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EXECUTIVE SUMMARY

The Tank Farm Vadose Zone (TFVZ) Project conducts activities to characterize and analyze the
long-term environmental and human health impacts from tank waste releases to the vadose zone.
The project also implements interim measures to mitigate impacts, and plans the remediation of
waste releases from tank farms and associated facilities. The scope of this document is to report
data needs that are important to estimating long-term human health and environmental risks.
The scope does not include technologies needed to remediate contaminated soils and facilities,
technologies needed to close tank farms, or management and regulatory decisions that will
impact remediation and closure. This document is an update of A Summary and Evaluation of
Hanford Site Tank Farm Subsurface Contamination.! That 1998 document summarized
knowledge of subsurface contamination beneath the tank farms at the time. It included a
preliminary conceptual model for migration of tank wastes through the vadose zone and an
assessment of data and analysis gaps needed to update the conceptual model. This document
provides a status of the data and analysis gaps previously defined and discussion of the gaps and
needs that currently exist to support the stated mission of the TFVZ Project. '

The first data-gaps document provided the basis for TFVZ Project activities over the previous
eight years. Fourteen of the nineteen knowledge gaps identified in the previous document have
been investigated to the point that the project defines the current status as acceptable. In the
process of filling these gaps, significant accomplishments were made in field work and
characterization, laboratory investigations, modeling, and implementation of interim measures.

The current data gaps are organized in groups that reflect components of the tank farm vadose
zone conceptual model: inventory, release, recharge, geohydrology, geochemistry, and modeling.
The inventory and release components address residual wastes that will remain in the tanks and
tank-farm infrastructure after closure and potential losses from leaks during waste retrieval.
Recharge addresses the impacts of current conditions in the tank farms (i.e. gravel covers that
affect infiltration and recharge) as well as the impacts of surface barriers. The geohydrology and
geochemistry components address the extent of the existing subsurface contaminant inventory
and drivers and pathways for contaminants to be transported through the vadose zone and
groundwater, Geochemistry addresses the mobility of key reactive contaminants such as
uranium. Modeling addresses conceptual models and how they are simulated in computers.

The data gaps will be used to provide input to planmng (including the upcommg C Fatm Data
Quality Objective meetings scheduled this year)

! T.E. Jones, R. Khaleel, D. A. Myers, J. W. Shade, and M. 1. Wood. 1998. A Summary and Evaluation
of Hanford Site Tank Farm Subsurface Contamination. HNF-2603, Rev. 0, Lockheed Martin Hanford
Company Corporation, Richland, Washington.
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ABBREVIATIONS AND ACRONYMS

bgs below ground surface .

CERCLA  Comprehensive Environmental Response, Compensation, and Liability Act
CMS corrective measures study

CoC contaminant of concern

DOE U.S. Department of Energy

1 DOESC  DOE Office of Science
Ecology ‘Washington State Department of Ecology

EMSP Environmental Management Science Project
EPA U.S. Environmental Protection Agency

FHI Fluor Hanford, Inc.

FIR Field Investigation Report

FY fiscal year

Health Washington State Department of Health
HFFACO Hanford Federal Facility Agreement and Consent Order
HRR high resolution resistivity

HTWOS Hanford Tank Waste Operations Simulator
IDF Integrated Disposal Facility

LDMM leak detection, monitoring, and mitigation -
MUST miscellaneous underground storage tank
NRC Nuclear Regulatory Commission

ORNL Oak Ridge National Laboratory

ORP DOE Office of River Protection

PA performance assessment

PNNL Pacific Northwest National Laboratory
RCRA Resource Conservation and Recovery Act of 1976
RDR Retrieval Data Report |

RFI RCRA Facility Investigation (report)

RL DOE Richland Operations Office

SGE surface geophysical exploration

SGL spectral gamma logging

SST single-shell tank '

SSTPA Initial Single-Shell Tank Performance Assessment (DOE-ORP 2006)
TDR - time domain reflectometry

TFVZ . tank farm vadose zone

TWRS Tank Waste Remediation System

TWRWP Tank Waste Retrieval Work Plan

WMA = waste management area

Units.

foot , ft (1 foot = 0.3048 meter)
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1.0 INTRODUCTION

The Tank Farm Vadose Zone (TFVZ) Project conducts activities to characterize and analyze the
long-term environmental and human health impacts from tank waste releases to the vadose zone
for the purpose of remediating past tank farm releases. The project is implementing interim
measures to mitigate impacts, and planning remediation of waste releases from tank farms and
associated facilities. The TFVZ Project supports Resource Conservation and Recovery Act of
1976 (RCRA) Corrective Actions for past releases from tank farm facilities, remediation of soil
and subsurface facilities (other than the large underground tanks) in the tank farms, and final
closure of the tank farms. The U.S. Department of Energy (DOE) Office of River

Protection (ORP) at the Hanford Site is responsible for waste tank remediation and closure,
including the TFVZ Project.

1.1 - SCOPE

The scope of this document is to report data needs that are important to estimating future risks in
performance assessments. The scope does not include technologies needed to remediate
contaminated soils and facilities, technologies needed to close tank farms, or management and
regulatory decisions that will impact remediation and closure. Those technology needs and
decisions will be discussed in the program plan Tank Farm Vadose Remediation System Vadose
Zone Program Plan (DOE/RL 1998), which is being updated. These data gaps will also be used
as inputs to data quality objectives processes, with the first such effort (for C farm) planned for
this year.

This document is an update of A Summary and Evaluation of Hanford Site Tank Farm
Subsurface Contamination (Jones et al. 1998). That document summarized knowledge of
subsurface contamination beneath the tank farms at the time. It included a preliminary
conceptual model for migration of tank wastes through the vadose zone and an assessment of
data and analysis gaps needed to update the conceptual model (see Figure 1-1 for the current
conceptual model). The current effort is to provide a status of the data and analysis gaps outlined
in Jones et al. (1998) and discussion of the gaps and needs that currently exist to support the
stated mission of the TFVZ Project. '

12 BACKGROUND

The Hanford Site, operated by the DOE, encompasses approximately 1517 square kilometers
along the Columbia River in southeast Washington State (see Figure 1-2). The Federal
Government acquired the site in 1943 for the production of plutonium, which continued until the
1980s. Production reactors were constructed and operated along the Columbia River and three
large radiochemical separation plants were built on the Central Plateau, along with an initial

64 large underground, high-level waste storage tanks. In the early 1950’s, additional facilities
were constructed (another reactor along the Columbia River, a new separations facility, and

18 more underground tanks). In the mid-1950s, two additional reactors were constructed, as was
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Figure 1-2. The Hanford Site and its Location in Washington State.
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the Plutonium-Uranium Extraction PUREX separations plant with 21 additional underground
tanks. Beginning in the 1990s, DOE’s focus shifted to cleaning up the legacy wastes that reside
onsite. ‘

To supplement the original underground tank system, which consists of single-wall steel and
concrete tanks, known as single-shell tanks (SSTs), double-shell tanks were constructed starting
in the late 1960s. Many of the SSTs have leaked, with an estimate of up to 500,000 gallons of
wastes lost to the soil and vadose zone, Tank Farm Vadose Zone Contaminant Volume

'Estimates (Field and Jones 2005). As of 2002, all retrievable liquids had been removed from the

SSTs, and by 2006, wastes from seven SSTs (C-103, C-106, C-201, C-202, C-203, C-204, and S-
112) had been retrieved such that residual wastes in these tanks meets the goals of the Hanford
Federal Facility Agreement and Consent Order (Ecology et al. 1989) (also known as the
Tri-Party Agreement) signed by DOE, the Environmental Protection Agency, and the
Washington State Department of Ecology.

The Washington State Department of Ecology (Ecology) has determined that wastes from

four SST farm waste management areas (WMAs) (WMA B-BX-BY, WMA S-SX, WMA T, and
WMA TX-TY) have impacted the groundwater, “Requirements for a Corrective Action Program
to Address Releases to the Environment at Eight (8) Single-Shell Tank Farms” letter from Mike
Wilson (Program Manager, Nuclear Waste Program, Washington State Department of Ecology) .
to Jackson Kinzer (Program Manager, U.S. Department of Energy) (Wilson 1998). Some of the
highest concentrations of technetium-99, a significant contaminant in tank wastes, are found in
groundwater near the eastern edges of the SX and the T tank farms. The source of technetium-99
in groundwater is uncertain because many of the tank farms are surrounded by cribs, which

received large amounts of waste, over 100 million gallons of which was direct discharge of

supernates from tanks, Tank Wastes Discharged Directly to the Soil at the Hanford Site (Waite
1991).

13 STRUCTURE OF DOCUMENT

The document is structured to first provide an introduction and background information in
Section 1.0. Section 2.0 describes the history of the TFVZ Project, including significant
accomplishments since the project was established in 1998. Section 3.0 presents a summary of
the nineteen data needs identified in Jones et al. (1998) and their current status. Section 4.0
provides an update of new needs reccntly identified along with previous hxgh-pnonty needs
identified in Jones et al. (1998) that require additional work.

When Jones et al. (1998) was published, there were few quantitative assessments of groundwater
impacts from past tank waste releases that had been performed. Since that time, the TFVZ
Project has characterized the major leaks that have been identified and risk analyses have been
performed. The Initial Smgle—SheIl Tank Performance Assessment for the Hanford Site (SST
PA) (DOE-ORP 2006) summarizes the cumulative impacts of past leaks from all SSTs. The
insights from the initial SST PA greatly influenced this update of the data needs. The needs in
Section 4.0 of this document are organized following the input structure to a performance
assessment: inventory, waste form release, recharge (including the effects of surface barriers),
geohydrology, geochemistry, and modeling.
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20 TANK FARM VADOSE ZONE PROJECT

The goal of the TFVZ Project as described in Tank Farm Vadose Remediation System Vadose
Zone Program Plan (DOE 1998) is to develop sufficient understanding to support decisions on
remediating past releases from tank farms. As the time to remediate and close the entire tank
farms approaches, the goal of the TFVZ Project has evolved to characterize and analyze the
long-term environmental and human health impacts from tank waste releases from the tank farms
and their associated facilities, implement interim measures to mitigate the impacts of these past
releases, and plan appropriate final remedies. Thus, the definitions of data gaps and analyses in
this document differ somewhat from those in Jones et al (1998), but remain focused on reporting
data gaps and needs that are important to estimating future risks in performance assessments.

2.1 EVOLUTION OF THE TANK FARM VADOSE ZONE PROJECT

In the mid-1990s, concerns were raised that tank waste constituents, particularly cesium-137, had
traveled deeper in the vadose zone than was predicted with then existing conceptual and
numerical models. An external panel of experts provided peer review on TFVZ contamination
issues, Tank Farm Vadose Contamination Issue Expert Panel Status Report (DOE 1997) and the
U.S. Government Accounting Office issued a report, Understanding of Waste Migration at
Hanford is Inadequate for Key Decisions (GAO 1998).

In response to the concerns over contaminant migration, specifically cesium-137, the

TFVZ Project and the Groundwater/Vadose Zone Integration Project (now known as the
Groundwater Remediation Project) were established. With input from stakeholders and
regulators, the program plan (DOE-RL 1998) was issued. This program plan documented

Phase 1 activities, which are now largely complete. The technical goals outlined in the plan were
to: :

! » Provide vadose zone information and impacts to Tank Waste Remediation System
(TWRS, now the Office of River Protection or ORP) decision makers

e Determine the nature and extent of vadose zone contamination in the tank farms
through new field studies, laboratory analyses and experiments, and historical data
assimilation

e Validate models used in providing information
e Develop the database needed for tank farm risk models

e Perform interim corrective actions that will lessen the impacts of tank leak
contaminants in the vadose zone.

The Groundwater/Vadose Zone Integration Project (Integration Project) was established to
assure that cleanup actions and decisions at Hanford are protective of the Columbia River. The
TFVZ Project was and remains a core member of the Integration Project (now known as the
Groundwater Remediation Project). One important goal of the Integration Project was to bring
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science to bear on resolution of key Hanford Site environmental issues. The Integration Project
included a Science and Technology Project with strong participation from national laboratories
and universities. The science and technology needs and activities to fill the gaps were
documented in a science and technology roadmap Groundwater/Vadose Zone Integration Project .
Science and Technology Summary Description (DOE 1999b and DOE 2000a) and Groundwater
Protection Program, Science and Technology Summary Description (Freshley et al. 2002). The
roadmap was used for planning science and technology research funded by DOE Richland
Operations Office (RL) to address subsurface problems at the Hanford Site.

DOE (1999b) was used to influence a fiscal year (FY) 1999 call for proposals issued by the DOE
Environmental Management Science Program (EMSP) that focused on vadose zone science
issues. Many of these issues were associated with the long-term migration behavior of
high-level tank waste residuals in the vadose zone. The EMSP established 31 projects _
(525 Million in work scope over three years) directed at vadose zone problems. The projects
were led by both national laboratory and university principal investigators. The EMSP also
provided funding to the Integration Project to facilitate interaction with the principal
investigators and to incorporate their results into activities and milestones at the Hanford Site.
The Integration Project was able to influence and guide, but not to direct the vadose zone EMSP
projects. Guidance and linkage were provided through a series of three focused workshops
which paired EMSP investigators with Hanford Site remediation contractors. In addition to
hosting the workshops, the Integration Project provided sediment samples to EMSP investigators

‘and facilitated access to the Hanford Site to conduct research. Uncontaminated sediment and

groundwater samples were obtained from compliance-driven monitoring wells while
contaminated samples were obtained from several different tank farms (S-SX, B-BX-BY) and
past practices crib sites. This approach was used to obtain chemical speciation measurements of
chromium and cesium-137 (S-SX tank farm), and uranium (B-BX-BY and TX tank farms). The
results of these investigations were summarized in the following Field Investigation Reports

(FIR), which were published by the TFVZ Project:

o Field Investigation Report for Waste Management Area 5-SX (Knepp 2002a)
e Field Investigation Report for Waste Management Area B-BX-BY (Knepp 2002b)
e Field Investigation Report for Waste Management Areas T and TX-TY (Myers 2005).

Beginning in 2004, the DOE Richland Operations Office (RL) transferred respons1b1hty for
funding the scientific investigation of tank-farm sediments to ORP from the Integration Project
Science and Technology Project. Currently, the TFVZ Project provides funding directly for
scientific studies focused on key tank-farm vadose zone issues.

Table 2-1 displays the activities and the reports that have been generated by the TFVZ Project
for Phase 1 since Jones et al. (1998). The project has researched Hanford Site records (including
operations reports) that dealt with tank farm operations, summarizing the findings in a series of
subsurface conditions descriptions reports (Wood et al. 1999, Wood et al. 2000, Wood et al.
2001, Wood et al. 2003, and Wood and Jones 2003). For each tank-farm complex, known as
WMAs, a site-specific work plan was written (Knepp and Rogers 2000, Rogers and Knepp 2000
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Crumpler 2002, and Crumpler 2005) and approved by Ecology. The work (whether field or
I laboratory) was implemented and summarized in field investigation reports (Knepp 2002a,
' Knepp 2002b, and Myers 2005). Each field investigation report also contains a risk assessment
based on known subsurface contaminants, 2 description of the interim measures implemented,
and recommendations for further actions.

2 2 ACCOMPLISHMENTS

- The TFVZ Project emphasmes data collection to improve conceptual models of tank farm vadose
zone contamination and future impacts. The empbhasis is on collecting sufficient information to
update the conceptual models, starting with mining existing data. Sediment and pore water
samples were collected from the vadose zone based on the current understanding, including input
from gross and spectral gamma radiation measurements. A tiered approach was used to evaluate
samples in the laboratory and scientific input was incorporated into the process. Specific
accomplishments in the process of characterization, field work, laboratory investigations,
modeling, and implementation of interim measures are described in the remainder of this section.

2.2.1 Pre-Characterization Activities

Hanford tank farms pose unique challenges for the processes needed to carry out characterization
and remediation. The TFVZ Project determined that to be successful, emphasis had to be placed
on performing characterization to improve understanding of the subsurface conditions and
updating the conceptual model (Jones et al. 1998). Inside the tank farms, there are many sources
of contamination and infrastructure that make characterization and remediation difficult. Some
of the contaminated sediments extend to 250 feet below ground surface (bgs).
Pre-characterization activities were performed to understand past history of operations and
contamination occurrences through as many lines of evidence as could be discovered, then to
assimilate as much of the information as possible to support field characterization and
remediation decisions. The project recognized that the situation would evolve with time as
additional data are collected, so the process has remained flexible to support the decisions that
‘will be made.

Before field characterization was initiated, a detailed examination of past characterization in
each tank farm was performed, resulting in subsurface condition description reports (Wood et al.
1999, 2000, 2001, 2003a, and Wood and Jones 2003). By reviewing reports from the various
processing facilities, detailed descriptions of the components of waste processing streams and of

. off-normal conditions were discovered that were relevant to the design of field characterization
activities (e.g., Field and Jones 2005 and Residual Waste Inventories in the Plugged and
Abandoned Pipelines at the Hanford Site [Lambert 2005]). ,

One of the key resources available to the TFVZ Project was the long-term record of gamma
radiation measurements in the sediments in the tank farms. When an SST was suspected of
leaking, wells were drilled to obtain sediment samples and monitor subsurface contamination
using geophysical measurements. Since the wells do not extend to groundwater, they are
commonly called drywells. From approximately 1975 to 1995, detectors that measured only the
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total amount of gamma radiation (or gross ganim’a) were used. A series of reports on the
analyses of these measurements were issued, as shown in Table 2-2.

Table 2-2. Gross Gamma Analysis Rephrts.

Farm Document Identification Year | Farm Document Identification Year.
A Randall and Price (2001) 2001 S Randall et al. (1999) 11999
AX Price (2001) 2001 SX Randall and Price (1999a) 1999
B Randall et al. (2000) 2000 T Randall et al. (2000a) 2000
BX Randall (1999b) 1999 X Randall et al. (2000b) 2000
BY Randall and Price (1999c) 1999 TY Randall and Price (1999d) 1999
o} Price and Randall (2001b) 2001 U Price and Randall (2001a) - 2001

In the late 1990s, spectral gamma detectors were deployed in drywells to measure not only the
amount of radiation, but also its energy distribution. The energy distribution allows
determination of the specific radionuclides that emitted each radiation energy level. A report,
which discussed the spectral gamma measurements versus time, was issued for drywells
surrounding each SST. The individual tank reports for each tank farm were further summarized
as tank farm roll ups. Table 2-3 displays the summary reports for the tank farms that form the
initial, or baseline, effort. This spectral gamma effort continues with measurements focused on
narrower sets of drywells and on wells outside of the tank farms (see the web pages at
http://www.hanford. gov/cp/gpp/data/gpl.cfim).

Table 2-3. Analysis of Drywell Spectral Gamma Logs.

Farm Document Number Year Farm Document Number Year

A GJO-98-64-TAR; GJO-HAN-23 1999 S GJO-97-31-TAR; GJO-HAN-17 1998
AX GJO-97-14-TAR; GJO-HAN-12 1997 SX DOE/D/12584-268,GJO-HAN-4 1996
B GJO-99-113-TAR;GJO-HAN-28 1999 T GJO-99-101-TAR;GJO-HAN-27 1999
BX GJO-98-40-TAR; GJO-HAN-19 1998 X ‘GJO-97-11-TAR; GJO-HAN-13 1997
BY TAR not issued; GJO-HAN-6 1997 TY GJO-97-30-TAR; GJO-HAN-16 1998
C TAR notissued; GJO-HAN-18 1998 U GJO-97-1-TAR; GJO-HAN-8 1997

References are listed under GJO-HAN-xx

Combining the historical gross gamma and the modern spectral gamma logs along with other
information allowed the TFVZ Project to identify the most likely impacted areas of the vadose
zone beneath the SST farms for characterization. The combined information was used to
determine placement of new characterization boreholes and other subsurface measurements

(e.g., geophysics).

- 10
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2.2.2 Field Characterization

Field data collection is a critical part of the TFVZ Project. Field characterization has resulted in
many significant accomplishments in the last ten years, including those in the following areas:

Safety .

SX-108 slant borehole :
Relogging of laterals in A and SX tank farms
Innovative sampling techniques

Surface geophysical exploration

2.2.2.1 Safety. Drilling and field characterization are inherently dangerous. Drilling for the
TFVZ Project is done in the presence of highly radioactive material. Yet the safety record for
field charactetization has been excellent with no recordable injuries, four first aid cases, and no
significant radiation exposures. This rate is far below industry standards and is the result of
careful planning and execution. -

2.2.2.2 SX-108 Slant Borehole.

A major part of the first phase of the TFVZ Project was the retrieval of vadose zone samples and
their subsequent analyses. Most of these samples were gathered through having boreholes
penetrate the most contaminated parts of the tank farms:

e Extending the 41-09-39 d'rywell {near SX-109) to determme the extent of the release
from tank SX-108 _

e Placing a slant borehole under tank SX-108, probably the most caustic leak

e Drilling a well near tank SX-1 15, ﬁndmg the h1ghest groundwater technetium
concentratlons

e Installing a borehole in the middle of the uranium plume from tank BX-102 to
determine its vertical extent

» Placing a borehole near tank B-110 to determine the cause of unusual gamma
radiation measurements thought to be bremsstrahlung from Sr-90 (Sr-90 was indeed
found)

¢ Drilling three boreholes in TX farm to investigate suspected uranium plumes

¢ Constructing 2 boreholes near tank T-106, a source of the largest tank leak, to
explore movement since the last borehole was located near this tank in 1994,

11
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Of these, the slant borehole beneath tank SX-108 has attracted the most attention.

' One of the largest documented tank leaks is from tank SX-108. One of the key gaps identified in

the initial data gaps document (Jones et al. 1998) was the possibility of such waste significantly
altering the physical and chemical properties of the sediments. The TFVZ Project investigated
directional drilling technologies where the direction of the borehole could change during drilling.
However, the industry techniques for such drilling would introduce significant amounts of water
into the subsurface, potentially accelerating the movement of already released contaminants. A
different method was investigated to drive a casing at an angle and collect contaminated
sediment samples. The method was intended to collect samples ahead of the driven casing that
were minimally impacted by drag-down effects of drilling operations. After design and
demonstration in clean areas outside of tank farms, the slant borehole under tank SX-108 was
initiated. :

The surface location of the tank SX-108 slant borehole was established based on the intended
target zone beneath the tank, the surface and subsurface infrastructure of the farm, and the
restrictions on how close to the base of the tank the borehole would be allowed to pass.
Ground-penetrating radar was used to map and confirm the locations of subsurface utilities. The

- surface location was selected based on a three-dimensional map of the subsurface.

The SX-108 slant borehole was advanced at an angle 30 degrees from vertlcal passing
approximately 3 m (10 ft) from the base of tank SX-108. Ten samples were called out in the
work plan for this effort (Rogers and Knepp 2000). The number of intervals sampled was
increased to 17 to ensure that critical zones of interest were not overlooked. The analytical

-scheme was changed to take advantage of the information collected during preceding

characterization efforts and to make most efficient use of laboratory resources. One of the

17 samples was lost from the sampler during operations, the rest were successfully recovered.
The borehole was advanced to a vertical depth of 43.9 m (144 ft) and 52.2 m (171.2 ft) slant
distance (SX-108 Slant Borehole Completion Report [Gardner and Reynolds 2000]). The last
sample collected was from the fine-grained sediments of the undifferentiated Hanford
formation/Plio-Pleistocene unit silty sands. The borehole was logged with down-hole
geophysical equipment and decommissioned. Because the driven casing could not be
successfully extracted, the final decommissioning was completed according to a variance granted

by Ecology.

The analytical protocol developed in conjunction with Ecology was significantly altered from
that developed during planning of this work. The revised protocol was designed to be the same
as that applied to two previous boreholes in the SX tank farm. Based on lessons learmed from
those boreholes, many of the laboratory analyses that would have been conducted during the
second or third phases were performed during the initial phase.

12
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Figure 2-1. SX-108 Slant Borehole Drilling
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2.2.2.3 Laterals in A and SX Tank Farms. Starting in the late 1950s, horizontal tubes were
placed under tanks that had sufficient heat from nuclear decay to boil liquids in tanks (referred to
as self-boiling tanks) within the A and SX tank farms. These laterals were instrumented with
radiation detectors to detect leaks and monitor contaminant movement. Monitoring the laterals
was discontinued in the late 1980s.

The TFVZ Project accessed the laterals and determined that they could be used. They were
logged with small diameter radiation detection equipment that could be threaded into the laterals
without entering the caissons normally used to access the laterals. The laterals under tanks
A-103, A-104, A-105, SX-107, SX-108, SX-110, SX-111, SX-112, and SX-115 were gamma
logged as shown in Gamma Surveys of the SST Laterals for A and SX Tank Farms (Randall and
Price 2006).

2.2.2.4 Innovative Sampling Techniques. Safe sampling of highly radioactive sediment
samples retrieved from the vadose zone required development of novel equipment and
techniques. For example, the first sampling campaign in the SX tank farm was done in and

* below an existing borehole. Techniques to extend the borehole without remobilizing
contamination and to obtain samples through the existing borehole (side-wall sampling) were
developed. Bringing highly contaminated samples to the surface required the development of
new sampling methods such as the use of lead over-packed (shielded) split-spoon liners,
reconfigured split-spoon samplers to facilitate direct shipment to the laboratory or easy
manipulation in the field, and shielded secondary containment, including portable glove boxes
and green houses, walk-in fume hoods, and extended handle wrenches/tools to break open the
split spoons and remove the shielded liners containing the sediment.

13
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Boreholes are expensive to install in the contaminated vadose zone beneath tank farms, although
costs have been reduced as experience has been gained with time. The direct push technology
(where a rod is pushed through the sediment) was evaluated and used, but was unable to
penetrate the compacted sediments at the bottom of tank farms. A new direct-push technology
based on a hydraulic hammer was developed by the TFVZ Project that was able to access the
subsurface to greater depths (up to nearly 120 feet). A photograph of the hydraulic hammer
equipment is shown in Figure 2-2. It can be deployed to push vertically or at angles of 30, 45, or
60 degrees from vertical. This technology has been and is being successfully deployed in the C,
B, BX, T, TY, and U tank farms.

Figure 2-2. Hydraulically Driven Direct Push Sampler
s 1

2.2.2.5 Subsurface Geophysical Exploration. As part of the Groundwater/Vadose Zone
Integration Science and Technology Project, vadose zone transport field studies, a geophysical
method known as high resolution resistivity (HRR) was deployed at the Hanford Site (Vadose
Zone Transport Field Study: Final Report [Ward et al. 2006]). During the cited vadosc zone
field studies in 2000 and 2001, the HRR method was used to detect and track the movement of
high salt plumes during injection experiments. The HRR method measures the electrical
resistance between many different points (most on the surface, but some subsurface). These
resistance values can be inverted (as is done in computer assisted tomography) to show the
electrical resistance of a particular volume of sediment. The key species that influence the
vadose zone resistivity in the field are the dominant dissolved salts in pore water (usually sodium
and nitrate from the neutralization of highly concentrated nitric acid wastes with sodium
hydroxide). Thus, the actual concentration of the dominant salts can then be inferred.

14
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Following successful deployment for the vadose zone transport field studies, HRR was deployed
elsewhere on the Hanford Site. It was evaluated at the Mock Tank Site for tank-leak detection
and was deployed in the S tank farm (Surface Geophysical Exploration of the S Tank Farm at the
Hanford Site [Rucker et al. 2006a]) during retrieval operations and for additional testing with
tank-leak stimulant injections (See Figure 2-3). In parallel with evaluation of the technology for
tank leak detection, Fluor Hanford, Incorporated (FHI), the DOE prime contractor at the Hanford
Site for areas outside of the tank farms on the Central Plateau, implemented HRR to survey a
past-practice waste site known as the BC cribs and trenches. The three-dimensional subsurface
plumes were characterized by FHI in Plume Delineation in the BC Cribs and Trenches Area
(Rucker and Sweeney 2004). The HRR methodology as applied to exploration for and
delineation of existing plumes, rather than leak detection, is known as Surface Geophysical
Exploration (SGE) as described in An Assessment of Surface Geophysical Exploration as a
Characterization Tool in Hanford Tank Farms (Myers 2006). SGE has been used at C, T, and U
farms (Levitt et al. 2007, Rucker 2006b, and Rucker 2006c) and will be deployed at all of the
remaining SST farms.

Figure 2-3. Surface Map of Plumes under S Farm Determined by Surface Geophysics.
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2.2.3 Laboratory

The contaminated vadose zone sediment samples collected by the TFVZ Project were shipped to
the Pacific Northwest National Laboratory (PNNL) where measurements were performed to
determine contaminant concentrations. Normally, about 20 intact (split spoon) samples were
retrieved from each borehole. A hydraulic hammer direct-push campaign usually involved
between 20 and 40 pushes, but only one sediment sample is gathered from each push.

Some of the samples collected to date were relatively uncontaminated; others contained levels of
radiation that required handling precautions. Thus, laboratory analyses were selected carefully to
optimize the data obtained and protect the workers/analysts. With the approval of Ecology, a

15
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three tier approach for laboratory analyses was developed The first tier is done on each sample
 to provide the following: ,

e A quantitative measure of the hazard of the sample (based on gamma and high energy
' beta radiation dose rates)

e Quantitative measure of spectral gamma content

e Water extractable quantities of key tank waste contaminants such as technetium,
- nitrate, chromium, pH, and electrical conductivity

o The moisture content (needed to guide future cl_iaracterization)

e A visual observation of the sediments (to determine if interesting physical or
chemical processes have occurred). '

Depending on the tank farm and vadose zone plume being investigated, additional analyses were
included in the first tier to focus on additional key contaminants.

Based on the results of the first tier analyses, a second tier of analyses is selected. The
second-tier analyses are used to characterize the major sediment constituents (common alkali and
alkaline earth cations, aluminum, silicon, iron, and common anions such as halides, sulfate,

phosphate, carbonate) and tank waste constituents (most of the RCRA metals and long-lived

radionuclides, actinides with half lives greater than several hundred years, and fission products
with half lives greater than 10 years). In addition, second tier analyses can include the _
determination of mineralogy of the sediments, hydrological properties such as matric potentlal
which indicates whether the sediments are “dry” or “wet” (i.e., capable of draining water in the

- natural field state), and mobility of the contaminants.

A third (final) tier of analysis is performed on a hand full of sediment samples selected to
understand the underlying chemical and physical processes for contaminant transport. These
analyses range from determining the speciation of contaminants (e.g., chromium (Cr) oxidation
state as Cr*> or Cr'®) to determine the location of particular contaminants on or inside mineral
structures, to determining the release or migration kinetics of specific contaminants from the
sediments during current or future interactions with percolating water. Often, the analyses in this
third tier are performed in DOE Office of Science (DOE SC) facilities. Through the _
Groundwater/Vadose Zone Integration Project, the TFVZ Project has accessed some DOE SC
investigators and facilities to study aspects of the sediments that have been collected. This effort
has been known as “wrap-around science” because it is used to compliment baseline
characterization of the samples. The sediments are complex because they have been subjected to
a complex set of chemicals under extreme (very high salinity, very highly caustic) conditions and
elevated temperature conditions for up to 60 years. The DOE SC facilities used to investigate
Hanford sediments include the large particle acoelcrators at the Synchrotron Radiation :
Laboratory, the Advanced Photon Source at Argonne National Laboratory, and large magnetic
spectrometers at the Environmental and Molecular Sciences Laboratory The results of the
wrap-around science effort have significantly alded the effort to improve our understandmg of
the chemical, physical and hydrologic processes that control the fate of key contaminants in the

. natural and stressed subsurface environment.

16
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The baseline characterization results as well as key results from the wrap-around science
activities were incorporated directly into the FIRs that have been pubhshcd Some of the
highlights include: '

e Interactions of highly‘caustic tank waste with sediments
- ® Cesium mobility

e Uranium mobility _

o Fate of technetium through the bismuth phosphate precipitation process
_® Release rates from tank waste residuals '

2.2.3.1 Interactions of Highly Caustic Tank Waste with Sediments. At the initiation of the
TFVZ Project, the conceptual model for tank wastes was that as leaks occurred, they greatly
altered the physical and chemical properties of sediments in the vadose zone. Some minor
changes in chemical and mineralogical properties of near-tank sediments have been seen based
on characterization of the past leaks. Besides the presence of contaminants, pH of the soil was
observed to have increased from its natural value of ~7.5 to 8 to as high as ~9.5 to 10 (see
Appendix B in each of the FIRs). In addition, water soluble magnesium and calcium generally
present on sediment cation exchange sites have been displaced downward having been replaced
by sodium present in very high concentrations in the tank liquids that leaked (Appendix Din
Knepp 2002a).

To date, the closest sample taken near an SST at the Hanford Site has been sediment cores taken
from the SX-108 slant borehole, as reported in Knepp (2002a). One core in that borehole was
obtained 2 ft below the base of the tank and 8 ft horizontally from the sidewall of the tank and
another sediment core was obtained 14.5 ft below the base of the tank and directly under the tank
sidewall. Fourteen additional cores were obtained from deeper in the vadose zone as the slant
hole penetrated all the way to locations directly under the center of SX-108. The core sample
14.5 ft below the tank bottom but directly under the sidewall did show slight indications of
caustic fluid dissolution attack on individual sediment grains and faint signs of some mineral
alteration to new solids called zeolites. This sediment was dry (likely from the high heat from
the tank driving water away). The water extract of this sample had a pH of 9.6, and was
moderately laden with salts from the tank liquids. Sediment water extracts from samples 21 #ft
deeper and closer to a projection of the tank’s center contained 80 times more salts but normal
pH values. The sediments closest to the tank bottom and the sediment 14.5 ft below the tank
bottom but right below the tank side wall that showed that mineral alteration contained slightly
lower concentrations of the highly sorptive radionuclide cesium-137 than the sediments 21 ft
deeper and farther under the tank bottom. The contaminants with the greatest mobility,
technetium-99, chromium(VI), and nitrate were found 40 ft beneath SX-108 in cores 9 and 10
(see Figure 2-1) within sediments that showed no signs of caustic attack (Appendix B of Knepp
2002a). The conclusion is that the zone of caustic attack around the SX-108 leak was limited to

a zone with a radius of 15 to 20 ft (Knepp 2002a). '

In the characterization work performed to date, the caustic tank waste solutions was not observed
to significantly impact the physical and hydrologic properties of the sediments in contact with
tank wastes. The grain dissolution that occurred did not form large void spaces and mineral
precipitation did not plug existing pores and cause large changes in porosity and hydraulic
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conductivity (water flow rates). However, slight changes in porosity, hydraulic conductivity, and
formation of new precipitates, such as highly sorptive zeolites, could have had small, but
measurable effects on fluid flow direction and contaminant migration in the localized zone
impacted by the highly caustic leaked fluids (Appendix B of Knepp 2002a).

2.2.3.2 Cesium-137 Mobility. As described in Section 1.0, a driver for the TFVZ Project and
the Groundwater/Vadose Zone Integration Project was to address the issue of cesium-137 being
deeper in the vadose zone beneath the SX tank farm than conceptual models at the time could
explain. Based on extensive laboratory analyses and modeling an accurate and mechanistically
based cesium adsorption model was developed that explained the processes involved and
determined the parameters needed to quantify cesium migration through sediments (see
Appendix D of Knepp 2002a, Zachara et al. 2000, Zachara et al. 2002, Liu et al. 2003a, Liu et al.
2003b, Liu et al. 2004a, McKinley et al. 2001, and McKinley et al. 2004).

The key finding was that the large amount of sodium that is in tank waste was concentrated by
self boiling to concentrations up to four times higher than previously thought and resulted in
mass concentrations that saturated available sorption sites in Hanford sediments when the
SX-108 leak occurred. Sodium is very similar in its chemical properties to cesium and in large
quantities, competed for the available sorption sites. The fission process also created four
isotopes of cesium (133, 134, 135, and 137) that when also concentrated by self boiling, helped
to saturate the SOI'pthIl sites in the sediments closest to the tank leak. Cesium-137 occurred in
high concentrations in tank waste and when present in fluids that leaked from self bonlmg tanks,
migrated until the cesium atoms encountered sorption sites not already saturated with cesium or
sodium, generally to greater distances than previously predicted. As the leaked fluid migrated
away from SX-108 in the vadose zone, they were diluted by direct ion-exchange removal onto
the native sediments and by mixing with the natural vadose zone water. The cesium
concentrations also diminished by sorption onto both cesium preferred sites and general cation
exchange sites on the sediments, and by dilution with the vadose zone water. Most of the cesium
that currently exists in subsurface sediments beneath leaked SSTs is sorbed and immobilized by
strong ion exchange to and diffusion within micaceous minerals. The cesium adsorption model
accounts for varying sodium and cesium concentrations and can correctly predict the past and
future migration of cesium in the vadose zone. '

2.2.3.3 Uranium Mobility. Another focus of study has been on understanding the fate and
transport of uranium. At the present time, the general conceptual model for uranium transport at
Hanford is incomplete. Work is continuing to improve mechanistic understandmg and -
predlchons

The behavior of uranium varies between tank farms and waste sites in the 200 Area Central
Plateau and in the 300 Area. Uranium interactions with Hanford sediments have been found to
vary significantly with chemical composition of the waste stream that was disposed. Leaching
experiments and detailed solid phase characterization studies on the contaminated sediments
show that uranium retardation occurs as a result of both discrete uranium prec1p1tate phases and
adsorption onto common sediment minerals.
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The chemical composition of solutions used to leach the contaminated sediments has a strong
effect on the amount and rate of uranium release from the contaminated sediments. It has been
well documented that pH, carbonate/bicarbonate content, and the concentrations of sorbents are
key variables that control the fate of uranium. The presence of natural or waste-induced calcium

- carbonate and ferric oxides in Hanford sediments interact strongly with dissolved uranium to

retard its migration in the percolating pore waters when the pH of the solutions are acidic (below

- 7). If the solution pH is above neutral and carbonate/bicarbonate concentrations are moderately

high (but below concentrations where calcite is actively precipitating), uranium is relatively
mobile. Elevated temperature and the presence of phosphate and sulfate ions (both present at
high concentrations in the bismuth phosphate type waste streams) can further complicate the fate
of uranium beneath the SSTs

Uranium existing in vadose zone sediments impacted by tank leaks can sustain pore-water
concentrations above drinking water standards for long periods of time. This was documented in

~ Appendix D of the B-BX-BY FIR (Knepp 2002b). The uranium in solution may be readsorbed,

co-precipitated, or continue to move with little retardation. The sediments impacted by the
BX-102 overfill continue to be studied for long-term uranium leaching and transport. -

2.2.3.4 Fate of Technetium in the Bismuth Phosphate Precipitation Process. Early
plutonium recovery at Hanford was based on the bismuth-phosphate process, which relied on
precipitation. This process had a number of drawbacks. First, the slightly depleted uranium was
not directly recovered, but was routed to the SSTs for interim storage until recovery methods

~ could be developed. Second, the chemical precipitation process produced large quantities of

waste and had no viable process for recycling any process chemicals. It is estimated that the
bismuth-phosphate process generated approximately 80 % of the waste volume in underground
storage tanks. Finally, the bismuth-phosphate process had to be run in “batch mode.” It was
known that approximately 10 % of the total beta activity was carried along with the initially
precipitated plutonium product. Approximately 1 % of the total beta activity was carried along
with the second precipitated plutonium product. The third precipitated plutonium product had
essentially all of the total beta activity removed. Therefore, approximately 90 % of the total beta
activity was sent to the SSTs with the first “high-uranium” bismuth-phosphate waste stream (i.e.,
metal waste), approximately 9 % with the second waste stream (i.e., first cycle) and the ﬁnal

1 % went with the third waste stream (i.e., second cycle). ‘

Sometime during Hanford chemical process history, an assumption was made that “total fission
products” could be substituted for “total beta activity.” It was assumed during the ~
bismuth-phosphate process operations that essentially all of the “total beta activity” that was
tracked with the plutonium product was zirconium/niobium-94. This assumption persisted
through the development of the Hanford Defined Waste Model, initial Best-Basis Inventory
estimates, and the initial version of Hanford Soil Inventory Model (Simpson et al. 2001). This
led to errors in projected bismuth-phosphate waste compositions remaining in the SSTs and the

7

‘waste streams that were transferred to cnbs and trenches, which allowed wastes to migrate

through the soil column.

The problem associated with the &ssumption regarding total fission products came into focus

‘during review of analytical results from soil samples collected from beneath the B-38 trench
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which had received large volumes of bismuth-phosphate process first cycle waste. Initially,
significant quantities of technetium-99 were expected to accompany nitrate in deep vadose zone
sediment samples. However, almost no technetium-99 was found in vadose zone sediment
samples containing large quantities of nitrate. This observation led to a reevaluation of historical
records associated with the bismuth-phosphate process and additional laboratory studies. The
first step in the bismuth-phosphate process was simulated in laboratory-scale simulation tests of
the bismuth-phosphate process using selected radioactive tracers. The laboratory simulations
confirmed the current interpretation that essentially all of the fission products that drive risk at
the Hanford Site (including technetium-99) traveled with the metal waste stream in the '
bismuth-phosphate process as reported in Laboratory-Scale Bismuth Phosphate Extraction
Process Simulation to Track Fate of Fission Products (Seme et al. 2007). Since completion of
the laboratory work (Serne et al. 2007), both the Best-Basis Inventory
(http://twins.pnl.gov/twins3/twins.htm) and Hanford Soil Inventory Model (Corbin et al. 2005)
estimates have been corrected.

2.2.3.5 Release Rates from Tank Waste Residuals. To support the Single-Sheil Tank '

Performance Assessment, the TFVZ Project measured the release of constituents from residual
waste sludge obtained from tanks C-106, C-203, and C-204 after their retrieval. Each of these is
described as a sludge tank, which is a tank having waste characterized as being dominated by
metal oxides rather than salts. The contaminant release behavior from sludge is very different
than release from salt waste.

The total concentrations of the primary contaminants of concern (technetium-99, iodine-129,
chromium, and uranium) were found to be relatively low in the C-106 residual sludge as reported
in Hanford Tank 241-C-106: Residual Waste Contaminant Release Model and Supporting Data
(Deutsch et al. 2005b). In addition, the water-leachable release rates were low. Such low values
are attributed to the flushes with oxalic acid that were used to retrieve the waste out of C-106. At
the end of these flushes, very little water soluble material remained.

The total concentrations of technetium-99 in C-203 and C-204 sludge are lower than the

concentrations found in tank C-106 (Deutsch et al. 2005a, Krupka 2006, and Cantrell et

al. 2006). The uranium concentrations in C-203 and C-204 sludge materials are 300 to 1000
times higher than the uranium concentrations in the residual sludge from C-106, perhaps
reflecting the efficiency of oxalic acid at dissolving and removing uranium. Discrete uranium
minerals, including &ejkaite, were found in the C-203 and C-204 sludge materials.

Quantitative release models for technetium-99 were developed based on the laboratory testing of

C-203 and C-204 sludge materials. These models are based on the concentrations and solubility
of technetium-bearing solids in contact with pore water migrating through the sludge materials.
There are two stages of technetium release to solution, an initial fast release of mobile
technetium-99 from an undetermined salt, followed by slow release of the remaining inventory.

The model for release of uranium from C-203 and C-204 sludge materials is based on the
concentrations and solubility of uranium- and sodium-bearing minerals in contact with pore
water migrating through the sludge materials. There are three stages of uranium release to
solution, 1) an initial low release of uranium due to the “common ion” effect during dissolution
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of sodium nitrate salts, 2) larger release of uranium from &ejkaite [Nay(UO;)(CO;)3] after the
sodium-nitrate salts are dissolved, and 3) low release of uranium from an undetermined
uranium-bearing mineral, perhaps clarkeite, a slightly soluble sodium uranyl hydroxyl-oxide
[Na(UO;)O(OH)H20)o.1]. The stages of uranium release do not coincide with the stages of
technetmm release. _

2.2.4 Analysis

Groundwater impacis from tank wastes migrating through the vadose zone and from possible
future releases are analyzed with computer models using the data collected through literature
searches, field work, and laboratory measurements, Important advances have been made in
different aspects of these analyses:

Conceptual model updates

Temperature-dependent contaminant transport
- SST leak volumes

Inventory estimate for SST Leaks

Contaminant distributions for the T-106 tank leak.

¢ @ o o o

2.2.4.1 Conceptual Model Updates. Tank waste is characterized by extreme chemical and
physical properties, which may impact waste migration through the vadose zone when leaks have
occurred. For example, the leaked waste from tank SX-108 may have reached temperatures
greater than 300 °F, specific gravity greater than 1.5, and pH possibly as high as 14 or above.
Modeling the complexities of tank leaks is difficult because of the coupled processes that have to
be described mathematically and parameters for complex models that must be measured or
estimated with technically defensible processes.

To evaluate the impacts of tank leaks, the TFVZ Project separated the conceptual model for leaks
into two phases. The first phase occurred during the initial tank leak when the extreme tank
waste properties overwhelmed the natural system. Compared to the long-term migration of tank
wastes through the vadose zone, this phase was typically short duration. As was the case for
cesium-137 migration in the SX-108 tank leak, the initial phase resulted in significant
penetratlon of tank wastes through the vadose zone. The second phase was of longer duration,
when mixing of the finite-volume tank waste fluids with vadose zone fluids and dilution have
returned the vadose zone to a state where the natural system exerts the greatest control on most
of the key processes.

The first phase of the conceptual model was addressed by the TFVZ Project by conducting field
and laboratory characterization of the current distribution of contamination and evaluating how
the contamination was emplaced through science and technology investigations. The second
phase of the conceptual model was evaluated through characterization of current conditions and
analyses of future impacts. Evaluation of the second phase of the conceptual mode! was based
on the assumption the natural system has reasserted control.
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2.2.4.2 Temperature Dependent Contaminant Transport. Because of heat generated by
radioactive decay, the temperatures in some of the tanks exceeded the boiling point of water.
These tanks served as sources for heating the sediments around the tanks. A key question that
arose was whether the conceptual model for current and future migration of tank wastes needed
to consider temperature effects. The temperature effects were studied for a cross section
incorporating tanks SX-107, SX-108, and SX-109 (Appendix D.7.1 of Knepp 2002a). The
results of this study demonstrated that temperature-dependent modeling is absolutely necessary
for high-heat tanks during the early stages of the leak. However, if the modeling begins with
current conditions (approximately year 2000), using the existing plumes and temperature regime
as boundary conditions, the differences in estimated fluxes entering groundwater using
temperature-dependent and isothermal calculations were demonstrated to be insignificant.

2.2.4.3 Single-Shell Tank Leak Volumes. In the early 1990’s, a systematic evaluation of the
integrity of the SSTs was performed. Leak volume estimates derived from this process were
based largely on in-tank liquid level measurements and tended to provide conservatively high
leak volumes. Tank leak volume estimates based on these evaluations are documented in
monthly Tank Waste Summary Reports (HNF-EP-0182). Some of these estimates appear to be
inconsistent with more current vadose zone characterization data. As a result, more current
evaluations to estimate the volume and inventory of SST leaks were conducted by the Vadose
Zone program. These evaluations considered liquid level measurements, characterization of
waste streams going into the tanks, and geophysical radiation logging measurements outside of
the tanks. SST leak volume estimates based on vadose zone program evaluations are
summarized in Field and Jones (2005). Some of the estimates were larger, some smaller, and
most were the same as the SST leak volume estimates in HNF-EP-0182. The greatest
differences, due to inconsistencies in large liquid level decreases and little or no evidence of a
large leak based on geophysical radiation logging data, were for tanks A-105, C-101, and U-101.
This volume estimates require further review as well as the need to establish the uncertainties
associated with both the volume and composition estimates. Tank leak volume and UPR
estimates and the resulting waste compositions will be reassessed and updated in accordance
with a protocol document developed with Ecology (Schepens 2006).

2.2.4.4 Inventory Estimate for Single-Shell Tank Leaks. Based on the SST leak volume
estimates from Field and Jones (2005), improved waste stream transfer records, and chemical
compositions of various waste types the inventories of released contaminants in each tank leak
event were updated (Corbin et al. 2005). This document not only details the releases inside the
tank farm, but also all of the releases to the soil in the cribs, trenches, and ponds (non-SST
disposal facilities), and the larger spills and unplanned releases in the Central Plateau.

2.2.4.5 Contaminant Distributions for the T-106 Tank Leak. Borehole C4104 was drilled in
2003 to assess the migration of contaminants from the 1973 tank leak at T-106. The C4104
borehole was drilled to provide sediment from the vadose zone as close as possible to borehole
299-W10-196 that was installed in 1993. C4104 is situated approximately 13 ft to the east of
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299-W10-196 and farther away from Tank T-106. The cable tool drilling and split spoon
sampling used for C4104 met refusal at approximately 127 ft below ground surface. This was
shallower than was reached at 299-W10-196 (approximately 180 ft bgs).

The analysis of the T-106 tank leak compared the vertical distributions and concentrations of
various constituents per gram of dry sediment for both boreholes. No attempts were made to
obtain samples of the pore water within the sediments at 299-W10-196 in 1993; thus, the only
comparisons that can be made are for the total concentration of constituents in the sediments of
each borehole. The activities of short-lived radionuclides found in borehole 299-W10-196 were
decay corrected to 2003 when borehole C4104 was emplaced so that the comparisons represent
the present day conditions (assuming that significant migration of radionuclides has not occurred
in borehole 299-W10-196 over the last ten years).

Nitrate is one of the most mobile and highest concentration contaminants present in tank fluids
and is not present in the Hanford natural environment at high concentrations. Thus nitrate is a
very good indicator of tank waste migration in the vadose zone. Data collected for nitrate in
sediments from borehole C4104 suggest that the maximum concentration in 2003 might be
approximately 6 ft deeper than at 299-W10-196, so there is evidence of vertical migration of

~ mobile nitrate in the ten years between drilling of the boreholes. The concentrations of nitrate
found in the sediments vary, with the peak concentration of 4,400 pg/g found in 299-W10-196
and 2,600 png/g found in C4104. This may represent dispersion and/or lateral migration of the
nitrate with time.

Another mobile constituent present in tank fluids is technetium-99, Comparison of the
technetium-99 profiles between the depths of 95 to 105 ft bgs show that contamination in the
Cold Creek lower subunit in borehole 299-W10-196 in 1993 is not present in borehole C4104 at
similar depths in 2004. Unfortunately, the sampling and measurement frequency in 1993 for
technetium-99 in borehole 299-W10-196 was too coarse to adequately complete a profile of the
vadose zone plume. Accounting for the data missing from borehole 299-W10-196, the masses of
technetium-99 in the two boreholes appear to be quite similar. The conclusion is that the shallow
portion of the technetium profile does appear to have descended six to ten ft over the ten-year
span between the measurements. Whether the deeper portion of the profile has migrated a
sum]ar distance cannot be assessed.

A third constituent in the T-106 leak fluids that can be analyzed to make statements about
contaminant migration is cobalt-60. After decay correcting the two borehole data sets to a
common time, the data suggest that cobalt-60 has migrated deeper into the sediment profile
within the Ringold Taylor Flat member when compared to the profile in 1993. In the
299-W10-196 borehole, the deepest peak of cobalt-60 was found at 111 ft bgs in 1993, whereas
in borehole C4104 in 2003, the deepest cobalt-60 peak was found at approximately 113 ft bgs.

- The cobalt-60 activities for both borehole profiles, after decay correction to 2003, are in close
agreement. This suggests that the total mass of cobalt-60 has not changed and that the leading
edge of the plume has redistributed only a few feet deeper into the profile in the past ten years.
Additional details and comparisons of less mobile contaminants are found in Characterization of
Vadose Zone Sediments below the T Tank Farm: Boreholes C4104, C4105, 299-W10-196, and
RCRA Borehole 299-W11-39 (Seme et al. 2004b).
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2.2.5 Implementation of Interim Measures

Although final closure of the SST farms is years away, interim measures can be taken to mitigate
‘contaminant movement. Three such actions have occurred (see chapter 5 in each of the
following Field Investigation Reports [Knepp 2002a, Knepp 2002b, and Myers 2005]):

¢ Construction of berms and gutters to control surface water run on to tank farm
surfaces’

o Test and remove or cap off waterlines extending into tank farms and areas of vadose
zone contamination

o Cap open boreholes

Cuncnt!y; an interim barrier is being designed for installation over the plume from the T-106
tank release.

The tank farms were constructed in small valleys in the Central Plateau so that the waste created
during chemical reprocessing of fuels would flow downhill from the processing plants to the
storage tanks. However, that design also allows surface water (particularly water from rapid
snowmelt) to drain onto tank farm surfaces via overland flow (surface water run on). There have
been several instances during Hanford Site operations where tank farms have flooded following
rapid snowmelt events. This was thought to be a driver for vadose zone contamination in the
tank farms to migrate downward toward the water table. The TFVZ Project designed and
constructed berms around the SST farms to divert surface water away from the farms and into
gutters and drains, both previously existing and newly constructed. These berms and gutters
were successfully tested during the 2004-2005 winter, which was very wet and resulted in
generation of surface water and overland flow.

In addition to consideration of surface-water run on, the TFVZ Project evaluated the impact of
leaking water lines within the tank farms. Throughout Hanford Site operations, water was used
for a variety of purposes inside the tank farms. As active operations of the SST farms have
‘ceased and the focus placed on waste management and remediation, the need for water inside the
SST farms has decreased. As part of interim measures completed by the TFVZ Project, all
waterlines inside SST farm fence lines were tested for leaks. Water lines, where testing
demonstrated that integrity was compromised and that the lines were no longer in service, were

- capped before they enter the tank farms. ‘

There are numerous boreholes (also known as drywells) inside the tank farms used for vadose
zone monitoring. At the time they were constructed, each drywell was capped. However, many
of the caps were misplaced and some of the drywells became open conduits to the subsurface.
The TFVZ Project installed waterproof caps on all of the drywells to minimize this pathway.

The above interim measures do not address moisture influx from precipitation (rain or snow) that
lands directly on a tank farm. An interim barrier is being designed for installation over the
plume from the T-106 tank release. This barrier, made from a mixture of polyurea/polyurethane
sprayed over a felt substrate, will collect water and then divert it out of the tank farms. This
barrier system, including moisture measurement arrays, will be constructed by September 2007.
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2.3 Relationship to Other Activities

The TFVZ Project is integrated and interfaces with a number of organizations to gather and
analyze data, use the data in risk assessments, and then mitigate long-term impacts. The key
interfaces include:

Other tank farm organizations

DOE’s Office of River Protection

DOE’s Richland Operations Office

Pacific Northwest National Laboratory

Other Hanford Site contractors

Washington State Department of Ecology

Other regulatory agencies

2.3.1 Other Tank Farm Organizations

The TFVZ Project closely interacts with many other tank farm organizations. Some, such as thc
Tank Farm Closure Project, are responsible for the tank-farm facilities in which the

TFVZ Project performs field measurements and collect sediment samples. Engineering Process
Control Group of CH2M HILL Hanford Group, Inc. provides information, such as inventory
data, to the TFVZ Project, while other organizations are impacted by the conclusions of the
project. Other tank farm organizations provide service functions, such as safety, quality
assurance, and procurement. All field activities are planned and implemented following
procedures and policies of the corresponding facilities, supported by organizations serving
cross-cutting functions (e.g. safety, quality assurance, and procurement).

Assessments of long-term risk require large amounts of data, much of which comes from
organizations other than the TFVZ Project. For example, results from the Hanford Tank Waste
Operations Simulator (HTWOS, a computer program and database), which is the responsibility
of the Process Engineering Group, provides the reference inventories for Hanford’s long-term
risk assessments.

The results from the TFVZ Project (particularly those contained in assessments of long-term
risk) have important impacts on the Tank Farm Closure Operations and other organizations. For
example, DOE Order 435.1, Radioactive Waste Management, requires that performance
assessments set requirements on what waste can be accepted in disposal facilities (including
facilities closed as landfills, the present plan for tank farms). Thus, organizations responsible for
retrieval, disposal, and closure are impacted by the results from assessments of long-term risk.

2.3.2 U.S. DOE Office of River Protection

CH2M HILL Hanford Group (of which the Tank Farm Vadose Zone Project is a part) is the
prime contractor to the DOE Office of River Protection (ORP) for the operation of the Hanford
Site Tank Farms. Thus, ORP sets the overall requirements for project activities. In addition,
DOE orders (particularly DOE Order 435.1, Radioactive Waste Management) provide that the -
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field manager of ORP has approval authority over many of the documents produced by the
Tank-Farm contractor. , ,

As a participant of the Hanford Federal Facility Agreement and Consent Order (HFFACQO), or
the Tri-Party Agreement, ORP must concur with milestone documents sent to the Washington
State Department of Ecology. In addition, ORP is the formal conduit of documents sent to other
government entities (e.g., the Nuclear Regulatory Commission) and for interactions with Native
American Tribes.

233 U.S. DOE Richland Operations Office

The DOE Richland Operation Office (RL) is the other field office at the Hanford Site charged
with site cleanup. Because of agreements with ORP, RL performs certain functions for the ORP.
For example, RL has the lead for legal matters and the Resource, Conservation, and Recovery
Act of 1976 permits. The TFVZ Project works with RL, as requested by ORP, in such areas.

2.3.4 Pacific Northwest National Lﬂboratofy

Various PNNL organizations are funded directly by the TFVZ Project to perform data collection,
scientific investigations, model development, and computer simulations. Such work follows tank
farm requirements as specified in procurement documents. In general, the work is reported in
PNNL documents and in peer-reviewed journal articles.

PNNL is also funded by Fluor Hanford, Inc. (FHI) to provide support for technical integration
and assessment, remediation and closure science, remediation decision support, and groundwater

. monitoring. PNNL also provides support to FHI for remedial investigation/feasibility studies for
the 300 Area uranium plume and support to other operable units under investigation for '
remediation, which aids the basic understanding of moisture flow and contaminant transport in
Hanford’s vadose zone.

2.3.5 Fluor Hanford, Inc.

The TFVZ Project is only one of several projects collecting data on the Hanford Site’s Central
Plateau. As part of the data collection for the TFVZ Project, access to non-tank farm sites is
needed, and the project works closely with FHI, which is responsible for soil waste sites adjacent
to tank farms and for groundwater remediation. In addition, DOE assigned the responsibility for
an integration project involving all Hanford contractors dealing with soil and groundwater
investigations and remediation directly to FHI. To ensure coordination of the various field
activities, integrated project teams have been formed. '
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+ 2.3.6 Washington State Department of Ecology

The U.S. Environmental Protection Agency (EPA) has delegated responsibility for the
implementation of most parts of the Resource Conservation and Recovery Act (RCRA) to the
Washington State Department of Ecology (Ecology). Ecology also implements the similar
hazardous waste laws of Washington State. It often supports the Washington State Department
of Health (Health) in implementing air regulations at the Hanford Site and regulations involving
radioactive materials.

Ecology is the lead agency for the M-45 series ; of milestones in the Hanford Federal Facility
Agreement and Consent Order (HFFACO).: Included in these milestones (specially the M45-50
series) are assessments of long-term impacts from vadose zone contaminants released from
SSTs. Ecology reviews the FIRs produced by, the TFVZ Project. Milestones M45-55, -58, and
-60 give review and approval authority to Ecology for the RCRA Facility Investigation (RFI)
Report, the Corrective Measures Study (CMS), and the RFI/CMS Work Plan.

Section 2.5 of Appendix I (“Single-Shell Tank System Waste Retrieval and Closure Process™) of
HFFACO states that both DOE and Ecology must approve the SST WMA- specific performance
assessments. This approach is used to “provide a single source of information that DOE can use
to satisfy potentially duplicative functional and/or documentation requirements.”

237 Other Regulatory Agencies

The TFVZ Project also interacts with other regulatory bodies:

e U.S. Environmental Protection Agency
e U.S. Nuclear Regulatory Commission
e Washington State Department of Health.

2.3.7.1 U.S. Environmental Protection Agency. The EPA has regulatory responsibility for
cleanup at the Hanford Site. However, according to the HFFACO, the Washington State
Department of Ecology has the lead authority for most activities related to of the Hanford Site
Tank Farms. S

2.3.7.2 U.S. Nuclear Regulatory Commission.

The U.S. Nuclear Regulatory Commission (NRC) functions as a consultant to DOE on various
nuclear waste issues. As described in Appendix H (“Single-Shell Tank Waste Retrieval Criteria
Procedure”) of the HFFACO; DOE and Ecology are to set a tank waste retrieval goal and “notify
the NRC as required for compliance with the Nuclear Waste Policy Act.” In addition, DOE must
“Establish an interface with the NRC, and reach formal agreement on the retrieval and closure

- actions for single shell tanks with respect to allowable waste residuals in the tank and soil
column.” As part of this consultation, the NRC is reviewing the Single-Shell Tank Performance
Assessment (SST PA) (DOE-ORP 2006).
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2.3.7.3 Washington State Department of Health.

' The Washington State Department of Health (Health) is responsible for enforcing Federal and
State of Washington laws and regulations on protection of air resources. The main interaction of -
the TFVZ Project with Heaith is through data collection activities that involve potential impacts

' On air resources. : _
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3.0 UPDATE OF FY 1999 DATA AND ANALYSIS GAPS

In Jones et al. (1998), the mneteen (19) identified data and analysis needs were organized into
categories: |
. Inventory (Sections 3.1 through 3.6)
Geohydrology (Sections 3.7 through 3.10)
Geochemistry (Sections 3.11 through 3.12)
Recharge (Sections 3.13 and 3.14)
e Modeling (Sections 3.15 through 3.19)

For each category, the data or analysis need was described, including the impact of the data on
radionuclide migration, the current level of lmowledge, the importance ranking, the feasibility of
collecting more information (data needs only), the path forward, and lumtatmns of the derived

- information.

Impact levels were assigned using expert judgment as direct, indirect, low, or unclear. An

_impact was defined as direct if the data or analytical result quantified a condition or process that
strongly influences eventual radionuclide contamination levels in the unconfined aquifer. An
impact was defined as intermediate if the data or analytical result would quantify a condition or
process that moderately influences eventual radionuclide contamination levels in the unconfined
aquifer. An impact was defined as low if the data or analytical result would quantify a condition
or process with minimal effect on eventual radionuclide contamination levels in the unconfined
aquifer. Finally, an impact was defined as unclear if the effect of the process, condition, or
analytical result on radionuclide migration was not known, but may be significant or provide a
means to better understand the current and future distribution of radionuclides.

Knowledge levels in Jones et al. (1998) were defined as acceptable, medium, low, and variable.
The knowledge level was defined as acceptable if site-specific, quantifiable data were available
to provide input into a radionuclide migration model and additional data would only marginally
improve understanding. The knowledge level was defined as medium if some site-specific, '
quantifiable data or relevant literature values were available. Such data could be used in
radionuclide migration models and represent reasonably conservative assumptions. Use of these
~ estimates would lead to conservatively high estimates of groundwater contamination. Additional
data were expected to clearly improve both quantification of the condition or process and

- confidence in the values used in a radionuclide migration model. The knowledge level was
defined as low if no site-specific information was available and no general literature values could
be used with confidence to represent the process or parameter in a radionuclide migration model.
If the parameter or process was considered vital to the evaluation of radionuclide migration,
additional data collection to develop values was recommended. The knowledge level was
defined as variable if some components of the data gap were acceptable, while others were
medium and low. An example would be where data exists for one tank farm WMA but not
others.
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Considering both the determination of impact and knowledge level, the data or analysis needs
were ranked for prioritization of work scope. Not all combinations of impact and knowledge
level occurred, so only the following combinations were addressed (See Table 3-1).

If the impact was defined as direct and the knowledge level low, a ranking of 1A was
assigned and the activity was defined as high-priority work scope.

If the irrfx’pact was defined as unclear and the knowledge level low, a'ranking of 1B
was assigned and the activity was also assigned as high-priority work scope.

If the impact was defined indirect and the kﬁowledge level low, a ranking of 2 was
assigned. If additional funding were available after resources are allocated to higher
priority items, Jones et al. (1998) recommended that priority 2 items be addressed.

If the impact was defined as low and the knowledge level acceptable, medium, or
low, a ranking of 4 was assigned. A ranking of 4 was also assigned if the impact was
defined as direct or intermediate and the knowledge level was defined as acceptable.
In any of items ranked as 4, the recommendation was that no additional resources be
spent, but these items were included for completeness (Jones et al. 1998). '

If the knowledge level was variable, the ranking was chosen based on the subsets of

knowledge and the associated impacts of each subset.

For other cases, a ranking of 3 was assigned. Jones et al. (1998) reconnnended that
resources be spent on these needs to improve confidence in waste management
decisions as necessary. ' '

Table 3-1. Rankings based on Knowledge Level and Impact Level

Impact . - Knowledge level

level Acceptable Medium Low Variable
Direct 4 3 1A (a)
Indirect 4 3 2 (a)
Low 4 4 4 (a)
Unclear 4 3 1B (a)
(a) Ranking was chosen based on the subsets of knowledge and the assoc:lated
impacts of each subset

Updated data and analysis needs presented by Jones et al. (1998), including the current (2007)
status, are tabulated in Table 3-2. Several of the needs were subdivided in this update. The need
“Waste chemistry effects on Radionuclide mobility” was separated into “Waste chemistry effects
on uranium(VI) mobility in the vadose zone” and “Waste chemistry effects on radionuclide
mobility in the vadose zone (except U(VI)).” The need “Recharge effects of processing
operations” was separated into “Recharge effects from tank-farm infrastructure (past events)”
and “Recharge effects from tank-farm infrastructure (future events).” In the table, the 7
information is the same as that presented by Jones et al. (1998) except that a column was added
to document the “revised ranking” based on whether work had been performed to address the -
gap or the drivers for the gap had changes.

30




Page 42 of 149 of DA05308945

(€€ uonsag)

"Ses] : "
1sed jo L1031y . (K101uaAut)
x3]dmod oYy [apow | *pjardijur aze synsas SUOHAQLISTP H0)
© e suoneqniuls HOS UaYM PafIsIA] o} eyep Smd3o]
" 19yndmos paaN aq Aepy 9yopduio) v glog M0 sigeidosoy | 3oampuy sisA[euy {  ewued 110AUO0))
(ze nouoowv

-30mos ymrod |
[eonIoA wox are | ; g (A1oyuoaur)
wsg sepyommotper | L VIRIBOSY | - (198)
a[Iqour PaAK-Swof | TestRg jo yred SIIDS |- : : ejep 3m33of
lojruows jou s30(] | “syes] 5ed 10§ paso[) ¥ 3 43y o|qeidasoy |  30ampu] Teq | eumred [enoods
, (1°¢ uonoag)
(1sseqq
— S9SBO[OI
. sed 281e1 umony)
“S[qE[TeAR SO JUO0Z 250peA
UOTBULIOJUT MU (L0AA 30 pus Ul STONENUINI0D
SE pIYISIAI 3q T 14 S VI s[qeweA | 1) 9|qudascoy | 30ampu] eeq aprjonuotpey
_ Jaqrseay
= pIRMIng - fappuey Supjuey uonIMo) Ay _ adLy
suopeymyy Peg pue smE)S | pIsIAY euslO Beq adpojmowyy | pedmy | wopemIOyuY L

*(sa8ed L) spaaN pue sdes) vye( (8661) 1€ 33 sduof *7-€ AqeL

0 'AsY 1vpEe-ddd

31




Page 43 of 149 of DA05308945

(8¢ won9g)

SIAIP dnse
, . Jo semadoxd
Paso[) v piog Mo sjqeidasoy | 30ampuy ueq or3o[0IpAqoan)
(L ¢ wonoag)
‘paye[dmoa st SUOT|eUIIO]
YI0M MG PIOJURH MU . JUOZ JSOPEA
¢ PAYISIASL 3G [[IM 4 piog yBiH | sjqudesdy wa1q zeQ | Jo A3ojorpAyoan
. (9°¢ monaag) -
: *SBUINSD Arojmoamy
-LI0oAuUl 6-01, snotaaid o} aredoros . pamsestn
JO JUSUISINSBOW; PUB SITSWAMSRIW DS SNSIIA PAJBUINSD
1pON | ~HDSWuOHS | £ A4 3msn g3y Wpapy pa0q siskjeuy Jo uoneqaios)
(5°¢ monaag)
2)5eM
ueg payed] ysed
‘A1essacsu se aepdny b vi pajuny s|qmdacdy ang BeQq Jo ucmsodmo))
: (g monaag) |
*SONJeA "o
£30700q Jo Jusuredaqy
uojBurgse s JI0M | _ SoumjoA
*Aessaoau se ajepdp) [4 Vi paur siqudadoy | panQ - ®weq ey i58q
: PR INLET _ ‘
. presmaoyg ‘Sunjuey Supquey . uopdIe) PRAYT ‘ adAy
- suopeury Ped pue smeg " PISIAYY 3o Toeeq a3pajmouyy yoedury uonswIouy APLL

*(saded L) spaaN pue sded) ereq (8661) '[# 32 saUOL “Z-£ dqEL

0°A3Yy IypeL-ddd

32




10] [apoul [emdasuod

LSUIATION,, B SUIILINSP
0) [e03 [jeI2A0
[oea je ANSnusYs0a :
O Yy (11°¢ uonoag)
sassaoo1d o ; .
(PY) uatongye00 | sunmaaiop o1 (1) VINM €107 QUOZ 3SOPBA
UOQNQLISIP JWNSSE *§-2) surey yuw 13130 saprjonuorpes ay) w Apprqoru
Apuaum)) ‘Apsod | pue ‘p01-X1 ‘T01-X€ Paq40s iy (IA)ummem
PUE JNOIYIP 9q Bed | JE SJUSWEPSS J0J SITPMS soprjonuorper , sisATeny | U0 §19053
SIIpMys oNSTIeYOI -~ 3urqoesy snumuo) QO 43 - Moy wang puewie( | AnsToAgo 3)sEm
“para|durod st
JI10M IS PIOJUE] MIU
5€ pajIsIAal 3q M
‘saruadoad ornerpAy ‘- TONAS
e (01°¢ monasg)
amyonns/A3oersunu oy |
_ sa3ueyd yueoguds ou | s[tos
| 'poarasqQ "saumnid suoz | PIEUIIEUO0D
: ‘paurzograd |- asopea pajeunmEIUOD |- 103 soradoxd
jou seam Bumsay | Aq8ny 1som onnerpiy
Axadoad ornerpAy woy s[I0s pajos0) a1 wnpsy | 9qerdsooy | 30ampug Ll wr o3uey)
-opeos (6'¢ monvg)
[e00] ® Je Mmoo sjoeduy
-AIBSS2OSU JT [€9G sajoyaI0q
"SO[OYaI0q paeasun pases Lp1ood
g3nony podsuen punore uordaa
JIEUTIIEIuod pIoueyus [830] pagImstp
soyeorpm Su33o] , Jo sonzadard
eurred [eouo)ST 14 wWnIpIN wnpajy | 303mpuy ueq | odojorphyoan
&olqIseag
presiog Suppuey WONIMN0) [PAYT adif
SUON BN g)eg pue smels euisLIo Teq Adpamomyy Jedug uopeuLIojul apiL

Page 44 of 149 of DA05308945

*(sa3ed L) spaaN pue sden ere( (8661) ‘T¢ 19 SSUOL 7T-€ QB

0 A% THPec-ddd

33




Page 45 of 149 of DA05208945

(€1°¢ uoneog)

‘ojqefreas
SAMOI3q UOHPULICJUL ,
[eUOLIPPE ST P3JISIASL (suogeredo
: aqmm -sreudordde Smssasoxd jo
"SIWDAD 1510 pue alaym pakojdap $193335 o8reqooy
Powmous ‘syeaf U3 SABY SAMSEIW — SJUBA9 IS8 )
suradid 3sed woy JANIIIOD PAENRIEAD SIONKSeLUL
Aynuenb o3 ynoyrp uaaq saey suonerado Lrey-yue) woy
are soypoadg 3sed woxy syordomy 41 roz MO MOT | Ieapoun e | swape aSmeyoay
‘jx3) papuedxa m
~ §51eSI0 JO UOISSNISIP
_ 3pnpuy ‘parmbaz
58 500D 13710 pue
wmiueIn 10§ Surjepour
uodsuern 2Anvedr ,
(PR PR e | (z1°¢ wonass)
Shunuo? 0} 51 pIEAIo] $D0D
e ... jped LE-InISa0 peglos .
| - - pur soprommorper 103 (@A) 1d09%3) |
(PY) Juoidiya0s | - apqoti 303 sqeidasse |- g0 M0] 30 SUOZ ISOPBA
uonNJLOSIP JWMSSe | [9A9] 28pojmomy 0D sapI[onuorper wnIpa o W ANIqoum
Apusim)) ‘Aysos | uo Surpuadap sjqeire A paqIos S0 opI[onuOIpeI
pue Jnogyp 2q wes | payopdmios st J1om mau sapr[onuope: : sqqou sisAfeny uo §30aga
SIIpIS OUSTHEGIIAN SEB PajisIAAL 3 [IM 14 3N | S[qeHeA oiqerdacay | 10y mo] pue mleq | Amsmuago ajsem
B IR { 7.9 )¢
_ : ivlqiseay :
. presiog Supjuey Supjuey wonRfe) PAYT - adLg,
suon eIy qieg pue snie)g posiay | [eumduQ eeQ a3pajmomnyy yoedury uopEmLIo)UY Pl

*(sa3ed 1) spaaN pue sdex) ereq (8661) ‘¢ 39 souop *Z-¢ QB

0°A%d TPPeE-ddd

34



Page 46 of 149 of DA05308945

-sagsnd joemp

10 S3j0Y3I0q Tenonppe
Jo uogeso] spm3
pue suonnqiystp soanid
[EROISUSWIP-231) ,
dojaasp -
pue voneunRIIG (§1°¢ uondag)
ajes0; ot pardde
Sumoq 3OS W3nom (Tos
Ajsnotasxd ueqy . 0] 9)Sem Yue]
‘ , onsst ST 03 AJABISUSS - Jo uounqrustp
“SuE) 2Yy102ds 10§ $59] moqs S | [enrur)
s} Jo 1aquunu pue | ut sesd[euy -ssjogaroq sa31eyIsTp
‘Ansmuoyo sysem | - womezLIErRyD | ‘ sem yuey ysed
‘sajes Jeo[ ‘solumjoa pue SurS3o] ewmes | ‘ _ wmpay | s1sATeue Jo uonunqrosip
Jea] uo giep pAprry [endads woy ee( gl TVl 93y 03 MOT | Tedoup) pue ejeq Juim)
‘d[qefreAe
SIM093(q TOGPULIOJUS (¥1°¢ uonsag)
[EUONIPPE SE JISIAAI (suonerado
_pue J10m SmoTuo Smissaooxd jo
Surmaraax anuguo)) 51995J° a8 reyoay
‘pajen[eAs uadq - SJUSAd amng)
AT SI0XJ2 BYAIGUI) amonnseyul
"~ “payerodzoout uasq ULIgj-yue} woy
JATY SUMSLAH WLINU] 14 AT B M0] slquidaooy |- yoompuy weq | swaps s3regosy
, | . &dldIsedy
paeALIOy Supjuvy | Suppuey uonMRo) PAYT ad4y, _
suopeyml ped pus smeg PIsA] rumsuo Beq a3pajmony] yeduy uopewm.Iofu] L

*(sa3ed L) spaaN pue sden) e1e( (8661) ‘T8 12 souof “7-¢ dqeL

0 'A%¥ IvPEE-ddd

35



Page 47 of 149 of DA05308945

TmogeIdnu

axmny joedun ‘ :
e e (61'¢ n@ooa
1oy pamoys WL XS-S
m pajustumoop 1oa{oad . sayel yodswen
17%S Aq sishpeue sisAeay - TeowsAyd uo
SurpepoN pasol) 14 yog amIpsy s[qudacoy | yoarrpuy pueEle( |  S193)J° [PULISY],
' gopeldnu smmny
w Jedu jreograSs .
o poos .wh%a (8¢ mono2s)
1S 4q stsAeue Yr.1
XS I XS-S 9| jo suonoeal
wed se auoz Joq uf S[los [ros-apIoNuoIpel
Jo ASojeiourm pazieue . s1sAfeny uo
pue pepdmeg “pasol) 1 rorg umIpapy siqeidosoy | 3oampuy puBeie |  §109)33 [ewIoy ],
: (£1°¢ uonoag)
T sysedn yeoagy | .
|- 1sore0i8 s peq goma | spos
Py | Y14 XS-§ ul pazAeue | PRISUIUIRIBOD
are ejep amjeradns) | spordmut pue pas[jod H _ , UI HounqIusIp
[eoLI0)STH M ElRQ "PIso[) 1 a1 3y aqerdaoay | 3vampuy L e ameradmay,
"S3NIANSE HONo2[[00 !
212p 0} }0BqP39) (91°¢ wonoag)
apiaoxd pue papaou ore |
HEp [EUONIPPE J10yM o
Aynuapt 03 pasn aq M. (yoeoxdde
“Aymreposun | Surjapoy pavdmod Surjapour)
aseqeiep | STOHOM 9)IS PIOJUER] uoneiBnn
pue L1susdorsyoy M3U Se PaISIASI aq elEp . | JUBUTUIR)TOD
wsAs remyeN | m yoeordde Surapopy b VI | 31qereae a5 s|quidasoy P ssArenry Jo wonoalozg
Leqseay :
: pIemaoy Surjusy Supquey uonII0) PAYT i adf],
. suopejpmyy Peg pue sneg PAsAY euduQ neq afpapmony] | joedmy | uopwmIoJuY L

‘(saded L) spaaN pue sdes) eje (8661) 'T¢ 19 SIWOP 7~ AQEL

0°a%y Ivpee-ddd

36




Page 48 of 149 of DA05308945

37

BOJE JUSWRSeURWI lSEM = VINM

£3ojouyx], pye souapy = 1%S

Sw8for punwes renpads = 108

uogesojdxo [eoisAydoof sogyms = " 40§
uodar uoneSysoau ppg = i

WI2OUCA JO JUBURURINGY . = 200

1S910N
&Iqiseaq
pIBAIOY Sunjuey Suppuey uopdfIo) 1PAYT adfy
suope)Iyy qred pus sme§ pastaay rudup Beq adpajsony yordury uonemLIoJuy SPLL

*(sa3ed L) spoaN pue sden) ere( (8661) ‘T€ )2 souof “Z-€ Aqel,

0°'A%Y 1vbee-ddd



Page 49 of 149 of DA05308945

'RPP-33441 Rev. 0

3.1 Radionuclide Concentrations in the Vadose Zone

Description: Sediment concentrations of radionuclides from the largest past leaks as a function
of spatial location. This was the goal of the Phase 1 charactenzatlon performed by the tank farm
‘vadose zone (TFVZ) Project. ‘ _

Origin: Existing data gap from Jones et al. _( 1998).
Information Type: Data.
Impact: The previous impact in Jones et al. (1998) was identified as direct.

The current impact is defined as indirect. Sxmulatlbns performed for the field investigation
reports (FIRs) (Knepp 2002a, Knepp 2002b, and Myers 2005) show that groundwater impacts

are primarily determined by the total inventory of leaked contaminants. The simulations
demonstrate that spatial distributions and lateral flow influence arrival times, but have less

impact on peak groundwater contaminant concentrations than does the total inventory.

Knowledge Level: The previous knowledge level for this gap was determined to be low. This
has been a major focus of the TFVZ Project phase 1 characterization effort, which will be
completed in FY 2007.

~ The knowledge level will be acceptable, following the completion of the TFVZ Project Phase 1
Characterization Project in 2007. The current knowledge level is based on extensive review of
historical documents and spectral gamma logging data from all available drywells in all SST
farms. This information is supplemented with soil characterization data from a limited number
of borehole samples. While there are some limitations, current information is adequate for
- developing groundwater impact estimates. Considerable information has been summarized in
the field investigation reports for each of the tank farms investigated as part of Phase 1. -

: Feasibility of Collecting Additional Data: Jones et al. (1998) documented ﬂle feasibility of -
collecting additional data to resolve this data gap as high.

The feasibility of collecting data in the future to support Phase II is defined as variable. Surface
geophysical exploration can be used to provide measurements of nitrate concentrations from past
leaks. From such measurements and known nitrate/technetium ratios for leak fluids, technetmm
concentrations may be estimated. Non-mobile contaminants can be extrapolated from
cesium-137 activity. The likelihood for obtaining an extensive number of sediment samples

~ deep in the vadose zone is low because of limitations on drilling in the SST farms. The
likelihood of obtaining sediment samples at shallow depths (less than 100 feet bgs) is much
higher because of the newly developed hydraulic hammer direct push technology.

Document Support: CMS, Work Plan, RFL, PA/cIosure plah

Pnorlty Ranking: The previous priority ranking was 1A; cun'ently it is ranked 4 bccause
Phase I is nearly complete.

38




Page 50 of 149 of DA05208945

RPP-33441 Rev. 0

Path Forward: The Phase I effort is nearly completed. Information from successive
characterization efforts will be used to refine estimates.

Limitations: None.

3.2 SPECTRAL GAMMA LOGGING DATA

" Description: The baselme spectral gamma logging data prowded extcnswe data that contnbuted
to the development of the TFVZ Project. However, relogging dryweils essentially provides no
new information because almost all gamma activity comes from cesium-137, which is generally
immobile. Spectral gamma logging of all new wells is expected to continue.

Origin: Existing data gap from Jones et al. (1998).

Information Type: Data.

Impact: Jones et al. (1998) identified the impact as intermediate.

Currently, the impact is identified as indirect. Spectral gamma logging provides information on
cesium-137 and other radionuclides emitting intense gamma radiation. However, such
contaminants are not themselves important for groundwater impact because most are not mobile
and don’t impact groundwater. The information from monitoring these constituents in the
vadose zone can be used to infer information about mobile contaminants and in rare instances to-
monitor migration of gamma-emitting isotopes into or out of the sediments surrounding the
casing interrogated by the technique.

Knowledge Level: The knowledge level at the time of Jones et al. (1998) was identified as
medium. Since that time, spectral gamma logging has been performed on drywells 1n31de the
tank farms and reported in summary reports for each farm.

The knowledge level is determined to be adequate. Any new wells will be characterized with the
spectral gamma-logging technology.

Feasibility of Collecting Additional Data: The feasibility of collecting additional data to
resolve this data gap is high. The technique has been documented in procedures and is well
understood. The same definition was used in Jones et al. (1998).

Document Support: CMS, Work Plan, RFI, PA/closure plan.
Priority Ranking: The priority ranking in Jones et al. (1998) was 3, the current ranking is 4.

Path Forward: This effort is effectively completed for existing drywells in the SST tank farms.
However, this technology is expected to have wide application in all planned direct-push
boreholes. The Tank Waste Retrieval Project is continuing to use this techmque to support leak
detection monitoring for potential leaks during waste retneval
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Limitations: Spectral gamma logging does not monitor contaminants important for
groundwater impacts (i.e. mobile, long-lived contaminants).
3.3 CONVERT GAMMA LOGGING DATA INTO CoC DISTRIBUTIONS

Description: The expectation was that the extensive measurements of cesium-137 would lead to |
a correlation to the spatial dlstnbutlon of mobile, long-lived conta:mnants 1mportant for
groundwater impacts.

Origin: Existing data gap from Jones et al. (1998). |
~ Information Type: Analysis.

Impact: The previous imp-ar,t was defined as intermediate/low in Jones et al. (1998).

Currently, the impact is defined as indirect. In limited cases where there was adequate data
density, spectral gamma logging data have been used to project total cesium-137 activities and
extrapolated to provide comprehensive inventory data. However, there generally isn’t sufficient
density of characterization data to support this type of analysis. '

. Knowledge Level: Previously, this data gap was defined as low-knowledge level.

Currently, the knowledge level is defined as acceptable because available data have been
evaluated. Sediment sampling in Phase I has repeatedly shown that there is some correlation
between the spatial distribution of cesium-137 (which becomes immobile) and the distribution of
mobile contaminants.

Feasibility of Collecting Additional Data: Jones et al. (1998) recommended using available
data. Data collected in Phase I have shown that there is a weak correlation between cesium-137
and mobile contaminants, so the feasibility and value of collecting additional data are low.

Document Support: CMS, Work Plan, RFI, PA/closure plan.

Priority Ranking: The previous priority ranking in Jones et al. (1998) was defined as 2 or 3.
Subsequent data collection and analysis in Phase I have reduced the priority ranking to 4.

Path Forward: Complete. May be revisited when new mformatlon such as SGE results
~ becomes avallable

Limitations: There are only limited sets of data that include both mobile radxonuchdes and
cesium-137 activities.
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34 PAST LEAK VOLUMES

Description: Single-shell tank (SST) leak volumes are important because they provide direct
input for developing tank leak inventories and it has been shown that risk calculated in
performance assessments is proportional to inventory. Leaks from a number of SSTs,
approximately two dozen, are well documented (e.g., the T-106 leak in 1973) There are a
number of other tanks that are labeled as “assumed leakers”.

Origin: Existing data gap from Jones et al. (1998).
Information Type: Data/Analysis.

Impact: The impact defined by Jones et al. (1998) and currently is direct. Past tank leak
volumes as well as the compositions of the leaked waste directly impact contaminant inventories
that reside in the vadose zone.

Knowledge Level: The previous knowledge level was defined in Jones et al. (1998) as
medium/low. The historical records have been critically reviewed and central tendency volume
estimates were summarized in Field and Jones 2005. However, because of inconsistent data
large uncertainties remain for some tanks (e.g., A-105, C-101, and U-101).

Feasibility of Collecting Additional Data: Jones et al. (1998) recommended use of available
data, because the feasibility of collecting new data beyond what already exists is limited. The

‘leaks occurred in the past, usually over 40 years ago. New techniques such as SGE coupled with
analyses of sediment samples obtained with direct push technologics may provnde new
information that can be used to improve leak volume estimates.

Document Support: CMS, Work Plan, RFI, PA/closure plan.

Priority Ranking: The previous priority ranking defined in Jones et al. (1998) was 1A. Work
done in Phase I and documented in Field and Jones (2005), has reduced the current priority
However, given the remaining uncertamtles and ongoing assessments, the current priority is
given as 2. :

"Path Forward: At the request of Ecology, estimates in Field and Jones (2005) are being
reassessed beginning with the C Tank Farm. Estimates will also be reassessed as additional data
are obtained. Work with the Washington State Department of Ecology on methodology to
estimate leak volumes.

Limitations: None.
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3.5 COMPOSITION OF PAST LEAKED TANK WASTE

Description: A number of the SSTs are documented to have leaked. The compositions of fluids
lost during the tank leak events are variable because of the complex chemical processing of
irradiated nuclear fuels used at the Hanford Site and the complex waste transfer operations over
the operating lifetimes of the tanks. : ‘

Origin: Existing data gap from Jones et al. (1998).
Information Type: Data. |

Impact: The preﬁous impact defined in Jones et al. (1998) and currently is direct. Simulations
documented in the tank farm FIRs and the initial SST PA show that the size, position, and
composition of past leaks will be the most significant source of groundwater impacts in the
future. : -

Knowledge Level: The previous knowledge level defined in Jones et al. (1998) was
medium/low. Currently, the knowledge level is defined as acceptable. For the largest leaks,
operational records have been reviewed to determine waste composmons In some cases (e.g.
bismuth phosphate processing), laboratory recreations of the processing have been performed to
test assumptions (Serne et al. 2007). The highest uncertainties are associated with small leak
volumes, but large uncertainties on small volumes have little impact on the overall inventory
estimates. Recent leak composition estimates are documented in Corbin et al. (2005).

Feasibility of Collecting Additional Data: Jones et al. (1998) recommended using available
data. The feasibility of collecting additional data is limited because the leaks occurred in the
past, usually over 40 years ago. If additional field data become available or new historical
records are found, the current information will be reassessed.

Documeﬁt Support: CMS, Work Plan, RFI, PA/closure plan.

Priority Ranking: The previous priority ranking in Jones et al. (1998) was defined as 1A.
Based on the Phase I work documented by Corbm et al. (2005), the priority ranking is
currently 4.

Path Forward: Update as new information is identified.

Limitations: None.

3.6 CORRELATION OF ESTIMATED VERSUS MEASURED INVENTORY

Description: Inventories for past leaked events are estimated by using the estimated leak
volume and the expected composition of the leaking fluid (based on operating records).

Origin: Existing data gap from Jones et al. (1998).

Information Type: Analysis.
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Impact: The impact previously defined in Jones et al. (1998) and currently is direct. Inventories
of past leaks directly affect estimates of groundwater impacts.

Knowledge Level: The previous knowledge level in Jones et al. (1998) was defined as medium
to low; currently, it is defined as medium. For the largest leak events, these estimates of
inventory have compared well with cesium-137 measurements (where available in sufficient
detail) and relative proportions of measured mobile contaminants (technetium-99 and nitrate) in
collected vadose zone soils contaminated by a given leak event

Feasibility of Collecting Additional Data: Previously, Jones et al. (1998) recommended using
available data. However, because of recent advances with surface geophysical

exploration (SGE), the feasibility of collecting data has increased. Current efforts are directed
towards quantification of nitrate past release inventory derived from SGE data. If successful,

this technique may provide more quantitative estimates of plume volumes. Such information can

be correlated with independently developed leak inventory estimates.
Document Support: CMS, Work Plan, RFI, PA/closure plan.

Priority Rankmg The previous priority ranking defined in Jones et al. (1998) was 1A. This
was a major area of emphasis for Phase I however the priority rankmg has been reduced to 3.

Path Forward: Work is underway to develop the methodology and tools to be able to use SGE
to estimate nitrate inventories and compare to estimates based on leak volume and nitrate
composition in the leaked fluid. :

Limitations: No direct measurement of leaked technetium-99 inventory.

3.7 GEOHYDROLOGY OF VADOSE ZONE FORMATIONS

Description: The geology of the sediments determine the hydraulic propertieé used in the risk
assessment. Underlying the Hanford tank farms are sandy, gravel]y, and consohdated layers,
with thin silty layers also present.

Origin: Exlstlng data gap from Jones et al. (1998).
Information Type: Data.

Impact: The previous impact defined in Jones et al. (1998) was direct and intermediate.
Because of extensive vadose zone characterization and field experiments, the impact of vadose
zone geohydrology is recognized to be direct. Lithostratigraphy for various geologic units and
their hydraulic characteristics are controlling factors in flow and contaminant migration.

Knowledge level: Jones et al. (1998) defined the knowledge level as known/medium.

Based on extensive vadose zone characterization data obtained as part of borehole drilling in
S-SX (Knepp 2002a), B-BX (Knepp 2002b), and T-TX-TY (Myers 2005) tank farms conducted
over the past 5 years and documented in the Field Investigation Reports (Knepp 20023, Knepp
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2002b, and Myers 2005), the overall geology and stratigraphic controls in 200 East and West
Areas are well known,; the knowledge level is now defined as acceptable. |

Feasibility of Collecting Additional Data: The feasibility of collecting additional data as part
of RCRA borehole drilling in the vicinity of tank farms to resolve this data gap is high.

Document Support' PA/closure plan, CMS, Work Plan.

Priority Ranking: The previous priority ranking was defined by Jones et al. (1998) as3or4.
Currently, the priority ranking is defined as 4.

Path forward: While the available geologic mformatlon is adequate in charactenmng the
large-scale stratigraphy in the 200 Areas, much less information is known on small-scale features

(paleosols and fine-textured features). The fine-textured lenses embedded in an otherwise coarse
Hanford formation can enhance lateral rmgranon of contaminants while slowing down the
vertical movement. :

Limitations: Borehole drilling operations generally miss the fine-scale paleosols. However,
neutron moisture logs have been shown to be useful indicators of small-scale stratigraphy (Ward
et al. 2006) at the Sisson and Lu site and transferred to the BC cribs and trenches in the 200 East
Area (Vadose Zone Contaminant Fate-and-Transport Analysis for the 216-B-26 Trench, Ward et
al. 2005). Fine-textured sediments generate higher neutron counts (and higher moisture content),
while coarse-textured sediments generate lower neutron counts (and lower moisture content).
Therefore, rather than depending only on geologic logs as the primary source of information,
neutron counts, whenever available, can be used as a surrogate to characterize fine-scale features.

3.3 GEOHYDROLOGIC PROPERTIES OF CLASTIC DIKES

Description: Clastic dikes are linear features that are included in some conceptual models as
preferential pathways for contaminants. Commonly distinguishing attributes are different
sediment mineralogy and particle size distributions. If the clastic dike materials differ from
surrounding soils, a preferential pathway is plausible.

Origin: Ex1stmg data gap from Jones et al. (1998).
Information Type. Data.

Impact: Jones et al. (1998) defined the impact as intermediate/low. Based on work conducted
during Phase I and through field experiments by the Integration Project science and technology
activity as well as the Environmental Management Science Program (EMSP), the impact is now
defined as indirect. The presence of clastic dikes in unsaturated media appears unlikely to
contribute much to the transport of the bulk quantity of leaked wastes and to long-term risk
relative to higher peak concentrations for long-lived mobile radionuclides in groundwater
(Knepp 2002a and Murray et al. 2003). :
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Knowledge level: The previous knowledge level was defined by Jones et al. (1998) as low.
Currently, knowledge level is defined as acceptable. The FIR modeling (Knepp 2002a),
analyzing the impact of clastic dikes on contaminant breakthrough curves in groundwater, were

- unavailable during preparation of Jones et al. (1998), As reported in Knepp (2002a), compared
to simulations that considered no dikes, results of clastlc dike simulations suggest a minimal
impact. These simulation results are used as a basis for a change in the definition of knowledge
level from low to acceptable. In general, clastic-dike sediments represent properties of fine
sediments such as fine sand, silt, and clay. Thus, the hydraulic properties of clastic dikes can be
considered essentially as a subset of the porous matrix properties for the Hanford sediments,
based on laboratory measurements of clastic dike samples As a result, in many cases, the clastic
dikes may actually act as a barrier to flow rather than as fast flow channels under unsaturated
flow conditions. This is suggested by some recent results from an EMSP investigation (Murray
et al. 2003) for dikes that are primarily filled with fine-grained material. The Remediation and
Closure Science Project performed infiltration experiments at the same site on Army Loop Road
that was investigated by the EMSP project (Ward et al. 2006). Ward et al reached the same
conclusion, although they found the flow through the dike depended on the overall flux and

- comresponding moisture contents.

Feasibility of Collectmg Addmon al Data: The feasnblhty of collectmg additional data to
resolve this data gap is low. :

Document Support: PA/closure plan, CMS, Work Plan.
Original Priority Ranking: 3 or 4.

" Priority Rankmg. The previous priority ranking deﬁned by Jones et al. (1998) was 3 or 4;
currently, it is defined as 4.

Path forward: This data gap is considered closed. Since Jones et al. (1998), an EMSP project
evaluating the topic has been completed (Murray et al. 2003).

Limitations: Clastic dike properties vary across the Hanford Site. A number of reports have
been published on hydraulic properties for clastic dike sediments and experiments that have been
conducted, but they sample only a fractlon of the clastic dikes thought to exist at the Hanford
Site. :

3.9 GEOHYDROLOGIC PROPERTIES OF DISTURBED LOCAL REGIONS
AROUND POORLY CASED BOREHOLES ‘.

Description: Contaminant transport is usually modeled assuming that transport properties are
uniform over discrete portions of a region. The presence of poorly cased (sealed) boreholes
could provide a faster pathway for contaminants and has been documented at the Hanford Site
(e.g., at the 216-U-1 and U-2 crib documented in U1/U2 Uranium Plume Characterization,
Remedial Action Review and Recommendation for Future Action (Baker et al. 1988)).

Origin: Existing data gap from Jones et al (1998).
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Information Type: Data,

Impact: Jones et al. (1998) previously defined the impact as intermediate/low. Currently, the
impact is defined as indirect. Analyses performed for Phase I have shown that this preferential
pathway has relatively small impact. Few tank-farm boreholes extend all the way to
groundwater In addition, poorly cased boreholes present a small fraction of the available area.
However, in some cases (€.g., a borehole near tank B-101), there is evidence of the borehole
being a conduit. Gamma radiation loggmg of all boreholes in the SST farms shows that this is a
rare occurrence.

Knowledge Level: The previous knowledge level documented in Jones et al. (1998) was
low/medium. Current knowledge level is deﬁned as medium. :

Feasiblhty of Collecting Additional Data: .Tones et al. (1998) defined the feasibility of
collecting additional data to resolve this gap as low. Currently, it is defined as medium. It
would be difficult to perform field experiments in tank farms although a field expenment could
be performed outside the farms.

Document Support: PA/closure plan, CMS, Work Plan,

Priority Ranking: Jones et al. (1 998) defined the priority ranking for this gap as 1A. Currently,
the priority ranking is 3 because the impact is considered to be low.

Path Forward: Decommission or seal boreholes as necessary;

3.10 CHANGE IN HYDRAULIC PROPERTIES FOR CONTAMINATED SOILS

Description: Some tank waste had pH values above 14. There is a concern that the leakage of
such waste could create such extreme chemtcal environments that sediment properties would
change.

Origin: Existing data gap from Jones et al. (1998).
Information Type: Data.

Impact: The previous impact defined by Jones et al. (1998) for this data gap was unclear, but
potentially high. Currently, the 1mpact is defined as indirect. For large-scale vadose zone flow
and transport modeling documented in the FIRs and the initial SST PA over long time frames,
lithostratigraphy for various geologic units and their hydraulic characteristics are the primary

* controlling factors in flow and contaminant migration. Any potential changes in hydraulic
properties at a local scale play a secondary role.

Knowledge Level: The knowledge level previously was defined in Jones et al. (1998) as low.
Currently, it is defined as acceptable. Since publication of Jones et al. (1998), sediment samples
taken just below tank SX-108 (with the slant hole sampling) show minimal changes with respect
to sediments’ physical, hydrologic, and mineralogical properties. The SX-108 tank leak was
expected to cause some of the more extreme changes in sediment properties. However, effects
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of tank waste chemistry (high pH) for SX-108 were localized to a small region. These results,
which were not available during preparation of Jones et al. (1998), are used as a basis for the
change in the definition of knowledge level from low to acceptable. Also as discussed above,
any potential impact due to change in hydraulic properties is expected to be small for long-term,
large-scale vadose zone flow and transport models. | ' '

Feasibility of Collecting Additional Data: The feasnblllty of collecting exnstmg data to resolve
this gap was previously defined by Jones et al. (1998) as high. Currently, it is medium because
some of the site characterization work for high impact tank leak sites such as T-106 and SX-108
sites is complete. Samples may be recovered as part of the remedlatlon of the large pipeline leak
in C tank farm as part of Phase 2 efforts. : ,

Document Support‘ PA/closure plan, CMS, Work Plan
Priority Ranking: 4.

Path forward: Sediment samples have been collected from the most highly contaminated
vadose zone plumes (i.e., SX tank farm). Analysis of the samples detected no significant
changes in mineralogy/structure that would alter hydraulic properties. This issue will be
revisited as Phase II work is planned, particularly when samp]es from cha:actenzatlon of the
C pipeline leak are recovered. _

Limitations: Because of their high radloactmty, hydraulic property testing was not perfomled
on the SX tank farm sediments.

3.11 WASTE CHEMISTRY EFFECTS ON URANIUM(VI) MOBILITY IN THE
VADOSE ZONE '

Description: Tank wastes have highly varied and extreme composition (far from equilibrium

- with natural subsurface conditions), such as high pH, that influence subsurface uranium(VI)
migration by promoting chemical reactions with the native subsurface sediments. All tank -
wastes had large amounts of sodium and nitrate, and most had large amounts of phosphate,
sulfate and carbonate. The leakage of these wastes created chemical and mineralogical changes
in the sediments beneath the leaking tanks affecting contaminant mobility. For uranium(VI) the
presence of dissolved inorganic carbon (carbonate and bicarbonate), phosphate, and pH had large
effects on uranium(VI) migration through formation of strong, anionic aqueous complexes with

~ uranium(VI) that influenced adsorption, solubility, and mineral prec:pltauon Among the
aqueous complexes, those with carbonate: UOZ(CO;;)z ; UOz(C03)3 , and CaUOz(C03)z are the
most prevalent in Hanford pore waters.

Origin: Existing data gap from Jones et al. (1998). The original data gap was splif into this one
for uranium and a second gap for other contaminants (Section 3.12).

Information Type: Data and analysis.

Impact: Previously, the impact was defined by Jones et al. (1998) as medium or low for sorbed
radionuclides. Currently, it is defined as direct for uranium(VI) in the Hanford vadose zone.
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Waste chemlstry has significantly 1mpacted the subsurface mobility of dissolved uranium(VT)
[uranyl; UO; 2*]. While laboratory and field studies indicate that uranium interactions with
vadose zone sediments are sensitive to the chemistry and temperature of the released waste
fluids, a generalized understanding of these interactions that could allow defensible predictions
of future mobility does not exist. For example, the fate of the uranium that entered the vadose
zone from the BX-102 overfill appears especially enigmatic. Uranium appears to have migrated
laterally distances of 25 m (~80 ft) and to depths 30 m (~100 feet) below the tank bottom
quickly durmg the overfill event itself. But subsequent to the overfill event, a significant amount
of the uranium has precipitated as sodium uranyl silicates within deep fractures in mineral grains,
thus limiting the amount of uranium available for transport (see Appendix D of Knepp 2002b;
Liu et al. 2004b, Catalano et al. 2006, and McKinley et al. 2006). At borehole C3832 near

tank TX-104, uranium appears to be quite mobile in the vadose zone within the Hanford
formation; but, upon reaching the Cold Creek lower subunit that is enriched with caliche, a
moderately strong binding of uranium(VI) is found. More details are found in Appendix D of
Myers (2005). Solid-phase characterization of uranium(V1)-rich sediments from the vadose zone
near the BX-102 overfill and the TX-104 leak suggests that the geochemical reactions
responsible for uranium retardation are strikingly different between these two sites. These
differences are tentatively attributed to differences in waste chemistry, but additional research is
nieeded to establish clear cause-effect relationships. Ongoing research on uranium(VI) mobility -
in 300 Area vadose zone and aquifer sediments (not tank related) has also demonstrated that
waste composition can have long-term effects on uranium(VI) mobility by influencing the
chemical nature and physical location of sorbed uranium [e.g., see “Kinetic desorption and
sorption of U(VI) during reactive transport in a contaminated Hanford sediment,” Qafoku et al.
(2005), “Fluorescence spectroscopy of U(VI)-silicates and U(VI)-contaminated Hanford
sediments,” Wang et al. (2005), and “‘Changes in uranium speciation through a depth sequence of
contaminated Hanford sediments,” (Catalano et al. 2006)]. More work is needed to understand
the mtezrelatlonshxps between waste stream chemistry and sedunent mineralogy on the mobility
of uranium at the Hanford Site. :

Knowledge Level: Jones et al. (1998) defined the knowledge level as known/medium. Studies
of uranium(VT) in the vadose zone at several tank farms and at soil waste sites have indicated
that U(VI) adsorption/precipitation properties vary significantly between locations. Therefore,
although extensive work has been done, our knowledge level on predicting the future mobility of
uranium at any given site remains low. Understanding of the mobility and long-term migration
potential of uranium(VI) released from tanks and tank infrastructures is lacking for uranium.

An especially important technical need is to understand how the tank waste chemical
composition may impact the mobility of in-ground uranium(VI) in the vadose zone. As
discussed in Appendix D of Knepp (2002a), how the uranium has changed from being highly .
mobile to rather immobile in the vadose zone proximate to tank BX-102 and where the
groundwater uranium plume east of the BX tank farm has its source is uncertain.

Feasibility of Collecting Additional Data: The feasibility of collecting additional data for all

radionuclides was defined by Jones et al. (1998) as variable. For uranium, it is currently defined

as high. Studies are underway to determmc the long-tenn release and moblhty of uranium
presently sequestered in the vadose zone. :
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Document Support: PA/closure plan, CMS, Work Plan.

Priority Ranking: Jones et al. (1998) defined the priority ranking for sorbed radionuclides as 2
or 3. However, because of the issues around uranium mobility and its long-term fate and
transport, the ranking for uranium(VI) is currently defined as lA

Path Forward: Iterative “tiered” characterization will be perfonned on each new borehole in
the tank farms. If new contaminants are discovered that were not present in past boreholes, or if
the concentration of contaminants are larger than at other boreholes, or if the distribution of any
contaminant versus depth appears to be different from past distributions that we understand, then
specific attention will be given to improving our understanding of the geochemical attributes of
the contaminant. Water, acid, or other reagents will be used to leach contaminants from
sediments, as an initial assessment of their speciation and mobility. The characterization
information will then be compared to the existing knowledge base to see if the results are
consistent with current conceptual models of geochemlcal reaction and retardation.
State-of-the-art spectroscopic and microscopic instrumentation such as microbeam-X-ray
fluorescence, diffraction, and X-ray absorption spectroscopy will be used to identify the solid
surfaces and crystalline structures with which uranium is associated. More involved -
experimentation to identify how mineral association controls uranium desorption and dissolution

kinetics will continue as a part of the Vadose Zone Characterization Project, EMSP, and science

and technology projects. Efforts of this type will continue at BX-102, TX-104, and in the

300 Area and any new location where significant concentrations of uranium are encountered
until we determine what processes are controlling uranium geochemistry at each location with
the overall goal to determine a “unifying” conceptual model for uranium(VI) fate at Hanford.

Limitations: Mechanistic studies can be difficult and costly. A concerted effort over the past
three to four years has been undertaken to identify geochemical reactions controlling dissolved
uranium(VI) concentrations in contact with Hanford sediments and to identify the nature and
behavior of uranium in contaminated sediments using state-of-the-art instrumental and
experimental methods. Results to date have shown that a different reaction series has apparently
occurred between uranium and the native sediments at each site, giving rise to sorption
complexes of different chemical composition, and thermodynamic and kinetic behavior. Studies
continue in hopes of determining some commonalities and basic understanding of the controlling
mechanisms. Currently the distribution coefficient (Kg) constructs are assumed to be adequate
for determining long-term risks, but for uranium(VI), K, can vary over a large range depending
on waste stream composition and sediment type. '
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3.12 WASTE CHEMISTRY EFFECTS ON RADIONUCLIDE MOBILITY IN THE
VADOSE ZONE OTHER THAN URANIUM(VI)

Description: Some tank waste had very high pH values. All tank wastes had large amounts of
sodium and nitrate, as well as other co-contaminants that could influence radionuclide and
contaminant mobility. The leakage of such waste will create changes in the natura] sediments
beneath the leakmg tanks affectmg the mobility of contaminants.

Ongm Existing data gap from Jones et al. (1998). The original data gap was split, one for
uranium (Sectlon 3.11) and a data gap for other contaminants (this section). Uramum moblhty is
discussed in Section 3.11.

Information Type: Data and analysis.

Impact: Jones et al. (1998) defined the impact of this gap as low for moblle radionuclides, and
medium or low for sorbed radionuclides.

- For mobile contaminants such as pertechnetate [99Tc04'], and nitrate [NOj;], the chemical

~ composition of the fluids, which leaked from tanks or were spilled during tank overfilling and
transfer line leaks, does not appear to influence the subsequent interactions of the dissolved
contaminants with sediments, Based on in-situn K4 measurements calculated from the ratio of
water-leachable concentrations to strong acid-leachable concentrations at each of the
contaminated boreholes studied there does not appear to be any sensitivity to the chemical
composition of the leaked fluids (see FIRs [Knepp 2002a and 2002b] and borehole reports [Serne
et al. 2002a,b,c,d,f,g, and 2004a,b]). For most of the slightly interacting contaminants such as
chromium(VI) (chromate; CrO4%), and cobalt-60, the chemical composition of the waste fluids
do have minor effects on the subsequent interactions of these species with the vadose zone
sediments. For example, highly caustic fluids from the SX tank farm were capable of dissolving
some of the native iron-bearing minerals, which released ferrous ions to solution that were
capable of reducing some of the chromium(VI) and allowing it to bind as chromium(III) species
to oxidized ferric hydrous oxides that were originally present in the sediments or newly formed
ferric hydrous oxides from the oxidation of the dissolved ferrous iron (see Appendix D of Knepp
2002a, Qafoku et al. 2003, and Zachara et al. 2003). This unique geochemical process was
found to retard the movement of a portion of the released chromium(VI) over a linear distance of
a few tens of meters from the tank bottom. However, from an overall risk standpoint, the partial
chromium(VI) retardation was small and most of the chromium(VI) moved deeper into the

vadose zone, farther than the pH front. Thereis a poss1b111ty that the heterogeneous reduction of

#TcO4 to insoluble technetium(IV) could occur in microscopic regions of the unconfined
aquifer where low concentrations of iron’* o) are generated by dissolution of ferrous-iron
containing minerals such as chlorite and basaltic glass (Fredrickson et al. 2004 and

Zachara et al. 2007). This reduction would decrease technetmm—99 mobility and complicate
technetium mi granon predictions in groundwater.
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The interaction of cesium-137 with vadose zone sediments is also sensitive to the total
concentration of cesium (stable and radioactive isotopes) and the total concentration and .
distribution of competing cations (especially sodium). At the SX tank farm the extremely high .
concentration and high temperature of the liquid that leaked [16 M and self-boiling] and high
total cesium [millimolar] allowed cesium-137 to migrate 14 to 18 m (46 to 59 ft) below the tank
bottoms where dilution of tank liquors with native pore waters changed the composition such
that adsorption reactions again became adequate to retard the cesium-137. Subsequent
percolation of recharge water has also removed more of the sodium and other competing cations
such that the cesium-137 desorption process becomes less favored with time and the current
distribution of cesium-137 below the SX tank farm is quite immobile (see Zachara et al. 2002;
Steefel et al. 2003; McKinley et al. 2001 and 2004; Liu et al. 2003a,b and 2004b; Flury et al.
2002; Chen et al. 2005 Zhao et al. 2004; and Appendix B of Knepp 2002a).

At the T tank farm some mobile cobalt-60 exists w1t}un the Hanford formation H2 and Cold
Creek Formation upper and lower subunits and yields an in-situ K4 value of 0.06 to 0.3 mL/g.
The divalent cobalt™ ion should be strongly adsorbed and immobile in Hanford sediment. The
cause of the low Ky for the cobalt has not been identified, but complexation with some organic
(e.g., EDTA) ligand may yield an overall net negative charge on the complex may be the reason
(Zachara et al. 1995a,b).

Knowledge Level: The knowledge level was defined by Jones et al. (1998) as known or
medium. Currently, it is defined as acceptable for contaminants of concern (CoCs) such as
technetium-99, nitrate, cesium-137, strontium-90, actinides, cobalt-60, and lanthanide fission
products. Detectable concentrations of iodine-129 have not been found in most of the sediments
and pore waters obtained to date. However, in the few instances where very low concentrations
of iodine-129 could be measured, it appears to be mobile as would be predicted for the anionic
todide species.

The effects of tank fluid chemical composition on the subsequent geochemical interactions of
contaminants with vadose zone sediments has been characterized where measurements have
been performed (see Section 3.11). The chemical composmon of the tank fluids (both its high
ionic strength and caustic nature) have been investigated in recent years using a combination of
Hanford and EMSP funding.

The high ionic strength of leaked tank waste impacted the adsorption of cationic contaminants
through competition reactions that have/are becoming better understood through research. The
effects of high base in the tank waste have been studied extensively in the laboratory and have
been found to cause the formation of highly adsorbing/sequestering secondary minerals of
zeolitic- or clay-like nature. These secondary minerals originated from dissolution of the

. Hanford sediments’ primary minerals such as quartz, feldspars and basaltic glassy phases, and
fine-grained detrital phases including smectite and chlorite. These secondary minerals had
higher sorption tendencies for contaminants than the primary minerals and thus improved the
retardation capabilities of the vadose zone sediments as suggested by work by Um et al. (2005),
and Chorover et al. (2004). Current understanding is that the alteration zone formed by the
caustic fluid interactions with the vadose zone sediments was limited (at most tens of meters) .
around the tank bottoms of leaks studied to date. In fact, identification of measurable amounts of
the zeolitic secondary products in the field has been quite elusive (the section of Appendix D in
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S-SX FIR Knepp 2002a by McKinley et al), and some studies indicate that the products of high
base reaction may not have a significant effect on contaminant retardation (Liu et al. 2003b;
Ainsworth et al. 2005). It is known that some of secondary minerals observed to form as
products of high base reaction are not thermodynamically stable in the near neutral pH
environments more representative of natural Hanford conditions. Thus the enhanced sorptive
qualities of the secondary minerals may be transient and not sxgmficant over the long-time
periods of interest to tank closure risk analyses.

Feaslblhty of Colleetmg Addltmnal Data: Both Jones et al (1998) and the current feasibility of
collecting additional data to resolve this gap are vanable

Most chemical composltmns of tank waste at the time of leaks or overfills have been estimated
from spent fuel reprocessing process knowledge as opposed to actual measurements at the time
of the fluid escape. Pore fluids from the vadose zone have been characterized to define the
end-state chemical composition resulting from waste-sediment interaction and subsequent
mixing with recharge waters. These measured pore-water compositions have allowed the
formulation of qualitative conceptual geochemical models of the reaction paths involved in
waste-sediment reaction that have not been experimentally investigated or verified. All the
available field measurements are after 30 to 50 years of tank leak fluid interaction with the
vadose zone environment. The closest sediment samples have been obtained 5 ft from the tank
bottom and more commeonly 10 to 15 ft from the sides of the tanks. The highly caustic fluid pH
values that are estimated to have been present in the tanks have not been found in the vadose
zone. Thus the zone of interaction where the pH exceeds 10 is either short (<15 feet) or transient
(<30 years).

Contaminated sediments from future boreholes can be coliected and characterized to determine if
the distribution of contaminants in the sediments is as would be predicted based on current ‘
knowledge.

Docnment Support: PA/closure plan, CMS, Work Plan.

Priority Ranking: Both the previous (Jones et al 1998) and current priority ranking is 4 for the
CoCs that have been observed to date in contaminated vadose zone sediments.

Path Forward: With each borehole, the standard iterative “tiered” characterization willbe
performed. If new contaminants are discovered that were not present in past boreholes, or if the
concentrations of any contaminant are larger than at other boreholes, or if the distribution of any
contaminant versus depth appears to be different from the past distributions that we understand,
then specific attention will be given to improving understanding of the geochemical attributes of
the contaminant. Using water, acid or other reagents to leach the contaminants from the
sediments, the speciation and mobility of contaminants will be studied. The characterization
information can then be compared to the existing geochemical knowledge base to see if the
results fit the current knowledge base or not. State-of-the-art solid phase instrumentation such as
microbeam-X-ray fluorescence, X-ray diffraction and X-ray absorption spectroscopy will also be
used to directly measure the association of contaminants with the other common
sediment-bearing elements, actual contaminant mineralogy, and contaminant valence state and
nearest neighbor crystalline structures. More involved experimentation to identify how mineral
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association controls key contaminant desorption and dissolution kinetics will continue as a part
of the Vadose Zone Characterization Project, EMSP, and Remediation and Closure Science
projects. Efforts of this type will continue at past SST sites and any new location where
significant concentrations of key contaminants are encountered until we determine what
processes are controlling each contaminant’s geochemistry at each location with the overall goal
to determine a “unifying” conceptual model for each key contaminant’s fate at Hanford.

As stated, the knowledge level is sufficient for mobile radionuclides such as technetium-99,
chromium(VI), nitrate, and immobile cesium-137 to allow defensible, long-term predictions of
future transport. Less information is available for iodine-129 and strontium-90, while virtually
no information is available from other contaminants such as europium. The path forward will be
to initiate mechanistic studies and reactive transport modeling for newly identified CoCs that
have not been studied in detail, or that show atypical dlstnbutlons versus depth, or atypical water
versus acid extract data. ’

Limitations: Mechanistic studies can be difficult and costly. Currently the distribution
“coefficient (K4) constructs are assumed to be adequate for determining long-term risks. It is well
known, however, that the K4 for constituents such as strontium-90 and others may change
markedly with waste and pore water concentration, and with sediment texture and mineralogy,
and that there may be ranges where the K4 models do not apply. Furthermore, K4 may vary
significantly with contaminant concentration, all other factors being equal. The K4 construct
may also be inappropriate if precipitation/dissolution reactions or kinetic processes are involved.
Thus, it is important to determine if the K4 approach can be apphed and the appropriate ranges of
K values to be used in risk assessments to represent the waste regimes and sediments being
modeled.

3.13 RECHARGE EFFECTS FROM TANK-FARM INFRASTRUCTURE (PAST
EVENTS) |

Description: Tank farm infrastructure can affect the amount of moisture that enters the
sediments. Recharge effects from tank farm operations arise from multlple aspects of those
operations: '

Water/transfer line leaks

Surface conditions (for example, gravel surfaces)

Underground structures near the surface that could trap water

Thermal effects from the tank waste '

Water run-on from non-farm sources

Lateral subsurface flow from non-farm sources

Above ground structures (e.g., roofs and foundations) that concentrate moisture

Effects from the tank farm surface (either gravels or a final surface barrier) are treated in other -
data gaps and needs This data gap addresses the remammg effects.
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Origin: Existing data gap from Jones et al. (1998). Data gap has been split into past events (this
gap) and future events (Section 3.14).

Information Type: Data.

Impact: Jones et al. (1998) defined the impact‘as direct to low. Currently, the impact is defined

as unclear. Moisture can be added into the system from leaks from water lines, transfer lines,
spills, or tank leaks: The amount of water introduced by the last three are thought to be rather
small (usually less 10 000 gallons) and have small effects in the risk assessments as shown in
FIRs Knepp (2002a and 2002b) and tank closure risk assessments Mann and Connelly (2003)
and Connelly (2004). However, large amounts of water (>100,000 gallons) over a long period of
time (years) have leaked from water lines (e.g., the water line south of the SX tank farm). Such
moisture drivers play a major part in contaminants reaching groundwater (Knepp 2002a).
During 2001 to 2003, all unneeded water lmes were capped off and all needed waterlines were
* hydraulically tested. :

The effect of large underground structures (e.g., the tanks) in diverting moisture ﬂcw in the
subsurface has been evaluated and incorporated into performance assessment models. However,
such structures can also be moisture traps, leading to higher moisture contents above the tanks,
Such higher moisture content could lead to higher than normal evaporation rates.

The heat generated by the decay of radioactive waste warms the soil. Temperature
measurements in boreholes near the tanks currently show temperatures as high as 140 °F,
whereas the soil a few feet below the ground is normally about 55 °F. These higher temperatures
will increase evaporation and hence decrease the rate estimated for recharge.

Above ground structures (such as the 242 S evaporator, huts over lateral access ports) are located
inside or just adjacent to tank farms. The roofs of these structures will likely shed precipitation
in such a way that it concentrates the water in small areas, such as a roof drip line. The result
will be a net increase in the overall recharge rate. :

The tank farms were construction at elevations lower than the processing plants to facilitate
liquid transfer from the plants to the tank farms. Surface water (flows from rain storms or snow
melting) occurred as overland flow and collected (somenmes as ponds) at the tank farms.

During 2001 to 2003, berms and gutters were msta.lled in and around tank farms to eliminate this
condition.

Cribs (structures receiving large volumes of liquid discharges) are located near most tank farms.
Measurements at the BC cribs have shown that moisture can move laterally long distances
(several hundred feet) away from the vertical line of discharge.

Knowledge level: Both the knowledge level defined by Jones et al. (1998) and current
knowledge levels are low. Knowledge of the impacts of current and future recharge is
acceptable as the sources (waterline leaks and run-on) are controlled, if not eliminated. Also the
effects of most past waste leaks are either small or explicitly included in the risk analyses.
However, knowledge of past waterline leaks, run-on events, and possible ﬂow from near-by ctibs
is poor or unknown at present. _
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Feasibility of Collecting Additional Data: Jones et al (1998) defined the feasibility of
collecting additional data to resolve this gap as variable. Currently, it is defined as low. There is
no indication that records were kept that provide quantttauve estimates of past waterline leaks or
run-on events. :

Document Support: PA/closure plan, CMS, Work Plan.

Pt'iority Ranking: Jones et al. (1998) defined the pﬁority ranking as 2 to 4. Performance
assessment analyses and tank farm characterization have determined that this is an important
driver for contamination in the vadose zone and the priority ranking has been raised to 1B.

Path Forward: Continue opportunistic review of literature (including photos) of past events.
Monitor integrity of pipelines that are not capped and the performance of berms and gutters
installed to control surfacc-water run-on. - , ,

" Limitations: Past recharge events (storms or water lme Ieaks) are poorly documented or
quantified. Indirect inferences must be used. . :

3.14 RECHARGE EFFECTS FROM TANK-FARM lNFRASTRUCTURE (FUTURE
EFFECTS)

Description: Tank farm infrastructure can increase the amount of moisture that enters the
vadose zone. For future events, the primary impacts are expected to be

. underground structures near the surface that can trap water -
e thermal effects from the tank waste :
e above ground structures (for example, roofs, foundations) that concentrate m01sture

Origin: Existing data gap from Jones et al. ( 1998) The current data gap has been split into past
events (Section 3.13) and future events (this data gap).

Information Type: Data.

Impact: Jones et al. (1998) defined the impact as direct to low. Currently it is defined as
indirect. The effect of large underground structures (e.g., the tanks) in diverting moisture flow in
the subsurface is well understood and is readily incorporated into simulation models. However,
such structures can also be moisture traps, leading to higher moisture contents above the tanks.
Such higher moisture content could lead to higher than normal evaporation rates.

The heat generated by the decay of radioactive waste warms the soil. Temperature
measurements in boreholes near the tanks currently show temperatures as high as 140 °F,
whereas the soil a few feet below the ground is normally about 55 °F. These higher temperatures
will increase evaporation and hence decrease the rate estimated for recharge. However, detailed
modeling in the S-SX FIR (Knepp 2002a) determined that such effects are small for future

* transport.
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Above ground structures (such as the 242 S evaporator and huts over lateral access ports) are
located inside or just adjacent to tank farms. The roofs of these structures will likely shed

* precipitation in such a way that it concentrates the water in small areas, such as a roof drip line.
The result will be a net increase m the overall recharge rate.

Knowledge level: The knowledge level defined by Jones et al. (1998) was low. Currently, it is
defined as acceptable. Effects of current and future recharge are acceptable as the sources
(waterline leaks and run-on) are being controlled, if not eliminated.

Feasibility of Collecting Additional Data: Jones et al. (1998) defined the feasibility of
collecting additional data to resolve this gap as variable. Currently, it is defined as low. Details
are very site specific and it will be difficult to generahze conditions to significantly improve the
data base. : :

Document Support: PA/closure plan; CMS, Work _Plaﬁ.

. Priority Ranking: 'Previously, Jones ét'al. (1998) defined the pﬂoﬁty ranking as 2 to 4.
Currently, it is defined as 4.

Path Forward: Continue opportunistic review of literature (including photos) of past events.
Monitor integrity of pipelines not capped off and of berms/gutters installed to control run-on to ;
farm. ' '

Limitations: None.

3.15 CURRENT DISTRIBUTION OF PAST TANK WASTE DISCHARGES

Description: A large volume (up to 500,000 gallons) of radioactive and hazardous waste may
have leaked from underground tanks and associated infrastructure.

Origin: Existing data gap from Jones et al (1998).
Information Type: Data and ahalysis. ' | \

Impact: Jones et al. (1998) defined the impact as direct/intermediate. Currently, it is defined as
unclear because performance assessment analyses have shown less sensitivity to this parameter
than was previously thought.

Knowledge Level: In both Jones et al. (1998) and currently, the knowledge level is defined as
low to medium. Characterizing vadose zone contaminants has been the emphasis of the

TFVZ Project, but drilling in each tank farm has been limited to a few wells. Qualitative
estimates of contaminant plumes were developed from spectral gamma logging data.
Geostatistical modeling was successful in developing plume data in a limited number of cases
where adequate data sets were available. Application of high-resolution resistivity
measurements (through SGE, see Section 2.2.2.5) may be useful in delineating contaminant
plumes. In addition, recent advances in direct-push technology have allowed better
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characterization of spatial distributions of contaminants to the depths that the technology can
penetrate.

Feasibility of Collecting Additional Data: Jones et al. (1998) recommended using available
data. However, recent advances in subsurface geophysics have changed the feasibility of
collecting additional data to high. The application of high resolution resistivity methods such as
SGE may provide significant new data that can be used to develop waste plumes. Activities are
underway to quantify the response of the electrical geophysmal methods to subsurface '
contannnants _

Document Support: CMS, Work Plan, RFI, PA/closure plan

Priority Ranldng The previous priority rankmg was deﬁned in Jones et al. (1998) as lA or2.
Currently, it is defined as 1B.

Path Forward: Pursue }ngh—resolutlon resistivity methodology in SST fanns

Limitations: Limited data on leak volumes, leak ratcs, waste chemlstry, and number of leaks for
specxﬁc tanks.

3.16 PROJECTION OF CONTAMINANT MIGRATION (MODELING APPROACH)V

Description: Reliance must be placed on modeling analyses to estimate future contaminant
migration from the disposal facility or vadose zone to the accessible environment. Both the
conceptual models and their numerical representations must quantify future environmental
impacts that are sufficiently reliable to make tank closure decisions.

The vadose zone flow and transport simulations documented in the field investigation reports for
the S-SX, B-BX-BY, and T-TX-TY WMAs (Knepp 2002a,b and Myers 2005), the initial SST
PA, and closure risk assessments for both past leaks and retrieval leaks use the current
distribution of vadose zone contamination as an initial condxtlon rather than modeling the leak
events themselves.

Origin: Existing need from Jones et al. (1998).
Information Type: Analysis. .

Impact: Both the definition in Jones et al. (1998) and currently are that this gap has direct
impact. ,

Knowledge level: Jones et al. (1998) defined the knowledge level as medium/low. Currently, it
is defined as acceptable. The modeling approach has been used to model contaminant migration
from tank waste sources in the S-SX, B-BX-BY, and T-TX-TY WMAs (Knepp 2002a,b and
Myers 2005), the initial SST PA (DOE-ORP 2006), and in closure risk assessments. The
conceptual model for future contaminant migration away from closed SST waste management
areas is based on three principle migration pathways: groundwater, air, and intruder. Of these air
and intruder pathways involve simple processes (e.g., diffusion of volatized contaminants
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through soil or structures and exhumation/distribution of contaminants in soil, respectively).
These pathways are evaluated using simple analytic solutions and algebraic calculations (for air
and intruder, respectively). Given, the simplicity of the migration processes and the generally
benign environment impacts projected by the numerical applications, the models are widely
accepted.

The modeling approach is based on release of tank waste constituents in the vadose zone upon
contact with infiltrating water and migration through the vadose zone to the undertying
unconfined aquifer and down gradient towards the Columbia River. Flow and transport through
the vadose zone is evaluated in two dimensions. Field characterization data collected by the
TFVZ Project and other projects have supported basic modeling assumptions. For example,
anisotropic fluid migration in the vadose zone has been characterized by field experiments (Yeh
et al. 2005 and Ward et al. 2006), field characterization studies of past tank leak contamination:
(Myers 2005), and the technetium-99 plume underlying the BC cribs and trenches.

Feasibility of Collecting Additional Data: Both Jones et al. (1998) and this document
recommend use of available data. The modeling approaches for all three pathways are adequate
for evaluating all scenarios currently being considered. Alternative conceptual models of large
scale features and processes affecting contaminant migration (e.g., clastic dlkes) can be
represented in the modelmg approach. . _

Document Support: Performance assessments.

Priority Ranking: The previous priority ranking by Jones et al. (1998) was 1B. Currently, the
ranking is 4, based on work completed in Phase I characterization and the initial SST PA.

Status and Path Forward: The modeling approach‘-was used for completion of the SST
performance assessment and will be used in future analyses. Modeling will be used to identify
where additional data are needed and provide feedback to data collection activities.

Limitations: The modeling approach is limited to simulations of the disposal environment.
Natural and engineered system heterogeneities that exist on a small scale cannot realistically be
modeled because of an insufficient database and computing limitations. -

3.17 TEMPERATURE DISTRIBUTION IN CONTAMINATED SOILS
Description: Depending on the radioactivity initially present in the leaking fluid and the leak
volume, heat transferred to the soil column varied spatially and temporally. Local hot spots were
generated at every tank waste loss location.
Origin: Existing need from Jones et al. (1998).

Information Type: Data.

‘Impact: J ones et al. (1998) defined the impact of this data gap as low. Currently, it is defined
as indirect, but the impact is discussed in thermal effects data gaps section (Section 3.18).
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Knowledge level: The previous knowledge level defined by Jones et al. (1998) was low.
Currently, it is defined as acceptable. A modeling analysis was completed to estimate the
temperature history at the tank SX-108 leak site and existing temperature distributions around
tank SX-108 and is reported in Appendix D of Knepp (2002a). The model results were checked
against available temperature data and were found to reasonably match the observations. Few
temperature measurements are available from the subsurface soils contaminated by tank waste
losses at the time of leakage when maximum values would be expected. Subsequent temperature
measurements have been taken periodically at exnstmg .drywells and in recent characterization .
boreholes. Remnant elevated temperatures remain at locations where large highly concentrated
losses occurred (e.g., near tank SX-108). Limited thermal profiles can be generated over the
vadose zone portion covered by drywell distribution whenever data is collected but the need for
such information is minimal. Evaluations of thermal effects on contaminant migration were
completed in the field investigation report for the S-SX WMA (Knepp 2002a). From these
analyses it was concluded that the heat energy applied to the subsurface by tank waste inside the
tank or discharged to the soil column caused minimal changes in contaminant migration rates or
estimated peak groundwater concentrations. These analyses are summarized in Section 3.19.

Feasibility of ‘Collecting Additional Data: Both the Jones et al. (1998) and current definition
of the feasibility of collecting additional data to resolve this gap are defined as high.
Temperature measurements can be taken from all available drywells.

Document Suppoi't_: Perfonnance assessments.

Priority Ranking: The previous priority ranking by Jones et al. (1998) was 1B. Currently, the
ranking is 4, based on work completed in Phase I characterization and the initial SST PA.

Status and Path Forward: This data gap is considered to be closed. Any future updates will
rely on modeling analysis that has been performed.

Limitations: Few early historical temperature measurements were taken.

3.18 THERMAL EFFECTS ON RADIONU_CL[DE—SOIL REACTIONS

. Description: Temperature gradients are known to impact the rate of moisture movement. Some
tanks heated surrounding sediments and could also facilitate changes in vadose zone mineralogy
and radionuclide sorption processes.

Origin: Existing need from Jones et al. (1998).
Type of Information: Data and analysis.

Impact: The previous impact in Jones et al. (1998) was defined as unclear. Currently, it is
defined as indirect. Coupled flow and transport modeling of the SX-108 leak demonstrated that
temperature profiles primarily affected vadose zone flow rather than geochemical reactions and
only for a short period of time (e.g., no more than a couple of decades near tank SX-108 after the
leak occurred). Changes in chemical behavior observed in the vadose zone at SX-108 are readily
explained by tank fluid chemistry effects (e.g., extended migration of cesium-137 in the vadose
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zone was facilitated by extreme sodium concentrations in tank SX-108 fluid that successfully
suppressed cesium-137 sorptlon on soﬂs relatlvc to sorption in the presence of ambient vadose
zone water).

Knowledge level: The previous knowledge level defined by Jones et al. (1998) was low.
Currently, it is acceptable because of work performed as part of the S-SX field investigation
report. Modeling analyses (Appendix D, Sections D.7.1 and 7.1.2 of Knepp 2002a) indicate that
temperature impacts dissipate with radioactive decay over time such that the temperature
differences in perturbed versus undisturbed soils become small from this time forward. With
regard to radionuclide interactions, both higher temperatures and tank waste chemistry must be
considered as acting simultaneously. Characterization of highly contaminated soils underlying
tank SX-108 show minimal changes to soil mineralogy with the possible exception of the
formation of sodium zeolite phases (Appendix D Section D.2 of Knepp 2002a). Tank waste
contaminants also appeared to be largely below the sediments that appeared to be most affected
by interactions with tank waste. Leaching experiments with retrieved soils contaminated by tank
waste have shown current contaminant behavior to be consistent with ambient temperature
results. If higher temperature effects occurred earlier, extreme changes in constituent mobility

- have not been observed. Alternative contaminant behavior inferred from current contaminant
distribution in the vadose zone (e.g., cesium-137 near tank SX-108) is more plausibly related to
tank fluid chemistry effects (e.g., temporarily enhanced cesium-137 mobility because of
competitive sodium sorption saturating all available surfacc sorptmn sites in the near-tank
region). ,

Feasibility of Collecting Additional Data: The feasibility of collecting 'additional data to
resolve this gap is medium. Leaching, sorption and desorption studies can be simulated in the
lab by conducting experiments at varying temperatures. :

Document Support: Performance assessments.

Priority Ranking: Jones et al. (1998) defined the priority ranking as 2 to 4. Currently, itis
defined as 4 and the data gap is considered closed.

Status and Path Forward: This data gap is closed.

Limitations: None.

3.19 THERMAL EFFECTS ON PHYSICAL TRANSPORT RATES ‘

Description: Temperature gradients are known to impact the rate of moisture movement. Some
tanks have heated surrounding sediments.

Origin: Existing need from Jones et al. (1998).
Information Type:‘ ‘Data and analysis.

Impact: Jones et al. (1998) defined the impact as unclear; currently, it is defined as low.
Coupled flow and transport modeling of the SX-108 leak indicates that dynamic temperature
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profiles in the vadose zone underlying tanks in some cases have had significant transient effects
on fluid and vapor flow, but long-term contaminant migration and peak groundwater
concentrations are relatively unperturbed (see discussion below). Also, because major heat
losses to the soil are not likely to occur again (waste retrieval and radioactive decay are
eliminating the plausible heat sources), no significant thermal perturbations to the vadose zone
and effects on future contaminant mi grat:lon are expected

Knowledge level: Previously, the knowledge level defined by Jones et al. (1998) was defined as
low. Currently, it is defined as acceptable. Two modeling analyses were completed in the S-SX
field investigation report (Appendix D, Sections D.7.1 and D.7.2 of Knepp 2002a) that simulated
the effects of heat energy on fluid and contaminant migration in the subsurface. Contaminant
migration histories under non-isothermal conditions were compared to those under isothermal
conditions.

In the analysis (Knepp 2002a), the assumed energy source was the waste stored in tanks $X-107,
SX-108, and SX-109 and was assumed to provide the heat source. In the second analysis (Knepp
2002a), only heat from waste in tank SX-108 was considered. In each analysis, both liquid
containing a soluble species and vapor flow were modeled. The analysis progressed from 1965
forward. Initially, in the subsurface near the tanks, temperatures exceeded boiling, which created
a dry zone where fluid vaporized and moved away from the tanks toward the cooler region. The
soluble contaminants precipitated out of solution in the dry zone. At the edge of the dry zone,
temperatures dropped below boiling, the vapor condensed, and the liquid was drawn back toward
the tank because of capillary forces, creating a liquid vapor counter flow zone. Salts also
precipitated in this counter flow zone as liquid migrated towards the dry zone, vaporized and
condensed. This process effectively dissipated heat in the subsurface. Over time (about ten
years), heat dissipation and radioactive decay caused the region in which temperatures exceeded
boiling to shrink until no region above boiling temperatures remained. As heat continued to
dissipate in the subsurface, larger volumes of the vadose zone increased in temperature to the
point that the entire vadose zone under the tanks was impacted. Once the entire vadose zone
rewetted, vapor flow became inconsequential and recharge resumed, but at a slightly greater rate
relative to those caiculated for isothermal ambient temperature cond.mons due to the increased
moisture gradients.

Despite the significant transient history of fluid flow in the vadose zone imposed by thermal
energies, contaminant migration histories and peak groundwater concentrations were not
affected. In the thermal modeling analyses, contaminants in the leaking tank fluids were tracked
along with the fluid distributions. Outside the vadose zone impacted by boiling temperatures, the
contaminant mass flux under non-isothermal conditions was predicted to lag behind that
estimated for isothermal conditions. Because contaminants lost from fluid in the dry zone during
vaporization could not migrate until liquids reformed in the dry zone after temperatures dropped
below the boiling point, contaminant migration was delayed relative to an assumption of
isothermal conditions below boiling. Conversely, once full vadose zone recharge was
reestablished, migration of mobile contaminants was enhanced in the non-isothermal case, but
only slightly. Mobile contaminant breakthrough curves for technetium-99 were derived for both
model scenarios in Knepp (2002a). The technetium-99 mass was predicted to arrive at its current
depth in the vadose zone and assumed to mlg;rate from year 2000 forward. The peak arrival
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times and peak values were less than 10 % different with non-isothermal peaks arriving slightly
earlier at slightly lower concentrations.

Feasibility of Collecting Additional Data: Jones et al. (1998) defined the feasibility of
collecting additional data as unclear. Currently, the feasibility of collecting additional data to
resolve this gap is defined as medium. Sma]l—scale. laboratory flow and transport experiments
could be completed at various temperatures to measure property changes.

Document Support' Performance assessments

Pnorlty Rankmg " The previous pnonty ra.nkmg by Jones et al. (1998) was IB Currently, the
. ranking is 4, based on work comp]eted n Phase I charax:tenzatlon and the initial SST PA.

Status and Path forward. Currently, this data gap is consxdered closed.

Limitations: None
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4.0 FY 2007 DATA GAPS AND NEEDS

4.1 INTRODUCTION

This chapter presents data gaps and needs identified by the TFVZ Project during FY 2006. The
data gaps and needs are arranged in groups that reflect components of the tank farm vadose zone

conceptual model:
e Section 4.2 Inventory
e Section43  Release
e Section44 = Recharge |
® Sectiond.5 Geohydrology

e Section 4.6 ‘ Geochemistry
e Section 4.7 Modeling

Within each group or component of the conceptual model, the new data gaps and needs are
ordered by priority. To provide a complete list in one place, the data gaps previously identified
in Jones et al. (1998) and updated in Table 3-2 are included in Table 4-1, if their priority is 1

or 2.

For the revised list of data gaps and needs priorities were assigned based on the impact of the
gap/need on groundwater impacts and the associated knowledge level. The criteria for pnonty
ranking are very sumlar to that used as in Jones et al. (1998).

Impacts are defined as direct, indirect, low, and unclear. An impact is direct if the data or
analytical result quantifies a condition or process that strongly influences eventual radionuclide
contamination levels in the vadose zone or groundwater. An impact is indirect if it doesn’t
quantify a condition or process that influences radionuclide fate and transport in the vadose zone
and groundwater. An impact is unclear if the effect of the process, condition, or analytical result
on radionuclide migration is not known, but may be significant or provide a means to better
understand the current and future distribution of radionuclides.

Knowledge levels are defined as low, medium, and acceptable. In Jones etal. 1998,a
knowledge level of variable was used. In the current effort, the data gap or need was subdivided
until the knowledge level was identified as low, medium, or acceptable. A knowledge level is
low if no site-specific information is available and no general literature values can be used with
confidence to represent the process or parameter in a radionuclide migration model. If the
parameter or process is considered vital to the evaluation of radionuclide migration, additional
data collection to develop usable values is recommended. Knowledge level is medium if some
site-specific, quantifiable data or relevant literature values are available. A medium knowledge
level is assumed to lead to a database that is sufficient to provide estimated values that can be
used in radionuclide migration models to perform a reasonably conservative risk assessment.
Use of these medium knowledge level estimates is expected to lead to conservatively high
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estimates of groundwater contamination. Additional data are expected to clearly improve both
quantification of the condition or process and confidence in the values used in a radionuclide
migration model. A knowledge level is acceptable if site-specific, quantifiable data are available
to provide input into a radionuclide migration model and additional data are expected to only
margmal]y improve understanding.

Considering both the determination of impact and knowledge level, the data or analysis needs are
ranked for pnonuzanon (Table 4-1). Not all impact-knowledge level combinations occurred, S0
there are fewer entnes in the table than possible combinations.

o Ifthe impact is direct and the knowledge level low, a ranking of 1A was assigned and
the activity is defined as highest-priority.

e If the impact is unclear and the knowledge level low, a ranking of 1B was a551g:1ed
and the activity is also assigned as high- priority.

o Ifthe unpact is indirect and the knowledge level low, a ranking of 2 was assigned.

e If the knowledge level is medium, a ranking of 3 was assigned.

o If the impact is low and the knowledge level acceptable, medium, or low, a ranking of
4 was assigned. A ranking of 4 is also assigned if the impact is direct or indirect and -
the knowledge level is acceptable. :

Table 4-1. Definition of Priority Ranking.

Priority Ranking Impact Knowledge Level
1A Direct Low
1B Unclear Low
2 Indirect Low
3 Any Medium
4 Low Any
Any Acceptable

The gaps and needs are summarized in Table 4-2 as Well as the assigned priority for each
gap/need. Also in Table 4-2 are summaries of the path forward and any limitations noted.

For each data gap or need, the following information and/or descriptions is provided:

e The gap/need and whether it has been added since the original analysis in Jones et aI

(1998)

e The type of information assocnated with the gap/need (data or analyms)

e How the data gap/needs affect the calculated impacts (directly, indirectly, or unclear)

e The knowledge level of the data gap/need (low, medium, or acceptable)
e How feasible data collection is for the data gap/need (low, medium, high)
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¢ In which document or set of documents that the data gap or need will be used
o Priority ranking 1-4 ' 7
o The status and path forward for the data gap/need
e Any limitations associated with the data gap/need

65




Page 77 of 149 of DA05208945

pre—
§SOf Yea] WITIITUTX PIjeA
Aypeonsnws ¢ papraoxd
701-S ¢ Sumse mrey-uy
“WAH 0§ Teguajed |
reoyTU31S apedrpul
SS9 "sased KJIADISUaS
§® 5ed] [EAILDA pojean H x1pusddy v
Vd 1SS jenmur oq L : , uref o
"SWM{OA Yeaf snotres | (AWQTD) | emsopyvd | ETFEenes)
: ' pue jndno SOMLH woforg |  ‘poday |
"mredun A3 Bmsn pajemores ZAAL | SumioA Yeo] (MaN)
st ASojopoqyawa oIe SALIOJUSAUL apisino ‘AMIML SOLICIUIAT]
[eASLOSY | {eof [eAdLnal [enuatod | 2doog VI i (a2 | umipapy Ly wang SISA[eUy | Yeof [eAsInsy
_ (2T wondsg
H x1puaddy
‘sarJojouyoay B ) “arepd
Jo ssousanasopo | . -Surpuad st smrey 1o | (IWINAT) aMSOP/Vd (maN)
o3 JurINap | . 03 YHH Jo uonesnddy | 3ofoiyg ‘wodoy [eAsLnoy SuLmp
0} papasu “uwrey § Ur UOROSIap ZAJL | SmmjoA Yer] syea] Jue),
aIe mmm..ﬁﬁmdm pue jea] yoe3 JO suenn e JpIsimno .EE JO JuomIamsea
Bunsa) [ruonIppy | s pardocoe mou st YHH | 9dods VI (e 43y moy wang TRQ [ pUBUONIARQ
2q [ 1p pamseanm ~ (I'zy monoag)
‘feasmor 13y ndmo
‘urepoun A8y | SOM.LH WOl usYe: 9q n (uoatazmbox (MaN)
st ASofopoatm | [ satiojuaA [enpisar Hxpuoddy | K1orem3ay) s1sA[eue soojuaATL
Jeadtnoy ‘TeA3LIjal 0} JoLig VI | . (en. | Y3y Mo wang puemeq |  [enplsalue],
A1oyuaany
Lemseay _ : _
. piesioyg yioddng LIRS (g ) PAY adAy
suopeymy qieg pue snjel§ m_—_ﬂﬂnﬁ jomndoQq edq - uwvu—.z—eﬂv— ﬁoua-ﬁu uonjeuriojuy IMPLL,

(saded gy) -Supymey AjI0L] pue vaIY J33{qng Aq paIapIQ ‘SPIN pue sdeg myeq ‘7-p JqelL

0 A3y 1ppee-ddd

66




Page 78 of 149 of DA05308945

sogsnd

1321Ip 10 SI[OY210q

[euonIppe Jo Boneao]

opm3 pue suonnquysIp

owrnyd JeuorsusuIIp

~aonp dojsaap
PUR TORPUILIEIUOD 3)820] (§°T¥ nonosg)

- -0y pandde Buiaq HOS _

Jy3nop Asnoiraxd werp
") onyroads oy | - anSSTSIY 0f APADISUDS | . (8661 T¢
$ye3] JO Joqumu , 5591 MOUS SHIA 19 sauof Woxy)
pue ‘Ansnusydy | ur sosATeny "sa[oyEI0q uepd $931eyosTp
2158M ‘s3)eI e[ UoneZUIDeIRYD 3mMso[y/yd , 9ysem yue) jsed
‘SIIN[OA Yea] pue Sm33o] ewmres . el Y20 wnIpa sisAfewe | o woNNQINSIp
UO Bjep payun jensads woxy eyecy | . a1 ‘SO ‘I - gdg 0} MOT [ Ieapoun pue ereq UL

‘PAIIPISUOD 7' 0T3O

2q 01 paau Aewr amsodx2 (rz'y nopaos)

SLSON 10011p wioy spoedoy
10j JueUmULRp | JuomidojoAsp Jopun are | Bi(erd ‘ o (MIAN)
U1 3Je $313jeNs | SSIIOMISAUT AIMINKSEIUL ‘SO ‘ued wmipay eep pajm] SILIOJUAAUL
[easnoy | - - Aremmmparg |- |1 amsold/vd 0) MO Mo7 [ Ieapdun pue stsAjeny armonnseIyuy

coniseay
plemioyg 31oddng wonNR0) [2Ad7] ad{y
suopeury yed pue smes Supjuey JmamnIoq ejeq sfpojsonyy | jpedwy | uoneuLioyul PIL

(sa3ud g1) ‘Bupjuey LHnioLy pue eaxy »Aqng Aq paiepiQ ‘spaaN pue sded ejeq Z-p AGEL

0°A%Y 1vpec-ddd

67




Page 79 of 149 of DA05308945

© “1STX9 SpIO%aL
[eoLIoIsIy pajiuir]

| pazsprsuos oq o1 pasu
Kewx amsodys yoamp |

woxy spoedE] - ‘AN
3509 pue JuAdPe

QJOUWI GONEZII)ORIEYd
saxewt ASojouys9} ysnd
195mp roumey SnerpAp
‘ssao0xd S yBnoxy
PRYRTIPT aq MM
UONEZUAORIRY) “EIep
AI0JUDATL OTUT MO

om 1zqm ejodenxas

0} Aemaiapun st 1o

"181X9 59529 BjEp popury |

g1

uerd
amso/vd
dMIM LT
‘ueld

oM ‘SO

43y

wnipat
0} MO

Ieaoun

zeq

- (97 uonsag)

(MaN)

SOLIOJUSATT
~SHONENUISUOD
nos
Q0BJINS-TEAN]

suone)myy

 presiog
qed put SmBIS

Supjuey

uoddng
yuswndoqq

oqisead
uonIRNo)
eeq

PAYT

- aSpajmomy

jaeduy

adAy,

uonem.Ioyuy

apiL

(sofed g1) ‘Surpuey Ljurong pue vaxy 199[qns £q pa1aplQ ‘spaaN pus sdesy vyeq *7-p AqeL

0 'A%y Itec-ddd

68




Page 80 of 149 of DA05308945

snoad

Apenb-y3rg
Jo sanradoad R
srnespiy sonsuaoereyd o
Sunmsesur reonsfnd (z°¢'¥ nonoeg)
Jo seumayndg - JOY WIIPON moxd
"gjep uL)-3u0] o H x1pucddy | sonsusjoereqd Buno£ 10y (MEAN)
0} 10YS wroxy (MAN) sonsuoerego ‘uerd [eomuayd | wnrpsw gnoird SONSLIAOLIEYD
uonejodenxsy o ‘ol yuey | - g1 amso[/vd 10 ySryy | peSeioymoy | Ixespoun el moid yuey,
Jo L1o)smy porrea
oY) udAlS JnoIgIp ‘sisATetre pue Suyjdires
2q fem I01ALYq puedxo o3 ST premIo}
Sumgoray wo ped og], -ogioods
paseq sauogajes Hue) pue AjqeeA aq
o1 93pnjs | 0) punoy uaaq sEY $HO) ¢
[eAaLnal-jsod £33 3o Sugora) 17eM {rey nonaes)
Surmmg | o 9os eyep pasmun] sty |- [ Lpamnst _
Joreofogy { moig pamropad nosq H xipuaddy Esmhwe (MAN) stopow
-aseds st o88q seyy s184[eue Furdures agd | °Te sopdures) vjeq | osesja1 [enpisas
BJEP JusLmD A, . pemry A4t 2msOR/Vd 43H Moy wang pue sisifeny sjsem Juey,
Iseady ‘
: 4oIqisedy
presiog jioddng nonaa[o) 19A9] adA],
suone)ury q)ed pue sn)e)g Supjuey U0 neq adpamouyy eduy UOneULIOJuf amL
(saded g1) -Bunyuey LLIoLd pue vIIY 1Mqng Aq paIapiQ ‘spaaN pue sden gyeq "Z-F Iqel

0 Ay Tpbee-ddd

69



Page 81 of 149 of DA05308945

olqereat
SAU0I3q UCHEeIOUL ("' uonoes)
. [eUOnIppE S pajisiAdl
‘SJUA? 13(RO pue sqmm seudordde
]owmmous ‘syesf oxoqm pakopdap | (s1a043 158g)
ompadid ysed U29q ALY SIS 2AMONNSBIUL
woxy Ayuenb SATIORII0T ‘PIETRAD ueld JIoM - mrey-yuey
0) J[noyIp 639 2ARY suoneIddo ‘SWO ‘meyd uroxy sj2ayJ2
are soy1oadg 1sed wioyy syoedy g1 amsoo/vd - moq mot | reopOEN geq 98reyoay
4 . (€'y'yuonoeg) |
umy jusmaoeld oureq |
30 joedun 3y Uo SIIPIYS :
Ayanisuas uuoprod (MEN)
0} ST presio} ed | ued YoM mawrsoeid
UOISIP ‘pouryep jou Jumaoeid | ‘SD ‘wepd Iaureq
juowmaFeue)y | - 1alireq [eyrul jo Summy, Vi amsopa/vd VIN o7 wang sisA[eay | [enrar jo Surany,
. “SIIoowod | -
7] usAIS ayednsaAurar pue (Tt uondag)
sSupuesispun | eep 98reyosr Sunosyros C )
puBEED SIS | - ONUIUOD :pIEMIO) _
Jo uonejodenxs Weq smes jmasaid : (MaIN)
ue STI0IABYoq | spodal om0 pajefsI pue | UE[d HOM ayn} udisap Iaye
- Fuoy (3007 wAe]) sTexoed - ‘S aepd ) . SISAJeuy aoueurioyiad
Jo uonoafoig eje( 23reqoay A1 V1 amso[d/yd WP Mo Qg pue e | JIouyeq 0BIMG
S e (1I'p'% vonoog)
[nyasn “AL ‘erep spuoyd
u2aA0ixd usaq J0u _pue g¢-suuopyo “3°9) :
9ARY SWIIE] JUe) | SoOuyms [dAeId wirey yue} ueld Y10 M (MAN) seoerms
of) Ut s19w Xnyy |  Jopun o3reyo31 amseIW ‘S uepd 12ae13 g3nonp
Bursn spoya 1seg 0} S1 premioj Jeq Y1 amsod/yd wnIpa Moy wang Beq 93reyooy
) SIILLIBE IBLING 310 YIN .
colqrseay ,
paeszoq . yioddng UoRIANI0) AT adLy, :
suopeywyy [yed pue snyeg Suppuvy | juewmdeq seq adpomouyy | pedwy | uoyEmrojuy PIL
(sa3ed g1) -Surpuey Lilopg pue Baxy 39[qng Aq pasapiQ ‘spaa) pue sded ereq ‘7 AqeL

0 °'ASY TvveEC-ddd

70



Page 82 of 149 of DA05308945

(1°¢"t uonoag)
‘samyendis
adojost aAnoeoIpel pue (MAN) seomos
3[qels apnjoul 0} premioy SwiIe] Juwl-uou
‘(T4 pwe £90) ed UOHEUTUIEIUOD £qreou woxy
$201J0 JOd pue : Ieapmord Ioyempunolrd
s30afo1d ssoxos pUE 20INOS UO SO ug]d JIoM pUe JUO0Z 350pEA
suonqLIuod 2jeIdaul S10)0BNI0D ‘gD epd wmipaw e 0] BONNQINUOD
saxmba1 wonnjog aaey TY pUe SO \4! amsop/vd 43y 0) m0] panq |  pue sisAfeny JIRUTIeIno.)
A3oj0apAgoany
*9JETNSI
0} JynaLgIp : e
sajer ofreyoar | ‘alqefreae (o uonass)
aua-3uot § - - sswoseq uoneoyu |.
oxew snup} | [EUOIPPE SE JISIAL pUE (MaN)
pue yuanbogm | yiom 3utoSuo Jiutmaraax SeUIT)Se
pueomposids | onumuod :premioj ‘ S 29regoor
aIe 28reyoax med ‘sme)s suasaxd ueld YoM (sapeasp) , ws)-3uof wo
0} ANQIHUOD (#0007 19Le) o8eyoeg ‘SND ‘uerd WLIO)-}I0YS stsA[euy | sjuwaAd orpostdo
Je SjuRAg ere( 93reqoay AQI 4 amsopo/Vd 103 Y3y slqmdaoy wan( puE gleq - Josoedury |
"SIatIreq yue[d [) pue
LS-€ 941 e yons s1alueq (5" uonoag)
9e0s-pley pIjusnnn s
pauueyd wog ‘
‘onewsjqoid | erep syerodioour :premiroy | {(MAN) a7
ST I0IARYSq eg smes sjuasaxd | ueld Y10 ustsap Suump
uL-Juoy (v00T 194 3) - 23exoed ‘SIND ‘werd . - souwenuopad
,Jouonoaforg | - weq 28xeqosy AAL £ amsopVd q3tH worpay | 393mpug e | Ioureq soepmg
LoqIseay
paeszoy jroddng HOBII[O) PAY] adAy
suon eyl Peg pue smes Supjmey | juemmdog e adpamony] | edmy | wopewaojuy AL

(sa8ed g1) u_.u_.am Ayuoug pue gaIy 13{qng £q paapaQ ‘spasN pue sdes vreq ‘Z-HdAqe],

0 'A%y IvpEe-ddd

71




Page 83 of 149 of DA05208945

*Apnorydxa [apom

(se8ed 1) “Supywey LHaoug pue vaiy a[qng Aq passpaQ SpaaN pue sden ereq °

0°A%Y Tvpee-ddd

pue saptadod jeusyem (€°¢'t uonoag})
SUTILINSP :PIEMIO) ﬁum
“pamsesm jou sanrados
sTneIpAy pajenyesIm (MaN)
-3-0 “ayopduroom woysks
2qerdaooenn st sapredord onnerpAy JUSUTTEJUOS
ST JUSUIGTRIIOD S[ELID}EUT WIASAS we[d FOM : Ayiony
Jo youalq ‘asn YR} JO 31E)S JUSHND ‘S ‘uerd sisAfeuy 103 sonaadoxd
u1 APuaLmo syue ], o Jo a8pojmouny a1 2mSO[/Vd YSH § M0T | Teafoun) pue eleq - onmespAy
‘S[om . ,
Ul SHISWIdINSERT (‘s;uaas
uonNeAI[D asa) Jo suonesTyduo
S[eos-[[ews | -PUE SISNED SY) SSISSE 0}
Sunjews | Furpou YIM POUTGUIOD
Jo Aynoyyi | “gyoreas Arojsty sarmbary)
‘paziudosar Suiaq ofo1g uowSsssy
MoyIm 0F pue | 2MSO[) PUE GOHEIPRTY
awod Afrenuajod I3eApUNOID) (Z'S'p mondsg)
saSueyd plojuel £q duop 2q 01
Jerodmoy | pIemio) yied SuOUELIEA
- ‘Suogeso] Jo souepodoy o (MaN)
| reueds poymar je JUTULINA( “SUOTeIIBA SUOHENUIIN0D
Asusnbayy jenue 35a1]) 10} JUNOIIE LA LA (v
10 ‘[enuue-Muas 3,10p S[2POUL JUSLIN) ‘ Jojempunoid uy
“Ajsarrenh e *sa3ueyo Jerodmay ue[d JI0M uonerea feneds
uo paysydmoooe ULI)-}I0YS PUL [BOTLISA - ‘SO “uerd sis[euy pue jerodory
ST SuLIo)Uo A0S SJUSRIINSEIN d1 amso[d/Vd Y81y M0T | Telpouf) pue gleq wi3)-poys
olqiseay
paesIog yroddng uonIIA0) [PA] adAy,
suoneyuIIy e pue sNYvIS Samuey jmdmndoq ueq adpomonmyy yedory uonvwiojup apiL
b olqeL

72



Page 84 of 149 of DA05308945

- "SIMsAI JSH

"SUONIPUOD JO osn aYe "SUANUOD
aSreyosa: pue I3jeM S)MIPSULISIIL
 Idpun syu2juod pue 1oa LjoAneyar
I SIM)SIOW MO] uo aseqeyep JunsTxo (5°s'p on9g)
103 (Aytanonpuoo PUSJX3 0} SIS IO o
onmerpAy ¢ pUR (STUMNSINSBAS ,
pajemmjesun - 7 - 3nymudsenn (MaN)
3-2) soniodaid | .~ “@3) sorpadoad uejd JIOM uoneRIMIES MO}
TUSWIP2S PIOJUEEY SIMeIpAY 108 U0 JI0M ‘SO “uerd 1e sonodoxd
uo as1eds eyeqg - proyuey] 3sed maasy d1 2mso/vVd wmnpap MoT | Ieopun) weq ornerpAH
*SUOIIPUDd ,
a8 1eyoa1 pie
Iapum SO wonexnyyul
QIMYSIOWE MO Mmo[ 1apun mop sodea (¥°s"t uonoos)
103 (Ayjranonpuod fenuajod yo asueszadnm ’
otneIpAy ajenTeas o) s3ojeue
pajermjesun | s (eensny ‘emIoyye) : (MaN)
“3-9) sonradoad ‘KafIeA PIRA ‘BpRAIN ue|d JIOM ofreqonr
juourpas ployuepy | - ‘Aneog) sows Jopo ‘SO ‘weyd _ #0] Jopun
uo asreds meq e ya0Mm Jsed MoADY €1 amsop/vd Mo a0 | aeopun s1sAjenry amopg Jodep
Jaqisedy
piesiog j10ddng uonRNMIo) PAY] adAy,
suoNIYY qIeg pus snels supjuey JuITNIO( Beq adpamouyy Peduy uopenLIoyuy aPLL

(so8ed g1) Supywey Liong pue eaxy 193[qng £q pasapaQ ‘spadN pue sden ejeq ‘- AqEL

0°A%Y Tvbee-ddd

73



Page 85 of 149 of DA05308945

*sonxadoxd .

Pm 3o sioedun
pue 125 B1Ep HOS
aeneaq spustadxe
- s TNYJO °nunuoy) "sats (L'¢'p wonoag)
0] pue HOSSIG | 1310 0) §13s BEP ] pue
ot 3 paunrofad uosstg woly padojaAap
asorp o) refrunts | spoypewa A(ddy payrumy Man
sjuswadxa Py | S1e 5198 wEp pIOJUeH Inq Ueld oM SU0Z I5OpEA 3
10§ sonmunyroddo |- ‘porpdde pue padojoasp ‘SWO ‘wed sis[eay | w1 mofy [eiae]
Jo joey U33q dA¥T SIOR], £ amsod/Vd WpIN wnipey | Jesqour) pue gieq | pue Adonostay
e
I2A0 STONOAIP
. mopj SmBuey)
“projutH
je sommnid |- ;
Iespunord “Surgorew
Suneredas A10ysy wuroyrad (9°¢"p nonseg)
Jo Aroggig | 0 pue UORBIqHED [3pOtm .
*$2) TS ut syynsa1 Bupoywoms g
dofaasp aus as) :premioy | (p0aforg Man)
~oyuoneardioymr | yeqd -sonjea norsiadstp ZAAL wefd JOM " 1spempunoxd
2IEp 10] SJUSAD |- sumsse sjopoul | Jo apismno ‘s ‘werd . ‘ ul uoiszadstp
aseo[a1 pajnury opempunoln smeg | adoog)z | emsop/vd umIpap Mo | 00mpul sis[eny JIEUNIZIUG))
: PE LA, |
presioyg j1oddng uoIIAI0)D AT ad{y,
suone) g g pus sme)g Junjuey JuAUINIO(Y eeq 3dpamonyy peduy uopvmIoIU]Y ML

(sa8ed g1) “Supruey Ajuioing pue axy 193{qns £q POIAPIQ SPIaN put sdes) ee(q 7 IAqRL

0°A%Y T¥bee-ddd

74




Page 86 of 149 of Da05308945

“gIpom

or30j023 reprums
0} sdigsuonefar *Aressa00u
Bunsixs se A3ojopompom
PURIX3 03 pasn aujal 0) INUNUOD Pue (6'S"p mon2ag)
aq ued sa1sAydoad BJep PJALJ PIM S)NS2I ’
sjoya1og aredmo)) -spoyiout
"A3ojopopom Sureosdn suonouny (MEN)
1591018395 myep | (1ayswanopad ‘3-2) o0 - wergxom | sonzsdoxd
pue SIS PO JO | PR SUSTYD0]S UO Juop : ‘SO ‘werd ; - ofneIpAy
lequanu pari’y U33q Seq j10M pajmt |- £ SO/ d wmIpapy amipa wangy sisApeay Suressdpy
Suypdures Surmp
Pajoay0o aq
9100 SNONUNIUOD
Ieau ye saxmbox
s1ofe] o591
Jo uonru3ooay
‘spmp Jo
uonei3nu [eraje] - "aseqerep
a1t} jonuod Jey 0} ppe S|qefeae
sI1ak®] Suty o) 531059 UOBULIONIT
SSIUI uayo (sauo MU Y. [PIEMIO
15p[0 Aprenonred) peg Surpeaxds
Safoyazoq [exaye] uo joedarn (3°5' uonsag)
woxg saondussap (sox1p onsed wep ’
o180[0a8 | 1omi0) AyderSnensolsmm : ’
‘SuOLEUTLIEXD 0} sureyrad pasu ejep el J1oM . (MIND
feneds { SIY} "poJIOUMOOP [[OM ‘SD ‘uepd : sisATery AqdesBnens
JSIE0D U0 paseq st £301003 ajess-08r1e] £ amsop/vd me1 amipspy | 10ampug pue erR(q Jfeos-[rewsg
. Lolqrseayg
pieALIo] y1oddng uonR?e) PAYT . adAy,
suonepmyy qieJ pue sme)s Supqoey judUINIo( rReQ a3pajmomyy pueduy uoneuLIoju] ML

(s93ed g1) -Bupyuey LyHoLlg pue Baxy 133[qng Aq pa1dpiQ ‘spIaN pue sden) vje(q ‘7-p IqeL

0 A9y Tvvee-ddd

75



Page 87 of 149 of DA05308945

"passazppe aq 0}

) Pa3u [ Jurqoeo 1oye
spoedun Suoz ssopea
. PUE [} W pagoLm Aqany
*saum Surmana ale wirgy O) UL S{EAPISAY
asearoul [ | Jue], (IA)M 10§ [opour
§3p0o Jondmos |  remdasuos  SmAymumn,, e _
JUSWISSISSE S UT | JUMLINSP 0f [e03 [je1oA0 {1'9°p uondag)
(yoeordde Py wey | o M woneso] goes
1oy30) Sunopons | e ANSMISY2093 wIMTTRIN
[eorusyooa8 | Smyjoxmuoo sassaoord o SUOZ ISOPBA
pajedydiod oxow | oummIzap 01 (N YINM aup wt IqOpy
Sunerodioaug *3-2) smrey yuey 19910 ‘ (IA)mmimexn
‘pareondinod | pue ‘p0I-XL ‘T0I-X€ Ueld JIOM uo 510989
STADSTUISND | Je SJUIUIpos JOf SITpryS ‘SO ‘uerd : sisAeuy Anstmag)
wmmelr) f - Sumoes] snuguo) - VI{ omsop/vd 93l mop |  eng pue TR LYY
. c AnsTmagodn ‘
*MO[j PajRIMESTN I5pun
sfemted epusisyaid uo
Jzom SuroZuo Surmoraaz
anunuoy) "(SWSTIeyISw
1310 pue ‘sojoyazoq | -
: _pa[eosum ‘soyIp
T T (01°5 'y onoog)
Tenuazajord noym pue .
s suonenuasuod Yead _
ur o3ueyo oy 1528308 uefd YoM ‘ (MAN)
JUAUSSISSE NSII JOJ ‘SO wepd MO[ © osisApeny | sdemyped mopg
SuonEnuNs wi)-3uo] 14 Aamso[/yd 0} UmIpIA alqedaocoy | joampuy pue ejeq [enuarajald
io1qiseay |
premsog jr0ddng wonade)d PAS] ad{], ‘
suonejnoyry ped pas smes dupjuey jusmmdo([ neq ¥dpamouyy yreduy uonewLIOJU] apiL

(so8ed g1) Bupjwey oL pue valy 12fqng £q parepaQ ‘spaapN pue sded eyeq “7-p IqEL

0°A%Y Ivvee-ddd

76




Page 88 of 149 of DA05308945

113Y4S N2IU0D

PuUE JELjET T Uaamidq
sotym] “sTeLIayew
*S[eLId)eW J{IJ S€ 3 apendoadde wo
pasn Ajsnotaard |  sjuswadxs Sunonpuod | (¢'9'y uonsag)
s{eLIaen SNUIUOD pUB JI0M
SN033BWO)eIP snoradxd sjenjeas o3 st .
Supnpour | presio) ped Iy Sunok C (AN
‘spetioyews 10J IOATY YeumeARS : onpisal pue [y
It pade 103 WO GONeWLIOJul ue[d YoM Jue) usamiaq
s3ojene aenbape | - paynu pue [eLEw SO ‘uerd sishfeny suopoerayul
Surmresqo | [y pade 10§ JussIXaUON g1 aImMSo[o/Vd wnipapy Mo | TeRpup) pue ele(q Jeomusy
YInony renoyew paseafos
Jo yodsuen o stsegdmy
"S[qE[IEAR J1 2)2I0U0D
[exmonsns Yue) [emoe
I0 STELISJENI 2)3IIU0D
Zoreue sjeudordde S
o syuumdo Smgoeay (9 uonoag) |
*ajauos | Summiopad snunuos pue |
Jergonns | jIom snoraaxd syenfeas (MaN)
- Yue) rengoe 0} §1 premio) \ped Jnprsal Jue) pie
10 S[ELIDJETT | "9J9IOUOD [RIMINNS pue TIoYs 21210100
21315102 pa3e 10} S[ELITEW [ETIPISa YUk ue[d JIOM LEETNEL]
sSoreue ayenbope UM STONILISTNY ‘SIND werd . stsATeue SUOnORIANI
SurmeiqQ Jo 33popmony payrury g1 Amsop/vd umrpapy MOT | Xed[ouf) pue gieq [esnnay’)
colqiseay
paesIoyg yioddng uonNMIo) PAYT ad{y,
suone qied pus snjers Supjuey e BT | e 23pajmonryy ysedmy uoywmIoJuy ML

(s93ed g1) ‘Bunuey Aoy pue eaay 399[qng Aq papIQ ‘SpIN pue sded) ereq “7-f AqeL,

0°A9Y 1¥pvee-ddd

77



Page 89 of 149 of DA05208945

ToISHUTp . “saumjd

ourn axmdes yep | Jo uonnjoAs swy amgdes
Sias Eep paynr] | 0 patmiopiad aq snm (RS )

oI ‘SIUSUAINSESN “EIEp )

: St sturey | gOS J99[00 0 NURUOD
Joe} WYH | poe L101STq Yes] umoty (MIN)
3ogImS Jo Ayrrend) ALY U4} SIUIAD 30) suoneTnTIs
1 ‘uonnjoss sumyd | (Y ‘8-2) siustmradxa 1edux 30 Surgoyem
pue £10)STq 9208 Kax uniopag “(ourpadid a3 Lioysg
umomy Apzood e D ‘901-1 ‘SqD - wmpaw jomg Ioj aseqerep
SATY STUAA3 ISOI | O T]/UOSSIS) ey z vd wnIpapy o) moT | “o3mpuy eeq puedxy

| dupepo |

o ‘ (s'9'y uonoag)
- "ozjeue “1%9) papuredxo MaAN)
- O} jmoggp a1 pATanooq podsuen
pue syuswpas | "uodsuen pue ajej JuennHeIuod o
projuef] | . 109pye J0U [ JSMLOD el g 2O M 1u9u0d smuedio
oI MOJ ST Jopeur omred1o flos mof yeqy | ‘SIND ‘ued ] sisATeuy [i0s emyeq
oruedio [emyeN | smoys Vd AL U0 PoM ¥ amsop/vd WmIpapy spqudacoy | moT pue ejeq Jo yoeduug
-syeudosdds se Kydd ('9"p uondeg)

pue a3papmouy Junsrxa
, 30 30ouduuy g3 ssasse 03 st (MaN)
TWIOJ 3|qedsn | PpIemIo Ped "aIyeIaN 0)SeM pue JouT]
€ oju1 33papmony [e13ua3 pue pojue UE[d JOM . E) U3MIq
Bunsmxa | ur ajquprRA® ST UOISOLIOD ‘SN ‘uepd gep suonoeIST
Suuapen 3ou] uo aFpojmomy € amsop/vd | 2iqerreae asn wmipapy | Ieepoun sisjeay [eoTISIED)

, Loquseay |
pIesmaog 1oddng TonRII0) [2A¥] , adAy .
suone)Ruy mieJ pue snjejs Supprey jusmnIoQ ereQq adpajsomy Pedug nonewIopu] aniL

(sa3ed g1) -Sunjuey] Huonly pue vaay 13[qng £q pauspaQ ‘spasN pue sded ejeq “7-p Aqel

0°A9Y 1¥ree-ddd

78




Page 90 of 149 of DA05308945

“JOSTISSAssy

(¢'L'p wonoeg)

[eor3o]00a eary (00 o
L pajeurpIoos Suraq (MaN)
are spofyy pauneld are JUSTISSISSE ASLI
(rea180[002 pue qyeoq ‘ Moy MmoT S , . TUONBUMIEIUOD
uewINI) SJUIWSSISSY € vd 0} WIIPIA oy mmipejy |  10ammpug stsATenry 29B]INS TeIN
‘suonnqrysp , ‘ , , .
JUBUTIEIUOD
LMD :
pu® S20MOos (ounpadid .y
70 o8papmony pere ‘soqouan (€'L'y uonog)
‘ pasruny Pue squo 5g ‘901-L .
pue sassanoid | ‘syuotnzadxs ny/mossig (MAN)
uoperSru | - 3-3) ejep pray Sunstxa §3p09/S[3pon
jueuTIRIuOY MO[S | JSure3e suni uostredrod eSSty
Jo asnessq payuy | unoprag -(aseq wep o auoZ 2sopeA
| omesepmumuoddo | puedke [ 'Ly PRON) Sumgojen
Sumpojewr K109S1Ef | )81 9sRq BIEP PAIRLI] € vd wmpepy | umpsy | 109mpug siskjeuy Koyt
, Vd
1SS renur o "spoeduu (z'L ¥ uonoag)
UL SuOp Uaaq seyq | Ysu w Ajiqerrea ;
SON[EA TINIIYXEus - Amuenb o3 mra osn ) ‘
pue umurmyur | pue sasA[ere Ayanrsuss | (MaN)
JojuoumBissy | aanwmmuenb pwedxo o3 st S3)eWISD
‘Auiepsoum | premiof ipeg 'sesAeue YSLI U0 §}93[9
Iajourered Ananisuss paazoprad Anqerrea
uS1sse 03 AU oAy ‘Apuarmy 3 vd Jjqeire wnIpapy wang sisd[euy Iajourere
. onqIseay
pasaLiog yioddng uonIRqO) PAYT adL1,
suone)ary qieg pue snje)g Suprey LEL BT Beq adpajmouyy edug noneuLIou] L

(sa3ed g1) "Sunjuey LjLr01g pue vaxy P3fqng Aq pasapiQ SpadN pur sden meq 7-p AqelL

0°A3Y 1vyee-ddd

79




Page 91 of 149 of DA05308945

eale Juswafeuetll aysem =
Ue|d JIOM [BASLIY 3iSeM UB], = dMIML
QUOZ ISOPRA ULIR] YUE) = ZAdL
{000z .Eo.moe JUILISSISSY FOWCULIOLIA Ue], [joyS-o[3uls [entu] = Vd 1SS
ue j[ogs-s[3uts = LSS
uonelojdxs [earsAydoad aoepms = ANS:
- 22 suonesdQ pueryony 304 = ™
(uodar) uorre8nsaaut Lyj1oed VIOY = 14
noday eie( [eAILLIY = p- (et
0£61 J0 1oF £i21003Y pup UOHDALISUCY) FOMOSIY = A'2./0). |
) JUSWLISSISSE dournIopd = vd
| U0N391014 19ATY JO 2050 HOA = 40
Aioreloqe [euoueN 28pry YeO = TINYO
Jue)y 93e10)S pUnoIFISPUN SNQIUB]IIISIU = ISN
voyedynu pue ‘Fuojuow wondAIP. xed = WINA'T
Anjre ] [esodsyq pareidajug = a1
1ojejnug suotieidd() a1se M Nue], pIOJURH = SOMLIH
Ayaysisa uonnjosal ydry = qH
uodal uopeSusoaul pley = A
13l01g 35U3IIG JUSWASEUR [BIUSWUONAUTY = dSWHa
.ﬁo?um_ Jojusunredag awg uoSuyse = £3ojoog
A8iug jo jusunredaq 'S = F0a
Apms SOIMSERU JANIILIO) = SID
WIIDUOI JO JUBUILRIUOD = 200
" :S910N
&2IqIseayq
presaog poddng | wopaye) PAYY -~ adLy,
saopEry med pue sneg Suppuey ELE L LIS | ueq a3pajmomy| ypeduy uonemLIoju] IPLL

(seded g1) “Sumuey Aya0114 pue eaxy 12fqng Aq pai1apaQ ‘spaaN pue sdeo) ejeq ‘Z-4 AAqeL

0 A%y I¥bee-ddd

80




Page 92 of 149 of DA05308945
RPP-33441 Rev. 0

4.2 INVENTORY

Groundwater, air, and inadvertent intruder impacts predicted in risk assessments depend linearly
on the inventory of key contaminants. Calculations indicate that for the groundwater pathway
the key contaminants are technetium-99, iodine-129, nitrate, hexavalent chromium, and uranium
isotopes from past leaks. There are contributions from other sources (intentional discharges to
waste sites and potential retrieval leaks) that also contribute to future groundwater contamination
and unpacts (although at lower impact levels). Key contaminants that result in predicted impacts
via the air pathway are tritium and radon, while the key contaminants for the madvertent intruder
pathway are the actinides. - _

4.2.1 Tank Residual Inventories

Description: Not all of the waste will be retrieved from tanks. Of the seven tanks currently
retrieved, there is still ~0.3 to 1.5 % of the tank capacity left in the tank.

Origin: New data gap, because of expanded scope of the TFVZ Project.

Information Type: Data. Tank residual inventory estimates are needed for tanks not yet
retrieved. : ‘ 4

~

Impact: Direct. Volume and compoéition of waste materials left in the tank at the end of
retrieval drive groundwater impacts beyond approximately 3,000 years.

Knowledge Level: Low. Only seven of 149 SSTs have been retrieved (C-103, C-106, C-201,
C-202, C-203, C-204, and S-112). Various retrieval efforts are still under development. Until
tanks are retrieved and residual waste is characterized, estimates of residual waste inventory are
derived from the Hanford Tank Waste Operations Simulator (HTWOS RPP 2003).

Feasibility of Collecting Data: The feasibility of collecting data to resolve this gap is high,
after individual tanks are retrieved. Under the Hanfard Federal Facility Agreement and Consent
Order (HFFACO) (Ecology 1998), the residual waste in each tank are to be sampled and
characterized.

Document Support: PA/Closure plan, RDR, TPA Appendix H reports.

Priority Ranking: 1A. The scope of this task is outside of the TFVZ Project. For retrieved
tanks where measurements of actual tank waste are performed, the scope is assigned to the Tank
Waste Retrieval Project. For tanks that have not been retrieved, where computer models are
used, the scope belongs to Engineering Process Group, which is responsible for HTWOS.

Path Forward: The recommended path forward is to continue to collect samples of tank waste
residues when each tank is retrieved and submit the samples for laboratory analyses. Tanks will
be grouped according to “residual waste type” to manage the scope of laboratory analyses to be
performed. The data quality objectives report on residual samples (Banning 2005) documents
this process.
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Limitations: The methodologies that will be used for tank waste retrieval methodology are
highly uncertain. Sampling of tank residual waste is technically difficuit and the information for
performance assessment modeling may not be available until far in the future. Because this
process cannot be accelerated, no action is required.

- 4.2.2 Detection and Measurement of Tank Leaks during Retrieval

Description: The process for gathering environmental and risk-based information to be
followed in the event of a possible leak has not been defined. Because the data associated with
movement (transport) of tank wastes lost during a retrieval incident can provide invaluable
insight into the long-term movement and associated risks, a plan to capture those data, should a
retrieval incident take place, is essential to assuring that the data are collected in appropriate
quantity and quality to conduct the analyses.

Origin: New data gap, because of the expanded scope of the TFVZ Project.

Information Type: Data (high resoluuon resistivity data for a simulated leak at tank S-102) and
analysis.

Impact: Groundwater impacts from potential retrieval leaks are proportional to leaked
inventory. Inventory will be determined by a combination of the leak volume and composition
of the leak (see Section 4.2.3). Therefore, the impact of this gap will be direct.

Knowledge level: The current knowledge level for this data gap is low. The need for and uses
of the data to be acquired should a retrieval leak occur are well established. However, collection
of these data is not a standard part of planned activities. The activities surrounding a leak event
are likely to be directed at the immediate concerns of protecting the health and safety of on-site -
workers, but an in-place plan would allow collection of the data that would lead to long-term
validity of risk analyses.

Feasibility of Collecting Data: The feas1b1hty of collecting data to resolve this gap is high as
shown by the S-102 demonstration.

Document Support: Retrieval Data Report (RDR), Tank Waste Retrieval Work Plan
(TWRWP), Leak Volume Report, Performance Assessment (PA)/closure plan, and TPA
Appendix H reports. '

Priority Ranking: 1A.

Path Forward: High resolution resisﬁﬁty (HRR) is now accebted as a means for tank leak
detection in S farm. Appllcatlon of HRR as a leak detection technology to other farms is
pending demonstration in those farms.

Limitations: Additional testing and analysis are needed to detemiine the effectiveness of prior
versions of leak detection systems.
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4.2.3 Retrieval Leak Inventories

Description: During retrieval of waste from underground tanks, there is a potential that there
will be loss of contamination to the soil column. Presently, potential retrieval inventory
estimates are developed from HTWOS model data. Real-time leak inventory estimates will be

calculated from leaked fluid composition and leak volume data. The leak volume data may be
estimated from the leak detection methodologies described in Section 4.2.2. This gap recognizes
the need to analyze data (Sectlon 4.2.2) to determine the total amount released dunng a retrieval
leak.

Origin: New data gap included because of expanded scope.
Information Type: Analysis. | |

Impact: The impact of this data gap is direct. Current projections of volumes of potential leaks
during retrieval are very small compared to leaks that have already occurred.

Knowledge Level: The current knowledge level is low. It is possible to collect samples of
fluids associated with “retrieval leaks,” should leaks occur. However, because leak volume
estimates will likely be highly uncertain, the inventory estimates will also be uncertain. Once
leak volumes are well characterized, the uncertainty will decrease.

Feasibility of Collecting Data: The feasibility of collecting data to resolve this gap is medium.
Prior to initiation of tank waste retrieval, inventory estimates will come from HTWOS model
predictions. During retrieval, inventory for retrieval leaks can be generated from vadose zone
samples collected with the direct push technology.

Document Support: RDR, TWRWP, Leak Volume Report, PA/closure plan, and TPA
Appendix H reports.

Priority Ranking: 1A. The Tank Waste Retrieval Project is responsible for estimating retrieval
leak inventories. '

Path Forward: Prior to retrieval, potential retrieval leak estimates will be a byproduct of
HTWOS modeling runs and estimated leak volumes. After retneval the Tank Waste Retrieval
Project will supply estimates. .

Limitations: The retrieval methodology that will be used, other than “modified sluicing”, is
highly uncertain. '

4.2.4 Infrastructure Inventories

Description: Residual inventories of contaminants within the tank-farm infrastructure (e.g.,
pipelines, small tanks) at the time of planned closure are currently assumed to be minor
(compared to residual waste planned to be left in the tanks). However, the inventory associated
with tank-farm infrastructure has not been extensively characterized. Inventory estimates are
based largely on historical records. The extent of clean-up of ancillary equipment is currently
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unknown; however, if ancillary equipmént is demonstrated to contribute si ghiﬁcantly to risk, it is
reasonable to assume that additional characterization and remediation will be required.

Origin: New data gap, because of the expanded scope of the TFVZ Project.
Information Type: Analysis.

Impact: The impact of this data gap is currently defined as unclear. Using current assumptions
for infrastructure inventories, calculations indicate that infrastructure sources are less important
than past leaks for groundwater impacts. However, this is based on the assumption that small
tanks are cleaned to the same extent as larger tanks. Ifsmall tanks are not retrieved, a new
analysis needs to be performed.

Knowledge Level: Although specific 1nformat10n is generally low, some operatlons records are
available. Therefore, the knowledge level is low to medium.

Feasibility of Coll_ecting Data: The feasxblhty of collectmg data to resolve this gap is medium.
The initial approach will involve modeling likely inventories based on historical records.
Sampling and analysis activities may be delayed until remediation occurs.

Document Support: PA/closure plan, Corrective Measures Study (CMS), and RDR.
Priority Ranking: 1B.

Path Forward: Initial inventory estimates have been developed for plugged pipelines in

SST farms. Some inventory data are available for residuals in various smaller tanks such as the
vaults, Miscellaneous Underground Storage Tanks (MUST), and catch tanks. As closure plans
are developed for the smaller tanks, better estimates of residual waste to be left in those tanks
will become available.

Limitations: Retrieval strategies are indeterminate for MUST and other tank farm
infrastructure.
4.2.5 Current Distribution of Past Tank Waste DiScharges

Description: A large volume (up to 1,000,000 gallons) of radioactive and hazardous waste may
have leaked from underground tanks and associated mﬁastructurc

Origin: Existing data gap from Jones et a] (1998).
Information Type: Data and analysis.

Impact: The impact is currently defined as unclear. Performance assessment calculations
demonstrate that past leaks are the largest contributor within the tank farms for future
groundwater impacts.

Knowledge Level: Knowledge level is low to medium. Characterizing vadose zone
contaminants has been the emphasis of the TFVZ Project, but drilling in each tank farm has been
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limited to a few wells. Qualitative estimates of contamination plumes were developed from
spectral gamma logging data. Geostatistical modeling was successful in developing plume data
in a limited number of cases where adequate data sets are available. Application of HRR '
measurements (through SGE, see Section 2.2.2.5) may be useful in delineating contamination
plumes. In addition, recent advances in direct-push technology have allowed better
characterization of spatial distributions of contaminants to the depths that the technology can
penetrate.

Feasibility of Collecting Data: The feasibility of collecting additional data to resolve this gap is
~ high. The application of high resolution resistivity methods may provide significant new data
that can be used to develop waste plume distribution and inventory estimates.

‘Document Support. CMS Work Plan, RFI, and PA/closure plan.
Priority Ranlung lB

Path Forward: The path forward includes pursuing the hi gh'resoilition resistivity and direct
push methodologies to characterize the vadose zone subsurface proximate to SST farms.

Limitations: Limited data exist on leak volumes, leak rates, waste chenﬁéh‘y, and number of
leaks for specific tanks.

4.2.6 Near-Surface Soil Concentrations - Inventories

Descriptlon Inventory within the top 15 to 25 feet, whlch resulted from surface spills and-
piping leaks.

Origin: New data gap, added because of expanded scope of the TFVZ Project.

Type of Information: Historical records and field data (concentratlons of key contamlnants in
sediment samples).

Impact: The impact of this data gap is unclear. The amount of near-surface soil remediation
has not yet been defined. Local near surface areas of high contamination could affect local biota

~ depending on the accessibility and subsequent exposure of biota to existing contamination. If
high impact is plausible, near-surface contamination may require remediation.

Knowledge Level: The knowledge level is low to medium. Historical records identify a
number of near-surface waste loss events. In addition, spectral gamma logging data has been
used to identify some “hot-spots.” The spectral gamma data provide dense coverage in some
areas of the tank farms, but large areas of the tank farm surfaces have not been monitored with
this method. The recently developed hydraulic direct push technique (see Secnon 22.24)is
being used to characterize vadose zone contamination.

Feasibility of Collecting Data: The feasibility of collecting data to resolve this gap is high,
using the hydraulic direct push technology in conjunction with SGE.
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Document Support: CMS, Work Plan, RFI, and PA/closure plan.
Priority Ranking: 1B. |

Path Forward: Additional data collection about the “nature and extent” of near-surface
contamination could potentially be obtained using the hydraulic driven direct-push technology or
SGE. However, general characterization will require the development of a characterization plan
and will likely await decisions of near-surface remediation and tank farm closure as made by the
corrective measures study (CMS) process.

Limitations: A hnntatlon to filling this data gap is that relatlvely few historical
operations/characterization records exist, Tfus limitation could be addressed through application

of the direct-push technology.

43 RELEASE

For waste forms that have long release times compared to the travel time through the vadose
zone, release rates become important. For these cases, it is the release rate rather than the total
inventory that dominates predicted groundwater impacts.

4.3.1 Tank Waste Residiml Release Models

Description: Most tank waste retrieval techniques that will be employed are based, at least ' '
partially, on water soluble methods. Thus, the residual wastes are not expected to release '
contaminants quickly when water contacts the residual waste. Recent experiments in tanks

C-106, C-202, and C-203 show that technetium is released slowly from the remdual waste

(Cantrell et al. 2006).

Orlgm New data gap included because of expanded scope of the TFVZ Project.

Information Type: The information type is both data and anaIys:s, consisting of both direct
measurement of and reliance on calculations for dcterrmnanon of release rates and source term
concentrations in residual waste.

Impact: The impact of this data gap is direct. For waste forms that slowly release their -
contaminants (as compared to vadose zone fravel times), estimates of groundwater contaminant
concentrations predicted with performance assessment models are ]mearly dependent on the
contaminant release rate.

Knowledge Level: The knowledge level is low because only a fraction of the tanks have been
studied thus far. Based on the tank sludge materials studied to date (from 6 tanks — C-106,
C-202, C-203, C-204, AY-102, and BX-101),), the release rates for some of the primary
contaminants of concern (techntetium-99, iodine-129, and uranium} are less than expected and
highly variable between individual tanks. The limiting factors appear to be minerals and solids
in the tanks that have sequestered the contaminants, effectively immobilizing a large percentage
of their remaining mass. The variability in chemistry and solid phases between the tanks leads to
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significantly different release rates from the residual sludges in different tanks and a limited
ability to group the tanks. Grouping tanks may be possible after a larger number of tanks have
been studied and trends in contaminant release rates are identified.

The salt cake tanks that have been retrieved hayé not been sampled, so measurements of release
rates from salt cake residual materials cannot be made. Thus, only theoretical constructs are
available for predicting the release of conta.mmants from residual salt cake left in such tanks

Feasibility of Collecting Data: The feasibility of collectmg data to resolve this gap is high
(Deutsch et al. 2005c). A requirement of the HFFACO is that samples of residual waste be taken
after a tank has been retrieved. The clamshell samplmg device that is currently used is capable
of collecting samples of the residual salt cake and sludge matenals

Docnment Support: PA/closure plan and TPA Ap_pgndlx H reports.
Priority Ranking: lA e

Path Forward: The limited sampling and analysis of remdual wastes that has been performed to
date for the retrieved sludge tanks shows the need for sampling additional tanks as part of
retrieval to determine contaminant release mechanisms and provide realistic release models for
performance and risk assessments. The release-model data must also be developed by testing
residual waste materials in salt cake tanks. Once a sufficient number of tanks have been
sampled, characterized, and tested, it is possible that binning of the tanks can be done based on
fewer analyses of the residual waste or knowledge of tank fill and retrieval history.

Limitations: The current database is sparse and sampling and analyses are difficult and costly.
The solid phases in the residual wastes following retrieval of a tank are a complicated mixture

and determining the associations of contaminants with the solids is an iterative process. The goal .

of binning post-retrieval waste materials into a few categories based on similar leaching behavior
may be difficult given the varied operational history of many of the tanks.

432 Tank Grout Characteristics

Description: Closed tanks will consist of residual waste enclosed by engineered materials,
primarily grouts. The hydraulic and geochemical properties of these grouts will affect the rate of
release of contaminants from the residual materials and will likely 1mpact prcdlcted groundwater
concentrations. -

Grout that will be used to fill closed tanks serves two purposes. First, grout hinders the flow of
moisture entering the system (as compared to the flow in porous soil), thus lowering the
near-field rate of contaminant transport following release. This reduction of hydraulic
conductivity, however, will change with time as the grout ages. Aging causes the structure and -
mineral assemblage of grout materials to change. These changes can result in either volume
expansion or volume contraction, both of which can lead to the development of cracks in the
porous media, which may change moisture flow through the grout. Second, grout hinders the
release and subsequent movement of contaminants away from their source location. For

~ conceptual models dominated by diffusional release, the effective diffusion coefficient for each
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contaminant in each particular grout will determine the release of each contaminant. For
conceptual models of contaminant release that are dominated by chemical interactions (such as
solubility), the water chemistry surrounding the waste will control the release of contaminants.
Water reaching the residual waste will have the chemical characteristics of fresh cement pore
water during the early stages of the weathering process, and these chemical characteristics will
evolve as the cement ages. Accurate predictions of contammant rclease rates are necessary for
long-term risk assessments. - : : :

Origin: New data gap included because of eicpandcd scope of the TFVZ Project.

Information Type: The mfozmatlon type is data, including both chemical and phys1cal dataon

fresh and aged grout.

Impact: The impact of this data gap is unclear, hkely consisting of a combination of indirect
(mmsture flow/contaminant release rates in solubility models) and direct (contaminant relcase
rates in diffusional models) impacts. : :

-~ Knowledge Level: The knowledge !evel is low to medium. While the knowledge level is
medium for young grout, it is low for chemical characteristics, particularly for aged grout.
Knowledge of physical characteristics is low for aged grout, but medium for young grout.
Current information documented in Deutsch et al. (2006).

Although the chemical characteristics of fresh cement grout have been extensively studied, there
is little information on the chemical interaction of leachate from grout materials (both fresh and
aged) with the residual wastes present in Hanford tanks. These interactions may inhibit or
enhance the mobility of contaminants from the waste, and must be determined to develop
reliable contaminant-release rate models for this system.

The physical manner in which grout fill within a tank will age and develop cracks that allow
water to infiltrate through the grout and reach the waste is not well known compared to the likely
hydraulic properties of the fresh grout.

Feasibility of Collecting Data: The feasibility of collecting data is high for chemical
characteristics using actual tank waste and cement simulants, The feasibility of collecting data
on physical characteristics is medium. The hydraulic properties of fresh grout can be studied in
the laboratory or at field scale; however, simulating the effect of long-term weathering of the
grout will be a challenge.

Document Support: PA/closure plan and TPA Appendix H reports.
Priority Ranking: 1B.

Path Forward: Laboratory studies of the chemical interactions between fresh and aged grout
with residual waste collected from the tanks will be conducted. These studies will include
single- and multiple-contact leaching tests to evaluate short-term and long-term effects on the
contaminants of primary concern. Release rate models for key contaminants that drive risk will
be developed for use in the long-term performance and risk assessments. Laboratory studies will
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also be conducted to evaluate the hydraulic performance of grouts to cstunate water infiltration
rates for fresh and aged material.

ADOE complex~w1de workshop was held at Savannah River in December 2006. A follow-up
workshop is scheduled at Hanford thls year.

Limitations: Laboratory measurements on the chemical interactions of grout can only be made
over relatively short time frames, thus extrapolations from short-term measurements will be
required to address the long time periods reqmred for performance and risk assessments.
Because of their low permeability, measuring hydrauhc propertles for high-quality grouts is
challenging. ,

44 RECHARGEISURFACE BARRIERS

Moisture is the pnmary dnver for contammant release and transport through the vadose zone to
the groundwater. There are multiple sources of water in the tank farms (precipitation, water

run-on, and water line breaks). Much work has been performed at the Hanford Site to
characterize infiltration and recharge (Fayer and Walters 1995; Fayer and Szecsody 2004).

4.4.1 Recharge Through Gravel Surfaces

Description: Past measurements have shown that recharge is enhanced when natural soils are
replaced by gravels (crushed rock) and kept vegetation free. The use of gravel to cover tank
farm surfaces was implemented early in tank-farm operations to provide radiological shielding
from the waste in the tanks, and a stable working surface. Surface contamination was quickly
flushed into the subsurface away from workers. Quantitative estimates of infiltration and
recharge through gravel covers depend on the amount of fine-grained sediments associated with
the gravels.

Origin: This is a new data gap. The importance of recharge through gravels became more
obvious with simulations performed for the Fle (Knepp 2002a, Knepp 2002b, and Myers 2005).

Information Type: Data (infiltration rate as a function of tlme and location).

Impact: The impact of this data gap is direct. Recharge rates of 100 mm/yr have been assumed
in modeling of gravel surfaces in tank farm risk assessments, in contrast to much lower values
for vegetated natural soils or man-made barriers (less than 1 mm/yr). Computer simulations in
the $/SX and B/BX/BY FIRs showed that estimated future groundwater impacts from past leaks
depended strongly on the recharge rate for the gravel surfaces.

Knowledge level: While infiltration and recharge have been studied extensively at the Hanford
Site, the knowledge level specific to recharge through gravel surfaces is low. Attempts to

- directly measure moisture fluxes in the subsurface in tank farms have not yielded usable results
for a variety of technical reasons, including installation, calibration, and maintenance. In
addition, the surface layers in tank farms have evolved over time.
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Feasibility of Collecting Data: The feasibility of collecting data to resolve recharge through
gravel surfaces is medium. Measurements of chloride and chlorine-36 as a function of depth
have been used to estimate past recharge rates, but application of these methods to tank farms
may be problematic because of rapid recharge and infiltration through tank-farm gravel covers.
Additional data collection methods include measurement of particle-size distributions (for those
farms where surface layers have remained stable) and the placement of new moisture measuring
instruments. A project is currently underway to collect data adjacent to the T-106 tank in
preparation of installing an interim barrier over the documented leak from that tank.

Document Support: PA/closure plan, CMS, and Work Plan.

Priority Ranking: 1A. As documented in the Hanford Site Composite Analysis (Kincaid et al.
- 1998) and the initial SST PA (DOE—ORP 2006), past leaks from tank farm facilities have the
largest impact on groundwater and a major uncertainty driving the estimation of the 1mpacts 18
the amount of moisture that passes thmugh the gravel surface.

Path forward: The path forward includes direct measurement of recharge under tank farm
gravel surfaces through improved deployment of flux meters as is being done for the T-106 tank
leak interim barrier demonstration as well as additional measurements with other methods (e.g.
chlorine-36 and chloride, Time Domain Reflectometry, etc.). Tank farm surface particle-size

distributions can also be characterized to provide data for the impact of fine materials i in gravel

for recharge calculations.

Limitations: Past efforts using flux meters in the tank farms have encountered difficulties that
have rendered the data unusable. A project is currently underway to collect data adjacent to the
T-106 tank in preparation of installing an interim barrier over the plume created from the leak
from that tank. This project addresses the technical issues associated with the previous
applications of the flux-meter technology.

4.42 Surface Barrier Performance after Design Life

Description: Surface barriers are planned to be installed as part of tank farm closure. Although
a prototype barrier over the 216-B-57 crib (immediately north of the BY tank farm) has been
monitored since it was constructed in 1994 (DOE 1997; Gee, Wing, and Ward 1999) and work
has been completed on a barrier design, the barriers specific to tank-farm closure have not yet
been designed. The exception is the interim surface barrier being placed on the T-106 tank leak.

It is intended to address reduction of moisture movement through the subsurface for a period of
years. The design for final surface barriers will include specification of a design life during
which the barrier will perform as intended. A key aspect of surface barrier performance will
include barrier performance after the design life.

Origin: This is a new data gap included because of expanded scope of the TFVZ Project,

Type of Information: Data and analysis (inﬁltfation rate as a function of time and location).
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Impact: The impact of this data gap is direct. Performance and risk assessments have
demonstrated that the amount of vadose zone contamination projected to impact groundwater is
proportional to long-term recharge rates.

Changes in the structure and hydraulic properties during the design life of a barrier and beyond ‘
are expected. However, some of these changes may alter barrier performance. The changes that
could modify performancc include alterations of the properties of the silt loam layer, the
properties in the vicinity of the silt loam-sand interface (i.e., the capillary break), the reduction of
silt loam thickness by erosion, and the change in propertles caused by addition of w1nd-dep051ted
matenal predominately dune sand.

Knowledge level: The knowledge level specific to surface barrier performance is low. The
current knowledge level is documented in Recharge Data Package for the 2005 Integrated
Disposal Facility Performance Assessment (Fayer and Szecsody 2004) and includes lysimeter
data for materials similar to those planned for surface barriers, However, this analysis is for
conceptual design and changing material properties are determined through theoretical
considerations, rather than through evaluation of actual barrier performance.

Feasibility of Collecting Data: The feasibility of collecting data to resolve this gap is medium.
Performing direct measurements on barriers that are hundreds of years old is not feasible, but it -
may be possible to identify and evaluate analogs. Accelerating the simulated aging of barriers
may be feasible depending upon the component being evaluated.

Document Support: PA/closure plan, CMS, and Work Plan.

Priorlty Ranking: 1A. The recharge rate after the design life of the surface barrier is a key
input to determine the impact from wastes left in the tank farms. _

Path forward: The path forward consists of continuing to collect data from lysimeters and the
existing prototype barrier and evaluating possible analog sites and accelerated aging studies.
Once designs for surface barriers for tank-farm closure are finalized and barriers constructed,
specific components of the design can be evaluated. The components that need to be addressed
include barrier side-slope impacts, lateral water flow beneath the barrier, potential subsidence of
closed tanks, and future scenarios (e.g., climate changes).

Limitations: Regulators are concemned that low estimates of recharge rates used in current
Hanford performance and risk assessments are not valid. Projection of long-term behavior, by its
. nature, is problematic.

4.4.3 Timing of initial barrier placement

Description: DOE has issued Records of Decision requiring that surface barriers be placed over
closed tank farms. The timing of barrier placement has not been determined, nor has the need
for and plans to install temporary barriers been evaluated. The TFVZ Project is proceeding with
installation of a temporary barrier over the T-106 tank leak. ‘

Origin: This is a new data gap, resulting from expanded scope of the TFVZ Project.
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Information Type: Analysis. -

Impact: The impact of barrier-placement timing is direct for past and retrieval leaks. Risk
assessments documented in the field investigation reports for the B/BX/BY and S/SX tank farms
(Knepp 2002a and 2002b) showed that the timing of the installation of barriers can significantly
impact the timing and amount of vadose zone contamination from past leaks reaching -
groundwater. '

Knowledge level: The knowledge level is low. Plamung for final closure of tank farms has
recently been initiated and the detailed schedules for closing individual farms are not defined.

Feasﬂnhty of Collecting Data: The feamblhty of collectmg data does not apply because tlmmg
of initial barrier placement is a management demsnon and not a technical mput

Document Support: PA/closure plan, CMS, and Work Plan.
Priority Ranking: 1A. |

Path forward: The path forward consists of performing risk assessments using various
assumptions of barrier emplacement to provide information to remediation decision makers
regarding the sensmwty of groundwater impacts to timing of 1mt1al barrier placement.

An interim barrier covering the T-106 release plume is scheduled for construction this year.

Limitations: Timing of initial barrier placement is a management decision and not a technical
input. :

444 Recharge Effects from Tank-Farm Infrastructure (Past Events)

‘Deseription: Tank farm infrastructure can directly impact the amount of vadose zone moisture
beneath tank farms available for transporting contammants from past leaks. Water from tank
farm operations comes from many sources:

Water and transfer line leaks

Underground structures near the surface that could trap water

Above ground structures (e.g., roofs and foundations) that concentrate moisture

Water run-on from overland flow ' '

Lateral subsurface flow from outside the tank farms.

Origin: This is an existing data gap from J ones et al. (1998), but has been split into past events
(this gap) and future events (Section 4.4.6). ,

Information Type: Data.

Impact: The impact of this data gap is unclear. Moisture can be added to the system by leaks
from water lines, transfer lines, spills, or tank leaks. The amount of water.added by transfer
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lines, spills, and tank leaks are thought to be small (usually less 10,000 gallons) compared to the
other sources. Even large tank leaks are projected to have small impacts in the risk assessments
performed as part of FIRs (Knepp 20022 and 2002b) and tank closure risk assessments (Mann
and Connelly 2003 and Connelly 2004). However, large amounts of water (>100,000 gallons)
over a long period of time (years) may have leaked from water lines (e.g., the water line south of
the SX tank fann) During 2001 to 2003, all unused water lines entering tank farms were capped
off and the remammg water lines that are in use were hydraulically tested to ensure inte gnty

The role of the large underground waste tanks in d:vertmg and concentratmg moisture flow in
the subsurface (the so-called umbrella effect) has been evaluated with risk and performance
assessment models. Tank-farm structures can also serve as moisture traps in the subsurface,
lcadmg to higher mmsture contents abova the tanks

Above ground structures (e.g., the 242 S, cvaporator and huts over lateral access ports) are
located inside or adjacent to tank farms. The roofs of these structures shed precipitation and
concentrate the water in small areas. The result i is a net locahzed increase in the overall recharge
rate.

The tank farms were constructed at elevations lower than the processing plants to facilitate liquid
transfer from the plants to the tank farms. Surface water flow from rain storms and snow melt
(overland flow) has been documented to collect (and pond) inside the tank farms. During 2001
to 2003, berms and gutters were installed in and around tank farms to ehmmate moisture flow
onto the SST farms.

Waste discharge cribs are located near most tank farms. Lateral flow from past operations of
these cribs has been documented at the 216-U-1 and U-2 crib (Baker et al. 1988), and recent
HRR measurements at the BC cribs and trenches (Rucker and Sweeney 2004) have shown that
vadose zone moisture can move laterally significant dlstances

Knowledge level: The knowledge level for this data gap is low. The impacts of current and
future recharge will be minimized because the sources (waterline leaks and run-on) have been
controlled or eliminated. However, knowledge of the impacts from past waterline leaks, run-on
events, and possible flow from nearby cribs is poorly known at present.

Feasiblllty of Collecting Data: The feasibility of collecting data to resolve this gap is low.
There is no indication that records were kept to enable quantitative estimates of past waterline
leaks or run-on events. Measurement of increased moisture (caused by lateral water flow from
nearby cribs) may be possnble by the use of high resolution resistivity (implemented through
SGE) where the water is co-located with salts or contaminants, as demonstrated in the BC cribs
and trenches as well as the T tank farm.

Document Support: PA/closure plan, CMS, and Work Plan.
Priority Ranking: 1B. | o

Path Forward: The path forward includes continuing opportunistic review of literature
~ (including photos) of past events. The integrity of pipelines that are not capped needs to be
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monitored as well as the performance of berms and gutters mstalled to control surface-water
run-on from overland flow.

Limitations: Past recharge events (storms or water line leaks) are poor]y documented or
quantified, so derect mferences must be used ;

4.4.5  Surface Barrier Performance During Design Life

Description: Surface barriers are planned to be mstalled as part of tank farm closure. Although
a prototype barrier has been installed at the Hanford Site and work has been done on barrier
design, the barriers specific to tank-farm closure have not been designed.  Surface barrier design
will include specification of a design life durmg which the barrier will perform as intended. A
key aspect of su.rface barrier performance will mclude barrier performance during design life.

Origin: This is a new data gap, included because of cxpanded scope of the TFVZ Project.
Information Type: Data. | '

Impact: The impact of this data gap is indirect. For past tank leaks and future potential retrieval
Ieaks, the current recharge through the gravel surface has been demonstrated to be important,
The recharge rate during the surface barrier design life was shown in the initial SST PA to be
less 1mportant than recharge after the design life of the barrier (DOE—ORP 2006).

Knowledge Level: The knowledge level for this data gap is medium as documented in (F ayer
2004). However, this analysis is for a conceptual design. The detailed design goal for recharge
rate is likely to be below 0.5 mm/yr. _ '

Feasibility of Collecting Data: The feasibility of collecting data to resolve this gap is high. As
designs are finalized, their performance will be evaluated through numerical modeling and
instrumentation will be included in the deszgn to evaluate surface barrier performance after
emplacement.

Document Support: PA/closure plan, CMS, and Work Plan.
Priority Ranking: 3. ‘

Path forward: The path forward is to continue data collection and analysis from instrumented
ficld-scale barriers (such as the prototype) and from planned field-scale barriers (such as those
planned to be emplaced over U Plant cribs and over BC cribs and trenches).

Limitations: Concern has been expressed that low estimates of recharge rates are not valid.
Projection of long-term behavior, by its nature, is problematic.
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4.4.6 Impacts of Episodic Events on Long-Term Recharge Estimates

Description: Recharge is driven by episodic events (rain, snow melting, waterline leaking), but
is generally represented as an average over many years in computer models. The impacts of
episodic events are important both for existing gravel covers and future surface barriers used for
tank-farm closure. ' |

Origin: This data gap is new from issues raised by stakeholders.
Information Type: Daté and analysis.

Impact: Recharge is the result of a combination of discrete precipitation events that occur
episodically, discontinuously, and with various intensities. These precipitation events include
rainfall, snowmelt, and run-on from surrounding areas. The importance of episodic events may
be more significant for gravel covers where rapid infiltration can drive moisture deeper in the
profile than for finer-grained sediments where evapotranspiration can remove water and reduce

. recharge and deep drainage. Therefore, the impact of episodic recharge on tank-farm risk

assessments is direct.

For modeling purposes, an effective long-term average recharge rate is generally used to
represent the flux of moisture entering the system. The key question is whether the recharge
estimation methods cover sufficient time to capture the entire range of infrequent episodic events
and produce credible estimates of the true means for the various soil and tank farm covers that
exist at the Hanford Site. ' '

Knowledge level: The current knowledge level for long-term recharge impacted by episodic
events is acceptable and is documented in (Fayer 2004). Both short-term (through the use of
lysimeters and fluxmeters) and long-term (through the use of natural tracers in the soil) estimates
are used to estimate the effective recharge rates for various soil covers. The tracer data averages
over hundreds of years and thus provides an effective average for natural soil and vegetation
cover at the Hanford Site. No such long-term data exists for conditions of disturbed soil
conditions such as tank-farm gravel surfaces or for surface barriers, so short-term measurements
must be extrapolated through the use of computer modeling. Although the data and methods
have been reviewed both internally and externally, some regulators are not convinced.
Short-term measurements (e.g. drainage, pressure head) for gravel covers and surface barrier
analogs have been made in lysimeters and used to estimate effective recharge estimates. Such
experimentation has included rare storm events (e.g., 500 and 1,000 year storms) as well as more
constant stress tests (two and three times current precipitation rates). -

Feasibility of Collecting Data: The feasibility of collecting data to resolve this gap is high, but
limited to the short term (a few years to decades). Long-term experiments (tens to thousands of
years) for new facility components (e.g. surface barriers) are not possible because of the time
durations monitoring would require. The prototype surface barrier over the 216-B-57 crib
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(immediately north of the BY tank farm) has been momtored since it was constructed in 1994
and will continue to be monitored for the foreseeable future.
Document Support: PA/closure plan, CMS, and Work Plan.
P_riority Ranking: 4.

Path forward: The path forward consists of continuing to review on-going work (such as the
performance of the existing prototype barrier and the planned barriers over U Plant cribs and the
BC cribs and trenches).

Limitations: Events that contribute to recharge are episodic and infrequent, thus it is difficult to
estimate their impact on long-term recharge rates. Establishing a long-term data set to verify that

recharge estimates for surface barriers can appropriately represent such episodic events requires

interface with multiple programs (e.g., Hanford Surface Barrier on B-57 U Plant covers
to-be-built).

45 GEOHYDROLOGY

Water flow through the vadose zone provides the driving force to move contaminants from their
sources to the groundwater and then to the receptor. Items identified in the current effort
(geohydrology) were grouped into three categories: (a) fac111ty contamment, (b) vadose zone, and
(c) groundwater.

4.5.1 Contaminant Contribution to Groundwater from Nearby Non—Tﬁnk Farm Sources

Description: Groundwater monitoring at the Hanford Site is integrated by groundwater interest
areas (Hartman, Morasch, and Webber 2006). These groundwater interest areas include
groundwater operable units that lie within the interest areas. The Groundwater Remediation
Project defined these groundwater interest areas to aid in planning, scheduling, and interpreting
groundwater data for Resource Conservation and Recovery Act (RCRA) facilities and
Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA)
past-practice sites, as well as Atomic Energy Act monitoring. Groundwater monitoring is
performed on indicator parameters that once exceeded, trigger assessment of contaminants and
characterization. Monitoring has shown that in many cases, groundwater concentrations are
many times drinking water standards. However, it is sometimes difficult to determine the source
of contamination because in those cases, tank waste was deliberately mscha.rged to ground in
close proximity to the tanks,

Origin: This data gap is new, from integration efforts among Central Plateau projects.
Information Type: Anaiysis and data.
Impact: The impact of this data gap is direct. The analysis of contaminant source influences

strategies for remediation and closure of tank farms and nearby cribs and trenches. Proper
remediation depends on knowing where the source is located.
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Knowledge Level: The knowledge level is low to medium. There has been little effort to
identify specific leaks and discharges as the source of specific groundwater contamination
plumes. The Groundwater Remediation Project monitoring attributes groundwater
contamination to known or suspected SST leaks as well as past-practice discharge cribs. In some
cases, groundwater monitoring points to a specific source (¢.g. technetium-99 from the BY cribs
[Hartman, Morasch, and Webber 2006]) but in others, it is difficult to determine whether
existing groundwater contamination is from a past tank leak or waste d:scharge toa past-practlce
discharge site (¢.g. uranium in WMA B-BX-BY). Resolving the source is an integration issue
between the TFVZ Project and past practice waste site investigations.

" Feasibility of Collecting Data: The feasibility of collecting data to resolve this gap is hlgh
Detailed analyses of the historical groundwater chemistry data can be performed. Bulk water
chemistry and ratio of radioisotopes from groundwater and vadose zone samples can be used to

~ delineate between tank-farm sources and past-practice waste discharges, if the two sources have
different isotopic “signatures.” Surface geophysical exploration (SGE) can be used to identify
deep vadose zone contaminant plumes that may have impacted groundwater if those plumes
include salts that produce an electrical signature. ' _

Document Support: PA/closure plan, CMS, and Work Plan.
Priority Ranking: 1A. |

Path Forward: The path forward consists of developing an integrated groundwater/vadose zone

" approach to evaluate groundwater data. The integrated effort will perform detailed analyses of -
historical groundwater chemistry data and evaluate isotope geochemistry to delineate sources.
The integrated activities will also evaluate SGE survey results to identify deep vadose zone
contaminant plumes that may have impacted groundwater. .

Limitations: This data gap crosses the responsibilities of ORP and DOE RL as well as mu.ltlple
contractors and therefore requires integration of investments.

452 Short-Term Temporal and Spatial Variation in Groundwater Contaminant
Concentrations

Description: Groundwater monitoring at the Hanford Site is integrated by groundwater interest
areas (Hartman, Morasch, and Webber 2006). These groundwater interest areas include
groundwater operable units. The Groundwater Remediation Project (groundwater project)
defined groundwater interest areas to assist in planning, scheduling, and interpreting
groundwater data for RCRA facilities and CERCLA past-practice sites, as well as Atmmc
Energy Act monitoring.

Groundwater monitoring results immediately east of the T tank farm indicate a
high-concentration plume of multiple contaminants about 40 feet below the water table in
addition to lower, but nearly uniform contaminant concentrations from 40 feet down to 120 feet
below the water table. This contaminant distribution cannot be easily explained with our current
knowledge of sources and contaminant transport
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Origin: This data gap is new and arose from recent (2003) collection of groundwater
monitoring data as a function of depth below the water table.

Type of Information: Analysis and data.

Impact: The impact of this data gap is unclear. Recent technetium-99 monitoring data near the
T WMA point to a lack of understanding of contammant sources and poss1b1e movement from
the vadose zone into the water table.

Knowledge Level. The knowledge level for tlus data gap is low. Present understandmg of
sources and transport do not explain momtormg results

Feas:bllity of Collecting Data: The feas1b111ty of collectmg data to resolve this gap is high.
Various techniques (understanding of source inventories, modeling, reanalysis of groundwater
monitoring data, additional monitoring data, added characterization data of vadose zone plumes,
and added use of radloxsotopc ratios) can be combined. -

Document Support: PA/closure plan, CMS, and Work Plan.

Priority Ranking: 1B. (This data gap crosses DOE ORP and DOE RL as well as multiple
contractors.)

Path Forward. The path forward is continuation of multl-contractor efforts (w1th the support of
the DOE field offices and regulatory agencies) to develop plans for characterization of the
affected groundwater operable units and overlying vadose zone sources.

Linntatlons. This data gap crosses the respons1b111t1es of DOE-ORP and DOE~RL as well as
multiple contractors and therefore requires integration of work scope.

4.5.3 Hydraulic Properties for Facility Containment System

Description: To simulate water infiltration and contaminant transport through the vadose zone
under post-closure conditions by advection or diffusion processes, data are needed for hydraulic
properties of the various materials and how those properties change over time. It is expected that
a closed tank system will consist of an outer concrete shell, the metal liner, and grout fill.

Origin: This is a new data gap, because of the expanded scope of the TFVZ Project.
Information Type: Data and analysis.

Impact: The impact of this data gap is unclear. Release of contaminants to the vadose zone
from a tank farm that has been closed will be complex. Efforts are just beginning to define the
modeling approach for post-closure condmons so the importance of hydraulic parameters is not
known.

Knowledge Level: The feasibility of collecting additional data to resolve this gap is low.
Hydraulic properties of the external concrete shell are unknown and little work has been
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performed for liner materials, especially as they have aged through time in contact with waste.
In addition, grout compositions to be used to fill the retrieved tanks have not yet been selected.

Feasibility of Collecting Data: The feasibility of collecting data to resolve this gap is high.
Samples of concrete shells can be obtained from the domes of the tanks. When grout fill
compositions are determined, their hydraulic properties and transport characteristics can be
measured. However, finding analogous materials to represcnt highly aged (>IOO years) grout
will be difficult. .

Document Support: PA/closure plan, CMS, and Work Plan.
Priority Rankihg: lB.

Path Forward: The path forward consists of determining hydraulic properties of tank shell,
liner and fill materials as they become available and performmg model simulations.

Limitations: The tanks are currently in use as storage facilities and breach of containment is
unacceptable. It may be possible to collect samples if new access ports are dnlled to support
~ tank retrieval. Grout fill compositions havc not yet been selected.

4.5.4 Vapor Flow Under Low Recharge

Description: Moisture contents in sediments around tanks are expected to be very small (less
than 5 weight percent) after surface barriers are installed based on the low recharge rates. At
such low moisture contents, vapor flow and transport may be important.

Origin: This data gap is new based on extrapolation of moisture contents associated with lower
recharge rates.

Information Type: Analysis.

Impact: The impact of this data gap is unclear. In general, water flux includes both liquid and
vapor phases. During the tank farm operational period, the infiltration rate through the
gravel-covered surfaces can be as high as 100 mm/yr. Under such conditions, contribution of
downward liquid fluxes is considerably larger than that of any potential vapor flux. As part of
the tank closure process, an engineered barrier will be placed over a tank farm. The downward
liquid flux through an intact barrier can be as low as 0.05 mm/yr. With infiltration through the
engineered barrier approaching zero, the contribution of vapor fluxes to the water fluxis
expected to be significant.

Knowledge level: The knowledge level is low. With an engineered barrier in place, the
magnitudes of water fluxes can potentially be close to the uncertainties inherent in measuring or
calculating these fluxes, which make it difficult to resolve basic issues such as direction and rate
of water movement and controls on unsaturated fluid flow. The direction and rate of water flow
are affected not only by hydraulic head (sum of matric potential and gravity) gradients but also
by temperature and air pressure gradients. - Furthermore, vegetative cover may be one of the
primary controls on the magnitude of water flow in the unsaturated zone in an arid setting.
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Feasibility of Collecting Data: The feasibility of collecting data to resolve this gap is low. Prior
to evaluating the feasibility of collecting additional data, the data collected at the Hanford Site as

' part of long-term recharge studies and tracer (chlorine-36 and chloride mass balance)
measurements will be examined.

Document Support' PA/closure plan, CMS, and Work Plan.
Priority Rankmg 1B. |

Path Forward: The path forward to evaluate the importance of vapor flow includes literature
review of long-term paleoclimate controls on water fluxes for thick vadose zones in arid and
semi-arid settings (e.g., past work by PNNL and work at other sites including Beatty, Nevada;
Ward Valley, California, and Australia) as analogs to evaluate importance of potential vapor
flow under low mﬁltratlon

Limitations: Dataon Hanford sediment ;irop‘ertiés (e.g., unsaturated hydraulic conductivity) are
sparse for low moisture contents under arid recharge conditions.

4.5.5 Hydraulic Properties at Low Saturation

Description: Moisture contents in sediments are expected to be very small (less than 5 we1ght
percent) after surface barriers are installed based on the low recharge rates. However,
unsaturated moisture flow theory and parameters are based on much higher levels of moisture
content. -

Origin: New. New information is bemg generated from extrapolatlon of existing moisture
contents to lower recharge rates.

Information Type: Data

Impact: The impact of hydraulic properties at low saturation on contaminant transport through
the vadose zone is unclear. Knowledge of unsaturated hydraulic conductivity (K) and its
dependence on water content (6) is essential in understanding and predicting vadose zone flow
and contaminant transport. Due to the difficult nature of experimental characterization of ‘
the K(8) relationship, hydrologists often rely on measurement of the pressure-water content (or
saturation) relationship and predictive models. Most of the theoretical models for .
predmtmg K(8) invoke use of the capillary bundle model as an idealization of the porous medium
and subsequent derivation of Darcy’s law on the basis of an equivalent, Hagen-Poiseuille
equation for flow through the capillary bundle. The models use a tortuosity term to describe and
quantify the non-ideal fluid flow through tortuous flow paths representing sediment grainsin
porous media, compared with flow through an idealized capillary bundle. Furthermore, these
models invoke the capillary pressure-desaturation relationship as a surrogate descriptor of the
actual pore radii distribution to calculate flow velocity by the Hagen-Poiseuille equation. In
spite of various empiricisms, the resulting models have been found to reasonably predict the K(9) -
relationship, especially for the relatively high moisture regime. In particular, the Brooks-Corey
mode] (Brooks and Corey 1966) and the van Genuchten-Mualem model (van Genuchten 1980
and Mualem 1976) are widely used to estimate K(6). Khaleel et al. (1995), however, found
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considerable disagreement, especially in the intermediate to low moisture range, between actual
K(8) measurements and those predicted by the van Genuchten-Mualem model for the
coarse-textured sediments from the Hanford Site.

Knowledge level: The knowledge level for this data gap is low. Currently, for flow modeling to -
support the field investigation reports and tank closure risk assessments, the van
Genuchten-Mualem approach is used to describe the closed-form analytical relations for the
moisture retention and K(f) input parameters. The laboratory-measured moisture retention and
unsaturated hydraulic conductivity data are fitted simultaneously using a curve-fitting code to
obtain the desired parameters. To obtain a better fit of the fitted van Genuchten curve to actual
measurements, the saturated hydraulic conductivity (K,) is treated as a fitted parameter, as
opposed to treating K, as a fixed parameten While such an approach appears to be reasonable
for the intermediate moisture regime, the approach is relatively untested for the low moisture
contents of the order of 2 to 4 percent (on a volume basis) A primary limitation is the general
lack of experimental data for the desired moisture regime. However, a number of data sets are
available (Wright et al. 1994; Khaleel and Relyea 1997; Khaleel and Heller 2003) that provide
data on Hanford soil properties at Iow water contents,

Feasibility of Collecting Data: The feasibility of collecting data to resolve this data gap is
medium. The ultracentrifuge method may provide the best opportunity for collecting additional
direct measurements of unsaturated hydraulic conductivity at low moisture contents. However,
the ultracentrifuge method suffers from potential subsidence of samples during rotation in the
centrifugal field. Moisture content data at low moisture contents can also be obtained in the
laboratory using a vapor adsorption technique. The direct measurements will be combined with
methods to extrapolate data under wet and intermediate water contents to low moisture contents.

Document Support: PA/closure plan, CMS, and Work Plan.
Priority Ranking: 1B. '

Path forward: The path forward for resolution of this data gap consists of reviewing past
Hanford work on soil hydraulic properties (e.g., ultracentrifuge measurements) and at other sites
to extend existing database on relatively wet and intermediate water contents down to low
moisture contents more relevant to vadose zone conditions that will be characteristic of closed
tank farms. Modeling can be performed to determine if the potential errors at the low water
contents will have significant impact on performance assessment simulations.

Limitations: Data are sparse on Hanford sediment properties (e.g., unsaturated hydraulic
conductivity) for low moisture contents under arid recharge conditions.
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4.5.6 Contaminant Dispersion in Groundwater

Descrlptlon Groundwater contaminant plumes disperse as.they move dowhgradient This
process is represented in numencal groundwater transport models in the form of dispersion
coefficients. :

Origin: This data gap is new; groundwater transport was not a major focus of the TFVZ Project
Phase 1 characterization.

Information Type: Analysis. ,‘

Impact: The impact of this data gap depends on location. Impacts from groundwater dispersion
are expected to be low at tank farm fence lines because of the relatively short transport distances;
but, impacts will be high at the Columbia River because of the longer travel distances. At the
tank farm fence lines, dilution is primarily the result of low vadose zone water and contaminant
flux mixing with relatively high groundwater flux. However, as the distance from the tank farm
fence lines increases, dispersion becomes more important.

Knowledge Level: Low. Dispersion values are calculated based on theory.

Feasibility of Collecting Data: The feasibility of collecting data to resolve this gap is medium.
Extensive groundwater monitoring data are available that may be useful for analysis.

Document Support: PA/closure plan, CMS, and Work Plan.
Priority Ranking: 2 (Scope outside of TFVZ Project). |

Path Forward: The path forward is to use Hanford Site groundwater monitoring data in
groundwater transport model calibration and to perform history matching.

Limitations: There are limited groundwater field data sets for interpretation and development of
dispersion estimates. Because of overlapping Hanford groundwater plumes, separating those
groundwater plumes is difficult. Changing groundwater flow directions over time at numerous
locations complicates the analysis.

4.5.7 Anisotropy and Vadose Zone Lateral Flow

Description: The heterogeneous nature of Hanford sediments results in significant
moisture-dependent anisotropy and lateral flow, depending on the flow regime. This has been
illustrated by the moisture content profiles at the controlled field injection experiment (also
known as the Sisson and Lu site) in 200 East Area. This site was recently used for a series of
infiltration tests (Ward et al. 2006). The measured moisture content profiles at the Sisson and Lu
injection site after serial injection of water and tracers clearly illustrate significant lateral
spreading.
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The preponderance of lateral migration of water and solutes is also evident elsewhere at the
Hanford Site. The tank 241-T-106 leak (115,000 gallons) is the largest known tank leak. The
leak occurred in 1973 at a bottom edge of the tank. The vadose zone profile clearly shows that,
even after 20 years of migration, the peak concentrations of the long-lived mobile radionuclide
are primarily found within fine-textured horizons at a depth of 35 to 40 m (115 to 130 ft) below
ground surface (bgs) and well above the water table (Freeman-Pollard et al. 1994; Seme et al.
2004b). These field data suggest that the natural heterogeneity of the Hanford sediments plays
an important role on lateral flow and transport, and the signiﬁcant lateral migration which is in
fact induced by media heterogeneities is highly effective in containing the vertical extent of
plumes within the vadose zone for an extended period of time. -

Origin: This data gap is new and was defined by emerging work scope.
Type of Informatlon' Data and analy513

Impact: The impact of this data gap is unclear Lateral spreading, in general, reduces the
potential for vertical migration to gzoundwater However, lateral spreading could, in some
circumstances, move contaminants into regions of higher recharge and/or higher moisture
content, thus enhancmg vertical contaminant movement.

Knowledge level: The knowledge Ievel of the impacts of anisotropy and lateral flow on
moisture movement and contaminant transport in the vadose zone is medium. The moisture
content profiles at the controlied injection site in 200 East Area and the contaminant
concentration profiles for the T-106 tank leak in'200 West Areca suggest considerable lateral flow
and migration. Such behavior is related to moisture-dependent anisotropy. Theoretical work
(e.g., Mualem 1984; Yeh et al. 1985a, b, c; Mantoglou and Gelhar 1987; Green and Freyberg
1995; Zhang et al. 2003; Yeh et al. 2005), numerical simulations (e.g., Desbarats 1998;
Wildenschild and Jensen 1999b; Polmann et al. 1991;Yeh et al. 2005) and experimental studies
(e.g., Yeh and Harvey 1990; McCord et al. 1991; Wildenschild and Jensen 1999a) of ficld-scale
unsaturated flow indicate that the effective hydraulic conductivity tensor for stratified sediments
can exhibit moisture or tension dependent anisotropy. Thus, the anisotropy ratio of longitudinal
to lateral hydranlic conductivity increases with increasing tension (decreasing moisture content).
For solute transport, several studies (e.g., Mantoglou and Gelhar 1985; Polmann 1990;

Russo 1993; Harter and Yeh 1996; Roth and Hammel 1996; Birkholzer and Tsang 1997) suggest
that the anisotropy caused by small variations in dispersivity of unsaturated media increases with
a decrease in saturation. :

Feasibility of Collecting Data: The feasibility of collecting data to resolve this gap is medium.
Controlled data sets for testing of various theoretical models are limited; additional field
experiments could be performed as necessary. A project is underway to evaluate different
theoretical and mathematical models to represent anisotropy.

" _ Document Support: PA/closure plan, CMS, and Work Plan.

Priority Ranking: 3.

Path forward: While the theory is well established and moisture-dependent anisotropy is a
viable large-scale controlling phenomenon for the ubiquitous lateral migration in Hanford
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sediments (Ye et al. 2005; Yeh et al. 2005; Ward et al. 2006), controlled field sites (other than
the Sisson and Lu site and the clastic dike site studied along Army Loop Road) do not exist.
Further testing of the theory may be conducted at the Sisson and Lu Site as well as extending
results to other locations, such as the BC cribs and trenches and the T-106 tank leak.

Limitations: A limited number of fi'eld sites and controlled data sets are available to test
methodology. .

4.5.8 Small-Scale Stratigraphy

Description: Geologic formations at the Hanford Site are highly heterogeneous at scales of
various lengths. A conventional approach to modeling flow and transport in geological
formations is to incorporate into flow and transport modeling the overall heterogeneity of the
system such as geologic layering. However, grid size used in modeling is often too coarse to
include the fine-scale heterogeneities (thin layers, including paleosols) present within individual
formations. - . :

Origin: This data gap is new; the importance has emerged based on Phase 1 characterization.
- Information Type: Data and analysis.

Impact: The impact of this data gap is indirect. Extensive borehole sediment sampling and
neutron moisture logging in tank farm boreholes have created a data base that can be used to
determine fine layers a few centimeters thick. '

Knowledge level: The knowledge level is medium. The importance of small-scale stratigraphy
is highlighted by the site characterization data at the BC cribs and trenches in the 200 East Area
and the T-106 tank leak as well as field experimental sites documented in Ward et al. (2006).
The waste sites received approximately 30 million gallons of scavenged tank waste, with
possibly the largest inventory of technetium-99 (approximately 411 Ci) ever disposed to the soil
at the Hanford Site (Corbin et al. 2005). There is no evidence that the BC cribs and trenches
waste has reached groundwater, even though the high-volume discharges occurred in the 1950s.
In fact, recent characterization data at the 216-B-26 crib suggest that the bulk of the
technetium-99 plume is concentrated within a depth of 35 to 40 m (115 to 130 ft) bgs. Itis .
postulated that the unique features of the site (i.e., an alternating sequence of imperfectly
stratified fine and coarse layering) had a profound effect on lateral flow and restricted vertical
movement of the technetium-99 to almost 50 m (165 ft) above the water table. The laterally -
discontinuous small-scale fine layers increase lateral flow and restrict the vertical migration of
contamination from the BC cribs and trenches. The effect of small-scale features in an
imperfectly stratified medium is also evident at the neighboring controlled injection experiment
(Ye et al. 2005; Yeh et al. 2005; Ward et al. 2006), where field data demonstrate that higher
moisture contents associated with fine silty layers and relatively low moisture contents
associated with coarse layers produce pronounced lateral flow.

Feasibility of Collecting Data: The feasibility of collecting data to resolve this gap is low.
Small-scale features are typically difficult to characterize because of the directional (vertical)
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nature of borehole drilling. Additional field experiments could be performed and methods have
been developed to extrapolate structural information to borehole data (Ward et al. 2006).

Document Support: PA/closure plan, CMS, and Work Plan.
Priority Ranking: 3.

Path forward: The path forward consists of reviewing existing characterization data and
collecting additional data to ascertain the lateral extent of the small-scale features controlling
vadose zone flow and transport and frequency of occurrence in vertical as well as lateral
directions. Geostatistical analyses will be used to describe spatial correlation lengths and other
parameters. The existing database will allow transfer of postulated relationships ﬁ-om one s1te to
other sites w1th similar geologic characteristics.

Limitations: Availability of data on the lateral extent of small-scale features will always be
limited because of the vertical onentatlon of drilling. Additional field expenments could be
performed as necessary

4.59 Upscaling Hydraulic Properties

Description: Geologic formations at the Hanford Site are highly heterogeneous at various
length scales. A conventional approach to modeling flow and transport in geological formations
is to incorporate an overall description of system heterogeneity (such as geologic layering) into
flow and transport modeling. An alternative approach is to define an equivalent homogeneous
medium with upscaled (effective or macroscopic) flow and transport properties and thereby
predict the mean flow and transport behavior at the field scale. To represent a heterogeneocus
medium by its homogeneous equivalent, one needs to estimate the effective flow and transport
properties that represent this equivalent homogeneous medium. :

Origin: This data gap is new, with importance established based on Phase 1 characterization.
Information Type: Analysis.

Impact: The impact of this data gap is direct. Hydraulic properties affect contaminant travel

time through the vadose zone. For past tank and waste site releases (the category of waste

- sources with the greatest impact), groundwater impacts are inversely proportional to the travel
time. :

Knowledge level: Medium. In recent years, several studies have been conducted on deriving
upscaled flow (i.e., effective unsaturated hydraulic conductivity and moisture retention) and
transport (i.e., effective macrodispersivity) properties for vadose zone sediments at the Hanford
Site. These include a conditional simulation approach (Rockhold et al. 1999) to derive effective
unsaturated conductivity; an unconditional stochastic theory based numerical simulation
approach (Khaleel et al. 2002) to derive effective unsaturated conductivity and :
macrodispersivity; and a connectivity—tortuosity tensor concept (Zhang et al. 2003) for
estimating effective unsaturated conductivity. A stochastic theory based effective parameter
approach was used in deriving large-scale flow and transport modeling parameters for field
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investigation reports (Knepp 2002a and 2002b) and closure risk assessment (Connelly 2004).
This approach relies on small, laboratory—scalc measurements to obtain large-scale, macroscopic
parameter estimates.

The Vadose Zone Transport Field Study documented in Ward et al. (2006) developed several
methods for upscaling hydraulic properties. These include development of methods for
calculating field-scale hydraulic parameters by inverse modeling of an injection experiment and
developing pedotransfer functions for describing fine-scale heterogeneity and incorporating the
functions into reactive transport models. The pedotransfer functions are based on grain-size
statistics, and thus can be used to extend from one geologlc media to other similar media at the

. Hanford Site. ‘

Feasibility of Collecting Data: The feasibility of collecﬁng‘data to resolve this gap is medium.
While controlled data sets for testing of various theoretical models are limited; additional field
experiments could be performed as necessary. In addition, the methodologies developed as part
of the Vadose Zone Transport Field Study (Ward et al. 2006) can be extrapolated to similar
geologic media with additional field measurements such as borehole neutron logging.

Document Support: - PA/closure plan, CMS, and Work Plan,
Priority Ranking: 3.

Statas and Path Forward: Several approaches (Yeh et al. 2005, Ward et al. 2006) have been

- developed and are currently being used in deriving large-scale, macroscopic flow and transport
parameters for unsaturated Hanford sediments. The path forward is to compare the various
methods, and where appropriate, test the approached against field data (e.g., controlled field
experiments at the Vadose Zone Transport Field Study sites [Sisson and Lu site]) in the 200 East
Area and along Army Loop Road. '

Limitations: A limited number of field sites and controlled data sets are available to test
methodologies that have been developed. |

4.5.10 Preferential Flow Paths

Description: The vadose zone flow and transport simulations for the field investigation reports
and closure risk assessments are based on a porous continuum modeling assumption. This
assumption is supported by field data on moisture and contaminant plumes at various controlled
and uncontrolled experiment sites. The use of a continuum model precludes considering any
preferential pathways such as unsealed boreholes or permeable portions of clastic dikes.

Orlgm This data gap is new and is mcluded based on stakeholder comments.
Information Type: Data and analysis.
Impact: The impact of this data gap is indirect. While preferential flow paths exist, they are

unlikely to intersect large segments of leaked wastes. It is hypothesized that when preferential
flow pathways intersect leaked waste, the ctqss-sectional area of the intersection is typically
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small. Therefore, preferential pathways are hypothesized not to exert much influence on the
transport of leaked wastes from tanks. This conclusxon is supported by analyses reported in the
S-SX FIR (Knepp 2002a). )

Studies suggest that, although preferential flow has been recognized and widely studied under
saturated or near saturated flow conditions (Nkedi-Kizza et al. 1983; De Smedt and Wierenga
1984), there is little evidence of it in arid and semiarid climates or under low water flux
conditions, particularly where soils are coarse-grained such as those under the Hanford tank
farms. While preferential flow may have been important in the migration of tank leaks in the
past, it is unlikely to be important in the future under low moisture conditions resulting from

~ natural recharge. ‘

Knowledge level: The knowledge level associated with the impact of preferential flow paths is

- acceptable. Based on laboratory measurements of clastic dike samples and field investigations
from an Environmental Management Science Project (EMSP) (Murray et al., 2003) and previous
work by Fecht et al. (1999), the characteristics of clastic dikes are well known. The impacts of
clastic dikes have been shown to be small in various Hanford Site risk Assessments (e.g., Wood

1995, Wood 1996, DOE/RL 1999, Mann 2001, Knepp 2002a, and DOE/ORP 2006).

Feasibility of Collecting Data: The feasibility of bollecﬁng additional data for‘this gap is
medium to low. Prior to evaluating feasibility of collecting additional data, data collected as part
of the EMSP research on clastic dikes will be examined. '

Document Support: PA/closure plan, CMS, and Work Plan.
Priority Ranking: 4.

Path forward: The path forward to evaluate the importance of preferential flow will include a
review of past work at Hanford (i.e., Fecht et al. 1999 and Murray et al. 2003). Also, the past
numerical simulations involving clastic dikes will be revisited to ascertain the contribution of
water fluxes through dikes versus that through the surrounding porous matrix.

Limitations: There are no significant limitations. Data are available on the nature, geometry
and extent of clastic dikes at the Hanford Site. Data are also available on hydrauhc properties of
dike filling matenal

107




Page 119 of 14% of DA05308945

'RPP-33441 Rev. 0

4.6. GEOCHEMISTRY

- Geochemistry impacts contaminant release (Section 4.3) from waste forms as well as
contaminant transport through the vadose zone and groundwater. :

4.6.1 Waste Cheinistry Effects on Uranium(VI) Mobility in the Vadose Zone

Description: Tank wastes have highly varied and extreme composition histories (far from
equilibrium with natural subsurface conditions) with pH values above 14 that influence’
subsurface uranium(VI) migration by promoting chemical reactions with the native subsurface

sediments. All tank wastes had large amounts of sodium and nitrate and most had large amounts -

‘of phosphate, sulfate and carbonate. The leakage of these wastes created chemical and
mineralogic changes in the sediments beneath the leaking tanks affecting contaminant mobility.
For uranium(V1), the presence of dissolved inorganic carbon (carbonate and bicarbonate),
phosphate, and pH had large effects on uranium(VI) migration through formation of strong,
anionic aqueous complexes that influenced adsorption, solub:hty, and mineral preclpltanon
Among the aqueous complexes, those with carbonate (UO»(COs),%, UOz(CO3)3 ,and
CaUO,(CO;),") are the most prevalent in Hanford pore waters.

Origin: This was an existing data gap from Jones et al. (1998) that remains. The original data
gap was split into this one for uranium and a second data gap for other contaminants :
(Section 4.6.5). :

Information Type: Data and analysis.
Impact: The impact is direct for uranium(V1) in the Hanford vadose zone.

Waste chemistry has significantly impacted the subsurface mobility of dissolved uranium(VI)
[uranyl; UO,**]. While laboratory and field studies indicate that uranium interactions with -
vadose zone sediments are sensitive to the chemistry and temperature of the released waste
fluids, a generalized understanding of these interactions that could allow defensible predictions
of future mobility does not exist. For example, the fate of uranium that entered the vadose zone
from the BX-102 overfill appears especially enigmatic. Uranium appears to have migrated
laterally distances of 25 m and to depths 30 m (82 to 98 ft) below the tank bottom quickly during
the overfill event itself. But subsequent to the overfill event, a significant amount of the uranium
has precipitated as sodium urany] silicates within deep fractures in mineral grains, thus limiting
the amount of uranium available for transport (Appendix D of Knepp 2002b, Liu et al. 2004b,
Catalano et al. 2006, and McKinley et al. 2007). At borehole C3832 near tank TX-104, uranium

. appears to be quite mobile in the vadose zone within the Hanford formation but upon reaching

the Cold Creek lower subunit, which is enriched with caliche, a moderately strong binding of
uranium(VTI) is found. More details are found in Appendix D of Myers (2005). Solid phase
characterization of uranium(VI)-rich sediments from the vadose zone near the BX-102 overfill
and the TX-104 leak suggests that the geochemical reactions responsible for uranium retardation
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are strikingly different between these two sites. These differences are tentatively attributed to
differences in waste chemistry and temperature, but additional research is needed to establish
clear cause-effect relationships. Ongoing research on uranium(VI) mobility in vadose zone and
aquifer sediments from the 300 Area (not tank related) has also demonstrated that waste

- composition can have long-term effects on uranium(V 1) mobility by influencing the chemical
nature and physical location of sorbed uranium (Qafoku et al. 2005, Wang et al. 2005, and .
Catalano et al. 2006). More work is needed to understand the interrelationships between waste
stream chemistry and sediment mineralogy on the mobility of uranium at the Hanford Site.

Knowledge Level: The knowledge level is low. Studies of uranium(VI) in the vadose zone at
several tank farms and at soil waste sites have indicated that uranium(VI)
adsorption/precipitation properties vary significantly between locations. Understanding of the
mobility and long-term migration potential of ura.mum(V D released from tanks and tank
infrastructures is lacking.

An especially important technical need is to understand how the tank waste chemical
composition may impact the mobility of in-ground uranium(VI) in the vadose zone. As ,
discussed in Knepp (2002a, Appendix D), how the center of mass of uranium has changed from
being highly mobile to rather immobile in the vadose zone proximate to tank BX-102 and where
the groundwater uranium plume east of the BX tank farm has its source is not adequately
understood.

» Feasibility of Collecting Data: The feasibility of collecting data to resolve this gap is high.
Studies are underway to determine the long-term release and mobility of uranium presently
sequestered in the vadose zone. . '

Document Support: PA/closure plan, CMS, and Work Plan.
Priority Ranking: 1A.

Path Forward: Iterative “tiered™ characterization will be performed on each new borehole
collected in the tank farms. If new contaminants are discovered that were not present in past
boreholes, or if the concentration of contaminants are larger than at other boreholes, or if the
distribution of any contaminant versus depth appears to be different from past distributions that
we understand, then specific attention will be given to improving our understanding of the
geochemical attributes of the contaminant. Water, acid, or other reagents will be used to leach
the contaminants from the sediments, as an initial assessment of their speciation and mobility.
The characterization information will then be compared to the existing knowledge base to see if -
the results are consistent with current conceptual models of geochemical reaction and
retardation. State-of-the-art spectroscopic and microscopic instrumentation such as
microbeam-X-ray fluorescence, diffraction, and X-ray absorption spectroscopy will be used to
identify the solid surfaces and crystalline structures with which uranium is associated. More
involved experimentation to identify how mineral association controls uranium desorption and
dissolution kinetics will continue as a part of the Vadose Zone Characterization Project, EMSP,
and Tank Farm Vadose Zone science and technology efforts. Efforts of this type will continue at
BX-102, TX-104, and in the 300 Area and any new location where significant concentrations of
uranium are encountered until we determine what processes are controlling uranium
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geochemistry at each location with the overall goal to determine a ‘umfymg conceptual model
for uranium(V]) fate at Hanford.

Limitations: Mechanistic studies can be difficult and costly. A concerted effort over the past
three to four years has been undertaken to identify geochemical reactions controlling dissolved
uranium(VI) concentrations in contact with Hanford sediments and to identify the nature and
behavior of uranium in contaminated sediments using state-of-the-art instrumental and
experimental methods. Results to date have shown that a different reaction series has apparently
occurred between uranium and the native sediments at each site, giving rise to sorption
complexes of different chemical composition, and thermodynamic and kinetic behavior. Studies
continue in hopes of determining some commonalities and basic understanding of the controlling
mechanisms. Currently the distribution coefficient (K ) constructs are assumed to be adequate
for determining long term risks, but for uranium(VI), K4s can vary overa large range depcndmg
on waste stream composition and sediment lithologies.

4.6.2 Chemical Interactions between Concrete Shell and Tank Residue

Description: Single-shell tanks (SSTs) that are closed will consist of residual waste surrounded

. by engineered materials, primarily grouts. The hydraulic and geochemical properties of the
concrete shell may affect the rate of release of contaminants from the residual materials and will
likely impact future groundwater contaminant concentrations. :

Origin: This is a new data gap, included because of expanded scope of the TFVZ Project.
Information Type: Data and analysis.

Impact: The impact of this data gap is unclear. The influence of tank construction ‘components
(concrete shell, carbon steel liner, grout fill) has not yet been mvestxgated Thus, it is unclear
which component will be the most significant. .

Knowledge Level: The knowledge level is low. No site-specific information has been collected
on chemical interactions of waste with tank components. However, geochemical knowledge
suggests that the hydrous oxides and hydroxides, which constitute the bulk of both tank sludge
and concrete forming minerals and compounds that constitute hardened concrete, should be
compatible. The concrete minerals and tank residual sludge both are relatively
thermodynamically stable in alkaline to caustic environments.” It is not known if trace
constituents (the radionuclides, exotic fission products, and so on) in the sludge could have any
deleterious impacts on the concrete shell.' Also not understood is whether the combination of
heat and radiation have had deleterious impacts on the inside of the concrete shell during the last
60 years of storage and what the potential drying of the atmosphere inside the tanks (after
retrieval) might have on the concrete dome/mostly empty tank prior to final closure.

Feasibility of Collecting Data: The feasibility of collectiﬁg data to resolve this gap is medium.
It is unlikely that actual samples of the concrete shell of the single shell tanks will become

~ available for study. However, sampling of residual sludge is part of the baseline closure
activities.
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Document Support: PA/closure plan, CMS, and Work Plan. |
Priority Ranking: 1B.

Path forward: The path forward consists of performing a literature review on the aging of
structural concrete in general with a specific interest on aging in the presence of heat, radiation,
active ventilation with air, and immersion in caustic fluids. Hanford-specific information on all
aspects of the structural integrity of the concrete SST will be scoured from the historical record
to identify useful information. Then a laboratory test plan will be developed to test the
interaction of appropriate analog concrete materials (both young and aged) with actual and in
some tests simulated tank residuals. ;

Limitations: It may prove difficult to obtain realistic specimens of aged concrete or actual
Hanford SST structural concrete for testing and the amount of actual residual sludge will likely
be of limited mass. Most of the work will require use of analogs and at this time it is not clear

what testing should be done to accelerate the aging conditions to represent the weathering of
" concrete to account for thousands of years of interaction.

4.6.3 Chemical lbnteractions between Tank Fill and Tank Residue

Description: Single-shell tanks that are closed are expected to consist of residual waste
surrounded by engineered materials, primarily grouts. The hydraulic and geochemical properties
of the grouts used as fill materials may affect the rate of release of contaminants from the
residual waste and will likely affect the amount of groundwater impacts.

: Origin: This is a new data gap, included because of expanded scope of the TFVZ Project.
Type of Information: Data and analysis.

Impact: The influence of the tank construction components (concrete shell, carbon steel liner,
and grout fill) has not yet been mvestxgated Thus, it is unclear, which component will be the
most 51gmﬁcant

Knowledge Level: The knowledge level is low. Limited site-specific information has been
collected on this issue; however, assuming that the tanks will be filled with a cementitious grout,
geochemical knowledge suggests that the hydrous oxides and hydroxides that constitute the bulk
of tank sludge and the cementitious fill will form minerals and compounds that should be
compatible. The cement minerals and tank residual sludge both are relatively
thermodynamically stable in alkaline to caustic environments. It is not known if trace
constituents (e.g., the radionuclides and exotic fission products) in the sludge could have any
deleterious impacts on the grout weathering. The ratio of tank residuals to grout fill will be very
low such that no significant deleterious interactions should be possible within the bulk volume of
grout fill. Any reactions between the grout fill and residual waste should be localized at their
interface. Work at Savannah River on grout fill (Langton et al. 2001; Langton et al. 2003,
Langton and Harbour 2004, Harbour and Langton 2005; and Harbour et al. 20042 and b) is the
current starting place for developmg a critical analysis of this issue.

7
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Feasibility of Collecting Data: The feasibility of collecting data to resolve this gap is medium.
Samples of the grout fill can be obtained from the Savannah River Site for study. However, the
samples will be “young” and no established protocol has been developed to artificially age grouts
at this time.  Sampling of residual sludge is part of the baseline closure activities but masses will

- be small so that testing with actual res1dua1 sludge will likely require augmentation by tests with
simulated sludge

Document Support. PA/closure plan, CMS, and Work Plan.
Priority Ranking lB ‘

Path Forward: The path forward consists of performing a literature review of the aging of
grout and methods to accelerate the aging process to create “aged” specimens for study. Thena
laboratory test plan will be developed to test the mteractmn of appropriately aged grouts with -
actual and in some tests simulated tank residuals. -

Limitations: It may prove difficult to create realistic specimens of aged grout for testing and the
amount of actual residual sludge will likely be of limited mass. Most of the work will
undoubtedly require use of analogs and at this time it is not clear what testing should be done to

~ accelerate the aging conditions to represent the weathering of grout to account for thousands of
years of aging. An appropriate simulant for residual sludge that includes the contaminants of
concem (CoC) in a form or matrix similar to actual sludge may also prove to be a challenge. We
have not successfully determined the “speciation™ of CoCs such as technetium-99, iodine-129,
and chromium in the sludge samples that have been studied to date. The uranium in sludge
samples studied to date has also been found to be present in several different forms, including a
high solubility mineral (Eejkaite [Nas(UQ;)(CO;);]), @ moderately soluble mineral, clarkeite
[Na[(UO;)O(OH)]#(H;0)o.],and perhaps other non-crystalline phases. To date, the sludge
samples that have been studied have shown unique bulk concentrations and unique water
leaching characteristics for the contaminants of concern. For more details, see Cantrell et al
(2006), Deutsch et al. (2004, 20052, 2005b, and 2006), Krupka et al. (2004, 2006) and Lindberg
and Deutsch (2003).

4.64 Chemical Interactions between Tank Liner and Tank Residue

Description: Single-shell tanks that are closed will consist of residual waste enclosed by "
engineered materials, including the carbon steel liner between the concrete shell and the waste.
This liner is currently considered the primary barrier between the waste and the vadose zone.

Origin: This is a new data gap, included because of expanded scope of the TFVZ Project.
Information Type: Analysis

- Impact: The impact is unclear. The influence of the tank construction components (concrete
shell, carbon steel liner, grout fill) has not yet been mvesngated Thus it is unclear which
component will be the most significant.

112




Page 124 of 14% of DA05308945

RPP-33441 Rev. 0

Knowledge Level: Medium. Knowledge of carbon steel and stainless steel corrosion is
available in general literature and some Hanford specific information is also available.

Feasibility of Cnllecting Data: The recommendation for resolving this gap is to use available
data.

Document Support: PA/closure plan, CMS, and Work Plan.-
Priority Ranking: 3. | | |

Path forward: The path forward consists of reviewing avmlable literature for information that
could be used to evaluate the tank liner’s impact on contaminants that leach from the residual
wastes left in tanks. Particular attention will be placed on assessing impacts of steel corrosion
products as contaminant adsorbents and attempts will be made to con51der differences caused by
the hlghly varied chemlcal history amongst the smgle shell tanks.

Limitations: The chemistry of each single shell tank appears to be unique. It will be difficult to
assemble existing information into one or just a few simple conceptual models of tank liner
impacts. '

4.6.5 Impact of Natural Soil Organic Content on Contaminant Transport

- Description: Some organic acids are hypothesized to accelerate transport Qf key éontaminants.
Origin: This data gap is new and is defined based on stakeholder comments.
Type of Information: Data and analysis. |

- Impact: The impact of this gap is low. The natural soil organic matter in the subsurface
sediments below Hanford disposal facilities is very low, generally <0.05 to 0.1 weight percent
carbon. The organic carbon value does rise slightly, to values <0.5 %, in regions where
paleosols are ewdenced and sometimes in the Cold Creek upper subunit of the Hanford
formation.

Knowledge Level: The knowledge level is acceptable. For the 200 Areas of the Hanford Site a
data base of ~180 total organic carbon measurements for sediments are available (see

-~ \wd40900\AGGDATA\AGGPublic\COS Min Database\Database Project\Master Database.xls).
In the data base, total organic carbon averages 0.51 weight percent, with a standard deviation of
0.086 weight percent. The negative values arise because organic carbon is not directly measured
but is the difference between a total carbon measurement and an inorganic carbon measurement,
If one assumes that all the organic carbon in the sediment is capable of forming strong
complexes with radionuclides then it would be important to understand the solubility of the
organic carbon-radionuclide complexes. The dissolved organic carbon content of the vadose
zone pore water would control the mobility of radionuclides as opposed to the total organic
carbon content of the sediment. No “speciation” measurements have been made on vadose zone
pore water dissolved organic carbon content to our knowledge, but while measuring anions we
have observed some peaks in the ion chromatograms that have been attributed to small polar
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carboxylic acids (formic, acetic, and oxalic). The concentrations of these three carboxylic acids
in vadose zone pore water for uncontaminated sediments range from less than detection
(<0.1 mg/L) to ~10 mg/L for each organic acid. The vadose zone pore waters from contaminated
sediments underlying tank farms contain these three organic acids at variable concentrations
from below the detection limits up to a few tens of mg/L for several samples and for a few
_samples as high as a few hundred mg/L for acetate and oxalate. Sediments from below
suspected leaking tanks in the TX and B tank farms showed lower organic acids than
contaminated sediments from near tank T-106 or tank BX-102 (see Seme et al. 2002f, 2002g,
2004a, and 2004b for details).

Some general literature that discusses the available field data and specific laboratory studies on .
enhanced migration of radionuclides attributed to organic chelating agents commonly used in
nuclear facility decontamination are ava.llable (Serne et al. 1996, and 2002¢ and references cited
within).

Feasibility of Collecting Data: The feasibility of collecting additional data to expand the
knowledge level for this gap is medium. Measuring the total organic carbon content of
sediments from new boreholes around the tank farms is relatively inexpensive. Determining the
specific organic components present and their speciation in sediments and pore waters is difficult
and not cost effective at present Measuring the total dissolved organic carbon content of water
extracts and actual pore water is possible, but determining the speciation of the dissolved orgamc
carbon content is difficult and also costly.

Document Support: PA/closure plan, CMS, and Work Plan.
Priority Ranking: 4.

Path Forward: The knowledge level for this data gap is acceptable. If additional information is
needed, the path forward would be to continue measuring the total organic carbon content of
sediments from new boreholes drilled near the tank farms and to continue to report the
concentrations of the three small organic acids that often times show up in the ion
chromatograms of the vadose zone pore waters. Unless some unexpected contaminant mobility
is observed in the borehole sediments for any particular contaminant of concern that might be
attributed to organic complexation, no other more detailed organic analyses will be performed.

Limitations: Measuring the speciation of organics in the sediments or vadose zone pore waters
is costly and difficult. Standardized techniques for determining the speciation are not '
established. Unless unexpected mobility for a contaminant of concern is observed that can be
attributed to organic complexation, the low concentrations of organics observed in the Hanford
Site sediments or vadose zone pore waters will not be characterized.
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47 MODELING

Modeling is used to predict future impacts to asswt with deterrmmng appropriate remediation of
tank farms. These future impacts cannot be simply extrapolated usmg present data, but rather
must be estimated using numerical computer smulatlons

4.7.1 Expand Database for Hnstory Matching of Simulations

Description: With reliance on numerical models comes a need to ensure the credlblhty of the
model results. One way of building such credibility is the ability to match predictions with field
observations. This data gap addresses the need to obtain site-specific data against which history
matching of predictive models can be done.

Origin: This data gép is new and is the result of expanded scope of the TFVZ Projéct.
Information Type: Data. | | |

Impact: The impact is indirect, but potentially significant. An important aspect of the Initial
Single-Shell Tank Performance Assessment (SST PA) is the credibility of conceptual model
embedded in numerical models of large-scale vadose zone flow and transport, and its basis for
use in the performance assessment. Conceptual models gain credibility through history
matching,

Knowledge level: The knowledge level is low to medium. As discussed in Section 4.5.9, the
unique controlled database at the Sisson and Lu site provides a suitable data set for model history
matching. As in the Vadose Zone Transport Field Study, field measurements at other sites must
be performed to capture the spatial-temporal evolution of plumes. The geologic structure at the
BC cribs and trenches is similar to that of the nearby Sisson and Lu site in the 200 East Area
where a portion of the Vadose Zone Transport Field Study was performed. Both sites consist of
imperfectly stratified media of fine- and coarse-textured sediments. Ficld measurements at both
sites clearly illustrate the fact that, in the absence of man-made discharges, higher moisture
contents are associated with fine-textured sediments and lower moisture contents are associated
with coarse-textured sediments. This suggests that the natural moisture contents are in a
quasi-equilibrium with natural infiltration (recharge).

While it is important to have data sets from field experiments, conditions in the vadose zone vary -
between waste sites. Therefore, it is important to collect site-specific information for history
matching. ' | '

Feasibility of Collecting Data: The feasibility of collecting data to resolve this gap is medium.
Controlled data sets for history matching numerical models are limited, but additional field
experiments can be performed and site-specific data can be collected.

Document'Suppdrt: Performance assessments.
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Priority Ranking: 2.

Path forward: The databases generated by Vadose Zone Transport Field Study at the Sisson
and Lu site and the clastic dike on Army Loop Road documented in Ward et al. (2006) are
unique at the Hanford Site. Further work on vadose zone transport field studies is needed as well
as extending results and methods to other sites such as the nearby BC cribs and trenches.
Characterization methods such as SGE, direct push, and drilling provide opportunities to
generate site-specific data for history matchmg History matching can be pursued for the T-106
tank leak and the leak detectxon tests in S tank farm. _

Limitations: Controlled data sets for history matching numerical models are limited; additional
field experiments could be performed as necessary. ; ‘

4.7.2 Parameter Value Variability Effects on Risk Estimates

Description: Contaminant transport modeling analyses yield a range of environmental impacts
and associated risk ranges that may occur because unique values cannot be assigned to input
parameter values.

Origin: This data gap is new, resulting from expanded scope of the TFVZ Project,
Information Type: Analysis. |

Impact: The impact is direct. Depending on the parameter, inherent variability (e.g., natural
heterogeneities and effects of long-term processes on engineered materials) or lack of an
adequate data base generate a range of plausible values. Even with additional data, reducing
parameter uncertainty and generation of unique values are not expected. Therefore, a range of
risk outcomes is unavoidable and a reliable method for addressing the significance of the range
of outcomes relative to waste management decisions is needed. Because risk estimates depend
* on the collective set of input parameter values, methods for interpreting the significance of
parameter ranges as they relate to risk and waste management decisions are also needed.

Knowledge level: The knowledge level of the impact on parameter variability impacts on
contaminant transport modeling analyses is medium. Two factors must be considered when
evaluating ranges of parameter values with respect to their impact on risk uncertainties. First,

“the reliability of the proposed range of particular parameter values (e.g., the robustness of the
supporting data base that quantifies the range) must be established. Second, given the proposed
range of values, the impact of the changes in values on risk estimates must be understood. For
example, the measured range of sorption distribution coefficient values (Kgs) under simulated
ambient vadose zone conditions for numerous constituents has been large (an order of magnitude
or more) in various empirical studies. A range in values is expected because multiple chemical
processes and variable local geochemical environments control the distribution of contaminants
between the liquid and solid phases. However, the impact on risk for contaminants migrating
through the vadose zone on the Hanford Plateau depends on the value range. If the range varies
from 10 to 1000 mL/g and low recharge rates are imposed and maintained by closure actions
such as surface barrier placement, contaminants do not reach the unconfined aquifer during even
an extended performance period (e.g., 10,000 year). In this case, the estimated range of the
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sorption parameter has essentially no impact on risk estimates. In this example, evaluation of
risk uncertainty impacts because of this parameter variability is unnecessary. Conversely, if the
Kg range is 0.1 to 1 mL/g, then environmental impacts (e.g., estimated peak groundwater
concentrations) do change depending on the K4 value chosen within the range. In this case the
uncertainties provided by this parameter must be considered specifically and in the context of
other parameters also affecting estimated risk. Analyses completed in the initial SST PA
(DOE-ORP 2006) have indicated that variability in recharge rates and waste source inventories

 are among the most mgmﬁcant parameters that comrol the overall mlgratlon rate and risk of
mobile contaminants.

Feasibility of Collecting Data: The feasibility of ¢ollecting data to resolve this gap is variable.
Depending on the parameter, additional field or laboratory data can be collected to better define
parameter input value ranges needed as input to contaminant transport and overall risk analyses.

Document Support: Performance assessments.
Priority Ranking: 3.

Path forward: The path forward consists of expanding the current set of sensitivity analyses to
incorporate additional data that better defines the range of parameter values. Additional
sensitivity studies should be performed for other parameters and combinations of parameters to
determine the influences on contaminant migration processes. The parameters tested for
sensitivity should be part of data bases that are Ua.nslatcd into probability distribution functions if
the level of characterization supports the process,

Limitations: Quantification of parameter values is limited by natural heterogeneities (e.g.,
mapping of fine scale hydrologic property domains) and difficulty in quantifying the true

- processes affecting parameter values (e.g., constituent specific chemical reactions in the
sediment/water system). Consequently, precise determination of true parameter value ranges and
the likelihood of occurrence for a particular value are difficult to determine.

4.7.3 History Matching Vadose Zone Nunie_rical Models

‘Descnptlon. It is important to understand the quality of results from numerical models. One
way to obtain this understanding is comparing such numerical results to field observations. Thls
data gap addresses the need to perform the comparison.

Origin: This data gap is new, resulting from expanded scope of the TFVZ Project.
Information Type: Analysis. |

Impact: The impact is indirect, but significantly impacts credibility. Computational simulation
models such as those used in the Initial Single-Shell Tank System Performance Assessment for
the Hanford Site (DOE/ORP 2006) are simplifications of physical reality. Performance and risk
assessment models, however, must have broad acceptance within the scientific, regulatory, and
stakeholder communities, and should incorporate the large-scale field processes that are known

* o be significant for Hanford waste disposal activities. For example, the highly heterogeneous
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nature of Hanford sediments has been documented to result in moisture-dependent anisotropy.

This is best illustrated by the moisture content profiles at the controlled field injection

experiment (also known as the Sisson and Lu site) in the 200 East Area (Ward et al. 2006) and

has also been observed at the BC cribs and trenches (Rucker and Sweeney 2004 and Ward et al.
2005).

In the context of vadose zone numerical models, two'terrns that are frequently used are
verification and validation. By verification, a determination is made that the computer code
solves the chosen equations correctly. This is typically accomplished by comparison of code

results with known analytical solutions and checks on numerical mass balance. For example, the '

STOMP code used in the initial SST PA for vadose zone flow and transport has undergone
extensive testing and verification (White and Oostrom 2000, 2004, and 2006). Validation, on the
other hand, is the determination that the embedded model itself (used in the initial SST PA
calculations) captures the essential field-scale phenomena with adequate fidelity, History
matching is another term used for validation activities and is often applied where data sets do not
exist to accomplish fisll validation.

Knowledge level: The knowledge level for history matching vadose zone numerical models is
medium. As discussed above, an important aspect of the initial SST PA analysis is the
conceptual model for vadose zone flow and transport, and its basis for use in the performance
assessment. As part of history matching of the vadose zone conceptual model and under a
separate task, the moisture content data that were collected at the Vadose Zone Transport Field
Study at the Sisson and Lu site in the 200 East Area were analyzed by both Ward et al. (2006)
and Yeh et al. (2005). A comparison of the observed moisture plume and the simulated moisture
plume using an effective unsaturated hydraulic conductivity tensor for the Sisson and Lu site is
described in Ye et al. (2005). The effective hydraulic conductivities compare well with the

‘laboratory-measured unsaturated hydraulic conductivity data for small core samples at the site.
As discussed in Ye et al. (2005), the spatial moments of the simulated plume based on the
effective hydraulic conductivities are in reasonably good agreement with those for the observed
plume. Other data sets such as the characterization and BC cribs and trenches and SGE
evaluations of tank farms may provide data sets that are useful in history matching.

Feasibility of Collecting Data: The feasibility of collecting additional data to resolve this data
gap is medium. Controlled data sets for history matching numerical models are limited,
additional field experiments could be performed as necessary (Section 4.7.2) and methods are
being developed to relate the electrical response of SGE to contaminant distributions to allow
subsurface geophysics to generate data useful for history matching.

Document Support: Performance assessments.
Pnority Ranklng 3.

Path forward: The databases at the Sisson and Lu and the clastic dike sites documented by
Ward et al. (2006) and hlstory exercises such as those of Ye et al. (2005), Yeh et al. (2005), and
Ward et al. (2006) are unique. A need exists for lnstory matching of site-specific models using
available data.
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Limitations: Controlled data sets for history matching numerical models are limited, but
additional field experiments can be performed and site-specific data can be collected. Currently,
SGE surveys cannot be quantitatively linked to contaminant concentrations in the subsurface,
although the general shape of subsurface resistivity plumes can be determined.

4.7.4 Near Surface Contamination Risk Assessment '_

Description: Risk assessments consider the environmental impact of a contaminated accessible
environment on indigenous plants, animals, and inadvenent human intruders.

Origin: This data gap is new, resultmg from the expanded scope of the TFVZ Project.
Informatlon Type: Analysis.

Impact: The impact is indirect. Proposed tank-farm closure actions provide little opportumty
for access to contamination because of the thickness of material (both soil and grout in the tanks)

‘between waste and the local ecosystem. Thus, ecological risk is expected to be significant only
if catastrophic failures occur that bring waste closer to the surface. In addmon, closure will
include systems to reduce the potential for human intrusion.

Knowledge Level: The knowledge level is medium to low. An ecological risk assessment
analysis has not been completed.  The database that supports the analysis consists of
measurements of contamination near the surfaces of tank farms using drywell gamma logging of
cesium-137 activity between 0 and 15 ft bgs. Other contaminants have not been measured and
some can be scaled from the cesium-137 concentrations using some simplifying assumptions
regarding contaminant interactions with near-surface sediments. Coordination between the
tank-farm closure and the 200 Area CERCLA waste mediation activities is anticipated to
produce site-wide approved methodology for completing this analysis.

Feasibility of Collecting Data: The feasibility of collecting data to resolve this gap is medium
to low. Data collection may be revisited through apphcatzon of SGE and direct-push
technologies.

Document Support: Performance assessments.
Priority Ranking: 3.

Path forward: The path forward consists of evaluating ecological impacts followmg
completion of the ecologlcal risk analyses. - :

Limitations: None.
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5.0 PATH FORWARD

This section summarizes the path forward that will be pursued. Additional detail will be
documented in a program plan, which is bemg developed. :

The three pal'tles (the U S. Department of Energy, the U.S. Enwronmental Protection Agency,
and the Washington State Department of Ecology) responsible for cleanup of the Hanford Site
have established a general approach documented in the Hanford Federal Facility Agreement and
Consent Order (Ecology et al. 1998, particularly Appendix I). The overall approach is to:

e Retrieve as much waste as technically possible from tanks
e Stabilize the tanks -

° Decontaminate and decommission other facilities
e Remediate the contaminated soil
¢ Minimize moisture coming into the tank farms

e Monitor the impacts

The TFVZ Project supports these efforts. In particular, the project will continue to coilect
additional field and laboratory data, perform data analysis (whether data collected by the project
or from other efforts), develop and test appropriate models for the determination of long-term
human health and environmental impacts, and determine the effect of new data on long—term ,
human health and envxronmental impacts (see Figure 5-1).

5.1 NEW DATA COLLECTION

Data collection to characterize the contaminated vadose zone and groundwater beneath tank
farms at the Hanford Site is expensive. Chapter 4 provided information on the important data
gaps. Table 5-1 is a summary of key aspects of the data gaps that were identified. The priority
for collecting new data to support tank farm performance and risk assessments and tank farm
closure will be outlined in the program plan. With the advances made as part of the

TFVZ Project in use of high resolution resistivity methods (through SGE) and the hydraulic
hammer direct push technology, the cost of co]lectmg new data is reduced.
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5.2 DATA ANALYSIS

Once sediments are collected in the field, they are analyzed in the laboratory. The laboratory
analysis includes determination of contaminants, physical and geochemical properties of the
sediments and parameters associated with quantifying contaminant transport. These analytical
results are used to reduce the uncertainties associated with predlctmg future waste movement.

Laboratory analyses are underway on remdual tank waste matenals to determine the processes
that are important for predicting how, when, and the quantity of contaminants leaving closed
tank facilities. However, because of the multiple chemical processing campaigns and multiple
waste transfers, the residual waste in each tank is likely to be different. Moreover, the nature of

. materials used to close waste tanks (e.g., the type of filler material) will affect the release rates
and must be investigated using laboratory analyses.

Other projects at the Hanford Site (e.g., the Groundwater Remediation Project) are also
collecting data of potential use for predicting tank waste contaminant movement. The
TFVZ Project maintains close cooperation with these groups to transfer data and information.

5.3 DEVELOP AND TEST MODELS

. The largest impacts to groundwater from tank wastes that have leaked to the vadose zone are
likely to occur in the future. Therefore, predictive models are needed to estimate future impacts.
Some model parameters are fairly well established, but others are uncertain. Other model
parameters (e.g., how contaminants will be released from the residual material left in closed
facilities) must be measured or estimated. The contaminant fate and transport models used in .
performance and risk assessment also need to be tested by history matching contammant
transport events to estabhsh conﬁdence in future predrctlons

5.4 DETERMINE IMPACT OF NEW DATA

Future predictions provided by performance and risk assessment models will have inherent
uncertainties. Some of the predictions depend on decisions yet to be made (e.g., the amount of
waste remaining in the tanks at the time of closure, whether or not retrieval leaks will occur, how i
the contaminated vadose zone and tank farm infrastructure will be remediated, and how tank
farms will be closed). Thus, the analyses will need to include evaluation of uncertainty. New
data and analyses will be nccded to evaluate and reduce the predlctlve uncertainty and support
remediation decisions. - : i
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