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55 Sampling

Sail, fill, and tuff samples will be collected by the most efficient and least invasive method practicable. The
methods will be determined by the field team based on site conditions, such as topography; the nature of
the material to be sampled; the depth intervals required; and accessibility. Typically, samples will be
collected using spade and scoop, hand auger, or drill rig. For all methods, samples for VOC analysis will
be immediately transferred from the sampling tool to the sample container to minimize the loss of
subsurface VOCs during the sample collection process. Containers for VOC samples will be filled as
completely as possible, leaving no or minimal headspace, and sealed with a Teflon-lined cap.

Where practicable, debris will be characterized by direct sampling of the waste (e.g., glassware, metal
objects, plastics, concrete, etc.). For debris that is difficult to characterize, acceptable knowledge will be
used whenever possible, supplemented by sampling as needed.

5.5.1 Surface Sampling

Surface and shallow subsurface soil and sediment samples will be collected in accordance with
N3B-SOP-ER-2001, “Soil, Tuff, and Sediment Sampling.” Stainless-steel shovels, spades, scoops, and
bowls will be used for ease of decontamination. If the surface location is at bedrock, an axe or hammer
and chisel may be used to collect samples.

5.5.2  Subsurface Samples

Subsurface samples will be collected using hand- or hollow-stem auger methods, depending on the depth
of the samples and the material being sampled. A brief description of these methods is provided below.

5.5.2.1 Hand Auger

Hand augers or power-assisted augers may be used to drill shallow holes at locations that can be
sampled without the use of a drill rig and at locations inaccessible by a drill rig. The hand auger is
advanced by turning the auger into the soil or tuff until the barrel is filled. The auger is removed and the
sample is placed in a stainless-steel bowl. Hand-auger samples will be collected in accordance with
N3B-ER-SOP-2001, “Soil, Tuff, and Sediment Sampling.”

5.5.2.2 Hollow-Stem Auger

A drill rig equipped with a hollow-stem auger may be used to drill deeper holes at locations that cannot be
sampled using a hand-auger or power-assisted augers. The hollow-stem auger consists of a hollow steel
shaft with a continuous spiraled steel flight welded onto the exterior of the stem. The stem is connected to
an auger bit; when the bit is rotated, it transports cuttings to the surface. The hollow stem of the auger
allows insertion of drill rods, split-spoon core barrels, Shelby tubes, and other samplers through the
center of the auger so samples may be retrieved during drilling operations.

A bottom plug or pilot bit can be fastened onto the bottom of the auger to keep out most of the soil and/or
water that tends to clog the bottom of the augers during drilling. Drilling without a center plug is
acceptable if the soil plug, formed in the bottom of the auger, is removed before sampling or installing a
well casing. The soil plug can be removed by washing out the plug using a side-discharge rotary bit or
augering out the plug with a solid-stem auger bit sized to fit inside the hollow-stem auger.
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During sampling, the auger will be advanced to just above the desired sampling interval. The sample will
be collected by driving a split-spoon sampler into undisturbed soil/tuff to the desired depth. Samples will
be collected in accordance with N3B-ER-SOP-2001, “Soil, Tuff, and Sediment Sampling.”

Field documentation will include detailed borehole logs for each borehole drilled using the hollow-stem
auger method. The borehole logs will document the matrix material in detail and will include the results of
all field screening; fractures and matrix samples will be assigned unique identifiers.

553 Borehole Abandonment

All hollow-stem auger boreholes will be properly abandoned in accordance with N3B-SOP-ER-6005,
“Monitoring Well and Borehole Abandonment.” Shallow boreholes, with a total depth of 20 ft or less, will be
abandoned by filling the borehole with bentonite chips and then hydrating the chips in 1- to 2-ft lifts. The
borehole will be visually inspected while the bentonite chips are being added to ensure bridging does not
occur.

The use of backfill materials, such as bentonite and grout, will be documented in a field logbook with
regard to volume (calculated and actual), intervals of placement, and additives used to enhance
backfilling. All borehole abandonment information will be presented in the investigation report.

5.6 Excavation

Excavations will be completed using a track excavator or backhoe at selected sites. Excavated soil will be
staged a minimum of 3 ft from the edge of the excavation, and excavations deeper than 4 ft bgs will be
properly benched to allow access and egress, if necessary. After completion of confirmatory sampling and
any necessary overexcavation work, the excavations and/or trenches will be backfilled with clean fill
material. If the excavated material is determined to be suitable for reuse (i.e., is not hazardous waste and
meets residential SSLs and SALSs), it will be used to backfill the excavations.

5.7 Chain of Custody for Samples

The collection, screening, and transport of samples will be documented on standard forms generated by
the Sample Management Office (SMO). These include sample collection logs, chain-of-custody forms,
and sample container labels. Sample collection logs will be completed at the time of sample collection
and signed by the sampler and a reviewer who will verify the logs for completeness and accuracy.
Corresponding labels will be initialed and applied to each sample container, and custody seals will be
placed around container lids or openings. Chain-of-custody forms will be completed and signed to verify
that the samples are not left unattended.

5.8 Quality Assurance/Quality Control Samples

Quality assurance (QA) and quality control (QC) samples will include field duplicate, equipment rinsate,
and field trip blank samples. These samples will be collected following the current version of N3B-SOP-
SDM-1100, “Sample Containers, Preservation, and Field Quality Control.” Field duplicate, rinsate, and trip
blank samples will be collected at an overall frequency of at least 1 for every 10 regular samples as
specified in Appendix F, Section 1.B.4.f, of the Consent Order.
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5.9 Laboratory Analytical Methods

Analytical suites for samples to be collected include TAL metals, nitrate, perchlorate, total cyanide, pH,
VOCs, SVOCs, PCBs, explosive compounds, dioxins and furans, americium-241, gamma-emitting
radionuclides, isotopic plutonium, isotopic uranium, strontium-90, and tritium. Analytical methods are
summarized in Table 5.9-1. Sample collection and analysis will be coordinated with the SMO.

Laboratory analytical data will be validated as outlined in N3B-PLN-SDM-1000, “Sample and Data
Management Plan,” N3B-AP-SDM-3000, “General Guidelines for Data Validation,” N3B-AP-SDM-3014,
“Examination and Verification of Analytical Laboratory Data,” and additional method-specific analytical
data validation guidelines. All procedures have been developed, where applicable, from the EPA QA/G-8
guidance on environmental data verification and data validation, Department of Defense/DOE
“Consolidated Quality Systems Manual for Environmental Laboratories”, and the EPA national functional
guidelines for data review. N3B-PLN-SDM-1000, “Sample and Data Management Plan,” sets the
validation frequency criteria at 100% examination/verification of data and a minimum 10% full validation of
data. Data collected at the MDPR site will undergo 100% examination/verification and 25% full validation.

5.10 Health and Safety

The field investigations described in this assessment work plan will comply with all applicable
requirements pertaining to worker health and safety. An integrated work document and a site-specific
health and safety plan will be in place before fieldwork is performed.

5.11 Equipment Decontamination

Equipment for drilling and sampling will be decontaminated before and after sampling activities to
minimize the potential for cross-contamination. Dry decontamination methods will be used to avoid the
generation of liquid waste and to minimize waste generation. Dry decontamination uses disposable paper
towels and over-the-counter cleaner, such as Fantastik or equivalent. All sampling and measuring
equipment will be decontaminated in accordance with N3B-SOP-ER-2002 “Field Decontamination of
Equipment.”

Dry decontamination may be followed by wet decontamination, if necessary. Wet decontamination may
include washing with a nonphosphate detergent and water, followed by a water rinse and a second rinse
with deionized water. Alternatively, drilling/exploration equipment that may come in contact with the
borehole will be decontaminated by steam cleaning, by hot water pressure-washing, or by another
method before each new borehole is drilled. The equipment will be pressure-washed on a high-density
polyethylene liner at a temporary decontamination pad. Cleaning solutions and wash water will be
collected and contained for proper disposal. Decontamination solutions will be sampled and analyzed to
determine the final disposition of the wastewater and the effectiveness of the decontamination
procedures.

5.12 Waste Management

Wastes generated by the proposed investigation and remediation activities may include, but are not
limited to, drill cuttings, contact waste such as personal protective equipment, excavated media and
structural debris, decontamination fluids, and all other waste that has potentially come into contact with
contaminants.
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All wastes generated during field investigation and remediation activities will be managed in accordance
with N3B-EP-DIR-SOP-10021, “Characterization and Management of Environmental Programs Waste,”
applicable EPA and NMED regulations, and DOE orders. Appendix B presents the waste management

plan.

5.13 Removal Activities

Removal of the previously encountered contaminated debris is proposed under this assessment work
plan. Excavation of contaminated media, waste disposition, and confirmation sampling will be completed
during removal activities.

Debris or other material encountered will be excavated and stockpiled next to the excavation. Potentially
contaminated soil will be excavated, characterized, packaged, and disposed of at an appropriate waste
disposal facility. After the debris has been removed, confirmation samples will be collected from base of
the excavation area. Samples will be collected from two depths (0-1.0 ft and 3.0—4,0 ft). Confirmation
sampling will also be conducted at step-out locations surrounding the excavation, from depth intervals of
0-1.0 ft, 4.0-5.0 ft, and 7.0-8.0 ft bgs and at the soil/tuff interface. The step-out distance and locations of
confirmation samples to be collected in the bottom of and surrounding the excavation will be determined
after the excavation is completed. Confirmation sampling results will be used to define the lateral and
vertical extent of potential contamination associated with the debris. All samples will be analyzed for TAL
metals, nitrate, perchlorate, total cyanide, pH, VOCs, SVOCs, americium-241, gamma-emitting
radionuclides, isotopic plutonium, isotopic uranium, strontium-90, and tritium. Additionally, 20% of the
samples will be analyzed for PCBs, explosive compounds, and dioxins/furans. After completion of
confirmatory sampling and any necessary overexcavation work, the excavations and/or trenches will be
backfilled with clean fill material. If the excavated material is determined to be suitable for reuse (i.e., is
not hazardous waste and meets residential [SSLs and SALSs), it will be used to backfill the excavations.

6.0 MONITORING PROGRAMS

Groundwater monitoring is not performed to specifically monitor potential releases from the MDPR site.
Monitoring of perched intermediate and regional groundwater to evaluate potential releases from sites at
TA-21 is performed under the 2016 Consent Order as described for the TA-21 monitoring group in the
Interim Facility-Wide Groundwater Monitoring Plan (e.g., N3B 2020, 700927). Monitoring results are
reported annually to NMED.

Storm water runoff from certain SWMUs and AOCs at the Laboratory is monitored under a National
Pollutant Discharge Elimination System (NPDES) Individual Permit (IP). Storm water monitoring under the
NPDES IP is not conducted at the MDPR site.

Air monitoring will be conducted during fieldwork activities at the MDPR site. Passive air-monitoring
samplers will be set up around the perimeter of the MDPR site as a means to detect and quantify airborne
releases during soil disturbance activities. In addition to these site-emission monitoring samplers, there
are a variety of ambient air samplers located near the MDPR site. These stations are part of the LANL
AIRNET program and continuously measure the ambient air for airborne contamination. Triad will
continue to monitor AIRNET monitoring stations located on DP Road to evaluate changes in radiological
air emissions during fieldwork.
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7.0 SCHEDULE

Following approval of this assessment work plan, the work will be implemented in fiscal year 2021.
Fieldwork is expected to take approximately 6 months to complete. The SWMU assessment report will be
delivered to NMED approximately 6 months after fieldwork is complete.
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LANL Boundary: As published; Triad SDE Spatial Geodatabase:
GISPUBPRD1\PUB.Boundaries\PUB.lanlarea; December 2020.

Tech Areas: As published; Triad SDE Spatial Geodatabase:
GISPUBPRD1\PUB.Boundaries\PUB.tecareas; December 2020.

Major Road: As published; Q:\16-Projects\16-0033\project_data.gdb\line\major_road; October 2019.

Structures: As published, County of Los Alamos GIS Server:
(https://gis.losalamosnm.us/securegis/rest/services/basemaps/basemap/FeatureServer); December 2020.
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collected by Dave Frank, summer of 2020; Feature collected using a Leica Zeno 20 hand held GPS unit;
June 2020.
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Fences: As published; Triad SDE Spatial Geodatabase:
GISPUBPRD1\PUB.Infrastructure\PUB.fences_arc; December 2020.
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County Boundary: As published, County of Los Alamos GIS Server:
(https://gis.losalamosnm.us/securegis/rest/services/basemaps/basemap/FeatureServer); December 2020.

Land Parcel: As published; Triad SDE Spatial Geodatabase:
GISPUBPRD1\PUB.Boundaries\PUB.LCT_boundary; December 2020.

Index and Terrain Contours (40- and 5-ft Interval): As published, N3B/T2S, GIS projects folder;
\\n3b-fs01\n3b-shares) (Q: GIS DATA) Project: 20-0024; project_data.gdb; line feature dataset;
site_contour; All contours generated from the 2014 Bare Earth Elevation Model; N3B/T2S, GIS projects
folder; Wn3b-fs01\n3b-shares) Q:\2014\Bare_Earth\BareEarth_ DEM_Mosaic.gdb; December 2020.

SWMU or AOC Boundary: As published; Triad SDE Spatial Geodatabase:
GISEMPRD1\PUB.regulatory\PUB.prs_all_reg_admin; December 2020.
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Site map showing locations of SWMUSs, test pits, trenches, and debris encountered in 2020
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Figure 2.4-1  Aerial photograph of MDA B taken in December 1946, view to the south; the entire length of MDA B is depicted in this
enlarged photograph (photographs by Sandia Labs; scanned images courtesy of Los Alamos Historical Museum Photo
Archives).
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Figure 2.4-2

Waste disposal practices at MDA A circa late 1945; similar trench conditions and waste disposals are
assumed to have existed at MDA B during this time period (LANL photograph IM-9: 2284).
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Figure 2.4-3  Aerial photograph of MDA B taken in December 1947, view to south; photograph from MDA B project files (source not
identified, but believed to be similar to that of Figure 2.4-1).
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Proposed potholing locations and excavation areas at Tract A-8-a
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Table 4.1-1
Proposed Sampling and Analysis at MDPR Site
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Tract Sampling Justification Samples Sample Intervale (ft) Th | Sh| 2L 2% :5_3 Ski|z& u%ﬂj, Sh|9o&| E i S%| 3 i E i E% | EQ
Collect confirmation samples beneath excavation Locations to be | 0-1, 3—4P X¢ X X X X X X xd xd xd X X X X X X
areas containing contaminated debris identified determined,
from results of geophysical surveys. 2 samples at
each location
Collect confirmation samples at step-out locations | Locations to be | 0-1, 4-5, 7-8, soil/tuff interface® xd x4 x4 X X X X X
surrounding the excavation areas containing determined,
contaminated debris identified from results of 4 samples at
geophysical surveys. each location
A-8-a
Collect confirmation samples beneath excavation  |Locations to be | 0-1, 3-4° xd xd xd X X X X X
areas containing contaminated debris previously determined,
identified or debris encountered during potholing. 2 samples at
each location
Collect confirmation samples at step-out locations | Locations to be | 0-1, 4-5, 7-8, soil/tuff interface® xd x4 xd X X X X X
surrounding the excavation areas containing debris | determined,
previously identified or debris encountered during 4 samples at
potholing. each location
Collect confirmation samples beneath excavation Locations to be | 0-1, 3—4P xd xd xd X X X X X
areas containing contaminated debris identified determined,
from results of geophysical surveys. 2 samples at
each location
Collect confirmation samples at step-out locations | Locations to be |0-1, 4-5, 7-8, soil/tuff interface® xd xd xd X X X X X
surrounding the excavation areas containing determined,
contaminated debris identified from results of 4 samples at
geophysical surveys. each location
A-16-a - - - -
Collect confirmation samples beneath excavation Locations to be | 0-1, 3—4° xd xd xd X X X X X
areas containing contaminated debris previously determined,
identified or debris encountered during potholing. 2 samples at
each location
Collect confirmation samples at step-out locations | Locations to be | 0-1, 4-5, 7-8, soil/tuff interface® xd x4 x4 X X X X X
surrounding the excavation areas containing debris | determined,
previously identified or debris encountered during 4 samples at
potholing. each location
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A-16-a | Collect 28 samples at 7 locations (54-60) to 7 locations, 0-1, 4-5, 7-8, soilftuff interface® X X X X X X X xd xd xd X X X X X X
(cont.) |determine nature and extent of potential 28 samples

contamination associated with the overburden
material placed back into the former sewer line
trench.

a Depths are below ground surface, unless indicated otherwise.

b Sample depths below bottom of excavation.

¢ X = Analysis proposed.

4209 of samples will be submitted for analysis of PCBs, explosive compounds, and dioxins/furans. Samples will be biased toward areas where field screening indicates the greatest potential contamination.

€ If depth to tuff is below 8-ft bgs, a soil sample will also be collected at the soil/tuff interface. Sample intervals may be adjusted based on the actual soil/tuff interface depth.
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Table 5.0-1
Summary of Investigation Methods

Method

Summary

Spade-and-Scoop
Collection of Soil
Samples

This method is typically used to collect shallow (e.g., approximately 0-12 in.) soil or
sediment samples. The spade-and-scoop method involves digging a hole to the desired
depth, as prescribed in the sampling and analysis plan, and collecting a discrete grab
sample. The sample for VOC analysis is transferred immediately from the sampler to the
sample container to minimize the loss of VOCs during the sample collection process.
Containers for VOC samples are filled as completely as possible, leaving no or minimal
headspace, and sealed with a Teflon-lined cap. The remaining sample material is
typically placed in a clean stainless-steel bowl for transfer into various sample
containers.

Hand-Auger Sampling

This method is typically used for sampling soil or sediment at depths of less than

10-15 ft but may in some cases be used for collecting samples of weathered or
nonwelded tuff. The method involves hand-turning a stainless-steel bucket auger
(typically 3—4 in. inside diameter), creating a vertical hole that can be advanced to the
desired sampling depth. When the desired depth is reached, the auger is
decontaminated before the hole is advanced to the sampling depth. The sample for VOC
analysis is transferred immediately from the sampler to the sample container to minimize
the loss of VOCs during the sample collection process. Containers for VOC samples are
filled as completely as possible, leaving no or minimal headspace, and sealed with a
Teflon-lined cap. The remaining sample material is transferred from the auger bucket to
a stainless-steel sampling bowl before the various required sample containers are filled.

Hollow-Stem Auger
Drilling Methods

In this method, hollow-stem augers (sections of seamless pipe with auger flights welded
to the pipe) act as a screw conveyor to bring cuttings of sediment, soil, and/or rock to the
surface. Auger sections are typically 5 ft in length and have outside diameters of 4.25 to
14 in. Drill rods, split-spoon core barrels, Shelby tubes, and other samplers can pass
through the center of the hollow-stem auger sections for collection of discrete samples
from desired depths. Hollow-stem augers are used as temporary casings when setting
wells to prevent cave-ins of the borehole walls. If samples are to be collected for VOC
analysis, the sampler will be lined with brass sleeves. Immediately upon retrieval of the
sampler, it will be opened and a sleeve from the desired depth interval will be collected
for VOC analysis. The ends of the sleeve will immediately be covered with Teflon film
and capped with plastic caps. Tape will then be used to seal the ends of the cap to the
sleeve. Material from the remaining sleeves will then be field screened, visually
inspected, and placed in a stainless-steel bowl. Samples for the remaining analysis will
then be transferred to appropriate sample containers, depending upon the analytical
method requirement.

Handling, Packaging,
and Shipping of Samples

Field team members seal and label samples before packing and ensure that the sample
containers and the containers used for transport are free of external contamination. Field
team members package all samples so as to minimize the possibility of breakage during
transportation. After all environmental samples are collected, packaged, and preserved,
a field team member transports the samples either to the SMO or to an SMO-approved
radiation screening laboratory under chain of custody. The SMO arranges to ship
samples to the analytical laboratories. The field team member must inform the SMO
and/or the radiation screening laboratory coordinator when levels of radioactivity are in
the action-level or limited-quantity ranges.
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Table 5.0-1 (continued)

Method

Summary

Sample Control and
Field Documentation

The collection, screening, and transport of samples are documented on standard forms
generated by the SMO. These include sample container labels and combined sample
collection log/chain-of-custody forms. Sample collection portions of the combined forms
will be completed at the time of sample collection and signed by the sampler and a
reviewer who will verify the logs for completeness and accuracy. The chain-of-custody
portions of the combined forms will be completed and signed to verify the samples are
not left unattended. Corresponding labels will be initialed and applied to each sample
container, and custody seals will be placed around container lids or openings. Site
attributes (e.g., former and proposed soil sampling locations, sediment sampling
locations) are located by using a GPS unit. Horizontal locations will be measured to the
nearest 0.5 ft. The survey results for this field event will be presented as part of the
investigation report. Sample coordinates will be uploaded into the Sample Management
Database.

Field QC Samples

Field QC samples are collected as follows.

Field duplicate: At a frequency of 10%; collected at the same time as a regular sample
and submitted for the same analyses.

Equipment rinsate blank: At a frequency of 10%; collected by rinsing sampling
equipment with deionized water, which is collected in a sample container and submitted
for laboratory analysis.

Trip blanks: Required for all field events that include the collection of samples for VOC
analysis. Trip blanks are containers of certified clean sand that are opened and kept with
the other sample containers during the sampling process. Trip blanks are collected at a
frequency of one per day when samples are collected for VOC analysis.

Field Decontamination of
Drilling and Sampling
Equipment

Dry decontamination is the preferred method to minimize generating liquid waste. Dry
decontamination may include using a wire brush or other tool to remove soil or other
material adhering to the sampling equipment, followed by using a commercial cleaning
agent (nonacid, waxless cleaners) and paper wipes. Dry decontamination may be
followed by wet decontamination if necessary. Wet decontamination may include
washing with a nonphosphate detergent and water, followed by a water rinse and a
second rinse with deionized water. Alternatively, steam cleaning may be used.

Containers and
Preservation of Samples

Specific requirements/processes for sample containers, preservation techniques, and
holding times are based on EPA guidance for environmental sampling, preservation, and
QA. Specific requirements for each sample are printed on the sample collection logs
provided by the SMO (size and type of container [glass, amber glass, polyethylene],
preservative, etc.). All samples are preserved by placing them in insulated containers
with ice to maintain a temperature of 4°C. Other requirements such as nitric acid or other
preservatives may apply to different media or analytical requests.
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Table 5.0-1 (continued)

Method

Summary

Waste Management,
Characterization, and
Storage

Wastes are managed, characterized, and stored in accordance with an approved waste
characterization strategy form that documents site history, field activities, and the
characterization approach for each waste stream managed. Waste characterization
complies with on-site or off-site waste acceptance criteria. All stored wastes will be
marked with appropriate signage and labels, as appropriate. Drummed waste will be
stored on pallets to prevent the containers from deterioration. Waste generators are
required to reduce the volume of waste generated as much as technically and
economically feasible. Means to store, control, and transport each potential waste type
and classification shall be determined before field operations that generate waste begin.
A waste storage area will be established before waste is generated. Waste storage
areas located in controlled areas of the Laboratory will be controlled as needed to
prevent inadvertent addition or management of wastes by unauthorized personnel. Each
container of waste generated will be individually labeled as to waste classification, item
identification number, and radioactivity (if applicable), immediately following
containerization. All waste shall be segregated by classification and compatibility to
prevent cross-contamination. Appendix B describes waste management.

Geodetic Surveys

This method describes the procedure for coordinating and evaluating geodetic surveys
and establishing QA and QC for geodetic survey data. The procedure covers evaluating
geodetic survey requirements, preparing to perform a geodetic survey, performing
geodetic survey field activities, preparing geodetic survey data for QA review, performing
QA review of geodetic survey data, and submitting geodetic survey data.

Table 5.9-1
Summary of Analytical Methods

Analyte Analytical Method

TAL metals (aluminum, antimony, arsenic, barium, beryllium, calcium, cadmium, | SW-846:6010C; SW-846:6020B;
chromium, cobalt, copper, iron, lead, magnesium, manganese, mercury, nickel, | SW-846:7471A (mercury)

potassium, selenium, sodium, silver, thallium, vanadium, and zinc)

Nitrate

EPA SW-846:9056

Perchlorate

SW-846:6850

Total cyanide

EPA SW-846:9012B

bH SW-846:9045C
VOCs SW-846:8260B
SVOCs SW-846:8270D

Explosive compounds

SW-846:8330B

Dioxins/furans

SW-846:8290A

PCBs

SW-846:8082A

Americium-241

HASL-300:AM-241

Gamma-emitting radionuclides EPA 901.1

Isotopic plutonium

HASL-300:ISOPU

Isotopic uranium

HASL-300:1SOU

Strontium-90

EPA 905.0

Tritium

EPA 906.0
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A-1.0 ACRONYMS AND ABBREVIATIONS

2D 2-dimensional

3D 3-dimensional

AK acceptable knowledge
AOC area of concern

bgs below ground surface
BMP best management practice
BV background value

cocC certificate of completion

Consent Order  Compliance Order on Consent

D&D decontamination and decommissioning

DOE Department of Energy (U.S.)

DP Delta Prime

DPT direct-push technology

EBSR environmental baseline survey report

EM61 Geonics, Limited, EM61-MK2

EMI electromagnetic induction

EPA Environmental Protection Agency

GPR ground-penetrating radar

GPS global-positioning system

GSsSil Geophysical Survey Systems, Inc.

FDEM frequency domain electromagnetic (induction)
IA interim action

IP Individual Permit

HazMat Hazardous Materials (team)

LAC Los Alamos County

LANL Los Alamos National Laboratory

LASL Los Alamos Scientific Laboratory (Laboratory’s name before January 1, 1981)
LLW low-level waste

MAR material at risk

MARSSIM Multi-Agency Radiation Survey and Site Investigation Manual
MDA Material Disposal Area

MDPR Middle DP Road

MLLW mixed low-level waste
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N3B Newport News Nuclear BWXT-Los Alamos, LLC
NFA no further action

NMED New Mexico Environment Department
NNSA National Nuclear Security Administration
NPDES National Pollutant Discharge Elimination System
ou operable unit

PAH polycyclic aromatic hydrocarbon

PCB polychlorinated biphenyl

QA quality assurance

QcC quality control

RAP Radiological Assistance Program

RCRA Resource Conservation and Recovery Act
RCT radiological control technician

RESRAD Residual Radioactivity

RFI RCRA facility investigation

SAL screening action level

SMO Sample Management Office

SOP standard operating procedure

SRT seismic refraction tomography

SSL soil screening level

SvOoC semivolatile organic compound

SWMU solid waste management unit

TA technical area

TAL target analyte list [EPA]

TDEM time domain electromagnetic (induction)
TFI total field intensity

Triad Triad National Security, LLC

TRU transuranic

VCA voluntary corrective action

VCP vitrified-clay pipe

VGM vertical gradient magnetometry

VOC volatile organic compound

WAC waste acceptance criteria

WCSF waste characterization strategy form
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A-2.0 METRIC CONVERSION TABLE

Multiply SI (Metric) Unit by To Obtain U.S. Customary Unit

kilometers (km) 0.622 miles (mi)

kilometers (km) 3281 feet (ft)

meters (m) 3.281 feet (ft)

meters (m) 39.37 inches (in.)

centimeters (cm) 0.03281 feet (ft)

centimeters (cm) 0.394 inches (in.)

millimeters (mm) 0.0394 inches (in.)

micrometers or microns (um) 0.0000394 inches (in.)

square kilometers (km?) 0.3861 square miles (mi?)

hectares (ha) 25 acres

square meters (m?) 10.764 square feet (ft?)

cubic meters (m?3) 35.31 cubic feet (ft3)

kilograms (kg) 2.2046 pounds (Ib)

grams (g) 0.0353 ounces (0z)

grams per cubic centimeter (g/cm?) 62.422 pounds per cubic foot (Ib/ft%)

milligrams per kilogram (mg/kg) 1 parts per million (ppm)

micrograms per gram (ug/g) 1 parts per million (ppm)

liters (L) 0.26 gallons (gal.)

milligrams per liter (mg/L) 1 parts per million (ppm)

degrees Celsius (°C) 9/5 + 32 degrees Fahrenheit (°F)
A-3.0 DATA QUALIFIER DEFINITIONS

Data Qualifier Definition

U The analyte was analyzed for but not detected.

J The analyte was positively identified, and the associated numerical value is estimated to be more

uncertain than would normally be expected for that analysis.

parameters.

J+ The analyte was positively identified, and the result is likely to be biased high.

J- The analyte was positively identified, and the result is likely to be biased low.

uJ The analyte was not positively identified in the sample, and the associated value is an estimate of
the sample-specific detection or quantitation limit.

R The data are rejected as a result of major problems with quality assurance/quality control
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B-1.0 INTRODUCTION

This appendix describes how wastes generated during the investigation of the Middle DP Road site will
be managed. Wastes may include, but are not limited to, drill cuttings, excavated media, overburden
spoils, excavated man-made debris, contact waste, decontamination fluids, and all other waste that has
potentially come into contact with contaminants.

B-2.0 WASTE STREAMS

All wastes generated during investigation and remediation activities will be managed in accordance with
standard operating procedure (SOP) N3B-EP-DIR-SOP-10021, “Characterization and Management of
Environmental Programs Waste.” This SOP incorporates the requirements of all applicable

U.S. Environmental Protection Agency (EPA) and New Mexico Environment Department (NMED)
regulations and U.S. Department of Energy orders.

A waste characterization strategy form (WCSF) will be prepared and approved per requirements of
N3B-EP-SOP-10021. The WCSF will provide detailed information on waste characterization methods,
management, containerization, and potential volumes. Waste characterization is completed through
review of sampling data and/or documentation or by direct sampling of the waste or the media being
investigated (e.qg., surface soil, subsurface soil). Waste characterization may include a review of historical
information and process knowledge to identify whether listed hazardous waste may be present (i.e., due
diligence reviews). If low levels of listed hazardous waste are identified, a “contained in” determination
may be submitted for approval to NMED. Data currently available for the sites addressed in this work plan
do not identify polychlorinated biphenyl (PCB) concentrations greater than 1 mg/kg. However, if this
investigation identifies PCB concentrations of greater than 1 mg/kg, Newport News Nuclear

BWXT-Los Alamos, LLC (N3B) may submit a request to EPA (with a copy to NMED) to manage the waste
as PCB remediation waste. Radioactive wastes are not expected to contain transuranic (TRU) levels of
contamination (i.e., greater than 100 nCi/g). If characterization indicates TRU levels of contamination,
work will be stopped, NMED will be notified, and an evaluation of how to proceed will be developed.

Wastes will be containerized and placed in clearly marked and appropriately constructed waste
accumulation areas. Waste accumulation area postings, regulated storage duration, and inspection
requirements will be based on the type of waste and its classification. Container and storage
requirements, as well as transportation and disposal requirements, will be detailed in the WCSF and
approved before waste is generated. Table B-2.0-1 summarizes the estimated waste streams, waste
types, and other data.

The waste streams that are anticipated to be generated during work plan implementation are described
below.

B-2.1 Drill Cuttings

Drill cuttings consist of soil and tuff/rock chips generated by the drilling of boreholes for the intent of
sampling. Drill cuttings include excess core samples not submitted for analysis and any returned samples
sent for analysis. Drill cuttings will be containerized in IP-1 bags, 55-gal. drums, B-12 containers, or other
appropriate containers at the point of generation. The initial management of the cuttings will rely on the
data from previous investigations and/or process knowledge. Drill cuttings will be managed in secure,
designated areas appropriate to the type of the waste. If new analytical data change the expected waste
category, the waste will be managed in accumulation areas appropriate to the final waste determination.
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This waste stream will be characterized based either on direct sampling of the waste or on the results
from core samples collected during drilling. The WCSF will specify the sampling suites for direct sampling
of the waste stream. Additional constituents may be analyzed as necessary to meet the waste
acceptance criteria (WAC) for a receiving facility or if visual observations indicate that additional
contaminants may be present.

Cuttings will be land-applied if they meet the criteria in the NMED-approved Notice of Intent Decision Tree
for Land Application of Investigation-Derived Waste Solids from Construction of Wells and Boreholes.
N3B expects that cuttings will be land-applied or disposed of in accordance with the approved WCSF.
Table B-2.0-1 presents the characterization and management methods and expected disposition of this
waste stream.

B-2.2 Excavated Environmental Media

Excavated environmental media consists of contaminated soil and rock removed to meet the proposed
cleanup levels where cleanup is recommended. The excavated material will be field-screened and
examined for visible evidence of contamination during the excavation process. The excavated material
will be placed in appropriate containers in accordance with the approved WCSF. Wastes will be
segregated by site or source area if the expected waste classifications are different. A minimum of one
direct sample will be collected from each 20 yd® or each container of material excavated and will be
submitted for laboratory analyses for the analytical suites specified in the WCSF. N3B expects most of the
excavated environmental media to be designated as nonhazardous waste, hazardous waste, mixed low-
level radioactive waste (MLLW), or low-level radioactive waste (LLW) that will be disposed of in
accordance with the approved WCSF. Table B-2.0-1 presents the characterization and management
methods and expected disposition of this waste stream.

B-2.3 Overburden Spoils

Overburden spoils consist of soil above or adjacent to areas of known contamination that must be
removed to access contaminated media or debris. Overburden spoils are expected to be uncontaminated
but will be field-screened and examined for visible evidence of contamination during the excavation
process. If radiological contamination is not detected during screening (e.g., does not exceed surface
contamination values specified in N3B-P121, “Radiation Protection”), the spoils will be stored either in
rolloff bins, other suitable containers, or on the ground surface with appropriate best management
practices (BMPs). If field screening indicates the potential for radiological contamination (e.g., exceeds
surface contamination values specified in N3B-P121), the spoils will be placed in rolloff bins or other
suitable containers. A minimum of one direct sample will be collected from each 20 yd?, or each container
of material excavated, and will be submitted for laboratory analyses for the analytical suites specified in
the WCSF. If the spoils are determined to be suitable for reuse (i.e., are not hazardous waste and meet
residential soil screening levels [SSLs] and screening action levels [SALs]), N3B will segregate any man-
made debris from the soil and will use this soil to backfill the excavations. If the spoils do not meet
residential SSLs/SALs or are determined to be hazardous waste, they will be treated/disposed of at an
authorized facility appropriate for the waste regulatory classification. N3B expects overburden spoils will
be suitable for backfilling excavations. Table B-2.0-1 presents the characterization and management
methods and expected disposition of this waste stream.
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B-2.4 Pothole Spoils

Pothole spoils are expected to be uncontaminated but will be field-screened and examined for visible
evidence of contamination and debris during excavation. If radiological contamination is not detected from
field screening (e.g., does not exceed surface contamination values specified in N3B-P121), the spoils will
be placed next to the pothole and returned to the excavation after native tuff is encountered. If field
screening indicates the potential for radiological contamination (e.g., exceeds surface contamination
values specified in N3B-P121) or if debris is encountered in the pothole excavation, the spoils will be
placed in rolloff bins or other suitable containers and managed as excavated environmental media as
described in section B-2.2.

B-2.5 Excavated Man-Made Debris

Excavated man-made debris may be generated from the evacuation and removal of subsurface debris.
Debris will be segregated as it is excavated based on factors such as the type of debris, field screening,
process knowledge, and/or staining or odors. Where practicable, this waste stream will be characterized
by direct sampling of the waste (e.g., glassware, metal objects, plastics, concrete). Direct samples will be
analyzed for the analytical suites specified in the WCSF. For debris that is difficult to characterize,
acceptable knowledge (AK) will be used whenever possible, supplemented by sampling as needed. N3B
expects most of the excavated man-made debris to be designated as nonhazardous waste, hazardous
waste, MLLW, or LLW that will be disposed of in accordance with the approved WCSF-.

Waste minimization will be implemented, where practicable, through segregation of waste materials.
Nonhazardous materials that can be shown to have no detectable activity for radionuclides, or that can be
decontaminated to meet this criterion, will be recycled if practicable.

B-2.6 Contact Waste

The contact waste stream consists of potentially contaminated materials that “contacted” other waste
during sampling and excavation. This waste stream consists primarily of, but is not limited to, personal
protective equipment such as gloves, decontamination wastes such as paper wipes, and disposable
sampling supplies. Contact waste will be stored in containers and characterized in accordance with the
approved WCSF.

Characterization of this waste stream will use AK based on data from the media with which it came into
contact (e.g., drill cuttings, soil, debris, etc.). N3B expects most of the contact waste to be designated as
nonhazardous, nonradioactive waste that will be disposed of in accordance with the approved WCSF.
Table B-2.0-1 presents the characterization and management methods and expected disposition of this
waste stream.

B-2.7 Decontamination Fluids

The decontamination fluids waste stream will consist of liquid wastes from decontamination activities
(i.e., decontamination solutions and rinse waters). Consistent with waste minimization practices, N3B
employs dry decontamination methods to the extent possible. If dry decontamination cannot be
performed, liquid decontamination wastes will be collected in containers at the point of generation. The
decontamination fluids will be characterized through AK of the waste materials, the levels of
contamination measured in the environmental media (e.g., the results of the associated drill cuttings),
and, if necessary, direct sampling of the containerized waste. If directly sampled, samples will be
analyzed for the analytical suites specified in the WCSF. N3B expects most of the decontamination fluids
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will be nonhazardous waste or LLW and will be treated at a permitted facility for which the waste meets
the WAC. Table B-2.0-1 presents the characterization and management methods, and expected
disposition of this waste stream.
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Table B-2.0-1
Summary of Estimated Waste Generation and Management
Expected Characterization Expected
Waste Stream Waste Type Method On-Site Management Disposition
Drill Cuttings Nonhazardous | Analytical results Accumulation in Land application, or
nonradioactive | from direct sampling | 55-gal. drums, permitted facility for
waste or LLW of waste or core IP-1 bags, or other | which waste meets
samples appropriate acceptance criteria
containers
Excavated Nonhazardous | Analytical results Accumulation in Permitted facility for
Environmental nonradioactive | from direct sampling | 55-gal. drums, which waste meets
Media waste, of waste covered rolloff acceptance criteria
hazardous containers, or other
waste, MLLW, appropriate
or LLW containers
Overburden Nonhazardous | Analytical results On ground with Return to excavation
Spoils nonradioactive | from direct sampling | BMPs, or or permitted facility

waste

of waste

accumulation in
covered rolloff
containers or other

for which waste
meets acceptance
criteria

appropriate
containers
Excavated Man- | Nonhazardous | Analytical results Accumulation in Permitted facility for
Made Debris nonradioactive | from direct sampling | covered rolloff which waste meets
waste, of waste or AK containers or other acceptance criteria
hazardous appropriate
waste, MLLW, containers
or LLW
Contact Waste Nonhazardous | AK Accumulation in Permitted facility for
nonradioactive 55-gal. drums which waste meets
waste acceptance criteria
Decontamination | Nonhazardous | AK; analytical Accumulation in Treatment at

Fluids

nonradioactive
waste or LLW

results from direct
sampling of waste

30-gal. plastic
drums

permitted facility for
which waste meets
acceptance criteria
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C-1.0 GEOPHYSICAL SURVEY OVERVIEW

Five geophysical methods were conducted in November 2020 for the subsurface geophysical
investigation at the Middle DP Road (MDPR) site. These five methods included

e time domain electromagnetic (TDEM) induction,

o frequency domain electromagnetic (FDEM) induction,
e vertical gradient magnetometry (VGM),

e ground-penetrating radar (GPR), and

e seismic refraction tomography (SRT).
Geophysical data was collected in three phases:

1. Acquire electromagnetic and magnetic data over 100% of the MDPR site.
2. Acquire GPR data over anomalies identified from the electromagnetic and magnetic surveys.

3. Perform multiple two-dimensional (2D) SRT transects across the site.

This combination of geophysical data will help identify where trenches and miscellaneous debris are
positioned and located within the site, differentiate the depth of cover and material type (metallic versus
non-metallic), and evaluate subsurface soil thickness and bedrock characteristics below the site.
Geophysical survey data was acquired in the walking mode using the appropriate line spacing for the
instrument type. The geophysical survey type and equipment used for each is described below.

C-1.1 Time Domain Electromagnetic Induction

For TDEM measurements, a primary magnetic field, generated by current supplied to the transmitter coil,
induces eddy currents in nearby metallic objects. The induced eddy currents decay with time at a rate
dependent on the characteristics of the object, producing a secondary magnetic field with the same rate
of decay. The time-decay of the secondary magnetic field generates a signal within each of the two
receiver coils, thereby confirming the presence of metal.

A Geonics Limited, EM61-MK2 (EM61) high-sensitivity metal detector was used for the TDEM induction
survey. The EM61 is an industry standard instrument for shallow metal detection (e.g., unexploded
ordnance surveys, landfill investigations, underground storage tank locates). The EM61 instrument
detects ferrous and non-ferrous conductive metals (e.g., copper, aluminum, brass, steel). The effective
depth of detection varies with the size (mass and surface area) of the buried metal object. As a general
reference range, the EM61 can typically detect a 1-in.-diameter steel pipe 4 in. in length up to a maximum
burial depth of about 16 in. A 55-gal. steel drum has a maximum detection burial depth of approximately
6 ft below ground surface (bgs), and a large tank has a detection burial depth up to approximately

10 ft bgs. TDEM induction data was collected over the MDPR site at a nominal line spacing of 3 ft, in an
anticipated east-west transect direction, for a total line coverage of 15.5 mi.

C-1.2 Frequency Domain Electromagnetic Induction

The FDEM induction survey was conducted to define changes in terrain conductivity related to buried
trench boundaries as well as to evaluate metallic and/or non-metallic materials associated with the
trenches and their contents. There are many available FDEM induction instruments, most of which will
provide two channels of response for each depth of investigation, termed “in-phase” and “quadrature.”
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The in-phase channel provides a measure of magnetic susceptibility and is largely a measure of the
presence of metallic objects. The quadrature channel can be represented in terms of electrical
conductivity or resistivity, so it responds to changes in soil composition or water content, or targets that
vary in their electrical conductivity. Older electromagnetic induction (EMI) instruments, such as the
Geonics EM-31-MK2 or EM-34-MK2, provide a single pair of in-phase and quadrature data for each
measurement point that represents mean values within a prescribed effective depth range. Because they
provide only mean resistivity values commonly referred to as bulk-conductivities, they provide little
information about the depth of features they detect. Several FDEM induction instruments have been
commercially developed in the past decade that can provide in-phase and quadrature data for multiple
depths of investigation with a single (walking) pass.

A GF Instruments CMD Explorer was used for the FDEM induction survey. The CMD Explorer uses a
single transmitter coil with three receiver coils at different offsets from the transmitter coil (1.48 m, 2.82 m,
and 4.49 m). The three offsets provide three different depths of investigation, with a maximum effective
depth of investigation typically equal to the coil spacing (i.e., 4.49-m coil spacing will effectively image to a
depth of about 15 ft bgs). The CMD is a bulk measurement instrument such that the measured response
for a given point represents the sum of all the response contributions beneath the coil. While this
instrument can detect larger ferrous and non-ferrous metallic objects such as metal tanks, culverts, and
pipes, it is more specifically designed for identifying changes in soil conditions (e.g., soil composition,
water content) making it an effective tool for defining the lateral extent of burial trenches and pits.

Survey lines were aligned with the long axis of the site (east-west) so that they cross perpendicular to the
orientation of the anticipated trenches. A nominal line spacing of 8 ft was used for the FDEM measurements
for a total line coverage of 5.5 mi. System readings were acquired at 1 Hz (i.e., 1 per second) and had
global positioning system (GPS) streaming into the CMD instrument recorder.

Raw survey data was exported in tabular format using CMD Data Transfer, Version 1.6.1, by GF
Instruments. Aarhus GeoSoftware Workbench, Version 5.9.3.0, was used to process the data to produce
2D and three-dimensional (3D) visual results. Additional pre-processing steps are required to prepare the
data for model inversion. Additional processing, including 2D gridding and 3D voxeling, is performed
using Geometrics Geosoft Oasis Montaj, Version 9.6. The terrain conductivity measurements from each
coil spacing are exported in x-y-z (2D position and value) to Geosoft, where 2D grids are generated for
presentation. Resistivity models from the geophysical inversion are exported in x-y-z-v format (3D position
and value) to Geosoft, where a voxel volume (3D grid) is created in order to visualize the EMI resistivity
model results beneath the survey area. In general, inversion will produce a more reliable measurement of
trench depths if the maximum penetration sufficiently exceeds the trench bottoms.

C-1.3 Vertical Gradient Magnetometry

A magnetic gradient survey was performed in conjunction with electromagnetic surveys to non-invasively
characterize the lateral extents and variability of buried waste materials. Magnetic gradient data was
acquired by means of VGM, using two Geometrics G-858 magnetic sensors positioned one above the
other (about 3 ft apart). Each sensor independently measures the total field intensity (TFI) of the earth’s
magnetic field, and the combined measurements of the two sensors provide the vertical gradient of that
magnetic field. Depending on data quality and the value of using the gradient measurement, TFI
measurements were used to present the best resolution of subsurface features below the site.

A Geometrics G-858 magnetometer was used for the VGM survey. The G-858 magnetometer measures
the total magnetic field and will detect magnetic metal objects (e.g., ferrous metals) by measuring the
changes in the Earth’s magnetic field caused by the object. The effective depth of investigation of the
G-858 is variable as it depends on the cumulative effect of many factors including the size, mass, shape,
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and orientation of the metal object; the orientation of the remnant magnetic field of the object; and the
magnetic properties of the materials surrounding the object. In general, the G-858 is capable of detecting
large ferrous metal objects, such as pipelines, drums, and tanks, at significantly greater depths that either
the EM61 or CMD, with detection depths to 20 ft or greater for large ferrous metallic masses or buried
(vertical) well casings (i.e., plugged and abandoned well casings).

Similarly to the FDEM transects, the magnetometer transects were oriented in the east-west direction and
collected using an 8-ft line spacing. Magnetometer data (for each sensor) were acquired at a
synchronized sample rate of at least 1 sample per second (i.e., 1 Hz) to maximize detail along the
transect. The data were downloaded using the Geometrics MagMap utility and were then transferred for
processing to Geosoft Oasis Montaj (Version 9.6). The Montaj software package is the most desirable
data processing package for potential fields (e.g., magnetic), with multiple internal routines to analyze
each magnetometer sensor TFl independently and the vertical gradient and to perform further processing,
including analytic-signal or reduce-to-pole techniques, each of which refine the transect data.

C-1.4 Ground-Penetrating Radar

GPR uses radar pulses to image the subsurface. It is a non-intrusive method of surveying the subsurface
to investigate underground utilities such as concrete, asphalt, metals, pipes, cables, or masonry. This
nondestructive method uses electromagnetic radiation in the microwave band (ultrahigh frequency/very
high frequency) of the radio spectrum and detects the reflected signals from subsurface structures.
Reflecting interfaces may be soil horizons, the groundwater surface, soil/rock interfaces, man-made
objects, or any other interface possessing a contrast in dielectric properties. The dielectric properties of
materials correlate with many of the mechanical and geologic parameters of materials.

The GPR survey was conducted using the most effective GPR frequency selected during
testing/evaluation. Both 270-MHz and 400-MHz GPR frequencies were tested to determine which is most
appropriate for the site subsurface conditions. The Geophysical Survey Systems Inc. (GSSI) SIR 4000
GPR console was used with the appropriate antenna for acquiring measurements over selected
geophysical anomalies identified in the TDEM, FDEM, and VGM surveys. GPR is capable of identifying
both metallic and non-metallic buried objects. The effective depth of investigation is strongly affected by
the site-specific soil properties such as clay content, water content, and metal content. The
manufacturer’s specification for maximum depth of investigation for the 270-MHz antenna is listed as

18 ft; however, this is possible only under ideal/sandy soil conditions above the water table. For typical
good soil site conditions, the effective depth of investigation is generally about 8-10 ft (in unsaturated soil
settings).

GPR transects were oriented perpendicular to the longitudinal axis of any trench detected, as well as to
any transects parallel to the trench long axis. Final position of these transects were based on significant
electromagnetic and magnetic geophysical anomalies derived from other geophysical investigations
performed at the MDPR site. In addition, a GPR transect was positioned away from known trench
locations (and also not coincident with previously identified geophysical anomalies). These data provided
information on the suitability of GPR for surveying native ground compared with buried debris and trench
materials.

GPR test transects were acquired using two separate frequency GPR antennas, 400 MHz and 270 MHz
respectively. Following the acquisition of the GPR test transects, these data were processed on-site and
analyzed to determine if GPR, at either of the tested frequency ranges, was suitable for imaging of the
buried (trench) materials at the site. If GPR data from either of the two frequencies proved to be useful,
the most well-suited frequency antenna (400 MHz or 270 MHz) was selected for completion of a GPR
survey. Multiple GPR transects were oriented along the length of the landfill trenches and coincident with
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all previously identified geophysical anomalies at the site. These lines covered the width of the trenches
and anomalies with a nominal line spacing of 10 ft.

C-1.5 Seismic Refraction Tomography

The SRT method uses P- and S-wave energy to map vertical and lateral subsurface changes. A hammer
blow generates a shock wave that travels through the ground, which is refracted along material
boundaries and is then received at the surface by sensors (geophones). Refraction interfaces correlate
with real-world boundaries in the ground, such as soil-to-bedrock boundaries. SRT is performed on soil
and rock sites to generate 2D or 3D compression or shear wave velocity profiles. These velocity profiles
can be used to estimate vertical and lateral variations in soil properties as well as the depth to, shape of,
and physical properties of bedrock.

A Geometrics Geode seismograph and a land streamer receiver array with 24 sensors at 1-m spacing for a
total receiver array length of 23 m were used for the SRT survey. SRT can map the depth to top of bedrock
and lateral changes in compressibility of overburden soil deposits. The maximum depth of investigation for
SRT is a function of the size of the active receiver array (23 m), the seismic source (sledgehammer), and
the subsurface velocity structure. The typical maximum depth of investigation using these parameters is
about 30-40 ft, depending on surface conditions at the time of the survey (e.g., muddy/soft surface soils
versus stiff conditions).

SRT data were collected with a 24-channel seismograph (Geometrics Geode) with 24 gimbaled
geophones mounted on a “landstreamer” tow-cable with 1-m spacing (~75.5 ft long); thus a roll-along
SRT format was used to cover the line length on the ground.

C-1.6 Global Positioning System

GPS positional measurements were made with a Trimble Geo7X instrument. TDEM, FDEM, VGM, and
GPR instrumentation had GPS data streamed into each system at a rate of 1 Hz (1 sample per second).
The GPS system had approximately 1-ft horizontal accuracy for these measurements. The GPS was also
used to mark the ends, middle, and other important points along the receiver array for data processing to
include both topography and lateral stationing.
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