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EXECUTIVE SUMMARY

This report presents the annual summary and evaluation of the performance of the In Situ Redox
(reduction-oxidation) Manipulation (ISRM) mterim remedial action located in the 100-D Axea,
within the 100-HR-3 Operable Unit (OU) at the Hanford Site. The ISRM is a groundwater
permeable reactive barrier established to remedy a hexavalent chromium plume. This report

covers the period of October 1, 2005, through September 30, 2006.

The remedial action objectives (RAQOs) of the ISRM treatment zone are presented in the original
Record of Decision (ROD) for the 100-HR-3 QU (Declaration of the Record of Decision for the
100-HR-3 and 100-KR-4 Operable Units at the Hanford Site [Interim Remedial Actions] [EPA et
al. 1996]). The specific RAOs are identified as follows.

« RAO #1: Protect aquatic receptors in the river substrate from exposure to contamination

in groundwater entering the Columbia River.

« RAO #2: Protect human health by preventing exposure to contaminants in the

groundwater.
» RAO #3: Provide information that will lead to the final remedy.

An ISRM treatability test was conducted in the 100-D Area in 1997 and 1998 in the center of the
most contaminated portion of the groundwater plume. The purpose of the test was to evaluate

the technology in Hanford Site groundwater for large-scale implementation.

The 1999 amended ROD decision for the 100-HR-3 OU (U.S. Department of Energy Hénford
Site — 100 Area Benton County, Washington — Amended Record of Decision Summary and
Responsiveness Summary [100-HR-3 Operable Unit] [EPA et al. 1999]) identified ISRM as the
selected remediation alternative to address a newly defined groundwater plume located west of
the D/DR Reactors. The amended ROD authorized large-scale deployment of the ISRM
technology to remediate the plume and deferred the details of the design to the Remedial Design
Report and Remedial Action Wbrk Plan for the 100-HR-3 Groundwater Operable Unit In Situ
Redox Manipulation (DOE-RL 2000). A 3-year, three-phase emplacement schedule was
develbped. The 680-m (2,231-ft)-long permeable reactive barrier was completed in the fall of

2004,
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Seven compliance monitoring wells located between the barrier and the Columbia River

shoreline are sampled quarterly to assess the performance of the ISRM treatment zone in the
protection of aquatic receptors. As of fiscal year 2006 (FY06), the annual average hexavalent
chromium concentrations in two of the seven compliance wells has met the RAO of 20 pg/L;
two other compliance wells are near the RAO. Annual average concentrations decreased in four
of the seven compliance wells and were stable in the other three compliance wells relative to
FY05 values. The highest annual average chromium concentration in the seven compliance

wells is 595 pg/L in well 199-D4-39.

Access controls continue to protect human health by restricting access to contaminants in the

groundwater.

Monitoring groundwater contamination upgradient of and in the barrier provides-infonnation that
will lead to the final remedy. The southwestern portion of the barrier appears to be effectively
mitigating hexavalent chromium contamination. Some areas in the northeastern portion 6f the
barrier have lost reductive capacity and are show increasing hexavalent chromium

i concentrations. Concentrations greater than 200 pg/L were measured in 14 to 15 of the

41 northeastern barrier wells in the first and second quarters of FY06, respectively.

Because previous atternpts to re-establish reductive capacity in. the barrier using the original
ISRM chemicals have not beeﬁ effective, other approaches are being pursued to mend the
barrier. In addition, an effort is underway to identify the source(s) of the hexavalent chromium
plume. Planning was completed in FY06 for these activities. In FY07, this work will include

i field testing the injection of miron-sized, zero-valent iron to mend the barrie_r; installing
characterization wells and other investigations to locate the source(s) of the hexavalent
chromium plume; and performing treatability testing of in situ biostimulation to reduce

hexavalent chromium and nitrate in the plume.

ES-2
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1.0 INTRODUCTION

This annual progress and performance report discusses the In Situ Redox Manipulation (ISRM)
interim remedial action at the 100-HR-3 Operable Unit (OU) from October 1, 2005, through
September 30, 2006 (fiscal year 2006 [FY06]). This report specifically addresses remedial
actions performed at the hexavalent chromium plume in the southwestern portion of the

100-D Area (Figure 1-1). Interim pump-and-treat remedial actions performed at the northeastern
portion of the 100-D Area and in the 100-H Area are discussed in a separate annual summary
report. This is the sixth annual summary report that specifically addresses the ISRM remediation
technology, as presented in the Remedial Design Report and Remedial Action Work Plan for the
100-HR-3 Groundwater Operable Unit In Situ Redox Manipulation (RDR/RAWP) (DOE-RL
2000).

The ISRM technology involves creating a pexmeable subsurface treatment zone by injecting
sodium dithionite into the aquifer, thus creating a chemically reduced environment. Hexavalent
chromium passing through the treatment zone is reduced to less. tox1c and less mobile trivalent

chromium.,

Deployment of ISRM is spec1ﬁed in the U.S. Department of Energy Hanford Site ~ 100 Area
Benton County, Washington — Amended Record of Decision Summary and Responsiveness
Summary (100-HR-3 Operable Unit) (EPA et al. 1999) (hereinafter referred to as the ROD
Amendment). The following remedial action objectives (RAOs) are identified in the
Declaration of the Record of Decision for the 100-HR-3 and 100-KR-4 Operable Units at the
Hanford Site (Interim Remedial Actions) (EPA et al. 1996) and the ROD Amendment:

o RAO#1: Protect aquahc receptors in the river bottom substratc 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 the final remedy.

In addition to these RAOs, the ISRM system has been constructed in accordance with key design
elements described in the RDR/RAWP (DOE-RL 2000).

1.1  PURPOSE
The purpose of this annual report is to provide the following:

¢ Document the progress toward achieving key design elements specified in the
RDR/RAWP (DOE-RL 2000)

e Document groundwater remediation system performance and status
« Document general aquifer conditions and aquifer response to remedial actions

« Provide discussion on remediation efforts.

1.2  HISTORY OF OPERATIONS

The 100-HR-3 QU is located in the northern portion of the Hanford Site along the Columbia
River. This OU includes the groundwater underlying the source OUs associated with the D/DR

I-1
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and H Reactor areas and the property lying between the two areas. During operation of the

D/DR Reactors between 1944 and 1967, large volumes of water were pumped from the

Columbia River and used as reaetor coolant. Sodium dichromate was added to the coohng water
to inhibit corrosion of the reactor piping and subsequentiy leaked into the soxl and contammated __
the groundwater. _

Following discovery of hexavalent ehronnum contammatalon in groundwater in 1995 an ISRM '
treatability test was conducted in the 100-D Area. The first ISRM treatment took plece in well
199-D4-7 in September 1997, and four additional wells were treated betw May and

July 1998. The five treated wells created a reducing zone in the unconﬁned aqulfer that was -

approximately 46 m (151 ﬁ) long by 15 m (49 f) wide (Flgure 1-2)

During the fall of 1999, the treatment zone in the treatability test area was extended by the m
treatment of a sixth well (199-D4-21), resulting in hexavalent chro ium o
reduced from 1,050 pg/L to less than detection in that well. T :
wells provided sufficient additional data to support advancmg ﬁ'om
emplacement ofa large—ecale treatment zone ' R

n the sel
and-treat rem_}ectzon activities speciﬁed in the ROD for the 100, HR 3 ou (BPA et al. 1 996)
The ROD. Amendment deferred the details of the full-scale de51gn of the treatment zone to the .
RDR/RAWP (DOE-RL 2000). A 3-year emplacement schedule was dev -
RDR/RAWP to meet the ROD Amendment requlrements The three phese (Phas L1

outward from the center of the most contammated portlon of the | gro N
Columbia River shorelme The treatment zone was to be expa.nded untxl the edge of th 3 20 ug,fL=

In FY00, Phase I of the large-scale deployment of the ISRM tecﬁnology was initiated. _
! wells were installed (2 compliance wells and 14 treatment zone wells), and chemical treatment T
was performed in 10 wells. During this phase, the ISRM treatment Zorie ‘was extended 60 m R
(197 ft) toward the northeast and 60 m (197 ft) toward the southwest o

In FYO1, Phase II well construction and treatment zone emplacement act1v1t1es began | R
Thirty-two wells were installed (4 compliance wells and 28 treatment zone wells), and chemical
treatment was performed in 28 wells. These 28 treatment wetls extended the ISRM treatment '
zone to a length of over 195 m (640 ft).

The ISRM barrier was extended to the west durmg Phase TII drilling in FYO02. Seventeen ISRM _
treatment wells and 3 characterization boreholes were drilled, and chemical treatment was
performed in 12 of 17 treatment wells. Chemical treatment was ‘subsequently compieted in the .
' fast five wells during FY03, which extended the ISRM treannent zone to a length of 680m -
(2,231 ). |

1.3  REPORT ORGANIZATION

This document consists of nine sections. Section 1.0 contams the mtroductl__on' Seetaonz 6 :_ o
provides an overview and discussion of the ISRM technology and its developmen and S .
demonstration at the Hanford Site. Sect:lon 3.0 discusses aquifer response in terms of both

1-2
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hydraulic monitoring and contaminant monitoring. Section 4.0 provides a brief discussion of
pending treatability tests and drilling. Section 5.0 discusses the quality assurance/ quality control
(QC) for the samples analyzed in FY06, and Section 6.0 presents ISRM cost data. Section 7.0
provides conclusions, and Section 8.0 presents recommendations. A list of the references used to
prepare this document is found in Section 9.0. Appendix A contains plots of flow direction and
gradient solutions for groundwater, and Appendix B includes hexavalent chromium
concentration trend plots.

1-3
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Figure 1-1. In Situ Redox Manipulation Site

Location Map.
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2.0 IN SITU REDOX MANIPULATION TECHNOLOGY OVERVIEW

A plume of dissolved hexavalent chromium in the groundwater was discovered in 1995 during
groundwater characterization activities along the Columbia River shoreline to the west of the
D/DR Reactors in the 100-D Area. The source of the observed hexavalent chromium
contamination is believed to be sodium dichromate. Sodium dichromate-dihydrate

(Na;Cr,0; *2H,0) was previously used for corrosion control in reactor cooling water. Chemical
stock material or concentrated sodium dichromate solution may have been released near the
reactor inlet cooling water treatment facilities. The geometry of the current groundwater plume
indicates that the release(s) occurred near the facility where water was treated before it was used
as cooling water in the reactors. The actual source has not been confirmed, and specific release
point(s) of the chromium into the groundwater system have not been identified.

The ISRM technology creates a chemically reduced permeable treatment zone that reduces
hexavalent chromium in groundwater to trivalent chromium, which is less mobile and less toxic
than the hexavalent form. A diagram showing the chemical speciation of chromium at varying
reduction/oxidation potential (Eh)/pH conditions is provided in Figure 2-1.

The aquifer treatment zone is created by injecting a solution of sodium dithionite (Naz8,04) into
the aquifer through a seties of groundwater wells (Figure 1-2). Sodium dithionite is a strong
reducing agent that scavenges unbound dissolved oxygen (DO) from the aquifer and reduces
numerous metallic elements and oxy-ions present in the aquifer in an oxidized state. Numerous
reduction reactions occur in a groundwater system during the ISRM treatment process.

In addition, numerous oxidation reactions occur on a continuous basis following establishment
of the treatment zone. The principal reaction that provides the residual reduction capacity to
treat chromate ions flowing through the treatment zone is the reduction of ferric iron (F e to
ferrous iron (Fe'?). After the reduction treatment, ferrous iron is present in two forms:

(1) dissolved ferrous iron in solution in the groundwater, and (2) structural ferrous iron
associated with the geologic material forming the aguifer matrix. Some dissolved ferrous iron
may migrate slowly downgradient with the groundwater flow, while structural ferrous iron
provides residual reduction capacity that can react with the hexavalent chromium in incoming
groundwater.

Hexavalent chromium in aqueous solution fiows into and through the treatment zone at natural
groundwater velocity. When dissolved hexavalent chromium (Cr*®, in the form of the water-
soluble chromate ion, CrO4?) in the aquifer enters the reducing environment, it reacts with
ferrous iron in the treatment zone and is reduced to trivalent, or chromic, chromium (Cr). The
resulting trivalent chromium ultimately precipitates from the groundwater as chromic hydroxide-
[Cr (OH)s] or a chromic-ferric hydroxide complex. Both of these compounds have very low
solubility in water and are less toxic than hexavalent chromium at typical groundwater pH and
Eh conditions. As the treatment zone eventually becomes re-oxidized by the passage of naturally
oxygenated groundwater through the treatment zone, the precipitated trivalent chromium is
expected to remain insoluble. Dissolution of chromic hydroxide and re-oxidation of trivalent
chromium may be facilitated by the presence of manganese oxide in the water. However, it is
anticipated that hexavalent chromium concentrations will remain below levels of concern
following complete treatment of the plume.
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The results of the ISRM technology evaluation are presented in 100-D Area In Situ Redox
Treatability Test for Chromate-Contaminated Groundwater, September 2000 (PNNL 2000). The
year-end report provides additional information regarding the feasibility and apparent
effectiveness of the ISRM technology.

The longevity of the treatment zone’s capagcity to reduce hexavalent chromium within the aquifer
(estimated to be 23 years [PNNL 2000]) is a function of the combined effects of chemical and
physical characteristics of the aquifer, including the following aspects:

e Quantity and distribution of residual ferrous iron within the aquifer matrix following the
treatment process

» Flow rate of untrsated groundwater into and through the treatment zone

o Concentration of oxidizing constituents in the incoming groundwater (e.g., DO, nitrafe,
and hexavalent chromium).

Figure 2-1. Chromium Speciation Diagram.”
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3.0 AQUIFER CONDITIONS

Plume movement, changes in contaminant concentrations, and hydraulic conditions in the
aquifer were monitored in FY06 through the following activities:

e Observing changes in water levels (i.e., hydraulic monitoring) in monitoring wells
surrounding the ISRM treatment zone (Section 3.1)

« Analyzing groundwater from monitoring and barrier wells at the site (Section 3.2).

31 HYDRAULIC MONITORING

Groundwater elevations in the unconfined aquifer were monitored in wells at the ISRM site. The
water levels were measured using an automated recording system and also from quarterly
manual measurements using an electric tape. The automated water-level monitoring system
recorded data from pressure transducers on an hourly basis throughout the year at

15 groundwater monitoring wells at the site (Figure 3-1). The river-stage cycles and
corresponding groundwater responses (i.¢., hydrographs) for wells monitored by automated
processes during part or all of FY06 (October 2003 through September 2006) are shown in

* Figure 3-2. -

Both automated and manual depth-to-water measurements were used to calculate groundwater
elevations through comparison with known survey elevations. The resulting groundwater
elevation data were used to prepare contour maps of water levels at the site and to develop

a detailed assessment of variations in groundwater flow direction and gradient across the ISRM
site. A number of conclusions can be drawn from these assessments, including the following:

« During the first quarter of FY06 (October through December 2005), the Columbia River
was at a low stage and groundwater was discharged to the river. A large groundwater
mound resulted from the leakage of raw Columbia water from the 182-D reservoir at
a rate of 386 L/min (102 gallons per minute [gpm]). The 182-D groundwater mound
created a hydraulic divide separating the southwest ISRM hexavalent chromium plume
and the north 100-D hexavalent chromium plume. A smaller groundwater mound was
due to injection of treated groundwater from the DR-5 pump-and-treat operation. The
injection rate was 159 L/min (42 gpm). A number of small groundwater depressions are
related to the DR-5 and 100-D pump-and-treat extraction wells.

e During the second quarter of FY06 (January through March 2006), the Columbia River
and groundwater were in approximate balance, with little recharge or discharge of
groundwater. The groundwater mound resulting from the leakage from the 182-D
reservoir was smaller, and leakage from the 182-D reservoir occurred at a lower rate
(102.2 to 162.8 L/min [27 to 43 gpm]). The 182-D groundwater mound maintained the
hydraulic divide separating the southwest ISRM hexavalent chromium plume and the
north 100-D hexavalent chromium plume. The smail mound centered on the DR-5
injection well and groundwater depressions (due to pump-and-treat extractions near the
Columbia River) were also present. '

e During the third quarter of FY06 (April through June 2006), the Columbia River was at
a high stage, with the river recharging groundwater over a broad zone. The groundwater -
mound centered on the DR-5 injection well and a number of depressions near the river
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| and south of the 182-D reservoir (related to pump-and-treat extraction wells) were

| present. There was little evidence of leakage from the 182-D reservoir. The 182-D .
groundwater mound and the hydraulic divide separating the southwest ISRM hexavalent
chromium plume and the north 100-D hexavalent chromium plume appreciably
dissipated.

s During the fourta quarter of FY06 (July through September 2006), the river stage was
generally low and groundwater discharged to the river with a relatively low gradient.
The small groundwater mound remained centered on the DR-5 injection well, and
a number of groundwater depressions related to DR-5 and 100-D extraction wells were
present. Some of the depressions near the river shore were deep enough to allow gradient
reversal and local aquifer recharge from the river. The 182-D reservoir showed little
evidence of leakage during the quarter. The 182-D groundwater mound and the hydraulic
divide separating the southwest ISRM hexavalent chromium plume and the north 100-D
hexavalent chromium plume appreciably dissipated.

Additional detailed descriptions of groundwater conditions are presented in the following
subsections.

3.1.1 Water Table Conditions

Water table conditions at the ISRM site are influenced by both natural and artificial conditions.
The primary natural influence is the Columbia River, while artificial influences include ongoing
leakage at the 182-D reservoir, as well as groundwater extraction and injection activities at the
DR-5 and 100-D pump-and-treat operations. Seasonal variations in groundwater elevations in
monitoring wells reflect changes in the stage and flow rate of the Columbia River and are
generally lowest in the fall (September through November) and highest from mid-spring to
mid-summer (mid-May through mid-August).

Data from the automated monitoring network indicate substantial seasonal and diurnal variations
in water levels across the site (Figure 3-3). Well-defined seasonal variations are seen in all
monitored wells and primarily reflect variations in river stage (Figure 3-3A). Wells located close
to the Columbia River show diurnal fluctuations that are closely coupled to changes in the river
stage. The magnitudes of diurnal fluctuations decrease in wells further from the river, and wells
further from the river exhibit greater lag time in response to river fluctuations. The magnitudes
of diurnal fluctuations can be seen in Figures 3-3B and 3-3C, each of which presents a week of
data for two distinct flow regimes: reverse discharge and summer high flow. During the period
of reverse discharge, flow volumes are intentionally kept low during daylight hours by the Grant
County Public Utility District in order to encourage salmon to spawn in deeper water. Flows

are greatest between sunset and sunrise, which is the opposite of normal flow patterns for
generation of hydroelectric power. In FY06, reverse discharge occurred at three separate times:
(1) between October 4 and October 12, 2005; (2) between November 15 and November 20, 2003
(Figure 3-3B); and (3) between November 27 and December 1, 2005.

Beginning with FY05, manual water-level measurements have been collected quarterly

throughout the year. During FY06, water-level measurements were collected manually in

November 2005 (first quarter of FY06), March 2006 (second quarter of FY06), June 2006 (third

quarter of FY06), and August 2005 (fourth quarter of FY06) from most of the monitoring wells

associated with the ISRM site. The groundwater elevation contours based on these water-level .
measurements are presented in Figures 3-4, 3-5, 3-6, and 3-7, respectively.
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During FY06, there was uncertainty about the water elevation in the aquifer immediately
surrounding well 199-D5-42 in relation to the measured water elevation. Measured water
elevations were significantly higher (4.8 to 7.8 m [15.7 to 25.6 fi}) than the elevation of the top
of the well screen (117.65 m [386 ft]). It was assumed that the actual water level was half the
distance between the measured water level and the top of the screen (i.e., well screen efficiency
is 50%). This approach assumed that the well screen is not capable of instantaneously
transmitting all of the injected water to the groundwater. Until the second quarter of FY07, there
were no wells near 199-D5-42 to provide water-elevation data to evaluate the well-efficiency
assumption. Well 199-D5-106 is located 34 m (112 ft) and was completed during the second
quarter of FY07. Water-clevation data from well 199-D5-106 (obtained during March 2007)
have been used with FY06 water-elevation data from well 199-D5-93 to estimate water
elevations proximal to well 199-D5-42 for contouring the groundwater elevations.

The water table map for the first quarter of FY06 (Figure 3-4 [FH 2006a]) shows a groundwater
flow regime where the Columbia River was at a low stage and groundwater was discharging into
the river. A relatively steep gradient towards the river was present within about 200 m (65.6 ft)
of the shoreline. Further inland, the gradient was low and generally directed northeastward
toward the Columbia River. A similar groundwater flow regime was present in the first quarter
of FY05 (Figure 3-4 [DOE-RL 2006]). A groundwater mound was centered beneath the 182-D
reservoir and was caused by leakage of raw Columbia River water from the reservoir. The
teservoir leaked approximately 22 million L (5.8 miltion gal) of water at rate of 386 L/min

(102 gpm) during the quarter (FH 2006a). The 182-D groundwater mound created a hydraulic
divide separating the southwest ISRM hexavalent chromium plume and the north 100-D
hexavalent chromium plume. A small groundwater mound was centered on injection well
199-D5-42. This groundwater mound was caused by the injection of treated groundwater from
the DR-5 pump-and-treat operation at a rate of 159 L/min (42 gpm). Groundwater depressions
focated to the north-northeast of D Reactor, near the Columbia River, are related to pumping
withdrawals by the 100-D pump-and-treat operation. A groundwater depression located north of
well 199-D5-42, near the Columbia River, is related to groundwater withdrawals for the DR-5

pump-and-treat operation.

The water table map for the second quarter of FY06 (Figure 3-5 [FH 2006b]) represents

a groundwater flow regime where the Columbia River and groundwater were approximately in
balance, with little net discharge to or from the river. The regional groundwater gradient was
low and directed generally northward. A groundwater mound was centered beneath the 182-D
reservoir and was caused by leakage of raw Columbia River water from the reservoir at rates
ranging from 100 to 163 L/min (27 to 43 gpm) (FH 2006b). The 182-D groundwater mound
maintained the hydraulic divide separating the southwest ISRM hexavalent chromium plume and
the north 100-D hexavalent chromium plume The groundwater mound related to injection of
treated groundwater from the DR-5 pump-and-treat operation, and a groundwater depression due
to groundwater extraction at the 100-HR-3 pump-and-treat operation were also present.

The water table map for the third quarter of FY06 (Figure 3-6 [FH 2006c]) represents

a groundwater flow regime where the Columbia River was at a high stage and the gradient was
reversed, with flows from the river to groundwater over a broad zone. Effects of the regional
northward-directed groundwater gradiént seen in the second quarter were not clearly evident
during the third quarter. A groundwater mound centered at the 199-D5-42 injection well
dominated the local water table, and a series of small depressions closer to the river and south of
the 182-D reservoir were related to the operation of the DR-5 and 100-D extraction wells. The
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182-D reservoir showed little evidence of leakage during the third quarter and little effect was
seen in proximal monitoring wells. The 182-D groundwater mound and the hydraulic divide
separating the southwest ISRM hexavalent chromium plume and the north 100-D hexavalent
chromium plume appreciably dissipated. Relatively low water levels were maintained in the
reservoir from May 1 through September 30, 2006 (Figure 3-2).

The water table map for the fourth quarter of FY06 (Figure 3-7) represents the latter portion of
the annual spring and summer high for the Columbia River (Figure 3-3A), where the river stage
was considerably lower than levels seen earlier in the summer. Groundwater flows generally
discharged towards the Columbia River with a relatively low overall gradient. The local water
table was dominated by a groundwater mound and several depressions related to pump-and-treat
operations. A groundwater mound was centered on injection well 199-D5-42. Ongoing
pumping from the 100-D) extraction wells continued to produce well-defined groundwater
depressions near the Columbia River north of D Reactor. The groundwater surface near these
extraction wells was purnped to an elevation lower than the Columbia River, resulting in locally
reversed flow from the Columbia River to groundwater. Groundwater depressions were also
associated with DR-5 extraction wells. Little evidence was seen for continued leakage at the
182-D reservoir. The 182-D groundwater mound and the hydraulic divide separating the
southwest ISRM hexavalent chromium plume and the north 160-D hexavalent chromium plume
appreciably dissipated.

Table 3-1 compares FY0S and FY06 semi-annual water-level measurements for spring (June)
and fall (November). These measurements were made manually, and a comparison indicates that
FY06 elevations were 0.935 m (3.068 ft) higher in the spring and 0.113 m (0.371 ft) higher in the
fall than the corresponding elevations in FY05. Table 3-2 summarizes water-level measurements
in FY05 and FY06 from remotely monitored stations at the Columba River and at 16 wells
located from 92 m to 665 m (300 to 2,180 ft) from the river. These data were recorded hourly
and represent continuous water-level profiles for wells and the river station. Average water
elevations recorded from wells during FY06 were generally higher than those recorded in FY05.
The average Columbia Fiver stages were also generally higher in FY06. The maximum river
stage was 0.845 m (2.773 ft) higher in FY06 than in FY0S, while the minimum leve] was the
same in both years. Overall, the average Columbia River stage was 0.163 m (0.535 ft) higher in
FY06 than it was in FY05.

3.1.2 Groundwater Flow Direction

For optimal treatment, the ISRM treatment zone was oriented to be as close as possible to
perpendicular to the gronndwater flow direction and plume axis. Because annual groundwater
flow direction perturbations have been identified, the net flow direction is calculated each year
in order to evaluate the position of the treatment zone. The optimal groundwater flow direction
towards the treatment barrier is modeled to be perpendicular to the barrier at an azimuth of

307 degrees (+30 degrees).

At the ISRM site, automated water-level data were collected hourly from 11 wells and were used

to solve a series of three-point problems. Wells 199-D4-38 and 199-D4-85 are located between

the Columbia River and the ISRM barrier. Wells 199-D3-2, 199-D4-19, 199-D4-13, and

199-D5-36 are collinear with the treatment zone, toward the southwest and northeast,

respectively. The other five wells (199-D4-20, 199-D5-33, 199-D5-34, 199-D5-38, and

199-D5-43) are located further inland from the barrier, with well 199-D5-43 being the farthest .
from the Columbia River (Figure 3-8).
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The principle behind the three-point problem is that, given the hydraulic head at three unique
Jocations, it is possible to calculate geometrically the azimuth of the flow direction based on the
relative magnitude of each head measurement at any one time. The hourly water-level data
allow for a large number of calculations throughout the entire year (e.g., 8,737 sets of data were
used for the calculations for Triangle 1). A net flow vector (magnitude and azimuth) can then be
calculated from these data. A more detailed discussion of the three-point problem method is
presented in Fiscal Year 2002 Annual Summary Report for the In Situ Redox Manipulation
Operations (DOE-RL 2003a).

Data collected from nine groupings of three wells (i.e., nine triangles) were evaluated in FY06.
Figure 3-8 shows the well locations and the nine sets of three-point triangles used and includes
a summary-table of the triangle solutions for FY06. Table 3-3 presents a summary of the
solutions of the nine triangles, and Appendix A contains the flow direction and gradient graphs
for the nine sets of triangles.

The optimal groundwater flow direction towards the treatment barrier is an azimuth of

307 degrees (230 degrees). Flow directions for Triangles 2, 3,4, and 9 are within these limits.
These four triangles are closest to the barrier. Net flow directions for Triangles 1, 5, 6, 7, and 8
are not within the optimal flow direction limits. The net flow directions for Triangles 1, 5, and 7
are to the north, while flow directions for Triangles 6 and 8 are to the southwest and west,
respectively.

Changes in flow direction appear to be closely related to the river stage, although leakage at the
182-D reservoir, pump-and-treat extraction at well 199-D5-39, and pump-and-treat injection at
well 199-D5-42 also influence flow. The treatment zone (Triangles 1, 2, 3, 4, 7, and 9)
intercepted groundwater in the optimal flow direction for 47% to 68% of the year. The optimal
time of plume interception was fall through winter, coinciding with lower river stage. The least
optimal time was mid-April through June, coinciding with higher river stage. Consequently, the
hexavalent chromium contaminant plume is not expected to be effectively treated during this
period. However, flux to the river would also be relatively low at this time.

Triangles 1 and 7 have flow directions of 2.9 and 365.5 degrees, respectively, and are most likely
affected by responses of wells near the river to relatively rapid changes in river level and the
inland wells that comprise the these two triangles. Triangles 6 and 8 have flow directions of
257.6 and 218.7 degrees, respectively. It is likely that the flow directions have been affected by
leakage from the 182-D reservoir and the injection well east of the reservoir. Triangle 5 has

a flow direction of 17.3 degrees that may reflect flow less influenced by river stage effects.

Leakage from the 182-D reservoir during the first and second quarters of FY06 influenced the
flow direction at Triangles 2, 3, 5, 6, 7,and 8 (Appendix A). The effect was most pronounced in
the first quarter and most obvious at Triangle 8 where the flow direction rotated south
approximately 65 degrees; from 270 to 205 degrees. The changes in flow directions at Triangles
2,3, 5, 6, and 7 ranged from 15 to 85 degrees; the flow directions rotated generally to the south.

3.2 CONTAMINANT MONITORING

Groundwater at the ISRM site is sampled.as part of Comprehensive Environmental Response,
Compensation, and Liability Act of 1980 (CERCLA) interim action monitoring (IAM}. The
contaminant of concern is hexavalent chromium. The DO is also-monitored because
groundwater with depleted DO levels may harm aquatic receptors. Other groundwater
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: constituents and properties are also monitored in order to understand plume chemical
| characteristics.

The IAM is controlled by the Sampling and Analysis Plan for In Situ Redox Manipulation

1 Projects (DOE-RL 2003b) and includes wells that have been completed since 1999. The
sampling and analysis plan contains the long-term monitoring approach for the ISRM treatment
zone and also addresses sampling of near-shore aquifer sampling tubes and porewater sampling
tubes.

The 1AM sampling occurs predominantly on a quarterly schedule to assess compliance with
RAOs and performance of the ISRM barrier, specifically including the following:

« Compliance wells are sampled to identify when the hexavalent chromium concentrations
are 20 pg/L or less in order to achieve 10 pg/L at the Columbia River.

e Treatment zone wells, including both aquifer treatment wells (i.e., wells previously used
to treat the aquifer) and treatment zone monitoring wells (i.e., monitoring wells within the
treatment zone that were not previously used to treat the aquifer), are sampled to monitor
changes in hexavalent chromium concentrations within the ISRM barrier and to assess
the performance of the ISRM treatment zone.

¢ Plume monitoring wells are sampled to monitor changes in plume concentrations and
plume movement.

Depending on the quarter in which wells were sampled, between 41 and 46 wells were sampled
each quarter for [AM purposes. Between five and six of these wells were also sampled on

a monthly schedule. Table 3-4 identifies the type of well (i.e., compliance, plume monitoring,
treatment zone monitoring, or aquifer treatment), the sampling frequency, and whether each well
is sampled for CERCLA IAM or supplemental operational monitoring of the treatment zone.
Data from IAM samples are controlled by and maintained in the Hanford Environmental
Information System (HEIS) database. :

Supplemental operational monitoring of the treatment zone is directed by Fluor Hanford, Inc.
(FH) project personnel. This sampling helps to provide more detailed information regarding the
distribution of hexavatert chromium within the ISRM treatment zone and aids in assessing
treatment zone performance. Groundwater samples from 65 aquifer treatment wells and

5 monitoring wells located in and near the treatment zone are analyzed for hexavalent chromium
on a quarterly basis. Seven wells sampled every month during the FY, and an additional

12 wells were sampled more frequently than on a quarterly basis. Data from the supplemental
operational monitoring are controlled and maintained by FH project personnel and are not
included in the HEIS database.

The results from IAM and supplemental operational monitoring are summarized in the following
subsections.

3.2.1 Interim Action Monitoring

During FY06, 41 to 46 compliance, treatment zone, and monitoring wells were sampled during
each quarter (Table 3-5 lists these wells by type and indicates whether each well was sampled
during each quarter). During individual quarters, five to six of these wells were also sampled
monthly. Four monitoring/extraction wells were sampled during the first quarter of FY06, five

were sampled during the second quarter, two were sampled during the third quarter, and two .
were sampled during the fourth quarter.
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Groundwater samples were analyzed for hexavalent chromium, total chromium, other metals
(including aluminum, arsenic, barium, cadmium, cobalt, iron, magnesium, manganese, silver,
sodium, uranium, and zinc), anions (including chloride, fluoride, nitrite, nitrate, and sulfate), and
tritivm, as well as the field parameters of DO, pH, specific conductance, temperature, and
turbidity. Sampling and analysis for total chromium and other metals, including arsenic, were
conducted during the first quarter of FY06. Sampling and analysis for sulfate took place in all
four quarters, and sampling and analysis for nitrate took place in the first quarter of FY06.

Concentration trends are considered stable if percentage changes in concentration are <20%.
Decreasing (negative) trends indicate that the percentage change in concentration is greater than
-20%, and increasing (positive) trends indicate that the percentage change in concentration is
greater than +20%.

Results of monitoring for chromium, DO, sulfate, nitrate, and tritium are addressed in the
subsections below. None of the wells sampled during the first quarter of FY06 exceeded the
maximum contaminant level (MCL) of 10 pg/L for arsenic.

3.2.1.1 Hexavalent Chromium. Table 3-5 summarizes the chromium and hexavalent
chromium resuits and significant trends for each of the compliance, treatment zone, and
monitoring wells sampled for IAM. The table includes annual averages for FY04, FY0S, and
FY06, as well as percentage change values and trends based on comparisons of FY05 and FY06
annual and fourth quarter data. Trend plots of chromium and hexavalent chromium in the
compliance wells from October 2001 through October 2006 are shown in Figure 3-9.

Figures 3-10, 3-11, 3-12, and 3-13 show contoured plots of the hexavalent chromium results for
the first, second, third, and fourth quarters of FY06, respectively. Key results from IAM during
FYO06 are summarized as follows:

e On an annual basis, 13 wells show increasing trends, 12 wells show decreasing trends,
and 15 wells are stable.

« During the fourth quarter (fourth quarter FY06 versus fourth quarter FY05), 15 wells
show increasing trends, 11 wells show decreasing trends, and 14 wells are stable.

e Loss of reductive capacity in the barrier is present in the northeastern portion of the
treatment zone, where generally elevated chromium analyses extend over a width of

215 m (705 ft).

Annual average FY06 trends are calculated for 40 wells (Table 3-5). Of these wells, 13 wells
show increasing annual trends, 12 wells show decreasing trends, and 15 wells show stable trends
on an annual basis. Annual trends cannot be calculated for eight wells because of incomplete
data for either FY05 or FY06. These wells include three pump-and-treat extraction wells and
one pump-and-treat injection well. Trend plots for IAM wells are provided in Appendix B.
Overall, the majority of the annual increases were seen in treatment zone monitoring wells,
where increases ranged from 25% to 113%.

Fourth quarter trends are calculated for 41 wells (Table 3-5). Of these wells, 15 wells show
increasing trends, 12 wells show decreasing trends, and 14 wells show stable trends when the
fourth quarter of FY06 is compared to the fourth quarter of FY05. The majority of the increases
seen during the fourth quarter were within or proximally downgradient of the treatment barrier,
where increases ranged from 26% to 940%. In addition, significant increases were seen in some
upgradient monitoring wells, including monitoring well 199-D3-34 (+33,300%). The large
increase at this well may be due to plume movements related to pumping in nearby extraction
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well 199-D5-39 and is consistent with increasing hexavalent chromium concentration throughout
the year.

Figure 3-14 provides a detailed contour map covering the area of the treatment barrier, as well as
nearby compliance and monitoring wells, and presents data for the fourth quarter of FY06. Both
1AM data and operational monitoring data in the proximity of the treatment barrier are presented
on this map in order to provide a basis for more detailed interpretation of this area. Both scts of
data were merged for contouring purposes, although it is recognized that different analytical
methods and standards may play a role in precision and accuracy of these results. Contouring
shows two discrete areas where there has been a loss of reductive capacity along the treatment
barrier where hexavalent chromium exceeding 100 ug/L is seen both upgradient and
downgradient of the barrier. The area toward the southwest is approximately 25 m (82 ft) in
width and is centered on well 199-D4-26, while the area toward the northeast is approximately
25 m (82 ft) in width and is centered between wells 199-D4-40 and 199-D4-41.

3.2.1.1.1 Compliance Monitoring Wells. Compliance monitoring wells were installed and
sampled to meet the following criteria:

e Establish whether the 20 ug/L hexavalent chromium RAO has been achieved in
groundwater that has passed through the ISRM treatment barrier

» Define the boundaries of the plume so compliance with the RAO can be verified for
groundwater beyond the limits of the ISRM treatment barrier

« Detect and allow assessment of hexavalent chromium breakthrough in the ISRM
treatment barrier.

When considered on an annual basis, chromium concentrations meet the RAO of 20 pg/L in two
compliance wells (199-D4-23 and 199-D4-86), which show increasing or stable annual trends.
Annual chromium concentrations for the remaining five wells (199-D4-38, 199-D4-39,
199-D4-83, 199-D4-84, and 199-D5-85), which exceed the RAO, showed declining or stable
trends for the year.

High annual chromium concentrations (Table 3-5) in compliance wells 199-D4-38 (189 pg/L)
and 199-D4-39 (595 pg/l.), as well as in upgradient treatment zone wells, indicate that portions
of the northeastern part of the treatment zone have lost some reductive capacity.

On a quarterly basis, hexavalent chromium concentrations exceeded the RAO of 20 pg/L in five
compliance wells during the first, third, and fourth quarters of FY06 and in three wells during the
second quarter of FY06.

3.2.1.1.2 Treatment Zone and Proximal Monitoring Wells. Seventeen wells within and
proximal to the treatment zone were sampled on a quarterly basis as part of IAM to monitor
concentrations within the ISRM barrier and to assess the effectiveness and performance of the
ISRM treatment zone. These wells (see Table 3-5 and Figures 3-10 through 3-13) consist of nine
treatment zone injection wells (aquifer treatment wells), two treatment zone monitoring wells,
and six proximal monitoring wells (see well types “Ti,” “Tm,” and “PM” in Table 3-5). The
following general conclusions can be drawn from these data:

« Average annual concentrations for FY06 relative to FY0S show increasing trends in eight
wells, decreasing trends in five wells, and stable trends in four wells.

 Barrier reductive capacity is the most compromised in two relatively narrow channels
flanking the original treatability test site in the northeastern portion of the barrier.
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o Overall, barrier performance in FY06 was similar to that seen in FYO05.

Wells with increasing annual trends are found throughout much of the treatment zone. The wells
with the highest annual increases (199-D4-36 [+113%)] and 199-D4-32 [+103%)]) are found in
the northeastern portion of the treatment barrier, where loss of reductive capacity is the greatest.
This area coincides with the highest concentration portion of the groundwater plume. The
immediately upgradient portion of the plume is monitored by proximal monitoring well
199-D4-22, which displayed a stable trend for FY06 relative to FY0S. The treatment zone well
(199-D4-7) that is immediately downgradient of monitoring well 199-D4-22 showed an
increasing annual trend for FY06 (+98%).

On a quarterly basis, 10 wells display increasing hexavalent chromium trends when comparing
the fourth quarter of FY06 to the fourth quarter of FY05 (Table 3-5), 5 wells display decreasing
trends, and 2 wells display stable hexavalent chromium trends.

32.1.1.3 Plume Monitoring Wells. During FY06, 13 plume monitoring wells were sampled
on a quarterly basis and 5 wells were sampled on a monthly basis as part of IAM in order to
monitor changes in plume concentrations and plume movement (Table 3-5). These 18 wells do
not include the proximal monitoring wells discussed above, nor do they include the 5 pump-and-
treat extraction or injection wells that were sampled during at least part of the year.

Significant observations regarding plume configuration in FY06 include the following:
e Overall, plume size and configuration remained similar to FY0S5 observations.

e Groundwater flow (see Section 3.1.2) through the treatment barrier was nearly
perpendicular to the barrier axis for much of the year. Plume movement inland from the
barrier appéats to have been impacted by leakage from the 182-D reservoir and the DR-5
groundwater injection well. The northeastern third of the barrier continues to intercept
the high-concentration hexavalent chromium in the groundwater plume.

e Two wells show significant annual increases: - one well located near the 182-D reservoir,
and one well located north of D Reactor. There were no sig;niﬁca’nt annual decreases.

When considered on an annual basis, average FY06 concentrations are calculated for 15 of
18 monitoring wells (well type “M” in Table 3-5) that are located inland or northeast of the
ISRM treatment zone. Significant increases in the average FY06-chromium concentrations
relative to average FY05 values are seen in two wells, Well 199-D5-34 (+8,589%) is located
approximately 150 m (492 ft) to the northeast of an extraction well (199-D5-39), which is
located within the hexavalent chromium plume that impacts the treatment barrier. The large
increase in the hexavalent chromium concentration during the year may be related to
groundwater extraction activities, Well 199-D4-15 (+58%) is located a short distance to the
north of D Reactor. Annual decreases in plume monitoring wells are generally small.
32.1.1.4 Aquifer Sampling Tubes. The FY06 data from aquifer sampling tubes and
porewater sampling tubes show that groundwater in excess 20 pg/L hexavalent chromium is
entering the Columbia River at several sites. Key elements of aquifer tube and porewater
sampling can be summarized as follows: ' ' '

o Hexavalent chromium concentrations in excess of 20 pg/L were found at 8 of 11 aquifer
tube sites sampled during the year, with concentrations ranging from 25 to 200 ug/L.
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¢ Hexavalent chromium concentrations in excess of 20 pg/L were found at all four
porewater tubes (samples from river bottom substrate) sampled during the year, with
concentrations ranging from 41 to 394 pg/L.

o Analytical data from aquifer and porewater tube sites downgradient of the northeastern
portion of the ISRM treatment barrier define a length of Columbia River shoreline
approximately 380 m (1,247 ft) in length where hexavalent chromium exceeding
100 pg/L is found in at least one depth-discrete interval in five of eight aquifer tube and
porewater tube sites.

Water samples were collected from 11 aquifer sampling tube and 4 porewater sampling tube
locations during the second quarter of FY06. No samples were collected during other quarters
during the year. One to four aquifer or porewater sampling tubes were sampled at each location,
and the results are shown in Table 3-6. The maximum hexavalent chromium concentrations
recorded at each location during the second quarter of FY06 are shown in Figure 3-11.

Hexavalent chromium concentrations exceeding 20 pg/L were found at all locations during
sampling in the second quarter, with the exception of aquifer sampling tubes DD-49 (located
upstream of the ISRM treatment barrier), AT-D-2 and AT-D-4 {(located downstream of the ISRM
treatment barrier), and AT-36 (not sampled during FY06). Hexavalent chromium concentrations

ranged from 2 to 200 pg/L.

Hexavalent chromium concentrations in excess of 100 nig/L were found at porewater tube site
166-D-3 (Redox-3-3.3 [394 ng/L] and Redox-3-4.6 [375 pg/L]) and at porewater tube site
166-D-1 (Redox-1-3.3 [124 pg/L] and Redox-1.6.0 [109 pg/L]), as well at aquifer tube sites
DD-43 (DD-43-3 [114 pg/L]), DD-39 (DD-39-2 [129 pg/L]), and DD-42 (DD-42-4 [200 ug/L]).
These five sites are all located downgradient of the ISRM treatment barrier, and the data
indicates that a portion of the groundwater contaminant plume may not be effectively treated by

the ISRM barrier.

3.2.1.2 Dissolved Oxygen. The DO concentrations are monitored as required by the ROD
Amendment (EPA et al. 1999), the RDR/RAWP (DOE-RL 2000), and the sampling and analysis
plan (DOE-RL 2003b). The sodium-dithionite injection process effectively reduces DO in the
groundwater removed from the injected wells to near zero. However, the results of the
treatability test indicate that after treatment, DO concentrations are expected to increase to about
75% saturation by the time the treated groundwater reaches the river. Because levels of DO that
are less than 60% saturation (approximately 6 mg/L) may be harmful to aquatic receptors,
concentrations are closely monitored. In addition, there is an RAO specifying that DO levels at
the compliance wells be at least 75% of saturation levels (DOE-RL 2000).

The DO content of groundwater varies directly with water temperature. As shown in Table 3-7,
the temperature of groundwater for most samples collected from ISRM wells was between
16.0°C and 27.6°C (60.8°F and 81.7°F). The DO saturation concentration for water in this
temperature range is approximately 9.7 to 7.7 mg/L, assuming that other chemical constituents in
groundwater do not interfere with the saturation concentration.

Results from DO sampling during the fourth quarter of FY06 are summarized as follows:

e DO concentrations in wells upgradient of the treatment zone were near saturation levels,
ranging from 4.93 to 9.25 mg/L. o
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¢ DO concentrations from wells within the treatment barrier showed the effects of a strong
reducing environment, ranging from 0.25 to 5.94 mg/L.

e DO concentrations in compliance wells ranged from 2.40 to 6.83 mg/L in compliance
wells immediately downgradient of the treatment zone, while DO concentrations in two
wells located slightly beyond the limits of the treatment zone ranged from 6.47 to
7.19 pg/L. The DO concentrations reach 60% of saturation level in only one
downgradient compliance well, and none of the downgradient compliance wells reach
75% of saturation (when saturation is considered to be 9.7 mg/L). Both compliance wells
located slightly beyond the limits of the treatment zone have DO concentrations
exceeding 60% of saturation.

Figure 3-15 shows the DO concentrations in wells in the ISRM area for the fourth quarter of
FY06. The intersection of the 6 mg/L. contour line and the Columbia River shoreline in

Figure 3-15 delineates approximately 300 m (984 ft) of shoreline where concentrations of DO
are less than the 60% saturation criteria. The DO concentrations upgradient of the ISRM
treatment zone (1 e., in untreated groundwater) ranged from 4.93 to 9.25 mg/L. The DO
concentrations in two treatment zone wells were less than 1 mg/L, reflecting a strongly reducing
environment. The DO concentrations in an additional six treatment zone wells ranged from
1.57 to 4.74 mg/L, with increasing trends in five of these wells (a trend could not be calculated .
for one well because no data are available for the corresponding quarter of FY05). In seven
downgradient compliance wells, DO concentrations ranged from 2.40 to 7.19 mg/L during the
fourth quarter of FY06. The lowest DO concentration in compliance wells was seen in well
199-D4-84 (2.40 mg/L), located downgradient of the southeastern portion of the treatment
barrier. Relatively low concentrations were also seen in compliance wells 199-D4-39

(3.31 mg/L) and 199-D4-23 (4.03 mg/L), both located downgradient of the core of the
contaminant plume. In general, most compliance wells displayed DO concentrations that were
Jlower than the concentrations found in upgradient monitoring wells. Both compliance wells
located beyond the limits of the treatment zone (199-D4-83 and 199-D4-86) had DO
concentrations similar to untreated groundwater (7.19 and 6.47 mg/L, respectively). One
compliance well (199-D4-23) showed an increase from 1.76 to 4.03 mg/L, indicating that the
influence of the treatment zone had decreased at this well over the period. The remaining six
compliance wells had stable or decreasing DO levels over the period. None of the compliance
wells had DO concentrations exceeding 75% of the saturation level.

Table 3-6 includes DO and temperature data for the aquifer sampling tubes that were measured
in the second quarter of FY06. The DO and temperature values ranged from 4.8 mg/L at 6.5°C
(43.7°F) (at Redox-3-4.6) to 11.1 mg/L at 10.8°C (51.4 F) (at DD-42-2). The DO values less
than the 60% saturation criteria were found at DD-44-4, DD-41-3, Redox-3-4.6, Redox-2-6.0,
AT-4-D-D, AT-D-2-8, AT-36-M, AT-D-3-S, and AT-D-3-M.

3.2.1.3 Sulfate. Sulfatc is a byproduct of the sodium dithionite reaction that established the
ISRM treatment zone. It is alsolisted as a groundwater contaminant with a “National Secondary
Drinking Water Standards” (SDWS) (40 Code of Federal Regulations [CFR] 143) MCL of

250 mg/L. Table 3-8 provides a summary of annual average sulfate concentrations,

a comparison of FY05 averages versus FYO06 averages, and quarterly FY06 sulfate
concentrations.

Results from sampling during FY06 include the following:

3-11



Page 34 of 131 of DA05355029

DOFE/RL-2007-19, Rev. 0

+ Sulfate concentrations and distribution in FY06 were very comparable to those seen in
FYO0S.

o Ten wells had average annual sulfate concentrations exceeding the secondary MCL of
250 mg/L, including two downgradient compliance wells, four proximal downgradient
monitoring wells, and four treatment zone injection/monitoring wells.

o Sampling during the fourth quarter of FY06 showed eight wells with sulfate
concentrations exceeding the secondary MCL, including one downgradient compliance
well, four proximal downgradient monitoring wells, and three treatment zone
injection/monitoring wells.

During FY06, average annual sulfate concentrations in 36 wells ranged from 15.5 to 533.8 mg/L..

Ten wells had average F' Y06 concentrations greater than the 250 mg/L secondary MCL.
Compliance wells 199-D4-23 (293.3 mg/L) and 199-D4-84 (427 mg/L) exceeded the 250 mg/L.
secondary MCL. Four proximal downgradient monitoring wells and four treatment zone wells
also had average FY06 concentrations exceeding the secondary MCL. Only one of these wells
(compliance well 199-D4-84) showed an increasing trend. The increasing trend in compliance
well 199-D4-84 is likely a consequence of treatment of the aquifer and is consistent with an
increasing trend previously noted at this well in FYQ5.

Sulfate was measured in 33 wells during the fourth quarter of FY06, ranging from 25 to

500 pg/L. Concentrations were above the 250 mg/L secondary MCL level in eight wells,
including downgradient compliance well 199-D4-84 (410 pg/L), in addition to four proximal
monitoring wells and three treatment zone injection/monitoring wells. The fourth quarter FY06
sulfate contour map (Figure 3-16) indicates that sulfate concentrations may have exceeded the
MCL along the Columbia River shoreline in two areas: one downgradient of well 199-D4-84,
and another downgradient of compliance well 199-D4-23.

3.2.1.4 Nitrate. During the first quarter of FY06, nitrate levels in three monitoring wells
(199-D2-6, 199-D4-22, and 199-D5-43) exceeded the U.S. Environmental Protection Agency’s
(EPA’s) drinking water MCL of 45 mg/L.. Two of these wells are located within the upgradient
portion of the contaminant plume that impacts the ISRM treatment barrier, and one well is

a proximal monitoring well located downgradient of the original treatability test. Nitrate
analyses at these three wells range from 52.3 to 59.9 mg/L.

3.2.1.5 Tritium. Samples from four wells exceeded the MCL of 20,000 pCi/L for tritium
(“National Primary Drinking Water Standards” [40 CFR 141 and 40 CFR 142]) during sampling
during the first quarter of FY06. Wells 199-D4-19 (26,400 pCi/L) and 199-D4-78

(32,500 pCi/L) are treatment zone monitoring wells located within the southwestern portion of
the ISRM treatment barrier, and well 199-D4-85 (29,800 pCi/L) is a compliance well located
downgradient of these two treatment zone monitoring wells. Well 199-D5-17 (20,200 pCy/L) is
a cross-gradient monitoring well located near DR Reactor.

3.2.2 Supplemental Operational Monitoring

Supplemental operational monitoring was implemented to provide additional information about
the performance of the ISRM treatment zone. More frequent monitoring (i.e., monthly rather
than quarterly) is used for barrier wells where increasing hexavalent chromium concentrations
imply a reduction in barrier reductive capacity in order to help characterize and monitor these
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unanticipated changes. Key elements of supplemental operational monitoring for FY06 include

. the following:

o Seventy wells were sampled quarterly or monthly.

¢ For the fourth quarter of FY06, 12 wells showed increasing concentrations, 34 wells
showed decreasing concentrations, and 24 wells showed stable concentrations.

« Barrier reductive capacity is the most compromised in the northeastern portion of the
barrier, where 53% of the wells sampled exceeded 20 nug/L hexavalent chromium in the
fourth quarter. Five wells (12%) exceeded 100 pg/L.

 In the southwestern portion of the barrier, 24% of the wells sampled exceeded 20 pg/L.
The wells with values above 20 pg/L are found near the southwestern limit of the barrier,
where a zone of increasing concentrations appears to be becoming better established.

Seventy wells, including 65 aquifer treatment wells and 5 monitoring wells located in or near the
treatment zone, were sampled either quarterly or monthly as part of this monitoring activity. The
samples are analyzed for hexavalent chromium. Several aquifer treatment wells were sampled
on a monthly basis, which is generally required when hexavalent chromium concentrations are
greater than 30 pg/L (DOE-RL 2003b). High hexavalent chromium concentrations are presumed
to indicate a loss of reductive capacity in the treatment zone. These data are shown in Table 3-9.

Figure 3-17 shows the operational monitoring results for each quarter of FY06. The histograms

(one for each quarter) show the areas with reduced reductive capacity (as indicated by wells with

high concentrations of hexavalent chromium). The histograms also indicate the variability in
. concentrations during the year.

Comparison of hexavalent chromium concentrations between the fourth quarter of FY0S and the
fourth quarter of FY06 (Table 3-9) indicates that concentrations have remained stable in

24 wells, increased in 12 wells, and decreased in 34 wells. However, significant short-term

(i.e., monthly or quarterly) variation of up to three orders of magnitude may be present in
operational monitoring results from wells within the ISRM treatment zone, as shown in

Table 3-9. This is due, at least in part, to seasonal groundwater gradient reversal in the treatment
zone that is coupled to river stage. Consequently, relatively small-scale increases or decreases in
hexavalent chromium concentration, particularly those at or near the detection limit, are not
considered to be significant. Only one well (199-D4-21) shows a potentially significant increase
(exceeding 30 pg/L) when the fourth quarter of FY05 and fourth quarter of FY06 are compared.
The maximum hexavalent chromium concentration recorded during the fourth quarter of FY06
was 380 pg/L in well 199-D4-26 for a sample collected in August 2006. Generally, lower
overall concentrations in the fourth quarter of FY06 compared to the fourth quarter of FY05 are
most likely related to elevated river elevation throughout much of FY06.

Supplemental operational monitoring results for the ISRM treatment zone (65 aquifer treatment
wells and 5 proximal monitoring wells) during the fourth quarter of FY06 are summarized

below:
o 39% (27 wells):  no detectable hexavalent chromium (0 pg/L)
e 21% (15 wells): 10 pg/L hexavalent chromium
o 9% (6 wells): 20 ug/L hexavalent chromium
. e 14% (10 wells): 30 to 40 pg/L hexavalent chromium
e 10% (7 wells): 50 to 100 pg/L hexavalent chromium
o 7% (5 wells): >100 pg/L hexavalent chromium.
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A significant difference in overall hexavalent chromium levels seen in the southwestern and
northeastern portions of the treatment barrier continues to be evident. As shown on Figure 3-14,
the main portion of the contaminant plume directly impacts the northeastern portion of the
barrier, while the southeastern portion is impacted by relatively low-concentration
contamination. Hexavalent chromium analyses exceed 20 pg/L near the southwestern limit of
the barrier, where analyses across a six-well zone are generally elevated (Figure 3-14). The
results from the southwestern portion of the barrier for the fourth quarter of FY06, including
wells 199-D3-4 through 199-D4-56 (29 wells), are summarized as follows:

62% (18 wells):  no detectable hexavalent chromium (0 pg/L)
14% (4 wells): 10 ug/L hexavalent chromium

7% (2 wells): 20 ug/L hexavalent chromium

17% (5 wells): 30 to 40 pg/L. hexavalent chromium

0% (0 wells): 50 to 100 pg/L hexavalent chromium

0% (0 wells): >100 pg/L hexavalent chromium.

The northeastern portion of the ISRM treatment barrier includes wells 199-D4-55 through
199-D4-48 (41 wells) and is more directly impacted by the higher concentration portion of the
hexavalent chromium groundwater plume. In the fourth quarter of FY06, hexavalent chromium
levels in excess of 100 pg/L were detected in five of these wells. The results from northeastern
half of the barrier for the fourth quarter of FY06 are summarized as follows:

22% (9 wells):  no detectable hexavalent chromium (0 pg/L)
24% (10 wells): 10 pg/L hexavalent chromium

12% (5 wells): 20 pg/L hexavalent chromium

12% (5 wells): 30 to 40 pg/L hexavalent chromium

17% (7 wells): 50 to 100 pg/I. hexavalent chromium

12% (5 wells):  >100 pg/L. hexavalent chromium.

® & & & &
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Figure 3-3. Seasonal and Diurnal Cycles at the In Situ Redox Manipulation Site.

(A) Seasonal Cycles

Hydrographs for Well 199-D5-43 and the Columbia River, Fiscal Year 2006

Discharge (x100 cubic f/second)

@

@
b

&

8-Jul

(B) Diurnal Cycles - Reverse Discharge Flow Regime

ISRM Water Table Bevations and Diurnal Cycles; November 15 - Noverrber 20, 2006
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Figure 3-17. In Situ Redox Manipulation Operational Monitoring —
Quarterly Hexavalent Chromium Concentrations, Fiscal Year 2006.

B T A B

g

g

g

'S
8

8

0

o o ina .
T e e e T I TS

3-45



of DA05359029

131

of

Page 57

DOE/RL-2007-19, Rev. 0

987°0- T90°811 8rE811 6¢9°0 LT6'811 8LTTI £E-5A-661
¥O1°0 9re8I1 781811 LS6'T 181°021 PTTSIT 61-50-661
$91°0 6TT'8I1 v90'811 6Y1°0 1LT8LI TTI'STT 81-$A-661
LLTO L6T8TY ARIN P10 £ECSTT 691°811 L1-$A-661
oSl T90°81Y TI6911 021 G6T'STE 6LEOTT 91-9d-66t
910 €0T'811 8¢6°LTT vre0 £82'811 6£0°811 §1-60-661
£S1°0 Y667 LT IP8°LI1 ¥82°0 LYT 81T £96°L11 Y1-$Q-661
L9070 $69°LIT 8CYLIT €850 154811 898°L1T €1-SA-661
610°0- Z8LLLT 108°LLT or1'l £56°611 ACEIN 98-r-661
£90°0- FILLIT T18L°LTE 91T'[ ZSS 611 9£€'8IT $8-4-661
0v0'0- 8S9°LIT 869°L1T 171 8LY61T LETSIT ¥8-vU-661
7800~ 808°LTT 098°L11 L18°0 600°61F Z61°811 £8-¥0-661
120°0- LELLIT 8SLLIL vS6°0 LOT6LT €1T811 6¢-vA-661
6v0°0 90L" LY 1 LSYLTT L90°1 19€'611 v67' 811 8E-PA-661
V/N aN LOSTLIY 0Tl 8TY611 867811 £TYA-661
190°0- T08°L11 €98°LTT £78°0 Tr0'611 61T811 T ra-661
9F0°'0- 99L°LIT TISLIT 068°0 S60°611 SOT'11 124661
810°0- SE6'LIT £S6LTT §99'0 656'STT v6T 811 0Z-va-661
L9070~ €OLLTT 0£8'L11 6L1T TIS61T £SE811 61-a-661
010°0- €86'L11 £66'L11 88%°0 8SL°811 0LT8IT S1-4-661
£70°0- 06L°LTT EESLET 1$8°0 6v0°611 861811 P1-#-661
LS00~ TOLLIT 618°LTT 0€6°0 9LT'611 TR €1-+A-661
0v0°0- PLL LT PIS'LIT 0L1L 1611 18€811 T-£a-661
9000 166'L11 $86'L11 199°0- 696'811 80€'811 9-7a-661
() (w) $8AAVN () $8AAVN () (1) 8AAVN (w) 88AAVN p—
s3uryy) UONEAIH PAXT-IRNCAN | UONIBAJ[] [FAIT-IAJBAN 2guey) UONBAI [FA-IEAL | UONEAIY [PAIT-IDIEAN AL
9007 JOqWIAON $007 JquIdaoN 9007 dunp $00T sung

(5109Ys 7) BRIV (-0 1P SIUSWIAMSESN [0AdT-ISIBA\ [PNUUY-IWSS 9007 PUe S00T JO vostedwo) “1-¢ A1quL

3-46



of DA05359029

131

of

Page 58

PRINSBANI 10U = aN

DOE/RL-2007-19, Rev. 0

$861 fo wmn( [Do143 uDILBWY YION = S3AAVN
ojqeoridde j0u = VIN
€IT0 afaey) aduIoAY $£6°0 Eriitililg) owﬁowd. .
1010 19L°L11 Z98'L11 £68°0 L86'8TT Y60°811 $i-$a-661
L90°0 £31'811 811'811 yigo ¥Z9'311 01£°811 £h5-661
0zeT L SLLYTI 9y TTL 08€'9 oW EER 060811 $a-661
L900 £YELIT 9TLIT oTy'o 1ZL'811 10€°811 I7$a-661
£00°0 966°LT1 €66°L11 ££5°0 ‘T8I $67'811 OF-$C-661
$50°0 86LLIT ERLLTT 6L0°0 FLEBIL S6T'811 6E-50-661
PE00- TLELIT 900811 8150 89L°811 0ST8I1 8€-6Q-661
6900~ L TAR £66°LTT oL SvTsil £0T'811 LE-SC-66T
VIN LT AN 1180 SOO61T P61'8T1 9€-5Q-661
R AL LSl E61°8TT L TLED 189811 60E8TT | PEST661

3-47



of DA05359029

131

of

Page 59

DOE/RL-2007-19, Rev. 0

FQRTBAE RIBD SULIOIUOUI [PAJ[-ITEM NOURI OU = (N

siqeddeou = N

mALTesy =  Ad

‘SOnJEA QO A PUB GO USOMISG SOUALTI
S10°0- L9FLIT Z88°LTT 89€°0 fad 2101 129410 L90'0 EPERII 9LT'8II £99 er-sd-661
LEO'O £OL811 990°811 9T°0 1647811 675811 PIT°0 9Zr'8It [455%:18 8y ye-¢d-661
8€0°0- STLLIT £8L°LYT 8#9°0 6LT61I1 1€6°81T a4 R SHE'8IIL 102811 0LE 0c-vd-661
6970 SE6' LT L9F°LT] ¥ES0 SLOBIT PP BII ZIro [£3% 184 0T 81l 0ze 8e-5a-661
290°0 L86°LT1 STE'LTIT oLT'o 966811 9BLBIL [0T°0 Ly 811 ope 81l 69T £e-sd-061
0 TO9°L11 TIVLIT QLSO 169611 SLLBTE 9E1'0 167811 SCI'811 §61 T-E£d-661
L0070 (1) AR £ETLIT 0zl £69'611 CLO'SIE 90Z°0 (%18 ¥O1°811 161 61-rd-e6l
9T0°0 9SLLET OELLTT 128°0 29611 IPE8Il ¥81°0 £6T'811 601°8I1I §91 £I-+A-661
9Z0'0 SPLLIT TCLLTT 01L°0 LET'6IT LTVBIT ecl'0 917811 LLO'BLL Srl 12-+{-661
0£0°0 SPL LT 91LLT] 059°0 090'611 01¥'81t 6t1'0 (474101 €08t 124 9¢-cd-661
cIo0 LSLLTT LPLLE £89°0 9IT'611 1€+°811 980°0 LBI'8TL FOE'8I1 (AR rI-v(d-661
oo ot LIl PEVLIL L0880 96£611 685811 §L1°0 £91°811 886°LLT 6 SE-PC-661
¥00°0- 6SSLIT €95 LT LAl €1g'6ll1 684¢'811 120 g1e 811 TOO'SIT 6 S8-va-661
174N 88LLTE 898'911 190°1 gTLell ¥O9°8L1 010 €TT8I11 S10°8LT 6 ¥e-+a-661
0 9Tl ool SH8'0 66T°0T1 pSt6ll £91°0 QL6 LT LOZLIT 0 . mm%%ﬁwmvu
SIEED | 90Ad _ L eeAd o seAd . | gBueyD | 90AX . | SpAH [(seamiy .

- () mogeAdy PAYT-I0EM E..Emnma . ) wonBAy .ﬂu&ﬁuﬁiﬁ!{gﬁﬁ () nogessy RAYT-IRIEM 9FRIAY euﬁwwn P

"eje(] BULIOJUOI [9AXT-I91e M 90T T83A Te9SL] PUE GOOT Tea X [easty Jo uosuedwo) Z-¢ JIqeL

3-48



Page 60

of

131 of DA05359029

DOE/RL-2007-19, Rev. 0

Table 3-3. Groundwater Flow Summary.

1 199-D4-20 | 199-D4-38

2 68 199-D4-20 | 199-D4-38 | 199-D5-38 | 1118 308.5 0.0011
3 57 199-D4-38 | 199-D5-38 | 199-D5-36 9.53 292.4 0.0010
4 47 199-D4-20 | 199-D3-2 1| 199-D5-85 113 3192 ©0.0008
5 35 | 199.D543 | 199-D4-20 | 199-D5-38 | 073 | 173 0.0004
6 31 199-D5-34 | 199-D5-43 | 199-D5-36 |- 835 | 2576 0.0006
7 52 199-D5-43 | 199-D3-2 | 199-D5-36 | 239 356.5 0.0005
8 17 | 199-D5-34 | 199-D5-38 | 199-D5-33 || 1048 2187 0.0010
9 61 | 199:D4-20 | 199-D4-13 | 199-D4-19 | 1537 326.0 0.0010

°a = degrees azimuth

Table 3-4. In Situ Redox Manipulation Aquifer Treatment,
Compliance, and Monitoring Wells. (3 sheets)

't
199-D4-23 . Compliance Downgradient | - A/Q 1AM .
199-D4-38 Compliance” | .~ Downgradient : AM 1AM
199-D4-39 - Compliance Downgradient * AM 1AM
199-D4-83 " ‘Compliance Downgradient AlQ : 1AM
199-D4-84 Compliance Downgradient AIQ 1AM
199-D4-85 Compliance -~ | = . Downgradient - TAQ ' IAM
199-D4-86 - Compliance - Downgradient AGQ | . 1AM
199-D3-2 -Proximal monitoring | . Cross-gradient - ARQ 1AM
199-D4-1 Proximal monitoring ‘Downgradient ©AQ 1AM
199-D4-4 Proximal monitoring | Downgradient = | = . A/Q TAM/operational monitoring
199-D4-5 | Proximal monitoring | . Downgradient - CAQ IAM/operational monitoring
199-D4-6 Proximal monitoring |  Downgradient - | . A/Q ' IAM
199-D4-22 Proximal monitoring Upgradient | A/Q _ 1AM
199-D4-7 Adquifer treatment | - Treatment zone AIQ IAM/operational monitoring
199-D4-13 “Monitoring Treatment zone AlQ JAM
1990014 | g | Tewmemsone | A0 1AM
199-D4-19 . Monitoring~ ~ | Tréatmenfzone |  A/Q -TAM
199-D4-26 Aquifer freatment | Treatment zon¢ A/Qm | IAM/operational monitoring
199-D4-31 Aquifer treatment Treatment zone . A/Q/m | IAMJ/operational monitoring
199-D4-32 . Aquifer tréatinent Treatment zone: A/Q | IAM/operational monitoring
199-D4-36 Aquifer treatment “Treatrent zone AIQ ‘JAM/operational monitoring
199-D4-48 Aquifer treatment - | Treatment zone - A/Q | 1AM/operationial monitoring
199-D4-62 Aquifer treatment Treatment zone - A/Q IAM/operational monitoring
199-D4-78 - Aquifér treatment Treatment zone AQ. TAM/operational monitoring
199-D2-6 Monitoring Upgradient A | TAM
199-D2-8 Monitoring Upgradient AIQ 1AM
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Table 3-4. In Situ Redox Manipulation Aquifer Treatment,
Compliance, and Monitoring Wells. (3 sheets)

T, b Well - Lo b Samp)
TUName . Type o | 7 Location . |'Frequemey |
199-D4-15 Monitoring Upgradient AIQ
199-D4-20 Monitoring Upgradient AQ
199-D5-13 Monitoring Upgradient ANQ
199-D35-14 Monitoring Upgradient A/Q
199-D3-15 Monitoring Upgradient AQ
199-D5-20 Monitoring/P&T EW Cross-gradient AQ
199-D5-32 Monitoring/P&T EW Cross-gradient A/Q
199-D5-33 Monitoring Upgradient A/Q
199-D5-34 Monitoring Upgradient A/Q
199-D5-36 Monitoring Crogs-gradient AQ
199-D3-37 Monitoring/P&T EW Cross-gradient AQ
199-D5-38 Monitoring Upgradient AQ
199-D5-39 Monitoring/P&T EW Upgradient AQ
199-D5-40 Monitoring Upgradient AQ
199-D5-41 Monitoring Upgradient AQ
199-D5-42 Monitoring/P&T IW Upgradient A/Q
199-D5-43 Monitoring Upgradient AM
199-D5-44 Monitoring Cross-gradient AIQ
199-D5-92 Monitoring/P&T EW Cross-gradient AfQ
199-D8-73 Mlonitoring - Cross-pradient A/Q
199-D8-88 Monitoring Cross-gradient A/Q IAM
196-D4-47 Aquifer treatment Treatment zone A/Q Operational monitoring
199-D4-46 Aquifer treatment Treatment zone AQ Operaticnal monitoring
199-D4-45 Aquifer treatment Treatment Zone AIQ Operational monitoring
199-D4-44 Agquifer treatment Treatment zofe A/Q Operational monitoring
199-D4-43 Aquifer treatment Treatment zone Q Operational monitoring
199-D4-42 Agquifer treatment Treatment zone Q/m Operational monitoring
199-D4-41 Aquifer treatment Treatment zong Q/m Operational monitoring
199-D4-37 Adquifer treatment Treatment zone Q/m Operational monitoring
199-D4-35 Adquifer treatment Treatment zone Q Operational monitoring
199-D4-34 Aquifer treatment Treatment zone Q Operationai monitoring
199-D4-33 Aquifer treatment Treatment zone Q Operational monitoring
199-D4-21 Aquifer treatment Treatment zone Q/m Operational monitoring
195-D4-12 Aquifer treatment Treatment zone Q Operational monitoring
199-D4-11 Aquifer treatment Treatment zotie Q Operational monitoring
199-D4-2 Monitoring Upgradient Q Operational monitoring
199-D4-3 Monitoring Upgradient Q Operational monitoring
199-D4-8 Monitoring Treatment zone Q Operatiopal monitoring
199-D4-9 Aquifer treatment Treatment zone Q Operational monitoring
199-D4-10 Agquifer treatment Treatment zone Q Operational monitoring
199-D4-30 Aquifer treatment Treatment zone Q Operational monitoring
199-D4-29 Aquifer treatment Treatment zone Q Operational monitoring
199-D4-28 Aquifer treatment Treatment Zone Q Operational monitoring
199-D4-27 Aquifer treatment Treatment zone Q Operational monitoring
199-D4-25 Adquifer treatment Treatment zone Q/m Operational monitoring
199-D4-24 Aquifer treatment Treatment zone Q Operational monitoring
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Table 3-4. In Situ Redox Manipulation Aquifer Treatment,
Compliance, and Monitoring Wells. (3 sheets)

199-D4-49 Aquifer treatment Treatment zone Q Operational monitoring

199-D4-50 Aquifer treatment Treatment zone Q Operational monitoring

199-D4-51 Aquifer treatment Treatment zone Q Operational monitoring

199-D4-52 Aquifer treatment Treatment zone Q Operational monitoring
199-D4-53 Aquifer freatment Treatment zone Q Operational monitoring

199-D4-54 Aquifer treatment Treatment zone Q Operational monitoring

199-D4-55 Aquifer treatment Treatment zone Q Operational monitoritg

199-D4-56 Aquifer treatment Treatment zone Q Operational monitoring

199-D4-57 Aquifer treatment Treatment zone Q Operational monitoring

199-D4-58 Agquifer treatment Treatment zone Q Operational monitoring
199-D4-59 Aquifer treatment Treatment zone Q Operational monitoring
199-D4-60 Aquifer treatment Treatment zone Q Operational monitoring
199-D4-61 Aquifer treatment Treatment zone Q Operational monitoting

199-D4-63 Aquifer treatment Treatment zone Q Operational monitoring

199-D4-64 Agquifer treatment Treatment zone Q Operational monitoring
199-D4-65 Aquifer treatment Treatment zone Q Operational monitoring
199-D4-66 Aquifer treatment Treatment zone Q Operational monitoring
199-D4-67 Aquifer treatment Treatment zone Q Operational monitoring
199-D4-68 Aquifer treatment Treatment zone Q Operational monitoring
199-D4-69 Aquifer treatment Treatment zone Q Operational monitoring
199-D4-70 Aquifer treatment Treatment zone Q Operational monitoring
199-D4-71 Aquifer treatment Treatment zone Q Operational monitoring
199-D4-72 Aquifer treatment Treatment zone Q Operational momnitoring
199-D4-73 Aguifer treatment Treatment zone Q Operational monitoring
199-D4-74 Aquifer treatment Treatment zone Q Operational monitoring
199-D4-75 Adquifer treatment Treatment zone Q Operational monitoring
199-D4-76 Adquifer treatment Treatment zone Q Operational monitoring
199-D4-77 Aquifer treatment Treatment Zone Q Operational monitoring
199-D4-79 Aguifer treatment Treatment zone Q Operational monitoring
199-D4-80 Agquifer treatment Treatment 2one Q Operational monitoring
199-D4-81 Aquifer treatment Treatment zone Q Operational monitoring
199-D3-3 Aquifer treatment Treatment zone Q Operational monitoring
199-D4-82 ~ Aquifer treatment Treatment zone Q Operational monitoring
199-D3-4 Aquifer freatment Treatment zone Q Operational monitoring
199-D4-40 Adquifer treatment Treatment zone Q/m Operational monitoring

NOTE: Locations are relative to the long axis of the ISRM treatment zone. “Upgradient,” “downgradient,” and
“cross-gradient” locations assume a typical groundwater gradient for the fall when there are low-flow conditions in

monthly sampling schedule for supplemental operational monitoring

pump-and-treat extraction wefl (DR-5 pump-and-treat operation)

the Columbia River.

A = annual sampling schedule

[AM = interim action monitoring

ISRM = In Situ Redox Manipulation

M =

M = monthly sampling schedule for 1AM sempling
Q = quarterly sampling schedule

P&T EW =

PETIW =

pump-and-treat injection well (DR-5 pump-and-treat operation)
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“Table 3-7. Dissolved Oxygen Concentrations and Temperature,

In Situ Redox Manipulation Monitoring, Compliance and Treatment Wells. (2 sheets)

2 T =
199026 | M . 764mgL @248C | — | 764 | NA NA
199-D2-8 M 6.11 mg/lL @ 17.7°C 493img/L @ 19.1°C 1 6.11 4.93 -19 Stable
199-D3-2 PM 7.26 mg/L @ 17.3°C 654mg/L @17.7°C | 7.26 6.54 -10 Stable
199-D4-1 PM 0.15 mg/l- @ 17.6°C 1.95mg/L- @ 19.3°C | 0.15 1.95 1,200 | Increasing
233 mg/L@ 18.7°C;
[ £
199-D4-4 PM 2.05 mg/L @ 20.4°C 1.83 mg/L@ 27.3°C 2.05 2.08 1 Stable
199-D4-5 PM 1.03 mg/L @ 19.3°C 0.67 mg/L@ 18.6°C 1.03 -67 -165 | Decreasing
199-D4-6 PM - - - - NA NA
- 1.65 mg/L @ 24.3°C; .
199-D4-7 Ti 0.47 mg/L @ 18.4°C 027 mg/L @ 19.2°C 0.47 0.96 104 Inc.:reasmg
199-D4-14 | Ti 0.35 mg/L @ 17.0°C 1.29mg/L @ 17.2°C | 0.35 1.29 269 | Increasing
: 838 mg/L @ 17.7°C; 830 @ 17.5°C;
199-D4-15 9.20 mg/L @ 17.0°C; 8.55@ 17.7°C, 8.51 8.44 -1 Stable
795 mg/L @ 17.2°C 8.48 @ 17.7°C
199-D4-20 6.72mg/L @ 17.6°C 7.41 @ 17.5°C 6.72 6.72 0 Stable
199-D4-22 | PM 7.54 mg/L @ 17.6°C 6.13mg/l. @ 18.0°C | 7.54 6.13 -19 Stable
199-D4-23 C 1.76 mg/L @ 16.9°C 4.03 mg/l. @ 17.2°C 1.76 4,03 126 | Increasing
431 mg/l. @ 18.6°C;
199-D4-26 | Ti 3.00mg/L @ 17.9°C | 5.94mg/L @ 17.9°C; | 3.00 4.74 58 Increasing
3.96 mg/L @ 164°C
1.34 mg/L @ 22.5°C;
. 1.63 mg/l @ 20.0°C; .
199-D4-31 Ti 0.47 mg/L @ 18.3°C 3.98 mg/L @ 28.1°C: 0.47 2.76 487 | Increasing
4.08 mg/L @ 16.0 °C
. 3.17 mg/L. @ 24.6°C; .
199-D4-32 Ti 0.62 mg/L @ 18.7°C 1.00 mg/L @ 19.5°C 0.62 2.09 237 Increasing
0.92 mg/L @ 22.7°C;
. 0.92 mg/L @ 24.3°C; .
0, >
199-D4-36 | Ti 0.92 mg/L @ 18.2°C 1.07 mg/L @ 17.7°C; 0.92 2.09 127 | Increasing
3.36 mg/L @ 19.0°C
199-D4-38 C 4.36 mg/L. @ 17.7°C 5.19 mg/L @ 17.8°C 436 5.19 19 Stable
199-D4-39 C 3.93 mg/lL @ 17.0°C 3.13mg/L. @ 17.2°C 3.93 3.13 -20 | Decreasing
. ; 2.42 mg/L @ 20.9°C; .
199-D4-48 | Ti 1.05 mg/L @ 16.7°C 1.51 mg/l @ 21.1°C 1.05 1.97 838 Increasing
. 0.79 mg/L @ 25.2°C; .
199-D4-62 | Ti 0.10 mg/L @ 18.0°C 0.25 mg/L @ 18.7°C 0.10 0.52 42¢ | Increasing
. 2.78 mg/L. @ 27.6°C; _
199-D4-78 | Ti - 272 mg/L @ 18.1°C 275 NA NA
199.D4-83 C 7.77 mg/L. @ 15.9°C 7.19mg/L @ 16.3°C 7.77 7.19 -7 Stable
199-D4-84 C 294 mg/l. @ 16.9°C 2.40mg/L @ 17.6°C 2.94 240 -18 Stable
199-D4-85 C 6.22 mg/L. @ 16.8°C 6.83mg/L @ 17.9°C | 6.22 6.83 10 Stable
199-D4-86 C 6.39 mg/L @ 17.2°C 6.47 mg/L @ 17.6°C 6.39 6.47 1 Stable
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Table 3-7. Dissolved Oxygen Concentrations and Temperature,

In Situ Redox Manipulation Menitoring, Compliance and Treatment Wells. (2 sheets)

~Name ; B S
199-D5-20 M - - - - NA NA
1990533 | M | 9.53mL @ 12.8°C = o3 |~ | WA NA
199D534 | M| B.10mgL@ 14.9°C - 810 = | NA NA
1550536 | M | 751 mgl @ 159C | 753 mg/L @ 160°C | 751 | 753 | 0 Stable
190-D5.37 | M _ 733 mgl @ 18.5C | - | 733 | NA NA
5.1l mgll @ 162°C; | 743 mgl @ 163°C.
1000538 | M | 9.15mgll@158°C; | 796mg/L@163°C; | 864 | 763 | -12 | Stable
8.66 mg/L @ 15.9°C | 7.49 mg/L @ 16.4°C
8.59 meglL @ 16.2°C;
196-D539 | M - 025 mgl @ 160°C; | — | 862 | NA NA
2.03 mg/L @ 16.4°C
1990540 | M - j - = T NA
199-D5-41 M - - - - NA NA
7.60 mgll @ 17.9°C; .
199-D5-43 | M | 7.57mglL @ 169°C; 833132%51:% o | 732 ] 345 | 15 | swble
6.7¢ mg/L. @ 17.1°C . :
199-D8-88 M 8.19mgA. @ 18.2°C - 8.19 - NA N/A

% change = (Average 4" quarter FY06 — average 4™ quarter FY05) / (average 4™ quarter FY05) X 100%. Wells are
considered stable if there is less than a 20% change in concentration from FY03 to FY06.

C
DO
FY
M
PM
NA

I | I |

#

no data available
compliance well
dissolved oxygen
fiscal year
monitoring well

proximal monitoring well located near the treatment zone

not available
Ti = treatment zone injection well; well has been used to treat the aquifer

Tm = treatment zone monitoring well; well has not been used to treat the aquifer
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4.0 PLANNED REMEDIATION AND CHROMIUM SOURCE STUDIES

Two remediation technology studies and one chromium source study are scheduled for FY07 and
are summarized in this section. :

4.1 BARRIER AMENDMENT WITH MICRON-SIZE, ZERO-VALENT IRON

As described in an unpublished FH document, Statement of Work for Testing Micron-Size iron
Injection for Mending an Existing Permeable Reactive Barrier (FH 2006d), and in a Pacific
Northwest National Laboratory study, Experimental Study of Micron-Size Zero-Valent Iron
Emplacement in Permeable Porous Media Using Polymer-Enhanced Fluids (PNNL 2003),

a remediation test is planned for FY07 that will involve injection of micron-size, zero-valent iron
into two wells within the ISRM barrier.

The ISRM barrier in the 100-D Area was constructed between 1999 and 2002 and consists of

a network of 65 wells creating a reducing barrier across the width of a-groundwater plume
contaminated with hexavalent chromium. Laboratory tests carried out ptior to barrier
construction indicated that sodium dithionite would effectively reduce naturally occurring ferric
iron (Fe*) to ferrous iron (Fe™). ‘The ferrous iron would serve to convert hexavalent chromium
(Cr*®) in groundwater to trivalent chromium (Cr™), which is relatively immobile (insoluble) in
water and has low toxicity. These laboratory tests suggested that the barrier would be effective
for about 20 years, but in some areas of the barrier  loss of reductive capacity was noted after
periods as short as 18 months. Recent work has indicated that ongoing loss of reductive capacity
is related to the presence of zones within the barrier that have high permeability and low iron

content.

Reinjection of wells with sodium dithionite is not an effective long-term solution because
reinjected wells have shown loss of reductive capacity within 2 years of secondary treatment. At
the present time, approximately 20 wells within the barrier have losta significant portion the
reductive capacity that was present after treatment with sodium dithionite.

An alternative technology, which does not include periodic reinjection of the wells with sodium
dithionite, is currently scheduled for field testing in the fourth quarter of FY07. This test
involves injection of micron-size; zero-valent iron suspended in a polymer-based, shear-thinning
fluid. The proposed fluid is expected to be sufficiently viscous to keep the iron in suspension for
extended periods of time, allowing movement of the micron-size, zero-valent iron into the
sediments-surrounding injected wells. 'Zero-valent iron (F ¢%) is an extremely strong chemical
reductant and has been shown effective in reducing hexavalent chromium in bench-scale
laboratory testing. Following laboratory testing and numerical modeling, micron-size, zero-
valent iron will be injected into two wells (199-D4-26 and 199-D4-37) located in high-
permeability zones where significant loss of effectiveness is present. Some of the goals of the
test include determining the distance that injected iron will be transported, the concentration of
iron at a point 7 m (23 fi) from the injection point (a distance equivalent to about half the
distance between adjacent treatment zone wells), and the degree of dilution of the polymer under
field conditions. One borehole will be drilled after injection and characterization sampling in
order to evaluate the distribution and concentration of micron-size, zero-valent iron in sediments

near an injection well.
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4.2 CHROMIUM SOURCE IDENTIFICATION STUDY |I

A drilling program is scheduled for FYQ7 as part of a study to identify the source(s) of
hexavalent chromium in the groundwater plume that impacts the ISRM treatment barrier. Part
of this study will include installing between 7 and 10 groundwater monitoring wells. Wells will
be drilled to the top of the Ringold Upper Mud Unit (i.e., the bottom of the unconfined aquifer),
and the completed wells will be screened across the saturated interval. Completion will be with
10.2—cm (4-in.)-diameter polyvinyl chloride slotted-screen and riser pipe. The seven wells that
have been completed as of May 1, 2007, are shown in Figure 4-1. The total number of wells
ultimately drilled will depend upon the vadose zone and groundwater characterization data
acquired during drilling and subsequent monitoring activities.

43  INSITU BIOSTIMULATION STUDY

As described in Hanford 100-D Area Treatability Demonstration: In Situ Biostimulation for

a Reducing Barrier (PNINL 2006), a treatability test is scheduled for FY07. It has recently
become evident that the chromium plume currently impacting the ISRM treatment barrier is
coupled to a continuing source of hexavalent chromium. Even if the source of the contamination
can be identified (see Section 4.1) and undergoes successful remediation, the contaminant plume
will continue to present a threat to the Columbia River. Modeling predicts that hexavalent
chromium concentrations within the contaminant plume will remain above 20 ug/L for at least
40 years. This period exceeds the 20-year design life of the treatment barrier that was predicted
based on the initial treatability test and greatly exceeds the estimated 10-year reductive capacity
of the barrier if 60 mg/L of nitrate is present in the groundwater (Szecsody et al. 2005).

The in situ biostimulation study will test the feasibility of injection of an organic substrate as

a means of stimulating irdigenous micro-organisms to reduce chromate and nitrate in the
contaminated aquifer. If chromate and nitrate levels (as well as DO levels) can be significantly
reduced upgradient of the ISRM treatment barrier, the longevity of the barrier can be greatly
enhanced. In situ reduction of hexavalent chromium to insoluble trivalent chromium can be
carried out through injection of a dissolved organic substrate (e.g., molasses), and nitrate can be
reduced to nitrogen gas using an immiscible substrate (e.g., vegetable oil). Increased bacterial
activity due to the presence of organic substrates should lead to enhanced reduction of DO.

The treatability test will demonstrate field-scale reduction of chromate, nitrate, and DO and will
provide information about the longevity of the treatment. The test will also provide information
about the implementability of the method and optimum design criteria. The field test will
include construction of two test cells, each consisting of an injection well and five monitoring
wells, as shown in Figure 4-2. The test cells will be 200 to 300 m (650 to 985 ft) upgradient of
the treatment barrier. Injection of a dissolved substrate (¢.g., molasses) and an immiscible
substrate (e.g., vegetable oil) will allow for the evaluation of substrate performance under field

conditions.
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Figure 4-1. Location Map for 100-D Area Chromium Source Identification Wells.
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Figure 4-2. 100-D Area In Situ Biostimulation Test Cells.
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5.0 QUALITY ASSURANCE/QUALITY CONTROL

Field replicates, offsite laboratory replicates, and field/offsite laboratory splits are QC samples
used to assess the precision of chemical analyses. Establishing the precision of analyses by field
screening consisted of comparing analyses for field replicates and field/offsite laboratory splits
and calculating the relative percent difference (RPD), as follows:

(c1-c2)

= _(l=¢d)  100%
/2

where ¢1 and ¢2 are replicate or split concentrations.

The EPA’s functional guideline is +20% for these types of analyses (EPA 1998). The RPD
values that are <+20% are acceptable. The QC samples analyzed in FY06 indicate that there was
acceptable data quality for most analyses, as discussed below. A total of 21% of samples split
and analyzed in the field and in an offsite laboratory had unacceptable data quality.

51 CHROMIUM

The results of the QC analyses performed for hexavalent chromium ‘and total chromium during
FY06 are included in Table 5-1 and are listed by well number, sample date, sample number,

result, and RPD.

Twenty-three field replicates were analyzed for hexavalent chromium using the using field
method COLOR_TK_CR6_FLD'. The RPD calculation for two sample pairs was not conducted
because the analytical data included results that were less than the detection limit. The RPD
values for the remaining 21 sample pairs ranged from 0% to 26.1%. The EPA’s functional
guideline is £20% for these types of analyses (EPA 1998). One sample pair (4%) exceeded the
EPA guideline. '

Thirty-eight samples were split and analyzed in the field for hexavalent chromium using method
COLOR_TK_CR6_FLD' and then in an offsite laboratory using method 7196_CR6'. The RPD
calculation for four sample pairs was not conducted because the analytical data included results
that were less than the detection limit. The RPD values for the remaining 34 sample pairs ranged
from 0% to 117.2%. Eight sample pairs (21%) exceed the EPA function guideline of +20%.

Twenty replicate sample pairs were collected and analyzed for total chromium in offsite
laboratories using method 6010 METALS ICP'. Filtered samples were used for 3 sample pairs,
unfiltered samples were used for 3 sample pairs, and 14 sample pairs had one sample that was
filtered and one that was not filtered. The RPD values for these 20 sample pairs ranged from 0%
to 42.7%. Two sample pairs (10%) exceeded the EPA guideline.

Finally, seven sample pairs were split and analyzed for total chromium in offsite laboratories
using method 6010- METALS_ICP'. Three chromium sample pairs were filtered, three were
unfiltered, and one sample pair consisted of a filtered sample and an unfiltered sample. The RPD
values for sample pairs ranged from 0.7% to 13.1%, with all RPD values falling below the EPA

guideline.

! Methods are taken from the HEIS database.
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5.2 SULFATE

The results of the QC analyses for sulfate performed during FY06 are included in Table 5-2 and .
are listed by well number, sampie date, sample number, result, and RPD.

Eighteen field replicates were analyzed for sulfate using field method COLOR_TK_ FIELD'.
The RPD values of these nine field replicates ranged from 0% to 24.4%. One sample (6%)
exceeded the EPA functional guideline of $20% for these types of analyses (EPA 1998).

Sixteen samples were split and analyzed in the field using field method COLOR_TK_FIELD'
and then in an offsite laboratory using method 300_ANIONS_IC!. The RPD values for these
replicate samples ranged from 0% to 29.5%. Four samples (25%) exceeded the EPA functional

guideline of +20%.

Two replicate sample pairs were collected and analyzed for sulfate in an offsite laboratory using
method 300.0_ANIONS_IC1. The RPD value for these samples ranged from 1.1% to 1.6%, both
below the EPA functional guideline.

Finally, one sample Pair was split and analyzed in two offsite laboratories using method
300.0 ANIONS_IC". The RPD value for this sample was 6.6%, which is below the EPA
functional guideline.
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6.0 IN SITU REPOX MANIPULATION COST DATA

All projected costs are burdened and are based on costs through September 30, 2006. These
costs are inclusive of design, construction, operation, and performance monitoring of the ISRM,
as discussed in Explanation of Significant Difference for the Record of Decision,

U.S. Department of Energy Hanford 100-HR-3 Operable Unit Interim Remedial Action,
Involving In Situ Redox Manipulation (ISRM) (Price 2003). Actual costs for the 100-D Area
ISRM interim remedial action were recorded in the FH code of accounts databases. Cost
accruals are recorded, sorted by activity, and summed bi-monthly in the database. The data can
then be used to determine the actual capital and labor costs associated with a specific activity
over a given time period. These data have been used to estimate actual project costs (burdened)
and projected future costs (based on actual costs to date). Specific activities are briefly described

below:

» Remedial design: This includes all initial design activities to support ISRM
construction, permitting, peer reviews, quality assurance, and all other design
documentation.

e Capital construction: This includes all fees paid to the construction subcontractor for
capital equipment, initial construction (i.e., construction of new wells and an evaporation
pond), and modifications to the system. This includes all FH labor required for oversight
and support and all fees paid to the construction subcontractor for capital equipment,
installation of new wells, pond construction, and operation and maintenance. This cost
represents labor and material costs associated with establishment of the treatment zone.
Also included are costs associated with performance monitoring and waste management.

¢ Performance monitoring: This includes the costs associated with monitoring water
levels and the associated systems used to support these activities. It also supports
groundwater sampling, analysis; and the technical evaluation and reporting of results.
Certain technical studies (including geochemical studies, geophysical studies,
groundwater flow meter studies, and laboratory groundwater chemistry studies) are also
included.

e Waste management: This includes the costs incurred from the processing of wastes
associated with the placement of the barrier, monitoring of water levels, and groundwater
sampling.

The cost breakdown for the ISRM project is presented in Figure 6-1 and Table 6-1. Total costs
by percent of the total in the pie chart show that the majority of cost for FY06, in decreasing
order of magnitude, is charged to performance monitoring (82%), remedial design (17%), and
waste management (1%). No capital construction was carried out in FY06.
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Figure 6-1. Cost Breakdown for 100-D Area
In Situ Redox Manipulation Operations, Fiscal Year 2006.

Performance Monitoring
(82%)

Table 6-1. In Situ Redox Manipulation Operating Cost Breakdown.

Waste Management (1%)

Remedial Design (17%)

:': Costs for Iﬂﬁéf):ﬁfﬁ# iSRM e

Deseription’ | _ Actusl Costx 1,000
o 2002 2003 2004 | 2005 2006
Remedial design - - - - $47.31
Capital construction $2,793.80 $330.67 -- $692.70 --
Performance monitoring $430.00 £536.10 $430.30 $778.30° $229°72
Waste management $106.10 $19.60 $7.40 $4.60 $2.94
Totals| $3,329.90 $886.37 $437.70 $1,475.60 $279.97

* FY05 performance monitoring costs include technical studies (i.e., electromagnetic borehole flow meter study,
sediment/geophysical studies, and laboratory nitrate investigation).

FY = fiscal year

ISRM = In Situ Redox Manipulation
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79 CONCLUSIONS

Monitoring resuits collected in FY06 allow fora prehmmary performance evaluation of the
ISRM barrier performance in relation to the RAOs (EPA et al 1996).  Specific progress for -
'FY06 toward meeting each RAO is. discussed below:

» Protect aquatic receptors in the river substrate from contamination in groundwater
entering the Columbza szer -

coudztlons persxst throughout most of the ISRM bamer particularly in the southwestern
portion. However, operatlonal monitoring data from the northeastern portion of the
barrier showed hexavalent chromium concentrations much greater than 30 pg/L in two
areas, indicating decreasmg or faﬂmg reductlve capaclty in these areas

o Protect human health by preventmg exposure to contammants in the groundwater
Result: Institutional controls wete mmntmned to prevent pubhe access to groundwater
* Provide mformatmn that w:ll lead 1o the ﬁnal remeajz :

Result: The proj ject cortinues to collect operatlonal and momtormg data to support
development and 1mp1ementanon of a final remedy ‘Although no capital construction

work was carried out -during FY06, planmng was carried out for ﬁeld programs scheduled
for FY07 (see Section 4.0). This work will melude m]ectmn of 1 m:cron-s:ze, zero-valent
iron into two-treatment barrier wells, an upgrad1ent ‘biostimulation test, and a drilling
program aimed at 1dent1fymg the upgradxent source of the hexavalent ehromlum found in

‘the groundwater plume _
The ROD Amendment (EPA etal. i999) and RDRfRAWP (DOE-RL 2000) 1dent1ﬁed the overall

key design elements of the ISRM remedial action.’ The followmg isa summary of the key design
elements and current assessment of ISRM performance through FY06:

o The barrier will be: apprommately parallel the Columbia River but may also contain other
* orientations, dependmg on the distribution of the chromium contanunant plume.

Resuiltf: The. treatment e‘nﬂy' 680 m (2 230.96 ﬁ) in length and roughly _
parallels the Columbia Ri axis I ment zone has an orientation of
approximately 220 degrees. The optm}um flow dlrectlon of groundwater for treatment is
307 degress, which is roughly perpendicular to the axis of the barrier.

The net groundwater ﬂows directions along most of the barrier are. thhm the Optlmum
- range (307 £30 degrees) to. achxeve this key des1gn element '_ lated to barrier
performancemFYOG o | S
» The treatment bamer wﬂl be demgned m acc ] danee with the RDR/RAWP to attam
RAOs. '

Result: ISRM bamer constructxon and nnplementatlon 1s cons1stent w1th the key des1gn
elements outlined in the RDR/’RAWP (DOE-RL 2000).
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The treatment zone shall treat the chromium plume to 20 pg/L or less at each compliance
well to achieve 10 pg/L at the river.

Result: On a guarterly basis, hexavalent chromium concentrations met the RAO of

20 ug/L in two of the seven compliance wells during the first, third, and fourth quarters
of FY06, and in four of the seven compliance wells during the second quarter of FY06.
On an annual basis, hexavalent chromium concentrations met the RAO in two of the
seven compliance wells. Annual average concentrations show decreasing trends in four
compliance wells and stable trends in the remaining three compliance wells.

Compliance monitoring wells will monitor chromium and DO concentrations between the
injection wells and the Columbia River to determine the effectiveness of the treatment

zone.

Result: Compliance monitoring wells are sampled quarterly for chromium, DO, and
other constituents. Hexavalent chromium concentrations met the RAO of 20 pg/L in two
of the seven compliance wells during the first, third, and fourth quarters of FY06, and in
four of the seven compliance wells during the second quarter of FY06. All seven
compliance wells had DO concentrations less than 75% of the saturation level.

Performance moritoring wells will measure other field parameters including sulfate, DO,
pH, temperature, and specific conductance.

Result: Monitoring wells are sampled on a quarterly basis for these field parameters.

The siting, design, and sampling of the compliance monitoring wells shall be adequate to
define the boundaries of the plume and the effectiveness of the treatment zone and shall
be capable of assessing if barrier “breakthrough” occurs. This requires wells to be
located between the treatment barrier and the Columbia River and also to be located
beyond the end of the treatment barrier to ensure compliance with the RAOs.

Result: There are seven compliance wells for the ISRM treatment zone. The wells are
distributed parallel to the treatment zone. Five of the wells are located approximately
midway between the treatment zone and the Columbia River, and two wells are located
slightly beyond the limits of the treatment zone (one at the southwest and one at the
northeast, which are wells 199-D4-86 and 199-D4-83, respectively).

Hexavalent chrornium concentrations in compliance wells have generally been
decreasing over the past 3 to 4 years, with the exception of compliance well 199-D4-38,
which shows an overall upward trend (Figure 3-9). Hexavalent chromium was seen to be
increasing in compliance well 199-D4-85 in the fourth quarter of FY06; the change
between the fourth quarter of FY05 (17 pg/L) and the fourth quarter of FY06 (31 ug/L)

was 15 ng/L.

Installation of the treatment barrier shall be initiated within 15 months after signing the
ROD Amendment (EPA et al. 1999) and shail be fuily implemented by the end of FY02,
based on current knowledge of the plume and implementability of the treatment

technology.
Result: Phase I of the large-scale deployment of the ISRM was initiated in FY0O0;
Phases II and [T are completed.
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I barrier breakthrough is identified, the Washington State Department of Ecology and

EPA will detemnne altematlve action to be taken.

Result: Treatment zone wells are rncmtored quarterly and reported Areas of the barrier
that have lost reductive capacity- have been identified. These arcas-are being evaluated to
determine the best optton(s) for- re—establrshmg reductive capacrty

Post-treatment extraction purgewater shall be collected and disposed to an evaporation
pond constructed at the ISRM site. High-concentration purgewater generated during
post-treatment extraction shall be disposed to the evaporation pond, with the option of
sending a portion of the concentrated purgewater to the Purgewater Storage and
Treatment Facility (Resource Conservation and Recovery Act of 1976 [RCRA] interim
status unit) and/or to the Efffuent "Treatment Facility (RCRA final status unit), both of
which are located in the 200 Areas. Subsequent low-concentration purgewater volumes
will continue to be drsposed to the evaporatlon pond or to the ground surface through

a localized drip field constructed at the ISRM site. ‘The withdrawn water that is to be
discharged to the ground will be analyzed to conﬁnn that the sulfate SDWS of 250 mg/L
w111 not be exceeded in the underlytng groundwater

Result: ‘Extraction of post-treatment water from the treatment zone was. completed
during FY03. There has been no subsequent drsposal of pnst-treatment extraction
purgewater. :

Institutional cont:rol for protectlon of human health requrred by EPA is. unchanged
(EPAetal 1996) L

Result: Instztutlonal controls were mamtamed to prevent pubhc access to the
groundwater ' _

Applicable or relevant and approprrate requlrements set forth in the 100—HR-3 and
100-KR-4 ROD (EPA et al. 1996) are unchanged, with the exception of Washmgton
Administrative Code (WAC) 173-218 and 40 CFR 144, Subpart B, which are not
applicable or relevant and appropnate requrrements of the ROD Amendment.

‘The underground m_lectton control regulattons in WAC 173-21 8 and 40 CFR 144
Subpart B, prohibit the use ofan m_]ectton well that may result in a violation of any
“Nattonal Prtmary Dnnkmg Water Standards” (DWS) (40 CFR 141) or that may
wise adversely affect beneficial ¢ ‘ The solution being injected
does not contarn any constituents that have a DWS eneficial use of groundwater
will not be aﬁected However the groundwater will exceed the sulfate SDWS for a brief
period following injection.. ‘WAC 173-218 prohibits certain discharges to groundwater,
however this regulation’ spec1ﬁcally excludes cleanup actions undertaken pursuant to
CERCLA.

Result. Sulfate concentratxons were above the SDWS of 250 mg/L in 10 wells durmg
FY06 _ _ SEECAT:

Additional conclusrons are supported by assessment of the data collected durmg the course of the

year:

L]

The 182-D reservoir contrnued to leak durmg FY06 Water-level momtormg data inthe
182-D reservoir detected the loss of approxtmately 31 miltion L (8.2 million gal) of water
to the ground between November 2005 through March 2006." There were three distinct
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leakage events: November 5, 2005, through December 15, 2005 (approximately

22 million L [5.8 million gal]); January 1, 2006, through February 3, 2006 .
(approximately 4.9 million L [1.3 million gal]); and from February 23, 2006, through

March 13, 2006 (approximately 4.5 million L {1.2 million gal]). Leakage rates for the

three events were 386 L/min, 100 L/min, and 163 L/min (102 gpm, 26.4 gpm, and

43.1 gpm), respectively. The water table below the reservoir rose temporarily in response

to the first and third events. The water-level monitoring systems did not show an obvious

response to the second leakage event. The cause(s) of the changes in the 182D reservoir

leakage rates is not known.

Leakage from the reservoir that would adversely affect the ISRM barrier would be
indicated by an inicrease in DO concentration of the groundwater and a decrease in nitrate
concentrations at the barrier itself or in wells upgradient of the barrier. An increase in
DO is detrimental to the barrier, because it decreases the barriers reducing capabilities for
hexavalent chromium. A decrease in nitrate concentrations would be beneficial to the
barrier, because the presence of nitrate also decreases the barriers reducing capacity.
Observed DO data from wells upgradient of the barrier but downgradient of the reservoir
do not show any obvious increases in FY06. Nitrate concentrations do not show any
obvious decreases. These data indicate that the current operating conditions of the
reservoir are not having an adverse effect on the ISRM barrier. However, there are wells
in the northeast part of the barrier where DO concentrations have increased, this may
have been caused by river influences, or other factors described in ‘Mending the ISRM
Barrier’ (FH 2006¢€) such as high hydraulic conductivity, heterogeneity, and low iron
content.

Ieakage from the reservoir has modified groundwater flow directions and produced a
hydraulic divide. The hydraulic divide is beneficial in that southwestern ISRM plume
and the northern 100-D plume are prevented from moving to the Columbia River in the
area between the northern end of the ISRM barrier and the DR-5 extraction wells.
Without the hydraulic divide the southwestern ISRM plume may shift to a more northetly
flow, potentially bypassing the northern end of the ISRM barrier. Changing the hydraulic
characteristics in this areca might necessitate additional remedial measures to intercept the

plume.

The mitigation effort of keeping the water level within the 182-D reservoir at low levels
decreases the effects on the barrier. The water level in the reservoir is maintained at 0.6
to 1.8 m during pumping operations and .3 to 1 m during ‘standby conditions’ and water
is only pumped from the 182-D reservoir during emergency conditions. This mitigation
effort has reduced leakage from the 182-D reservoir. Maintaining the water level in the
182-D reservoir at 0.3 to 1 m (1 to 3 ft) and continuation of the automated water level
monitoring in the reservoir and nearby wells is warranted.

Arsenic was analvzed in first quarter FY06 samples due to concern that the treatment of

the aquifer to create the ISRM barrier might mobilize naturally occurring arsenic.

Twenty-cight wells were sampled and analyzed for arsenic, including 13 monitoring

wells, 7 compliance wells, and 8 aquifer treatment (treatment zone injection) wells.

Arsenic was detected in six aquifer treatment wells, two monitoring wells, and three

proximal monitoring wells. Analytical values ranged from 0.58 to 6.1 pg/L, with all

results below the MCL of 10 pg/L for arsenic. Arsenic was not detected in other wells .
that were sampled during the first quarter.
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o Aquifer and porewater sampling tubes along the Columbia River shoreline were sampled
. during second quarter of FY06. Samples were collected from 12 aquifer tube sites and

4 porewater sites during the period. Groundwater containing hexavalent chromium
exceeding 20 pg/L was found at eight aquifer tube sites and four porewater tube sites,

| with concentrations ranging from 25 to 394 pg/L. Many of the aquifer tube sites and

\ porewater tube sites in an area immediately downgradient of the northeastern portion of

| the treatment barrier (i.e., from aquifer tube site DD-43 to porewater tube site 166-D-1)
over a distance of approximately 380 m (1,247 ft) had hexavalent chromium
concentrations from at least one depth in excess of 100 pg/L.
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. | 80  RECOMMENDATIONS

Based on observations made during FY06, the following recommendations are made:

| » Continue quarterly operational monitoring of all treatment zone wells in the barrier for
hexavalent chromium, in addition to continuation of monthly operational monitoring of
treatment zone wells that exceed 30 ug/L.

e Continue monitoring'wa_t"ér levels in the 182-D reservoir and the wells in the 100-D area
as part of the automated groundwater monitoring network to track reservoir influences on
the groundwater flow system and the ISRM barrier.

¢ Develop an integrated plan for 100-D that addresses groundwater remediation (e.g.,
ISRM, pump-and-treat operations, ‘biostimulation, and other technologies) and
infrastructure needs for the usage of the 182-D reservoir.

» If water levels permit, sample aquer tube and porewater tube sites more ﬁ'equentiy than
annually in order to better monitor increasing hexavalent chromium levels downgradient
of the ISRM treatment barrier.
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APPENDIX A

FISCAL YEAR 2006 GROUNDWATER FLOW DIRECTION
AND GRADIENT SOLUTIONS
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Flow Direction and Gradient Triangle 1, Wells 199-D4-20, 199-D4-38,

and 199-D4-85, Fiscal Year 2006.

Total distance 11.98 m, net flow direction 2.9°, average gradient 0.0012, 61% optimal flow direction.

Flow Direction and Water Elevation at the ISRM for FY 2006
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Flow Direction and Gradient Triangle 2, Wells 199-D4-20, 199-D4-38,
and 199-D5-38, Fiscal Year 2006.

Total distance 11.18 m, net flow direction 308.5°, average gradient 0.0011, 68% optimal flow direction.

Flow Direction and Water Elevation at the ISRM for FY 2006
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Flow Direction and Gradient Triangle 3, Wells 199-D4-38, 199-D5-38,
and 199-D5-36, Fiscal Year 2006.

Total distance 9.53 m, net flow direction 292.4°, average gradient 0.0010, 57% optimal flow direction.

Flow Direction and Water Elevation at the ISRM for FY 2006
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Flow Direction and Gradient Triangle 4, Wells 199-D4-20, 199-D3-2,

and 199-D4-85, Fiscal Year 2006.

Total distance 1.13 m, net flow direction 319.2°, average gradient 0.0008, 47% optimal flow direction.

Flow Direction and Water Elevation at the ISRM for FY 2006
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Flow Direction and Gradient Triangle 5, Wells 199-D5-43, 199-D4-20,

and 199-D5-38, Fiscal Year 2006.

Total distance 0.73 m, net flow direction 17.3°, average gradient 0.0004, 35% optimal flow direction.

Flow Direction and Water Elevation at the ISRM for FY 2006
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A
Flow Direction and Gradient Triangle 6, Wells 199-D5-34, 199-D5-43, ‘
and 199-D5-36, Fiscal Year 2006.
Total distance 8.35 m, net flow direction 257.6°, average gradient 0.0006, 31% optimal flow direction.
Flow Direction and Water Elevation at the ISRM for FY 2006
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Flow Direction and Gradient Triangle 7, Wells 199-D5-43, 199-D3-2,
and 199-D5-36, Fiscal Year 2006.

Total distance 2.39 m, net flow direction 356.5°, average gradient 0.0005, 52% optimal flow direction.

Flow Direction and Water Elevation at the ISRM for FY 2006
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Flow Direction and Gradient Triangle 8, Wells 199-D5-34, 199-D5-38,
and 199-D5-33, Fiscal Year 2006.

Total distance 10.48 m, net flow direction 218.7°, average gradient 0.0010, 17% optimal flow direction.

Flow Direction and Water Elevation at the ISRM for FY 2006
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Flow Direction and Gradient Triangle 9, Wells 199-D4-13, 199-D4-19,
and 199-D4-20, Fiscal Year 2006.

Total distance 15.37 m, net flow direction 326.0°, average gradient 0.0010, 61% optimal flow direction.

Flow Direction and Water Elevation at the ISRM for FY 2006
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199-D2-6 Hexavalent Chromium and Chromium (Filtered Samples)
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199-D4-1 Hexavalent Chromium and Chromivm (Filtered Samples)
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) = Analyte not detected, plotied value is laboratory reporting limit for the analysis.
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199-34-15 Hexavalent Chromium and Chromium (Filtered Samples)
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0 = Analyte not detected, plotted value is laboratory reporting limit for the analysis.
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199-134-22 Hexavalent Chromium and Chromium {Filtered Samples)
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¢ = Analyte not detected, plotted value is laboratery reporting limit for the analysis.
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199-D4-31 Hexavalent Chromium and Chromium (Filtered Samples)
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¢ = Analyte not detected, plotted value is laboratory reporting limit for the analysis.

B-5



Page 119 of 131 of DA0535950253

DOE/RL-2007-19, Rev. 0

199-D4-38 Hexavalent Chromium and Chromium (Filtered Samples)
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¢ = Analyte not detected, plotted value is laboratory reporting limit for the analysis.
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199-D4-48 Hexavalent Chromium and Chromium (Filtered Samples)
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0 = Analyte not detected, plotted value is laboratory reporting limit for the analysis.
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199-D4-62 Hexavalent Chromium and Chromium (Filtered Samples)
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O = Analyte not detected, plotted value is laboratory reposting limit for the analysis.
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0 = Analyte not detected, plotted value is laboratory reporting limit for the analysis.
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199-D4-86 Hexavalent Chromium and Chromium (Filtered Samples}
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¢ = Analyte not detected, plotted value is laboratory reporting limit for the analysis.
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199-D5-15 Hexavalent Chromium and Chromium (Filtered Samples)
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199-35-32 Hexavalent Chromium and Chromium (Filtered Samples)
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0 = Analyte not detected, plotted value is laboraiory reporting limit for the analysis.
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0 = Analyte not detected, plotted value is laboratory reporting limit for the analysis.
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199-135-39 Hexavalent Chromium and Chromium (Filtered Samplecs)
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¢ = Analyte not detected, plotted value is laboratory reporting limit for the analysis.
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199-D5-42 Hexavalent Chromium and Chromium (Filtered Samples)
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¢ = Analyte not detected, plotted value is laboratory reporting limit for the analysis.
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199-D3-92 Hexavatent Chromium and Chromium (Filtered Samples)
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¢ = Analyte not detected, plotted value is laboratory reporting limit for the analysis.
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