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Western Refining Southwest LLC

A subsidiary of Marathon Petroleum Corporation

1-40 Exit 39
Jamestown, NM 87347

April 22,2022

Mr. Kevin Pierard, Chief

New Mexico Environment Department
Hazardous Waste Bureau

2905 Rodeo Park Drive East, Building 1
Santa Fe, NM 87505

RE: Solid Waste Management Units (SWMU) 4 Old Burn Pit and 5 Landfill Areas
Investigation Work Plan
Western Refining Southwest LL.C, D/B/A Marathon Gallup Refinery
EPA ID #NMD000333211
HWB-WRG-20-003

Dear Mr. Pierard:

Western Refining Southwest LLC, DBA Marathon Gallup Refinery is submitting this Solid
Waste Management Units (SWMU) No. 4 Old Burn Pit and No. 5 Landfill Areas Investigation
Work Plan. A timeline of the reports and investigations for the burn pits and landfill areas is
provided below.

Investigation Work Plan, submitted June 24, 2014
Disapproval, received August 17, 2015

Response to Disapproval, submitted November 19, 2015
Approval with Modifications, submitted April 18, 2016
Investigation Report, submitted March 13, 2017
Disapproval, received June 7, 2018

Response to Disapproval, submitted October 19, 2018
Disapproval, received March 15, 2021

Response to Disapproval of October 2018, submitted June 30, 2021
Response to Disapproval, submitted July 7, 2021
Disapproval, received August 3, 2021

Response to Disapproval, submitted December 17, 2021
Approval, received April 5, 2022

If you have any questions or comments regarding the information contained herein, please do not
hesitate to contact Mr. John Moore at (505) 722-0205.
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Western Refining Southwest LLC

A subsidiary of Marathon Petroleum Corporation

1-40 Exit 39
Jamestown, NM 87347

Certification
[ certify under penalty of law that this document and all attachments were prepared under my
direction of supervision according to a system designed to assure that qualified personnel
properly gather and evaluate the information submitted. Based on my inquiry of the person or
persons who manage the system, or those persons directly responsible for gathering the
information, the information submitted is, to the best of my knowledge and belief, true, accurate,
and complete. I am aware that there are significant penalties for submitting false information,
including the possibility of fine and imprisonment for knowing violations.

Sincerely,
Western Refining Southwest LLC, Marathon Gallup Refinery

Buoth A Coe

Ruth Cade
Vice President

Enclosure

cc: D. Cobrain, NMED HWB L. King, EPA Region 6
M. Suzuki, NMED HWB J. Moore, Marathon Gallup Refinery
L. Barr, NMOCD H. Jones, Trihydro Corporation

K. Luka, Marathon Corporation
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Executive Summary

Western Refining Southwest LLC (D/B/A Marathon Gallup Refinery) (Refinery) is submitting this work
plan for soil investigation in the vicinity of Solid Waste Management Unit (SWMU) 4 — Old Burn Pit and
SWMU 5 — Landfill Areas, and Area of Concern (AOC) 34 — Scrap Yard, located between SWMU’s 4 and 5.
The New Mexico Environment Department (NMED) requested further investigation within the SWMUs
and AOC 34. Additional investigation into the SWMUs and AOC was requested in the Disapproval,
Response to Disapproval, Response to Disapproval Investigation Report Solid Waste Management Units
(SWMU) No.4 — Old Burn Pit and No. 5 Landfill Areas (Dated July 7, 2021) and the Response to
Disapproval Investigation Report Solid Waste Management Units (SWMU) No.4 — Old Burn Pit and No. 5
Landfill Areas (Dated June 30, 2021). NMED requested that AOC 34 be restored to the Resource
Conservation Recovery Act Post-Closure Permit “unless SWMUs 4 and 5 are fully investigated and
determined to be unaffected” (NMED 2021). This work plan will address the area between SWMUs 4
and 5, identified as AOC 34.

A direct push drill rig will be used to collect soil samples from AOC 34. Soil samples will be collected
directly from the Geoprobe sample cores, samples of groundwater (if encountered) will be collected
using Hydropunch® technology or similar. Previous investigations within the SWMUs and AOC were
reviewed to determine potential data gaps. Based on review of historical investigation efforts, this work
plan proposes eight additional investigation locations (Figure 2), advanced to a depth of 40 feet below
ground surface (ft bgs). Soil samples will be analyzed for volatile organic compounds (VOC), total
petroleum hydrocarbons (TPH) — diesel range organics (DRO), TPH — motor oil range organics (MRO),
TPH — gasoline range organics (GRO), total arsenic, total chromium, and total lead. If encountered,
groundwater samples will be analyzed for VOC, TPH-DRO, TPH-MRO, and TPH-GRO. The Refinery will
prepare an investigation report summarizing the sampling results within 180 days of the receipt of the
analytical data.

Printed on Apr 14, 2022 Page 1 of 13

Released to Imaging: 11/29/2022 10:07:42 AM



Received by OCD: 4/22/2022 1:40:28 PM

M Solid Waste Management Units 4 and 5 Investigation Work Plan
MARATHON /

Table of Contents

EXECUTIVE SUMIMIAIY ciiiiiiiiiitiitietetetetete ettt e e et e e e e et aeee e eeeeeeeeeeseeeeeseeesesa e e eeeeeesesesesassensesnsnsnsssnsnnns 1
1.0 INEFOAUCTION ettt sttt et esb e shee st e s bt e b e e bt e smeesmeeemeeereenneens 4
2.0 (2] =4 o T8 Uc [P PSPPI 6
2.1 Old BUIN Pit (SWIMU 4) ..ttt sttt ettt e b e b e nneesmees 6
2.2 Landfill ArEas (SWIMU 5) ....euuriiieiiiiiieiiteeee ettt ettt e e e ee ettt e e e e e e senstbaereeeeessenssaaeees 7
3.0 SItE CONAITIONS ...ttt ettt e st e e sa b e e s bt e e bt e e s beesmeeesabeesbeeesnbeesneeesareenas 8
31 SUITACE CONAITIONS ..ttt ettt e s b sa e s s b s b e b e sbeesneesmees 8
3.2 SUDSUITACe CONAITIONS ...eeeiiiiiiiieee ettt s st st b e b e s e e 8
4.0 SCOPE OF ACHIVITIES 1o eriee ettt e e st e e e s bte e e s s bte e e e sbeeeeesnteeeenasees 9
5.0 INVESTIZAtiON MELNOMS .....eiiieiiiie et e e e e e e e et e e e e s abae e e e nreeeeeennees 10
5.1 NY=100Y o] L @o] | 1=Tot d o] o T ad CoTol=To [0 <3P 10
5.2 Data Quality and Validation .........cuueiiiiiiiii et erre e s seraee e e 11
5.3 Data Evaluation and Waste Management ...........ccueeieiiiieeeciiieeeecieee e eeieee e eereee e seireee e senvaaeeenns 11
6.0 SCNEAUIE ... ettt ettt e st e e bt e e st e e s be e e sabeesabbeesabeesabeeesabeesbaeenareas 12
7.0 REFEIEINCES ..ottt et ettt et e e s bt e e bt e e s abeesbteesabeesabeesnbeesabeeennee 13
List of Figures
1. Site Location, SWMU 4 and 5 Work Plan, Western Refining Southwest LLC, Marathon Gallup

Refinery, Gallup, New Mexico

2. Proposed Sampling Locations, SWMU 4 and 5 Work Plan, Western Refining Southwest LLC,
Marathon Gallup Refinery, Gallup, New Mexico

List of Appendices

A. Historic Logs
A-1. LIF Logs
A-2. North Drainage Ditch Soil Logs

B. Standard Operating Procedure — Soil Sampling

C. Groundwater Sampling and Monitoring with Direct Push Technologies

D. Example Boring Log

Printed on Apr 14, 2022 Page 2 of 13

Released to Imaging:

11/29/2022 10:07:42 AM

Page 5 of 125



Received by OCD: 4/22/2022 1:40:28 PM

M Solid Waste Management Units 4 and 5 Investigation Work Plan
MARATHON /

List of Acronyms

amsl
AOC
bgs
CcocC
DRO

ft

GRO
LIF
MRO
NMED
PID
ppm
QA/QC
RCRA
RFI

SSL
svocC
SWMU
TPH
USEPA

VOC

above mean sea level

Area of Concern

below ground surface

chain of custody

diesel range organics

foot or feet

gasoline range organics

laser-induced fluorescence

motor oil range organics

New Mexico Environment Department
photoionization detector

parts per million

quality assurance/quality control
Resource Conservation and Recovery Act
RCRA Facility Investigation

soil screening level

semi-volatile organic compound

Solid Waste Management Unit

total petroleum hydrocarbons

United States Environmental Protection Agency

volatile organic compounds

Printed on Apr 14, 2022

Released to Imaging: 11/29/2022 10:07:42 AM

Page 3 of 13

Page 6 of 125



Received by OCD: 4/22/2022 1:40:28 PM Page 7 of 125

M Solid Waste Management Units 4 and 5 Investigation Work Plan
MARATHON /

1.0 Introduction

The Western Refining Southwest LLC, D/B/A Marathon Gallup Refinery (Refinery), is located
approximately 17 miles east of Gallup, New Mexico along the north side of Interstate Highway 1-40
(Figure 1). The physical address is 1-40, Exit #39 Jamestown, New Mexico 87347. The Refinery property
covers approximately 810 acres. The Refinery is subject to and maintains compliance under the
Resource Conservation and Recovery Act (RCRA) Post-Closure Permit, NM000333211 (NMED 2017). The
Refinery has been indefinitely idled since August 2020.

This work plan details continued soils investigation associated with Solid Waste Management Unit
(SWMU) 4 - Old Burn Pit, SWMU 5 — Landfill Areas, and Area of Concern (AOC) 34 — Scrap Yard

(Figure 2). The New Mexico Environment Department (NMED) requested that soils be collected
between SWMU 4 and SWMU 5, in the area identified as AOC 34, to determine if releases had
potentially affected the area. The request for additional sampling is detailed in Comment 2 of the
“Disapproval, Response to Disapproval, Investigation Report Solid Waste Management Units (SWMU)
No. 4 Old Burn pit and No. 5 Landfill Areas” letter dated March 4, 2021; additional investigation in this
area was also requested in the “Determination of Area of Concern (AOC) Entry to the Permit” letter
dated August 19, 2021 (NMED 2021).

The “Determination of Area of Concern (AOC) Entry to the Permit” states that “AOC 34 may be required
to be investigated contingent upon the results of additional investigation associated with SWMUs 4
and 5”. AOC 34 is located directly between the footprints of SWMUs 4 and 5 and soil samples have not
previously been collected in the area.

Based on previous soils investigations and associated analytical results the Refinery does not propose
resampling of soils within SWMU 4 and SWMU 5. The most recent organic analytical results within the
footprints of SWMU 4 and 5 had no constituents detected above the soil screening levels (Western
2017). Soil samples are proposed between the SWMUs to better understand the subsurface within
AOC 34. It should be noted that there are no documented releases directly associated with AOC 34
(Western 2015).

Boring logs and soils information from historical investigations in the vicinity of SWMU 4, SWMU 5, and
AQC 34, include the following:

e Laser Induced Fluorescence (LIF) logs in the vicinity of SWMU 4 and 5.

e Wells and soil borings installed as part of drainage ditch investigation completed in 2021 in the
vicinity of SWMU 4 and 5.

Pertinent LIF and soil boring logs are provided in Appendix A and locations are depicted on Figure 2.

This work plan includes the installation of 8 soil borings, collection of a maximum of 64 soil samples, and
collection of 10 groundwater samples (if water is encountered within the soil borings). Soil samples will
be collected using a Geoprobe, or similar, direct-push drill rig. Soil samples will be screened in the field
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using a photoionization detector (PID) and the results recorded on the soil boring log. Groundwater
samples will be collected using Hydropunch® sampling methods, or similar. Soil samples will be
analyzed for volatile organic compounds (VOC), total petroleum hydrocarbons (TPH) — diesel range
organics (DRO), TPH - gasoline range organics (GRO), TPH — motor oil range organics (MRO), total
arsenic, total chromium, and total lead. If encountered, groundwater samples will be analyzed for VOCs,
TPH-DRO, TPH-MRO, and TPH-GRO. The results from this investigation will be used for future

environmental remediation evaluations.
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2.0 Background

A summary of previous investigations of SWMU 4 and SWMU 5 are described below.

2.1  0ld Burn Pit (SWMU 4)

The “Old Burn Pit”, SWMU 4, was in use from 1958 through 1976 and encompassed an area
approximately 20 feet by 40 feet and varied in depth from 10 to 12 feet below the surrounding ground
surface (DiSorbo 2017). SWMU 4 was used to burn acid soluble oils from the refinery’s alkylation unit.

On November 19 and 20, 1986, a visual site inspection of the area was conducted as part of the RCRA
Facility Assessment. During the inspection, “An old metal box uphill from the pit” was observed and
described as being used to feed oil through a metal pipe to the burn pit (DiSorbo 2017).

SWMU 4 was included in the 1988 Hazardous and Solid Waste Act permit and included in the 1990 RCRA
Facility Investigation (RFI) Work Plan. In the “SWMU Site-Specific Facility Investigation Workplan”,
which provided a detailed description of site features and sampling locations (Applied Earth Sciences,
Inc., 1990) the presence of the metal box is not included in the work plan. It appears the metal box and
pipe were removed after the visual inspection was performed and prior to the implementation of the
“SWMU Site-Specific Facility Investigation Workplan”.

In 1992, three soil borings were completed during the implementation of the Phase Il RFI to a depth of
4.5 feet below ground surface (ft bgs) (Giant Refining Company, 1992). Soil samples were collected from
the three boring locations at ground surface, 3 ft bgs, and 4.5 ft bgs. The soil samples were analyzed for
total metals (arsenic, barium, beryllium, cadmium, chromium, lead, nickel, mercury, and vanadium),
VOCs, semi-volatile organic compounds (SVOCs), and pH. The analytical results were compared to the
NMED soil screening levels and United States Environmental Protection Agency (USEPA) Regional
Screening Levels. Based on the analytical results the USEPA directed collection of additional soil samples
from the same boring locations at depths up to 10 ft bgs collected during 1994. The original boring
locations were re-drilled using hollow-stem augers, and soil samples were collected at 6 ft bgs and

10 ft bgs (Giant Refining Company, 1994). The soil samples were screened in the field using a PID, the
majority of the PID readings were 0.0 parts per million (ppm) and the highest PID reading was 16 ppm.

Analytical results for the 1994 investigation included ethylbenzene and naphthalene above soil
screening levels. The results were compared to the soil screening levels for the protection of
groundwater with a dilution attenuation factor of 20. The concentrations were also compared to the
residential soil screening level for direct contact and were below those levels.

Based on the soil sample analytical results from the Phase Il RFI, Giant Refining Company recommended
the installation of a clay soil cap over the area of the former burn pit. The installation of the clay soil cap
was completed in 1997.
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During the week of March 23, 1998, an on-site inspection was conducted by Practical Environmental
Services, Inc. in support of preparation of a RCRA Post-Closure Care Permit for the Gallup Refinery Land
Treatment Unit. The inspection report, applicable section of which is included in Appendix C of the
“Investigation Work Plan SWMU No. 4 Old Burn Pit and SWMU No. 5 Landfill Areas”, documents the
construction of the low permeability soil cap for the Old Burn Pit (DiSorbo 2015). Installation of the soil
cap was conducted under the review and authority of both the USEPA and NMED. Since the installation
of the soil cap, no additional refinery activities have been occurred in SMWU 4.

2.2 Landfill Areas (SWMU 5)

The “Landfill Areas”, collectively known as SWMU 5, include areas used to dispose of waste generated
during refinery construction, maintenance, and operations activities. Construction waste is reported to
have included asphalt paving, concrete, and scrap metal. Wastes associated with operations may have
included defluorinator bauxite and hydrotreating catalyst (cobalt, molybdenum, and nickel), and
possibly outdated laboratory chemicals. Additionally, office, residential, and shop wastes were
identified as having been placed in the landfill areas. The main landfill area is estimated to have been
100 feet wide by 350 feet long in a kidney shape. The landfill area to the north is estimated to have
been 20 feet by 20 feet. The landfill areas were operated from 1958 through 1979.

An RFI was conducted in the area in May 1992 comprised of twelve soil borings to a depth of 9.5 ft bgs
completed with a hand auger (Giant Refining Company 1992). Soil samples were collected from the
ground surface and depths of 3, 7, and 9.5 ft bgs. The soil samples were analyzed for VOCs, total metals,
and pH. During the RFI, waste materials were encountered at the bottom of the borings (9.5 ft bgs).
Therefore, in 1994, seven additional soil borings were installed to a minimum depth of 20 ft bgs. The
additional soil borings were completed using hollow-stem augers and were drilled in the same locations
of previous soil borings. Soil samples were collected from depths of 11, 16, and 20 ft bgs. Soil samples
were screened in the field using a PID. The majority of the PID readings were 0.0 ppm and the highest
PID reading was 0.4 ppm. Collected soil samples were analyzed for VOCs, SVOCs, and total metals.

Based on the analytical results from the soil samples collected during the Phase Il RFI, Giant Refining
Company recommended the placement of an impermeable soil cap over the area encompassing the
landfill footprints. Installation of the impermeable soil cap was completed in early 1998.

During the week of March 23, 1998, an on-site inspection was conducted by Practical Environmental
Services, Inc. to document the closure of SWMU 5. A Landfill Closure Certification Report was prepared
to document the construction of the low permeability soil cap of the Landfill Areas (Practical
Environmental Services, 1998). Construction was conducted under the review and authority of both the
USEPA and NMED, in accordance with the Voluntary Corrective Action Plan approved by the USEPA on
January 5, 1994.

Since the installation of the soil cap, no additional refinery activities have occurred in SWMU 5.
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3.0 Site Conditions

The Refinery has been indefinitely idled since August 2020. Historically, the Refinery generally
processed crude oil transported to the facility by pipeline or tanker truck. During active operation,
various process units were operated at the Refinery, including alkylation, blending gas, crude distillation,
diesel hydro-treating, fluid catalytic cracker, gas conditioning, isomerization, naphtha hydro-treating,
reformer, saturated gas, sulfur recovery, ammonium thiosulfate and merox treater units. Refinery
operations have produced gasoline, diesel fuels, jet fuels, kerosene, propane, butane, and residual fuel.

3.1 Surface Conditions

Local site topographic features include high ground in the southeast gradually decreasing to a lowland
fluvial plain to the northwest. Elevations on the refinery property range from 6,860 ft above mean sea
level (amsl) to 7,040 ft amsl. SWMU 4 is approximately at an elevation of 6,925 ft amsl and SWMU 5
ranges from approximately 6,915 to 6,940 ft amsl (Western 2017).

3.2 Subsurface Conditions

The shallow subsurface soil (alluvium) is comprised of clay and silt with some inter-bedded sand layers.
Beneath the alluvium is the Petrified Forest Member of the Chinle Group, which primarily consists of
interbedded mudstone, siltstone, and sandstone. The Alluvium/Chinle interface is as little as 15 ft bgs to
over 32 ft bgs.
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4.0 Scope of Activities

The investigative activities proposed in this Work Plan will be completed to better understand the
subsurface conditions of the area between SWMUs 4 and 5, within AOC 34. Pending NMED approval,
the Refinery anticipates investigation work to be completed during the first quarter of 2023 and an
investigation report to be submitted within 180 days after final laboratory results have been received.

Soil borings will be completed with a Geoprobe direct-push drill rig at 8 locations within AOC 34

(Figure 2). Based on LIF responses in this area (Appendix A), soil borings will be completed to a total
depth of 40 ft bgs or until groundwater or refusal is encountered, whichever occurs first. Soil borings
will be screened in the field for the presence of VOCs using a PID. Soil will be collected at 5-ft intervals
for PID field-screening, beginning with a surface sample. Analytical samples will be collected from four
intervals: the surface, just above the water table, the bottom of boring, and in the zone with the highest
PID reading. Soil samples will be analyzed for VOCs by Method 8260; TPH-DRO, TPH-MRO, and TPH-GRO
by Method 8015; and total arsenic, total lead, and total chromium by Method 6010. If encountered,
groundwater samples will be analyzed for VOCs, TPH-DRO, TPH-MRO, and TPH-GRO. These constituents
were selected as indicator parameters based on previous soil investigation work within SWMUs 4 and 5.

The results from this investigation will be used to support selection and implementation of appropriate
future remedies. Analytical results will be compared to applicable NMED Residential, Industrial, and
Construction Worker Soil Screening Levels (SSL). All samples will be compared to Residential SSLs. The
Industrial SSLs will be utilized for soils collected from 0 to 1 ft bgs. Soil samples with depths greater than
1 ft bgs will be compared to the Construction Worker SSLs.
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5.0 Investigation Methods

Soils will be visually observed and classified in general accordance with American Society for Testing and
Materials D2487 (Unified Soil Classification System) and D2488 (Description and Identification of Soils).
Detailed boring logs will be compiled in the field by qualified staff. Soil samples will be field screened
using a PID for evidence of VOCs. PID results will be recorded on the boring logs and used to identify
additional sample intervals as defined in Section 4.0.

5.1 Sample Collection Procedures

Soil samples will be collected in accordance with the “Standard Operating Procedure — Soil Sampling”
(Appendix C). Groundwater samples will be collected using Hydropunch methods as described in
“Groundwater Sampling and Monitoring with Direct Push Technologies” (Appendix B). Details related to
sample collection will be documented on the boring log field forms (Appendix D). General observations
recorded on the field forms for each soil sample location will include sampling start and end times,
weather, site conditions, sampling team members, and other personnel present. Sample-specific
information will include field sample identification, time of sample collection, sample start and end
depth, collection method, sample type (i.e., composite or aliquot), soil classification and characteristics,
any deviations from or clarification of sampling procedures, and other observations. All reusable
sampling equipment will be decontaminated prior to installing a boring and collecting a new sample. All
equipment will be decontaminated with Simple Green™ (or equivalent) using a four-stage
decontamination system consisting of a two detergent/water washes and two deionized water rinses
and recorded in the field logbook.

PID readings will be collected at sample intervals (beginning with a surface sample) and analytical
samples will be collected at the intervals proposed below. Headspace vapor screening targets VOCs and
involves placing a soil sample in a plastic sample bag allowing space for ambient air. The plastic sample
bag will be sealed and shaken gently to expose the soil to the air trapped in the container. The sealed
bag will be allowed to rest while vapors equilibrate. Vapors present within the sample bag's headspace
will be measured by inserting the probe of the PID in a small opening in the bag. The maximum value
and the ambient air temperature will be recorded on the field boring log for each interval. Note that if
samples are cold (i.e., below 32 degrees Fahrenheit), they will be sealed in airtight bags and warmed in a
heated building and/or vehicle before screening.

After collecting the PID reading, separate sample jars will be filled, labeled, and placed in a cooler.
Before shipment, each cooler will be packed with ice and a laboratory-provided trip blank. A chain of
custody (COC) form will accompany each sample shipment. Coolers will be sealed and delivered to an
accredited laboratory. A summary of the proposed sampling activities is provided below:

1. Installation of 8 soil borings, visual screening/logging, and collection of soil samples. Samples
will be collected from:

e The surface (0 to 0.5 ft bgs)
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e Just above the water table (within 0.5 feet)

e The bottom of boring (40 ft bgs or refusal)

e The zone with the highest PID reading if groundwater is not encountered.
2. Collection of PID readings at the surface and every 5 ft until boring termination

3. Samples will be collected with Hydropunch in boring locations where groundwater is
encountered.

4. Submit samples to an accredited laboratory. Samples will be analyzed for:
e VOCs by Method 8260
e TPH-DRO, TPH-MRO and TPH-GRO by Method 8015
e Total arsenic, total lead, and total chromium by Method 6010 for soil samples

5. Compare analytical soil data with applicable NMED Residential, Construction Worker, and
Industrial SSLs.

6. Compare analytical groundwater data with applicable NMED Water Quality Control Commission
(WQCC) groundwater quality standards (NMED 2018).

5.2 Data Quality and Validation

Quality assurance/quality control (QA/QC) samples will be collected during sampling to monitor the
validity of the sample collection procedures. Field duplicates will be collected at a rate of 10 percent (%)
or at a minimum of 1 per day. Equipment blanks will be collected from re-usable equipment at a rate of
20% or at a minimum of 1 per day. One trip blank per cooler will accompany the samples to the
laboratory. The field duplicates, equipment blank samples, and trip blanks will be submitted to the
laboratory along with the soil samples. QA/QC samples will be recorded on the field forms and the
COCs. All data will undergo Tier Il data validation.

5.3 Data Evaluation and Waste Management

All soil analytical results will be compared to applicable NMED Residential SSLs. Soil analytical results
from soils collected from 0-1 ft bgs will be compared to applicable NMED Industrial Worker SSLs. Soil
analytical results from soils collected from below 1 ft bgs will be compared to applicable NMED
Construction Worker SSLs. The results will be presented to NMED in a subsequent investigation report.
Soil recovered during sampling will be placed in drums, labeled, and stored on the 90-Day Pad. Waste
characterization will be conducted prior to disposal. Waste characterization analysis will include testing
for VOCs by Method 8260, SVOCs by Method 8270, and RCRA 8 Metals by Method 6010. Any wastes
determined to be hazardous will be disposed of accordingly.
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6.0 Schedule

Pending NMED approval, the Refinery anticipates the investigation to be completed during the first
quarter of 2023. Once the investigation has been completed, the Refinery will prepare an investigation
report summarizing the sampling results and investigation conclusions within 180 days of the receipt of
the analytical data.
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Areas, Ciniza Refinery, McKinley County, New Mexico.

Western Refining Southwest LLC (Western). 2015. RCRA Permit — Supplemental Information, Western
Refining Southwest Inc., Gallup Refinery, EPA ID #NMD000333211, HWB-WRG-13-001

Western. 2017. Investigation Report, Solid Waste Management Units (SWMU) No. 4 Old Burn Pit and
No. 5 Landfill Areas. Western Refining Southwest, Inc., Gallup Refinery, EPA ID#
NMDO000333211. January.
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Image Cite: National Agriculture Imagery Program (NAIP) Colored Orthophoto, Mckinley County, New Mexico, Publication: 2014
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SITE LOCATION MAP
NOTE: EXPLANATION l.|(|r0 SWMU 4 AND 5 WORK PLAN
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NOTES: NDD-TW-2

* AOC — AREA OF CONCERN
* SWMU — SOLID WASTE MANAGEMENT UNIT
* LIF — LASER-INDUCED FLUORESCENCE
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EXPLANATION

PROPOSED SAMPLE LOCATION [] NORTH DRAINAGE DITCH BOUNDARY ', PROPOSED SAMPLING LOCATIONS

MONITORING WELL [ SWMU4-OLDBURNPIT Tfih dfo SWMU 4 AND 5 WORK PLAN

HISTORICAL SOIL BORING [1 SWMU5-LANDFILLAREAS conpnnnm“

HISTORICAL SAMPLING LOCATION ] Aocs4 1252 Commerce Drive WESTERN REFINING SOUTHWEST LLC
Lm';i,hw:czg;o D/B/A MARATHON GALLUP REFINERY

FRENCH DRAIN (P) 307/745.7474 (F) 307/745.7729 GALLUP, NEW MEXICO

Drawn By: BR | Checked By: CF | Scale: 1" = 150' Date: 3/25/22 | File: 2_SWMU4_5_SiteLoc
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Callouts Depth (ft Signal (%RE) Zoomed In P Dwn (PSI) Q (mL/min) est. K (ft/day) Rate (in/s)
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BG/UVOST1612 Unavailable 2021-05-10 11:40 MDT
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Lithology Log Sheet 1 of 4
Project Name Project Number Borehole ID
Gallup Refinery, North Drainage Ditch Area  |697-082-002 NDD-MW-1
Drilling Company Driller Ground Elevation Total Drilled Depth
Terracon Jeff Cothron 46 feet-bgs
Drilling Equipment Drilling Method Borehole Diameter Date/Time Drilling Started Date/Time Stopped
CME 55 (tracks) HSA 4.25" 8/16/21 14:00 8/17/21 10:15
Type of Sampling Device Water Level (bgs) Final
. . . . . (for continuous saturation) ,
Split Spoon (California Modified) & regular Split Spoon 35 feet-bgs 46
PID/FID (make, model, serial no.) Geologist Checked by/Date
PID (Honeywell Mini RAE Lite - PGM7300) Kara Hoppes
Location Description (include sketch in field logbook) Weather Conditions (temp., clear, rain, wind)
Sunny, hot, breezy
Description :E;
| g = PID (ppm)
| = 5138 (Include lithology, grain size, sorting, angularity, Munsell color name & notation, minerology, E %
21 5| 8| : Y congictenc 25
El 2|22 bedding, plasticity, density, consistency, etc., as applicable) )
oL L 0-2! 0-0.5' 0.0
L 5 0-1' brown, dry, gravelly (10%) - sandy (30%) - silt (60%), loose, soft;
roots; sand VF, well-sorted
L F |6 ! . .
e e 1-1.5 light brown, loose, dry gravelly (20%) - silty (30%) - sand (50%),
asphaltic & concrete debris
L 5
L 1.5-2' brown, loamy sandy (30%) - gravelly (20%) - clayey (10%) - silt 1.5-2' 0.0
4 (40%); sand VF-F, well-sorted, gravel ang-round up to 4 cm diameter
& includes concrete debris; loose other than somewhat cohesive
2 r clayey silt chunks; no odor; dry
L 5
L 24
L 6 2-2.5' Same as 0-1' but gravel up to 20%
s | 2.5-3' Same as 1.5-2'
L 3-4' Whitish-grey concrete
L 14
- 12
4-6' \
4= = 6" recovery; concrete blocked shoe; mostly concrete recovered; not enough 4 0.0
- 10 recovery of soil to justify PID screening (will measure top of next section for 6'
- meas.)
- 6
5 — — —
L L |®
T LA es
6— —H = 6' 0.0
| L 6-6.5' Same as 1-1.5'
L 4 6.5-7' tan-brown @ top to grey-brown @ bottom; gravelly (10%) - sandy
(10%) - clay (80%); cohesive, soft, mildly plastic; black asphaltic
6 looking material; sand F, well-sorted, 95% quartz
T . . .
L 7-1.5' blackish-brown material SAA but stuck together w/ asphaltic
5 material; slight hydrocarbon odor
: : 7 7.5-8' black tarry clay; strong hydrocarbon odor; tar saturated; chunks of
8 concrete throughout; extremely cohesive (has to be pulled apart like g 0.0 (ohot
taffy); moderate stiffness 0 (photo)
L 2 8-10'
| L 8-8.5' Same as above
L 5 8.5-9.5' brownish-black tar-saturated gravelly (10%) - sand (90%); sand VE-
9 F, well-sorted; same cohesive nature as above; moderately soft;
strong hyrocarbon odor
L 5
L 9.5-10" brown silty-clay; cohesive, moderate plasticity, hydrocarbon odor,
8 occasional sand (up to F) & 2 mm calcareous lenses; damp
10' 0.0
0-0.5' 14:41
1.5-2.0' 14:55 + NDD-BD2
>2.0 HC high, 27.5-28'10:20
H,0 @ 35-35.5'08:30
Total Depth 45.5-46' 10:30
7.5-8' being collected based on visual/olfactory components 8/17 9:25
42 AM
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Lithology Log (continued) Sheet 2 of 4
Description :E;
_ o _ o = PID (ppm)
] % 3 (Include lithology, grain size, sorting, angularity, Munsell color name & notation, minerology, % %
2l e8|z bedding, plasticity, density, consistency, etc., as applicable) £
a = & ) n &
| L 10-12' No odor; reddish-brown interbedded sand & sandy-clayey-silt sand intervals
L 4 up to 4" thick & VF-F, well-sorted, 90-95% quartz; sandy (10%) - clayey - silt;
moderate to high plasticity, cohesive, soft; damp @ bottom 6"
- 5
1= =
L[|
- 5
12— [— 1 12-14' reddish-brown, cohesive, no odor, highly plastic, soft, interbedded silty-clay & | 12' 0.0
- 3 sandy (30%) -silty - clay; sand VF & well-sorted; bottom 6" contains blackish-
- brownish vegetation matter; damp
- 5
B~ =
L[|
- 9
14— [— I 14-16' 1'recovery 14 0.0
L[ |4 14-15' reddish-brown silty-sandy (10% VF-F well-sorted)-clay; stiff,
| L cohesive, damp, mild plasticity
| L 7 15-16' sandy-clayey-silt; sand VF-F, well-sorted; soft, moist, cohesive,
i moderate plasticity
[ |12
FF [12
16— — — 1618 16' 0.0
: : 12 16-17' Stiff, brown, highly plastic & cohesive clay, lots of black org. matter
| L & small roots; no odor; moist to damp; occasional calcareous
17 modules
e = 17-18' brown, interbedded sand & silty-clay; no odor, dry; clay is cohesive
& stiff w/ high plasticity; sand is loose, VF-F, well-sorted, 95%
20 quartz, 5% calcareous frags & lithics
F + [15
18— — — 1820 18 0.0
: : 3 18-18.5' Same as above
| L 18.5-19.5' tannish-greyish-brown silty-sand grading from VF @ top to VF-VC
L 7 w/ ~5% gravel at base; damp, loose; grains round-subangular; gravel
19 up to 1 cm diameter
| L 19.5-20' reddish-brown, moist, cohesive, highly plastic sandy-silty-clay; sand
| L 7 VF, well-sorted; soft
B S bove interbedded w/ silty-clay; bottom 6" are stiff and only mildI
ol L 90.py Same as above interbedded w/ silty-clay; bottom 6" are stiff and only mildly 20 0.0
L plastic
L 3
- 5
21— —
| [ |10
" 8/16/21 16:00 stop for d 0.0
»nl :00 stop for day 2 .
| L 8/17/21 07:00 resume
| L | 11| 22-24' SAA but entire section is soft & damp & highly plastic
F o [12
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Lithology Log (continued) Sheet 3 of 4
Description :E;
£ . o . . ) . = PID (ppm)
] ? 3 (Include lithology, grain size, sorting, angularity, Munsell color name & notation, minerology, % %
E Li’ 35| 2 bedding, plasticity, density, consistency, etc., as applicable) £
a = & ) n &
231 L
L LM
F (12
24— |— 1 24:26' brown, damp, interbedded silty-clay (highly plastic, cohesive, soft) & silty- 24 7.6
- 11 clayey sand (loose to mildly cohesive, VF-F, well-sorted); ~80% of the section
- is the silty-clay; sandy intervals up to 2" thick
F o+ [12
25— I~
BREEL
FF [12
26— [— [ 26-28' Slight hydrocarbon odor (gasoline) @ top of section getting stronger with 26' 443
- 6 depth; greyish-reddish brown sandy-silty-clay; soft, moderately plastic,
- cohesive; very damp; sand VF-F well-sorted
- 7
27— —
L[]
- 9
28— = [ 28-30' Same as 24-26' but moist beginning @ 29' & a 1" thick saturated sand seam at | 28' 830.9
- 3 29.8' (moist below), slight hydrocarbon odor throughout which gets stronger in
- saturated seam
-+ |6
29— —
L [ |6
- 6
30— = [ 30-32' Interbedded silty-clay (moderately stiff, plastic, damp to dry, rare calcareous 30' 470.7
- 5 fragments including a tiny snail shell) & sandy-clayey-silt (soft, damp,
- moderate plasticity, cohesive, sand VF-M, moderately sorted; rare black
O S organic fragments); brown other than bottom 2" which are rusty-brown
- |8
31— —
L [ |10
FoF (11
32— — 1 3234 32' 0.1
[ [ 12| 32325  Sameas30-31.8
| L 32.5-34' Rusty-red silty-clay; moderately stiff to stiff, dry, rare calcareous
L L |15 modules & black organic fragments, highly plastic & cohesive;
3 occasional root remnants
[ |15
FF [21
34— [~ [ 3436' saturated @ 35'; reddish-brown interbedded gravelly (20%) - sandy - (10%) - | 34' 0.7
rr 13 clay (70%) (cohesive, soft; sand M-VC, poorly sorted; gravel up to 2" diam &
- mostly sandstone/chert chunks) & clayey (10%) - sandy (30%) - gravel (60%)
o (sand VF-VC, poorly sorted; loose; gravel up to core diameter, round-angular)
- 17 ~70% of section is the gravel material 3
— — j 1.
33 | L 35.5' 5
L |18
F + |20
36
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Lithology Log (continued) Sheet 4 of 4
Description :E;
_ o _ o = PID (ppm)
] ? 3 (Include lithology, grain size, sorting, angularity, Munsell color name & notation, minerology, E %
2l e8|z bedding, plasticity, density, consistency, etc., as applicable) £
a = & ) n &
36 | 36-38'
B 14 36-37' Same as above; still saturated
| 37-37.5" light brown, dry, silty-clay with occasional greenish-white clay lenses
1 up to 2" diam.; cohesive; non-plastic; somewhat stiff
37.5-37.8' Interbedded same as above & sandy (50%) - silt; sand VF & well- .
37— . . . 37 6.0
sorted; loose to mildly cohesive, soft, dry; light brown
| 17 37.8-38' rusty-brown clay with rare light green clay lenses up to 0.5 cm
| diameter, dry, cohesive but fissile, starting to resemble weathered
shale
- |20
38— [— 1 38-40' dry, brown, VF sand, somewhat consolidated, likely to be weathered
B 14 sandstone but can still break apart with fingers; rare whitish-tan clay lenses up
- to 3 mm diameter; well-sorted; breaks apart nearly in wafers
|24
39— +— 39' 2.8
| |50
- |50
40— — — 4042
: 22 40-40.5' reddish-brown VF-grained, well-sorted sandstone; damp
B 40.5-41.5' reddish-brown sandy (VF) - siltstone
L |40 41.5-41.8' unconsolidated clayey (10%) - silty (10%) - gravel; saturated; gravel
al L up to 1" diameter & subround-angular ar 0.8
| 41.8-42' red silty shale with occasional calcareous concretions; soft, damp ’
| |47
- |40
= = ] 4243
: 35 42-42.5' Same as above
| 42.5-43' dry light grey-tan VF-grained, highly consolidated sandstone; well-
| 50 sorted; top foot of sampler filled with water --> good sign for well
5 production 43 19
| 43-44' Same as above but grain size up to VF-F; still well-sorted '
| |43
- |50
44— — — 4446
: 22 44-45.5' Same as above but grain size back down to VF
| 45.5-46' brown silty-clay shale w/occ. white calcareous modules up to 4 cm
diameter; consolidated, dam
- 36 p
45— — 45' 0.4
| |53
- |60
46— 46' 0.6
47—
A8
2o [
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Lithology Log Sheet 1 of 4
Project Name Project Number Borehole ID
Gallup Refinery, North Drainage Ditch Area |697-082-002 NDD-MW-2
Drilling Company Driller Ground Elevation Total Drilled Depth
Terracon Jeff Cothron 48 feet-bgs
Drilling Equipment Drilling Method Borehole Diameter Date/Time Drilling Started Date/Time Stopped
CME 55 (tracks) HSA 4.25" 1D 8" OD 8/17/21 13:40 8/18/21  09:15
Type of Sampling Device Water Level (bgs) Final
California Modified Split Spoon & Regular Split Spoon 28.2 feet-bgs 48'
PID/FID (make, model, serial no.) Geologist Checked by/Date
PID (Honeywell Mini RAE Lite - PGM7300) Kara Hoppes
Location Description (include sketch in field logbook) Weather Conditions (temp., clear, rain, wind)
Hot, bright
Description g
3 PID (ppm)
| = gl 8 (Include lithology, grain size, sorting, angularity, Munsell color name & notation, minerology, g %
HEE R o olasticd oo o s anplic g2
HIEAEE bedding, plasticity, density, consistency, etc., as applicable) -3
0 | | 0-1'  1'recovery 0-0.5" 0.1
| L 5 0-0.5' loose, dry gravelly (10%) - clayey (10%) - sand (80%) & concrete
chunks; sand VF or VC (no in between), poorly-sorted; brown
- 3 , . . .
N 0.5-1 firm, brown red-brown clay interbedded evenly with loose material
same as above; damp; clay intervals are cohesive & non-plastic
L 3
1.5-2] 0.2
L F |2
22— 1M 12' [1'recovery
: : 2 1-1.5 reddish-brown, damp, gravelly (15%) - silty (10%) - sand (75%); sand
VE-F w/ regular VC grains; poorly-sorted; damp, loose
R 152
3 ' brown, firm, silty (10%) - sandy (10%) - clay (80%); cohesive, non-
- 3 plastic, dry; occasional black organic vegetative fragments & white
- F clay lenses up to 3 mm
L L 5 .
L i el brown, mildly plastic, moderately stiff clay with regular calcareous modules, 4 0.0
- 2 roots, black org. frags & white clay lenses/streaking
- |4
5 — — —
L [ |s
R
6— I I 46 1.5 recovery 6' 0.0
: : 5 455" Same as above
| L 5.5-6' brown, gravelly (20%) - sandy (20%) - clay (60%); dry, stiff,
14 cohesive, non-plastic; drilled through rock the same diam. or greater
7 than split spoon; sand F-VC, poorly-sorted; gravel & sand ang-round
L[ |19
F F |13
S — 1 &8 8 0.0
: : 3 6-7 Same as above; 7-8' brown, stiff, silty-clay with calcareous modules;
non-plastic; dry
- |4
o L[] &0
L 8-9' Same as above
L 6 9-10' Same as above with ~10% gravel & 10% sand (VF-VC, poorly-
sorted); gravel up to size of modified split spoon core; rare black
vegetative matter
L[4
10' 0.1
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Sheet 2 of 4

Depth

Interval

Recovery

Blow Counts

Description

(Include lithology, grain size, sorting, angularity, Munsell color name & notation, minerology,

bedding, plasticity, density, consistency, etc., as applicable)

Screened Interval

(ft-bgs)

PID (ppm)

20

21

22

10-12'
10-10.5'
10.5-11.8'

11.8-12

Same as above

loose, clayey (10%) - gravelly (20% - up to 2" diameter) - sand (70%);
sand VF-VC, poorly-sorted; sand & gravel round-angular; 10.5-11"
damp; 11-11.5' moist

same as 10-10.5', damp

12-14' brown, damp, cohesive, soft clayey-silt

14-16'

14-14.5'

14.5-16'

16-18'

16-17.5'

17.5-18'

brown sandy (10%) - gravelly (10%) - clay (80%); cohesive, soft; non-
plastic; sand VF-F, well-sorted, gravel up to 1" diameter, round-ang

damp to moist tannish-brown; material grades from gravelly (10%)-
clayey (10%) - sand (80%) (sand VF-VC, poorly-sorted, round-
subang.) @ top to F-M, well-sorted sand @ base; loose

brown gravelly (10-20%) - clayey (10%) - sand (70-80%), damp; angular-
round, VF-VC, poorly-sorted; loose; gravel up to 3" diameter

brown gravelly (30% - up to size of a core diameter) - clay; cohesive,
moderately plastic, medium stiffness; dry; gravel includes petrified
wood frags

18-20' Same as above but gravel content up to 40%

18-19'
19-19.5'
19.5-20"

20-22'

20-20.5'
20.5-21"

21-21.5

21.5-22"

Same as above
same as 16-17.5' but dry & gravel content up to 30%
same as 18-19'

Same as above

loose, damp, gravelly (30%) - sand; brown; sand VF-VC, poorly-
sorted; gravel up to 2 cm diameter

brown clayey (20%) - gravel (80%); gravel damp round-subang., up to
1" diameter

brown sandy (30%) - clayey (20%) - silt (50%); sand VF & well-
sorted; soft, damp, mildly cohesive

22-24" 1.5' recovery, brown interbedded sandy (20%, VF, well-sorted)-silty-clay &
silty-clay; soft, cohesive, mildly plastic, dry to damp

12'

14'

20"

22'

0.1

0.1

0.1

0.0

0.0

0.1
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Lithology Log (continued) Sheet 3 of 4
Description E
z PID (o)
| = g 3 (Include lithology, grain size, sorting, angularity, Munsell color name & notation, minerology, é %
BB AR bedding, plasticity, density, consistency, etc., as applicable) g2
a £ & =) A E
23] L
L 12
- F 14
24— — — 24-26' 24 0.6
: : 6 24-25' strong gasoline odor; gravelly (30%) - sand (70%); gravel up to 3"
L diameter; sand VF-VC, poorly-sorted; loose, damp
L 13 25-25.5' tan, damp gravelly (5%) - sand; sand mostly F-M, round-subround,
sl | moderate sorting; gravel up to 2 cm diameter; strong gasoline odor 25 668
L 25.5-26" dry, brown, gravelly (10%) - sandy (20%) - silty (30%) - clay (40%);
| L 22 cohesive, non-plastic, moderately soft, no odor
F F |23
26— — F— 26-28 26' 14.9
: : 14 26-26.5" Same as above but slight hydrocarbon odor
L 26.5-27" brown, very moist sand, gravel, silt & clay (~equal parts of each);
| L 13 strong gasoline odor; gravel up to size of core diameter; sand poorly-
27 sorted in terms of size, angular & mineralogy
| L 27-28' brown sandy-silty (20%) - clay; dry, slight hydrocarbon odor;
| L 8 occasional gravel, cohesive, moderate plasticity, stiff
F F |18
28— [— [— 28-30' Saturated @ 28.2' 28' 103.2
: : 30 28-28.5" brown gravelly (40%) - clayey (10%) - sand (50%); gravel > size of core 28.2- 42
diameter; sand VF-VC; poorly-sorted; mildly cohesive; no odor 28.7" i
L 21 28.5-29" moist to damp, gravelly (20%) - sandy (20%) - clay (60%); brown,
ol |- cohesive non-plastic
L 29-30' brown, weathered silty shale; breaks apart easily with fingers;
| L 32 somewhat fissile; cohesive, damp
- b (45
30— |— |—1 30-32' 30' 0.2
: : 20 30-31" Same as above
L 31-32' reddish-brown weathered siltstone w/ greenish-white clay lenses up to
I I PP 2 mm diameter, dry
31— — —
| [ |52
F F |50
32— [— I 32-34' Same as above but with white calcareous streaking 32 0.1
[ |10
L F |9
3B F —
[ |13
F F |50
34— [— | 34-35' Same as above but hard & with greenish-white clay lenses & streaking; up to 34 0.3
: : 17 diameter of core
o
35— — —
L[ |42
F F |50
36 36' 0.1
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Lithology Log (continued) Sheet 4 of 4
Description E
= PID (ppm)
| = g (Include lithology, grain size, sorting, angularity, Munsell color name & notation, minerology, é %
| 5| % bedding, plasticity, density, consistency, etc., as applicable) g%
ol El= 3¢
36 | 36-37' Same as above but more fissile; can break apart easily with hands
| L |23
F F |50
37— — 37 0.1
| [ |40
C L [0 END OF DAY
Y I 37-38' 8/18/21 RESUME @ 07:30
| L 37-37.7" reddish-brown, extremely fissile silty shale with whitish-green clay
L 24 lenses; cohesive
| L 37.7-38' reddish-brown, damp; extremely weathered silty-claystone; cohesive
L L |s5 but only moderately consolidated; greenish-white only streaking
19 occasional 39 01
L 38-39' silty-clay shale otherwise similar to 37-37.7'; dry ’
| L |10
F F |28
40— = 39-40.5' Same as above but damp
L 40.5-42' Same as above but 41-41.5'; smells of gasoline
| L |65
L L |16
41— = 41' 727
L [ |37
F F |60
42— — [ 42-43' gasoline odor; same as above
L [ |39
F | |66
43— |— — 43-44.5' Same as above 43! 1434
[ |22
F |44
41— -
L [ |e7
| L 44.5-46' Same as above but with lead-grey metallic faces on some of the shales broken
pieces; hydrocarbon odor increasing with depth; lense of black asphaltic-
F F |24 . . \
looking material ~45.8
45— = — 45' 1136
L [ |52
F F |60
46— I [ 46-48' Same as above including metallic streaking, but dry & crumbles more easily
- than above section
L |17
L L |28
47— = — 47 1042
[ |4
F  [50
48— — — 48' 598
w9 |
1/29/2022 10:07:42 AM
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Project Name Project Number Borehole ID
Gallup Refinery, North Drainage Ditch Area |697-082-002 NDD-SB-6
Drilling Company Driller Ground Elevation Total Drilled Depth
Terracon Jeff Cothron 24 feet-bgs
Drilling Equipment Drilling Method Borehole Diameter Date/Time Drilling Started Date/Time Stopped
CME 55 (tracks) HSA 4.25" 1D, 8" OD 8/23/21 13:15 8/23/21  14:30
Type of Sampling Device Water Level (bgs) Final
Split Spoon & Calif. Modified 15 ft-bgs 24
PID/FID (make, model, serial no.) Geologist Checked by/Date
PID (Honeywell Mini RAE Lite) - PGM7300 Kara Hoppes
Location Description (include sketch in field logbook) Weather Conditions (temp., clear, rain, wind)
Hot, sunny, breezy
Description ?z)
= PID (ppm)

= gl 3 (Include lithology, grain size, sorting, angularity, Munsell color name & notation, minerology, % %

15|zl z bedding, plasticity, density, consistency, etc., as applicable) 52

5 E i’ & > ) ) ) i) (h) s

o [ [ o2
L 1 0-1.5' non-native backfill
L 1.5-2' brown, dense/stiff, silty-clay; occasional roots; dry
- 2

1 — — —

F 4 1.5-2' 0.2
- |8

21— 2-4
: : 12 2-3' light brown, dry, firm, mostly cohesive gravelly (10%)-sandy (20%)-

L silt (70%); gravel up to 1" diameter; angular-subround; sand VF-F,
well-sorted
M 34

3 — I~ brown, dry, cohesive, stiff, non-plastic clay @ top grading to sandy
- 1 (10%)-silty (20%)-clay (70%) @ base (sand VF-F, well-sorted) 3-3.5' 0.1
F o |13

4= = rH 40
T [ |6 4-5' gravelly (10%)-sandy (40%)-silt (50%); light brown, dry, stiff,

L cohesive; gravel up to 2" diameter & predominantly comprised of
9 chert & sandstone; sand VF-M, moderately well-sorted

s - 5-5.5' light brown gravelly (15%)-silty (30%)-sand (35%); gravel same as 5 01

L above but angular-round; sand VF-VC, poorly-sorted; dry; mildly :
7 cohesive to loose

L 5.5-6' dry, light brown sandy (20%)-silt (80%); sand VF, well-sorted

- |6

6— —r— 68
: : 5 6-7' brown silty-clay grading to brown clay @ base; stiff, cohesive, non-

L plastic, white ashy/calcareous streaking throughout
L 1 7-7.5' loose to mildly cohesive, tan, sandy (45%)-silt (55%); sand VF, well-

s = sorted 7 0.0
L 7.5-8' same as 6-7' including grading :
L 13
- L |16

8 — 1 8-10' 6" recovery; tan, dry, hard silty-clay with white ashy modules up to 1 cm
- 9 diameter; lost some sample out bottom of split spoon
- 15

O T I 9' 0.1
[ |14
- 11
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Lithology Log (continued) Sheet 2 of 3
Description ?2;
" £
H ) . ) ! S 3 PID (ppm)
| o= ? S (Include lithology, grain size, sorting, angularity, Munsell color name & notation, minerology, £%
| 8 | 2 bedding, plasticity, density, consistency, etc., as applicable) £
[=] cl 4 m n =
10-12'
8 10-10.2' Same as above but brown
B 10.2-12' tan @ top, brown @ base; dry; VF-VC loose sand (poorly-sorted,
B 9 subangular-round) @ top, grading into silty (20%)-clay (80%)
cohesive, mildly plastic, stiff) @ base
1= — ( yP he 1 1.0
K
- 8
2 - 12-14
K 12-13 A e _
o brown, cohesive, damp, moderately stiff silty-clay interbedded w/
F sandy (20%)-silty-clay (sand VF-F, well-sorted), moderate plasticity
o [12
nl 13-14' tan-brown, loose, soft, damp sand; F-M, well-sorted, equant, ~100% 13 07
B quartz :
BEE
o [12
14— = — 14-16¢
: 3 14-15' brown, moist; loose sand (F-M well-sorted; 90% quartz, 5% calc.
B frags, 5% lithics; round-subround) @ top grading to soft silty-clay
4 (cohesive, highly plastic) @ base
sl = 15-15.2' saturated, brown, loose sand, F-VC, poorly-sorted, varying 15 11
mineralogy ’
| 5 15.2-16' saturated, brown, interbedded silty-sand (loose) & sandy-silt
(cohesive, plastic)
- 6
16— — — 16-18
: 1 16-17.5' SAA but w/ rare grey hydrocarbon staining
B 17.5-17.8' brown, gravelly-muddy-sand; saturated; slight hydrocarbon grey
B 6 staining; loose
17.8-18' brown-grey silty-clay; soft, cohesive, highly plastic; slight
17— — 17 50.6
B hydrocarbon odor
| | 6
- 6
18— = [ 18-20' saturated, strong hydrocarbon odor; silty-clayey (20%)-gravelly (20%)-
o brownish-grey (hydrocarbon staining) down to 19.2', else dark grey
2 T . . .
- (hydrocarbon staining); loose; gravel up to size of core diameter; grains round-|
o — ang; sand VF-VC; poorly-sorted; varying minerals
- 4
9 — 19' 939.0
[ |5
- 5
20— F F— 2022
: 3 20-26.2' dark grey hydrocarbon-stained otherwise same as above; slight
B hydrocarbon odor
| 7 21.2-22' Same as above but tan, no odor
21— — H— 21 1423
K
o [12
21— — 1 2224
B 2223 same as 20-21.2'
L L 23-23.5' same as 21.2-22'
- 7
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Lithology Log (continued) Sheet 3 of 3
Description :g;
e 3 PID (ppm)

| = 518 (Include lithology, grain size, sorting, angularity, Munsell color name & notation, minerology, % %

2|l 5|32 bedding, plasticity, density, consistency, etc., as applicable) g3

a cl 4 m 2 E

23 23.5-24' light brown, dry silty-sandstone; sand VF, well-sorted; hard, 23.5-

Lk ] o ; 196.3
20 consolidated, no odor or staining 24!
F F |19

24— — —

25—

i i PLUGGED WITH 6 BAGS BENTONITE

27— —

28—

29— —

30—

31—

2

3B F

34—

35—

36 [
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memorandum

To: Sampling Team Members

From: Project Manager

Date: October 27, 2021

Re: Standard Operating Procedure — Soil Sampling

1.0 INTRODUCTION

Soil sampling related to site characterization and site clean-up is expected to involve source sampling of
potentially impacted soils for characterization and profiling. Soil sampling is expected to occur around
the Western Refining Southwest LLC (D/B/A Marathon Gallup Refinery) (Refinery) Process Area.

All personnel involved in soil sampling projects are required to review this Standard Operating Procedure
(SOP) before sampling to ensure the continued generation of reliable data. This SOP is based on
experience gained from collecting soil samples and the latest information available in guidance manuals.
This SOP may be updated as additional experience and information are acquired.

2.0 PRE-FIELD ACTIVITIES

Several activities will be conducted prior to departure for the project site. A project team will be
assigned, and the members will begin coordinating the sample collection event with the Refinery. Field
equipment will be checked and organized. Access to the areas to be sampled will be checked, and
provisions made to pack the necessary equipment for delivery to the project site.

3.0 PREPARATION

The Project Manager will review the current sampling and analysis plans and work plans to determine if
any documents need to be brought to the site during monitoring. The Project Manager will also evaluate
whether any changes have been made in the sampling and analytical procedures and notify the
appropriate personnel.

The Sampling Team Members will review available surface water level data before leaving for the
sampling site. This preparation ensures that the proper equipment and personnel are available at the site.
All field screening equipment will be inspected prior to departure, ensuring that it is in proper working
order. For soil sampling, the only field monitoring equipment used will be a photoionization detector
(PID) and it should be calibrated and operated and according to manufacturer’s recommendations.

1252 Commerce Drive | Laramie, WY 82070 | phone 307/745.7474 | fax 307/745.7729 | www.trihydro.com
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4.0 EQUIPMENT
The following equipment is recommended for soil sampling:

= Required personal protective equipment (PPE), listed in the site-specific health and safety plan
(HASP)

= Soil sampling devices (i.e., hand auger)

= Sampling beaker, bottles, labels, and preservatives

= Gloves

= Chain-of-custody/sample-analysis-request forms

- PID

*  Global Positioning System (GPS) unit

= Opaque Cooler(s) and bagged ice or frozen Blue Ice

= Detergent or solvent for cleaning monitoring equipment
= Brushes dedicated for decontamination

= Decontamination containers dedicated for wash, rinse 1, and rinse 2
= Paper towels

= Trash bags

= Field logbook

5.0 SAMPLE COLLECTION

A critical aspect of any sampling program is selection and implementation of an appropriate sampling
technique. Selection of equipment and technique should be appropriate for the volume of material
required and the type of analysis to be performed. In general, the sampling equipment and technique will
be chosen to minimize, to the extent possible, the amount of handling a sample will undergo prior to
analysis. In many cases, the material to be sampled will be easy to access, and simple "grab" samples
collected using a shovel, trowel, or drive sampler are appropriate. In other cases, such as underwater or
heavily saturated samples, the soils may be difficult to access, and sampling will involve the use of
specialized soil sampling equipment. Specific analytical requirements and sampling frequencies are
specified in the work plan.

Soil samples located in dry areas will be collected from representative locations using a decontaminated
drive sampler equipped with clean brass or stainless steel sampling rings, a thin-walled tube sampler, or a
shovel or hand trowel. The sampling device will be driven completely into the material manually or using
a manually operated auger, drive hammer, or mallet. The sampling device will then be extracted from the
material using a shovel or trowel as needed. If used, filled sampling rings or the thin-walled tube will
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then be removed from the sampling device and immediately sealed on both ends with Teflon sheeting and
plastic caps. Otherwise, the material will be placed directly from the trowel or other appropriate sampling
device into a clean glass jar. The jar will be filled completely to minimize headspace (by tamping during
filling), and immediately sealed with a Teflon-lined lid.

If necessary, several cores may be collected from each location to provide adequate sample volume for
the laboratory. The sample containers will be labeled with endelible ink. Filled sample containers should
be wiped dry and placed in a cooler with ice (or equivalent) for storage at the time of collection. Enough
ice and protective packing material should be used to cool the samples to 4 degrees Celsius and ensure
that the container remains intact prior to final packing and shipment.

Field screening may involve the use of a PID. In this case, material will be placed from the trowel or
other appropriate sampling device into a bag. The PID will be inserted into the bag and the reading taken.
The bag will be sealed and shaken gently to expose the soil to the air trapped in the container. The sealed
container will be allowed to rest while vapors equilibrate. Vapors present within the sample bag's
headspace will be measured by inserting the probe of the instrument in a small opening in the bag. The
maximum value and the ambient air temperature will be recorded on the field boring log for each interval.
Note that if samples are cold (i.e., below 32 degrees Fahrenheit) they will be sealed in airtight bags and
warmed in a heated building and/or vehicle before screening. All samples shall be screened at as close to
the same temperature as possible to obtain consistent results.

After collecting the reading, additional material will be collected and placed into a clean glass jar as
described above. Before shipment, each cooler will be packed with ice and a laboratory-provided trip
blank. A chain of custody form will accompany each sample shipment. Coolers will be sealed and
delivered to an accredited laboratory.

Sampling devices will be decontaminated between sampling locations using a four-stage decontamination
system consisting of a two detergent/water washes and two deionized water rinses. Sample locations will
be recorded with a GPS unit to accurately map the sampling locations.

Field logbooks, Soil Sampling Field Log, and photograph logs will provide a written record of field data
gathered, field observations, field equipment calibrations, the samples collected for analysis, and sample
custody. Color photographs will be used to substantiate and augment the field notes, if necessary. Field
records will be maintained in the project file.

697-097-001

B_202110_SOPSoilSampling_APP-B.docx
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NOTICE AND DISCLAIMER

This report has been funded wholly by the United States Environmental Protection Agency (EPA) under Contract
Number 68-W-02-033. The report is not intended, nor can it be relied upon to create any rights enforceable by any party

in litigation with the United States. Mention of trade names or commercia products does not constitute endorsement or
recommendation for use.

Copies of thisreport are available free of charge from the National Service Center for Environmental Publications
(NSCEP), P.O. Box 42419, Cincinnati, OH 45242-0419; telephone (800) 490-9198 or (513) 490-8190; or facsimile
(513) 489-8695. Refer to document EPA 540/R-04/005, Groundwater Sampling and Monitoring with Direct Push
Technologies.
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Abbreviations

ASTM American Society for Testing and Materials

CPT cone penetrometer testing

CSP centrifugal submersible pump
DCE dichloroethene

DNAPL dense non-aqueous phase liquid
DO dissolved oxygen

DPT direct push technology

DQO data quality objectives

FID flame ionization detector

GC gas chromatograph

ID inner diameter

LIF laser-induced fluorescence
LNAPL light non-aqueous phase liquid
MIP membrane interface probe

oD outer diameter

ORP oxidation/reduction potential
PAH polycyclic aromatic hydrocarbon
PCB polychlorinated biphenyl

PE polyethylene

PP polypropylene

PTFE polytetrafluoroethylene

PVC polyvinyl chloride

QC quality control

RCRA Resource Conservation and Recovery Act
ROST Rapid Optical Screening Tool
SC specific conductivity

SvVOC semi-volatile organic compound
TCE trichloroethene

EPA United States Environmental Protection Agency
uv ultraviolet

VOC volatile organic compound

Released to Imaging: 11/29/2022 10:07:42 AM



Received by OCD: 4/22/2022 1:40:28 PM Page 54 of 125

This pageisintentionally blank.

Vi

Released to Imaging: 11/29/2022 10:07:42 AM



Rece

ived by OCD: 4/22/2022 1:40:28 PM Page 55 of 12

Section 1: Introduction

Background

Direct push technology (DPT, also known as “direct drive,” “drive point,” or “push
technology”) refers to agrowing family of tools used for performing subsurface investigations
by driving, pushing, and/or vibrating small-diameter hollow steel rods into the ground. By
attaching sampling tools to the end of the steel rods they can be used to collect sail, soil-gas, and
groundwater samples. DPT rods can al so be equipped with probes that provide continuous in-
situ measurements of subsurface properties (e.g., geotechnical characteristics and contaminant
distribution). Interest in understanding how DPT groundwater collection methods compare with
traditional monitoring well sampling methods has steadily increased since the mid-1980s when
DPT first started being used for this purpose. Although environmental professionals recognize
that DPT provide a cost-effective aternative to conventional approaches to subsurface sampling,
some have been reluctant to use it for groundwater sampling because of uncertainty regarding
the quality of samples that the technology can provide. This guidance is designed to encourage
more widespread consideration of DPT by clarifying how DPT can be used to meet a variety of
data quality requirements for avariety of site conditions.

Intended Audience

The primary audience for this guidance is EPA regional folks working on CERCLA,
RCRA, and other related programs. It a'so may be useful for environmental professionals who
oversee or undertake the collection of groundwater samples at contaminated sites and have a
basic scientific understanding of groundwater sampling. Information is provided on the
application and limitations of DPT for groundwater sampling activities. Although this document
is not intended to provide substantial background information, Section 2 provides a general
overview of DPT groundwater sampling and an extensive list of resourcesis cited within the text
and listed in the reference section.

Scope and Limitations

This document focuses on groundwater sampling issues related to DPT, in particular
those regarding the quality and usability of the groundwater data. Two general types of DPT
groundwater sampling methods are discussed: “point-in-time” or “grab” sampling and sampling
with direct push installed monitoring wells. In order to provide a concise and readable
document, references are provided so that readers can access more detailed information where
needed. Other uses of DPT, such as soil sampling, soil-gas sampling, and deployment of
continuous logging equipment, generally are not controversial; therefore, they are not discussed
at length. In addition, this guidance assumes a basic level of understanding of DPT equipment.
Readers unfamiliar with DPT equipment should refer to:

. Expedited Site Assessment Tools for Underground Storage Tank Sites: A Guide for
Regulators (EPA, 1997). Chapter V of this guide, Direct Push Technologies, provides a

1
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good overview of the tools and their capabilities. It isavailable at:
http://www.epa.gov/swerust1/pubs/sam.htm.

. The Field Analytical Technology Encyclopedia (FATE) contains a section on Direct
Push Platforms. Itisavailableat: http://fate.clu-in.org.

. ASTM direct push standards, Standard Guide for Installation of Direct Push Ground
Water Monitoring Wells, D 6724-01; Standard Practice for Direct Push Installation of
Prepacked Screen Monitoring Wells in Unconsolidated Aquifers, D 6725-01; Standard
Guide for Direct-Push Water Sampling for Geoenvironmental Investigations, D-6001;
and Standard Guide for Direct Push Soil Sampling for Environmental Site
Characterization, D-6282. They are available for purchase at: http://www.astm.org.

This guidance is not intended to replace the knowledge and advice of an experienced
hydrogeologist. Site-specific situations may dictate that an expert familiar with site conditions
and project goals be involved in the planning and implementation of any groundwater sampling
event. Furthermore, Federal and State regulatory requirements can vary substantially among
jurisdictions and the appropriate regul atory and State agencies must be consulted to ensure that
legal requirements are met.

Advantages and Limitations of Direct Push Technologies

Direct push technologies are a valuable tool for environmental investigations because
they can offer a number of advantages over conventional well installation and sampling methods
and can provide many other types of datato a project team (e.g., in-situ detection of
contaminants, real-time geotechnical data). Some of the typical advantages of using DPT over
monitoring wells drilled and installed with conventional tools, such as hollow stem augers,
include:

. Faster sampling capability that helps to provide more data, thereby improving site
decision making and facilitates the use of a dynamic work plan strategy;

. In general, lower cost when greater data density is needed;

. Greater variety of equipment and methods resulting in greater flexibility in meeting
project goals,

. Capability of collecting depth-discrete groundwater samples to |ocate contaminated
layers,

. Better vertical profiling capability for generating three-dimensional profiles of a site that
improve the conceptual site model; and

. L ess investigation-derived waste generated, thereby saving additional time and money

while minimizing the potential for exposure to hazardous substances.

However, DPT cannot compl etely replace the use of conventional monitoring wells.
Rather, DPT provides environmental professionals with additional choices from which to select
equipment and methods for collecting groundwater samples. Conventional methods still have a
number of potential advantages over DPT, including:


http://www.epa.gov/swerust1/pubs/sam.htm
http://fate.clu-in.org
http://www.astm.org
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. Fewer limitations for deployment in a variety of geologic and hydrogeologic settings.
For example, conventional DPT may not be able to penetrate some caliches, bedrock, or
unconsolidated layers with significant amounts of gravel or cobbles. DPT is not
recommended where tel escoped wells are needed to prevent contaminant migration
below confining layers,

. Deeper limit of subsurface penetration than DP rigs in most geologic settings; and

. Easier collection of large sample volumes.

Consequently, DPT and conventional monitoring well technologies may both be useful for
groundwater sampling. They can provide environmental professionals with avariety of options
to collect data sufficient for decision making, even when high quality groundwater samples are
needed.

How to Use This Guidance

This guidanceis divided into four major sections designed to expose the reader to
potential issues and solutions regarding groundwater sampling with DPT:

. Section 2: Summary of Direct Push Technology Groundwater Sampling Methods:
provides an overview of the different types of equipment available with DPT to collect
groundwater.

. Section 3: Data Quality Objectives for Groundwater Sampling: provides the reader with
asummary of groundwater data quality issues that should be considered while planning a
groundwater sample collection activity.

. Section 4: Recommended Methods for Collecting Representative Groundwater Samples:
provides the reader with information on filter packs, well development, and low-flow
sampling methods as they relate to DPT.

. Section 5: Recommended Methods for Minimizing the Potential for Cross-
Contamination: provides the reader with information on drag-down, hydraulic conduits,
decontaminating equipment, and decommissioning DPT boreholes.
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Section 2: Summary of Direct Push Technology
Groundwater Sampling Methods

DPT groundwater sampling equipment generaly falls into one of two broad categories:

. Point-in-time groundwater samplers. These tools or devices, also referred to as
“temporary samplers’ or “grab samplers,” are used to rapidly collect samplesto define
groundwater conditions during one sampling event. They are usually less than two
inches outside diameter (OD) and are generally constructed of steel or stainless stedl.
Direct push methods (percussion or static weight) are used to advance point-in-time
samplers below the static water level in unconsolidated formations. Generaly,
groundwater flows into the sampler from an exposed screen under ambient hydrostatic
pressure. Groundwater may be collected from the sampler using bailers or pumps, or the
sampler may be retracted to the surface to obtain the water sample. Once sampling is
completed, these devices are removed and the boring should be abandoned in accordance
with local regulations.

. DPT-installed groundwater monitoring wells: These monitoring wells are installed by
direct push methods to permit short-term or long-term monitoring of groundwater and are
usually two inches in diameter or less and constructed of PV C and/or stainless steel.
Since monitoring wells are installed for periods of several months to several years, the
annulus of the boring around the well casing is usually sealed to prevent migration of
contaminants into the aquifer. Surface protection is required to prevent tampering with
thewell. A slotted or screened section permits groundwater to flow into the well under
ambient hydrostatic pressure. Groundwater may be collected from monitoring wells
using bailers, various pumps, or passive sampling devices.

Point-in-time sampling tools are typically used during site characterization to identify
plume boundaries or hot spots. They cannot be used for long-term monitoring or trend analysis
since the boreholes need to be decommissioned upon completion of sampling. In contrast,
temporary and permanent monitoring wells are typically used to provide trend analysis of
contaminant groundwater concentrations over an extended period of time. DPT can be used to
install small-diameter (e.g., up to 2 inches outside diameter [OD]) monitoring wells.

|deally, both DPT point-in-time and monitoring well groundwater sampling equipment
should be used together to maximize their effectiveness. Point-in-time sampling techniques are
generally better for identifying plume boundaries, hot spots, preferred pathways, or other
monitoring points of interest. Once thisinformation is collected, DPT monitoring wells, as well
as conventional monitoring wells, can be optimally placed to provide project teams with the
most useful monitoring data.

This section summarizes the various types of point-in-time sampling tools and DPT
monitoring well installation techniques. Since DPT groundwater sampling methods are often
used to their best advantage in combination with other specialized DPT measurement and
logging tools, these associated tools are also discussed at the end of this section. This
information is intended to provide the reader with an easily accessible summary of available
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DPT tools. Other resources listed in the Introduction could also be used for amore
comprehensive survey of available tools and their capabilities. Table 2.1 provides alist of some
of the major DPT equipment available for groundwater investigations. It summarizes the
capabilities of the equipment and hel ps the reader to sort through the variety of tools and how
they may be useful for specific project goals. Because this section provides a basic overview of
existing equipment, readers already familiar with the capabilities of DPT equipment may wish to
proceed to Section 3 for information on how these tools can be used to collect groundwater
samples to meet project objectives.

Point-in-Time Sampling

A variety of point-in-time groundwater sampling tools are available for site
characterization, including:

. Seal ed-screen sampling;
. Multi-level sampling (or vertical profiling); and
. Open-hole sampling.

With these techniques, the time needed to retrieve the sample will vary according to the
hydraulic conductivity of the sampling zone. In general, sampling within coarse-grained
sediments takes minutes while fine-grained sediments can take several hours or more. In
situations where slow recharge inhibits the timely collection of groundwater samples, the
sampler may be left in place to recharge while the DPT rig is moved to a new sampling location.

Sealed-Screen Samplers

Seal ed-screen samplerstypically consist of ashort (e.g., 6-inch to 3-foot) screen nested
within a sealed, water-tight tool body (Figure 2.1). Because the screen is not exposed to the
formation as the sampler is advanced into the subsurface, the screen does not become plugged or
damaged. In addition, the potential for cross contamination is greatly reduced and atrue
depth-discrete sample that is representative of the target sampling zone can be collected. The
sample volume collected with some sealed-screen samplersis limited by the volume of the
sample chamber (e.g., 500 mL for the Hydropunch I™; 1.2 L for the Hydropunch I1™; and 35 to
120 mL for each via inthe BAT™).

To collect the sample, the seal ed-screen sampler is advanced to the target sampling depth
and the protective outer rod is retracted, exposing the screen to groundwater. Groundwater flows
through the screen under the hydraulic head conditions that exist at that depth and into the drive
rods or sample chamber. O-ring seals placed between the drive tip and the tool body help ensure
that the sampler iswater tight asit is driven to the target sampling interval. The integrity of the
seal can often be checked by lowering an electronic water level indicator into the sampler prior
to retracting the protective outer rod.
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Comparison of Various Direct Push Technology Sampling and Data Collection Capabilities
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Figure 2-1
Sealed-Screen Sampler
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Source: Cordry, 19957

Sampling fine-grained formations may be difficult because of the long time it takes to fill
the sampler with groundwater. Sample collection timesin formations with low hydraulic
conductivity may exceed several hours for some tools, compared to several minutes or tens of
minutes in formations of high to moderate hydraulic conductivity (Zemo et al., 1994; Zemo et
a., 1995). However, to avoid downtime, the samplers can be | eft in the borehole to recharge
while the installing rig moves off the hole to another location to sample. To decrease sample
collection time, samples can be collected from samplers with longer, 30- to 42-inch screens (e.g.,
Geoprobe® Screen Point 15) while the tool is downhole. A bailer or pump is needed to collect
the sample from the target zone.

Sealed-screen samplers generally are limited to collecting one sample per advance of the
sampler. However, depending upon the system used, multi-level sampling in asingle borehole
can be accomplished with sealed-screen samplers by retrieving the sampler and decontaminating
it or replacing it with a clean sampler before reentering the hole to collect another sample.
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Multi-Level Samplers

Multi-level samplers, most of which are exposed-screen samplers, are DPT equipment
capable of collecting groundwater samples at multiple intervals as the sampling tool is advanced,
without having to withdraw the tool for sample collection or decontamination. The terminal end
of atypical multi-level sampling tool has a 6-inch- to 3-foot-long screen made up of fine-mesh,
narrow slots, or small holes. The screen remains open to formation materials and water while
the tool is advanced (Figure 2.2). This alows samples to be collected either continuously or
periodically as the tool is advanced to vertically profile groundwater chemistry and
agueous-phase contaminant distribution.

Multi-level samplers can be used to measure water levels at discrete intervals within
moderate- to high-yield formationsto assist in defining vertical head distribution and gradient.
Additionally, some of these tools can be used to conduct hydraulic tests at specific intervals to
characterize the hydraulic conductivity in formation materials to identify possible preferential
flow pathways and barriersto flow (Butler et al., 2000; and McCall et al., 2000).

A drawback to multi-level sampling is the possible drag-down by the screen of
contamination from zones above the desired sampling interval (Figure 2.3) (Pitkin et al., 1999).
The Waterloo Profiler minimizes the potential for cross- contamination. It uses a 6-inch long,
uniform diameter, stainless-steel sampling tool into which several inlets or sampling ports have
been drilled and covered with fine-mesh screen. Asthetool is advanced, distilled or deionized
organic-free water is slowly pumped down tubing that runs inside the drive rod and leads to the
sampling ports in the tool (Figure 2.4). The water keeps groundwater from entering the tool
whileit isadvanced. A peristaltic pump istypically used for depths less than 25 feet; a double-
valve pump can be used for sampling at greater depths.

After thefirst target interval is reached, the flow of the pump is reversed and the
sampling tube is purged so water representative of the aquifer is obtained. After the sampleis
collected, the pump is reversed and distilled or deionized water is again pumped through the
sampling ports. Thetool isthen advanced to the next target interval where the processis
repeated (Figure 2.5).

Several field studies (Cherry, et a., 1992; Pitkin, et a., 1994; Pitkin, et a., 1999) have
demonstrated that the Waterloo Profiler is capable of providing avery detailed view of
contaminant plumes—particularly in complex stratified geological materials—without the
effects of drag-down and the cross contamination of samples. However, because a peristaltic
pump istypically used to collect samples when the sampling depth isless than 25 ft below
ground surface (bgs), there may be a negative bias in samples collected for analysis of VOCs or
dissolved gases. To avoid this potential bias, VOC samples should be collected in-line, ahead of
the pump, and a sufficient volume of water should be pumped through the system to account for
theinitia filling of the containers when a negative head space was present.

Another multi-level sampler, the VERTEK ConeSipper®, attaches directly behind a
standard cone penetrometer to collect groundwater as the cone penetrometer testing (CPT) is
advanced. Aninert gas flows to the ConeSipper® to control the rate of sample collection and to
purge and decontaminate the device down hole. The ConeSipper® is equipped with two filters,
which help minimize turbidity in the samples. The primary filter is a stainless steel screen whose
openings can range in size from 51 to 254 um. A secondary filter, which can be made from
sintered stainless steel and comes with opening sizes ranging from 40 to 100 um or regular
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Exposed-Screen Sampler—Well Point Driven below the Base of a Borehole

Figure 2.2
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Released to Imaging: 11/29/2022 10:07:42 AM

10

Page 64 of 125



/I T :SU1SDUL] 0] Pasnajay

cc0c/6¢,

"CPL001

12

1T

Figure 2.3

Schematic Illlustration of Degrees of Drag Down Potentially Induced by Direct Push Sampling Devices
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Figure 2.4
Operation of the Waterloo Profiler
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stainless steel with openings ranging in size from 38 to 74 um, removes fines (Applied Research
Associates, 2004).

Open-Hole Sampling Methods

Open-hole sampling is conducted by advancing drive rods with adrive point to the
desired sampling depth. Upon reaching the sampling depth, the rods are withdrawn slightly
which separates them from the drive tip and allow water to enter the rods. The water can be
sampled by lowering a bailer into the rods or by pumping. The open-hole method is only
feasible within formations that are fairly cohesive, otherwise the formation may flow upwards
into the rods when they are withdrawn, preventing samples from being collected.

With single-rod systems, open-hole sampling can only be conducted at one depth within
a borehol e because the borehole cannot be flushed out between sampling intervals and cross-
contamination may occur. Dual-tube systems, on the other hand, can be used to conduct multi-
level sampling.

12
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Figure 2.5

Collecting Samples From Discrete Depths (Profiling) Using the Waterloo Drive-Point Profiler
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Dual-tube samplers are typically advanced into the subsurface to collect continuous soil
cores; however, groundwater samples can be collected at the end of each core run. Dual-tube
samplers have an outer casing that is driven to the target soil coring depth. The outer casing
holds the hole open and seals off the surrounding formation as an inner rod (with a sample liner
for soil sampling) islowered into the outer casing and both are driven into the undisturbed
formation below. Once the soil coreisretrieved, groundwater can be sampled by lowering a
bailer or pump into the outer casing The borehole can continue to be advanced so that multiple
groundwater samples can be retrieved from multiple depths in the same borehole. The water
should be purged from the casing with subsequent advances of casing and inner rod so that
groundwater from overlying intervals do not cross-contaminate the sample.

The amount of water that needs to be purged depends upon the type of sampling
equipment that is used. For pumping systems, purging procedures similar to those designed for
wells (low-flow purging) and described in Section 4, should be used. If bailers are used, thenitis
important that all the water contained in the outer casing be removed to ensure that the water the
bailer is passing through comes from the interval of interest. The accepted procedure for
traditionally completed wells when bailers are used is to remove at |east three volumes of water
and measure water quality indicators (e.g., pH, specific conductance) until they stabilize. The use
of abailer in this situation may preclude the collection of some parameters that may be sensitive
to theiron in the outer casing (See Low-flow Purging Section 4.)

A dual-tube profiling system has been devel oped so that a simple screen can be inserted
through the cutting shoe of a dual-tube soil sampling device (Figure 2.6). This system enables
the operator to collect soil samples and then insert a screen at selected intervals, which they can
then use for sampling or conducting slug tests to locate preferential migration pathways (Butler
et a., 2000; McCall et a., 2000). This system also alows for bottom-up grouting to assure
proper boring abandonment.

DPT Monitoring Well Installation

A variety of DPT methods are available for installing temporary or permanent monitoring
wells. The two main installation methods used are exposed-screen and protected-screen wells.
These methods are discussed in detail in ASTM D-6724 and D-6725 (ASTM, 2003a and 2003b)
and are summarized here. Aswith conventional well installations, hydraulic connections should
not be created between otherwise isolated water-bearing strata. 1n addition, precautions should
be taken to minimize turbidity during the installation of filter packs and the development and
sampling of wells (Section 4).

Exposed-Screen Well Installation Methods

With exposed-screen well installation methods, the well casing and screen are driven to
the target depth using a single string of rods. Because the screen is exposed to formation
materials whileit is advanced, proper well development (as discussed in Section 4) isimportant
to remove soil from screen slots. This method is not recommended for installing well screens
within or beneath contaminated zones because drag-down of contaminants with the screen may
cross-contaminate sampling zones and make acquisition of samples representative of the target
zone impossible. Exposed-screen well installation methods should only be used in upgradient

14
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Figure 2.6
Schematic of the Geoprobe® DT21 Profiler
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areas that are known to be uncontaminated. Also, some states prohibit allowing the formation to
collapse around awell screen in the construction of amonitoring well. Therefore, state
regulations should be consulted before sel ecting exposed-screen techniques.

In one type of exposed-screen installation, the PV C well screen and casing are assembled
and placed around a shaft of a drive rod connected to ametal drivetip. The casing and screen,
which rest on top of the drive tip, are advanced to the target depth by driving the rod to avoid
placing pressure on the screen. The drive tip slightly enlarges the hole to reduce friction
between the formation and the well screen and casing, and remains in the hole plugging the
bottom of the screen. The filter pack surrounding the well screen commonly is derived from
formation materials that are allowed to collapse around the screen. Rigorous well development

15
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improves the hydraulic connection between the screen and the formation and generally is
necessary to remove formation fines and the effects of well installation, which may include
borehole smearing or the compaction of formation materials. Due to the very small annulus (if
any) that surrounds awell constructed using the exposed-screen method, it is not generally
possible to introduce afilter pack or annular seal from the surface.

Exposed-screen methods also can be used to install well points—simple wells used for
rapid collection of water level data, groundwater samples, and hydraulic test datain shallow
unconfined aquifers. Well points are generally constructed of slotted steel pipe or
continuous-wrap, wire-wound, steel screens with a tapered tip on the bottom. They can be
driven into unconsolidated formations and used for either point-in-time sampling and
decommissioned after the sampleis collected, or left in place for the duration of the sampling
program—possibly requiring the installation of a seal to prevent infiltration of water from the
ground surface to the screened interval.

The optimum conditions for well point installations are shallow sandy materials.
Predominantly fine-grained materials such as silt or clay can plug the screen slots as the well
point is advanced. Because well points are driven directly into the ground with little or no
annular space, the formation materials are allowed to collapse around the screen, and the well
point needs to be devel oped to prepare it for sampling.

Protected-Screen Well Installation Methods

When installing a protected-screen well, the well casing and screen are either advanced
within or lowered into a protective outer drive rod that has already been driven to the target
depth. Once the well casing and screen are in place, the drive rod isremoved. Alternatively, the
casing, screen, and aretractable shield may be driven simultaneously to the target depth. Once
in place, the screen is exposed and the entire unit remainsin the ground. If thereis sufficient
clearance between the inside of the drive rod and the outside of the well casing and screen, a
filter pack and annular seal may be installed by tremie from the surface asthe drive casing is
removed from the hole. Several filter packing and annular sealing approaches are available,
depending on the equipment used for the installation (ASTM D5092 and D6725; ASTM, 2003b
and 2003c). Regardless of the method of installation, the filter pack should be sized
appropriately to retain most of the formation materials (refer to Driscoll, 1986 or ASTM D5092-
02).

The most common protected-screen method for installing DPT wellsis to advance an
outer drive casing equipped with an expendable drive tip to the target depth. The well casing
and screen are then assembled, lowered inside the drive casing, and anchored to the drivetip.
The drive casing seals off the formations through which it has been advanced, protecting the well
casing and screen from clogging and from passing through potentially contaminated intervals.
The position and length of the screen should be selected to match the thickness of the monitoring
zone, which can be determined by using additional information, such as CPT logs or continuous
soil boring logs.

When DPT weélls are installed in non-cohesive, coarse-grained formations, the formation
can be allowed to collapse around the screen (if this technique is not prohibited by state well
installation regulations) after it is placed at the target depth since turbidity problems are unlikely.
When turbidity is likely to pose a problem for groundwater sample quality (see Section 3), a
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number of methods for installing filter packs are available. The filter pack can be poured or
tremied into place as the drive casing is removed. Depending on the relative size of the drive
casing and well, however, it may be difficult to introduce filter pack or annular seal materials
downhole unless the holeisin a cohesive formation that will remain open asthe drive casing is
removed. Typical inside diameters of DPT wells range from 0.5-inch (schedule 80 PVC) to 2
inches (schedule 40 PV C), and the maximum inside diameter of drive casing is 3.5 inches. Table
2.2 provides areference for understanding the relationship between inside diameters of DPT
drive casing, the outside diameter of well casing and screen, and the annular space available for
filter packs.

For the best control of filter pack placement and grain size, “ sleeved” or * prepacked’
well screens can be used (Figure 2.7). Pre-packed screens are generally composed of arigid
Type | PVC screen surrounded by a pre-sized filter pack. Thefilter pack isheld in place by a
stainless-steel wire mesh (for organic contaminants) or food-grade plastic mesh (for inorganic
contaminants), such as polyethylene, that is anchored to the top and bottom of the screen.
Sleeved screens consist of a stainless-steel wire mesh jacket filled with a pre-sized filter-pack
material, which can be dlipped over a PV C pipe base with slots of any size. Although sleeve
thickness generally ranges from only 0.25 to 0.5 inch, it has been shown to provide an effective
filter pack (Kram et al., 2000).

Table 2.2
Annular Space for Well Completion Based on Size of Well Casing and Screen

Inside Diameter of
Well Casing and

Outside Diameter of
Well Casing and

Annular Space with
1.5-inch Inside
Diameter (1.8-inch
OD) Drive Casing

Annular Space with
3-inch Inside
Diameter (3.5-inch
OD) Drive Casing

Screen (inches) Screen (inches) (inches) (inches)
0.5 0.84 0.66 2.16
0.75 1.05 0.45 1.95
1 1.32 0.18 1.68
1.25 1.66 Not applicable 1.34

mesh sleeve

Figure 2.7

Photograph of Pre-Packed Well Screens

filter pack sand

Courtesy Geoprobe® Systems, 1996.

PVC well screens
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Annular seals and grout should be placed above the filter pack to prevent infiltration of
surface runoff and to maintain the hydraulic integrity of confining or semi-confining layers,
where present. The sealing method used depends on the formation, the well installation method,
and the regulatory requirements of state or local agencies. Most protected-screen installations
tremie a high-solids (at least 20% solids) bentonite slurry or neat cement grout into place as the
drive casing is removed from the hole. (Additional guidance on grout mixturesis availablein
ASTM D6725 (ASTM, 2003b).) A barrier of fine sand or granular or pelletized bentonite
(where water is present) may be placed above the primary filter pack before grouting to protect it
from grout infiltration, which could ater the water chemistry in the screened zone. Similar to
the pre-packed and sleeved screens mentioned above, modular bentonite sleeves that attach to
the well screens and are advanced with the well during installation are also available. As
depicted in Figure 2.8, some manufacturers provide afoam seal that expands immediately when
the casing is withdrawn to form atemporary seal above the screen®. A bentonite sleeve above
the seal expands more slowly after the casing is withdrawn but forms a permanent seal once it
hydrates.

To ensure acomplete seal of the annular space from the top of the annular seal to the
ground surface, the grout or slurry should be placed from the bottom up. By using ahigh
pressure grout pump and nylon tremie tube (Figure 2.9) it is possible to perform bottom-up
grouting in the small annular spaces of DPT equipment. Slurries of 20-30% bentonite or neat
cement grout are most commonly used to meet state regulatory requirements.

A properly constructed DPT-installed monitoring well (Figure 2.10) can provide
representative water quality samples and protect groundwater resources. A 1997 study (McCall
et a., 1997) demonstrated that DPT wellsinstalled in this manner beneath highly contaminated
source zones consistently provided non-detect values. In addition, as with conventional wells, a
properly constructed DPT well should have a flush-mount or above-ground well protection to
prevent physical damage or tampering of the well. Small locking well plugs are also available
for even 0.5-inch nomina PV C casing.

Specialized Measurement and Logging Tools

There are anumber of specialized measurement and logging tools available that can be
used with DPT equipment to optimize the number and location of groundwater samples. These
tools can estimate geotechnical, geophysical, hydrogeologic, and analytical parametersin the
subsurface. They are particularly useful when the subsurface is highly stratified or contains
laterally discontinuous layers. In such situations, characterizing or monitoring a dissolved-phase
plume may require identifying preferred groundwater flow pathways, such as zones of high
hydraulic conductivity, for sampling. For example, if the presence of DNAPL is suspected, then
possible locations where DNAPL has pooled should be targeted by mapping the surface and
areal

The foam bridge is constructed of a polyethylene cover over polyurethane foam. In choosing to use this
device, it should be kept in mind that polyethylene is permeable to many dissolved organic constituents and
polyurethane foam will bind organic constituents that come in contact with it. Whether this will affect the quality of
the sampleis not known. However, purging the well should take care of any potential problems.
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Figure 2.8
Small Diameter DPT Well Components
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Figure 2.9
Bottom-Up Method for Grouting Small Annular Spaces of DPT Wells

Tremie Grout

Tube \ Pump
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0

Grout
Slurry
: — Sand
AL Barrier

Pre packed
Well Screen

Adapted from Geoprobe®, 1996.

extent of an aquitard. The following section describes some of the specialized measurement and
logging tools that are currently available. Since new tools are continually being developed, the
list provided in this guide should not be considered complete and is directed at tools specifically
concerned with groundwater quality.

Geotechnical

The most common type of DPT geotechnical measurements are conducted with a three-
channel cone as part of a CPT rig. It ssmultaneously measures the tip resistance, sleeve
resistance, and inclination of the cone. Theratio of sleeve resistance and tip resistance is used to
interpret the soil behavior types encountered (Chiang et a., 1992). In general, sandy soils have
high tip resistance and low sleeve resistance, whereas clayey soils have low tip resistance and
higher sleeve resistance. The data are recorded in real time on a computer at the ground surface
and compiled to generate logs that show soil behavior type and relative density with depth.
Actual soil samples are needed to correlate CPT soil behavior datato site soil types.
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Figure 2.10
Example of a Properly Constructed DPT Well Installation with Prepacked Well
Screen
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Adapted from Geoprobe®, 1996.
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Geophysical

A number of geophysical measurements can be collected with probes or cones attached to
direct push rods. The most common equipment is a conductivity probe that measures the bulk
conductivity (or resistivity) of the adjacent soil asit is advanced. The differencesin conductivity
can be related to changesin stratigraphy. Although actual soil logs are important to correlate
probe readings with actual site conditions, in general, finer-grained sediments (e.g., mineral
clays) are more conductive than coarser sediments (e.g., sands, gravels). Conductivity probes
are also affected by soil water content and ionic strength so they can be used to locate
contaminant plumes that have a different salt content than naturally occurring water/soils. In
addition, these instruments can sometimes be used for detecting DNAPL masses, which have
low conductivities, when there is a sufficiently large conductivity difference between the
DNAPL and the surrounding soil matrix. Although these probeswill detect LNAPLs aswell,
there are generally simpler and more reliable ways of locating them than using conductivity
probes. Electrical resistivity can also be measured with probes and cones to obtain similar
information.

Hydrogeologic

CPT rigs can be equipped with piezocones that measure dynamic pore water pressure as
the tool is advanced through the soil layers. The pore water pressure data can be used to
determine the depth to the water table and the relative permeability of the layers. Advancement
of the penetrometer can be paused at selected intervals to run dissipation tests to obtain estimates
of hydraulic conductivity. The combined results of the CPT and piezocone tests can help
identify potential preferential contaminant transport pathways in the subsurface. These pathways
are especially useful for targeting groundwater sampling locations. Using point-in-time DPT
sampling to identify which of these pathways are contaminated can further define optimum
intervals for monitoring well screens.

Analytical
There are anumber of probes that can be attached to DPT rigs to detect contaminantsin

the subsurface. These include induced fluorescence systems and volatilization and removal
systems.

Induced Fluorescence Systems

Two widely available systems used with CPT rigs are the Site Characterization Anaysis
Penetrometer System, or SCAPS, and the Rapid Optical Screening Tool, or ROST™. Both use a
CPT-deployed laser-induced fluorescence (LIF) probe to qualitatively identify the types and
relative concentrations of petroleum hydrocarbons present. Thisis accomplished by transmitting
ultraviolet (UV) light from a nitrogen laser through a sapphire window into the soil. The UV
light causes polynuclear aromatic hydrocarbon (PAH) components to fluoresce, and the varying
intensity of the fluorescence isindicative of the amounts of the PAHSs present. The spectrum of
the fluorescence describes the distribution of PAHs present in the hydrocarbon (or often
contaminant mass), which can be used for rough fingerprinting of the type of hydrocarbon
(Knowles, 1995).
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Another induced fluorescence technology, sometimes referred to as afuel fluorescence
detector (FFD), isvery similar to LIF except that it generally uses a mercury lamp as its light
source, and the light is located in the probe at the sapphire window. Thislamp provides a
continuous source of light rather than the pulsed technique of the LIF. Although downhole
detectors are available, fluorescence intensities from the soil are generally returned to the surface
for measurement viafiber optic cable. It generally reads total fluorescence. Some vendors have
filtering capabilities to limit wavelength reception to their detectors that allows some
differentiation between contaminant types.

Volatilization and Removal Systems

There are two established systems for analysis of VOCs by volatilizing the contaminants
in the subsurface and transporting them with a carrier gas to the surface for analysis. The
membrane interface probe (MIP), used with percussion or hydraulic driven DPT rigs, heats the
surrounding soil to promote diffusion of VOCs through a permeable membrane. Once VOCs
enter the probe, they are transported to the surface to a detector (e.g., a photoionization detector
or flame ionization detector) with acarrier gas. The probeis generally driven at arate of one
foot per minute to maintain operating temperatures. The presence or absence of VOCs and their
relative distribution among sampling locations can be estimated. If more chemical specific
information is needed, the MIP can be used in combination with a direct sampling ion trap mass
spectrometer (DSITMS). Since this instrument does not have a separation column in front of it, it
may not be able to differentiate between chemicals having the same major ion signature.

The SCAPS Hydrosparge™ can be used with either CPT or percussion rigsand is
equipped with amodule that islowered into a seal ed-screen sampler once the drive rods are
retracted to expose the screen. The module uses helium gas at a calibrated flow rate to purge
VOCs from the groundwater and transfer them viaa Teflon tube directly into a detector at the
surface for real time analysis. One sample per location can be analyzed. To collect additional
samples at other depths, the sealed-screen sampler can be re-advanced at other locations adjacent
to the sampled hole. Data from the hydrosparge is semi-quantitative because of uncertainty
associated with sample volume measured.
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Section 3: Data Quality Objectives for Groundwater Sampling

Before selecting an approach to collecting environmental samples, EPA requires that
EPA-funded projects use a systematic planning process to plan the collection of project data
(EPA, 2000). To help planners select the best methods for obtaining data of the appropriate
type, quality, and quantity for their intended use, EPA has developed a seven-step recommended
data quality objective (DQO) process. DQOs are designed to provide qualitative and
guantitative statements that clarify study objectives, define the appropriate type of data, and
specify tolerable levels of potential decision errors that can be used as the basis for establishing
the quality and quantity of data needed to support decisions. Because DQOs are intended to be
project specific, they should be developed as part of the process for determining the goals for
their activity. For some groundwater investigations, a DQO may be needed that describes the
type of samples needed to characterize a groundwater plume; or a DQO may be needed to
describe the type of samples required to establish that contamination is no longer a threat to
drinking water. Although these DQOs may demand very different types of activities, the factors
that should be evaluated for DPT groundwater sampling projects typically include:

. Determining the potential direction and degree of sampling bias;

. Evaluating whether the sample volume is sufficient for the selected analytical methods;
and

. Minimizing the potential for contamination drag-down or creating a conduit for

contaminant transport.

These factors are often issues for both DPT and conventional methods. Techniques exist for
resolving problems for both methods, however, this section summarizes how they apply to DPT
groundwater collection techniques.

Sample Bias

Sample bias generally is the systematic or persistent distortion of a measurement process
that causes errorsin one direction. In other words, sample measurements can be consistently
different than the samples' true values. There are severa potential sources of sample bias when
sampling groundwater with any method, including DPT, but one of the most critical factors
typically isthe type of sampling equipment used to retrieve the sample (Nielsen and Y eates,
1985). Three of the most common sources of bias, due to sampling equipment and methods,
include:

. Sample turbidity;
. Sampl e disturbance; and
. Sampling interval.

Sample turbidity can cause bias as aresult of the adsorption of chemicals onto, or the
release of chemicals from, the surface of particlesin the sample. There also are several sources
of bias that can result from sample disturbance. These sources are summarized in Table 3.1.
Because sampling interval can have an impact on all analytesin asimilar way, (i.e., errors do not
necessarily result in one direction), it isnot included in the table. The table helpsto clarify what
factors may have significant impacts on specific analytes and which would have little or no
impact by indicating the direction of bias (P’ for positive bias and “N” for negative bias)
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Table 3.1

Potential Impacts of Sources of Bias on Specific Analytes During Sampling

A0 ‘Vlf Paa1addy
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V'V C#

J

9Z

Potential Source of Bias
Sample Disturbance Turbidity
Pressure Temperature |[Exposure to Adsorption Desorption Agitation/ Adsorption onto [Releases from
Decreases |Increases Atmospheric onto Sampler from Sampler |Aeration During | Particles (a) Particles (a)
Analyte Conditions Materials Materials Sample
(Plastics & Collection
Metals)
VOCs N+++ N+++ N+++/P+++ (b) | N+ P+ N++
Dissolved Gases & N+++ N+++ N+++/P+++ (b) | N++to N+++ (c) | P+ N++
ORP
Semi-Volatiles N+ N++ N++ N+ P++ N+ N++ P++
Pesticides N+ N+ N+ N+ 0 N+ N++ P++
Trace Metals N+ N+ N+++ N+ to N+++ (d) P+ N+ N+++ P+++
Radionuclides N+ N+ N+ N+ N+++ P++
Major lons (Inorganic 0 0 N+ N+ 0 0 N+ P+
Anions & Cations)
Legend:
Bias Type: Relative Degree of Impact:
N = Negative + Weak
P = Positive ++ Moderate
0= None +++ Strong
@ Adsorption to and release from particlesis directly related to the level of turbidity and will also depend heavily on particle size and type. Adsorption is a greater
factor when fine-grained, organic-rich particles are present.
(b) Depending on the analyte concentrations in the sample or the ambient atmosphere, concentrations in the sample may increase or decrease significantly.
(©) Reaction of the dissolved oxygen in groundwater with iron in the drive rods will significantly reduce measured dissolved oxygen and oxidation/reduction potential
(ORP) due to oxidation of the zero valent iron under ambient conditions. Therefore, the sample must be isolated from steel drive rods to minimize this effect.
(d) Some trace metals can complex with hydrous iron oxides (rust) forming soluble ferrous iron. Therefore, the sample must be isolated from steel drive rodsto

minimize this effect.
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and the degree of bias (“+” for weak, “++" for strong, and “+++” for very strong) when sampling
for various analytes. For example, if investigators are interested in collecting groundwater
samplesfor VOC analysis, they should be concerned about any changes in temperature or
pressure of those samples because it would likely have a negative bias on results. However, if
they were collecting the same samples for analysis of maor, naturally occurring, inorganic
anions and cations (e.g., Ca®*, Na', K*, SO,*, CO,#, NO?*, CI"), they normally would not have to
be concerned about pressure or temperature changes since they normally would not affect

results.

Theiron in steel drive rods of point-in-time samplers can have a significant affect on
measured concentrations of analytes, such as dissolved oxygen, iron, and some trace metals as
well as changing oxygen-reducing potentials. As discussed in Section 4, these affects can be
minimized by placing the pump intake within the screened interval to be sampled and pumping
at alow-flow rate to avoid drawdown of standing water in contact with the rods into the intake
interval.

To minimize sampling bias, sampling equipment that meets project DQOs should be
selected. For DPT, the primary difficulty in collecting groundwater samples typically is caused
by the small inside diameter of many sampling points—generally 0.75-inch or less for the rods
used with DPT sampling tools and 1 to 2 inches for DPT-installed wells. For DPT tools of these
sizes, the available sampling devices are usually limited to less than 1-inch OD. For rods or well
casing/screen with inside diameters less than 2 inches, sampling equipment usually islimited to
bailers, inertial-lift pumps, suction-lift (e.g., peristaltic) pumps, gas-drive pumps, centrifugal
pumps, and bladder pumps. For 2 inches and larger, additional devices available include
gas-operated piston pumps and several designs of electric submersible pumps (e.g., gear-drive,
helical rotor, or progressing cavity).

Bladder pumps (Pohlman et al., 1990; Unwin and Maltby, 1988; Parker, 1994; Barcelona
et a., 1984), gear-drive electric submersible pumps (Imbrigiotta et al., 1988; Backhus et al.,
1993), centrifugal pumps, and helical rotor pumps have consistently outperformed other pumps
in their ability to deliver arepresentative sample for awide variety of analytes under awide
range of field conditions. These devices are recommended for use in collecting samples for all
classes of analytes. Each of the other devices has limitations that may affect the
representativeness of samples for one or more classes of analytes (Nielsen and Y eates, 1985;
Herzog et al., 1991; Parker, 1994; Pohlman et al., 1994; Pohlman and Hess, 1988; Pearsall and
Eckhardt, 1897; Unwin and Maltby, 1988; Imbrigiottaet al., 1988; Pohlman et al., 1990).
However, some of these devices may be appropriate for collecting samples for some sets of
analytes.

A detailed discussion of the operational characteristics of sampling devicesis provided in
the Appendix. In addition, Table 3.2 provides a summary of some important operational
characteristics related to DPT applications and the appropriateness of each device for sampling
analyte classes. For example, the table shows that bailers are adequate for sampling narrow
diameter wells when the analytes of concern are inorganic ions. If trace VOCs are being
analyzed, bailers may not be as reliable for providing high quality samples as other methods. In
addition, choosing a sampling tool is often related to the specific use the data acquired will be
put. For example, bailers might be completely acceptable when sampling VOCsto locate a
DNAPL source zone when the dissolved values in the water are very high and marginal losses
are not important.
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Table 3.2

Typical Operational Characteristics and Appropriateness of Groundwater Sampling
Devices for Specific Analytes

Approx. Approx.
Approx. Maximum Minimum/ Field Indicators Inorganics Organics Radioactive Biological
Minimum Useful Depth Maximum VOCs
Well to Sample Delivery Major Trace Radio- Gamma
Device Diameter Groundwater | Rate SC pH ORP DO lons Metals Salts SVOCs | nuclides o/ Coliform
Bailer 5" unlimited highly variable v v v v v
Inertial-Lift " unlimited highly variable v v v v v
Pump
Suction-Lift " 25' 50 mL - 4 L/min
Pump v v v v v
(Peristaltic)
Gas-Drive 5" 250' 50 mL - 20 L/min v v v v v
Pump*
Bladder Pump 5" 300' 25 mL - 8 L/min v v v v v v v v
Piston Pump 2" 1000’ 100 mL - 8 L/min v v v v v v v v v
Electric Submersible Pumps:
Gear-Drive 2" 300 50 mL - 12 L/min v v v v v v v v v v v v
Helical Rotor 2" 180' 100 mL - 6 L/min v v v v v v v v v v v v
Centrifugal 1.75" 220’ 100 mL - 34 L/min| v v v v v v v v v v v
v/ = Device compatible with analyte
* Presumes use of inert drive gas
Abbreviations
SC - specific conductivity VOCs - volatile organic compounds o - apha
ORP - oxidation/reduction potential SVOCs - semivolatile organic compounds B - beta

DO - dissolved oxygen
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Sample Turbidity

In groundwater sampling, turbidity generally refersto the presence of suspended particles
in the sample. These particles may be entrained in the groundwater when the subsurfaceis
disturbed, such aswhen a DPT sampling tool or well is advanced and installed. The disturbance
may cause some compaction and disaggregation of granular material as well as the breakage of
grain coatings and cementing agents. The largest particles (i.e., silts) typically will settle out
quickly but much can remain suspended in the water column. Depending on their type and size,
some particles are neutrally buoyant, remaining suspended once they have become suspended.
Turbidity can also be generated during sampling activities due to the relatively high entrance
velocity of groundwater into the well when water iswithdrawn by sampling tools, such as high-
speed submersible pumps, or seal ed-screen samplers when the screen is opened to the formation.

Although turbidity can be present in samples from sand and gravel formations, it
particularly can be a problem when sampling in fine-grained formations. High turbidity also can
be associated with the DPT sampling tools that lack screens or filter packs to keep the fines from
entering the sampling tool or well. Conventional wells can also produce samples with high
turbidity, especialy if the slot size of the screen or the grain size of the filter pack are incorrectly
sized for the formation.

The term “artifactual turbidity” is sometimes used to distinguish particles stirred up
during drilling and sampling, which would not be maobile under ambient groundwater flow
conditions, from those particles that are mobile under ambient conditions—colloids. Colloids
are typically clays, hydroxyls, and humic materials that are 1 to 1000 um in diameter. Although
colloidal transport may be considered important in formations made up of materials coarser than
fine sand (Dragun, 1988; Mason, 1991), under most ambient conditions, colloids are immobile in
the subsurface. Because most turbidity is artifactual in origin, for the purpose of this discussion
itisjust referred to as “turbidity”.

Sample turbidity can be important because it can be a common source of significant bias,
both negative and positive, in groundwater samples, particularly when metals and semi-volatile
organic compounds (SVOCs) are the analytes of concern (see Table 3.1). For example, some
clay colloids can artificially increase the measured concentration of dissolved metals because
metals are found in their structure (e.g., aluminum, magnesium, and iron) and as similarly sized
impurities associated with them. The surficial negative charge of the colloids and impurities
attracts and loosely typically binds the positively charged metal cationsin groundwater. The risk
of positive bias can be further increased when acid is used to preserve a sample because it will
cause the metals to dissolve back into the sample. On the other hand, if the dissolved metals
bind to the colloids, and the sampleis then filtered to remove high turbidity levels, the
concentration of dissolved metals in the groundwater may be significantly reduced and the
sample normally would not be representative of actual conditions.

In asimilar way, colloids can become a*source” or a“sink” for organic constituents.
Although organic chemicals of concern generally do not occur naturaly in clays, they can sorb
to colloids and naturally occurring organic matter. The level of sorption that will occur depends
on the individual chemical, whether it was in equilibrium with the suspended colloids before
being collected, and the analytical preparation method used. If groundwater sampling creates or
occurs under non-equilibrium conditions, then significant sorption may occur. In addition, if
organic constituents in groundwater have bound to clays or humic acids in the subsurface,
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causing them to become immobile, the sampling process can disturb these immobile constituents
and cause them to become dissolved in the groundwater sample.

One method of determining whether the level of turbidity will significantly impact the
concentration of an organic constituent by causing it to become bound to colloidsis to examine
the logarithm of the n-octanol/water partition coefficient (log K,,,) because thelog K, isa
measure of acompound’ s tendency to remain dissolved in water. The higher the K, value, the
more likely the chemical isto partition from the water onto suspended organic particles. Table
3.3 containsthe log K, of a number of common organic chemicals.

This information can also be used as a quality control check on groundwater sample
results. In general, the compounds with the higher log K, levels are SVOCs. If the
groundwater concentrations for these chemicals approach or exceed their solubility, then the
measured concentrations may have been artificially inflated by turbidity and other sampling data
should be evaluated (e.g., nephelometric turbidity units [NTU], a measure of turbidity, dissolved
oxygen). Alternatively, turbidity may not be a source of biasin asampleif the constituents of
concern are organic compounds with low log K, values (e.g., < 2.5). In this situation, other
issues, such as stahility of groundwater indicator parameters during sampling, may be more
important in evaluating groundwater sample quality. A paper by Paul and Puls (1997) helpsto
illustrate the significance of these numbers. In the study, which included analysis of both
laboratory and field samples spiked with kaolinite and sodium montmorillonite clays, the
researchers demonstrated that TCE, cis-DCE, and vinyl chloride concentrations were statistically
unaffected by turbidity levels. This group of chemicals haslow log K, values (< 2.42). The
report concluded that the presence of solidsin the groundwater samples had little or no effect on
the VOC concentrations evaluated in the study. Losses of VOC dueto volatilization during the
sampling process were thought to have a greater effect on concentrations. Asaword of caution,
however, matrix effects can affect the tendency of some compounds to sorb more than their low
log K,,, valueswould indicate. Thisincreased level of sorption generally occurs when the soil
matrix contains a substantial amount of organic materials, which can range from humic and
fulvic acids to organic debris (roots leaves) and peat. Site-specific factors, such astotal organic
carbon (TOC), should be considered when deciding to take measures to reduce turbidity in
groundwater samples. High levels of TOC in groundwater samples can yield analytical results
that indicate higher levels of dissolved VOCs than are actually present. These higher levels can
drive arisk assessment, even though the VOCs are actually sorbed to particles and are immobile.

When turbidity is a concern for groundwater sampling, steps can be taken to minimize it,
provided adequate quality control (QC) procedures, described in Section 4, are followed, such as
installation of filter packs (also discussed in Section 2), developing the well, and using low-flow
sampling. In addition, DPT methods that promote high turbidity levels, such as open-hole
sampling or exposed-screen methods, should be avoided. A representative sample cannot be
salvaged with filtering if inappropriate sampling techniques have already compromised the
sample. If filtering isjustified by a project’s DQOs, proper filtering techniques should be used.
For more information on filtering, readers should refer to Ground-Water Sampling Guidelines
for Superfund and RCRA Project Managers (EPA, 2002).
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Table 3.3
Log n-Octanol/Water Partition Coefficients (Log K,,) of Common Organic

Contaminants

Chemical Log K2 Chemical Log K,
Acenaphthene 4.07 Ethylbenzene 3.13
Acetone -0.24 Ethylene Glycol -1.36
Aldrin 5.52 Fluoranthene 522
Anthracene 4.45 Fluorene 4.12
Arochlor 1221 2.8 estimated Heptachlor 5.44
Arochlor 1242 5.58 Hexachlorobutadiene 4.78
Arochlor 1260 6.91 Indeno(1,2,3-cd)pyrene 7.7
Benzene 213 Lindane 3.7
Benzo(a)anthracene 5.61 Methoxychlor 4.3
Benzo(k)fluoranthene 6.85 Methyl Ethyl Ketone 0.29
Benzo(g,h,i)perylene 7.1 Methyl t-Butyl Ether 124
Benzo(a)pyrene 5.99 Naphthalene 3.59
Bis(2-ethylhexyl)phthal ate 4.20,5.11 Pentachlorophenol 5.01
Carbon Tetrachloride 2.83 Phenanthrene 4.468
Chlordane 6 Phenol 1.48
Chlorobenzene 2.84 Pyrene 5.18
Chloroform 197 Styrene 2.95
Chrysene 5.6 1,1,2,2-Tetrachloroethane 2.39
p, p-DDT 6.36 Tetrachloroethene (PCE) 34
Dibenz(a,h)anthracene 6.36 Toluene 2.73
Dibenzofuran 417 Toxaphene 33
1,1-Dichloroethane 1.79 1,1,1-Trichloroethane 2.49
1,2-Dichloroethane 1.48 1,1,2-Trichloroethane 2.07
cis-1,2-Dichloroethene 1.86 Trichloroethene 242
Dieldrin 5.16 Tetrahydrofuranl,4-Dioxane -0.27
1,4-Dioxane -0.27 Vinyl Chloride 0.6
Endrin 5.16 m-Xylene 3.2

@ Log K, values taken from Howard et al., 1993a and 1993b and from Montgomery and Welkom, 1991.
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Sample Disturbance

If groundwater samples are disturbed during the collection process (e.g., agitation,
allowing sample temperature to increase, or creating a situation for sample materials to adsorb or
desorb analytes) thereis arisk of negative impacts on groundwater sample quality, beyond the
issue of generating turbidity, because it may result in the:

. Volatilization of any VOCs that are present;
. Dissolution of dissolved gases; or
. Oxidation/reduction of metals.

Sampling methods should be carefully selected in order to minimize disturbance during
sampling. Asshown in Table 3.2, bladder pumps and to a lesser extent centrifugal pumps
generally are the best equipment for all analytes when sampling rods or wells less than 2-inches
in diameter and where high quality samples are needed. Research has shown that suction lift
pumps (e.g., peristaltic pumps—see Appendix) cause a negative biasin VOC and dissolved gas
measurements because of the negative pressure generated by the pumping action. When point-
in-time sampling is conducted in situations where volatilization of VOCsis a concern, sealed-
screen samplers, such asthe BAT Enviroprobe™ or Hydropunch™, which maintain in-situ
pressure conditions, should be considered.

Sampling Interval

The most appropriate sampling interval to use at a site should be determined because the
location and length of a sampling interval can bias a sample. Short or long sampling screens can
be used with both DPT and conventional monitoring wells; however, DPT point-in-time methods
are generally more economical and better designed to target smaller sampling intervals than
conventional wells. When selecting discrete sampling intervals (e.g., 6-inch interval), thereisa
risk of missing contaminants that may be migrating through sections of the aquifer that do not
fall within the screened interval(s). When selecting long sampling intervals (e.g., 5 to 15 feet),
thereisarisk that a highly contaminated but discrete interval will be diluted by larger
uncontaminated intervals.

To determine the most appropriate sampling interval, a number of sources of existing
information should be evaluated and, if necessary, additional subsurface data collected. DPT
equipment can provide many cost-effective and comprehensive methods for collecting
subsurface data for this purpose, including continuous soil logs, detailed stratigraphic logs using
specialized measurement and logging tools (e.g., cone penetrometer testing, membrane interface
probe, induced fluorescence), multi-level discrete groundwater samplesto create a vertical
profile of contamination, and piezometric data over a wide areato determine groundwater flow
direction (see U.S. EPA, 1997 for more details). Based on thisinformation, as well as slug tests
and/or aquifer tests to estimate hydraulic conductivity for specific stratigraphic zones,
contaminant source locations can be estimated. At this point the appropriate sampling intervals
can be selected, thereby minimizing the installation of extraneous and ineffective wells or the
risk of missing or diluting important transport pathways.
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Sample Volume

There are three sample volume issues that can be particularly relevant to collecting
groundwater samples with DPT:

. Point-in-time methods can be extremely slow in fine-grained formations (e.g., several
hours or more).
. Sample chamber volume of some seal ed-screen, point-in-time samplersis quite small

(e.0., lessthan one liter), which can make it difficult to collect the larger volumes needed
for some types of analyses (e.g., SVOCs, PCBg/pesticides).

. Both DPT wells and point-in-time samplers often have a smaller diameter than their
conventional well counterparts. The smaller volume of the DPT wells may require
lower-flow purge rates to avoid significant drawdown during sampling.

Consequently, subsurface conditions and the required analytical suite should be considered when
selecting a DPT method to sample groundwater. Depending on the site conditions and site
DQOs, larger volume samplers or low-flow purge equipment capable of very low-flow rates
(discussed in Section 4) may be needed, or a sampler can be left in place to recharge while other
locations are sampled. If asampler isleft in place to recharge, sample quality can be
compromised if the sample container isfilled in increments collected over aperiod of time. This
isaconcern primarily when filling sample vials for volatile organic analysis, which need to be
filled completely with one sampling effort. Otherwise, volatile compounds may partition into
the headspace above the sample.

Sample Cross-Contamination

Any groundwater sampling method can cause cross-contamination that affects
groundwater sample quality and/or long-term water quality in at least three ways:

. Causing contaminant drag-down;
. Creating hydraulic conduits; and
. Biasing samples from improperly decontaminated equipment.

In evaluating the potential for cross-contamination and devel oping a sampling plan, the
site geology, the types of contaminants present, and the sampling methods and equipment used
should be examined. For example, drilling a hole through an aquitard creates a potential conduit
for contaminant migration. If DNAPLSs are perched on top of the aquitard and precautions are
not taken, they may migrate down the borehole and contaminate a previously uncontaminated
aquifer.

Although cross-contamination can be a serious concern that may pose additional
challenges when using DPT equipment, DPT methods also provide many strategies for
minimizing or eliminating the risk of cross-contamination. Section 5 reviews these methods and
additional resources that can provide specific details needed in the appropriate use of DPT
equipment.
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Selecting a DPT Groundwater Sampling Tool

DPT tools can be considered for awide range of groundwater field applications, and
they can meet project DQOs in abroad variety of cases. Sampling bias, sample volume, and
cross-contamination are potential problems whether DPT or conventional monitoring wells are
used. Itisimportant to understand the limitations of equipment being used and how they relate
to project needs. Thefirst step in selecting equipment should be narrowing down the categories
of appropriate tools. With DPT equipment, that can be done by deciding whether qualitative,
semi-quantitative, or quantitative data are needed. Table 3.4 provides a summary of the
applications of DPT tools, emphasizing the basic concept that the project objectives should be
considered when selecting equipment and methods.

Table 3.4
Recommended DPT Groundwater Tools for Various Field Applications

Specialized Point-in-Time

General Field Application | Measurement and Groundwater DP'I_'-In_staIIed
. Monitoring Well
Logging Tools (a) Sampler
Presence of contamination
(i.e., qualitative sampling v v

goals)

Approximation of
contaminant zone/level v /
(i.e., semi-quantitative
sampling goals)

Define specific
contaminants and accurate

concentrations (i.e., v v
guantitative sampling

goals)

Long-term monitoring v

(a) Includes induced fluorescence and volatilization and removal systems.
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Section 4: Recommended Methods for Collecting Representative
Groundwater Samples

Collecting groundwater samples that are representative of in-situ aquifer conditions
generaly isimportant in any groundwater investigation. One of the most important factorsin
meeting this goal, for many analytes, typically isto minimize turbidity. Thisis because particles
from formation materials that are suspended in a sample, but are not normally suspended in
groundwater, can provide a substrate for various analytes to adsorb or desorb. This process can
create a positive or negative bias for analytical results. In addition, although the causes of
turbidity and their solutions for both DPT and conventional groundwater sampling methods
generaly are similar, the relatively narrow rod diameters of DPT systems can create additional
hurdles. This section focuses on the activities that can minimize turbidity, specifically for DPT
systems.

Asdiscussed in Section 3, turbidity can cause substantial bias, both negative and
positive, when sampling metals and SV OCs, but typically is much less an issue when sampling
VOCs. There are several precautions that can be taken to minimize turbidity in DPT
groundwater samples. Important techniques to consider include:

. Installation of afilter pack;
. Well development; and
. Low-flow purging or passive sampling protocols.

Each of these techniques can be applied to monitoring wells installed with DPT, but not all are
possible with point-in-time samplers. For example, filter packs normally cannot be installed
when using point-in-time samplers. Furthermore, well development and low-flow/passive
sampling protocols normally can only be used with those point-in-time samplers that provide
access to the sample location from the surface (See Section 2). Usually, samplersthat rely on a
sealed sample chamber to retrieve groundwater cannot be developed, nor can low-flow or
passive sampling protocols be followed. However, there are some samplersin this category that
may work, such as one of the BAT™ system samplers, that sample water through a ceramic or
polymer tip that acts as an in-situ filter to prevent turbidity. The decision to use a specific type
of point-in-time sampler should be weighed against project DQOs.

Installation of a Filter Pack

As mentioned in Section 2, installing afilter pack in monitoring wells can be an
important means of minimizing sample turbidity. However, itsinstallation is not always possible
or necessary, depending on project objectives. A common construction technique for DPT wells
isto let the formation collapse around the screened interval, rather than installing afilter pack.

In fact, thisis the only option for exposed-screen well installations since there is no annular
space between the drive rods and the borehole walls to accommodate afilter pack. Similarly,
DPT point-in-time sampling techniques do not allow for the installation of filter packs due to the
lack of annular space between the drive rods/sample tool and the formation. Wellsinstalled
using protected-screen methods, however, may have adequate annular space for afilter pack and
should be selected where data quality objectives dictate. Please refer back to Section 2 for more

35



information on filter pack installation techniques, including the use of pre-packed and sleeved
well screens.

Well Development

Wells should be developed after completing the installation and allowing sufficient time
for the annular seal to completely set (typically two weeks, but not less than 48 hours). The
purpose of well development or development of a point-in-time sampler generally isto repair
borehole damage caused by advancement and installation procedures, such as the smearing of
fine-grained particles along the borehole walls and the generation of turbidity. Development
generally is designed to remove these particles to improve the hydraulic connection between the
well and formation so that groundwater can enter more freely. Development also is designed to
remove the groundwater impacted by well installation so that groundwater representative of
ambient conditions can be sampled.

Like conventionally installed wells, DPT-installed monitoring wells should be devel oped.
This processtypically involves block surging and pumping or bailing groundwater until certain
water quality parameters (e.g., pH, specific conductance, dissolved oxygen, redox potential, and
temperature) have stabilized and turbidity has been removed or decreased as much as possible.
WEells are surged by raising and lowering a surge block (any tool that is slightly smaller than the
inside diameter of the well casing) within the screened interval to mechanically backwash the
well screen. These activities help to dislodge particles smeared within the borehole and the
particles clogging the screen so they can be removed. In-line turbidimeters can be used during
development or purging procedures to judge turbidity levels and their potential impact on sample
quality.

Due to the way some point-in-time samplers are constructed and used, they may not
accommodate a pump or bailer for development. Those samplers that can accommodate a pump
or bailer can be developed similar to the method described above for wells, although due to the
generally smaller diameters of point-in-time samplers, smaller diameter surge blocks, pumps,
and bailers usually will be needed. In genera, if DQOs recommend development for
groundwater samples to meet quality standards, then many point-in-time samplers may not be
appropriate for the situation.

Low-Flow Purging and Sampling

Low-flow purging, also referred to as low-stress purging, low-impact purging, and
minimal drawdown purging, isamethod of preparing awell for sampling which, unlike
traditional purging methods, does not require the removal of large volumes of water from the
well. Theterm “low-flow” refersto the velocity at which groundwater moves through the pore
spaces of the formation adjacent to the screen during pumping. It does not necessarily reflect the
flow rate of the water discharged by the pump at the ground surface. The focus of low-flow
purging and sampling is on collecting high-quality samples by minimizing the impact of
pumping on well hydraulics and aguifer chemistry. Because the flow rate used for purging is, in
many cases, the same as or only slightly higher than the flow rate used for sampling, the process
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isacontinuum and is referred to as “low-flow purging and sampling.” Although minimizing the
disturbance of sampling on the aquifer isimportant for all types of groundwater sampling
devices, it can be particularly important for DPT point-in-time samplers and exposed screen
wells because installation of afilter pack generally is not feasible with these tools.

Low-flow purging and sampling generally are appropriate for collecting groundwater
samplesin awide variety of situations. It can be used to sample all categories of aqueous phase
contaminants and naturally occurring analytes, including VOCs, SVOCs, trace metals and other
inorganics, pesticides, PCBs, radionuclides, and microbiological constituents and often is
particularly appropriate for situations where colloidal transport is an issue (i.e., radionuclides,
metals, and hydrophobic compounds). However, low-flow methods generally are not applicable
to the collection of NAPLs because they do not respond to the effects of pumping in the same
manner as groundwater.

Theoretical and Research Basis for Low-Flow Purging and Sampling

Groundwater sampling research has demonstrated that water standing in awell casing for
aprotracted time is not representative of ambient groundwater quality (Gillham et al., 1985;
Miller, 1982; Marsh and Lloyd, 1980; Barcelona and Helfrich, 1996). Hence, this water should
not be collected as part of the sample for analysis. In addition, the water within the screened
interval of nearly all wells generaly is representative, provided that the well has been designed,
installed, developed, and maintained properly and the aquifer has a sufficient flow rate to ensure
the water in the screened interval is being replaced.

Based on these findings, recommended low-flow sampling protocols have been
developed so that groundwater can be collected from the screened interval without significant
mixing with the water standing in the casing. Research has shown that this method does indeed
provide high quality, representative groundwater samples (Backhus et al., 1993; Bangsund et al.,
1994, Barcelona et al., 1994; Karklins, 1996; Kearl et al., 1994; Kearl et a., 1992; McCarthy and
Shevenell, 1998; Puls and Paul, 1995; Puls and Barcelona, 1996; Puls and Barcelona, 1989; Puls
and Powell, 1992; Puls et al., 1992; Puls et al., 1991; Serlin and Kaplan, 1996; Shanklin et al.,
1995).

Because they are sampled almost immediately, point-in-time DPT tools should not
develop a stagnant water column that will affect most analytical results. However, a standing
water column for even a short period of time can affect some inorganic analytes (e.g., iron,
nitrogen, and hexavalent chromium) and sensitive geochemical parameters (e.g., dissolved
oxygen, oxygen reducing potential, and pH) if the water isin contact with steel driverods. The
zero valent iron in the rods can quickly react with any dissolved oxygen in the groundwater
causing alteration of the analytes and parameters and potentially complexing with metal
analytes. Asaresult, water being collected should be isolated from contact with the drive rods
when sampling for these analytes or parameters. Placing the pump intake within the screened
interval and pumping at alow-flow rate to avoid drawdown of water in contact with the drive
rods should help isolate the sample from the rods. Although there islittle concern about the
water column affecting organic analytes when sampling with point-in-time DPT samplers, when
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turbidity is aconcern, low-flow sampling may help to lower turbidity to acceptable levels
(McCall et d., 1997; EPA, 19964).

Low-Flow Purging and Sampling Protocols

To conduct low-flow purging and sampling, a pump that can be operated at alow-flow
rate normally is needed. For large wells (e.g., 2-inch diameter or greater), less than 500 mL/min
is often needed; for small diameter DPT wells and point-in-time samplers; flow rates aslow as
100 mL/min may be needed. Asaresult of their design, bailers generally are inappropriate for
low-flow purging and sampling. Inertial-lift pumps, or other well sampling devices that agitate
the water column also generally cannot be used for low-flow purging and sampling

Before purging and sampling can begin, the hydraulic conductivity of the screened
interval normally needs to be evaluated to ensure that low-stress pumping is maintained. To
begin, the water level should be measured to determine when drawdown in the well stabilizes.
Aswater is purged from the well, water quality indicator parameters (e.g., pH, temperature,
specific conductance, dissolved oxygen, redox potential, and in some cases turbidity) generally
need to be measured to determine when the readings stabilize and samples can be collected. The
results can then be used to define well-specific, low-flow procedures.

Passive Sampling Protocols

In situations where a sampling point cannot yield sufficient water to support low-flow
sampling, a passive sampling (also referred to as micropurging) approach generally is preferred
(Powell and Puls, 1993; Puls and Barcelona, 1996). Passive sampling involves placing the pump
intake within the screened interval and purging aminimal volume of groundwater from the well
or sampler—a single volume of the pump chamber and discharge tubing, rather than the greater
volumes purged by low-flow sampling or the multiple well volumes purged using other
techniques. The goal of passive sampling generally is to obtain groundwater within the well
screen or sampler screen, which is most representative of ambient groundwater quality, without
disturbing the water column and introducing the stagnant water above. The sample should be
collected immediately after purging the small volume of groundwater.

Passive sampling methods may be appropriate for use in avariety of situations and can be
applied to most wells in which there is sufficient water to ensure that a pump intake is
submerged throughout purging and sample collection. They are most often applied to wells and
samplersinstalled in low-yield formations. In very low yield formations, however, the water in
the screened interval may be of equivalent quality to that in the casing above and not
representative of formation water. The application of passive sampling methods, therefore,
should be evaluated on a site-specific basis.

Passive sampling typically is easiest to apply when dedicated pumps are used. The flow
rates used for passive sampling are lower than those used for low-flow purging and
sampling—generally less than 100 mL/min. Because very low hydraulic conductivity
formations do not yield sufficient water to satisfy the demands of a pump, even at these low-flow
rates, drawdown may occur. Thus, to determine the volume of water available for sampling, the
volume of water within the well screen above the pump intake should be calculated. Only this
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volume, which normally will be very small for most DPT wells, should be collected. Sampling
should not continue once water from the top of the screen is drawn close to the pump because
casing water should not be collected as part of the sample. Since indicator parameters are not
typically analyzed, this method does not normally provide any evidence that the sample taken is
representative of formation water. When non-dedicated equipment is used, there is a higher risk
of mixing casing and screened interval water which can add to the uncertainty of the
representativeness of the sample. Table 4.1 provides a comparison between low-flow and

passive sampling methods.

Table 4.1

Comparison of Some Key Elements of Low-Flow and Passive Sampling

Page 93 of 125

Low-Flow Sampling

Passive Sampling

Hydraulic
Conductivity

Sufficient to maintain steady water
level during sampling

Too low to allow low-flow
sampling

Analyte Applicability

All analytes except NAPLs

All analytes except NAPLs

Pump Discharge Rate

500 mL/min t0100 mL/min depending
on well/sampling point size and
hydraulic conductivity.

<100 mL/min

Purge Volume

Continuous until parameters (e.g.,
specific conductance, turbidity, O,,
redox) stabilize

Greater than the volume of the
pump and the submerged tubing
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Section 5: Recommended Methods for Minimizing Potential for
Cross-Contamination

As mentioned in Section 3, the potential for cross-contamination should be considered
when advancing any type of groundwater sampling tool or monitoring well into the subsurface
because it can result in sample bias, incorrect decisions, or the spread of contaminants. Methods
for avoiding cross-contamination should be discussed and accounted for in project planning with
respect to:

. Avoiding drag-down;

. Avoiding the creation of hydraulic conduits;
. Decontaminating equipment; and,
. Decommissioning DPT wells and borings.

These issuestypically apply to both DPT and conventiona wells; however, because of the
different methods of construction, the solutions often differ even though the results are often the
same. This section provides guidance on how these issues can relate to DPT methods because
the methods for conventional wells are well established.

Avoiding Drag-Down

Drag-down of contamination is commonly considered to be less of a problem with DPT
methods than with conventional well drilling techniques, such as hollow stem augering, where
contaminants have a better chance of sticking to the augers as they advance. AsDPT rods are
advanced, the action of pushing the drive rods through new soil generally wipes away old soil.
In fact, researchers have demonstrated the lack of drag-down with DPT in a number of studies
(Cherry, et al. 1992; Pitkin et al., 1994; McCall et al., 1997; Pitkin et al., 1999); however, as with
conventional drilling techniques, it is unlikely that DNAPL or certain soils, such as sticky clays,
would be completely wiped clean as the rods advance. In addition, certain DPT methods can
result in drag-down if used in inappropriate situations. Thisis primarily a problem with
advancing multi-level samplersin contaminated fine-grained soil, which can clog the screens,
and with advancing exposed screen monitoring well installations, which can carry shallow
contaminated soil and groundwater to the target sampling depth. Thus, exposed screen well
installations should not be considered for use in contaminated areas.

Where drag-down is a concern, use of DPT equipment that will minimize drag-down
potential, such as protected-screen point-in-time samplers, the Waterloo Profiler, or sealed-
screen monitoring wells should be considered. 1n addition, the DPT sampler or well should be
properly developed to remove the affected soil and groundwater.
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Avoiding the Creation of Hydraulic Conduits

Creation of hydraulic conduits that allow the downward flow of groundwater and
contaminants can be avoided by sealing off the borehole annulus—the space between the
borehole wall and the rod string. Thisissueis of particular concern when the borehole
hydraulically connects previously unconnected hydrogeologic units, or when DNAPLs with low
viscosity are present that can migrate downward along the vertical conduit. In addition to using
grout to seal the annulus, an important method of reducing downward migration along the rod
string is to minimize the borehole annulus. Two important considerations include:

. Using adrive tip that is the same diameter or smaller than the drive rods; and
. Using rods and samplers with the same diameter.

The absence of an annulus, however, does not necessarily prohibit contaminant migration
because there may not be an effective seal between the steel rods and the borehole wall. This
issue is not unique to DPT methods and should also be considered when drilling boreholes using
conventional techniques.

DPT techniques are not recommended for installing monitoring wells with screens set in
an interval below aconfining layer if thereisarea danger of contaminating the lower layer.
Instead, construction of a*telescoped” monitoring well using conventional drilling methods
should be used. Thistype of well involves drilling into the top of the agquitard, placing a steel
casing in the hole and grouting it into place by tremieing grout into the annulus. The holeisthen
advanced using a drill bit that fitsinside the steel casing. Upon reaching the target depth, the
well screen and casing are lowered into place and the well completion materials are installed as
the casing is slowly retracted. Multiple casings can be telescoped inside the other if more than
one aquitard is present. DPT cannot be used for telescoped well construction because the
annulusistoo narrow to allow for an adequate grout seal to be installed along the drive casing.

Decontaminating Equipment

Aswith all groundwater sampling equipment, DPT equipment should be decontaminated
before sampling at a new location to avoid cross-contamination. In addition, disposable
material should be discarded properly. Some sampling tools, by virtue of their design, may be
difficult to disassemble for cleaning. In these cases, when replacing associated tubing, hose, or
pipeisnot feasible, it may be more practical to clean these tools by circulating cleaning solutions
and rinses through the device in accordance with appropriate guidance (e.g., ASTM D5088,
ASTM, 2001g; RCRA Ground-Water Monitoring Draft Technical Guidance, EPA, 1992).
Where field decontamination is not practical or possible, it may be simpler to use dedicated
sampling devices or take a number of portable sampling devices into the field and decontaminate
them later at a more appropriate location. Following any cleaning procedure, equipment rinseate
blanks should be collected to assess the effectiveness of the cleaning procedure.
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Decommissioning DPT Wells and Borings

As with conventional soil borings or abandoned monitoring wells, DPT boreholes for
point-in-time sampling and abandoned DPT monitoring wells should be decommissioned to
avoid creating a conduit for contaminant migration, either from the surface or between
subsurface geologic units. Several methods are available for decommissioning DPT holes, but
the method chosen should be capable of backfilling the hole completely with grout or a bentonite
slurry, from bottom to top and without gaps. The most appropriate method will depend on a
number of factors, including the type and size of DPT equipment being used, site-specific
subsurface conditions, and state and/or local regulations. Thetype of slurry selected may also
depend on the remedial action anticipated at the site. For example, a silicaflour grout mixture
may be selected for sites that may be treated with in-situ thermal technology.

The methods available for decommissioning DPT boreholes include:

. Retraction grouting;
. Re entry grouting; and
. Surface pouring.

These methods are detailed in ASTM D6001 (ASTM, 2001¢), EPA (1997), and L utenegger and
DeGroot (1995). Figure 5.1 illustrates the use of these methods, and the following paragraphs
summarize the techniques and their applications.

Retraction Grouting

Retraction grouting typically involves pumping a high-solids bentonite and water mixture
or aneat cement grout through the rod and tool string and out the bottom of the sampling tool as
the tool is withdrawn from the hole. To use this method, a port is needed at the end or sides of
the tool or an expendable tip is necessary on the terminal end of the tool through which the grout
can be pumped. Because the hole is grouted as the tool is withdrawn, this method ensures that
the borehole is sealed throughout its length. Retraction grouting is generally considered to be
the most reliable borehole sealing technique.

Re entry Grouting

Re entry grouting typically involves pumping grout through atremie pipe (arigid pipe,
usually Schedule 40 or 80 Type | PVC) inserted into the borehole immediately following
withdrawal of the rod string. Alternatively, the rod string may be reinstalled in the borehole,
without the sampling tool, so that grout may be pumped through the open rods. The grout should
be pumped continuously from the bottom of the hole to the top as the tremie pipe (or rod string)
iswithdrawn to avoid gaps and bridging (i.e., plugging the hole before grout reaches total depth)
of the grout. Typically, re entry grouting is effective only if the hole remains open until tremie
pipe or rods can be extended to the bottom of the borehole. If aportion of the borehole
collapses, the tremie pipe or rods will not penetrate to the total depth of the hole. In this
situation, it may be necessary to put an expendable tip on the end of the rod string, push the
string to the total depth of the hole,
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Figure 5.1

Sample Methods for Sealing Direct Push Technology Holes

a) Surface Pouring
Method of Sealing
DP Hole

c) Re-entry Grouting with DP
Rods and Expendable Tip

Grout from
pump

DP
rods

1) Installation
of rods

2) Grouting while
retracting rods

b) Re-entry Methods of
Sealing DP Holes

1) Flexible 2) Rigid Tremie
tremie tube pipe

d) Retraction Grouting Through
Expendable Tip in CPT Cone

|\

"3

Grout tub CPT rod

Electrical
cable

Friction
sleeve

Load cell

Grout port

Expendable tip

Source: Adapted from Lutenegger & DeGroot, 1995
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knock out the tip, and pump grout through the rods as they are withdrawn. Re entry grouting by
this method may not provide areliable seal if the DPT rods do not follow the original borehole,
but the original borehole should provide the path of least resistance under most conditions.

By using a high pressure grout pump and nylon tremie tube it is possible to perform
bottom-up grouting in the small annular spaces of DPT equipment. Slurries of 20-30% bentonite
or neat cement grout are most commonly used to meet state regulatory requirements.

Surface Pouring

Surface pouring normally is the simplest method of borehole decommissioning; however,
it may not be as effective as the other methods in most situations. It involves pouring either dry
bentonite (granules, chips, or pellets), bentonite slurry, or neat cement grout from the surface
down the open borehole after the rod string and tool are removed. Surface pouring may be
effective if the borehole does not collapse after the rods are removed, and if the boreholeis
relatively shallow (less than about 10 or 15 feet). Where dry bentonite materials are proposed for
use, it normally will only be effective if the bentonite is either hydrated from the surface
immediately after installation or if it isinstalled beneath the water table. Maintaining aseal in the
borehole requires that the soil moisture content be sufficient to keep the bentonite hydrated after
installation. In deep holes, dry bentonite products can bridge, resulting in an incomplete seal. In
situations where boreholes partially collapse, materials poured from the surface will not seal the
borehole properly. This method can be improved by using aflexible tremie tube or arigid tremie
pipe to reenter the hole and fill it from the bottom up, however, if the hole collapses before the
tremie can be installed, the tremie may not be effective either.
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Section 6: Conclusions

Direct push technologies can be valuable tools for environmental investigations and
facilitate the use of adynamic work plan strategy. They have a number of potential advantages
over conventional groundwater sampling methods and they can have the added benefit of being
able to provide numerous other types of detailed subsurface data, such as geophysical, analytical,
and hydrogeologic data. The diversity and capabilities of DPT equipment and methods are large
enough that under many situations DPT can be used to provide the level of groundwater data
quality needed for projects where the subsurface conditions and depth of investigation are
amenable to pushing techniques. When techniques common to conventional well installation are
followed, such as adequate well development, low-flow purging and sampling, proper
decontamination of equipment, and preventing the creation of a hydraulic conduit, quality
groundwater samples can be obtained.

DPT will not be appropriate for all situations. DPT methods typically are more limited in
their depth of penetration and the types of materials they can penetrate than conventional drilling
methods. Some methods may not be able to provide sufficient sample volume or sufficiently low
turbidity. Use of DPT may be limited in lower yield formations. Conventional wells with larger
diameters may be required to minimize the affect of lower yield formations. Lastly, DPT methods
cannot always be used where confining layers are present and there is a danger of creating a
vertical hydraulic conduit that could contaminate underlying layers. In these instances, telescoped
wells may be needed to prevent downward migration of contaminants beneath a confining layer.
Asaresult, DPT cannot completely replace the use of conventional monitoring wells. Rather,
DPT provides additional choices to select equipment and methods for collecting environmental
data.

45

Released to Imaging: 11/29/2022 10:07:42 AM



Received by OCD: 4/22/2022 1:40:28 PM Page 100 of 125

This page is intentionally blank.

46

Released to Imaging: 11/29/2022 10:07:42 AM



Rece

ived by OCD: 4/22/2022 1:40:28 PM Page 101 of 125

References

Ahrens, T.P. 1957. Well design criteria: part one, Water Well Journal, Vol. 11, No. 4, pp. 13-30.

ASTM. 2001a. Sandard Test Method for Deep, Quasi-Static, Cone and Friction-Cone
Penetration Tests of Soils, ASTM D3441. American Society for Testing and Materials. West
Conshohocken, PA, 7 pp.

ASTM. 2001b. Standard Test Method for Performing Electronic Friction Cone and Piezocone
Penetration Testing of Soils, ASTM D5778. American Society for Testing and Materials. West
Conshohocken, PA 18 pp.

ASTM. 2001c. Sandard Practice for Cone Penetrometer Technology Characterization of
Petroleum Contaminated Sites with Nitrogen Laser-Induced Fluorescence, ASTM D6167.
American Society for Testing and Materials. West Conshohocken, PA, 7 pp.

ASTM. 2001d. Standard Guide for Direct Push Soil Sampling for Environmental Ste
Characterization, ASTM D6282. American Society for Testing and Materials. West
Conshohocken, PA, 19 pp.

ASTM. 2001e. Sandard Guide for Direct-Push Water Sampling for Geoenvironmental
Investigations, ASTM D6001. American Society for Testing and Materials. West Conshohocken,
PA.

ASTM. 2001f. Sandard Guide for Development of Ground-Water Monitoring Wellsin Granular
Aquifers, ASTM D5521. American Society for Testing and Materials. West Conshohocken, PA,

15 pp.

ASTM. 2001g. Standard Practice for Decontamination of Field Equipment Used at
Nonradioactive Waste Stes, ASTM D5088. American Society for Testing and Materials. West
Conshohocken, PA, 20 pp.

ASTM. 2001h. Standard Practice for Decontamination of Field Equipment Used at Low Level
Radioactive Waste Stes, ASTM D5608. American Society for Testing and Materials. West
Conshohocken, PA, 8 pp.

ASTM. 2001i. Sandard Guide for the Selection of Purging and Sampling Devices for
Ground-Water Monitoring Wells, ASTM D6634. American Society for Testing and Materials.
West Conshohocken, PA, 14 pp.

ASTM. 2002. Sandard Test Method for Particle-Sze Analysis of Soils, ASTM D422-63.
American Society for Testing and Materials. West Conshohocken, PA, 8 pp.

ASTM. 2003a. Guide for Installation of Direct Push Ground Water Monitoring Wells, ASTM
D6724-01. American Society for Testing and Materials. West Conshohocken, PA, 9 pp.

47



Rece

ived by OCD: 4/22/2022 1:40:28 PM Page 102 of 125

ASTM. 2003b. Standard Practice for Direct Push Installation of Prepacked Screen Monitoring
Wells in Unconsolidated Aquifers, ASTM D6725-01. American Society for Testing and
Materials. West Conshohocken, PA, 15 pp.

ASTM. 2003c. Sandard Practice for Design and Installation of Ground Water Monitoring Wells
in Aquifers, ASTM D5092-02. American Society for Testing and Materials. West Conshohocken,
PA, 14 pp.

Applegate, J.L. and D.M. Fitton. 1997. Rapid site assessment applied to the Florida Department
of Environmental Protection’s drycleaning solvent cleanup program. HazWaste World Superfund
XVIII Conference Proceedings, December 1997, Washington DC, pp. 695-703.

Backhus, D.A., JN. Ryan, D.M. Groher, J.K. MacFarlane, and P.M. Gschwend. 1993. Sampling
colloids and colloid-associated contaminants in ground water. Ground Water, Vol. 31, No. 3, pp.
466-479.

Baerg, D.L., R.C. Storr, JA. Cherry, and D.J.A. Smyth. 1992. Performance testing of
conventiona and innovative downhole samplers and pumps for VOCs in alaboratory monitoring
well. Proceedings, National Ground Water Sampling Symposium, Washington, DC November
1992, pp. 71-76.

Bangsund, W. J., C.G. Peng, and W.R. Mattsfield. 1994. Investigation of contaminant migration
by low-flow rate sampling techniques. Proceedings, Eighth Annual Outdoor Action Conference,
National Ground Water Association, Dublin, OH, pp. 311-326.

Barcelona, M.J., J.P. Gibb, JA. Helfrich, and E.E. Garske, 1985, Practical Guide for
Ground-Water Sampling. Illinois State Water Survey Contract Report 374, Champaign, IL, 94 pp.

Barcelona, M.J., J.P. Gibb, and R.A. Miller. 1983. A Guide to the Selection of Materials for
Monitoring Well Construction and Ground-Water Sampling. Illinois State Water Survey Contract
Report 327, Champaign, IL, 78 pp.

Barcelona, M.J. and J.A. Helfrich. 1986. Well construction and purging effects on ground-water
samples. Environmental Science and Technology, Vol. 20, No. 11, pp. 1179- 1184.

Barcelona, M.J., J.A. Helfrich, E.E. Garske and J.P. Gibb. 1984. A laboratory evaluation of
ground water sampling mechanisms. Ground Water Monitoring Review, Vol. 4, No. 2, pp. 32-41.

Barcelona, M. J., H.A. Wehrmann, and M.D. Varljen. 1994. Reproducible well-purging
procedures and VOC stabilization criteriafor ground water sampling. Ground Water, Vol. 32, No.
1, pp. 12-22.

Barker, J.F. and R. Dickhout. 1988. An evaluation of some systems for sampling gas-charged
ground water for volatile organic analysis. Ground Water Monitoring Review, Vol. 8, No. 4, pp.
112-120.

48



Rece

ived by OCD: 4/22/2022 1:40:28 PM Page 103 of 12

Bergren, C.L., R.C. Tuckfield, and N.M. Park. 1990. Suitability of the hydropunch for assessing
ground water contaminated by volatile organics. In: Proceedings of Fourth National Outdoor
Action Conference on Aquifer Restoration, Ground Water Monitoring and Geophysical Methods,
Volume 2, National Ground Water Association, Dublin, OH, pp. 387-401.

Berzins, N.A. 1992. Use of the cone penetrometer test and BAT ground water monitoring system
to assess deficiencies in monitoring well data. Proceedings of the Sixth National Outdoor Action
Conference, Las Vegas, NV May 1992, National Ground Water Association, Westerville, OH, pp.
327-339.

BP Corporation North America, Inc. 2002. Monitoring Well Comparison Sudy: An Evaluation of
Direct-Push Versus Conventional Monitoring Wells. May 1, 2002, 80 pp. (available at
www.epa.gov/swerustl/cat/wellstdy.pdf).

Buddemeier, R.W. and J.R. Hunt. 1988. Transport of colloidal contaminantsin ground water.
Radionuclide migration at the Nevada Test Site. Applied Geochemistry, Vol. 3 pp. 535-548.

Butler, J., et a. 2002. Hydraulic tests with direct-push equipment. Ground Water, Vol. 40, No. 1,
pp. 25-36.

Canova, J.L. and M.G. Muthig. 1991. The effect of latex gloves and nylon cord on ground-water
sample quality. Ground Water Monitoring Review, Vol. 11, No. 1, pp. 98-103.

Clark, L. and K.M. Baxter. 1989. Ground water sampling techniques for organic micropollutants.
UK experience. Quarterly Journal of Engineering Geology, Val. 22, pp. 159- 168.

Cherry, J.A. 1992. Ground water monitoring: some current deficiencies and alternative
approaches, Chapter 13. In: Hazardous Waste Ste Investigations: Toward Better Decisions, R.B.
Gammage and B.A. Berven, editors, Lewis Publishers, Boca Raton, FL, pp.119-134.

Cherry, JA., RA. Ingleton, D.K. Solomon, and N.D. Farrow. 1992. L ow technology approaches
for drive point profiling of contaminant distributions. In: Proceedings, National Ground Water
Sampling Symposium, pp. 109-111.

Crumbling, D. 2000. Improving the cost-effectiveness of hazardous waste site characterization
and monitoring. Special Report #6, Failsafe, January 2000, 10 pp.

Devlin, J.F. 1987. Recommendations concerning materials and pumping systems used in the
sampling of ground water contaminated with volatile organics. Water Pollution Research Journal
of Canada, Val. 22, No. 1, pp. 65-72.

Dragun, J. 1988. The Soil Chemistry of Hazardous Materials. Hazardous Materials Control
Research Institute, Silver Spring, MD.

Driscoll, F.G. 1986. Groundwater and Wells (Second Edition). Johnson Division, UOP, Inc., St.
Paul, MN.

49



Rece

ived by OCD: 4/22/2022 1:40:28 PM Pag

Edge, R.W. and K. Cordry. 1989. The hydropunch: an in-situ sampling tool for collecting ground
water from unconsolidated sediments. Ground Water Monitoring Review, Vol. 9, No. 3, pp.
177-183.

Eichholz, G.G., B.G. Wahlig, G.F. Powell, and T.F. Craft. 1982. Subsurface migration of
radioactive waste materials by particulate transport. Nuclear Technology, Vol. 58, pp. 511-519.

Enfield, C.G. and G. Bengtsson. 1988. Macromolecular transport of hydrophobic contaminantsin
agueous environments. Ground Water, Vol. 26, No. 1 pp. 64-70.

Enfield, C.G., G. Bengtsson, and R. Lindquist. 1989. Influence of macromolecules on chemical
transport. Environmental Science & Technology, Vol. 23, No. 10, pp. 1278-1286.

Geoprobe. 1996. Geoprobe® 0.5-in. x 1.4-in. OD and 0.75-in. x 1.4-in. OD Prepacked Screen
Monitoring Wells, Sandard Operating Procedure. Technical Bulletin No. 962000, September,
revised June 2002.

Gibb, J.P., R.M. Schuller, and R.A. Griffin. 1981. Procedures for the Collection of Representative
Water Quality Data from Monitoring Wells. Illinois State Water Survey/Geological Survey
Cooperative Ground-Water Report No. 7, Champaign, IL.

Gibs, J. and T.E. Imbrigiotta. 1990. Well purging criteriafor sampling purgeable organic
compounds. Ground Water, Vol. 28, No. 1, pp. 68-78.

Gibs, J,, T.E. Imbrigiotta, J.H. Ficken, J.F. Pankow, and M.E. Rosen. 1994. Effect of sample
isolation and handling on the recovery of purgeable organic compounds. Ground Water
Monitoring and Remediation, Vol. 9, No. 2, pp. 142-152.

Gillham, R.W. and S.F. O'Hannesin. 1990. Sorption of aromatic hydrocarbons by materials used
in construction of ground-water sampling wells. In: Proceedings, ASTM Symposium on
Standards Development for Ground Water and Vadose Zone Monitoring Investigations, ASTM
Specia Technical Publication 1053, pp. 108-124.

Gillham, RW., M.JL. Robin, J.F. Barker, and JA. Cherry. 1985. Field Evaluation of Well
Purging Procedures. American Petroleum Institute Publication 4405, Environmental Affairs
Department, 109 pp.

Gillham, R.W., M.JL. Robin, J.F. Barker, and J.A. Cherry. 1983. Ground-Water Monitoring and
Sample Bias. American Petroleum Institute Publication 4367, 206 pp.

Grolimund, D., M. Borkovec, K. Barmettler, and H. Sticher. 1996. Colloid-facilitated transport of
strongly sorbing contaminants in natural porous media: alaboratory column study. Environmental
Science & Technology, American Chemical Society, Vol. 30, No. 10, pp. 3118-3123.

50

e

104 of 125



Rece

Gschwend, P.M., D.A. Backhus, JK. MacFarlane, and A.L. Page. 1990. Mobilization of colloids
in ground water due to infiltration of water at a coal ash disposal site. Journal of Contaminant
Hydrology, Vol. 6 pp. 307-320.

Gschwend, P.M. and M.D. Reynolds. 1987. Monodisperse ferrous phosphate colloids in an
anoxic ground water plume. Journal of Contaminant Hydrology, Val. 1, pp. 309-327.

Heidlauf, D.T. and T.R. Bartlett. 1993. Effects of monitoring well purge and sampling techniques
on the concentration of metal analytesin unfiltered ground water samples. In: Proceedings,
Seventh Outdoor Action Conference and Exposition, National Ground Water Association,
Dublin, OH, pp. 437-450.

Henebry, B.J. and G.A. Robbins. 2000. Reducing the influence of skin effects on hydraulic
conductivity determinations in multi-level samplesinstalled with direct push methods, Ground
Water, Vol. 38, No. 6, pp. 882-886.

Herzog, B., J. Pennino, and G. Nielsen. 1991. Ground-water sampling, Chapter 11 in The
Practical Handbook of Ground-Water Monitoring. D.M. Nielsen, editor, Lewis Publishers,
Chelsea, MI, pp. 449-499.

Hewitt, A.D. 1992. Potential of common well casing materials to influence aqueous metal
concentrations. Ground Water Monitoring and Remediation, Vol. 12, No. 2, pp. 131-136.

Ho, James 1983. Effect of sampling variables on recovery of volatile organicsin water. Journal of
the American Water Works Association, Vol. 75, No. 11, pp. 583-586.

Holm, T.R., G.K. George, and M.J. Barcelona. 1988. Oxygen transfer through flexible tubing and
its effects on ground-water sampling results. Ground Water Monitoring Review, Vol. 8, No. 3, pp.
83-89.

Howard, P., et al. 1993a. Handbook of Environmental Fate and Exposure Data for Organic
Chemicals, Volume Il Solvents. Lewis Publishers.

Howard, P., et al., 1993b. Handbook of Environmental Fate and Exposure Data for Organic
Chemicals, Volume IV Solvents 2. Lewis Publishers.

Houghton, R.L. and M.E. Berger. 1984. Effects of well-casing composition and sampling method
on apparent quality of ground water. Proceedings of the Fourth National Symposium on Aquifer
Restoration and Ground Water Monitoring, Columbus, OH, May, 1984, National Water Well
Association, Worthington, OH, pp. 203-213.

Huntzinger, T.L. and L.E. Stullken. 1988. An Experiment in Representative Ground-Water
Sampling for Water-Quality Analysis. U.S. Geological Survey, Water Res. Inv. Report 88-4178,
Reston, VA.

51

ived by OCD: 4/22/2022 1:40:28 PM Page 105 of 12



Rece

ived by OCD: 4/22/2022 1:40:28 PM Page 106 of 125

lles, D.L., P.D. Hammond, and L.D. Schulz. 1992. Effects of sampling methods on inorganic
water chemistry results. In: Proceedings, National Ground Water Sampling Symposium,
Washington, DC November 1992, pp. 41-70.

Imbrigiotta, T.E., J. Gibs, T.V. Fusillo, G.R. Kish, and J.J. Hochreiter. 1988. Field evaluation of
seven sampling devices for purgeable organic compounds in ground water. In: Ground-Water
Contamination: Field Methods, ASTM STP 963, A.G. Collinsand A.J. Johnson, editors,
American Society for Testing and Materials, Philadelphia, PA, pp. 258-273.

Kaback, D.S., C.L. Bergren, C.A. Carlson, and C.L. Carlson. 1990. Testing a ground water
sampling tool: are the samples representative? In: Proceedings, Fourth National Outdoor Action
Conference on Aquifer Restoration, Ground Water Monitoring and Geophysical Methods,
Volume 2, National Ground Water Association, Dublin, OH, pp. 403-417.

Karklins, S. 1996. Ground Water Sampling Desk Reference. Wisconsin Department of Natural
Resources Publication #PUBL-DG-037 96, Wisconsin DNR Bureau of Drinking Water and
Ground Water, 165 pp.

Kearl, P.M., N.E. Korte, M. Stites, and J. Baker. 1994. Field comparison of micropurging vs.
traditional ground water sampling. Ground Water Monitoring and Remediation, VVol. 14, No. 4,
pp. 183-190.

Kearl, P.M., N.E. Korte, and T.A. Cronk. 1992. Suggested modifications to ground water
sampling procedures based on observations from the colloidal borescope. Ground Water
Monitoring Review, Vol. 12, No. 2, pp. 155-161.

Keely, J.F. and K. Boateng. 1987. Monitoring well installation, purging and sampling techniques
part 1. conceptualizations. Ground Water, Val. 25, No. 3, pp.300-313.

Knobel, L.L. and L.J. Mann. 1993. Sampling for purgeable organic compounds using
positive-displacement piston and centrifugal pumps. a comparative study. Ground Water
Monitoring and Remediation, Vol. 13 No. 2, pp. 142-148.

Kram, Mark, et a. 2003. Direct-push wells prove effective for long-term ground water
monitoring. Water Well Journal, Vol. 57, No. 4, pp. 16 and 18.

Kram, Mark, 2001. Personal communication with David M. Nielsen.

Kram, M., D. Lorenzana, J. Michaelsen, and E. Lam. 2000. Performance Comparison:
Direct-Push Wells Versus Drilled Wells. NFESC Technical Report TR-2120-ENV, October 2000,
Naval Facilities Engineering Command, Washington, DC, 55 pp.

Lee, G. F. and R.A. Jones. 1983. Guidelines for sampling ground water. Journal of the Water
Pollution Control Federation, Vol. 55, No. 1, pp. 92-96.

52



Rece

ived by OCD: 4/22/2022 1:40:28 PM Page 107 of 12

Lutenegger, A.J. and D.J. DeGroot. 1995. Techniques for sealing cone penetrometer holes.
Canadian Geotechnical Journal, Vol. 32, No. 5, pp. 880-891.

MacFarlane, 1.D., J.L. Kocornik, F.T. Barranco, and A.R. Bonas. 1992. The application of slow
pumping at a manufactured gas plant. Proceedings of the Sixth National Outdoor Action
Conference, Las Vegas, NV, May 1992, National Ground Water Association, Westerville, OH,
pp. 413-426.

Marsh, M.J. and JW. Lloyd. 1980. Details of hydrochemical variationsin flowing wells. Ground
Water, Vol. 18, No. 4, pp. 366-373.

Mason, S.A., J. Barkach, and J. Dragun. 1992. Discussion of “literature review and model
(COMET) for colloidal/metal s transport in porous media.” Ground Water, Vol. 30, No. 1,
pp.104-106.

McCall, W., et al. 2002. A dual-tube direct-push method for vertical profiling of hydraulic
conductivity in unconsolidated formations. Environmental & Engineering Geoscience, Vol. VI,
No. 2, pp. 75-84.

McCall, W. 2000. Innovative direct-push ground-water monitoring compared to conventional
methods. In: Proceedings of the Second International Conference on Remediation of Chlorinated
and Recal citrant Compounds, Battelle Press, Columbus, OH, Vol. C2-1, pp. 71-78.

McCall, W., S. Stover, C. Enos, and G. Fuhrmann. 1997. Field comparison of direct push
prepacked screen wellsto paired HSA 2" PVC wells. In: Proceedings Vol. 2, HazWasteWorld
Superfund XVI11 Conference, December 1997, Washington, DC, pp. 647-655.

McCarthy, J.F. and C. Degueldre. 1993. Sampling and characterization of colloids and particlesin
ground water for studying their role in contaminant transport. In: Environmental Particles, J.
Buffle, and H.P. van Leeuwen, editors, Lewis Publishers, pp. 247-315.

McCarthy, J. and L. Shevenell. 1998. Obtaining representative ground-water samplesin a
fractured and karstic formation. Ground Water, Vol. 36, No. 2, pp. 251-260.

McCarthy, J.F. and J.M. Zachara. 1989. Subsurface transport of contaminants: binding to mobile
and immobile phases in ground water aquifers. Environmental Science and Technology, Vol. 23,
No. 5, pp. 496-504.

McDowell-Boyer, L.M., J.R. Hunt, and N. Sitar. 1986. Particle transport through porous media.
Water Resources Research, Vol. 22, No. 13, pp. 1901-1921.

Miller, G.D. 1982. Uptake and release of lead, chromium and trace level volatile organics
exposed to synthetic well casings. In: Proceedings, Second National Symposium on Aquifer
Restoration and Ground Water Monitoring, National Ground Water Association, Worthington,
Ohio, pp. 236 - 245.

53



Rece

ived by OCD: 4/22/2022 1:40:28 PM Pag

Montgomery, J. and L. Welkom. 1991. Groundwater Chemicals Desk Reference. Lewis
Publishers.

Moylan, J.E. 1991. Data Gaps in Remedial Design. U.S. EPA/U.S. Army Corps of Engineers
Engineering Issue, July, 1991, 5 pp.

Muska, C.F., W.P. Colven, V.D. Jones, J.T. Scogin, B.B. Looney, and V. Price, Jr. 1986. Field
evaluation of ground water sampling devices for volatile organic compounds. In: Proceedings of
the Sixth National Symposium and Exposition on Aquifer Restoration and Ground Water
Monitoring, National Water Well Association, Dublin, OH, pp. 235-245.

NWWA/PPI. 1980. Manual on the Selection and Installation of Thermoplastic Water Well
Casing. National Water Well Association, Worthington, OH, 64 pp.

Nielsen, D.M. (editor). 1991. The Practical Handbook of Ground-Water Monitoring. Lewis
Publishers, Chelsea, MI, 717 pp.

Nielsen, D.M. 1995a. The relationship of monitoring well design, construction and development
to turbidity in wells, and related implications for ground water sampling, In: Ground Water
Sampling—A Workshop Summary, EPA 600/R-94/205. U.S. EPA Office of Research and
Development, Washington DC, p. 16.

Nielsen, D.M. 1995h. Building a better monitoring well using ASTM standards to improve well
construction and cut monitoring costs. Workshop Presented at the Ninth National Outdoor Action
Conference and Exposition, Las Vegas, NV, May 1995, National Ground Water Association,
Westerville, OH, pp. 47-59.

Nielsen, D.M. and G.L. Nielsen. 1995. Understanding the ramifications of change: developments
in monitoring well purging and ground-water sampl e filtration. Workshop Presented at the Ninth
National Outdoor Action Conference and Exposition, Las Vegas, NV, May 1995, National
Ground Water Association, Westerville, OH, pp. 233-239.

Nielsen, D.M. and G.L. Nielsen. 1999. Technical Guidance on Low-Flow Purging & Sampling
and Passive Sampling. Nielsen Environmental Field School Publication, NEFS-TG001-99,
Galena, OH, 57 pp.

Nielsen, D.M. and R. Schalla. 1991. Design and installation of ground-water monitoring wells.
Chapter 7 in The Practical Handbook of Ground-Water Monitoring, D.M. Nielsen, Editor. Lewis
Publishers, Chelsea, MI, pp. 239-332.

Nielsen, D.M. and G.L. Yeates. 1985. A comparison of sampling mechanisms available for
small-diameter ground water monitoring wells. Ground Water Monitoring Review, Vol. 5, No. 2,
pp. 83-89.

O'Meélia, C.R. 1990. Kinetics of colloid chemical processesin aquatic systems. In Aquatic
Chemical Kinetics, W. Stumm editor. Wiley & Sons, NY, NY, pp. 447-474.

54

e 108

of

125



Rece

ived by OCD: 4/22/2022 1:40:28 PM Pag

Oneacre, J. and D. Figueras. 1996. Ground water variability at sanitary landfills: causes and
solutions. In Proceedings, ASCE Conference on Uncertainty in the Geologic Environment,
Madison, WI, July 31 - August 3, 1996, pp. 965-987.

Parker, L. 1991. Suggested guidelines for the use of PTFE, PV C and stainless steel in samplers
and well casings. In: Current Practices in Ground Water and Vadose Zone Investigations, ASTM
STP 1118, D.M. Nielsen and M.N. Sara, editors. American Society for Testing and Materials,
Philadelphia, PA. 13 pp.

Parker, L. 1994. The effects of ground water sampling devices on water quality: aliterature
review. Ground Water Monitoring and Remediation, Vol. 14, No. 2, pp. 130-141.

Parker, L.V., A.D. Hewitt, and T.F. Jenkins. 1990. Influence of casing materials on trace-level
chemicalsin well water. Ground Water Monitoring Review, Vol. 10 No. 2, pp. 146-156.

Paul, D.G., C.D. Palmer, and D.S. Cherkauer. 1988. The effect of construction, installation and
development on the turbidity of water in monitoring wellsin fine-grained glacial till. Ground
Water Monitoring Review, Vol. 8, No. 1, pp. 73-82.

Paul, C.J. and R.W. Puls. 1997. Impact of turbidity on TCE and degradation products in ground
water. Ground Water Monitoring and Remediation, No. 17 No. 1, pp. 128-133.

Pearsall, K.A. and D.A.V. Eckhardt. 1987. Effects of selected sampling equipment and
procedures on the concentrations of trichloroethylene and related compounds in ground water
samples. Ground Water Monitoring Review, Vol. 7, No. 2, pp. 64-73.

Penrose, W.R., W.L. Polzer, E.H. Essington, D.M. Nelson, and K.A. Orlandin. 1990. Mobility of
plutonium and americium through a shallow aquifer in a semi-arid region. Environmental Science
and Technology, Vol. 24, pp. 228-234.

Pitkin, S., R.A. Ingleton, and J.A. Cherry. 1994. Use of a drive point sampling device for detailed
characterization of a PCE plumein a sand aquifer at adry cleaning facility. In: Proceedings,
Eighth National Outdoor Action Conference and Exposition, National Ground Water Association,
Dublin, OH, pp. 395-412.

Pitkin, S.E., JA. Cherry, R.A. Ingleton, and M. Broholm. 1999. Field demonstrations using the
Waterloo Ground Water Profiler. Ground Water Monitoring and Remediation, Val. 19, No. 2, pp.
122-131.

Pohlmann, K.F., G.A. Icopini, R.D. McArthur, and C.G., Rosal. 1994. Evaluation of Sampling
and Field-Filtration Methods for Analysis of Trace Metalsin Ground Water, EPA 600/R-94/119.
U.S. EPA Office of Research and Development, Las Vegas, NV.

Pohlmann, K.F. and JW. Hess. 1988. Generalized ground water sampling device matrix. Ground
Water Monitoring Review, Vol. 8, No. 4, pp. 82-83.

55

e 109 of 125



Rece

ived by OCD: 4/22/2022 1:40:28 PM Pag

Pohlmann, K.F., R.P. Blegen, and J.W. Hess. 1991. Field Comparison of Ground-Water Sampling
Devices for Hazardous Waste Stes: An Evaluation Using Volatile Organic Compounds, EPA
600/4-90/028. U.S. EPA Office of Research and Development, Las Vegas, NV, 102 pp.

Powell, R.M. and R.W. Puls. 1993. Passive sampling of ground water monitoring wells without
purging: multilevel well chemistry and tracer disappearance. Journal of Contaminant Hydrology,
Vol. 12, pp. 51-77.

Powell, R.M. and R.W. Puls. 1997. Hitting the bull's-eye in ground water sampling. Pollution
Engineering, pp. 51-54.

Puls, R.W. 1990. Colloidal considerationsin ground water sampling and contaminant transport
predictions. Nuclear Safety, Vol. 31, pp. 58-65.

Puls, RW. and C.J. Paul. 1995. L ow-flow purging and sampling of ground-water monitoring
wells with dedicated systems. Ground Water Monitoring and Remediation, Vol. 15, No. 1, pp.
116-123.

Puls, R.W. and J.F. McCarthy. 1995. Well Purging and Sampling (Workshop Group Summary),
Ground Water Sampling - A Workshop Summary, EPA 600/R-94/205, U.S. EPA Office of
Research and Development, Washington, DC, pp. 82-87.

Puls, RW. and M.J. Barcelona. 1996. Low Flow (Minimal Drawdown) Ground Water Sampling
Procedures, U.S. EPA Ground Water Issue, EPA 540/5-95/504. U.S. EPA Office of Solid Waste
and Emergency Response, Washington, DC, 12 pp.

Puls, RW. and M.J. Barcelona. 1989. Ground Water Sampling for Metals Analysis, U.S. EPA
Superfund Ground Water Issue, EPA 540/4-89/001. U.S. EPA Office of Solid Waste and
Emergency Response, Washington, DC, 6 pp.

Puls, R.W. and J.H. Eychaner. 1990. Sampling ground water for inorganics— pumping rate,
filtration and oxidation effects. In: Proceedings, Fourth National Outdoor Action Conference on
Aquifer Restoration, Ground Water Monitoring and Geophysical Methods, National Water Well
Association, Dublin, OH, pp. 313-327.

Puls, RW. and R.M. Powell, 1992a. Acquisition of representative ground-water quality samples
for metals. Ground Water Monitoring Review, Vol. 12, No. 3, pp. 167-176.

Puls, RW. and R.M. Powell. 1992b. Transport of inorganic colloids through natural aquifer
material: implications for contaminant transport. Environmental Science and Technology, Vol. 26
No. 3, pp. 614-621.

Puls, RW., D.A. Clark, B. Bledsoe, R.M. Powell, and C.J. Paul. 1992. Metals in ground water:
sampling artifacts and reproducibility. Hazardous Waste and Hazardous Materials, Vol. 9, No. 9,
pp. 149-162.

56

e

110 of 125



Rece

ived by OCD: 4/22/2022 1:40:28 PM Page 111 of 125

Puls, RW., R.M. Powell, D.A. Clark, and C.J. Paul. 1991. Facilitated Transport of Inorganic
Contaminants in Ground Water: Part 11, Colloidal Transport, EPA 600/M-91/040. Robert S. Kerr
Laboratory, U.S. EPA, Ada, OK.

Puls, RW., JH. Eychaner, and R.M. Powell. 1990. Facilitated Transport of Inorganic
Contaminants in Ground Water: Part |. Sampling Considerations, EPA 600/M-90/023. Robert S.
Kerr Laboratory, U.S. EPA, Ada, OK, 12 pp.

Reynolds, M.D. 1985. Colloidsin Ground Water, Masters Thesis. Massachusetts I nstitute of
Technology, Cambridge, MA.

Robertson, W.D., J.F. Barker, Y. LeBeau, and S. Marcoux. 1984. Contamination of an unconfined
sand aquifer by waste pulp liquor: a case study. Ground Water, Vol. 22, pp. 192-197.

Robin, M.J.L. and R.W. Gillham. 1987. Field evaluation of well purging procedures. Ground
Water Monitoring Review, Vol. 7, No. 4, pp. 85-93.

Robbins, G.A. and JM. Martin-Hayden. 1991. Mass balance evaluation of monitoring well
purging, part 1. Theoretical models and implications for representative sampling. Journal of
Contaminant Hydrology, Vol. 8, pp. 203-224.

Ryan, J.N. and P.M. Gschwend. 1990. Colloidal mobilization in two atlantic coastal plain
aquifers: field studies, Water Resources Research, Vol. 26, pp. 307-322.

Ryan, J. N., S. Mangion, and R. Willey. 1995. Turbidity and colloid transport (working group
summary), Ground Water Sampling—A Workshop Summary, EPA 600/R-94/205. U.S. EPA
Office of Research and Devel opment, Washington, DC, pp. 88-92.

Serlin, C.L. and L.M. Kaplan. 1996. Field comparison of micropurge and traditional
ground-water sampling for volatile organic compounds. In: Proceedings, Petroleum
Hydrocarbons and Organic Chemicalsin Ground Water, National Ground Water Association,
Westerville, OH, pp. 177-190.

Shanklin, D.E., W.C. Sidle, and M.E. Ferguson. 1995. Micropurge low-flow sampling of
uranium-contaminated ground water at the Fernald environmental management project. Ground
Water Monitoring and Remediation, Vol. 15, No. 3, pp. 168-176.

Smolley M. and J.C. Kappmeyer. 1991. Cone penetrometer tests and hydropunch sampling: a
screening technique for plume definition. Ground Water Monitoring Review, Vol. 11, No. 2, pp.
101-106.

Stolzenburg, T.R. and D.G. Nichols. 1985. Preliminary Results on Chemical Changesin Ground
Water Samples Due to Sampling Devices. EPRI Report EA-4118, 53 pp.

Stolzenburg, T.R. and D.G. Nichols. 1986. Effects of filtration method and sampling device on
inorganic chemistry of sampled well water. In: Proceedings, Sixth National Symposium and

57



Rece

ived by OCD: 4/22/2022 1:40:28 PM Page 112 of 125

Exposition on Aquifer Restoration and Ground Water Monitoring, National Ground Water
Association, Worthington, OH, pp. 216-234.

Stumm, W. and J.J. Morgan. 1981. Aquatic Chemistry. New Y ork Interscience, 583 pp.

Stumm, W. and J. J. Morgan. 1996. Aquatic Chemistry: Chemical Equilibria and Rates in Natural
Waters, Third Edition. John Wiley and Sons, Inc., New York, NY.

Tai, D.Y., K.S. Turner, and L.A. Garcia. 1991. The use of a standpipe to evaluate ground-water
samplers. Ground Water Monitoring Review, Vol. 11, No. 1, pp. 125-132.

Thornton, D., S. Ita, and K. Larsen. 1997. Broader use of innovative ground water access
technologies. In: Proceedings Vol. 2, HazZWasteWorld Superfund XV 111 Conference Proceedings,
December 1997, Washington, DC, pp. 639-646.

Unwin, J.T. 1982. A Guide to Ground Water Sampling, Technical Bulletin 362. National Council
of the Paper Industry for Air and Stream Improvements, New York, NY.

Unwin, J.T. and V. Maltby. 1988. Investigations of Techniques for Purging Ground Water
Monitoring Wells and Sampling Ground Water for Volatile Organic Compounds. ASTM Special
Technical Publication 963, ASTM, Philadelphia, PA, pp. 240-252.

U.S. EPA. 1989. Handbook of Suggested Practices for the Design and Installation of Ground-
Water Monitoring Wells, EPA 600/4-89/034. Environmental Monitoring Systems Laboratory,
Office of Research and Development, Las Vegas, NV, October 1989, 398 pp.

U.S. EPA. 1992. RCRA Ground-Water Monitoring: Draft Technical Guidance. Office of Solid
Waste, November 1992.

U.S. EPA. 1996a. Low Stress (Low Flow) Purging and Sampling Procedures for the Collection of
Ground-Water Samples from Monitoring Wells. U.S. EPA Region 1, SOP#GWO0001, Boston,
MA, 13 pp.

U.S. EPA. 1996b. Environmental Investigations Sandard Operating Procedures and Quality
Assurance Manual. U.S. EPA Region 4, Atlanta, GA.

U.S. EPA. 1997. Expedited Ste Assessment Tools for Underground Storage Tank Stes, A Guide
for Regulators, EPA 510-B-97-001. Office of Underground Storage Tanks, Washington, DC.

U.S. EPA. 2000a. Guidance for the Data Quality Objectives Process, QA/G-4, EPA 600/R-
96/055. Office of Environmental Information, Washington, DC.

U.S. EPA. 2000b. Data Quality Objectives Process for Hazardous Waste Ste Investigations. EPA
QA/G-HHW Final, EPA 600/R-00/007. Office of Environmental Information, Washington, DC.

58



Received by OCD: 4/22/2022 1:40:28 PM Page 113 of 125

U.S. EPA. 2002. Ground-Water Sampling Guidelines for Superfund and RCRA Project
Managers, http://www.epa.gov/tio/tsp/download/gw_sampling_guide.pdf.

Walker, S.E. 1983. Background ground-water quality monitoring: well installation trauma. In:
Proceedings, Third National Symposium on Aquifer Restoration and Ground Water Monitoring,
National Water Well Association, Worthington, OH, pp. 235-246.

Yeskis, D., K. Chiu, S. Meyers, J. Weiss, J., and T. Bloom. 1988. A field study of various
sampling devices and their effects on volatile organic contaminants. In: Proceedings of Second
National Conference on Aquifer Restoration, Ground Water Monitoring and Geophysical
Methods, National Water Well Association, Dublin, OH, pp. 471-479.

Zemo, D.A., T.A. Ddlfino, J.D. Galinatti, V.A. Baker, and L.R. Hilpert. 1995. Field comparison
of analytical results from discrete-depth ground water samplers. Ground Water Monitoring and
Remediation, VVal. 15, No. 1, pp. 133-141.

Zemo, D.A., Y.G. Pierce, and J.D. Gallinatti. 1994. Cone penetrometer testing and discrete-depth
ground water sampling techniques: a cost-effective method of site characterizationin a
multiple-aquifer setting, Ground Water Monitoring and Remediation, Vol. 14, No. 4, pp.
176-182.

59

Released to Imaging: 11/29/2022 10:07:42 AM


http://www.epa.gov/tio/tsp/download/gw_sampling_guide.pdf

Received by OCD: 4/22/2022 1:40:28 PM Page 114 of 125

This page is intentionally blank.

60

Released to Imaging: 11/29/2022 10:07:42 AM



Rece

IAY

d by OCD: 4/22/2022 1:40:28 PM Page 115 of 12

Appendix: Purging and Sampling Devices

A wide variety of purging and sampling equipment is available for usein DPT sampling
points. Available devices can be classified into five general categories:

. Grab mechanisms (including bailers, thief samplers, and syringes);

. Suction-lift mechanisms (including surface centrifugal and peristaltic pumps);

. Centrifugal submersible pumps,

. Positive displacement mechanisms (including gas displacement pumps, bladder pumps,
piston pumps, progressing cavity pumps and gear pumps); and

. Inertial-lift pumps.

Though frequently used in the groundwater industry for well development, the gas-lift method is
generally considered unsuitable for purging and sampling because the extensive mixing of drive
gas and water islikely to strip dissolved gasses from the groundwater and alter the concentration
of other dissolved constituents (Gillham et al., 1983). This method is not discussed for this
reason.

Grab Sampling Devices

Bailers, thief samplers (e.g., messenger samplers), and syringes are all examples of grab
sampling devices. These devices are lowered into the sampling point on a cable, rope, string,
chain, or tubing to the desired sampling depth and then retrieved for purge water discharge,
sample transfer, or direct transport of the device to the laboratory for sample transfer and analysis.

The most commonly used grab samplers are bailers, which are available in both single
check valve and dual check valve designs. The single check valve bailer islowered to the
sampling point, and water entering the bailer opens the check valve and fills the bailer. During
retrieval, gravity and the weight of the water inside the bailer closes the check valve. Thereis
some potential for the contents of the bailer to mix with the surrounding water column during
retrieval. If mixing isnot desirable, then adual check valve bailer is advisable. Dual check valve
bailers are intended to prevent mixing of the sample with the water column upon retrieval. Water
passes through the dual check valve bailer asit islowered. Upon retrieval, both check valves
seat, retaining the aliquot of water inside the bailer. Groundwater investigators can minimize
mixing by raising the bailer in a steady upward motion with no pausing or slight downward
motion, which can occur if theretrieval is done manually.

The thief sampler, employs amechanical, electrical, or pneumatic trigger to actuate plugs
or valves at either end of an open tube to open and/or close the chamber after lowering it to the
desired sampling depth, thus sampling from a discrete interval within the well.

The syringe sampler is divided into two chambers by a moveable piston or float. The
upper chamber is attached to aflexible air line that extends to the ground surface. The lower
chamber is the sample chamber. The device is lowered into the sampling point and activated by
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applying a suction to the upper chamber, thereby drawing the piston or float upward and allowing
water to enter the lower chamber. In situations where the pressure exerted on the lower chamber
by submergenceis great enough to cause the piston or float to move upward prior to achieving the
desired sampling depth, the upper chamber can be pressurized to prevent piston movement. The
deviceisthen activated by slowly releasing the pressure from the upper chamber, allowing water
to fill the lower chamber.

Samples collected with grab samplers, especialy various types of bailers, exhibit variable
accuracy and precision in sample chemistry, often due to operator technique (Puls et al., 1992;
Barcelona et a., 1984; Gillham et al., 1983; Pohlmann et al., 1991; Unwin and Maltby, 1988; Tai
et al., 1991). Grab samplers can aerate and/or agitate a sample, causing sample oxidation,
degassing, and stripping of VOCs from the sample. Care should be taken to avoid sample
agitation during transfer of the sample from a grab sampler to the sample container. Pouring
water from the top of a bailer either directly into the sample container or to atransfer vessel may
agitate/aerate the sample and cause alteration of sample chemistry. These devices can also
increase the turbidity of a sample through the surging action created in the well as the device
moves through the water column. Grab samplers generally do not subject the sample to pressure
changes, though some change may be imparted to a sample when using a syringe sampler
activated with asuction. A potential for sample contamination exists due to exposure of the grab
sampling device to the surface environment during repeated removal and reinsertion of the device
during use. Also, the suspension cord or cable used with grab samplers could contribute
contaminants to groundwater samples (Canova and Muthig, 1991).

Suction-Lift Pumps

Surface centrifugal pumps and peristaltic pumps are two common suction-lift pumps.
These pumps are usually placed at or above ground level during purging and sampling. They
draw water to the surface by applying suction to an intake line through the use of impellers or
rotors typically driven by an electric motor. Surface centrifugal pumps use impellersthat are
typically constructed of brass or mild steel, plastic, or synthetic rubber. A peristaltic pump
consists of arotor with rollers that squeeze flexible tubing as they revolve within a stator housing.
This action generates areduced pressure at one end of the tubing and an increased pressure at the
other end. Several types of elastomeric material can be used for the tubing, athough silicone
rubber is the most common.

Suction-lift pumps may be unacceptable for some groundwater sampling applications.
Exertion of areduced pressure on the sample can cause volatilization or may result in degassing,
which can cause changes in the pH, redox potential, and other gas-sensitive parameters
(Barcelona et al., 1983; Ho, 1983; Barker and Dickhout, 1988). Peristaltic pumps may be
satisfactory for some analytes that are not affected by changes in the sample that can be caused by
application of reduced pressure when used under low-flow rate and low lift conditions (Barcelona
et a., 1983; Puls and Powell, 1992; Backhus et al., 1993).

Because surface centrifugal pumps can cause cavitation, they are not appropriate for
collection of samplesto be analyzed for dissolved gases, VOCs, or gas-sensitive parameters such
astrace metals. Because the pumped water contacts the pump mechanism, artifacts from sample
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contact with these materials should be considered when evaluating these pumps for sampling. In
addition, these pumps can mix air from small leaks in the suction circuit into a sample, which can
cause sample bias. These pumps are typically difficult to adequately decontaminate between
uses. To avoid the limitations posed by the effects of pumping or undesirable pump materials, an
intermediate vessel could be used on the suction side of the pump circuit.

Peristaltic pumps do not usually cause cavitation but, asin all suction-lift pumps, the
exertion of areduced pressure on the sample can bias the sample. The flexible tubing required for
use in a peristaltic pump mechanism may aso cause sample bias.?

Centrifugal Submersible Pumps

A centrifugal submersible pump (CSP) consists of impellers housed within diffuser
chambers that are attached to a sealed electric motor, which drives the impellers through a shaft
and seal arrangement. Water enters the CSP by pressure of submergence, is pressurized by
centrifugal force generated by the impellers, and discharged to the surface through tubing, hose,
or pipe. A CSPissuspended in awell by its discharge line and/or a support line. Electric power
is supplied to the motor through a braided or flat multiple-conductor insulated cable.

Flow rate and depth capability for all designs are wide ranging. For variable-speed CSPs,
the discharge rate can be reduced by regulating the frequency of the electrical power supply and
controlling the motor speed to reduce flow rate.

While there is no available peer-reviewed literature addressing the sampling effects of
small-diameter variable-speed CSPs on dissolved gases or VOCs, one study found these pumps
produced samples for some dissolved metals that were comparable to samples from bladder
pumps (Pohlmann et a., 1994). With all CSPs, heat generated by the motor could increase
sample temperature, which could result in loss of dissolved gases and VOCs from the sample.

CSPs are only available in diameters that will fit into sampling points 1.75 inches or larger
in diameter. CSPs can be damaged when used in silty or sandy water, requiring repair or
replacement of pump components and/or motor. |f overheating occurs, there are three possible
consequences. First, where the motor has internal water or oil in it for improved cooling
characteristics, some of thisliquid could be released into the sampling point, which could
potentially contaminate the sampling point or samples. Because of this, motors that contain oil
should not be used if the oil could interfere with the analytes of interest. Further, water used in
motors should be of known chemistry. Second, when this type of motor eventually cools, it can
draw in water from the sampling point, which could cause future cross-contamination problems.
Proper decontamination of the pump should include changing internal cooling fluid if the pump is

%For example, the plasticizers in flexible PV C can contaminate samples with phthalate esters. The use of
silicone rubber tubing, which contains no plasticizers, can obviate this problem; however, the potential for sample
bias due to sorption/desorption exists with both materials (Barcelonaet al., 1985). These pumps can be used with
the intermediate vessel system described above, so that the sample contacts only the intake tubing and vessel,
avoiding contact with the pump mechanism tubing. Alternatively, using silicone rubber tubing at the pump head

only can minimize this problem (Ho, 1983; Barker and Dickhout, 1988).
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to be used in non-dedicated applications. As an alternative, dry sealed motors can be used to
avoid these potential problems. Third, extensive or long-term overheating problems may result in
motor failure, usually requiring replacement of the motor. CSPs should not be allowed to operate
dry, or damage may occur to the pump seals and/or motor. Some CSP designs may be difficult to
disassemble in the field for cleaning or repair. For these pumps, if used portably, cleaning is
usually performed by flushing the pump and discharge line and washing the exterior surfacesin
accordance with ASTM D5088 (ASTM, 2001h).

Gas-Drive Pumps

Gas-drive or gas-displacement pumps are distinguished from gas-lift pumps by the method
of water transport. A gas displacement pump forces a discrete column of water to the surface via
pressure-induced lift without the extensive mixing of drive gas and water produced by gas-lift
devices. Hydrostatic pressure opens the inlet check valve and fills the pump chamber (fill cycle).
Theinlet check valve closes by gravity after the chamber isfilled. Pressurized gasis applied to
the chamber, displacing the water up the discharge line (discharge cycle). By releasing the
pressure, the cycle can be repeated. A check valve in the discharge line maintains the water in the
line above the pump. A pneumatic logic unit, or controller, is used to control the application and
release of the drive gas pressure. Thelift capability of a gas-displacement pump is directly
related to the pressure of the drive gas used.

Although there isalimited interface in gas-displacement pumps between the drive gas and
the water, the potential exists for loss of dissolved gases and VOCs across this interface
(Barcelona et al., 1983; Gillham et al., 1983). This potential greatly increasesif the pumpis
allowed to discharge completely, which would cause drive gas to be blown up the discharge line.
Contamination of the sample may also result from impuritiesin the drive gas. Typical liftsfor
gas displacement pumps rarely exceed 250 feet using single-stage compressors, greater lifts can
be achieved using two-stage compressors or compressed-gas cylinders. Gas-displacement pumps
are available for sampling points as small as 1/2 inch in diameter.

Bladder Pumps

Bladder pumps, also known as gas-operated squeeze pumps or diaphragm pumps, consist
of aflexible membrane (bladder) enclosed by arigid housing. Water enters the bladder under
hydrostatic pressure through a check valve at the pump bottom. The inlet check valve closes by
gravity after the bladder isfilled. Compressed gasis applied to the annular space between the
outside of the bladder and pump housing, which squeezes the bladder. This action forces the
water out of the bladder and up the discharge line to the surface. By releasing the gas pressure,
this cycle can be repeated; a check valve in the discharge line prevents discharged water from
re-entering the bladder. In some bladder pump designs, the water and air chambers are reversed,
with water entering the annular space between the pump housing and bladder; the bladder is then
inflated to displace the water. A pneumatic logic controller controls the application and rel ease of
drive gas pressure to the pump. The lift capability of bladder pumps is directly related to the
pressure of the drive gas source.
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Bladder pumps provide representative samples under awide range of field conditions.
There is no contact between the drive gas and the water in a bladder pump, eliminating the
potential for stripping of dissolved gasses and VOCs and the potential for sample contamination
by the drive gas. Pressure gradients applied to the sample can be controlled by reducing the drive
gas pressure applied to the bladder, thus minimizing disturbance to the sample chemistry.
Bladder pumps are recommended for sampling all parameters under a wide variety of field
conditions (Parker, 1994; Kearl et a., 1992; Puls et al., 1992; Barcelona et al., 1983; Pohlmann et
a., 1991; Unwin and Maltby, 1988; Tai et a., 1991; Pohimann et al., 1994).

Bladder pump designs are available for use in sampling points as small as 1/2 inch in
diameter. Bladder pump flow rates are controlled by adjusting the drive gas pressure or the
discharge and refill cycle timing. Where maximum flow rates are too low for purging, secondary
purging pumps or packers can be used in conjunction with bladder sampling pumps in order to
reduce purge time requirements.

Dual-Acting Piston Pumps

Dual-acting piston pumps consist of a plunger or set of plungers (pistons) moving inside a
stationary submerged barrel (cylinder). Asthe piston travels back and forth in the cylinder, it
aternately draws water into the cylinder under suction, then displaces the water from the
cylinder. In adual-acting piston pump, water is simultaneously discharged and drawn in both
directions of piston travel. A check valvein each discharge port or in the discharge line is used to
prevent discharge water from re-entering the pump. The piston can be cycled manually, or
through the use of a pneumatic or mechanical actuator.

Piston pumps can provide representative samples for some parameters (Barcelona et al.,
1983; Knobel and Mann, 1993). Samples may be altered due to the suction produced during refill
of the pump; this effect is reduced as the pump cycling rate is decreased. Likewise, reducing the
pump cycling rate also reduces the pressure applied to the sample, minimizing the potential for
sample ateration. If aflow restrictor or valve is used to reduce the discharge rate, the resultant
pressure changes could alter sample chemistry (Barcelonaet al., 1983; Gillham et al., 1983).

Currently available designs of dual-acting piston pumps will only fit in sampling points
that are 2 inches in diameter or larger. The flow rate of a piston pump depends on the inside
diameter of the pump cylinder and the stroke length and rate. The ability to control the minimum
flow rate for sampling is dependent on the degree to which the stroke rate can be controlled.

Helical Rotor Pumps

Helical rotor pumps, also referred to as progressing cavity pumps, utilize a down-hole
rotor and stator assembly driven by an electric motor to displace water through a discharge line to
ground surface. Rotation of the helical rotor causes the cavity between the rotor and stator to
progress upward, thereby pushing water in a continuous flow upward through the discharge line.
In some progressing cavity pumps, the discharge rate can be varied by adjusting the speed of the
pump motor between 50 and 500 rpm. The progressing cavity pump istypically suspended in a
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well by its discharge line or by a suspension cable. A two-conductor e ectric cable supplies
power from a 12-volt DC power supply and control box to the pump motor.

The operating principle of progressing cavity pumps makes them suitable for collection of
samplesto be analyzed for VOCs (Imbrigiotta et al., 1988). There is some evidence these pumps
may not be suitable for sampling trace metals and other inorganic analytes at higher flow rates
due to increased turbidity (Barcelonaet al., 1983); to control turbidity, a variable speed pump
controller should be used to reduce flow rate. The pressure applied to a sampleisdirectly related
to the motor speed, and can be controlled in designs using variable-speed motor controls.
Overheating of the motor may raise the temperature of the sample (Parker, 1994).

Progressing cavity pumps require sampling point diameters of at least 2 inches. The
relatively low discharge rates attainable with most progressing cavity pumps makes them most
useful in applications where purging does not require removal of large volumes of water from
monitoring wells. With variable flow rate progressing cavity pumps, once purging is complete
the discharge rate may be reduced before samples are collected.

Gear-Drive Pumps

Another type of positive displacement electric submersible pump is the gear-drive pump.
In thistype of pump, an electric motor drives apair of PTFE gears. Asthese gearsrotate, their
advancing teeth draw water into the pump through the pump intake port and push it through the
gearsin a continuous flow up the discharge line. The discharge rate can be varied by using the
pump controls to adjust the speed of the pump motor. Aswith many other submersible pumps,
the gear-drive pump is usually suspended in awell by its discharge line. Electric power is
supplied to the 24-volt DC motor through a cable from the power source and control box at
ground surface.

Gear-drive pumps provide good recoveries of dissolved gases, VOCs, trace metals and
other inorganics, and mobile colloids (Backhus et al., 1993; Imbrigiottaet al., 1988). However
cavitation may occur if the pump isrun at high rpm, which could affect dissolved gases or VOCs.
The potential for cavitation can be reduced by controlling motor speed. The pressure applied by a
gear-drive pump to a sampleis directly related to the motor speed, and can be controlled by using
the variable-speed motor controls. Gear-drive pumps are constructed of materials acceptable for
sampling sensitive groundwater parameters; pump bodies are commonly constructed entirely of
stainless steel materials while the gears are constructed of PTFE.

Gear-drive pumps require a sampling point diameter of at least 2 inches. Maximum
discharge rates for gear-drive pumps range from more than 3 gallons per minute at lifts of less
than 20 feet to 0.25 gallons per minute at lifts of 250 feet. Discharge rates are easily controlled
by using the flow control, which adjusts the power supplied to run the pump motor; pump
discharge can be adjusted to less than 50 ml/min.
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Inertial Lift Pumps

Inertial lift pumps consist of a discharge line (either flexible tubing or rigid pipe) with a
ball-check foot valve attached to the lower end of thisline. In operation, the pump islowered
into awater column and cycled through reciprocating motion, either through manual action or
through the use of a reciprocating mechanical arm mechanism driven by an electric motor or
internal combustion engine, to achieve discharge of water. Asthe pump is moved upward, water
that has entered the pump under hydrostatic pressureis lifted upward, held in the pump by the
seated foot valve. When the upward motion of the pump is stopped, the inertia of the water
column inside the pump carriesit up and out of the discharge line. Asthe pump is pushed
downward, the foot valve opens, allowing the pump to refill, and the cycle is repeated to pump
water from the sampling point.

Inertial lift pumps can be constructed of any flexible tubing material or rigid discharge
pipe that has sufficient strength to tolerate the pump cycling. Typically, these materials include
rigid and flexible PVC, PE, PP, and PTFE. Tubing diameters of %z inch or 3s inch can be used to
collect samples from sampling points as small as ¥z inch in diameter.

If inertial-lift pumps are cycled rapidly prior to or during sample collection, some loss of
VOCs and/or dissolved gasses could occur in the discharge stream. Inertial lift pumps do not
cause pressure changes in the sample. However, the cycling action of an inertial lift pumpina
sampling point can significantly increase sample turbidity and agitate and aerate the water column
within the sampling point. This can result in alteration of concentrations of a wide variety of
analytes (including dissolved gases, VOCs, and trace metals) and interference with analytical
determinations in the laboratory.

The flow rate of an inertial lift pump isdirectly related to the cycling rate of the pump.
Flexing of the tubing in the sampling point can cause the flow rate to drop. To achieve discharge
rates suitable for sample collection, it is necessary to insert a short length of small-diameter
flexible tubing into the discharge line to divert a portion of the discharge stream into sample
containers.
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name & notation, minerology, bedding, plasticity, density,
consistency, etc., as applicable)
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organic vapor measurements, etc.)
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(Include lithology, grain size, sorting, angularity, Munsell color
name & notation, minerology, bedding, plasticity, density,
consistency, etc., as applicable)

Depth
Interval
Recover
Blow Counts

ASTM Code

Lithology

Water Content

Estimate % of

Gr

Sa

Fi

Remarks

(Include all sample types & depth, odor, organic
vapor measurements, etc.)
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District | - CONDITIONS
1625 N. French Dr., Hobbs, NM 88240 State Of NeW MeXICO
Phone:(575) 393-6161 Fax:(575) 393-0720 .
District Il Energy, Minerals and Natural Resources Action 100965
811 S. First St., Artesia, NM 88210 . . - - m
Phone:(575) 748-1283 Fax:(575) 748-9720 Qil Conservation Division
District Il
1000 Rio Brazos Rd., Aztec, NM 87410
Phone:(505) 334-6178 Fax:(505) 334-6170 1220 S St FranCIS Dr'
District IV
1220 S. St Francis Dr., Santa Fe, NM 87505 Santa Fe’ NM 87505
Phone:(505) 476-3470 Fax:(505) 476-3462
CONDITIONS

Operator: OGRID:

Western Refining Southwest LLC 267595

539 South Main Street Action Number:

Findlay, OH 45840 100965

Action Type:
[UF-DP] NOI Discharge Permit (DISCHARGE PERMIT NOI)
CONDITIONS

Created By| Condition Condition Date
scwells | Accepted for Record Retention Purposes-Only 11/29/2022
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