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Table A-1. Crosswalk of Low-Level Waste Disposal Facility Federal Review (
Initial Single-Shell Tank System Performance Assessment for the Hai

up Manual Criteria to e
“d Site (1 pages)

T FRG Manual Criteria?

Content Guide Section and Title”

Location in SST PA

Finding I, Criterion 4 — 1'he PA identifies Federal, state, and local

statutes, regulations, and agreements that may impact site
engineering, facility design, or facility operations. The PA also
describes the impacts of those statutes, regulations, and agreements
that may be precipitated by the PA results.

Section B.2.4
Related Documents

Section 1.10
Related Documents

Finding I, Criterion S — The PA identifies procedures and facility
related documentation (e.g., Safety Analysis Report, Operational
Readiness Review, Waste Acceptance Criteria) that may impact site
engineering, facility design, or facility operations. The PA also
describes the impacts of procedures and documents that may be
precipitated by the PA results.

Section B.2.4
Related Documents

* Section 1.10
Related Documents

Finding I, Criterion 1 — The PA identifies the performance
assessment measures and a justification for their use to achieve
site-specific applications of the performance objectives.

Section B.2.5
Performance Criteria

Section 1.5
Performance Objectives

Finding I, Criterion 7 — The PA identifies the point of assessment for
each performance measure, and justifies the selection of each point
of assessment. The point of assessment is the location for which
compliance with the performance objectives is evaluated.

Section B.2.5
Performance Criteria

Section 1.5
Performance Objectives

Finding I, Criterion 7a — The point of assessment for all pathways,
the airp way excluding radon, and groundwater resource

protection 1s justified based on future land use. If the future site Section B.2.5 Section 1.9

boundary is uncertain, a reasonable point of assessment (e.g., point Performance Criteria Scenarios

of maximum impact greater than 100 m from the edge of the disposal

unit) is justified.

Finding I, Criterion 7b — The default point of assessment for the

performance measure for radon exposure that is based on a limit on Section B.2.5 Section 1.9

the average flux of radon of 20 pCi/m*/s at the ground surface is the Performance Criteria Scenarios

ground surface over the disposal unit.

Finding Criterion 7c — The default point of assessment for the .
Section 6.5

alternative performance measure for radon exposure that is based on
a limit on air concentration of radioactive material of 0.5 pCi/L is
100 m from the edge of the disposal unit.

Section B.2.5
Performance Criteria

Compa on of Effects of Releases to Air
to Performance Objectives

Finding I, Criterion 6 — The PA identifies and justifies the key
assumptions included in the analysis.

Section B.2.6
Summary of Key Assessment
Assumptions

Section 3.4
Values and Assumptions
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Table A-1. Crosswalk of Low-Level Waste Disposal Facility Federal Review Group Manual Cr ‘ria

Initial Single-Shell Tank System Performance Assessment for the H:

) the
ord Site (14 pages)

LFRG Manual Criteria®

Content Guide Section and Title"

Location in SST PA

Finding I, Criterion 13 — The PA provides a coherent presentation of
the relevant descriptive information concerning the site, the disposal
facility, the waste characteristics that are reflected in the conceptual
model, and the selection of the mathematical models used in the
analysis. The descriptive information and the approach to modeling
provide the necessary results to evaluate the exposure pathways and
scenarios itareir ortant to assess the performance of the disposal
facility.

Section B.3
Disposal Facility Characteristics

I Chapter 2.0
Site and Waste Characteristics

Chapter 3.0
Analysis of Performance

Finding I, Criterion 2 — The PA presents information on the
following that is sufficient to support the analysis presented in the
PA: site geography, demography, land use plans, meteorology,
ecology, geology, seismology, volcanology, surface water and
groundwater hydrology, geochemistry, geologic resources, water
resources, and natural background radiation.

Section B.3.1
Site Characteristics

Section 2.2
Overview

Section 2.3
Hanford Site Characteristics

Finding I, Criterion 3 - The PA presents information on the facility
design features that address water infiltration, disposal unit cover
ntegrity, structural stability, and the inadvertent intruder barrier
sufficient to support the analysis presented in the PA.

Section B.3.2
Principal Facility Design Features

Section 1.6

Defense in Depth Philosophy Applied to
Tank Farm Closure

Section 1.7

Planned Single-Shell Tank System
Closure Actions and End State

Section 2.4

Facility Descriptions Common to All
Tank Farms

Section 3.4.2

Surface Barrier and Pre- and Post-Barrier
Recharge Rates

Finding I, Criterion 8 — The PA identifies and quantifies all
radionuclides present in the low-level waste to be disposed of at the
facility that could significantly contribute to dose for the all
pathways analysis, the air pathway analysis, the groundwater
analysis, and the intruder analysis. Technical justification is
provided for those radionuclides considered in detail in the analysis,
and conversely, those not considered in the analysis.

Section B.3.3
Waste Characteristics

Finding 11, Criterion 1 — The PA presents an estimate of the
radionuclide inventory of the radioactive waste disposal of and to be
disposed of at the facility which is quantified and technically
supported by records, data, studies, and evaluations.

Section 2.5

Source Term Inventory
Appendix C

Inventory Inputs to Performance
Assessment Modeling

Section B.3.3
Waste Characteristics

Section 2.5

Source Term Inventory
Appendix C

Inventory Inputs to Performance
Assessment Modeling
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T:  :A-1. Crosswa of Low-Level Waste Disposal Facility Federal Review Group Manual Criteria to the

Initial Single-Shell Tank System Performance Assessment for the Hani d Site (14 pages)
LFR Manual Criteria® Content Guide Section and Title " Location in SST PA
Section 2.5

Finding I, Criterion 1a — All of the radionuclides disposed and
anticipated to be present in wastes to be disposed of are evaluated in
the PA. Radionuclides screened from detailed analysis or having no
inventory limit are identified, and the bases for these conclusions are
supported and defensible.

>ction B.3.3
’aste Characteristics

Source Term Inventory

Appendix C
Inventory Inputs to Performance
Acceegsment Modeling

Finding I, Criterion 1b — Estimates of the radionuclide inventory for
past waste disposals are described and to the extent practical, are
based on past waste disposal records, a reasonable expectation of
actual waste content based on a knowledge of the processes that
generated the waste, calculations, sampling data, technical studies,
and reasonable projections of waste to be disposed of.

Section B.3.3
Waste Characteristics

Section 2.5
Source Term Inventory

Appendix C

Inventory Inputs to Performance
Assessment Modeling

Finding I, Criterion 2 - The physical and chemical characteristics of
the waste disposed of in the past that affect the release and transport
of radionuclides are identified. The physical and chemical
characteristics of the waste form are quantified and supported by
laboratory or field studies, or are based on referenced documentation.

Section B.3.3
Waste Characteristics

Section 2.5
Source Term Inventory

Appendix C

Inventory Inputs to Performance
Assessment Modeling

Finding Il Criterion 3 — Any inventory limits are developed from
reasonable projections of waste to be disposed and analyses that
consider the physical and chemical characteristics of the wastes if
those characteristics affect the release and transport of radionuclides.

Section B.3.3
Waste Characteristics

Section 2.5
Source Term Inventory

Appendix C

Inventory Inputs to Performance
Assessment Modeling

Finding I, Criterion 13 — The PA provides a coherent presentation of
the relevant  scriptive information concerning the site, the disposal
facility, the waste characteristics that are reflected in the conceptual
model, and the selection of the mathematical models used in the
analysis. The descriptive information and the approach to modeling
provide the necessary results to evaluate the exposure pathways and
scenarios that are important to assess the performance of the disposal
facility.

Section B.4
Analysis of Performance

Chapter 3.0
Analysis of Performance
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Tal :A-1. Crosswalk of Low-Level Waste Disposal Facility Federal Review G
Initial Single-Shell Tank System Performance Assessment for the Har,

LFRG Manual Criteria?

Content Guide Section apd Tifle_b

Finding Il Criterion 4 — The conceptual model is a reasonable
interpretation of the existing geochemical, geographic, meteorologic,
hydrologic, and monitoring data for the site and disposal facility.
The components of the conceptual model for the transport of
radionuclides that are important to the conclusions relating to the
long-term performance of the disposal facility are thoroughly
analyzed. The assumptions incorporated into the conceptual model
are consistent with the available data, related investigations, and
theory related to the conceptual model. Parameters included in the
conceptual model are supported by data or related investigations
relevant to the site and disposal facility.

Section B.4.2
Conceptual Model of Facility
Performance

Finding Il Criterion 5 — The assumptions of the PA related to the
waste, site, and facility design and operations which are critical to
the conclusions of the PA are supported and the uncertainties
associated with these assumptions are analyzed as part of the PA.
Credits for the performance of engineered features and site closure
include n 2 conceptual model are based on data derived from
field investigations, related investigations, or documented sources of
information relevant to the site and digposal facility.

Section B.4.2
Conceptual Model of Facility
Performance

iteria to the
es)

tion in SST PA

th Philosophy Applied to
sure

‘Shell Tank System
; and End State

ssessment Methodology

ssessment Methodology

umptions

Finding 1. Criteria 9 — The PA accounts for all relevant mechanisms
for the r ase of radionuclides from the waste materials for
environmental transport. The mechanisms that are analyzed are
justified by references to relevant studies, available data, or
supporting analyses in the PA.

Section B.4.2.1
Source Term

Section 3.4
Values and Assumptions

Finding II, Criterion 6 — The conceptual model for the source term,
groundwater flow, and radionuclide transport includes parameters for
unsaturated and saturated flow, total and effective porosity, hydraulic
conductivity, water retention, relative permeability relationships,
volumetric water content, retardation, and diffusion that are based on
data, related investigations, or documented references relevant to the
site and disposal facility.

Section B.4.2.1
Source Term

Section 3.4
Values and Assumptions

Finding [. Criteria 10 — The PA provides a complete and clear
description of the conceptual model of the environmental transport of
radionuclides from the waste materials to the points of compliance
by air and water. The conceptual model is justified by referenced
investig ons, data, and supporting analyses that are representative
of the site-specific conditions described.

Section B.4.2.2
Radionuclide Transport

Section 3.2
Performance Assessment Methodology
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Table A-1. Crossw: < of Low-Level Waste Disposal Facility Federal Review G

up Manual Criteria to the

Initial Single-Shell Tank System Performance Assessment for the Hanford Site (14 pages)

LFRG Manual Criteria®

Content Guide Section and 1

Finding . Criterion )a — The conceptual model incorporates
interpretations of available geochemical, geologic, meteorologic and
hydrologic data, and the relevant mechanisms that have a significant
effect on the transport of radionuclide« at the disposal site.

Section B.4.2.2
Radionuclide Transport

Finding [, Criterion 10b — Assumptions incorporated into the
conceptual model to account for transport mechanisms lacking
sufficient data or supporting analyses are identified and justified as
reasonable representations of site behavior over the time period
considered in the analysis.

Section B.4.2.2
Radionuclide Transport

T.ocation in SST PA

ction 3.2
rformance Assessment Methodology

Section 3.2
Performance Assessment Methodology

Finding I, Criterion 10c — The conceptual model includes closure of
the facility as justified based on referenced closure plans or
reasonable assumptions of facility closure.

Section B.4.2.2
Radionuclide Transport

Section 1.7
Planned Single-Shell Tank System
( sure Actions and End State

Section 3.2
Performance Assessment Methodology

Finding I, Criterion 10d — The conceptual model includes any credits
to be taken in the analysis for the performance of engineered
features. Credits for engineered features include a reasonable
representation of the degradation of the engineered features that is
justified by supporting investigations and data.

Section B.4.2.2
Radionuclide Transport

Section 3.4
Values and Assumptions

Finding I, Criterion 10e — The conceptual model includes natural
processes that affect the transport of radionuclides (e.g., flooding,
mass wasting, erosion, weathering) over the time period considered
in the analysis, as justified based on referenced investigations and
supporting analysis.

Section B.4.2.2
Radionuclide Transport

Section 3.4
Values and Assumptions

Finding 11, Criterion 6 — The conceptual model for the source term,
groundwater flow, and radionuclide transport includes parameters for
unsaturatc ind saturated flow, total and effective porosity, hydraulic
conductivity, water retention, relative permeability relationships,
volumetric water content, retardation, and diffusion that are based on
data, related investigations, or documented references relevant to the
site and disposal facility.

Section B.4.2.2
Radionuclide Transport

Section 3.4
Values and Assumptions
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il :A-1. Crossw  of Low-Level Waste Disposal Facility Federal Review Group Manual Criteria to the
Initial Single-Shell Tank System Performance Assessment for the Hanford Site (14 pages)

L.FRG Manual Criteria®

Content Guida Section and Title®

Location in SST PA

Finding I. Criterion 12 — The PA provides a complete description of
the important exposure pathways and scenarios for the specific
disposal facility that are used in the evaluation of the potential doses
to a hypothetical, individual member of the public and inadvertent
intruder consistent with site-specific environmental conditions and
local and regional practices. The exposure pathways and scenarios
selected for detailed analysis are justified as conservative
representations of the long-term performance of the LLW disposal
facility. These include:

Section 4.2.3
Exposure Pathways and Scenarios

Section 1.9
Scenarios

Section 3.4
Values and Assumptions

Finding [. Criterion 12a — Exposure pathways from the transport of
contamination in groundwater that may be considered include
potenti  :xposures from the ingestion of contaminated groundwater,
the use of contaminated groundwater for irrigation and livestock
watering, and the biotic uptake and transport of contamination from
groundwater to surface water. Potential exposure pathways from the
transport of contamination in surface water include the ingestion of
contaminated surface water and contaminated fish.

Section 4.2.3
Exposure Pathways and Scenarios

Section 1.9
Scenarios

Section 3.4
Values and Assumptions

Finding I, Criterion 12b — If radiation dose is used as a measure of
groundwater resource protection, the exposure scenarios consider the
mngestion of water (at 2 liters per day or an alternative rate, if a
Justification 1s included) at the point of assessment, which represents
the location of maximum exposure from a well constructed and
develop¢ using current practices typical for the local area.

Section 4.2.3
Exposure Pathways and Scenarios

Section 1.9
Scenarios

Section 3.4
Values and Assumptions

Finding I. Criterion 12¢ — Exposure scenarios from the transport of
contamination in water for the all pathways analysis considers the
use of groundwater and surface water consistent with local and
regional practices. Exposure scenarios that may be considered
include drinking water, crop irrigation and livestock watering, the
ingestion of dairy products, livestock, fish, crops, and soil, the
inhalation of resuspended particles, and external exposure.

Section 4.2.3
Exposure Pathways and Scenarios

Section 1.9
Scenarios

Section 3.4
Values and Assumptions

Finding [, Criterion 12d — Exposure pathways from the transport of
contamination in 2 atmosphere that may be considered include
potential exposure from immersion in air contaminated with volatile
and nonvolatile radionuclides, deposition of volatile and nonvolatile
radionuclides, and subsequent exposure from direct radiation,
ingestion, and resuspension.

Section 4.2.3
Exposure Pathways and Scenarios

Section 1.9
Scenarios

Section 3.4
Values and Assumptions

0 "A9Y ‘10-S002-dI0/40d
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Table A-1. Crossw: < of Low-Level Waste Disposal Facility Federal Review Group anual Criteria to
Initial Single-Shell Tank System Performance Assessment for the Han rd Site (14 pages)

LFRG Manual Criteria?

Content Guide Section and Title®

Location in SST PA

Finding I, Criterion 12¢ — Exposure scenarios from the transport of
contamination in air that may be considered include residential and
gardening activities which include the direct inhalation of volatile
radionuclides, external exposures, ingestion of crops, soil, livestock,
dairy products, and inhalation of resuspended particles.

Section 4.2.3
Exposure Pathways and Scenarios

Section 2.3

Hanford Site Characteristics

Section 6.5

Comparison of Effects of Releases to Air
to Performance Objertives

Finding [, Criterion 11 — The PA provides a clear description ot the
mathematical models used in the analysis, the basis for their
selection, and their linkage. The mathematical models selected are
justified and provide a reasonable representation of all of the
elements of the conceptual model.

Section B.4.3
Source Term

Section 3.3
merical Implementation

Finding I, Criterion 11a — The complexity of the mathematical
models selected is commensurate with the available site data.

Section B.4.3
Source Term

Section 3.3
Numerical Implementation

Finding . Criterion | Ib — Assumptions incorporated into the
mathematical models are identified, justified, and consistent with the
conceptual model.

Section B.4.3
Source Term

Section 3.3
Numerical Implementation

Finding 1, Criterion 11c — Mathematical models selected are
documented and verified either in referenced publications or in the
appendices of the PA.

Section B.4.3
Source Term

Section 3.3
Numerical Implementation

Finding I, Criterion 11 — The PA provides a clear description of the
mathematical models used in the analysis, the basis for their
selection, and their linkage. The mathematical models selected are

Section B.4.4
Environmental Transport of

Section 3.3
Numerical Implementation

justified and provide a reasonable representation of all of the Radionuclides
elements of the conceptual model.
Finding [, Criterion I1a - The complexity of the mathematical Sect} on B.4.4 Section 3.3
- . . . Environmental Transport of . .
models selected 1s commensurate with the available site data. Radionuclides Numerical Implementation

Finding I, Criterion 11b — Assumptions incorporated into the
mathematical models are identified, justified, and consistent with the

Section B.4.4
Environmental Transport of

Section 3.3
Numerical Implementation

conceptual model. Radionuclides
Finding . Criterion 11¢ — Mathematical models selected are Section B.4.4 .
- . . S . . Section 3.3
documented and verified either in referenced publications or in the Environmental Transport of . .
. . . Numerical Implementation
appendices of the PA. Radionuclides

0 'A%y ‘10-5002-d40/40d
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Tal :A-1. Crosswalk of Low-Level W:

» Disposal Fa

s Federal Review Group

'anual Criteria to 2

Initial Single-Shell Tank System Performance Assessment for the Hanford Site (14 pages)

LFRG Mapnal Criteria®

Content Guide Section and Title"®

Location in SST PA

Finding II, Criterion 7 — The mathematical models used in the PA for
analyzing air and water transport of radionuclides are appropriate for
the disposal facility and disposal site. The selected models provide a
justified representation of the technically important mechanisms
identified in the conceptual model, and provide calculated results that
are a defensible basis for formulating conclusions.

Section B.4.4
Environmental Transport of
Radionuclides

Section 3.3
Numerical Implementation

Finding 11, Criterion 7a  The input data for the mathematical models
are derived from field data from the site, laboratory data interpreted
for field applications, or reference literature sources which are

Section B.4.4
Environmental Transport of

Section 3.4
Values and Assumptions

applicable to the site. Assumptions which are used to formulate Radionuclides
inputd . are justified and have a defensible technical basis.
Finding IL, Criterion 7b — Intermediate calculations are performed
and results are presented that demonstrate, by comparison to site data .

. . . . Section B.4.4 .
or related investigations, that the calculations of the mathematical . . Section 3.4

. . . . - Environmental Transport of .

models used in the PA are representative of disposal site and facility Radionuclides Values and Assumptions

behavior for important mechanisms represented in the mathematical
models.

Finding I, Criterion 7¢ — Representations of groundwater well
performance (e.g., construction, diameter, yield, depth of penctration,
screen length) are reasonable reflections of regional practices and are

Section B.4.4
Environmental Transport of

Section 3.3
Numerical Implementation

justified Radionuclides
Finding II, Criterion 7d — The mathematical models are tested, by
comparison to analytical calculations or other models, to demonstrate
that the results are consistent with the conceptual model, physical .

. . . . Section B.4.4 .
and chemical processes represented in the models, and available site . Section 3.4

o eps Environmental Transport of .

data. The models are evaluated for defensibility and are reasonable Radionuclides Values and Assumptions

representations of the disposal site and facility performance by
comparison to available site data, related technical investigations, or
referenced documentation or literature.

Finding IL, Criterion 7e — The initial conditions, boundary conditions,
and the changes of properties with time for the mathematical model
are analytically correct (i.e., well posed), and derived from existing
site data and information.

Section B.4.4
Environmental Transport of
Radionuclides

Section 3.4
Values and Assumptions

Finding I, Criterion 8 — The dose analysis considers the exposure
pathways and transfer factors and calculates the maximum dose
using acceptable methodologies and parameters.

Section B.4.7
Dose Analysis

Chapter 4.0
Modeling Results for the Groundwater
Pathway

0 "A9Y "10-S00C-dJO/H0A
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Table A-1. Crosswalk of Low-Level Waste Disposal Facility Federal Review (
Initial Single-Shell Tank System Performance Assessment for the Hai

LFRG Manual Criteria ®

Content Guide Section and Title'

Finding [1, Criterion 8a — The dose analysis for exposures to
radionuclides identifies the transfer coefficients between media and
justifies the parameters used in the analysis with supporting data or
references to the literature.

Section B.4.7
Dose Analysis

Finding 11, Criterion 8b — The dose analysis specifies the
consumption of radioactively contaminated materials for the
exposure pathways evaluated, the inhalation rates of contaminated
materials, and the external exposure rates and conditions for
radioactive materials. The parameters are justified using references
to the literature or site-specific investigations.

Section B.4.7
Dose Analysis

Finding II, Criterion 8¢ — The dose analysis is conducted using
effective dose equivalents in accordance with ICRP-30 (1979) and
uses dose conversion factors from recognized published sources.

Section B.4.7
Dose Analysis

Finding II, Criterion 8d — The maximum dose projected for
1,000 years after facility closure at the point of compliance is used in

Section B.4.7

the analysis for evaluating disposal of LLW or establishing waste Dose Analysis
acceptance criteria for future disposals.
Finding I, Criterion 14 — The calculated results presented in the PA
are demonstrated to be consistent with the site characteristics, the .
Section B.S

waste characteristics, and the conceptual model of the facility.
The demonstration of consistency is supported by available site
monitoring data and supporting field investigations.

esults of Analyses

Finding 11, Criterion 9d — The maximum projected dose and time of
occurrence are presented in the PA to provide for understanding of
the natural system being modeled and the behavior of the model.

Section B.5.5
ose Analysis

121 Criteria to the
|4 pages)

Location in SST PA

4.0
g Results for the Groundwater

34
nd Assumptions

3.4
ind Assumptions

4.0
g Results for the Groundwater

4.0
g Results for the Groundwater

4.0
g Results for the Groundwater
Pathway

Finding [, Criterion 15 — The models used for calculating the results
presented in the PA are analyzed to identify the sensitive parameters
of the analysis. The results of the sensitivity analysis are used to
evaluate the uncertainty in the calculated results.

Section B.5.6
Sensitivity and Uncertainty Analysis

Section 4.11
Summary of Results of Sensitivity and
“What [’ Analyses

Finding I, Criterion 16 — The results of the uncertainty analysis are
interpreted as they relate to establishing reasonable assurance that the
conclusions of the PA are correct.

Section B.5.6
Sensitivity and Uncertainty Analysis

Section 4.11

Summary of Results of Sensitivity and
“What If” Analyses

Section 5.6

Sensitivity and Uncertainty in the Dose
Results

Section 7.3

Sensitivity Analysis

0 A9 ‘10-€002-d40/40d
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Table A-1. Crosswalk of Low-Level Waste Disposal Facility Federal Reviey
Initial Single-Shell Tank System Performance Assessment for the 1

LFRG Manual Criteria*

Finding I, Criterion 20 — The PA includes an ALARA analysis, and
if appropriate, the analytical methods for the ALARA assessment are
described.

t Guide Section and Li

Section B.5.6
Sensitivity and Uncertainty Analys

Finding 11, Criterion 9 — The sensitivity and uncertainty analysis
considers those parameters and mechanisms that are important to the
conclusions relating to the long-term performance of the disposal
facility, including radionuclide inventory, radionuclide
characteristics, release rates, site and facility characteristics,
groundwater flow parameters, site meteorology, and radionuclide
transport narameters. Parametric and mechanistic variations

analyze n the uncertainty analysis that are important to the
conclusions are justified as reasonable for the site and facility using
data or related field investigations.

Section B.5.6
Sensitivity and Uncertainty Analys

Finding I, Criterion 9a — The parameters important to the
components of the analysis are analyzed to identify the sensitive
parameters, and the selection of sensitive parameters is quantitatively
justified.

Section B.5.6
Sensitivity and Uncertainty Analys

Finding II. Criterion 9b — The sensitive parameters are analyzed for
uncertainty in the results of the analysis to provide quantitative
bounds for interpreting the results of the analysis.

Section B.5.6
Sensitivity and Uncertainty Analys

Finding Il Criterion 9¢ — The results of the sensitivity analysis are
determined using a prescribed methodology that is technically
justified. The results of the analysis provide the necessary
information to justify the assumptions and conclusions of the PA.

Section B.5.6
Sensitivity and Uncertainty Analys

Finding I, Criterion 10 — The ALARA analysis provides a cost-

benefit analysis that is an optimization of the collective or population

dose based on the cost of dose reduction in the exposed population of

$1,000 to $10,000 per person-rem averted. (ALARA analysis is not

required if the projected individual or collective doses in the exposed
opulation are trivial.)

Section B.5.6
Sensitivity and Uncertainty Analys

Manual Criteria to the
Site (14 pages)

Location in SST PA

:ction 6.6
LARA Analysis

sction 4.11
immary of Results of Sensitivity and
Vhat If” Analyses

:ction 7.3
»nsitivity and “What If” Analysis

sction 4.11
ymmary of Results of Sensitivity and
1 at If” Analyses

>ction 7.3
nsitivity and “What If” Analysis

:ction 4.11
mmmary of Results of Sensitivity and
1 at If” Analyses

:ction 7.3
snsitivity and “What If” Analysis

sction 4.11
immary of Results of Sensitivity and
Vhat If” Analyses

sction 7.3
:nsitivity and “What If” Analysis

sction 6.6
LARA Analysis
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Table A-1. Crosswalk of Low-Level Waste Disposal Facility Federal Review (

Initial Single-Shell Tank System Performance Assessment for the Hai

ip ! ‘nualCriteria to the
'd Site (14 pages)

LFRG Manual Criteria®

Content Guide Section and Title?

Location in SST PA

Finding I, Criterion 12f - Exposure pathways from inadvertent
intrusion into the waste disposal units identify the chronic and acute
exposure pathways for each of the exposure scenarios considered.
The exposure pathways include all relevant ingestion, external
exposure, and inhalation pathways for each exposure scenario.
[Direct ingestion of contaminated groundwater and exposures to
radon should not be considered for inadvertent intrusion, because
they are considered separately.]

Section B.6
Inadvertent Intruder Analysis

Section 1.9
Scenarios

Chapter 5.0
Inadvertent Intruder Analysis for
Residual Waste

Finding 11, Criterion 11 — The inadvertent intruder analysis considers
the natural and manmade processes that impact the possible exposure
to an intruder and calculates the dose using acceptable
methodologies and parameters.

Section B.6
Inadvertent Intruder Analysis

Chanter 5.0
Ini ertent Intruder Analysis for
Residual Waste

Finding II, Criterion 11a — The inadvertent intruder analysis specifies
the reductions in concentrations of radioactive material from mixing
with uncontaminated material or the transport of radionuclides from
the disposed waste mass, and justifies the parameters used in the
analysis with site data, supporting analysis, or referenced
information.

Section B.6
Inadvertent Intruder Analysis

hanter 5.0
ie ertent Intruder Analysis for
esidual Waste

Finding II, Criterion 11b — The inadvertent intruder analysis accounts
for naturally occurring processes {e.g., erosion, precipitation,
flooding) and the degradation of engineered barriers in the
calculation of results.

Section B.6
Inadvertent Intruder Analysis

hapter 5.0
advertent Intruder Analysis for
esidual Waste

Finding  Criterion 11c — The inadvertent intruder analysis
calculates the maximum dose from disposed materials during the
period of 100 — 1,000 years after site closure for waste acceptance
criteria for wastes to be disposed of in the disposal facility using the
recommendations of ICRP-30 (1979) and dose conversion factors
from recognized published sources.

Section B.6
Inadvertent Intruder Analysis

( apter 5.0
Inadvertent Intruder Analysis for

| Residual Waste

Finding [, Criterion 12g — Acute exposure scenarios for inadvertent
intrusion considers direct intrusion into the disposal site and
exhumation of accessible waste material. Relevant scenarios that
may be considered include discovery, residential construction, and
well drilling that incorporate external exposure, inhalation of
resuspended particles, and ingestion of particles.

Section B.6
Inadvertent Intruder Analysis

zction 3.2.4

itruder Pathway

hanter 5.0

iz ertent Intruder Analysis for
esidual Waste
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B1.0 INTRODUCTION

The Hanford Site was established in 1943 as the location for developing plutonium production
operations as part of the Manhattan Project. The Manhattan Project had developed two
approaches in attempting to create an atomic bomb. Shortly after nuclear fission had been
reported by Hahn and Strassmann (1939), scientists recognized the potential for developing a
weapon based on uranium-235 fission. However, developing technologies to separate the
naturally occurring uranium-235 from the far more abundant uranium-238 was a daunting task;
that effort was undertaken at Oak Ridge, Tennessee. The second approach involved producing a
new transuranic element through neutron bombardment that would have the nuclear properties
required to function in a weapon. The Hanford Site was chosen as the site for this massive
industrial undertaking. Since elemental separations based on chemical processes are much more
efficient than the isotopic separations required to produce highly enriched uranium-235, the

lary scale production of plutonium was a promising approach if the other technical issues
related to weapon construction could be resolved. (A very readable discussion of technical
issues associated with the development of the Manhattan Project can be found in Richard
Rhodes’ 1986 book, The Making of the Atomic Bomb.)

To support this plutonium production mission at the Hanford Site, initially three nuclear reactors
(B, D, and F) were constructed along the Columbia River in the 100 Area. Chemical processing
of the irradiated uranium fuel rods was centered in the 200 Areas, and uranium fuel production
and research and development activities were centered in the 300 Area, near the town of
Richland, Washington (Figure B-1).

There 1s a direct link between the various chemical separations processes conducted at the
Hanford Site and the wastes currently stored in the underground tanks in the 200 Areas and the
extensive discharges of radioactive fluids to the soil column. For a number of reasons,

essenti: y all of the very high-activity waste streams generated during plutonium recovery
operations at the Hanford Site prior to 1980 have been reprocessed. Often, these high-activity
waste streams were reprocessed multiple times by physical, chemical, and thermal means.

In many cases, reprocessed high-activity waste streams were commingled with lower activity
wastes to produce the materials currently stored in the tanks. The goal of this appendix is to
provide a technical overview of the various chemical processing operations in order to provide a
basis for understanding the current waste types stored in the single-shell tanks (SST), as well as
to provide a connection between the chemical separations processes and the various waste types
that were discharged to the environment.

A timeline of the major Hanford Site 200 Areas operations is shown in Figure B-2. Between
1944 and 1964, nine production reactors were constructed along the Columbia River along with
a number of test reactors. These reactors provided the vast majority of irradiated fuel
reprocessed in the 200 Area facilities. This appendix focuses on the 200 Area chemical
reprocessing facilities.
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The major chemical separation, purification, and waste treatment operations that were conducted
in the 200 Areas can be divided into four areas:

Plutonium and uranium recovery processes
[sotope recovery operations

Product finishing processes (plants)

Waste volume reduction/thermal processes.

The major Hanford Site plutonium and uranium recovery methods were:

Bismuth phosphate process

Uranium recovery from bismuth phosphate metal waste
Reduction-oxidation (REDOX) process

PUREX process.

Major isotopic recovery programs, based on chemical separations, included:

e Cestum-137 recovery from REDOX and PUREX high-activity supernates
e Strontium-90 recovery from PUREX high-activity sludge
e Uranium-233 recovery from thorium-232 targets.

Other isotopes of interest included neptunium-237, americium-241, and a number of lanthanides.

The following product finishing operations were conducte  at the Hanford Site:

e Plutonium finishing operations
e Uranium trioxide (UO3) production
e Cesium and strontium encapsulation and storage.

The thermal tank waste volume reduction operations included:

Standalone evaporator operations

Radiolitic heat leading to boiling waste tanks

In-tank heaters in BY farm tanks

In-plant evaporators used during chemical process operation.

Major facilities associated with 200 Area chemical operations include:

e 221-T and B Plants used plutonium recovery using bismuth phosphate process

e 221-U Plant initially used for training; then, after major modifications, used for uranium
recovery from metal waste

e 202-S Plant used for REDOX operations

e 202-A Plant used for PUREX operations

e Hot Semi-Works Facility used for REDOX and PU EX process development and later
for isotope recovery processes

e Renovated B Plant for large scale isotope recovery rocesses

e Z Plant complex used for plutonium finishing activities

e UO; Plant used for uranium finishing activities.
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Facilities supporting tank waste volume reduction operations include:

242-T and B Evaporators (1951 — 1956)

In-Tank Solidification using BY farm tanks (1965 — 1974)
242-T, S, and A Evaporators

REDOX Evaporator

e B Plant Evaporator.

Large quantities of plutonium and uranium, along with smaller quantities of other radionuclides,
were recovered in the various Hanford Site chemical separations plants. These chemical
separations processes were based on a combination of oxidation-reduction, precipitation,
complexation, and phase-transfer reactions. The initial plutonium recovery process was based on
inorganic precipitation reactions, whereas later processes incorporated large-scale, liquid-liquid
extraction technologies.

The first plutonium recovery process (i.e., the bismuth phosphate process) was basically an
inorganic step-wise precipitation process that only recovered plutonium. The bismuth phosphate
process generated extremely large volumes of tank waste and returned the uranium byproduct to
the underground single-shell storage tanks. The next plutonium recovery methodology, the
REDOX process, employed oxidation state changes for selective phase transfer separations
between organic and aqueous phases. It was also the first industrial-scale continuous feed
solvent extraction process applied to the separations of inorganic materials. Both plutonium and
uranium were recovered in the REDOX process. The PUREX process was modeled after
REDOX but utilized a different extractant and diluent. The uranium recovery process was used
to recover uranium that had been returned to the SSTs during the bismuth phosphate process
operations and was a continuous feed solvent extraction system. The uranium recovery
processed was the original application of the solvent extraction chemistry that was used later in
PUREX.

The multitude of chemical separations processes used at the Hanford Site led to the production of
a wide array of chemical waste streams. Figure B-4 shows a schematic diagram of typical
reprocessing and waste stream production activities that would have been associated with
operations of each major plant. Some waste streams contained large quantities of radionuclides
in a neutralized nitric acid-based mixture of supernate and sludge. Other waste streams were
large volume aqueous streams that contained low levels of radionuclides, and very large volumes
of non-contaminated cooling water. Management of the various chemical waste streams
generated in the Hanford Site processing plants has always been a daunting challenge. A list of
the major waste streams initially routed to the underground storage tanks is shown in Table B-1.
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Due to a critical shortage of tank space in the mid 1950s, approximately 23 million gal of higher
activity tank waste were routed to cribs, and approximately 27 million gal of higher activity tank
wastes were routed to “specific retention trenches” for disposal. These trenches were engineered
to trap contaminates within the soil column well above the groundwater table.

Many of the cribs and specific retention trenches are located in the vicinity of SST farms.
Therefore, discharges to nearby cribs or specific retention trenches would have contributed
vadose zone contamination near these tank farms. It is likely that essentially all of the large
volume discharges to cribs would have impacted groundwater quality. Thus, a realistic
assessment of the impact of past and future tank farm operations on the environment must
include information on known discharges to nearby cribs and specific trenches and other soil
disposal sites.

Large volumes of non-contaminated water (approximately 134 billion gal) were discharged to

surface impoundments or ponds. The discharges to these surface ponds significantly impacted
water table levels in the 200 East and West Areas.
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B2.0 BISMUTH PHOSPHATE PROCESS (1944 TO 1956)

The T Plant began operations in December 1944 and B Plant began operations in April 1945.

B Plant operated until 1952 and T Plant until 1956. These plants were composed of several
buildings, including the 221-T and 221-B Buildings (also known as the “Canyon Buildings” due
to their shape and appearance) and the 224-T and B Buildings (where the final plutonium
purification procedures were performed). Other facilities include:

241-T and 241-B waste disposal buildings

222-T and 222-B analytical chemistry laboratories

211-T and 211-B tank farms or aboveground chemical storage buildings
291-T and 291-B fan houses and process stacks

292-T and 292-B stack monitoring buildings

271-. and 271-B service buildings.

Initially, four tank farms were constructed to support four plants operating the bismuth phosphate
process, B and C Plants in the 200 East Area, and T and U Plants in the 200 West Area.

Three facilities were constructed (B, T, and U Plants) but only two (B and T Plants) were used to
process irradiated fuel. U Plant was initially used for training and was later modified to support
uranium recovery operations. Initially, B Plant transferred waste to both the B and C tank farms
and T Plant transferred wastes to the T and U tank farms. In the late 1940s, four additional tank
farms were constructed to support the two bismuth phosphate process operations. BX and BY
tank farms were constructed in the 200 East Area near the B tank farm, and TX and TY tank
farms were constructed in the 200 West Area near the T tank farm.

In the late 1940s, a modified C Plant or Hot Semi-Works Facility was constructed at the original
C Plant site for use as a pilot plant and chemical engineering laboratory. The Hot Semi-Works
Facility was used to support the development of solvent-extraction based plutonium recovery
processes that replaced the bismuth phosphate process in the 1950s and in the development of
1sotope recovery processes. Operations of the Hot Semi-Works Facility will be discussed along
with those chemical separations processes.

B2.1 BISMUTH PHOSPHATE SEPARATION PROCESS

The uranium rods were fabricated in the 300 Area then transferred to the reactors in the

100 Area. After irradiation, the uranium rods were transferred from the 100 Area to the

200 North Area via shielded railcar. The rods were stored for a short period (generally 45 to
60 days) in large tanks or basins containing water to allow decay of short-lived radionuclides.
After the period of interim storage, the rods were sent via railcar to the 221-T and 221-B
Buildings for processing. The bismuth phosphate process including detailed separations
chemistry is well documented in the Hanford Works Technical Manual (GE 1944) and in
updated process flowsheets (Schneider 1951). Overviews of the bismuth phosphate process are
found in Anderson (1990) and Agnew (1997).

The recovery of plutonium by the bismuth phosphate precipitation process involved the selective
adjustment of uranium and plutonium oxidation states in such a manner that plutonium would be
precipitated while uranium remained in solution. In the +4 oxidation state, plutonium would
quantitatively co-precipitate with bismuth phosphate while the uranium in a +6 oxidation state
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remained in solution. Thus, the first step of the recovery process was to reduce the plutonium to
a +4 oxidation state and co-precipitate it with bismuth phosphate. The liquid phase was
neutralized and sent to underground storage tanks. Because this liquid phase contained
essentially all of the uranium, it was carefully segregated from other waste types and later
retrieved from the tanks for recovery of the uranium. This waste stream was labeled “metal
waste” because “metal” was the code name for uranium. The metal waste stream also contained
essentially all of the water soluble fission and activation products. However, the resulting
bismuth phosphate/plutonium(I'V) precipitate (i.e., product cake) contained approximately 10%
of the total fission product activity. This fission product activity was primarily due to the
co-precipitation of zirconium-93/niobium-93 along with low levels of other radionuclides in the
plutonium-bismuth phosphate product cake. Given that the goal was a plutonium product that
could be handled outside of a shielded facility, additional purification steps were required.
Multiple additional dissolution/precipitation steps were required to produce a plutonium product
could be handled outside the ™ -1ded facility.

The extensive reprocessing, which required using the bismuth phosphate process to obtain the
required 10’ decontamination factor for the plutonium product, led to large volumes of liquid
wastes being transferred to the underground storage tanks. Approximately 4,000 gal of metal
waste was produced per metric ton of uranium reprocessed. Each dissolution/reprecipitation step
generated another 3,000 gal per metric tons of uranium reprocessed. Although the waste streams
from the first and second recycle steps were relatively low-activity waste, it was initially stored
in the underground tank storage system. Resolution of the waste management issues raised by
the large volumes of liquid waste generated during the 12 years of bismuth phosphate process
operations led to many of the current conditions in and around the 200 Areas that must be
addressed during site closure.

B2.1.1 Fuel Decladding

The uranium rods were encased in an aluminum cladding as a protective jacket prior to being
placed in the reactor. The removal of the aluminum cladding was the first step in the fuel
reprocessing operations. Two approaches were developed for cladding dissolution: one
involving the mercury(1l) catalyzed nitric acid dissolution of the aluminum cladding and a
second approach used a hot sodium hydroxide/nitrate solution. All available information
indicates that the only decladding process used at the Hanford Site involved the dissolution of
the aluminum cladding with a boiling hydroxide/nitrate solution. The hot hydroxide/nitrate
process was used throughout the duration of site operations when processing aluminum-clad fuel
rods. Approximately 500 gal of cladding waste were produced per metric ton of uranium
processed. The nitrate ion functioned as an oxidizing agent, producing aluminum(I1I) ions,
nitrite, and a mixture of various nitrogen oxides (NOx). The aluminum cladding waste consisted
of approximately 1.0 M hydroxide, 1.2 M sodium aluminate, 0.6 M nitrate, and 0.9 M nitrite
(Anderson 1990).

tia 7, the uranium rods were coated with a bronze layer prior to being clad in the aluminum
jacket. Around 1952, this process was changed and the uranium rods were dipped in molten lead
prior to being clad. The uranium rods were bonded to the aluminum cladding with a molten
aluminum-silicon. Thus, the cladding waste stream would also include these materials.
The levels of radionuclide contamination in the cladding waste stream were dependent on the
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extent of uranium fuel dissolution taking place during the decladding process. Although it is
suggested in GE (1944) that less than 0.1% of the fuel would dissolve during the decladding
process, Anderson (1990) estimates that approximately 0.4% of the uranium and plutonium were
lost in this step. Although historical documents (e.g., Schneider and Zimmer 1962) indicate that
the amounts of uranium and plutonium lost in the cladding waste stream were closely monitored
for accountability purposes, the detailed records are currently unavailable.

During the bismuth phosphate process, the aluminum cladding waste stream was commingled in
the underground storage tanks with another lower activity waste stream from the first recycle
step called “1C” or “1st Cycle” waste. Because the cladding waste stream was commingled with
the 1C waste stream, there are no specific waste management issues associated with the cladding
waste stream produced during the bismuth phosphate process operations. However, the
managen 1t of aluminum cladding was  did become a waste management issue during the
REDOX and PUREX plant operati:  because this waste cons:  ed large volumes of available
tank space.

B2.1.2 Uranium Dissolution

The uranium rods were dissolved in approximately 1-metric ton batches in concentrated nitric
acid, and digested at the boiling point until a specific gravity of 1.80 — 1.82 was reached.

The dissolver solution was then diluted to approximately 55% uranium nitrate hexahydrate
(UNH) to avoid crystallization upon cooling. Sulfuric acid was then added to convert and
“stabilize” the plutonium in lower oxidation states (111, IV) and to maintain the uranium(VI) in
solution. After the addition of sulfuric acid, the dissolver solution was transferred for further
plutonium recovery operations (GE 1944). Along with the uranium and a small quantity of
plutonium, this solution contained almost all of the fission and activation products. However,
losses of volatile radionuclides occurred during the dissolution process.

The uranium dissolution process produced significant quantities (approximately 850 1b per
metric ton of uranium processed) of NOx that were sent to the 291 Building stack for dilution
and discharge to the atmosphere. The major volatile radionuclides lost through the air pathway
were 10odine-129/131 and xenon-133. There were sufficient quantities of iodine-131 in the 200-ft
stack effluent to restrict dissolver operations if the weather conditions were unfavorable

(e.g., no wind, downdrafts, or fog). During uranium rod dissolution, the off-gas was
approximately 100 ft’/min. Although this off-gas was diluted with 60,000 ft*/min ventilation

air at the base of the stack, a further dilution factor of 500 upon emission between the stack and
ground was required before dissolver operations were allowed to proceed.

B2.1.3 Initial Plutonium Precipitation

The separation of plutonium from the dissolver solution fi owed a classic gravimetric
precipitation process. The first step involved the addition of sodium nitrite to ensure that
essentially all of the plutonium was in a +4 oxidation state. Nitrous acid will quantitatively
reduce plutonium(VI) and oxidized plutonium(III) to plutonium(IV) but will not reduce
uranium(VI). The next step was the addition of bismuth(III) nitrate followed by slow addition of
phosphoric acid. After suitable digestion, the bismuth phosphate product cake that carried the
plutonium(IV) was separated by centrifugation. The product cake was then washed with a
diluted recycled supernate and then with water. The product cake was primarily bismuth
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phosphate but also contained co-precipitated plutonium(IV) and approximately 10% of the
fission product activity. This activity was primarily the phosphate-insoluble radionuclides
zirconium-93 and niobium-93.

All liquids from the production of the product cake were combined, neutralized with sodium
hydroxide and sodium carbonate to pH 10, and then transferred to underground tanks for interim
storage. This waste stream was labeled metal waste and contained essentially all the uranium
and fission product mass.

Two additional decontamination steps were required before the plutonium product could be
removed from the shielded facilities. Each decontamination step required two bismuth
phosphate precipitation cycles. The first bi-~ 1th phosphate precipitation cycle was carried out
with the plutonium in the +6 oxidation state so that it would remain in solution, and the second
precipitation cycle with plutonium in the +4 oxidation state so it would co-precipitate with
bismuth phosphate.

B2.1.4 First Decontamination (Recycle) Step

The first step of the recycle process was the dissolution of the bismuth phosphate plutonium(I'V)
product cake with nitric acid. Next, a sodium dichromate solution was added to oxidize the
plutonium to a +6 oxidation state, followed by addition of zirconium nitrate, ceric ammonium
nitrate, bismuth(III) nitrate, and phosphoric acid. The zirconium and cerium salts were added to
enhance the removal of zirconium-93 in the initial precipitation step. After removal of the solids
by centrifugation, the plutonium(VI) supernate was treated with sodium nitrite. The addition of
sodium nitrite both reduced plutonium(VI) to (IV) and oxidized any plutonium(III) to (IV).

The plutonium(I'V) was then co-precipitated with bismuth hosphate and the new product cake
separated by centrifugation.

The product cake was sent to the second decontamination recycle step while all effluents and
redissolved waste solids produced in the first recycle step were combined, neutralized to pH 10,
and sent to the underground tank storage system. This waste stream is called 1st Cycle or

1C waste. Approximately 3,000 gal of 1st Cycle waste were produced per metric ton of uranium
processed. As previously noted, the 1C waste was combined with the aluminum cladding in the
underground storage tanks.

B2.1.5 Second Recycle Step

The second recycle step closely followed the chemistry used in the first recycle step with the
exception that zirconium and cerium salts were not added during the intermediate precipitation
step. After dissolution of the product cake with nitric acid, a sodium dichromate solution was
added to oxidize the plutonium to a +6 oxidation state, followed by the addition of bismuth(III)
nitrate, and phosphoric acid. After removal of the solids by centrifugation, the supernate, which
contained the plutonium(VI), was treated with sodium nitrite. The sodium nitrite both reduced
plutonium(VI) to (IV) and oxidized any plutonium(III) to (IV). The plutonium(IV) was then
co-precipitated with bismuth phosphate and the new product cake separated by centrifugation.
At~ point, a3 x 10° decontamination factor had been achieved and an additional
decontamination factor of 33 was needed before isolation of the plutonium could occur.
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scavenging process used a number of C farm tanks and scavenged supernates were discharged in
BC cribs and trenches.

The scavenging process was implemented in T Plant to scavenge bismuth phosphate 1st Cycle
waste, which was discharged in specific retention trenches near the T and TX-TY waste
management areas.
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liquid-liquid extraction column at the mid-point. Uranium and plutonium were extracted into the
organic phase, while almost all of the fission products remained in the aqueous phase.

After additional processing (discussed below), the aqueous high-level waste stream went out to
the underground storage tanks. The organic phase then moved to a second column where
plutonium was separated from the uranium.

he high ionic strength aqueous phase in the second liquid-liquid extraction column contained
ferrous and sulfamate ions that, in combination, reduced the plutonium to a +3 oxidation state, at
which point the plutonium(III) transferred back into the aqueous phase. The uranium, still in the
+6 oxidation state, remained in the organic phase and moved to a third liquid-liquid extraction
colur -~ 7 this third column, the organic phase was contacted with a dilute nitric acid solution.
In the absence of a salting-out agent, the uranium transfers back into the aqueous phase. At this
point, the organic solvent was cleaned and then reused in the process. The crude plutonium and
uranium products were then separately purified through additional passes thro—~1 solvent
extraction columns. The purified uranium nitrate was transferred from S Plant to the UO; Plant
for conversion to uranium oxide. Purified plutonium nitrate was transferred to the 231-Z Facility
for additional processing.

B5.4 REDOX PROCESS WASTE MANAGEMENT ISSUES

The REDOX process produced a number of waste streams including a high-level waste stream
that went to the underground storage tanks, an aluminum cladding waste stream that also went to
the tanks, dilute radioactive liquid waste streams that went to the soil column, nonradioactive
liquid waste streams discharged to surface ponds, and major off-gas streams.

BS5.4.1 REDOX High-Level Waste Streams

Fission product waste streams coming from the solvent extraction columns were combined and
the vc 1me reduced by a factor of 2 before being neutralized and routed to the underground
storage tanks. The goal was to minimize the volume of high-level waste being transferred to the
underground storage tanks. This volume reduction process was limited by aluminum ion
solubility. It was known that once the aluminum salts began to precipitate in the waste stream,
the resulting fluid became unpumpable. Since the solubility of aluminum salts is a complex
function of both hydrogen ion concentration and temperature, detailed operational procedures
were required to handle this waste stream (GE 1951b).

The REDOX high-level waste stream was considerably more concentrated than the similar waste
stream coming from the bismuth phosphate process. The highly concentrated high-level waste
streams led to the need to control heat loads in the tanks storing these wastes. Although
high-heat loads in the REDOX high-level waste tanks were seen as a mechanism for further
volume reduction of these wastes, there were significant operational problems in managing these
wastes. The high-heat loads, particularly in the SX tanks, undoubtedly led to premature failure
of a number of the underground storage tanks (Field and Jones 2005). Condensates from the
high-heat tanks were either recycled to maintain desired tank volumes or discharged to the soil
column.
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B9.0 HANFORD SITE WASTE VOLUME REDUCTION OPERATIONS
B9.1 INTRODUCTION

The management of the large volumes of liquid wastes coming from the Hanford Site chemical
processing facilities has always been a daunting task. Initi: y, of particular concern were the
radioactivity waste streams that required storage in the underground tanks. For this, waste
volume reduction was the goal. Later, this goal changed to conversion of liquid wastes into
solids that could be safely stored long-term in the SSTs. The latter efforts have led to the state of
the current wastes stored in the SSTs.

As previously discussed, one of the major issues during fuel reprocessing at the Hanford Site was
the management of the large volumes of liquids generated in the chemical processing facilities.
Cooling water and uncontaminated steam condensates were discharged to surface
impoundments, low-activity liquid wastes were discharged to subsurface soil disposal sites, and
higher activity wastes were routed to the underground storage tanks. However, given that tank
space was always limited, management of available tank space was a critical task. A brief
overview of evaporator operations is given in Anderson (1990) and Agnew (1997).

B9.2 ATMOSPHERIC PRESSURE EVAPORATORS

In 1949, the concept of concentrating 1st Cycle decontamination wastes from B and T Plants by
evaporation was proposed. After favorable engineering and economical feasibility studies,
construction of the B and T Evaporators began. Two atmo  1eric pressure evaporators began
operations in 1951, the 242-B Evaporator in the 200 East Area and the 242-T Evaporator in
200 West Area. The initial focus for these two evaporators was the reduction of the volume of
1st Cycle wastes stored in the underground tanks. First cycle supernates were transferred from
B and C tank farm tanks to the 242-B Evaporator, and 1st Cycle waste from T, TX, and U tank
farms was transferred to the 242-T Evaporator. Later, uranium recovery process wastes and
2nd Cycle wastes were concentrated in both the B and T Evaporators. The B Evaporator was
shut down in 1954 and the T Evaporator was shut down in 1956.

During operations, tank supernates were transferred to the evaporator facility, and heated to their
boiling point. Volumes were reduced to the point that solids would form and settle upon cooling.
After volume reduction in the evaporator, the concentrated supernates were transferred back to
the underground tank to cool and form solids (i.e., saltcake). The slightly contaminated
evaporator condensates were transferred to nearby cribs for disposal. After the concentrated
supernates had cooled and the saltcake had settled, the pumpable liquids were routed back to
evaporator for additional liquid reduction.

B9.3 BOILING WASTE TANK OPERATIONS

A different strategy was used in dealing with the reduction of volumes in the REDOX and
PUREX high-level waste streams. These waste streams contained sufficient concentrations of
short-lived radionuclides such that the decay heal caused these wastes to boil. These waste
streams were allowed to self-concentrate in “boiling waste” tanks. Steam condensates from the
boiling waste tanks were condensed and some fluid added back to the tanks, as needed, to
maintain the desired waste volume, otherwise the condensate was discharged to nearby cribs.
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In some cases, other lower activity wastes, particularly aluminum-cladding waste and PUREX
organic-wash waste, were used to replenish liquids in the boiling waste tanks. Once the
short-lived radionuclides had decayed sufficiently such that the waste stopped boiling, the
“aged” high-level wastes were transferred to “non-boiling” waste tanks for long-term storage
until these wastes could reprocessed and converted to saltcake.

B9.4 IN-TANK WASTE SOLIDIFICATION

In the mid 1960s, the decision was made to convert liquids stored in the Hanford Site
underground storage tanks into saltcake for long-term storage. This process was begun using
another strategy. In 1965, a prototype heater was installed in tank BY-101. In 1966, a second
heater was installed in tank BY-102 and a third heater was installed in tank BY-112. During
operation of these in-tank heater systems, supernates were transferred into the “heater tank,”
volumes reduced, and then transferred to another tank to allow precipitation of saltcake. As with
the standalone evaporator operations, after the concentrated supernates had cooled and the
saltcake had settled, the pumpable liquids were routed back to the heater tanks for additional
volume reduction.

Supernates from B, BX, BY, and C farm tanks were moved through the in-tank heater systems.
These in-tank heater systems were used to fill available tank space in the B, BX, and BY tank
farms with saltcake. The available space in C tank farm was not filled with saltcake because that
farm was geographically too far away from in-tank heater systems. The T Evaporator in the

200 West Area was also restarted in 1965 to fill available tank space in the T, TX, and TY tank
fi s with saltcake.

B9.5 REDUCED PRESSURE EVAPORATORS

The S Evaporator came online in 1973 to fill available tank space in the S, SX, and U tank farms
with saltcake. The A Evaporator came online in the 200 East Area in 1977. The A and

S Evaporators operated under reduced pressure and are sometimes referred to as “crystallizers”
rather than “evaporators.” The A Evaporator is still in operation. The S Evaporator was placed
in standby mode in the early 1980s.

B9.6 IN-PLANT EVAPORATORS

An evaporator facility was constructed as part of the REDOX facility (S Plant). During plant
operations, the volumes of high-level wastes were routinely reduced by a factor of 2 before being
routed to the underground storage tanks. After the S Plant was put on standby in 1967, the
REDOX evaporator was used to concentrate tank wastes. An evaporator facility was constructed
in B Plant (cell 23) as part of the Isotope Recovery Program that operated from 1967 through
1978. The primary function of the B Plant evaporator was to concentrate process waste streams
prior to their transfer to the underground storage tanks. However, in 1967, prior to startup of the
isotope recovery program, the B Plant evaporator was used to concentrate tank waste so as to
free up tank space to support PUREX Plant operations.
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C1.0 INTRODUCTION

This appendix provides tables showing inventory for the following major risk-driving
contaminants per each identified source term within each waste management area (WMA):

e Tritium e Technetium-99 e Nitrite
e C(Carbon-14 e Chromium e Nitrate
o Jodine-129 e Fluorine e Uranium.

Additionally, when source terms align parallel to the groundwater flow, a summation of the
inventory per source type (e.g., residuals, past leaks) is also provided. For contaminants other
than those provided in these tables, Microsoft Excel' spreadsheets are provided. The data for
these spreadsheets were taken from the following documentation:

e Residual waste in single-shell tanks:
- inford Tank Waste Operations Simulator Model Data Package for the Development
Run for the Refined Target Case (Kirkbride et al. 2005).
— Spreadsheet file: AppendixC_TankResiduals.xls.

e Past tank leaks and unplanned releases:

—  Volume of material released: Tank Farm Vadose Zone Contamination Volume
Estimates (Field and Jones 2005)

— Inventory of chemicals associated with volume of material released: Hanford Soil
Inventory Model, Rev. 1 (Corbin et al. 2005)

— Spreadsheet file: AppendixC PastReleases.xls.
e Ancillary equipment:

— Remaining in pipelines: Residual Waste Inventories in the Plugged and Abandoned
Pipelines at the Hanford Site (Lambert 2005)

— Remaining in miscellaneous underground storage tanks (MUST): For these tanks, it
was assumed that MUSTs would be retrieved equivalent to a volume remaining in the
200-Series tanks. For example, if the volume of a MUST was 27,500 gal (half the
size of a 200-Series tank), the volume of the residual remaining in the tank would be
15 ft’, which is half the retrieval goal of a 200-Series tank. Since no inventory
numbers are available for the MUSTS, it was assumed the waste material would be an
average of what would be left in the single-shell tanks within the WMA
(Kirkbride et al. 2005).

— Spreadsheet file: AppendixC_AncEquipResid.:

e Potential retrieval leak:

— Kirkbride et al. (2005) provides the concentration of contaminants in the fluid during
retrieval operations. The inventory provided in this appendix was calculated for an
8,000-gal retrieval leak for the 100-Series tanks.

— Spreadsheet file: AppendixC PotRetrievalLeaks 8K.xls.

! Microsoft and Excel are either registered trademarks or trademarks of Microsoft Corporation in the United States
and/or other countries.
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APPENDIX G
PREPARERS

G-1 April 2006



































