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Executive Summary

Over decades of operation, the U.S. Department of Energy (DOE) and its predecessors
have released nearly 2 trillion L (450 billion gal) of liquid into the vadose zone at the
Hanford Site. Much of this liquid waste discharged into the vadose zone occurred in the
Central Plateau, a 190 km? (75 mi?) area that includes approximately 800 waste sites.
Some of the inorganic and radionuclide contaminants have migrated to the deep vadose
zone (DVZ) to depths where direct exposure pathways are not of concern but may need
to be remediated to protect groundwater (DOE/RL-2007-56 [hereinafter called the DVZ
Treatability Test Plan];! Dresel et al., 20112). The Central Plateau DVZ begins at a depth
of approximately 15 m (50 ft) below ground surface (bgs) and extends to the top of the
groundwater, approximately 76 m (250 ft) bgs.

Purpose

This document provides a comprehensive evaluation of currently available DVZ
technologies, building upon previous Hanford Site technology evaluation studies and
workshops as well as literature searches, and recent treatability testing (conducted per the
DVZ Treatability Test Plan [DOE/RL-2007-56]) to identify additional relevant
technology development and demonstration activities outside of the Hanford Site. These
technologies were assessed to identify data needed to support remedial technology
screening and alternative evaluation, and recommends additional treatability studies for
the most promising DVZ technologies. The evaluation considered the potential need for
laboratory, modeling, or field studies to provide suitable information for future feasibility
studies (FSs) for the 200-DV-1 Operable Unit (OU) and other scurce OUs in the Hanford
Site Central Plateau. The 200-DV-1 OU consists of 43 waste sites in the B Complex,

S Complex, and T Complex, and includes a zone of perched water below B Complex
near the B-BX-BY Tank Farms. The technology evaluations performed herein do not
screen out any remedial technologies for consideration in future FSs/corrective measures
studies (CMSs). The fact that technologies are not recommended for treatability studies

(e.g., excavation) does not imply these are considered poor remedial technologies. All

1 DOE/RL-2007-56, 2008, Deep Vadose Zone Treatability Test Plan for the Hanford Central Plateau, Rev. 0,

U.S. Department of Energy, Richland Operations Office, Richland, Washington. Available at:
http://pdw.hanford.gov/arpir/index.cfm/viewDoc?accession=0804160110.

2 Dresel, P.E., D.M. Wellman, K.J. Cantrell, and M.J. Truex, 2011, “Review: Technical and Policy Challenges in Deep
Vadose Zone Remediation of Metals and Radionuclides,” Environ. Sci. Technol. 45(10):4207-4216.
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applicable DVZ remediation technologies will be included in the FS evaluations for DVZ

waste sites.

This report also summarizes the results and conclusions of treatability testing conducted
under the DVZ Treatability Test Plan, which identified treatability studies for six
technologies for remediating technetium-99 and uranium in the DVZ. Results from those
treatability tests were included in this technology evaluation and treatability study

assessment.

Conclusions

Comprehensive evaluation of vadose zone technologies identified a list of technologies to
consider when assembling remedial alternatives for the 200-DV-1 OU and other Hanford
Site Central Plateau vadose zone OU FSs. A preliminary assessment of the effectiveness,
implementability, and applicability of these technologies to Central Plateau DVZ
treatment areas and contaminants of interest (COIs) was conducted to identify data needs
to support technology screening and alternative evaluation in future FSs. This document
provides recommendations for technologies where additional information on treatment
effectiveness is needed to supplement existing technology information to evaluate

effectiveness, implementability, and cost (EIC) in an FS.

The technology evaluation and associated treatability study recommendations are based
on the current general understanding of the nature and extent, fate and transport, and risk
to groundwater of the vadose zone contamination. The 200-DV-1 OU Remedial
Investigation (RI)/ FS and Resource Conservation and Recevery Act Facility
Investigation (RFI)/CMS will determine which waste sites and contaminants pose a risk

to groundwater.

The information from the recommended treatability studies needs to be obtained so these
technologies can be appropriately evaluated in the FS to expand on the limited number of
viable DVZ remediation technologies. The treatability study assessment concluded the

need for the following field and laboratory scale information:

e Laboratory studies to determine the effectiveness and scale-up potential for
particulate-phase and liquid-phase in situ technologies are needed to support

evaluation of contaminant sequestration approaches for perched water.
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e Laboratory studies of the same technologies selected for the perched water, but using
the geochemical conditions relevant for the water table, are needed to support
evaluation of injecting a permeable reactive barrier at the water table interface with
the vadose zone. This information will enable evaluation of this approach as a
potential option for locations where contaminants in the vadose zone are at or near

the water table.

e Limited number of in situ technologies to sequester or degrade contaminants were
identified for use in the unsaturated portion of the DVZ. Three technologies have
potential for applicability based on available technical information, but data are not
available to determine their effectiveness for specific Hanford Site applications.
Laboratory studies are needed to provide information to evaluate the effectiveness of

these candidate technologies in an FS.

e To support an evaluation of surface barriers, modeling based on existing field data is
needed to quantitatively relate barrier size and placement to the effective depth for

mitigating DVZ contamination.

The additional laboratory and modeling treatability studies recommended in this report
will likely provide enough information to perform remedial alternative evaluations in the
FS. The information obtained for technology effectiveness from the treatability studies,
when combined with the other available technology information, will likely be sufficient
for evaluating these technologies in the FS. After completing the laboratory studies and
the 200-DV-1 OU RI (and RFI), results will be evaluated to determine whether field
studies are needed to provide additional information on effectiveness, implementability,

or costs for evaluating these technologies in the FS.

While the need for field studies was considered for all technologies, no additional field

studies are recommended at this time because either the technology:
e s already sufficiently mature for consideration in an FS

e Has poor effectiveness or implementability
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e Has limited applicability that requires identification of an appropriate waste site

during the RI (and RFI) process

e Has identified data gaps that can be addressed through laboratory or modeling studies

to enable their consideration in an FS

While no field studies are recommended at this time as described above, the need for
field studies will be evaluated based on the results of the recommended laboratory studies
and completion of the remedial investigations of the waste sites. Because only limited
laboratory and modeling studies were identified, it is rccommended that the 200-DV-1
OU RI/FS and RFI/CMS and these additional treatability studies be conducted
concurrently. This is important because the RI/FS will help to identify the waste sites that

have the potential for future groundwater contamination.

This document also summarizes the results and recommendations from the treatability
studies performed under the DVZ Treatability Test Plan (DOE/RL-2007-56) and fulfills
the requirement of the test plan for a final evaluation of the treatability effort. One
follow-on study was identified to provide refined surface barrier information that will
enable this technology to be effectively evaluated in an FS. All other technologies studied
in the DVZ Treatability Test Plan have suitable information for direct consideration in an

FS evaluation.

Recommendations

The following modeling and laboratory studies are recommended from this evaluation to

provide enough information to perform remedial alternative evaluations in the FS:

e Initiate a modeling study based on existing field data te assess surface barrier design

to correlate surface barrier size and placement to depth of barrier effectiveness.

e Initiate laboratory studies to assess effectiveness of in situ gas-phase technologies for

contaminants in the unsaturated DVZ.

e Initiate laboratory studies of in situ technologies to sequester contaminants in the

perched water to expand remedial alternatives beyond the current response action.

e Initiate laboratory studies of in situ technologies to sequester contaminants at the
water table to enable evaluation of this approach for locations where contaminants in

the vadose zone are at or near the water table.

Vi




DOE/RL-2017-58, REV. 0

Table ES-1 summarizes the recommended treatability studies and provides examples of

waste sites in 200-DV-1 and other Hanford Site Central Plateau OUs that these

technologies could be applied to if the studies show they are effective and implementable.

The 200-DV-1 OU perched water and BY Cribs are likely continuing sources of

technetium-99 and uranium to groundwater, but these waste sites and the other listed

waste sites need to be evaluated in the RI process to assess potential impacts to

groundwater.

Table ES-1. Recommended Studies and Potential Site Applications

Technology Process Option

COI to
Study

Examples of Potentially
Applicable 200-DV-1 Waste
Sites

Examples of Other Potentially
Applicable Waste Sites

Laboratory quantification of effectiveness is needed for use in combination with existing field-scale information from
other sites to evaluate these technologies in a feasibility study

Technologies for Unsaturated Zone Applications

Gas-phase combined bioreduction Tc-99 BY Cribs ? BC Cribs and Trenches®
and chemical sequestration
Gas-phase bioremediation Nitrate Unknown® Unknown®
CN BY Cribs? Unknown ®
Cr(VI) Unknown® 216-S-10°,216-S-8°, 216-T-4a®
Gas-phase chemical sequestration 1-129 Unknown® 216-A-10Y, 216-A-5°, 216-S-7°

Technologies for the 200-DV-1 Perched Water and Use as a Horizontal Permeable

Reactive Barrier at the Water Table

Particulate-phase chemical U and Perched Water?, below 216-U-1&22, S-SX Tank Farm?,
sequestration Tc-99 Perched Water 2, and below C Tank Farm?, BC Cribs and
BY Cribs ? Trenches®
Cr(VI) Unknown® 216-S-10°, 216-S-8°, 216-T-4a®
I-129 Unknown® 216-A-10°, 216-A-5% 216-S-7°
Particulate-phase combined chemical | U and Perched Water 2, below 216-U-1&22, S-SX Tank Farm?,
reduction and sequestration Tec-99 Perched Water 2, and below C Tank Farm 2, BC Cribs and
BY Cribs? Trenches®
Liquid-phase chemical sequestration U and Perched Water ?, below 216-U-1&2?, S-SX Tank Farm?,
Tec-99 Perched Water 2, and below C Tank Farm?, BC Cribs and
BY Cribs? Trenches®
Cr(VI) Unknown® 216-S-10°,216-S-8°, 216-T-4a®
1-129 Unknown® 216-A-10°, 216-A-5°,216-S-7°
Liquid-phase combined chemical U and Perched Water 2, below 216-U-1&22, S-SX Tank Farm 2,
reduction and sequestration Tc-99 Perched Water 2, and below C Tank Farm?, BC Cribs and
BY Cribs? Trenches®

Vii
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Table ES-1. Recommended Studies and Potential Site Applications

Examples of Potentially

COI to Applicable 200-DV-1 Waste Examples of Other Potentially
Technology Process Option Study Sites Applicable Waste Sites
Liquid-phase combined bioreduction U, Tc-99, | Perched Water 2, below 216-U-1&2?, S-SX Tank Farm?,
and chemical sequestration nitrate Perched Water?, and below C Tank Farm?, BC Cribs and
BY Cribs® Trenches ®
CN BY Cribs? Unknown ®

Model/Paper Study to Support Barrier Design

Surface barrier: relate surface barrier All Unknown® Unknown ®
size to depth of barrier effectiveness

No field studies are recoinmended at this time. The need for field studies will be evaluated based on results of the above
treatability studies and waste site investigations

None identified N/A N/A N/A

Note: Bolded COIs are primary known contaminant targets. Other COls are potential co-contaminants to evaluate with primary COls.
a. These are likely continuing sources of contaminants to groundwater.

b. The reracdial investigation evaluation will determine the waste sites that impact groundwater.

COlI = contaminant of interest
DVZ = deep vadose zone
N/A = not applicabie

The recommended laboratory studies are anticipated to take 2 to 3 years to implement
from the time of sediment sample receipt until reporting of results and should be
completed to support submission of the 200-DV-1 OU FS to regulatory agencies for their
review by 2023. The surface barrier modeling/paper study is anticipated to take less than

a year to fully evaluate.

Technology Evaluation and Treatability Study Assessment Approach

To provide a comprehensive evaluation of available DVZ technologies, the DVZ
technologies compiled from previous Hanford Site studies and workshops (which
culminated in the tables presented in Appendix A of SGW-503393) were used as a
starting point. This list was augmented by performing a literature search to identify
additional relevant technology development and demonstration activities conducted since
2011 at the Hanford Site, other DOE facilities, and other federal agencies and

environmental remediation resources (e.g., U.S. Environmental Protection Agency,

3 SGW-50339, 2011, Remediation Technologies Screening Report for the Deep Vadose Zone, Hanford’s Central
Plateau, Rev. 0, CH2M HILL Plateau Remediation Company, Richland, Washington. Available at:
https://pdw.hanford.gov/arpir/index.cfm/viewDoc?accession=0064784H.

viii
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U.S. Department of Defense, Federal Remediation Technologies Roundtable’s
Remediation Technology Screening Matrix) and combined into a list of potentially

implementable DVZ technologies.

The DVZ technologies were evaluated to provide a range of viable remediation
technologies to develop remedial alternatives for FSs and to identify promising
remediation technologies that require further treatability testing. The technologies were
evaluated with respect to the known EIC information, similar to the technology screening
performed in an FS. Evaluation of effectiveness considered the degree to which a
technology reduces toxicity, mobility, or volume through treatment, minimizes residual
risks and affords long-term protectiveness and permanence, minimizes short-term
impacts, and how quickly it achieves protectiveness. For this evaluation, a preliminary
list of COIs was generated based on higher mobility contaminants in the Central Plateau
groundwater, from process knowledge of Hanford Site operations, and from available
vadose zone characterization data (e.g., characterization of 200-DV-1 completed in 2018

in accordance with DOE/RL-2011-1024).

Four treatment areas were identified to represent various stratigraphy and deployment
characteristics to assess the implementability of the remediation technologies. The four
treatment areas are higher permeability zones, lower permeability zones, perched water
zones, and water table interface zones. This qualitative approach assessed relative
strengths and weaknesses of technologies for each COI and treatment area to determine
which technologies may warrant treatability studies. Technology data needs were then
identified using the information compiled in the technology EIC evaluation. Based on the
identified data need, the type of treatability study required to address this need was
determined based on what would be required for input to an FS. This assessment included
considering the potential need for laboratory, modeling, or field studies to provide
suitable information for FSs for the 200-DV-1 OU and other vadose zone OUs in the
Hanford Site Central Plateau.

Closeout of Previous Treatability Test Plan Activities

The DVZ Treatability Test Plan (DOE/RL-2007-56) submitted pursuant to
Milestone M-015-50, Hanford Federal Facility Agreement and Consent Order, provided

4 DOE/RL-2011-102, 2016, Remedial Investigation/Feasibility Study and RCRA Facility Investigation/Corrective
Measures Study Work Plan for the 200-DV-1 Operable Unit, Rev. 0, U.S. Department of Energy, Richland Operations
Office, Richland, Washington. Available at: http:/pdw.hanford.gov/arpir/index.cfm/viewDoc?accession=0075538H.
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a strategy and a framework to evaluate specific vadose zone remediation technologies

and included evaluation criteria for a comprehensive set of laboratory, modeling, and

field tests. This document fulfills the requirement of the DVZ Treatability Test Plan to

summarize the final results and recommendations of those treatability study efforts. The

scope of the DVZ Treatability Test Plan focused on technetium-99 and uranium, because

these contaminants are mobile in the subsurface environment compared to other DVZ

contaminants and have been detected at high concentrations deep in the vadose zone, as

well as in groundwater. Testing of technologies for remediation of technetium-99 and

uranium also provided information relative to remediation of other contaminants in

the DVZ.

The treatability studies performed under the DVZ Treatability Test Plan

(DOE/RL-2007-56) were conducted to obtain technical performance data for full-scale

use of a technology at the Hanford Site and provide a technical basis to evaluate the

technology as part of a remedy when developing and screening remedial alternatives in

FSs. The strategy focused on testing the most promising in situ treatment and surface

barrier technologies as determined based on several technology evaluation efforts at the

Hanford Site as a first step in considering technologies for the DVZ. The technologies

selected for inclusion in the test plan and the results and conclusions of those treatability

studies are summarized in Table ES-2. The results, conclusions, and recommendations of

the treatability evaluations performed in the DVZ Treatability Test Plan

(DOE/RL-2007-56) are provided in Table ES-2.

Table ES-2. Treatability Test Plan Results, Conclusions, and Recommendations

Treatability
Study

Technology Description

Treatability Results, Conclusions, and
Recommendations

Desiccation

Desiccation involves injecting dry air to
evaporate soil moisture from the contaminated
zone to augment the impact of a surface barrier
to impede water movement and the transport of
contaminants into groundwater. Desiccation has
a limited impact on contaminant concentrations,
so long-term effectiveness relies on limiting
moisture recharge.

Desiccation is considered a viable technology for
remediation of most COls except organics in the DVZ. It
is ready for FS evaluations, and no further treatability
studies are recommended. Desiccation is potentially
applicable for all unsaturated zone sites.

In Situ
Gaseous
Reduction

A reducing gas (e.g., hydrogen sulfide) is used to
directly reduce some contaminants and render
them less soluble while they remain reduced or
can reduce sediment-associated iron, which can
subsequently reduce contaminants.

In situ gaseous reduction was evaluated as an option for
field testing, but was not tested in favor of testing
desiccation and URGS. This decision was informed by a
modeling and experimental study indicating poor
longevity of the reducing conditions on which this
technology relies in the vadose zone.
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Table ES-2. Treatability Test Plan Results, Conclusions, and Recommendations

Treatability Treatability Results, Conclusions, and
Study Technology Description Recommendations
Multi-Step Geochemical manipulation uses amendments The goal of this laboratory study was to select a gas-
Geochemical | that cause dissolution and then precipitation of phase technology for field testing. The testing showed

Manipulation

the target contaminant or combine oxidation-
reduction reactions with other chemical reactions
to immobilize/encapsulate the target
contaminant.

ammonia (NH3) was the most promising gas-phase
approach and led to the URGS studies. There is no
additional continuation from this specific treatability test
component.

Uranium reactive gas sequestration (URGS):

Gas phase ammonia is injected into the
contaminated zone to create alkaline pore water
conditions that dissolve aluminosilicates.
Re-precipitation that occurs as the system buffers
back toward pre-injection conditions creates
uranium silicates and coats some uranium with
aluminosilicates, decreasing uranium mobility.

Technology limitations were identified during baseline
laboratory testing and analysis that was conducted as part
of the treatability study using sediment samples obtained
from the 216-U-8 field test site. These tests showed that
ammonia treatment did not reduce uranium mobility as
intended, and in many of the samples, resulted in
increased uranium mobility. Because of these test results,
field testing activities were stopped and ammonia
injection was not conducted.

URGS has limited applicability because (1) the treatment
chemistry is sensitive to site geochemical conditions,

(2) significant laboratory efforts to ensure effectiveness
for a specific site are needed prior to field
implementation, (3) there are implementation risks from
handling and monitoring the reactive gas (ammonia), and
(4) the treatment process adds nitrate to the subsurface,
which may be problematic at locations where nitrate
could potentially reach the groundwater at concentrations
above levels of concern.

There are 11 sites on the Hanford Central Plateau where a
high inventory of uranium was discharged: 5 had a waste
discharge with neutral to basic pH and URGS would
likely not have the same type of limitations observed at
the field test site; 6 sites had acidic discharge (including
the 216-U-8 site) and URGS would likely have poor
effectiveness.

Because of the technological limitations and few
applicable waste sites, it is recommended that no URGS
field studies be conducted at this time.

Subsurface Grout injection reduces subsurface contaminant Permeation grouting was found to have a limited radius
Grout mobility by injecting grout or a binding agent of influence for the unsaturated zone; therefore, it rated
Injection into the subsurface to physically/chemically bind | poorly for implementability. It is not recommended for
or encapsulate contaminants. widespread treatment of contaminants. No additional
activities are needed to support consideration of
subsurface grouting in FSs.
Soil Flushing | Soil flushing operates by adding water and, if Modeling and literature information for soil flushing

necessary, a surfactant or lixiviant to mobilize
contaminants and flush them from the vadose
zone and into the groundwater where they are
subsequently captured by a pump and treat
system.

showed that there are potential issues with flushing the
thick Central Plateau vadose zone, primarily due to the
potential for lateral spreading of the flushing solution and
associated contaminants. Therefore, it rated poorly for
implementability and is not recommended for most
applications in the DVZ of the Hanford Central Plateau. It
is ready for FS evaluations, and no further treatability
studies are recommended.

xi
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Table ES-2. Treatability Test Plan Results, Conclusions, and Recommendations

Treatability Treatability Results, Conclusions, and
Study Technology Description Recommendations
Surface Surface barriers reduce water infiltration, which | The treatability study provided baseline information for
Barriers diminishes the hydraulic driving force for surface barrier evaluation. However, as noted in the
contaminant migration downward through the study, an additional modeling assessment is needed and is
vadose zone to the groundwater. recommended to better define the effective depth and
areal extent of the barrier in support of FS evaluations.
Surface barriers are recommended for consideration in an
FS as a stand-alone technology or in conjunction with
desiccation to address most COls.
COlI = contaminant of interest
DVZ = deep vadose zone
FS = feasibility study
URGS = uranium reactive gas sequestration

Xii
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1 Introduction

The U.S. Department of Energy (DOE) Hanford Site is a 1,500 km? (580 mi?) federal facility located in
southeastern Washington State along the Columbia River (Figure 1-1). For administrative purposes,
the Hanford Site was divided into four National Priorities List (NPL) sites in 1989 (Appendix B of

40 CFR 300, “National Oil and Hazardous Substances Pollution Contingency Plan,” hereinafter called the
National Contingency Plan [NCP]) under the Comprehensive Environmental Response, Compensation,
and Liability Act of 1980 (CERCLA). One of the four NPL sites is the 200 Area. In anticipation of the
NPL listing, DOE, the U.S. Environmental Protection Agency (EPA), and the State of Washington
(through the Washington State Department of Ecology [Ecology]) entered into the Hanford Federal
Facility Agreement and Consent Order (Tri-Party Agreement) (Ecology et al., 1989) in May 1989.
This agreement established a procedural framework and schedule for developing, implementing, and
monitoring CERCLA response actions at the Hanford Site. The agreement also addresses Resource
Conservation and Recovery Act of 1976 (RCRA) compliance and permitting.

The 200 Area NPL site, which is commonly referred to as the Central Plateau, encompasses
approximately 190 km? (75 mi?) near the center of the Hanford Site and contains multiple waste sites,
contaminated facilities, and groundwater contamination plumes. The CERCLA site identification number
for the 200 Area is No. WA1890090078. To facilitate cleanup, these waste sites, facilities, and
groundwater plumes have been grouped by geographic areas, process types, or cleanup components into
several operable units (OUs).

A majority of waste sites with deep vadose zone (DVZ) contamination in the Central Plateau are
assigned to the 200-DV-1, 200-EA-1, 200-WA-1, and 200-BC-1 OUs. This document supports
DOE/RL-2011-102, Remedial Investigation/Feasibility Study and RCRA Facility Investigation/Corrective
Measures Study Work Plan for the 200-DV-1 Operable Unit (hereinafter called the 200-DV-1 remedial
investigation/feasibility study [RI/FS] and RCRA Facility Investigation/Corrective Measures Study
[RFI/CMS] work plan [WP]) efforts, but the information is also relevant to other OUs within the Central
Plateau with DVZ contamination. Figure 1-2 shows the location of Central Plateau vadose zone source
OUs. The DOE Richland Operations Office is the lead agency for remediation of the Central Plateau
source OUs, including the 200-DV-1 OU. Section 5.1 and Appendix C of the Tri-Party Agreement
(Ecology et al., 1989) identify the lead regulatory agency for each OU. Ecology is the lead regulatory
agency for the 200-DV-1 and 200-EA-1 OUs. EPA is the lead regulatory agency for remediation of the
200-WA-1 and 200-BC-1 OUs.

1.1 Purpose

This document addresses the requirement from the 200-DV-1 RI/FS and RFI/CMS WP
(DOE/RL-2011-102) to identify appropriate treatability testing in support of the upcoming feasibility
study (FS), as well as providing input for future remedy selection efforts at other Central Plateau source
OUs with waste sites that have DVZ contamination. It identifies additional potential DVZ treatment
technologies for vadose zone contaminants on the Central Plateau that have the potential to impact
groundwater and recommends additional treatability studies, where appropriate. This document
summarizes and closes out the DVZ treatability studies performed under the DOE/RL-2007-56, Deep
Vadose Zone Treatability Test Plan for the Hanford Central Plateau (hereinafter called the DVZ
Treatability Test Plan).

1-1



DOE/RL-2017-58, REV. 0

)
"

=
'LL._._r-'—-———l

L:J Hanford Site Boundary
'™ 7l Central Plateau Area Boundary

l:] Former Operational Boundary

Basalt Above Water Table
ERDF = Environmental Restoration
Disposal Facility
012 3 4 5km
{ SN WS [ W——
— 9
0 1 2 3 4m cHsonzois030q

1

|

: :ﬂ; p b §|
200 N ERDF 200E

I - i

G imerves T

|

Outer Area

—— —— e W -

0O 400
%""b

/ A \

Figure 1-1. Hanford Site

1-2




DOE/RL-2017-58, REV. C

B 200-0v-1 0U (Deep Vadose Zone) T gg&ﬁ::“;;;""“")
- 200:EA:1:0U) (East Aren) - Approved Waste Disposal Sites
200-1S-1 OU (Pipeline Systems) Key Facilities, Canyons, &
Associated Waste Sites
B 200-Pw-173 & 200-cw-5 OUs e
200-SW-2 OU (Burial Grounds) Management Areas
200-WA-1/200-BC-1 OUs (West
Area/BC Cribs & Trenches)
i
{
|
|
|

‘ Outer Area

T Plant
- 200-CB-1 0U

Trench 31 & 34~
! renc k
B Plant
200-CU-1 OU
U Plant

200-CP-1 OU
PUREX |

[ B Inner Area Operable Units
[ : 200-CR-1 OU 200-PW-1 3/6 & 200-CW-5 Plutonium Contaminated Soil Sites
| REDOX 200-WA-1 & 200-BC-1 20C West Inner Area & BC Cribs & Trenches

i 200-EA-1 200 East Inner Area [
200-1S-1 200 Area Pipelines |
200-SW-2 Burial Grounds ‘
200-DV-1 Deep Vadose Zone
200-CB-1 B Plant Canyon
200-CP-1 PUREX Canyon
200-CR-1 REDOX Canyon
200-CU-1 U Plant Canyon ‘
Outer Area Operable Units
200-OA-1 & 200-CW-1/3 Outer Area [
Groundwater Operable Units ‘
200-ZP-1 & 200-UP-1 West Area Groundwater
200-PO-1 & 200-BP-5 200 East Area Groundwater

ERDF = Environmental Restoration Disposal Facility

IDF = Integrated Disposal Facility

PFP = Plutonium Finishing Plant

PUREX = Plutonium Uranium Extraction (Plant)

REDOX = Reduction-Oxidation (S Plant) CHEGWI010019

Figure 1-2. Operable Units in the Central Plateau

Technologies are evaluated with respect to the information available about their effectiveness,
implementability, and cost (EIC) for the Central Plateau vadose zone contaminants and the treatment
areas (stratigraphic units and the interface with the saturated zone) where these technologies can be
deployed. The focus of treatability studies and technology evaluations provided in this document is
limited to groundwater protection within the DVZ. As such, the evaluations do not address remediation of
vadose soils to concentrations that meet cleanup levels for human health direct contact and ecological
exposure scenarios within the upper 4.6 m (15 ft) of the vadose zone. For this report, the Central Plateau
DVZ begins at a depth of approximately 15 m (50 ft) below ground surface (bgs) and extends to the top of
the groundwater. The technology evaluations performed herein do not screen out any remedial
technologies for consideration in future FS/CMSs and the fact that technologies are not recommended for
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treatability studies (e.g., excavation) does not imply these are considered poor remedial technologies. All
applicable DVZ remediation technologies will be included in the FS evaluations for DVZ waste sites.

1.2 Objectives

The 200-DV-1 RIVFS and RFI/CMS WP (DOE/RL-2011-102) specifies that following characterization of
the waste sites, DVZ remediation technologies will be evaluated to identify potential technologies that
could enhance future remediation and determine whether to conduct a treatability test to support remedy
selection. The overall objective of the technology evaluations and treatability study assessment described
in this report is to support the decision-making process for CERCLA Remedial Action and RCRA
Corrective Action for DVZ waste sites on Hanford’s Central Plateau, including those in the

200-DV-1 OU. To support this over-arching objective, this report focuses on the following elements:

e Define DVZ contamination treatment areas (categories of representative stratigraphic units and
interfaces with the saturated zones described in Section 2.3) where remedial technologies may be
needed for groundwater protection, including integration of the most recent characterization and
attenuation/transport study results.

e Identify DVZ technology candidates for groundwater protection and describe their state of
development.

e Assess DVZ technologies for application at the DVZ treatment areas and determine if sufficient
information exists such that the EIC of each technology can be assessed to support future FS
evaluations. Provide a list of recommended technologies to consider for FSs of DVZ contaminants in
the designated treatment areas.

e Define remedial technology data gaps for DVZ treatment areas and determine whether additional
treatability evaluations are needed to address those data gaps.

e Provide a final treatability test evaluation to close out the DVZ Treatability Test Plan
(DOE/RL-2007-56).

1.3 Regulatory Context

This section discusses the role of treatability studies within the RCRA-CERCLA cleanup framework.
This section also discusses this document’s focus on pre-Record of Decision (ROD) treatability studies.

DOE'’s remediation activities are governed by CERCLA and the substantive requirements of RCRA and
other environmental laws. It is DOE’s policy to rely on the CERCLA process to meet the technical
requirements of RCRA corrective action and the regulatory guidance documents cited within this
document are primarily CERCLA guidance documents.

Treatability studies provide data to support technology screening and evaluation, remedy selection, and
remedial design and implementation. Selection of remedial actions involves several risk management
decisions. Uncertainties with respect to the performance, reliability, and cost of treatment alternatives
underscore the need for well-planned, conducted, and documented treatability studies.
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Treatability studies provide valuable site-specific data necessary to support Superfund/RCRA
remedial/corrective actions and serve the following purposes:

e To support remedial technology screening and evaluation
e To aid in the selection of the remedy
¢ Toaid in the design and implementation of the selected remedy

Treatability studies conducted during an RI/FS indicate whether a given technology can meet preliminary
remedial goals for the site and provide important information to aid in remedy selection. Treatability
studies conducted during remedial design/remedial action establish the design and operating parameters
necessary to optimize technology performance and implement a sound, cost-effective remedy.

Site characterization and treatability investigations are two of the main components of the RI/FS study
process. As site and technology information is collected and reviewed, additional data needs for
evaluating remedial action alternatives are identified. Treatability studies may be required to fill some of
these data gaps.

In the absence of data in the available technical literature, treatability studies can provide the critical
performance and cost information needed to evaluate and select treatment-based alternatives. The purpose
of a treatability investigation performed prior to a ROD is to provide the data needed for technology
screening and evaluation and to support the detailed analysis of alternatives in the FS. This report
evaluates DVZ technologies to determine the need for treatability studies prior to the ROD to provide
information needed in an FS and proposed plan to evaluate and select treatment-based alternatives.

In addition to the technical and scientific value of conducting tests, EPA and Ecology have formally
requested that DOE evaluate and test technologies for remediation of DVZ contamination. In Ecology and
EPA, 2004, “Treatability Investigations for Technetium-99,” EPA and Ecology requested that DOE
“develop a strategy for improved methods to understand the nature and extent of vadose zone
contamination and to develop remedial options for addressing such contamination,” specifically for
technetium-99. Remedial technology evaluations have largely been addressed to date through literature
reviews and conducting two technical workshops employing panels of outside experts with input solicited
from the regulatory agencies. Significant efforts in the laboratory and in the field addressing the behavior
of technetium-99 and uranium using specific remediation techniques have been completed to satisfy the
requirements of the DVZ Treatability Test Plan (DOE/RL-2007-56).

Making cleanup decisions for the DVZ is complicated by the following factors:

e The Tri-Party Agreement (Ecology et al., 1989) has administratively segregated the investigation and
decision making for source OUs from the groundwater OUs that may be affected by those sources.

e DVZ contamination is distributed across many different waste site OUs and tank farm waste
management areas so there is not currently a single investigation or decision process addressing this
problem.

* DVZ contamination from multiple sources, OUs, and areas under different regulatory authority is
often commingled in the subsurface.

® The schedule for addressing potential tank farm sources in the DVZ currently occurs many years later
than other sources, which may complicate early or delay final remedy decisions for contaminated
groundwater.
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1.4 Integration of Central Plateau Operable Units and Waste Management Areas

This section discusses the integration of Central Plateau OUs and waste management areas (WMAs).

In 2010, the Tri-Parties (DOE, EPA, and Ecology) realigned the Central Plateau source OUs into

10 groups established per Tri-Party Agreement Change Package M-15-09-02, Federal Facility Agreement
and Consent Order Change Control Form: Modify Tri-Party Agreement M-15 Series Milestones for
Central Plateau Waste Sites and Groundwater. To facilitate consistent remedial decisions across the
Central Plateau Inner Area, the Tri-Parties modified the Tri-Party Agreement in 2010 to restructure

the Central Plateau remediation activities. Restructuring included consolidating some of the Inner Area
waste sites into geographical area-based OUs, resulting in the creation of the 200-EA-1 and

200-WA-1 OUs, and retention of the 200-BC-1 OU (Figure 1-2). An additional OU, 200-DV-1, was
created to include waste sites in the Inner Area with DVZ contamination. The Tri-Parties created the
200-DV-1 OU to address the challenges of cleaning up the deeper, mobile contamination in the

Central Plateau. On the Central Plateau, the DVZ is defined as the region below the practical depth of
surface remedy influence (e.g., shallow excavation or barriers) and above the regional aquifer.

The Tri-Parties created the 200-DV-1 OU to support investigation and remedy selection for waste sites
with DVZ contamination.

Table 1-1 lists the Central Plateau groundwater and source OUs. Figure 1-2 shows the CERCLA source
OUs located in the Central Plateau Inner Area.

Table 1-1. Central Plateau Groundwater and Source OUs

ou OU Type Description

200-UP-1 Groundwater | Groundwater contamination in the southern 200 West Area and surrounding
600 Area primarily originating from U Plant and REDOX Plant waste sites.

200-ZP-1 Groundwater | Groundwater contamination in the northern 200 West Area and surrounding
600 Area primarily originating from T Plant and Plutonium Finishing Plant
waste sites.

200-BP-5 Groundwater | Groundwater contamination in the northern 200 East Area and surrounding
600 Area primarily originating from B Plant.

200-PO-1 Groundwater | Groundwater contamination in the southern 200 East Area and surrounding
600 Area primarily originating from PUREX Plant.

200-DV-1 Source Addresses waste sites with deep vadose zone contamination posing a threat to
groundwater quality and for which standard surface-based remedies cannot be
used. It currently consists of waste sites in the vicinity of WMA B-BX-BY in the
200 East Area, and WMA T, WMA TX-TY, and WMA S-SX in the 200 West
Area, although other waste sites may be added in the future.

200-PW-1 Source Waste sites in the Inner Area contaminated primarily with plutonium and/or

200-PW-3 cesium.

200-PW-6

200-CW-5

200-WA-1 Source Majority of the waste sites in the 200 West Inner Area and the BC Cribs

200-BC-1 and Trenches.

200-EA-1 Source Majority of the waste sites in the 200 East Inner Area and pipelines in the

200-IS-1 Inner Area.
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Table 1-1. Central Plateau Groundwater and Source OUs

ou OU Type Description
200-SW-2 Source Burial grounds and landfills located in the Inner Area.
200-CB-1 Source B Plant canyon and associated waste sites.
200-CP-1 Source PUREX Plant canyon and associated waste sites.
200-CR-1 Source REDOX Plant canyon and associated waste sites.
200-CU-1 Source U Plant canyon and associated waste sites.
200-0OA-1 Source Waste sites located in the Outer Area.
200-CW-1
200-CW-3
ou = operable unit
PUREX = Plutonium Uranium Extraction (Plant)
REDOX = Reduction-Oxidation (Plant)
WMA = waste management area

The 200-DV-1 OU RI/FS and RFI/CMS WP (DOE/RL-2011-102) and subsequent decision documents
must be closely integrated with the overall Hanford Site closure strategy. Integration with other regulatory
programs and other OUs in the Inner Area are discussed in the following subsections. Specific ongoing
sampling, analysis, and remedial action activities that are critical to the Central Plateau OU decision
process are also discussed.

1.41 Central Plateau Source Operable Units

The current OUs in the Central Plateau Inner Area contain waste sites that received liquid wastes
(200-EA-1 OU; 200-WA-1 OU and 200-BC-1 OU; 200-PW-1 OU, 200-PW-3 OU, 200-PW-6 OU, and
200-CW-5 OU; and 200-DV-1 OU); waste sites that received solid wastes (200-SW-2 OU); and waste
sites associated with inactive waste transfer pipelines (200-IS-1 OU). The Inner Area also contains OUs
for former processing plants (canyons) and associated waste sites. The OUs are shown in Figure 1-2.

While the source OUs in the Central Plateau are in various stages of the cleanup process, RODs have
been published for interim or final remedial action at the 200-PW-1, 200-PW-3, 200-PW-6, and
200-CW-5 OUs (a grouping of primarily plutonium- and cesium-contaminated waste sites)
(DOE/RL-2016-01, Hanford Fourth CERCLA Five-Year Review Report). DOE/RL-2010-49, Remedial
Investigation/Feasibility Study Work Plan for the 200-WA-1 and 200-BC-1 Operable Unit, was approved
in January 2017. DOE/RL-2011-102 was approved in July 2016. An RFI/CMS and an RI/FS work plan
for the 200-IS-1 OU are currently being prepared.

A removal action for the 200-DV-1 OU is being implemented under DOE/RL-2014-34, Action
Memorandum for 200-DV-1 Operable Unit Perched Water Pumping/Pore Water Extraction, and
DOE/RL-2014-37, Removal Action Work Plan for 200-DV-1 Operable Unit Perched Water
Pumping/Pore Water Extraction.

1.4.2 Central Plateau Groundwater Operable Units

Four groundwater OUs underlie the 200 Areas in the Central Plateau Inner Area: 200-BP-5, 200-PO-1,
200-UP-1, and 200-ZP-1. Figure 1-3 shows the groundwater OUs at the Hanford Site.
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Groundwater impacts resulted from discharges to waste sites and, in some cases, it is suspected that
vertical transport was enhanced by poorly sealed nearby wells. Contaminants present in the four
groundwater OUs originated from historical discharges to the Central Plateau waste sites.

A groundwater pump and treat (P&T) system was constructed to address contaminated groundwater
present in the 200-ZP-1 and 200-UP-1 OUs. A ROD (EPA et al., 2008, Record of Decision Hanford
200 Area 200-ZP-1 Superfund Site Benton County, Washington) was issued in 2008, and an interim
remedial action ROD (EPA et al., 2012, Record of Decision for Interim Remedial Action Hanford

200 Area Superfund Site 200-UP-1 Operable Unit) was issued in 2012. DOE/RL-2016-41, Action
Memorandum for 200-BP-5 Operable Unit Groundwater Extraction, was issued in 2016 implementing
a non-time critical removal action for the 200-BP-5 OU. A focused FS in support of an interim action at
200-BP-5 and 200-PO-1 is also being prepared.

Carbon tetrachloride, trichloroethene, total and hexavalent chromium (Cr(VI)), nitrate, technetium-99,
iodine-129, and tritium are contaminants of concern (COCs) that were identified in the 200-ZP-1 and
200-UP-1 OUs. In addition, uranium has been identified as a COC in the 200-UP-1 OU. Uranium,
technetium-99, iodine-1-29, tritium, strontium-90, cyanide, and nitrate have been identified as
contaminants of interest (COls) in the 200-BP-5 OU. Chapter 2 discusses the potential contaminant
migration from Central Plateau vadose zone waste sites to the underlying groundwater.

1.4.3 Tank Farm Waste Management Areas

There currently are no RCRA treatment, storage, and disposal (TSD) units in the 200-DV-1 OU and
200-BC-1 OUs. Several RCRA TSD units are assigned to the 200-WA-1 and 200-EA-1 OUs. While most
Central Plateau OU waste sites are not RCRA TSDs, these OUs do have waste sites adjacent to the
single-shell tank (SST) system TSD units in the WMAs for the B-BX-BY, T-TX-TY, and S-SX Tank
Farms, resulting in co-mingled DVZ contamination. Remedy selection for the Central Plateau OUs will
be coordinated with the closure action for the WMAs.

The SSTs are grouped into WMAs, which will be closed following a defined closure process.

Each WMA contains part of an SST RCRA TSD unit that includes tanks and ancillary equipment.
Closure of the tanks and tank farms was evaluated in DOE/EIS-0391, Final Tank Closure and Waste
Management Environmental Impact Statement for the Hanford Site, Richland, Washington (TC & WM
EIS), with a ROD issued in December 2013 (78 FR 240, “Record of Decision for the Final Tank Closure
and Waste Management Environmental Impact Statement for the Hanford Site, Richland, Washington
[TC & WM EIS]”). The WMAs are not included in the 200-DV-1 OU.

Remedial action alternatives developed in the 200-DV-1 OU RI/FS and RFI/CMS report for waste sites
adjacent to tank farm WMAs will take into consideration the proximity of the TSD units. The detailed
evaluation of alternatives performed in the 200-DV-1 OU RIFS and RFI/CMS will need to consider
whether the waste site alternatives are compatible or complementary with a closure action planned for the
nearby TSD units.

1.5 Report Organization
This report includes the following chapters and appendices:

e Chapter 1, Introduction: Describes the purpose, objectives, regulatory context, integration of
Central Plateau OUs and WMAs, and organization of the evaluation report.

e Chapter 2, Environmental Setting and Background: Describes the environmental setting of the
Central Plateau, identifies the COls in the vadose zone and the fate and transport of these
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contaminants with potential to impact groundwater, and describes the treatment areas used to evaluate
the remediation technologies.

Chapter 3, Deep Vadose Zone Technology Review: Summarizes the treatability studies completed
to date at the Hanford Site, summarizes previous DVZ technology evaluations, identifies additional
remedial technologies that may be applicable to the Hanford DVZ, and summarizes the preliminary
list of DVZ remedial technologies being considered for inclusion in future DVZ FSs.

Chapter 4, Deep Vadose Zone Remediation Technology Evaluation: Describes the DVZ
technology evaluation and treatability assessment process and presents the results of the technology
evaluation.

Chapter 5, Deep Vadose Zone Treatability Study Assessment Conclusions and
Recommendations: Summarizes the conclusions of the DVZ technology evaluation, provides data
needs and treatability evaluation to address those data needs, and provides recommendations for
additional treatability testing.

Chapter 6, References: Lists the references cited in this summary report.

Appendix A, Deep Vadose Zone Science and Technology Advances: Summarizes specific
elements of science and technology activities relevant to the Central Plateau DVZ.

Appendix B, Deep Vadose Zone Technology Summary Tables: Provides summary tables for DVZ
remediation technologies and for DVZ access and delivery technologies.
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2 Environmental Setting and Background

2.1 Environmental Setting

This chapter describes the environmental setting of the Central Plateau including physiography,
topography, climate, meteorology, geologic setting, and hydrogeology. The description includes
characteristics of surface and subsurface features and processes that are relevant to developing

a preliminary understanding of contaminant distribution for the Central Plateau Inner Area waste sites.
This understanding provides the foundation for identifying the DVZ treatment areas and evaluating

the remediation technologies. Although this report is being completed as part of 200-DV-1 OU RIFS and
RFI/CMS WP activities, the technology review was conducted to be relevant across all the Central
Plateau OUs with DVZ waste sites (i.e., 200-WA-1 and 200-EA-1 OUs).

21.1 Physiography and Topography

The Hanford Site lies within the Pasco Basin (Figure 2-1). The physiographic setting of the Hanford Site
is relatively low relief, resulting from river and stream sedimentation filling the synclinal valleys and
basins between the anticlinal ridges. The Central Plateau Inner Area waste sites are located on the

Cold Creek bar, a large compound flood bar formed during the Pleistocene Ice Age floods. The elevation
(above mean sea level) of the upper surface of the bar ranges from approximately 210 m (700 ft) at

B Plant to approximately 221 m (725 ft) along the eastern part of T Plant to approximately 197 m (647 ft)
in the western part of U Plant and the Reduction-Oxidation (REDOX) Plant (Figure 1-2). No natural
surface water drainage channels are located within these areas.
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Note: This figure is modified from PNNL-6415, Hanford Site National Environmental Policy Act (NEPA)
Characterization.

Figure 2-1. Generalized Geologic Structure Map of the Pasco Basin
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2.1.2 Climate and Meteorology

The Pacific Ocean moderates the temperatures throughout the Pacific Northwest and the Cascade
Mountains generate a rain shadow that limits rain and snowfall at the Hanford Site. Climatological data
for the Hanford Site are compiled at the Hanford Meteorological Station (HMS), which is located on
the Central Plateau.

Daily maximum temperatures at the HMS vary from an average of 2°C (35°F) in late December and early
January to 36°C (96°F) in late July. Average annual precipitation at the HMS is 17 cm (6.8 in.) with most
precipitation occurring in the late autumn and winter.

21.3 Geologic Setting

The geology of the Hanford Site has been extensively characterized during previous investigations.

The Inner Area of the Hanford Site is located in the central portion of the Pasco Basin. Over the last

16 million years, the basin filled with igneous materials that formed bedrock (i.e., volcanic lava flows)
and sedimentary materials (e.g., silt, sand, and gravel). These sedimentary deposits overlie the basalts and
include unconsolidated and partly consolidated fluvial (river-derived), lacustrine (lake), and cataclysmic
flood sediments of the Miocene through Holocene ages (approximately 8.5 million years to the present).
Beneath the ground surface, these rocks and sediments are defined by several major geologic units

of interest to the DVZ that include (from oldest to youngest) the Ringold Formation, Cold Creek unit
(CCU), and Hanford formation.

Previous studies containing geologic interpretations, related maps, and cross sections pertaining to the
Central Plateau include the following:

e PNNL-12261, Revised Hydrogeology for the Suprabasalt Aquifer System, 200-East Area and
Vicinity, Hanford Site, Washington

e PNNL-13858, Revised Hydrogeology for the Suprabasalt Aquifer System, 200-West Area and
Vicinity, Hanford Site, Washington

e DOE/RL-2002-39, Standardized Stratigraphic Nomenclature for Post-Ringold-Formation Sediments
Within the Central Pasco Basin

Figure 2-2 presents the generalized stratigraphic and hydrostratigraphic columns for the Central Plateau.
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Lindsey, 1996, The Miocene to Pliocene Ringold Formation and Associated Deposits of the Ancestral Columbia River System, South-central
Washington and North-central Oregon.

PNNL-12261, Revised Hydrogeology for the Suprabasalt Aquifer System, 200-East Area and Vicinity, Hanford Site, Washington.
PNNL-14753, Groundwater Data Package for Hanford Assessments.
WHC-MR-0391, Field Trip Guide to the Hanford Site.

Figure 2-2. Stratigraphic and Hydrostratigraphic Columns for the Central Piateau
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2.1.3.1 Ringold Formation

The fluvial-lacustrine Ringold Formation, which overlies basalt over much of the Hanford Site, is
present beneath the western Inner Area and limited in extent beneath the eastern Inner Area. The Ringold
Formation is described as an unconsolidated to semiconsolidated sedimentary sequence deposited
unconformably on the basalt and consists of clay, silt, sand, and granule- to cobble-size gravel deposited
by the ancestral Columbia River (PNNL-12261; PNNL-13858). The Ringold Formation consists of four
distinct hydrostratigraphic units (informally designated as units 4, 5, 8, and 9 [Figure 2-2]) that may not
always be present beneath the Central Plateau. These units generally correspond to the following (from
youngest to oldest) (PNNL-13858):

e Ringold Formation member of Taylor Flat (Rtf) — unit 4, which is composed of predominantly
fine-grained silt and sand

e Ringold Formation member of Wooded Island — unit E (Rwie) unit 5, which is a fluvial deposit
composed of silty, sandy gravel

e Ringold Formation member of Wooded Island — lower mud unit 8, which is composed predominantly
of fine-grained lacustrine silt and clay

e Ringold Formation member of Wooded Island — unit A unit 9, which is a fluvial deposit composed of
silty, sandy gravel

The entire Ringold Formation sequence is present beneath most of the western Inner Area (Figure 2-2).
Most of the Ringold Formation is absent from the eastern Inner Area; depositional thinning or removal by
paleo-erosion along the northern, uplifted basalt surface resulted in the loss of most of the formation
(Figure 2-2).

2.1.3.2 Cold Creek Unit

The CCU includes several post-Ringold Formation and pre-Hanford formation units deposited beneath
portions of the Inner Area (DOE/RL-2002-39, Standardized Stratigraphic Nomenclature for
Post-Ringold-Formation Sediments Within the Central Pasco Basin). Three different facies deposits
generally comprise the CCU beneath the Inner Area (from youngest to oldest):

e Fine-grained (silt-dominated) deposit (CCU,)
e Variably cemented calcium carbonate fine- to coarse-grained deposit (caliche) (CCUy)
e Coarse-grained (gravel) deposit (CCUy,)

The CCU, is a fine-grained silt to sand facies that overlies the CCU. in the western Inner Area and the
CCUg in the northwest part of the eastern Inner Area. This unit grades laterally from fluvial to eolian
deposits ranging from a sandy silt to a silt; where silt content dominates, perched water horizons have
been found (e.g., in the B-Complex area [Section 2.1.5]). Calcium carbonate in this sequence varies from
a few percent to absent. Where higher calcium carbonate content is found, consolidated clumps of silt and’
sand are generally reported. In recent vadose zone modeling, the uppermost Cold Creek unit has been
defined as simply the CCU to differentiate the different lithofacies found within it (such as silt-dominated
CCUz or the sand-dominated CCU facies in parts of 200 West).

The CCU¢ (caliche) is a secondary deposit (mineral coating or cement) that accumulated on and within
older sediment. It is composed of calcium carbonate that precipitated in available pore spaces between
sediment grains (sand, silt, or gravel). The caliche binds the sediment grains together, forming one or
more hardpan layers that vary from soil-like to rock-like. This facies is not present in the eastern

Inner Area.
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The CCUj is predominantly sandy gravel with occasional cobble-size clasts and minor silty sand and
extends from the Gable Butte/Gable Mountain Gap southeastward, traversing the eastern Inner Area from
northwest to southeast. The CCU, is best distinguished from the underlying Ringold Formation sediments
by its higher hydraulic conductivity and faster drilling rate. The CCUy, is very permeable and extends
throughout most of the saturated zone (i.e., beneath the water table) and the lower vadose zone underlying
the B-Complex area. In areas where the CCU_ is absent, it can be difficult to distinguish the CCU, from
the overlying gravel-dominated Hanford formation unit 3. The hydraulic conductivities of the two units
are similar, but CCUj is characterized by a greater percentage of well-rounded felsic gravels than the
Hanford formation. The CCUy influences aquifer boundaries and groundwater contaminant flow
throughout the eastern portion of the Central Plateau.

The CCU, and the underlying CCUL. units are present in the vadose zone throughout the western Inner
Area. Within the western Inner Area, the relatively thin CCU sequence (CCU, plus CCU,) forms a
significant liquid flow baffle within the DVZ because of relatively low hydraulic properties.

The CCU, and the underlying CCUj, units are the predominant CCU facies underlying the eastern Inner
Area, where they are typically encountered in the DVZ and saturated zone.

The CCU, (silt-dominated unit) generally exhibits much lower hydraulic conductivity than the overlying
Hanford formation and therefore, exhibits much higher retention capacity (PNNL-19277, Conceptual
Models for Migration of Key Groundwater Contaminants Through the Vadose Zone and Into the
Unconfined Aquifer Below the B-Complex). The hydraulic properties of the CCU, have historically
resulted in accumulation and subsequent lateral spread of perched water within the vadose zone atop this
unit and beneath high-volume discharge facilities (e.g., ditches, ponds, trenches, and cribs).

2.1.3.3 Hanford formation

The Hanford formation overlies the Ringold Formation, the CCU, and/or basalt within the Inner Area.
The cataclysmic floodwaters eroded or reworked much of the pre-existing Ringold Formation and CCU
sediment across the Gable Gap area and unconformably deposited thick, unconsolidated, basalt-rich
sediments known as the Hanford formation. The floodwaters deposited a thick sand and gravel bar
(Cold Creek bar) that constitutes the Central Plateau.

The Hanford formation is the primary vadose zone geologic formation (comprising about one-half of the
vadose zone thickness in 200 West and nearly all the vadose zone thickness in 200 East); contaminants
released at the surface must pass through the Hanford formation to reach groundwater. The Hanford
formation consists predominantly of unconsolidated mafic sediments that range from boulder-size gravel
to sand, silty sand, and silt. There are three broadly correlatable units of the Hanford formation (Hf)
identified in the Central Plateau: the gravel-dominated Hanford formation unit 1 (Hf1), the sand-
dominated Hanford formation unit 2 (Hf2), and the gravel-dominated Hanford formation unit 3 (Hf3)
(CP-60925, Model Package Report: Central Plateau Vadose Zone Geoframework). The Hf1 is the
uppermost Hanford unit and grades from a gravelly sand to a gravel facies. The Hf2 is sand-dominated
with thin non-continuous silt or gravel stringers throughout. The Hf3 is a gravel-dominated unit at the
base of the Hanford formation.

21.4 Hydrogeology
This section describes the hydrogeology of the Inner Area.

2.1.4.1 Vadose Zone

The thickness and stratigraphy of the vadose zone varies across the Inner Area. The vadose zone
thickness ranges from approximately 71 to 78 m (234 to 255 ft) in the North 200 West area and
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from approximately 67 to 73 m (221 to 238 ft) in the South 200 West area. In these areas, the vadose zone
is composed of the Hf, the CCU, (silt) and CCU, (caliche) units, the Rtf, and part of Rwie. The vadose
zone in the North 200 East area ranges from 70 to 82 m (230 to 270 ft) thick and is composed of the Hf,
the CCU, unit, and the CCUy (gravel) unit. Beneath the South 200 East waste sites, the vadose zone
ranges from 85 to 104 m (280 to 340 ft) thick and is composed of Hf, the CCUg in places, the Rtf locally
in the vicinity of the BC-cribs, and the Rwie. The water table lies within the Rwie in the 200 West area
and within the Hanford formation and CCUj unit in the North 200 East area and in the CCUg, Rtf, and Rwie
in the South 200 East area (Figure 2-2).

2.1.4.2 Uppermost Aquifer

The uppermost aquifer is important to the assessment of the DVZ because it is the first groundwater to be
potentially affected by contaminants originating from the DVZ waste sites. The uppermost aquifer is
unconfined in all locations underlying the DVZ waste sites. In the 200 West area, the uppermost aquifer is
contained within the Rwie. In the North 200 East area, the uppermost aquifer occurs in the CCUj, (gravel)
unit and Hanford formation. In the South 200 East area, the uppermost aquifer occurs in the CCUy,, Rtf
and Rwie.

The water table elevation (and subsequently the groundwater gradient, flow direction, and flow velocity
within the uppermost aquifer underlying the Central Plateau wastes sites) has been historically altered by
discharges of large quantities of wastewater to the vadose zone within the Inner Area and more recently
by operation of the 200 West P&T system. Currently, the water table across eastern Inner Area is
essentially flat. The water table across the Inner Area shows a generally west to east groundwater flow
direction from the western Inner Area to the eastern Inner Area.

21.5 Hydrogeologic Perching Zones

The CCU silt and caliche unit (CCU, and underlying CCU.) and the Ringold Formation member of
Wooded Island — lower mud unit within the vadose zone beneath the Inner Area have relatively low
permeability, which can result in perched water above or within these intervals under high liquid recharge
conditions. The liquid waste discharged to the ground above these two perching intervals created
localized perched water zones. The perched water most likely included mixed effluent from various
disposal sources. During operations, these perched conditions persisted, but most perched water
eventually drained to the unconfined aquifer following cessation of waste disposal operations.

Cold Creek Unit—Where present above the water table, the CCU, and underlying CCU_. consist of fine
sandy silt to silt and/or caliche-rich intervals. These intervals exhibit very low hydraulic conductivity that
can result in impeded downward liquid migration, depending on infiltration rate. Within the North 200 East
area, liquid wastes from past-practice disposal to the 200-DV-1 OU waste sites and unintentional tank
releases have been accumulating on and within the CCU. Recent perched zone drainage is known to have
occurred from these liquid waste accumulations within the CCU and to have impacted the underlying
unconfined aquifer. Perched water is being extracted to reduce additional migration of contaminants to
the unconfined aquifer.

2.2 Central Plateau Deep Vadose Zone Contamination

Identification of COIs for DVZ waste sites is based on process knowledge of Hanford Site operations,
documented contaminant waste inventories and discharge volumes for DVZ waste sites, groundwater
plumes identified for the four Central Plateau groundwater OUs, and vadose zone characterization and
groundwater monitoring data that suggest emerging contaminants that may impact groundwater in
the future.
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2.2.1 Identification of Groundwater Contaminants of Interest

The field investigation and laboratory analysis of field samples for the 200-DV-1 OU in support of the
RI/FS was completed in 2018 (DOE/RL-2011-102). Results of the 200-DV-1 field samples can be found
in SGW-60265, 200-DV-1 Operable Unit BY Cribs Field Summary Report, SGW-61384, 200-DV-1
Operable Unit B-Complex Field Summary Report; SGW-61595, 200-DV-1 Unit T-Complex Field
Summary Report; SGW-61596, 200-DV-1 Operable Unit S-Complex Field Summary Report; and
SGW-62096, 200-DV-1 Operable Unit Shallow Soil Risk Sampling Field Summary Report. During the
RI/FS and RFI/CMS processes, the list of COIs will be refined into a final list of COCs through the nature
and extent of contamination analysis, fate and transport modeling, and baseline risk assessment.

Characterization for other Central Plateau OUs that have DVZ waste sites (e.g., 200-WA-1 and
200-EA-1) have been scoped under their respective RI/FS WPs, but characterization has not yet been
completed. Because characterization has not been completed for all DVZ waste sites and OUs, the final
COC list for DVZ waste sites cannot be determined.

While a definitive list of DVZ COCs has not yet been determined, this report defined a list of COlIs for
the technology evaluation that are the moderate to high-mobility contaminants. Higher mobility
contaminants have a higher likelihood of migrating through the vadose zone to reach groundwater at
concentrations above cleanup levels and therefore may require remediation in the vadose zone. Selected
COls for this report are listed in Table 2-1. Cr(VI) was selected for assessment of remediation
technologies because it is the mobile form of chromium that may need to be remediated in the vadose
zone to protect groundwater. This list of COlIs is consistent with the 200-DV-1 OU list of mobile
contaminants identified for characterization of contaminant attenuation and transport processes
(DOE/RL-2011-104-ADD1, Characterization Sampling and Analysis Plan for the 200-DV-1 Operable
Unit Addendum 1: Attenuation Process Characterization).

Table 2-1. Summary of Deep Vadose Zone Contaminants of Interest

Radionuclides
lodine-129 Strontium-90
Technetium-99 Carbon-14
Nonradioactive Metals

Cr(VI) | Uranium
Inorganics

Cyanide | Nitrate
Organics

Trichloroethylene I Methyl isobutyl ketone (MIBK)

Due to the length of time since discharges to DVZ waste sites and the large volumes of liquid disposed to
many of the DVZ waste sites, many of the selected COIs have already been identified as discrete or
co-mingled groundwater contaminant plumes. Figure 2-3 provides an overview of groundwater
contaminant concentrations observed at the four Central Plateau groundwater OUs. Figure 2-4 depicts
groundwater plumes identified for the Hanford Site. All the contaminants, except carbon tetrachloride and
tritium, shown in Figure 2-3 were included in the technology evaluations for this report. Carbon
tetrachloride was not included as a COI because vadose zone contamination from the primary source area
has already been addressed (DOE/RL-2014-48, Response Action Report for the 200-PW-1 Operable Unit
Soil Vapor Extraction Remediation). There are no remediation technologies applicable to tritium, and
natural attenuation is currently considered as the approach for tritium, given its short half-life.
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In addition to the 10 COIs observed in groundwater (Figures 2-3 and 2-4), 2 additional COlIs

are considered for the DVZ treatability evaluation provided in this report. Carbon-14 was detected in
200-DV-1 OU perched water at a concentration 1,840 pCi/L (DOE/RL-2016-69, Calendar Year 2016
Annual Summary Report for the 200-ZP1- and 200-UP-1 Operable Unit Pump-and-Treat Operations)
compared to the maximum contaminant level of 2,000 pCi/L. While this concentration is below the
maximum contaminant level, the carbon-14 concentration in perched water is close enough to warrant
further consideration.

Methyl isobutyl ketone (also known as hexone) is an organic chemical that was used to separate
plutonium and uranium from the dissolved fuel rod solutions (DOE/RL-98-28, 200 Areas Remedial
Investigation/Feasibility Study Implementation Plan — Environmental Restoration Program) at the
REDOX Plant (S Plant). The REDOX low-level waste (Tank D-1 cell drainage and Tank D-2 redistilled
process condensate) was discharged to the 216-S-1 Crib (with overflow to the 216-S-2 Crib) beginning in
January 1952. Liquid waste from the 203-S Decontaminated Metal Storage Facility, the 204-S Uranyl
Nitrate Hexahydrate Lag Storage Facility, and the 276-S Hexone Storage Facility was discharged to the
216-S-13 Crib beginning in January 1952. The 216-S-14 and 216-U-15 Trenches also received hexone
related waste (DOE/RL-2010-49). Hexone was also detected in DVZ characterization samples collected
for the 216-S-13 Crib (SGW-61596).

Central Plateau Overview
Ground-
water Status of
Operable Ground- Groundwater Remedial
Unit Primary Operations | water ROD Action
?;?r:‘g:; s;;:;f:osr: FS Drafted in |B Complex groundwater extraction
200-BP e m‘ow 1967- 2015 (with  |treatability test 2015; Perched
e L 200-P0-1) |water P&T 2011-2015
PUREX Plant Pu FS Drafted in B 1
200PO  |separation: 19561972 | 2015 (with [ac0S® 20ne dosicoation test
and 1983-1989 200-BP-5)
REDOX Plant (Pu si 2012 Uranium plume P&T began 2015;
200-UP separation) 1952-1967; U (interien 1-129 containment began 2015; S-
Plant (U recovery) 1952- action) SX P&T 2012-present; U Plant
1957 P&T 1994-2011
T Plant (Pu separation) s 2008 Groundwater P&T and MNA: 1995.
200-ZP 1944-1956; Pu Finishing (final action) present. Soil vapor extraction
Plant: 1949-1989 " 11991-2013
2,320 N 10,700 6.5
|Standards® 5 48 200 1 45 8 5 200 | 20000 30
Half-life (years) NA NA NA | 160E+07 | NA 288 NIA 212,000 12 >158,000
Mobility in subsurface :::e Mm:’ Moderate | Hgh | High | Slight | Moderate | High Hgh | Moderate
[Eegend
Colors and listed values indicate maxi ion in g in 2016 Height of bar indicates plume area above standard (km’)
2100 x standard and <1000 x standard
210 x standard and <100 x standard
* 2Standard and <10 x standard
N Not detected or not analyzed
a. TCE in a 100-K well within footprint of 200-BP.
b. Drinking water standards for all but (MTCA dard for h
IABBREVIATIONS
IN/A = Not applicable P&T = pump and treat ROD = record of decision MTCA = Model Toxics Control Act

Source: Modified from DOE/RL-2016-67, Hanford Site Groundwater Monitoring Report for 2016.
Figure 2-3. Overview of Central Plateau Groundwater OUs and Contaminant Concentrations
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Figure 2-4. Sitewide Groundwater Contaminant Plumes, 2016
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2.2.2 Groundwater Impacts Analysis

Estimates of the contaminants in the Central Plateau vadose zone with the potential to impact
groundwater are shown in Figure 2-5. This general depiction of groundwater impact is currently being
updated for 200-DV-1 OU sites as part of the RI process. The update will consider new characterization
data and refined predictive modeling. Updates for other vadose zone OUs will be conducted as their Rls
are conducted. Current vadose zone and groundwater characterization data contaminants were used to
generate the COI listed in Table 2-1 (Section 2.2.1) for use as targets for remediation technologies in this
treatability test evaluation report. Target COIs were grouped into primary COIs (uranium, technetium-99,
iodine-129, and nitrate), secondary COIs (Cr(VI), strontium-90, cyanide, and carbon-14), and tertiary
COIs (trichloroethene and methyl isobutyl ketone) based on potential grcundwater impact for the Central
Plateau (Figure 2-5). Primary COls are associated with large groundwater plumes and significant vadose
zone inventory, and they are mobile in the vadose zone. Secondary COIs have smaller groundwater
plumes and/or lower vadose zone inventories and for strontium-90 and carbon-14 are less mobile (for the
Centrai Plateau). Tertiary COlIs are found only in a few instances, have low inventories, and small or no
groundwater plumes.

B Complex
T Compleg U, Tc-99, I-129, Nitrate,
Tc-99, I-129, Nitrate, Cyanide, C-14 C Tank Farm

Cyanide, Cr(VIi)

U, Tc-99, I-129, Nitrate

- iy e I

L it P
Deep Vadose Zone

Contamination in Central Platead’\‘.\i\‘ n -

g

. U Cribs
U, Tc-99, I-129, Nitrate

a
e ——

Inner Area A Complex

U, Tc-99, I-129, Nitrate

- S Complex )
U, Tc-99, I-129, Nitrate, BC Cribs and Trenches

MIBK, Cr(VI) L

D 200-DV-1 OU Remedial Investigation Area (excludes Tank Farms)

CHPRC2009_27_19
Source: Modified from CHPRC-01056-V A, Hanford Site — Deep Vadose Zone Cleanup Challenge.
Figure 2-5. Central Plateau Waste Sites with Contamination Known or with Potential tc Impact Groundwater
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2.2.3 Contaminant Attenuation and Transport Characterization

Contaminants disposed of near the ground surface must migrate through the vadose zone before entering
groundwater. Processes that occur in the vadose zone can attenuate contaminant concentrations during
transport through the vadose zone. Thus, quantifying contaminant attenuation and contaminant transport
processes in the vadose zone, in support of the conceptual site model and fate and transport assessments,
is important for assessing the need for, and type of, remediation in the vadose zone and groundwater.
The framework to characterize attenuation and transport provided in EPA guidance documents was
applied to recent vadose zone characterization activities at the 200-DV-1 OU. The specific elements of
characterization for contaminant attenuation and transport address the following three objectives:

e Define the contaminant distribution and the hydrologic and biogeochemical setting
e Identify attenuation processes and describe the associated attenuation mechanisms
e Quantify attenuation and transport parameters for use in evaluating remedies

These objectives are elements of the framework identified in EPA guidance for evaluating monitored
natural attenuation of inorganic contaminants, and they directly support updating the conceptual site model
for the 200-DV-1 OU and generally for the Hanford Central Plateau. Importantly, the information supports
defining suitable contaminant transport parameters that are needed to evaluate transport of contaminants
through the vadose zone and to the groundwater. This type of transport assessment supports a coupled
analysis of groundwater and vadose zone contamination. The characterization information and associated
transport analyses are complementary to the technology information and evaluation reported herein.

Results of attenuation and transport characterization for the 200-DV-1 OU are reported in four
documents:

e PNNL-26208, Contaminant Attenuation and Transport Characterization of 200-DV-1 Operable Unit
Sediment Samples

e PNNL-26266, Geochemical, Microbial, and Physical Characterization of 200-DV-1 Operable Unit
B-Complex Cores from Boreholes C9552, C9487, and C9488 on the Hanford Site Central Plateau

e PNNL-27524, Contaminant Attenuation and Transport Characterization of 200-DV-1 Operable Unit
Sediment Samples from Boreholes C9497, C9498, C9603, C9488, and C9513

e PNNL-27846, Physical and Hydraulic Properties of Sediments from the 200-DV-1 Operable Unit

These results are being integrated with the 200-DV-1 OU characterization in the RI report.

2.3 Description of Treatment Areas

Due to the large number of sites on the Central Plateau that have DVZ contamination, and the varying
states of characterization of those sites, it is not feasible to evaluate remedial technologies on a
site-by-site basis in this document prior to evaluation during the FSs for vadose zone OUs. This limitation
requires that a representative description of treatment areas be used to evaluate remedial technologies that
are applicable to the DVZ contamination on the Hanford Central Plateau.

The evaluation of DVZ remediation technologies is based on representative treatment areas for the DVZ.
Figures 2-6 to 2-10 show section views of the Inner Area that illustrate site conditions that can be
categorized into the treatment areas.
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The section views in Figures 2-6 to 2-10 show the four categories of treatment areas for vadose zone
remediation technology implementation:

e Higher Permeability Zones — where remediation would be implemented to address contaminants
currently located in higher permeability zones such as the Hf and Ringold Formation shown on
Figures 2-7 and 2-8.

e Lower Permeability Zones — where remediation would be implemented to address contaminants
currently located in lower permeability zones such as the CCU, shown on Figures 2-7 and 2-8.

e Perched Water Zones — where remediation would be implemented to address the unique contaminant
situation of the B-Complex perched water as depicted in Figure 2-9.

e Water Table Interface Zones — where remediation would be implemented to address contaminants
that are deep in the vadose zone near the water table such that deploying a remedy at the water table
interface would be a potentially effective means to reduce the contaminant flux into a groundwater
plume. For example, a horizontal permeable reactive barrier (PRB) could be emplaced at the water
table interface to address the portion of contaminants near the water table as shown in Figure 2-10.

The first two treatment areas are defined based on the permeability of the unsaturated soil. The
permeability of the soil strata can have a significant impact on how remedial technologies are deployed,
and how effectively in situ treatment reagents are delivered. In general, higher permeability soil strata are
more amenable to delivery of in situ treatment reagents, whereas lower permeability soil strata present a
greater challenge. Heterogeneous formations further complicate uniform delivery of in situ treatment
reagents. Higher permeability zones include the Hanford formation (Hf1, Hf2, and Hf3), Ringold
Formation (Rtf), and CCU,. The lower permeability zones include the CCU,/CCU and CCU..

The final two treatment areas are defined by the saturation of the soil and their relation to the groundwater
table, which affect how DVZ technologies are deployed. The perched water zone presents unique
challenges for deployment and effectiveness of technologies because it is a thin saturated zone within a
relatively low permeability matrix and has high contaminant concentrations. The water table interface
treatment area may be suitable for use of technologies similar to those used for groundwater treatment but
focused on addressing the flux from the vadose zone into the groundwater.
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3 Deep Vadose Zone Technology Review

This chapter summarizes treatability testing completed to date at the Hanford Site, summarizes previous
DVZ technology evaluations, identifies additional remedial technologies that may be applicable to the
Hanford Site DVZ, and summarizes the preliminary list of DVZ remedial technologies being considered
for inclusion in future Central Plateau source OU FSs with DVZ waste sites.

3.1 Deep Vadose Zone Treatability Test Summaries and Recommendations

The Tri-Parties established Milestone M-015-50, which directed DOE to submit a treatability test plan for
remediation of technetium-99 and uranium in the DVZ. These contaminants are mobile in the subsurface
environment and have been detected at high concentrations deep in the vadose zone and have reached
groundwater at some locations. Testing of technologies for remediating technetium-99 and uranium also
provide information relevant to remediation of other contaminants in the vadose zone. The milestone was
addressed by submitting the DVZ Treatability Test Plan (DOE/RL-2007-56). This section summarizes the
six treatability studies performed under that test plan, including conclusions and recommendations of the
studies, fulfilling the requirement of the test plan for a final evaluation of the treatability effort.

3.1.1 Desiccation Field Test

Desiccation was tested as a potential vadose zone remediation technology to control subsurface moisture
and decrease contaminant mobility in the vadose zone, thereby protecting groundwater (PNNL-26902,
Deep Vadose Zone Treatability Test of Soil Desiccation for the Hanford Central Plateau: Final Report).
Full-scale application of the desiccation technology would be used in conjunction with a surface
infiltration barrier. The test involved the following:

e Demonstrated desiccation of a targeted zone in the subsurface

e Showed that the process and rate of rewetting is predictable

e Evaluated equipment and monitoring approaches for implementation
e Provided design information that can be used in a future FS

A synopsis of the testing, results, and recommendations is provided below.

3.1.1.1 Desiccation Test Summary

The desiccation field test was conducted at the Hanford Site 200-BC-1 OU. This OU contains 26 cribs
and irenches that received about 110 million L (29 million gal) of liquid waste primarily in the
mid-1950s. The waste contained about 410 curies of technetium-99 (RPP-26744, Hanford Soil Inventory
Model, Rev. 1). There is no evidence that the contamination has reached groundwater, which is present at
a depth of about 100 m (330 ft) bgs. Initial characterization efforts indicated that most of the
technetium-99 inventory is present at vadose zone depths between about 30 and 70 m (98 and 230 ft) bgs.
However, transport model predictions (PNNL-14907, Vadose Zone Contaminant Fate-and-Transport
Analysis for the 216-B-26 Trench) have indicated the potential for this contamination to adversely impact
groundwater in the future.

The test was conducted to provide desiccation technology information for use in subsequent FSs for waste
sites with inorganic and radionuclide contaminants in the DVZ. Field-scale test site characterization was
conducted to support this treatability test, as described in DOE/RL-2008-67, Sampling and Analysis Plan
for Characterization of the Soil Desiccation Pilot Test Site. Results of the characterization effort were
reported in DOE/RL-2009-119, Characterization of the Soil Desiccation Pilot Test Site, and
PNNL-18800, Characterization of Sediments from the Soil Desiccation Pilot Test (SDTP) Site in the

BC Cribs and Trenches Area. DOE/RL-2010-04, Field Test Plan for the Soil Desiccation Pilot Test, was
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prepared and used to guide the desiccation field testing effort. Laboratory and numerical modeling efforts
(PNNL-20146, Laboratory and Modeling Evaluations in Support of Field Testing for Desiccation at the
Hanford Site; PNNL-17274, Experimental and Numerical Investigations of Soil Desiccation for Vadose
Zone Remediation: Report for Fiscal Year 2007; Oostrom et al., 2009, “Desiccation of Unsaturated
Porous Media: Intermediate-Scale Experiments and Numerical Simulation™; Oostrom et al., 2011,
“Determination of Water Saturation in Relatively Dry and Desiccated Porous Media Using Gas-Phase
Partitioning Tracer Tests;” Oostrom et al., 2012a, “Sensor and Numerical Simulator Evaluation for
Porous Medium Desiccation and Rewetting at the Intermediate Laboratory Scale”; Oostrom et al., 2012b,
“Effects of Porous Medium Heterogeneity on Vadose Zone Desiccation: Intermediate-Scale Laboratory
Experiments and Simulations™) preceded and accompanied the field test.

The desiccation technology (Figure 3-1) relies on removal of water from a portion of the subsurface such
that the resultant low moisture conditions inhibit downward movement of water and dissolved
contaminants. Implementation requires establishing sufficiently dry conditions within the targeted zone to
inhibit downward water transport effectively. Nominally, the targeted desiccation zone would need to
extend laterally across the portion of the vadose zone where contaminants have the potential to move
downward at a flux that would result in groundwater contaminant concentrations above remediation
goals. Overall objectives for the field test were to provide technical data as a design basis for desiccation,
demonstrate desiccation at the field scale, and provide scale-up information for use in subsequent
feasibility tests. Key performance factors identified for the field test included providing field-scale
information to evaluate the following:

e [Location and extent of the desiccated zone within the subsurface

e Desiccation rate

e Achievable end-state moisture conditions within the desiccated zone

e Rate and extent of moisture content increase after desiccation was completed

Contaminantzone
N

. ,Desu:cataon zone

<= ¢ et

<= =D
==
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Source: PNNL-26902, Deep Vadose Zone Treatability Test of Soil Desiccation for
the Hanford Central Plateau: Final Report.

Figure 3-1. Conceptual Depiction of Desiccation and a Surface Barrier
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3.1.1.2 Desiccation Test Results

The objectives outlined in the desiccation field test plan (DOE/RL-2010-04) were successfully addressed
through the field testing and associated laboratory and modeling efforts. A design basis to apply
desiccation for vadose zone remediation was developed and is available for use in future feasibility and
remedial design efforts. Analysis of the data and use of numerical simulations indicates that full-scale
designs can be made more cost effective than the design of the field test (which was designed to collect
specific data, not as a full-scale remediation) through use of ambient air as the injected dry gas and use of
an injection-only design (i.e., no extraction well). Using desiccation performance calculations developed
from the treatability test information, a nominal Hanford Site design with a 10-year air injection period
and an injection rate of 47 L/s (100 cfm) per meter of well screen leads to an injection well radius of
influence on the order of 25+ m (80+ ft) or two to three wells per acre.

The field test successfully provided information regarding key performance factors for desiccation.
During the 6-month air injection field test, a zone of the subsurface about 3 m (10 ft) thick out to a radius
of about 3 m (10 ft) was desiccated, creating conditions that reduced the rate of moisture and contaminant
movement toward the groundwater. A larger portion of the test area had a lesser extent of moisture
content reduction. The distribution of moisture reduction was controlled by sediment permeability
contrasts that affect the injected subsurface gas flow patterns, with drying occurring more rapidly in
higher permeability zones. During active desiccation, over 18,000 kg (40,000 Ib) of water was removed
from the test zone within the 164-day desiccation operational period and volumetric moisture content was
reduced by up to 0.1 m*/m? in over 1,300 m® (46,000 ft*) of soil, with 225 m? (7,940 ft?) of the test site
reaching values lower than 0.04 m*/m? and 68 m® (2,400 ft*) of the test site reaching a moisture content
less than 0.01 m*/m?®.

The rate and extent of desiccation observed in the field test was consistent with laboratory data and
associated modeling calculations. These laboratory and modeling efforts demonstrated that the
desiccation rate is related to the water-holding capacity of the injected gas, which is a function of
temperature and is influenced by evaporative cooling processes during desiccation. Thus, the overall
desiccation rate and extent are controlled by the water-holding capacity of the injected gas, the
temperature, and the number of pore volumes of dry gas that contact the targeted treatment zone. With
sufficient time, the moisture content can be reduced to near zero through evaporative processes during
desiccation, as shown in both laboratory tests and the field test. In the field test, a range of desiccation
responses were induced over the finite duration of the test, as observed by the range in moisture content
values at the end of active desiccation operations. The level of moisture reduction achieved through the
desiccated zone depended on the radial distance from the injection well and the pattern of injected gas
flow. While a full-scale remediation system using desiccation would be designed and operated long
enough to achieve a more uniform low moisture content throughout the targeted treatment zone, the field
test was conducted to provide a range of desiccation intensities so that post-desiccation rewetting could be
evaluated for different desiccation conditions.

Over time, the rate of moisture rewetting of the desiccated zones is a function of the hydraulic gradient,
water relative permeability, and porous media unsaturated flow properties. Rewetting data over a period
of 6 years after the end of active desiccation in the field test are consistent with expectations based on
related laboratory data and numerical simulation analyses. Because the rewetting process is predictable,
future FS efforts can use the information herein and site-specific analyses to determine appropriate
configurations for applying a desiccation zone in conjunction with a surface barrier.
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3.1.1.3 Desiccation Treatability Recommendations

Desiccation has been fully tested to meet treatability test requirements and is ready for consideration in a
future FS as a technology to use in combination with a surface infiltration barrier.

3.1.2 In Situ Gaseous Reduction

In situ gaseous reduction (ISGR) with diluted hydrogen sulfide (H2S) was evaluated as a potentiaily
effective method for immobilizing selected toxic metals (e.g., Cr(VI)) and radionuclides (e.g., uranium,
technetium-99) in the vadose zone because of the lower solubility of the reduced contaminant or the
formation of insoluble sulfide compounds. A laboratory column study and theoretical modeling analysis
of this technology were performed as part of DOE/RL-2007-56. This study is documented in

Thornton et. al., 2007, “Experimental and Theoretical Assessment of the Lifetime of a Gaseous-Reduced
Vadose Zone Permeable Reactive Barrier.” A summary of the testing setup, test results, and treatability
recommendations of the ISGR study are summarized below.

3.1.2.1 In Situ Gaseous Reduction Study

A series of column tests was performed in which a Hanford formation sediment was treated with diluted
H»S gas mixture to reduce sediment iron oxide to ferrous sulfide. Water containing dissolved oxygen was
then pumped through the columns at different flow rates to simulate variations in pore water velocity, to
determine the reoxidation rate and the reductive capacity of the treated sediment. A theoretical model was
used to simulate both diffusional and advectional fluxes of oxygen gas diffusing downward through the
treatment zone and oxygenated water infiltrating through it. The oxygen flux estimate and the measured
reductive capacity of the treated sediment was used to predict the lifetime of the barrier based on the time
required to reoxidize the treated zone.

3.1.2.2 In Situ Gaseous Reduction Test Results

The results indicated that the treated sediment has a significant reductive capacity consistent with the
basic reaction stoichiometry associated with the treatment and reoxidation processes. The observed
reductive capacity was found to be dependent on the flow rate of water during the reoxidation phase of
the tests, with the reductive capacity approaching the maximum value predicted as the flow rate was
decreased. The laboratory treatment tests were found to provide a reasonable means for predicting the
reductive capacity of the treatment zone under field conditions.

The theoretical modeling assessment identified that oxygen diffusion was the dominant mechanism
controlling reoxidation of the treatment zone. The results of this evaluation suggest that barrier
reoxidation is primarily related to diffusion of oxygen through the gas-filled portion of the sediment pore
space, in which case the treatment zone lifetime could be very short (several years) in places where the
sediment is course-grained and unsaturated. The analyses predicted an increase in the treatment zone
lifetime to greater than 100 years where finer-grained strata with higher moisture content results in a
potential decrease in the effective oxygen diffusion coetficient (Thornton et. al., 2007). However, both of
these estimated lifetimes are short compared to the half-life of uranium or technetium-99 and the duration
that would be required for remedy effectiveness.

3.1.2.3 In Situ Gaseous Reduction Treatability Recommendations

ISGR was evaluated as an option for the two field tests included as part of the DVZ Treatability Test Plan
(DOE/RL-2007-56). It was not recommended for field testing in favor of testing desiccation
(technetium-99 contamination) and Uranium Reactive Gas Sequestration (URGS) (uranium
contamination). This decision was informed by the modeling and laboratory study that indicated poor
longevity of the reducing conditions on which this technology relies in the vadose zone.
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3.1.3 Uranium Reactive Gas Sequestration Field Test

Delivery of aqueous-phase amendments to the vadose zone for remediation can be problematic, whereas
gas-phase amendment delivery may be advantageous, and therefore, has been a focus of remediation
technology development efforts. The Deep Vadose Zone Treatability Test Program developed
geochemical manipulation to address uranium contamination using gas-phase delivery of amendments,
in particular, the use of ammonia vapor as the remediation amendment. The URGS field test described
herein and in detail in PNNL-27773, Deep Vadose Zone Treatability Test of Uranium Reactive Gas
Sequestration for the Hanford Central Plateau: Final Report, was conducted as an element of the DVZ
Treatability Test Plan (DOE/RL-2007-56).

The URGS treatability study was initiated as described in the associated test plan (DOE/RL-2007-56).
However, technology limitations were identified during baseline laboratory testing and analysis that was
conducted as part of the treatability study using sediment samples obtained from the 216-U-8 field test site.
These tests showed that ammonia treatment did not reduce uranium mobility as intended, and in many of the
samples, resulted in increased uranium mobility. Because of these tests results, field testing activities were
stopped and ammonia injection was not conducted.

A primary conclusion of the treatability study is that URGS has limited applicability because of the
following:

e The treatment chemistry is sensitive to site geochemical conditions (with particular concerns at sites
where waste discharge was acidic).

e Significant laboratory efforts to ensure effectiveness for a specific site are needed prior to field
implementation.

e There are implementation risks from handling and monitoring the reactive gas (ammonia).

e The treatment process adds nitrate to the subsurface, which may be problematic at locations where
nitrate could potentially reach the groundwater at concentrations above levels of concern (e.g., where
treatment is near the groundwater and/or a large mass of ammonia needs to be injected).

Thus, URGS is not broadly applicable in the Hanford Central Plateau vadose zone.

There are 11 sites on the Hanford Central Plateau where a high inventory of uranium was discharged.

Of these sites, five had a waste discharge with neutral to basic pH, and URGS would likely not have the
same type of limitations related to site geochemical conditions that were observed at the field test site
used for the treatability study. There are six sites (including the 216-U-8 site) where acidic discharge
would likely cause URGS to have the same poor effectiveness as observed at the field test site, if URGS
were applied in the subsurface where the discharge changed the sediment geochemical conditions.
However, given the observed sensitivity of the URGS treatment chemistry to site geochemical conditions,
the effectiveness of URGS may be limited by factors other than acidic discharge. Thus, treatability study
conclusions include cautions related to URGS applicability.

Conclusions from the treatability study provide criteria for assessing the applicability of URGS at
candidate Hanford Central Plateau sites based on geochemical conditions, risks from handling ammonia
at the surface, and the addition of nitrate to the subsurface. If this assessment for a specific site indicates a
potential for successful application, the treatability study conclusions further recommend that a
site-specific evaluation of ammonia treatment effectiveness be conducted in the laboratory using
sediments from the zone targeted for treatment. Laboratory tests would include sequential extraction and
soil column leaching tests for untreated and ammonia-treated sediments to quantify the change in
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uranium mobility. This testing requires about 1 year from the sediment sample receipt until reporting of
laboratory results. For sites with positive laboratory results, where the decrease in uranium mobility will
meet groundwater protection needs, an evaluation will be conducted to determine whether a field study of
the URGS ammonia treatment technology is warranted. A more detailed synopsis of the testing, results,
and recommendations is provided below.

3.1.3.1 Uranium Reactive Gas Sequestration Test Summary

Figure 3-2 depicts the three primary elements of uranium treatment by ammonia vapor. When a gas
containing ammonia is injected into an unsaturated porous medium, a large percentage of the ammonia
partitions into the pore water (Step 1). For example, a 5 vol% ammonia vapor produces an equilibrium
pore water concentration of about 3 M ammonia. Self-dissociation of ammonia at this concentration
results in an increase in the pore water pH from initially around pH 8 to about pH 11.5. Ion exchange and
mineral dissolution (including aluminosilicate dissolution) occurs due to the caustic pH (Step 2).

With high total dissolved solids, precipitates start to form, especially as the pH is buffered toward neutral.
The precipitates may incorporate uranium (e.g., sodium boltwoodite) or may be compounds such as
quartz, chrysotile, calcite, diaspore, and hematite that could coat uranium already precipitated or adsorbed
on the sediment surface (Step 3). The goal of the dissolution and re-precipitation process is to create
uranium precipitates or coatings that render uranium less mobile than before treatment.

Step 1 Step 2 Step 3
injectNH; and increase pH dissolve minerals precipitate and bind U
Almost all NH,
partitions to water

95% air
5% NH

Saleb s S

Source: PNNL-27773, Deep Vadose Zone Treatability Test of Uranium Reactive Gas
Sequestration for the Hanford Central Plateau: Final Report

Figure 3-2. Overview of the Processes That Occur with Injection of Ammonia
Vapor into an Unsaturated Uranium-Contaminated Hanford Site Sediment

Understanding the robustness of gas-phase treatment approaches and scale-up to the field is an important
part of the technology development process. As part of development efforts for the ammonia technology,
scale-up issues were identified and have been addressed through a series of laboratory and modeling
efforts. Key scale-up elements include scoping calculations to support treatment design, ammonia
transport information, field application monitoring approaches, and information about processes affecting
the fate of ammonia in the subsurface.

DOE/RL-2010-87, Field Test Plan for the Uranium Sequestration Pilot Test, and associated
DOE/RL-2010-88, Sampling and Analysis Plan for the Uranium Sequestration Pilot Test, were published
for the URGS field test, with minor modifications documented in Tri-Party Agreement Change Notices
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(TPA-CN-0764 and TPA-CN-0766). These plans guided design of field equipment, field site preparation,
and laboratory testing of field test site sediments.

3.1.3.2 Uranium Reactive Gas Sequestration Technology Development Results

Laboratory testing of the ammonia treatment was conducted for a range of sediments and associated
uranium precipitate phases and sediment samples that were available from the Hanford Site at the time of
technology development efforts. Sediments were primarily from beneath tank farms and from other sites
that received neutral to basic liquid waste (PNNL-27773). Testing evaluated the range of implementation
parameters needed to achieve effective treatment of uranium by ammonia. Ammonia treatments on

18 different sediments showed good effectiveness based on sequential extraction results for over 80% of
the sediments where good treatment (e.g., with an appropriate ammonia mass delivered) was expected.
These tests showed consistently good reduction of mobile uranium and increases in the presence of
immobile uranium after treatment. Ammonia treatments reduced the uranium present in aqueous and
adsorbed states by an average of 68% and increased the acid-extractable uranium (immobile) an average
of 71%. These results showed that good effectiveness could be obtained for a wide range of uranium
concentrations, sample depth, moisture content, and type of uranium precipitate present (e.g., silicate or
carbonate) (PNNL-20004, Remediation of Uranium in the Hanford Vadose Zone Using Ammonia Gas:
FY 2010 Laboratory-Scale Experiments; Szecsody et al., 2012, “Geochemical and Geophysical Changes
During NH3 Gas Treatment of Vadose Zone Sediments for Uranium Remediation”; Zhong et al., 2015,
“Ammonia Gas Transport and Reactions in Unsaturated Sediments: Implications for Use as an
Amendment to Immobilize Inorganic Contaminants”; PNNL-23699, Scale-Up Information for Gas-Phase
Ammonia Treatment of Uranium in the Vadose Zone at the Hanford Site Central Plateau).

Soil column uranium leachability tests were conducted on three sediments for a selected set of conditions
to augment data for the uranium mobility reductions observed in sequential extraction results and to
assess how the rate of uranium mobility was impacted by treatment. In the soil column tests, uranium
mobility (the amount and rate of uranium that was removed from the soil by passing groundwater through
the sample) was significantly reduced by ammonia treatment and was consistent with the sequential
extraction results (Szecsody et al., 2012; Zhong et al., 2015).

3.1.3.3 Uranium Reactive Gas Sequestration Treatability Test Results

The field test system was designed and assembled at the selected 216-U-8 Crib field test site. The test site
consisted of an ammonia injection well and five monitoring boreholes. The injection well was screened at
a depth of 13.4 to 16.5 m bgs (44 to 54 ft bgs). The monitoring boreholes included downhole electrical
resistivity tomography electrodes, thermistors, a distributed temperature system (fiber optic), and
gas-sampling ports. A surface array of electrical resistivity tomography electrodes was installed to work
in conjunction with the downhole electrodes in tracking ammonia injection. Injection equipment included
liquid nitrogen tanks to supply nitrogen gas and liquid ammonia tanks to supply ammonia gas. The gases
were designed to be mixed in a temperature-controlled trailer using mass-flow controllers to reach an
injection concentration of 5% by volume ammonia. Ammonia sensors were deployed for safety and to
measure injection gas ammonia concentration.

The field test plan was to inject about 3,000 kg (6,600 1b) of ammonia to treat a subsurface target zone
about 12 m (39 ft) diameter by about 4 m (13 ft) height. Injection of this amount of gas at 100 standard
cubic feet per minute would require about 25 days of continuous injection operations. Field test
equipment was functionally tested and ready for injection in the field test but not operated for
ammonia-gas injection.

Prior to field testing, laboratory tests were conducted with field site sediments to evaluate the effectiveness
of the ammonia treatment under the site-specific conditions. The URGS field site (216-U-8 Crib) received
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acidic liquid waste, in contrast to the higher pH liquid waste discharged at the sites previously used in
laboratory tests. Results showed that ammonia treatment in the laboratory did not decrease uranium
mobility. The acidic discharge had impacted the geochemistry of the sediments in the subsurface location
targeted for the field test. The evaluation of these sediments to determine the cause of poor treatment
effectiveness pointed to the low sediment carbonate concentrations and form of uranium precipitates in this
impacted zone as key problems leading to poor effectiveness. This result is contrary to the uranium mobility
decreases observed in previous laboratory studies with sediments from other locations at the Hanford Site
where basic to neutral waste chemistry did not impact the sediment geochemistry in the same way.

Because of the poor ammonia treatment results in the laboratory tests, the field injection of ammonia was
not conducted. The treatability test report (PNNL-27773) compiles the technology information gained from
the laboratory testing during technology development, the field site laboratory tests, and a laboratory study
assessing geochemical interferences that affect ammonia treatment performance. In addition, the treatability
test report describes the field injection and monitoring equipment design and associated design calculations.
Conclusions from the treatability study provide criteria for assessing the applicability of URGS at
candidate Hanford Central Plateau sites. However, based on the information collected in the treatability
study, URGS is not broadly applicable in the Hanford Central Plateau vadose zone. Of the 11 sites on the
Hanford Central Plateau where a high inventory of uranium was discharged, there are 6 (including the
216-U-8 site) where acidic discharge would likely cause URGS to have the same poor effectiveness as
observed at the field test site (if URGS were applied in the subsurface where the discharge changed the
sediment geochemical conditions). However, given the observed sensitivity of the URGS treatment
chemistry to site geochemical conditions, the effectiveness of URGS may be limited by factors other than
acidic discharge. Thus, treatability study conclusions include cautions related to URGS applicability.

3.1.3.4 Uranium Reactive Gas Sequestration Treatability Recommendations

The URGS test demonstrated that the interaction of the ammonia treatment chemistry with the site geochemistry
can limit the applicability of the technology. The URGS Treatability Test Report (PNNL-27773) documents
closeout of the URGS treatability test as part of the DVZ Treatability Test Plan (DOE/RL-2007-56) effort.

As discussed above, during additional site characterization for sites where URGS is a potential treatment
technology, a laboratory investigation of URGS effectiveness will be performed using sediments from the
zone targeted for treatment. An evaluation will be conducted to determine whether a field study of the
URGS ammonia treatment technology is warranted where the site-specific laboratory testing shows
positive results with a decrease in uranium mobility that will meet groundwater protection needs.

3.1.4 Multi-Step Geochemical Manipulation

Multi-step geochemical manipulation was identified in the DVZ Treatability Test Plan as a category of
treatment where the subsurface geochemistry is manipulated to sequester contaminants. For instance, the
technology could include manipulating subsurface conditions to cause dissolution and then precipitating
the target contaminant or combining oxidation-reduction reactions with other chemical reactions to
immobilize/encapsulate the target contaminant. A series of investigations was conducted in the laboratory
to assess potentially viable approaches. One of these approaches led to the URGS field test described in
Section 3.1.3. A range of other techniques were tested in the laboratory as described below and in
associated publications. These studies focused on gas-transported amendments.

3.1.4.1  Multi-Step Geochemical Manipulation Test Summary

A laboratory study comparing the effectiveness of different geochemical approaches was conducted and
used to select the most promising candidate for field testing for uranium-contaminated sites as described
in PNNL-18879, Remediation of Uranium in the Hanford Vadose Zone Gas-Transported Reactants:
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Laboratory-Scale Experiments. In these tests, gas-delivered reactants were dosed into small soil columns
that were sealed to allow reactions to occur. Reactants were advected into the soil columns as a gas for
carbon dioxide, ammonia, hydrogen sulfide, and sulfur dioxide, as a mist with 0.1% water content for
sodium hydroxide, ferric iron, hydrochloric acid, and phosphate, or as a 1% water content foam for
phosphate. Uranium-contaminated sediment from the Hanford Central Plateau was used in these tests.
Performance of the technologies was evaluated with respect to reducing uranium mobility by comparing
the relative amount of mobile and immobile uranium fractions in untreated and treated sediment. Uranium
mobility was measured using a sequential extraction technique. In this technique, the sediments are
contacted first with groundwater, and then the groundwater is separated from the sediment and analyzed
for uranium concentration. The sediments are then extracted with sequentially harsher solutions as
follows: an ion exchange solution, a weak acetic acid solution, a strong acetic acid solution, oxalic acid,
and then 8M nitric acid. Favorable treatment was assigned to those treatments that had lower uranium
concentrations in the groundwater, ion exchange, and weak acetic acid solutions and higher uranium
concentrations in the stronger acid solutions, as compared to the concentrations in untreated sediments.
These changes correspond to a reduction in uranium mobility.

After the comparison testing described in PNNL-18879, and selection of ammonia as the amendment for
use in the URGS field test (Section 3.1.3), an additional laboratory test was conducted to examine the use
of a gas-phase combined chemical reduction and chemical sequestration approach for technetium-99
(PNNL-23665, Gas-Phase Treatment of Technetium in the Vadose Zone at the Hanford Site Central
Plateau; Szecsody et al., 2015, “Remediation of Technetium in Vadose Zone Sediments Using Ammonia
and Hydrogen Sulfide Gases™). This test used sediment contaminated with technetium-99 from the
Hanford Central Plateau. The sediments were dosed with a combination of hydrogen sulfide gas

(to chemically reduce technetium-99 to an insoluble form) and ammonia (to cause dissolution and
precipitation of aluminosilicates as a low-solubility barrier to technetium-99 mobility). Performance was
analyzed using sequential extractions as described above for PNNL-18879 and using soil column tests to
quantify leaching of technetium-99 from treated and untreated sediments.

3.1.4.2 Multi-Step Geochemical Manipulation Test Results

The results of the comparative testing (PNNL-18879) showed that uranium mobility was decreased by
ammonia, phosphate, sodium hydroxide mist, hydrochloric acid mist, carbon dioxide, and ferric iron mist.
The best performance was attributed to ammonia, phosphate, and sodium hydroxide mist, due to the
formation of low-solubility precipitates. Of these, gaseous ammonia is easiest to distribute in the vadose
zone and was selected for further testing (Section 3.1.2).

For the technetium-99 tests, individual chemical reduction or ammonia-gas treatment was not effective at
reducing technetium-99 mobility. However, combined gas-phase chemical reduction and gas-phase
chemical sequestration for technetium-99 treatment was shown to be effective for a variety of operational
and site conditions, including the following:

e Sequential and parallel addition of hydrogen sulfide and ammonia gases over a range of treatment gas
concentrations

e Technetium-99 concentrations ranging from 34 to 3,800 pCi/g
e Soil moisture contents of 1, 4, and 8 wt%
e QGas delivery times into the sample ranging from minutes to hours

A large fraction of technetium-99 in treated sediments was shown be resistant to leaching in saturated soil
column tests.
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3.1.4.3 Multi-Step Geochemical Manipulation Test Recommendations

The multi-step geochemical manipulation evaluation resulted in selection of the uranium reactive gas
sequestration activity and related laboratory testing.

3.1.5 Grout Injection

The DVZ Treatability Test Plan (DOE/RL-2007-56) identifies in situ grouting as a potential remediation
technology for the DVZ and includes a planned effort to evaluate in situ grouting to provide information for
future FSs. PNNL-20051, Evaluation of In Situ Grouting as a Potential Remediation Method for the
Hanford Central Plateau Deep Vadose Zone, provided information to evaluate the effectiveness,
implementability, and relative cost for in situ grouting. A synopsis of the study is provided below.

3.1.5.1 Grout Injection Evaluation Summary

Multiple types of grout/binding materials and emplacement techniques have been developed and
demonstrated. Jet grouting and permeation grouting are the two general categories that are potentially
applicable for subsurface contaminant applications at the Hanford Site. Jet grouting uses high energy
emplacement of cement or chemical grout materials whereby the contaminated sediment is fluidized and
mixed with the grouting material. Jet grouting is a well-established technology for shallow (<15 m

[<50 ft]) applications and its application in the DVZ can be extrapolated from shallow zone applications.
Because jet grouting information is readily available for use in FSs, the PNNL-20051 evaluation focused
on permeation grouting for application in the DVZ. Permeation grouting is the injection of a liquid grout
that fills the natural porosity and then gels to form a solid void-filling material. While permeation
grouting is a relatively mature technology for many applications, there are uncertainties with the use of
grout for in situ contaminant stabilization.

Two general types of permeation grouting approaches may be applicable to address DVZ contamination
in the Hanford Central Plateau. Grout could be injected to form a low permeability layer above, and
potentially surrounding the contamination to deflect infiltrating moisture and thereby slowing downward
contaminant migration. The grouted layers would have grout filling the pore space between sediment
grains, but voids may be present because of incomplete filling during injection, and where grout
injections have not coalesced to form a contiguous barrier. For some grouts, shrinkage over time may also
cause some void formation. While grout would not be an impermeable barrier, slowing the contaminant
flux may be sufficient to meet remediation goals, similar to how other in situ remedies, such as
desiccation or reactive gases, act to limit contaminant flux. In some cases, grout could be injected directly
into the contaminated sediment zones to encapsulate contaminants and limit contact with infiltrating
water (e.g., volumetric encapsulation). In the vadose zone, grout applied to encapsulate contaminants
directly is not expected to create a monolith like a grouted waste form that is prepared above ground.

The grout will fill the pore space between the particle grains, although some void space in the grouted
region may occur. Thus, volumetric encapsulation does not create an impermeable monolith but would be
expected to reduce the flux of water through the contaminated zone.

3.1.5.2 Grout Injection Study Conclusions

PNNL-20051 recommended two chemical grouts for consideration in the Hanford Site DVZ: acrylamide
and silicate grouts. Both materials can be formulated for low viscosities and controlled gelling times.
The two chemical grout candidates both have potential limitations because of voids from nonuniform
injection. Void formation over time due to shrinkage may also occur under some conditions.

The dominant contaminant release mechanism is expected to be from contaminants that remain
associated with the pore water/sediment surfaces and are transported with water infiltration through
voids in the grout or where grout injections have not coalesced to form a contiguous barrier.
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Grout penetration distance is a primary cost factor and potential physical limitation for permeation grout
application in the Hanford Central Plateau DVZ. PNNL-20051 describes an analytical approach to
estimate grout penetration and grout gelling time. In most cases, the grout penetration distance will be
small relative to the lateral size of the target treatment zone for Hanford Site applications. Additionally,
grout penetration is a strong function of the subsurface properties. General limits for use of permeation
grouts are provided in the technical literature and are based on sediment permeability and particle size.
The groutability of subsurface sediment becomes difficult at permeabilities less than approximately
1x10'2 m? (a hydraulic conductivity of about 1107 cm/s). Groutability is also restricted when sediment
particles with a diameter <0.075 mm (0.003 in.) are present. Subsurface sediment having greater than
approximately 20% fine sand is generally not groutable, and difficulty in grouting starts when fine sand is
present at between 5% and 10%. Verification of injected grout placement and the success in covering the
desired target zone through use of multiple coalescing injections would likely be needed. These
limitations and issues may restrict the viability of grouting for many Hanford Central Plateau DVZ
applications. The most appropriate target for permeation grouting would be higher permeability zones
where the largest grout penetration distances could be achieved.

3.1.5.3  Grout Injection Study Treatability Recommendations

Application of in situ grouting for the Hanford Central Plateau DVZ is limited by several factors and would
be best applied to small target zones and high-permeability layers to limit flux of water through
contaminated zones. However, like many in situ technologies, in situ grouting may be viable in some
situations if applied to targets that are suitable to its use as part of an overall solution. Thus, future FSs
would benefit by identifying specific targets for application of grouting in conjunction with other
techniques, rather than consider grouting as a stand-alone solution. The need for potential additional
treatability testing for grouting was considered as part of the treatability assessment in this document.

3.1.6 Soil Flushing

Soil flushing operates through the addition of water, and if necessary, an appropriate mobilizing agent, to
mobilize contaminants and flush them from the vadose zone and into the groundwater where they are
subsequently captured by a P&T system. As described in the DVZ Treatability Test Plan
(DOE/RL-2007-56), investigation of vadose zone transport processes through modeling and laboratory
evaluation is needed to provide information for considering soil flushing in subsequent FSs for the
Hanford Site DVZ.

In PNNL-19938, Evaluation of Soil Flushing for Application to the Deep Vadose Zone in the Hanford
Central Plateau, numerical modeling and laboratory flow-cell experiments were conducted to investigate
the characteristics of water flow and solute transport through the vadose zone as a function of the imposed
infiltration condition, subsurface properties, and properties of the leaching solution. Information on
previous uranium leaching studies, infiltration studies at the Hanford Site, and relevant uranium mining
operations were compiled and evaluated with respect to how these approaches potentially apply to soil
flushing in the Hanford Central Plateau.

There are uncertainties associated with applying soil flushing technology to contaminants in the DVZ at
the Hanford Central Plateau. Modeling and laboratory efforts were intended to provide a quantitative
assessment of factors that impact water infiltration and contaminant flushing through the vadose zone and
into the underlying groundwater. Once in the groundwater, capture of the contaminants would be
necessary, but this aspect of implementing soil flushing was not evaluated in this effort. Soil flushing was
evaluated primarily with respect to applications for technetium and uranium contaminants in the DVZ of
the Hanford Central Plateau. A synopsis of the study is provided below.
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3.1.6.1  Soil Flushing Study Summary

Contaminants such as technetium-99 do not interact significantly with the subsurface sediments and move
with the infiltrating water. As such, soil flushing for technetium does not have limitations related to the
chemistry of the flushing solution. Conversely, uranium interacts strongly with the subsurface sediments
and both sorption and solubility-related processes can significantly slow its movement relative to the
infiltrating water. Leaching solutions have been used for uranium extraction but have limited applicability
for sites with uranium contamination in the vadose zone at the Hanford Site. Many leaching solutions are
designed for extracting chemically reduced uranium, which is not prevalent at the Hanford Site. Mild
extraction solutions would only address a portion of the uranium in the Site vadose zone. The highest
strength solution, acid dissolution, is not appropriate for field application due to the acid neutralization
capacity of the subsurface sediment and potential for co-contaminant releases.

As mentioned above, the potential feasibility of soil flushing applications for environmental remediation
in the DVZ has limitations. However, based on the review of prior investigations, carbonate and citric
acid flushing solutions may be suitable for mobilizing adsorbed and dissolved uranium in the pore water.
Removal of the mobile uranium fraction may be sufficient to meet remediation goals. The most mobile
fraction poses the highest risk to groundwater, and there is a possibility that the rate of release for the
more refractory phases may be slow enough to be protective of the groundwater.

In addition to the characteristics of the solution used for soil flushing, the process of water infiltration and
associated contaminant flushing needs to be considered. Numerical modeling and laboratory flow-cell
experiments investigated the characteristics of water flow and solute transport through the vadose zone as
a function of the imposed infiltration condition, subsurface properties, and the physical properties of the
leaching solution. Infiltrated water moves vertically in the vadose zone until a layer with contrasting
hydraulic properties is encountered. At these contacts, infiltrated water can be diverted laterally to an
extent that depends on the hydraulic properties. Low permeability silt zones are of most significance for
inducing lateral water flow in the Hanford Site vadose zone when they are surrounded by higher
conductivity material.

Numerical simulations were conducted to quantify the amount of lateral water movement as a function of
the thickness and permeability of subsurface silt layers. As expected, lateral flow increased with
decreased hydraulic conductivity and increased thickness of a silt layer. Thus, where other areas with
zones are present, significant lateral water movement would be expected. While lateral water movement
in the numerical simulations was most significant at silt layers, some lateral water movement occurred at
most contacts between layers of lower permeability and higher permeability.

The impact of lateral water movement could be beneficial in terms of increasing the size of the treatment
area. However, lateral flow could also increase the size of the groundwater capture zone needed and may
cause water to be diverted toward areas with preferential downward flow potentially bypassing treatment
zones. Lateral water flow could also increase the time and total water volume needed for soil flushing at a
specific site. The impact of lateral water movement on soil flushing effectiveness depends on the location
of the contaminants relative to the infiltration area and subsurface layering.

There are some uncertainties related to soil flushing that were not evaluated as part of this study. The
impact of lateral heterogeneity, such as the presence of discontinuous silt lenses, was not quantified.
Preferential pathways for water movement either caused by discontinuities in subsurface properties or
features such as clastic dikes were not evaluated but should be considered for a specific site. The presence
of preferential pathways will limit the effectiveness of soil flushing if contaminated zones are bypassed.
The numerical model also did not evaluate any slope to layers or inherent layer anisotropy that could
impose lateral flow. These types of uncertainties may need to be considered in the design of a soil
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flushing system for a specific site, including design of a groundwater capture system in terms of the
necessary capture zone. Limitations to infiltration at the surface may be another uncertainty to consider
that was not included in the simulations. Presence of features that cause ponding of water rather than
infiltration may limit soil flushing effectiveness, and surface infiltration rates for a specific site may need
to be quantified as part of evaluating the applicability of soil flushing.

3.1.6.2  Soil Flushing Treatability Recommendations

Soil flushing is included in this document for consideration of potential additional treatability testing.
Thus, determination of the need for additional testing is described in later sections of this document.
In addition, planned field testing of infiltration approaches in the 300-FF-5 and 100-KR-4 OUs at the
Hanford Site will provide additional information relevant to soil flushing.

3.1.7 Surface Barriers

Surface barriers have long been used to isolate contaminants from the accessible environment. In the
typical configuration, the contaminants are located relatively close to the surface, generally within 15 m
(49 ft), and thus they are close to the base of the surface barrier. The proximity of the surface barrier
under these conditions yielded few concerns about the effectiveness of the barrier at depth, particularly
for cases in which the contaminants were in a lined facility. At the Hanford Site, however, some waste
sites have contaminants located well below depths of 15 m (49 ft), which means that the contaminants are
increasingly distant from the surface barrier meant to isolate them from the accessible environment.

The issue raised about these waste sites is the degree of effectiveness of a surface barrier in isolating
contaminants from infiltrating water in the DVZ. Previous studies at the Hanford Site and by Pacific
Northwest National Laboratory (PNNL) researchers suggest that surface barriers have the potential to
provide a significant degree of isolation of DVZ contaminants. The studies show that the actual degree of
isolation is site-specific and depends on many factors, including recharge rates, barrier size, depth of
contaminants, sediment physical properties, and the geochemical interactions between contaminants and
sediment.

3.1.7.1  Surface Barrier Study Summary

In PNNL-18661, Technical Basis for Evaluating Surface Barriers to Protect Groundwater from Deep
Vadose Zone Contamination, PNNL reviewed available information to support surface barrier evaluation
for the DVZ, identified gaps in the information and the outcomes necessary to fill those data gaps, and
outlined tasks to achieve those outcomes. A strategy was presented for evaluating the effectiveness of
surface barriers for site-specific DVZ applications. The strategy provides a technically defensible
approach to determine the depth to which a surface barrier can effectively isolate contaminants at a
specific site as a function of subsurface properties, contaminant distribution, barrier design, and
infiltration control performance. The strategy also provides an assessment of additional data and
information needs with respect to surface barrier performance for DVZ applications. The strategy
addresses the linkage between surface barriers and DVZ in situ remediation activities, monitoring issues,
and emerging science, technology, and regulatory objectives.

Full understanding of contaminant behavior in the DVZ is constrained by four key data gaps: limited
access, limited data, limited time, and the lack of an accepted predictive capability for determining
whether surface barriers can effectively isolate DVZ contaminants. Activities designed to fill these data
gaps include the following:

e Common evaluation methodology that provides a clear, consistent, and defensible basis for evaluating
groundwater impacts caused by placement of a surface barrier above DVZ contamination
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e DVZ data that characterize the lithology, the spatial distribution of moisture and contaminants, the
physical, chemical, and biological process that affect the mobility of each contaminant, and the
impacts to the contaminants following placement of a surface barrier

e Subsurface monitoring to provide subsurface characterization of initial conditions and changes that
occur during and following remediation activities

e Field observations that span years to decades to validate the evaluation methodology

3.1.7.2  Surface Barrier Study Recommendations

In PNNL-18661, a set of six proposed tasks was identified to provide information needed to assess the
adequacy of surface barriers. These tasks include the following:

1. Evaluation Methodology. Develop common evaluation methodology that will provide a clear,
consistent, and defensible basis for evaluating groundwater impacts caused by placement of a surface
barrier above DVZ contamination.

2. Case Studies. Conduct case studies to demonstrate the applicability of the common evaluation
methodology and provide templates for subsequent use elsewhere. Three sites expected to have
conditions that would yield valuable information and experience pertinent to DVZ contamination
were chosen to cover a range of conditions. The sites are BC Cribs and Trenches, U Plant Cribs, and
the T Farm Interim Cover.

3. Subsurface Monitoring Technologies. Evaluate minimally invasive geophysical approaches for
delineating subsurface plumes and monitoring their migration in the DVZ.

4. Controlled Field Test at an Existing Field Site. Evaluate the ability of modeling to predict long-
term liquid, vapor, and chemical transport processes at a well-characterized site containing a plume of
subsurface water and tracer remaining from injections in the early 1980s and 2000s.

5. Deep Vadose Zone Monitoring at T Farm. Demonstrate the ability of the geophysical sensors and
the model to detect and predict long-term migration of liquid and vapor between the vadose zone
beneath the infiltration area and the vadose zone protected by the interim cover.

6. Deep Vadose Zone Monitoring at the Prototype Hanford Barrier. Demonstrate the ability of
geophysical sensors and the model to detect and predict the hydrologic conditions in the vadose zone
beneath the Prototype Hanford Barrier 15 years after construction.

These six proposed tasks expand and elaborate on the actions proposed in the DVZ Treatability Test Plan
(DOE/RL-2007-56) and are being considered as additional treatability test actions; thus, determination of
the need for additional testing is described in later sections of this document.

3.1.8 Treatability Test Plan Closeout

The DVZ Treatability Test Plan (DOE/RL-2007-56) outlined an array of technologies for treatability
testing. The test plan activities were to culminate in a treatability test performance evaluation described in
this section. All the identified individual technology treatability activities have been completed. These
activities are described in Section 3.1 and included test activities for in situ gas-phase technologies
(desiccation, in situ gaseous reduction, and uranium reactive gas sequestration), grouting technologies,
soil flushing, and surface barriers. In addition to technology-specific activities, ongoing reviews of
uranium and technetium-99 studies were performed that meet the DVZ Treatability Test Plan
(DOE/RL-2007-56) expectation, including technology review and workshop activities described in
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the 200-DV-1 OU RIFS and RFI/CMS WP (DOE/RL-2011-102) and, most recently, the technology
review as part of this document.

In terms of decisions identified in the DVZ Treatability Test Plan (Figure 4-1), Phase 1
laboratory/modeling assessments and Phase 2 contaminated site field tests were selected and conducted as
required for both in situ gas-phase technology tests. It was determined that field tests of in situ gaseous
reduction, grouting technologies, and DVZ soil flushing were not needed and that Phase 1 assessment
activities were sufficient to meet test plan objectives. Initial assessments and technology reviews
associated with surface barriers and other potential technology sources were completed. The decisions
and activities associated with additional surface barrier monitoring and modeling evaluation and the need
to conduct a field test for a technology identified in reviews or for a complex site are addressed in this
report.

Conclusions from the treatability test plan studies and recommendations for use of these technologies in
an FS per the evaluations performed in this document are summarized in Table 3-1.

Table 3-1. Treatability Test Plan Conclusions and Recommendations

Treatability Study Conclusions and Recommendations from the Treatability Test Plan Studies

Desiccation Desiccation is considered a viable technology for remediation of most COIs except organics in the
DVZ. 1t is ready for FS evaluations, and no further treatability studies are recommended. Desiccation is
potentially applicable for all unsaturated zone sites.

In Situ Gaseous In situ gaseous reduction was evaluated as an option for field testing, but was not tested in favor of
Reduction testing desiccation and URGS. This decision was informed by a modeling and experimental study
indicating poor longevity of the reducing conditions on which this technology relies in the vadose zone.

Multi-Step The goal of this laboratory study was to select a gas-phase technology for field testing. The testing
Geoghemlca] showed ammonia (NH3) was the most promising gas-phase approach and led to the URGS studies.
Manipulation There is no additional continuation from this specific treatability test component.

Uranium Reactive Technology limitations were identified during baseline laboratory testing and analysis that was

Gas Sequestration conducted as part of the treatability study using sediment samples obtained from the 216-U-8 field test

site. These tests showed that ammonia treatment did not reduce uranium mobility as intended, and in
many of the samples, resulted in increased uranium mobility. Because of these tests results, field testing
activities were stopped and ammonia injection was not conducted.

URGS has limited applicability because (1) the treatment chemistry is sensitive to site geochemical
conditions, (2) significant laboratory efforts to ensure effectiveness for a specific site are needed prior to
field implementation, (3) there are implementation risks from handling and monitoring the reactive gas
(ammonia), and (4) the treatment process adds nitrate to the subsurface, which may be problematic at
locations where nitrate could potentially reach the groundwater at concentrations above levels of
concern.

There are 11 sites on the Hanford Central Plateau where a high inventory of uranium was discharged:
5 had a waste discharge with neutral to basic pH and URGS would likely not have the same type of
limitations observed at the field test site; 6 sites had acidic discharge (including the 216-U-8 site) and
URGS would likely have poor effectiveness.

Because of the technological limitations and few applicable waste sites, it is recommended that no
URGS field studies be conducted at this time.

Subsurface Grout Permeation grouting was found to have a limited radius of influence for the unsaturated zone, therefore,
Injection it rated poorly for implementability. It is not recommended for widespread treatment of contaminants.
No additional activities are needed to support consideration of subsurface grouting in FSs.
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Table 3-1. Treatability Test Plan Conclusions and Recommendations

Treatability Study Conclusions and Recommendations from the Treatability Test Plan Studies

Soil Flushing Results showed that there are potential issues with flushing the thick Central Plateau vadose zone,
primarily due to the potential for lateral spreading of the flushing solution and associated contaminants.
Therefore, it rated poorly for implementability and is not recommended for most applications in the
deep vadose zone of the Hanford Central Plateau. It is ready for FS evaluations and no further
treatability studies are recommended.

Surface Barriers The treatability study provided baseline information for surface barrier evaluation. However, as noted in
the PNNL-18661 study, an additional modeling assessment is needed to better define the effective depth
and areal extent of the barrier in support of FS evaluations.

Surface barriers are recommended for consideration in an FS as a stand-alone technology or in
conjunction with desiccation to address most COls except organics.

Reference: PNNL-18661, Technical Basis for Evaluating Surface Barriers to Protect Groundwater from Deep Vadose Zone Contamination

COlI = contaminants of interest

DVZ = deep vadose zone

FS = feasibility study

URGS = Uranium Reactive Gas Sequestration

The combination of the individual reports published for technology activities (Section 3.1) and
recommendations in this document collectively address all elements of the DVZ Treatability Test Plan
(DOE/RL-2007-56); thus, it is considered to be successfully completed.

3.2 Summary of Previous DVZ Technology Evaluations

Appendix D of DOE/RL-98-28 provided an initial screening level effort to identify potentially viable
remedial alternatives. It noted potential technologies and process options for each general response action
and screened the technologies to select a representative process option for each technology type based on
EIC. Then assembled viable technologies into alternatives representing a range of removal, treatment, and
containment options.

In 2005, the DOE Richland Operations Office and Fluor Hanford convened an independent technical
panel to review alternative remediation technologies at a 3-day workshop in Richland, Washington.
WMP-27397, Evaluation of Vadose Zone Treatment Technologies to Immobilize Technetium-99,
documents the panel’s evaluation of various treatment alternatives having the potential to minimize
technetium-99 migration in the DVZ at the Hanford Site. Although the panel focused on technetium-99
contamination below the BC Cribs and Trenches, the evaluation was conducted to be usable for other
contaminants and DVZ waste sites.

RPP-ENV-34028, Central Plateau Vadose Zone Remediation Technology Screening Evaluation,
identified vadose zone soil remediation technologies potentially applicable on the Central Plateau of the
Hanford Site. The report included a preliminary screening evaluation of these technologies based on EIC.
These evaluations and testing recommendations were used in developing the DVZ Treatability Test Plan.

Several subsequent documents continued to evaluate DVZ technologies to include the following:

e PNNL-18114, Remediation of Deep Vadose Zone Radionuclide and Metal Contamination: Status and
Issues

e DOE/RL-2010-89, Long-Range Deep Vadose Zone Program Plan
e PNNL-20209, Implementation Plan for the Deep Vadose — Applied Field Research Center
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Building on the above documents, a 1-day information exchange was held on June 21, 2011, and
documented in SGW-50339, Remediation Technologies Screening Report for the Deep Vadose Zone,
Hanford'’s Central Plateau. Potentially applicable remedial technologies for the Hanford Site DVZ were
identified and screened to develop a list of promising technologies for further evaluation during future RI/FS
activities. This initial screening identified promising remediation technologies requiring further treatability
testing to support site-specific evaluations during future FSs for the Hanford Site DVZ.

SGW-50339 listed 59 potentially applicable technologies for remediating contamination in the DVZ from
a variety of sources, including the following:

e Remediation approaches from similar sites across the country

e Research and development activities performed within the DOE and U.S. Department of Defense
e Past technology research and development occurring at the Hanford Site

e Solicited input from the DOE, EPA, Ecology, and stakeholders

Information was then collected on each of the technologies that included the general description, state of
development, contaminant applicability, maturity level, and limitations/development needs for full-scale
deployment.

The potential remediation technologies for DVZ contamination identified in SGW-50339 were evaluated
as part of the DVZ Treatability Test Plan (DOE/RL-2007-56), as described in Section 3.1. These
technologies and the technologies in the reports listed below were used as the starting point for applicable
technologies for this report. Additional information about Hanford Site-relevant vadose zone science and
technology is provided in Appendix A.

e DOE/RL-2015-69, UP-1 Evaluation Plan for lodine
e PNNL-26934, Identification of Promising Remediation Technologies for lodine in the
UP-1 Operable Unit

3.3 Additional Deep Vadose Zone Technology Identification

This section outlines the process used in this report to identify remediation technologies, in addition to
those identified previously, that are potentially applicable to DVZ remediation on the Central Plateau.
A literature search was used to compile candidate technologies, building from the literature search and
workshop activities conducted in 2011 as part of the 200-DV-1 OU RI/FS WP activities described in
SGW-50339. The current literature search considered relevant technology development and
demonstration activities conducted at the Hanford Site since 2011. Technology information sources
associated with commercial technologies or from other sites in the DOE Complex were also evaluated.
These technology information sources included the following references and programs:

e EPA’s CLU-IN website
e Federal Remediation Technology Roundtable Remediation Technology Screening Matrix
e Interstate Technology & Regulatory Council Publications

e U.S. Department of Defense Strategic Environmental Research & Development Program and
Environmental Security Technology Certification Program

e DOE EM-50 Technology Development Program
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e DOE Small Business Innovative Research Program
e A web search of scientific literature using keywords of vadose zone, remediation, and contaminant names

Identified technologies were categorized using the following hierarchy:

e General Response Action (i.e., based on CERCLA designations)

e Technology Type (i.e., divided into general types of technologies such as surface barrier, physical
treatment, chemical treatment, etc.)

e Technology Process Options (i.e., a grouping of technologies with similar functionality)
e Technology Variant (i.e., variations of technology with specific modes of application)

The above categorization enabled appropriate grouping of technologies for use in the treatability test
evaluation yet retained a reasonable degree of specific information about the technology variants.. In most
cases, individual technologies (e.g., specific bioremediation amendments or vendor-specific technologies)
are not identified because the technology variant level provides enough information to evaluate
treatability test needs. Additional details for individual technologies or amendments for testing would be
included in subsequent treatability test plans.

In compiling technology information, applicability was considered with respect to general vadose zone,
perched water, and water table interface implementation and for the identified COlIs. For instance,
technologies only applicable to light or dense non-aqueous-phase liquids were not compiled. A broad
range of technologies were compiled using this approach. More specific assessments of applicability to
Hanford Site DVZ treatment areas were then conducted as part of the process described in this report.

Representative references describing technology categories or, in some cases variants, were compiled.
The references are not intended to be exhaustive, but to provide a suitable source describing the
technology. The references were selected with a preference for Hanford Site-specific reports or journal
publications and then based on more general references describing the technology. For some technologies
that are relatively mature or for which general information is most appropriate, references such as the
EPA’s CLU-IN website were deemed sufficient.

3.4 Summary of Remedial Technologies Applicable to the Hanford Deep Vadose Zone

Table B-1 in Appendix B provides a broad list of DVZ remedial technologies. These technologies will be
carried through the DVZ treatability test assessment described in Chapter 4 and will be considered for
inclusion in future DVZ FSs.

The remedial technologies are grouped into four general response action categories: containment,
removal, ex situ treatment, and in situ treatment. The remedial technology types are general categories of
technologies, such as surface barrier or chemical treatment. The remedial technology types are broken
down into specific process options, as described in EPA/540/R-92/071a, Guide for Conducting
Treatability Studies under CERCLA: Final. The process options are differentiated into technology process
variants to show the variations of technologies with specific modes of applications to a subset of COIs or
treatment areas. Table B-1 describes each process option, applicable COls, state of development, maturity
of the process options, and reference documents.
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Access and delivery or enabling technologies are presented in the Table B-2 in Appendix B. These
technologies are not stand-alone technologies but must be coupled with the remediation technologies
identified in Table B-1. Therefore, they are not evaluated individually in Chapter 4 but in conjunction
with the remediation technologies that require them. Similarly, any treatability recommendations for the
enabling technologies will be coupled with an appropriate remediation technology.
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4 Deep Vadose Zone Remediation Technology Evaluation

This chapter presents an evaluation of the DVZ technologies identified in Chapter 3. Figure 4-1
summarizes the process used to assess each DVZ technology, identify technology gaps, determine
treatability study needs, and support the conclusions and recommendations for additional treatability
studies presented in Chapter 5.

Step 1: Identify contaminants of interest and treatment areas (Chapter 2)
* |dentifies contaminants of interest (COls) in the deep vadose zone (DVZ) of Hanford
Central Plateau
* Identifies representative treatment areas where remediation would be implemented
based on stratigraphy or interfaces with the saturated zone

) 2

Step 2: Develop list of applicable DVZ technclogies (Chapter 3)
»  Considers previous Hanford technology evaluations and treatability work completed
*  Considers new technologies for applicability in the DVZ
»  Considers technology maturity/readiness

L

Step 3: Evaluate effectiveness, implementability, and cost (EIC) of DVZ technologies as they
apply to each treatment area and COI (Chapter 4)
«  Determines which DVZ technologies are applicable for each treatment area and COI
based on relative effectiveness, implementability, and cost
*  Prioritizes technologies that are worth investing in

3

Step 4: Evaluate maturity and state of development of technologies as they apply to the
Hanford deep vadose zone (Chapter 5)

*  Confirms which technologies are feasibility study (FS) ready

«  Determines data gaps for each non-FS ready technology

«  Lists specific treatability work needed to fill the data gaps

p 2

Step 5: Identify and prioritize technologies that are the best investment to get FS ready
(Chapter 5)
» Identifies technologies that require paper studies, modeling, laboratory, or field
studies, as appropriate, to get them FS ready
«  Prioritizes technologies that rank higher in terms of EIC evaluation

Step 6: Make recommendations for additional treatability work (Chapter 5)
*  Recommends additional treatability study efforts
* Lists recommended technologies to consider for feasibility studies of DVZ waste sites
with designated COls and treatment areas
*  Provides path forward for additional treatability studies and 200-DV-1 remedial
investigation (RI)/FS

Figure 4-1. Deep Vadose Zone Technology Evaluation and Treatability Assessment Process
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41 Deep Vadose Zone Technology Evaluation Criteria

Early evaluation of technologies for the DVZ provides an opportunity to identify promising remediation
technologies that require further treatability testing. This effort supports determining potential feasibility
of technologies and identifies the technologies that are mature enough to be carried forward and evaluated
during the FS/CMS. The use of technologies for which treatability testing is required—often called
innovative technologies—is supported by the EPA. The “National Oil and Hazardous Substances
Pollution Contingency Plan” (NCP) (40 CFR 300.430(a)(1)(iii)(E)) states:

EPA expects to consider using innovative technology when such technology offers a potential for
comparable or superior treatment performance and implementability, fewer or lesser adverse impacts
than other available approaches, or lower costs for similar levels of performance than demonstrated
technologies.

The goal and objectives for the DVZ technology evaluation presented in this report differ from the goals
and objectives used for the screening of technologies and selection of remedial alternatives conducted
during an FS/CMS. In accordance with EPA/540/G-89/004, Guidance for Conducting Remedial
Investigations and Feasibility Studies Under CERCLA, the FS identifies the universe of potentially
applicable technology types and process options and then eliminates technologies from further
consideration based on technical implementability. The remaining technically implementable
technologies are further evaluated and screened based on the EIC, and where possible one representative
process option is selected to represent the technology type to simplify subsequent development and
evaluation of alternatives. The retained technology types and process options are then assembled into
remedial alternatives. These remedial alternatives are then screened based on EIC to eliminate those that
do not meet threshold criteria. The remaining remedial alternatives are then carried forward through
detailed and comparative analysis using the CERCLA nine criteria to support remedy selection.

In contrast, the technology evaluation conducted herein focuses on identifying a range of viable remedial
technologies that are applicable to DVZ remediation to provide FS/CMS authors a tool box of available
technology types and process options, to choose from to assemble a suitable range of remedial
alternatives. The objective of the evaluation herein is to identify the technologies that are FS/CMS ready,
and those that require further evaluation through treatability studies.

The list of technologies presented in Table B-1 represent technologies that have been determined to be
potentially implementable for the DVZ. Technologies that have been demonstrated or proved viable in
remediating DVZ contamination and do not require pre-FS/CMS treatability testing may be directly carried
forward to the FS/CMS. These more mature technologies provide a basis of comparison for new and
promising technologies to be evaluated against.

Monitored natural attenuation (MNA) is not considered an active remediation technology that would
require a treatability test; therefore, it is not included in the DVZ technology evaluation and treatability
study assessment. However, it is included in Table B-1 because it is typically a component of FS remedial
alternatives. MNA relies on natural processes such as radioactive decay, volatilization, and
biodegradation to achieve remediation objectives within a designated time frame and uses monitoring to
track progress and ensure that contamination does not spread or increase. No treatability studies are
needed to provide information for MNA in future FS evaluations.

As a first step in assessing technology treatability test needs, the technologies in Table B-1 of Appendix B
were evaluated with respect to the known EIC information. These criteria are consistent with EPA’s
guidance for conducting treatability studies under CERCLA (EPA/540/R-92/071a). While this step is
analogous to the technology screening performed in an FS/CMS, this evaluation does not screen out
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technologies. Instead, this evaluation assesses the relative strengths and weaknesses of technologies to
determine which remedial technologies might warrant treatability testing.

EPA/540/G-89/004 states that process options are “evaluated using the same criteria — effectiveness,
implementability, and cost — that are used to screen alternatives prior to the detailed analysis.” The NCP
(40 CFR 300.430(e)(7)) defines the EIC criteria as follows:

(i) Effectiveness. This criterion focuses on the degree to which an alternative reduces toxicity,
mobility, or volume through treatment, minimizes residual risks and affords long-term protection,
complies with ARARs, minimizes short-term impacts, and how quickly it achieves protection.
Alternatives providing significantly less effectiveness than other, more promising alternatives may be
eliminated. Alternatives that do not provide adequate protection of human health and the environment
shall be eliminated from further consideration.

(i1) Implementability. This criterion focuses on the technical feasibility and availability of the
technologies each alternative would employ and the administrative feasibility of implementing the
alternative. Alternatives that are technically or administratively infeasible or that would require
equipment, specialists, or facilities that are not available within a reasonable period of time may be
eliminated from further consideration.

(iii) Cost. The costs of construction and any long-term costs to operate and maintain the alternatives
shall be considered. Costs that are grossly excessive compared to the overall effectiveness of
alternatives may be considered as one of several factors used to eliminate alternatives. Alternatives
providing effectiveness and implementability similar to that of another alternative by employing a
similar method of treatment or engineering control, but at greater cost, may be eliminated.

The relative cost criterion is an estimate of the overall cost of a process, including capital and operation
and maintenance costs. As noted in EPA/540/G-89/004, cost “plays a limited role in the screening of
process options. Relative capital and O&M costs are used rather than detailed estimates. At this stage in
the process, the cost analysis is made on the basis of engineering judgment, and each process is evaluated
as to whether costs are high, low, or medium relative to other process options in the same technology
type.” Due to the specific nature and depth of DVZ contamination, technology-specific cost estimates are
not readily available for most technologies. Therefore, relative costs are based on similarity to other
technologies and professional judgment. The intended use of these cost rankings is to provide a rough
order of magnitude basis for comparing the relative costs of the different technologies and should not be
used for planning.

This EIC evaluation does not screen out any specific remedial technologies for consideration in future DVZ
FS/CMSs; however, it does provide information about technologies that rate poorly and are not likely to be
developed into viable remedial alternatives. A technology that scores poorly in the EIC evaluation,
particularly for effectiveness or implementability, would not be recommended for treatability testing.

4.2 Deep Vadose Zone Technology Evaluation

This section provides details of the DVZ technology evaluation and a summary table of the EIC
evaluation. The technologies presented in Table B-1 were grouped into four general response action
categories to aid in the assessment containment, removal, ex situ treatment and disposal, and in situ
treatment. These technologies are further broken down by technology type, process option, and
technology variant. Table 4-1 provides a summary of the detailed evaluation of the effectiveness of the
DVZ technologies. Evaluation of effectiveness considered the degree to which a technology reduces
toxicity, mobility, or volume through treatment, minimizes residual risks and affords long-term
protection, minimizes short-term impacts, and how quickly it achieves protection. Table 4-2 provides a
detailed evaluation of the implementability and cost for each DVZ technology. Table 4-3 summarizes the
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evaluation for each DVZ remediation technology. This evaluation uses the qualitative EIC assessment
(summarized in Table 4-3) for each technology, COI, and treatment area and ranks effectiveness,
implementability, and relative cost as high (H), medium (M), and low (L). Collectively, Tables 4-1, 4-2,
and 4-3 show the EIC evaluation with respect to the specific Central Plateau DVZ treatment areas and
COlIs identified in Chapter 2.
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Reduces surface water infiltration and associated contaminant migration through the vadose zone, reducing contaminant mobility and limiting potential contaminant flux to groundwater.
Highly effective for shallow vadose zone contamination, but effectiveness decreases with depth as a function of lateral coverage (areal footprint).
Can potentially be implemented in conjunction with other containment technologies (e.g., desiccation) to increase effectiveness of containment deep in the vadose zone.

o Effectiveness decreases
with depth

o Less effective for

containment of volatile
organics

Subsurface jet injection Medium
grouting Reduces water infiltration and associated contaminant migration through the vadose zone, reducing contaminant mobility and limiting potential contaminant flux to groundwater.

Requires a high number of boreholes for injection points to achieve effectiveness.

Effective application depends on subsurface properties.

Emplacement integrity and monitoring for verification of integrity are difficult in the vadose zone, where methods used in the saturated zone are not applicable.

Long-term effectiveness and permanence is difficult to predict. Cementitious grouts are prone to cracking.

Effective emplacement of the barrier over a large lateral areal extent would be difficult because of potential variability for the multiple injections required.
Subsurface permeation Medium
grouting

Reduces water infiltration and associated contaminant migration through the vadose zone, reducing contaminant mobility and limiting potential contaminant flux to groundwater.
Requires a high number of boreholes for injection points (and heating elements for molten wax permeation grouting) to achieve effectiveness.

Effective application depends on subsurface properties.

Emplacement integrity and monitoring for verification of integrity are difficult in the vadose zone, where methods use<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>