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1.0 INTRODUCTION

1.1 PURPOSE

This Work Plan for supplemental sémp’ling at Site 6A — Fuel Calibration Area at the Naval Weapons
Industrial Reéerve Plant (NWIRP) in Calverton, New York was prepared by Tetra Tech NUS, Inc. (TINUS)
under the comprehensive Long-Term Environmental Action Nay (CLEAN) Contract N63472-03-D-0057,
Contract Task Order (CTO) 004. '

This work is part of the‘Uni’tédStaﬂtes Department of the Navy’s (Navy) Installation Restoration (IR)
Program, which is designed to identify contamination of Navy and Marine Corps lands and facilities
resulting from past operatiohs and to institute remedial actions as necessary and consists of four distinct

. stages. Stage 1 is the Preliminary Assessment (PA), which was formerly known as the Initial Assessment
Study (IAS). Stage 2 ié a Resource :Conservation and Recovery Act (RCRA) Facility Assessment-
Sampling Visit (RFA), also referred to as a Site Investigation .(SI)', that augments information collected in
the PA. Stage 3 is the RCRA Fagility lnvesﬁgation (RFI) and Corrective Measures Study (CMS), also
referred to as a Remedial Investigation (Rl) and Feasibility Study (FS) or Focused Feasibility Study. (FFS)
that characterizes the contamination at a facility and deveiops b‘ptions for remediation of the site. Stage 4 -
is the Corrective Action, also referred o as the Bemedial Action, which results in the control or é!eanup df
contamination at sites. This réport has been prepared under Stage 3. ’ '

This work is also being conducted in accordance with the requirementé of the New York State

Department of Environmental Conservation .(>NYSDEC) Division of Solid & Hazardous Materials Part 373

Permit issued to the Navy on April 18, 2000 under the NYSDEC imple}‘nenting regulations [6 _New York

: Codes, Rules, and Regulations (NYCRRY) Part 621]. This permit supersedes and_replaces the original
Part 373 Permit to Operate a _Ha'zardoUs Waste Storage Facility issued to what was then Grumman

Aerospace Corporation on March 25, 1992. The new permit, issued only to the Department of the Navy,
deals exclusively With‘ those Solid Waste Management Units (SWMUs) that remain on the former NWIRP
Calverton property and any Corrective Actions that may be required to adequately address each IR site.
Although the Part 373 Permit is the enforceable document governing the Navy‘s remedial actions, the
NYSDEC State Superfund Group,vlocated in the Albany dffice, retains primary responsibility for regulatpry ‘
oversight of the Navy’s actions.. The Navy has agreed to a request made by' the NYSDEC State -
Superfund Group to utilize terminology associated with the NYSDEC State Supeﬁund program, which is
closely related to the Federai Comprehensive Environmental Response, Compensation, and Liability Act
(CERCLA) Program. Thé CERCLA terminology parallels the RCRA terminology, and the implementation
phases of each have beenldeterm’nined to meet the substantive requirements of both programs and will
also satisfy the Cotrective Action requirements set forth in Module 1li of the Part 373 permit.

1-1 ' ' . CcTO004
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Site 6A is listed as Classification 2 in the NYSDEC Registry of Inactive Waste Disposal Sites.

The purpose of this work plan is to describe field sampling and analysis activities to better define the
extent of petroleum- and polychlorinated biphenyl (PCB)-contaminated soil at Site 6A. ' '

1.2 INVESTIGATION OBJECTIVE

There are two objectives of this investigation:

1. Determine the horizontal and vertical extent of petroleum contaminated soil in the area north of
the concrete pad (former transformer location) and well 4/CG in the concrete pavement using
visual inspection and photo ionization detector (PID) measurements.

2. - Verify the presence of PCB contaminated soil in the area of the concrete pad (former transformer
location) and well 4/CG using field test kits and laboratory venflcat:on I PCB presence is

. detected, determine the horizontal and vertical extent of PCB contammated soil.

_The'res.u}ts of the investigatien will be reported within a FS to be prepared following the establishment of
the horizontal and vertical extent of petroleum- and PCB-contaminated soil.

1.3 FACILITY LOCATION AND DESCRIPTION

NWIRP Calverton is located in Suffolk County, Long Island, New York, approximately 70 miles east of ‘
New York City (Figure 1-1). The facility is located within the municipality of Riverhead. The Navy'’s

property totaled approximately 6,000 acres and was form'erly a Government-Owned Contractor operated
(GOCO) facility that was operated by the Northrop Grumman Corporation (NGC) until 1996 “Of the 6,000
acres of the facility, 3,000 acres were entirely within a fenced boundary. The majority of the industrial
ac_trvrty was confined to the south-central portion of the fenced area. Currently, NWIRP Calverton
consists of four parcels of land totaling approximately 358 aeres. Eight Navy IR sites are included within
- these parcels as follows (Figure 1-2). -

Parcel A (32 acres)
Site 2 — Fire Training Area

Parcel B1 (40 acres)
Site 6A — Fuel Calibration Area
Site 10B ~ Engine Test House

12 ' . cTOO04
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~ Parcel B2 (131 acres)

Southern Area

Parcel C (10 acres)
Site 7 — Fuel Depot
Srte 10A ~ Jet Fuel Systems Laboratory

Parcel D (145 acres)
Site 1 — Northeast Pond Disposal Area
Site 9 — ECM Area

NWIRP Calverton has been owned by the United States Department of the Navy since the early 1950s, at
which time the land was purchased from a number of private owners. The facility was expanded ih 1958
'through additional purchases of priyately owned land. Northrop Grumman Corporation (previously
Grumman AéroSpace Corporation) leased the land and was the so!;: operator of the facility from ifs
cOnstrur:tion until February 1996. In 1996, the land was returned to the Navy. |

" In September 1998, the majority of the land within the developed section of the facility was transferred fo
the Town of Riverhead for redevelopment. Because of the need for additional environmental
investigation and the 'potentiai need for remediation, the Navy retained four parcels of land within the
deve'iloped section (Figure 1-2).
3

In September 1999, 2,935 acres of undeveloped land outside the fenced areas were transferred to
NYSDEC who will continue to manage the property for resource conservation and recreational uses. An
additional 140 acres of the northwest buffer zone were transferred to the Department of Veterans Affairs
and will be used for expansron of the Calverton National Cemetery.

- ‘NWIRP Calverton was constructed in the early 1950s for use in the development, assembly, testing,
refitting, and retrofitting of naval combat aircraft. The facility supported aircraft design and production at
the Northrop Grumman's Bethpage facility, which is located in Nassau County, New York.

The majority of industrial activity at the faci!ity' was confrn_ed to the developed area in the central and
south central portion of the facility between the two runways. - Industrial activities at the facility were
related to the manufacturing and assembiy of aircraft and aircraft components. Operations that resulted
in hazardous waste generation included but were not limited to metal finishing processes such as metal
cleahing and electroplating, other maintenance operations,” temporary storage of hazardous waste,

1-3 i CTO 004
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fueling operations, and various training operations. The painting of aircraft and components resulted in
additional waste generation.

1.4 SITE LOCATION AND DESCRlPTION

Site 6A and related facilities were used in the testing of aircraft fuel and enginé systems. Aircraft fuel
delivery systems were pressurized with fuel in the calibration area to test for leaks. The testing may have
resulted in frequent, small fuel spills to the area's pavemeni {Navy, 1986). Minor maintenance and
repairs to the fuel and engine systems were also conducted at the site. Solvents were used during the
maintenance and repair activities and were likely spilled during'their' use.

Site 6A consist of new and old fuel calibration pads (see Figure 1-3). The old fuel calibration péd was
located in what is now an open, grass-covered field. The new fuel calibration pad is located to the north>
and east of the old fuel calibration pad on a concrete apron. The concrete apron between the two fuel
v_caﬁbration pads was also. used for the same activity. A shed, piping, and fuel filtering devices were
located in the area ih the 1980s (USGS, 1967; Navy, 1986). The equipment has since been removed.

An open field, approximately 10 acres in area, is located immediately south of the old and new calibration
pads. The old fuel calibration pad was located at the northwestern corner of the field, in -anb area now

partially covered by a wastewater treatment facility. No physical evidence exists of the former calibration
area. An area east of the wastewater treatment plant and south of the fuel pad is the former site of a
septic leach field (USGS, 1967; Navy, 1986). |

The surface topography at Site 6A slopes very gently to the south and east. Drainage swales are located
parallel to the southern and eastern edges of the pad. -The two swales meet to the east of the southern
corner of the pad and enter a southward-trending buried culvert. The culvert &isch’arges to another drainage .
ditch approximately 625 feet south of the pad. This ditch continues to a shallow pond located approximately
1,500 feet south-southeast of the pad (USGS, 1967). '

Aircraft hangers'énd painting shops were. located east of the pad.y Several small drainage collection
ponds are located to the north, east, and south of Site 6A, all within 1,500 feet (USGS, 1967; Navy,
1986).

Three ancillary structures to Site 6A are located to the southeast of the site. These inciude the doyered
engine runup area, the hush house, and the Engine Test House'(Sité 10B). The engine runup area was
used to test jet engines and fuel systems for leaks while operating the engines at e!evéted speeds. An
excavated area several acres in size is located east of the engine runup area blast fence; its use is
“unknown. The hush house is a épecially constructed building that allows’ aircraft engines to be operated

1-4 ‘ CTO 004
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at high speeds whi!e“ containing the associated noise. Site 10B was outfitted to operate jet engines -
before installation in aircraft. ' '

The primary environmental concern at Site GA involves the spillage of aircraft fuels. According to the IAS
{Navy, 1986), as many as 230 gallons of fuel were reportedly spilled in this area. The majority of the
spillage probably occurred in the areas surrounding the new fuel calibration pad.

The grass field located immediately west of Site 6A is the former location of a septic system leach field.
The system was active before the construction of the facility's sanitary sewage treatment plant in 1970.
The leach field is believed to have received primarily sanitary wastes; however, it is not known whether _
industrial process wastes entered the leach field (Navy, 1986). Testing conducted in this area found no
evidence of significant environmental contamination (HNUS, 1995).

Eighteen monitoring wells were installed south and southeast of the fuel calibration pad by Marine
Pollution Control (MPC) between March 1984 and November 1987. A product recovery unit including a
pumping wefl, an oil recovery well, and an oil/water separator tank was. installed in 1987. The tank is
connected to a pipe .that follows the drainage ditch paralieling the southern edge of the new calibration
pad. The ditch enters a buried culvert southeast of the pad and eventually discharges to a small pond
1,500 teet south of the calibration pad. The recovery system pipe ends in the underground culvert. Red
'iron,.sfaining was observed during the site investigation in the ditch adjacent to the oil/water tank
separation outfall and at the end of the culvert. The staining in thé diich near the oil/water separator
reportedly resulted from a break in the piping early in 1990 (CF Braun, 1998). This system ‘was shut
-down in December 1993 after approximately 1 ,200 galions of petroleum product had been removed from -
the site. Passive free product reéo‘very from individual wells via hand bailing continued after 1993, and an
addmonal 700 galions of petroleum product (total of 1-900 gallons) was recovered as of February 1996
Removal of free product since that time has been minimal (ie., less than 1 galion).

1.5 WORK PLAN FORMAT -

Section 1.0 of the Sampling and Analysis Plan is this brief introduction. Section 2.0 describes the field -
‘tasks and. methodologies in detail. Lastly, Appendix A contains the appropriate Standard Operating
Procedures (SOPs) needed to perform the identified work, and Appendix B contains the requ:red fleld
forms '

1.6 SCHEDULE

Field activities for the Sampling and Analysis Plan are’scheduled to begin January 2005 and are

anticipated to continue for approximately 3 days.

1-5 . cToo004
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2.0 FIELD TASKS

21  SAMPLE AREA

lniﬁally, sampling will take place in two areas at Site 6A. The first area is north of the concrete pad
(former transformer) ‘and well 4C/G in the concrete pavement. Thé second location is around the
concrete pad (former transformer) and well 4C/G. The field tasks for each of the sample areas are
presented in Sections 2.2 and 2.3. The detailed field procedures are presented in Section 2.4 and the
~ SOPs are provided in Appendix A. " o

Table 2-1 provides a summary of the. field tasks with rational. Table 2-2 provides a summary of soil

" boring identification 'vnumber, sample identificatioh, sample depths, and analyses including quality
assurdance (QA) and quality control (QC) samples. Lastly, Table 2-3-summarizes the analytical methods
for each analysis, bottle ware, presérvatioh requirements,_holding times, and number of sampleé. Figure
2-1 preSents the investigation area and proposed sample locations. '

22  SOIL SAMPLING AT THE CONCRETE PAD AND WELL 4C/G

The objective of the soil sampling at the concrete pad (former transformer) and well 4C/G is to verify the
" presence of PCB-contaminated soil in the area, and if verified, determine the horizontal and vertical
extent of PCB—cont‘aminated soil. Continuous soil samples will be taken using direct push technology
(DPT). Initially, nine soil borings will be installed in this area to a depth of 8 feet below ground surface
- (bgs) (FC-SB-101 to FC-SB-1 09). Based on visual classification of the soils at 8 feet, the borings may be
extended to 12 feet. Field test kits will be used to analyze the samples for the presence of PCBs.
Analytical laboratory samples will be collected to confirm the results of the field test kits. Four surface soil
- samples will be collected to characterize PCB contamination in the surface soil: Additional borings will be '
installed outside the area of the initial nine borings, if needed, to determine the horizontal and vertical limit
of PCB-contaminated soil. Analytical laboratory samples will be anélyzed for PCBs only. Table 2-2
summarizes the proposed borings in this area. The proposed borings locations are identified on Figure 2-
1.

23 - SOIL SAMPLING NORTH OF CONCRETE PAD AND WELL 4C/G

The objective of the soil sampling north of the concrete pad (former transformer) and well 4G/G is to
determine the horizontal and vertical extent of petroleum-contaminated soil in the area. Conﬁnuous soil
samples will be taken using DPT. Initially, two soil borings will be installed in this area to a depfh of 8 feet
bgs (FG-SB-110 to FC-SB-111). Based on \)isual classification of the soils at 8 feet, the borings.may be
extended to 12 feet. Additional borings may be installed in the area to determine the limit of petroleum
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contamination horizontally and vertically if visual inspection and PID readings from the first two borings
indicate petroleum-contaminated soil. Visual inSpect?on and PID readings are the only sampling means
that will be-used to identify petroleum-contaminated soil. No analytical laboratory samples are anticipated
to be collected in this area. The proposed borings locations are identified on Figure 2-1.

The data will be usedto determine the northern bound of the estimated petroleum-contaminated soil.
The data will be presented in a FS to be prepared for the site.

24 FIELD PROCEDURES

All field procedures shall be conducted in accordance with the site Health and Safety Plan and the site
. Quality Assurance Project Plan (QAPP) (both documents are provided under separate cover). .

~ The filed activities will include the following tasks:

« Mobilization

"« Soil boring, sampling, ahd decontaminatiori
e Soil Sample DeSignaﬁon, Handling, Analysis, and Field Documentation
e Investigation Derived Wastes Handling |

- Quality Assurance/Quality Control -
Thé following sections describe these activities.

2.4.1  Mobilization

TtNUS will prepare specifications and obtain a subcontractor for the drilling and analytical work

‘associated with this Work Plan. All field team members will review this work plan and the_ Site Health and
 Safety Plan (provided under separate cover) prior to initiation the of soil sampling event. Lastly, a field
team orientation meeting will be held to familiarize personnel with the scope of the field activities.

2.4.2 Soil Boring, Sampling, aﬁd Décontamination

The required soil samples will be collected using direct push methods. Direct push drilling will be
'performed in accordance with the methods identified in TINUS SOP GH-1.3 “Soil and Rock Drilling
Methods” and TINUS SOP SA-2.5 “Direct Push Technology” provided in Appendix A. Soit samples will be
collected in accordance with the selected drilling -téchnique. TINUS sampling SOP SA-1.3 “Soil
Sampling” is provided in Appendix A. Downhole sampling equipment such as rods and macro cores shall
be decontaminated between each drilling location. Decontamination Wilf be perforrhed in accordance with

22 o CTO 004
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the procedures presented in TINUS SOP SA-7.1 “Decontamination of Field Equipmént” provided in
Appendix A.

243  Soil Sample Designation, Handling, Analysis, and Field Documentation

Soil' Sample Designation

Table 2-2 presents the anticipated samples to be collected during this soil sampling event. The sampling
nomenclature assumes that mu!tiple'samples will be collected from the same boring at varying depths
and some of these samples will be shipped to ‘an analytical laboratory for analysis. The sample
designations identified in. Table 2-2 assumes that samples will be collected using continuous core
sampling. ‘ ‘ ’ ' '

Each sample designaﬁon identifies the site from which the sample was collected, the soil boring from
which the sample was collected, and the depth from which the sample Was collected. As an example,
sample. identificat'ion. number FC-SB-101-0408 indicates that the soil sample was collected from Fue!‘
Calibration (FC), from soil boring 101 (SB-101), and was collected ffom a depth of 4 to 8 feet (0408).

Soil Sample handling

Handling soil samples includes the field-related consideration of the selection of sample containers,
~ preservatives, allowable holding times, sample shipping and sample custody. Sample identification,
packaging, shlppmg, and sample custody requirements are outllned in TINUS SOP SA-6.1 “Non-
- Radiological Sample Handlmg” provided in Appendix A and within the approved QAPP. Summaries of
sample containers, volume requ;rements preservatlves allowable holding times, and analysis requested
are provided in Tabie 2-3. '

Sample Analysis

The propoéed sample analyses. are based on the past contaminant 'detections and anticipated future land
use at each area. Samples submitted to the laboratory for analysis will be analyzed for the compbunds
identified on Table 2-2. In addition to the SOiI'sampleé collected, field duplicate samples will also be
analyzed for these parameters for quality control purposes. Each analytical samble will be analyzed with.
a 7-day tumn-around time, however, the results will not be considéred final until the data has been -
validated.

2-3 : . ' - - CTO 004
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Field Documentation

Sample documentation cohsists of the completion of chain-of-custody reports and matrix-specific log
sheets. The log sheets will be used as confirmation of the presence of petroléum-contaminated soil
based on visual classification and PID readings and PCB-contamina’ced'soil. In addition, the Master Site
Logbook, filled out in accordance with SOP SA-6.3 “Field Documentation,” provided in Appendix A,
serves as the overall record of field activities. Information included daily in the Master Site Logbook
includes weather conditions, identity and arrival and depérture times of 'personnel, managerhent issues,

etc. Anticipated field forms for this sampling event are provided in Appendix B.

244 Investigation Derived Wastes Handling

Personal Protective Equipment (PPE) and other miscellaneous trash visibly free of soil will be bagged
and removed from the site by TINUS for disposal as general refuse. Excess soil _cuttings aﬁd
decontamination fluids will be drummed. Drums ‘will be- staged for characterization and off-site disposal.
The staging are will be determined by the Navy. No other investigation derived waste (IDW) will be
generated during the course of the work. "

245 Quaiity_ Assurance/Quality Control

Quality assurance/quality control includes assurances of correct field equipment calibration and adequate’

“collection of QA/QC samples.

All field equipment (PID) will be calibrated according to the manufacturer recommendatiohs'and at a
frequency recommended by the manufac'turer.‘

'QA/QC samples will be collected at the rate indicated in Table 2-2 and the QAPP estéblish_ed for field

work at Calverton. Rinse or Eq‘uvipment Blanks will be collected once every other day.

2-4 ' CTO 004



TABL::’2-_1

~ FIELD TASKS SUMMARY
- SOIL INVESTIGATION
SITE 6A ~ FUEL CALIBRATION AREA
NWIRP CALVERTON, NEW YORK

LOCATION

ACTIVITY

SAMPLE ANALYSES

RATIONAL

Soil Sampling at- the
Concrete Pad and
Well 4C/G

" Initially install 9 soil borings to 8 feet -bgs.

If contamination is evident at 8 feet bgs,
extend boring to 12 feet bgs.

Use field test kits to verify the presence of
PCBs. ,

Install additional borings as needed o
determine the horizontal and vettical
extent of PCB-contaminated soil.

Send various samples to the analytical
lab to confirm field test kit results.

Field Test Kit
e PCB

Analytical Lab Samples

1e PCB

Detections of PCB were discovered in
floating oil at well 4C/G.

Conduct testing to determine presence
of PCBs in soil and horizontal and
vertical extent,

Soil Sampling North of
the Concrete Pad and
Well 4C/G

~ “Initially install 2 soil borings to 8 feet bgs.

If contamination is evident at 8 feet bgs,
extend boring to 12 feet bgs. ' ,
Use visual classification and PID readings
to determine presence of petroleum-
contaminated soil.

Install additional borings as needed to
determine the horizontal and vertical

" extent of petroleum-contaminated soil.

Use visual classification |

and PID readings

The aerial extent of petroleum-
contaminated groundwater-is not
known. ' '
Visually ¢lassifying soil and using PID
readings to determine the location of
the petroleum sheen near groundwater,




TABLE 2-2

SAMPLE IDENTIFICATION AND ANALYSIS SUMMARY
~SOIL INVESTIGATION
SITE 6A - FUEL CALIBRATION AREA
MWIRP CALVERTON, NEW YORK

BORING 'SAMPLE PCB Field A"ig’:';g'B"ab Visual | PID
NUMBER IDENTIFICATION | Test Kit .. | Classification] Reading
: Testing .
, _ Concrete Pad and Well 4C/ ,

FC-SB-101 | FC-SB-101-XXXX X RE X . X
. _88- - [§)] -
Fo.8B-102 FC-5S-102-01 X - X X
, FC-SB-102-XXXX X X X
FC-SB-103 | FC-SB-103-XXXX X o X X

QG- - (1)
FC-SB-104 FC-SS-104-01 X - X X
’ | FC-SB-104-XXXX X X X
FC-SB-105 | FC-SB-105-XXXX. X M X X
~ QQ. _ 1) .
FC-SB-106 FC-$S-106-01 X - X X
. 1 FC-SB-1068-XXXX X X X
FC-SB-107 | FC-SB-107-XXXX_ X m X X
— e ceAnn01 ) ‘
FC.SB-108 FC-SS-108-01 X_ - X X
FC-SB-108-XXXX X N X X
FC-SB-109 | FC-SB-109-XXXX X Q) X X
FC-SB-XXX | FC-SB-XXX-XXXX X M X X
| North of Concrete Pad and Well 4C/G
FC-SB-110 | FC-SB-110-XXXX [ -~ _ - X X
FC-SB-111 | FC-SB-111-XXXX - - X X
FC-SB-XXX | FC-SB-XXX-XXXX - - - X X
: S - : QA/QC Samples
Duplicate | DUP-011006-01® | X | " | X HES

-—

Analysis not performed

Analytical laboratory samples will be coliected as needed to confirm field
test kit results. S ;
Duplicate samples are labled using DUP to indicate duplicate, the date to

indicate the day on which the duplicate was collected (e.g. 011006.
represents January 10, 2006), and a number to represent the sequental -

number collected that day (e.g. 01 indicates the first duplicate sample
collected on the indicated date. '




TABLE 23

SUMMARY OF ANALYTICAL PROGRAM
" SOIL INVESTIGATION
SITE 6A - FUEL CALIBRATION AREA
NWIRP CALVERTON, NEW YORK

' S NUMBER QF| FIELD DUPLICATE TOTAL NUMBER .
ANALYSIS | MATRI O p V ' » @ ' -
v IS TRIX| METHOD |BOTTLEWARE RESERVATION| HOLDING TIME | SAMPLES |BLANKS @| sAMPLES ® MS/MSDs | oF samPLES ©
FIELD TEST KITS o
PCBs | SOIL |Sw-8464020| O 0Z0learwide NA - NA 40 NA NA NA 40
- mouth jar . :
FIXED-BASED LABORATORY ANALYSIS
' ) 8 oz clear wide o Extraction: 14 days | '
ECBs SOIL | SW-845 8082 mouth jar Coolto 4C “Analysis: 40 days 20 1 2 1 23
NA  Not applicable
1 Bottleware requirments may differ in mumber and size, depending on the requirements of the coﬁtracted laboratory or field test kit procedure.
2 Field blanks are quality assurance (QA) samples collected at a rate of one field blank per week of sampling.
3 Duplicate samples are single samples split into equal portions during the single act of sampling. Duplicate samples will be collected at a rate of 1 duplicate for every 10
4  MS/MSDs (matrix spike/matrix spike duplicate) samples are QA/Quality Control (QC) checks These samples require 3 times the normal sample volume and are performed by
the analytical laboratory at a rate of one for every 20 environmental samples :
5 Total number of samples excludes MS/MSD samples. :
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TiNUS STANDARD OPERATING PROCEDURES

TiNUS SOP GH-1.3 ~ Soil and Rock Drilling Methods
TNUS SOP SA-2.5 — Direct Push Technology
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1.0  PURPOSE

The purpose of this procedure is to describe»the -methods and eguipment necéssary to perform soil and
rock borings and .identify the equipment, sequence of events, and appropriate- methods necessary to

i i rt. A ey e ~ 1 1 e f lnl 1
obtain sail, both surface and subsuiface, and rock samples during field sampling activities.

20 . .SCOPE

‘This guideline addresses most of the accepted and standard drilling techniques, their benefits, and
drawbacks. It should be used generally to determine what type of drilling techniques would be most
successful depending on site-specific geologic conditions and the type of sampling required.

Thé Sampﬁng methods described within this proceduré are . applicable to collecting surface and
subsurface soil samples, and obtaining rock core samples for lithologic and hydrogeologic evaluation,
excavationffoundation design, remedial alternative design and related civil engineering purposes.

30 GLOSSARY

Rock Conng - A'method in which a contmuous solid cyllndncal sample of rock or compact rock-like soil is
obtained by the use of a double tube core barrel that is equipped with an appropnate dtamond-studded
drill bit which is advanced with a hydraulic rotary drilling machine.

W|re~Lme Conng -Asan altematlve to conventional coring, this technique is valuable in deep hole drilling,
since this method eliminates trips in and out of the hole with the coring equipment. With this technique,
the core barrel becomes an integral part of the drill rod strmg The drill rod serves as both a coring device
and casing.

AN RECDNNQIRY
b 25 04 Emt? i N T

Project Manager - In consultation with the project geoclogist, the Project Manager is responsible for
evaluating the drilling requirements for the site .and specifying drilling techniques that will be successful
given the study objectives and the known or suspected geologic conditions at the site. - The Project
Manager also determines the disposal methods for products generated by drilling, such as drill cuttings
and well development water, as well as any specialized supphes or logistical. support required for the
drilling operahons

Field Operations Leader (FOL) - The FOL is responsible for the overall supervision and ‘scheduling of
drilling activities, and is strongly supported by the project geologist.

" Project Geologist - The pro;ect geolog:st is responsnbie for ensuring that standard and approved drilling
procedures are followed. The geologist will generate a detailed boring log for each test hole. This log

shall include a description of materials, samples, method of sampling, blow counts, and other pertinent

drilling and testing information that may be obtained during drilling (see SOPs SA-6.3 and GH-1.5). Often

this position for inspecting the drilling operations may be filled by other geotechnical personnel, such as

soils and foundation engineers, civil engineers, efc.

Determination of the exact location for borings is the responsibility of the site geobgist; The final location
for drilling must-be properly documented on the boring log. The general area in which the borings are to-
be located will be shown on a site map included in the Work Plan and/or Sampling and Analysis Plan.

019611/P
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Drilling Subcontractor - Operates under the supervision of the FOL.. Responsible for obtaining all drilling
permits and clearances, and supplying all services (including labor), equipment and material required to

- perform the drilling, festing, and well installation program, as well as maintenance and quality control of
suchrequired equipment except as stated in signed and approved subcontracts.

The driller must report -any major iechnical or analytical problems encountered in the field to the FOL
within 24 hours of determination, -and must provide advance writlen nofification of any changes in field
procedures, describing and justifying such changes. No such changes shall be made unless requested

and authorized in writing by the FOL (with the concurrence of the Project Manager). Depending on the
subcontract the Project Manager may need to obtain wntten authorization from appropriate administrative.

personnel before approving any changes.

The drilling subcontractor_ is responsible for following decontamination procedures specified in the project
plan documents. Upon completion of the work, the driller is responsible for demobilizing all equipment,
cleaning. up any materials deposited on site durmg drilling operations, and properly backfilling any open
bormgs .

50  PROCEDURES
54 General

The purpose of drilling boreholes is:

« To determine the type, thlckness and certain physical and chemsca\ propemes of the soil, water and

rock strata which underlie the site.
s To install monitoring welis or p;ezometers

All drilling and sampling equipment will be cleaned between samples and bonngs using appropnate
decontamination procedures as outlined in SOP SA-7.1. Unless otherwise specified, it is generally
radvisable to drill borings at "clean” locations first, and at the most contaminated locations last, to reduce
the risk of spreading contamination between locations. All borings must be logged by the site geologist as
they proceed (see SOPs SA-6.3 and GH-1.5). Situations where logging would-not be required would
include installation of multiple well points within a small area, or a "second attempt” boring adjacent to a
boring that could. not be continuéd through resistant material. In the latter case, the boring log can be
resumed 5 feet above the depth at which the initial boring was abandoned, although the site geclogist
should still confirm that the stratigraphy at the redrilled location conforms essentially with that encountered
at the original location. If significant differences are seen, each hole should be logged separately.

52 . Drilling Methods

The selected drilling methods described below apply to drilling in subsurface materials, including, but not

limited to, sand, gravel, clay, silt, cobbles, boulders, rock and man-made fill. Drilling methods should be

selected after studying the site geology and terrain, the waste conditions at the site, and reviewing the

purpose of drilling and the overall subsurface investigation program proposed for the site. The full range
- of different drilling methods applicable to the proposed program should be identified with final selection

based on relative cost, availability, time constraints, and how well each method meets the samphng and
: testsng requurements of the individual dnmng program,

019611/P
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5.21 Continuous-Flight Holiow:Stem Auger Drilling

This method of drilling consists of retatmg auéers with a hollow stem into the ground. Cuttings are
brought to the surface by the rotating action of the auger. This method is relatwely guick and mexpenswe :
Advantages of this type of drilling include:

» - ‘Samples can be obtained without pulling the augers out of the hole. However, this is a poor. method
for obtaining grab samples from thin, discrete formations because of mixing of soils which occurs as
the material is brought to the surface. Sampling of such formations requires the use of split-barrel or
thin-wall tube samplers advanced through the hollow core of the auger -
No drilling fluids are required. :

_Awell can be installed inside the auger stem and backfilled as the augers are wrthdrawn

Disadvantages and hmrtatron,s of this method of drilling melude.
» - Augering can only be done in unconsolidated materials.

o The inside diameter of hollow stem augers used for well installation should be at least 4 inches
greater than the well casing. Use of such- large-diameter hollow-stem augers is more expensive than
the use of small-diameter augers in boreholes not used for well installation. Furthermore, the density
of unconsolidated materials and depths become more of a limiting factor. More. friction is produced
‘with the larger diameter auger and subsequently -greater torque is needed to advance the boring.

e The maximum effective depth for dnlhng is 150 feet or less, depending on site. condmons and the size
of augers used. : o

e In augering through clean sahd formations below the water table, the sand will tend to flow into the
* hollow stem when the plug is removed for soil sampling or well installation. If the condition of
"running™ or "flowing" sands is persistent at a site, an alternative method of drilling is recommended
in particular for wells or boreholes deeper than 25 feet.

Hollow-stem auger drilling is the preferred method of drilling. Most alternative methods require the

introduction of water or mud downhole (air rotary is the exception) to maintain the open borehole. With

these other methods, great care must be taken to ensure that the method does not interfere with the

collection of a representative samplé (which may be the prime objective of the borehole construction). -
With this in mind, the preferred order of choice of drilling method after hollow-stem augering (HSA) is:

- Cable tool

- Casing drive (atr)
- Airrotary

- Mud rotary

- Rotosonic ‘
- Drive and wash

- Jetting '

However, the use of any method will also depend on efficiency and cost-effectiveness. In many’cases
~mud rotary is the only feasible alternative to holfow—stem augering. Thus, mud rotary drilling is generally
acceptable as & first substitute for HSA.

>The procedures for sampling soils through holes drilled by hollow—stem auger shall conform with the
applicable ASTM Standards 91587 83 and. D1586—84 The guxdelrnes established in SOP SA-1.3 shall

019611/P : ’ : ' , ' Tetra Tech NUS, Inc.
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also be followed. The hollow-stem auger may be advanced by any power-operated drilling machine
‘having sufficient torque and ram range to rotate and force the auger to the desired depth. The machine
must, however, be equipped with the accessory equ;pment needed to perform required sampling, or rock
coring.

The hollow-stem auger may be used without the plug when boring for geotechnical examination or for well

- installation. However, when drilling below the water table, specially designed plugs which allow passage
of formation water but not-selid material shall be 'used (see Reference 1 of this guideline). This drilling
configuration method also prevents blow back and pluggmg of the auger when the plug is removed for
sampling.

Alternately, it may be necessary to keep the hollow stem full of water, at least to the level of the water
table, to prevent blowback and plugging of the auger. If water is added to the hole, it must be sampled
and analyzed to determine if it is free from contaminants prior to use. in addition, the amount of water.
introduced, the amount recovered upon attainment of depth, and the amount of water extracted during
well development must be carefully logged in order to .ensure that a representative. sample of the
formation water can be obtained. Well development should occur as soon after well completion as-
practicable (see SOP GH-2.8 for well development procedures). If gravelly or hard material is
encountered which prevents advancing the auger to the desired depth, augering should be halted and
either driven casing or hydraulic rotary methods-should be attempted. If the depth to the bedrock/soil

“interface and bedrock lithology must be determined,. then a -5-foot confirmatory core run should be
conducted (see Section 5.2.9). :

At the optnon of the Field Operatlons Leader (in commumcat;on with the Pro;ect Manager}, when resnstant _
matefials prevent the advancement of the- auger, a new boring can be attempted. The original boring
must be properly backfilled and the new boring started a short distance away at a location determined by
the site geologist. If multiple water bearing sirata were encountered, the eriginal boring must be grouted.

In some formations, it may be prudent to also grout borings which' penetrate only the water table aquifer,
since loose soil backfill in the boring may ‘still provide a preferred pathway for surface liquids to reach the
water tabfe Backfilling requirements may also be driven by state or local regulations.

5.22 -  Continuous-Flight Sohd-Stem Auger Drilling

This drilling method is similar to hollow-stem augering. Practical application of this method is severely
restricted compared to use of hollow-stem -augers. Split-barrel (split-spoon) sampling cannot be
performed without pulling the augers out, which may allow the hole to collapse. The continuous-flight
solid-stem auger drilling method is therefore very time consuming and is not cost effective. Also, augers
would have to be withdrawn before installing a monitoring well, which again, may allow the hole {o
collapse. Furthermore, geologic logging by examining the soils brought to the surface |s unrehabie and
depth to water may be difficult to determine while drilling.

' There would be very few situations where use of a solid-stem auger would be preferable to other drilling

" methods. The only practical applications of this method would be to drill boreholes for well installation -
where no htholognc information is desired and the soils are such that the borehole can be expected fo
remain. open after the augers are withdrawn. Alternatively, this technique can be used to find depth to
bedrock in an area when no other information is required from dnllmg

523 Rotary Drilling

Direct rotary drilling includes air-rotary and ﬂuid—rotafy drilling. For air or fluid-rotary driiling, the rotary drill
may be advanced to the desired depth by any power-operated drilling machine having sufficient torque:

019611/P - o . _ ' " Tetra Tech NUS. Inc.
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and ram range to rotate and force the bit to the desired depth. The drilling machine must, however be
equipped with any accessory equipment needed to perform .required samphng, or coring. Prior to-
sampling, any setfled drilt cuttings in the borehole must be removed.

Alr.rnf::ru drilling is a method of drilling \mhnrn the drill rig ctmnlf:tnnnnchl tums and exerts a downward

7 TR T3 O D BIFCGUIS WU arth iy P I e b | BEIMILG T UNT Y 1163 T TAGHIWLS & Uuwversivrcs

pressure on the drilling rods and bit. while circulating compressed air down the inside of the drill rods,
around the bit, and out the annulus of the borehole. Air circulation serves to both cool the bit and remove
the cuttmgs from the borehole Advantages of this method include:

The drilling rate is high (even in rock).
The cost per foot of drilling is relatively low.
Air-rotary rigs are common in most areas.
No drilling fluid is required (except when water is mjected to keep down dust).
. The borehole diameter is large o allow room for proper well installation procedures

Disadvantages to using this metlhod include:

» Formations must be logged from the cuttings that are blown to the. surface and thus the depths of
- materials logged are approximate. :

e Air blown into the formation dunng drilling’ may "bind” the formation and impede well development and
) natural aroundwatpg' ﬂnw .

L ln»situ samplee._cannot be taken, unless the hole is caéed.
. "Casing must generally be used in unconsolidated materials. -
e - Air-rotary drill rigs are large and heavy.

o Large amounts of Investigation Derived Waste (IDW) may be generated which may reqolre
containerization, sampling, and o_ff—site disposal. ,

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

'Fluld—Rotary drilling operates ina sxmllar manner to air-rotary drilling except that a drilling fluid ("mud") or
clean water is used in place of air to cool the drill bit and remove cuttings, There are a variety of fluids
that can be used with this drilling method, including bentonite slurry and synthetic slurries. If a drilling fluid

_ other than water/cuttings is used, it must be a natural clay (i.e., bentonite) and a "background™ sample of
the ﬂuzd should be taken for analysns of possible organic or inorganic contammants

Advantages to the fluid-rotary drilling method include:

e The ability to drill in many types of formations.

‘. 'Relatively quick and inexpenslve.

» Split-barrel (split-spoon). or thin-‘;lvall (Shelby) tube samoles can be obtained without removing drili
rods if the appropriate size drill rods and bits (i.e., fish-tail or drag bit) are used. :

019611/P .
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e In some bonngs temporary casmg may not be needed as the drilling fiuids may keep the borehole
open.

« Drill rigs are readily available in most areas.
Disadvantages o this method include:

* Formation logging is not as accurate as with hollow-stem auger method if spht—barrel {split-spoon)

samples are not taken (i.e., the depths of materials 1ogged from cultings delivered to the surface are -

approximate). -

e Drilling fluids reduce permeabrhty of the formatmn adjacent to the boring to some degree and require
more extenswe well development than "dry” technigues (augering, air-rotary).

*» No information on depth to water is obtainable while drilling;
"« Fluids are needed for drilling, and there is some question about the effects of the drilling fluids on

subsequent water samples obtained. For thIS reason as well, extensive weu development may be
requn'ed :

e ' In Very porous materials (i.e., rubble fill, boulders, coarse gravel) drilling fluids may be continuously -

lost into the formation. This requires either constant rep!emshment of the dnlhng fluid, or the use of
casing through this formation.

» Drill rigs are large and heavy, and m&st be supported with supplied water.
. Groundwate'r samples can be potentially diluted with drilling fiuid. -

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

Soil samples shall be taken as specified by project plan documents, or more frequently, if requested: by
the project geologist. Any required sampling shall be performed by rotation, pressing, .or driving in
“accordance with the standard or approved method govermng use of the particular sampling tool.

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

5.24 ' Rotosonic »Dnllmg

The Rotosonic drilling method employs a high frequency vibrational and low speed rotational motion
coupled with down pressure to advance the cutting edge of a drili string. This produces a uniform
borehole while providing a continuous, undisturbed core sample of both unconsolidated and most bedrock
formations. Rotosonic drilling advances a 4-inch diameter to 12-inch diameter core barrel for sampling
and can advance up to a 12-inch diameter outer casing for the construction of standard and telescoped
monitoring wells. During drifling, the core barrel is advanced ahead of the outer barrel in increments as
determined by the site geologist and depending upon type of material, degree of subsurface
-contamination and sampling objectives.
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The outer casing can be advanced at the same time as the inner drill string and core barrel, or advénced
down over the inner drill rods and core barrel, or after the core barrel has moved ahead to collect the
undisturbed sample and has been pulled out of the borehole. The outer casing can be advanced dry in

N X . -
most cases, of can be advanced with water of air depending upon the formations being drilled, the depth

and diameter of the hole, or r_equnrements of the project.”

, Advéntéges of this method incilude: V,

. Sar.npling and well installation are faster as compared to other drﬂling' methods.

+ Continuous sampling, with‘lafger' sarﬁple volume as compared to split-spoon sampling.

» The ability to drit! through difﬁcﬁlt formations sﬁch as cobbles or boulders, hard till and bedrock.
. Reduchon of IDW by an aver. age of 70 to 80 percent. |

. Well installations are quick and control!ed by elimination of potentlal bridging of annular matenals
during well mstaliatton due to the ablhty to vibrate the outer casing during removal.

Dlsadvantages include:

o The cost for Rotosonic drilling as compared to other methods are generally higher. However, the net.
resultcan be a signiﬁcant savings considering reduced 1DW and shortened project duration.

+ ‘Rotosonic drill ngs are large and need ample room to dnll however, Rotosonic units can be placed on
the ground or placed on an ATV.

» .Therearea limited number of Rotoso_nic drilling contractors at the present time.

525 Reverse Circulation Rotary Drilling

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

Advantages of the latter method include:
o The formation water is not contaminated by the drilling water.
. Fcrrhaﬁon samples can be_obtained, from known depths.

 When drilling with: air, immediate information is available regarding the water—bearlng properties of
formations penetrated. .

"« Collapsing of the hole in unconsolidated formations is not as great a problem as when drilling with the
normal air-rotary rig.
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- Disadvantages include:

» Double-wall, reverse-circulation drill rigs are rare and expensive to operate.
~ Placing cement grout around the outside of the well casing above a well screen often is difficult,
_especially when the screen and casmg are placed down through the inner drill pipe before the drill
pipe is pulled out

526 .Drill-thro'ugh Casing Driver

 The driven-casing method cons;sts of aiternate!y driving casing (fi tted with a sharp, hardened casing
shoe) into the ground using a hammer lited and dropped by the drill rig (or an air-hammer) and cleaning
out the casing using a rotary choppmg bit and air or water to flush out the materials. The casing is driven
down in stages (usually 5 feet per stage); a continuous record is kept of the blows per foot in driving the

casing (see SOP GH-1.5). The casing is normally advanced by a 300-pound hammer falling freely -

through a height of 30 inches. Simultaneous washing and driving of the casing is not recommended. If

this procedure is used, the elevations wrthm which wash water is used and in whlch the casing is driven

must be clearly recorded. :

The driven casing method is used in unconsolidated formations only. When the boring is to be used for

later well installation, the driven casing used should be at least 4 inches larger in diameter than the well

casing to be installed. Advantages to-this method of drilling include: '

. Spht-barrel {split-spoon) samplmg can be conducted whlle drilling.

e Well i-hstaIlation. is easily a_ccompﬁshed.

e Drill rigs used are relatively small and mobile.

» The use of casmg minimizes flow into the hole from upper water-bearing layers; therefore, multrple
aquifers can be penetrated and sampled for rough field determinations of ‘some water quality
parameters.

| Some of the disadvanptages include: |

+  This method can only be used in unconsolidated formations. -

e The method is slower than other methods (average drilﬁng progress is 30 fo 50 .feet per day).

e Maximum depth of the borehole varies with the size of the dn!l rig and casing diameter used, and the
" nature of the formations drilled. '

e Thecost ber hour- or per foot of dn’!ling may be substantially higher,tﬁan other drilling methods. '

e ltis difficult and time consuming to pull back the casing if it has been driven very deep (deeper than
50 feet in many formattons) A

5.2.7 Cable Tool Drilling

A cable tool rig uses a heavy, solid-steel, chisel-type drill bit ("tool") suspended on a steel cable, which
when raised and dropped, chisels or pounds a hole through the soils and rock. - Drilling. progress may be
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expedited by the use of "slip- Jars" which serve as a cable-activated down hole percussnon device to
hammer the bit ahead.- :

When drilling through the unsaturated zone, some water must be added to the hole. The cuttings are
suspended in the water and then bailed out periodically. Below the water table, after sufficient ground
water enters the borehole to replace the water removed by bailing, no further water needs fo be added.
When soft caving formations are encountered, it is usually necessary to drive casing as theé hole is
advanced to prevent collapse of the hole. Often the drilling can be only a few feet below the bottom of the
casing. Because the drill bit is lowered through the casing, the hole created by the bit is smaller than the
casing. Therefore, the casing (with a sharp, hardened casmg shoe on the bottorn) must be driven into the
hole {(see Section 5.2.5 of this guideline).

“Advantages of the cable-tool method include the following: .

« Information regarding water—beanng Zones is readily available during the driing. Even relative
'permeabmt;es and rough water quality data from different zones penetrated can be obtained by skxlled
~operators.

- e The cable-tocl rig can operate satlsfactonly in all formattons but is best suited for caving, boulder,
cobble or coarse gravel type formations (e g., glacial txll) or formattons WIth large cavities above the
water table (such as hmestones) :

. When casmg is used, the casing seals formation water out of the hole, prevehtmé down hole
contamination and aliowmg sampling of deeper aqurfers for ﬁeld—measurab!e water quality
'parameters; ’

o  Split-barrel (split-spoon) or thin-wall (Shelby) tube samp!es can be co!lected through the casing.
Disadvantages i mcmoe:
. Drilling is slow cbmpared with rotary rigs. .

+» The necessity of driving the casing in unconsolidated formations requires that the casing be pulled

. back if exposure of selected water-bearing zones is desired. This process complicates the well

.- completion process and often increases costs. There is also a chance that the casmg may become
. stuck in the hole. :

e The felati\'feiy large diameters required {minimum of 4-inch casing) plus the cost of steel'casmg result
in higher costs compared to rotary drilling methods where casing is not requ:red {e.g., such use of a
hollow-stem auger).

e  Cable-tool rigs have largely been rep!aced by rotary rigs. -in some parts of the u.s. avaniabihty may
be difficult.

5.2.8 - Jet Drilling (Washing)

Jet drilling, which should be used only for piezometer or vadose zone sampler installation, consists of
pumping water or drilling mud down through a small diameter (1/2- to 2-inch) standard pipe (steel or

*PVC). The pipe may be fitted with a chisel bit or a special jelting screen. Formation materials dislodged
by the bit and jetting action of the water are brought to the surface through the annulus around the pipe.
As the pipe is jetted deeper, additional lengths of pipe may be added at the surface. :
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“Jet percussion is a variation of the jetting method, in which the casing is driven with a drive weight.
Normally, this method is used to place 2-inch-diameter casing in shallow, unconsolidated sand
formations, but this method has also been used to install 3- to 4-inch-diameter casings 1o a depth of -
: 200 feet. :

Jetting is acceptable in very soft formations, usually for shallow samphing, and when introduction- of drilling
water to the formation is acceptable. Such conditions would occur during rough stratigraphic investigation
- - or instaltation of piezometers for water level measurement. Advantages of this method include:

» Jettingis fast and iriexpenéive.

. Because of the small amount of equipment required, jetiing can be accomplished in locations where
access by a normal driliing rig wouid be very difficuit. For example, it would be possibie to jet down a
well point in the center of a !agoon at a fraction of the cost of using a drill rig.

. Jettmg numerous well pomts justinto a shallow water table is an mexpenswe method for determining
the water table contours, hence flow direction.

Dvsadvantages mclude the fol!owmg

s A large amount of foretgn water or drilling mud is lntroduced above and into the forma’uon to be
sampled.

. '_Jettmg is usuélly done in very soft formations which are subject to caving. Because of this caving, it
Is often. not possible to place a grout seal above the screen to assure that water in the well is only
from the screened mtervat

. The diameter of the casing is usually fimited to 2 inches.

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

. Large quantities of water are often needed.’

. 5.29  Drilling with a Hand Auger

This method is applicable wherever the formation, total depth of sampling, and the site and groundwater
conditions are such as to allow hand auger drilling. Hand augering can also be considered at locations
where drill rig -access is. not possrble All hand ‘auger borings will be performed according to’
ASTM D1452-80. :

Samples should be taken continuously unless otherwise specified by the project plan documents. Any
required sampling is performed by rotation, pressing, or driving 'in ‘accordance with the standard or
‘approved method governing use-of the particular sampling tool. Typical equipment used for sampling and
" advancing shallow "hand auger” holes are lwan samplers (which are rotated) or post hole diggers (which
-are operated like tongs). These techniques are slow but effective where larger pieces of equipment do
not have access, and where very shallow holes are desired (Iess than 15 feet). Surficial soils must be
- composed of refatively soft and non-cemented formations to allow penetration by the auger.
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- 5.2.10 Rock Dril!ing and Coring

When soil borings cannot be continued using augers or rotary methods due to the hardness of the soil or ‘
when rock or large boulders are encountered, dnlhng and samphng can be performed using a dtamond bit

ACTAR rNALA

coref in accordance with ASTM D2113.

Drilling is done by rotating and applying downward pressure o the drilt rods and drilt bit. The drill bitisa
circular, hollow, diamond-studded bit attached to the outer core barrel in a double-tube core barrel. The
use of single-tube core barrels is not recommended, as the rotation of the barrel erodes the sample and
limits its use for detailed geologrcal evaluation. Water or air is circulated down through the drill rods and
.annular space between the core barrel tubes to cool the bit and remove the cuttings. The bit cuts a core
out of the rock which rises into an inner barrel mounted inside the outer barrel. The inner core barrel and
rock core are removed by lowering a wire line with a coupling into the drill rods, latching onto the inner

. barrel and withdrawing the inner barrel. A less efficient variation of this method utilizes a core barrel that
cannof be removed without pumng all of the drilt rods. This variation is practical only if less than 50 feet of
core is required. :

Core borings are made through the casing used for the soil borings. The casing must be driven and
sealed into the rock formation to prevent seepage from the overburden into the hole to be cored (see
Section 5.3 of this guideline). A double-tube core barrel with a diamond bit and reaming shell or
equrvalent should be used to recover rock: cores of a size specified in the project plans. The most

i iy v bumrea ]l A i s b ira Hotad in AHAsShmang A
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'Soﬂ or decomposed rock should be sampled with a dnven spht—barrel whenever possible or cored wnth a
Demson or Prtcher sampler y

When coring rock, mcludrng shale and claystone, the speed of the drill and the dnllmg pressure, amount . .
and pressure of water, and Iength of run can be varied to give the maximum recovery from the rock being
driled. Should any rock formation be so soft or broken that the pieces ¢ontinually fall into the hole
causing unsatisfactory coring, the hole should be reamed and a flush-joint casing installed to a point
below the broken formation. The siZe of the flush-joint casing must permit securing the core size
specified. When soft or broken rock is anticipated, the length of core runs should be reduced to less than

5 feet to avoid core loss and minimize core disturbance.

Advantages of core drilling inclurde:

‘Undisturbed rock cores can be recovered for examination and/or testing.
In formations in which the cored hole will remain open without casing, water from the rock fractures
“'may be recovered from the well without the installation of a well screen and gravel pack. '
Formation logging is extremely accurate.
o Drilirigs are relatively smalfl and mobile.

Disadvantages include:

Water or air is needed for drilling.
- Coring is slower than rotary drilling (and more éxpensive).
_Depth.to water cannot accurately be determmed if water is used for dnt!mg
The size of the borehole is limited. :

o ¢ & @
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This drilling method is useful if accurate determinations of rock lithology are desired or if open wells are to
be installed into bedrock. - To install larger diameter wells in coreholes, the hole must be reamed out to the
~_proper size after boring, using air or mud rotary drilling methods. :

5211 Dnllmg & Support Vehrcles

In addrtton to the dnllmg method requrred to accomplish the objectives of the field program, the type of
- vehicle carrying the drill rig and/or support equipment and its suitability for the-site terrain, will often be an
additional deciding factor in planning the drilling program. The types of vehicles available are extensive,

and depend upon the particular drilling subconfractor's fleet. ‘Most large drilling subcontractors will have a
* wide variety of vehicle and drill types suited for most drilling assignments in their particular region, while
smaller drilling subcontractors will usually have a fleet of much more limited diversity. The weight, size,
and means of locomotion (tires, tracks, efc.) of the drill rig must be selected to be compatible with the site
terrain to assure adeguate mobility between borehole locations. Such considerations also apply to

necessary support vehicles used to fransport water and/or drilling materials to the drill rigs at the borehole v

locations. When the drill rigs or support vehicles do not have adequate mobility to easily traverse the site,
provisions must be made for assisting equipment, such as bulldozers; winches, tlmber planking, etc., to
maintain adequate progress during the dnllmg program

: Some of the typical vehic‘les which are usually available for drill rigs and support equipmeht are:

. Totaliy portable drilling/sampling equipment, where all necessary components (tripods, samplers,
hammers, catheads, etc.) may be hand carned to the. borehole site. Drilling/sampling methods used
with such equipment mclude

- .Hand augers and lightweight motorized augers.
- Retractable plug samplers--driven by hand (hammer).
- = Motorized cathead - a lightweight aluminum tripod with a small gas-enginé cathead mounted on
one leg, used to install small-diameter cased bonngs Thls rig is sometlmes called a "monkey on
a stick.” .

e  Skid-mounted 'driliing equiprrient containing a rotary drill or engine-driven cathead (to lift hemmers and
drill string),- a pump, and a dismounted tripod. The skid is pushed; dragged, or winched (usmg the
“cathead drum} between boring locations. )

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

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

» . Heavy truck-mounted drilling equipment is mounted on tandem or dual tandem trucks to transport the

- drifl, demrick, winches, and pumps or compressors. The drill may be provided with a separate engine
or may use a power take-off from the truck engine. Large augers, hydraulic rotary and reverse
circulation rotary drilling equipment are usually mounted on such heavy duty trucks. For soft-ground
sites, the drilling equipment is sometimes mounted on vehicles having low pressure, very wide
diameter tires and capable of floating; these vehicles are called "swamp buggy” rigs.
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e Marine drilling equipment is mounted on various floating equipment for drilling borings in lakes,
estuaries and other bodies .of water. The floating eguipment varies, and is often manufactured or
customized by the drilling subcontractor to suit specific drilling requ:rements Typxcally, the range of
flotation vehicles include:

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

- - Barge-mounted drill rigs.

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

- Drill ships - for deep ocean dnthng. :

In addition to the mobility for the drilling equipment, similar consideration must be given for equipment to
support the drilling operations.  Such vehicles or floating equipment are needed to transport drill water,
drilling supplies and equipment, samples, drilling personnel, etc. to andfor from various boring locations.

5212 - Equipment Sizes

in planning subsurface exp!oratson programs care must be taken in specrfymg the various dnmng
components, so that they will fit properly inthe bonng or well. a

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

For obtaining split-barrel samples of a formation, samplers are commonly manufactured in sizes ranging
- from 2inches to 3-1/2inches in outside diameter. However, the most commonly used size is the

2-inch 0.D., 1-3/8-inch L.D. split-barrel sampler. When this sampler is used and driven by a 140-pound
(= 2~pound) hammer dropping 30 inches (= 1 inch), the procedure is called a Standard Penetration Test,

and the blows per foot required to advance the sampler into the formation can be correlated to the
formation’s densny or strength o

In planmng the drilling of boreho!es usmg hollow-stem augers or casmg, in which thin-wall tube samples
or diamond core drilling will be performed, refer fo the various sizes apd clearances ‘provided in
Attachment A of this guideline. Sizes selected must be stated in the project plan documents. -
- 5213 Estimated Drilling Progress ‘

To estimate the anticipated rates of drilling progress for a site,. the following must be considered:

. The speed of thé dritling method employed.

~+ Applicable site conditions (e.g., terrain, mobility between borings, difficult drilling cond|t|ons in
bouldery soils, rubble fil or- broken rock etc.).

) Pro;ect—imposed ' restn'ctions (e.g., drilling while wearing personal protective  equipment,
decontamination of drllllng equipment, efc.).
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Basedbn’ recent experience in drilling average soil conditions (no boulders) and taking samples at 5-
. foot intervals, for moderate depth (30 feet to 50 feet) boreholes (not including installation or development
of wells), the following daily rates of total drilling progress may be anbclpated for the followmg drilling
,methods

Drilling Method ~

Average Daily Progress
. © ({linearfeet} .
Hollow-stem augers 75
Solid-stem augers 50

" | Mud-Rotary Drilling

=~ 100’ {euttings samples)

Rotosonic Drilling

100'-160" (continuous core}

Reverse-Circulation Rotary 100’ (cuttings samples)’
Skid-Rig with driven casing o 30

Rotary with driven casing - 50

Cable Tool 30

Hand Auger _ Varies -
‘Continuous Rock Coring 500 -

53 Prevention of Cross-Contamination

A telescoping or multiple casing technique minimizes the potential for the migration of contaminated
groundwater to lower strata below a confining layer. - The telescoping technique consists of drilling to a
confining layer utilizing a spun casing method with a diamend cutting or augering shoe (a method similar
to the rock coring method described in Section 5.2:10, except that larger casing is used) or- by using a
driven-casing method (see Section 5.2.6 of this guideline) and installing a specified diameter steel well
casing. The operation consists of three separate steps. Initially, a drilling casing (usually of 8-inch
- diameter) is installed followed by instaliation of the well casing (6-inch-diameter is common for 2-inch
‘wells).. This well casing is driven into the confining layer to ensure a tight seal at the bottom of the hole.
The well casing is sealed at the bottom with a bentonite-cement slurry. . The remaining depth of the boring
_is_drilled utilizing a narrower diameter spun or driven casing technique within the cuter well casing. A
- smaller diameter well casing with an appropnate Iength of slotted screen on the lower end, is installed to
- the surface.

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

54 Cleanout of CasirLcLPrior to Sampling

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

019611/P

TFetra Tech NUS, Inc.



-Subject : ‘Number . Page .
SOIL AND ROCK GH-1.3 _ 17 of 26
DRILLING METHODS Revision ,. » Effective Date -

1 05/99

For disturbed samples both.abave and below the water table and where introduction of relatively large
“volumes of wash water is permlssrbie the cleaning operation is usually performed by washmg the
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downward-directed jet which will disturb the underlying soil. When clean out has reached the bottom of
the casing or slightly below (as specified above}, the string of tools shoutdrbe lifted one foot off the bottom-
with the water still flowing, until the wash water coming out of the casing is clear of granular soil particles.
In formations where the cuttings contain gravel and other larger particles, it is often useful to repeatedly
raise and lower the drill rods and wash bit while washing out the hole, to surge these large paruc!es'
upward out of the hole. As a time saver, the drilling contractor may be permitted to use a split-barrel
(split-spoon) sampler with the ball check valve removed as the clean-out tool, provided the material below
the spoon is not disturbed and the shoe of the spoon is not damaged. However, because the ball check .
. valve has been removed, in some formations it may be necessary to instali a flap valve or spring sample
*retainer in the split-spoon bit, to prevent the sample from falling out as the sampler is withdrawn from the
“hole. The use of jet-type chopping bits is discouraged except where large boulders and cobbles or hard-
cemented soils are encountered. If water markedly softens the soils above the wa’ter table, clean out
" .should be performed dry with an auger

For undrsturbed samples below the water table, or where wash water must be minimized, clean out is
usually accomplished with an appropriate diameter clean out-auger. This auger has cutling blades at the
bottom to carry loose material up into the auger, and up-turned water jets just above the cutting blades to
carry the removed soil to the surface. In this manner, there is a minimum of disturbance at the top of the
material 1o be sampled. ' if any gravel material washes down into the casing and cannot be removed by '
the clean out auger, a spm—barre! sample can be taken to remove it; bailers and sandpumps should not be
used. For undisturbed samples above the groundwater table, all operatlons must be perfermed ina dry
manner. :

M all of the cuttmgs created by dnllrng through the over!yrng formatrons are not cleaned from the borehole
-prior to sampling, some of the problems which may be encountered durrng sampling mclude

s When sampling‘isy'attempted through the cuttings remaining in the borehaole, alt or part of the sampler
may. become filled with the cuttings. This limits the amount of sample from the underlying formation
which ¢an enter and be retained in the sampler, and also raises questlons as fo the validity of the
sample.

1 ‘e lfthe cuttmgs remaining in the borehole contain coarse gravel and/or other large particles, these may
block the bit of the sampler and prevent any materials from the underlying formatron from entenng the
sampler when the sampler is advanced.

e Incased borings, should samplmg be attempted through ctittings which remain in the lower portion of
the casing, these cuttings could cause the sampler to become bound into the casing, such that it
becomes very-difficult to either advance or retract the sampler. ‘

= When sampier blow counts are used to estimate the density or strength of the formation being
sampled, the presence of cuttings in the borehole will usually give erroneously hrgh sample blow
counts

To confirm that all cuttings have been removed from the borehole prior to attempting sampling, it is
important that the site geologist measure the "stickup” of the drilt string. This is accomplished by -
measuring the assembled length of all drill rods and bits or samplers (the drill string) as they are lowered
to the bottom of the hole, below some convenient reference point of the drill string, then measuring the
height of this reference point above the ground surface. The difference of these medsurements is the
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depth of the drill string (lower end of the bit or sampler) below the ground surface, which must then be
compared with the depth of sampling required (instalied depth of casing or depth of borehole drilled). if
the length of drill string below grade is more than the drilled or casing depth, the borehole has.been
cleaned too deeply, and this deeper depth of sampling must be recorded on the log. If the length of drili
string below grade is less than the drilled or casing depth, the difference represents the thickness of
cuttings which remain in the borehole. In most cases, an inch or two of cuttings may be left in . the
borehole with little or no problem. - However, if more than a few inches of cuttings are encountered, the
borehole must be recleaned prior to attempting sampling.

55 3 Materials of Conétrucﬁon

The effects of monitoring well construction materials on specific chemical analytical parameters are
~ deseribed and/or referenced in SOP GH-2.8. However, there are several materials used during drilling,
particularly drilling fluids and lubricants, which must be used with care to avoid compromising the
representatlveness of soil and ground water sampies

The use of synthetic or organic polymer slurries is not permltted at any location where soil samples for

chemmical analysis are to be collected. These slurry materials could be used for installation of long-term
monitoring wells, but the early time data in time- series collection of ground water data may then be

suspect.. If synthetic or organic polymer muds are proposed for use at a given site, a complete. written

justification including methods and procedures for their use must be provided by the site geologist and
-approved by the Project Manager The specific siurry composition and the concentratlon of suspected
contaminants for each site must be known.

For many drilling operatnons, potable water is an adequate lubricant for drill stem and drilling tool
~ connections. However, there are instances, such as drilling in tight clayey formations or in loose gravels,
‘when threaded couplings must be lubricated to avoid binding. In these instances, to be determined in the

field by the judgment of the site geologist and, noted in the site logbook, and only after approval by the-

Project Manager, a vegetable oil or silicone-based lubricant should be used. Petroleum based greases,
etc. will not be permitted. Samples of lubricants used must be provided and analyzed for chemical
parameters appropriate to the given site.

5.6 Subsurface Soil Samples

Subsurface soil samples are used to characterize subsurface stratigraphy. This characterization can -

indicate the potential for migration of chemical contaminants in the subsurface. In addition, definition of
~ the actual migration of contaminants can be obfained through chemical analysis of the soil samples.
Where the remedial activiies may include in-situ treatment or excavation and removal of the
contaminated soil, the depth and areal extent of contamination must be known as accurately as possible. .

Engineering and physical properties of soil may also be of inferés’t should site construction activities be
planned. Soil types, grain size distribution, shear strength, compressibility, permeability, plasticity, unit

weight, and moisture content are some of the physmal characteristics that may be determined for soil ’

. samples.

Penetratlon tests are also descnbed in this procedure The tests can be used to estimate various physical )
and engineering parameters such as relatlve densﬁy unconf' ned compresssve strength, and consolidation .

-characteristics of soils.

Surface protocols for-various soil sampling techniques are discussed in SOP SA-1.3. Continuous-core
soil sampling and rock coring are discussed below. The procedures described here are representative of
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a larger number of possible drilling and sampling techniques. The ‘choice of techniques is based on a
large number of variables such as cost, local geology, etc. The final choice of methods must be made
with the assistance of drilling subcontractors familiar with the local geologic conditions. Alternative
techniques must be’ based upon the underlying principles of quahty assurance implicit in the following
procedures

The CME continuous sample tube system provides a method of sampling soil continuously during hollow-
'stem augering. - The 5-foot sample barrel fits within the lead auger of a hollow-auger column. The
sampling system can be used with a wide range of L.D. hollow-stem augers (from 3-1/4-inch to
8-1/4-inch 1.D.). This miethod has been used to sample many different materials such as glacial drift, hard
clays and shales, mine tailings, etc. This method is particularly used when SPT samples-are not required
and a Jarge volume of material is needed. Also, this method is useful when a visual descnpt;on of the
subsurface lithclogy is required. Rotosomc drilling methods also provide a continuous sonl sample

‘ 5.7 o Rock Sampling (CorAg) (ASTM D21 13—83)

Rock coring enables a detailed ‘assessment of borehole conditions to be made, showing precisely all

lithologic changes and characteristics.  Because coring is an expensive drilling method, it is commonly

used for shaillow studies of 500 feet or less, or for specific intervals in the drill hole that require detailed
: Ioggmg and/or analyzing. Rock coring can, however, proceed for thousands of feet continuously,
* depending on the size of the drill ng, and yields better quality data than air-rotary drilling, although at a

substantially reduced drilling rate. “Rate of drilling varies widely, depending on the characteristics of

lithologies encountered, drilling methods depth of drilling, and condition of drilling equipment. . Average
“output in a 10-hour day ranges from 40 to over 200 feet. Down hole geophysical logging or television
- camera momtermg ;s sometimes used to complement the data generated by coring.

' Borehole diameter can be drilled to various sizes, depending on the information needed. Standard sizes
of core barrels (showing core diameter) and casing are shown in Figure 1. :

' Core drilling is used when formations. are oo hard to be sampled by soil sampling methods and a
continuous solid sample is desired. Usually, soil samples are used for overburden, and coring begins in.
sound bedrock. Casing is set into bedrock before coring begins to prevent loose material from entering

- the borehole, to prevent loss of drilling ﬂuid' and to prevent cross-contamination of aquifers

- Drilling through bedrock i is initiated by using a diamond-tipped core bit threaded to a drill rod (outer core
barrel) with a rate of drilling determined by the downward pressure, rotation speed of drill rods, drilling
fluid pressure in the borehole, and the characteristics of the rock (mineralogy, cementation, weathering).
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FIGURE 1
. STANDARD SIZES OF CORE BARRELS AND CASING
Coring Bit Size Nominal* Set Size”
: 0.D. © LD, 0.D. LD.
RWT 1532 3/4 1.160 . 0.735
EWT : 112 29/32 1.470 0.905
EX, EXL, EWG, EWN 112 13/16 1.470 0.845
AWT T 17/8 19/32 1.875 1.281
AX, AXL, AWG, AWM 1.7/8 1 316 1.875 1.185
BWT - 2 3/8 1 3/4 2.345 1750
| BX, BXL, BWG, BWM 2.3/8 1 5/8 2.345 1.655
NWT 3 2 5/16 2.965 2.313
NX, NXL, NWG, NWM 3 218 2.965 -2.155
"HWT 329/32 3316, 3.889 3.187
HWG 3 29/32 3 3.889 3.000
234 %378 378 2 4 3.840 2690
4x5 12 512 - 4 5.435 3.970
6 x 7 3/4. _ 7 314 6 7.655 5.970
AXWireline__ |/ 178 1 - 1.875 1.000
BXWireline___|__/ .2 38 1716 2.345 1.437
NXWireline |~ / 3 1 15/16 2.965° 1.937
* . All dimensions are in inches; to convert to millimeters, multiply by 25.4. -
L1 Wire line dimensions and designations may vary according to manufacturer.
019611/P Tétra Tech NUS, Inc.
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FIGURE 1
STANDARD SIZES OF CORE BARRELS AND CASING
PAGE TWO
Size Designations_ Casing Approximate Core
Coupling Diameter
Casing; | Rod;rod |- oD, | 1D, Core Normal, | Thinwall,
Casing | couplings | ©35iN8| mches | Inches | Casing | barrel |Drillrod| jnches | inches
coupling; oD, | bit 0.D,, | bit 0.D., OTD'., ,
Casing Inches Inches | Inches* | Inches
bits; Core
barrel bits | Co : : o
RX RW 1.437 | 1437 | 1.188 1.485 1.160 1.094 — 0.735
EX E 1.812 | 1.812 | 1.500 | 1.875 | 1470 | 1313 0.845 0.905 .
AX A 2250 | 2250 | 1.906 | 2.345 | 1.875 | 1.625 1.185 1.281
. BX B _2‘875 2.875 | 2.375 2.965 2.345 1.906 1655 | 1.750
CNX N - 3.500 | 3.500 | 3.000°} 3615 ] 2965 | 2375 21585 | 2313
HX HW 4.500 | 4500 | 3.938 | 4625 | 3.800 | 3500 | 3.000 3.187 -
RwW Rw 1.437 | 1485 | 1.160 | 1.094 -~ | 0735
EW EwW 1.812 1875 | 1470 { 1375 | 0845 0.905.
CAW AW 2.250 : 2.345 1.875 1.750 '} 1.185 1.281
BW BW 2.875 T:‘ > 2965 | 2345 | 2125 1.655 1.750
NW NwW 3500} © "‘é‘. 3615 | 2965 | 2625 | 2155 2.313
- HW HwW 1 4.500 § 8 4625 | 3.890 | 3500 | 3.000 3.187
- PW -— 55001 w S | 5650 - — — —
SW. | — |6625 8790 | - — — —
Uw — 7.625 7.800 — —_ — —
W — 8625 | 8810 | — — — —
— AX_|_ V| — — — — 1.875 | 1.750 | 1.000 —
— BX |\ — — — — 2345 | 2250 | 1437 | —
— NX_ L V| — — — — 2965 | 2813 | 1937 | -
o Alt dimensions are in inches; to convert to millimeters, multiply by 25.4.
|1 Wireline dimensions and desi

NOMINAL DIMENSIONS FOR DRILL CASINGS AND ACCESSORIES.
NUFACTURERS ASSOCIATION). - 288-

(DIAMOND CORE DRILL MA
o | D-2889.

gnations may vary according to manufacturer.
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574 ' Diamond Core Drilling

A penetration of typically less than 6 inches per 50 blows using a 140-Ib. hammer dropping 30 inches with

a 2-inch split-barrel sampler shall be considered an indication that soil sampling methods may not be

applicable and that coring may be necessary to obtain samples.

When formatvons are encountered that are too hard to be sampled by soil sampling methods the followmgv

diamond core drilling procedure may be used:

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

. Begm the core drilling using a double-tube swivel-core barrel of the desired size. After drilling no |

. more than 10 feet (3 m), remove the core barrel from the hole and take out the core. If the core
. blocks. the flow of the drilling fluid during drilling, remove the core: barrel xmmednately In soft

materials, a large starting size may be specified for the coring tools; where local experience indicates

. satisfactory core recovery or where hard, sound materials are antrcspated a smaller size or the single-

tube type may be specified and longer runs may be drilled. NXINW size coring equxpment is the most.-. :

commonly used size.

» When soft materials are eneountered that produce less than 50 percent recovery, stop the core

driling. ¥ soil samples are desired, secure such samples in accordance with the procedures’

described in ASTM Method D 1586 (Split-barrei Sampling) or in Method D 1587 (Thin-Walled Tube
Samplmg) sample soils per SOP SA-1.3. Resume diamond core dnilmg when refusal materials are
agam encountered : : . :

s - Since rock structu_re‘s and the occurrence of seams, fissures, cavities, and broken areas are among
" the most important items to be detected and described, take special care to obtain and record these
" features. If such broken zones or cavities prevent further advance of the boring, one of the following
three steps shall be taken: (1) cement the hole; (2) ream and case; or (3) case and advance with the

- next smaller size core batrrel, as conditions warrant.

e In soft, seamy, or otherwise unsound rock, where core recovery may be difficult, M-design core
barrels may be-used.  In hard, sound rock where a high percentage of core recovery is anticipated,
the single-tube core barrel may be employed. .

572 _  Rock Sample Preparation and Documentation

Once the rock coring has been completed and the core recovered, the rock core shall be carefully

- removed from the barrel, placed in a core tray. (prewously labeled "top" and "bottom” to avoid confusion),

. classified, and measured for percentage of recovery as well as the rock quality designation (RQD). Each
core shall be described, classified, and logged using a uniform system as presented in SOP GH-1.5.
moisture content will be determined or if it is desirable to prevent drying (e.g., to prevent shrinkage of clay
formations) or oxidation of the core, the core shall be wrapped in plastic sleeves immediately after
‘logging. Each plastic sleeve shall be tabeled with indelible ink. The boring number, run number, and the
footage represented in each sleeve shall be included, as well as desngna’nng the top and bottom. of the
core run. .
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After sampling, rock cores shall be placed in the sequence of recovery in well-consiructed wooden boxes
provided by the drilling contractor. Rock cores from two different borings shall not be placed in the same
core box unless accepted by the Project Geologist. The core boxes shall be constructed to accommodate
at least 20 linear feet of core in rows of approximately 5 feet each and shall be-constructed with hinged
tops secured with screws, and a latch (usually a hook and eye) to keep the top securely fastened down.
Wood partmons shall be placed at the end of each core run and between rows.

. The depth from the surface of the bonng 1o the top and bottom of the drill run and run number shall be
" marked on the wooden partitions with indelible ink. A wooden partition (wooden block) shall be placed at
“the end of each run with the depth of the bottom of the run written on the block.. These biocks will serve to

separate successive core runs and indicate depth intervals for each run. The order of placing cores shall

be the same in.all core boxes. Rock core shall be placed in the box so that, when the box is open, with
-the inside of the lid facing the observer, the top of the cored interval contained within the box is in the
upper left corner of the box, and the bottom of the cored interval is in the lower right comner of the box.

The top and bottom of each core obtained and its true depth shall be clearly and permanently marked on

each box. The width of each row must be compatible with the core diameter to prevent lateral movement

of the core in the box. Similarly, an empty space in a row shall be filled with an appropriate filler material
or spacers to prevent longitudinal movement of the core in the box..

The inside and outside of the core-box fid shall be marked by mdehble ink to show all perttnent data on the
box's contents At:a minimum, the foliowmg mformatlon shall be included:

Pro;ect name.
Project number.
- Boring number.
Run numbers.
~ Footage (depths).
. Recovery.
RQD (%). -
~ Box number and total number of boxes for that boring (Examp!e Box 5 of 7).
For easy retrievai when core boxes are stacked, the sides _and ends of the box shall also be labeled and.
include project number, boring number, top and bottom depths of core and box number. =~

‘e @ 9 % @ . @ ¢ @

. Prior to final closing.of the core box;-a photograph of the recovered core and the labeling on the inside
cover shall be taken. If moisture content is not critical, the core shall be wetted and wiped clean for the
photograph. (This will help to show true colors and bedding features in the cores).

6.0 REFERENCES

Acker Drill Co., 1958. Basic Procedures of Soil Samp!ing. Acker Drill Co., Scranton, Pennsylvania.-

Amencan Institute of Steel Comstructlon 1978. Manual of Steel Constructton 7th Edition. Amencan )
Institute of Steel Constructlon New York, New York. :

American Sociely for Testing and Materials, 1987. ASTM Standards D1587-83, D1586-84, and D1452—.
. 80. ASTM Annual Book of Standards, ASTM, Phtiac_!elphta Pennsylvania, Vol. 4.08.

- American Sociefy for Testing and Materials, 1989. Standard Practice for Diamond Core Drilling for Site
Investigation. - ASTM Method D2113-83 (reapproved 1887), Annual Book of Standards, ASTM,
Phlladelphra Pennsylvania. ,
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ATTACHMENT A
DRILLING EQUIPMENT SIZES
Drilling Component Designationor | ~ OD. ID. Coupling 1L.D. -
, Hole Size (Inches) | -(Inches) {Inches) - {Inches}
Hollow-stem augers (Ref. 7) 6 14 5 "2 114 '
' o 6 3/4 5 3/4 2 314 —
7 /4 6 1/4 314 —
. 13 14 12 6. —
Thin Wall Tube Samplers = 2 1778 -
(Ref. 7) ' \ - )
: — 2 12 2 3/8 —
— 3 278 —
= 32 338 —
— V7] 4358 —
— 5 | 434 —
Drill Rods (Ref. 7) RW 13032 23/32 13/32
- EW 138 15116 7/16
AW 1 34 174 5/8
BW 2 /8 1 34 34
NW 2 5/8 214 13/8
HW 312 | 3116 2 38
E 1 516 718 7116
A 1 58 1B 916
B 1778 7y "5/8
N 2 3/8 2 _ 1
‘ Wall Thickness
: _ . {inches}
Driven External Coupled Extra 2 12 2.875 2.323 0276
Strong Steel* Casing (Ref. 8) | ' o
o R 3 35 29 0300
312 4.0 3.364 0318
4 45 3.826 0.337
5 563 4813 0.375
3 6.625 5761 0.432
8 8.625 7625 0.500
10 10.750 9.750 0.500
12 12750 . |  11.750 0.500

B Add twice the casing wall thickness to casing O.D. to obtain the approximate O.D. of the external

pipe couplings.
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ATTACHMENT A
DRILLING EQUIPMENT SIZES
PAGE TWO _ _
Drilling Component Designation or. O.D. LD. Coupling I.D.
: - Hole Size - “{Inches) " (Inches) (Inches)
(Inches) . _ :
Flush Coupled  Casing RX 17716 1316 1 3/16
(Ref. 7) ) ' ,
: EX » -1 13116 1 5/8 1 12
AX 2 14 2 1 29/32
BX 2 78 2 9116 238
NX | 3 12 3 3/16 _ 3
‘ - HX | 412 4178 3715/16
Flush Joint Casing (Ref. 7)  RW 1 7116 1 316 . '
EW 1 13/16 112
AW 214 1 29/32
BW 278 238
NW [ 312 3
AW 412 )
PW 512 5
SW- 6 5/8 6
Uw. | 788 | 7
, ZW 858 | 8
Diamond ~ Core - Barrels | EWM 12 7/8**
{Ref. 7) : :
: AWM . 17/8 1 g
. Bwm . 2 38 1.5/8*
- NWM __ -3 : 2 18
HWG BEET 3
234 x378 378 2. 1116
4 x5 12 542 3 156/16
6 x 734 7 34 5 15116
AQ (wireline) 1 57164 -1 1/16*
.BQ (wireline) -2 23/64 1 7116™
NQ (wircline) | 2 63/64 178
HQ (wireline) 32532 1 212

Because of the fragile nature of the core and the difficulty to identify rock details, use of small- -
diameter core (1 3/8") is not recommended. C
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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 technigues. The advantage of using DPT over r\nn\mntmnnl driling includes tha generation oflitle

GRaViy 0 A=V e L WV WAL e FoIlats L r i Lo W HALG

or no dnll cuttlngs "sampling -in locatrons with difficult accessibility, reduced overhead -clearance
“requirements, no fluid introduction during probmg, and’ typical- lower costs per sample than with _
conventional techniques. Disadvantages include a maximum penetration depth of approxrmately 1510
401eet in dense soils ‘(althotigh. it may be as much: as 60 t6 80 feet in certain’ types of geological-.
environments), reduced capability of obtaining accurate ‘water-level measurements; -and the. rnabrhty fo
install permanent groundwater monitoring wells. The methods and- equipmient described herein are for.

“collection - of surface and ‘subsurface soil samples and groundwater samples Sorl gas. v_sarnplmg»rs’ S S

'drscussed inSOP-SA-2.4.

20 SCOPE

'Thrs procedure provrdes mformatron on proper samphng equrpment and techmques for: DPT Flevrew of", R
" ‘the information contained herein will facilitate plannrng of the field samplrng effort by c_l g cnblng standard R

sampling techriigues.  The techniques. descnbedvshall be followed whenever applacable,

notmg that srte-_- .
specrfrc condmons or pro;ect—specrflc plans rnay r)_»qu_ j‘ad}ustments in: methodology e

30 GLOSSARY

- Direct Push Technoloqv {DPT) - DPT refers to samplmg tools: and sensors that are d
-ground without the use of conventional drilling equipment. . ‘DPT typncally utilizes’ hydrai
pergussion hammers to advance the: sampling tool A ‘primary advantage of D
clnllmg techmques is’ that DPT results tn the generatlon of lrrtle o, no mvestrgatron de _

- Ceogmhe@ - Ceoprebe® isa manufacturer ot a h"draulrcally—po‘.vered, percussion/probing machines -

. utilizing DPT to-collect subsurface environmental samples Geoprobe® relies on a rélatively. small amount
{  of static weight {vehicle) combined with percussron ‘as the energy for advancement_] atool string. ‘The - -
\ Geoprobe® equipment can be mounted ina: multrtude of vehicles for access to all: types of env&ronmental' i
sites. . : . o

tamless steel and Teﬂon® sar
" capable of c0llectmg representative groundwater ang/or: sorl samples without requmn

' m:_lroPunchm HydroPunchTM is'a manufacturer o (
mstallatron ofa

groundwater monitoring well. or conventional soil’ borlng HydroF’unchTM is'an example _'f DPT samplmg;_y___ s

" equipment.

Flame !omzatton Detector FID} - A portable mstr
- compounds-and a fewi tnorganlc compounds in-ai
the lonrzatton of { gaseous specres utrlrzrng a ﬂame

e energtzrng SOLWCG

D Photo lonization. Detector {PID} - A portable lnstrume for the measurement of man v 9
-+ compounds-and a few inorganic compounds inaif at parts-per mllllon levels The basr for.the det
o __the ronrzatron of | gaseous specres utrlrzmg ultra i

4;0_‘ . RESPONSlBlLlTIES

. Protect Manaﬂer ‘The: Prolect Manager is responsrb fol seleetlnzg and/or rev_iewing_ th approprlatei.,:DPT
dnllmg procedure requ:red io support the pro;ect ob;ectr R TR s I SRR

""'vtools that are_. -

nt for the: measurement of many co: “"bustlble orgamc*_ :v':.' L
parts—per million levels. The basr for he detectlon is o

L .' 019611P E - § o R ’ B Telra"l'eenl\ll_}Sj,lnc.
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- Field: Ogeratrons Leader (FOL)- The FOL is pnmanly responsible for performmg the DPT.in accordance
wrth the pro;ect-specmc pIan

50 SOIL SAMPLING PROCEDURES
54 General

‘ The common methodology for the lnvestrgatron of the vadose zone is sorl bormg drilling and sorl samphng
"However,  drilling soil borings can be very expensive. General!y the advantage of DPT for subsurface soit-
,samphng is the reduced cost of dlsposal of drilling cuttings and shorter samphng ’nmes

' '5.25.' e Samp_lmg Egu:gment

__;ent needed for conductrng DPT dnllmg for subsurface soil samplmg mcludes, butis not lrmrted to '

um or 'steel dnve pomts v
AT»660 ‘Senes Large Bore Son Sampler or. equrvalent

:-jPiace the aceiate Imer contamr g he sorls in- the trough

' Tetra Tech NUS; Inc..
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» While wearing cut-resistant gloves (constructed of leather or other suitable material), cut 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 holdmg it m your hand.

o Field sereen the sample with an FID or PID,.and observe/examrne the: samp!e {according: to SOP GH-"

1.3). If appropriate, fransfer the sample: to sample bottles for. !aboratory analysis. If additional volume

is required, push an additional boring adjacent to the- tu'st and composite/mix the.same rntervat Freld -

: composmng is usually not acceptable for sample requiring volatrle organrcs analyszs.

. Once sampling has been completed, the hole is backfilled with bentomte chips or bemonrte cement s
- grout, depending upon project requirements. Asphalt or concréte patch is used to.cap holes through. L

paved orconcrete areas. All holes should be finished smooth to exxstrng grade L

. In the event the direct push van/truck cannot be dnven toa remote Iocatron ora samphng locatron with
- difficult accessibility, sampling: probes may be advanced and sampled manually or with. atr/eiectnc. '
operated equxpment (eg jack. hammer) v L : :

. ‘. .-’Sampfmg equrpment is decontammated pnor o coliectmg the next samp!e

. 60 - _V GRGUNDWATER SAMPUNG PROCEDURES
'6-'.1 o -General

Two drsadvantages of DPT dnlhng for well pornt msta latron are ‘

* In aqurfers with: !ow ynelds well pomts may have {6 be sampled without purgrng or development S

i volume requrrements are high, thrs method can be trme.c ‘ _,__:sumrng for’ Iow yreld aqurfers o

"6.2 Samghng Egurgment .

Equrpment needed for temporary well mstallatron and samp!rng usmg DPT rnciudes, but |s not hmr’red to '
lthe followirig: S S
2 foot x 1-inch drameter mlll—slotted (0. 005 to 0.02-mch) weﬂ pornt :
Connecting rods - . .
~ Roto-hammer with. 1 S-inch blt
“‘Mechanicaljack . '
,1/4—mch 0D: po!yethylene tublng
-«3,’8 inch OD: potyethylene tubrng
.'_Penstaltrc pump L
‘ Standard decontammatron equrpment and solutro

L oleeIP

Tetra Tech NUS, lnc.‘

TN

- The® most common methodology for the mvestrgatron of groundwater is: the rnstallatlon and samphng:;of S I
_permanent monitoring -wells. ‘If only groundwater screening is required, the i ation-and sam -
temporary well points may:be performed.. The: advantage of temporary well poin: nstallatron usrng IPT is .
-reduced cost due to o or mmrmal dlsposal of dnllmg cu'mngs and well constructlon' matenals and shorter S
rnstallatron/trmes sampling.’ . L :
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6.3 - DPT -Temgo‘rarv .Well Point Installation and Sampling Methodoloqy

- There ‘are several methods for the installation and sampling of temporary well points" usmg DPT. The .
most common methodology is discussed below. Variations of the following méthod may be: conducted ;
upon approval of the: Pro;ect Manager in accordance with the. prolect specific plan.

e A 2-loot X 1-rnch drameter mrll—slolled {0.005 {0 0. 02 -inch}. well point attached i (o} connectmg rods rsi‘ S
" driven into the ground to the desired depth using a rotary electric-hammer or other direct push drill rig.
“If there is conerete or pavement over a sampling location, a Floto-hammer of- electnc conng machine
' vrs used to dnll a hole through the surface material.

. -The well point will be allowed to equrhbrate for at least 15 mmutes aﬁer whrch a measurement of the_-;
-static water level will be taken. The initial measurement of the water level wilt be: used to'assess the

rnfrltratron that may have occurred

: v.v,. ‘ The well pornt wrll be developed using a penstaltrc pump and polyethylene tubmg to remove srlt anb,

--development Samples (wrth the exceptron of the samples 1o be 'an vyze latxle orgamc: B

- -compounds, VOCs) will be collected directly frem ‘the pump discharge.  Sample: contarners tor VOCs
“will be filled by (first shutting off the pump) -crimping the discharge end ‘of the. sample tubing when -

~ ‘filled, rémoving the inlet end of the sample tubing from the well; suspendmg the mlet tubmg above the
f__vral and allovwng water to fill each vial by gra\nty flow. » v o . :

S. :Once the groundwater sample has been collected ihe connectrng rods and w_ell _pog v wrll_be removed; o -

: ‘,dtfhcult accessrbrlsty, samplmg probes may be advanced and sampled manuall*-,or wrth arr/electrrc-' R
S ‘operated equrpment (e g rack hammer) - LT :

. _"Decontammate the equrpment before movrng to the next locatlon

:RECORDS

ll ﬁeld procedures test' '
g ‘'sheets; as needed.
of _ketches and fxeld landmarks wrll

otgstip. “Tetra Tech NUS, Inc.

vamount of ‘water which is present in_the well point and to deterrnrne the amount ol srll and sand‘_ R
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ATTACHMENT 1
SAFE WORK PERMIT FOR DPT OPERAT!ONS

- Permlt No : y Date . . Ttme: From .. - 1o

N SECTION L General Job Scope

Lo doo'Work limited to the fol!owmg (descnptron area, equ:pment used) Momtormg well dnllmg and mstallatlon
: through d:rect gush technolog

. ;'tl Requnred Momtonng Instruments:
i lil_l‘.v, Fleld Crew :

%V On site lnspectlon conducted Clyes [ No Initials of Inspector

Tmus ST

"?SECTION II- General Safety Flequlrements (To be filled in by perimit rssuer)
oV Protectlve equipment required Respiratory. equ;pment requn'ed
o revel DR Level B » Full face APR

‘kevel C-[] LevelAEl : . Halfface APR . EI _
Deta:led on Reverse ; N SKA PACSAR. .

: cals of Concem Action'LeVe}(s)

: Addlt:onal Safety Equupment/Procedures .
i - MYes [JNe
- .Yes CINe:

. 'Safety Glasses ..

Chemical/splash goggle . , e ; : 5
- Splash Shield... weiaii : Bamcades T SR E'Yes‘
. ‘Splash suits/coveralls Gloves (Type~- .. ). Yes: |

. ‘Steelioe Work shoes or boots .Yes INe Work/warmlng regrmen : I:_I Yes ,
b Mod)f;catlons/Excephons ‘Reflective vests for hgh traff:c areas: ' P
I Procedure review with permit.acceptors -~ -Yes NA
. Safety shower/eyewash (Locatmn & Use)....., ..... D I
Daily tail gate meetings...........
Contractor toolslegurp_ment/PPE mspected
X Site Preparatlon : S
2 Utility: Clearances obtamed for areas of subsurface mvestlgatfon P T i ) Yes - No’ o
*“Physical hazards removed or blockaded . . o ERYes BT No
" “Site control boundaries demarcated/&gnage o s A W AT .__.El Yes ElNo. -
Equ»pment Preparatron’ : . o ‘ . Yes: “NA- :
e I
o

it Issued by~

LooteetyR R S e TeraTech NUS, Ine.
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10 ':PURPOSE

This’ procedure ‘discusses the methods used -to collect surface, . near surface and subsurface soil
- samples.. Additionally, it describes the method for’ samplmg of test pits ‘and: trenches o determine
subsurface 50il and rock conditions, and recover small-volume or. buik samples A

20 " SCOPE

“This. procedure is apphcable to the collection of surface, near sun‘ace and subsurface sorls for laboratory
~:testing,  which- are exposed through hand drggrng, hand augenng, dnlhng, or machme excavatmg at..

e vhazardous substance sites.

'3:n n B L O e :
: U e uL\JDaHﬂ‘

: Comgosrte SamQIe A-composite sample exrsts as a combmatron of more than one- sample’-at various -

' '.’.__vloc i ns:and/or depths-ahd times which is ho.mogenize‘d and:,t'reat‘edas one's m_’p,le;iThis-typ of‘.’_s'ample

ng a dnve werght mounted in the drrilmg s’mng _
: wo common lengths provrdrng erther 20—mch or

7 Tetra Tech NUS; Ine.. -
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Prolect Manage -The Pro;ect Manager is responsrble for determining samphng ob;ectrves as well as, the
field procedures used in-the collection of ‘soil. samples. Additionally, in .consultation with other project
personnel. (geotoglst hydrogeologist, etc.), the. Project Manager estabhshes the need for test pits or'
trenches and deterfnines thelr approxrmate locatrons and drmensrons

Site Safety Officer (SSO) The SSO {or:a qualmad designee)-is responsible for provrdmg the technlcal. '

" ‘support necessary to implement-the: projectHealth and Safety Plan. This will include (but not be limited
to)-performing air quality monitoring during: sampirng, boting and excavation activities, and to ensure that = -
“workers and offsite {downwind) individuals are not’ ‘exposed to hazardous: levels of airborne contaminants. - |
~The SSO/de&gnee may also be required to advise the FOL on other safety-related matters regarding = .
boring, excavation and’ samplmg, such'as: ‘mitigative measures to address potential hazards from unstable - 3}
trench-walls; punctunng of drums or-other hazardous objects etc. 2 ‘

"Freid Operatlons Leader (FQ_) The FOL ‘ts res_ponsrble for frnahzmg the loca’aon cf sun‘ace near surface ’

' "’samples and the completron

perwork (1 e, sample log sheets fleld notebook bonng
: !ogs test prt logs contamer 1abi .

dy Seals and cham-of-custody forms)

Comg__ent Petson - A Competent Person as defmed in-29 CFR 1929 650 of Subpart P Excavations, - |
_.means one. Who'i is: capable of. ldentrfymg exrstmg'and predrctable hazards in the surroundlngs or worklng: L i

Nge
' itake prompt correctlve measures o et;mmate them

50 PROCEDURES e
B 'Overwew

Son samplmg isan. lmportant adj nct to groy. atPr momtormg Samplmg of the sorl honzons above thez';' [
'.groundwater tabie can detect_ ontamrnants fore: they have _migrated into- ihe water table, and ‘can. S
establish the amount of- contammatxon sor e on aqurfer sohds that have the poten’ual of contnbutmg to;l R
groundwater contamma’uon Ses :

nj,a hazardous waste site. These vanatlons along with vegetatron canij s
rgrat"" n thros 'h' the sorl Itis xmportant therefore that a detailed record-;’f’

v:_ Soil types can vary consnderab :
- affect the: rate of coniammant

) trons can radxcal}y al’:er the’ rate of chemical reactlons
urther aitenng specrfrc srte condltlons As a resu!t

.o'n sorl properues can be obtamed from pubhshed sail '.

‘. surveys avarlable through ‘v‘e U S Geoiogtcal‘ urveys and other govemment or: farm ‘agencies. lt is. the"- :

T 91’9??‘“” A o : FE ' o R " Tetra Tech NUS, Inc.
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: ﬁ‘f mtent of thns procedure to present the most commonly employed so:l samphng methods used at
: fhazardous waste sntes Lo

-._;:_5,27'. 30:] Qle Collectlon

Procedure for Collectmg Sou Samples for Volattle Orgamc Compounds

Corgetp
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5.2.1.2 Sail Samples to be Preserved in the Field

Soil ‘samples preserved in the- field may be prepared for analyses ‘using both the low-level (sodlum
»blsulfate preservatton) method and medium- level (methanol preservatron) method

“l\rlethanol Preservatron (Medlum Level)

: Sorl samples to be presen/ed in the field with methanol wrll utrlrze 40:60 mL glass vrals wrth septum ltds
- Each sample bottle will be filled with 25 mL of demonstrated analyte-free purge and trap grade methanol
B ‘Bottles may be presprked with methanol in the laboratory or prepared inthe field. =<, B

v Sorl wrll be collected with the use of a decontaminated (of dlsposable) small-dra \eter 'co”'ngr devrce such
asa dtsposable tube/plunger-type syringe with the tip cut off. " The. outsrde drameter of the cenng devrce‘- '
»-*must be smaller- than the inside dtameter of the sample bottle neck. " '

':_.A small electromc balance or manual scale will be necessary. for measurmg the volum _of sorl to‘be added' v
10 the methanol preserved sample bottle. Calibration of the scale should be performed pnor to use and
mterrmttently throughout the: dlay accordmg to the manufacturers requrrements S

(8-1% nmmqt mf qml ehould be collected The sam

2 into the methanet :
> ev.‘i The threads of
jbottle and cap must be free of sorl partrcles o

. 't';After cappmg the bottle “switl the sample (do not shake) rn the met riol. andbbr

S e T s it rath i
_of the soil iscovered with mett ano).” Place the sample on ice’ rmmedrately end

g v ;laberatory as descrrbed in SOP SA-6. 1.

Sodrum Brsulfate Preservatron (l_ow l_evel)

L - f'f__:Samples 1o be preserved usrng the sodrum brsulfate method are to be prep

aboratory can. perform the requrred pres atton ahd analyses
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522  Procedure for Collecting Non-Volatile Soil Samples

5 Non volatlle soil samples may be collected as either grab or composnte samples The non-volatlle sorl
| . 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 contamer(s) Head space IS
5 ,perm;tted ina non—volattle sorl sample container to allow for sample. expans:on

o ;5.2 3 Procedure for Collectmg Undisturbed Soil Samples (ASTM D1587-83)

. When lt IS necessary to acqun'e undisturbed samples’ of sonl for purposes of engmeenng parameler -
- analysis: (e g.; permeability), a thin-walled, seamless tube sampler (Shelby tube) w:ll be,, mployed The ke
Lo lollowmg method will ber used S S

s ”{Remove all surface debns {e:g., vegetahon rools, twigs; etc)from the specn‘lc samplmg _locatlen and:. -
“.drill. and: clean out-the borehole to the sampling depth,: bemg careful to mlm nize '
{drsturbance of the material. to be sampled.
- . prevent ioosening .of the soil around the borehole and to mamtam the water levv
fabove greundwaler level SN ,

e ample Elther the hydraullcally operated or control. rod actwatedétype of stz
nay. b_e used Pnor to msertmg the tube sampler lnto the: borehole check 10 .

the sample ouit the tube sampler dunng sample w:thdrawal
kS ihelp retam the sample : . :

L sample will be tested wnthm a few days after sampllng or.if chemlcal reactnon i
G W:_}:the samplmg tube restmg on: the bottom of the hole and the water level m g

' v1brallon and dlsturbance

| Tetra Tech NUS, Inc:,
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_Thin- walled undrsturbed tube samplers are. restncted in their usage by the consrstency of the sorl fobe o f
“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 therelore thezr use shall be welghed egamst the need fer acqurrmgf. Sk
an undlsturbed sample. : PR .

53 - Surface: Sorl Sampling

k-3

‘ The srmplest most dlrect ‘method of collec’ung surface soil samples (most commonly5c" lected to a depth" |
. of 6 inches) for: subsequent analysns lS by use of a stainless steel trowel. Surface sorls are cons:dered'
_ 0-12 mches bgs . T

- _ln general the followmg equnpment is necessary for obtammg surlace soul samples

3‘ S’tamless steel or pre-cleaned dlsposable trowel
: :’Real trme an' momtonng mstrument (e g PlD FlD etc )

S8R 8 e 8. 0 e e "o'_'v'ohvox

o f: ctmg a volat:le sou sample. Surface
‘from 6 12 mches bgs only '

’sable trewels

ot9et/p e - N UM BT S0 TeraTechNUS e
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The following equipment is necessary to collect néarv.suﬁacé',séil‘ samples:
. Clean shovel.

¢ The equipment listed under Sect;on 5. 3 of thls procedure

+» Hand -auger. S

To obtain near-surface soil samples the ‘fblibﬁving'brbtbc.ol?sﬁal'lf bé ob“sén’fed'

apprommately 1 foot by 1 foot..

’ 2 Lever out the: formed plug and scrape the boﬁom
' stamless steel or pre-cleaned dlsposable trowel o remove any Ioose soil

'.':=fz6-112" long, and 2-3/4" ~3- 4"
: '-»:1engths) and A cross hand

S "‘To ac:comphsh sonl sampbng usmg a{hand augermg system the followmg equxpment is requnred

'Complete hand auger assembly (vane ;,of bucket blt sszes)
. Stainless-steel mixing bowls.
The equ:pment hsted under Sect»on

‘-th;s Krocedure
T 'obtam sonl samp!es usmg a ha" d-.a 1g6 € shali be foiiowed

_ _Attach a properly decontamma d’ bucket blt to a ctean extens:on rod and further attach the cross
, handle to the extensron rod. R .

Clear-:the~area‘:to-be‘s"ampled ce:" ebns' vegetahen tmgs 'ocks, htter e’tc)

4. With a clean shovel make a serés of vertxcal cuts to the depth requsred in the soil to form a square -

e freshly dug hole with a decontammated

" Tetra Tech NUS, Inc. -
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6. Carefully lower the apparatus down the borehole. Care must be taken to avoid scraprng the borehole -
sides.

7. -SloWIy turn the, apparat‘ﬂs uniil_ the erCket' bit is advanced approximately 6 inches.

8. Drscard the top of the core. (approxxmately 1™, which represents any loose matenal collected by the
' ' bucke’i bit before. penetrating the sample material. ' .

9. Frl! volatr}e sample contamer(s) using a propefly decontaminated starnless steel trowel wrth sample
P matena! drrectly from the bucket bit. Refer to Section 5.2.1 of thrs procedure. :

‘. ; 10. Utrhzmg the above trowel remove the remalmng sample materral from the bucket brt and place mto a _' ’
o "'-j.,properly decontamlnated stainless steel mixing bowl and thoroughly homogemze Asamp!e materral..»- :
pnor to frmng the’ remammg sample containers. Refer to Sectron 5 22 of thns proce ure

v 11 Fol!ow steps 4 and 5 lrsted under Section 5.3 of thrs procedure

56 _ Subsurfac, 'Sml Samphnq With a Spht-BarreI Samv Ier ASTM_ D1586—8_

.The fol!owmg equrpment is used for obtannmg splrt—barrel samples

. ;Drrlhng equrpment (provrded by subcontractor)

o .‘:;_-:'_..'Spht-barrel samp!er"?(OD 2inches, 1D.-1-3/8 inches, erther 20|

es’or 26rnches long);  Lar
ilable it a larger volumie of sample is- needed \'_ P e T

' ;I..': .’Drrve werght assem y;v140-tb werght driving head and gurde permrttmg free faI} of 30. rnc". g
e ,’Stam}ess steel mlxrng bowls

' Equrpment hsted u _ er 'Sec’uon 5. 3 of thrs procedure

adings oogu
ot f(_)"edfed fl’Om ¥

ooigstYP o Lo L » A' TetraTechNUS, Inc.
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center (thrs area represents the: ‘least dlsturbed area wrth minimal atmosphenc contact). Hefer to
Section 5.2:1 of this procedure :

3. Using. the same: trowel remove remalnmg sample matenal from the. splrt—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: bow Theroughly ‘homogeriize the sample. materral pnor to
frllmg the. remarmng sample contamers Flefer to-Sectron 5. 2 2-of this procedure

4. Foliow steps 4 and 5 Irsted under Sectron 5. 3 of thls procedure

5.7 ’ - ' Subsurface Sol Sa gmq Usmggrrect ush Technoloqy

Subsurlace sorl samples can be collected to de_pt of Q+ feetf usrng drrect push technology (DPT) DPT
equrpment responsrbrlmes and procedures ,»ar descrrbed‘_m SOP SA 2 5. - :

ind Trenches :

5.8 . Excavatlon and Samg nq of Test

appllcable regulatrons ln these ‘cases, .
'esprratory gear. and protecllve clothing

~Excavations:
usually. llmrte : cet |
control water Ievels w: iy

il e logged nd documemed (seef o

Ceteerip ' Tetra Tech NUS, Inic.
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“Test p;ts and trenches may be excavated by hand or by power equxpment to. permit detailed description of
-the nature and contamination of the m—sﬁu materials.. The size of the excavanon will depend primarily on
'the fo!lowmg ’ .

e The purpose and extent of the exploration.
: TThe space requtred for efficient excavation.
~e. The chemicals of concem.
e The economlcs and efﬁc:ency of. avaliab!e equspment

: '»»Test prts normany have a cross-section that is 4to 10 feet square; test trenches ‘are usualfy 3 to 6feet
ide and may be extended for any length requnred to reveal conditions along. a spécific fine. The following
‘table wh)ch )s based on. eqmpment eff;cnencxes g;ves a rough gunde for des;gn consxdera’ﬁon

ECluiPment Typlcal Wldths in: Feet 13-'- S
| Trenching machine . | 2 -
| Backhoe o 26
Trackdozer ~ | 10 |

A Trackleader | . 40 .
| Excavator e

vacrapérf - , T :’ 0

sxgavations. in
ewatenng operatlons ;
ion and disposal. of

uld be dlscussed m the sﬁe-spec;frc pmject p!ans

Coetsetip S | S TemaTeehNUS,ine.” o
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583 ~  Samplingin Test Pits and Trenches
5.8.3.1 G'enerai .

Test pits.and: trenches are usually logged as: they are. excavated Records of. each test pititrench wrll be
madeas presented in: Attachment ‘C. - These.records include plan and- profile sketches of the test
pittrench ‘showing ‘materials encountered their depth and: distribution in- the pttltrench and sample
tocatlons These records a]so lnc!ude safety and sample screenmg information.

v Entry of-test: psts by personnel is: extremely dangerous shall be avoided unless absolutely necessary, and
" can occur only after all apphcabte Health and Safety and OSHA requn'ements have been met '

vThe hnat depth and type-f .‘tsamples ob' "med rommy: each test: plt w;ll be determmed at the time the test pit

is excavated. Sufficien -samples are’ ally obtained and analyzedto quantify-contaminant distribution as '

a function of depth for eachiest pi ’ amples of each waste phase and any fluids encountered
~ineach test plt may also be collec R u

om the:test pnt for reasons: other than waste samplmg
rmation. . Stich information-would include
tail the cotlectxon of disturbed: (grab or.bulk) -
nples,’ whlch can be tested for geotechmcat‘ i
ilar shallow exploratory ortest = -} .
thod ot samphng than mstallxng bonngs

| ‘properies. " The pur
bormgs but often test p't

. 'Sampte--contazner.-’
geOtechnical van‘aly'

. propnate for sa'_,‘ pling.
fo_-‘sampllng) Practl al ;

SR '0196_{1/{3 :-T'etra T_ech"NUS, Inc.
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. The"b'eokhoe Ope.'rétor who will have the best view of the test pit, will immediately cease digging if:

- Any ﬂund phase or groundwater seepage is encountered in tne test pit.
- Any drums, other potential waste containers, obstruetions or utifity lines are encountered.
D:stlnct changes of matena! are encountered .
_ Th%S _a_c‘;en e »nééeuqapf tn permn proper ngnhnn of the test mf :md to:prevent a breach of safely
protocol. - ‘Depending upon the’ condmons encountered it may be reqmred to excavate more slowly and
carefuﬂy w;th the bac khoe. ‘ :

]. For obtamlng test p|t sampies from grade level,. the followmg procedure shaﬂ be followed

_ . 'Remove!oose matenal to the greatest extent possvble w;th backhoe. _

. '»,Secure wa}!s of plt |f necessary (There is: seldom any need o enter a plt or trench whlch would ;ustxfy'

aboratory for composmng;u ’
the field IS requured ea :

face of the-pittrench shall-first be scraped-(using a long-
ired zone that has contacted the backhoe bucket. The
’amp!e }ar by scrapmg w:th the jar edge ehmmatmg, ‘

L To1ee1iP

D samples can be taken at the des:red depth from S B

Tetra Teeh NUS, inc.:
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. There is no practical alternative means of obtaining such data.

. ‘The Site Safety ‘Officer and Competent Person determines that such action can be accomplrshedr' S
without breachmg site safety protocol.  This determination will be based on actual monitoring.of the. = .- -
- pititrench after it is dug’ (rncludmg, at'a minimum, measurements of volatile organics, exptoswe gases N N

" .and avar!able oxygen) o .

. ,A Company»desxgnated Competent Person determrnes that the prt/trench is stable oris made stabtej' ol
" .{by grading the sidewalls or using shoring) prior to entrance of any personnet OSHA requrrements ‘
B f must be stnctly observed

i these condrtrons are satrsfled one. person will enter the prt/trench on potentrally hazardous waste srtes, S
o =thrs individual. will:be dressed in safety gear as required by the condltrons i the ptt He/she wrll be afftxed :
e :,to a safety rope and contmuously momtored while in-the pit. . :

1 : 5A second rndivrdual wﬂi be fully dressed in protectlve ctothmg lncludrng a self-contamed breathmg devroe.f

] addrtron to the equrpment descnbed m Sectron 5, 832 the followrng equrpment is needed for:f
! echnlcal samphng : o

e 'Sorl samplmg equrpment snmrla (3 that used i in shatlow dnlled bonng (r e open tube samplers) whrchi
2 1can be pushed or dnven into the ﬂoor of the testpit. ¥ v S E

. '.Suntabte drwmg (r e, d stedge ' mmer) or pushmg (e, the backhoe bucket) equrpment whrch is used/f

, Surtable contarners (bags, jars'
»'-‘Geotechmcat equrpment (poc
: or ctassrﬂcatron and strength

rbed grab or butk geotech »
parabte soil samples for: chen

1 ¢ :fples are: similar to those used
»gs except that the samp 3 advanced by hand or backh

CStP e -:f'"-"'Tena‘?Teéh-"Nu's
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rather than by a drill rig. Also, the sampler may be extracted from the test pit by excavation around the
sampter when it is difficuli to pull it out of the-ground. -If this- 'excavation requires entry of the test pit, the
requirementis described in Section 5.8.3.4 of-this ﬁi’OCéuui’E must-be followed. The open tube: sampter i
- shall-be pushed or driven vertically into the floor or steps excavated in the: test pit at the desired sampling -
elevations. .Exiracting tube samples honzontatly from-the: walls of the test pit is :not-appropriate, because

the sample will not have the correct orrentatron

A sledge hammer or the backhoe may be used to dnve or push the sampler or tube into the ground
Place a prece of wood over the top. of the sampter or samphng tube to prevent damage durmg

" with repeated blows, thus mmrmrzmg disturbance to the' sample If the- sample cannot be extracted by
rotatrng it at least two revolutions (to shear off the sample -the bottom) hand-excavate to remove the -
soit from around the sides of the sampler..:  hand-excavation requires entry-of the test pit; the -
requirements in Section 5.8.3.4 of this procedure must be followed. Prepare Iabel pack and transport the
sample in the required marniner, as descnbed in SOP 8A-6-3%'and SA—6 1 '

5. 84 Backﬂlhng of Trenches and T est P:ts L

Al test pits and excavatrons must be either backfrlled cov re
- . rday. -No excavations shall remain open dunng non-wor
. protected : :

oL otherwrse protected at the end of.each
irs: untess adequatety covered or otherwrse :

""" nt features exposed by the test.pit and
ensions. “Photographs of test pits shall’ be B
of feature, and date of photograph. -
tered in‘the srte togbook All photographs
tuture reference ' i

_trench and shall mclude in the photograph a scale to
-markeéd to inclide’ site number, test pit number, depth,
.~ addition, a geologic description of each. photograph shall
: shall be. mdexed and mamtamed as part of the pro;ect frle
- After inspection, backfllt matenat sha! be returned to the nder the -drrectron ot:the' FOL-

If alow permeabrtity Iayer is penetrated (resultmg in gro ndwater ﬂow from an upper contamrnated flow

zone into a lower uncontaminated flow zone), backfill terial must. represent original conditions or be. . .
" impermeable. Backfrlt could consist of a soil-bentoriite repared in a-proportion specified by the FOL.
~(representing a permeabrhty equal to or less than origi ions). Backfill can be covered by “ctean »

soil and graded to the ongmat land contour Revegetatro' f: e’dlsturbed area: rhay also be requrred

5.9 Records

" The appropriate sample log sheet (see Attachment A of thls SOP) mus’r be completed by the srte
~_geologist/sampler. “All soil sampling locations. shot CUl

*. . more nearby permanent landmarks: (burtdmg‘,j telephi
-and shall be noted on the appropriate’sample’ log sh
be necessary, dependmg on the pro;ect requrrements

s, fence, ‘gic.)or obtammg GPS coordmates s
’ap, or freld notebook Surveymg may atso» o

: ,Test pit logs (see Attachment C of this SOP) sh_att ticondttrons tn addltron at Ieasti 7
.. ~one photograph with a scale for. companson sha b ¥
- be a’card showing the test pit number. Bor

i | Sricties: shall'be logged by the fiskd: ¢
' .geologrst in accordance wrth SOP GH '.1,-5.[ e Ly

i '»-Other data to- be recorded inthe ﬁeld togbook mclude

e Name and Iocatron of jOb ‘
“o ‘BPate of b_onng_ and excavation.

L 019611/P . R S TR Tetra Tech NUS, Inc.



Subject o ' Number’ . Page .
. SA-1.3 o V- 160f20 TN B San
SOIL SAMPLING Revision g | Effective Date o ‘
: 7. o '  09/03

Approximate surface elevation.
- Total depth of boring and excavation.
Dimensions of pit. .
-Method of sample acquisition.
» Type and size of samples.
Soil and rock descnptrons
_ Photographs '
- Groundwater levels.
~ Organic gas or methane levels.
y Other pertmem mformatron stich.as waste matenal encountered

B0 REFERENCES

o -Amencan Somety for Testmg and Matenals 1987, "ASTM: Standards D1587—83 and 91586-84 AS]
- -‘Annual Book of* Standards ASTM Phrladerphla Pennsylvama Volume408 e LT

:NUS Corporatron 1986 Hazardous Materral Handlmg v'rarmn :"'Manual

eld Operatron Methods. Prepare‘ or

:T,etra: Tech NUS; Ing:
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ATTACHMENT A

SOIL & SEDIMENT SAMPLE LOG SHEET

"H: Tetra Tech NUS, Inc. . SOIL & SEDIMENT SAMPLE LOG SHEET
L ' ~Page__of

Project Site Name: . . ] Sample 1D No.:

Project No.: : . . Sample Location:

o o - i - Sampled By

B Suriace Soit . ‘ v C.0.6. Nes .
. - [} Subsurface Soif ' S
" . I Sediment ) : Type of Sample:- - -

[ Others : TR [} Low.Concentration . . :

‘- QA Sample Type: . RN f}-High Concentration -~ =~ -

SR R R
Pescription. {Sand; Siit; Clay; Moistura;

ote) |

[

“Jpaonstor Reasings - |
'I(R_ang'e in ppmy:

Container Requlr
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ATTACHMENT C -
TEST PIT LOG

TESTPITLOG ~  Pago__of_

Tetra Toch NUS, nc.

" PROJECTNAME: ~ f - TESTPITNo.
' PROJECT NUMBER: DATE:

o0 LOCATION: “GEOLOGIST:

MATEB!A_LDESCHIPT!ON

T GROSS SECTION'AND / ORPLAN VIEW  *

ofostipP . Tetra Tech NUS, Inc.
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1.0 PURPOSE

Decontamination is the process of removing and/or neutralizing site contaminants that have contacted
and/or accumulated on equipment. The objective/purpose -of this -SOP is intended to protect site
personnel, general public, and the ‘sample integrity through.the prevention. of ‘cross contamination onto
‘unaffected persons or areas. It is further-intended through this procedure to provide guidelines regarding
the appropriate procedures to be followed when decontamrnatrng drilling equipment, monitering well
materials, chemical sampling equipment and field analytical equipment..

2.0 - SCOPE

This procedure applies to all-equipment rncludrng drr!!rng equrpment heavy equrpment monrtorrng well
materials, as well as chemical sampling .and field analytical eqtiipment decontamination that may be used
to provide access/acquire environmental samp!es ‘Where: technologrcally and economically feasible,
single use sealed disposable equipment will- be emp!oyed 10 “minimize the potentral for cross
contamination. - This procedure also provrdes general reference mformatron on the control of
contaminated materials. :

3.0 ‘GLOSSARY

Acid - For decontamination of equipment: vrhen'“sarnr)h’ng“'fer‘
nitric acid in deionized water should be. used Due_
o used on starnless steel. ,

'ce’b levels of:i rnorgamcs a 10% solution of,:
( achrng abrlrty of: nrtrrc acid, it should not be
E _Alconox/Lrgurno - A brand of phosphate~free iaboratory grade detergent

thm the Health and Safety Plan or Pro;ect- L
ted-. and employed as directed by the project.

: .:Decontamrnatron Soluiron -Isa solunon selected/ den'n‘
‘Specific Quality Assurance Plan. The solution is se!
: _chemrst/health and safety professronai :

[ D Deionized Water (DI} - Deionized water is tap water-th as been treated by passing through a standard
~ " deionizing resin column. This water -may-also pass through additional filtering media to attain various -
" levéls.of analyte-free status. The DI water Should meet CAP and- NCCLS specrfrcatrons for reagent grade,
Type | water. : : ;

" ‘Potable Water - Tap water used from any munrcrpal wat_
~water supply is not an acceptable substrtute for: tap water

treatment systern Use of an untreated potable

Pressure Washing - Employs high- pressure pumps. and nezzle ‘configuration to create a hlgh pressure
-spray of potable water High pressure spray is employed to remove sollds '

ijdocuments As an example it may b necessary _
- pesﬂcrdes, PCBs,; or fuels. In addrfrdn because mar
1 ‘equipment: should be- air dried prio

S -constructron materrals o

essure spray of heated potable water. - This
_gval ‘of various organic/inorganic compounds. -

"vSteam Pressure: Washrnq “This metho ,employs a
»method through the apphcatron of: heat provrdes for the

019611/P _ Sl , Tetra TechNUS; Inc.
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4.0 RESPONSIBILITIES

Project Manager - Responsible for ensuring that all field activities are conducted in accordance with
-approved project p!an(s) requnrements ‘

Field Operatrons Leader (FOL} - Responsrble for the onsite verification that all field activities are
- performed in compliance with approved Standards Operatmg Procedures or as otherwrse dictated by the
. approved pro;ect pian(s)

Site Health and Safetv Officer (SHSQ) - The SHSO exercises shared responsrbrhty with the FOL
* " concering decontaniination effectrveness -Allequipment ‘ariving ‘on-site (as part of the equipment

-ingpection), !eavmg the site, moving between locations are requrred to .go .through. a- decontamination
- evaluation. . This is accomphshed through visual examination and/or instrument screening to determine
the: effectrveness of . the decontamination process. Failure to. meet these objectives are sufficient to.
| restrict equipment from ‘entering the site/exiting the srte/ or movrng toa new jocation on the site until the
S 'objectrves are successfully cornpleted ' S .

 ;'5.-0.=_ oo IPROCEDURES

{».'The process of decontemmahon is accomplrshed through the: removal of contaminants, neutralization of
. contaminants, or the isclation of contamlnants Inorder to: accomphsh this activity a level of preparation‘is
‘-requnred .This:: rncludes site preparalron equxpment selectlon and - evaluation ‘of the process. Site
contaminant. types ‘concentrations, media ‘types, are -primary- drivers: in ‘the selection - of the types -of
A .'decontammatron as well ‘as-where it will-be: conducted. For. purposes of thrs SOP discussion will be
B ',;provrded concernmg general envrronmental mvestrgatron procedures

iThe decontamlnatlon processes are typrcatly employed at

Temporary Decontammatron Pads/Facrlmes
Sample Locations - ‘

" Gentralized Decontammatton Pad/Facilities
Combrnatlon of some or.all of the above '

- :The followmg drscussron represents recommended srte preparatron m support of the decontamination

' .‘process v
B Decohiamfﬁetion D'_esign)Corrstructionsi'»’COns:iaére:tions "
' 511 - T_em'p'orary.Decohfaminaﬁon,Pads '-

S .and potenually contamrnated sorls:
¥;.ﬁsthese pads should take mto- %

: —'o1951'»1JP S : L : : S o 5 Tetra Tech NUS, the.
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. Srte Location — The site selected should be within'a reasonable drstance from the work site but should
avord

- ‘PedestnanNehrcte thoroughfares
- ‘Areas where controlfcustody cannct be mamtamed C : :
- Areas where a potential releases may- be compounded- through access to storm water transport
systems, streams or other potentially sensitive areas. .
- Areas potentratiy contaminated. .

' . Pad The pad should be constructed to provrde the foﬂowmg charactenshcs

P Slze The size of the pad should be suﬂlcrent to accept the equxpment to be decontamrnated as
~well - as permitting free movement around the equrpment by the personnel conducting the
‘-’decontammatron ’ : o RN

- Slope An adequate slope will be constructed to perrmt the collectron of the water and potent;al!y

.. contaminated soils within a trough or sump constructed at one: end _The collection point for wash

-waters should be of adequate distance that e,deconta lnatlon workers do not Have to walk
ji‘fthrough the wash: waters whrle complettng ther tasks: '

debrts) that could puncture the
'he thrckness may vary from a

perrmt these artlctes o be washed dramed, and dne ,
: 'rocess A mmrmum ground olearance of 2-feet is recommend i

' ’standmg water sorls and debris.
' add_rtron these artrctes wm reduce-

.:.»01;9:6511/?1 ' o . : SRR L , . R 'FetraTec.hNUS,Inc.
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- Buckets shall be placed within mortar tubs or similar secondary containment tubs to prevent splash and
spills from reaching unprotected media. Drying racks will be employed as directed for temporary pads to
: 'permrt paris o dry and be evaluated prior to use/re-use. v

_- ’5.1 -3 Decontammatron Actwrttes at Remote Sampie Locations

| ‘When sampling at remote locatrons samplmg devices such as trowels, pumps/tubrng shotild be evacuated
of potentially contaminated media to the extent possible. This equipment should be wrapped in plastic for
-~transport to the temporary/centrahzed -decontamination locatson for final cleamng and disposition.,

5-.2 : -Qutpment Decontammatlon Procedur.es

o The tollowrng represents procedures to be employed for the decontammatton of equipment that may have "
‘contacted and/or accumulated contamrnatron through site investigation actrvmes :

4 5.2.-”_1, : Momtormg Well Samplmg Equlpment

o5 5.2;'1.1 a0 Groundwater sampling pumps . This incl udes pumps mserted into the monrtormo well suoh
i as Bladderpumps, Whale pumps, Redi-Fo reusable ballers eto S

i }Evacuate to the extent possrble any purge water wrthm the pump

““Scrub using soap and water anctlor steam’ clean the outsrde ot the pump and tubrng, where
,apphoable , : .

”lnsert the purnp and tubing into a cléan contamer of: soapy Water Pump’ a sufhcrent amount of
soapy water through the pump:to flush any residual. purge . water. Once flushed,. crrculate soapy’
water through the pump to ensure the internal components are thoroughly ﬂushed
‘Remove the pump and tubing from the contamer rinse. extemal components usmg “tap water.

:Insert the pump and tubing into a clean container of tap: water.. Pump a sutfrcrent amount of tap '
Awater through the pump to evacuate all of the soapy water (untll clear)

Rinse equipment with pesthlde grade’ rsopropanol :

- ’Repeat item #4 using deionized water through the hose to tlush out the tap water and solvent
“residue as applicable .

v ’.7)' _ ' Dram resrdual dElOI’llZed water to the extent possrble a!low components to arr dry v
. 8) - Wrap pump in aluminum forl ora clear clean plastrc bag tor storage S

" 5‘2}1‘.2. _

Electromc Water Level lndrcators/Sounders/’l‘ apes: ’

g
rpmg the: surface of the extracted tape lS acceptable-

joni should be -
,ducted as md!cated below. R S

-"The solvent should be employed when: samples contam oil, grease '.j'PAHs PCBs and other hard to - i
move materials. Hf these are not.of: primaty concern, the solvent step' ‘ay be omrtted tn addition, do "+ }
not rmse PE lPVC and assocrated tubmg with solvents : '

o mgeqj/'p- o : I R ‘ © Tetra TechNUS, Inc. -
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1) - Washwith scap-and water
2) Rinse with tap water
3) Rinse with detomzed water

'Note: in snuatlons where oil;. grease lree product other hard to remove matenals are encountered
C probes and exposed tapes should be washed in-hot soapy water :

5.'2.1,7.3_ ' Mtscellaneous Equment

Mlscellaneous eqmp' ent i’mcludmg analytlcal eqmpment (water quallty testmg equxpment) should be
cleaned | per manufacturer’s ‘instriictions.. This . generally mcludes wnpmg down the sensor housing and .
' rinsing. w;th tap and delomzed water e

Coolers/Shlppmg Conta ; et . employed 10 shlp samples are recewed from the lab ina varlety of condmons
from margmal to extreme poor, Coolers should be evaluated pnor to use for ‘

e v 'Structural lmegnty Coolers m»ssmg handles Of havmg breaks w;thm the outer’ housmg should be
removed and not wsed::’ Notrfy the laboratory that the risk-of shsppmg samples wxll not be attempted

© 2). Rinse with:
-9 DFY' S

o these measure

,oulci extend over the borehofe
acttvrty, then between locattons

BN Through
dlrt/solls

nd. augers, stainless steel |

Cotestup L P I A ' Tetra Tech NUS, Inc.
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1) Remove all'soils to the extent possible.
2y  Through a combination of scrubbing using soap and water and/or steam cleamng remove visible
dirt/soils.
) Rinse with tap water.
4} - Rinse equipment with pesticide grade 'isopy‘opanol
'5) . Rinse with deionized water -
'6) " Tothe extenl possible allow -compohehls to air dry”
- 7) N the device is to be used immediately, screen Wl'(h a PlDlFlD to'insure all solvents (if they were. .
S ‘ used) and trace contaminants have been’ adequately removed.
; 8) ' "Once these dev;ces have been dried wrap in. alum;num foil ior storage until it i is tlme to be used

53 . Contact WasteIMalenals

L Dunng the course ol lleld mvestlgatlons dlsposable/smgle use eqmpment becomes contammated These,;, 1
S ltems include. tublng, trowals, PPE (gloves, overboots, splash suns etc.) broken sample contamers ;

CWith the excep’uon ol the broken glass, smgle use artlcles should be cleaned (washed and nnsed) of -

- visible materials and dlsposed 'of ‘as-normal refuse. The exception-io this rule is that extremely soiled: -} -

' materials that cannot becledaned should be contamenzed for dlsposal in accordance withe appllcable",_ s
- .'federal state and local regulatlons . '

5.-3";1;’, S lJecontammahon-Solutio‘nsf

o All waste decontammalnon solunons and rinses must be assumed to: contam the hazardous chemlcals o
- associated with the: site unless there are. analyncal or other data 1o the contrary. The waste solution . 55 B
. volumes: could vary from a’ few gallons to ‘several hundred gallons in cases where large equrpment U SR

requlred clealmng C g o _

v -Contamerlzed waste rinse solutlons are best stored in: 55-gallon drums {or equwalent contamers) that can;‘- s
i-be sealed untll ultlmate dtsposal atan approved facnhty These contamers must'be appropriately labeled.

v 5._4'* SE Decontammatron Evaluatlon

‘__iDetermmlng the eﬁectweness of the decontammatlon process will be aooompllshed in the followmg_j i
: manner : : . = T

: process noted that the. mst me‘ scan is only v;able lf the contamrnants are detectab ,
o wrthm}the mstruments capabllmes i g : : :

oteeiP S o ERUR I * Tetra TechNUS, Inc.
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» Rinsate Blanks ~ It is recommended that Rinsate samples be eOIlected to

- Evaluate the decontamination procedure: representing diﬂerent equspment apphcanons (pumps
versus dn!hng equipment) and different decontammatlon appftcanons .

- Smgle use: dlsposabte equment - The number of samptes should represent dm‘erent types of
' equment as wellas dufferem Lot Numbers of smgie use artlcles

» The couectnon and the frequency of collection of rinsaté samples are as follows :

¢ Per decontammatnon method - : -
e Perdisposable amc!e/Batch number of: dlsposable artlcles

It-is recommended that an initial rinsate sample: be co!!ected early m the pro;ect to ensure that the
_ ‘decontamination’ process is functioning properly and-in an: effort to ‘avoid’ using a contaminated- batch of
single use:articles. It is recommended that a follow up: sample bé collected during ‘the execution of the
project to-insure those. conditions do-not change." Lastly, rinsate samples ‘collection may be driven by
types. of and/or contaminant levels. Hard to remove contaminants, ods/greases :some PAHs/PCBs, efc.
may ¢ also su 'port the collection of addntxonai rinsates due to‘the obvious: challenges o the decontammatlon
:process Thls isa fleid con&deratxon tobe determmed by the FOL ".:: : : '

019611/P ; =4 ) SR St TetraTechNUS, e, -
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1.0  PURPOSE
The purpose of this Standard Opera’ung Procedure (SOP) s to provide information on’ sample
. preservation, packaging, and shipping procedures to ‘be: used_in handling environmental ‘samples
~ submitted - for  chemical constituent; biological,. or geotechmc analysis. - Sample chain-of-custody
*procedures and other aspects of field documenta’non are add S n SOP SA-6.3. Sample identification
“Is addressed in SOP CT-04.. . IEE Nt R i
2.0 : .’SCOPE
- This procedure'de'scribes the appropriéite co ' 'ners to be used for samples dependrng on the analyses to‘
o be’ performed and the steps necessary i' - | eserve the. samptes when shrpped off srte for chemical
’analysrs .
o 30 e GLOSSABY
T Hazardous Material - A substance or mat’ en determined by the Secretary of _
e Transportatlon 1o be capa . POE o’ _ealth safety, and property when :
e -’transperted rn commerce, R
.‘/\;

y (y26130 e{' seq’) ‘or othe rimse "
y T oxrcrty h

B Marklng A descnphve name rdentmcaf
2 :‘marks or comblnahon thereof requrred on

Sodrum Hydroxrde . NaOH

. 019811 | TetraTech NUS, Inc. -
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Other Preservatives

o Zlne.Aéetate
L Sodrum Thiosulfate Na:S,05

"‘N. Concentratxon of a solutron expressed as’ equrva!ent per lrter an: equrvalent bemg the
: amount of a substance contammg 1 gram-atom of replaceable hydrogen or sts equwalent

Re ortab!e Quantrt (RQ) - For the purposes of this SOP, means the quantrty specmed in column 3 of the
. .Appendix to DOT 49 CFR §172.101 for-any material identified in column 1.of the appendlx A sprll greater
: than the: amount specrhed must be reponed tothe Natronal Response Center '

- _‘_‘S mple - A ‘sample is physical evidence collected from a facrhty er the envrronment whrch is
' representatsve of cendmons at thelocation and time of collection. . . . e

: *4".6“5 RESPONSIBILITIIES

_,leferent types ’of chemlca!s react drfferently with sample contamers
: “examp!e trace metals adsorb more strong!y to glass than to plastrc

,lrrevers bie presenrahon of samples rs not posszble preservatlon does 1 mical and biological

= .m_éewp : ' S TetaTechNUS/ne.
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changes that mev;tably take place after the sample is coﬂected Preservatnon techmques are usualty
limited to pH control, chemical addmon(s) and refngeratlon/ freezmg (cenam blologscat samples only).

5.2.1 Overwew

The preservat»on techniques to be used for: various ana!ytes are hsted in Attachments Aand B Reagems

required for sample preservation will either be added to the: sample containers by the laboratory.prior to
their shipment to the field or'be added in the field (in'a clean envu'onment) ‘Only high purity reagents shall -
be used for preservation. In general, aqueous samples, of low-concentration: organics (or soil: .samples of

- “Medium-concentration ‘aqueous ‘samples,
~high-hazard organic ‘samples, and some.gas samples. re yplcally not preserved. Low-concentration
medium:-concentration and. high-hazard -

Jow- or medium-concentration organics) are cooled to 4°

aqueous samples for metals are amdme w;th HNOa, where
aqueous metal samples are not:preserved, _ Low- or: medlu '
* cooled ’to 4°C, whereas hlgh-hazard sampte are not coole

oncentration soil: sam_ples for- metals are

“The following subsectrons descnbe th y procedures for prepanng and addmg chemlcal preservatnves '

Attachments A and B rndlcate the: spec:flc analytes which require: these preservatives

dleposmg of these substa es Tevi
Chernical Inventory and the MSDSs:
they are readriy—acceseg,ble tqaﬂ pers

‘5_.2;2

Joncentration | E:

- ’;H'y_drochfoﬁc Amd HC!) Tpart o

- ['Nitric Acid (HNOs)‘

o The ‘7anio‘un{sy.;r

o _:'vary, more prese' :
- narow-range pH pa

o19611/P

N

- TetraTechNUS Inc.”
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. Pour off 5-10 mL of sample into a dedicated, clean container. Use some of this sample to chieck the
. initial sample pH- using wide range (0-14) pH paper. Never dip the pH paper mto the sampfe always
: apply a drop of sampie to the pH paper using a clean shmng rod or pipette. ,

crysta!s of ascorbrc acnd to the sampie and retest wnth_‘ the- Kl-starch paper'
vmple produces no cobr on the K- starch paper Then add an addltlonal‘

. 'Tevtr‘a,'T’ ech NUS,: Inc.
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-Only employees who' have successfully completed the TINUS “Shlppmg Hazardous Matenals trarnrng

‘material- samples. -Samples from-'drums contarnlng materials other than Investigative - Denved ‘Waste
- {IDW) and samples obtained from: waste prles or bulk. storage tanks arg: generally shrpped as hazardous

o - ‘Determme appropnate procedures tor transportatr
e :-Protect the health and saf‘

Detarled procedures for pack"

e Place properly |dentlfred sampe contarner wrth lld securely fastened n. a plastrc bag (eg leloc'

L. '.Pack wrth enough gus

e If C_oolung is. 'e-q“"ed' (see

e Close and seal outsrd

+ To perform filiration, thread the tubing through the peristaitic pump head. - Attach the filter-canister to
the discharge end of the silicon tubing (note flow direction arrow); attach the aqueous sample
container 1o the intake end of the sllicon tubing. Tum the penstaltrc pump on and perform filtration.
Run approxrmately 100 mi of sample through the filter and: dxscard pnor to. sample collection.

. Contrnue by preservrng the frltrate (contamed rn the filter camster), as applrcable and generally
described above: ' . v

54 _ Samp;e Packaqmqand Shrgg ng. -

course are authorized. to” package and shrp hazardous. substances. - These tramed mdrvrduals are
responsible for performmg shrpplng dutres m accordance wrth this- trarmng R .

Samples collected for shlpment from* a site shall be classrf ed as’ erther envsronmental or hazardous' :

matenals A drstlnctlon must be made betweenthe two types ot samples ln order to

“”:otsamples (rf there is any doubt a sample shall <
‘be conSJdered hazardous and shrpped accordmgly»__»: : : SR

precauttons are used by the hippe and at laboratones when hazardous matenals are recelved y
g' el vrronmental samples are outlrned m the remamder ot thls sectron

54.1: Envrronmental Samples

Envrronmental samples are pac' 'ged as follows

: baggre) and seal the ba i

é Place sample ina cooler constructed ot sturdy matenal whrch has been llned wrth a large plastrc bagj > 1

{e.g. "garbage bag) Dram plugs on coolers must be taped shut.

'atenals such ‘gs: bubble wrap. (sh':"
. requrred) to mlmmlze ‘the'po srbrllty of the contamer break:ng

ders of botties ErI——

tta ‘ments A and B), place ice around s 'ntamer shoulders, ancl on" i

- top of packing materia 8 pounds ofice: for a medrum -size c:'ole'r)

: torrn should then stat

cooler as descrrbed i SOP SA 6 3 Srgn j y's
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Coolers must be marked as containing *Environmiental Samiples.” The appropriate side of the container
must be marked "This End Up” and arrows placed appropnately No-DOT- marklng or labehng is requrred
vthere are no DOT restrictions on mode of transportatron ' .

60 REFERENCES

Amencan Pubhc Health Assocranon 1981 Standard Methods for' ;
Wastewater 15th Edmon APHA Washmgton DC :

e Examination_of Water and

;Internatzonal Air Transport Assocra’uon (Ia’test lssue) Danqerous Good"

d‘dlatidn's-,: Montreal, Quebec,
- Canada. i

U S Department of Transportatron (latest rssue) Hazardous Matenais Regulat:ons 49 CFR 171 177-

|- I, SR S EPA 1984 "'Gurdehnes Estab[rshmg Test Procedures for th Ar

_ txs of Poﬂutants under Clean i
'Water Act * Federal Regrster Voiume 49 (209) Octobe :

" U S EPA 1979 Meﬂ'ods for Chemrcai Anams;s of Wate ind-Waste PA%OO/#{?Q'—OQO,; U;_S, EPA-

‘ EMSL Crncrnnatl 0

019611/P 3 “"Tetra Tech NUS, o
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ATTACHMENT A

GENERAL SAMPLE CONTAINER AND PRESERVATION REQUlREMENTS -
Sample Type and Concentratlon o ContalnerUr : Sampie Size Preservallo_r_;g Holdlng Tme“’ :

. WATER S oo » _ : RS AT
fOrgenics” VOG-~ Low|Borosilicate glass 2x40mL _ JCool1o4°C. - [14.days™
(GC’&GCIMS)_’ S EE , HCltos2 - | . .
: - Exlractables L (Low Amberglass | 22 Lor4xi L JCoolio 4°C. 7 days'to extraction; '{ '
- {SVOCsand: - S L ‘ - . {40 days after extraction.
‘pesllcldefPCBS)_. B o ' , R R |
|Extractables.’ . " -{Medium]Amber glass - 2x2L or4x1L. - |None ~ o 7 days to-extraction; ¥
8YQCsand.:. - o np e o o : P 3_40daysaﬁerexlrachon- B
Cob oo n - |pesticidefPCBs) o Lo ] L I R :
“{Inorganics: - - [Metals -~ - * . ." Fow|High-density polyethylene 1L JHNOztopH <2
e B - Medium [ Wide-mouth glass J 1oz - [None o
Low, ngh-densuy polyethylene - | - %L INaOH o pH>12:
[ Wide-mouth/glass T 160z " “|Nemg
- Wid'eﬁ—.mquth glass: “8oz. . -JNone . -

6‘months (Hg—28 days)

o _v EnCore Sampler 3)}5 g'»Sampl_ers} ;Cobl to 4‘6'" )

- dee-moulh glass . 8oz 'Codl'iovzll‘-’le«

ium Vll_i_de.-m:’)\llm Qlaés . 1 v8>‘ozv. . jCoeolt04°C:

T Low/Medlum I Widemouthglass . |~ Boz. Coolt04°C |6 ronth
1 R RS . ' - ooon [ Hg- 28 days) .
jahide (14 days) - F

oy ’Widé—rrléulﬁ‘.glass ‘ 8’02.} }v None.

35 days untll
Xiraction; - <.
40 days aﬂer extrachon =
7 days untl-- , :
eparatl_qn analysls

[Widemouthglass | 4oz, |Nore

: .Widé-mouﬂ')fglgss = 802." - [None -

: .Charcoaltube --7cm long, » 1OG'La;lr' . Codl o 4° a'S;refcol'rlménded.i S R
L SmmOD 4mm!D . i : o

eservalion and maxxmum holdin tlme allowances per 40 CFR 136

o191 - Tetra Tech NUS, Inc.
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ATTACHMENT B
ADDITIONAL REQUIRED CONTAINERS PRESER\_IAT!ON TECHN]QUES
v AND HOLDING TIMES: L :
Paramotor Number/Name Contamer“ Preservatron“”a’ S Maximum. Holdmg '
| . i Ttme” B
INORGANIC TESTS: _ e .
Acidity P.G. | Co0,4°C. " [i4days
- [Aicnity P,G | Coo,4°C . . [T cays
“Ammonia - Nitrogen : P; G s ‘:CQol;jfzf‘.’G; HoSO4to pH 2 Y
-}:Blochemical Oxygen Demand (BOD) S P,G ’ Cool 4°C g
| Bromide P,G: “Nene required. Lo LB day
*} Chemical Oxygen Demand (COD) PG - Cool 4°C _HgSO4 topH:Z ‘ T28 days
[Chioride | None required ~ |zsdays
" [ Chiorine, Total Residual : None reqﬂiii‘e’di o Y'Analyze xmmedtately
| Color B D Cooli4°C -
“Cyanide, Total _and . Amenable 10| ' :
 Chiorination RN
" Fluoride
s Hardness :

' ,Total K)eldahl and Orgamc N»trogen

PG

: : Nitrate - Nitrogen

‘ ;'Nxtrate-N:tnte Nitrogen

PG

-Nitrite - Nitrogen: =
‘Ol & Grease Ry
) Total Orgamc Carbon (TOC) E P,G
'Orthophosphate _ ) %P G »' :
| Oxygen, Dissolved-Probe. G Botﬂe & top

. Oxygen, Dissolved-Winkier

| GBowe&top .

-Phendis

"Phosphorus, Tolal _

3 : ‘Residue, Total -

K Restdue Filterable (TDS)

Residue, Nonfilterable (TSS) i T

- ¥ Residue,: Sett!eab%e

T Resxdue Volamle (Ash Content)

b .v-Srllca
L ;;Specmc Conductance
T ‘Sulfate

- 019611/P

Tetra Tech NUS, In¢.-
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ATTACHMENT.B L
ADDITIONAL REQU!RED CONTAINERS PRESERVATION TECHN]QUES
AND HOLDING TIMES v

PAGETWO .

Parameter Number/Name - P'Container™ Preservatlo P Max;mum Holdm
| Contal it Hol g
R : ime!

INORGAN]C TESTS (Cont'd) v ‘ , _ » -

Sutﬁde o e A PG Cool,_4°C; add zinc acetate ‘Tdays
1 Gt T e N | plus'sodium hydroxide to pH 9 .
_Nong required e '»‘Ana!yze |mmedrately
Coo,4°C e 48hours

v_'.Su}.f_i_te. ,
ey
" METALS "’

i ‘ChrommmV (E exachrome) T

i —T
-} HNOgtopH2 . .j28days
» "'Z_HNE_):,”to:sz . ..}6months -

.HCI topH 2! ®

B0 ONOoE N onm Xy
Ll 04 vuuo/owazog i

tadjusttho45“°) L e
C:0.008% Nagszag‘s’ ;_7'f days_ . uriil

5. Teflondined. |

eap g Ll .
;. Teflon-ined. | Cool 4°C SR 7 days
eeap o - b 40 days after ext

,»:G,Teﬁon‘ﬁnéd.‘ .Cool re C; store in ’_'Bark;» -7 days unhl. L8
L icap V:GOOB%NazSzOs) | 40 days after extract
eflon-lined '}- Cool, S 7 days  untl - exdrac
cap..~ - -’;40days after extraction”
Teflorvlined | G 17 . days . untit
Lo eap ek
G, Tefion-ined

0 008% Nagszoa ) 7 days untll extrach

Po! uclear i
AYSS)(’”'(M)

"Dioxin/F uran (T COD/TCDFY

_' 40 days aﬁer extractaon

LOIBIPL ST " Tefra Tech NUS, Ine.
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ATTACHMENT B

: ! : ATION T
ADDITIONAL REQUIRED CONTAINERS, PRESERVATION T

AND HOLDING TIMES
PAGE'THREE

1 Polyethytene (P). .generally 500 mi or Glass (G): generally 1L : :

(2) - Sample preservation should be performed immediately upon:sample collectron For composrte chermcal samples each
aliquot should be preserved at the time-of collection. ‘When use of an.automated sampler makes it impossible.to preserve
each aliquot, then chemical samples may be preserved by marntammg at'4°C untit composmng and sampte splitting is
completed. .

(3) When.any sample is to be- shrpped by | common camer or sent through the Umted States Mart ft-must comply with the

. ‘Department of Transportation Hazardous Materidls: Regulations {49 CFR-Part 172) :

{4) Samples should be analyzed as soon as possible after collection. The times- listed are thé maximum. times that samples
may be held before analysis and still bé considered valid. Samples- may be held for longer periods: only if the permittee, or
monitoring- aboratory, has ‘data on file io show that the specrﬁc types-of. samples under. study are stabie for ihe longer

. .periods, and has received a variance from the Regional Admmrstrator

{5) -Should only be used in the presence of residual chiorine. -

“{6).. ‘Maximuni holding time is 24 hours when suifide is present Optronaﬂy, ail samples may be tested With !ead acetate paper
‘before pH. adjustments are' made to determine’if stiifide is preserit: I stifide is present, it can‘be removed by the addition
- ‘ofcadmium nitrate. powder uniil a negative spot testis obtained. - The sample is fitered and then: NaOH s added fo pH 12.

{7} - Samples should-be filtered immediately on site before adding. preservahve.tor Jissolved metals:

{8) -~ Guidance applres 10 samples to be analyzed: by G, LC;orGC/MS for specific compounds

(9). - Samiple receiving no pH.adjustment must be: ana!yzed within 7: days o sa_mplmg )

{10y The pH adjustmentis not réquired:if acrolein-will not be measured amples tor acrolem recervrng no pH adjustment must -

~be-analyzed: wrthm 3days of sampling: - : i

Y MU W Ak b il B 6 Do,
F ¥ Ticiy

ocu (.dlegury‘ ure bpeuneu pfesen'iawe and maxlmum

OF more chemrcal categones the sampte may’ )
. -+sodium thiosulfate, storing in he dark, and: adjusting 1 : iples preserved T Ahis rmanner may be he!d for
T days before extraction and. for 40days after extraction.” .Exceptrons 1o this optional: preservation ‘and holding time -
procedure arg noted infootnote 5 (re the requrrement for throsultate reductron of resrduat chlorme) and footnotes 12 13
- e the analysis of benzrdrne) :
{12y A Zdrphenyhhydrazme is fikely to be present ad]ust the pH of the sample to 40+0.2 to prevent rearrangement to
benziding.. :
{13) Extracts may be- stored upio’7 days before analysrs if storage is conducted under an inert (oxzdant free) atmosphere.
* {14)-For the analysis: ot drphenylnrtrosamrne add -0:008%; Na2$203 and adjust pH to 7-10 with NaOH within 24 hours of .
.. ‘sainpling. =
(15) The pH adjustment may be pertormed upon recelpt at the laboratory -and may be omrtted if the ‘samples are extracted
within 72 hours of collechon Forthe: analysrs of aldin, add 0. 008% Nazszoa

vo1'961..1}p'_ : . ) Y ‘ . : ’ R "Fetra Tech N_IJS,'Ir;c..
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10  PURPOSE

" forms, Jogs and reports generally initiated and maintained for documenting Tetra Tech NUS field activities..
| 20 scome

'Documents presented within this procedure (or equivalents) shatl be used for all Tetra Tech NUS field

= pro;ect planmng documents

a0 GLossARy

‘ he ‘site iogbook isa hard bound, pagrnated controlled-di stnbutron record book in. whrch all major ensrte
activities. are documented. Ata minimum, the’ followmg actlvrtles/events shall be recorded or referenced
(darly) in the: srte‘logbook S : .

: All f e!d personnet present
'Arnval/g[eparture of srte vrsrtors -

; Amval/deperture'of equxpment ¥ S
Time and datevof equrpment cahbratron NIRRT

»»frrst onsrte actlvrty (e g,, srte vrsrt or. rnma! reconnarssa g survey) En’mes are to be made’for every day

The ptirposs of'-this Standard Operating Procedure (SOP} is to identify and des‘igrrate the field data record

o jactrvntres as applicable. Other or additional documents may be’ reqwred by specmc chent contracts or

he start of the .

: 011961 1‘/‘P '

'f{?etre.Teeh:NU'S;‘lr\e. S
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that_onsite - activities ‘take place ‘which involve Tetra Tech NUS or subcontractor personnel. ~ Upon
compietron of the fieldwork; the site logbook must become part of the project's céntral file,

The"following information must be recorded on the cover of each site logbook:

Pro;ect name

‘Tetra Tech NUS project number
,--Sequentra) book number
* Start date

End ‘date

e & & o "

Information’ recorded darly in-the site togbook need not be duplicated in other field: notebooks (see Sectron :
5, 2), but must summarize the contents of these other notebooks and refer to’ specrflc page locations in -
these notebooks for detailed information (where applicable). - An-example oi a typlcal site logbook entry is.
shown in: Attachment A

lf measurements .are made. at any location, the measurements and equrpment used must erther be-'
recorded in the site logbook or reference must be made to the field notebook in whrch the measurements
are’ recorded {see Attachment A).. : : B

Al logbook notebook and log sheet entnes shall be made in indelible rnk (bi k pen is preferred) ‘No' NI N
'- ;erasures aré permitted. If an incorrect entry is made, the’ entry shall be crossed:out with: asingle strike .
miark, and initialed and dated. At the completion of entries by any individual, the Togbook: pages usedmust -}
be srgned and dated.- The site logbook must also be signed by the Fleld Operatronsl_eader at the end of .}

,each day

Photographs

: ',When movres strdes, fold photographs are taken of a srte of any momtonng locatron they must be,
»numbered sequentrally to correspond-to Iogbook/notebook entries. The nams of the- photographer date,
“time, site location, site’ description, and weather conditions must be enteredin the logbook/notebook as

.the photographs are-taken. . A series entry may be used for . raprd—sequence :photographs. Fhe

phc apher:is not required to record the aperture settings and shutter speeds for-photographs taken L

. wrthrn;the normal automatic exposure. range. However, special lenses, films; filtets; and.other. image- -
" enhancement techniques must be noted in the logbook/notebook. If possi‘blev, h technrques ‘shall be

"avorded, since they can adverseély affect the accuracy of photographs. Ch custody procedures
- depend:upon the subject matter, type of camera (digital or film), and the processing it-requires. “Film used
-for  aerial “photography, confidential . information, or criminal investigation ' require . cham—of—custody '
- procedures.. Once processed, the slides of photographic prints shall be. consecutively numbered: and .}
~labeled according to the logbook/notebook descriptions.  The site photograp, nd ,ssocrated negatives” -}
taHy savedi rmages o compact drsks must be docketed into the: pro;ect’s entral file.. : S

- oversee a rrg must marntam a held notebook

Cowgerip L : '_ LT Totra Tesh NUS; Iné;
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5.3 Field Forms -

All Tetra- Tech NUS field forms (see list in Section 6.0 of this SOP) can be found on the company's
intranet site (hitp://intranet.itnus.com) under Field ‘Log Sheets. Forms-may be. altered. or revised for

information can be documented. Gmdelmes for “completing these: lorms can be found in the related

sampling SOP. _
53.1 . Sample Collection, Labeling, 'Sl'ri»prnem,'ﬂeqqesrfor Analysis, and FieldiTéSt Results .
5.3.1 A Sample Log Sheet .

including field quality control {QC). samples

1 5:3.1.2 Samgle Label

A typrcal sample label is rlustrated in Attachment B Adheswe la,
-every sample coniainer. Sample dabels ¢ e obtamed om: the appropriate. Program source
electromcally generated i in- house or are supplred from the Iab‘o ¢ 10 / ubcontractor _ .

5.3 1. 3 Cham of-Custodv Record Form

- The: Chain-of-Custody (COC) Record | isa multr-part form that*

- must be used for any samples collected for. chemical or geotec
; performed on site or.off site.: One carbonless -copy. of the: compls
~ crew, one copy is sent to the Project. Manager {or: de5|gnee) “whi
The-original (top, signed copy) of the COC:form shall be place
inside the lid of the: shipping: cooler. I multiple coolers are sen

the original is sent to the laboratory.

aboratory, the- sample cooler. and contents are checked and a
COC-form {any dnscrepancres between’ the sample labels and-C

" noted are resolved through commumcatron between’ the Jabora

-+ 'NUS Project Manager). The-GOC form is. signed-and copled T
o onglnal becomes part of the samples correspondmg analyhcal de

--Attachment D is.an example of

. :"a chain-of-custody process an
- in‘the field-and sealed in-coolel
2 =the sampler(s) and:affixed:
env:ronmental samples (see SO

‘ may also be purchased lrom a suppller

project-specific needs contingent upon client approval. “Care must be taken to ensure that all essential

Sample Log Sheets are used to record specrfred types of data whlle samplmg The data recorded on >,
these sheets are useful in describing the: sample as well as pointing out any problems; difficulties, or -
irregularities encountered during: samplmg ‘A log sheet must be completed for each sample obtamed :

Is 'must be: completed and applred to' E

ini 1ated as samples are: acqurred and;f EEI A
_accompanies a sample (or group of samples) as they are transl rre 1 from person 1o person.  This form. = -f.

analysrs whether the analyses are. | -
-COC form is rétained by the: field. -

ca large Ziploc-type bag and taped |
. , re-included on.one COC form, the - - |
[ COC form should be sent wrth ihe cooler contalmng vrals for VO analysvs or the cooler with the air bill:
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5.3.1.5 Geochemical Parameters L og Sheets

Field Analytical Log Sheets are used to record geochemical and/or natural attenuation field test results.

5.3.2 Hydrogeological and Geotechnical Forms:

5.3.2. l Groundwater ievel Measurement Sheei

A Groundwater Level Measurement Sheet must be fllled out for each round of water level measurements
made at a site.

5 322 Data Sheet fo‘r Pumping Test

Dunng the petformance of a. pumpmg test {or an in-situ hydraullc conductlwty test), a large amount of: data_ :
must be recorded, often within a short time period. "The Pumping Test Data Sheet facilitates-this task’ by
-standardizing the data collection format for the pumplng well and observatlon wells, and allowmg the time
interval for collection to be laid out in-advance. ~

g 15.3.2.3 - -PackerTestﬂFleDfort Form

: A Packer Test. Report Form must be completed for each well upon whlch a packer test is conducted
5 3. 2 4 Bonng Log |

oy Dunng the progress of each boring, a log of. the matenals encountered operatlon and dnvmg of-‘:casmg, )
--and location. of samples must be kept. The Summary Log. of - Boring;. or-Boting Log is used
& cpudrpose. and must be completed for each soil boring petformed. - In addition, if volatile: orgamcs “are
- monitored ‘on cores, ‘samples, cuttings from the borehole; or. breathlng zone, (usmg a PIB or'FiD); these
, readlngs must be entered on the boring log at the appropriate depth. - The *Remarks” eolumn can be used
to subsequently enter the laboratory sample number, the: concentratlon of key analytical results, or other
pertinent information. ThlS feature allows dlrect companson ef contammant concentratrons Wlth SGll'
charactenstscs X : .

: :_.'5_.3.2.5 - Monltonnq Well Constructron Detasls Form

A Momtonng Well Constructxon Details Form must be completed for. every momtonng well plez :
temporary well point-instalied. This form contains: specific. information on:length and type of well: ri
..and screen, backfill, filter pack annular seal and grout.characteristics, and surface seal charactenstlcs :
This information is important in evaluating the peﬁormance of. the momtormg well; partlcularly in: areas,-,
" where ‘water levels ‘show . temporal variation, or- “where. there are - multlple (;mmlsmble) phases of -

" contamipants. Dependlng on the type of momtonng well (m overburden or. bedrock stlck-up or flush‘
i .mount) cllfferent forms are used . : : g

'.'-?5.3.-2.6 -Test-Prt Lo

‘.___bﬁvahen & tes p:t or trench xs constructed for mvestlgatwe or namplmg purposes a Test Pl
fllled out by:the responsxble fleld geologlst or sampllng teo mcnan : . :

CoreBIP . I R AT SR " TetraTeeh'NUS, Iic.
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5327 Miscellaneous. Monitoring Well Forms

Monitoring Well Matenals Certificate of Conformance should be used as the project dlrects o document
all materials utmzed during each momtonng well mstallatlon

"The Monrtonng Well Development Record should be used as the pl‘OjeCt dtrects to: document all well
development actrvmes . :

5.32.8 M-lscellaneOUS Fletd Forms - _QA and Checklists

Container Sample and ‘Inspection Sheet should be used as the. prolect drrects each trme a contamer
(drum tank, etc) is sampled and/or inspected. v

QA Sample Log Sheet should be used at the preject drrects each trme a QA sample is colleted, such as
. Rinsate Blank Source Blank etc.’ ' .

Field Task ‘Modification Request (FTMR) will be prepared for all ‘deviations . frorn the pro;ect planmng

the onsite, plannlng documents and ongmals will-be placed in.the: flnal evndence flle

The Freld F’ro;ect Darly Actmtres Check' ‘IS'i and Fleld Pro;ect Pre—Mobrlrzatlon Checkllst should be used

Ant Wit s tisafil tanl far mact fiakd ntnr'f
Thesetwo tcrms are nct a: requ..ema; it-buta useful tool for most field work.

533 E'c';uipme'n't. Ca!ibratidn :a'fhdzmaﬁntenarice;t:brm

g pre r-operation: and: ‘response of the: equipment; to document: the accuracy; pi sion or sensitivity of the

“measurement, and determine if correction should be appned tothe: readings. . ome items of equipment

" require frequent callbratlon -others- lnfrequent Some are callbrated by the manufacturer others by the
“Auser . .

: Each mstrument requmng calrbratlonfhas lts own’ Equ:pment Calrbratlon Log -whlch documents that the
manufacturers instructions were followed for calibration of the equipment; inc ’frequency and type of
standard or calibration devrce An. Equrpment Cahbratlon Log must be maintained for each electronic

:vaccordance wrth the manufacturer S recommendatlons

Freld . Reg"orts '

5_;4-';_, :

_ 'n_mary means of recordlng onsnte actlvmes lS the s:te :gbook Othf."' i
: mamtamed These togbooks and notebooks (and support, ] orms) cor
-hut are not easrly useful tor trac

ed information required

,f* tlme and are’ thus not

decumenis.. The FOL is responsible for initiating the FTMRs. . Coples of all. FTMFls will be malntamed wrth

_during both ‘the: planning: and field effort to-assure that all necessary. tasks are planned tor and: completed .

:The ‘iallbratton or: standardlzatlon of’ monrtonng, measunng or test equxpment 5 ecessary to- assure the’

measuring - ‘device used in the field; ‘entries .must-be made: for each day th' equrpment is used or in.

ebooks may- alsdbe R

epcrting%of’progress. ’

sted-and submltted as "
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5.4.1.1 Deecrigﬁon

. The Daily Acnvmes Report (DAH) documents the activities and progress for each days field work. ‘This
report mmust be filled out on a daily basis whenever there are drilling; test pifting, well construction, or othet.
related activiti es- occurring: which involve subconiracior personnel. These sheets summarize the work:

S performed-and form the basus of payment to subcontractors The DAR form can be found on the TINUS
} mtmqnf gite,

ivi S

5.4.12 Responsibilities

o lt is the I’QSDOHSIblmy of ‘the ng geologlst to compiete the DAR and obtam the dnllers sngnature:' - :
,acknowledgmg tha’t the times and quantities of material entered are correct.

5.4; 1..3 . Submlttal and Aggroval

. At the end of the shift, the ng geolog;st must submlt the Daily Ac’uvmes Report to the Field Operahons*in_' Y R ST
. Leader (FOL) for review and filing. - The Daily Activities Report is not a formal.- report and thus requiresno: - |- .

urther approval.  The DAR reports. are retained by the FOL for. use. in prepanng the s:te !ogbook and lni :
,;prepanng weekly status reports for submxssron to the Pro;ect Manager :

Weekly Statu: F 'ports

o To: facnlnate t:mely revnew by pro;ect management photocopxes of icgbook/notebook entnes may be madez v
- dor mtemal use ' : o :

'___should be. noted that n addmon 10 'summaries descnbed hereln other summary reports may als ;
» contractually requrred v .

All Tetra Tech NUS fxe!d _forms an be found on the: company‘s mtranet site at httg //mtranet ttnus com '
under Fleld Log Sheets. - , _ K S

SITE HTTP II! TRANET.TTNUS.COM CLICK ON ]

D' LOG SHEETS
.Groundwater Sample Log Sheet
- Surface Water Sample Log:Sheet -
S Sovl/Sedlment Bample Log Sheet
‘Container Sample and Inspéction Sheet
‘Geochemical Parameters: (Natural' Aﬂenuatlon)
‘Groundwater Level Measure '

Pumpmg Test Data’ Sheet
, Packer Test Fleport Form

”meeﬂfe S Totra Tech NUS; Ine.
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Daily Activities Record )
Field Task Modification Request
Hydraulic Conduetivity Test Data Sheet
Low Flow Purge Data Sheet
QA Sample Log Sheet

_Equipment Calibration: Log '
Field Project Daily Activities: Checkhst '
Field Project Pre-Mobilization Checklist -

CU0196P

"~ Tetra Tech NUS, Inc.
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ATTACHMENT A . : 5
TYPICAL SITE LOGBOOK ENTRY
STARTTIME: __ 3 DATE:
- SITE LEADER:

PERSONNEL: . c . g RN e
TNUS- L » DRILLER » - SITE VISITORS

| kWEATHER Clear 68°F 2 5 mph w:nd from SE

L -’ACTIVIT!ES
1 . Steam jenney and fire hoses were set up. , v
_ 2':.__ ";'_'Dnlhng activities- at well - resumes. Rig geologist was Ireki . See Geologxst’s'j '
o Notebook, No. 1, page 29-30 for details of drilling activity. Sam i -”-3 21-5 collected; -

see sample logbook, page 42. Drilling activities completed at11:50 and: a 4-inch stainle si’- ,
~ steel well installed. See’ Geoloq;st‘s Notebook, No. 1, page 31, and well constructton d, ails.

o orwell ; : » S
-8 "Dnihng ng No. 2 steam- cieaned at decontammatlon pit. Then-v;i'vse’t :’up at’ ;loc’atidn O'.f_ :
Bt weII C : v L :
A Well il ked Rig geo!oglst was . - . See GeO!OQISiS Notebook;

No: 2 page for details of drilling activities. Sample numbers 123 -22- S1 A 23 22—82
" and 123 22—83 collected ‘see sample logbeok, pages 43, 44, and 45

3 5. Well . was developed. Seven 55-galion drums were filled in the. ﬂushmg stage. The el
was’ then pumped using 1 the prtcher pump for 1 hour ‘At the end of the hour water pumpedﬂ
“from well was "sand free.” e '

8. A"EPA remedsai project manger arrives on site at 14 25 hours

7. Large. dump triick arrives at 14:45 and is steam-cleaned Backhoe;.and dump truck set up N
1 . overtestpet S . : .

i - K Test prt : dug with' cuttings pfaced in dump “truch ;Eng geoiogxst was’
L See - Geologist's Notebook, No.-1, page 32; for details -of test pit-
“activities. Test.pit’ subsequenﬂy filled. ‘No samples taken for- chemlcal analysrs ‘Due to
~shallow: groundwater table, filling in of test prt resulted in-avery soﬂ and wet area A o
mound was developed and the area roped off. : b

o ‘,Express ‘carrier 'picked  up- samples {see “Samiple . Logbook
17 50 hours Slte actwmes termmated at 18 22 hours Al perso

25 through 45) at L
e, gate locked S

- -Field Operations Leader

MgeIIP . Fa 3 o e o ‘,'_FétraTéthUS,lnc.
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Tetra Tech NUS, Inc.

EQUIPMENT CALIBRATION LOG

'PROJECT NAME : INSTRUMENT NAME/MODEL:
SITE NAME: MANUFACTURER:
PROJECT No.: SERIAL NUMBER:
Date Instrument Person Instrument Settings v lhstrufnénf Readins Calibration Remérks _
of 1.D. Performing- Pr Standard and
i Numbe Calibration. - (Lot No.) Comments




n Tetra Tech NUS, Inc. L Page _ of
| BORING LOG _

PROJECT NAME: BORING No.:
PROJECT NUMBER: DATE:
DRILLING COMPANY: GEOLOGIST:
DRILLING RIG: -DRILLER:
: v v MATERIAL DESCRIPTION PIDIFID Reading (ppm
Samplef Depth { Blows# | Sample | Lithology u

No. (Ft.y 6"or [Recovery] Change s

and or RQD I {Depth/Ft.}
Type orff Run (%) Sample or ¢ Remarks

RQD | No. Length | Screened S

interval

* When rock coring, enter rock brokeness.
** Include monitor reading in 6 foot intervals @ borshole. Increase reading frequency if elevated reponse read.

Remarks:

Drilling Area -
Background (ppm):

Converted to Well:

Yes

No-

Well 1.D. #

’/ﬂ\



{% | Tetra Tech NUS, Inc SOIL & SEDIMENT SAMPLE LOG SHEET
- Page__of
Project Site Name: Sampie ID No.:
Project No.: Sample Location:
Sampled By:

[ Surface Soil } C.0.C. No.:

[l Subsurface Soil )

[l Sediment Type of Sample:

fl Other:. - [ Low Concentration

[I QA Sample Type: : i [1 High Concentration
Date: ’ ‘I'  Depth Interval Color ‘Description (Sand, Silt, Clay, Meisture, etc.)
Time:

Depth Interval

Description (Sand, Silt, Clay, Moisture, etc.)

{Method:

- IMonitor Readings

(Range in ppm):

Analysis . Container Requirements Collected Other

Signature(s):

MS/MSD Duplicate ID No.:




El bTetra Tech NUS, Inc.

QA SAMPLE LOG SHEET

Page_; of .

Project Site Name:

"Project Number:

Sample Location:.

QA Sample Type:

] Trip Blank
[} Source Water Blank

Date:
Time:
‘Method:

Sample ID Number:
Sampled By:
C.Q.C. Number:

[} Rinsate Blank
[1 Other Blank

[} Laboratory Prepared
[} Purchased
[I Other

i Tap
[1 Fire Hydrant

Product Name:
Supplier:
Manufacturer:
Order Number:

Lot Number:

Expiration Date:

 Media Type:

| Equipment Used:

- Equipment Type:

: [} Dedicated
[} Reusable

. Analysis Preservative . . Container Requirements Collected
Volatites Cool 4°C & HCI ' YES /NO
Semivolatiles Cool 4°C. YES /NO
Pesticide / PCB Cool 4°C YES/NO
Metals Cool 4°C & HNO, YES /NO
Cyanide. Cool 4°C & NaOH YES /NO

Signature(s):
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