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Terms
BDS Borehole Deviation System
bgs below ground surface
cCcu Cold Creek unit
CCUc Cold Creek unit caliche
CCUz Cold Creek unit silt
COPC contaminant of potential concern
CSM conceptual site model
FY fiscal year
Hf Hanford formation
Hf1 Hanford formation unit 1
Hf2 Hanford formation unit 2
KUT potassium, uranium, and thorium
MIBK methyl isobutyl ketone
ou operable unit
PNNL Pacific Northwest National Laboratory
REDOX Reduction-Oxidation
Rtf Ringold Formation member of Taylor Flat
Rwie Ringold Formation member of Wooded Island — unit E
SAP sampling and analysis plan
TD total depth
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1 Introduction

This field summary report documents the drilling, sampling, and decommissioning of three vadose zone
characterization boreholes installed in the 200-DV-1 Operable Unit (OU) within the Central Plateau of the
Hanford Site in fiscal year (FY) 2016 and FY 2017. These boreholes were drilled as part of the

200-DV-1 OU remedial investigation to characterize the deep vadose zone beneath 200-DV-1 OU waste
sites located in the S Complex Area. The boreholes were drilled and sampled as defined in
DOE/RL-2011-104, Characterization Sampling and Analysis Plan for the 200-DV-1 Operable Unit
(hereinafter called the sampling and analysis plan [SAP]). The purpose of this document is to describe
field methods and results from drilling and sampling three characterization boreholes in the

S Complex Area.

1.1 Background on 200-DV-1 OU and the S Complex Waste Sites

The 200-DV-1 OU comprises 43 waste sites in three distinct geographical areas of Central Plateau,
including the B Complex Area, the T Complex Area, and the S Complex Area. It includes the vadose
zone from the ground surface to the water table at these 43 waste sites. The 200-DV-1 OU was created in
2010 to support remedy selection for waste sites with deep vadose contamination. The deep vadose zone
begins approximately 15.2 m (50 ft) below ground surface (bgs) and extends to the water table at depths
ranging from 55 to 82 m (180 to 270 ft) bgs. The deep vadose zone was contaminated during disposal of
hazardous waste associated with plutonium separation processes. In the S Complex Area, the
Reduction-Oxidation (REDOX) process operating at the 202S Plant (S Plant) used methyl isobutyl ketone
(MIBK) to separate plutonium and uranium from the dissolved fuel rod solutions. From 1952 through
1967, S Plant processed approximately 24,000 tons of uranium fuel rods. The lingering contamination in
the deep vadose zone is a potential source for continued release of mobile contaminants to the
groundwater. The deep vadose zone is being characterized by drilling boreholes and collecting soil
samples at selected depths.

The primary contaminants in the deep vadose zone at the S Complex Area that are driving long-term risk
are uranium and technetium-99 because of their adverse health effects, mobility, and long half-lives.
Additional mobile contaminants of long-term concern are iodine-129, chromium (assumed to be
hexavalent chromium), tritium, nitrate, and MIBK (DOE/RL-2010-89, Long-Range Deep Vadose Zone
Program Plan). The S Complex Area includes three waste sites in the 200-DV-1 OU associated with

S Plant.

Three boreholes were drilled at three waste sites:

1. Borehole C9512 at the 216-S-9 Crib
2. Borehole C9513 at the 216-S-13 Crib
3. Borehole C9514 at the 216-S-21 Crib

1.1.1  216-S-9 Crib

The 216-S-9 Crib is located east of the S-SX and SY Tank Farms as displayed in Figure 1-1. The waste
site was a 91 m (300 ft) long by 9.1 m (30 ft) deep crib fed by a perforated vitrified clay pipe, as shown in
Figure 1-2. From 1965 to 1969 the crib received 49.5 million L (13.1 million gal) of condensate from

S Plant. The crib was taken out of service when it reached its radionuclide limit. Table 1-1 shows the total
estimated inventory of mobile contaminants discharged to the 216-S-9 Crib, which included large -
quantities of uranium, tritium, and nitrate. In 2016, borehole C9512 was drilled near the influent end of the
crib, near the leak discovered in 1969 at the junction of the pipelines that re-routed the waste to the
replacement crib.

1-1
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Table 1-1. 216-S-9 Crib Inventory of Mobile Contaminants

Contaminant Inventory

Uranium (total) 2.76 x 10° kg
Technetium-99 1.04 x 10 Ci
Iodine-129 2.95 x 102 Ci
Cobalt-60 1.12 x 102 Ci
Tritium 1.17 x 10* Ci
Nitrate 4.18 x 10 kg
Fluoride None

Ferrocyanide None

Chromium* None

Source: RPP-26744, Hanford Soil Inventory Model, Rev. 1.
Note: In RPP-26744, radionuclides are decayed to January 1, 2001.

*The Soil Inventory Model in RPP-26744 does not provide speciation information for chromium.
All chromium inventories are assumed to be hexavalent unless other information is available.

112 216-S-13 Crib

The 216-S-13 Crib is located west of the solvent storage and makeup building as displayed in Figure 1-3. The
waste site was a 3.7 by 3.7 m (12 by 12 ft) square wooden box with an open bottom, fed by one inlet pipe
near the top of the box as shown in Figure 1-4. From 1952 to 1972 the crib received 4.9 million L

(1.3 million gal) of liquid waste from decontaminated metal and MIBK solvent storage facilities and sump
waste from the uranyl nitrate hexahydrate storage facility. The crib was removed from service when the
storage facilities were deactivated. Table 1-2 shows the total estimated inventory of mobile contaminants
discharged to the 216-S-13 Crib, which included large quantities of uranium, tritium, nitrate, and chromium.
Additionally, 10,000 kg of MIBK and 10,000 kg of sodium dichromate were disposed in the crib
(DOE/RL-2007-02-VOLII-ADD3, Site-Specific Field Sampling Plans for the 216-B-42 Trench, 216-S-13
Crib, 216-§-21 Crib, 216-T-18 Crib, and 216-T-19 Crib and Tile Field in the 200-TW-1/PW-5 Operable
Units). In 2017, deep borehole C9513 was drilled near the influent (eastern) side of the crib to address the
zone that is expected to have the highest contamination. The location selected in DOE/RL-2011-104 was
within the footprint of the crib but during characterization planning, the borehole was relocated outside the
crib footprint because of subsidence concems.

1-3
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Source: DOE/RL-2007-02-VOLII-ADD3, Site-Specific Field Sampling Plans for the 216-B-42 Trench,
216-S-13 Crib, 216-S-21 Crib, 216-T-18 Crib, and 216-T-19 Crib and Tile Field in the
200-TW-1/PW-5 Operable Units.

Figure 1-4. Configuration of the 216-S-13 Crib

Table 1-2. 216-S-13 Crib Inventory of Mobile Contaminants

Contaminant Inventory

Uranium (total) 3.05kg

Technetium-99 440 % 101 Ci
Iodine-129 None

Cobalt-60 1.85 x 103 Ci
Tritium 431 x 10! Ci
Nitrate 3.48 x 10*kg
Fluoride 4.79 x 10' kg
Ferrocyanide None

Chromium* 1.21 x 10' kg

Source: RPP-26744, Hanford Soil Inventory Model, Rev. 1.
Note: In RPP-26744, radionuclides are decayed to January 1, 2001.

*The Soil Inventory Model in RPP-26744 does not provide speciation information for chromium.
All chromium inventories are assumed to be hexavalent unless other information is available.

1.1.3 216-S-21Crib

The 216-S-21 Crib is located west of the S-SX Tank Farm as displayed in Figure 1-5. The crib was a

4.8 by 4.8 m (16 by 16.ft) wooden box with two vent risers and one test well going through the center of the
box, as shown in Figure 1-6. From 1954 to 1970 the crib received 87 million L (23 million gal) of
condensate from the 241-SX-401 Building condensers. Table 1-3 shows the total estimated inventory of
mobile contaminants discharged to the 216-S-21 Crib, which included large quantities of technetium-99,
tritium, nitrate, and chromium. Borehole C9514 was drilled in 2016 near the influent (eastern) side of the
crib to address the zone that was expected to have the highest contamination. The location selected in
DOE/RL-2011-104 was closer to the center of the crib, but during characterization planning, the borehole

was relocated further away from the crib center because of subsidence concerns.
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Source: DOE/RL-2007-02-VOLII-ADD3, Site-Specific Field Sampling Plans for the 216-B-42 Trench, 216-S-13 Crib,
216-5-21 Crib, 216-T-18 Crib, and 216-T-19 Crib and Tile Field in the 200-TW-1/PW-5 Operable Units.

Figure 1-6. Configuration of the 216-S-21 Crib

Table 1-3. 216-S-21 Crib Inventory of Mobile Contaminants

Contaminant Inventory

Uranium (total) 1.06 x 10" kg
Technetium-99 2.11 x 101 Ci
Iodine-129 3.23 x 104 Ci
Cobalt-60 3.36 x 10°2Ci
Tritium 2.54 x 10° Ci
Nitrate 491 x 10* kg
Fluoride 2.19 x 10' kg
Ferrocyanide None

Chromium* 5.08 x 10" kg

Source: RPP-26744, Hanford Soil Inventory Model, Rev. 1.
Note: In RPP-26744, radionuclides are decayed to January 1, 2001.

*The Soil Inventory Model in RPP-26744 does not provide speciation information for chromium.
All chromium inventories are assumed to be hexavalent unless other information is available.
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1.2 Hydrogeology of the 200-DV-1 Operable Unit S Complex Area

The 200-DV-1 OU is located in the Central Plateau of the Hanford Site, which is the topographically
elevated region formed during the Pleistocene cataclysmic floods (Bjornstad, 2002, Proposed
Standardized Stratigraphic Nomenclature for Post-Ringold-Age Sedimentary Deposits Within the Central
Pasco Basin). These paleo-floods deposited thick sequences of unconsolidated silt, sand, and gravel
(known as the Hanford formation [Hf]) onto older Plio-Pleistocene sediments of the Cold Creek unit
(CCU) and Ringold Formation, creating a mega flood bar. The unique depositional setting of the Hf
sediments created a series of erosional unconformities that result in heterogeneities within the
stratigraphic unit. All 200-DV-1 OU waste sites are located within the Central Plateau on this ancestral
flood bar.

In the S Complex Area, the vadose zone is 67 to 72.5 m (221 to 238 ft) thick and is composed of two of
the three units of the Hf (Hf1 and Hf2), the Cold Creek unit silt (CCUz) and Cold Creek unit caliche
(CCUc), the Ringold Formation upper fines (Ringold Formation member of Taylor Flat [Rtf]), and part of
the Ringold Formation member of Wooded Island unit E (Rwie). The Hf comprises about one half of the
vadose thickness and consists of an upper open framework gravel unit (Hf1) and a sand-dominated unit
(Hf2). The Hanford sediments typically have higher permeability and hydraulic conductivity compared to
the older, more consolidated CCU and Ringold Formation. The CCUz is a fine-grained silt to sand facies
that overlies the CCUc, which is a variably cemented calcium carbonate fine- to coarse-grained deposit.
Underlying the CCU is the Ringold Formation, which is locally composed of predominantly fine-grained
silt and sand (Rtf) atop a fluvial deposit of silty, sandy gravel (Rwie). The S Complex vadose zone
overlies an unconfined aquifer, contained within the Rwie. The saturated thickness of the aquifer in the

S Complex ranges from 102 to 108 m (335 to 355 fi).
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2 Field Methods

Drilling was carried out in accordance with SGW-58552, Description of Work for the Characterization of
200-DV-1 Operable Unit, FY15 — FY17. Sampling, sample quality assurance, and quality control were
carried out under the direction of DOE/RL-2011-104; DOE/RL-2011-104-ADD1, Characterization
Sampling and Analysis Plan for the 200-DV-1 Operable Unit Addendum 1: Attenuation Process
Characterization; and DOE/RL-2011-104-ADD2, Characterization Sampling and Analysis Plan for the
200-DV-1 Operable Unit Addendum 2: Supplemental Shallow Soil Risk Characterization Sampling.
Stillwater LLC, Layne Christensen Company, Cascade Drilling L.P., Great West Drilling, and Holt
Services drilled the three boreholes between April 2016 and September 2017 under the direction of
CH2M HILL Plateau Remediation Company. Freestone Environmental Services provided well site
geology services and Stoller Newport News Nuclear provided geophysical logging services.

2.1 Drilling

Boreholes C9512, C9513, and C9514 were drilled in the S Complex Area to characterize the mobile
contaminants in the vadose zone at or near the waste sites. Geophysical logs from nearby wells had
previously identified a zone of high radiological contamination between 15 and 50 ft bgs. In order to
protect the work site personnel, samples and drill cuttings from this zone could not be brought to the
surface. Therefore, one type of drill rig pushed through the high radiological zone and another type of rig
cored through the vadose zone as shown in Figure 2-1. Borehole C9513 was deeper than the other two
boreholes and the casing was downsized to meet the same objective, as shown in Figure 2-2.

18’
R
A
D — Phase 1: Becker Hammer
z
0
N
E
~50’
— Phase 2: Sonic
125°-140° !

Figure 2-1. 200-DV-1 OU Drilling Schematics for Boreholes C9512 and C9514

2-1
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Figure 2-2. 200-DV-1 OU Drilling Schematics for Borehole C9513

Figure 2-3 shows the first phase of drilling using a Foremost AP-1000 Becker Hammer® drill rig to push
through the high radiological zone to approximately 50 ft bgs. The Becker Hammer rig drove 8.625 in.
diameter temporary casing with a removable 6.625 in. diameter inner drive rod using a 600 horsepower
diesel hammer. Following installation of casing, the borehole was geophysically logged to determine if
the Becker Hammer had drilled through the radiological contamination. If the high radiological zone had
successfully been drilled through, then drilling proceeded to the second phase.

The second phase of drilling used either a 600C full-sized track-mounted sonic drill rig or a Terra Sonic®
150CC track-mounted sonic rig, shown in Figure 2-4, to core from the bottom of the high radiological
zone to total depth. The sonic drill rig used vibrational, rotational, and downward force to drive 6 in.
temporary casing to depths around 125 to 240 ft bgs. Drilling summaries for boreholes C9512, C9513,
and C9414 are contained in Appendix A.

® Foremost AP-1000 Becker Hammer drills are a tradename of Foremost, Surrey, British Columbia, danada.
® Terra Sonicis a registered trademark of Terra Sonic International, Marietta, Ohio.
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Figure 2-4. 200-DV-1 OU Sonic Drill Rigs: 600C Full-Sized Track-Mounted Rig,
Terra Sonic 150CC Track-Mounted Rig (left to right)

2.2 Sampling and Analysis

Soil samples were collected in the shallow vadose zone above 15 ft bgs and in the deep vadose zone from
approximately 50 ft bgs to total depth. The Becker Hammer used a split spoon sampler and the sonic rig
used plastic sleeves to collect shallow soil samples (0 to 15 ft bgs) at pre-selected intervals during phase 1
of drilling as shown in Figure 2-5. Both split spoon soil and sleeve samples were bottled at the drill site -
and subsequently shipped to offsite analytical labs. During phase 2 of drilling, the sonic rig collected
intact continuous core samples using 1.5 m long by 10 cm diameter (5 ft long by 4 in. diameter) plastic
Lexan® liners, as shown in Figure 2-6. The cores were surveyed for temperature and radiological
contamination, labeled, and sent to the 6267 Building to be stored in a refrigerator while awaiting
transport to the RJ Lee soil laboratory for lithological logging and subsampling. Preselected cores were
also sent to Pacific Northwest National Laboratory (PNNL) for analysis of contaminant attenuation and
transport per DOE/RL-2011-104-ADD1.

® LEXAN is a registered trademark of SABIC, Riyadh, Saudi Arabia.

2-3



SGW-61596, REV. 0

Figure 2-5. 200-DV-1 OU Shallow Soil Samplers: Becker Hammer Split Spoon,
Sonic Sleeves (left to right)

Figure 2-6. 200-DV-1 OU Deep Soil Samplers: Sonic Core

After the sonic rig reached total depth the borehole was geophysically logged. Adjustments to the planned
sample interval depths per DOE/RL-2011-104 were made based on identification of man-made
radiological contaminants, high moisture peaks, and lithologic transitions identified in the geophysical
logs. Additionally, the core samples were assessed based on the core temperature readings to ensure that
cores with the lowest (or acceptable) temperature readings were selected for subsampling. Heat generated
during sonic drilling can result in increased core temperatures; therefore, the temperature of the core was
measured using both an infrared gun and temperature tape. All soil samples were analyzed for
contaminants of potential concern (COPCs) per DOE/RL-2011-104 at Test America Laboratories or GEL
Laboratory. The analytical methods used by the laboratories are detailed in Table 2-1.

2-4



Table 2-1. 200-DV-1 OU Analytical Methods

Method
Constituent [HEIS Method Name] Description Sample Preparation
Radiological | Am-241 Alpha Energy Analysis (AEA) Isotopic Americium/Curium analysis by Acid extraction, separation by sequential
[AMCMISO_EIE_PREC_AEA] alpha spectrometry Eichrom ion exchange resin, and
[AMCMISO_EIE_PLT AEA] precipitated on a filter

C-14 Liquid Scintillation Counter (LSC) | C-14 analysis by liquid scintillation Burn sample in a furnace and collect gas
[C14_LSC] counter
[C14_CHEM_LSC]

Cs-137 Gamma Spectroscopy (GS) Gamma emitting radionuclide analysis by | No sample preparation

Co-60 [GAMMA_GS] gamma spectroscopy using germanium

Eu-152 high energy detectors

Eu-124

Eu-155

I-129 Low Energy Photon Spectroscopy Iodine-129 analysis by low energy photon | Solvent extraction and precipitation
(LEPS) spectroscopy
[1129_SEP_LEPS_GS]

Np-237 Alpha Energy Analysis (AEA) Neptuniun-237 analysis by alpha Acid leach, separation by ion exchange,
[NP237_IE _PRECIP_AEA] spectrometry and precipitated on a filter
[NP237 LLE PLATE AEA]

Ni-63 Liquid Scintillation Counter (LSC) | Nickel-63 analysis by liquid scintillation Acid leach and separation by ion exchange
[NI63_LSC] counter

Pu-238 Alpha Energy Analysis (AEA) Isotopic Plutonium analysis by alpha Acid leach and separation by ion exchange

Pu-239/240 | [PUISO_PLATE_ AEA] spectrometry
[PUISO_IE PRECIP_AEA]

Sr-90 Gas Proportional Counting (GPC) Total Beta Strontium analysis by gas Acid leach, chemical separation, and
[SRISO_SEP_PRECIP_GPC] proportional counting precipitated on a filter
[SRTOT_SEP_PRECIP_GPC] :

Tc-99 Liquid Scintillation Counter (LSC) | Technetium-99 analysis by liquid Acid leach and separation by Eichrom ion

[TC99_EIE LSC]
[TC99_ETVDSK_LSC]

scintillation counter

exchange resin

0 ‘A3d ‘96519-MOS
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Table 2-1. 200-DV-1 OU Analytical Methods

Method
Constituent [HEIS Method Name] Description Sample Preparation
H-3 Liquid Scintillation Counter (LSC) | Tritium analysis by liquid scintillation Burn sample in a furnace and collect gas
[TRITIUM_DIST_LSC] counting
U-233/234 Alpha Energy Analysis (AEA) Isotopic uranium analysis by alpha Acid leach, separation by ion exchange
U-235 [UISO_IE_PRECIP_AEA] spectrometry resin, and precipitated on a filter
U-238 [UISO_IE PLATE_AEA]
[UISO_IE PLATE_AEA]
Non- Al 6020 Metals (EPA 846) Metal analysis by inductively coupled Acid leach
Radiological | As [6020 METALS ICPMS] plasma-mass spectrometry
Ba
Cd
Cr
Cu
Pb
Mn
Ni
Se
U
NH; 350.1 Ammonia (EPA 846) Ammonium analysis by automated Sulfuric acid extraction
[350.1 AMMONIA] colorimetry
Sb 6010 Metals (EPA 846) Metal analysis by inductively coupled Acid leach
Ag [6010 METALS ICP] plasma-atomic emission spectroscopy
Cr 300 Anions (EPA 600) or 9056 Anion analysis by ion chromatography 10:1 water extraction
F Anions (EPA846)
NOy [300.0_ANIONS_IC]
NOy [9056_ANIONS_IC]
PO43'
SO+
CN 9012 Cyanide (EPA 846) or Cyanide analysis by automated Water leach with a base
equivalent colorimetry

[9012_CYANIDE]

0 'A3Y ‘'96519-M9OS
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Table 2-1. 200-DV-1 OU Analytical Methods

Method
Constituent [HEIS Method Name] Description Sample Preparation
Cr(VI) 7196 Hexavalent Chromium Hexavalent chromium analysis by Alkaline leach
(EPA 846) colorimetry
[7196_CR6]
Hg 7471 Mercury (EPA 846) Mercury analysis by cold vapor atomic Chemical vapor generation
[7471_HG CVAA] absorption
Geochemical | Al 6010 Metals (EPA 846) Metal analysis by inductively coupled 1:1 water extraction
Ba [6010M_ICP_WE] plasma-atomic emission spectroscopy or
Ca inductively coupled plasma-mass
Ee spectrometry
Mg
Mn
K
Na
Ca 6010 Metals (EPA 846) Metal analysis by inductively coupled Acid Leach
Fe [6010_ METALS_ICP] plasma-atomic emission spectroscopy
Mg
K
Na
Al 6020 Metals (EPA 846) Metals by Inductively Coupled Plasma- Acid leach
Ba [6020_ METALS ICPMS] Mass Spectrometry
Mn
TIC 9060 Total Organic Carbon Total inorganic carbon analysis by Water leach
(EPA 846) measuring CO; after acid purging
[9060_TOC] :
TOC [9060 TOC_WE] Total organic carbon analysis by
= i measuring CO; after chemical oxidation
Physical pH 9045 Ph (EPA 846) pH of soils using an electrode -
[9045_PH]
Specific 9050 Specific Conductivity Specific conductance is measured usinga | -
Conductance | (EPA 846) self-contained conductivity meter

[9050 CONDUCT]

(Wheatstone bridge-type or equivalent)

0 ‘A3 ‘96519-MOS
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Table 2-1. 200-DV-1 OU Analytical Methods

Method
Constituent [HEIS Method Name] Description Sample Preparation
Bulk Density | D2937 Bulk Density (ASTM) Standard test method for density of soil in | -
[D2937_DENSITY] place by the drive-cylinder method (vol.
4.08)
% Moisture | D2216 Percent Moisture (ASTM) -

 [D2216_%MOIS]

Percent moisture in soils measured by
drying soil in an oven

Particle Size

D422 Particle Size (ASTM)
[D422 PARTCLSIZE]

Particle size distribution using a sieve

Organics Kerosene Total Petroleum Hydrocarbons Total petroleum hydrocarbon analysis by Solvent extraction
(WDOE) gas chromatography-flame ionization
[WTPH_DIESEL] detector
TBP 8270 Semi-Volatile Organic Semi-volatile organic compound analysis | Solvent extraction
Analysis (EPA 846) by gas chromatography-mass spectrometry
[8270_SVOA_GCMS]
MIBK 8260 Volatile Organic Analysis Volatile organic compound analysis by gas | Gas purge
(EPA 846) chromatography-mass spectrometry
[8260_VOA_GCMS]
PCB 8082 Polychlorinated Biphenyl Polychlorinated biphenyl analysis by gas Solvent extraction
(EPA 846) chromatography-electron capture detector
[8082_PCB_GC]
- = not applicable .
ASTM = American Society for Testing and Materials
PCB = polychlorinated biphenyls
TBP = tributyl phosphate
TIC = total inorganic carbon
TOC = total organic carbon
MIBK methyl isobutyl ketone
WDOE = Washington State Department of Ecology

0 ‘A3Y 9651L9-MOS
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2.3 Geologic Logging

Geologic logging was conducted concurrently with borehole drilling in accordance with standard methods
for geologic logging. Geologic logging included daily reports, borehole logs, and well summary sheets. In
most cases during phase 2 drilling, due to sediment collection via the continuous core, detailed geologic
descriptions were not possible in the field but were completed in the RJ Lee soil laboratory when the
cores were opened for core logging and subsampling. Appendix A contains the well site geologist’s
drilling summary reports for boreholes C9512, C9513, and C9514.

2.4 Geophysical Logging

Geophysical logging was conducted to characterize the nature and vertical extent of gamma
contamination, identify sediment layers suitable for sampling, define geologic units with potential for
lateral correlation, and evaluate the straightness of the borehole.

The Spectral Gamma Logging System, High Rate Logging System, Neutron Moisture Logging System,
Borehole Deviation System (BDS), and Passive Neutron Logging System were all used during this
project. As shown in Figures 2-1 and 2-2, each borehole consisted of either two or four casing strings,
with each casing string logged separately with the exception of the BDS, which was deployed once when
total depth was reached within the respective casing strings.

After drilling of each casing string was completed, a Radiological Control Technician swabbed and
checked the borehole to assess the downhole environment and determine if there was any internal
contamination that could contaminate the logging tools. As a matter of practice, it was decided to sleeve
the logging tools in 4 mil (0.004 in. thick) plastic during logging to prevent the Sonde from coming in
contact with the casing, as shown in Figure 2-7.

- ‘74—7'—7

Figure 2-7. Geophysical Logging: Sonde Above Borehole, Sonde Getting Sleeved,
Sleeved Sonde Lowered in a Borehole (left to right)

29
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Prior to using each logging system, verification checks were conducted to ensure proper tool operation.
Logging was conducted to within approximately 0.3 m (1 ft) of the bottom of the borehole. The bottom
0.3 m (1 ft) was not logged to limit the potential for contaminated material to be brought up to the surface
following a log run. The High Rate Logging System and Passive Neutron Logging System log runs
focused on intervals of high radioactivity, as determined during initial Spectral Gamma Logging System
logging. A centralizer was used during logging of each first casing string to keep the logging tool near the
center of the borehole axis. Due to the smaller diameter of the second casing string, no centralizer was
used except when logging with the BDS. Verification checks were conducted following each logging day.
Repeat log runs were conducted over 10% of the logged intervals as another quality check to confirm both
proper tool operation and depth repeatability. Appendix B contains the Geophysical Log Data Reports.

2.5 Core Logging

The intact 1.5 m (5 ft) continuous cores collected during sonic drilling were sent to the RJ Lee soil
laboratory for lithologic logging and subsampling. Prior to cutting the core, the outside of the LEXAN®
liner was surveyed with hand-held instruments for alpha, beta, and gamma radiation. Each LEXAN liner
was then cut lengthwise on each side, as shown in Figure 2-8. After opened, the soil was surveyed again.
Pictures of each core were taken using a digital camera. The lithology of each core was logged in detail
per the standard methods for geologic logging. Pre-selected soil intervals were subsampled, bottled,
labelled, and shipped to offsite analytical laboratories for analysis. Appendix C contains the detailed core
descriptions and digital photographs. t

95.0 C9513 Core 13 90.0 *-
(1 nyuupnmnﬁmr,«ﬁumqmqnnmﬂ_uuplupcmmmm||m|||u|m||ul||nu G 'v|lm||m|lm|lll||lll!|llll|llg|ll%ﬂymmnlmqtuqul|m||m|mqa_lgmpnqmlwqmquu|au|nu|||n||_m -
RO RO VTN "R ONTANTC. ORNOVLTON"NOONDODTOIN " —ADONODTMN

Figure 2-8. Example Core from 90 to 95 ft bgs in Borehole C9513 Showing a Very Distinct
Color Change in the Silt from Reddish-Brown to Bluish-Grey at 90.8 ft bgs

2.6 Borehole Decommissioning

Boreholes C9512, C9513, and C9514 were decommissioned from total depth to approximately 2 ft below
grade with bentonite chips. Concrete was poured from 0 to 2 ft bgs and a brass marker was placed at
ground surface for identification.

2.7 Waste Management

The waste generated from 200-DV-1 OU drilling, sampling, geophysical logging, and borehole
decommissioning activities were managed according to DOE/RL-2012-20, Waste Control Plan for the
200-DV-1 Operable Unit.

® LEXAN is a registered trademark of SABIC, Riyadh, Saudi Arabia.
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3 Borehole Results

This chapter details the borehole as-built diagrams and analytical results (sediment and geophysical log
plots). It presents a composite borehole log showing the overall borehole lithology, contaminant depth
profile, and geophysical logging profile for each of the three characterization boreholes. Additionally, some
preliminary observations based on the soil and geophysical data from the three characterization boreholes
are noted in this chapter. These observations focus on the mobile contaminants with the largest quantities
discharged to the waste sites (uranium, technetium-99, iodine-129, tritium, nitrate, and chromium), as
shown in Tables 1-1 through 1-3. ‘

All required data analyses were completed. Data from the 200-DV-1 OU boreholes in the S Complex Area
have been reviewed and verified as part of the quality assurance process in accordance with the SAP
(DOE/RL-2011-104, Section 2.4). Data validation will be documented in separate data validation reports
and discussed in the data usability assessment report. Detailed interpretations of the borehole and analytical
data and an updated 200-DV-1 OU conceptual site model (CSM) will be presented in future reports.

Table 3-1 details the number of samples collected, total depth achieved for each borehole, and deviations
from the SAP (DOE/RL-2011-104, DOE/RL-2011-104-ADD1, and DOE/RL-2011-104-ADD?2). In general,
the number of SAP samples stayed the same but the sample depths were moved to avoid the high
radiological zone (Section 2.1) and to sample at optimal depths after reviewing the geophysical logs
(Section 2.2). Additionally, supplemental samples were collected to satisfy the SAP addenda
(DOE/RL-2011-104-ADD1 and DOE/RL-2011-104-ADD?2).

3.1 Borehole C9512 at the 216-S-9 Crib

Borehole C9512 is located at the 216-S-9 Crib. The Becker Hammer drill rig pushed 8.625 in. diameter
casing from ground surface to 36.4 ft bgs and the sonic rig drilled 6 in. diameter casing to a total depth (TD)
of 142.5 ft bgs (Figure 3-1). C9512 was geophysically logged and final sample depths were selected, as
shown in Figure 3-2. The sediment samples were analyzed for COPCs, as displayed in Tables 3-2 and 3-3,
and the lithology was logged and plotted with mobile COPCs and borehole geophysics, as shown in

Figure 3-3.

The sediment samples collected at approximately 61 and approximately 104 ft bgs contained elevated
concentrations of nitrate (212,000 and 288,000 pg/kg). Tritium was present in the lower portion of the
borehole with concentrations increasing with depth; concentrations were 54, 100, and 417 pCi/g at

104, 130, and 140 ft bgs. The sample with the highest tritium was collected from a zone of high moisture at
the CCUz. Low concentrations of iodine-129 were detected in the two deepest samples from the borehole
(130 and 140 ft bgs). Borehole geophysical logs show cesium-137 contamination from ground surface to
approximately 64 ft bgs.

Borehole C9512 encountered the Hf1 and Hf2 and a portion of the uppermost fine-grained CCU. No soil
was evaluated from 15 to 32 ft bgs due to the Becker Hammer drilling method. Therefore, the base of the
crib fill at borehole C9512 is inferred from geophysical logs showing an abrupt increase in cesium-137

at 26 ft bgs, although the contact could potentially be shallower. The sandy and silty gravel intervals
encountered at the start of sonic drilling at 32 ft bgs indicates the borehole is well into the gravel-dominated
Hf1 unit. A transition at 56 ft bgs to massive sand followed by well-bedded sand and silty sand indicates the
top of the Hf2. This transition can also be seen in the geophysical logs where an increase in natural
potassium, uranium, and thorium (KUT) indicate an increase in clay minerals and fine-grained sediments.
At 128 ft bgs the silt content increases to 90% but then drops back down to 15% from 130.7 to 132.2 ft bgs.
At 132 ft bgs the unit is 100% laminated, light yellowish-brown silt. This is the top of the CCU, specifically
the CCUz which persists to TD of the borehole.
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Table 3-1. Deviations from the 200-DV-1 OU SAP for S Complex Boreholes

Waste Site

Borehole

Planned
(SAP)

Actual

Reason for Deviation

216-S-9 Crib

C9512

Samples: 7
Depth: 140 ft

Samples: 11
Depth: 142.5 ft

Samples: Two supplemental shallow
samples collected for risk assessment per
DOE/RL-2011-104-ADD2, and two
supplemental vadose zone samples collected
for PNNL per DOE/RL-2011-104-ADD1.

Depth: Not applicable

216-S-13 Crib

C9513

Samples: 11
Depth: 245 ft

Samples: 20
Depth: 240.5 ft

Samples: Six supplemental shallow samples
collected for risk assessment per
DOE/RL-2011-104-ADD2, and three
supplemental vadose zone samples collected
for PNNL per DOE/RL-2011-104-ADD1.

Depth: Stopped drilling 4.5 ft above
planned depth to avoid drilling into the
groundwater per the Washington

State Department of Ecology.

216-S-21 Crib

C9514

Samples:7
Depth: 125 ft

Samples: 9

Depth: 127.6 ft

Samples: Two supplemental shallow
samples collected for risk assessment per
DOE/RL-2011-104-ADD2.

Depth: Not applicable

References:

DOE/RL-2011-104-ADDI, Characterization Sampling and Analysis Plan for the 200-DV-1 Operable Unit Addendum 1:
Attenuation Process Characterization.

DOE/RL-2011-104-ADD2, Characterization Sampling and Analysis Plan for the 200-DV-1 Operable Unit Addendum 2:

Supplemental Shallow Risk Characterization Sampling.
operable unit
Pacific Northwest National Laboratory
sampling and analysis plan

ou =
PNNL =
SAP
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Borehole As-Built Diagram: 200-DV-1 Characterization

Driling Method: __ Push/Sonic Well Name: 216-S-9 Crib
Drifing Fluid: WA ‘ WellLD.: C9512
Drillers name: | N/A State Coordinates: N13d420
Driling ComparyLayne/Cascade ESETI87

Date Started: 412/2016 StantCard #: N.D.

Design Doc: SGW-58552 Elevation Ground Surface 207.7 m amsl
Sonic Seart 712512016

Ground Surface Sample Interval (ft bgs]
Cement Grout Surface Seal 0-2' bgs ﬁ 3.0-5.0
6.0-8.0
— 13.0-5.0
Broken shoe 32.6-34' bgs was removed
8 5/8" Push Casing 0-36 4’ bgs B
e 137.0-42.0
= |57.5-625
622-T1.3
Bertonite Crumbies 2-142.5' bgs
76.9-819 -
6" Temporary Casing 36.4-142.5' bgs
Samples 026-107.6
8 PNNL
W CHPRC
17.0-127.0
Total Depth - 142.5' bgs 137.0-120

Mot to scale

Figure 3-1. As-Built Diagram for Borehole C9512
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See Appendix B for the complete geophysical log report.

Figure 3-2. Geophysical Log and Sample Depths from Borehole C9512



Table 3-2. Radiological Contaminant Concentrations in Samples Collected from Borehole C9512
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Sample Intervals | Sample Number
(ft bgs) (HEIS #) Am-241 C-14 Cs-137 Co-60 Eu-152 Eu-154 Eu-155 1-129 Np-237 Ni-63 Pu-238 Pu-239/240 | Te-99 H-3 U-233/234 U-235 U-238
3.2 to'5:5 B33XV3 1U SU 0.721 005U 0.1U 01U 01U 1U 276 1U 1U 15T 30U 1U 0.254
6to 8.2 B33XV4 1U 5U 0.463 005U 01U 0.1U 01U 10 10U 10 0.17 15U 30U 0.0289 0.26
13 to 15.3 B33XV5 1U 5U 0.0365 005U 01U 01U 0.031 2U 1U 10U 1U 10 15U 4.88 1U 0.371
40.7t0o 41.5 B37FF9 0.701 8.29 5.36 0.1U0 01U 0.1U 0.1U 2U0 10 10U 0.0905 0.671 SU 30.3 0.562 1U 0.605
60.8 to 62 B37FHI 0.243 0.795 1.24 0.1U 0.1U 0.1U 01U 2U 10 10U 0.123 0.267 SU 14.6 0.165 10 0.178
B37FH3 0.349 SU 1.2 0.1U 0.1U 01U 01U 2U 10 10U 1U 0.244 SU 15.8 0.217 10 0.308
78.5t0 79.8 B37FHS5 1U S5U 01U 0.1U 0.1U 0.1U 01U 2U 10 10U 1U 10 50 10.1 0.258 1U 0.271
103.1 to 104.6 B37FH7 1U 1.05 0.1U 01U 01U 0.1U 01U 2U 1U 10U 1U 10U 5U 53.7 0.124 1U 0.218
129.2 to 130.2 B37FH9 1U 5U 0.1U 0.1U 01U 01U 01U 0.729 1U 10U 1U 10 5U 100 0.279 1U 0.172
139 to 140.5 B37F]1 11U 0.393 0.1U 0.1U 0.1U 0.1U 0:1U 0.691 1U 10U 1U 10U 5U 417 0.178 1U 0.168
Notes: Blank cells indicate no required result for sample number.
Sample results in pCi/g.
bgs = below ground surface
HEIS = Hanford Environmental Information System
Data qualifier:
U = Analyzed for but not detected above limiting criteria.
Table 3-3. Nonradiological Contaminant Concentrations Collected from Borehole C9512
Sample Sample
Intervals Number
(ft bgs) (HEIS #) Al Sb As Cd Cr Cr Cu CN- F Cr(VD) Pb Mn Hg Ni NOs NOz” PO& Se Ag SO« |Kerosene| TBP U
321055 B33XT3 1,900 B 1,100 31,400N| 102U 3,800 6,900
BN
B33XT8 | 6,060,000 480BD | 7,100D 140 BD 7,000D | 14,800 | 120U 5,600 D 14B {11,300D 1,600 | 190 BD 350U 48U 550D
BD
610 8.2 B33XT4 1,800 B 1,500 27400N| 112B 2,300 7,900
BN
B33XT9 | 6,080,000 510BD | 8,700 D | 132,000 | 140 BD 11,500D( 21,400 | 120U 7,200D 10U [15,500D 1,800 | 210BD 350U 48U 710D
BD
13t0 15.3 | B33XTS 31,000 1,200 35,000N| 102U 1,300 120,000
BN
B33VXO0 | 6,440,000 | 158 BN | 490 BD | 8,000 D | 109,000 | 110 BD 11,000D| 21,100 | 120U 6,900 D 11U |15,000D 2,000 120U 350U 48U 640D
BD
B33XV5
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Table 3-3. Nonradiological Contaminant Concentrations Collected from Borehole C9512

Sample Sample
Intervals Number
(ft bgs) (HEIS #) Al NH3 Sh As Ba Cd Cr Cr Cu CN F Cr(Vh Pb Mn Hg Ni NOy NOr POs* Se Ag SO |Kerosene{ TBP U
40.7to 41.5 | B37FF9 10,000 500 150U 66,400 | 624U | 1,260U 19,000
B37FHO | 5,570,000 | 6,570 N | 460 UD | 2,900D |52,400D| 140D 9,200D | 11,000 [ 110U 3,800D | 285,000 | 15B |10,400D 810 UD | 190 UD 340U 47U 880D
D
60.8t0 62 | B37FHI 1,000 B 510 150U 212,000 | 1,020B | 1,230 U 2,100B
B37FH2 | 7,700,000 | 9,360 N | 470 UD | 6,700 D | 135,000 | 120 BD 13,400D| 15,000 | 120U 6,300D | 617,000 | 11U |13,100D 910BD | 190 UD 340U 47U 580D
D D
B37FH3 1,100 B 520 150U 212,000 | 1,050 B | 1,260 U 2,100 B
B37FH4 | 7,490,000 (11,100 N[ 500 UD | 5,600 D | 83,800 D| 74 BD 12,700 D| 15,000 | 110U 6,200D | 379,000 | 10U |18,200D 930BD | 190 UD 340U |47UZH| 550D
D
78.5t079.8 | B37FH5 1,900 B 810 150U 93,000 Z | 624 UZ |1,260 UZ 1,500 B
B37FH6 | 8,450,000 | 888 CN | 4380 UD | 6,700 D | 142,000 | 92 BD 14,200D| 18,100 | 110U 6,300D | 580,000 | 11U |13,400D 710 UD | 170 UD 340U 470 | 1,100D
D DN
103.1 to 104.6 | B37FH7 8,400 1,500 150U 288,000 | 2,100 Z |1,260 UZ 4,200
DZY
B37FH8 | 9,850,000 | 863 CN | 480 BD | 6,700 D | 84,400D| 110 BD 18,200D| 15,600 | 120U 6,400 D | 429,000 | 12B [19,000 D 1,000 { 190 UD 350U 48U 780 D
DN BD
129.2 to 130.2 | B37FH9 990 U 840 150U 33,200Z | 624 UZ |1,720 BZ 3,400
B37FJ0 |11,800,00| 6,570 N | 530BD | 9,600D | 116,000 | 170D 21,800 D| 22,500 [ 120U 8,500D | 409,000 | 14B |{24,800D 1,200 | 190 UD 350U 49U 930 D
0 D DN BD
139 to 140.5 | B37FJ1 2,600 1,000 210B 27,400 | 624U | 2,330B 11,000
B37FJ2 |9,050,000| 1,060 | 550UD | 5,200D [92,900D| 100 BD 12,500 D 18,200 | 130U 9,300D | 382,000 | 12U |14,400D 1,200 | 200 UD 390U 53U 690 D
CN DN BD
Notes: Blank cells indicate no required result for sample number.
Sample results in pg/kg.
bgs = below ground surface
HEIS = Hanford Environmental Information System
TBP = tributyl phosphate

Data qualifiers:

= The analyte was detected at a value less than the contract required detection limit but greater than or equal to the instrument detection limit/method detection limit (as appropriate).
= The analyte was detected in both the sample and the associated Quality Control blank, and the sample concentration was less than or equal to 5 times the blank concentration.

= Analyte was identified in an analysis at a secondary dilution factor.

= Laboratory holding time exceeded before the sample was analyzed.

Spike sample recovery is outside control limits.

= Analyzed for but not detected above limiting criteria.

= The result is suspect.

= Other specific flags and notes required to properly qualify the result and are described in the sample data summary.
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Cold Croek Unit: 133

Notes: The scale changes with each borehole, and 670.7 is the ground surface elevation (ft).
See Appendix C for the complete borehole core log report and photographs.

Figure 3-3. Composite Log Profile from Borehole C9512
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3.2 Borehole C9513 at the 216-S-13 Crib

Borehole C9513 is located at the 216-S-13 Crib. The sonic rig drove 12 in. diameter casing from ground
surface to 11.9 ft bgs and the Becker Hammer rig pushed 8.625 in. diameter casing to 43 ft bgs. The sonic
rig returned to drill 7 in. diameter casing to 160.3 ft bgs and 6 in. diameter casing to a TD of 240.5 ft bgs
as shown in Figure 3-4. Borehole C9513 was geophysically logged and final sample depths were selected,
as shown in Figure 3-5. The sediment samples were analyzed for COPCs, as displayed in Tables 34, 3-5,
and 3-6, and the lithology was logged and plotted with mobile COPCs and borehole geophysics, as shown
in Figure 3-6.

Sediment samples collected from approximately 91 to approximately 192 ft bgs had significantly high
concentrations of hexavalent chromium with concentrations increasing to a peak (9,790 pg/kg) in the
moist CCUz (approximately 147 ft bgs) and then decreasing below the CCUc in the Rtf (approximately
192 ft bgs). Similarly, concentrations of MIBK were elevated from 95 to 173 ft bgs with a maximum
concentration (1,900,000 pg/kg) at the CCUz (approximately 143 ft bgs) and lower concentrations in
sediments collected from the Rtf (approximately 170 ft bgs). High uranium concentrations (32,700 and
36,800 pg/kg) were found at 91 ft bgs in the Hf2 unit and at 132 ft bgs at the CCU contact.
Technetium-99 was detected (11.4 pCi/g) at approximately 116 ft bgs. Borehole geophysical logs show
cesium-137, cobalt-60, uranium-235, and protactinium-234 contamination at approximately 30 to

55 ft bgs, with sporadic hits of uranium-235 and protactinium-234 throughout the borehole to
approximately 150 ft bgs.

Borehole C9513 is a deep borehole drilled through the Hf1 and Hf2, the CCU and CCUc, the Rtf and a
portion of the Rwie to TD just above the water table. The crib fill material extends from the ground
surface to at least 15 ft where the Becker Hammer drilling method commenced and continued to 45 ft bgs.
There is a marked change in the geophysical log response at 39 ft bgs where all the spectral components
increase, indicating a change in lithology to finer-grained sediments and the Hf2 contact. Once the sonic
drilling began at 45 ft bgs the Hf2 is revealed to be alternating sand and silty sand with distinct bedding
structures. There are several silt beds within the Hf2 where core observations correlate well with neutron
moisture log response. The volume percent moisture in those beds is as high as 25%. One high moisture
bed at 90 ft bgs corresponds to high concentrations of uranium and MIBK as well as a very distinct color
change from reddish brown silt to bluish gray silt, as shown in Figure 2-8. The upper CCU was
encountered at 132 ft bgs where the thorium and neutron moisture logs increase and the lithology
transitions into a more silt-dominated system. The CCU displays multiple soft sediment deformation
structures, including a coarser-grained injectite structure from 143 to 145 ft bgs. Injectites are soft
sediment deformation structures resulting from rapid sedimentation loading overpressured saturated
sediments below.. The CCUc contact is interpreted at 150 ft bgs from the characteristic spectral gamma
signature (increased natural uranium and a substantial decrease in potassium and thorium). The CCUc
contact is contained within the cores sent to PNNL and preserved intact for hydraulic analyses; therefore,
a textural description of the CCUc is not available for this well.

The contact with the Rtf is interpreted at 160 ft bgs from the spectral gamma log response where the KUT
return to a standard siliciclastic signature (all three components roughly equal in proportion). The clay
and silt content of the Rtf is high while the grain-size coarsens downward to the Rwie contact at

195 ft bgs. The Rwie is dominated by sandy gravel to gravel with abundant silica cement. A 15 ft interval
(210 to 225 ft bgs) of intact cores from the Rwie was sent to PNNL for analyses. The X-Ray
microtomography images show that those cores are almost entirely sand, as displayed in Figure 3-7. The
core from 225 to 230 ft bgs has 2 ft of the same sand at the top, indicating that the sand sequence is
approximately 17 ft thick. From 227 ft bgs to a TD of 241 ft bgs, the Rwie is felsic-dominated silty sandy
gravel to sandy gravel.
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Driling Method:  D-Push/Sonic

Drilling Fluid: NiA
Drillers name: H/A
Drilling Company  GW/Holt
Date Started: 5M82017

Design Doc: SGW-58552

Well Name:
WellD.:
State Coordinates:

Start Card #:

Borehole As-Built Diagram: 200-DV-1 Characterization

216-S-13 Crib

C9513

N13401.98

TES67154.04

N.D.

Elevation Ground Surface 204.9 m amsl

Sonic Stant

Ground Surface

| Sample Interval (ft bgs)

7" Temporary Casing 43-160.3' bgs —

6" Temporary Casing 160.3-240.5' bgs /S

Samples
80 PNNL
® CHPRC

Total Depth - 240.5' bgs

Not to scale

Cement Grout Surface Seal 0-2' bgs
12" Temporary Casing 0-11.9' bgs

8 5/8" Push Casing 11.9-43' bgs
Bentonite Crumbles 2-240.5' bgs

0.0-20
20-4.0
4.0-6.0
6.0-8.0
8.0-10.0
10.0-12.0
13.0-15.0

610-63.0
76.0-73.0
90.5-92.0

100.5 - 125.2 (PNNL)
15.5- 16.5
1315-1335
146.1- 6.8

150.7 - 165.7 (PNNL)
171.0-1750

1809 -194.7

210.5 - 225.5 (PNNL)
2250-2270

2314-234.4

Figure 3-4. As-Built Design Diagram for Borehole C9513
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See Appendix B for the complete geophysical log report.

Figure 3-5. Geophysical Log for and Sample Depths from Borehole C9513
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Table 3-4. Radiological Contaminant Concentrations in Samples Collected from Borehole C9513

Sample Depth Sample
Intervals Number |
(ft bgs) (HEIS #) Am-241 C-14 Cs-137 Co-60 Eu-152 Eu-154 Eu-155 1-129 Np-237 Ni-63 Pu-238 | Pu-239/240 Tc-99 H-3 U-233/234 U-235 U-238
0to2 B39WN2 1U SA 01U 01U 01U 0.1U 01U 2U 01U 10U 01U 01U 5U 30U 0.0829 1U 0.113
2t04 B39WN7 1U SU 01U 01U 0.1U 0.1U 01U 2U 01U 10U 01U 0.1U 5U 30U 0.205 1U 0.187
4t06 B39WP2 1U 5U 01U 01U 01U 01U 01U 2U 0.1U 10U 01U 01U 5U 30U 0.108 1U 0.165
6to 8 B39WP7 1U 5U 01U 01U 01U 01U 01U 2U 01U 10U 01U 01U 5U 30U 0.338 1U 0.148
8t0 10 B39WR2 1U 5U 01U 0.1U 01U 0.1U 01U 2U 01U 10U 01U 0.1U 5U 30U 0.137 1U 0.126
10to 12 B39WR?7 1U 5U 01U 01U 01U 01U 01U 2U 01U 10U 01U 01U 5U 30U 0.27 1U 0.271
13to 15 B39WT2 1U 5U 01U 01U 01U 01U 01U 0.148 0.1U 10U 01U 01U 5U 30U 0.198 1U 0.146
61 to 63 B3DCF8 1U 5U 0.1U 01U 01U 01U 01U 2U 0.1U 10U 0.1U 01U 5U 30U 2.01 1U 1.56
B3DCH3 1U 5U 01U 01U 01U 01U 0.1 RUX 2U 01U 10U 01U 0.1U 5U 30U 1.97 1U 1.64
76 to 79 B3DCHS 1U 5U 01U 01U 01U 01U 0.1 RUX 2U 0.1U 10U 01U 01U SU 30U 3.25 0.425 1.96
90.5 to 92 B3DCJ3 10U 5U 01U 01U 01U 0.1 RUX 0.1 RUX 2U 01U 10U 01U 01U sU 30U 12.1 1 12
115.5t0116.5 B3F941 1 AU 5 AU 0.1 AU 0.1 AU 0.1 AU 0.1 AU 0.1 AUX 2 AU 0.1 AU 10 AU 0.1 AU 0.1 AU 11.4 AB 30 AU 286 A 1 AU 2.82A
131.5t0 133.5 B3DCJ8 1U 5U 0.1U 01U 01U 0.1U 0.1 RUX 2U 01U 10U 01U 01U 29B 30U 8.72 0.827 10.7
146.1 to 148.8 B3DCK3 1U 5U 0.1U 01U 01U 01U 0.1 RUX 1.04 01U 10U 01U 01U 5U 30U 0.671U 1U 0.696
171 to0 175 B3DCKS8 1U 5U 01U 01U 01U 01U 01U 2U 01U 10U 01U 01U 5U 30U 1.13 1U 0.858
190.9 to 194.7 B3DCL3 1U 5U 01U 01U 01U 01U 01U 2U 0.1U 10U 01U 01U 50 30U 0.912 1U 0.63
225 to 227 B3DCL8 1U 510 01U 01U 0.1U 01U 0.1U 2U 0.1U 10U 01U 01U 5U 30U 0.951 1U 0.397
231.4102344 B3DCM3 1 AU 5 AU 0.1 AU 0.1 AU 0.1 AU 0.1 AU 0.1 AU 2AU 0.1 AU 10 AU 0.1 AU 0.1 AU 5AU 30 AU 1.25 A 0.562 A 0.541 A
Note: Sample results in pCi/g.
bgs = below ground surface
HEIS = Hanford Environmental Information System
Data qualifiers:
A = Indicates an issue with the chain of custody that could affect data integrity.
R = Rejected. Other specific flags and notes required to properly qualify the result are described in the hardcopy
U = Analyzed for but not detected above limiting criteria.
X = Other specific flags and notes required to properly qualify the result are described in the hardcopy.
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Table 3-5. Nonradiological Contaminant Concentrations Collected from Borehole C9513

Sample
Depth Sample
Intervals Number
(ft bgs) (HEIS #) Al NH3 Sb As Ba Cd Cl Cr Cu CN- F Cr(VI) Pb Mn Hg Ni NOs NOz PO&* Se Ag SO« | Kerosene | TBP 0]
0to2 B39WN2 180 B
B39WN3 | 8,320,000D | 365BN | 470 UD | 7,100D | 111,000 | 100BD | 1,300 | 12,000 | 18,600 [ 120U 1,100 6,800D [ 498,000 11U 14,000 | 1,370 194U |2,500B | 1,500D | 180 UD | 2,000B | 2,600 U 49U 650D
D BC D D DN D
2t04 B39WN7 150U
B39WNS8 | 8,020,000 D | 292 UN | 470 UD | 7,200D | 110,000 | 110BD | 1,400 | 10,700 | 21,000 | 120U 1,200 7,100D | 519,000 | 11U 15,500/ 5310 194U (2,400B [1,500D | 190UD | 4,600 B | 2,600 U 49U 850D
D BC D D DN D
4106 B39WP2 150U
B39WP3 | 6,970,000 D | 292 UN | 480 UD | 7,300 D { 120,000 | 110BD | 1,600 | 8,600D | 19,800 | 120U | 910B 5,100D | 658,000 | 11U 12,300 | 6,200 191U [2,000B [1,400D | 190UD | 5300 | 2,600U 48U 650D
D BC D DN D
6to 8 B39WP7 230B
B39WP8 | 6,180,000D | 292 UN | 470 UD | 5,500 D | 80,500 | 88 BD | 7,500 | 8,000D | 15,300 { 120U 1,400 5,100D | 383,000 | 11U |9800D | 17,300 | 194U | 3,600B | 1,500D | 180UD | 8,200 | 2,600U | 499UR | 750D
D D DN
81010 B39WR2 150U
B39WR3 | 8,080,000D | 328 BN | 450 UD | 7,700 D | 129,000 | 130D | 7,300 | 10,900 | 21,600 | 120U 1,500 6,100D | 656,000 | 11U 14,100 | 19,000 | 194U | 4,300B | 1,600D | 180 UD | 4,900B | 2,600 U 49U (200D
D D D DN D
10to 12 B39WR7 180 B
B39WR8 | 8,510,000 D | 292 UN | 500 UD | 6,200 D | 169,000 | 100 BD | 3,400 | 10,300 | 19,500 | 120U 1,300 6,900D | 762,000 12U 15,300 | 14,200 | 194U | 2,700B | 1,500D { 190 UD | 4,100 B | 2,600 U 49U 660 D
D D D DN D
13to 15 B39WT2 150U
B39WT3 | 8,550,000D | 292 UN | 470 UD | 5,900 D | 113,000 { 110BD | 1,500 | 11,100 | 18,600 | 120U | 990B 6,500 D | 530,000 | 10U 16,200 | 12,000 | 194U | 3,200B | 1,400D | 190 UD | 4,500B | 2,600 U 49U 650D
D BC D D DN D
61 to 63 B3DCF8 307
UXH
B3DCF9 127U
B3DCHO 2,320 534B 9,120 | 1,070U | 2,030 5,160
UN
B3DCHI 5,340,000 1,460 470 3,900 | 62,000 | 56 AD 13,800 | 11,200 110 4,100 | 255,000 | 34 A 10,600 440 |74 ADU 3,400
AD CA ADU AD AD AD AD ANU AD AD AD ABD AD
B38CH3 307
UXH
B3DCH4 151U
B3DCH5 2,600 518B 10,500 | 1,090 U | 2,060 5,960
UN
B3DCH6 5,050,000 1,460 470 3,400 | 55,200 | 56 AD 11,500 | 10,200 110 3,700 | 269,000 34 A 82,00 530 AD | 75 ADU 3,100
ADDA CA ADUU AD AD AD AD ANU AD AD AD AD
DA
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Table 3-5. Nonradiological Contaminant Concentrations Collected from Borehole C9513

Sample
Depth Sample
Intervals Number
(ft bgs) (HEIS #) Al NH; Sb As Ba Cd Cl Cr Cu CN- F Cr(Vl) Pb Mn Hg Ni NOs NO» PO+ Se Ag SO+ | Kerosene| TBP U
76 to 79 B3D3H8 316
UXH
B3DCH9 129U
B3DCJO 4210 1,250 23,800 | 1,140B | 2,080 14,800
UN
B3DCJ1 7,800,000 1,580 480 6,300 | 91,700 | 82 AD 17,100 | 12,500 120 5,500 | 356,000 | 10 AU | 15,400 610 AD | 77 ADU 7,100
AD CA ABD AD AD AD AD ANU AD AD AD AD
90.5 to 92 B3DCIJ3 351
UXH
B3DCJ4 1,590
B3DCIJ5 2,770 729 B 1,920B | 1,260U | 2,390 3870B
UN
B3DCJ6 10,800,000 | 2,550C | 870 BD | 11,000 | 129,000 | 130D 73,100 | 20,400 | 130 UN 13,200 | 510,000 | 13U 16,600 1,300D | 76 BD 32,700
D D D D D D D D D
115.5t0 B3F941 310
116.5 UXAH
B3F942 5,890
B3F943 1,650 402 AB 1,510 1,120 2,130 4,220 A
AB AU AU AU
B3F944 7,130,000 1,220 500 4900 | 80,600 | 89 ABD 39,900 | 13,400 | 120 AU 6,000 | 349,000 | 11 AU | 12,600 800 190 7,000
AD AC ADU AD AD AD AD AD ADN AD ADU ADU AD
131.5t0 B3DCJ8 318
133.5 UXH
B3DCJ9 6,090 D
B3DCKO0 6,050 940 B 2,130B | 1,150U | 2,170 U 6,660
B3DCKI1 13,100,000 | 1,700 C | 500 UD | 9,300 D | 130,000 | 180D 61,800 | 25,400 | 120U 11,600 | 427,000 | 11U 25,300 1,300 | 180 UD 36,800
D D D D D DN D AD D
146.1 to B3DCK3 344
148.8 UXH
B3DCK4 9,790 D
B3DCKS$S 3,760 375U 1,790B | 1,200 U | 2,260 U 10,200
B3DCK6 13,900,000 | 1,950 [550UD | 7,100D | 153,000 | 160D 84,700 | 28,500 | 130U 14,300 | 555,000 | 12B 26,800 1,800 D | 210 UD 1,100D
D C D D D D DN D
171to 175 | B3DCK8 332
UXH
B3DCK9 5,770
B3DCLO 6,660 872B 1,630 U | 1,210 U | 2,290 U 5,320
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Table 3-5. Nonradiological Contaminant Concentrations Collected from Borehole C9513

Sample
Depth Sample
Intervals Number
(ft bgs) (HEIS #) Al NH3 Sb As Ba Cd Cl Cr Cu CN- F Cr(VI) Pb Mn Hg Ni NOs NOx PO Se Ag SO4* | Kerosene | TBP U
B3DCLI 12,200,000 | 511 BC | 500 UD | 7,200 D | 118,000 | 130D 53,400 | 24,400 | 130U 9,800D | 710,000 | 12U | 24,400 1,400D | 190 UD 830D
D D D D DN D
190.9 to B3DCL3 306 UXH
194.7
B3DCLA4 1,150
B3DCLS5 3,080 352U 15,000 | 1,120U { 2,130 U 2,880 B
B3DCL6 | 6,460,000D | 1,110C | 490 UD | 2,500 D | 50,300 | 79 BD 17,600 | 12,700 | 110U 4,400D | 425,000 10U 17,500 810UD | 190 UD 380D
D D D DN D
22510227 | B3DCL8 302
UXH
B3DCL9 160 U
B3DCMO 1,280 B 327U 1,710B | 1,040 U | 1,970 U 1,280 U
B3DCM1 | 4,690,000D | 535BC | 440UD | 1,600 | 28,300 | 54 UD 10,400 | 11,500 | 110U 3,000D | 222,000 | 10U 12,700 730 UD | 170 UD 260D
BD D D D DN D
231.4t0 B3DCM3 303
2344 UXAH
B3DCM4 164 U
B3DCMS$5 2,570 344U 1,750 B | 1,100 U | 2,080 U 1,580 B
B3DCM6 | 7,990,000D | 1,090 C | 190 UD | 980 UD | 107,000 | 59 UD 17,500 | 17,700 | 110U 3,400D | 496,000 10U | 23,900 780 UD | 180 UD 330D
D D D DN D
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Table 3-5. Nonradiological Contaminant Concentrations Collected from Borehole C9513

Sample
Depth Sample
Intervals Number
(ft bgs) (HEIS #) Al NHs Sb As Ba Cd Cl Cr Cu CN F Cr(VD) Pb Mn Hg Ni NOs NOy- PO | Se Ag SO | Kerosene | TBP U

Notes: Blank cells indicate no result for sample number.

Sample results in pg/kg.

bgs =  below ground surface

Cr(VI) = hexavalent chromium

TBP = tributyl phosphate

HEIS = Hanford Environment Information System

Data qualifiers:

= Indicates an issue with the chain of custody that could affect data integrity.

= The analyte was detected at a value less than the contract required detection limit but greater than or equal to the instrument detection limit/method detection limit (as appropriate).
= The analyte was detected in both the sample and the associated Quality Control blank, and the sample concentration was less than or equal to 5 times the blank concentration.

= Analyte was identified in an analysis at a secondary dilution factor.

Laboratory holding time exceeded before the sample was analyzed.

= Spike sample recovery is outside control limits.

= Rejected

= Analyzed for but not detected above limiting criteria.

X C ™ ZT OOE >
I

= Other specific flags and notes required to properly qualify the result are described in the hardcopy.
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Table 3-6. Organic Contaminant Concentrations in Samples Collected from Borehole C9513

Polychlorinated Biphenyls
Sample
Depth Sample
Intervals Number Aroclor- | Aroclor- | Aroclor- | Aroclor- | Aroclor- | Aroclor- | Aroclor- | Aroclor- | Aroclor-
(ft bgs) (HEIS #) MIBK 1016 1221 1232 1242 1248 1254 1260 1262 1268
0to2 B39WN3 10U 10U 10U 10U 10U 86U 8.6U 8.6U 8.6U
B39WN4 0.53UT
2t04 B39WNS8 10U 10U 10U 10U 10U 8.6U 8.6U 86U 86U
B39WN9 0.53UT
4t06 B39WP3 10U 10U 10U 10U 10U 84U 84U 84U 84U
B39WP4 0.55UT
6to8 B39WP8 10U 10U 10U 10U 10U 87U 87U 87U 87U
B39WP9 0.53UT
8to 10 B39WR3 10U 10U 10U 10U 10U 85U 85U 85U 85U
B39WR4 051 UT
10to 12 B39WRS 10U 10U 10U 10U 10U 8.6U 8.6U 8.6U 86U
B39WR9 0.5UT
12to0 15 B39WT3 10U 10U 10U 10U 10U 86U 8.6U 8.6U 8.6U
B39WT4 049 UT
45t047.5 | B39WVI 62T
61 to 63 B3DCF8 341U 341U 341U 341U 341U 341U 341U 341U 341U
B3DCH3 343U 343U 343U 343U 343U 343U 343U 343U 343U
75 to 80 B39WX1 23T
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Table 3-6. Organic Contaminant Concentrations in Samples Collected from Borehole C9513

Polychlorinated Biphenyls

Sample
Depth Sample
Intervals Number Aroclor- | Aroclor- | Aroclor- | Aroclor- | Aroclor- | Aroclor- | Aroclor- | Aroclor- | Aroclor-
(ft bgs) (HEIS #) MIBK 1016 1221 1232 1242 1248 1254 1260 1262 1268
76 to 79 B3DCHS 354U 354U 354U 354U 354U 3540 354U 354U 354U
90.5 to 92 B3DCJ3 393U 393U 393U 393U 393U 393U 393U 393U 393U
95 to 100 B39WY?2 220,000 D
115.5 to B3F941 35UA 35UA 3.5UA 3.5UA 3.5UA 35UA 35UA 35UA 3.5UA
116.5
124.8 to B39X19 96,000 DH
129.8
131.5to B3DCJ8 356U 356U 356U 356U 356U 356U 356U 356U 3.56U
133.5
140.5 to B39X46 1,900,000
145.5 DH
146.1 to B3DCK3 385U 385U 385U 385U 385U 385U 385U 385U 385U
148.8
154.9 to B39X60 650,000
159.9 DTH
170.5 to B39X75 7,900 DT
175.5
171 to 175 B3DCKS8 373U 373U 373U 373U 373U 373U 373U 373U 373U
190.4 to B39X86 16T
195.4
190.9 to B3DCL3 344U 344U 3440 344U 344U 344U 344U 344U 344U

194.7
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Table 3-6. Organic Contaminant Concentrations in Samples Collected from Borehole C9513

Polychlorinated Biphenyls

Sample
Depth Sample
Intervals Number Aroclor- | Aroclor- | Aroclor- | Aroclor- | Aroclor- | Aroclor- | Aroclor- | Aroclor- | Aroclor-
(ft bgs) (HEIS #) MIBK 1016 1221 1232 1242 1248 1254 1260 1262 1268
2149 to B39XB4 0.65U
219.9
225t0 227 B3DCLS 342U 342U 342U 342U 3420 342U 3420 3420 342U
2314 to B3DCM3 342 UA | 342UA | 342 UA |342UA | 342UA | 342UA | 342UA | 342UA | 342UA
234 4

Notes: Blank cells indicate no result for sample number.
Sample results in pg/kg.

bgs =
MIBK =
HEIS =

A =

cC Hx ©
o n

below ground surface
methyl isobutyl ketone

Hanford Environmental Information System
Data qualifiers:

Indicates an issue with the chain of custody that could affect data integrity.
" Analyte was identified in an analysis at a secondary dilution factor.

Laboratory holding time exceeded before the sample was analyzed.
Spike and/or spike duplicate sample recovery is outside control limits.

Analyzed for but not detected above limiting criteria.

0 'A3H ‘96519-MOS
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See Appendix C for the complete borehole core log report and photographs.
Figure 3-6. Composite Log Profile for Borehole C9513
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Figure 3-7. Microtomography Images of a Longitudinal Cross Section from
Borehole C9513, 222.5 to 223.5 ft bgs

3.3 Borehole C9514 at the 216-S-21 Crib

Borehole C9514 is located at the 216-S-21 Crib. The Becker Hammer rig pushed 8.625 in. diameter
casing from ground surface to 44 ft bgs and the sonic rig drilled 6 in. diameter casing to a TD of 127.6 ft
bgs, as shown in Figure 3-8. Borehole C9514 was geophysically logged and final sample depths were
selected, as shown in Figure 3-9. The sediment samples were analyzed for COPCs, as displayed in
Tables 3-7 and 3-8, and the lithology was logged and plotted with mobile COPCs and borehole
geophysics, as shown in Figure 3-10.

Sediment samples collected from approximately 45 to approximately 94 ft bgs had elevated
concentrations of nitrate that decreased with depth from 753,000 to 79,700 pug/kg. Hexavalent chromium
was also significantly high (14,200 pg/kg) at 45 ft bgs, which was a high moisture silt layer in the Hf2
unit. The highest concentration of technetium-99 (194 pCi/g) was found in the silt layer at approximately
45 ft bgs; concentrations decreased with depth to 67.9 pCi/g at 79 ft bgs. Tritium was present in sediment
samples throughout the vadose zone deeper than 9.5 ft bgs. The highest tritium concentration (208 pCi/g)
was also found in the silt layer at 45 ft bgs; concentrations decrease to 15.5 pCi/g at 68 ft bgs, increase to
an average of 155 pCi/g at 94 ft bgs, and decrease again to 17.2 pCi/g at the bottom of the borehole
(approximately 124 ft bgs). Borehole geophysical logs show cesium-137 contamination from
approximately 15 to approximately 60 ft bgs.

The change from crib fill material to gravel dominated Hf1 unit is estimated at 15 ft bgs where
geophysical logs indicate cesium-137 contamination begins. The top of the Hf2 is estimated at 43 ft bgs
where the character of the neutron moisture log changes. The Hf2 consists mostly of sand, slightly silty
sand, and silty sand with distinct 3 to 5 cm thick fining upwards bedding sequences. There are three thin
silt beds at 44.1 to 46.6, 67.1 to 67.8 ft bgs and 93.5 to 94.1 ft bgs within the Hf2. The gravel content
increases slightly with depth, up to 15% to 25% sub-rounded to rounded pebble-sized gravels. At 115 ft
bgs there is a well-defined contact between the Hf2 above and the CCU below. The contact is several
centimeters thick, very fine-grained with dark wood fragments and abundant iron-staining. Below the
contact the CCU persists to TD and is 100% silt, moist, non-plastic with sharp cross-bedded lamination
structures, occasionally interbedded with very-fine, iron-stained sand.

3-21
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Driling Method: = Push/Sonic
Drilling Fluid: N/A

Drillers name: WA
Drilling CompanylL ayne/Cascade
Date Started: 472016
Design Doc: SCGW-58552

Borehole As-Built Diagram: 200-DV-1 Characterization

Well Name: 216-S-21 Crib

WellLD.: C9514

Seate Coordinates: N134412
ESBE615

Seart Card #: N.D.

Elevation Ground Surface 202.9 m ams|

Sonic Start THN2016

Ground Surface

Cement Grout Surface Seal 0-2' bgs

8 5/8" Push Casing 0-44' bgs

4.0-6.0
7.0-9.0

B.0-1.0

Bentonite Crumbles 2-127.6' bgs

44.1-46.6

Tr.1-621

6" Temporary Casing 44-127 6' bgs

_ 922-97.2

Samples
D PNNL
@ CHPRC

|Total Depth - 127 6' bgs

Not to scale

[ fisicrr m2-17.2

| S—— 122.0-127.0

Figure 3-8. As-Built Diagram of Borehole C9514
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See Appendix B for the complete geophysical log report.

Figure 3-9. Geophysical Log and Sample Depths from Borehole C9514
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Table 3-7. Radiological Contaminant Concentrations in Samples Collected from Borehole C9514

SGW-61596, REV. 0

Sample
Sample Intervals Number
(ft bgs) (HEIS #) Am-241 C-14 Cs-137 Co-60 Eu-152 Eu-154 Eu-155 1-129 Np-237 Ni-63 Pu-238 Pu-239/240 Tec-99 H-3 U-233/234 U-235 U-238
4.1 to 6.6 B33XP6 1U 50U 0.0392 0.05U 01U 0.1U 010 1U 30U 1U 1U 1.5U 400U 1U 0.484
70t09.5 B33XP7 1U 50U 01U 005U 010 0.1U 01U 1U 30U 10 1U 150 400U 1 0.187
13.1t0 15.6 B33XR0 1U 50U 0.11 005U 01U 0.1U 01U 1U 1U 30U 1U 1U 15U 12.7 1U 0.548
44.6 10 45.6 B36M8&4 1U 0.629 0428 0.0441 01U 0.1U 01U 0.117 10U 7.78 1U 1U 194 208 0.179 1U 0.181
67.8 t0 69.5 B36M86 1U 5U 01U 01U 01U 0.1U0 0.1U 2U 1U 10U 1U 1U 147 15.5 0.152 1U 0.218
78.3 t0 79.8 B36M88 1U 50 0.1U 0.1U 0.1U 0.1U 01U 20 1U 100 1U 1 679 103 0.224 1U 0.255
93.71095.7 B36M90 1U sU 01U 0.1U 0.1U 01U 01U 2L 1U 10U 1U 10 S5U 170 0.312 LU 0.349
B36M92 1U 5U 01U 0.1U 0.1U 0.1U0 01U 2U 10 10U 1U 1U 5U 142 0.177 1U 0.211
114.8 to 115-8 B36M9%4 1U SU 01U 0.1U 01U 0.1U 0.1U 21 1U 10U 1U 1U 5U 12.8 0.375 1U 0.318
123.5t0 125 B36M96 1U SU 0.1U 0.1U 0.1U 0.1U 0.1U 2U 1U 10U 1U 10U 2.67 17.2 0.182 1U 0.21
Notes: Blank cells indicate no required result for sample number.
Sample results in pCi/g.
bgs = below ground surface
HEIS = Hanford Environmental Information System
Laboratory qualifier:
U = Analyzed for but not detected above limiting criteria.
Table 3-8. Nonradiological Contaminant Concentrations Collected from C9514
Sample | Sample
Intervals | Number
(ft bgs) | (HEIS #) Al NHs Sb As Ba Cd Cr Cr Cu CN- F Cr(Vvl) Pb Mn Hg Ni NOsy NOy PO Se Ag SO+ |Kerosene| TBP U
4.1t06.6 | B33XP0 1,800 B 880B 34,100 | 256BN | 1,500B 4,600 B
B33XP4 | 7,130,000 340 UN (4,500 BD | 90,100D | 110 BD 8,400 D |14,500D | 130U 5,600 D 12U (11,000D 1,400 BD | 200 BD 380U 52U | 450BD
D
7.0t09.5 | B33XPI 3,400 780 B 33,200 [223UN| 1,600B 5,500 B
B33XP5 | 10,200,000 340 UN [ 6,000D | 119,000D | 120 BD 14,200 D | 20,600 D | 120U 7,200 D 11U |16,400D 1,900 BD | 200 BD 360U 50U | 600D
D
13.1t0 | B33XP2 4,000 760 B 48,700 | 194UN | 2,200B 19,000
15.6
B33XP8 | 8,950,000 | 827N [ 320UN | 5,500D | 101,000D | 100 BD 10,900D | 16,600D | 120U 6,800 D 2200D | 13,100D 1,700BD| 120U 360U 49U |(1,100D
D
B33XR0O 240B
446t0 | B36M84 29,000 550 | 14,200 753,000D| 755B 1,230 U 9,600
45.6
B36M85 | 12,200,000 [ 1,220 N | 400BD | 6,600D | 216,000 | 140D 35,900D (21,600D| 130U 7,000D | 853,000D| 12 U (17,300D 2,600D | 110BD 380U 53U { 790D
D DN
B36M86 2,800 390B | 230B 292,000D | 5,910 1,260 U 3,000
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Table 3-8. Nonradiological Contaminant Concentrations Collected from C9514

Sample | Sample
Intervals | Number
(ft bgs) | (HEIS #) Al NH3 Sb As Ba Cd Clr Cr Cu CN- F Cr(VD Pb Mn Hg Ni NOs NO2 PO+ Se Ag SO |Kerosene| TBP U
67.8t0 | B36M87 | 9,080,000 | 693N | 190BD | 4,200D | 96,200D | 65 BD 14,300D | 14,700D | 120 U 4700D |502,000D| 11B |13,400D 1,300D | 57 UD 350 U 48U | 480D
69.5 D
783to | B36M88 2,400 920 150 U 226,000D | 1,450 |24,800 UD 1,900 B
79.8
B36M89 | 12,400,000 | 3,650 N | 370 BD | 5,700 D | 140,000 D | 100 BD 19,400 D | 18,000 D | 120 U 6,000 D | 551,000D| 13B |18,600 D 900 BD | 85BD 360 U 49U | 660D
D
93.7to | B36M90 1,400 B 970 150U 111,000 | 624U 1,720 B 2,500
95.7
B36M91 | 8,370,000 | 839N | 340BD | 6,700D | 83,600D | 89 BD 11,600 D | 14,000D | 120 U 8,000D |394,000D| 12B |10,800D 780 BD | 63 BD 350U 49U | 580D
D
B36M92 2,000 600 150U 79,700 624 U 1,630 B 2,000 B
B36M93 | 11,100,000 | 1,190N | 430 BD | 10,200D | 122,000D | 110 BD 16,900 D | 19,600 D | 120 U 10,400D | 558,000D | 12B |15,900D 1,200D | 67 BD 360U 49U | 730D
D
114.8to | B36M9%4 11,000 570 150U 1,550 624 U 1,590 B 2,700
115-8
B36M95 | 10,500,000 | 1,130N | 490 BD | 7,700D (97,300 DN| 120 BD 17,000D (17,700D | 120 U 7,400D |376,000D| 12U |17,800D 1,600D | 65BD 360 U 49U | 760D
D .
123.5to | B36M96 1,700 B 670 150 U 18,100 624U 1,960 B 2,500
125
B36M97 | 10,000,000 | 1,340 N | 420BD | 5,500D | 96,000D | 180D 16,800 D [ 16,900 D | 120 U 7900D (317,000D| 12U |19,000D 1,500D | 95BD 360 U 50U | 790D
D

Notes: Blank cells indicate no required result for sample number.

Sample results in pg/kg.

bgs
Cr(VI)
HEIS
TBP

B =

o =5
Il

below ground surface

hexavalent chromium

Hanford Environmental Information System

tributyl phosphate

Laboratory qualifiers:
The analyte was detected at a value less than the contract required detection limit but greater than or equal to the instrument detection limit/method detection limit (as appropriate).

Analyte was identified in an analysis at a secondary dilution factor.

Spike sample recovery is outside control limits.
Analyzed for but not detected above limiting criteria.
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Note: The scale changes with each borehole, and 665.0 is the ground surface elevation (ft).
See Appendix C for the complete borehole core log report and photographs.

Figure 3-10. Composite Log Profile for Borehole C9514
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4 Conclusions

Characterization boreholes C9512, C9513, and C9514 were drilled in the S Complex Area during

FY 2016 and FY 2017 as part of the 200-DV-1 OU remedial investigation. The purpose of this
characterization was to identify the nature and extent of the contamination in the vadose zone at three
200-DV-1 OU waste sites in the S Complex Area. A phased approach was used to drill these boreholes to
prevent worker exposure to contaminated soil cuttings from a zone of high radiological contamination
that exists beneath most of the waste sites (approximately 15 to 50 ft bgs). A Becker Hammer rig was
used for the first phase of drilling to push casing through the zone of high radiological contamination.
During the second phase of drilling a sonic rig was used to drill from the bottom of the high radiological
contamination zone to total depth. Sediment samples were collected in the shallow vadose zone above

15 ft bgs using split spoon samplers and sleeves, and from the vadose zone below 50 ft bgs using
continuous core. The sediment samples were analyzed for contaminants of potential concern in
accordance with the SAP (DOE/RL-2011-104) and SAP addenda (DOE/RL-2011-104-ADDI1 and
DOE/RL-2011-104-ADD2). Additionally, the cores were logged for geophysics and lithology. These data
will be integrated with other supporting information (e.g., hydraulic properties) as part of the evaluation
and update of the CSM supporting DOE/RL-2011-102, Remedial Investigation/Feasibility Study and
RCRA Facility Investigation/Corrective Measures Study Work Plan for the 200-DV-1 Operable Unit.

PNNL-26208, Contaminant Attenuation and Transport Characterization of 200-DV-1 Operable Unit
Sediment Samples, identifies and evaluates attenuation processes and other factors that affect transport of
contaminants present in vadose samples from the Hanford Site. PNNL characterized two depth intervals
in borehole C9512 (216-S-9 Crib). The report is provided in Appendix D. Core samples from three depth
intervals in borehole C9513 (216-S-13 Crib), which was drilled in FY 2017, were provided to PNNL for
geochemical and physical characterization. The results will be available in a separate PNNL report.

Several lessons were learned during the implementation of the 200-DV-1 OU characterization project:

¢ Intact soil cores are critical to capturing vadose zone heterogeneities, ground-truthing geophysical
logs, and reducing uncertainties in the nature and extent of contamination. Continuous intact cores
provide the sample material and flexibility needed to perform multiple phases of complex analyses
and address characterization data gaps.

e The focus of characterization should be establishing the nature, extent, fate, and transport of
contaminants. Therefore, a tiered/staged approach should be employed when determining whether
advanced analyses, such as contaminant leachability, should be pursued. In general, as the tier level
increases so does the level of sophistication in data collection.

— Tier 1 analyses define nature and extent of contamination by characterizing sediment and pore
water chemistry. The sample depths are selected based on specifications described in Section 2.2
(Sampling and Analysis) of this report. Aliquots from each sample depth are saved.
Determinations of whether the stored aliquots should proceed to tier 2 or 3 analyses should be
made by an integrated multi-disciplinary project team.

— Tier 2 analyses investigate contaminant mobility (leaching) and are performed with consideration
of the geochemical and contaminant analysis of sediment and pore water.

— Tier 3 analyses fill any data gaps (i.e., hydraulic properties, isotopic analysis, and microbial
studies).
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The preliminary observations detailed in Chapter 3 were evaluated against data needs identified in
Table 4-1 from DOE/RL-2011-102.

216-S-9 Crib. The new characterization data from borehole C9512 aligned with the CSM that the
216-S-9 Crib has likely impacted groundwater in the past; iodine-129 was detected at low
concentrations in the two deepest samples, just above and within the CCUz. It appears that tritium
may have migrated from the crib as concentrations increased with depth to the CCUz. Nearly

49.5 million L (13.1 million gal) of waste containing 1,170 Ci of tritium was disposed to the crib
during operations. An updated CSM report will evaluate whether these contaminants (iodine-129 and
tritium) will infiltrate to groundwater beneath the CCU.

216-S-13 Crib. The new characterization data from borehole C9513 at the 216-S-13 Crib, which
received only 4.9 million L (1.3 million gal) of waste, identified significant concentrations of residual
hexavalent chromium, MIBK, uranium, and technetium-99 in the vadose zone. Uranium and
technetium-99 were only detected in sediments above the CCUc, indicating these mobile
contaminants have not yet reached the groundwater. Hexavalent chromium and MIBK have both
migrated through the CCUc and into the Rtf. An updated CSM report will evaluate whether these
contaminants will infiltrate to groundwater beneath the Rwie.

216-S-21 Crib. The new characterization data from borehole C9514 at the 216-S-21 identified
significant concentrations of nitrate, hexavalent chromium, technetium-99, and tritium in a silt bed at
approximately 45 ft bgs. Concentration of all contaminants except tritium decrease with depth
indicating these mobile contaminants have not yet reached the groundwater. Tritium concentrations
vary throughout the borehole but decrease at and below the CCU. Approximately 87 million L

(23 million gal) of waste containing 2,540 Ci of tritium was disposed to the crib. Further evaluation
of the impacts of disposal at the 216-S-21 Crib will be evaluated in the updated CSM report.

The S Complex Area characterization data from this field summary report will be interpreted to
accomplish the following tasks: '

Refine the CSM for each waste site.

Create a detailed three-dimensional geologic model and map of the S Complex Area with a focus on
the vertical heterogeneity observed in the continuous coring.

Estimate key parameters (hydraulic properties, recharge rates, contaminant mass distribution,

desorption distribution coefficient values, etc.) for the fate and transport model.

Evaluate published literature related to S Complex Area fate and transport studies to build a
comprehensive CSM.

The CSM resulting from these tasks will be updated and provided in a separate report.
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Table A-1. Borehole C9512 (216-S-9 Crib)
_ IR LEXAN IR Drill Shoe Irreversible
Date Depth Interval Rec:wery Temperature Temperature Temperature Label HEIS #
Urhgs) i (°Fahrenheit)

117242015 | 32-55 ~ 60 ' el - — | B33XT8.B

33XV3, B33XT3
11/24/2015 6.0-8.2 30 - - - B33XT4, B33XT9, B33XV4
B33XR7, B33XT5, B33XVO0,
11/24/2015 13.0-15.3 100 - - - B33XV5, B33XT0
Sonic
355 ftbgs =175
7/25/2016 35.5-37.0 100 37.0 ft bes = 94 127 - B36159
: 37.0 ft bgs =98
7/25/2016 37.0-42.0 100 39.5 ft bgs = 88 110 - B36161
42.0 ftbgs =114
42.2 ft bgs =93
7/25/2016 42.2-472 100 44.7 ft bgs = 86 110 - B36163

47.2 ft bgs = 131

47.2 ftbgs = 125
7/25/2016 47.2-522 88 49.7 ft bgs = 145 283 - B36165
52.2 ftbgs = 124

52.4 ftbgs = 115

7/25/2016 524-574 100 54.9 ft bgs = 107 128 - B36167
57.4 ft bgs = 141
57.5 ft bgs = 88
7/25/2016 57.5-62.5 100 60.0 ft bgs = 87 118 - B36169
62.5 ft bgs =95
7/26/2016 62.2—63.2 100 80 - 84 B36173
7/26/2016 63.2 — 64.2 100 - 81 - 84 B36175
7/26/2016 64.2 — 65.2 100 82 - - 99 B36177
7/26/2016 65.2 — 66.2 100 83 - 84 B36179
7/26/2016 66.2 —67.2 100 89 95 104 B36181
7/26/2016 67.2 —68.2 100 86 - - 93 B36183
7/26/2016 68.2 —69.2 100 87 - 99 B36185
7/26/2016 69.2 - 70.2 100 93 - 115 B36187

7/26/2016 70.2-71.2 100 92 - : 104 : B36189
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" Table A-1. Borehole C9512 (216-S-9 Crib)

IR LEXAN IR Drill Shoe Irreversible
Date Del’t:‘t Interval Rec;very Temperature Temperature Temperature Label HEIS #
(ft bgs) . (°Fahrenheit)
7/26/2016 71.2-72.2 100 102 95 108 B36191
7/26/2016 72.3-73.3 100 76 - 93 B36193
7/26/2016 73.3-74.3 100 80 - 84 B36195
7/26/2016 74.3-175.3 100 81 - 84 B36197
7/26/2016 75.3-76.3 100 82 - 84 B36199
7/26/2016 76.3-77.3 100 91 109 115 B361B1
76.9 ft bgs = 126
7/26/2016 76.9 —81.9 100 79.4 ft bgs = 100 115 - B361B3
81.9 fibgs = 124
82.9 ftbgs =98
7/26/2016 829-879 100 85.4 ft bgs = 89 100 - B361B5
87.9 fibgs =113
87.0 ft bgs =98
7/26/2016 87.0-92.0 100 89.5 ft bgs = 98 100 - B361B7
92.0 ft bgs = 139
92.5 ft bgs = 96
7/26/2016 92.5-97.5 100 95.0 ft bgs =90 101 - B361B9
97.5 ft bgs = 104
97.0 ft bgs = 77
7/27/2016 97.0-102.0 100 99.5 ft bgs =78 136 - B361Cl1
102.0 ft bgs = 94
102.6 ft bgs = 89
7/27/2016 102.6 - 107.6 100 105.1 ft bgs = 85 103 - B361C3
107.6 ftbgs =113
107.0 ft bgs = 85
7/27/2016 107.0-112.0 100 109.5 ft bgs = 77 99 - B361C5
112.0 ft bgs = 89
112.0 ft bgs = 104
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