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Executive Summary

This report presents the calendar year (CY) 2017 operational data and evaluations for the
200-UP-1 and 200-ZP-1 Groundwater Operable Unit (OU) pump-and-treat (P&T) systems,
the 200-DV-1 OU perched water extraction system, and the 200-BP-5 OU groundwater
extraction system at the Hanford Site. In 2017, extracted groundwater and perched water
from all four OUs, and Environmental Restoration Disposal Facility (ERDF) leachate, were
routed to the 200 West Pump and Treat (P&T), and the treated water was returned to the
aquifer using injection wells. These remediation systems are operated by CH2M HILL

Plateau Remediation Company for the U.S. Department of Energy.

The 200 West P&T operates to meet the needs for extracted water treatment at 200-ZP-1,
200-UP-1, 200-BP-5 OUs, 200-DV-1 perched water, and ERDF leachate. In 2017, several
activities were undertaken to assess the performance of the extraction systems and progress
toward achieving intermediate targets and goals as an indication of progress toward attaining
the remedial/removal action objectives for each of the four OUs. Overall, the 200 West P&T
performance evaluation concluded that in the first 5 years of operation, the P&T system
successfully operated and provided treatment for the four OUs and met the annual targets and
goals (Figure ES-1) while managing needs for design capacity throughput, maintenance, and
upgrades of the facility as anticipated in the 200-ZP-1 Remedial Design/Remedial Action
Work Plan! (RD/RAWP Rev. 0).

Maintenance and upgrades to the 200 West P&T focused on reaching and maintaining
nominal design capacity. Upgrades have included installation of uranium ion exchange
treatment and well additions/realignments to integrate treatment for the multiple feed streams
from the four OUs. Decreased injection well capacity, first identified in 20132, caused by
biofouling in the effluent conveyance system components and injection wells, is the principal
challenge to continued operation of the 200 West P&T. Well maintenance activities have
been ongoing to routinely clean and rehabilitate the injection wells, however, injection
capacity continues to be reduced by biofouling. Additional efforts have been initiated to

address these challenges and to increase injection well efficiency for sustained operations.

1 DOE/RL-2008-78, 2009, 200 West Area 200-ZP-1 Pump-and-Treat Remedial Design/Remedial Action Work Plan,
Rev. 0 REISSUE, U.S. Department of Energy, Richland Operations Office, Richland, Washington. Available at:
http://pdw.hanford.gov/arpir/index.cfm/viewDoc?accession=0096137.

2 DOE/RL-2014-26, 2014, Calendar Year 2013 Annual Summary Report for the 200-ZP-1 and 200-UP-1 Operable
Unit Pump-and-Treat Operations, Rev. 0, U.S. Department of Energy, Richland Operations Office, Richland,
Washington. Available at: http://pdw.hanford.gov/arpir/index.cfm/viewDoc?accession=0083706.
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Figure ES-1. 200 West P&T Actual Cumulative Volume Treated
Compared to Design Capacity Throughput
The 200-UP-1 OU P&T system is designed to meet interim remedial action Record of
Decision3 (ROD) objectives using well networks for targeted plumes and treatment of
water routed to the 200 West P&T. Performance monitoring and assessments in 2017

show good progress toward objectives for contaminant reduction which include:

o At WMA S-SX, technetium-99, chromium, and nitrate concentrations declined in a
majority of wells that had baseline concentrations above a cleanup level. The UCLgs
values for technetium-99 declined from 20,700 to 6,420 pCi/L between 2011 and 2017 due
to operation of the groundwater extraction system.

e Comparisons of the UCLgs values calculated from the monitoring data to numerical model
simulations, and comparisons of the actual mass (or activity) of contaminants extracted
from the aquifer to model predictions, indicate that the WMA S-SX groundwater
extraction system is operating as predicted, and the system will achieve its cleanup

objectives. However, ongoing sources of groundwater contamination may be great enough

3 EPA, Ecology, and DOE, 2012, Record of Decision for Interim Remedial Action Hanford 200 Area Superfund Site
200-UP-1 Operable Unit, U.S. Environmental Protection Agency, Washington State Department of Ecology, and
U.S. Department of Energy, Olympia, Washington. Available at:
http://pdw.hanford.gov/arpir/pdf.cfm?accession=0091413.
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that groundwater plumes may re-form following shutdown of the WMA S-SX
groundwater extraction system unless the sources are remediated or groundwater near the

sources is hydraulically contained.

e The U Plant groundwater extraction system began operating during September 2015.
During 2017, a third extraction well, 299 W19 125, was added to the system. The total
mass removed since startup was 29.6 kg of uranium, 54.1 g (0.93 Ci) of technetium-99;
98,449 kg of nitrate; and 49 kg of carbon tetrachloride.

e 1-129 hydraulic containment has been initiated and water-level data indicate the system

has slowed the eastward migration of the plume.

Eleven characterization wells were installed for the 200-UP-1 OU southeast chromium plume
in 2016 and 2017. The results indicate that the plume is larger than previously interpreted. Fate
and transport modeling has begun to support remediation feasibility analysis.

Fate and transport simulations for the U Plant groundwater extraction system identified
optimization needs for uranium plume remediation, and plans are in place to support
optimization and progress toward the objectives. Interpretation of performance assessment
data show that continuing sources are present for uranium and technitium-99. These data and
interpretations provide a basis to consider future P&T operational approaches and the need to

integrate groundwater plume remediation with source characterization and remediation efforts.

The 200-ZP-1 OU P&T system is designed to meet ROD# objectives using an injection and
extraction well network and treatment of water at the 200 West P&T. The 200-ZP-1 OU P&T
activities and performance show good progress compared to the performance expectations for
the initial 5-year operating period of the remedy. The 2017 hydraulic containment assessment
showed that nearly 100 percent of the carbon tetrachloride plume that exhibits concentrations
greater than the 100 pg/L target was contained (Figure ES-2). Overall performance of the 200
ZP 1 OU P&T activities through the initial 5-year operating period of the remedy
demonstrated that plume containment and mass extraction have met the performance targets as
described in the 200-ZP-1 RD/RAWP, except for a small area of contamination in the

northeast area of the plume.

4 EPA, Ecology, and DOE, 2008, Record of Decision Hanford 200 Area 200-ZP-1 Superfund Site Benton County,
Washington, U.S. Environmental Protection Agency, Washington State Department of Ecology, and U.S. Department
of Energy, Olympia, Washington. Available at: http://pdw.hanford.gov/arpir/index.cfm/viewDoc?accession=00098825.
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Figure ES-2. Percent Containment of Targeted Concentrations of Carbon Tetrachloride
Above the RLM Computed Using the Central Plateau Groundwater Model

In addition, summary statistics calculated from the performance monitoring well network
show steady declines in concentrations. For example, Figure ES-3 depicts the average,
UCLgs, and median summary statistics calculated using the 200-ZP-1 carbon tetrachloride
plume monitoring data each year since the P&T system began operating in 2012, and for
the year prior to its commencement (i.e., 2011). The “box and whiskers” for each year
depict the 25" and 75" percentile values (top and bottom of the “box”) along with the
yearly minimum and maximum values (top and bottom of the “whiskers”). The summary
statistics show that carbon tetrachloride concentrations have steadily declined since the

startup of the P&T system.
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Figure ES-3. Summary Statistics for Carbon Tetrachloride for PMP Wells

The 200-ZP-1 performance assessment was expanded this year to include evaluation of
concentration trends at individual wells using the available performance data; updated
plume data obtained from characterization and monitoring efforts in the P&T well
network; and, the published update to the estimated carbon tetrachloride natural
attenuation rate®. The final carbon tetrachloride degradation study report concluded
that rates of hydrolysis are significantly slower than previously thought, with the best
estimate for the half-life of carbon tetrachloride in aqueous systems from abiotic
degradation alone of about 630 years, compared to 41.3 to 100-year half-life used in
the 200-ZP-1 RD/RAWP. The change in half-life assumption from abiotic alone
results in a greatly reduced contribution of degradation to the reduction of mass

(and, related reductions in concentrations) over the lifecycle of the P&T remedy.

5 PNNL-22062, 2012, Abiotic Degradation Rates for Carbon Tetrachloride and Chloroform: Final Report, RPT-DVZ-
AFRI-012, Pacific Northwest National Laboratory, Richland, Washington. Available at:
http://www.pnnl.gov/main/publications/external/technical reports/PNNL-22062.pdf.

vii
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The effect of different half-lives on concentrations changes over time is illustrated in
Figure ES-4. This figure shows that over 100 years, abiotic degradation at a half-life of
630 years reduces a concentration by 10 percent (i.e., to 90 percent of its initial value),
compared reductions of 50 percent and 82 percent (i.e., to 50 percent and 18 percent of
the initial value) for 100-year and 41.3-year half-lives, respectively. The longer 630-year
half-life substantially increases the time for mass to attenuate following the shut-down of
the P&T system. Biotic and abiotic degradation are identified as natural attenuation
processes for carbon tetrachloride in the RD/RAWP. Planning is underway to further
evaluate biotic degradation rates and contribution from biotic degradation on the half-life

of carbon tetrachloride.
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Figure ES-4. lllustration of Effect of Degradation Half-Life on Cleanup Time
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This expanded performance evaluation including the data and information obtained over
the first 5 years of operation indicates that remedy performance projections stemming
from the feasibility study need to be updated to incorporate 1) the slower abiotic natural
attenuation rate for carbon tetrachloride, 2) the larger mass of carbon tetrachloride within
the Ringold A Formation, and 3) evaluation of the biotic degradation of carbon
tetrachloride. Given these changes, achieving the mass-removal goal for carbon
tetrachloride will be more difficult than anticipated in the feasibility study and ROD and,
combined with slower abiotic natural attenuation rates, conditions are less favorable for
attaining the carbon tetrachloride RAQ in the ROD timeframe. Efforts are underway to
obtain and further evaluate information to optimize the carbon tetrachloride remediation
approach, which will be detailed in a revision to the 200-ZP-1 RD/RAWP.

The 200-DV-1 OU perched water is proceeding as a removal action, which is producing
water with higher uranium, technetium-99, and nitrate concentrations that are much
higher than concentrations from the other OUs. The extraction rate is low because of the
thin saturated zone and low-permeability of the perched water system. In 2017, efforts for
understanding the 200-DV-1 OU Perched Water system are underway, which will enable
other considerations of future action(s). The 200-DV-1 efforts will be documented in a

conceptual site model to be included in the remedial investigation report.

The 200-BP-5 OU removal action continued in 2017 with optimization of the well
network leading to good performance in extracting contaminants. Implemented changes
have improved removal performance and the targeted plumes have significantly

decreased in size and concentration.
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1 Introduction

This report presents the calendar year (CY) 2017 operational results and evaluations for the Hanford Site
200-UP-1 and 200-ZP-1 Groundwater Operable Unit (OU) pump and treat (P&T) systems, the
200-DV-1 OU deep perched water extraction system, and the 200-BP-5 OU groundwater extraction
system. In 2017, extracted groundwater and perched water were routed from all four OUs to the

200 West P&T, and the treated water was returned to the aquifer using injection wells. These systems are
operated by CH2M HILL Plateau Remediation Company (CHPRC) for the U.S. Department of Energy
(DOE). Figure 1-1 shows the locations of the 200 West P&T, the Waste Management Area (WMA) S-SX
groundwater extraction system, the U Plant area groundwater P&T system, iodine-129 hydraulic
containment injection wells, 200-DV-1 OU perched water extraction wells, 200-BP-5 OU groundwater
extraction wells, the Environmental Restoration Disposal Facility (ERDF), and associated transfer
pipelines to convey the water to the 200 West P&T.

The 200-ZP-1 OU groundwater remediation is addressed by EPA et al., 2008, Record of Decision
Hanford 200 Area 200-ZP-1 Superfund Site Benton County, Washington (hereinafter referred to as the
200-ZP-1 OU Record of Decision [ROD]). The 200-ZP-1 remedy includes groundwater P&T, monitored
natural attenuation (MNA), flow-path control, and institutional controls (ICs). The 200 West P&T became
operational in July 2012, replacing the interim 200-ZP-1 OU system, to capture and treat contaminated
groundwater. The 200 West P&T is designed to reduce the mass of contaminants of concern (COCs)
throughout the 200-ZP-1 OU by a minimum of 95% in 25 years from startup. The COCs include carbon
tetrachloride, total and hexavalent chromium (Cr(V1)), iodine-129, nitrate, technetium-99, trichloroethene
(TCE), and tritium. The 200 West P&T has been implemented in combination with MNA to achieve
cleanup levels for all COCs in 125 years from startup.

The 200 West P&T design currently consists of 31 extraction and 29 operational injection wells, with an
installed capacity to treat up to 9,464 L/min (2,500 gal/min) of water, with a sustained nominal flow of
7,571 L/min (2,000 gal/min) when recirculation and downtime for operational and maintenance activities
are included. During 2017, the average combined influent flow rate through the 200 West P&T was
7,436 L/min (1,963 gal/min). The total volume treated in 2017 through the 200 West P&T was

3,881.8 million L (1,025.46 million gal), removing 1,906 kg of carbon tetrachloride, 349,771 kg of
nitrate, 89.4 kg of chromium (total and hexavalent), 10.4 kg of trichloroethene, 168 g (2.87 Ci)

of technetium-99, and 364.5 kg of uranium. lodine-129 removal was negligible, as the influent and
effluent concentrations throughout 2017 were less than the detection limit of 0.6 pCi/L. Since startup in
2012, the 200 West P&T has processed 17,265.2 million L (4,560.98 million gal), removing 12,891 kg of
carbon tetrachloride, 1,524,760 kg of nitrate, 409 kg of chromium (total and hexavalent), 57.9 kg of
trichloroethene, 600 g (10.2 Ci) of technetium-99, and 406.7 kg of uranium. lodine-129 removal was
negligible, as the influent and effluent concentrations throughout 2017 were less than the detection limit
of 0.6 pCi/L.

Groundwater remediation of the 200-UP-1 OU is addressed by EPA et al., 2012, Record of Decision for
Interim Remedial Action Hanford 200 Area Superfund Site 200-UP-1 Operable Unit (hereinafter referred
to as the 200-UP-1 OU ROD). Active remedies in the 200-UP-1 OU consist of the WMA S-SX
groundwater extraction system, the U Plant P&T system, and the iodine-129 plume hydraulic
containment system.

The WMA S-SX groundwater extraction system focuses on technetium-99 removal from the aquifer.
Technetium-99 occurs as a groundwater contaminant beneath and downgradient of the SX Tank Farm in
the southern portion of the 200 West Area. The WMA S-SX groundwater extraction system consists of
three extraction wells, aboveground pipelines, and a transfer building to capture and pump contaminated
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groundwater near the S-SX Tank Farms to the 200 West P&T for treatment. The WMA S-SX
groundwater extraction system began operations in 2012. The system operated >96% of the time during
2017. The combined average flow rate in 2017 was 310 L/min (81.8 gal/min), achieving the design
nominal pumping rate of 303 L/min (80 gal/min). The total volume of water extracted from the aquifer
during 2017 was 161 million L (42.7 million gal), and the system removed 18.4 g (0.313 Ci) of
technetium-99, 4.53 kg of chromium, 4,374 kg of nitrate, and 11.1 kg of carbon tetrachloride. Since
startup in 2012, 161 million L (42.7 million gal) of water have been extracted, removing 169.3 g (2.87 Ci)
of technetium-99, 45.9 kg of chromium, 31,884 kg of nitrate, and 62.0 kg of carbon tetrachloride.

The U Plant P&T system, which began operating in September 2015, focuses on uranium and
technetium-99 removal from the aquifer. It consists of three extraction wells and aboveground,
dual-walled pipelines for freeze protection to convey extracted groundwater to the 200 West P&T
radiological building for treatment. Modifications to the radiological building to add an ion-exchange (IX)
treatment train to remove uranium from the extracted water were completed during 2015. Groundwater
from the U Plant area extraction wells is pumped to the 200 West P&T, where it is combined with
200-BP-5 OU and 200-DV-1 OU extracted water before flowing through the uranium 1X treatment train.
Following uranium removal, the water is then combined with water from other 200-ZP-1 OU extraction
wells requiring radiological treatment to remove technetium-99 (and low concentrations of iodine-129).
The treated water from the radiological treatment building is then routed through the 200 West P&T
biological treatment systems with nonradiologically contaminated groundwater from the 200-ZP-1 OU
extraction wells to remove nonradiological COCs. The treated water is then returned to the aquifer using
injection wells. During 2017, the combined average flow rate was 562 L/min (148 gal/min), which is 99%
of the design nominal pumping rate of 568 L/min (150 gal/min). The total volume of water extracted from
the aquifer during 2017 was 292 million L (77 million gal), and the system removed 15.6 g (0.266 Ci) of
technetium-99, 17.9 kg of uranium, 27,349 kg of nitrate, and 19.3 kg of carbon tetrachloride.

The iodine-129 plume hydraulic containment system became operational in October 2015. lodine-129
containment consists of three hydraulic control injection wells that inject 200 West P&T treated water
east of the iodine-129 plume to slow the eastward migration of the plume. Hydraulic containment is
provided through increasing the water table elevation downgradient of the plume to slow its eastward
migration while treatment technologies are evaluated. Each well was operational 95.8% to 98.6% of time
during 2017. The total average flow rate for all three wells was 777 L/min (205 gal/min), or 136% of the
minimum nominal flow rate. Monthly water-level measurements began in September 2015 from

a network of wells near the injection wells. Potentiometric surface maps based on analysis of water-level
measurements demonstrate that groundwater flow continues to be toward the east-northeast over much of
the area between the eastern boundary of the iodine-129 plume and the injection wells, but the magnitude
of the gradient has decreased since pumping started to the injection wells. The change in gradient
magnitude has resulted in a reduction in the migration rate of the iodine-129 plume.

Groundwater removal from the 200-BP-5 OU became operational in September 2015 as part of

a treatability test (DOE/RL-2015-75, Aquifer Treatability Test Report for the 200-BP-5 Groundwater
Operable Unit). In December 2016, a removal action memorandum (DOE/RL-2016-41, Action
Memorandum for 200-BP-5 Operable Unit Groundwater Extraction) replaced the treatability test

and approved a non-time-critical removal action (NTCRA) designed to recover elevated levels of
groundwater contamination while waiting on completion of the Comprehensive Environmental Response,
Compensation, and Liability Act of 1980 (CERCLA) remedial investigation (RI)/feasibility study (FS)
process and the issuance of a 200-BP-5 OU ROD. The primary contaminants subject to the removal
action are technetium-99 and uranium. Extracted groundwater also includes the co-contaminants cyanide,
iodine-129, nitrate, and tritium. The extracted groundwater is treated at the 200 West P&T.
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Extraction of uranium-contaminated perched water from the 200-DV-1 OU began in August 2011 as
a treatability test. Operations transitioned to a NTCRA in 2016 in accordance with the action
memorandum (DOE/RL-2014-34, Action Memorandum for 200-DV-1 Operable Unit Perched Water
Pumping / Pore Water Extraction). In 2016, extracted perched water was transferred to the 200 West
P&T by truck. In 2017, the perched water extraction wells were connected to the 200-BP-5 OU
groundwater cross-site pipeline for conveyance to the 200 West P&T.

In 2017, the 200 West P&T also received leachate from ERDF for treatment. An explanation of
significant differences issued in 2015 (EPA et al., 2015, Explanation of Significant Differences for the
U.S. Department of Energy Environmental Restoration Disposal Facility Hanford Site — Benton
County, WA) allows the 200 West P&T to be used as an option for the treatment of ERDF leachate.
This change allows either the Effluent Treatment Facility or the 200 West P&T to be used for treatment
of ERDF leachate, depending upon availability. Construction was completed in 2016 to install a transfer
line for ERDF leachate to the 200 West P&T.

Chapter 2 documents the performance of 200 West P&T operations. Chapter 3 documents the
performance of the 200-UP-1 OU remedy, which consists of the WMA S-SX groundwater extraction
system, U Plant P&T, and the iodine-129 hydraulic containment system. Chapter 4 describes the
performance of the 200-ZP-1 OU groundwater remedy. Chapter 5 discusses the performance of the
200-DV-1 OU perched water extraction system, and Chapter 6 describes the performance of the
200-BP-5 OU groundwater extraction. The following information is included in Chapters 2 through 6:

e Activities and developments during 2017

o Summary of extraction well data (including extraction flow rates)

e Treatment system performance (including mass removed and volume treated)

e Trends for COCs in extraction and key monitoring wells

e  Groundwater plumes

e Conclusions on 2017 remedy performance

Appendix E of DOE/RL-2017-66, Hanford Site Groundwater Monitoring Report for 2017, provides
additional information on the nature and extent of groundwater contamination. The appendix also

provides a discussion of quality assurance (QA) and quality control (QC) as applied to groundwater
sampling and analysis during 2017.
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2 200 West Pump and Treat Remedial System Operation

This chapter discusses the remedial system
operational activities associated with the
200 West P&T during 2017. These activities
include the following general functions:

o Extraction of contaminated groundwater from
four CERCLA OUs (discussed in Section 2.1)

e Conveyance of contaminated groundwater to
the 200 West P&T (discussed in Section 2.2)

e Treatment of groundwater to remove
contaminants (discussed in Section 2.3)

e Conveyance of treatment facility effluent
water to injection points (discussed in
Section 2.4)

e Placement of the effluent into the aquifer at

Highlights
The 200 West P&T operates to meet the needs for extracted
water treatment at 200-ZP-1, 200-UP-1, 200-BP-5 OUs,
200-DV-1 perched water and ERDF leachate.
The COC concentrations in the effluent met the cleanup
levels identified in the 200-ZP-1 ROD.
Cyanide is a co-contaminant in the extracted groundwater
from the B Complex area in the 200-BP-5 OU. Cyanide was
included as a constituent for process monitoring at various
points throughout the 200 West P&T process. Free cyanide
was not detected above the MTCA cleanup value of 4.8 pg/L
in any of the effluent samples.
Biofouling in the effluent conveyance system components and
injection wells continue to affect injection well capacity.
Additional efforts have been initiated to address these
challenges and to increase injection well efficiency for
sustained operations.

locations underlying 200-ZP-1 OU via injection wells (discussed in Section 2.5)

Groundwater extraction wells are placed, designed, and operated to meet the remedial action objectives
(RAOQS) of individual OUs. Individual OU remedy performance is discussed in Chapters 3, 4, 5 and 6 of
this report. Conveyance components (e.g., pipelines and transfer buildings) bring the extracted
groundwater to the centrally located 200 West P&T process building for treatment. The 200 West P&T
provides multiple unit processes to remove COCs from the influent groundwater stream. It is designed to
remove carbon tetrachloride, total chromium and Cr(VI), nitrate, technetium-99, TCE, uranium, and low
concentrations of iodine-129 using X, anoxic and aerobic bioreactors, and air stripping. The effluent
conveyance system transports the treated groundwater from the 200 West P&T to a series of injection
wells surrounding the 200-ZP-1 OU contaminant plumes. The injection wells convey the treated
groundwater into 200-ZP-1 OU aquifer. The operating P&T systems in 200-BP-5, 200-UP-1, and
200-DV-1 OUs are all net water export systems, with all treated water being conveyed into the aquifer
near the 200-ZP-1 OU. Figure 2-1 provides a schematic map showing the layout of the Central Plateau
groundwater remedial system elements. Figure 2-2 provides an aerial photograph of the 200 West P&T.

Groundwater remediation using the 200 West P&T is critical to achieve the RAOs for the Central

Plateau OUs.

Operation of the 200 West P&T began in 2012, initially treating contaminated water from the
200-ZP-1 OU and from WMA S-SX in the 200-UP-1 OU. With the installation of an IX system
specifically designed to remove uranium from contaminated water in 2015, treatment of uranium- and
technetium-99-contaminated water began for the 200-UP-1 and 200-BP-5 OUs in 2015, and for the
200-DV-1 perched water OU and ERDF leachate in 2016. Chapter 3 of this report provides a detailed
description of the 200-UP-1 OU remedial action. Further information regarding ERDF can be found in
EPA/ROD/R10-95/100, EPA Superfund Record of Decision: Hanford 200-Area (USDOE) Hanford
Environmental Restoration Disposal Facility, Hanford Site, Benton County, Washington;
EPA/ESD/R10-96/145, Explanation of Significant Differences: USDOE Environmental Restoration
Disposal Facility, Hanford Site, Benton County, Washington; and the 2015 explanation of significant

differences for the ERDF (EPA et al., 2015).
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Figure 2-2. Aerial Photograph of the 200 West P&T

Well conversions and additions during 2017 included transitioning from existing extraction well
299-E33-268 to newly converted extraction well 299-E33-360 for the 200-BP-5 OU, installing and
connecting one additional extraction well for the 200-UP-1 OU, and installing and connecting two
additional injection wells for the 200-ZP-1 OU. Chapter 3 provides further discussion on the remedial
action progress for 200-UP-1 OU. Chapter 4 provides further details on 200-ZP-1 OU remedial action
progress. Chapter 5 discusses perched water removal action activities, including hydraulic testing
performed in 2017. DOE/RL-2015-75 provides a description of the initial 200-BP-5 OU treatability test,
and Chapter 6 of discusses follow-up removal action activities.

2.1 Groundwater Extraction Well Network in the Hanford Central Plateau

During 2017, a total of 31 groundwater extraction wells were in service in Central Plateau OUs,
including the following:

e Six extraction wells operating in the 200-UP-1 OU

e Twenty extraction wells operating in the 200-ZP-1 OU

e Two extraction wells in service in the 200-BP-5 OU

e Three extraction wells operating in the 200-DV-1 perched water OU

The Central Plateau extraction well networks are designed for hydraulic containment and recovery of
groundwater contaminants within the 200-ZP-1 and 200-UP-1 OUs. In addition, extracted perched water
from the 200-DV-1 OU and groundwater from the 200-BP-5 OU are routed to the 200 West P&T.

One new 200-UP-1 extraction well entered service in 2017 and is configured with screens 20 cm (8 in.) in
diameter and over 30 m [100 ft] long. A new 200-BP-5 OU extraction well entered service in 2017, and
the well is 20 cm (8 in.) in diameter and screened across the entire 2.2 m (7.5 ft) unconfined aquifer at
that location.
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Extraction well screens in the 200-ZP-1 OU target intervals with carbon tetrachloride concentrations
>100 pg/L. Extraction well screens in the 200-UP-1 OU target intervals with uranium concentrations
>30 pg/L and technetium-99 concentrations >900 pCi/L. Extraction wells in the 200-BP-5 OU target
uranium and technetium-99 plumes that exceed 300 pg/L and 9,000 pCi/L, respectively. Table 2-1
provides a summary of extraction well operation.

Table 2-1. Flow Rates and Total Run-Times for 200 West P&T Extraction Wells, 2017

Average Total Flow
Flow Rate, Hours Total Run-

Well ID Well Name PLCID L/min (gal/min) in 2017 Time (%) * Purpose
C7017 299-W15-225 YEO1B 328.8 (86.8) 7,848 89.6 200-ZP-1 extraction
C7018 299-W14-20 YEO02B 300.5 (79.3) 8,760 100.0
C7021 299-W14-73 YEO3B 391.9 (103.5) 8,232 94.0
C7024 299-W14-74 YEO04 394.8 (104.2) 7,992 91.2
C7027 299-W12-2 YEOSB 347.0 (91.6) 7,872 89.9
C7020 299-W11-50 YEO6B 282.9 (714.7) 8,712 99.5
C7022 299-W11-90 YEO7B 341.0 (90.0) 8,760 100.0
C7754 299-W11-96 YEO8 378.4 (99.9) 7,416 84.7
C7577 299-W17-3 YEQ09B 375.2 (99.1) 8,112 92.6
C7576 299-W17-2 YE10B 372.7 (98.4) 8,232 94.0
C8718 299-W19-111 YE11B 0.0 (0.0) 0 0.0
C7019 299-W11-49 YE12B 410.8 (108.5) 8,736 99.7
C8719 299-W11-97 YE13B 330.5(87.3) 8,112 92.6
C8720 299-W6-15 YE14B 353.0 (93.2) 5,832 66.6
C7494 299-W14-21 YE15B 326.9 (86.3) 8,760 100.0
C7025 299-W11-92 YE16B 353.2 (93.3) 8,712 99.5
C8721 299-W5-1 YE17B 329.9 (87.1) 6,360 72.6
C7028 299-W12-3 YE18B 359.3 (94.9) 7,704 88.0
C7029 299-W12-4 YE19B 398.2 (105.1) 8,160 93.2
C7030 299-W14-22 YE20B 349.4 (92.2) 7,752 88.5
C8095 299-W22-90 YE21B 90.1 (23.8) 8,736 99.7 S-SX extraction
C8096 299-W22-91 YE22B 117.6 (31.1) 8,760 100.0
C8097 299-W22-92 YE23B 106.7 (28.2) 8,448 96.4
C9594 299-W19-125 YE24B 192.1 (50.7)° 2,472 28.2 200-UP-1 extraction
C8927 299-W19-113 YE25B 198.6 (52.4) 8,592 98.1
C8928 299-W19-114 YE26B 317.0 (83.7)° 8,592 98.1
C8243 299-E33-268 YE27B 311.8 (82.3)¢ 2,688 30.7 200-BP-5 extraction
C8923 299-E33-360 YE31B 451.4 (119.2)¢ 6,348 72.5
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Table 2-1. Flow Rates and Total Run-Times for 200 West P&T Extraction Wells, 2017

Average Total Flow
Flow Rate, Hours Total Run-

Well ID Well Name PLCID L/min (gal/min) in 2017 Time (%) * Purpose
C5859 299-E33-344 YE28B 2.6 (0.7) 48 1.0 200-DV-1 extraction
C8914 299-E33-350 YE29B 3.2(0.8) 5,024 57.4
C8915 299-E33-351 YE30B 2.7(0.7) 2,709 30.9

a Percentage total run-time is calculated by [(days well in operation) + (number of days in the calendar year)].
b Flow rate reflects average flow after extraction well 299-W19-125 was put in service on September 20, 2017.

¢ Extraction well 299-W19-114 averaged 360 L/min (95 gal/min) prior to startup of extraction well 299-W19-125. In
September, the extraction flow rate was adjusted down to an average of 187 L/min (49 gal/min) to maintain a combined
average flow of 568 L/min (150 gal/min) from the UP-1 extraction wells.

d Average flow rate while extraction well 299-E33-268 was operating until shut down in June 14 2017.

e Extraction well 299-E33-360 was put in service in March 2017 operating at an average flow rate of 168 L/min (44 gal/min).
After 299-E33-268 was shut down, the pumping rate from 299-E33-360 was increased to an average of .530 L/min
(140 gal/min) for the remainder of 2017.

ID = identification
PLC = programmable logic controller

Extraction well performance is evaluated monthly by plotting and inspecting the record of long-term
pumping rates and the associated long-term dynamic water level in each extraction well. Wells exhibiting
apparent reduction in specific capacity are identified for maintenance. None of the extraction wells
underwent redevelopment during 2017.

2.2 Conveyance of Extracted Groundwater to the 200 West Pump and Treat

The extracted groundwater conveyance system is composed primarily of head-welded, high-density
polyethylene (HDPE) pipe connecting extraction wells to the 200 West P&T and/or to intermediate
extraction transfer buildings. Transfer buildings generally contain a tank, or tanks, for intermediate
storage of extracted water and a series of pumps to transfer the stored water to the treatment plant.

Three extraction transfer buildings are currently operational, all located in 200 West Area, with one
building supporting extraction activities near the S-SX Tank Farms in the 200-UP-1 OU, and the

other two buildings supporting extraction activities in the 200-ZP-1 OU. Groundwater pumped from the
200-BP-5 OU extraction wells is collected in a transfer tank located in the 200 East B Complex area

and then pumped to the 200 West P&T. A separate collection tank in the B Complex area is provided to
store extracted perched water from the 200-DV-1 OU. The collected perched water is then pumped to the
200-BP-5 OU collection tank for transfer to the 200 West P&T with groundwater from the 200-BP-5 OU.

The extraction conveyance system includes over 16,000 m (10 mi) of surface-laid HDPE pipe in addition
to the transfer buildings. The extraction conveyance system was relatively trouble-free during CY 2017,
with the notable exception of a leak that developed in the transfer line connecting the 200 East Area to
the 200 West P&T. The leak was observed on May 17, 2017, and a response was implemented to repair
the pipeline and return the system to service within 36 hours. The cause of the pipeline leak was not
confirmed but is believed to have resulted from the pipelines freezing in February 2017.

2.3 200 West Pump and Treat Remedial System Overview

This section provides a brief description of the 200 West P&T, flow rates, and the data collected to
monitor performance. Data collection associated with operation of the 200 West P&T began in July 2012,
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following facility startup. Decisions regarding optimization and system performance (in order to meet
RAOQs) are made based on an evaluation of the data against the decision statements (DSs) presented in the
200-ZP-1 OU performance monitoring plan (PMP) (DOE/RL-2009-115, Performance Monitoring Plan
for the 200-ZP-1 Groundwater Operable Unit Remedial Action). Table 2-2 lists the 200 West P&T

DOE/RL-2017-68, REV. 0

performance parameters for 2017.

2.31

The 200 West P&T system includes seven primary system components: (1) radiological treatment,
(2) biological treatment, (3) sludge handling, (4) sludge stabilization, (5) chemical feed system, (6) air
stripping, and (7) off-gas treatment. The major components for each of the systems are as follows:

Table 2-2. 200 West P&T Performance for 2017

Performance 2017 Since 2012
Total groundwater processed (L) 3,881,780,069 17,265,201,829
Mass removed
Carbon tetrachloride (kg) 1,906 12,891
Chromium (total and hexavalent) (kg) 89.4 409.0
lodine-129° (pCi) 0.0 242,010,000
Nitrate (as NOs) (kg) 349,771 1,524,760
Technetium-99 (g) 168 600
Trichloroethene (kg) 104 57.9
Uranium® (kg) 364.5 406.7
Average mass removal efficiency®
Carbon tetrachloride 99.9% 99.9%
Chromium (total and hexavalent) 81.8% 82.1%
lodine-129° N/A N/A
Nitrate (as NOs) 73.6% 72.7%
Technetium-99 94.3% 96.0%
Trichloroethene 91.1% 87.4%
Uranium® 99.1% 98.0%
System availability® >90% >90%
Plume area at 2,000 pg/L (km?) 0.0036 0.29F

a. The 200 West pump and treat began operations in July 2012.

b. Removal efficiency not calculated for iodine-129 since concentrations were at or below the minimum
detectable activity in >50% of the influent and effluent samples.

c¢. Uranium is included to track treated 200-UP-1 Operable Unit and 200-BP-5 Operable Unit
groundwater.

d. Mass removal efficiency = [(influent — effluent) + (influent)] x 100.
e. System availability = [(total time online) + (total possible run-time)].
f. Represents the area calculated for 2012.

N/A = not applicable

200 West Pump and Treat Remedial System Components

The radiological treatment system includes IX resins to remove technetium-99, low levels of
iodine-129, and uranium.
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e The biological treatment systems include anoxic/anaerobic biodegradation fluidized bed reactors
(FBRs) and aerobic biodegradation/membrane filtration (membrane bioreactors [MBRs]) for anions,
metals and organics.

e The sludge handling system includes rotary drum thickeners, aerated sludge holding tanks, centrifuge
dewatering, and centrate return system.

o The sludge stabilization system includes lime silos, pug mills, and screw conveyors.
e The chemical feed system includes finished water chemistry adjustments through chemical addition.
e The air-stripping system includes packed tower air strippers and demisters.

o The off-gas treatment system includes capture of the air-stripper and tank off-gas emissions through
vapor-phase granular activated carbon (GAC) for organic and nonorganic compounds.

The 200 West P&T includes two separate buildings to conduct water treatment. The radiological building
contains three IX trains. One IX train, with a nominal flow capacity of 1,136 L/min (300 gal/min)

(1,515 L/min [400 gal/min] maximum) installed in 2015, treats uranium-contaminated water from the
200-UP-1, 200-DV-1, and 200-BP-5 OUs. Two IX trains remove technetium-99 and limited removal of
low concentrations of iodine-129 (near 1.0 pCi/L) in contaminated water from the 200-ZP-1, 200-UP-1,
and 200-BP-5 OUs at a nominal flow capacity of 2,271 L/min (600 gal/min). If necessary, the influent pH
is adjusted to improve IX resin performance. Additional 1X treatment trains can be added in the future to
increase the flow capacity or treat other radiological COCs. The radiological building only accepts
contaminated water with elevated uranium and technetium-99 concentrations. Uranium- and
technetium-99-contaminated water initially fills an influent tank, is pumped through particulate filters

(to remove suspended materials), and then passes through an IX treatment train of three columns in series
containing DOWEX® 21K resin (which has proven effective in removing uranium). Once treated to
remove uranium, the water flows to another influent tank and is blended with water contaminated with
technetium-99 and low concentrations of uranium (1 to 3 pg/L background concentrations) from the
200-UP-1 and 200-ZP-1 OUs. The blended water is pumped through particulate filters (to remove
suspended materials) and passes through two parallel IX treatment trains containing Purolite® A530E
resin. This resin removes technetium-99 and also provides limited removal of iodine-129 at low
concentrations (near 1.0 pCi/L). The water is then transferred to the biological treatment building for
further treatment. When the lead vessel in each of the IX treatment trains becomes fully loaded, the resin
is transferred to a separate tank where it is heated to 71°C (160°F) to remove volatile organic compounds
(VOCs) prior to disposal at ERDF.

The biological treatment building has a maximum flow capacity of 9,464 L/min (2,500 gal/min), with

a sustained nominal flow of 7,571 L/min (2,000 gal/min) when recirculation and downtime for operations
and maintenance (O&M) activities are included. Groundwater from the extraction wells without
radiological content and treated water from the radiological building are initially pumped into an
equalization tank and then into two parallel FBRs. The FBRs contain a carbon media in suspension for
microorganisms to form a biofilm. A carbon-based food source (e.g., MicroCg®), nutrients, and
phosphoric acid are added to the FBRs and are used by the microorganisms to reduce nitrate under anoxic
conditions. The FBRs are maintained at a temperature between 13°C and 32°C (55°F and 90°F), and

DOWEX® s a registered trademark of DOW Chemical Company, Midland, Michigan.
Purolite® is a registered trademark of Brotech Corporation, Bala Cynwyd, Pennsylvania.

Micrng® is a registered trademark of Environmental Operating Solutions, Inc., Bourne, Massachusetts.
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a pH between 6.5 and 6.8 to maximize microbial growth. Microbes in the FBRs break down the nitrate
and as much as 50% of the carbon tetrachloride and TCE. Anoxic conditions in the FBRs also reduce
Cr(VI) to trivalent chromium.

From the FBRs, water is pumped through a carbon separation tank, then through a splitter box

that divides the water evenly between four MBRs that further break down the contaminants. The MBRs
use submerged membranes for filtration. Vertically strung fibers are found in the membrane zone, where
a vacuum draws water through tiny pores in the fibers. The liquid is then pumped into air strippers to
remove any VOCs that have passed through the bioreactors. Solids from the MBRs are pumped to rotary
drum thickeners and centrifuges for dewatering prior to lime being added to kill the bacteria, control odor,
and dry the sludge. The conditioned sludge is disposed at ERDF, and the final treated water is pumped to
the injection well field. Figure 2-1 shows the entire project, including the pipelines. Figure 2-3 illustrates
the various components and pathways of the 200 West P&T.

Overviews of each of the system components and operation during 2017 are provided in the
following sections.

2.3.1.1 Radiological Treatment

Radiologically contaminated groundwater extracted from wells targeting technetium-99 and uranium
plumes in the 200-ZP-1, 200-UP-1, 200-BP-5, and 200-DV-1 OUs, and collected leachate from ERDF,
are transferred to the radiological treatment building (Figure 2-3). At the radiological treatment building,
the influent is treated through 1X trains to reduce concentrations to <30 pg/L for uranium and 900 pCi/L
for technetium-99. Influent groundwater is filtered to remove fine particulate matter prior to flowing
through the IX trains and then passing through a final set of filters to transfer to the main process
building. Groundwater treated through the radiological treatment building is then transferred to the main
treatment process building.

During 2017, the IX resin trains operated at their designed nominal flow rates of 1,136 L/min

(300 gal/min) and 2,271 L/min (600 gal/min). In October 2017, resin from the first uranium IX column in
series was changed out. This was the first time since the start of operations that any uranium IX column
has been changed out. The spent resin was transferred to the resin strip tank in the radiological treatment
building for heating to remove carbon tetrachloride, and then removed and packaged for disposal

at ERDF.

2.3.1.2 Biological Groundwater Treatment System

The biological groundwater treatment system is designed to remove carbon tetrachloride and nitrate
configured in two parallel 4,730 L/min (1,250 gal/min) treatment trains to accommodate a maximum
instantaneous flow of 9,464 L/min (2,500 gal/min). The biological treatment building has a nominal
sustained flow of 7,571 L/min (2,000 gal/min). The value for sustained capacity includes allowances for
recycle streams and downtimes for O&M activities. The treatment facility infrastructure is designed to
accommodate a third treatment train, if required, to enable a maximum instantaneous flow of

14,200 L/min (3,750 gal/min).

The membranes in the MBRs act as filters to remove solids before the treated water passes through the
air-stripper towers. A buildup of pressure downgradient of each MBR indicates clogging and requires
cleaning of the membranes. Taking an MBR offline for cleaning reduces system flow-through by
2,300 L/min (600 gal/min). To increase the time between cleanings, a sixth cassette was added to

each MBR.
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A leak in FBR-A was identified, and FBR-A was removed from service March 22, 2017. FBR-A repairs
were completed, and a new stainless-steel floor and stainless-steel nozzles were installed. The GAC was
loaded and FBR-A was placed back in service by April 24, 2017. The chemical oxygen demand dose to
FBR-A was slowly increased, and nitrate levels were monitored as the bacteria population increased.

FBR-B was removed from service August 1, 2017, as a preventive measure. The distribution nozzles
were replaced with stainless steel, and the same stainless-steel flooring that was installed in FBR-A was
installed in FBR-B. FBR-B was returned to service on August 28, 2017. The chemical oxygen demand
dose to FBR-B was slowly increased and nitrate levels were monitored as the bacteria population
increased.

The eductor system for both FBRs was inspected, and the eductor level and alignment were verified in the
FBRs to provide cleaning at multiple bed levels.

2.3.1.3 Sludge Handling

Solids from the MBRs are pumped to rotary drum thickeners and centrifuges for dewatering prior to lime
being added to kill the bacteria, control odor, and dry the sludge. The conditioned sludge is then disposed
at ERDF. In 2015, the 200 West P&T consolidated the biosolids and debris generated from the process
systems for handing in roll-off boxes for shipment to ERDF. Sludge handling during 2017 operated
within design parameters with no issues, generating 1,946 m® (68,722 ft) of consolidated waste. In 2017,
139 roll-off boxes (14 m? per roll-off box) and three plywood boxes (3.63 m? per box) from the

200 West P&T were shipped to ERDF. Four active GAC canisters and eight GAC drums were changed
out in 2017 and shipped to a regeneration/disposal facility in Arizona.

2.3.1.4 Sludge Stabilization

Nitrate treatment generates the biological sludge that is disposed at ERDF. The sludge material must be
free of liquids and must pass the paint filter test to meet ERDF disposal criteria. It must also be stabilized
to minimize biological breakdown and control order. A screw conveyor is used to move the dewatered
sludge from the centrifuge to the lime sludge stabilization system where a mechanical mixer (pug mill)
performs the mixing. During 2017, the sludge stabilization system performed to design capacity, and the
combined biosolids and debris were managed and shipped to ERDF.

2.3.1.5 Air-Stripping System

The treated water from the membranes is pumped to an air stripper (Figure 2-3) to remove the remaining
carbon tetrachloride and other VOCs. The air-stripper effluent is then pumped to an effluent tank. Acid is
added upstream of the effluent tank through an inline static mixer to adjust the pH.

The air-stripper tower is piped so this treatment step can occur before the FBR in the event degradation of
the carbon tetrachloride in the FBR is less than anticipated. For the latter scenario, water from the influent
equalization tank is pumped through a strainer to remove larger particles before entering the air strippers.
Process monitoring was conducted during the initial operations to determine the optimum air-stripper
configuration. During 2017, the air-stripper optimized configuration was maintained. Both air-stripper
towers were chemically cleaned with sodium hypochlorite in August 2017 and with citric acid in

October 2017.

2.3.1.6 Off-Gas Treatment System

Off-gas from the air stripper, influent equalization tank, radiological building strip tanks (technetium-99
and uranium), FBRs, membrane tanks, sludge holding tanks, rotary drum, and centrifuges is combined
and treated by vapor-phase GAC. To avoid buildup of radionuclides in the vapor-phase GAC, air
streams to the vapor-phase GAC system were pre-treated by a demister to minimize liquid carryover.
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During 2017, the vapor-phase GAC system operated as designed, with the changeout of four GACs units
that were regenerated offsite and returned to use.

2.3.1.7 Reliability and Redundancy Provisions

To achieve the cleanup goals, reliability and redundancy provisions have been included in the design of
the 200 West P&T (DOE/RL-2010-13, 200 West Area Groundwater Pump-and-Treat Remedial Design
Report). These provisions are in place to ensure that the system has operational flexibility to continue
operations during routine and preventive maintenance activities, as well as backup provisions in case of
unscheduled maintenance or equipment failure. The reliability and redundancy provisions were
maintained during 2017.

Additional improvements to the facility to increase system reliability included the following:

e Stainless-steel conversion of internal piping and floor in FBR-A and FBR-B was completed, which
decreases the potential for leaks.

e The lead resin vessel in the uranium IX train was changed out in October 2017.

e Beginning July 2017, the use of Nalco® 3DT120 antiscalant in the air stripper towers resulted in
a 90% reduction in the amount of phosphate (as phosphorus) in the effluent.

2.3.2 200 West Pump and Treat Operational Performance

The 200 West P&T extraction system pumped 3.9 billion L (1.0 billion gal) of water in 2017, with

a total of 17.3 billion L (4.6 billion gal) since July 2012. This section discusses the extraction well
sampling data, the analysis of the remedial system monitoring data during 2017, and briefly summarizes
the overall remedial system.

2.3.2.1 Extraction Well Sampling Data

Extraction wells are sampled quarterly, and samples are analyzed for all COCs and natural attenuation
products (DOE/RL-2009-124, 200 West Pump and Treat Operations and Maintenance Plan). Table 2-3
lists the average concentrations of COCs for 2017 (January through December). Chapters 3, 4, 5, and 6
discuss the COC data from extraction and monitoring wells in the 200-UP-1, 200-ZP-1, 200-BP-5, and
200-DV-1 perched water OUs, respectively.

2.3.2.2 Treatment Plant Influent and Effluent Flow Rates

For 2017, the 200 West P&T operated at an average flow rate from 30 extraction wells of 7,436.5 L/min
(1,963.2 gal/min). Table 2-4 shows the volume of groundwater processed and the average calculated flow
rate through the 200 West P&T. Monthly average flow through the system varied between 5,117 and
8,582 L/min (1,351 and 2,266 gal/min) in 2017. Flows were reduced from March through April for
repairs to a leak in FBR-A, in August for repairs to FBR-B, and for cleaning air-stripper towers. The
downtime is reflected in the yearly average flow-rate calculations and the total run-time percentages for
each extraction well. Figures 2-4 through 2-7 present the 2017 monthly average pumping rate for the
extraction and injection wells. Figure 2-8 shows the monthly online availability for the 200 West P&T
for 2017.

Nalco® is a registered trademark of Nalco Company, Naperville, lllinois.
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Table 2-3. Extraction Well Average Concentration, 2017
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WellName | Identification | S22 | 52 | 252 | 22 | Z2&8 | £2 =8 S 58
299-W15-225 YE-1 107.6 34 2.8 <0.5 35.3 <38 0.5 <385 0.8
299-W14-20 YE-2 717.0 18.1 17.5 <0.7 115.0 968 3.1 2,028 1.2
299-W14-73 YE-3 806.0 7.1 6.4 <0.7 95.2 117 6.0 1,323 0.9
299-W14-74 YE-4 945.8 33.2 33.0 <0.7 114.4 121 6.3 5,046 1.3
299-W12-2 YE-5 884.8 225 225 <0.7 94.1 48 35 <381 1.2
299-W11-50 YE-6 456.6 36.6 37.0 <0.8 131.6 1,126 3.2 2,032 1.2
299-W11-90 YE-7 1,123.8 93.6 93.5 <0.8 262.0 715 11.9 10,248 1.9
299-W11-96 YE-8 1,167.5 81.7 82.5 0.8 295.8 292 8.8 9,983 1.6
299-W17-3 YE-9 198.3 39 3.5 <0.7 43.5 208 1.3 <403 0.9
299-W17-2 YE-10 567.7 6.0 5.2 <0.8 99.4 109 4.6 <377 0.8
299-W19-111° YE-11 — — — — — — — — —
299-W11-49 YE-12 697.3 3.2 2.2 <0.6 39.7 115 6.3 <366 0.8
299-W11-97 YE-13 168.5 3.0 1.8 <0.7 34.5 <31 2.1 <388 15
299-W6-15 YE-14 984.5 130.0 127.5 1.1 425.3 367 6.5 8,220 1.6
299-W14-21 YE-15 388.0 3.0 1.2 <0.8 11.7 <30 3.5 <372 1.0
299-W11-92 YE-16 207.0 4.0 3.3 <0.6 31.2 32 1.4 <371 1.0
299-W5-1 YE-17 194.8 49.1 49.5 <0.7 276.8 430 0.8 1,460 15
299-W12-3 YE-18 419.0 41.0 41.8 <0.8 225.8 251 1.7 1,024 1.6
299-W12-4 YE-19 608.5 30.5 29.3 <0.7 32.2 <28 3.0 <382 1.3
299-W14-22 YE-20 370.5 6.4 6.1 <0.7 27.2 <28 2.7 <373 1.3
299-W22-90 YE-21 80.2 27.5 26.5 <0.5 25.3 474 1.9 1,230 2.6
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Table 2-3. Extraction Well Average Concentration, 2017
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Well Name | Identification | S&2 | 2 | 252 22 ZZE S 2 =2 h- 52
299-W22-91 YE-22 63.4 31.7 30.8 <0.9 29.9 3,302 <0.3 3,518 2.8
299-W22-92 YE-23 69.7 23.4 21.8 <0.6 23.6 1,616 <0.3 4,040 4.0
299-W19-125 YE-24 203.2 — — <0.6 37.7 158 8.1 <352 1.9
299-W19-113 YE-25 87.3 3.2 2.3 <0.6 147.5 1,885 1.5 1,723 147.2
299-W19-114 YE-26 63.1 3.1 2.4 <0.7 68.2 384 2.4 515 24.0
299-E33-268 YE-27 <0.3 5.6 5.0 3.3 334.0 6,365 <0.3 6,020 52.9
299-E33-344° YE-28 — — — — — — — — —
299-E33-350 YE-29 <0.2 102.5 79.0 3.8 709.5 36,333 <0.3 14,850 64,683.3
299-E33-351 YE-30 <0.2 67.4 59.6 6.7 1,215.6 26,900 <0.3 6,909 32,475.0
299-E33-360 YE-31 <0.3 8.7 9.2 2.4 336.7 6,993 <0.3 4,930 705.8
299-E33-361 YE-32 — 4.7 4.8 1.0 111.0 989 — 2,590 28.2

Note: The less than symbol (<) indicates values less than detection limits.
a. Uranium is included to track mass treated from 200-UP-1 and 200-BP-5 Operable Unit groundwater.

b. Extraction well 299-W19-111 only operated intermittently, and extraction well 299-E33-344 was offline for maintenance; therefore, samples were not collected in 2017.
constituent not analyzed
programmable logic controller

PLC
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Table 2-4. Total Water Processed in 2017

Water Processed Flow Rate

Month (million L [million gal]) (L/min [gal/min])
January 352.1 (93.0) 7,895.7 (2,084.5)
February 297.1 (78.5) 7,375.2 (1,947.1)
March 275.0 (72.7) 6,176 (1,630.5)
April 223.4 (59.0) 5,219.9 (1,378.1)
May 333.9 (88.2) 7,564.3 (1,997)
June 331.5(87.6) 7,757.6 (2,048)
July 364.5 (96.3) 8,171.8 (2,157.4)
August 231.3(61.1) 5,117.3 (1,351)
September 355.4 (93.9) 8,237 (2,174.6)
October 368.0 (97.2) 8,245.1 (2,176.7)
November 369.8 (97.7) 8,581.9 (2,265.6)
December 379.7 (100.3) 8,557.8 (2,259.3)

Total: 3,881.8 (1,025.5) Average: 7,436.5 (1,963.2)
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Figure 2-4. 200 West P&T Flow Rates for Extraction Wells Without Radiological Contaminants, 2017
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Figure 2-5. 200 West P&T Flow Rates for Extraction Wells with Radiological Contaminants, 2017
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Figure 2-6. 200 West P&T Flow Rates for Extraction Wells without Radiological
Contaminants (Top) and for Injection Wells (Middle and Bottom), 2017
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Figure 2-7. 200 West P&T Flow Rates for Injection Wells, 2017
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Figure 2-8. Monthly Online Availability for the 200 West P&T, 2017

2.3.2.3 Treatment Plant Influent and Effluent Sampling Data

Influent and effluent are sampled monthly. Table 2-5 presents the average COC concentrations in the
influent and effluent for the 200 West P&T from January through December 2017. The COC
concentrations in the effluent were below the cleanup levels listed in Table 2-5, except for nitrate in the
analytical samples collected in January and September. The laboratory sample result for nitrate in the
January 2017 sample was 49 mg/L and the September 2017 sample was 66 mg/L, which are more than
the 45 mg/L cleanup value. Process samples collected daily on normal working days to monitor for
transient conditions averaged 35 mg/L in January and 51 mg/L in September (Table 2-6). Nitrate in
September 2017 was temporarily high to keep chemical oxygen demand (the key well foulant) low
during the seeding of FBR-B following the upgrades in the reactor.

With the addition of extracted groundwater from the 200-BP-5 OU in 2015, cyanide was included as

a constituent for process monitoring at various points throughout the 200 West P&T process (Figure 2-9).
Cyanide is a co-contaminant in the extracted groundwater from the B Complex area in the 200-BP-5 OU.
This water is combined with contaminated water from certain locations in 200 West Area and is treated
through the radiological treatment building (Figure 2-9). Process and effluent samples were analyzed for
total and free cyanide in 2017. Concentrations of total cyanide in the 200 West P&T effluent were all
below the free cyanide maximum contaminant level (MCL) (Table 2-7).
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Four monthly effluent samples had cyanide measurements exceeding the 4.8 pg/L Washington State
WAC 173-340, “Model Toxics Control Act—Cleanup” (MTCA) cleanup value for free cyanide.

The analytical methods used in 2015 and 2016 for the 200 West P&T effluent measured total cyanide
concentrations. Because the methods run were for total cyanide, it could not be determined if the free
cyanide MTCA cleanup value was exceeded. Beginning in 2017, process samples were analyzed for total,
amenable, and free cyanide at the locations highlighted in yellow in Figure 2-9. Free cyanide was not
detected above the MTCA cleanup value of 4.8 pg/L in any of the effluent samples. Other process
samples revealed that the cyanide is mostly in the form of metal complexed cyanides, specifically
ferrocyanide compounds. Based on sampling results, it was concluded that the metal complexed cyanides
are removed by the IX resins. The 200 West P&T removes metal complexed and free cyanide with the
IX and air-stripping systems.

2.3.2.4 Treatment Plant Mass Removed

The treatment system performance is evaluated in terms of the contaminant mass removed by the

200 West P&T, treatment facility processes, and operational efficiencies on an annual basis. As shown
in Table 2-2, a total of 3.9 billion L (1.0 billion gal) of groundwater was processed through the treatment
system in 2017. Table 2-2 provides the total mass of COCs removed in 2017 by the 200 West P&T.
Figures 2-10 through 2-13 illustrate the removal efficiency calculated by influent and effluent
concentrations at the process facility. The fluctuation in removal efficiency for Cr(V1), total chromium,
and nitrate (Figures 2-11 and 2-12) reflects process adjustments associated with optimizing the biological
treatment process to minimize biofouling (Section 2.5) and maintain the effluent below cleanup levels.
The decline in technetium-99 removal efficiency (Figure 2-12) is due to increasing saturation of the first
columns in the IX treatment trains. The 1X resin is changed out when the columns are fully loaded. The
first resin column in the uranium 1X train was changed out in October 2017.

Figure 2-14 illustrates the cumulative mass removed by the system from July 2012 (when operation of
200 West P&T began) through December 2017.

2.4 Treatment System Effluent Conveyance System

The 200 West P&T treatment system effluent conveyance incorporates a series of equilibration tanks and
transfer buildings, connected by runs of HDPE pipe, constructed similarly to the extracted groundwater
conveyance system. The effluent conveyance system at 200 West P&T encompasses all of the
water-handling equipment downstream of the air strippers, which are the last unit process in the water
treatment train. The effluent conveyance components include the effluent tank at the plant, pumps and
piping to transfer effluent water to the two injection transfer buildings (ITBs), and additional pumps and
piping to move water to the individual injection wells surrounding 200-ZP-1 OU plumes. Effluent
conveyance includes about 8,000 m (5 mi) of surface-laid HDPE piping.

Effluent conveyance system piping within the treatment plant and the ITBs was originally constructed
primarily of polyvinyl chloride (PVC) piping. Numerous failures of the PVC pipe, and resulting leaks and
consequent maintenance requirements, led to ongoing replacement of selected PVC components with
stainless steel in the effluent conveyance system. These replacements improved component reliability and
reduced maintenance requirements.

2-20



Table 2-5. Central Treatment System Average Influent and Effluent Concentrations, 2017

DOE/RL-2017-68, REV. 0

Cleanup Level — 3.4 Cleanup Level — 100 Cleanup Level — 48 Cleanup Level — Cleanup Level — 45 Cleanup Level — 900 Cleanup Level — 1.0 Cleanup Level — 20,000 Cleanup Level — 30
Carbon Tetrachloride Total Chromium Hexavalent Chromium 1.0 Iodine-129 * Nitrate as Nitrate Technetium-99 * Trichloroethene Tritium Uranium "
(ng/L) (ng/L) (ng/L) (pCi/L) (mg/L) (pCi/L) (ng/L) (pCi/L) (ng/L)
Month Influent Effluent Influent Effluent Influent Effluent Influent Effluent Influent Effluent Influent Effluent Influent Effluent Influent Effluent Influent Effluent
January 410 <0.18 21.9 1.7 225 4.2 0.80 <0.56 111 49° 1,550 105 2.9 <0.3 8,440 3,055 150 1.0
February 340 <0.18 22.6 29 20.0 51 0.73 <0.71 111 22 1,410 89 2.2 <0.3 3,620 2,075 22 1.0
March 340 <0.18 254 3.0 22.0 2.7 1.14 <0.77 120 21 2,050 97 2.5 <0.3 5,590 2,745 909 11
April 270 <0.18 20.5 5.3 16.5 3.8 1.62 <0.58 111 38 1,670 94 2.2 <0.3 4,120 2,110 574 1.1
May 440 <0.18 26.7 3.0 23.0 2.8 1.50 <0.86 135 34 1,180 93 2.9 <0.3 4,380 2,665 64 0.9
June NA® <0.18 NA? 3.9 NA® 3.9 1.29 <0.82 NA® 44 2,120 113 NAd <0.3 3,875 2,415 399 1.0
July 420 <0.18 25.9 3.0 22.0 16 3.42 <0.84 133 33 2,130 85 3.2 <0.3 4,205 2,540 427 0.9
August 330 <0.18 19.7 55 17.5 4.9 2.03 1.03 126 36 2,290 119 2.5 <0.3 3,250 2,340 287 1.1
September 370 <0.18 23.9 6.8 24.0 14.0 1.78 <0.77 128 66° 2,360 105 3.3 <0.3 2,650 2,460 244 1.1
October 440 <0.18 241 <3.0 21.0 2.7 <0.79 <0.52 104 18 1,100 91 3.6 <0.3 4,020 2,280 55 0.7
November 380 <0.18 14.1 <3.0 19.0 2.7 <0.99 <0.71 133 20 1,880 81 3.0 <0.3 2,560 2,265 268 1.0
December 360 <0.18 21.7 <3.0 26.0 15 <0.95 <0.70 128 14 1,790 92 35 <0.3 2,595 2,335 241 0.9

Note: The less than symbol (<) indicates that the sample result was below the listed detection limit.
a. lodine-129, technetium-99, and uranium influent concentrations are pre-resin sample results taken from the radiological treatment system; effluent values are from the biological treatment system.
b. Uranium is included to track 200-UP-1 OU and 200-BP-5 OU groundwater treated.

c. Duplicate laboratory samples taken on the same day exceeded the cleanup level; nitrate concentration in the effluent process samples averaged 35 mg/L in January and 51 mg/L in September.

d. Sample was not collected in June from the biological treatment influent tank for laboratory analysis because of safety revalving.
NA = notavailable
OU = operable unit
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Table 2-6. Nitrate Process Samples, 2017

Plant Effluent
Plant Effluent Nitrate Plant Effluent Plant Effluent Plant Effluent Plant Effluent
Date Nitrate (mg/L as Date Nitrate Nitrate Date Nitrate Nitrate (mg/L
Collected (mg/L as N) Nitrate) Collected (mg/L as N) (mg/L as Nitrate) Collected (mg/L as N) as Nitrate)
JAE\‘/Z‘;ZQ)E’ 7.98 35.31 ':Ae\t/’gﬁgg’ 5.82 25.76 A'\\"/:‘rr;ge 5.47 24.22
1/3/2017 8.18 36.21 2/1/2017 5.64 24.97 3/1/2017 4.78 21.16
1/4/2017 7.26 32.14 2/212017 5.85 25.90 3/2/2017 5.43 24.04
1/5/2017 7.70 34.09 2/6/2017 6.13 27.14 3/6/2017 5.35 23.68
1/10/2017 7.53 33.33 2/712017 5.55 24.57 3/7/12017 4.84 21.43
1/11/2017 7.79 34.48 2/8/2017 5.98 26.47 3/8/2017 4.89 21.65
1/12/2017 7.52 33.29 2/13/2017 6.56 29.04 3/9/2017 5.57 24.66
1/16/2017 7.84 34.71 2/14/2017 5.95 26.34 3/13/2017 3.92 17.35
1/17/2017 7.89 34.93 2/15/2017 4.98 22.05 3/14/2017 3.69 16.33
1/23/2017 9.17 40.59 2/16/2017 6.07 26.87 3/15/2017 3.70 16.38
1/24/2017 9.32 41.26 2/21/2017 8.90 39.40 3/16/2017 412 18.24
1/25/2017 10.40 46.04 2/22/2017 6.22 27.53 3/20/2017 6.45 28.55
1/26/2017 8.46 37.45 2/23/2017 4.07 18.02 3/21/2017 8.03 35.55
1/30/2017 6.70 29.66 2/27/2017 4.88 21.60 3/22/2017 5.15 22.80
1/31/2017 5.90 26.12 2/28/2017 4.70 20.81 3/23/2017 6.48 28.69
3/27/2017 6.26 27.71
3/28/2017 6.16 27.27
3/29/2017 6.44 28.51
3/30/2017 7.24 32.05
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Table 2-6. Nitrate Process Samples, 2017

Plant Effluent
Plant Effluent Nitrate Plant Effluent Plant Effluent Plant Effluent Plant Effluent
Date Nitrate (mg/L as Date Nitrate Nitrate Date Nitrate Nitrate (mg/L
Collected (mg/L as N) Nitrate) Collected (mg/L as N) (mg/L as Nitrate) Collected (mg/L as N) as Nitrate)
AC(:)rgée 8.71 3857 May Average 11.65 5158 Aj;‘r”;ge 10.21 4521
4/3/2017 6.46 28.60 5/1/2017 16.30 72.16 6/1/2017 7.15 31.65
4/4/2017 6.97 30.85 5/2/2017 15.50 68.62 6/5/2017 7.92 35.06
4/5/2017 8.00 35.41 5/3/2017 14.90 65.96 6/6/2017 7.95 35.19
4/6/2017 7.39 32.71 5/4/2017 14.10 62.42 6/7/2017 8.38 37.10
4/10/2017 9.36 41.43 5/8/2017 16.00 70.83 6/8/2017 9.54 42.23
4/11/2017 8.97 39.71 5/9/2017 14.70 65.07 6/12/2017 8.33 36.88
4/12/2017 9.08 40.20 5/11/2017 13.90 61.53 6/13/2017 8.52 37.72
4/13/2017 5.69 25.19 5/15/2017 12.30 54.45 6/14/2017 8.33 36.88
4/17/2017 5.04 2231 5/16/2017 11.90 52.68 6/15/2017 7.59 33.60
4/18/2017 4.30 19.04 5/17/2017 11.30 50.02 6/20/2017 9.39 41.57
4/19/2017 5.29 23.42 5/18/2017 10.40 46.04 6/21/2017 12.00 53.12
4/20/2017 4.86 21.51 5/22/2017 8.46 37.45 6/22/2017 14.20 62.86
4/24/2017 6.20 27.45 5/23/2017 7.90 34.97 6/26/2017 14.00 61.98
4/25/2017 16.80 74.37 5/24/2017 8.05 35.64 6/27/2017 14.20 62.86
4/26/2017 17.10 75.70 5/25/2017 7.97 35.28 6/28/2017 13.20 58.43
4/27/2017 17.90 79.24 5/30/2017 6.98 30.90 6/29/2017 12.70 56.22
5/31/2017 7.43 32.89
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Table 2-6. Nitrate Process Samples, 2017

Plant Effluent
Plant Effluent Nitrate Plant Effluent Plant Effluent Plant Effluent Plant Effluent
Date Nitrate (mg/L as Date Nitrate Nitrate Date Nitrate Nitrate (mg/L

Collected (mg/L as N) Nitrate) Collected (mg/L as N) (mg/L as Nitrate) Collected (mg/L as N) as Nitrate)
A \‘/]:r';’ge 8.46 37.45 2/‘;%‘;;; 10.38 45.97 s%:rrgggr 1155 51.12
7/3/2017 11.40 50.47 8/1/2017 8.77 38.82 9/5/2017 14.50 64.19
7/5/2017 9.69 42.90 8/2/2017 8.69 38.47 9/6/2017 14.00 61.98
71612017 8.60 38.07 8/3/2017 8.97 39.71 9/7/2017 14.70 65.07
7/10/2017 9.19 40.68 8/7/2017 8.83 39.09 9/11/2017 13.00 57.55
7/11/2017 8.34 36.92 8/8/2017 8.66 38.34 9/12/2017 12.50 55.34
7/12/2017 7.60 33.64 8/9/2017 8.41 37.23 9/13/2017 11.90 52.68
7/13/2017 8.33 36.88 8/10/2017 9.00 39.84 9/14/2017 10.60 46.92
7/17/2017 8.05 35.64 8/14/2017 7.91 35.02 9/18/2017 9.62 42.59
7/18/2017 8.14 36.03 8/15/2017 8.03 35.55 9/19/2017 10.40 46.04
7/19/2017 7.23 32.01 8/16/2017 8.35 36.96 9/20/2017 10.20 45.15
7/20/2017 7.63 33.78 8/17/2017 8.55 37.85 9/21/2017 10.00 44.27
712412017 7.72 34.17 8/21/2017 9.90 43.83 9/25/2017 10.40 46.04
7/25/2017 8.76 38.78 8/22/2017 9.99 44.22 9/26/2017 10.60 46.92
7/26/2017 7.78 34.44 8/23/2017 8.27 36.61 9/27/2017 10.60 46.92
712712017 8.84 39.13 812412017 9.16 40.55 9/28/2017 10.20 45.15
7/31/2017 8.05 35.64 8/28/2017 18.70 82.78

8/29/2017 16.20 71.71

8/30/2017 14.70 65.07

8/31/2017 16.20 71.71
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Table 2-6. Nitrate Process Samples, 2017

Plant Effluent
Plant Effluent Nitrate Plant Effluent Plant Effluent Plant Effluent Plant Effluent
Date Nitrate (mg/L as Date Nitrate Nitrate Date Nitrate Nitrate (mg/L
Collected (mg/L as N) Nitrate) Collected (mg/L as N) (mg/L as Nitrate) Collected (mg/L as N) as Nitrate)
25;?2;2 8.23 36.41 N:\‘I’:f,;gzr 5.48 24.24 %3222? 4.18 18.52
10/2/2017 10.70 47.37 11/1/2017 7.09 31.39 12/4/2017 3.82 16.91
10/3/2017 11.10 49.14 11/2/2017 7.44 3294 12/5/2017 3.83 16.95
10/4/2017 10.20 45.15 11/6/2017 6.62 29.31 12/6/2017 3.60 15.94
10/5/2017 10.40 46.04 11/7/2017 5.93 26.25 12/7/2017 4.17 18.46
10/9/2017 8.20 36.30 11/8/2017 8.38 37.10 12/11/2017 4.69 20.76
10/10/2017 7.22 31.96 11/9/2017 6.80 30.10 12/12/2017 3.46 15.32
10/11/2017 8.81 39.00 11/13/2017 5.54 24.52 12/13/2017 4.00 17.71
10/12/2017 7.57 33.51 11/14/2017 5.48 24.26 12/14/2017 4.59 20.32
10/16/2017 4.13 18.28 11/15/2017 5.85 25.90 12/18/2017 4.06 17.97
10/17/2017 4.63 20.50 11/16/2017 2.75 12.17 12/19/2017 4.37 19.35
10/18/2017 5.39 23.86 11/20/2017 4.81 21.29 12/20/2017 3.81 16.87
10/19/2017 7.23 32.01 11/21/2017 4.24 18.77 12/21/2017 5.49 24.30
10/23/2017 7.27 32.18 11/27/2017 4.99 22.09 12/27/2017 4.50 19.92
10/24/2017 7.30 32.32 11/28/2017 3.74 16.56
10/25/2017 7.53 33.33 11/29/2017 381 16.87
10/26/2017 5.96 26.38 11/30/2017 4.15 18.37
10/30/2017 8.11 35.90
10/31/2017 16.30 72.16
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Figure 2-9. Measurement Locations for Total and Free Cyanide Throughout the 200 West P&T
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Table 2-7. Cyanide Concentrations in 200 West P&T Effluent, 2017

Sample Collection Total Cyanide

Date (ng/L)
January 3.1(B)
February 5.3 (B)
March 3.6 (BU)
April 1.7 (V)
May 55
June 1.7 (V)
July NA
August 3.0 (BU)
September 1.7 (V)
October 1.8 (BU)
November 2.1 (B)
December 1.8 (BU)
NA = notavailable

Data qualifiers:
B = detected at a value less than the contract-required detection limit greater
than or equal to the instrument detection limit/method detection limit

C = detected in both the sample and the associated quality control blank; sample
concentration <5 times the blank concentration
U = not detected above method detection limit
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Figure 2-10. COC Removal Efficiency for Carbon Tetrachloride and TCE
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2-30




DOE/RL-2017-68, REV. 0

(%)

iciency

Removal Eff

100
90
80
70
60
50
40
30

Nitrate Removal Efficiency

23 85

74 % 47
66

56
48

PN I N R
& © & & \o“ W ?9% 529 o

89

LAY

(%)

iciency

Removal Eff

100
90
80
70
60
50
40
30
20
10

7

NS
o

Technetium-99 Removal Efficiency

93 94 95 94 92 a5 96 g5 96 96

92

S

N ~ ~ N ~ ~)
> ¢ : A N : : : ’
& & & @ DR A & &

>

23
L

s

95

Figure 2-12. COC Removal Efficiency for Nitrate (as Nitrate) and Technetium-99
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Figure 2-14. Cumulative Contaminant Mass Removed by the 200 West P&T, 2012 Through 2017
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The effluent conveyance system components have been identified as a source of active and inert solids
contributing to persistent fouling of the 200 West P&T injection wells. Placement of an in-line filtration
assembly at the downstream end of the conveyance to one injection well (well YJ-10) during fall 2017
revealed that a substantial quantity of live biological and inert inorganic solids accumulated in the filters
(Figure 2-15). Cleaning and sanitation of the effluent conveyance system will be required to minimize
well fouling in the future.

inside 25-micron Filter Cut in Halfk

ot

Figure 2-15. Photograph of Inside of 25-micron Filter
Showing Black Deposits from Injection Water

2.5 Treatment System Effluent Injection Wells

A total of 29 injection wells were in service for the 200 West P&T system during 2017. Table 2-8
provides a summary of injection well flow rates and run-times. All of the injection wells are associated
with the 200-ZP-1 OU plume remediation area. Groundwater extraction from other OUs (i.e., 200-UP-1,
200-BP-5, and 200-DV-1 perched water) results in net export of groundwater to the 200-ZP-1 OU.
Injection wells have exhibited persistent fouling, resulting in reduced injection capacity. Low injection
capacity of the injection well field has, at times, limited treatment plant throughput at 200 West P&T.

In order to maintain required injection flow, dynamic head levels in injection wells were maintained
between 15.2 and 82.3 m (50 and 270 ft) above static water level during 2017.

Decreased injection well capacity, first identified in 2013 (DOE/RL-2014-26, Calendar Year 2013
Annual Summary Report for the 200-ZP-1 and 200-UP-1 Operable Unit Pump-and-Treat Operations)
as a result of biofouling, continued through 2017. Flows through the system in 2017 were reduced even
further as injection wells were taken offline and cleaned to remove the clogging material and change out
to stainless-steel piping in ITB 2.
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Table 2-8. Flow Rates, Total Run-Times, and Specific Injection Capacity
for 200 West P&T Injection Wells, 2017

Well Specific
Injection
Average Total Total Capacity at
Flow Rate, Flow Run- Beginning/End
PLC L/min Hours Time of 2017
Well ID Well Name ID (gal/min) in 2017 (%)* (gal/min per ft)° Purpose
C8064 | 299-W6-13 | YIOLA | 2109(55.7) | 6848 | 782 0.21/0.40 ﬁﬂgéznl
C8065 299-W6-14 YJ02A | 724.0 (191.1) 7,944 90.7 1.09/1.68
C8066 299-W10-36 | YJO3A 291.0 (76.8) 7,968 91.0 0.29/0.56
C7573 299-W10-35 | YJO4A | 466.1(123.1) 8,184 93.4 0.96/1.00
C7574 299-W15-226 | YJO5A | 710.7 (187.6) 7,968 91.0 1.27/1.75
C7575 299-W15-227 | YJO6A | 521.6 (137.7) 8,280 94.5 0.95/1.28
C8716 299-W15-228 | YJO7A | 648.2 (171.1) 8,064 92.1 1.24/0.57
C8920 299-W18-41 | YJO8A | 491.9 (129.9) 7,320 83.6 1.99/1.59
C8786 699-49-69 YJO9A 94.4 (24.9) 7,872 89.9 0.05/0.13
C8717 699-45-67B YJ10A 19.2(5.1) 5,831 66.6 0.01/0.02
C7578 699-45-67 YJ11A 83.0(21.9) 5,736 65.5 0.13/0.14
C8068 699-44-67 YJ12A 455 (12.0) 7,143 81.6 0.10/0.09
C7579 699-43-67 YJ13A 0 (0) 0 0.0 NC/NC
C8069 699-42-67 YJ14A 298.4 (78.8) 8,136 92.9 0.29/0.31
C8070 699-40-67 YJ15A 119.3 (31.5) 8,280 94.5 0.41/0.37
C8921 699-38-64 YJ16A 270.2 (71.3) 7,728 88.2 0.26/0.46
C8386 699-43-67B YJ17A 153.3 (40.5) 7,680 87.7 NC/NC
B2409 299-W15-29 YJ18 243.3 (64.2) 7,752 88.5 0.68/0.29
B2747 299-W18-36 YJ19 300.6 (79.4) 5,832 66.6 0.80/0.63
B2757 299-W18-38 YJ21 337.6(89.1) 7,340 84.9 NC/NC
B2758 299-W18-39 YJ22 49.6(13.1) 6,336 72.3 0.12/0.07
C8067 699-46-68 YJ23A 121.2 (32.0) 6,528 745 0.01/0.18
C8944 299-W15-229 | YJ24A 372.1(98.2) 7,284 83.2 0.69/0.47
C9521 299-W7-14 YJ25A | 642.5 (169.6) 8,328 95.1 1.59/1.30
C9564 299-W18-43 YJ31 649.3 (171.4) 2,736 31.2 11.6/7.33
C9563 299-W18-42 YJ32 475.5 (125.5) 2,640 30.1 7.38/5.46
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Table 2-8. Flow Rates, Total Run-Times, and Specific Injection Capacity
for 200 West P&T Injection Wells, 2017

Well Specific
Injection
Average Total Total Capacity at
Flow Rate, Flow Run- Beginning/End
PLC L/min Hours Time of 2017
Well ID Well Name ID (gal/min) in 2017 (%)* (gal/min per ft)° Purpose
C9482 299-E20-1 YJ26 271.8 (71.8) 8,391 95.8 0.83/0.74 900-UP-1
C9483 299-E20-2 YJ27 255.8 (67.5) 8,640 98.6 0.94/1.37 iodine-129
containment
C9484 299-E11-1 YJ28 276.3 (72.9) 8,400 95.9 1.49/2.23

a. Percentage total run-time is calculated as follows: [(days well in operation) + (number of days in the calendar year)].
b. Specific injection capacity is in units of gal/min flow per foot of dynamic head above static water level.
ID = identification

NC = not calculated (wells YJ-13 and YJ-17 do not have independent flow measurement; well YJ-21 did not have
level measurements prior to 2018)

PLC = programmable logic controller

Maintaining injection well field capacity is the principal challenge to continued operation of the
200 West P&T. Several recent studies have been performed or initiated to evaluate minimizing the release
of fouling materials:

e Envirogen: Evaluation Report of Fluidized Bed Reactors March 7 to March 9, 2017

o PNNL-26783, 200 West Pump-and-Treat Facility Biofouling Assessment

e PNNL-27082, Letter Report: Analysis of Injection Well Samples for Biofouling Constituents

o SGW-60655, Surface Infiltration Evaluation Report for the 200 West Pump and Treat Facility
o SGW-60658, Process for Establishing Flow Recipes at 200 West Pump and Treat

e SGW-60832, Pump and Treat Improvement Initiative

e SGW-60957, Evaluation and Recommendation of Phosphate Free Antiscalant

e SGW-61398, Nature of Injection Well Foulant and Recommendations to Limit Injection Well Fouling
at 200 West Pump & Treat

e SGW-61444, Evaluation of Sulfuric Acid Corrosion Potential During Well Rehabilitation

e SRNL-STI-2017-0163, Evaluation of the Hanford 200 West Groundwater Treatment System:
Fluidized Bed Reactor

Recommendations from the above studies implemented in 2017 and/or planned for implementation
in 2018 include the following:

o Implemented use of aggressive well development solutions (e.g., strong mineral acid solutions) with
variable response to rehabilitation and continued rapid decline in capacity after return to service.
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e Completed engineering design change to add well development water gradually back into the P&T
system at 37.9 to 151.4 L/min (10 to 40 gal/min) versus the present method of pumping it in at
454.2 to 530 L/min (120 to 140 gal/min). This method avoids large spikes in contaminants
(e.g., manganese) and prevents episodic distortion of the incoming water chemistry.

e Performed test of aboveground filter at the well head of injection well YJ-10 to capture and
characterize the foulant and to determine impact of filtration on injection performance. Filters
exhibited rapid accumulation of active biological materials and inert inorganic materials. Results of
the test are documented in SGW-61974, Filter Test on VJ10 to Investigate and Mitigate Well Fouling
2017, expected to be issued by May 2018.

e Antiscalant change to Nalco 3Dt120 led to 90% reduction of phosphate in effluent implemented in
July 13, 2017.

e Evaluated use of modular storage units (MSUSs) to remove some contaminants that cause well fouling.
Pilot testing is planned for summer of 2018.

o Determined chlorine dose range in support of pilot test to sanitize injection pipes and tanks with
chlorine. A pilot test is planned for summer of 2018.

2.6 Radiological Dose and Drinking Water Standard Analysis of
200 West Pump and Treat Effluent

The Atomic Energy Act of 1954 (AEA) groundwater monitoring plan was established for sitewide
monitoring of groundwater at the Hanford Site in 2015 (DOE/RL-2015-56, Hanford Atomic Energy Act
Sitewide Groundwater Monitoring Plan). AEA groundwater monitoring and evaluation of liquid effluents
is required at P&T systems under DOE O 458.1, Radiation Protection of the Public and the Environment.
This DOE order requires monitoring of effluents to prevent unacceptable exposure of public and
ecological receptors to radiation and managing discharges that could result in new or increased plumes
that would require mitigation action or remediation.

Effluent water from the 200 West P&T was evaluated for compliance with the requirements for

DOE 0 458.1 under the AEA groundwater monitoring plan. This evaluation included calculation of the
total effective dose (TED) produced by radioisotopes present in effluent water following treatment of
extracted groundwater to remove identified contaminants. The resulting dose was compared to the target
dose limit of 200 mrem/yr to the public established in DOE O 458.1. The cumulative TED is based on use
of the derived concentration standards (DCSs) defined in DOE-STD-1196-2011, Derived Concentration
Technical Standard. Additional guidance for screening of radiological dose related to discharge of liquid
effluents at DOE facilities is provided in DOE-HDBK-1216-2015, Environmental Radiological Effluent
Monitoring and Environmental Surveillance, which provides recommended criteria for radiological
effluent monitoring based on the DCS to ensure effective effluent monitoring that identifies problematic
effluent conditions before they exceed target metrics.

This evaluation further compares the radioisotopes present in effluent water to the following
radiological drinking water standards (DWSs): (1) 4 mrem/yr MCL dose for beta/photon emitters, and
(2) 30 pg/L uranium mass concentration MCL. Table 2-9 summarizes the recommended criteria
described in DOE-HDBK-1216-2015.
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Table 2-9. Recommended Criteria for Liquid Radiological Effluent Monitoring

Derived Potential Annual
Concentration Dose from
Standards Exposure to
Criterion Sum of a Likely Receptor Minimum Criteria for Liquid
Number Fractions (mrem) Radiological Effluent Monitoring

1 >1 and — Apply best available technology to reduce effluent
releases (except H-3).
Use continuous monitoring/sampling, but where effluent
streams are low flow and potential public dose is very low
(<1 mrem/yr), alternative sampling approaches may
be appropriate.

2 >0.01to 1 and >1 Continuously monitor or sample.
Identify radionuclides contributing >10% of the dose.
Determine accuracy of results (+ accuracy and percent
confidence level).

3 >0.001t0 0.01 | and <1 Monitor using a graded approach to select the appropriate
method and duration.
Identify radionuclides contributing >10% or more of
the dose.
Assess annually the facility inventory and potential for
radiological effluent release.

4 <0.001 and — No monitoring required.
Evaluate annually the potential for liquid radiological
effluent release.

Source: Table 3-1 of DOE-HDBK-1216-2015, Environmental Radiological Effluent Monitoring and
Environmental Surveillance.

— = not applicable

2.6.1 Evaluation of Effluent Water Total Effective Dose for 200 West Pump and Treat
for Calendar Year 2017

Effluent monitoring at the 200 West P&T was performed using sampling and analysis of the stream
exiting the plant prior to pumping effluent to the injection well field. Sampling and analysis were
performed on a monthly basis for target radionuclides identified as contaminants of interest for the
groundwater remedial actions supported by the treatment system. The target radionuclides for the

200 West P&T are tritium, iodine-129, strontium-90, carbon-14, uranium, cesium-137, cobalt-60,

and technetium-99. Table 2-10 summarizes the results of monthly sampling and analysis. Where multiple
measurements were determined for an analyte during a single sampling and analysis event, the maximum
value was selected for use in this evaluation.

Individual radioisotope activity concentrations were subsequently converted to estimated effective dose
using the DCS values in Table 2-11. Table 2-12 shows the individual radioisotope dose contributions for
each effluent sampling event at the 200 West P&T and the cumulative TED estimates for 2017. The TED
was calculated using two approaches. The first approach was a conservative, incorporating the minimum
detectable activity (MDA) for nondetect measurements as a value; the second approach included no value
for nondetect measurements. Table 2-9 presents the resulting TED and DCS fractions were then
compared to the criteria.
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Table 2-10. Summary of Effluent Radioisotope Sampling and Analysis Results for CY 2017 at the 200 West P&T
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Sample £0 50 s> 80O 80O 80O 20 30
Sample Location Date (S 8& SE 5 & SHc S5 & o & EE
Effluent tank — VO7-Y80A 2/15/2017 2,120 (0.609) 1.04 1.03 0.00728 0.0000624 (2.33) 925
Effluent tank — VO7-Y80A 3/10/2017 2,780 (0.755) 1.16 1.15 0.00812 0.0000696 (2.29) 98.2
Effluent tank — VO7-Y80A 4/12/2017 2,240 0.584 1.12 1.11 0.00784 0.0000672 (3.69) 100
Effluent tank — VVO7-Y80B 5/19/2017 2,810 0.753 0.956 0.946 0.00669 0.0000574 (2.49) 93.2
Effluent tank — VO7-Y80B 6/20/2017 2,490 (0.715) 1.03 1.02 0.00721 0.0000618 (2.82) 115
Effluent tank — VO7-Y80D 1/25/2017 3,180 (0.425) 1.12 1.11 0.00784 0.0000672 (3.02) 109

a. Values in parentheses were reported as not detected. Values presented is the reported minimum detectable activity concentration for samples reported as analyzed but

not detected.

b. Uranium isotope (i.e., uranium-234, uranium-235, and uranium-238) activity concentrations are derived from uranium mass concentration values assuming the mass

distribution and specific activity of isotopes in natural uranium.

Table 2-11. Derived Concentration Standards for Radioisotopes Evaluated in 200 West P&T Effluent

2 2 o 3 . g
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DCS — = 1) (@) ) D ) =) O (@) [
DCS (uCi/mL)* | 1.90E-03 | 3.30E-07 | 3.30E-07 | 6.20E-05 | — | 7.50E-07 | 7.20E-07 | 6.80E-07 | 3.00E-06 | 7.20E-06 | 4.40E-05
DCS (pCi/L)® 1.90E+06 | 3.30E+02 | 3.30E+02 | 6.20E+04 750E+02 | 7.20E+02 | 6.80E+02 | 3.00E+03 | 7.20E+03 | 4.40E+04

a. DCS from Table 5 of DOE-STD-1196-2011, Derived Concentration Technical Standard.
b. DCS converted to pCi/L for direct comparison to measurement results.
¢. Uranium in mass concentration is not assigned a DCS value

DCS =

derived concentration standard
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Table 2-12. Calculated Individual Radioisotope Dose Contributions and TED for 200 West P&T Effluent in CY 2017

Individual Isotope Effective Dose Contribution 2
o 2 £
=
) = ) g 'E - o a e
®© [1d] < 2 <
o = = < = 2 £ = S, | €@ g £ £
— ~~ 1 o~ 1 ~~ 1 o~ — — o~ 4= o~ 13}
c £ S E s | 2 | :E 3E 2% | E5| 85 | £E | &%
5 E $ £ 2 £ 2 g 2 £ =g s £ O | =3 £ Qg = B
Sample Sample £ 2 £ s RS = E g g 22 o = a v g3 SN= ©n 2
Location | Date cE 2E SE | SE | SE SE cE |EE| B5&£| EE | B8
Effluent 2/15/2017 | 1.12E-01 (1.85E-01) 1.37E-01 | 1.01E-03 | 9.18E-06 | (3.24E-02) | 2.10E-01 | 0.677 0.00677 4.60E-01 | 0.00460
tank
3/10/2017 | 1.46E-01 (2.29E-01) 1.53E-01 | 1.13E-03 | 1.02E-05 | (3.18E-02) | 2.23E-01 | 0.784 0.00784 5.24E-01 | 0.00524
4/12/2017 | 1.18E-01 1.77E-01 1.48E-01 | 1.09E-03 | 9.88E-06 | (5.13E-.02) | 2.27E-01 | 0.722 0.00722 6.71E-01 | 0.00671
5/19/2017 | 1.48E-01 2.28E-01 1.26E-01 | 9.29E-04 | 8.44E-06 | (3.46E-02) | 2.12E-01 | 0.749 0.00749 7.15E-01 | 0.00715
6/20/2017 | 1.31E-01 (2.17E-01) 1.36E-01 | 1.00E-03 | 9.09E-06 | (3.92E-02) | 2.61E-01 | 0.785 0.00785 5.29E-01 | 0.00529
1/25/2017 | 1.67E-01 (1.29E-01) 1.48E-01 | 1.09E-03 | 9.88E-06 | (4.19E-02) | 2.48E-01 | 0.734 0.00734 5.64E-01 | 0.00564

a. Values in parentheses were reported as not detected. Value presented is dose contribution based on MDA concentration for samples reported as analyzed but not detected.

b. Uranium isotope activity concentrations were derived from total uranium mass concentration for use in calculation of dose contribution.

¢. Cumulative TED and DCS fraction values meet criterion #3 in Table 2-9.

DCS =
TED =

derived concentration standard
total effective dose
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The cumulative TED and DCS fraction values shown in Table 2-12 indicated that results of all sampling
events during 2017 met monitoring criterion 3.

2.6.2 Comparison of 200 West Pump and Treat Effluent Water Radiological Constituents to
Drinking Water Standards for Beta/Photon Emitters and Uranium for Calendar Year 2017

Radiological constituents listed in Table 2-10 were also evaluated against the drinking water dose MCL
of 4 mrem/yr for beta/photon emitters. The total uranium concentration was also evaluated against the
30 pg/L uranium MCL. The cumulative beta/photon dose MCL is based on a sum-of-fractions
calculation, using the derived concentration values published by the U.S. Environmental Protection
Agency (EPA); Table 2-13 presents the results of this comparison. The beta/photon MCL dose analysis
was performed in two ways: (1) using the reported MDA as a value for measurements reported as
nondetects, and (2) not including any value for nondetected isotopes.

The first approach is used as a conservative screen to assess potential dose contributions. In this instance,
two of the six sampling events for 200 West P&T effluent would exceed the MCL sum of fractions,
driven primarily by the MDA values for iodine-129. Review of the laboratory performance indicates that
the iodine-129 measurements met the required target MDA of <1 pCi/L. Further evaluation of the count
uncertainty indicates that the high end of the count error band for the reported nondetects would be
greater than the reported MDA for three of the sampling events and would exceed the 1 pCi/L derived
concentration. Based on analysis of the relative uncertainty in iodine-129 measurements, the
sum-of-fractions analysis based on use of reported detections only was selected as the most representative
approach. In this instance, none of the sampling events exceeded the beta/photon-emitter dose MCL.
However, evaluation of the count uncertainty indicates that the higher end of the count error band would
exceed the 1 pCi/L derived concentration in the May 19, 2017 sampling event, where iodine-129 was
detected above the MDA.. Using this analysis, it was determined that the 200 West P&T effluent
consistently, although not exclusively, met the MCL dose standard for beta/photon emitters. Furthermore,
the monthly sampling and analysis frequency appears to be adequate to address potential variability in the
effluent stream.

Uranium mass concentration in 200 West P&T effluent (Table 2-10) was consistently <2 pg/L in all
sample events, confirming that the effluent uranium concentration meets the MCL uranium mass
concentration standard of <30 pg/L.

2.6.3 Conclusions of Evaluation of Radiological Constituents in 200 West Pump and Treat
Effluent Water for Calendar Year 2017

Evaluation of radiological dose and uranium mass concentration of 200 West P&T effluent water
for 2017 indicates that the effluent met the following standards and criteria:

e The calculated DCS-based TED of the effluent was consistently <1 mrem/yr, substantially below the
100 mrem/yr public dose limit.

e The calculated DCS-based sum of fractions and resulting TED of the effluent were consistent with
recommended monitoring criteria, indicating that monthly sampling and analysis with annual review
remains an appropriate frequency.

e The measured uranium mass concentration in effluent was consistently an order-of-magnitude below
the 30 pg/L uranium MCL.

e The calculated MCL-based beta/photon-emitter dose was below the 4 mrem/yr MCL dose using the
nonconservative approach for all sampling events. A conservative approach would exceed the
4 mrem/yr MCL dose during the 2017 sampling events on March 10 and May 19.
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Table 2-13. Summary of Drinking Water Beta/Photon-Emitter MCL Comparison for 200 West P&T Effluent for CY 2017

Contributing Radioisotopes
Tritium ‘ Todine-129° ‘ Cobalt-60" ‘ Technetium-99 Drinking
Drinking Water
Derived Concentrations (pCi/L) Water Sum of Beta/Photon
20,000 ‘ 1 l 100 ‘ 9200 Beta/Photon Fractions Dose from
Sample Sample Sum of Dose Detects Detects Only
Location Date Beta/Photon MCL Fraction Fractions® (mrem/yr)? Only (mrem/yr)
Effluent tank — 2/15/2017 0.1060 (0.609) (0.0233) 0.103 0.841 3.36 0.209 0.835
V07-Y80A
3/10/2017 0.1390 (0.755) (0.0229) 0.109 1.03 4.10 0.248 0.992
4/12/2017 0.1120 0.584 (0.0369) 0.111 0.844 3.38 0.807 3.23
5/19/2017 0.1405 0.753 (0.0249) 0.103 1.02 4.09 0.997 3.99
6/20/2017 0.1245 (0.715) (0.0282) 0.127 0.995 3.98 0.252 1.01
1/25/2017 0.1590 (0.425) (0.0302) 0.121 0.735 2.94 0.280 112

a. MCL sum of fractions and calculated drinking water dose using reported MDA values as measured values. Shaded cells indicate that sampling event exceeds the MCL of 4 mrem/yr.
b. Values in parentheses were reported as not detected in this sampling event; the indicated value is the reported value of the MDA for this isotope.

MCL = maximum contaminant level

MDA = minimum detectable activity
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No changes in the effluent monitoring sampling and analysis frequency or analytical suite are indicated
for CY 2018.

2.7 200 West Pump and Treat Facility System Costs

This section presents the actual cost breakdown for 200 West P&T operations for 2017 and the cost per
unit mass is calculated for specific COCs. This encompasses the 200-ZP-1 OU remedy costs since the
cost estimates in the 200-ZP-1 OU ROD (EPA et al., 2008) integrate the 200 West P&T as part of the
overall remedy. Costs are separated into specific activities that can be categorized as either operational or
capital expenses. The primary categories of expenditures are described as follows:

e Design: Includes initial design activities to support P&T system construction, permitting, aquifer
response modeling, peer reviews, QA, and all other design documentation. It is not applicable in the
current discussion of costs but is included to provide historical perspective. It also includes the design
of system upgrades and modifications.

o Treatment system capital construction: Includes fees paid to the construction subcontractor for
capital equipment, initial facility construction, construction of new wells, redevelopment of
existing wells, and modifications to the P&T system. Includes all construction subcontractor and
CHPRC labor required for oversight and support of initial well installation.

e Project support: Includes activities related to project coordination and technical consultation as
required during the course of the facility design, construction, acceptance testing, and operation.
Adjustments are made to reported numbers to represent the actual amount that project support
accrued from program/project management and project controls.

e  O&M: Includes facility supplies, labor, and craft supervision costs associated with operating and
maintaining the facility. It also includes costs associated with routine field screening and engineering
support as required during the course of the P&T operations and periodic maintenance.

e Performance monitoring: Includes system and groundwater sampling and sample analysis as
required in accordance with the P&T remedial design report (DOE/RL-2010-13), 200-ZP-1
remedial design/remedial action work plan (RD/RAWP) (DOE/RL-2008-78, 200 West Area
200-ZP-1 Pump-and-Treat Remedial Design/Remedial Action Work Plan), and the PMP
(DOE/RL-2009-115). It also includes preparation of the annual performance evaluation report and
subsequent reports, as required by the RD/RAWPSs and PMPs.

e \Waste management: Includes the estimated cost for managing GAC, 1X resins, bioreactor sludge,
and other miscellaneous waste related to the 200 West P&T in accordance with applicable laws for
suspect hazardous, toxic, and regulated wastes. Waste designation sampling and analysis is included.

e GAC regeneration: Includes subcontractor cost for transportation of the GAC containers,
regeneration and return of the GAC containers, and disposal of the waste carbon tetrachloride.

o Well installation: Includes costs for installing new CERCLA monitoring, extraction, and injection
wells in the 200-ZP-1 OU.
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Table 2-14 provides costs for the 200 West P&T. Most of the costs from 2009 through 2012 (89.4%) are
associated with design and construction of the 200 West P&T. Although the 200 West P&T did not begin
operating until July 2012, the O&M costs reflected in the table for 2009 through 2011 include treatability
testing associated with designing the 200 West P&T system, sampling and analyzing groundwater from
new well installations for the system, and preparing the O&M plan (DOE/RL-2009-124) and PMP
(DOE/RL-2009-115).

Table 2-14. Cost Breakdown for the 200 West P&T

Actual Costs ($K)

Description | 2009 2010 2011 2012 2013 2014 2015 2016 2017
Design 7,981.7 | 4,563.6 — — — 70.1 9.7 26.9
Treatment |y 6315 | 55476 |141,525.1| 27.725 — 25145 | 1,007 | 1,315.6
system capital
Project 95 1136 484 310.3 4517 354 136.4 59.4 1,101.7
support
Operations
and 57 23032 | 289.1 12,693 | 184609 | 19,0464 | 18,8335 | 18510.7 | 19,454.1
maintenance
Performance — 96.5 54.6 349 $531.9 2435 3314 645.1 792.6
monltorlng
Waste
management — — — 405 $4855 | 226.7 260.6 512 860.3
GAC _ _ _ _ $224 | 2045 | 1452 | 3305 160.2
regeneratlon
Well -~ 4240 | 4959 | 31362 | 1,3943 | 1,687.6 | 79246 | 3,302.8 | 1,086.2 | 3,055.1
installation

Totals | 16,868.4 | 67,511.9 | 145,053.4 | 42512.1 | 21,640 | 27,999.8 | 255945 | 21,7935 | 26,766.6

not applicable
GAC = granular activated carbon

Total cost for the 200 West P&T during 2017 was $26.8 million (sum of the categories shown in

Table 2-14), which is a 22.9% increase from 2016 associated mainly with repairing/upgrading the FBRs
and connecting new extraction and injection wells. The percentage of 2017 costs, in decreasing order,
includes O&M (72.7%), well installation (11.4%), treatment system capital (4.9%), project support
(4.1%), waste management (3.2%), performance monitoring (3.0%), regeneration (0.6%), and design
(<0.1%).

The 200 West P&T are primarily associated with the 200-ZP-1 groundwater remedy as the designed
targeted the 200-ZP-1 OU contaminant plumes. However, the total O&M costs (including waste
management and GAC regeneration) include treatment of extracted groundwater from other OUs. To
properly associate treatment costs, the O&M cost is proportioned in Table 2-15 between the OUs based
on the percentage of wells maintained and mass treated from extracted groundwater from each OU to the
total mass treated by the 200 West P&T. The O&M proportioned costs are reflected in the cost sections
for the specific OUs.
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Table 2-15. Proportioned 200 West P&T O&M Costs by OU ($000)

IDescription 7P-1 S-SX U Plant 1-129 DV-1 BP-5
Proportioned Operations/Treatment Cost® | $15,142.93 | $132.26 $214.79 — $109.42 $595.38
Proportioned Maintenance Cost” $3,281.26 | $214.00 $214.00 $214.00 $214.00 $142.66

Proportioned O&M Cost® | $18,424.19 | $346.25 $428.78 $214.00 $323.41 $738.04

a. Cost proportion based on percent of mass treated from extracted groundwater from each OU to the total mass treated by
the 200 West P&T

b. Cost proportion based on number of extraction and injection wells or each OU to the total number of wells connected to
the 200 West P&T

c. Includes 200 West P&T costs for O&M, waste management, and GAC regeneration
— = not applicable

The cost per unit volume treated and mass recovered by the 200 West P&T was calculated based on
capital construction cost for the 200 West P&T system (amortized over the 25-year design life),

plus annual O&M costs, divided by the annual volume of groundwater treated or mass removed.

The amortized cost of the 200 West P&T is $10.9 million, and the 2017 O&M cost was $19.5 million.

In 2017, the 200 West P&T treated 3,881.8 million L (1,025.5 million gal), removing a combined total of
352,311 kg of contaminants (primarily carbon tetrachloride [1,906 kg], nitrate as NO3 [349,771 kg],
chromium [89.4 kg], and TCE [10.4 kg]). The cost for groundwater treatment in 2017 was $0.01/L, and
the cost for contaminant mass removal in 2017 was $106.9/kg.
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3 200-UP-1 Operable Unit Remedial Actions

This chapter discusses groundwater remedial
actions within the 200-UP-1 OU. At the end of
2017, three active remedies were operating: the
WMA S-SX groundwater extraction system, the
U Plant groundwater extraction system, and the
iodine-129 plume hydraulic containment system.
The WMA S-SX groundwater extraction system,
which began operating in July 2012, is focused on
removing technetium-99 from the aquifer east of
the tank farms; however, nitrate, chromium, and
carbon tetrachloride are also removed. The U
Plant groundwater extraction system came online
in September 2015 and removes uranium,
technetium-99, and nitrate from the groundwater
downgradient of the 216-U-1 and 216-U-2 Cribs.
The iodine-129 plume hydraulic containment
system began operating in October 2015 with the
objective of slowing the eastward migration of the
iodine-129 plume while treatment technologies
for the plume are investigated.

This chapter describes the results of contaminant
monitoring, hydraulic analyses, flow rates and
volumes for the extraction and injection wells,
and contaminant removal from the aquifer. In
addition, results of fate and transport modeling
performed during 2017 to assess operation of the
WMA S-SX groundwater extraction system
(ECF-200UP1-17-0094, Fate and Transport

Highlights

The WMA S-SX groundwater extraction system is operating
as predicted, and the system will achieve its cleanup
objectives. However, continuing sources of groundwater
contamination may be great enough that groundwater plumes
may re-form following shutdown of the WMA S-SX
groundwater extraction system.

A third extraction well was added to the U Plant groundwater
extraction system in 2017. The extraction system operated at
99% of the nominal design rate.

Fate and transport simulations for the U Plant groundwater
extraction system identified optimization needs for uranium
plume remediation, and plans are in place to support
optimization and progress toward the objectives.
Interpretation of performance assessment data show that
continuing sources are present for uranium and
technetium-99.

Additional characterization wells within the uranium plume are
planned for drilling. When data from these wells become
available, additional numerical simulations will be performed
to evaluate system performance and determine needed
modifications so remediation objectives can be achieved.
[-129 hydraulic containment has been initiated and water-level
data indicate the system has slowed the eastward migration
of the plume.

Eleven characterization wells were installed for the 200-UP-1
OU southeast chromium plume in 2016 and 2017. The results
indicate that the plume is larger than previously interpreted.
Fate and transport modeling has begun to support
remediation feasibility analysis.

Analysis for WMA S-SX Groundwater Plumes in the 200-UP-1 Operable Unit), the U Plant groundwater
extraction system (ECF-200UP1-17-0093, Fate and Transport Analysis of U Plant Groundwater Plumes
in the 200-UP-1 Operable Unit; ECF-200UP1-18-0018, 200-UP-1 U Plant 2017 Uranium Plume Pump
and Treat System Analysis), and MNA for tritium and nitrate (ECF-200ZP1-17-0095, Fate and Transport
Analysis for the Groundwater Plume Remedies in the 200-ZP-1 and 200-UP-1 Operable Units Using the
Central Plateau Groundwater Model) are included where appropriate. This information is used to assess
progress toward achieving the RAOs and to assess remedy performance so operational improvements can
be made, if needed. This chapter also addresses the progress made in characterizing the chromium plume
southeast of the 200 West Area, as well as MNA of the nitrate and tritium plumes.

The 200-UP-1 OU addresses groundwater contaminant plumes beneath the southern one-third of the

200 West Area and adjacent portions of the surrounding 600 Area. The primary sources of groundwater
contamination in the OU were waste sites associated with historical operation of the Reduction-Oxidation
(REDOX) Plant for plutonium/uranium separation and operation of the U Plant for uranium recovery.
The contaminants technetium-99, uranium, tritium, iodine-129, nitrate, chromium, and carbon
tetrachloride form groundwater plumes in the area originating from operations, except for carbon
tetrachloride, which is associated with the Plutonium Finishing Plant (PFP) in the 200-ZP-1 OU.
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Carbon tetrachloride results for 200-UP-1 OU monitoring wells are presented in the discussion for the
200-ZP-1 OU (Chapter 4). Sections 3.2 and 3.3 present the carbon tetrachloride results for the
WMA S-SX and U Plant area groundwater extraction systems.

Groundwater remediation is addressed by the 200-UP-1 OU interim action ROD (EPA et al., 2012).
The selected remedy consists of the following components:

e Groundwater extraction and treatment with MNA for uranium, technetium-99, total chromium,
Cr(VI), and nitrate

o MNA for the entire tritium plume and parts of the nitrate and carbon tetrachloride plumes not
captured by the groundwater extraction remedies

e Hydraulic containment for iodine-129 while treatment technologies are investigated

e Remedy performance monitoring

o ICs

The RAOs identified in the 200-UP-1 OU interim action ROD (EPA et al., 2012) are as follows:

¢ RAO #1: Return the 200-UP-1 OU groundwater to beneficial use as a potential drinking
water source.

e RAO #2: Prevent human exposure to contaminated 200-UP-1 OU groundwater that exceeds
acceptable risk levels for drinking water.

Table 3-1 lists the cleanup levels specified in the 200-UP-1 OU ROD (EPA et al., 2012). The RD/RAWP
(DOE/RL-2013-07, 200-UP-1 Groundwater Operable Unit Remedial Design/Remedial Action Work
Plan) describes implementation of the ROD. Remedy performance monitoring is described in
DOE/RL-2015-14, Performance Monitoring Plan for the 200-UP-1 Groundwater Operable Unit
Remedial Action. Sampling requirements to meet the PMP were implemented in January 2016.

The PMP describes groundwater monitoring data collection activities associated with implementing the
200-UP-1 OU remedial action. This chapter describes the groundwater sampling performed in 2017.

Section 3.1 provides an overview of the hydraulic monitoring network for the 200-UP-1 OU and methods
of data analysis to determine capture. Sections 3.2, 3.3, and 3.4 address operation of the WMA S-SX
groundwater extraction system, the U Plant groundwater extraction system, and iodine-129 plume
hydraulic containment system, respectively. Each section addresses operation of the remedy, hydraulic
analysis results, and contaminant monitoring. Section 3.5 describes the progress in characterizing the
chromium plume southeast of the 200 West Area, and Section 3.6 addresses MNA. Section 3.7 discusses
sampling QA/QC information, and cost information is provided in Section 3.8. Section 3.9 presents the
conclusions for 2017 remedy performance for the 200-UP-1 OU.
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Table 3-1. Cleanup Levels for 200-UP-1 OU COCs

WAC 173-340 Method B
Cleanup Levels
2:E | B £-7 | B
S E = £ 8% S X
&58 5 3% 5L 3
Contaminant of = © £ o - =SB
. = = Q 5 e o = R x D
Concern Units X000 B Z = O O = = Cleanup Level
lodine-129 pCi/L 35 1 N/A N/A 1°
Technetium-99 pCi/L 4,150 900 N/A N/A 900
Tritium pCi/L 51,150 20,000 N/A N/A 20,000
Uranium pa/L 206 30 N/A N/A 30
Nitrate® (as NO3) mg/L 133 45° 113.6 N/A 45
Nitrate® (as N) mg/L 30.1 10° 25.6 N/A 10
Total chromium pg/L 99 100 24,000 N/A 100
Hexavalent chromium pa/L 52 N/A® 48 N/A 48
Carbon tetrachloride pg/L 189 5 5.6 0.34¢ 3.4f

References: Table 14 in EPA et al., 2012, Record of Decision for Interim Remedial Action Hanford 200 Area Superfund Site
200-UP-1 Operable Unit.

WAC 173-340-705, “Model Toxics Control Act—Cleanup,” “Use of Method B.”

a. Federal DWS is from 40 CFR 141, “National Primary Drinking Water Regulations,” the values listed for tritium,
iodine-129 and technetium-99 are the derived activity concentration values from EPA 816-F-00-002, Implementation
Guidance for Radionuclides, Appendix I. These values are used to calculate the cumulative dose for comparison to the
4 mrem/yr maximum contaminant level.

b. Currently identified groundwater treatment technology is insufficient to reach the 1 pCi/L derived concentration for
iodine-129.

c. Nitrate concentration may be expressed in terms of the mass of the entire NOs™ ion (nitrate as NO3z") or in terms of the mass
of nitrogen within the NOs™ ion (nitrate as N). The federal DWS for nitrate is 10 mg/L expressed as N and 45 mg/L expressed
as NOs. The Washington State cleanup level is 25.6 mg/L, as nitrogen.

d. There is no federal DWS for hexavalent chromium.

e. This value is based on estimated risk from an individual contaminant at the 1x107 risk level.

f. This cleanup level is a risk-based calculation for carbon tetrachloride. This value represents a cumulative 1x107 risk in
accordance with WAC 173-340-720(7)(a), “Groundwater Cleanup Standards.”

DWS
N/A

drinking water standards
not applicable

3.1 200-UP-1 Hydraulic Monitoring Overview

This section provides an overview of the hydraulic monitoring program and presents the 2017 water table
map for the 200-UP-1 OU. Hydraulic monitoring is needed to assess remedy performance, identify future
directions of plume migration, support groundwater flow model calibration, and determine future
usability of the monitoring wells. Section 3.2 of the PMP (DOE/RL-2015-14) describes the hydraulic
monitoring program in detail.
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Water-level measurements are collected at different frequencies and from different networks in the OU.
Synoptic sets of measurements are collected annually in March from a network of wells across the

entire OU (Figure 3-1). These measurements are combined with others collected throughout the

Hanford Site and are used to prepare the annual Hanford Site water table map. Water-level measurements
are collected more frequently from smaller well networks near the active remedies (Figures 3-2 and 3-3)
in the 200-UP-1 OU, and the data are analyzed to assess hydraulic capture or hydraulic containment of the
plumes. During 2017, monthly water-level measurements were collected from the monitoring wells near
the WMA S-SX groundwater extraction system, the U Plant groundwater extraction system, and the
iodine-129 plume hydraulic containment system. In addition to these manual measurements, automated
water levels are collected hourly from the 17 Automated Water Level Network (AWLN) wells shown in
Figures 3-2 and 3-3.

Water-level data from the active-remedy well networks are analyzed by preparing potentiometric
groundwater surface maps that indicate the configuration of the water table. Potentiometric surface maps
for the active remedies are prepared using multi-event universal kriging (MEUK) (Tonkin et al., 2013,

A Hybrid Analytic Element Universal Kriging Interpolation Technique Built in the Open Source

R Environment) and incorporating analytical expressions representing the effects of groundwater
extraction and injection as detailed in SGW-42305, Collection and Mapping of Water Levels to Assist in
the Evaluation of Groundwater Pump-and-Treat Remedy Performance. When using MEUK to interpolate
the water-level data, an event is composed of a set of water-level measurements obtained within

a sufficiently brief time period (i.e., a synoptic set of measurements). For the 200-UP-1 OU, water-level
measurements collected throughout the year are grouped into monthly events and then analyzed
collectively to produce a potentiometric surface map for each month. Thus, MEUK leverages information
from multiple time periods and well networks to make use of all available water-level information when
interpolating a potentiometric surface for a particular month. Once a set of potentiometric surface maps
is prepared for an active remedy, a single map is chosen for particle tracking analysis to determine the
local capture zone. Section 3.2.1 of the PMP (DOE/RL-2015-14) provides further details on the

MEUK methodology.

Figure 3-4 provides the March 2017 water table map for the northeastern portion of the 200-UP-1 OU,
which is a portion of the 2017 Hanford Site water table map. It encompasses the three active remedy areas
for the OU. The map provides the context for more detailed hydraulic analyses of the active remedies
presented in the following sections. The Hanford Site water table map was prepared by a combination of
kriging near active remedy areas and manual contouring elsewhere. The kriging methodology used is
documented in SGW-42305 and consists of universal kriging modified by incorporating equations that
describe the effect of other stressors and features on water levels, including groundwater extraction and
injection, and is the same approach used in the MUEK method.

The water table map indicates that groundwater flow is generally toward the east in the WMA S-SX
vicinity, to the north-northeast in the U Plant vicinity, and to the east-northeast near the iodine-129
hydraulic containment injection wells (Figure 3-4). The magnitude of the hydraulic gradient generally
becomes greater toward the east, which is caused at least partly by a decrease in the aquifer saturated
thickness and the corresponding decrease in transmissivity. The Ringold lower mud (RLM) unit, which
forms the base of the unconfined aquifer, increases in elevation toward the east, resulting in a thinning
aquifer. The hydraulic conductivity of the aquifer sediments may also decrease toward the east, which
would contribute to the greater hydraulic gradient. In the north-central portion of the OU, including
within the U Plant area extending to ERDF (Figure 3-4), the groundwater flow direction has been
substantially altered by the local U Plant and regional 200-ZP-1 extraction systems. Groundwater
extraction by these systems has drawn down the water table and induced the observed north-northeast
groundwater flow direction in this area.

3-4



G-€

/ Jns.1as Water Level Monitoring Well
-, *Wmhaj, m%ﬁ UPlant’ ©  Proposed Water Level Monitoring Well
e AL _G.vwg 1o WW19-126 WA9-34A- t\‘w 1 Well Prefix '299-' and '699-' omitted.
WMA @ jig:12 ¢ | ‘@A Waste Site
1408 U Bwiga / | | Facility 0 200400600 m
Wiga1 s y , Lo
wis-123l g3 I~ "l 200.up-1 Boundary T
& Wig-a0® . Roads 0 1,000 2,000 ft
W19-4€’ T CHSGWI0180036
¢ 1 \
W19-1052 WMA |
B-BX-BY
" ) LLWMA-1 7
1A & V2284 W2295 w2287 £ /
W23.20 o 293 WeT9 Jant :216-B-63
-\\22-94 W22-24R
' W22-245
i A o\22.81 g VV22-69 W22-24T — - z
wzs-mr S-SX 12 w2215 o
g i (mz a5 4 -
k! 2213 W22-72 ma gl ¥ L’
o \V22-82 W22-06 = f’
W23 236\‘ \N22 116 ‘ W22-114, 7:’/
W22 90 ®\\22.83 mzfsa T l 7 WA
W22.47. W22-89 ,_Iq 250 500 750 ft 39-68
= T ! {\,19_10; §38-70B  J38-70C 438648
f [ i
I 7 W19-101 4/ W19-116
g ‘ / | $35-60A @38-65 o 38-61
| I =1 o
. ) %m 9-38 | 7S 2T ¢37-66
-~ _ WIS-48 &36 708
Swpi2 o 36-668 38-61A—
% eve2ss ERDF
35.-78A-8 A T,‘se.?o.qr o 36-638
I t o~ 35-66A
== REDOX V213 .
.{wzc'fz 3472 -Gle 7 I
- 3375
33 78..—W26-14 3374 L {
216-5-10 s 1
&\\26.13 *32.728 o32-64 e |
32-76 Lt 1
- 3168 O e
1 b
30-73 ) L3057 {
o 30-68 3063 o I
3070 |
o 2966 L I NI Y
(L84, |
|
|
o 27-68

Figure 3-1. Regional Water-Level Monitoring Network for the 200-UP-1 OU
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3.2 S-SX Tank Farms Remedial System

The S-SX Tank Farms consist of underground storage tanks: 12 single-shell tanks (SSTs) in the S Tank
Farm, and 15 SSTs in the SX Tank Farm. The tanks hold high-level waste from plutonium/uranium
separation activities conducted at the REDOX Plant. One tank in the S Tank Farm and eight tanks in the
SX Tank Farm are known or assumed to have experienced a leak/release (HNF-EP-0182, Waste Tank
Summary Report for Month Ending December 31, 2015). To minimize future leaks/releases, most of the
drainable liquid in the tanks has been removed and transferred to double-shell tanks (i.e., the tanks have
been interim stabilized) (HNF-EP-0182).

Releases from the tanks have resulted in groundwater contamination beneath and downgradient of the
S-SX Tank Farms (PNNL-11810, Results of Phase | Groundwater Quality Assessment for Single-Shell
Tank Waste Management Area S-SX at the Hanford Site; DOE/RL-2016-09, Hanford Site Groundwater
Monitoring Report for 2015). Major contaminant plumes associated with the tank farms include
technetium-99, chromium, and nitrate. lodine-129 and selenium-79 have also been found in groundwater
and are attributed to releases from the tanks, but these constituents occur at low concentrations. Carbon
tetrachloride in the groundwater originates from PFP operations overlying the 200-ZP-1 OU. Some PFP
waste streams were disposed to the 216-U-10 Pond (U Pond), which is a possible source of carbon
tetrachloride upgradient from the S-SX Tank Farms. Tritium and some of the nitrate also originate from
an upgradient source (i.e., 216-S-25 Crib).

The selected remedy in the 200-UP-1 OU ROD (EPA et al., 2012) to address technetium-99
contamination in groundwater beneath and downgradient of the S-SX Tank Farms includes groundwater
extraction using three extraction wells with a total average extraction rate of 303 L/min (80 gal/min) for
15 years. The groundwater extraction system, which was constructed during 2011, consists of three
extraction wells: one well downgradient from the S Tank Farm (299-W22-90 [YE-21]), and two wells
downgradient from the SX Tank Farm (299-W22-91 [YE-22] and 299-W22-92 [YE-23]) (Figure 3-5).
The system was designed to extract technetium-99 from the groundwater and reduce the size of the
plumes. The system also extracts the collocated chromium plume and portions of the nitrate and carbon
tetrachloride plumes. The extraction wells were designed to intercept the observed depth of the
technetium-99 plume. Wells 299-W22-90 and 299-W22-92 are screened to 15.1 m (50 ft) below the
baseline water table, and well 299-W22-91 is screened to 18.7 m (61.5 ft) below the baseline water table.

The extracted groundwater is pumped to the 200 West P&T using aboveground pipelines and a transfer
building (DOE/RL-2013-07). The 200 West P&T consists of two main processes (described in
Chapter 2):

o Radiological treatment process using IX resins (primarily to remove technetium-99, but some
iodine-129 is also removed)

o Central treatment process that uses anoxic and aerobic biodegradation for nitrate, metals, and organic
contaminants; membrane filtration to remove particulate matter; and air stripping to remove VOCs

Groundwater pumped by the WMA S-SX extraction wells is combined with groundwater pumped by the
U Plant, and 200-ZP-1, 200-BP-5, and 200-DV-1 OU extraction wells that require radionuclide treatment,
and the combined water is passed through the 1X resin. The effluent from this process is then combined
with groundwater from the remaining extraction wells (not requiring radionuclide treatment) and passed
through the central treatment process. The treated water is then returned to the aquifer using injection
wells, most of which are located within the 200-ZP-1 OU. Chapter 2 provides further discussion on the
treatment system.
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Figure 3-5. WMA S-SX Groundwater Extraction System and Monitoring Wells
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3.21 Remedial System Operation

The WMA S-SX groundwater extraction system operated 100% of the time during 2017 with at least one
of the three extraction wells pumping. Extraction wells 299-W22-90, 299-W22-91, and 299-W22-92 were
operational 99.7%, 100%, and 96.4% of the time in 2017, respectively. Well 299-W22-90 was shut down
on May 5 (lightning storm power outage). Well 299-W22-92 was shut down for 13 consecutive days in
November 2017 for well redevelopment.

Data used to monitor remedial system operation consist of flow rates from the extraction wells, sample
results from the extraction wells, and influent/effluent sample results from the treatment system.

3.2.1.1 Extraction Well Flow Rates

Figure 3-6 shows the weekly average flow rates per extraction well. Average flow rates during the year
were 90 L/min (24 gal/min) for well 299-W22-90, 118 L/min (31 gal/min) for well 299-W22-91, and
107 L/min (28 gal/min) for well 299-W22-92. The combined average flow rate was 310 L/min

(81.8 gal/min), which is 102% of the design nominal pumping rate of 303 L/min (80 gal/min). This was
a decrease of 35 L/min (9 gal/min) compared to the average flow rates for 2016. The total volume of
water extracted from the aquifer during 2017 was 161 million L (42.7 million gal), and the total since
startup in July 2012 was 839 million L (222 million gal).

—+—299-W22-90 ——299-W22-91 299-W22-92

45

N w

v S
___________———
|

Weekly Average Flow Rate (gpm)
=]
=
|
1
l
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Date

Figure 3-6. Weekly Average Pumping Rates for the WMA S-SX Groundwater Extraction System, 2017
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3.2.1.2 Extraction Well Mass Removal

The WMA S-SX extraction wells are sampled quarterly, and Table 3-2 provides the results for 2017.

The sample results and the extraction well flow rates were used to estimate the total mass (or activity)
removed from the aquifer for the primary constituent (technetium-99) and the secondary constituents
(chromium, nitrate, and carbon tetrachloride) (Table 3-3). The cumulative mass of technetium-99,
chromium, and nitrate removed from groundwater by the WMA S-SX system are shown in Figures 3-7
through 3-9, along with the predicted mass removed based on F&T modeling (ECF-200UP1-17-0094).
Results of the F&T modeling are provided for two scenarios: one scenario assuming there are no ongoing
sources of contamination to the aquifer, and a second scenario that included estimates of mass
contributions to the aquifer from ongoing sources (S-SX Tank Farms for technetium-99, chromium, and
nitrate, and the 216-S-25 Crib for nitrate).

Table 3-2. Extraction Well Sample Results for the WMA S-SX Groundwater Extraction System

Well Name Constituent 3/8/2017 6/9/2017 9/25/2017 11/30/2017
299-W22-90 | Technetium-99 (pCilL) 525 540 492* 376
(YE-21)
Nitrate (mg/L as NO3) 26.6 25.7 25.7* 24.8
Hexavalent chromium (ug/L) 32 27 25 22
Chromium (pg/L) 34.7 28.6 244 22.1
Carbon tetrachloride (ug/L) 55.8 79.2 94.1 91.8
299-W22-91 | Technetium-99 (pCilL) 2,760 2,730 4,260 3,460
(YE-22)
Nitrate (mg/L as NO3) 29.2 28.8 32.3 29.2
Hexavalent chromium (pg/L) 29 29 34 31
Chromium (pg/L) 334 28.3 33.8 31.3
Carbon tetrachloride (ug/L) 49.9 65.6 67.1 71.1
299-W22-92 | Technetium-99 (pCilL) 1,860 1,770 1610 * 1,400
(YE-23)
Nitrate (mg/L as NO3) 27 25.2 22.1 19.9
Hexavalent chromium (pg/L) 25 22 21 19
Chromium (pg/L) 26.6 26 20.6 204
Carbon tetrachloride (ug/L) 47.4 69.6 75.3 86.5

* Maximum of duplicate sample results.
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Table 3-3. Contaminant Mass (or Activity) Removed from the Aquifer

by the WMA S-SX Groundwater Extraction System

Mass (Activity) Removed
Constituent During 2017 Since Startup
Technetium-99 (g [Ci]) 18.4 (0.313) 169.3 (2.87)
Chromium (total, unfiltered) (kg) 4.53 45.9
Chromium (hexavalent) (kg ) 4.38 —*
Nitrate (as NOs) (kg) 4,374 31,884
Carbon tetrachloride (kg) 11.1 62.0
* Continuous record of hexavalent chromium mass removed not readily available.
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Figure 3-7. Cumulative Technetium-99 Mass Removal by the WMA S-SX Groundwater

Extraction System — Modeled and Actual Results
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Source terms (i.e., estimates of the contaminant mass release rate from continuing sources to
groundwater) for the F&T modeling were based on observed concentrations in groundwater and were
calculated using a control volume approach (ECF-200W-17-0030, Calculation of Source Terms for the
200 West Pump-and-Treat System Optimization Modeling, FY 2017). It was assumed that releases to
groundwater from the sources were at steady state and concentrations in the aquifer were in equilibrium
with the sources. Groundwater sample results and plume maps were used to estimate the contaminant
mass flux in the aquifer perpendicular to a vertical plane downgradient from each source. If needed, a
similar calculation was performed for a plane upgradient of each source to account for background
contaminant plumes. The difference between the two represented the contaminant release rate from the
vadose zone to groundwater beneath each source. Where possible, estimates of the contaminant mass
remaining in the vadose zone were made and the sources were assumed to release contaminants at the
calculated rates until the vadose zone inventory was depleted. Where no vadose zone inventory estimates
were made, the sources were assumed to be active until the end of the model simulations. It should be
emphasized that due to the assumptions in these calculations, estimates of the source terms and release
durations are uncertain and model results of future plume conditions should be regarded only as an
indication of the potential for future groundwater contamination.

The comparison of the actual mass (or activity for radionuclides) removed from the aquifer by the

WMA S-SX groundwater extraction system to the F&T modeling predictions has good correlation
(Figures 3-7 through 3-9). More mass has been recovered for technetium-99 and chromium than
predicted, with the differences <12%. Actual nitrate recovery is within 4% of the modeling results.

The predicted mass recovery results (with and without sources) track closely together for each constituent
until they start to diverge between 2017 and 2018 when cumulative mass recovery becomes higher for the
scenarios with ongoing sources. The divergence reflects the travel time from the sources to the extraction
wells as the contaminants released in 2012 (the start of the model simulations) and later reach the
extraction wells. Thus, comparisons of actual to simulated mass recovery in future years will help to
distinguish the importance of ongoing sources of aquifer contamination. Currently, actual mass recovery
for technetium-99 and chromium track more closely with the predictions that include ongoing sources,
whereas it is too early to make this determination for nitrate.

Although tritium is present in the groundwater, the amount of tritium removed from the aquifer is not
shown in Table 3-3 because the treatment system does not remove tritium from groundwater. Thus, water
injected into the aquifer contains tritium (i.e., no net removal of tritium from the aquifer occurs).

The average monthly tritium concentration in the effluent from the treatment facility (Table 2-5 in
Chapter 2) ranged from 2,075 to 3,055 pCi/L during 2017.1

3.21.3 Treatment System Mass Removal

Section 2.3 (Chapter 2) provides a description of the groundwater treatment system and its performance
during 2017. The technetium-99 removal efficiency for the entire system averaged 94% during 2017
(Table 2-2 in Chapter 2), and average concentrations in effluent from the treatment system met all of the
cleanup levels specified in the 200-UP-1 OU ROD (EPA et al., 2012; Table 2-5 in Chapter 2).

1 In the 200-UP-1 OU ROD (EPA et al., 2012), the selected remedy for tritium within the 200-UP-1 OU is MNA and
the cleanup level is 20,000 pCi/L. Reduction in tritium concentrations will be achieved by natural radiological decay
(half-life of 12.3 years).
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3.2.2 Water-Level Monitoring

Water-level monitoring is performed to evaluate the effect of the WMA S-SX groundwater extraction
system on the water table and the effectiveness of the system in capturing the contaminant plumes.
The following sections describe the data interpretation for 2017.

3.2.2.1 Water-Level Measurements

During 2017, synoptic manual depth-to-water measurements were collected monthly from monitoring
wells near the WMA S-SX groundwater extraction system. Some wells are equipped with pressure
transducers and data loggers for automated water-level measurements (Figure 3-2). When reviewing and
interpreting water-level data, the flow rates recorded at each extraction well are also reviewed to provide
an understanding of the probable causes of groundwater-level changes.

The large volume of water pumped by the 200-ZP-1 OU and U Plant extraction wells causes a large water
table response that affects water levels and gradients near WMA S-SX. The monitoring well network for
the 200-ZP-1 remedy also includes a large number of wells used to obtain manual depth-to-water
measurements and wells equipped with transducers for automated water levels. For these reasons,
groundwater levels near the WMA S-SX system are interpreted using data from both the WMA S-SX and
200-ZP-1 OU monitoring networks.

In accordance with the PMP (DOE/RL-2015-14), monthly manual measurements were collected at
WMA S-SX for one year and then an evaluation was made to determine if the measurement frequency
could be reduced (e.g., to quarterly). It was decided to continue monthly measurements because the water
table in the 200-UP-1 OU is still changing in response to drawdown from extraction wells in the
200-ZP-1 OU.

3.2.2.2 Hydraulic Capture Analysis

Groundwater levels and pumping rates were interpreted to estimate the hydraulic capture zone of the
WMA S-SX groundwater extraction system. Figure 3-10 shows the estimated time-dependent capture
zone developed by groundwater extraction at the WMA S-SX groundwater extraction system during
March 2017, as well as the mapped technetium-99 plume in groundwater. The capture zone was estimated
by mapping the groundwater elevation data for March 2017 using MEUK and tracking particles on the
mapped surface for a duration of 11 years (i.e., until 2027, which is 15 years after the start of groundwater
extraction [i.e., estimated time required to meet RAOs]). Particle tracking was performed by releasing
particles in a circle, enveloping each extraction well, and tracking them backward. This results in an
instantaneous depiction of the extent of capture under March 2017 conditions (i.e., groundwater flow
lines depict the approximate area of the aquifer that would be captured by the extraction wells over an
11-year period if the water table configuration during March 2017 represented steady-state conditions).
The calculated groundwater flow lines indicate the focus area of hydraulic containment and mass
recovery for the WMA S-SX extraction wells under current conditions.

Figure 3-10 indicates that the system will capture most of the technetium-99 plumes that occur between
the extraction wells and tank farms at concentrations at or above 900 pCi/L. Concentrations in the
portions not being captured (e.g., east of extraction wells) are predicted to decline to below the cleanup
level by natural attenuation by the year 2057, well within the 125-year cleanup timeframe for Central
Plateau groundwater (ECF-200UP1-17-0094). However, modeling indicated that ongoing sources of
technetium-99 contamination may be great enough to form new groundwater plumes unless the sources
are remedied or groundwater near the sources is hydraulically contained (ECF-200UP1-17-0094).
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The remedy for the chromium and nitrate plumes in the WMA S-SX vicinity is natural attenuation.
However, portions of these plumes are being captured by the groundwater extraction system because they
are collocated with the technetium-99 plumes. Figures 3-11 and 3-12 show the March 2017 capture zones
with the chromium and nitrate plumes (the small chromium and nitrate plumes at the 216-S-20 Crib
shown in Figures 3-11 and 3-12 originate from the crib and not from the S-SX Tank Farms). The capture
zone at well 299-W22-90 covers that portion of the chromium plume upgradient from the extraction well
at the 48 pg/L concentration level (i.e., the cleanup level). In the SX Tank Farm plume, extraction

wells 299-W22-91 and 299-W22-92 are effectively capturing nearly all portions of the chromium plume
above 48 ug/L. A similar extent of capture occurs for the nitrate plume, except the portion of the plume
from the 216-S-25 Crib that is beneath and downgradient from the northern SX Tank Farm area and is
not within a capture zone. The F&T modeling indicated that the portions of the chromium and nitrate
plumes not captured by the groundwater extraction system will attenuate to below their respective cleanup
levels by the year 2033 for chromium and 2038 for nitrate. However, similar to technetium-99, ongoing
contamination sources may be great enough that the plumes would re-form unless the sources are
remediated or groundwater near the sources is hydraulically contained (ECF-200UP1-17-0094). Capture
of the chromium and nitrate plumes at WMA S-SX is not a requirement in 200-UP-1 OU ROD (EPA

et al., 2012) for the groundwater extraction system, so this capture analysis is provided for informational
purposes only.

3.2.3 Contaminant Monitoring

This section summarizes the 2017 results for groundwater sampling near the WMA S-SX groundwater
extraction system. A comprehensive discussion of groundwater contamination within the OU is provided
in the RI/FS (DOE/RL-2009-122, Remedial Investigation/Feasibility Study for the 200-UP-1
Groundwater Operable Unit). The RD/RAWP (DOE/RL-2013-07) provides cross-sectional maps
showing the vertical distribution of the plumes. DOE/RL-2017-66 includes additional discussion of
recent monitoring results for the entire OU.

Groundwater contamination baseline conditions from which cleanup progress is evaluated were
established during 2012 (Section 2.3.1 of DOE/RL-2013-14, Calendar Year 2012 Annual Summary
Report for the 200-ZP-1 and 200-UP-1 Operable Unit Pump-and-Treat Operations). In the following
sections, sample results for technetium-99, chromium, and nitrate for 2017 are presented and compared to
baseline concentrations. When more than one sample result was available in a well, the last sample
collected during 2017 was used to evaluate cleanup progress; for duplicate samples, the greatest
concentration was used. Depictions of plumes are based on annual average concentrations in the wells and
are the same as those presented in DOE/RL-2017-66. Section 2.3.2 of DOE/RL-2013-14 contains
background information on the plumes, including sources and historical plume trends.

3-18



6T-€

l 209-W18-15(134.33)
-

1345

0
o
@
-

W22:

f

299 W23-21(132.97)

g

2
93 A32417)
o

&

299-W22-90(YE-21)

299 W22-81(131.88)

299 W22-115(132.145)
299- W22 85(132.28)
-

299-W22-95(131.46)

299-W22-69(131.44)

N

2,
L)
w

299-W19-105(130.41)
L]

299-W22-87(130.61)
L

299-W22-79(130.42)
.

0. @
©. el %—e. o - -
° oo 299-W22-72(131 45
] 0‘}’ PR Ooo o0 Lo Db o 299W22113[13212) . t )
a —e o c
s % 8:3 S by o? 00 o° 'b o 209-W22-82(131.84)
e -y g S'r gzggr\évzz 116132‘156667 291 .299-\1'\'22-96(131-31)
o0 o of e T O
©- A R -
ot o ‘1'02912’2 580152 f‘a“‘ 7] 299-W22-91(YE 22),
- ™ o 0 o855 0
N $o ° 299 w2, !”132%5)'0 o 02%9\4522 samawsm)
7 e
| o % zeswzzasmz.m) \ﬂrz 292, 8
1 Y o {6)t299-W22-92(YE-23)
o o <&
o 01 o o0 JA o o \\u ?
o—0o—7 o
o o lo oo o \ o o °° 21635-20 Crib
o 0‘ P o o o o o
<
ol' P o o
P&T Wells 2017 o0 o
o
Well Type, OU
A Extraction, BP-5
A Extraction, UP-1 699-34-72(130.82)
Injection, UP-1 ¢
A Extraction, ZP-1
¥ Injection, ZP-1
®  Montoring Well 289-W27-2(132.3) )"lv
©  Maped Yearly Capture
Groundwater Flowlines 898-33-75(132.34)
Mapped Water Levels (m) (March 2017) o 33 76(133.02)
2017 Chromium Plume = 699-33-74(131.37)
@ .
(Source: EGF-Hanford-18-0013) 258 W26-14(132.86 o *
[ J<spon o] 125 250 375 500 Meters
L 1 | 1 ]
[1=248and <480 pgiL p I ; 1 .
2480 pgiL
[Jzee00 0 | 1,000 \ 2,000 Feet
1

Figure 3-11. Groundwater Flow Lines lllustrating Hydraulic Capture for the WMA S-SX Groundwater Extraction System
Under March 2017 Conditions (Steady-State Assumption) Compared to the Chromium Plumes
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3.2.3.1 Technetium-99, Chromium, and Nitrate Monitoring Results

Technetium-99, chromium, and nitrate are discussed in this section because they are all mobile tank waste
constituents and form similar plumes in groundwater downgradient from the S-SX Tank Farms. Nitrate
also originated from an upgradient source, the 216-S-25 Crib. Although chromium is listed in the
200-UP-1 OU ROD (EPA et al., 2012) as two COCs (total chromium and Cr(V1)), it occurs in

Hanford Site groundwater primarily in the mobile hexavalent form. Chromium is analyzed in
groundwater samples using two different methods: inductively coupled plasma, which yields a total
chromium result (i.e., trivalent and Cr(VI) combined); and a colorimetric method (ultraviolet/visible light
absorption), which yields only the Cr(V1) result. Therefore, the Hanford Environmental Information
System (HEIS) database includes results for both total chromium and Cr(V1), which have different
cleanup levels specified in the 200-UP-1 OU ROD (100 and 48 pg/L, respectively). Both forms of
chromium are analyzed when sampling is performed for the 200-UP-1 OU in accordance with
DOE/RL-2015-14. The 2017 sample data for 200-UP-1 OU groundwater show that locations exceeding
the chromium cleanup levels exceeded the cleanup level for both total chromium and Cr(V1). Therefore,
the chromium monitoring results presented in this chapter focus on mobile dissolved chromium measured
as either Cr(VI1) or total chromium measured in filtered sample aliquots.

The S-SX Tank Farms are sources of technetium-99, chromium, and nitrate contamination to the
groundwater (Figures 3-13, 3-14, and 3-15). The plumes from the S Tank Farm (northern plumes in
Figures 3-13, 3-14, and 3-15) extend to extraction well 299-W22-90 at concentrations above the
respective cleanup levels (900 pCi/L for technetium-99, 48 pug/L for Cr(VI1), and 45 mg/L for nitrate).

A portion of the nitrate plume at concentrations above the cleanup level is mapped to occur near
downgradient monitoring well 299-W22-95 (Figure 3-15). Depth-discrete sample results during drilling
of extraction well 299-W22-90 indicate that the technetium-99 and nitrate plumes extend to a depth of

5 m (16 ft) below the water table at concentrations above cleanup levels (DOE/RL-2011-118, Hanford
Site Groundwater Monitoring for 2011). A depth to 10 m (33 ft) below the water table is presumed for
the Cr(V1) plume. The technetium-99 plume from the SX Tank Farm (southern plume in Figure 3-13)
extends 800 m (2,600 ft) toward the east and southeast from the source. The Cr(VI) plume extends east
from the SX Tank Farm to extraction well 299-W22-91 (southern plumes in Figure 3-14). Depth-discrete
sample results within these plumes indicate the plumes occur within the upper 20 m (66 ft) of the aquifer
at concentrations above cleanup levels (DOE/RL-2009-122). Two extraction wells, 299-W22-91 and
299-W22-92, operate within the southern plumes.

The 2017 technetium-99, dissolved chromium, and nitrate sample results from the monitoring wells in
the WMA S-SX vicinity are compared to baseline concentrations (i.e., concentrations in the aquifer
determined during 2012 prior to operation of the groundwater extraction system) in Tables 3-4, 3-5,

and 3-6, respectively. Figures 3-16 and 3-17, Figures 3-18 and 3-19, and Figures 3-20 and 3-21,
respectively, also show these comparisons. Figures 3-16, 3-18, and 3-20 are bar charts comparing 2017
concentrations to baseline 2012 concentrations. Figures 3-17, 3-19, and 3-21 show the location of the
monitoring wells in relation to the WMA S-SX extraction wells and pie chart comparisons of the 2017 to
2012 concentrations.
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Figure 3-14. Cr(Vl) Plumes in Groundwater near the S-SX Tank Farms, 2017

3-23




DOE/RL-2017-68, REV. 0

16(W19-105
| ( N

3(W19-6
J ( )

50(CP_2018_17)
35(W22-84)

14(\/\.'22-37)‘
Jss(cp_zoﬂ_za) .\45(w22795)
/49(\/\.'22-93)
5/5(CP_2016_1 )\ A 35 023.50) 25(\/\.'22-79)\_
12(W23-200, 8(W22-94) B
é
27(W23-4
./ ( ) WMA S-SX
| J4U(\N22781) J16(W22—69)
45(W23-21 3
4 ) L gswezis)
I\.,—40(W22—85)
)
[}
!J4U(W22—113) J40NT2)
l J117W2319) o 28(W22-82)
34(W22-96)
| 63(W22-116) J
100(cp72017725)/.\>\10(V|\‘,2'fg5530(m2791)
9(W23-235) .(19(“'22'53)16 S
. 7(W22-47) (W22- /)
24(W22-92)
—10(W22-89) “a
REDOX
| 104(W22-20)\
|\ i

 — — — -

/533 79)

‘/B(33-?6) __——216-8-10 Ditch

In the Upper Unconfined Aquifer

é/'\1(33—‘."4)
® Well Sampled in 2017 I_ __-; Groundwater Interest Area Boundary
y ell Sampled ?n 2016 I___L Former Operational Boundary
? el Sampled in 2.015 2017 Nitrate Plume
> Typa 3 ComralPont [ <tsmo
A 55X Extraction Well [ ] 245 and <450 mgiL

Well label = Concentration mg/L (Well Name) (B 2450 mg/L
Well Prefix '299-" and '699-' omitted.

o! Roads

U = Undetected 0 50 100 150 200m
Waste Site L L L L :
Facility 0 250 500 750 ft

200PT17S3F12-4/17/2018

Figure 3-15. Nitrate Plume in Groundwater near the S-SX Tank Farms, 2017
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Table 3-4. Comparison of 2017 Technetium-99 Sample Results from Monitoring Wells

in the S-SX Tank Farms Vicinity to Baseline Concentrations

Baseline (2012) 2017
Technetium-99 Technetium-99 Percent
Well Name (pCi/L) (pCi/L)* Change®
299-W22-47 15,000 <33.8°¢ -100
299-W22-69 220 106 -52
299-W22-72 135 446 +230
299-W22-80 19 Not sampled NC
299-W22-81 67.5 76.1 +13
299-W22-82 2,900 2,230 -23
299-W22-83 17,700 757 -96
299-W22-84 630 <36.8° -94
299-W22-85 140 99.9 -29
299-W22-86 11,000 1,630 -85
299-W22-89 <6.5¢ Not sampled NC
299-W22-93¢ 10,500 2,020 -81k
299-W22-94¢ 880 36.9 -96%
299-W22-95° 310 856 +176%
299-W22-96 1,020 2,610 +156
299-W22-113¢ 2,300 805 -65%
299-W22-115" 520 2,680 +415k
299-W22-116' 5,750 11,200 +95K
299-W23-19 45,000 13,700 -70
299-W23-20 6.7 <42.7° NC
299-W23-21 86.2 <34.9¢ NC
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Table 3-4. Comparison of 2017 Technetium-99 Sample Results from Monitoring Wells
in the S-SX Tank Farms Vicinity to Baseline Concentrations

Baseline (2012) 2017
Technetium-99 Technetium-99 Percent
Well Name (pCi/L) (pCi/L)* Change®
299-W?23-236! 18.0/ Not sampled NC &

Notes: All replacement wells are located adjacent to dry wells they replaced, with the exception of
well 299-W22-95, which was located about 90 m (300 ft) north of well 299-W22-26 because of an anticipated
groundwater flow direction change.

The cleanup level specified in EPA et al., 2012, Record of Decision for Interim Remedial Action Hanford 200 Area
Superfund Site 200-UP-1 Operable Unit, for technetium-99 is 900 pCi/L.

a. For wells that were sampled multiple times during 2017, the result shown is from the last sample of the year.

b. Differences are shown for only those wells with a baseline or 2017 sample result at least five times the detection
limit (~6.6 pCi/L x 5 = ~33 pCi/L).
c. Less than (<) values reference the minimum detectable activity.
d. Baseline sample result is for 299-W22-44, which is dry. The replacement well is 299-W22-93.

e. Baseline sample result is for 299-W22-48, which is dry. The replacement well is 299-W22-94.

f. Baseline sample result is for 299-W22-26, which is dry. The replacement well is 299-W22-95.

g. Baseline sample result is for 299-W22-49, which is dry. The replacement well is 299-W22-113.

h. Baseline sample result is for 299-W22-45, which is nearly dry. The replacement well is 299-W22-115.
i. Baseline sample result is for well 299-W22-50, which is dry. The replacement well is 299-W22-116.

j. Baseline sample result is for well 299-W23-15, which is nearly dry. The replacement well is 299-W23-236.

k. Baseline to 2017 comparison affected by well design. The replacement wells were installed with 35 ft screens at
the water table. The wells they replaced had much shorter saturated screened intervals at the water table because
they were becoming dry.

NC =

not calculated

Table 3-5. Comparison of 2017 Chromium Sample Results from Monitoring Wells
in the S-SX Tank Farms Vicinity to Baseline Concentrations

Baseline (2012)
Chromium? 2017 Chromium?
Well Name (ng/L) (ng/L)° Percent Change®
299-W22-47 183 55 -97
299-W22-69 12.5 <34 NC
299-W22-72 <5.0¢ 1.9 NC
299-W22-80 254 4.7 -81
299-W22-81 9.7 8 -18
299-W22-82 321 18.8 -41
299-W22-83 253 15 -94
299-W22-84 47.5 2.8 -94
299-W22-85 6.3 <34 NC
299-W22-86 149 18.2 -88
299-W22-89 <5.0¢ <34 NC
299-W22-93° 353 145 -59!
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Table 3-5. Comparison of 2017 Chromium Sample Results from Monitoring Wells
in the S-SX Tank Farms Vicinity to Baseline Concentrations

Baseline (2012)
Chromium? 2017 Chromium?

Well Name (ng/L) (ng/L)® Percent Change®
299-W22-94F 23.4 10.5 NC!
299-W22-95¢ 9.9 42.8 +332!
299-W22-96 5.1 19 +273
299-W22-113" 8.2 3 -63
299-W22-115 8.4 2.7 NC'
299-W22-1161 63.7 93 +46'
299-W23-19 1,010 190 -81
299-W23-20 <5.0¢ 12 NC
299-W23-21 6.3 1.2 -81
299-W23-236K 6.0 1.9 NC'

Notes: All replacement wells are located adjacent to dry wells they replaced except for 299-W22-95, which was
located about 90 m (300 ft) north of 299-W22-26 because of an anticipated groundwater flow direction change.

The cleanup level specified in EPA et al., 2012, Record of Decision for Interim Remedial Action Hanford 200 Area
Superfund Site 200-UP-1 Operable Unit, for hexavalent chromium is 48 pg/L.

a. Chromium values reflect maximum dissolved chromium (i.e., hexavalent or total filtered) sample result.
b. For wells sampled multiple times during 2017, result shown is from the last sample of the year.

c. Differences are shown for only those wells with a baseline or 2017 sample result at least five times the detection
limit (i.e., results above an approximation of the quantitation limit). Detection limits were 5 pg/L in 2012 (baseline)
and ranged from 0.5 to 4 pg/L in 2017.

d. Less than (<) values reference the detection limit.

e. Baseline sample result is for well 299-W22-44, which is dry. The replacement well is 299-W22-93.

f. Baseline sample result is for well 299-W22-48, which is dry. The replacement well is 299-W22-94.

g. Baseline sample result is for well 299-W22-26, which is dry. The replacement well is 299-W22-95.

h. Baseline sample result is for well 299-W22-49, which is dry. The replacement well is 299-W22-113.

i. Baseline sample result is for well 299-W22-45, which is nearly dry. The replacement well is 299-W22-115.
j. Baseline sample result is for well 299-W22-50, which is dry. The replacement well is 299-W22-116.

k. Baseline sample result is for well 299-W23-15, which is nearly dry. The replacement well is 299-W23-236.

I. Baseline to 2017 comparison affected by well design. The replacement wells were installed with 10.7 m (35 ft)
screens at the water table. The wells they replaced had much shorter saturated screened intervals at the water table
because they were becoming dry.

NC = not calculated
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Table 3-6. Comparison of 2017 Nitrate Sample Results from Monitoring Wells
in the S-SX Tank Farms Vicinity to Baseline Concentrations

Baseline (2012) Nitrate 2017 Nitrate Percent
Well Name (mg/L as NOs) (mg/L)*? Change
299-W22-47 99.4 5.58 -94
299-W22-69 20.7 16.5 -20
299-W22-72 29.6 40.2 +36
299-W22-80 12.8 10.1 -21
299-W22-81 27.4 40.2 +47
299-W22-82 62 28.2 -55
299-W22-83 117 13.4 -89
299-W22-84 35.3 34.3 -3
299-W22-85 63.7 40.3 -37
299-W22-86 70.6 13.8 -80
299-W22-89 131 10.7 -18
299-W22-93° 177 47.8 731
299-W22-94° 51.4 7.44 -86'
299-W22-95¢ 39.8 41.7 +51
299-W22-96 18.3 34.1 +86
299-W22-113°¢ 84.6 40.1 531
299-W22-115° 79.2 65.1 -18!
299-W22-116¢ 71.8 65.5 -9
299-W23-19 355 149 -58
299-W23-20 10.4 12 +15
299-W23-21 84.6 56.7 -33
299-W23-236" 7.24 9.21 +271

Notes: All replacement wells are located adjacent to dry wells they replaced except for 299-W22-95, which was located
about 90 m (300 ft) north of 299-W22-26 because of an anticipated groundwater flow direction change.

The cleanup level specified in EPA et al., 2012, Record of Decision for Interim Remedial Action Hanford 200 Area
Superfund Site 200-UP-1 Operable Unit, for nitrate (as NOs) is 45 mg/L.

a. For wells that were sampled multiple times during 2017, the result shown is from the last sample of the year.
b. Baseline sample result is for well 299-W22-44, which is dry. The replacement well is 299-W22-93.

c. Baseline sample result is for well 299-W22-48, which is dry. The replacement well is 299-W22-94.

d. Baseline sample result is for well 299-W22-26, which is dry. The replacement well is 299-W22-95.

e. Baseline sample result is for well 299-W22-49, which is dry. The replacement well is 299-W22-113.

f. Baseline sample result is for well 299-W22-45, which is nearly dry. The replacement well is 299-W22-115.
g. Baseline sample result is for well 299-W22-50, which is dry. The replacement well is 299-W22-116.

h. Baseline sample result is for well 299-W23-15, which is nearly dry. The replacement well is 299-W23-236.

i. Baseline to 2017 comparison affected by well design. The replacement wells were installed with 10.7 m (35 ft)
screens at the water table. The wells they replaced had much shorter saturated screened intervals at the water table
because they were becoming dry.
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Several WMA S-SX monitoring wells have become sample dry in recent years or are nearly sample dry.
The following wells have been installed: 299-W22-94 replaced 299-W22-48, and 299-W22-95 replaced
299-W22-26 in 2013; 299-W22-113 replaced 299-W22-49 in 2014; 299-W22-93 replaced 299-W22-44,
299-W22-115 replaced 299-W22-45, 299-W22-116 replaced 299-W22-50, and 299-W23-236 replaced
299-W23-15 in 2015.2 To evaluate cleanup progress, concentrations in the new wells are compared to
the plume baseline concentrations established during 2012 from the corresponding dry wells listed in
Tables 3-4, 3-5, and 3-6 (correlations of a replacement well to the dry well it replaced are given in table
footnotes). Comparison to baseline for replaced wells are likely affected by well design. The replacement
wells were installed with 10.7 m (35 ft) screens at the water table. The wells that were replaced had much
shorter saturated screened intervals at the water table because they were becoming dry. Concentration
decline in sample results between the original and replacement wells may also reflect possible dilution
because of the screened interval difference. Concentration increases in sample results between the original
and replacement wells may be from plume migration or may also reflect an increase in contamination
with varying depth at new wells. Vertical contamination profile data are not available for the older
replaced wells for direct comparison at the depths of the new wells.

Concentrations have declined in a majority of wells that had baseline concentrations above a cleanup
level. Concentrations declined in seven of the nine wells with a baseline technetium-99 concentration
above the 900 pCi/L cleanup level, in five of the six wells with a baseline dissolved chromium
concentration above the 48 pg/L cleanup level for Cr(VI), and in all 12 of the wells with a baseline nitrate
concentration above the 45 mg/L cleanup level. Concentrations have declined to below the technetium-99
cleanup level in three wells (299-W22-47, 299-W22-83, and 299-W22-113), to below the Cr(VI) cleanup
level in three wells (299-W22-47, 299-W22-83, and 299-W22-86), and to below the nitrate cleanup level
in seven wells (299-W22-47, 299-W22-82, 299-W22-83, 299-W22-85, 299-W22-86, 299-W22-94, and
299-W22-113). Concentrations increased above the technetium-99 cleanup level in well 299-W22-115.

Concentration changes of over 50% have been observed for many of the monitoring wells with a baseline
concentration above a cleanup level. For the seven wells with declining technetium-99 concentrations
with a baseline concentration above the cleanup level, all but one (299-W22-82 at 23%) of the declines
are >50% (ranging from 65% to 100% [Table 3-4]). Concentration declines are not caused by injection
of treated groundwater into the aquifer because there are no injection wells operating in the WMA S-SX
vicinity. Concentrations increased by 95% in well 299-W22-116, located near extraction well
299-W22-91, pumping at an average rate of 118 L/min (31 gal/min). The increased concentration in well
299-W22-116 indicates that water with high technetium-99 concentrations are being drawn

into the extraction well. Concentrations have increased by 156% in well 299-W22-96 due to
downgradient migration of the plume not being captured. The technetium-99 concentration increase

at well 299-W22-115 was 415% over baseline.

Concentration changes for dissolved chromium are similar to technetium-99. For the five wells with
declining dissolved chromium concentrations that had a baseline concentration above the cleanup level,
all have declined by >50% (ranging from 59% to 97% [Table 3-5]). Concentrations have increased at
well 299-W22-116 by 46% for the same reason discussed above for technetium-99; water with high
dissolved chromium concentration is being drawn into extraction well 299-W22-91. Concentrations
increased at well 299-W22-95 from 9.9 pg/L in 2012 to 57.9 pg/L in 2016 but declined below the cleanup
level to 42.8 pg/L in 2017. The increase from 2012 can be attributed to migration of the portion of the

2 The replacement wells are located adjacent to the dry wells they replaced except for well 299-W22-95, which is
located ~90 m (300 ft) north of well 299-W22-26 because of an anticipated groundwater flow direction change.
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Cr(V1) plume from the S Tank Farm located downgradient from the capture zone of well 299-W22-90
(Figure 3-11).

Nitrate concentrations have declined in all 12 of the wells with a baseline concentration above the cleanup
level, and 8 of the wells have declined by >50% (Table 3-6). For all 12 of these wells, concentration
declines ranged from 9% to 94%. The concentrations at wells 299-W22-115 and 299-W22-116 are
considered stable with a <20% concentration decrease compared to baseline. The nitrate plume near the
SX Tank Farm is wider than the technetium-99 and Cr(V1) plumes because nitrate also originated from
the 216-S-25 Crib. The wider plume likely accounts for the less substantial concentration declines.

Well 299-W23-19 is located within the SX Tank Farm and has historically had the highest technetium-99
and dissolved chromium concentrations in the OU (Figure 3-19; Tables 3-4 and 3-5). The June 2017
sample results were 13,700 pCi/L for technetium-99 compared to a baseline of 45,000 pCi/L (70%
decline), 190 pg/L for dissolved chromium compared to a baseline of 1,010 pg/L (81% decline), and

149 mg/L for nitrate compared to the baseline of 355 mg/L (58% decline). This well is located within the
source area and concentrations have varied over time (Figure 3-22), presumably due to variations in the
mass flux of contamination entering the aquifer from the vadose zone. The most recent concentration
declines may indicate a reduction in the mass flux, but the declines are likely caused by an increased
groundwater flow velocity beneath the tank farm resulting from operation of the groundwater extraction
system. Drawdown from the extraction wells has increased the hydraulic gradient beneath the SX Tank
Farm, resulting in a higher groundwater flow rate. The calculated average flow rate for 2017 is 55 m/yr
(180 ft/yr) (DOE/RL-2017-66), which is greater than the 35 m/yr (110 ft/yr) flow rate prior to operation
of the groundwater extraction system (DOE/RL-2013-22, Hanford Site Groundwater Monitoring Report
for 2012). A higher flow rate means that contamination entering the aquifer from the vadose zone would
mix into a larger volume of water, resulting in lower concentrations.
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Figure 3-22. Technetium-99, Dissolved Chromium, and Nitrate Concentrations
in Well 299-W23-19 within the SX Tank Farm
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Concentrations in northern plume extraction well 299-W22-90 have declined since startup of pumping

in 2012 (Figures 3-23, 3-24, and 3-25). The technetium-99 concentration in this well has declined by 95%
from 7,010 pCi/L in August 2012 to 376 pCi/L in November 2017, the dissolved chromium concentration
has declined by 95% from 403 to 22 pg/L, and the nitrate concentration has declined by 78% from

113 to 24.8 mg/L. Concentrations in adjacent monitoring well 299-W22-93 are higher than in the
extraction well. Well 299-W22-93 is a replacement for 299-W22-44, and sample results during 2017 were
2,020 pCi/L for technetium-99, 145 pg/L for dissolved chromium, and 47.8 mg/L for nitrate, all above
their respective cleanup levels. The lower concentrations in the extraction well are likely caused by
concentration averaging because the capture zone for the well is larger than the plumes. Thus, in addition
to water from within the plumes being drawn into the extraction well, water from outside the plumes
(laterally and vertically) is also being extracted, diluting the concentrations. Concentrations of these
constituents in well 299-W22-93 are substantially lower than the baseline sample results from

well 299-W22-44 (Tables 3-4, 3-5, and 3-6), indicating good progress in remediating the plumes.

Technetium-99, dissolved chromium, and nitrate concentrations in the southern plume extraction wells
(299-W22-91 and 299-W22-92) also declined but not as much as the concentrations at well 299-W22-90
(Figures 3-23, 3-24, and 3-25). The ratio between plume areal extent and size of the capture zone is larger
for wells 299-W22-91 and 299-W22-92 than for 299-W22-90 (Figures 3-10, 3-11, and 3-12); thus, there
is less dilution at wells 299-W22-91 and 299-W?22-92 as water from outside the plumes (laterally and
vertically) is drawn into the wells. The technetium-99 concentration continued to remain below the
cleanup level in well 299-W22-90 during 2017 (November 2017 sample result was 376 pCi/L). Dissolved
chromium concentrations continued to remain below the 48 ug/L cleanup level in wells 299-W22-90,
299-W22-91, and 299-W22-92 in 2017, with concentrations of 22.1, 31.3, and 20.4 pg/L, respectively.
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Figure 3-23. Technetium-99 Concentrations in WMA S-SX Extraction Wells
After the Start of Groundwater Extraction
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Figure 3-24. Dissolved Chromium Concentrations in WMA S-SX Extraction Wells
After the Start of Groundwater Extraction
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Figure 3-25. Nitrate Concentrations in WMA S-SX Extraction Wells
After the Start of Groundwater Extraction
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3.2.3.2 Carbon Tetrachloride Monitoring Results

Cleanup of carbon tetrachloride is not an objective of the WMA S-SX groundwater extraction system,
but the extraction wells do remove carbon tetrachloride from the aquifer and do contribute to the overall
larger remedy for this constituent. See Chapter 4 for an evaluation of the larger carbon

tetrachloride remedy.

Carbon tetrachloride is widespread throughout the area surrounding the S and SX Tank Farms and
throughout the 200 West Area (Figure 4-8 in Chapter 4). This constituent originated from sources
associated with the PFP, which overlies the 200-ZP-1 OU. Much of the carbon tetrachloride within
200-UP-1 OU likely migrated into the OU from waste sites overlying the 200-ZP-1 OU, but some carbon
tetrachloride may also have originated from U Pond, located west of the S-SX Tank Farms (U Pond
received some waste streams from the PFP). In the WMA S-SX extraction wells, the carbon tetrachloride
concentration response to pumping differs from that of the other constituents. Concentrations increased in
well 299-W22-90 during 2012 and 2013, were generally stable through 2016, and then increased

during 2017 to a high of 94.1 pg/L in September 2017, with a slight decrease to 91.8 pg/L in

November 2017 (Figure 3-26). Concentrations in wells 299-W22-91 and 299-W22-92 had been
declining, but concentrations increased throughout 2017 to 71.1 pg/L and 86.5 pg/L, respectively, in
November 2017 (Figure 3-26). Given the widespread distribution of carbon tetrachloride in the aquifer,
smaller carbon tetrachloride concentration changes are seen as the capture zones grow in lateral and
vertical extent.
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Figure 3-26. Carbon Tetrachloride Concentrations in WMA S-SX Extraction Wells
After the Start of Groundwater Extraction
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3.2.3.3 Performance Monitoring Evaluation

Progress toward achieving cleanup levels at WMA S-SX was also evaluated by calculating the one-sided,
95% upper confidence limit (UCLgs) on mean plume concentrations, as described in DOE/RL-2013-07
and DOE/RL-2015-14. Although technetium-99 is the primary COC for which the groundwater extraction
system was designed, the UCLgs was also calculated for chromium and nitrate (in accordance with
DOE/RL-2015-14) for comparison to modeling results. Annual UCLgs values were calculated beginning
in 2008, 4 years prior to startup of the WMA S-SX groundwater extraction system in 2012. The wells
used for the calculation are identified in DOE/RL-2015-14 and are primarily within the baseline plume
footprint (i.e., have baseline concentrations above the 900 pCi/L cleanup level). The calculations are
documented in ECF-200UP1-18-0017, Calculation of the 95" Percentile Upper Confidence Limit on
Plume Monitoring Data for the 200-UP-1 Groundwater Operable Unit through Calendar Year 2017; and
supersede those in ECF-200UP1-16-0073, Calculated Timeframes for Attainment of Cleanup Levels in
the 200-UP-1 Operable Unit for Remedial Actions based on 95" Percent Upper Confidence Limit
Calculation for Groundwater Monitoring Data and Updated Simulated Future Groundwater Fate and
Transport. As described in ECF-200UP1-18-0017, the earlier UCLgs calculations were reworked to be
consistent with the revised methodology in the upcoming revision to DOE/RL-2015-14.

Calculations of the UCLgs for measured groundwater concentrations for 2008 through 2017 are shown in
Figures 3-27, 3-28, and 3-29 for technetium-99, chromium, and nitrate, respectively, in comparison to
UCLgs values calculated from the F&T modeling results. As described in Section 3.2.1.2, the F&T
simulations of the WMA S-SX groundwater extraction system were performed both with and without
ongoing sources of contamination to the aquifer; UCLgs values for both sets of modeling results are
shown in Figures 3-27, 3-28, and 3-29. The UCLgs values from the monitoring data have been trending
downward since the start of pumping in 2012, consistent with model predictions. The technetium-99
UCLgs has declined 70% since the start of pumping, and the chromium and nitrate UCLgs have declined
74% and 62%, respectively. The UCLgs values for the modeling results are higher when ongoing sources
were included in the simulations due to the addition of contaminant mass to the aquifer. Similar to the
mass removal predictions in Section 3.2.1.2, comparisons of UCLgs values between the monitoring data
and modeling results in future years will help to distinguish the importance of ongoing sources of aquifer
contamination. Currently, the monitored UCLgs values for technetium-99 appear to be more consistent
with the model results that included the source terms, whereas the monitored UCLgs values for chromium
and nitrate appear to be more consistent with the scenarios that did not include the source terms.

The F&T simulations of the WMA S-SX groundwater extraction system has shown that in the absence of
substantial ongoing sources of contamination to the aquifer, maximum concentrations of technetium-99,
chromium, and nitrate would decline to below their respective cleanup levels by the years 2057, 2033,
and 2038, respectively, all within the 125-year cleanup timeframe for Central Plateau groundwater
(ECF-200UP1-17-0094). Comparisons of the UCLgs calculated from the monitoring data to the model
simulations, and comparisons of the actual mass (or activity) of contaminants extracted from the aquifer
to model predictions (Section 3.2.1.2), indicate the WMA S-SX groundwater extraction system is
operating as predicted. Thus, the system is expected to achieve the cleanup objectives. However, as noted
in ECF-200UP1-17-0094, ongoing sources of groundwater contamination may be great enough that
groundwater plumes may re-form following system shutdown unless the source areas are remediated or
groundwater near the source areas is hydraulically contained.
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Figure 3-27. UCLgs on the Mean Concentration of Technetium-99
for Monitoring Wells Within the WMA S-SX Groundwater Extraction System Vicinity
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Figure 3-28. UCLgs on the Mean Concentration of Chromium
for Monitoring Wells Within the WMA S-SX Groundwater Extraction System Vicinity
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Figure 3-29. UCLys on the Mean Concentration of Nitrate
for Monitoring Wells Within the WMA S-SX Groundwater Extraction System Vicinity

3.3 U Plant Area Groundwater Extraction System

The uranium plume near U Plant originated from the 216-U-1 and 216-U-2 Cribs, which received nearly
16 million L (4.2 million gal) of effluent between 1951 and 1967 containing an estimated 4,000 kg of
uranium (ARH-CD-745, Input and Decayed Values of Radioactive Liquid Wastes Discharged to the
Ground in the 200 Areas Through 1975). These cribs were also a source of technetium-99 and nitrate to
groundwater. Late in their service lifecycle, the cribs received acidic waste that mobilized the uranium in
the vadose zone. Effluent disposed to the nearby 216-U-16 Crib in 1984 and 1985 migrated north along
the Cold Creek unit as perched water and transported the mobilized uranium beneath the 216-U-1 and
216-U-2 Cribs, adding mass to the groundwater plume (WHC-EP-0133, U1/U2 Uranium Plume
Characterization, Remedial Action Review and Recommendation for Future Action).

The uranium plume geometry was substantially reinterpreted from 2016 to 2017 based on the 2017
groundwater monitoring data (Figure 3-30). In 2016, groundwater samples collected during drilling of
well 299-W19-116 had uranium concentrations of 37 pg/L in the uppermost sample (collected 3 m [9.8 ft]
below the water table), 8.1 pug/L in the next sample (collected 12 m [39.4 ft] below the water table), and
1.2 to 2.4 pg/L in deeper samples. The 37 pg/L concentration was used for the 2016 plume map, and the
interpreted plume area above the 30 pg/L uranium cleanup level extended eastward to well 299-W19-116.
In 2017, this well was sampled five times, with concentrations ranging from 7.6 to 8.9 ug/L. Given that
the nearest wells with uranium concentrations above the 30 pg/L cleanup level are >500 m (1,640 ft) west
of well 299-W19-116, the interpreted eastern extent of uranium plume was reduced in 2017. In addition,
uranium concentrations obtained during and after drilling of extraction well 299-W19-125 in 2017 were
less than anticipated. During drilling, the maximum concentration was 5.2 pg/L, and samples collected
from the operational extraction well had concentrations ranging from 1.2 to 1.6 pg/L (Table 3-7). Based
on these results, the interpreted northern extent of the plume was also reduced in 2017.
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Figure 3-30. U Plant Area Groundwater Extraction System and the Uranium Plume,

2016 and 2017 Plume Interpretations
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Well 299-W19-116 was installed as a replacement for 699-38-70, where uranium concentrations
exceeded 80 pg/L during the late 1990s and then declined to 42 pg/L in 2007 when this well went dry
(Figure 3-31). Assuming the declining concentration trend continued in this area, the 2017 concentrations
obtained from well 299-W19-116 are consistent with previous observations. Nevertheless, there is
substantial uncertainty about the actual eastern extent of the uranium plume above the 30 pg/L cleanup
level. As such, the forthcoming revision to the 200-UP-1 PMP (DOE/RL-2015-14) may include

a recommendation for two new monitoring wells west of well 299-W19-116.

The selected remedy for the plumes in the U Plant area is a combination of groundwater extraction and
treatment and MNA (EPA et al., 2012). The U Plant area groundwater extraction system consists of three
extraction wells: 299-W19-113 and 299-W19-114 began operating in September 2015, and 299-W19-125
began operating in September 2017. Extracted groundwater is conveyed via aboveground, dual-walled
pipelines to the 200 West P&T. Groundwater treatment consists of two main processes:

¢ Radiological pretreatment process using 1X resins

e Central treatment process that uses anoxic and aerobic biodegradation for nitrate, metals, and organic
contaminants; membrane filtration to remove particulate matter; and air stripping to remove VOCs
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Figure 3-31. Uranium Concentrations in Monitoring Well 699-38-70 and Replacement Well 299-W19-116

Groundwater from the U Plant area extraction wells is combined with groundwater from the B Complex
extraction wells in the 200 East Area (Chapters 5 and 6). The water from these wells then passes through
the uranium 1X treatment train. The water is combined with water from 200-ZP-1 OU extraction wells
requiring radiological treatment and sent through another IX resin to remove technetium-99 (and low
concentrations of iodine-129). The effluent from this process is then combined with groundwater from the
remaining extraction wells (not requiring radiological treatment) and passed through the central treatment
process. The treated groundwater is returned to the aquifer using injection wells. Section 2.3 provides
further discussion on the treatment system.
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The current U Plant area groundwater extraction system is the third system used for remediating the
plumes from the 216-U-1 and 216-U-2 Cribs. The first system operated from June ,13, 1985 to

November 26, 1985, near the cribs (WHC-EP-0133). It removed 687 kg of uranium from the groundwater
by an 1X treatment system. The second system was an interim action that began operating as a treatability
test in March 1994 and continued until March 2011. The system was focused on the area south and
southeast from U Plant (approximately 300 to 600 m [1,000 to 2,000 ft] downgradient from the cribs).
The extraction wells varied, but wells 299-W19-36 and 299-W19-43 were used during the later years of
system operation. A rebound study was conducted between January 2005 and January 2006, and the
system was restarted in April 2007 (DOE/RL-2008-02, 200-UP-1 and 200-ZP-1 Operable Units Pump
and Treat System Annual Report for FYQ7). This system removed a total of 220.5 kg of uranium from the
aquifer (DOE/RL-2012-03, Calendar Year 2011 Annual Summary Report for the 200-ZP-1 and 200-UP-1
Operable Unit Pump-and-Treat Operations).

The following sections describe operation of the current (i.e., the third) groundwater extraction system, as
well as the results of water-level and contaminant monitoring.

3.3.1 Remedial System Operation

The U Plant groundwater extraction system operated >98% of the time in 2017. Extraction

wells 299-W19-113 and 299-W19-114 were both shut down from July 19 through 25, 2017, to install
electrical services to extraction well 299-W19-125. Extraction well 299-W19-125 began operation on
September 20, 2017, and was operational through the end of the year.

Data used to monitor remedial system operation consist of flow rates from the extraction wells, sample
results from the extraction wells, and influent/effluent sample results from the treatment system.

3.3.1.1 Extraction Well Flow Rates
The average flow rates in 2017 from the U Plant area extraction wells were as follows:

e 299-W19-113 at 199 L/min (52 gal/min)
e 299-W19-114 at 317 L/min (84 gal/min)
e 299-W19-125 at 192 L/min (51 gal/min) (beginning on September 20, 2017)

The combined average flow rate for the year was 562 L/min (148 gal/min), which is 99% of the design
nominal pumping rate of 568 L/min (150 gal/min). When extraction at well 299-W19-125 began, the
extraction rate was reduced at well 299-W19-114 from approximately 379 L/min (100 gal/min) to

189 L/min (50 gal/min). The total volume of water extracted from the aquifer during 2017 was

292 million L (77 million gal), and the total since startup in September 2015 was 659 million L

(174 million gal).

3.3.1.2 Extraction Well Mass Removal

The U Plant area extraction wells are sampled quarterly and were sampled in March, June, August and
November 2017; Table 3-7 shows the results of sampling. The sample results and the extraction well flow
rates were used to estimate the total mass (or activity) of uranium, technetium-99, nitrate, and carbon
tetrachloride removed from the aquifer (Table 3-8). Figures 3-32 and 3-33 show the cumulative mass of
uranium and technetium-99 removed from groundwater in the U Plant area, along with the predicted mass
based on F&T modeling (ECF-200UP1-17-0093; ECF-200UP1-18-0018). Results of F&T modeling are
provided for two scenarios: one scenario assuming no ongoing sources of contamination to the aquifer,
and a second scenario that included estimates of mass contributions to the aquifer from ongoing sources
(216-U-1 and 216-U-2 Cribs for uranium and technetium-99).
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Table 3-7. Extraction Well Sample Results for the U Plant Area Groundwater Extraction System

Well Name Constituent 3/8/2017 6/9/2017 8/10/2017 11/30/2017
299-W19-113 | Uranium (ug/L) 109 134 164 160
(YE-25) Technetium-99 (pCi/L) 2070 2280 2060 1130
Nitrate (mg/L as NO3) 155 151 151 133
Carbon tetrachloride (ug/L) 59.7 90.9 97.4 101
299-W19-114 | Uranium (ug/L) 27.1 23.3 21.4 25.1
(YE-26) Technetium-99 (pCi/L) 359 430 403 314
Nitrate (mg/L as NO3) 79.7 70.8 62 575
Carbon tetrachloride (ug/L) 56.4 59.0 69.9 71.9

Well Name Constituent 9/21/2017 | 10/23/2017 | 11/30/2017 | 12/13/2017
299-W19-125 | Uranium (ug/L) 1.16 1.55 1.60 1.55
(YE-24) Technetium-99 (pCi/L) 104 164 195 221
Nitrate (mg/L as NO3) 14.2 18.0 25.2 24.3

Carbon tetrachloride (ug/L) — — — —

Notes: Post-construction monthly analytical results are shown for well 299-W19-125.

Carbon tetrachloride analytical results are not available for well 299-W19-125 in post-construction samples.

Table 3-8. Contaminant Mass (or Activity) Removed from the Aquifer
by the U Plant Area Groundwater Extraction System

Mass (Activity) Removed Mass (Activity) Removed
Constituent During 2017 Since Startup
Uranium (kg) 17.9 29.6
Technetium-99 (g [Ci]) 15.6 (0.266) 54.1 (0.93)
Nitrate (as NOs) (kg) 27,349 98,449
Carbon tetrachloride (kg) 19.3 49.0
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Source terms (i.e., estimates of the contaminant mass release rate from continuing sources to
groundwater) for the F&T modeling were based on observed concentrations in groundwater and were
calculated using a control volume approach (ECF-200W-17-0030). To estimate the 216-U-1 and 216-U-2
Cribs source terms, it was assumed that releases to groundwater were at steady state and concentrations in
the aquifer were in equilibrium with the sources. Groundwater sample results and plume maps were used
to estimate the contaminant mass flux in the aquifer perpendicular to a vertical plane downgradient from
the cribs, which was assumed to be equal to the source release rate. The source terms were assumed to be
active throughout the 125-year duration of the model simulations. It should be emphasized that due to the
assumptions in these calculations, estimates of the source terms are uncertain and model results of future
plume conditions should be regarded only as an indication of the potential for future groundwater
contamination.

Although the U Plant groundwater extraction system has been operating for <3 years, the comparison of
the actual mass (or activity) removed from the aquifer to the F&T modeling predictions has good
correlation. The uranium mass recovery agrees well with the early model predictions, whereas actual
technetium-99 recovery through 2017 is 27% higher than simulated recovery. The predicted mass
recovery results (with and without sources) track closely together for each constituent throughout the
simulated duration of the remedy (22 years). The source cribs are far enough from the extraction wells
that uranium does not migrate from the cribs to the wells within the active remedy duration (uranium
migrates slower than groundwater flow because of sorption to aquifer sediments). Some of the
technetium-99 released from the source does reach the extraction wells near the end of the remedy
timeframe, but it only causes a small increase in the simulated mass recovery.

3.3.1.3 Treatment System Mass Removal

Extracted groundwater is conveyed to the 200 West P&T and passes through 1X resin for radiological
treatment. The effluent from the resin is then combined with the influent groundwater from other
extraction wells (that do not require radiological treatment) and is passed through the central treatment
process. The effluent from the treatment system is then returned to the aquifer using injection wells.
Section 2.3 provides a description of the treatment system and its performance during 2017. The uranium
and technetium-99 removal efficiencies for the entire system during 2017 averaged 99% and 94%,
respectively, and the nitrate removal efficiency averaged 74% (Table 2-2 in Chapter 2). Average
concentrations in the effluent from the treatment system met all the cleanup levels specified in the
200-UP-1 OU ROD (EPA et al., 2012; Table 2-5 in Chapter 2).

3.3.2 Water-Level Monitoring

Water-level monitoring is performed to evaluate the effect of the U Plant groundwater extraction system
on the water table and to evaluate the effectiveness of the system in capturing the contaminant plumes.
The following sections describe the data interpretation for 2017.

3.3.2.1 Water-Level Measurements

During 2017, synoptic manual depth-to-water measurements were collected monthly throughout the
year. Some wells are equipped with pressure transducers and data loggers for automated water-level
measurements (Figure 3-2). When reviewing and interpreting water-level data, the flow rates recorded at
each extraction well are also reviewed to provide an understanding of the probable causes of changes in
groundwater levels.
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In accordance with the PMP (DOE/RL-2015-14), monthly manual measurements were collected at

U Plant for one year and then an evaluation was made to determine if the measurement frequency could
be reduced (e.g., to quarterly). It was decided to continue the monthly measurements because the water
table in 200-UP-1 OU is still changing in response to drawdown from extraction wells in the

200-ZP-1 OU and a new extraction well at U Plant (299-W19-125) was brought online during 2017.

3.3.2.2 Hydraulic Capture Analysis

Groundwater levels and pumping rates were used to map the water table in the U Plant area and estimate
the hydraulic capture zone of the groundwater extraction system. Figure 3-34 provides the March 2015
baseline water table map for the U Plant area constructed using universal kriging. The map shows the
water table conditions prior to startup of the U Plant area groundwater extraction system in

September 2015. Groundwater flow within this area is toward the northeast, which is influenced by
drawdown of the water table by the 200-ZP-1 groundwater extraction system.

Figure 3-35 shows the water table estimated capture zone for December 2017, as well as the uranium
plume in groundwater. December best represents the current water table hydraulic response to pumping
because of the system configuration changes in September (extraction well 299-W19-125 was brought
online, and the flow rate at well 299-W19-114 was reduced), allowing for some time for the water table to
equilibrate. The capture zone was estimated by mapping the groundwater elevation data for December
using MEUK and tracking particles on the mapped surface for a duration of 21 years (i.e., until the

year 2037). Particle tracking was performed by releasing particles in a circle, enveloping each extraction
well, and tracking them backward. This results in an “instantaneous” depiction of the extent of capture
under December 2017 conditions (i.e., the groundwater flow lines show the approximate area of the
aquifer that would be captured by the extraction wells over a 21-year period if the water table
configuration during December 2017 represented steady-state conditions). The calculated groundwater
flow lines indicate the focus area of hydraulic containment and mass recovery for the U Plant area
extraction wells under current conditions.

Figure 3-35 shows that the system is focused on capturing the central portion of the uranium plume,

as designed. Based on the 2017 interpretation of plume geometry, the system is expected to capture about
76% of the areal extent of the uranium plume above 30 pg/L and about 89% of the plume above

300 pg/L.

Figures 3-36 and 3-37 show the December 2017 capture zones with the technetium-99 and nitrate
plumes, respectively. The technetium-99 plume south of the U Plant is completely enveloped by the
capture zones. For nitrate, all concentrations in the U Plant area are now below the high-concentration
level (i.e., >450 mg/L). The selected remedies for nitrate were P&T for the high-concentration area at
U Plant and MNA for the remainder of the plume.

Figure 3-38 shows the capture zones for the extraction wells (determined by mapping of the

December 2017 water-level measurements) and the capture zones predicted by model simulation.

The simulated capture zones were generated by reverse particle tracking from the extraction wells starting
at the simulated end of pumping in 2037, with the three extraction wells operating at 189 L/min

(50 gal/min) each (ECF-200UP1-18-0018). There is generally good agreement between the mapped and
predicted capture zones, although the mapped capture zones tend to be smaller in width. An exact
agreement is not expected because of the different methods and time periods used in generating the
capture zones.
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3.3.3 Contaminant Monitoring

This section summarizes the 2017 results for groundwater sampling near the U Plant area groundwater
extraction system. A comprehensive discussion of groundwater contamination within the OU is provided
in the RI/FS (DOE/RL-2009-122). The vertical distribution of the plumes is shown as cross-sectional
maps in the RD/RAWP (DOE/RL-2013-07). Chapter 11 of DOE/RL-2017-66 provides further discussion
on recent monitoring results for the entire OU.

Groundwater contamination baseline conditions from which cleanup progress is evaluated were
established during 2015 (Section 2.3.3 of DOE/RL-2016-20, Calendar Year 2015 Annual Summary
Report for the 200-ZP-1 and 200-UP-1 Operable Unit Pump and Treat Operations). In the following
sections, sample results for uranium, technetium-99, and nitrate during 2017 are presented and compared
to baseline concentrations. When more than one sample result was available in a well, the last sample
collected during 2017 was used in the comparisons to represent cleanup progress; for duplicate samples,
the greatest concentration was used. Depictions of plumes are based on annual average concentrations in
the wells and are the same as those presented in DOE/RL-2017-66.

The 2017 uranium, technetium-99, and nitrate sample results from the monitoring wells in the U Plant
area are compared to baseline concentrations (i.e., concentrations in the aquifer determined during 2015
prior to operation of the groundwater extraction system) in Tables 3-9, 3-10, and 3-11, respectively.
Figures 3-39 and 3-40, Figures 3-41 and 3-42, and Figures 3-43 and 3-44, respectively, show these
comparisons. Figures 3-39, 3-41, and 3-43 show bar charts of the 2017 concentrations compared to the
baseline 2015 concentrations. Figures 3-40, 3-42, and 3-44 show the location of the monitoring wells in
relation to the U Plant extraction wells and pie chart depictions of the baseline to 2017

concentration comparisons.

Table 3-9. Comparison of 2017 Uranium Sample Results from Monitoring Wells
in the U Plant Area to Baseline Concentrations

Baseline (2015) Uranium 2017 Uranium Percent
Well Name (ng/L) (ng/L)* Change®
299-W19-34A 144 No sample NC
299-W19-36 1,550 5,000 +223
299-W19-39 65 37.7 -42
299-W19-43 223 108 -52
299-W19-46 63.3 26 -59
299-W19-48 102 32 -69
299-W19-49 223 No sample ¢ NC
299-W19-101 78 81 +4
299-W19-105 25.7 18.1 -30
299-W19-107 1.35 1.2 -11
299-W19-115¢ 734 410 -44
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Table 3-9. Comparison of 2017 Uranium Sample Results from Monitoring Wells
in the U Plant Area to Baseline Concentrations

Baseline (2015) Uranium 2017 Uranium Percent
Well Name (ng/L) (ng/L)* Change®
299-W19-116°¢ 10 8.03 -20

Note: The cleanup level specified in EPA et al., 2012, Record of Decision for Interim Remedial Action
Hanford 200 Area Superfund Site 200-UP-1 Operable Unit, for uranium is 30 pg/L.

a. For wells that were sampled multiple times during 2017, the result shown is from the last sample of
the year.

b. Differences are shown for only those wells with a baseline or 2017 sample result at least five times the
detection limit (i.e., results above an approximation of the quantitation limit). Detection limits were 1 pg/L
in 2012 (baseline) and ranged from 0.022 to 0.3 pg/L in 2017.

c¢. No sample collected from well 299-W19-49 in 2017 due to a faulty sample pump.

d. Baseline sample result is for well 299-W19-18, which is dry. The replacement well is 299-W19-115.
e. Baseline sample result was from March 2016.

NC = not calculated

Table 3-10. Comparison of 2017 Technetium-99 Sample Results from Monitoring Wells
in the U Plant Area to Baseline Concentrations

Baseline (2015) 2017 Technetium-99 Percent
Well Name Technetium-99 (pCi/L) (pCi/L)* Change
299-W19-34A 486 168 -65
299-W19-36 51,400 9440 -82
299-W19-43 8,080 66.5 -99
299-W19-48 139 194 +40
299-W19-49 304 No sample® NC
299-W19-101 234 282 +21
299-W19-107 273 81 -70
299-W19-115¢ 580° 642 +11
299-W19-116°¢ 4501 421 -6

Note: The cleanup level specified in EPA et al., 2012, Record of Decision for Interim Remedial Action Hanford
200 Area Superfund Site 200-UP-1 Operable Unit, for technetium-99 is 900 pCi/L.

a. For wells that were sampled multiple times during 2017, the result shown is from the last sample of the year.

b. Differences are shown for only those wells with a baseline or 2017 sample result at least five times the
detection limit (~6.6 pCi/L x 5 = ~33 pCi/L).

c. No sample collected from well 299-W19-49 in 2017 due to a faulty sample pump.

d. Baseline sample result is for well 299-W19-18, which is dry. The replacement well is 299-W19-115.
e. Baseline sample result was from March 2016.

NC = not calculated
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Table 3-11. Comparison of 2017 Nitrate Sample Results from Monitoring Wells
in the U Plant Area to Baseline Concentrations

Baseline (2015) Nitrate 2017 Nitrate Percent
Well Name (mg/L as NO3) (mg/L as NO3)* Change
299-W19-34A 34 13.7 -60
299-W19-36 788 221 =72
299-W19-39 66.4 314 -53
299-W19-4 165 93 -44
299-W19-43 3,190 53.1 -98
299-W19-46 29.9 16.8 -44
299-W19-48 57.5 18.6 -68
299-W19-49 38.6 No sample® NC
299-W19-101 29.7 70.8 +138
299-W19-107 112 29.2 -74
299-W19-115°¢ 58.4 48.7 -17
299-wW19-116¢ 115 106 -8

Note: The cleanup level specified in EPA et al., 2012, Record of Decision for Interim Remedial Action Hanford
200 Area Superfund Site 200-UP-1 Operable Unit, for nitrate (as NOs3) is 45 mg/L.

a. For wells that were sampled multiple times during 2017, the result shown is from the last sample of the year.
b. No sample collected from well 299-W19-49 in 2017 due to a faulty sample pump.
c. Baseline sample result is for well 299-W19-18, which is dry. The replacement well is 299-W19-115.

d. Baseline sample result was from March 2016.
NC = not calculated
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3.3.3.1  Uranium Monitoring Results

With the exception of wells 299-W19-36 and 299-W19-101, uranium concentrations within the plume
have been declining (Table 3-9). The concentration at well 299-W19-36 increased by 223% from its
baseline of 1,550 pug/L in July 2015 to 5,000 pg/L in August 2017 (Figure 3-45). The concentration at
well 299-W19-101 increased by 28% from its baseline of 78 pg/L in August 2015 to 100 pg/L in
August 2016 and decreased to 81 ug/L in August 2017. The increase in well 299-W19-101 indicates that
water with high uranium concentration is being drawn toward the well by nearby extraction

well 299-W19-114. Concentrations at well 299-W19-36 began to increase before groundwater extraction
began. There may be a local uranium source near well 299-W19-36 (Figure 3-30). The second highest
concentrations occur at well 299-W19-115, a replacement well for 299-W19-18, located about 100 m
(328 ft) downgradient from the 216-U-1 and 216-U-2 Cribs. The uranium concentration in this well was
410 pg/L in October 2017, a 44% decrease from the 734 ug/L baseline result in 2015 (Figure 3-45).
Concentrations at well 299-W19-43 have decreased 52% from the baseline, from 223 to 108 pg/L in
August 2017 (Figure 3-46).
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Figure 3-45. Uranium Concentrations in Selected Wells Downgradient from the 216-U-1 and 216-U-2 Cribs
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Figure 3-46. Uranium Concentrations in Selected Wells in the U Plant Area

3.3.3.2 Technetium-99 and Nitrate Monitoring Results

Figures 3-47 and 3-48 show the technetium-99 and nitrate plumes in the U Plant area, respectively.
Technetium-99 concentrations exceed the 900 pCi/L cleanup level only in a former extraction well of
the interim action system, 299-W19-36, and nearby extraction well 299-W19-113 (Figures 3-47

and 3-49). The baseline concentration in well 299-W19-36 was 51,400 pCi/L (Table 3-10).

The concentration increased from 21,000 pCi/L in September 2013 to 86,500 pCi/L in August 2014
but subsequently declined to 9,440 pCi/L in August 2017. Baseline concentrations in the extraction
wells 299-W19-113 and 299-W19-114 during October 2015 shortly after startup of groundwater
extraction were 8,610 and 980 pCi/L, respectively. The concentration in well 299-W19-114 and the
newest extraction well 299-W19-125 were below the cleanup level throughout 2017.

The highest baseline nitrate concentrations in the U Plant area occur at former extraction wells
299-W19-36 and 299-W19-43 (Figures 3-48 and 3-50). Baseline concentrations in these wells were

788 and 3,190 mg/L, respectively. Concentrations have declined in all eight wells with a baseline nitrate
concentration above the 45 mg/L cleanup level, and concentrations have declined by >50% in four of
these wells (Table 3-11). Concentrations have declined to below the nitrate cleanup level in three wells
(299-W19-39, 299-W19-48, and 299-W19-107). Concentrations have increased from below to above
the nitrate cleanup level in well 299-W19-101 (138% over baseline). The increased concentration in
well 299-W19-101 indicates migration of the nitrate plume toward extraction well 299-W19-114.

3-65



99-€

—-( ’L? e -

00"
2 ﬂ“_\)‘?
7 10
-
-

| /207 80W173)

/1/200(CP_2017_21)

¥ 1,800(CP_2017 22
1!/ o 1800(CP_2017:22)

U/Plant

1
9,370(W19:36)- o
J7EB4W19:115)

=5

./35,9 U(W19-6)

36.8-U(W22-84)  ,856(W22-95)
i A

318(W19-123)
J148(W19-49)

J34'2 U(W19-105)

154(W22-87)
1

’,15,9(\/\119-4)

84.2(W19:43)

Y 885(W/19-113)

71(W19-125)

K384'2M19_114)

81(W19-107
J W )

(11 3(38-70B)

/"54'5("‘” 9-116)

194(W19-48)
‘,123(w1 9:39)

’,119.2(w1 9-46)

293 5W19-101) .

I
|

® \\ell Sampled in 2017
B Well Sampled in 2016
¢ Well Sampled in 2015
»  Type 3 Control Point
A

UP-1 Extraction Well

Well label = Concentration
pCi/L (Well Name)
Well Prefix '299-' and '699-' omitted.

Pump Treat Transfer Lines

Roads
B Pump & Treat Facility
Facility
Waste Site
D Former Operational Boundary

Groundwater Interest
f -} Area Boundary

2017 Technetium-99 Plume
(Source: DOE/RL-2017-66)

[ <900 pei

[ ] =900 and <8,000 pCirL

[ 29,000 peiiL

0 50 100 150 200 m

S I —
[ T T 1

0 250 500 750 ft
200PT17S3F44 5/10/2018

y 193(36:70B)
(115(\1\121-2)

16.9(36-70A)

Figure 3-47. U Plant Area Technetium-99 Plume, 2017

0 ‘A3 ‘89-/T02-1d/304



19-€

Z
/////// 93(W19-4)

97(W19-125)

55(W19-115) g !

s .
,12",,_ 27(W19-123) ’Ix 60(W19-43) QUVAI0)

19(W19-48)

JZO(W19-49) .,31(w1 9-39)
V 4 ./17(W19-46) %

J16('W1 9-105)

7 3(W19-6) é

50(CP\2018_17 >
45(\/\0213?,)& (14(W22-87)

.,37(m1-z)

® \Well Sampled in 2017 —— Pump Treat Transfer Lines 2017 Nitrate Plume
= Well Sampled in 2016 Bl Furp & Treat Facility %’Z‘smi’_m-'”"“)
1o mg
¢ Well Sampled in 2015 | Facilty  —
. and < m
» Type 3 Control Point Waste Site
A UP-1 Extraction Well I L Former Operational Boundary - =450 Ml
0 50 100 150 200 m
Well label = Concentration mg/L (Well Name) Groundwater Interest
Well Prefix '299-' and '699-' omitted. D Area Boundary |_|_|_|'—‘—‘—'—'
— Roads 0 250 500 750 ft
200PT17S3F45]

Figure 3-48. U Plant Area Nitrate Plume, 2017

0 'A3d '89-,T02-14/30d



DOE/RL-2017-68, REV. 0

100,000
e 299-W19-113
90,000 - —m— 209-W19-36
e 209-W19-43
80,000 1 — — — Cleanup Level (900 pCill)
70,000 -

60,000

40,000 -

Technetium-99, pCi/L
(8]
o
o
o
o

30,000 -

20,000 -

10,000

Jan-15
Collection Date

Jan-17 Jan-18|
200PT17S3F46

Jan-16

Figure 3-49. Technetium-99 Concentrations in Selected Wells in the U Plant Area
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Figure 3-50. Nitrate Concentrations in Selected Wells in the U Plant Area
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3.3.3.3 Carbon Tetrachloride Monitoring Results

Cleanup of carbon tetrachloride is not an objective of the U Plant remedy, but the extraction wells do
remove carbon tetrachloride from the aquifer and contribute to the overall larger remedy for this
constituent. Chapter 4 discusses the evaluation of the larger carbon tetrachloride remedy.

As discussed in Section 3.2.3.2, carbon tetrachloride is widespread throughout the 200 West Area. In the

U Plant area extraction wells, the carbon tetrachloride concentrations exceeded the 3.4 ug/L cleanup level
and increased throughout 2017, from 59.7 to 101 pg/L in well 299-W19-113, and from 56.4 to 71.9 pg/L

in well 299-W19-114. For new extraction well 299-W19-125, carbon tetrachloride analytical results were
not available for post-construction sample analyses.

3.3.3.4 Performance Monitoring Evaluation

Progress toward achieving cleanup levels for the U Plant area uranium plume was also evaluated by
calculating the UCLgs on mean plume concentrations, as described in DOE/RL-2013-07 and
DOE/RL-2015-14. The calculations were performed for uranium from 2008 through 2017 (technetium-99
was not included because concentrations exceed the cleanup level in only a few wells, and nitrate is
included in the regional UCLgs calculation [see Section 3.6]). The calculations for any given year used
data from the previous 2 years to ensure that a sufficient number of samples was available. Where more
than one sample result was available within a year, the last sample result was used; for replicate analyses,
the maximum was selected. The wells used for the calculation are identified in DOE/RL-2015-14

and are primarily within the footprint of the baseline plume. The calculations are documented in
ECF-200UP1-18-0017. The results are different from earlier calculations (in ECF-200UP1-16-0073) due
to changes in the calculation methodology, as described in ECF-200UP1-18-0017.

Figure 3-51 shows the uranium UCLgs values for 2008 through 2017, along with UCLgs values calculated
from the F&T modeling results beginning in 2018. As described in Section 3.3.1.2, the F&T simulations
were performed both with and without including ongoing sources of contamination to the aquifer; UCLgs
values for both sets of modeling results are shown in Figure 3-51. The calculated UCLgs for the uranium
monitoring data exhibits a sharp increase beginning in 2015 due to the increasing concentrations at well
299-W19-36 (Figure 3-51). The model simulations used the uranium plume for 2017 as the starting
condition, which included the high concentration at well 299-W19-36, so the initial modeling UCLgs
value of 984 ug/L is similar to the 2017 value of 844 ug/L from the monitoring data. The UCLgs values
for the modeling results with and without sources are very similar until they begin to differ near the end
of the planned active remediation period (Figure 3-51). Uranium sorbs to the aquifer sediments and
therefore migrates slower than groundwater flow, which results in a long time period before the UCLgs is
affected by the continuing source.
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Figure 3-51. UCLys on the Mean Concentration of Uranium
for Monitoring Wells Within the U Plant Groundwater Extraction System Vicinity

The F&T simulations for the U Plant groundwater extraction system, using the 2017 uranium plume as
the starting condition and using the same flow rates as current operating conditions, has shown that the
maximum concentration of uranium will not decline to below the 30 pg/L cleanup level within the
125-year cleanup timeframe for Central Plateau groundwater (ECF-200UP1-18-0018). A similar
conclusion was reached by previous simulations using the 2015 uranium plume as the starting condition
(ECF-200UP1-17-0093). The slow migration rate for uranium results in a long time period before the
plume would disperse. More recent model simulations suggest that a system consisting of four extraction
wells and four injection wells operating at 757 L/min (200 gal/min) until 2037 (in combination with
MNA) may be able to achieve the cleanup level by year 2137 (125 years since 2012)
(ECF-200UP1-18-0018), but the success of such a system is dependent on the initial plume conditions.
Thus, uncertainty in concentrations west of well 299-W19-116 and near the higher concentration area of
the plume (>300 pg/L) was important in evaluating alternative groundwater extraction systems
(ECF-200UP1-17-0093). For this reason, additional characterization wells are planned to be drilled and
will be specified in the upcoming revision to the 200-UP-1 RD/RAWP (DOE/RL-2013-07). When data
from these wells become available, additional numerical simulations will be performed to evaluate system
performance and determine needed modifications so remediation objectives can be achieved.

The F&T simulations indicate that cleanup objectives for technetium-99 will be achieved by the current
system when no continuing source is present (ECF-200UP1-17-0093). With a continuing source (from the
216-U-1 and 216-U-2 Cribs), the technetium-99 plume would re-form after the active remediation period
unless the source is remediated or groundwater near the source is hydraulically contained. Similarly, a
uranium plume would also re-form without source remediation or hydraulic containment
(ECF-200UP1-17-0093; ECF-200UP1-18-0018). However, it should be emphasized that estimates of
future plume conditions from ongoing sources are subject to uncertainty due to the assumptions on which
the source terms are based.
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3.4 lodine-129 Plume Hydraulic Containment System

The REDOX Plant cribs were the primary sources of an iodine-129 plume that occurs in a region
extending 2.3 km (1.4 mi) east from the southeastern 200 West Area (Figure 3-52). The selected remedy
for this plume is hydraulic containment while treatment technologies are evaluated (EPA et al., 2012).
Injection wells to the east of the iodine-129 plume boundary are used for hydraulic containment.
Operation of these wells increases the water table elevation downgradient of the plume to slow its
eastward migration. Numerical modeling indicated that three wells located downgradient of the plume
with injection rates of 189 to 379 L/min (50 to 100 gal/min) per well will be sufficient for hydraulic
containment (ECF-200UP1-14-0053, Containment System for 200-UP-1 lodine). The injected water is
post-treatment effluent from the 200 West P&T, and average concentrations in the water meet all of the
cleanup levels specified in the 200-UP-1 OU ROD (EPA et al., 201) (Table 2-5 in Chapter 2).

3.41 Remedial System Operation

The three hydraulic control injection wells (299-E11-1, 299-E20-1, and 299-E20-2) were drilled

during 2015 and began operating on October 28, 2015. Figure 3-52 shows the well locations in relation to
the iodine plume. Periodically, injection was temporarily ceased during 2017 for system maintenance, but
each well was operational 95.8% to 98.6% of time (based on 8,760 total hours in the year). On a daily
basis, injection well 299-E11-1 was not operational for 15 days, well 299-E20-1 for 16 days, and

well 299-E20-2 for 5 days. At least one injection well operated throughout 2017, and at least two wells
operated on all but 3 days during the year.

The iodine-129 plume hydraulic containment injection wells were designed to operate at a minimum
nominal flow rate of 190 L/min (50 gal/min) to a maximum of 380 L/min (100 gal/min) per well.

During 2017, well 299-E20-1 operated at an average flow rate of 272 L/min (71.8 gal/min),

well 299-E20-2 operated at an average rate of 256 L/min (67.5 gal/min), and well 299-E11-1 operated

at an average rate of 276 L/min (72.9 gal/min). The total average flow rate for all three wells was

777 L/min (205 gal/min) or 136% of the minimum nominal flow rate. The total volume of water injected
into the aquifer during 2017 was 404 million L (106.7 million gal). The total volume of water injected
since system startup was 742 million L (196.0 million gal).
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3.4.2 Water-Level Monitoring

Water-level measurements are used to determine the effectiveness of the hydraulic control remedy.

The collection of monthly water-level measurements began in September 2015 from a network of wells
near the injection wells (Figure 3-3). The monitoring wells nearest to the injection wells are 699-38-61
(340 m east of 299-E20-2), 699-36-61A (400 m east of 299-E11-1), and 699-36-63B (420 m southwest of
299-E11-1). A new well (699-38-64B) will be completed in 2018 to evaluate hydraulic control
monitoring near the northeastern plume boundary, approximately 600 m (1,969 ft) west-northwest of
well 299-E20-1 (Figure 3-3). Figure 3-53 shows the water table for December 2017. Small groundwater
mounds are evident around the injection wells. The groundwater flow direction is toward the
east-northeast, and the magnitude of the hydraulic gradient increases from west to east toward the eastern
plume boundary (Figures 3-4 and 3-53). As discussed in Section 3.1, the larger gradient magnitude is
caused, at least in part, by a decrease in aquifer thickness and the resulting decrease in transmissivity.
The RLM, which forms the base of the unconfined aquifer, increases in elevation toward the east,
resulting in a thinner aquifer. The hydraulic conductivity of the aquifer sediments may also decrease
toward the east, which would also contribute to the reduced transmissivity and larger hydraulic gradient.

Evaluation of the hydraulic control remedy considers development of reduced hydraulic gradients to the
east-northeast of the iodine-129 plume. The methods used to prepare this CY 2017 annual report are
detailed in ECF-Hanford-18-0030, Description of Groundwater Calculations and Assessments for the
Calendar Year 2017 (CY 2017) 200 Areas Pump and Treat Report. Figures 3-54 and 3-55 show the
mapped and simulated hydraulic gradients, respectively. The arrows in the figures indicate the hydraulic
gradient direction, and the arrow length indicates the hydraulic gradient magnitude. Because the natural
hydraulic gradient in this area is toward the east-northeast, the hydraulic gradient without groundwater
injection results in gradient arrows pointing toward the east-northeast as shown in the left panel (a) in
each figure (representing baseline conditions). The gradient direction and magnitude under current
conditions is shown by the arrow orientations and lengths in the right panel (b) in each figure. Larger
changes in gradient direction and magnitude due to injection of treated effluent are shown by larger
differences in the arrow direction and length between the (a) and (b) panel figures. The greatest gradient
magnitude and direction changes are observed near the injection wells. The changes in hydraulic gradient
magnitude from baseline conditions is shown in the right panel (b) of the figures by coloring: a decrease
in the gradient magnitude is shown with red colors, and an increase in gradient magnitude is shown using
green colors. As expected, gradient magnitude changes are greatest near the injection wells. The mapped
water table (Figure 3-54) shows that groundwater flow continues to be toward the east-northeast over
much of the area between the eastern boundary of the iodine-129 plume and the injection wells, but the
magnitude of the gradient has decreased, as indicated by the red colors on the figures within this region.
The reduced gradient magnitude is also shown by the larger spacing between water table contours for the
current conditions (panel [b]) compared to baseline conditions (panel [a]). The result of this change in
gradient magnitude is that the migration rate of the iodine-129 plume has been reduced.
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3.43 Contaminant Monitoring

The maximum concentration in the iodine-129 plume during 2017 was 22.8 pCi/L in well 299-W21-3,
a replacement well for 699-35-70. Among the other 11 wells sampled for iodine-129 in 2017, the cleanup
level of 1 pCi/L was exceeded in 8 wells, with concentrations ranging from 1.08 to 11.7 pCi/L.

3.5 Southeast Chromium Plume Characterization

Chromium occurs in groundwater southeast of the 200 West Area at concentrations above the 48 pg/L
cleanup level (Figure 3-56). This plume originated from effluent disposal to the 216-S-20 Crib during
the 1950s and effluent disposal to the REDOX Plant ponds and ditches south of the 200 West Area
(Section 4.2.4 in DOE/RL-2009-122). An estimated 5,900 kg of chromium were disposed to the
216-S-20 Crib, and an estimated 3,000 kg were disposed to the 216-S-10 Pond and Ditch (Appendix C in
RPP-26744, Hanford Soil Inventory Model, Rev. 1).

The selected remedy for the southeast chromium plume is a combination of P&T and MNA

(EPA et al., 2012). To design the P&T system, additional information was needed regarding plume
extent (DOE/RL-2013-07). The northern and northeastern extents of the plume were well constrained
by existing wells, but the eastern, western, and southern extents were uncertain.

To reduce the uncertainty in the extent of the chromium plume, 11 characterization wells were drilled in
2016 and 2017. Figure 3-57 shows the locations of these wells, as well as a comparison of the current
(2017) plume interpretation with the interpretation for 2015 prior to drilling the characterization wells.
Sampling results from the characterization wells indicated that the plume is larger than previously shown.
The interpreted areal extent of concentrations above 48 pg/L in 2017 was approximately twice as large
as the 2015 interpretation. The plume primarily extends farther south, east, and west. The highest
concentrations observed (>150 ug/L) occurred at well 699-30-70, near the western end of the plume.

Table 3-12 provides the results for depth-discrete water samples that were collected from the aquifer
during drilling of the characterization wells. Chromium concentrations were below the 48 pg/L cleanup
level in all samples from wells 699-30-73, 699-31-50, 699-31-68, and 699-32-64; at least some of the
sample results were above the cleanup level for the remaining wells. Depth-discrete sampling results
indicate that concentrations in the western part of the plume are higher at depth (e.g., well 699-30-70),
whereas concentrations in the eastern part of the plume are highest in the upper part of the aquifer

(e.g., well 699-32-59). DOE/RL-2017-60, Remedial Design Investigation Report for the 200-UP-1
Operable Unit Southeast Chromium Plume, summarizes the southeast chromium plume RI conducted in
2016 and 2017 and update the conceptual site model.
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Table 3-12. Depth Profile Sample Results for the Southeast Chromium Plume Monitoring Wells

DOE/RL-2017-68, REV. 0

Depth Below Hexavalent
Water Table Chromium, Total Chromium Tritium
Well Name (m [ft]) (ng/L) (ng/L) (pCi /L)
699-27-68 5.6 (18.3) 55.5 53 1,330
(June 2017) 115 (37.7) 22,6 20 1,180
17.4 (57.2) 60.1 52 1,700
24.1(79) 10.9 35 3,460
29.9 (98.1) 69.8 53 3,980
36 (118.1) 46.6 38 3,730
Screened interval depth below water table: -1.0 to 8.4 m and 11.43 to 20.6 m (-2.5 to 27.5 ft and 37.5 to 67.5 ft).
699-29-55 4.4 (14.5) 48.4 41 <113
(July 2017) 10.5 (34.5) 343 21 170
19.6 (64.4) 17.2 15 27.6
25.8 (84.5) 78.6 61 48
31.9 (104.5) 22.9 8.7 156
37.9 (124.5) 15.9 8.4 <324
Screened interval depth below water table: -0.5 to 8.7 m and 19.4 to 28.5 m (-1.5 to 28.6 ft and 63.6 to 93.6 ft).
699-29-66 7.2(23.7) 13 11 5,740
(May 2016) 254 (83.2) 56 55 5,910
46.3 (152) <11 <15 <317
73.5(241) <11 1.6 <304
Screened interval depth below water table: 22.6 to 28.7 m (74 to 94 ft).
699-30-57 9.7 (31.9) 110 99 <354
(June 2016) 25.8 (84.7) 28 20 <354
Screened interval depth below water table: 0 to 6.4 m (0 to 20.9 ft).
699-30-63 7.1(23.3) 46.5 31 18.6
(D'\éz\éfnn;zfzom) 13.3 (43.6) 126 100 20.4
19.3 (63.3) 105 99 20.4
25.4 (83.4) 81.5 54 20.8
31.5(103.2) 92.1 88 20.8
37.5(123.1) 495 47 19

Screened interval depth below water table

and 79.5 to 119.5 ft).

:0t09.0m, 12.0 to 21.2 m, and 24.2 to 36.4 m (0 to 29.5 ft, 39.5 to 69.5 ft,
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Table 3-12. Depth Profile Sample Results for the Southeast Chromium Plume Monitoring Wells

Depth Below Hexavalent
Water Table Chromium, Total Chromium Tritium
Well Name (m [ft]) (ng/L) (ng/L) (pCi /L)
699-30-70 4.6 (15.1) 68.4 47 1,610
(May-June 2017) 10.7 (35) 68.4 41 4,380
16.8 (55.1) 85.1 71 6,380
22.9(75.1) 176 160 5,430
28.9 (94.9) 142 110 1,600
35 (114.9) 219 160 <218
40.9 (134.1) 8.5 <15 <289
47 (154.1) 18.7 8.1 524
Screened interval depth below water table: 0to 6.0 m, 15.1 to 27.3 m, and 30.4 to 39.5 m (0 to 19.7 ft, 49.7 to 89.7 ft,
and 99.7 to 129.7 ft).
699-30-73 3.3(10.7) 20.9 12 730
(October 2017) 9.3 (30.6) 11.3 7.6 1,200
15.3 (50.3) <4.0 2.9 2,530
21.5(70.6) 9.6 31 5,750
27.5(90.3) 12 3.6 2,370
33.7 (110.6) 12.4 15 2,310
39.7 (130.4) 7 2.8 2,180
45.9 (150.5) 7.6 3 1,820
Screened interval depth below water table: 0 to 10.5 m (0 to 34.3 ft).
699-31-50 5.1 (16.7) <4.0 <15 <387
(November 2017) 11 (35.2) <4.0 <15 <353
17.2 (56.4) <4.0 <15 <391
23 (75.2) <4.0 <15 <390
29.3(96.2) <4.0 <15 <382
35.3 (115.7) <4.0 <15 <0.17
41.2 (135.2) <4.0 <15 7,250*

Screened interval depth below water table: 0 to
*Flagged as suspicious laboratory analysis result.

10.5 mand 13.5 to 25.7 m (-0.5 to 34.3 ft and 44.3 to 84.3 ft).

699-31-68
(March 2016)

12.3 (40.4) 18 15 26,300
24.4 (80.1) 4.2 2.7 16,000
45.7 (150) 23 20 1,030

Screened interval depth below water table: 0.1 to 10.8 m (0.4 to 35.4 ft).
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Table 3-12. Depth Profile Sample Results for the Southeast Chromium Plume Monitoring Wells

Depth Below Hexavalent
Water Table Chromium, Total Chromium Tritium
Well Name (m [ft]) (ng/L) (ng/L) (pCi /L)
699-32-59 9.4 (31) 115 110 1120
(January-
February 2017) 15.3 (50.3) 77.1 81 877
21.7 (71.2) 98.7 65 946
24.7 (81) 41.8 39 888
Screened interval depth below water table: -0.5 to 10.2 m and 13.2 to 30.0 m (-1.8 to 33.4 ft and 43.4 to 98.4 ft)
699-32-64 10.4 (34) 31.7 14 20100
(October-
November 2016) 13.4 (44) 29 18 15800
19.1 (62.7) 7.6 5.2 4790
25.6 (84) 125 <15 1420
31.7 (104.1) 4 <15 648
Screened interval depth below water table: 0 to 10.8 m and 13.8 to 33.6 m (0 to 35.3 ft and 45.2 to 110.3 ft)

3.6 Monitored Natural Attenuation

MNA is specified in the 200-UP-1 OU ROD (EPA et al., 2012) to be used in conjunction with active
remedies, or as a standalone remedy in the case of tritium, to achieve RAOs. Two primary MNA
mechanisms were identified, dispersion for all COCs and radiological decay for tritium, which are
supported by the F&T modeling performed for the RI/FS (DOE/RL-2009-122). This section addresses
MNA for the tritium plume and the nitrate plume (separate from WMA S-SX). The F&T modeling of
these plumes, which was updated during 2017, is also discussed. Figures 3-58 and 3-59 provide tritium
and nitrate plume maps for the 200-UP-1 OU, respectively.

The F&T modeling of the tritium and nitrate plumes was updated during 2017 (ECF-200ZP1-17-0095).
Results of the F&T modeling are provided for two scenarios: one scenario assuming there are no ongoing
sources of contamination to the aquifer, and a second scenario that included estimates of mass
contributions to the aquifer from ongoing sources. Source terms (i.e., estimates of the contaminant mass
release rate from continuing sources to groundwater) for the F&T modeling were based on observed
concentrations in groundwater and were calculated using a control volume approach (ECF-200W-17-
0030). It was assumed that releases to groundwater from the sources were at steady state and
concentrations in the aquifer were in equilibrium with the sources. Groundwater sample results and plume
maps were used to estimate the contaminant mass flux in the aquifer perpendicular to a vertical plane
downgradient from the sources. If needed, a similar calculation was performed for a plane upgradient of
the sources to account for background contaminant plumes. The difference between the two represented
the contaminant release rate from the vadose zone to groundwater beneath the sources. Where possible,
estimates of the contaminant mass remaining in the vadose zone were made and the sources were
assumed to release contaminants at the calculated rates until the vadose zone inventory was depleted.
Where no vadose zone inventory estimates were made, the sources were assumed to be active until the
end of the model simulations. It should be emphasized that due to the assumptions in these calculations,
estimates of the source terms and release durations are uncertain and model results of future plume
conditions should be regarded only as an indication of the potential for future groundwater contamination.
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The modeling results indicated that under conditions of optimized pumping of the 200 West P&T, and
assuming no ongoing sources of contamination to the aquifer, nitrate and tritium concentrations in the
200-UP-1 OU would decline to below cleanup levels within the 125-year cleanup timeframe for Central
Plateau groundwater (i.e., by the year 2137) by dispersion and radiological decay (for tritium). In general,
however, an MNA remedy will not be successful if sources of groundwater contamination are substantial
enough to cause exceedances of groundwater cleanup levels beyond the end of the cleanup timeframe.
When potential sources of nitrate to the aquifer were included in the modeling, the results indicated that
some areas of contamination would remain unless the sources are remedied or groundwater near the
sources is hydraulically contained; however, the resulting plumes would be smaller than the current
plumes. Modeling of the tritium plume indicated that concentrations will decline to below cleanup levels
by the year 2137, with or without including sources in the modeling, because the sources diminish over
time due to radiological decay. The results indicate that the MNA remedy for tritium will be successful
without source remediation, but for MNA to be fully effective for nitrate, source remediation or
containment of groundwater near the sources will be needed in the future.

MNA is evaluated using two methods. Current sample results are compared to baseline concentrations for
a network of monitoring wells established for each constituent, which is a well-by-well comparison.
MNA is also evaluated at the plume scale by calculating the one-sided UCLgs on the mean of the plume
concentrations, as specified in the RD/RAWP (DOE/RL-2013-07) and PMP (DOE/RL-2015-14).

The UCLgs values calculated from monitoring data are compared to the values calculated from model
simulation results to assess progress of the remedy.
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Baseline concentrations (2016) from which MNA is evaluated are shown in Table 3-13 for tritium and
Table 3-14 for nitrate. These tables also provide the sample results for 2017. The same information is
plotted in Figures 3-60 and 3-61. During 2017, tritium concentrations declined in 14 wells and increased
in 5 wells compared to baseline (Table 3-13). The largest percentage decline (78%) was at well
699-38-65, where the concentration declined to 12,000 pCi/L in 2017 compared to the baseline of
53,900 pCi/L. The largest percentage increase (177%) was at well 299-W22-88. The concentration
increased in this well from the baseline of 7,660 pCi/L to 21,200 pCi/L. For nitrate, concentrations
declined in five wells and increased in eight wells (Table 3-14). The largest percentage decline was in
well 699-36-66B, where the concentration decreased to 46.9 mg/L from the baseline of 53.1 mg/L.

The largest increase (45%) occurred at well 299-W19-45, a downgradient well for the WMA U Tank
Farm. The concentration in this well increased from a baseline of 128 mg/L to 186 mg/L. WMA U has
been interpreted as a source of nitrate to the aquifer, although some nitrate is migrating into the tank farm
area from upgradient.

Table 3-13. Comparison of 2017 Tritium Results to Baseline Concentrations for MNA

Baseline (2016) 2017 Tritium Percent
Well Name Tritium (pCi/L) (pCi/L) Change

299-W22-45* 47,200* No sample —
299-W22-69 3,130 No sample —
299-W22-72 15,600 9,540 -39
299-W22-83 4,720 No sample —
299-W22-86 9,350 5,090 -46
299-W22-88 7,660 21,200 +177
299-W22-96 12,600 4,210 -67
299-W22-113 39,700 28,800 -27
299-W23-4 50,300 57,100 +14
299-W23-19 10,500 9,520 -9
299-W23-21 16,500 8,020 -51
699-32-62 5,330 No sample —
699-32-72A 38,100 37,900 -1
699-33-74 15,100 12,000 -21
699-34-61 8,380 7,230 -14
699-34-72 9,610 9,950 +4
699-35-66A 69,000 60,600 -12
699-36-61A 41,200 53,600 +30
699-36-66B 250,000 218,000 -13
699-36-70A 42,400 42,200 0
699-36-70B 7,090 No sample —
699-37-66 53,200 46,100 -13
699-38-61 71,000 61,700 -13
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Table 3-13. Comparison of 2017 Tritium Results to Baseline Concentrations for MNA

Baseline (2016) 2017 Tritium Percent

Well Name Tritium (pCi/L) (pCi/L) Change
699-38-65 53,900 12,000 -78
699-38-68A 11,900 No sample —
699-40-62 4,450 7,580 +70

Note: The cleanup level specified in EPA et al., 2012, Record of Decision for Interim Remedial Action Hanford

200 Area Superfund Site 200-UP-1 Operable Unit, for tritium is 20,000 pCi/L.
* Baseline sample collected in June 2015.

Table 3-14. Comparison of 2017 Nitrate Results to Baseline Concentrations for MNA

Baseline (2016) Nitrate 2017 Nitrate Percent
Well Name (mg/L) (mg/L) Change
299-W15-37 84.1 No sample —
299-W18-15* 58.4* 53.1 -9
299-W18-21 31.9 35.9 +13
299-W18-40 79.7 84.1 +6
299-W19-44 48.7 53.1 +9
299-W19-45 128 186 +45
299-W19-47 70.8 93 +31
699-36-66B 53.1 46.9 -12
699-36-70B 88.5 81.5 -8
699-37-66 146 134 -8
699-38-65 164 189 +15
699-38-68A 159 No sample —
699-38-70C 124 113 -9
699-40-62 115 142 23
699-40-65 212 215 +1

Note: The cleanup level specified in EPA et al., 2012, Record of Decision for Interim Remedial Action Hanford
200 Area Superfund Site 200-UP-1 Operable Unit, for nitrate (as NOs) is 45 mg/L.

* Baseline sample collected in January 2015.
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Figure 3-60. Comparison Chart of 2017 Tritium Results to Baseline Concentrations for MNA
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Figure 3-61. Comparison Chart of 2017 Nitrate Results to Baseline Concentrations for MNA
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The monitoring data and modeling results are compared using the UCLgs statistic. Annual UCLgs values
were calculated from the monitoring data beginning in 2008. The wells used for the calculation are
identified in the PMP (DOE/RL-2015-14). Wells used for the tritium UCLgs are primarily within the
baseline plume footprint for tritium throughout the OU (i.e., baseline concentrations above the

20,000 pCi/L cleanup level). The wells used for nitrate are those within the baseline plume footprint for
nitrate throughout the OU (i.e., baseline concentrations are above the 45 mg/L cleanup level), excluding
the WMA S-SX remedy area. The UCLgs values (technetium-99, chromium, and nitrate) for the

WMA S-SX groundwater extraction system were presented in Section 3.2.3.3, and values (uranium) for
the U Plant area groundwater extraction system were presented in Section 3.3.3.4. The calculations are
documented in ECF-200UP1-18-0017 and supersede the previous calculations in ECF-200UP1-16-0073.
As described in ECF-200UP1-18-0017, the earlier UCLgs calculations were reworked to be consistent
with the revised methodology in the upcoming revision to the PMP. The monitoring well networks are
periodically reviewed and revised, including installing new wells as needed, as part of updates to

the PMP.

Figure 3-62 shows the tritium UCLgs values from 2008 to 2017 for the monitoring data and modeling
results. The tritium UCLgs values for the monitoring data range between 55,100 and 111,000 pCi/L.
The decline from 2008 to 2009 was due to the loss of well 699-35-70 from the network because it
became dry. This well is located in a high-concentration portion of the tritium plume (replacement

well 299-W21-3 was drilled in 2016). The increase from 2011 to 2012 resulted by adding

well 699-36-66B to the network, which is a downgradient monitoring well for ERDF and within the
high-concentration portion of the plume. The UCLgs values for the monitoring data have been declining
since 2012. The UCLgs values for the modeling results also show a declining trend and are similar with or
without the inclusion of ongoing sources. The declining trends in the monitoring and modeled UCL gs
values can be attributed to dispersion and radiological decay. The agreement in the trends indicates that
MNA for tritium is proceeding as expected and will achieve RAOs.

Figure 3-63 shows the nitrate UCLgs values from 2008 to 2017 for the monitoring data and modeling
results. The nitrate UCLgs values for the monitoring data range between 160 and 544 mg/L. The increase
from 2011 to 2012 was due to a sharp increase in the nitrate concentration at well 299-W19-43 in the

U Plant area. Concentrations increased in this well from 1,080 mg/L in 2010 to 3,340 mg/L in 2012.
Concentrations have since declined to 53.1 mg/L in 2017 following startup of the U Plant groundwater
extraction system in 2015. This was the dominant factor in the decline in the UCLgs values from 2015

to 2017. A clear trend in the monitored UCLgs values is not evident due to the concentration spike at
well 299-W19-43. Thus, calculations of the UCLgs in the coming years are needed before a trend can

be discerned.

3.7 Quality Assurance/Quality Control

Appendix E of DOE/RL-2017-66 discusses the QA/QC encompassing sampling and analysis of the
200-UP-1 OU wells. The discussion includes an overall view of QA/QC issues that may affect
interpretation of the groundwater data presented in this report.
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Figure 3-63. UCLgs on the Mean Concentrations of Nitrate for the 200-UP-1 OU
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3.8 Remedial System Costs

Tables 3-15 through 3-18 present the cost breakdown for the WMA S-SX P&T system, U Plant area P&T
system design and construction, iodine-129 plume hydraulic containment design and construction, and
southeast chromium plume characterization for 2017. Costs are burdened and are based on actual
operating costs incurred during 2017. The specific cost categories listed are as follows:

Design: Consists of labor, equipment, material, and subcontractor costs for design of the remedial
systems. Design costs include all design documentation (drawings, calculations, and specifications),
engineering studies, permitting, aquifer response numerical modeling, and associated activities.

Construction: Consists of the costs of constructing the remedy, including labor, equipment, material,
and subcontractor costs. Costs are included for installing extraction and injection wellhead
mechanical and electrical racks, pipelines, transfer buildings, connections to the treatment facility,
associated equipment and utilities, and acceptance testing prior to turnover to operations.
Construction of the WMA S-SX groundwater extraction system was started in 2011 and completed

in 2012. Construction of the U Plant P&T system and design for the iodine-129 plume hydraulic
containment system was initiated in 2014. Construction of both systems was completed during 2015.
One additional extraction well was connected to the U Plant P&T system in 2017.

Project support: Consists of labor, equipment, material, and subcontractor costs for project
management and support associated with implementing the remedial action. It includes management
of project scope, schedule, and budget. It also includes project oversight/coordination of planning,
regulatory documentation, remedial design, construction, operations, and monitoring activities.

O&M: Consists of labor, equipment, and material costs for operational testing and for O&M of the
remedial systems. For the 200-UP-1 OU, this includes costs for extraction wells (including wellheads)
and transfer building O&M for the WMA S-SX groundwater extraction system. Treatment system
costs for the WMA S-SX P&T system and the U Plant P&T system reflect apportionment of the
overall 200 West P&T O&M cost based on the percentage of mass treated from extracted

200-UP-1 OU groundwater to the total mass treated by the 200 West P&T (Table 2-14 in Chapter 2).

Performance monitoring: Consists of labor, equipment, and material costs for remedy performance
monitoring of the aquifer typically defined in a monitoring plan. This category addresses the costs for
collecting and/or evaluating data to assess changes in contaminant plume geometry, hydraulic
controls (including plume capture or containment), and effectiveness of natural attenuation processes.
It also includes costs for monitoring water levels and preparing an annual report.

Well installation: This includes costs for the installation of new CERCLA monitoring, extraction,
and injection wells at the 200-UP-1 OU.
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Table 3-15. Cost Breakdown for the WMA S-SX Groundwater Extraction System

Actual Costs (in thousands)

Description 2010 2011 2012 2013 2014 2015 2016 2017
Design $250.0 — — — — — — —
Construction $1,378.9 | $3,952.5 $178.7 — — — — —
Project support $7.6 $155.4 $0.9 $9.1 $3.3 $7.7 $12.3 $9.2
Operations and
maintenance * — — $715.8 | $1,084.2 | $727.5 | $506.9 $402.3 $346.2
Performance
monitoring — $17.3 $12.7 $53.7 $62.7 $40.8 $84.2 $39.5
Well installation — $1,177.4 — — — — — —

Totals | $1,636.5 $5,302.6 $908.1 | $1,147.0 | $793.5 | $555.4 $498.8 $394.9

* The operations and maintenance cost has been adjusted to reflect apportioning the overall 200 West P&T operations
and maintenance cost to the Waste Management Area S-SX extraction system based on the percentage of mass treated
from extracted S-SX groundwater to the total mass treated by the 200 West P&T.

— = notvalue in this cost rollup

P&T = pump and treat
Table 3-16. Cost Breakdown for the U Plant Area P&T System
Actual Costs (in thousands)
Description 2014 2015 2016 2017
Design $1,449.5 $69.3 $66.0 $108.9
Construction $2,461.4 $6,951.7 — $1,525.1
Project support $291.3 $81.1 $12.2 $9.2
Operations and maintenance? — $400.4 $592.4 $428.8
Performance monitoring $0.0 $12.8 $483.4° $745.1°
Well installation $781.9 $766.4 $2676.1 $1,669.3
Totals $4,984.1 $8,281.8 $3,866.1 $4,486.4

a. The operations and maintenance cost has been adjusted to reflect apportioning the overall 200 West P&T operations
and maintenance cost to the U Plant P&T system based on the percentage of mass treated from extracted U Plant

groundwater to the total mass treated by the 200 West P&T.

b. The increased performance monitoring cost is associated with sampling and characterization of new wells

installations.

= not value in this cost rollup
P&T = pump and treat
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Table 3-17. Cost Breakdown for the lodine-129 Hydraulic Containment System

Actual Costs (in thousands)

Description 2014 2015 2016 2017
Design $121.3 $130.9 — —
Construction $36.6 $2,004.6 $5.6 $0.0
Project support $63.0 $51.6 $12.2 $9.29
Operations and maintenance * — — $230.5 $214.0
Performance monitoring — — — —
Well installation $1.6 $2,048.6 $15.1 $0.0
Totals $222.5 $4,235.7 $263.4 $223.2

* The operations and maintenance cost has been adjusted to reflect apportioning the overall 200 West P&T
operations and maintenance cost to iodine-129 plume containment based on percentage of wells
requiring maintenance.

= not value in this cost rollup
P&T = pump and treat

Table 3-18. Cost Breakdown for Chromium Characterization

Actual Costs (in thousands)

Description 2016 2017

Design — —

Construction — _

Project support $84.9 $352.8

Operations and maintenance — —

Performance monitoring — _

Well installation $2,349.0 $3,267.0
Totals $2,433.9 $3,619.85
— = not value in this cost rollup
P&T = pump and treat
Conclusions

The following conclusions are made regarding the remedies for the 200-UP-1 OU:

The WMA S-SX groundwater extraction system is operating at its design capacity. During 2017, the
combined pumping rate from the three extraction wells averaged 310 L/min (81.8 gal/min), which is

102% of the design nominal pumping rate of 303 L/min (80 gal/min).

During 2017, the WMA S-SX groundwater extraction system removed 161 million L (42.7 million gal)
of water, containing an estimated 18.4 g (0.313 Ci) of technetium-99, 4.53 kg of chromium, 4,374 kg of
nitrate, and 11.1 kg of carbon tetrachloride from the aquifer. The total mass removed since startup was

169.3 g (2.87 Ci) of technetium-99, 45.9 kg of chromium, 31,884 kg of nitrate, and 62.0 kg of
carbon tetrachloride.
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At WMA S-SX, technetium-99, chromium, and nitrate concentrations declined in a majority of wells
that had baseline concentrations above a cleanup level. The UCLgs values for technetium-99 declined
from 20,700 to 6,420 pCi/L between 2011 and 2017 due to operation of the groundwater

extraction system.

Comparisons of the UCLgs values calculated from the monitoring data to numerical model
simulations, and comparisons of the actual mass (or activity) of contaminants extracted from the
aquifer to model predictions, indicate that the WMA S-SX groundwater extraction system is
operating as predicted, and the system will achieve its cleanup objectives.

Continuing sources of groundwater contamination may be great enough that groundwater plumes may
re-form following shutdown of the WMA S-SX groundwater extraction system unless the sources are
remediated or groundwater near the sources is hydraulically contained. These results demonstrate the

need to integrate groundwater plume remediation with source characterization and remediation.

The U Plant groundwater extraction system began operating during September 2015. During 2017,
a third extraction well, 299-W19-125, was added to the system. The extraction wells operated at a
combined average rate of 562 L/min (148 gal/min), which is 99% of the nominal design rate of
568 L/min (150 gal/min).

During 2017, the U Plant area groundwater extraction system removed 292 million L (77 million gal)
of water, containing an estimated 17.9 kg of uranium, 15.6 g (0.266 Ci) of technetium-99, 27,349 kg
of nitrate, and 19.3 kg of carbon tetrachloride from the aquifer. The total mass removed since startup
was 29.6 kg of uranium, 54.1 g (0.93 Ci) of technetium-99; 98,449 kg of nitrate; and 49 kg of

carbon tetrachloride.

The U Plant groundwater extraction system UCLgs values calculated annually from 2008 to 2017
ranged between 175 and 727 pg/L for uranium and between 5,450 to 39,300 pCi/L for technetium-99.
The high values are due to concentration increases in well 299-W19-36.

F&T simulations for the U Plant groundwater extraction system at flow rates similar to current
operating conditions has shown that the uranium maximum concentration will not decline to below
the 30 pg/L cleanup level within the 125-year cleanup timeframe for Central Plateau groundwater.
The modeling showed that uncertainty in plume concentrations is important in evaluating alternative
groundwater extraction systems. Thus, additional characterization wells within the plume are planned
for drilling. When data from these wells become available, additional numerical simulations will be
performed to evaluate system performance and determine needed modifications so remediation
objectives can be achieved.

F&T simulations indicated that cleanup objectives for technetium-99 will be achieved by the current
system when no continuing source of contamination to the aquifer is present. With a continuing
source (from the 216-U-1 and 216-U-2 Cribs), the technetium-99 plume would re-form after the
active remediation period unless the source is remediated or groundwater near the source is
hydraulically contained.

Continuing releases of uranium from the vadose zone beneath the 216-U-1 and 216-U-2 Cribs may be
great enough that a plume may re-form following shutdown of the U Plant groundwater extraction
system unless the source is remediated or groundwater near the source is hydraulically contained.
Although, this conclusion is tentative due to uncertainty in the estimated source mass flux to

the aquifer, it demonstrates the need to integrate groundwater plume remediation with source
characterization and remediation.
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The iodine-129 plume hydraulic containment injection wells were designed to operate at nominal
flow rates of 189 to 379 L/min (50 to 100 gal/min) per well. During 2017, well 299-E20-1 operated
at an average rate of 272 L/min (71.8 gal/min), well 299-E20-2 operated at an average rate of

256 L/min (67.5 gal/min), and well 299-E11-1 operated at an average rate of 276 L/min

(72.9 gal/min). Water-level data indicate the magnitude of the hydraulic gradient between the plume
boundary and the injection wells has decreased, which has slowed the eastward migration of

the plume.

Eleven characterization wells were installed for the southeast chromium plume in 2016 and 2017.
The results indicated that the plume is twice as large as previously interpreted. Results of the
depth-discrete sampling during well drilling indicated that concentrations in the western part of
the plume are higher at depth, whereas concentrations in the eastern part are highest in the upper
part of the aquifer. At the end of the year, F&T modeling had begun to support design of the future
P&T system.

MNA was evaluated statistically by calculating the one-sided UCLgs on the mean of the tritium and
nitrate plume concentrations for the OU. F&T modeling of these plumes was also updated
during 2017.

The tritium UCLgs values for the modeling results and recent monitoring data indicate declining
trends attributed to dispersion and radiological decay. The agreement in the trends indicates that
MNA for tritium is proceeding as expected and will achieve RAOs.

The inclusion of continuing sources of contamination to the aquifer was found to not be an important
factor in the fate and transport modeling results for tritium because the tritium sources diminish over
time due to radiological decay.

F&T modeling of nitrate MNA indicated that under conditions of optimized pumping at the

200 West P&T and assuming no ongoing sources of contamination to the aquifer, nitrate
concentrations in the 200-UP-1 OU would decline to below cleanup levels within the 125-year
cleanup timeframe for Central Plateau groundwater (i.e., by the year 2137). A clear trend in the
monitored UCLgs values is not evident due to a concentration spike at one monitoring well
(299-W19-43). Thus, calculations of the UCLgs in the coming years are needed before a trend can
be discerned.

When potential sources of nitrate to the aquifer were included in the modeling, the results indicated
that some areas of contamination would remain unless the sources are remedied or groundwater near
the sources is hydraulically contained. However, the resulting plumes would be smaller than the
current plumes.
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4 200-ZP-1 Operable Unit Remedial Actions

This chapter discusses the remedial activities
performed in the 200-ZP-1 OU during 2017,
including activities associated with the 200 West
P&T related to achieving remedial objectives for
the 200-ZP-1 OU. The 200-ZP-1 remedy has four
components: groundwater P&T, MNA, flow-path
control, and ICs. The 200-ZP-1 OU addresses
groundwater contaminant plumes beneath the
northern two-thirds of the 200 West Area.

The 200 West P&T is designed to remove carbon
tetrachloride, total chromium and Cr(V1), nitrate,
technetium-99, TCE, low concentrations of
iodine-129, and uranium from contaminated water
using IX, anoxic and aerobic bioreactors, and

air stripping. This chapter describes results of
contaminant monitoring and hydraulic analyses;
compares actual to targeted flow rates, volumes,
and contaminant mass removal from the aquifer;
and discusses the progress of MNA. This
information is used to assess progress toward
achieving intermediate targets and goals as an
indication of progress toward attaining the RAOs
so operational improvements can be made,

if needed.

4.1

This section summarizes the remedial objective
goals and targets (Section 4.1.1), presents a brief
description of the remedial system design
capabilities (Section 4.1.2) specified in the
200-ZP-1 OU ROD (EPA et al., 2008), and
presents an overview of remedial system
operations (Section 4.1.3) for 2017. In addition,
new to this report are sections describing drilling
activities, analyses, anticipated natural attenuation
rates and transformation, injection well
performance, and a section documenting the types
of studies and associated reports initiated and/or
completed during 2017.

Remedial System Review

Highlights

Overall performance of the 200-ZP-1 OU P&T activities
through the initial 5-year operating period of the remedy
demonstrated that plume containment and mass extraction
have met the performance targets as described in the
200-ZP-1 RD/RAWP, except for a small area of contamination
in the northeast area of the plume.

The hydraulic containment assessment for 2017 showed that
nearly 100 percent of the carbon tetrachloride plume that
exhibits concentrations greater than the 100 pg/L target was
contained.

Summary statistics calculated from the performance
monitoring well network show steady declines in carbon
tetrachloride concentrations since the startup of the P&T
system.

The final carbon tetrachloride degradation study report
concluded that rates of hydrolysis are significantly slower than
previously thought, with the best estimate for the half-life of
carbon tetrachloride in aqueous systems from abiotic
degradation alone of about 630 years, compared to the 41.3
to 100-year half-life used in the 200-ZP-1 RD/RAWP.

The change in half-life assumption results in a greatly
reduced contribution of abiotic degradation to the reduction of
mass (and, related reductions in concentrations) over the
lifecycle of the P&T remedy.

Planning is underway to further evaluate biotic degradation
rates for natural attenuation process included in the
RD/RAWP for carbon tetrachloride. The effect of all the MNA
processes will be evaluated to better determine the net half-
life of carbon tetrachloride.

As a consequence of the slower abiotic natural attenuation
rate for carbon tetrachloride and the larger mass of carbon
tetrachloride within the Ringold A Formation, achieving the
mass-removal goal for carbon tetrachloride will be more
difficult than anticipated in the feasibility study and ROD and
conditions are less favorable for attaining the carbon
tetrachloride RAO in the ROD timeframe.

Efforts are underway to obtain and further evaluate
information to optimize the carbon tetrachloride remediation
approach, which will be detailed in a revision to the 200-ZP-1
RD/RAWP.
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41.1 Remedial Objectives, Goals and Targets

The 200-ZP-1 OU ROD (EPA et al., 2008) provides the regulatory framework for remediation of the OU,

including the final cleanup levels to be attained by the groundwater remedy, which are listed in Table 4-1.
The ROD describes a timeframe of 125 years from the startup of remedial operations to the attainment of
the final cleanup levels, which are the RAOs for the 200-ZP-1 OU. The groundwater P&T component is

anticipated in the ROD to operate for the first 25 years of the 125-year remedy timeframe.

Table 4-1. Final Cleanup Levels for the 200-ZP-1 Groundwater OU

Model Toxics Control Act
MCL Method B Cleanup Levels )
Final
90" Percentile Carcinogens at Cleanup

COC Concentration | Federal | State | Noncarcinogens 107 Risk Level Level
Carbon tetrachloride 2,900 5 5 5.6 3.4° 3.4°
Chromium (total) 130 100 100 24,000 — 100
Hexavalent c c
chromium 203 o o 48 o 48
lodine-129 1.2 1 1 — — 1
Nitrate? (as NO3) 359,052 45,000 | 45,000 113,408 — 45,000
Nitrate? (as N) 81,050 10,000 | 10,000 25,600 — 10,000
Technetium-99 1,442 900 900 — — 900
Trichloroethene 10.9 5 5 2.4 12 1°
Tritium 36,200 20,000 | 20,000 — — 20,000

Reference: EPA et al., 2008, Record of Decision Hanford 200 Area 200-ZP-1 Superfund Site Benton County, Washington.
Notes: Units are pg/L for nonradionuclides and pCi/L for radionuclides.

Federal drinking water standard is from 40 CFR 141, “National Primary Drinking Water Regulations,” the values listed for
tritium, iodine-129 and technetium-99 are the derived activity concentration values from EPA 816-F-00-002, Implementation
Guidance for Radionuclides, Appendix I. These values are used to calculate the cumulative dose for comparison to the

4 mrem/yr MCL.

State MCL values are from WAC 246-290, “Group A Public Water Supplies.” The Washington State MCL for radionuclides
refers specifically to 40 CFR 141.66, “Maximum Contaminant Levels for Radionuclides.”

a. WAC 173-340-705, “Model Toxics Control Act—Cleanup,” “Use of Method B,” cleanup levels for carbon tetrachloride
and trichloroethene are from the Cleanup Levels and Risk Calculations (CLARC) database table (Ecology, 2008).

b. The U.S. Department of Energy will clean up COCs for the 200-ZP-1 Operable Unit subject to the requirements of

WAC 173-340 (carbon tetrachloride and trichloroethene) so the excess lifetime cancer risk does not exceed 1x10-° at the
conclusion of the remedy.

c. There is no MCL specific to hexavalent chromium.

d. Nitrate may be expressed as total nitrate (NO3) or as total nitrogen (N). The MCL for nitrate as NOs is 45,000 pg/L, and
the same concentration expressed as N is 10,000 pg/L. (Note that EPA’s drinking water regulations are published as 10 mg/L
as nitrogen.)

not applicable

COC = contaminant of concern
EPA = U.S. Environmental Protection Agency
MCL = maximum contaminant level
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Given the large operational timeframes of the various components of the 200-ZP-1 OUI groundwater
remedy, progress toward attaining the final cleanup levels is difficult to measure directly or infer during
the earlier years of operation. For this reason, remedy performance is evaluated in this report in terms of
attaining interim targets and goals that have been established primarily through groundwater flow and
contaminant transport modeling. These targets and goals, which are either directly measurable (typically,
targets) or can be inferred or assessed in the near-term (e.g., goals), provide an indication of progress
toward the RAOs, which cannot be measured or easily assessed in the near term. These targets and goals
were established through the CERCLA process, primarily during completion of the FS
(DOE/RL-2007-28, Feasibility Study Report for the 200-ZP-1 Groundwater Operable Unit) and the
RD/RAWP (DOE/RL-2008-78). Although the targets and goals are important to assessing remedy
performance, the success of the remedy will ultimately be measured against the RAOs. Over time, these
interim targets and goals may be modified to reflect new information or changes in the groundwater
remedy, and to improve the likelihood of attaining the RAOs.

The near-term targets that the P&T system is designed to achieve are as follows:

o Specified total system-wide operating rates, and specified rates at individual extraction and
injection wells

o Specified treated water quality prior to reinjection

Targeted system-wide operating rates and the rates at individual extraction and injection wells are
developed on the basis of groundwater flow modeling as required to meet the intermediate-term flow-path
control and hydraulic containment goals (DOE/RL-2008-78) described below. The first two goals are
intended to be achieved early in the remedy lifecycle and are to be maintained throughout operation of the
P&T remedy, whereas the third goal (mass recovery) is intended to be achieved at the completion of the
P&T component of the remedy:

e Achievement of hydraulic containment of the carbon tetrachloride plume at concentrations
>100 pg/L.

e Achievement of flow-path control. As stated in Section 4.3.3 of the final 200-ZP-1 OU ROD
(EPA et al., 2008):

Flow-path control is also required and shall be achieved by injecting the treated
groundwater into the aquifer to the northeast and east of the groundwater
contamination such that the treated injected water in these locations will slow the
natural eastward flow of most of the groundwater and, as a result, keep COCs
within the capture zone, as well as increase the time available for natural
attenuation processes to reduce the contaminant concentrations not captured by
the extraction wells.

o Reduction of the mass of contaminants throughout the 200-ZP-1 OU by 95%. This goal is designed to
be achieved after 25 years of P&T operations.

Section 4.6 assesses the progress toward achieving the near-term targets, intermediate-term goals, and
final RAOs.

41.2 Remedial System Design

The 200-ZP-1 OU ROD (EPA et al., 2008) presents the final groundwater remedy. However,
previous remedial actions have been performed within the 200-ZP-1 OU to address both groundwater
contamination and contamination within the vadose zone that is a potential ongoing source of
contamination to groundwater.
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Within the vadose zone, soil vapor extraction (SVE) was used as an interim action to remove carbon
tetrachloride (Smith and Stanley, 1992, “Action Memorandum: Expedited Response Action Proposal for
200 West Area Carbon Tetrachloride Plume”). Finalized in September 2011, the 200-PW-1 OU
CERCLA ROD (EPA et al., 2011, Record of Decision Hanford 200 Area Superfund Site 200-CWS5 and
200-PW-1, 200-PW-3, and 200-PW-6 Operable Units) selected SVE as the final remedial action for
vadose zone carbon tetrachloride contamination at the 216-Z-9 Trench, 216-Z-1A Tile Field, and
216-Z-18 Crib. During SVE operations, vapor-phase carbon tetrachloride was extracted through multiple
vadose zone wells and adsorbed onto GAC before the treated, clean vapor was released to the atmosphere.
Between 1992 and 2012 (the last year of SVE operation), 80,107 kg of carbon tetrachloride were removed
from the vadose zone. This remedy was evaluated using the process outlined in PNNL-21843, Soil VVapor
Extraction System Optimization, Transition, and Closure Guidance; and DOE/RL-2014-18, Path Forward
For Future 200-PW-1 Operable Unit Soil Vapor Extraction Operations. In November 2015, EPA
concurred that the SVE remedy met the RAOs identified in the ROD and that SVE activities could cease.
EPA concurrence with the response action report (DOE/RL-2014-48, Response Action Report for the
200-PW-1 Operable Unit Soil Vapor Extraction Remediation) in 2016 closed out the SVE portion of the
200-PW-1 OU remedy identified in the ROD and initiated activities to terminate SVE operations and
vadose zone monitoring.

Interim groundwater P&T actions commenced in 1996, initially with a single extraction well, and then
expanded through the 1990s and in early 2000s to incorporate additional extraction and injection wells
operating under an interim action ROD (EPA/ROD/R10-95/114, EPA Superfund Record of Decision:
Hanford 200-Area (USDOE) OU 200-ZP-1, Benton County, WA 5/24/95). By the end of 2010 the interim
groundwater P&T included 14 extraction wells and 5 injection wells, pumping a total of approximately
1,136 L/min (300 gal/min). In 2012, the interim remedy was transitioned as a component of the final
groundwater remedy. The P&T component of the final groundwater remedy is designed to capture and
treat contaminated water over a much wider area than the interim remedy, and is intended in combination
with MNA and flow-path control to achieve the cleanup levels for the 200-ZP-1 COCs listed in Table 4-1
in 125 years. There is no cost-effective method for treating tritium; however, due to its short half-life,
concentrations will be reduced to below the cleanup level by natural radioactive decay within the same
125-year period.

The extraction and injection well network is designed for hydraulic containment and recovery of
200-ZP-1 contaminants. Extracted groundwater is transferred for treatment through the 200 West P&T.
The 200-ZP-1 OU extraction wells are 20 cm (8 in.) in diameter, with long screens that are placed to
within 3 m (10 ft) of the well bottom. The extraction well screens target intervals with carbon
tetrachloride concentrations >100 pg/L. The spacing of the extraction wells was designed to sufficiently
capture contaminants at elevated concentrations throughout the aquifer underlying the 200-ZP-1 OU
(DOE/RL-2010-13). Some treated water from the 200 West P&T is injected to the northeast and east of the
200-ZP-1 extraction wells to reduce and reverse natural eastward hydraulic gradient in the aquifer and to
minimize potential for groundwater to flow northward through Gable Gap toward the Columbia River
(referred to in the ROD [EPA et al., 2008] and PMP [DOE/RL-2009-115] as flow-path control). The
groundwater mounding developed is intended to slow natural eastward flow and maintain the majority of the
targeted COCs within the hydraulic capture zone of the extraction wells, also enabling natural attenuation to
reduce concentrations beyond the capture zone. Injection wells installed to the west (i.e., upgradient of the
200-ZP-1 extraction wells) were designed to recharge the aquifer and steepen hydraulic gradients to the east
to accelerate flushing of the most highly contaminated portions of the aquifer toward the extraction wells.
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41.3 Remedial System Operations During Calendar Year 2017

Chapter 2 of this report describes the operational performance of the 200 West P&T to support the
200-ZP-1 OU remedial system, including discussions of flow rates and analytical data that were collected
and used to monitor performance during 2017. Decisions regarding optimization and system performance
(to meet RAOs) will be made based on evaluation of the data against the decision statements presented in
the 200-ZP-1 OU PMP (DOE/RL-2009-115). Figure 4-1 depicts the current well field and presents recent
operating extraction and injection rates.

4.2 Specific Remedial Activities During Calendar Year 2017

Remedial activities were implemented during CY 2017 that changed specific elements of the

200-ZP-1 OU remedial action. These activities included installing new wells, evaluating the presence and
behavior of contaminants in groundwater, and evaluating well field performance. These activities are
discussed below.

Well 299-W18-44 (C9565/YJ-32) was drilled, installed, and developed between July 31 and

November 11, 2017. The well was drilled to a TD of 154 m (504 ft) bgs. Water was encountered at 68 m
(222 ft) bgs. The screen length is 46 m (150 ft). During drilling, carbon tetrachloride concentrations ranged
from nondetect to a maximum of 2.7 pg/L at 102 m (335 ft) bgs. Nitrate concentrations ranged from

20.4 mg/L to a maximum of 43.4 mg/L at 102 m (335 ft) bgs within the unconfined aquifer above the RLM.
Drilling was completed through the RLM, with one sample collected in the underlying and confined Ringold
unit A. Carbon tetrachloride and nitrate results were nondetect and 0.124 mg/L respectively, at 153 m

(503 ft) bgs. The borehole was backfilled to the top of the RLM prior to construction.

Appendix A of SGW-61317, Borehole Summary Report for the Installation of Four Injection Wells in the
200-ZP-1 Operable Unit, FY2017, provides additional details including well summary sheets, borehole
logs, geophysical log data reports, and final civil survey reports for each injection well.

4.21 Evaluation of Groundwater Contaminants

The presence and behavior of groundwater contaminants were evaluated during CY 2017. This included
evaluating the presence and behavior of cyanide in groundwater, re-evaluating the abiotic degradation
half-life for carbon tetrachloride, and re-evaluating the likely three-dimensional extent of carbon
tetrachloride in groundwater.
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4.21.1 Cyanide Contaminant Monitoring

Cyanide is not a COC for the 200-ZP-1 OU. In 2017, however, six monitoring wells in the

T-TX-TY Tank Farms were sampled for cyanide when it was discovered in levels exceeding the

MTCA Method B (WAC 173-340) cleanup standard of 4.8 ug/L for free cyanide in the 200 West P&T.
Nickel ferrocyanide precipitation (scavenging) was used to remove cesium-137 and strontium-90 from
waste solutions and settle out scavenged solids in underground storage tanks. Once the chemicals were
added to the tanks, settling was allowed to occur over 7 to 10 days, after which time the supernatant was
decanted and discharged to the ground via cribs and trenches. Tanks used for the scavenging process in
WMA T-TX-TY included tanks T-107, TX-118, TY-101, TY-103, and TY-104. Cyanide contamination
had been observed downgradient of WMA T-TX-TY during previous sampling in 2003 to 2012, with
cyanide concentrations <200 pg/L. The DWS for cyanide is 200 pg/L based on free cyanide, defined by
EPA as a cyanide amenable to chlorination. The regulations allow the use of total cyanide measurement
for screening purposes. Cyanide complexes such as ferrocyanide are generally measured in total cyanide
analysis but are not typically detected in free and amenable cyanide measurements. The measurement
of total cyanide (when ferrocyanide may account for much of the cyanide present) may result in
overestimating the cyanide concentration relative to the DWS (i.e., MCL). The February 2017 sample
data showed that three wells (299-W10-26, 299-W14-11, and 299-W14-18) downgradient of

WMA TX-TY were exceeding the MTCA Method B limit for free cyanide (Figure 4-2). The sample
results also indicated cyanide concentrations were trending upward (above the 200 pg/L DWS) when
screened by total cyanide analysis. Monthly cyanide monitoring (in filtered and unfiltered aliquots) began
to monitor the trend (Figure 4-3). Total cyanide screening concentrations exceeding the 200 pg/L DWS
were observed in wells 299-W10-26, 299-W14-11, and 299-W14-18.

4.2.1.2 Carbon Tetrachloride Degradation Half-Life

The design of the final 200-ZP-1 groundwater remedy presented in the 200-ZP-1 OU RD/RAWP
(DOE/RL-2008-78) is based, in large part, on calculations made to support the FS (DOE/RL-2007-28),
which was completed in CY 2007. The values used to represent the (primarily abiotic) degradation rate
for carbon tetrachloride at that time were derived from reviews of the limited published literature, as well
as the initial findings of a focused study being conducted by Pacific Northwest National Laboratory
(PNNL). Two degradation rate constants derived from the various documents and studies — corresponding
with degradation half-lives of 41.3 and 100 years, respectively, for the abiotic degradation of carbon
tetrachloride — were used in contaminant F&T modeling calculations conducted in the FS
(DOE/RL-2007-28) and subsequent reports.

In December 2012, approximately 3 years following issuance of the 200-ZP-1 OU RD/RAWP
(DOE/RL-2008-78), the final report on the study of carbon tetrachloride degradation was issued by PNNL
(PNNL-22062, Abiotic Degradation Rates for Carbon Tetrachloride and Chloroform: Final Report).

The report concluded that rates of hydrolysis at groundwater temperatures are significantly slower than
predicted by extrapolations from high-temperature studies; and, that the half-life may also be strongly pH
and temperature dependent. The report also concluded that the best estimate for the half-life of carbon
tetrachloride from abiotic degradation processes alone in agueous systems such as that encountered at the
Hanford Site is about 630 years. The effect of biotic degradation has not yet been evaluated but will be as
the project moves forward and sufficient operational experience and laboratory studies are conducted.
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This increase in the best estimate for the half-life of carbon tetrachloride from abiotic degradation has
important implications for the 200-ZP-1 OU groundwater remedy, most critically for the period of natural
attenuation following termination of the P&T component of the remedy. During CY 2016 and CY 2017,
activities were initiated to re-evaluate the likely fate of carbon tetrachloride and the design of the
groundwater remedy using longer half-lives for abiotic degradation than assumed in the FS and

Revision 0 of the RD/RA work plan. The work is ongoing and will culminate in a revision to the
RD/RAWP (i.e., Revision 1), which is expected to be issued in CY 2019. Pending completion of these
ongoing studies, this annual remedy performance report presents analyses of likely remedy performance

using a combination of the half-lives assumed during the FS and the more recent estimates provided by
PNNL-22062.

Biological degradation products of carbon tetrachloride (chloroform and methylene chloride) are present
in the 200-ZP-1 OU groundwater. Due to the high degree of variability of the rates of biological
degradation and to ensure conservatism in the remedy analysis, biological degradation was not considered
a natural attenuation mechanism for carbon tetrachloride in the fate and transport estimates of natural
attenuation in the FS (DO/RL-2007-28). However, planning is underway to further evaluate biotic
degradation rates because of the longer than anticipated half-life of carbon tetrachloride from abiotic
degradation documented in the PNNL final report.

4.2.1.3 Carbon Tetrachloride and Nitrate Extent in Groundwater

Contaminant transport modeling completed in support of the Revision 0 of the RD/RAWP
(DOE/RL-2009-38, Description of Modeling Analyses in Support of the 200-ZP-1 Remedial
Design/Remedial Action Work Plan) used two alternate methods to prepare the three-dimensional extent
of carbon tetrachloride for use as initial conditions in the transport model: the first, based upon ordinary
kriging of sample data in three dimensions, and the second based upon a method referred to as sequential
Gaussian simulation. The volume and mass of carbon tetrachloride present in the initial conditions
(plumes) generated using the two methods were considerably different, which was reflected in the
simulation results presented in DOE/RL-2009-38. Specifically, the mass present in the initial condition
(i.e., plume) generated using the arithmetic or “expected” average (i.e., E-type average) from the
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sequential Gaussian simulation technique was substantially larger than that generated using the ordinary
kriging technique, which was referred to as the “best estimate.” Following issuance of the RD/RAWP and
DOE/RL-2009-38, it was determined that the E-type average plume generated using the sequential
Gaussian simulation may overstate the likely volume and mass of carbon tetrachloride present in
groundwater due to the absence of independent information at that time to weight the stochastic
realizations to obtain a “best estimate” rather than taking an arithmetic average. For this reason, initial
conditions based on variants of ordinary kriging of sample data were used until suitable data became
available to constrain the sequential Gaussian simulation realizations.

During CY 2017, following nearly 5 years of P&T remedy operations, it was determined that the recorded
history of contaminant mass recovered by the P&T system provided a data set suitable for revisiting the
analysis of carbon tetrachloride using the sequential Gaussian simulation technique to provide an alternate
depiction of the likely extent of groundwater contamination. The analysis is detailed in
ECF-200W-18-0028, Evaluation of Three-Dimensional Extent of Carbon Tetrachloride and Nitrate in
Groundwater for 200-West for Calendar Years (CY) 2015 and 2017, and ECF-HANFORD-18-0030,
Description of Groundwater Calculations and Assessments for the Calendar Year 2017 (CY2017) 200
Areas Pump-and-Treat Report. The evaluation and presentation of remedy performance within this
annual P&T report reflects these revisions in the estimated three-dimensional extent of carbon
tetrachloride and of nitrate in groundwater, which are the most geographically widespread COCs in the
200-ZP-1 OU. Model simulations and the resulting figures and tables that form the basis of the evaluation
of the remedy performance include results obtained using initial conditions prepared using the sequential
Gaussian simulation technique, as well as initial conditions prepared using a variant of the ordinary
kriging technique.

4.2.2 Well Field Performance Evaluation

For the P&T system to maintain targeted rates of operation, it is critical that extraction and injection wells
operate at sufficient capacity. In particular, several studies were performed or initiated in 2017 to address
the issue of decreasing injection well field capacity due to well fouling. The evaluation reports and
associated recommendations to be implemented in 2018 are discussed in Chapter 2 of this report.

An evaluation of injection well performance was completed for the fourth quarter of 2017 and is
documented in SGW-61705, 200-ZP-1, Injection Well Performance, First Quarter — Fiscal Year 2018.
For the completed evaluation, the initial baseline-specific injection capacity for an individual well used
the average specific injection capacity of the first 10 days of well operation, excluding outlier and

zero values.

Injection well capacity and performance over time are evaluated via changes in specific injection
capacity. Specific injection capacity is derived by dividing the injection rate by the height of the water
column in the well above the static water level:

. o ) gpm Injection Rate (gpm)
Specific Injection Capacity < ) =
ft Dynamic Water Level (ft) — Static Water Level (ft)

The specific injection capacity of a well is a function of intrinsic well capacity and operating conditions.
Intrinsic well capacity is a function of the hydraulic properties of the geologic formation in which the well
is constructed and individual well construction features (e.g., well diameter, screen length, screen slot size
and geometry, filter pack characteristics, and well development). The intrinsic well injection capacity
may, however, be affected by operational conditions (e.g., introduction of suspended solids, biological
growth within the well and surrounding formation, or introduction of suspended gas bubbles) that may
reduce the capacity over time. Changes in well condition may be evaluated by comparing the initial
specific injection capacity at the time of construction to the current specific injection capacity.
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The current metric for each well is the average specific injection capacity for the fourth quarter of 2017
and is presented in Table 4-2 for new injection wells 299-W18-43 and 299-W18-42. The average specific

injection capacity values exclude zero flow values, which represent downtime for well maintenance.
Flow capacity within the table assumes 100 ft of water column or head above the static water level.

Table 4-2. Summary of Newly Installed Injection Well Capacity, Fourth Quarter of 2017

Average
Quarterly Quarterly
Initial Specific Specific Average Percentage of
Average Injection Injection Quarterly Initial
Quarterly Capacity Capacity Flow Capacity Well-Specific
Well Well Flow Rate (gal/min/ft (gal/min/ft of at 100 ft of Injection
Name ID (gal/min) of Head)* Head) Head Capacity
YJ-31 | 299-W18-43 152 11.74 9.94 994 84.7%
YJ-32 | 299-W18-42 111 7.18 6.33 633 88.1%

Note: Initial specific injection capacity value is based on performance during first 10 days of well operation.
ID = identification

Wells 299-W18-43 and 299-W18-42 indicated a decreased specific injection capacity during the fourth
quarter of 2017 compared to the initial injection capacity immediately after installation in 2017.

The decrease in specific injection capacity is consistent with trends observed throughout the active
injection well network due to the presence of active and inert organic and inorganic solids, which
contribute to injection well fouling.

4.2.3 Optimization Activities

When completing Revision 0 of the 200-ZP-1 OU RD/RAWP (DOE/RL-2008-78), groundwater
modeling was used to refine the locations and rates of extraction and injection wells, and the total
extraction rate required to hydraulically contain the 100 pg/L carbon tetrachloride isoconcentration
contour based on information on contaminant extents and flow and transport parameters obtained
following completion of the FS. The RD/RAWP stated that a range of conditions may be encountered in
the field that may impact the potential for the P&T system to recover 95% of the mass of contaminants
within 25 years. Specifically, the RD/RAWP states that ““...the estimated amount of the initial dissolved
mass of carbon tetrachloride that may be recovered in 25 years (i.e., extracted and treated) ranges from
57 percent to 100 percent, depending on the actual site conditions...”. Associated modeling suggested that
without optimization, using the “best estimate” three-dimensional initial plume, the remedy may extract
about 70% to 80% of the mass of carbon tetrachloride, with an additional 10% to 20% degrading
(depending on the assumed half-life). In 2011, further modeling was completed to evaluate the potential
for dynamic wellfield operation and pumping optimization to achieve the mass recovery objective given
the larger plume extents encountered following the FS (DOE/RL-2007-28). An optimization program was
developed specifically for this purpose (SGW-50390, FY2011 Simulation-Optimization of the 200-ZP-1
Remedy Using the Central Plateau Model). The simulations presented therein suggested that dynamic
operation of the remedy could increase mass recovery by 10% to 15%. To do so, an increase in capacity
to 9,464 L/min (2,500 gal/min) was simulated. These simulations also ranked extraction wells in terms of
priority to accelerate mass recovery, concluding that the highest-ranking wells may extract several times
the mass recovered by the lowest ranked wells, and that mass recovery at lower-ranking wells falls after
5 to 10 years. It was determined at that time that further optimization studies would be completed when
the 200 West P&T was operating at full nominal capacity.
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During CY 2017, potential expansion options for the 200 West P&T were evaluated. This evaluation
considers numerous groundwater modeling scenarios, using as one basis for the calculations the
optimization code that was developed for the 200-ZP-1 remedy as detailed in SGW-50390. Results of the
analysis will be used to evaluate the potential for achieving the goal of reducing the contaminant mass by
95% within 25 years, as stated in the 200-ZP-1 OU ROD (EPA et al., 2008). Recent estimates of the
three-dimensional extent of carbon tetrachloride in groundwater together with recent estimates of the
abiotic degradation rate of carbon tetrachloride were used as input to the modeling calculations.

These calculations, and associated reporting, are ongoing and it is anticipated that results of this
evaluation will be documented in a revised RD/RAWP.

4,24 Other Studies and Reports

In addition to the issue described above regarding reduced groundwater injection capacity, other reports
and studies have recently been initiated to assess the performance of the 200-ZP-1 OU remedial action
and the suitability of the monitoring data and networks to support performance evaluations

(EPA et al., 2008).

One important study performed in 2017 was the analyses and subsequent report (SGW-61350, Data Gaps
Evaluation in Groundwater Monitoring at the Hanford 200 ZP-1 Groundwater Operable Unit) for
identifying data gaps in groundwater monitoring at the 200-ZP-1 OU, which accompanies the 200-ZP-1
monitoring redundancy analysis documented in SGW-60527, Redundancy Analysis for the ZP-1
Groundwater Monitoring Network. This work considers the RAOs and decision statements, as listed in
various monitoring programs applicable to the site. The results of this data gap analysis are being
implemented in a revised PMP, which is expected to be completed in September 2018.

Cyanide is not a COC for the 200-ZP-1 OU; however, with the addition of extracted groundwater from
the 200-BP-5 OU in 2015, cyanide was included as a constituent for process monitoring at various points
throughout the 200 West P&T (see Section 4.2.2.1 of this report). Beginning in 2016 and continuing
through 2017, total and free cyanide is monitored and routinely sampled to evaluate if the treated water
reinjected into the aquifer meets the criteria specified in supporting regulatory documents. SGW-61013,
Cyanide Sampling at the 200 West Pump and Treat, documents the cyanide sampling and subsequent
results for 2016 and 2017. Cyanide sampling and results will be documented annually.

4.3 Performance Monitoring Data and Methods of Evaluation

The data described in the following sections provide a technical basis for addressing three of the four
components of the selected remedy to assess remedy progress toward the RAOs: P&T, flow-path control
and MNA. The fourth component, ICs, is addressed in DOE/RL-2001-41, Sitewide Institutional Controls
Plan for Hanford CERCLA Response Actions and RCRA Corrective Actions.

431 Contaminant Monitoring

As described in the 200-ZP-1 OU ROD (EPA et al., 2008), contaminants in groundwater in the OU are
generally present in three regions

e The first region consists of high-concentration zones close to ponds, cribs, and trenches that were
used to dispose liquid wastes: existing data and previous studies do not indicate the presence of
significant dense, nonagqueous-phase liquid in groundwater acting as a continuing source.

e The second region consists of a larger dispersed or low-concentration zone that has migrated from the
discharge locations or overlies the high-concentration zone: this less contaminated groundwater can
occur above the high-concentration zone where large quantities of lower concentration effluent were
discharged during or after the high-concentration waste discharges.
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e The third region consists of an area of technetium-99 contamination near WMA T and WMA TX-TY:
the results from depth-discrete groundwater sampling in the newly installed wells in these areas show
that the peak concentration of technetium-99 is typically found within the upper 15 m (50 ft) of the
aquifer.

Contaminants present in groundwater will be monitored over the lifetime of the remedial action to
evaluate performance and optimize effectiveness (DOE/RL-2009-115). Understanding of the
three-dimensional extent of contamination has grown over time as the number and locations of
monitoring wells and other characterization sampling locations has increased.

4.3.1.1 Contaminant Monitoring Network

The 200-ZP-1 OU PMP (DOE/RL-2009-115) describes the monitoring well selection process and the
well network to monitor and assess the progress and ultimate success of the remedy. The PMP also
describes the key decision statement questions from the data quality objective process for the

200 West P&T. Data are collected for the 200-ZP-1 OU COCs and uranium (200-UP-1 OU source),
which is present in some wells in the monitoring network.

The 200 West P&T baseline data were collected between October 1, 2011, and December 31, 2012,

from an extensive network of extraction, injection, and monitoring wells. The current monitoring

program obtains data from a network of monitoring wells that have been evaluated to develop

a constituent-specific set of analyses for each well. This network includes wells that are dedicated via the
PMP (DOE/RL-2009-115) and wells that are sampled for other programs but provide data suitable for this
purpose. Figures 4-4 and 4-5 show the locations of these wells.

For each contaminant (excluding carbon tetrachloride and TCE), each well listed in the PMP
(DOE/RL-2009-115) was evaluated in the context of geographic location relative to the plume in the
200-ZP-1 OU and concentration trends relative to the cleanup level (this evaluation included data
collected as part of the PMP efforts, as well as data from as far back as 1990). For VOCs such as carbon
tetrachloride and TCE, the monitoring well network extends into the 200-UP-1 OU to track the plume and
mass removal to meet the performance metrics provided in the 200-ZP-1 OU ROD (EPA et al., 2008).

Contaminant-specific sampling will be augmented by sampling each well for all COCs to support
preparation of the CERCLA 5-year review (most recently in 2016). This sampling effort will generate
sufficient data for quantitative analysis to address all nine decision statements presented in
DOE/RL-2009-115; however, annual sampling from the contaminant-specific well list will provide data to
(1) assess if there are any new COC releases; (2) evaluate concentration trends in high-concentration areas
of the plumes; and (3) determine if contamination is expanding downgradient, laterally or vertically.

While the 200 West P&T is operating, the list of plume- and constituent-specific analyses will be evaluated
on an annual basis to determine if analyses will be added or removed for the well, with DOE and EPA
concurrence. Extraction well and P&T system data are collected to assess the performance of the system
over time and to help calibrate the parameters of the Central Plateau Groundwater Model (CPGWM) to
assist with remedy optimization.
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Figure 4-4. 200-ZP-1 OU Groundwater Well Network, 2017
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4.3.1.2 Contaminant Monitoring Data

As described in the PMP (DOE/RL-2009-115), the 200-ZP-1 OU wells are sampled for carbon
tetrachloride, nitrate, TCE, total chromium and Cr(V1), iodine-129, technetium-99, and tritium.

The CY 2017 contaminant monitoring results for the 200 West Area are summarized by COC in the
following sections. Table 4-3 lists the 2017 average concentrations. Two-dimensional contaminant plume
maps presented in this section were primarily created using data from wells screened in the upper
unconfined aquifer, although data from wells screened below the RLM were also considered, where
present. When more than one data point was available for 2017, the average value was typically
used. ECF-HANFORD-16-0138, Calculation and Depiction of Groundwater Contamination for

the Calendar Year 2016 Hanford Site Groundwater Monitoring Report, provides details on
preparing the two-dimensional plume maps presented herein. In addition to the two-dimensional
plumes maps, three-dimensional depictions of the extent of contamination were also prepared for use
in groundwater contaminant F&T calculations.

Table 4-3. Average Concentration of COCs for 200-ZP-1 OU Monitoring Wells, 2017

3 5

: : g

g S £ |3 Z

= |5 |E |8 |% |2 |3 :

Well Name 2 | TS| g8 E|E& | EZ | £F& | 52| in2017?
299-W10-1 3400 | 199 | <15 |<0.24+| 385 | 30+ | 083 | 296+ | 1.10 Yes
299-W10-14 <02 | 150+ | 24+ | <082 | 209 11 | <025 | <317 | 1.01 Yes
299-W10-27 2100 | 384 | 343 | <060 | 2573 | 114 | <025 | <428 | 163 Yes
299-W10-30 15.1 223 | 34+ | <025 | 527 | <44 | <030 | <350 | 087 Yes
299-W10-31 75 4.1 31+ | 051 | 447 31 | <025 | <323 | 1.25 Yes
299-W10-33 <0.3 3.7 <15 | <085+ | 195 | <30 | <0.30 | <289 | 1.37 Yes
299-W11-13 930 | 3900 | 170 | <0.79 | 212.0 | 397 | 160 | 7,200 | 1.10 Yes
299-W11-18 3400 | 427 | 410 | <0.76 | 1420 | 59+ | 400 | 4590 | 1.36 Yes
299-W11-33Q 1400 | 190 | 180 | 1.94 | 664 69 1.90 | 3150 | 1.10 Yes
299-W11-43 137.0 | 1650 | 160.0 | <0.68 | 429.5 | 88 153 | 2450 | 265 Yes
299-W11-45 7250 | 317 | 325 | <0.78 | 1420 | 52 443 | 1,780 | 0.82 Yes
299-W11-47 7800 | 291 | 304 | <0.76 | 1533 | 10,400 | 3.20 | 1,240 | 0.92+ Yes
299-W11-48 8800 | 420 | 410 | <0.80 | 1680 | 74 6.00 | 3,830 | 3.40 Yes
299-W11-87 1,9600 | 146 | 130 | <056+ | 1280 | 47+ | 750 | 356 | 1.21 Yes
299-W11-88 6.8 55 43 | <070 | 753 | <10+ | <025 | <417 | 0.9 Yes
299-W13-1 15000 | 72.7+ | 117+ | <019+ | 261 | <o+ 6.3 | <337+ | 0.90+ Yes
299-W13-2 627% | 42% | <1.5% | <0.67%| 243% | <9% | 1.60* | 313* | 2.00* No?
299-W14-11 6950 | 47.3 | 47.7 | <0.83 | 2853 | 9,340 | 267 | 12,800 | 2.41 Yes
299-W14-13 5600 | 10.8 76 | <0.76 | 2840 | 10450 | 250 | 5950 | 2.60 Yes
299-W14-14 256.0 9.6 71 | <080 | 863 | 190 | 099 | 2180 | 098 Yes
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Table 4-3. Average Concentration of COCs for 200-ZP-1 OU Monitoring Wells, 2017

3 5

g i

o O = Y &

e |5 |E |& |& |5 |8 :

S~ | E~| S~ | 20| 85| €0 | &8~ | ET | 2~ |Sampledas

23 | 85 | R | £S5 | £ | 55 | &5 | E5 | 8% | Scheduled

Well Name S2 | 62| £2| 82 |2E| B8 | E2|E2| 58 inaor

299-W14-71 4120 | — — — — — | 1250 | — — Yes
299-W14-72 12000 | 7.3+ | 2.1+ |<0.29+| 27.9 | 25+ | 16.00 | <337+ | 0.73+ Yes
299-W15-11 702 | 84+ | 81+ |<051+| 930 | 161+ | <0.30 | 735+ | 0.86+ Yes
299-W15-152 5.0 81 | 85+ | 072 | 797 | 131 | <025 | 1,180 | 2.33 Yes
299-W15-17 26 | 138 | 16+ | <0.60 | 215 | <33 | <0.30 | <354 | 0.1 Yes
299-W15-33 600 | 9.4+ | 7.2+ |<020+| 664 | 93 | <0.25 | 877+ | 0.91+ Yes
299-W15-37 157.0+ | — — — — — o3+ | — — No®
299-W15-42 7704 | 112% | 100% | <0.74+ | 93.0+ | 71+ | 0.70+ | 544% | 1.61* No®
299-W15-46 210 | 65% | 65% |<0.19%| 837 | 144 | <0.25 | 790% | 0.69% |  Yes
299-W15-49 251 | 80% | 97% |<069%| 540 | 46 | 030 | 589% | 0.83% | Yes
299-W15-50 1100 | 74% | 79% |<0.15%| 111.0 | 141 | 041 | 646* | 0.80% |  Yes
299-W15-7 506 | 68% | <1.5% |<0.85%| 1000 | 142* | 030 | 747* | 1.06% |  Yes
299-W15-763 131.0 | 448 | 101 |<027*| 1340 | 195 | 045 | 2,010 | 0.8 Yes
299-W15-765 320 | 57 | 41 | 088* | 482 | 46 | <025 | 1,125 | 133 Yes
299-W15-83 280 | 65 | 58% | <047 | 819 | 119 | <025 | 716 | 0.94 Yes
299-W15-94 8.9 71 | 83* | <048 | 828 | 136 | <030 | 756 | 1.03 Yes
299-W18-1 48 80 | 6.6% | <047 | 580 | 93 | <025 |1,190% | 2.74% |  Yes
299-W18-15 100 — — — — — | <030 | — — Yes
299-W18-16 230 | 112% | 123% |<025%| 5050 | 181 | <0.25 | 814* | 2.85% |  Yes
299-W18-21 <0.3 — — — — — | <030 | — — Yes
299-W18-22 1.0 — — — — — | <025 | — — Yes
299-W18-40 67.0 — — — — — | <030 | — — Yes
299-W19-105 348 — — — — — | <030 | — — Yes
299-W19-107 1600 | — — — — — | 660 | — — Yes
299-W19-18 <0.1* — — — — — <0.25* — — Nod
299-W19-34A 403 — — — — — o | — — Yes
299-W19-34B 81.2 — — — — — | 33m | — — Yes
299-W19-36 23.0 — — — — — | 130 | — — Yes
299-W19-4 1500 | — — — — — | 380 | — — Yes
299-W19-41 99.9 — — — — — | <060 | — — Yes
299-W19-47 86.8 — — — — — | <030 | — — Yes
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Table 4-3. Average Concentration of COCs for 200-ZP-1 OU Monitoring Wells, 2017

3 5

© 3

o O = Y &

e |5 |E |& |& |5 |8 :

S~ | E~| S~ | 20| 85| €0 | &8~ | ET | 2~ |Sampledas

23 | 85 | R | £S5 | £ | 55 | &5 | E5 | 8% | Scheduled

Well Name S2 | 62| 22|88 | 2E| 28| c2| F8| 52 naore

299-W19-48 6.8 — — — — — | <025 | — — Yes
299-W19-49 3050+ | — — — — — 074+ | — — No®
299-W19-6 411 — — — — — 1.05 — — Yes
299-W21-2 25.0 — — — — — 0.42 — — Yes
299-W22-47 97.4 — — — — — | <030 | — — Yes
299-W22-72 46.9 — — — — — | <030 | — — Yes
299-W22-86 12.8 — — — — — | <030 | — — Yes
299-W22-87 14.0 — — — — — | <025 | — — Yes
299-W22-88 7.2 — — — — — 0.39 — — Yes
299-W23-19 718 — — — — — | <030 | — — Yes
299-W23-4 58.0 — — — — — | <025 | — — Yes
299-W26-13 05 — — — — — | <030 | — — Yes
299-W27-2 37 — — — — — | <030 | — — Yes
299-W5-2 232.0% | 76.8% | 21.7% | 0.87% | 606.4% | 461% | 1.0% |3,802% | 1.34* No?
299-W6-3 074 | 202% | 92% |<0.16%| 1840 | 49 | <025 | <289% | 0.95% Yes
299-W6-6 <03 | 26.7+ | 26+ | <058+ | 487 | 120 | <0.30 | 2,080 | 1.10% Yes
299-W7-3 07 | 206+ | 46+ | <061 | 6.9 7 <0.25 | <251 | 1.00 Yes
699-30-66 0.4 — — — — — | <025 | — — Yes
699-32-62 <0.2 — — — — — <0.25 — — Yes
699-32-72A 06 — — — — — | <030 | — — Yes
699-33-75 5.4 — — — — — | <030 | — — Yes
699-34-61 0.4 — — — — — | <030 | — — Yes
699-35-66A 07 — — — — — | <030 | — — Yes
699-35-78A 33.2+ — — — — — | <030+ | — — No®
699-36-61A <0.2 — — — — — <0.25 — — Yes
699-36-66B 23 — — — — — | <030 | — — Yes
699-36-70A 2.7 — — — — — | <030 | — — Yes
699-36-70B 8.4 — — — — — 0.35 — — Yes
699-37-66 1.5 — — — — — <0.30 — — Yes
699-38-61 <0.2 — — — — — <0.25 — — Yes
699-38-65 1.1 — — — — — 0.38 — — Yes
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Table 4-3. Average Concentration of COCs for 200-ZP-1 OU Monitoring Wells, 2017

) =

S 2

P

=

o

E £ E o | e

g g = ¥ |z

= g T & kS 2 = £

S . | E~| S~ | 33| a~| 83| 5 EZ | 5~ |Sampledas

53 | £ | 25| 30| 52| g0 | €5 | EQ | 8% | Schedule

Well Name & |o2 | 2| & | ZE | g8 2| F& | 52| in2017?

699-38-68A 7.6+ — — — — — 0.95+ — — Nod
699-38-70B 115.0 — — — — — 8.50 — — Yes
699-38-70C 15.0+ — — — — — 3.10+ — — No®
699-40-62 <0.2 — — — — — <0.25 — — Yes
699-40-65 1.7 — — — — — 3.36 — — Yes
699-43-69 200.0 73.9 20.0 <0.41 29.0 <17 2.40 <433 1.40 Yes
699-44-64 14.0 12.8% 7.3% <0.23* 57.5 36 2.10 <302* 1.71* Yes
699-45-69A 0.6+ 33.9% 8.2 <0.54* | 48.7+ <9% <0.25+ | <279* 1.54* Nod
699-45-69C 22.0 31.0+ 27.0+ | <0.49+ | 209.0 40% <0.25 | <299+ 1.27% Yes
699-47-60 <0.3 48.7+ 5.5+ <0.68 40.2 <39 <0.30 <395 2.46+ Yes
699-48-71 210.0 167.0 87.0 <0.61 345.0 210 1.40 16040 1.30 Yes
699-50-74 <0.2 7.3% 4.5% <0.32% 6.8 <10* <0.25 | <359+ 1.40% Yes
699-51-63 <0.3 2.5% 1.6* <0.35% 22.8 <11* <0.30 <105* 2.22% Yes

References: Requirements are from DOE/RL-2009-124, 200 West Area Pump and Treat Operations and Maintenance Plan;
and DOE/RL-2009-115, Performance Monitoring Plan for the 200-ZP-1 Groundwater Operable Unit Remedial Action.
Notes: Units are in “png/L” for chemical contaminants and “pCi/L” for radionuclides.

Concentrations are averaged for all sample results collected throughout the year from each monitoring well for

each contaminant.

a. New monitoring wells 299-W5-2 and 299-W13-2 were not sampled in 2017 pending design, fabrication, and installation
of the new well landing plates to sample from the dual sampling interval construction of the new wells. The new well
landing plates will be installed in 2018 for future sampling.

b. Wells 299-W15-37, 299-W19-49, and 699-35-78A were not sampled due to pump failures. Well maintenance has been
scheduled.

c. Well 299-W15-42 was not sampled because it is located inside the work zone at the Plutonium Finishing Plant.
d. Wells 299-W19-18, 699-38-68A, and 699-45-69A were not sampled in 2017 due to insufficient water.

e. Well 699-38-70C was scheduled for sampling when there was a power outage at the laboratory.

well not scheduled for analysis under DOE/RL-2009-115

2015 sample result

2016 sample result

X

+

The following discussion provides a summary of sampling conducted for the COCs and compares sample
data obtained during the previous CY with data obtained during baseline monitoring in 2012.

Carbon Tetrachloride. Carbon tetrachloride is the primary COC at the 200-ZP-1 OU, resulting from
discharges of wastes from plutonium-processing related activities prior to 1981. The 200-ZP-1 interim
P&T system targeted carbon tetrachloride mass removal in areas exceeding 2,000 pg/L in the upper
portion of the aquifer during operation from 1996 through May 2012 (DOE/RL-2012-36, 200-ZP-1
Interim Pump-and-Treat System Summary Performance Report for Calendar Year 2012). Historical
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analysis of the interim system capture zone indicates that the interim system captured carbon tetrachloride
at concentrations above 2,000 pg/L in the upper 15 m (50 ft) of the aquifer. The number of extraction and
monitoring wells exceeding carbon tetrachloride concentrations of 4,000 ug/L declined from 20 wells

in 1996 to zero wells in 2012. The areal extent of the high-concentration plume at the water table declined
over the lifetime of the interim action P&T system from 530,000 m? (5,704,873 ft?) in 1996 to near zero
in 2014.

Continued investigations during drilling of new groundwater extraction and injection wells to support
200-ZP-1 OU characterization and final remedy implementation revealed carbon tetrachloride
concentrations above 1,000 pg/L throughout the entire thickness of the aquifer rather than just the upper
15 m (50 ft). The 200-ZP-1 OU ROD (EPA et al., 2008) targets the entire thickness of the plume and
established a cleanup level for carbon tetrachloride of 3.4 pg/L.

Carbon tetrachloride concentrations in groundwater are declining due to remediation activities: in 2017,
all of the 200-ZP-1 OU and 200-UP-1 OU monitoring wells had carbon tetrachloride concentrations
<2,000 pg/L. Monitoring well 299-W11-87 exhibited the maximum carbon tetrachloride concentration
(1,960 pg/L). Monitoring well 299-W13-1 and extraction wells 299-W11-96 and 299-W11-90 exhibited
the next highest concentrations at 1,500 pg/L, 1,360 pg/L, and 1,290 pg/L, respectively. Of the

95 monitoring wells sampled in 2017 in the 200 West Area, 92 wells exhibited carbon tetrachloride
concentration below 1,000 pg/L, and 26 of the 95 wells were below the cleanup level (3.4 pg/L). Table 4-4
lists the monitoring wells with increasing or decreasing concentrations versus baseline conditions, as well
as the wells with stable concentrations for carbon tetrachloride. The effectiveness of the

200 West P&T is evidenced by declining carbon tetrachloride concentration in over half of the monitoring
wells. Carbon tetrachloride concentrations declined in 52 of 95 monitoring wells sampled, 21 wells had
increasing concentrations, and 22 wells had concentrations about the same as 2012. Lower concentrations
in extraction wells result, in part, from averaging because water from outside the plumes (laterally and
vertically) is also drawn in, diluting concentrations.

Chromium (Total and Hexavalent). Chromium is found at levels above cleanup standards (100 ug/L for
total chromium and 48 ug/L for Cr(VI)) beneath the SSTs at WMA T and at WMA TX-TY. Chromium is
analyzed in groundwater samples using two methods: inductively coupled plasma, which yields a result
for total chromium (i.e., trivalent and Cr(VI) combined); and a colorimetric method (ultraviolet/visible
light absorption), which yields a result for only the hexavalent form. The HEIS database includes results
for both total chromium and Cr(V1). Dissolved chromium monitoring results (as referred to in this
chapter) include sample results for mobile chromium consisting of Cr(VI1) and total chromium measured
in a filtered sample aliquot.

In 2017, the 200-ZP-1 OU maximum chromium concentration (463 pg/L unfiltered, total chromium)

was downgradient from WMA TX-TY in well 299-W14-16, an increase from 2 ug/L observed at this well
in 2012. The increase is likely largely attributable to particulates; the Cr(\VI) concentration representing
dissolved chromium was only 97 pg/L. To assess potential impact of well corrosion in the samples, both
filtered and unfiltered samples are expected to be analyzed in the future for metals, and the next sampling
and analysis plan (SAP) revision is expected to include iron and nickel as “other constituents.”
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Table 4-4. Comparison of COCs Concentration in Monitoring Wells in 2012 and 2017

Carbon Tetrachloride Hexavalent Chromium Chromium Todine-129 Nitrate Technetium-99 Trichloroethene Tritium

Well 2012 2017 2012 2017 2012 2017 2012 2017 2012 2017 2012 2017 2012 2017 2012 2017
W10-1 950 340 2 2 30 20 <0.2 <0.2 118 39 47 30 4.2 0.8 443 <296
W10-14 1 <0.2 2 2 10 15 <0.2 <0.8 21 21 <6 <11 0.3 0.3 <320 <317
W10-27 580 210 105 34 115 38 <0.4 <0.6 726 257 460 114 34 0.3 2,800 <428
W10-30 6 15 2 22 3 22 <0.3 <0.3 34 53 <7 <44 0.3 0.3 <330 <350
W10-31 29 8 2 4 3 4 <0.2 <0.5 74 45 18 <31 0.3 0.3 <330 <323
W10-33 <0.3 <0.3 2 2 1 4 <0.2 <0.9 17 20 <7 <30 0.3 0.3 <280 <289
W11-13 270 93 2 17 51 390 <0.2 <0.8 95 212 240 397 2.1 1.6 6,700 7,200
W11-18 330 340 25 41 30 43 0.8 <0.8 97 142 94 59 2.9 4.0 8,800 4,590
W11-33Q 730 140 2 18 75 19 2.7 1.9 140 66 330 69 11.0 1.9 26,000 3,150
W11-43 780 137 187 160 167 165 <0.3 <0.7 385 430 290 88 11.0 1.5 15,000 2,450
W11-45 , 725 149 33 130 32 0.9 <0.8 353 142 2130 52 9.4 4.4 14,000 1,780
W11-47 1,200 780 129 30 132 29 0.6 <0.8 589 153 4300 10,400 6.6 3.2 2,200 1,240
W11-48 400 880 87 41 62 42 <0.2 <0.8 193 168 73 74 3.8 6.0 4,900 3,830
W11-87 2,200 1,960 8 13 6 15 <0.2 <0.4 66 128 26 47 6.2 7.5 <360 <356
W11-88 <0.3 7 2 4 4 6 <0.2 <0.7 82 75 <6 <10 0.3 0.3 <310 <417
W13-1 1,800 1,500 2 12 5 73 <0.2 <0.2 28 26 12 <9 5.6 6.3 <330 <337
W13-2 63 63 2 2 4 4 0.7 0.7 24 24 9 9 1.6 1.6 <313 <313
W14-11 1,700 695 66 48 48 47 0.9 <0.8 291 285 3500 9,340 11.0 2.7 89,000 12,800
W14-13 390 560 339 8 296 11 16 <0.8 305 284 5900 10,450 2.3 2.5 200,000 5,950
W14-14 470 256 20 7 29 10 1 <0.8 160 86 400 190 1.9 1.0 6,400 2,180
W14-72 950 1,200 2 2 8 7 <0.2 <0.3 22 28 14 25 6.3 16.0 540 <337
W15-11 1,100 70 2 8 6 8 <0.2 <0.5 89 93 110 141 1.4 0.3 730 735
W15-152 15 5 11 9 11 8 <0.2 0.7 135 80 250 131 0.3 0.3 1,400 1,180
W15-17 1 3 8 2 16 14 <0.4 <0.6 22 22 <6 <33 0.3 0.3 <300 <354
W15-33 80 60 8 7 8 9 <0.2 <0.3 108 66 210 93 0.3 0.3 1,100 877
W15-42 270 77 5 10 8 11 <0.2 <0.7 115 93 93 71 0.8 0.7 810 544
W15-46 510 21 4 7 6 7 <0.2 <0.2 117 84 202 144 1.3 0.3 825 790
W15-49 55 25 7 10 8 8 <0.2 <0.7 108 54 210 46 0.3 0.3 670 589
W15-50 1,900 110 3 8 6 7 <0.2 <0.2 125 111 56 141 7.9 0.4 310 646
W15-7 580 51 2 2 11 7 <0.2 <0.9 61 100 78 142 1.0 0.3 1,000 747
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Carbon Tetrachloride Hexavalent Chromium Chromium Todine-129 Nitrate Technetium-99 Trichloroethene Tritium
Well 2012 2017 2012 2017 2012 2017 2012 2017 2012 2017 2012 2017 2012 2017 2012 2017
W15-763 390 131 4 10 17 45 <0.2 <0.3 474 134 890 195 3.7 0.5 13,000 2,010
W15-765 2,233 32 31 4 36 6 0.5 <0.9 143 48 6300 46 6.0 0.3 4,600 1,125
W15-83 13 28 8 6 14 7 <0.2 <0.5 127 82 250 119 0.3 0.3 2,300 716
W15-94 20 9 7 8 19 7 <0.2 <0.5 120 83 260 136 0.3 0.3 1,400 756
W18-1 13 5 5 7 11 8 <0.4 <0.5 117 58 220 93 0.3 0.3 940 1,190
W18-16 150 23 6 12 11 11 <0.2 <0.3 540 505 200 181 0.3 0.3 1,200 814
W5-2 232 232 95 95 95 95 0.9 0.9 606 606 461 461 1.0 1.0 3,802 3,802
W6-3 <0.2 0.7 9 9 15 20 <0.2 <0.2 214 184 47 49 0.3 0.3 <280 <289
W6-6 <0.1 0.3 2 3 5 27 <0.2 <0.6 26 49 <7 120 0.3 0.3 290 2,080
W7-3 <0.4 0.7 2 5 11 21 <0.2 <0.6 7 7 <7 <7 0.3 0.3 <290 <188
43-69 580 200 38 20 84 74 <0.2 <0.4 32 29 <7 <17 3.0 24 <310 <433
44-64 8 14 6 7 9 13 <0.2 <0.2 68 58 70 36 2.6 2.1 450 302
45-69A 7 0.6 2 8 9 34 <0.2 <0.5 36 49 59 <9 1.0 0.3 3,100 <279
45-69C 39 22 25 27 2 31 <0.2 <0.5 190 209 18 40 0.3 0.3 <300 <299
47-60 <0.1 <0.3 9 6 21 49 <0.2 <0.7 37 40 10 <39 0.3 0.3 <270 <395
48-71 100 210 60 87 108 167 0.8 <0.6 374 345 270 210 05 1.4 1,500 3,160
50-74 <0.1 <0.2 3 5 7 7 <0.2 <0.3 9 7 <7 <10 0.3 0.3 <340 <359
51-63 <0.1 <0.3 2 2 1 3 <0.2 <0.4 23 23 <7 <11 0.3 0.3 <300 <105
W14-71 790 412 — — — — — — — — — — 8.2 12.9 — —
W15-37 110 157 — — — — — — — — — — 0.4 0.4 — —
W18-15 61 10 — — — — — — — — — — 0.6 0.3 — —
W18-21 0.8 <0.3 — — — — — — — — — — 0.3 0.3 — —
W18-22 11 1.0 — — — — — — — — — — 0.6 0.3 — —
W18-40 150 67 — — — — — — — — — — 0.3 0.3 — —
W19-105 100 35 — — — — — — — — — — 0.7 0.3 — —
W19-107 190 160 — — — — — — — — — — 2.6 6.6 — —
W19-18 18 <0.1 — — — — — — — — — — 0.3 0.3 — —
W19-34A 190 40 — — — — — — — — — — 3.2 0.7 — —
W19-34B 740 81 — — — — — — — — — — 4.2 34 — —
W19-36 170 23 — — — — — — — — — — 34 1.3 — —
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Carbon Tetrachloride Hexavalent Chromium Chromium Todine-129 Nitrate Technetium-99 Trichloroethene Tritium
Well 2012 2017 2012 2017 2012 2017 2012 2017 2012 2017 2012 2017 2012 2017 2012 2017
W19-4 86 150 — — — — — — — — — — 0.9 3.8 — —
W19-41 130 100 — — — — — — — — — — 0.3 0.6 — —
W19-47 290 87 — — — — — — — — — — 0.5 0.3 — —
W19-48 140 7 — — — — — — — — — — 0.8 0.3 — —
W19-49 790 305 — — — — — — — — — — 0.8 0.7 — —
W19-6 37 41 — — — — — — — — — — 1.1 1.1 — —
W21-2 25 25 — — — — — — — — — — 0.7 0.4 — —
W22-47 110 97 — — — — — — — — — — 0.3 0.3 — —
W22-72 23 47 — — — — — — — — — — 0.8 0.3 — —
W22-86 92 13 — — — — — — — — — — 0.8 0.3 — —
W22-87 18 14 — — — — — — — — — — 1.0 0.3 — —
W22-88 5 7 — — — — — — — — — — 0.3 0.4 — —
W23-19 84 72 — — — — — — — — — — 1.0 0.3 — —
W23-4 140 58 — — — — — — — — — — 0.6 0.3 — —
W26-13 1 0.5 — — — — — — — — — — 1.0 0.3 — —
W27-2 4 4 — — — — — — — — — — 0.3 0.3 — —
30-66 1 0.4 — — — — — — — — — — 1.0 0.3 — —
32-62 3 <0.2 — — — — — — — — — — 1.0 0.3 — —
32-72A 0.7 0.6 — — — — — — — — — — 0.3 0.3 — —
33-75 20 5 — — — — — — — — — — 1.0 0.3 — —
34-61 0.5 0.4 — — — — — — — — — — 0.3 0.3 — —
35-66A 5 0.7 — — — — — — — — — — 5.0 0.3 — —
35-78A 14 33 — — — — — — — — — — 1.0 0.3 — —
36-61A 0.5 <0.2 — — — — — — — — — — 0.3 0.3 — —
36-66B 2 2 — — — — — — — — — — 5.0 0.3 — —
36-70A 5 3 — — — — — — — — — — 5.0 0.3 — —
36-70B 12 8 — — — — — — — — — — 1.0 0.4 — —
37-66 1 2 — — — — — — — — — — 5.0 0.3 — —
38-61 <0.2 <0.2 — — — — — — — — — — 0.3 0.3 — —
38-65 1 1 — — — — — — — — — — 0.3 0.4 — —
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Carbon Tetrachloride Hexavalent Chromium Chromium Todine-129 Nitrate Technetium-99 Trichloroethene Tritium
Well 2012 2017 2012 2017 2012 2017 2012 2017 2012 2017 2012 2017 2012 2017 2012 2017
38-68A 9 8 — — — — — — — — — — 0.9 1.0 — —
38-70B 490 115 — — — — — — — — — — 6.0 8.5 — —
38-70C 20 15 — — — — — — — — — — 3.6 3.1 — —
40-62 <0.2 <0.2 — — — — — — — — — — 05 0.3 — —
40-65 3 8 — — — — — — — — — — 1.9 34 — —

Note: The less than symbol (<) indicates that the sample result was below the listed detection limit; for radionuclides lodine-129, Technetium-99, and Tritium the value is less than the minimum detectable activity.

orange

green

white

= analyses not required
concentration increased greater than 20 percent between 2012 and 2017

concentration decreased greater than 20 percent between 2012 and 2017

concentration stable with less than 20 percent change between 2012 and 2017
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Table 4-4 highlights a comparison of the monitoring wells in 2017 with increasing or decreasing
chromium concentrations, and those wells with stable concentrations. Cr(V1) exceeding the cleanup
standard was found at 3 of the 48 monitoring wells in the 200-ZP-1 OU. Dissolved chromium
concentrations declined 14% in one of the three monitoring wells with concentrations exceeding the
cleanup level (299-W11-43); one well (299-W10-28) exhibited a 25% decrease in concentration from that
observed in 2012; and one well had a 46% increase in concentration (699-48-71). Well 299-W10-28 is
located upgradient of extraction well 299-W11-50, and well 299-W11-43 is located near extraction

well 299-W11-50, which is drawing in contaminated groundwater from the surrounding area.

Well 699-48-71 exhibits increasing chromium because it is in the plume migration pathway.

lodine-129. lodine-129 sources include past leaks from SSTs containing waste from chemical processing
and plant operations, and liquid waste disposal facilities (e.g., cribs and trenches) adjacent to the tank
farms. The iodine-129 detection limit is approximately 0.6 pCi/L. During 2017, iodine-129 concentrations
exceeded the 1 pCi/L cleanup standard in three wells in the 200-ZP-1 OU: one monitoring well and two
extraction wells. The maximum concentration of 1.94 pCi/L was at well 299-W11-33Q (Table 4-5), a
monitoring well downgradient of WMA T. Concentrations also exceeded the 1 pCi/L cleanup level

in extraction well 299-W6-15 (1.46 pCi/L) located east of WMA T and in extraction well 299-W12-3
(1.07 pCi/L). Well 299-W5-2 exceeded 1 pCi/L in 2015 when it was drilled. Routine sampling from this
well is pending design, fabrication, and installation of the well landing plate to sample from the dual
sampling interval construction of the new well. The new well landing plate will be installed in 2018 for
future sampling.

Table 4-4 highlights a comparison of the monitoring wells with increasing or decreasing concentrations
and those wells with concentrations remaining stable for iodine-129 in 2017. Concentrations declined in
the monitoring wells sampled in 2012 and 2017 (Table 4-4). lodine-129 concentrations in 2017 were
below the cleanup level of 1 pCi/L in 47 of 48 monitoring wells as expected because the plume is small
and concentrations are anticipated to rapidly diminish.

Nitrate (as Nitrate). Nitrate concentrations are above the cleanup level (10 mg/L as nitrogen; 45 mg/L as
nitrate) beneath much of the 200-ZP-1 OU. Sources of nitrate include liquid waste disposal from T Plant
processes to the cribs near WMA T and the PFP processes to 216-Z Cribs and Trenches. The highest
nitrate concentration for 2017 was 620 mg/L at well 299-W14-16 (Table 4-5). The 532 mg/L increase
since 2012 (but a decrease from 708 mg/L in 2016) in the nitrate concentration in this well is attributed
to shifting in the nitrate plume as a result of the hydraulic influence from the 200 West P&T.

Well 299-W5-2 had a high concentration of 735 mg/L, identified when discrete sampling was performed
during drilling in 2015.

Table 4-4 highlights a comparison of the monitoring wells with increasing or decreasing concentrations
and those wells with stable concentrations for nitrate in 2017. Sixteen monitoring wells exhibited
decreasing concentrations, 8 exhibited increasing concentrations, and 24 exhibited concentrations about
the same as reported in 2012 (Table 4-4). Of the eight wells with increasing concentrations, four are
located near extraction wells drawing in contaminated groundwater. The remaining four wells had
increasing concentrations due to apparent plume migration. Nitrate concentrations in 200-ZP-1 OU
monitoring wells are declining in most wells, indicating good progress in remediating the plumes.
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Table 4-5. 200-ZP-1 OU at a Glance

2017 Groundwater Monitoring
Contaminant Final Cleanup Level Maximum Concentration Plume Area® (km?)

Carbon tetrachloride 3.4 ug/L 1,960 pg/L (299-W11-87) 19.9°
Hexavalent Chromium 100 pg/L® 160 pg/L (299-W11-43) 0.79
Chromium (total) 100 pg/Le 463 pg/L (299-W14-16) 0.21
lodine-129 1 pCi/L 1.46 pCi/L (299-W6-15) 0.09
Nitrate® 45 mg/L 620 mg/L (299-W14-16) 7.8
Technetium-99 900 pCi/L 11,100 pCi/L (299-W11-40) 0.04
Trichloroethene 1 pg/L 16 pg/L (299-W14-72) 1.6
Tritium 20,000 pCi/L 60,300 pCi/L (699-48-77D) 0.16
References:

EPA et al., 2008, Record of Decision Hanford 200 Area 200-ZP-1 Superfund Site Benton County, Washington.

EPA et al., 2011, Record of Decision Hanford 200 Area Superfund Site 200-CWS5 and 200-PW-1, 200-PW-3, and 200-PW-6
Operable Units.

EPA et al., 2012, Record of Decision for Interim Remedial Action, Hanford 200 Area Superfund Site, 200-UP-1
Operable Unit.

a. Estimated area above listed water quality standard.

b. Area of full plume footprint, all depths in unconfined aquifer, at greater than 3.4 pg/L.
¢. 100 pg/L federal drinking water standard for total chromium.

d. 48 pg/L groundwater cleanup standard for hexavalent chromium.

e. Nitrate as nitrate; 10 mg/L nitrate as nitrogen.

Technetium-99. Sources of technetium-99 contamination in the 200-ZP-1 OU include releases from

past leaks in SSTs and pipelines in WMA T and WMA TX-TY, as well as liquid waste disposal from
plutonium-processing operations to cribs and trenches adjacent to the WMAs. The highest concentration
was 11,100 pCi/L observed in monitoring well 299-W11-40, located east (downgradient) of WMA T
(Table 4-5). Technetium-99 exceeded the 900 pCi/L cleanup standard at three monitoring wells in the
200-ZP-1 OU in 2017 (Figure 4-4). In addition, the increasing trends in these wells between 2012 and 2017
appear to have reversed and showed declines in 2017. Table 4-4 highlights a comparison of the monitoring
wells with increasing or decreasing concentrations and those wells with concentrations remaining stable for
technetium-99 in 2017. Technetium-99 concentrations declined in most of the monitoring wells in the
200-ZP-1 OU between 2012 and 2017.

Since 2012, the high extraction rate at well 299-W14-20 directs groundwater flow eastward, capturing
contamination beneath WMA TX-TY. In 2015, technetium-99 concentrations increased to nearly four times
the concentrations detected in 2012 in two monitoring wells downgradient of WMA TX-TY

(from 5,900 pCi/L in 2012 to 20,500 pCi/L in well 299-W14-13, and from 3,500 pCi/L in 2012 to

19,100 pCi/L in 2015 in well 299-W14-11) because these two wells are in the flowpath of high plume
concentrations drawn to extraction well 299-W14-20. Concentrations in well 299-W14-20 also increased
from 1,241 pCi/L in 2012 to a maximum of 2,450 pCi/L in 2015. In 2017, however, maximum
technetium-99 concentrations declined by nearly one-half of the 2015 concentrations to 10,600 pCi/L in
well 299-W14-13, to 9,340 pCi/L in well 299-W14-11, and to 1,100 pCi/L in well 299-W14-20.
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Trichloroethene. TCE in the 200-ZP-1 OU is detected at levels above the cleanup standard (1 pg/L)
throughout most of the OU and is collocated with the high-concentration portion of the carbon tetrachloride
plume. TCE contamination is found from the water table to the bottom of the aquifer. Table 4-4 highlights a
comparison of the monitoring wells with increasing or decreasing concentrations and those wells with
concentrations remaining stable for TCE in 2017. The maximum TCE concentration reported during 2017
was 16 pg/L in well 299-W14-72 (Table 4-5), which is a 154% increase from the 2012 concentration of

6.3 pg/L. The increase is because the well is near extraction well 299-W11-49, which is drawing in
contaminated water from surrounding areas. The highest TCE concentrations were also observed in well
299-W14-71 (a 200-UP-1 OU monitoring well) and extraction well 299-W11-90 at 12.5 and 12.2 pg/L,
respectively. TCE concentrations decreased in most of the 200-ZP-1 and 200-UP-1 OU monitoring wells
between 2012 and 2017 (Table 4-4). For example, well 299-W11-33Q decreased from 11.0 pg/L in 2012 to
1.9 pg/L in 2017, well 299-W11-43 decreased from 11.0 to 1.5 pg/L, and well 299-W15-50 decreased from
7.9 t0 0.4 pg/L. TCE exceeded the 1 pg/L cleanup standard at 25 of the 95 monitoring wells in the

200 West Area in 2017, a decrease of 12 wells from the 37 wells above the cleanup level in 2012. In 2017,
TCE concentrations in 200-ZP-1 OU wells declined an average of 39% since 2012 due to 200 West P&T
remediation activities. The TCE contaminant plume extent increased since 2012, which was evident based
on sample data from the entire aquifer (not just the upper 15 m [50 ft]) and sample data collected during
drilling of new wells in the eastern portion of the 200-ZP-1 OU that were used to delineate the plume.

Tritium. Tritium concentrations did not exceed the cleanup standard of 20,000 pCi/L in the 200-ZP-1 OU,
except in wells 699-48-77C (45,700 pCi/L) and 699-48-77D (60,300 pCi/L), which are monitoring wells
adjacent to the State-Approved Land Disposal Site (SALDS). Active permitted discharges at SALDS are an
ongoing source of tritium to groundwater in the 200-ZP-1 OU. Past sources of contamination included
liquid waste from plutonium processing to disposal facilities (including the 216-T-25 Trench) and past leaks
from tanks and pipelines adjacent to WMA TX-TY. Excluding the wells near SALDS, the maximum tritium
concentration reported in 2017 in the 200-ZP-1 OU was 12,800 pCi/L at well 299-W14-11 (a monitoring
well located downgradient of WMA TX-TY). Tritium concentrations at wells in the 200-ZP-1 OU are
declining, from a maximum of 2,940,000 pCi/L in 2000 to 12,800 pCi/L in 2017, which is a 99% decrease
in 17 years. The plume area northeast of WMA T has decreased based on declining concentrations in wells
downgradient of WMA T. The decline in tritium concentrations is due to diffusion, migration, and the short
half-life.

4.3.1.3 Natural Attenuation Daughter Products and Field Parameters

Natural attenuation processes are part of the cleanup remedy, along with P&T, to reduce COC
concentrations to below cleanup levels. Natural attenuation processes relied upon to reduce COC
concentrations include abiotic and bio-degradation, dispersion, dilution, sorption, and radioactive decay
(for tritium). As presented in the 200-ZP-1 OU ROD (EPA et al., 2008), natural attenuation processes are
invoked to reduce COC concentrations to acceptable levels within about 100 years from cessation of

the P&T operational period. Chloroform, dichloromethane, and chloromethane are monitored within the
groundwater interest area as degradation products of carbon tetrachloride; vinyl chloride and
cis-1,2-dichloroethene are monitored as degradation products of TCE; chloride is monitored as a general
degradation product of chlorinated solvents; and nitrite is monitored to evaluate for evidence of nitrate
reduction. Table 4-6 presents average values for these products of attenuation processes, as well as the
measured field parameters in the contaminant monitoring well network during 2017. These sample results,
combined with results from previous years’ monitoring, are establishing a data set that can be analyzed to
describe the baseline concentrations and trends in MNA indicator parameters.
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Table 4-6. Average Concentrations of Natural Attenuation Daughter Products
and Field Parameters in the Contaminant Monitoring Well Network, 2017
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299-W10-1 20,000 3.90 <0.26 | <0.25 <0.68 7,535 0.13 2855 7.98 414 16.8 9.28 <0.49
299-W10-14 10,200 <0.10 <0.10 | <0.10 <0.27 2,910 <0.07 125.9 8.04 361 19.7 0.70 <0.19
299-W10-27 24,967 12.00 <0.10 | <0.10 <0.27 4,697 0.08 271.1 8.11 872 18.1 11.28 <0.19
299-W10-30 28,800 0.54 <0.30 | <0.30 <1.60 10,456 | <0.03 2815 7.89 410 20.1 1.53 <0.30
299-W10-31 26,000 0.52 <0.10 | <0.10 <0.27 10,383 | <0.03 277.1 7.85 502 18.8 2.43 <0.19
299-W10-33 6,900 <0.30 <0.30 | <0.30 <1.60 140 0.06 153.1 8.01 341 19.7 0.35 <0.30
299-W11-13 <200 6.30 <0.10 | <0.10 <0.27 11,530 0.64 173.4 8.12 840 16.1 39.10 <0.19
299-W11-18 14,000 5.18 <0.30 | <0.30 <1.60 8,120 <0.04 257.9 7.97 469 16.7 431.00 <0.30
299-W11-33Q | 30,000 2.40 <0.10 | <0.10 <0.27 9,180 <0.04 2725 7.96 555 16.4 4.60 <0.19
299-W11-43 17,000 3.09 <0.30 | <0.30 <1.60 10,410 | <0.04 284.8 7.71 1,112 19.4 0.41 <0.30
299-W11-45 15,567 7.65 <0.30 | <0.30 <1.60 8,733 0.06 2412 7.91 605 18.2 1.79 <0.30
299-W11-47 19,433 7.40 <051 | <0.50 <1.40 9,326 0.08 246.4 7.98 672 19.5 1.78 <0.97
299-W11-48 16,000 8.30 <051 | <0.50 <1.40 10,900 0.09 192.7 7.69 685 18.1 2.75 <0.97
299-W11-87 44,000 10.30 <750 | <750 | <4000 | 11,690 0.09 202.8 7.52 647 20.1 0.53 <7.50
299-W11-88 7,300 <0.30 <0.10 | <0.10 <0.27 1,680 0.07 330.0 7.97 439 20.2 0.61 <0.19
299-W13-1 37,000 7.40 <1.00 | <1.00 <2.70 10,780 | <0.04 362.4 7.46 513 16.5 2.88 <1.90
299-W13-2+ * 3.70 <0.08 * <0.27 8,130 * * 7.83 458 20.5 3.96 <0.08
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Table 4-6. Average Concentrations of Natural Attenuation Daughter Products
and Field Parameters in the Contaminant Monitoring Well Network, 2017
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299-W14-11 25,033 6.23 <0.30 | <0.30 <1.60 8,693 <0.03 243.2 7.58 898 20.9 0.81 <0.30
299-W14-13 33,350 5.10 <1.00 | <1.00 <2.70 8,645 0.08 267.0 7.87 950 19.5 8.67 <1.90
299-W14-14 21,900 3.35 <0.30 | <0.30 1.63 8,820 0.07 212.9 8.00 559 18.5 4.24 <0.30
299-W14-71 — 12.7 <0.30 | <0.30 <1.60 10,210 — 325.1 7.90 372 21.3 1.96 <0.30
299-W14-72 20,000 9.90 <1.00 | <1.00 <2.70 7,910 0.06 362.2 7.17 368 16.9 1.32 <1.90
299-W15-11 19,000 0.93 <0.30 | <0.30 <1.60 9,620 0.08 234.1 7.99 483 18.8 0.74 <0.30
299-W15-152 | 26,000 0.28 <0.10 | <0.10 <0.27 7,336 <0.04 2114 7.71 558 20.6 0.59 <0.19
299-W15-17 11,100 <0.30 <0.30 | <0.30 <1.60 7,025 <0.02 331.2 7.74 378 19.7 2.67 <0.30
299-W15-33 20,000 0.79 <0.10 | <0.10 <0.27 9,210 0.08 267.6 8.08 450 19.0 0.75 <0.19
299-W15-37+ — 5.25 <0.30 | <0.30 <1.60 7,640 — 1774 8.31 436 215 1.21 <0.30
299-W15-42+ | 52,000 3.90 <0.08 | <0.09 <0.27 8,670 <0.04 288.4 7.74 672 21.4 0.35 <0.08
299-W15-46 20,200 0.38 <0.10 | <0.10 <0.27 8,080 <0.03 135.1 7.81 515 20.0 2.62 <0.19
299-W15-49 28,850 0.66 <0.30 | <0.30 <1.60 11,030 <0.07 166.8 7.84 525 19.5 4.74 <0.30
299-W15-50 22,300 1.80 <0.10 | <0.10 <0.27 8,340 <0.03 37.8 7.83 596 19.8 0.73 <0.19
299-W15-7 16,600 1.10 <0.30 | <0.30 <1.60 8,190 0.12 88.0 7.83 522 20.4 6.91 <0.30
299-W15-763 | 20,850 1.83 <0.30 | <0.30 <1.60 8,670 0.06 208.9 7.97 614 19.5 3.78 <0.30
299-W15-765 | 33,850 0.76 <0.10 | <0.10 <0.27 9,610 0.08 268.7 7.79 495 18.8 1.02 <0.19
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Table 4-6. Average Concentrations of Natural Attenuation Daughter Products
and Field Parameters in the Contaminant Monitoring Well Network, 2017
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299-W15-83 20,500 0.55 <0.10 | <0.10 <0.27 10,635 <0.03 305.2 7.91 496 19.5 3.13 <0.19
299-W15-94 21,500 <0.30 <0.30 | <0.30 <1.60 7,815 <0.02 326.6 7.84 554 19.7 1.89 <0.30
299-W18-1 31,400 0.26 <0.10 | <0.10 <0.27 7,990 <0.03 267.7 7.84 593 19.2 0.39 <0.19
299-W18-15 18,000 0.46 <0.30 | <0.30 <1.60 5,350 0.09 205.5 8.20 393 16.5 17.60 <0.30
299-W18-16 23,600 1.10 <0.10 | <0.10 <0.27 9,660 <0.03 225.3 7.88 1,255 20.1 506.00 <0.19
299-W18-21 41,000 <0.30 <0.30 | <0.30 <1.60 6,728 <0.01 439.0 8.09 619 19.1 40.20 <0.30
299-W18-22 20,000 0.31 <0.10 | <0.10 <0.27 7,792 <0.01 393.6 7.92 422 21.0 1.88 <0.19
299-W18-40 16,000 2.67 <0.30 | <0.30 <1.60 11,354 | <0.03 387.4 7.85 450 21.2 6.11 <0.30
299-W19-105 | 4,400 0.90 <0.30 | <0.30 <1.60 8,760 0.07 74.8 7.94 278 19.9 2.4 <0.30
299-W19-107 | 20,000 7.40 <0.10 | <0.10 <0.27 10,430 0.08 401.1 7.66 433 19.7 0.66 <0.19
299-W19-18* — <0.1 <0.08 | <0.09 <0.27 10,340 — 294.0 9.53 234 16.7 41.70 <0.08
299-W19-34A | 8,500 2.49 <0.30 | <0.30 <1.60 9,210 0.07 323.3 7.65 329 19.0 45.6 <0.30
299-W19-34B — 7.87 <0.30 | <0.30 <1.60 5,020 — 341.0 751 340 20.1 0.69 <0.30
299-W19-36 8,150 8.40 <0.10 | <0.10 <0.27 8,130 0.08 313.8 7.72 980 21.1 1.89 <0.19
299-W19-4 24,000 5.20 <0.10 | <0.10 <0.27 6,700 <0.04 350.6 7.84 549 21.8 3.29 <0.19
299-W19-41 19,500 5.26 <0.60 | <0.60 <3.20 8,990 <0.04 309.5 8.44 390 16.6 2.09 <0.60
299-W19-47 12,667 4.03 <0.30 | <0.30 <1.60 8,320 <0.03 278.7 7.79 422 19.0 4.02 <0.30
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Table 4-6. Average Concentrations of Natural Attenuation Daughter Products
and Field Parameters in the Contaminant Monitoring Well Network, 2017
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299-W19-48 4,800 0.57 <0.10 | <0.10 <0.27 7,980 <0.04 289.1 7.90 303 21.3 0.91 <0.19
299-W19-49+ — 4.36 <0.30 | <0.30 <1.60 8,825 — 362.3 7.74 388 21.0 2.41 <0.30
299-W19-6 5,000 3.15 <0.30 | <0.30 <1.60 6,640 0.06 265.4 7.96 276 18.6 4.45 <0.30
299-W21-2 13,000 1.47 <0.30 | <0.30 <1.60 7,830 <0.01 286.6 7.72 425 223 20.90 <0.30
299-W22-47 5,443 2.70 <0.30 | <0.30 <1.60 8,400 <0.03 259.8 7.20 247 17.8 1.97 <0.30
299-W22-72 8,910 2.88 <0.30 | <0.30 <1.60 6,800 <0.03 293.1 7.74 341 21.1 2.94 <0.30
299-W22-86 6,740 1.19 <0.30 | <0.30 <1.60 7,080 <0.03 2915 7.81 305 22.6 2.90 <0.30
299-W22-87 — 0.56 <0.10 | <0.10 <0.27 8,870 — 287.2 7.80 273 19.4 3.06 <0.19
299-W22-88 — 1.41 <0.30 | <0.30 <1.60 8,620 — 275.6 7.79 372 20.9 4.94 <0.30
299-W23-19 11,025 1.69 <0.30 | <0.30 1.86 8,025 0.04 319.4 7.59 529 18.8 3.73 <0.30
299-W23-4 8,400 1.60 <0.10 | <0.10 <0.27 7,560 0.07 130.1 7.89 303 18.1 46.00 <0.19
299-W26-13 6,225 0.35 <0.30 | <0.30 <1.60 | 167,140 | 0.05 321.0 7.75 306 18.1 1.70 <0.30
299-W27-2 19,700 0.57 <0.30 | <0.30 <1.60 8,280 <0.03 229.9 7.50 369 18.1 4.87 <0.30
299-W5-2% * 3.86 <0.19 * 1.64 8,057 <0.04 72.8 7.45 1,302 20.5 31.2 <0.19
299-W6-3 7,600 0.92 <0.01 | <0.10 <0.27 5,660 <0.07 367.2 8.20 836 14.8 0.91 <0.19
299-W6-6 44,000 <0.30 <0.30 | <0.30 <1.60 15,050 | <0.04 356.6 7.32 616 125 5.23 <0.30
299-W7-3 4,210 0.68 <0.10 | <0.10 <0.27 5,270 <0.03 151.0 7.81 309 17.1 2.23 <0.19
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Table 4-6. Average Concentrations of Natural Attenuation Daughter Products
and Field Parameters in the Contaminant Monitoring Well Network, 2017
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699-30-66 — 0.90 <0.10 | <0.10 <0.27 6,880 — 395.0 7.47 389 20.2 0.53 <0.19
699-32-62 — <0.10 <0.10 | <0.10 <0.27 10,230 — 291.1 8.08 363 19.0 3.39 <0.19
699-32-72A — 0.56 <0.30 | <0.30 <1.60 5,310 — 179.3 8.03 352 20.9 9.64 <0.30
699-33-75 9,930 0.46 <0.30 | <0.30 <1.60 | 104,187 | <0.04 268.5 7.57 289 17.4 1.07 <0.30
699-34-61 — 0.87 <0.30 | <0.30 <1.60 10,100 — 302.9 7.96 395 19.6 9.95 <0.30
699-35-66A 11,200 1.02 <0.30 | <0.30 <1.60 6,590 <0.03 334.9 8.04 384 20.6 3.30 <0.30
699-35-78A+ — 0.85 <0.30 | <0.30 <1.60 6,420 — 246.8 8.02 291 16.7 2.30 <0.30
699-36-61A 12,000 0.38 <0.10 | <0.10 <0.27 7,720 <0.01 267.1 7.77 398 21.3 4.45 <0.19
699-36-66B 19,600 0.68 <0.30 | <0.30 <1.60 7,550 <0.03 379.8 7.80 478 21.5 1.93 <0.30
699-36-70A 12,750 0.75 <0.30 | <0.30 <1.60 7,610 <0.03 222.9 7.87 356 20.5 1.52 <0.30
699-36-70B 17,400 2.41 <0.30 | <0.30 <1.60 10,480 0.08 230.6 7.88 508 25.5 75.10 <0.30
699-37-66 16,767 0.64 <0.30 | <0.30 <1.60 9,480 <0.03 234.4 7.71 617 21.5 2.52 <0.30
699-38-61 12,000 0.22 <0.10 | <0.10 <0.27 7,210 0.08 261.0 7.63 412 19.8 2.23 <0.19
699-38-65 16,000 0.42 <0.30 | <0.30 <1.60 4,650 <0.03 32.2 8.00 738 21.8 26.40 <0.30
699-38-68A — 1.80+ | <0.08+ | <0.09+ | <0.27+ | 10,130 — 260.8 8.16 694 17.4 118.00 | <0.08+
699-38-70B — 6.49 <0.30 | <0.30 <1.60 10,930 — 402.6 7.69 519 21.0 0.51 <0.30
699-38-70C 19,800 210+ | <0.08+ | <0.00+ | <0.27+ 9,100 <0.03 374.7 7.64 624 21.4 0.37 <0.08+
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Table 4-6. Average Concentrations of Natural Attenuation Daughter Products
and Field Parameters in the Contaminant Monitoring Well Network, 2017
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699-40-62 13,000 0.25+ | <0.08+ | <0.09+ | <0.27+ 8,020 0.09 128.0 7.92 609 20.7 0.82 <0.08+
699-40-65 23,700 1.59 <0.30 | <0.30 <1.60 9,650 <0.03 2455 7.51 766 21.1 1.23 <0.30
699-43-69 28,300 5.00 <0.10 | <0.10 <0.27 10,640 | <0.03 319.7 7.82 516 20.8 4.24 <0.19
699-44-64 25,000 1.30 <0.10 | <0.10 <0.27 7,120 <0.04 334.0 7.85 496 21.3 4.97 <0.19
699-45-69A+ | 21,000 0.78 <0.08 | <0.09 <0.27 9,280 <0.04 353.0 8.14 446 18.9 4.63 <0.08
699-45-69C 18,700 1.40 <0.10 | <0.10 <0.27 10,300 | <0.03 415.0 7.81 741 20.7 0.58 <0.19
699-47-60 9,360 <0.30 <0.30 | <0.30 <1.60 7,360 <0.03 275.0 8.21 409 17.6 7.01 <0.30
699-48-71 8,400 3.20 <0.26 | <0.25 <0.68 9,945 0.10 210.4 7.91 863 17.2 6.37 <0.49
699-50-74 2,270 0.68 <0.10 | <0.10 <0.27 10,440 | <0.03 257.3 8.01 284 19.7 0.57 <0.19
699-51-63 13,300 <0.30 <0.30 | <0.30 <1.60 7,140 <0.03 239.4 8.10 367 20.5 1.30 <0.30

Notes: The less than symbol (<) indicates that the sample result was below the listed detection limit.

Concentrations are averaged for all sample results collected throughout the year from each monitoring well for each contaminant.
X = calendar year 2015 data; no data available for 2016 or 2017
= calendar year 2016 data; no data available for 2017
= no data available for 2017

— = analyses not scheduled in 2017
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It is anticipated that reports prepared following collection of about 5 years of operational data will include
trend-based analyses of parent contaminant data (e.g., carbon tetrachloride and TCE), degradation product
data and other groundwater geochemical and hydraulic conditions to evaluate the likely contribution of
natural attenuation processes to plume reduction, and to commence more regular analyses of attenuation
processes, thereby providing a basis for the ultimate transition from P&T operations to MNA.

4.3.2 Hydraulic Monitoring

This section describes the data obtained from the hydraulic monitoring network implemented to evaluate
conditions for the 200-ZP-1 OU in CY 2017. Initial baseline data for the 200-ZP-1 OU (collected in 2012
prior to the startup of the 200 West P&T) are used for comparison with data obtained during later years to
understand changes in groundwater levels, drawdown, saturated thickness, the extent of hydraulic
containment, and patterns in contaminant distribution and movement within the aquifer beneath the
200-ZP-1 OU.

4.3.2.1 Hydraulic Monitoring Network

The hydraulic monitoring network for the 200-ZP-1 OU groundwater remedy incorporates water levels
obtained from the using the following sources and methods (Figure 4-6):

e Monitoring wells, using manual (depth-to-water) measurements

e Monitoring wells, using in situ pressure transducers with data loggers, with records stored on the data
logger and retrieved using telemetry (referred to as the automated water-level network [AWLN])

e Extraction and injection wells, using pressure transducers with records stored on the central
treatment system supervisory control and data acquisition system and retrieved via
a human/machine interface

Groundwater-level data obtained during 2017 include water levels obtained during synoptic water-level
campaigns, where water levels are obtained over a short time period from a defined group of wells that
cover a wide area throughout the OU, and water levels obtained from the AWLN, which incorporates

a smaller number of wells than is measured during synoptic surveys but that provide an essentially
continuous record at those locations.

The synoptic water-level event in the 200 West Area occurred in March 2017 when water levels were
obtained from over 100 monitoring wells in the 200-ZP-1 OU and additional wells in the 200-UP-1 OU
and 200 East Area. From the 166 well locations monitored during 2017, 133 wells in the 200 West Area
were used to prepare groundwater-level maps that are depicted in this section.

In addition to the synoptic event, water levels were recorded throughout 2017 using pressure transducers
with data loggers installed in 24 monitoring wells in the 200-ZP-1 OU, plus additional wells instrumented
with data loggers and pressure transducers as part of monitoring for the adjacent 200-UP-1 OU P&T
remedies. Water levels were also recorded in extraction and injection wells that were instrumented with
pressure transducers and actively operated during 2017, which varied in number throughout the year.
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Figure 4-6. Location of Monitoring Wells Possessing Groundwater Elevation Data During 2017

0 ‘A3 ‘89-/T02-1d/304



DOE/RL-2017-68, REV. 0

4.3.2.2 Hydraulic Monitoring Data

This subsection presents water-level data obtained during 2017 and provides initial depictions of the data.
Section 4.4 provides a more detailed interpretation of the data.

When reviewing and interpreting water-level data, flow rates recorded at each extraction and injection
well are also reviewed to provide an understanding of the probable causes of changing groundwater
levels. Analyses of water-level data presented in this report generally focus on conditions during the
month of December, representing the impact and effect of sustained pumping achieved by the end of the
year. Figure 4-1 shows extraction and injection rates typical of operations during December 2017. The
200 West P&T average total throughput for December 2017 was 8,558 L/min (2,259 gal/min): this total
throughput combines groundwater extracted from the 200-ZP-1 OU, 200-UP-1 OU, 200-BP-5 OU, and
200-DV-1 perched water.

4.3.2.3 Water-Level Hydrographs

Figures 4-7 through 4-9 present water-level hydrographs for selected monitoring wells within the AWLN
that are located near the 200-ZP-1 OU groundwater extraction wells. These figures illustrate changes in
groundwater elevations at monitoring wells (shown using continuous lines) in response to changing
pumping rates at the closest remedy well (shown as gray-shaded “top-down” columns).
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Figure 4-7. Water-Level Hydrographs for Selected Monitoring Wells
Located near Groundwater Extraction Well 299-W11-50
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Figure 4-9. Water-Level Hydrographs for Selected Monitoring Wells
Located near Groundwater Extraction Well 299-W17-2
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Figures 4-10 (insets a and b) present contoured groundwater elevations during December 2017 (during
which time the P&T system was operating) and during June 2012 (prior to startup of the final

200-ZP-1 P&T remedy), prepared by interpolating data obtained from monitoring wells screened above
the RLM in the unconfined aquifer. The contours that depict the water table during June 2012 show the
general patterns when a P&T remedy was not operating in the 200 West Area (DOE/RL-2013-14
provides details on the original preparation of these contours). The difference between the contoured
water levels obtained using data from December 2017 and those obtained during June 2012 illustrates the
general pattern of impacts to groundwater levels from extraction and reinjection since the 200-ZP-1 OU
(and to a lesser extent, the neighboring 200-UP-1 OU) P&T remedy began operating. The maps were
constructed by interpolating groundwater-level data using the kriging technique described in SGW-42305,
with a combination of manual water-level data, AWLN data, and contemporaneous groundwater
extraction and injection rates at operating P&T remedy wells.

As detailed in SGW-42305, the kriging incorporates, in an approximate manner, the drawdown and
mounding that result from groundwater extraction and injection above the RLM. Comparison of

Figure 4-10 inset (a) with inset (b) identifies focused areas of groundwater mounding in response to
injection and drawdown in response to extraction at wells screened partially or entirely above the RLM.
Because most groundwater extraction occurs above the RLM, drawdown and mounding are clearly
reflected in the measured water-level data and elevation contours, and figure 4-10 (inset b) shows a
well-defined area of convergent hydraulic gradients centered on the extraction wells.

Figure 4-11 presents two depictions of changes in groundwater levels, as computed using the same
water-level mapping method for data above the RLM between June 2012 and December 2017. The
groundwater table in the Central Plateau is still falling in many areas due to cessation of historical
operational discharges of water to the subsurface. In 2014, the rate of decline was estimated to be about
0.22 t0 0.27 m/yr (0.72 to 0.89 ft/yr). To accommodate this background decline of water levels that is not
due to the P&T operating, Figure 4-11 (inset a) presents the simple difference between the June 2012 and
December 2017 water-level contours (i.e., unadjusted change), while Figure 4-11 (inset b) presents the
difference between the June 2012 and December 2017 water-level contours plus the estimated area-wide
head change of about 1.37 m (about 4.49 ft) from June 2012 to December 2017 due to the cessation of
historical operational discharges (i.e., adjusted change). Thus, Figure 4-11 (inset b) approximates the
change in groundwater levels that are solely due to operation of the P&T systems in the 200 West Area.
It is important to note that the extent of drawdown is not the same as the extent of hydraulic containment,
which is evaluated in Section 4.4.

4.3.2.4 Sources of Uncertainty in Mapped Water Levels

The groundwater-level contour maps are constructed using a technique that incorporates the effects of
drawdown and mounding due to groundwater extraction and reinjection. The resulting maps represent the
values of water levels measured at each well and provide a plausible interpretation of groundwater levels
and hydraulic gradients between measured locations. However, the accuracy of the maps is influenced by
the accuracy of the measured or recorded water levels; the number and distribution of monitoring
locations; the relationship between the open interval of the monitoring wells and those of the extraction
and injection wells; the degree of adherence to assumptions that underlie the mapping method (as outlined
in SGW-42305); and, the presence, continuity, and hydraulic properties of the RLM. The unconfined
aquifer in most of the 200 West Area is underlain by the RLM, which acts where present as a locally
confining unit. However, this unit is absent in the northeastern portion of the 200 West Area, so the
unconfined aquifer extends to the top of the basalt.
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Figure 4-10. Groundwater Elevation Contours Computed Using Water-Level Mapping:
(a) Above the RLM in June 2012; (b) Above the RLM in December 2017
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The water-level maps and the derived hydraulic containment maps presented in Section 4.4 are
interpreted as reasonable approximations that provide value when interpreting directions and rates of
groundwater movement and the likely extents of convergent hydraulic gradients that together develop
hydraulic containment. Water-level and hydraulic containment depictions that are computed using the
Central Plateau Groundwater Model (CPGWM) (CP-47631, Model Package Report: Central Plateau
Groundwater Model Version 3.3) are also presented for comparison with the interpolated water-level and
hydraulic containment maps.

4.3.2.5 Potential Impacts to the Remedy from Changing Groundwater Elevations

Groundwater elevation changes computed from measured water-level data are generally consistent

with expectations based on the 200-ZP-1 OU remedy design, as described in Revision 0 of the RD/RAWP
(DOE/RL-2008-78). This report considers two potential impacts to the remedy from changing
groundwater elevations: first, impacts to the monitoring network (discussed in this section), and second,
impacts to the efficacy of groundwater extraction and reinjection and, therefore, on hydraulic containment
and contaminant mass recovery (discussed in further detail in Section 4.4).

As noted in SGW-50907, Predicted Impact of Future Water-Level Declines on Groundwater Well
Longevity within the 200 West Area, Hanford Site, water-level declines due to a combination of
background regional decline plus groundwater extraction associated with remediation will cause some
monitoring wells to go dry. This will prevent groundwater samples and water levels from being obtained
at those locations and is expected to be most pronounced in areas near extraction wells. SGW-50907
predicted that 29 wells would become sample dry (i.e., exhibit <0.9 m [3 ft] of water above the bottom of
the screened interval and, therefore, have insufficient water depth to allow operation of a sampling pump)
soon after the startup of 200 West P&T (i.e., during CY 2012 and CY 2013). During CY 2017, the
remaining wells that were predicted to go dry but had not yet gone sample dry are as follows:

e 299-W15-3 e 299-W18-21
e 299-W19-35 e 299-W6-12
e 209-W7-4 e 699-32-77

e 699-45-69A e 699-48-77A
e 699-48-77D e 699-50-59

In some cases, the status of a monitoring well is unknown for logistical reasons. For example,
SGW-50907 projected that well 299-W15-3 would become sample dry during 2012, but the well is
located inside a tank farm and has been inaccessible for routine sampling since 2009. SGW-50907 also
projected that some wells may recover over time due to nearby reinjection of water treated at the

200 West P&T. For example, well 299-W8-1, which was sample dry during CY 2012, now contains
sufficient water for sampling.

4.3.3 Performance Data Evaluation Methods and Tools

This section provides an overview of the methods and tools used to evaluate the performance
monitoring data.

4.3.3.1 Initial Data Analyses

Performance monitoring data are initially evaluated by preparing time-series plots such as water-level
hydrographs or sample concentrations versus time. These plots enable assessments of data reliability,
consistency with or change from previous data and, when compared with regulatory standards or other
target concentrations, progress toward attaining intermediate goals or ultimate RAOs. Emphasis is placed
here on water-level and sample data obtained from the monitoring wells listed in the PMP
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(DOE/RL-2009-115); however, this is supplemented with data from other wells within the 200-ZP-1 OU
and adjacent 200-UP-1 OU when and where available. Data obtained from extraction and injection wells,
including pumping rates and water levels, are also plotted as time-series for qualitative evaluation and for
more quantitative use in evaluating the change in well capacities over time.

Performance monitoring data are also initially evaluated by preparing maps illustrating monitoring or
sampling locations, as well as other graphical analyses including histograms comparing recent results
with baseline values.

4.3.3.2 Interpretive Data Analyses

Following the initial plots, graphs, and posted maps, interpretive analysis methods are used to evaluate
data for spatial or temporal trends; combine the data to prepare maps; compute descriptive statistics;
prepare inputs for, or help interpret the outputs of, groundwater modeling; and, through these calculations,
interpret the data in the context of the targets, goals, and final RAOs. Outputs from these calculations
include interpolated and simulated maps of groundwater elevations, drawdown, saturated thickness, and
hydraulic containment; geostatistical estimates of the three-dimensional extent of contamination;
statistical analysis of contaminant concentrations over time (i.e., trends) for individual wells and for the
entire PMP monitoring network. A small number of interpretive maps was presented in the foregoing
sections; the majority of interpretive analyses follow this section. Ultimately, projections of the
anticipated remedy performance in terms of attaining the RAOs are required, which are completed using
the CPGWM which is described next.

4.3.3.3 Analysis Using the Central Plateau Groundwater Model

In anticipation of the need for computationally rigorous modeling analyses of both groundwater flow and
contaminant transport, a numerical groundwater flow and contaminant transport model was developed to
provide calculations in support of the post-ROD remedy design, focusing on the RD/RAWP for the
200-ZP-1 OU (DOE/RL-2008-56, 200 West Area Pre-Conceptual Design for Final Extraction/Injection
Well Network: Modeling Analyses; DOE/RL-2009-38; DOE/RL-2008-78). This model has a geographic
extent, or domain, that covers most of the Central Plateau, encompassing most of four groundwater OUs:
200-PO-1, 200-BP-5, 200-UP-1, and 200-ZP-1. The model was constructed using MODFLOW to
simulate groundwater flow and MT3DMS to simulate contaminant transport. Since 2009, this model has
been referred to and documented as the CPGWM and has been revised and updated to reflect new data
and information obtained since that time.

The CPGWM is used for two related but contrasting uses: (1) to compare modeled and measured
quantities from previous years’ performance monitoring data collection, including groundwater levels,
concentrations, and derived interpretation of those quantities such as estimates of hydraulic containment;
and (2) to provide projections of likely future conditions and progress toward attaining short-term targets,
intermediate-term goals, and the final RAOs. The CPGWM is updated each CY to incorporate actual
(monthly averaged) extraction and injection rates to minimize differences between actual and simulated
flows. Application of the CPGWM during CY 2017 for remedy evaluation purposes is described in
ECF-HANFORD-18-0030, which also provides the calculation methods used to evaluate hydraulic
containment and mass recovery for CY 2017.

4.4 Performance Data Evaluation

This section presents evaluations of the contaminant sampling data (Section 4.4.1) and hydraulic data
(Section 4.4.2).

4-42



DOE/RL-2017-68, REV. 0

441 Evaluation of Contaminant Data

This section presents evaluations of the contaminant data obtained from wells throughout the

200-ZP-1 OU and, where appropriate, the adjacent 200-UP-1 OU. Most of the analyses focus on data
obtained from wells included in the PMP (DOE/RL-2009-115). As demonstrated in the following
sections, the data and associated analyses provide information on the extent of contamination in
groundwater; concentration trends at individual wells and throughout the OU; and the impact of
groundwater extraction on concentration trends for the 200-ZP-1 COCs. These assessments are critical to
understanding how the remedy is performing to meet near-term targets and goals. However, because the
remedy is anticipated to operate for decades to allow the groundwater P&T and natural attenuation
processes to reduce concentrations, it is difficult to accurately predict the rate of progress toward attaining
final groundwater cleanup levels.

4.4.1.1 Two-Dimensional and Three-Dimensional Plume Maps

Calculations performed to design the groundwater remedy and to evaluate and optimize remedy
performance rely on depictions of the extent of groundwater contaminated above cleanup levels, as
established in the 200-ZP-1 OU ROD (EPA et al., 2008) and updated in Revision 0 of the RD/RAWP
(DOE/RL-2008-78). In particular, sample data are used to construct two-dimensional depictions of the
extent of contamination for all 200-ZP-1 COCs for use in the annual sitewide monitoring reports,
showing the general extent of contamination. In addition to these two-dimensional maps,
three-dimensional “plume shells” are constructed for some 200-ZP-1 COCs to use as initial conditions for
contaminant F&T calculations, and to provide a more comprehensive depiction of the three-dimensional
extent of contamination to evaluate contaminant F&T and remedy performance. The plume shells also
provide mass estimates for carbon tetrachloride and other COCs for evaluating the attainment of mass-
removal goals; to make projections of the likely effectiveness of the 200 West P&T remedy in achieving
the RAOs set forth in the 200-ZP-1 OU ROD; and to identify changes to extraction and injection rates
that should accelerate attaining these goals and RAOs.

Details for preparing the two-dimensional contamination plume maps presented in this section are
provided in ECF-Hanford-18-0013, Calculation and Depiction of Groundwater Contamination for the
Calendar Year 2017 Hanford Site Groundwater Monitoring Report. Details for preparing the
three-dimensional plume shells and figures presented in this section for two COCs (carbon tetrachloride
and nitrate) are provided in ECF-200W-18-0028 and are summarized in the following discussion.

To support Revision 0 of the 200-ZP-1 OU RD/RAWP (DOE/RL-2008-78), three-dimensional depictions
of the extent of carbon tetrachloride and other COCs were prepared using a combination of ordinary
kriging, uniform-score transform (quantile) kriging, and sequential Gaussian simulation (SGSIM)
techniques (DOE/RL-2009-38). The estimated three-dimensional extent and mass of contamination
within groundwater resulting from the application of these different techniques varied, reflecting the
uncertainty in the contamination extent at that time and differences in the three-dimensional interpolation
methods used. At that time, the three-dimensional extent and mass estimated using the SGSIM technique
was substantially higher than that estimated using the ordinary and quantile kriging methods. Implications
for these alternate mass estimates are discussed in this section.
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Since 2009, drilling of new injection wells downgradient of source areas revealed the presence of carbon
tetrachloride beneath the RLM and into the lower portion of the aquifer in areas where the RLM

is missing in the stratigraphic sequence. Extraction wells have since been constructed to the top of the
basalt where the RLM is absent to provide for flow-path control, containment, and capture of
contamination that migrated into these deeper parts of the aquifer. During CY 2012, the extent of carbon
tetrachloride and some other COCs in groundwater in the 200 West Area was mapped in three dimensions
(ECF-200ZP1-13-0006, Description of Groundwater Modeling Calculations for the Calendar Year 2012
(CY2012) 200 Areas Pump-and-Treat Report) using a variant on the quantile kriging technique.
Groundwater quality results obtained from well samples, in addition to characterization data obtained
between CY 2002 and CY 2011, were used as input for the mapping to provide an updated baseline for
remedy performance evaluation. The three-dimensional depictions were updated for the CY 2015 P&T
report using data obtained through CY 2015, again using a variant on the quantile kriging technique to
provide an updated approximate extent of COCs in groundwater and a more current initial condition for
modeling purposes (ECF-200ZP1-16-0076, Description of Groundwater Calculations and Assessments for
the Calendar Year 2015 (CY 2015) 200 Areas Pump and Treat Report).

During CY 2017, the three-dimensional extents of carbon tetrachloride and nitrate — together, the most
geographically widespread contaminants in the 200-ZP-1 OU — were revisited, this time using both the
variant on the quantile kriging technique and the SGSIM technique used during preparation of the
RD/RAWP (DOE/RL-2008-78). ECF-200W-18-0028 presents the calculations used for the updated
three-dimensional estimates. The extent of both carbon tetrachloride and nitrate was estimated using
sample data obtained for two periods: (1) average sample results obtained during CY 2014 through
CY 2015, and (2) average sample results obtained during CY 2017. The three-dimensional extents
estimated using data from CY 2014 through CY 2015 were used to obtain an understanding of the
contamination extent at that time and as initial conditions for predictive contaminant F&T modeling
(using the approach described in Section 4.5). This provided a period (CY 2016 through CY 2017) to
compare simulated with measured concentrations and mass recovery in wells and for the 200 West
treatment system in its entirety. The three-dimensional extents estimated using CY 2017 data were used to
obtain an understanding of the current contamination extent and for additional depictions presented in
ECF-Hanford-18-0013. The process used to evaluate the three-dimensional depictions obtained from
CY 2014 through CY 2015 data prior to their use as initial conditions in contaminant transport
simulations (comparing simulated concentrations and mass recovery with measured values over the
period of CY 2016 through CY 2017) is summarized below and detailed in ECF-Hanford-18-0013.

As detailed in ECF-200W-18-0028 and ECF-Hanford-18-0013, applying the quantile kriging technique
results in a single depiction of the three-dimensional contamination extent, whereas the application of the
SGSIM technique results in multiple “realizations” of the three-dimensional contamination extent. In this
case, application of SGSIM provided 100 alternate realizations of the extent of carbon tetrachloride and of
nitrate. When multiple realizations were generated during completion of Revision 0 of the RD/RAWP
(DOE/RL-2008-78), the mass present in the default arithmetic or “expected” average (i.e., E-type) was
substantially larger than that generated using ordinary kriging: this was interpreted as likely overstating
the mass of carbon tetrachloride present in groundwater, due to the absence of independent information to
weight the multiple realizations. Since that time, several years of mass recovery data have been recorded
from individual extraction wells and for the entire P&T system that are available to help constrain the
likely mass of carbon tetrachloride and nitrate present in groundwater. This information was used (as
described in ECF-200W-18-0028 and ECF-Hanford-18-0013) to develop a “weighted-average” plume
from the 100 SGSIM realizations (used in the following sections), which combined with the
representation derived from the quantile kriging method, helps represent the approximate extent of carbon
tetrachloride in groundwater.
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4.4.1.2 Carbon Tetrachloride Summary

DOE/RL-2013-14 provides historical carbon tetrachloride plume maps showing the gradual reduction

and elimination (between 1995 and 2004) of the >4,000 pg/L area around PFP. In 2017, no monitoring
locations exhibited carbon tetrachloride concentrations >2,000 pg/L. However, as a result of using sample
data obtained throughout the entire aquifer thickness, the estimated extent of the carbon tetrachloride
plume above the 3.4 pg/L cleanup level was revised from about 10.8 km? (4.2 mi?) in 2010 to about

14.0 km? (5.4 mi?) in 2011.

Figure 4-12 shows the approximate carbon tetrachloride footprint above the RLM (inset a) and below the
RLM (inset b), as derived from the three-dimensional quantile kriging technique used to prepare initial
conditions for contaminant F&T modeling. To produce the two figures shown in inset a and inset b, the
results of the three-dimensional quantile kriging were further post-processed to identify and then contour
the maximum concentrations in any of the layers in the three-dimensional grid first above, and then
below, the RLM. The resulting plume maps show carbon tetrachloride extending east, north, and south of
documented source areas. The area of the carbon tetrachloride plume is estimated from these maps to be
over 19.9 km? (7.7 mi?), extending from the western border of the 200 West Area to about 1 km (0.6 mi)
east of Route 3, and from the southern edge of the 200-UP-1 OU, northward to nearly Route 11A.
Because carbon tetrachloride in the 200-UP-1 OU is attributed to contamination migrating from the
200-ZP-1 OU, concentrations of carbon tetrachloride are monitored in 47 wells in the 200-UP-1 QU
(DOE/RL-2009-115).

Figure 4-13 shows the approximate carbon tetrachloride footprint above the RLM (inset a) and below
the RLM (inset b) using the weighted-average plume derived from the 100 SGSIM realizations (ECF-
200W-18-0028). To produce the two figures shown in inset a and inset b, the weighted-average SGSIM
plume was further post-processed to identify and then contour the maximum concentrations in any of the
layers in the three-dimensional grid, first above and then below the RLM. In general, the extent and
geometry are similar to that shown from the quantile kriging; however, two characteristics differ between
the maps produced using the quantile and SGSIM technique. First, the core area of the plume presented
using the quantile technique is more focused and highly concentrated than that generated using the
SGSIM technique; and second, the plume footprint is in most places larger for the plume prepared using
the SGSIM technique than that prepared using the quantile kriging technique.

Figures 4-14 and 4-15 provide cross-sectional views through three-dimensional interpolated carbon
tetrachloride plume prepared using the quantile kriging technique and the SGSIM technique, respectively.
Figures 4-14 and 4-15 generally show the carbon tetrachloride plume as extending to the east and
vertically, downward from the documented source areas, entering the Ringold unit A beneath the RLM
where the RLM appears to be absent.

Section 4.5 provides further discussion regarding the differences between the quantile and SGSIM
representations of carbon tetrachloride. In particular, the calculations are discussed that were completed
using the CPGWM to compare simulated with measured concentrations at extraction wells and mass
recovery using initial conditions derived from the quantile and SGSIM methods. These simulations were
used to post-processes the multiple realizations of contaminant extent obtained using SGSIM into

a single, most likely extent and to compare the most likely extent obtained using SGSIM with that
obtained using quantile kriging.
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Figure 4-12. Contaminant Plume Map for Carbon Tetrachloride, 2017:
(a) Above the RLM and (b) Below the RLM (Quantile Method)
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Figure 4-13. Contaminant Plume Map for Carbon Tetrachloride, 2017:
(a) Above the RLM and (b) Below the RLM (SGSIM Method)
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Sample data obtained during 2017 from most monitoring wells and extraction wells indicated that
concentrations are declining. Exceptions include some monitoring wells in close proximity to extraction
wells that draw in contamination from the surrounding area. Figures 4-16 through 4-18 provide
comparisons of the 2012 and 2017 carbon tetrachloride concentrations in the 200-ZP-1 OU and

200-UP-1 OU monitoring wells. Comparing CY 2017 carbon tetrachloride sample results to the baseline
concentrations indicates that concentration changes are mixed: during 2017, 13 monitoring wells had
increasing carbon tetrachloride concentrations in the 200-ZP-1 OU, and 8 monitoring wells had increasing
carbon tetrachloride concentrations in the 200-UP-1 OU. These monitoring wells are shown in

Figure 4-18 in relationship to the extraction wells for both 200-ZP-1 and 200-UP-1 wells.

4.4.1.3 Chromium Summary

Figure 4-19 shows the inferred extent of the dissolved chromium plume in the unconfined aquifer.

The dissolved chromium plume is migrating eastward in the 200-ZP-1 OU and (as discussed later in this
section) is within the capture zone of the 200 West P&T extraction wells. A comparison of sampling
results in 2012 and 2017 for dissolved chromium indicates that concentrations are declining at most
locations (Figure 4-20). Figure 4-21 presents a comparison of dissolved chromium concentrations in
relationship to the extraction wells.

4.4.1.4 lodine Summary

Figure 4-22 shows the extent of the iodine-129 plume in the unconfined aquifer. The iodine-129 plume
is migrating eastward (as with other contaminant plumes in the OU) and is within the capture zone of the
200 West P&T extraction wells (discussed later in this section). Concentrations declined in the
monitoring wells sampled in 2012 and 2017 (Figure 4-23). Figure 4-24 compares the iodine-129
concentrations in relationship to the extraction wells.

4.4.1.5 Nitrate Summary

Results of the three-dimensional interpolation of nitrate (described in ECF-200W-18-0028) using

a variant of quantile kriging and using SGSIM are not shown in this section. Instead, the results are

used as initial conditions in simulations completed using the CPGWM to project likely future influent
concentrations of nitrate to the 200 West P&T and to estimate whether, at some point in the future, those
concentrations will be sufficiently low that they will no longer require treatment.

The results of two-dimensional interpolation suggest that there was little change from 2016 to 2017 in the
interpreted extent and area of the nitrate plume at concentrations >45 mg/L for the 200-ZP-1 OU
(Figure 4-25). Three discrete, high-concentration locations (>450 mg/L [10 times the MCL]) within the
plume include an area beneath WMA T and WMA TX-TY at well 299-W14-16, a plume observed at
well 299-W18-16 (near the 216-Z Cribs and Trenches), and a plume observed at well 299-W5-2. These
plumes appear to merge above the 45 mg/L contour extending from the 216-Z Cribs and Trenches to
beyond the 200 West Area boundary to the northeast. The high-concentration nitrate plume beneath
WMA T, WMA TX-TY, and the 216-Z Cribs and Trenches is located within the extent of hydraulic
containment of the 200 West P&T extraction wells. Figure 4-26 shows the changes in nitrate
concentrations from 2012 to 2017 in 200-ZP-1 OU monitoring wells. Figure 4-27 compares the nitrate
concentrations in relationship to the extraction wells.
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Figure 4-19. Contaminant Plume Map for Dissolved Chromium, 2017
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Figure 4-22. Contaminant Plume Map for lodine-129, 2017
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Figure 4-23. Comparison of lodine-29 Concentrations in 200-ZP-1 OU Monitoring Wells in 2012 and 2017
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4.4.1.6 Technetium-99 Summary

Figure 4-28 shows two distinct technetium-99 plumes above the 900 pCi/L standard, centered at the north
end of WMA TX-TY and beneath WMA T, respectively. The technetium-99 plumes are migrating
eastward (as are other contaminant plumes in the OU) and are within the capture zones of the 200 West
P&T extraction wells. Figure 4-29 shows changes in the 2012 and 2017 concentrations in 200-ZP-1 OU
monitoring wells. The changes are mixed, with some locations exhibiting decreases but other locations
exhibiting increases that result from the changing flow field induced by nearby groundwater pumping.
Figure 4-30 compares technetium-99 concentrations in relationship to the extraction wells.

4.4.1.7 Trichloroethene Summary

Figure 4-31 shows the extent of the TCE plume in the unconfined aquifer. Although the plume extent is
quite large, the concentrations are only marginally greater in most places than the final cleanup level

(1 pg/L). Figure 4-32 shows the changes in the 2012 and 2017 concentrations in 200-ZP-1 OU monitoring
wells. The changes are mixed, with some locations exhibiting decreases but other locations exhibiting
increases that result from the changing flow field induced by nearby groundwater pumping. Figure 4-33
illustrates changes in the 2012 and 2017 concentrations in 200-UP-1 OU monitoring wells. Similarly, the
changes are mixed, with some locations exhibiting decreases but other locations exhibiting increases that
result from the changing flow field induced by nearby groundwater pumping. Figure 4-34 compares the
concentrations in relationship to the extraction wells.

4.4.1.8 Tritium Summary

Figure 4-35 shows the extent of the tritium plume in the unconfined aquifer. The tritium plume is
migrating eastward in the OU and is within the capture zone of the 200 West P&T extraction wells
(discussed later in this section). A comparison of sampling results in 2012 and 2017 for tritium indicates
that concentrations are declining in a majority of locations (Figure 4-36). Figure 4-37 compares the 2012
and 2017 concentrations in relationship to the extraction wells.

4.4.1.9 Contaminant of Concern Trends and Summary Statistics

Previous sections of this report presented qualitative summaries of concentration changes for the
200-ZP-1 OU COCs from initiation of the P&T system in 2012 through to the end of CY 2017. This
section presents the results of quantitative assessments of contaminant concentration data over time using
two different but complementary techniques:

e First, concentrations measured at individual monitoring wells are evaluated independently of other
monitoring wells to estimate trends and summary statistics including upper confidence levels (UCLS)
on the mean for the previous CY. These are referred to as intrawell trends and summary statistics.
For this evaluation, emphasis is placed on individual monitoring wells that are listed in the PMP
(DOE/RL-2009-115). This evaluation enables location-specific evaluations of progress but does not
provide an overall depiction of remedy progress. Intrawell trends were calculated for two periods
(ECF-200ZP1-17-0124) prior to and following the startup of the 200-ZP-1 P&T remedy.

e Second, concentrations measured at multiple monitoring wells are analyzed together and evaluated
for each year independently to estimate summary statistics (including UCLs on the mean) and trends
in those summary statistics over time. For this evaluation, emphasis is placed on the most regularly
sampled wells listed in the PMP (DOE/RL-2009-115). In contrast to the intrawell calculations, this
evaluation does provide an overall depiction of progress but does not readily enable location-specific
progress evaluations. These summary statistics are calculated for the years following startup of the
200-ZP-1 P&T remedy (i.e., CY 2012 and onward) and for the year immediately preceding start-up of
the P&T (i.e., CY 2011).
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Figure 4-29. Comparison of Technetium-99 Concentrations
in 200-ZP-1 OU Monitoring Wells in 2012 and 2017
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ECF-200ZP1-17-0124 presents detailed time-series plots of concentrations for every COC at each
monitoring well listed in the 200-ZP-1 OU PMP (DOE/RL-2009-115). In addition to these plots,
ECF-200ZP1-17-0124 describes methods used to calculate concentration trends using the Tobit
maximum-likelihood trending technique. The Tobit method estimates linear trends when there are left- or
right-censored data (nondetects are left-censored data) in the dependent variable. When all data are
quantified (i.e., there are no nondetects), the Tobit method yields the same trend coefficients as ordinary
least squares regression. ECF-200ZP1-17-0124 and SGW-58883, Methodology for the Calculation of
Concentration Trends, Means, and Confidence Limits for Performance and Attainment Monitoring,
provide further details on the Tobit technique for estimating trends. Results of the Tobit method intrawell
trend calculations have been summarized in figures that use a detailed symbology to show the calculated
trend results (i.e., up, down, indeterminate or insignificant, each of which is detailed in
ECF-200ZP1-17-0124), together with a comparison of the calculated intrawell UCLs to groundwater
cleanup levels established for the 200-ZP-1 OU. In all related figures, an inverted triangle symbol
indicates a downward trend, and a green-colored symbol indicates a concentration that is below the
threshold concentration value used in the figure (which, in most cases, is the final cleanup level).

Figure 4-38 provides a map of trend calculation results for carbon tetrachloride using the intermediate
target concentration of 100 pg/L as the threshold concentration value for visualization purposes.

Figure 4-39 provides a map of trend calculation results for carbon tetrachloride using the final cleanup
concentration of 3.4 pg/L as the threshold concentration value for visualization purposes. Review of these
figures suggests that while most discernible trends are downward (there are few discernible upward
trends), a large number of wells exceed 100 pg/L and a much larger number of wells exceeding 3.4 pg/L,
which is expected to occur at this stage in the life-cycle of the remedy. Most wells listed in the PMP
(DOE/RL-2009-115) network are sampled for carbon tetrachloride; however, there are a fairly large
number of wells for which a trend could not be determined. This number will decrease over time as
additional sample results are obtained from these wells.
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The number of wells listed in the PMP (DOE/RL-2009-115) network sampled for the other COCs varies
depending upon the COC. At this time, trends could not be determined in a fairly large number of wells,
but the number of these wells will decrease over time as additional sample results are obtained. Summary
figures prepared for the other 200-ZP-1 COCs are as follows:

e Figure 4-40 is a map of trend calculation results for Cr(\V1), using the final cleanup concentration of
48 pg/L as the threshold concentration value for visualization purposes.

e Figure 4-41 is a map of trend calculation results for nitrate, using the final cleanup concentration of
45,000 pg/L as NOs as the threshold concentration value for visualization purposes.

e Figure 4-42 is a map of trend calculation results for TCE, using the final cleanup concentration of
1 po/L as a threshold concentration value for visualization purposes.

e Figure 4-43 is a map of trend calculation results for iodine-129, using the final cleanup concentration
of 1 pCi/L as a threshold concentration value for visualization purposes.

e Figure 4-44 is a map of trend calculation results for technetium-99, using the final cleanup
concentration of 900 pCi/L as a threshold concentration value for visualization purposes.

e Figure 4-45 is a map of trend calculation results for tritium, using the final cleanup concentration of
20,000 pCi/L as a threshold concentration value for visualization purposes.

Figures 4-38 through 4-45 show the results of intrawell trend calculations for individual COCs in

a manner that can help support detailed analysis of the performance of the P&T system at the local

scale (e.g., well-specific or small groups of wells). Over time, these results will help support P&T
remedy optimization, including modifications to pumping rates and locations, as attainment of cleanup
levels occurs on a well-by-well basis following guidance established by EPA for demonstrating cleanup.

To provide plume- and OU-wide assessments of changes in concentrations over time, summary statistics
were calculated for every year since the P&T system began operating in 2012 throughout (1) the entire
network of wells used to help evaluate the performance of the 200-ZP-1 P&T remedy, and (2) the
network of wells specifically designated in the PMP (DOE/RL-2009-115) for sampling and evaluating the
200-ZP-1 remedy. ECF-200ZP1-18-0029, Calculation of Concentration Summary Statistics for
Monitoring Wells of the 200-ZP-1 Performance Monitoring Plan (PMP), details the summary statistics
calculations for each of the 200-ZP-1 COCs. Sample summary statistics calculated for carbon
tetrachloride were used to prepare Figures 4-46 and 4-47. For each graph for each year, the number of
samples considered (#S), the number of sampled locations (n), the number of nondetect results (ND), and
the number of detected samples (D) are listed. The graphs are “box-and-whisker” style plots that show the
maximum and minimum values (top and bottom of the “whiskers™), 25" and 75" percentile values (top
and bottom of the “box”), median (horizontal line within the “box” and blue dashed line), average, and
UCL on the average (the latter is calculated using a Student’s-t distribution).

Figure 4-46 presents summary statistics calculated for carbon tetrachloride using all wells in the

200 West Area with sample results that particular year regardless of whether they possessed sample
results in every year. The left panel (a) presents the results on a linear scale, and the right panel (b)
presents the results on a semi logarithmic scale. Figure 4-47 presents the same suite of summary statistics
for carbon tetrachloride, again using linear and semi logarithmic scales, but computed only for the subset
of wells that is listed in the 200-ZP-1 OU PMP and for which samples were available every year
(DOE/RL-2009-115). Figures 4-46 and 4-47 show that concentrations of carbon tetrachloride have
exhibited a general decline since the startup of the P&T system.
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Figure 4-41. Map of Trend Calculation Results for Nitrate
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Figure 4-45. Map of Trend Calculation Results for Tritium
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442 Evaluation of Hydraulic Data

This section presents evaluations of the hydraulic data obtained from wells throughout the 200-ZP-1 OU
and, where appropriate, in the adjacent 200-UP-1 OU. Changes in groundwater levels and gradients are
discussed, followed by an evaluation of the extent of hydraulic containment developed by the P&T
system and the degree to which the primary COC (carbon tetrachloride) is encompassed by that capture
zone. This section also presents depictions of groundwater elevations and the extent of hydraulic
containment as simulated using the CPGWM for comparison with the depictions and inferences obtained
from the mapped groundwater elevation data. These data and associated analyses (when combined with
the COC sample results and interpretation provided in Section 4.4.1) provide information on the ability of
the P&T remedy to establish flow-path control, to achieve hydraulic control of the area targeted for
containment, and to recover these contaminants via extraction. This is critical to understanding how the
remedy is performing to meet near-term targets and goals. However, because the P&T component of the
remedy is anticipated to operate for decades to bring concentrations down to levels amenable to natural
attenuation processes, it is difficult to accurately predict the rate of progress toward attaining final cleanup
levels for groundwater.

4.4.2.1 Groundwater Elevations and Drawdown

Water-level hydrographs in Figures 4-7 through 4-9 show anticipated changes in groundwater elevations
(e.g., decreasing water levels in response to pumping, with some rises in response to periods of pumping
cessation). The pattern of drawdown and mounding throughout the 200-ZP-1 and 200-UP-1 OUs
resulting from operation of both the 200-ZP-1 and 200-UP-1 P&T remedies is shown in Figures 4-10 and
4-11 on the basis of groundwater-level mapping.

For comparison purposes with the mapped water levels shown in Figure 4-10, groundwater elevation
contours computed using the CPGWM are shown in Figure 4-48 for the following aquifer intervals
and periods:

e Figure 4-48 (inset a): above RLM at the end of 2017
e Figure 4-48 (inset b): below RLM at the end of 2017

The simulated water table elevations and spacing of contours (equipotentials) compare favorably with the
depictions computed using water-level mapping (Figure 4-10), particularly within the area of the
extraction and injection wells where water-level monitoring is abundant. Outside of these areas where the
effects of injection and extraction are more subtle and there is less monitoring density, the mapped and
modeled water levels show more notable differences that result mainly from differences in the methods
used to construct the contours (i.e., the CPFGWM is a calibrated groundwater flow model whereas the
groundwater elevation mapping technique is not).

For comparison purposes with the maps presented in Figure 4-11, unadjusted and adjusted drawdown and
mounding estimated using the CPGWM are shown in Figures 4-49 and 4-50 for the following aquifer
intervals (the calculation of the adjustment applied is described in Section 4.3.2.3):

o Figure 4-49 (inset a): above RLM at the end of 2017 (not adjusted for regional declines)
o Figure 4-49 (inset b): below RLM at the end of 2017 (not adjusted for regional declines)
o Figure 4-50 (inset a): above RLM at the end of 2017 (adjusted for regional declines)
o Figure 4-50 (inset b): below RLM at the end of 2017 (adjusted for regional declines)
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Figure 4-48. Groundwater Elevation Contours Computed Using the CPGWM:
(a) Above the RLM at the End of 2017; (b) Below the RLM at the End of 2017
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Figure 4-50. Adjusted Drawdown and Mounding Estimated Using the Central Plateau Model: (a) Adjusted
Drawdown Above the RLM at the End of 2017; (b) Adjusted Drawdown Below the RLM at the End of 2017
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The simulated groundwater mounding and drawdown, and the spacing of contours, above the RLM
compares favorably with the depictions obtained using water-level mapping (Figure 4-11). In particular,
both the mapped and modeled results identify focused areas of drawdown and mounding near the
extraction and injection wells, respectively. Encircling the 200-ZP-1 OU groundwater extraction wells
that pump primarily above the RLM is a large area exhibiting drawdown that exceeds 1 m (3.3 ft), with
drawdown reaching over 5 m (16.5 ft) in a limited area. Two distinct aquifer regions that exhibit
mounding exceeding 1 m (3.3 ft) are focused around the injection wells screened above the RLM on the
west side of the 200-ZP-1 OU and around the injection wells screened beneath the RLM on the east side
of the OU. The simulation results are consistent with findings from the water-level interpolation, which
suggests that the CPGWM reasonably reflects the actual impacts of extraction and reinjection on

the aquifer and provides some confidence that depictions of the extent of drawdown and hydraulic capture
calculated with the CPGWM are reasonably reflective of actual conditions.

4.4.2.2 Saturated Thickness of the Unconfined Aquifer

Declines in groundwater levels have the potential to compromise the ability of groundwater extraction

to recover contaminated groundwater through reduction in well capacity. Extraction wells installed as
part of the 200 West P&T were constructed with long screened intervals to provide high capacity and
mitigate impacts to well performance from changing groundwater elevations. In most cases, the
drawdown expected in the aquifer adjacent to each extraction well is a few meters, while the screened
interval for most extraction wells is tens of meters long. During 2017, notable impacts to extraction well
performance were not found as a result of declining water levels. However, the likelihood for declining
extraction well performance as a result of water-level declines and other factors (e.g., well screen or filter
pack fouling) increases over time and can reduce well efficiency and productivity. This can result in
decreases in extraction well efficiency that may be observed in 200-ZP-1 OU remedial action wells. The
effects of water-level declines on extraction wells can be mitigated by rerouting a greater proportion of
the treated water to be injected on the upgradient (west) side of the extraction wells to maintain the
aquifer saturated thickness, whereas the potential effects of well fouling can be mitigated through testing,
maintenance, and redevelopment of extraction wells as part of the O&M program.

Figure 4-51 shows the estimated saturated thickness of the unconfined aquifer in CY 2012 and CY 2017
as calculated by subtracting the mapped elevation of the base of the unconfined aquifer from the mapped
groundwater elevations for those 2 years. The contours are clipped to the northeast where fewer water-
level data are available to constrain the mapping, and where the saturated thickness appears to

quickly diminish.

Figure 4-52 shows the estimated saturated thickness of the unconfined aquifer in CY 2012 and CY 2017
as calculated by subtracting the mapped elevation of the base of the unconfined aquifer from the
groundwater elevations simulated for those 2 years using the CPGWM. In Figure 4-51, the contours are
clipped to the northeast where fewer water-level data are available to constrain the mapping, and where
the saturated thickness appears to quickly diminish.

Figures 4-53 and 4-54 comparison the saturated thickness in 2017 with that in 2012 using the mapped and
simulated approaches, respectively. The comparison is shown as a percentage: a value of 100% represents
equivalency between the two periods, where values <100% represent a reduced saturated thickness and
values >100% represent increased saturated thickness (in 2017 versus 2012 conditions). The pattern and
magnitude of increased and reduced areas of saturated thickness are generally consistent between the
methods. However, the mapping approach appears to extrapolate an area of decreased thickness to the
northeast, along the downgradient injection well line where there are few monitoring wells to constrain
the calculation, and where the saturated thickness was already small prior to startup of the P&T remedy.

4-88



DOE/RL-2017-68, REV. 0

e
1
1N
e
4
v
|
|
=
—:__\}\kjjl W5-1
W10-35 ) . Wi12:3

W15-226

\W15-227

-

P&T Wells 2017
Well Type, OU
A Extraction, UP-1
¥ Injection, UP-1
A Extraction, ZP-1
¥ Injection, ZP-1 W10-35
Well prefix '299-" and '693-" omitted

Mapped Saturated [P

Thickness (m) 5 i
[ o-10 AW wiaan
[ 101-20 e i
[ ]=201-30 3 A

[ ]s01-40 Lk B W2kt 1rs
[ ]401-50
[ ]s01-60
[ ]e01-70
[ 70.1-80

0 300 600 900 Meters

S — —

0 1,500 3,000 Feet

Figure 4-51. Mapped Saturated Thickness in (a) 2012 and (b) 2017
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4.4.2.3 Particle Paths and Hydraulic Containment

Estimates of the extent of hydraulic containment developed by the P&T system are obtained based on
both the water-level mapping technigue and groundwater modeling using the CPGWM. Estimates of
hydraulic containment are obtained by tracing particle paths using the results of the groundwater-level
mapping and groundwater modeling, and then differentiating particles that are captured from those that
are not captured under the given conditions. First, particle paths calculated using the groundwater
elevation mapping method are shown to illustrate general patterns of flow under recent conditions.

Figure 4-55 shows particle paths calculated for the month of December 2017 using the groundwater
elevations mapped above the RLM (i.e., those shown in Figure 4-10, inset b). The particle paths represent
an instantaneous calculation of the likely path that hypothetical parcels of water would take, if conditions
mapped during December 2017 were to persist indefinitely. These particle paths illustrate general patterns
of groundwater and contaminant migration under these conditions, but they do not easily lend themselves
to estimating the complete contiguous extent of hydraulic containment developed by the P&T systems.

Figure 4-56 shows the extent of hydraulic containment that is calculated when a sufficiently large number
of particles is tracked on the mapped water-level surface (Figure 4-10, inset b). In Figure 4-56, the light-
gray shading indicates regions of the aquifer above the RLM that are likely to be contained and ultimately
captured by 200-ZP-1 OU extraction wells, whereas the darker gray shading indicates regions of the
aquifer (above the RLM) that are likely to be contained and ultimately captured by 200-UP-1 OU
extraction wells. Figure 4-56 also shows the estimated extent of the carbon tetrachloride plume at
concentrations >100 and 3.4 pg/L, as determined using the quantile kriging technique.

Figure 4-57 shows the extent of hydraulic containment that is calculated when a sufficiently large number
of particles is tracked using the CPGWM (which produced the simulated water-level surface shown in
Figures 4-48). In Figure 4-57, the upper panel shows the extent of capture simulated above the RLM, and
the lower panel shows the extent of capture simulated below the RLM. The light-gray shading indicates
regions of the aquifer (above and below the RLM) that are likely to be contained and ultimately captured
by 200-ZP-1 OU extraction wells, whereas the darker gray shading indicates regions of the aquifer (above
the RLM) that are likely to be contained and captured by 200-UP-1 OU extraction wells. Figure 4-57 also
shows the estimated extent of the carbon tetrachloride plume at concentrations >100 pg/L and 3.4 pg/L
(as determined using the guantile kriging technique) above and below the RLM.

The estimated extents of hydraulic containment shown in Figures 4-56 and 4-57 (inset a) (i.e., above

the RLM) throughout the 200-ZP-1 OU and for the 200-ZP-1 OU extraction wells located within the
200-UP-1 OU are similar, and together suggest that groundwater extraction is effectively containing most
of the area exhibiting carbon tetrachloride at concentrations >100 ug/L. Figure 4-57 (inset b) suggests
from the modeling calculations alone that the entire area exhibiting concentrations >100 pg/L is
hydraulically contained under pumping conditions representative of December 2017 (insufficient data are
available below the RLM to make reliable water-level maps and estimate capture). Section 4.6.2 presents
further analyses of the degree to which carbon tetrachloride at concentrations >100 pg/L and other
concentration levels are contained.

4.4.24 Summary

The previous sections present the data that are collected to evaluate the performance of the 200-ZP-1
remedy, depict initial plots and maps of those data, and present various analyses and interpretations of the
data that provide a basis for remedy performance evaluation. The following sections interpret the
performance monitoring data explicitly in the context of the remedy targets, goals, and RAQOs for the
200-ZP-1 remedy.

4-93



v6-¥

|

T
=

i TN 10535

M7 1 7 [

=l 1296
=7 i
I | \ \ i
I |
I \ 14-74!
f———————1" &l
S i W1A:
| 7
! i =
1 oz wi i
=
| L " - Ceciasse
7i\ ;j ////“ W1B.44 ARkl
| h /"//’ £t
1 ‘\“‘* WiB 355
i = I . 119: ]
it : e =
R DA . - L L
P&T Wells 2017
Well Type, QU
A Extraction, UP-1
¥ Injection, UP-1 ;
A Extraction, ZP-1 22}
¥ Injection, ZP-1 ]
Well prefix '299-' and "689-" omitted ,:
Mapped Flowpathlines
\ \L‘
Mapped Groundwater \\] ‘
elevations (m) | =
0 300 600 900 Meters ) \\
I I — |
Y. / 1
0 1500 3,000Feet @ [ | L b b A h N NN j\L _____
I

Figure 4-55. Particle Paths Computed for December 2017 Using Water-Level Mapping Above the RLM

0 'A3d '89-,T02-14/30d



S6-¥

3

s
\4\_

D)

.

L)
)T},
-/L-

/
A
/

P&T Wells 2017
Well Type, OU
A Extraction, UP-1
¥ Injection, UP-1
A Extraction, ZP-1
¥ Injection, ZP-1
Weil prefix '299-' and "699-" omitted
__ Mapped Groundwater
elevations (m)

ZP-1 Hydraulic
-] Containment

UP-1 Hydraulic
== Containment

Contaminant Plume
Map for Carbon
Tetrachloride, CY2017
— 3.4 ug/L

— 100 ug/L

0 300 600 900 Meters

S E— —
1 1

0 1,500 3,000 Feet

\W22:30) f

‘-1-""-'--“#

Figure 4-56. Extent of Hydraulic Containment Computed for December 2017 Using Water-Level Mapping Above the RLM

0 'A3d '89-,T02-14/30d



DOE/RL-2017-68, REV. 0

P&T Wells 2017
Well Type, OU
4 Extraction, UP-1
¥ Injection, UP-1
4 Extraction, ZP-1
¥ Injection, ZP-1

Well prefix '293-" and "639-" omitted

4 N
Contaminant Plume Map for b2 A ITARRE R
Carbon Tetrachloride, CY2017
34 ugll

100 ug/L

Modeled Groundwater
Elevations (m)

ZP-1 Hydraulic
Containment

UP-1 Hydraulic
Containment

0 400 800 1,200 Meters

I E— —
| I

0 1,500 3,000 Feet

Figure 4-57. Extent of Hydraulic Containment Computed for December 2017
Using the Central Plateau Model: (a) Above the RLM and (b) Below the RLM

4-96



DOE/RL-2017-68, REV. 0

4.5 Predictive Modeling Calculations Using the Central Plateau
Groundwater Model

As of CY 2017, the 200 West P&T has been operating over 5 years. This is about one-fifth of the
operating lifecycle that is proposed for the P&T component of the remedy in the 200-ZP-1 OU ROD
(EPA et al., 2008). Progress toward attaining the short-term targets and intermediate-term goals for this
remedial action can, to a large extent, be assessed by directly evaluating and interpreting the
performance monitoring data, supplemented where appropriate using simulations completed using the
CPGWM. However, because assessing the progress toward attaining the intermediate mass recovery
goal and the ultimate cleanup levels in groundwater requires predictions of future conditions, those
particular evaluations explicitly require use of the CPGWM.

ECF-Hanford-18-0030 demonstrates calculation methods using the CPGWM that were developed to
predict the likely future performance of the 200-ZP-1 remedy. These predictions focus on likely rates of
mass recovery at individual extraction wells, and for the P&T remedy in its entirety; the proportion that
the projected mass recovery represents of the initial mass of contaminants present at startup of the
remedy; and, progress toward attaining groundwater cleanup levels. Analyses completed using the
CPGWM for CY 2017 are detailed with other calculations in ECF-HANFORD-18-0030. Simulated
historical rates for extraction and injection wells therein are based on monthly operational rates
observed from startup of the P&T remedies through December 2017 (discussed in Chapter 2 of this
report), while simulated projections therein assume operating rates are similar to those encountered
during the previous year (i.e., CY 2017) — i.e., that have not been subject to formal optimization to
maximize mass recovery and that unanticipated difficulty is not encountered maintaining these rates.

Projections also assume that the CPGWM reasonably represents conditions in the subsurface and the
operations of the remedy; that the initial conditions (i.e., starting plumes) reasonably represent the
actual distribution of contamination at the beginning of the model predictions; and that the simulations
conducted using the groundwater model and the initial conditions reasonably represent actual
conditions.

For purposes of this report, the most recent release of the CPGWM (Version 8.4.5) was used as the
basis for predicting future conditions. Two sets of initial conditions were used as the basis for
predicting future conditions: (1) that constructed using the quantile kriging technique, and (2) that
constructed using the SGSIM technique (see ECF-200W-18-0028 for details on preparing these initial
conditions). In each case, the initial conditions are assumed to represent the distribution of contaminants
around late CY 2015. These initial conditions are executed with the CPGWM to provide 2 years

(CY 2016 through CY 2017) prior to the period of prediction (e.g., CY 2018 through CY 2037) for
which simulated concentrations-versus-time and mass-recovery-versus-time can be compared with
measurements to indicate how well the combination of the groundwater model and assumed initial
conditions represent actual conditions. As discussed in Section 4.2.2.2, the calculations performed for
carbon tetrachloride were performed using two values for the degradation half-life (100 years and
630 years).
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Figures 4-58 and 4-59 present simulated carbon tetrachloride concentrations at extraction wells when
assuming a 100-year half-life and a 630-year half-life for carbon tetrachloride via abiotic degradation
only, respectively (similar plots are presented for the other 200-ZP-1 COCs in
ECF-HANFORD-18-0030). In these figures, simulated values are presented using the initial conditions
constructed using quantile kriging, and separately using initial conditions constructed using the SGSIM
method. The comparison between simulated and measured concentrations is fairly good at most wells,
which is encouraging because the contaminant transport parameters used in the CPGWM have not been
subjected to or estimated using formal calibration to water quality data obtained from monitoring and
extraction wells since the P&T system began operation. It is noteworthy that even after 5 years’
operation, the projected changes in concentration are barely distinguishable between degradation
half-lives of 100 and 630 years: the most significant factor altering concentrations over the period
shown in these figures is the action of the groundwater P&T system. Following shutdown of the 200
West P&T, natural attenuation processes are the dominant factors controlling changes in concentration
over time; under those conditions, the difference between a 100-year and a 630-year half-life is more
significant. As additional data become available on system-wide and well-specific mass recovery rates,
it is anticipated that contaminant transport parameters will be calibrated to improve correspondence
between the actual and simulated mass recovery, improving the reliability of longer term mass
recovery projections. As further information becomes available regarding both biotic and abiotic
degradation rate constants for carbon tetrachloride, this will be incorporated into projections.
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Figure 4-58. Simulated and Measured Carbon Tetrachloride Concentrations at Extraction Wells Assuming

a 100-Year Half-Life

¢ Observed Quantile SGSIM_WeightedAverage
3000 299-W6-15 2000 299-W5-1 2000 299-W19-111 2000 299-W17-3 2000 299-W17-2
2500 2500 2500 2500 2500
£ 200 2 2000 2 2000 2 200 2 2000 5
g 5 g oo }
o I3 I3 I3
g 1500 € 1500 E 1500 € 1500 E 1500
g r g g g g D
8 © 8 8 8 § ° °°?
1000 1000 1000 1000 1000 \.
3 . . e
° \
500 . 500 500 7V 500 500
° . ] - t WA o Poe Poes N .
. . M °
0 0 0 0 0
2012 2013 2014 2015 2016 2017ate 2012 2013 2014 2015 2016 2017ate 2012 2013 2014 2015 2016 2017Date 2012 2013 2014 2015 2016 2017ate 2012 2013 2014 2015 2016 2017ate
- - )-\ - - )-\ - - 4-;
2000 299-W15-225 2000 299-W14-74 2000 299-W14-73 2000 299-W14-22 2000 299-W14-21
2500 2500 2500 2500 2500
g ES g g 3
£ 2000 £ 2000 £ 2000 £ 2000 £ 200
g § g § §
£ 2 £ £ £
£ 1500 £ 1500 £ 1500 £ 1500 £ 1500
g p g L g g g
3 3 o o —t 3 3 s 3
1000 Ld 1000 1000 1000 1000
CR) s . ° . . * -
ofe g pece . —
. Py
500 e 500 0 500 500 =l 500 v oo
N e oL Qe »-.-.-\ e
PR
o 0 0 ] o
2012 2013 2014 2015 2016 2017ate 2012 2013 2014 2015 2016 2017ate. 2012 2013 2014 2015 2016 2017Date 2012 2013 2014 2015 2016 201Mate 2012 2013 2014 2015 2016 2017ate
3000 299-W14-20 3000 299-W12-4 3000 299-W12-3 3000 299-W12-2 3000 299-W11-97
2500 2500 2500 2500 2500
3 3 3 3 3
2 200 2 2000 2 2000 2 200 2 2000
H 5 B H L B
3 3 o
IE“ 1500 g 1500 g 1500 g 1500 g 1500
. . H K H
] . . g g g ’ g
8 . °Pe 8 P . 8 8 M X N O 8
1000 o S — ‘t\ 1000 0 . 1000 L 1000 LAdry . 3 1000
— % 5 » —_— A .
r . o P ol o0 o o a '}
500 500 V 500 0} L = 500 500
Y an
0 0 0 0 0
2012 2013 2014 2015 2016 2017ate 2012 2013 2014 2015 2016 2017Date. 2012 2013 2014 2015 2016 2017ate 2012 2013 2014 2015 2016 2017ate 2012 2013 2014 2015 2016 2017ate
2000 299-W11-96 2000 299-W11-92 2000 299-W11-90 2000 299-W11-50 2000 299-W11-49
2500 2500 2500 2500 2500
E E) 3 3 3 3
£ 2000 £ 2000 B £ 2000 £ 2000 £ 2000
2 . 2 ] . 2 2
£ 1500 £ 1500 L £ 1500 L £ 1500 L £ 1500
g . . 0 H b H n . Y H H
g . of el g g S, oo Poefe o g g .
S 1000 =S 2 s 1000 ole s 1000 S 1000 s 1000 d d
s o e — A
. oo t—| o = —
° . 9 oo ° |
— . . Ml —~L
500 500 L —— 500 500 hd 500
o o
0 - 0 0 0 0
2012 2013 2014 2015 2016 2017ate 2012 2013 2014 2015 2016 2017Date 2012 2013 2014 2015 2016 2017Date 2012 2013 2014 2015 2016 201ate 2012 2013 2014 2015 2016 2017ate

0 'A3d '89-,T02-14/30d



Carbon TetraChloride 630y

00T-v

¢ Observed Quantile SGSIM_WeightedAverage
299-W6-15 299-W5-1 299-W19-111 299-W17-3 299-W17-2
3000 3000 3000 3000 3000
2500 2500 2500 2500 2500
= 2000 2 2000 < 2000 = 2000 2 2000 <
5 5 5 5 e b
19 o £ 19 £ g
€ 1500 € 1500 € 1500 € 1500 € 1500
g r g g g g .
8 © 8 38 8 8 © °°?e
1000 1000 1000 1000 1000 \,
3 . . [ ]
° \
500 500 500 500 500
o ¢ s A » .
A o Poe .
s . . N 5 L . o0 2
0 0 0 0 0
2012 2013 2014 2015 2016 2017ate 2012 2013 2014 2015 2016 2017 Date 2012 2013 2014 2015 2016 2017 Date 2012 2013 2014 2015 2016 2017 Date 2012 2013 2014 2015 2016 2017 Date
299-W15-225 299-W14-74 299-W14-73 299-W14-22 299-W14-21
3000 3000 3000 3000 3000
2500 2500 2500 2500 2500
3 H 3 3 3
2 200 = 2000 2 2000 = 2000 = 2000
§ § § § §
2 2 2 2 2
E 1500 £ 1500 g 1500 g 1500 £ 1500
g . g e, *, g g g
8 8 PO X 3 8 P 8
1000 L] 1000 1000 1000 1000
© d . . o > . . oo L]
. .
500 500 500 * d ° 500 500 \ A
e o o .
P —— L ° ° ""'-\ Fo—
T = q Qe
° . 9
o o o o o
2012 2013 2014 2015 2016 2017 Date 2012 2013 2014 2015 2016 2017 Date 2012 2013 2014 2015 2016 2017 Pate 2012 2013 2014 2015 2016 2017 Date 2012 2013 2014 2015 2016 2017 Date
299-W14-20 299-W12-4 99-W12-3 99-W12-2 99-W11-97
3000 3000 3000 3000 3000
2500 2500 2500 2500 2500
= 2000 2 2000 < 2000 = 2000 < 2000
£ £ H £ 3 H
» 3 g i3 . g
g 1500 r r € 1500 N E 1500 € 1500 o o £ 1500
g . g ’ g g ’ g
8 L. 3 °le ? . 8 8 oo et 3
1000 o o 1000 0 1000 L 1000 o - o 3l 1000
. \‘r) » \. A °
o e ¥ s o PO ol eele .
500 500 500 . A 500 500
\ 0
e Ve |
o o o o o
2012 2013 2014 2015 2016 2017 Date 2012 2013 2014 2015 2016 2017 Date 2012 2013 2014 2015 2016 2017 Date 2012 2013 2014 2015 2016 2017 Date 2012 2013 2014 2015 2016 2017 Date
299-W11-96 99-W11-92 299-W11-90 299-W11-50 299-W11-49
3000 3000 3000 3000 3000
2500 2500 2500 2500 2500
3 3 \ 3 3 3
2 200 = 2000 . 2 2000 = 2000 = 2000
2 . 2 2 . 2 2
g g . g o g . g
g 1500 ry o ry H 1500 b g 1500 r ry Y § 1500 H 1500
£ [ . P e . .. - H © . ce o e ° ° ° - - .
S 1000 s = 2 S 1000 o s 1000 S 1000 s 1000 d d
3 L — ¥
. e~ | .
. . o e v
— | . . 4 o ofe,, \\N e
500 500 Ld 500 500 T 500
. (8
o o
0 - 0 0 0 0
2012 2013 2014 2015 2016 2017 Date 2012 2013 2014 2015 2016 2017 Date 2012 2013 2014 2015 2016 2017 Pate 2012 2013 2014 2015 2016 2017 Date 2012 2013 2014 2015 2016 2017 Date
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4.6 Progress Toward Meeting Targets, Goals, and Remedial Action Objectives

This section evaluates progress toward attaining the remedy targets, goals, and the final RAQOs outlined in
the 200-ZP-1 OU ROD (EPA et al., 2008) and the RD/RAWP (DOE/RL-2008-78).

46.1 Targets
Near-term targets for the P&T component of the 200-ZP-1 remedy (DOE/RL-2008-78) are as follows:

e Attaining specified (i.e., target) total system-wide operating rates and specified rates at individual
extraction and injection wells. This target is evaluated in this section.

e Achieving desirable reinjected treated water quality. This specific target is discussed and evaluated in
Chapter 2 of this report.

Target system-wide operating rates and rates at individual extraction and injection wells were developed
on the basis of groundwater flow modeling as required to meet flow-path control and hydraulic
containment goals. To achieve the mass removal objectives of the 200-ZP-1 OU ROD (EPA et al., 2008),
a phased implementation approach was identified for the RD/RAWP (DOE/RL-2008-78). That phased
implementation approach included an initial 3-year phase with the P&T system operating at a nominal
rate of 3,785 L/min (1,000 gal/min), followed by 22 years of operation at a nominal rate of 7,571 L/min
(2,000 gal/min). The design also included treatment of contaminated groundwater from the 241-S/SX
Tank Farm in the 200-UP-1 OU.

Figure 4-60 shows the actual cumulative volume of groundwater that has been extracted and treated
through 2017 compared to the design-basis expectation for groundwater extraction and treatment, and the
projected volume to be treated through 2025 assuming constant average 2017 flow rates through the

200 West P&T. Most of the treated volume is groundwater extracted from the 200-ZP-1 OU. The

200 West P&T also treats contaminated groundwater from other OUs (e.g., 200-UP-1, 200-DV-1, and
200-BP-5), as discussed in Chapter 2 of this report. Through the end of 2017, the actual cumulative
200-ZP-1 OU and 241-S/SX Tank Farm extracted groundwater treated was above the projected design
throughput. However, Figure 4-60 shows the cumulative volume treated from the 200-ZP-1 OU and
241-S/SX extraction wells is projected to fall below the cumulative design throughput volume at the end
of 2018 if treatment volumes from all OUs continue at their current values.

As discussed in Section 2.5, recommendations to minimizing biofouling issues to improve injection well
capacity were planned for implementation in 2017 and 2018. These actions, along with ongoing 200 West
P&T optimization activities, are being conducted to achieve operating at the facility design throughput
identified in the RD/RAWP (DOE/RL-2008-78) to meet the treatment targets for the 200-ZP-1 OU and
treatment needs for the other OUs.

4.6.2 Goals
The intermediate-term goals for the P&T component of the 200-ZP-1 remedy are as follows:

e Achieving hydraulic containment of the carbon tetrachloride plume at concentrations >100 pg/L
e Achieving flow-path control

e Reducing the mass of contaminants throughout the 200-ZP-1 OU by 95%. This goal is designed to be
achieved after 25 years of P&T operations

Progress toward attaining these goals is evaluated in the following subsections.
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Figure 4-60. 200 West P&T Actual Cumulative Volume Treated Compared to Design Capacity Throughput

4.6.2.1 Evaluation of Hydraulic Containment of the Inferred 100 ug/L
Carbon Tetrachloride Plume Extent

The locations of the extraction and injection wells for the 200 West P&T were selected to encompass the
area defined by carbon tetrachloride concentrations exceeding 100 pg/L. Because the majority of
contaminant mass lies within this isoconcentration line, focusing hydraulic containment on this area
maximizes the efficiency of mass recovery. Maps of estimated hydraulic containment shown in

Figures 4-56 and 4-57 provide “snap-shots,” or instantaneous extents, representing conditions for one
month (December 2017) of CY 2017. Similar instantaneous depictions can be prepared for each month of
the year, resulting in 12 depictions, reflecting variation in the extent of capture over the year in response
to changes in pumping rates and other conditions. The 12 monthly instantaneous depictions of the
estimated extent of capture can be combined to prepare a capture frequency map (CFM) (Karanovic et al.,
2009, “KT3D_H20: A Program for Kriging Water Level Data Using Hydrologic Drift Terms”), which is
detailed in ECF-HANFORD-18-0030. The resulting CFM shows the frequency (valued between zero and
one) during which groundwater in a region is hydraulically contained by the groundwater P&T remedy
(as indicated by the movement of groundwater toward extraction wells) over the 12 months of the year. A
value of 1 indicates that the region was contained throughout all 12 months, and a value of <1 indicates
that for at least some months, the region was not hydraulically contained (i.e., groundwater was not
always moving toward extraction wells).
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Figures 4-61 and 4-62 show the extent of hydraulic containment above and below the RLM,
respectively, using a simulated CFM computed using the CPGWM. In each case, the CFM is
overlaid with the estimated extent of carbon tetrachloride in groundwater at concentrations >3.4 ug/L
(the cleanup level) and 100 pg/L (the level targeted for hydraulic containment and focused mass
recovery). Figure 4-63 shows the estimated extent of hydraulic containment above the RLM (as
determined using a CFM obtained through water-level mapping) overlaid with the same 3.4 pg/L and
100 pg/L isoconcentration lines. The extents of hydraulic containment shown in these figures reflect
groundwater extraction at the range of rates for the 200-ZP-1 and 200-UP-1 extraction wells during
CY 2017. In these figures, green color indicates a frequency of capture of 1, red color indicates

a frequency of capture of zero, and intermediate shades of orange and blue indicate intermediate values of
capture frequency.

The simulated extent of hydraulic containment shown above the RLM compares fairly well to the extents
derived from water-level mapping in most areas, although the total area that is shown using water-level
mapping is smaller than that shown on the basis of groundwater modeling. These figures indicate that the
current focus area of hydraulic containment and mass recovery is in the core area of the groundwater
extraction wells, and the region defined by the 100 pg/L concentration was largely contained by pumping
during 2017 for months in which sustained pumping approached design rates. Exceptions to this above
the RLM are located in the area east and northeast of the focused groundwater extraction, where
concentrations exceeding 100 ug/L appear to extend beyond the zone of hydraulic containment. An
exception to this below the RLM is located in the area east of the focused extraction, where
concentrations exceeding 100 pg/L appear close to and slightly beyond the zone of containment. Each of
these areas was independently identified as a focus for further evaluation via the data gap study completed
in CY 2017.

Figures 4-64 and 4-65 provide an alternate way to interpret the degree to which concentrations of carbon
tetrachloride are hydraulically contained by the groundwater P&T, using color-coded stacked bar charts
for a range of concentration thresholds. Figure 4-64 compares the simulated extent of hydraulic
containment above the RLM (using the CFM approach) to the extent of carbon tetrachloride across

a range of concentrations, including 3.4 pug/L and 100 pg/L. In this figure, green color indicates

a frequency of capture of 1, red color indicates a frequency of capture of zero, and intermediate shades
of orange and blue indicate intermediate values of capture frequency. Using the same color scheme,
Figure 4-65 compares the simulated extent of hydraulic containment below the RLM (using the

CFM approach) to the extent of carbon tetrachloride across a range of concentrations including

3.4 and 100 pg/L.

These comparisons of the extent of hydraulic containment with the extent of carbon tetrachloride
contamination (particularly at concentrations >100 pg/L) suggest that if the 200 West P&T can sustain
rates near or exceeding then design rates, then the P&T system can produce a region of hydraulic
containment that is equal to or larger than the area mapped at concentrations >100 pg/L, and that also
contains a substantial area of groundwater exhibiting concentrations >50 pg/L or as low as 25 pg/L.
Planned rate increases and rebalancing of groundwater extraction and reinjection are anticipated to
improve hydraulic containment in the upcoming year in those limited areas noted above where the capture
frequency for concentrations >100 pg/L is <1.
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Figure 4-61. Simulated CFM for CY 2017 Above the RLM
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Concentration Cut-off 3.4 10 25 50 100 500 1000
Percent of Plume area 25% 25% 13% 11% 16% 6% 4%
Capture Frequency Percent of Plume Area Contained
0.10 65% 72% 86% 94% 96% 100% 100%
0.20 65% 71% 86% 94% 96% 100% 100%
0.30 64% 71% 86% 94% 96% 100% 100%
0.40 64% 71% 85% 94% 96% 100% 100%
0.50 63% 70% 85% 94% 96% 100% 100%
0.60 62% 70% 85% 94% 96% 100% 100%
0.70 62% 70% 85% 93% 96% 100% 100%
0.80 62% 70% 85% 93% 96% 100% 100%
0.90 61% 69% 85% 93% 96% 100% 100%
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Figure 4-64. Percent Containment of Targeted Concentrations of Carbon Tetrachloride
(a) Above the RLM Computed Using the CPGWM
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Concentration Cut-off 3.4 10 25 50 100 500 1000
Percent of Plume area 12% 22% 19% 13% 23% 7% 3%
Capture Frequency Percent of Plume Area Contained
0.10 65% 68% 81% 97% 100% 100% 100%
0.20 65% 68% 80% 97% 100% 100% 100%
0.30 64% 67% 80% 96% 100% 100% 100%
0.40 63% 66% 78% 95% 100% 100% 100%
0.50 63% 65% 78% 95% 100% 100% 100%
0.60 62% 65% 77% 94% 100% 100% 100%
0.70 61% 64% 77% 94% 100% 100% 100%
0.80 61% 63% 76% 93% 99% 100% 100%
0.90 60% 63% 75% 92% 99% 100% 100%
1.00 60% 63% 75% 92% 99% 100% 100%
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Figure 4-65. Percent Containment of Targeted Concentrations

of Carbon Tetrachloride Below the RLM Computed Using the CPGWM
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4.6.2.2 Evaluation of Flow-Path Control

Flow-path control considers, first-and-foremost, the extent of hydraulic containment. In addition to this,
the development of reduced hydraulic gradients in downgradient directions to the northeast and southeast
of the 200-ZP-1 OU is also considered. Evaluation of flow-path control integrates assessments of the
extent of contamination (emphasizing carbon tetrachloride), the extent of hydraulic containment, and the
region over which hydraulic gradients are reduced by operation of the 200 West P&T. Methods used to
evaluate and depict the status of flow-path control were first detailed in ECF-200ZP1-15-0002,
Description of Groundwater Modeling Calculations and Assessments of the River Protection Objective
for the Calendar Year 2014 (CY 2014) 200 Areas Pump-and-Treat Report. The methods used were later
revised to provide visual depictions that are more intuitive and readily interpreted. ECF-Hanford-18-0030
discusses the methods used to prepare this annual report. Figures 4-66 and 4-67 show estimated mapped
and simulated hydraulic gradients, respectively, above the RLM. Figure 4-68 shows estimated hydraulic
gradients below the RLM. In Figures 4-66 through 4-68, the orientation of the arrows indicates the
gradient direction, and the arrow length indicates gradient magnitude. Because natural gradients in this
area would be toward the east, the hydraulic gradient absent the groundwater P&T would produce arrows
pointing toward the east (as shown in left panel [inset a] in each figure). The gradient direction and
magnitude under current conditions are shown by arrow orientation and length in the right panel (inset b)
in each figure. Larger changes in gradient direction and magnitude due to P&T operations are shown by
larger differences in the arrow direction and length between figure insets (a) and (b). The greatest gradient
magnitude and direction changes are observed between the extraction and injection wells, as anticipated.
Gradient magnitude changes are shown in the right panel in each figure by coloring: a decrease in the
gradient magnitude from west to east is colored red, whereas an increase in gradient magnitude in the
same direction is shown in green. Gradient changes, are less evident moving farther away from the
extraction and injection wells to the northeast and southeast of the 200-ZP-1 OU, as expected (i.e., to the
north and to the south of the eastern [downgradient] line of injection wells).

The combination of color-coded gradient-change and the outline of the simulated extent of hydraulic
containment above the RLM suggests that flow-path control is maintained in the core of the region
contaminated by carbon tetrachloride at concentrations >100 pg/L, preventing or greatly reducing
eastward migration. However, in the area north of the eastern (downgradient) line of injection wells, there
is a region of contamination >100 pg/L that may not be hydraulically contained and the influence of
extraction and injection has only partially reduced hydraulic gradients. Conditions are somewhat similar
within Ringold unit A, below the RLM; however, the extent of contamination >100 ug/L is inferred as
smaller and not extending so far to the north, and, as a result, flow-path control appears more effective. It
should be noted that the number of wells present to characterize the extent of contamination below the
RLM is substantially smaller than that above the RLM. The data gap study (SGW-61350) identified the
area along the north end of the eastern (downgradient) injection well line as a particular area for
additional investigation, in part because of the relatively low density of monitoring locations in this area
and because predictions made with the CPGWM suggest that this is an area where contamination could
escape capture and migrate to the 200 East Area (Figure 4-69).

Flow-path control will continue to be evaluated as extraction and injection wells are still being added to
the 200 West P&T and hydraulic gradients stabilize.
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4.6.2.3 Evaluation of Contaminant of Concern Mass Removal

As described in the 200-ZP-1 OU ROD (EPA et al., 2008), carbon tetrachloride concentrations in

groundwater >100 pg/L correspond to approximately 95% of the dissolved mass of carbon tetrachloride
residing in the aquifer at the commencement of the P&T system. This region is targeted for mass removal.

The three-dimensional carbon tetrachloride plume was updated during 2017 using two methods (quantile
kriging and SGSIM), as detailed in ECF-200W-18-0028. Figure 4-70 shows the measured recovery of
carbon tetrachloride since the P&T began operation in 2012 (from 2012 through 2017) compared to the
mass recovery simulated using the CPGWM with the initial conditions obtained using quantile kriging,
assuming an abiotic-only half-life of 100 years. The figure also projects mass recovery over the 25-year
target P&T operational period through 2037. Figure 4-71 provides a similar plot, comparing measured
mass recovery (from 2012 through 2017) with simulated mass recovery, and projecting into the future,
but assuming an abiotic-only half-life of 630 years. As noted earlier, these projections assume future
operating rates similar to CY 2017 rates — i.e., that have not been subject to formal optimization to
maximize mass recovery.

Collectively, Figures 4-70 and 4-71 illustrate that a change from 100 to 630 years abiotic half-life greatly
reduces the contribution degradation makes to mass reduction and related reductions in concentrations
over the lifecycle of the P&T remedy. The projected fraction of the initial mass that remains in
groundwater when assuming a 630-year half-life is larger than that when assuming a 100-year half-life. In
either scenario, the projected proportion of the initial mass that will be recovered or degraded by 2037
absent optimization of the remedy to maximize mass recovery is <90% (i.e., about 83% for a 100-year
half-life, and about 81% for a 630-year half-life).

Figure 4-72 shows the effect of the assumed degradation half-life alone on changes in concentrations over
time. In this figure, changes in concentration from an initial value (i.e., starting at 1.0) are calculated over
a period of 100 years using three half-lives: 41.3 years and 100 years (which were assumed in the FS
(DOE/RL-2007-28) and the 200-ZP-1 OU ROD (EPA et al., 2008) for carbon tetrachloride); and

630 years, which is the best available number for solely abiotic degradation of carbon tetrachloride at the
current time.

Figures 4-73 and 4-74 present the estimated cumulative fraction of the initial mass of carbon tetrachloride
projected to be remediated (i.e., recovered and treated, or degraded in the subsurface) assuming 100- and
630-year half-lives, respectively, using the three alternate initial conditions presented in Section 4.2.2.3:

¢ Initial conditions obtained using quantile kriging. This initial condition is considered, for the current
time, to represent the base case for predictive purposes.

¢ Weighted-average initial conditions obtained from the updated SGSIM calculations. This initial
condition is considered, for the current time, to represent a reasonable alternate case for predictive
purposes.

o E-type average initial conditions obtained from the updated SGSIM calculations. This initial
condition is included here only for comparison with projections provided in DOE/RL-2009-38.

As noted in Section 4.2.2.3, although the E-type average was used in the RD/RAWP (DOE/RL-2008-78)
as a best estimate from the application of SGSIM, ECF-200W-18-0028 suggests that the E-type likely
overestimates the mass present in groundwater. The weighted-average is likely to more accurately
represent the dissolved mass present within the convex hull of the sample data and region from which the
groundwater extraction wells have recovered contaminants since 2012.
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Figure 4-70. Actual Carbon Tetrachloride Mass Recovery Compared to Projected Mass Recovery:
100-Year Half Life, Initial Plume from Quantile Kriging
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Figure 4-71. Actual Carbon Tetrachloride Mass Recovery Compared to Projected Mass Recovery:
630-Year Half Life, Initial Plume from Quantile Kriging
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Figure 4-73. Percent Carbon Tetrachloride Mass Removal Range:
100-Year Half-Life, for Alternate Initial Plumes
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Figure 4-74. Percent Carbon Tetrachloride Mass Removal Range:
630-Year Half-Life, for Alternate Initial Plumes

For the 100-year half-life, the simulated mass remediated over the 25-year P&T period is about 83% and
80% of the calculated initial mass for the quantile-kriging initial plume or the weighted-average SGSIM
initial plume (Figure 4-73). The simulated mass remediated for the E-type average initial plume derived
from the SGSIM calculations is about 67%; however, the E-type average plume is considered an unlikely
representation of the extent of carbon tetrachloride (ECF-200W-18-0028). For the 630-year half-life
(which, based on PNNL-22062, is considered to be the most likely value for the half-life of carbon
tetrachloride), the simulated mass remediated over the 25-year P&T period is about 81% and 77% of the
calculated initial mass for the quantile-kriging initial plume or the weighted-average SGSIM initial plume
(Figure 4-74).

Comparison of the actual to projected mass removed by the 200 West P&T through 2017 (Figures 4-70
and 4-71) and the projections presented in Figures 4-73 and 4-74 collectively indicate that although mass
removal targets appear close to being achieved over the near-term, overall mass removal within the
proposed 25-year timeframe is projected to be below the 95% mass removal target. Table 4-7 summarizes
the estimated range of fractions of the initial mass remediated over 25 years of operation using the three
alternate initial plumes. The estimates range from 62% to 83%, representing uncertainty in the initial
conditions. The projected mass removal using the most current best-estimate of the abiotic-only half-life
of 630 years suggests that the 95% mass remediation goal will not be achieved within the 25-year
operating period with the current well field and operational parameters, i.e., absent optimization of the
remedy to maximize mass recovery.
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Table 4-7. Estimated Range of Fractions of Initial Mass Remediated over 25 Years of Operation
Based on Quantile Kriging, Weighted Stochastic Average, and Stochastic E-Type
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4.6.3 Remedial Action Objectives

The RAOs identified in the 200-ZP-1 OU ROD (EPA et al., 2008) are site-specific goals that define the
extent of cleanup necessary to achieve the specific level of remediation at the site. Measurable progress
was made during the reporting period to meet specific RAOs, with the following results:

RAO #1: Return the 200-ZP-1 OU groundwater to beneficial use (restore groundwater to achieve
domestic drinking water levels) by achieving the cleanup levels (Table 4-1). This objective is to be
achieved within the entire 200-ZP-1 OU groundwater plumes. The estimated period to achieve
cleanup levels is within 150 years.

Conclusions: The interim 200-ZP-1 P&T system and the 200 West P&T system have made progress
toward this objective. The shallow portion of the aquifer (upper 15 m [50 ft]) with the carbon
tetrachloride plume was captured by the interim 200-ZP-1 P&T system until operations were
terminated in May 2012. Since remediation efforts began in 1996, the area with carbon tetrachloride
concentrations >2,000 pg/L decreased in size from 0.53 to 0.0 km? (0.2 to 0.0 mi?). From 1996 to
May 2012, the interim system removed 13,718 kg of carbon tetrachloride from groundwater. During
5.5 years of operation (since startup in July 2012), the 200 West P&T successfully removed
contaminants, and treated groundwater effluent met cleanup levels for all COCs, removing 12,891 kg
of carbon tetrachloride, 1,524,760 kg of nitrate as nitrate (344,284 kg of nitrate as nitrogen), 409 kg
of chromium, 56 kg of TCE, and 600 g of technetium-99. Furthermore, trends in concentrations
depicted in this report indicate reductions for most COCs at most wells over time. However, the rate
of mass recovery with the current extraction well configuration may not be sufficient to achieve the
95% mass removal and 100 pg/L carbon tetrachloride concentration levels in the 25-year active
pumping period. Additional optimization of the system is ongoing and will be reflected in a revision
to the RD/RAWP.

RAO #2: Apply ICs to prevent the use of groundwater until cleanup levels (Table 4-1) have been
achieved. Within the entire OU groundwater plumes, ICs must be maintained and enforced until the
cleanup levels are achieved, which is estimated to be within 150 years.

Conclusions: The Hanford Sitewide ICs plan (DOE/RL-2001-41) has been implemented to prevent
the use of groundwater until cleanup levels have been achieved, which is estimated to be within
150 years.

RAO #3: Protect the Columbia River and its ecological resources from degradation and unacceptable
impact caused by contaminants originating from the 200-ZP-1 OU. This final objective is applicable
to the entire 200-ZP-1 OU groundwater plume. Protection of the Columbia River from impacts
caused by the 200-ZP-1 OU contaminants must continue until cleanup levels are achieved, which is
estimated to be within 150 years.

Conclusions: The 200 West P&T and flow-path control components of the remedy are concurrently
implemented to protect the Columbia River and its ecological resources from degradation and
unacceptable impacts caused by contaminants from the 200-ZP-1 OU. After extraction and treatment
(to reduce constituent levels to cleanup levels or below) at the 200 West P&T, the water is reinjected
into the aquifer to the west to direct groundwater flow eastward toward the extraction wells. Treated
groundwater is also reinjected to the northeast and east of the groundwater contamination to slow the
natural eastward flow of most of the groundwater and, as a result, maintain the contaminants within
the hydraulic capture zone of the extraction wells. Slowing groundwater flow eastward also increases
the time available for natural attenuation processes to reduce the concentrations of contaminations not
captured by the extraction wells.
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4.7 Quality Assurance/Quality Control

Appendix E of DOE/RL-2017-66 discusses the QA and QC encompassing sampling and analysis of
all applicable wells.

4.8 Conclusions

The following conclusions are made regarding the 200-ZP-1 OU:

Biofouling and resulting reduced injection well capacity has a direct impact to the system extraction
rate. Biofouling was first observed in 2013, and CHPRC optimized chemical dosing to the biological
treatment system to balance biological needs within the plant while minimizing the release of
substances that might foul the injection wells (e.g., iron oxide, manganese oxides, micro-organisms,
and extracellular material). Ongoing injection well rehabilitation continued to remove metal oxides
and bio-films. In 2017, injection wells continued to be periodically taken offline and cleaned to
remove clogging material and restore injection capacity. Efforts to reduce injection well fouling
continued during 2017. Injection well field capacity does not currently limit treatment plant
throughput rates.

Data obtained from the 200 West P&T have demonstrated that the system is capable of operating at
its nominal design capacity of 7,571 L/min (2,000 gal/min). During 2017, the average facility
throughput from the 30 extraction wells pumping to the 200 West P&T was 7,436 L/min

(1,963 gal/min), with a maximum average rate of 9,467 L/min (2,501 gal/min). This is a 23% increase
from the 2016 throughput of 6,044 L/min (1,597 gal/min). The increase is mainly attributed to
installation of two new extraction wells, two new injection wells, and improved injection well
performance. The average pumping rate for the 200-ZP-1 OU remedy extraction wells during 2017
was 336 L/min (89 gal/min), which is within the range of the design pumping rate of 303 to

492 L/min (80 to 130 gal/min).

Summary statistics calculated using contaminant sampling results throughout the monitoring wells
listed in the PMP (DOE/RL-2009-115) indicate that overall concentrations are reducing each year.
This is consistent with expectations and reflects an area-wide reduction in dissolved contaminant
mass throughout the area encompassed by the groundwater P&T remedy.

Contaminant monitoring at individual monitoring wells indicates decreasing contaminant
concentrations for most COCs when compared to baseline concentrations established in 2012, prior to
startup of the 200 West P&T. There were also a smaller number of monitoring wells with higher
concentrations than observed in 2012, attributed to plume movement induced by the P&T remedy.
Several monitoring wells with concentration higher than those observed in 2012 are located near
extraction wells.

The extent of hydraulic containment induced by pumping of 200-ZP-1 extraction and injection wells
appears to cover over 95% of the extent of carbon tetrachloride that exhibits concentrations

>100 pg/L, as originally designed. However, some small localized portions of the carbon
tetrachloride plume at concentrations >100 pg/L, located downgradient of the eastern line of
extraction wells, do not appear to be contained. Further modeling is underway to locate additional
extraction and/or injection wells in these areas to expand the region of contaminant to encompass
these small areas.
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Although when operating at close to nominal capacity the P&T system appears able to hydraulically
contain the majority of carbon tetrachloride at concentrations >100 pg/L, mass recovery projections
suggest that the remedy is unlikely to recover 95% of the initial mass of carbon tetrachloride.
Simulations conducted using the CPGWM suggest that contamination beneath the RLM will likely
require longer to recover than anticipated.

Although progress toward attaining the mass recovery goal is not a direct indicator of progress toward
groundwater cleanup concentrations, the mass-removal goal was established as an interim measure to
focus the groundwater P&T on those areas exhibiting the highest concentrations of

carbon tetrachloride. Based in part on the mass recovery evaluation, an activity was initiated to
evaluate modification options for the 200 West P&T to achieve the 25-year goal of 95% mass
removal and the 100 pg/l concentration goal. It is expected that the complete results of the evaluation
will be documented in a revised RD/RAWP.
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5 200-DV-1 Operable Unit Perched Water Removal Action

This chapter discusses the removal action

activities performed for contaminated perched Highlights
water in the 200-DV-1 OU during 2017. Perched o The removal action for perched water extraction continued to
water removal operations have been included in successfully operate during 2017. One perched water

extraction well was used as an observation well to collect
water level data and resumed pumping in December.

e Two characterization boreholes were drilled and sampled in

this annual report since 2016, when the 200 West
P&T began treating the extracted water. Annual

reports for perched Wate_r extraction in 2012 2016 to characterize two 200-DV-1 OU waste sites

through 2015 were provided as separate (216-B-7A&B Cribs and 216-B-8 Crib), and both boreholes

documents (Table 5-1 in DOE/RL-2016-69, encountered perched water.

Calendar Year 2016 Annual Summary Report for e The results of the hydraulic testing, analysis of

the 200-ZP-1 and 200-UP-1 Operable Unit characterization borehole data, and contaminant trends

Pump-and-Treat Operations). during pumping of the three extraction wells will be used to
support the evaluation of the extent and thickness of the

Contaminated perched water is present in the perched water zone, to develop estimates of the volume of

deep Vadose zone at the B Complex area Iocated remaining perched water and the area Of pOtentia|

groundwater impact, and to evaluate sources of

in the Inner Area (Figure 5-1). The B Complex contamination to the perched water.

includes waste sites in the 200-DV-1 OU and the

SST farms in WMA B-BX-BY (Figure 5-2).
Perched water was discovered in this area in 1991 during drilling of wells to characterize groundwater
contamination in the underlying unconfined aquifer in the 200-BP-5 OU. In 2008, perched water was
encountered during the drilling of wells 299-E33-343, 299-E33-344, and 299-E33-345 as part of the
CERCLA RI of the 200-BP-5 OU. The perched water contains high concentrations of uranium,
technetium-99, and nitrate. The contaminated water in the perched zone likely originated from unplanned
releases to the vadose zone from the tanks within the B Complex and engineered releases to associated
liquid waste discharge facilities.

Perched water is a continuing source of contamination to the underlying unconfined aquifer.
Characterization and remediation of the contaminated perched water is being conducted as part of the
200-DV-1 OU (DOE/RL-2014-34), which was created in 2010 to support remedy selection for waste sites
with deep vadose zone contamination. The perched water zone is estimated to extend from the
east-central portion of the BX Tank Farm northeast to the 216-B-8 Crib, and it includes the northwest
portion of the B Tank Farm (Figure 5-2). The top of the perched water zone is approximately 68.6 m (225
ft) bgs and extends to 4.6 m (15 ft) above the water table at its lowest point. The maximum thickness of
the perched water zone is 4.6 m (15 ft).

Extraction of contaminated perched water using well 299-E33-344 began in August 2011 to collect
information on the perched zone and to reduce migration of contamination to the unconfined aquifer.
Two additional 200-DV-1 OU perched water extraction wells were drilled in 2014 (299-E33-350

and 299-E33-351). Extraction of perched water using all three wells began in 2016 as a NTCRA
(DOE/RL-2014-34). The removal action work plan (DOE/RL-2014-37, Removal Action Work Plan for
200-DV-1 Operable Unit Perched Water Pumping/Pore Water Extraction) and associated SAP
(DOE/RL-2014-51, Sampling and Analysis Plan for 200-DV-1 Operable Unit Perched Water
Pumping/Pore Water Extraction) for the NTCRA were issued in November 2015.

The removal action objectives for perched water are defined in the 200-DV-1 OU action memorandum
(Section 5.1 of DOE/RL-2014-34) as follows:
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o Apply ICs to protect human receptors from exposure to contaminants that exceed MCLs in the
underlying aquifer.

e Control sources of groundwater contamination.

¢ Remove contaminant mass from perched water and support final remedial options for both the
200-DV-1 and 200-BP-5 OUs.

During January and February 2017, the perched water extraction system was not operated while new
equipment to transfer extracted perched water to the 200 West P&T was being installed and tested.
Extraction was restarted on February 27, 2017, using wells 299-E33-350 and 299-E33-351.

Well 299-E33-344 was used as an observation well to collect water-level data. The water-level data
will be evaluated in 2018 as an extension of the hydraulic testing conducted in 2016 (Section 5.1.2 of
DOE/RL-2016-69). Well 299-E33-344 resumed pumping on December 21, 2017.

Perched water samples were obtained quarterly from extraction wells 299-E33-350 and 299-E33-351
from March through December 2017. A sample was collected from well 299-E33-344 after pumping
resumed in December. The samples were analyzed for the constituents identified in the SAP (Table 3-1
of DOE/RL-2014-51).

In 2017, the perched water extraction wells removed 1,264,327 L (334,000 gal) of perched water
containing 77.5 kg of uranium, 2.7 g of technetium-99, and 1,324.1 kg of nitrate. Since perched water
extraction began in 2011, a total of 2,628,633 L (694,412 gal) of perched water containing 157.2 kg of
uranium, 5.2 g of technetium-99, and 2,102.1 kg of nitrate has been removed.

Two boreholes were drilled into the perched water zone during characterization of two 200-DV-1 OU
waste sites in 2016. Perched water was encountered from 69.3 to 71.6 m (227.2 to 235 ft) bgs at
borehole C9487 (drilled near the 216-B-7A&B Cribs) and from 64.6 to 68.0 m (212 to 223.1 ft) bgs at
borehole C9488 (drilled at the 216-B-8 Crib) (Figure 5-2). Sediment samples were collected from both
boreholes and analyzed for contaminants and soil properties to help understand the perched water
boundaries and contaminant F&T in the perched water zone. The analytical results are provided in
SGW-61384, 200-DV-1 Operable Unit B-Complex Field Summary Report. The baseline conceptual site
model for the perched water zone will be updated and presented in a separate report.
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Removal System Operation

During 2017, the perched water extraction system operated from February 27 through
December 31, 2017.

5.1.1

Overview of Removal System

Perched water is pumped using extraction wells 299-E33-344, 299-E33-350, and 299-E33-351.

A dedicated submersible pump is installed in each well with an automatic on/off pump control regulated
by a water-level transducer. Each transducer is located 0.3 m (1 ft) above the pump intake. When the
perched water level in the well reaches the transducer high-level set point, the pump turns on and the
water is pumped into an aboveground 11,000 L (3,000 gal), high-density polyethylene double-wall
collection container located near the wellhead. When pumping lowers the water level to the transducer
low-level set point, the pump shuts off to allow the well to recover.

The high and low set points for each extraction well are optimized periodically to support efficient

pumping operations. The set points were optimized on December 21, 2017, when pumping resumed from
well 299-E33-344. Table 5-1 lists the high and low set points, and Table 5-2 lists the configuration of the
extraction wells. Table 5-3 shows the average flow rates for each extraction well in 2017.

Extracted perched water is transferred from the aboveground collection container to a nearby larger,
aboveground collection container used for groundwater extracted from the underlying 200-BP-5 OU.
Perched water and groundwater in the 200-BP-5 OU container are conveyed through a cross-site transfer
pipeline to a holding container at the 200 West P&T. The water is then transferred into the uranium inlet
tank where it is mixed with 200-UP-1 OU extracted groundwater and ERDF leachate. The mixed water
is sent through the uranium and technetium-99 treatment systems and finally to the central treatment
system, where the remaining contaminants are removed. The treated water is reinjected into the

200 West Area aquifer.

Table 5-1. Perched Water Extraction Well Set Points on December 21, 2017

Transducer High Set Point

Transducer Low Set Point

Well (m [ft] Above the Pump) (m [ft] Above the Pump)
299-E33-344 2.0 (6.5) 0.8 (2.5)
299-E33-350 1.8 (6.0) 0.6 (2.1)
299-E33-351 1.8 (6.0) 0.5(1.5)

Table 5-2. Perched Water Extraction Well Configuration

Bottom of
Top of Screen Screen Screen Pump Intake | Transducer | Well Casing
(m [ft] (m [ft] Length (m [ft] (ft Below Diameter
Well Below Pad) Below Pad) (m [ft]) Below Pad) Pad) (cm [in.])
299-E33-344 66.4 (217.9) 72.3 (237.1) 5.9 (19.2) 72.0 (236.1) 71.7 (235.1) 10.2 (4)
299-E33-350 68.1 (223.5) 71.2 (233.5) 3.0 (10) 70.9 (232.5) 70.6 (231.5) 15.2 (6)
299-E33-351 67.9 (222.8) 71.0 (232.8) 3.0 (10) 70.7 (231.8) 70.3 (230.8) 15.2 (6)
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Table 5-3. Perched Water Extraction Well Flow Rates in 2017

Total Volume Average Length of Average Flow Rate
Pumped Pumping Cycles Average Pumping when Pumping
Well [L (gaD)] (min) Cycles per Hour [L/min (gal/min)]
299-E33-344 7,571 (2,000) 2 3 2.6 (0.7)
299-E33-350 829,005 (219,000) 7 3 3.2(0.8)
299-E33-351 427,751 (113,000) 3 3 2.7 (0.7)
Totals | 1,264,327 (334,000) 12 9 8.5(2.2)

5.1.2 Contaminant Monitoring

Monitoring of perched water in accordance with the SAP (Table 3-1 in DOE/RL-2014-51) was
conducted in 2017. Constituents are monitored on a quarterly, semiannual, or annual frequency.

The COCs (technetium-99, tritium, total chromium and Cr(V1), nitrate, and uranium) are monitored
during quarterly sampling (in March, June, September, and December). The COCs and carbon-14

are analyzed during semiannual sampling (in September). All constituents are analyzed during

annual sampling (in March). The December sampling occurred on December 12, 2017. Because

well 299-E33-344 began pumping on December 21, 2017, the December quarterly sample was collected
at that well in January 2018.

Tables 5-4, 5-5, and 5-6 provide analytical results for uranium, technetium-99, and nitrate for samples

collected from the three perched water extraction wells in 2017.

Table 5-4. Well 299-E33-344 Perched Water Analytical Results, 2017

Nitrate Technetium-99 Uranium
Sampling Date (mg/L) (pCi/L) (ng/L)
01/31/2018 487 40,800 52,900

Table 5-5. Well 299-E33-350 Perched Water Analytical Results, 2017

Nitrate Technetium-99 Uranium
Sampling Date (mg/L) (pCi/L) (ng/L)
03/17/2017 27.9% 45,900 105,000
06/27/2017 903 37,200 50,600
09/13/2017 797 23,900 60,100
30,000 52,500
39,100 51,500
12/12/2017 1,100 41,900 68,400

* The reported analytical value of 27.9 mg/L was flagged as suspect and is not considered representative
because this result is out of trend at an order of magnitude lower than other reported values for this well.

5-6



DOE/RL-2017-68, REV. 0

Table 5-6. Well 299-E33-351 Perched Water Analytical Results, 2017

Nitrate Technetium-99 Uranium
Sampling Date (mg/L) (pCi/L) (ng/L)
03/17/2017 974 14,100 35,900
03/17/2017 974 14,900 33,600
06/27/2017 881 26,600 33,800
06/27/2017 1,000 25,300 33,300
09/13/2017 1,810 19,800* 34,300
09/13/2017 — 36,300* 31,800
12/12/2017 1,280 36,900 28,400
12/12/2017 1,590 41,300 28,700

* The reported analytical values of 19,800 and 36,300 pCi/L were flagged as suspect because the relative
percent difference between the sample and duplicate is 59%.

Concentrations of uranium and technetium-99 in well 299-E33-344 remain higher than before pumping
began in 2011 and have continued to fluctuate over time (Figure 5-3). Figures 5-4 through 5-6 show

the 2017 concentrations of uranium, technetium-99, and nitrate in samples collected from the three
perched water extraction wells. Concentrations of uranium were highest in well 299-E33-350. At the end
of the year, concentrations of technetium-99 were about the same in all three wells. During the 2017,
concentrations of technetium-99 increased in well 299-E33-351. Nitrate concentrations were the highest
in well 299-E33-351.

120,000 S50.E35.344 60,000
—&— Uramum i :
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100,000 1 : 50,000
1
90,000 4 Perched Water :
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Figure 5-3. Time Series of Uranium and Technetium-99 Concentrations lllustrating Increase in Uranium and
Technetium-99 Concentrations in Perched Water Extraction Well 299-E33-344 After Pumping Began
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The samples from the perched water wells were analyzed for COCs and other analytes and field
parameters of interest specified in the SAP (Table 3-1 of DOE/RL-2014-51). All of the required
constituents for all sampling frequencies were analyzed in the 2017 samples. Table 5-7 provides the

maximum concentrations detected during 2017 for the analytes required by the SAP.

Table 5-7. Maximum Contaminant Concentrations Detected during Perched Water Sampling, 2017

Well 299-E33-344

Well 299-E33-350

Well 299-E33-351

Constituent Units Maximum Maximum Maximum
Contaminants of Concern (Sampled Quarterly)
Uranium Mg/l 52,900 105,000 35,900
Technetium-99 pCi/L 40,800 45,900 41,300
Nitrate as N mg/L 487 1,100 1,810
Total chromium pa/L 71.9 72.3 58.2
Hexavalent chromium pa/L 71 87 61
Tritium pCi/L 15,800 22,500 7,750
Analytes of Interest (Sampled Annually or Semiannually)

Carbon-14 pCi/L 1,270 1,470 852
lodine-129 pCi/L 1) 4.23 1 (V)
Arsenic pa/L 8.9 16.0 4.25
Calcium mg/L 156 257 461
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Table 5-7. Maximum Contaminant Concentrations Detected during Perched Water Sampling, 2017

Well 299-E33-344

Well 299-E33-350

Well 299-E33-351

Constituent Units Maximum Maximum Maximum
Iron pg/L 150 (V) 300 (V) 300 (U)
Sodium mg/L 285 425 640
Chloride mg/L 64 97 91
Fluoride mg/L 9.4 6.8 0.28
Nitrite as N pg/L 125 (U) 361 125 (U)
Sulfate mg/L 410 610 720
Magnesium mg/L 56.1 101 134
Potassium mg/L 11.1 15.9 24.7
Bicarbonate alkalinity mg/L 314 362 252
Carbonate alkalinity Mo/l 540 (U) 1,450 (V) 1,450 (U)
Total inorganic carbon? mg/L Not analyzed 61.4 49.6
Total organic carbon? mg/L Not analyzed 2.6 2.8
Total dissolved solids? mg/L Not analyzed 2,490 2,430
Cyanide® pg/L 1.67 (U) 2.11 413

Field Parameters (Sampled Quarterly)

Dissolved oxygen mg/L 7.60 6.91 8.19
Oxidation-reduction RmV 401 3129 3083
potential
pH Standard units 7.7 8.2 7.87
Specific conductance pS/cm 2,325 3,123 3,629
Temperature °C 18.9 20.0 21.7
Turbidity NTU 1.19 175 5.98

a. Analyzed in only the March annual sample.
b. Not required by DOE/RL-2014-51, Sampling and Analysis Plan for 200-DV-1 Operable Unit Perched Water Pumping/Pore

Water Extraction.

NTU = nephelometric turbidity unit
U = constituent was analyzed for but was not detected

5.1.3 Contaminant Mass Removed

Table 5-8 presents the perched water volume and contaminant mass removed since 2012. Volumes and
masses removed from 2012 through 2015 were from pumping from only one extraction well
(299-E33-344). (Table 5-8). The volume and mass removed in 2017 by each of the perched water
extraction wells in is presented in Table 5-9.
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Table 5-8. Perched Water Extracted and Contaminants Removed

Perched Water Uranium Technetium-99 Nitrate
Extracted Removed Removed Removed
Year Duration (L [gal]) (kg [Ib]) (g [Ib]) (kg [1b])
2012 08/2011 through 246,657 12.0 0.37 131.0
09/2012 (65,167) (26.5) (8.1x10% (288.9)
2013 10/2012 through 349,367 13.1 0.74 202.6
09/2013 (92,303) (28.9) (1.6x10%) (446.7)
2014 10/2013 through 286,222 24.1 0.59 137.2
09/2014 (75,620) (53.2) (1.3x10?) (302.4)
2015 10/2014 through 257,626 19.3 0.41 112.2
09/2015 (68,065) (42.4) (9.0x10%) (247.4)
2016 10/2015 through 224,434 11.2 0.36 195.0
12/2016 (59,289) (24.7) (7.8x10% (430.0)
2017 01/2017 through 1,264,327 77.5 2.67 1,324.1
12/2017 (334,000) (170.9) (5.9x10%) (2,919.2)
Totals 08/2011 through 2,628,633 157.2 5.2 2,102.1
12/2017 (694,412) (346.6) (1.1x10?) (4,634.4)
Table 5-9. Perched Water Extracted and Contaminants Removed in 2017
Perched Water Uranium Technetium-99 Nitrate
Extracted Removed Removed Removed
Well Duration (L [gal]) (kg [1b]) (g [Ib]) (kg [Ib])
299-E33- 12/21/2017 through 7,571 0.5 0.01 4.0
344 12/31/2017 (2,000) (1.1) (3.3x10®) (8.8)
299-E33- 02/27/2017 through 829,005 62 1.90 779.7
350 12/31/2017 (219,000) (136.7) (4.2x10?) (1,718.9)
299-E33- 02/27/2017 through 427,751 15 0.75 540.5
351 12/31/2017 (113,000) (33.1) (1.7x10?) (1,191.5)
2017 02/27/2017 through 1,264,327 775 2.67 1,324.1
12/31/2017 (334,000) (170.9) (5.9x10?) (2,919.2)

5.2 Removal Action Objectives Progress

Measurable progress was made during 2017 to meet specific removal action objectives for perched water,
with the following results:

o Apply ICs to protect human receptors from exposure to contaminants that exceed MCLs in the
underlying aquifer.

Results: The Hanford Sitewide ICs plan (DOE/RL-2001-41) has been implemented to prevent the
use of groundwater until cleanup levels have been achieved.

e Control sources of groundwater contamination.
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Results: Extraction of perched water controls the sources of groundwater contamination and removes
contaminant mass from the perched water by pumping contaminated water from the perched layer
and treating it at the 200 West P&T to below MCLs in order to meet injection criteria.

¢ Remove contaminant mass from perched water and support final remedial options for both the
200-DV-1 and 200-BP-5 OUs.

Results: During 2017, extraction of perched water removed 1,264,327 L (334,000 gal) of
contaminated water containing 77.5 kg of uranium, 2.67 g of technetium-99, and 1,324.1 kg of
nitrate. Since 2011, perched water extraction has removed 2,628,633 L (694,412 gal) of contaminated
water containing 157.2 kg of uranium, 5.2 g of technetium-99, and 2,102.1 kg of nitrate. With
continued extraction, additional data will be available to guide the optimization of the removal
action and support final remedial options for the 200-DV-1 and 200-BP-5 OUs.

5.3 Quality Assurance/Quality Control

QC requirements for perched water sampling are specified in the removal action SAP (Table 2-4 of
DOE/RL-2014-51). Field QC samples were collected to evaluate cross-contamination potential and
provide information pertinent to sampling variability. Laboratory QC samples estimate the precision,
bias, and matrix effects of analytical data. During 2017, QC samples were collected in accordance with
the SAP. Appendix E of DOE/RL-2017-66 provides QA/QC sampling and analysis information for the
200-DV-1 OU perched water wells, including a review of QA/QC issues that may affect data
interpretation in this report.

5.4 Removal System Costs

Table 5-10 provides the actual cost breakdown for perched water removal action activities for 2017.
The costs shown are burdened. Based on a total of 1,264,327 L (334,000 gal) of perched water extracted,
the removal system cost in 2017 was $0.31/L ($1.18/gal).

5.5 Conclusions

The removal action for perched water extraction continued to successfully operate during 2017.

Two extraction wells were used to remove perched water from February through December. The third
extraction well was used as an observation well from January through September and as an extraction
well in December. The perched water extraction wells removed 1,264,327 L (334,000 gal) of perched
water containing 77.5 kg of uranium, 2.67 g of technetium-99, and 1,324.1 kg of nitrate.

Perched water samples were collected quarterly for analysis of uranium, technetium-99, nitrate, and other
constituents specified in the SAP (DOE/RL-2014-51).

Hydraulic testing during startup of the three-well system was conducted from February through
September 2016. Testing continued in 2017, using one well as an observation to collect water levels.
Two characterization boreholes (C9487 and C9488) were drilled and sampled in 2016 to characterize two
200-DV-1 OU waste sites (216-B-7A&B Cribs and 216-B-8 Crib), and both boreholes encountered
perched water. The results of the hydraulic testing, analysis of characterization borehole data, and
contaminant trends during pumping of the three extraction wells will be used to support the evaluation of
the extent and thickness of the perched water zone, to develop estimates of the volume of remaining
perched water and the area of potential groundwater impact, and to evaluate sources of contamination to
the perched water.
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Table 5-10. Cost Breakdown for Perched Water Removal Action, 2017

Actual Costs ($)

Activity 2016 2017
Perched water project management 61,593 510
Design/construct new pipeline? 2,104,378 48,882
Operations and maintenance® 327,790 323,410
Perched water removal operations 362,020 19,261
Perched water annual report 1,472 45
Install perched water extraction well system 59,321 1,083
Total 2,916,573 393,192

a. Cost for the cross-site connection to the 200 West P&T were split with the 200-BP-5 OU.

b. The operations and maintenance cost is an apportionment of the overall 200 West P&T operations
and maintenance cost based on percentage of mass treated from extracted 200-DV-1 OU perched
water to the total mass treated by the 200 West P&T.

OU = operable unit
P&T = pump and treat
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6 200-BP-5 Operable Unit Removal Actions

This chapter discusses the 2017 groundwater
removal action activities from the B Complex
area (B-BX-BY Tank Farms area) at the
200-BP-5 OU (Figure 6-1). Extraction of

B Complex area contaminated groundwater began
in October 2015 by initiating a treatability test at
extraction well 299-E33-268 (DOE/RL-2010-74,
Treatability Test Plan for the 200-BP-5
Groundwater Operable Unit). Groundwater
extraction operations from the B Complex area
have been included in this annual report since
2016, when the 200 West P&T began treating the
extracted water.

Based on the success of the 2015 treatability test,
DOE/RL-2015-26, Engineering Evaluation/Cost
Analysis for the 200-BP-5 Operable Unit
Groundwater Extraction; the 200-BP-5 action

Highlights
Well 299-E33-360 was converted to an extraction well for the
200-BP-5 OU removal action. The addition of extraction
well 299-E33-360 further reduced the volume of the high
concentration (>10 times the DWS) uranium plume by 57% to
63%.
Technetium-99 removed in 2017 by extraction well 299-E33-
360 was >10% more than removal by well 299-E33-268 in
2016.
Contaminant trending at wells within the northwest, central,
and south-southeast portions of the B Complex indicates that
the capture zone from pumping at extraction well 299-E33-60
is consistent with numerical model capture zone simulations.
However, the southeast portion of the technetium-99 plume
would not be effectively captured. Well 299-E33-361 is
planned to be converted to an extraction well for
technetium-99 removal.

memorandum for groundwater extraction (DOE/RL-2016-41) was issued in 2016. Following approval

of the action memorandum on December 1, 2016, authorization for groundwater extraction at

well 299-E33-268 transitioned to the NTCRA selected in the action memorandum. The recommended
removal action included extracting contaminated groundwater from existing extraction well 299-E33-268
and up to three additional wells (e.g., 299-E33-360) for optimal removal.

The overall objective of the removal action is to reduce contamination in groundwater within
the B Complex by capturing and removing uranium and technetium-99. Specific objectives include

the following:

o Capture and treat uranium and technetium-99 groundwater contaminant concentrations that exceed

10 times the DWSs.

e Use the 200 West P&T to treat contaminated groundwater. Use an aboveground pipeline to convey

water to the 200 West P&T.

As described in the action memorandum (DOE/RL-2016-41), the removal action will continue until one

or more of the following occurs:

e Uranium and technetium-99 concentrations at the B Complex are <10 times their respective DWSs
(e.g., measured uranium concentrations are <300 pg/L, and measured technetium-99 concentrations

are <9,000 pCi/L).

o DOE, EPA, and Ecology agree to terminate the removal action.

e A remedial action ROD for the 200-BP-5 OU supersedes the removal action.

The draft removal action work plan (DOE/RL-2017-11, Draft A, Removal Action Work Plan for
200-BP-5 Operable Unit Groundwater Extraction) to implement the selected removal action in
DOE/RL-2016-41 was transmitted for regulatory agency review on May 25, 2017. Comments from the
regulatory agencies were received in July 2017, and comment resolution continued throughout the

remainder of 2017.
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Modeling associated with the removal action work plan (DOE/RL-2017-11, Draft A) assessed the
effectiveness of capturing and removing technetium-99 and uranium concentrations >10 times the DWS.
The numerical model indicated well 299-E33-360, located near the highest technetium-99 and uranium
groundwater concentrations (Figure 6-2), would remove the greatest amount of mass in the shortest time.
In 2016, the system was expanded by adding a conveyance pipeline to well 299-E33-360 that is
connected to a shared transfer tank located in the B Complex. The shared transfer tank combines
extracted water from B Complex wells 299-E33-268 and 299-E33-360 with perched water from the
200-DV-1 OU (Chapter 5 discusses operation of the 200-DV-1 perched water removal action).

Pumping at well 299-E33-360 began on March 9, 2017. Treatment of extracted groundwater continued at
the 200 West P&T (Chapter 2), where just over 219 million L (57.9 million gal) of 200-BP-5 OU
contaminated groundwater were treated in 2017. This was an increase of >30% over the approximately
166 million L (44 million gal) extracted from late September 2015 through the end of 2016 at

well 299-E33-268. The volume increase was associated with addition of extraction well 299-E33-360. By
adding well 299-E33-360 (located in the highest concentration portion of the plume), the estimated
uranium removal in 2017 was 123 kg compared to 9.6 kg removed in 2016.

Section 6.1 provides an overview of the B Complex hydrogeology. Sections 6.2 and 6.3 describe the
200-BP-5 OU removal system design and operation, respectively. Section 6.4 presents the QA/QC
encompassing sampling and analysis for the 200-BP-5 OU, and Section 6.5 summarizes the system costs.
Section 6.6 discusses the conclusions.

6.1 B Complex Hydrogeology Overview

The B Complex hydrogeology includes a perched water zone and unconfined and confined aquifers.
The perched water zone lies approximately 4.6 m (15 ft) above the water table, extending along the north
side of the B Tank Farm (Figure 5-2 in Chapter 5).

The contaminated unconfined aquifer at B Complex is associated with the following suprabasalt
sediments: Ringold unit A, Cold Creek unit, and Hanford formation (Figure 6-3). Depths to the water
table from the land surface range from 70 m (230 ft) north of the BY Cribs to 84.5 m (275 ft) south of
the B Complex (Figure 6-3). The unconfined aquifer thickness varies from <1 m (3 ft) north of the

B Complex to >5 m (16 ft) along the south boundary (Figure 6-4). Detailed descriptions of B Complex
hydrogeology are provided in PNNL-12261, Revised Hydrogeology for the Suprabasalt Aquifer System,
200-East Area and Vicinity, Hanford Site, Washington; PNNL-19702, Hydrologic Model for the Gable
Gap Area, Hanford Site; and PNNL-19277.
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The groundwater gradient at the B Complex area is nearly flat along the transmissive
northwest-southeast-trending buried paleochannel. The groundwater flow at the B Complex was
previously to the northwest; however, since July 2011 the groundwater flow has been to the
south-southeast. Figure 6-5 shows the calculated 2017 regional groundwater gradient.

ECF-200E-16-0093, Preparation of 200 East Area Water Table Maps for Calendar Year 2015,
discusses the process used to determine the water table gradient.
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6.2 200-BP-5 Operable Unit Groundwater Extraction System

The current 200-BP-5 OU groundwater extraction system consists of a shared transfer tank that
combines extracted groundwater from the 200-BP-5 OU with perched water from the 200-DV-1 OU.
The B Complex groundwater removal action used two groundwater extraction wells in 2017

(wells 299-E33-268 and 299-E33-360) (Figure 6-2) to recover elevated levels of groundwater
contamination and to prevent further migration of groundwater contaminants. The extraction wells are
screened across the entire gravel unconfined aquifer and are located within 200 m (656.2 ft), or
downgradient, of the primary sources of groundwater contamination. The expected total flow rate from
the extraction wells ranges from 189 to 568 L/min (50 to 150 gal/min).

The system also extracts collocated cyanide, iodine-129, nitrate, and tritium contaminants. The expected
concentrations for uranium, technetium-99, and collocated contaminants from extracted 200-BP-5 OU
groundwater will be within the 200 West P&T capacity or feed acceptance criteria (SGW-59872, Feed
Stream Acceptance Criteria for 200 W Pump and Treat), and with the exception of tritium and
iodine-129, the 200 West P&T will treat other collocated contaminants (nitrate and cyanide) to
concentrations below the respective DWSs.

Extracted groundwater is pumped to the 200 West P&T using an aboveground pipeline. Figure 6-6
shows the current system configuration, including the existing conveyance lines and pump station
location in the B Complex. Extracted groundwater within the B Complex transfer tank is transferred to
the 200 West P&T via an existing aboveground pipeline (Figure 6-7). The 200 West P&T consists of two
main processes (described in Chapter 2):

¢ Radiological treatment process using IX resins (primarily to remove uranium and technetium-99, but
cyanide and some iodine-129 is also removed)

o Central treatment process that uses anoxic and aerobic biodegradation for nitrate, metals, and organic
contaminants; membrane filtration to remove particulate matter; and air stripping to remove VOCs

Groundwater pumped by the B Complex extraction wells is combined with groundwater pumped by the
U Plant area, WMA S-SX, 200-ZP-1 OU, and 200-DV-1 OU extraction wells that require radionuclide
treatment, and the combined water is passed through the IX resin. The effluent from this process is then
combined with groundwater from the remaining extraction wells (not requiring radionuclide treatment)
and is passed through the central treatment process. The treated water is then returned to the aquifer using
injection wells, most of which are located within the 200-ZP-1 OU. Chapter 2 of this report further
describes the 200 West P&T treatment system. Data used to monitor the removal system consisted of
flow rates from the extraction wells, analytical sample results from the extraction wells, and influent
sample results at the 200 West P&T.

6-9



DOE/RL-2017-68, REV. 0

A Geounosater Extraction Wels ! Waste Site
[0 toeb Faren [T _JAmea Bowndary
| s Existing Cross She Conveyance Fiping
‘-*WBWWWMM' P
= < - Froposed B Complex Conmveyance Pping o s 150 55 0 ¢
E2RIATPOCIT

oan»mnl

RO e D O N (oS ONTR UV

Figure 6-6. Diagram of B Complex Pump Station and Existing/Proposed Conveyance Pipelines

6-10



TT-9

BP-5 Extracted Grounawater
Conveyance Piping

Il Furs & Trest Syztem Buiklings
[ Faciitiea

[ 7ark Fam soundary

[ area Bouncary

{73 Grounowater Operatle Unite
—— Roats

Imagory Sowes NAP 2013
D % 10w
L J

025

Yk LR 200, West:Groundwater.
" MR retmentE acilty

!

Figure 6-7. Diagram of the Conveyance Pipeline from the B Complex
Located in the 200 East Area to the 200 West P&T

000 Dy Wl e Ploe:

12 1nch Damate: "o § ncd Oarraker e

P Canel
o Pt fance

i e et
e DM b K B S8

0 'A3d '89-,T02-14/30d



DOE/RL-2017-68, REV. 0

6.2.1 Extraction Well Flow Rates

The B Complex groundwater extraction system (including wells 299-E33-268 and 299-E33-360) operated
81% of the time during 2017 (Figure 6-8). Water was pumped from the aquifer for 296 days during 2017.
Water was not pumped from January 1 through February 20, 2017, due to frozen conveyance piping.
Other limited periods when water was not pumped were for system maintenance. Figure 6-8 shows

the 2017 daily average flow rates for extraction wells 299-E33-268 and 299-E33-360. The cumulative
average flow rate during 2017 was 417 L/min (110 gal/min). During the last quarter of 2017, the average
groundwater extraction flow rate increased to 606 L/min (160 gal/min). The total volume of water
extracted from the aquifer during 2017 was approximately 219 million L (57.9 million gal), and the total
extracted from startup in September 2015 to the end of 2017 was approximately 385 million L

(201.7 million gal).

In June 2017, extraction well pumping was turned off at well 299-E33-268, which is located on the
upgradient edge of the target plume and is less effective than well 299-E33-360 for removing
technetium-99 and uranium. Numerical modeling indicated that extracting groundwater from

well 299-E33-360 would capture uranium contamination more rapidly (Figure 6-9); however, the
southeast portion of the technetium-99 plume would not be effectively captured. Well 299-E33-361 is
planned to be converted to an extraction well for technetium-99 removal in 2018.

180

—e—209-E33-268
160 | | —=—299-E33-360

140

-
[ae]
o

100 -

[o]
o

Extraction Well Pumping Rate, gpm
[o2]
o

40 |

20 -

0
Jan-17  Feb-17 Mar-17 Apr-17 May-17 Jun-17  Jul-17  Aug-17 Sep-17 Oct-17 Nov-17 Dec-17

Date 200PT17S6F29

Figure 6-8. Daily Average Groundwater Extraction Rate, 2017
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Figure 6-9. Simulated Groundwater Capture Zone If Extracting from Well 299-E33-360 at
568 L/min (150 gal/min) After 5 Years of Pumping

6.2.2 Extraction Well Mass or Activity Removal

B Complex water samples were collected quarterly during 2017 from extraction well 299-E33-268,
which was shut down in mid-June 2017 (Table 6-1). Quarterly water samples were planned at

well 299-E33-360; however, a sampling stop work delayed the June sampling event until August 2017.
As a result of the delay, the next sampling was pushed out to November 2017, and the final sample was
collected in December 2017 (Table 6-2).

Sample results and the extraction well flow rates were used to estimate the total mass (or activity) of
the primary constituents (technetium-99 and uranium), as well as the collocated constituents (cyanide,
iodine-129, nitrate, and tritium) removed from the aquifer. Table 6-3 provides estimates of the
contaminants removed by groundwater extraction.
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Table 6-1. Analytical Results from Extraction Well 299-E33-268 During 2017

Technetium-99 Uranium Nitrate Total Cyanide Todine-129 Tritium
Date (pCi/L) (total) (ng/L) (ng/L) (ng/L) (pCi/L) (pCi/L)
3/1/2017 — — — 372 — —
3/10/2017 6,520 61.2 354,000 296 4.28 6,860
3/15/2017 — — — 308 — —
3/29/2017 — — — 359 — —
6/9/2017 6,210 44.5 314,000 297/306* 231 5,180
* Filtered/unfiltered sample.
— = not sampled
Table 6-2. Analytical Results from Extraction Well 299-E33-360 in 2017
Technetium-99 Uranium Nitrate Total Cyanide Iodine-129 Tritium
Date (pCi/L) (total) (ng/L) (ng/L) (ng/L) (pCi/L) (pCi/L)
3/15/2017 10,600 2,970 359,000 715 — 8,830
197/201*
8/10/2017 6,080 223 341,000 1.08 3,500
212/148*
276/272*
11/30/2017 5,910 122 310,000 2.59 3,720
272/274*
12/12/2017 5,380 107/107* — 242 3.60 3,670
* Filtered/unfiltered sample.
— = not sampled
Table 6-3. Contaminant Mass (or Activity) Removed
from the Aquifer by 200-BP-5 OU Groundwater Extraction, 2017
Combined Extraction
(299-E33-268 and
299-E33-268 299-E33-360 299-E33-360)
2016-

Constituent 2016 2017 2017 2017 2017 2016-2017
Technetium-99 (Ci) 0.98 0.33 1.31 1.3 1.63 2.61
Uranium (total) (kg) 9.6 3 12.6 120 123 132.6
Nitrate (kg) 53,100 17,700 70,800 57,900 75,600 128,700
Cyanide (kg) 45.5 17 62.5 27 44 89.5
lodine-129 (Ci) 1.64E-04 | 2.13E-04 | 3.77E-04 1.23E-03 1.44E-03 1.61E-03
Tritium (Ci) 1 0.34 1.34 0.92 1.26 2.26
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6.2.3 Water-Level Monitoring

Water-level monitoring is part of the data collection effort to evaluate the effect of the B Complex
groundwater extraction system on the water table and to estimate system effectiveness in capturing
contaminant plumes. A regional method is currently used at Resource Conservation and Recovery Act

of 1976 facilities in the 200 East Area for water-level monitoring, which extrapolates local gradients from
the regional groundwater gradient. This process provides an estimate of the local gradient but is not
sufficient to interpret local changes associated with localized extraction wells. As a result, the removal
action work plan (DOE/RL-2017-11) identified local water-level monitoring as a data need and planned the
resources necessary to install, monitor, and derive small water table changes for assessing the local effect
on the water table from extraction wells at the B Complex. Monitoring of the local network is scheduled to
start in early 2018.

6.2.4 Hydraulic Capture Analysis

Time-dependent capture zone analyses were completed for the various pumping rates and hydraulic
properties, as discussed in DOE/RL-2015-75 and DOE/RL-2017-11. Figure 6-9 illustrates the expected
capture zone associated with well 299-E33-360 when pumping at 568 L/min (150 gal/min). Water-level
monitoring results from 2018 will be used to determine the accuracy of the capture zone analysis.

6.2.5 Contaminant Monitoring

This section summarizes the groundwater sampling results for the primary COCs (technetium-99 and
uranium) at the B Complex. The objectives of monitoring are to assess the performance of the B Complex
removal action. The scope of the removal action is to remove high-concentration contaminated groundwater
and to prevent further migration of groundwater contaminants. DOE/RL-2017-66 provides further
discussion of the nature and extent of other plumes within the OU during 2017.

6.2.5.1 Technetium-99 Monitoring Results

Technetium-99 trend plots and areal plume extents are compared to evaluate the effectiveness of the
removal action at the B Complex. Three areas were evaluated in the B Complex:

¢ Northwest B Complex area, where extraction well 299-E33-268 is located

o North-central B Complex area, where the majority of the technetium-99 >10 times the DWS is located,
as well as extraction well 299-E33-360

e South-southeast B Complex area, where technetium-99 in >10 times the DWS previously migrated

The following discussion includes an evaluation of the concentration trends against numerical modeling.
Projections are made using the concentration trends and numerical modeling to determine when
concentrations within the plume should decline <10 times the DWS. The discussion concludes with future
planned additions and how the additions should effect current plumes.

Technetium-99 concentrations in the northwest portion of the B Complex decreased during 2017 due to
groundwater extraction (Figure 6-10). Figure 6-11 provides the concentration trends in five wells in

the northwest portion of the B Complex. Concentrations are declining in all wells except 299-E33-34.

Well 299-E33-34 is located upgradient of the extraction wells, near the remnant northwest technetium-99
lobe that migrated beyond the 200 East Area when groundwater flow was northwest (Figure 6-10).

Well 299-E33-34 monitors technetium-99 migrating back into the 200 East Area since the groundwater
flow reversal in July 2011 and indicates that variable technetium-99 concentrations exceeding the DWS are
still present north of the 200 East Area. Table 6-4 provides the concentrations of the five wells from
January 2015 through December 2017. Although concentrations still exceed the DWS north of the

200 East Area, continued groundwater extraction at well 299-E33-360 should continue to reduce the extent
and concentration of technetium-99, as displayed by the numerical model capture zone influence

in Figure 6-9.
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Figure 6-10. Comparison of 2016 and 2017 B Complex Technetium-99 Plume
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Figure 6-11. Technetium-99 Concentration Trends from 2015 and 2017
in the Northwest Portion of the B Complex Unconfined Aquifer
Table 6-4. Technetium-99 Concentrations from 2015 Through 2017
in the Northwest Portion of the B Complex Unconfined Aquifer
Date 299-E33-31 299-E33-34 299-E33-341 299-E33-35 299-E33-38

January 2015 — 2,030 5,070 1,930 —
July 2015 — 2,080 — 1,540 —
August 2015 — — — — 16,600
November 2015 2,250 — — — —
January 2016 — 1,680 — 1,310 —
March 2016 — — 7,980 — —
July 2016 — 1,200 — 1,220 —
August 2016 551 — — — 21,000
November 2016 9,030 — — — —
January 2017 — 1,890 — 963 —
March 2017 — — 6,120 — —
July 2017 — 2,410 — 810 —
August 2017 — — — — 6,650
November 2017 4,220 — 3,680 — 6,230

Note: Analytical results are measured in pCi/L.
— = no samples collected during the month
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Technetium-99 concentrations in the central portion of the B Complex showed a predominant declining
trend by the end of 2017 (Figure 6-12). Figure 6-12 provides the concentration trends in 10 wells in the
central portion of the B Complex. Only wells 299-E33-39 and 299-E34-9 did not show declining trends
in 2017 in this area (Table 6-5). The concentration decreases coincide with an increased pumping rate at
extraction well 299-E33-360. The highest concentrations are at wells 299-E33-16 and 299-E33-44,
located downgradient of the highest technetium-99 inventory source site (the BY Cribs). Numerical
modeling indicates that most of the technetium-99 contamination >10 times the DWS in the central
portion of the B Complex should be removed from this area after a year of pumping at 568 L/min

(150 gal/min) from well 299-E33-360. Based on the pumping rate at well 299-E33-360 in the latter part
of 2017 and concentration declines at wells within the central portion of the technetium-99 plume

>10 times the DWS:

o Numerical models appear to be accurate
e Concentrations >10 times the DWS should be nearly removed by the end of 2018

Technetium-99 concentrations in the south portion of the B Complex and extending to the southeast
appear to be mostly declining (Figure 6-13). Technetium-99 at wells 299-E33-36, 299-E33-337,
299-E33-338, and 299-E33-339 all decreased between 2016 and 2017 or between mid-- and late 2017.
Well 299-E34-10 increased in the timeframe between 2016 and late 2017 (Table 6-6). Well 299-E34-10
may have been outside the zone of capture during 2017; however, numerical modeling indicates that the
well is influenced by pumping at well 299-E33-360 (Figure 6-9). Plans are proceeding to convert

well 299-E33-361 to an extraction well in CY 2018, which will provide greater technetium-99 removal
in this area.

uuuuu

uuuuu

0 .Aé_‘_ﬁ — - —% e

Technetium-99 Concentrations in pCi/L

Jun-14 Dec-14 Jul-15 Jan-16 Aug-16 Mar-17 Sep-17 Apr-18
e 205-E33-14 259-E33-16 emffpes 255-E33-20 299-E33-342 emgg==299-E33-345 299-E33-39
299-E33-4] === J00-E33-4d e IG0-F33-47 eefeml00-F34-0 —a—DWS

Figure 6-12. Technetium-99 Concentration Trends from 2015 and 2017
in the Central Portion of the B Complex Unconfined Aquifer
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Table 6-5. Technetium-99 Concentrations from 2015 Through 2017
in the Central Portion of the B Complex Unconfined Aquifer

299-E33-14
299-E33-16
299-E33-20
299-E33-342
299-E33-345
299-E33-39
299-E33-41
299-E33-44
299-E33-47
299-E34-9

Date

Jan.

2015 — — — | 17,000 | 35600 | — _ _ - B

Apr.

2015 o o o 6.350

Aug.

2015 — — — — — 19,200 4,960 23,500 — —

Oct.

2015 - - - - - - - - - 4,760

Jan.

2016 18,400 | 23,500 7,760 — — — — — 20,000 —

Mar.

2016 — — — | 28400 | — — — — — —

Apr.

2016 - - - - - - - - - 708

July

2016 21,800 — — — — 15,900 — — — —

Aug.

2016 — 36,000 7,260 — 18,800 — 662 25,900 | 18,200 —

Oct.

2016 - - - - - - - - - 694

Mar.

2017 — — — 21,100 — — — — — —

Apr.

2017 o o o 1,510

July

2017 — — 12,600 | — — — —

Aug.

2017 — — — — 5,790 — 1,220 26,300 — —

Oct.

5017 — | 31400 | — — — — — — — 5,050

Nov.

2017 — — 5,760 7,220 — 13,000 1,130 20,000 | 13,800 6,290

Dec.

2017 11600 | — — — — — — — — —

Note: Analytical results are measured in pCi/L.
— = no samples collected during the month
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Figure 6-13. Technetium-99 Concentration Trends from 2015 and 2017

in the South-Southeast Portion of the B Complex Unconfined Aquifer

Table 6-6. Technetium-99 Concentrations from 2015 Through 2017
in the South-Southeast Portion of the B Complex Unconfined Aquifer
Date 299-E33-337 299-E33-338 299-E33-339 299-E33-36 299-E34-10

April 2015 — — — — 92
August 2015 — 2,100 — — —
October 2015 — — — — 83
November 2015 10,600 — 3,410 — —
April 2016 — — — — 109
August 2016 7,650 1,650 1,330 1,070 —
September 2016 — 2,090 — — —
October 2016 — — — — 116
April 2017 — — — — 156
August 2017 14,600 1,400 97 1,480 —
October 2017 — — — 1,330 247
November 2017 3,240 293 60 — 276

Note: Analytical results are measured in pCi/L.

= no samples collected during the month
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6.2.5.2 Uranium Monitoring Results

Uranium trend plots and areal plume extents are compared to evaluate effectiveness of the removal action
at the B Complex. Three areas were evaluated in the B Complex:

e Northwest B Complex area, where extraction well 299-E33-268 is located

e North central B Complex area, where all of the uranium >10 times the DWS standard is located,
as well as extraction well 299-E33-360

e South-southeast B Complex area, where uranium in excess of the DWS previously migrated

The following discussion includes an evaluation of the concentration trends against numerical modeling
and when the concentrations within the plume should decline <10 times the DWS. The discussion
concludes with future planned additions and how that will effect current plumes.

Uranium concentrations in the northwest portion of the B Complex appeared to have stabilized during the
latter part of 2017, demonstrating little change in concentration between the last two sample events
(Figure 6-14; Table 6-7). Figure 6-14 provides the concentration trends in five wells in the northwest
portion of the B Complex. Concentrations at well 299-E33-31 may have temporarily stabilized, but
uranium concentrations exceeding the DWS within the high transmissive paleochannel extending to the
northwest appear to remain (Figure 6-15). Numerical modeling indicates that the remaining plume is
within the capture zone of well 299-E33-360 (Figure 6-9). Uranium migration is slower than that of
technetium-99 because of the tendency to absorb and desorb from fine-grained sediments. Therefore,
even though the estimated uranium plume does not extend as far to the northwest as the estimated
technetium-99 plume, it may take as long as or longer to recover this portion of the uranium plume
exceeding the DWS than the time to recover the northwest extent of the technetium-99 plume exceeding
the DWS.

Uranium Concentration in pg/lL

Jun-14 Dec-14 Jul-15 Jan-16 Aug-16 Mar-17 Sep-17 Apr-18

——35-E33-31 295-E33-34 299-E33-34]1 emfgem?G5-F33-35 —eefgem?99-E33-38 —a—DW5

Figure 6-14. Uranium Concentration Trends from 2015 and 2017
in the Northwest Portion of the B Complex Unconfined Aquifer
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Table 6-7. Uranium Concentrations from 2015 Through 2017
in the Northwest Portion of the B Complex Unconfined Aquifer

7 7 7 s ?
Date § § § § §
January 2015 — 31.7 39.5 31.6 —
July 2015 — 28.2 — 60.6 —
August 2015 — — — — 58.3
November 2015 73.7 — — — 53.3
January 2016 — 27.9 — 28.0 —
February 2016 46.7 — — — 43.3
March 2016 — — 26.7 — —
May 2016 36.2 — — — 39.6
July 2016 — 24.2 — 27.0 —
August 2016 31.6 — — — 37.1
November 2016 58.2 — — — 33.8
January 2017 — 26.3 — 26.5 —
February 2017 78.4 — — — 41.7
March 2017 — — 20.3 — —
May 2017 28.7 — — — 29.7
July 2017 — 24.8 — 22.4 —
August 2017 46.2 — — — 29.7
November 2017 46.2 — 20.6 — 30.0

Note: Analytical results are measured in pCi/L.
— = no samples collected during the month
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Uranium concentrations in the central portion of the B Complex showed stable to minor declining trends
by the end of 2017 (Figure 6-16). Figure 6-16 provides sample results for wells with concentrations

>30 pg/L, except for well 299-E33-39. Sample dates and concentrations are provided in Table 6-8 for
closer evaluation. Only two wells continue to >10 times the DWS in this area (299-E33-20 and
299-E33-345) (Figure 6-17). The two wells are located east of extraction well 299-E33-360 and define
the extent of the uranium plume >10 times the DWS. Figure 6-17 includes interpretations of the plume
extent including and excluding uranium concentrations data from extraction well 299-E33-360 to account
for uncertainty with dilution of concentrations at well 299-E33-360 resulting from groundwater
extraction. By comparison, the uranium plume volume >10 times the DWS from 2016 to 2017 was
reduced by 57% to 63% (ECF-200BP5-17-0245, B Complex Uranium Plume Reduction Calculation
Between Calendar Years 2016 and 2017). Although uranium concentrations and the extent of the plume
>10 times the DWS have reduced, the overall extent of the plume exceeding the DWS did not change
significantly (Figure 6-15). This is attributed to the slower migration of uranium, tending to absorb and
desorb from fine-grained sediments along the path of migration.

10000

1000

[
100

10

Uranium concentrations in pgfL

1
&/10/2014 12/27/2014  7/15/2015 1/31/2016 8/18/2016 3/6/2017 5/22/2017 4/10/2018
—@=709-E33-16 285-E33-20 2899-F33-342 299-F33-345 299-E33-39
= 700-F33-4] =i 200-F33-44 wmiem200-E33-47 —a— DWS

Figure 6-16. Uranium Concentration Trends from 2015 and 2017
in the Central Portion of the B Complex Unconfined Aquifer

Table 6-8. Uranium Concentrations from 2015 Through 2017
in the Central Portion of the B Complex Unconfined Aquifer

o wn

\© (=) < < N v < o

— Q o I3 ) <+ < <

A I A I I I o i)

e o en o o o e o

(=) (=) (=) (=) (=) (=) (=) (=)

Date a =y a a a a a =
1/12/2015 — — 76 5,600 — — — —
8/10/2015 154 — — 5.1 80 64 —
11/3/2015 — 1,820 — — — 46 112 84
2/2/2016 — 2,130 — — — 19 100 107
3/13/2016 — — 28 — — — —
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Table 6-8. Uranium Concentrations from 2015 Through 2017
in the Central Portion of the B Complex Unconfined Aquifer

N w
© ) < < =) - < ~
et Q e ) ) < - <
A I o I I I o i)
o 1] L2e] 1] 1] 1] o 2]
0 K i Rl Rl Rl i K
N N A N N N A N

Date IS Q ] N b N N IS

5/3/2016 — 1,600 — — — 21 130 109

7/10/2016 — — — — 4 — — —

8/10/2016 170 1,500 — 3,790 — 19 140 130

11/4/2016 — 1,300 — — — 20 130 136

2/1/2017 — 1,220 — — — 23 113 89.1

3/17/2017 — — 29 — — — — —

5/11/2017 — 1,220 — — — 18 107 77

7/14/2017 — — — — 4 — — —

8/3/2017 79 1,100 — 819 — 33 83 87

10/29/2017 60 — — — — — — —

11/9/2017 — 1,100 — — — 34 59 91

Note: Analytical results are measured in pCi/L.

= no samples collected during the month
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Figure 6-17. Reduction of B Complex Uranium Plume Exceeding 10 Times the DWS, 2017
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Uranium concentrations in the southern portion of the B Complex and extending to the southeast appear
to be mostly declining (Figure 6-18). Figure 6-18 provides sample results for wells at/or near the DWS

in late 2016. Table 6-9 provides the sample dates and concentrations for closer evaluation. Uranium at
well 299-E33-337 is the only well still exceeding the DWS. As groundwater extraction continues at

well 299-E33-360 and transitions to well 299-E33-361 in the future, uranium concentrations are expected
to decline below the DWS.

1000

10

Uranium concentrations in pg/

1
4/gf2015 7/15/201510/23/2015 1/31/2016 5/10/2016 B/18/201611/26/2016 3/6/2017 &/14/2017 9/22/2017 12/31/2017

——755-E28-5 25

=]

-E33-337 255-E33-338 emifgem755-£33-335 ==ffge=?55-E33-36 285-E33-37 —a—DW3

Figure 6-18. Uranium Concentration Trends from 2015 and 2017
in the South-Southeast Portion of the B Complex Unconfined Aquifer

Table 6-9. Uranium Concentrations from 2015 Through 2017
in the South-Southeast Portion of the B Complex Unconfined Aquifer

- -] (=)
e e o o Lo
w e e o o e
0 o o I I o
[o\} e e on on e
(=) (=) (=) (=) (=) =)
Date a a a =y =y a
7/16/2015 14 — _ -
8/14/2015 — — 25 — — _
10/9/2015 — — — _ _ 7
11/3/2015 — 197 18 60 — —
2/3/2016 — 130 17 46 —
5/3/2016 — 130 16 43 —
6/12/2016 15 — — — — _
8/16/2016 — 140 16 35 —
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Table 6-9. Uranium Concentrations from 2015 Through 2017
in the South-Southeast Portion of the B Complex Unconfined Aquifer

T~ (-] N
en en o o Lol
w en en o o en
® o o I I A
N 2] 2] o n e
(=2 (=2 (=2 =) =) (=)
Date a a a a a &
9/27/2016 — — 26 — — —
10/7/2016 — — — — — 6
11/7/2016 — 110 37 22 — —
2/14/2017 — 100 42 19 — —
5/8/2017 — 116 33 24 — —
6/6/2017 12 — — — — —
8/9/2017 — 44 27 14 12 —
10/29/2017 11 — — — 16 —
11/10/2017 — 54 23 12 — 12

Note: Analytical results are measured in pCi/L.
— = no samples collected during the month

6.2.6 Treatment System Mass Removal

Extracted groundwater is conveyed to the 200 West P&T, and it passes through IX resin for radiological
treatment. Effluent from the resin is then combined with the influent groundwater from other extraction
wells (that do not require radiological treatment) and is passed through the central treatment process.
Effluent from the treatment system is then reinjected into the aquifer in the 200 West Area using injection
wells. The technetium-99 and uranium removal efficiency for the entire system during 2017 averaged
94.3% and 99.1%, respectively (Table 2-1 in Chapter 2).

6.3 Quality Assurance/Quality Control

Appendix E of DOE/RL-2017-66 provides further discussion on the QA/QC encompassing sampling and
analysis of the 200-BP-5 OU wells. The discussion includes an overall view of QA/QC issues that may
affect interpretation of the groundwater data presented in this report.

6.4 Remedial System Costs

The cost breakdown for 200-BP-5 OU groundwater removal action activities for 2017 is provided in
Table 6-10. The costs in Table 6-10 are burdened. Based on a total of 218.4 million L extracted, the
removal system cost in 2017 was $0.0042/L.

Remedial costs in 2017 were associated with final design and construction of the pipeline extension,
which added well 299-E33-360 to the B Complex remedial system. The cross-site pipeline from
well 299-E33-268 to the 200 West P&T was completed as part of the 200-BP-5 OU treatability test
(DOE/RL-2015-26).
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Table 6-10. Cost Breakdown for 200-BP-5 OU Groundwater Extraction, 2016 and 2017

Actual Costs
($K)

Activity 2016 2017

Final design of pipeline extension to well 299-E33-360 58.8 —
Construction of pipeline extension to well 299-E33-360 932.0 131
Performance monitoring — 30.5
Project support — 134.6
Operations and maintenance * 734.1 738.0
Totals 1,724.9 916.2

* The operations and maintenance cost is an apportionment of the overall 200 West P&T O&M cost based
on percentage of mass treated from extracted 200-BP-5 Operable Unit groundwater to the total mass
treated by the 200 West P&T.

— = notvalue in this cost rollup
P&T pump and treat

6.5 Conclusions

The following conclusions are made regarding the B Complex removal action based on observations
associated with continued groundwater extraction in 2017:

The addition of extraction well 299-E33-360, near the tank 241-BX-102 release, reduced the volume
of the uranium plume >10 times the DWS by 57% to 63%.

Uranium concentrations >10 times the DWS should be nearly removed by the end of 2018.

Uranium mass removed in 2017 increased almost 10-fold by the addition of extraction
well 299-E33-360, with 120 kg extracted in 2017 by well 299-E33-360 compared to 12.7 kg by
extraction well 299-E33-268 from 2015 through 2017.

Technetium-99 removed in 2017 by extraction well 299-E33-360 was >10% more than removal by
well 299-E33-268 in 2016.

Numerical capture modeling proved correct regarding extraction well 299-E33-360 being more
effective at removing technetium-99 and uranium than well 299-E33-268.

Contaminant trending at wells within the northwest, central, and south-southeast portions of the
B Complex indicates that the capture zone from pumping at extraction well 299-E33-360 is consistent
with numerical model capture zone simulations.

Contaminant concentrations in the southern portion of the B Complex and extending to the southeast
appear to be mostly declining, indicating that further migration of groundwater contaminants is
being mitigated.

Groundwater extraction is an effective method for removing technetium-99 and uranium, as well as
other co-contaminants.
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