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1 Introduction

The Hanford Site 300 Area (U.S. Environmental Protection Agency [EPA] Identification
WA2890090077) encompasses approximately 105 km? (40 mi?) in the southeast portion of the
Hanford Site in Benton County, Washington. The 300 Area contains three operable units (OUs),
comprising two source (soil) OUs (300-FF-1 and 300-FF-2) and one groundwater OU (300-FF-5).

The remedial design report/remedial action work plan (RDR/RAWP), DOE/RL-2014-13, Integrated
Remedial Design Report/Remedial Action Work Plan for the 300 Area (the Integrated RDR/RAWP),
addresses all three OUs and is accompanied by two addenda. The addenda correspond to the two distinct
media (soil and groundwater).

DOE/RL-2014-13-ADD1, the RDR/RAWP addendum for 300-FF-2 soils (the Soil Addendum), describes
the work elements, performance measurements, construction management and oversight, schedule, and
cost specific to removing, transporting, and disposing of pipeline void filling and temporary surface
barriers for waste sites associated with the 300-FF-1 and 300-FF-2 OUs.

DOE/RL-2014-13-ADD2, the RDR/RAWP addendum for 300 Area Groundwater (this document,
referred to as the Groundwater Addendum), describes the work elements, construction management and
oversight, schedule, and cost specific to enhanced attenuation using uranium sequestration in the vadose
zone and periodically rewetted zone (PRZ) beneath the 300-FF-1 and 300-FF-2 OUs, in the top of the
aquifer at the 300-FF-5 OU, monitored natural attenuation (MNA), and groundwater monitoring.

The remedial design and actions specific to the groundwater remedy will be implemented holistically
across the 300-FF-1, 300-FF-2, and 300-FF-5 OUs to meet the remedial action objectives (RAOs) for
groundwater. Therefore, the remedial design approach, remedial action (RA) management approach,
environmental management and controls, RA completion, and cost and schedule components of the
groundwater remedy presented in Chapters 3 through 7 of this Groundwater Addendum will not be
subdivided by the three OUs. Monitoring as a component of MNA, along with the remaining monitoring
requirements for 300-FF-5, will be integrated into a separate performance monitoring plan that will be
part of the Remedy Implementation Sampling and Analysis Plan (SAP).

1.1 Purpose

This Groundwater Addendum describes in detail how the uranium sequestration portion of the
groundwater-related remedies will be designed, installed, and operated to meet the RAQOs identified in
EPA and DOE, 2013, Record of Decision for 300-FF-2 and 300-FF-5, and Record of Decision
Amendment for 300-FF-1, Hanford Site 300 Area, hereinafter called the 300 Area Record of Decision
(ROD)/ROD Amendment. This addendum is the companion document to the Soil Addendum.

1.2 Scope

This Groundwater Addendum includes the RAs that will be implemented to meet the requirements of the
300 Area ROD/ROD Amendment (EPA and DOE, 2013). The groundwater components covered in this
addendum for the three OUs are summarized in Table 1-1.

Uranium sequestration will be used in the vadose zone and PRZ to reduce the mobility of uranium that is
the primary source of contamination in groundwater. Uranium sequestration will also be used in the top of
the aquifer to reduce the mobility of uranium that may be mobilized during the vadose zone treatment
process. MNA will be used for nitrate, tritium, trichloroethene (TCE), and cis-1,2-dichloroethene (DCE)
in groundwater. Uranium and other groundwater contaminants will be monitored until cleanup levels
(CULSs) are met.

1-1
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Table 1-1. Major Components of the Selected Groundwater Remedy

300-FF-1

300-FF-2 OU

300-FF-5 OU

Enhanced attenuation of
uranium source mass
using sequestration by
phosphate application in
the vadose zone and PRZ
and enhanced attenuation
of uranium using
sequestration by phosphate
application at the top of
the aquifer

Enhanced attenuation of
uranium source mass

Monitored natural attenuation for nitrate, tritium,
TCE, and DCE in groundwater

using sequestration by
phosphate application in
the vadose zone and PRZ
and enhanced attenuation

Groundwater monitoring for nitrate, tritium, TCE,
DCE, uranium, gross alpha, and nitrate in
groundwater

of uranium using
sequestration by phosphate
application at the top of

Enhanced attenuation of uranium using sequestration
by phosphate application at the top of the aquifer

the aquifer

Institutional controls*

* Details are described in Section 2.1 of DOE/RL-2014-13, Integrated Remedial Design Report/Remedial Action Work Plan

for the 300 Area.

DCE = cis-1,2-dichloroethene
ou = operable unit

PRZ = periodically rewetted zone
TCE = trichloroethene

Institutional controls (ICs) are required before, during, and after the active phase of RA implementation
where ICs are needed to protect human health and the environment. ICs are used to control access to
residual contamination in soil and groundwater above standards for unrestricted use and

unrestricted exposure.

Contaminated groundwater that migrates into the 300 Area from other areas, including from the 200 Area
and offsite, are not part of the 300-FF-5 OU and are not being addressed by the 300 Area ROD/ROD
Amendment (EPA and DOE, 2013) or this RDR/RAWP.

1.3 Site Description and Background

1.3.1  Physical Setting

The physical setting for the 300 Area is described in the Integrated RDR/RAWP (DOE/RL-2014-13).

1.3.2 Nature and Extent of Contamination

The nature and extent of contamination in the 300 Area is described in the Integrated RDR/RAWP
(DOE/RL-2014-13). Groundwater contaminants of concern (COCs) identified in the 300-FF-5 ROD
(EPA/ROD/R10-96/143, Record of Decision for the 300-FF-1 and 300-FF-5 Operable Units, Hanford
Site, Benton County, Washington) are uranium, gross alpha, tritium, nitrate, TCE, and DCE. Groundwater
contaminants do not exceed federal or state ecological protection standards near the Columbia River or
where groundwater discharges into the river.

1-2




DOE/RL-2014-13-ADD2, REV. 0

2 Basis for Remedial Action

The RA basis for the 300 Area OU is described in the Integrated RDR/RAWP (DOE/RL-2014-13), which
includes the selected remedy, RAOs, and applicable or relevant and appropriate requirements (ARARS).
CULs for the 300-FF-5 COCs are presented in Table 2-1.

Table 2-1. Cleanup Levels for 300-FF-5 Operable Unit Contaminants of Concern

Contaminant of Concern CUL? Units
Uranium 30 ng/L
Tritium 20,000 pCi/L
Nitrate (as NO3) 45,000 ng/L
Trichloroethene 4 ng/L
Cis-1,2-Dichloroethene 16 pg/L
Gross Alpha 15 pCi/L

Medium: Groundwater

Operable Unit: 300-FF-5

Available Use: Drinking water and all other uses
Controls to Ensure Restricted Use: Yes

Note: CUL for total uranium metal of 30 microgram per liter (ug/L) is also protective for the uranium isotopes
(uranium-233/234, uranium-235, and uranium-238).

2The CULSs are based on the ROD

ARAR = applicable or relevant and appropriate requirement

CUL = cleanup level

DWS = drinking water standard

Details of the specific remedial design approach for groundwater are described in Chapter 3.

The estimated time to achieve the groundwater CUL for uranium is expected to range between

22 and 28 years, based on the 90" percentile of modeled uranium concentrations in groundwater after
sequestration with phosphate in the vadose zone and PRZ (300-FF-1 OU and 300-FF-2 OU) and top
of the aquifer (300-FF-5 OU). Significant uncertainty is inherent in the estimated time to achieve the
uranium CUL because of complex interactions of the contaminants in the vadose zone, PRZ, and
groundwater with the dynamic groundwater levels controlled by seasonal changes in the river

water elevation. The maximum time to achieve the groundwater CUL for uranium may be from as
high as 56 to more than 180 years, based on the maximum modeled groundwater concentrations.

Natural attenuation of nitrate and tritium from the 618-11 Burial Ground will occur through dispersion
during transport; natural attenuation for tritium also will occur through natural radiological decay.
Computer modeling predicts that the tritium concentrations will decrease to below the CUL by 2031.

MNA is used for TCE and DCE in groundwater from the 300 Area Industrial Complex.
Natural attenuation will occur primarily through physical attenuation (diffusion and dispersion)
and biodegradation.

2-1
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3 Remedial Design Approach

This chapter provides the remedial design approach for implementing the selected remedy for
groundwater and includes the design basis, conceptual design, and supplemental design task for the
groundwater-related RA activities. The Remedy Implementation SAP was described in the Integrated
RDR/RAWP (DOE/RL-2014-13) and will be prepared for the groundwater injection implementation.

The conceptual design for enhanced attenuation using uranium sequestration in the vadose zone, PRZ,
and top of the aquifer; MNA; and groundwater monitoring is presented in this chapter. ICs that are part of
the remedy are described in Section 2.1 of the Integrated RDR/RAWP (DOE/RL-2014-13).

Table 3-1 summarizes the companion documents associated with this Groundwater Addendum.
Figure 7-1 presents the estimated schedule for preparing and submitting these documents.

Table 3-1. Companion Documents to Groundwater Addendum

Document

Purpose/Content

Document Status

SGW-56993, Sampling
Instruction for the 300-FF-5
Operable Unit Supplemental
Post-ROD Field Investigation

Describes the drilling and sampling
procedures for refining the location of the
enhanced attenuation areas.

Sampling instructions were
prepared to implement and
expedite a remedial design
characterization field program in
the summer of 2014.

Remedy Implementation
SAP*

Describes the waste management procedures;
well installation and sampling procedures for
the well, piezometer, and infiltration system
installation for the Stage A and Stage B
uranium sequestration implementation.

Includes the performance monitoring plan,
which describes groundwater monitoring
locations, parameters, and frequency of
sampling for both the MNA and groundwater
monitoring.

Describes the evaluation methods for plume
mapping, water level mapping and refining
the CSM, groundwater modeling, statistical
analysis, and enhanced attenuation treatment
performance.

Describes the phosphate formulations,
injection and infiltration volumes and rates,
operations and maintenance requirements for
phosphate solution storage, distribution, and
delivery, infiltration schedule, and monitoring
during injection and infiltration.

Document will be prepared under
separate cover.

Supplemental Post-ROD
Field Investigation Summary

Summarizes findings from the supplemental
post-ROD field investigation and includes
proposed injection well, infiltration system,
and piezometer locations for the Stage A
uranium sequestration implementation.

Document will be prepared under
separate cover after completion of
supplemental field investigation.

Stage A Uranium
Sequestration System
Installation Report

Summarizes Stage A injection well,
infiltration system, and piezometer
installation results.

Document will be prepared under
separate cover after completion of
the Stage A installations.

3-1
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Table 3-1. Companion Documents to Groundwater Addendum

Document Purpose/Content Document Status

Stage A Delivery Summarizes Stage A infiltration and injection | Document will be prepared under

Performance Report results including refinements for Stage B. separate cover after completion of
the Stage A uranium sequestration.

Stage B Uranium Summarizes Stage B injection well, Document will be prepared under

Sequestration System infiltration system, and piezometer separate cover after completion of

Installation Report installation results. Stage B.

Uranium Sequestration Documents completion of uranium Document will be prepared under

Completion Report sequestration remedy and results. separate cover after completion of
Stage B.

Groundwater Monitoring Summarizes MNA and groundwater Document will be prepared under

Reports monitoring results. separate cover.

* = The document will be submitted to EPA for approval in accordance with the schedule specified in section 7.2.

Upon approval by EPA, the document will hereby be incorporated into and become an enforceable part of this RDR/RAWP.
The submitted document shall describe in detail the work to be done and shall satisfy the required content standards specified.

MNA = monitored natural attenuation
ROD = record of decision
SAP = sampling and analysis plan

3.1 Design Basis

This section discusses the approach and design basis considerations for implementing the enhanced
attenuation component of the 300 Area ROD (EPA and DOE, 2013).

3.1.1  Implementation Approach

The enhanced attenuation using the uranium sequestration component of the groundwater remedy
involves infiltrating/injecting phosphate solutions to the vadose zone and PRZ to sequester, or bind,
residual mobile uranium to form insoluble minerals. The target area for application of the phosphate
solutions is a 1 ha (3 ac) area containing a persistent source of uranium contamination to groundwater.
Uranium sequestration in the vadose zone and PRZ is anticipated to reduce the mass of soluble uranium
entering the groundwater in this area, thereby reducing the restoration timeframe for uranium in

the groundwater. Phosphate will be injected into the top of the aquifer to mitigate potential impacts to the
aquifer from uranium that may be carried downward during phosphate application in the vadose zone.

Uranium sequestration will be implemented using a staged approach. Stage A will consist of performing
infiltration/injection in one quadrant of the Enhanced Attenuation Area (EAA), covering approximately
0.3 ha (0.75 ac). The Stage A treatment effectiveness will be evaluated by comparing the overall decrease
in uranium leachability in vadose zone and PRZ soil samples, taking into consideration that the fate and
transport model assumes that 50 percent of the mobile uranium will be reduced from phosphate treatment.
Treatment effectiveness will also be evaluated based on other factors from the Stage A implementation,
such as phosphate distribution efficiency and the degree of uranium mobilization to groundwater.

The Stage A results will be used to refine the Stage B approach for the remaining 3 quadrants

(0.9 ha [2.25 ac]). Figure 3-1 presents a schematic of the current EAA, infiltration areas, injection wells,
and staged approach to implementation.

3-2
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A supplemental post-ROD field investigation will be completed to refine the location of the EAA
(Section 3.3) before implementing the vadose zone infiltration and PRZ and aquifer injections. This field
investigation is being conducted according to SGW-56993, Sampling Instruction for the 300-FF-5
Operable Unit Supplemental Post-ROD Field Investigation. Refinements will be made to Stage A design
based on the results of the supplemental post-ROD field investigation. Data collected from the
supplemental post-ROD field investigation also will be used to refine the existing fate and transport
model for uranium within the region of the EAA. The updated model will be rerun to estimate the times to
achieve the CUL for uranium in the groundwater under a no-action scenario and following completion the
uranium sequestration.
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during the Field I igati
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Note: The final enhanced attenuation area and wells will be based on the results of the post-record of decision field
investigation results.
Figure 3-1. Stage A and B Infiltration/Injection Enhanced Attenuation Area and Proposed
Injection Well Locations

3.1.2 Design Basis Considerations

The contaminant distributions for the groundwater COCs are provided in the Integrated RDR/RAWP
(DOE/RL-2014-13, Section 1.3.2.2 and Figures 1-7, 1-8, and 1-9). The EAA for uranium sequestration
activities was selected to treat the vadose zone and PRZ over the highest concentrations of uranium
consistently detected in groundwater. The MNA and groundwater monitoring components of the
300-FF-5 ROD (EPA/ROD/R10-96/143) will address the remaining groundwater COC described in
Section 1.3.2.2 of the Integrated RDR/RAWP (DOE/RL-2014-13). The monitoring locations, frequency,
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and analytes will be described in a performance monitoring plan for the 300-FF-5 OU as part of the
Remedy Implementation SAP.

Contaminant fate and transport modeling was performed to simulate and predict the movement of
uranium from the vadose zone sediments, through the PRZ, and into the saturated zone, as well as the
migration of uranium already present in the PRZ and saturated zone. The model predictions indicate a
long-term declining trend in the dissolved uranium concentrations in groundwater for uranium transported
from vadose zone sediments, with seasonal increases and decreases in concentrations as the water table
rises and falls with river stage fluctuations. With no RAs, the dissolved uranium concentration is
predicted to take approximately 28 years (starting in 2012) to drop below the CUL of 30 pg/L.

With implementation of uranium sequestration, the estimated time to achieve the CUL for uranium is
expected to range between 22 and 28 years. Significant uncertainty is inherent in the estimated time to
achieve the uranium CUL. This uncertainty is caused by complex interactions of the contaminants in the
vadose zone, PRZ, and groundwater with the dynamic groundwater levels controlled by seasonal changes
in the elevation of the river water.

Laboratory-scale (PNNL-21733, Use of Polyphosphate to Decrease Uranium Leaching in Hanford

300 Area Smear Zone Sediment) and field-scale (PNNL-17480, Challenges Associated with Apatite
Remediation of Uranium in the 300 Area Aquifer) treatability studies were conducted at the 300 Area
Industrial Complex to evaluate the use of phosphate as a remedial technology to sequester (immobilize)
uranium. The laboratory-scale studies evaluated applying phosphate to vadose zone and PRZ sediments
to immobilize uranium to mitigate additional uranium leaching to the aquifer. The field study evaluated
direct sequestration of dissolved uranium in groundwater by injecting phosphate into the aquifer.
Preliminary infiltration testing also has been conducted at 300-FF-1 OU wastes sites in the 300 Area
Industrial Complex. The results of preliminary infiltration testing indicated that, in certain areas of the
300 Area Industrial Complex, infiltration rates may be limited. However, only a very small area was
tested, which may not have been representative of the majority of the 300 Area. Infiltration rates around
the former process ponds may be higher, as demonstrated during past liquid waste discharges.

Results from these treatability studies were used to estimate phosphate dosing rates for uranium
sequestration in the vadose zone, PRZ, and aquifer.

3.2 Conceptual Design Summary

The conceptual design summary for the 300-FF-5 OU groundwater RAs describes design elements for
the following:

e Uranium sequestration in the vadose zone, PRZ, and top of aquifer
¢ MNA
e  Groundwater monitoring

Information on ICs is presented in Sections 2.2.6 through 2.2.8 of the Integrated RDR/RAWP
(DOE/RL-2014-13).

3.2.1 Uranium Sequestration

Uranium sequestration will be completed by infiltrating and injecting phosphate solutions using a staged
approach to reduce the mobility of uranium source mass in the vadose zone and PRZ in the area of
highest uranium contamination. The EAA is illustrated in Figure 3-1. The treatment area is approximately
1.21 ha (3 ac). Phosphate also will be injected at the top of the aquifer to reduce the mobility of uranium
that may have been released to the aquifer during the vadose zone treatment process.
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Before implementation, a supplemental post-ROD field investigation will be completed to refine the
location of the EAA (Section 3.3).

Phosphate will be introduced into the vadose zone using buried irrigation drip line or perforated piping.
Injection wells will be used for injecting phosphate into a zone spanning the PRZ and top of the aquifer.
The top of aquifer treatment zone will be in place during phosphate infiltration and maintained for a short
period afterwards to react with any uranium that leaches into groundwater as a result of the phosphate
solution applied to the vadose zone.

Phosphate injections will be performed when groundwater conditions are favorable (e.g., during lower
river stages).The application in the PRZ will be scheduled to maximize phosphate contact with the PRZ
when the PRZ is unsaturated.

Uranium concentration and leachability characterization will be conducted on vadose zone and PRZ soil
samples collected before and after phosphate treatment to evaluate the pre- and post-treatment uranium
leachability characteristics of vadose zone and PRZ soil within the EAA. Soil samples will be analyzed
for grain size, total uranium (<2 mm fraction), and semi-selective sequential and labile uranium leaching
(<2 mm fraction). Groundwater monitoring will be conducted to assess changes in uranium
concentrations and the lateral spread of phosphate.

A supplemental post-ROD field investigation will be conducted to collect data to support the design and
performance evaluation of uranium sequestration (Section 3.3). The designs for uranium sequestration,
including the concentrations and volumes of specific phosphate blends, surface infiltration design,
injection well construction requirements, infiltration and injection implementation, and performance
monitoring are described in the following sections.

3.21.1  Uranium Sequestration Design for Vadose Zone

Infiltration Design. The target infiltration area is approximately 1.21 ha (3 ac) (Figure 3-1). A preliminary
design infiltration rate of 1 cm/hr (0.39 in./hr) was selected based on application rates recommended by
Pacific Northwest National Laboratory (PNNL) from results of the phosphate infiltration studies
performed at the 100-NR-2 OU (0.7 to 1 cm/hr [0.28 to 0.39 in./hr]) (PNNL-20322, 100-NR-2 Apatite
Treatability Test: Fall 2010 Tracer Infiltration Test). The infiltration rate range given in PNNL-20322
was determined to be the optimal range for minimizing phosphate retardation while maintaining
unsaturated conditions. Initial infiltration field testing conducted by PNNL at the 300 Area in 2010 also
showed that an application rate of 0.5 to 1 cm/hr (0.20 to 0.39 in./hr) was achievable, which is similar to
the proposed infiltration rate. With an application rate of 1 cm/hr (0.39 in./hr), the target infiltration rate
will be approximately 1,683 liters per minute (Ipm) per ha (180 gallons per minute [gpm] per ac).

As described in the implementation approach (Section 3.1.1), uranium sequestration will be implemented
in stages. For phosphate infiltration into the vadose zone, Stage A will consist of one quadrant
(approximately 0.3 ha [0.75 ac]) of the EAA (Figure 3-1). Results of the Stage A infiltration will be used
to adjust the infiltration rate, as needed.

Infiltration Network Installation. The infiltration network will be installed approximately 1.8 m (6 ft) below
ground surface (bgs) to prevent accumulation and wicking of sodium and phosphate up into the surficial
soil, which would inhibit the establishment and growth of vegetation. The infiltration network will be
installed using horizontal directional drilling methods (or equivalent) or trenching. Liquid distribution
lines will consist of high-density polyethylene irrigation drip line or perforated pipe spaced approximately
1.8to 3 m (6 to 10 ft) apart. Additional details on the infiltration network installation and infiltration drip
line/perforated pipe construction details will be presented in the Remedy Implementation SAP.



DOE/RL-2014-13-ADD2, REV. 0

Vadose Zone Phosphate Formulation. The phosphate solution formulation for vadose zone infiltration,
selected based on laboratory-scale treatability studies (PNNL-21733), is summarized in Table 3-2.

3.21.2

Uranium Sequestration Design for PRZ and Top of Aquifer
Injection Design. In total, 36 injections wells screened across the PRZ and top of aquifer

(approximately 7.6 m to 13.7 m [25 to 45 ft] bgs) will be installed across the approximately 1.2 ha (3 ac)
remediation area (Figure 3-1). Each injection well will be constructed with a filter pack seal at the
interface of the bottom of the PRZ and top of aquifer to allow isolated injection (using inflatable packers)
into either the PRZ or top of the aquifer. The number and placement of injection wells were selected to
optimize the distribution of injected phosphate across the entire EAA. During phosphate injection, it is
assumed that an injection radius of influence (ROI) of approximately 8 m (25 ft) will be achieved in each
well and that the natural diurnal movement of groundwater (approximately 15 m/day [50 ft/day]) will
distribute injected phosphate across the EAA.

Table 3-2. Phosphate Reagent Formulation for Uranium Sequestration in the Vadose Zone

Molecular Infiltration Infiltration
Weight Formulation Concentration Concentration

Reagents (g/mole) (Phosphate wt%) (mM) (mg/L)
NaH2PO4 119.98 90 48 5,699
(Monosodium
Phosphate)
NasP20- 265.9 10 3 665
(Pyrophosphate)

Total 100 50 6,364

g/mole = grams per mole mg/L = milligrams per liter
wt% = percent by weight mM = millimolar

The total planned injection volume per well is 167,895 L (44,360 gal) into both the PRZ and top of the
aquifer or 335,815 L (88,715 gal) into each injection well. The injection volume for each well was based
on results of the phosphate injection tests performed by PNNL (PNNL-18529, 300 Area Uranium
Stabilization Through Polyphosphate Injection: Final Report). PNNL injection studies showed that 50 to
80 percent tracer arrival at a radial distance of 8.8 m (29 ft) could be achieved with an injection volume of
approximately 172,747 to 417,940 L (45,640 to 110,420 gal) per well. The proposed injection volume per
well for Stage A falls within this range. Assuming an 8 m (25 ft) injection ROI, injection interval
thickness of 6 m (20 ft), and a total porosity of 0.302 (PNNL-22886, System-Scale Model of Aquifer,
Vadose Zone, and River Interactions for the Hanford 300 Area —Application to Uranium Reactive
Transport), the total injection volume for 36 injection wells is estimated to be approximately 61 percent
of the total PRZ/aquifer pore volume of the 1.2 ha (3 ac) remediation area. An injection rate of
approximately 189 Ipm (50 gpm) per well is anticipated for isolated injections into the PRZ and top of
the aquifer.

Preliminary hydraulic modeling of the Stage A phosphate injection design (ECF-300FF5-14-0030,
Preliminary Evaluation of Extent of Polyphosphate Injection to Support the 300 Area Remediation at
Hanford Site, Washington, in Appendix A) indicates that approximately half the injected concentration of
phosphate could persist over a period of a few days to a few weeks. The injected solution residence time
depends on the injection location in the PRZ in relation to water level fluctuations. At low river stage
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injection sites, the simulated phosphate concentrations continued to remain high in the zone located near
the top of the PRZ and declined to less than half of the injected concentration after about 40 days.
Because the majority of the highly leachable uranium mass is expected to be present in and around the top
of the PRZ and residence times are longer in this portion of the vadose zone, favorable conditions for
forming hydroxyapatite and meta-autunite are expected.

As described in the implementation approach (Section 3.1.1), the uranium sequestration will be
implemented in stages. For phosphate injection into the PRZ and aquifer, Stage A will consist of 9 wells
in 1 quadrant of the EAA (Figure 3-1). The results of the Stage A injection will be used to adjust 27 wells
in the remaining 3 quadrants of the EAA and the injection rates, as needed.

Injection Well Installation. Injection wells will be installed using appropriate drilling methods. All wells
will be drilled with a 25 cm (10 in.) diameter temporary casing to allow construction of a 15 cm (6 in.)
diameter injection well (i.e., the boreholes were drilled to maintain a minimum 5 cm [2 in.] annular space
around the permanent well, in accordance with WAC 173-160, “Minimum Standards for Construction
and Maintenance of Wells.” Table 3-3 presents general construction details for the injection wells.
Additional details on the borehole drilling and well construction details will be presented in the Remedy
Implementation SAP.

Table 3-3. Typical Periodically Rewetted Zone/Aquifer Injection Well Construction Details

Planned| Estimated Bentonite Bentonite | Cement
Drill Depth to Screen | Filter Pack Pellet Crumbles Seal
Well Depth Water Screen | Placement | Interval Intervals Interval Interval
Type | (bgs®) (bgs)  |Length|  (bgs) (bgs)a (bgs) (bgs) (bgs)
PRz/ 15m Dependenton |6 m 7.6t013.7m|7.3t014m |6.4t07.3m 55t064m|0to55m
Aquifer (48 ft)  |river stage 20 ft) |(25to45ft) |(24 to 46 ft) [ (21 to 24 ft) (18 to 21 ft) | (0 to 18 ft)
Injection (expected 10.2t011.1m
Well between 7.6 (33510 36.5
and 10.7 m ft)
[25 and 35 ft])

Note: All wells have a 15 cm (6 in.) diameter polyvinyl chloride casing and screen. Drill depth, screened interval, and bentonite
seal intervals may vary slightly due to location-specific conditions.

* Filter pack interval to consist of 6 to 9 mesh Colorado silica sand or equivalent.
bgs = below ground surface
PRZ = periodically rewetted zone

Wells will be developed following installation. Well development consists of settling the filter pack and
removing fines from the borehole wall and filter pack.

PRZ/Aquifer Phosphate Formulation. The phosphate solution formulation for PRZ and aquifer injections is
summarized in Table 3-4. The phosphate formulation is identical to that for the vadose zone infiltration,

with an overall increase in compound concentrations to account for groundwater dilution associated with

injecting 61 percent of the EAA pore volume.

3.2.1.3 Remediation Skids

Two remediation skids were designed (Figure 3-2) and constructed (Figure 3-3) as part of the apatite
permeable reactive barrier remedy for the 100-NR-2 Groundwater OU, as specified in EPA, 2010,
U.S. Department of Energy 100-NR-1 and NR-2 Operable Units Hanford Site — 100 Area Benton
Country, Washington Amended Record of Decision, Decision Summary and Responsiveness Summary.

3-7
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These remediation skids will be used at the 300 Area for blending phosphate concentrate solutions with
feed water and distributing diluted phosphate solutions (Tables 3-2 and 3-4) to the infiltration network
and injection wells. Feed water will be piped to the injection skids from either a nearby hydrant or the

Columbia River.

Table 3-4. Phosphate Reagent Formulation for Uranium Sequestration in the Periodically

Rewetted Zone/Aquifer
Injection Injection
Molecular Weight Formulation Concentration Concentration

Reagents (g/mole) (Phosphate wt%) (mM) (mg/L)
NaH2PO4 119.98 90 78 9,409
(Monosodium Phosphate)
Nad4P207 265.9 10 4 1,097
(pyrophosphate)

Total 100 83 10,507

g/mole = grams per mole
mM = millimolar
wt% = percent by weight

Each remediation skid is capable of pumping phosphate concentrate solutions from tanker trucks or
stationary tanks, and metering the solutions into feed water streams from the river or a hydrant to form
phosphate solutions for distribution to the infiltration network or well heads. Each injection skid is
equipped with flow meters and sample ports to monitor and collect samples of premixed

phosphate solution. Feed water from the river or a hydrant will be transferred via aboveground piping to
the remediation skids, where it will be blended with the phosphate concentrate in a static in-line mixing
chamber. When river water is used as feed water, the feed water will be filtered before being blended with
the phosphate concentrate solutions. After mixing, a transfer hose will distribute the dilute phosphate
solutions to a manifold for distribution through the infiltration network or multiple injection wells.

The remediation skids are capable of delivering phosphate solution at a flow rate of at least 1,136 Ipm
(300 gpm). Minor component and fittings modifications will be made to the remediation skids, as needed,
to facilitate the 300 Area feed water source, chemical dosing requirements, and infiltration/injection
manifolding strategy. Remediation skid modifications are described in the Remedy Implementation SAP.

The operational approach for the remediation skids will be presented in the Remedy Implementation SAP;
the approach includes operational procedures to guide infiltration and injection operations, and
performance monitoring to evaluate the arrival and distribution of phosphate solution in the vadose zone,
PRZ, and aquifer.

3.21.4 Compliance with Underground Injection Control Regulations

The construction and intended use of the PRZ/aquifer injection wells (UIC Well Code: 5X26) meets the
WAC 173-218-040(5)(a)(X), “Underground Injection Control Program,” “UIC Well Classification
Including Allowed and Prohibited Wells,” definition of a Class V injection well: “Injection wells used for
remediation wells receiving fluids intended to clean up, treat or prevent subsurface contamination.”

3-8
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3.2.1.5 MNA of Groundwater

Groundwater contaminants in 300-FF-5 that will be managed through MNA are nitrate and tritium
downgradient from the 618-11 Burial Ground and TCE and DCE at the 300 Area Industrial Complex.
MNA includes monitoring to ensure the effectiveness of natural attenuation to meet CULSs.

A performance monitoring plan that describes the MNA monitoring program including the wells to be
sampled, frequency, and analytes will be prepared as part of the Remedy Implementation SAP.
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Figure 3-2. Generalized Schematic of Remediation Skid
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3.2.2 Groundwater Monitoring

Groundwater monitoring will be conducted to document changes in contaminant concentrations and
extent for all groundwater COCs. Monitoring will continue until COCs have attained the CULSs and are
expected to continue to meet CULSs, and EPA approves termination of the monitoring. Groundwater will
be sampled and analyzed for uranium, gross alpha, nitrate, TCE, and DCE at the 300 Area Industrial
Complex; uranium and gross alpha downgradient from the 618-7 Burial Ground; and tritium and nitrate
downgradient from the 618-11 Burial Ground.

A performance monitoring plan that describes the sampling approach including the wells to be sampled,
frequency, and analytes will be prepared as part of the Remedy Implementation SAP.

Figure 3-3. Photograph of Constructed Remediation Skid

3.3 Supplemental Design Tasks

The current uranium sequestration EAA is shown in Figure 3-1. In support of the uranium sequestration
actions, a supplemental post-ROD field investigation will be conducted to collect soil uranium
concentration and uranium leachability data that will be used to refine the location of the EAA and

Stage A phosphate infiltration and injection design. The data collected from the three proposed boreholes
will provide information on the distribution and mobility of uranium within the vadose zone and the PRZ
from boreholes drilled within and near the planned EAA (Figure 3-4). Data collected from the
supplemental post-ROD field investigation will also be used to refine the existing fate and transport
model for uranium within the region of the EAA. The updated model will be rerun to estimate the times to
achieve the CUL for uranium in the groundwater under a no-action scenario and following completion the
uranium sequestration.

Sampling at the three boreholes will be conducted to obtain preliminary total-uranium concentration data
along the length of the boreholes. The boring installation and sample collection is described in
SGW-56993, which was prepared to implement and expedite the remedial design characterization field
program in the summer of 2014.
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Based on the revised conceptual model for labile uranium mass distribution in the vadose zone and PRZ,
the location of the EAA may be refined. Refinements to the EAA and recommendations for the phosphate
delivery strategy will be presented in a supplemental field investigation summary report.
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4 Remedial Action Management and Approach

The Integrated RDR/RAWP (DOE/RL-2014-13) will present the project team and change management
approach associated with implementing the selected remedies. For the groundwater remedy component,
CH2M HILL Plateau Remediation Company is responsible for RDR/RA activities associated with
uranium sequestration for the vadose zone, PRZ, and top of the aquifer; MNA,; and groundwater
monitoring. RA work tasks specific to the groundwater remedy are described in Section 4.1.

41 Remedial Action Work Tasks

For uranium sequestration, RA tasks include contractor procurement; borehole, piezometer, and well
installation and development; infiltration network installation; soil and groundwater sampling; phosphate
infiltration and injection; and groundwater monitoring. The Remedy Implementation SAP will describe
the borehole, piezometer, and injection well installation procedures (including coring and soil sample
collection and analysis), the infiltration network installation, and the procedures for the phosphate
infiltration and injection in the EAA.

RAs associated with MNA and groundwater monitoring components will be described in the performance
monitoring plan as part of the Remedy Implementation SAP. Because the 300 Area phosphate infiltration
and injections will re-use the 100-NR-2 injection skids, no RA tasks are anticipated with the skid. It is
assumed that no modifications will be needed to permit truck and equipment access to the injection area.

411 Procurement and Construction

Site utility requirements for phosphate infiltration and injections include a generator and water supply.
Columbia River water or water supplied by a nearby fire hydrant will be used for phosphate solution
blending and injection. The U.S. Department of Energy (DOE) has water rights, and the National Marine
Fisheries Service will be given a courtesy notification. A diesel generator will be used to operate the site
facilities, infiltration/injection monitoring equipment, and ancillary equipment.

For the phosphate infiltration and injections, a preblended aqueous phosphate mixture of food-grade
monosodium phosphate and pyrophosphate will be delivered in 18,927 L (5,000-gal) loads via tanker
truck. The solution will be offloaded into holding tanks that will be connected to the remediation skid
chemical feed pumps by piping. Given that the 100-NR-2 injection skid will be deployed for the 300 Area
injections, no procurement or construction associated with the skid is anticipated.

Other procurement activities that will be performed include obtaining drillers for piezometer and well
installation, geophysical services including electrical resistivity tomography (ERT), analytical services,
and infiltration system installation. The work will be accomplished using the most efficient combination
of onsite resources and service vendors.

41.2 Operational Approach
The operational approach for the Stage A and Stage B are summarized in the following sections.

4.1.2.1  Stage A Phosphate Infiltration and Injection Operations

Phosphate Solution Delivery and Storage. Phosphate chemicals will be delivered to the
infiltration/injection site in concentrated and pH-buffered liquid form. Buffered to a pH of 7,

the concentrated phosphate solutions will be prepared at concentrations of 103,208 mg/L monosodium
phosphate, and 20,012 mg/L pyrophosphate. At these concentrations, the estimated volumes of
concentrated phosphate solutions required for Stage A are 501,344 L (132,441 gal) of monosodium
phosphate, and 301,595 L (79,673 gal) of pyrophosphate.
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Tanker trucks will deliver concentrated phosphate solutions to the 300 Area in tanker trucks.
The concentrate concentrated solutions will be either temporarily stored in holding tanks or fed directly
from the tanker trucks to the remediation skids during the infiltration and injection operations.

Chemical Blending for Infiltration and Injection. Tables 4-1 and 4-2 summarize the planned mix proportions
and blending ratios for preparing the infiltration and injection phosphate solutions.

Table 4-1. Stage A Chemical Blending for Phosphate Infiltration

Total Makeup
Concentration Target Infiltration Water
in Buffered Infiltration Rate (0.3 ha Concentrate Feed Rate Concentrate:
Concentrate  Concentration [0.75 ac]) Feed Rate (Ipm Makeup Water

Reagents (mg/L) (mg/L) (Ipm [gpm]) (pm [gpm])  [gpm]) Ratio
NaH,PO4 103,208 5,699 511 (135) 38 (10) 621 (164) 1:17
(Monosodium
Phosphate)

NasP207 20,012 665 511 (135) 23 (6) 621 (164) 1:27
(Pyrophosphate)
gom = gallons per minute
Ipm = liters per minute
Table 4-2. Stage A Chemical Blending for Phosphate Injection
Total
Injection
Concentration Target Rate Makeup

in Buffered Injection (6 wells) Concentrate Water Feed Concentrate:

Concentrate Concentration (Ipm Feed Rate Rate Makeup

Reagents (mg/L) (mg/L) [epm]) (pm [gpm]) (Ipm [gpm]) Water Ratio
NaH,PO4 103,208 9,409 1,135 102 (27) 969 (256) 1:9
(Monosodium (300)

Phosphate)
NasP207 20,012 1,097 1,135 61/16 969 (256) 1:16
(Pyrophosphate) (300)

gpm =gallons per minute
Ipm  =liters per minute

Stage A Infiltration and Injection Schedule. The planned Stage A infiltration and injection schedule and
flow rates are summarized in Table 4-3. Infiltration and injection will be performed during September
when the river stage is low and the groundwater flow direction at the EAA will be to the south or

southwest. Figure 4-1 presents the hydrographs from 2009 through 2013 from the wells near the EAA.
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Figure 4-1. Hydrographs from 2009 to 2013
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Table 4-3. Stage A Phosphate Infiltration and Injection Schedule

Injection Infiltration
Aquifer PRZ | Infiltration | Flow Rate | Flow Rate |Injection | Infiltration
Injection | Injection | (Hectares | 8 hours/day | 24 hours/day | Volume Volume Total Volume
Day| (Wells) | (Wells) | [Acres]) |(pm [gpm])| (Ipm [gpm]) | (L [gal]) | (L [gal]) (L [gal])
1 6 - - 1,135 (300) -= 545,000 -- 545,000
(144,000) (144,000)
2 -~ - 0.3 (0.75) -= 511 (135) - 736,000 736,000
(194,400) (194,400)
3 -- -- 0.3 (0.75) -- 511 (135) -- 736,000 736,000
(194,400) (194,400)
4 6 -- 0.3(0.75) | 1,135 (300) 511 (135) 545,000 736,000 1,281,000
(144,000) | (194,400) (338,400)
5 -- -- 0.3 (0.75) -- 511 (135) -- 736,000 736,000
(194,400) (194,400)
6 -- -- 0.3 (0.75) -- 511 (135) -- 736,000 736,000
(194,400) (194,400)
7 6 -- -- 1,135 (300) -- 545,000 -- 545,000
(144,000) (144,000)
8 -- 6 -- 1,135 (300) -- 545,000 -- 545,000
(144,000) (144,000)
9 -- 6 -- 1,135 (300) -- 545,000 -- 545,000
(144,000) (144,000)
10 -- 6 -- 1,135 (300) -- 545,000 -- 545,000
(144,000) (144,000)

= not applicable

Both remediation skids will be used during Stage A: one for mixing and pumping phosphate solution for
infiltration and the other for mixing and pumping phosphate solution for injection.

The estimated Stage A operation period is 10 days (7 days of intermittent aquifer injection with 5 days of
simultaneous infiltration, followed by 3 days of PRZ injection). The infiltration duration of 5 days was
based on an estimated wetting front advancement rate of 1 m/day (3.4 ft/day) and a wetting distance of
5.8 m (19 ft) from the application depth of 1.8 m (6 ft) to the top of the PRZ at a depth of 7.6 m (25 ft).
The estimated wetting front advancement rate was based on the advancement rate observed during
infiltration studies at 100-NR-2 (PNNL-20322), scaled up to account for a proposed Stage A infiltration
rate of 1 cm/hr (0.39 in./hr) versus what was performed at 100-NR-2 (0.7 cm/hr [0.28 in./hr]).

The estimated Stage A aquifer injection duration of 7 days was estimated based on the objective of
injecting phosphate into the aquifer at least 1 day before, during, and after the phosphate

infiltration period.

Phosphate infiltration will be conducted continuously (24 hour per day operation) over the 0.3 ha
(0.75 ac) Stage A treatment area (Figure 4-2) for approximately 5 days. The advancement of the
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infiltration wetting front will be monitored real time using ERT, as further described in the Stage A
Operation Testing, Monitoring, Sampling and Analysis section that follows. Infiltration rates will be
adjusted as needed to maximize the contact time of phosphate solution in the vadose zone during the
estimated 5-day infiltration period while minimizing the potential for flushing phosphate solution too
quickly through the vadose zone and PRZ, potentially mobilizing uranium to groundwater.

Phosphate injections into the 9 Stage A aquifer injection well screens (Figure 4-2) will be conducted
intermittently over approximately 7 days. Injections will be initiated the day before beginning phosphate
infiltration, resume during infiltration, and conclude the day after finishing phosphate infiltration to
establish a layer of phosphate in groundwater below the infiltration area to remediate uranium that may be
flushed to groundwater during infiltration operations. Injections will be conducted into at least 6 wells at a
time during daytime hours while varying the location of the 6 wells being injected over the 7-day period
to maximize the distribution of phosphate in groundwater below the infiltration area.

Phosphate injections into the 9 Stage A PRZ injection well screens (Figure 4-2) will be conducted over
approximately 3 days after the completing infiltration, when moisture content in the PRZ will be
maximized from infiltration activities. Injecting into the PRZ when moisture content is highest will
maximize the injection ROI in the PRZ during low river stage. At least 6 wells at a time will be injected
during daytime hours.

Stage A Operation Testing, Monitoring, Sampling and Analysis. Operations testing, monitoring, sampling,
and analysis for the uranium sequestration infiltration and injection will be described in the Remedy
Implementation SAP.

Operational testing involves sampling the injection solution before starting infiltration and injection, and
once near the end of the infiltration and injection to ensure that the phosphate is being applied at the
correct concentrations in the vadose zone and PRZ/aquifer, respectively. During infiltration and injection,
flow rates and volumes will be monitored to test and optimize operation of the remediation skids and to
verify that the systems are delivering the solutions as designed. Field parameters will be measured in
adjacent piezometers at least every 4 hours during daytime hours to monitor the rate of solution
distribution in the aquifer.

ERT has been successfully used to characterize wetting front advancement and distribution of soil
moisture during tracer infiltration studied performed at 100-NR-2 (PNNL-20322). ERT will be used to
monitor the advancement of the phosphate infiltration wetting front at the 300 Area. Phosphate infiltration
is expected to increase vadose zone electrical conductivity significantly by increasing both saturation and
pore fluid specific conductance, thereby enabling the use of time-lapse ERT to remotely monitor
polyphosphate transport. The 0.3 ha (0.75 ac) Stage A EAA will be monitored along a 2-dimensional
section between the upgradient (northeast) and downgradient (southwest) corners. This section will be
monitored with a line of 64 electrodes spaced 1.5 m (5 ft) apart, (96 m [315 ft] in total). The electrodes
will be buried in a shallow, 0.2 to 0.3 m (8 to 12 in.) deep trench for safety purposes. Baseline surveys
will be collected before phosphate infiltration. Time lapse imaging with be performed at approximately
30-minute intervals during infiltration to monitor the advancement of the infiltration wetting front.

4-5
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Figure 4-2. Proposed Injection Wells and Performance Monitoring Piezometers for Stage A

As part of the Stage A delivery performance monitoring, the following sampling program will
be implemented:

Uranium leachability testing will be conducted before and after phosphate application. Installation of
borings, soil sampling, and soil leachability testing procedures will be described in the Remedy
Implementation SAP.

Installation of 24 mini piezometers consisting of 12 well pairs screened within the PRZ
(approximately 9 to 10.7 m [30 to 35 ft] bgs) and within the top of the aquifer (approximately 12 to
13.7 m [40 to 45 ft] bgs). Piezometer installations will comprise three piezometer pairs upgradient of
the Stage A treatment area, six piezometer pairs within the Stage A treatment area, and

three piezometer pairs downgradient of the Stage A treatment area (Figure 4-2). Piezometers will be
installed using sonic drilling equipment or a hydraulic hammer direct-push rig, as will be described in
the Remedy Implementation SAP.

Groundwater samples will be collected at the 24 mini piezometers for uranium and phosphate
analyses before phosphate application to establish a baseline during phosphate application, then
1 week and again 1 month after phosphate application. Field parameters including conductivity,
oxidation reduction potential, pH, and temperature also will be collected. The procedures for
sampling will be described in the Remedy Implementation SAP.
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e The effectiveness of the Stage A phosphate application will be evaluated by comparing the overall
decrease in uranium leachability in vadose zone and PRZ soil samples, taking into consideration that
the fate and transport model assumes that 50 percent of the mobile uranium will be reduced from
phosphate treatment. Treatment effectiveness will also be evaluated based on other factors from the
Stage A implementation, such as phosphate distribution efficiency and the degree of uranium
mobilization to groundwater. Additional details on the data collection and analytical methods that will
be used to evaluate the performance of the Stage A phosphate application will be presented in the
Remedy Implementation SAP.

Results of the Stage A delivery performance monitoring will be used to refine the delivery performance
monitoring program for Stage B. For costing purposes, a similar delivery performance monitoring scope
(4 soil boring locations for uranium leachability testing and sampling of 24 piezometers) is assumed to be
implemented over the 3 quadrants of the Stage B EAA.

4.1.2.2 Stage B Phosphate Infiltration and Injection

The results of the Stage A phosphate infiltration/injections, operational testing, and delivery performance
monitoring will be used to refine the design of the Stage B phosphate infiltration/injections. For costing
purposes, it is assumed that the infiltration and injection design for Stage A will be repeated at the
remaining 3 quadrants of the EAA.

41.3 Project Status Reporting

Progress, including sample and analyses results, operations, and general project status/timelines, will be
communicated in the unit managers meetings.

A Stage A delivery performance report will be completed for the Stage A implementation to document
the results of pre- and post-injection sampling, injection/infiltration rates achieved, field observations on
phosphate distribution and uranium mobilization, and uranium leachability before and after treatment.

A Stage B delivery performance report will be completed for the Stage B implementation to document the
results of pre- and post-injection sampling, injection rates achieved, and other lessons learned.
Groundwater monitoring results will be summarized as described in the performance monitoring plan as
part of the Remedy Implementation SAP.

4-7
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5 Environmental Management and Controls

This chapter describes the environmental management and controls associated with implementing the

300 Area remedies. A waste management plan documenting the processes for handling waste from the
infiltration network, well, and piezometer installations; sampling; and phosphate infiltration/injection
activities will be prepared under separate cover as part of the Remedy Implementation SAP.

Quality assurance (QA) for the groundwater remedy implementation also will be discussed in the Remedy
Implementation SAP.

5.1 Air Emissions
The radiological and nonradiological emisions are discussed in the following sections.

5.1.1 Radiological Air Emissions

Radiological air emissions associated with deployment of the phosphate for uranium sequestration are
not anticipated.

5.1.2 Nonradiological Air Emissions

Nonradiological air emissions associated with deployment of the phosphate for uranium sequestration are
not anticipated.

5.2 Reporting Requirements for Non-Routine Releases

40 CFR 302, “Designation, Reportable Quantities, and Notification,” requires immediate notification to
the National Response Center on discovery of a release of a hazardous substance into the environment in
excess of a reportable quantity in a 24-hour period. 40 CFR 355, “Emergency Planning and Notification,”
requires immediate notification to the community emergency coordinator for the local emergency
planning committee and to the State Emergency Response Commission of a release of a reportable
guantity of an extremely hazardous substance or a Comprehensive Environmental Response,
Compensation, and Liability Act of 1980 (CERCLA) hazardous substance in a 24-hour period, except for
releases that are exempt from reporting under 40 CFR 355.31, “What Types of Releases are Exempt from
the Emergency Release Notification Requirements of this Subpart?”.

5.3 Waste Management

Waste management requirements for project waste streams, waste characterization, designation, and
disposal; waste generation management; management of waste containers; final disposal/storage; waste
disposal records; waste transportation; waste treatment; and waste minimization and recycling are specific
to uranium sequestration activities. Activities associated with waste management are included in the
Remedy Implementation SAP.

5.4 Cultural/Ecological Resources

Protection of cultural resources is addressed, in part, during the ARAR identification process based on
CERCLA and 40 CFR 300, “National Oil and Hazardous Substances Pollution Contingency Plan.”

The lead and non-lead agencies identify requirements that are applicable or relevant and appropriate to
the release or RA at a CERCLA site (40 CFR 300.400[g], “General”). ARARs for the 300 Area RA are
provided in Appendix A of the Integrated RDR/RAWP (DOE/RL-2014-13); the Endangered Species Act
of 1973 protects ecological, cultural, historic, and Native American sites and artifacts (resources) for work
within the 300-FF-5 OU (groundwater discharges into the Hanford Reach of the Columbia River, which
contains the Upper Columbia River spring-run Chinook salmon and the steelhead, which are endangered).



DOE/RL-2014-13-ADD2, REV. 0

The spring-run Chinook salmon do not spawn in the Hanford Reach but use it as a migration corridor.
Steelhead spawning has been observed in the Hanford Reach. The bull trout is listed as a threatened
species but is not considered a resident species and is rarely observed in the Hanford Reach. Remediation
actions and investigation activities will be managed to avoid jeopardy to and/or adversely affect a listed
species or critical habitat.

Before disturbing the earth (e.qg., drilling and excavation), the DOE, Richland Operations Office, will
initiate discussion with the affected parties, and an analysis of cultural and ecological resource impacts
will be undertaken. This will include an assessment of the resources present and a qualitative comparison
to the risk posed by the contaminants present in the OU.

A cultural resources review is part of work planning activities, and the project will involve cultural
resources staff early in the planning stage to address potential concerns and consider the effects that the
planned project activities could have.

5.5 Safety and Health Program

A health and safety plan (HASP) addresses routine job site hazards and physical hazards and specifies
general controls and requirements for work activities. Access and work activities are controlled in
accordance with approved work packages, as required by established internal work requirements and
processes. The HASP includes the requirements for hazardous waste operations and/or construction
activities, as specified in 29 CFR 1910.120, “Occupational Safety and Health Standards,” “Hazardous
Waste Operations and Emergency Response.” Depending on the specific hazards present, one or more
HASPs could be written for this RA. As part of work package development, a job or activity hazards
analysis will be written to identify the hazards associated with specific tasks in addition to the HASP.

In addition to the HASP, radiological work permits (RWPs) will be prepared, as needed, for work in areas
with potential radiological hazards in accordance with contractor-level procedures and programs.

The RWP extends the Radiological Protection Program to the specific work site or operation.

All personnel assigned to the project and all work site visitors strictly shall adhere to the provisions
identified in the HASP and RWP. Before work and before each activity begins, a pre-job briefing will be
held with the involved workers. This briefing will include reviews of the hazards that could be
encountered and the associated requirements. Throughout an activity, daily briefings also could be held,
as could special briefings before major evolutions.

5.6 Emergency Response

During construction and operations, emergency response for project activities will be covered by the
project-specific HASP and related health and safety procedures and work instructions. The HASP, health
and safety procedures, and work instructions contain primary emergency response actions for site
personnel, area alarms, implementation of the emergency action plan, and emergency equipment at each
task site, as well as emergency coordinators, emergency response procedures, and spill containment.

A copy of the HASP will be kept in the construction field office. When emergencies arise that are beyond
the limitations of the project-specific HASP, DOE-0223, Emergency Plan Implementing Procedures, will
govern project staff response, as specified in the HASP.

5.7 Quality Assurance Program

Overall QA for the RDR/RAWP will be planned and implemented in accordance with 10 CFR 830,
“Nuclear Safety Management,” Subpart A, “Quality Assurance Requirements;” EPA/240/B-01/003,
EPA Requirements for Quality Assurance Project Plans (EPA QA/R-5); EPA/240/R-02/009, Guidance
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for Quality Assurance Project Plans (EPA QA/G-5); and EPA/240/B-05/001, Guidance on Quality
Assurance for Environmental Technology Design, Construction, and Operation (EPA QA/G-11).
QA activities will use a graded approach based on potential impact to the environment, safety, health,
reliability, and continuity of operations. QA for the groundwater remedy implementation will be
discussed in the Remedy Implementation SAP and will comply with the following requirements:

o DOE/RL-96-68, Hanford Analytical Services Quality Assurance Requirements Documents
(HASQARD)

o DOE 0 414.1D, Quality Assurance
All SAPs and groundwater monitoring plans prepared to support the 300 Area RA will contain a

QA project plan that establishes the quality requirements for environmental data collection, including
planning, implementing, and assessing sampling, field measurements, and laboratory analyses.
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6 Remedial Action Completion

The enhanced attenuation RA for the 300 Area is considered complete on implementation of Stage A and
Stage B infiltration and injection in the EAA unless otherwise agreed by DOE and EPA following the
Stage A performance delivery report. On treatment completion, an infiltration/injection completion report
will be prepared and submitted to the regulatory agencies. The infiltration/injection completion report will
include a comparison of the pre- and post-treatment attenuation timeframes for achieving the CUL

for uranium. Groundwater monitoring to evaluate the uranium sequestration will continue for
approximately 5 years as described in the performance monitoring plan that will be part of the Remedy
Implementation SAP.

The performance of the MNA component of the selected remedy will be evaluated against attenuation
timeframes consistent with the 300 Area ROD (EPA and DOE, 2013). Ongoing groundwater monitoring
for MNA and 300 Area groundwater monitoring will continue until CULs identified in the 300 Area ROD
(EPA and DOE, 2013) are met, as described in the performance monitoring plan that will be part of the
Remedy Implementation SAP.

Seven waste sites are associated with the enhanced attenuation remedy in the 300 Area ROD (EPA and
DOE, 2013) and will be reclassified based on implementation of both stages of infiltration and injection.
The three 300-FF-1 OU waste sites (316-1, 316-2, and 316-5) associated with the enhanced attenuation
remedy have previously received a final reclassification status of “closed out” based on remediation
performed under the 300-FF-1 ROD (EPA/ROD/R10-96/143). No further reclassification will be
performed for these sites, but waste site reclassification forms and/or the Waste Information Data System
summary reports may be revised as necessary to identify implementation of enhanced attenuation.

The four 300-FF-2 OU waste sites (316-3, 618-1, 618-2, and 618-3) have received interim reclassification
status under the 300-FF-2 interim action ROD (EPA/ROD/R10-01/119, EPA Superfund Record of
Decision: Hanford 300-Area, Benton County, Washington). Final reclassification of the 618-1, 618-2,
and 618-3 sites will be based on implementation of the infiltration/injection components described in this
addendum. Final reclassification of the 316-3 site will be based on implementation of the
infiltration/injection components described in this addendum, as well as a demonstration that the site
meets industrial CULs for COCs other than deep-zone uranium.
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7 Cost and Schedule

The cost and schedule for the 300 Area groundwater remedy components are presented in this chapter.

7.1 Cost Summary

Costs for the 300-FF-5 uranium sequestration and groundwater monitoring were updated, based on the
design presented in the addendum, and are estimated at $23,585,000 with an accuracy of -30 to

+50 percent and include 25 years of operations and maintenance (O&M) (ECE-300FF514-00001,
Remedial Design/Remedial Action Work Plan Cost Estimate Documentation). Table 7-1 summarizes the
costs for the selected groundwater remedy.

Table 7-1. Summary of Costs for Selected Groundwater Remedy

Activity Total Costs ($)

Capital Costs

Validation Effort 964.000

Stage A 4,425,000

Stage B 6,159,000

Capital Subtotal 11,548,000
O&M Costs

Annual O&M (25 years) 12,037,000

Total Capital and O&M 23,585,000

O&M = operations and maintenance

7.2 Schedule

Hanford Site RA schedules are driven by a set of milestones established in the Tri-Party Agreement
(TPA) (Ecology et al., 1989, Hanford Federal Facility Agreement and Consent Order), which may be
renegotiated as remediation proceeds. This agreement includes the following 300-FF-5 OU cleanup target
date for TPA (Ecology et al. 1989) Milestone M-016-110-T05:

e Description: DOE will have a remedy in place designed to meet Federal Drinking Water Standards
for uranium throughout the groundwater plume in the 300-FF-5 Operable Unit unless otherwise
specified in a CERCLA decision document.

e Due Date: December 31, 2015

This target date description specifies having a remedy in place for uranium. The 300 Area ROD (EPA and
DOE, 2013) (Sections 9.1.4, 12.2.6, 12.2.7, and 12.2.9) defines the remedy as enhanced attenuation with
monitoring for uranium. The ROD does not specify performance-based criteria for enhanced attenuation
of uranium. The ROD does direct monitoring until uranium reaches the CULs in the 300 Area Industrial
Complex and downgradient of the 618-7 Burial Ground, regardless of the enhanced attenuation
effectiveness. Therefore, the remedy is considered to be in place with issuance of the Draft A
Performance Monitoring Plan, as part of the Remedy Implementation SAP (Section 3.2.2). Figure 7-1
provides a projected schedule through implementation and remedy completion report.
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ECF-300FF5-14-0030, Preliminary Evaluation of Extent of Polyphosphate
Injection to Support the 300 Area Remediation at Hanford Site, Washington
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Figure 6-9. Aqueous Concentrations at the Water Table following Phosphate Injection at the 36

Phase 1 and 2 Wells during Low Water Levels (September 1, 2008)..........ccccevervnerrenne

Figure 6-10. Aqueous Concentrations in Section through Center of Well Field following
Phosphate Injection at the 36 Phase 1 and 2 Wells during Low Water Levels

(September 1, 2008) (Columbia River at right)........ccccevvviiiieriiiee e

Figure 6-11. Saturated zone head and aqueous concentration time series at the center of well field

for the 9-well model for June (L) and September (R) injection periods. ...........c.ccoerernenns

Figure 6-12. Saturated Zone Head and Aqueous Concentration Time Series at the Center of Well

Field for the 36-well Model for June (L) and September (R) Injection Periods .................
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Terms

two-dimensional

three-dimensional

above mean sea level

CH2M HILL Plateau Remediation Company
U.S. Department of Energy

environmental calculation file

U.S. Environmental Protection Agency
gallons per minute

Hanford Information System Inventory (software database)
Operable Unit

Pacific Northwest National Laboratory
periodically rewetted zone

Record of Decision

Subsurface Transport Over Multiple Phases (software)
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1 Purpose

The remedy for uranium contamination in 300-FF-5 Groundwater Operable Unit (OU) located in the 300
Area of the Department of Energy’s Hanford Site is injection of phosphate (mixture of orthophosphate
and polyphosphate) into the groundwater as identified in the Record of Decision for 300-FF-2 and 300-
FF-5, and Record of Decision Amendment for 300-FF-1, Hanford Site 300 Area (hereafter referred to as
the 300 Area Record of Decision (ROD)/ROD Amendment) (EPA, 2013). The injected phosphate
solution acts to sequester, or bind, residual uranium to form insoluble minerals. The purpose of this
environmental calculation file (ECF) is to simulate injection of water-soluble phosphate compounds into
the unconfined groundwater aquifer associated with the 300-FF-5 OU to support the design basis
discussed in the (DOE/RL-2014-13-ADD, Remedial Design Report/Remedial Action Work Plan
Addendum for the 300 Area Groundwater). Results of the simulations provide a preliminary evaluation of
phosphate injection in the 300 Area and will be used in continued development of the overall remedy and
evaluation of enhanced attenuation of uranium using phosphate injection. Specifically, the model results
will be used to determine if design parameters for injection of the phosphate compounds (PNNL 2008;
DOE/RL-2014-13-ADD) produce spatial distributions and residence times that are adequate for uranium
sequestration in the 300 Area.

2 Methodology

Simulation of phosphate injection and the resulting effects on uranium transport are based on previous
models of the vadose zone, PRZ, and aquifer at the 300-FF-5 Groundwater OU (ECF-300FF5-11-0151,
Groundwater Flow and Uranium Transport Modeling in Support of the 300 Area FF-5 RI/FS Document).
These models were constructed to evaluate the dynamics of uranium transport in the 300 Area and to test
various remedial alternatives that could be used to reduce uranium loading to the Columbia River (ECF-
300FF5-11-0151). The models were based on a two-dimensional (2-D) cross section flow and transport
model that extended from beneath the Columbia River inland through the Phase 1 and 2 treatment area
(ECF-300FF5-11-0151; DOE/RL-2014-13).

The steps used in development of the phosphate injection model include:

1. Construct a three-dimensional (3-D) flow model of the 300-FF-5 Groundwater OU encompassing the
Phase 1 and 2 treatment areas (DOE/RL-2014-13-ADD).

a. Modify and adapt the 2-D model, previously used to evaluate uranium remedial alternatives
(ECF-300FF5-11-0151), to a simplified 3-D model.

b. Conduct simulations to compare 2-D and 3-D model results as verification that the 3-D model
accurately reproduces the 2-D model results.

2. Conduct phosphate injection simulations with the 3-D model

a. Assign injection wells in the 3-D model to simulate phosphate injection at locations identified in
the Phase 1 and 2 treatment area (DOE/RL-2014-13-ADD) for 9-well and 36-well injection
patterns.

b. Run simulations for injection and post-injection periods and evaluate resulting phosphate
distributions within the aquifer both spatially and in time.
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3 Assumptions and Inputs

3.1 Development of 3-D Phosphate Injection Model

The 3-D model was constructed by adapting the 2-D model previously used to evaluate remedial
alternatives (ECF-300FF5-11-0151). The hydrogeology represented in the 2-D model was assumed to
represent the hydrogeology of the 300-FF-5 Groundwater OU.

3.1.1 Model Domain

The original 2-D transect model was oriented along a groundwater pathway extending from beneath the
western side of the Columbia River inland through the treatment area and terminating up-gradient of the
300-FF-5 OU (Figure 3-1). Even though the model transect is curvilinear, the curvilinear transect is
represented as a linear pathway in model coordinates. The linear extent of the 2-D model is overlain on
the map of the 300 Area in Figure 3-1 and is aligned with the portion of the 2-D transect that extends
through the Phase 1 and 2 treatment area.

The 2-D model grid consists of 269 cells horizontally along the 2-D transect (i dimension), 1 cell wide (j
dimension) and 45 layers (k dimension). The 3-D model was constructed by first expanding the 2-D
model from one cell to 111 cells in j (Figure 3-1). A uniform 2 m grid spacing was applied to all columns
in j. The model was trimmed at both ends (in i) making the model shorter in order to reduce computation
time (Figure 3-1).

00Area [ | ‘ =\ Ug N
‘ \

NN i |

— 2D Transect Model

— 20 Model Extent (Linear)
3D Model Grid

+ Phase 1 &2 Injection Wells |-

Monttoring Well

Figure 3-1. 300 Area Phosphate Injection Well Locations and 2-D and 3-D Model Grids
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Figure 3-2. Hydrogeology of 300 Area Model

3.1.2 Model Parameters

Flow and transport parameters in the 3-D model were identical to those in the 2-D model (Figure 3-2,
Table 3-1). The water-soluble phosphate compounds include ortho-, pyro-, and tripolyphosphate. Sorption
and precipitation processes for the phosphate compounds in the Hanford groundwater are represented by a
single distribution coefficient, Kg, in the model. The K4 used in the model was 0.02 ml/g and is a field-
scale transport parameter derived from laboratory-experiments (PNNL-17818). For all cells in j in the 3-D
model, the geologic description and model parameters are uniform.

Table 3-1. Model Parameters

Hanford Ringold River
Parameter SZ/PRZ Hanford VZ  Ringold E Fine Grain Alluvium
Horizontal K (m/d) 9,000 9,000 42 1 10
K Anisotropy (Kz/Kx) 0.01 0.01 0.01 0.01 1.0
Diffusive Porosity (cm?®cm3) 0.167 0.167 0.177 0.177 0.177
Longitudinal Dispersivity, a (m) 8.75 0.875 1 1 1
Dispersivity Anisotropy, ar/oL 0.01 0.1 0.01 0.01 0.01
van Genuchten a (1/cm) 01 01 - - -
van Genuchten n (-) 1.725 1.725 - - -
Residual saturation (cm?/cm3) 0.132 0.132 - - -
Particle Density, ps(g/cmd) 2.68 2.68 2.65 2.65 2.76
Bulk Density, p» (g/cm?) 223 223 218 218 2.27
8
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3.1.3 Initial and Boundary Conditions

The two-year period from 2008 through 2009 was assumed representative of the transient nature of the
Hanford aquifer and the Columbia River that bounds the aquifer (ECF-300FF5-11-0151). The 2-D model
was run for five 2-year cycles (2008 through 2009) to establish quasi-equilibrium conditions for use as
initial head conditions in that model. The initial heads for the 3-D model were taken from the sixth 2-year
simulation cycle in the 2-D model for the specific 3-D model start times (see Section 5).

Since the model was trimmed at both ends, transient head boundary conditions were assigned to each
boundary cell at the inland and river ends of the model that were taken from daily output files for the 2-D
model heads. For each boundary cell, boundary conditions were copied to each of the 111 cells in j.

3.1.4 Phosphate Injection Wells

Phosphate was injected in the model at the Phase 1 and 2 injection locations (DOE/RL-2014-13-ADD)
(Figure 3-3). Two injection patterns were simulated. One pattern represented the 9 wells identified as
Phase 1 wells; the second pattern was for the 36 wells representing both Phase 1 and 2 injection wells
(Figure 3-4). All 36 wells were included as one of the scenarios in order to fully test how the injection
rates and the total number of wells would affect water levels and interact with model boundaries.

Phosphate injection was applied to the model using the ~Source input card in STOMP. Each well screen
was 5 m, or 10 cells vertically (Figure 3-5). For both scenarios, the wells extended from 103 m above
mean sea level (amsl) to 108 m amsl with each well extending above and below the PRZ (Figure 3-5).
The injection rate was 100 gallons per minute (gpm) for each well. The total injection rate was evenly
divided into the 10 nodes representing each well vertically. Solute injection was specified at each well
node such that the resulting injection concentration was 1.0, representing a maximum relative phosphate
concentration.

S se2 W
2 v

Groundwater

M Flow Direction

Enhanced Attenuation Area
[0 Proposed Phase 1 Infiltration Area
I Proposed Phase 2 Infiltration Area
® Proposed Phase 1
PRZ/ Aquifer Injection Well
~ Proposed Phase 2
) PRZ Aquifer Injection Well
Waste Site of Interest
Note: This figure identifies target area for uranium
‘sequestration that provide the basis for the cost
estimate. The actual target area will be refined
during the Supplemental Field Investigation.

] 10 20 30m
—_

AP PP 0 50 100 1
[#Hatford data’s 2 SalaPRC SpatiahPio ects SGRP.

- Source: DOE/RL-2014-13-ADD, Figure 3-1.

(XDRCIOOFFSICHSGW2

Figure 3-3. Proposed Phase 1 and 2 Injection Well Locations (DOE/RL-2014-13-ADD)
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Figure 3-4. Injection Well Locations for 9-well (top) and 36-well (bottom) Models
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Figure 3-5. Location of Well Screen in Models

4 Software Applications

41 Approved Software

The groundwater flow and phosphate transport calculations were performed using the STOMP
(Subsurface Transport Over Multiple Phases) (CHPRC Build 4) code with Hanford Information System
Inventory (HISI) identification number 2471. The STOMP operational mode STOMP-W was utilized for
the calculations. The software was approved and controlled in accordance with PRC-PRO-IRM-309
Controlled Software Management and managed for controlled use under CHPRC-00176, STOMP
Software Management Plan.

CHPRC Build 4 of the STOMP Water operational mode (STOMP-W) was used with executable file
‘stomp-w-bcg-chprc041.x’. This executable file was compiled with Lahey-Fujitsu®1 Fortran 64 Compiler
for Linux®2 and linked with the SPLIB bi-conjugate gradient solver. This executable was installed and
tested for use on ‘Green’ Linux® cluster that is owned and managed by INTERA, Inc. and located at
INTERA’s Richland, Washington office. A copy of the software installation and checkout form is
included in Attachment A to this ECF. The Green cluster is equipped with the following hardware: two
Intel® Xeon®3 2.8GHz 6-core processors, 48GB RAM, two 300GB drives in RAID-1 (operating system
and /home), six 2TB drives in RAID-6 with dedicated hot-swap, and six 2TB drives in RAID-5.

As given by the command name “uname —a”, the operating system details are

Linux green 3.2.0-60-generic #91-Ubuntu SMP Wed Feb 19 03:54:44
UTC 2014 x86 64 x86 64 x86 64 GNU/Linux.

1 Lahey® is a registered trademark of Lahey Computer Systems; Fujitsu is a registered trademark of Fujitsu Limited.
2 Linux® is a registered trademark of Linux Torvalds in the United States and other countries.
3 Intel® and Xeon® are registered trademarks of Intel in the United States and other countries.

11
A-12



DOE/RL-2014-13-ADD2, REV. 0
ECF-300FF5-14-0030, REV. 0

The results of CHPRC acceptance testing (CHPRC-00515, STOMP Acceptance Test Report) demonstrate
that the STOMP software is acceptable for its intended use by the CHPRC. Installations of the software
are operating correctly, as demonstrated by the INTERA’s Green Linux® cluster system producing the
same results as those presented for selected problems from the STOMP Application Guide (PNNL-11216,
STOMP Subsurface Transport Over Multiple Phases: Application Guide) in accordance with CHPRC-
00211, STOMP Software Test Plan. The use of this software was consistent with its purpose, used within
its limitations, and was a valid application of STOMP consistent with the functional requirements.

Linux®-based scripts were utilized for pre- and post-processing of the model inputs and outputs. Scripts
used were both provided with the STOMP software and developed for this specific calculation. Scripts
developed for this calculation were checked for correctness as part of this ECF.

Microsoft Excel®* 2007 spreadsheets were used to perform various routine calculations and for selected
plotting. This use of Excel® is in the spreadsheet category and all calculations were subjected to checking
as part of checking of this ECF.

Groundwater Vistas™ (Guide to Using Groundwater Vistas [Rumbaugh and Rumbaugh, 2007]) Version
6.58 Build 17 provided graphical tools used for model quality assurance and model input/output review.

Fortran code, compiled with Intel® Fortran 64 Compiler for Linux®, converted STOMP output into
MODFLOW output format for import into Groundwater Vistas™ for visualization purposes
(MODFLOW itself was not used in this calculation). The Fortran code developed and used for post-
processing for this calculation was checked for correctness as part of the checking of this ECF.

ArcGIS®5 (The ESRI Guide to GIS Analysis, Volume 1: Geographic Patterns and Relationships
[Mitchell, 1999]) provided visualization tool for assessing simulated plume distributions, identifying
extraction/injection well coordinates and mapping auxiliary data.

5 Calculation
5.1 Verification of 3-D Model

The 3-D model was verified by comparing heads for a single node in the3-D model within the saturated
zone of the Hanford formation with heads at the node at the same (i,k) location in the 2-D model. This
was done for June through August and September through November transient periods.

5.2 Phosphate Injection

Two injection patterns (9 wells and 36 wells) were simulated, and two injection periods were simulated
for each injection pattern for a total of four phosphate injection scenarios. One injection period started at
the beginning of high water levels, June 1, 2008 (Figure 5-1). During this time groundwater is flowing
inland due to the increased Columbia River stage. Water levels remain high with flow inland for
approximately 30 days at which time the river stage decreases and groundwater flow direction reverses
toward the river. The second injection period was during low river stage when groundwater flow is
always towards the river, starting September 1, 2008 (Figure 5-1).

4 Excel® is a registered trademark of Microsoft Corporation in the United States and other countries.
S ArcGIS is a registered trademark of Esri in the United States and other countries.
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The time for injection for both scenarios was 15 hours, at which time the injection wells were turned off
in the model. Each simulation was run for 3 months to ensure that all of the important dynamics following
phosphate injection were observed.

Injection concentrations represent a maximum relative phosphate concentration of 1. Depending on the
level of precipitation of phosphate compounds desired, the concentration of phosphate compounds to be
injected in the field can be determined. Resulting phosphate concentrations in groundwater following
injection are a function of injected concentration, volumetric injection rate, groundwater flow velocity
and associated phosphate residence times, and aquifer dispersivity.

107.5

107

106.5

Well 399-1-13A Water Level (m amsl)
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105.5 lj\ f{\“k Nj
1l Il
W \w
105
104.5 | ‘
Jan-08 Apr-08 T Jul-08 TOct—OS Jan-09 Apr-09 Jul-09 Oct-09 Jan-10
June 1 September 1 Date
Figure 5-1. Water Levels at Well 399-1-13A for 2008 and 2009
6 Results and Conclusions
6.1 Results

6.1.1 Verification of 3-D Model

Heads in the 2-D and 3-D models were compared for a node within the Hanford formation for both the
June through August and September through November models (Figure 6-1). Results show close
agreement between the two models for the flow calculation verifying that the 3-D models accurately
represent the flow simulated in the 2-D model.
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Figure 6-1. Comparison of Heads in 2-D and 3-D Models

6.1.2 Phosphate Injection

Water levels for the 36-well model for high and low water level injection periods indicate that only a
small amount of mounding occurs, on the order of 0.1 m (Figure 6-2). This is due to the high hydraulic
conductivity exhibited by the Hanford formation. Even though the mounding extends laterally to the edge
of the model domain, this effect is small and short-lived and dissipates rapidly once injection is turned
off.

Aqueous phosphate concentrations at the water table and in cross section are shown for the 9-well and 36-
well models for the June (Figures 6-3 through 6-6; note that later times are in 10-day intervals) and
September (Figures 6-7 through 6-10; note that later times are in 5-day intervals) injection scenarios for
times following the start of injection. For phosphate injected at the beginning of the high water levels
starting in June 2008, the phosphate plume first migrates a short distance inland for approximately 30
days, then reverses direction and migrates back towards the river as the river stage and groundwater levels
decrease around the beginning of July 2008 (Figure 5-1; Figures 6-11 and 6-12, left-most plots).
Residence times and concentrations within the saturated zone (105.75 m amsl) are relatively high during
this period. The concentration in the vadose zone just above the water table near the top of the PRZ
(107.25 m amsl) follows similar behavior as for the saturated zone out to approximately 35 days at which
time the saturated zone concentration continues to decrease while the vadose zone concentration remains
relatively constant at 0.2 to 0.3 (Figures 6-11 and 6-12, left-most plots). The higher concentrations
maintained in the vadose zone results from the lower pore water velocities and slower migration of
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phosphate solutions from the injection zone once water levels decline, effectively stranding the phosphate
solution in the upper part of the PRZ.

For phosphate injection at the beginning of September 2008, groundwater is flowing towards the river for
the entire simulation period such that the phosphate injected into the saturated zone is swept away from
the treatment area at higher flow rates that are always towards the river (Figures 6-7 through 6-10;Figures
6-11 and 6-12, right-most plots, 104.75 m amsl). Note that the phosphate plume is still in the vicinity of
the well field after 30 days for the June injection scenario (Figures 6-3 through 6-6) whereas after 15 days
the phosphate has already migrated to the southeast of the well field for the September injection
simulation (Figures 6-7 through 6-10). As a result, residence times and concentrations in the saturated
zone are lower for the September injection scenario than for the June injection scenario. Concentrations in
the vadose zone near the top of the PRZ (Figures 6-11 and 6-12, right-most plots, 107.25 m amsl) remain
much higher for the September injection than for the June injection. This is due to the location of the
water table approximately 2 m lower for the September injection such that the phosphate injected in the
upper portion of the PRZ is neither diluted nor displaced by saturated-zone flow.

The 9-well and 36-well model results are similar with the main difference being that the phosphate
concentrations remain higher longer for the 36-well model. This is clear in Figures 6-11 and 6-12 for the
June injection results (left-most plots) where both saturated zone and vadose zone concentrations are
approximately 0.1 higher for the 36-well model for 5 to 40 days following injection . This effect is also
evident in the cross section figures (Figures 6-4 and 6-6) and is due to the reduced effects of dispersion
and mixing in the center of the phosphate plume for the larger volumes injected in the 36-well model. The
effect is also evident, although less pronounced, for the September injection (Figures 6-11 and 6-12, right-
most plots, and Figures 6-7 through 6-10) due to the more rapid decrease in concentrations in the vicinity
of the well field resulting from groundwater flowing towards the river during the entire time period.

6.2 Conclusions

Based on model results, the well spacing and injection rates tested in the 3-D phosphate injection model
appear to be reasonable and effective with respect to the coverage and relative concentrations of
phosphate in the saturated and vadose zones in the 300 Area. Both groundwater flow direction and water
level strongly influence phosphate residence times in the Phase 1 and 2 treatment area. Injecting at the
beginning of the high-water levels in early summer allows for larger residence times in the saturated zone
as the injected phosphate first migrates further inland, then back through the treatment area once the flow
direction reverses back towards the river. Phosphate residence times in the saturate zone are lower for
injection during low water levels since groundwater is flowing at a higher and more continuous rate
towards the river to the southeast.

Injection into the vadose zone shows different behavior. Following injection during high water levels,
vadose-zone concentrations decrease in a similar fashion to concentrations in the saturated zone.
However, once the water levels drop, the phosphate injected at the top of the injection wells is out of the
influence of saturated-zone flow resulting in residual phosphate at relatively higher concentrations
compared to saturated-zone concentrations. This is compared to the phosphate injection during low water
levels where phosphate injected in the vadose zone in the upper part of the injection well shows no
influence from saturated-zone flow resulting in much higher residual phosphate concentrations. This
effect is not diminished due to groundwater mounding in the vicinity of the injection wells due to the very
high hydraulic conductivity of the Hanford formation.

A planned supplemental post-ROD field investigation for the 300-FF-5 Operable Unit will provide useful
information on the distribution and potential mobility of uranium within the vadose zone and PRZ and
will be helpful in refining the location of the enhanced attenuation treatment area. Field data combined
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with insights of phosphate injection provided by the 3-D model will guide the design of the final remedy
at the 300 Area.
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Figure 6-2. Water Level Contours at the End of the 15-hour Phosphate Injection Period for June 1st (top) and
September 15t (bottom) Injection Periods (contour interval = 0.02 m)
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Figure 6-3. Aqueous Concentrations at the Water Table following Phosphate Injection at the 9 Phase 1 Wells

during High Water Levels (June 1, 2008)
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Figure 6-4. Aqueous Concentrations in Section through Center of Well Field Following Phosphate Injection at
the 9 Phase 1 Wells during High Water Levels (June 1, 2008) (Columbia River is to the right)
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Figure 6-6. Aqueous Concentrations in Section through Center of Well Field following Phosphate Injection at

the 36 Phase 1 and 2 wells during High Water Levels (June 1, 2008) (Columbia River at right)
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Figure 6-7. Aqueous Concentrations at the Water Table following phosphate Injection at the 9 Phase 1 Wells
during Low Water Levels (September 1, 2008)
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Figure 6-8. Aqueous Concentrations in Section through Center of Well Field following Phosphate Injection at
the 9 Phase 1 Wells during Low Water Levels (September 1, 2008) (Columbia River at right)
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Figure 6-9. Aqueous Concentrations at the Water Table following Phosphate Injection at the 36 Phase 1 and 2
Wells during Low Water Levels (September 1, 2008)
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Figure 6-10. Aqueous Concentrations in Section through Center of Well Field following Phosphate Injection
at the 36 Phase 1 and 2 Wells during Low Water Levels (September 1, 2008) (Columbia River at right)
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Figure 6-11. Saturated zone head and aqueous concentration time series at the center of well field for the 9-
well model for June (L) and September (R) injection periods.
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Figure 6-12. Saturated Zone Head and Aqueous Concentration Time Series at the Center of Well Field for the
36-well Model for June (L) and September (R) Injection Periods
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Attachment A

Software Installation and Checkout Forms for Controlled Use Software
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CHPRC SOFTWARE INSTALLATION AND CHECKOUT FORM

Software Owner Instructions:
Complete Fields 1-13, then run test cases in Field 14. Compare test case results listed in Field 15 to corresponding Test Report outputs.

If results are the same, sign and date Field 19. If not, resolve differences and repeat above steps.

Software Subject Matter Expert Instructions:

Assign test personnel. Approve the installation of the code by signing and dating Field 21, then maintain form as part of the software

support documentation.

GENERAL INFORMATION:

1. Software Name: STOMP (Subsurface Transport Over Multiple Phases)

EXECUTABLE INFORMATION:
2. Executable Name (include path):

All executable files installed in

6536b8e12d8c5b83dca76£2¢947b6153
e0cdf04bcla2f6c55c5a1b499939£663
6e72340bb39f6056e232fe5ff241c4d4
3£837a0fb8d9f47dbcada686£542d7fc
7e5b4dcc36a8991b3d5a8ealedl55ce4d”
00a898c0c3ec06817485781ladlc9ecd6
£18f£5ab5667065d8ab12657344fb6ald
061laf86cf21ad8435b046d0efabed71b
3¢8111a9855dc0e430bf3c8a7abecf37e
20436d615a94955a2ce8eecdb8cbas546
8b3df29df21d040189c3e2a50ef823bb
066a289%a75aedb933eb2536da5d7d1fE
c8e62ad7a0d9b6fca39d8a8952ef5d8e
28ad16806e1307aca51fd7b£89793e75
6c25051016db2felf883a7caaaabled’
f£9ff6£29b3469419ffaece87d7e772b
0c3e3fbad0£5b93e71bcf9586432£d27
78492aee80a8c2d0ade82aabf4afc213
84b129786aba9c4be884el5e45a67389
€990f1566c8099a8d54508de3da9cds8s
18a589%a2b55aab2db290efeal9p39351
6569959476772a137d£35¢ce874821889

directory /srv/samba/saved data/bin

stomp-wae-bcg-chprc04i.x
stomp-wae-bcg-chprc041.x
stomp-wae-bd-chprc04i.x
stomp-wae-bd-chprc041.x
stomp-wae-cgsg-chprc04i.x
stomp-wae-cgsg-chprc041l.x
stomp-wae-cgst-chprc04i.x
stomp-wae-cgst-chprc041.x
stomp-w-bcg-chprc04i.x
stomp-w-bcg-chprc04l.x
stomp-w-bd-chprc04i.x
stomp-w-bd-chprc041.x
stomp-w-cgsg-chprc04i.
stomp-w-cgsg-chprc041.
stomp-w-cgst-chprc04i.
stomp-w-cgst-chprc041.
stomp-w-r-bcg-chprc04i.x
stomp-w-r-bcg-chprc041.x
stomp-w-r—-bd-chprc04i.x
stomp-w-r-bd-chprc041.x
stomp-w-r-cgsq-chprc04i.x
stomp-w-r-cgsq-chprc041.x

XX X X

Software Version No.: Bld 4

3. Executable Size (bytes): MD5 signatures above uniquely identify each executable file

COMPILATION INFORMATION:
4. Hardware System (i.e., property number or ID):

Tellus Subsurface Modeling Platform
5. Operating System (include version number):

Linux tellusmgmt.rl.gov 2.6.18-308.4.1.el5 #1 SMP Tue Apr 17 17:08:00 EDT 2012 x86_64
x86 64 x86 64 GNU/Linux

INSTALLATION AND CHECKOUT INFORMATION:
6. Hardware System (i.e., property number or ID):

Green Linux Cluster
7. Operating System (include version number):

Linux green 3.2.0-35-generic #55-Ubuntu SMP Wed Dec 5 17:42:16 UTC 2012 x86_64 x86_64
x86 64 GNU/Linux

Page 1of 2 A-6005-149 (REV 0)

28
A-29




DOE/RL-2014-13-ADD2, REV. 0
ECF-300FF5-14-0030, REV. 0

CHPRC SOFTWARE INSTALLATION AND CHECKOUT FORM (continued)

1. Software Name: STCMP (Subsurface Transport Over Multiple Phases) Software Version No.: Bld 4

8. Open Problem Report? (&) No () Yes PR/CR No.

TEST CASE INFORMATION:
9. Directory/Path:

/srv/samba/saved data/test/stomp/build-04/ite
10. Procedure(s):

CHPRC-00211 Rev 1, STOMP Software Test Plan
11. Libraries:

N/A (static linking)
12, Input Files:

Input files for ITC-STOMP-1, ITC-STOMP-2Z, and ITC-STOMP-2
(Baseline for comparison are results files from ATC-STOMP-1, ATC-STOMP-2, and ATC-STOMP-3
prepared on Tellus during acceptance testing)

13. Output Files:
plot.* files produced by STOMP in testing
14, Test Cases:
ITC~-STOMP-1, ITC-STOMP-2, and ITC-STOMP-3
15. Test Case Results:
Pass for all executable files listed above.
16. Test Performed By: WE Nichols
17. Test Results: (8) Satisfactory, Accepted for Use () Unsatisfactory
18. Disposition (include HIS| update):

Accepted; Installation noted in HISI for users TJ Budge, N Hasan, A Mayenna, WJ McMahon,
WE Nichols, S Mehta, H Rashid.

| Prepared By, 7,

19. y i IS e WE Nichols 25 Apew. Zei 3
~ 7 Software Owner (Signature) Print Date
20. Test Personnek=7,
% o o WE Nichols 25 Apere 2o
4/ i Sign & Print Date
Sign Print Date
Sign Print Date
Approved By:
21. N/R (per CHPRC-00211 Rev 1)
Software SME (Signature) Print Date
Page 2 of 2 A-6005-149 (REV 0)
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