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1.0 INTRODUCTION

Tetra Tech NUS, Inc. (TtNUS) has prepared this Work Plan for the completion of a site assessment and
submittal of a Site Assessment Report (SAR) for Building 351 at the Fieet Training Facility, Naval Station
(NS) Mayport, Florida. This Work Plan was prepared for the U.S. Navy (Navy) Southern Division
(SOUTHDIV) Naval Facilities Engineering Command (NAVFACENGCOM) under Contract Task Order
(CTO) 0122, for the Comprehensive Long-term Environmental Action Navy (CLEAN Iil) Contract Number
N62467-94-D-0888.

The Work Plan provides the rationale for performing field activities associated with collecting data to
evaluate petroleum hydrocarbons in the subsurface at Building 351. Data collected during the

investigation at Building 351 will be used to prepare a SAR.
1.1 GENERAL SITE LOCATION

NS Mayport is located in eastern Duval County, approximately 16 miles northeast of downtown
Jacksonville, Florida. NS Mayport is located in Section 38 of Township 1 South, Range 29 East. A base
location map that shows its general location on the Mayport, Florida United States Geological Survey
(USGS) Quadrangle (7.5 Minuté Series) is provided as Figure 1-1. Building 351 is depicted on the site

location map, presented as Figure 1-2.
1.2 OBJECTIVE
The objective of the proposed field investigation at Building 351 is to evaluate the presence or absence of

petroleum hydrocarbons in subsurface soils and groundwater. ~The data collected during the
investigations will be used to prepare a SAR and to evaluate the need for a remedial action at the facility.

TtNUS/DFB-00-102/0500/3.2 1-1 CTO 0122
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2.0 SITE DESCRIPTION

Building 351 is located within the northeastern section of Mayport Naval Station. Building 351 is one of
the main buildings for the Fieet Training Facility. The source area for assessment activities is north of the
main entrance to Building 351, and between Building 351 and Building 1388. Petroleum was released into

the subsurface due to a leak from a diesel fuel line in the vicinity of the Building 351 entrance area.

TtNUS/DFB-00-102/0500/3.2 2-1 CTO 0122
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3.0 SITE HISTORY

On July 1, 1999 a diesel fuel surface spill was reported at the Fieet Training Facility, Building 351. The
cause of the discharge was reported to be a leaking 1.5 inch diameter, plastic underground distribution
pipe containing diesel fuel. The total quantity of the diesel fuel release was unknown. However,
approximately 1,200 gallons of free product were removed between July and August 1999. The fuel
released into the soil impacted an area approximately 14 feet long by 8 feet wide. Hydrocarbon impacted
soil was screened using a calibrated Organic Vapor Analyzer with a Photo lonization Detector (OVA-PID).
The horizontal extent of the excavation was limited due to the presence of permanent structures adjacent
to the impacted areas. Field screening and laboratory analysis of soil samples indicated that
contaminated soils were present in the vicinity of Building 351. In total, approximately 7 tons of diesel
contaminated soil was removed from the Building 351 area. Following the soil excavation, four temporary
monitoring wells were installed in the center of the excavated area to evaluate groundwater quality. An oil-
water interface probe indicated the presence of approximately two feet of liquid phase hydrocarbons in the
shallow aquifer beneath the excavation area. A Source Removal Report was prepared by Aerostar

Environmental Services, Inc to summarize the data collected during the incident.

TtNUS/DFB-00-102/0500/3.2 3-1 CTO 0122
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4.0 SCOPE OF PROPOSED ASSESSMENTS

The proposed scope of work for assessment activities at Building 351 will take place in two phases.
Phase | of the field event will consist of performing a soil and groundwater contamination assessment.
Direct-push technology (DPT) will be utilized to identify and delineate soil and groundwater contamination.
An on site laboratory will be used to analyze groundwater samples and an Organic Vapor Analyzer (OVA)
will be used to screen soil. The results will determine the extent of vadose zone soil contamination and

dissolved phase groundwater contamination

Following the installation of the DPT borings and a preliminary delineation of the groundwater plume, the
Florida Department of Environmental Protection (FDEP) and SOUTHDIV will be notified of investigation
results and recommendations will be made for the Phase Il assessment. Phase 1l will consist of installation
of monitoring wells to further delineate the extent of groundwater contamination at the site. Hollow-stem
auger (HSA) drilling equipment will be utilized to install the groundwater monitoring wells. Groundwater
samples will be collected subsequent to monitoring well installation. Using a fixed based laboratory the

samples will be analyzed to determine the extent of the dissolved phase groundwater contamination.
4.1 SOIL INVESTIGATION

The hydrocarbon soil contamination assessment will be conducted using DPT equipment. Approximately
15 DPT borings will be installed during the field investigation. Soil samples will be collected from each
boring and anaiyzed by an OVA to delineate the horizontal extent of contamination. Vadose zone soils will
be screened for hydrocarbon vapors following procedures for headspace analysis as required by Chapter

I 62-770.200 FAC. The approximate proposed locations of the DPT borings are depicted on Figure 4-1.

Three soil samples will be collected and sent to a fixed-based laboratory for analysis of Kerosene
Analytical Group (KAG) constituents. In addition, one soil sample will be analyzed for total organic carbon,
grain size distribution, and leachability parameters.

The methodology for soil sampling will follow the revised procedures promuigated by the USEPA in
Update Ill of SW-846 for sites contaminated with volatile organic compounds (VOCs). EnCore™ samplers
will be used for soil collection and to transfer soil samples to the laboratory. This method assures the
lowest loss of volatiles during collection and shipment of soils. In order for the laboratory to analyze for
low level and high fevel VOCs, five EnCore™ samplers will be filled for each soil boring location. in

addition, one 4-ounce jar with be filled for each soil boring location for analysis of moisture content. All soil

TINUS/DFB-00-102/0500/3.2 4-1 CTO-0122
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samples will be shipped to the laboratory on the same day they are collected to assure that the 48-hour

holding time is not exceeded.

The on-site geologist will maintain a completed log of each boring. At a minimum, the boring log will

contain the following information:

o Sample Numbers and Types
. Sample Depths

. Sample Recovery/Sample Interval
. Soil Density or Cohesiveness
. Soil Color

. Unified Soil Classification System (USCS) Material Description
. Presence of Free Product (if applicable)
. Filtered / Unfiltered OVA Readings

The site's lithology will be assessed from soil samples collected during the installation of the DPT borings.

4.2 GROUNDWATER INVESTIGATION

During Phase Il it is anticipated that one upgradient well, two downgradient wells, and one source area
well will be installed to delineate the plume. A vertical extent well will also be installed near the source
area of the plume. The shallow water table monitoring wells will be installed approximately 15 feet below
land surface (bis) and the vertical extent monitoring well will be installed approximately 30 feet bls. The
wells are required to assess the horizontal and vertical extent of dissolved hydrocarbons at the site. The
proposed monitoring well locations will be determined based on groundwater and soil quality data
collected from the DPT investigation conducted during Phase |. The proposed locations for monitoring
wells will be discussed with the Navy and FDEP prior to the field investigation. Modifications to the

proposed locations may be necessary due to underground and aboveground utilities.

TtNUS/DFB-00-102/0500/3.2 4-2 CTO-0122
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4.2.1 Monitoring Well Installation

Permanent monitoring wells will be installed using hollow stem auger drilling techniques. These wells will
be used to monitor water quality and evaluate the horizontal and vertical extent of contamination.
Monitoring wells will be constructed of 2-inch inside diameter (ID) Schedule 40, flush-joint poly vinyl
chloride (PVC) riser and flush-joint factory siotted well screen. Each section of casing and screen shall be
National Sanitation Foundation (NSF) approved. Screen slot size shall be 0.01 inch. The shaliow
monitoring wells will be constructed with 10 feet of screen with the top of the screen interval positioned
approximately 4 feet above the water table. The vertical extent monitoring well will be constructed with 5
feet of screen with the top of the screen interval positioned approximately 10 to 15 feet below the bottom
of the shallow wells. After the borings are drilled to the desired depth, (6-inch minimum diameter boring

for 2-inch ID wells), the well will be installed through the augers.

The lithology has been sufficiently characterized from previous investigations at NS Mayport. Therefore, a
sieve analysis of the soils is not needed in determining the type of sand pack and screen slot size for well
completion. Clean silica sand of U.S Standard Sieve Size No. 20/30 will be installed into the boring
annulus around the well screen as the augers are withdrawn from the boring. Due to the expected
shallow depths of the monitoring wells, (less than 15 feet), it is proposed that the sand pack be poured
around the annulus from the top of the hole. The sand pack will be set from the bottom of the hole to
approximately 1 foot above the top of the well screen. A minimum 1-foot thick bentonite pellet or fine sand
seal will be installed above the sand pack. Borings that are not converted to monitoring wells will be
backfilled with a Type | Portland cement/bentonite grout. The depths of all backfill materials will be
constantly monitored during the well installation process by means of a weighted stainless steel or
fiberglass tape. The position of the top of the screen interval, sand pack and bentonite seal may be
adjusted as site conditions warrant (elevated water table, etc.)

Flush mounted steel well covers and manholes will be installed around the 2-inch ID wells. The manhole
will consist of flush mounted 22-gauge steel, water resistant, weided box with 3/8-inch steel lid. A 2-foot
by 2-foot by 6-inch thick concrete apron will be constructed around the manhole. The manhole shall be
completed 2 inches above existing grade and the apron tapered to be flush with the existing grade at the
edges such that water will run off of the apron. A detail of a typical flush-mounted well is shown on Figure
4-2.

All locks supplied for the wells will be keyed alike. After installation, the ground surface, and the top of the
PVC riser pipe will be surveyed to within 0.01-foot vertical accuracy using datum points as discussed

TtNUS/DFB-00-102/0500/3.2 4-4 CT0-0122
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previously in Section 4.0. A monitor well construction diagram will be completed for each well installed. A
sample of the monitoring well construction form is provided in Appendix A.

The monitoring wells will be developed no sooner than 24 hours after installation to remove fine material
from around the monitored interval of the well. Wells will be developed by bailing and surging, or by
pumping, as determined by the field geologist. The PH, temperature, specific conductance, and turbidity
measurements will be collected from the purge water. Wells will be developed up to a maximum of one
hour or until these measurements become stable and the purge water is visibly clear. Water quality
stabilization will be determined using the following criteria: temperature (+/-0.50¢), pH (+/-0.1unit), specific
conductivity (+/-10 umhos/cm), and turbidity (within a 10 Nepelometric Turbidity Unit (NTU) range for 2
consecutive readings). Wells will be developed until approved by the field geologist.

4.2.2 Groundwater Sampling

Following installation of the monitoring wells, groundwater samples will be collected for laboratory analysis
for KAG constituents. In addition the samples will be field screened for dissolved oxygen, carbon dioxide,
and ferrous iron. Laboratory analysis for nitrate, sulfate, sulfide and methane will also be performed on
samples from selected monitoring wells.

Groundwater samples will be obtained from assessment monitoring wells at Building 351 in accordance
with TtNUS' Comprehensive Quality Assurance Plan (CompQAP) (FDEP Comp QA Plan No. 980038).
Prior to obtaining samples, water levels and total well depths will be measured and the wells will be
purged using a peristaltic pump and a low flow quiescent purging technique. Three to five well volumes
will be purged. 'f wells are purged dry with less than three well volumes removed, the water level in the
well will be allowed to recover at least 80 percent, then a sample will be collected. Field measurements of
pH, temperature, specific conductance, and turbidity will be taken after each volume of water is purged.
Stabilization of the above parameters is defined in the previous paragraphs. if these parameters do not
stabilize after three volumes, up to five volumes will be removed. Before purging, a clear bailer or an oil’
water interface probe will be used to check for free product. No samples will be collected from a well that
exhibits measurable free product. The thickness of the free product will be measured and recorded.
Samples will be obtained using a peristaltic pump and a low flow quiescent sampling technique. The
samples will be transferred directly into the appropriate (pre-preserved) sample bottles for analysis.
Samples to be analyzed for volatile constituents shall be taken first and immediately sealed in the vial so
that no headspace exists. The sample constituents to be analyzed are summarized in Table 4-1.

TtNUS/DFB-00-102/0500/3.2 4-5 ) CT0-0122
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TABLE 4-1
Environment Sample Summary
Building 351-Fleet Training Facility
Naval Station Mayport, Florida
Trip
Proposed Env. IDW Total
Analyte (1) (2) Blanks
Method Samples | Samples (Aqueous) Samples
GROUNDWATER
VOH, BTEX,
-84
and MTBE SW-846 8021B 6 1 1 8
PAH SW-846 8310 6 1 0 7
Total Lead EPA 239.2 6 1 0 7
TRPH FL-PRO 6 1 0 7
EDB EPA 504.1 6 0 0 6
. EPA 300 or SW-
Anions 846 9056 4 0 0 4
Sulfide EPA 376.2 4 0 0 4
Methane RSK SOPs 4 0 0 4
147 and 175
SOIL
H, VOA, and
VOH, VOA, an SW-846 8021B 3 1 0 4
MTBE
PAH SW-846 8310 3 1 0
TRPH FL-PRO 3 1 0 4
Total Lead EPA 239.2 0 1 0 1
Total Organic
ASTM D2974-87 3 0 3
Carbon (FOC) 0
Grain size ASTM D422 1 0 0 1
distribution
SW846-1312
- including 8021B,
Leachability 8310, FLO-PRO. 1 0 o 1
and 6010B/7000A
SwW-846
TOX 5050/0956 0 ! 0 !
RCRA Metals SW-846 6010B 0 1 0 1
TOTAL 56 10 1 67
(1) Method referenced reflects FDEP requirements.
(2) IDW sample numbers based upon disposing of ten 5§5-gallon drums (1 composite sample)
liquid and ten 55-galion drums (1 composite sample) of soil. '
All analyses are analyzed using standard 30-day laboratory turn around time.
T.NUS/DFB-00-102/0500/3.2 4-7 CTO-0122
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4.2.3 Groundwater Level Measurements

Synoptic water level measurements will be taken from all monitoring wells at the sites. Static water level
measurements will be measured from the north rim of the top of the PVC riser pipe using an electronic
water level indicator. The newly installed wells shall be notched and marked so that the same point will be
referenced for all measurements. The depth to water will be measured to the nearest 0.01 foot below the
top of the PVC riser pipe. Water level measurements will be recorded to the nearest 0.01 foot in the

appropriate field logbook.
43 AQUIFER TESTS

TINUS will utilize existing groundwater data from previous aquifer tests performed at the base to

determine hydraulic conductivity values of the aquifer at the site.
4.4 EQUIPMENT DECONTAMINATION

The equipment involved in field sampling activities will be decontaminated prior to and during drilling and
sampling activities in accordance with TtNUS's Standard Operating Procedures (SOP) and CompQAP.
This equipment includes drill rigs, downhole tools, augers, well casing and screens, and soil and water

sampling equipment.
4.4.1 Major Equipment

All downhole drilling equipment used in the construction and sampling of permanent monitoring wells,
including downhole drill and sampling tools, shall be steam cleaned prior to beginning work, between
boreholes, any time the drill rig leaves the drill site prior to completing a boring, and at the conclusion of

the drill program.

These decontamination operations will consist of washing equipment using a high-pressure steam wash
from a potable water supply and Alconox. Then the equipment will be rinsed with tap water. All
decontamination activities will take place at a predetermined location. Additional requirements for drilling
equipment decontamination can be found in SOP SA-7.1 included in Appendix B.

TtNUS/DFB-00-102/0500/3.2 4-8 CT0-0122
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4.4.2 Sampling Equipment

All equipment such as trowels, bailers, and split spoon samplers used for collecting samples will be

decontaminated prior to beginning field sampling and between sample locations. The following
decontamination steps will be taken:

» Tap water and Alconox or Liquinox detergent rinse.

e Tap water rinse.

* Iftrace metals are to be sampled rinse with 10-15% reagent grade nitric acid (the
nitric acid should not be used on stainless steel sampling equipment).

* Rinse thoroughly with de-ionized, analyte-free water.

+ Rinse with isopropanol

¢ Rinse thoroughly with de-ionized, analyte-free water

e Airdry.

o  Wrap equipment in aluminum foil until use.

Field meters such as pH, conductivity, and temperature instrument probes will be rinsed first with tap

water, then with de-ionized, analyte-free water, and finally with the sample liquid.
4.5 WASTE HANDLING

Drill cuttings from drilling activities and purge water will be collected and containerized in Department of
Transportation (DOT) approved (Specification 17C) 55-gallon drums. Each drum will be sealed, labeled
and left at a drum staging area pending groundwater analytical results and/or composite waste sample
results for disposal. A waste staging area will be established at the site to store investigative derived
waste (IDW) generated during the site assessment investigation. A lined decontamination pad will be
constructed and used to collect the water from steam cleaning of drilling equipment. All decontamination
materials generated during the site investigation will be containerized for proper disposal. The disposal of
IDW will be coordinated through NS Mayport.

4.6 SAMPLE HANDLING
Sample handling includes the field-related consideration concerning the selection of sample containers,
preservatives, allowable holding times, and analysis requested. In addition, sample identification,

packaging, and shipping will be addressed. All sample handling procedures will be in accordance with
TtNUS's FDEP approved CompQAP No. 980038 dated August 24, 1998.

TtNUS/DFB-00-102/0500/3.2 4-9 CT0-0122
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4.7 SAMPLE PACKAGING AND SHIPPING

Samples will be packaged and shipped in accordance with TtINUS' CompQAP. The field operations leader

will be responsible for completion of the following forms when samples are collected for shipping:

e Sample labels

o Chain-of-Custody labels

o Appropriate labels applied to shipping coolers
¢ Chain-of Custody Forms

¢ Federal Express Air Bills

TtNUS' CompQAP addresses the topics of containers and sample preservations. A summary of

bottleware requirements, preservation requirements, and sample holding times are provided in
Table 4-2.

TtNUS/DFB-00-102/0500/3.2 4-10 CTO-0122
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Table 4-2
Summary of Analysis, Bottleware Requirements, Preservation Requirements, and Holding Times
Building 351-Fleet Training Facility
NAS Mayport Florida
Parameter Analytical Sample Preservation .
Maximum
Method Container Volume Holding Time
(1)
Aqueous Samples
VOHSs, VOAs, . SW-846 Method 8021B Glass Volatile 2x40mi Add HCli to pH < 2; Chill to 14 days
and MTBE Vial 4 degrees Celsius
1,2- EPA Method 504.1 Glass Volatile 40 mi Add HCl to pH < 2; Chill to 28 days
Dibromomethane Vial " 4 degrees Celsius
PAHs SW-846 Method 8310 Amber Glass 1L Add .008% Na2S203;Chill 7 days until extraction;
to 4 degrees Celsius 40 days to analysis
Lead EPA Method 239.2 High Density 500 mi Chill to 4 degrees Celsius 180 days
(Total and dissolved) Polyethylene
Arsenic, Cadmium, SW-846 6010B High Density 250 mi HNO3 180 days
& Chromium Polyethylene
Anions SW-846 9056 High Density 500 mi Chill to 4 degrees Celsius 48 hours
(Nitrate & Sulfate) Polyethylene
Methane RSK SOPs 147 Glass Volatile 40 mi Chill to 4 degrees Celsius 7 days
and 175 Vial
Suifide EPA 376.2 High Density 1L NaOH 7 days
Polyethylene
TRPH FL-PRO Glass 1L Add H2S04 to pH <2; Chill to 28 days
4 degrees Celsius
See Notes at end of Table.
4-11 CT0-0122
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Table 4-2 (Continued)
Summary of Analysis, Bottleware Requirements, Preservation Requirements, and Holding Times
Building 351-Fleet Training Facility
NAS Mayport, Florida
Parameter Analytical Sample Preservation Maximum
Method Container Volume Holding Time

Solid Samples

VOHs, VOAs, SW-846 EnCore 3 x5g Chill to 4 degrees Celsius; 14 days

and MTBE Method 8021B Sampler Lab to preserve within
48 hours of samples (2)
RCRA Metals SW-846 Method Clear Wide 4 Chill to 4 degrees Celsius 180 days;
6010B/7000 Mouth Glass ounces except mercury 28 days
A series
TRPH FL-PRO Clear Wide 4 Chill to 4 degrees Celsius 28 days
Mouth Glass ounces
PAHs SW-846 Clear Wide 8 Chill to 4 degrees Celsius 14 days to extraction;
Method 8310 Mouth Glass ounces 40 days to analysis
Total Halides SW-846 Clear Wide 500 m! Chill to 4 degrees Celsius 28 days
Method 5050/9056 Mouth Glass

VOAs — Volatile Organic Aromatics H2S04 — Sulfuric acid NaOH - Sodium Hydroxide
VOHs — Volatile Organic Halocarbons HCI - Hydrochloric acid
MTBE - Methyl-tert-butyl-ether HNO3 — Nitric acid

(1) - Holding time is measured from date of sample collection to date of sample analysis.
PAHs — Polynuclear Aromatic Hydrocarbons

TRPH - Total Recoverable Petroleum Hydrocarbons

RCRA - Resource Conservation and Recovery Act

TtNUS/DFB-00-102/0500/3.2 4-12 CTO-0122
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4.8 SAMPLE IDENTIFICATION

Each sample collected will be assigned a unique sample tracking number. The sample tracking number
will consist of a three-segment, alpha-numeric code that identifies the building number (the Site), sample
medium, location, the sampling event identifier or sample depth (in case of soil samples) and the quality
control (QC) designation, if applicable. Any other pertinent information regarding sample identification
will be recorded in the field logbook.

The alphanumeric coding to be used in the sample system is explained in the subsequent definitions:

NN (N or A) - (Building Designation)

AA - (Medium)

AANN - (Location)

NNN (N)-  (QC Designation, if applicable)
Character Type:

A = Alpha

N = Numeric

Medium:
GW = Groundwater sample form a monitoring well
SS = Subsurface soil sample taken via soil boring
TW = Temporary well groundwater sample
Sample Location:
Subsurface soil sample locations (SS) will correspond to the boring number (i.e., SB02)

Groundwater sample locations (GW) will correspond to the well number (i.e., 58-1)

Temporary well groundwater sample locations (TW) will correspond to the temporary well
number (i.e., 58-TW1)

TtNUS/DFB-00-102/0500/3.2 4-13 CT0-0122
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Sample Identifier:
For soil samples = Sample depth interval, in feet
For groundwater = Sampling round
QA Sample Designation:
D = Duplicate
F = Field Blank
B = Equipment Rinsate Blank

T = Trip Blank

For example, a groundwater sample collected from monitoring well MW-01 at Building 1360 UST wouid
be designated as 1360-GW-MW01-001.

A duplicate sample from that same well would be 1360-GW-MW01-001D.

A subsurface soil sample taken from Monitoring Well Boring 01 at Building 1360 UST, at a depth of 4 to 6
feet bls would be 1360-SS-MW01-0406.

Information regarding sample labels to be attached before shipment to a laboratory is contained SOP SA-
6.3 included in Appendix B. Examples of sample labels, chain of custody seals, and chain-of-custody

forms are included in Appendix B.

4.9 SAMPLE CUSTODY

The chain-of-custody begins with the release of the sample bottles from the laboratory and must be
documented and maintained from that point forward. To maintain custody of the sample botties or
samples, they must be in someone's physical possession, in a locked room or vehicle, or sealed with an
intact custody seal. When the possession of the bottles or samples is transferred from one person to
another it will be documented on the field logbook and on the chain-of-custody

TtNUS/DFB-00-102/0500/3.2 4-14 CTO-0122
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4.10 QUALITY CONTROL (QC) SAMPLES

In addition to periodic calibration of field equipment and appropriate documentation, QC samples will be
collected or generated during environmental sampling activities. QC samples may include field blanks,

field duplicates, field replicates, and trip blanks. Each type of field QC sample is defined as foliows:

Rinsate Blank - Rinsate blanks are obtained under representative field conditions by running organic free
water through sample collection equipment (bailer, split-spoon, etc.) after decontamination and placing it
in the appropriate containers for analysis. Rinsate blanks will be used to assess the effectiveness of
decontamination procedures. If necessary, rinsate blanks may be collected for each type of non-

dedicated sampling equipment used and will be submitted as shown in Table 4-1.

Field Duplicate - Field duplicate(s) are two water samples collected independently at a sample location
during a single act of sampling under representative field conditions. Field duplicates sample frequencies
are provided in Table 4-3. If necessary, the duplicates shall be analyzed for the same parameters in the

laboratory as indicated in Table 4-1.

Trip Blanks - Trip blank(s) will be prepared at the laboratory facility and will accompany the Volatile
Organic Aromatic (VOA) vials to the sampling site and back to the laboratory. Trip blanks are not
required by the FDEP unless 10 or more volatiles samples are collected during a given sampling event.

Trip blank sample frequency are provided in Table 4-3

TtNUS/DFB-00-102/0500/3.2 4-15 CTO-0122
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TABLE 4-3
Quality Control Sample Frequency
Building 351, Fleet Training Center
Naval Station Mayport, Florida

No. Precleaned Field cleaned Trip BLK Duplicate
Samples Equipment Equipment (VOCs)
BLK BLK
10+ minimum of Minimum of one minimum
one one per one
then 5% then 5% cooler then 10%
5-9 one* one* NR one
<5 one* one* NR NR

NR = Not required
BLK = Blank

* Note: For 9 or fewer samples, a precleaned equipment blank or a field cleaned equipment blank is
required. A field cleaned equipment blank must be collected if equipment is cleaned in the field.

4.1 FIELD MEASUREMENTS
Certain field measurements will be recorded during sampling activities including groundwater
temperature, pH, specific conductance, and turbidity. instruments used in the field to record this data

and additional instruments will be calibrated according to the procedures described below.

4111 Parameters

« Air monitoring - OVA

o Temperature - Temperature probe

« Specific conductance - Specific conductance meter
e pH - pH meter

¢ Turbidity - Turbidity meter

» Depth to water table - interface probe

TtNUS/DFB-00-102/0500/3.2 4-16 CTO-0122
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4.11.2 Equipment Calibration

The electronic water-level indicator will be calibrated prior to mobilization and periodically at the discretion
of the Field Operations Leader (FOL). The remaining instruments will be calibrated daily and/or

according to the manufacturer's operation manual.
g

Calibration will be documented on an Equipment Calibration Log as shown in Appendix A. During
calibration, an appropriate maintenance check will be performed on each piece of equipment. If
damaged or defective parts are identified during the maintenance check and it is determined that the
damage could have an impact on the instrument's performance, the instrument will be removed from

service until defective parts are repaired or replaced.

4.11.3 Equipment Maintenance

Measuring equipment used in environmental monitoring or analysis and test equipment used for
calibration and maintenance shall be controlled by established procedures. Measuring equipment shall

have an initial calibration and shall be recalibrated at scheduled intervals against certified standards.

TtNUS maintains a large inventory of sampling and measurement equipment. In the event that failed
equipment cannot be repaired replacement equipment can be shipped to the site by overnight express

carrier to minimize downtime.
412 RECORD KEEPING

In addition to chain-of-custody records associated with sample handling and packaging and shipping,
certain standard forms will be completed for sample description and documentation. These shall include
sample log sheets (for soil and groundwater samples), daily activities record and logbooks. An example

of these forms can be found in Appendix A.

A bound/weatherproof field notebook shall be maintained by each sampling event leader. The field team
leader or designee, shall record all information related to sampling or field activities. This information
may include sampling time, weather conditions, unusual events (e.g., well tampering), field

measurements, descriptions of photographs, etc.
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The FOL shall maintain a site logbook. The requirements of the logbook are referenced in Appendix B.
This book will contain a summary of the day's activities and will reference the field notebooks when

applicable.

Each field team leader who is supervising a drilling subcontractor activity must complete a Daily Activities
Record (DAR). The DAR documents the activities and progress of the daily drilling activities. The
information contained within this report is used for billing verification and progress reports. The driller's
signature is required at the end of each working day to verify work accomplished, hours worked, standby

time and material used. An example of this form is provided in Appendix A.

At the completion of field activities, the FOL shall submit to the Project Manager all field records, data,
field notebooks, logbooks, chain-of-custody receipts, sample log sheets, drilling logs, daily logs, etc.

413 SITE MANAGEMENT AND BASE SUPPORT

TtNUS will perform this project with support from the Navy. This section of the Work Plan describes the

project contacts, support personnel, project milestones and time frames of all major events.

Throughout the duration of the investigation activities, work at the Fleet Training Facility will be
coordinated through SouthDiv and facility personnel. The primary contacts are as follows:

1. SouthDiv Engineer in Charge
Ms. Beverly Washington
(843) 820-5581

NS Mayport Engineering Officers
Mr. Jan Bouvier
(904) 270-6730

NS Mayport personnel will provide the following support functions:

o Assist TtNUS in locating underground utilities prior to the commencement of drilling

operations.

« Provide existing engineering plans, drawings, diagram, files, etc., to facilitate

evaluation of the site under investigation.

TtNUS/DFB-00-102/0500/3.2 4-18 CTO-0122
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¢ Provide all historical data, background geological and hydrogeotogical information,
and initial site investigation documents.

NS Mayport personnel will aid in arranging the following:
» Personnel identification badges, vehicle passes, and/or entry permits.

* A secure staging area (approximately 1,000 square feet) for storing equipment and
supplies.

e Asupply (e.g., fire hydrant, stand pipe, etc.) of large quantities of potable water for
equipment cleaning etc.

e As required, provide escorts for contract personnel working in secured areas.

e Establish a decontamination area and waste staging area located adjacent to or near
the study area.

The project will be staffed with personnel from TINUS' Deerfield Beach and Jacksonville, Fiorida offices.
During field activities, TtNUS will provide a senior level geologist and/or staff geologist, and equipment

technician(s).

Mr. Rick Ofsanko, is the Task Order Manager (TOM) for CTO 0122 and will be the primary point of
contact. He is responsible for cost and schedule control as well as technical performance. Mr. Ofsanko
will serve as the TOM and will provide senior level review and oversight during field activities. Mr.
Ofsanko will be the primary point of contact for the FOL.

4.13.1 Contingency Plan

In the event of problems that may be encountered during site activities, the SOUTHDIV point of contact
will be notified immediately, followed by the TtNUS project manager and the NS Mayport point of contact.
The project manager will determine a course of action that will not interfere with the schedule or budget.
All contingency plans will be approved through the SOUTHDIV point of contact before being enacted.
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5.0 PROPOSED LABORATORY ANALYSIS

Groundwater samples and soil samples collected for laboratory analyses will be analyzed in accordance
with parameters as identified in Chapter 62-770.800 (see Sections 5.1 and Section 5.2 below for specific

sampling requirements regarding soil and groundwater).
5.1 SOIL INVESTIGATION

Three soil samples will be collected and analyzed for VOC, Volatile Organic Halocarbons (VOH),
Polynuclear Aromatic Hydrocarbons (PAH), Total Recoverable Petroleum Hydrocarbons (TRPH), and
Fraction Organic Carbon (FOC). In addition, one sample will be analyzed for leachability parameters and
grain size distribution. Parameters within these groups are identified on Table 4-1. The soil samples will

be collected from the area of highest contamination within the soil boring as indicated by OVA screening.
5.2 GROUNDWATER INVESTIGATION

A fixed-based laboratory will collect groundwater samples from permanent monitoring wells at Building
351 for analysis. The groundwater samples from Phase Il will be analyzed for VOCs, VOHs, ethylene

dibromide (EDB), PAH's, TRPH and total Lead. In addition, three groundwater samples from the site will
be analyzed for natural attenuation parameters, which include dissolved methane, anions, and sulfide.

An environmental sampling summary and a summary of IDW sample parameters are summarized in
Table 4-1.
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6.0 PROPOSED SCHEDULE

The assessment activities are proposed to begin in April 2000 and take approximately one month to
complete. The SAR will be developed with the completion of the assessment activities and submitted to

the Navy for review within 60 days of assessment completion.
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7.0 REPORTS

Upon completion of all field work and laboratory analysis, a SAR summarizing the results of the
investigation will be submitted to the Navy. Basic site information including site Facility Identification
Number, facility name and address, date closed, area, type of system and capacity will be provided. Also
included in this report will be graphical presentations of the groundwater screening resuits, and complete
summaries of the soil and groundwater analytical results. The locations of the soil samples and
monitoring wells will be presented on scaled figures. Boring logs, chain-of-custody forms, field forms, field
screening results, and analytical reports will be included in the Appendices of the report. The SAR will
recommend the completion of a remedial action plan, monitoring only plan, or no further action for the
facility.
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PAGE 4

Reference Electrode (circle one): Silver-Silver Chioride / Calomel / Hydrogen

FIELD ANALYTICAL LOG SHEET
R GEOCHEMICAL PARAMETERS
Tetra Yech NUS, Inc. Page _of _
Project Site Name: Sample 1D No.;
Project No.: Sample Location:
Sampled By: Duplicate: [ ]
Field Analyst: Blank: O
Field Form Checked as per QA/QC Checklist (Initials): I |
SAMPLING DATA:
IDlte: Color pH S.C. Temp. Turbidity - DO Salinity Other
Time: i) | s.U) | (msemy | CO (NTU) (mg) (%)
IMelhod:
SAMPLE COLLECTION/ANALYSIS INFORMATION:
ORP (Eh) (+/- mv): Electrode Make & Model:

Dissolved Oxygen:

|Equipment: HACH Digital Titrator OX-DT CHEMetrics (Range: mght) Analysis Time:
Range Used: Range ISampIe Vol. |Cartr1dge l Multiplier Titration Count Multiplier I Concentration
J 1.5 mgiL 200m  0200N 0.1 x001 = mglL
| O 2-10 mg/L 100m  0200N 0.2 x002 = mgiL
pHEMetﬁcs: mg/lL
Notes:
Alkalinity: Analysis Time:
LEqu'vtmnt HACH Digital Titrator AL-DT  CHEMetrics (Range: mgiL) Filtered: O
[ “Range Used: | Range  [Sample Vol. [Caridge | Multpber| Titration Gount Muttipier | Concentration
' 10-40 mglL 100m  0.1600N 0.1 [ x0.1 - mglL
40-160 mglL 25m  0.1600N . 0.4 [ x04 = moiL
100400mgA  100m __ 1.800N 1.0 & X0 = mgAL
| _200-800 mo. SOm__ 1.600N 20 | [ X20 = moA
_D | 6002000mpt  20m _ 1.600N 60 s X80 = mgl.
O 10004000mgh__ 10m__ 1.600N _ 10.0 . X100 = mot
Parsmeter. Hydroxide Carbonate Bicarbonate
Relationship:
cs: oy
Standard Addiions: || _Titrant Molarity: Digits Required: fst.______ 2nd.___ 3.
Carbon Dioxide:
quipment: HACH Digital Thrator CA-DT  CHEMetrics (Range: mglL) Analysis Time:
| Range Used: Range |Sample Vol. [Cartridge | Muttipher Titration Count | | Concentration
10-50 mgA. 200m  0.3638N 0.1 x0.1 . . mglL
: [ 20-100 mgAL 100m  0.3836N 0.2 %02 = mgAL
O 100400mgl.  200m  3636N 1.0 X0 = oy
{—U 200-1000mg.  100ml  3.638N 20 X20 = mgA.
HEMetrics: mglL '
Notes:
Addtions: [ | TwantMotsty______  Digits Required: 18t andi_____ i




[

FIELD ANALYTICAL LOG SHEET
GEOCHEMICAL PARAMETERS

Tetra Tech NUS, Inc. Page _ of __
Project Site Name: Sample ID No.:
[ Project No.: Sample Location:
Sampled By: Duplicate: [J
Field Analyst: Blank: OdJ
Field Form Checked as per QA/QC Checklist (initials): | |
SAMPLE COLLECTION/ANALYSIS INFORMATION:
Sulfide (5):
Equipment: DR-700 DR-8 _ _ HS-WR Color Whee! Other: Analysis Time:
lProgram/Module: 610nm 93 ’
iConcentraﬁon: mgiL Filtered: D
Notes:
Sulfate (S0%):
Equipment: DR-700 DR-8 __ Other: Analysis Time:
ProgramvModule: 91
Concentration: mg/L Filtered: D
Standard Solution: D Resuits:
Standard Additions: D Digits Required: 0.1mi: 0.2ml: 0.3mi:
Notes:
Nitrite (NO,-N): Analysis Time:
DR-700 DRS__  Other Fitered: [
60 . ’ .
nirstion: mglL Resgent Biank Correction: [_]
Standard Solution: [ ] Resurs: [
Nitrate (NO,-N): Analysis Time:
DR-700 DRS__  Other Fiteres: L[]
rogranvModule: 55
ntration: mgiL
Nitrite Interference Treatment: [ ]
Istandara Soltion: O Results: . Reagent Blank Correction: O
Eﬂd Additions: D Digits Required: 0. 1m: 0.2mk: 0.3mi:




|

PAGE 3
FIELD ANALYTICAL LOG SHEET

GEOCHEMICAL PARAMETERS
Tetra Tech NUS, Inc. Page __of __
Project Site Name: Sample ID No.:
Project No.: Sample Location:
Sampled By: Duplicate:  []
Field Analyst: Blank: O

Field Form Checked as per QA/QC Checklist (initials): I |

SAMPLE COLLECTION/ANALYSIS INFORMATION:

Manganese (Mn?"):
Equipment: DR-700 DR-8 _ _ HACH MN-5 Other: Analysis Time:
IProgram/ModuIe: 525nm 41
Concantration: mg/L Fittered: D
Digestion: D
Standard Solution: L_.] Resuits: . Reagent Blank Correction: D
Standard Additions: D Digits Required: 0.1mi: 0.2ml: 0.3ml:
|Notes:
[Ferrous fron (Fe®):
Equipment: DR-700 DR-8__ IR-18C Color Wheel Other: Analysis Time:
ProgramyModule: 500nm 3
Concentration: mgiL Filtered: D
Notes:
Hydrogen Sulfide (H,S):
|Equipment: HS-C Other: Analysis Time:
Concentration: mglL Exceeded 5.0 mg/L range on color chart |
lNom:
QA/QC Checklist:

All data fieids have been completed as necessary: D

Correct measurement units are cited in the SAMPLING DATA block: D

Values cited in the SAMPLING DATA block are consistent with the Groundwater Sample Log Sheet: D
Mulitplication is comect for each Multipiier table: [

Fihal calulated concentration is within the appropriate Range Used block: D

Alkalinity Relationship is determined appropriatly as per manufacturer (HACH) instructions: D '

QA/QC sample (e.g., Std. Additions, etc.) frequency is appropriate.as per the project planning documents: D
Nitrite Interference traatment was used for Nitrate test if Nitrite was detected: [

Title block on each page of form is initialized by person who performed this QA/QC Checklist: D




elra Tech NUS, Inc.

GROUNDWATER LEVEL MEASUREMENT SHE

e

Project Name:

Project No.:

Location: Personnel:
Weather Conditions: Measuring Device:
Tidally Influenced: Yes ___ No____ Remarks:
1
Wall or Elevation of Total Water Level Thick of] Gr
Piszometer Date Time Reference Point | Weil Depth | indicator Reading | Free Product Comments
Number (fout)* (foe)* (toet)* (foet)”
5
T
s
L s L
L s
i !
“"All measurements to the neares? 0.01 oot .
Page _____of




@ Tetra Tech‘ NUS, Inc. BORING LOG Page __of __

PROJECT NAME: BORING No.:
PROJECT NUMBER: DATE:
DRILLING COMPANY: , GEOLOGIST:
DRILLING RIG: - DRILLER: )
L_' [~ 1 MATERIAL DESCRIPTION - PIOPFID Resding (ppm
mpie Depth | Blows / | Samele | Lithology — u
No. | (Fv) " or |Recov Change s
Bl ey | : tls |y
or RQO| No. Longth | Screened| o | Color Materis! Classification L] Remarks g } g
nterval | mock . )
Hardness 5
—l e , — - 0 O
um— —:é — J—-l - - ww § =g o
— ) c— 7‘ — — P w— — L— — ) ——
m— & Snem— / b oupus & -—— -—demm$ owe & =n
* When rock coring, enter rock brokeness.
 Inciude monitor reading in 6 foot intervals @ . ding frequency ¥ sleveted reponse resd. Drilling Area
Remarks: : Background (ppm):[___ ]
Converted to Well: Yes No Well 1.D. #:




m Tetra Tech NUS, Inc.

SOIL & SEDIMENT SAMPLE LOG SHEET

Page_ _of _
Project Site Name: Sample ID No.:
Project No.: Sample Location:
Sampled By: |
[ Surface Soil C.0.C. No.:
0 Subsurface Soil
0 Sediment Type of Sample:
0 Other: 0 Low Concentration
[ QA Sampie Type: [ High Concentration
GRAB SAMPLE DATA:
Date: Depth Interval Color Description (Sand, Siit, Clay, Molsture, etc.)
Time:
Method:
Monitor Reading (ppm): |
[COMPOSITE SAMPLE DATA:
Date: Time [ Depth Interval Color Description (Sand, Siit, Clay, Moisture, etc.)
fMethod:
[Monitor Readings +
(Range in ppm):
|SAMPLE COLLECTION INFORMATION:
Analysis Contsiner Requirements Collected Other
[oBSERVATIONS / NOTES: [War: ]
Circle H Applicable: Signature(s):

MS/MSD Dupficats ID No.:




Remarks
and
Comments

| Calibration
Standard
(Lot No))

fibration

'
|
|
!
|
|
]
1
|
|
|
|
|
t
1
'
i
|
|
|
|
1
1
!
|
|
|

INSTRUMENT NAME/MODEL:
MANUFACTURER:
SERIAL NUMBER:
Instrument Readings
- Pre; Post-
calibration ' cal

1
]
]
t
+
)

Y Post-

EQUIPMENT CALIBRATION LOG
calibration

| Instrument Settings

Person
Performing
Calibration

1.D.
Number

TIXT LTI T R PO 2% T T LI LY T T

PROJECT NAME :
SITE NAME:
PROJECT No.:

|

|

|

1

1

|

|

|

|

|

|

|n Tetra Tech NUS, Inc.
Dete

. of

Calibration




'&I Tetra Tech NUS, Inc.

MONITORING WELL DEVELOPMENT RECORD

Waell: Pepth to Bottom (ft.): Responsible Personnel:
Site: Static Water Level Before (ft.): Drilling Co.:

Date Installed: Static Water Level After (ft.): Project Name:

Date Developed: Screen Length (ft.): : Project Number:

Dev. Method: Specific Capacity:

Pump Type: Casing ID (in.):

Time | Cstimated | Cumulative | Water Level | Temperature | pH Specific | Turbidity “Remarks (odor, color, etc.)

Sediment | - Water Readings (Degrees C) Conductance | (NTU)
Thickness | Volume | (Ft below TOC) (Units ___ )
(Ft) (Gal.) '
1 | T | I | | | |
] | |- [ I TR ] | |
1 | I | I l | | i I
| | | | | I | | | I
i ] | | I o | i L
I | ! l | | I I ! i
I [ | I I I [ I I !
I | l | | | |
| . | | | | | |
| . | | | I | | | |
| | | | | I | | | |
I | ] [ | | [ [ [
| | | | | | | I I |
| | | | | I I | I |
| I I [ i I | | | I
1 ] i | | I | ] I
| | | I [ | | | 1 |
] | | i I I Il | I




Tetra Tech NUS, Inc.

GROUNDWATER SAMPLE LOG SHEET

Page___of ___
Project Site Name: Sample 1D No.:
Project No.: Sample Location:
Sampled By:
[} Domestic Well Data C.0.C. No.
{1 Monitoring Well Data Type of Sample:
] Other Well Type: [} Low Concentration
(] QA Sample Type: {] High Concentration
SAMPLING DATA
Date: Color pH | 8C. | Temp. | Tubidity ]| DO | Salinity | Other
ime: Visul) | S.U) | @Sem| (O (NTU) (mg/1) (%)
thod: ]
PURGE DATA )
Date: Volume | pH 8.C. Temp. [ Turbidity 00 Salinity Other
Method [ '
Monitor Reading (ppm): |
[Well Casing Diameter & Material ‘
Type: ‘
[Total Well Depth (TD): W
Static Water Level (WL):
{One Casing Volume(gail): 1
Start Purge (hrs). ‘
€nd Purge (hrs). }
Total Purge Time (min): 1
Total Vol Purged (gallL): ' 1
!SAMPLE COLLECTION INFORMATION: b
Analysis " Preservative Container Requirements Coliected
JOBSERVATIONS / NOTES:
[Circle if Applicable: Signature(s):

MS/MSD Duplicats 1D No.:
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- MONITORING WELL MATERIALS
CERTIFICATE OF CONFORMANCE

Well Designation: Site Geologist:

Site Name: Drilling Company:

Date Installed: Dritler:

Project Name: Project Number:

Material Brand/Description Source/Supplier l Sample l
Collected ?

Well Casing | | |
| well Screen 1 I I
| End Cap J

| Drilling Fluid

| Drilling Fluid Additives

| Backfill Material

| Annular Filter Pack

e } e § e { e e §

| Bentonite Seal

| Annutar Grout

| Surface Cement

| Protective Casing

| Paint

| Rod Lubricant

| compressor Ol

o

—} e } e { e § e §

To the best of my knowledge, | certify that the above described materials were used during installation of this monitoring well.

Signature of Site Geologist:
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1.0 PURPOSE

This procedure provides general guidance and information pertaining to proper monitoring well design,
installation, and development.

20 SCOPE

This procedure is applicable to the construction of monitoring welis. The methods described herein may
be modified by project-specific requirements for monitoring well construction. In addition, many regulatory
agencies have specific regulations pertaining to monitoring well construction and permitting. These
requirements must be determined during the project planning phases of the investigation, and any
required permits must be obtained before field work begins. Innovative monitoring well installation
techniques, which typically are not used, will be discussed only generally in this procedure.

3.0 GLOSSARY

Monitoring Well - A well which is screened, cased, and sealed which is capable of providing a
groundwater leve! and groundwater sample representative of the zone being monitored. Some monitoring
wells may be constructed as open boreholes.

Piezometer - A pipe or tube inserted into the water bearing Zone, typically open to water flow at the
bottom and to the atmosphere at the top, and used to measure water level elevations. Piezometers may
range in size from 1/2-inch-diameter plastic tubes to well points or monitoring wells.

Potentiometric Surface - The surface representative of the level to which water will rise in @ well cased to
the screened aquifer. ‘

Well Point (Drive Point) - A screened or perforated tube (Typically 1-1/4 or 2 inches in diameter) with a
solid, conical, hardened point at one end, which Is attached to a riser pipe and driven into the ground with
a sledge hammer, drop weight, or mechanical vibrator. Well points may be used for groundwater injection
and recovery, as piezometers (1.e., to measure water levels) or to provide groundwater samples for water
Quality data.

49 RESPONSEALIES

.

Drlnr mmmmmwmmmammm

and efficient lebor force capable of performing all phases of proper monkoring well
instalistion and construction. mmmmuwumhmwm
permits for monitoring well instaliation and construction.

Fleld_Geologist - The fleld geologist supervises and documents well instsliation and construction
performed. by the driller, and insures that well construction is adequale 10 provide representative
W&hiwhmbmdhmwmmmn&mmoﬂwum
w\edpmomdmyabomhthhaptely
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5.0 PROCEDURES
54 Equipment/items Needed

Below is a list of items that may be needed when installing 8 monitoring well or piezometer:
+ Health and safety equipment as required by the Site Safety Officer.
o Well drilling and installation equipment with associated materials (typicaily supplied by the driller).

» Hydrogeologic equipment (weighted engineer's tape, water level indicator, retractable engineers rule,
electronic calculator, clipboard, mirror and flashlight - for observing downhole activities, paint and ink
marker for marking monitoring wells, sample jars, well installation forms, and a field notebook).

« Drive point installation tools (sledge hammer, drop hammer, or mechanical vibrator; tripod, pipe
wrenches, drive points, riser pipe, and end caps).

5.2 Well Design

The objectives and intended use for each monitoring well must be clearly defined before the monitoring
system is designed. Within the monitoring system, different monitoring wells may serve different
purposes and, therefore, require different types of construction. During all phases of the well design,
attention must be given to clearly documenting the basis for design decisions, the details of well
construction, and the materials used. The objectives for installing the monitoring wells may include:

« Determining groundwater flow directions and velocities.
+ Sampling or monitoring for trace contaminants.
o Determining aquifer characteristics (e.g., hydraulic conductivity).

Siting of monitoring welis shall be performed after a preliminary estimation of the groundwater flow
direction. in most cases, groundwater flow directions and potential wel locations can be determined by
an experienced hydrogeologist through the review of geciogic data and the site terrain. in addition, data
from production wells or other monitoring wells in the srea mey be used 0 delermine the groundwater
flow direction. If thess methods cannot be used, piezometers, which are relatively inexpensive 10 install,
mmuumhamwmbmmmm

8.2.1 Well Doptll, Diameter, and Monitored Interval

The wel depth, diameter, and monitored interval must be tailored 1o the specific monftoring needs of each
investigation. Specification of these Rems generslly depends on the purpose of the monlioring system

and the characieristics of the hydrogeologic system being monitored. Wells of different depth, damow
and monitored interval can be employed in the same groundwater monlioring system. For instance,
varying the monitored interval in several wells, at the same location (cluster wells) can heip (o determine

‘the vertical gradient and the depths at which contaminants are presént - Conversely, a fully penetrating

well is usually not used 10 quantify or vertically locate s contaminent plume, since groundwater samples
collecied in wells that are screened over the full thickness of the water-bsaring zone will be representative
of average conditions across the entire monitored interval. Howewer, fully penetrating wells can be used
to establish the existence of contamination in the water-bearing zone. The well diameter desired depends
upon the hydraulic characteristics of the water-bearing zone, sampling requirements, driling method and
cost.

019811P
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The decision concerning the monitored interval and well depth is based on the foliowing (and possibly
other) information:

¢ The vertical location of the contaminant source in relation to the water-bearing zone.
¢ The depth, thickness and uniformity of the water-bearing zone.

¢« The anticipated depth, thickness and characteristics (e.g., denssty relative to water) of the
contaminant plume.

¢ Fluctuation in groundwater levels (due to pumping, tidal influences, or natural recharge/dvscharge
events).

« The presence and location of contaminants encountered during drilling.

o Whether the purpose of the installation is for determining existence or non-existence of contamination
or if a particular stratigraphic zone is being investigated.

+ The analysis of borehole geophysical logs.

In most situations where groundwater flow lines are horizontal, depending on the purpose of the well and
the site conditions, monitored intervals are 20 feet or less. Shorter screen lengths (5 feet or less) are
usually required where flow lines are not horizontal, (Le., if the wells are to be used for accurate
measurement of the potentiometric head at a specific point).

Many factors influence the diameter of a monitoring well. The diameter of the monitoring well depends on
~ the application. In determining weil diameter, the following needs must be considered:

Adequate water volume for sampling.
Drifling methodology.

Type of sampling devba 0 be used.
Costs.

summmnl&mhnnz.a e.orahdu mmhmﬁn«zmn
diameter. ‘For monkoriig programs which require scresned monfioring wells, elher & 2-inch or 4-inch-
dismeter well is preferred. - Typically, wmmm4mmwhm

in which open-hole bedrock monitoring wells are used. With smaller dismeter wells, the volume

of stagnant waler in the well is minimized, and well construction costs are reduced; however, the sampling

“devices that can be used are imited.

In specifying well diameler, sampling requirements must be considersd (up 10 a fotal of 4 gallons of waler
may be required for 8 single sampls 1o account for ful organic and inorganic analyses, and spiit sampies),
particularly if the monliored formation s known fo be a low-yleiding formetion. The un volume of water
mWManMMmehﬂMnm( .

2 6.13
4 1.83
(] 0.”
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if a well recharges quickly after purging, then well diameter may not be an important factor regarding
sample volume requirements.

Pumping tests for determining aquifer characteristics may require larger diameter wells (for installation of
high capacity pumps); however, in small-diameter wells in-situ permeability tests can be performed during
driliing or after well installation is completed.

8.2.2 Riser Pipe and Screen Materlals

Well materials are specified by diameter, type of material, and thickness of pipe. Well screens require an
additional specification of siot size. Thickness of pipe is referred to as "Schedule” for polyvinyl chioride
(PVC) casing and is usually Schedule 40 (thinner wall) or 80 (thicker wall). Steel pipe thickness is often
referred to as "Strength™. Standard Strength is usually adequate for monitoring well purposes. With
larger diameter pipe, the wall thickness must be greater to maintain adequate strength. The required
thickness is also dependent on the method of installation; risers for drive points require greater strength
than waells installed inside drilled borings.

The selection of well screen and riser materials depends on the method of drilling, the type of subsurface
materials the well penetrates, the type of contamination expected, and natural water quality and depth.
Cost and the level of accuracy required are also important. The materials generally available are Tefion,
stainless steel, PVC galvanized steel, and carbon steel. Each has advantages and limitations (see
Attachment A of this guideline for an extensive presentation on this topic). The two most commonly used
materials are PVC and stainiess steel. Properties of these two materials are compared in Attachment B.
Stainless steel is a8 good choice where trace metals or organic sampling is required; however, costs are
high. Teflon materials are extremely expensive, but are relatively inest and provide the least opportunity
for water contamination due to well materials. PVC has many advantages, including low cost, excelient
availability, fight weight, ease of manipulation, and widespread acceptance. The crushing strength of PVC
may limit the depth of instailation, but the use of Schedule 80 materials may overcome some of the
problems associated with depth. However, the smaller inside diameter of Schedule 80 pipe may be an
memumumummmuwmnaum Due
umumummmumwﬂumm

meWMbmwmmmmmmd
used during thread culting and scresn manufecturing may contaminate sampiss. Metal pipe may corrode
mmmm«mmmmmmub Kdered.a minor issus.
Gaivanized sieel is not recommended whers sampiss may be collected for metals analyses, ss zinc and
cadmium levels in groundwater samples mey become elevated from leaching of the zinc coating.

Threaded, flush-joint casing is most often prefermed for monitoring well sppiications. PVC, Teflon, and
sieel can all be obtained with threaded joints. Weided-Joint steel casing is siso acceptable. Glued PVC
may release organic contaminants info the wel, and therefore, should not be used f the wel is © be

sampled for organic constituents.

mummeh‘medewWMam
screen is often not necessary (the well is simply an open hole In bedrock). Unconsolidated materials,
such as sands, clay, and silts require a screen. A screen siot size of 0.010 or 0.020 inch is generally used .
when a screen is necessary, and the annular borehole space sround the screened interval ls artificially
packed with an appropriately sized sand, selected based on formation grain size. The siot size controls
the quantity of water entering the well and prevents entry of natural materisis or sand pack. The screen
shall pess no more than 10 percent of the pack material, or in-situ aquifer material. The sile geclogist

0198114
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shall specify the combination of screen slot size and sand pack which will be compatible with the water-
bearing zone, to maximize groundwater inflow and minimize head losses and movement of fines into the
wells. For example, as a standard procedure, a Morie No. 1 or No. 10 to No. 20 U.S. Standard Sieve size
filter pack is typically appropriate for a 0.020-inch siot screen; however, a No. 20 to No. 40 U.S. Standard
Sieve size filter pack is typically appropriate for a 0.010-inch siot screen.

5.23 Annular Materials

Materials placed in the annular space between the borshole and riser pipe and screen include a sand
pack when necessary, a bentonite seal, and cement-bentonite grout The sand pack is usually a medium-
to coarse-grained poorly graded, sitica sand and should refate to the grain size of the aquifer sediments.
The quantity of sand placed in the annular space is dependent upon the length of the screened interval,
but should always extend at least 1 foot above the top of the screen. At least 1 to 3 feet of bentonite
peliets or equivalent shalf be placed above the sand pack. Cement-bentonite grout (or equivalent) is then
placed to extent from the top of the bentonite pellets to the ground surfacs. :

On occasion, and with the concurrence of the involved regulatory agencies, monitoring wells may be
packed naturally (i.e., no artificial sand pack installed). In this case, the natural formation material is
allowed to collapse around the well screen after the well is installed. This method has been used where
the formation material itself is a relatively uniform grain size, or when artificlal sand packing is not possible
due to borehole coltapse.

pipe should be used 1 introduce grout from the bottom upward, to prevent bridging, and to provide a
better seal. In shallow borsholes that don't collapse, t may be more practical to pour the grout from the
surface without s tremie pipe

Grout is a general tarm which has several different connotstions. For all practical purposes within the
monitoring well instalision industry, grout refers 1o the solidified materisl which is installed and occupies
the annuler spece sbove the bentonfte pellet sesl. Groit, most of the ime, s MBSE WP of one”'or WO
assembiages of meterial, (e.g., coment and/or bentonite). A cement-bentonlle grout, which is the most
common of grout used In wel normelly is & mbdure oFbSmeVL. béhlonke;™
and water st 3 ralic of one 90-pound bag of Portiand Typé | cemant, plus 3 lo 6 pouiihs ‘F granuler or
fiske-type bentonle, and 8-7 of water. A nest cement éorisists”of one Niity-pouhd?Bilg of"
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5.2.4 Protective Casing

When the well is completed and grouted to the surface, a protective steel casing is typically placed over
the top of the well. This casing generaily has a hinged cap and can be locked to prevent vandalism. The
protective casing has a larger diameter than the well and is set into the wet cement grout over the well
upon completion. In addition, one hole is drilled just above the cement collar through the protective
casing which acts as a weep hole for the flow of water which may enter the annulus during well
development, purging, or sampling.

A protective casing which is level with the ground surface (flush-mounted) is used in roadway or parking
iot applications where the top of a monitoring well must be below the pavement. The top of the riser pipe
is placed 4 to § inches below the pavement, and a locking protective casing is cemented in place to
3 inches below the pavement. A large diameter, manhole-type protective collar is set into the wet cement
around the well with the top set level with or slightly above the pavement. An appropriately-sized id is
placed over the protective sieeve. The cement should be slightty mounded to direct pooled water away
from the well head.

8.3 Monitoring Well Installation

Pertinent data regarding monitoring well installation shall be recorded on log sheets as depicted and
discussed in SOP SA-6.3. Attachments to this referenced SOP illustrate terms and physical construction
of various types of monitoring wells.

8.3.1 Monitoring Wells in Unconsolidated Sediments

After the borehole is driled to the desired depth, well instafiation can begin. The procedure for well
instaliation will partially be dictated by the stability of the formation in which the well is being placed. If the
borehole collapses immediately after the drilling tools are withdrawn, then s temporary casing must be
installed and well installation will proceed through the center of the temporary casing, and continue as the
temporary casing is withdrawn from the borehole. In the case of hollow-stem auger drilling, the augers
will act to stabilize the borehole during well installation.

semummmmmmmmmwmdmmmmmu
meéasured with an engineer's nile o ensure proper placernent. When measuring sections, the threads on
mmuummmmum«mmmnmmmmm
screwed flush together.

mmmmwmmmmhummumn&muhm. )
A weighted tape messure must be used during the installation procedurs 1o carelully monitor instaliation .

%0 ensure an adequate sand pack. However, if o0 much sand is within the lemporary casing (greater than
1 foot above the bottom of the casing) bridging between the temporary casing and riser pipe mey occur.
Centralizers may be used at the geclogist's discretion, one above and one below the screen, 10 assure
enough annular space for sand pack placement.

After the sand pack is installed 1o the desired depth (at least 1 foot above the top of the screen), then the
bentonite peliet seal (or equivalent), can be instalied in the same manner as the sand pack. At least
190 3 feet of bentonite peliets should be installed above the sand pack. Pellets should be added siowly
and their fall monitored closely 1o ensure that bridging does not oceur.

0126114
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The cement-bentonite grout is then mixed and tremied into the annulus as the temporary casing or augers
are withdrawn. Finally, the protective casing can be installed as detailed in Section 5.2.4.

§3.2 Confining Layer Monitoring Wells

When drilling and instalting a well in a confined aquifer, proper well instailation techniques must be
applied to avoid cross contamination between aquifers. Under most conditions, this can be accomplished
by installing double-cased wells. This Is accomplished by drilling a large-diameter boring through the
upper aquifer, 1to § feet into the underlying confining layer, and setting and pressure grouting or tremie
grouting a large-diameter casing into the confining layer. The grout material must fill the space between
the native material and the outer casing. A smaller diameter boring is then continued through the
confining layer for installation of the monitoring well as detailed for overburden monitoring weils.
Sufficient time (determined by the field geologist), must be allowed for setting of the grout prior to drilling
thcough the confined layer.

833 Bedrock Monitoring Wells

When installing bedrock monitoring wells, a large diameter boring is drilled through the overburden and
approximately 5 -10 feet into bedrock. A casing (typically steel) is installed and either pressure grouted
or tremie grouted in place. After the grout has cured, a smaller diameter boring is continued into bedrock
to the desired depth. If the boring does not collapse, the well can be left open, and a screen is not
necessary. If the boring collapses, then a screen is required and can be installed as detailed for
overburden monitoring wells. If a screen Is to be used, then the casing which is instalied through the
overburden and into the bedrock does not require grouting and can be removed when the final well
instaliation is completed.

534 Drive Points

Drive points can be instafled with either a siedge hammer, drop hammer, or 8 mechanical vibrator. The
screen seclion is threaded and tightened onto the riser pipe with pipe wrenches. The drive point is simply
pounded into the subsurface to the desired depth. If @ heavy drop hammer is used, then a tripod and

pulley sstup Is required to It the hammer. ommummumuymvmbdom.

exceeding 10 fost.

MMWMMMWONMMNMMIB
ducrbothOPSA-ux -

s

838 mmmmmmammu-uontm

Certain innovative sampling devices have proven advantageous. These devices are essentially screened
samplers instalied in 8 borehols wWith only smali-ciamefter Wubes extending © the surface. This reduces
driling costs, decreases the volume of stagnant water, snd provides a sampling system that minimizes
cross-contaminaion from sampling equipment. Four menufacturers of these samplers include Timco
Manufacturing Company, inc,, of Prairle du Sac, Wisconsin, BARCAD Systems, Inc., of Concord,
Massachusetts, Westbey instruments Lid. of Vancouver, Brilish Columbis, Caneda and the University of
mammw mmmmmm
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5.4 Well Development Methods

The purpose of well development is to stabilize and increase the permeability of the gravel pack around
the well screen, and to restore the permeability of the formation which may have been reduced by drilling
operations. Wells are lypically developed until all fine material and drilling water is removed from the well.
Sequential measurements of pH, conductivity and temperature taken during development may yield
information (stabilized values) regarding whether sufficient development has been performed. The
selection of the well development method shall be made by the field geologist and is based on the drilling
methods, well construction and installation details, and the characteristics of the formation that the well is
screened in. The primary methods of well development are summarized below. A more detailed
discussion may be found in Driscoll (1986). .

541 Overpumping and Backwashing

Wells may be developed by alternatively drawing the water level down at a high rate (by pumping or
bailing) and then reversing the flow direction (backwashing) so that water is passing from the well into the
formation. This back and forth movement of water through the well screen and gravel pack serves to
remove fines from the formation immediately adjacent to the well, while preventing bridging (wedging) of
sand grains. Backwashing can be accomplished by several methods, including pouring water into the
well and then balling, starting and stopping a pump intermittently to change water levels, or forcing water
into the well under pressure through a water-tight fitting ("rawhiding™). Care shouild be taken when
backwashing not to apply too much pressure, which could damage or destroy the well screen.

§4.2 Surging with a Surge Plunger

A surge plunger (aiso called a surge block) is approximately the same diameter as the well casing and is
aggressively moved up and down within the well to agitate the water, causing it to move in and out of the
screens. This movement of water pulls fine materials into the well, where they may be removed by any of
several methods, and prevents bridging of sand particies in the gravel pack. There are two basic types of
surge plungers; solid and vaived surge plungers. In formations with low ylelds, a vaived surge plunger
may be preferred, as solid plungers fend 10 force waler out of the well st a gresier rate than & will flow

wbooquonﬁyqommhghairlﬂlnnm.
A4 High Velocity Jetting
in the high velocity jeting method, water is forced at high velocities from a plunger-type device and

through the well screen 10 loosen fine particies from the sand pack and surrounding formation. The jetting
ool is slowly rotsted and raised and lowered slong the length of the well screen 10 develop the entire
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screened area. Jetting using a hose lowered into the well may also be effective. The fines washed into
the screen during this process can then be bailed or pumped from the wel.

8.0 RECORDS

A critical part of monitoring well instaliation is recording of all significant details and events in the site
logbook or field notebook. The geologist must record the exact depths of significant hydrogeological
features, screen placement, gravel pack placement, and bentonite placement ‘

A Monitoring Well Sheet (see Attachments to SOP SA-6.3) shall be completed, ensuring the uniform
recording of data for each installation and rapid identification of missing information. Weil depth, length,
materials of construction, length and openings of screen, length and type of riser, and depth and type of
all backfill materiais shall be recorded. Additional information shall include location, installation date,
problems encountered, water levels before and after well installation, cross-reference to the geologic
boring log, and methods used during the installation and development process. Documentation is very
important to prevent problems involving questionable sample validity. Somewhat different information will
need to be recorded, depending on whether the well is completed in overburden (single- or double-
cased), as a cased well in bedrock, or as an open hole in bedrock.

The quantities of sand, bentonite, and grout placed in the well are also important. The geologist shall
calculate the annular space volume and have an idea of the quantity of material needed to fill the annular
spacs. Volumes of backill significantly higher than the calculated volume may indicate a problem such.as

a large cavity, while a smaller backfill volume may indicate a cave-in or bridging of the backfill materials. .

Any problems with rig operation or down-time shall be recorded and may affect the driller’s final fee.
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ATTACHMENT A

RELATIVE COMPATIBILITY OF RIGID WELL CASING MATERIAL (PERCENT)

Potentiaily-Deteriorating | Type of Casing Material
Substance ) _
PVC 1| Galvanized | Carbon | Lo-carbon | Stainless | Stainless | Teflon®

- Steel Steel Steel Steel 304 | Steel 316
Buffered Weak Acid 100 56 51 59 97 100 100
Weak Acid |_98 59 43 | 47 96 100 100
Mineral Acid/ 100 48 57 60 80 82 100
High Solids Content b
Aqueous/Organic 64 69 73 73 98 100 100
Mixtures _ ]
Percent Overall Rating | 91 58 56 |_ 59 93 96 100
Preliminary Ranking of Rigid Materials:

1 Tefion® 5 Lo-Carbon Steel

2 Stainless Steel 316 6 Galvanized Steel

3. Stainless Steel 304 7 Carbon Steel

4 PVC 1

* Trademark of DuPont
RELATIVE COMPATIBRLITY OF SEMI-RIGID OR ELASTOMERIC MATERIALS (PERCENT)

Potentially- [ Type of Casing Material
" | Deteriorating
PYWC | PP | PE | PE |PMM] Viton™ | Silicone | Neoprene| Teflon™*
|Flexible |  |Conv.| Linear J |

Buffered Weak Acid - | 97 97 | 100 | 87 | 90 92 87 85 100
Weak Acid %2 | 90 | 94 |96 |78 |78 |78 75 100
Mineral Acid/ 100 | 100 | 100 | 100 | 5 00 | 78 82 100
Aqueous/Organic 62 | 71| 40 | 60 | 49 | 78 49 “ 100
Mbdures S P —_ ‘
Percent Overall (] 90 | 84 | 838 | 78 87 72 T2 100
Rating
Prefiminary Ranking of Semi-Rigid or Elastomeric Materials

1 Tefon' $ PE Conventional

2 Polypropylene (PP) 8 Plexiglas/Lucite (PMM)

3. PVC.FIaxbUPELnur 7 Siicone/Neoprene

4 Viion

Source: Barceiona et al., 1883
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ATTACHMENT B
COMPARISON OF STAINLESS STEEL AND PVC FOR MONITORING WELL CONSTRUCTION
Charactenistic Stainless Steel PVC
Strength Use in deep wells to prevent Use when shear and compressive
compression and closing of strength are not critical.
screeniriser,
Weight Relatively heavier. Light-weight, floats in water.
Cost Relatively expensive. Relatively inexpensive,
Corrosivity Deteriorates more rapidly in corrosive | Non-comrosive - may deteriorate in
water. presence of ketones, aromatics, alkyl
sulfides, or some chiorinated
. hydrocarbons.
Ease of Use Difficutt to adjust size or length inthe | Easy to handle and work with in the
field. field.
Preparation for |Should be steam cleaned i organics |Never use giue ﬁtﬁngs -~ pipes shouid
Use will be subsequently sampled. be threaded or pressure fitted. Should
be steam cleaned when used for
monitoring wells.
interaction with | May sorb organic or inorganic May sorb or release organic
Contaminants® | substances when oxidized. substances.
. See aiso Attachment A.
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10 PURPOSE

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

2.0 SCOPE

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

3.0 GLOSSARY
None.
4.0 RESPONSIBILITIES

Site_Geologist. Responsibie for supervising all boring activities and assuring that each borehole is
completely logged. If more than one rig is being used on site, the Site Geologist must make sure that
each field geologist is properly trained in logging procedures. A brief review or training session may be
necessary prior to the start up of the field program and/or upon completion of the first boring.

8.0 PROCEDURES

The classification of soil and rocks is one of the most important jobs of the field geologist/engineer. To
maintain a consistent flow of information, it is imperative that the field geologist/engineer understand and
accurately use the fieid classification system described in this SOP. This identification is based on visual
examination and manusl! tests.

8.1 m Needed

When logging soll and rock samples, the geologist or engineer may be equipped with the following:

Rock hammer

Knife

Camers

Dilute hydrochloric acid (HCI) _

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

.2 Classification of Sols

Audmashaubewﬂmndlncuyonmebombg(ﬂgurn)ormaﬂoldnotabooklfnmspacebneedod
Details on filling out the boring log are discussed in Section §.5.

0196811P . Tetra Toch NUS. inc.
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FIGURE 1
BORING LOG (EXAMPLE)

@ BORING LOG Page __of
PROJECT NAME: BORING NUMBER:*
PROJECT NUMBER: DATE:
DRILLING COMPANY: GEOLOGIST:
DRILLING RIG: DRILLER: )
=111 1 MATERIAL DESCRIFTION -1 IO Rrades bywd
foget i tgl Bl omnadl br~vonnd __J v "

o o Semple 4
j-3y S B =g ey Co o N ¢ Remarks ] ! &
niorve Rosh M !
o wm—— 3 — — Lk B BT T
] § —_— _ - S O O
—_—t 7.__ — - —defef—
i . § | - -
o § c— 4- — — =t —}—}—
—— _.4 a—— — — Bl ok Tl
/, — —1=1=1—
| 11
= = — &Lfé‘,
: - J 13 X3 b 21*,“
“Vihen 1ok eving. anter ok brohensen.
* inghute Sty sending I § Sost Iniervels @ bosluin. buresss rending i [ { el v -~ Driling Afes .
Converted to Welk Ves No Wl LD, &
019611/P Tetra Tech NUS, inc.



Subrect Number Page
GH-1.5 5 of 20
BOREHOLE AND SAMPLE LOGGING  [ruvman p——
1 06/99
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5.2.4 USCS Classification

Soils are to be classified according to the Unified Soil Classification System (USCS). This method of
classification is detailed in Figure 1 (Continued).
This method of classification identifies soil types on the basis of grain size and cohesiveness.

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

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

8.2.2 Color

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

Colors must be described while the sample is still moist. Soil samples shall be broken or split vertically to
describe colors. Sm\pm:bndtomarmesanplewdaoomﬁngeolorvanﬁonsbemme
sanplehtoﬂorandm

mmwuumnmmmymmwamm Molting
in solls usually indicates poor seration anG leck of good drainage.

Soll Color Charts shell not be used uniess specified by the project manager.
823 Relative Density and Consistency

‘To classify the relative density and/or consistency of a soll, the geologist is to first identify the soll type.
Granular solis contain predominantly sands and gravels. They are noncohesive (parficies do not adhere
well when compressed). Finer-grained soils (silts and clays) are cohesive (particies wil adhere together
when compressed).

ﬂndomuyofnoncohum gmwmhmwmmbmd

penelration resistances
obtained from spik-barrel sampling performed according fo the methods detalied in Standard Operating
Procedures GH-1.3 and 8A-1.3. Those designations are:

019811/P Tetra Tech NUS, inc.
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Designation Standard Penetration
Resistance
(Biows per Foot)

Very loose Oto4

Loose S5to10
Medium dense 11t0 30
Dense 311050
Very dense Over 50

Standard penetration resistance is the number of blows required to drive a split-barrel sampler with a 2-
inch outside diameter 12 inches into the material using a 140-pound hammer falling freely through
30 inches. The sampler is driven through an 18-inch sample interval, and the number of blows is
recorded for each B-inch increment The density designation of granular soils is obtained by adding the
number of blows required to penetrate the last 12 inches of each sample interval. It is important to note
that if gravel or rock fragments are broken by the sampler or if rock fragments are lodged in the tip, the
resulting blow count will be erroneously high, reflecting a higher density than actually exists. This shali be
noted on the log and referenced to the sample number. Granular soils are given the USCS classifications
GW, GP, GM, SW, SP, SM, GC, or SC (see Figure 1).

The consistency of cohesive soils is determined by performing field tests and identifying the consistency
as shown in Figure 2.

Cohesive soils are given the USCS classifications ML, MH, CL, CH, OL, or OH (see Figure 1).

The consistency of cohesive soils is determined either by blow counts, a pocket penetrometer (values
Kisted in the table as Unconfined Compressive Strength), or by hand by determining the resistance to
penetration by the thumb. The pocket penetrometer and thumb determination methods are conducted on
a selected sample of the soil, preferably the lowest 0.5 foot of the sample in the split-barrel sampler. The
sample shall be broken in half and the thumb or penetrometer pushed into the end of the sample to
determine the consistency. Do not determine consistency by altempting to penetrate a rock fragment. if
the sample is decomposed rock, R is ciassified as a soR decomposed rock rather than 3 hard soil.
Consistency shall not be determined solely by blow counts. One of the other methods shall be used in
conjunction with &. The designations used to describe the consistency of cohesive soils are shown in
Figure 2.

824 Weight Percentages

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

Terms of Identifying Proportion of the Defining Range of
Component Percentages by Weight
Trace : 0 - 10 percent
Some ’ 11 - 30 percent
Adjective form of the soil type (e.g., "sandy”) 31 - 50 percent

019811/P
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FIGURE2
CONSISTENCY FOR COHESIVE SOILS
Conslistency Standard Unconfined Fleld Identification
Penetration Compressive
Resistance Strength
(Blows per (Tons/Sq. Foot by
Foot) pocket
penetration)
Very soft Oto2 Less than 0.25 Easily penetrated several inches by fist
Soft 2to 4 0.251t0 0.50 Easily penetrated several inches by
thumb
Medium stiff 4to8 0.50t0 1.0 Can be penetrated several inches by
thumb with moderate effort
Stiff 8to 15 1.0t0 2.0 Readily indented by thumb but
penetrated only with great effort
Very stiff 15 t0 30 20t0 4.0 Readily indented by thumbnail
Hard Over 30 More than 4.0 Indented with difficulty by thumbnail

019611/°P
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Examples:

Sitty fine sand: 50 to 69 percent fine sand, 31 to 50 percent silt.

Medium to coarse sand, some silt: 70 to 80 percent medium to coarse sand, 11 to 30 percent silt
Fine sandy silt, trace clay: 50 to 88 percent silt, 31 to 49 percent fine sand, 1 to 10 percent clay.
Clayey silt, some coarse sand: 70 to 89 percent clayey silt, 11 to 30 percent coarse sand.

525 Moisture

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

Laboratory tests for water content shall be performed if the natural water content is important.

5.26 Stratification

Stratification can only be determined after the sample barel is opened. The stratification or bedding
thickness for soil and rock is depending on grain size and composition. The classification to be used for
stratification description is shown in Figure 3.

827 Texture/Fabric/Bedding

The texture/fabric/bedding of the soil shall be described. Texture is described as the relative angularity of
the perticles: rounded, subrounded, subangulsr, and anguiar. Fabric shall be noted as to whether the
pariicies are flat or buiky and whether there is 8 particular relation between particles (Le., all the fiat
pariciss are paraliel or there is some cementation). The bedding or structure shall also be noted (e.g.,
stralified, lensed, nonstratified, heterogeneous varved).

8.2.8 Summary of Soll Classification

In summary, soils shall be classified in a similar manner by each geclogist/engineer at a project site. The
hierarchy of classification is as foflows:

{

019611#
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FIGURE 3

Thickness Thickness Cilassification
{metric) {Approximate
English Equivaient)
> 1.0 meter >33 Massive
30 cm - 1 meter 1.0'-3.3 Thick Bedded
10cm-30cem 4"-10 Medium Bedded
3em-10em 1"-4" Thin Bedded
1em-3cm 2/5" - 1" Very Thin Bedded
3mm-1cm 1/8" - 2/5" Laminated
1mm-3mm 1/32" - 1/8* Thinly Laminated
<1mm <1/32" Micro Laminated

(Weir, 1973 and ingram, 1954)

019811P
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53 Classification of Rocks

Rocks are grouped into three main divisions: sedimentary, igneous and metamorphic. Sedimentary rocks
are by far the predominant type exposed at the earth's surface. The following basic names are applied to

~ the types of rocks found in sedimentary sequences:

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

o Siltstone - Made up of granular materials less than 1/16to 1/256 mm in diameter. Fractures
irregularty. Medium thick to thick bedded.

+ Claystone - Very fine-grained rock made up of clay and silt-size materials. Fractures irregularly. Very
smooth to touch. Generaily has irregularly spaced pitting on surface of drilled cores.

+ Shale - A fissile very fine-grained rock. Fractures along bedding planes.

» Limestone - Rock made up predominantly of calcite (CaCQO,). Effervesces strongly upon the
application of dilute hydrochioric acid. )

+ Coal - Rock consisting mainly of organic remains.

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

In classifying a sedimentary rock the following hierarchy shall be noted:
Rock type
Color

Bedding thickness
Hardness

Fracturing
Weathering

Other characteristics

5.3.1 Rock Type

As described above, there are numerous types of sedimentary rocks. in most cases, a rock will be a
combination of several grain types, therefore, a modifier such as a sandy siltstone, or a silty sandstone
can be used. Thomdiﬁuhdmmaidgnmmporﬁondhmdﬂypehoonpmddmmmu
Other modifiers can include carbonaceous, calcareous, sificeous, etc.

mmnnmuumammm Figure 4 is the Udden-
Wentworth classification that will be sssigned to sedimentary rocks. The individual boundaries are siightly
different than the USCS subdivision for soll classification. For fleid determination of grain sizes, a scale
can be used for the coarse grained rocks. For example, the division between sittstone and claystone may
not be measurable in the field. The boundary shall be determined by use of a hand lens. If the grains

"cannot be seen with the naked eye but are distinguishable with a hand lens, the rock is a siltstone. If the

grains are not distinguishable with a hand lens, the rock is a claystone.

Tetrs Tech NUS, inc.
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FIGURE 4

GRAIN SIZE CLASSIFICATION FOR ROCKS

Particle Name Grain Size Diameter
Cobbles > 84 mm
Pebbles 4-64mm
Granules 2-4mm
Very Coarse Sand 1-2mm
Coarse Sand 0.5-1mm
Medium Sand - 0.25-0.5mm
Fine Sand ' 0.125-025 mm
Very Fine Sand 0.0625 - 0.125 mm
Siit 0.0039 - 0.0625 mm

After Wentworth, 1922

019611/ Tetras Tech NUS, inc.
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53.2 Color

The color of a rock can be determined in a8 similar manner as for soil sampies. Rock core samples shall
be classified while wet, when possible, and air cored samples shall be scraped clean of cuttings prior to

. color classifications.

Rock color charts shall not be used unless specified by the Project Manager.
5.3.3 Bedding Thickness

The bedding thickness designations applied to soil classification (see Figure 3) will also be used for rock
classification.

534 Hardness

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

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

o Medium soft - Siight erosion of core, slightly gouged by screwdriver, or breaks with crumbly edges
from single hammer blow.

e Medium hard - No core erosion, easily scratched by screwdriver, or breaks with sharp edges from
single hammer blow.

e Hand - Remmonlhamblowstobrukmdhammm Cannot be
scratched with screwdriver.

Note the difference in usage here of the works “scratch”™ and "gouge.” Ambhshalbeeonsidmda
mmmummmmummammmmm.mnm
mdm.m-mbmm

535 Fracturing

mdogmdhmmabmkmnmdamckbdmibedbymmumwmtm
After eliminating driling breaks, meavoragespaqngiscalculatedmdmehcmmgbduabodbym

following terms:

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

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

Massive (M.) - 3 1o 10-foot spacing between fractures

019811/P
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The structural integrity of the rock can be approximated by calculating the Rock Quality Designation
(RQD) of cores recovered. The RQD is determined by adding the tolal lengths of all pieces exceeding
4 inches and dividing by the total length of the coring run, to obtain a percentage.

Method of Caiculating RQD
(After Deere, 1964)

RQD % =r1x 100

r= Total length of all pieces of the lithologic unit being measured, which are greater than
4 inches length, and have resulted from natural breaks. Natural breaks include
slickensides, joints, compaction slicks, bedding plane partings (not caused by drilling),

friable zones, etc.
| = Total length of the coring run.

53.6 Weathering

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

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

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

° Moderate-Mostdherock,Mmexmolquanzgra!m.lsmM Rock is weakened due to
weathering and can be easily broken with hammer.

» Severe - All rock including quartz grains is stained. Somofmmdtbmﬂ\emdlnhoxbntof
becoming 8 soll. Rock is very week. .

“.7 : :I I TR owid T L

mmmuumhhwm e

Description of contact between two rock units. These can be sharp or gradational.

Observation of the presence of fossils.
mdmmmmmbbmm mynheralﬁlhgorcoaﬂng and’

Mhbnmﬁmﬂwnmﬂnbambgsdﬂbemdhhmmumblmmawpy
machine for report presentation. mmmumwummahmpmrm_
andbmbamvmmsmthmspedalconsidmﬁonmdanm

E
il
;

L m

019811/

Tetrs Toch NUS, inc.



Subject Number Page
GH-1.5 15 0f 20
BOREHOLE AND SAMPLE LOGGING  [goncr Eftective Date
1 06/99
538 Additional Terms Used in the Description of Rock

The foliowing terms are used to further identify rocks:

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

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

Few - indicates insignificant (0 to 15 percent) amounts of the accessory material. For example, rock
composed of seam of sandstone (90 percent) and shale (10 percent) would be "sandstone - few
shale seams.”

Iinterbedded - Used to indicate thin or very thin alternating seams of material occurring in
approximately equal amounts. For example, rock composed of thin alternating seams of sandstone
(50 percent) and shale (50 percent) would be “interbedded sandstone and shale.”

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

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

Basalt - A fine-grained extrusive rock composed primarily of calcic plagioclase and pyroxene.

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

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

Gabbro - Awmwmdwmmwm Loosely
used for any coarse-grained dark igneous rock.

State - A very fine-grained foliated rock possessing a well deveioped siaty cleavage. Contains
predominantly chiorite, mica, quartz, and sericite.

m-AmwmmwsmmmWoMMammmmm
surface.

Schist - Ambmmmmmmanm
minerals which dominats its composttion.

Gneliss - A coarse-grained follated rock with bands rich in granutar and piaty minerals. -

Quartzits - A fine- to coerse-grained nonfoliated rock breaking across grains, consisting essentially of
quartz sand with siica cement.
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5.4 Abbreviations

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

C - Coanse [t - Lignt I - Yelow
Med - Medium BR - Broken Or - Orange

F - Fine BL - Blocky SS - Sandstone
\" «  Very M - Massive Sh - Shale

SI - Sight [Br - Brown LS - Limestone
Occ - Occasional (81 - Black Fgr - Fine-grained
Tr - Trace

85 Boring Logs and Documentation

This section describes in more detail the procedures to be used in completing boring logs in the field.
Information obtained from the preceding sections shall be used to complete the logs. A sample bonng log
has been provided as Figure §.

The field geologist/engineer shall use this example as a guide in completing each boring log. Each boring
log shall be fully described by the geologist/engineer as the boring is being drilled. Every sheet contains
space for 25 feet of log. information regarding classification details is provided either on the back of the
boring log or on a separate sheet, for field use.

851 Soil Classification

e Identify site name, boring number, pbnumber.m Elevamandwaierleveldahbbeontefed
when surveyed data is available.

° mwmmmmmm Enter depth sample was taken from
- (1 block = 1 foot). Fractionsl footages, Le., change of ithology at 13.7 fest, shall be Ened off at the
proportional location between the 13- and 14-foot marks. Enter biow counts (Standard Penetration
Resistance) diagonally (ss shown). WMWQanm Cais

*  Determine sampie recovery/sample length as shown. Measurs the total lengh of sample recoversd. -
from the spit-spoon sampler, including material in the drive shoe. Donothcubwuhgsorm

material that may be in the upper portion of the sample tube.

. Indahuyd\amhllhobgybydrawhgalneatmewhhm Forenmple.lfehyeysil
was encountered from 0 10 5.5 feet and shale from 5.5 10 6.0 fest, a ine shall be drawn at this
increment. mmn\aﬁonbhebuhmeonmamm As an aftemative,

symbols may be used to identify each change in kthology.

‘o mmammumwmumdwhuumm
Refer to Density of Granuiar Sofis Chart on back of log sheet. For consistency of cohesive solls refer
also to the back of log sheet - Consistency of Cohesive Soils. Enter this information under the-
appropriate column. Refer to Section §.2.3.

s AR -
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FIGURE 5
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Enter color of the material in the appropriate column.

Describe material using the USCS. Limit this column for sample description only. The predominant
material is described iast. If the primary soil is siit but has fines (ciay) - use clayey sit. Limit soil
descriptors to the following:

-  Trace: 0-10percent
- Some: 11-30percent
- And/Or: 31 - 50 percent

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

Enter USCS symbol - use chart on back of boring log as a guide. If the soils fall into one of two basic

groups, a borderline symbol may be used with the two symbols separated by a slash. For exampie -

ML/CL or SM/SP.

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

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

. Angularity - describe anguiarity of coarse grained particles using the terms angular, subangular,

subrounded, or rounded. Refer to ASTM D 2488 or Earth Manual for criteria for these terms.
- Particle shape - fiat, ebndated.oruatand elongated.
- Maximum particle size or dimension.
. w.wmaoumm -] .o T

. mmw -none, weak orstrong. . Celmall o inEs

- lndledepmuuofnh.mofhob wmmfmommmhmm
or gain of water.

- MMWMMWDQW(PID)GMMM(HD)MI

spplicable. <

- lndbabuwdmhlﬂmdogybydnwﬁuahmmmmmm
mmmommwmmonmm-n__

. At the botion of the page indicats type of rig, driling methdd, ' hammer etzs add drop, and any -
omerusdulmﬂ\ation(u borehole size, MMWHMM ae

Lo,

consiructed, - :
.,f;...,....,; N v:-" f._.,.{.’
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- Vertical lines shall be drawn (as shown in Figure 5) in columns 6 to 8 from the bottom of each
sample to the top of the next sample to indicate consistency of material from sample to sample, if
the material is consistent. Horizontal lines shall be drawn if there is a change in lithology, then
vertical lines drawn to that point

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

88.2 Rock Classification

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

Indicate lithology change by drawing a line at the appropriate depth as explained in Section 5.5.1.

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

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

Enter rock type based on sedimentary, igneous or metamorphic. For sedimentary rocks use terms as
described in Section 5.3. Again, be consistent in classification. Use modifiers and additional terms
as needed. For ignecus and metamorphic rock types use terms as described in Soqtions §.3.8.

Enter brokenness of rock or degree of fracturing under the appropriate column using symbols VBR,
BR, BL, or M as explained in Section 5.3.5 and as noted on the back of the Boring Log.

The following information shall be entered under the remarks column. Items shall inciude but are not
limited to the foflowing:

- mmammmmmmwbmm(mna
high, low), i.e., 70° angle from horizontal, high angle.

- mammwdwmam

- Indicate any loss or gein of drill water.

- indicate drop of drilt toois or change in color of drill water.

Remarks at the bottom of Boring Log shafl include:

"= Type and size of core obtained.

- Depth casing was set.
- Type of rig used.

As 8 final check the boring log shail include the following:

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

- If applicsble, indicate screened interval in the ithology column. Show top and bottom of screen.
Other detaiis of well construction are provided on the well construction forms.

019611P
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583 Classification of Soll and Rock from Drill Cuttings

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

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

o Note any change in color of driling fluld or cuttings, to estimate changes In lithology.

o Note drop or chattering of drifling tools or @ change in the rate of drilling, to determine fracture
locations or lithologic changes.

e Observe loss or gain of drilling fluids or air (if air rotary methods are used), to identify potential
fracture zones.

* Record this and any other useful information onto the boring log'as provided in Figure 1.

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

58 Review

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

o Checking for consislency ofalllogs. L st e

QMWWQNM e e L
Mbm“thMhmmmwm

60 REFERENCES .. TURTIRNN
Unified Soll Classification System (USCS).

ASTM D2488, 1885.

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

7.0 RECORDS . TA e ke IR v L

Originals of the boring logs shall be retained in the project flles.
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10 PURPOSE

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

20 SCOPE

This procedure provides information on proper sampling equipment, onsite water quality testing, and
techniques for groundwater sampling. Review of the information contained herein will faciiitate planning
of the field sampling effort by describing standard sampling techniques. The techniques described shall
be followed whenever applicable, noting that site-specific conditions or project-specific plans may require
modifications to methodology.

3.0 GLOSSARY

Conductivity — Conductivity is a numerical expression of the ability of an aqueous solution to cany an
electric current.  This ability depends on the presence of ions, their total concentration, mobility, valence,
and relative concentrations, and on temperature of measure. Conductivity is highly dependent on
temperature and should be reported at a particular temperature, i.e., 20.2 mS/cm at 14C.

Dissolved Oxygen (DO) - DO levels in natural and wastewater depend on the physical, chemical, and
biochemical activities in the water sample.

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

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

pH Paper - Indicator paper that turns different colors depending on the pH of the solution 1o which it is

mmmwwwmmﬂmmmma

mh-mmdmmwm lhhmd

sists In 3 ghven mass of solution. Nole: mwmmﬂwm
from conduclivity and femperature. mwmwlbodsphyedhdnwpuhnmm
(ppt) or % (e.g:. 35 ppt will equal 3.5%).
m-rmhmhmwmmm.Maw.slhmmmm
matier. Turbidily is an expression the optical property that causes light 10 be scatiered and absorbed
rather than transmitted in a straight line through the sample.

4.9 RESPONSIBILITIES

Project Hydrogeclogist - Responsible for selecting and detailing

techniques, onsite water quality testing (type, frequency, and locstion), and equipment to be , and
MWWhﬂmbhmpﬁnm The project hydrogeoclogist is also
responsible for properly briefing and overseeing the performance of the site .

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

5.0 PROCEDURES
81 General

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

Methods for withdrawing samples from completed wells include the use of pumps, compressed air,
bailers, and various types of sampiers. The primary considerations in obtaining a representative sample
of the groundwater are to avoid collection of stagnant (standing) water in the well and to avoid physica! or
chemical alteration of the water due to sampling techniques. In a non-pumping well, there will be little or
no vertical mixing of water in the well pipe or casing, and stratification will occur. The well water in the
screened section will mix with the groundwater due to normal flow pattems, but the well water above the
screened section will remain isolated and become stagnant. To safeguard against collecting non-
representative stagnant water in a sample, the following approach shall be followed prior to sample
acquisition:

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

2 For wells that can be purged dry, the well shall be evacuated and allowed 10 recoVer prior 10
sample acquisiion. If the recovery rale is falry rapid, evacuetion of more then one volume of
water is required.

3 Fammmwmmmuwbmfum;bmm
safeguard against contaminating the sample with stagnant water. One of the following techniques
shail be used 1o minimize this possibility:

o A submersible pump or the intake line of a surface pump or bailer shall be placed just below
the water surface when removing the stagnant water and lowered as the wster level drops.
Thres to five volumes of water shall be removed to provide reasonable assurance that all
stagnant water has been evacuated. Once this is accomplished, aboieroro(herapptwed
device may be used to coflect the sample for analysis.

. mmmdhmﬂmm(aNMpmMMbowmu
bottom of the screened section, and approximately one casing volume of water shall be
pumped_from the well at a low purge rate, equal to the well's recovery rate (low flow

sampiing).

Stratification of contaminants may exist in the aquifer, Conceniration gradients as & resut of mixing snd
dispersion processes, layers of variable permeability, and the presence of separate-phase product (l.e.,

019611°
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floating hydrocarbons) may cause stratification.  Excessive pumping or improper sampling methods can
dilute or increase the contaminant concentrations in the recovered sample compared to what is
representative of the integrated water column as it naturally occurs at that point, thus the result is the
coliection of a non-representative sample.

8.2 Sampling, Monitoring, and Evacuation Equipment

Sample containers shall conform with the guidelines expressed in SOP SA-8.1.

The following equipment shall be on hand when sampling groundwater wells (reference SOPs SA-6.1 and
SA-7.1).

o Sample packaqing and shipping equipment - Coolers for sampile shipping and cooling, chemical
preservatives, appropriate sampling containers and filler, ice, labels and chain-of-custody documents.

+ Field tools and instrumentation - Multi-parameters water quality meter capable of measuring ORP,
pH, temperature, DO, specific conductance, turbidity and salinity or individual meters (as applicable),
pH paper, camera and film (if appropriate), appropriate keys (for locked wells), engineer's rule, water
level indicator.

¢ Pumps

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

- Deep-wel pumps: Submersible pump and electrical power-generating unit, or bladder pumps
where appiicable.

o Other sampling equipment - Bailers and inert line with tripod-pufley assembly (if necessary).
« Palls - Plastic, graduated.

¢ Decontamination solutions - Deionized water, potable water, laborgiory deterpents, 10% nitric acid
solution (se required), and analyfical-grade solvent (¢.g., pesticide-grade lsopropanol), 83 required.

" Idesly, sample whdrawal equipment shal be complelely Inert, economical easly cleaned, cleaned prior

meﬂbMdMaﬁuhhmdmm“wa
delivering variable rales for well purging and sample colleclion. .- R o

83 c:lwllllon- of Well Volume

To insure that the proper volume of water has been removed from the well prior 1o sampiing & is first
necessary 1o know the volume of standing water in the well pips. This volume can be eeslly caiculated by
the following method. mwumthmwmuWMMmaum
log sheet form (see SOP SA-8.3)

. mumm«mwmmmmmxx

o Deterrrﬁnenlorwhgm

. Mmmuﬂmwdshﬂcvshrw(depmuwmmuabpdmmm
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+ Determine depth of well by sounding using a clean, decontaminated, weighted tape measure.

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

« Cakulate one static well volume in gallons V = (0.163 XT ),3)1

where: V = Static volume of well in gallons.
T= Thickness of water table in the well measured in feet (i.e., linear
feet of static water).
r = Inside radius of well casing in inches.
0.163 = A constant conversion factor which compensates for the

conversion of the casing radius from inches to feet, the
conversion of cubic feet to gallons, and pi.

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

5.4 Evacuation of Static Water (Purging)

54.1 General

The amount of purging a well shall receive prior to sample collection will depend on the intent of the

- monitoring program and the hydrogeologic conditions. Programs to determine overall quality of water
resources may require long pumping periods to obtain a sample that is representative of a large volume of
that aquifer. The pumped volume may be specified prior to sampling so that the sample can be a
composite of a known volume of the aquifer. Alternately the well can be pumped until the parameters
such as temperature, specific conductance, pH, and turbidity (as applicable), have stabilized. Onsite
mnmmmnmmmmmmmutmwmmmm
ahndudﬁod ddl M -

The folowing discussion s lmited 1o those devices commonly used st hazardous ‘waste shes.
Aftachment A provides guidance on the proper evacuation device to use for given sampling situstions.
Note that all of these techniques invoive equipment which is portable and reedily aveilable.

Ballers '
mmmmmm«vmmwmmm They generally consist of
8 length of pipe with a sealed bottom (bucket-type bailer) or, as is more useful and favored, with a ball
check-vaive at the bottom. annogmdbmmbﬁqmmmw. .

Advantages of ballers include:

o Few imitations on size and materials used for ballers.
¢ No external power source needed.
« - Bailers are inexpensive, and can be dedicated and hung in a well 10 reduce the chances of cross-
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o Thers is minimal outgassing of volatile organics while the sample is in the bailer.
+ Bailers are relatively easy to decontaminate.

Limitations on the use of bailers include the following:

o [tis time consuming to remove stagnant water using a bailer.

o Transfer of sample may cause aeration,

o Use of bailers is physically demanding, especially in warm temperatures at protection levels above
Level D.

Suction Pumps

There are many different types of inexpensive suction pumps including centrifugal, diaphragm, and
peristaltic pumps. Centrifugal and diaphragm pumps can be used for well evacuation at a fast pumping
rate and for sampling at a low pumping rate. The peristaitic pump is a low volume pump that uses rollers
to squeeze a flexible tubing, thereby creating suction. This tubing can be dedicated to a well to prevent
cross contamination.

These pumps are all portable, inexpensive and readily available. However, because they are based on
suction, their use is restricted to areas with water levels within 20 to 25 feet of the ground surface. A
significant limitation is that the vacuum created by these pumps can cause significant loss of dissolved
gases and volatile organics.

Air-Lift Samplers

This group of pump samplers uses gas pressure either in the annulus of the well or in a venturi to force
the water up a sampling tube. These pumps are aiso relatively inexpensive. Alr (or gas)-ift samplers are
more sultable for well development than for sampling because the samples may be aerated, laadingeopH
changes and subsequent trace metal precipitation, oclouofvolaﬁborgm

Submersibie Pumps .
smmimhmauﬁuwupammbum;mm;,_
sources for thees samplers mey be compressed gas or eleckricy. The operation principles vary and the
mdhumhmbbymmm siding piston; v
mmwmmzmmmm mmmmmmm
Limitations of this ciass of pumps include: L

They may have low delivery rates.

i
He
i
i

e Decontamination of intemal components can be difficult and Sme-consuming.
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8.5 Onsite Water Quality Testing

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

pH

Specific Conductance

Temperature

Dissolved Oxygen (DO)

Oxidation Reduction Potential (ORP)

Certain Dissolved Constituents Using Specific lon Elements
Turbidity

Salinity

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

This section provides general information for measuring the parameters listed above with instruments and
techniques in common use. Since instruments from different manufacturers may vary, review of the
manufacturer's literature pertaining to the use of a specific instrument is required before use.

5.8.4 Measurement of pH
55.1.1 General
Measurement of pH is one of the most important and frequently used tests in water chemistry. Practically

every phase of water supply and wastewater treatment such as acid-base neutraiization, water softening,
andeotmbneonmbpb-ldepem Likewise, the pH of lsachate can be correlated with other

and the pH meter
mbmded. The response of a pH meter can be affecled 1o & siight degree by high levels of

5512 MQM

Uadpﬂmmbfpﬂmmmemmmadmmcﬁmmbyhldﬂyuuuhlyd
the solution created by the addition of the water sample reacting with the indicator compound on the
paper. Various types of pH papers are available, including itmws (for general acidity or alialinity
determination) and specific pH range hydrion paper.

019611°
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Use of a pH meter relies on the same principle as other lon-specific electrodes. Measurement relies on
establishment of a potential difference across a glass or other type of membrane in response to (in this
instance, hydrogen) ion concentration across that membrane. The membrane is conductive to ionic
species and, in combination with a standard or reference electrode, a potential difference proportional to
the ion concentration is generated and measured.

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

¢ Stand-alone portable pH meter, or combination meter (e.g., Horiba U-10), or combination meter
equipped with an in-ine sample chamber (e.g., YSI 610).

¢+ Combination electrode with polymer body to fit the above meter (altemately a pH electrode and a
reference electrode can be used if the pH meter is equipped with suitable electrode inputs).

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

55.14 Measurement Techniques for Field Determination of pH

pH Meter

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

. |mpeamemwmwbauemspﬂormhmdmmm
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may take severs! seconds 1o minutes. if the pH continues 10 driR, 0 sample femperature may not be
stable, a physical reaction (e.g., degassing) may be taking place in the sample, or the meter or
electrode may be malfunctioning. mhmuubodeuunobdhﬂnmook

. Rudmdncotdﬂnpl-loﬂhesampb pHlebemocdodbmonwwomwul Al:oneord
mmmm calae g .

«  Rinse the eiectroda(s) with deionized water. | Ly e L
o Store the elactrode(s) in an appropriate manner when not in use.

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

pH Paper

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

5.5.2 Measurement of Specific Conductance
5.5.2.1 General

Conductance provides a measure of dissolved ionic species in water and can be used to identify the
direction and extent of migration of contaminants in groundwater or surface water. It can aiso be used as

a measure of subsurface biodegradation or to indicate alternate sources of groundwater contamination.

Conductivity is @ numerical expression of the ability of a water sample to carry an electric current. This
value depends on the total concentration of the ionized substances dissolved in the water and the
temperature at which the measurement is made. The mobility of each of the various dissolved ions, their
valences, and their actual and relative concentrations affect conductivity.

it is important fo obtain a specific conductance measurement soon after taking a sample, since
temperature changes, precipitation reactions, and absorption of carbon dioxide from the air all affect the
specific conductance.

5622  Prnciles of Equipment Operation

An aqueous sysiem containing lons will conduct an electric current. In a direct-current field, the positve
mmmmmmmumwwmmwum
electrode. Most inorganic acids, bases and salts (such as hydrochioric acid, sodium carbonats, or sodium
chioride, respeciively) are relatively good conductors. Conversely, organic compounds such s sucrose
or benzene, which do not dissociate in aqueous solution, conduct a current very poorly, f at all.

A conductance cell and a Wheatstone Bridge (for the measurement of polential difference) may be used
for measurement of slectrical resistance. The ratio of current applied fo voltage across the cell may also
be used as a measure of conductance. The core element of the apperatus is the conductivity cell
containing the solution of interest. Depending on ionic strength of the aqueous solution 10 be tested, a
potential difference is developed across the cell which can be converted directly or indirectly (depending
on instrument type) 1o a measurement of specific conductance.

019811P

Totra Tech NUS, Inc.



GROUNDWATER SAMPLE SA-1-1 10 of 27
ACQUISITION AND ONSITE Pv—" -
WATER QUALITY TESTING * oo Cergs

5523 Equ t

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

+ Stand alone portable conductivity meter, or combination meter (e.g., Horiba U-10), or combination
meter equipped with an in-line sample chamber (e.g., YSI 810).
Calibration sokstion, as specified by the manufacturer,
Manufacturer’s operation manual.

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

5524 Measurement Techniques for Specific Conductance

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

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

« Calibrate on a daily use basis (or as recommended by manufacturer), according to the manufacturer's
instructions and record all pertinent information on an equipment calibration log sheet. Potassium
chioride solutions with a SC closest to the values expected in the field shall be used for calibration.
Attachment B provides guidancs in this regard.

« Rinse the cell with one or more portions of the sample to be tested or with deionized water.

. lnvnersemeebdrodehmesamplelndmasuromeconducbvny Ad;usw\etemperaunsemngb
the sample temperature (if spplicable).

¢ Read and record the results in a field logbook or sample log sheet.
* Rinse the eleckrode with deionized water. T T ot oLl

ummmmmmmum«mu~
mummmnm . .

583.1 Genersi

———

hmmmmmmmmuammudumdw
action in a water sample. [t can siso be used to trace the flow direction of contaminated groundwater.
Temperaﬁnmnhshalbeﬁmnhsm.auquiddyumhhum Coloebdvnhr
ammmmmmwmdmm S ERL &

A e SAIGCI N T NG LR B el W e - |
5532  Equipment '

Temperature messurements may be taken with aicohol-ioluene, mercury filled or dial-iype thermometers.
In addition, various meters such as specific conductance or dissolved axygen meters, which have
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temperature measurement capabilities, may aiso be used. Using such instrumentation along with suitabie
probes and cables, in-situ measurements of temperature at great depths can be performed.

5833 Measurement Techniques for Water Temperature

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

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

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

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

554 Measurement of Dissolved Oxygen
554.1 General

Dissolved oxygen (DO) levels in natural water and wastewater depend on the physical, chemical and
biochemical activities in the water body. Conversely, the growth of many aquatic organisms as well as
the rate of corrosivity, are dependent on the dissolved oxygen concentration. Thus, analysis for dissolved
oxygen is a key fest in water pollution and waste treatment process control. If at all possible, DO
measurements shall be taken in-situ, since concentration may show a large change in a short time if the
sample is not adequately preserved.

The monitoring method discussed herein is imited to the use of dissolved oxygen meters only. Chemical
methods of analysis (i.e., Winkler methods) are available, but require more equipment and greater sample
manipulation. Furthermore, DO meters, using 8 membrane electrode, are suitable for highly poliuted
waters, because the probe is completely submersible, mdlsnotmpﬁh\abhmauudby
mmwm«wm

554.2 Pml“ dwmmom

Wmmmmmmmmmmmmmm«
different nobility immersed in an electrolyte. The electrolyte is retained by an oxygen-permeable
membrane. mmanwmmm;-mammm When 3 suitsble
mwmmmmmmambwmmwmmumm
surface.’ An elecirical current is developed thet is directly proportional 1o the rate of arrival of oxygen
molecules at the cathode.

Sincs the current produced in the probe is directly proportionsl to the rate of amival of oxygen st the
cathode, R is important that a fresh supply of sample always be in contact with the membrane. Otherwise,
the oxygen'in the aqueous layer siong the membrane is quickly depletsd and false low readings are
oblained. it is therefore necessary to stir the sample (or the probe) constantly to maintain fresh solution
near the membrane interface. Stiring, however, shall not be so vigorous that addtional oxygen is
introduced through the air-water interface st the sample surface. To avoid this possibifity, some probes
are equipped with stirers 1o agitate the solution near the probe, while leaving the surface of the solution
undisturbed. - , . S
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Dissolved oxygen probes are relatively unaffected by interferences. Interferences that can occur are
reactions with oxidizing gases (such as chiorine) or with gases such as hydrogen sulfide, which are not
easily depoiarized from the indicating electrode. If a gaseous interference is suspected, it shall be noted
in the fleld log book and checked if possible. Temperature varistions can aiso cause interference

becsuse probes exhibit temperature sensitivity. Automatic temperature compensation is normally
provided by the manufacturer.

5543 Equipment

The following equipment is needed to measure dissolved oxygen concentration: t

e Stand alone portable dissolved oxygen meter, or combingtion meter (e.g., Horiba U-10), or
combination meter equipped with an in-line sample chamber (e.g., YS! §10).

e Sufficient cable to allow the probe to contact the sample.

o Manufacturer's operation manual.

5544 Measurement Techniques for Dissolved Oxygen Determination

Probes differ as to specifics of use. Follow the manufacturer's instructions to obtain an accurate reading.
The following general steps shall be used to measure the dissolved oxygen concentration:

o The equipment shall be calibrated and have its batteries checked before going to the field.

* The probe shall be conditioned in a water sample for as long a period as practical before use in the
field. Longpubdsddqﬂomgeblowedbyshoﬂpeﬂodsdusohheﬁddmymunhhmm
readings.

o The instrument shail be calibrated in the field according to menufacturer's recommendations orin a
freshly air-saturated water sample of known temperature. Dissolved oxygen vaiues for air-ssturated
mmuamwmamu&qmmuamaw

- and salinity (ses Attachment C).. D B OB L e e e o :
mm;m S PRI B S T PR SN *QQ
. mammm&nmmwmm

*  Rinse $he probe with delonized waler. . B
o - Immerse the probs in the sample. umbmumm’mmm”n‘.n” s ae
the sample. Probes without stirmers piaced in wells can be moved up and down. . m

. MNMWmedgp,‘nﬂhhmw'w“m -

. mmmmmmmm

. nmummmmm.pua’a,’“ m romumm&.é.

% U

019611P Tetrs Tech NUS, Inc.



Number Page
GROUNDWATER SAMPLE SA-1-1 13027
ACQUISITION AND ONSITE — ,
WATER QUALITY TESTING o Efecive Do

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

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

§8.5 Measurement of Oxidation-Reduction Potential
5.5.5.1 General

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

§.5.5.2 Principles of Equipment Operation

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

5553 Equipment

The following equipment is needed for measuring the oxidation-reduction potential of a solution:
Portable pH meter or equivaient, with a millivolt scale. -

Platinum electrode 1o fit above pH meter.

Reference electrode such as s calomel, silver-siiver chioride, oroqulvm
Refomncenomonsapecﬁadbyhmuhcnm -
5554 mmrmnmwmm '

The following procedure is used for measuring oxidstion-reduction potentiak

¢ The equipment shal be cafibrated and have its batteries checked before going 1o the fleid.

e Check that the platinum probe is clean and that the platinum bond or tip is unoxidized. If dirty, polish

with emery paper or, ¥ necessary, clean the elecirode using aqua regis, nitric acki; or chromic acid, in *

accordance with manufacturer's Instructions.

o Thoroughly rinse the electrode with delonized water.

s . Verify the sensitivity of the electrodes by noting the change in milivolt reading when the pH of the test
solution is aitered. The ORP will increase when the pH of the test solution decreases, and the ORP

019811P
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will decrease if the test solution pH is increased. Place the $ample in a clean container and agitate
the sample. Insert the electrodes and note the ORP drops sharply when the caustic is added (i.e., pH
is raised) thus indicating the electrodes are sensitive and operating properly. If the ORP increases
sharply when the caustic is added, the polarity is reversed and must be corrected in accordance with
the manufacturer's instructions. If the ORP does not respond as above when the caustic is added,
the electrodes shall be cleaned and the above procedure repeated.

o After the assembly has been checked for sensitivity, wash the electrodes with three changes of water
or by means of a flowing stream of deionized water from a wash bottie. Piace the sample in a clean
container and insert the electrodes. Set temperature compensstor throughout the measurement
period. Read the millivolt potential of the solution, allowing sufficient time for the system (o stabilize
and reach temperature equilibrium. Measure successive portions of the sample until readings on two
successive portions differ by no more than 10 mV. A system that is very siow to stabilize property will
not yleld a meaningful ORP. Record all results in a fleid logbook or sample logsheet, including ORP
(to nearest 10 mV), sample temperature and pH at the time of measurement.

558 Measurement of Turblidity

556.6.1 General

Turbidity is an expression of the optical property that causes light to be scattered and absorbed rather
than transmitted in a straight fine through the sample. Turbidity in water is caused by suspended matter,
such as clay, silt, finely divided organic and inorganic matter, soluble colored organic compounds, and
microscopic organisms, including plankton. .

it is important to obtain a turbidity reading immediately after taking a sample, since irreversible changes in
turbidity may occur if the sampie is stored too long.

556.2 Principles of Equipment Operation

. The _

" nephelometric units. This same suspension has an approximels turbidily -of 40 Jackson unlts when
turbidmeter. Therefore, turbidily units (NTU) based on the
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The foliowing equipment is needed for lurbuy.memmm: LrooaRs X wmvs»~ =
« Stand slone portable turbidity meter, or combinafion meter (e.g., Horiba U-10), or combination meker
equipped with an in-ine sample chamber (e.g., YS! 81). - : i w .
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o Calibration solution, as specified by the manufacturer.
¢ Manufacturer's operation manual.

55.6.4 Measurement Techniques for Turbidity

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

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

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

¢ Rinse the cell with one or more portions of the sample to be tested or with deionized water.

e Immerse the probe in the sample and measure the turbidity. The reading must be taken immediately
as suspended solids will settle over time resuiting in a lower, inaccurate turbidity reading.

o Read and record the results in a field logbook or sample log sheet Include a physica! description of
the sample, including color, qualitative estimate of turbidity, etc.

. Rin#e the electrode with deionized water.

557 Measurement of Salinity

5.5.7.1 General

Salinity is a unitiess property of industrial and natural waters. it is the measurement of dissoived salls in a
given mass of solution. Nols: Most fleld meters determined salinky automatically from conductivity and
tomperature. mwmnuwhmmmmmux(og aspp:
wiloqwla.ﬂ‘). :

§572  Principles 'dm' nent Operation

Salinily is determined autometicaily from the meter's conductivity and temperature readings according to
aigorithms (found in Standard methods for the Examination of Water and Wastewater). Depending on the
meter, the results sre dispiayed in either ppt or %. mmum”mmmm
to the conductivity of standard seawater (corrected fo S = 35).

§.5.7.3 Equipment

The following equipment is needed for Salinity measurements:

o Muli-parameter water quaiity meter capable of measuring conductive, temperature and converting
them to salinity (e.g., Horiba U-10 or YS! 610).

o Calibration Solution, as specified by the manufacturer.
o Manufacturer's operstion manual. - :

-
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5574 Measurement Techniques for Salinity

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

o Check batteries and calibrate before going into the fleid.
¢ Check the expiration date (etc.) of the solutions used for field calibration.

o Cafibrate on a daily use basis, according to the manufacturer's instructions and record all pertinent
information on an equipment calibration log sheet

¢ Rinse the cell with the sampie to be tested.

« Immerse the probes in the sample and measure the salinity. Read and record the results in a field
logbook or sample log sheet.

¢ Rinse the probes with deionized water.

8.6 Sampling
5.6.1 Sampling Plan

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

e Background and objectives of sampling.
o Brief description of area and waste characterization.
. mamwmmam MMMMMM

mmmmm; R i s R
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o Iniended number, mmmmdm Wi -rolIve Ungreds d nalion =" 4
between welis is unknown or insignificant, 8 sampling mmmmw
may be folowed. \M\u.mmlsmlmm highly contamineled,

. these shall be sampled last to reduce the risk of  da d rédult of the
sampling procedures.

¢ List of teem members. » v

o Other information, unhumneoessnybumntorpembsbndomry.nqumbrspl
samples, access problems, location of keys, etc.
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§.6.2 Sampling Methods

The collection of a groundwater sample consists of the following steps:

1.

10.

1"

12.

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

When proper respiratory protection has been donned, sound the well for total depth and water
level (using clean equipment) and record these data on a groundwater sampling log sheet (see
SOP SA-8.3). then caiculate the fluid volume in the well pipe (as previously described in this
SOP).

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

Select the appropriate purging equipment (see Attachment A). if an electric submersible pump
with packer is chosen, go to Step 10.

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

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

Observe the peristaltic pump intake for degassing "bubbles.” If bubbles are abundant and the
intake is fully submerged, this pump is not suitabie for collecting samples for volatile organics.

Purge a minimum of three to five casing volumes before sampling. In low-permeability strata
(i.e., if the well is pumped lo dryness), one volume will suffice. Purged water shall be collected in
] daignatod container snd dbposed in an acceptable manner

woBedd B il -

blmmam mhmiﬂwbmwhmamwm

in uncased welis) and collect the sample. If sampling with a baller, bnrl\obalerb]mtbobu
the water surface. 5

(Forpurmmdpodmrassenﬂyody) mnmmuunwumh
positioned just above the screen or open section. Infiate the packer. Purge s volums equal bo at
jeast twice the screened interval (or unscreened open section volume below the packer) before
sampling. Packers shall aiways be tested in a casing section above ground 1o determine proper
inflation pressures for good sesfing.

In the event that recovery time of the well is very slow (e.g., 24 hours or greater), sample
coflection can be delayed until the following day. lﬂhomlhasbunpugoduﬂylnmnm
sufficient water may be standing in the well by the day's end 1o permit’ sample ‘collecion: - If the
wnwamammamammmumm

svailable and record this occurrence in the site logbook.

Fill sample containers (preserve and iabel as described in SOP SA-6.1).
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13. Replace the well cap and lock as appropriate. Make sure the well is readily identifiable as the
source of the samples.

14. Process sample containers as described in SOP SA-8.1.
15.  Decontaminate equipment as described in SOP SA-7.1.
87 Low Flow Purging and Ssmpling

8.7.1 VScopo & Application

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

The procedure is flexibie for various well construction types and groundwater yields. The goal of the
procedure is to obtain a turbidity leve! of less than § NTU and to achieve a water level drawdown of less
than 0.3 feet during purging and sampling. If these goals cannot be achieved, samplocolecﬁonmhkc
place provided the remaining criteria in this procedure are met.

872 Equipment

mmmmumw(uam)ummwmmwnm
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o Water level measuring device, 0.01 foot accuracy, (mmmmmmm

. mmm -,':; SRR S |

. 3 . e x._:.: TR 1»4-:. iyt

019811P

Tetra Toch NUS, Inc.



Subject Number Page
GROUNDWATER SAMPLE SA-1-1 19 of 27
ACQUISITION AND ONSITE Re Efect
WATER QUALITY TESTING o e erss

» Power source (generator, nitrogen tank, etc.). If a gasoline generator is used, it must be located
downwind and at a safe distance from the well so that the exhaust fumes do not contaminate the

samples.

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

» Decontamination supplies.

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

» Sample Bottles.

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

» Sample tags and/or labels.

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

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

Usaaswmrsiblepuwtopwgeandsamplemnnonngwellswmd:haveazo;nd\orgreaterwen
casing diameter.

Meammdrocord&tewaterbvelimndiatdypﬁor'wpladngme pumphthowell

mmwmmmmmmmmwmummuﬂwm
at the center of the saturaled screen length of the well. If possible keep the pump intake at lesst two feet
above the botiom of the well, to minimize mobfiizstion of sediment that may be present in the bottom of
the wel, Oo“ue:mdwmmmumumumm«mdm
water in he '

When starting the pump, siowly increase the pump speed until a discharge occurs.” Check water ievel.
speed to maintsin Mtle or no water level drswdown. The target drawdown should be less
and it should stabliize. If the target of less than 0.3 feet cannot be achieved or maintained,
is acceptable ¥ remeining criteria In the procedure are met. Subsequent sampling rounds
have intake setlings and exiraction rates that are comperable 10 those used in the initial
rounds. :

level and pumping rate every five to ten minutes (or as appropriate) during purging. Record -
“sdjustments and depths fo water. Pumping rates should, as needed, be reduced b the

minimum capebliiies of the pump (e.g., 0.1-0.2 Umin) to ensure stabilization of indicator parameters.
Adjustments sre best made in the first ffleen minutes of pumping in order to help minimize purging Sme.
Dwring intial pump start-up, drawdown may exceed the 0.3 feet target and then recover as pump flow
adjustments are mede (minimum purge volume caiculations should utiize stabilized drawdown values, not
the inlial drawdown). if the recharge rate of the well is less than minimum capabiiity of the pump do not

HE
[

;

|
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allow the water level to fall to the intake level (if the static water level is above the screen, avoid lowering
the water level into the screen). Shut off the pump if either of the above is about to occur and allow the
water level to recover. Repeat the process unti! field indicator parameters stabilize and the minimum
purge volume is removed. The minimum purge volume with negligible drawdown (0.3 feet or less) is two
saturated screen length volumes. In situations where the drawdown is greater than 0.3 feet and has
stabilized, the minimum purge volume is two times the saturated screen volume plus the stabifized
drawdown volume. Afler the minimum purge volume is attained (and fleld parameters have stabilized)
begin sampiing. For low yleids weiis, commence sampling as soon 88 the well has recovered sufficiently
to collect the appropriate volume for all anticipated samples.

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

VOC sampies are preferably collected first, directly into pre-preserved sampie containers. Fill all sample
containers by allowing the pump discharge to fiow gently down the inside of the container with minimal
turbulence.

If the water column in the pump tubing collapses (water does not completely fill the tubing) before exiting
the tubing, use one of the following procedures fo collect VOC samples: (1) Coflect the non-VOGs
samples first, then increase the flow rate incrementally until the water column completsly fills the tubing,
collect the sample and record the new flow rate; (2) reduce the diameter of the existing tubing until the
water column fills the tubing either by adding a connector (Teflon or stainless steel), or clamp which
should reduce the flow rate by constricting the end of the tubing; (3) insert @ narrow diemeter Teflon tube
into the pump's tubing so that the end of the tubing is in the water column and the other end of the tubing
mawwwm'smm,wmwmummmmm.
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ATTACHMENT A
PURGING EQUIPMENT SELECTION
Dismeter Casing Baller | Peristaltic | Vacuum | Air-lit | Diaphragm [ Submersible | Submersile | Submersibie
Pump Pump “Trash® Diaphragm | Electric Pump | Electric Pump
Pump Pump w/Packer
1250nch | Water level X | X X x| ‘
<25 feet
Water Level X i [ +
>25 foet
2-Inch Water level | X X X X X X
<25 feet
Water Level| X X X
>25 feet
[4inch | Water level| X X | x X X X R X
<25 feet
Water Level | X [ X X X i X
>25 feet i’
| 6inch | Water level X X X X
<25 feet
Water Level X X X
>25 foet L
8-inch Water leve! X X X X
<25 feet
Wator Level [ X X X
>25 feet
019611/P : Tetra Tech NUS, inc.
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ATTACHMENT A
PURGING EQUIPMENT SELECTION
PAGE 2
| Manufachurer Wiodel Pinclpleof | Madmum | Constuction 1 LR | Delivery Rates | 1962 Comments
NameNumber Opecation Outside | Materials Range or Volumes Price
Diametecl. |  and Tubing) ) (Dotars)
Qm)
mm Dedicsied, gas] 1A/16 |PE. brass, nylon,] 0150 11 liter for each| $220-350 | Requires Compressed gas, Custom sizes
nc. drive aluminum withstd. [10-15fest  of materials available; acts as piezometer.
tubing | submergence
[ColeParmer el {Mesier Flex 7570\ Porable; | <LONA |(nof submorsile) | 0-30 1670  miJmin} $500-600 | AC/DC; variable speed control avakabie:
Co. Portable peristaltic Tygone, with 7015 other modets may have different flow rates.
. Pump _(_wdlon) Vione 20 pump head
m Portable; ventusi <iBor PP, PE, PVC, §5,] 0-100 10-500 mi/min} $400-7001AG, DC, of gasoline-driven motors available;
<2.ONA | Teflone, Tefzal® ::pemklno on must be primed.
Com. Baer 2104 Portsble; grab| 1.08/38 (Tefior® No &mt 1,075 mL $120-135 { Other sizes avaitable.
displacemant)
{GeoEnginesring, |GEOMONITOR | Dedicated, 1516 (PE, PP, PVC,| Probably Approximately $185 [Acts as plezomeler. requikes comp d
Inc. . drive ullj:: Vilorn® 0150 |1 Rer for each gas.
displacement) 10 foot of
! 1 submergence .
industrial -ﬂfm lm 0-250 10-2.600 mUmin | $1,500- | Requires compressed gas, other models
‘ | |(po-mo | I I I I 3,000 |avaiable; AC, DC, manual operation
Analysts, Inc: (IEA) ) displaceniont) possible.
H =) Samplor | Portable; ~_grab; 1.7543 | SS, Tofor® No lirll | 850 $1,100 | Requires vacuum andfor pressure from handy
I I (positive | l |umpls vokime pump. |
H : displacoment) | | | ! 1 i
- yinstrument ~ladder; 1.75%0 |PC, shcone,; 0-150 |0-7,500 miJmin | $990 | Requires compressed gas (40 psl minamum)
Speciskies  Co.| Well Sampler I(poam ' ITM, PP, PE.I I I | l
(1SC0O) ! 1displacement) Detrin®, acetal | l | '
ISP81 1Borable; helical; 175725 {55, Teflor®, PP,y 0-180 (04,500 mijmin)| $3,500 | DC operated.
instuments, inc. | Submersible Imtnr (pos I EPDM, Vitor® l l
Sampling Pump | displecement) | N '
—SmaliPoriable; bladder! 17538 155, Teflor®, PC,; 0400 03,500 mijmin | $1400- Requ cormlusedgas(sspd mmmum)l
Die Works, Inc. !oum ml(pm . I luoopcm- l I 1,500 |pneum or AC/DC control module
Pump displscement)
(0" lew t Portable; grab 17512 scrylic, Detrin® No mit |Approximalely ) $125-160 | Other materials and models avalable, for
Systems, inc. (positive I I I 250 mL measuring  thickness of  “floating”
3 dhpheumﬁ) contaminants.
3 jQED. Wel  Wizard®| Dedicated, 156736 | PVC 0-230 {0-2,000 mUmin | $300-400 | Requires compressed gas; piezometnc level
- Enviconmental Monitoring System| bladder (positive | l I indicator; other materials avaiable. I
§ Systems, Inc. (P-100) | displacement)
&
»
]
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ATTACHMENT B
SPECIFIC CONDUCTANCE OF 1 MOLARKCI AT
VARIOUS TEMPERATURES'
Temperature (°C) Specific Conductance
(umhos/crm)

15 1,147

16 1,173

17 1,199

18 1,225

19 1,251

20 1,278

21 1,305

22 1,332

23 1,359

24 1,368

25 1,413

} 26 1,441
27 1,468

28 1,496

29 1,524

30 1,562

' Data derived from the International Critical
Tables 1-3-8.
019611//P Tetra Tech NUS, inc.
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ATTACHMENT C
VARIATION OF DISSOLVED OXYGEN CONCENTRATION IN WATER
AS A FUNCTION OF TEMPERATURE AND SALINITY
Tempebrature Dissotved Oxygen (mg/L)
e Chloride Concentration in Water Difference/
100 mg Chioride
0 5,000 10,000 15,000 20,000

0 146 13.8 13.0 121 113 0.017
1 142 134 126 118 11.0 0.016

2 13.8 13.1 12.3 115 10.8 0.015 1
3 13.5 12.7 12.0 11.2 10.5 0.015
4 13.1 12.4 11.7 11.0 10.3 0.014
5 12.8 12.1 14 10.7 10.0 0.014
6 12.5 11.8 11 10.5 98 0.014
7 122 15 10.9 10.2 96 0.013
8 1198 11.2 106 10.0 94 0.013
) 116 11.0 104 9.8 9.2 0.012
10 113 10.7 101 96 9.0 0.012
1 111 10.5 89 94 88 0.011
12] 10.8 103 97 92| 86 0.011
13 106 10.1 95 9.0 85 0.011
14 104 9.9 83 8.8 83 0.010
15| 102 9.7 9.1 86 8.1 0.010
16 10.0| 95 9.0 85| 8.0 0.010
17 9.7 ~ 9.3 83 83 78 0.010
18 95" 9.1] 86 82 77 0.009
19 94 8.9] 85 8.0 76 0.009
20 92 8.71 83| 79 74 0.009
21 9.0 8.8 8.1 77 73 0.009
22 88| 8.4 8.0 76 71 0.008
23 8.7 831 79 74 70 0.008
24 85 8.1 7.7 73 6.9 0.008
25 84 8.01 78 72 6.7 0.008

019811/P Tetra Tech NUS, Inc.
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ATTACHMENT C
VARIATION OF DISSOLVED OXYGEN CONCENTRATION IN WATER
AS A FUNCTION OF TEMPERATURE AND SALINITY
PAGE TWO
Tem;:ecrature Dissolved Oxygen (mg/L)

e Chloride Concentration in Water | Differences
) 100 mg Chioride
0 5,000 10,000 | 15,000 20,000 |
26 82 78 74 7.0 66 0.008
27 8.1 77 73] 6.9 65 0.008
78 78 75 71| 638 64 0.008
29 78 74 7.0 6.6 6.3 0.008
30 76 73 69/ 6.5 6.1 0.008
31 75 [ 1
32 74
33 73
34 72 1
35 71
36 70 '
37 6.9
-] Y ) '
3 67 [
40 6.6
4 65
42 “6.4
43 6.3
a4 6.2
45| 6.1
46 6.0
47 59
48 5.8
% 57 ' ‘
50 56 | J

Note: In a chioride solution, conductivity can be roughly related to chloride concentration (and
therefore, used to cormect measured D.O. concentration) using Attachment B.

019611/P

Tetra Tech NUS, Inc.




Number Page
SA-1.3 10f 18
S TA N DA R D Effective Date Revision
OPERATING — :
Applicability
PROCEDURES Tetra Tech NUS, Inc.
Prepared
TETRA TECH NUS, INC. Earth Sciences Department
Subject Approved J /
SOIL SAMPLING D. Senovich
TABLE OF CONTENTS
SECTION ‘ PAGE
1.0 PURPOSE ...cciritiinninnniniinssnnisiemsssensisismessssssssissssasssssssasss 2
20 SCOPE. 2
3.0 GLOSSARY ....iiisniisnnnisiniaisesiensesisssssans “ 2
4.0 RESPONSIBILITIES ......... eesrtarisatsessstastsssasenessssstasaaes . 3
50 PROCEDURES .....c.couicririvctenrnemssssicscsninnnenas 3
5.1 OVERVIEW ...ttt ceinie i sttt v e st a e seesse b st e bs e et e e e aae s e stasastsnnessresnnesnenson 3
5.2 SOIL SAMPLE COLLECTION ......covvieriieiiieinniranene ettt b e st e ae s reneetennenes 4
5.21 Procedure for Collecting Soil Samples for Volatile Organic Compounds ....................... 4
522 Procedure for Collecting Non-Volatile Soit Samples ............ccceceevevinieenvcniiiii, 6
523 Procedure for Collecting Undisturbed Soil Samples (ASTM D1587-83) .............ccco...... 6
53 SURFACE SOIL SAMPLING...........oooiiieetceetrerierereeterereesraetesecnee s sseessrasseseneesmsonsssens 7
54 NEAR-SURFACE SOIL SAMPLING ..........cooeiiniirrereeennenenninssecressssesenssensonsssassesesone 8
55 SUBSURFACE SOIL SAMPLING WITH A HAND AUGER .........ccvvmeveeviciireieereneee 8
56 SUBSURFACE SOiL SAMPLING WITH A SPLIT-BARREL SAMPLER
(ASTM D15BE-84).......corereeireiceererrteett s sae et ectaresssss s s e eses s aaesbas e ransssesnesnnenrons 9
5.7 SUBSURFACE SOL SAMPLING USING DIRECT PUSH TECHNOLOGY .........ccou.... 10
5.8 EXCAVATION AND SAMPLING OF TEST PITS AND TRENCHES ..........coceveciemnnn 10
58.1 ADDHCADEILY ........ccoceicirensnnncsisarsccssnnsansanessssestssonsasssssessenssssssasssssossans 10
5.8.2 Test Pit and Trench Excavation 11
583 Sampling in Test Pits and Trenches ................c.ovevinnnncnniccennsensnseenenesesessesnns 12
584 Backfilling of Trenches and Test Pits ..............ccccnviecccvecccnnnennennas 15
59 RECORDS.... cecntesasntesrasntsrtenssssaseressanes - 16
6.0 REFERENCES 16
ATTACHMENTS
A SPLIT-SPOON SAMPLER ............................................................................................ 17
B REMOTE SAMPLE HOLDER FOR TEST PIT/TRENCH SAMPLING ...............coue.e.... 18
019611/P ’ Tetra Tech NUS, Inc.




Subject Number Page
SA-1.3 20f 18
SOIL SAMPLING Revision Effective Date
6 06/99

1.0 PURPOSE

This procedure discusses the methods used to collect surface, near surface, and subsurface soil
samples. Additionally, it describes the method for sampling of test pits and trenches to determine
subsurface soil and rock conditions, and recover smali-volume or bulk samples.

2.0 SCOPE

This procedure is applicable to the collection of surface, near surface and subsurface soils for laboratory
testing, which are exposed through hand digging, hand augering, drilling, or machine excavating at
hazardous substance sites.

3.0 GLOSSARY

Composite Sample - A composite sample exists as a combination of more than one sample at various
locations and/or depths and times, which is homogenized and treated as one sample. This type of
sample is usually collected when determination of an average waste concentration for a specific area is
required. Composite samples are not to be collected for volatile organics analysis.

Grab Sample - One sample collected at one location and at one specific time.

Non-Volatile Sample - A non-volatile sample includes all other chernical parameters (e.g., semivolatiles,
pesticides/PCBs, metals, etc.) and those engineering parameters that do not require undisturbed soil for
their analysis.

Hand_ Auger - A sampling device used to extraci soil from the ground in a relatively undisturbed form.

Thin-Walled Tube Sampler - A thin-walled metal tube {also called a Shelby tube) used to recover
relatively undisturbed soil samples. These tubes are available in various sizes, ranging from 2 to § inches
outside diameter (OD) and from 18 to 54 inches in length.

Split-Barrel Sampler - A steel tube, split in half lengthwise, with the halves held together by threaded
collars at either end of the tube. Also called a split-spoon sampler, this device can be driven into resistant
materials using a drive weight mounted in the drilling string. A standard spiit-barrel sampler is typically
available in two common lengths, providing either 20-inch or 26-inch longitudinal clearance for obtaining
18-inch or 24-inch-long samples, respectively. These split-barrel samplers commonly range in size from
2-inch OD to 3-1/2 inch OD. The larger sizes are commonly used when a larger volume of sample
material is required.

Test Pt and Trench - Open, shallow excavations, typially rectanguiar (if a test pit) or longitudinal (if a
trench), excavated to determine the shallow subsurface conditions for engineering, geological, and soil
chemistry exploration and/or sampling purposes. These pits are exwvated manually or by machine (e.g.,
backhoe, clarnshell trencher excavator, or bulidozer).

Confined Space - As stipulated in 29 CFR 1910.146, a confined space means a space that: 1) is large
enough and so configured that an employee can bodily enter and perform assigned work; 2) has limited or
restricted means for entry or exit (for example tanks, vessels, silos, storage bins, hoppers, vaults, and
pits, and excavations are spaces that may have limited means of entry.); and 3) is not designed for
continuous employee occupancy. TtNUS considers all confined space as permit-required confined

spaces.

ols611P Tetra Tech NUS, Inc.
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4.0 RESPONSIBILITIES

Project Manager - The Project Manager is responsible for determining sampling objectives, as well as, the
field procedures used in the collection of soil samples. Additionally, in consuitation with other project
personnel (geologist, hydrogeologist, etc.), the Project Manager establishes the need for test pits or
trenches, and determines their approximate locations and dimensions.

Site Safety Officer (SSO) - The SSO (or a qualified designee) is responsible for providing the technical
support necessary to implement the project Health and Safety Plan. This will include (but not be limited
to) performing air quality monitoring during sampling, boring and excavation activities, and to ensure that
workers and offsite (downwind) individuals are not exposed to hazardous levels of airbome contaminants.
The $SO/designee may also be required to advise the FOL on other safety-related matters regarding
boring, excavation and sampling, such as mitigative measures to address potential hazards from unstable
trench walls, puncturing of drums or other hazardous objects, etc.

Field Operations Leader (FOL) - The FOL is responsible for finalizing the location of surface, near
surface, and subsurface (hand and machine borings, test pits/trenches) soil samples. He/she is ultimately
responsible for the sampling and backfilling of boreholes, test pits and trenches, and for adherence to
QSHA regulations during these operations.

Project Geologist/Sampler - The project geologist/sampler is responsible for the proper acquisition of soil
samples and the completion of all required paperwork (i.e., sample log sheets, field notebook, boring
logs, test pit logs, container labels, custody seals, and chain-of-custody forms).

Competent Person - A Competent Person, as defined in 29 CFR 1929.650 of Subpart P - Excavations,
means one who is capable of identifying existing and predictable hazards in the surroundings, or working
conditions which are unsanitary, hazardous, or dangerous to employees, and who has authorization to
take prompt corrective measures to eliminate them. :

5.0 PROCEDURES
8.1 Overview

Soil sampling is an important adjunct to groundwater monitoring. Sampling of the soil horizons above the
groundwater table can detect contaminants before they have migrated into the water table, and can
establish the amount of contamination sorbed on aquifer solids that have the potential of contributing to
groundwater contamination. ' '

Soil types can vary considerably on a hazardous waste site. These variations, along with vegetation, can
affect the rate of contaminant migration through the soil. It is important, therefore, that a detailed record
be maintained during the sampling operations, particularly noting the location, depth, and such
characteristics as grain size, color, and odor. Subsurface conditions are often stable on a daily basis and
may demonstrate only slight seasonal variation especially with respect to temperature, available oxygen
and light penetration. Changes in any of these conditions can radically alter the rate of chemical reactions
or the associated microbiological community, thus further altering specific site conditions. As a result,
samples must be kept at their at-depth temperature or lower, protected from direct light, sealed tightly in
approved glass containers, and be analyzed as soon as possible.

The physical properties of the soil, its grain size, cohesiveness, associated moisture, and such factors as
depth to bedrock and water table, will limit the depth from which samples can be collected and the method
required to collect them. Often this information on soil properties can be obtained from published soil

019611/P
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surveys avallable through the U.S. Geological Surveys and other government or farm agencies. It is the
intent of this procedure to present the most commonly employed soil sampling methods used at
hazardous waste sites.

§2 Soil Sample Collection

§.21 Procedure for Collecting Soll Samples for Volatile Organic Compounds

The above described traditional sampling techniques, used for the collection of soil samples for volatile
organic analysis, have recently been evaluated by the scientific community and determined to be
ineffective in producing accurate results (biased low) due to the loss of volatile organics in the sampling
stages and microbial degradation of aromatic volatiles. One of the newly adopted sampling procedures
for collecting soil samples includes the field preservation of samples with methanol or sodium bisulfate to
minimize volatilization and biodegradation. These preservation methods may be performed either in the
field or laboratory, depending on the sampling methodology employed.

Soil samples to be preserved by the laboratory are currently being performed using method SW-846,
5035. Laboratories are currently performing low level analyses (sodium bisulfate preservation) and high
level analyses (methanol preservation) depending on the end users needs.

It should be noted that a major disadvantage of the methanol preservation method is that the laboratory
reporting limits will be higher than conventional testing. The reporting levels using the new method for
most analytes are 0.5 pg/g for GC/MS and 0.05 pg/g for GC methods.

The alternative preservation method for collecting soll samples is with sodium bisulfate. This method is

more complex to perform in the field and therefore is not preferred for field crews. it should also be noted -

that currently, not all laboratories have the capabilities to perform this analysis. The advantage to this
method is that the reporting limits ( 0.001 ug/g for GC/PID or GC/ELCD, or 0.010 for GC/MS) are lower
than those described above.

The following procedures outline the necessary steps for collecting soil samples to be preserved at the
laboratory, and for collecting soil samples to be preserved in the fiekd with methanol or sodium bisulfate.

5.2.1.1 Soil Samples to be Preserved at the Laboratory

Soil samples collected for volatile organics that are to be preserved at the laboratory will be obtained
using a hermetically sealed sample vial such as an EnCore™ sampler. Each sample will be obtained
using a reusable sampling handle provided with the EnCore™ sampler. The sample is collected by
pushing the EnCore™ sampler directly into the soil, ensuring that the sampler is packed tight with soil,
leaving zero headspace. Using this type of sampling device eliminates the need for field preservation and
the shipping restrictions associated with preservatives.

Once the sample is collected, it should be placed on ice immediately and shipped to the laboratory within
48 hours (following the chain-of-custody and documentation procedures outiined in SOP SA-6.1).
Samples must be preserved by the laboratory within 48 hours of sample collection.

if the lower detection limits are necéssary. an option would be to collect several EnCore™ samplers at a
given sample location. Send all samplers to the laboratory and the laboratory can perform the required
preservation and analyses.

019611/P
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52.1.2 Soil Samples to be Preserved in the Field

Soil samples preserved in the field may be prepared for analyses using both the low-level (sodium
bisulfate preservation) method and medium-level (methanol preservation) method.

Methanol Preservation (Medium Level):

Soil samples to be preserved in the field with methanol will utilize 40-60 mL glass vials with septum lids.
Each sample bottle will be filled with 25 mL of demonstrated analyte-free purge and trap grade methanol.
Bottles may be prespiked with methanol in the laboratory or prepared in the field.

Soil will be collected with the use of a decontaminated (or disposable), small-diameter coring device such
as a disposable tube/plunger-type syringe with the tip cut off. The outside diameter of the coring device
must be smaller than the inside diameter of the sample bottle neck.

A small electronic balance or manual scale will be necessary for measuring the volume of soil to be added
to the methanol preserved sample bottle. Calibration of the scale should be performed prior to use and
intermittently throughout the day according to the manufacturers requirements.

The sample should be collected by pulling the plunger back and inserting the syringe into the soil to be
sampled. The top several inches of soil should be removed before collecting the sample. Approximately
10 grams +2g (8-12 grams) of soil should be collected. The sample should be weighed and adjusted until
obtaining the required amount of sample. The sample weight should be recorded to the nearest 0.01
gram in the field logbook and/or sample log sheet. The soil should then be extruded into the methanol
preserved sample bottle taking care not to contact the sample container with the syringe. The threads of
the bottle and cap must be free of soil particles.

After capping the bottle, swirl the sample (do not shake) in the methanol and break up the soil such that
all of the soil is covered with methanol. Place the sample on ice immediately and prepare for shipment to
the laboratory as described in SOP SA-6.1.

Sodium Bisulfate Preservation (Low Level):

Samples to be pi'eserved using the sodium bisulfate method are to be prepared as follows:

Add 1 gram of sodium bisuifate to § mL of laboratory grade deionized water in a 40-60 mL glass vial with
septum lid. Botties may be prespiked in the laboratory or prepared in the fieid. The soil sample should be
collected in a manner as described above and added to the sample container. The sample should be
weighed to nearest 0.01 gram as described above and recorded in field logbook or sample log sheet.

Care should be taken when adding the soil to the sodium bisulfate solution. A chemical reaction of soils
containing carbonates (limestone) may cause the sample to effervesce or the vial to possibly explode.

When preparing samples using the sodium bisulfate preservation method, duplicate samples must be
collected using the methanol preservation method on a one for one sample basis. The reason for this is
because it is necessary for the laboratory to perform both the low level and medium level analyses. Place
the sample on ice inmediately and prepare for shipment to the laboratory as described in SOP SA6.1.

If the lower detection limits are necessary, an option to field preservin§ with sodium bisuifate would be to
collect 3 EnCore™ samplers at a given sample location. Send all samplers to the laboratory and the
laboratory can perform the required preservation and analyses.
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5.2.2 Procedure for Collecting Non-Volatile Soil Samples

Non-volatile soil samples may be collected as either grab or composite samples. The non-volatile soil
sample is thoroughly mixed in a stainless steel or disposable, inert plastic tray, using a stainless steel
trowel or other approved tool, then transferred into the appropriate sample container(s). Head space is
permitted in a non-volatile soil sample container to allow for sample expansion.

523 Procedure for Collecting Undisturbed Soll Samples (ASTM D1587-83)

When it is necessary to acquire undisturbed samples of soil for purposes of engineering parameter

analysis (e.g., permeability), a thin-walled, seamless tube sampler (Sheiby tube) will be employed. The
following method will be used:

1. Remove all surface debris (e.g., vegetation, roots, twigs, etc.) from the specific sampling location and
drill and clean out the borehole to the sampling depth, being careful to minimize the chance for
disturbance of the material to be sampled. In saturated material, withdraw the drill bit slowly to

prevent loosening of the soil around the borehole and to maintain the water level in the hole at or
above groundwater level.

2. The use of bottom discharge bits or jetting through an open-tube sampler to clean out the borehole
shall not be allowed. Use of any side-discharge bits is permitted.

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

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

5. Upon removal of the sampling tube from the hole, measure the length of sample in the tube and also
the length penetrated. Remove disturbed material in the upper end of the tube and measure the
length of sample again. ARer removing at least an inch of soil from the lower end and after inserting
an impervious disk, seal both ends of the tube with at least a 1/2-inch thickness of wax applied in a
way that will prevent the.wax from entering the sample. Clean filler must be ptaced in voids at either
end of the tube prior to sealing with wax. Place plastic caps on the ends of the sample tube, tape the
caps In place, and dip the ends in wax.

6. Affix label(s) to the tube as required and record sample number, depth, penetration, and recovery
length on the label. Mark the "up” direction on the side of the tube with indelible ink, and mark the
end of the sample. Complete Chain-of-Custody and other required forms (see SOP SA-8.3). Do not
allow tubes to freeze, and store the samples vertically with the same orientation they had in the
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ground, (i.e., top of sample is up) in a cool place out of the sun at all times. Ship samples protected
with suitable resilient packing material to reduce shock, vibration, and disturbance.

Thin-walled undisturbed tube samplers are restricted in their usage by the consistency of the soil to be
sampled. Often, very loose and/or wet samples cannot be retrieved by the samplers, and soils with a
consistency in excess of very stiff cannot be penetrated by the sampler. Devices such as Dennison or
Pitcher core samplers can be used to obtain undisturbed samples of stiff soils. Using these devices
normally increases sampling costs, and therefore their use shall be weighed against the need for
acquiring an undisturbed sample.

53

Surface Soll Sampling

The simplest, most direct method of collecting surface soil samples (most commonly collected to a depth
of 6 inches) for subsequent analysis is by use of a stainless steel trowel. Surface soils are considered
0-12 inches bgs.

In general, the following equipment is necessary for obtaining surface soil samples:

Stainless steel or pre-cleaned disposable trowel.
Real-time air monitoring instrument (e.g., PID, FID, etc.).
Latex gloves.

Required Personal Protective Equipment (PPE).
Required paperwork.

Required decontamination equipment.

Required sample container(s).

Wooden stakes or pin flags.

Sealable polyethylene bags (i.e., Ziploc® baggles)
Heavy duty cooler.

ice (if required) double-bagged in sealable polyethylene bags.
Chain-of-custody records and custody seals.

When acquiring surface soil samples, the following procedure shall be used:

1.

Carefully remove vegetation, roots, twigs, fitter, etc., to expose an adequate soil surface area to
accommodate sample \{olume requirements.

Using a decontaminated stainless steel trowel, follow the procedure cited in Section 5.2.1 for
collecting a volatile soil sample. Surface soil samples for volatile organic analysis should be collected
from 6-12 inches bgs only.

Thoroughly mix (in-situ) a sufficient amount of soil to fill the remaining sample containers and transfer
the sample into those containers utilizing the same stainless steel trowel employed above. Cap and
securely tighten all sample containers.

Affix a sample label to each container. Be sure to fill out each label carefully and clearly, addressing
all the categories described in SOP SA-6.3.

Proceed with the handling and processing of each sample container as described in SOP SA-6.2.
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5.4 Near-Surface Soil Sampling

Collection of samples from near the surface (depth of 6-18 inches) can be accomplished with tools such
as shovels and stainless steel or pre-cleaned disposable trowels.

The following equipment is necessary to coliect near surface soil samples:
* Clean shovel.

¢ The equipment listed under Section 5.3 of this procedure.

¢ Hand auger.

To obtain near-surface soil samples, the following protocol shall be observed:

1. With a clean shovel, make a series of vertical cuts to the depth required in the soil to form a square
approximately 1 foot by 1 foot. :

2. Lever out the formed plug and scrape the bottom of the freshly dug hole with a decontaminated
stainless steel or pre-cleaned disposable trowel to remove any loose soil.

3. Follow steps 2 through 5 listed under Section 5.3 of this procedure.

§5 Subsurface Soil Sampling With a Hand Auger

A hand augering system generally consists of a variety of all stainless steel bucket bits (i.e., cylinders
6-1/2" long, and 2-3/4", 3-1/4", and 4" in diameter), a series of extension rods (available in 2', 3', 4' and 5'
lengths), and a cross handle. A larger diameter bucket bit is commonly used to bore a hole to the desired
sampling depth and then withdrawn. In tum, the larger diameter bit is replaced with a smaller diameter
bit, lowered down the hole, and slowly turned into the soil at the completion depth (approximately 6). The
apparatus is then withdrawn and the soil sample collected.

The hand auger can be used in a wide variety of soil conditions. It can be used to sample soil both from
the surface, or to depths in excess of 12 feet. However, the presence of rock layers and the collapse of
the borehole normally contribute to Rs limiting factors.

To accomplish soil sampling 'using @ hand augering system, the following equipment is required:

e Complete hand auger assembly (variety of bucket bit sizes).

o Stainless steel mixing bowis.

e The equipment listed under Section 5.3 of this procedure.

To obtain soil samples using a hand auger, the following procedure shall be foliowed:

1. Attach a properly decontaminated bucket bit to a clean extension rod and further attach the cross
handle to the extension rod.

2. Clear the area to be sampled of any surface debris (vegetation, twigs, rocks, litter, etc.).
3. Begin augering (periodically removing accumulated soils from the bbcket bit) and add additional rod

extensions as necessary. Also, note (in a field notebook or on standardized data sheets) any
changes In the color, texture or odor of the soil.
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4. After reaching the desired depth, slowly and carefuily withdraw the apparatus from the borehole.

5. Remove the soiled bucket bit from the rod extension and replace it with another properly
decontaminated bucket bit. The bucket bit used for sampling is commonly smaller in diameter than
the bucket bit employed to initiate the borehole.

6. Carefully lower the apparatus down the borehole. Care must be taken to avoid scraping the borehole
sides.

7. Slowly turn the apparatus until the bucket bit is advanced approximately 6 inches.

8. Discard the top of the core (approximately 1), which represents any loose material collected by the
bucket bit before penetrating the sample material.

9. Fill volatile sample container(s), using a properly decontaminated stainless steel trowel, with sample
material directly from the bucket bit. Refer to Section 5.2.1 of this procedure.

10. Utilizing the above trowel, remove the remaining sample material from the bucket bit and place into a
properly decontaminated stainless steel mixing bowl and thoroughly homogenize the sample material
prior to filling the remaining sample containers. Refer to Section 5.2.2 of this procedure.

11. Follow steps 4 and 5 listed under Section 5.3 of this procedure.

(X ] Subsurface Soll Sampling With a Split-Barrel Sampler (ASTM D1586-84)

Spiit-barrel (split-spoon) samplers consist of a heavy carbon steel or stainless steel sampling tube that
can be split into two equal halves to reveal the soil sample (see Attachment A). A drive head is attached
to the upper end of the tube and serves as a point of attachment for the drill rod. A removable tapered
nosepiece/drive shoe attaches to the lower end of the tube and facilitates cutting. A basket-like sample
retainer can be fitted to the lower end of the split tube to hold loose, dry soil samples in the tube when the
sampler is removed from the drill hole. This split-barrel sampler is made to be attached to a drill rod and
forced into the ground by means of a 140-ib. or larger casing driver.

Spiit-barrel samplers are used to collect soil samples from a wide variety of soil types and from depths
greater than those attainable with other soil sampling equipment.

The following equipment is used for obtaining split-barrel samples:
¢ Diriling equipment (provided by subcontractor).

o Split-barrel samplers (O.D. 2 inches, 1.D. 1-3/8 inches, either 20 inches or 26 inches long); Larger
0.D. samplers are available if a larger volume of sample is needed.

o Drive weight assembly, 140-Ib. weight, driving head and guide permitting free fall of 30 inches.
e Stainless steel mixing bowts.
» Equipment listed under Section §.3 of this procedure.

The following steps shall be followed to obtain split-barrel samples:

|
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1. Remove the drive head and nosepiece, and open the sampler to reveal the soil sample. immediately
scan the sample core with a real-time air monitoring instrument (e.g., FID, PID, etc.). Carefully
separate the soil core, with a decontaminated stainless steel knife or trowel, at about 6-inch intervals
while scanning the center of the core for elevated readings. Also scan stained soil, soil lenses, and
anomalies (if present), and record readings.

2. Collect the volatile sample from the center of the core where elevated readings occurred. If no
elevated readings where encountered the sample material should still be collected from the core's
center (this area represents the least disturbed area with minimal atmospheric contact). Refer to
Section 5.2.1 of this procedure.

3. Using the same trowel, remove remaining sample material from the split-barrel sampler (except for
the small portion of disturbed soil usually found at the top of the core sample) and place the soil into a
decontaminated stainless steel mixing bowl. Thoroughly homogenize the sample material prior to
filing the remaining sample containers. Refer to Sectlon 5.2.2 of this procedure.

4. Follow steps 4 and § listed under Section 5.3 of this procedure.

5.7 Subsurface Sol Sampling Using Direct Push Technology

Subsurface soil samples can be collected to depths of 40+ feet using direct push technology (DPT). DPT
equipment, responsibilities, and procedures are described in SOP SA-2.5.

58 Excavation and Sampling of Test Pits and Trenches

5.8.1 Applicability

This subsection presents routine test pit or trench excavation techniques and specialized techniques that
are applicable under certain conditions.

During the excavation of trenches or pits at hazardous waste sites, several heaith and safety concems
arise which control the method of excavation. No personne! shall enter any lest pit or excavation except
as a last resort, and then only under direct supervision of a Competent Person (as defined in 20 CFR
1929.850 of Subpart P - Excavations). Whenever possible, all required chemical and lithological samples
should be collected using the excavator bucket or other remote sampling apparatus. if entrance is still
required, all test pits or excavations must be stabilized by bracing the pit sides using specifically designed
wooden or steel support structures. Personnel entering the excavation may be exposed %o toxic or
explosive gases and oxygen-deficient environments. Any entry may constitute a Confined Space and
must be done in conformance with all applicable regulations. In these cases, substantial air monitoring is
required before entry, and appropriate respiratory gear and protective clothing is mandatory. There must
be at least two persons present at the immediate site before entry by one of the investigators. The reader
shall refer to OSHA regulations 29 CFR 1926, 29 CFR 1910.120, 29 CFR 1910.134, AND 28 CFR
1910.146.

Excavations are generally not practical where a depth of more than about 15 feet is desired, and they are
usually limited to a few feet below the water table. In some cases, a‘pumping system may be required to
control water levels within the pR, providing that pumped water can be adequately stored or disposed. if
data on soils at depths greater than 15 feet are required, the data are usually obtained through test
borings instead of test pits.
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In addition, hazardous wastes may be brought to the surface by excavation equipment. This material,
whether removed from the site or returned to the subsurface, must be properly handled according to any
and all applicable federal, state, and local regulations.

§.8.2 Test Pit and Trench Excavation

These procedures describe the methods for excavating and logging test pits and trenches excavated to
determine subsurface soil and rock conditions. Test pit operations shall be logged and documented as
described in SOP SA-6.3.

Test pits and trenches may be excavated by hand or by power equipment to permit detailed description of
the nature and contamination of the in-situ materials. The size of the excavation will depend primarily on
the following:

The purpose and extent of the exploration.

The space required for efficient excavation.

The chemicals of concemn.

The economics and efficiency of available equipment.

Test pits normally have a cross section that is 4 to 10 feet square; test trenches are usually 3 to 6 feet
wide and may be extended for any length required to reveal conditions along a specific line. The following
table, which is based on equipment efficiencies, gives a rough guide for design consideration:

Equipment Typical Widths, In Feet
Trenching machine 2
Backhoe 2-8
Track dozer 10
Track loader _ 10
Excavator 10
Scraper ' 20

The lateral imits of excavation of trenches and the position of test pits shall be carefully marked on area
base maps. If precise positioning is required to indicate the location of highly hazardous waste materials,
nearby utilitles, or dangerous conditions, the kmits of the excavation shali be surveyed. Also, if precise
determination of the depth of burled materials is needed for design or environmental assessment
purposes, the elevation of the ground surface at the test pit or trench location shall also be determined by
survey. If the test pittrench will not be surveyed immediately, it shall be backfiled and its position
identified with stakes placed in the ground at the margin of the excavation for later surveying.

The construction of test pits and trenches shall be planned and designed in advance as much as possible.
However, field conditions may necessitate revisions to the initial plans. The final depth and construction
method shall be determined by the field geologist. The actual layout of each test pit, temporary staging
area, and spoils pile will be predicated based on site conditions and wind direction at the time the test pit
is made. Prior to excavation, the area can be surveyed by magnetometer or metal detector to identify the
presence of underground utilities or drums.
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As mentioned previously, no personnel shall enter any test pit or excavation except as a last resort, and
then only under direct supervision of a Competent Person. If entrance is still required, Occupational
Safety and Health Administration (OSHA) requirements must be met (e.g., walls must be braced with
wooden or steel braces, ladders must be in the hole at all times, and a temporary guardrail must be
placed along the surface of the hole before entry). it is emphasized that the project data needs should be
structured such that required samples can be collected without requiring entrance into the excavation.
For exampie, samples of leachate, groundwater, or sidewall soils can be taken with telescoping poles, etc.

Dewatering may be required to assure the stability of the side walls, to prevent the bottom of the pit from
heaving, and to keep the excavation dry. This is an Important consideration for excavations in
cohesionless material below the groundwater table. Liquids removed as a result of dewatering operations
must be handled as potentially contaminated materials. Procedures for the collection and disposal of
such materials should be discussed in the site-specific project plans.

583 Sampling in Test Pits and Trenches
5.8.3.1 General

Test pits and trenches are usually iogged as they are excavated. Records of each test pit/trench will be
made as described in SOP SA-6.3. These records include ptan and profile sketches of the test pittrench
showing materials encountered, their depth and distribution in the pit/trench, and sample locations. These
records also include safety and sample screening information.

Entry of test pits by personnel is extremely dangerous, shall be avoided unless absolutely necessary, and
can occur only after all applicable Health and Safety and OSHA requirements have been met.

The final depth and type of samples obtained from each test pit will be determined at the time the test pit
is excavated. Sufficient samples are usually obtained and analyzed to quantify contaminant distribution
as a function of depth for each test pit. Additional samples of each waste phase and any fluids
encountered in each test pit may also be collected. '

in some cases, samples of soil may be extracted from the test pit for reasons other than waste sampling
and chemical analysis, for instance, lo obtain geotechnical information. Such information would include
soil types, stratigraphy, strength, etc., and could therefore entail the collection of disturbed (grab or bulk)
or relatively undisturbed (hand-carved or pushed/driven) samples, which can be tested for gectechnical
properties. The purposes of such explorations are very similar to those of shallow expioratory or test
borings, but often test pits offer a faster, more cost-effective method of sampling than installing borings.

5.8.3.2 Sampling Equipment

The following equipment is needed for obtaining samples for chemical or geotechnical analysis from test
pits and trenches:.

o Backhoe or other excavating machinery.
. kShovels, picks and hand aug'ers,‘ stainless stee! trowels.

« Sample container - bucket with locking fid for large samples; appmpﬁate bottleware for chemical or
geotechnical analysis samples.

o Polyethylene bags for enclosing sample containers; buckets.
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Remote sampler consisting of 10-foot sections of steel conduit (1-inch-diameter), hose clamps and
right angle adapter for conduit (see Attachment B).

5833 Sampling Methods

The methods discussed in this section refer to test pit sampling from grade level. If test pit entry is
required, see Section 5.7.3.4.

Excavate trench or pit in several depth increments. After each increment, the operator will wait while
the sampler inspects the test pit from grade level to decide if conditions are appropriate for sampling.
{Monitoring of volatiles by the SSO will also be used to evaluate the need for sampling.) Practical
depth increments range from 2 to 4 feet.

The backhoe operator, who will have the best view of the test pit, will immediately cease digging if:
Any fluid phase or groundwater seepage is encountered in the test pit.

Any drums, other potential waste containers, obstructions or utility lines are encountered.

Distinct changes of material are encountered.

This action is necessary to permit proper sampling of the test pit and to prevent a breach of safety
protocol. Depending upon the conditions encountered, it may be required to excavate more slowly and
carefully with the backhoe.

For obtaining test pit samples from grade level, the foltowing procedure shall be followed: ‘

Remove loose material to the greatest extent possible with backhoe.

Seoure walls of pit if necessary. (There is seidom any need to enter a pit or trench which would justify
the expanse of shoring the walls. All observations and samples shouid be taken from the ground
surface.) ' ‘

Samples of the test pit material are to be obtained either directly from the backhoe bucket or from the
material once it has been deposited on the ground. The sampler or Field Operations Leader directs
the backhoe operator to remove material from the selected depth or location within the test pittrench.
The bucket is brought to the surface and moved away from the pit. The sampler and/or SSO then
approaches the bucket and monitors its contents with a photolonization or flame ionization detector.
The sample is collected from the center of the bucket or pile and placed in sample containers using a
decontaminated stainless steel trowel or spatula.

If a composite sample is desired, several depths or locations within the pittrench are selected and a
bucket is filled from each area. It is preferable to send individual sample bottles filled from each
bucket to the laboratory for compositing under the more controlled laboratory conditions. However, if
compositing in the field Is required, each sample container shall be filled from materials that have
been transferred into a mixing bucket and homogenized. Note that homogenization/compositing is
not applicable for samples to be subjected to volatile organic analysis.

Using the remote sampler shown in Attachment B, samples can be taken at the desired depth from
the side wall or bottom of the pit. The face of the pittrench shall first be scraped (using a long-
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handled shovei or hoe) to remove the smeared zone that has contacted the backhoe bucket. The
sample shall then be collected directly into the sample jar, by scraping with the jar edge, eliminating
the need to utilize samplers and minimizing the likelihood of cross-contamination. The sample jar is
then capped, removed from the assembly, and packaged for shipment.

+ Complete documentation as described in SOP SA-6.3.
58.34 In-Pit Sampling

Under rare conditions, personnel may be required to enter the test pit/trench. This is necessary only
when soil conditions preclude obtaining suitable samples from the backhoe bucket (e.g., excessive mixing
of soils or wastes within the test pititrench) or when samples from relatively small discrete zones within
the test pit are required. This approach may also be necessary to sample any seepage occurring at
discrete levels or zones in the test pit that are not accessible with remote samplers.

In general, personnel shall sample and log pits and trenches from the ground surface, except as provided
for by the following criteria:

o There is no practical alternative means of obtaining such data.

+ The Site Safety Officer and Competent Person determines that such action can be accomplished
without breaching site safety protocol. This determination will be based on actual monitoring of the
pittrench after it is dug (including, at a minimum, measurements of volatile organics, explosive gases
and available oxygen).

s A Company-designated Competent Person determines that the pititrench is stable or is made stable
(by grading the sidewalls or using shoring) prior to entrance of any personnel. OSHA requirements
must be strictly observed. :

If these conditions are satisfied, one person will enter the pittrench. On potentially hazardous waste
sites, this individual will be dressed in safety gear as required by the conditions in the pit, usually Level B.
He/she will be affixed to a safety rope and continuously monitored while in the pit.

A second individual will be fully dressed in protective clothing including 8 self-contained breathing device
and on standby during all pit entry operations. The individual entering the pit will remain therein for as
brief a period as practical, commensurate with performance of his/her work. After removing the smeared
zone, samples shall be obtained with a decontaminated trowel or spoon. As an added precaution, it is
advisable to keep the backhoe bucket in the test pit when personnel are working below grade. Such
personnel can either stand in or near the bucket while performing sample operations. In the event of a
cave-in they can either be lifted clear in the bucket, or at least climb up on the backhoe arm to reach
safety.

5835  Geotechnical Sampling

in addition to the equipment described in Section 5.7.3.2, the following equipment is needed for
geotechnical sampling:

o Soil sampling equipment, sitﬁilar to that used in shallow drilled boring (i.e., open tube samplers),
which can be pushed or driven into the floor of the test pit.
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» Suitable driving (l.e., a sledge hammer) or pushing (i.e., the backhoe bucket) equipment which is used
to advance the sampler into the soil.

« Knives, spatulas, and other suitable devices for timming hand-carved samples.

« Suitable containers (bags, jars, tubes, boxes, etc.), labels, wax, etc. for holding and safely
transporting collected soil samples.

+ Geotechnical equipment (pocket penetrometer, torvane, etc.) for field testing collected soil samples’
for classification and strength properties.

Disturbed grab or bulk geotechnical soil samples may be collected for most soils in the same manner as
comparable soil samples for chemical analysis. These collected samples may be stored in jars or plastic-
lined sacks (larger sampies), which will preserve their moisture content. Smalier samples of this type are
usually tested for their index properties to aid in soil identification and classification, while larger bulk
samples are usually required to perform compaction tests.

Relatively undisturbed samples are usually extracted in cohesive soils using open tube samplers, and
such samples are then tested in a geotechnical laboratory for their strength, permeability and/or
compressibility. The techniques for extracting and preserving such samples are similar to those used in
performing Shelby tube sampling in borings, except that the sampler is advanced by hand or backhoe,
rather than by a drill rig. Also, the sampler may be extracted from the test pit by excavation around the
sampler when it is difficult to pull it out of the ground. If this excavation requires entry of the test pit, the
requirements described in Section 5.7.3.4 of this procedure must be followed. The open tube sampler
shall be pushed or driven vertically into the fioor or steps excavated in the test pit at the desired sampling
elevations. Extracting tube samples horizontally from the walls of the test pit is not appropriate, because
the sample will not have the correct orientation.

A sledge hammer or the backhoe may be used to drive or push the sampler or tube into the ground.
Place a piece of wood over the top of the sampler or sampling tube to prevent damage during
driving/pushing of the sample. Pushing the sampler with a constant thrust is always preferable to driving
it with repeated blows, thus minimizing disturbance to the sample. If the sample cannot be extracted by
rotating it at least two revolutions (to shear off the sample at the bottom), hand-excavate to remove the
soll from around the sides of the sampler. H hand-excavation requires entry of the test pit, the
requirements in Section 5.7.3.4 of this procedure must be followed. Prepare, label, pack and transport the
sample in the required manner, as described in SOP SA-8.3.

584 Backfilling of Trenches and Test Pits

All test pits and excavations must be either backfilled, covered, or otherwise protected at the end of each
day. No excavations shall remain open during non-working hours-uniess-adequately covered or otherwise
protected.

Before backfiling, the onsite crew shall photograph all significant features exposed by the test pit and
trench and shall include in the photograph a scale to show dimensions. Photographs of test pits shall be
marked to include site number, test pit number, depth, description of feature, and date of photograph. In
addition, a geologic description of each photograph shall be entered in the site logbook. All photographs
shall be indexed and maintained as part of the project file for future reference.

Afer inspection, backfill material shall be retumed to the pit under the direction of the FOL.
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It a low permeabliity layer is penetrated (resulting in groundwater flow from an upper contaminated flow
zone into a lower uncontaminated flow zone), backfill material must represent original conditions or be
impermeable. Backfill could consist of a soil-bentonite mix prepared in a proportion specified by the FOL
(representing a permeabillity equal to or less than original conditions). Backfill can be covered by "clean”
soil and graded to the original land contour. Revegetation of the disturbed area may also be required.

59 Records

The appropriate sample log sheet (see SOP SA-6.3; Field Documentation) must be completed by the site
geologist/sampler. Ali soil sampling locations must be documented by tying in the location of two or more
nearby permanent landmarks (building, telephone pole, fence, etc.) and shall be noted on the appropriate
sample log sheet, site map, or field notebook. Surveying may also be necessary, depending on the
project requirements.

‘Test pit logs (see SOP SA-6.3; Field Documentation) shall contain a sketch of pit conditions. In addition,
at least one photograph with a scale for comparison shall be taken of each pit. Included in the photograph
shall be a card showing the test pit number. Boreholes, test pits and trenches shall be logged by the field
geologist in accordance with SOP GH-1.5. '

Other data to be recorded in the field logbook include the following:

Name and location of job.

Date of boring and excavation.
Approximate surface elevation.

Total depth of boring and excavation.
Dimensions of pit.

Method of sample acquisition.

Type and size of samples.

Soil and rock descriptions.
Photographs.

Groundwater levels.

Organic gas or methane levels.
Other pertinent information, such as waste material encountered.

6.0 REFERENCES

American Society for Testing and Materials, 1987. ASTM Standardé D1587-83 and D1586-84. ASTM
Annual Book of Standards. ASTM. Philadelphia, Pennsylvania. Volume 4.08.

NUS Corporation, 1986. Hazardous Material Handling Training Manual.

NUS Corporation and CH2M Hill, August, 1987. Compendium of Field Operation Methods. Prepared for
the U.S. EPA.

-

OSHA, Excavation, Trenching and Shoring 29 CFR 1926.650-653.

OSHA, Confined Space Entry 26 CFR 1910.146.
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1.0 PURPOSE

The purpose of this Standard Operating Procedure (SOP) is to identify and designate the field data record
forms, logs and reports generally initiated and maintained for documenting Tetra Tech NUS field activities.

2.0 SCOPE

Documents presented within this procedure (or equivalents) shall be used for all Tetra Tech NUS field
activities, as applicable. Other or additional documents may be required by specific client contracts or
project planning documents.

3.0 GLOSSARY
None
4.0 RESPONSIBILITIES

Project Manager (PM) - The Project Manager is responsible for obtaining hardbound, controlled-
distribution logbooks (from the appropriate source), as needed. In addition, the Project Manager is
responsible for placing all field documentation used in site activities (i.e., records, field reports, sample
data sheets, field notebooks, and the site logbook) in the project's central file upon the completion of field
work.

Field Operations Leader (FOL) - The Field Operations Leader is responsible for ensuring that the site
logbook, notebooks, and all appropriate and current forms and field reports illustrated in this guideline
(and any additional forms required by the contract) are correctly used, accurately filled out, and completed
in the required time-frame.

5.0 PROCEDURES
5.1 Site Logbook
5.1.1 General

The site logbook is a hard-bound, paginated, controlled-distribution record book in which all major onsite
activities are documented. At a minimum, the following activities/events shall be recorded or referenced
(daily) in the site logbook:

Al field personnel present

Asrival/departure of site visitors

Arrival/departure of equipment

Start and/or completion of borehole, trench, monitoring well installation, etc.
Daily onsite activities performed each day

Sample pickup information

Health and Safety issues (level of protection observed, etc.)

Weather conditions

A site logbook shall be maintained for each project. The site logbook shall be initiated at the start of the
first onsite activity (e.g., site visit or initial reconnaissance survey). Entries are to be made for every day
that onsite activities take place which involve Tetra Tech NUS or subcontractor personnel. Upon
completion of the fieldwork, the site logbook must become part of the project's central file.

019611/P
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The following information must be recorded on the cover of each site logbook:

Project name

Tetra Tech NUS project number
Sequential book number

Start date

End date

information recorded daily in the site logbook need not be duplicated in other field notebooks (see Section
5.2), but must summarize the contents of these other notebooks and refer to specific page locations in
these notebooks for detailed information (where applicable). An example of a typical site logbook entry is
shown in Attachment A,

If measurements are made at any location, the measurements and equipment used must either be
recorded in the site logbook or reference must be made to the field notebook in which the measurements
are recorded (see Attachment A).

All logbook, notebook, and log sheet entries shall be made in indelible ink (black pen is preferred). No
erasures are permitted. If an incorrect entry is made, the data shall be crossed out with a single strike
mark, and initialed and dated. At the completion of entries by any individual, the logbook pages used must
be signed and dated. The site logbook must also be signed by the Field Operations Leader at the end of
each day.

§.1.2 Photographs

When movies, slides, or photographs are taken of a site or any monitoring location, they must be
numbered sequentially to correspond to logbook/notebook entries. The name of the photographer, date,
time, site location, site description, and weather conditions must be entered in the logbook/notebook as
the photographs are taken. A series entry may be used for rapid-sequence photographs. The
photographer is not required to record the aperture settings and shutter speeds for photographs taken
within the normal automatic exposure range. However, special lenses, films, filters, and other image-
enhancement techniques must be noted in the logbook/notebook. If possible, such techniques shall be
avoided, since they can adversely affect the accuracy of photographs. Chain-of-custody procedures
depend upon the subject matter, type of film, and the processing R requires. Fim used for aerial
photography, confidential information, or criminal investigation require chain-of-custody procedures. Once
processed, the slides of photographic prints shall be consecutively numbered and labeled according to the
logbook/notebook descriptions. The site photographs and associated negatives must be docketed into
the project's central file.

5.2 Field Notebooks

Key field team personnel may maintain a separate dedicated field notebook to document the pertinent
field activities conducted directly under their supervision. For example, on large projects with multiple
investigative sites and varying operating conditions, the Health and Safety Officer may elect to maintain a
separate field notebook. Where several drill rigs are in operation simultaneously, each site geologist
assigned to oversee a rig must maintain a field notebook.

5.3 Sample Forms

A summary of the forms illustrated in this procedure is shown as the listing of Attachments in the Table of
Contents for this SOP. Forms may be altered or revised for project-specific needs contingent upon client
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approval. Care must be taken to ensure that all essential information can be documented. Guidelines for
completing these forms can be found in the related sampling SOP.

5.31 Sample Collection, Labeling, Shipment, Request for Analysis, and Field Test Results

5.3.11 Sample Log Sheet

Sample Log Sheets are used to record specified types of data while sampling. Attachments B-1 to B-4
are examples of Sample Log Sheets. The data recorded on these sheets are useful in describing the
waste source and sample as well as pointing out any problems, difficulties, or irregularities encountered
during sampling. A log sheet must be completed for each sample obtained, including field quality control
(QC) samples.

5.3.1.2 Sample Label

A typical sample label is illustrated in Attachment B-5. Adhesive labels must be completed and applied to
every sample container. Sample labels can usually be obtained from the appropriate Program source
electronically generated in-house, or are supplied from the laboratory subcontractor.

53.1.3 Chain-of-Custody Record Form

The Chain-of-Custody (COC) Record is a multi-part form that is initiated as samples are acquired and
accompanies a sample (or group of samples) as they are transferred from person to person. This form
must be used for any samples collected for chemical or geotechnical analysis whether the analyses are
performed on site or off site. One carboniess copy of the compieted COC form is retained by the fieid
crew, one copy is sent to the Project Manager, while the original is sent to the laboratory. The originai
(top. signed copy) of the COC form shall be placed inside a large Ziploc-type bag and taped inside the lid
of the shipping cooler. If multiple coolers are sent but are included on one COC form, the COC form
should be sent with the first cooler. The COC form should then state how many coolers are included with
that shipment. An example of a Chain-of-Custody Record form is provided as Atachment B-6. Once the
samples are received at the laboratory, the sample cooler and contents are checked and any problems
are noted on the enclosed COC form (any discrepancies between the sample labels and COC form and
any other problems that are noted are resolved through communication between the laboratory point-of-
contact and the Tetra Tech NUS Project Manager). The COC form is signed and copied. The laboratory
will retain the copy while the original becomes part of the samples’ corresponding analytical data package.

5.3.14 in-of. |

Attachment B-7 is an example of a custody seal. The Custody seal is an adhesive-backed label. It is part
of a chain-of-custody process and is used to prevent tampering with samples after they have been
collected in the field and sealed in coolers for transport to the laboratory. The COC seals are signed and
dated by the samplers and affixed across the opening edges of each cooler containing environmental
samples. COC seals may be available from the laboratory; these seals may also be purchased from a
supplier.

5.3.1.5 Field Analytical Log Sheets for Geochemical Paramet

Field Analytical Log Sheets (Attachment B-8) are used to record geochemical and/or natural attenuation
field test results. Attachments B-8 (3-page form) should be used when applicable.

019611/P
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5.3.2 Hydrogeological and Geotechnical Forms
53.2.1 Groundwater Level Measurement Sheet

A groundwater level measurement sheet, shown in Attachment C-1 must be filled out for each round of
water level measurements made at a site.

53.2.2 Data Sheet for Pumping Test

During the performance of a pumping test (or an in-situ hydraulic conductivity test), a large amount of data
must be recorded, often within a short time period. The pumping test data sheet (AttachmentC-2)
facilitates this task by standardizing the data collection format, and allowing the time intervai for collection
to be laid out in advance.

53.2.3 Packer Test Report Form

A packer test report form shown in Attachment C-3 must be completed for each well upon which a packer
test is conducted.

5.3.24 Summary Log of Boring

During the progress of each boring, a log of the materials encountered, operation and driving of casing,
and location of samples must be kept. The Summary Log of Boring, or Boring Log, (Attachment C-4) is
used for this purpose and must be completed for each soil boring performed. In addition, if volatile
organics are monitored on cores, samples, cuttings from the borehole, or breathing zone, (using a PID or
FID), these results must be entered on the boring log at the appropriate depth. The "Remarks” column
can be used to subsequently enter the laboratory sample number, the concentration of key analytical
results, or other pertinent information. This feature allows direct comparison of contaminant
concentrations with soil characteristics.

53.25 Monitoring Well Construction Details Form

A Monitoring Well Construction Details Form must be completed for every monitoring well, piezometer, or
temporary well point installed. This form contains specific information on length and type of well riser pipe
and screen, backfill, filter pack, annular seal and grout characteristics, and surface seal characteristics.
This information is important in evaluating the performance of the monitoring well, particularly in areas
where water levels show temporal variation, or where there are multipie (immiscible) phases of
contaminants. Depending on the type of monitoring well (in overburden or bedrock), different forms are
used (see Attachments C-5 through C-9). Similar forms are used for fiush-mount well completions.

5326  TestPitlog

When a test pit or rench is constructed for investigative or sampling purposes, a Test Pit Log
(Attachment C-10) must be filled out by the responsible field geologist or sampling technician.

5.3.2.7 Miscellaneous Monitoring Well Forms

Monitoring Well Materials Certificate of Conformance (Attachment C-11) should be used as the project
directs to document all materials utilized during each monitoring well installation.

The Monitoring Well Development Record (Attachment C-12) should be used as the project directs to
document all well development activities.

019611/P
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533 Equipment Calibration and Maintenance Form

The calibration or standardization of monitoring, measuring or test equipment is necessary to assure the
proper operation and response of the equipment, to document the accuracy, precision or sensitivity of the
measurement, and determine if correction should be applied to the readings. Some items of equipment
require frequent calibration. others infrequent. Some are calibrated by the manufacturer, others by the
user.

Each instrument requiring calibration has its own Equipment Calibration Log (Attachment D) which
documents that the manufacturer's instructions were followed for calibration of the equipment, including
frequency and type of standard or calibration device. An Equipment Calibration Log must be maintained
for each electronic measuring device used in the field; entries must be made for each day the equipment
is used.

54 Field Reports

The primary means of recording onsite activities is the site logbook. Other field notebooks may also be
maintained. These logbooks and notebooks (and supporting forms) contain detailed information required
for data interpretation or documentation, but are not easily useful for tracking and reporting of progress.
Furthermore, the field logbook/notebooks remain onsite for extended periods of time and are thus not
accessible for timely review by project management.

5.4.1 Daily Activities Report

To provide timely oversight of onsite contractors, Daily Activities Reports are completed and submitted as
described below.

5.4.1.1 Description

The Daily Activities Report (DAR) documents the activities and progress for each day's field work. This
report must be filled out on a daily basis whenever there are drilling, test pitting, well construction, or other
related activities occurring which involve subcontractor personnel. These sheets summarize the work
performed and form the basis of payment to subcontractors (Attachment E is an example of a Daily
Activities Report).

5.4.1.2 Responsibilities

It is the responsibility of the rig geologist to complete the DAR and obtain the driller's signature
acknowledging that the times and quantities of material entered are correct.

5413 Submittal and Approval

At the end of the shift, the rig geologist must submit the Daily Activities Report to the Field Operations
Leader (FOL) for review and filing. The Daily Activities Report is not a formal report and thus requires no
further approval. The DAR reports are retained by the FOL for use in preparing the site logbook and in
preparing weekly status reports for submission to the Project Manager.

5.4.2 Weekly Status Reports

To facilitate timely review by project management, photocopies of logbook/notebook entries may be made
for internal use.
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Attachment A
Attachment B-1
Attachment B-2
Attachment B-3
Attachment B-4
Attachment B-5
Attachment B-6
Attachment B-7
Attachment B-8
Attachment C-1
Attachment C-2
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Attachment C-4
Attachment C-5
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Attachment C-9
Attachment C-10
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It should be noted that in addition to the summaries described herein, other summary reports may also be
contractually required. Attachment F is an example of a Field Trip Summary Report form.

6.0 ATTACHMENTS

TYPICAL SITE LOGBOOK ENTRY

EXAMPLE GROUNDWATER SAMPLE LOG SHEET

EXAMPLE SURFACE WATER SAMPLE LOG SHEET

EXAMPLE SOIL/SEDIMENT SAMPLE LOG SHEET

CONTAINER SAMPLE LOG SHEET FORM

SAMPLE LABEL

CHAIN-OF-CUSTODY RECORD FORM

CHAIN-OF-CUSTODY SEAL

FIELD ANALYTICAL LOG SHEET

EXAMPLE GROUNDWATER LEVEL MEASUREMENT SHEET
EXAMPLE PUMPING TEST DATA SHEET

PACKER TEST REPORT FORM

EXAMPLE BORING LOG

EXAMPLE OVERBURDEN MONITORING WELL SHEET

EXAMPLE OVERBURDEN MONITORING WELL SHEET (FLUSHMOUNT)
EXAMPLE CONFINING LAYER MONITORING WELL SHEET

EXAMPLE BEDROCK MONITORING WELL SHEET - OPEN HOLE WELL
EXAMPLE BEDROCK MONITORING WELL SHEET - WELL INSTALLED IN
BEDROCK

EXAMPLE BEDROCK MONITORING WELL SHEET -

WELL INSTALLED IN BEDROCK (FLUSHMOUNT)

EXAMPLE TEST PIT LOG

MONITORING WELL MATERIALS CERTIFICATE OF CONFORMANCE
MONITORING WELL DEVELOPMENT RECORD
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ATTACHMENT A
TYPICAL SITE LOGBOOK ENTRY
START TIME: DATE:
SITE LEADER:
PERSONNEL:
TINUS DRILLER SITE VISITORS

WEATHER: Clear, 68°F, 2-5 mph wind from SE

ACTIVITIES:
1. Steam jenney and fire hoses were set up.
2. Drilling activities at well resumes. Rig geologist was . See Geologist's

Notebook, No. 1. page 29-30, for details of driiling activity. Sample No. 123-21-S4 collected;
see sample logbook, page 42. Drilling activities completed at 11:50 and a 4-inch stainless
steel well installed. See Geologist's Notebook, No. 1, page 31, and well construction details

for well

3 Drilling rig No.2 steam-cleaned at decontamination pit. Then set up at location of
well

4 Well drilled. Rig geologist was . See Geologist's Notebook,

No. 2, page for details of drilling activities. Sample numbers 123-22-S1, 123-22-S2,
and 123-22-S3 collected: see sample logbook, pages 43, 44, and 45.

5. Well was developed. Seven 55-gallon drums were filled in the flushing stage. The well
was then pumped using the pitcher pump for 1 hour. At the end of the hour, water pumped
from well was "sand free.”

6.  EPAremedial project manger arives on ske at 14:25 hours.

7.  Large dump truck arrives at 14:45 and is steam-cleaned. Backhoe and dump truck set up
over test pit

8. Test pit

dug with cutlings placed in dump tuck. Rig geologist was
. See Geologist's Notebook, No. 1, page 32, for details of test pit
activities. Test pit subsequently filled. No sampies taken for chemical analysis. Due to
shallow groundwater table, filling in of test pit ___ resulted in a very soft and wet area. A
mound was developed and the area roped off.

9.  Express carrier picked up samples (see Sample Logbook, pages 42 through 45) at
17:50 hours. Site activities terminated at 18:22 hours. All personnel off site, gate locked.

Field Operations Leader
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ATTACHMENT B-1
Tetra Tech NUS, Inc. GROUNDWATER SAMPLE LOG SHEET
Page___of ___
Project Site Name: Sample ID No.:
Project No.: Sample Location:
Sampled By:
) Domestic Well Data C.0.C. No.:
J Monitoring Well Data Type of Sample:

} Other Well Type:

J Low Concentration

] QA Semple Type:

{} High Concentration

SAMPLING DATAz Adwsa 5 0art 2. SIBE P OIAL L G riar L, Heg ek ToRE SR

NE IR I par

Date:
[Time:

Color
{Visual)

pH 8.C. Temp. Turbidity Do
{8.U) {(ms/em)]  {O) INTU) {mg/

Salinity
(%)

Method:

Other
S—

e —
PURGE DATAT 30 TFE T PPy, 20« MO T iens: oo L~ pas. FRE " (S IToie.

T e TS AR

|

Date:

Volume

pH s.C. | Temp. | Turbiny DO

Salinity Other

Method:

IMonitor Reading (ppm):

[Well Casing Diameter & Material

Type:

Totsl Well Depth (TD):

Static Water Level (WL):

Casing Volume{geid):

 Purge (hre):

nd Purge (fws):

otsl Purge Time (min):

[Total Vol. Purged {paiL):
AMELECOLLECTION INFORMAT

———"

Anslysie

‘Pvmm - <

JQBSERYATIONS / NOTES-YK
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ATTACHMENT B-2
Tetra TechNUS, Inc.  SURFACE WATER SAMPLE LOG SHEET
Page___of ____
Project Site Name: Sample ID No.:
Project No.: Sample Location:
Sampled By:
[ Stream C.0.C. No.:
0 Spring
0 Pond Type of Sample:
0 Lake 0} Low Concentration
{} Other: {) High Concentration

[ CA Sample Type:

T e g B N L I [ E R T s | e T

JSAMPLING DATAN Favaris o Btk i,

Date: Color pH s.C. Temp. Turbidity 0o Salinity Other

Time: Visual) | (S.U) }tmS/cm fc) (NTU} (mg/) {96)

Depth:

Method: —

SAMPLE COLLECTION INFORMATIONSE IR TIAY & BEriwish s WgWIA] St W BB AT Rl
Analysis Preservaiive Contalner Requirements Cotlected

TIUPRE T FIETET I TR I0 BEICY I 3F SVIVEN WOV 1S P PR
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ATTACHMENT B8-3
"[t Tetra Tech NUS, inc. SOIL & SEDIMENT SAMPLE LOG SHEET
Page___of ____
Project Site Name: Sample ID No.:
Project No.: : Sample Location:
Sampled By:
0 Surface Soil C.0.C.No.:
[} Subsurface Soil
[} Sediment Type of Sample:
[ Other: 0 Low Concentration
I QA Sample Type: ] High Concentration
GRAD. SAMPLE DATAGIE bekibonrs $odi7 & 1H oo 3. 33 B bl e ~ RT3 $03- ) ox TR e 3 o IO T 4 % o 1
Date: Depth interval Colot Description (Sand, Sii, Clay, Molsture, otc.)
[ Time:
Method:
Monitor Reading {(ppm):
ICOMPOSITE SAMPLE DATAg s :40p- % 34 By 3Ees ap b3 s s 1 TEA T Op NI Tiy METHR I R At ke 2R
Date: Time Depth interval Color Description {Sand, Silt, Clay, Molsturs, etc.)
Method:
Monitor Readings
|(Range in ppem):
ISAMPLE COLLECTIQN,INFORMATION:/ PN = .
Analysis Container Requivements Collected Other
. JOBSERVATIONS #NOTES : MA

7] Signature(sy:

019611/P Tetra Tech NUS, inc.




SAMPLED: SINGLE PHASED:
OPENED BUT NOT SAMPLED:
Reason MULTIPHASE :
Layer1 layer2 Layerd

{Phase (Sol. or Liq.)
NOT OPENED: Color
Reason Viscosity L MorH LMorH LMorH

% of Total Volume

st o= 1 "5 SAMPLE and Jor -INSPECTION DATE & TIME: .~ |
HRS.
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ATTACHMENT B-4
CONTAINER SAMPLE & INSPECTION SHEET
m Tetra Tech NUS, inc.
Page of
Project Site Name: Sampie ID No.
[Project Number: Sampled By:
Site Identification: C.0.C. No.
Container Number(s). Concentration: ( High
Sample Type: ( Grab 0 Medium
0 Composite 0 low
CONTAINER SOURCE CONTAINER DESCRIPTION
DRUM:
0 Bung Top COLOR:
0 Leverlock
0 Bolted Ring
0 Other CONDITION:
TANK: MARKINGS:
0 Plastic
0 Metal
0 Other VOL OF CONTENTS:
OTHER: OTHER:

019611/P

Tetra Tech NUS, inc.
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ATTACHMENT B-5

Tetra Tech NUS, Inc. Project:
661 Andersen Drive Site:
Pittsburgh, 15220 ite:
(412)921-7090 Location:
Sample No: Matrix:
Date: Time: Preserve:
Analysis:
Sampled by: Laboratory:

019611/P

Tetra Tech NUS, Inc.
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[ PROJECT NO: l FITE WAME: PROJECY WANAGER AND PHONE NUMBER LABORATORY NAME AND CONTACT:
[T SANPLERS (NONATURE) P[> CPERATIONS LEADER AND PHONE NUMBER | ADDRESS T
[ CARTSERAWAYBILL NUMBER CITY, STATE
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3. REUNGUISHED 8Y DATE TVE 3. RECEWED BY DATE TIME
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ATTACHMENT B-7

CHAIN-OF-CUSTODY SEAL

eimpuubig CUSTODY SEAL
o18q Date
TIv3S AQOLSND Signature

019611/P

Tetra Tech NUS, Inc.
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ATTACHMENT B-8
IE FIELD ANALYTICAL LOG SHEET
GEOCHEMICAL PARAMETERS
Teotra Tech NUS, Inc. Page __
Project Site Name: Sampie ID No.:
Project No.: Sample Location:
Sampled By: Duplicate: [}
Field Analyst: Blank: O
Field Form Checked as per QA/OC Checkiist (inttials): [ | '
[SAMPLING. DATAL 11, L~ To o 1 = T oA AL P e 7T e e T e e e T
Date; Color pH s.C. Temp. Turbidity Do Salinity Other
Time: Visual) | (S.U) |(mS/em) fc (NTU} {mg/n %)
Method: —
SAMPLE COLLECTION/ANALYSIS INFORMATION: ™ +; 5 Poliliv 1S 2 ooy oo, 4040 {10 10 AR g 490 G50 £1 ot o0t ST 0T 00 Ao vy 127
ORP (Eh) (+/- mv): Electrode Make & Model:
Reterence Electrode (circle one): Silver-Sitver Chioride / Calome! / Hydrogen
Dissolved Oxygen:
Equipment: HACH Digitat Titrator OX-DT CHEMetrics (Range: _______mg/L) Analysis Time;
Range Used: Range  |Sample Vol. |Canridoe | Muttipier Ttration Courd | _ Mutipher | Concentration
16 moL 200m__ 0.200N _ 0.01 %001 « molL
J 2-10 mpA. 100m  0.200N__ 0.02 ] - moL
ICHEMetrics: moA.
INotes:
Alkalinity: Anslysis Time:
Equipment: HACH Digital Titrator AL-DT ~ CHEMetrics (Renge: moA) Fitered: a
Rangeuses: | Rage [Sempie vl [Camrioge | Mumpher]  Tarsioncows | wuipher [ Concermation
| 1040 m. 1W00m__ 0.1600N 0.1 3 201 = mon |
] 40-160 mpA 28w 01600N 0.4 [ 206 = ‘lﬁﬂ
100-400 mpA. 100m _ 1.600N 1.0 [ 10 . Aﬂ
200-800 mQ. 80w 1600N__ 20 [y 320 . mor.
$00-2000 mpAL 20m 100N 80 3 C 2180 = moA.
10004000 10m 100N 100 [ 2100 = mo |

quipment: HACH Digits! Thrstor CA-OT CHEMetrics (Range: ____mpAL) AnaiysiaTime:
RangeUset: | Renge _ Isemple vl Jcanriage | mumober Turation Cours | ] comcentraton
: 10-50 st 200m 036N 0.1 x0.1 .
0.8 %02

2010 _%0m 03N 03 | .

| 1oscomn  2o0m seeN 1o | 310

200-1000 mpAL 100 ml 3.638 N 2.0 . z2.0 -
JCHEMetrics: ______moA. -
INotes:

g Aosmione: | ] TwentMolaity:_______  Dighs Rlequired: ta:_____ 2ndi__ ded: ‘

019611/P

Tetra Tech NUS, inc.
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ATTACHMENT B-8 (Continued)
FIELD ANALYTICAL LOG SHEET
GEOCHEMICAL PARAMETERS
Tetra Tech NUS, inc. Page _of __
Project Site Name: Sample 1D No.:
Project No.: Sample Location:
Sampled By: Duplicate: [J
Field Analyst: Blank: 0
Field Form Checked as per QA/QC Checklist (mmals) I I
SAMPLE COLLECTION/ANALYSIS INFORMATION: -/ - o a- =i tave s o8 v wys i dlibe yd v o e Do 0 to O 00 guieo
Sulfide (S*):
Equipment: DR-700 DR-8__  HS-WR Color Wheel Other. Analysis Time:
ProgramModule: 610nm 93 ’
[Concentration: mglL . Filtered: D
Notes:
Sulfate (S0™):
Equipment DR-700 DR-8 __ Other: Ansiysis Time:
FPrmM: L)
[Concentraion: mg Filtered: D
iswmm Solution: O Resuks:
Standard Addtions:  LJ Digits Required: 0.3mi: 0.2mi 03mi
Notes:
Nitrite (NO4 -N): Analysis Time:
Equipment: OR-700 DR-8 __ Other: . . Fierec: D .
Program/Module: 60
: mot. Reagent Blank Correcton: (]
Stancerd Sovtion: (] Resus: [
INOtes:
Nitrate (NO,-N): Ansiysis Tims: .
qu OR-700 " DRS_. Omer: Fillered: ﬁ
ProgramModule: 85
IConcentration: - molL
Nitrite interlerence Troawment: (]
Standard St [ Resuls; Resgent Blark Correcson: (]
Isw Addsons: Dighs Required: 0.1mi: 0.2mi; 0.3mi:
Notes: :

019611/P

Tetra Tech NUS, inc.
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ATTACHMENT B-8 (Continued)

I'ﬁ; FIELD ANALYTICAL LOG SHEET

GEOCHEMICAL PARAMETERS
Tetra Tech NUS, inc. Page __of __
Project Site Name: Sample 1D No.:
Project No.: Sample Location:
Sampied By: Duplicate: [
Field Analyst: Blank; 0
Field Form Checked as per QA/QC Checklist (initials):

SAMPLE COLLECTION/ANALYSIS INFORMATION: = ¢ F &/T immm0 nam g s gm0 Simmetmmen - ses me = oo e Wl st o]

lmganesa (Mn**):

Equipment: DR-700 OR-8 __ HACH MN-5 Other: — o Analysis Time:

Program/Module: $25nm 4 .

Concentration: molL Fiered: D
Digestion: D

JStandard Solution: D Results: Reagent Blank Correction: D

Standard Addilions: D Digits Required: 0.1ml; 0.2mi: 0.3mi:

Notes:

Ferrous fron (Fe™):

Equipment:  DR-700 DRE__  IR-18C Color Wheel  Other: Analysis Time:
|ProgramModule: 500nm )

Concentration: moL Fittered: D
Notes:

Hydrogen Sulfide (H,8):

HS-C Oter: Anelysis Time:

Concentation: moL. Excesded 5.0 moAL range on color chert [
10A/QC Checkiist:

AN dota fisids have been completed as necessary: L

Icorect meesirement units are cited in the SAMPLING DATA block: [

[Values cited in the SAMPLING DATA block are consisient with the Groundwaler Sample Log Sheet: D
Muitplication is comect for each Muliper table: ]

Final caluisted concentration is within the appropriste Range Used block [

Alkalinity Reiaionship is determined approprially as per manulacturer (RACH) instructions: L

[QA/QC sample (e.9., Sid. Additions, etc.) frequency is appropriate as per the project planning documents: D
Nitrite Interference treatment wes used for Nitrate test if Nitrite was detected:

Title block on each page of form s inilialized by person who performed this QAOC Checklist [

019611/P Tetra Tech NUS, inc.
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ATTACHMENT C-1
EXAMPLE GROUNDWATER LEVEL MEASUREMENT SHEET
l'ﬂ; s tenmse. GROUNDWATER LEVEL MEASUREMENT SHEET
= P Fhifiimiang g ot '3"“.\:‘-':17“ RIS a0
Project Name: Project No.:
Location: Personnel:
Weather Conditions: Measuring Device:
Tidally Influenced: Yes .__ No___ Remarks:
SR TR e T Eh\mﬁoncf w.wx.-vol 'rueumor ot
" Piezometer: }.. Date i'| Reference Pojnt | Well Depth |Ind Reading|Free Producyd. Eleval
CNmber JE S [Pt PORTRAMAARIEIEY = o B

* Al racasernents o the necrest 000 fect

019611/P

Tetra Tech NUS, Inc.
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ATTACHMENT C-2

EXAMPLE PUMPING TEST DATA SHEET

@ Tetra Tech NUS, Inc.

PUMPING TEST DATA SHEET

PROJECT NAME:

PUMPING WELL NUMBER:

PROJECT NUMBER:

MEASURED WELL NUMBER:

{ ] STEP DRAWDOWN TEST

[ ] PUMPING TEST

STATIC WATER LEVEL():

PUMP SETTING (Ft. below monitoring point):.

 _MONITORINGPOINT:
DEPTHCORRECTION ():

[P U MU P

_ DISTANCE FROM PUMPING WELL (R):

PERSONNEL: e = e e e ——

REMARKS: _ - J——

TIME SINGE|  WATER ORAW FLow
MILITARY PUMP LeveL |CORRECTION| DOWNOR | PUMPING | METER REMARKS

TIME (Ft.) RECOVERY |RATE (GPM)| READING
START OR (FL) ) (Gals.)
© .1 STOP (Min.) ) ’

mmmmp - v e -

0.01 foot d from top of weh riser pipe uniess otherwise noted.

NOTE: Al measursments io

019611/P

Tetra Tech NUS, Inc.
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ATTACHMENT C-4
@Tetra Tech NUS, inc. BORING LOG Page ___of __ _
PROJECT NAME: BORING No.:
PROJECT NUMBER: DATE:
DRILLING COMPANY: GEOLOGIST:
DRILLING RIG: DRILLER:
MATERIAL DESCRIPTION MO0 Reading (e
Oepth | Blows/ | Sampie | Lithology T T V] 25 .
N ]| Cor v| change | - s T §
rva o] on 7: tuv’\plo p.p:m.) e c 8 a
::o Ne. Length | Screened o Color Material Classification s Remarks ; g g
ntervel Rock . . i
Herdnesa
* When rock coring, snder fook brokeness.
= incude mooor sadng in § foot ° reading 2] repones read. Drilling Area
Remarks: Background (ppm):
Converted 1o Well: _ Yes No Weil 1.D. #:
019611/P Tetra Tech NUS, inc.
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ATTACHMENT C-5
EXAMPLE OVERBURDEN MONITORING WELL SHEET
BORING NO.:
~ OVERBURDEN
MONITORING WELL SHEET
ORILLER
PROJECT LOCATION DRILLING
PROJECT NO. BORING METHOD
ELEVATION DATE OEVELOPMENT
FIELD GEOLOGIST METHOD
‘ ELEVATION OF TOP OF SURFACE CASING : _
et ELEVATION OF TOP OF RISER PIPE: PO —
""" ¢TICK - UP TOP OF SURFACE CASING:
GROUND STICK - UP RISER PIPE
ELEVATION 7 s 5’\4—-— TYPE OF SURFACE SEAL:
a a
— 1.D. OF SURFACE CASING:
TYPE OF SURFACE CASING.
[~ RISER PIPE 1.D.
TYPE OF RISER PIPE:
4————{— BOREHOLE DIAMETER:
l— TYPE OF BACKFILL:
¢—————d— ELEVATION/DEPTH TOP OF SEAL: —a
¢————1— TYPE OF SEAL: :
¢————1— DEPTH TOP OF SAND PACK: —_—
@t ELEVATION/ DEPTH TOP OF SCREEN: —t
= t== TYPE OF SCREEN:
hol SLOT SIZE x LENGTH:
= 1.D. OF SCREEN:
- -~ TYPE OF SAND PACK:
— ELEVATION/ DEPTH BOTTOM OF SCREEN: YA
— ELEVATION / OEPTH BOTTOM OF SANDPACK: /7
TYPE OF BACKFILL BELOW OBSERVATION
WELL:
¢t ELEVATION/ DEPTH OF HOLE: e
019611/P Tetra Tech NUS, Inc.
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ATTACHMENT C-5A
EXAMPLE OVERBURDEN MONITORING WELL SHEET (FLUSHMOUNT)
- _ BORING NO.:
MONITORING WELL SHEET
PROJECT LOCATION g:;ttf;c
PROJECT NO. BORING METHOD
ELEVATION DATE DEVELOPMENT
FIELD GEOLOGIST. METHOD

/—-‘"ELEVATION TOP OF RISER:

. Cround
; Clevotion e

flush mount
surioce cosing
with lock

| PE OF SURFACE SEAL:

=TYPL OF PROTECTIVE CASING:
1.0. OF PROTECTIVE CASING:

L'-C’IAMETI'ZR OF HOLE:

—TYPE OF RISER PIPE:
RISER PIPE 1.D.;

t~TYPE OF BACKFILL/SEAL:

o f L DEPTH/ELEVATION TOP OF SAND: ——
o
4 Fd -
|1 o 1 DEPTH/CLEVATION TOP OF SCREEN: —_—ee
E - [.% TYPE OF SCREEN:
=l $LOT S72C x LENGTH:
...-' = <t .
REg
STt of sano Pack:
=l
Ig'-." = é‘j OIAMETER OF HOLE IN BEDROCK:
s -—
I3 =F -0EP TH /CLEVATION BOTTOM OF SCREEN: —
L DEPTH /ELEVATION BOTTOM OF SAND: —
":;'-3:';.-':?.' 1 DEPTH/ELEVATION BOTTOM OF HOLE:

BACKFILL MATERIAL B8ELOW SANO:

| S

019611/P

Tetra Tech NUS, Inc.
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ATTACHMENT C-6
EXAMPLE CONFINING LAYER MONITORING WELL SHEET
8ORING NO.:
CONFINING LAYER
MONITORING WELL SHEET

PROJECT LOCATION DRILLING
PROJECT NO. BORING METHOO
ELEVATION DATE DEVELOPMENT
FIELD GEOLOG!ST METHOD

GROUND

ELEVATION ' RaS
H ?:"
H £7
z LY.
H 27
H gé
Y B

AN

ULLETALLULA UL LR TR WA RS RRARAR Y

QAL LLLLLLLLALIA LAV L LAARMALAAAR AP AAVAWAA.

LI

NN

AN

== ELEVATION OF TOP OF SURFACE CASING :
}— ELEVATION OF TOP OF RISER PIPE:
— ELEVATION TOP OF PERM. CASING:
TYPE OF SURFACE SEAL:

l

L~

L~ 1.0. OF SURFACE CASING:

TYPE OF SURFACE CASING:

l— RISER PIPE 1.D.

TYPE OF RISER PIPE:

—~— BOREHOLE DIAMETER:

— PERM. CASING 1.D.

TYPE OF CASING & BACKFILL:

B¢ ELEVATION / DEPTH TOP CONFINING LAYER:
ELEVATION 7/ OEPTH BOTTOM OF CASING:
ELEVATION 7 DEPTH S8OT. CONFINING LAYER:

BOREMOLE DIA, BELOW CASING:
—~ TYPE OF BACKFILL:

—T~ ELEVATION/ DEPTH YOP OF SEAL:

TYPE OF SEAL:

| DEPTH TOP OF SAND PACX:

[~ ELEVATION/OEPTH TOP OF SCREEN:
TYPE OF SCREEN:

1

TYPE OF SAND PACK:

- ELEVATION / DEPTH BOTTOM OF SCREEN:

TYPE OF BACKFILL BELOW OBSERVATION
WELL:

ELEVATION/ DEPTH BOTTOM OF SAND PACK:

Qmmm—i—= ELEVATION / DEPTH OF HOLE:

]

019611/P

Tetra Tech NUS, Inc.
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ATTACHMENT C-7
EXAMPLE BEDROCK MONITORING WELL SHEET - OPEN HOLE WELL
BORING NO.: l
BEDROCK
MONITORING WELL SHEET
OPEN HOLE WELL l
DRILLER
PROJECT LOCATION Dn:ttmc
PROJECT NO. BORING METHOD
ELEVATION DATE DEVELOPMENT I
FIELD GEOLOGIST. METHOD
* ELEVATION OF TOP OF CASING:
- STICK UP OF CASING ABOVE GROUND l
SURFACE:
GROUND
ELEVATION — TYPE OF SURFACE SEAL: l
1.0. OF CASING:
— TYPE OF CASING:
TEMP./ PERM.: l
[— DIAMETER OF HOLE:
[ TYPE OF CASING SEAL: I
=T=11n TIT=T[*" OEPTH TO TOP OF ROCK: P
“ fT—+— DEPTH TO BOTTOM CASING: I
bl L ODIAMETER OF HOLE IN BEDRQCK:
DESCRISE IF CORE/ REAMED WITH BIT: I
DESCRIBE JOINTS IN SEDROCK AND DEPTH: l
wl = v
"=l_m='_jl- ELEVATION / DEPTH OF HOLE: Y A I
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ATTACHMENT C-8
EXAMPLE BEDROCK MONITORING WELL SHEET - WELL INSTALLED IN BEDROCK

BORING NO.:
BEDROCK
MONITORING WELL SHEET
WELL INSTALLED IN BEDROCK
PROJECT LOCATION o
PROJECTNO.._________ BORING METHOD
ELEVATION DATE DEVELOPMIENT
FIELD GEOLOGIST METHOD
* ELEVATION OF TOP Of SURFACE CASING:
-t STICK UP OF CASING ABOVE GROUND
- \— SURFACE: ————
L
GROUND
t—= ELEVATION TOP OF RUSER: —_—
ELEVATION g | g™%—— TvPE OF SURFACE SEAL:
3 L)
— 1.0. OF SURFACE CASING:
- DIAMETER OF HOLE:
/
™ RISER PIPE I.D.:
7 TYPE OF RISER PIPE:
TYPE OF BACKFILL:
T a—+— ELEVATION / DEPTH TOP OF SEAL: :t
=|||="| ln:li— ELEVATION/ DEPTH TOP OF BEDROCK:
T T= &——|— TYPE OF SEAL:
ins i
m m
4—}— ELEVATION / DEPTH TOP OF SAND: i
- ELEVATION / DEPTH TOP OF SCREEN: -l
pn TYPE OF SCREEN:
1] ped LI SLOT SIZE x LENGTH:
T = LD. SCREEN:
= — TYPE OF SAND PACK:
- — DIAMETER OF HOLE IN BEDROCK:
= CORE/ REAM:
" TIt———{— ELEVATION 4 DEPTH BOTTOM SCREEN: S A
M=M= ELEVATION / DEPTH BOTTOM OF HOLE: Y A
019611/P Tetra Tech NUS, Inc.
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ATTACHMENT C-9

EXAMPLE BEDROCK MONITORING WELL SHEET
WELL INSTALLED IN BEDROCK (FLUSHMOUNT)

BORING NO.:
BEDROCK
'E. MONITORING WELL SHEET
WELL INSTALLED IN BEDROCK
PROJECT: LOCATION: ORNLER:
PROJECT NO.: BORING: ORRLLING
ELEVATION: DATE: UETHOO:
: OEVELOPMENT
FIELD GEOLOGIST: — | METHOO:
Ground
Clevation _——1-ELEVATION TOP OF RISER:

fFlush mount
surfoce cosing
with tock

-
0.

= TYPE OF SURFACE SEAL

NN

TYPE OF PROTECTIVE CASING:
1.0. OF PROTECTIVE CASING:

LDIAMC TER OF HOLE:

TYPE OF RISER PIPE:
RISER PIPE 1.D.:

TYPE OF BACKFWL/SEAL:

IR }\\ S

—OEPTH/ELEVATION TOP OF BIZDROCK: [P AS—
Top of R

- DEPTH/ELEVATION TOP OF SAND: R Z—
Stetle Weter Love P37 L
(Appron.)
. =¥ DEPTH/ELEVATION TOP OF SCREEM: —_—r
of b TYPE OF SCREDN:
B hed SLOT S2E x LENGTH:
X b
A=t TYPE OF SAND PACK:
Y pug ¥
Aq=19 OLAMETER OF HOLE I 8€D
K E 3 [~DEPTH/CLEVATION BOTTOM OF SCREEN: —
7 PVC Trep 3 OEPTHALEVATION BOTTOM OF SAND: PUY SN
Solow Sereen g RI/ELEVATION BOTTOM OF MOLE: P S
uoggg MATERIAL BELOW SANO:
L YRC T
019611/P Tetra Tech NUS, Inc.
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ATTACHMENT C-10
EXAMPLE TEST PIT LOG
Tetra Tech NUS, Inc.

v oG | 1% '
{resT mT L L |

PROJECT: TESTPITNO..

PROJECT NO OATE:

LOCATION:

FIELD GEOLOGET:

MATERIAL DESCRIPTION
oor REMARKS
orore ""Z.T‘... {Soil Density / Consistency, Color)
LI T vics
127192 Crons ScHon and / o2 Man Vwewe
REMARKS
PHOTO LOG TESTPIT
PAGE OF ___
019611/P - Tetra Tech NUS, Inc.
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ATTACHMENT C-11
EXAMPLE CERTIFICATE OF CONFORMANCE

o~

]

SourcerSuppiier

Sha Gadlogast:
Dmiing Company:.
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1.0 PURPOSE

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

2.0 SCOPE

This procedure addresses drilling equipment and monitoring well materials decontamination, as well as
chemical sampling and field anatytical equipment decontamination. This procedure aiso provides general
reference information on the control of contaminated materials.

3.0 GLOSSARY

Acid - For decontamination of equipment when sampling for trace levels of inorganics, a 10% solution
of nitric acid in deionized water should be used. Due to the leaching ablity of nitric acid, it should not
be used on stainless steel.

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

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

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

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

4.0 RESPONSIBILITIES

M-RmbubrmmmdwdaMmmwhmm

approved project plan(s) requirements.

Rupanblefortfuomhevarlicdonﬁddﬂddwﬂvﬁum
mhmmwmswmmaummw
the approved project pian(s).

5.0 PROCEDURES

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

019611/P
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5.1 Drilling Equipment

Prior to the initiation of a drilling program, all drilling equipment involived in field sampiing activities shall
be decontaminated by steam cleaning at a predetermined area. The steam cleaning procedure shall be
pertormed using a high-pressure spray of heated potable water producing a pressurized stream of steam.
This steam shall be sprayed directly onto all surtaces of the various equipment which might contact
environmental samples. The decontamination procedure shall be performed until all equipment Is free
of all visible potential contamination (dirt, grease, ol, noticeable odors, etc.) In addition, this
decontamination procedure shall be performed at the compietion of each sampling and/or drilling
location, including soll borings, installation of monitoring wells, test pits, etc. Such equipment shall
include drilling rigs, backhoes, downhole tools, augers, well casings, and screens. Where the drilling rig
is set to perform muitiple borings at a single area of concem, the steam-cleaning of the drilling rig itsetf
may be waived with proper approval. Downhole equipment, however, must always be steam-cleaned
between borings. Where PVC well casings are to be installed, decontamination is not required If the
manufacturer provides these casings in factory-sealed, protective, plastic sleeves (so long as the
protective packaging is not compromised until immediately before use).

The steam cieaning area shall be designed to contain decontamination wastes and waste waters and can
be a lined excavated pit or a bermed concrete or asphalt pad. For the latter, a floor drain must be
provided which is connected to a holding facility. A shallow above-ground tank may be used or a
pumping system with discharge to a waste tank may be installed.

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

Guidance to be used when decontaminating drilting equipment shall include:

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

° Aldrlllngrods.auoers andanyotfnroqtﬂpm\nﬁchwllbehtmduoedtothahde“
be steam cleaned.

e Thedriiing rig, all rods and augers, and any other potentially contaminated equipment shall
mdmmubmmwmmpmmmmmmdm
hazardous substances.

Prior to leaving at the end of each work day and/or at the completion of the drilling program, drilling rigs
and transport vehicles used onsite for personnel or equipment transfer shall be steam cleaned, as
practicable. A driling rig left at the drilling location does not need to be steam cleaned untll & is finished
drilling at that location.

8.2 Sampling Equipment
821 . Ballers and Baliing Line
mwmmmmmwmmwhmdamma

Rs attached line is high unless strict procedures for decontamination are followed. For this reason, it is
preferable to dedicate an individual baller and its line to each sample point, although this does not

019611/P
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eliminate the need for decontamination of dedicated ballers. For non-dedicated sampling equipment,
the following conditions and/or decontamination procedures must be followed.

Before the initial sampling and after each successive sampling point, the baller must be decontaminated.

The following steps are to be performed when sampling for organic contaminants. Note: contract-
specific requirements may permit alternative procedures. .

Potable water rinse
Alconox or Liquinox detergent wash

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

Potable water rinse

Rinse with 10 percent nitric acid solution’

Delonized water rinse

Pesticide-grade isopropanol (unless otherwise required)

Pesticide-grade hexane rinse”

Copious distilled /Deionized water rinse

Air dry

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

In general, specially purchased pre-cleaned disposable sampling equipment is not decontaminated (nor
is an equipment rinsate blank collected) so long as the supplier has provided certification of cleaniiness.
If decontamination is performed on several bailers at once (1.e., in batches), ballers not immediatety used
may be completely wrapped in aluminum foll (shiny-side toward equipment) and stored for future use.

When batch decontamination is performed, one equipment rinsate is generally collected from one of the
bailers belonging to the batch before It is used for sampling.

it is recommended that clean, dedicated braided nylon or polypropylene line be employed with each
bailer use. : : :

522 Sampiing Pumps
Most sampling pumps are low volume (less than 2 gpm) pumps. These include peristaltic, diaphragm,

airift, pkcher and bladder pumps, to name a few. If these pumps are used for sampling from more than
one sampling point, they must be decontaminated prior to inkial use and after each use.

The procedures to be used for decontamination of sampling pumps compare to those used for a baller
except that the 10 percent nitric acid solution is omitted. Each of the liquid factions is to be pumped
through the system. The amount of pumping is dependent upon the size of the pump and the length
of the intake and discharge hoses. Certain types of pumps are unacceptable for sampiing

For peristaltic pumps, the tubing is replaced rather than cleaned.

* Due to the leaching ability of nitric acid on stainless steel, this step is to be omitted ¥ a stainless
 steel sampling device is being used and metals analysis is required with detection fimits less than
* If sampling for pesticides, PCBs, or fuels.

019611/P

,_ﬂﬂ.
m—

T e .

b

e

=\

ey

)




Number Page
DECONTAMINATION OF WASTE SA-7.1 5ot8
EQUIPMENT AND WASTE HANDUNG Revision ™ Date
2 03/16/98

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

§.2.3 Filtering Equipment

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

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

For the over-pressure and the vacuum fiitration systems, the portions of the apparatus which come in
contact with the sample must be decontaminated as outlined in the paragraphs describing the
decontamination of bailers. (Note: Varieties of both of these systems come equipped from the
manufacturer with Teflon-lined surfaces for those that would come into contact with the sample. These
filtration systems are preferred when decontamination procedures must be employed.)

5.2.4 Other Sampling Equipment

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

5.3 Field Analytical Equipment
§3.1  Water Level indicators

Watuhvdhdbdomﬁufoomkuomawﬂhgmurﬂwatermu&bedecdnﬁnﬁnﬁted using the
following steps: )

° Rinse with potable water
® Rinse with delonized water

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

5.3.2 Probes

Probes (e.g.. pH or specific-lon electrodes, geophysical probes, or thermometers) which would come
in direct contact with the sample, will be decontaminated using the procedures specified above unless
manufacturer’s instructions indicate otherwise (e.g., dissolved oxygen probes). Probes that contact a
volume of groundwater not used for laboratory analyses can be rinsed with delonized water. For probes
which make no direct contact, (e.g., OVA equipment) the probe is self-cleaning when exposure to
ummwwbdmammm&ummMMdmme:udmwm
al X
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5.4 Waste Handling

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

The procedures for obtaining permits for investigations of sites containing hazardous substances are not
clearly defined at present. In the absence of a clear directive to the contrary by the EPA and the states,
it must be assumed that hazardous wastes generated during field activities will require compliance with
Federal agency requirements for generation, storage, transportation, or disposal. In addition, there may
be state regulations that govern the disposal action. This procedure exclusively describes the technical
methods used to control contaminated materials.

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

,..........
SR aan

—ny

55 Sources of Contaminated Materiais and Containment Methods (l
5.5.1 Decontamination Solutions

=

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

,.
i

1
s

Containerized waste rinse solutions are best stored in 55-galion drums (or equivalent containers) that can
be sealed untl uitimate disposal at an approved faciity. Larger equipment such as backhoes and
tractors must be decontaminated in an area provided with an impermeable liner and a liquid collection
system. A decontamination area for large equipment could consist of a bermed concrete pad with a
floor drain leading to a burled holding tank.

5.8.2 Disposable Equipment

Disposable equipment that could become contaminated during use typically includes PPE, rubber gloves,
boots, broken sample containers, and cleaning-wipes. These ltems are small and can easlly be
comained in 55-gallon drums with lids. Thesecontalnemstmldbedwedatthandofeachworkday
and upon project compietion to provide secure containment until disposed.

853 Dritling Muds and Well-Development Fluids

Drilling muds and well-development fluids are materials that may be used in groundwater monitoring well
installations. Their proper use could result in the surface accumulation of contaminated liquids and muds
that require containment. The volumes of drilling muds and well-development fiuiis used depend on well
diameter and depth, groundwater characteristics, and geologic formations. There are no simple
mathematical formulas avallable for accurately predicting these volumes. It is best to rely on the

019611/P
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experience of reputable well drillers familiar with local conditions and the well installation techniques
selected. These individuals should be able to estimate the sizes (or number) of containment structures
required. Since guesswork is involved, it is recommended that an slight excess of the estimated amount
of containers required will be available.

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

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

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

if in-ground pits are used, they shouid not extend into the natural water table. They should also be lined
with a bentonite-cement mixture followed by a layer of flexible impermeable material such as plastic
sheeting. Of course, to maintain its impermeable seal, the lining material used wouid have to be
nonreactive with the wastes. An advantage of the in-ground pits is that well cuttings do not necessarily
have to be removed periodically during drilling because the pit can be made deep enough to contain
them. Depending on site conditions, the in-ground pit may have to be totally excavated and refilied with
uncontaminated natural solls when the drilling operation is complete.

When the above-ground tank or the in-ground pit Is used, a reserve tank or ptt should be located at the
site as a backup system for leaks, splils, and overflows. in either case, surface drainage should be such
that any excess fluid could be controlied within the immediate area of the drill site.

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

5.5.4 Spiil-Contaminated Materials

A spil is always possible when contalners of liquids are opened or moved. Contaminated sorbents and
solls resulting from spiils must be contained. Small quantities of spli-contaminated materials are usually
best contained in drums, while larger quantities can be placed in lined pits or in other impermeable
structures. In some cases, onsite containment may not be feasible and immediate transport to an
approved disposal ste will be required.

5.8 D | minated

Actual disposal techniques for contaminated materials are the same as those for any hazardous
substance, that Is, incineration, landfilling, treatment, and so on. The probiem centers around the

N19811/P
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assignment of responsibility for disposal. The responsibility must be determined and agreed upon by
all involved parties before the field work starts. if the site owner or manager was involved in activities
that precipitated the investigation, it seems reasonable to encourage his acceptance of the disposal
obligation. In instances where a responsibie party cannot be identified, this responsibility may fall on the
public agency or private organization investigating the site.

Ancther consideration in selecting disposal methods for contaminated materials is whether the disposal
can be incorporated into subsequent site cleanup activities. For example, if construction of a suitable
onslte disposal structure is expected, contaminated materials generated during the investigation should
be stored at the site for disposal with other site materials. In this case, the initial containment structures
should be evaluated for use as long-term storage structures. Also, other site conditions such as drainage
control, security, and soil type must be considered so that proper storage is provided. If onsite storage
is expected, then the containment structures should be specifically designed for that purpose.

= i Wy — Sy =

6.0 REFERENCES

,
a|n

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

TWO TYPES OF MUD PITS USED IN WELL DRILLING
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1.0 PURPOSE

The purpose of this procedure is to provide general reference information on Direct Push Technology
(DPT). DPT is designed to collect soil, groundwater, and soil gas samples without using conventional
drilling techniques. The advantage of using DPT over conventional drilling includes the generation of littie
or no drill cuttings, sampling in locations with difficult accessibility, reduced overhead clearance
requirements, no fluid introduction during probing, and typical lower costs per sample than with
conventional techniques. Disadvantages include a maximum penetration depth of approximately 15 to 40
feet in dense soils (although it may be as much as 60 to 80 feet in certain types of geological
environments), reduced capability of obtaining accurate water-level measurements, and the inability to
install permanent groundwater monitoring wells. The methods and equipment described herein are for
collection of surface and subsurface soil samples and groundwater samples. Soil gas sampling is
discussed in SOP SA-24.

20 SCOPE

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

3.0 GLOSSARY

Direct Push Technology (DPT) - DPT refers to sampling tools and sensors that are driven directly into the
ground without the use of conventional drilling equipment. DPT typically utilizes hydraulic pressure and/or
percussion hammers to advance the sampling tools. A primary advantage of DPT over conventional
drilling techniques is that DPT results in the generation of little or no investigation derived waste.

- Geoprobe® is a manufacturer of a hydraulically-powered, percussion/probing machines
utilizing DPT to collect subsurface environmental samples. Geoprobe® relies on a relatively small amount
of static weight (vehicle) combined with percussion as the energy for advancement of a tool string. The
Geoprobe® equipment can be mounted in a muititude of vehicles for access to all types of environmental
sies.

™ . HydroPunch™ is a manufacturer of stainless steel and Teflon® sampling tools that are
capable of collecting representative groundwater and/or soil samples without requiring the installation of a
groundwater monitoring well or conventional soil boring. HydroPunch™ is an example of DPT sampling
equipment. .

Flame lonization Detector (FID) - A portable instrument for the measurement of many combustible organic
compounds and a few inorganic compounds in air at parts-per million levels. The basis for the detection is
the ionization of gaseous species utilizing a flame as the energizing source.

Photo lonization Detector (PID) - A portable instrument for the measurement of many combustible organic
compounds and a few inorganic compounds in air at parts-per million levels. The basis for the detection is
the ionization of gaseous species utilizing ultraviolet radiation as the energizing source.

4.0 RESPONSIBILITIES

Project Manager - The Project Manager is responsible for selecting and/or reviewing the appropriate DPT
drilling procedure required to support the project objectives.
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Field Operations Leader (FOL)- The FOL is primarily responsible for performing the DPT in accordance
with the project-specific plan.

5.0 SOIL SAMPLING PROCEDURES
5.1 General

The common methodology for the investigation of the vadose zone is soil boring drilling and soil sampling.
However, drilling soil borings can be very expensive. Generally the advantage of DPT for subsurface soil
sampling is the reduced cost of disposal of drilling cuttings and shorter sampling times.

5.2 Sampling Equipment,

Equipment needed for conducting DPT drilling for subsurface soil sampling includes, but is not limited to,
the following:

Geoprobe® Sampling Kit

Cut-resistant gloves

4-foot x 1.5-inch diameter macrocore sampler

Probe sampling adapters

Roto-hammer with 1.5-inch bit

Disposable acetate liners for soil macrocore sampler

Cast aluminum or steel drive points

Geoprobe® AT-660 Series Large Bore Soil Sampler, or equivalent
Standard decontamination equipment and solutions

For health and safety equipment and procedures, follow the direction provided in the Safe Work Permit in
Attachment 1, or the more detailed directions provided in the project's Health and Safety Plan.

53 bpP ling Met |

Thefearesewefalmeﬂ'odsformecollecbonoléoﬂsamplesusingDPTdtilling The most common
method is discussed in the following section. Variations of the foliowing method may be conducted upon
approval of the Project Manager in accordance with the project-specific plan.

e Macrocore sampiers fitted with detachable aluminum or steel drive points are driven into the ground
using hydraulic pressure. If there is concrete or pavement over a sampling location, a Roto-hammer
Is used to drill 8 minimum 1.5-inch diameter hole through the surface material. A Roto-hammer may
also be used if very dense soils are encountered.

+ The sampler is advanced continuously in 4-foot intervals or less if desired. No soil cuttings are
generated because the soil which is not collected in the sampler is displaced within the formation.

¢ The sampler is retracted from the hole, and the 4-foot continuous sample is removed from the outer
coring tube. The sampie is contained within an inner acetate liner.

¢ Attach the metal trough from the Geoprobe® Sampling Kit firmly to the tail gate of a vehicle. f a
vehicle with a tail gate is not available, secure the trough on another suitable surface.

e Place the acetate liner containing the soils in the trough.
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« While wearing cut-resistant gloves (constructed of leather or other suitable material), but the acetate
liner through its entire length using the double-bladed knife that accompanies the Geoprobe ®
Sampling Kit. Then remove the strip of acetate from the trough to gain access to the collected soils.
Do not attempt to cut the acetate liner while hoiding it in your hand.

« Field screen the sampie with an FID or PID, and observe/examine the sample (according to SOP GH-
1.3). If appropriate, transfer the sample to sample bottles for laboratory analysis. If additional volume
is required, push an additional boring adjacent to the first and composite/mix the same interval. Field
compositing is usually not acceptable for sample requiring volatile organics analysis.

« Once sampling has been completed, the hole is backfilled with bentonite chips or bentonite cement
grout, depending upon project requirements. Asphalt or concrete patch is used to cap holes through
paved or concrete areas. All holes should be finished smooth to existing grade.

¢ Inthe event the direct push van/truck cannot be driven to a remote location or a sampling location with
difficult accessibility, sampling probes may be advanced and sampled manually or with battery/electric
operated equipment {e.g.. jack hammer).

o Sampling equipment is decontaminated prior to collecting the next sample.

6.0 GROUNDWATER SAMPLING PROCEDURES
6.1 General

The most common methodology for the investigation of groundwater is the installation and sampling of
permanent monitoring wells. If only groundwater screening is required, the ipstgllation _and spmpling pf
temporary well points may be performed. The advantage of temporary well point installation using DPT is
reduced cost due to no or minimal disposal of drilling cuttings and well construction materials, and shorter
installationtimes sampting.

Two disadvantages of DPT drilling for well point installation are:

o In aquifers with low yields, well points may have to be sampled without purging or development.
if volume requirements are high, this method can be time consuming for low yield aquifers.

6.2 Sampling Equipment

Equipment needed for temporary well installation and sampling using DPT includes, but is not limited, to
the following:

2-foot x 1-inch diameter mill-slotted (0.005 to 0.02-inch) weil point
Connecting rods

Roto-hammer with 1.5-inch bit

Mechanical jack

1/4-inch OD polyethylene tubing

3/8-inch OD polyethylene tubing

Peristaltic pump

Standard decontamination equipment and solutions
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6.3 DPT Temporary Well Point Installation and Sampling Methodology

There are several methods for the installation and sampling of temporary well poirits using DPT. The
most common methodology is discussed below. Variations of the following method may be conducted
upon approval of the Project Manager in accordance with the project specific plan.

70

A 2-foot x 1-inch diameter mill-siotted (0.005 to 0.02-inch) well point attached to connecting rods is
driven into the ground to the desired depth using a rotary electric hammer or other direct push drill rig.
If there is concrete or pavement over a sampling location, a Roto-hammer or electric coring machine
is used to drill a hole through the surface material.

The well point will be allowed to equilibrate for at ieast 15 minutes, after which a measurement of the
static water level will be taken. The initial measurement of the water leve! will be used to assess the
amount of water which is present in the well point and to determine the amount of silt and sand
infiltration that may have occurred.

The well point will be developed using a peristaltic pump and polyethylene tubing to remove silt and
sand which may have entered the well point. The well point is developed by inserting polyethylene
tubing to the bottom of the well point and lifting and lowering the tubing slightly while the pump is
operating. The pump will be operated at a maximum rate of approximately 2 liters per minute. After
removal of sediment from the bottom of the well point, the well point will be vigorously pumped at
maximum capacity untit discharge water is visibly clear and no further sediments are being generated.
Measurements of pH, specific conductance, temperature, and turbidity shall be recorded every 5
minutes during the purging process. After two consistent readings of pH, specific conductance,
temperature and turbidity (110 percent), the well may be sampled.

A sample will be collected using the peristaltic pump set at the same or reduced speed as during well
development. Samples (with the exception of the samples to be analyzed for volatile organic
compounds, VOCs) will be collected directly from the pump discharge. Sample containers for VOCs
will be filled by (first shutting off the pump) crimping the discharge end of the sample tubing when
filled, removing the inlet end of the sample tubing from the well, suspending the iniet tubing above the
vial, and allowing water to fill each vial by gravity flow.

Once the groundwater sample has been collected, the connecting rods and well point will be removed
from the hole with the direct push rig hydraulics. The hole will be backfilied with bentonite chips or
bentonite cement grout, depending upon project requirements. Asphalt or concrete patch will be used
to cap holes through paved or concrete areas. All holes will be finished smooth to existing grade.

In the event the direct push vanftruck cannot be driven to a remote location or sampling location with
difficut accessibility, sampling probes may be advanced and sampled manually or with
batterylelectric-operated equipment (e.g., jack hammer).

Decontaminate the equipment before moving to the next location.

RECORDS

A record of all field procedures, tests, and observations must be recorded in the field logbook, boring logs,
and sample log sheets, as needed. Entries should include all pertinent data regarding the investigation.
The use of sketches and field landmarks will help to supplement the investigation and evaluation.
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ATTACHMENT 1

SAFE WORK PERMIT FOR DPT OPERATIONS

Permit No. Date: : Time: From to

SECTION I: General Job Scope

1. Work limited to the following (description, area, equipment used): Monitoring well drilling and installation
through direct push technology

. Required Monitoring Instruments:
Iil.  Field Crew:

IV.  On-site Inspection conducted [J Yes [J No Iinitials of Inspector

TINUS
SECTION il: General Safety Requirements (To be filled in by permit issuer)
V.  Protective equipment required Respiratory equipment required
Level D Level B[] Fuli face APR Escape Pack [J
LevelC O tevelA[] Half face APR ] scea ([
Detailed on Reverse SKA-PAC SAR ] Bottle Trailer [
Skid Rig 0O None [X
Level D Minimum Requirements: Sleeved shirt and long pants, safety footwear, and work gloves. fet e
hard hats, and hearing protection will be worn when working near or sampling in the vicinity of the DPT rig.
Modifications/Exceptions.
VI. Chemicals of Concern Action Level(s) Response Measures

VII. Additional Safety Equipment/Procedures

Hard-hat ....ccoeeuernereasensvnnnes & Yes OO No Hearing Protection (Plugs/Muffs) B Yes [ No
Safety Glasses & Yes [ No Safety beltthamess O Yes R No
Chemical/splash goggles.... [ Yes X No Radio 0 Yes R No
Splash Shield............ccvcuiee [0 yes i No Barricades B ves [No
Splash suits/coveralls .......... O Yes OJNo Gloves (Type - YO Yes O No
Steel toe Work shoes or boots [XIves [J No Work/warming regimen O ves ONo
Modifications/Exceptions: Reflective vests for high traffic areas,
Vill. Procedure review with permit acceptors Yes NA NA
Safety shower/eyewash (Location & Use)...........J g 0O
; 11
IX. Site Prepamlon

Utility Clearances obtained for areas of subsurface investigation Ol yes O No
hazards removed or blockaded (J ves [ No
Site control boundaries demarcated/signage [dYes [INo

X. Equipment Preparation Yes NA
Equipment drained/depressurized P
Equipment purged/cleaned ]
Isolation checklist completed 0] X
Electrical lockout requiredffield switch tested x

Blmdslmisaﬁgnmentslblocks & bleeds in place [

XiAddiional Permits required (Hot work, confined space enb). cﬁ\'re's:ti No
”mmuMmqmdammﬁleammesMOMce

Xi. Spedal instructions, precautions:

Permit Issued by: Permit Accepted by:
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