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EXECUTIVE SUMMARY
ES-1 — Purpose

The purpose of this Safety Evaluation Report (SER) is to determine the extent to which the
depleted uranium performance assessment (DU PA) submitted by EnergySolutions, LLC
(EnergySolutions) on June 1, 2011 (Neptune 2011), and revised on June 5, 2014 (Neptune
2014a), complies with the requirements of Utah Administrative Code (UAC) R313-25-9(5)(a)
and other relevant regulations.

ES-2 - Background

EnergySolutions operates a low-level radioactive waste (LLRW) disposal facility west of the
Cedar Mountains in Clive, Utah. The Clive Site has been used for radioactive waste management
since 1985. EnergySolutions has been the Clive Site’s Licensee since 2006. EnergySolutions is
currently licensed to receive, store, and dispose, by land burial, the following categories of
radioactive materials and waste: naturally occurring and accelerator-produced radioactive
material waste, low-activity radioactive waste, Class A LLRW, special nuclear material, 11.e.(2)
byproduct waste (e.g., uranium mill tailings), radioactive waste that is also determined to be
hazardous (mixed waste), and naturally occurring radioactive material.

In October 2008, 5,800 drums containing DU (Class A waste) from the U.S. Department of
Energy’s (DOE’s) Savannah River Site were sent to the EnergySolutions facility at Clive for
disposal. Additionally, it was learned that DOE intended to dispose of a large quantity of DU
[~700,000 megagrams (Mg); Neptune 2014d, Section 2.0] Rt ¥aut EnergySolutions Clive

[:WAwas one facility under consideration for that wastef

Amendments to existing Utah and federal regulations were found to be necessary to cover
disposal of DU waste because DU was not considered when the U.S. Nuclear Regulatory
Commission (NRC) conducted studies to determine how radioactive waste should be classified
[see Title 10 of the Code of Federal Regulations (10 CFR) Part 61, “Licensing Requirements for
Land Disposal of Radioactive Waste.” and associated draft and final environmental impact

. DU waste is relatlvely benign |n|t|ally but ------ 2
W due to the in-growth of daughter products, reachesing peak radioactivit
more than RO IT T RCEIER I ORGER T 0]l Consequently, on March 2, 2010, the Utah
Department of Environmental Quality (DEQ) imposed Condition 35 on the EnergySolutions
Radioactive Material License to cover disposal of large amounts of DU at the Clive Site. License
Condition 35 consists of five parts: (a) uranium concentration and burial depth, (b) performance
assessment, (c) revised disposal embankment design, (d) remediation, and (e) surety. Many of
the requirements of License Condition 35 were later codified into UAC R313-25-9(5)(a).

Federal Cell Design

FINAL ES-1 April 2015
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EnergySolutions plans to dispose of the DU in a proposed Federal Cell at the Clive Site.
EnergySolutions will construct the Federal Cell embankment to the west of the existing “11e.(2)”
cell, which is dedicated to the disposal of uranium-processing byproduct waste.

The proposed Federal Cell embankment is a hipped cap, with relatively steeper sloping sides
nearer the edges. The upper part of the embankment, known as the “top slope,” has a moderate
slope (2.4 percent), while the side slope is markedly steeper (33 percent grading downward to

20 percent). EnergySolutions Thiaee to IR, dispose of DU only beneath the top
slope areas of the embankment, with no DU beneath the side slopes.
DU waste will be disposed of below the native grade level of the proposed
Federal Cell.

An evapotranspiration (ET)® cover system is to be constructed above the waste in order to limit
contact of water with the waste. The cover is sloped to promote runoff and designed to limit
water infiltration by increasing evapotranspiration. Beginning at the top of the cover, the layers
above the waste used for the ET cover design are as follows (Neptune 2014b):

e Surface Layer: This layer is composed of native vegetated silty clay with 15 percent gravel
mixture on the top slope. The intended functions of this layer are to control runoff, minimize
erosion, and maximize water loss from evapotranspiration. This layer of silty clay provides
storage for water accumulating from precipitation events, enhances losses due to evaporation,
and provides a rooting zone for plants that will further decrease the water available for
downward movement.

e Evaporative Zone Layer: This layer is composed of silty clay. The purpose of this layer is
to provide additional storage for precipitation and additional depth for the plant rooting zone
to maximize evapotranspiration.

e Frost Protection Layer: This material ranges in size from 16 inches to clay-size particles.
The purpose of this layer is to protect layers below from freeze/thaw cycles, wetting/drying
cycles, and to inhibit plant, animal, or human intrusion.

e Upper Radon Barrier: This layer consists of compacted clay with a low hydraulic
conductivity. This layer has the lowest conductivity of any layer in the cover system. This is
a barrier layer that reduces the downward movement of water to the waste and the upward
movement of gas out of the disposal cell.

e Lower Radon Barrier: This layer consists of compacted clay with a low hydraulic
conductivity. This is a barrier layer placed directly above the waste that reduces the
downward movement of water.

Directly beneath the lower radon barrier of the ET cover would be about 36 feet of non-DU
material. For the purposes of the present Clive DU PA and this SER, it has been assumed that
this non-DU material would be non-radioactive. However, EnergySolutions retains the option of

using this space to dispose of ordinary, non-DU, LLRW. Sheule-ErergySelutions-deciceto

! Evapotranspiration is the process by which water is transferred from the land to the atmosphere by evaporation

from the soil and other surfaces and by transpiration from plants.
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The DU waste would be buried beneath the non-DU material. The DU would be placed in the
Federal Cell in either cylinders or drums. The drums would be placed in a single layer on pallets,
and the cylinders would be either in a single layer or stacked two layers high.

The waste would be placed on a clay liner constructed of compacted local clay and be uniformly
about 60 centimeters (2 feet) thick by design. The bottom of the waste cell would have a gentle
slope to it.

ES-3 - Depleted Uranium

DU is a waste byproduct of the process used to enrich natural uranium for use in nuclear reactors
and nuclear weapons. Natural uranium is composed primarily of two isotopes: uranium-235
(U-235) and U-238. For the types of nuclear power plants operating in the United States, the
relative concentration of U-235 in the fuel material needs to be increased (or enriched), resulting
in a waste product that is depleted in U-235.

When U-238 decays, it produces a series of products that are other uranium radionuclides or
radionuclides of other elements, including thorium, protactinium, radium, radon, polonium, lead,
and bismuth. In nature, U-238 is in equilibrium with its decay products, meaning that the
radioactivity of the decay products is decreasing according to the half-life of U-238.

When uranium is purified in preparation for being used as nuclear reactor fuel, all of its decay
products are chemically removed from the DU. Over time, the decay products will build back up
in the DU and reestablish approximate secular equilibrium with U-238. The time it takes to
reestablish equilibrium with U-238 is directly proportional to the decay product’s half-life.
Because many of DU’s decay products have very long half-lives, EnergySolutions has calculated
that equilibrium will take millions of years to achieve (ES 2014b).

The result of this buildup of decay products is that, over long time periods, DU becomes more
radioactive, rather than less.

ES-4 - Clive Depleted Uranium Performance Assessment

UAC Rule R313-25-9(5)(a) requires that any facility that proposes to dispose of significant
quantities of DU must submit a performance assessment demonstrating by modeling that the
performance standards specified by the NRC and the State of Utah will be met for a minimum of
10,000 years

. This requirement is embedded in EnergySolutions’ Radioactive Materials
License UT2300249, Amendment 14, Condition 35B (ES 2013).

In response to this requirement, EnergySolutions submitted its DU PA on June 1, 2011 (version
1.0, Neptune 2011), and a revised version on November 1, 2015 (Neptune 2015, hereafter|
referred to as “version 1.4” or “v1.4”)June 52014 (Neptune 2014a-hereafterreferred-toa

2 A 13 29
O v

EaV7a) ala
v S

ES-5 — Regulations Governing This Review of the Depleted Uranium Performance
Assessment
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The performance standards that a DU waste disposal site must meet are contained in the NRC’s
10 CFR Part 61. As an NRC Agreement State, Utah has established its own regulations in UAC

R313, “Environmental Quality, Radiation Control,” &g;

ae atto .In

[Wie-are Hoairy 1aCRtCar to e e
this SER DEQ evaluated the EnergySolutions performance assessment primarily against the

following applicable Federal and Utah regulations:

Table ES-1 — Regulations Governing the DU Performance Assessment

Code of Federal Utah Administrative .

Regulations (CFR) Code (UAC) Areas Covered by the Regulation

10 CFR 61.12 R313-25-8 Specific technical information

— R313-25-9(5)(a) Deep time analysis

10 CER 61.41 R313-25-20 Protection of the ge_neral population from
releases of radioactivity

10 CER 61.42 R-313-25.21 Protection of individuals from inadvertent
intrusion

10 CFR 61.44 R313-25-23 Stability of the disposal site after closure

Review with respect to other UAC regulations not cited in Table ES-1 was done as needed.

The DU PA prepared by EnergySolutions ElEleRere et et RV RN o o)A =N BIAVAF Tl sl (oW Ta[ed (Vo [3

topics outside the purview of these NRC and UAC regulations, including uranium oral toxicity
and Utah groundwater protection levels (GWPLSs).

ES-6 — DEQ’s Evaluation of the Clive Depleted Uranium Performance Assessment

This SER describes in detail the analyses that DEQ and its contractor, SC&A, Inc., performed to
determine whether the EnergySolutions performance assessment meets these Federal and Utah
performance criteria. It is based on review of Versions 1.0 and of the Final Report for the
Clive DU PA Model $8%t
N aavam and its supporting appendlces the Compllance Report [ReV|S|on 0 (ES 2011),
Revision 1 (ES 2013), and Revision 2 (ES 2014a)], and consideration of EnergySolutions’
responses to 194 interrogatories submitted by DEQ (Rounds 1, 2, and 3 dated February 28, 2014,
March 27, 2014, and July 1, 2014, respectively, and the supplementary interrogatories of

August 11, 2014). The evaluation also included independent calculations
and analyses conducted by the DEQ contractor on selected topics.

The SER evaluates the following areas:
Specific Technical Information

UAC Rule R313-25-8 requires the DU PA to include certain kinds of technical information. This
SER evaluates the following technical information provided in the DU PA for facilities of this
kind (DEQ’s findings on these matters are located in Section 4.1 of the SER):

e Principal design features (including the ET cover, waste placement and backfill, and the
clay liner) [R313-25-8(2)]

¢ Kind, amount, classification, and specifications of the material being disposed
[R313-25-8(9)]
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e Quality assurance of the GoldSim computer model used to calculate the performance of
the proposed Federal Cell [R313-25-8(10)]

e Uranium solubility [R313-25-8(4)]
Protection of the General Population from Releases of Radioactivity

UAC Rule R313-25-20 specifies the maximum radiation doses that members of the public may
receive from concentrations of radioactive material that are released to the general environment
in groundwater, surface water, air, soil, plants, or animals. DEQ evaluated the DU PA Model’s
calculations of the potential doses to members of the general public at various nearby locations
and through a range of possible exposures, including inhalation (wind-derived dust,
mechanically-generated dust, and radon), inadvertent ingestion of surface soils, ingestion of beef,
exposure to contaminated groundwater, and external irradiation (soil and immersion in air).
(DEQ’s findings on these matters are located in Section 4.2 of the SER.)

Protection of Individuals from Inadvertent Intrusion

UAC Rule R-313-25-21 states that the design, operation, and closure of the land disposal facility
shall ensure protection of any individuals inadvertently intruding into the disposal site and
occupying the site or contacting the waste after active institutional controls over the disposal site
are removed (around 100 years after closure). DEQ evaluated a range of inadvertent exposure
scenarios described in the DU PA for industrial workers, ranch workers, hunters, and off-
highway vehicle enthusiasts. Due to the quality of the groundwater in the Clive area @i

, EnergySolutions did not calculate potential
doses due to groundwater ingestion.

Stability of the Disposal Site after Closure

UAC Rule R313-25-23 states that the disposal facility shall be sited, designed, used, operated,
and closed to achieve long-term stability of the disposal site and to eliminate, to the extent
practicable, the need for ongoing active maintenance of the disposal site following closure so
that only surveillance, monitoring, or minor custodial care are required. DEQ evaluated the DU
PA’s analysis of the following long-term influences on the stability of the site, S Saary;

its cover, including infiltration, erosion of the cover, effects of plants and animals, and
frost damage. (DEQ’s findings on these matters are located in Section 4.4 of the SER.)

Deep Time Analysis

UAC Rule R313-25-9(5)(a) requires that a performance assessment provide additional
simulations for the time period when the peak dose occurs at the
disposal site.

Uranium Oral Toxicity

Although not specifically required by UAC R313-25-9(5)(a), in the DU PA
EnergySolutions analyzed whether ingestion of uranium could cause non-carcinogenic biological

FINAL ES-5 April 2015



EnergySolutions LLRW Disposal License — Condition 35
(RML UT2300249)
Safety Evaluation Report, Volume 1

damage, such as kidney failure. DEQ evaluated this analysis in the SER. (DEQ’s findings on
these matters are located in Section 5.2 of the SER.)

Compliance with Utah Groundwater Protection Levels

Ground Water Quality Discharge Permit Number UGW450005 for the Clive site SSaaire
BT meet Utah GWPLSs for uranium and various radionuclides for
500 years. The EnergySolutions DU PA analyzed whether the GWPLs would be met at the Clive
site after DU disposal. DEQ evaluated the DU PA’s assessment of this requirement. (DEQ’s
findings on these matters are located in Section 5.3 of the SER.)

A summary of all DEQ interrogatories to EnergySolutions related to these topics is included in
Appendix C.

ES-7 — Summary of Conclusions

All conclusions in the SER, including determinations that issues have been resolved,
conditionally resolved, or not resolved, are tentative in that they are subject to notice and
comment and reconsideration by the agency in light of comments made during the public

comment period and the record as a whole.” Afinalapprovalof the DU PA Vi lIalse besubject
to-the-specific-conditions-described-in-Section-6-0f the SER.

Conclusions

Resolved: The DEQ evaluation found that for the following topics the EnergySolutions DU PA
satisfactory met the required regulatory criteria, and these topics have been resolved:

e UAC R313-25-7(3)(c); R313-25-8(2)—(3); R313-25-9(5)(a); R313-25-19: Uranium
Solubility

e UAC R313-25-20: Protection of the General Public from Releases of Radioactivity
e UAC R313-25-21: Protection of Individuals from Inadvertent Intrusion
e U.S. Environmental Protection Agency’s 40 CFR 141.66: Uranium Oral Toxicity

'S JAC R317-6-4; Ground Water Qualit
Groundwater Protection Levels

UAC R313-25-8(2) and (3): Evapotranspiration Cover (lack of correlation between the
alpha and hydraulic conductivity values .

UAC R313 25-8(2): Infiltration (lack of correlation between the alpha and hydraulic

2 “Resolved” means that a determination has been made that there is sufficient information to demonstrate that this

requirement will be met. “Conditionally resolved” means that a determination has been made that there is
sufficient information to demonstrate that this requirement will be met, provided that the applicable condition is
also met. “Not resolved” means that a determination has been made that sufficient information has not yet been
provided to DEQ to demonstrate that this requirement will be met. “Not resolvable” means that there is sufficient
information to show that this condition cannot be met.
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UAC R313-25-25: Erosion of Cover (clarification of certain issues relating to

heeds to be demonstrated

Conditionally Resolved: The DEQ evaluation found that for the following topics the
EnergySolutions DU PA satisfactorily met the reqU|red regulatory crlterla and the foIIowmg
topics can be resolved-—based-# d : ha :
Approvallisted below have beenmet:

e UAC R313-25-8(9): Kind, Amount, Classification, and Specifications of the Material

e UAC R313-25-8(2), (3), (5), (6), and (10); R313-25-26(4), (5), and (10): Waste
Emplacement and Backfill

Additional Analyzed Conditions fer-Approval
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o _ Disposal below grade.

waste received by the Licensee conforms with all physical, chemical, and radiologic
properties assumed in the DU PA modeling report.
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1.0

INTRODUCTION

Utah Administrative Code (UAC) Rule R313-25-9,% “Technical Analyses,” requires that any
facility that proposes to dispose of significant quantities of depleted uranium (DU) must submit a
performance assessment demonstrating that the performance standards specified by the U.S.
Nuclear Regulatory Commission (NRC) in Title 10 of the Code of Federal Regulations (10 CFR)
Part 61, “Licensing Requirements for Land Disposal of Radioactive Waste,” and corresponding

State of Utah rules will be met for a minimum of 10,000 years
. The specific language of

the rule is as follows:

R313-25-9. Technical Analyses

(5)(a) Notwithstanding Subsection R313-25-9(1), any facility that proposes to
land dispose of significant quantities of concentrated depleted uranium (more
than one metric ton in total accumulation) after June 1, 2010, shall submit for the
Director's review and approval a performance assessment that demonstrates that
the performance standards specified in 10 CFR Part 61 and corresponding
provisions of Utah rules will be met for the total quantities of concentrated
depleted uranium and other wastes, including wastes already disposed of and the
quantities of concentrated depleted uranium the facility now proposes to dispose.
Any such performance assessment shall be revised as needed to reflect ongoing
guidance and rulemaking from NRC. For purposes of this performance
assessment, the compliance period shall be a minimum of 10,000 years.

This requirement is embedded in EnergySolutions, LLC’s (EnergySolutions’) Radioactive
Material (RML) License UT2300249 (Amendment 14, Condition 35; DRC 1989), which states

that:

A. In accordance with UAC R313-25-8, effective June 1, 2010 the Licensee shall
not dispose of significant quantities of concentrated depleted uranium prior to the
approval by the Director of the performance assessment required in R313-25-8.
[Now R313-25-9].

B. Performance assessment: A performance assessment, in general conformance
with the approach used by the Nuclear Regulatory Commission (NRC) in SECY-
08-0147, shall be submitted for Director review and approval no later than June
1, 2011. The performance assessment shall be revised as needed to reflect
ongoing guidance and rulemaking from NRC. For purposes of this performance
assessment, the compliance period will be a minimum of 10,000 years. Additional

® A new Section 6, “Director Review of Application,” was added to R313-25 in April 2014. Thus all references to
R313-25 Sections 6 to 28 in prior documents are now to Sections 7 to 29.
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simulations will be performed for a minimum 1,000,000-year time frame for
qualitative analysis.

C. Revised disposal embankment design: If the performance assessment specified
in paragraph 35.B indicates that changes to disposal operations and cover design
are necessary to ensure compliance with the requirements of 10 CFR Part 61 or
Utah Administrative Code R313, EnergySolutions will provide a revised design
that does meet those requirements, for all wastes that have been and are
reasonably anticipated to be disposed of at the facility; the revised design will be
submitted within 180 days of Director approval of the performance assessment.

D. Remediation: If following the completion of DRC'’s review of the performance
assessment described in paragraph 35.B, the disposal of DU as performed after
the date of this license condition would not have met the requirements of the
performance assessment, the facility will undertake remediation to ensure that the
performance standards are met, or if that is not possible, shall remove the DU
and transport it off-site to a licensed facility.

E. Surety: The Licensee shall fund the surety for the remediation, in License
Condition 35.D. Within 30-days of the effective date of this license condition, the
licensee shall submit for Director review and approval, the surety cost estimates
for remediation of existing Savannah River DU waste disposal and planned,
similar large quantity DU waste disposal.

The purpose of this Safety Evaluation Report (SER) is to determine the extent to which the
depleted uranium performance assessment (DU PA) submitted by EnergySqutlons onJune 1,
2011 (Neptune 2011b), and revised on [\Ne¥slaalol-] guPAON ISR

complles with the requirements of UAC R313-25-9(5)(a). In partlcular the DU PA evaluates
B disposal of DU at the EnergySolutions facility at Clive, Utah.

“Performance standards” is not defined in 10 CFR Part 61 or in the corresponding Utah rules.
However, DEQ notes that SECY-13-0075, Enclosure 2, “Draft Regulatory Analysis for Proposed
Rule: Low-Level Radioactive Waste Disposal (10 CFR Part 61),” Section 1.2, states that

“10 CFR Part 61, Subpart C, contains performance objectives, which set standards” (NRC
2013a, page 3), so it is reasonable to assume that the “performance standards” referred to in
UAC R313-25-9(5)(a) are set by the NRC’s 10 CFR Part 61, Subpart C “performance
objectives.”

For purposes of this SER, the Utah Department of Environmental Quality (DEQ) has defined
“performance standards” as those contained in the relevant portions of Subpart C, “Performance
Objectives,” of 10 CFR Part 61: Section 61.41, “Protection of the General Population from
Releases of Radioactivity” (corresponding to UAC Rule R313-25-20); Section 61.42, “Protection
of Individuals from Inadvertent Intrusion” (corresponding to UAC Rule R313-25-21); and
Section 61.44, “Stability of the Disposal Site after Closure” (corresponding to UAC Rule R313-
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discussed th-ls—peﬁeFma%e—stand&Fd in some detail in Sectlon 3 3 of ReV1510n 1 to 1ts “Uta
Radioactive Material License — Condition 35 (RML UT2300249) Compliance Report,” dated
November 8, 2013, (ES 2013b).

In addition, NRC regulations in 10 CFR 61.12, “Specific Technical Information” (corresponding
to UAC Rule R313-25-8) and 10 CFR 61.13, “Technical Analyses” (corresponding to UAC Rule
R313-25-9), provide supporting data necessary to demonstrate compliance with the performance
standards; therefore, they are included in this SER. Sections of NRC regulation 10 CFR 61.12
judged not to be relevant to the DU PA include sub-sections 61.12(k), (1), (m), and (n). Technical
information specified in these sub-sections constitutes generic requirements typically considered
in disposal of any radioactive material. Hence, these issues have already been considered and
approved by the Division of Radiation Control (DRC) Director (hereafter “the Director”) in
previous requests for license amendment. Several other NRC regulations in 10 CFR Part 61,
Subpart D underlie and support the “performance standards” for low-level radioactive waste
(LLRW) disposal; some of these include: 10 CFR 61.50, “Disposal Site Suitability Requirements
for Land Disposal”; 10 CFR 61.51, “Disposal Site Design for Land Disposal”; and 10 CFR
61.52, “Land Disposal Facility Operation and Disposal Site Closure” [specifically, paragraph
(a)]. Again, these are generic requirements that have been addressed in previous licensing
actions.

Section 4.1 of this SER evaluates the DU PA in relation to 10 CFR 61.12 (and UAC Rule R313-
25-8, “Specific Technical Information”); Section 4.2 evaluates it in relation to 10 CFR 61.41
(and R313-25-20, “Protection of the General Population from Releases of Radioactivity”);
Section 4.3 in relation t010 CFR 61.42 (and R313-25-21); and Section 4.4 in relation to 10 CFR
61.44 (and UAC Rule R313-25-23, “Stability of the Disposal Site after Closure™). The technical
analyses required under 10 CFR 61.13 (and UAC Rule R313-25-9), 10 CFR 61.50, 10 CFR
61.51, and relevant portions of 10 CFR 61.53 are discussed in detail in all of these sections;
consequently, there is no need to address these separately in this SER.

For the reader’s convenience, Appendix A to this SER includes the text of the key cited
regulations.

Section 5.1 discusses the deep time analysis required under UAC Rule R313-25-9(5)(a);
specifically, that “Additional simulations shall be performed for the period where peak dose
occurs and the results shall be analyzed qualitatively.”

The DU PA prepared by EnergySolutions was required by the Department to alse consideree
topics outside the purview of these NRC and UAC regulations, including uranium toxicity and

* To be consistent with R313-25-9(5)(a), which lists “performance standards specified in 10 CFR Part 61 and
corresponding provisions of Utah rules,” this SER lists the relevant NRC regulations first, followed by the State
of Utah regulations
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Utah groundwater protection levels (GWPLs). TS ER el these topicoiSecHons 5
and-5:3,respectively:

This SER relies on currently available information. However, the technology of in-ground waste
disposal is continuously evolving. As will be subsequently discussed in this SER, several issues
have been identified relating to the evapotranspiration (ET) cover to be placed on the proposed
Federal Cell.

It should be noted that this SER apples only to approval/disapproval of the DU PA as required by
UAC Rule R313-25-9(5)(a).

References®

DRC, 1989

ES, 2013b

Neptune, 2011b; 2014a
NRC, 2013a

1.1 TIMELINE OF KEY DEQ REVIEW ACTIVITIES

The timeline of the key DEQ review activities related to the DU PA, and used to develop input to
this SER, is as follows:

e June 1, 2011 — EnergySolutions delivers an initial version of the DU PA. The initial
package consists of the Compliance Report, Appendix A to the Compliance Report
[Final Report for the Clive DU PA Model (hereafter “DU PA Model”), version 1.0], and
17 appendices to the Final Report dealing with specific technical areas such as
unsaturated zone modeling, geochemical modeling, conceptual site model, and others.

e August 15, 2013 — DEQ contracts with SC&A, Inc. (SC&A) to provide technical support
in reviewing the DU PA (August 15, 2013).

e October 28, 2013 — DEQ provides comments based on its preliminary completeness
review of the DU PA to EnergySolutions.

e November 8, 2103 — EnergySolutions submits CD13-0302. The submittal contains both
Revision 1 to the Compliance Report and partial responses to the Preliminary

> All short reference lists at the ends of sections refer to the full References list in Chapter 7.
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Completeness Review (later designated Appendix B in the EnergySolutions July 8, 2014,
submittal).

e November 13, 2013 — DEQ hosts open house meeting for public interaction on the review
process.

e December 11, 2013 — DEQ provides EnergySolutions with feedback on Revision 1 to the
Compliance Report and on its responses to the Preliminary Completeness Comments.

e February 28, 2014 — DEQ delivers Round 1 Interrogatories to EnergySolutions.

e March 31, 2014 — EnergySolutions delivers a partial response to Round 1 Interrogatories
(CD14-0084). Because EnergySolutions determined that the initially-proposed rock
armor cover for the proposed Federal Cell should be replaced by an ET cover, some
interrogatories could not be addressed until a revised DU PA based on the ET cover was
completed (later submitted by EnergySolutions on June 5, 2014).

e May 27, 2014 — DEQ provides Round 2 Interrogatories to EnergySolutions.

e June 5, 2014 — EnergySolutions delivers Version 1.2 of the Clive DU PA Model and
revised supporting appendices. Version 1.2 is based on the ET cover and addresses
responses to some of the prior interrogatories.

e June 17, 2014 — EnergySolutions delivers responses to Round 2 Interrogatories
(CD14-0132).

e July 1, 2014 — DEQ provides EnergySolutions with Round 3 Interrogatories. The
Round 3 Interrogatories focus on Version 1.2 of the Clive DU PA Model (June 5, 2014)
and consider the EnergySolutions responses to the Round 2 Interrogatories (June 17,
2014) only to a limited extent.

e July 8, 2014 — EnergySolutions provides DEQ with RML UT2300249, Condition 35
Compliance Report Revision 2 and responses to DEQ Round 3 Interrogatories.

e July 14, 2014 — DEQ provides EnergySolutions with a White Paper on deep time analysis
prepared by SC&A regarding radon emissions in the event of a return of a pluvial lake on
the Clive site (and its possible effects on the DU disposal cell).

e August 5, 2014 — EnergySolutions submits a Deep Time Supplemental Analysis for the
Clive DU PA (Clive DU PA Model vDTSA).

e August 11, 2014 — DEQ provides EnergySolutions with supplementary interrogatories.

e August 18, 2014 — EnergySolutions provides DEQ with responses to DEQ supplementary
interrogatories.

e February 6, 2015 — EnergySolutions provides DEQ with Supplemental Responses dealing
with site-specific clay studies pertinent to both the SempraSafe and DU PAs.

e March 10, 2015 — EnergySolutions submits revised Deep Time Supplemental Analyses
for the Clive DU PA.

This SER is based on review of Versions 1.0 and 2 1.4 of the Final Report for the Clive DU PA
Model (Neptune 2011b, 2024a) and its supporting appendices, the Compliance Report
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[Revision 0 (ES 2011b), Revision 1 (ES 2013b), and Revision 2 (ES 2014c)], and consideration
of EnergySolutions’ responses to 194 interrogatories submitted by DEQ, in documents dated
February 28, 2014, March 27, 2014, and July 1, 2014, respectively, as well as the supplementary
interrogatories of August 11, 2014, which can be found in the SER Appendix B, “Supplemental
Interrogatories Pertaining to the Evapotranspiration Cover”). The review also included
independent calculations and analyses conducted by the DEQ contractor on
selected topics. Appendix C discusses the status of resolution of all other interrogatories.

References

ES, 2011b; 2013b; 2014c
Neptune, 2011b; 2014a

1.2 FORMAT OF THE SAFETY EVALUATION REPORT

DEQ’s review findings on the Clive DU PA are included in this SER. The format of the SER is
as follows:

Section 1.0  Provides an introduction to the SER, including its purpose, important regulations,
and the timeline for the development of the Clive DU PA.

Section 2.0  Provides an historical overview of the activities that have occurred at the site of
the Clive facility since it was first used by the U.S. Department of Energy (DOE)
and the State of Utah between 1984 and 1988 for the disposal of Vitro Mill
tailings, and thereafter for the Envirocare period, which ran from 1988 to 2006,
and finally for the EnergySolutions facility.

Section 3.0  Provides background information that DEQ felt would be useful to individuals
who may not have it otherwise readily available. This includes a description of
DU, the regulatory bases for disposing of DU at the Clive facility, an introduction
to the Clive facility, and an introduction to how the Clive DU PA Model was
developed.

Section 4.0  Provides DEQ findings and safety evaluations of whether or not the Clive DU PA
demonstrates that the performance standards specified in 10 CFR Part 61 and
corresponding provisions of Utah rules have been met, as is required by UAC
R313-25-9(4) and R313-25-9(5)(a).

The subsections within Section 4 have been structured to correspond to the
10 CFR Part 61 and UAC R313-25 performance standards:

Section 10 CFR 61.12 — Specific technical UAC Rule R313-25-8
4.1 information

Section 10 CFR 61.41 — Protection of the general UAC Rule R313-25-20
4.2 population from releases of radioactivity

Section 10 CFR 61.42 — Protection of individuals UAC Rule R-313-25-21
4.3 from inadvertent intrusion

Section 10 CFR 61.44 — Stability of the disposal UAC Rule R313-25-23
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Section 5.0

Section 6.0
Section 7.0
Appendix A
Appendix B

Appendix C
Appendix D

Appendix E

Appendix G

4.4 site after closure

Provides additional DEQ findings and safety evaluations of whether or not the
Clive DU PA demonstrates that the public’s health and safety and the
environment will be protected.

The criteria that have been evaluated within Section 5 are as follows:

Section Deep Time Analysis: The deep time analysis is specifically required
5.1 by UAC Rule R313-25-9(5)(a).

Section Compliance with GWPLs: Compliance with the GWPLs is specified
5.3 in the Clive facility’s Ground Water Quality Discharge Permit
#UGW450005 (hereafter referred to as the “GWQ Permit”).

Provides a summary of all of the conclusions reached in Sections 4 and 5-

Provides a list of documents referred to in the SER.

Provides the text of relevant federal and Utah regulations for the reader’s
reference.

Provides a discussion of supplemental interrogatories pertaining to the modeling
of the ET cover.

Provides a summary of DEQ interrogatories and their current status.

Provides a summary of the applicability of transuranic limitations in the
Northwest Interstate Compact on Low-Level Radioactive Waste Management.

Describes cIlWEUEES method for simulating the hydrology of the water
balance cover.

a b4 =a'

a alal a a aYa WaVallidaYa' a\V/a
O oy I O war

Provides an interpretation of the Huntsman Agreement by the State of Utah
Assistant Attorney General.
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2.0 HISTORICAL OVERVIEW

EnergySolutions is licensed by the State of Utah to receive, store, and dispose, by land burial, the
following categories of radioactive materials and waste:

e Naturally occurring and accelerator produced radioactive material waste
e Lowe-activity radioactive waste (LARW)
e Class A LLRW
e Special nuclear material (in trace quantities only)
e 11.e.(2) byproduct waste (e.g., uranium mill tailings)
e Radioactive waste that is also determined to be hazardous (mixed waste)
e Naturally occurring radioactive material (NORM)
EnergySolutions holds the following licenses and permits:

o State of Utah Radioactive Material License UT2300249, Amendment une4,
BIEW expires January 25, 2013 (under timely renewal®)

e State of Utah Radioactive Material License, 11(e).2 Byproduct Material License
UT2300478, Amendment FERENINIETNEEEREEY) (under timely renewal)

e State of Utah Part B Permit, EPA ldentification Number UDT982598898, expires April
4, 2013 (under timely renewal)

e State of Utah Ground Water Quality Discharge Permit Number UGW450005, (modified
A 2 R R EANGITE O ctober 14, 2020j3une8,2013 (eurrently-under

AN Q\A
d

The first activities involving radioactive waste management at Clive, Utah, were those conducted
by DOE.” DOE removed uranium mill tailings from the inactive Vitro Mill site located near Salt
Lake City, Utah, beginning in February 1985 and concluding in June 1989. Uranium mill tailings
and radioactively contaminated materials that remained at the inactive Vitro site were excavated
and relocated by rail and truck to the Clive site, located 85 miles west of Salt Lake City. The
tailings and contaminated materials were transferred to a specially constructed embankment in
Section 32, Township 1 South and Range 11 West, Salt Lake Baseline and Meridian, Tooele
County, Utah.

Concurrent with the Vitro relocation project, Envirocare of
Utah, Inc. (Envirocare, Inc., which subsequently merged with other companies in 2006 to

“Timely renewal” means that the Licensee has made a timely filing of a license renewal application and that the
current license remains in effect until DRC reaches a decision on the newly submitted license renewal
application.

Much of the historical material cited here was extracted directly from Utah Division of Radiation Control,
EnergySolutions LLRW Disposal Facility Class A West Amendment Request, Safety Evaluation Report, June
2012. (DRC 2012a).

FINAL 8 April 2015



EnergySolutions LLRW Disposal License — Condition 35
(RML UT2300249)
Safety Evaluation Report, Volume 1

become EnergySolutions, LLC) began disposal operations at its Clive Facility in 1988 under a
state radioactive materials license to dispose of NORM waste. In 1990, the Licensee submitted a

license

application to modify its license to allow disposal of LARW. In 1991, the Division of

Radiation Control (DRC) granted the amendment request by adding LARW disposal to the

facility’s license. From time to time, the LARW disposal license was amended to address
changes needed based on review of Licensee-furnished submittals and/or updated or new
regulatory guidelines. In 1998, the DRC Director (hereafter “the Director”) renewed the
Licensee’s license to dispose of LARW. In September 2009, EnergySolutions submitted a

License Amendment for DU disposal (Hultquist 2010).

The ownership history of the radioactive waste disposal facilities located at South Clive, Utah, is
as shown in Table 2-1.

Table 2-1 — Ownership History

Owner Dates of Ownership
Envirocare of Utah, Inc. February 2, 1988, through May 15, 2005
Envirocare of Utah, LLC May 16, 2005, through March 1, 2006

EnergySolutions, LLC Commencing March 2, 2006

The licensing and permitting history of the Clive, Utah, site is as follows:

1984-1989 — DOE Disposal of Vitro Tailings: Remedial activities began at the Salt Lake
City Vitro mill site in February 1985 and were completed in June 1989. Contaminated
materials that remained at the Vitro Mill site were excavated and relocated by rail and
truck to a South Clive disposal cell, a new site acquired by the State of Utah and located
85 miles west of Salt Lake City.

1988 — Envirocare, Inc. Began Disposing of NORM: On February 28, 1988, Envirocare,
Inc. received its first license from the State Bureau of Radiation Control to dispose of
NORM.

1991 — License Amendment for LARW Disposal: On March 21, 1991, Envirocare, Inc.
received an LARW license from the State Bureau of Radiation Control to accept 44
radionuclides with specified concentration limits less than Class A LLRW limits. This
type of waste is termed LARW. The Utah GWQ Permit was issued this same day for the
Envirocare LLRW facility.

1991 — Mixed Waste Permit: On November 30, 1991, Envirocare, Inc. received a
Resource Conservation and Recovery Act hazardous waste permit from the State Bureau
of Solid and Hazardous Waste to accept mixed waste.

1992 — Resolution and Order Agreement with Northwest Interstate Compact (hereafter
“the Compact” or “Northwest Compact”): On May 28, 1992, Envirocare, Inc. entered
into an arrangement, the “Resolution and Order” with the Compact, that allowed it to
accept certain types of LLRW from outside of the Compact. Envirocare, Inc. did not
receive Compact approval to receive LLRW from Northwest Compact states. However,
Envirocare, Inc. was granted permission to accept mixed waste from all states. The
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Resolution and Order was the result of a discussion at a December 18, 1991, meeting of
the Compact. The Resolution and Order has subsequently been modified and reviewed.

e 1993 — Uranium Mill Tailings [11e.(2)] Disposal License from the NRC: On November
30, 1993, Envirocare, Inc. received a license from the NRC to accept uranium mill
tailings.

e 1993 - LARW License Amended: On August 27, 1993, Envirocare, Inc.’s LARW license
was modified by the DRC to accept 14 additional radionuclides with specified
concentration limits less than the Class A limits.

e 1994 — The Utah GWQ Permit was modified to authorize 11e.(2) waste receipt,
management, and disposal in the southwest corner of Section 32 (April 29).

e 1995 - LARW License Amended: On June 20, 1995, Envirocare, Inc.’s LARW license
was modified by the DRC to accept 17 additional radionuclides with specified
concentration limits less than the Class A LLRW limits. It was subsequently amended on
November 13, 1995, to accept eight additional radionuclides with specified concentration
limits less than the Class A LLRW limits.

e 1996 — LARW Renewal Request Submitted: In August 1996, Envirocare, Inc. submitted
a renewal request for the LARW license to the DRC.

e 1996 — Macro-encapsulation Approval: On October 3, 1996, Envirocare, Inc. received a
Hazardous and Solid Waste Amendment permit for waste macroencapsulation from EPA
Region 8.

e 1998 — Amended Resolution and Order Agreement with Northwest Compact: The
Second Amended Resolution and Order of November 9, 1998, is currently in effect. With
very few exceptions, Envirocare, Inc. could not accept waste from Northwest Compact
states. Envirocare, Inc. could accept NORM, LLRW, and mixed waste from all other
approved Compact states and non-approved states. The restrictions of the Amended
Resolution and Order are presently followed by EnergySolutions.

e 1998 — LARW License Renewal Containing LLRW Amendment Request Approved: On
October 22, 1998, Envirocare, Inc.’s LARW license was renewed and issued as a 5-year
LLRW license by the Director, which included concentration limits by radionuclides less
than and up to the Class A LLRW limits.

e 1999 - Class B & C LLRW License Application Submitted.

e 2000 — Full Class A Waste Disposal Cell Approved: On October 5, 2000, Envirocare,
Inc. was issued a license amendment by the Director for a new Class A disposal cell that
allowed it to begin disposing of Class A wastes within an approved Class A disposal
embankment area.

e 2001 — Land Ownership Exemption Granted: On January 19, 2001, the Utah Radiation
Control Board (URCB) granted Envirocare, Inc. an exemption to the state and federal
land ownership rule based on several conditions being met.

Inc. was issued a separate license from the DRC to accept Class B and C LLRW, pending
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legislature and gubernatorial approval. The license was subsequently appealed to the
URCB.

2001 — Class A LLRW Cask Amendment Granted: On October 19, 2001, Envirocare,
Inc. was issued an approval for a license amendment to receive and dispose of full-
concentration Class A LLRW in casks.

2002 — Resolution and Order Agreement with Northwest Compact Reviewed: The
Second Amended Resolution and Order of November 9, 1998, was most recently
reviewed at the June 5, 2002, meeting of the Compact and no changes were made.
Therefore, EnergySolutions is presently required to follow the 1998 Resolution and Order
Agreement that was made with the Compact.

February 2003 — Final Agency Action on Class B & C Waste: On February 10, 2003,
Envirocare, Inc. was granted final agency action by the URCB on the Class B and C
LLRW license, pending legislative and gubernatorial approval.

March 2003 — NRC Uranium Mill Tailings License Amendment Request: On March 27,
2003, Envirocare, Inc. submitted a request to the NRC to amend its NRC uranium mill
tailings license to accept tailings with radium-226 (Ra-226) concentrations up to 100,000
picocuries per gram (pCi/g). This was to allow it to accept the DOE Fernald Site Closure
Project (Fernald) waste if it were classified as 11e(2) byproduct material.

May 2003 — NRC Uranium Mill Tailings Disposal License Renewal Request: On

May 27, 2003, Envirocare, Inc. submitted a license renewal application to the NRC for
the uranium mill tailings disposal cell. Envirocare, Inc. was granted timely renewal
(current license remaining in effect until a decision is reached on the license renewal
application).

July 2003 — Class A LLRW License Renewal Request: On July 2, 2003, Envirocare, Inc.
submitted a license renewal application to the Division for its LLRW license. Envirocare,
Inc. was granted timely renewal.

November 2003 — Withdrawal of 2003 NRC Uranium Mill Tailings License Amendment
Request: On November 19, 2003, Envirocare, Inc. withdrew its request for a license
amendment from the NRC to accept waste from the DOE Fernald site.

2004 — Mixed Waste License Public Comment Period: On May 4, 2004, a 30-day public
comment period commenced on an amendment to the LLRW license for Envirocare, Inc.
to accept mixed waste up to Class A limits.

January 2005 — Class A LLRW North Embankment Amendment Request: On January
17, 2005, Envirocare, Inc. submitted a request for a license amendment to the LLRW
license to allow disposal of Class A materials in the northern area previously approved
for Class A, B, and C waste disposal.

February 2005 — Withdrawal of Class B and C Waste License Request: In February 2005,
Envirocare, Inc. withdrew a request for a Class B and C waste disposal license.
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e May 2005 — Name Change: On May 16, 2005, the name on the licenses and permits was
changed from Envirocare of Utah, Inc. to Envirocare of Utah, LLC.

e May 2005 — Submission of the Class A Combined (CAC) Amendment Request: On
May 27, 2005, Envirocare, LLC submitted a license amendment request to the LLRW
license to create a CAC cell.

e June 2005 — Submittal of License Renewal Application: On June 20, 2005, Envirocare,
LLC submitted an application to renew its LLRW disposal license.

e 2006 — Transfer of Licenses and Permits: On March 2, 2006, the licenses and permits
were transferred from Envirocare of Utah, LLC to EnergySolutions.

e 2007 — Agreement with Governor Huntsman: On March 15, 2007, EnergySolutions
entered into an agreement with Governor Huntsman to withdraw the amendment request
for a CAC cell.

e 2011 — Submission of the Class A West (CAW) Embankment License Amendment
Request: On May 2, 2011, EnergySolutions submitted a request to amend the LLRW
license and permit to create the proposed CAW disposal embankment and to formally
retract a previous request for a CAC disposal cell.

e 2012 — Submission of Radioactive Material License No. UT2300249 Renewal
Application: On October 25, 2012, EnergySolutions submitted a request to renew License
UT 2300249. The application specified use of an ET cover on the CAW cell.

' 012 — Review and Audit of EnergySolutions’ Cover Test Cell (CTC) Corrective Action

area, and subsequent transport of water to the surface for much greater

gvapotranspiration rates.”

e 2014 — DRC lIssuance of LLRW License Amendment: On May 12, 2014, DRC issued a
LLRW License Amendment, No. 16, approving the May 2, 2011, EnergySolutions
request for redesign of the CAW Embankment. This design included a rock armor/radon
barrier cover system.

References
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3.0 CLIVE DEPLETED URANIUM PERFORMANCE ASSESSMENT:
BASIS AND DESCRIPTION

3.1 DEPLETED URANIUM

DU waste is a product of the process used to enrich natural uranium for use in nuclear reactors
and in nuclear weapons. Natural uranium is composed primarily of two isotopes; uranium-235
(U-235) (0.7 percent by weight [wt%] of natural uranium), and U-238 (99.3 wt%). U-235 is the
readily fissionable isotope of uranium; for the types of nuclear power plants operating in the
United States, the concentration of U-235 needs to be increased (or enriched) to between 3 and
5 wt% for use as a nuclear fuel. The enrichment process concentrates the U-235 isotope in the
fuel product material, resulting in a waste that is depleted in U-235. Uranium with a
concentration of U-235 below that of natural uranium (0.7 wt%) is called “depleted uranium”
(DU). For example, if an enrichment facility processes 1,000 kilograms (kg) of natural uranium
to raise the U-235 concentration from 0.7 wt% to 5 wt%, the facility would produce 85 kg of
enriched uranium and 915 kg of DU.

DU retains a smaller percentage of U-235 and a slightly greater percentage of U-238 (99.8 wt%
instead of 99.3 wt%). Because of the shorter half-life of U-235 compared to U-238, the
radioactivity associated with newly formed DU is, at that time, approximately 40 percent less
than that of natural uranium.

When U-238 decays, it produces a series of decay products, as shown in Figure 3-1. In nature,
U-238 is in equilibrium with its decay products, meaning that the activity of the decay products
is decreasing according to the half-life of U-238.

U-238 U-234
4.47 x 10%y 2.45x 105y
l Pa-234m| =~ l
1.17 min
Th-234 | ~ Th-230
24.1d 1 77x10%y
l Uranium Decay Series
Ra-226
1600 y
Rn-222
3.8d
Po-218 Po-214 Po-210
3.11 min 163.7 us 138.4d
Bi-210
/ 5.013d / l
Pb-214 Bi-214 | [ pp-210 Pb-206
26.8 min / 19.9min || 2526y ‘/ (stable)

Source: NRC (2011).
Figure 3-1 — The uranium series

However, when uranium is purified in preparation for being used as nuclear reactor fuel, all of its
decay products are chemically removed. Over time, the decay products will build back up and
reestablish equilibrium with the parent radionuclide, U-238. The time it takes to reestablish
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equilibrium with U-238 is directly proportional to the decay product’s half-life; for example,
thorium-234 (Th-234) and protactinium-234 (Pa-234m), which have short half-lives, will
reestablish equilibrium with U-238 in a matter of months. Because of its 2.45x10°-year half-life
(see Figure 3-1), U-234 will not reestablish equilibrium with U-238 for several hundreds of
thousands of years. The decay products after U-234 (e.g., Th-230, Ra-226, etc., see Figure 3-1)
will initially establish equilibrium with U-234 and build with U-234 toward reestablishing
equilibrium with U-238. For the Clive DU PA Model, EnergySolutions has calculated that, at
2.1 million years, lead-210 (Pb-210) (the last radionuclide in the series modeled) has
reestablished equilibrium with U-238 to within less than one half of one percent (ES 2014d).
While Ra-226 also reaches its peak activity in this same time frame, the majority of its
equilibrium activity (>95 percent) is accomplished in approximately 1 million years.

References

ES, 2014d
NRC, 2011

3.2 LICENSE CONDITION 35

The framework for the technical analysis of the disposal of radioactive waste was developed in
the 1980s with the NRC’s issuance of Title 10 of the Code of Federal Regulations (10 CFR) Part
61, “Licensing Requirements for Land Disposal of Radioactive Waste.” Part 61 established a
waste classification scheme based on the role that the radionuclide concentration and waste form
play in the long-term performance of disposal facilities. The final Part 61 analyses did not
consider large quantities of DU waste because, at that time, there were no commercial facilities
producing large quantities of DU, and DU produced at Federal facilities was not regulated by the
NRC; instead, it was controlled and managed by DOE as a possible future resource. Because
Utah is an Agreement State, the Utah regulations for the issuance of licenses for the land
disposal of radioactive wastes, as discussed within UAC R313-25, closely follow the NRC’s
Part 61 regulations.

In October 2008, 5,800 drums containing the DU from DOE’s Savannah River Site (SRS) were
sent to the EnergySolutions facility at Clive for disposal. Later, DEQ was informed by
EnergySolutions that the SRS inventory included about 33,000 drums of DU waste needing

I ek [le]glAdditionally, it was learned that DOE intended-to-dispese-ef-atarge-guantity was

Beginning in the fall of 2009, the URCB received public comments and held discussions
regarding proposed DU disposal at EnergySolutions facilities. These discussions led to a formal
rulemaking effort by the URCB to amend UAC R313-25, as discussed below.

While this rulemaking was underway, DEQ, on March 2, 2010, imposed Condition 35 on the
EnergySolutions RML UT2300249 to address DU and other concerns. License Condition 35
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consists of five parts: (a) uranium concentration, (b) performance assessment, (c) revised
disposal embankment design, (d) remediation, and (e) surety. The first three parts of Condition
35 are directly related to this SER:

A. In accordance with UAC R313-25-8, effective June 1, 2010 the Licensee shall
not dispose of significant quantities of concentrated depleted uranium prior to
the approval by the Director of the performance assessment required in R313-
25-8 [note: the relevant rule at that time was R313-25-8; it is now R313-25-9].

B. Performance assessment: A performance assessment, in general conformance
with the approach used by the Nuclear Regulatory Commission (NRC) in
SECY-08-0147, shall be submitted for Director review and approval no later
than June 1, 2011. The performance assessment shall be revised as needed to
reflect ongoing guidance and rulemaking from NRC. For purposes of this
performance assessment, the compliance period will be a minimum of 10,000
years. Additional simulations will be performed for a minimum 1,000,000-
year time frame for qualitative analysis.

C. Revised disposal embankment design: If the performance assessment specified
in paragraph 35.B indicates that changes to disposal operations and cover
design are necessary to ensure compliance with the requirements of 10 CFR
Part 61 or Utah Administrative Code R313, EnergySolutions will provide a
revised design that does meet those requirements, for all wastes that have
been and are reasonably anticipated to be disposed of at the facility within
180 days of Director approval of the performance assessment.

References
Neptune, 2014i

3.3 UAC RULES R313-28-9(4) AND R313-25-9(5)(a)

In the January 1, 2010, issue (Vol. 2010, No. 1) of the Utah State Bulletin, DEQ published a
notice of proposed rule UAC R313-25-8, with an effective date of June 2, 2010 (DRC 2010).

The portions of R313-25-9 that are most relevant to this SER
are Sections (4)(a)—(d) and (5)(a), which are reproduced here:

(4) The licensee or applicant shall also include in the specific technical information the
following analyses needed to demonstrate that the performance objectives of Rule R313-
25 will be met:

(a) Analyses demonstrating that the general population will be protected from releases of
radioactivity shall consider the pathways of air, soil, ground water, surface water,
plant uptake, and exhumation by burrowing animals. The analyses shall clearly
identify and differentiate between the roles performed by the natural disposal site
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characteristics and design features in isolating and segregating the wastes. The
analyses shall clearly demonstrate a reasonable assurance that the exposures to
humans from the release of radioactivity will not exceed the limits set forth in Section
R313-25-20.

(b) Analyses of the protection of inadvertent intruders shall demonstrate a reasonable
assurance that the waste classification and segregation requirements will be met and
that adequate barriers to inadvertent intrusion will be provided.

(c) Analysis of the protection of individuals during operations shall include assessments
of expected exposures due to routine operations and likely accidents during handling,
storage, and disposal of waste. The analysis shall provide reasonable assurance that
exposures will be controlled to meet the requirements of Rule R313-15.

(d) Analyses of the long-term stability of the disposal site shall be based upon analyses of
active natural processes including erosion, mass wasting, slope failure, settlement of
wastes and backfill, infiltration through covers over disposal areas and adjacent
soils, surface drainage of the disposal site, and the effects of changing lake levels.
The analyses shall provide reasonable assurance that there will not be a need for
ongoing active maintenance of the disposal site following closure.

(5)(a) Notwithstanding Subsection R313-25-9(1), any facility that proposes to land
dispose of significant quantities of concentrated depleted uranium (more than
one metric ton in total accumulation) after June 1, 2010, shall submit for the
Director's review and approval a performance assessment that demonstrates
that the performance standards specified in 10 CFR Part 61 and
corresponding provisions of Utah rules will be met for the total quantities of
concentrated depleted uranium and other wastes, including wastes already
disposed of and the quantities of concentrated depleted uranium the facility

now proposes to dispose.
For

purposes of this performance assessment, the compliance period shall be a
minimum of 10,000 years. Additional simulations shall be performed for the
period where peak dose occurs and the results shall be analyzed qualitatively.

It is worth noting that the performance assessment requirements for the disposal of large
quantities of DU contained within R313-25-9(5)(a) are essentially the same as those required in
License Condition 35B—one difference being the duration of the “qualitative analysis” period.
Condition 35B specified that the qualitative analysis period be 1 million years, while UAC
R313-25-9(5)(a) specifies “the period where peak dose
occurs.” Currently, License Condition 35 continues to identify the qualitative analysis period as a
minimum of 1 million years.

References
DRC, 2010
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3.4 PROPOSED FEDERAL CELL DESIGN

EnergySolutions operates an LLRW disposal facility west of the Cedar Mountains in Clive,

Utah. Clive is located along Interstate-80, approximately 5 kilometers (km) (3 miles) south of the
highway, in Tooele County. The facility is approximately 80 km (50 miles) east of Wendover,
Utah, and approximately 100 km (60 miles) west of Salt Lake City, Utah. The facility sits at an
elevation of approximately 1,302 meters (4,275 feet) above mean sea level (amsl) and is
accessed by both road and rail transportation.

The disposal cell in the southwestern-most part of Section 32 has been defined as the

“11e.(2) Cell,” which was initially authorized by the NRC in 1995, before Utah became an
Agreement State.® The currently approved 11e.(2) Cell occupies a footprint of about 2,254 feet
(751 yards) by 1,767 feet (589 yards), which is about 3.98 million square feet (about 442,339
square yards) (ES 2002), and is licensed with a waste disposal capacity of about 5.04 million
cubic yards (ES 2007).

On January 4, 2008, EnergySolutions requested a design change to the 11e.(2) Cell that would
allow LLRW to be disposed of in the western portion of the 11e.(2) Cell, which was and still is
unused. That configuration was known as the Class A South (CAS) Cell proposal. This LLRW
disposal area was to be 1,472 feet by 1,860 feet in size (ES 2008a), with a geometry similar to
that proposed today; for details, see Figure 3-3 and Table 3-2. As part of the DRC review
process, a November 26, 2008, Completeness Review was issued (DRC 2008). Later, in an
EnergySolutions letter of May 2, 2011, the company withdrew its request for the CAS Cell

(ES 2011a).

In the initial DU PA, EnergySolutions had proposed a Federal DU embankment inside the
western fraction of the Federal Cell (Figure 3-2). As before, the eastern section was to be
occupied by the 11e.(2) Cell, which is dedicated to the disposal of uranium processing byproduct
waste but is not considered in this analysis. Subsequently,
EnergySolutions decided that the Federal Cell and the 11e.(2) Cell would be
physically separate and informally provided drawings of the revised Federal Cell on November
14, 2014 (Rogers 2014b). A stylized drawing of the proposed Federal Cell and its relationship to
the 11e.(2) Cell is shown in Figure 3-3; Federal Cell dimensions are given in Table 3-2.

The DU disposal zone inside the Federal Cell embankment [gEENofl=laNaaloe (5] [lo
located at the bottom of the cell, below native grade under the top slope area. Dlmen5|ons for the
DU disposal zone are approximately 7.4 feet thick by 968 feet wide (east—west) by 1,425 feet
long (north—south) [ES Drawing No. 14004 L1A (1)]. This equates to a design capacity for DU
disposal of about 10.2 million cubic feet (about 378,000 cubic yards), all below native grade.

11e.(2) waste is the tailings or wastes produced by the extraction or concentration of uranium or thorium from
any ore processed primarily for its source material content. State regulation of the EnergySolutions 11e.(2) waste
cell for engineering design and groundwater protection began with issuance of a GWQ Permit modification in
April 1994.
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Source: EnergySolutions.

Figure 3-2 — The Clive facility, showing the location of the proposed Federal Cell
embankment and other embankments. This orthophotograph is roughly 1 mile across, and

north is up.
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The general aspect of the proposed Federal Cell embankment is that of a hipped cap, with
relatively steeper sloping sides nearer the edges. The upper part of the embankment, known as
the top slope, has a moderate slope, while the side slope is markedly steeper (33 percent
transitioning to 20 percent as opposed to 2.4 percent). EnergySolutions
dispose of DU only beneath the top slope areas of the embankment, with no DU beneath the side
slopes. All DU waste will be disposed below current grade level.

Table 3-1 lists the amount of DU potentially available from DOE’s SRS and three
gaseous diffusion plants (GDPs) at Paducah, KY, Portsmouth, OH, and the former K-25 site in
Oak Ridge, TN (Neptune 2014i, Table 1).

Table 3-1 — Amounts of DOE Depleted Uranium Potentially Available for Disposal

Source Form Mass Containers
SRS DUO; 3,577 Mg 5,408 Drums®
Paducah GDP DUFs 436,400 Mg | 36,191 Cylinders
Portsmouth GDP DUFs 195,800 Mg | 16,109 Cylinders
Former K-25 GDP? DUF, 54,300 Mg 4,822 Cylinders

#1n 2004, DOE decided to relocate the DU from K-25 to Portsmouth (69 Federal Register 44649; July 27,
2004), and shipment was completed in FY 2007 (DOE 2014).

® Drums in storage at Clive.

Source: Neptune (2014i), Table 1.

Table 3-2 — Dimensions of the Proposed Federal Cell Embankment

Waste bottom 4,264 ft-amsl | Length overall 1,317.8 ft | Width overall 1,775.0 ft
Original grade | 4,272 ft-amsl | Length to break 175 ft | Width to break 175 ft
Break to ridge 521 ft Length within break 968 ft | Width within break 1,425.0 ft
Ridge length 383 ft

Source: Neptune (2014f), Section 3.1.1, and ES Drawing No. 14004-V1A(1).

A cover system is proposed to be constructed above the waste. A primary objective of the cover
system is to limit contact of water with the waste. Another objective of the cover system is to
limit potential flux of radon outside of the embankment. The cover as proposed is sloped to
promote runoff and designed to limit water flow by increasing ET. Figure 3-4 shows the
arrangement of the layers used for the ET cover design. Beginning at the top of the cover, the
layers above the waste used for the ET cover design are as follows (Neptune 2014f):

e Surface Layer: This layer is composed of native vegetated Unit 4 material® with
15 percent gravel mixture on the top slope and 50 percent gravel mixture for the side
slope. This layer is 6 inches thick. The functions of this layer are to control runoff,
minimize erosion, and maximize water loss from ET. This layer of silty clay provides

®  Unit 4 material is a silty clay found at the surface at and near the facility and is included in the Surface Layer,

Evaporative Zone Layer, and Upper and Lower Radon Barriers, as well as the Clay Liner beneath the DU.
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storage for water accumulating from precipitation events, enhances losses due to
evaporation, and provides a rooting zone for plants that will further decrease the water
available for downward movement.

e Evaporative Zone Layer: This layer is composed of Unit 4 material. The thickness of
this layer is 12 inches. The purpose of this layer to provide additional storage for
precipitation and additional depth for plant rooting zone to maximize ET.

e Frost Protection Layer: This material has particle sizes that range from 16 inches to
clay-size particles. This layer is 18 inches thick. The purpose of this layer is to protect
layers below from freeze/thaw cycles and wetting/drying cycles, and to inhibit plant,
animal, or human intrusion.

e Upper Radon Barrier: This layer consists of 12 inches of compacted clay with a low
hydraulic conductivity. This layer has the lowest conductivity of any layer in the cover
system. However, this very low hydraulic conductivity is the result not only of
compaction, but also of treatment of the clay with an application of sodium
tripolyphosphate (STPP), or the equivalent, to deflocculate clays present and reduce
hydraulic conductivity. Discussion of its intended use at Clive is found on page 23 of the
August 7, 2014, Attachment 11-9 to EnergySolutions’ Construction Quality
Assurance/Quality Control (CQA/QC) Manual (ES 2012b). TEESIEDEE= IR

This barrier layer reduces the downward movement of water to the waste and the upward
movement of gas out of the disposal cell. The saturated hydraulic conductivity (Kss)
values for the radon barriers were sampled from a distribution developed from a
minimum value of 4x107 centimeters per day (cm/day) corresponding to the proposed as-
built design specification for the upper radon barrier (Whetstone 2007, Table 8), and 50th
and 99th percentile values of 0.7 cm/day and 52 cm/day, respectively, which are from a
range of in-service (“naturalized”) clay barrier Kg,; Values described by C. H. Benson et
al. (2011, Section 6.4, p. 6-12). A lognormal distribution was fit to the 50th and 99th
percentiles, and the minimum value of 4x107 cm/day was used as a shift.

Lower Radon Barrier: This layer consists of 12 inches of compacted clay with a low
hydraulic conductivity. This lower radon barrier reduces the downward movement of
water and upward migration of radon. For all HYDRUS simulations, although various
Ksat Values for the radon barriers were employed between runs, in each run the same Ky
value was applied to both the upper and lower radon barriers.
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6" THICK SURFACE TS LAYER (15% GRAVEL/85% CLAY)
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Source: ES (2014d), Drawing No. 14004, V7.
Figure 3-3 — Proposed Federal Cell evapotranspiration cover design

Directly beneath the lower radon barrier of the cover would be about 36 feet of non-DU material.
For the purposes of the present Clive DU PA Model and this SER, EnergySolutions assumes that
this non-DU material would be nonradioactive. However, EnergySolutions retains the option of
using this space to dispose of ordinary, non-DU, LLRW. Beneath the non-DU material is the

and the cylinders would be in a single layer in the western area of the dlsposal zone, or stacked
two layers high in the eastern portion of the disposal zone. Table 3-3 summarizes the estimated
number of cylinders and drums of DU and their arrangement within the proposed Federal Cell.

Table 3-3 — Proposed Federal Cell: Estimated Number of Depleted Uranium Containers

Container Lavers Width | Length Area Number
Type y (ft) (fo) (f)
Cylinders Double 205 1,425 29,213 10,500
Cylinders Single 763 1,425 | 1,087,275 20,300
Drums on Single 37 615 22,755 5,408
pallets
Drums on side® | Single 763 1,425 | 1,087,275 | 170,800

2 Possible.

Source: ES Drawing No. 14002-L1A(1).

As per ES Drawing No. 14004, L1A(1), DJeREL: Table 3-3 container number estimate was
based on the following assumptions: (1) all cylinders were assumed to be 12 feet long by 4 feet
in diameter; (2) single-layer cylinders were assumed to be spaced 0.2 feet end-to-end and
side-to-side; (3) double-layer cylinders were assumed to be spaced 0.2 feet end-to-end and
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0.5 feet side-to-side for both layers; (4) drums were assumed to be placed on 4 feet-by-4-feet
pallets, spaced 0.1 foot apart; and (5) additional 55-gallon drums could be laid on their sides and
placed in a single layer on top of the single-layer cylinders.

Figure 3-5 shows an example of the double stacking of the DU cylinders, which is to be limited
to the eastern portion of the DU disposal zone. In the western area of this zone, only one layer of
DU cylinders is [galele[] o} i

0.5' 4 FT DIA
CYLINDER

TOP OF LINER
/_ PROTECTIVE COVER

Tes

CONCEPTUAL DOUBLE

STACK CONFIGURATION
NOT TO SCALE

Source: ES (2014d), Drawing No. 14004, L1.
Figure 3-4 — Double-layer placement of DU canisters

Because of the eI characteristics that disposal of the triuranium octoxide depleted in U-235
(DU30g) cylinders pose for the facility, the need to ensure a stable embankment and meet the

waste backfill-related requirements in UAC R313-25-8(2) and R313-25-9(4)(d), and the quality
assurance requirements in R313-25-8(10), revisions to the CQA/QC manual may be required
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3.4.1 Proposed Federal Cell Compliance with Existing License Condition 9.E
and the March 15, 2007, Governor Huntsman—Energy Solutions
Agreement

License Condition 9.E was incorporated into the EnergySolutions LLRW License with issuance
of License Amendment 14 for the CAW Cell on November 26, 2012. Background information
on License Condition 9.E is found in the DRC’s November 14, 2012, Public Participation
Summary, pages 67 (DRC 2012b), as follows:

(2) License Amendment and the Huntsman Agreement

On March 15, 2007, Governor John Huntsman for the State of Utah and CEO
Steve Creamer for EnergySolutions entered into an agreement (Appendix E) that
committed EnergySolutions to limit its disposal to “the currently-licensed low-
level radioactive waste cell volumes, ” including the volume of waste that the
agreement anticipated as a result of converting EnergySolutions’11e.(2) cell into
a Class A waste cell. The Division and EnergySolutions have agreed that this
total approved volume is 10,357,412 million cubic yards
(Class A= 3,778,896 million yd®; Class A North= 1,722,509 million yd®; Class A
South= 3,501,915 million yd*; Mixed Waste= 1,354,092 million yd® for a total of
10,357,412 million yd*). EnergySolutions had originally anticipated that this
disposal would occur in three already-licensed low-level radioactive waste cells
(Class A, Class A North and Mixed Waste cells) and in the 11e.(2) cell that it
expected to convert to a Class A cell. The Licensee has now chosen instead to
develop this allowable capacity in two cells, the existing Mixed Waste Cell, and a
new combined Class A and Class A North cell (now proposed as the Class A West
cell). The Mixed Waste and Class A West cells will have a combined capacity of
ALONOrL R R ToJoE s E U Because the Huntsman Agreement limits the volume of]
disposed waste ity), utilization of the full combined
capacity of the Mixed Waste and Class A West cells Fhis leaves a-capacity-of

under the Huntsman Agreement.Jif this total capacity is not fully utilized, more
be placed in the Federal Cell.
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Additional amendments to EnergySolutions’ License to conform to the Huntsman
agreement are not necessary because this License covers all areas where Class A
waste can be disposed. The only other area that is licensed to take radioactive
waste is the 11e.(2) cell. Class A waste cannot be disposed of in that cell, and
only Class A waste is subject to the Huntsman Agreement. Because there is no
other area that may accept Class A waste, there is no possibility that the
Agreement will be violated under currently applicable licenses. Additional
requirements would be redundant and unnecessary.

A modification to License Condition 9.E of the revised RML UT 2300249 Is
recommended wiH-be made to address a correction in the calculations:

“The Licensee may dispose of a volume of Class A Low-Level Radioactive
Waste (LLRW) and Naturally Occurring and Accelerator Produced
Radioactive Materials (NARM) in the Class A West disposal cell described in
License Condition 40 not exceeding 8,#42,09¢ 8,724,097 cubic yards, and in
the Mixed Waste Landfill Cell not exceeding 4;353-004 1,354,092 cubic
yards. Together the total aggregate volume of waste disposed of in the Class A
West disposal Cell and the Mixed Waste Landfill Cell shall not exceed 10.08
million cubic yards. Class A waste LLRW is defined in Utah Radiation
Control Rule R313-15-1009 and NARM at R313-12-3.”

As described in the Public Participation Summary statement quoted above (DRC 2012b), the
Huntsman—EnergySolutions Agreement allows the company to dispose of an additional expand

RW-disposal-capacity-by 279,223 cubic yards of Class A waste after the entire capacity of
the Class A West and Mixed Waste embankments have been utilized above-that-already
approved-forthe CAW-Cell under License Amendment 14.

The volume limitations derived from the Huntsman Agreement and incorporated into
License Condition 9.E will remain in effect unless the Licensee proposes a license amendment
regarding alternative waste volumes for disposal in Section 32 and the proposed amendment is
approved by the State of Utah. See Appendix G for additional details.

References
DRC, 2012b

3.5CLIVE DEPLETED URANIUM PERFORMANCE ASSESSMENT
DESCRIPTION AND RESULTS

The overall scope of the Clive DU PA is to evaluate the long-term siting and performance
integrity of the portion of the proposed Federal Cell at EnergySolutions’ Clive facility for the
proposed disposal of DU. The need for the Clive DU PA is driven by both State of Utah and
proposed Federal regulations, which require an evaluation of the potential human radiation doses
and consequences from the disposal of DU.

In general, the performance assessment process consists of three stages: (1) Parameter Input,
(2) Modeled Features and Processes, and (3) Performance Criteria, as illustrated in Figure 3-5.
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Modeled Features
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[ Regulations }7 - Far-Future Conditions +-+: 10,000 Years

Dose to Receptors

‘ Physical Setting }—

‘ Land Use } FEPs Behavior of Engineered

Analysi Feat
nalysis eatures : > 10,000 Years

‘ Waste Inventory }7 Fasepeaes "qualitative

- H analysis"
4‘ Contaminant Transport .

Engineered
Features

Receptor Exposure
Dose/Risk Analysis

Depleted Uranium Performance Assessment Process

Source: Modified from Neptune (2014d), Figure 1.
Figure 3-5 — Conceptual diagram of the performance assessment process

The Parameter Input stage includes the State of Utah and Federal regulations that must be met

[e.g., UAC R313-25-9(4) and (5)(a)]; the physical characteristics of the Clive site (e.g.,

meteorology, hydrology, geology); land use at Clive, which currently is mostly industrial; the
expected amount and characteristics of DU to be disposed of in the proposed Federal Cell; and

any features of the cell (e.g., the ET cover, the clay liner) designed to mitigate the potential
impacts of the waste disposal.

“FEPs Analysis” is the process of identifying those features, events, and processes (FEPs) that

form the basis for scenarios that are evaluated to assess site performance and that, therefore,

must be accounted for in the performance assessment model. For the Clive DU PA Model, FEPs

were developed in the following eleven broad areas:
e Meteorology (e.g., precipitation, atmospheric dispersion, resuspension)
e Climate change (e.g., the appearance/disappearance of large lakes)
e Hydrology (e.g., groundwater transport, in both the unsaturated and saturated zones)

e Geochemical (e.g., chemical sorption and partitioning between phases, aqueous
solubility, leaching of radionuclides from the waste form)

e Engineered Features (e.g., cell design, material properties)

e Containerization (e.g., the Clive DU PA did not take any credit for the DU being
containerized)

e Waste (e.g., inventory of radionuclides, physical and chemical waste forms)

e Source Release (e.g., leaching, radon emanation, plant uptake, and translocation by
burrowing animals)
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e Contaminant Migration (e.g., diffusion, dilution, advection-dispersion, re-suspension,
atmospheric dispersion, biotically induced transport)

e Human Processes (e.g., human behaviors and activities, resource use, unintentional
intrusion)

e Exposure (e.g., dosimetry, ingestion pathways, inhalation pathways)

The example FEPs given for each broad area are representative of the FEPs developed but are by
no means a complete list of all the Clive DU PA Model FEPs. Neptune (2014g) should be
consulted for more information on FEPs and how they were developed for the Clive DU PA
Model.

In the Modeled Features and Processes stage of the Clive DU PA, the FEPs are converted into
mathematical models that can then be applied using computer software. As Figure 3-5 shows, the
Modeled Features and Processes stage is divided into Natural Environment, Behavior of
Engineered Features, Contaminant Transport, and Receptor Exposure Dose/Risk Analysis.
Figure 3-6 shows the interconnections between all of the modeled features and processes. An
examination of Figure 3-6 reveals that many of the features and processes within the Clive DU
PA Model can be linked back to the FEPs. Many of the FEPs are included in the Clive DU PA
Model as distribution functions, e.g., a normal or lognormal distribution, with a specified mean
and standard deviation.

The Clive DU PA Model was developed using computer software called GoldSim (GTG 20133,
2013b). GoldSim is a highly graphical, Windows-based program for carrying out dynamic,
Monte Carlo simulations of complex systems to support management and decision-making. The
GoldSim visual interface allows exploration of the model implementation. This interface
facilitates traceability of codes developed with the GoldSim platform. The Monte Carlo
functionality of GoldSim allows the Clive DU PA Model to be a probabilistic simulation, as
opposed to a deterministic simulation.

The final stage in the performance assessment process, Performance Criteria, is to run the Clive
DU PA Model and compare the results to the performance criteria contained in State and Federal
regulations. GoldSim solves the Clive DU PA Model multiple times (i.e., multiple realizations),
each time randomly selecting a different value for each parameter’s distribution. When all of the
realizations have been completed and compiled, the results (e.g., dose to the general public, dose
to an inadvertent intruder, sediment concentration) can be taken as the mean, median, 95"
percentile, or some other percentile from the entire distribution of results.

References
GTG, 2013a; 2013b
Neptune, 2014d; 2014g
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features and processes modeled by Neptune in the DU PA.
28

Source: Neptune (2014d), Figure 11.
Figure 3-6 — Clive DU PA modeled features and processes. This figure describes those
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4.0 PERFORMANCE OBJECTIVES

4110 CFR 61.12 — SPECIFIC TECHNICAL INFORMATION (UAC RULE R313-
25-8)

During the course if its review of the DU PA, DEQ developed 73 interrogatories related to
requests for additional specific technical information: 20 in the area of natural and demographic
disposal site characteristics [under UAC Rule R313-25-8(1)]; 19 related to design features of the
land disposal facility [under UAC Rule R313-25-8(2)]; 2 related to construction and operation
[under UAC Rule R313-25-8(6)]; 14 related to kind, amount, classification, and specifications of
the material [under UAC Rule R313-25-8(9)]; 8 related to quality assurance programs; and 10
related to multiple subsections or not assigned to any subsection of UAC Rule R313-25-8,
“Specific Technical Information.”

4.1.1 Principal Design Features: Descriptions and Justification

UAC Rule R313-25-8 requires descriptions of the design features of the near-surface disposal
cell, including those features related to infiltration of water; integrity of covers; structural
stability of backfill, wastes, and covers; contact of wastes with standing water; disposal site
drainage; disposal site closure and stabilization; elimination, to the extent practicable, of long-
term disposal site maintenance; inadvertent intrusion; occupational exposures; disposal site
monitoring; and the adequacy of the size of the buffer zone for monitoring. The DU PA technical
review involves some aspects of UAC Rule R313-25-8, while other aspects of R313-25-8 are not
specifically pertinent to the DU PA review. For example, disposal site monitoring and the
adequacy of the size of the buffer zone are not directly relevant to evaluating the actual system
performance; instead, they focus on the facility’s ability to measure and confirm system
performance, and perform remediation if necessary. Site monitoring issues are established in any
I|censmg action and are not part of thls DU PA review. Gertam—medmeauenmeumm

The requirements contained in UAC R313-25-8(2) and (3) addressing the design features of the
facility as they relate to the performance objectives established for those design features apply in
different ways and to different extents to the various principal design features incorporated into
the proposed Federal Cell for the disposal of DU waste. The principal design features of the
proposed Federal Cell addressed in this section of the SER are the following:

e ET cover
e Waste placement and backfill
e Clay liner

Evaluation of each of these principal design features with respect to the DU PA is addressed in
separate sections below. Note that regulatory requirements that DEQ judged not to impact
performance are not addressed.*°

1% These include UAC Rule R313-25-8(7), (10), (11), (12), (13), and (14).
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The provisions of UAC Rule R313-25-8(2) identify the following 11 required functions that the
principal design features must perform:

e Minimize infiltration of water.

e Ensure integrity of covers for disposal units.

e Ensure structural stability of backfill, wastes, and covers.

e Minimize contact of wastes with standing water.

e Provide disposal site drainage.

e Ensure disposal site closure and stabilization.

e Eliminate to the extent practicable long-term disposal site maintenance.
e Protect against inadvertent intrusion.

e Limit occupational exposures.

e Allow for and provide disposal site monitoring.

e Provide a buffer zone for monitoring and allow for implementation of potential
mitigative measures, if required.

EnergySolutions describes the ET cover, waste emplacement, and backfill and clay liner in
Appendix 5, Unsaturated Zone Modeling for the Clive DU PA Model v1.2, dated June 12, 2014
(Neptune 2014Kk).

References
Neptune, 2014k

4.1.1.1 Evapotranspiration Cover

Disposal involves placing DU waste on a protective cover over a prepared clay liner that is
approximately 8 feet below the ground surface. For the proposed Federal Cell design, the depth
of the waste below the top slope is a maximum of 53 feet (16 meters), leaving as much as 45 feet
of non-DU waste above natural grade. A cover system is constructed above the waste. The
primary objective of the cover system is to limit contact of water with the waste. The cover is
sloped to promote runoff and designed to limit water in-flow by increasing ET. The cover system
also inhibits release of radon gas from the subsurface. Beginning at the top of the cover, the
layers above the waste used for the ET cover design are as follows (see Section 3.4 for a full
description):

e Surface Layer (6 inches)

e Evaporative Zone Layer (12 inches)
e Frost Protection Layer (18 inches)
e Upper Radon Barrier (12 inches)

e Lower Radon Barrier (12 inches)

FINAL 30 April 2015



EnergySolutions LLRW Disposal License — Condition 35
(RML UT2300249)
Safety Evaluation Report, Volume 1

As part of the review and response preparation for the Round 1 Interrogatories, EnergySolutions
revised the proposed design of the Federal Cell from a rock armor cover to an ET cover similar
to that currently under review by DRC for construction on the CAW Embankment. Fae-BRE

) allaYa aYa i Q a¥a N a a a ala aYal ilfala N
C v, G - v v vlv

eeversystem:-DEQ’S review of EnergySolutions’ Round 1 responses resulted in a second round
of interrogatories, which EnergySolutions responded to on June 17, 2014 (DRC 2014b; ES
2014h). Following delivery of the Round 2 interrogatories to EnergySolutions, DEQ proceeded
to review versionl.2 of the Clive DU PA modeling report (Neptune 2014a; hereafter “the DU PA
Model v1.2”), which documented the performance of the proposed Federal Cell with ET cover,
and to generate Round 3 interrogatories specifically targeting the revised model. EnergySolutions
provided DRC with responses to the Round 3 revised model interrogatories on July 8, 2014 (ES
2014b). The current status of each interrogatory [i.e. whether it was satisfactorily resolved
(“closed™)] is found in Appendix C to this SER. Subsequent to the three rounds of interrogatories
and responses, DEQ and EnergySolutions participated in several phone conferences. As result of
these meetings, on August 11, 2014, DEQ requested 10 additional clarifications and proposed
additional HYDRUS simulations with specific combinations of input parameters (DEQ 2014).
EnergySolutions responded to the DEQ request on August 18, 2014 (ES 2014q). The 10
additional clarification comments, a summary of the EnergySolutions responses, and subsequent
DEQ findings are provided in Appendix B to this SER.

In response to DEQ’s request for the additional HYDRUS simulations, the EnergySolutions
response states, in part, the following:

In general, EnergySolutions strongly disagrees with the request of running highly
speculative, unsupported, one-off cases suggested in the subject request. This is
not consistent with the intent of the Utah regulation nor the meaning or
application of a “sensitivity analysis.” In practice, an appropriate sensitivity
analysis would consider only combinations of input values that are plausibly
visible at the site under study. Whereas the concept of plausibility in this context
is applied based on available data and professional judgment, the values that are
suggested in the subject document (and repeated above) are not plausible for this
site.

and

There are significant limitations in assessing the effects of parameter and
conceptual uncertainty using deterministic modeling with specified (discrete)
cover designs and bounding transport parameters and assumptions. Any more
comprehensive sensitivity analysis for the infiltration modeling should not be
based on selective, unrepresentative, and non-systematic changes in physical
properties of cover materials. Moving beyond the current model in order to
further refine the analysis requires more detailed site-specific data collection.
However, the value of any such data collection is highly questionable, since all of
the PA model endpoints are insensitive to changes in any of the hydraulic input

parameters.
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DEQ agrees that one-off bounding analyses are not ideal for predicting representative overall
system performance. However, this approach was proposed primarily because there are still a
number of unresolved concerns related to HYDRUS and GoldSim.

References
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4.1.1.2 Waste Emplacement and Backfill

The DU PA considers the emplacement of DU waste both in standard 55-gallon drums and in
much-larger 10- and 14-ton steel cylinders. There are 5,408 55-gallon drums currently in a
storage building at the Clive site containing depleted uranium trioxide (UO3) from SRS that is
contaminated with small amounts of activation and fission products. In addition, it is estimated
that 57,122 steel cylinders will be filled with DU3Og produced from the deconversion of depleted
uranium hexafluoride (DUFg) generated at three DOE GDPs (Neptune 2014i). After the
deconversion process, the DU3Qg is being loaded back into the same cylinders in which the
DUFg was originally stored. Most of the storage cylinders are approximately 12 feet long and 4
feet in diameter. It is estimated by EnergySolutions that about 10 percent of the cylinders will
contain small amounts of fission and activation products (Henson 2006). Because these fission
and activation products are predominantly found highly concentrated in localized heels, rather

than generally distributed through the DU3Og, and
they are of special concern to DEQ.

Section 3 4 1, the dlsposal volume at Clive of all wastes is constralned by the Huntsman
Agreement.

The average original grade elevation is 4,272 feet amsl (ft-amsl) and the average elevation of the
bottom of the waste is 4,264.17 ft-amsl, which leaves a height of under 8 feet in which the DU
waste can be emplaced. (Neptune 2014f, Table 1). EnergySolutions estimated that about 44,712
cylinders and 5,408 drums could be emplaced within the available cell volume (in Utah
Radioactive Material License — Condition 35 (RML UT2300249) Compliance Report (Revision
1), November 8, 2013 CD13 0302 hereafter “Revision 1 of the Compliance Report” [ES
2013b]) Based-on-this preliminany-estimate—only-about 78 percent of the-anticipated-number-of

the Licensee, this volume WI|| support dlsposal of 30, 800 cyllnders (see Table 3-3).

To ensure stability, EnergySolutions plans to place backfill between the cylinders and drums.
According to Revision 1 of the Compliance Report, Section 3.4, p. 3-14 (ES 2013b):

Disposal of containers of depleted uranium in CLSM in the Federal Cell
(mirroring the Division-approved Class A West Embankment design) is consistent
with the waste disposal methods considered in that licensing action; i.e., a solid
waste is disposed in a CLSM matrix that fills voids and prevents subsidence.
Therefore, post-closure stability of the embankment is met.

DEQ requested additional information regarding backfill procedures under Interrogatory CR
R313-25-22-166/2: Stability of Waste (DRC 2014c), including:

e Details on how headspace will be eliminated from the DU cylinders after
arrival at Clive, including methods and equipment necessary for detecting
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headspace, access of the container to insert controlled low-strength material
(CLSM) fill, and re-sealing or closure of the waste container

e Discussion of potential interactions between CLSM and DU waste materials,
including any possible effects on the ability of the CLSM to harden
sufficiently to sustain needed stresses without deformation of the cover system

e Waste container spacing and geometry on a waste lift and details about any
co-location of DU waste cylinders with DU waste drums

e Placement of fill material between individual containers on a waste lift
EnergySolutions, in its Round 2 Interrogatory responses (ES 2014a), stated that:

No revisions will be needed to the LLRW and 11e.(2) Construction Quality
Assurance/Quality Control Manual. DUF container headspace mitigation will
not require revision to these procedures; field methods such as opening ports or
valves will be used to gain access for CLSM. If ports or valves are not available
in suitable size or location, the drums and cylinders will be penetrated. A large
variety of tools are available for this task and have been used successfully at

Clive for containers and waste forms ranging from steel liners to steam
generators formerly used at nuclear power plants. There is no need to re-seal or
close the DUF; canister; and this is not typically done for other waste forms
placed in CLSM. These procedures have successfully been used in the disposal of
approximately 40,000 tons of depleted uranium, with no adverse interactions
between the Controlled Low Strength Material (CLSM) and depleted uranium.
CLSM will be the fill material used in DU disposal.

In the initial version of the Compliance Report, dated June 1, 2011 (ES 2011b), EnergySolutions
noted that a principal design criterion for waste emplacement and backfill is that the
embankment settlement be limited to 0.02 feet/feet or 1 foot over a 50-foot horizontal distance.
EnergySolutions stated that compliance with this criterion was met by the conditions of License
Condition 53 (RML UT2300249). In the 2008 license renewal, DRC certified that the Licensee
was in compliance with all applicable regulatory requirements (ES 2008b).

Conclusion: Based on prior approvals, use of qualified procedures in the CQA/QC Manual,
clarifications provided through interrogatories-ane-pessible-rew-license-conditions, DEQ
believes that the requirements of UAC Rule R313-25-8 are satisfied with regard to waste
emplacement and backfill and has Eenditionally resolved issues relating to this portion of the
performance assessment.
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4.1.1.3 Clay Liner

The waste would be placed on a protective liner covering the clay liner that is approximately
8 feet below the current, preconstruction ground surface. The clay liner is to be constructed of
compacted local clay. The clay liner is uniformly about 60 centimeters (cm) (2 feet) thick by
design, though the bottom of the waste cell has a gentle slope to it.

EnergySolutions developed the distribution for saturated hydraulic conductivity for the clay liner
using the design value from Table 8 of Whetstone (2007) for the clay liner of 1x10°® centimeter
per second (cm/s) as the geometric mean of a lognormal distribution. A geometric standard
deviation of 1.2 was chosen to provide an approximate order of magnitude variation above and
below the geometric mean.

DEQ-staff-nete-that EnergySolutions does not account for deterioration over time of the cla
liner due to experience on- site with exposed clay liners over long eriods of winter cycles
Ithoutdamae A. a) L nn.nn- '._A l ‘,9.. nln_ .. -g'aln nnn.- An

cepmaad As shown in a U.S. Army Corps of Engineers assessment (Berney et al. 2008),
degradation of liners over time (e.g., within 10 years) is a i geeiueg occurrence.
The assessment states, “A literature review found that, in all documented in-place clay liner
studies, cracking occurred in the clay liner within 10 years, leading to failure of the liner
system.” Berney et al. (2008) summarize the results of a study in this area of interest by Albrecht
and Benson (2001), who state, “the resultant cracking caused increases in hydraulic conductivity
ORI SRR IR F nergySolutions does not account for this magnitude of increase in

liner Kgg in its modellng rather relies upon first-hand site- seC|f|c measurement and exerlenc

In a report dated February 6, 2015, EnergySolutions evaluated data and drew conclusions
regarding the potential impacts of freezing and thawing on the hydraulic conductivity of clay
barriers used in the final covers at the EnergySolutions LLRW disposal facility in Clive, Utah
(ES 2015a).

data do not mirror the impact of the freeze/thaw on hydraulic conductivity predicted in C. H.
Benson et al. (2011) and, therefore, Clive’s site-specific observations should be preferentially

between dry densmes measured durlng constructlon and those measured after exposure to winter
weather. Based on these comparisons, EnergySolutions that the
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hydraulic conductivity decreased after exposure to winter weather, and the dry density increased

s , yvalbesgSince none has been observed with
site-specific |nvest|at|ons the DU PA Model v1 2 does not account for liner degradation over
time.

References
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4.1.2 Kind, Amount, Classification, and Specifications of DU Waste Material
UAC R313-25-8(9) requires the application to include the following:

Descriptions of the kind, amount, classification and specifications of the
radioactive material proposed to be received, possessed, and disposed of at the
land disposal facility.

DEQ posed 14 interrogatories to EnergySolutions related to this category of specific technical
information. All of the interrogatories were satisfactorily resolved

A related issue is
the fact that contaminants in the DU cylinders are concentrated in the cylinder heels. Heels are
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the residual materials remaining in the cylinders after the gaseous uranium hexafluoride (UFg) is
removed. Contaminants include technetium, neptunium (Np), and plutonium (Pu) with bounding
concentrations in the heels estimated to be as follows (Hightower et al. 2000):

Pu-238 — 5 parts per billion (ppb)
Pu-239 — 1,600 ppb

Np-237 — 54,000 ppb

Tc-99 — 5,700,000 ppb

During the deconversion process, the DUFg cylinders are rinsed with a neutralizing solution of
potassium hydroxide (KOH) before being refilled with DU oxide. It is unlikely-that]
the neutralization process will remove significant amounts of the contaminants in the heels.

The concentration of transuranic elements (such as Pu-238, Pu-239 and Np-237) is limited to a
total of 10 nanocuries per gram (nCi/g) under the terms of the Northwest Interstate Compact on
Low-Level Radioactive Waste Management. It has been established by the 10" Circuit Court
that the Northwest Compact has authority over disposal at EnergySolutions. Details are included
in Appendix G) Thus EnergySolutions should ensure that the presence the contamlnants from

Not all cylinders contain heels contaminated with technetium, neptunium, and plutonlum. It has
been estimated that only about 15 percent of the cylinders are contaminated (Henson 2006). This
emphasizes the importance of an appropriate Waste Acceptance Plan to ensure that cylinders
containing recycled uranium are not shipped to Clive.

Conclusion: As discussed above, DEQ has resolved issues related to this portion of the DU PA.

References

DRC, 2014c

Henson, 2006
Hightower et al., 2000

4.1.3 GoldSim Quality Assurance
UAC R313-25-8(10) requires the application to include the following:

Descriptions of quality assurance programs, tailored to low-level waste disposal,
including audit and managerial controls, for the determination of natural
disposal site characteristics and for quality control during the design,
construction, operation, and closure of the land disposal facility and the receipt,
handling, and emplacement of waste.

Several DEQ interrogatories have questioned various aspects of the quality assurance program

for the Clive DU PA Model Two important examples of these are
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Interrogatories R313-25-7(10)-78/1: GoldSim Model Calibration (DRC 2014a) and R313-25-
7(10)-80/1: Testing of GoldSim Abstractions (DRC 2014a).

Interrogatory R313-25-7(10)-78/1: GoldSim Model Calibration (DRC 2014a) asked
EnergySolutions to “Describe the role of model calibration in substantiating that GoldSim
adequately simulates the physical, chemical, and biological processes at the Clive site.”
EnergySolutions begins its response by indicating that, because of the nature of the problem
being modeled (i.e., the behavior of the proposed Federal Cell far into the future), it would be
difficult to impossible to calibrate the results to actual measured data (ES 2014d). DEQ
recognizes this and is asking for something more basic: DEQ wants to be sure that the results
from the DU PA Model v1.2 GoldSim calculation match (within reasonable expectations) the
results that would be expected from the underlying models that form the basis of the GoldSim

EnergySolutions has included additional information pertaining to the derivation of the GoldSim
infiltration rates from the HYDRUS results in its responses to additional mterrogatorles (ES
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In response to Supplemental Interrogatory 1, EnergySolutions indicates that the distributions for
van Genuchten’s a and n were scaled in the Clive DU PA v1.2 GoldSim model to reflect the
more coarse nature of the GoldSim cell structure (SN he scaling-approach-that

EnergySolutions’ response to Interrogatory R313-25-7(10)-78/1 (ES 2014d) includes the
statement, “The Clive DU PA Model is a highly-integrated system model, with many interrelated
processes.” DEQ understands that the Clive DU PA Model is very complex. This is precisely the
reason that, as much as feasible, DEQ must be able to trace back all parameters used or
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oncern to-be resolved.

considers this

o

References

DRC, 2014a

ES, 2014d

Neptune, 2014a; 2014k
Vanmarcke, 2010

4.1.4 Uranium Solubility

The solubility values assumed in the DU PA are based on studies conducted by Sandia National
Laboratories (SNL 2007) on the solubility of americium (Am), neptunium, protactinium,
plutonium, thorium, and uranium. Some of the solubility values presented in SNL 2007 are
tables with pH and partial pressure of carbon dioxide (CO,) as variables. These studies assume
that these ions are dissolving from pure solutions. However, it is more likely that the ions are
present as solid solutions within the uranium solid phases [i.e., aqueous uraninite (UO2(OH),)].

As part of the performance assessment review, DEQ’s contractor generated the
phase diagrams in Figure 4-1, Figure 4-2, and Figure 4-3 to illustrate the solubility of uranium
versus redox potential in the presence and absence of carbonate using Geochemist Workbench
with the Lawrence Livermore National Laboratory (LLNL) v8r6+ database. The diagrams were
generated using the dissolved ion concentrations from Tables 8 and 12 in the geochemical
modeling report (Appendix 6 to the DU PA, Neptune 2014m), with and without carbonate
included and with the pH fixed at 7. The oxidation/reduction potential (Ey) and total uranium
were varied, and the diagrams are shown in a pourbaix format with the dominant species shown
in each region. Under reducing conditions, formation of tetravalent-state uranium [U(IV)]
minerals limits the solubility of uranium through formation of an insoluble uraninite mineral
phase. As can be seen in Figures 4-1 through 4-3 below, increased concentration of carbonate in
an oxidizing groundwater environment encourages the dissolution of uranium due to formation
of soluble uranyl carbonate complexes. This phenomenon has a bearing on performance
assessment model assumptions for uranium fate and transport in the subsurface environment (the
vadose and saturated zones).
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Figure 4-1 — Eh-activity diagram demonstrating uranium speciation and solubility in the
absence of carbonate. Note that yellow regions indicate formation of a solid phase. Model

generated using Geochemist Workbench and LLNL v8r6+ database.
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Figure 4-2 — Eh-activity diagram demonstrating uranium speciation and solubility in the
presence of approximately 100 mg/L carbonate. Note yellow regions indicate formation of a
solid phase. Model generated using Geochemist Workbench and LLNL v8r6+ database.
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Figure 4-3 — Eh-activity diagram demonstrating uranium speciation and solubility in the
presence of approximately 350 mg/L carbonate. Note yellow regions indicate formation of a
solid phase. Model generated using Geochemist Workbench and LLNL v8r6+ database.

In EnergySqutlonS response to Round 1 interrogatories (ES 2014d), the last line of Table 2-64/1

Round 2 Interrogatory CR R313 25 8(4)(a) 64/2 (DRC 2014b) the DU PA needed to clarify
whether the geochemical model considers the potential formation of uraninite or other
U(IV) phases and the expected redox conditions of the waste in the landfill, because not
considering the U(IV) phases if they are indeed forming will result in an overly conservatively
high estimate of aqueous uranium concentrations, due to failure to consider aqueous uranium
hydroxide [U(OH),].

Also relevant to the overall prediction of the solubility of uranium is that the solubilities listed in
Table 12 of the geochemical modeling report (Neptune 2014m) represent the I output
of a Vlsual MINTEQ model of trluramum octOX|de (Ugog) solublllty Given-the low-solubilities
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Figure 4-4 — Comparison of redox coupled and uncoupled solubility models

1 Schoepite is an oxidized alteration product of uraninite, where uranium occurs as U(VI).
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Table 4-2 — lon Concentrations, pH, and Eh Values for Various Uranium Solubility Models Using Visual MINTEQ
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S5 | 88 = °©>5
- c o °© 5 - c
S5 = FS_ | o
£3 33 22d | €3
o 3 = C - o = @ R
a o a a o« © = 82 2 O ©
2 2 3 - 7| O = o g = SSE| g
s 4| 5 g > > | 3| 2| 2 = 2 | =2 22| &2
(= - > = I=) e é = £ S =p e = 0= O=. =
5 — & € = £ = . = | = £ £ 535 5d | i85 | 354
sl | = | ES | |S| 2 |S| o |%|%|S| « | 582 |82 | 8223|538
o = i PO & | o) > = S S v z Z 3 03E | o808 | 28E
1 6.5 200 190 20 4.2 24094 1.5 3079 552 793 509 15162 7.85E-16 | 6.49E-17 | 1.62E-05 | 1.18E-04
2 7 200 190 20 4.2 24094 1.5 3079 552 793 509 15162 | 3.00E-16 | 1.51E-17 | 2.23E-05 | 9.72E-06
3 8 200 300 20 4.2 24094 15 3079 552 793 509 15162 | 1.00E-16 | 3.76E-18 | 1.68E-05 | 1.80E-03
4 7.3 -10 190 20 4.2 24094 1.5 3079 552 793 509 15162 | 4.98E-12 | 2.74E-13 | 4.84E-07 —
5 7.3 -40 190 20 4.2 24094 1.5 3079 552 793 509 15162 2.52E-11 | 1.30E-12 | 2.24E-07 —
6 7.3 -100 190 20 4.2 24094 1.5 3079 552 793 509 15162 6.45E-10 | 2.93E-11 | 4.74E-08 -
7 7.3 -300 190 20 4.2 24094 1.5 3079 552 793 509 15162 | 3.18E-05 | 9.44E-07 | 9.44E-07 -

Note: Reported values from the geochemical modeling report (Neptune 2014m) are provided. Models with and without redox coupling were performed using the reported pH, Eh,
and ion concentrations shown with each condition.

4From Neptune (2014m), Table 12.

® From Neptune (2014m), Table 8.

¢ From Neptune (2014m), Table 9.
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In its Round 2 response to Interrogatory CR R313-25-8(4)(a)-64/2 (ES 2014a), EnergySolutions
stated that:

It is not clear that the solid phases that are modeled in version 1.2 of the
Modeling Report are “likely solid-solutions” since solid solutions imply a
crystalline matrix that is changing internally. The waste form will likely evolve
over time so that the expected solid phase in the waste layer is actually a
heterogeneous mix of several different solid phases. But these would not likely be
solid solutions. According to Sparks 1998 (p. 215), solid solutions “are
thermodynamically unstable at room temperature.” It is clear in Appendix 6 -
Geochemical Modeling from version 1.2 of the Modeling Report that the solid
phase assumptions for uranium (at least) are for equilibrium with pure solids,
e.g., when it references modeling shoepite for uranium. It is assumed that the
heterogeneity of the system is captured by the uncertainty in the input
distribution, or else in the choice for different solid phase solubilities.

The reviewers are correct that the redox equation for U(IV)/U(VI) should be
included in solubility calculations for uranium. However, note that changing the
U3Os solubility does not make a difference in the 10,000-year quantitative model.
For the 10,000-year model, only UQOj3 is considered as a solid phase. U3Og
solubility is used in the Deep Time portion of version 1.2 of the Model. Therefore,
the U3Og solubility input distribution includes appropriate assumptions for the
Deep Time portion of version 1.2 of the Model. With the return of a lake, it might
be expected that the redox conditions be lower than what would be expected in the
range of current groundwater conditions. According to Table 3 of the Rebulttal,
uranium solubility, then, would be slightly greater than what is currently being
used in version 1.2 of the Modeling Report. Because the Deep Time section
already has significant conservatism built-in, a revision of the U3Og solubility
distribution will not make a noticeable difference, if that model conservatism is
removed.

In the Round 3 Interrogatory CR R313-25-8(4)(a)-64/2 (DRC 2014c), DEQ requested additional
clarification of the data presented in Table 2, page 2, of the revised geochemical modeling report
(Neptune 2014m). In that table, U3Og was listed with an expected low solubility, and
EnergySolutions was asked to indicate whether U3Og was allowed to oxidize to schoepite or
some other oxidized phase within this model. If U3Og represents a significant amount of the
waste and is able to oxidize to a more soluble form, the modeled aqueous uranium concentrations
could be significantly underestimated.

In the Round 3 Interrogatory CR R313-25-8(4)(a)-64/2 (DRC 2014c), DEQ also raised
questions regarding the means by which the solubility of uranium is simulated in the GoldSim
model, specifically:

Section 5.1.14.1, page 24, states that: “The solubility of U3Og is also
incorporated into the GoldSim model.” However, Section 5.1.14.3, page 29,
includes a “Note” on the GoldSim model that indicates that the model cannot
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include both UO3 and U30g. The text implies, but does not clearly state, that UsOg
was ignored (since UQg is the primary control of solubility). If this is indeed the
case, then all of the discussion of U3Og is superfluous. The section could be
shortened to one statement that the solubility of U3Og is orders of magnitude
lower than UO; (with proper references), so UOj3 is considered the dominant
phase.

In response to the concerns raised pertaining to exactly how GoldSim models uranium solubility,
EnergySolutions stated the following in its Round 3 response to Interrogatory CR R313-25-
8(4)(a)-64/3 (ES 2014b):

Versions 1.0 and 1.2 of the Clive DU PA Model take a very simple approach to
solubility calculations. The Model itself does nothing with respect to chemical
speciation or environmental conditions. It performs contaminant fate and
transport calculations based on stochastic definitions of solubility, soil/water
partitioning, and the like. Accounting for redox conditions and chemical
speciation is done in the development of the solubility distribution that is input to
the Model. For the first 10,000 years of the Clive DU PA Model, all DU is
assumed to be in the form of UOs. Since UO; has a greater solubility than other
forms, uranium moves more readily through the system, e.g., to groundwater.
(The user may, however, run the model using the solubility of U3Os for the first
10,000 yr instead, as a way of evaluating sensitivity to this parameter.) U3Og
solubility is used to control uranium solubility in the Deep Time model (over
10,000 yr). If the UO3 solubility were used in the Deep Time model, or if the U3Og
solubility were increased, greater lake-water concentrations would be calculated.
However, before making such changes, the geochemical assumptions for Deep
Time require revision, including aqueous carbonate concentrations.

Conclusion: The uranium solubilities used in the Clive DU PA v1.2 ranged from 3.58E-6 to
2.79E-3 moles per liter (mol/L) (Neptune 2014c, Appendix 16, Table 22). These solubilities
were based on UOjs. As described in Table 4-2, the uranium solubilities based on redox coupling
ranged from 4.74E-08 to 2.23E-05 mol/L for comparable ranges of pH and Eh. Thus, the use of
UQOg is conservative (i.e., results in higher uranium solubility).
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4210 CFR 61.41 - PROTECTION OF THE GENERAL POPULATION FROM
RELEASES OF RADIOACTIVITY (UAC RULE R313-25-20)

UAC Rule R313-25-20 states:

Concentrations of radioactive material which may be released to the general
environment in ground water, surface water, air, soil, plants or animals shall not
result in an annual dose exceeding an equivalent of 0.25 mSv (0.025 rem) to the
whole body, 0.75 mSv (0.075 rem) to the thyroid, and 0.25 mSv (0.025 rem) to any
other organ of any member of the public. No greater than 0.04 mSv (0.004 rem)
committed effective dose equivalent or total effective dose equivalent to any
member of the public shall come from groundwater. Reasonable efforts should be
made to maintain releases of radioactivity in effluents to the general environment
as low as is reasonably achievable.

UAC Rule 213-25-4(a) requires:

(4) The licensee or applicant shall also include in the specific technical

information the following analyses needed to demonstrate that the performance

objectives of Rule R313-25 will be met:
(a) Analyses demonstrating that the general population will be protected from
releases of radioactivity shall consider the pathways of air, soil, ground
water, surface water, plant uptake, and exhumation by burrowing animals.
The analyses shall clearly identify and differentiate between the roles
performed by the natural disposal site characteristics and design features in
isolating and segregating the wastes. The analyses shall clearly demonstrate a
reasonable assurance that the exposures to humans from the release of
radioactivity will not exceed the limits set forth in Section R313-25-20.

From the requirements of UAC R313-25-9(4)(a), it is clear that in the process of evaluation of
compliance with UAC R313-25-20 (10 CFR 61.41), DEQ the-Directormust considered:
1) Analysis of Multiple Exposure Pathways — In order to determine future dose to a member
of the public that might arise from the proposed DU waste disposal, DEQ the-Direetor

paust examined five different routes of human exposure, including air, soil,
groundwater, surface water, and plant uptake.

2)
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3) Effects of Burrowing Animals — This mandate is found in both the DEQ and NRC
regulations (e.g., UAC R313-25).

4) Differentiate Mechanisms Controlling Waste Isolation — DEQ Fhe-Director rust

natural phenomena and characteristics of the disposal site, and man-made or
engineered features at the facility that contribute to isolation and sequestration of LLRW
contaminants.

Section 5.1.6 of the DU PA Model v1.2 (Neptune 2014a) defines potentially exposed members
of the general public as those “who perform activities in the vicinity of the Clive facility.” For
purposes of DEQ), these persons are those who conduct activities outside the 90-foot buffer zone

surrounding each disposal cell.'? EnergySolutions has calculated the potential dose to the

following members of the general public at these locations:
e Nearby highway (Interstate-80) — 4 km, north
e The Knolls Off-Highway Vehicle (OHV) Recreation Area (Knolls) - 12 km, west
e The nearby railroad (Railroad) - 2 km, north
e The Grassy Mountain Rest Area on 1-80 (Rest Area) - 12 km, northeast

e The Utah Test and Training Range (UTTR) access road — immediately, west

primarily to wmd -dispersed contamination of radon and progeny, for which the inhalation
exposure pathway dominates. DEQ notes NRC definitions (and those equivalent to UAC R313)
allow that a person receiving exposure just inside the buffer zone would be an inadvertent|
intruder while a person performing the same actions just outside the buffer zone would be a
member of the public, but their exposures would be essentially the same. SR (W[5
exposure scenarios may be similar, specific regulatory protections and dose limits are different.
It should also be noted that while EnergySolutions did not include the groundwater pathway in
its calculation of doses to the general public, DEQ did perform such analyses and the results are
discussed in Section 4.2.2.

Table 4-3 summarizes results from these five EnergySolutions scenarios, based on modeling
exposures over 10,000 years.

12 This 90-foot buffer zone is defined by Part X of the Utah Ground Water Quality Discharge Permit. During active
waste disposal operations, members of the general public are those who do not receive an occupational dose (see
UAC R313-12-3).
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Table 4-3 — Annual Mean Peak Doses (TEDE) for Exposure to the General Population

Receptor Mean Peak TEDE (mrem/yr)
Nearby Highway (Interstate-80) 4.87E-07
Knolls OHV Recreation Area 4.36E-06
Nearby Railroad 7.65E-07
Grassy Mountain Rest Area on 1-80 1.02E-05
UTTR access road 2.4TE-04

Source: Neptune (2014a), Table 4.

EnergySolutions also calculated potential doses to industrial workers, ranch workers, hunters,
and OHV enthusiasts, but because their potential exposures were assumed to occur on site,
tons NRC and state regulators considered them to be inadvertent intruders and not|
members O RUEREREENeIE [see the DU PA Model v1.2, Section 5.1.7 (Neptune 2014a)]. See
Section 4.3 for a discussion of these and other inadvertent intruders.

The Clive DU PA Model developed by EnergySolutions included the evaluation of various
potential exposure pathways, including inhalation (wind-derived dust, mechanically-generated
dust, and radon), inadvertent ingestion of surface soils, ingestion of beef, and external irradiation
(soil and immersion in air).

References
ES, 2014e
Neptune, 2014a

4.2.1 Review of the Radon Pathway

EnergySolutions [gafefe[s] Ele}ell 3 <L of the DU below grade and then place an
embankment, topped with an engineered cover to minimize infiltration, over the DU. The
embankment, designated the proposed Federal Cell, is planned to be approximately 36 feet 4
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inches (11 meters) thick and consist of clean soil or non-DU material. For the purposes of the
present Clive DU PA Model and this SER, it has been assumed that this non-DU material would
be nonradioactive (see Section 3.4). The engineered cover is planned to consist of surface,
evaporative, frost protection, and radon barrier layers, with a total thickness of about 5 feet

(1.5 meters). Thus, the disposed layers of DU waste would be over 41 feet (12.5 meters) beneath
the top surface of the proposed Federal Cell.

With the DU this deep below the surface, it is unlikely that much, if any, radioactivity from the
DU other than radon would find its way to the surface soil or dust during the entire 10,000-year
Compliance Period. The sensitivity analysis presented in DU PA Model v1.2, Section 6.2.2
(Neptune 2014a) shows that the radon escape-to-production ratio (which defines the amount of
radon leaving the waste matrix and entering the air-filled porosity of the waste material) is the
most significant predictor of dose and has the highest sensitivity index™® for dose of all of the
various input parameters. Thus, the general population dose during the Compliance Period from
the disposal of DU at the Clive site is very dependent upon the radon flux at the ground surface
of the embankment.

v
b

B3 The sensitivity index represents the portion of total statistical variance in the output (i.e., dose) that is attributed
to each input parameter.
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As described in Neptune (2014j), spatially-discretized models (such as the Clive DU PA Model)
tend to overestimate diffusive flux. This was accounted for by applying a correction, or
calibration, factor, as shown in Equation (4). Actually, Neptune determined and applied three
correction factors: 0.394 for the waste layers (i.e., below the radon barriers), 0.894 for the radon
barrier layers, and 0.974 for the upper cover layers, as documented inside the DU PA GoldSim
model itself.
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4.2.2 Groundwater Pathway

EnergySolutions did not evaluate any exposures pathways for the general public involving
groundwater ingestion. The groundwater from both the upper and lower aquifers beneath the site
contains very high levels of total dissolved solids (TDS); i.e., the upper, unconfined aquifer TDS
concentration ranges from 32,000 milligrams per liter (mg/L) to 74,000 mg/L, while the lower,
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confined aqwfer TDS concentration is typically above 20,000 mg/L (ES 2012a). LiiliE
at historically, groundwater around the site has been viewed as i
not potable and, therefore, the groundwater ingestion exposure pathway dees has not need-te-be
been evaluated. DEQ has now questionsed this conclusion and points to the fact that publlc water
supply systems are currently registered with the Utah Division of Drinking Water, including four
facilities in Tooele County, near Clive, which already rely on reverse osmosis (RO) treatment to
supply industrial or commercial water from the groundwater (Edwards 2014) FASEES & eNe}§
these facilities have used the treated groundwater for culinary purposes and drinking.

As noted previously, the second requirement of UAC R313-25-20 is that “No greater than 0.04
mSv (0.004 rem) committed effective dose equivalent or total effective dose equivalent to any
member of the public shall come from groundwater.” DEQ evaluated both the shallow and deep
aquifers, and found that the yield of the shallow aquifer is so limited, due to its low permeability,
that a private homeowner or a public drinking water system would not be able to pump enough
shallow groundwater to supply its daily needs.

4 At this location, the individual could be either an inadvertent intruder or a member of the public.
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L
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> EPA has proposed in the Draft 2014 Update of Human Health Ambient Water Quality Criteria (EPA-820-F-14-
003) that the default drinking water intake rate be increased to 3 L/day (EPA 2014a).
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The final requirement of UAC R313-25-20 is that “Reasonable efforts should be made to
maintain releases of radioactivity in effluents to the general environment as low as is reasonably
achievable.” For the ALARA objective, the DU PA Model v1.2 evaluated the estimated dose to
the entlre populatlon of ranch workers, hunters, and OHV enthusiasts over the 10,000-year

10,000-year Compllance Perlod the mean populatlon dose was reported in the DU PA Model
v1.2, Table 8 to be 1.56 person-rem.

DEQ recognizes that this 10,000-year population dose estimate is very small. However, the
remoteness of the site was one of the reasons for locating the disposal facility there in the first
place; i.e., most of the immediate area is uninhabited. At the time of the 2010 Census, the closest
resident lives roughly seven miles to the northeast of the site and acts as a caretaker for the rest
stop just off 1-80. The largest group of people lives 48 to 80 miles to the east and southeast of the
site in the Tooele-Grantsville area. Furthermore, the Tooele County Commission has designated
the area around the Clive site as a hazardous industries zone. This designation prohibits all
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residential housing in the vicinity of the Clive site
. For all of these reasons, the DU PA Model

v1.2 population dose estimate is acceptable.

design of the proposed Federal CeII prowdes adequate protection of the general population from
releases of radioactivity from disposed DU waste as required by UAC R313-25-20.
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4310 CFR 61.42 — PROTECTION OF INDIVIDUALS FROM INADVERTENT
INTRUSION (UAC RULE R313-25-21)
UAC Rule R-313-25-21, “Protection of Individuals from Inadvertent Intrusion,” states:

Design, operation, and closure of the land disposal facility shall ensure
protection of any individuals inadvertently intruding into the disposal site and
occupying the site or contacting the waste after active institutional controls over
the disposal site are removed.

UAC Rule 213-25-4(b) also requires:

(b) Analyses of the protection of inadvertent intruders shall demonstrate a reasonable
assurance that the waste classification and segregation requirements will be met and that
adequate barriers to inadvertent intrusion will be provided.

UAC Rule R313-25-2, “Definitions,” defines an “inadvertent intruder” as “a person who may
enter the disposal site after closure and engage in activities unrelated to post closure
management, such as agriculture, dwelling construction, or other pursuits which could, by
disturbing the site, expose individuals to radiation.” In 10 CFR 61.2, “Definitions,” the NRC
defines an inadvertent intruder as “a person who might occupy the disposal site after closure and
engage in normal activities, such as agriculture, dwelling construction, or other pursuits in
which the person might be unknowingly exposed to radiation from the waste” (emphasis added).
Although the definitions are similar, there are subtle differences. For DEQ’s purposes, the
inadvertent intruder will be considered to be one who occupies the site and is unknowingly
exposed. DEQ believes that this assumption is more conservative, resulting in higher exposures
to radiation. Because of the site’s semi-arid and remote nature and designation as a hazardous
industries zone, occupying the site will be limited to industrial activities and not full-time
residency or agricultural use of nearby lands.

It should be noted that inadvertent intrusion occurs only within the disposal site. UAC R313-25-
2 provides the following definitions:

“Buffer zone” means a portion of the disposal site that is controlled by the
licensee and that lies under the disposal units and between the disposal units and
the boundary of the site.

“Disposal site” means that portion of a land disposal facility which is used for
disposal of waste. It consists of disposal units and a buffer zone.

Thus, the disposal site does not include the entirety of a land disposal facility but rather only the
disposal units and their buffer zones. Also, “boundary of the site” for the Clive site has been
defined pursuant to the Radiation Control Act [Utah Code Annotated (UCA) 19-3-105] and
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previous gubernatorial and legislative approval as Section 32. Inside Section 32, the buffer zones
for each disposal cell are defined by the GWQ Permit; see Part I.D, Tables 2A, 2B, and 2C.*°
Under these DEQ-approved EnergySolutions engineering drawings, a 90-foot buffer zone is
defined for each disposal cell at Clive. Between the disposal cells, the individual 90-foot buffers
are contiguous, leaving a 180-foot separation internally. For the proposed Federal Cell, this
180-foot separation will exist on the north margin between the Federal Cell and the CAW Cell.
However, on the east margin, this separation distance between the waste in the Federal Cell and
the waste in the 11e.(2) Cell would be 50 feet [ES Drawing No. 14003-V3A(1)].

For purposes of DEQ’s DU PA review, any BIGGIBIE future industrial-related human activity
within the confines of the proposed Federal Cell and its buffer zone will be considered as site
intrusion. Conversely, future activities on other parts of the EnergySolutions land disposal
facility do not constitute human intrusion for DEQ’s DU PA model review but instead are to be
considered as sources of possible releases to the general population under UAC R313-25-20 (see
Section 4.2). Under this requirement, dose limits to an individual member of the public are 25
mrem/yr (whole body), 75 mrem/yr (thyroid), and 25 mrem/yr (any organ), with a no more than
4 mrem/yr dose from groundwater sources. This is also true for all land outside of Section 32.

Because a large number of inadvertent intruder scenarios can be envisioned, the NRC has
provided guidance to limit speculation. As stated by the Performance Assessment Working
Group (PAWG) in NUREG-1573 (NRC 2000, p. 3-10 and 11):

The overall intent is to discourage excessive speculation about future events and
the PAWG does not intend for analysts to model long-term transient or dynamic
site conditions, or to assign probabilities to natural occurrences. In developing
this “reference natural setting,” changes in vegetation, cycles of drought and
precipitation, and erosional and depositional processes should be considered;
future events should include those that are known to occur periodically at the site
(e.g., storms, floods, and earthquakes). It must be emphasized that the goal of the
analysis is not to accurately predict the future, but to test the robustness of the
disposal facility against a reasonable range of potential outcomes. The parameter
ranges and model assumptions selected for the LLW [low-level waste]
performance assessment should be sufficient to capture the variability in natural
conditions, processes, and events.

Consistent with the above, consideration given to the issue of evaluating site
conditions that may arise from changes in climate or the influences of human
behavior should be limited so as to avoid unnecessary speculation.... Therefore,
PAWG recommends that new site conditions that may arise directly from
significant changes to existing natural conditions, processes, and events do not
need to be quantified in LLW performance assessment modeling.... With respect
to human behavior, it may be assumed that current local land-use practices and

18 Related Permit requirements are also found in Parts I.F.1(f and g), Table 7, 1.D.5, and Table 3.
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other human behaviors continue unchanged throughout the duration of the
analysis. For instance, it is reasonable to assume that current local well-drilling
techniques and/or water use practices will be followed at all times in the future.
Finally, the disruptive actions of an inadvertent intruder do not need to be
considered when assessing releases of radioactivity off-site.

As reported by EnergySolutions in its response to Round 1 Interrogatory CR R313-25-8(4)(b)-
07/1 (ES 2014d):

Archeological surveys of the Clive area performed in 1981. ...found no evidence
of long term residential or agricultural resource sites. A similar cultural and
archaeological resource survey was conducted in 2001 on a land adjacent south
to Section 32 ([ES 2013a]). In addition to the new survey, Sagebrush’s (2001)
report also summarized five additional cultural resource inventories performed
within a mile of the subject area, between the original 1981 and 2001studies. In
all surveys, Sagebrush reported no paleontological, prehistoric, or historic
resources were discovered in the survey area. In fact, no evidence has been
discovered that suggests the Clive facility has ever been inhabited or developed
for agriculture by permanent residents in the past (probably due to unfavorable
conditions for human habitation).

A 500-mrem/yr inadvertent intruder dose standard has been proposed by NRC staff in a
July 18, 2013, recommendation to the Commission (NRC SECY-13-0075, pp. 4-6; NRC
2013b). In a February 12, 2014, order to the NRC staff, the Commission approved this
approach; among other issues (SECY-13-0075/RIN3150-A192; NRC 2014b).
Consequently, DEQ considers has-determined that an appropriate the compliance
threshold for inadvertent intruder exposure will be 500 mrem/yr 6 . This approach is
also consistent with the inadvertent intruder dose limit in the 1981 NRC Draft
Environmental Impact Statement on 10 CFR Part 61 Licensing Requirements for Land
Disposal of Radioactive Waste, NUREG-0782 (NRC 1981; see Vol. 2, Section 4.5.1, pp.
4-54 through 4-56).

Based on the above NRC guidance, current local land-use practices, and recent
EnergySolutions archeological survey work, DEQ has determined that for the first
10,000 years after site closure, the DU PA Model will be limited to examination of the
following inadvertent intruder scenarios/conditions:

1) Excavations on the Disposal Cell — The Federal Cell that EnergySolutions proposes to use
for disposal of DU waste is designed to have an ET cover that includes five layers (see
Section 3.4 for a full description of the layers) (Neptune 2014k).

DU waste in the proposed Federal Cell [gEERo=laNaalelo[=] (1o K% ziee at or below the
level of the original grade at about 4,270 ft-amsl. Under the ET cover, the DU waste
covered by other LLRW or other materials varying in thickness
from 45 feet at the ridgeline of the cell to 27 feet at the shoulder point where the top slope
breaks to the steeper side slope (Neptune 2014f). Thus, an inadvertent intruder would need to
penetrate 5 feet of ET cover and from 27 to 45 feet of other materials before reaching the DU
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2)

3)

waste. Consequently, temporary shallow intrusion excavations (e.g., excavation of a building
basement) would not penetrate to the DU waste.'” DEQ considers this scenario, which is
equivalent to the NRC intruder discovery scenario, to be insignificant, in that the dose to the
inadvertent intruder would be lo

Sand, and Clay Mining on the Disposal Cell — Similarly, if an inadvertent intruder were
exploring for sand and clay by trenching into the disposal cell cover, he would soon realize
that economic quantities of sand and clay were not present and cease his activities. Under
such a scenario, he could receive a limited inadvertent exposure.

Sand and clay would be present in portions of
the cover system, where they could be harvested easily and economically by individuals
unaware of resulting potential impacts on radiological dose, but an intruder at that location
would receive an exposure that is only a fraction of the 500-mrem limit (see Section 4.2 and
Table 4-4). Shallow intrusions could have secondary consequences, such as locally
increasing the water infiltration rate into the waste or increasing the radon flux at the surface
in areas where the cover was disturbed by the intruder.

Dwelling Construction and Full-time Occupation on the Disposal Cell — Dwelling
construction on the disposal cell and full-time occupation were not considered in the DEQ
review of the DU PA Model v1.2 due to the lack of past human habitation at Clive, as
demonstrated by recent EnergySolutions archeological studies. In addition, as noted in the
passage from NUREG-1573 quoted above, “With respect to human behavior, it may be
assumed that current local land-use practices and other human behaviors continue
unchanged throughout the duration of the analysis” (NRC 2000). Since the area around
Clive is defined as a hazardous industries zone where residential dwellings are not permitted,
the NUREG-1573 guidance provides another argument for excluding dwelling-related
scenarios.

17

As mentioned above, dwelling construction and full-time occupation were not considered in the DEQ review of
the DU PA Model v1.2.
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5) Exposure Under Nearby Drilling-Related Conditions — The radiation dose consequences
of deeper inadvertent intrusions have been modeled as part of the DU PA evaluation process
(Rogers 2014). EnergySolutions considered two exposure scenarios (acute and chronic)
related to drilling for water into the lower confined aquifer (to a depth of 171 meters or about
561 feet) over times up to 10,000 years after closure as follows:

A) Intruder — Deep Well Scenario — The lower aquifer was assumed to become

B)

contaminated by leakage from the DU waste through the upper aquifer that allowed
contamination to move downward through improperly sealed boreholes, deteriorated well
casings, or flaws in the underlying strata. The modeled well was located at the edge of the
proposed Federal Cell site and within the buffer zone. This virtual well was located

27 meters (90 feet) from the outermost edge of the waste embankment (approximately
240 feet from the edge of the DU waste). The chronic exposure scenario assumed that the
lower aquifer was contaminated by leakage from the upper, unconfined aquifer and that
the contaminated water was pumped to the surface and used for dust suppression. As
described by Rogers (2014), contamination transport from the shallow aquifer to the
lower confined aquifer was calculated using Dupuit-Theim’s method (Freeze and Cherry
1979). The volume of water produced from the shallow aquifer is based on steady-state
pumping to achieve a specified cone of depression. A dilution factor was obtained by
dividing this flow rate by the flow rate from the well drilled into the lower aquifer that
serves as the conduit to transport contamination to the surface. Exposure pathways
included external exposure from contaminated surfaces and inhalation of radionuclides
suspended in the air. In the chronic exposure scenario, the industrial worker is exposed
for about 2,000 hr/yr.

Intruder — Driller Scenario — Under this scenario, a borehole is drilled inadvertently
through the proposed Federal Cell, and drill cuttings are brought to the surface to expose
drill-rig workers. In the acute exposure scenario, the well-driller is exposed to external
radiation from the drill cuttings and inhalation of contamination from airborne cuttings
during the drilling process.

For both scenarios, the annual doses were very low (i.e., less than 10° mrem/yr), as
compared to an NRC-proposed limit of 500 mrem/yr for inadvertent intrusion. Details are
provided in Table 4-6.

18 Section 3.4.2.2, page 11, of the Conceptual Site Model report (May 28, 2011) (Neptune 2011a) states that
Brodeur (2006) reports that groundwater beneath the Clive site has a TDS content of 40,500 mg/L. This is fairly
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consistent with mean TDS values in groundwater reported to DRC for monitoring wells at the site, which
average 42,237 mg/L (ES 2013d).

Based on two samples from EnergySolutions deep monitoring wells GW-19B and 1-1-100 collected in 1991
(both 100 feet deep); see the October 9, 1991, Bingham Environmental Hydrogeologic Report, Appendix C.

The decontamination factor is the ratio of the water concentrations prior to and after processing through the RO
unit.

DEQ has determined the 500 mrem/yr maximum dose limit for an inadvertent intruder to be acceptable, based on
the 1981 NRC draft environmental impact statement; see NUREG-0782, Vol. 1, p. 29 (NRC 1981) and proposed
NRC revisions to 10 CFR 61. Use of this value is consistent with the requirements of UAC R313-25-9(5)(a), in
which the Director is authorized to rely on “ongoing guidance and rulemaking from NRC.”

19

20

21
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7) Other Intruder Scenarios — EnergySolutions developed several additional inadvertent
intruder scenarios based on expected activities at the site. These included ranch workers,
hunters, and OHV enthusiasts who may enter the site after active institutional controls are
defunct. Scenario details are provided in Appendix 11 to the DU PA Model (Neptune 2014l).

Table 4-6 summarizes results from these scenarios based on modeling exposures over 10,000
years (Neptune 2014a, Table 4). Ay

2 The leakage would need to be large enough so that the lower aquifer water would be composed of 9 percent or
more of leaked upper aquifer water.
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Table 4-6 — Annual Peak of Mean Doses (TEDE) for Exposure to Inadvertent Intruders
Operating on the Proposed Federal Cell Disposal Site (simulation period = 10,000 years)

Inad Peak of Mean TEDE
nadvertent Exposure Pathways Considered (mrem/yr)
Intruder
All DU
Ranch Worker (ES) | e Ingestion 1.63E-02
e Inhalation (peak at
e External radiation 10,000 years)
Hunter (ES) e Ingestion 7.99E-04
e Inhalation (peak at
e External radiation 10,000 years)
OHV Enthusiast (ES) | e Ingestion 1.27E-03
e Inhalation (peak at
e External radiation 10,000 years)
ek Worke! =
\=%)] Peaik—a
10,000 vears)
AP AR
Acute Inadvertent e External exposure from unshielded 1.7E-06
Well Driller (ES) contaminated drill cuttings pile (peak at
e Inhalation of contaminated cuttings 3,500 years)
Chronic Inadvertent | e  External exposure from photon-
Industrial Intruder emitting radionuclides in unshielded, 8.4E-05
(ES) surface-sprayed wastewater (peak at
e Inhalation of radionuclides suspended 3,500 years)
in air from surface-sprayed wastewater
Chronic Inadvertent | e  External exposure from photon- 1.6E-04
Industrial Intruder emitting radionuclides in unshielded, :
(peak at
(DEQ) surface-sprayed wastewater
. . . 3,500 years)
e Inhalation of radionuclides suspended
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in air from surface-sprayed wastewater

% Note on waste contamination: Doses are overstated because DEQ intends to require as a condition of any
license amendment that DU containing fission and activation products, such as Tc-99 from recycled uranium,
not be accepted at Clive.

All of the doses are well below the 500 mrem/yr total effective dose equivalent (TEDE) limit
for inadvertent intruders in the 1981 NRC draft environmental impact statement for LLRW
(see NRC 1981, Vol. 1, p. 29).

The resultant doses are also well below the limits set for members of the general public in
UAC R313-25-20:

Concentrations of radioactive material which may be released to the general
environment in ground water, surface water, air, soil, plants or animals shall not
result in an annual dose exceeding an equivalent of 0.25 mSv (0.025 rem) to the
whole body, 0.75 mSv (0.075 rem) to the thyroid, and 0.25 mSv (0.025 rem) to any
other organ of any member of the public. No greater than 0.04 mSv (0.004 rem)
committed effective dose equivalent or total effective dose equivalent to any
member of the public shall come from groundwater.

The doses for the first five scenarios in Table 4-6 are almost totally from radon releases at the
surface of the proposed Federal Cell and, therefore, the most sensitive parameter is the radon
escape-to-production ratio that defines the amount of radon leaving the waste matrix and
entering the air-filled porosity of the waste material.

R313 25 21 any |nd|V|duaIs madvertently intruding into the disposal site and occupying the site
or contacting the waste after active institutional controls over the disposal site are removed will
be adequately protected.

References

8 rradiated uranium fuel from the plutonium weapons production reactors was chemically reprocessed to recover
plutonium and uranium. The recovered (“recycled”) uranium was returned to the GDPs for further enrichment.
Since the chemical separation processes did not remove all the activation and fission products, the recycled
uranium introduced as feed to the GDP plants contained small quantities of activation and fission products such
as Tc-99, 1-129, and Np-237, which contaminated the UFg feed to the GDPs. Some of this contamination
partitioned to the DU tails and was retained in the UFg tails and its containment cylinders. It is estimated that

about 4 percent of the DU available from DOE is contaminated with recycled uranium (ES 2014b, Appendix 6 to
Appendix A, Table 1).

FINAL 70 April 2015




EnergySolutions LLRW Disposal License — Condition 35
(RML UT2300249)
Safety Evaluation Report

Brodeur, 2006

ES, 2012a; 2013a; 2013b; 2013d; 2014b; 2014d
Freeze and Cherry, 1979

Marschke, 2015

Neptune, 2011a; 2014a; 2014c; 2014f; 2014k; 2014l
NRC, 1981; 2000; 2013b; 2014b

Rogers, 2014

4410 CFR 61.44 - STABILITY OF THE DISPOSAL SITE AFTER CLOSURE
(UAC RULE R313-25-23)

UAC Rule R313-25-23 (formerly R3-1-25-22) states:

The disposal facility shall be sited, designed, used, operated, and closed to
achieve long-term stability of the disposal site and to eliminate, to the extent
practicable, the need for ongoing active maintenance of the disposal site
following closure so that only surveillance, monitoring, or minor custodial care
are required.

The regulatory languages of 10 CFR 61.44 and of UAC R313-25-23 are nearly identical.
UAC Rule R313-25-9(4)(d) also requires (emphasis added):

(d) Analyses of the long-term stability of the disposal site shall be based upon analyses of
active natural processes including erosion, mass wasting, slope failure, settlement of
wastes and backfill, infiltration through covers over disposal areas and adjacent soils,
surface drainage of the disposal site, and the effects of changing lake levels. The
analyses shall provide reasonable assurance that there will not be a need for ongoing
active maintenance of the disposal site following closure.

This last rule reference differs from UAC R313-25-23 (and 10 CFR 61.13(d) 61.43) in one
important way: it specifically requires analysis of the effects of pluvial lake formation, under
deep time scenarios, that may have an adverse effect on the DU disposal embankment.

In the June 2011 DU PA (Neptune 2011b), EnergySolutions proposed a rock armor cover for the
proposed Federal Cell similar to the DRC-approved rock armor cover for the CAW embankment.
In the rock armor cover design, the top slope (with a modeled infiltration rate of 0.09 cm/yr)
consists of the following, from top to bottom (ES 2013b, p. 2-7):

¢ Rip Rap cobbles. Approximately 24 inches of Type-B rip rap will be placed on
the top slopes, above the upper (Type-A) filter zone. The Type-B rip rap used
on the top slopes ranges in size from 0.75 to 4.5 inches with a nominal
diameter of approximately 1.25 to 2 inches. Engineering specifications
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indicate that not more than 50% of the Type B rip rap would pass a 1 1/4-inch
sieve.

e Filter Zone (Upper). Six inches of Type-A filter material will be placed above
the sacrificial soil in the top slope cover. The Type-A filter material ranges in
size from 0.08 to 6.0 inches, with 100% passing a 6-inch sieve, 70% passing a
3-inch sieve, and not more than 10% passing a no.10 sieve (0.079 inch). The
Type-A size gradation corresponds to a poorly sorted mixture of coarse sand
to coarse gravel and cobble, according to the Universal Soil Classification
System.

o Sacrificial Soil (Frost Protection Layer). A 12-inch layer consisting of a
mixture of silty sand and gravel will be placed above the lower filter zone to
protect the lower layers of the cover from freeze/thaw effects. The sacrificial
soil material ranges in size from <0.003 to 0.75 inches, with 100% passing a
3/4-inch sieve, 50.2% passing a no. 8 sieve (0.093 inch), and 7.6% passing a
no. 200 sieve (0.003 inch).

e Filter Zone (Lower). Six inches of Type-B filter material will be placed above
the radon barrier in the top slope cover. This filter material ranges in size
from 0.2 to 1.5 inches, with 100% passing a 1 1/2- inch sieve, 24.5% passing
a 3/4-inch sieve, and 0.4% passing a no. 4 sieve (0.187 inch). The Type-B size
gradation corresponds to a coarse sand and fine gravel mix, according to the
Universal Soil Classification System.

e Radon Barrier. The top slope cover design contains an upper radon barrier
consisting of 12 inches of compacted clay with a maximum hydraulic
conductivity of 5x10-8 cm/sec and a lower radon barrier consisting of 12
inches of compacted clay with a hydraulic conductivity of 1x10-6 cm/sec or
less.

The total thickness of these five layers was to be 6 feet. The side slope (of similar composition as
the top slope) has a calculated infiltration rate of 0.168 cm/yr. For the original performance
assessment, the infiltration rates were calculated with the Hydrologic Evaluation of Landfill
Performance (HELP) model.

Because of concerns about the infiltration rates of the egacy rock armor cover system

(I8 The ET cover is described in Appendix 5, Unsaturated Zone Modeling for the Clive DU
PA, dated June 12, 2014 (Neptune 2014k).

Beginning at the top of the cover, the layers above the waste used for the ET cover design are as
follows (see Section 3.4 for a description of each layer):

e Surface Layer
e Evaporative Zone Layer
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e Frost Protection Layer
e Upper Radon Barrier
e Lower Radon Barrier

The total thickness of the ET cover design is to be 5 feet. EnergySolutions calculated infiltration
rates for the ET cover with the code HYDRUS-1D and abstracted the results into GoldSim.
EnergySolutions that previous work with HYDRUS had shown that
sub-surface lateral flow was not significant, so the 1D model was sufficient. Based on Sl
runs, the infiltration flux ranged from 0.0007 to 0.29 cm/yr with an average value of 0.042
cm/yr, about half the value for the rock armor cover (Neptune 2014k, Section 12.9).

Among the factors that can affect the long-term stability of the disposal site after closure are
erosion of the cover, settlement of the waste and cover, intrusion by deep-rooting plants,
intrusion by burrowing insects and animals, frost penetration, desiccation cracking, and
damaging natural phenomena (e.g., earthquakes, tornados, pluvial lake formation). These
phenomena are discussed for the proposed cover system and also in DRC comments to responses
by the Licensee regarding the Round 3 Interrogatory (DRC 2015) for the updated site-specific
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performance assessment for disposal of blended and processed waste (ES 2015b). [NErv=
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4.4.1 Infiltration

An important component of assessing infiltration rates and contaminant concentrations as a
function of time in the proposed Federal Cell is the modeling of realistie site-specific changes in
saturated hydraulic conductivity (Kss) values and van Genuchten a. values simultaneously for all
cover- systemsonsnearthegroundsurface ed on fielc e-testing-involving-a-large-numbe
of-embankment-coversy - While NRC gwdance prowded in NUREG/CR- 7028 (C. H.
Benson et al. 2011) demenstrates suggests that, to properly estimate infiltration rates, the design
and modeling of new cover systems must account for expected degradation of the shallow|
portions of these cover systems over time, e.g., increases in soil permeablllty these changes have

notbeen observed atcllveoveraten ear period—A-variety-ofphy and-biological-processe

ombine-to-cause-this-degradation: As such, Tthese processes maylnclude frost heave, other|
freeze-thaw activity, wet-dry cycling, distortion, insect and animal burrowing, plant root
intrusion, and other disruptive processes.
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Log (alpha, 1/cm)

¥ = 0.4682x- 2.1057
R* =0.8965

Log (K, cm/d)

A Carsel and Parrish (1988)
® Wosten et al. (1999)
Linear (Carsel and Parrish (1988))
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o] [N liMBefore-the DU-PA-can-be-determined-to-be e; Since additional modeling
of the ET cover infiltration rates must-be have been conducted based on in-service hydraulic
properties and correlated log(a) and log(Ksat) values,-as-eisecussed-r-Appendices-E-and
\Witheut this-infe R, DEQ is-uhable-te concludes #f the |nf|Itrat|on rates predlcted by the
DU GoldSim model are rellable or and representative of future conditions
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4.4.2 Erosion of the Cover

In the June 2011 DU PA (Neptune 2011b), EnergySolutions used a gully model described as

follows (Neptune 2011b, Section 4.1.2.9):

The gully model is a simplistic model of gully erosion and landscape evolution.
For example, the model assumes that 1) a gully forms instantly and doesn 't
change with time, 2) that between 1land 20 gullies only are allowed to form, and
3) that gullies do not interact with other model processes such as biotic transport
(e.g., no plants grow in a gully). This stylized model was used to provide a basis
for discussion of whether or not gully formation is an important consideration in
this waste disposal system, and to evaluate the consequences of human activities
that inadvertently cause doses to future humans. To apply the effects of gully
formation to doses, the average waste concentrations exposed by the gully and the
average waste concentration of material removed by the gully are used. The
exposure area for this waste concentration is the surface area of the fan plus the
surface area of the gully for which waste layers are exposed.
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Table 4-7 — EnergySolutions Peak of the Mean Doses within 10,000 Years to Individuals
with and without the Effects of Gullies

Peak of the Mean TEDE (mrem/yr)

Receptor \With-Gullies] With Gullies,

DU-PA V1.0 DU PAv1.2
Ranch worker 0-00596, 0-00594 0.01631
Hunter 0.000253 0.000257 0.000799
OHV enthusiast 0.000388 0.000386 0.00127
1-80 receptor [1.53E-07 1 .58E-07] 4.87E-07
Knolls receptor 1 62E-06 1 64E-06 4.36E-06
Railroad receptor 2 42607 2 48E-07] 7.65E-07
Rest area receptor 3 13E-05 3 17E-05] 0.000102°
UTTR access road receptor | ZAEI=Ne 7 83E-05 0.000247

# The 1.02E-05 mrem/yr reported in Neptune (2014a), Table 4, is a typo.
Source: DU PA Model v1.0, Tables 3 and 4 (Neptune 2011b); DU PA Model v1.2, Table 4
(Neptune 2014a).

Neptune 2011b and Neptune 2014a both claim that the doses summarized in Table 4-7
mclude R e e P R R e e sy Neptune (2014b, page 3) explicitly states that “No
associated effects, such as biotic processes, effects on radon dispersion, or local changes in
infiltration are considered within the gullies.” Since the radon exposure pathway is the dominant
contributor to both the general population and inadvertent intruder doses, not considering the
effect of gullies on radon dispersion is tantamount to not including the effect of gullies in the
dose calculations. Nonetheless, as shown in Section 4.2, because the calculated doses due to
radon exposure are all several orders of magnitude below the dose limits, completely removing
the ET cover (e.g., by gully erosion) would not affect the site’s ability to meet the general
population or inadvertent intruder inhalation exposure criteria even though there could be over
an order of magnitude increase in the associated doses (see fElwm for the ET cover’s radon
attenuation).

Similarly, as discussed in greater detail in Section 4.4.3, not considering the effects of gullies in
combination with associated biotic processes and their ability to achieve penetration through the
fine-grained, low-permeability cover system soils, and allow access of water into the sand-like
fill above the DU can result in underestimation of deep infiltration and, consequently, of
contaminant transport.

In version 1.2 of the DU PA, (Neptune 2014a), EnergySolutions made calculations with the
landscape evolution model SIBERIA (Willgoose 2005), using a borrow pit at Clive as the basis
for the model. SIBERIA is designed to capture the interaction between the runoff response and
the elevation changes of the landform surface over long time periods (Neptune 2014h). As
described on p. 3 of the DU PA Model v1.2 (Neptune 2014a):
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A subset of the borrow pit model domain was selected to represent the cover.
Gully depths estimated by the erosion model were extrapolated to 10,000 years
and a statistical model was developed that generated values of the percentage of
the cover where gullies ended within a given depth interval. This model provided
an estimate of the volume of embankment cover material removed by gullies. The
depositional area of the gully fan is assumed to be the same as the area of waste
exposed in the gullies, using projections onto the horizontal plane. If these
embankment materials include DU waste components, then this leads to some
contribution to doses and uranium hazards.

However it is important to note that the DU PA does not consider effects of gullies on biotic
processes, radon dispersion, or local changes in infiltration, nor does it consider the effects of
biotic processes on gullying.

In explanation for these omissions, EnergySolutions stated in the response to Round 2
Interrogatory CR R317-6-2.1-20/2: Groundwater Concentrations (ES 2014a):

While the formation of some of the gullies may actually erode through significant
depths of the evapotranspirative cover, the ratio of gully footprint to total
evapotranspirative cover surface area remains minimal.

Figure 2 in Appendix 10 to DU PA Model v1.2 (Neptune 2014h) appears to show that about

1percentofthesurface has gullies that are 1 meter deep or greater. H-th he-corre
nterpretation-of Figure2-thentThe assumed influence of gullies on radon release and
mﬁltratmnsheuldlsbesmall However-Appendix-10-does-not-make-clearhow-the SIBERIA
lllll llvxv' a Ha v l l ll'Ae .=!-.A K‘.-l v - =l ad le .ll lll
Allll mogel-ang-the ; | A\ aalaValal Balda n- aVaV.V/a\V/aTa 1N tha to Energysolutlonshas

ould fully described and justify how the models were interrelated and confirmed that this is the
correct interpretation of Figure 2. Figure 2 in Appendix 10 is based on only five model
realizations. EnergySolutions has sheuld also demonstrated through modeling that gullying
through the cover system will not appreciably affect infiltration and contaminant transport.
EnergySolutions has sheutd also confirmed that the distribution in Appendix 10, Figure 2
(Neptune 2014h) is unaffected when all the realizations are considered.

Although the SIBERIA model allows for several hundred meters of ground surface upslope from
the sloping pit face, the ground surface itself in the model only slopes at a 0.3 percent (0.003)
slope. This is minimal. By contrast, as illustrated in Licensee Drawing No. 14004-V3A(1), the
waste under the top slope above and upslope from the side slopes of the embankment has a slope
of upto 2.4 percent (0 024)—this is eight times as great as what is modeled in SIBERIA. I8
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4.4.3 Effect of Biological Activity on Radionuclide Transport

Biointrusion can, in some instances, dramatically increase downward infiltration rates. Dwyer et
al. (2007), for example, state that “biointrusion can lead to increased infiltration and preferential
flow of surface water through the cover system as well as contribute to the change in the soil
layer’s hydraulic properties.”

As described Round 3 Interrogatory CR R313-22-32(2)-10/3 (DRC 2014c), EnergySolutions
Hatesgighls the effect of biointrusion (e.g., by ants) on radlonucllde transport [& is

EnergySolutions indicates in its response to Round 2 Interrogatory CR R313-25-7(2)-05/2 (ES
2014a) that “the effect of burrowing ants is not expected to have a large influence on transport
because ant nests are not expected to penetrate to the waste layer, which is about 5m or more
below ground surface for the disposal configurations considered. This is based on site-specific
investigations indicating most ant burrowing will occur in the upper layers of the cover and be
minimal below a depth of 42 inches (SWCA, 2013).”
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In its response to Round 3 Interrogatory CR R313-22-32(2)-10/3 (ES 2014b), EnergySolutions
acknowledges that biointrusion can result in increased saturated hydraulic conductivities (Kg)
within waste cover layers, and possibly subsequent increased infiltration depending on other
factors. EnergySolutions further notes that available data also indicate that there is little or no
change in water storage and infiltration between lysimeters with and without animal burrows; it
cites the following passage in support:

Landeen (1994, p.47) reports: “The data did not indicate that any long-term water
storage had occurred as a direct result of animal burrowing activity. The soil
moisture profile graphs generated from all five tests [lysimeters containing
animals and lysimeters serving as controls (no animals)] were similar. This study
did not indicate that animal burrows at the Hanford Site facilitate the retention of

water at depth.”

Biointrusion by plant roots can also damage cover systems, increase infiltration, and hasten
migration of contaminants by increasing the hydraulic conductivity of cover-system soils
penetrated by roots. This can be especially problematic at clay radon barriers. YN RS TS

In its response to Round 3 Interrogatory CR R313-25-7(2)-150/3 (ES 2014b), EnergySolutions
indicates that “deep rooting plants within waste covers is not necessarily problematic.” To
support this statement, EnergySolutions cites the following passage from SWCA Environmental
Consultants (SWCA) (2013, p. 23):

As has been demonstrated at operational ET covers (...), some deep-rooting plant
cover is desirable because it increases water release from deep soil layers (...).
Deeply rooting vegetation stabilizes soils, reduces erosion, and increases water
storage in the root zone (...). Deep-rooting shrub species currently occupy
functioning cover systems at Hanford (big sagebrush, rabbitbrush...) and
Monticello (big sagebrush, bitterbrush, rabbitbrush...).
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It would seem that the release of water from the deep soil layers would be desirable provided that
the water is transpired at a faster rate than any increases in infiltration caused by the roots. It
needs to be kept in mind, however, that the shrubs will eventually die, and the decaying roots
may leave macropores allowing for rapid focused recharge (infiltration). ASEEREEES T RVES

00 o y > . o 0 q

EnergySolutions also supports its argument that deep-rooting plants are not a concern in its
response to Round 3 Interrogatory CR R313-25-8(4)(A)-28/3 (ES 2014b) that:

Site-specific observations of soil disturbance due to natural vegetation and
demonstrated practices for minimizing disturbance were documented by SWCA
(2013). Multiple soil excavations at the site demonstrated root growth behavior
indicating that roots would tend to accumulate in locations to take advantage of
available water rather than penetrate the radon barrier clay. These excavations
showed that greasewood tap roots and other biotic activity such as fine roots and
tunnels did do not extend below the compacted clay layer at 24 inches. Rather,
both taproots and fine roots were found to extended laterally along the upper
surface of the compacted clay layer, likely making use of any water that is
perched above the clay (SWCA, 2013).

a a ala a a¥a O\AL D a a a a a)
wage v Ci waAw, O v, O Ci AR v

imaiaay the distribution of the root systems today may be very different from those observed

FINAL 83 April 2015



EnergySolutions LLRW Disposal License — Condition 35
(RML UT2300249)
Safety Evaluation Report

over the next 500 years, 10,000 years, or more as other physical weathering processes
(e.g., erosion) affect the integrity of the ET cover.

The EnergySolutions response to Round 3 Interrogatory CR R313-25-7(2)-150/3 concludes
(ES 2014b):

Based on the observations of root growth behavior in SWCA (2013), deep
taproots are not expected to penetrate the radon barriers which are comprised of
compacted clay. If the radon barriers do degrade either due to biointrusion or
other processes, and plant roots are able to penetrate through the radon barriers,
then this scenario has been modeled in version 1.2 of the Clive DU PA Model.
Therefore, deep taproots are not a dose pathway or problematic at the Federal
Cell within the regulatory period.

Section 4 of Envwocare (2000) and Hoven et al. (2000) report much deeper black greasewood
rooting at Clive than the “maximum rooting depth of dominant woody plant species ranging from
16 to 28 inches” (1.3 to 2.3 feet) reported on page 2-5 of the Utah Radioactive Material License-
Condition 35 (RML UT2300249) Compliance Report (Revision 2) of July 8, 2014, submitted
with the performance assessment (ES 2014c):

A field evaluation of individual specimens on the Clive site found tap roots
extending to 11 and 11.5 feet; with fine roots extending as deep as 13 feet beneath

[uEESseed[in areas of creekbeds and extended gravel deposites]

If roots do penetrate the radon barriers, they will have also penetrated the overlying cover
materials; therefore, the saturated hydraulic conductivity of all of the materials would have to be
raised simultaneously to adequately capture the potential impacts on performance for this
scenario.
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at-othersites-down-to-60-feet)-or other plants, or against biointrusion by indigenous ants or
mammals {e-g—with-maxdimum-documented-burrowing-depths-greater-than-the propoesed-cove

ates: Undér Utah rules, nfiltratin huld b iniizd se UAC Rle R1325-2(3) nd()].
DEQ eannet determines as the adequatcy of the DU PA until EnergySolutions’ accounts for|
potentially greater infiltration through the cover system at the proposed Federal Cell
embankment due to biointrusion by plant roots and by animals.
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4.4.4 Frost Damage

As DRC described in Interrogatory CR R313-25-8(4)(d)-155/2 (DRC 2014b), another important
factor related to cell cover system performance over the long term is freezing.
Freezing can cause substantial damage to radon barriers and the soils above them, should
sufficiently cold temperatures be reached in the radon barriers. Furthermore, repeated cycles of
frost heave can move gravel in a soil to the ground surface. Accumulated gravel at the surface of
even several centimeters can greatly inhibit evaporation [see Weaver (1919); Benoit (1961);
Kemper and Corey (1968); Bowley and Burghardt (1971); Hadas and Hillel (1972); Johnson and
Hansen (1974); Johnson and Wood (1978); Anderson (1980); Modaihsh et al. (1985); Groenevelt
et al. (1989); Reith and Caldwell (1990); Kemper et al. (1994); Pérez (2000); Xiaoyan et al.
(2002); Yamanaka et al. (2004); Yuan (2009); Albright et al. (2010)]. This can increase
infiltration rates, resulting in faster contaminant transport rates.

Freezing or close-to-freezing temperatures were measured by the Licensee using thermocouple
temperature probes at the midpoint of the sacrificial soil in the Cover Test Cell during testing in
January 2002 and January 2004, at a depth of about 30 inches (Edwards 2011). Currently, in the
DU PA Model v1.2 (Neptune 2014a), the top of the radon barrier is proposed to be located at a
depth of 36 inches. However, these incidents of freezing at 36 inches noted in the past took place
during portions of winter that were not especially cold. Mean monthly low air temperatures at
Dugway, Utah for January 2002 and January 2004 were, respectively, 15.45 degrees Fahrenheit
(°F) and 11.35 °F (see Western Regional Climate Center 2013). However, in the 56 years
between 1951 and 2006, inclusive, there were 13 years (i.e., 23 percent of the time) in which
mean monthly low air temperatures for January dropped to values that were lower, and
sometimes much lower, than 11.35 °F, the colder of the temperatures for the two referenced
reported incidents (see Western Regional Climate Center 2013).

By contrast, the coldest January on record during these 56 years of record is that of 1989, when
the mean January low air temperature at Dugway was only 0.39 °F. That is nearly 11 degrees
colder than in January 2004, so freezing temperatures in the soil in the Cover Test Cell, had it
been created and instrumented back then, would likely have gone deeper than the 30 inches into
the cell that were measured in January 2004.

FINAL 86 April 2015



EnergySolutions LLRW Disposal License — Condition 35
(RML UT2300249)
Safety Evaluation Report

FINAL 87 April 2015



EnergySolutions LLRW Disposal License — Condition 35
(RML UT2300249)
Safety Evaluation Report

As explained in Section 4.4.1, Dr. Benson has raised a number of concerns regarding the
potentlal impacts of freezrng and thawing on the hydraulrc conductIVIty of clay barrlers used in

AMith-the current proposed-Federal Cell-design-As it is not observed in the performance of
Clive’s site-specific clay data, EnergySolutions should not further account in modeling for
substantial drsruptron of near- surface layers above and within the radon barrrers by frost.;

alaalatala alaWala a a' Ta ala a Q Q a Nni a\ViVAaVaTdaala aYl nil 1n hoth hvd
C y v v v v y AR v y v, AT

UAC R313 25- 25(3) and 4 requwe a licensee to minimize |nf|Itrat|on therefore since
EnergySqutrons has must modeled infiltration under realrstrc Iong -term assumed srte condrtrons
before DEQeanconsrders thls requirement to be resolved. houtreselution-of thi HeDEQ

S
anpnot-gdetermine aY¥a ..' aYaaYala a A », anad{(4)-have-been-metno
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5.0 OTHER DEPLETED URANIUM PERFORMANCE ASSESSMENT
ANALYSES

5.1 DEEP TIME ANALYSIS [UAC RULE R313-25-9(5)(a)]
UAC Rule R313-25-9(5)(a) states:

For purposes of this performance assessment, the compliance period shall be a
minimum of 10,000 years. Additional simulations shall be performed for the
period where peak dose occurs and the results shall be analyzed qualitatively.

The initial analysis performed by EnergySolutions is intended to demonstrate compliance with
this portion of the regulation is summarized in the DU PA Model v1.2 (Neptune 2014a), [Slile]y
5.1.8 (input assumptions), Section 5.4.7 (model structure), and Section 6.5 (results), with more
details of the deep time analysis being provided in the deep time assessment (Neptune 2014e).
The DU PA v1.2 (Neptune 2014a) and deep time assessment (Neptune 2014e) both argue that
because the “waste is buried below grade then none of the DU waste is likely to be dispersed
directly.” The EnergySolutions Round 3 response (ES 2014b) has furthered that argument and
has even presented a preliminary estimate of what the U-238 sediment concentration would be
under those assumptions.

Subsequently, [BISOXs[[f=Io T RUEIRNET IR EIR P ER=12-5e]s made by EnergySolutions/Neptune to

the deep time model (Neptune 2014n). DEQ/SC&A reviewed and provided comments on the
reV|sed deep time model (SC&A 2014), and EnergySolutions/Neptune further reflned thelr deep

References
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Neptune, 2014a; 2014e; 2014n; 2015a
SC&A 2014

5.1.1 Deep Time Supplemental Analysis

The original Deep Time Supplemental Analysis (DTSA; Neptune 2014n) was provided by
EnergySolutions/Neptune in December 2014. The DEQ/SC&A review of the original DTSA
(SC&A 2014) identified four areas of concern:

1) The DU and all of the material above the DU was modeled as Unit 4 material in
the DTSA, while in the DU PA Model v1.2, the DU and the material disposed of
above the DU was modeled as Unit 3 material.
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2) Neptune (2014n) limited the return of the first Intermediate Lake to 50,000 years
(or 40,000 years after the 10,000-year Compliance Period).

3) A very high Intermediate Lake sedimentation rate was used.

4) The mean aeolian deposition rate appeared to be acceptable, but the standard
deviation that was used appeared to be too small.

Details of each of these four concerns may be found in SC&A (2014) and will not be repeated
here.

In March 2015, EnergySolutions/Neptune provided the DEQ with a revised DTSA (Neptune
2015a). This section of the SER evaluates how the revised EnergySolutions/Neptune DTSA
addresses or modifies the four DEQ/SC&A concerns listed above.

To evaluate the revised EnergySolutions/Neptune DTSA, SC&A re-ran ElRinYEUTsENE o ReT
GoldSim model for the following six cases:

e Neptune: DRSA1 Results Duplicates Neptune’s results.

e SC&A:SEto SD Uses the standard deviation in the aeolian deposition depth
distribution definition, instead of the standard error of the
mean.

e SC&A: Unit3 Assumes that the DU and material above the DU was Unit 3

(instead of Unit 4) type material.

e SC&A: Large Lake Assumes no surface radon flux when a Large Lake is present.

Detailed descriptions of each of the five SC&A GoldSim cases are provided below, while
Figure 5-1 shows the time-dependent ground surface radon fluxes for the GoldSim deep time
runs that were made by SC&A, and [FaBIES= provides the peak mean flux for each run.
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Figure 5-1 — Mean radon flux above depleted uranium

The current EnergySolutions/Neptune DTSA GoldSim model (Neptune 2015a) calculates the
radon flux above the embankment regardless of the presence or absence of a lake. In reality, if a
lake is present, the lake water would attenuate the radon such that the flux on the lake surface
would be negligible. For example, an early return of a Large Lake could significantly reduce
peak mean radon flux. JRaEEE SeA-ED A i thzi

In addition to providing the peak mean ground surface radon fluxes for each run, Fablcee
provides the ratio of each run’s results to the previous run’s results, as well as to the Neptune
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DTSAL results. From these ratios, it can be seen that reducing the Intermediate Lake’s
sedimentation rate to 10 times the Large Lake’s sedimentation rate results in the largest increase

in the peak mean radon flux.

References
Neptune, 2014e; 2014n; 2015a
SC&A, 2014
5.1.1.1 Aeolian Deposition

In December 2014, after publication of the original DTSA (Neptune 2014n), field studies of the
aeolian depositional history at the Clive Disposal Site were conducted by EnergySolutions/
Neptune to provide information for describing aeolian deposition rates for the DTSA model. The
results of those field studies are reported in Neptune (2015b), and have been incorporated in the
revised DTSA (Neptune 2015a).

The field studies made silt deposition thickness measurements from 11 soil test pits on the Clive
site. The measured silt thicknesses ranged from 55 to 110 cm, with a mean of 72.7 cm and a
standard deviation of 16.6 cm (Neptune 2015b, Table 1). A distribution of the deposition
duration was made based on minimum, maximum, and most likely durations of 13,000, 15,000,
and 13,500 years, respectively, and a beta distribution (Neptune 2015b, Section 5.1.6.2).
Combining the thickness and duration distributions, Neptune (2015b) reported a long-term mean
depositional rate of approximately 0.05 millimeters per year (mm/yr).
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Figure 5-3 — Comparison of standard error to standard deviation

For all subsequent GoldSim analyses, SC&A used an aeolian deposition distribution as described
GWANC QYUY Re xcept that the-aeolian-deposition-depth-distribution-was-described-usingthe
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5.1.1.2 Unit 3 Material
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5.1.1.3 Intermediate Lake Sedimentation

In the DU PA Model v1.2, Appendix 13, Table 1 (Neptune 2014e), EnergySolutions/Neptune
indicated that there was an Intermediate Lake mean sedimentation rate of 2.82 meters, and a
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mean lake duration of 500 years. Combining those two parameters gives a sedimentation rate of
5.64 meters per 1,000 years. Meanwhile, for the Large Lake, the sedimentation rate is given in
the same table as 0.00012 meters per year, a factor of 47 less.
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5.1.1.4 Early Lake Return

References
Bradley, 2013; 2014
SC&A, 2014
5.1.1.5 Qualitative Analysis
For the deep time, UAC R313-25-20(5)(a) requires that:

Additional simulations shall be performed for the period where peak dose occurs
and the results shall be analyzed qualitatively.

This section presents a qualitative evaluation of the deep time ground surface radon flux analysis
results.
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In 40 CFR Part 61, the EPA has set radon emission standards for several different types of
radium-containing facilities, but not for a DU disposal facility. The relevant subparts of Part 61
are as follows:

e Subpart Q National Emission Standards for Radon Emissions from Department of
Energy Facilities

e SubpartR National Emission Standards for Radon Emissions from Phosphogypsum
Stacks

e Subpart T National Emission Standards for Radon Emissions from the Disposal of
Uranium Mill Tailings

e Subpart W  National Emission Standards for Radon Emissions from Operating Mill
Tailings
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There has been much discussion between DEQ and EnergySolutions regarding what is the proper
metric to use to judge the adequacy of the deep time “qualitative analysis” (i.e., Performance
Period). As an adequacy metric, DEQ has suggested using dose rates and/or regulatory criteria
that are not specific to 10 CFR Part 61 but that act upon the same media type (e.g., 40 CFR
192.12(a) for Ra-226 soil concentration, 40 CFR 61.252(a) for radon flux). |SgElge)/Alel NI EE
presented information to show that resisted-aH-ef-the BEQ-suggestions-and-has insisted that
RETS R R S e O EE PR R D g o segtel One reason stated by EnergySolutions for
rejecting dose as an adequacy metric is “the huge uncertainty in predicting human society and
evolution that far into the future.” DEQ acknowledges this concern but still believes that dose
rates (as separate from pathway doses) is an appropriate adequacy metric that has advantages
over “background concentrations.”

A few paragraphs later, NUREG-1573, Section 3.2.1 (NRC 2000), has more to say concerning
the deep time analysis:
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Assurance about site performance into the far future is also provided by limiting
the amounts of long-lived radionuclides that may be disposed of at an LLW
disposal facility, including those shown by analysis to be significant only after
tens of thousands of years have passed. The effect of placing inventory limits on
long-lived radionuclides is to mitigate, given what is foreseeable today, the
potential consequences of waste disposal to generations in the distant future.
[emphasis added]

Conclusion: & Vi Vi , , ions/N does not addra

aala a nit- 4 a Nni
v, v,

materi jes—use-of alarge nedia imentation DEQbeIrevesthatthere
are str#epen no questions related to ground surface radon fluxes reported in the revised DTSA
(NeptunezolSa) U alaldaala n aYaYaYa a LHA -n alaVa faldaalaVa MalV - - "A ablV/aWuaValV.Valiidats

alaWaldalllala a aldaldaalala a all daYataYalal a a a a aYalV/a
v v C Ci O 0 o a a ERvIvAwA"
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5.3 COMPLIANCE WITH GROUNDWATER PROTECTION LEVELS

GWQ Permit No. UGW450005 for the Clive site specifies GWPLs for uranium and various
other radionuclides. Under the terms of the permit, local ground water quality conditions must
not exceed respective GWPLs for a minimum of 500 years. Relevant GWPL concentrations are
listed in Table 1A of the GWQ Permit and are summarized here in Table 5-9. Beyond the
500-year evaluation period specified in the GWQ Permit, limits on groundwater radionuclide
concentrations are established by the requirements of UAC R313-25-20, which specifies that
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“No greater than 0.04 mSv (0.004 rem) committed effective dose equivalent or total effective
dose equivalent to any member of the public shall come from groundwater.” Compliance with
UAC R313-25-20 pertains to the minimum Compliance Period of 10,000 years for the DU PA as
specified in UAC R313-25-9(5)(a). This longer-term compliance [i.e., with UAC R-25-9(5)(a)]
was discussed briefly in Section 4.1.2.

Table 5-9 - GWPLs for Radioactive Contaminants at Clive, Utah

Contaminant GWPL (pCi/L) Basis for GWPL?
Np-237 7 EPA draft MCL, <1E-04 lifetime risk
Sr-90 42 EPA draft MCL, <1E-04 lifetime risk
Th-230 83 EPA draft MCL, <1E-04 lifetime risk
Th-232 92 EPA draft MCL, <1E-04 lifetime risk
U-233 26 EPA draft MCL, <1E-04 lifetime risk
U-234 26 EPA draft MCL, <1E-04 lifetime risk
U-235 27 EPA draft MCL, <1E-04 lifetime risk
U-236 27 EPA draft MCL, <1E-04 lifetime risk
U-238 26 EPA draft MCL, <1E-04 lifetime risk
1-129 21 EPA draft MCL, <1E-04 lifetime risk
Tc-99 3,790 Annual TEDE < 4 mrem/yr

Ra-226 + Ra-228 5 EPA final MCL

U total 0.030 (mg/L) | EPA final MCL

% See Table 1A of GWQ Permit No. UGW450005.

Notice in Table 5-9 that most of the GWPLs are based upon the assumption that an individual
would consume the groundwater and be exposed to an increased lifetime cancer risk of <1E-04
or to a dose of <4 mrem/yr. However, since the groundwater at the Clive site is non-potable due
to its high salinity, it would require treatment before it could be consumed. Because such
treatment would likely remove some of the radionuclides as well as other dissolved solids, use of
the Table 5-9 GWPLs at the Clive site is protective of the population.

To evaluate compliance with the GWPLSs listed in Table 5-9, EnergySolutions modeled
concentrations of contaminants in a hypothetical well at the edge of Federal Cell buffer zone.
The hypothetical well was 90 feet from the edge of the side slope and 240 feet from the edge of
the DU waste. (No DU waste is to be emplaced under the side slopes.) The results are
summarized in Table 5-10.
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Table 5-10 — EnergySolutions Shallow Aquifer Peak of the Mean Groundwater Activity
Concentrations within 500 Years, Compared to GWPLs (pCi/L) with the Waste Placed at
or Below Grade

Radionuclide GW_PL Me_an (SB/tlfwd;ir;e) 2l %ile
(pCil/L) (pCil/L) (PCilL) (pCi/L)

Sr-90 42 0 0 0
Tc-99 3,790 740 19.5 4,460
1-129 21 0.482 6.76E-07 3.39
Th-230 83 1.85E-26 0 3.35E-31
Th-232 92 1.44E-32 0 2.09E-37
Np-237 7 9.75E-18 0 1.32E-24
U-233 26 3.86E-22 0 1.00E-25
U-234 26 1.51E-21 0 8.10E-26
U-235 27 1.10E-22 0 6.77E-27
U-236 27 2.24E-22 0 1.08E-26
U -238 26 1.12E-20 2.21E-36 6.35E-25

Source: Neptune 20144, Table 2.

It can be seen from Table 5-10 that, with the exception of the fission products Tc-99 and 1-129,
the concentrations of the other radionuclides are insignificant. The calculated concentrations are
so small that any changes in infiltration rate based on ET cover modeling changes discussed
elsewhere in this SER would not create concerns regarding compliance with the GWPLs. In
addition, as discussed in previously in Section 4.1.2 and 4.2.2, a proposed condition for any
license amendment addressing disposal of DU waste would specify that recycled uranium (the
source of Tc-99, Np-237, and 1-129) not be permitted as a constituent in the DU waste.

Assuming that the specific activity of U-238 is 3.3E-7 curies per gram (Ci/g) then, based on the
mean U-238 concentration in Table 5-10 of 1.12E-20 picocuries per liter (pCi/L), the mass
concentration of U-238 is 0.34E-25 grams per liter (g/L) [1.12E-20 pCi/L + (3.3E-07 Ci/g x
1E+12 picocuries per curie] or 0.34E-19 pg/L. Because U-238 constitutes most of the uranium
mass, the uranium concentration is well below the GWPL for total uranium specified in Table
5-10 (i.e., 30 pg/L). The results of this hand calculation are in reasonable agreement with the
value of 8.1 E-20 pg/L calculated with GoldSim v1.2 using 1,000 realizations.

Presumably the in-growth of Ra-226 at 500 years was sufficiently small that it was not included
in the EnergySolutions report. To check this assumption, DEQ extracted additional information
from the EnergySolutions/Neptune GoldSim results and determined that the mean Ra-226 and

Ra-228 groundwater concentrations at 500 years were 2.9E-12 and 3.4E-29 pCi/L, respectively.
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These values are well below the Ra-226 and Ra-228 combined GWPL of 5 pCi/L. Likewise, the
uranium concentration of 2.8E-18 mg/L is well below the GWPL of 30 mg/L.

As noted above, the only two radionuclides with significant concentrations relative to the
GWHPLs are 1-129 and Tc-99. Since no iodine was detected in the SRS depleted uranium trioxide
(DUO3) samples, the 1-129 concentration was set at the lower limit of detection for the DU PA
calculations. However, additional research conducted during the Clive DU PA Model v1.2
modeling revealed that the 1-129 concentration was overstated by about six orders of magnitude
(Neptune 2014i). Thus, the likely 1-129 concentration is substantially below the GWPL rather
than only slightly below as suggested in Table 5-10.

As shown in Table 5-10, the mean Tc-99 concentration 500 years after Federal Cell closure is
about 20 percent of the GWPL (740 pCi/L predicted; GWPL = 3,790 pCi/L). [NSNASL R R
1% the Tc-99 concentration exceeds the GWPL by 18 percent
(4,460 pCi/L predlcted) for a 500-year simulation. The Tc-99 source term is based on sampling
of the DUQO; from SRS, where the average measured concentration was 2.38E+04 pCi/g of DU
waste with a standard deviation of 1.16E+04 pCi/g (Neptune 2014i, Table 2). The same Tc-99
concentration was assumed for the DU3Og being generated from DU from the GDPs. The use of
surrogate data from SRS for establishing the Tc-99 concentration in the DU3Og from the GDPs
was questioned in Interrogatory CR R313-25-7(9)-51/3: Nature of Contamination; and
Interrogatory CR R313 25- 7(9) 89/3 Contammatlon Levels in DUFe (DRC 2014c) s

Cmeans® Because the assumed Kd for technetlum is zero, a 3. 7 fold increase in the source term
should be reflected in a similar increase at the hypothetical well, causing the EnergySolutions
500-year simulation of Tc-99 GWPL to be exceeded. In its Round 3 response to Interrogatory
CR R313-25-7(9)-89/3 (ES 2014b), EnergySolutions explained that the Tc-99 concentrations
used in the DU PA were based on SRS data from which the mean and standard deviation were
determined. The data from Hightower et al. (2000) were an upper-bound estimate. The upper-
bound calculation of the mass of Tc-99 based on 10,000 iterations from the Clive DU PA Model
v1.2 is 75,424 kg, while the upper-bound estimate from Hightower et al. (2000) is 95,650 kg

(Interrogatory CR R313-25-7(9)-89/3, DRC 2014c, Table 3)._

The high level of uncertainty surrounding the quantities of contaminants in the DU waste was
characterized by EnergySolutions in Appendix 4 to the Clive DU PA Model v 1.2
(Neptune 2014i). The authors noted on pages 23 that:

Until adequate information concerning DU inventory is received from the GDPs,
which may not happen until the DU oxide product has been produced and
sampled, the actinides and fission products are assumed to be in relative
concentrations in the DUF; waste equal to those in the SRS DUO; waste, as
shown in Table 2 [Summary of mean and standard deviations for SRS DUO;
concentrations, assuming a normal distribution]. This is only a rough
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approximation and will need to be revised as data from the GDP waste are
provided [emphasis added].

The EnergySolutions/Neptune statement that this “is only a rough approximation” confirms the
high level of uncertainty in the amount of Tc-99 (and other contaminants) present in the GDP
recycled DU.

Another example of the uncertainty and, possibly, underestimation of the contaminants from
recycled uranium involves the number of cylinders with contaminated heels. According to
EnergySolutions/Neptune (Neptune 2014i, p. 25):

The cylinders at Portsmouth also need to be considered. The Depleted Uranium
Management Information Network reports the numbers as 16,109 from the
Portsmouth GDP, and 4,822 from the K-25 GDP, now moved to Portsmouth (DOE,
2010). These cylinders are also considered unlikely to be contaminated (personal
communication, Tammy Stapleton, May 2011) [emphasis added].

Consequently, the fraction of Pre-1988 cylinders at Paducah that is assumed to be
contaminated is about 9% [1,335/ (1,335 + 13,240)]. The Portsmouth cylinders
might also have a small fraction that are contaminated. Using expert opinion, this is
estimated at less than 1%, with a best guess at no more than 10 cylinders
contaminated (personal communication, Tammy Stapleton, May 2011) [emphasis
added].

In contrast to the assumption that there is little recycled uranium in the Portsmouth GDP (PORTYS)
[and Oak Ridge GDP (ORGDP)] cylinders, Hightower et al. 2000 note in Table C.6 the following
regarding the heels in cylinders containing recycled uranium feeds:

Plant Tc-99 (kg)
ORGDP (K-25) | 21
PGDP 57
PORTS 17
Total 95

Based on this information, about 40 percent of the Tc-99 is in cylinders from Portsmouth and
ORGDRP. In fact, the highest concentration of Tc-99 in the cylinder heels is reported as 5,700,000 ppb
for Portsmouth (Hightower et al. 2000, Table C.7).

Figure 5-8 shows the

change in concentration with time for selected radionuclides determined using the
EnergySolutions’ DU PA GoldSim Model. Note that, due to its mobility, the Tc-99
concentrations are substantially higher that for the other nuclides. The Tc-99 concentration at the
hypothetical 90-foot well in the upper, unconfined aquifer increases from 740 pCi/L [27.4

becquerels per liter (Bg/L)] at 500 years
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Figure 5-8 — Concentrations of selected radionuclides in upper, unconfined aquifer
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Based on the EnergySolutions Round 2 Response to Interrogatory CR
R313-25-19-182/2: Groundwater Exposure Pathways (ES 2014a), the dilution factor [as
calculated in EnergySolutions (2014e) using the Dupuit-Thiem equation] between the upper,
unconfined aquifer and the lower, confined aquifer is 3.28E8-03, which would result in radium
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concentrations in the lower aquifer being substantially below the GWPL. As described in the
EnergySolutions Round 2 response to Interrogatory 182 (ES 2014a), the dilution factor for the
upper aquifer contaminated water mixing with the lower aquifer “clean” water is the ratio of the
downward leakage rate [4.37E+02 cubic meters per year (m®/yr)] divided by the total rate of
water produced from the deep aquifer well (1.33E+05 m*/yr), or 4.37E+02 + 1.33E+05 =
3.29E-03. The other radionuclides remain below their respective GWPLSs in the upper aquifer for
at least 10,000 years.

It is important to note that the GWPL results presented here are determined based on infiltration
rates through the ET cover presented by EnergySolutions in the DU PA Model v1.2. T
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Figure 5-10 — DEQ-calculated fraction of GWPL for various radionuclides as a function of
time based on inventory of clean DU waste only (fission products absent) at the 90-foot well
(unconfined aquifer)

Conclusion:

Based on this restriction, GWPLs for the 500-year evaluation period can easily be
met regardless of uncertainties in the infiltration rate through the ET cover. This action will also
minimize contamination in the lower confined aquifer over longer times. If the evaluation period
for the GWPLs was extended to longer times, DEQ has determined that radium contamination
level in the shallow aquifer would be exceeded after about 8,000 years into the future. However,
because the yield from this aquifer is very low, it cannot be used as a source of drinking water.
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6.0 CONCLUSIONS AND RECOMMENDATIONS

6.1 CONCLUSIONS

Based upon the evaluations presented in Sections 4 and 5 of this SER, DEQ makes the following
conclusions regarding the approval of the Clive DU PA Model v1.2. Related UAC rules are
provided in parentheses.

6.1.1 Resolved

Protection of the General Population from Releases of Radioactivity [UAC R313-25-20] —
As discussed in Section 6.1.3, there remains much uncertainty regarding the performance of the
ET cover to reduce infiltration into the embankment. Nonetheless, based on the DU PA and DEQ
contractor calculations summarized in Section 4.2, DEQ concludes that the design of the
proposed Federal Cell provides adequate protection of the general population from releases of
radioactivity from disposed DU waste as required by UAC R313-25-20. IE RSt INPEEH

O-Hmits. However, should
the resolutlon of the ET cover concerns result in an infiltration rate of 1 cm/yr, or greater, then
this conclusion will need to be revisited®

Protection of Individuals from Inadvertent Intru5|on [UAC R313-25-21] — Based on the
information provided by EnergySolutions , ,

YT e e, DEQ concludes that sufficient mformatlon exists to indicate that the
requirement of UAC R313-25-21 regarding individuals inadvertently intruding into the disposal
site and occupying the site or contacting the waste after active institutional controls over the
disposal site are removed will be met.

% «Resolved” means that a determination has been made that there is sufficient information to demonstrate that this
requirement will be met. “Conditionally resolved” means that a determination has been made that there is
sufficient information to demonstrate that this requirement will be met, provided that the applicable condition is
also met. “Not resolved” means that a determination has been made that sufficient information has not yet been
provided to DEQ to demonstrate that this requirement will be met. “Not resolvable” means that there is sufficient
information to show that this condition cannot be met.
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Uranium Solubility [UAC R313-25-7(3)(c); R313-25-8(2), and (3); R313-25-9(5)(a); and
R313-25-19] — In the Clive DU PA Model, GoldSim samples solubilities from a statistical
distribution that was developed based on thermodynamic models that assume that all uranium is
in the form of UO;3 for the 10,000-year simulations. This is conservative, because the solubility
of UOs is orders of magnitude higher than UsOg solubility. Given the inability of GoldSim to
simulate the dependency of uranium solubility on kinetics and thermodynamics, the stochastic
approach that was taken in the DU PA is judged to be acceptable.

6.1.2 Conditionally Resolved
Compliance with Groundwater Protection Levels [UAC-R317-6-4] —

6.1.3 Not Resolved
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Deep Time Analysis [UAC Rule R313-25-9(5)(a)] —

Inflltratlon [UAC R313-25-8(2)] — lecier &
additienal modeling of the ET cover infiltration rates must—lee has been conducted based on in-
service hydraullc propertles and correlated Iog(a) and Iog(Ksat) values described in
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Effect of Biologicals on Radionuclide Transport [UAC R313-25-24(3) and (4)] —
EnergySolutions has [y shown that the cover system is sufficiently thick or designed with
adequate materlals to protect the cover system or the underlylng bulk waste in the embankments

rates of |nf|Itrat|on are typlcally assomated W|th hlgher contaminant transport rates. Under Utah
rules, |nf|Itrat|on should be mlnlmlzed [see UAC Rule R313-25-25(3) and (4 Es{=laWSEEes

6.1.4 Not Resolvable

As a result of DEQ evaluations, there are no topics in the EnergySolutions DU PA that cannot be
resolved because of affirmative information that standards cannot be met.
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6.2 ADDITIONAL CONDITIONS FOR APPROVAL

In the event the DU PA is approved, the following additional conditions wilt may apply to any
amended license.

6.2.2 [TTETENER Disposal below grade.

DU waste has only been modeled as being only must-be disposed of below the original-grade
level of the proposed Federal Cell (i.e., 4,272 ft-amsl).
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6.3 RECOMMENDATIONS

At this time, DEQ has not made a final recommendation.

FINAL 124 April 2015



EnergySolutions LLRW Disposal License — Condition 35
(RML UT2300249)
Safety Evaluation Report

7.0 REFERENCES

Albrecht, B.A., & C.H. Benson, 2001. “Effect of Desiccation on Compacted Natural Clays,”
Journal of Geotechnical and Geoenvironmental Engineering, Vol. 127, pp. 67-75.

Albright, W.H., C.H. Benson, and W.J. Waugh, 2010. Water Balance Covers for Waste
Containment: Principles and Practice, ASCE Press, Reston, VA, August 24.

Anderson, S.P., 1980. “The Upfreezing Process: Experiments with a Single Clast,” Geological
Society of America Bulletin, Vol. 100, pp. 609-621.

Balch D.P., A.S. Cohen, D.W. Schnurrenberger, B.J. Haskell, B.L.V. Garces, J.W. Beck,

H. Cheng, and R.L. Edwards, 2005. “Ecosystem and Paleohydrological Response to Quaternary
Climate Change in the Bonneville Basin, Utah,” Palaeogeography, Palaeoclimatology,
Palaeoecology, Vol. 221, pp. 99-121.

Benoit, G. R., 1961. Soil Surface Conditions, Radiation, and Air Movement Effects on Soil Water
Evaporation, Doctoral dissertation. Retrieved from ProQuest, UMI Dissertations Publishing
(6106176).

Benson, C.H., 2009. “Modeling Performance and Degradation of Covers and Liners,” 2009
Performance Assessment Community of Practice Technical Exchange Meeting.

Benson, C.H., W.H. Albright, D.O. Fratta, J.M. Tinjum, E. Kucukkirca, S.H. Lee, J. Scalia,
P.D. Schlicht, and X. Wang, 2011. Engineered Covers for Waste Containment: Changes in
Engineering Properties and Implications for Long-Term Performance Assessment, VVolume 1,
NUREG/CR-7028, U.S. Nuclear Regulatory Commission, Office of Nuclear Regulatory
Research, December.

Benson, C.H., and M.A. Othman, 1993. “Hydraulic Conductivity of Compacted Clay Frozen and
Thawed In Situ, J. of Geotechnical Engineering, Vol. 199, pp. 276-294.

Benson, L.V., S.P. Lund, J.P. Smoot, D.E. Rhode, R.J. Spencer, K.L Verosub, L.A. Louderback,
C.A. Johnson, R.O. Rye, and R.M. Negrini, 2011. “The Rise and Fall of Lake Bonneville
between 45 and 10.5 ka,” Quaternary International, Vol. 235, pp. 57-69.

Berney, E.S., IV, W.D. Hodo, J.F. Peters, R.S. Olsen, and M.K. Sharp, 2008. Assessment of the
Effectiveness of Clay Soil Covers as Engineered Barriers in Waste Disposal Facilities with
Emphasis on Modeling Cracking Behavior, ERDC TR-08-7, U.S. Army Corps of Engineers
Engineer Research and Development Center, June.

Bingham Environmental, 1991. “Hydrologic Report Envirocare Waste Disposal Facility, South
Clive, Utah,” October 9.

Bowley, W.W. and M.D. Burghardt, 1971. “Thermodynamics and Stones,” American
Geophysical Union Transactions, Vol. 52, pp. 4-7.

Bradley, Ray, 2013. “Long-Term Climate Change at Clive, Utah, White Paper,” University of
Massachusetts, Submitted to the Utah Department of Environmental Quality, December.

FINAL 125 April 2015



EnergySolutions LLRW Disposal License — Condition 35
(RML UT2300249)
Safety Evaluation Report

Bradley, Raymond S., 2014. “Review of the Deep Time Supplemental Analysis for the Clive DU
PA (NAC-0035_RO0),” University of Massachusetts at Amherst, Department of Geosciences,
letter to William Thurber, SC&A, Inc., August 20.

Breshears, D.D., J.W. Nyhan, and D.W. Davenport, 2005. “Ecohydrology Monitoring and
Excavation of Semiarid Landfill Covers a Decade after Installation,” Vadose Zone Journal,
Vol. 4, pp. 798-810.

Brodeur, J.R., 2006. Mixed Low-Level Radioactive and Hazardous Waste Disposal Facilities,
Energy Sciences and Engineering, Kennewick, Washington.

Burt, C.J., and S.W. Cox, 1993. “An Assessment of Plant Biointrusion on Six UMTRA Project
Disposal Cells,” UMTRA Project, Albuguerque, NM. Retrieved August, 15, 2014, from
www.wmsym.org/archives/1993/V2/121.pdf

Carsel, R.F., and R.S. Parrish, 1988. “Developing Joint Probability Distributions of Soil Water
Retention Characteristics,” Water Resources Research, Vol. 24, No. 5, pp. 755-769.

Chimner, R.A., and D.J. Cooper, 2004. “Using Stable Oxygen Isotopes to Quantify the Water
Source Used for Transpiration by Native Shrubs in the San Luis Valley, Colorado, U.S.A.,”
Plant and Soil, Vol. 260, pp. 225-236.

Clifford, D., 2004. Fundamentals of Radium and Uranium Removal from Drinking Water
Supplies, U.S. Environmental Protection Agency Web Cast, August 4. Available at
http://water.epa.gov/lawsregs/rulesregs/sdwa/radionuclides/training.cfm

Code of Federal Regulations (CFR), Title 10, “Energy,” Part 61, “Licensing Requirements for
Land Disposal of Radioactive Waste.”

Colman, S.M., K.R. Kelts, and D.A. Dinter, 2005. “Depositional History and Neotectonics in
Great Salt Lake, Utah from High Resolution Seismic Stratigraphy,” Sedimentary Geology,
Vol. 148, pp. 61-78.

Colman, S.M., J.G. Rosenbaum, D.S. Kaufmann, W.E. Dean, and J.P. McGeehin, 2009.
“Radiocarbon Ages and Age Models for the Past 30,000 Years in Bear Lake, Utah and Idaho,” in
J.G. Rosenbaum and D.S. Kaufman, Eds., Paleoenvironments of Bear Lake Utah and Its
Catchment, Geological Society of America Special Paper 450, pp. 133-144.

Cooper, D.J., J.S. Sanderson, D.l. Stannard, and D.P. Groeneveld, 2006. “Effects of Long-Term
Water Table Drawdown on Evapotranspiration and VVegetation in an Arid Region Phreatophyte
Community,” Journal of Hydrology, Vol. 325, pp. 21-34.

Departments of the Army and the Air Force, 1988. Arctic and Subarctic Construction
Calculation Methods for Determination of Depths of Freeze and Thaw in Soils, U.S. Army TM
5-852-6, U.S. Air Force AFR 88-19, V. 6, Headquarters, Departments of the Army and the Air
Force, Washington, DC.

Division of Radiation Control (DRC), Utah Department of Environmental Quality, 1989.
“License Amendment: Utah Department of Environmental Quality Division of Radiation Control

FINAL 126 April 2015


http://water.epa.gov/lawsregs/rulesregs/sdwa/radionuclides/training.cfm

EnergySolutions LLRW Disposal License — Condition 35
(RML UT2300249)
Safety Evaluation Report

Radioactive Material License UT 2300249, Amendment # 14,” October. Available at
http://www.deg.utah.gov/businesses/E/EnSolutions/docs/2012/11Nov/license.pdf

Division of Radiation Control (DRC), Utah Department of Environmental Quality, 2008.
“Completeness Review; EnergySolutions, LLC ‘Amendment Request; Class A South/11e.(2)
Embankment’ Dated January 4, 2008,” URS 49347160, November 25.

Division of Radiation Control (DRC), Utah Department of Environmental Quality, 2010.
“Environmental Quality, Radiation Control, R313-25-8, Technical Analyses, Notice of Proposed
Rule (Amendment),” Utah State Bulletin, VVol. 2010, No. 1, January 1.

Division of Radiation Control (DRC), Utah Department of Environmental Quality, 2012a.
“EnergySolutions LLRW Disposal Facility Class A West Amendment Request, Safety
Evaluation Report,” URS UT11.1101.004.01, June.

Division of Radiation Control (DRC), Utah Department of Environmental Quality, 2012b.
“Public Participation Summary for the EnergySolutions’ Class A West Embankment License
Amendment Request; Tooele County, Utah,” November 14. Available at
http://lwww.deg.utah.gov/businesses/E/EnSolutions/docs/2012/11Nov/Public%?20Participation.pd
f

Division of Radiation Control (DRC), Utah Department of Environmental Quality, 2014a.
“EnergySolutions Clive LLRW Disposal Facility: Utah LLRW Disposal License Renewal
Application (Condition 35 (RML UT 2300478), Section 2300249); Compliance Report (June 1,
2011) Including Final Report, Version 1.0 (Appendix A) and Appendices to Appendix A and
Compliance Report, Revision 1 (November 8, 2013): Round 1 Interrogatories,” February.

Division of Radiation Control (DRC), Utah Department of Environmental Quality, 2014b.
“EnergySolutions Clive LLRW Disposal Facility: Utah LLRW Disposal License — Condition 35
(RML UT 2300249) Compliance Report (June 1, 2011) Including Final Report, Version 1.0
(Appendix A) and Appendices 1-17 to Appendix A and Compliance Report, Revision 1
(November 8, 2013): Round 2 Interrogatories,” May.

Division of Radiation Control (DRC), Utah Department of Environmental Quality, 2014c.
“EnergySolutions Clive LLRW Disposal Facility: Utah LLRW Disposal License — Condition 35
(RML UT 2300249); Compliance Report (June 1, 2011) Including Final Report, Version 1.0
(Appendix A) and Compliance Report, Revision 1 (November 8, 2013) and Revised DU PA
(June 5, 2014) Including Final Report Version 1.2. and Appendices 1-18: Round 3
Interrogatories,” July.

Division of Radiation Control (DRC), Utah Department of Environmental Quality, 2014d.
“License Amendment No. 16: Radioactive Material License UT 2300249,” May 12. Available at
http://www.deg.utah.gov/businesses/E/EnSolutions/docs/2014/05May/Amend16finalandPPS.pdf

Division of Radiation Control (DRC), Utah Department of Environmental Quality, 2015. Round
Three Interrogatory for the Blended and Processed Resin Waste Performance Assessment by
EnergySolutions, LLC (ES), 2015b, “Utah Radioactive Material License (UT2300249) Updated
Site Specific Performance Assessment (Revision 2),” January 26, in progress.

FINAL 127 April 2015



EnergySolutions LLRW Disposal License — Condition 35
(RML UT2300249)
Safety Evaluation Report

Dwyer, S.F., R.E., Rager, and J. Hopkins, 2007. Cover System Design Guidance and
Requirements Document, LA-UR-06-4715, EP2006-0667, Environmental Programs-
Environmental Restoration Support Services, Los Alamos National Laboratory, NM, April.

Edwards, D., 2011. “Review and Audit of EnergySolutions’ Cover Test Cell (CTC) Corrective
Action Plan and Related Documents,” Memorandum to Rusty Lundberg, Director of Division of
Radiation Control, October 28.

Edwards, D., 2014. “Regional Use of Reverse Osmosis Technology in Areas Near Clive, Utah to
Treat Saline or Brackish Groundwater,” Memorandum to Rusty Lundberg, Laura Lockhart, John
Hultquist, and File, Utah Department of Environmental Quality, Division of Radiation Control,
January 16.

EnergySolutions, LLC (ES), 2002. Engineering Drawing for 11e.(2) Cell, No. 9420-4, Rev. F,
March 4, 2002.

EnergySolutions, LLC (ES), 2007. “Annual As Built Report,” March 30, 2007.

EnergySolutions, LLC (ES), 2008a. “January 4, 2008, CAS Cell submittal,” ES Engineering
Drawing No. 07021-V2, Rev. 0, January 4, 2008.

EnergySolutions, LLC (ES), 2008b. “Radioactive Material License Renewal Application.”

EnergySolutions, LLC (ES), 2011a. Correspondence from Sean McCandless, EnergySolutions, to
Rusty Lundberg, Utah Division of Radiation Control, “Re: Radioactive Material License #UT
2300249 and Ground Water Quality Discharge Permit No. UGW450005. Amendment and
Modification Request — Class A West Embankment; Retraction of the Class A South/11e.(2)
Embankment Design Change Request,” May 2.

EnergySolutions, LLC (ES), 2011b. Utah Low-Level Radioactive Waste Disposal License —
Condition 35 (RML UT2300249) Compliance Report, June 1.

EnergySolutions, LLC (ES), 2012a. “State of Utah 11e.(2) Byproduct Material License Renewal
Application (UT 2300478),” Section 2.7.3, June 1.

EnergySolutions, LLC (ES), 2012b. LLRW and 11e (2) CQA/QC Manual, Version 26c,
March 20.

EnergySolutions, LLC (ES), 2013a. “State of Utah Byproduct Radioactive Material License
Renewal Application (UT 2300478 _ — Revision 6,” December 1.

EnergySolutions, LLC (ES), 2013b. Utah Radioactive Material License — Condition 35 (RML
UT2300249) Compliance Report (Revision 1), November 8.

EnergySolutions, LLC (ES), 2013c. Utah Radioactive Material License (RML UT2300249)
Updated Site-Specific Performance Assessment (Revision 1), March 6.

EnergySolutions, LLC (ES), 2013d. 2012 Annual 113.(2), LARW, Class A West, and Mixed
Waste Groundwater Monitoring Report, March 1.

EnergySolutions, LLC (ES), 2014a. “RML UT2300249 — Condition 35 Compliance Report
Responses to Round 2 Interrogatories,” June 12.

FINAL 128 April 2015



EnergySolutions LLRW Disposal License — Condition 35
(RML UT2300249)
Safety Evaluation Report

EnergySolutions, LLC (ES), 2014b. “RML UT2300249 — Condition 35 Compliance Report -
Revision 2, Appendix E — Responses to July 1, 2014 Round 3 Interrogatories,” July 8.

EnergySolutions, LLC (ES), 2014c. RML UT2300249 — Condition 35 Compliance Report —
Revision 2, July 8.

EnergySolutions, LLC (ES), 2014d. “Responses to 28 February 2014 — Round 1 Interrogatories,
Utah LLRW Disposal License RML UT 2300249 Condition 35 Compliance Report,” March 31.

EnergySolutions. LLC (ES) 2014e. Correspondence from Vern Rogers, EnergySolutions, to
Helge Gabert, Utah DEQ, “License No. UT2300249, RML #UT2300249—Condition 35
Compliance Report, Revision 1, Revised Response to May 2014 Round 2 Interrogatory #182
(CD14-1036),” June 18.

EnergySolutions, LLC (ES), 2014f. “March 31, 2014, Response to Round 1 Interrogatory,
Engineering Drawing No. 14004-V1, Rev. 0,” March 31, 2014.

EnergySolutions, LLC (ES), 2014g. “Responses to August 11, 2014 — Supplemental
Interrogatories, Utah LLRW Disposal License RML UT 2300249 Condition 35 Compliance
Report,” August 18.

EnergySolutions, LLC (ES), 2014h. “RML UT2300249 — Condition 35 Compliance Report
Responses to Round 2 Interrogatories,” June 17.

EnergySolutions, LLC (ES), 2015a. “RML UT2300249 — Updated Site Specific Performance
Assessment Supplemental Response to Round 1 Interrogatories,” February 6.

EnergySolutions, LLC (ES), 2015b. “Utah Radioactive Material License (UT2300249) Updated
Site Specific Performance Assessment (Revision 2),” January 26.

EnergySolutions, LLC (ES) (n.d.). Drawings in .dwg format provided to DEQ/SC&A in 2014
and 2015, including: Drawing No. 14002-L1A(1), Drawing No. 14004-L1A(1), Drawing No.
14004-V1A(1), Drawing No. 14003-V3A(1), and Drawing No. 14004-V3A(1).

Envirocare, 2000. Application License Amendment for Class B & C Waste, Rev. 5, December 7.

Freeze, R.A., and J.A. Cherry, 1979. Groundwater, Prentice Hall, Upper Saddle River, New
Jersey.

Gaglio, M.D., W.P. Mackay, D. Padilla, R. Webb, and D.V. LeMone, 2001. “The Effectiveness
of Biobarrier Layers within Protective ET Covers at Preventing Penetration of Waste Sites by the
Harvester Ant Pogonomyrmex salinus Olsen (Hymenoptera: Formicidae),” Waste Management
Conference, February 25—-March 1, 2001, Tucson, AZ.

GoldSim Technology Group, LLC (GTG), 2013a. GoldSim User’s Guide, Volumes 1 and 2,
Version 11, July 2013.

GoldSim Technology Group, LLC (GTG), 2013b. GoldSim Contaminant Transport Module
User’s Guide, Version 6.3, July 2013.

Groenevelt, P.H., P. van Straaten, V. Rasiah, and J. Simpson, 1989. “Modifications in
Evaporation Parameters by Rock Mulches,” Soil Technology, Vol. 2, pp. 279-285.

FINAL 129 April 2015



EnergySolutions LLRW Disposal License — Condition 35
(RML UT2300249)
Safety Evaluation Report

Grove Software, Inc., 2009. MicroShield® User’s Manual, Version 8.03, 2009.

Guarracino. L., 2007. “Estimation of Saturated Hydraulic Conductivity Ks from the Van
Genuchten Shape Parameter o,” Water Resources Research, Vol. 43, pp. 1944-1973.

Hadas, A., and D. Hillel, 1972. “Steady-State Evaporation through Non-homogeneous Soils from
a Shallow Water Table,” Soil Science, Vol. 113, pp. 65-73.

Hakonson, T.E., 1999. “The Effects of Pocket Gopher Burrowing on Water Balance and Erosion
Form Landfill Covers,” J. Environ. Qual., Vol. 28, pp. 659-665.

Harr, R.D., and K.R. Price, 1972. “Evapotranspiration from a Greasewood-Cheatgrass
Community,” Water Resources Research, VVol.8, pp. 1199-1203.

Henson Technical Projects, LLC (Henson), 2006. Contents Categorization of Paducah DUF6
Cylinders Using Cylinder History Cards — Phase I, DUF6-G-G-STU-003, Draft for UDS Review,
Uranium Disposition Services, LLC, Lexington, KY, September 30. (file: DUF6-G-G-STU-003
Henson 2006.pdf)

HERA, 2003. “Human and Environmental Risk Assessment on Ingredients of European
Household Cleaning Products,” Draft, June. Available at www.heraproject.com/files/13-f-04-
%20hera%20stpp%20full%20web%20wd.pdf

Hightower, J.R., L.R. Dole, D.W. Lee, G.E. Michaels, M.I. Morris, D.G. O’Conner, S.J. Pawel,
R.L. Schmoyer, L.D. Trowbridge, and V.S. White, 2000. Strategy for Characterizing
Transuranics and Technetium Contamination in Depleted UFg Cylinders, ORNL/TM-2000/242,
UT-Battelle, Oak Ridge National Laboratory, Oak Ridge, TN, October.

Hoven, H.D., R. Long, J. McMillan, and D. Truman, 2000. “Assessment of Vegetative Impacts
on LLRW,” SCWA, Inc. Environmental Consultants, submitted to Envirocare of Utah, Inc.,
November 2.

Hultquist, John, 2010. “Depleted Uranium (DU) Rule — Utah History,” Utah Division of
Radiation Control, paper presented at Performance Assessment Workshop, November.

International Atomic Energy Agency, 2013. Measurement and Calculation of Radon Releases
from NORM Residues, Y. Ishimori, K. Lange, P. Martin, Y.S. Mayya, and M. Phaneuf, Technical
Reports Series No. 474, Vienna.

Jewell, Paul, 2014. “Comments on ‘Deep Time Supplemental Analysis For the Clive DU Pa,’”
University of Utah, email to David Back, SC&A, Inc, August 10, 2014.

Jewell, Paul 2015. “Review of Aeolian Study,” University of Utah, email to David Back, S.
Cohen and Associates, February 21, 2015.

Johnson, D.L., and K.L. Hansen, 1974. “Effects of Frost-Heaving on Objects in Soils,” Plains
Anthropologist, Vol. 19, pp. 81-98.

Johnson, D.L. and W.R. Wood, 1978. “A Survey of Disturbance Processes in Archaeological
Site Formation,” Advances in Archaeological Method and Theory Coverage, Vol. 1.

FINAL 130 April 2015



EnergySolutions LLRW Disposal License — Condition 35
(RML UT2300249)
Safety Evaluation Report

Kemper, W.D. and A.T. Corey, 1968. “Conservation of Soil Water by Gravel Mulches,”
Hydrology Papers, No. 30, September, 1968.

Kemper, W.D., A.D. Nicks, and A.T. Corey, 1994. “Accumulation of Water in Soils under
Gravel and Sand Mulches,” Soil Sci. Soc. Am. J., Vol. 58, pp. 56-63.

Kendall G.M., and T.J. Smith, 2002. “Doses to Organs and Tissues from Radon and Its Decay
Products,” National Radiological Protection Board, J. Radiol. Prot., VVol. 22, pp. 389-406.

Landeen, D.S., 1994. The Influence of Small Mammal Burrowing Activity on Water Storage at
the Hanford Site, Report prepared for the U.S. Department of Energy Office of Environmental
Restoration and Waste Management, WHC-EP-0730, September.

Laundre, J.W., 1993. “Effects of Small Mammal Burrows on Water Infiltration in a Cool Desert
Environment,” Oecologia (Berlin), VVol. 94, pp. 43-48.

Lewis, G.M., L. Wang, and A.S.C. Chen, 2006. Arsenic Removal from Drinking Water by Point
of Use Reverse Osmosis EPA Demonstration Project at Sunset Ranch Development in
Homedale, ID, Six-Month Evaluation Report, EPA/600/R-06/094, U.S. Environmental Protection
Agency.

Link, S.0O., L.L. Cadwell, K.L. Petersen, M.R. Sackshewsky, and D.S. Landeen, 1995. Role of
Plants and Animals in Isolation Barriers at Hanford, Washington, Battelle.

Marschke, S.F., 2015. Groundwater Pathway Doses, Part 2, Revision 1, White Paper submitted
to Utah DEQ, March 3.

Meinzer, O.E., 1927. Plants as Indicators of Ground Water, Water Supply Paper 577, U. S.
Geological Survey.

Meyer, P.D., M.L. Rockhold, and G.W. Geg, 1997. Uncertainty Analysis of Infiltration and
Subsurface Flow and Transport for SDMP Sites, NUREG/CR-6565, U.S. Nuclear Regulatory
Commission, September.

Modaihsh, A.S., R. Horton, and D. Kirkham, 1985. “Soil Water Evaporation Suppression by
Sand Mulches,” Soil Science, Vol. 139, pp. 357-361.

National Council on Radiation Protection and Measurements (NCRP), 2009. lonizing Radiation
Exposure of the Population of the United States, Report No. 160, ISBN 978-0-9835450-4-0,
March 3.

National Oceanographic and Atmospheric Administration (NOAA), n.d. “Air Freezing Index —
USA Method (Base 32° Fahrenheit,” National Climatic Data Center. Accessed August 2012 at
http://www.ncdc.noaa.gov/oa/fpsf/AFI-pubreturn.pdf

Neptune and Company, Inc., 2011a. Conceptual Site Model for Disposal of Depleted Uranium at
the Clive Facility, prepared for EnergySolutions, 20 May.

Neptune and Company, Inc., 2011b. Final Report for the Clive DU PA Model version 1.0,
June 1, 2011. (Appendix A to EnergySolutions, Utah Low-Level Radioactive Waste Disposal
License — Condition 53 (RML UT2300249) Compliance Report, June 1, 2011).

FINAL 131 April 2015



EnergySolutions LLRW Disposal License — Condition 35
(RML UT2300249)
Safety Evaluation Report

Neptune and Company, Inc., 2011c. Unsaturated Zone Modeling for the Clive PA Clive DU PA
Model v1.0, June.

Neptune and Company, Inc., 2014a. Final Report for the Clive DU PA Model, Clive DU PA
Model v1.2, June 5.

Neptune and Company, Inc., 2014b. Atmospheric Transport Modeling for the Clive DU PA
Model v1.2, NAC-0021 R1, June 5, 2014 (Appendix 8 to Neptune 2014a).

Neptune and Company, Inc., 2014c. Model Parameters for the Clive DU PA Model v1.2,
NAC-0026_R1, June 5, 2014 (Appendix 16 to Neptune 2014a).

Neptune and Company, Inc., 2014d. Conceptual Site Model for Disposal of Depleted Uranium at
the Clive Facility, NAC-0018_R1, June 5, 2014 (Appendix 2 to Neptune 2014a).

Neptune and Company, Inc., 2014e. Deep Time Assessment for the Clive DU PA Model v1.2,
NAC-0032_R1, June 5, 2014 (Appendix 13 to Neptune 2014a).

Neptune and Company, Inc., 2014f. Embankment Modeling for the Clive DU PA Model v1.2,
NAC-0019 R1, June 5, 2014 (Appendix 3 to Neptune 2014a).

Neptune and Company, Inc., 2014g. FEP Analysis for Disposal of Depleted Uranium at the
Clive Facility, NAC-0020_R1, June 5, 2014 (Appendix 1 to Neptune 2014a).

Neptune and Company, Inc., 2014h. Erosion Modeling for the Clive DU PA Model,
NAC_0017_R1, June 5, 2014 (Appendix 10 to Neptune 2014a).

Neptune and Company, Inc., 2014i. Radioactive Waste Inventory for the Clive DU PA Model
v1.2, NAC-0023_R1, June 5, 2014 (Appendix 4 to Neptune 2014a).

Neptune and Company, Inc., 2014j. Radon Diffusion Modeling for the Clive DU PA Model v1.2,
NAC-0033_RO0, May 31, 2014 (Appendix 18 to Neptune 2014a).

Neptune and Company, Inc., 2014k. Unsaturated Zone Modeling for the Clive DU PA Model
v1.2, NAC-0015_R1, June 12, 2014 (Appendix 5 to Neptune 2014a).

Neptune and Company, Inc., 2014l. Dose Assessments for the Clive DU PA, June 5, 2014
(Appendix 11 to Neptune 2014a).

Neptune and Company, Inc., 2014m. Geochemical Modeling for the Clive DU PA, Clive DU PA
Model v1.2, NAC-0025 R1, June 5, 2014 (Appendix 6 to Neptune 2014a).

Neptune and Company, Inc., 2014n. Deep Time Supplemental Analysis for the Clive DU PA,
Model vDTSA, NAC-0035_ RO, August 5.

Neptune and Company, Inc,. 2015a, Deep Time Supplemental Analysis for the Clive DU PA,
Model vDTSAL, NAC-0035_R1, March 10.

Neptune and Company, Inc., 2015b, Neptune Field Studies, December, 2014, Eolian
Depositional History Clive Disposal Site, February 18.

Nichols, W.D., 1993. “Estimating Discharge of Shallow Groundwater by Transpiration from
Greasewood in the Northern Great Basin,” Water Resources Research, Vol. 29, pp. 2771-2778.

FINAL 132 April 2015



EnergySolutions LLRW Disposal License — Condition 35
(RML UT2300249)
Safety Evaluation Report

Nixon, J. F., and E.C. McRoberts, 1973. “A Study of Some Factors Affecting Thawing of Frozen
Soils,” Canadian Geotechnical Journal, Vol. 10, pp. 439-452.

Oviatt, C.G., R.S. Thompson, D.S. Kaufman, J. Bright, and R.M. Forester, 1999.
“Reinterpretation of the Burmester Core, Bonneville Basin, Utah,” Quaternary Research,
Vol. 52, pp. 180-184.

Pérez, F.L., 2000. “The Influence of Surface Volcaniclastic Layers from Haleakala Maui, Hawaii
on Soil Water Conservation,” Catena, Vol. 38, pp. 301-332.

Reith, C.C., and J.A. Caldwell, 1990. “Vegetative Covers for UMTRA Project Disposal Cells,”
Jacobs Engineering Group, Albuquerque, NM.

Rogers, Tye, 2002. A Change in Envirocare’s Disposal Cell Design, Envirocare of Utah, Waste
Management 2002, February 24-28.

Rogers, V., 2014a. Correspondence from V. Rogers, EnergySolutions, to H. Gabert, Utah DEQ),
“License No: UT2300249; RML #UT 2300249 — Condition 35 Compliance Report, Revision 1;
Revised Response to May 2014 Round 2 Interrogatory #182,” June 18.

Rogers, V. 2014b. Email from V. Rogers, EnergySolutions, to H. Gabert, Utah DEQ, “Draft
Conceptual Cell Footprint,” November 14.

Rogers, V.C., and K.K. Nielson, 1991. “Correlations for Predicting Air Permeabilities and 22Rn
Diffusion Coefficients of Soils,” Health Physics, Vol. 61, No. 2, August.

Sandia National Laboratories (SNL), 2007. Dissolved Concentration Limits of Elements with
Radioactive Isotopes, ANL-WIS-MD-000010, Revision 06, September. Available from
http://pbadupws.nrc.gov/docs/ML0907/ML090770267.pdf

S. Cohen and Associates (SC&A) 2014. “Review of Deep Time Supplemental Analysis,” White
Paper prepared by Steve Marschke, SC&A, Paul Jewell, University of Utah, and Loren Morton,
State of Utah, DRC, submitted to the Utah Department of Environmental Quality, August 19.

S. Cohen and Associates (SC&A) 2015. “Radon Flux: 20 pCi/m*-s,” White Paper prepared by
Steve Marschke, submitted to the Utah Department of Environmental Quality, March 6.

Schaap, M., 2002. Rosetta: A Computer Program for Estimating Soil Hydraulic Parameters with
Hierarchical Pedotransfer Functions. Available from
http://ag.arizona.edu/research/rosetta/download/rosetta.pdf

Sparks, D.L., 1998. Soil Physical Chemistry, Second Edition, CRC Press.
State of Utah Radioactive Material License UT2300249, Amendment 17, June 4, 2014.

State of Utah Radioactive Material License, 11(e).2 Byproduct Material License UT2300478,
Amendment 10, August 2, 2013.

State of Utah Part B Permit, EPA Identification Number UDT982598898.

State of Utah Ground Water Quality Discharge Permit Number UGW450005, modified effective
February 18, 2014.

FINAL 133 April 2015


http://pbadupws.nrc.gov/docs/ML0907/ML090770267.pdf
http://ag.arizona.edu/research/rosetta/download/rosetta.pdf

EnergySolutions LLRW Disposal License — Condition 35
(RML UT2300249)
Safety Evaluation Report

SWCA Environmental Consultants (SWCA), 2013. EnergySolutions Updated Performance
Assessment —SWCA’s Response to First Round DRC Interrogatories, September.

URS, 2012. EnergySolutions LLRW Disposal Facility CAW Amendment Request Safety Evaluation
Report, URS UT11.1101.004.01, June.

U.S. Army Corps of Engineers (USACE), 2012. Pavement-Transportation Compute
Assisted Structural Engineering (PCASE) Implementation of the Modified Berggren
(ModBerg) Equation for Computing the Frost Penetration Depth within Pavement
Structures, ERDC/GSL TR-12-15, Geotechnical and Structures Laboratory, U.S. Army
Engineer Research and Development Center, Vicksburg, MS.

U.S. Department of Energy (DOE), 2010. Depleted UFs Management Information Network
[website]. Available at http://web.ead.anl.gov/uranium/mgmtuses/storage/index.cfm

U.S. Department of Energy (DOE), 2014. Oak Ridge Environmental Management Program, East
Tennessee Technology Park, February.

U.S. Environmental Protection Agency (EPA), 2000. “National Primary Drinking Water
Regulations; Radionuclides; Final Rule,” Federal Register, December 7, 2000 (Volume 65,
Number 236).

U.S. Environmental Protection Agency (EPA), (2005). A Regulators’ Guide to the Management
of Radioactive Residuals from Drinking Water Treatment Technologies, July 2005. Retrieved
September 2014 from http://www.epa.gov/radiation/docs/tenorm/816-r-05-004.pdf

U.S. Environmental Protection Agency (EPA), 2011. Integrated Risk Information System (IRIS),
Office of Research and Development and National Center for Environmental Assessment, Electronic
Database. Available online at http://www.epa.gov/iris/

U.S. Nuclear Regulatory Commission (NRC), 1981. Draft Environmental Impact Statement on
10 CFR Part 61 Licensing Requirements for Land Disposal of Radioactive Waste,
NUREG-0782, Volume 1, “Summary,” September.

U.S. Nuclear Regulatory Commission (NRC), 1989. Calculation of Radon Flux Attenuation by
Earthen Uranium Mill Tailings Covers, Regulatory Guide 3.64, June.

U.S. Nuclear Regulatory Commission (NRC), 1995. Reassessment of NRC’s Dollar Per Person-
Rem Conversion Factor Policy, NUREG-1530, Office of Nuclear Regulatory Research,
December.

U.S. Nuclear Regulatory Commission (NRC), 1996. Hydrologic Evaluation Methodology for
Estimating Water Movement Through the Unsaturated Zone at Commercial Low-Level
Radioactive Waste Disposal Sites, NUREG/CR-6346, Office of Nuclear Regulatory Research,
January.

U.S. Nuclear Regulatory Commission (NRC), 1999. Information on Hydrologic Conceptual
Models, Parameters, Uncertainty Analysis, and Data Sources for Dose Assessments at
Decommissioning Sites, NUREG/CR-6656, December.

FINAL 134 April 2015


http://www.epa.gov/radiation/docs/tenorm/816-r-05-004.pdf
http://www.epa.gov/iris/

EnergySolutions LLRW Disposal License — Condition 35
(RML UT2300249)
Safety Evaluation Report

U.S. Nuclear Regulatory Commission (NRC), 2000. A Performance Assessment Methodology for
Low-level Radioactive Waste Disposal Facilities; Recommendations of NRC'’s Performance
Assessment Working Group, NUREG-1573, Office of Nuclear Material Safety and Safeguards,
October.

U.S. Nuclear Regulatory Commission (NRC), 2001. Hydrologic Uncertainty Assessment for
Decommissioning Sites: Hypothetical Test Case Applications, NUREG/CR-6695, February.

U.S. Nuclear Regulatory Commission (NRC), 2004. Regulatory Analysis Guidelines of the U.S.
Nuclear Regulatory Commission, NUREG/BR-0058, Office of Nuclear Regulatory Research,
Revision 4, September.

U.S. Nuclear Regulatory Commission (NRC), 2009. “Staff Requirements — SECY-08-0147 —
Response to Commission Order CLI-05-20 Regarding Depleted Uranium,” SRM-SECY-08-
0147, March 18.

U.S. Nuclear Regulatory Commission (NRC), 2011. “NRC F-104 Course, Health Physics for
Uranium Recovery, Module 2, Radiological and Chemical Properties of Uranium,” prepared by
Oak Ridge Institute for Science and Education, July 11-15, 2011.

U.S. Nuclear Regulatory Commission (NRC), 2013a. “Response to Advisory Committee on
Reactor Safeguards Regarding Draft Proposed Revisions to Low-Level Radioactive Waste
Disposal Requirements (10 CFR Part 61), Enclosure: Staff Response to Discussion Points,”
Mark A Satorius, Executive Director for Operations, to Dr. J. Sam Armijo, Chairman,
August 29.

U.S. Nuclear Regulatory Commission (NRC), 2013b. “Proposed Rule: Low-Level Radioactive
Waste Disposal (10 CFR Part 61), Enclosure 1: Federal Register Notice,” R.W. Borchardt,
Executive Director for Operations, SECY-13-0075, July 18.

U.S. Nuclear Regulatory Commission (NRC), 2014a. “Certification of the Minutes for the
Meeting of the Radiation Protection and Nuclear Materials Subcommittee, December 3, 2013,”
Advisory Committee on Reactor Safeguards, January 23. Available from the Agencywide
Documents Access and Management System (ADAMS), Accession No. ML14105A177

U.S. Nuclear Regulatory Commission (NRC), 2014b. “Commission Voting Record; Decision
Item: SECY-13-0075, Title: Proposed Rule: Low-Level Radioactive Waste Disposal (10 CFR
Part 61) (RIN 3150-A192),” U.S. Nuclear Regulatory Commission, Annette L. Vietti-Cook,
Secretary of the Commission, February 12.

U.S. Nuclear Regulatory Commission (NRC), 2014c. “Staff Requirements — SECY-13-0075 —
Proposed Rule: Low-Level Radioactive Waste Disposal (10 CFR Part 61) (RIN 3150-A192),”
SRM-SECY-13-0075, February 12.

U.S. Nuclear Regulatory Commission (NRC), 2014d. “Status Update on the 10 CFR Part 61
Low-Level Radioactive Waste Disposal Rulemaking: Commission SRMs and Staff’s Activities,”
U.S. Nuclear Regulatory Commission, Andrew Carrera, Office of Federal and State Materials
and Environmental Management Programs, presented at Fuel Cycle Information Exchange 2014,
June 11.

FINAL 135 April 2015



EnergySolutions LLRW Disposal License — Condition 35
(RML UT2300249)
Safety Evaluation Report

Utah Administrative Code R313, “Environmental Quality, Radiation Control,” Rule R313-25,
“License Requirements for Land Disposal of Radioactive Waste — General Provisions.”

Utah Department of Transportation (UDOT), 2014. Pavement Design Manual of Instruction,
July. Available from http://udot.utah.gov.

Utah Department of Environmental Quality (DEQ), 2014. Email correspondence from Helge
Gabert, DEQ, to Vern Rogers, EnergySolutions, “Transmittal of Additional Comments on
Modeling of the Evapotranspiration Cover,” August 11.

Utah Radiation Control Board (Utah), 2010. “Radioactive Material License UT 2300249,
Amendment No. 7,” March 2.

Vanmarcke, E., 2010. Random Fields: Analysis and Synthesis, World Scientific Publishing
Company, Singapore.

Waugh, W.J., and G.M. Smith, 1998. “Root Intrusion of the Burrell, Pennsylvania, Uranium Mill
Tailings Cover,” in Proceedings: Long-Term Stewardship Workshop, CONF-980652,

U.S. Department of Energy Grand Junction Office, Grand Junction, Colorado (invited paper),

pp. 89-108.

Weaver, J.E., 1919. The Ecological Relations of Roots, Carnegie Institution of Washington, p. 1—
128. Retrieved September 2014 from
https://archive.org/stream/ecologicalrelatiOOweav/ecologicalrelatiOOweav_djvu.txt

Western Regional Climate Center, 2013. “Dugway, Utah (422257), Period of Record Monthly
Climate Summary, Period of Record: 9/21/1950 to 12/31/2005.” Retrieved June 30, 2014, from
http://www.wrcc.dri.edu/cgi-bin/cliMAIN.pl?utdugw; select “Custom Monthly Listing” at left
column.

Whetstone Associates, Inc., 2007. EnergySolutions Class A South Cell Infiltration and Transport
Modeling, December 7.

Whetstone Associates, Inc., 2011. EnergySolutions Class A West Disposal Cell Infiltration and
Transport Modeling Report. November 28.

White, W.N., 1932. A Method of Estimating Groundwater Supplies Based on Discharge by
Plants and Evaporation from Soil, U.S. Geological Survey, Water Supply Paper No. 659, pp. 1-
105.

Willgoose, G., 2005. User Manual for SIBERIA (Version 8.30), Telluric Research, Scone, NSW,
Australia. Available at http://www.telluricresearch.com/siberia 8.30 manual.pdf

Wosten, J.H.M., A. Lilly, A. Nemes, and C. Le Bas, 1999. “Development and Use of a Database
of Hydraulic Properties of European Soils,” accepted by Geoderma.

Xiaoyan, L., Z. Ruiling, G. Jiadong, and X. Zhongkui, 2002. “Soil and Water Accumulation by
Gravel and Sand Mulches in Western Loess Plateau of Northwest China,” 12th ISCO
Conference, Beijing 2002.

FINAL 136 April 2015


http://udot.utah.gov/
http://www.wrcc.dri.edu/cgi-bin/cliMAIN.pl?utdugw
http://www.telluricresearch.com/siberia_8.30_manual.pdf

EnergySolutions LLRW Disposal License — Condition 35
(RML UT2300249)
Safety Evaluation Report

Yamanaka, T., M. Inoue, and I. Kaihotsu, 2004. “Effects of Gravel Mulch on Water Vapor
Transfer Above and Below the Soil Surface,” Agricultural Water Management, Vol. 67,
pp. 145-155.

Yiasoumi, B., 2004. “Leaking Farm Dams,” AGFACTS, New South Wales Department of
Primary Industries. Retrieved March 2015 from
http://www.dpi.nsw.gov.au/__data/assets/pdf_file/0004/164038/leaking-dams.pdf

Yu, C., AJ. Zielen, J.-J. Cheng, D.J. LePoire, E. Gnanapragasam, S. Kamboj, J. Arnish,
A. Wallo, 11, W.A. Williams, and H. Peterson, 2001. “User’s Manual for RESRAD Version 6,”
Environmental Assessment Division, Argonne National Laboratory, ANL/EAD-4, July.

Yuan, C., T. Lei, L. Mao, H. Liu, and Y. Wu, 2009. “Soil Surface Evaporation Processes under
Mulches of Different Sized Gravel,” Catena, Vol. 78, pp. 117-121.

Zhu, J., M.H. Young, and M.Th. van Genuchten, 2007. “Upscaling Schemes and Relationships
for the Gardner and van Genuchten Hydraulic Functions for Heterogeneous Soils,” Vadose Zone
Journal, Vol. 6, pp. 186-195.

FINAL 137 April 2015


http://www.dpi.nsw.gov.au/__data/assets/pdf_file/0004/164038/leaking-dams.pdf

ENERGYSOLUTIONS’ COMMENTS

UTAH DIVISION OF RADIATION CONTROL
ENERGYSOLUTIONS CLIVE LLRW DISPOSAL FACILITY
LICENSE NO: UT2300249; RML #UT 2300249

CONDITION 35 COMPLIANCE REPORT; APPENDIX A:
FINAL REPORT FOR THE CLIVE DU PA MODEL

SAFETY EVALUATION REPORT
VOLUME 2

April 2015

for Utah Department of Environmental Quality
195 North 1950 West
Salt Lake City, UT 84116

SC&A, Inc.
1608 Spring Hill Road, Suite 400
Vienna, VA 22314

FINAL FINAL



EnergySolutions LLRW Disposal License — Condition 35
(RML UT2300249)
Safety Evaluation Report, Volume 2

TABLE OF CONTENTS
Volume 2:

Appendix A — Regulatory Basis for the Review of the Depleted Uranium Performance
Assessment

Appendix B — Supplemental Interrogatories Pertaining to the Evapotranspiration Cover

Appendix C — Status of Interrogatories

Appendix D — Limitations on Transuranics

I [ =B -y draulic-Properties-for Simulating-the Hydrology-of the \Wate

Ao D EERResponse-to-Ene

Appendix G — Interpreting the Huntsman Agreement
Appendix H - —

Volume 1 Outline (section numbers provided here for quick reference):

Abbreviations and Acronyms
Executive Summary
1.0 Introduction
1.1 Timeline of Key DEQ Review Activities
1.2 Format of the Safety Evaluation Report
2.0 Historical Overview
3.0 Clive Depleted Uranium Performance Assessment: Basis and Description
3.1 Depleted Uranium
3.2 License Condition 35
3.3 UAC Rules R313-28-9(4) and R313-25-9(5)(a)
3.4 Proposed Federal Cell Design
3.4.1 Proposed Federal Cell Compliance with Existing License Condition 9.E
and the March 15, 2007, Governor Huntsman—EnergySolutions
Agreement
3.5 Clive Depleted Uranium Performance Assessment Description and Results
4.0 Performance Objectives
4.1 10 CFR 61.12 — Specific Technical Information (UAC Rule R313-25-8)
4.1.1 Principal Design Features: Descriptions and Justification
4.1.2 Kind, Amount, Classification, and Specifications of DU Waste Material
4.1.3 GoldSim Quality Assurance
4.1.4 Uranium Solubility
4.2 10 CFR 61.41 — Protection of the General Population from Releases of Radioactivity
(UAC Rule R313-25-20)
4.2.1 Review of the Radon Pathway
4.2.2 Groundwater Pathway

FINAL i April 2015



EnergySolutions LLRW Disposal License — Condition 35
(RML UT2300249)
Safety Evaluation Report, Volume 2

4.3 10 CFR 61.42 — Protection of Individuals from Inadvertent Intrusion (UAC Rule
R313-25-21)
4.4 10 CFR 61.44 — Stability of the Disposal Site after Closure (UAC Rule R313-25-23)
4.4.1 |Infiltration
4.4.2 Erosion of the Cover
4.4.3 Effect of Biological Activity on Radionuclide Transport
4.4.4 Frost Damage
5.0 Other Depleted Uranium Performance Assessment Analyses
5.1 Deep Time Analysis [UAC Rule R313-25-9(5)(a)]
5.1.1 Deep Time Supplemental Analysis
5.2 Uranium Oral Toxicity
5.3 Compliance with Groundwater Protection Levels
6.0 Conclusions and Recommendations
6.1 Conclusions
6.1.1 Resolved
6.1.2 Conditionally Resolved
6.1.3 Not Resolved
6.1.4 Not Resolvable
6.2 Additional Conditions for Approval
6.2.1 Condition 1: Agreement with DOE
6.2.2 Condition 2: Disposal below grade
6.2.3 Condition 3: Depleted uranium will continue to be Class A waste
6.2.4 Condition 4: Remainder of waste will be modeled
6.2.5 Condition 5: Waste Acceptance Criteria
6.2.6 Condition 6: Prohibition of recycled uranium in DU waste
6.2.7 Condition 7: Hydrological and hydrogeological properties of lower
confined aquifer
6.3 Recommendations
7.0 References

FINAL ii April 2015



EnergySolutions LLRW Disposal License — Condition 35
(RML UT2300249)
Safety Evaluation Report, Volume 2

LIST OF TABLES: VOLUME 2
Table H-1 — Vertical Groundwater Flow Direction, Nested WellS .........ccooveeeeiieiiieiii, H-1

TABLE OF FIGURES: VOLUME 2

Figure B-1 — GoldSim versus HYDRUS infiltration fluxX............cccccooeiiiiee, B-10
Figure B-2 — Complementary cumulative distribution of HYDRUS and GoldSim a parameters B-
14

Figure B-3 — Complementary cumulative distribution of HYDRUS and GoldSim n parameters B-
14

Figure B-4 — Complementary cumulative distribution of HYDRUS and GoldSim infiltration

L 3PS URR B-15
Figure H-1 — Borelog for Broken Arrow Well ............ccoooiiiiiii e H-2
Figure H-2 — HydrogeologiC CroSS-SECHION. ........cciuuieiieiiiesiie ettt H-3
Figure H-3 — Potentiometric surface of the intermediate aquifer (originally termed the deep
aquifer by EnergySolutions) (December 2011) ......ccuoiueeiiieiie i H-4
Figure H-4 — Potentiometric data from Broken Arrow well (modified from ES 2013) ............ H-5
Figure H-5 — Shallow aquifer’s freshwater and saline heads (December 2011)...........ccceeneee H-6
Figure H-6 — Location of shallow monitoring Wells..............ccooeoiiiieii e, H-7

FINAL v April 2015



EnergySolutions LLRW Disposal License — Condition 35
(RML UT2300249)
Safety Evaluation Report, Volume 2

Appendix A—- REGULATORY BASIS FOR THE REVIEW OF THE
DEPLETED URANIUM PERFORMANCE ASSESSMENT

As noted in Section 1 of the main report, Utah Administrative Code (UAC) Rule R313-25-9,*
“Technical Analyses,” requires that any facility that proposes to dispose of significant quantities
of depleted uranium (DU) must submit a performance assessment demonstrating that the
performance standards specified by the U.S. Nuclear Regulatory Commission (NRC) in Title 10
of the Code of Federal Regulations (10 CFR) Part 61, “Licensing Requirements for Land
Disposal of Radioactive Waste,” and corresponding State of Utah rules will be met for a
minimum of 10,000 years and that additional simulations be performed for the period when the
peak dose occurs (which will be well beyond 10,000 years) and the results of the simulations be
analyzed qualitatively. Listed below are the performance standards (objectives) from 10 CFR
Part 61, with the corresponding State of Utah rules noted.

10 CFR 60, Subpart C—Performance Objectives
8§ 61.40 General requirement.

Land disposal facilities must be sited, designed, operated, closed, and controlled after closure so
that reasonable assurance exists that exposures to humans are within the limits established in the
performance objectives in 88 61.41 through 61.44.

8§ 61.41 Protection of the general population from releases of radioactivity [UAC R313-25-20].

Concentrations of radioactive material which may be released to the general environment in
ground water, surface water, air, soil, plants, or animals must not result in an annual dose
exceeding an equivalent of 25 millirems to the whole body, 75 millirems to the thyroid, and 25
millirems to any other organ of any member of the public. Reasonable effort should be made to
maintain releases of radioactivity in effluents to the general environment as low as is reasonably
achievable.

8 61.42 Protection of individuals from inadvertent intrusion [UAC-R313-25-21].

Design, operation, and closure of the land disposal facility must ensure protection of any
individual inadvertently intruding into the disposal site and occupying the site or contacting the
waste at any time after active institutional controls over the disposal site are removed.

8 61.43 Protection of individuals during operations [UAC-R313-25-22].

Operations at the land disposal facility must be conducted in compliance with the standards for
radiation protection set out in part 20 of this chapter, except for releases of radioactivity in
effluents from the land disposal facility, which shall be governed by § 61.41 of this part. Every
reasonable effort shall be made to maintain radiation exposures as low as is reasonably
achievable.

8 61.44 Stability of the disposal site after closure [UAC-R313-25-23].

1 A new Section 6, “Director Review of Application,” was added to R313-25 in April 2014. Thus, all references to

R313-25 Sections 6 to 28 in prior documents are now to Sections 7 to 29.
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The disposal facility must be sited, designed, used, operated, and closed to achieve long-term
stability of the disposal site and to eliminate to the extent practicable the need for ongoing active
maintenance of the disposal site following closure so that only surveillance, monitoring, or minor
custodial care are required.

8 61.12 Specific technical information [UAC-R313-25-8].

The specific technical information must include the following information needed for
demonstration that the performance objectives of subpart C of this part and the applicable
technical requirements of subpart D of this part will be met:

(a) A description of the natural and demographic disposal site characteristics as determined by
disposal site selection and characterization activities. The description must include geologic,
geotechnical, hydrologic, meteorologic, climatologic, and biotic features of the disposal site and
vicinity.

(b) A description of the design features of the land disposal facility and the disposal units. For
near-surface disposal, the description must include those design features related to infiltration of
water; integrity of covers for disposal units; structural stability of backfill, wastes, and covers;
contact of wastes with standing water; disposal site drainage; disposal site closure and
stabilization; elimination to the extent practicable of long-term disposal site maintenance;
inadvertent intrusion; occupational exposures; disposal site monitoring; and adequacy of the size
of the buffer zone for monitoring and potential mitigative measures.

(c) A description of the principal design criteria and their relationship to the performance
objectives.

(d) A description of the design basis natural events or phenomena and their relationship to the
principal design criteria.

(e) A description of codes and standards which the applicant has applied to the design and which
will apply to construction of the land disposal facilities.

(F) A description of the construction and operation of the land disposal facility. The description
must include as a minimum the methods of construction of disposal units; waste emplacement;
the procedures for and areas of waste segregation; types of intruder barriers; onsite traffic and
drainage systems; survey control program; methods and areas of waste storage; and methods to
control surface water and groundwater access to the wastes. The description must also include a
description of the methods to be employed in the handling and disposal of wastes containing
chelating agents or other non-radiological substances that might affect meeting the performance
objectives in subpart C of this part.

(9) A description of the disposal site closure plan, including those design features which are
intended to facilitate disposal site closure and to eliminate the need for ongoing active
maintenance.

(h) An identification of the known natural resources at the disposal site, the exploitation of which
could result in inadvertent intrusion into the low-level wastes after removal of active institutional
control.
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(1) A description of the kind, amount, classification and specifications of the radioactive material
proposed to be received, possessed, and disposed of at the land disposal facility.

(1) A description of the quality assurance program, tailored to LLW disposal, developed and
applied by the applicant for the determination of natural disposal site characteristics and for
quality assurance during the design, construction, operation, and closure of the land disposal
facility and the receipt, handling, and emplacement of waste.

(K) A description of the radiation safety program for control and monitoring of radioactive
effluents to ensure compliance with the performance objective in § 61.41 of this part and
occupational radiation exposure to ensure compliance with the requirements of part 20 of this
chapter and to control contamination of personnel, vehicles, equipment, buildings, and the
disposal site. Both routine operations and accidents must be addressed. The program description
must include procedures, instrumentation, facilities, and equipment.

(I) A description of the environmental monitoring program to provide data to evaluate potential
health and environmental impacts and the plan for taking corrective measures if migration of
radionuclides is indicated.

(m) A description of the administrative procedures that the applicant will apply to control
activities at the land disposal facility.

(n) A description of the facility electronic recordkeeping system as required in § 61.80.
§ 61.13 Technical analyses [UAC-R313-25-9].

The specific technical information must also include the following analyses needed to
demonstrate that the performance objectives of subpart C of this part will be met:

(a) Pathways analyzed in demonstrating protection of the general population from releases of
radioactivity must include air, soil, groundwater, surface water, plant uptake, and exhumation by
burrowing animals. The analyses must clearly identify and differentiate between the roles
performed by the natural disposal site characteristics and design features in isolating and
segregating the wastes. The analyses must clearly demonstrate that there is reasonable assurance
that the exposure to humans from the release of radioactivity will not exceed the limits set forth
in § 61.41.

(b) Analyses of the protection of individuals from inadvertent intrusion must include
demonstration that there is reasonable assurance the waste classification and segregation
requirements will be met and that adequate barriers to inadvertent intrusion will be provided.

(c) Analyses of the protection of individuals during operations must include assessments of
expected exposures due to routine operations and likely accidents during handling, storage, and
disposal of waste. The analyses must provide reasonable assurance that exposures will be
controlled to meet the requirements of part 20 of this chapter.

(d) Analyses of the long-term stability of the disposal site and the need for ongoing active
maintenance after closure must be based upon analyses of active natural processes such as
erosion, mass wasting, slope failure, settlement of wastes and backfill, infiltration through covers
over disposal areas and adjacent soils, and surface drainage of the disposal site. The analyses
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must provide reasonable assurance that there will not be a need for ongoing active maintenance
of the disposal site following closure.
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Appendix B - SUPPLEMENTAL INTERROGATORIES PERTAINING TO
THE EVAPOTRANSPIRATION COVER

Based on its review of Round 3 Interrogatories, the Utah Department of Environmental Quality
(DEQ) had additional questions regarding the performance of the evapotranspiration (ET) cover.
These concerns were discussed with EnergySolutions and, on August 11, 2014, DEQ submitted
additional interrogatories for EnergySolutions to address (DEQ 2014). DEQ also requested that
EnergySolutions conduct some additional bounding calculations with HYDRUS to provide
greater transparency as to how the percolation model performed. EnergySolutions’ replies are
documented in its August 18, 2014, “Responses to August 11, 2014 — Supplemental
Interrogatories Utah LLRW Disposal License RML UT 2300249 Condition 35 Compliance
Report” (ES 2014).

DEQ has reviewed the August 18, 2014, responses and has determined that the information
provided is not sufficient to resolve the supplemental interrogatories. DEQ’s discussion of these
deficiencies is provided in this appendix. In general, there needs to be much more description of
how the analysis proceeded from the input data to the results. The following are some specific
examples from the EnergySolutions response where DEQ believes that additional information
and explanations are necessary.

B.1 Supplemental Interrogatory Comment 1
1) Demonstrate why 20 HYDRUS runs are sufficient to capture the parameter uncertainty.
Summary of EnergySolutions’ Response:

EnergySolutions discusses how the van Genuchten’s alpha (or “o’”) and n in the Surface Layer
and Evaporative Zone Layer soils, and the saturated hydraulic conductivity (Ks) in the radon
barriers were varied at random in the HYDRUS runs from distributions implied by the summary
statistics for the Rosetta data (Schaap 2002) for van Genuchten’s o and n, and from values
published in Benson et al. (2011) and the EnergySolutions design specification for Kgy. The Kt
values for the radon barriers were sampled from developed distributions derived from data
provided in Whetstone (2011) and Benson et al. (2011). EnergySolutions scaled the distributions
for van Genuchten’s o and n in GoldSim to reflect the more coarse nature of the cell structure.
The following statement is the most direct response from EnergySolutions with respect to
whether 20 HYDRUS runs are adequate to capture the parameter uncertainty:

Given the scaling that is appropriate for the Clive DU PA model, in effect the
range of the inputs to HYDRUS are much greater than the range used in the Clive
DU PA model for the Genuchten’s alpha and n parameters (by a factor of the
square root of 28). This has the effect of smoothing across the range of the
parameters of interest in the Clive DU PA model, but was considered a
reasonable approach assuming that the regression implied by the HYDRUS runs
could be used directly across a smaller range of values in the Clive DU PA
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model. Because of this difference in scaling, 20 HYDRUS runs are considered
sufficient to support the Clive DU PA v1.2 model.

In addition, the resulting water contents and infiltration rates in the Clive DU PA
model seem reasonable given the conceptual model for the ET cap (see responses
to Comments #7 through #9).

DEQ Critique
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B. 2 Supplemental Interrogatory Comment 2

2) The Table 9 HYDRUS parameters do not appear to “bound” the a, n, and Kgy
distributions. For example, in the distribution, Kg,; ranges from 0.0043 to 52 cm/day, but
in the 20 HYDRUS runs Kg; only ranged from 0.16 to 10.2 cm/day.

Summary of EnergySolutions’ Response:

As described in the response to Comment 1, the three input parameters (variables) were
randomly drawn from input distributions for the 20 HYDRUS runs. Twenty observations are
drawn at random from the distribution for K. These randomly drawn values range from 0.16 to
10.2 centimeters per day (cm/day), with a mean of 2.28 cm/day. EnergySolutions considers these
values sufficiently extreme to evaluate the influence of Ky on the HYDRUS model outputs, and,
therefore, to determine the influence of K¢ on the water content and infiltration model outputs.

EnergySolutions also notes that K is not a predictor of the HYDRUS infiltration endpoint in
either the linear or quadratic regressions (that is, it is not close to statistical significance and has a
correlation of negative 0.10 with infiltration). However, EnergySolutions did include Kg in the
regression models for water content in the upper layers, and these regression models were used
in the Clive DU PA version 1.2 GoldSim model (Neptune 2014a; hereafter referred to as “DU
PA v1.2”). EnergySolutions further states that “It was shown very clearly in the sensitivity
analysis for the Clive DU PA v1.2 GoldSim model that K [Ksa] is not a sensitive parameter for
any of the PA [performance assessment] model endpoints.”

DEQ Critique:
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B.3 Supplemental Interrogatory Comment 3

3) NUREG/CR-7028 (Benson et al. 2011) gives the “in-service hydraulic conductivity” as
ranging from 7.5x10°® to 6.0x10° m/s [0.7 to 52 cm/day], with a mean of 4.4x107 m/s
[3.8 cm/day]. Instead of using the provided distribution (i.e., log-triangular with a
minimum, maximum, and most likely), ES/Neptune constructed a lognormal distribution
with a mean and standard deviation of 0.691 and 6.396 cm/day, respectively. Provide the
justification for this approach. For example, the selection of 0.0043 cm/day as the lower
end of the Ky distribution requires justification (Appendix 5, p.41). It is not clear why a
design parameter value should be used when adequate field data are available. The
number chosen by the Licensee for the lower end of the distribution range in the GoldSim
implementation is 163 times lower than the lowest value in the range specified within the
NUREG guidance (see Section 13.0 of Appendix 5, Unsaturated Zone Modeling to the
Clive DU PA). We believe that use of the design parameter biases the K, distribution in
a non-conservative manner.

Summary of EnergySolutions’ Response:

EnergySolutions indicates that the lognormal distribution was not fit with the value of 0.0043 but
that this value was used to truncate the distribution after fitting so that lower values could not be
drawn at random. EnergySolutions notes that the Division of Radiation Control (DRC) has not
provided a reference to the cited log-triangular distribution, and that a log-triangular distribution
with a minimum of 0.7 cm/day, a maximum of 52 cm/day, and a mean of 3.8 cm/day is not
possible to formulate. EnergySolutions also expressed concerns about using artificially truncated
distributions and distributions with noncontinuous modes.

EnergySolutions observed that the mean of the lognormal distribution is about 3.9 cm/day, which
is very close to the value suggested in Comment 3 (3.8 cm/day). Also, the range of the lognormal
distribution exceeds the range of values suggested in Comment 3. EnergySolutions further
indicates that K, is not used in the regression equations for infiltration rate because this variable
is not statistically significant and K is not a sensitive parameter (variable) for any of the end
points in the GoldSim model.

DEQ Critique:
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B.4 Supplemental Interrogatory Comment 4

4) Provide justification for using the Rosetta database, as appropriate for an engineering
earthen cover.

Summary of EnergySolutions’ Response:

EnergySolutions indicates that the class average values of soil hydraulic function parameters for
the 12 soil textural classifications in Rosetta were developed from 2,134 soil samples for water
retention and 1,306 soil samples for saturated hydraulic conductivity that were based primarily
on agricultural land.

EnergySolutions notes that the Rosetta database is widely used and has been successful in many
applications, in some cases performing better than the Carsel and Parrish (1988) database.
EnergySolutions further indicates that the soil hydraulic properties from both databases are
provided in the HYDRUS software platforms and the choice of one over the other by the
modeler is considered a matter of preference. EnergySolutions provides additional justification
by citing the origin of the data, results of infiltration studies, and extensive use of the database by
other researchers.

EnergySolutions also provides additional discussion and explanation of the origin of the
hydraulic parameters and distributions used for the ET cover system

DEQ Critique:
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B.5 Supplemental Interrogatory Comment 5

5) a) Provide additional explanation/justification for the assumed surface boundary
condition and the sensitivity of the HYDRUS results to the boundary conditions.

b) Also, why is a linear regression the optimal surface response for the design?

Summary of EnergySolutions’ Response:

a)

b)

EnergySolutions indicates that the surface boundary conditions for the HYDRUS cover
model consisted of 100 years of daily values of precipitation, potential evaporation, and
potential transpiration, and that these boundary conditions were repeated 10 times for a
1,000-year (ky) simulation. EnergySolutions notes that sensitivity under different climate
scenarios was not evaluated because there is no scientific evidence suggesting climate change
in the next 10 ky and that current science suggests that the future climate is likely to be drier
in the next 10k y. Furthermore, EnergySolutions contends that the probabilistic bounds are
reflected within the variability contained in the historical data record and the small
probability of significant changes in future climate over the next 10 ky.

Extensive statistical analysis has been conducted to evaluate possible model abstraction from
HYDRUS to GoldSim for water content in each of the five upper layers of the ET cover, and
for infiltration into the waste. EnergySolutions described how van Genuchten’s o and n in the
surface and evaporative zone soil layers and saturated hydraulic conductivity (Ksy) in the two
lower radon barriers were varied in HYDRUS, to form the basis for the regression modeling
(i.e., model abstraction). After creating a set of 20 observations that contained both inputs
(i.e., explanatory or independent variables in a regression) and outputs (i.e., outputs of
interest from the HYDRUS runs, which included water content in the upper five layers and
infiltration into the waste layer), EnergySolutions ran linear and quadratic regression models
and found that the results were not very sensitive to Kgy. EnergySolutions concluded that,
“Despite the r-squared values, which are decent for at least the top two layers, the models
are very weak. The dominant factors are the intercept term for all water content endpoints, a
negative value of n for water content in the top two layers, and positive values of alpha for
the other layers and the infiltration rate.” EnergySolutions also concluded that “Overall, the
regression models are not very good. Although the r-squared values look reasonable for
some of these regression models, explanations of the regression models are difficult to
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provide. That is, statistical fits are reasonable, but practical explanation is difficult.
Consequently, the linear regressions were used for simplicity.”

The linear regressions for all water content endpoints show the same effect that the predicted
values are greater than for the quadratic regressions. For infiltration, the linear regression
indicated considerably greater values of infiltration flux than the quadratic regression, and
the quadratic regression implied a large proportion of negative values. For these reasons,
EnergySolutions used the linear regression models over the quadratic regression models.

DEQ Critique:
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B.6 Supplemental Interrogatory Comment 6

6) To summarize the 20 HYDRUS results, Appendix 5, Section 12.9 states: “Infiltration flux
into the waste zone ranged from 0.007 to 2.9 mm/yr, with an average of 0.42 mm/yr, and
a log mean of 0.076 mm/yr for the 20 replicates.” In addition to this statement, provide
the results for each HYDRUS run so that the results can be matched to the input data.

Summary of EnergySolutions’ Response:

EnergySolutions refers to an Excel file provided to DRC (i.e., “CHB#6, Hydrus params and
results.xlsx) for infiltration and water content results matched with input data for the 20
replicates. This file includes the 20 replicate values of van Genuchten o and n for the surface and
evaporative zone layers, and K, for the radon barriers. Infiltration and water content data are
calculated as averages over the last 100 years of a 1,000-year simulation (i.e., from 900 to 1,000
years). EnergySolutions also presents several figures plotting volumetric water content and
infiltration versus log(o), and versus log(Kss). Based upon these figures, EnergySolutions
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concludes that there is no correlation between infiltration and the K of the radon barriers for
the 20 HYDRUS-1D replicates, but there is a correlation between infiltration and o of the two
uppermost surface layers. EnergySolutions also indicates that there is no apparent correlation
between infiltration and n of the two uppermost surface layers but that there is a correlation
between infiltration and o as well as a correlation between volumetric water content in the lower
layers (frost protection and radon barriers) and a of the two uppermost surface layers.

The Excel file also includes calculations of mean, log mean, min, and max of the 20 replicate
input and output values.

DEQ Critique:

B.7 Supplemental Interrogatory Comment 7

7) The HYDRUS and GoldSim calculated infiltration rates (and perhaps other intermediary
results) need to be provided in the report, so that the reviewers do not have to delve into
the code’s output files. For example, provide dot plots of the infiltration rates through the
surface layer and/or provide a statistical summary of the infiltration rates that were
sampled in GoldSim.

Summary of EnergySolutions’ Response:

EnergySolutions provided Figure 4, which shows the sorted infiltration through each layer of the
ET cover and into the waste zone for the 20 Hydrus-1D replicates where infiltration is the
average infiltration over the last 100 years of a 1,000-year simulation. A second figure presented
by EnergySolutions (Figure 5) shows the same result for HYDRUS-1D flux into waste presented
in the first figure, along with the infiltration into waste calculated by the GoldSim DU PA Model
v1.2 for 1,000 replicates using the linear regression equation where infiltration is based on van
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Genuchten a and n. EnergySolutions concludes that GoldSim infiltration has a smaller range than
the HYDRUS-1D results.

EnergySolutions provides additional discussion pertaining to the inputs and distributions in
HYDRUS and GoldSim as well as the scaling assumptions assumed in GoldSim.
EnergySolutions also presents infiltration statistics for the HYDRUS-1D and GoldSim model
results and concludes that the mean infiltration values are similar (0.422 mm/yr for HYDRUS
and 0.344 mm/yr for GoldSim).

DEQ Critique:
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B.8 Supplemental Interrogatory Comment 8

8) a) Demonstrate that the fitted equations for water content and infiltration (Appendix 5,

Equations 39 and 40, and Table 10) give “reasonable” results when compared to
HYDRUS.

b) For example, provide an explanation for why Kgy is insensitive to the infiltration rates.
Summary of EnergySolutions’ Response:

a) EnergySolutions notes that the DU PA Model v1.2 was used to generate 1,000 realizations of
the net infiltration rate and the cover layer volumetric water contents. EnergySolutions
provides a table that compares the maximum, minimum, means, and standard deviations with
the 20 HYDRUS simulation results. EnergySolutions also presents a number of histogram
plots that compare results between the Clive DU PA Model v1.2 and the 20 HYDRUS
simulations (H1D). EnergySolutions concludes that, for all parameters, the means are
comparable and the standard deviations are larger for the HYDRUS results.
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b) EnergySolutions provides two flux-versus-time plots. EnergySolutions hypothesizes that the
reason that the net infiltration rates simulated by HYDRUS are likely not sensitive to the
saturated hydraulic conductivity is because of the high evaporation rates from the surface
layer and because the radon barriers do not have a large influence on the water balance of the
cover system.

B.9 Supplemental Interrogatory Comment 9

9) Compare the moisture contents calculated using the fitted equations to the Bingham
(1991, Table 6 and/or Appendix B) Clive site measured Unit 4 moisture contents, and
rationalize any differences.

Summary of EnergySolutions’ Response:
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B.10 Supplemental Interrogatory Comment 10

10) Finally, we believe that there is a typo on p. 42 of Appendix 5; in the statement: “A
normal distribution was fit to the 50th and 99th percentiles ....”, we believe it should be a
lognormal distribution.

Summary of EnergySolutions’ Response:

EnergySolutions notes that the 50th and 99th percentiles were used to fit a lognormal
distribution, and the value of 0.00432 was then used to truncate the distribution.

DEQ Critique:
The interrogatory is answered satisfactorily.
B.11 Supplemental Interrogatory Comment 11

DRC provided EnergySolutions with an Excel file, “Clive Hydrus Sensitivity Recommend
REV2.xlsx,” which contains suggested or proposed combinations of input values for the

HYDRUS runs used to support the Clive DU PA.
Summary of EnergySolutions’ Response:

EnergySolutions provides a lengthy discussion of the fallacy of conducting and drawing
conclusions from this type of deterministic analysis. EnergySolutions expresses further concerns
related to the parameter input values as well as the “warm up” simulations.

EnergySolutions ran the nine HYDRUS-1D simulations requested by DRC, and results showing
the range from minimum to maximum infiltration (into waste zone), along with the results from
the original 20 HYDRUS-1D simulations, were shown in a figure. EnergySolutions concludes
that, “Despite the implementation of the high Ks values requested by the Division, infiltration in
the new 9 simulations is generally lower than for the original 20 HYDRUS-1D simulations. This
is largely due to setting residual water content to zero, which effectively increases the water
holding capacity of each soil layer. Overall, the Clive DU PA model provides a reasonable
range for the input parameters for the hydraulic properties given the currently available data
and information, and the HYDRUS runs for the nine additional combinations of single values for
inputs adds no further insight.”

DEQ Critique:
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Appendix C - STATUS OF INTERROGATORIES

C.1 Introduction

This report provides a synopsis of the status of all interrogatories as of April 2015, when the
Safety Evaluation Report (SER) on the EnergySolutions Clive depleted uranium performance
assessment (DU PA) Model (Neptune 2011, 2014a) was delivered to State of Utah Division of
Environmental Quality (DEQ).! Most of the interrogatories have been closed based on responses
provided by EnergySolutions to Rounds 1, 2, and 3 interrogatories. Some interrogatories have
been closed based on DEQ analyses included in the DU PA SER. Some remain open as
summarized in this appendix. Some will be resolved by imposing license conditions on any
license amendment addressing disposal of depleted uranium (DU) waste at the EnergySolutions

Clive, Utah, facility.

Relevant documents, in addition to the DU PA SER, include the following:

DEQ Interrogatories

EnergySolutions Responses

Round 1 — February 28, 2014:

Division of Radiation Control (DRC), Utah
Department of Environmental Quality,
“EnergySolutions Clive LLRW Disposal Facility:
Utah LLRW Disposal License Renewal
Application (Condition 35 (RML UT 2300478),
Section 2300249); Compliance Report (June 1,
2011) Including Final Report, Version 1.0
(Appendix A) and Appendices to Appendix A and
Compliance Report, Revision 1 (November 8,
2013): Round 1 Interrogatories,” February 2014.

License No: UT2300249; RML #UT 2300249 —
Condition 35 Compliance Report, Revision 1;
Responses to February 2014 Round 1
Interrogatories. March 31, 2014

Round 2 — March 27, 2014:

Division of Radiation Control (DRC), Utah
Department of Environmental Quality,
“EnergySolutions Clive LLRW Disposal Facility:
Utah LLRW Disposal License — Condition 35
(RML UT 2300249) Compliance Report (June 1,
2011) Including Final Report, Version 1.0
(Appendix A) and Appendices 1-17 to Appendix A
and Compliance Report, Revision 1 (November 8,
2013): Round 2 Interrogatories,” May 2014.

RML UT2300249 — Condition 35 Compliance
Report Responses to Round 2 Interrogatories. June
17,2014

1

All references to “the DU PA SER” in this appendix are to this April 13, 2015, final version. Previously, an

initial Draft SER was issued on July17, 2014, Revision 1 to the Draft on September 16, 2014, and Revision 2 to

the Draft on March 31, 2015.
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Round 3 —July 1, 2014: Appendix E, Responses to July 1, 2014 Round 3
Division of Radiation Control (DRC), Utah Interrogatories, to Utah Radioactive Material
Department of Environmental Quality, Division of | License Condition 35 (RML UT2300249)
Radiation Control, Utah Department of Compliance Report, Revision 2. July 8, 2014

Environmental Quality, 2014c. “EnergySolutions
Clive LLRW Disposal Facility: Utah LLRW
Disposal License — Condition 35 (RML UT
2300249); Compliance Report (June 1, 2011)
Including Final Report, Version 1.0 (Appendix A)
and Compliance Report, Revision 1 (November 8,
2013) and Revised DU PA (June 5, 2014)
Including Final Report Version 1.2. and
Appendices 1-18: Round 3 Interrogatories,”

July 2014.

C.2 List of Interrogatories and DEQ Conclusions
1) Interrogatory CR R313-25-19-01/3: Intergenerational Consequences
DEQ Conclusion:

No changes were made to Sections 4.1.2.11 and 6.4 of the Clive DU PA Model, version 1.2
(Neptune 2014a; hereafter “the DU PA Model v1.2”) with regard to the implication that either an
undiscounted value of $1,000 per person-rem or a discounted value of $2,000 per person-rem
may be used, and the text continues to include discount factors of 3 percent and 7 percent. No
discussion on the U.S. Nuclear Regulatory Commission’s (NRC’s) position on intergenerational
impacts, as defined in NUREG/BR-0058 (NRC 2004), has been added to Sections 4.1.2.11 and
6.4.

Although EnergySolutions has added text describing intergenerational consequences, it continues
to use the out-of-date $1,000 per person-rem value. Contrary to EnergySolutions’ interpretation,
the NRC has not supplemented the $1,000 per person-rem non-discounted value with a $2,000
per person-rem discounted value. Rather, as indicated in NUREG/BR-0058, Revision 4, the NRC
has superseded the $1,000 per person-rem with the value of $2,000 per person-rem for all
benefit/cost analyses, including intergenerational non-discounted analyses. Thus, DEQ continues
to take issue with the cost values presented in Du PA Model v1.2, Section 6.4. That said,
doubling the costs in the DU PA Model v1.2, Table 10, would not change any of the conclusions
of the as low as reasonably achievable (ALARA) analysis (i.e., “the ALARA costs involved are
very small”). Therefore, DEQ considers that this interrogatory is closed.

2) Interrogatory CR R313-25-8(5)(a)-02/1: Deep Time
DEQ Conclusion:
Closed, based on responses to Round 1 interrogatories and review of revised text.
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3) Interrogatory CR R313-25-8(5)(a)-03/3: Deep Time — Sediment and Lake
Concentrations

DEQ Conclusion:

EnergySolutions provided a deep time supplemental analysis (DTSA) (Neptune 2014b, 2015a),
which effectively made moot the DU PA Model v1.2 deep time analysis, as well as much of
Interrogatory 03. The DU PA SER, Section 5.1.1 presents DEQ’s evaluation of the DTSA. In
this section, DEQ continues to disagree with EnergySolutions on the need to present the results
of the qualitative analysis in the form of doses rather than concentrations, and on the usefulness
of similar, but non-low-level waste/DU-specific, regulatory criteria (e.g., 40 CFR 61.252(a)
permissible radon flux) as a comparison metric. For example, in the DU PA SER, Section 5.1.1,
DEQ calculated the deep time radon flux, converted that flux into an annual dose, and compared
that dose to a dose criterion currently in the process of being proposed by the NRC as being
applicable to the 10 CFR Part 61 protective assurance period (NRC 2014a, 2014b, 2014c).

Since it was based on the original DU PA v1.0 and v1.2 deep time model and because the
EnergySolutions DTSA (Neptune 2014b, 2015a) makes moot the original deep time analyses,
Interrogatory 03 is considered closed, with the understanding that DEQ and EnergySolutions
continue to disagree on portions of the interrogatory as described above.

4) Interrogatory CR R313-25-8(4)-04/1: References
DEQ Conclusion:
Closed, based on responses to Round 1 interrogatories.

5) Interrogatory CR R313-25-7(2)-05/2: Radon Barrier
DEQ Conclusion:
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6) Interrogatory CR R313-25-7(2)-06/1: Gully Model Assumptions
DEQ Conclusion:

Closed, based on responses to Round 1 interrogatories and review of revised text.

7) Interrogatory CR R313-25-8(4)(b)-07/2: Applicability of NRC Human Intrusion
Scenarios

DEQ Conclusion:

Closed, based on the analyses and discussion in Section 4.3 of the DU PA SER. For example, an
inadvertent intruder searching for sand and clay would soon recognize that he was drilling into
other waste overlying the DU waste and cease operations. Other proposed scenarios have lower
consequences than those evaluated by EnergySolutions and DEQ.
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8) Interrogatory CR R313-25-8(4)(a)-08/1: Groundwater Concentration Endpoints
DEQ Conclusion:

9) Interrogatory CR R313-25-19-09/1: Definition of ALARA

DEQ Conclusion:

Closed, based on responses to Round 1 interrogatories.

10) Interrogatory CR R313-22-32(2)-10/3: Effect of Biologicals on Radionuclide Transport
DEQ Conclusion:

11) Interrogatory CR R313-25-20-11/1: Inadvertent Human Intruder
DEQ Conclusion:

Closed. See Interrogatory CR R313-25-8(4)(b)-07/2: Applicability of NRC Human Intrusion
Scenarios.

12) Interrogatory CR R313-25-20-12/2: Selection of Intrusion Scenarios
DEQ Conclusion:

Closed. See Interrogatory CR R313-25-8(4)(b)-07/2: Applicability of NRC Human Intrusion
Scenarios.

13) Interrogatory CR R313-25-7-13/1: Reference for Long-Term Climatic Cycles
DEQ Conclusion:

Closed, based on responses to Round 1 interrogatories and review of revised text.

14) Interrogatory CR R313-25-8(4)(d)-14/2: Sediment Mixing

DEQ Conclusion:

EnergySolutions provided a DTSA (Neptune 2014b, 2015a), which effectively made moot the
DU PA Model v1.2 deep time analy5|s as weII as Interrogatory 14 Prevmed—that—aH-DU—IS
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ha D A (rathar than as in tha DL ,

Appendbet3y); Interrogatory 14 is closed.

15) Interrogatory CR R317-6-6.3(Q)-15/2: Uranium Chemical Toxicity
DEQ Conclusion:

As stated in Section 5.2 of the DU PA SER:

Since both the calculated uranium hazard indices and the implied hazard indices
for the acute or chronic driller intrusion scenarios are very small, DEQ considers
this portion of the DU PA to be adequate with all issues resolved.

Because the uranium indices are very small, this interrogatory is closed.

16) Interrogatory CR R313-25-8(4)(a)-16/2: Radon Production and Burrowing Animals
DEQ Conclusion:

Closed, based on responses to Round 2 interrogatories.

17) Interrogatory CR R317-6-6.3(Q)-17/1: Uranium Parents

DEQ Conclusion:

Closed, based on responses to Round 1 interrogatories and review of revised text.

18) Interrogatory CR R313-25-8(5)(a)-18/3: Sediment Accumulation

DEQ Conclusion:
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19) Interrogatory CR R313-25-8(5)(a)-19/1: Reference for Sediment Core Records
DEQ Conclusion:

Closed, based on responses to Round 1 interrogatories.

20) Interrogatory CR R317-6-2.1-20/2: Groundwater Concentrations

DEQ Conclusion:
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21) Interrogatory CR R313-25-8(4)(d)-21/2: Infiltration Rates
DEQ Conclusion:

22) Interrogatory CR R313-25-7-22/1: Definition of FEPs

DEQ Conclusion:

Closed, based on responses to Round 1 interrogatories and review of revised text.
23) Interrogatory CR R313-25-7(2)-23/1: Canister Degradation and Corrosion
DEQ Conclusion:

Closed, based on responses to Round 1 interrogatories and review of revised text.
24) Interrogatory CR R313-15-101(1)-24/3: Utah Regulations

DEQ Conclusion:

Section 1.3 of the DU PA Model v1.2 should have been revised to cite UAC R313-25-9(5)(a) as
the source for the quotation on page 18. However, this revision was not made. Revisions were
also not made to Section 4.2.1, page 22, of the Conceptual Site Model report (Neptune 2014c).

EnergySolutions had also stated that governing Utah rules would be cited in Sections 1 and 1.3
of the Conceptual Site Model report. No such changes have been made to Section 1, and there is
no Section 1.3 in either v1.0 or v1.2 of the DU PA Model (Neptune 2011, 2014a).

DEQ requests that the requested changes be made in the further revisions to the performance
assessment. However, because this interrogatory deals with editorial rather than substantive
technical issues, EnergySolutions’ failure to make the requested changes does not impact on
DEQ’s review of the DU PA. Therefore, this interrogatory is closed.

25) Interrogatory CR R313-25-7(9)-25/1: Disposition of Contaminants in UFg

DEQ Conclusion:

Closed, based on responses to Round 1 interrogatories and review of revised text.

26) Interrogatory CR R313-25-8(4)(a)-26/2: Radon Diffusion in the Unsaturated Zone
DEQ Conclusion:

Closed, based on responses to Round 2 interrogatories and review of revised text.
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27) Interrogatory CR R313-25-8(4)(a)-27/3: Diffusion Pathway Modeling
DEQ Conclusion:

As indicated in the DU PA SER, Section 4.2, DEQ showed that the Clive DU PA Model v1.2
takes little credit for radon attenuation by the ET cover. Rather, most of the radon attenuation is
provided by the material (e.g., non-DU material) lying between the DU and the ET cover.
Because the ET cover is not being credited with attenuating the radon, the cracks, fissures,
animal burrows, and plant roots that form over time and may provide preferential diffusion
pathways would not greatly affect the resulting ground surface radon flux calculated by the Clive
DU PA Model v1.2. Therefore, the DU PA SER determined that the Clive DU PA Model v1.2
radon flux calculation is conservative, and thus acceptable. Therefore, Interrogatory 27 is closed.

28) Interrogatory CR R313-25-8(4)(a)-28/3: Bioturbation Effects and Consequences
DEQ Conclusion:

29) Interrogatory CR R313-25-8(5)(a)-29/2: Limitation to Current Conditions of Society
and the Environment

DEQ Conclusion:

Closed. See Interrogatory CR R313-25-8(4)(b)-07/2: Applicability of NRC Human Intrusion
Scenarios.

30) Interrogatory CR R313-25-8(5)(a)-30/1: Inclusion of SRS-2002 Data in the Sensitivity
Analysis

DEQ Conclusion:
Closed, based on responses to Round 1 interrogatories and review of revised text.
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31) Interrogatory CR R313-25-8(5)(a)-31/3: Tc-99 Content in the Waste and Inclusion in
the Sensitivity Analysis

DEQ Conclusion:

Closed, based-enrecommend ation-n includ rcled-uranium-i waste: See Section 5.3
of the DU PA SER.

32) Interrogatory CR R313-25-8(4)(a)-32/3: Effect of Other Potential Contaminants on PA
DEQ Conclusion:

EnergySolutions’ Round 1 interrogatory response is satisfactory. The revised sensitivity analysis
results report (Neptune 2014d) shows that the effect of other potential contaminants on the
intruder doses is trivial. See also the discussion in Section 4.3 of the DU PA SER. Therefore, this
interrogatory is closed.

33) Interrogatory CR R315-101-5.3(6)-33/1: Clarification of the Phrase “Proof-of-Principle
Exercise” and Sensitivity to Uranium Oral Reference Dose Factors

DEQ Conclusion:

Closed, based on responses to Round 1 interrogatories and review of revised text.
34) Interrogatory CR R313-25-8(5)(a)-34/3: Intent of the PA

DEQ Conclusion:

Closed, based on responses to Round 3 interrogatories (July 8, 2014).

35) Interrogatory CR R313-25-19-35/1: Reference for Cost per Person-Rem
DEQ Conclusion:

Closed, based on responses to Round 1 interrogatories and review of revised text.
36) Interrogatory CR R313-25-8(4)(a)-36/1: Ant Nest Extrapolations

DEQ Conclusion:

Closed, based on responses to Round 1 interrogatories and review of revised text.
37) Interrogatory CR R313-25-8(5)(a)-37/2: Distribution Averaging

DEQ Conclusion:

The interrogatory is directed toward a general statement made in Section 5.2, “Distribution
Averaging,” of the DU PA Model v1.0 (Neptune 2011), rather than toward a specific parameter.
In its Round 2 response, EnergySolutions provided a general description of how distribution
averaging was performed and included several examples (e.g., Unit 4 porosity, annual rainfall).
EnergySolutions also provided a general description of how linear and non-linear relationships
are modeled and again provided examples (e.g., dose conversion factors, uranium concentration).
As a general description of how distribution averaging has been performed in the Clive DU PA
Model, the EnergySolutions response is satisfactory, and Interrogatory 37 is considered closed.
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38) Interrogatory CR R313-25-8(5)(a)-38/3: Figures 5 and 11 in FRV1
DEQ Conclusion:

Section 4.2 of the DU PA SER discusses exposure scenarios involving the deeper aquifer and
demonstrates that doses will be small (e.g., see Table 4-5).

Therefore, this interrogatory is closed.

39) Interrogatory CR R313-25-8(5)(a)-39/1: Figure 6 Caption

DEQ Conclusion:

Closed, based on responses to Round 1 interrogatories and review of revised text.
40) Interrogatory CR R313-25-8(5)(a)-40/3: Figures 7, 8, 9, 10, and 11

DEQ Conclusion:

Closed, based on responses to Round 3 interrogatories.

41) Interrogatory CR R315-101-5.3(6)-41/3: Table 7

DEQ Conclusion:

Closed, based on responses to Round 3 interrogatories.

42) Interrogatory CR R315-101-5.3(6)-42/1: Hazard Quotient in Tables 7 and 8
DEQ Conclusion:

Closed, based on responses to Round 1 interrogatories and review of revised text.
43) Interrogatory CR R313-25-19-43/1: Peak Dose in Table 11

DEQ Conclusion:

Closed, based on responses to Round 1 interrogatories and review of revised text.
44) Interrogatory CR R313-25-8(5)(a)-44/2: Occurrence of Intermediate Lakes
DEQ Conclusion:

Closed, based on DEQ’s Round 3 critique of the EnergySolutions Round 2 response.
45) Interrogatory CR R313-25-7(2)-45/1: Inaccurate Cross-Reference

DEQ Conclusion:

Closed, based on responses to Round 1 interrogatories and review of revised text.
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46) Interrogatory CR R313-25-7(1)-46/1: Tornados

DEQ Conclusion:

Closed, based on responses to Round 1 interrogatories.

47) Interrogatory CR R313-25-7(1)-47/1: Selection of Biome

DEQ Conclusion:

Closed, based on responses to Round 1 interrogatories and review of revised text.
48) Interrogatory CR R313-25-7(9)-48/3: Source and Composition of DU Waste
DEQ Conclusion:

49) Interrogatory CR R313-25-7(9)-49/3: Composition of Material Mass

DEQ Conclusion:

Closed. The issues have been clarified in EnergySolutions’ responses to Round 3 interrogatories.
50) Interrogatory CR R313-25-7(9)-50/3: Samples Collected

DEQ Conclusion:

Closed. The text is corrected in Appendix 4 to the DU PA Model v1.2, Radioactive Waste
Inventory for the Clive DU PA Model v1.2 (Neptune 2014e).

51) Interrogatory CR R313-25-7(9)-51/3: Nature of Contamination
DEQ Conclusion:

This interrogatory is closed

52) Interrogatory CR R313-25-7(9)-52/1: Measurement Types for Sampling Events
DEQ Conclusion:

Closed, based on responses to Round 1 interrogatories.

53) Interrogatory CR R313-25-7(9)-53/1: Subscripts in Equation 1

DEQ Conclusion:

Closed, based on responses to Round 1 interrogatories and review of revised text.

54) Interrogatory CR R313-25-7(9)-54/1: Partitioning in the Sensitivity Analysis
DEQ Conclusion:

Closed, based on responses to Round 1 interrogatories and review of revised text.
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55) Interrogatory CR R313-25-8(5)(a)-55/2: Uranium Isotope Distributions
DEQ Conclusion:

Closed, based on responses to Round 2 interrogatories and review of revised text.
56) Interrogatory CR R313-25-7(9)-56/1: Interpretation of Box Plots

DEQ Conclusion:

Closed, based on responses to Round 1 interrogatories and review of revised text.
57) Interrogatory CR R313-25-7(9)-57/1: Dashed Lines in Figure 4

DEQ Conclusion:

Closed, based on responses to Round 1 interrogatories and review of revised text.
58) Interrogatory CR R313-25-7(9)-58/1: Reference for Personal Communication
DEQ Conclusion:

Closed, based on responses to Round 1 interrogatories and review of revised text.
59) Interrogatory CR R313-25-7(2)-59/2: Bathtub Effect

DEQ Conclusion:

60) Interrogatory CR R313-25-7(3)-60/2: Modeled Radon Barriers
DEQ Conclusion:

61) Interrogatory CR R313-25-8(4)(a)-61/2: Mass-Balance Information
DEQ Conclusion:

The intent of Interrogatory 61 has been captured by Interrogatory 69, item 3. Interrogatory 61 is
closed, and Interrogatory 69, item 3 should be consulted for the status of the Clive DU PA mass-
balance concern.

62) Interrogatory CR R313-25-7(2)-62/2: Numerical Testing of Runge-Kutta Method
DEQ Conclusion:
Closed, based on responses to Round 2 interrogatories and review of revised text.
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63) Interrogatory CR R313-25-8(4)(a)-63/2: Air-Phase Advection
DEQ Conclusion:

Closed, based on responses to Round 2 interrogatories.

64) Interrogatory CR R313-25-8(4)(a)-64/3: Yucca Mountain Studies
DEQ Conclusion:

Closed. As discussed in the DU PA SER (Section 4.1.4), given the inability of GoldSim to
simulate the dependency of uranium solubility on kinetics and thermodynamics, the stochastic
approach that was taken in the DU PA is judged to be acceptable.

65) Interrogatory CR R317-6-6.3(Q)-65/3: Colloid Transport
DEQ Conclusion:

Closed. As discussed in the DU PA SER (Section 4.1.4), colloids have been adequately
addressed.

66) Interrogatory CR R313-25-8(4)(a)-66/2: Colloid Retention
DEQ Conclusion:

Closed. As discussed in the DU PA SER (Section 4.1.4), colloids have been adequately
addressed.

67) Interrogatory CR R313-25-8(4)(a)-67/3: Solubility and Speciation of Radionuclides
DEQ Conclusion:

Closed. As discussed in the DU PA SER (Section 4.1.4), the solubility and speciation of
radionuclides has been adequately addressed.

68) Interrogatory CR R313-25-8(4)(a)-68/2: Distribution of Hydraulic Gradients
DEQ Conclusion:
The DU PA SER (Section 6.2.7), Condition 7 states the following:

The Licensee shall develop and implement a program to provide more detailed
hydrogeologic knowledge of the shallow unconfined aquifer and deeper confined
aquifer.... Specific types of information include: groundwater flow velocities,
aquifer transmissivities, water quality, sorption properties, and the degree of
hydraulic interconnection between the upper and lower aquifers.

the interrogatory is

closed. '
69) Interrogatory CR R313-25-8(4)(a)-69/2: Longitudinal Dispersivity
DEQ Conclusion:

Closed, based on responses to Round 3 interrogatories.
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70) Interrogatory CR R313-25-7(2)-70/3: Gully Screening Model
DEQ Conclusion:

71) Interrogatory CR R313-25-8(4)(a)-71/1: Biotic Processes in Gully Formation
DEQ Conclusion:
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72) Interrogatory CR R313-25-8(4)(a)-72/1: De Minimis Dose Value
DEQ Conclusion:

As stated in DEQ’s Round 2 interrogatory, the text added by EnergySolutions to the DU PA
Model v1.2, Section 3.3.3 satisfactory addressed this issue, and Interrogatory 72 is closed.

73) Interrogatory CR R313-25-19-73/1: ALARA Concept

DEQ Conclusion:

Closed, based on responses to Round 1 interrogatories and review of revised text.

74) Interrogatory CR R313-25-8(5)(a)-74/1: Tailored Discussion of Sensitivity Analysis
DEQ Conclusion:

Closed, based on responses to Round 1 interrogatories and review of revised text.

75) Interrogatory CR R313-25-7(9)-75/1: Branching Fractions

DEQ Conclusion:

Closed, based on responses to Round 1 interrogatories and review of revised text.

76) Interrogatory CR R313-25-7(10)-76/1: Quality Assurance Project Plan Signature Page
DEQ Conclusion:

Closed, based on responses to Round 1 interrogatories.

77) Interrogatory CR R313-25-7(10)-77/1: Quality Assurance Project Plan Page Numbering
DEQ Conclusion:

Closed, based on responses to Round 1 interrogatories and review of revised text.

78) Interrogatory CR R313-25-7(10)-78/2: GoldSim Model Calibration

DEQ Conclusion:
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Because (1) EnergySolutions provided the requested “global sensitivity analysis” information,
(2) the Clive DU PA Model is conservative with respect to , radon flux), and (3) other
interrogatories (e.g., Interrogatories 05 and 90) address identical ET cover infiltration concerns,
Interrogatory 78 is closed.

79) Interrogatory CR R313-25-7(10)-79/1: Critical Tasks and Schedule

DEQ Conclusion:

Closed, based on responses to Round 1 interrogatories and review of revised text.
80) Interrogatory CR R313-25-7(10)-80/2: Testing of GoldSim Abstractions
DEQ Conclusion:

This interrogatory is very similar to Interrogatory 78; see the response to Interrogatory 78. As for
Interrogatory 78, because (1) the Clive DU PA Model is conservative (i.e., radon flux), and

(2) other interrogatories (e.g., Interrogatories 05 and 90) address identical ET cover infiltration
concerns, Interrogatory 80 is closed.

81) Interrogatory CR R313-25-7(2) and 7(6)-81/2: Comparison of Disposal Cell Designs
DEQ Conclusion:
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82) Interrogatory CR R313-25-20-82/2: Limitation on Inadvertent Intruder Scenarios
DEQ Conclusion:

Closed. See Interrogatory CR R313-25-8(4)(b)-07/2: Applicability of NRC Human Intrusion
Scenarios.

83) Interrogatory CR R313-25-20-83/2: Intruder-Driller and Natural Resource Exploration
Scenarios

DEQ Conclusion:

Closed. See Interrogatory CR R313-25-8(4)(b)-07/2: Applicability of NRC Human Intrusion
Scenarios.

84) Interrogatory CR R313-25-7(6)-84/3: Below-Grade Disposal of DU
DEQ Conclusion:

85) Interrogatory CR R313-25-8(4)(a)-85/1: Uncertainty Distributions Assigned to Dose
Conversion Factors

DEQ Conclusion:
Closed, based on responses to Round 1 interrogatories and review of revised text.

86) Interrogatory CR R313-25-8(5)(a)-86/3: Consequences of Sedimentation on Disposal
Cell

DEQ Conclusion:

- Interrogatory 86 is closed.

87) Interrogatory CR R315-101-5.3(6)-87/2: Oral Toxicity Parameters
DEQ Conclusion:

this interrogatory is closed.
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88) Interrogatory CR R313-25-20-88/2: Collective Dose and ALARA

DEQ Conclusion:

Closed, based on responses to Round 1 interrogatories and review of revised text.
89) Interrogatory CR R313-25-7(9)-89/3: Contamination Levels in DUF6
DEQ Conclusion:

_

90) Interrogatory CR R313-25-7(1-2)-90/2: Calibration of Infiltration Rates
DEQ Conclusion:

91) Interrogatory CR R313-25-7(2)-91/1: Design Criteria for Infiltration

DEQ Conclusion:

Closed, based on responses to Round 1 interrogatories and review of revised text.

92) Interrogatory CR R313-25-20-92/2: Inadvertent Intruder Dose Standard and Scenarios
DEQ Conclusion:

Closed. See Interrogatory CR R313-25-8(4)(b)-07/2: Applicability of NRC Human Intrusion
Scenarios. In addition, note that DEQ has made a policy decision that 500 millirem per year
(mrem/yr) total effective dose equivalent is the appropriate dose standard for inadvertent
intrusion.

93) Interrogatory CR R313-25-22-93/2: Stability of Disposal Site after Closure
DEQ Conclusion:
The interrogatory requested that EnergySolutions:

1. Include long-term performance analysis for a scenario where wave-cut action from a pluvial
lake breaches the proposed Federal Cell cover system and DU waste. Alternatively, redesign
the Proposed Federal Cell to locate the DU waste and its overlying radon barrier at an
elevation that is below the native ground surface.

2. Revise the consideration of the span of time used in the performance assessment modeling to
go beyond the time period for which the disposal embankment maintains its designed
condition and function, and explain and justify why the span of time used in the performance
assessment modeling for engineering design requirements was adequate to comply with the
requirements of UAC R313-25-8(4) and (5).

Regarding item 1, the proposed Federal Cell has been redesigned to locate the DU waste below
natural grade. Regarding item 2, EnergySolutions has performed a DTSA (Neptune 2014b,
2015a) reflecting radionuclide exposures beyond 10,000 years for the redesigned Federal Cell
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with below-grade DU exposure. The DEQ’s evaluation of the DTSA is provided in Section 5.1.1
of the DU PA SER.

Thus, this interrogatory is considered to be closed, and Section 5.1.1 of the DU PA SER should
be consulted for concerns identified during DEQ’s review of the DTSA.

94) Interrogatory CR R313-25-3(8)-94/1: Ultimate Site Owner
DEQ Conclusion:

95) Interrogatory CR R313-25-8(4)(a)-95/2: Estimation of 1-129 Concentrations
DEQ Conclusion:

Closed, based on responses to Round 1 interrogatories and review of revised text.

96) Interrogatory CR R313-25-8(4)(a)-96/3: Current and Future Potability of Water
DEQ Conclusion:

97) Interrogatory CR R313-25-8(4)(a)-97/3: Need for Potable and/or Industrial Water

DEQ Conclusion:

As discussed in Section 4.2.2 of the DU PA SER, EnergySolutions evaluated a dust-suppression
scenario in which a worker was exposed via the inhalation pathway for 2,000 hours per year. The
annual dose was less than 10 mrem/yr. Therefore, this interrogatory is closed.

98) Interrogatory CR R313-25-7(1)-98/1: Monthly Temperatures
DEQ Conclusion:
Closed, based on responses to Round 1 interrogatories.
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99) Interrogatory CR R313-25-7(1)-99/1: Evaporation

DEQ Conclusion:

Closed, based on responses to Round 1 interrogatories and review of revised text.

100) Interrogatory CR R313-25-7(1)-100/2: Groundwater Recharge from Precipitation
DEQ Conclusion:

101) Interrogatory CR R313-25-7(1)-101/2: Nature of Units 1 and 2
DEQ Conclusion:

Based on the proposed license condition, this interrogatory is closed.

102) Interrogatory CR R313-25-7-102/1: Seismic Activity

DEQ Conclusion:

Closed, based on responses to Round 1 interrogatories and review of revised text.
103) Interrogatory CR R313-25-7-103/2: Historical Flooding

DEQ Conclusion:

Closed, based on responses to Round 2 interrogatories.

104) Interrogatory CR R313-25-7(2)-104/3: Infiltration in the Presence of Rip Rap or
Natural Rock

DEQ Conclusion:

Closed. This interrogatory is no longer relevant because the proposed Federal Cell will use an ET
cover.
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105) Interrogatory CR R313-25-8(4)(a)-105/3: Human Use of Groundwater
DEQ Conclusion:

As discussed in Section 4.2.2 of the DU PA SER, EnergySolutions evaluated a well-drilling
scenario, which demonstrated that exposure to the inadvertent intruder was very low, with annual
doses being less than 10 mrem/yr). Therefore, this interrogatory is closed.

106) Interrogatory CR R313-25-8(4)(a)-106/3: Desalination Potential

DEQ Conclusion:

107) Interrogatory CR R313-25-7(1)-107/2: Predominant Vegetation at the Clive Site
DEQ Conclusion:

Closed, based on responses to Round 3 interrogatories and review of revised text.

108) Interrogatory CR R313-25-8(4)(a)-108/2: Biointrusion

DEQ Conclusion:
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109) Interrogatory CR R313-25-7(2)-109/1: Geochemical Degradation of Rip Rap
DEQ Conclusion:
EnergySolutions noted in its Round 2 interrogatory response that:

Additionally, the current LLRW and 11e.(2) CQA/QC Manual - Rock Erosion
Barrier Work Element includes Quality of Rock controls that mirror WJE's
recommendation for selection of material that “would be less prone to relatively
rapid deterioration that has reportedly occurred relatively soon after the material
was installed. ” Finally, the results of the DOE and WJE studies further
demonstrate that the weathered rock observed on the Vitro and LARW covers is
limited to a small percentage of the overall rock covering (less than 1%) and are
not expected to increase in the geologic short term.

Application of the Rock Barrier Work Element in the LLRW [Low-Level Radioactive Waste]
and 11e.(2) CQA/QC [Construction Quality Assurance/Quality Control] Manual (ES 2012) to
any rip rap used on the side slopes of the proposed Federal Cell should minimize the potential for
degradation. Therefore, this interrogatory is closed.

110) Interrogatory CR R313-25-8(4)(a)-110/1: Radon Transfer from Water
DEQ Conclusion:

Closed, based on responses to Round 1 interrogatories and review of revised text.
111) Interrogatory CR R313-25-7-111/2: Likelihood of Lava Dam Formation
DEQ Conclusion:

Closed, based on responses to Round 2 interrogatories.

112) Interrogatory CR R313-25-8(4)(a)-112/2: Hydraulic Conductivity

DEQ Conclusion:

113) Interrogatory CR R313-25-8(5)(a)-113/2: Placement of Bulk Low-Level Waste among
DU Canisters

DEQ Conclusion:
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114) Interrogatory CR R313-25-19-114/3: Elevated Concentrations of Tc-99
DEQ Conclusion:

- this interrogatory is closed.

115) Interrogatory CR R315-101-5.3(6)-115/1: Uranium Toxicity Reference Doses

DEQ Conclusion:

Closed, based on responses to Round 1 interrogatories.

116) Interrogatory CR R313-25-8(4)(a)-116/1: Cs-137 Decay

DEQ Conclusion:

Closed, based on responses to Round 1 interrogatories.

117) Interrogatory CR R313-25-8(5)(a)-117/2: Groundwater Protection Limit for Tc-99
DEQ Conclusion:

this interrogatory is closed.
118) Interrogatory CR R313-25-7(10)-118/1: GoldSim Results
DEQ Conclusion:
Closed, based on responses to Round 1 interrogatories and review of revised text.
119) Interrogatory CR R313-25-8(4)(a)-119/1: Resuspension and Airborne Pathways
DEQ Conclusion:
Closed, based on responses to Round 1 interrogatories and review of revised text.
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120) Interrogatory CR R313-25-8(4)(a)-120/3: Gullies and Radon
DEQ Conclusion:

In its Round 3 response to Interrogatory 120, EnergySolutions refers to its Interrogatory 70
response, in which it states that “The influence of gully formation on infiltration and radon
transport is negligible given the current below grade disposal design.” The reason given is “that
only a small fraction of the cover would have gullies extending through the surface and
evaporative zone layers to the top of the frost protection layer.” Coupled with the extreme depth
at which the DU is buried, this implies that gully formation would not affect radon transport.

As indicated in the DU PA SER, Section 4.2.1, DEQ was not able to successfully duplicate the
calibration of the Clive DU PA GoldSim radon model against the radon flux calculated using
standard calculation procedures (i.e., RG 3.64). In Section 4.2.1, DEQ showed that the Clive DU
PA Model takes little credit for radon attenuation by the ET cover; rather, most of the radon
attenuation is provided by the material (e.g., non-DU waste) lying between the DU and the ET
cover. Since the ET cover is being credited for very limited radon attenuation in the Clive DU
PA Model v1.2, gullies that reduce the thickness of the ET cover would not greatly affect the
resulting ground surface radon flux. See Table 4-4 of DU PA SER. Therefore, the DU PA SER
determined that the Clive DU PA Model v1.2 radon flux calculation is conservative and thus
acceptable. Consequently, this interrogatory is closed.

121) Interrogatory CR R313-25-19-121/2: Gullies and Receptor Location
DEQ Conclusion:

Even though Interrogatory 121 explicitly states that it has “to do with the OHV enthusiast dose
model,” the EnergySolutions Round 2 response focuses instead on groundwater concentrations.
As such, the EnergySolutions Round 2 response to Interrogatory 121 does not respond to the
actual interrogatory.

Nevertheless, in DU PA SER, Section 4.2.1, DEQ showed that the Clive DU PA Model v1.2
takes little credit for radon attenuation by the ET cover. Also, as demonstrated by the DU PA
Model v1.2, Appendix 15(11), Table 5, about 77.5 percent of the off-highway vehicle (OHV)
enthusiast’s dose is accounted for by the radon escape/production ratio, which would not be
affected by gully formation (Neptune 2014d). Finally, as shown in the DU PA Model v1.2, Table
ES-1 (Neptune 2014a), the Clive DU PA v1.2 calculated OHV enthusiast’s dose is small and
would need to be raised by several orders of magnitude before it approaches the intruder dose
limit.

Disregarding the EnergySolutions Round 2 response, DEQ has found that Interrogatory 121 may
be considered closed for the purpose of the DU PA Model v1.2 evaluation.

122) Interrogatory CR R313-25-8(4)(d)-122/2: Size of Pluvial Lakes
DEQ Conclusion:
Closed, based on responses to Round 1 interrogatories and review of revised text.

FINAL C-26 April 2015



EnergySolutions LLRW Disposal License — Condition 35
(RML UT2300249)
Safety Evaluation Report, Volume 2

123) Interrogatory CR R313-25-8(4)(d)-123/2: Timing of Lake Cycles
DEQ Conclusion:

DEQ’s expert concurs (Bradley 2014) with the EnergySolutions assumption regarding the return
timing of the first Intermediate Lake provided in the DTSA (Neptune 2014b, 2015a). Therefore,
this interrogatory is closed.

124) Interrogatory CR R313-25-8(4)(d)-124/2: Mechanisms for Pluvial Lake Formation
DEQ Conclusion:

Closed, based on responses to Round 1 interrogatories and review of revised text.
125) Interrogatory CR R313-25-8(4)(d)-125/2: Deep Lake Cycles

DEQ Conclusion:

Closed, based on responses to Round 1 interrogatories and review of revised text.
126) Interrogatory CR R313-25-8(4)(d)-126/2: Shallow Lake Cycles

DEQ Conclusion:

Closed, based on the discussions under Interrogatories 44 and 132.

127) Interrogatory CR R313-25-8(4)(d)-127/2: Carbonate Sedimentation
DEQ Conclusion:

Closed, based on DEQ’s Round 3 critique of the EnergySolutions Round 1 response and the
revisions made in the DU PA Model v1.2.

128) Interrogatory CR R313-25-8(4)(d)-128/2: Lake Sedimentation
DEQ Conclusion:

For all intents and purposes, the concerns raised in this interrogatory duplicate the concerns
raised in Interrogatory 18. The Interrogatory 18 evaluation is equally applicable to this
interrogatory. Since they are essentially duplicates, Interrogatory 128 may be closed and its
concerns addressed under Interrogatory 18.

129) Interrogatory CR R313-25-8(4)(d)-129/2: Lake Erosion
DEQ Conclusion:

In its Round 1 response, EnergySolutions detailed the assumptions pertaining to the deep time
erosion of the embankment and obliteration of the disposal site through wave action. DEQ
agreed with the EnergySolutions response but recommend that the final report discuss a DTSA,
which expands on the information provided in the EnergySolutions response.

As indicated in the evaluation of several interrogatories, EnergySolutions has provided a DTSA
(Neptune 2014b, 2015a), which makes the original DU PA Model v1.0 and v1.2 deep time
analyses obsolete.

For these reasons, plus the fact that its concerns are subsumed in other deep time interrogatories
(e.g., Interrogatories 18, 86, and 159), Interrogatory 129 is closed.
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130) Interrogatory CR R313-25-8(4)(d)-130/1: Lake Geochemistry

DEQ Conclusion:

Closed, based on responses to Round 1 interrogatories and review of revised text.
131) Interrogatory CR R313-25-8(4)(d)-131/2: Potential Wave Energy

DEQ Conclusion:

he A g-thus;-uncovering the DU by wave-
cuttmg IS not con3|dered reallstlc Also the DTSA (Neptune 2014b) assumed that the
embankment would be destroyed by the first lake to reach Clive; the potential wave energy of the
large or small lake would not change the results of the Clive DU PA Model. As such, this
interrogatory is considered to be editorial, i.e., simply a request for clarification of the text. Thus,
Interrogatory 131 is closed.

132) Interrogatory CR R313-25-8(4)(d)-132/2: Sedimentation Model
DEQ Conclusion:

133) Interrogatory CR R313-25-8(4)(d)-133/2: Calculations of Radioactivity in Water and
Sediment

DEQ Conclusion:
Closed, based on responses to Round 1 interrogatories and review of revised text.
134) Interrogatory CR R313-25-8(4)(d)-134/1: Future Lake Level Elevations
DEQ Conclusion:
Closed, based on responses to Round 1 interrogatories and review of revised text.
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135) Interrogatory CR R313-25-19-135/3: Exposure to Groundwater
DEQ Conclusion:

_ Therefore, this interrogatory is closed.

136) Interrogatory CR R313-25-7(1)-136/2: Iron (Hydro)Oxide Formation
DEQ Conclusion:
Closed, based on responses to Round 2 interrogatories and review of revised text.

137) Interrogatory CR R313-25-7(1)-137/2: Total Dissolved Carbonate Concentrations and
Other Geochemical Data

DEQ Conclusion:

Closed. As discussed in the DU PA SER (Section 4.1.4), the impact of total dissolved carbonate
on solubilities has been adequately addressed.

138) Interrogatory CR R313-25-26(1)-138/3: Monitoring Well Completion Zones
DEQ Conclusion:

Closed, based on responses to Round 3 interrogatories and review of revised text.
139) Interrogatory CR R313-25-7(1)-139/2: lon Charge Balance

DEQ Conclusion:

Closed, based on responses to Round 2 interrogatories and review of revised text.
140) Interrogatory CR R313-25-7(1)-140/2: Determination of Kd Values

DEQ Conclusion:

Closed, based on responses to Round 2 interrogatories and review of revised text.
141) Interrogatory CR R313-25-7(1)-141/2: pH and Kd Values and Serne (2007)
DEQ Conclusion:

Closed, based on responses to Round 2 interrogatories and review of revised text.
142) Interrogatory CR R313-25-7(1)-142/2: References for Kd Discussion

DEQ Conclusion:

Closed, based on responses to Round 2 interrogatories and review of revised text.
143) Interrogatory CR R313-25-7(1)-143/2: Neptunium Speciation

DEQ Conclusion:

Closed. As discussed in the DU PA SER (Section 4.1.4), neptunium speciation has been
adequately addressed.
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144) Interrogatory CR R313-25-7(1)-144/2: Plutonium Speciation
DEQ Conclusion:

Closed. As discussed in the DU PA SER (Section 4.1.4), plutonium speciation has been
adequately addressed.

145) Interrogatory CR R313-25-7(1)-145/2: Sorption Reversibility and Glover et al. (1976)
Dataset

DEQ Conclusion:

Closed, based on responses to Round 2 interrogatories and review of revised text.

146) Interrogatory CR R313-25-7(1)-146/2: Determination of Kd Values

DEQ Conclusion:

Closed, based on responses to Round 2 interrogatories and review of revised text.

147) Interrogatory CR R313-25-7(1)-147/2: Determination of Kd Value for Uranium

DEQ Conclusion:

Closed, based on responses to Round 2 interrogatories and review of revised text.

148) Interrogatory CR R313-25-7(1)-148/2: Influence of Carbonate on Uranium Speciation
DEQ Conclusion:

Closed. As discussed in the DU PA SER (Section 4.1.4), the influence of carbonate on uranium
speciation has been adequately addressed.

149) Interrogatory CR R313-25-7(1)-149/2: Americium Sorption
DEQ Conclusion:

Closed, based on responses to Round 2 interrogatories and review of revised text.
150) Interrogatory CR R313-25-7(2)-150/3: Plant Growth and Cover Performance
DEQ Conclusion:

151) Interrogatory CR R313-25-8(4)(a)-151/2: Radon Barrier Attenuation
DEQ Conclusion:
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However, since the Clive DU PA model results in a conservative estimate of the radon flux, the
DU PA SER determined it to be acceptable. Therefore, this interrogatory is closed.

152) Interrogatory CR R313-25-8(5)(a)-152/2: GoldSim Input Parameters
DEQ Conclusion:

A X
oot v viw, ci o e, - - —ie -

determined it to be acceptable. Therefore, this interrogatory is closed.

153) Interrogatory CR R313-25-8(4)(d)-153/2: Impact of Pedogenic Process on the Radon
Barrier

DEQ Conclusion:

154) Interrogatory CR R313-25-8(4)(d)-154/2: Use of Field Data to Validate Disposal Cell
Cover Performance

DEQ Conclusion:

For the reasons given under Interrogatory 27, Interrogatory 154, as it applies to radon diffusion,
is closed.

155) Interrogatory CR R313-25-8(4)(d)-155/3: Cover Performance for 10,000 Years
DEQ Conclusion:

For the reasons given under Interrogatory 27, Interrogatory 155, as it applies to radon diffusion,
is closed.

156) Interrogatory CR R313-25-26(2-3)-156/3: Separation of Wastes in Federal Cell
DEQ Conclusion:
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Based on that condition being met, the interrogatory is closed.
157) Interrogatory CR R313-25-8(5)(a)-157/2: Inclusion of DU and Other Wastes in PA
DEQ Conclusion:

—
F

158) Interrogatory CR R313-15-1009(2)(b)(i)-158/2: Waste Packaging
DEQ Conclusion:

This issue was adequately addressed in the EnergySolutions Round 2 response. It is judged to be
a relevant operational concern but it is not relevant to approval of the DU PA. Therefore, this
interrogatory is closed.

159) Interrogatory CR R313-25-8(4)(d)-159/2: Embankment Damage by Lake Formation
DEQ Conclusion:
For the reasons provided under Interrogatories 18 and 132, Interrogatory 159 is closed.
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160) Interrogatory CR R313-25-7(2)-160/2: Comparison of Class A West and Federal Cell
Designs

DEQ Conclusion:

161) Interrogatory CR R313-25-7(2-3)-161/3: Inconsistent Information on Waste
Emplacement

DEQ Conclusion:

In its Round 1 response, EnergySolutions committed to bury only that volume of DU waste that
can be accommodated below grade. EnergySolutions revised Figure 9 in Appendix 3 to the DU
PA Model v1.2 (Neptune 2014f) to show the waste layering adopted for version 1.2 of the Clive
DU PA Model. The available information is sufficient to make decisions as to the adequacy of
the DU PA. Additional specifics with regard to waste emplacement will be required in any
license application request. Therefore, this interrogatory is closed.

162) Interrogatory CR R313-25-22-162/2: Disposal Cell Stability
DEQ Conclusion:
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163) Interrogatory CR R313-25-8(5)(a)-163/3: Groundwater Compliance for 10,000 Years
DEQ Conclusion:

- Therefore this interrogatory is closed.

164) Interrogatory CR R313-15-1009-164/1: Incorrect Rule Citation

DEQ Conclusion:

Closed, based on responses to Round 1 interrogatories and review of revised text.

165) Interrogatory CR R313-15-1009(1)(c)(i)-165/1: Incorrect Citation of Ra-226 Limit
DEQ Conclusion:

Closed, based on responses to Round 1 interrogatories and review of revised text.

166) Interrogatory CR R313-25-22-166/2: Stability of Waste

DEQ Conclusion:

Therefore, this
interrogatory is closed.

167) Interrogatory CR R313-15-1009(2)(a)(vii)-167/1: Pyrophoricity of DUO,
DEQ Conclusion:

The EnergySolutions response in satisfactory and the interrogatory is closed.

168) Interrogatory CR R313-25-7(2)-168/1: Rip Rap Sizing

DEQ Conclusion:
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169) Interrogatory CR R313-25-7(9)-169/3: Clarification of Statistical Treatment of
Chemical and Isotopic Assays

DEQ Conclusion:

Since-disposal-of recycled trantum-wWitb-net-be-permitted; this interrogatory is closed.

170) Interrogatory CR R313-25-7-170/2: DU Waste Form Release Mechanisms and Rates
DEQ Conclusion:

Closed. As discussed in the DU PA SER (Section 4.1.4), leaching from the waste and potential
mobility have been adequately addressed.

171) Interrogatory CR R313-25-7-171/2: Adequacy of DU Cell Buffer Zone
DEQ Conclusion:

The requested reference has been added to Revision 2 of the EnergySolutions LLRW Disposal
License — Condition 35(RML UT2300249) Compliance Report (ES 2014). Therefore, this
interrogatory is closed.

172) Interrogatory CR R313-25-20-172/3: Inadvertent Intruder Protection
DEQ Conclusion:

Closed. See Interrogatory CR R313-25-8(4)(b)-07/2: Applicability of NRC Human Intrusion
Scenarios.

173) Interrogatory CR R313-25-7(2)-173/2: Stability of Embankment
DEQ Conclusion:

EnergySolutions provided a revised calculation of the loading on the clay liner from large objects
indicating that the limit of 3,000 pounds per square foot specified in the LLRW and 11e.(2)
CQA/QC Manual (ES 2012) was met for two configurations of DU cylinders. Therefore, this
interrogatory is closed.

174) Interrogatory CR R313-25-7(6)-174/1: Waste Emplacement in Class A South Disposal
Cell

DEQ Conclusion:
Closed, based on responses to Round 1 interrogatories.

175) Interrogatory CR R313-25-7(2)-175/1: Infiltration Rates for the Federal Cell Versus
the Class A West Cell

DEQ Conclusion:
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176) Interrogatory CR R313-25-8(5)(a)-176/1: Representative Hydraulic Conductivity
Rates

DEQ Conclusion:

177) Interrogatory CR R313-25-8(5)(a)-177/2: Dose from Plant Uptake
DEQ Conclusion:

FINAL C-36 April 2015



EnergySolutions LLRW Disposal License — Condition 35
(RML UT2300249)
Safety Evaluation Report, Volume 2

178) Interrogatory CR R313-25-8(5)(a)-178/2: Surface Water Pathway
DEQ Conclusion:

179) Interrogatory CR R313-25-7(2)-179/1: Rip Rap
DEQ Conclusion:

EnergySolutions notes that this interrogatory is no longer relevant for the top slope of the
proposed Federal Cell since the Federal Cell will largely use an ET cover. In addition, as noted
in Figure 6 of Appendix 2 to the DU PA Model v1.2 (Neptune 2014c), the surface layer on the
side slopes contains 50 percent by volume of gravel. Gravel specifications, gradation,
construction, and testing requirements are provided in the LLRW and 11e.(2) CQA/QC Manual
(ES 2012). Based on this information, this interrogatory is closed.

180) Interrogatory CR UGW450005 Part 1.D.1-180/2: Compliance Period
DEQ Conclusion:

Therefore, this interrogatory is closed.
181) Interrogatory CR R313-25-19-181/2: Groundwater Mortality
DEQ Conclusion:
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182) Interrogatory CR R313-25-19-182/2: Groundwater Exposure Pathways
DEQ Conclusion:

As discussed in the DU PA SER, inclusion of various scenarios involving the groundwater
pathway does not result in significant doses to intruders or the general public. Therefore, this
interrogatory is closed.

183) Interrogatory CR R313-25-19-183/2: Meat Ingestion
DEQ Conclusion:
As stated in the Round 2 “Basis for Interrogatory”:

The information in this interrogatory was transmitted to ES previously, and on
May 9, 2014, ES provided updated beef and game ingestion gamma distribution
means and standard deviations (EnergySolutions 2014), which are to be
incorporated into the DU PA model. The information provided on May 9, 2014,
by ES satisfactory addresses this interrogatory, and no additional response is
required. This interrogatory is included in order to complete the record of DU PA
inquiries.

Therefore, this interrogatory is closed.

184) Interrogatory CR R313-25-19-184/2: GoldSim Skips Stability Calculations

DEQ Conclusion:

The Clive DU PA Model v1.2 was designed and correctly runs without error within the GoldSim
10.5 (SP4) platform. This interrogatory is closed.

185) Interrogatory CR R313-25-7(10)-185/3: Add Appendix 18 to List of Appendices
DEQ Conclusion:

This interrogatory is simply pointing out a typo. Whether or not the typo has been corrected has
no bearing on the Clive DU PA results. Interrogatory 185 is closed.

186) Interrogatory CR R313-25-7(10)-186/3: Sensitivity Analysis Appendix
Mis-Referenced

DEQ Conclusion:

This interrogatory is simply pointing out a typo. Whether or not the typo has been corrected has
no bearing on the Clive DU PA results. Interrogatory 186 is closed.
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187) Interrogatory CR R313-25-19-187/3: Industrial Worker Exposures
DEQ Conclusion:

Closed. See Interrogatory CR R313-25-8(4)(b)-07/2: Applicability of NRC Human Intrusion
Scenarios.

188) Interrogatory CR R313-25-7(2)-188/3: Modeling Gullies with SIBERIA
DEQ Conclusion:

In its Round 3 response to this interrogatory, EnergySolutions provided the requested model
documentation report and a model package containing the EAMS and SIBERIA software, model
input files, grids, and results in an attached electronic addendum to Appendix 10, Erosion
Modeling for the Clive DU PA Model (Neptune 2014g). Since the requested information has
been provided, this interrogatory is considered to be closed.

189) Interrogatory CR R313-25-7(2)-189/3: Modeling Impacts of Changes in Federal Cell
Cover-System Soil Hydraulic Conductivity and Alpha Values

DEQ Conclusion:

190) Interrogatory CR R313-25-7(2)-190/3: Likelihood of Seismic Activity
DEQ Conclusion:

Closed, based on responses to Round 3 interrogatories and review of revised text.
191) Interrogatory CR R313-25-7(2)-191/3: Effect of Gully Erosion

DEQ Conclusion:
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192) Interrogatory CR R313-25-7(2)-192/3: Implications of Great Salt Lake Freezing on
Federal Cell Performance

DEQ Conclusion:

193) Interrogatory CR R313-25-7(2)-193/3: Predominance of Upward or Downward
Vertical Flow Direction

DEQ Conclusion:
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194) Interrogatory CR R313-25-7(2)-194/3: Potential for Development in the Vicinity and
at the Site

DEQ Conclusion:

Closed. See Interrogatory CR R313-25-8(4)(b)-07/2: Applicability of NRC Human Intrusion
Scenarios.
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Appendix D — LIMITATIONS ON TRANSURANICS

TO: Helge Gabert, Project Manager
EnergySolutions Depleted Uranium Performance Assessment

FROM:
DATE: April 6, 2015
RE: Applicability of transuranic limitations in the Northwest Interstate Compact on

Low-level Radioactive Waste Management

The founding document for the Northwest Interstate Compact on Low-level Radioactive Waste
Management (“Compact”) contains language limiting disposal of waste contaminated with transuranics,
as described below. This memo is in response to your request for advice about how that Compact
language affects what may be disposed of at EnergySolutions. Unfortunately, as described below, a
resolution of this interpretation requires that the State of Utah engage with the Compact since it is their
law that must be interpreted.

This memo includes my legal advice to you, but is not a formal Attorney General opinion and
does not reflect any determination made by the Attorney General.

Compact Language

The definition of low-level waste for purposes of the Compact includes the following restriction:

“Low-level waste” does not include waste containing more than ten (10) nanocuries of
transuranic contaminants per gram of material, nor spent reactor fuel, nor material classified as
either high-level waste or waste which is unsuited for disposal by near-surface burial under any
applicable federal regulations.

Title 11, Omnibus Low-Level Radioactive Waste Interstate Compact Consent Act, Pub. L. No. 99-
240, § 221, 99 Stat. 1861 (1986) (42 U.S.C. §2021d note) (emphasis added).! The Compact is also
adopted by each Compact member. See Utah Code Ann. Title 19, Chapter 3, Part 2, and particularly

! This law is also called the Low-level Radioactive Waste Policy Amendments Act of
1985. Note that this prohibition is somewhat similar to a Class A limit of 10 nanocuries/gram of
"alpha emitting transuranic radionuclides with half-life greater than five years," found in DRC
waste classification rules (see Utah Admin. Code R313-15-1009, Table 1 and paragraph (d)(i)).
However, it is more expansive because it also includes beta-emitting radionuclides and materials
with half-lives of less than five years.
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Utah Code Ann. § 19-3-201.1(4)(b). The implication of this language is that waste containing more
than 10 nanocuries transuranic contaminants per gram of material is considered to be more than low-
level radioactive waste, for Compact purposes.

Compact’s Third Amended Resolution and Order

The Compact’s “Third Amended Resolution and Order,” dated May 1, 2006, is the
mechanism the Compact has used to allow disposal of low-level radioactive waste at
EnergySolutions. This language, which includes a definition, is found in that document:

Low-level radioactive waste (as defined in Public Law 99-240) as allowed under, and
regulated by the terms of, the radioactive materials license of EnergySolutions as determined
by the State of Utah, is allowed access to the EnergySolutions facility in the Northwest
Interstate Compact region.

Compact's "Third Amended Resolution and Order," dated May 1, 2006, 2. The approval also
includes this language:

It is the intent of the Committee that only those wastes approved by the compact of origin
(including the Northwest Compact) be allowed . . . .
Id., at § 5.

Definitional Language in the Low-L evel Radioactive Waste Policy Amendments Act (Public

Law 99-240)

The Low-level Radioactive Waste Policy Amendments Act (Public Law 99-240) ("Act™)
includes the following definition:

Low-level Radioactive Waste.—The term 'low-level radioactive waste' means radioactive
material that—

"(A) is not high-level radioactive waste, spent nuclear fuel, or byproduct material (as defined
in section lle.(2) of the Atomic Energy Act of 1954 (42 U.S.C. 2014(e)(2))); and

"(B) the Nuclear Regulatory Commission, consistent with existing law and in accordance
with paragraph (A), classifies as low-level radioactive waste.

2

See http://www.ecy.wa.gov/nwic/resolution_3.pdf (paste this link into a browser’s address
barh if necessary). The Compact’s authority over disposal at EnergySolutions was confirmed by the
10 Circuit in EnergySolutions, L.L.C. v. Utah, 625 F.3d 1261 (10th Cir. 2010).
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Title 1, Low-level Radioactive Waste Policy Amendments Act of 1985, Pub. L. No. 99-240,
Section 102 Section 2(9), 99 Stat. 1843) (1986) (codified as 42 U.S.C. §2021b(9)). By this

definition, low-level waste includes the transuranic contaminants that are not included in the
Compact definition.

As discussed above, the Act also included the text of the Northwest Interstate Compact on Low-
level Radioactive Waste Management. See 42 U.S.C. § 2021d, note.

Analysis

EnergySolutions has been authorized to dispose of low-level radioactive waste by the
Compact, but the interpretation of that term is unclear. The term “as defined by Public Law 99-
240" could be read to be a reference to the definition codified at 42 U.S.C. § 2021b(9).
Alternatively, it could refer to the separate, Compact-only definition in the Compact that is also
part of the legislation in Section 221, as described above. The former interpretation has some
intuitive appeal. The latter may be more consistent with the Compact’s own authority, however.
It is unclear to me how, after Congress has carved away the Compact’s authority over disposal of
waste with transuranic contaminants by adopting the Compact’s definition, the Compact can then
authorize disposal of that waste within Compact disposal facilities.

This is a complex question regarding Compact authority that requires the participation of
the Compact to resolve. | informally initiated contact with Compact authorities, but it is clear
that more formal discussions will be required. If your goal is to be certain that the State of Utah
is complying with Compact requirements, the only way to do that before the question is resolved
is to impose restrictions that meet the Compact requirement to prohibit the disposal of “waste
containing more than 10 nanocuries of transuranic contaminants per gram of material.”

For wastes generated within the Northwest Interstate Compact and within the Rocky
Mountain Compact, the question is a little simpler. Because both of those Compacts prohibit
disposal of waste containing more than 10 nanocuries of transuranic contaminants per gram, and
because Northwest Interstate Compact facilities are not permitted to take waste that cannot be
disposed of in the compact of origin, transuranic-contaminated waste from those compacts would
be prohibited.
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Appendix G — INTERPRETING THE HUNTSMAN AGREEMENT

TO: Helge Gabert, Project Manager
EnergySolutions Depleted Uranium Performance Assessment

FROM:
DATE: April 6, 2015
RE: Interpreting the Huntsman Agreement

This memo is in response to your request for an explanation of how the Huntsman
Agreement (attached) would be enforced and what limitations it imposes on the State of Utah. |
should note that this memo includes my legal advice to you, but is not a formal Attorney General’s
Office opinion and does not reflect any determination made by the Attorney General.

A. Background: History of the Huntsman Agreement

The Huntsman Agreement ("Agreement"), reflected a policy determination by the
administration of Governor Jon Huntsman that there should be an upper limit to the amount of waste
that EnergySolutions would be allowed to dispose of. This policy determination came at a time when
one EnergySolutions proposal for expansion beyond its borders had just been defeated, and another
proposal had been submitted for approval to increase disposal capacity by combining two existing
cells into the Combined Class A Cell referred to in paragraph 1 of the Agreement.

As described in paragraph 3 of the Agreement, the Huntsman Administration had been
considering turning to the Northwest Interstate Compact on Low-Level Radioactive Waste
("Compact") to enforce its waste limitations. This would likely have resulted in a dispute because, as
can be inferred from later litigation described below, EnergySolutions believed that the Compact's
authority did not extend to waste disposal at EnergySolutions. EnergySolutions and the Huntsman
Administration entered into negotiations to see if they could agree on a A Bwaste cap that
would allow both sides to avoid litigation.

The negotiations resulted in the March 15, 2007 Huntsman Agreement, under which the
parties agreed that EnergySolutions could convert all of the remaining capacity in a disposal cell

' EnergySolutions' proposal to expand its boundaries was m by the Utah
Legislature with the passage of SB 155 during the 2007 General Session. That bill required approval
of the Legislature and the Governor before the boundaries of an existing facility could be expanded.
EnergySolutions has not sought approval for a boundary expansion.
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for 1 le.(2) byproduct waste - a waste that is generally of very low radioactivity, but that does not fit
the definition of low-level radioactive waste - to a higher level Class A waste disposal facility. In
exchange, EnergySolutions agreed to limit total disposal to the combined currently-approved Class A
and 11e.(2) converted amounts, and also agreed not to seek authority to dispose of Class B or Class C
waste.

avaaa In 2008, the Huntsman Administration objected to EnergySolutions' plan to dispose of
imported Italian radioactive waste. The Huntsman Administration was in the process of bringing that
issue to the Compact to request that it prohibit foreign waste disposal when EnergySolutions brought
a lawsuit against the Compact seeking a declaratory judgment that the Compact had no authority over
the EnergySolutions disposal site. The State of Utah intervened in the lawsuit. After a loss at the
federal District Court level, the Compact and the State of Utah won in the 10" Circuit Court of
Appeals. It is now clear that the Compact does have authority to control waste disposal at
EnergySolutions. See EnergySolutions v. State of Utah, 625 F.3d 1261 (10th Cir. 2010).

B. Background: History of Approved Waste Disposal Volume at EnergySolutions

There were three cells authorized for disposal of low-level radioactive waste at the time of
the Huntsman Agreement: the Class A, Class A North and Mixed Waste Cells.” As described above,
the Huntsman Agreement also authorized conversion of a cell that had been authorized for disposal
of 11e.(2) waste to Class A waste disposal.

In 2006, EnergySolutions proposed to consolidate the Class A and Class A North cells
into a single Class A West cell. At about the same time, it also proposed to expand the Mixed
Waste Cell. Both of those changes were approved in one license amendment in 2012. In order to
remain consistent with the terms of the Huntsman Agreement, the Division of Radiation Control
agreed to move some of the unused capacity allowed under the agreement from the 11e.(2) cell
into both the new Class A West cell and the Mixed Waste Cell.

" All of the information in Part B may be found in the appropriate license and permit
amendment files located in the Divisions of Radiation Control and Solid and Hazardous Waste for
these licenses and permit: Radioactive Material License UT 2300249 (DRC); Byproduct Material
License, UT 2300478 (DRC); and Part B RCRA Mixed Waste Permit (DSHW).
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C. Enforceability and Scope of the Huntsman Agreement

1. Is the Huntsman Agreement enforceable?

The remedy for a violation of the terms of the Huntsman Agreement by EnergySolutions is
spelled out in paragraph 3 of the Agreement itself: the State can go to the Compact and seek
enforceable limitations. It should be noted that this is a more certain remedy now than it
was at the time the Agreement was executed since the Compact has since been judicially
determined to have authority over the EnergySolutions facility. Approval by the Compact
would still be required, however.

2. Did the Huntsman Agreement bind future administrations to the waste volume limits in
the Agreement?

No it did not. The only commitment made by Governor Huntsman in the Agreement, in
paragraph 3, is that the Governor would refrain from seeking authority from the Compact to
impose new disposal volume restrictions on EnergySolutions if the facility met the
Agreement’s restrictions. The Agreement did not affirmatively require the State of Utah to
request a limitation from the Compact if EnergySolutions failed to meet the Agreement
restrictions.” This conclusion is even more clear in light of this provision in the Agreement:

Except for the commitments made by the Governor pursuant to this
agreement, nothing in this agreement shall alter or limit the authority or
legal rights of the State of Utah, the Compact, the Utah Board of Radiation
Control, or the Board’s Executive Secretary.

Huntsman Agreement, 1 5. Future administrations are therefore free to agree to different
volume limitations or to end any limitations.

There are also no requirements from other sources that would prevent a different
administration from effecting a different policy. There is no disposal volume limitation in
the Compact policies or regulations, and, other than the geographic boundary limitation
found in Utah Code Ann. 8 19-3-105(3) and (8), there is no disposal volume limitation in
state law.

" Because the Huntsman Agreement does not seek to tie the hands of later
administrations, I have not evaluated an administration’s authority to do so.

* See Compact policies at http://www.ecy.wa.gov/nwic/policy.htm.
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Attachment to Lockhart April 6, 2015 Memo "Interpreting the Huntsman Agreement"*
AGREEMENT

This agreement is entered into by and between the Governor of the State of Utah and EnergySolutions,
LLC, and any successor or assignee (“EnergySolutions™) as follows:

1. EnergySolutions will promptly withdraw the Combined Class A Cell license amendment cumrently
pending before the Utah Board of Radiation Control and its Executive Secretary. EnergySolutions
may complete the required licensing process for conversion of the remaining already licensed unused
capacity (the “converted already licensed capacity™) of the currently-licensed 11e.(2) Cell to a Class
A Cell (the “Converted Class A Cell”), and upon successfully meeting all technical and legal
requirements, utilize the converted already licensed capacity for the disposal of low-level radioactive
waste in the Converted Class A Cell.

2. EnergySolutions and the State of Utah reiterate their commitment that they do not support Class B or
- Clow-level radioactive waste or radioactive waste having a higher radionuclide concentration than
the highest radionuclide concentration allowed under licenses existing on February 25, 2005, being
disposed in the State of Utah as outlined in Utah Code Annotated Section 19-3-103.7.

3. For so long as EnergySolutions refrains from applying for a license, license amendment, or license
renewal for disposal of low-level radioactive waste beyond the currently-licensed low-level
radioactive waste cell volumes, which were licensed as of May 1, 2006, and the Converted Class A
Cell, the Govemor agrees to refrain from making, and shall not permit his designee to make, any
request to the Northwest Interstate Compact on Low-Level Radioactive Waste Management (the
“Compact”) regarding low-level radioactive waste volumes for receipt by EnergySolutions, except as

© necessary to facilitate the Converted Class A Cell volume, or to initiate or support action to limit the
volume of low-level radioactive waste on Section 32, Township 1S, Range 11W, of EnergySoclutions’
" Clive Facility. '

4. Nothing in this agreement shall be construed as an admission by EnergySolutions that the Compact
has jurisdiction over its operations or facilities or a waiver of EnergySolutions’ rights of recovery, if
any, for unlawful taking without due process of law, impairment of third-party contracts, violation of
vested property rights, or similar claims, based on future actions of the State of Utah or the Compact.
Notwithstanding the foregoing, this agreement shall not be used as the basis for any claims against the
State of Utah or the Compact.

5. Except for the commitments made by the Governor pursuant to this agreement, nothing in this

agreement shall alter or limit the authority or legal rights of the State of Utah, the Compact, the Utah
Board of Radiation Control, or the Board’s Executive Secretary.

This Agreement will take effect upon the signatures of the parties.

)‘wd- t§ o0}
— 1

3/15/07

tevesTeamer Datd
Chief Executive Officer
EnergySolutions, LLC
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Version: 2003.09.1800  Rundate: 10/1072003 05:28 PM
Utah Division of Water Rights | 1594 West North Temple Suite 220, P.O. Box 146300, Salt Lake City, Utah 84114-6300 | 8015387240
Natural Resources | Conta | Disciaimer | Privacy Policy =

Utah Division of Water Rights

Water Well Log

LOCATION :
N

DRILLER ACTIVITIES:
A # 1 NEW

BOREHOLE TNFORMATION :
Depth (£t

LITHOLOGY :

WATER LEVEL DATA:

- FILTER

hitp/Awaterrights utah gov/docSysY907/d907/d9070ckv ham(2/1772015 1:39:48 PM) hitp//waterrights utah gov/docSys'v907/d907/dS0 T0ckv him(2/17/2015 1:39:48 PM]
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Shallow 90 ft monitor well, Nested Well - e.g., 1-3-100 Brolgen Arrow boring (§ec. 29, SE 1/4)
e.g. 13-30 FW Eq. GW Elev. = 4,249.81 ft ams|, (basis for subsurface l_mlls shown here)
FW Eq. GW Elev. = 4,248.72 jor ~ 1.09 ft higher (2/26/91) Approx. Ground Elevation = 4,281 ft amsl
ft amsl on 2/26/91
static water
table @ ~ 30 ft
EI Depth bgs, nominal
feet by
. 2 g; lwaste cell ) m
in Sec. 32, ]
shallow Hv v A 7 __
aquifer = 50_ | I—— = SRR . L {Shallow aquifer, 0-80 ft bgs: clay (silt?)]-
ir
slllyclayg [300. Jo oo ol e s e e e i) K e e e e g e
silty sand Intermediate aquifer,|
S0l Tl ) 2 _ el 80-182 ft bgs: sand | __
Broken Arrow Boring: !
200 pp GWL~ 84 ft bgs| -
T - [Estimated Downward Gradient: 100 to 500 ftaquifer] — "7 '~ i [ on ~ 1/31/96 7T S e s R AT
250 4,250 - 4,197 ft ams| = 0.13 ft/ft or~ 4,197 ftamsl ‘
515-100 ft bgs (~ 400 feet abqve top of Clay, Gravel ‘
200 _ e | — deep aquifer) (interbedded?):
Vi INow compare shallow aquifer's horizontal hydraulic [~~~ 7 ol -> Note apparent [~~~ T 7 182-485 ft |
350 gradients from 1992, which ranged between 0.0005 to DOWNWARD = bgs ‘
= T 0.0002 ft/ft, or ~ 260 to 650-times lower thanthe ~ [*7 "7 17 il hydraulic gradient
400 vertical gradient apparent in the Broken Arrow Boring. between 100-foot and ‘
""""""""""""""""" (see 1992 Bingham Hydrogeologic Report - Table 1) [~ ~"7 "7~ 500-foot aquifers T
450 _ [ SumeE | - R IS L N e
500 Deep aquifer: cobbles, gravel, & clay (interbedded): -
485-545 ft bgs
L1 ) S — - e —— - e ———— - e — = r—— —
L T | —— Rl
650
700
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Approximate location of Broken Arrow Borehole.
Ground surface elevation = 4,281 ft-amsl|
(estimated from USGS 7.5 Aragonite Quadrangle

Map.
A Groundwater elevation = 4,281 ft-84 ft = 4,197 # e
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