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If You Know
Length
inches
inches

feet

yards

miles

Area

sq. inches
sq. feet

sq. yards

sq. miles
acres

Mass (weight)
ounces
pounds

ton

Volume
teaspoons
tablespoons
fluid ounces
cups

pints

quarts
gallons
cubic feet
cubic yards
Temperature

Fahrenheit

Radioactivity

picocuries

METRIC CONVL..SION CHAK

_Into Metric Units

Multiply By

254
2.54
0.305
0914
1.609

6.452
0.093
0.836
2.6

0.405

28.35
0.454
0.907

5

15

30
0.24
0.47
0.95
3.8
0.028
0.765

subtract 32,
then
mulliply by
5/9

37
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To Get

millimeters
centimeters
meters
meters

kilometers

sq. centimeters
Sq. meters

$q. meters

sq. kilometers

hectares

grams
kilograms

metric ton

milliliters
milliliters
milliliters
liters

liters

liters

liters

cubic meters

cubic meters

Celsius

millibecquerels

X

If You Know
Length
millimeters
centimeters
meters
meters
kilometers
Area
sq. centimeters
sq. meters
sq. meters
sq. kilometers
hectares

1ss (weight)
grams
kilograms
metric ton
Volume
milliliters
liters
liters
liters
cubic meters

cubic meters

Temperature

Celsius

Radioactivity

millibecquerels

Out of Metric Units

Multiply By

0.039
0.394
3.281
1.094
0.621

0.155
10.76
1.196
0.4
2.47

0.035
2.205
1.102

0.033
2.1
1.057
0.264
35315
1.308

multiply by
9/5, then add
32

0.027

To Get

inches
inches
feet
yards

miles

sq. inches
sq. feet
sq. yards
sq. miles

acres

ounces
pounds

ton

fluid ounces
pints

quarts
gallons
cubic feet

cubic yards

Fahrenheit

picocuries
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1.0 IN  ODUCTION

1 PURP( E OF EXPANSION

The purpose of the 2008 100-KR-4 pump-and-treat system expansion is to increase the areal
extent of hexavalent plume capture and the capacity of the system to aid in meeting the remedial
objectives of 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).
Implementation of this expansion will aid in satistying the 100-KR-4 action items listed in
The Second CERCLA Five-Year Review Report for the Hanford Site (DOE/RL-2006-20).
Action 5-1 requires additional wells between the 116-K-2 Trench and the N Reactor perimeter
fence: Action 5-2 requires that the wells stipulated in Action 5-1 increase the capacity of the
100 -4 pump-and-treat system by 378.5 L/min (100 gallons per min [gpm]). The 600 _ n
expansion design described in this document exceeds the CERCLA 5 Year Review
Recommendation and may require optimization, subject to U.S. Environmental Protection
Agency (EPA) approval, if actual field conditions (particularly hexavalent chromium plume
extent, co-contaminant concentrations, and aquifer parameters) are significantly different than
the conditions used for the current design.

This supplement to the Remedial Design and Remedial Action Work Plan for the 100-HR-3 and
100-KR-4 Operable Units Interim Action (DOE/RL-96-84) supports the expansion of the pump-
and-treat system actively remediating the hexavalent chromium plun  associated with the
former 116-K-2 Trench. The 100-HR-3 and 100-KR-4 Operable Units (OUs) interim Record of
ecision (ROD) (EPA et al. 1996) defines the regulatory performance criteria for cleanup of the
hexavalent chromium plume in the 100-KR-4 OU. The supplement includes an updated quality
assurance project plan (QAPjP) (Appendix A) and a numerical modeling discussion
(Appendix B).

The goals of the 100-k -4 pump-and-treat expansion are as follows:

e Contrc the northward migration of the hexavalent chromium plume before it reaches
the 100-NR-2 OU.

e Protect the Columbia River by removing high concentration areas and eliminate gaps
in coverage between extraction wells.

e Remediate the remainder of the hexavalent chromium plume around the former
116-K-1 Trench to less than the remedial action objective (RAO) of 20 ug/L.

1.2 BAC GRC ND

The hexavalent chromium plume in the 100-KR-4 OU has been divided intc iree smaller plume
areas based on contaminant source: (1) the plume associated with the former 116-K-1 Trench,
which is the subject of this interim remedial action; (2) the plume around the KW Reactor and
the Columbia River, which is being remediated by the KW Reactor pump-and treat-system; and
(3) :plume around the KE Reactor, which is currently being monitored but not actively
remediated. These three plume areas are shown in Figure 1-1 for the fall 2007 hexavalent
chromium plume in the 100-KR-4 OU.

The or’ "ial 100-KR-4 pump-and-treat system was designed to remediate the hexavalent
chrom 1 plume between the former 116-K-2 Trench (also known as the Mile-Long Trench)
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and the Columbia River. This original design included seven extraction wells and four injection

wells. As additional monitoring wells and aquifer tubes were added since 1997 the interpretation
of the plume boundaries also changed and the pump-and-treat well network was modified as

we  Figure 1-2 depicts the annual fall hexavalent chromium plumes in the 100-KR-4 OU since

the start of operations in 1997.

1. MODIFICATIONS TO THE 100-KR-4 PUMP-AND-TREAT NETW(
SINCE 1997

The 100-KR-4 pump-and eat network of wells has een modified as follows since the start of
operations in 1997:

e 1997: Started operations with extraction wells 199-K-112A, 199-K-113A, 199-K-115A,
199-K-116A, 199-K-118A, 199-K-119A, and 199-K-120A; and injection wells
199-K-121A, 199 -122A, 199-K-123A, and 199-K-124A. Well 199-K-118A was not
used operationally ecause of sanding.

o 1000. Replaced extraction well 199-K-118A with 199-K-125A. Well 199 .-118A had
been plagued with heavy sand inflow during operation.

e 1999: Added compliance well 199-K-126 to monitor movement of the hexavalent
chromium plume toward the 100-N Area.

e 2707 Added extraction well 199-K-127 to improve capture between existing extraction
wells 199-K-119A and 199-K-120A.

e 2003: Converted compliance well 199-K-126 to an extraction well, added well
199-K-130 to monitor hexavalent chromium nearer the 100-N Area, and replaced
extraction well 199-K-112A with extraction well 199-K-129.

e 2004: Converted compliance well 199-K-1  \ to an extraction well to improve capture
where hexavalent chromium concentrations were high in aquifer tubes 22 and 23. Added
well 199-K-131 to monitor the plume nearer the 100-N Area. Added aquifer tubes
AT-K-1 rough AT-K-6.

e NN2. Used extraction well 199-K-126 in a test of calcium polysulfide as an alternative
treatment technology. Drilled four monitoring wells around well 199-K-126 (199-K-133
through 199-K-136)

e 2007: Installed monitoring well 199-K-143 to provide an inland sampling point to assess
the hexavalent chromium concentration between the former 116-K-2 Trench and
monitoring well 699-78-62.

e Late2007an ¢  ~)08: Inst: ed nineteen new wells and converted three existing
wells for the 100-KR-4 pump-and-treat expansion. The expansion wells are listed below
by operational purpose:
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Extraction Wells Injection Wells Monitoring (Performance)Wells

199-K-130 199-K-143 199-K-151

199-K-131 199-K-159 199-K-152

199-K-144 199-K-160 199-K-153

199-K-145 199-K-164 199-K-154

199-K-146 199-K-156 199-K-157

199-K-147 199-K-163

199-K-148

199-K-149

199-K-150

199-K-161

199-K-162
Miq- to late 2008: Added four injection wells (199-K-169, 199-K-170, 199-K-171, and
199-K-172) to replace ex ‘on wells that could not be used for injection | ;es

because sampling confirmed that the sites were located within the hexavalent chromium
plume and that concentrations were above 30 pg/L.
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2.0 UPDATED CONCEPTUAL MODEL
FOR 100-KR-4 HEXAVALENT CHROMIUM PLUME

This section discusses the updated conceptual model for the chromium plume targeted by the
expanded 100-KR-4 pump-and-treat system.

2.1 SOURCES OF HEXAVALENT CHROMIUM IN GROUNDWATER

Raw Columbia River water was treated extensively with flocculants to remove parent elements
so they would not form radioisotopes when the treated water passed through the reactors and was
irradiated. However, sodium dichromate dihydrate, Na>Cr,07-2H,0, was added to reactor
coolant water as a rust inhibitor starting at a concentration of approximately 1.8 mg/L. When the
chromium was irradiated, the radioisotope chromium-51 was formed. This isotope has a half-life
of about 27.7 days, and concentrations were not reduced when the coolant water was moved to
retention basins for an hour or less before disposal to the Columbia River. To reduce the amount
of chromium-51 in effluent, the amount of sodium dichromate added during raw water
processing was decreased from 1.8 mg/L to 1.0 mg/L in 1961 and to 0.5 mg/L in 1968 for
selected reactors (Quarterly Report Contamination Control — Columbia River April — June 1968
[DUN-1968]). In 1968, the 12-month daily release average of chromium-51 was approximately
750 Ci/day in the 100-K Area.

ie 116-K-2 Trench received about 300 billion L (79 billion gal) of contaminated water from the
KE and KW Reactor floor drains and from the KE and KW retention basins from 1955 through
1971 (Hazard Ranking System Evaluation of CERCLA Inactive Waste Sites at Hanford
[PNL-6456]). The liquid effluent included about 300,000 kg of dissolved sodium dichromate;
therefore, the dissolved dichromate concentration is equivalent to an average of about 1 mg/L.
The trench is oriented parallel to and approximately 250 m (820 ft) from the Columbia River.

2.2 100-K AREA HYDROGEOLOGY

The uppermost aquifer in the 100-K Area is located mostly within Unit E of the Ringold
Formation; however, the contact between the Ringold Unit E and the overlying Hanford
formation is an irregular, erosional surface and the unconfined aquifer locally extends into the
lower Hanford formation. The current average depth to groundwater ranges from less than 7.3 m
(25 ft) in well 199-K-18, located near the Columbia River to about 23 m (76 ft) inland at well
699-78-62 (Table 2-1).

The Ringold Unit E is underlain by the fine-grained paloesols and overbank deposits of the
Ringold Upper Mud Unit (Vadose Zone Modeling of Carbon Tetrachloride in 200 West Area at
the Hanford Site [WHC-SD-EN-TI-112]). Below the top of the Ringold Upper Mud, the aquifer
appears to be at least semi-confined, based on water levels measured in adjacent wells
199-K-32A (screened in the unconfined aquifer) and 199-K-32B (screened in and below the
Ringold Upper Mud Unit) located downgradient of the KE Reactor (Figure 2-1). Groundwater
flow is toward the river during low river stage and reverses to inland during high river stage.
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Figure 2-1. Hydrographs of Wells 199-K-32A (Shallow) and 100-K-32B (Deep).
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NOTES:
1. Well 199-K-32A is screened 45 to 65 ft below ground surface in the Ringold Unit E
uppermost unconfined aquifer.
2. Well 199-K-32B is screened 157 to 167 ft below ground surface in the first producing horizon
below the top of the Ringold Upper Mud Unit.

2.3 100-K AREA HEXAVALENT CHROMIUM PLUME DISTRIBUTION
AND SUMMARY OF CO-CONTAMINANT CONCENTRATIONS

The target chromium plume for the original 100-KR-4 pump-and-treat system is shown in
Figure 2-5. The plume was believed to be limited to the area downgradient of the 116-K-2
Trench based on existing wells. The original 1997 extraction and injection well fields are also
displayed in Figure 2-5. The June 2007 hexavalent chromium plume is shown in Figure 2-6.

The highest historic hexavalent chromium concentrations in 100-KR-4 pump-and-treat extraction
or monitoring we : have been approximately 200 pg/L. If sodium dichromate were added to
raw water at a concentration of 0.5 to 1.0 mg/L during the 1960s (DUN-4847), the range of
maximum resultant hexavalent chromium concentration would be 176 to 352 pg/L. Therefore, it
is reasonable to attribute the historic plume concentrations to sodium dichromate added to raw
water as a rust inhibitor and not a continuing source of highly concentrated sodium dichromate
(e.g., spill). This treated water was utilized as coolant water in the single pass and disposed to
liquid effluent sites such as the 116-K-2 trench.

2-4










LC

Figure 2-4. Section B-B’ Through 100-KR-4 Area, View Nort :ast.
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Details of Design Basis

Details for the design basis are listed below:

3.23

Ply~~ ~-za: The fall and spring 100-KR-4 chromium plumes are displayed in Figures 2-
| and 2-6, respectively.

Supplementary system gro™=-~*2r wells: The system expansion will include extraction,
injection, and monitoring wells. 'Lhe well locations are shown in Figure 3-1.

100-KR-4 expansion well locations: Well design details, design flow rates, modeled flow
rates, specific capacities, and estimated saturated aquifer thickness (above the Ringold
Upper Mud) are presented in Table 3-1.

Brtenntine =l The design goals will focus on containing the plume, filling ips in
extraction well capture, and reducing the mass of the 100-KR-4 hexavalent chromium
plume. Figure 3-1 shows the locations of the extraction wells. Appendix B contains
numerical modeling simulations that display the locations of the extraction wells selected
to stop the northward migration, control the southern plume, fill gaps in capture, and
reduce contaminant mass. The locations selected for the simulation have been adjusted
as needed based on Tribal and cultural concerns, as well as existing operations. The
modeled extraction rates were initially established to achieve capture and evolved based
on well development results to the design volumes. Actual operational extraction rates
will likely vary based on aquifer conditions.

Injection wells: Treated groundwater will be injected in nine wells, as shown in

Figure 3-1. The modeled injection rates were input into an analytical simulation to
evaluate the mounding effect on the northern plume area. Flow rates, specific capacities
of nearby wells, and average saturated thickness of the Ringold Unit E are shown in
Table 3-1. The effect on mounding on the northern plume area is discussed and
illustrated in Appendix B. The proposed monitoring well locations for four new injection
wells are shown in Figure 3-1.

Monitoring wells to support system expansion: Six new monitoring wells were installed
to provide data to be used to evaluate the effectiveness of the expanded pump-and-treat
system in meeting project goals. These wells could be added to the pump-and-treat
network in the future if needed.

IX gerete- The supplementary stand-alone IX system will include six treatment trains,
each with a capacity of approximately 378.5 L/min (100 gpm).

Design Uncertainties

1¢e design uncertainties are described below:

Aquifer parameters: No long-term pumping tests have been conducted to determine
sustainable well yields or to identify boundary conditions that could limit extraction well
effectiveness. Pumping rates were estimated based on sustained rates at nearby wells or
well-development data obtained following construction of existing monitoring wells.

The effect of not having a long-term test could be that the long-term production rates may
be lower than those assumed in the design, which could result in a smaller capture zone
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penetrated the unconfined aquifer in the Ringold Unit E. The saturated thickness of this well is
about 14.6 m (48 ft) based on an average depth to water of 16.5 m (54 ft) (Table 2-2). The new
extraction wells were constructed as fully penetrating, 15.2-cm (6-in.)-diameter,stainless-steel
wells with 0.020-in. (20-slot) screens. Well design details for the new extraction wells are
shown in Table 3-1.

The extraction rates for these wells ranged from 37.8 to 283-9 L/min (10 to 75 gpm) (Table 3-1).
The extraction rates will be modified during operations to adjust to actual aquifer performance.
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199-K-143 and 199-K-150. Well 199-K-143 is a monitoring well that has been converted to an
injection well; it is located inland of the downstream end of the former 116-K-2 Trench.

Injection wells 199-K-169 and 199-K-170, will be located north of the existing 100-KR-4
injection well field and completed by the end of FY08. Wells 199-K-171 and 199-K-172 will be
located east of the existing 100-KR-4 injection well field.

The wells will be fully penetrating to the top of the Ringold Upper Mud Unit with 15.2-cm
(6-in.)-diameter, stainless-steel casing and 0.020-in. (20-slot) screens. The well screens will
extend at least 6.1 m (20 ft) above the average static water level in the wells. Well design details
are displayed in Table 3-1. The initial injection rates for each well were set to 189.3 L/min

(50 gpm) for the analytical modeling but are subject to change based on actual aquifer and
vadose zone properties.

3.3.3 Balance of Plant

The balance of plant will include all control systems, piping, valves, pumps, and electrical and
mechanical equipment that enables groundwater from the extraction wells conveyed to the
treatment system and returned to the injection wells and to the aquifer.

The 100-KR-4 expanded pump-and-treat system has been designed to run with minimal operator
interface. This capability results from the use of programmable logic controllers (PLCs) that
receive and transmit electronic signals to and from the field control devices. Data are also
transmitted via optical cable to the primary human/machine interface (HMI) where they can be
viewed by the operator and system adjustments can be performed if necessary.

The HMI will be located in the treatment building and represents the primary link between the
operator and the pump-and-treat system. From the operator interface control (OIC), the operator
can view all tank levels, pump status, flow rates, pumping water levels, and alarm status. The
OIC also serves as a data storage and retrieval device and will be configured so the system status
can be viewed via a laptop computer from offsite locations.

Piping and electrical lines to wells will be run overland to minimize any cultural resource
impacts. Freeze-control design will be included as part of the treatment system. No freeze
protection will be applied to overland piping.

3.3.4 Groundwater Treatment System

The groundwater treatment system is constructed with a treatment capacity of 2,271 L/min
(600 gpm). This design capacity is based on experience gained from operation of the existing
100-KR-4 pump-and-treat system. The nominal system operational flow rates will depend on
aquifer conditions and groundwater transfer subsystem capacity.

The treatment system operational and acceptance testing has been scheduled for the Fall of 2008
to implement the remedial action as quickly as possible.

The selected treatment process will use an [X system with Dowex® 21K resin that has effectively
removed hexavalent chromium at the 100-HR-3 and 100-KR-4 pump-and-treat systems. If an
alternate resin or other treatment system is identified, it may be used if approved by EPA. Spent
resin may be regenerated offsite or at the Effluent Treatment Facility, or otherwise manage in

a manner approved by EPA for this remedial action.

Dowex"” is a registered trademark of Dow Chemical Company, Midland, Michigan.
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..1e Dowex 21K resin beds capture hexavalent chromium and other ions with similar properties
(e.g., uranium, which is naturally occurring in the 100 Areas in low concentrations).
Co-contaminants such as strontium-90 and tritium are not removed by the resin.

The alignment of the vessels is designed to remove hexavalent chromium, which is the interim
remedial action target contaminant. Individual vessels can be bypassed during resin changeout
so the treatment system can continue operation.

Influent and effluent samples are collected at each vessel in the train and provide indications of
resin saturation and removal effectiveness/efficiencies. As the resin in a vessel approaches
saturation, the resin is removed and the vessel alignment is re-plumbed so the vessel with the
freshest resin is always the polish, or last, vessel in the train. When saturated with hexavalent
chromium resin in the lead, lag, and polish vessels are changed out so the treated groundwater
will contain less than the standard 10 pg/L hexavalent chromium at reinjection.

335 'stem Monitor :and Shut 1 v s

The expanded 100-KR-4 pump-and-treat system will include a number of devices designed to
detect typic: system upsets. To protect against tank overflows, high-level sensors are located in
each collection tank. These sensors will shut down extraction wells when the high-level set point
is exceeded. Leakage from pipe/joint failures can be detected by flow sensors that shut down the
appropriate extraction well if the flow in the line drops below the low-flow set point. Blocked
conveyance piping will be detected by high-pressure shut-off switches. Water-level drawdown
in wells will be monitored by a sensor that shuts the pump off if the water level drops below the
low-level set point.

Moisture sensors have been set in low points in the floor around pumps and trains and would
shut the system down if water is detected. Chemical spill kits are available in the treatment
facility and acid will be stored on spill pallets designed to absorb up to four times the volume of
the container stored on them.

A relatively constant groundwater temperature of 10 to 13°C (50 to 55°F) is expected to provide
sufficient freeze protection under normal operating and weather conditions. During extreme
conditions, drainage of extraction and injection well piping will occur automatically after the
system is shut down. External polyvinyl chloride piping and the collection tanks will be heat-
traced, and the groundwater treatment system buildings will be heated and insulated.
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4.0 100-KR-4 EXPANSION SYSTEM IMPLEMENTATION

This section discusses the planned construction, startup, operation, and maintenance activities for
the expansion of the 100-KR-4 pump-and-treat system.

4.1 CONSTRUCTION

The following subsections describe the construction tasks associated with the 100-KR-4 pump-
and-treat implementation.

4.1.1 Well Drilling

Four additional new injection wells will be completed by the end of FY08 for the 100-KR-4
pump-and-treat system expansion. These wells will include 199-K-169, 199-K-170, 199-K-171,
and 199-K-172. Their approximate locations are shown ~ Figure 3-1. Nine injection wells will
support the 100-KR-4 pump-and-treat expansion.

Well construction will be controlled by the Description of Work for Installation of Four Wells at
the 100-KW Pump-and-Treat System for the 100-KR-4 Groundwater Operable Unit, FY 2006
(WMP-30101). A schematic diagram of typical new injection wells is provided in Figure 4-1.

This response action will avoid or minimize impacts to cultural resources.  d the steps taken for
cultural resource protection will be documented. The management of drill cuttings and other
waste from drilling operations will be conducted in accordance with the Interim Action Waste
Management Plan for the 100-HR-3 and 100-KR-4 Operable Units (DOE/RL-97-01).

New injection wells will be tested by injecting potable water to confirm adequate capacity.

4.1.2 Balance of Plant

In general, the balance of plant includes all system components, from the extraction well pumps
through the injection well pipes. The major balance of plant components includes the following:

» Extraction well pumps

o Extraction well head assemblies and control equipment

o Piping from well heads to the transfer building tank

o Piping from transfer building tank to process building influent tank
o Influent storage tank, feed pumps, and piping to the IX unit

» Piping from the IX unit to the effluent tank

¢ Booster pumps (HMI), flow control values, and piping to injection well assemblies
 Injection well head assemblies

e Injection well pipes

e Power supplies for equipment and instrumentation

e Instrumentation

¢ Control system.

Balance of plant will follow the schedule presented in Section 6.0 of this document.

4-1



DOE/RL-2006-75, Rev. |

Figure 4-1. Well Design for Injection Wells 199-K-169, 199-K-170,
199-K-171, and 199-K-172.
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4.1.3 Groundwater Treatment System Construction and Delivery

te original expansion of the 100-KR-4 pump-and-treat called for a 1,136-L/min (300-gpm)
expansion. Construction of three 378.5—L/min (100-gpm) IX units for the original expansion
occurred at the vendor’s facility, and they were delivered to the treatment facility as completed
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products. The three 378.5-L/min (100-gpm) [X units are equipped with appropriate flanges,

and also electrical and control connections, to allow connection to the balance of plant described
above. Construction of the three 378.5-L/min (100-gpm) IX units was controlled through

a procurement contract issued to the IX unit manufacturer. The procurement contract included
a schedule for delivery of the three 378.5-L/min (100-gpm) IX units, which were delivered in
February 2007 and will be placed for operation by September 2008. Acceptance testing of the
system will start in October 2008.

The current expansion calls for a 2,271-L/min (600-gpm) increase to the treatment system
capacity. Three additional 378.5-L/min (100-gpm) [X units have been constructed and procured
in a manner similar to the first three units.

4.1.4 Restoration of Disturbed Areas

Disturbance of natural vegetation and habitat is expected to be minimal because most, if not all,
of the ex pum ind-treat area has  :n disturbed /prior co ruction or ¢l Ip
rerat  1s. A cultural resource and ecological review was conducted to identify controls to limit
sturbances. Where disturbances do occur, restoration will be conducted in accordance with the
existing mitigation action plan (DOE/RL-96-107). Areas of potential disturbance include the
following:

e Drill pads and access roads
e Water transfer lines
= Power pole installations.

Construction of drill pads, and possibly access roads, will be necessary to allow access for
drilling equipment and follow-up sampling rigs. Following completion of the interim action, the
wells will likely be used for monitoring; therefore, the roads will still be required for well access.

At the completion of the interim action, the need for the transfer pump buildings will be

evi 1ated. Ifthe buildings are needed by another project, they will be transferred to that project.
If the buildings are not needed and no other source remediation is scheduled for the future, the
buildings will be demolished and the site restored. A similar evaluation will be conducted for
water transfer lines and power poles.

4.1.5 Safety and Health During Construction

A site-specific health and safety plan was prepared and implemented for the 19 wells drilled and
constructed during 2007 and 2008. That plan has been augmented as necessary to include the
planned four injection wells to be completed by the end of FY08. The health and safety plan
addresses the health and safety considerations for construction, construction oversight personnel,
and visitors. Every subcontractor performing work associated with the 100-KR-4 pump-and-
treat expansion project is required to submit a subcontractor health and safety plan.
Subcontractor health and safety plans are reviewed for compliance with Hanford Site
requirements ar  will be approved by prime contractor representatives before the subcontractor
begins work.

4.2 ACCEPTANCE TESTING

After construction, the startup phase will be initiated and acceptance testing will continue
through the fall of 2008. An acceptance testing plan will be developed prior to system startup.
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The plan will address acceptance testing, testing of system components, and testing and startup
of the overall system. The startup procedure will ensure that the system meets design
requirements, will operate safely, and will result in a fully functioning treatment system.

It 1s anticipated that the startup of the extraction network will involve a phased approach. One
e: action well will be started and then additional wells started in 1- to 3-day increments until all
wells are operational. This ramping-up period will allow the wells and the transfer piping to be
observed and troubleshooting to be performed as needed.

I1f a problem is found in one treatment system during startup activities, an evaluation will be
cc Jucted to determine whether the problem is unique to that component or if it affects the entire
system.

4. OPERATIONAL TESTING

Operational testing of the system will be conducted after acceptance testing has been complet
It is anticipated that some downtime may occur due to weather conditions.

/ operational testing plan will be developed to identify activit  and documents that will be
completed to support system operations. The plan will identify the persons o1 ble for
various operational testing items and will include the appropriate procedures and checklists for
the operational testing plan. Instrumentation calibrations will be performed prior to the start of
operational testis

4.4 OPERATION AND M AINTENANCE

The following subsections describe the operation and maintenance of the extraction well system,
treatment system, and injection well system.

4.4.1 Controlling Documents

System operations will be controlled by operations and maintenance procedures. Defined
preventative maintenance will be prepared prior to startup of operations and will specify the
maintenance and calibration schedules.

The 100-KR-4 health and safety plan will be modified prior to startup of operations. The heal
and safety plan will identify the requirements for safe operation of the treatment system.

The operations waste management plan will be modified to manage waste produced during
system operations. The waste management plan will specify waste characterization requirements
for various waste types, waste storage requirements, and waste disposal requirements. This
waste management plan will be finalized before startup of operations.

4.4.2 Extraction Well System Operation and Maintenance

Operation of the extraction well system will be on a continuous basis during the initial phase of

the remedial action. A revised pumping system, or changes in well use, may be implemented as
RAOs are close to being met. Individual well pumping rates are monitored continuously and the
data will be stored in the project-specific database. Individual wells located where the saturated

aquifer is thin as shown on Table 3-1, will likely be affected by low river stage.

E: action wells may be shut down occasionally so maintenance activities can be performed.
M ntenance activities wi be limited and are likely to include possible well redevelopment
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activities and pump maintenance. The efficiency of the extraction wells may change over time
because well screens and filter packs may plug, especially where existing monitoring wells have
been converted to extraction or injection wells. If performance is degraded, occasional
maintenance may be necessary to clear the well screens and filter packs. Well pumps may fail
occasionally and require replacement. Downtime for maintenance will be kept to the minimum
required. Although unlikely, extraction wells may be shut down occasionally during extremely
cold weather. In the event of a shutdown, transfer lines from the extraction wells to the transfer
pump building are designed to drain back to the extraction wells by gravity drainage. In the
event of an extended shutdown for cold weather, undrained water in the water transfer lines may
freeze. This may render the transfer lines unusable until thawed and necessitate shutdown of the
extraction wells. However, the water transfer lines are designed to freeze and thaw without
damaging the lines.

4.4.3 Treatment System Operation and Maintenance

Operation of the treatment system will be controlled by an operating procedure that will be
developed as the system design progresses. The operating procedure will be finalized before

the startup of full-scale operations. Preventative maintenance and instrument calibration

rc irements will be defined by preventative maintenance schedules. Operation of the treatment
system will be essentially continuous or will be of durations necessary to process water from
continuous operation of the extraction well network. The network will not be shut down during
resin changeouts.

The expected facility operational availability will be 95%, as measured by the amount of time the
system is processing groundwater through the X trains, divided by the amount of time the
system was neither undergoing planned maintenance nor debilitated by events beyond control of
the Soil and Groundwater Remediation Project (e.g., utility power outages, ran, fires, etc.).

4.4.4 Injection Well System Operation and Maintenance

The injection we system will operate in conjunction with the treatment system to inject treated
water. The mnjection system will include the four new wells (199-K-169, 199-K-170, 199-K-171,
and 199-K-172). As the 100-KR-4 remedial action progresses, the efficiency of the injection
wells may decrease because of air entrainment, bio-fouling, well screen encrustation, or other
effects. If injection well efficiency decreases significantly, maintenance will be performed, as
practicable, to address the problem.
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5.0 100-KR-4 PUMP-AND- REAT EXPANSION MONITORING PROGRAM

This section dis¢ ;ses the approach for monitoring performance of the 100-KR-4 pump-and-treat
system and the method for assessing system effectiveness. The monitoring program is displayed
in Table 5-1 and will include the following distinct monitoring elements:

e Compliance monitoring: The objectives for compliance monitoring are to perform the
appropriate sampling, analysis, and data evaluation necessary to meet the requirements of
the 100-KR-4 OU interim action ROD (EPA et al. 1996).

e Dovfavemnnnn mnnitasing: The objectives for performance monitoring are tool  n
water-level and water quality data necessary to optimize performance of the groundwater
traction system, to document aquifer and chromium plume response to pumpii  and
injection, and to obtain supplemental data to support final remedy selection.

e QOrewti~ms monito-i~: ..1e objectives for operations monitor  f are to conduct
appropnate level ot sampling, analysis, and equipment inspection to €  ire the safe
operation and functioning of the groundwater extraction, injection, and treatment
systems.

. .le monitoring activities described in this section are designed to meet the requirements of the
100-KR-4 OU interim action ROD within which the expanded 100-KR-4 pump-and-treat system
will be operating. Sampling and analysis procedures to support the performance monitoring and
operational monitoring will be conducted in accordance with the updated QAPjP (see

Appendix A).

The following wells are designated as compliance wells for the original pump-and-treat system
and the expansion described in this document:

e Original 100-KR-4 pump-and-treat system: wells 199-K-18, 199-K-20, 199-K-114A,
199-K-117A, and 199-K-129

o NN T 4 ~mapeinn wells 199-K-130, 199-K-131, 199-K-144, 199-K-145, 199-K-146,
199-K-147, 199-K-148, 199-K-149, 199-K-150, 199-K-161, and 199-K-162.

5.1 100-KR-4 PUMP-AND-TREAT EXPANSION MONITORING APPROACH

This section describes how the expanded 100-KR-4 pump-and-treat system will be monitored to
demonstrate its effectiveness and how the monitoring data will be evaluated to show that the
RAOs are being met, or that adequate progress is being achieved.

The interim action ROD, which covers 100-KR-4 pump-and-treat implementation and
monitoring, describes three RAOs to allow for measurement of success:

e Protect aquatic receptors from chromium-contaminated groundwater discharging to the
Columbia River by lowering hexavalent chromium concentration to less than 22 pug/L in
compliance wells.

e Protect human health from exposure to groundwater containing above 100 pg/L
chromium and other co-contaminants exceeding EPA/Washington State Department of
Ecology (Ecology) maximum contaminant concentrations.

e Provide information to select a final remedy.

5-1




DOE/RL-2006-75, Rev. 1

The expanded 100-KR-4 pump-and-treat system was designed to achieve three goals:

e Control the northward migration of the chromium plume before it reaches the
100-NR-2 OU.

e Protection of the Columbia River by removing high-concentration areas and eliminating
gaps in coverage between existing 100-KR-4 extraction wells.

¢ Remediation of the remainder of the plume to below the 22 pg/L RAO.

5.1.1 Protection of Aquatic Receptors

Protection of aquatic receptors is the primary RAO requiring a high level of data quality and
technical consideration. Because it is impractical to routinely monitor chromium concentrations
at otential aquatic receptor exposure points, on-shore monitoring of groundwater near the river
and data evaluation will be used to assess the effectiveness of the expanded 100-KR-4 pump-
and-treat system in achieving this objective. Protection of aquatic receptors will be demonstrated
by evaluating pump-and-treat monitoring data to show the following:

e Decrease the concentration of chromium in groundwate * ° irged to the river to below
11 pg/L (and 22 pg/L . e cint v owel lum concer  ior  will be
regularly monitored at locations as near to the river as practicable. The wells below have
been designated as compliance wells. The 100-KR-4 compliance wells will also serve as
extraction wells to best meet the goals of the interim action.

— Original 100-KR-4 pump-and-treat system: wells 199-K-18, 199-K-20, 199-K-114A,
199-K-117A, and 199-K-129

— 100-KR-4 exp: ion: wells 199-K-130, 199-K-131, 199-K-144, 199-K-145,
199-K-146, 199-K-147, 199-K-148, 199-K-149, 199-K-150, 199-K-161, and
199-K-162.

¢ Influence the hydraulic gradient. Groundwater elevations will be measured in selected
wells adjacent to 1d inland from the river. A decreased hydraulic gradient between the
aquifer and the river, or groundwater flow from the river toward the extraction wells, will
be a positive indication of interim action effectiveness.

5.1.2 Protection of Human Health

T] primary pathway for human exposure to groundwater containing chromium and other
co-contaminants are seeps along the riverbank. Control of this pathway will be achieved by

in len iting the following actions for the duration of the interim action, or until such time that
the pathway is eliminated or contaminant concentrations decline below health-based levels:

e Maintain institutional controls that prevent access to areas where seeps or groundwater
contain contaminants above maximum contaminant levels and risk-based levels to only
those activities authorized in this remedial action.

e Maintain signs along the river shoreline within the 100-KR-4 area, indicating a restricted
access area.

e Modify, if necessary, the existing groundwater-use notification to identify areas where
chromium and other co-contaminants exceed protective levels. The notification would
consist of maps and narrative descriptions of areas where groundwater use is restricted.
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5.1.3 Provide Information for Final Remedy

Monitoring of the expanded 100-KR-4 pump-and-treat system will generate data that can be used

to assess the cost and technical feasibility of the pump-and-treat operation to decrease

contaminant concentrations to levels protective of human health and the environment. During

system operations, information will be reported annually on treatment cost, system efficiency,

hydraulic impacts, and contaminant removal efficiency. The following subsections describe the
yproach that will be used for calculating these parameters.

~1.3.1 Treatment Cost. The cost of treatment will be determined on the basis of dollars per
liter of groundwater extracted and gram of chromium removed. The cost will be determined
using the expanded 100-KR-4 pump-and-treat system (amortized over an assumed 10-year

¢ ‘gn lifetime), plus annual operations and maintenance costs, divided by the nal vo' eof
groundwater extracted.

5.1.3.2 Systt Efficiency. Syst efficiency will be based collectively on chromium
removal efficiency and system on-line percentage. Chromium removal efficiency will be
determined based on the percentage of chromium removed by the system. This will involve
subtracting the effluent from the influent concentration and dividing by the influent
concentration. System on-line percentage will be determined by dividing the time that the
grour water treatment system operates by the total time available for operation. Extraction
we¢  tlow rates during the year will vary with river stage.

5.1.3.3 Hydraulic Impacts. A numerical model will be used to assess the hydraulic impacts
of the expanded 100-KR-4 pump-and-treat system on capturing the chromium plume based on
fall groundwater levels and river stage.

5.1.3.4 Effectiveness of Contaminant Removal. The effectiveness of chrom n removal
will be determined using monitoring results after the expanded 100-KR-4 pump-and-treat interim
action is terminated. Co-contaminants will not be included in this evaluation because they are
not the subject of the interim action.

5.2  APPROACH FOR MONITORING SYS EM DESIGN REQUIREMENTS

In addition to collecting data necessary to satisfy the RAOs, the interim action ROD (EPA

et al. 1996) contains specific requirements for the design of the interim action monitoring
network. These requirements include the following for the expanded pump-and-treat remedial
action:

¢ Compliance points will be near-river wells located above the common high-water mark
that are listed below:

— Original 100-KR-4 pump-and-treat system: wells 199-K-18, 199 .20, 199-K-114A,
199-K-117A, and 199-K-129

— 100-Y"™-4 expansion: wells 199-K-130, 199-K-131, 199-K-144, 199-K-145,
199-k-146, 199-K-147, 199-K-148, 199-K-149, 199-K-150, 199-K-161, and
199-K-162.

e Baseline sampling (pre-startup) will be conducted prior to startt  of pump-and-treat
operations in all new wells
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e Sampling and hexavalent chromium analysis will be conducted weekly in
extraction/compliance wells and monthly in performance wells for at least 3 months after
startup of operations. Subsequently, extraction/compliance wells will be sampled at least
monthly, and performance wells will be sampled quarterly (Table 5-1).

The complete analyte list shall include the following:
e Unfiltered hexavalent chromium
e Specific conductance
o Temperature, pH, turbidity, and dissolved oxygen
¢ (Co-contaminants:

—  Tritium
— Strontium-90

e Contaminants of interest:
— Carbon-14 and technetium-99 (depending on well location).

The depth to water will be recorded  :h time the well is sampled, in performance monitori:
wells without transducers.

Compliance wells are necessary to assess the effect of the pump-and-treat system on the plume
and to identify when the system has reached the RAO. The comp 1ce wells are sampled to

ol 1in water quality data and wat: level data as close to the river as practicable. Data collected
from the compliance we  will be used to assess the effectiveness of the interim action at
protecting aquatic receptors. Because of access and space limitations along the river, and the
effect of river stage on wells located near the Columbia River, some extraction wells will be used
as compliance wells.

P« ‘ormance wells are monitoring wells used for water-level and less frequent water quality
measurements at inland areas and will provide verification of interim action effectiveness at
reducing chromium flux toward the river. The eight performance wells (199-K-151, 199-K-152,
199-K-153, 199-K-154, 199-K-157, 199-K-126, 199-K-163, and 699-78-62) will be monitored
quarterly after the 3-month startup to provide information regarding the effectiveness of the
initial well network at remediating the plume in a timely manner. Data from these wells will
also help to evaluate whether additional wells are necessary or whether changes in well use

(¢ , converting performance wells to extraction or injection wells) should be considered duri
upcoming remedial process optimization. These locations will be identified after monitoring
system startup has been completed.

5.2.1 Monitoring Well Construction and Location

Monitoring wells are constructed similar to extraction or injection wells and in accordance with
Washington Administrative Code (WAC) 173-160 standards. New wells have been constructed
so the well screen fully penetrates the saturated thickness of the aquifer to provide improved
monitoring flexibility, to promote cost effectiveness, and to enable the wells to be converted to
extraction wells or injection wells as needed to complete remediation. Transducers will be
installed in selected wells to help evaluate plume capture. Figures 4-1 shows the construction
details for the new injection wells.
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e The groundwater treatment system will reduce effluent chromium concentrations to the
maximum extent practicable; however, groundwater above 50 ng/L will not be
discharged.

e The extraction and treatment system will be designed and operated to run on an
essentially continuous basis.

o The expanded 100-KR-4 pump-and-treat system will continue until selection of the final
action, or until termination is determined to be appropriate.

5.3.1 Monitoring for Groundwater Treatment System Removal
Efficiency and Injection Discharge

The interim action ROD (EPA et al. 1996) requires that the groundwater treatment system
remove chromium to the maximum ex it practicable, with chromium concent  ms not to
ext |50 pg/L in the treatment system discharge. This requirement willbe m  ror~h
analysis of groundwater treatment system influent and effluent samples.

During the startup period, groundwater treatment system effluent sampling and analysis will be
conducted weekly. The weekly data will be used for comparison with the 50 pg/L discharge
limit and a target treatment level to be developed during the startup and operatir ; periods. The
target t itment level will represent a balance between the level that is technically feasible, cost
effective, and optimizes resin use. Chromium removal efficiency will be determined from the
difference between the weekly influent and effluent concentrations. The maximum 100-KR-4
effluent concentration in 2006 from the existing system was about 10 ng/L (Calendar Year 2006
Annual Summary Report for the 100-HR-3 and 100-KR-4 Operable Unit Pump-and-Treat
Operations [ DOE/RL-2006-76]).

Analysis of samples collected from the groundwater treatment system will be performed using
the modified Hach method. Field analysis provides the most effective method for obtaining
timely information on system operation. Laboratory confirmation of field analysis results will be
performed initially on a weekly basis until confidence in field analyses is established. After
establishing the precision of field analyses, laboratory confirmation analyses can be reduced to

a monthly or quarterly frequency as approved by EPA.

5.3.2 Design for System Operation Efficiency

The groundwater extraction and treatment systems have been designed to operate on an
essentially continuous basis. The design allows various system components to be isolated for
maintenance and repair, thereby allowing other system components to continue operating.

5.3.3 Resin Regeneration and Disposal

Resin that has been saturated will be regenerated and reused until it must be replaced so
frequently that it is no longer cost effective to use. All resins sent to Environmental Restoration
Disposal Facility to date from the existing 100-KR-4 and KW Reactor pump-and-treat facilities
have passed toxicity characteristic leaching procedure/chromium disposal requirements
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5.4 INTERIM ACTION TERMINATION

The interim action ROD (EPA et al. 1996) provides three criteria for termination of the interim
action: (1) successful completion of the interim action is demonstrated, (2) the interim action is
no longer effective, and (3) a final remedy is selected. The proposed criteria for termination are
described in the following subsections.

5.4.1 Successful Completion of the Interim Action

The pump-and-treat portion of the remedial action will continue until the selection of a final
action or it is demonstrated to EPA and Ecolc  /’s satisfaction that termination (of intermittent
operation) is appropriate because (1) sampling indicates that hexavalent chromium is below the
complhance value, and site data indicate that it will remain below the compliance value; or

(2) based on an evaluation of the following criteria:

e The effectiveness of the treatment technology does not justify further operation.

e Analtc ate treatment technique. (ch as in situ chemical  uction or other improved
treatment technique is evaluated and proves to be more effective, and/or less costly and is
consistent with RAOs.

5.4.2 Interim Action No Longer Cost Effective

If the cost of chromium removal from the aquifer increases disproportionately to the
environmental benefit received, the expanded 100-KR-4 interim action may no longer be cost
effective. Additionally, if new technc )gies are developed that provide equivalent or greater
environmental protection at a lower cost, the current interim action may no longer be cost
effective. Any cost-effectiveness determination would be studied carefully and EPA
concurrence obtained before implementation.

5.4.3 Selection of a Final Remedy

Selection of a final remedy includes evaluation of cumulative risks associated with residual
contamination resulting from cleanup of the 100-KR-4 chromium plume or failure to reach
cleanup goals because cleanup was determined to be technically impracticable. Prior to selecting
a final remedy, a baseline risk assessment will be performed to assess the human health and

ec ogical exposures that rest  from all remaining contan 1ants. A finding that unacceptable
risk levels still remain would require that additional cleanup alternatives be evaluated and a final
feasibility study report prepared. The final feasibility study report would be the basis for a final
proposed | :nand ROD.
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5.5 REPORTING OF 100-KR-4 PUMP-AND-TREAT EXPANSION
INTERIM ACTION DATA

The expanded 100-KR-4 pump-and-treat well chemistry and water-level data for the expanded
100-KR-4 system will be available for review in the HEIS database. The pr :ct performance
will be reported as a section in the calendar year annual summary report for the 100-KR-4 pump-
and-treat operations that is transmitted to EPA by May 31 each year. A semi-annual technical
memorandum that is essentially a data transmittal will also be prepared to cover the period of
January 1 through June 30 each year. These reports will highlight significant operational or
monitoring changes observed during the reporting period.
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6.0 SCHEDULE

The fc owing milestone is established for the expansion of the 100-KR-4 pump-and-treat
system:

‘ : e May 31, 2009: The 2,271-L/min (600-gpm) treatment capacity expansion of the
100-KR-4 pump-and-treat system becomes operational.

} A system becomes operational after acceptance testing and operational testing have been
completed.
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IS OF TERMS
ALARA as low as reasonably achievable
CFR ' Code of Federal Regulations
CRDL contract-required detection limit
DOE U.S. Department of Energy
DQO data quality objective
Ecology Washington State Department of Ecology
A U.S. Environmental Protection Agency
ERDF Environmental Restoration Disposal Facility
Fl Fluor Hanford, Inc.
HEIS Hanford Environmental Information System
MCL maximum contaminant level
ML _ minimum detectable concentration
ou operable unit
PNNL Pacific Northwest National Laboratory
PQL practical quantitation limit
QA quality assurance
QC quahity control
QAPjP quality assurance project plan
RAO remedial action objective
RCT radiological control technician
F R/RAW remedial design report/remedial action work plan
RL U.S. Department of Energy, Richland Operations Office
S&GRP Soil and Groundwater Remediation Project
SAF sampling authorization form
SAP sampling and analysis plan
Tri-Party Hanford Federal Facility Agreement and Consent Order
Agreement
WSCF Waste Sampling and Characterization Facility
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APPENDIX A
QUALITY ASSURANCE PROJECT PLAN

Al1.0 INTRODUCTION

This quality assurance project plan (QAP]P) supports the data collection activities associated
with monitoring the 100-KR-4 pump-and-treat-system expansion, which is described in the main
text of this document. The monitoring activities will include well sampling and analytical testing
to support pump-and-treat operations and to assess the impact of the remedial action on the
chromium plume. Water-level measurements will also be conducted to provide hydraulic-head
data to help evaluate capture of the plume by the extraction well network and the impact of
injection.

The 100-KR-4 pump-and-treat-system expansion will consist of 11 extraction/compliance wells
and 9 injection wells. The injection wells consist of five existing wells and four new wells to be
drilled in the summer of 2008.

The selected groundwater treatment system incorporates an ion-exchange system using the
Dowex® 21K resin that has successfully removed hexavalent chromium for the existing
100-HR-3 and 100-KR-4 Operable Unit (OU) pump-and-treat-systems. Spent resin will be
regenerated, if feasible. Resin that cannot be regenerated will be sent to the Environmental
Restoration Disposal Facility (ERDF), which is a low-level waste facility located on the Hanford
Site.

Al.1 BACKGROUND AND LOCATION

Background information on contamination in the 100-KR-4 OU is available in Calendar Year
2007 Annual Summary Report for the 100-HR-3, 100-KR-4, and 100-NR-2 Pump-and-Treat
Operations (DOE-RL-2008-05). A brief description of the conceptual model is provided in
Section 2.0 in the main text of this remedial design report/remedial action work plan
(RDR/RAWP) supplement. Historical hydrochemical data are available electronically in the
Hanford Environmental Information System (HEIS) database and in Conceptual Site Models for
Groundwater Contamination at the 100-BC-5, 100-KR-4, 100-HR-3, and 100-FR-3 Operable
Units (BHI-00917).

The expanded 100-KR-4 pump-and-treat-system will be located in the 100-KR-4 OU, in the
vicinity of the 116-K-2 Trench. Figure A-1 shows the locations of the proposed and existing
wells in the project area.

DOWEX" is a registered trademark of Dow Chemical Company, Midland, Michigan.
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Al4 DATA QUALITY OBJECTIVES

The data 1: ty objectives (DQO) process was used to prepare the sampling and analytical
requirements for monitoring the 100-K -4 pump-and-treat-system, as described in the /nterim
Action Monitoring Plan for the 100-HR-3 and 100-KR-4 Operable Units (DOE/RL-96-90). The
sampling and analytical requirements for the 100-KR-4 pump-and-treat-system expansion have
been carried over from the 100-KR-4 OU to the 100-KR-4 pump-and-treat-system.

A2.0 QUALITY ASSURANCE PROJECT PLAN

This QAPjP establishes the quality requirements for environmental data collection, including
sampling, field measurements, and laboratory analysis. The ¢ PjP has been upda  from the
QAPjP in the monitoring plan (DOE/RL-96-90) because an additional pump-and-t rstem
has b added and the contractor changed from Bechtel Hanford, Inc. to Fh  He Inc.
(F ). This QAPjP complies with the requirements of the following:

e U.S. Department of Energy (DOE) O 414.1C, Quality Assurance

e 10 Code of Federal Regulations (CFR) 830, Subpart A, “Quality Assurance
Requirements”

o EPA Requirements for Quality Assurance Project Plans, EPA QA/R-5
(EPA/240/B-01/003).

The following sections describe the quality requirements and the controls applicable to this
Investigation.

A2.1 PROJECT MANAGEMENT

The following subsections address the basic areas of project management, ensuring that the
project has a defined goal, that the participants understand the goal and approach to be used, and
that the planned outputs have been appropriately documented.

A2.1.1 Project/Task Organization

The Project Hanford Management Contractor Soil and Groundwater Remediation Project
(S&GRP) is respo  ible for planning, coordinating, sampling, preparing, packaging, and
shipping soil samples to the laboratory. The project organization is described in the subsections
that follow and is shown in Figure A-2.

A2.1.2 Soil and Groundwater Remediation Project Manager

The S&GRP project manager provides oversight for all activities and coordinates w1 the

U.S. De tment of Energy, Richland Operations Office (RL) and the regulators in support of

sampling activities. In addition, the S& GRP project manager provides support to the 100 Areas
sk lead to ensure that work is performed safely and cost effectively. The S&GRP project

manager maintains the approved QAP)P.
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A2.2 PROBLEM DEFINITION/BACK( (OUND

The purpose of the 100-KR-4 pump-and-treat-system expansion is to address the hexavalent
chromium plume that presents a threat to human health or the environment. The interim action
will achieve three remedi: action objectives (RAOs) that were 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), namely the following:

e Protect aquatic receptors from chromium-contaminated groundwater dlschargmg to the
Columbia River above 22 ug/L as measured in compliance wells.

e Protect human health from exposure to groundwater containing chromium and other
co-contaminants exceeding EPA/Ecology MCLs.

e Provide information to select a final remedy.

Extraction/compliance wells and monitoring wells must be sampled to verify that progress is

being made reach the three RAOs listed above. "~“'uent into the —~oundwater treatment

system and treated effluent a  also sampled and analyzed tc  nfirm sal  actory system
tions.

A2.3 PROJECT/TASK DESCRIPTION
The monitc 1g elements and their objectives for this project are listed below:

e Operational monitoring: The objective for operational monitoring is to conduct the
appropriate level of sampling, analysis, and equipment inspection necessary for safe
operation and function of { : pump-and-treat-system to treat to the maximum extent
practicable, protecting the Columbia River and removing contaminant1 s. Extraction
wells, injection wells, influent, effluent, and the treatment system are sampled as part of
this monitoring. Chromium removal efficiency is also calculated.

o Compliance monitoring: The objective for compliance monitoring is to perform the
appropriate level of sampling, analysis, and data evaluation to determine whether the
groundwater chemistry requirements of the interim action have been achieved.

e Perforn e monitoring: The objective for performance monitoring is to obtain water
quality and groundwater-level data from monitoring wells within the plume area to
determine whether groundwater extraction is reducing contaminant concentrations in tl
plume and to provide data to assess plume capture.

The use of individual wells in the network may change to respond to change or lack of change in
groundwater chemistry. The water quality and water-level data gathered from the 100-KR-4
expansion wells will be used to prepare figures and tables that will be included in annual reports.

A2.4 QUAIL TI'Y OBJECTIVES AND CRITERIA

The QA objective of this plan is to develop implementation guidance that will provide data of
known and appropriate quality. Data quality is assessed by accuracy and precision. The
applicable quality control (QC) guidélines, quantitative target limits, and levels of effort for
assessing data quality are dictated by the intended use of the data and the nature of the analytical
method. Each of these is addressed below.
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acceptance criteria. The sampler will send copies of the shipping documentation to Sample an
Data Management within 48 hours of shipping.

As a general rule, samples with activities of <] mR/hr will be shipped to an offsite laboratory.
Samples with activities between | mR/h and 10 mR/hr may be shipped to an offsite laboratory.
Samples with dose rates in this range will be evaluated on a case-by-case basis by Sample and
D: 1 Management. Samples with activities of >10 mR/h will be sent to an onsite laboratory
arranged for by Sample and Data Management.

A3.5 ANALYTICAL METHODS

The analytical parameters and methods are listed in Table A-1. These analytical methods are
controlled in accordance with the laboratory’s QA plan and the requirements of this QAPjP.

Errors reported by the laboratories are reported to the Sample and Data Management project
coordinator, who initiates a sample dis  it” 1record "~ a o’  :with FH procedures. This
process is used to do« 1ent analytical errors and to establish resolution with the project task
le  Inaddition, the FH QA er~ineer receives quarterly reports that provide summaries and
su nary statistics of the analytical errors.

A3.6 QUALITY CONTROL

The QC procedures must be followed in the field and laboratory to ensure that reliable data are
obtained. When field sampling is performed, care should be taken to prevent the cross-
contamination of sampling equipment, sample bottles, and other equipment that could
compromise sample integrity.

Field QC samples will be collected to evaluate the potential for cross-contamination and
laboratory performance. Field QC requirements include field duplicates, field splits, equipmes
rinsate blanks, and trip blank samples. The QC samples and the required frequency for
collection are described in this section. The QC samples will be collected as part of the
verification and confirmatory sampling activities.

The collection of QC samples for onsite measurements is not applicable to the field-screening
techniques described in this report. Field-screening instrumentation will be calibrated and
controlled as discussed in Sections 2.2.7 and 2.2.8 in the main text of this document, as
applicable.

The laboratory method blanks, laboratory control sample/blank spike, and matrix spike are
defined in Chapter 1 of Test Methods for Evaluating Solid Waste: Physical/Chemical Methods
(SW-846) and will be run at the frequency specified in that reference.

A3.6.1 Field Duplicates

Field duplicates are independent samples collected as close as possible to the same point in sp: 2
and time, taken from the same source, stored in separate ¢ tainers, and analyzed independently.
These samples are not to be homogenized together. This QA will be provided by collecting 5%
fic 1duplicate samples. ‘

Sampling for operational purposes also includes QC duplicates that are collected for each
sampling event (date that sampling occurs).
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A3.9 INSPECTION/ACCEPTANCE OF SUPPLIES AND CONSUMABLES

Supplies and consumables procured by FH that are used in support of sampling and analysis
activities are procured in accordance with internal work requirements and processes that describe
the FH acquisition system and the responsibilities and interfaces necessary to ensure that
structures, systems, and components, or other items and services procured/acquired for FH meet
the specific technical and quality requirements. The procurement process ensures that purchased
items and services comply with applicable procurement specifications. Supplies and

cc umables are checked and accepted by users prior to use.

Supplies and consumables proc  d by the analytical laboratories are procured, checked, and
used in accordance with the laboratories’ QA plans.

A3.10 NOM RECT MEASURENV TNTS

N¢ direct measurements include data obtained from sc  :es such as computer databases,
programs, literature files, and historical databases. Nondirect measurements will not be
evaluated as part of this activity.

A3.11 DATA MANAGEMENT

-resulting from the implementation of this QAPjP will be managed and stored in accordance
with applicable programmatic requirements governing data management procedures. At the
direction of the 100 Areas task lead, all analytical data packages shall be subject to final
te« nical review by qualified personnel before the results are submitted to the r  1latory
agencies or prior to inclusion in reports. Electronic data access, when appropriate, shall be via
a database (e.g., HEIS or a project-specific database). Where electronic data are not available,
hardcopies shall be provided in accordance with Section 9.6 of the Tri-Party Agreement
(Ecology et al. 2003).

Planning for sample collection and analysis shall be in accordance with the programmatic
requirements governing fixed laboratory sample collection activities, as discussed in the sample
teams’ procedures. In the event that specific procedures do not exist for a particular work
evolution, or if additional guidance to complete certain tasks is needed, a work package will be
developed to adequately control the activities, as appropriate. Examples of the sample teams’
requirements include the activities associated with the following:

Chain-of-custody/sample analysis requests

Project and sample identification for sampling services
Control of certificates of analysis

Logbooks, checklists

Sample packaging and shipping.

Radiological controls are not expected within the scope of this investigation other than standa
morning/afternoon checks of equipment and cuttings by the RCTs. However, if necessary,
approved work control packages and procedures will be used to document radiological
measurements. Examples of the types of documentation for field radiological data include the
fo wing:
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A4.2 REPORTS TO MANAGEMENT

M 1agement will be made aware of all deficiencies identified by self-assessments, surveillances,
audits, or management assessments. Identified deficiencies also will be reported to the waste site
re ediation manager, as appropriate.

AS5.0 DATA VALIDATION AND USABILITY

Data validation and usability activities occur after the data collection phase of the project is
complt :d. Implementation of these elements determines whether or not the data conform to the
specified criteria, thus satisfying the project objectives and are accepted, or they are rejected or
qualified.

AS5.1 DATA REVIEW, VERIFIC. ..ON, AND VALIDATION

Data review, verification, and validation are perforn ~  (analytica = 1 s, primarily to
confirm that sampling and chain-of-custody documentation is complete, sample numbers can be
tied to the specific sampling location, samples w - analyzed within required holding tin  and
analyses met the data quality requirements specified in the field sampling plan. Following this
review, the data will be accepted, rejected, or qualified.

AS.2 VERIFICATION AND VALIDATION METHODS

Completed data packages will be validated by qualified Sample and Data Management personnel
or by a qualified independent contractor. Validation will consist of verifying required
deliverables, comparii requested versus reported analyses, and identifying transcription errors.
Validation also will include evaluating and qualifying the results, based on holding times,
method blanks, laboratory control samples, laboratory duplicates, and chemical and tracer
recoveries, as appropriate. No other validation or calculation checks will be performed.

Relative to analytical data, physical data and/or field screening results are of lesser importance in
making inferences of risk. Because of the secondary importance of such data, no validation for
physical property data and/or field screening results will be performed; however, field QA/QC
will be reviewed to ensure that the data are useable. Field instrumentation, calibration, and QA
checks will be performed in accordance with the following.

e Calibration of radiological field instruments on the Hanford Site is performed under
contract by PNNL, as specified in their program documentation.

e Daily calibration checks will be performed and documented for each instrument used to
characterize areas that are under investigation. These checks will be made on standard
materials that are sufficiently like the matrix under consideration that direct comparison
of data can be made. Analysis times will be sufficient to establish detection efficiency
and resolution.

The approval of field-data collection plans by the Radiological Engineering manager represents
the data validation and usability review for hand-held field radiological measurements.
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A system becomes operational after acceptance testing and operational testing have been
completed.
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The MODFLOW simulation code comprises a main program that provides the basic
requirements for the simulation of groundwater flow and a series of essentially independent
packages that provide the capability to simulate specific features of the groundwater system.

The 100-D, 100-H, 100-K, and 100-N Area MODFLOW model uses packages that simulate the
flow of water to and from wells (well package: WEL); the flow of water to and from surface
water bodies (river package: RIV); aerial recharge (recharge package: RCH); and a package
that enables the simulation of flow into and out of the model domain on the basis of information
about the aquifer transmissivity and hydraulic gradients (general head boundary package: GHB).

Figure B-2 illustrates the lateral boundaries specified for the 100-D, 100-H, 100-K, and 100-N
Area MODFLOW model. Along the northwest and northeast boundaries of the model, the river
package is used to represent the flow of water to and from the Columbia River. The river stage
specified for the river package was calculated using the low river stage recorded at the 100-B,
100-D, 100-N, 100-H, and 100-F river gauges during calendar year 2007 (CYO07). Along the
southwest and southeast boundaries of the model, the general head boundary package is used to
represent the flow of groundwater into and out of the model domain through the aquifer. The
head specified for the general head boundary package was calculated on the basis of a map of
Sitewide groundwater elevations provided by Pacific Northwest National Laboratory.

B2.3.3 Parameter Values

Since the MODFLOW model, at present, simulates steady-state groundwater flow within a single
layer, the principal aquifer property that is specified in the model is the spatially varying
hydraulic conductivity of the saturated aquifer materials, although the transmissivity that is
calculated when this hydraulic conductivity is multiplied by the saturated thickness (calculated
using the model) should correspond with independent sources of information. The hydraulic
conductivity distributions in the model were developed from hydraulic property testing described
in several reports, including the following:

e Limited Field Investigation Report for the 100-HR-3 Operable Unit (DOE/RL-93-43)
e Limited Field Investigation Report for the 100-KR-4 Operable Unit (DOE/RL-93-79)
e Pilot-Scale Treatability Test Summary for the 100-HR-3 Operable Unit (DOE/RL-95-83)

e Development of a Three-Dimensional Ground-Water Model of the Hanford Site
Unconfined Aquifer System: FY 1995 Status Report (PNL-10886)

o Estimating Aquifer Hydraulic Properties Using the Ferris Method, Hanford Site,
Washington (DOE/RL-92-64)

o [Interim Characterization Report for the Area Surrounding the 183-H Basins (PNL-6471)
e Geohydrologic Characterization of Area Surrounding 183-PNL-6728).

The model is currently being updated to reflect the analyses of data collected during the recent
Horn area investigation, as well as aquifer properties based on data collected by the hydraulic
monitoring networks and pump-and-treat operations at each of the 100-D, 100-H, 100-K, and
100-N OUs.

In addition to hydraulic conductivity, a value for aerial recharge from precipitation must be
specified. The value specified in the 100-D, 100-H, 100-K, and 100-N Area MODFLOW model
is 10 mm/year, which is assumed to be constant throughout the model domain.
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B3.0 100-KR-4 GROUNDWATER FLOW MODELING

B3.1 INTRODUCTION

The 100-D, 100-H, 100-K, and 100-N Area MODFLOW model was developed using a relatively
coarse grid spacing of about 50 m (160 ft) throughout the model domain. The grid was refined
y a spacing of about 12 m (40 ft) in the vicinity of the 100-KR-4 pump-and-treat system to
rovide finer resolution of the groundwater heads calculated by the model for use in particle
tracking analyses. Figure B-3 illustrates the area of local grid refinement in the vicinity of
100-KR-4 and depicts the extents for later figures that present the results of the modeling
analyses.

B3.2 CURRENT CONDITIONS

Figure B-4 illustrates the approximate distribution of dissolved hexavalent chromium in the
vicinity of 100-KR-4 that is the target of the pump-and-treat remedy. Figure B-5 illustrates the
existing extraction and injection well locations for the 100-KR-4 pump-and-treat system, as well
as average extraction and injection rates during CY07. Figure B-6 illustrates groundwater
elevations calculated using the 100-D, 100-H, 100-K, and 100-N Area MODFLOW model using
these extraction and injection rates. Figure B-7 illustrates the approximate rates and directions of
groundwater flow calculated by particle tracking using the calculated groundwater elevations
presented as Figure B-6. Also shown is the approximate extent of dissolved hexavalent
chromium.

Comparison of the distribution of hexavalent chromium together with the particle tracking results
indicates that in some areas, the hexavalent chromium does not appear to be captured by the
current remedy. This is most evident (1) at the northeast margins of 100-KR-4, between
100-KR-4 and the 100-N Area; and (2) at the southwest margins of 100-KR-4, in the vicinity of
100-K West.

B3.3 PROPOSED EXPANSION SCENARIO

The proposed remedy expansion focuses on improving the extent of hydraulic capture at the
northeast margins of 100-KR-4 between 100-KR-4 and 100-N, and at the southwest margins of
100-KR-4 in the vicinity of 100-K West. Remedy expansion simulations were undertaken by an
iterative process where extraction and/or injection wells were located in strategic areas, the
model was executed, and the outputs of the model simulation processed to provide calculated
groundwater elevations, pathways, and capture zones.

Table B-1 lists the names, geographic coordinates, and extraction and injection rates at the
current wells in the 100-KR-4 pump-and-treat system, and Table B-2 lists this information for
the wells proposed for inclusion in the 100-KR-4 pump-and-treat system expansion at the
completion of the modeling analyses. Figure B-8 illustrates the locations of these extraction and
injection well locations, as well as the proposed extraction and injection rates.
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Figure B-9 illustrates groundwater elevations calculated using the 100-D, 100-H, 100-K, and
100-N Area MODFLOW model using the proposed extraction and injection well locations and
rates. Figure B-10 illustrates the pattern of drawdown, calculated by subtracting the groundwater
elevations presented in Figure B-8 from those that are calculated using the 100-D, 100-H, 100-K,
and 100-N Area MODFLOW model assuming a non-pumping condition (i.e., assuming that
there is no pump-and-treat remedy).

Figure B-11 illustrates e approximate rates and directions of groundwater flow calculated by
particle tracking using the calculated groundwater elevations presented as Figure B-9. Also
shown is the approximate extent of dissolved hexavalent chromium. Figure B-11 illustrates the
approximate extent of hydraulic capture developed by the expanded 100-KR-4 pump-and-treat
remedy calculated using the proposed extraction and injection well locations and rates.

Figure B-11 shows that the expanded pump-and-treat system would provide greatly improved
hydraulic capture in the two targeted areas.

Figure B-12 illustrates the approximate effect that the proposed 100-KR-4 remedy expansion
may have on rates and directions of groundwater flow in the vicinity of the 100-N Area
strontium-90 contamination. Note that strontium-90 has an estimated retardation rate that ranges
from approximately 10 to 100, indicating that the illustrated changes in rates and directions of
migration of groundwater flow are about 10 to 100 times greater than the changes in the rates
and directions of migration of strontium-90 dissolved in the groundwater. Figure B-12 illustrates
two sets of particle paths, prepared using the following process:

1. Define particle initial locations (starting points) along the margins of the strontium-90
contamination (fiscal year 2007 annual average).

2. Track the particles forward assuming the following:

a. Groundwater flow conditions simulated assuming current remedy extraction and
injection rates.

b. Groundwater flow conditions simulated assuming the proposed remedy expansion
extraction and injection rates.

Figure B-12 suggests that groundwater along the margins of the strontium-90 contamination
would migrate approximately 270 m (886 ft) over a period of 5 years under current remedy
operations, and would migrate approximately 400 m (1,312 ft) over a period of 5 years under
proposed remedy conditions. Assuming retardation rates of 10 and 100 for strontium-90,
respectively, this suggests a difference in the migration of strontium-90 over a 5-year period
under current and proposed remedial conditions of approximately 13 m and 1.3 m (43 ft

and 4 ft), respectively.
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B4.0 LIMITATIONS OF MODELING ANALYSES

rincipal limitations of the modeling analyses are as follows:

I. The model simulates two-dimensional groundwater flow. This assumes that the effects
of three-dimensional flow (e.g., that occurring near partially penetrating wells) are
negligible. This assumption is considered reasonable in the 100-KR-4 OU since most
extraction wells penetrate almost the full saturated thickness of aquifer.

2. The model simulates quasi-steady-state groundwater flow assuming a low river stage in
the Columbia River. This assumption is considered to be conservative because it
produces higher-than-average hydraulic gradients across the 100-KR-4 OU, leading to
higher-than-average groundwater flows.

3. The model is currently being revised to reflect information collected as part of the recent
Horn area investigation study, and as part of a shutdown test conducted at the
100-KR-4 OU. This will be documented in the /00 Area Mode! Development Report,
which is currently being prepared.
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