch Screen

(Includes 12 Replacement Sets)

34895 Bag, 4 x 6

35052 Clamp Tool 4
35445 Bottom Plug 9
35446 Stop 7
38447 AW Box =
35448 Pistoen 4,5
35449 Bodyv . 10
35576 Top Plug 8
35451 Nipple 8
35611 Top Check 8
33453 Point 5
35454 Eleeve &
35455 Adapter [
35610 Ext. Rod Adapter 7
35575 Extension Rod 7
35472 Ball, &/1&" 8
35473 Ball, 172" 7
35479 Teflon Stopcock 11
35480 O0~Ring Extracter

35483 Brush, 1/4" Nylon

35484 Brush, 3/8" Nylon

35485 Brush, 1/2" Nylon

35486 Brush, 3/4" Nylon

35487 Brush, 7/8" Nylon

35488 Brush, 1.25" Nylon

35489 Brush, 1/4" Nylen

35511 Handle, 24" '

ass1z2 Handle, 45"

35513 Handle, 48"

€220 Tubing, 1/4" Teflon

35664 Adapter, Discharge i1

i IlC 14 ENVIRONMENTAL T,RAININ NTER
HVEEPUNG WELL WIZARD" SAMPLE PRO* P
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SOP APPROVAL FORM

PRC ENVIRONMENTAL MANAGEMENT, INC.

STANDARD OPERATING PROCEDURE

FIELD MEASUREMENT OF WATER TURBIDITY

SOP NO. 038
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Approved by:
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PRC Environmental Management, Inc. _ _ SOP No. 088
Standard Operating Procedure Page 1 of 5
Title: Field Measurement of Water Turbidity , Revision No. 1

' ' Revision Date: May 1993

1.0 BACKGROUND

Turbidity is the appearance of opaqueness or cloudiness in 2 liquid resulting from the presence of |
suspended solid matter. The measurement of turbidity offers an indirect way to evaluate the |
concentration of suspended solidl matter. PRC Environmental Management, Inc. (PRC), uses. 2
LaMotte Company Model 2008 Turbidity Meter or equivalent to measure the turbidity of agueous
samples. Typically, turbidity measurements help evaluate the effectiveness of monitoring well

development procedures or well purging procedures prior to sampling.
1.1 PURPOSE

This standard operating procedure (SOP) establishes the requirements and procedures for obtaining
turbidity measurements in the field.

1.2 SCOPE

This SOP applies only to use of the LaMotte Company Model! 2008 Turbidity Meter. The model
2008 operatos’s manual should be consulted for 2 more detailed description of the instrument.

Equivalent instrumentation may be used if the Model 2008 is not available.

1.3 DEFINITIONS

Nephelometry: the measurement of the armount of light scattered at right angles when 2 beam of
light is passed through a water sample. The measurement is reported in nephelometric turbidity units
(NTUs).

1.4 REFERENCES

LaMotte Company Model 2008 Turbidity Meter's operator’s manual,
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1.5 REQUIREMENTS AND RESOURCES
The equipment required 10 obtain turbidity measurements in the field are as follows:

. LaMotte Company Model 2008 T'ur.bidity Meter or equivalent with standard solutions
. One 40-mL volatile organics analysis (VOA) clear glass sample vial

° Lint-free absorbent wipes
2.0 PROCEDURE

The following sections describe both the calibration and sample measurement techniques to be used
with the LaMorte Company Model 2008 Turbidity Meter (Figure 1). Specifications for the Model
2008 are given in Table 1.

2.1 CALIBRATION

The LaMotte Company Model 2008 Turbidity Meter is actually calibrated at the factory; however,
two standard solutions are supplied with the instrument to check the calibration of the meter in the
field. To check the calibrations the standard solution closest to the anticipated sample reading is
placed in the meter. The standardize control (Figure 1) is then used to adjust the meter so the display
reads the known value of the standard selected. Standardizing the meter is typically compieted before

a series of measurements to assure the accuracy of the readings.
2.2 OPERATION
The instrument operation procedures are as follows:

1. Pour a small amount of sample into the 40-mL. VOA sample vial to rinse the vial, and
then discard the rinse liquid. Fill the sample vial to its neck, taking care to pour the
sammple gently down the side to avoid creating air bubbles.



PRC Environmental Management, Inc. ' SOP No. 088
Standard Operating Procedure ' Page 3 of §
Title: Field Measurement of Water Turbidity Revision No. 1

Revision Date: May 1993 .

FIGURE 1

LAMOTTE COMPANY MODEL 2008 TURBIDITY METER
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Reproduced from LaMotte Company, Chestertown, Maryland,
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TABLE 1

SPECIFICATIONS FOR THE MOi}EL 2008 TURBIDITY METER

METER

Range: 0-19.99 and 0-199.9 NTU Full Scale
Measurement :

Accuracy: +2% of reading or 0.05 NTU, whichever is greater.
Display: 0.5 Liquid Crystal Display

Warm Up Time (to specified accuracy): less than 15 seconds

F'H_UTI:METRIC DATA
Photodetector:  Silicon photodiode, centered at 90° to the incident light path.

Lamp: Tungsten, lens-end long life, operated at a color temperature of 2230°K.
Distance traversed by incident light and scattered light within the sample
tube iz 2.5 cm.
Lamp Life: Approximately 10,000 hours -

CONTROL PANEL
Range Selecior: 4-position: Charge only/Offf0-20 NTU/0-200 NTU

Siandardize: For standardizing instrument with AMCO™ standards.

POWER REQUIREMENTS

ap_eralcs from internal Ni-Cad rechargeable batteriex (not user replaceable)

D.C. Operation: Requires 9V, 500 ma (nominal) souice - operation is possible on any DC.
source between 9 & 16 volts capable of supplying at least 300 ma.

A.C. Operation: Is possiblc via A.C. adapter (120 VAC input, oV, 500 ma output)

METER HOUSING

Material: ABS

Dimensions: 71/2"Lx53/8"Hx2 314w
Weight: 2.4 lbs,

OPTIONAL CARRYING CASE

Material; High Density Polyethylenc Case
Dimensions: 10°L x .13 1/2*W x 6 1/8"H

Weight 8 lbs.-

Reproduced from LaMotte Company, Chestertown, Maryland.
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2. Cap the sample vial and, while holding the sample vial by the cap only, wipe the
" outside surface of the vial with a clean, lint-free, absorbent wipe until the sample vial
is dry and smudge free. Handling the sample vial only by its cap will avoid problems
from fingerprints, Set the sample vial aside on a clean surface that will not
contaminate or scratch the bottom of the sample vial.

3. Select the appropriate range on the meter (0-20 NTU or 0-200 NTU).

4. Insert the sample vial into the sample chamber. Make sure the sample vial is seated
on the bottom and the chamber is capped. The reading should stabilize within 15
seconds. Record the reading in the logbook and withdraw the sample vial.

5. Decontaminate the vial in accordance with SOP No. 002, *General Decontamination,”
between samples.

When the batteries in the turbidity meter are low, the indicator light will come on. Initially the
instrument, though, will continue to function and provide accurate readings. At the end of the useful
charge, readings will appear to drift. The batteries must be recharged at this point, or they may not

recharge properly. The instrument can be operated while being recharged.
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1.0 BACKGROUND

The site reconnaissance and characterization (investigation) will involve a visual site inspection to
evaluate the presence of conditions at hazardous waste sites which may pose potentiﬁl heaith and
safety hazards to employees engaged in field work. These conditions may include physical hazards,
insufficient oxygen levels, exposure to flammable vapor levels, high or toxic concentrations of gases
or chemicals, or high levels of nuciear radiation. Evaluation of health and safety hazards consists pf
(1) reviewing and summarizing existing site data and preparing a site health and safety plan (HSP);

and (2) performing the investigation using monitoring or sampling equipment.
1.1 PURPOSE
This standard operating procedure (SOP) was developed to promote uniformity in investigating and

gvaluating potential health and safety hazards at hazardous waste sites before employees begin field

work.
1.2 SCOPE

This SOP applies to the investigative tearns conducting investigations at hazardous waste sites 0
determine potential health and safety hazards that employees may be exposed to during field work.
Each investigation will consist of a visual site inspection, the use of monitoring or sampling

equiprment, and the use of appropriate personal protective equipment.
1.3 DEFINITIONS

None.
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1.4  REFERENCES

U.S. Eavironmental Protection Agency (EPA). 1987. "A Compendium of Superfund Field Operations
Methods.” OSWER Directive 9355.0-14 (EPA/540/p-87/001). _

EPA. 1985. "Characterization of Hazardous Waste Sites - A Methods Manual," Volume 1,
(EPA/600/4-84/075}.

1.5 REQUIREMENTS AND RESOURCES

The requirements and rescurces needed t0 complete an investigation are discussed in the following

subsections.
1.5.1 Personal Protection Equipment

Members of the investigative team must comply with the site HSP, which will specify the necessary

personal protection equipment. This equipi'nent may consist of the following items:

® Protective clothing (coveralls, Tyvek®, Saranex®, or splash suits)

L Hard hat and face shield

. Rubber or stesi-toe boots
. Rubber gloves with liners
L Full-face respirator (air-purifying chemical cartridge or supplied air respirator)

1.5.2 Instrumentation
The instrumentation that may be used during an investigation includes;
® Crganic vapor monitor

L Oxygen and explosivity meter

L] Radiation survey meters
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* Respirable dust monitors

® Colorimetric indicator detector tubes (Draeger tubes)
1.5.3. Sample Collection Equipment

It may be necessary during an investigation to collect environmental or source material samples for

laboratory anaiysis. The following equipment may be needed to collect samples:

Field logbook
Sample jars and bortles
Sarople collection tools (augers, trowels, pipettes)

Colorimetric indicator detector tubes

Chain-of-custody records
2.0 PROCEDURES

The procedures to0 be followed when conducting an investigation are discussed in the following

subsections.

-2.1 HEALTH AND SAFETY PLAN

Before an investigation may begin at a hazardous waste site, a site-specific HSP must be completed
which satisfies the reqﬁiremems of the Occupational Safety and Health Administration as defined in
the Code of Federal Regulations (29 CFR 1910.120). The HSP must be reviewed and signed by all

members of the investigative team prior 1o arriving on site.
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2.2 VISUAL SITE INSPECTION

The investigative team will visually inspect the site during a walkover of the site. Ambient air
monitoring will be conducted if neec_led. The subsections below discuss establishing a staging area,
evaluating potential health and safety hazards, and decontaminating equipment.

2.2.1 Establishing a Staging Area

The investigative team will prepare for the visual site inspection at a staging area judged to be clean
on or near the site. This area will be used to don personal protective equipment, zero instruments
and take background readings if needed, and serve as the decontamination center. The staging area
should be upwind of potential contaminant sources. '

2.2.2 Evaluating Health and Safety Hazards

The entire site, inciuding bulk storage vessels, confined spaces, waste lagoons, drum storage areas,
and other points of interest will be monitored and sampled as needed to detect the presence of
potentially hazardous conditions (for example, oxygen deficiency, explosive atmospheres, high vapor
or radioactivity levels, or physical hﬁzar:is). Locations of health and safety hazards or instrument

readings exceeding background readings will be written in a field logbook.

Conditions that may lead to potential heaith and safety hazards are discussed in the following
paragraphs. Background information about hazardous materials or waste handled at the site will be

used to determine if any or all of the conditions described below need to be monitored.

1. QOxygen Deficiency
\
The entire site, but particularly confined spaces, may be monitored for oxygen deficiency.
Readings should be taken at ground, waist, and head levels. Any area with an oxygen level .
of less than 19.5 percent must be avoided. Confined spaces must be entered only by
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investigative team members using air-supplied respirators. Under no circumstaace should an
air-purifying respirator be used in confined spaces or oxygen-deficient atmospheres. An
additional note of caution is that an explosivity meter will not function properly in oxygen-
deficient annosphefes. An oxygen-deficient atmosphere may be explosive, but the explosivity
meter will not respond properly in this atmosphere. Treat oxygen-deficient atmosbheres as

potentially explosive.
2. Explosivi

Continuous, ground, waist, and head leve! readings may be obtained in confined spaces or
areas where explosive gases are suspected. If readings approach or excéad 10 percent of the
lower explosive limit (LEL), extreme caution should be used in continuing the investigation.
If readings approach or exceed 25 percent of the LEL, the investigative team should withdraw
from the area immediately. Be aware that explosivity meters will go offscale and readings
will drop as the concentration of explosive gases increases. Before resuming any on-site
activities, the investigative team should consult with fire protection experts or the local fire
department and then develop explosion prevention procedures for safe site work. (Refer to
the discussion of oxygen-deficient aunospheres and the explosivity meter caution in the

Oxygen Deficiency paragraph above).
3. Chemical Vapors

Organic chemical vapor levels may be monitored using an organic vapor monitor. Inorganic
chemical vapors may be monitored using colorimetric indicator detector tubes or compound-
specific detectors such as the Monotox cyanide sampler. When working in an unknown
environment (for example, an environment in which atmospheric compounds are not known)
m wearing air-purifying respirators, vapor concentrations can not exceed 5 parts per million
(ppm) for a S-minute time weighted average period. If vapors exceed 5 ppm, the site must be
evacuated. Re-entry will only be allowed with the use of air-purifying respirators.

Atmospheric concentrations can not exceed 500 ppm for continuous site work to occur. If
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atmospheric concentrations exceed 500 ppm, the site should be evacuated and approp.iate
experts contacted to determine additional personal protective equipment or other safety

precautions required for continued site work.

When working‘m 3 kmown environment (for example, atmospheric compounds are known),
vapor concentrations can not exceed the threshold limit value for the compound if no
respiratory protective equipment is being used. Air-purifying respirators may be worn oaly
when the vapor concentration is below the recommended level of the respirator cartridge
being used and below the immediately dangerous to life and heaith concentration. Areas in
which high levels of vapor concentrations are encountered should be'. avoided if possible,
When specific chemical vapors are known to exist on site, colorimetri¢ indicator detector

tubes specific to those chemicals should be used.
4, Radigactivity

The site may be monitored for radiation levels. If radioactivity levels approach

10 milliroentgen/hour (mR/hr), a detailed radiclogical site survey should be conducted. - If
radioactivity levels are greater than 10 mR/hr, the site should be evacuated and the assistance
of a radiation health physicist should be obtained prior to site re-entry. Normal background
radioactivity ievels are about 0.02 mR/hr; however, levels up to 10 mR/hr are acceptable for
investigations of short duration.

5. Physical Hazards

Physical hazards may include electrical (down or exposed power lines), unsafe structures or
deteriorated buildings, tanks, supports, or beams that are in the process of collapsing {or
based on physical evidence may collapse at any time); pits (open or closed); trenches; buried
tanks or structures; or any other type of elevated, surface, or subsurface structure that may
fall, cause an empioyee to trip or fall, or cause an employee to fall into it. Other physical
hazards of concern may include heavy equipment (backhoe, drill rig, and so on); biological
hazards (plants and insects); noise hazards; and weather (lightning, heat, and cold stress). All
such hazards should be identified and described in a field logbook.
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2.2.3 Decnntaminating Equipment

Disposable personal protective clothing should be worn during an investigation. Prior 10 leaving the
site, alt disposable clothiné will be placed in large industrial-grade plastic bags or 55-gallon drums.

Boots and other nondisposable items will be decontaminated in the staging area using portable water -
basins and industrial-grade, water-based detergents. Decontaminated equipment and clothing will be

placed in plastic bags priot to leaving the site. All contaminated equipment will remain on site.
3.0 CAUTIONS
Seemingly safe sites or situations may still present life-threatening conditions. Even the best

monitoring equipment can not replace astute observation and common sense. Be alert and aware of

surroundings and conditions at all times.
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1.0 BACKGROUND

All nondisposable sampling, personnel, and well drilling and monitoring equipment must be
cleaned before and after each use at each sampiing location to obtain representative samples and to
reduce the possibility of cross contamination.

1.1 PURPOSE

This standard operating procedure (SOP) estabiishes the requirements and procedures for
decontaminating general equipment in the field.

1.2 SCOPE

This SOF applies to decontaminating general nondisposabie equipment. To prevent
contamination of sampies, all sampling equipment must be thoroughly cleaned prior to each use.

13 DEFINITIONS
Alconox or Liquinox — nonphosphate soaps

1.4 REFERENCES

‘U.S. Environmental Protection Agency, 1986, RCRA Ground-Water Monitoring Technical
Enforcement Guidance Document, pages 106-107.
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1.5 REQUIREMENTS AND RESOURCES
The following equipment is required for decontamination:

Scrub brushes

Long-bristle brushes

Large wash tubs or buckets

Alconox or Liquinox

Tap water

Distitled water

Steam cleaner

Aluminum foil

Plastic bags

Plastic sheeting :

Methanol, hexane, or isopropanol, if necessary
Nitric acid, if necessary

Drums or containers for decontamination water

2,0 PROCEDURE

This procedure applies to decontaminating all nondisposable personnel, drilling, monitoring,
and sampling equipment,

2.1 DECONTAMINATING PERSONNEL EQUIPMENT

Personnel working in the field are reguired to follow specific procedures for decontamination
prior to leaving the work area so that contamination is not spread off site or to clean areas. All used
disposable protective clothing, such as Tyvek® coveralls, gloves, and booties, will be containerized

for later disposal. Decontamination water will be containerized in 55-gallon drums. Personnel
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decontamination procedures will be modified based on the level of protection required. The
decontamination procedures outlined belov are applicable to personnel working in Level D. -

Personnel decontamination procedures will be as follows:

l. Wash neoprene boots (or neoprene boots with disposable booties) with
Liquinox or Alconox solution and rinse with ¢lean tap water. Remove booties
and retain boots for subsequent reuse.

2. Wash outer gloves in Liquinox or Alconox solution and rinse in clean tap
water. Remove outer gloves and place into plastic bag for disposal.

3.  Remove Tyvek" or coveralls. Contamenze Tyvek® for disposal and place
coveralls in plastic bag for reuse.

4, Remove air purifying respirator (APR), if used, and place spent filters in a
piastic bag for disposal. Filters shouid be changed at least daily depending on
use and application. Wash entire mask in clean warm water or disinfect with

APR wipes at the end of each day. Place respirator in a separate plastic bag
after cleaning and disinfecting.

5. Remove disposabie gloves and place them in plastic bag for disposal.

6. Thoroughly wash hands and face with clean tap water and facial soap.

22 DECONTAMINATING DRILLING AND MONITORING WELL INSTALLATION
EQUIPMENT

All drilling equipment should be cecontaminated at a designated location on site before
drilling begins, between borings, and at project completion. |
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Monitoring well casings, screens, and fittings are assumed to be delivered to the site in a
clean condition. However, they should be steam cieaned on site prior to placement downhole. The
drilling subcontractor will furnish the steam cleaner and water.

After cleaning the drilling equipment, field personnel shouid place the drilling equipment,
well casings, screens, and any other equipment that will go into the hole on clean polyethyiene
sheeting. ' o

The drilling auger, bits, drill pipe, temporary casing, surface casing, and other equipment
should be decontaminated by the drilling subcontractor by hosing them down with a steam cleaner
until thoroughly clean. Drill bits and tools that still exhibit particies of soil after the first washing
should be scrubbed with a wire brush and rinsed again with a high-pressure steam rinse.

All wastewater from decontamination procedures should be collected in 55-gatlon drums or

similar containers.

23 DECONTAMINATING SOIL SAMPLING EQUIPMENT

Soil sampling and groundwater sampling equipment should be decontaminated after each use
as follows: -

1. Prior to sampling, scrub the split-barrei sampler, sampling tools, and bailers
in a bucket using a stiff, long-bristle brush and Liquinox or Alconox selution.

2. Clean sampling equipment over the rinsate tub with distilled water and allow
it to air dry. If convenient, bailers and split-barrel samplers may be
thoroughly steam cleaned at a designated decontamination station rather than
being washed by hand.

3. Place cleaned equipment in a ciean area on plastic sheeting and wrap with
aluminum foil.
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4. Containerize all water and rinsate,
5. Decontaminate all temporary well material and pipes placed down the hole as
described for drilling equipment.

2.4 DECONTAMINATING WATER-LEVEL MEASUREMENT EQUIPMENT

Field personnel should decontaminate the weil sounder and interface probe before inserting

and after removing from each weil. The following decontamination procedures shouid be used:
1. Wipe the sounding cable with a disposable soap-impregnated cloth or paper
towel.

2. Rinse with deionized, organic-free water,
25 DECONTAMINATING GENERAL SAMPLING EQUIPMENT

All nondisposable sampling equipment must be decontaminated using the following
procedures: '

1. Select an area downwind and downgradient from sampling locations to avoid
Cross contamination between sampling points.

2. Maintain the same level of protection as was used for sampling.

3. To decontaminate a piece of equipment: use an Alconox or Liquinox wash; a
tap water wash; a solvent rinse {methanol, hexane, or isopropanol), if
applicable, or a dilute (0.1N) nitric acid rinse, if applicable; and a distilled
water rinse. Allow to air dry. Use a methanol, hexane, or isopropanol rinse
for grossly contaminated equipment (for example, equipment that is not
readily cleaned by the Alconox wash).

4. Place cleaned eqﬁ'ipmen_t in a clean area on plastic sheeting and wrap with
aluminum foil.

5. Containerize all water and rinsate.
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1.0 BACKGROUND

The field logbook'should contain detailed records of all the field activities, interviews of people, and
observations of conditions at a site. Entries shoutd be described in as much detail as possible, so that
personnel can accurately reconstruct the activities and events which have taken place during field
assignments. Field logbooks ére considered accoﬁr.itable documents in enforcement proceedings and
may be open to review. Therefare, the entries in the logbook must be accurate, detailed, and reflect
the importance of the field events,

1.1 PURPOSE

The purpose of this standard operating procedure (SOP) is to provide guidance to ensﬁre that logbook
documentation for any field activity is correct, complete, and adequate. Logbooks are used for
identifying, locating, labelling, and tracking samples.” A logbook should document any deviations
from the project approach, work plans, quality assurance plans, safety plans, sampling plans, and any
changes in project personnel. They also serve as documentation of any photographs taken during the
course of the project. In addition, the data recorded in the logbook may assist in the interpretation of
the analytical results. A complete and accurate logbook also aids in maintaining good quality control.

Quality control is enhanced by the proper documentation of all observations, activities, and decisions.

1.2 SCOPE

This SOP establishes the general requirements and procedures for recording notes in the field
logbook, '

1.3 DEFINITIONS

None.
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1.4  REFERENCES |

Comélon, R.R. 1985. Geology in the Field. John Wiley and Sons. New York, N.Y.
15 REQUIREMENTS AND RESOURCES
The following items are required for field notation:

. Field logbooks
. Ballpoint pens with permanent ink

L 6-inch ruler (optional)

Field togbooks should be bound (sewn) with water resistant and acid-proof covers; they should have
preprinted lines and wide columns. They should be approximately 7 1/2 by 4 1/2 inches ot
8 1/2 by 11 inches in size. Loose-leaf sheets are not acceptable for field notes. If notes are taken on

loose paper, they must be transcribed as soon as possible into a regular field logbook by the same

person who took the notes.

Logbooks can be obtained through the Document Control Administrator (DCA) for each office. The
DCA will have assigned each logbook an identification number. The DCA will make sure the pages
in the logbooks are preprinted with consecutive numbers or are consecutively numbered by hand. If

the numbers are written by hand, then numbers should be circled so that they are not confused with
data.

2.0 PROCEDURES

The following subsections provide the general layout of a field logbook and detailed procedures for
completing a field logbook.
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2.1

GENERAL GUIDELINES

A separate field activity loghbook must be maintained for each project. If a site
consists of multiple subsites, designate a separate logbook for each subsite. For
special tasks, such as periodic well water-level measurements, data from multiple
subsites may be entered into one logbook which contains only one type of
information, '

All logbooks must be bound and contain consecutively numbered pages.
No pages can be removed from the logbook for any purpose.

All field activities, meetings, photographs,' and names of personnel must be recorded
in the site logbook.

All logbooks pertaining to z site or subsite should be assigned a serial number based
on the date the logbook is issued to the project manager. The first logbook should be
assigned number 1, the next logbook issued assigned number 2, and so on. The
project manager is to maintain a record of all logbooks issued under the project.

All information must be entered with a ballpoint pen with waterproof ink. Do not use
pens with "wet ink,” because the ink may wash out if the paper gets wet. Pencils are
not permissible for field notes because information can be erased. The entries should
be written dark enough so that the logbook can be easily photocopied.

Do not enter information in the logbook that is not related to the project. The
language used in the logbook should be factual and objective.

Begin a new page for each day's notes.

Write notes on every line of the logbook. If a subject changes and an additional blank
space is necessary to make the new subject title standout, skip one line before
beginning the new subject. Do not skip any pages or parts of pages unless a day's
activity ends in the middle of a page.

Draw a diagonal line on any blank spaces of four lines or more to prevent
unauthorized entries.
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2.2 LOGBOOK FORMAT

The layout and organization of each field logbook should be consistent with other field logbooks.

Guidelines for the cover, spine, and internal pagination are discussed below.
221  FORMAT OF THE COVER AND SPINE OF FIELD LOGBOOKS

Write the following information in clear capital letters on the front cover of each logbook. An

example of the cover of a logbook is included as Figure 1.

. Logbook identification number (assigned by the DCA)

L The serial oumber of the logbook (assigned by the project ma:.lager)
. Name of the site, city, and state |

. Name .of subsite if applicable

. Type of activity

L Beginning and ending dates of activities entered into the logbook

. "PRC EMI," City and State

o "REWARD IF FOUND"

Some of the information listed above, such as the list of activities and ending dates, should be entered
after the entire logbook has been filled or after it has been decided that the remaining blank pages in
the logbook will not be filled. '

The spine of the logbook should contain an abbreviated version of the information on the cover. For

example: "1, Col. Ave., Hastings, 5/88 - 8/88.°
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FIGURE 1
COVER OF THE FIELD LOGBOOK
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222 First Page of the Field Logbook

Spaces are usually provided on the inside front cover (or the opening page in some logbooks), for the
company name ("PRC EMI"), address, and telephone number. If preprinted spaces for this
information are not provided in the logbook, write the information on the first available page.

2.3 ENTERING INFORMATION IN THE LOGBOOK

Enter the following information at the beginning of each day or whenever warranted during the course

of a day:

L Date

. Starting time

. Specific location

. General weather conditions and approximate temperature

. Names of personnel present at the site. Note the affiliation(s) and designation(s) of all
personnel.

. Equipment calibration and equipment models used.

L Changes in instructions or activities at the site.

. Levels of personal protective clothing and equipment.

° A general title of the first task undertaken (for example, well installation at M‘W-li,
decon at borehole BH-11, groundwater sampling at MW-11).

L Provide an approximate scale for all diagrams. If this can’t be done, write "not to
scale” on the diagram. Indicate the north direction on all maps and cross-sections.
Label features on each diagram. :

o Corrections should be made by drawing a single line through the entry being
corrected. Initial and date any corrections made in the logbook.

L4 The person recording notes is to initial each ﬁage after the Jast entry. No information

will be entered in the area following these initials.
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®*  Attwieend of the day, the person recording notes is to sign and date the bottom of the
last page. Indicate the end of the work day by writing "Left site at (time)."
diagonal line will be drawn across any blank space to the bottom of the page

_ The following information should be recorded in the logbook after taking a photograph:

Time, date, location, direction, and if appropriate, weather conditions
Description of the subject ph.otographed and the reason for taking the picture
Sequential number of the photograph and the film roll number

Name of the photographer
The following information should be entered into the logbook when taking samples:

®  Location description

Sampler’s name

L Collection time
L Designation of samples as a grab or composite sample
L] Type of sample (water, sediment, soil gas, etc.)
. On-site measurement data (pH, temperature, specific conductivity)
. Field observations (odors, colors, weather, etc.)
. Preliminary sample description
L Type of preservative used
. Instrument readings
2.4 PRECAUTIONS

Custody of field logbooks must be maintaived at all times. Field personnel must keep the logbooks in
a secure place (locked car, trailer, or field office) when the logbook is not in personal possession.

Logbooks are official project documents and must be treated as such.



