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Agency (EPA). This Sampling Instruction defines the requirements for sampling activities,
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1 Introduction

The activities associated with this sampling instruction (SI) are being performed to support ongoing
remediation efforts at the 100-KR-4 groundwater operable unit (OU). Groundwater data are needed to
evaluate the thickness of aquifer contamination near the 105KW Reactor, specifically downgradient of the
116-KW-1 Gas Condensate crib. As part of process optimization (Section 2.4.3 of DOE/RL-2013-33,
Remedial Design/Remedial Action Work Plan for 100-KR-4 Groundwater Operable Unit Interim Action,
as amended by TPA-CN-0858), various remedial system components are evaluated annually to identify
opportunities to enhance remedial performance (i.e., increase hydraulic capture and/or mass removal).
Based on this evaluation and modeling efforts supporting DOE/RL-2018-22, Feasibility Study for the
100-KR-1, 100-KR-2, and 100-KR-4 Operable Units, the hydraulic capture along the K West shoreline
will require additional extraction. However, before installing a new fully penetrating extraction well to
replace existing well 199-K-132, which has a 6.1 m (20 ft) screen at the top of the aquifer, an evaluation
of the vertical distribution of contamination within the aquifer is needed.

1.1 Purpose

The objective of the activities in this Sl is to collect groundwater samples from existing monitoring wells
downgradient of the 116-KW-1 Gas Condensate crib. The data will be used to evaluate the vertical
distribution of hexavalent chromium (the primary contaminant of concern as identified in the interim
action record of decision EPA/ROD/R10-96/134, Declaration of the Record of Decision for the 100-HR-3
and 100-KR-4 Operable Units Interim Remedial Actions, Hanford Site, Benton County, Washington) and
carbon-14 (a known contaminant of interest originating from the 116-KW-1 Gas Condensate crib)
contamination in groundwater and determine if a new fully penetrating extraction well is necessary or if
the former pump and treat (P&T) extraction well 199-K-132 will provide adequate hydraulic capture
along the KW shoreline. Additionally, the information will be used to refine the conceptual site model for
the groundwater contaminants of interest known to originate from the 116-KW-1 Gas Condensate crib
(i.e., carbon-14, nitrate, and tritium).

1.2 Site Description and Process Information

With two deactivated nuclear reactors (105KE and 105KW), the 100-K Area includes support facilities
that operated to produce plutonium from 1955 to 1971 (Figure 1). The reactors were built to irradiate
uranium fuel rods from which plutonium and other special nuclear materials were extracted. Large
volumes of river water were used as cooling water during reactor operations. The river water was treated
to remove particulates, and sodium dichromate was added to the treated water as a corrosion inhibitor.
The sodium dichromate was delivered to 100-K by railcar in the form of a concentrated liquid stock
solution. Leaks and spills of sodium dichromate solution resulted in high concentrations of hexavalent
chromium (Cr(V1)) contamination in the soil and groundwater.

The reactors and processes associated with operations generated large quantities of liquid and solid waste.
Contaminated waste generated from reactor operations contained radionuclides, hazardous chemicals, or
both. Large quantity discharges to the environment included contaminated cooling water releases to
retention basins, cribs, and trenches. During upset conditions such as fuel element failures, the cooling
water was diverted from the regularly used retention basins to other disposal areas such as ditches or other
engineered structures and was allowed to infiltrate directly into the soil column. These practices resulted
in extensive groundwater recharge mounds consisting primarily of contaminated cooling water and wide
distribution of contamination in the unconfined aquifer.
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Each of the reactors included two different ventilation systems: primary ventilation and inert gas.

The primary ventilation system circulated fresh air throughout the reactor while the inert gas system
provided a close loop nonreactive gas environment in the graphite cores that would remove moisture and
gases from the cores and serve as a heat transfer medium between the cores and the process tubes
(WHC-SD-EN-TI-239, 100-K Area Technical Baseline Report). As the 105KE and 105KW production
rates increased after startup in 1955, the operating temperatures increased within the reactor piles.

The cover gas used in the cores changed from carbon dioxide helium to nitrogen helium for improved
protection of the graphite at the higher temperatures.

The inert cover gases were continuously recirculated over the graphite block and through a drying and
filtration system (115KE and 115KW Buildings) that removed and disposed cooling water in leakage to
the deep belowgrade 116-KE-1 and 116-KW-1 Condensate Cribs. The reactor gas condensate disposed
to the cribs contained large quantities of carbon-14 ranging from 2.9x108 pCi/L at the 105KW Reactor
to 1.04x10° pCi/L at the 105KE Reactor, nitrate (i.e., up to 36,000 mg/L), and tritium ranging from
3x10° pCi/L to 1x10%° pCi/L. The 116-KE-1 Crib received approximately 800,000 L (211,338 gal)

of condensate and other waste from the reactor gas purification systems. At the 105KW Reactor area,
the 116-KW-1 Condensate Crib also received approximately 800,000 L (211,338 gal) of condensate and
wastewater from the reactor gas purification systems. Both waste sites operated from 1955 to 1971.

The radionuclide inventory for both cribs is documented in WHC-SD-EN-TI-239.

Releases to the 116-KW-1 Gas Condensate crib are the primary source of groundwater contamination for
carbon-14, nitrate, and tritium observed near the 105KW Reactor and the focus of this sampling activity.

Additional site history and process information can be found in DOE/RL-2010-97, Remedial
Investigation for the 100-KR-1, 100-KR-2, 100-KR-4 Operable Units.

2 Systematic Planning Summary

Systematic planning is an approach for defining the criteria that a data collection design should satisfy.
This process is used to ensure that the type, quantity, and quality of collected data will be appropriate for
the intended application. The systematic planning approach was used to develop sampling requirements
for wells identified in Table 1. Samples collected and analyzed as part of this SI will provide information
to refine the vertical distribution of groundwater contamination and enhance the conceptual site model for
specific contaminant plumes downgradient of the 116-KW-1 Crib.



Table 1. K West Wells Identified for Vertical Sampling and Sample Depths

Saturated
Average Screen Length
TOC Reference Approximate Screened River Stage (based on Sample
Elevation Elevation Well Screen | Screen Slot | Well Stick-up Interval Water Level average water Depth from
‘Well Name ‘Well ID (m)? (m)? Diameter (in.) | Size (in.) (ft)b (ft bgs)? (ft bgs)© level (ft)) TOC (ft)>4
199-K-34 A4660 143.733 142.749 4 0.01 3 66.9-86.9 75 12 WT
88
199-K-106A A9842 143.46 142.549 4 0.02 3 70.06-90.8 74 17 WT
91
199-K-108A A9844 143.748 142.774 4 0.01 3 69.35-89.7 75 15 WT
90
199-K-132 C4670 136.755 135.955 6 0.02 3 50.02-75.01 56 19 WT
76
199-K-138 C5113 134.91 134.221 6 0.02 2 48.35-83.35 49 34 WT
66
83
199-K-139 C5114 143.58 142.807 6 0.02 3 63.6-98.6 75 23 WT
91
100
199-K-140 C5115 143.278 142.558 6 0.02 2 63-98 74 24 WT
89
98
199-K-168¢ C6454 143.482 142.594 6 0.02 3 100.66— 75 86 105
160.45 123
141
155
199-K-185 C7685 135.312 134.618 6 0.04 2 38.5-133.5 50 83 WT
68
92
106

123

0 ‘A3 '¥.T59-MOS



Table 1. K West Wells Identified for Vertical Sampling and Sample Depths

Saturated
Average Screen Length
TOC Reference Approximate Screened River Stage (based on Sample
Elevation Elevation Well Screen | Screen Slot | Well Stick-up Interval Water Level average water Depth from
Well Name Well ID (m)? (m)? Diameter (in.) | Size (in.) (ft)° (ft bgs)? (ft bgs)© level (ft)) TOC (ft)>4
199-K-196 C7696 134.703 133.96 6 0.02 2 36.04-131.02 47 84 WT
67
86
104
128
199-K-204 C8291 143.228 142.476 6 0.05 2 62.22-157.21 75 83 WT
97
117
137
157

a. Information was taken directly from the Hanford Environmental Dashboard Application. TOC and reference elevation are in NAVD88, North American Vertical Datum of 1988.

b. To aid in groundwater sampling activates, the approximate well stick-up, which is based on subtracting the reference elevation from the TOC elevation converted from meters to feet, was factored
into the sample depth from TOC.

c. The average river stage depth was calculated based on the last 10-year water table elevation data and standardized to ft bgs.

d. With the exception of well 199-K-168, the first sample at each location will target the top of the water table. Sampling will tag water and the sampling pump will be placed 1 m (3 ft) below the
water table surface.

e. Well 199-K-168 is screened in the lower portion of the aquifer. Thus, the first sample is targeted just below the top of the screen interval.
bgs =
ID =

below ground surface TOC =
identification WT =

top of casing
water table

0 ‘A3 '¥.T59-MOS
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For this Sl, a limited systematic planning process was used to address the following project-related
guestions.

What issue or problem requires new data to make a decision?

Data are needed to evaluate the thickness of aquifer contamination downgradient of the 116-KW-1
Gas Condensate crib in existing wells to evaluate the need for a new fully penetrating extraction well.

Data are needed to evaluate the thickness of aquifer contamination downgradient of the KW Reactor
for Cr(V1).

What data are needed to support the decision?

Two rounds of vertical profile groundwater data collected during high and low river stage to evaluate
the thickness of aquifer contamination.

Representative groundwater samples collected and analyzed for Cr(V1), carbon-14, nitrate, tritium,
and trichloroethene.

— A minimum of two samples will be collected per well identified. Depending on the available
screen length open to the aquifer, additional samples will be collected.

How will the data be used to resolve the problem or issue?

Data collected during high and low river stage will be used to determine if former KW extraction
wells downgradient of the KW reactor need to be restarted to address Cr(VI) contamination.

Data collected during low river stage will be used to determination if a new fully penetrating
extraction well is needed. Vertical concentration data collected will be evaluated against previous
concentration trends and, as applicable, compared against nearby wells. If data collected indicate the
contamination is shallow in the aquifer, existing wells should be adequate for P&T purposes. If it is
determined that contamination is in the lower aquifer, a new extraction well will need to be drilled.
Also, vertical concentration data will be used to optimize the placement of extraction well pumps.

What are the action levels for the contaminant data being collected?

The main driver for this action is carbon-14 and Cr(VI) groundwater contamination. However, nitrate,
tritium, and trichloroethene will also be collected to evaluate the thickness of these plumes in the

K West Area and to support future remedial actions. The action levels for specific contaminants are
included in Table 2.

Table 2. Contaminants of Interest

Contaminant Action Level
Carbon-14 2,000 pCi/L
Cr(VI) 10 pg/L or 48 pg/L
Nitrate 45 mg/L
Trichloroethene 4 ug/L
Tritium 20,000 pCi/L
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3 Quality Assurance Project Plan

This Sl is meant to augment ongoing groundwater remediation activities associated with the 100-KR-4
groundwater OU. To not duplicate information, this SI will use the Quality Assurance Project Plan as
defined in Chapter 2 of DOE/RL-2013-29, Sampling and Analysis Plan for the 100-KR-4 Groundwater
Operable Unit Monitoring, hereinafter referred to as the 100-KR-4 sampling and analysis plan (SAP),
as amended by TPA-CN-0797, TPA-CN-0831, TPA-CN-0857, and TPA-CN-0892.

4 Measurement and Data Acquisition

Groundwater sampling associated with this Sl activity will be coordinated with routine groundwater
monitoring associated with the 100-KR-4 SAP (DOE/RL-2013-29). This activity will include one round of
vertical samples collected during low river stage and one round collected during high river stage. Pumped
groundwater samples will be collected vertically through the identified screened interval. Sample collection
will be done using low-flow purge sampling approach. Low-flow sampling approach typically uses flow
rates at 0.1 to 0.5 L/min (0.26 to 0.13 gal/min). This methodology is intended to minimize excessive
water movement from the soil formation into the well. The objective is to pump in a manner to minimize
stress (drawdown) to the system. The pump will be operated until field parameters have stabilized and a
minimum volume equal to five times the discharge tubing volume has been removed before

sample collection. The primary target depth interval for groundwater sample collection from wells is
within the upper 1 m (3 ft) of the aquifer below the water table. Vertical sample depths are identified in
Table 1, and Figure 2 provides a map of the selected wells as well as the 2019 groundwater plumes for
Cr(VI) and carbon-14 as published in DOE/RL-2019-66, Hanford Site Groundwater Monitoring Report
for 2019. Additional information regarding field sampling can be found in Chapter 3 of the

100-KR-4 SAP.
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5 Assessments and Response Actions

Assessments may be performed to verify compliance with the requirements outlined in this Sl, project
field instructions, the quality assurance project plan, methods, and regulatory requirements. Deficiencies
identified by these assessments will be reported in accordance with existing programmatic requirements.
The project line management chain coordinates the corrective actions/deficiency resolutions in
accordance with the quality assurance (QA) program, the corrective action management program, and
methods associated with these programs. When appropriate, corrective actions will be taken by the

OU project manager (or designee). Currently, no planned assessments have been identified for this SI.

If circumstances arise in the field dictating the need for additional assessments, then additional
assessments may be performed.

Oversight activities in the analytical laboratories, including corrective action management, are conducted
in accordance with the laboratories” QA plans. Sample Management and Reporting oversees offsite
analytical laboratories and verifies that the laboratories are qualified to perform Hanford Site

analytical work.

5.1 Data Evaluation

Data collected under this Sl during low river stage will be used to decide if a new fully penetrating
extraction well is required. If data collected indicate that contamination is in the upper aquifer, former
KW extraction well 199-K-132 will be deemed adequate for P&T purposes to enhance river protection
and increase removal of contaminants. If contamination is identified in the deeper aquifer, a new fully
penetrating extraction well may need to be drilled and installed. The high water sample will be use to
evaluate the seasonal effects of river stage throughout the aquifer.

6 Data Review and Verification

Data review and verification are performed to confirm that sampling and chain of custody documentation
are complete. This review includes linking sample numbers to specific sampling locations, and reviewing
sample collection dates and sample preparation and analysis dates to assess whether holding times, if any,
have been met. Furthermore, review of quality control (QC) data is used to determine whether analyses
have met the data quality requirements specified in the 100-KR-4 SAP (DOE/RL-2013-29).

The criteria for verification include but are not limited to review for contractual compliance (samples
were analyzed as requested), use of the correct analytical method, transcription errors, correct application
of dilution factors, appropriate reporting of dry weight versus wet weight, and correct application of
conversion factors. Field QA/QC results will be reviewed to ensure that they are usable.

The OU Technical Lead performs data reviews to help determine if observed changes reflect potential
data errors, which may result in submitting a request for data review on questionable data. The laboratory
may be asked to check calculations or reanalyze the sample. In extreme cases, another sample may be
collected. Results of the request for the data review process are used to flag the data appropriately in the
Hanford Environmental Information System database and/or to add comments. A separate assessment of
data usability will not be performed for groundwater samples collected as part of this SI. However, the
assessment of data usability would be included in the QC associated with the annual Hanford Site
groundwater monitoring report (e.g., DOE/RL-2019-66), as the samples would be collected along with
routine groundwater monitoring performed under the 100-KR-4 SAP (DOE/RL-2013-29).
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7 Waste Management

Waste materials are generated during sample collection and processing activities. Waste will be managed
in accordance with DOE/RL-97-01, Interim Action Waste Management Plan for the 100-HR-3 and
100-KR-4 Operable Units, as modified by applicable TPA-CNs (TPA-CN-0760, TPA-CN-0773,
TPA-CN-0808, TPA-CN-0823, TPA-CN-0859, and TPA-CN-0899). TPA-CN-0773 was issued in
response to the approval of explanation of significant differences (ESD) to the interim action record of
decision (EPA et al., 2019, Explanation of Significant Differences for the 100-HR-3 and 100-KR-4
Operable Unit Interim Action Record of Decision, Hanford Site Benton County, Washington). The 2019
ESD allows for the use of a consolidated waste complex for the storage of solid waste generated during
actions related to 100-KR-4 interim action.

Miscellaneous solid waste that has contacted suspect dangerous waste will be managed as dangerous
waste. Purge water and decontamination fluids will be collected and managed in accordance with
DOE/RL-97-01. Packaging and labeling during waste storage and transportation will meet the applicable
substantive federal and/or state requirements. Waste materials requiring collection will be placed in
containers appropriate for the material and the receiving facility in accordance with the applicable waste
management or waste control plan and applicable substantive federal and/or state requirements. Offsite
analytical laboratories are responsible for the disposal of unused sample quantities and wastes generated
during analytical processes.

8 Health and Safety

The U.S. Department of Energy established the hazardous waste operations safety and health program
pursuant to the Price-Anderson Amendments Act of 1988 to ensure the safety and health of workers
involved in mixed-waste site activities. The program was developed to comply with the requirements of
10 CFR 851, “Worker Safety and Health Program,” which incorporates the standards of

29 CFR 1910.120, “Occupational Safety and Health Standards,” “Hazardous Waste Operations and
Emergency Response”; 10 CFR 830, “Nuclear Safety Management™; and 10 CFR 835, “Occupational
Radiation Protection.” The health and safety program defines the chemical, radiological, and physical
hazards and specifies the controls and requirements for daily work activities on the overall Hanford Site.
In addition, the health and safety program governs personnel training; control of industrial safety and
radiological hazards; personal protective equipment; site control and general emergency response to
spills, fire, accidents, injury, site visitors; and incident reporting. Site-specific health and safety plans will
be used to supplement the general health and safety program.
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