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Executive Summary

Interim remedies are operating in the 100-HR-3, 100-KR-4, and 100-NR-2 Groundwater
Operable Units (OUs). Hexavalent chromium is the primary contaminant of concern
(COC) in the 100-HR-3 and 100-KR-4 OUs. The hexavalent chromium is being treated
by pump-and-treat (P&T) systems at these two OUs. The P&T systems extract
groundwater and remove the hexavalent chromium with ion-exchange resin in treatment
plants before injecting the treated water back into the aquifer. At the 100-HR-3 OU,

a permeable reactive barrier (PRB) is also used for in-situ treatment of hexavalent
chromium. This passive system reduces hexavalent chromium to the immobile, nontoxic
trivalent form as it flows through a zone in the aquifer that is treated with sodium
dithionite. A notice of non-significant change to the ROD was issued in 20101, which
indicated that the barrier would no longer be actively maintained and P&T system
expansion (i.e. pumping wells downgradient of the barrier) will be used to address
breakthrough and provide a protective interim remedy. In the 100-NR-2 OU, the COC is
strontium-90. A P&T system developed for strontium-90 proved to be ineffective;
subsequently, a PRB was installed to treat the aquifer with the mineral apatite, where

strontium-90 adsorbs to the apatite to immobilize it within the aquifer.

This annual summary report describes operations and results of these remedies

during 2011. The goals of the remedies are to protect the Columbia River, protect human
health and aquatic life, and provide information that will enhance remediation. Target
Tri-Party Agreement (Ecology et al., 19892) milestones have been established to ensure
that the impact of hexavalent chromium and other contaminants to the Columbia River
and groundwater are remediated in a timely manner. The following four milestones are

directly applicable to the 100 Area OUs:

1 Holten, Richard A., 2010, “Non-Significant Change for the 100-HR-3 and 100-KR-4 Operable Units Interim Action
Record of Decision, Hanford Site, Washington, July 2010, Memo to File Regarding: Supplemental Actions for the
In-Situ Reduction/Oxidation Manipulation Barrier Performance for the 100-HR-3 Groundwater Operable Unit Interim
Remedy,” CCN 0092078, letter to J.A. Hedges (Washington State Department of Ecology) and D.A. Faulk

(U.S. Environmental Protection Agency), U.S. Department of Energy, Richland Operations Office, Richland,
Washington, October 26. Available at: http://www5.hanford.gov/arpir/?content=findpage&AKey=1011290677.

2 Ecology, EPA, and DOE, 1989, Hanford Federal Facility Agreement and Consent Order, 2 vols., as amended,
Washington State Department of Ecology, U.S. Environmental Protection Agency, and U.S. Department of Energy,
Olympia, Washington. Available at: http://www.hanford.gov/?page=81.
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e Milestone M-016-110-TO1 (December 31, 2012): DOE shall take actions necessary
to contain or remediate hexavalent chromium groundwater plumes in each of the
100 Area NPL [National Priority List] Operable Units to ensure ambient water
quality standards for hexavalent chromium are achieved in the hyporheic zone and

river column water.

o Milestone M-016-110-TO2 (December 31, 2020): DOE shall take actions necessary
to remediate hexavalent chromium groundwater plumes to ensure hexavalent
chromium will meet drinking water standards in each of the 100 Area NPL

Operable Units.

o  Milestone M-016-110-TO3 (December 31, 2016): DOE shall take actions to contain
the strontium-90 plume at 100-NR-2 Operable Unit to ensure the default ambient
water quality standard (8 pCi/L) is achieved in the hyporheic zone and river

water column.

e Milestone M-016-110-TO4 (December 31, 2016): DOE shall implement remedial
actions selected in all 100 Area Records of Decision for Groundwater OUs to ensure
no contamination above drinking water standards enters the Columbia River unless

otherwise specified in a CERCLA decision

This report describes, in detail, the volumes of water treated, amount of mass removed
from the P&T systems, efficiency of the P&T systems, the effectiveness of the PRBs, and
resulting impact on groundwater concentrations. These interim remedies were initially
implemented in the mid-1990s based on the understanding of the nature and extent of
contamination at that time. Since then, through implementation of the interim remedies,
the understanding of the nature and extent of groundwater contamination has improved
significantly. In 2006, based on The Second CERCLA Five-Year Review Report for the
Hanford Site (DOE/RL-2006-20)3, planning was initiated to expand the treatment
systems to provide comprehensive treatment of the plumes in the aquifer. Expanded

capacity has been installed, or is currently being installed, at all three OUs.

A significant amount of water was treated, and mass was removed from the aquifer

during CY 2011, as follows:

3 DOE/RL-2006-20, 2006, The Second CERCLA Five-Year Review Report for the Hanford Site, Rev. 1,
U.S. Department of Energy, Richland Operations Office, Richland, Washington. Available at:
http://www5.hanford.gov/arpir/?content=findpage&AKey=DA04570094.
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e At the 100-HR-3 OU, treatment capacity was expanded to 5,300 L/min
(1,400 gallons per minute [gpm]) with the addition of the DX and HX P&T systems.
The enhanced systems allowed the DR-5 and HR-3 P&Ts to be placed in cold
standby in 2011 after the new P&T systems began operations. Approximately
1,365 million L (360 million gal) of groundwater were treated, removing 471 kg of
hexavalent chromium, primarily using the new systems. This represents an increase
in over 370 percent in the volume of groundwater treated and mass of hexavalent
chromium removed as compared to 2010 where 268 million L (97 million gal) of

groundwater was treated and 124 kg of hexavalent chromium was removed.

e The PRB at the 100-D Area continued to operate; much of the barrier works well but
a portion of the barrier is not presently effective. Data from recent years indicates that
hexavalent chromium is breaking through the northeast portion of the barrier, and DX
extraction wells were added to supplement these portions of the barrier. At the end of
2011, concentrations in barrier wells ranged from below detection limits to723 pg/L,
which is consistent with previous years. Groundwater in well 199-D4-39, also near
the northeastern end of the barrier, had hexavalent chromium levels ranging from
33t0 516 pg/L in 2011. These levels show less fluctuation than observed in 2010,
which had a range in concentrations of 798 to 2,960 ug/L.

e Treatment capacity is 4,164 L/min (1,100 gpm) at the 100-KR-4 OU. During
CY 2011, 1,543 million L (408 million gal) of groundwater were treated, removing

61.4 kg of hexavalent chromium.

e The PRB at the 100-NR-2 continued to remove strontium-90 out of solution within
the treated area, and groundwater concentrations have been reduced by 90 percent

from pretreatment conditions along the barrier.

e Apatite barrier extensions were installed in fall 2011 at the 100-NR-2 PRB, which
included injecting 24 wells along an additional 100 m (300 ft) at each end of the
original barrier. The total length of the apatite barrier is 290 m (950 ft).

Continued work is required to monitor the interim remedies and continue optimization of
the treatment system as new information becomes available. The P&T facilities and well

network have been expanded in recent years to increase treatment capacity, including the
new treatment facilities at the 100-D and 100-H Area in 2010 and 2011, respectively, the
KW P&T system expansion from 100 gpm to 200 gpm in 2009, and new KX P&T
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system addition in the 100-K Area in 2009, and lengthening of the PRB at the
100-N Area. Operational effectiveness continues to be assessed to adjust extraction and
injection well flow rates and identify locations for new wells or supplemental

technologies as trouble spots arise.

vi
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1 Introduction

The U.S. Department of Energy (DOE) operates and maintains seven ion-exchange (IX) pump-and-treat
(P&T) systems and two permeable reactive barriers (PRBs) as part of ongoing efforts to remediate
contaminated groundwater in the Hanford Site’s 100-K, 100-N, 100-D, and 100-H Areas (Figure 1-1).
The primary contaminant of concern (COC) in 100-K, 100-D, and 100-H is hexavalent chromium.

At 100-N, the primary COC is strontium-90.

Four of the seven P&T systems operating during 2011 remediate hexavalent chromium in the 100-HR-3
Groundwater Operable Unit (OU), located within the combined 100-D and 100-H Areas. In addition, an
In Situ Redox Manipulation (ISRM) PRB, located in the southwestern portion of the 100-D Area,
continues to remove hexavalent chromium contamination from groundwater. The remaining three ion
exchange (IX) P&T systems operate within the 100-KR-4 OU to remediate hexavalent chromium
groundwater contamination.

The interim actions conducted at the 100-HR-3 and 100-KR-4 OUs are part of the effort to achieve the
following interim remedial action objectives (RAOs) described in the record of decision (ROD)
(EPA/ROD/R10-96/134, Record of Decision for the 100-HR-3 and 100-KR-4 Operable Units Interim
Remedial Actions, Hanford Site, Benton County, Washington):

e RAO 1: Protect aquatic receptors in the river bottom substrate from contaminants in groundwater
entering the Columbia River.

e RAO 2: Protect human health by preventing exposure to contaminants in the groundwater.
e RAO 3: Provide information that will lead to a final remedy.

For the 100-NR-2 OU, the primary COC in groundwater is strontium-90. The interim remedial action
initially chosen for the 100-NR-2 OU was P&T using an IX medium to remove strontium-90. The RAOs
were reviewed in 2005, and the P&T system was deemed ineffective in reducing the flux of strontium-90
to the Columbia River. In accordance with the Hanford Federal Facility Agreement and Consent Order
(Ecology et al., 1989), also known as the Tri-Party Agreement (TPA), the 100-NR-2 P&T system was
placed in cold standby status on March 9, 2006, in accordance with TPA (Ecology et al., 1989)
Milestone M-16-06-01 (“Complete a Permeable Reactive Barrier [PRB] at 100-N"). The U.S. Department
of Energy (DOE) began emplacement of a PRB along the 100-N Area shoreline in 2007 with the goal of
sequestering strontium-90 in the aquifer (DOE/RL-2005-96, Strontium-90 Treatability Test Plan for
100-NR-2 Groundwater Operable Unit). The progress on the barrier and other strontium-90 treatment
technology tests is reported in this document.

The four RAOs for 100-NR-2 OU from the current interim ROD (EPA et al., 2010, Amended Record of
Decision, Decision Summary and Responsiveness Summary, U.S. Department of Energy 100-NR-1 and
NR-2 Operable Units, Hanford Site — 100 Area, Benton County, Washington) are listed below. The
remedial technology implemented uses apatite as a reactive material to sequester strontium-90 from

the groundwater.

e RAO 1: Protect the Columbia River from adverse impacts from the 100-NR-2 groundwater so that
designated beneficial uses of the Columbia River are maintained.

e RAO 2: Protect the unconfined aquifer by implementing remedial actions that reduce concentrations
of radioactive and nonradioactive contaminants present in the unconfined aquifer.

1-1



DOE/RL-2012-02, REV. 0

e RAO 3: Obtain information to evaluate technologies for strontium-90 removal and evaluate
ecological receptor impacts from contaminated groundwater.

e RAO 4: Prevent destruction of sensitive wildlife habitat. Minimize disruption of cultural resources
and wildlife habitat, and prevent adverse impacts to cultural resources and threatened or
endangered species.

Target TPA (Ecology et al., 1989) milestones have been established to ensure that the impact of
hexavalent chromium and other contaminants to the Columbia River and groundwater are remediated in
a timely manner. The following four milestones are directly applicable to the 100 Area OUs:

o Milestone M-016-110-T01 (December 31, 2012): DOE shall take actions necessary to contain or
remediate hexavalent chromium groundwater plumes in each of the 100 Area NPL [National
Priority List] Operable Units such that ambient water quality standards for hexavalent chromium
are achieved in the hyporheic zone and river column water.

o Milestone M-016-110-T02 (December 31, 2020): DOE shall take actions necessary to remediate
hexavalent chromium groundwater plumes such that hexavalent chromium will meet drinking water
standards in each of the 100 Area NPL Operable Units.

o Milestone M-016-110-T03 (December 31, 2016): DOE shall take actions to contain the strontium-90
plume at 100-NR-2 Operable Unit such that the default ambient water quality standard (8 pCi/L) is
achieved in the hyporheic zone and river water column.

o Milestone M-016-110-T04 (December 31, 2016): DOE shall implement remedial actions selected
in all 100 Area Records of Decision for Groundwater Operable Units so that no contamination

above drinking water standards enters the Columbia River unless otherwise specified in
a CERCLA decision.

This annual summary report discusses the groundwater remedial actions conducted in 2011 at

the 100-HR-3, 100-KR-4, and 100-NR-2 OUs. Chapter 2 discusses the 100-HR-3 OU, Chapter 3
discusses the 100-KR-4 OU, and Chapter 4 discusses the 100-NR-2 OU. An evaluation of costs is
presented in Chapter 5, and the references cited in this report are included in Chapter 6. Additional
supporting information is included in the following appendices:

e Appendix A, Site History
e Appendix B, Methods and Results of Capture Zone Modeling
1.1 Summary of Operable Unit Activities

Active interim action remediation continued during 2011 in the OUs, as well as initiation of remedial
investigations (RIs) and feasibility studies (FSs) to reach RODs for future implementation of final
remedies. An overview of these activities is provided in this chapter, and detailed discussions for each
OU are provided in Chapters 2 through 4.

1.2 100-HR-3 Operable Unit Activities

The following subsections provide a brief summary of the activities at the 100-HR-3 OU for the
reporting period.
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1.21  100-HR-3 Operable Unit P&T Systems

Five Comprehensive Environmental Response, Compensation, and Liability Act of 1980 (CERCLA)
remedial actions were operating in the 100-HR-3 OU at various times of the year to remediate the
principal COC (hexavalent chromium) in the groundwater. These included the original 100-HR-3
P&T system (100-H Area), DR-5 P&T system (100-D Area), DX P&T system (100-D Area),

HX P&T system (100-H Area), and ISRM barrier (100-D Area).

During 2011, an expansion of the P&T systems in the 100-D and 100-H Areas was completed to enhance
remediation efforts by expanding the pumping capacity and capture zone. The DX and HX P&T systems
were brought online and replaced the existing HR-3 and DR-5 P&T systems that were previously
operating. The new P&T systems are designed to reduce the amount of hexavalent chromium entering the
Columbia River in the 100-D and 100-H Areas.

The DX facility with a treatment capacity of 2,300 L/min (600 gallons per minute [gpm]) became
operational in December 2010. As a result, the DR-5 P&T system went offline in March 2011. Extraction
and injection wells formerly connected to the DR-5 P&T were disconnected and transferred to the new
DX P&T system, with the exception of injection well 199-D5-41 which was not needed for injection in
the DX P&T well configuration. In May, the HR-3 P&T system went offline to support realignment of its
wells to the new DX and HX well networks. Consolidation was done on the extraction and injection wells
within the two areas to reduce water transfer across the Horn Area. Disconnection of the HR-3 P&T wells
was completed in May 2011, and the HR-3 system was placed in cold standby. Extraction and injection
wells formerly connected to the HR-3 P&T were connected to the new DX and HX P&T systems.

Four extraction wells (199-D8-53, 199-D8-54A, 199-D8-68, and 199-D8-72) that were part of the D Area
transfer line to the HR-3 P&T will be connected to the DX P&T in a future well realignment. Injection
well 199-H4-7 was not connected to the HX P&T since this will is not needed for injection in the HX
P&T well configuration. Construction of the HX P&T system, with a treatment capacity of 3,000 L/min
(800 gpm), was completed in July 2011. Acceptance test activities took place in August through
September, and the system became fully operational on October 1, 2011.

Figures 1-2 and 1-3 show annual and cumulative trends for volume treated and mass removed,
respectively, from the 100-HR-3 OU P&T systems. The four P&T systems removed 471 kg of hexavalent
chromium from the aquifer and treated approximately 1,364.6 million L (360.5 million gal) of
groundwater. This change is a 279 percent increase in mass removal from 2010 in which the DR-5 and
HR-3 P&T systems removed 124.16 kg of hexavalent chromium and treated approximately

367.9 million L (97.2 million gal) of groundwater. In 2011, hexavalent chromium concentrations in the
100-D and 100-H Areas decreased compared to 2010 but remained above the 20 pg/L remedial action
goal with a high concentration of 28,100 ug/L in one well in the south 100-D Area plume.

The size of the 100-H Area hexavalent chromium plume has been significantly reduced since startup of
P&T operations in 1997. Contamination extends across the Horn from the 100-D Area and has
subsequently migrated toward the 100-H Area. For the first time, groundwater is captured from the
central Horn Area with extraction wells installed for the HX P&T system. A relatively smaller and lower
concentration hexavalent chromium plume remains adjacent to the Columbia River, to the north of the
remediated zone. Concentrations in groundwater have decreased with startup of the DX and HX

P&T system.

1.2.2 In Situ Redox Manipulation

In 2000, additional cleanup action was taken using an in situ chemical treatment technology (i.e., ISRM).
Use of this new technology was approved by the 1999 interim ROD amendment (EPA/AMD/R10-00/122,
Interim Remedial Action Record of Decision Amendment for the 100-HR-3 Operable Unit, Hanford Site,

1-3



DOE/RL-2012-02, REV. 0

Benton County, Washington). Rather than pumping contaminated groundwater to the surface for
treatment, this technology treats the groundwater in the aquifer by reducing the hexavalent chromium to
trivalent chromium, which is a much less toxic and less mobile form.

The ISRM barrier continued to convert hexavalent chromium to a nontoxic, immobile form

(trivalent chromium) within a portion of the aquifer. Concentrations in some downgradient wells
remained above the interim remedial action goal of 20 pug/L due to the northeast segment of the barrier
not working effectively; therefore, new DX extraction wells were installed downgradient of the barrier to
treat this area. The ISRM treatment technology and its effectiveness are discussed in more detail in
Section 2.3.5.

1.2.3 Remedial Investigation/Feasibility Study Activities

An RI/FS is being conducted for the 100-D and 100-H Areas. Characterization activities began in 2009,
as described in Integrated 100 Area Remedial Investigation/Feasibility Study Work Plan, Addendum 1:
100-DR-1, 100-DR-2, 100-HR-1, 100-HR-2, and 100-HR-3 Operable Units (DOE/RL-2008-46-ADD1)
and implemented through Sampling and Analysis Plan for the 100-DR-1, 100-DR-2, 100-HR-1,
100-HR-2, and 100-HR-3 Operable Units Remedial Investigation/Feasibility Study (DOE/RL-2009-40).
The RI/FS addresses contaminant sources (e.g., site history), contaminant flow and transport, and
exposure assessment. It also supports risk characterization, remedial action selection, performance
monitoring, and site closure. The RI/FS activities for 2011 are discussed in more detail in Section 2.4.1.

1.3 100-KR-4 Operable Unit Activities

The following subsections provide a brief summary of activities at the 100-KR-4 OU for the
reporting period.

1.3.1  100-KR-4 Operable Unit P&T Systems

Three active systems continued to operate at the 100-KR-4 OU during 2011. The KR4 system treats
groundwater downgradient of the 116-K-2 Trench and has a treatment capacity of 1,136 L/min

(300 gpm). The KX system treats groundwater between the 116-K-2 Trench and the N Reactor area, as
well as a plume downgradient of the KE Reactor. The KX system has a treatment capacity of 2,300 L/min
(600 gpm). The KW P&T system extracts groundwater from around the KW Reactor facility and has

a treatment capacity of 757 L/min (200 gpm). The combined systems treated 1,542 million L

(407.5 million gal) and removed 61.3 kg of hexavalent chromium during 2011. Figures 1-4 and 1-5 show
annual and cumulative trends for volume treated and mass removed, respectively, from the 100-KR-4 OU
P&T systems.

Upgrades to the KR-4 P&T process logic control (PLC) system and well head modifications were
completed in January 2012 and the KR4 P&T system was restarted on January 14, 2012. The KR4 system
was shutdown during the last quarter of 2010 for the upgrades to replace outdated process control systems
and equipment that are no longer supported by vendors and bring control systems for the over 15 year old
facility comparable to current technologies at the 100-KW and 100-KX P&T systems. The upgrades also
included facility modifications for future addition of two new extraction wells that will be added to the
KR-4 P&T system as part of planned RPO realignments.

Well realignments at the 100-KX P&T system in 2011 included converting two extraction wells
(199-K-149 and 199-K-150) to monitoring wells. The groundwater hexavalent concentration at the
two wells have been less than the 10 pug/L aquatic water quality standard since October 2009 at
199-K-150 and June 2010 at 199-K-49. Continued extraction from the two wells was discontinued to
make available treatment capacity for locations with higher hexavalent chromium contamination.
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Monitoring wells 199-K-152 and 199-K-182 were converted to extraction wells. Well 199-K-152 was
connected to the KX P&T in April 2011. All construction activities to convert well 199-K-182 to an
extraction well is complete except for final piping and cable connections which have not been completed.

1.3.2 Remedial Investigation/Feasibility Study Activities

Characterization activities began in 2009, as described in Integrated 100 Area Remedial
Investigation/Feasibility Study Work Plan Addendum 2: 100-KR-1, 100-KR-2, and 100-KR-4 Operable
Units (DOE/RL-2008-46-ADD2) and implemented through Sampling and Analysis Plan for the

100-K Decision Unit Remedial Investigation/Feasibility Study (DOE/RL-2009-41). The RI/FS report was
issued in 2011 for Regulatory review, with the final report scheduled for completion in 2012.

1.3.3 Remedial Process Optimization Activities

The RPO studies to improve the effectiveness of remediation and meet target milestones were initiated
in 2009 and carried over into 2010. Extensive groundwater modeling (through repeated updates as soil
and aquifer data became available) has been used to design the treatment systems, relying on P&T and
combined bioremediation/P&T approaches. Modeling has guided Phases 1 and 2 and the well
realignments between treatment systems, and it is supporting well drilling for Phases 3 and 4. Phase 3
drilling, which was implemented in 2011, consists of four new wells drilled in key areas within the
KR4 and KW plume area. Phase 4 drilling will be consistent with the final remedy selected in the RI/FS
currently in process for the 100-K Area OUs, with ROD issuance anticipated in 2012.

A comprehensive resin strategy was conducted as part of the RPO and culminated in /00 Area
Groundwater Chromium Resin Management Strategy for lon Exchange Systems (SGW-46621), which
recommends implementation of single-use resin (i.e., ResinTech SIR-700) for treatment of hexavalent
chromium at the River Corridor P&T systems. The SIR-700 resin is implemented at both the DX and

HX P&T systems in 100-HR-3. The strategy report (SGW-46621) recommended that the remaining

100 Area P&T facilities be converted to single-use resin in order to reduce operating costs and eliminate
offsite transportation. The 100-KW P&T facility was selected to test the implementation of SIR-700 resin
at a mildly acidic pH (5.5 = 0.5), to determine if the pH would cause any system lining degradation and
aquifer effect, and whether there would be any negative effects to the aquifer as a result of injecting lower
pH water.

The process test was conducted at the 100-KW P&T facility in 2011 to operate the P&T system using
ResinTech SIR-700 as the ion exchange media for removal of hexavalent chromium. The test objectives,
as described in the test plan (SGW-48686, Test Plan to Implement ResinTech SIR-700 in the 100-KW
Pump and Treat,), included installation of SIR-700 in the KW P&T facility and initial operation to
generate data to determine the effective operating range for pH control in the 100-KR-4 OU P&T
systems, verification of process equipment compatibility and capability to control the influent to a lower
pH (5.5 £0.5), and to confirm compatibility of reduced pH effluent with the aquifer. The test period
began on August 31, 2011 when the SIR-700 resin was placed in service in the first of two treatment
trains (Train A). The second treatment train (Train B) was loaded with SIR-700 and placed in service on
September 12, 2011. The system operated normally throughout the test with both trains running at
capacity (757 L/m [200 gpm]) with the exception of 1 week where the system was shut down to repair

a failed fitting in the acid addition system early in the test.

The process test continued into February 2012, and the results are documented in /00-KW

Pump and Treat ResinTech SIR-700 Test Results and Recommendations for Use Across 100-KR-4
Operable Unit (SGW-51721). The test objectives were met and the 100-KW P&T system continues to
operate with SIR-700 resin. Further discussion of the process test is provided in Section 3.3.2.1.
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1.4 100-NR-2 Operable Unit Activities

The following subsections provide a brief summary of activities at the 100-NR-2 OU for the
reporting period.

1.41 100-NR-2 Operable Unit P&T System

The 100-N Area P&T system was placed in cold standby status in March 2006. Contaminant
concentrations have been tracked to quantify the effect on groundwater and recovery of the water table to
pre-pumping conditions.

1.4.2 100-NR-2 Operable Unit Permeable Reactive Barrier

Under the existing interim action ROD (EPA/ROD/R10-99/112, Interim Remedial Action Record of
Decision for the 100-NR-1 and 100-NR-2 Operable Units, Hanford Site, Benton County, Washington) and
TPA (Ecology et al., 1989) Change Control Form M-16-06-01, DOE agreed to construct and evaluate the
effectiveness of a PRB for strontium-90 using apatite sequestration technology as part of the CERCLA
RI/FS process. From 2006 through 2008, the first apatite PRB was installed along 91.5 m (300 ft) of the
most contaminated section of 100-N Area shoreline. Since 2008, this section has been in performance
monitoring to track the formation of apatite within the vadose zone and groundwater and to determine the
effectiveness of the PRB in attenuating strontium-90 and preventing its release to the Columbia River.

To date, the PRB has shown a 90 percent reduction of strontium-90 concentrations at the river’s edge
(PNNL-19572, 100-NR-2 Apatite Treatability Test: High-Concentration Calcium-Citrate-Phosphate
Solution Injection for In Situ Strontium-90 Immobilization, Final Report). In response to the success of
the existing PRB, 146 new injection wells and 25 new monitoring wells were drilled and installed along
the remainder of the 100-N Area shoreline in late 2009 to early 2010, both upriver and downriver of the
existing PRB.

In September of 2011, two sections of apatite PRB were installed expanding the original barrier upstream
and downstream, increasing the current treated portion of 100-N shoreline to 290 m (950 ft) in length.
The injections were performed using a two-step process, where the deeper Ringold Formation wells were
injected first and then the overlying Hanford formation wells were injected second. These staggered
injections overlay each other and maximize the coverage in the upper unconfined aquifer and lower
vadose zones. The formulation for these injections was the high-concentration calcium-citrate-phosphate
solution amendment that was tested in 2008 (PNNL-19572, 100-NR-2 Apatite Treatability Test:
High-Concentration Calcium-Citrate-Phosphate Solution Injection for In Situ Strontium-90
Immobilization, Final Report). Performance monitoring is ongoing along the entire treated portion of the
barrier, with samples collected twice yearly at high and low-river stages. Future PRB expansion will
increase the barrier along the entire length of the contaminated portion of the 100-N Area shoreline
(approximately 762 m [2,500 ft]). In fall 2011, PRB extensions were installed and included injecting
wells along an additional 91.5 m (200 ft) on each end of the original barrier.

1.5 Quality Assurance/Quality Control

Quality assurance (QA) and quality control (QC) issues associated with sampling and analysis of all
applicable wells are discussed in Appendix D of Hanford Site Groundwater Monitoring for 2011
(DOE/RL-2011-118, in publication). Appendix D of that document includes an overall view of the
QA/QC issues that may affect interpretation of the groundwater data for the P&T OUs.
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Figure 1-1. OU Locations Along the Columbia River
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Figure 1-3. Hexavalent Chromium Mass Removed by 100-HR-3 OU P&T Systems
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2 100-HR-3 Operable Unit Remediation

The 100-HR-3 Groundwater OU consists of groundwater underlying the 100-D Area, the 100-H Area,
and the region between known as the Horn Area (Figure 2-1). During 2011, five different interim action
remedies operated in the 100-HR-3 OU at various times of the year. The following five systems

were included:

e HR-3 P&T in the 100-H Area

e DR-5P&T in the 100-D Area

e DX P&T in the 100-D Area

e HXP&T in the 100-H Area

e ISRM barrier in the 100-D Area

These systems are interim remedial actions intended to meet the RAOs described in Chapter 1.

The HR-3 P&T system was specified as the first interim action for the 100-HR-3 OU to protect the
Columbia River and groundwater (EPA/ROD/R10-96/134). The groundwater extraction system was
installed at the D and H Reactor areas in June 1997, with a common treatment facility located in a surplus
building near the H Reactor (HR-3 system). An additional system was installed in 2004 at the 100-D Area
(DR-5 P&T system) to extract and treat high hexavalent chromium concentrations in the central portion
of the 100-D Area. Monitoring of these systems over time provided significant additional characterization
information about the nature and extent of contamination and revealed that the hexavalent chromium
footprint in groundwater was much larger than initially anticipated.

Based on new characterization information on that expanded the extent of contamination, it was
determined that additional treatment capacity was needed. Consequently, to meet RAOs, the DX
(100-D Area) and HX (100-H Area) systems were developed with treatment capacities of 600 gpm and
800 gpm respectively.

The new P&T system at 100-D (DX) and 100-H (HX) became fully operational in December 2010 and
October 2011, respectively. The DR-5 and HR-3 P&T systems were removed from service in 2011 after
the expanded systems began operations. The enhanced P&T systems expand the capture zone in the
100-D and 100-H Areas. In addition, for the first time, groundwater is also captured from the central Horn
Area. The new systems also improve operating efficiency in capturing and treating additional
contaminated groundwater. The 2011 extraction, injection, and monitoring well locations for the

100-D and 100-H Areas are shown in Figures 2-2 and 2-3, respectively. Figure 2-4 shows well locations
in the Horn Area.

21 Summary of Operable Unit Activities

The new P&T systems are designed to reduce the amount of hexavalent chromium entering the Columbia
River in the 100-D and 100-H Areas. The DX facility, with a treatment capacity of 2,300 L/min

(600 gpm), became operational in December 2010 and operated full time throughout 2011. The DR-5
P&T went offline in April 2011, and its wells were transferred to the DX P&T system.

In May 2011, the HR-3 P&T system was taken offline. The wells from the system were added to the new
HX well network. Disconnection was completed on May 16, 2011, and the HR-3 system was placed in
cold standby. Construction of the HX P&T system with a treatment capacity of 3,000 L/min (800 gpm)
was completed in July 2011. Acceptance test activities continued until September 28, 2011, and the
system became operational on October 1, 2011.
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During 2011, the four P&T (HR-3, DR-5, DX, and HX) extraction systems removed 471 kg of hexavalent
chromium from the aquifer, treating approximately 1,365 million L (361 million gal) of groundwater.
This is a significant increase from 2010, in which the DR-5 and HR-3 P&T systems removed a combined
106 kg of hexavalent chromium from the aquifer and treated approximately 313 million L (83 million gal)
of groundwater. In 2011, hexavalent chromium concentrations in the 100-D and 100-H Areas have
decreased compared to 2010 but remained above the 20 pg/L interim remedial action goal in the
compliance wells for the P&T system.

The southern 100-D Area hexavalent chromium plume is also being remediated along the ISRM barrier.
Data from recent years indicates that hexavalent chromium is breaking through the northeast portion of
the barrier, and DX extraction wells were added to supplement these portions of the barrier. At the end of
2011, concentrations in barrier wells ranged from below detection limits to 723 ug/L, which is consistent
with previous years. Most of the elevated concentrations are in the northeastern half of the barrier.
Downgradient of the barrier, the 20 ug/L interim remedial action goal was met at three of the seven
compliance wells.

An RI/FS is being conducted to support a ROD for the 100-D and 100-H Areas. Characterization
activities began in 2009, as described in the RI/FS work plan addendum (DOE/RL-2008-46-ADD1) and
implemented through the sampling and analysis plan (SAP) (DOE/RL-2009-40). The RI/FS addresses
contaminant sources (e.g., site history), contaminant flow and transport, and exposure assessment, and it
supports risk characterization, remedial action selection, performance monitoring, and site closure. Data
gaps were identified and addressed through additional data collection and other investigations that will
support final remediation decisions. Subsurface characterization activities included 12 monitoring wells
completed in the unconfined aquifer, 5 monitoring wells completed in the Ringold upper mud (RUM),

10 vadose zone boreholes of which 5 boreholes were converted to temporary wells, and 5 test pits. The RI
field work was completed in November 2011, with the RI/FS report scheduled for issuance later in 2012.

The following subsections discuss the major components of the 100-HR-3 OU interim remedies
for groundwater:

e Section 2.2 summarizes the conceptual site model (CSM) for groundwater flow and describes the
contaminant plumes and concentrations.

e The activities at the OU for the reporting period, including interim action groundwater remediation,
are discussed in Section 2.3. Section 2.3.5 discusses ISRM operations.

e Additional OU investigations are summarized in Section 2.4.

e The conclusions and recommendations for the 100-HR-3 OU are presented in Sections 2.5
and 2.6, respectively.

2.2 Conceptual Site Model

Data from wells drilled in 2011 were evaluated and combined with historic information and data from
wells drilled since the 1996 ROD (EPA/ROD/R10-96/134) to support the interim actions. The new data
has improved the understanding of the nature and extent of contamination.

Several borehole summary reports were published in 2011. A series of 70 wells were drilled and
constructed in the 100-HR-3 OU to support enhanced P&T operations at the new DX and HX systems.
These wells were drilled according to the RPO SAP (DOE/RL-2009-09, Sampling and Analysis Plan for
Installation of 100-HR-3 Groundwater Operable Unit Remedial Process Optimization Wells). Details on
well construction, sampling, and geology are described in Borehole Summary Report for the Installation
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of 70 Remedial Process Optimization, Pump-and-Treat Expansion Wells, for the 100-HR-3 Operable Unit
(SGW-48612). In addition, a characterization campaign was conducted to support an RI/FS at 100-D/H.
This characterization included 10 vadose zone characterization boreholes (SGW-50131, Borehole
Summary of Ten Characterization Boreholes in the 100-DR-1, 100-DR-2 and 100-HR-1, 100-HR-2
Source Operable Units in Support of the Integrated 100 Areas RI/FS: 100-D/H Decisional Unit) and

17 groundwater characterization wells (SGW-49912, Borehole Summary Report for the Installation of

16 Resource Protection Wells in the 100-HR-3 Groundwater Operable Unit in Support of the Integrated
100 Areas RI/F'S: 100-D/H Decisional Unit; SGW-51502, Borehole Summary Report for the Installation
of Well C8668 at 100-D-12 in FY2012).

The information has been integrated to form an updated interpretation of 100-D/H geology. The following
subsection provides a brief summary of the geologic and hydrogeologic setting and the groundwater
contaminants that are the basis for the CSM. Additional details are provided in DOE/RL-2008-46-ADDI.

2.21 Geologic/Hydrogeologic Setting

The 100-D/H Area is located in the north central portion of the Hanford Site within the 100-HR-3
Groundwater OU (Figure 2-1). 100-D/H is the operational name for the area that contained the D, DR,
and H Reactor buildings and associated support facilities. It is bordered by the Columbia River and is
located approximately 45 km (28 mi) north-northwest of Richland, Washington. The 100-D and

100-H Areas are geographically connected by the intervening Horn Area. On the northern border of the
Horn Area, the Columbia River turns from the northeastern path and flows to the southeast.

2.21.1 Geology

The surficial deposits at the 100-D/H Area consist of recent backfill sand and gravel overlying Holocene
aeolian deposits (Figure 2-5). Construction backfill varies in depth depending on the excavated depth of
waste sites and building foundations, and backfill material may cover larger graded areas to a depth up to
4.6 m (15 ft) below ground surface (bgs). Where not disrupted by construction activities, Holocene
surficial deposits form a thin (0.3 m [1 ft]) veneer and consist of fine-grained aeolian deposits (loess) and
Columbia River deposits of silt, sand, and gravel (WHC-SD-EN-TI-155, Geology of the 100-K Area,
Hanford Site, South-Central Washington).

These surface deposits are underlain, in descending order, by the Hanford formation, the Ringold
Formation, and bedrock consisting of the Columbia River Basalt Group. The Hanford formation and the
Ringold Formation are described in the following paragraphs. Figure 2-5 illustrates the hydrostratigraphic
units located in the 100-HR-3 OU.

Geologic data from the new RI wells and the new RPO wells improved the knowledge of 100-D/H
stratigraphic relationships. Prior to installation of the new wells, the trace line of where the unconfined
aquifer matrix transitions from the Ringold Formation unit E to the Hanford formation was not well
defined. The location of this trace line (East of 100-D) is important because the Hanford formation is
more transmissive than the Ringold Formation unit E, which can affect groundwater flow

(Section 2.2.1.2). Data from the new wells also provided better delineation of the Ringold Formation
upper mud (RUM) surface.

Hanford formation. The informally named Hanford formation consists of boulders, gravel, sand, and silt
deposited by the cataclysmic floodwaters released from glacial Lake Missoula during the Pleistocene
Epoch (DOE/RW-0017, Draft Environmental Assessment for Reference Repository Location, Hanford
Site, Washington). The Hanford formation is the dominant material in the 100 Area vadose zone, ranging
in thickness from 2 to 30 m (6.6 to 98 ft) beneath the 100-D/H Area. The Hanford formation can be
loosely divided into three facies: gravel-dominated, sand-dominated, and slackwater
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(WHC-SD-EN-TI-011, Geology of the Northern Part of the Hanford Site: An Outline of Data Sources
and the Geologic Setting of the 100 Areas). The gravel-dominated matrix of the Hanford formation
generally contains greater than 40 percent basalt (sand-size fraction) displaying a salt-and-pepper or gray
coloring (WHC-SD-EN-TI-132, Geologic Setting of the 100-HR-3 Operable Unit, Hanford Site,
South-Central Washington). The Hanford formation is unconsolidated and has low cementation allowing
for faster infiltration through the vadose zone. Discrete sand lenses are present in the 100-D/H Area,
which may form preferential flow paths or collection zones for vadose zone contaminants.

Ringold Formation. Disconformably underlying the Hanford formation, the Ringold Formation unit E is
composed of fluvial matrix-supported gravels and sands with intercalated fine to coarse sand and silt
lenses. The contact between the Hanford formation and the Ringold Formation unit E can be difficult to
distinguish. Unit E lithology is between 35 percent and 90 percent felsic, consisting of mainly
metamorphic, intermediate volcanic, and felsic volcanic clasts (WHC-SD-EN-TI-011). In general,
Ringold unit E gravels are more rounded and more cemented, and they show a distinct oxidized
reddish-brown color as compared to the Hanford formation. Silica and carbonate cementation are highly
variable depending on depth and location (WHC-SD-EN-TI-132). Hydraulic conductivities vary locally,
but the Ringold Formation unit E is generally regarded as a low-conductivity unit.

Ringold Formation unit E had been considered absent east of the 100-D Area. Data from new wells
indicate that several pockets are present as isolated erosional remnants of varying size located throughout
the Horn Area. Where Ringold unit E is not present, the Hanford formation sediments directly overlay
the RUM.

The RUM is primarily composed of variably cemented overbank flood deposits and paleosols. Primarily
composed of silt and clay, the RUM is typically described as various shades of brown to olive-brown.
Within the RUM, thin sand-to-gravel lenses form discontinuous confined to semi-confined aquifers.

At some locations in the 100-HR-3 OU, the lower Hanford formation contains isolated but numerous
rip-up clasts of the RUM (WHC-SD-EN-TI-132). The RUM marks the base of the unconfined aquifer.

2.2.1.2 Hydrogeology

Groundwater generally enters the 100-HR-3 OU from the south, with most of the flow moving toward the
lower elevations of the 100-H Area. A much smaller portion of the regional flow moves directly toward
the 100-D Area. Underlying the 100-D Area, groundwater generally flows toward the Columbia River.
Northeast of the 100-D Area, groundwater flow is parallel to the river, thereby flowing east-northeast
across the Horn Area and toward the 100-H Area. Groundwater below the 100-H Area discharges
northeast and east to the Columbia River. Figure 2-6 presents a groundwater contour map of the area,
which was developed using 2011 data.

Groundwater flow in the 100-HR-3 OU is significantly influenced by the Columbia River stage. The river
stage fluctuates regularly in seasonal and shorter cycles (e.g., daily river stage change) due to

a combination of natural (e.g., spring snowmelt and runoff) and anthropogenic influences

(e.g., dam releases). During periods of the year when the river stage is relatively low, typically during the
fall, natural groundwater flow is toward the river; when river stage is relatively high, typically in the late
spring/early summer (Figure 2-6), groundwater can flow away from the river and/or parallel to the river.
Depending on operations at the upstream Priest Rapids Dam, river stage can fluctuate by greater than 3 m
(9.8 ft) annually with changes of 1 m (3 ft) or more over short time periods (i.e., hours to days).

Other influences on groundwater flow are leakage from the 182-D reservoir and drawdown or mounding
from the groundwater extraction and injection well network. The zone of uncontaminated groundwater
near the 182-D facility suggests long-term contaminant mixing and diversion of contaminated
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groundwater from the mounding caused by the leaks. In response to the reservoir leakage, a specific issue
was included in The Second CERCLA Five-Year Review Report for the Hanford Site (DOE/RL-2006-20)
for DOE to provide direction to its operating contractor to conduct changes to the operation of the
reservoir to minimize leakage. These actions were completed and documented in the closeout of the
S-year review issue. These leaks and resulting impacts to groundwater flow have significantly diminished
since the reservoir water level was reduced in 2004, to the point that influences on groundwater flow from
reservoir leakage are much less noticeable.

2.2.2 Origin of Contaminants in the 100-HR-3 Operable Unit

The 100-D Area reactors operated between 1944 and 1967, and the 100-H Area reactor operated between
1949 and 1965. Each reactor required at least 95,000 L/min (25,000 gpm) of water for cooling in the
process tubes. The primary sources of groundwater contamination in the 100-HR-3 OU are associated
with reactor operations. Most of the groundwater contamination is associated with various activities
involved in the cooling water cycle for the reactors. One of the most important factors in reactor
operations was the control of corrosion in the process tubes inside the reactor at high temperatures.
Sodium dichromate dihydrite was added to cooling water as a corrosion inhibitor prior to passing through
the reactors. Sodium dichromate dihydrite was used, first in a dry granular form delivered in bags and
later delivered as a concentrated liquid solution via railcar. Sodium dichromate dihydrite was initially
utilized at 2 parts per million (ppm) in the cooling water but was later reduced to 1 ppm. The primary
mechanism for hexavalent chromium contamination to groundwater is leaching through the soil of
unplanned releases of concentrated solutions of sodium dichromate dihydrite to the ground and, and
discharges of reactor cooling water to retention basins and trenches. Other significant sources are the
water-filled fuel storage basins (FSBs) on the back side of the reactor where the fuel slugs were allowed
to cool before being transported to the 200 Area for processing. Both the cooling water and the FSB water
could become contaminated with radionuclides as a result of fuel cladding failures and be diverted to
trenches and cribs to protect the river from radionuclides.

2.2.3 100-HR-3 Operable Unit Groundwater Contaminants

Hexavalent chromium has been identified as the principal COC in the 100-HR-3 OU under the interim
action. The interim remedial action goal for the P&T system is to reduce the hexavalent chromium
concentration to less than 10 pg/L in groundwater discharging to the Columbia River as measured at an
adjacent monitoring well at 20 pg/L and applying a 1:1 dilution factor. Strontium-90, tritium,
technetium-99, and nitrate are co-contaminants that are actively monitored as prescribed in the interim
action ROD (EPA/ROD/R10-96/134). In addition, sulfate is a contaminant of interest because the
secondary drinking water standard (DWS) has been exceeded in the past in a limited number of wells,
primarily as a result of previous sodium dithionite solution injections for the ISRM barrier installation.
Institutional controls (ICs) are implemented to satisfy RAO 2, which limits human exposure to hexavalent
chromium and co-contaminants.

The groundwater contamination in the 100-HR-3 OU is primarily the result of operations at the three
water-cooled nuclear reactors (D, DR, and H Reactors), the associated support structures (e.g., FSBs), and
waste disposal processes. These operations generated large quantities of liquid and solid waste
contaminated with radionuclides and/or hazardous chemicals. Most contaminant sources can be
characterized as high-volume, low-concentration wastes emplaced under high hydraulic head or as
low-volume, high-concentration wastes emplaced under low hydraulic head. Waste released to the
environment created potential secondary sources of contamination beneath ponds, ditches, cribs, burial
grounds, and unplanned release sites. Contaminants from these sites can be retained in the vadose zone
and released to the aquifer over extended periods of time.
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The ongoing characterization and remediation of waste sites in the 100-D and 100-H Areas began in 1996
under the authority provided by the interim action RODs and the Resource Conservation and Recovery
Act of 1976 (RCRA) closure and monitoring plans. Remediation primarily consists of removing and
disposing soil, debris, and waste material, and then backfilling the remediated waste site. A portion of the
100-D and 100-H Area waste sites (i.e., trenches, pits, and burial grounds) have already been remediated
and dispositioned. The remediation status of each waste site is described in detail in
DOE/RL-2008-46-ADDI.

The RI/FS field effort, implemented in 2010, targeted several waste sites located in the 100-D and
100-H Areas for additional characterization. The objectives were to define the nature and extent of
contaminants more accurately and to identify any remaining potential sources of contamination. The
following 17 waste sites were investigated:

e 100-D-12 French Drain associated with the sodium dichromate/acid railcar and truck unloading
station (where highly concentrated sodium dichromate solutions may have been drained during railcar
unloading operations)

e 100-D-4 Sludge Pit

e 100-D-56 Pipelines

e 116-D-1A Trench

e 116-D-1B Trench

e 116-D-4 Crib

e 116-D-7 Retention Basin
e 116-DR-1&2 Trenches

e 116-DR-9 Retention Basin
e 118-D-6 FSB

e 116-H-1 Trench

e 116-H-2 Trench

e 116-H-4 Crib

e 116-H-6 (183-H) Solar Evaporation Basins
e 116-H-7 Retention Basin
e 118-H-6 FSB

e 1607-H4 Septic System

Interim Action Monitoring Plan for the 100-HR-3 and 100-KR-4 Operable Units (DOE/RL-96-90) and
“Sampling Changes to the 100-HR-3 and 100-KR-4 Operable Units” (Wanek, 1998) define the sampling
analytes and frequencies based on the general principles defined in the 1996 ROD
(EPA/ROD/R10-96/134). A revised integrated SAP is being developed to update the documentation for
sampling in the 100-HR-3 OU. The contaminant monitoring results are presented in the following
subsections. Summaries of the maximum 2010 and 2011 contaminant and co-contaminant concentrations
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detected in the 100-D and 100-H Area wells and aquifer tubes are provided in Tables 2-1
and 2-2, respectively.

This report focuses on evaluating analytical results for hexavalent chromium being remediated through
the interim action P&T systems. Further summary and analysis of the other COCs and contaminants of
interest is presented in DOE/RL-2011-118.

For the first time in this report, contaminant plume maps were constructed by computer programs using

a method called quantile kriging to produce a continuous spatial illustration of the contaminant
distribution. The measured concentrations in wells are interpolated to a grid using a quantile kriging
technique based on that described by GSLIB: Geostatistical Sofiware Library and User’s Guide (Deutsch
and Journel, 1992), “Rank Order Geostatistics: A Proposal for a Unique Coding and Common Processing
of Diverse Data” (Journel and Deutsch, 1997), and “Spatial Interpolation Methods for Nonstationary
Plume Data” (Reed et. al., 2004), among others. The quantile kriging approach is based upon
two-dimensional ordinary kriging of a non-parametric (uniform-score) transform of the concentration, and
a subsequent back-transform of the interpolated scores into the original units of measured concentration.
Quantile kriging was accomplished using an open-source program based upon the United States
Geological Survey kriging routines from Semi-Variogram Estimation and Universal Kriging Program
(Skrivan and Karlinger, 1980) that incorporates routines to conduct the uniform-score
transform/back-transform.

The computer factored in variables such as groundwater flow direction to create more realistic plumes.
Limitations of the technique arise because the computer does not account for factors such as the locations
of the known sources of contaminants, historical trends in concentrations, or relative mobility of
contaminants. To minimize the adverse effects of these limitations, control data points were inserted
where necessary, based on historical information and expert knowledge.

The following conventions were applied to create data sets for plume maps.

o Selected wells screened in the upper portion of the unconfined aquifer. In most areas there are not
sufficient numbers of deeper wells to create contour maps.

e Selected and averaged data (if more than one sample) from the period of interest (all of 2011 for most
maps; high or low water-level conditions for some plumes near the Columbia River).

e Agquifer tubes are typically installed in clusters with screens at different depths in the unconfined
aquifer. The mapped data sets include only the highest concentration in each cluster.

e Ifno data were available from a well during the desired time period, included data from outside the
time period.

e [Excluded data that appear to be nonrepresentative. Quality control staff and the project scientist in
charge of the operable unit or monitored unit determine data representativeness. The evaluation
employs a documented procedure and uses various methods and best professional judgment
(DOE/RL-2011-118, Appendix D).

e “U” flagged data (less than detection limits) were counted as zero in averaging. Although this skews
the averages low, the effect is insignificant at the current contouring levels.

Contour levels for the maps in this report were chosen as follows:
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e Aquatic water quality criteria and drinking water standards (e.g., 10 pg/L AWQC, 48 pg/L “Model
Toxics Control Act—Cleanup ” [WAC 173-340] and 100 pg/L federal drinking water standard for
hexavalent chromium)

e Cleanup levels or interim remedial action goals, where applicable (for example, 20 pg/L for
hexavalent chromium)

e Intermediate levels to help define plume shape (for example, 500 pg/L for hexavalent chromium).

2.2.3.1 Hexavalent Chromium

The remedial action goal for hexavalent chromium for 100-HR-3 OU groundwater interim actions is
20 pg/L in a near-shore compliance well for both the P&T systems and the ISRM barrier system. These
systems are given an allowance for a 1:1 attenuation factor to meet the 10 pg/L ambient water quality
standard in the hyporheic zone, as determined by the following:

e Declaration of the Record of Decision for the 100-HR-3 and 100-KR-4 Operable Units, Benton
County, Richland, Washington (EPA/AMD/R10-00/122).

e [nterim Action Record of Decision for the 100-BC-1, 100-BC-2, 100-DR-1, 100-DR-2, 100-FR-1,
100-FR-2, 100-HR-1, 100-HR-2, 100-KR-1, 100-KR-2, 100-1U-2, 100-1U-6, and 200-CW-3 Operable
Units, Hanford Site, Benton County, Washington (100 Area Remaining Sites)
(EPA/ROD/R10-99/039).

e FExplanation of Significant Differences for the 100-HR-3 and 100-KR-4 Operable Units Interim
Action Record of Decision: Hanford Site, Benton County, Washington (EPA et al., 2009).

Hexavalent chromium concentrations are monitored in extraction wells, compliance wells, monitoring
wells, and aquifer tubes in the 100-D and 100-H Area P&T operational areas (Figures 2-2 and 2-3).
Figure 2-7 shows the distribution of hexavalent chromium in 100-HR-3 OU groundwater during the fall
of 2011. Maximum hexavalent chromium levels generally coincide with low river conditions and occur in
the late fall to early spring. In areas where data are sparse, historical iso-concentration contours were used
to aid in completing the map. Tables 2-3 and 2-4 compare the fall 2011 hexavalent chromium
concentrations from wells and aquifer tubes to the fall 2010 and 2009 concentrations for both the 100-D
and 100-H Areas, respectively. The tables also include 2009 to 2011 and 2010 to 2011 changes

in concentration.

Southern 100-D Area Plume. Underlying the 100-D Area, hexavalent chromium in the unconfined
aquifer occurs in two distinct plumes often referred to as the southern and northern plumes. Historical
handling activities of 70 percent sodium dichromate solution at the 100-D Area (100-D-12 and former
railcar unloading station) are the likely sources of the southern plume. The southern plume lies south and
west of the 183-DR filter plant. A chromium source investigation was completed in 2010
(DOE/RL-2009-92, Report on Investigation of Hexavalent Chromium in the Southwest 100-D Area). This
study significantly improved the characterization of the hot spot in the 100-D South plume and the
adjacent areas in the aquifer. However, it did not identify any particular source area within the vadose
zone. Subsequent excavations in the vicinity have revealed significant hexavalent chromium at the
100-D-100 waste site just south of the study area.

In 2011, the areal plume configuration did not change, compared to 2010, but concentrations of
hexavalent chromium decreased. The maximum concentration in 2011 was 28,100 pg/L, which is much
lower than previous years that had maximum concentrations of 69,700 pg/L (2010) and

59,600 pg/L (2009).

2-8



DOE/RL-2012-02, REV. 0

Among the wells in the 100-D Area southern hexavalent chromium plume, the highest hexavalent
chromium concentrations in groundwater samples in 2011 were found in well extraction well 199-D5-104
(10,304 png/L) and monitoring well 199-D5-122 (28,100 pg/L). For well 199-D5-104, hexavalent
chromium concentrations are higher than measured in 2010 (8,910 pg/L). Concentrations in groundwater
samples from well 199-D5-122 have considerably decreased from 2010 (69,700 pg/L). Operation of the
DX system has reduced concentrations but has also resulted in the separation of the area of highest
concentrations into two areas. The 100-D Area hexavalent chromium plume for fall 2011 is shown in
Figure 2-8. The figure also shows hexavalent chromium trend plots for selected wells within the plume.

Wells that monitor the aquifer in the central 100-D Area (199-D5-33 and 199-D5-36) continue to have
low hexavalent chromium concentrations. These wells are located between the southern and northern
hexavalent chromium plumes (Figure 2-7). Historically, hexavalent chromium has not been detected in
groundwater samples from these wells, which may have be the result of infiltration of clean water from
the 182-D reservoir, leaking raw water pipes, or injection of treated water into wells 199-D5-41 and
199-D5-42. Repairs and operational changes have reduced the amount of infiltration from the

182-D reservoir, but hexavalent chromium concentrations have not fully rebounded in this area.

Well 199-D5-36 samples were all below detection limits. Hexavalent chromium was detected in only
one sample in well 199-D5-33 at a concentration of 4.6 pg/L.

In 100-D Area aquifer tubes, hexavalent chromium concentrations in 2011 were at the lower end of the
historical range (Figure 2-9). The highest hexavalent chromium concentration detected in aquifer tubes in
the 100-D Area was in Redox-1-6.0 (96.7 pg/L), downgradient of the ISRM barrier. Hexavalent
chromium detected downgradient of the ISRM barrier has decreased since the late 1990s but continued to
remain above the cleanup standard in 2011. Aquifer tubes located downgradient of the ISRM barrier had
hexavalent chromium concentrations ranging from nondetect to 15.4 pg/L. The aquifer tubes located the
furthest upstream (C7645, C7646, C7647, and C7648) in the area had a maximum concentration

of 2.3 pg/L.

Northern 100-D Area Plume. The northern hexavalent chromium plume extends north from the

D Reactor to the Columbia River. Operationally, the northern plume is located downgradient of the
former sodium dichromate distribution system, which contained less concentrated solutions than the
initial 70 percent solution brought in by railcar at 100-D-12. In 2011, the northern hexavalent chromium
plume size had not changed significantly compared to 2010, but concentrations had decreased slightly.
Among the wells in the 100-D Area northern plume, the highest hexavalent chromium concentrations in
groundwater were found in wells 199-D5-125 and 199-D5-126, as high as 1,570 pg/L and 1,980 pg/L,
respectively. This data shows a decrease from the 2010 concentrations of 2,310 pg/L (199-D5-125) and
2,150 pg/L (199-D5-126). Figure 2-10 shows hexavalent chromium concentrations within the north
plume, as well as the hexavalent chromium concentration trend plots for selected wells within the plume.

Well 199-D5-15 monitors groundwater near a potential source of the northern hexavalent chromium
contamination. Hexavalent chromium concentrations were low from 1999 through 2003 due to mixing
with nearby leaking water lines, which were repaired in 2004 (PNNL-15070, Hanford Site Groundwater
Monitoring for Fiscal Year 2004). In 2004, concentrations began to increase, reaching a maximum of
2,450 pg/L in May 2007. Hexavalent chromium in this well has been subsequently declining and had

a maximum concentration of 699 ng/L during 2011. Hexavalent chromium in wells 199-D5-14 and
199-D5-16 (downgradient of well 199-D5-15) also increased in 2008 but has been steadily decreasing.
Vadose zone soil sampling conducted during the 100-D Area chromium source investigations in the
northern 100-D Area (DOE/RL-2010-40, Report on Investigation of Hexavalent Chromium Source in the
Northern 100-D Area) discovered small amounts of hexavalent chromium in the vadose zone in a few
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locations but did not identify a large source capable of producing the high concentrations in some
groundwater monitoring wells.

Hexavalent chromium concentrations in aquifer tubes downgradient of the northern plume have declined
since the late 1990s. Only two aquifer tubes had a groundwater sample above the remedial action goal at
tube 36-D (24.8 ug/L) and DD-17-3 (21.6 pg/L).

Horn Area Plume. The hexavalent chromium plume underlying the Horn Area is believed to have
originated in the 100-D Area and has subsequently migrated toward the 100-H Area. A significant portion
of the mass in the Horn Area may have resulted from routing of cooling water to the 116-DR-1&2 Trench
during the final months of operation at the D reactor.

During 2011, groundwater sampling results still showed the presence of hexavalent chromium in
groundwater beneath the Horn Area and no significant change in the plume compared to 2010. Higher
hexavalent chromium concentrations are still restricted to the area immediately adjacent to the

100-D Area. Injection wells in the 100-H Area create a hydrologic barrier on the northeastern side of the
plume, preventing the plume from extending eastward into the northern portion of 100-H Area

(Figure 2-7).

The central core of the Horn Area plume had concentrations between 50 and 90 pg/L in wells 699-98-46,
699-97-45, 699-97-43B, and 699-95-45. Hexavalent chromium concentrations in these wells were largely
unchanged from 2010 to 2011.

Three wells in the Horn Area monitor the RUM: 699-97-43C, 699-97-45B, and 699-97-48C.

Well 699-97-48C reported a low hexavalent chromium concentration of 27.0 ng/L in August 2011 and

a high hexavalent chromium concentration of 52.9 pug/L in December 2011, which is slightly higher than
the previous year’s high concentration of 42.3 pg/L. Well 699-97-43C and 699-97-45B reported
undetected hexavalent chromium for all samples in 2011.

Concentrations greater than 20 pg/L were also observed along the Horn Area, reflecting the plume as it
intercepts the Columbia River. The highest concentration upstream of the Horn Area plume was

40.9 pg/L in aquifer tube C5641. This remains unchanged from the 2010 maximum concentration of
42.2 pg/L in the same tube. This area of contamination is captured in the HX extraction well network and
concentrations are expected to decrease.

100-H Area Plume. The size of the hexavalent chromium plume in the unconfined aquifer underlying the
100-H Area has been significantly reduced since startup of P&T operations in 1997. However, in 2011,
the plume did not change significantly compared to 2010. A small and low concentration hexavalent
chromium plume remains adjacent to the Columbia River. During 2011, groundwater in the 100-H Area
had concentrations at less than 20 pg/L of hexavalent chromium, though several wells upgradient of the
100-H Area continued to have hexavalent chromium above the interim remedial action goal.

The highest 100-H Area plume hexavalent chromium concentration for 2011 was in new RI/FS

well 199-H3-9. Samples were collected from this well at discrete depths during drilling. A concentration
of 287 ng/L was detected in the first water bearing unit of the RUM. Hexavalent chromium had not been
detected above 10 pg/L in the unconfined aquifer at this location. A sample collected from well 199-H3-9
after completion and development had a concentration of 115 pg/L.

Well 699-97-43B, which is located upgradient of the 100-H Area, has had the highest hexavalent
chromium concentration since 2007. In 2011, well 699-97-43B had a maximum 87.3 pug/L of hexavalent
chromium, which has not changed from the previous reporting period. Hexavalent chromium in
groundwater underlying the 100-H Area and selected trend plots are shown in Figure 2-11.

2-10



DOE/RL-2012-02, REV. 0

In 2010, an increase in hexavalent chromium concentration was noted in the southern portion of the
100-H Area near well 199-H3-5, which is one of the original injection wells at the HR-3 system. Since
shutdown of this well, some encroachment of the Horn Area plume has occurred in the vicinity. A future
realignment is recommended to add this well to the HX extraction well network.

Extraction wells 199-H3-2C and 199-H4-12C and piezometer 199-H4-15CS are screened within the

first water-bearing layer of the RUM. Groundwater samples collected from these wells and piezometer
continued to show elevated hexavalent chromium concentrations. In 2009, these wells and piezometer
were used for a series of aquifer tests to gather data on the presence of deep chromium in the RUM
(SGW-47776, Aquifer Testing and Rebound Study in Support of the 100-H Deep Chromium
Investigation). The results from these tests showed high hexavalent chromium concentration in the RUM.

The following observations were noted for 2011:

e  Well 199-H3-2C (screened in the first water-bearing layer in the RUM) is located on the western side
of the 100-H Area, upgradient of the 100-H Area waste sites. Hexavalent chromium concentrations in
groundwater samples from this well increased in 2009, but have slowly declined. During the 2009
aquifer test, the highest hexavalent chromium value observed was 112 pg/L. In 2011, the
concentration was 80 pg/L. Adjacent well 199-H3-2A, completed in the unconfined aquifer, had
much lower hexavalent chromium concentrations (less than 12.1 pg/L).

e Well 199-H4-12C (screened in the first water-bearing layer in the RUM) is located near the Columbia
River, downgradient of the 183-H solar evaporation basins and adjacent to extraction
well 199-H4-12A (screened in the unconfined aquifer). Throughout most of 2009, well 199-H4-12C
hexavalent chromium concentrations were between 80 and 100 ug/L. In early November 2009
concentrations increased to a maximum value of 121 pg/L, in response to the aquifer testing.
The highest hexavalent chromium concentration detected in 2011 was 147 pg/L, which is similar to
the maximum in 2010 of 140 pg/L.

e Piezometer 199-H4-15CS is adjacent to an extraction well. Hexavalent chromium concentrations in
this piezometer were steady at levels near 100 pg/L until November 2009, when it increased to
115 png/L as a result of the aquifer testing. In 2011, the highest concentration detected was 153 pg/L;
however, in shallower wells 199-H4-15A and 199-H4-15B, hexavalent chromium levels were much
lower at 27 and 17 pg/L, respectively.

Hexavalent chromium concentrations in aquifer tubes in the main 100-H Area were below 20 pg/L, with
the exception of tube C7650. Aquifer tube C7650 was installed as part of the RI activities, downgradient
of the 116-H-7 waste site in April 2010, to define the extent of hexavalent chromium and strontium-90
contamination. Groundwater samples collected from this aquifer tube during 2011 had a maximum
hexavalent chromium concentration of 26.6 pg/L, with the duplicate sample at 21.5 pg/L.

2.2.3.2 Sulfate

The source of sulfate includes sulfuric acid that was used in a variety of cleaning and decontamination
activities in the reactor areas, as well as the use of sodium dithionite in the treatment of the ISRM barrier
in the 100-D Area.

100-D Area. Excluding wells influenced by the ISRM barrier, sulfate concentrations in 2011 were below
the secondary DWS (250 mg/L), with a maximum concentration of 187 mg/L in well 699-98-51. Sulfate
concentrations in samples from 100-D Area aquifer tubes are generally low, with the exception of those
downgradient of the ISRM barrier.
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Previous sodium dithionite solution injections at the barrier increased sulfate concentrations to levels
above the secondary DWS in the ISRM barrier and in some downgradient wells and aquifer tubes.
Elevated sulfate might have been expected sooner in aquifer tubes in this area; water level increases in the
aquifer due to rises in river stage may sufficiently reduce or reverse the local gradient and result in
extended travel times. Sulfate concentrations in groundwater underlying much of the southern

100-D Area remained greater than 100 mg/L. The highest concentration in 2011 was 466 mg/L in aquifer
tube DD-42-4, which is the only aquifer tube that had results above the secondary DWS, and the
concentration is a decrease from the 2010 maximum concentration of 776 mg/L in tube DD-43-3.

100-H Area. Only two wells underlying the 100-H Area detected sulfate concentrations above the
secondary DWS (250 mg/L) in groundwater. Wells 199-H1-27 and 199-H4-75 had concentrations of
410 and 359 mg/L, respectively. Concentrations in 2011 show an increase from 2010, which had

a maximum of 83.6 mg/L. These two wells were recently drilled in the last half of 2010, but only
well 199-H1-27 was sampled for sulfate at that time and had a concentration of 40 mg/L.

2.3 CERCLA Operable Unit Interim Action Activities

This section summarizes the non-RI/FS CERCLA activities for thel00-HR-3 OU during the reporting
period, including groundwater remedial actions.

An interim remedial action ROD for the 100-HR-3 Groundwater OU was issued in April 1996
(EPA/ROD/R10-96/134) pursuant to the Hanford Site’s 1989 listing on the “National Oil and Hazardous
Substances Pollution Contingency Plan,” Appendix B, “National Priorities List” (40 CFR 300) for
CERCLA. The goal of the resulting interim remedial action is to prevent discharge of hexavalent
chromium to the Columbia River. Remedial Design and Remedial Action Work Plan for the 100-HR-3
and 100-KR-4 Groundwater Operable Units’ Interim Action (DOE/RL-96-84) implemented the P& T
interim remedial actions in accordance with the interim ROD.

The interim action goal was changed from 22 pg/L to 20 pug/L in August 2009 by the explanation of
significant differences (ESD) for the 100-HR-3 and 100-KR-4 OUs (EPA et al., 2009). The ESD sets

a 20 pg/L threshold at onshore, near-river monitoring locations. As indicated in the interim action ROD,
an attenuation factor of 1:1 is expected before the groundwater would reach the aquatic receptor point of
concern within the river substrate, ensuring that the ambient water quality criterion of 10 pg/L in the river
substrate will be met.

The second CERCLA 5-year review (DOE/RL-2006-20) was published in November 2006. The review
identified four actions pertaining to the 100-HR-3 OU interim action groundwater remediation:

e Action 9-2 COMPLETE: Incorporate the Horn Area into the 100-HR-3 OU interim ROD
(EPA/ROD/R10-99/039); Action 9-1 indicates that the Horn Area contains a plume requiring
immediate remediation (September 2009).

DOE has completed the RPO evaluation of the P&T systems and is currently implementing the
results (SGW-40044, 100-HR-3 Remedial Process Optimization Modeling Technical Memorandum).
DOE installed additional extraction and injection wells throughout the Horn Area in fiscal year

(FY) 2009 and FY 2010 as part of the RPO and connected them to the P&T systems in CY 2011,
which resulted in the 2,300 L/min (600 gpm) DX system and the 3,000 L/min (800 gpm) HX system.

o Action 11-1 COMPLETE: Initiate limited iron amendments to evaluate whether this enhances ISRM
barrier performance (September 2007).
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This action was completed in 2009. Results of the iron amendment tests are documented in
Treatability Test Report on Mending the In Situ Redox Manipulation Barrier Using Nano-Size Zero
Valent Iron (DOE/RL-2009-35).

e Action 11-2 COMPLETE: Expand groundwater P&T extraction within the 100-D Area by
378.5 L/min (100 gpm) to enhance remediation of the hexavalent chromium plume (no due date).

DOE installed additional extraction and injection wells in FY 2009 as part of the RPO (SGW-38338,
Remedial Process Optimization for the 100-D Area Technical Memorandum Document;
SGW-40044). The wells were added to the new DX P&T system, which became operational in
January 2011.

e Action 12-1 COMPLETE: Perform additional characterization of the 100-H Area aquifer below the
initial aquitard (September 2009).

DOE installed three wells in the Horn Area screened in the RUM (DOE/RL-2008-42,
Hydrogeological Summary Report for 600 Area Between 100-D and 100-H for the
100-HR-3 Groundwater Operable Unit) and continues to monitor three wells in the 100-H Area.

In 2009, aquifer tests were performed to gather data to provide additional information on the deep
hexavalent chromium contamination in the 100-H Area. The findings are presented in SGW-47776).

Five wells (three in the 100-H Area and two in the 100-D Area) were installed as part of the RI/FS
work plan. The wells were drilled through the RUM and screened within the first water-bearing layer
encountered (DOE/RL-2008-46-ADD1).

DOE issued Revision 1 of the third 5-year review (DOE/RL-2011-56, Hanford Site Third CERCLA
Five-Year Review Report) in March 2012. DOE issued an errata sheet in June 2012 (12-EMD-0070,
“Hanford Site Third Comprehensive Environmental Response, Compensation, and Liability Act
Five-Year Review Report, April 2012”). The review identified one action item pertaining to the
100-HR-3 OU interim action groundwater remediation (Action 2-1: Complete the engineering export
water scoping study to evaluate whether the 182-D Reservoir and export water system is necessary to
support the Hanford Cleanup Mission).

Approximately 80 percent of the pressurized water lines in the 100-D Area have been cut and capped,
greatly reducing potential water line leakage as a contaminant driving force; however, the potential for
leakage still exists. In February 2010, a major water leak near the 182-D Reservoir discharged at least
37,850 L (10,000 gal) of raw water to the ground and adjacent water sites; consequently, additional work
to identify and remove potential water sources, including the 182-D reservoir, is necessary to complete
this action.

231 HR-3 P&T System

The HR-3 P&T system extracted groundwater through wells in the northern plume (100-D Area) and in
the 100-H Area plume from 1997 until it was placed in cold standby in May 2011. The extracted
groundwater was transferred through an above-ground pipeline to a treatment building in the 100-H Area.
Hexavalent chromium was removed from the extracted groundwater using IX resins. Treated water was
then discharged to injection wells, which are screened in the unconfined aquifer underlying the

100-H Area. The treatment capacity for the HR-3 P&T system was 1,100 L/min (300 gpm). The system
used up to 12 extraction wells (10 wells screened in the unconfined aquifer and 2 wells screened in the
RUM). The system also included three injection wells in the 100-H Area. Table 2-5 identifies the
extraction, compliance, and injection wells for the HR-3 P&T system used in 2011. The majority of these
wells were added to the new HX P&T system.
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2.31.1  Changes in 2011

The size of the hexavalent chromium plume in the unconfined aquifer underlying the 100-H Area has
been significantly reduced since startup of P&T operations in 1997. However, in 2011, this plume did not
change significantly compared to 2010. A relatively small hexavalent chromium plume with low
concentrations remains adjacent to the Columbia River. Pumpage from the uppermost water-bearing unit
in the RUM continued in 2011 from wells 199-H3-2C and 199-H4-12C. Concentrations at

well 199-H3-2C remained relatively constant during the year in a range between 57 — 71 pg/L;
concentrations at well 199-H4-12C also remained relatively constant in a range between 135 — 148 pg/L.

In May 2011, the HR-3 P&T system went offline as an outcome of the RPO. The wells from the system
were disconnected and then added to the new HX well network. Consolidation was done on the extraction
and injection wells within the two areas to reduce water movement across the Horn Area. Groundwater
wells that extracted from the northern portion of the 100-D Area and piped to the 100-H Area for
treatment were disconnected from the HR-3 P&T system and will be added to the DX P&T system in a
future well realignment. These wells include four extraction wells (199-D8-53, 199-D8-54A, 199-D8-68,
and 199-D8-72). These wells have not been hooked up yet to the DX P&T system due to funding and
injection capacity constraints.

The remaining HR-3 P&T wells were disconnected and then added to the new HX P&T well network;
wells 199-H4-3 and 199-H4-12A were disconnected and not added to the network. Disconnection of the
wells was completed on May 16, 2011, and then the HR-3 system was placed in cold standby. Rebound in
hexavalent chromium concentrations was observed in several wells north of the 105H reactor during the
transition from the HR-3 system to the HX system while the pumps were shut down. These included
extraction well 199-H4-4 and monitoring wells 199-H4-15A and 199-H4-48. These wells are located in
the vicinity of the 100-H-28 waste site remediation.

2.3.1.2 Treatment System Performance

During 2011, the HR-3 P&T system extracted 134 million L (35 million gal) of groundwater

from the 100-HR-3 OU. The system removed 5.6 kg of hexavalent chromium during 2011, bringing the
total amount removed to 406 kg since 1997, in addition to the 30 kg removed by a pilot-scale system in
the early 1990s. A summary of operational parameters and total system performance for the HR-3 P&T
system (100-D and 100-H Areas) in 2011 is provided in Table 2-6.

The average influent hexavalent chromium concentration for the duration of operation in 2011 was
43.5 pg/L. The average effluent concentration for the reporting period was 3 pug/L, which makes an
average removal efficiency of 93.1 percent for the HR-3 P&T system.

2.3.1.3 Compliance Monitoring

The monitoring requirements for the HR-3 P&T system are specified in the interim monitoring plan
(DOE/RL-96-90). Long-term monitoring requirements are derived from TPA (Ecology et al., 1989)
Change Control Form 107.

Wells 199-D8-54A and 199-D8-71 are the two specified compliance points for the HR-3 P&T system in
the 100-D Area. Hexavalent chromium concentrations in these compliance wells exceeded the 20 pg/L
interim remedial action goal during 2011, which is unchanged from the previous reporting period.

Well 199-D8-54A was sampled monthly until the HR-3 P&T system was shutdown. The well had
concentrations ranging from 4 to 91 ug/L. Well 199-D8-71 was sampled quarterly and hexavalent
chromium as high as 131 pg/L, which was similar to the maximum of 130 pg/L in 2010.
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In the northeastern boundary of the 100-D Area, hexavalent chromium concentrations have decreased in
compliance wells 199-D8-69 and 199-D8-70. The compliance wells continued to show variable
hexavalent chromium concentrations, with the lowest concentrations in the early summer when the river
stage was high (Figure 2-6). Concentrations in these compliance wells exceeded the 20 pug/L interim
remedial action goal during the winter, but concentrations were below 20 pg/L during part of the year for
the first time, with an undetected value in May at 199-D8-69 and 8.8 pg/L in August at 199-D8-70.

The highest detected concentrations were 39 and 36.6 pg/L in wells 199-D8-69 and

199-D8-70, respectively.

In the 100-H Area, one compliance well (199-H4-5) was sampled 6 times during the year at both low and
high water. None of the samples exceeded the 20 pg/L remedial action goal, and the maximum
hexavalent chromium concentration detection was 3 pg/L. Concentrations have been below 20 pg/L in
this well since 2005.

Four additional wells in the 100-H Area are designated as dual purpose wells. Well 199-H4-3 is
designated as an extraction/performance well, and wells 199-H4-4, 199-H4-63, and 199-H4-64 are
designated as extraction/compliance wells. Only one well had a hexavalent chromium concentration
above the interim remedial action goal of 20 pg/L during 2011. Well 199-H4-63 had the highest
concentration of hexavalent chromium at 22 pg/L, which is a decrease from 26 pg/L in 2010.

2.3.2 DR-5P&T System

A second P&T system, DR-5, began operating at the end of July 2004 to treat significant concentrations
of hexavalent chromium characterized in 100-D Area wells southwest of the original HR-3 P&T system
D-transfer wells. The DR-5 P&T system extracted, treated, and injected groundwater in the 100-D Area
until it was shut down in April 2011. Groundwater was treated at the DR-5 treatment facility using

a metal anion-exchange system with onsite regeneration. Treated groundwater was then injected back into
wells in the 100-D Area. The treatment capacity for the DR-5 P&T system was 190 L/min (50 gpm).

The system consisted of four extraction wells: two wells (199-D5-20 and 199-D5-92) are located in the
northern hexavalent chromium plume (100-D Area), and two wells (199-D5-39 and 199-D5-104) are
located in the southern hexavalent chromium plume (100-D Area). In 2011, well 199-D5-104 was offline.
The DR-5 P&T system also included two injection wells (199-D5-41 and 199-D5-42) in the 100-D Area.
Table 2-7 identifies the extraction and injection wells used during the P&T operation.

2.3.2.1 Changes in 2011

On March 2, wells 199-D5-20 and 199-D5-39 were shut off, leaving only well 199-D5-92 operating.
In mid-April, the entire DR-5 P&T system was shut down, the wells were disconnected, and then they
were added to the new DX well network with the exception of well 199-D5-41. The DR-5 system was
then placed in cold standby.

2.3.2.2 Treatment System Performance

For the four months of operation in 2011, the DR-5 P&T system extracted 9.1 million L (2.4 million gal)
of groundwater from the 100-D Area. The system removed 11.3 kg of hexavalent chromium during the
reporting period, for a total of 384 kg removed since 2004. A summary of operational parameters and
total system performance for the DR-5 P&T system is presented in Table 2-8.

The average influent hexavalent chromium concentration in 2011 was 1,285.8 ng/L. The average effluent
concentration for the reporting period was 1.5 pg/L. Total system pumping rates remained relatively
constant until shutdown. The average removal efficiency for 2011 was 99.9 percent, which is essentially
the same as the 99.8 percent reported in 2010.
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2.3.2.3 Compliance Monitoring

The DR-5 P&T system currently does not have any compliance wells; however, the system is monitored
on a regular basis.

2.3.24 DX P&T System

The DX facility (Figure 2-12) entered acceptance testing in the fourth quarter of 2010 and became
operational in December 2010. The new DX facility, with a treatment capacity of 2,300 L/min (600 gpm),
facilitates remediation by expanding the capture zone, thereby drawing a larger volume of contaminated
groundwater for treatment. The design of the DX P&T system is described in Functional Design Criteria
for the 100-DX Pump and Treat System (SGW-40243). The design and operational philosophy optimizes
containment along the river, and containing and removing the mass in the hot spots. In 2011,

the 11,400 ft* (1,059 m?) DX process plant uses 37 extraction wells and over 40 mi (64 km) of piping to
bring groundwater to the facility that is treating up to 75 million L (20 million gal) per month

(Figure 2-13). The treated water is returned to the aquifer through a series of 14 injection wells. Table 2-9
identifies the extraction and injection wells. The extraction and injection wells were operating at the
same time; therefore, the total extraction and injection rates may vary.

The treatment trains are utilizing ResinTech® SIR-700 resin to treat hexavalent chromium as it flows
through tanks in the treatment facility. The resin binds hexavalent chromium as the contaminated
groundwater passes through it. The technology is very efficient, leaving little or no measurable chromium
in the water afterwards. The clean water is reinjected into the aquifer. This is the same technology used at
the HX plant. The new resin does not need to be replaced as often, saving time and money. No resin
changes occurred during 2011 and none are anticipated in 2012. The treated water is then returned to the
aquifer through a series of injection wells. The DX P&T system significantly upgrades capacity to treat
groundwater along the river and is a key component of DOE’s strategy for stopping chromium from
entering the Columbia River in 2012.

For 2011, the areal extent of the southern hexavalent chromium plume in the 100-D Area did not change
significantly compared to 2010. However, a significant amount of the mass removed from the DX
systems has come from wells 199-D-104 and 100-D-39. The DX system significantly upgrades capacity
to treat groundwater along the river and is a key component of DOE’s strategy for stopping hexavalent
chromium from entering the Columbia River in 2012.

2.3.2.5 Changes in 2011

For 2011, there were no configuration changes to the DX P&T system. The DX P&T systems will evolve
while groundwater remediation activities continue toward meeting TPA (Ecology et al., 1989)
remediation goals. To manage and refine the DX systems, the RPO process will use available source area
data; groundwater monitoring data, including compliance wells; updated contaminant fate and transport
modeling results; and extraction/injection well performance data. Action items may include installing
additional extraction/injection wells, converting injection wells to extraction wells (or vice versa),
changing extraction/injection rates, and addressing source areas to remove contaminant contributions

to groundwater.

2.3.2.6 Treatment System Performance

During 2011, the DX P&T system extracted 919 million L (243 million gal) of groundwater from the
100-D Area, which is a significant increase compared to the 44.6 million L (11.8 million gal) processed
by the DR-5 P&T system in 2010. The system removed 443 kg of hexavalent chromium during the

® ResinTech is a registered trademark of ResinTech Inc., West Berlin, New Jersey.
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reporting period, in addition to the 18.4 kg removed by the pilot-scale system in December 2010.
The amount of hexavalent chromium removed by the DX P&T system in 2011 was an increase of
491 percent in mass removed when compared to 74.9 kg processed by the DR-5 system in 2010.

The average influent hexavalent chromium concentration in 2011 was 429.3 pg/L. The average effluent
concentration for the reporting period was 0.6 ng/L. Figure 2-14 shows the influent and effluent
concentrations for the treatment systems. The average removal efficiency for 2011 was 99.8 percent.

A summary of operational parameters and total system performance for the DX P&T system is presented
in Table 2-10. The system operated at a relatively constant rate of about 1,893 L/min (500 gpm)
throughout CY 2011, with a period of reduced pumping rates (around 1,514 L/min [400 gpm]) from April
to June 2011. Figure 2-15 shows the system availability for the reporting period.

The resin tests performed for selecting ResinTech® SIR-700 resin for the DX P&T (SGW-41642, Resin
Evaluation and Test Report to Support DX Treatment System) estimated that the resin change out rate
would be two vessels per train each year after processing 40,000 bed volumes (one bed volume is the
volume of resin in the treatment system) of contaminated groundwater through each treatment train.

The resin has outperformed the design basis and no resin change out has been required since the DX P&T
startup in December 2010. The resin has processed over 74,000 bed volumes in each treatment train; over
86 percent more volume than planned.

For 2011, the areal extent of the hexavalent chromium plumes in the 100-D Area did not change
compared to 2010. However, average concentrations beneath the 100-D Area have
significantly decreased.

2.3.2.7 Compliance Monitoring

The DX P&T system currently does not have any compliance wells; however, the system is monitored on
a regular basis. A SAP is being developed that will address groundwater monitoring requirements and
system compliance. The SAP incorporates several monitoring requirements, including interim action
monitoring for compliance, performance, and operations required to assess the P&T and ISRM barrier
remedial actions currently deployed in the 100-HR-3 OU.

2.3.3 HXP&T System

The HX P&T facility (Figure 2-16) entered acceptance testing in September 2011 and became operational
on October 1, 2011. The new system has a treatment capacity of 3,000 L/min (800 gpm) compared to the
300 gpm capacity of the old HR-3 system. The design of the HX P&T system is described in Functional
Design Criteria for the 100-HX Pump and Treat System (SGW-43616). The design and operational
philosophy optimizes containment along the river, and containing and removing the mass in higher
contaminated areas. The 1,625 m” (17,500 ft*) HX process plant uses 31 extraction wells, 15 injections
wells, and over 98 km (61 mi) of piping to bring groundwater to the facility. It will be able to treat up to
132 million L (35 million gal) per month (Figure 2-17). Table 2-11 identifies the extraction and injection
wells.

ResinTech® SIR-700 treats hexavalent chromium as it flows through tanks in the treatment facility.
This is the same technology used at the DX plant. The new resin does not need to be replaced as often,
saving time and money. The treated water is then returned to the aquifer through a series of injection
wells. The HX P&T system significantly upgrades capacity to treat groundwater along the river and is
a key component of DOE’s strategy for stopping chromium from entering the Columbia River in 2012.
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2.3.3.1 Changes in 2011

For 2011, there were no configuration changes to the HX P&T system. The HX P&T system alignment
will evolve while groundwater remediation activities continue toward meeting TPA (Ecology et al., 1989)
remediation goals. To manage and refine the HX systems, the RPO process will use available source area
data; groundwater monitoring data, including compliance wells; updated contaminant fate and transport
modeling results; and extraction/injection well performance data. Action items may include installing
additional extraction/injection wells, converting injection wells to extraction wells (or vice versa),
changing extraction/injection rates, and addressing source areas to remove contaminant contributions

to groundwater.

2.3.3.2 Treatment System Performance

In 2011, the HX P&T system extracted 303 million L (80 million gal) of groundwater from the

100-H Area since startup, which includes 15 million L (4 million gal) of groundwater extracted

during acceptance testing in September 2011. The new system removed 11 kg of hexavalent chromium
during the reporting period.

The average influent hexavalent chromium concentration in 2011 was 35.6 ug/L. The average effluent
concentration for the reporting period was 1.6 ug/L. Figure 2-18 shows the influent and effluent
concentrations for the treatment systems. The average removal efficiency for 2011 was 95.5 percent.

A summary of operational parameters and total system performance for the HX P&T system is presented
in Table 2-12. The system operated at a relatively constant rate of about 2,081 to 2,271 L/min

(550 to 600 gpm). Figure 2-19 shows the system availability for the reporting period.

For 2011, the areal extent and concentration of the hexavalent chromium plume in the 100-H Area did not
change significantly compared to 2010.

2.3.3.3 Compliance Monitoring

The HX P&T system currently does not have any compliance wells; however, the system is monitored on
a regular basis at performance monitoring wells across the OU and at all extraction wells.

2.3.4 Hydraulic Capture

Plume capture effectiveness in the 100-HR-3 OU was evaluated for the combined capture zones of the
DR-5, DX, HR-3, and HX P&T systems (Figure 2-20). An overview of the extent and effectiveness of the
combined (OU-wide) capture zone is discussed in the following paragraphs. A capture frequency model
(CFM) depicting the extent of hydraulic capture developed by the 100-HX and 100-DX systems was
calculated based on weekly maps from October to November, representing the period during which both
systems were operational and transducer data was available. A separate evaluation using a capture
efficiency model (CEM) is calculated using the 100 Area groundwater model (SGW-46279, Conceptual
Framework and Numerical Implementation of 100 Areas Groundwater Flow and Transport Model),
which represents the three months from October to December. More detailed descriptions of the methods
used and results of the capture zone evaluation are presented in Appendix B.

Figure 2-20 depicts CEM and CFM calculated representations of the combined site-wide capture zone for
the 100-HR-3 OU. The results shown in Figure 2-20(a) were based primarily on groundwater modeling
analysis, while the results shown in Figure 2-20(b) are based on a deterministic approach that incorporates
high-frequency mapping of nearly continuously data logged water level measurements of the aquifer
during several months of system operation (see Appendix B for details of both methods of capture

zone analysis).
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Figures 2-27(a) and 2-27(b) suggests that the approximate extents of capture calculated using the mapping
method and the groundwater model for the 100-HR-3 system are similar in appearance, although there are
some areas that differ. The overlays of the CEM and CFM maps with the contoured extents of hexavalent
chromium presented in Figures 2-27(a) and 2-27(b), respectively, identify areas where capture appears
conclusive and satisfactory, and where capture appears inconclusive and/or unsatisfactory. Throughout
the majority of the 100-HR-3 groundwater operable unit that is contaminated by chromium, the CEM and
CFM provide a fairly consistent interpretation of the extent of capture developed by the 100-HX and
100-DX remedies from October to December 2011. Both methods consistently suggest that the capture is
inconclusive or unsatisfactory in the southeastern portion of the 100-H area (e.g., upgradient of

wells 199-H4-64, 199-H4-12C, 199-H4-4, and 199-H4-63), and in portions of the Horn area between the
100-D and 100-H areas.

The differences in capture depicted by the CEM and CFM approaches arise from a combination of (a) the
variable distribution of water level monitoring, (b) the different periods used in preparing the CEM and
CFM maps, as described above, and (c¢) differences in the methods used. With regard to the distribution of
water level monitoring locations, Figure 2-20(b) includes dashed grey lines, which delineate the arcas
located about 500 meters or more from the nearest monitoring well used in the groundwater elevation
mapping. In these areas, the relative sparsity of water level monitoring data results in increased
uncertainty in the estimated extent of capture. Differences between the modeled CEM and mapped CFM
are expected to be greatest in these areas. Differences that result from the contrasting methods and the
averaging periods used are expected to diminish over time when the monitoring network is optimized and
comparable summary periods are used in the analyses.

2.3.5 In Situ Redox Manipulation System

A PRB for in situ chemical treatment of the hexavalent chromium in the southern plume (100-D Area)
was emplaced as an interim remedial action in accordance with the interim ROD amendment
(EPA/AMD/R10-00/122) beginning in 2000 (Figure 2-21). The reduction-oxidation treatment zone is
approximately 680 m (2,230 ft) long (aligned parallel to the Columbia River) and approximately 100 to
200 m (330 to 660 ft) inland. The barrier consists of 65 wells spaced across almost the entire width of the
southern hexavalent chromium plume. The treatment zone was designed to reduce the concentration of
hexavalent chromium in groundwater to no more than 20 pg/L at seven compliance wells located between
the treatment zone and the Columbia River.

The PRB uses ISRM technology to create a treatment zone in which ferric iron is reduced to ferrous iron
within the aquifer matrix. This is accomplished by injecting sodium dithionite into the aquifer through
wells, then withdrawing the unreacted reagent and reaction products (predominately sulfate) through the
same wells and pumping to the ISRM evaporation pond. The sodium dithionite serves as a reducing agent
for iron, producing a reducing-type environment in the aquifer. As the groundwater migrates through the
treatment zone, the mobile hexavalent chromium is reduced to the less toxic, immobile trivalent
chromium, which precipitates from solution. Dissolved Oxygen (DO) and some nitrate are also removed
from the groundwater as it passes through the PRB.

The barrier is discussed in this report in order to provide a consolidated discussion of all interim remedies
that are being used in the River Corridor. A notice of non-significant change to the ROD was issued in
2010, which indicated that the barrier would no longer be actively maintained (Holten, 2010,
“Non-Significant Change for the 100-HR-3 and 100-KR-4 Operable Units Interim Action Record of
Decision, Hanford Site, Washington, July 2010, Memo to File Regarding: Supplemental Actions for the
In-Situ Reduction/Oxidation Manipulation Barrier Performance for the 100-HR-3 Groundwater Operable
Unit Interim Remedy”).
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2.3.5.1 Hydraulic Monitoring

Groundwater elevations in the unconfined aquifer were measured in monitoring wells at and surrounding
the ISRM site in 2011. The water levels were measured using an automated recording system (AWLN)
and were supplemented by quarterly manual measurements using an electric tape, and then comparing the
measurements to known survey elevations. The height of the Columbia River is also monitored
electronically at the 100-D Area river gauge, located directly north of the ISRM barrier. The AWLN
recorded data from pressure transducers at 17 locations on an hourly basis.

Groundwater velocity in the 100-D Area is lower compared to the 100-H Area (DOE/RL-2009-92). Water
levels in the 100-D Area are similar to water levels in the regional flow field to the south. Regional flow
entering the southern portion of the 100-HR-3 OU tends to flow toward the 100-H Area leaving the

100-D Area, to the edge of regional groundwater flow streamlines. River elevation can vary as much as
3.2 m (10.5 ft) throughout the year. During low river stage (September through December), groundwater
flow is generally toward the river. During the spring (April through June), high levels in the Columbia
River create flow from the river inland, with a steeper gradient near the river and flattening somewhat
further inland. This mechanism may have allowed chromium to build up for years in the aquifer based on
the current observed hot spot upgradient of the ISRM barrier.

Groundwater flow is also affected by the P&T system. Small groundwater mounds are due to injection of
treated groundwater from the DR-5 and DX P&T systems. A small number of groundwater depressions
were observed around the DR-5 and DX systems extraction wells.

2.3.5.2 Compliance Monitoring

Groundwater at the ISRM site is sampled as part of CERCLA interim action monitoring, and hexavalent
chromium is the COC. As required by the sampling documents, DO is also monitored. The barrier
treatment process reduces oxygen content in the aquifer. Groundwater with depleted DO levels could
harm aquatic receptors. Other groundwater constituents and properties are also monitored to provide
better understanding of the chemical characteristics of the plume.

The ISRM barrier (Figure 2-22) intersects the southern hexavalent chromium plume and has largely

cut off the highest concentration portion of the plume and prevented it from extending to the Columbia
River. Figure 2-23 shows hexavalent chromium concentration plots for the ISRM compliance wells.

The 2011 hexavalent chromium concentration of 5.5 pg/L was below the 20 pg/L remedial action goal in
the southernmost compliance well 199-D4-86.

Historically, the compliance monitoring wells in the northeastern portion of the ISRM barrier generally
had higher hexavalent chromium concentrations in the northeast portion of the barrier. In 2011, the most
northeastern well, 199-D4-83, had a maximum hexavalent chromium concentration of 11 pg/L, which is
a decrease from the 2010 maximum concentration of 109 ug/L. Groundwater in well 199-D4-39, also
near the northeastern end of the barrier, had hexavalent chromium levels ranging from 33 to 516 pg/L in
2011. These levels show less fluctuation than observed in 2010, which had a range in concentrations of
798 to 2,960 pg/L. Concentrations remained above the remedial action goal in wells 199-D4-38 and
199-D4-84 (downgradient from the central portion of the ISRM barrier) with maximum concentrations of
64 and 43 pg/L, respectively. Remedial action monitoring is described in Remedial Design Report and
Remedial Action Work Plan for the 100-HR-3 Groundwater Operable Unit In Situ Redox Manipulation
(DOE/RL-99-51).
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Figure 2-24 shows hexavalent chromium concentrations in the ISRM barrier for the four quarters of 2011.
The histograms in the figure show that hexavalent chromium concentrations are lowest in the summer.

In the first quarter, fewer barrier wells were below the RAO of 20 ug/L. Since groundwater flow is
predominately toward the river and the hydraulic gradient was the highest during this period, there is less
time for groundwater to react with reduced sediments in the ISRM barrier. Conversely, when the river
stage is high and groundwater gradients are reversed (i.e., groundwater flow is inland from the river),
water has a longer residence time in the barrier and/or previously treated water flows back to the barrier.
As a result, more hexavalent chromium is reduced to trivalent chromium, and concentrations of
hexavalent chromium decrease. The northeastern half of the barrier continues to have the greatest number
of wells with concentrations greater than 20 ug/L. Overall, concentrations in the barrier decreased in
2011, most likely due to the startup of the new DX P&T system.

Dissolved Oxygen concentrations are monitored as required by the ROD amendment
(EPA/AMD/R10-00/122) and the remedial design report/remedial action work plan (DOE/RL-99-51).
The sodium-dithionite injection process reduced DO in the groundwater at the barrier to low levels. Low
levels of DO are monitored to assess changes in concentration as groundwater approaches the Columbia
River. The DO profile near the ISRM treatment zone is generally characterized by relatively high DO
concentrations upgradient of the treatment zone, decreasing significantly through the treatment zone, and
recovering to higher DO concentrations as groundwater flow approaches the river (Figure 2-25).

A comparison was made between several wells in a line located upgradient of the ISRM (199-D4-15 and
199-D4-20), wells within the ISRM (199-D4-7 and 199-D4-19), and wells downgradient of the ISRM
(199-D4-23 and 199-D4-84).

Dissolved Oxygen sampling results from April through July were compared. The east line of wells
moving from upgradient to downgradient (199-D4-15 [4,960 png/L], 199-D4-7 [3,770 pg/L], and
199-D4-23 [9,400 pg/L]) shows a slight reduction in oxygen of approximately 24 percent then an increase
moving downgradient toward the Columbia River. The west line of wells moving from upgradient to
downgradient (199-D4-20 [2,570 png/L], 199-D4-19 [1,730 ng/L], and 199-D4-86 [10,550 png/L]) shows
a reduction in oxygen in the groundwater moving through the barrier with an increase moving
downgradient beyond the barrier. Based on these results, it is evident that the ISRM barrier continues to
create favorable conditions for reducing hexavalent chromium even though the oxygen reduction is lower
than in previous years. This system, together with the downgradient DX system extraction wells, will aid
in meeting remedial action goals. It is also important to note that the reduction in DO can result in
negative impact to aquatic organism; there is a requirement to address this via air sparging or other means
if significant low values persist.

Sulfate is a byproduct of the sodium-dithionite reaction used to establish the ISRM treatment zone. It is
also listed as a groundwater contaminant with a national secondary DWS of 250 mg/L (40 CFR 143,
“National Secondary Drinking Water Regulations”). Sulfate concentrations exceeded the secondary DWS
in two areas located at the southwestern portion of the ISRM barrier and downgradient from the barrier.
The following sulfate results are for wells influenced by the ISRM barrier during 2011:

e Sulfate concentrations in groundwater underlying much of the 100-D Area remained above 100 mg/L.

e Opverall, the sulfate concentrations in 2011 were comparable to 2010, with most wells showing stable
or slightly decreasing concentrations.

e Sulfate concentrations in wells ranged from 11 to 358 mg/L.
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e Two wells and one aquifer tube had sulfate concentrations exceeding the secondary MCL of
250 mg/L:

— Downgradient well 199-D4-99
— One treatment zone injection/monitoring well (199-D4-4)

— Aquifer tubes DD-42-4 (466 mg/L), which have historically had the highest detected
sulfate concentrations

All of the 100-D Area wells are sampled quarterly for pH, which generally ranges from 7.5 to 8.5,
although some values greater than 9 are reported. Monitoring pH is an important component in ISRM
barrier performance; trivalent and hexavalent chromium speciation in the aquifer depends on both pH and
oxidation-reduction potential (ORP). While the scoping studies for the barrier stressed the importance of
maintaining basic pH levels greater than 7 for optimum barrier performance, it is possible that excessively
high pH may be counterproductive, given that hexavalent chromium is the predominant species for

pH greater than approximately 8.5 and for ORP greater than 0.3 volts. Three of the wells with pH greater
than 9 (199-D4-7, 199-D4-14, and 199-D4-48) are monitoring wells located in the original

ISRM treatability test area.

2.4 Additional Investigations

Field work as part of the River Corridor RI/FS characterization was completed in 2011. The work
included installing ten boreholes, seventeen groundwater monitoring wells, five test pits, and six aquifer
tubes. Spatial and temporal analysis of groundwater conditions was also conducted. Draft A of the RI/FS
Report (DOE/RL-2010-95, Remedial Investigation/Feasibility Study for 100-DR-1, 100-DR-2, 100-HR-1,
100-HR-2, and 100-HR-3 Operable Units) is scheduled for release in 2012.

2.5 Conclusions
The conclusion for the 100-HR-3 OU and conclusions with respect to each RAO are as follows:

e The RAOs will be met with the implementation of the DX and HX P&T systems that are now
operational. These additional remedies will reduce hexavalent chromium concentrations in
groundwater before they can reach the Columbia River. In 2011, the DX and HX P&T systems have
removed a significant amount of hexavalent chromium from the aquifer.

¢ RAO 1—Protect aquatic receptors in the river bottom substrate from contaminants in the
groundwater entering the Columbia River.

— 100-D Area:

e The DR-5 P&T system extracted an additional 9.1 million L (2.4 million gal) of groundwater
and removed 11.3 kg of hexavalent chromium from the 100-D Area for the four months it
operated in 2011. In April, the DR-5 P&T system was shut down, and the wells were
disconnected and added to the new DX well network. The DR-5 system was placed in
cold standby.

e During 2011, the DX P&T system extracted 919 million L (243 million gal) of groundwater
from the 100-D Area, which is a considerable increase compared to the 44.6 million L
(11.8 million gal) the DR-5 P&T system processed in 2010. The system removed 443 kg of
hexavalent chromium during the reporting period, in addition to the 18.4 kg removed
by the pilot-scale system in December 2010. The amount of hexavalent chromium removed by
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the DX P&T system in 2011 was an increase of 491 percent in mass removed when compared
to the 74.9 kg processed by the DR-5 system in 2010.

Hexavalent chromium concentrations in the 100-D Area have been decreasing. In 2011, the
plume configuration did not change compared to 2010; however, concentrations have
decreased significantly. Maximum concentration of hexavalent chromium were at 28,100 pg/L
in 2011, compared with the maximum concentrations of 2010 and 2009 at 69,700 ug/L and
59,600 ng/L, respectively.

In 2011, hexavalent chromium concentrations were above the 20 ug/L interim remedial action
goal in both compliance wells (199-D8-69 and 199-D8-70). Well 199-D8-69 has since been
converted into an extraction well for the DX P&T system, which should reduce hexavalent
chromium concentrations within this portion of the unconfined aquifer.

Overall, the ISRM barrier continues to help reduce hexavalent chromium in the aquifer.
However, during periods of low flow, hexavalent chromium values above the RAO were
observed in some downgradient wells, which increased in concentration since 2009. However,
downgradient DX extraction wells now exist to compensate for ISRM breakthrough, which
will reduce hexavalent chromium concentrations in groundwater before reaching

the Columbia River.

Operational monitoring of treatment zone (barrier) wells indicates that low chromate
concentrations and generally reducing conditions persist in the majority of the ISRM barrier,
particularly in the southwestern portion of the barrier. The northeastern half of the barrier
continues to have the greatest number of wells with concentrations greater than 20 pg/L.
Overall, the barrier’s performance in 2011 was slightly less effective than observed in 2010.

The effect of high river stage during the early summer months provides a natural hydraulic
barrier for movement of the hexavalent chromium plume to the Columbia River.

100-H Area:

During 2011, the HR-3 P&T system extracted 134 million L (35 million gal) of groundwater
from the 100-HR-3 OU. The system removed 5.6 kg of hexavalent chromium during the
reported year. In May, the HR-3 P&T system was shut down, the wells were disconnected, and
the system was placed in cold standby.

In 2011, the HX P&T system extracted 303 million L (80 million gal) of groundwater from the
100-H Area, which includes the 15 million L (4 million gal) of groundwater extracted during
acceptance testing in September 2011. The new system removed 11 kg of hexavalent
chromium during the reporting period.

During 2011, hexavalent chromium concentrations were less than the 20 pg/L remedial action
goal in three of the four original compliance wells (199-H4-4, 199-H4-5, and 199-H4-64).
Well 199-H4-63 had a hexavalent chromium concentration of 22 pg/L from a September 2011
sample date.

Contaminant concentrations in aquifer tubes have been reduced.

Horn Area:

The new RPO wells installed in the Horn Area during 2010 to remediate groundwater
underlying this area were added to the new DX/HX P&T system.
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RAO 2: Protect human health by preventing exposure to contaminants in the groundwater.

The interim remedial ROD (EPA/ROD/R10-96/134) establishes a variety of ICs that must be
implemented and maintained throughout the interim action period. These provisions include
the following:

e Access control and visitor escorting requirements

o Signage providing visual identification and warning of hazardous or sensitive areas

e Excavation permit process to control all intrusive work (e.g., well drilling and soil excavation)
e Regulatory agency notification of any trespassing incidents

The effectiveness of ICs was presented in 2004 Site Wide Institutional Controls Annual
Assessment Report for Hanford CERCLA Response Actions (DOE/RL-2004-56). The findings of
this report indicate that ICs were maintained to prevent public access, as required.

RAO 3: Provide information that will lead to a final remedy.

An RI/FS was completed in 2011. Field work included the installation of 10 boreholes,

17 groundwater monitoring wells, 8 test pits, and 6 aquifer tubes. Spatial and temporal analysis of
groundwater conditions was also conducted. Draft A of the RI/FS Report (DOE/RL-2010-95) is
scheduled for release in 2012.

Since 1997, a significant mass of hexavalent chromium (1,365 kg) has been removed from
groundwater underlying the 100-HR-3 OU. The overall areal extent of the 100-D Area hexavalent
chromium plume, however, has not been affected significantly by P&T operations. The new DX
and HX P&T systems will continue to improve remediation by expanding the capture zone.
Hexavalent chromium concentrations still exceed RAOs in compliance wells downgradient after
ISRM has operated for multiple years. However, downgradient extraction wells for the DX P&T
system were added to reduce hexavalent chromium concentrations before they can reach the
Columbia River downgradient of the ISRM barrier. Concentrations will be reduced to a level that
is manageable by the ISRM barrier.

2.6 Recommendations

The 100 and 300 Area River Corridor units are undergoing the CERCLA process for completing
remediation of waste sites and groundwater. Draft A of the 100-D and 100-H Operable Units RI/FS
Report (DOE/RL-2010-95) is scheduled for release in 2012. The following recommendations are made
regarding future groundwater monitoring and remedial action evaluations. As with any such
recommendation, these warrant further review and their implementation depends on technical priorities
and available funding. Recommendations for the 100-HR-3 OU are as follows:

Evaluate the effectiveness of the new DX and HX P&T systems in 2013 using groundwater
concentration data, hydraulic head data, capture zone analyses, and further modeling to optimize the
operation of the systems. Include a comparison of DX and HX to the HR-3 and DR-5 systems and
prepare a written report.

Conduct a Data Quality Objective analysis for 100-HR-3 data needs for the new DX and HX systems
to support RAOs in 2013 and prepare a written report.

Continue with RPO to evaluate the realignment and/or addition of specific wells to the DX and HX
P&T system well network in 2013, targeting locations of higher concentration contaminated wells to
increase mass removal, and prepare a written report.
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Evaluate the deployment of pressure transducers and data loggers in selected wells within the AWLN
and formalize the AWLN into the performance monitoring plan via a SAP in 2013.

Revise the remedial design/remedial action work plan in 2013 to reflect upgrades to the
100-HR-3 systems.

Plan a compliance well network of up to 15 HR-3 wells for both river protection monitoring and
groundwater cleanup monitoring and prepare a written report in 2013.

Continue to integrate with the source area remediation team to determine impacts to the groundwater
and Columbia River from vadose zone soil contamination being removed, treated, and disposed and
utilizing the P&T systems to mitigate those impacts.

Determine additional extraction and monitoring well placements down gradient from selected active
vadose zone remediation sites (100-D-100, 100-D-30, and 100-D-104) to prevent contamination from
reaching the Columbia River.

Evaluate the response of the 100-D Area hotspot to the extraction of the larger volumes of
groundwater by the DX P&T system and prepare a written report in 2013.

Continue to P&T and monitor the contaminated zone in the RUM in the 100-H Area. The preliminary
results of the remedial investigation characterization suggest that the RUM dips to the
south-southwest in the upgradient direction towards the Horn and that current pumping is sufficient to
the north. An additional pumping well could enhance remediation to the south which will be
evaluated in a written report in 2013.

Conduct additional monitoring of hexavalent chromium contamination within the RUM at 100-H.

Consider the collection of groundwater from the base of deep excavations in 2013 using sandpoints,
shallow bore temporary wells, or aquifer tubes and prepare a written report on the impacts.

Continue to review and modify the groundwater cleanup strategy for interim actions and provide
information that will lead to the final remedy.

Add well 199-H3-5 to the HX P&T extraction well network to target hexavalent chromium migration
from the Horn Area into the southern portion of 100-H Area. Add injection well capacity to the DX
P&T system to allow for additional extraction to protect the river and utilize available capacity at the
DX P&T.

Complete the transfer of the HR-3 D-transfer wells to DX (199-D8-53, 199-D8-54A, 199-D8-68, and
199-D8-72).

Evaluate historic plume depiction using current plume mapping technology to evaluate cleanup
effectiveness of the P&T systems.
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Figure 2-20. Approximate Extent of Capture Throughout the 100-D and 100-H Area for October to
December 2011, Calculated Using (a) Modeling Method and (b) Mapping Method (Overlaid with Spring 2011

Contoured Extent of Hexavalent Chromium)
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Figure 2-23. In Situ Redox Manipulation Hexavalent Chromium Trend Plots for Compliance Wells
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Figure 2-24. In Situ Redox Manipulation Operational Monitoring, Hexavalent Chromium
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Table 2-1. Maximum Contaminant and Co-Contaminant Concentrations
for 100-D Area, 2010 and 2011

Maximum
Value Detected | Filtered (F) or Well/Aquifer Tube
Constituent (ng/L or pCi/L) | Unfiltered (UF) Date Sampled Name
2011
Hexavalent chromium 28,100 F 02/27/11 199-D5-122
Hexavalent chromium 27,900 UF 02/27/11 199-D5-122
Total chromium 6,290 UF 03/02/11 199-D5-141
Nitrate 98,300 UF 01/30/11 199-D8-4
Strontium-90 45 UF 01/13/11 199-D5-132
Tritium 24,000 UF 02/17/11 199-D8-89
Technetium-99 5.7 UF 03/22/11 199-D8-97
Sulfate 466,000 UF 01/06/11 DD-42-4
Uranium 6.1 UF 10/27/11 199-D4-15
Gross beta 186 UF 02/23/11 199-D4-1
Gross alpha 4.28 UF 10/12/11 199-D5-93
2010

Hexavalent chromium 69,700 F 08/18/10 199-D5-122
Hexavalent chromium 69,100 UF 08/18/10 199-D5-122
Total Chromium 61,100 UF 02/11/10 199-D5-122
Nitrate 99,200 UF 03/22/10 199-D5-15
Strontium-90 8.5 UF 11/19/10 199-D3-5
Tritium 20,000 UF 12/02/10 199-D6-3
Technetium-99 2,100 UF 05/12/10 199-D5-18
Sulfate 776,000 UF 04/15/10 DD-43-3
Uranium 5.82 UF 12/02/10 199-D6-3
Gross beta 27 UF 12/13/10 199-D5-40
Gross alpha 9.8 UF 11/30/10 199-D5-133
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Table 2-2. Maximum Contaminant and Co-Contaminant Concentrations

DOE/RL-2012-02, REV. 0

for 100-H Area, 2010 and 2011

Maximum Value Well/Aquifer
Detected Filtered (F) or Tube
Constituent (ng/L or pCi/L) Unfiltered (UF) Date Sampled Name
2011
Hexavalent chromium 133 F 01/24/11 199-H4-15CS
Hexavalent chromium 287 UF 01/24/11 199-H3-9
Total chromium 319 UF 01/24/11 199-H3-9
Total chromium 142 F 12/14/11 199-H4-12C
Nitrate 167,000 UF 12/29/11 199-H4-75
Strontium-90 33 UF 12/15/11 199-H4-13
Tritium 4,330 UF 12/02/11 699-97-43B
Technetium-99 157 UF 10/12/11 199-H4-3
Sulfate 410,000 UF 12/29/11 199-H1-27
Uranium 289 UF 10/12/11 199-H4-3
Gross beta 68 UF 12/29/11 199-H4-14
Gross alpha 14 UF 03/22/11 199-H3-10
2010
Hexavalent chromium 140 F 12/16/10 199-H4-12C
Hexavalent chromium 139 UF 12/16/10 199-H4-12C
Total chromium 133 UF 12/16/10 199-H4-12C
Total chromium 128 F 12/16/10 199-H4-12C
Nitrate 44,300 UF 11/05/10 199-He6-3
Strontium-90 160 UF 06/02/10 199-H1-20
Tritium 5,300 UF 05/16/10 199-H3-3
Technetium-99 94 UF 12/29/10 199-H4-12A
Sulfate 83,600 UF 05/13/10 199-H4-46
Uranium 12.2 UF 01/11/10 199-H4-3
Gross beta 69 UF 12/13/10 199-H4-13
Gross alpha 12 UF 11/8/10 199-H6-3
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Table 2-5. HR-3 P&T System Wells

Well Name Use in 2011
199-D8-53 Extraction
199-D8-54A Extraction
199-D8-68 Extraction
199-D8-69 Compliance
199-D8-70 Compliance
199-D8-72 Extraction
199-H3-2C* Extraction
199-H4-12A" Extraction
199-H4-12C* Extraction
199-H4-14 Injection
199-H4-15A Extraction
199-H4-17 Injection
199-H4-18 Injection
199-H4-3° Extraction
199-H4-4 Extraction
199-H4-5 Compliance
199-H4-63 Extraction
199-H4-64° Extraction

a. RUM well added in 2010.
b. Wells that will not be transferred to HX P&T system.
c. Well not operating during 2011.
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Table 2-6. 100-HR-3 OU Operating Parameters and System Performance for 2011

Total 100-HR-3 Processed Groundwater 2010 2011*
Total amount of groundwater treated (since 1997) (million L) 4,037 4,171
Total amount of groundwater treated during CY (million L) 268 134

Mass of Hexavalent Chromium Removed 2010 2011°
T(?tal amount of hexavalent chromium removed 400 406
(since 1997 startup) (kg)
Total amount of hexavalent chromium removed in CY (kg) 31 5.6

Summary of Operational and System Availability 2010 2011*

Removal efficiency (% by mass) 96.0% 93.1%
Total possible run-time (hours) 8,760 3,240
Scheduled downtime (hours) 201.2 0
Planned operations (hours) 8,558.8 3,240
Unscheduled downtime (hours) 690.8 0
Total time online (hours) 7,868 3,240
Total availability (%) 97.7% 100%
Scheduled system availability (%) 89.8% 100%

Note: Scheduled system availability [(total possible run-time - scheduled downtime) + total possible run-time].
Total availability [(total possible run-time - scheduled and unscheduled downtime) + total possible run-time].
* Values are calculated during the system operation, from January 1, 2011 until the system shut down in May 16, 2011.

Table 2-7. DR-5 P&T System Wells

Well Name Use in 2011
199-D5-20 Extraction
199-D5-39 Extraction
199-D5-42 Injection
199-D5-92 Extraction

199-D5-104° Extraction
199-D5-41° Injection

a. Well not operating during 2011.
b. Well not transferred to the DX P&T system.
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Table 2-8. DR-5 P&T System Operating Parameters and System Performance for 2011

Total DR-5 Processed Groundwater 2010 2011*
Total amount of groundwater treated (since December 2004) (million L) 375 384
Total amount of groundwater treated during CY (million L) 44.6 9.1
Mass of Hexavalent Chromium Removed 2010 2011*
T(?tal amount of hexavalent chromium removed 326.7 338
(since August 2004 startup) (kg)
Total amount of hexavalent chromium removed in CY (kg) 74.9 11.3
Summary of Operational and System Availability 2010 2011*
Removal efficiency (% by mass) 99.8% 99.9%
Total possible run-time (hours) 8,760 1,440
Scheduled downtime (hours) 165.6 0
Planned operations (hours) 8,594.4 1,440
Unscheduled downtime (hours) 2,211.1 0
Total time online (hours) 6,383.3 1,440
Total availability (%) 98.1% 100%
Scheduled system availability (%) 72.9% 100%

Note: Scheduled system availability: [(total possible run-time - scheduled downtime) + total possible run-time].
Total availability: [(total possible run-time - scheduled and unscheduled downtime) + total possible run-time].
* Values are calculated during the system operation, from January 1, 2011 to March 2, 2011.

Table 2-9. 100-DX Wells for the 100-D/H Area

100-DX Extraction Wells 100-DX Injection Wells
Well ID Well Name Well ID Well Name Well ID Well Name
B8989 199-D4-38 C7611 199-D7-6 C7089 199-D2-10
B8990 199-D4-39 A4585 199-D8-6 C7090 199-D2-12
C3315 199-D4-83 A4581 199-D8-53 B8752 199-D5-42
C3316 199-D4-84 A4582 199-D8-54A B8754 199-D5-44
C3317 199-D4-85 B2772 199-D8-68 C7612 199-D5-128
C7083 199-D4-95 B2773 199-D8-69 C7600 199-D5-129
C7084 199-D4-96 C3829 199-D8-72 C7592 199-D6-1
C7085 199-D4-97 C4474 199-D8-73 C7607 199-D6-2
C7086 199-D4-98 C4536 199-D8-88 C759%4 199-D7-4
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Table 2-9. 100-DX Wells for the 100-D/H Area

100-DX Extraction Wells 100-DX Injection Wells

Well ID Well Name Well ID Well Name Well ID Well Name
C7087 199-D4-99 C7091 199-D8-89 C7608 199-D7-5
C7580 199-D4-101 C7092 199-D8-90 A4584 199-D8-55
A4577 199-D5-20 C7093 199-D8-91 C7095 199-D8-93
C4185 199-D5-32 C7589 199-D8-95 C7096 199-D8-94
B8748 199-D5-39 C7603 199-D8-96 C7593 199-D8-99
C4583 199-D5-92 C7582 199-D8-97
C7583 199-D5-101 C7602 199-D8-98
C5400 199-D5-104 C7610 199-H1-5
C7591 199-D5-127 C7595 199-H4-80
C7590 199-D5-130 C7596 199-H4-81
C7601 199-D5-131 C7609 199-H4-82
C7599 199-D7-3

Table 2-10. DX P&T System Operating Parameters and System Performance for 2011

Total DX Processed Groundwater 2010 2011
Total amount of groundwater treated (since December 2010) (million L) 55.4 974
Total amount of groundwater treated during CY (million L) 55.4 919
Mass of Hexavalent Chromium Removed 2010 2011
Tgtal amount of hexavalent chromium removed 18.4 461
(since December 2010 startup) (kg)
Total amount of hexavalent chromium removed in CY (kg) 18.4 443
Summary of Operational and System Availability 2010* 2011
Removal efficiency (% by mass) -- 99.8%
Total possible run-time (hours) -- 8,760
Total time online (hours) -- 8,458
Total availability (%) -- 96.6%

* Values not calculated; system only operational for the month of December.
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Table 2-11. 100-HX Wells for the 100-D/H Area

100-HX Extraction Wells 100-HX Injection Wells

Well ID Well Name Well ID Well Name Well ID Well Name
C7585 199-H1-1 B2779 199-H3-4 C7113 199-H1-20
C7584 199-H1-2 A4618 199-H4-12C C7111 199-H1-21
C7478 199-H1-25 A4621 199-H4-15 C7110 199-H3-25
C7480 199-H1-27 A4630 199-H4-4 C7115 199-H3-26
C7581 199-H1-3 B2776 199-H4-63 C7114 199-H3-27
C7100 199-H1-32 B2777 199-H4-64 A4620 199-H4-14
C7105 199-H1-33 C7485 199-H4-69 A4627 199-H4-17
C7108 199-H1-34 C7483 199-H4-70 A4628 199-H4-18
C7106 199-H1-35 C7597 199-H4-75 C7487 199-H4-71
C7102 199-H1-36 C7587 199-H4-76 C7488 199-H4-72
C7099 199-H1-37 C7605 199-H4-77 C7484 199-H4-73
C7098 199-H1-38 C7598 199-H4-74
C7109 199-H1-39 C7588 199-H4-78
C7604 199-H1-4 C7586 199-H4-79
C7104 199-H1-40 C7489 199-H6-2
C7107 199-H1-42
C7492 199-H1-43
C7477 199-H1-45
C7606 199-H1-6
A4613 199-H3-2C

Table 2-12. HX P&T System Operating Parameters and System Performance for 2011

Total HX Processed Groundwater 2011
Total amount of groundwater treated (since September 2011 startup) (million L) 303
Mass of Hexavalent Chromium Removed 2011
Tgtal amount of hexavalent chromium removed 1
(since September 2011 startup) (kg)
Summary of Operational and System Availability 2011
Removal efficiency (% by mass) 98.7%
Total possible run-time (hours) 2,208
Total time online (hours) 2,150
Total availability (%) 97.4%
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3 100-KR-4 Operable Unit Remediation

This chapter describes the status of interim remedies for the 100-KR-4 OU, as well as the status of other
CERCLA activities for the OU. The following discussion includes the performance of the interim remedy
P&T systems, RPO, and a brief summary of the RI/FS activities that occurred during 2011.

3.1 Summary of Operable Unit Activities

The 100-KR-4 Groundwater OU lies within the 100-K Area (Figure 3-1) and includes the groundwater
underlying the 100-KR-1 and 100-KR-2 source OUs (DOE/RL-2008-46-ADD2). The 100-KR-4 OU
comprises groundwater contaminated by releases from facilities and waste sites associated with past
operation of the KE and KW Reactors (Figure 3-2). Hexavalent chromium released from these facilities
and waste sites poses a risk to human health and/or the environment and was identified in the interim
action ROD (EPA/ROD/R10-96/134) as the primary COC for groundwater in the 100-KR-4 OU.
Interim action co-contaminants for the 100-KR-4 OU include tritium and strontium-90. Carbon-14,
nitrate, trichloroethene, chloroform, and technetium-99 are considered target analytes or constituents of
interest that may be addressed as part of a final remedy for this OU. However, no exceedances or near
exceedances of chloroform or technetium-99 were detected in the 100-KR-4 OU during 2011; therefore,
these constituents are not addressed further in this chapter.

The interim action ROD for the 100-KR-4 OU (EPA/ROD/R10-96/134) defined the cleanup goal for
hexavalent chromium in groundwater discharging to the Columbia River. Based in part on the allowance
that contaminated groundwater (prior to discharging to the river) is mixed on a 1:1 basis with relatively
uncontaminated water within a near-shore mixing zone along the river, the attainment of less than

22 ug/L of hexavalent chromium in the compliance monitoring well network of the 100-KR-4 OU was
deemed to be consistent with achievement of this RAO. The ESD for the 100-HR-3 and 100-KR-4 OUs
(EPA et al., 2009) reduced the remediation target for surface water to 20 ug/L. Consequently,

a compliance criterion of 20 pug/L for hexavalent chromium in groundwater is currently applied to
near-shore and compliance wells along the river. The current ambient water quality criterion is 10 pg/L.
The DWS for total chromium at the 100-K Area inland wells remains at 100 pg/L.

To control and mitigate the risks associated with hexavalent chromium contamination in groundwater,
three CERCLA interim action IX P&T systems have been installed in the 100-KR-4 OU. All three
systems were operational for most of 2011. The KR4 system was the first system installed and began
operation in 1997. This system was designed to remediate groundwater around the 116-K-2 Trench
(Figure 3-2). The KW system was the second system installed, and it started remediating hexavalent
chromium in the KW Reactor area in January 2007. The third and newest system, KX, began operations
in February 2009. The KX system is used primarily to treat hexavalent chromium in groundwater that has
migrated from the 116-K-2 Trench area toward N Reactor. Figure 3-2 shows the extraction and injection
wells that comprise the well fields for these systems, as well as the associated monitoring wells and other
monitoring locations.

Monitoring, data evaluation, and site characterization activities are conducted each year as part of the
ongoing effort to determine or identify; 1) if the 100-KR-4 OU P&T systems are performing as designed,
2) if modifications to the system design or operating parameters will further optimize system
performance, and 3) the extent of progress toward achieving plume cleanup and river protection RAOs.
This chapter discusses the results of the 2011 100-KR-4 OU P&T evaluation, including the following:

e Section 3.2 presents an overview of the CSM and any changes in the nature and extent of
groundwater contamination.
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e Section 3.3 discusses system operations, performance monitoring results, and capture zone analysis
of extraction wells.

e Section 3.4 provides a summary of the RI/FS activities for this OU.

e Sections 3.5 and 3.6 present the conclusions and recommendations, respectively, for the
100-KR-4 OU.

3.1.1  100-KR-4 Operable Unit P&T Systems

This subsection describes the general operating status of the three interim action P&T systems and the
notable modifications made to these systems during 2011.

The KR4 system was shutdown during the last quarter of 2010 for upgrades to the process logic control
system. The upgrades were complete in January 2012 and the KR4 system was restarted on January 14,
2012. In June, the P&T system was shutdown for planned 3 day 100-Area wide electrical outage.

Total pumping rates from the KR4 system remained relatively constant from January to May 2011.
From May until December 2011, the total pumping rate was reduced, and several wells were shut down
because groundwater sampling showed hexavalent chromium concentrations at less than 10 pg/L.
These wells were operated once per week for sampling; if hexavalent concentrations exceeded 10 pg/L,
then the well was restarted.

For the KX P&T system, total pumping rates were relatively constant throughout 2011, with two short
periods of reduced pumping rates during March and early June for planned system outages. The KX
Transfer Building #2 was shut down during the last two weeks in March to relocate P&T lines and cables
in support of waste site remediation activities at 100-N. The work was complete and flow through the
transfer building resumed in April 2011. In June, the P&T system was shutdown for planned 3 day
100-Area wide electrical outage. Two extraction wells, 199-K-149 and 199-K-150, were converted to
monitoring wells since hexavalent chromium concentrations at the wells have been less than 10 pg/L
since June 2010 and October 2009, respectively. Monitoring well 199-K-152, where hexavalent
chromium concentration is above 60 pg/L, was converted to an extraction well and connected to the KX
P&T system and started extracting groundwater for treatment in April 2011.

Total pumping rates also remained relatively constant in the KW P&T system for most of the year. Rates
were reduced for a brief period in June (for 100-Area wide electrical outage), and again in late August
and September, when overall systems rates were decreased the treatment trains were taken offline one at
a time for facility modifications to conduct the process test for using ResinTech SIR-700 as the ion
exchange media for the 100-KR-4 OU P&T systems. The KW P&T system flow returned to normal rates
after the resin in both treatment trains was changed out to SIR-700 at the end of September. Monitoring
well 199-K-196 was drilled as part of the Phase 3 RPO and will serve as an extraction well for the KW
P&T system. The well is necessary to determine hexavalent chromium stratification or deep occurrence
near the river and provide improved capture of contaminants deeper in the aquifer.

3.1.2 Remedial Investigation/Feasibility Study Activities

An RI/FS was conducted to support the final ROD for the 100-K Area in 2010 and 2011. Characterization
activities began in 2009, as described in DOE/RL-2008-46-ADD2, and were implemented through the
SAP (DOE/RL-2009-41). A drilling program of 13 wells and 2 boreholes, initiated in May 2010, was
completed in the first quarter of 2011. Groundwater and vadose zone sampling at 1.5 m (5 ft) intervals
was specified for many of the borings. Screen placement in the final well design was based on the vertical
profile for hexavalent chromium in groundwater wells. The 100-K RI/FS Report (DOE/RL-2010-97,
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Remedial Investigation/Feasibility Study for the 100-KR-1, 100-KR-2, and 100-KR-4 Operable Units) is
scheduled to be issued as Rev. 0 in 2012.

3.1.3 Remedial Process Optimization Activities

RPO studies to improve the effectiveness of remediation and meet target milestones were initiated

in 2009. Extensive groundwater modeling with repeated updates has been used to design treatment
systems relying on P&T technology and on combined bioremediation/P&T approaches. Modeling has
guided two phases of well realignments between treatment systems and supported an additional phase of
well drilling in 2011.

Four wells were drilled in 2011 as part of Phase 3 of the RPO activities. Three of the four

wells (199-K-196 at the KW system, and 199-K-198 and 199-K-199 at the KR4 system) will be
connected to the respective treatment systems, while the fourth well (199-K-197) will monitor
groundwater conditions near the southwest end of the 116-K-2 Trench. These wells were drilled through
the entire unconfined aquifer thickness to the top of the RUM to characterize vertical contaminant
distribution. All wells were designed so the well screens intersect the zones of greatest hexavalent
chromium concentrations. Well 199-K-196 was screened across the entire thickness of the unconfined
aquifer to provide coverage in an area otherwise populated with shallow extraction wells. In addition to
the wells noted above, well 199-N-189 was constructed near the area border between 100-K and

100-N Areas. This well was drilled to contact with the RUM and was constructed with a fully-penetrating
screen across the thickness of the shallow unconfined aquifer. Detection of hexavalent chromium in this
well is consistent with concentrations in the nearby 199-K-182.

The resin management strategy (SGW-46621) conducted as part of the RPO recommended that the
remaining 100 Area P&T facilities be converted to single-use resin in order to reduce operating costs and
eliminate offsite transportation. The 100-KW P&T facility was selected to test the implementation of
SIR-700 at the 100-KR-4 OU P&T systems. The process test was conducted at the 100-KW P&T facility
in 2011. Further discussion of the process test is provided in Section 3.3.2.1.

3.2 Conceptual Site Model

Data from wells drilled in 2011 were evaluated and combined with historic information and data from
older wells and boreholes. The new data has improved the understanding of the nature and extent of
contamination, as wells as the geology, hydrology and major ion geochemistry that forms the basis of the
CSM, described in detail in the 100-K RI/FS (DOE/RL-2010-97).

Borehole summary reports published in 2011 present the details of the wells and boreholes (SGW-49459,
Borehole Summary Report for the Drilling and Installation of RI/F'S Wells in the 100-KR-4 Operable
Unit).

3.21 Geologic/Hydrogeologic Setting

100-K is the operational name for the area that contained the K-East and K-West Reactor buildings and
associated support facilities located in the north central portion of the Hanford Site (Figure 3-1). It is
bordered by the Columbia River to the north and is located approximately 45 km (28 mi) north-northwest
of Richland, Washington. The two 100-K Area reactors, KE and KW, operated in tandem from 1955 to
1971. In addition to its operational history, the reactor FSBs were used to store spent fuel from N Reactor
from 1975 until 2007. The primary sources of groundwater contamination in the 100-KR-4 OU are
associated with reactor operations.
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3.21.1 Geology

The surficial deposits at the 100-K Area consist of recent backfill sand and gravel overlying Holocene
aeolian deposits (Figure 3-3). Construction backfill varies in depth depending on the excavated depth
of waste sites and building foundations, and backfill material may cover larger graded areas to a depth
of up to 4.6 m (15 ft). Where not disturbed by construction activities, Holocene surficial deposits form
a thin (0.3 m [1 ft]) veneer and consist of fine-grained aeolian deposits (loess) and Columbia River
deposits of silt, sand, and gravel (WHC-SD-EN-TI-155).

These surface deposits are underlain, in descending order, by the Hanford formation, the Ringold
Formation, and bedrock consisting of Columbia River Basalt Group. The Hanford formation and the
Ringold Formation are described in the following paragraphs. Figure 3-3 presents a generalized cross
section of the geology beneath the 100-K Area.

Hanford Formation. The informally named Hanford formation overlies the late Miocene to middle
Pliocene Ringold Formation in the 100-K Area. The formation consists of boulders, gravel, sand, and silt
deposited by cataclysmic glacial Lake Missoula Ice Age floods that occurred during the Pleistocene
Epoch (DOE/RW-0017). The Hanford formation is comprised of gravel-dominated, sand-dominated, and
silt-dominated sequences of which only the upward-fining, gravel-dominated unit occurs along the
Columbia River (DOE/RL-2002-39, Standardized Stratigraphic Nomenclature for
Post-Ringold-Formation Sediments Within the Central Pasco Basin). The Hanford formation is the
dominant material in the 100 Area vadose zone, ranging in thickness from less than 1 m (3.3 ft) near the
river shoreline to 20 m (65 ft) along the southern edge of the K Reactor area, approximately 30 m (100 ft)
near the southeastern boundary of the 100-K Area (WHC-SD-EN-TI-011). The unit thins near the
shoreline of the Columbia River and becomes mixed with terrace gravel deposits laid down by the
ancestral Columbia River. The Hanford formation underlying the 100-K Area essentially comprises

a sand and gravel wedge that generally coarsens eastward (DOE/RL-2002-39). The Hanford formation
has been eroded in locations to where the underlying Ringold Formation is exposed along the riverbank
and up to 366 m (1,200 ft) inland (EPA/ROD/R10-96/134).

Ringold Formation. The Miocene-Pliocene Ringold Formation disconformably underlies the Hanford
formation and overlies the Columbia River Basalt Group (Figure 3-3). It has a maximum thickness

of approximately 185 m (600 ft) in the Pasco Basin and a maximum thickness of 161 m (527 ft) in the
100-K Area. During the Pleistocene flood events that produced the Hanford formation in the 100-K Area,
the Ringold Formation experienced widespread erosion that resulted in an irregular contact between the
two units. This contact presents a contrast between the loose, permeable, coarse Hanford deposits and the
denser, less-permeable, locally cemented Ringold Formation unit E gravels.

The Ringold Formation in the 100-K Area consists of four water-bearing, stratigraphic intervals
dominated by fluvial gravels and sand. These lower Ringold units are designated, in descending
stratigraphic order, as units E, C, B, and A; unit D is missing locally. These units are separated by, and
interbedded with, two widespread mud and silt deposits of overbank and lacustrine origin (BHI-00184,
Miocene- to Pliocene-Aged Suprabasalt Sediments of the Hanford Site, South-Central Washington).

Ringold Formation unit E is the uppermost coarse-grained unit of the Ringold Formation present in
the 100-K Area, and it comprises the majority of the shallow unconfined aquifer. This unit is
composed of loose to semi-indurated clay, silt, fine- to coarse-grained sand, gravel, and cobbles.
Hydraulic conductivities vary locally, but the Ringold Formation unit E is generally regarded as

a low-conductivity unit.
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The Ringold Formation unit E is underlain by the low-permeability, silt-rich and clay-rich RUM.

The RUM is up to 60 m (200 ft) thick in the 100-K Area and marks the base of the shallow unconfined
aquifer. In general, the RUM has an undulating surface and dips toward the Columbia River. The RUM/
Ringold Formation unit E contact is also disconformable with evidence of erosion by the ancestral
Columbia River system that deposited the Ringold Formation unit E.

3.2.1.2 Hydrogeology

Long-term groundwater flow in the vicinity of the 100-K Area is toward the Columbia River and occurs
primarily in the low to moderately permeable sands and gravels of the Ringold Formation unit E.

The saturated thickness of the Ringold Formation unit E ranges from 5.2 m (17 ft) at well 199-K-161

to more than 32 m (105 ft) in the 100-K Area. The mean transmissivity value obtained from constant
discharge tests in 100-KR-4 injection wells was approximately 90 m*/day (969 ft*/day). The underlying
silt-rich and clay-rich RUM is considered an aquitard rather than an aquiclude. Measurements of
hydraulic conductivity of the Ringold Formation unit E ranged from approximately 0.98 to 44.2 m/day
(3 to 145 ft/day) in monitoring wells 199-K-108A and 199-K-37, respectively. Along the

116-K-2 Trench, hydraulic conductivities ranged between 0.9 and 34 m/day (3 and 111 ft/day), with

the greatest conductivity value near the center of the trench.

Columbia River water stage is controlled at Priest Rapids Dam and is strongly influenced by fluctuations
in flow rates due to both natural and anthropogenic effects (e.g., spring snowmelt and runoff). These
fluctuations in river stage similarly affect the water table elevation and groundwater flow direction within
the aquifer proximal to the river. Even short-term fluctuations in the discharge rates from Priest Rapids
Dam are known to cause river elevations to change by as much as 2.7 m (9 ft) in a single day (PNL-9437,
Monitoring Groundwater and River Interaction Along the Hanford Reach of the Columbia River). Longer
term seasonal changes in the river stage produce longer term increases in the water table elevation that
gradually extend further inland over time (up to several thousand meters) from the river, while the
magnitude of the increase progressively decreases with distance from the river.

In response to the seasonal changes in river stage, the groundwater flow gradients in the 100-KR-4 OU
steepen toward the Columbia River during seasonal periods of low river flow (i.e., in the fall and winter)
(Figure 3-4). Conversely, the groundwater gradient flattens as river water pushes into the aquifer during
the spring when the river stage is high (Figure 3-4).

The hydraulic effects of the P&T systems at the 100-KR-4 OU are superimposed onto these broad
seasonal fluctuations, and the efficiencies of the treatment systems (i.e., mass of hexavalent chromium
captured per unit volume of water extracted) typically decrease during high river stage. The effects of
seasonal changes in river stage (and water table elevation) on contaminant concentrations in the aquifer
and treatment system performance are discussed in Section 3.3.

3.21.3 Major lon Groundwater Chemistry

An evaluation of the major ion chemical characteristics of the groundwater associated with the different
hexavalent chromium plumes (i.e., K West, K East, and the 116-K-2 Trench plume [KR4 and K North
plumes]) within the 100-KR-4 OU is summarized in this section.

The groundwater of the unconfined aquifer has a pH generally ranging between 7.5 and 8.5, with a DO
concentration averaging approximately 8 mg/L. All of the samples evaluated can be classified as
predominantly calcium bicarbonate water that also contain notable but variable sulfate and nitrate
concentrations. Mineral saturation/solubility calculations indicate that the groundwater of the unconfined
aquifer is saturated, or nearly saturated, with respect to calcium carbonate.
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Elevated levels of chloride, relative to the typical groundwater sampled in the 100-KR-4 OU, were noted
in groundwater from monitoring well 199-K-110A, located near the KE Reactor and KE FSB

(Figure 3-2). The DO concentration of this chloride-rich water was approximately 6.6 mg/L, near the
lower end of the range of DO values observed for the 100-KR-4 OU. The origin of the high chloride
component and the relatively low DO concentrations of the water in this area is uncertain but may be
reflective of disposal activities at the KE Reactor and KE FSB.

The major ion chemistry of groundwater sampled from monitoring well 199-K-135 and other wells
located at the calcium polysulfide (and vegetable oil injection) test site (Figure 3-2) is substantially
different than groundwater from elsewhere in the OU. Calcium and alkalinity values are three-fold to
four-fold higher than typically found elsewhere in the OU. The DO (at 2.8 mg/L), sulfate, and nitrate
concentrations are all notably lower in this area, consistent with ongoing biogeochemical reduction of
oxidation-reduction sensitive groundwater and aquifer matrix constituents in the test area. Depending on
the extent of groundwater with these geochemical characteristics in the former treatment area and the
longevity of continuing biogeochemical reduction, nearby downgradient extraction wells may be subject
to increased rates of mineral and/or biological fouling and associated loss of extraction capacity. This
situation will continue to be monitored when sampling at these wells is resumed. Additional discussion on
the geochemistry at 100-K is included in the RI/FS Report (DOE/RL-2010-97), scheduled to be issued
in 2012.

3.2.2 Origin of Contaminants in the 100-KR-4 OU

The groundwater contamination in 100-KR-4 OU is primarily the result of the operation of two now
inactive, water-cooled nuclear reactors (KE and KW Reactors), associated structures (e.g., FSBs), and
waste disposal processes associated with reactor operations. During operation of these reactors, large
quantities of liquid and solid wastes (e.g., contaminated reactor cooling water, FSB water, and
decontamination solutions) were generated and released to the environment, resulting in contamination of
100-K Area groundwater by a range of constituents.

3.2.3 100-KR-4 OU Groundwater Contaminants

Hexavalent chromium has been identified as the primary COC for groundwater in the 100-KR-4 OU.
Strontium-90 and tritium are listed in the interim action ROD for the OU (EPA/ROD/R10-96/134) as
co-contaminants and are monitored as secondary COCs. Target analytes include carbon-14, nitrate, and
trichloroethene, which are contaminants of interest because they have exceeded their maximum
contaminant levels (MCLs) in some wells or because these analytes were identified as constituents of
interest in a qualitative risk assessment documented in /00-KR-4 Operable Unit Focused Feasibility
Study (DOE/RL-94-48).

Contaminant concentration data are collected each year from the 100-KR-4 OU compliance wells, other
monitoring and extraction wells, and aquifer tubes within the OU. The data are used to update the status
of the plumes and evaluate the effectiveness of ongoing remedial activities. Particular emphasis is given
to data collected during the fall of each year when river levels are low and contaminant flux towards the
river is the highest. Tables 3-1 through 3-3 display the highest 2011 hexavalent chromium, tritium,
strontium-90, carbon-14, nitrate, and trichloroethene concentrations for the 116-K-2 Trench Area, KW
Reactor Area, and KE Reactor Area, respectively. This report focuses on evaluating analytical results for
hexavalent chromium being remediated through the interim action P&T systems. Further summary and
analysis of the other COCs and contaminants of interest is presented in Hanford Site Groundwater
Monitoring for 2011 (DOE/RL-2011-118).
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Available fall monitoring results for hexavalent chromium, tritium, strontium-90, carbon-14, nitrate, and
trichloroethene at the 100-KR-4 OU plume areas are presented in Tables 3-4 through 3-6. Where

fall 2009 and 2010 data for any of these constituents were previously collected at the locations monitored
during fall 2011, the older data were also included in these tables. In wells where sufficient data were
available, the concentration trends of these constituents between the fall of 2009 and 2011 were
evaluated. The percent increases or percent decreases in the concentrations of the contaminants of interest
between 2009 and 2011, and between 2010 and 2011, are also presented in the data summary tables.
Longer term changes in hexavalent chromium concentrations at selected monitoring and extraction wells
in the 100-KR-4 OU are addressed as part of the CERCLA system performance assessment (Section 3.3).

Spring and fall plume maps for hexavalent chromium for the 100-KR-4 OU are presented in Figure 3-5.
Unless specified otherwise, contaminant plume maps in this report are based on average results for
samples collected during 2011 for each well shown. The plume maps, data summary tables, and

a summary of notable data observations are presented in the following subsections. Contaminant plume
maps were constructed by computer programs using a method called quantile kriging to produce

a continuous spatial illustration of the contaminant distribution as described in Section 2.2.3 (Chapter 2).

3.2.3.1 Hexavalent Chromium

Hexavalent chromium plume maps for spring and fall 2011 are presented in Figure 3-5. At periods of high
river stage, each of the hexavalent chromium plumes is pushed inland. The plumes at the 116-K-2 Trench
and the KE Reactor are most affected by the change in river stage, where the K East plume and the
southwestern portion of the 116-K-2 Trench plume become connected at high river stage. As a result of
the influx of river water into the aquifer during the spring, the mapped extent and absolute hexavalent
chromium concentrations in the aquifer (and of the subsequent co-contaminants discussed in this section)
are generally higher during the fall. However, seasonal changes in hexavalent chromium concentrations
are most evident in wells within 200 m (650 ft) of the shoreline.

The hexavalent chromium distribution within the 100-KR-4 OU may be depicted as three separate
plumes, differentiated by geographic location and/or source area. Primary release sites for hexavalent
chromium include the 116-K-2 Trench and the 183.1-KE and 183.1-KW Headhouses. Secondary sites
include leaks at the former 107-KE and 107-KW Retention Basins, post-reactor cooling water pipelines,
and the 116-K-1 Crib. The post-reactor cooling water was characterized by hexavalent chromium
concentrations of approximately 700 to 170 pg/L in groundwater, values which declined with operational
refinements to corrosion protection. Prior to 2006, the mapped distribution of hexavalent chromium in the
100-KR-4 OU consisted of two relatively small plumes currently present in the KW and KE Reactor areas
and a much larger plume associated with the 116-K-2 Trench (Appendix A).

Leaks and spills have yielded hexavalent chromium concentrations in groundwater greater than 700 pg/L,
to as high as 4,900 pg/L, at the 183.1-KE and 183.1-KW Headhouses. A plume associated with the

KW Reactor is identified as far upgradient as the headhouse structure, and it extends close to the
Columbia River. Concentrations have reached as high as 3,340 pg/L in well 199-K-195, upgradient of the
KW Reactor. Well 199-K-195 was installed as part of the RI/FS field effort. The highest concentration
collected during drilling of this well was 4,890 ug/L at a depth of 30.4 m (100 ft). This maximum value is
higher than the previously observed maximum of 771 pg/L detected in well 199-K-35 in 2010.

Well 199-K-195 and adjacent well 199-K-35 were decommissioned to permit continued waste site
remediation efforts around the former 183.1-KW Headhouse.

The K East plume extends from the 183.1-KE Headhouse (in the vicinity of wells 199-K-36 and
199-K-188) toward the river (in the vicinity of extraction wells 199-K-141 and 199-K-178). Previous
interpretations of the plume showed a smaller, less continuous area. With the installation of additional
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wells and more data, the extent of the plume has been reevaluated. During the low river stage, the plume
is less continuous and much smaller. The shape of the plume during this time period is consistent with
previous interpretations of the plume shape. During periods of high river state, the plume extends south of
the headhouse to the new well (199-K-187) and connects to the southernmost portion of the 116-K-2
Trench plume.

The 116-K-2 Trench plume originally extended the length of the trench. This is consistent with the very
large volumes (37,850 to 75,700 L/min [10,000 to 20,000 gpm]) of spent reactor coolant water that was
discharged to the 116-K-2 Trench between 1955 and 1971. The P&T activities that began near the
116-K-2 Trench in 1997 gradually have reduced the hexavalent chromium concentrations in the central
section of the 116-K-2 Trench plume (between the trench and the river) to near or below 20 pg/L. Due in
part to higher local hydraulic conductivities near the middle of the trench, these remedial actions divided
the original plume into a southwestern segment and a northeastern segment at opposite ends of the
116-K-2 Trench (Appendix A), also referred to (from northeast to southwest) as the K North plume and
the KR4 plume.

The KR4 plume represents either the residual 116-K-2 Trench plume caught within low-conductivity
Ringold Formation unit E sediments or a combination of 116-K-2 Trench plume combined with diluted
183.1-KE Headhouse losses. Some activation of this plume may be the result of remediation activities at
the 118-K-1 Burial Ground.

116-K-2 Trench Area (K North and KR4). The northeastern portion of the 116-K-2 Trench plume extends
northeast into 100-NR-2 (Figure 3-5). Groundwater sampling and analysis during drilling at

well 199-N-189 detected hexavalent chromium over the full thickness of the shallow unconfined aquifer
at concentrations ranging from 29 to 39 ug/L. Well 199-N-74, 2 km (1.2 miles) from the end of the trench
and farther north than 199-N-189, has hexavalent chromium concentrations near 30 pg/L.

The contamination in both locations likely resulted from migration of the plume at 116-K-2 Trench
during the historical discharge period when radial flow away from the large discharge mound at the trench
would have moved contaminated water toward 100-N in addition to the rest of the surrounding area.

The measurement of hexavalent chromium in wells 199-N-189 and 199-N-74 is consistent with the
conceptual historical movement of chromium-contaminated groundwater away from the recharge mound
at 116-K-2 Trench. These measurements are also consistent with the historical measurement of total
chromium in filtered samples (a confident indication of hexavalent chromium) in wells in that area over
the past twenty years (Figure 3-5). Modest amounts of sodium dichromate were used during the years
immediately following startup of N Reactor (estimated at about 6,300 to 8,200 kg). Management and
ultimate disposal of sodium dichromate solutions at 100-N may have contributed to some of the
hexavalent chromium observed at 100-N. The hexavalent chromium plume observed northeast of 100-K
and inland of 100-N most likely resulted from migration of reactor cooling water away from

116-K-2 Trench during the period of operation of 105-KE and 105-KW Reactors.

The K North plume can be further subdivided into a southwestern lobe and a northeastern lobe where
concentrations have exceeded 50 ug/L. Each of these plume lobes is centered on separate small zones of
hexavalent chromium with concentrations that currently exceed 48 ug/L and are at, or just below, the
100 pg/L DWS. These separate small zones of elevated concentrations are enveloped by a larger area of
hexavalent chromium concentrations (i.e., greater than or equal to 20 pg/L and less than or equal to

48 ng/L), which defines the bulk of the K North plume (Figure 3-5).

Upgradient extents of these plumes suggest that considerable mass may remain to be treated. In the
northeastern lobe, the plume is not bounded beyond well 199-K-182. The overall pumping strategy
employed in this area should be evaluated to determine if the center of mass for each of these higher
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concentration plume zones should be more directly targeted for remediation. Both the K North and the
KR4 hexavalent chromium plumes are larger than the KE or KW Reactor plumes and are being actively
remediated by the KR4 and KX P&T systems.

The KR4 plume comprises the southern remnant in the vicinity of the 116-K-2 Trench and is substantially
smaller than the K North plume area. The KR4 plume overlaps the southern end of the 116-K-2 Trench
and contains a small core zone with a concentration of hexavalent chromium that exceeded 100 pug/L
(Figure 3-5). Concentrations at this zone declined below 100 pug/L in 2011 for the first time since 2002.

Table 3-1 presents the highest hexavalent chromium concentrations from wells and aquifer tubes
associated with the 116-K-2 Trench (KR4 and K North) plumes and from the intervening central area of
the 116-K-2 Trench in 2011. Table 3-4 includes the available 2009 and 2010 data collected at these
locations. The following notable observations concerning the nature and extent of hexavalent chromium
concentrations in the 116-K-2 Trench area data are presented in Tables 3-1 and 3-4:

e The hexavalent chromium concentrations between the river and the central section of the
116-K-2 Trench (i.e., between the KR4 and K North plumes) have been reduced to less than 20 pg/L.
Monitoring wells 199-K-21 and 199-K-117A, and extraction wells 199-K-119A and 199-K-127,
have been characterized by hexavalent chromium concentrations of less than 20 pg/L since 2008.
Additionally, hexavalent chromium concentrations were less than 20 pg/L in monitoring
well 199-K-19 and extraction well 199-K-120A in the fall of 2011.

e Fall 2011 hexavalent chromium concentrations were less than 20 ug/L in 22 of 37 wells sampled, and
16 wells were less than 10 pg/L.

e Hexavalent chromium concentrations decreased or were stable (results compared included “U”
[nondetect] qualifiers) in 20 of 28 wells from 2010 to 2011 and in 20 of 20 wells from 2009 to 2011.

e The fall 2011 hexavalent chromium concentration in well 199-K-18 fell 54 percent to 64 ng/L,
continuing a steady decrease since the fall 2009 concentration. Hexavalent chromium concentrations
had been increasing in this well since the start of KR4 P&T system operations in 1997. Recent data
suggest that the nearby KR4 system extraction wells 199-K-145 and 199-K-162 are beginning to
notably reduce the mass remaining in this portion of the plume.

o  Well 199-K-111A, located upgradient of the head end of the 116-K-2 Trench, is the only well in the
116-K-2 Trench area in which hexavalent chromium increased significantly from 2009 to 2011
(30 pg/L to 78 ug/L). This could be the result of treated injected water pushing contaminated
groundwater towards this well.

e Well 199-K-22, located within the area of the former 116-K-2 Trench, displayed 120 pg/L hexavalent
chromium concentrations in 2009 and also consistently during the period of P&T operations.
Concentrations at well 199-K-22 decreased 56.7 percent to 52 ug/L in 2011.

e Hexavalent chromium concentrations in 7 of 12 aquifer tubes were less than 10 ug/L, and 9 of
12 tubes had hexavalent chromium concentrations less than 20 pg/L. The maximum hexavalent
chromium concentration in an aquifer tube was 67.4 pg/L in AT-K-3-D located downgradient of
extraction well 199-K-162; this is an increase of 18.4 percent since 2010.

e The extent of the contamination that has historically been associated with the 116-K-2 Trench
continued to decrease during 2011. Reductions in the extent of contamination are particularly notable
in the central area of the 116-K-2 Trench (e.g., wells 199-K-115A and 199-K-116A) and in the
K North plume area (e.g., wells 199-K-148).
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e Treated water injections at wells 199-K-159, 199-K-160, and 199-K-164 are regarded as contributing
to reductions in the extent of the K North plume area.

e The K North plume is unbounded around well 199-K-182 (Figure 3-5).

KW Reactor Area. The KW Reactor area hexavalent chromium plume is located near the KW Reactor,
supporting water treatment facilities, and associated waste sites (Figure 3-5). The KW Reactor area plume
has been monitored since the early 1990s when many of the CERCLA monitoring wells were initially
installed. The KW P&T system, consisting of four extraction wells and two injection wells, became
operational in January 2007 to remediate this plume after elevated hexavalent chromium concentrations
were detected in aquifer tube AT-K-1. Four wells drilled in 2008 detected high chromium concentrations,
and three of the wells were later converted to extraction wells. The capacity of the KW P&T system was
subsequently expanded from 380 to 760 L/min (100 to 200 gpm), with seven extraction wells and three
injection wells comprising the well field. The expanded KW P&T system began operation in April 2009.
The upgradient edge of the plume is controlled by the presence of injection wells 199-K-175, 199-K-174,
and 199-K-158. The plume does not extend inland past well 199-K-175, which had concentrations below
10 ug/L when the well was sampled before conversion to an injection well.

The hexavalent chromium concentrations obtained from wells and aquifer tubes for the KW Reactor

area plume during 2011 are presented in Tables 3-2 and 3-5. Table 3-5 provides data from 2009 and 2010
for comparison. The findings and observations based on the results presented in Tables 3-2 and 3-5 are
summarized as follows:

e Vertical profiling conducted during RI/FS drilling of well 199-K-195 detected a peak hexavalent
chromium concentration of 4,890 ug/L. This well was drilled adjacent to the former 183.1-KW
Headhouse. The elevated hexavalent chromium concentration suggests that the core of the
KW Reactor area plume may have originated from one or more vadose zone or groundwater sources
located in this area. These results are available in the 100-K RI/FS Report (DOE/RL-2010-97).

e The highest concentrations in the plume are located in the upgradient section of the plume that
generally extends from the reactor area to the former 183.1-KW Headhouse (Figure 3-5). In fall 2008,
samples collected from monitoring well 199-K-137 (located just upgradient of the KW Reactor) and
monitoring well 199-K-165 (located between approximately 31 and 61 m [100 and 200 ft] further
upgradient) yielded hexavalent chromium concentrations of 1,390 and 2,530 ug/L, respectively
(Table 3-5), which are well above typical coolant water concentrations (approximately 700 to
170 pg/L).

e Well 199-K-165 was converted to an extraction well for the KW P&T system in early 2009 and, by
fall 2011, the concentrations observed in extraction wells 199-K-137 and 199-K-165 had declined to
54 png/L and 150 pg/L, respectively (Table 3-5).

e Hexavalent chromium concentrations increased in well 199-K-173 from 104 pg/L in 2009 to
968 pg/L in 2010 and decreased to 527 pg/L in 2011. This well is located upgradient of extraction
well 199-K-165 and northeast of injection well 199-K-158. The cause of this increase is likely
associated with the upgradient remediation efforts.

Additional observations based on the results presented in Tables 3-2 and 3-5 are as follows:

e The maximum 2011 hexavalent chromium concentration from a KW P&T well was 659 pg/L in
monitoring well 199-K-173.
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e Fall 2011 hexavalent chromium concentrations were less than 20 pg/L in 8 of 15 wells sampled, and
6 of 15 wells had hexavalent chromium concentrations less than 10 pug/L.

e Hexavalent chromium concentrations decreased from 2009 to 2011 in 11 of 12 wells and decreased
or were unchanged from 2010 to 2011 in 7 of 11 wells monitored.

e Hexavalent chromium concentrations stabilized at 20 pg/L in downgradient extraction
well 199-K-132 and decreased to 18 pug/L in extraction well 199-K-138. Hexavalent chromium was
below the detection limit of 2 pg/L in aquifer tube AT-K-1.

KE Reactor Area. The KE Reactor plume is currently being remediated by the KX P&T system.

This plume has been intensively monitored since the early 1990s when several CERCLA monitoring
wells were installed to characterize potential groundwater contamination in the area. It is the smallest
hexavalent chromium plume in the 100-KR-4 OU. Areas of higher concentrations are located near
extraction wells 199-K-141 and 199-K-178, downgradient of the KE Reactor, and near wells 199-K-36
and 199-K-188 near the headhouse (Figure 3-5). The plume area with concentrations between 10 and
20 pg/L merge with the southern portion of the KR4 plume.

The source of this plume is believed to be a combination of localized spills or leaks of highly
concentrated sodium dichromate associated with the KE Reactor water treatment facilities and the large
plume created by mounding around the 116-K-2 Trench. None of the KE Reactor area wells have
displayed very high hexavalent chromium concentrations that could be attributed to spilled concentrated
sodium dichromate. Table 3-3 displays the highest 2011 hexavalent chromium and co-contaminant
concentrations, and Table 3-6 compares 2011 hexavalent chromium concentrations from wells and
aquifer tubes to the 2009 and 2010 concentrations. The table also includes 2009 to 2011 and 2010 to 2011
changes in concentration. The following details are from Tables 3-3 and 3-6:

e Fall 2011 hexavalent chromium concentrations were less than 20 pg/L in 7 of 10 wells sampled.

e The maximum 2011 hexavalent chromium concentration was 97.4 ug/L in well 199-K-23 location
east (along gradient) from the former KE Reactor building.

e Hexavalent chromium concentrations were decreased or remain unchanged from 2009 to 2011 in
4 of 6 wells but increased in 4 of 5 wells from 2010 to 2011.

o The maximum decrease in fall hexavalent chromium concentration from 2009 to 2011 was
73.6 percent in extraction well 199-K-141 (from 91 to 24 pg/L). The maximum increase in
hexavalent chromium from 2009 to 2011 was 4.4 percent in well 199-K-181; however, the
concentration during 2011 was 9 ug/L.

e Hexavalent chromium concentrations have decreased in the core of the plume downgradient of the
KE Reactor. However, the upgradient plume around well 199-K-23 is likely connected to the main
KE Reactor plume.

e A concentrated area is also centered around well 199-K-36, located between the 183.1-KE Headhouse
and the KE sedimentation basin, was identified in 2010. Concentrations in this well increased from
37.5 pg/L in December 2010 to more than 119 pg/L in June 2011.

These observations suggest minimal contribution from any continuing sources in the vadose zone.
The new RI/FS wells help delineate horizontal and vertical stratification of hexavalent chromium and
other contaminants in the confined aquifer.
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3.3 CERCLA OU Activities

This section summarizes activities related to operation and performance monitoring of the KR4, KW, and
the KX P&T systems during 2011. Specific activities and operational performance details for these
systems include changes to system configuration, system availability, mass of contaminants removed
during operation, contaminant removal efficiencies, quantity and quality of extracted and disposed
groundwater, and waste generation.

The remedial performance of the KW, KR4, and KX P&T systems (i.e., extent and effectiveness of
plume capture) was evaluated by reviewing the changes in hexavalent chromium concentrations over time
in selected monitoring and extraction wells associated with the KR4, KW, and KX well fields and

by using two different methods of capture zone analysis to estimate the extent of plume capture by the
three P&T systems under 2011 operating conditions.

Plume capture effectiveness in the 100-KR-4 OU was evaluated for the combined capture zones of the
KR4, KW, and KX P&T systems (Figure 3-6). An overview of the extent and effectiveness of the
combined (OU-wide) capture zone is discussed in the following paragraphs. Overviews of the capture
zone distribution and the efficiency of each treatment system (KR4, KW, and KX) are presented in
Sections 3.3.1.3, 3.3.2.3, and 3.3.3.3, respectively. More detailed descriptions of the methods used and
results of the capture zone evaluation are presented in Appendix B.

Figure 3-6 depicts independently calculated representations of the combined site-wide capture zone for
the 100-KR-4 OU. The results shown in Figure 3-6(a) were based primarily on groundwater modeling
analysis, while the results shown in Figure 3-6(b) are based on a deterministic approach that incorporates
high-frequency mapping of nearly continuously data logged water level measurements of the aquifer
during several months of system operation (see Appendix B for details of both methods of capture

zone analysis).

The data inputs and assumptions underlying these different methods of capture zone analysis are not the
same, and the depictions of the extent and aggregate performance of the capture zones generated by these
two methods are not identical. For example, the groundwater modeling approach (Figure 3-6[a]) depicts
areas where current and future capture zone frequency/efficiency of the 100-KR-4 OU systems are based
on the actual operating conditions of the systems during 2011, including periods when the systems were
not operating (e.g., planned or unplanned system shutdown). This approach is useful for evaluating how
periods of reduced extraction during the year would, if not remediated, reduce the long-term capture
efficiency of the affected system. Conversely, Figure 3-6(b) presents those areas where current and future
site-wide capture zone frequency/efficiency is based (with the exception of small duration stoppages)
only on the hydraulic conditions of the aquifer while the system was operating during 2011. This
approach does not include the effects of long-term, nonroutine shutdown events that occurred during 2011
as a continuing aspect of future capture zone performance. Consequently, the capture zone performance
illustrated in Figure 3-6(b) is a better representation of long-term capture zones effectiveness/efficiency of
the treatments systems if it assumed that the currently proposed operating conditions will continue in

the future.

A comparison of Figure 3-6(a) and (b) demonstrates many similarities and also some key differences
in capture zone effectiveness that are obtained using these two different methods for the 100-KR-4 OU.
Both approaches indicate that the northern and southern areas of the capture zone distributions have

a capture efficiency of upgradient groundwater of between 80 and 100 percent.
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3.3.1 KR4 P&T System

The KR4 P&T system was designed to capture and treat the hexavalent chromium plume associated
with the 116-K-2 Trench (Figure 3-2). Since startup in 1997, this system has treated over 5.72 billion L
(1.51 billion gal) of water and has removed 354.9 kg of hexavalent chromium. Over time, the KR4 system
has remediated much of the plume originally present along the central portion of the 116-K-2 Trench to
less than 20 pg/L (Figure 3-5 and Appendix A). However, substantial areas of contamination remain in
the groundwater at either end of the trench (i.e., KR4 and K North plumes). This may be attributed to
the lower hydraulic conductivity values affecting movement in the aquifer at either end of the

116-K-2 Trench, the impact of increased hydraulic gradient from groundwater mounding at the
injection wells acting cross-gradient on the plume, or a combined effect. The substantial reduction in
the mass of contamination near the central section of the 116-K-2 Trench area since system startup is
reflected in the decline in the overall influent concentration to the treatment system (Figure 3-7).

The decreasing influent concentrations also reflect a decrease to removal efficiency since there is less
hexavalent chromium mass to be removed.

3.3.1.1 KR4 P&T System Configuration and Changes

The KR4 P&T system (Figure 3-8) was designed to receive and process up to 1,135.6 L/min (300 gpm).
The current system design includes 10 extraction wells (199-K-113A, 199-K-114A, 199-K-115A,
116-K-116, 199-K-116A, 199-K-120A, 199-K-127, 199-K-144, 199-K-145, and 199-K-162), and

five injection wells (199-K-121A, 199-K-122A, 199-K-123A, 199-K-128, and 199-K-179) (Figure 3-2).
Three of the extraction wells (199-K-144, 199-K-145, and 199-K-162) were originally connected to the
KX P&T system; these three wells were realigned and connected to the KR4 system in 2009 and were
put into service as KR4 system extraction wells in February 2010. Realignment of these wells as

KR4 extraction wells was implemented to limit the extent of a tritium plume migrating toward these
extraction wells from the vicinity of the 118-K-1 Burial Grounds. Although neither the KR4 nor the

KW IX treatment system will remove tritium from the extracted water, the reinjection well system for
the KR4 system restricts the injection of trititum-contaminated, treated effluent to a relatively small area.
The injected water is partially extracted and recirculated back to the KR4 system, thereby reducing further
spread of tritium. Tritium trends at monitoring well 199-K-119A, downgradient of the central half of the
116-K-2 Trench, decreased to 4,300 pCi/L in 2011 from 6,700 pCi/L in 2010. Tritium increased to
10,400 pCi/L in extraction well 199-K-127. Well 199-K-127 was not sampled in the fall of 2010, but the
year-long tritium trend for the well is upward.

Upgrades to the KR-4 P&T process logic control (PLC) system and well head modifications were
completed in January 2012 and the KR4 P&T system was restarted on January 14, 2012. The KR4 system
was shutdown during the last quarter of 2010 for the upgrades to replace outdated process control systems
and equipment that are no longer supported by vendors and bring control systems for the over 15 year old
facility comparable to current technologies at the 100-KW and 100-KX P&T systems. This included
replacement of power and control cables to the extraction and injection wells, motor controllers, and
instruments at the well heads. The upgrades were performed to maintain system reliability and extend the
system operational period as groundwater remediation activities continue.

The upgrades also included facility modifications for future addition of two new extraction wells that will
be added to the KR-4 P&T system as part of planned RPO realignments to improve hydraulic
containment down gradient of the southwest end of the 116-K-2 Trench. The two new wells, 199-K-198
and 199-K-199, were drilled in 2011 as part of the Phase 3 RPO and are located closer to the river than
existing wells. These wells will serve as future extraction wells for the KR4 P&T system to capture
hexavalent chromium within the near river mixing zone. In addition, new monitoring well 199-K-197 was
completed in 2011 to monitor contamination levels and drawdown induced by adjacent extraction wells.
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This will provide hydrologic information to the hydrologic model and will contribute to knowledge of the
effectiveness of the extraction wells in capturing contamination.

3.3.1.2 KR4 P&T System Performance

Table 3-7 presents an overview of the operational parameters and total system performance for the

KR4 P&T system during 2011. Overall, groundwater was processed at an average pumping rate of
approximately 592 L/min (156 gpm). The maximum hexavalent chromium concentrations in the influent
of the KR4 system was 46 pg/L in June, averaging 22.8 ug/L (Figure 3-9) compared to 23 pug/L in

CY 2010.

The maximum hexavalent chromium concentration observed in the effluent of the KR4 system during
2011 was 12 pg/L, and the average concentration was 3.8 pg/L. Additional operational and system
characteristics of the KR4 P&T system for 2011 are summarized as follows:

e In total, 284.9 million L (75.3 million gal) of groundwater were treated, and approximately 5.4 kg of
hexavalent chromium were removed.

e The mass removal efficiency for 2011 was 83.36 percent, which is somewhat lower than the
90.6 percent reported in 2010 and is a direct result of the KR-4 P&T system having an affect in
reducing the influent concentration to the treatment system (Figure 3-7 and Table 3-7).

e Total system availability for 2011 was 91.6 percent, substantially higher than the 74.9 percent total
availability reported in 2010. The KR4 P&T system was upgraded in 2010 and was restarted on
January 14, 2011.

e The scheduled system availability for 2011 was 98.1 percent (Figure 3-10).

Table 3-8 presents the pumping flow rates and total run-time (total flow hours divided by total possible
run-time) for each extraction well currently at use in the KR4 P&T system. Except where noted, the
recommended flow rates are based on updated numerical modeling results that were prepared to support
the CERCLA 5-year review design modification. The average flow rate was calculated by dividing

the total volume extracted by the hours of pumping.

A comparison of the recommended and actual extraction rates indicates that wells 199-K-114A,
199-K-116A, 199-K-120A, and 199-K-127 were pumped at lower flow rates during the year than
recommended. These lower flow rates were implemented primarily to prevent additional dilution of the
already low hexavalent chromium concentrations being captured by these wells. Other extraction wells at
the KR4 P&T system were operated at extraction rates that were very close to the recommended

flow rates.

During 2011, all wells were subject to downtime due to equipment failures and/or maintenance.
The downtime is reflected in the yearly average flow rate calculations and the total run-time percentages
for each extraction well.

After 13 years of successful treatment, influent concentrations at the KR4 system continue to decline.
Average annual influent concentrations are noted as decreasing over time since 1997 (Figure 3-7). When
hexavalent chromium concentrations in the groundwater influent are low, the hexavalent chromium
already on the resins may be eluted off because of the higher affinity to higher phosphate and sulfate
concentrations present in the groundwater, thus reducing or negating the gains of chromium captured by
the resins. This “tailing effect” is unavoidable in a mature system unless new sources of contaminants are
identified. Within the bounds of the KR4 plume, only a few of the original extraction wells are capable of
producing hexavalent chromium concentrations above the 20 pg/L cleanup standard. Given the
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decreasing size of the residual KR4 plumes and the current extraction well coverage in those areas,
prospects for increasing the influent concentration at the KR4 system include hooking up new and/or
active KX system wells to the KR4 system well field.

3.3.1.3 Capture Zone Analysis

Figure 3-6 illustrates the composite capture zone produced by the KR4 P&T system well field. The extent
and projected capture efficiency of the KR4 composite capture zone were developed based on
high-frequency mapping of the water table levels at the site during operation of the system during 2011
(see Appendix B for details on methods). The predicted capture efficiency for groundwater contaminants
within and upgradient of the KR4 extraction well field ranges between 90 and 100 percent. The extent and
the high predicted capture efficiencies of the KR4 system capture zone are consistent with the observed
remediation of the hexavalent chromium plume in the central area of the 116-K-2 Trench.

3.3.1.4 KR4 P&T System Compliance Monitoring

The remedial performance of the KR4 P&T systems (i.e., extent and effectiveness of plume capture)

has been evaluated using hexavalent chromium data from selected monitoring locations including, but
not limited to, compliance monitoring wells 199-K-20 and 199-K-117A and active extraction/compliance
wells 199-K-114A and 199-K-129 (DOE/RL-2006-75, Supplement to the 100-HR-3 and 100-KR-4
Remedial Design Report and Remedial Action Workplan for the Expansion of the 100-KR-4
Pump-and-Treat System). Well 199-K-18 has been dropped as a compliance well because extraction and
Phase 3 RPO wells are now located downgradient. The general effectiveness of the KR4 system in the
central section of the 116-K-2 Trench area is evident by the long-term decreasing concentration trends of
hexavalent chromium in compliance monitoring wells 199-K-117A, 199-K-21, and 199-K-20.

The hexavalent chromium concentrations at monitoring wells 199-K-117A and 199-K-21 have averaged
below 10 pg/L since 2008 (Figure 3-11), while concentrations at 199-K-20 fluctuate above and below

10 ug/L with seasonal water level variations. In addition, the concentrations in wells 199-K-125A and
199-K-119A have steadily decreased, from about 40 pg/L in 2004 to below the detection limit (less than
2 ug/L) by January 2010 (Figure 3-11 and Table 3-4).

The KR4 extraction/compliance well 199-K-114A and nearby extraction well 199-K-113A are located
downgradient of the northeast section of the 116-K-2 Trench and near the river in the K North plume
(Figure 3-11). The pronounced sawtooth pattern is evident in the long-term hexavalent chromium
concentration trends in these extraction wells and indicates that hexavalent chromium concentrations in
groundwater near the shoreline are attenuated by mixing with river water during the spring when river
stage is high (Figure 3-11). Both wells appeared to show a subtle decrease in hexavalent chromium
concentrations in groundwater samples collected during the summer to early fall 2011 (when the river
stage was lower) relative to previous years. Concentrations in well 199-K-113A remained below 10 pg/L
during low river stage when hexavalent chromium concentrations in near-shore plume wells are
generally highest and 199-K-114A concentrations were between 10 pg/L and 15 pg/L during low

river stage.

The KR4 extraction/compliance well 199-K-129 is also located near the river in the central area of the

K North plume but is somewhat further to the north than wells 199-K-114A and 199-K-113A

(Figure 3-11). The long-term concentration trend in extraction well 199-K-129 shows a more subdued
seasonal sawtooth pattern, and hexavalent chromium concentrations have gradually decreased from a high
of about 60 ug/L in early 2004 to a low of 5 pg/L in January 2011 (Figure 3-11). Well 199-K-129 was not
sampled after January 2011 due to failure of the adjustable frequency drive for the extraction well pump.
Decreasing concentration trends, observed throughout 2011 for KR4 extraction wells 199-K-114A and
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199-K-113A, that continue throughout 2012 may signify achievement of the interim action objective
of protecting the river along this section of the K North plume (Figures 3-5 and 3-11).

Compliance well 199-K-18 is located in the KR4 plume, in the vicinity of the southern end of the
116-K-2 Trench (Figures 3-5 and 3-11). The hexavalent chromium concentrations in this well steadily
increased from approximately 140 pg/L in 2004 to approximately 200 pg/L by April 2010 (Figure 3-11).
However, the concentrations in this well declined steadily during the remainder of 2010 and 2011,
reaching a concentration of 139 pg/L by December 2010 (Table 3-4 and Figure 3-11). Concentrations
decreased to 64 pg/L in October 2011. The reversal in the long-term increasing concentration trend for
hexavalent chromium in this well likely reflects the February 2010 startup of three nearby KR4 extraction
wells (199-K-162, 199-K-145, and 199-K-120A). Of these three new extraction wells, the hexavalent
chromium concentrations in water sampled at well 199-K-145 averaged approximately 60 ng/L during
2010 decreasing to approximately 25 pg/L in 2011, which is higher than concentrations extracted at

wells 199-K-162 and 199-K-120A. In these latter two wells, concentrations have averaged less than

10 pg/L since 2010 (Figure 3-11). Injection of treated effluent at KX system well 199-K-156 (active since
February 2009) may also be a factor affecting the decreasing concentrations at these two wells.

Although aquifer tubes are not official compliance points for treatment system performance, samples
collected from these tubes are helpful for locating areas where hexavalent chromium may be discharging
to the Columbia River at concentrations greater than 20 pg/L. Aquifer tube AT-K-3-D is located
downgradient of monitoring well 199-K-18 and new extraction wells 199-K-162, 199-K-145, and
199-K-120A. This aquifer tube has had concentrations ranging from approximately 32 to 85 pg/L since it
was first sampled in 2004 (Figure 3-11); the September 2011 results were 67.4 pg/L, near the middle of
that range. Given the recent startup of upgradient extraction wells 199-K-162, 199-K-145, and
199-K-120A, as well as the abrupt decrease in concentration in monitoring well 199-K-18 during 2010
and 2011, the hexavalent chromium concentrations reaching this aquifer tube and, therefore, the
Columbia River are expected to decrease substantially in this section of the KR4 plume within the next
few years.

3.3.2 KW P&T System

The KW P&T system became operational on January 29, 2007 and has treated over 1.4 billion L

(372.4 million gal) of groundwater and removed 163.1 kg of hexavalent chromium. This P&T system was
installed to address additional hexavalent chromium contamination discovered near the KW Reactor
(Figure 3-5).

3.3.21 KW P&T System Configuration and Changes

The KW P&T system (Figure 3-12) was originally designed to receive and process up to 378.5 L/min
(100 gpm). System upgrades in CY 2009 expanded the treatment capacity to 757 L/min (200 gpm).
The system is currently processing at the treatment capacity of 757 L/min (200 gpm).

The KW system currently consists of seven extraction wells (199-K-132, 199-K-137, 199-K-138,
199-K-139, 199-K-165, 199-K-166, and 199-K-168), three injection wells (199-K-158, 199-K-174,
and 199-K-175), and an IX treatment system similar in design to that used in the 100-KR-4 and
100-HR-3 OUs.

In 2011, a performance test of ResinTech™ SIR-700 Ion-Exchange Resin at the 100-KW groundwater
treatment system was initiated and continued into 2012. This test demonstrates the successful conversion
of an existing treatment system from the previously specified DOWEX™ 21K resin to the
higher-performing SIR-700 resin to remove hexavalent chromium from contaminated groundwater.

The test report (SGW-51721) documents the successful conversion and operation of the 100-KW system.
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The SIR-700 met target installation and performance objectives relative to DOWEX™ 21K. The test
results indicate that the SIR-700 was able to replace the DOWEX™ 21K effectively in the treatment
trains at 100-KW. Measurements of hexavalent chromium concentrations in the effluent were less than

3 pg/L throughout the test (Figure 3-17) and mass removal efficiency averaged 97.6 percent. No resin
replacement has been required since resin replacement in September 2011, and the initial installment of
SIR-700 continues to operate after treating over 100,000 bed volumes of contaminated groundwater.

By comparison, the capacity of the DOWEX™ 21K resin between resin change out for regeneration
averages 4,800 bed volumes of treated contaminated groundwater. Operation of the treatment system with
SIR-700 resin will result in less system down time for resin change out and significant cost reduction by
eliminating need for resin regeneration.

The pH adjustment system was found to be implementable and adequate to provide mildly acidic water
(pH 5.5 £ 0.5) into the treatment train to allow the SIR-700 resin to operate under design conditions.
The field pH readings of the influent and effluent tanks are shown in Figure 3-13 No degradation due to
lower operating influent pH was observed. Each of the four resin vessels in each treatment train was
measured at 10 locations for a total of 80 measurements on July 6, 2011, and again on January 25, 2012,
using the ultrasonic measurement technique. No significant changes in vessel wall thickness

were measured.

The injection well flow rates are shown in Figure 3-14 and the injection well water levels are shown in
Figure 3-15. The flow rates and head levels within the injection wells have remained constant over the
duration of the test. This is a favorable condition because it indicates that flow from the injection well into
the aquifer is not being negatively affected by well or aquifer fouling that would reduce the porosity of
the aquifer matrix and cause reduced pumping rates and/or increased water levels (hydraulic head). These
flow rate and water level data indicate that addition of the pH 6.0-6.5 water into the approximately 8.0 pH
groundwater has not negatively affected either injection well flow rates or water levels. This indicates that
no observable effect to the hydraulic conductivity of the aquifer or efficiency of the wells has occurred as
a result of the test.

3.3.2.2 KW P&T System Performance

Table 3-9 presents an overview of the operational parameters and total system performance for the

KW P&T system during 2011. During 2011, the KW system processed groundwater at an average annual
pumping rate of approximately 717 L/min (189 gpm) and operated at or near 100 percent of the scheduled
availability during each month of the year (Figure 3-16). The average influent hexavalent chromium
concentration for 2011 was 73.1 ug/L, which is approximately half the average concentration of

145.5 pg/L reported for 2010.

Clear trends are evident in the influent concentrations during 2011. The hexavalent chromium
concentrations in the influent of the KW system gradually decreased from about 100 pg/L in January to
75 ug/L by the end of April; it declined further to about 55 to 60 pug/L and stabilized during the summer
months. Influent concentrations gradually increased from about 55 pg/L in July to about 100 pg/L by
middle to late September, generally coincident with declining river levels. From late September to the end
of December, the influent concentrations averaged about 73 pg/L.

Concentrations in KW P&T system effluent remained consistently below 10 pg/L for all but 4 of the

89 samples collected during the year. The maximum hexavalent chromium concentration in KW effluent
was 15 pg/L (Figure 3-17). The average hexavalent concentration in the effluent during 2011 was 3 pg/L,
which is significantly lower than the average effluent concentration of 4.6 ng/L reported for 2010.
Selected operational and system characteristics of the KW P&T system for 2011 are summarized

as follows:
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e The scheduled system availability for 2011 was 97.1 percent, slightly lower than the 99.7 percent
reported in 2010. The total availability was 94.7 percent, which was lower than the online availability
0f 99.6 percent reported in 2010. The monthly online percentages and the method used to calculate
availability and online percentage for the reporting period are shown in Figure 3-16.

e Intotal, 357 million L (94.3 million gal) of groundwater were treated, and approximately 25.9 kg of
hexavalent chromium were removed.

¢ The mass removal efficiency for 2011 was 95.8 percent, slightly lower than 2010 (96.9 percent) and
2007 and 2008 efficiencies (Figure 3-18). The declining efficiencies may be a result of decreasing
influent concentrations.

Table 3-10 presents the pumping flow rates and total run-time for the extraction and injection wells
currently active in the KW P&T system. Except where noted, the recommended flow rates are based on
updated numerical modeling results that were prepared to support the CERCLA 5-year review design
modification. The average flow rate was calculated by dividing the total volume extracted by the hours of
pumping. All of the wells were subject to downtime because of equipment failures, and/or maintenance.
This downtime is reflected in the yearly average flow rate calculations and the total run-time percentages
for the individual extraction wells.

3.3.23 KW P&T System Capture Zone Analysis

Figure 3-6 illustrates the composite capture zone produced by the KW P&T system well field. The extent
and projected capture efficiency of the composite KW system capture zone was developed using
high-frequency mapping of the water table during actual 2011 operating conditions. For 2011, the

KW hexavalent chromium plume was located entirely within the part of the KW system that is predicted
to have capture efficiencies between 90 and 100 percent. The extent and capture efficiency of the KW
system composite capture zone is consistent with effective remediation of the KW Reactor area plume
(as currently defined) and achievement of interim groundwater RAOs.

3.3.24 KW P&T System Compliance Monitoring

The remedial performance of the KW P&T system has been evaluated using the 2009 to 2011 hexavalent
chromium data presented in Table 3-5 and the long-term concentration trends for selected KW system
monitoring locations (Figure 3-19).

Extraction wells 199-K-132 and 199-K-138 are located downgradient of the KW Reactor, near the
leading edge of the KW Reactor area plume (Figure 3-5). Hexavalent chromium concentrations at

wells 199-K-132 and 199-K-138 were approximately 120 and 75 pg/L, respectively, in January 2007
(Figure 3-19). Since startup of the KW P&T system, concentrations in these wells have steadily declined.
The measured concentrations in these wells during November 2011 were 20 and 18 pg/L, respectively
(Table 3-5). The 2010 hexavalent chromium concentrations in wells 199-K-132 and 199-K-138 were
16.8 ug/L and 20.6 pg/L, respectively, indicating that the concentrations are stabilizing near the P& T
action level of 20 pg/L.

The 2011 hexavalent chromium concentration in aquifer tube AT-K-1 was below the detection limit.

This value is consistent with the hexavalent chromium concentration trend for KW aquifer tubes since
2006, which is consistently below 10 pg/L (Figure 3-19). The concentrations in upgradient extraction
wells 199-K-168, 199-K-139, 199-K-137, and 199-K-166 have all generally declined substantially over
time (Figure 3-19). From 2010 to 2011, hexavalent chromium decreased from a maximum of 83.3 percent
in well 199-K-139 (to 19 pg/L) to a minimum of 26.9 percent in well 199-K-166 (to 41 pg/L) (Table 3-5).

3-18



DOE/RL-2012-02, REV. 0

3.3.3 KXP&T System

The KX P&T system (Figure 3-20) was designed to receive and process groundwater at a rate of up to
2,300 L/min (600 gpm). This system was primarily designed to treat the K North hexavalent chromium
plume located between the northern end of the 116-K-2 Trench and the N Reactor fence line. A small
plume downgradient of the KE Reactor is also being treated by the KX system. The KX system began
partial operation in November 2008 and became fully operational in early February 2009. The system is
currently processing at an average annual pumping rate of approximately 1,720 L/min (455 gpm). Since
startup, the system has treated more than 2.59 billion L (685.2 million gal) of water and removed
approximately 114 kg of hexavalent chromium.

3.3.3.1 KX P&T System Configuration and Changes

The KX P&T system currently includes 13 extraction wells (199-K-130, 199-K-131, 199-K-141,
199-K-146, 199-K-147, 199-K-148, 199-K-152, 199-K-153, 199-K-154, 199-K-161, 199-K-163,
199-K-171, and 199-K-178) and 9 injection wells (199-K-143, 199-K-156, 199-K-159, 199-K-160,
199-K-164, 199-K-169, 199-K-170, 199-K-172, and 199-K-180) (Figure 3-2). One of these extraction
wells (199-K-152) was converted from a monitoring well in 2011. Well 199-K-152 was connected to the
KX P&T in April 2011. Activities to convert monitoring well and 199-K-182 to an extraction well was
also initiated in 2011. All construction activities to convert well 199-K-182 to an extraction well is
complete except for final piping and cable connections which have not been completed.

In 2011, two extraction wells (199-K-149 and 199-K-150) were converted to monitoring wells.

The groundwater hexavalent concentration at the two wells have been less than the 10 pg/L aquatic water
quality standard since October 2009 at 199-K-150 and June 2010 at 199-K-49 as reflected in the well
trend plots in Figure 3-24. Continued extraction from the two wells was discontinued to make available
treatment capacity for locations with higher hexavalent chromium contamination.

3.3.3.2 KX P&T System Performance

Table 3-11 presents an overview of the operational parameters and total system performance for the
KX P&T system during 2011. Over the year, the KX system processed groundwater at an average
pumping rate of approximately 1,744 L/min (461 gpm). The system operated nearly 100 percent of the
time (Figure 3-21).

The average influent hexavalent chromium concentration for 2011 was 37 ug/L compared to 47.6 ug/L
for 2010, a decrease of about 21 percent. Influent concentrations from late May to the end of September
were about 10 pg/L lower than spring and fall concentrations (Figure 3-22).

The maximum reported concentration of hexavalent chromium in the effluent during 2011 was 10 ug/L.
The average effluent concentration for the year was 3.4 pg/L, which is higher than the average effluent
concentration of 2.8 pg/L reported for 2010. The following additional operational and system parameters
for the KX P&T system are for 2011:

e Intotal, 900.6 million L (240 million gal) of groundwater were treated, and approximately 30.1 kg of
hexavalent chromium were removed.

¢ The mass removal efficiency was 91 percent, which is slightly lower than the 94 percent mass
removal efficiency reported for 2010 and is a direct result of the KX P&T system having an effect in
reducing the influent concentration to the treatment system (Figure 3-23).
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e The scheduled system availability was 98.8 percent, which is slightly lower than the system
availability of 99.2 percent reported in 2010. The total availability was 98.3 percent, which is slightly
higher than the online availability of 96.8 percent reported in 2010.

Table 3-12 presents the pumping flow rates and total run-time for the extraction and injection wells
currently active in the KX P&T system. Except where noted, the recommended flow rates are based on
updated numerical modeling results that were prepared to support the second CERCLA 5-year review
design modification. The average flow rate was calculated by dividing the total volume extracted by the
hours of pumping. All of the wells were subject to downtime because of equipment failures, and/or
maintenance. This downtime is reflected in the yearly average flow rate calculations and the total
run-time percentages for the individual extraction wells.

3.3.3.3 KX P&T System Capture Zone Analysis

Figure 3-6 illustrates the composite capture zone produced by the KX P&T system well field. The extent
and projected capture efficiency of the composite KX system capture zone were developed using
high-frequency mapping of the water table during the 2011 operating conditions. The KX hexavalent
chromium plume for 2011 was located entirely within that part of the KX system capture predicted to
have capture efficiencies between 80 and 100 percent. The extent and capture efficiency of the

KX system composite capture zone under currently proposed operating conditions is consistent with
effective remediation of the K North plume (as currently defined) and achievement of interim
groundwater RAOs. A slight reduction in capture zone efficiency to 80 to 90 percent is noted for the
small KE plume.

3.3.3.4 KX P&T System Compliance Monitoring

The remedial performance of the KX P&T system has been evaluated using the 2009 through 2011
hexavalent chromium data presented in Table 3-4 and long-term concentration trend plots (Figure 3-24)
for the 13 extraction wells for the KX P&T system and associated monitoring wells, including
compliance monitoring/extraction wells 199-K-130, 199-K-131, 199-K-146, 199-K-147, 199-K-148, and
199-K-161 (Figure 3-24).

Most of the KX system extraction wells are currently used to capture and remediate the plume area
between the northern end of the 116-K-2 Trench and the N Reactor fence line (i.e., K North plume).
Former extraction wells 199-K-149 and 199-K-150 were most northeastern extraction wells in the

KX system well field (Figures 3-5 and 3-24). Hexavalent chromium concentrations in these wells have
decreased from approximately 80 pg/L in late 2008 to below detection limits in fall 2011. The decrease in
concentrations observed in both wells likely reflects upgradient aquifer cleanup, as well as partial capture
and recirculation of treated effluent from injection wells 199-K-159 and 199-K-160 (located 150 to 200 m
[492 to 656 ft] cross-gradient to the northeast) and possibly from injection well 199-K-164 (located

430 m [1,411 ft] upgradient) (Figure 3-5). The hexavalent chromium concentrations obtained for fall 2010
in wells 199-K-149 and 199-K-150 bound the northern boundary of the northeastern lobe of

the K North plume.

Extraction wells 199-K-131, 199-K-148, 199-K-130, and 199-K-147 are located progressively further to
the southwest. These well locations extend across the northeastern plume lobe of the K North plume,
approximately 152 to 183 m (500 to 600 ft) upgradient from, and roughly parallel to, the Columbia River
shoreline (Figure 3-24). The concentrations in these wells have steadily decreased since system startup
but still retain concentrations above 30 pg/L. Upgradient monitoring wells 199-K-152 (converted to an
extraction well in 2011) and 199-K-151 have demonstrated very different concentration trends since
startup of the KX P&T system. Well 199-K-152 is located in the core of the northeastern plume lobe.
The concentrations in this well have steadily declined from approximately 80 pg/L in mid-2008 to
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approximately 70 ug/L in late 2011 (Table 3-4 and Figure 3-24). Monitoring well 199-K-151 is located
230 m (755 ft) northeast/cross-gradient of monitoring well 199-K-152. In September 2008, prior to
system startup, the concentration of hexavalent chromium in this well was 75.5 pg/L. After start up, the
concentrations in monitoring well 199-K-151 rapidly declined, reaching approximately 20 png/L by early
2009. Concentrations continued to decline and by fall 2011, the hexavalent chromium concentration in
this well was below the detection limit. Monitoring well 199-K-151 currently defines the northern
upgradient extent of the K North plume.

Chromium concentrations at well 199-K-182, the farthest upgradient of wells in this plume segment,
ranged between 74 and 81 pg/L in 2010 (samples were not collected in fall 2011). The plume is
unbounded upgradient of this well. New RI well 199-N-189 was installed in 2011 north of

well 199-K-182. Sampling during drilling detected hexavalent chromium concentrations of 35 pg/L at the
water table. This data point is not directly comparable to the other sample points, however, because the
sample was collected during drilling and prior to well development. Additional monitoring of this well
will be needed to substantiate the value. Well 199-N-74, 2 km (1.2 miles) from the end of the trench and
farther north than 199-N-189, has hexavalent chromium concentrations near 30 ug/L. The contamination
in both locations may result from the 100-KR-3 plume at the 116-K-2 Trench migrating northward.

The detection of hexavalent chromium in wells 199-N-189 and 199-N-74 indicates that the plume extends
farther to the northeast than previously thought.

The concentration trends described for extraction wells 199-K-131, 199-K-148, 199-K-130, and
199-K-147 and the monitoring wells suggest that injection of large volumes of treated effluent in injection
wells 199-K-159, 199-K-160, and 199-K-164 (Figure 3-5) has shifted the northeastern lobe of the

K North plume further to the southwest. The potential to optimize remediation of the northeastern plume
lobe by modifying the amount of groundwater injected (either more or less) into wells 199-K-159,
199-K-160, and 199-K-164 should be evaluated. For example, injection of less water into wells
199-K-159, 199-K-160, and 199-K-164 may optimize this process.

Other KX system extraction wells 199-K-146, 199-K-161, 199-K-153, 199-K-154, and 199-K-163 are
located in the southwestern plume lobe of the K North plume (Figure 3-24). Extraction wells 199-K-146
and 199-K-161 are closer to the river than wells 199-K-153, 199-K-154, and 199-K-163. Between the
fall of 2009 and 2011, the hexavalent chromium concentrations in these two wells decreased from 44.8 to
9 ng/L and from 85.9 to 6 pug/L, respectively. In conjunction with nearby KR4 system extraction

wells 199-K-114A and 199-K-113A, these two downgradient KX system extraction wells appear to have
reduced hexavalent chromium concentrations near the river in this area to below 10 pg/L (Figure 3-5).
The concentrations in extraction wells 199-K-154 and 199-K-163 were above 100 pg/L in late 2008.
Since system startup, however, concentrations in wells 199-K-154 and 199-K-163 had declined to 27 and
35 pg/L, respectively, by fall 2011. The considerable decline of the concentrations in these extraction
wells suggests that a considerable mass of hexavalent chromium has been removed upgradient of

these wells.

Monitoring wells 199-K-22 and 199-K-37 are located between upgradient extraction wells 199-K-154
and 199-K-163 and downgradient extraction wells 199-K-146 and 199-K-161. The hexavalent chromium
concentrations in well 199-K-22 have decreased to 52 pg/L in 2011, from 120 pg/L in 2009. It appears
that the contaminant levels in this well are being reduced by the upgradient extraction wells.

At monitoring well 199-K-37, cross-gradient of the high-concentration area defined by monitoring

well 199-K-22, concentrations were approximately 80 pug/L in 2004 and declined very little until
mid-2009. Perhaps as a result of the startup of the KX extraction system, concentrations decreased
relatively quickly beginning in mid-2009, reaching 16.2 pg/L in late 2011. If this trend is maintained in
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2012, the remediated area located downgradient may soon extend upgradient to the vicinity of monitoring
well 199-K-37.

Two KX system extraction wells, 199-K-178 and 199-K-141, are operating in the area of the KE Reactor
area plume. Extraction well 199-K-178 was installed relatively recently, and all available data were
collected after 2008. The concentrations in this well decreased from 117 pg/L in 2009 to 24 pg/L in fall
2011 (Table 3-6). Data for well 199-K-141 (as a monitoring well) are available as far back as 2007, and
a high value of approximately 450 pg/L was noted in January 2009 (Figure 3-24). After KX P&T system
startup, the hexavalent chromium concentrations in this new extraction well decreased rapidly to 24 pg/L
by fall 2011.

3.4 Summary of RI/FS Results
The highlights of the RI/FS characterization activity conducted at the 100-KR-4 OU are as follows:

e The highest hexavalent chromium concentrations were found at well 199-K-195 during discrete depth
sampling, where a 3 m (10 ft) thickness of aquifer detected hexavalent chromium concentrations at
1,900 to 4,900 pg/L in the upper aquifer. A concentration of 753 pg/L was also identified at one zone
deep in the unconfined aquifer, with intermediate zones where hexavalent chromium was
not detected.

e Hexavalent chromium concentrations above the WAC 173-340 standard (48 pg/L) were detected at
wells 199-K-184 and 199-K-192. Concentrations in temporary well 199-K-201 were as high as
125 pg/L in 2011.

e One of four wells drilled 15.2 m (50 ft) into the RUM encountered a water-bearing zone, with mostly
nondetects for contaminants of interest.

e Tritium was encountered at concentrations of 36,000 to 1.4 million pCi/L in the upper 12.2 m (40 ft)
of the aquifer at well 199-K-192. At well 199-K-189, tritium concentrations of 86,000 to
140,000 pCi/L were found within the upper 7.6 m (25 ft) of the aquifer. All other wells were below
the 20,000 pCi/L DWS.

e Carbon-14 was found at well 199-K-185 at concentrations of 1,600 to 2,390 pCi/L in the upper
6.1 m (20 ft) of the aquifer. Where carbon-14 was present at concentrations approaching 50 percent of
the 2,000 pCi/L DWS, as in wells 199-K-184, 199-K-189, and 199-K-195, it was found in the upper
half of the aquifer.

e Strontium-90 was found in the aquifer above the 8 pCi/L DWS in temporary well 199-K-200 at
concentrations up to 251 pCi/L. Concentrations of strontium-90 were also detected above the DWS in
well 199-K-192 (19 pCi/L) and temporary well 199-K-201 (18 pCi/L).

e Nitrate above the 45,000 ng/L DWS was found at wells 199-K-185 (116,000 pg/L maximum),
199-K-190 (54,000 pg/L), 199-K-191 (76,600 pg/L), and 199-K-192 (56,200 ng/L). Concentrations
were the highest across the upper aquifer in all wells and diminished with depth at many wells.

e Trichloroethene is found primarily at wells associated with the KW Reactor area. Wells 199-K-184
(8.1 pg/L) and 199-K-185 (6.5 ng/L) exceeded the 5 pg/L. DWS, and trichloroethene was detected in
most sample intervals at these two wells. Trichloroethene is present at concentrations below the DWS
in wells 199-K-183, 199-K-186 (at the bottom of the aquifer), 199-K-188 (one detection at 1.5 pg/L),
199-K-190 (up to 1.6 pg/L), and 199-K-195 (several detections, up to 3.7 pg/L).
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3.5 Conclusions

The current status of the 100-KR-4 OU illustrates that remedial progress has been achieved for the plume
areas associated with each of the three P&T systems currently active within this OU. The following
conclusions for the OU are based on each of the RAOs:

e RAO 1: Protect aquatic receptors in the river bottom substrate from contaminants in the groundwater
entering the Columbia River.

Results:

Capture zone analysis suggests that operation of the three P&T systems, under the recommended
2011 operating conditions, results in capture efficiency between 90 and 100 percent for most of
the hexavalent chromium plumes in the 100-KR-4 OU.

Based on the aquifer tube data for 2011, the extent of hexavalent chromium discharged to the
Columbia River within the 100-KR-4 OU appears to have decreased in response to P&T activities
except downgradient of the head end on the 116-K-2 Trench, the KR4 plume.

The P&T systems at the 100-KR-4 OU have removed significant amounts of hexavalent
chromium from the unconfined aquifer. In total, the systems have removed an estimated 632 kg
of hexavalent chromium from the shallow, unconfined aquifer.

The KR4 P&T system has removed a substantial mass of hexavalent chromium from the plume
zones located along the 116-K-2 Trench. Between September 1997 and December 31, 2011, the
KR4 system extracted and treated approximately 5.72 billion L (1.51 billion gal) of groundwater,
resulting in removal of 354.9 kg of hexavalent chromium from the aquifer. As a result of
remediation activities, the hexavalent chromium concentrations in 22 of 29 monitoring and
extraction wells sampled near the 116-K-2 Trench area declined or remained below detection
limits between fall 2010 and fall 2011. Wells displaying increases were characterized by
concentrations less than 10 pg/L.

The KR4 P&T system has largely attained the RAO for river protection along the central portion
of the 116-K-2 Trench area. Fall 2011 hexavalent chromium concentrations were less than

10 pg/L in monitoring wells and extraction wells. Elevated hexavalent chromium concentrations
remain in plume areas located at either end of the 116-K-2 Trench (i.e., KR4 plume and the
southern portion of the K North plume).

Hexavalent chromium concentrations remained elevated at former compliance monitoring

well 199-K-18, (located in the KR4 plume) for the first half of 2011 before declining to 64 nug/L.
This decrease may have resulted from changes in groundwater flow dynamics due to nearby
downgradient KR4 system extraction wells (e.g., 199-K-145 and 199-K-162) that are accelerating
the downgradient transport of more highly contaminated groundwater originally located further
upgradient in this plume.

The KW system started up in January 2007. As of December 31, 2011, the system extracted
approximately 1.4 billion L (372.4 million gal) of groundwater and removed an estimated

163.1 kg of hexavalent chromium. Long-term trends for hexavalent chromium in the monitoring
network for the KW plume suggest that this system is rapidly reducing the remaining mass of
this plume.
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The KX P&T system was designed to treat the K North hexavalent chromium plume, located
between the northern end of the 116-K-2 Trench and the N Reactor fence line. Two

KX extraction wells were added to remediate the small KE plume. The KX system began

partial operation in November 2008 and became fully operational in early February 2009. Since
system startup, more than 2.59 billion L (685.2 million gal) of water have been treated, and
approximately 114 kg of hexavalent chromium have been removed. Although the system has
been operating a relatively short time, the data collected during 2011 and the capture zone
analysis suggest that this system should intercept the majority of the K North plume before it can
discharge to the Columbia River. Hexavalent chromium concentrations decreased from 2009 to
2011 in 11 of 12 monitoring and extraction wells.

RPO extraction wells (199-K-196, 199-K-198, and199-K-199) were drilled in 2011.

Well 199-K-198 and 199-K-199 will be added to the KR4 P&T system to capture hexavalent
chromium closer to the river in the river mixing zone. Well 199-K-196 will serve as an extraction
well for the KW P&T system. The well is necessary to determine hexavalent chromium
stratification or deep occurrence near the river and to provide improved capture deeper in

the aquifer.

One monitoring well, 199-K-197, was drilled in 2011 to monitor contamination levels and the
amount of drawdown induced by adjacent extraction wells. This will provide hydrologic
information to the hydrologic model and will contribute to knowledge of the effectiveness of the
extraction well in capturing contamination.

The ratio of hexavalent chromium mass to the unit volume of groundwater treated at the
14-year-old KR4 system is diminishing as the hexavalent chromium plume associated with the
116-K-2 Trench is cleaned up. A “tailing effect” such as this is typical for P&T systems as they
mature. This conclusion is based on observed trend of declining in hexavalent chromium
concentrations in the treatment system influent and at extraction wells to below aquatic standards
(in some instances). Both the KW and KX systems generally retain higher ratios of hexavalent
chromium per unit volume of groundwater treated, but decreasing concentrations are observed
seasonally, and some extraction wells have been taken offline as concentrations temporarily or
permanently drop below 10 pg/L. Current extraction well layouts in the vicinity of the

two KR4 plumes are successfully reducing concentrations at known hot spots at the ends of the
116-K-2 Trench. The operation of extraction wells in the center of the former plume, where
hexavalent chromium concentrations are now below 10 ug/L, reduces the influent concentrations
and efficiency of chromium removal by the IX resins.

For other key plumes in the 100-KR-4 OU during 2011, the results are as follows:

Tritium activities below the 20,000 pCi/L DWS are widespread across the 100-KR-4 OU.
Activities above the DWS are confined to plumes that appear to be derived from the
118-K-1 Burial Ground and the 116-KE-1 gas condensate crib.

Strontium-90 near the 116-K-2 Trench has generally been attributed to discharges of cooling
water associated with failed fuel rods. The maximum activity of strontium-90 near the

116-K-2 Trench during 2011 was 251 pCi/L in new RI well 199-K-200. This hot spot located on
the head end of the 116-K-2 trench confirms that strontium-90 in this area is derived from the
116-K-2 Trench.
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— Carbon-14 in groundwater is closely associated with the 116-KE-1 and 116-KW-1 gas condensate
cribs and is present above the 2,000 pCi/L DWS at wells downgradient of the two cribs.
The maximum fall 201 1carbon-14 concentration in an aquifer tube was 314 pCi/L in C6247
located along the shoreline downgradient of the KE reactor.

RAO 2: Protect human health by preventing exposure to contaminants in groundwater.

The interim remedial action ROD (EPA/ROD/R10-96/134) establishes a variety of ICs that must be
implemented and maintained throughout the interim action period. These provisions include
the following:

— Access control and visitor escorting requirements

— Signage providing visual identification and warning of hazardous or sensitive areas

— Excavation permit process to control all intrusive work (e.g., well drilling and soil excavation)
— Regulatory agency notification of any trespassing incidents

The effectiveness of ICs is presented in DOE/RL-2004-56. The findings of this annual report indicate
that ICs were maintained to prevent public access, as required.

RAO 3: Provide information that will lead to a final remedy.
Results:

— An RI/FS is being conducted to support the final ROD for the 100-K Area. Characterization
activities began in 2009, as described in the RI/FS work plan addendum
(DOE/RL-2008-46-ADD1) and implemented through the SAP (DOE/RL-2009-40). Fifteen new
RI/FS wells and four RPO wells will provide geologic and hydrologic data to improve the CSM
for the 100-KR-4 OU. The data will also improve numerical modeling predictions of contaminant
fate and transport simulations and also capture zone analysis. The complete data set from these
investigations will be fully evaluated and reported in the 100-K RI/FS report (DOE/RL-2010-97),
scheduled for submittal later in 2012, which will lead to the selection of alternatives for final
cleanup action.

—  Preliminary RI results indicate that the CSM for the 100-KR-4 OU remains the same. Most of the
hexavalent chromium is already contained in the groundwater. Therefore, the interim remedy
P&T systems will capture and treat residual hexavalent chromium.

3.6 Recommendations

Recommendations for the 100-KR-4 OU are as follows:

Four Phase 3 RPO wells were drilled in 2011. Complete the realignment of wells 199-K-196,
199-K-198, and 199-K-199 with the existing P&T systems to increase capture efficiency.

Evaluate improvements to the monitoring program, including placement of additional wells, to
provide indication for future well realignments for containment of hexavalent chromium and
co-contaminant from reaching the Columbia River.

Monitoring wells 199-K-29 and 199-K-30 (downgradient of the 116-KE-1 gas condensate crib) and
well 199-K-109A (downgradient of the KE Basin) were decommissioned in December 2010
following sampling and borehole logging. The wells were used to monitor carbon-14 and tritium
concentration trends in these areas. The installation of replacement wells should be considered for
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wells 199-K-109A, 199-K-29, and 199-K-30 to provide sufficient monitoring coverage of these
mobile radionuclides.

Complete connection of converted extraction well 199-K-182 to the KX P&T system to treat this area
where hexavalent chromium concentrations at the well is above 50 pug/L.

One to two additional monitoring wells will be needed inland to the southeast and southwest of
well 199-K-182 to bound the hexavalent chromium plume near the 100-NR-2 OU.

The hexavalent chromium observed in groundwater in the inland portion of 100-N Area should be
evaluated to assess the need for remedial action in that area and to determine the most appropriate
response in the event that a response is needed.

New wells are needed to replace those removed due to building/facility demolition and waste site
remediation. Wells lost or expected to be lost to surface remediation include former injection

well 199-K-35 and RI well 199-K-195 at the 183.1-KW Headhouse, as well as monitoring

well 199-K-36 and RI well 199-K-188, following remediation at the 183.1-KE Headhouse and

183.2 sedimentation basin. Implement recommendations from the 100-KW P&T SIR-700 process test
report (SGW-51721) to use SIR-700 at the 100-KR-4 OU P&T systems.

Evaluate the effectiveness of the 100-K Area P&T systems with respect to the 2012 TPA

(Ecology et al., 1989) Milestone M-016-110-TO1 target criteria. Groundwater concentration trends
and hydraulic head data should be used with capture zone analysis and additional modeling to
maximize the treatment capacity of existing P&T systems.
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Figure 3-7. KR4 P&T System Average Removal Efficiencies
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Hexavalent Chromium Concentrations, CY 2011
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Figure 3-10. Monthly Online Availability for KR4 P&T System, CY 2011
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Figure 3-12

. KW Reactor Area P&T System Schematic
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Figure 3-13. KW Influent and Effluent Tank pH Trends through SIR-700 Process Test
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Figure 3-14. KW Injection Well Flow Rates through SIR-700 Process Test
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Figure 3-15. KW Injection Well Water Levels (ft bgs) through SIR-700 Process Test
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Figure 3-16. Monthly Online Availability for KW P&T System, CY 2011
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Figure 3-17. KW P&T Trends of Influent and Effluent Hexavalent Chromium Concentrations, CY 2011
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Note: Average removal efficiency (% by mass) = [(influent — effluent) + influent].

Figure 3-18. KW P&T System Average Removal Efficiencies
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Figure 3-20. KX P&T System Schematic
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Figure 3-21. Monthly KX P&T System Availability, CY 2011
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Figure 3-22. KX P&T System Trends of Influent and Effluent
Hexavalent Chromium Concentrations, CY 2011
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Figure 3-23. KX P&T System Average Removal Efficiencies

3-54




GG-€

uef BOFUE]

o — TETHGET——

TIEAGET——

€BIY N-00T 4EBN 5/18M SULIDIUOLY PuUEju]

Trwe puep soruep a0ruer Loreeq agruef Lo woruey

’ [']

/2 o1 = Somy oz

/c\;«h/r N
" / |
/ a // Ui
/P o &
/ 7 s“m
I\} e _ mr
\i / VA JF _=a &

h..,..nn__.nll

CEN T =

TOCABeL—

o

LS s, o

BELN BT ==

Yuaig 2§-31T 40 pu3 3N sliam Bunojuop

3

I oI W EAENTH

BAIV N-OOT JEBN HI2M SuLDYUSIA 883 Bujpea

0 'A3¥ ‘20-2102-T4/30d

i B R

suoljeoo Buriojuoly waysAg 19d X) Pa}09|as 10} S}0|d Pual] UOIRIUIIUOD WNIWOIY) JUdjeARXaH 0102 "yZ-C ainbi4

1SL-M-661

PXWES[IBMICIGPUBILTHOD L DN \STXINN D01 ‘aud)er
TZL0 001 $8NdHD

_n_mE uo umoys suoneoac] Joid pual Alug

‘210N
Ty

16 o00'z= [N
164 000°z> pue oooL= N
6000’ L> puz 005z | |
1/6ri 0og> puz ooz [T

16 ooL>puegpz [ |
/6 gy> pue 0zz [
/6 oz> pue oLz [N

VB 01> pue sz [
/B g> _H_

awn|d Wniwoiyd Jua|eAexay
nun e|gesadp Jeyempuncisy D
fpoey

o) SISEMy

lems Bupoyuopy e

lISAN UOHOENXT 7

suoneso] BuLiojuow X3 001
Pa}2219S 10} S101d puaiL Wi -Buon

el aoreer fower

B QT = sumY

A "

_ 1
_ :
\ P
\ ok

3 [
BLLS-GET /\0\
13

¥

PN RG] =
05
3 e s vorpeIp
@i s
e DLuer &ouer souer
0
131 0T = SEMY ot
or E 3
” m
o
[
TLTN6ET—— Un.nw
EITNGET ——
YSTAGET ot
TS LAGOE =
09T
S8R UOTIDEANT X0 puEju]
1o ouep BoruEr gower Lorer aguep
r 0
? |
o =
LAY 1 » N, . i
PR Y B, § hatdl » o m.
o8
00T
1/ om*
TETHEET e I/
BN GET = H ov1
TEIAGOE—
ot
Baly N-00T JEEN @M udieia ) afps Buipea)
a1 sidwes
TCuRr GLUEE  BOWET  BOUED  pOUE S0l GOUET  pdiief
o
/3 0t = oMY
a7
T
|
i
) m
"3

AVTNEET ¥
LGN T o
DELNEEL ==

SIISA UBNIERNT Yy 88p3 Bulpeay



96-¢€

uelq Jo[ A[jeuoniuajur aed siy |,

0 "A3d 20-2102-14/300



DOE/RL-2012-02, REV. 0

_uoéo,tua jou m@w%_mﬁm QUAYIS0IOIYILLT, QUAYJ0IO[YILL],
81-3-661 11/42/01 an 00t € AeNIN
0ST-3-661 11/42/01 an 7'or y1-uoqre)
81-3-661 11/6/11 an 000°06C wnpu
00T-3-661 11/11/01 an 15T 06-wnpuong
8T-3-661 11/02/1 an 8CI WNIWOIY) JUS[eABXH
81-3-661 11/02/1 d 1€l WNIWOIYD) JUS[eABXSOH
1102
81-3-661 01/11/9 an () 81°0 QUAYIO0IO[YILL],
81-3-661 01/S/€ an 009°9L SILANG
81-3-661 01/5/€ an v'€T y1-uoqre)
8T-M-661 01/8/21 an 000°0€C wnpu L
12-31-661 01/¢/21 an L1 06-wnpuong
81-31-661 01/5/€ an 10T WNIWOIY) JUS[ABXOH
81-3-661 01/S/€ d €02 WNIWOIY) JUS[eABXH
0102
dweN [PA pojduwes aeq (1n) pamdyun (1/10d) JudIMNSU0)
10 () patIg 10 (7/31) pajddRQ

AN[BA WNWIXBA]

L10Z PUe 010Z (Sawnjd YMON Y Pue yy)) ealy Youal] z-)-91 | 10} SUONRIIUSIUOY) JUBUIWEJUOD-0) PUE JUBUIWEIUOD WNWIXE| ‘|-¢ d|qel

3-57



DOE/RL-2012-02, REV. 0

¥81-3-661 11/9/1 an '8 QUAIO0IOYOLL],
V901-3-661 11/1€/S an 00t°L6 AjenIN
V901-3-661 11/01/01 an 00S°11 y1-uogre)
TET-M-661 11/1€/01 an 00L°€ wnpiy,
PE-661 11/$/1 an 0S 06-wnpuong
€LT-M-661 11/€1/1 d 6¥9 WINIWOIY) JUS[EABXSH
ELT-M-661 11/€1/1 an 659 WNIWOIYY) JUS[EALXIH
1107
V901-3-661 01/€1/9 an L AUSIP0IONYOLL],
V901-3-661 01/€1/9 an 00978 SILAN
PE-661 01/0€/9 an 088°¢ p1-uoqre)
TEI-M-661 01/TT/11 an 00S°L wnpuL
PE-661 01/L/TT an St 06-wnnuong
ELT-M-661 01/21/8 d 996 WNIWOIY) JUS[EABXOH
€LT-M-661 01/21/8 an 896 WINIWOIY) JUS[eABXSH
0102
dweN [PA pojdwes ajeq (1N) pasyun (1/10d) JuIMNSU0)
10 () pasIg 10 (7/31) pajddRQ
AN[BA WINWIXBA

L10Z PUe L0z 224y MM-001 10} SUOIJEIJUSIUOY) JUBUIWE)UOD-0 PUE JUBLIWEJUOD WNWIXE|

‘¢ 9|qel

3-58



DOE/RL-2012-02, REV. 0

061-21-661 L1/02/L N 194 QUIISOIONYILL],
€C-M-661 11/01/01 an 00S°9% SrenIN
681-31-661 11/21/6 an €L y1-uoqIe)
I71-3-661 11/5/1 an 00t'8 wnnLy,
I71-3-661 11/LT/6 an 8°LI 06-wnnuons
I71-3-661 11/L1/T d 43 WNIWOIY)) JUS[BABXIE]
€T-I-661 11/01/01 an L6 WNIWOIY)) JUS[BABXIH
1102
061-31-661 01/91/8 an 91 AUSI0IOYILL],
0€-3-661 0L/F1/1 an 00909 SIENIING
0€-3-661 01/9/% an 0069 1-uoqre)
0€-3-661 0L/%1/1 an 000°08¢C wnnLy,
VZE-661 01/€/21 an vy 06-WNRUONS
8LI-M-661 01/1/% d 168 WNIWOIYD) JUS[eABXSOH
8LI-M-661 01/62/€ an €6 WNIWOIY) JUS[eABXOH
0102
dweN [PA pojdues e (An) pasyun (1/10d) JuIMNSU0)
10 () pa1aIg 10 (77/31) pajddRQ
dN[e A WNUWIXBIA

110Z PUe 010z 221y J)-00] 40} SUOIJRIIUBIUOY JUBLIWIRIUOD-07) PUB JUBUIWIBIUOT) WNWIXE

‘€ 9lqel

3-59



DOE/RL-2012-02, REV. 0

0TI 9'¢g €€ 11/L/TT S'LE 01/CT/T1 L'6b 60/02/01 X-0/d 0ET--661
- - - - (44 01/8/6 TSy 60/12/01 PIN-O/d | VTII-N/6T1-3-661
sel- - 8 11/01/01 L 01/¥/01 - - PaId-0/d LTI-M-661
-- -- - - TLT 01/2T/6 9'9¢ 60/12/01 N 9T1-3-661
-- -- () Le TI/T1/11 - -- - -- 0 VSTI-M-661
ON - 6 11/01/01 6 01/¥/01 - - PaId-0/d VOTI-M-661
out - (@ec 11/07/T1 (e 01/8/T1 - - yaI-d V6I1-3-661
ON ON (e 11/82/6 (e 01/€/C1 (e 60/22/01 0 VLII-M-661
L9t $'96 I 11/01/01 S1 01/8/6 €T 60/12/01 PaId-0/d VITI-M-661
6T 868 1 11/01/01 LT 01/8/6 V18 60/12/01 vaI-0/d VSII-3-661
001- 06 9 11/01/01 € 01/8/6 679 60/12/01 PI-0/d VHIT-3-661
00C- S'v8 6 11/01/01 € 01/8/6 8¢ 60/12/01 PaId-0/d VETT-M-661
1'89- 091- 8L 11/9/01 o 01/L/TT 0°0¢ 60/12/01 d VIIT-Y-661
oy vIL 91 11/11/01 I'LT 01/¢/2l L'9S 60/22/01 d LE-661
- L'9S s 11/61/21 - - 0zl 60/2T/01 d TTIA-661
29p o3p (ne 11/11/01 $'S 01/€/21 (N9 60/81/01 d 12-3-661
- o9p (0)4 11/01/01 -- - (@¢e 60/82/01 0 0T-M-661
S'Ieg §'€9 S 11/LT/01 €L 01/¢/21 L€l 60/81/01 d 61-3-661
0'%S 9'99 9 11/42/01 6€1 01/8/1 61 60/2T/01 0 81-3-661
1102 0 110T 0 (1/8v) 9+1D | pARMOD | (1/8) 9+1D | PAARIOD | (/M) 9+1D | PadINI0) wa)sAg dweN aqn,
0102 6007 Hyun aeq Hyun aeq Hyun aeq L®d pue Jpmby 1o [PAL
Aumﬂoho-: = o>maﬂwozv 9+1)) paJajjun) 9+ pPaJajju) 9+1)) paJajjun) N”Wh—.“”\ww
U0 9+1D) Ul ‘drdures 1107 MeA ‘drdures 0107 1MeA ‘drdures 6007 leA

Aduey) 9,

110Z 03 600Z AD ‘(Sawin|d YMON ) Pue p¥y) ealy YaualL Z-}-9} | Ul SUOHEAUIIUOD WNIWIOIYD JUBJBABXH ‘p-€ d]qeL

3-60



DOE/RL-2012-02, REV. 0

€89 €1L LT 11/4/01 T's8 01/CT/T1 6 60/C1/01 XM-0/d PST-M-661
8'€T - € 11/L/T1 T0g 01/2y/T1 - -- N €ST-3-661
8LI- 1'0- 0L 11/4/01 '6S 01/12/6 6'69 60/22/01 | X>-0/d/d TSI-3-661
o0p oop () Le 11/97/01 6L 01/0T/6 v'9C 60/22/01 d IST-3-661
oop oop () Le 11/6/11 C 01/11/01 8’8 60/02/01 X-0/d 0ST-3-661
o9p oop (e 11/61/21 8 01/ST/01 TLe 60/02/01 XM-0/4 6v1-31-661
€L 9'¢8 vl 11/4/01 9°CS 01/CT/T1 €68 60/02/01 X-0/d 8Y1-3-661
§'9¢ TLy 0T 11/#/01 S 01/27/T1 6'LE 60/02/01 XM-0/d LYT-3-661
I'LS 08 6 11/#/01 1T 01/¥/01 8 60/02/01 XN-0/4 9P 1-3-661
8'¥S $'Ts 8T 11/01/01 29 01/¥/01 6 60/L/TT vI-0/d SYI-3-661
v'L- - LT 11/01/01 4 01/¥/01 - -- PI-0/d PP1-M-661
- - 3 3AV 110C - - - - P EPI-M-661
- - $8'¢ 3AV 110¢ - - - - 2L 8TI-M-661
S'Ly- - 6 11/$7/01 19 01/L/TT - -- N VHTI-3-661
- - 3 3AV 110C - - - - P VETI-N-661
- - $8'¢ 3AV 110C - - - - P VTTI-d-661
-- -- $8'¢ 3AV 1102 -- -- - -- >l VITI-S-661
- - - - - - - - N 79-8L-669
- - - - LE 01/L/6 8¢S 60/02/01 XM-0/4 [€1-3-661
110T 0 110T 0 (1/8v) 9+1D | pARMOD | (1/8) 9+1D | PAARIOD | (/M) 9+1D | PadINI0) woIsAs dweN aqn,
0102 6007 Nyun aeq Nyun aeq Nyun aeq L¥d pue Jpmby 1o [PAL
Aumﬂuho-: = o>ﬁﬂMva 9+1)) paJajjun) 9+ pPaJajju) 9+1)) paJajjun) N”Wh—.“”\w
0D 9+1D) Ul ‘ordureg 1107 e ‘ordures 0107 e ‘ordures 6007 e

Aduey) 9,

110Z 03 600Z AD ‘(Sawin|d YMON ) Pue p¥y) ealy YaualL Z-}-9} | Ul SUOHEAUIIUOD WNIWIOIYD JUBJBABXH ‘p-€ d]qeL

3-61



DOE/RL-2012-02, REV. 0

-- -- V1T 11/21/01 -- -- - -- SA/1d 00Z-3-661
- - 9 11/82/6 - - - - Sd/1d €61-31-661
- - L€ 11/92/01 -- - - - Sd/1d T61-3-661
- - (L 11/6/11 - - - - Sd/Td 161-M1-661
- - - - $'08 01/02/6 - - d T81-3-661
-- -- 8¢€'€ 3av 110C -- - - - X1 081-31-661
-- -- 8€'€ 3AV T10T -- -- - -- X1 6LT-3-661
- - 8¢€'€ 3av 110C - - - - X1 TLI-M-661
S - o 11/#/01 39 01/CT/T1 - - XA ILT-3-661
-- -- 8€'€ 3AV T10T -- -- - -- X1 OLT-3-661
- - 8¢€'€ 3av 1102 - - - - X1 691-31-661
-- -- 8¢€'€ 3av 110C -- - - - X1 P91-3-661
€€ $'€9 S¢ 11/#/01 TTs 01/TT/T1 96 60/C1/01 XM-0/d €91-3-661
oop - (nLe [1/1/11 8 01/¥1/6 - - PaId-0/d 2913661
LS 0°€6 9 11/#/01 I'v1 01/CT/T1 6'S8 60/12/01 XM-0/4 191-3-661
- - 8¢€'€ 3av 1102 - - - - X1 091-3-661
-- -- 8€'€ 3AV 1102 -- -- - -- X1 6ST-3-661
L'ey L9 L1 T/11/T1 T0g 01/L/TT SIS 60/62/01 d LST-3-661
-- -- 8¢€'€ 3av 110C -- - - - X1 9S1-3-661
110T 0 110T 0 (1/8v) 9+1D | pARMOD | (1/8) 9+1D | PAARIOD | (/M) 9+1D | PadINI0) woIsAs dweN aqn,
0102 6007 Hyun aeq Hyun aeq Hyun aeq L¥d pue Jpmby 1o [PAL
Aomﬂoho=~ = o>ﬁﬂwQZv 9+1)) paJajjun) 9+ pPaJajju) 9+1)) paJajjun) N”Wh—.“”\w
0D 9+1D) Ul ‘ordureg 1107 e ‘ordures 0107 e ‘ordures 6007 e

Aduey) 9,

110Z 03 600Z AD ‘(Sawin|d YMON ) Pue p¥y) ealy YaualL Z-}-9} | Ul SUOHEAUIIUOD WNIWIOIYD JUBJBABXH ‘p-€ d]qeL

3-62



DOE/RL-2012-02, REV. 0

- ON (ne 11/97/6 - - (ne 60/1T/11 LV #5790
-- Ty 6T 11/92/6 - -- 6y 60/1T/T1 LV €5790
- our €C 11/92/6 - -- (@¢c 60/1T/T1 LV 75790
- out 6'8 11/92/6 - - (@cse¢ 60/1T/T1 LV 15290
-- - - - - -- ST 60/LT/TT LV 05790
- - - - - -- 0T 60/LT/TT LV 6¥790
- L'€T el 11/21/6 - - 91 60/91/11 LV 9%790
- - - - - - - - LV a-9z
- - - - - - (e 60/€T/11 LV a-€c
- - - - - - L 60/1T/T1 LV d/W-TT
- ON (n)e 11/97/6 - - (ne 60/81/11 LV N-1¢T
- ON (e 11/21/6 - - (e 60/LT/T1 LV a-61
- - 8€'€ 3AV 110T _gémmw@v:mmmw
- - 18°¢ 3V 110¢ - - - - _wémﬁw%m
- - - - - - - - d TL-N-661
- - - - - -- - -- d 1L-N-661
- - (e 11/21/01 - - - - d 91-N-661
-- -- 811 11/01/01 -- - - - S4/1d 102-3-661
110T 0 110T 0 (1/8v) 9+1D | pARMOD | (1/8) 9+1D | PAARIOD | (/M) 9+1D | PadINI0) woIsAs dweN aqn,
0102 6007 Hyun aeq Hyun aeq Hyun aeq L®d pue Jpmby 1o [PAL
(3seaadu] = 3ANE3IN) 9+1D) PAId)Yu) 9+1D) pPAId)Yu) 9+1D) PAIdYu) NWWMMNW
0D 9+17) Ul ‘ordureg 1107 e ‘ordures 0107 e ‘ordures 6007 e

Aduey) 9,

110Z 03 600Z AD ‘(Sawin|d YMON ) Pue p¥y) ealy YaualL Z-}-9} | Ul SUOHEAUIIUOD WNIWIOIYD JUBJBABXH ‘p-€ d]qeL

3-63



DOE/RL-2012-02, REV. 0

“SHWI] [0TUOD UIYIIM J0U A10A0001 d[dwes poyids = N
“JIWI] UOIO230p PAIMbaI-}oeIu0d Mo[aq Jng JIWI] UOHIIOP PO JO JUSWINLISUI 9A0QR POJIIAP = g “(JIWI] UOIIOOP YIIM UMOYS) JO9JOpUOU = () :s1oy1fenb A1o0jeioqeT ‘g

“JUSN[JJO POIBIT) WOIJ SUOHBIUIOUOD WNIWOIYD JUS[BABXAY B S[[oM uonda(ur 10j synsal (SAY) 93e10A. [ 107 YL ‘¥

9IppIw = |\ pue 3sadoop = @ :(pdap 2ane[ar Surpregal AIIe[ouUIWoU aqn} IJInby ‘¢

-o1duwres paIoyJuN=}[IJuN 992)0PUOU YJ0q dIe SHNSAI ISNBIAQ PAJE[NO[€I JOU UONBIIUIU0D UT 95UBYd = DN :SUONBIAIQQY T

“Aprys A[1qIseaj uoneS)SOAUL [BIPOWAI = S/ ‘(POUILINOp 9q 03 asn) [[om uotsuedxd = X3-D/d
‘(pouruLIalop 9q 03 asn) [[om uoisuedxs = HIY-D/d ‘“9qny 1ojmbe = 1y ‘@ouewioftod = J “‘SuLIojiuow = JA ‘UONO[UI = | ‘UONORNXD = g ‘0oueI[dwod = ) :9sn [[OA |

19ION
- - - - - - - - LV IN-9--LV
- - - -- - -- 9sh 60/€T/T1 LV a-s-3-1v
- - - - - - (e 60/€T/11 LV N-7--LV
'81- €L v'L9 11/21/6 6'9S 01/L1/TT 879 60/10/T1 LV N/A-€-3-LV
- - - - - - (e 60/17/11 LV T70-3d
- - - - (e 01/82/C1 (e 60/12/11 Lv $9790
- - - - (e 01/87/T1 Nz 60/1T/11 LV #9790
- - - - (e 01/87/T1 (ne 60/1T/11 LV €9790
- - - - - - (e 60/€T/11 LV 09290
- ON (ne 11/6/6 - - Nz 60/1T/11 LV 65790
- ON (ne 11/6/6 - - (ne 60/1T/11 LV 86790
- - - - - - (e 60/1T/11 LV LST9D
- 8'96 €l 11/92/6 - - 1'0¢ 60/1T/11 LV 95790
- 23p (@ce 11/97/6 - - 'S 60/1T/11 LV §ST90
1102 0 1102 0 (1/8v) 9+1D | pARMOD | (1/8) 9+1D | PAARIOD | (/M) 9+1D | PadINI0) wa)sAg dweN aqn,
0102 6007 Hyun Neq Hyun aeq Hyun aeq L¥d pue Jpmby 1o [PAL
(3seaadu] = 3ANE3IN) 9+1D) PAId)Yu) 9+1D) pPAId)Yu) 9+1D) PAIdYu) NWWMMNW
0D 9+1D) Ul ‘drdures 1107 MeA ‘drdures 0107 1MeA ‘drdures 6007 leA

Aduey) 9,

110Z 03 600Z AD ‘(Sawin|d YMON ) Pue p¥y) ealy YaualL Z-}-9} | Ul SUOHEAUIIUOD WNIWIOIYD JUBJBABXH ‘p-€ d]qeL

3-64



DOE/RL-2012-02, REV. 0

"PAIOU SeM SIBAA U20M)AQ UOIRIUIOUOI U (*99P) 9SBAIOdP
Jo ("our) 9sEAIOUT PUE JOYIEI JNq PAJR[NO[ED Jou Sem dFueyd juddiad oy ‘Y nsa1 payjienb auo pue Jnsal payIenbuou U0 dAJOAUI SUOSLIEAUIOd UOEIIUSIUOD JUBUIIIEIUOD IAYAL /,

‘pounio1od jou sem SIsA[eue a3 10 P3dI[0d Jou sem djdwres yj ey 93edIpul (, --,, [Hm padIewr) s[[oo Juerq ‘9

1107 0} 1107 03

(1/8v) 9+1D | PIRII[I0D

(1/8) 9+1D | PardRN0)

(1/8) 9+1D | PII[I0D

0102 6002 yun aeq yun aeq yun aeq
(asea19u] = 2ADESIN) 9+1D paIdyun 9+1D paIdIyun 9+1D paIdIyun
U0 941D Ul ‘ordwres 1107 1184 ‘oidwes 0107 1184 ‘oidwes 6007 I1¢d

Aduey) 9,

W)SAS
1®d pue

98] IPM
JuLIND

duIeN aqn ,
Jymby 1o [P

110Z 03 600Z AD ‘(Sawin|d YMON ) Pue p¥y) ealy YaualL Z-}-9} | Ul SUOHEAUIIUOD WNIWIOIYD JUBJBABXH ‘p-€ d]qeL

3-65



DOE/RL-2012-02, REV. 0

- - () Le 11/42/01 - - - - Sd/rd €81-3-661
-- -- 10°€ 3AV 110T - - -- - I SLI-M-661
-- -- 10°¢ 3AV 1102 - - -- - I PLI-S-661
9°St L0~ LTS 11/02/6 896 01/C1/8 v0T 60/12/01 W ELT-M-661
el $'19 0S T1/L/TT LS 01/ST/TT 0€T 60/02/01 q 891-3-661
vye- 6'9C Iy 11/L/11 $0€ 01/TT/T1 1'9$ 60/02/01 q 991-3-661
Tes €6e 0ST 11/L/11 K43 01/ST/TT (4% 60/02/01 | SOI-3-661
-- -- 10°€ 3AV 110T - - -- - I 8ST-3-661
- - - - - - €1 60/02/01 q 0P 1-3-661
T €8 61 11/L/11 sT 01/ST/T1 LT 60/01/11 | 6€1-3-661
9Tl 9'CS 81 /LT 90T 01/CT/11 8¢ 60/C1/01 q 8ET-3-661
$'0S & S 11/L/11 601 01/1/11 11¢C 60/92/01 I/ LET-3-661
61- ON 0T /LT 891 01/CT/11 0T 60/02/01 | TET-3-661
- - - - 96 01/8/C1 9§ 60/2T/01 N 1€-3-661
out oop (@ec 11/9/01 (804 01/8/21 TS 60/2T/01 N V801-3-661
S9p €€L L'L 11/9/01 aa! 01/¢/T1 €'6C 60/2T/01 N VLOT-M-661
- oop () Le 11/01/01 - - @re 60/TT/01 N V90TI-3-661
- - - - - PAUOISSIUIUIOA(] 881 60/2T/T1 N SE-M-661
6%~ €6L 9L 110T/11/01 I's 01/L/TT 8'9¢ 60/2T/01 W PE-I-661
1107 0 1107 0 (7/3M) | payddI0) (7/3M) P333[10D (1/3M) Pa33[[0) asn dureN [PA
0107 6007 0D aeq u0) aNeq u0) aeq
(aseaxduy = danEIIN) 9-+1D PaIdyu) 9-+1D PaIdyun) 9+1D pa1dYyuN
u0) ardures [107 e 0107 I1ed 6002 I1ed
9-+10) uI dgury)) 9,

L10Z 03 600Z AD dWN|d MY ‘SUOHEIUSIUOD WINIWIOIYD JUI[ABXSH 'G-€ 3|qe]

3-66



DOE/RL-2012-02, REV. 0

‘POIOU SeM SIBOA U2IMIDQ UOHRIIUIIUO0D Ul (*09P) ISBAIIIP

Jo ("our) 9SEAIOUT PUE JOYJEI JNq PAJR[NOTED Jou Sem dFueyo jusdied oy ‘Y nsa1 parjienb suo pue J NSl PAIenbuou SUO JAJOAUI SUOSLIEAUIOd UOEIIUSIUOD JUBUITUEIUOD JISYAN 'O

‘pauriojrad jou sem sisA[eue a3} Jo P)o2[[0d Jou Sem ddures oy Jey) edIpur (,--,,Yim pasiIewr) s[[ed Jyuelq ‘g

“JIWI] UOIO230p PAINbal-}oeIu0d Mo[aq Jng JIWI] UOHIIOP PO JO JUSWINLISUI 9A0QE POIIAP = g ‘(W] UOIIOOP YIIM UMOYS) J09JOpUoU = () :s1oyifenb A1ojeroqeT 't

“JUON[JJO PoILaI) WOIJ SUOHEHUSOUOD WNIUIOIYD JUS[BABXAY oIk S[[om uonodfur 10y synsal (SAy) aSe1oae 1107 YL '€
‘g1dwes paIo)[IFuUN=)[IJu) ‘}09}9PUOU [}Oq dIE S}NSAI ISNBIAQ PI)L[NO[EI J0U UOHBIUIIUOD Ul 3JUBYD = DN :SUOLRIAAIQQY ‘T

‘Aprys K111q1Se9) UOBSNSIAUL [RIPIWAL = S.4/[¥ ‘Oqn 19Jinbe = | v ‘SULIONUOW = JA ‘U0I}93[Ul = [ ‘UonoBNXd = 7 :9sn [[9M |

1QION.
ON ON (e €¥/9/6 Nz 01/TT/11 - - LV €79LD
ON ON (e 11/9/6 (e 01/TT/11 - - v TH9LD
- - - - Nz 01/TT/11 - - LV 1¥9LD
- L (e 01/L1/T1 - - S'L 60/1/11 LV [-3-1LV
- - 10°€ 3AV 110T - - - - _mé:m%ww:ww
-- -- (@ ¢e 11/02/21 - - - - Sd/d SSI-M-661
-- -- 8T T/T1/11 - - - - SA/md Y81-M-661
1107 0 1107 0 (7/3M) | payddI0) (7/3M) P333[10D (1/3M) Pa33[[0) asn dureN [PA
0107 6007 u0) Neq u0) aNeq u0) Neq
(aseaxduy = danEIIN) 9+1D) paId)yuN 9+1D) paId)yuN 9+1D) paJd)yu()
u0) ardures [107 e 0107 I1ed 6002 I1ed
9-+10) uI dgury)) 9,

L10Z 03 600Z AD dWN|d MY ‘SUOHEIUSIUOD WINIWIOIYD JUI[ABXSH 'G-€ 3|qe]

3-67



DOE/RL-2012-02, REV. 0

- 9'€T €1l 11/21/6 - - 8¥1 60/91/11 LV $¥290
- - - - - - Ts 60/81/11 LV vv290
- - - - - - (@8 60/81/11 LV €7790
- - - - - - (ne 60/81/11 LV w90
-- -- 01 11/47/01 - - - -- SA/MA | 061-M-661
- - () Le 11/S2/01 - - - - SA/MA | L81-M-661
- - LS 11/01/01 - - - - SAMA | 981-M-661
- - 6 11/6/11 - - 9'8 60/S/11 0 181-M-661

8- 9'8L ST 11/#/01 8'€C | OI/LI/IT LTI 60/S/11 XA | 8LI-M661
- - - - 1% 01/8/21 (@ce 60/2T/01 W TW1-M-661
€8¢ 9°€L T 11/4/01 8¢ 01/¥/01 16 60/€T/T1 XA | TPI--661
- - - - Tre | onect 00T 60/2T/01 N 9€-3-661
out out (@ce 11/9/01 Mz | o1/l (e 60/81/01 N | VOIT-J-661
- - - - €s 01/€/21 (e 60/82/01 N 11-)-661
- - v'L6 11/01/01 - - - - N €T-3-661
- - - - Nz | or/zel - -- N 6T-3-661
- - - - SL 01/7/Tl (@r1e 60/81/01 N 0€-3-661
out 9P (@e6¢€ 11/11/01 (@6t | 01/8/21 I's 60/81/01 N qze-M-661
9'6- 6'8T 1'6 11/11/01 €8 01/¢/C1 811 60/2T/01 d VTE-I-661
1102 0 1102 0 (7/8v) | pasddq0) e | (1/81) | Pagddie) | (1/3W) du0) | pRAINO) e | IS | dweN [PA
0107 6007 "u0) 0D Neq

(9sBaIU] = 3ARESFIN)) U0 9+1)) Ul dguey)) %,

9+1D yun
opdureg 1107 I1eA

9-+1D NYuN
010T IreA

9-+1D NYuN
600¢ I1eA

110Z 0} 6002 AD ‘win|d Baly J0joray JY ‘SUONRIIUSIUOY WNIWOIY) JudjeAeXaH ‘9-€ d|qe)

3-68



DOE/RL-2012-02, REV. 0

“POJOU SeM SIBA USOM)SQ UOIIBIUIOUOD Ul (*03P) 9SBAIOOP IO
(our) 9seaIoUl puUR JAYJEI INQ PAAR[NI[Ed 10U sem a3ueyd Jueo1ad oy 9nsal payijenb ouo pue }nsal parjienbuou AUO JA[OAUT SUOSLIEAWOI UOHRIUIOUOD JURUIIIBIUOD JISYM "9

"powr10J10d jou sem SIsAJeue oy} 10 Pajod[[0o Jou sem ojdures oy Jey) AJedIpul ( -, UM pasjIewr) s[[ed yueld ‘g

“SHWI] [0TUOD UIYHIM J0U A10A0001 d[dwres poyids = N
“JIWI] UOIO2J0p PAIMbal-}oeIu0d Mo[aq Jng JIWI] UOHIIOP PO JO JUSWINLISUL 9A0QR POIOIIP = g ‘(W] UOIIOOP YIIM UMOYS) JO9JOpUoU = () :s1oyifenb A1ojeroqeT 't

“doap = (@ :ypdop aanera1 Jurpredar anje[ouswou aqn) oymby ‘¢

-o1duwres paIoyIJuN=}[IFuN 499I10pPUOU Y}0q dIE SHNSAI ISNLIIQ PAJB[NO[ED JOU UOTJEIIUIIUO0D UT 9FUBYD = DN :SUONBIAIQQY T

“Aprys ANTIqISea) UONeSNSIAUI [RIPOWAI = S.J/TY

I1om uorsuedxa = X3 ‘oqny 1ymbe = [y ‘@ouewnioprod = 4 ‘Funiojiuowr = A ‘uondenxd = g ‘oouerdwod =) :asn [[9M |

19JON
- - - - Nz | oLzt (@ e 60/1/11 LV a-z-3-1v
- ON (e 11/21/6 - - (e 60/LT/T1 LV a-61
- 6’1 'Sl 11/21/6 - - L'ST 60/91/11 LV L¥T9D
- 8'€T (44! 11/21/6 - - 91 60/91/11 LV 9%790
1102 0 1102 0 (7/8v) | pasddq0) e | (1/81) | Pagddie) | (1/3W) du0) | pRAINO) e | IS | dweN [PA
0102 6002 "u0) u0) Neq
(3sa.12U] = 9APESIN)) U0 9-+1D) UI ATUBYD) %, 9+1D Iyun 9+1D Jyun 9+1D Jyun
ardures 1107 [eAd 0107 Iied 6002 Ied

110Z 0} 6002 AD ‘win|d Baly J0joray JY ‘SUONRIIUSIUOY WNIWOIY) JudjeAeXaH ‘9-€ d|qe)

3-69



DOE/RL-2012-02, REV. 0

Table 3-7. Operational Parameters and System Performance of KR4 P&T System

Total Processed Groundwater CY 2010 CY 2011
T(?tal amount of groundwater treat.eq 544 572
(since September 1997 startup) (billion L)

;l“n(i:ﬁll ce)lrrlnlcj;lnt of groundwater treated during CY 336.8 2849
Mass of Hexavalent Chromium Removed

Total amount of hexavalent chromium removed since September 1997 startup (kg) 349.5 354.9
Total amount of hexavalent chromium removed in CY (kg) 7.21 5.42
Summary of Operational Parameters

Removal efficiency (% by mass) 90.6 83.6
Waste generation (m’) 0 0.63
Regenerated resin installed (m”*) 45 9
New resin installed (m®) 0 0
Number of resin vessel changeouts 20 4
Summary of System Availability

Total possible run-time (hours) 8,760 8,760
Scheduled downtime (hours) 2,170 166.6
Planned operations (hours) 6,590 8,593.4
Unscheduled downtime (hours) 22.1 568.8
Total time online (hours) 6,567.9 8,024.6
Total availability (%) 74.9° 91.6
Scheduled system availability (%)° 75.2¢ 98.1

a. Total availability [(total possible run-time — scheduled and unscheduled downtime) + total possible run-time)].
b. Scheduled system availability [(total possible run-time — scheduled downtime) + total possible run-time].

c. The relatively low system availability in CY 2010 is due to a system shutdown for upgrades and maintenance during the last
3 months of the year.
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Table 3-8. Flow Rates and Total Run-Times for KR4 P&T System Extraction and Injection Wells, CY 2011

Total Flow
Recommended® Yearly Average Hours in Total
Flow Rate, Flow Rate, Calendar Run-Time"

Well L/min (gpm) L/min (gpm) Year 2011 (Percent) Purpose
199-K-129 94.6 (25.0) 0 0 0 Extraction
199-K-113A 56.8 (15.0) 40.1 (10.6) 3,312 40.0 Extraction
199-K-114A 94.6 (25.0) 35,6 (9.4) 3,048 36.8 Extraction
199-K-115A 94.6 (25.0) 90.8 (24.0) 5,496 66.4 Extraction
199-K-116A 151.4 (40.0) 79.1 (20.9) 3,744 45.2 Extraction
199-K-120A 113.6 (30.0) 42.8 (11.3) 3,096 37.4 Extraction
199-K-127 151.4 (40.0) 40.9 (10.8) 3,072 37.1 Extraction
199-K-144 TBD 177.2 (46.8) 8,064 97.4 Extraction
199-K-145 TBD 212.4 (56.1) 8,064 97.4 Extraction
199-K-162 TBD 56.8 (15) 3,120 37.7 Extraction
199-K-198° TBD N/A N/A N/A Extraction
199-K-199¢ TBD N/A N/A N/A Extraction
199-K-121A NA 107.5 (28.4) 8,040 97.1 Injection
199-K-122A NA 166.2 (43.9) 8,232 99.4 Injection
199-K-123A NA 78 (20.6) 7,800 94.2 Injection
199-K-128 NA 126.1 (33.3) 8,208 99.1 Injection
199-K-179 NA 106 (28.0) 8,232 99.4 Injection

a. Recommended flow rate is based upon drawdown analysis.

b. Percentage total run-time is calculated by (total flow hours + total possible run-time).

c. New extraction wells not yet connected to the KR-4 P&T system
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Table 3-9. Operational Parameters and System Performance for KW P&T System

Total Processed Groundwater CY 2010 CY 2011
sth‘;ill ;rgzllﬁllto (I)lf Lg)roundwater treated since January 2007 1,052.76 1,409.73
Total amount of groundwater treated in CY (million L) 387.15 357.0
Mass of Hexavalent Chromium Removed

Total amount of hexavalent chromium removed since 1372 163.1
January 2007 startup (kg)

Total amount of hexavalent chromium removed in CY (kg) 54.12 25.9
Summary of Operational Parameters

Removal efficiency (% by mass) 96.9 95.8
Waste generation (m’) 0 44.82
Regenerated resin installed (m”*) 93 36
New resin installed (m®) 27 12
Number of resin vessel changeouts 41 16
Summary of System Availability

Total possible run-time (hours) 8,760 8,760
Scheduled downtime (hours)® 29.3 257.3
Planned operations (hours) 8,730.7 8,502.7
Unscheduled downtime (hours) 6.2 209.5
Total time online (hours) 8,724.5 8,293.2
Total availability (%) 99.6 94.7
Scheduled system availability (%)° 99.7 97.1

a. Total availability [(total possible run-time — scheduled and unscheduled downtime) + total possible run-time)].

b. Scheduled system availability [(total possible run-time — scheduled downtime) + total possible run-time].
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Table 3-10. Flow Rates and Total Run-Times for KW P&T System Extraction
and Injection Wells, CY 2011

Total
Flow
Hours
Recommended® Yearly Average in Total
Flow Rate, Flow Rate, Calendar Run-Time"

Well L/min (gpm) L/min (gpm) Year 2011 (Percent) Purpose
199-K-132 96 (25) 49.6 (13.1) 8,184 96.9 Extraction
199-K-137 170 (45) 101.4 (26.8) 8,424 99.7 Extraction
199-K-138 114 (30) 50(13.2) 8,160 96.6 Extraction
199-K-139 38 (10) 75.7 (20.0) 8,064 95.5 Extraction
199-K-165 189 (50) 213.5(56.4) 8,400 99.4 Extraction
199-K-166 38 (10) 102.6 (27.1) 8,400 99.4 Extraction
199-K-168 151 (40) 127.2 (33.6) 8,400 99.4 Extraction
199-K-173¢ TBD N/A N/A N/A Extraction
199-K-196° TBD N/A N/A N/A Extraction
199-K-158 NA 316.1 (83.5) 8,400 99.4 Injection
199-K-174 NA 261.6 (69.1) 8,400 99.4 Injection
199-K-175 NA 135.1 (35.7) 8,376 99.1 Injection

a. Recommended flow rate is based upon drawdown analysis.

b. Percentage total run-time is calculated by (total flow hours + total possible run-time).
c¢. This monitoring well was converted into an extraction well in 2011.

d. New extraction wells not yet connected to KW P&T system
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Table 3-11. Operational Parameters and System Performance for KX P&T System

Total Processed Groundwater CY 2010 CY 2011
(Tn(ﬁﬁll slrln]cz;mt of groundwater treated since November 2008 startup 1,693.1 2.593.7
Total amount of groundwater treated in CY (million L) 904.5 900.6
Mass of Hexavalent Chromium Removed

Total amount of hexavalent chromium removed since November 2008

startup (k) 83.9 114.0
Total amount of hexavalent chromium removed in CY (kg) 40.1 30.1
Summary of Operational Parameters

Removal efficiency (% by mass) 94.0 90.7
Waste generation (m’) 0 3.62
Regenerated resin installed (m”*) 147 111
New resin installed (m®) 52 0
Number of resin vessel changeouts 65 49
Summary of System Availability

Total possible run-time (hours) 8,760 8,760
Scheduled downtime (hours) 68.6 104.1
Planned operations (hours) 8,691.4 8,655.9
Unscheduled downtime (hours) 214.7 49.1
Total time online (hours) 8,476.7 8,606.8
Total availability (%) 96.8 98.3
Scheduled system availability (%)° 99.2 98.8

a. Total availability [(total possible run-time — scheduled and unscheduled downtime) + total possible run-time)].

b. Scheduled system availability [(total possible run-time — scheduled downtime) + total possible run-time].
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Table 3-12. Flow Rates and Total Run-Times for KX P&T System

Extraction and Injection Wells, CY 2011

Total Flow
Recommended® Yearly Average Hours in Total
Flow Rate, Flow Rate, Calendar Run-Time

Well L/min (gpm) L/min (gpm) Year 2011 (Percent)” Purpose
199-K-130 227 (60) 92.4(24.4) 8,328 96.1 Extraction
199-K-131 227 (60) 187.4 (49.5) 8,328 96.1 Extraction
199-K-141 TBD 130.2 (34.4) 8,064 100 Extraction
199-K-146 38 (10) 36.7(9.7) 8,328 96.1 Extraction
199-K-147 76 (20) 73.8 (19.5) 8,304 95.8 Extraction
199-K-148 189 (50) 163.9 (43.3) 8,232 95.0 Extraction
199-K-152¢ TBD 183.6 (48.5) 6,264 72.3 Extraction
199-K-153 TBD 157.1 (41.5) 8,664 100 Extraction
199-K-154 TBD 219.9 (58.1) 8,064 100 Extraction
199-K-161 114 (30) 45.8 (12.1) 2,328 26.9 Extraction
199-K-163 TBD 208.6 (55.1) 8,064 100 Extraction
199-K-171 TBD 216.5(57.2) 8,592 99.2 Extraction
199-K-178 TBD 158.2 (41.8) 7,224 83.4 Extraction
199-K-182° TBD 0 0 0 Extraction
199-K-143 NA 110.5(29.2) 7,680 88.6 Injection
199-K-156 NA 242.3 (64.0) 8,760 101.1 Injection
199-K-159 NA 221.1(58.4) 8,088 93.4 Injection
199-K-160 NA 221.8 (58.6) 8,088 58.6 Injection
199-K-164 NA 182.2 (48.4) 7,512 86.7 Injection
199-K-169 NA 202.5 (53.5) 8,664 100 Injection
199-K-170 NA 187.8 (49.6) 5,256 60.7 Injection
199-K-172 NA 241.1 (63.7) 8,064 100 Injection
199-K-180 NA 187.8 (49.6) 8,664 100 Injection

a. Recommended flow rate based upon drawdown analysis.

b. Percentage total run-time calculated by (total flow hours + total possible run-time).

c. Converted from monitoring to extraction wells in calendar year 2011.
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4 100-NR-2 Operable Unit Interim Action Status

The 100-NR-2 Groundwater OU is along the Columbia River between the 100-KR-4 and the
100-HR-30U (Figure 4-1). The 100-NR-2 OU consists of the groundwater underlying and near the
100-NR-1 Source OU within the 100-N Area. The 100-NR-2 P&T system was placed in cold-standby
status in March 2006 to facilitate a treatability test for installation of an apatite permeable reactive barrier
constructed along the 100-N Area shoreline. Figure 4-2 shows the location of the former 100-NR-2 P&T
extraction and injection wells and the associated monitoring wells in relation to the primary facilities.
Figure 4-2 also shows the area of the apatite permeable reactive barrier in relation to these wells (inset).
Figures 4-3, 4-4, and 4-5 show enlargements of the inset permeable reactive barrier areas.

The authorization for the P&T status change in the 100-NR-2 interim action is documented in Tri-Party
Agreement Change Request M-16-06-01, dated February 15, 2006.

This chapter provides the annual performance report for the 100-NR-2 groundwater remediation, as
required by the interim remedial action ROD (EPA/541/R-99/112). The purpose of this chapter is to
describe the observed effects of the P&T system’s cold-standby status and subsequent installation of the
apatite permeable reactive barrier on the aquifer. A general overview of the effects of the apatite
permeable reactive barrier is provided, as well as an update on progress for other remediation activities
currently taking place in 100-NR-2. Groundwater monitoring data collected in 2011 pertinent to the
interim remedial action is included in this chapter.

Section 4.1 provides a brief overview of activities pertaining to the 100-NR-1 source area remedial
actions and 100-NR-2 groundwater remediation activities that occurred within the 100-N Area during
2011. Section 4.2 describes environmental conditions and groundwater contaminants as they relate to
remedial activities. Section 4.3 discusses the strontium-90 treatment technologies currently being tested
and planned for future testing in the 100-N Area. Section 4.4 discusses activities related to the total
petroleum hydrocarbon-diesel range plume contamination occurring in the 100-N Area. The conclusions
and recommendations are presented in Section 4.5.

4.1 Summary of Operable Unit Activities

The selected interim action remedy in the 100-NR-2 (EPA et al., 2010) to address strontium-90
contamination in groundwater consists of the following:

Extend the apatite permeable reactive barrier from 90 m to approximately 760 m.

Apply one round of additional apatite injections within 5 years of all first-round apatite injections.
Decommission the existing 100-NR-2 P&T building and components.

Use monitored natural attenuation.

Maintain existing Institutional Controls.

A e

Perform periodic groundwater monitoring.

Because the P&T system has been in cold-standby since March 2006, the total volume of water processed
and activity of strontium-90 removed were unchanged from those reported in 2008:

e Total processed groundwater since September 1995 startup: 1,155.3 million L (more than
305 million gal)

e Total mass of strontium removed since September 1995 startup: 1.83 Ci
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4.2 Conceptual Site Model

This section describes the conceptual site model, including the general hydrogeologic conditions in the
100-N Area and changes in contaminant concentrations in monitoring wells.

421 Geologic/Hydrologic Setting
4.21.1 Geology

The 100-N Area is underlain by the Hanford formation, the Ringold unit E, and the Ringold upper mud,
in descending order. The uppermost unit, the Hanford formation, is 6 to 23 m (19.7 to 75.5 ft) thick and
underlies most of the area. In a few places along the shoreline lower road, the Hanford formation is absent
because of excavation and fill that were placed to build the roadway. The Ringold Formation underlies
the entire area and is 5 to 20 m (16.4 to 65.6 ft) thick. Based on borehole information, the Ringold upper
mud underlies the entire decision unit and is 17 to 29 m (55.8 to 95.1 ft) thick; it is a relatively
low-permeability unit and forms the base of the unconfined aquifer.

Most of the monitoring wells in the 100-N Area are completed in the upper portion of the unconfined
aquifer, which is predominantly in the Ringold unit E. At high Columbia River levels, the aquifer can rise
into the Hanford formation in wells along the shoreline and nearby inland wells. Five wells monitor the
base of the unconfined aquifer in the lower Ringold unit E. One well is completed in a fine-grained, sandy
unit in the Ringold upper mud, approximately 12 m (39 ft) below the water table. The properties of these
formations influence the distribution and behavior of contamination in the subsurface. Within the

100-N Area, the vadose zone is composed mainly of the Hanford formation with portions of the Ringold
unit E in some areas. Figure 4-6 provides a generalized geologic cross section of the 100-N Area.

The surface of the Hanford formation/Ringold unit E contact has a topographic high near the

116-N-1 facility (Figure 4-7), and the Ringold unit E/Ringold upper mud contact has a topographic low
beneath and to the southwest of the Hanford formation/Ringold unit E high spot (Figure 4-8). This
depression or trough (2 to 2.5 m [6.6 to 8.2 ft] lower than surrounding area) in the Ringold upper mud
runs from adjacent to the head end of the 116-N-1 facility to the river shoreline; it has created

a preferential pathway at the base of the aquifer that closely mirrors where higher concentrations of
contaminants from the disposal units have been found on the shoreline. Liquid wastes disposed of to the
ground in the 100-N Area quickly migrated downward through the gravels of the Hanford formation, with
very little lateral spreading until reaching groundwater. During operations, the water table was much
higher and was located in the Hanford formation, forming mounds under the disposal facilities. Once in
groundwater and the Ringold Formation, the wastes moved radially outward from the disposal sites and
eventually followed groundwater flow and geologic structure to the Columbia River. The surface of the
Hanford-Ringold contact and the Ringold upper mud contributed to a preferential pathway to the
Columbia River shoreline. The first seeps along the shoreline were discovered in 1983 in this location on
the shoreline between current Wells 199-N-123 and 199-N-119 (PNL-5289, Investigation of
Ground-Water Seepage from the Hanford Shoreline of the Columbia River). When discharges ceased, the
groundwater mounds dissipated and left residual contamination in the vadose zone above groundwater.
Chapters 2 and 4 in Integrated 100 Area Remedial Investigation/Feasibility Study Work Plan, Addendum
5: 100-NR-1 and 100-NR-2 Operable Units (DOE/RL-2008-46-ADDS5) provide further details on the
hydrogeologic conditions and the manner in which contaminants migrated through the vadose zone

and groundwater.
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4.2.1.2 Hydrology

During the spring months, the Columbia River elevation generally increases because of additional flow
from snow melt runoff. Flow is regulated at the Priest Rapids Dam to provide irrigation water and to aid
in fish migration. Figure 4-9 shows the monthly average river stage at the 100-N Area gauging station
from 2006 through May 2011. The average river stage during the first part of 2011 was 118.59 m

(389.07 ft). Table 4-1 compares the yearly average river stages over the last 7 years. The values in the
table indicate that minor changes have occurred from year to year and the percent difference is usually
less than 1 percent. Prolonged high river levels well into June contributed to a higher river level average
for the first third of 2011. Incomplete 100-N Area river gauge data did not allow the difference to be
calculated, but levels were higher than the previous year for a longer time. The partial yearly average for
2011 was slightly higher than all six of the previous years. During 2011, the river stage was highest
between mid-June to early July and lowest between mid-September to early November (based on data
from wells along the 100-N Area shoreline). Figure 4-10 provides hydrographs for 2011 for the

three wells listed in Table 4-2. The well closest to the river, 199-N-99A, has the most erratic water-level
graph because it is highly influenced by river-level changes. Wells 199-N-14 and 199-N-50 have much
smoother graphs; river-level changes are more gradual in these wells and take longer to occur. Water
levels in wells respond to changes in river stage. Wells on the river shore respond very quickly to changes
in river levels; the response is delayed in wells further inland from the river. It can take several days
before a change in river level has an effect on wells further inland, and unless the river level stays high or
low for several days in a row, the effect may not be noticeable. Table 4-2 shows river-to-inland response
for one set of water-level network wells in the 100-N Area during two low periods and one high period in
river stages. Well 199-N-146 is on the 100-N Area shoreline, about 2 m (6.5 ft) from the river and about
2 m (6.5 ft) above the river. Wells 199-N-3 and 199-N-71 are further inland, approximately 107 and

762 m (351 and 2,500 ft), respectively, from the river. Both wells are considerably higher in surface
elevation (at least 20 to 22 m [66 to 72 ft] above river level). The effects of high and low river stages are
also visible at these inland wells.

Groundwater generally flows northwest toward the Columbia River beneath the 100-N Area.

As the effects of extraction and injection dissipated after March 2006, the hydraulic gradient began to
flatten. This effect was first discussed in the 2008 P&T report for 100-N (DOE/RL-2009-15, Calendar
Year 2008 Annual Summary Report for the 100-HR-3, 100-KR-4, and 100-NR-2 Operable Unit
Pump-and-Treat Operation). It is further illustrated when comparing the March 2009 and 2010 water
tables (Figure 4-11) to the ones from 2007/2008 (DOE/RL-2009-15). Groundwater flow in 2011 was
influenced by groundwater extraction and injection for the KX P&T remediation system in 100-KR-4
(Section 3), in the southern portion of 100-N. Figure 4-12 provides the March 2011 water table map for
100-NR-2. A groundwater mound at least 1 meter high creates the potential for radial flow in the
southernmost part of 100-NR-2. The water table beneath the rest of the area was nearly flat in

March 2011, when the river stage was higher than normal for that time of year. The river stage can
change daily (plus or minus 1.5 m [5 ft]) and seasonally (plus or minus 2.4 m [7.8 ft]) for sustained
periods, which affects the saturated zone thickness and causes flow reversals (Section 1.1 of
PNNL-16891, Hanford 100-N Area Apatite Emplacement: Laboratory Results of Ca-Citrate-PO4
Solution Injection and Sr-90 Immobilization in 100-N Sediments). In 2011, the river stage peaked in late
May and early June, and remained high into early July. Water levels in Well 199-N-2, 170 meters from
the river, rose more than 1.5 m (5 ft) with a lag time of a few days. Water levels in 199-N-34, 500 m from
the river, rose more than 0.5 m (1.6 ft) with a lag time of approximately 2 months. The changes affected
groundwater flow directions.

Vertical hydraulic gradients are difficult to measure in the unconfined aquifer at 100-NR-2.
The difference in water levels in well pairs 199-N-81/199-N-70 and 199-N-119/199-N-121 was only
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a few hundredths of a meter during 2011, which is within the instrument measurement error. The screen
depths differ by approximately 5 to 6 m (16.4 to 19.7 ft).

4.2.2 100-N Area Groundwater Contaminants

The following discussion summarizes the results of 2011 interim action groundwater monitoring in the
100-N Area. Wells and constituents monitored are defined in the following documents: (1) Remedial
Design Report/Remedial Action Work Plan for the 100-NR-2 Operable Unit (DOE/RL-2001-27) and
modifications in TPA-CN-256, Change Notice for Modifying Approved Documents/Workplans in
Accordance with the Tri-Party Agreement Action Plan, Section 9.0, Documentation and Records:
DOE/RL-2001-27, Rev 0, Remedial Design Report/Remedial Action Work Plan for the 100-NR-2
Operable Unit and the Interim Action Waste Management Plan for the 100-NR-2 Operable Unit,
DOE/RL-2000-41, Rev. 1, (2) 100-N Area Integrated Groundwater Sampling and Analysis

Plan (DOE/RL-2009-58), and (3) strontium-90 treatability teat plans (DOE/RL-2005-96 with
modifications in TPA-CN-271, Change Notice for Modifying Approved Documents/Workplans in
Accordance with the Tri-Party Agreement Action Plan, Section 9.0, Documentation and Records:
Treatability Test Plan Addendum for the 100-NR-2 Groundwater Operable Unit, DOE/RL-2005-96
Addendum; DOE/RL-2010-29, Design Optimization Study for Apatite Permeable Reactive Barrier
Extension for the 100-NR-2 Operable Unit). The CERCLA sampling is conducted mainly in September,
with selected wells also monitored in March. The RCRA sampling is conducted twice a year. Analytical
results from these other monitoring programs are also presented in this discussion where the data are
useful for assessing rebound or defining plumes. This report focuses on evaluating analytical results for
strontium-90 and total petroleum hydrocarbons being remediated through the interim actions. Further
summary and analysis of the other COCs and contaminants of interest is presented in DOE/RL-2011-118.

4.2.2.1 Strontium-90

The size and shape of the strontium-90 plume changes very little from year to year, except in the vicinity
of the apatite permeable reactive barrier treatment site. The plume extends from beneath the 116-N-1 and
116-N-3 facilities to the Columbia River at levels above the Drinking Water Standard (8 pCi/L)

(Figure 4-13). The majority of the strontium-90 remaining in the unsaturated and saturated zones in the
100-N Area is in the vadose zone above the aquifer. Far more strontium-90 is contained within the
unsaturated zone than in the groundwater. Strontium-90 has a much greater affinity for sediment than for
water (i.e., a high distribution coefficient), so its rate of transport in groundwater to the Columbia River is
considerably slower than the actual groundwater flow rate. The relative velocity of strontium-90 to
groundwater is approximately 1:100. Strontium-90 is in the upper portion of the unconfined aquifer, and
concentrations decrease with depth; deeper wells are essentially free of strontium-90 contamination.

Strontium-90 trends in monitoring wells near the 116-N-1 facility show no obvious long-term decline in
concentrations but do show significant variability related to water levels. Figure 4-14 shows strontium-90
concentrations and water levels in well 199-N-67, which has the highest level of contamination.

Figure 4-15 shows strontium-90 concentrations and water levels in well 199-N-105A. When the water
table rises, strontium-90 from the vadose zone is mobilized and concentrations in groundwater increase.
Concentrations increased in the mid-1990s, which correlated with several years of high river stage.
Concentration peaks in 2006, 2007, 2008, 2009, 2010, and 2011 were also correlated with periods when
the water table was high.

After the extraction wells were shut off in March 2006, strontium-90 concentrations increased in

the former cone of depression. Concentrations had been lower during P&T system operation because
groundwater extraction lowered the water table into a less contaminated portion of the aquifer

(the contamination is concentrated in the upper portion of the aquifer). As shown in Table 4-3,
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Wells 199-N-14, 199-N-27, 199-N-34, 299-N-56, 199-N-57, 199-N-67, 199-N-76, 199-N-96A,
199-N-103A, and 199-N-105A showed increases in strontium-90 concentrations between 2005 and 2011.
Well 199-N-75 showed increases between 2005 and 2010 but was not able to be sampled in 2011. Several
of these wells are completed in the higher concentration portions of the strontium-90 plume and are
downgradient from the 116-N-1 Liquid Waste Disposal Facility. Wells 199-N-75, 199-N-103A,
199-N-105A, and 199-N-106A are former P&T extraction wells.

Rebound of strontium-90 concentrations is observed at some locations. Figure 4-16 provides trend plots
for the former extraction wells versus river level. The increases are partially attributable to a rebound
effect after P&T operations ceased, but the higher river stages over the last few years have also had an
effect. Some of the wells exhibited higher concentrations in 2011 than in 1994, before the P&T system
was started (Table 4-3), and concentrations increased four-fold in Well 199-N-105A in 2011.

The increase in Well 199-N-105A may have been caused by the high water table in June 2011, which
mobilized strontium-90 from contaminated sediments in the lower vadose zone. Another explanation is
that the increases reflect a change in groundwater flow directions resulting from the groundwater mound
in the southern part of 100-NR-2. Future groundwater monitoring will determine whether the changes
persist and whether they are linked to changes in the river stage.

The highest strontium-90 concentrations in soil and groundwater along the Columbia River are found near
the original apatite permeable reactive barrier and immediately downriver to the northeast. This area is the
focus of increased monitoring and remediation activities. Figure 4-17 depicts the strontium-90
concentrations at the 100-NR-2 shoreline in the area affected by the original apatite barrier. Following
initial injections in 2006, the barrier helped to reduce strontium-90 concentrations in its immediate
vicinity, including the wells within the barrier itself, on both sides of the injection wells on each end of
the barrier, and the monitoring wells downgradient from the barrier. Figure 4-18 also includes one well
upgradient from the barrier; Well 199-N-46 showed a decrease in strontium-90 concentrations for 2 years
(2008 and 2009) following injections, but strontium-90 is once again on an upward trend in this well.
While most locations remain at 90 percent reduction in strontium-90 since injections began in 2006, some
areas appear to be candidates for additional apatite treatment (Section 4.3.1). Concentrations in all but two
monitoring points are below 1,000 pCi/L. Well 199-N-123 exhibited an increase to 1,770 pCi/L in
September 2011, and aquifer tube NVP2-116.0m showed an increase to 1,100 pCi/L in August 2011.
Concentrations subsequently decreased at both sites. The increase at Well 199-N-123 was caused by the
upstream barrier extension injections in September 2011. Variability in concentration is affected by the
depth of well completion and local geology, but overall, the values are well below pre-treatment levels.

Strontium-90 concentrations in aquifer tubes are consistent with those seen in monitoring wells. Levels
greater than the Drinking Water Standard are present only above approximately 115 m (377 ft) in
elevation (that is, the top 2 to 3 m [6.5 to 9.8 ft] of the aquifer), so this location is where most of the
aquifer tubes are screened. The majority of the aquifer tubes completed below this elevation are in the
area where strontium-90 concentrations along the river are known to be highest. Figure 4-19 shows the
strontium-90 trend plots for aquifer tubes N116Array-3A, N116Array-4A, and N116Array-6A.

Figure 4-20 shows the strontium-90 trend plot for aquifer tube NVP2-116m. The plots clearly show an
increase when the P&T system was shut down, increases after apatite injections, and decreases following
injections. Overall, a significant decrease in strontium-90/gross beta contamination has occurred along the
shoreline since installation of the apatite permeable reactive barrier.

The only strontium-90 detections in aquifer tubes outside the area where the strontium-90 plume
intersects the Columbia River (Figure 4-13) are at aquifer tube cluster C7934/35/36. These tubes are in
the engineered fill around the 1908-N Outfall, which indicates that outfall construction created

a preferential pathway in the fill for contamination migration. Some potential sources of strontium-90

4-5



DOE/RL-2012-02, REV. 0

contamination at this location are from the 105-N Reactor Building/Fuel Storage Basin, the

1909-N Waste Disposal Valve Pit, the 107-N Basin Recirculating Cooling Facility, the

1304-N Emergency Dump Tank, the 1300-N Emergency Dump Basin, and other associated structures
(Section 4.2 of SGW-49370, Columbia River Pore Water Sampling in 100-N Area, December 2010).

4.2.2.2 Total Petroleum Hydrocarbons

Petroleum hydrocarbons from a 1960s diesel fuel tank spill (site code: unplanned release
[UPR]-100-N-17) continue to be detected in 100-NR-2 groundwater. The occurrence of diesel in the
vadose zone and groundwater will be discussed in more detail in Section 4.4. The petroleum hydrocarbon
plume in groundwater (Figure 4-21) is confined to a relatively small region and is centered on

Well 199-N-18, with a concentration of 7,700 ug/L total petroleum hydrocarbon-diesel range in 2011.
This is a substantial decrease from the 2010 value of 420,000 pg/L. The current plume is mapping as two
separate sections, but the plume is most likely connected between the two locations. Fewer wells detected
petroleum hydrocarbons in 2011 than in 2010. This reduction may be partly attributable to the
high-volume bioventing test on the vadose zone performed in 2010 and 2011 (WCH-490, UPR-100-N-17;
Bioventing Pilot Plant Performance Report). Introduction of large amounts of air may have temporarily
displaced the diesel in the vicinity of the well screens or contributed to an increased rate of diesel
degradation. Only continued monitoring will indicate whether the trend continues and confirms a
long-term decrease has occurred. Other wells with total petroleum hydrocarbon-diesel range detections
were as follows: 199-N-19 (670 ug/L) and 199-N-169 (760 ug/L).

Evidence of low levels of petroleum hydrocarbon contamination has been observed in Well 199-N-3 in
the past (PNNL-14187, Hanford Site Groundwater Monitoring for Fiscal Year 2002), but not during
2011. Well 199-N-3 is near Well 199-N-18 and has been influenced by contamination from the same
source in the past. Near the N Reactor building, Well 199-N-16 has also had evidence of petroleum
contamination, which is believed to be from a separate past source (184-N day tank spills).

Well 199-N-16’s concentration was just above the detection limit in 2010, but it was nondetect for total
petroleum hydrocarbon-diesel range in 2011.

In 2011, DOE continued passive remedial actions to remove free product from well 199-N-18 in
accordance with the interim action ROD (EPA/541/R-99/112). Passive remediation involves the use of
a polymer “smart sponge” that selectively absorbs petroleum products from the surface of the water
within the well. Every two months, two of the smart sponges are lowered onto the surface of the aquifer
in Well 199-N-18 and left in place to soak up the diesel fuel. The smart sponges are weighed prior to
placement in the well and again after removal. The weight difference between the two measurements is
the amount of product, or diesel fuel contamination, removed from the well. Table 4-4 shows the results
of this remediation activity since it began in 2003 through the end of 2011.

As part of the RI/FS process, Well 199-N-183 was drilled to replace 199-N-18 as a monitoring well
(Section 4.7 of DOE/RL-2008-46-ADD5). This decision was made for two reasons: (1) the low water
level in Well 199-N-18 makes sampling difficult and requires the use of a bailer, and (2) the inability to
completely remove material from a broken smart sponge from the well will cause long-term potential for
interference with sampling and the quality of samples that can be collected (Section 6.1.4 of
DOE/RL-2011-01). Well 199-N-18 was kept for continued product removal because that particular
process is not affected by the residual smart sponge material on the well casing.

Aquifer tubes near Wells 199-N-173 and 199-N-96A along the 100-NR-2 shoreline are sampled for
petroleum hydrocarbons. In 2011, two aquifer tubes also had detections for total petroleum
hydrocarbon-diesel range: N116mArray-0A (360 pug/L) and C6135 (160 pg/L) (Figure 4-21). These
samples were collected in mid-September 2011 when the river level was low. Diesel contamination is
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more likely to be upwelling into the river under these conditions because groundwater flows into
the river.

4.3 Strontium-90 Treatment Technologies
Different treatment technologies have been tested at the 100-N Area:

e Apatite and apatite-forming injections by two methods (groundwater/vadose zone well injections and
jet injection of the vadose zone)

e Apatite-forming infiltration galleries
e Phytoextraction

The current active method is discussed in the first two sections, and reports on the performance of the
other three methods are discussed in the third section.

4.3.1 Performance Monitoring of Original Apatite Permeable Reactive Barrier

DOE agreed to construct and evaluate the effectiveness of a permeable reactive barrier for strontium-90
using apatite sequestration technology as part of the CERCLA RI/FS process, which is consistent with the
interim remedial action ROD for the 100-NR-1 and 100-NR-2 OUs (EPA/541/R-99/112) and the
Tri-Party Agreement (Ecology et al., 1989) Change Control Form M-16-06-01. Strontium-90
sequestration using this technology occurs by injecting a calcium-citrate-phosphate solution into the
aquifer. After the solution is injected, biodegradation of the citrate results in apatite (a calcium phosphate
mineral [Cas(PO,4)’(F, Cl, OH)]) precipitation. Strontium-90 (and strontium) ions in groundwater
substitute for calcium ions via cation exchange and eventually become trapped as part of the mineral
matrix during apatite crystallization (Section 1.3 of PNNL-16891).

The original apatite treatability test site covers approximately 90 meters along the Columbia River
shoreline (Figure 4-3). In total, 45 monitoring points are associated with this site, including
injection/barrier wells, monitoring wells, and aquifer tubes. A total of 16 wells comprises the actual
permeable reactive barrier. Four monitoring wells are parallel to the barrier between the river and the
injection/barrier wells. Two pilot test sites (PT#1 and PT#2) are at each end of the barrier (around the
two end injection/barrier wells) and contain smaller diameter monitoring wells surrounding the individual
end injection/barrier wells.

Strontium-90 contamination in the 100-N Area is primarily absorbed to sediments by ion exchange in the
lower vadose zone and upper portion of the unconfined aquifer. Approximately 99 percent of the
strontium-90 is absorbed and 1 percent remains in solution in the groundwater. Although primarily
absorbed, some strontium-90 is mobilized by seasonal water level increases that remove strontium-90
from sediments not previously in contact with groundwater (PNNL-16891). DOE injected apatite-forming
solutions into the Hanford and Ringold Formations over a period of 3 years (from 2006 through 2008).
Performance monitoring at the existing apatite barrier was performed twice in 2011, with high river stage
sampling in May and June, and low river stage sampling in November. Since injections ceased in

July 2008, strontium-90 and gross beta concentrations have declined steadily in the sampled wells, with
very few exceptions. As of November 2011, the strontium-90 and gross beta values were considerably
less in all wells and aquifer tubes monitored along the barrier than before the injections started. All of the
wells have shown an approximately 90 percent decline in gross beta from the measured

pre-injection values.
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Figure 4-17 provides the strontium-90 contours for the original apatite permeable reactive barrier.
Figure 4-18) shows the gross beta! concentrations in the most contaminated portion of the 100-N Area
shoreline. The scale on Figure 4-18 is logarithmic to make it easier to see the 90 percent decrease that has
occurred in the treated wells and Monitoring Well 199-N-122. This set of four wells consists of

a monitoring well (199-N-122) and two injection wells (Well 199-N-162 screened only in the Ringold
Formation, Well 199-N-144 screened across the Hanford formation and Ringold Formation), and one
monitoring well behind the barrier (199-N-46 screened in the top of the unconfined aquifer). All four
wells showed high strontium-90 concentrations following the injections in 2008. The high-concentration
apatite injection solution had a higher ionic strength than groundwater. When the fluid was initially
injected, it temporarily mobilized cations and anions, causing their concentrations in groundwater to
increase. Over time, the concentration of gross beta began to decline, which is most evident in injection
well 199-N-162. The injection wells show more fluctuation in gross beta values, but all four wells show
much lower concentrations of gross beta than concentrations prior to injections in 2008. Well 199-N-46,
which historically has had high levels of gross beta, is starting to slowly trend downward since
treatments began.

Concentrations of strontium-90 and gross beta began to increase slightly in 2010 (Figure 4-18). This trend
was occurring in more locations in 2011. At some point, additional injections will need to occur in the
existing permeable reactive barrier, based on data presented in the two reports on the initial
low-concentration and high-concentration injections (PNNL-17429, Interim Report: 100-NR-2 Apatite
Treatability Test: Low-Concentration Calcium-Citrate-Phosphate Solution Injections for In Situ
Strontium-90 Immobilization; PNNL-19572) and the follow-up report on barrier performance progress
(PNNL-20252, 100-NR-2 Apatite Treatability Test: An Update on Barrier Performance).

Injections for the existing barrier will occur as budget and schedule allow within the next few years.
Semiannual performance monitoring (high and low river stages) will continue for the existing barrier until
those injections occur, at which time a revised performance monitoring schedule will be initiated.

Table 4-5 shows the monitoring points for the apatite barrier and indicates which locations are currently
being used to cover the treated portions of the barrier.

4.3.2 Expansion of the Apatite Permeable Reactive Barrier

Apatite barrier extensions were installed in fall 2011 and included injection wells along an additional
100 m (328 ft) on each end of the original barrier. DOE performed the work under a design optimization
study (DOE/RL-2010-29) and the 100-NR-2 remedial design/remedial action work plan
(DOE/RL-2001-27, Rev. 1, when issued). Table 4-6 lists all the apatite permeable reactive barrier
injection wells and shows which sections have been treated as of 2011.

The injections were performed using a two-step process, where the deeper Ringold Formation wells are
injected first and then the overlying Hanford formation wells are injected second. These staggered
injections overlay each other and maximize the coverage in the upper unconfined aquifer and lower
vadose zones. The formulation for these injections was the high-concentration calcium-citrate-phosphate
solution amendment that was tested in 2008.

The goals of the study were as follows (DOE/RL-2010-29):

1. Refine the application of high-concentration calcium-citrate-phosphate solution over a large scale.

1 Strontium-90 is a beta-emitter. Gross beta concentrations are approximately two times the strontium-90
concentrations.
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2. Test the effectiveness of high-concentration calcium-citrate-phosphate injection in previously
untested sediment to compare with areas that received sequential injections of low- and then
high-concentration injections.

3. Test the new well design installed under /00-NR-2 Groundwater Operable Unit Sr-90 Plume
Rivershore Sampling and Analysis Plan (DOE/RL-2009-32) to evaluate the adequacy of injection
solution delivery to the target zone.

4. Test and optimize operation of the new injection system to verify that the system can deliver the
designed injection solution flow volume at multiple well locations.

5. Determine whether the new well design and injection system can complete chemical injections at
various river stages, thereby eliminating the need for injections during specific river levels.

6. Further evaluate the high-concentration calcium-citrate-phosphate solution impact on the release of
strontium-90 and other metals from previously untreated sediments to groundwater.

7. Evaluate the permeable reactive barrier to assess whether it can achieve up to a 90 percent reduction
in strontium-90 flux to the Columbia River.

The first five objectives were adequately tested, and to date, they have been met (DOE/RL-2012-02).

The sixth objective is being tested in 2012 as samples are collected to determine how long the release of
strontium-90 and other metals takes after injections. Initial samples were collected for 1 month after
injections, with the first set collected immediately after injections ceased. The second set was collected
after 2 weeks, and the third set was collected after 1 month. At the end of a month, the strontium-90 and
metal levels were almost back to pre-injection levels. The spring 2012 sampling event is scheduled for
more than six months after the end of 2011 injections. The last objective will require the collection of data
over the next few years to determine whether a 90 percent reduction of strontium-90 has occurred in the
permeable reactive barrier monitoring wells. Semiannual performance monitoring (high and low river
stages) will begin for the barrier extensions in 2012. Table 4-5 shows the monitoring points for the apatite
barrier and indicates which locations are currently being used to cover the treated portions of the barrier.

Overall, the upriver and downriver barrier expansions worked very well, and it appears from the initial
data that good coverage of the groundwater and lower vadose zone were achieved. In addition, the
high-concentration injection formulation performed well according to initial sample results.

4.3.3 Other Strontium-90 Treatment Technologies

Several different types of strontium-90 treatment technologies are being evaluated at 100-NR-2 in
addition to the current permeable reactive barrier. Several types of treatment are needed to address the
entire zone of contamination effectively. The existing barrier has treated groundwater and the lower
vadose zone, but it has not treated the upper vadose zone and near-shore riparian zone. No additional
work on these technologies occurred in 2011. The following reports provide additional information on
these technologies from previous investigations:

e Jet Injection — SGW-47062, Treatability Test Report for Field-Scale Apatite Jet Injection
Demonstration for the 100-NR-2 Operable Unit

e Infiltration Gallery — PNNL-20322, /00-NR-2 Apatite Treatability Test: Fall 2010 Tracer
Infiltration Test

e Phytoextraction — PNNL-19120, 100-N Area Strontium-90 Treatability Demonstration Project:
Phytoextraction Along the 100-N Columbia River Riparian Zone — Field Treatability Study
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Of the other technologies tested, two of the three show potential for further application in treatment of the
strontium-90 contamination along the shoreline. Passive infiltration did not prove to be a viable method
for emplacement of apatite-forming chemicals along the 100-N Area shoreline, but it may be applicable in
other locations. Jet injection tests performed in December 2009 showed that the technology can
effectively place apatite or apatite-forming chemicals into the upper vadose zone, with good coverage. Jet
injection technology is a good follow-up treatment to the groundwater and lower vadose zone injections.
It can treat the entire vadose zone and reach the currently untreated upper vadose zone. Phytoextraction
has been demonstrated to remove strontium in the riparian zone in the tests done at 100-K.

4.4 Characterization of Petroleum Contamination

441 Vadose Zone

Throughout its operational history, the 100-N Reactor and support facilities had UPRs, spills, and
discharges of petroleum products. These were documented in unplanned release reports. Several of the
releases at the 100-N Area resulted in petroleum hydrocarbons being introduced into the soil
column/vadose zone, groundwater, and the Columbia River. The types of releases included the following:
1) corrosion failure of diesel and fuel oil piping systems, 2) overfilling of storage facilities, and 3) spills
during fuel transfers. Two of the releases were substantial and extended through the vadose zone and into
groundwater. Estimates made in reports at the time of operation indicate that up to 39,000 m’

(1,377,272 %) of soil was contaminated with petroleum hydrocarbons (Section 1.1 of WCH-323,
Sampling and Analysis Instruction for Installation of UPR-100-N-17 Bioremediation Wells and
Performance of Bioventing Pilot Tests). The releases occurred in two general areas and in a few other
isolated places, so the releases were divided in three groups based on where they occurred. Group 1
includes releases near the 1715-N Storage Tanks and 166-N Transfer Areas (166-N Tank Farm). Figure
4-22 shows this location and the nearby Monitoring Well 199-N-18. Group 2 includes releases around the
184-N Day Tank Storage Facility. Monitoring Well 199-N-16 monitors this location. Group 3 includes
miscellaneous other sites. Table 4-7 shows these three groups and the releases associated with them.

In 2007, Washington Closure Hanford issued an engineering study for evaluating the use of
bioremediation on the petroleum hydrocarbon contaminated soil (WCH-158, 100-N Area Bioremediation
Engineering Study). A sampling and analysis plan was issued in 2008 (WCH-323). As part of this effort,
Washington Closure Hanford installed seven bioremediation wells to perform bioremediation/bioventing
pilot tests in early 2009. The seven wells were completed as two vadose zone wells and five groundwater
wells that were completed with the screen at the top of the unconfined aquifer. The wells installed for this
study are listed in Table 4-8. During the installation of these wells, samples were taken to characterize the
area to be treated in the bioremediation tests. Washington Closure Hanford used the information gathered
during the well drilling and installation process to create a site conceptual model and cross section for the
study area (Figure 4-23). This figure is included as information for this section and to show the general
nature of the sediments in the area of the diesel plume. A summary of the relevant lithologic properties
for the test site (UPR-100-N-17) follows:

1. The Hanford formation is approximately 13.7 m (45 ft) thick throughout the drilling area, and the
contact with the Ringold Formation is unconformable as expected.

2. Minor stringers of clay and silt were noted in the drill cuttings from both formations.

3. A 0.3 m(1 ft) lens of silt was noted from 16.2 to 16.5 m (53 to 54 ft) below ground surface
(Ringold Formation) in the borehole for Well 199-N-171.
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4. A 0.15m (0.5 ft) thin bed of silt was noted at 15.5 m (51 ft) below ground surface
(Ringold Formation) in the borehole for Well 199-N-172. Another thin bed of silt was encountered at
18.0 m (59 ft) below ground surface.

5. Intermittent zones of caliche and carbonate deposits were noted in the drilling cuttings from
both formations.

6. Zones of cementation were noted in the Ringold Formation; the depths were random and noted
between 13.7 to 23.8 m (45 to 78 ft) below ground surface.

7. A 1.5to2.1 m(5to7 ft) thick bed of fine- to coarse-grained sand (Ringold Formation) was
contiguous in the study area and ranged in depth from approximately 19.2 to 21.5 m (63 to 70.5 ft)
below ground surface.

The overall lithology of the study area was dominated by silty-sandy gravels in the upper vadose zone and
sandy gravels, silty-sandy gravels, and sand in the lower portion of the vadose zone. Most lithologies
correlated well between the boreholes, but there were intermittent lenses of discontinuous materials
(WCH-370, Bioremediation Well Borehole Soil Sampling and Data Analysis Summary Report for the
100-N Area Bioremediation Project (UPR-100-N-17)).

Sample results from the well installation are summarized below:

1. Microbes — Soil microbes capable of digesting and breaking down petroleum hydrocarbons were
detected at all locations. The estimate of the size of the soil community is between 100 and
1,000 colony-forming units per gram (CFU/g) of soil.

2. Total Petroleum Hydrocarbons, Oil and Grease — All boreholes were sampled for total petroleum
hydrocarbon-diesel range, total petroleum hydrocarbon-gasoline range, and oil and grease. All three
analyses were positive in all boreholes and at levels above the cleanup level of 200 mg/kg.

3. Moisture Content — Some correlation of moisture zones was found between boreholes and was
related to lithology (silty soil versus sandy soil). Moisture content increased with depth as the water
table was approached and as higher levels of total petroleum hydrocarbons were encountered.

The minimum result was 0.2 percent moisture by weight, and the maximum result was 10 percent
moisture by weight. The average values fell within the range for bioremediation to occur.

4. Organics — All samples were below the current 100-N Area cleanup levels for direct exposure,
protection of groundwater, and protection of the Columbia River. This indicates most of the volatile
and semivolatile compounds have volatilized or degraded over time in the vadose zone at
this location.

5. Nitrogen — Total Kjeldahl Nitrogen (TKN) method was used to determine total nitrogen available.
The average TKN concentration was 28 mg/kg. This value is lower, but it has been reported as
adequate to support bioremediation by EPA.

6. Phosphorus — Phosphorus was detected in all boreholes with an average of 543 mg/kg.

7. pH — Soil pH ranged from 6.6 to 9.2 with an average of 8.6. The average is near the upper end of the
range that supports bioremediation, but the average will be sufficient. These values are in line with
other 100-N Area studies and show that 100-N Area soil tends to be slightly alkaline.

8. Metals — All boreholes were sampled for RCRA metals. Metal toxicity to microorganisms and
bacteriological processes can occur, but generally the effects are minimal as colonies adapt to
their environment.
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9. Radionuclides — All boreholes were sampled for radionuclides to see if levels were elevated for
either man-made or naturally occurring background in soil. Radionuclide levels were determined to
ensure worker safety and soil microbial activity. Several radionuclides were detected but at relatively
low levels. Strontium-90 was present in all boreholes but at concentrations below the cleanup level of
4.5 pCi/g. The borehole for Well 199-N-171 had the highest concentration at 1.8 pCi/g.

All results can be found in WCH-370.

Bioremediation involves the use of microorganisms to degrade contaminants, with the goal of obtaining
nonhazardous final products. The microorganisms produce natural catalysts (enzymes) that degrade
organic compounds forming carbon dioxide, methane, water, and mineral salts. Enhanced bioremediation
involves the introduction of nutrients (typically nitrogen and phosphate) and electron donors or acceptors
(oxygen) to enhance the biodegradation provided by the naturally occurring microbes indigenous to the
site. Water is also frequently introduced to the subsurface to bring soil moisture content into the optimum
range for bioremediation. Upon the introduction of air, nutrients, and, if necessary, water into the
subsurface, the population of indigenous microbes thrives and uses the total petroleum hydrocarbons as
its food source.? The result is that the hydrocarbons are degraded aerobically, or oxidized, to carbon
dioxide and water (WCH-323).

Installation of the seven wells listed in Table 4-8 identified zones of petroleum hydrocarbon
contamination based on the sample results. All wells had high concentrations of petroleum hydrocarbons
in a zone that started about 17 m (55 ft) below ground surface and extended to the groundwater table in
the unconfined aquifer. The distance from Well 199-N-166 to the bioremediation well closest to the river
(199-N-172) is approximately 61 m (200 ft). Well 199-N-172 is on the approximate azimuth as the
currently accepted direction of the hydraulic gradient for groundwater in the unconfined aquifer. Because
the petroleum hydrocarbon concentration did not noticeably decrease from Wells 199-N-166 to
199-N-172, it may be assumed the zone of petroleum hydrocarbon contamination extends beyond 61 m
(200 ft) and may extend to the Columbia River. The full nature and extent of subsurface hydrocarbon
impacts in the UPR-100-N-17 waste site have not been determined and are beyond the scope of the pilot
tests performed at the 100-N Area (WCH-490).

Bioventing pilot tests were conducted from February 2010 through May 2011, to evaluate contaminant
removal rates and the distribution of air flow within the contaminated zone. The tests consisted of the
following: (1) collection of baseline measurements at the seven bioremediation wells, (2) a respirometry
test, (3) an air injection/radius of influence test, and (4) a 6-month operational test period. The final report
from these tests have been issued (WCH-490). The results of the Bioremediation Pilot Test at
UPR-100-N-17 are as follows:

1. Overall microbial degradation of hydrocarbons is significantly enhanced through bioventing in the
vadose zone, although oxygen utilization rates varied between monitoring wells.

2. The radius of influence for deep Injection Well DIW-1 (199-N-167) is at least 61 m (200 ft) under the
testing conditions. Similar radius of influence values are expected for the other deep bioremediation
wells at this site when air is injected at approximately 250 cubic feet per minute or higher.

3. Microbial degradation in the shallow Wells SIW-1 (199-N-166) and SMP-1 (199-N-168) was not
measureable using protocols established for the testing. Baseline soil vapor levels for oxygen and

2 The addition of water to the vadose zone is currently not anticipated for the application of this technology
at the UPR-100-N-17 waste site.
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carbon dioxide were at atmospheric concentrations. Therefore, it was not possible to determine an
oxygen utilization rate (and oxygen is not a rate limiting factor).

4. Bioventing appears to be an effective and efficient method of promoting in-situ bioremediation in the
deep vadose zone soil at the site. Depressed baseline oxygen levels are clearly a key rate-limiting
factor. Even at moderate air flow rates, bioventing has been shown to affect a large area around
injection wells, suggesting the soils are relatively permeable to air flow.

Based on the results of the pilot study, bioventing may provide a method for enhancing in-situ
bioremediation of deep soil contaminated with hydrocarbons at the UPR-100-N-17 waste site. The data
from this test will support the design of the Phase II testing for this waste site (WCH-490).

4.4.2 Groundwater

If present in large enough quantities, the diesel in groundwater is found in the very top of the aquifer or
floating on top of the water table (Section 4.4 of DOE/RL-2011-25, Calendar Year 2010 Annual
Summary Report for the 100-HR-3 and 100-KR-4 Pump-and-Treat Operations and 100-NR-2
Groundwater Remediation). During the drilling of Well 199-N-173, which sits on the shoreline below
Well 199-N-18, vertical profile samples were collected from the vadose zone and groundwater

(Figure 4-2). These samples confirmed the location of the diesel contamination in the lower vadose zone
above the water table and in the top few feet of the unconfined aquifer. Figure 4-21 shows the petroleum
hydrocarbon-diesel range plume as it currently exists in the 100-N Area. It is clear from the shape and
direction of the plume that the main source of contamination is the 166-N Tank Farm. The plume is
moving toward the Columbia River and intersects the river by aquifer tubes N116mArray-0A and C6135.
Several wells and aquifer tubes in the 100-N Area have had detections of petroleum hydrocarbons in the
past. Appendix D of Investigation of the Strontium-90 Contaminant Plume along the Shoreline of the
Columbia River at the 100-N Area of the Hanford Site (PNNL-16894) discusses evidence for this
contamination. Low levels (less than 1 mg/L) of total petroleum hydrocarbon-diesel range were reported
in several aquifer tubes around N116m-Array 0A. Workers observed small amounts of oil sheen during
installation of these tubes in January 2007. During drilling of monitoring wells for the apatite permeable
reactive barrier in 2005, diesel product was recovered from Wells 199-N-122 and 199-N-123
(WMP-27771, Borehole Summary Report for Wells 199-N-122 (C4954) and 199-N-123 (C4955);
100-NR-2 Operable Unif).

The seven wells for the Bioremediation Pilot Study were drilled in early 2009. Groundwater samples were
collected from the five wells completed in the top of the unconfined aquifer. Table 4-9 gives the total
petroleum hydrocarbon-diesel range results from these wells for samples taken from 2009 through 2011.
Well 199-N-173 was also drilled in early 2009 for characterization of the near-shore petroleum
hydrocarbon plume and for testing petroleum hydrocarbon remediation technologies. The well is
approximately 120 m (394 ft) southwest (upriver) of the original apatite permeable reactive barrier and on
the shoreline immediately below Well 199-N-18. Well 199-N-173 also serves as the last upriver
monitoring well for the apatite barrier upriver extension. Samples were collected from this well when it
was drilled in February 2009 and four times since. Total petroleum hydrocarbon-diesel range organics
were detected in Well 199-N-173 from 2009 through 2010. The 2011 sample result was below detection
for total petroleum hydrocarbon-diesel range. Several wells drilled for the apatite barrier upriver
extension also had detections of total petroleum hydrocarbon-diesel range. Table 4-10 gives the total
petroleum hydrocarbon-diesel range results in the known area of the diesel plume for selected other
sampled wells and aquifer tubes. Table 4-11 provides the total petroleum hydrocarbon-diesel range results
for the upriver apatite barrier extension injections and monitoring wells that were collected after well
acceptance in 2010.
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Total petroleum hydrocarbon-diesel range concentrations in wells in the plume were altered very
dramatically between 2010 and 2011 by the Bioremediation Pilot Study. Concentrations of total
petroleum hydrocarbon-diesel range organics dropped to below detection limits in several of the
groundwater monitoring wells in the plume. The large amount of air introduced into the deep vadose zone
caused an area of decreased or absent petroleum hydrocarbons in groundwater near the well screens.

Of the 13 wells near the test area, 9 had dramatic changes in measured total petroleum hydrocarbon-diesel
range concentrations. Eight of the nine had decreases, with all but two dropping to below the detection
limits. One well on the outer fringe of the test area increased from nondetect to detect. It appears that the
increased air flow and oxygen levels displaced or decreased the hydrocarbons near the well screens. It is
uncertain whether the decreases in concentration will be long-term. No samples are planned to be
collected from the bioremediation wells (199-N-167, 199-N-169, 199-N-170, 199-N-171, and 199-N-172)
in the near future, so total petroleum hydrocarbon concentrations in groundwater will only be available
from the 100-N Area CERCLA monitoring wells. Only continued monitoring will determine whether
these decreased levels are an indicator of actual groundwater cleanup or just an artifact of the testing.

4.5 Conclusions
Conclusions for the 100-NR-2 OU are as follows:

¢ Remedial Action Objective (RAO) #1: Protect the Columbia River from adverse impacts from the
100-NR-2 OU groundwater so that designated beneficial uses of the Columbia River are maintained.

Result: The permeable reactive barrier has been increased from 90 m (300 ft) to approximately
292 m (950 ft) long; the remainder of the extensions are future work.

e RAO #2: Protect the unconfined aquifer by implementing remedial actions that reduce concentrations
of radioactive and nonradioactive contaminants in the unconfined aquifer.

The P&T system was not effective at reducing strontium-90 flux to the Columbia River; therefore, the
P&T system was placed in cold-standby status on March 9, 2006, when the pumps were shut off.
The effects of the pump shutdown are summarized below.

Results:

— Strontium-90 concentrations increased in the capture zone of some former P&T extraction wells
after the pumps were shut off. The reason for this increase may be related to increasing aquifer
elevations after the pumps were stopped. As the effects of the cone of depression decreased,
samples were collected from a shallower, more contaminated interval within the aquifer, causing
strontium-90 concentrations to increase sharply. Concentrations in three of the four former
extraction wells are still trending upward; the rate is slower in two of the three wells than
immediately after P&T operations ceased in 2006. The third well has seen a much larger increase.
Concentrations in the fourth well are trending downward.

—  Strontium-90 concentrations in some aquifer tubes and wells temporarily increased near the
apatite permeable reactive barrier in 2007 and 2008 in response to the apatite barrier
emplacement injections. The concentrations in these aquifer tubes and wells are now lower than
pre-injection levels by at least 90 percent. However, strontium-90 levels are currently above
8 pCi/L in these aquifer tubes.

— The TPH concentrations decreased in 2011 with reinstallation of the smart sponges in
Well 199-N-18 to remove 650 g (1.4 1b) of total petroleum hydrocarbons.
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RAO #3: Obtain information to evaluate technologies for strontium-90 removal and evaluate
ecological receptor impacts from contaminated groundwater.

Results:

— DOE installed a 91.4 m (300 ft) apatite permeable reactive barrier near the Columbia River
shoreline in 2006, 2007, and 2008. A jet injection test was performed along the shoreline with
favorable results. The permeable reactive barrier has been increased from 90 m (300 ft) to
approximately 292 m (950 ft); the remainder of the planned permeable reactive barrier extension
to approximately 760 m (2,500 ft) will be performed as future work. Additionally, re-injections at
the current 91.5 m (300 ft) permeable reactive barrier are needed and are planned following
completion of the initial expansion efforts.

— Several types of strontium-90 treatment technologies are being evaluated at 100-NR-2 in addition
to the current permeable reactive barrier. Several types of treatment are needed to treat effectively
the entire zone of contamination. The existing barrier has treated groundwater and the lower
vadose zone, but it has not treated the upper vadose zone and near-shore riparian zone. No
additional work on these technologies occurred in 2011.

RAO #4: Prevent destruction of sensitive wildlife habitat. Minimize disruption of cultural resources
and wildlife habitat, in general, and prevent adverse impacts to cultural resources and threatened or
endangered species.

Results:

The interim remedial action ROD (EPA/ROD/R10-99/112) establishes a variety of institutional
controls that must be implemented and maintained throughout the interim action period. These
provisions include the following:

— Access control and visitor escorting requirements

— Signage providing visual identification and warning of hazardous or sensitive areas (new signs
were placed along the river and at major road entrances at each reactor area)

— Excavation permit process to control all intrusive work (e.g., well drilling and soil excavation)

— Regulatory agency notification of any trespassing incidents

The primary goal is protection of the Columbia River with a remedial action goal of 8 pCi/L for surface
water and groundwater. Successful implementation will support the goal of achieving a strontium-90
concentration of 8 pCi/L in the hyporheic zone and Columbia River water column by 2016.

4.6 Recommendations

The recommendations for the 100-NR-2 OU are as follows:

Continue to monitor strontium-90 plumes, focusing on the portion of the plume near the
Columbia River.

Continue to evaluate the extent of possible shoreline water quality impacts related to the diesel spill
that occurred in about 1966. Aquifer tubes at the upstream end of the array will continue to be
sampled for total petroleum hydrocarbons and related contaminants. Work continues on
characterizing and testing remediation technologies for the petroleum contamination plume.
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Washington Closure Hanford is designing bioventing technology for UPR-100-N-17, based on tests
performed in seven wells in 2010 and 2011.

Continue apatite barrier expansion along the currently untreated portions of the shoreline by injecting
high-concentration calcium-citrate-phosphate solution into the groundwater and the lower vadose
zone in the manner described in the design optimization study (DOE/RL-2010-29).

Continue using jet injection technology to treat the vadose zone above previously treated portions of
the apatite barrier using the jet injection design optimization study proposed in Jet Injection
Treatability Test Plan for 100-NR-2 Groundwater Operable Unit (DOE/RL-2010-68).

Conduct phytoextraction contaminated zone test on the 100-N Area shoreline as proposed in
PNNL-19120.

4-16



DOE/RL-2012-02, REV. 0

100-NR-2

200-ZP-1 N

200-PO-1

300-FF-5

|:| Groundwater Operable Units
|____| Site Boundary

H Areas

Basalt Above Water Table

1100-EM-1

gwf10149

Figure 4-1. 100-N OU Location
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Figure 4-3. Original Apatite Barrier Monitoring Wells and Aquifer Tubes
along the Columbia River Shoreline
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Figure 4-4. Upriver Extension Apatite Barrier Monitoring Wells and Aquifer Tubes
along the Columbia River Shoreline

4-20



DOE/RL-2012-02, REV. 0

@199-N-259
®199-N-258
169-N-353@ @ 199-N-257
N116mArray-8A-
B B 199-N-256
Columbia River *
@199-N-255
@199-N-254
@199-N-253
@®199-N-252
199-N-352¢ @199-N-251
$199-N-250
@199-N-249
@198-N-248
@199-N-247
@199-N-246
199-N-351@  g196.N.245
C7882 @199-N-244
C7881 Nt{emArray-7A @199-N-243
@199-N-242
199-N-241
@® © 199-N-121
199-N-240 ®
199-N-120
@ 199-N-119
198-N-3504p @199-N-239
@199-N-238
@199-N-237
@199-N-236
@199-N-235
+ Aquifer Tube
195-N-147@ @ 199-N-137 @ Groundwater Monitoring Well
@ Injection/Barrier Well (Shallow)
@ Injection/Barrier Well (Deep)
Waste Site
|:| Columbia River
0 10 20m
L ] ]
T T T 1
0 20 10 B0 ft gwi11123

Figure 4-5. Downriver Extension Apatite Barrier Monitoring Wells and Aquifer Tubes
along the Columbia River Shoreline

4-21



DOE/RL-2012-02, REV. 0

(aonaralizad Hvdronaaninav nf the 100N Araa
T I AN l,“l vuvvuvu, Wl LN IWWiINY F il wea
PR I e A AT A D A LY HYDRO
GEUVAIRWUNULUGY GEOLOGY Lirnual 1HnarRAF STR_ATIGR_APHY
Age o —_
< <] &
& ¥ b
i u a
o w Surfical _
PSRy —— Bocant Deposits ™\
10 ka —| NMULUGVCNC —Mm\___ h
" ) = - B 33 -“—_-—ﬁ
. Hanfard fm GRS | ndifferentiat f— ]
25 Ma] interbedded Vadose Zone
Ringold Fm P and & Graval [T -
g Ringold Unit E and & Gravel Unconfined
) £q
| A
L | T
PLIOCENE I alaneale £ Duarhank |
! Doposis Clay, SH, Sand |
L 72— — —7- ] | P s r I
2 | g | |
e = o
o < ; Unit G |
=] E - I
ﬁ E mem_ner |
o = ot i
Wooded .
Island
i
[$]
o
=
8.5 Ma—] "
Columbia River I Confined
Basalt & Gg;:r;lll;g r':::fer Basalt & Interbed
Ellensburg Fm P Aquifers
CHPRC1208-07

Figure 4-6. Generalized Geologic Cross Section of 100-N OU

4-22

Suprabasalt Aquifer System

Eleyations
m f
140—
— 450
120 —
(— 408
i —
aax __— 300
85—
60—
— 200
40 —
— 100
20—
0——0
-20 —
—-100




DOE/RL-2012-02, REV. 0

Ringold Formation Unit E Stucture Map
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Ringold Formation Upper Mud (RUM) Stucture Map
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Figure 4-15. Strontium-90 Trend Plot and Water Levels for Well 199-N-105A
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Figure 4-17. Strontium-90 Plume Map for the 100-N Area
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Strontium90 Trend Plot for Aquifer Tubes
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Figure 4-19. Strontium-90 Trend Plots for Aquifer Tubes Adjacent to the Apatite Permeable Reactive Barrier
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Figure 4-21. Petroleum Hydrocarbons-Diesel Plume Map for the 100-N Area
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Well 199-N-18

P } T

Figure 4-22. Photograph of 166-N Tank Farm Facility and Location of Well 199-N-18
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Table 4-1. Yearly Peak Averages, 100-N Area River Gauge Station

Average River Percent Difference
Year Elevation from Previous Year
2011 (1-1-11 to 5-1-11) 118.59 m (389.07 ft) Not calculated because it is a partial year
2010 117.76 m (386.35 ft) 0.28%
2009 118.09 m (387.43 ft) 0.09%
2008 118.20 m (387.47 ft) 0.03%
2007 118.24 m (387.93 ft) 0.14%
2006 118.41 m (387.47 ft) 0.17%
2005 118.21 m (387.83 ft) -
Table 4-2. Well Water-level Response to Changes in River Stage
199-N-146 199-N-3 199-N-72
Elevation* Elevation* Elevation*
Date (m) Date (m) Date (m)
Late Winter Low
1/18/11 117.637 1/19/11 118.096 1/21/11 118.741
Early Summer High
6/5/11 121.47 6/17/11 120.876 7/18/11 120.102
Late Fall/Early Winter Low
10/23/11 117.475 11/1/11 118.179 11/15/11 119.113

* Average Daily Head Elevation
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Table 4-8. Washington Closure Hanford Bioventing Study Wells

Well Completion — Screen,
Well Name Well ID m (ft)
199-N-166 C7031 SV:2.90—9.00 m (9.53 — 29.54 ft)
199-N-167 C7032 DV-GW: 16.13 - 23.73 m (52.91 — 77.86 ft)
199-N-168 C7033 SV:2.97-9.07m (9.75 — 29.75 ft)
199-N-169 C7034 DV-GW: 16.30 — 23.90 m (53.47 — 78.4 ft)
199-N-170 C7035 DV-GW: 16.72 - 24.34 m (54.87 — 79.84 ft)
199-N-171 C7036 DV-GW: 16.70 — 24.29 m (54.79 — 79.68 ft)
199-N-172 C7037 DV-GW: 17.43 —23.51 m (57.17 — 77.14 ft)
DV-GW = R vadose-groundwater completion
Y = H vadose completion
Table 4-9. Total Petroleum Hydrocarbon-Diesel Range Results
from Washington Closure Hanford Wells’

Date 199-N-167 199-N-169 199-N-170 199-N-171 199-N-172
8/20/09 3,100 --- --- 2,400
9/16/09 1,900 - --- --- 2,200 (D)
4/23/10 4,600 (N) 1,100 (N) 360 (N) 2,800 (N) 25,000 (D,N)
5/20/11 760 70 (U,N,X)
5/25/11 70 (U,N) 70 (U,N)

6/8/11 70 (U,N)

Note:

"Highest detected sample reported for each event; if not detected, then lowest nondetect value is reported.

D =

N
U =
X =

analyte reported at a secondary dilution factor

= spike or spike duplicate is outside control limits
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5 P&T System Cost Data

The actual costs for the 100-HR-3 and 100-KR-4 OU P&T systems for 2011 are presented in Sections 5.1
and 5.2, respectively. Section 5.3 addresses the 100-NR-2 OU and the cost breakdown for apatite PRB
and related technology tests. The primary categories of expenditures are described as follows:

e Capital design—Includes design activities to construct the P&T systems and designs for major
system upgrades and modifications.

e (Capital construction—Includes oversight labor, material, and subcontractor fees for capital
equipment, initial construction, construction of new wells, redevelopment of existing wells, and
modifications to the P&T system.

e Project support—Includes project coordination-related activities and technical consultation, as
required, during the course of the facility design, construction, acceptance testing, and operation.

e Operations and maintenance (O&M)—Represents facility supplies, labor, and craft supervision
costs associated with operating the facility. It also includes the costs associated with routine field
screening and engineering support as required during the course of P&T operation and
periodic maintenance.

¢ Performance monitoring—Includes system and groundwater sampling and sample analysis, as
required in accordance with the 100-HR-3 and 100-KR-4 OU interim action work plan
(DOE/RL-96-84).

e  Waste management—Includes the cost for the management of spent resin at the 100-HR-3 and
100-KR-4 OUs in accordance with applicable laws for suspect hazardous, toxic, and regulated wastes.
Cost includes waste designation sampling and analysis, resin regeneration, and new resin purchase.

Costs are burdened and based on actual operating costs incurred during CY 2010. Summaries of the costs
for each P&T system are presented in the following sections.

5.1 100-HR-3 Operable Unit P&T Systems Costs

The 100-HR-3 OU costs for CY 2011 are associated with four P&T systems (e.g., HR-3, DR-5, DX, and
HX). The cost breakdowns for the 100-HR-3 OU P&T systems are shown in Tables 5-1 through 5-4.
The HR-3 and DR-5 P&T systems operated primarily during the first half of 2011.

5.1.1 HR-3 P&T System

In May, the HR-3 P&T system was shut down to disconnect and transfer the wells to the HX well
network. The disconnection was completed on May 16, 2011, and the HR-3 P&T system was then placed
in cold standby. The total cost for the HR-3 system during 2011 was approximately $0.8 million, which
consists of the sum of the categories shown in Table 5-1. The largest single component of the total cost
was the $0.79 million spent during the year for O&M. Project support followed at approximately $11,700.
No other costs were accrued. The percentage cost breakdown for the HR-3 P&T system for 2011

indicates that the majority of the costs, in decreasing order, were charged to O&M (99 percent) and
project support (1 percent).

5.1.2 DR-5P&T System

The DR-5 P&T went offline in March to disconnect and transfer the wells to the DX P&T system.
The total cost for the DR-5 system during 2011 was approximately $0.19 million, which consists of the
sum of the categories shown in Table 5-2. The largest single component of the total cost was the
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$185,400 spent during the year for O&M. Project support followed at approximately $2,700. No other
costs were accrued. After the DR-5 P&T was shut down, the system was put into cold standby.

The percentage cost breakdown for the DR-5 P&T system for 2011 indicates that the costs, in decreasing
order, were charged to O&M (99 percent) and project support (1 percent).

5.1.3 DXP&T System

Construction of the DX facility was completed at the end of 2010. Acceptance testing of the facility began
in December 2010, and the system became operational in January 2011. The total cost for the DX

P&T system during 2011 was approximately $3.1 million, which consists of the sum of the categories
shown in Table 5-3. The largest single component of the total cost was the $2.98 million spent during the
year for O&M. The cost breakdown percentage for the DX system, shown in Figure 5-1, indicates that the
majority of the costs, in decreasing order, were charged to O&M (95.3 percent), design (3.2 percent),
project support (1.5 percent), and performance monitoring (0.1 percent).

Based on the total 2011 cost of $3,128,000, the yearly production rate of 919.1 million L
(242.8 million gal), and 442.9 kg of hexavalent chromium removed, the annual treatment costs equate to
$0.0034/L, or $7/g of hexavalent chromium removed.

5.1.4 HXP&T System

Construction of the HX P&T system was completed in July 2011. Acceptance testing activities
commenced on August 1, 2011 and were completed on September 28, 2011. The system became
operational on October 1, 2011. The total cost for the HX system during 2011 was approximately

$14.7 million, which consists of the sum of the categories shown in Table 5-4. The largest single
component of the total cost was the $11.3 million spent during the year for capital construction. The cost
breakdown for the HX system for 2011, shown in Figure 5-2, indicates that the majority of the costs, in
decreasing order, were charged to treatment system capital construction (76.9 percent), project support
(13.5 percent), design (7.3 percent), O&M (2.2 percent), and performance monitoring (0.1 percent).

5.2 100-KR-4 Operable Unit P&T Systems Costs

The 100-KR-4 OU costs for CY 2011 are associated with three P&T systems (KR4, KX, and KW). Total
cost breakdown includes non-recurring costs related to the installation of four new groundwater wells and
the conversion of five additional wells to either monitoring or extraction wells. The yearly cost
breakdowns for each of the three 100-KR-4 OU P&T systems are shown in Tables 5-5 through 5-7.

5.2.1 100-KR-4 P&T System

The total cost for the 100-KR-4 system during 2011 was $3.93 million, which consists of the sum of the
categories shown in Table 5-5. The cost of drilling one new monitoring well (199-K-197) and two new
extraction wells (199-K-198 and 199-K-199) is included in the capitol construction expense. Despite the
cost of the new wells, the 2011 capital construction expense is $1.7 million less than the 2010 capitol
construction expense. The percentage that each category comprises of the total cost for the 100-KR-4
system, illustrated in Figure 5-3, is as follows in decreasing order: treatment system capital construction
(47.3 percent), O&M (23.2 percent), performance monitoring (22.8 percent), waste management

(2.8 percent), project support (2.4 percent), design (1.3 percent), and field studies (0.05 percent).

Based on the total 2011 cost of $3,931,000, the yearly production rate of 285 million L (75.3 million gal),
and 5.4 kg of hexavalent chromium removed, the annual treatment costs equate to $0.0138/L, or $728/g
of hexavalent chromium removed.
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5.2.2 KXP&T System

The total cost for the KX P&T system for CY 2011 was $2.66 million (Table 5-6). Extraction Wells
199-K-149 and 199-K-150 were converted to monitoring wells, and monitoring Wells 199-K-152 and
199-K-182 were converted to extraction wells. The cost to perform this work would have been reflected
in the treatment system capitol construction expense, but expense corrections resulted in a surplus of
$1,700. The percentage that each category comprises of the total cost for the KX system, illustrated in
Figure 5-4, is as follows in decreasing order: O&M (62 percent), performance monitoring (25.4 percent),
waste management (8.2 percent), project support (3.5 percent), and design (0.8 percent).

Based on the total 2011 cost of $2,656,000, the yearly production rate of 900.5 million L
(237.9 million gal) and 30.1 kg of hexavalent chromium removed, the annual treatment costs equate to
$0.0029/L, or $88/g of hexavalent chromium removed.

5.2.3 KW P&T System

The total cost for the KW system during 2011 was $2.71 million, which consists of the sum of the
categories shown in Table 5-7. One new extraction well (199-K-196) was added to the KW system, and
the resulting cost is reflected in the treatment system capital construction total. Additional capital
construction cost was accrued from converting monitoring Well 199-K-173 to an extraction well.

The percentage that each category comprises of the total cost for the KW system, illustrated in Figure 5-5,
is as follows in decreasing order: O&M (38.4 percent), treatment system capital construction

(29.3 percent), performance monitoring (24.9 percent), project support (3.5 percent), waste management
(3.1 percent), and design (0.7 percent).

Based on the total 2011 cost of $2,709,000, the yearly production rate of 357.0 million L
(94.3 million gal), and 25.9 kg of hexavalent chromium removed, the annual treatment costs equate to
$0.0076/L, or $104.6/g of hexavalent chromium removed.

5.3 100-NR-2 Apatite PRB System Costs

The cost breakdown for CY 2011 for the apatite PRB and related technology tests (replacement for P&T
at the 100-N Area) is presented in Table 5-8 and Figure 5-6. The total CY 2011 construction and
operation costs were $3,212,000. The cost breakdown indicates that the majority of the cost was for
barrier maintenance (57.4 percent), followed, in decreasing order, by performance monitoring

(33.3 percent), project support (5.6 percent), field studies (3.7 percent), O&M (0.9 percent), waste
management (0.1 percent), and , design and treatment system capital construction (both less than

0 percent).
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Operations and
Maintenance
95.3%

Performance
Monitoring
0.1%

Project support
1.5%

Figure 5-1. DX P&T System, 2011 Cost ($3.1 M) Breakdown (by Percentage)
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Project support
13.5%

Treatment System
Capital Construction

0,
76.9% Operations and

Maintenance
— 2.2%
Performance
Monitoring
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Design
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Figure 5-2. HX P&T System, 2011 Cost ($14.7 M) Breakdown (by Percentage)
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Field Studies

Waste Management
2.8%

Design
1.3%

Performance
Monitoring
22.8%

Treatment System
Capital Construction
47.3%

Operations and
Maintenance
23.2%

Project Support
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Figure 5-3. 100-KR-4 P&T System, CY 2011 Cost Breakdown (by Percentage)
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Figure 5-4. KX P&T System, CY 2011 Cost Breakdown (by Percentage)
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Figure 5-5. KW P&T System, CY 2011 Cost Breakdown (by Percentage)
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Figure 5-6. 100-NR-2 Apatite Barrier, CY 2010 Cost Breakdown (by Percentage)

5-9




DOE/RL-2012-02, REV. 0

J[qe[ieAe jJou = --
‘urppuey pue juswdIys J0§ POIBSO UISAI PUE SI)SEM SUI[[LIP (A PJBIOOSSE dIOM S}SOO [BUOLIPPY 3
"110T AN ul Aqpuels p[od ojul Juom wdIsAs 129d €-¥H-001 YL P

"600C 19quieod( Yy3noay 800z 1990300
woij pouad ypuow G| Ay 10§ SI 600 10} umopea1q 3502 ay [, ‘porrod Junodar 1eak sepusfed e 03 porrad Suniodar 1eaL [eoSIy © WOy PauonIsuel) uddq sey wodal [enuuy o

‘ou[ ‘pIOJuUBH Ionj, pue ouJ ‘pIojueH [IYodg uamiaq jds ojeridordde 10 po3oariod 910M $)S00 [BNLIOOE TOOT '
'paz11039)ed Ap1adoid jou a1om (g 10J suone[no[es asuadxa jenruy JuowoSeuew 9)sem pue 11oddns 100(01d 10 Pe3oa1I0d d19M SIS0D (0T B

108$ €68°I$ | ISS'IS | SS6°IS | 86S°I$ | ISETS | TOICS | 9LSTS | TIOTS | TELTS | ILYIS | €0TTS | 9I6'IS |SIvIoL

- 0°sL 991 ol | LYY | 9LIT | TTOT L10S TLL8 ocL | 6vey | €568 -- JUSWTRUBW JJSEA\

- 0°0v¢ L'Lee $80¢ S6IC | 968y | 0°¢sE £0cCI eIl 0°0¢CI 661C | LELI - SULIO)IUOW SOUBULIOLID]

6'88L | STTIY'T | 8160°T | 8¥80°1 | 9°6L9 | TI68 | S8I9 | S6V0°1 | L'€EL | 9918 | T6EL ['66L | 8°059°T |9ouruauIEW pue suonerado

L'T1 9'6¢1 L'v0T 691 6'1LT 9°'L69 9'TCL 811C 8°6CC £60¢ 8°6TC L'9LT £€69¢C 1oddns 109(01g

uonONINSU0d

- - - - - - 001 9961 - €0SL Q .@mv L'LS - ﬁmﬁgmo wAISAS juouneal],

- 9T 00 - 0'C6 0°SS 0961 1961 '8 129! L'L6 -- -- ugisoq
p110T 0107 ,600C 8007 L00T 9007 $00¢T $00¢C €00¢C q€00T | .100T 0002 6661 uondrsaq

(000°T x sxe[[OQ) SIS0 [EMDY

$)s09 uonesadQ pue uoioNNSU0Y WajsAg 19d £-HH JO umopyeaig -G ajqel

5-10



DOE/RL-2012-02, REV. 0

Table 5-2. Breakdown of DR-5 P&T System Construction and Operation Costs

Actual Costs (Dollars x 1,000)

Description 2005 2006 2007 2008 2009° 2010 2011°
Design 246.9 196.8 100.4 -- 32 34 -
Treatment system capital -- 22.2 -- -- -- -- --
construction
Project support 586.4 370.6 240.3 233.6 204.7 139.6 2.7
Operations and 459.6 605.7 541.3 884.7 1,091.7 919.9 185.4
maintenance
Performance monitoring 106.2 1.6 11.3 127.1 237.7 240.0 --
Waste management 28.3 154.7 454 23.8 1.7 29.0 --

Totals $1,427 $1,352 $939 $1,269 $1,539 $1,332 $188

a. Annual report has been transitioned from a fiscal year reporting period to a calendar year reporting period. The cost breakdown
for 2009 is for the 15 month period from October 2008 through December 2009.

b. The DR-5 P&T system went into cold standby in March 2011.

-- = not available

Table 5-3. Breakdown of DX P&T System Construction and Operation Costs

Actual Costs (Dollars x 1,000)

Description 2009* 2010 2011°
Design 2,115.2 1,287.8 100.7
Treatment system capital construction 5,759.8 16,266.3 --
Project support 495.1 1,236.9 45.7
Operations and maintenance -- -- 2,979.3
Performance monitoring -- -- 1.8
Waste management 7.4 9.2 --

Totals $8,377 $18,800 $3,128

a. Annual report has been transitioned from a fiscal year reporting period to a calendar year reporting period. The cost breakdown
for 2009 is for the 15 month period from October 2008 through December 2009.

b. DX P&T construction was completed in December 2010, entered acceptance test procedures, and became fully operational in

January 2011.
-- = not available
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Table 5-4. Breakdown of HX P&T System Construction Costs

Actual Costs (Dollars x 1,000)
Description 2009" 2010 2011°
Design 896.4 1,047.5 1,079.8
Treatment system capital construction 214.1 9,354.2 11,316.2
Project support -- 400.2 1,981.4
Operations and maintenance -- -- 321.2
Performance monitoring -- -- 8.0
Waste management -- 0.1 --
Totals $1,111 $10,802 $14,707

a. Annual report has been transitioned from a fiscal year reporting period to a calendar year reporting period. The cost breakdown
for 2009 is for the 15 month period from October 2008 through December 2009.

b. HX P&T construction was completed in September 2011, entered acceptance test procedures, and became fully operational in
October 2011.

-- = not available
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Table 5-6. Breakdown of KX P&T System Costs

Actual Costs (Dollars x 1,000)
Description 2010 2011
Design 314 21.4
Treatment system capital construction 22.9 1.7
Project support 77.6 94.3
Operations and maintenance 1,224 .4 1,647.8
Performance monitoring 528.9 674.9
Waste management 579.6 219.1
Field studies -- --
Totals $2,465 $2,656
-- = not available
Table 5-7. Breakdown of KW P&T System Costs
Actual Costs (Dollars x 1,000)

Description 2007 2008 2009° 2010 2011
Design 13.0 27.7 78.1 11.6 20.0
Zgﬁiﬁiﬁg;y“em capital 2,187.8 1,088.3 2,301.8 3243 794.8
Project support 118.9 155.3 174.1 77.6° 94.3
Operations and maintenance 402.4 599.6 758.6 1,149.6° 1,041.3
Performance monitoring 9.7 126.6 2159 528.9° 674.9
Waste management 405.4 164.3 95.4 207.5° 84.0
Field studies - -- -- - --

Totals $3,137 $2,162 $3,624 $2,300 $2,709

a. Annual report has been transitioned from a fiscal year reporting period to a calendar year reporting period. The cost breakdown

for 2009 is for the 15 month period from October 2008 through December 2009.
b. Values were incorrectly calculated and later corrected.

-- = not available
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A1 Site History

Information on the site history for the 100-HR-3, 100-KR-4, and 100-NR-2 Operable Units (OUs) is
provided in this appendix.

A2 100-HR-3 Operable Unit History

In September 1994, Limited Field Investigation Report for the 100-HR-3 Operable Unit
(DOE/RL-93-43), including a qualitative risk assessment, was completed. Hexavalent chromium was
identified as a contaminant of concern for ecological receptors in the Columbia River. In August 1995,
100-HR-3 Operable Unit Focused Feasibility Study (DOE/RL-94-67) and Proposed Plan for Interim
Remedial Measure at the 100-HR-3 Operable Unit (DOE/RL-94-102) were finalized. The proposed plan
(DOE/RL-94-102) recommended the use of a pump-and-treat (P&T) system to mitigate chromium
migration to the Columbia River. In 1994, a pilot-scale P&T system was deployed, and Pilot-Scale
Treatability Test Summary Report for the 100-HR-3 Operable Unit (DOE/RL-95-83) was issued in
December 1995. The report indicated that removing hexavalent chromium from extracted groundwater in
the 100-HR-3 OU using a resin treatment (ion-exchange) system was viable.

In April 1996, Record of Decision for the 100-HR-3 and 100-KR-4 Operable Units Interim Remedial
Actions, Hanford Site, Benton County, Washington (EPA/ROD/R10-96/134) was issued for the
100-HR-3 OU P&T system. The interim record of decision (ROD) specified installation of a P&T system
in the 100-HR-3 and 100-KR-4 OUs to intercept portions of the hexavalent chromium plumes that affect
the Columbia River. Full-time operation of the 100-HR-3 treatment system began on July 1, 1997 with

a treatment capacity of 1,136 L/min (300 gallons per minute [gpm]). On August 5, 1998, the P&T system
was modified to permit groundwater from the 100-D Area to be treated separately from

100-H Area groundwater.

In October 1999, Interim Remedial Action Record of Decision Amendment for the 100-HR-3 Operable
Unit, Hanford Site, Benton County, Washington (EPA/AMD/R10-00/122) was approved, which
modified the selected remedial action by deploying an innovative treatment technology, In Situ Redox
Manipulation (ISRM), to address the groundwater chromium plume located southwest of the

D/DR Reactors. This plume is not within the established treatment zone for the P&T system for the
interim action. The initial phase of the ISRM remedial action was implemented in 2000.

An additional P&T system was installed in 2004 at the 100-D Area (DR-5 P&T system with a 189 L/min
(50 gpm) treatment capacity) to extract and treat high hexavalent chromium concentrations in the central
portion of the 100-D Area. The two P&T systems operated to remediate hexavalent chromium in the
100-HR-3 OU groundwater. The HR-3 system extracted contaminated groundwater from the 100-D and
100-H Areas; the groundwater was then treated and injected in the 100-H Area. The DR-5 system
extracted, treated, and injected groundwater in the 100-D Area.

Monitoring of these systems over time provided significant additional information on the nature and
extent of contamination and revealed that the hexavalent chromium footprint in groundwater was much
larger than anticipated. A remedial process optimization study began in 2008 to determine how to
optimize the remediation of hexavalent chromium in groundwater at the 100-HR-3 OU by 2012.

The study included cleanup of groundwater within the Horn Area based on field investigations conducted
in 2007 and 2008 that further delineated the extent of hexavalent chromium in the area
(DOE/RL-2008-42, Hydrogeological Summary Report for 600 Area Between 100-D and 100-H for the
100-HR-3 Groundwater Operable Unif). Two new, expanded P&T systems, the DX (100-D Area) and
HX (100-H Area) P&T systems, have been constructed and increase the treatment capacity for
groundwater cleanup by 2,273 L/min (600 gpm) and 3,030 L/min (800 gpm), respectively, in the
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100-HR-3 OU. Table A-1 provides a summary of treatment capacities for the 100-HR-3 OU P&T
systems. The DR-5 and HR-3 P&T systems were phased out in calendar year (CY) 2011 by the
expanded systems.

The DX P&T system, which came online in December 2010, will focus on hexavalent chromium
contamination in groundwater underlying the 100-D Area and the northwestern portion of the Horn Area.
The HX P&T system came online in September 2011 and will focus on hexavalent chromium
contamination in groundwater underlying 100-H Area and the southeastern portion of the Horn Area.

Additional detailed site characterization and background information on the 100-HR-3 OU and the
P&T activity are provided in Integrated 100 Area Remedial Investigation/Feasibility Study Work Plan,
Addendum 1: 100-DR-1, 100-DR-2, 100-HR-1, 100-HR-2, and 100-HR-3 Operable Units
(DOE/RL-2008-46-ADD1). Further information on the P&T system design and operation is provided
in Remedial Design/Remedial Action Work Plan for the 100-HR-3 Groundwater Operable Unit Interim
Actions (DOE/RL-2009-56). The groundwater monitoring requirements are described in Interim Action
Monitoring Plan for the 100-HR-3 and 100-KR-4 Operable Units (DOE/RL-96-90).

A3 100-KR-4 Operable Unit History

In July 1994, Limited Field Investigation Report for the 100-KR-4 Operable Unit (DOE/RL-93-79),
including a qualitative risk assessment, was completed. The report concluded that an interim remedial
measure was not warranted based on human health risk, but an interim remedial measure could be
justified for ecological concerns related to hexavalent chromium. In October 1995, 100-KR-4 Operable
Unit Focused Feasibility Study (DOE/RL-94-48) and Proposed Plan for Interim Remedial Measure at the
100-KR-4 Operable Unit (DOE/RL-94-113) were completed. The proposed plan (DOE/RL-94-113)
recommended using a P&T interim remedial measure to mitigate hexavalent chromium migration into the
Columbia River.

In April 1996, an interim remedial action ROD (EPA/ROD/R10-96/134) was issued for the 100-KR-4
P&T system. The ROD specified installation of a P&T system in the 100-HR-3 and 100-KR-4 OUs to
intercept portions of the hexavalent chromium plumes that affect the Columbia River. Full-time operation
of the treatment system began on October 1, 1997.

Detailed site characterization and background information for the 100-KR-4 OU and P&T activities are
provided in the focused feasibility study (DOE/RL-94-48) and the proposed plan (DOE/RL-94-113).
Further information on P&T system design and operation is provided in Remedial Design and Remedial
Action Work Plan for the 100-HR-3 and 100-KR-4 Groundwater Operable Units’ Interim Action
(DOE/RL-96-84) and 100-HR-3 and 100-KR-4 Operable Units Interim Action Performance Evaluation
Report (DOE/RL-97-96). Groundwater monitoring requirements are described in Interim Action
Monitoring Plan for the 100-HR-3 and 100-KR-4 Operable Units (DOE/RL-96-90). Additional current
background information is available in Hanford Site Groundwater Monitoring for 2011
(DOE/RL-2011-118).

The KR4 P&T system treats groundwater downgradient of the 116-K-2 Trench (also referred to as the
Mile-Long Trench) and has a treatment capacity of 1,136 L/min (300 gpm). The KX P&T system came
online in CY 2009 and added 2,271 L/min (600 gpm) treatment capacity. For the hexavalent chromium
plumes associated with the 116-K-2 Trench, Supplement to the 100-HR-3 and 100-KR-4 Remedial Design
Report and Remedial Action Workplan for the Expansion of the 100-KR-4 Pump-and-Treat System
(DOE/RL-2006-75) describes the changes made with the addition of the KX system.
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The KW P&T system came online in CY 2007 with a 387 L/min (100 gpm) treatment capacity and was
expanded to a 757 L/min (200 gpm) capacity in 2009. The system continued operation in 2011 near the
groundwater treatment capacity of 757 L/min (200 gpm). For the hexavalent chromium plume associated
with the KW Reactor, The KW Pump-and-Treat System Remedial Design and Remedial Action Work
Plan, Supplement to the 100-KR-4 Groundwater Operable Unit Interim Action (DOE/RL-2006-52)
describes the changes made with the addition of the P&T system. The combined groundwater treatment
capacity of the three P&T systems (i.e., KR4, KX, and KW) for the 100-KR-4 OU is 4,167 L/min

(1,100 gpm). Table A-2 provides a summary of treatment capacities for the 100-KR-3 OU P&T systems.

A4 100-NR-2 Operable Unit History

On September 23, 1994, the Washington State Department of Ecology (Ecology) and the

U.S. Environmental Protection Agency (EPA) issued “Action Memorandum: N-Springs Expedited
Response Action Cleanup Plan, U.S. Department of Energy Hanford Site, Richland, Washington”
(Ecology and EPA, 1994) to the U.S. Department of Energy, Richland Operations Office (DOE-RL) to
initiate groundwater remedial actions immediately in the 100-N Area. The requested remedial actions
included the design, construction, and operation of a groundwater P&T system and the construction

of a sheet-pile barrier wall at N-Springs. However, in a letter dated March 1995 (CCN 012354,

“RE: U.S. Department of Energy Request to Change N-Springs Action Memorandum”), Ecology and
EPA concurred with DOE-RL that installation of the sheet-pile wall could not be achieved in the manner
specified. This conclusion was based on a construction test conducted in December 1994.

Ecology and EPA subsequently directed DOE-RL to proceed with installing a P&T system as an
expedited response action. The N-Springs P&T system was completed by August 1995 and began full
operation by September 1995, meeting Hanford Federal Facility Agreement and Consent Order, also
known as Tri-Party Agreement (TPA) (Ecology et al., 1989) Milestone M-16-12D.

From system startup in September 1995 through November 8, 1996, the N-Springs P&T system operated
at a nominal rate of 189 L/min (49.9 gpm). During this period, the system consisted of four extraction
wells (199-N-75, 199-N-103A, 199-N-106A, and 199-N-105A, with three wells operating and one well as
a backup) and two injection wells (199-N-29 and 199-N-104A).

Based on recommendations in N-Springs Expedited Response Action Performance Evaluation

Report (DOE/RL-95-110) and N-Springs Pump and Treat System Optimization Study (DOE/RL-97-34),
the system was shut down and upgraded to operate at 227 L/min (60 gpm) between November 8 and
December 17, 1996. The P&T system was brought back online on December 17, 1996, and continued
to operate until it was shut down and placed in cold standby status in March 2006 (interim action status
change are documented in TPA Change Request M-16-06-01, dated February 15, 2006). The historical
configuration of the P&T network consisted of three extraction wells (199-N-75, 199-N-103A, and
199-N-106A) and two injection wells (199-N-29 and 199-N-104A), with well 199-N-105A serving as

a backup extraction well.

Additional information regarding progress of the 100-NR-2 P&T operations is provided in previous fiscal
year summary reports (e.g., DOE/RL-2010-11, Hanford Site Groundwater Monitoring and Performance
Report for 2009: Volumes 1 and 2). Additional current background information is available in Hanford
Site Groundwater Monitoring Report for 2010 (DOE/RL-2011-01).

Interest was renewed in strontium stabilization by phosphate injection (chemical injection) based on
reports of successful bench testing at Sandia National Laboratory. Pacific Northwest National Laboratory
(PNNL) and Sandia National Laboratory scientists presented the merits of apatite sequestration and
phytoextraction at a workshop in August 2003. Because of the potential for these technologies to remove
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or sequester Sr-90 from the riverbank sediments, DOE funded two laboratory studies at PNNL in fiscal
year (FY) 2004 to determine their appropriateness for the 100-NR-2 OU:

e Phytoextraction of Sr-90 at Hanford 100-N
e Sr-90 sequestration by apatite at Hanford 100-N.

Currently, a chemical barrier composed of apatite is being installed as a primary treatment technology and
phytoextraction is being studied as a secondary treatment or “polishing” step.

A5 Historical Plume Maps

Figures A-1 through A-5 show the historical shape and extent of hexavalent chromium plumes in the
100-D, 100-H, and 100-K Areas.
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Table A-1. Treatment Capacity Summary of P&T Systems in the 100-HR-3 Operable Unit

Number of Extraction

Number of Injection

Actual/Scheduled | Design Capacity | Wells in the Current Wells in the Current
P&T Operation (L/min [gpm]) Network Network
HR-3 June 1997 1,136 (300) 10 4
to May 2011
DR-5 July 2004 189 (50) 5 2
to March 2011
DX December 2010 2,273 (600) 37 14
to present
HX September 2011 to 3,030 (800) 31 15

present

gpm = gallons per minute

Table A-2. Treatment Capacity Summary of P&T Systems in the 100-KR-4 Operable Unit

Number of Extraction

Number of Injection

Actual/Scheduled | Design Capacity | Wells in the Current Wells in the Current
P&T Operation (L/min [gpm]) Network Network

KR-4 September 1997 1,136 (300) 10 5

to present
KX February 2009 2,273 (600) 14 9

to present
KW January 2009 to 757 (200) 7 15

present

gpm = gallons per minute
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Appendix B
Methods and Results Capture Zone Modeling
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B1 Site History

This appendix describes groundwater flow and the extent of capture estimated for the 100-HR-3 and
100-KR-4 Operable Units (OUs) during calendar year (CY) 2011. The terms “hydraulic capture”,
“capture”, “hydraulic containment” and “containment” are used interchangeably within this appendix.
Groundwater levels are measured throughout the 100 Area continuously at some wells using pressure
transducers with data loggers, and on a regular basis at other wells using manual (depth-to-water)
measurements. Groundwater elevations indicate that flow is generally toward the Columbia River, but the
rates and directions of flow are affected by pumping associated with the pump-and-treat (P&T) at the
remedies. Consistent with the recommendations in 4 Systematic Approach for Evaluation of Capture
Zones at Pump and Treat Systems Final Project Report (EPA 600/R-08/003), multiple lines of evidence
are used to estimate capture. The two complementary methods used and discussed in this appendix are
water-level mapping and groundwater modeling.

B2 Water-Level Mapping and Capture Zone Estimation Method

The water-level mapping and capture zone estimation method is an alternative to the use of a numerical
model for interpreting capture. The technique is detailed in Collection and Mapping of Water Levels to
Assist in the Evaluation of Groundwater Pump-and-Treat Remedy Performance (SGW-42305). Capture
estimation using water-level maps follows a three-step procedure. Derivations for equations in this section
are presented in SGW-42305.

First, two-dimensional (2D) water-level maps are prepared using universal kriging (Geostatistics:
Modeling Spatial Uncertainty [Chiles and Delfiner, 1999]; “On the Use of a Main Trend for the Kriging
Technique in Hydrology” [Volpi and Gambolati, 1978]), which enables a deterministic trend to be
included in the map. When mapping water levels in the vicinity of River Corridor extraction and injection
wells, the deterministic trend form comprises the summation of a plane together with terms describing the
effects of pumping and the effect of the Columbia River. Using superposition to sum the effects

of multiple pumped wells, pumping effects can be combined with the planar trend to give the following
estimate of the water level, H, at any location (x,y) (Equation B-1):

n m
Hx,y)=A+Bx+Cy+DXQ;+EXLi+e(x,y) (Equation B-1)
1 1

where:

A, B, C, D, and E = regression coefficients

n = number of pumped wells

m = number of river segments

; = describes the effect on heads of pumping at well i

L = describes the effect on heads of reach j of the Columbia River
&x,y) = residual from the trend

Second, particle tracking is used to estimate the extent of capture. Particles are released throughout the
area of interest, and tracked forward until their fate (e.g., captured at a well) is determined. Particle
tracking on a single water-level map provides an “instantaneous” depiction of capture corresponding to
the water levels and pumping rates used to prepare that map. Since data loggers provide essentially
continuous water-level data and corresponding pumping rates are available, maps depicting water levels
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and capture can be produced on any frequency. However, discerning a best estimate of capture on the
basis of numerous maps can be difficult. This is accomplished in the third step of the analysis.

In the third step, a capture frequency map (CFM) is used to depict the capture estimated on the basis of
numerous water-level maps. A CFM depicts the frequency with which each particle terminates at an
extraction well, calculated over all water-level maps. A frequency of 1.0 indicates that the particle is
captured on every map, a frequency of zero indicates that a particle is not captured on any map, and
intermediate frequencies indicate that the particle is captured using some maps and not on others.

A CFM is most appropriately interpreted as an ensemble estimate for the monitoring period. Causes for
frequencies below 1.0 include changing pumping rates. Only frequencies of 0.5 and higher are depicted
in figures because low capture frequencies can be misleading.

When interpreting the results of this analysis, in this section should be noted:

e A CFM typically provides a reasonable estimate of remedy-wide capture within the footprint of the
measured data, but distinguishing the capture zones of individual wells within a multi-well remedy
can be difficult.

e Results presented on the basis of water-level mapping assume that vertical flow is negligible
compared to horizontal flow, which is usually a reasonable assumption at some distance from
pumping wells.

B3 Groundwater Flow Modeling and Capture Zone Estimation Method

The 100 Area groundwater model encompasses the OUs in the 100-BC, 100-D, 100-F, 100-H, 100-K,
and 100-N Areas. The model simulates three-dimensional groundwater flow using MODFLOW-2000
(MODFLOW-2000, The U.S. Geological Survey Modular Ground-Water Model — User Guide to
Modularization Concepts and the Ground-Water Flow Process [Harbaugh et al., 2000]) and simulates
the advective transport of contaminants using the particle-tracking program MODPATH program
(User’s Guide for MODPATH/MODPATH-PLOT, Version 3: A Particle Tracking Post-Processing
Package for MODFLOW, the U.S. Geological Survey Finite-Difference Ground-Water Flow Model
[Pollock, 1994]). The model simulates monthly stress periods, with monthly average river stage and
pumping rates for each stress period.

Although a single depiction of capture can be calculated using particle tracking when a model simulates
quasi-steady-state conditions, the approximate extent of hydraulic capture presented here is calculated
with the transient 100 Area model using the following three-step procedure similar to the description for
calculating a CFM (“Sources of Water to Wells for Transient Cyclic Systems” [Reilly, 1996];

“The Capture Efficiency Map: The Capture Zone Under Time-Varying Flow” [Festger, 2002]), which
focuses on the evaluation of the temporal variation in capture due to changing flow patterns and
hydraulic gradients:

1. The groundwater model is used to simulate conditions for 2011 using monthly stress periods, during
which monthly averaged extraction and injection rates are used to represent pumping at the
various remedies.

2. Particles are released at the commencement of each of the 12 monthly stress periods, and their
migration and fate are simulated using a very low effective porosity to ensure that particle travel
times are essentially instantaneous. The instantaneous fate of each particle during each stress period
is recorded.
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3. A capture efficiency map (CEM) is used to depict the capture estimated on the basis of the
12 instantaneous capture maps in a manner analogous to that used for a CFM. An efficiency of
1.0 indicates that each released particle is captured during every stress period; an efficiency of zero
indicates that the particle is not captured during any stress period; and intermediate efficiencies
indicate that the particle is captured during some stress periods and not others.

As for the CFM prepared using the mapping technique, a CEM is most appropriately interpreted as an
ensemble estimate for the monitoring period, and inferences should focus on the relative extents and
distribution of the low and high efficiencies. Causes for efficiencies below 1.0 include changing pumping
rates and other boundary conditions. Only efficiencies of 0.5 and higher are depicted in figures because
low efficiencies can be misleading.

A high capture frequency (for the CFM resulting from water-level mapping) or capture efficiency (for the
CEM resulting from groundwater modeling) does not necessarily indicate that the particle was actually
captured (i.e., recovered at a pumped well) during the time period. Whether or not a particle was captured
depends upon the actual migration velocity and travel time. Rather, a high capture frequency and/or
efficiency indicate that the particle was hydraulically contained by the remedy and that if conditions
persisted, would ultimately be captured at some time.

B4 100-HR-3 OU Capture Zone Modeling

Capture zone modeling for 100-HR-3 is described in the following subsections.

B4.1 Configuration of 100-HR-3 OU Groundwater Pump-and-Treat Remedies

Figure B-1 summarizes extraction and injection rates in the 100-HR-3 groundwater P&T remedy.

The system operated at a relatively constant rate of about 200 gallons per minute (GPM) from January to
early May 2011, at which time the system was taken offline. Extraction wells 199-H3-2C, 199-H4-12C,
199-H4-15, 199-H4-4, and 199-H4-63 and injection wells 199-H4-14, 199-H4-18, and 199-H4-17 were
later incorporated into the 100-HX groundwater P&T remedy.

Figure B-2 summarizes extraction and injection rates in the 100-HX groundwater P&T remedy.

The system started up in late September 2011. From October to December, the system operated at a
relatively constant rate of about 550 — 600 GPM. The HX system consists of 31 extraction wells and

15 injection wells. Pumping rates in most wells averaged 50 GPM or less, with a few exceptions. Average
extraction rate in well 199-H3-4 was 80-125 GPM, and average injection rates in wells 199-H1-20 and
199-H1-21 were about 75 GPM and 95 GPM, respectively. All wells operated at typical rates from
October to December, with no significant shutdown periods.

Figure B-3 summarizes extraction and injection rates in the 100-DR-5 groundwater P&T remedy.

The system operated at about 30 GPM from January to the end of February, at which time wells
199-D5-20 and wells 199-D5-39 were shut down. The entire system was offline in March with only
limited pumping from extraction well 199-D5-92 in April for resin regeneration purposes. Extraction
wells 199-D5-20, 199-D5-39, and 199-D5-92, and injection well 199-D5-42 were incorporated into the
100-DX groundwater P&T remedy

Figure B-4 summarizes extraction and injection rates in the 100-DX groundwater P&T remedy. The DX
system consists of 37 extraction wells and 14 injection wells. The system operated at a relatively constant
rate of about 500 GPM throughout CY 2011, with a period of reduced pumping rates (around 400 GPM)
from April to June 2011. Injection and extraction rate data were not available for the month of September,
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but the system was operating at typical rates. During CY 2011, there were no significant shutdown
periods for the 100-DX system.

B4.2 100-HR-3 OU Groundwater Approximate Flow Patterns and Extents of Capture

Figures B-5(a) and B-5(b) show example water level contours for the 100-HR-3 area for high and low
river stage conditions (May and October, 2011, respectively). Multiple maps analogous to those presented
in B-5 were constructed using weekly-averaged water levels obtained from January to November 2011
with transducers, and corresponding weekly pumping rates. Figures B-5(a) and B-5(b) illustrate the
changes in flow direction and hydraulic gradients in response to changes in river stage. For most of the
year, gradients are relatively steep and flow is toward the Columbia River as illustrated in Figure B-5(b).
During high river stage (May to July), gradients become less steep — and may reverse near the shoreline-
as shown in Figure B-5(a). Typical groundwater flow direction towards the river that is more consistent
with lower river stage resumed in late July.

A CFM depicting the extent of hydraulic capture developed by the 100-HX and 100-DX remedies was
calculated based on weekly maps from October to November, representing the period during which both
systems were operational and transducer data was available. The CFM is supplemented by a CEM
calculated using the 100 Area groundwater model which represents the three months from October

to December.

Figure B-6(a) depicts the CEM for the 100-HX and 100-DX remedies for the period from October to
December 2011, determined using the groundwater model. Figure B-6(a) represents the combination of
3 instantaneous monthly capture zone estimates. Figure B-6(b) depicts the CFM for the 100-HX and
100-DX remedies from October to November 2011, determined using the groundwater level mapping
approach. Figure B-6(b) represents the combination of 8 weekly-average water level and pumping rate
datasets. Figures B-7(a) and B-7(b) show the same estimated extents of hydraulic capture developed by
the 100-H system as Figures B-6(a) and B-6(b), overlaid with contours that illustrate the extent of
hexavalent chromium in groundwater during Fall 2011.

B4.2.1 Conclusions

Review of Figures B-6(a) and B-6(b) suggests that the approximate extents of capture calculated using the
mapping method and the groundwater model for the 100-HR-3 system are similar in appearance, although
there are some areas that differ. The overlays of the CEM and CFM maps with the contoured extents of
hexavalent chromium presented in Figures B-7(a) and B-7(b), respectively, identify areas where capture
appears conclusive and satisfactory, and where capture appears inconclusive and/or unsatisfactory. It is
evident that:

e  Throughout the majority of the 100-HR-3 groundwater OU that is contaminated by chromium, the
CEM and CFM provide a fairly consistent interpretation of the extent of capture developed by the
100-HX and 100-DX remedies from October to December 2011.

e Both methods consistently suggest that the capture is inconclusive or unsatisfactory in the
following areas:

— In the southeastern portion of the 100-H area — e.g., upgradient of wells 199-H4-64, 199-H4-12C,
199-H4-4, and 199-H4-63.

— In portions of the area between the 100-D and 100-H OUs, referred to as the Horn.
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e The two methods show some inconsistent results in one area: the CFM suggests that capture is
inconclusive or unsatisfactory in a fairly broad area northwest of the H area, while the CEM suggests
that capture is only inconclusive or unsatisfactory in a more limited area northwest of the H area.

The differences in capture depicted by the CEM and CFM approaches arise from a combination of (a) the
variable distribution of water level monitoring, (b) the different periods used in preparing the CEM and
CFM maps, as described above, and (c) differences in the methods used. With regard to the distribution of
water level monitoring locations: Figures B-6(b) and B-7(b) include dashed grey lines, which delineate
the areas located about 500 meters or more from the nearest monitoring well used in the groundwater
elevation mapping (and also used in the groundwater model calibration). In these areas, the relative
sparsity of water level monitoring data results in increased uncertainty in the estimated extent of capture.
Differences between the modeled CEM and mapped CFM are expected to be greatest in these areas: and
this is reflected in the calculated CEM and CFM presented. Differences that result from the contrasting
methods and the averaging periods used are expected to diminish over time when the monitoring network
is optimized and comparable summary periods are used in the analyses.

B5 100-KR-4 OU Capture Zone Modeling

Capture zone modeling for 100-KR-4 is described in the following subsections.

B5.1 100-KR-4 OU Groundwater Approximate Flow Patterns and Extents of Capture

Figures B-§, B-9, and B-10 summarize pumping rates for the three 100-K groundwater P&T systems:
KR-4, KX, and KW, respectively. All systems remained operational throughout CY 2011, although
several adjustments to pumping rates were made over the year.

For the KR-4 system, total pumping rates remained relatively constant from January to May 2011, with
a short period of lower rates during late February/early March. From May until December, total pumping
rate for the KR-4 system was reduced. During this time, several wells were shut down because
groundwater sampling showed hexavalent chromium concentrations less than 10 parts per billion (ppb).
These wells were started up once per week for sampling; if hexavalent concentrations exceeded 10 ppb,
the well was re-started (Figure B-8). For the KX system, total pumping rates were relatively constant
throughout CY 2011, with two short periods of reduced pumping rates during March and early June
(Figure B-9). For the KW system, total pumping rates remained relatively constant for most of CY 2011.
Rates were reduced for a brief period in June, and in late August and September, overall systems rates
were decreased as wells were taken offline one at a time for facility modifications. The KW system
returned to normal rates by October (Figure B-10).

Figure B-11 shows example water level contours for the entire 100-K area that represent (a) high and

(b) low river stage conditions (the weeks of June 12, 2011 and September 25, 2011, respectively).
Multiple maps analogous to those presented in Figure B-11 were constructed as described in the previous
section, using weekly-averaged water levels and corresponding weekly-averaged pumping rates. Water
level maps were generated for each of the 48 weeks between January and November 2011. Water level
measurements were not available for the month of December. Thirty-six of the weekly-average water
level maps were used to calculate a CFM depicting the extent of hydraulic capture developed by the
100-K systems from January to November 2011; the periods of high river stage (the weeks of May 8 to
July 17) were excluded. This CFM is supplemented by a CEM calculated using the 100 Area
groundwater model.

Figure B-12(a) depicts the CEM for the combined 100-K systems determined using the 100 Area
groundwater model. Figure B-12(a) represents the combination of 12 instantaneous monthly capture zone
estimates. Figure B-12(b) depicts the CFM for the combined 100 K Area systems determined using the
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mapping approach. Figure B-12(b) represents the combination of 36 weekly average water-level and
pumping rate and river stage data sets. The CFM presented in Figure B-12(b) excludes high-river stage
conditions (the weeks from May 8 to July 17), and periods during which transducer data was unavailable
(the weeks of November 30 to December 25). Figure B-13(a and b) show the same estimated extents of
capture as do Figure B-12(a and b), overlain with contours that illustrate the extent of hexavalent
chromium in groundwater during Fall CY 2011.

B5.1.1 Conclusions

Within the contoured extent of hexavalent chromium, the CFM and CEM depict relatively consistent
effectiveness of capture. While the estimated capture extent is broadly similar when calculated using and
CEM and CFM approaches, the two methods show different capture effectiveness in some areas such as
along the shoreline downgradient of the K West area. In particular, Figures B-12 (a and b) and B-13

(a and b) indicate that:

e High capture efficiencies and high capture frequencies encompass the majority of the area showing
hexavalent chromium concentrations above 10 ppb; both methods therefore indicate that the
combined 100-K systems provide hydraulic containment over most of the plume.

e The CFM indicates that hydraulic capture may be insufficient in a small area near wells 199-K-178
and 199-K-141, where high capture frequencies do not fully encompass the 10 ppb hexavalent
chromium contour. However, the same area lies within high capture efficiencies on the CEM, which
suggests that the hydraulic capture is sufficient. This uncertainty will likely be addressed by the
installation of a new transducer/datalogger at the K-River Gage.

¢ On the CFM, a band of lower capture frequency exists within the 10 ppb hexavalent chromium
contour between wells 199-K-144 and 199-K-145; i.e., some of the weekly capture zone maps show
a gap in hydraulic capture between these two wells. On the CEM, this area is fully encompassed by
high capture efficiencies. Therefore, the effectiveness of hydraulic containment in this area is
somewhat uncertain although it is likely containment is achieved for most of the year.

These differences likely result from a combination of (1) the variable distribution of water-level
monitoring locations used to calibrate the 100 Area model and to map the water levels, (2) the different
averaging periods used in preparing the CEM and CFM maps, and (3) differences in the methods used.
With regard to the distribution of water level monitoring locations: Figures B-12 (b) and B-13 (b) include
a dashed grey line which delineates the area located about 500 meters or more from the nearest
monitoring well used in the groundwater elevation mapping (also used in the groundwater model
calibration). In this area, the relative sparse water level monitoring data results in increased uncertainty in
the estimated extent of capture. Differences between the modeled CEM and mapped CFM are expected to
be greatest in these areas, and this is reflected in the calculated CEM and CFM. Differences resulting
from the difference between the methods are expected to diminish over time when the monitoring
network is optimized and comparable summary periods are used in the analyses.
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Figure B-5. Groundwater Elevation Contours Throughout the 100-HR-3 OU for (a) High River-Stage
Conditions (May 2011) and (b) Low River-Stage Conditions (October 2011)
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