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ABBREVIATIONS AND ACRONYMS

°F degrees Fahrenheit
van Genuchten alpha

ACRS Advisory Committee on Reactor Safeguards
ALARA as low as reasonably achievable

Am americium

amsl above mean sea level

Bi bismuth

Bg/L becquerels per liter

Bg/m® becquerels per cubic meter

Br bromide

ce” calcium

CAC Class A Combined

CAS Class A South

CauQy calcium uranate

CAW Class A West

CCD complementary cumulative distribution
CFR Code of Federal Regulations

Cilg curies per gram

CI chloride

CLSM controlled low-strength material

cm centimeter

cm* per centimeter

cm/day centimeters per day

cn? m? square centimeters per square meter
cm/s centimeter per second

cm’/s, cm/sec square centimeters per second

cm/yr centimeter per year
CO, carbon dioxide
COs* carbonate
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CQA/QC construction quality assurance/quality cointr
DEQ Utah Department of Environmental Quality
DOE U.S. Department of Energy

DRC Division of Radiation Control (Utah)

DTSA Deep Time Supplemental Analysis

DU depleted uranium

DUFs depleted uranium hexafluoride

DUO3 depleted uranium trioxide

DU30g triuranium octoxide depleted in U-235

DU PA depleted uranium performance assessment
Ex oxidation/reduction potential

EPA U.S. Environmental Protection Agency

ES Energ$olutions LLC

ET evapotranspiration

F fluoride

FEPs features, events, and processes

ft foot/feet

ft> cubic feet

g cm?® grams per cubic centimeter

g/L grams per liter

GDP gaseous diffusion plant

GTG GoldSim Technology Group

GWPL groundwater protection level

GWQ Ground Water Quality Discharge

HELP Hydrologic Evaluation of Landfill Performance
hr/yr hours per year

HYPRES Hydraulic Properties of European Soils

I iodine

IAEA International Atomic Energy Agency

IRIS Integrated Risk Information System

K* potassium

Kd absorption coefficient
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kg kilogram
km kilometers
KOH potassium hydroxide
kPa kilopascal
Ksat saturated hydraulic conductivity
ky one thousand years
IAEA International Atomic Energy Agency
L liter
LARW low-activity radioactive waste
LLNL Lawrence Livermore National Laboratory
LLRW low-level radioactive waste
LLW low-level waste [used in some figures and gadopassages]
LN lognormal [distribution]
m meter
me/yr cubic meters per year
MCL maximum contaminant level
mg milligram
Mg megagram
Mg** magnesium
mg/kg-day  milligrams per kilogram per day
mg/L milligram per liter
mm millimeter
mm/yr millimeters per year
mol/L moles per liter
mrem/hr millirem per hour
mrem/yr millirem per year
mSv millisievert

Ci/m® microcuries per cubic meter

g/L micrograms per liter
Na" sodium
NCRP National Council on Radiation Protection Mehsurements
nCi/g nanocuries per gram
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NOs nitrate

NORM naturally occurring radioactive material
Np neptunium

NRC U.S. Nuclear Regulatory Commission
OHV off-highway vehicle

ORGDP Oak Ridge Gaseous Diffusion Plant
Pa protactinium

PAWG Performance Assessment Working Group
Pb lead

pCi picocurie

pCilg, pCi ¢ picocuries per gram

pCi/L picocuries per liter

pCi/mé-s, pCi m¥ s* picocuries per square meter per second
pCi/m® picocuries per cubic meter

pH hydrogen ion concentration

Po polonium

PORTS Portsmouth Gaseous Diffusion Plant
ppb parts per billion

Pu plutonium

Ra radium

rem/yr rem per year

RfD reference dose

RML Radioactive Material License

Rn radon

RO reverse 0Smosis

st per second

SD standard deviation

sec/mt seconds per cubic meter

SE standard error

SER Safety Evaluation Report

SNL Sandia National Laboratories

SO sulfate

FINAL viii April 2015



EnergySolutions LLRW Disposal License — Conditisn 3

(RML UT2300249)
Safety Evaluation Report, Volume 1

Sr strontium

SRS Savannah River Site

STPP sodium tripolyphosphate
SWCA SWCA Environmental Consultants
Tc technetium

TDS total dissolved solids

TEDE total effective dose equivalent
Th thorium

U uranium

U30s triuranium octoxide

UAC Utah Administrative Code

UFs uranium hexafluoride

U(lv) tetravalent-state uranium

uo; uranium dioxide

UO,(OH),  aqueous uraninite

UO; uranium trioxide

U(OH), uranium hydroxide

URCB Utah Radiation Control Board
U.S. United States of America
UTTR Utah Test and Training Range
U(Vvi) hexavalent-state uranium

wt% weight percent

yd? cubic yards

yr year
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EXECUTIVE SUMMARY
ES-1 — Purpose

The purpose of this Safety Evaluation Report (SIER) determine the extent to which the
depleted uranium performance assessment (DU PAjisigld by Energ$@olutionsLLC
(Energysolutiond on June 1, 2011 (Neptune 2011), and revised na 3u2014 (Neptune
2014a), complies with the requirements of Utah Adstrative Code (UAC) R313-25-9(5)(a)
and other relevant regulations. If the DU PA israppd, amendments to Ene&plutions

license and groundwater permit will be requiredbbefdepleted uranium (DU) may be disposed
of at the facility. Those amendments would be askird in separate licensing and permitting
actions.

ES-2 — Background

Energysolutionsoperates a low-level radioactive waste (LLRW) disgd facility west of the

Cedar Mountains in Clive, Utah. The Clive Site basn used for radioactive waste management
since 1985. Ener@olutionshas been the Clive Site’s Licensee since 2006rgyBelutionsis
currently licensed to receive, store, and dispbgéand burial, the following categories of
radioactive materials and waste: naturally occgrand accelerator-produced radioactive
material waste, low-activity radioactive waste, &8l& LLRW, special nuclear material, 11.e.(2)
byproduct waste (e.g., uranium mill tailings), Katitive waste that is also determined to be
hazardous (mixed waste), and naturally occurrinipective material.

In October 2008, 5,800 drums containing DU (Classaste) from the U.S. Department of
Energy’s (DOE’s) Savannah River Site were senhéoEnerg$polutionsfacility at Clive for
disposal. Additionally, it was learned that DOEeimtled to dispose of a large quantity of DU
[~700,000 megagrams (Mg); Neptune 2014d, Sectiona? e EnerggolutionsClive facility.

Amendments to existing Utah and federal regulativese found to be necessary to cover
disposal of DU waste because DU was not considehesh the U.S. Nuclear Regulatory
Commission (NRC) conducted studies to determine taaliactive waste should be classified
[see Title 10 of the Code of Federal RegulatiofisGQER) Part 61, “Licensing Requirements for
Land Disposal of Radioactive Waste.” and associdtatt and final environmental impact
statements, specifically, NUREG-0782 and NUREG-(945d because, unlike other kinds of
low-level radioactive waste, DU becomes more ractiva with time, not less, because of
natural decay into other radionuclides. DU wasteliatively benign initially but becomes more
radioactive with time due to the in-growth of dategtproducts, reaching peak radioactivity
more than two million years into the future. Consaafly, on March 2, 2010, the Utah
Department of Environmental Quality (DEQ) imposezh@ition 35 on the Ener@plutions
Radioactive Material License to cover disposalofié amounts of DU at the Clive Site. License
Condition 35 consists of five parts: (a) uraniumm@entration and burial depth, (b) performance
assessment, (c) revised disposal embankment déd)gemediation, and (e) surety. Many of
the requirements of License Condition 35 were latalified into UAC R313-25-9(5)(a).

Federal Cell Design

Energysolutionsplans to dispose of the DU in a proposed Fedegllatthe Clive Site.
Energysolutionswill construct the Federal Cell embankment towlest of the existing “11e.(2)”
cell, which is dedicated to the disposal of uranjoimcessing byproduct waste.
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The proposed Federal Cell embankment is a hippedwath relatively steeper sloping sides
nearer the edges. The upper part of the embankkrenwn as the “top slope,” has a moderate
slope (2.4 percent), while the side slope is mdyksieper (33 percent grading downward to
20 percent). Ener@olutionsintends to dispose of DU only beneath the topeskmgas of the
embankment, with no DU beneath the side slopeswtte will be disposed of below the native
grade level of the proposed Federal Cell.

An evapotranspiration (ETrover system is to be constructed above the vimsteler to limit
contact of water with the waste. The cover is dlojpepromote runoff and designed to limit
water infiltration by increasing evapotranspirati@eginning at the top of the cover, the layers
above the waste used for the ET cover design ai@las's (Neptune 2014b):

Surface Layer: This layer is composed of native vegetated silty @vith 15 percent gravel
mixture on the top slope. The intended functionthaf layer are to control runoff, minimize
erosion, and maximize water loss from evapotraasipin. This layer of silty clay provides
storage for water accumulating from precipitatioerdgs, enhances losses due to evaporation,
and provides a rooting zone for plants that wittlier decrease the water available for
downward movement.

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

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

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

Lower Radon Barrier: This layer consists of compacted clay with a lowifaulic
conductivity. This is a barrier layer placed dirg@bove the waste that reduces the
downward movement of water.

Directly beneath the lower radon barrier of thedéVer would be about 36 feet of non-DU
material. For the purposes of the present CliveH?Jand this SER, it has been assumed that
this non-DU material would be non-radioactive. Hoete Energ$olutionsretains the option of
using this space to dispose of ordinary, non-DURIWAL Should Energyolutionsdecide to
implement this option, DEQ would require Ene8gjutionsto perform an additional
performance assessment, as required by UAC R31Z2)%).

The DU waste would be buried beneath the non-Dlérnst The DU would be placed in the
Federal Cell in either cylinders or drums. The dsumould be placed in a single layer on pallets,
and the cylinders would be either in a single layestacked two layers high.

! Evapotranspiration is the process by which wisteransferred from the land to the atmosphereviaperation

from the soil and other surfaces and by transpindftiom plants.
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The waste would be placed on a clay liner constdiof compacted local clay and be uniformly
about 60 centimeters (2 feet) thick by design. Bokom of the waste cell would have a gentle
slope to it.

ES-3 — Depleted Uranium

DU is a waste byproduct of the process used t@lematural uranium for use in nuclear reactors
and nuclear weapons. Natural uranium is composeathpty of two isotopes: uranium-235
(U-235) and U-238. For the types of nuclear powan{s operating in the United States, the
relative concentration of U-235 in the fuel matenieeds to be increased (or enriched), resulting
in a waste product that tepletedn U-235.

When U-238 decays, it produces a series of prodhatsare other uranium radionuclides or
radionuclides of other elements, including thorigmgtactinium, radium, radon, polonium, lead,
and bismuth. In nature, U-238 is in equilibriumiwits decay products, meaning that the
radioactivity of the decay products is decreasicgpeding to the half-life of U-238.

When uranium is purified in preparation for beirsgd as nuclear reactor fuel, all of its decay
products are chemically removed from the DU. Oiraet the decay products will build back up
in the DU and reestablish approximate secular gyjiwm with U-238. The time it takes to
reestablish equilibrium with U-238 is directly paygional to the decay product’s half-life.
Because many of DU’s decay products have very hatfglives, Energ$olutionshas calculated
that equilibrium will take millions of years to aelie (ES 2014b).

The result of this buildup of decay products id tbaer long time periods, DU becomes more
radioactive, rather than less.

ES-4 — Clive Depleted Uranium Performance Assessnten

UAC Rule R313-25-9(5)(a) requires that any facithat proposes to dispose of significant
guantities of DU must submit a performance assessdenonstrating by modeling that the
performance standards specified by the NRC an&thie of Utah will be met for a minimum of
10,000 years and that additional simulations béopmed for the period when the peak dose
occurs (which will be well beyond 10,000 years)thvihe results of the latter simulations
analyzed qualitatively. This requirement is embeldideEnergyolutions Radioactive Materials
License UT2300249, Amendment 14, Condition 35B 28%3).

In response to this requirement, Ené&glutionssubmitted its DU PA on June 1, 2011 (version
1.0, Neptune 2011), and a revised version on Jugé®! (Neptune 2014a, hereafter referred to
as “version 1.2” or “v1.2").

ES-5 — Regulations Governing This Review of the Dégied Uranium Performance
Assessment

The performance standards that a DU waste disgdsahust meet are contained in the NRC’s
10 CFR Part 61. As an NRC Agreement State, Utalestablished its own regulations in UAC
R313, “Environmental Quality, Radiation Control,high are nearly identical to the NRC’s. In
this SER, DEQ evaluated the EneBgyutionsperformance assessment primarily against the
following applicable Federal and Utah regulations:
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Table ES-1 — Regulations Governing the DU Performate Assessment

Code of Federal Utah Administrative Areas Covered by the Regulation

Regulations (CFR) Code (UAC) y 9

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 th'e general population from
releases of radioactivity

10 CER 61.42 R-313-25-21 _Proteg:tlon 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 ntediin Table ES-1 was done as needed.

The DU PA prepared by Ener§glutionsalso considered topics outside the purview ofghes
NRC and UAC regulations, including uranium oralitity and Utah groundwater protection
levels (GWPLSs).

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

This SER describes in detail the analyses that BE®Qits contractor, SC&A, Inc., performed to
determine whether the Ene®giutionsperformance assessment meets these Federal amd Uta
performance criteria. It is based on review of Wars 1.0 and 1.2 of théinal Report for the

Clive DU PA Mode(Neptune 2011, 2014a; hereafter “DU PA v1.0” andJ“BA v1.2,”
respectively) and its supporting appendices, the@iance Report [Revision 0 (ES 2011),
Revision 1 (ES 2013), and Revision 2 (ES 2014ad, @nsideration of Ener@plutions
responses to 194 interrogatories submitted by DE6uds 1, 2, and 3 dated February 28, 2014,
March 27, 2014, and July 1, 2014, respectively, thedsupplementary interrogatories of

August 11, 2014). The evaluation also included pashelent 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 includeae kinds of technical information. This
SER evaluates the following technical informatisoyided in the DU PA for facilities of this
kind (DEQ’s findings on these matters are locate8ection 4.1 of the SER):

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

Kind, amount, classification, and specificationghed material being disposed
[R313-25-8(9)]

Quiality assurance of the GoldSim computer moded tisealculate the performance of
the proposed Federal Cell [R313-25-8(10)]

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

UAC Rule R313-25-20 specifies the maximum radiatioses that members of the public may
receive from concentrations of radioactive matdhat are released to the general environment
in groundwater, surface water, air, soil, plantsammals. DEQ evaluated the DU PA Model's
calculations of the potential doses to members@fgeneral public at various nearby locations
and through a range of possible exposures, indudimalation (wind-derived dust,
mechanically-generated dust, and radon), inadvieirigestion of surface soils, ingestion of beef,
exposure to contaminated groundwater, and exteradiation (soil and immersion in air).
(DEQ'’s findings on these matters are located irtiSe@.2 of the SER.)

Protection of Individuals from Inadvertent Intrusio

UAC Rule R-313-25-21 states that the design, oeraand closure of the land disposal facility
shall ensure protection of any individuals inadeetty intruding into the disposal site and
occupying the site or contacting the waste aftéwadnstitutional controls over the disposal site
are removed (around 100 years after closure). DiEluated a range of inadvertent exposure
scenarios described in the DU PA for industrial keos, ranch workers, hunters, and off-
highway vehicle enthusiasts. Due to the qualitthefgroundwater in the Clive area,
Energysolutionsdid not calculate potential doses due to grounemiagestion. However, DEQ
has examined the potential for doses to occuradvertent intruders via groundwater ingestion.
(DEQ's findings on these matters are located irtiSe@.3 of the SER.)

Stability of the Disposal Site after Closure

UAC Rule R313-25-23 states that the disposal tgcshall be sited, designed, used, operated,
and closed to achieve long-term stability of thepdsal site and to eliminate, to the extent
practicable, the need for ongoing active mainteaari¢he disposal site following closure so
that only surveillance, monitoring, or minor custdare are required. DEQ evaluated the DU
PA’s analysis of the following long-term influencess the stability of the site, especially its
cover, including infiltration, erosion of the coyeffects of plants and animals, and frost
damage. (DEQ'’s findings on these matters are lddat&ection 4.4 of the SER.)

Deep Time Analysis

UAC Rule R313-25-9(5)(a) requires that a perforneaagsessment provide additional
simulations for the time period when the peak dusrirs at the disposal site. Because DU
becomes more radioactive as time passes, DEQ ¢wdltree DU PA’s “deep time” analysis of
possible environmental changes and their effecthesite up to the time when the peak dose
occurs. (DEQ’s findings on these matters are latateSection 5.1 of the SER.)

Uranium Oral Toxicity

Although not specifically required by UAC R313-28¥a), in the DU PA Enerd@olutions
analyzed whether ingestion of uranium could cawseaarcinogenic biological damage, such as
kidney failure. DEQ evaluated this analysis in 8teR. (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 UGW3EDfor the Clive site specifies that it
meet Utah GWPLs for uranium and various radioneadlifbr 500 years. The Ene@plutions
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DU PA analyzed whether the GWPLs would be metaQlive site after DU disposal. DEQ
evaluated the DU PA’s assessment of this requiren@&Q’s findings on these matters are
located in Section 5.3 of the SER.)

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

ES-7 — Summary of Conclusions

All conclusions in the SER, including determinasdhat issues have been resolved,
conditionally resolved, or not resolved, are taagain that they are subject to notice and
comment and reconsideration by the agency in bjlscomments made during the public
comment period and the record as a whd\final approval of the DU PA will also be subject
to the specific conditions described in Sectiorf the SER.

Conclusions

Resolved The DEQ evaluation found that for the followirggpics the EnergyolutionsDU PA
satisfactory met the required regulatory criteaiag these topics have been resolved:

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

UAC R313-25-20: Protection of the General PublmrirReleases of Radioactivity
UAC R313-25-21: Protection of Individuals from Inagtent Intrusion
U.S. Environmental Protection Agency’s 40 CFR 18118ranium Oral Toxicity

Conditionally Resolved The DEQ evaluation found that for the followirgpics the
EnergysolutionsDU PA satisfactorily met the required regulatoriferia, and the following
topics can be resolved, based upon the demonstihiad the “Additional Conditions for
Approval” listed below have been met:

UAC R313-25-8(9): Kind, Amount, Classification, aB@ecifications of the Material

UAC R317-6-4; Ground Water Quality Discharge Peld@W450005: Compliance with
Groundwater Protection Levels

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

Not Resolved The DEQ evaluation found that, for the followitapics, the EnerdgyolutionsDU
PA has not satisfied all of the Department’s consend the topics are not resolved at this time
(the principal concerns are shown in parentheses):

2 “Resolved” means that a determination has beeterttat there is sufficient information to demoatgrthat this

requirement will be met. “Conditionally resolved’eans that a determination has been made thatithere
sufficient information to demonstrate that thisuiggment will be met, provided that the applicatdadition is
also met. “Not resolved” means that a determinatias been made that sufficient information hasypbbeen
provided to DEQ to demonstrate that this requiremeéthbe met. “Not resolvable” means that thereidficient
information to show that this condition cannot betm
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UAC R313-25-8(2) and (3): Evapotranspiration Ca@ck of correlation between the
alpha and hydraulic conductivity values, etc.)

UAC R313-25-8(2): Infiltration (lack of correlatidmetween the alpha and hydraulic
conductivity values, etc.)

UAC R313-25-25: Erosion of Cover (clarificationa#rtain issues relating to
Appendix 10 to the DU PA version 1.2, June 5, 2014)

UAC R313-25-25(3) and (4): Frost Damage (need solue concerns with assumed
recurrence intervals, estimated frost penetrateptits, and hydraulic property estimates)

UAC R313-25-24(3) and (4): Effect of Biologicals Badionuclide Transport (need to
account for natural increases in cover permealolgr time)

UAC R313-25-8(2): Clay Liner (lack of increase ig,f¢alues over time; lack of
correlation between the alpha and hydraulic conditictvalues)

UAC R313-25-8(10): GoldSim Quality Assurance [te&ationship between the process
level model (i.e., HYDRUS) abstractions and thenany model (i.e., GoldSim) results
needs to be demonstrated]

UAC R313-25-9(5)(a): Deep Time Analysis

Not Resolvable The DEQ evaluation found that, at this time, opit¢s in the Enerdgyolutions
DU PA cannot be resolved because of affirmativermition that standards cannot be met.

Additional Conditions for Approval

In addition, the following are conditions that Egg®olutionsmust agree to meet before final
DEQ approval can be given (see Section 6.2 of B &r more information):

Condition 1: Agreement with DOE.

Prior to disposal of DU waste, Ene&plutionsshall provide a written agreement letter
between DOE and Ener§yglutionsindicating that DOE will accept title to the Fedler
Cell after closure.

Condition 2: Disposal below grade.

DU waste must be disposed of below the originatigiavel of the proposed Federal
Cell.

Condition 3: Depleted uranium will continue to b€ A waste.

Energysolutionsshall provide documentation that the NRC doesleot to reclassify
DU.

Condition 4: Remainder of waste will be modeled.

Energysolutionsshall submit for DEQ approval a revised perforneaassessment that
addresses the total quantities of concentrated mlogher wastes as described in
UAC R313-25-9(5)(a) before any radioactive wastéewothan the DU waste are
emplaced in the proposed Federal Cell.
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Condition 5: Waste Acceptance Criteria.

Prior to any land disposal of significant quansitad concentrated DU, the Licensee shall
submit a written Waste Acceptance Criteria plangtesi to ensure that all DU waste
received by the Licensee conforms with all physicaémical, and radiologic properties
assumed in the DU PA modeling report.

Condition 6: Prohibition of recycled uranium in Duaste.

The Licensee is prohibited from land disposal of guantity of DU waste that was
produced at DOE facilities from uranium-bearing eni@s containing recycled uranium.

Condition 7: Hydrological and hydrogeological prams of lower confined aquifer.

The Licensee shall develop and implement a progoapnovide more detailed site
characterization and hydrogeologic evaluation afifegs in the area, especially the
deeper confined aquifer.
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1.0 INTRODUCTION

Utah Administrative Code (UAC) Rule R313-25-9Technical Analyses,” requires that any
facility that proposes to dispose of significanaqgtities of depleted uranium (DU) must submit a
performance assessment demonstrating that therpenfice standards specified by the U.S.
Nuclear Regulatory Commission (NRC) in Title 1Gtoé Code of Federal Regulations (10 CFR)
Part 61, “Licensing Requirements for Land DispagdRadioactive Waste,” and corresponding
State of Utah rules will be met for a minimum ofA@ years and that additional simulations be
performed for the period when the peak dose odeuhiech will be well beyond 10,000 years)
and the results of the additional simulations bayared qualitatively. The specific language of
the rule is as follows:

R313-25-9. Technical Analyses

(5)(a) Notwithstanding Subsection R313-25-9(1), fagylity that proposes to
land dispose of significant quantities of concetgdadepleted uranium (more
than one metric ton in total accumulation) aftendul, 2010, shall submit for the
Director's review and approval a performance assess that demonstrates that
the performance standards specified in 10 CFR Barand corresponding
provisions of Utah rules will be met for the totplantities of concentrated
depleted uranium and other wastes, including waahesady disposed of and the
guantities of concentrated depleted uranium thdifpmow proposes to dispose.
Any such performance assessment shall be revisedeaied to reflect ongoing
guidance and rulemaking from NRC. For purposesisfperformance
assessment, the compliance period shall be a mmioful0,000 years.
Additional simulations shall be performed for threxipd where peak dose occurs
and the results shall be analyzed qualitatively.

This requirement is embedded in Ene3glutions LLC’s (Energysolution$) Radioactive
Material (RML) License UT2300249 (Amendment 14, @ition 35; DRC 1989), which states
that:

A. In accordance with UAC R313-25-8, effective Jun2010 the Licensee shall
not dispose of significant quantities of concergdatlepleted uranium prior to the
approval by the Director of the performance assesgmequired in R313-25-8.
[Now R313-25-9]

B. Performance assessment: A performance assessmgaheral conformance
with the approach used by the Nuclear Regulatorsn@dssion (NRC) in SECY-
08-0147, shall be submitted for Director review apgroval no later than June
1, 2011. The performance assessment shall be deagsaeeded to reflect
ongoing guidance and rulemaking from NRC. For psgsoof this performance
assessment, the compliance period will be a minioiub®,000 years. Additional

¥ A new Section 6, “Director Review of Applicatiényas added to R313-25 in April 2014. Thus all refeces to
R313-25 Sections 6 to 28 in prior documents are two®8ections 7 to 29.
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simulations will be performed for a minimum 1,0@@§ear time frame for
gualitative analysis.

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

D. Remediation: If following the completion of DR@éview of the performance
assessment described in paragraph 35.B, the dispb&l as performed after
the date of this license condition would not hae tine requirements of the
performance assessment, the facility will undertakeediation to ensure that the
performance standards are met, or if that is nadgole, shall remove the DU
and transport it off-site to a licensed facility.

E. Surety: The Licensee shall fund the suretylferémediation, in License
Condition 35.D. Within 30-days of the effectiveedatt this license condition, the
licensee shall submit for Director review and apg@b the surety cost estimates
for remediation of existing Savannah River DU wak$posal and planned,
similar large quantity DU waste disposal.

The purpose of this Safety Evaluation Report (SIER) determine the extent to which the
depleted uranium performance assessment (DU PAjisigl by Energ@olutionson June 1,
2011 (Neptune 2011b), and revised on June 5, 20égtgne 2014a), complies with the
requirements of UAC R313-25-9(5)(a). In particutae DU PA evaluates disposal of DU at the
Energysolutionsfacility at Clive, Utah.

“Performance standards” is not defined in 10 CFR @hor in the corresponding Utah rules.
However, DEQ notes that SECY-13-0075, Enclosuf®ggft Regulatory Analysis for Proposed
Rule: Low-Level Radioactive Waste Disposal (10 (et 61),” Section 1.2, states that

“10 CFR Part 61, Subpart C, contains performancedijes, which set standafd®NRC

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

For purposes of this SER, the Utah Department efrenmental Quality (DEQ) has defined
“performance standards” as those contained indleant portions of Subpart C, “Performance
Objectives,” of 10 CFR Part 61: Section 61.41, tBction of the General Population from
Releases of Radioactivity” (corresponding to UAdeRR313-25-20); Section 61.42, “Protection
of Individuals from Inadvertent Intrusion” (correspling to UAC Rule R313-25-21); and
Section 61.44, “Stability of the Disposal Site affdosure” (corresponding to UAC Rule R313-
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25-23)* The NRC performance objective specified in 10 GRARI3, “Protection of Individuals
during Operations [corresponding to UAC Rule R35322 and also required under UAC Rule
R313-25-9(4)(c)], was not addressed in depth irltbePA. However, Energyolutions
discussed this performance standard in some detdéction 3.3 of Revision 1 to its “Utah
Radioactive Material License — Condition 35 (RML 28D0249) Compliance Report,” dated
November 8, 2013, (ES 2013b).

In addition, NRC regulations in 10 CFR 61.12, “Sped echnical Information” (corresponding
to UAC Rule R313-25-8) and 10 CFR 61.13, “Technfahlyses” (corresponding to UAC Rule
R313-25-9), provide supporting data necessary mnoothstrate compliance with the performance
standards; therefore, they are included in this Sk&Rtions of NRC regulation 10 CFR 61.12
judged not to be relevant to the DU PA include sabtions 61.12(k), (1), (m), and (n). Technical
information specified in these sub-sections com&# generic requirements typically considered
in disposal of any radioactive material. Hences¢hissues have already been considered and
approved by the Division of Radiation Control (DRQiyector (hereafter “the Director”) in
previous requests for license amendment. Sevdral tRC regulations in 10 CFR Part 61,
Subpart D underlie and support the “performancedsteds” for low-level radioactive waste
(LLRW) disposal; some of these include: 10 CFR 61'Bisposal Site Suitability Requirements
for Land Disposal”’; 10 CFR 61.51, “Disposal Sitesigm for Land Disposal”; and 10 CFR
61.52, “Land Disposal Facility Operation and DisgdSite Closure” [specifically, paragraph
(a)]. Again, these are generic requirements thae lheen addressed in previous licensing
actions.

Section 4.1 of this SER evaluates the DU PA intiaheto 10 CFR 61.12 (and UAC Rule R313-
25-8, “Specific Technical Information”); Sectior24evaluates it in relation to 10 CFR 61.41
(and R313-25-20, “Protection of the General Pojpaairom Releases of Radioactivity”);
Section 4.3 in relation t010 CFR 61.42 (and R3132F and Section 4.4 in relation to 10 CFR
61.44 (and UAC Rule R313-25-23, “Stability of thesposal Site after Closure”). The technical
analyses required under 10 CFR 61.13 (and UAC RAIE3-25-9), 10 CFR 61.50, 10 CFR
61.51, and relevant portions of 10 CFR 61.53 aseutised in detail in all of these sections;
consequently, there is no need to address theaeasely in this SER.

For the reader’s convenience, Appendix A to thiR$icludes the text of the key cited
regulations.

Section 5.1 discusses the deep time analysis esjuitder UAC Rule R313-25-9(5)(a);
specifically, that Additional simulations shall be performed for trexipd where peak dose
occurs and the results shall be analyzed qualigdyit

The DU PA prepared by Ener§glutionsalso considered topics outside the purview ofghes
NRC and UAC regulations, including uranium toxiciiyd Utah groundwater protection levels
(GWPLs). This SER evaluates these topics in Sesttoh and 5.3, respectively.

*  To be consistent with R313-25-9(5)(a), whichsligierformance standards specified in 10 CFR Phagrfi
corresponding provisions of Utah rules,” this SE&sIthe relevant NRC regulations first, followedthe State
of Utah regulations
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This SER relies on currently available informatiblowever, the technology of in-ground waste
disposal is continuously evolving. As will be sutpgently discussed in this SER, several issues
have been identified relating to the evapotransipimgET) cover to be placed on the proposed
Federal Cell. These issues will need to be resdbefdre any license amendment related to DU
waste disposal at Clive can be approved. If sughamal is granted by DEQ, the approval will
be based on an assessment of many uncertaintiessadd in performance assessment and a
determination that such uncertainties will not coompise the designed function of DU disposal
embankment.

It should be noted that this SER apples only ta@ygd/disapproval of the DU PA as required by
UAC Rule R313-25-9(5)(a). That regulation doescwtsider “other wastes,” which must be
addressed in a separate performance assessméptDU PA performance assessment is
approved, it is expected that the next step inelgalatory process would be submission of a
proposed license amendment for review by DEQ.

References

DRC, 1989

ES, 2013b

Neptune, 2011b; 2014a

NRC, 2013a

1.1TIMELINE OF KEY DEQ REVIEW ACTIVITIES

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

June 1, 2011 — Ener§yplutionsdelivers an initial version of the DU PA. The ialt
package consists of the Compliance Report, AppeAdixthe Compliance Report
[Final Report for the Clive DU PA Modéhereafter “DU PA Model”)version 1.0) and
17 appendices to the Final Report dealing with ifigdechnical areas such as
unsaturated zone modeling, geochemical modelimygeqatual site model, and others.

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

October 28, 2013 — DEQ provides comments basetsgmeliminary completeness
review of the DU PA to Ener@plutions

November 8, 2103 — Energglhtionssubmits CD13-0302. The submittal contains both
Revision 1 to the Compliance Report and partighoases to the Preliminary
Completeness Review (later designated AppendixtBerEnerg$olutionsuly 8, 2014,
submittal).

> All short reference lists at the ends of sectiaier to the full References list in Chapter 7.
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November 13, 2013 — DEQ hosts open house meetimufadic interaction on the review
process.

December 11, 2013 — DEQ provides En&gitionswith feedback on Revision 1 to the
Compliance Report and on its responses to thenfirelry Completeness Comments.

February 28, 2014 — DEQ delivers Round 1 Interrages to Energ$olutions

March 31, 2014 — Ener@plutionsdelivers a partial response to Round 1 Interragego
(CD14-0084). Because Ene@glutionsdetermined that the initially-proposed rock
armor cover for the proposed Federal Cell shoultepaced by an ET cover, some
interrogatories could not be addressed until sses/DU PA based on the ET cover was
completed (later submitted by Ene8plutionson June 5, 2014).

May 27, 2014 — DEQ provides Round 2 InterrogataieeSnergypolutions

June 5, 2014 — Ener8yplutionsdelivers Version 1.2 of the Clive DU PA Model and
revised supporting appendices. Version 1.2 is basdtie ET cover and addresses
responses to some of the prior interrogatories.

June 17, 2014 — Ener8yplutionsdelivers responses to Round 2 Interrogatories
(CD14-0132).

July 1, 2014 — DEQ provides Enef&plutionswith Round 3 Interrogatories. The
Round 3 Interrogatories focus on Version 1.2 ofGiee DU PA Model (June 5, 2014)
and consider the Ener§yplutionsresponses to the Round 2 Interrogatories (June 17,
2014) only to a limited extent.

July 8, 2014 — Ener@polutionsprovides DEQ with RML UT2300249, Condition 35
Compliance Report Revision 2 and responses to DBGh& 3 Interrogatories.

July 14, 2014 — DEQ provides Ene&pjutionswith a White Paper on deep time analysis
prepared by SC&A regarding radon emissions in tteaeof a return of a pluvial lake on
the Clive site (and its possible effects on the d¥posal cell).

August 5, 2014 — Ener@plutionssubmits a Deep Time Supplemental Analysis for the
Clive DU PA (Clive DU PA Model vDTSA).

August 11, 2014 — DEQ provides Enesgyutionswith supplementary interrogatories.

August 18, 2014 — Ener8yplutionsprovides DEQ with responses to DEQ supplementary
interrogatories.

February 6, 2015 — Energ§glutionsprovides DEQ with Supplemental Responses dealing
with site-specific clay studies pertinent to bdik SempraSafe and DU PAs.

March 10, 2015 — Ener@plutionssubmits revised Deep Time Supplemental Analyses
for the Clive DU PA.

This SER is based on review of Versions 1.0 andftBeFinal Report for the Clive DU PA
Model (Neptune 2011b, 2014a) and its supporting appesdibe Compliance Report
[Revision 0 (ES 2011b), Revision 1 (ES 2013b), Redtision 2 (ES 2014c)], and consideration
of Energysolutionsresponses to 194 interrogatories submitted by DB@ocuments dated
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February 28, 2014, March 27, 2014, and July 1, 2683pectively, as well as the supplementary
interrogatories of August 11, 2014, which can henfbin the SER Appendix B, “Supplemental
Interrogatories Pertaining to the EvapotranspiraGover”). The review also included
independent calculations and analyses conductéaeb EQ contractor on selected topics.
Appendix C discusses the status of resolutionlaifther interrogatories.

References

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

1.2FORMAT OF THE SAFETY EVALUATION REPORT

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

Section 1.0  Provides an introduction to the SEBlutiing its purpose, important regulations,
and the timeline for the development of the Clivé PA.

Section 2.0  Provides an historical overview ofdlavities that have occurred at the site of
the Clive facility since it was first used by theSJDepartment of Energy (DOE)
and the State of Utah between 1984 and 1988 fadifp®sal of Vitro Mill
tailings, and thereafter for the Envirocare periwtich ran from 1988 to 2006,
and finally for the Enerdyolutionsfacility.

Section 3.0  Provides background information thaQ&lt would be useful to individuals
who may not have it otherwise readily availableisTihcludes a description of
DU, the regulatory bases for disposing of DU at@ige facility, an introduction
to the Clive facility, and an introduction to hoketClive DU PA Model was
developed.

Section 4.0  Provides DEQ findings and safety evaloa of whether or not the Clive DU PA
demonstrates that the performance standards gueoifil0 CFR Part 61 and
corresponding provisions of Utah rules have been asas required by UAC
R313-25-9(4) and R313-25-9(5)(a).

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

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
4.4 site after closure

Section 5.0  Provides additional DEQ findings anétyeevaluations of whether or not the
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Clive DU PA demonstrates that the public’s heaittl aafety and the
environment will be protected.

The criteria that have been evaluated within Sadiiare as follows:
Section  Deep Time Analysis: The deep time analysis is $pady required

5.1 by UAC Rule R313-25-9(5)(a).
Section  Uranium Oral Toxicity: Because uranium is chemigcak well as
5.2 radiologically toxic, a uranium oral toxicity evaltion has been

included pursuant to the U.S. Environmental PratecAgency’s
(EPA’s) 40 CFR 141.66.

Section  Compliance with GWPLs: Compliance with the GWPLspecified
5.3 in the Clive facility’s Ground Water Quality Disafugge Permit
#UGW450005 (hereafter referred to as the “GWQ P&ymi

Section 6.0  Provides a summary of all of the casiolus reached in Sections 4 and 5, as well
as an overall recommendation as to whether thee@iJ PA should be accepted,
accepted with conditions, or denied.

Section 7.0  Provides a list of documents referoeid the SER.

Appendix A Provides the text of relevant federal &itah regulations for the reader’s
reference.

Appendix B Provides a discussion of supplementafingatories pertaining to the modeling
of the ET cover.

Appendix C  Provides a summary of DEQ interrogatoaerd their current status.

Appendix D  Provides a summary of the applicabiityransuranic limitations in the
Northwest Interstate Compact on Low-Level Radia@ctVaste Management.

Appendix E  Describes a method for simulating thérblpgy of the water balance cover.

Appendix F  Responds to Ene&plutions February 2015 report on the impacts of freeze-
thaw on the hydraulic conductivity of the clay lars used on the ET cover.

Appendix G Provides an interpretation of the Hurasmgreement by the State of Utah
Assistant Attorney General.

Appendix H Provides a summary of historical andeot understanding about the deep
aquifer in the vicinity of the proposed FederallCel
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2.0 HISTORICAL OVERVIEW

Energysolutionsis licensed by the State of Utah to receive, stamd dispose, by land burial, the
following categories of radioactive materials arasve:

Naturally occurring and accelerator produced rattiosa material waste

Low-activity radioactive waste (LARW)

Class A LLRW

Special nuclear material (in trace quantities only)

11.e.(2) byproduct waste (e.g., uranium mill tah

Radioactive waste that is also determined to bardazs (mixed waste)

Naturally occurring radioactive material (NORM)
Energysolutionsholds the following licenses and permits:

State of Utah Radioactive Material License UT23@)2dmendment 17 (June 4, 2014),
expires January 25, 2013 (under timely ren&wal

State of Utah Radioactive Material License, 11(8yproduct Material License
UT2300478, Amendment 10 (August 2, 2013) (undeekymenewal)

State of Utah Part B Permit, EPA Identification NaenUDT982598898, expires April
4, 2013 (under timely renewal)

State of Utah Ground Water Quality Discharge PeNnitnber UGW450005, (modified
effective February 18, 2014), expires June 8, Z8WBently under timely renewal)

The first activities involving radioactive waste magement at Clive, Utah, were those conducted
by DOE.! DOE removed uranium mill tailings from the inaetiVitro Mill site located near Salt
Lake City, Utah, beginning in February 1985 andatoding in June 1989. Uranium mill tailings
and radioactively contaminated materials that reedhiat the inactive Vitro site were excavated
and relocated by rail and truck to the Clive dideated 85 miles west of Salt Lake City. The
tailings and contaminated materials were transfieioea specially constructed embankment in
Section 32, Township 1 South and Range 11 Wedt] 8ké Baseline and Meridian, Tooele
County, Utah. Concurrent with the Vitro relocatimmject, Envirocare of Utah, Inc. (Envirocare,
Inc., which subsequently merged with other compame006 to become Eneigglutions,

LLC) began disposal operations at its Clive Facilit 1988 under a state radioactive materials
license to dispose of NORM waste. In 1990, the h$ee submitted a license application to
modify its license to allow disposal of LARW. In9B, the Division of Radiation Control (DRC)

®  “Timely renewal” means that the Licensee has natimely filing of a license renewal applicatiomdathat the

current license remains in effect until DRC reachekecision on the newly submitted license renewal
application.

Much of the historical material cited here wat&sted directly from Utah Division of Radiation @ol,
EnergysolutionsLLRW Disposal Facility Class A West Amendment Bag®afety Evaluation Repodune
2012. (DRC 2012a).
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granted the amendment request by adding LARW da&poghe facility’s license. From time to
time, the LARW disposal license was amended toestdchanges needed based on review of
Licensee-furnished submittals and/or updated or megulatory guidelines. In 1998, the DRC
Director (hereafter “the Director”) renewed the émsee’s license to dispose of LARW. In
September 2009, Ener§glutionssubmitted a License Amendment for DU disposal
(Hultquist 2010).

The ownership history of the radioactive waste aésp 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, throtsy 15, 2005
Envirocare of Utah, LLC May 16, 2005, through Madgt?006

Energysolutions LLC Commencing March 2, 2006

The licensing and permitting history of the Clik#ah, site is as follows:

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

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

1991 — License Amendment for LARW Disposal: On Me?d, 1991, Envirocare, Inc.
received an LARW license from the State BureauadiRion Control to accept 44
radionuclides with specified concentration limisg than Class A LLRW limits. This
type of waste is termed LARW. The Utah GWQ Pernaswssued this same day for the
Envirocare LLRW facility.

1991 — Mixed Waste Permit: On November 30, 199%jrGoare, Inc. received a
Resource Conservation and Recovery Act hazardostewarmit from the State Bureau
of Solid and Hazardous Waste to accept mixed waste.

1992 — Resolution and Order Agreement with Northierstate Compact (hereafter
“the Compact” or “Northwest Compact”): On May 289P, Envirocare, Inc. entered
into an arrangement, the “Resolution and Orderhlie Compact, that allowed it to
accept certain types of LLRW from outside of then@act. Envirocare, Inc. did not
receive Compact approval to receive LLRW from Nextst Compact states. However,
Envirocare, Inc. was granted permission to accepedwaste from all states. The
Resolution and Order was the result of a discussi@December 18, 1991, meeting of
the Compact. The Resolution and Order has subsdygbe®n modified and reviewed.
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1993 — Uranium Mill Tailings [11e.(2)] Disposal lense from the NRC: On November
30, 1993, Envirocare, Inc. received a license ftbenNRC to accept uranium mill
tailings.

1993 — LARW License Amended: On August 27, 1993jieicare, Inc.’s LARW license
was modified by the DRC to accept 14 additionalaadclides with specified
concentration limits less than the Class A limits.

1994 — The Utah GWQ Permit was modified to authelite.(2) waste receipt,
management, and disposal in the southwest corrgeafon 32 (April 29).

1995 — LARW License Amended: On June 20, 1995, f6oare, Inc.’s LARW license
was modified by the DRC to accept 17 additionalaadclides with specified
concentration limits less than the Class A LLRWilanit was subsequently amended on
November 13, 1995, to accept eight additional nagletides with specified concentration
limits less than the Class A LLRW limits.

1996 — LARW Renewal Request Submitted: In AuguS6lEnvirocare, Inc. submitted
a renewal request for the LARW license to the DRC.

1996 — Macro-encapsulation Approval: On October@®6, Envirocare, Inc. received a
Hazardous and Solid Waste Amendment permit forevastcroencapsulation from EPA
Region 8.

1998 — Amended Resolution and Order Agreement Mitihwest Compact: The
Second Amended Resolution and Order of Novemb&998, is currently in effect. With
very few exceptions, Envirocare, Inc. could notegtavaste from Northwest Compact
states. Envirocare, Inc. could accept NORM, LLRWY anixed waste from all other
approved Compact states and non-approved stategestrictions of the Amended
Resolution and Order are presently followed by By®olutions

1998 — LARW License Renewal Containing LLRW Amendin@equest Approved: On
October 22, 1998, Envirocare, Inc.’s LARW licensaswenewed and issued as a 5-year
LLRW license by the Director, which included contation limits by radionuclides less
than and up to the Class A LLRW limits.

1999 — Class B & C LLRW License Application Submdtt

2000 — Full Class A Waste Disposal Cell Approved:@ctober 5, 2000, Envirocare,
Inc. was issued a license amendment by the Diréat@ new Class A disposal cell that
allowed it to begin disposing of Class A wastesimitan approved Class A disposal
embankment area.

2001 — Land Ownership Exemption Granted: On Jani@y2001, the Utah Radiation
Control Board (URCB) granted Envirocare, Inc. apraption to the state and federal
land ownership rule based on several conditionsgoeiet.

2001 — Class B & C License Granted Pending ApprdwalJuly 9, 2001, Envirocare,

Inc. was issued a separate license from the DR€dept Class B and C LLRW, pending
legislature and gubernatorial approval. The licemas subsequently appealed to the
URCB.
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2001 — Class A LLRW Cask Amendment Granted: On atd9, 2001, Envirocare,
Inc. was issued an approval for a license amendtoaeteive and dispose of full-
concentration Class A LLRW in casks.

2002 — Resolution and Order Agreement with NorthvZzsnpact Reviewed: The
Second Amended Resolution and Order of Novemb#®98, was most recently
reviewed at the June 5, 2002, meeting of the Cotrggatno changes were made.
Therefore, Enerdyolutionsis presently required to follow the 1998 Resoltamd Order
Agreement that was made with the Compact.

February 2003 — Final Agency Action on Class B &\@ste: On February 10, 2003,
Envirocare, Inc. was granted final agency actionhgyURCB on the Class B and C
LLRW license, pending legislative and gubernataajaproval.

March 2003 — NRC Uranium Mill Tailings License Antenent Request: On March 27,
2003, Envirocare, Inc. submitted a request to tR€No amend its NRC uranium mill
tailings license to accept tailings with radium-ZB&-226) concentrations up to 100,000
picocuries per gram (pCi/g). This was to allowoitaiccept the DOE Fernald Site Closure
Project (Fernald) waste if it were classified as(2). byproduct material.

May 2003 — NRC Uranium Mill Tailings Disposal LicemRenewal Request: On
May 27, 2003, Envirocare, Inc. submitted a liceresewal application to the NRC for
the uranium mill tailings disposal cell. Envirocahec. was granted timely renewal
(current license remaining in effect until a demtsis reached on the license renewal
application).

July 2003 — Class A LLRW License Renewal Requestd@y 2, 2003, Envirocare, Inc.
submitted a license renewal application to the €on for its LLRW license. Envirocare,
Inc. was granted timely renewal.

November 2003 — Withdrawal of 2003 NRC Uranium Midilings License Amendment
Request: On November 19, 2003, Envirocare, Incdwéw its request for a license
amendment from the NRC to accept waste from the B&ald site.

2004 — Mixed Waste License Public Comment PeriadMay 4, 2004, a 30-day public
comment period commenced on an amendment to th&\Lliéense for Envirocare, Inc.
to accept mixed waste up to Class A limits.

January 2005 — Class A LLRW North Embankment AmegianRequest: On January
17, 2005, Envirocare, Inc. submitted a requesaficense amendment to the LLRW
license to allow disposal of Class A materialshia horthern area previously approved
for Class A, B, and C waste disposal.

February 2005 — Withdrawal of Class B and C Wasterise Request: In February 2005,
Envirocare, Inc. withdrew a request for a Class\B @ waste disposal license.

May 2005 — Name Change: On May 16, 2005, the nantBelicenses and permits was
changed from Envirocare of Utah, Inc. to Envirocafré&Jtah, LLC.
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May 2005 — Submission of the Class A Combined (CA@Eendment Request: On
May 27, 2005, Envirocare, LLC submitted a licenseeadment request to the LLRW
license to create a CAC cell.

June 2005 — Submittal of License Renewal Applicatdn June 20, 2005, Envirocare,
LLC submitted an application to renew its LLRW displ license.

2006 — Transfer of Licenses and Permits: On Mar@0R6, the licenses and permits
were transferred from Envirocare of Utah, LLC tceEg/Solutions

2007 — Agreement with Governor Huntsman: On Maigh2007, Energ§olutions
entered into an agreement with Governor Huntsmavittalraw the amendment request
for a CAC cell.

2011 — Submission of the Class A West (CAW) Embagkiniicense Amendment
Request: On May 2, 2011, Ene8plutionssubmitted a request to amend the LLRW
license and permit to create the proposed CAW dapembankment and to formally
retract a previous request for a CAC disposal cell.

2012 — Submission of Radioactive Material Licenge NT2300249 Renewal
Application: On October 25, 2012, Ene8plutionssubmitted a request to renew License
UT 2300249. The application specified use of arcB\Wer on the CAW cell.

2014 — DRC Issuance of LLRW License Amendment: Gay 2, 2014, DRC issued a
LLRW License Amendment, No. 16, approving the Mag@11, Energ$olutions
request for redesign of the CAW Embankment. Thggteincluded a rock armor/radon
barrier cover system.

References
DRC, 2012a
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3.0 CLIVE DEPLETED URANIUM PERFORMANCE ASSESSMENT:
BASIS AND DESCRIPTION

3.1DEPLETED URANIUM

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

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

When U-238 decays, it produces a series of deaupts, as shown in Figure 3-1. In nature,
U-238 is in equilibrium with its decay products, aneng 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 7.7x10%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 138.4 d
Bi-210
/ 5.013d / l
Pb-214 Bi-214 |[pp-210 | Pb-206
26.8 min / 19.9min || 2226y 1 (stable)

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

However, when uranium is purified in preparationlfeing used as nuclear reactor fuel, all of its
decay products are chemically removed. Over timegiecay products will build back up and
reestablish equilibrium with the parent radionuelith-238. The time it takes to reestablish
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equilibrium with U-238 is directly proportional the decay product’s half-life; for example,
thorium-234 (Th-234) and protactinium-234 (Pa-234wt)ich have short half-lives, will
reestablish equilibrium with U-238 in a matter obmths. Because of its 2.45X1gear half-life
(see Figure 3-1), U-234 will not reestablish edpilim with U-238 for several hundreds of
thousands of years. The decay products after U84, Th-230, Ra-226, etc., see Figure 3-1)
will initially establish equilibrium with U-234 anbuild with U-234 toward reestablishing
equilibrium with U-238. For the Clive DU PA ModéinergySolutions has calculated that, at
2.1 million years, lead-210 (Pb-210) (the lastoadclide in the series modeled) has
reestablished equilibrium with U-238 to within lekan one half of one percent (ES 2014d).
While Ra-226 also reaches its peak activity in faise time frame, the majority of its
equilibrium activity (>95 percent) is accomplishadapproximately 1 million years.

References

ES, 2014d
NRC, 2011

3.2LICENSE CONDITION 35

The framework for the technical analysis of theodeal of radioactive waste was developed in
the 1980s with the NRC's issuance of Title 10 & @ode of Federal Regulations (10 CFR) Part
61, “Licensing Requirements for Land Disposal otiRactive Waste.” Part 61 established a
waste classification scheme based on the roldhkatadionuclide concentration and waste form
play in the long-term performance of disposal fdes. The final Part 61 analyses did not
consider large quantities of DU waste becausdattime, there were no commercial facilities
producing large quantities of DU, and DU productBexderal facilities was not regulated by the
NRC; instead, it was controlled and managed by ®B& possible future resource. Because
Utah is an Agreement State, the Utah regulationthimissuance of licenses for the land
disposal of radioactive wastes, as discussed WilA@ R313-25, closely follow the NRC’s

Part 61 regulations.

In October 2008, 5,800 drums containing the DU fl@@®E’s Savannah River Site (SRS) were
sent to the Ener@plutionsfacility at Clive for disposal. Later, DEQ wasanfned by
Energysolutionsthat the SRS inventory included about 33,000 drahi3U waste needing
disposition. Additionally, it was learned that D@fended to dispose of a large quantity of DU
[~700,000 megagrams (Mg) or 700,000 metric tons;tivep2014i, Section 2.0] at the
EnergysolutionsClive facility.

Because the DU disposal issue was of more immedaxteern in Utah than in the United States
generally, DEQ took more timely action than did MRC to develop a solution.

Beginning in the fall of 2009, the URCB receivedliticomments and held discussions
regarding proposed DU disposal at En&glytionsfacilities. These discussions led to a formal
rulemaking effort by the URCB to amend UAC R313-25 discussed below.

While this rulemaking was underway, DEQ, on Mar¢cR@10, imposed Condition 35 on the
EnergysolutionsRML UT2300249 to address DU and other concernserise Condition 35
consists of five parts: (a) uranium concentrat{d) performance assessment, (c) revised
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disposal embankment design, (d) remediation, ansufety. The first three parts of Condition
35 are directly related to this SER:

A. In accordance with UAC R313-25-8, effective Jun2010 the Licensee shall
not dispose of significant quantities of concergdatlepleted uranium prior to
the approval by the Director of the performanceegssnent required in R313-
25-8[note: the relevant rule at that time was R313-2648 now R313-25-9].

B. Performance assessment: A performance assessmganeral conformance
with the approach used by the Nuclear Regulatorgn@dassion (NRC) in
SECY-08-0147, shall be submitted for Director revad approval no later
than June 1, 2011. The performance assessment&hedlvised as needed to
reflect ongoing guidance and rulemaking from NR@. purposes of this
performance assessment, the compliance period&id minimum of 10,000
years. Additional simulations will be performed gominimum 1,000,000-
year time frame for qualitative analysis.

C. Revised disposal embankment design: If the pedioce assessment specified
in paragraph 35.B indicates that changes to dispogarations and cover
design are necessary to ensure compliance withettpgirements of 10 CFR
Part 61 or Utah Administrative Code R313, Ene&glutionswill provide a
revised design that does meet those requirememtall fiwastes that have
been and are reasonably anticipated to be dispo$ad the facility within
180 days of Director approval of the performanceessment.

References
Neptune, 2014i

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

In the January 1, 2010, issue (Vol. 2010, No. lthetUtah State BulletinDEQ published a
notice of proposed rule UAC R313-25-8, with an etifee date of June 2, 2010 (DRC 2010). At
that time, UAC R313-25-8 consisted of two provisiofl) identification of five analyses needed
to demonstrate that the performance objectiveshgilinet and (2) performance assessment
requirements for any facility that proposes to dgpof large quantities of DU. Since then, three
more provisions have been added to R313-25-8 terdtfine which licensees and applicants
need to conduct a site-specific performance assedsand the rule has been re-numbered to
UAC R313-25-9 (as of May 2014). The portions of B2b-9 that are most relevant to this SER
are Sections (4)(a)—(d) and (5)(a), which are répced here:

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

(a) Analyses demonstrating that the general poputatvill be protected from releases of
radioactivity shall consider the pathways of awjlsground water, surface water,
plant uptake, and exhumation by burrowing animale analyses shall clearly
identify and differentiate between the roles perfed by the natural disposal site
characteristics and design features in isolatingl aegregating the wastes. The
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analyses shall clearly demonstrate a reasonablarasge that the exposures to
humans from the release of radioactivity will neteed the limits set forth in Section
R313-25-20.

(b) Analyses of the protection of inadvertent idets shall demonstrate a reasonable
assurance that the waste classification and sedregaequirements will be met and
that adequate barriers to inadvertent intrusionlwg provided.

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

(d) Analyses of the long-term stability of the disg site shall be based upon analyses of
active natural processes including erosion, masstivg, slope failure, settlement of
wastes and backfill, infiltration through coverseowisposal areas and adjacent
soils, surface drainage of the disposal site, dredffects of changing lake levels.
The analyses shall provide reasonable assurandethieae will not be a need for
ongoing active maintenance of the disposal siteviehg closure.

(5)(a) Notwithstanding Subsection R313-25-9(1), facylity that proposes to land
dispose of significant quantities of concentrate@ldted uranium (more than
one metric ton in total accumulation) after Jun€Q@10, shall submit for the
Director's review and approval a performance asses# that demonstrates
that the performance standards specified in 10 G&R 61 and
corresponding provisions of Utah rules will be rfatthe total quantities of
concentrated depleted uranium and other waste$ydiveg wastes already
disposed of and the quantities of concentratededegluranium the facility
now proposes to dispose. Any such performance smses shall be revised
as needed to reflect ongoing guidance and rulenggkimm NRC. For
purposes of this performance assessment, the camepliperiod shall be a
minimum of 10,000 years. Additional simulationslishe performed for the
period where peak dose occurs and the results bleadinalyzed qualitatively.

It is worth noting that the performance assessmatirements for the disposal of large
guantities of DU contained within R313-25-9(5)(&ag assentially the same as those required in
License Condition 35B—one difference being the tdoneof the “qualitative analysis” period.
Condition 35B specified that the qualitative anayseriod be 1 million years, while UAC
R313-25-9(5)(a) specifies “the period where peasedaccurs.” Currently, License Condition 35
continues to identify the qualitative analysis pdras a minimum of 1 million years.

Consistent with License Condition 35B, DEQ underdtathat, sometime in the future, it may
need to revise R313-25-9(5)(a) once the NRC isgsi@svn requirements for the disposal of
large quantities of DU.

References
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3.4PROPOSED FEDERAL CELL DESIGN

Energysolutionsoperates an LLRW disposal facility west of the &edlountains in Clive,

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

The disposal cell in the southwestern-most pa8eaiaftion 32 has been defined as the
“11e.(2) Cell,” which was initially authorized blge NRC in 1995, before Utah became an
Agreement StatBThe currently approved 11e.(2) Cell occupies agdot of about 2,254 feet
(751 yards) by 1,767 feet (589 yards), which istal398 million square feet (about 442,339
square yards) (ES 2002), and is licensed with dendisposal capacity of about 5.04 million
cubic yards (ES 2007).

On January 4, 2008, Eneigglutionsrequested a design change to the 11e.(2) Cehlubaid
allow LLRW to be disposed of in the western portadrihe 11e.(2) Cell, which was and still is
unused. That configuration was known as the ClaS®uth (CAS) Cell proposal. This LLRW
disposal area was to be 1,472 feet by 1,860 fegzen(ES 2008a), with a geometry similar to
that proposed today; for details, see Figure 3eBTable 3-2. As part of the DRC review
process, a November 26, 2008, Completeness Revésnssued (DRC 2008). Later, in an
Energysolutionsletter of May 2, 2011, the company withdrew itguest for the CAS Cell

(ES 2011a).

In the initial DU PA, Energ$olutionshad proposed a Federal DU embankment inside the
western fraction of the Federal Cell (Figure 349.before, the eastern section was to be
occupied by the 11e.(2) Cell, which is dedicatetheodisposal of uranium processing byproduct
waste but is not considered in this analysis. Syumsetly, Energ@olutionsdecided that the
Federal Cell and the 11e.(2) Cell would be physicsdparate and informally provided drawings
of the revised Federal Cell on November 14, 201ghérs 2014b). A stylized drawing of the
proposed Federal Cell and its relationship to the () Cell is shown in Figure 3-3; Federal Cell
dimensions are given in Table 3-2.

The DU disposal zone inside the Federal Cell emivemk is proposed to be located at the
bottom of the cell, below native grade under thedlmpe area. Dimensions for the DU disposal
zone are approximately 7.4 feet thick by 968 feidieweast—west) by 1,425 feet long (north—
south) [ES Drawing No. 14004 L1A (1)]. This equaties design capacity for DU disposal of
about 10.2 million cubic feet (about 378,000 cuwacds), all below native grade.

11e.(2) waste is the tailings or wastes prodinyetthe extraction or concentration of uranium arithm from
any ore processed primarily for its source matexaitent. State regulation of the EneBgjutionslle.(2) waste
cell for engineering design and groundwater pratadbegan with issuance of a GWQ Permit modificatio
April 1994.
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Source: Energyolutions

Figure 3-2 — The Clive facility, showing the locatin of the proposed Federal Cell
embankment and other embankments. This orthophotogaph is roughly 1 mile across, and
north is up.
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The general aspect of the proposed Federal Celdeknient is that of a hipped cap, with
relatively steeper sloping sides nearer the eddes upper part of the embankment, known as
the top slope, has a moderate slope, while thessige is markedly steeper (33 percent
transitioning to 20 percent as opposed to 2.4 peycEnergypolutionsintends to dispose of DU
only beneath the top slope areas of the embankméhtno DU beneath the side slopes. All DU
waste will be disposed below current grade level.

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

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

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

¢ In 2004, DOE decided to relocate the DU from Kt@®ortsmouth (6Federal Registe#4649; July 27,
2004), and shipment was completed in FY 2007 (DOE2.

® Drums in storage at Clive.

Source: Neptune (2014i), Table 1.

Table 3-2 — Dimensions of the Proposed Federal C&mbankment

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 igaNo. 14004-V1A(1).

A cover system is proposed to be constructed atfmvevaste. A primary objective of the cover
system is to limit contact of water with the wagtaother objective of the cover system is to
limit potential flux of radon outside of the embamént. The cover as proposed is sloped to
promote runoff and designed to limit water flowibgreasing ET. Figure 3-4 shows the
arrangement of the layers used for the ET covagdeBeginning at the top of the cover, the
layers above the waste used for the ET cover desigas follows (Neptune 2014f):

Surface Layer. This layer is composed of native vegetated Umitateriaf with

15 percent gravel mixture on the top slope andés0gnt gravel mixture for the side
slope. This layer is 6 inches thick. The functiofshis layer are to control runoff,
minimize erosion, and maximize water loss from ERis layer of silty clay provides

9

Unit 4 material is a silty clay found at the swod at and near the facility and is included inSheface Layer,

Evaporative Zone Layer, and Upper and Lower Radami®&s, as well as the Clay Liner beneath the DU.
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storage for water accumulating from precipitatioerdgs, enhances losses due to
evaporation, and provides a rooting zone for plémaswill further decrease the water
available for downward movement.

Evaporative Zone Layer. This layer is composed of Unit 4 material. Thiekhess of
this layer is 12 inches. The purpose of this laggsrovide additional storage for
precipitation and additional depth for plant rogtzone to maximize ET.

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

Upper Radon Barrier: This layer consists of 12 inches of compactedg wldh a low
hydraulic conductivity. This layer has the loweshductivity of any layer in the cover
system. However, this very low hydraulic condudyivs the result not only of
compaction, but also of treatment of the clay vaithapplication of sodium
tripolyphosphate (STPP), or the equivalent, toateflilate clays present and reduce
hydraulic conductivity. Discussion of its intendesk at Clive is found on page 23 of the
August 7, 2014, Attachment 11-9 to Ene&plutions Construction Quality
Assurance/Quality Control (CQA/QC) Manual (ES 20112bis unknown how long
treatment by STPP will maintain a condition of laydraulic conductivity in the Unit 4
clays. STPP is highly soluble, and it tends to tmgpessively hydrolyzed in natural
waters (HERA 2003). When hydrolyzed, STPP can beralated by microorganisms.
STPP treatment is more effective in some soils thanthers. Yiasoumi (2004) indicates
that STPP is ineffective in sandy soils or soilghhin calcium carbonate. Clive Unit 4
silty clay contains about 65 percent calcium cadben

This barrier layer reduces the downward movememtatér to the waste and the upward
movement of gas out of the disposal cell. The s&édrhydraulic conductivity ()

values for the radon barriers were sampled fronstailoution developed from a

minimum value of 4x18 centimeters per day (cm/day) corresponding tgtbposed as-
built design specification for the upper radon learfWWhetstone 2007, Table 8), and 50th
and 99th percentile values of 0.7 cm/day and 52lay/respectively, which are from a
range of in-service (“naturalized”) clay barrieglalues described by C. H. Benson et
al. (2011, Section 6.4, p. 6-12). A lognormal disition was fit to the 50th and 99th
percentiles, and the minimum value of 4¥bin/day was used as a shift.

Lower Radon Barrier: This layer consists of 12 inches of compacteg eldéh a low
hydraulic conductivity. This lower radon barrieduees the downward movement of
water and upward migration of radon. For all HYDR&I®wulations, although various
Ksatvalues for the radon barriers were employed batwess, in each run the sameg,K
value was applied to both the upper and lower rduoriers.
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Source: ES (2014d), Drawing No. 14004, V7.
Figure 3-3 — Proposed Federal Cell evapotranspiratn cover design

Directly beneath the lower radon barrier of theerowould be about 36 feet of non-DU material.
For the purposes of the present Clive DU PA Model this SER, Ener@olutionsassumes that
this non-DU material would be nonradioactive. Hoa\Energolutionsretains the option of
using this space to dispose of ordinary, non-DURWL Beneath the non-DU material is the
disposed-of DU waste. The DU would be placed inpifegosed Federal Cell in either cylinders
or drums. There would be a single layer of drumsl, the cylinders would be in a single layer in
the western area of the disposal zone, or staskedalyers high in the eastern portion of the
disposal zone. Table 3-3 summarizes the estimatedber of cylinders and drums of DU and
their arrangement within the proposed Federal Cell.

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

Container Lavers Width | Length Area Number
Type y (ft) (ft) (ft?)
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 sideé| Single 763 1,425| 1,087,275 170,800

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

As per ES Drawing No. 14004, L1A(1), the Table 8editainer number estimate was based on
the following assumptions: (1) all cylinders wessamed to be 12 feet long by 4 feet in
diameter; (2) single-layer cylinders were assunodoketspaced 0.2 feet end-to-end and
side-to-side; (3) double-layer cylinders were assdimo be spaced 0.2 feet end-to-end and
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0.5 feet side-to-side for both layers; (4) drumsensessumed to be placed on 4 feet-by-4-feet
pallets, spaced 0.1 foot apart; and (5) additi®Bafjallon drums could be laid on their sides and
placed in a single layer on top of the single-lay@mnders.

Figure 3-5 shows an example of the double staakirige DU cylinders, which is to be limited
to the eastern portion of the DU disposal zong¢hénwestern area of this zone, only one layer of
DU cylinders is to be disposed.

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

Because of the unique characteristics that dispdghk triuranium octoxide depleted in U-235
(DU30s) cylinders pose for the facility, the need to eesastable embankment and meet the
waste backfill-related requirements in UAC R31383) and R313-25-9(4)(d), and the quality
assurance requirements in R313-25-8(10), revidgotise CQA/QC manual may be required. In
addition, a revised Waste Acceptance Plan willdzpiired to ensure that all DU waste
containers and shipments received by the Licenseecuivalent to and in conformance with all
physical, chemical, and radiologic properties asilim the Director-approved DU PA
modeling report. This Waste Acceptance Plan mustppeoved by the Director before land
disposal of any DU waste. Additionally, since thiraeo written description of the newly
proposed Federal Cell, the Licensee must providk audescription and indicate how such
factors as steeper side slopes, changes in dispesabnd volume, and inclusion of additional
waste drums (beyond those currently in storagd)affeect the DU PA. Finally, the Licensee
must provide additional information regarding théodt-thick protective liner that is placed over
the bottom clay liner including the following:

Function of the protective liner
Material specifications for the liner
How evaluated in performance assessment
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3.4.1 Proposed Federal Cell Compliance with Existing Licese Condition 9.E
and the March 15, 2007, Governor Huntsman—Energ§o/utions
Agreement

License Condition 9.E was incorporated into thergy®olutionsLLRW License with issuance
of License Amendment 14 for the CAW Cell on Novembg, 2012. Background information
on License Condition 9.E is found in the DRC’s Nonar 14, 2012, Public Participation
Summary, pages 6—7 (DRC 2012b), as follows:

(2) License Amendment and the Huntsman Agreement

On March 15, 2007, Governor John Huntsman for tta¢éeSof Utah and CEO
Steve Creamer for Ener§gplutionsentered into an agreement (Appendix E) that
committed Enerdyolutionsto limit its disposal to “the currently-licensedw-

level radioactive waste cell volumes,” including tholume of waste that the
agreement anticipated as a result of convertingrgytolutionslle.(2) cell into

a Class A waste cell. The Division and En&gljtionshave agreed that this

total approved volume is 10,357,412 million cukacdg (Class A= 3,778,896
million yd®; Class A North= 1,722,509 million §dClass A South= 3,501,915
million yd®; Mixed Waste= 1,354,092 million yébr a total of 10,357,412 million
yd®). EnergyBolutionshad originally anticipated that this disposal wdwdccur in
three already-licensed low-level radioactive wasgéls (Class A, Class A North
and Mixed Waste cells) and in the 11e.(2) cell thexpected to convert to a
Class A cell. The Licensee has now chosen instedevelop this allowable
capacity in two cells, the existing Mixed Wastd,@eld a new combined Class A
and Class A North cell (nhow proposed as the Cla¥gest cell). The Mixed Waste
and Class A West cells will have a combined capadii0,078,189 cubic yards.
This leaves a capacity of 279,223 cubic yards Hrergysolutionscan still
develop under the Huntsman Agreement.

Additional amendments to Ene&plutions’License to conform to the Huntsman
agreement are not necessary because this Licevsescall areas where Class A
waste can be disposed. The only other area tHataesed to take radioactive
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waste is the 11e.(2) cell. Class A waste cannaliggosed of in that cell, and
only Class A waste is subject to the Huntsman Agee¢. Because there is no
other area that may accept Class A waste, thene igossibility that the
Agreement will be violated under currently applitalicenses. Additional
requirements would be redundant and unnecessary.

A modification to License Condition 9.E of the sexdl RML UT 2300249 will be
made to address a correction in the calculations:

“The Licensee may dispose of a volume of ClassvklLevel Radioactive
Waste (LLRW) and Naturally Occurring and Accelerd&ooduced
Radioactive Materials (NARM) in the Class A Wespdsal cell described in
License Condition 40 not exceeding-8;#42,097 80RZ¢ubic yards, and in
the Mixed Waste Landfill Cell not exceeding-1,3881,1,354,092 cubic
yards._Together the total aggregate volume of wdisigosed of in the Class A
West disposal Cell and the Mixed Waste Landfill €lehll not exceed 10.08
million cubic yards. Class A waste LLRW is defimedtah Radiation

Control Rule R313-15-1009 and NARM at R313-12-3.”

As described in the Public Participation Summaayeshent quoted above (DRC 2012b), the
Huntsman—Enerd@olutionsAgreement allows the company to expand its LLR#Wpdsal
capacity by 279,223 cubic yards above that alregubyoved for the CAW Cell under License
Amendment 14.

The volume limitations derived from the Huntsmanrégment and incorporated into License
Condition 9.E will remain in effect unless the Linsee proposes a license amendment regarding
alternative waste volumes for disposal in SectidraBd the proposed amendment is approved by
the State of Utah. See Appendix G for addition&hitie

References
DRC, 2012b

3.5CLIVE DEPLETED URANIUM PERFORMANCE ASSESSMENT
DESCRIPTION AND RESULTS

The overall scope of the Clive DU PA is to evalusiee long-term siting and performance
integrity of the portion of the proposed Federall @eEnergysolutions Clive facility for the
proposed disposal of DU. The need for the Clive PAJis driven by both State of Utah and
proposed Federal regulations, which require anuatian of the potential human radiation doses
and consequences from the disposal of DU.

In general, the performance assessment processtsooisthree stages: (1) Parameter Input,
(2) Modeled Features and Processes, and (3) PenfaenCriteria, as illustrated in Figure 3-5.
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Source: Modified from Neptune (2014d), Figure 1.
Figure 3-5 — Conceptual diagram of the performancassessment process

The Parameter Input stage includes the State df &d Federal regulations that must be met
[e.g., UAC R313-25-9(4) and (5)(a)]; the physidahacteristics of the Clive site (e.g.,
meteorology, hydrology, geology); land use at Clivlaich currently is mostly industrial; the
expected amount and characteristics of DU to beoded of in the proposed Federal Cell; and
any features of the cell (e.g., the ET cover, {ag tner) designed to mitigate the potential
impacts of the waste disposal.

“FEPs Analysis” is the process of identifying thdsatures, events, and processes (FEPSs) that
form the basis for scenarios that are evaluategsess site performance and that, therefore,
must be accounted for in the performance assessnuaidl. For the Clive DU PA Model, FEPs
were developed in the following eleven broad areas:

Meteorology (e.g., precipitation, atmospheric disp®, resuspension)
Climate change (e.g., the appearance/disappeandiarge lakes)
Hydrology (e.g., groundwater transport, in both tinsaturated and saturated zones)

Geochemical (e.g., chemical sorption and partitigrbetween phases, aqueous
solubility, leaching of radionuclides from the wasbrm)

Engineered Features (e.qg., cell design, materigdgaties)

Containerization (e.g., the Clive DU PA did noteadny credit for the DU being
containerized)

Waste (e.g., inventory of radionuclides, physicad ahemical waste forms)

Source Release (e.g., leaching, radon emanatiant pptake, and translocation by
burrowing animals)
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Contaminant Migration (e.g., diffusion, dilutiorg\aection-dispersion, re-suspension,
atmospheric dispersion, biotically induced trangpor

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

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

The example FEPs given for each broad area areseqiative of the FEPs developed but are by
no means a complete list of all the Clive DU PA MbHEEPs. Neptune (20149) should be
consulted for more information on FEPs and how thieye developed for the Clive DU PA
Model.

In the Modeled Features and Processes stage GlitteeDU PA, the FEPs are converted into
mathematical models that can then be applied wngputer software. As Figure 3-5 shows, the
Modeled Features and Processes stage is dividetattural Environment, Behavior of
Engineered Features, Contaminant Transport, and@®acExposure Dose/Risk Analysis.

Figure 3-6 shows the interconnections betweenfahe@modeled features and processes. An
examination of Figure 3-6 reveals that many offéaures and processes within the Clive DU
PA Model can be linked back to the FEPs. Many effEPs are included in the Clive DU PA
Model as distribution functions, e.g., a normalagnormal distribution, with a specified mean
and standard deviation.

The Clive DU PA Model was developed using compatdtware called GoldSim (GTG 2013a,
2013b). GoldSim is a highly graphical, Windows-tthpeogram for carrying out dynamic,
Monte Carlo simulations of complex systems to supp@nagement and decision-making. The
GoldSim visual interface allows exploration of thedel implementation. This interface
facilitates traceability of codes developed with tholdSim platform. The Monte Carlo
functionality of GoldSim allows the Clive DU PA Mebito be a probabilistic simulation, as
opposed to a deterministic simulation.

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

References
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Source: Neptune (2014d), Figure 11.

Figure 3-6 — Clive DU PA modeled features and prosses. This figure describes those
features and processes modeled by Neptune in the [RA.
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4.0 PERFORMANCE OBJECTIVES

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

During the course if its review of the DU PA, DE@weloped 73 interrogatories related to
requests for additional specific technical inforimat 20 in the area of natural and demographic
disposal site characteristics [under UAC Rule R23%3(1)]; 19 related to design features of the
land disposal facility [under UAC Rule R313-25-8(2) related to construction and operation
[under UAC Rule R313-25-8(6)]; 14 related to kiadjount, classification, and specifications of
the material [under UAC Rule R313-25-8(9)]; 8 rethto quality assurance programs; and 10
related to multiple subsections or not assignehiosubsection of UAC Rule R313-25-8,
“Specific Technical Information.”

4.1.1 Principal Design Features: Descriptions and Justi@iation

UAC Rule R313-25-8 requires descriptions of design features of the near-surface disposal
cell, including those features related to infilivatof water; integrity of covers; structural
stability of backfill, wastes, and covers; contativastes with standing water; disposal site
drainage; disposal site closure and stabilizagtimination, to the extent practicable, of long-
term disposal site maintenance; inadvertent iminysoccupational exposures; disposal site
monitoring; and the adequacy of the size of thédouone for monitoring. The DU PA technical
review involves some aspects of UAC Rule R313-28le other aspects of R313-25-8 are not
specifically pertinent to the DU PA review. For exale, disposal site monitoring and the
adequacy of the size of the buffer zone are netcty relevant to evaluating the actual system
performance; instead, they focus on the faciligbgdity to measure and confirm system
performance, and perform remediation if necessgitg. monitoring issues are established in any
licensing action and are not part of this DU PAiean Certain modifications to current
monitoring procedures may be required for the aetaveen the proposed Federal Cell and the
existing 11.e(2) Cell.

The requirements contained in UAC R313-25-8(2) @@ddressing the design features of the
facility as they relate to the performance objexdiestablished for those design features apply in
different ways and to different extents to the @asi principal design features incorporated into
the proposed Federal Cell for the disposal of DWteval he principal design features of the
proposed Federal Cell addressed in this sectidimeoSEER are the following:

ET cover
Waste placement and backfill
Clay liner

Evaluation of each of these principal design fesgwrith respect to the DU PA is addressed in
separate sections below. Note that regulatory remqénts that DEQ judged not to impact
performance are not addresséd.

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

Minimize infiltration of water.

Ensure integrity of covers for disposal units.

Ensure structural stability of backfill, wastesdaiovers.

Minimize contact of wastes with standing water.

Provide disposal site drainage.

Ensure disposal site closure and stabilization.

Eliminate to the extent practicable long-term dsgsite maintenance.
Protect against inadvertent intrusion.

Limit occupational exposures.

Allow for and provide disposal site monitoring.

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

Energysolutionsdescribes the ET cover, waste emplacement, aridilbaad clay liner in
Appendix 5,Unsaturated Zone Modeling for the Clive DU PA ModEeR, dated June 12, 2014
(Neptune 2014k).

References
Neptune, 2014k

4.1.1.1Evapotranspiration Cover

Disposal involves placing DU waste on a protectiweer over a prepared clay liner that is
approximately 8 feet below the ground surface.tRemproposed Federal Cell design, the depth
of the waste below the top slope is a maximum dieg8 (16 meters), leaving as much as 45 feet
of non-DU waste above natural grade. A cover syssetonstructed above the waste. The
primary objective of the cover system is to linonhtact of water with the waste. The cover is
sloped to promote runoff and designed to limit wateflow by increasing ET. The cover system
also inhibits release of radon gas from the subserfBeginning at the top of the cover, the
layers above the waste used for the ET cover desgas follows (see Section 3.4 for a full
description):

Surface Layer (6 inches)
Evaporative Zone Layer (12 inches)
Frost Protection Layer (18 inches)
Upper Radon Batrrier (12 inches)

Lower Radon Barrier (12 inches)
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As part of the review and response preparatioth®iRound 1 Interrogatories, Enegpjutions
revised the proposed design of the Federal Ceth faaock armor cover to an ET cover similar
to that currently under review by DRC for constroiecton the CAW Embankment. The DRC
review (DRC 2015) should be consulted to assessrogatories regarding apparent deficiencies
of that cover system, especially when bulk wastgaposed for disposal directly beneath the
cover system. DEQ'’S review of EnefgglutionsRound 1 responses resulted in a second round
of interrogatories, which Ener§gplutionsresponded to on June 17, 2014 (DRC 2014b; ES
2014h). Following delivery of the Round 2 interrtgges to Energ$olutions DEQ proceeded

to review versionl.2 of the Clive DU PA modelingoet (Neptune 2014a; hereafter “the DU PA
Model v1.2"), which documented the performancehef proposed Federal Cell with ET cover,
and to generate Round 3 interrogatories specijitatgeting the revised model. Enegpjutions
provided DRC with responses to the Round 3 reusedel interrogatories on July 8, 2014 (ES
2014b). The current status of each interrogatoey Y{whether it was satisfactorily resolved
(“closed™)] is found in Appendix C to this SER. Saguent to the three rounds of interrogatories
and responses, DEQ and Ene3glutionsparticipated in several phone conferences. Adtresu
these meetings, on August 11, 2014, DEQ reque$tediditional clarifications and proposed
additional HYDRUS simulations with specific combiioas of input parameters (DEQ 2014).
Energysolutionsresponded to the DEQ request on August 18, 2082(H.49). The 10

additional clarification comments, a summary of BEmergysolutionsresponses, and subsequent
DEQ findings are provided in Appendix B to this SER

In response to DEQ’s request for the additional HRIS simulations, the Ener§gplutions
response states, in part, the following:

In general, EnergSolutionsstrongly disagrees with the request of runninghhjig
speculative, unsupported, one-off cases suggeastde isubject request. This is
not consistent with the intent of the Utah regulatnor the meaning or
application of a “sensitivity analysis.” In pract; an appropriate sensitivity
analysis would consider only combinations of ingalties that are plausibly
visible at the site under study. Whereas the canafgplausibility in this context
is applied based on available data and professigmadiment, the values that are
suggested in the subject document (and repeatedealaoe not plausible for this
site.

and

There are significant limitations in assessing éffiects of parameter and
conceptual uncertainty using deterministic modelwith specified (discrete)
cover designs and bounding transport parametersassdimptions. Any more
comprehensive sensitivity analysis for the inftibm modeling should not be
based on selective, unrepresentative, and nonsagsie changes in physical
properties of cover materials. Moving beyond theent model in order to
further refine the analysis requires more detak#te-specific data collection.
However, the value of any such data collectiongblly questionable, since all of
the PA model endpoints are insensitive to changasy of the hydraulic input

parameters.

FINAL 30 April 2015



EnergySolutions LLRW Disposal License — Conditisn 3
(RML UT2300249)
Safety Evaluation Report, Volume 1

DEQ agrees that one-off bounding analyses aredeal for predicting representative overall
system performance. However, this approach wasogezpprimarily because there are still a
number of unresolved concerns related to HYDRUSG@oldiSim. For example, in the 20
HYDRUS simulations, it appears that the tails @& tlistributions describing the hydraulic
properties are poorly sampled, and more extremesaasy be inadequately represented.
Furthermore, for the hydraulic properties that cosgthe surface and evaporative zone layers
of the ET cover, the van Genuchten alpha ( 8y andn values were taken from the
distributions (mean and standard deviation) fohgaarameter from the Rosetta database of
hydraulic parameters for the textural class oy silay (Schaap 2002). The parameters, and
KsatValues obtained from the Rosetta database ardogdite Licensee not to be correlated.
Evaluation of data from Carsel and Parrish (19B8)yever, demonstrates that there is a strong
correlation (R=0.9) between log( and log(Ka.) based on regression analyses of average
parameter values for 12 National Resource Conserv&ervice soil textural classes based on
5,097 samples for whichd data exist. Another large database exhibitinglamaiorrelation
between log() and log(Ka) is that of Wdsten et al. (1999). Theoretical agsk also shows
similar relationships. Additional information regarg the correlation between the logand
log(Ksa) parameters is provided in Section 4.4.1 and DEQ&Trogatory CR R313-25-7(2)-
189/3 (DRC 2014c). The lack of sensitivity of therformance assessment inputs to any of the
hydraulic parameters remains a concern in thaitbe@eled hydraulic properties of the cover
system soils may be leading to unrealistically Iofiltration rates.

DEQ’s proposed deterministic approach was also asenmeans to provide additional insight
and defensibility in the GoldSim results. Basedlmmodeling results that have been provided
so far, it appears that the infiltration rates ddod considerably higher than those predicted by
HYDRUS but still low enough to comply with the Utedgulations. However, the infiltration
analysis needs to be more transparent and techynitedensible in order to withstand additional
scrutiny from the public and provide a measurerefibility to the entire performance
assessment.

Conclusion: There are still a number of unresolved issues wisipect to the selection of
parameter ranges, distributions, and correlatiassyell as the modeling approach and predicted
sensitivities. These concerns are detailed in AgpeB. Further, because the model-predicted
infiltration rates may be sensitive to the hydraglioperties assigned to each ET layer, thed
Ksatvalues assumed for modeling moisture in eachiagalr within the cover system must be
correlated based on experimental data. Also, anditijustification is required for the soil
property values used in the model by En&agjytions Therefore, DEQ does not consider this
portion of the performance assessment resolved.
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4.1.1.2Waste Emplacement and Backfill

The DU PA considers the emplacement of DU wastk mostandard 55-gallon drums and in
much-larger 10- and 14-ton steel cylinders. Theee5a408 55-gallon drums currently in a
storage building at the Clive site containing degdeuranium trioxide (Ug) from SRS that is
contaminated with small amounts of activation assién products. In addition, it is estimated
that 57,122 steel cylinders will be filled with @Os produced from the deconversion of depleted
uranium hexafluoride (DUdf generated at three DOE GDPs (Neptune 2014i) r Aite
deconversion process, the B4 is being loaded back into the same cylinders irciwvthe

DUFs was originally stored. Most of the storage cylirsdare approximately 12 feet long and 4
feet in diameter. It is estimated by Ene8gjutionsthat about 10 percent of the cylinders will
contain small amounts of fission and activationdaicis (Henson 2006). Because these fission
and activation products are predominantly foundhlyigoncentrated in localized heels, rather
than generally distributed through the £, and because these heels, if analyzed separately,
could constitute transuranic waste (Hightower e@00), they are of special concern to DEQ.

Energysolutionsis committed to emplace all of the DU waste betpade and, as a corollary to
that commitment, to emplace only that amount of \Raste that will fit into the available below-
grade volume of the proposed Federal Cell. Furtediscussed in Section 3.4.1, the disposal
volume at Clive of all wastes is constrained bykumtsman Agreement.

The average original grade elevation is 4,272 dewdl (ft-amsl) and the average elevation of the
bottom of the waste is 4,264.17 ft-amsl|, which &sa& height of under 8 feet in which the DU
waste can be emplaced. (Neptune 2014f, Table ExggBolutionsestimated that about 44,712
cylinders and 5,408 drums could be emplaced withenavailable cell volume (idtah

Radioactive Material License — Condition 35 (RML2300249) Compliance Report (Revision
1), November 8, 2013, CD13-0302, hereafter “Revidiai the Compliance Report” [ES
2013Db]). Based on this preliminary estimate, ofigwt 78 percent of the anticipated number of
DOE DU cylinders could be emplaced below grade. elmw, as discussed in Section 3.4 above,
Energysolutionshas now decided to physically separate the prapBederal Cell from the
11e.(2) cell. This change has reduced the cellmelavailable for DU disposal. According to

the Licensee, this volume will support disposaB0f800 cylinders (see Table 3-3).

To ensure stability, Ener@plutionsplans to place backfill between the cylinders dndans.
According to Revision 1 of the Compliance Repoggtidn 3.4, p. 3-14 (ES 2013b):

Disposal of containers of depleted uranium in CLiBNhe Federal Cell

(mirroring the Division-approved Class A West Enlliaent design) is consistent
with the waste disposal methods considered inliberising action; i.e., a solid
waste is disposed in a CLSM matrix that fills vadsl prevents subsidence.
Therefore, post-closure stability of the embanknentet.

DEQ requested additional information regarding fiigkocedures under Interrogatory CR
R313-25-22-166/2: Stability of Waste (DRC 2014ngluding:

Details on how headspace will be eliminated fromBftJ cylinders after
arrival at Clive, including methods and equipmestessary for detecting
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headspace, access of the container to insert diedtfow-strength material
(CLSM) fill, and re-sealing or closure of the wastmtainer

Discussion of potential interactions between CLSM BU waste materials,
including any possible effects on the ability o t6LSM to harden
sufficiently to sustain needed stresses withoubmeétion of the cover system

Waste container spacing and geometry on a wasemnlif details about any
co-location of DU waste cylinders with DU waste s

Placement of fill material between individual can&as on a waste lift
Energysolutions in its Round 2 Interrogatory responses (ES 2QXtajed that:

No revisions will be needed to the LLRW and 11&€#)struction Quality
Assurance/Quality Control Manual. DYEontainer headspace mitigation will
not require revision to these procedures; field moels such as opening ports or
valves will be used to gain access for CLSM. It$or valves are not available
in suitable size or location, the drums and cylisdeill be penetrated. A large
variety of tools are available for this task and/Bdbeen used successfully at
Clive for containers and waste forms ranging fraeesliners to steam
generators formerly used at nuclear power plantger€ is no need to re-seal or
close the DUE canister; and this is not typically done for otlvesiste forms
placed in CLSM. These procedures have succesbigly used in the disposal of
approximately 40,000 tons of depleted uranium, wialadverse interactions
between the Controlled Low Strength Material (CL@W¥ depleted uranium.
CLSM will be the fill material used in DU disposal.

As discussed in Section 3.4 of this SER, DEQ bebdahat it is likely that revisions to the
CQA/QC Manual (ES 2012b) will be necessary. EnBalytionsmust demonstrate, based on
prior experience, that configurations sufficierglgnilar to the DUEcylinders and containing
similar waste products can be fully filled with CUSIn addition, Energ8olutionsmust provide
evidence that the interstices between arrays afagts with 6-inch longitudinal spacing and
2.5-inch end-on-end spacing can be adequately iladkfAbsent such a demonstration,
implementation of a test pad may be required. lappropriate conditions can be added to any
license amendment.

In the initial version of the Compliance ReporttedthJune 1, 2011 (ES 2011b), En&glutions
noted that a principal design criterion for wastgpeacement and backfill is that the
embankment settlement be limited to 0.02 feettbedt foot over a 50-foot horizontal distance.
Energysolutionsstated that compliance with this criterion was methe conditions of License
Condition 53 (RML UT2300249). In the 2008 licensaewal, DRC certified that the Licensee
was in compliance with all applicable regulatorgugements (ES 2008b).

Conclusion: Based on prior approvals, use of qualified procesdim the CQA/QC Manual,
clarifications provided through interrogatoriesgauossible new license conditions, DEQ
believes that the requirements of UAC Rule R31®825e satisfied with regard to waste
emplacement and backfill and has conditionally lkessbissues relating to this portion of the
performance assessment.
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4.1.1.3Clay Liner

The waste would be placed on a protective lineedag the clay liner that is approximately
8 feet below the current, preconstruction grountbese. The clay liner is to be constructed of
compacted local clay. The clay liner is uniformboat 60 centimeters (cm) (2 feet) thick by
design, though the bottom of the waste cell hasrdlg slope to it.

Energysolutionsdeveloped the distribution for saturated hydraatinductivity for the clay liner
using the design value from Table 8 of Whetsto®2 for the clay liner of 1xIdcentimeter
per second (cm/s) as the geometric mean of a logadatistribution. A geometric standard
deviation of 1.2 was chosen to provide an approtémader of magnitude variation above and
below the geometric mean.

DEQ staff note that Ener@plutionsdoes not account for deterioration over time efdlay

liner, with resulting higher values of hydraulicnetuctivity that should be modeled as such. As
shown in a U.S. Army Corps of Engineers assess(Bamhey et al. 2008), degradation of liners
over time (e.g., within 10 years) is a nearly unsa occurrence. The assessment stages, “
literature review found that, in all documentedpiace clay liner studies, cracking occurred in
the clay liner within 10 years, leading to failupéthe liner systerfiBerney et al. (2008)
summarize the results of a study in this areatefr@st by Albrecht and Benson (2001), who
state, the resultant cracking caused increases in hydeacdinductivity by as much as 500
times” EnergySolutionsdoes not account for this magnitude of increasgmar Kqyin its
modeling. Therefore, the conclusions developetténDU PA Model v1.2 are unsupported and
will continue to be unsupported until this shortéogiin modeling assumptions is resolved.

In a report dated February 6, 2015, En&gjytionsevaluated data and drew conclusions
regarding the potential impacts of freezing anavihg on the hydraulic conductivity of clay
barriers used in the final covers at the En8auytionsLLRW disposal facility in Clive, Utah
(ES 2015a).

In this report, Energyolutionsconcludes that hydraulic properties of site-spedéta do not
mirror the impact of the freeze/thaw on hydraubaductivity predicted in C. H. Benson et al.
(2011) and, therefore, Clive’s site-specific obsg¢ians should be preferentially weighted over
Benson et al.’s national ranges. However, this keman is based on comparisons of hydraulic
conductivity measurements made during construaifdhe clay barriers and made after the
barriers had been exposed to winter weather. E&@lgtionsalso made comparisons between
dry densities measured during construction andetihosasured after exposure to winter weather.
Based on these comparisons, En8aytionsconcluded that the hydraulic conductivity
decreased after exposure to winter weather, andrthéensity increased after exposure to
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winter weather. In Appendix F to this SER, Dr. @rbi. Benson raises a number of concerns
with this approach, which include:

Insufficient information on freezing and thawing
Inconsistency with existing knowledge base
Field-testing methodology
Changes in dry density
Other pedogenic processes

See Appendix F for a detailed discussion of theseerns.

Conclusion: As with the ET cover, there is still an unresoleetcern that K values will

increase greatly over time, and that thend K, values assumed for modeling flow through the
liner must either be correlated or a sensitivitglgsis be conducted to demonstrate that the lack
of correlation assumed does not adversely affechitbdeling results. In addition, there are
problems with assumed liner hydraulic conductivityues. The DU PA Model v1.2 does not
account for liner degradation over time. These eameneed to be resolved.
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4.1.2 Kind, Amount, Classification, and Specifications oDU Waste Material
UAC R313-25-8(9) requires the application to inéuble following:

Descriptions of the kind, amount, classificatiord apecifications of the
radioactive material proposed to be received, pssed, and disposed of at the
land disposal facility.

DEQ posed 14 interrogatories to EneBglutionsrelated to this category of specific technical
information. All of the interrogatories were sadistorily resolved except Interrogatory CR
R313-25-7(9)-89/3: Contamination Levels in DI{PRC 2014c). As discussed in more detail in
Section 5.3 of this SER, DEQ believes that thesgsificant uncertainty in technetium-99 (Tc-
99) concentrations that is not fully captured ie BIU PA. This can not only affect compliance
with the GWPLs at 500 years but also the abilityhef facility to protect the groundwater in the
confined aquifer underlying the Clive site from dmgation over 10,000 years. A related issue is
the fact that contaminants in the DU cylinders@ecentrated in the cylinder heels. Heels are
the residual materials remaining in the cylinddterahe gaseous uranium hexafluoride {UB
removed. Contaminants include technetium, nepturfNp), and plutonium (Pu) with bounding
concentrations in the heels estimated to be asvisl(Hightower et al. 2000):

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

Np-237 — 54,000 ppb
Tc-99 — 5,700,000 ppb

During the deconversion process, the QO¥inders are rinsed with a neutralizing solutan
potassium hydroxide (KOH) before being refilledmi2U oxide. It is unlikely that the
neutralization process will remove significant amisuof the contaminants in the heels.

The concentration of transuranic elements (sudPua238, Pu-239 and Np-237) is limited to a
total of 10 nanocuries per gram (nCi/g) under #rens of the Northwest Interstate Compact on
Low-Level Radioactive Waste Management. It has testablished by the fCircuit Court

that the Northwest Compact has authority over diapat Energ8olutions Details are included
in Appendix G). Thus, the presence the contaminfaots recycled uranium in the DU waste
can increase groundwater contamination and mayt iesguantities of transuranics that exceed
limits established by the Northwest Compact.

Not all cylinders contain heels contaminated wibthinetium, neptunium, and plutonium. It has
been estimated that only about 15 percent of thedsrs are contaminated (Henson 2006). This
emphasizes the importance of an appropriate Wastepdance Plan to ensure that cylinders
containing recycled uranium are not shipped to€liv

Conclusion: As discussed abovBEQ has resolved issues related to this portich@DU PA
based on the assumption that new license conditexyesding the CQA/QC Manual and a
revised Waste Acceptance Plan will be added tarewiged license. This issue resolution is
further predicated upon adding one additional comati that disposal of DU waste contaminated
with the activation and fission products in recgclganium not be permitted.
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4.1.3 GoldSim Quality Assurance
UAC R313-25-8(10) requires the application to imiduhe following:

Descriptions of quality assurance programs, taitbte low-level waste disposal,
including audit and managerial controls, for thet@@nination of natural
disposal site characteristics and for quality catduring the design,
construction, operation, and closure of the lanspdisal facility and the receipt,
handling, and emplacement of waste.

Several DEQ interrogatories have questioned vaiaspgcts of the quality assurance program
for the Clive DU PA Model v1.2 (Neptune 2014a). Tingportant examples of these are
Interrogatories R313-25-7(10)-78/1: GoldSim Modalifration (DRC 2014a) and R313-25-
7(10)-80/1: Testing of GoldSim Abstractions (DRCL28).

Interrogatory R313-25-7(10)-78/1: GoldSim Model iBedtion (DRC 2014a) asked
Energysolutionsto “Describe the role of model calibration in substatitig that GoldSim
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adequately simulates the physical, chemical, antbgical processes at the Clive site
Energysolutionsbegins its response by indicating that, becauskeeohature of the problem
being modeled (i.e., the behavior of the proposedkFal Cell far into the future), it would be
difficult to impossible to calibrate the resultsactual measured data (ES 2014d). DEQ
recognizes this and is asking for something mostcb® EQ wants to be sure that the results
from the DU PA Model v1.2 GoldSim calculation mafghthin reasonable expectations) the
results that would be expected from the underlyimoglels that form the basis of the GoldSim
model. For example, DEQ is trying to better undardtthe fact that the infiltration rates
modeled with HYDRUS do not match the GoldSim-cadted infiltration rates very closely.
(See Appendix B for additional discussion.)

A related concern is how infiltration through th& Eover has been abstracted into the DU PA
Model v1.2 GoldSim model. Appendix 5, Section 1@@ptune 2014k) to the DU PA indicates
that 20 HYDRUS runs were made for various setsaof @enuchten and n and saturated
hydraulic conductivities (&) (see Appendix 5, Table 9). However, the vaaguarameter

values were only for the Surface Layer or the Evajpee Zone, whereas the varied,K
parameter values were only for the radon barrigs.9do changes were made ig or the
Surface Layer or Evaporative Zone (assumed inuhs to be at constant values), and no
changes were made anfor the radon barriers. Thus, a reasonably thdi@emsitivity analysis,

or a subset thereof, was not conducted by Er8olygions In Section 12.9, Table 10 (Neptune
2014k), regression coefficients are presentedréiate the van Genuchterand n and Ky to the
water content of the various cover layers (i.efemie, evaporative, frost, and upper and lower
radon barriers) and to the infiltration rate. Oa tther hand, while ¥;values for the Upper and
Lower Radon Barrier were varied in the HYDRUS araldSim models, there was no correlated
change made in values. The value of was held constant at 0.003 ¢neven though K values
were varied by orders of magnitude. There is littftermation provided about how
Energysolutionsgot from the HYDRUS input parameters to the regjmscoefficients, or on

how well the regression analysis results matclHHWBRUS results. For example, Section 12.9,
Table 10 (Neptune 2014Kk) states th&pr'the net infiltration flux regressionsksaturated
hydraulic conductivity] was dropped as a predictlue to poor fit of the modeldNo further
explanation is provided, and Ene8plutionsseems to expect DEQ to accept this at face value.
Energysolutionshas included additional information pertaininghie derivation of the GoldSim
infiltration rates from the HYDRUS results in issponses to additional interrogatories (ES
2014d). As discussed in Appendix B, however, tlageea number of questions that remain open.

In some cases, it is unclear whether unexpectedSaol results are due to the mathematical
model formulations of the code itself or to assuon# with respect to the model input
parameters. For example, it is DEQ’s understanthiagthe intent of the model abstraction
approach and linkage of process model output t&thldSim input is that the fundamental
relationships can be “abstracted” from more comphexiels that are time consuming to run and
can be effectively maintained within the GoldSimnfrework in order to perform probabilistic
analyses within a reasonable time frame. There&weliscussed in the example below and in
Appendix B, the complete absence of correlatiomwben the infiltration rates predicted by
HYDRUS and those calculated by GoldSim createseanana, in that the predicted infiltration
rates are the foundation for many other contamifetatand transport and dose predictions.
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In response to Supplemental Interrogatory 1, Erf@ogytionsindicates that the distributions for
van Genuchten’s andn were scaled in the Clive DU PA v1.2 GoldSim madeleflect the

more coarse nature of the GoldSim cell structut® 2814d). The scaling approach that
Energysolutionsdescribes can be used to characterize uncertaitity mean, but the spatial
variability within the hydraulic data is not repeesed properly. Scaling to address spatial
averaging should address variance reduction usuagiance function, which is defined based on
the spatial correlation structure of the hydraplioperties (Vanmarcke 2010). As a result, the
tails of the distributions are not represented priyp which will affect a stochastic or uncertainty
analysis. It is unknown whether the spatial diszagion is hardwired into GoldSim and whether
any grid convergence studies were ever performegdertain the adequacy of the discretization.

Appendix 5, Section 12.9, to the DU PA Model reddiéptune 2014Kk) indicates that the
HYDRUS-calculated infiltration rate into the wagi@ne ranged from 0.0007 to 0.29 centimeter
per year (cm/yr), with an average of 0.042 cm/yawidver, when DEQ made a 1,000-realization
run with the DU PA Model v1.2 file, the GoldSim-calated infiltration rate only ranged from
0.024 to 0.047 cml/yr, with a mean of 0.034 cm/yreJe results are summarized in Table 4-1. It
appears that somewhere in the GoldSim abstractmreps the full range of the HYDRUS-
calculated infiltration rates has been truncated wathout additional justification for the
HYDRUS abstraction into GoldSim, DEQ is unable &vify the Energ$olutionsapproach or
conclusions. This must be thoroughly explained bgrgySolutions

Table 4-1 — Comparison of GoldSim- and HYDRUS-Caldated Infiltration Rates

Infiltration Rate (cm/yr)

GoldSim v1.2, Appendix 5,
1,000 realizations| Section 12.9

Minimum 0.024 0.0007
Mean 0.034 0.042
Maximum 0.047 0.29

# Neptune (2014k).

Moreover, until other factors, such as model ingund correlations between these inputs, are
accounted for, infiltration results from either HRDS or GoldSim will not necessarily provide
representative infiltration values.

Energysolutionsresponse to Interrogatory R313-25-7(10)-78/1 @B%4d) includes the
statement, The Clive DU PA Model is a highly-integrated systandel, with many interrelated
processe$ DEQ understands that the Clive DU PA Model isyveomplex. This is precisely the
reason that, as much as feasible, DEQ must be@bigce back all parameters used or
calculated by the DU PA v1.2 GoldSim model to tlegiginal underlying models. Unless
Energysolutionsprovides the necessary descriptions and dateeifirthl report, DEQ will not be
able to complete this portion of the Clive DU PA d&bv1.2 verification and benchmarking.

Conclusion: Specific instances where additional informatiod data are needed from
Energysolutionsin order to allow DEQ to perform the necessaryfiation of Clive DU PA

Model v1.2 have been identified in Appendix B anlden sections of the SER (e.g., Section 4.4.1
for infiltration). Once all of those additional néests have been satisfactorily completed,
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reviewed, and determined to show that the reguylatmuirements have been met, DEQ will
consider this concern to be resolved.
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4.1.4 Uranium Solubility

The solubility values assumed in the DU PA are dasestudies conducted by Sandia National
Laboratories (SNL 2007) on the solubility of amano (Am), neptunium, protactinium,
plutonium, thorium, and uranium. Some of the sdityovalues presented in SNL 2007 are
tables with pH and partial pressure of carbon dieXiCQ) as variables. These studies assume
that these ions are dissolving from pure solutibtwwvever, it is more likely that the ions are
present as solid solutions within the uranium sphdses [i.e., aqueous uraninite @JQH),)].

As part of the performance assessment review, DEQisractor generated the phase diagrams
in Figure 4-1, Figure 4-2, and Figure 4-3 to ilhas¢ the solubility of uranium versus redox
potential in the presence and absence of carbosatg Geochemist Workbench with the
Lawrence Livermore National Laboratory (LLNL) v8r@tatabase. The diagrams were generated
using the dissolved ion concentrations from TaBlesd 12 in the geochemical modeling report
(Appendix 6 to the DU PA, Neptune 2014m), with avithout carbonate included and with the
pH fixed at 7. The oxidation/reduction potentia};{fand total uranium were varied, and the
diagrams are shown in a pourbaix format with theitk@ant species shown in each region. Under
reducing conditions, formation of tetravalent-statanium [U(IV)] minerals limits the solubility

of uranium through formation of an insoluble urar@mmineral phase. As can be seen in Figures
4-1 through 4-3 below, increased concentratioraotb@nate in an oxidizing groundwater
environment encourages the dissolution of uraniumtd formation of soluble uranyl carbonate
complexes. This phenomenon has a bearing on pafaenassessment model assumptions for
uranium fate and transport in the subsurface enment (the vadose and saturated zones).
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Figure 4-1 — Eh-activity diagram demonstrating uranum speciation and solubility in the
absence of carbonate. Note that yellow regions irahte formation of a solid phase. Model

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

FINAL 41 April 2015



EnergySolutions LLRW Disposal License — Conditisn 3
(RML UT2300249)
Safety Evaluation Report, Volume 1

1L ‘\‘\\‘\‘\\\-\\\\\\ -
__ 5¢ UO,(COy); caup,
12
©
E,
e uo
L oL 2
U(OH),(aq) Uraninite
I .
-5 i
| | | | | | | | 2\5CC
-14 -13 -12 -11 -10 -9 1%_ -7 -6 -5 -4
log a UO,

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

In Energysolutionsresponse to Round 1 interrogatories (ES 2014@))dst line of Table 2-64/1
presents uranium solubility data from SNL 2007. Thenium concentrations reported in
Energysolutions Table 2-64/1 seem to only include the solubibfyhexavalent-state uranium
[U(VI)] and mixed U(IV/VI) phases and do not corsidhe potential formation of U(IV) phases
[i.e., aqueous U(IV)(OHJ™ species and U(IV) minerals such as uraninite]nfation of

uraninite will significantly decrease overall uram solubility in groundwater. As noted in the
Round 2 Interrogatory CR R313-25-8(4)(a)-64/2 (DEX14b),the DU PA needed to clarify
whether the geochemical model considers the paldontimation of uraninite or other U(IV)
phases and the expected redox conditions of theewaghe landfill, because not considering the
U(IV) phases if they are indeed forming will resialtan overly conservatively high estimate of
aqueous uranium concentrations, due to failuretsicder aqueous uranium hydroxide
[U(OH)4].

Also relevant to the overall prediction of the dmliy of uranium is that the solubilities listed i
Table 12 of the geochemical modeling report (Nept2@14m) represent the output of a Visual
MINTEQ model of triuranium octoxide (@s) solubility. Given the low solubilities of uranium
reported in Table 12, it is clear that oxidationgfV) to U(VI) was not considered. This must
be done by “coupling” the U(IV)/U(VI) reaction withVisual MINTEQ before running the
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model. It appears that the intent of the modelixereises examining schoepitend WOs
solubility in Tables 9 through 12 of the geocherhimadeling report (Neptune 2014m) was to
give the boundaries of uranium solubility. Howevers unrealistic to run a model with a
relatively high E/pH condition (such as pH 84200 millivolts in Table 10) and not allow for
the oxidation of reduced species. Therefore, thend@ Interrogatory CR R313-25-8(4)(a)-64/2
expressed a concern about whether the reporteddbwbility values in EnerdyolutionsTable

12 are reliable for use as the source term inirgatransport models. Figure 4-4 and Table 4-2
show the reported values from EneéggjutionsTable 12 as well as two columns of output from
additional DEQ Visual MINTEQ runs. As part of th&JIPA review, DEQ used the average ion
concentrations in the last row of Table 8 in cogjion with the data in Table 12 of the
geochemical modeling report (Neptune 2014m) inteengt to reproduce the reported total
dissolved uranium concentrations shown in TableTh® was done by running the model with
the U(IV)/U(VI) system uncoupled, as was apparedtye for the model output shown in
Table 12. However, the final column in Table 4-Bwh the total uranium concentration in a
Visual MINTEQ model with the U(IV)/U(VI) reactionaaipled. Oxidation of U(IV) to U(VI) is
therefore allowed, and the expected total dissolwadium concentrations are significantly
higher. Because the redox chemistry of the wasigodal site in this work is variable, DEQ
recommended in the Round 2 interrogatory CR R318{2%a)-64/2 (DRC 2014b) that redox-
coupled solubility calculations be used when defjrihe source concentrations in reactive
transport models. The specifig Bnd pH ranges expected under the various geotogiditions
considered in the reactive transport models musiskd in this source term analysis.

Figure 4-4 — Comparison of redox coupled and uncoug@d solubility models

1 Schoepite is an oxidized alteration product afimite, where uranium occurs as U(VI).
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Table 4-2 — lon Concentrations, pH, and Eh Valuesof Various Uranium Solubility Models Using Visual MINTEQ
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c © . S0 | = S = o e & & = . o 3 oS3 | OS5 | 833
5] T i 5 O ' = L o ®] © o + o [TI] Wo e | Wo Q0o ¢
O S w O o T @) P ) O = X pa Z0 OnE | ONno | 20 E
1 6.5 200 190 20 4.2 24094 1b 3079 5p2 793 509 62517.85E-16| 6.49E-17 1.62E-05 1.18E-D4
2 7 200 190 20 4.2 24094 15 3079 5%2 793 509 151&00E-16| 1.51E-191 2.23E-Ob 9.72E-06
3 8 200 300 20 4.2 24094 1.5 3079 552 793 509 1516200E-16| 3.76E-1§ 1.68E-0b 1.80E-Pp3
4 7.3 -10 190 20 4.2 24094 15 3019 552 793 509 624514.98E-12| 2.74E-13 4.84E-Q7 -
5 7.3 -40 190 20 4.2 24094 15 3019 552 793 509 6451 2.52E-11| 1.30E-12 2.24E-Q7 -
6 7.3 -100 190 20 4.2 24094 1pb 3079 5b2 793 509 1645 6.45E-10| 2.93E-11 4.74E-Q8 -
7 7.3 -300 190 20 4.2 24094 1pb 3079 5b2 793 509 1645 3.18E-05| 9.44E-07 9.44E-Q7 -

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

2From 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 R3138H(a)-64/2 (ES 2014a), Eneigglutions
stated that:

It is not clear that the solid phases that are nleden version 1.2 of the
Modeling Report are “likely solid-solutions” sin@®lid solutions imply a
crystalline matrix that is changing internally. Theaste form will likely evolve
over time so that the expected solid phase in tsteMayer is actually a
heterogeneous mix of several different solid phaBesthese would not likely be
solid solutions. According to Sparks 1998 (p. 2%$6)id solutions “are
thermodynamically unstable at room temperatureisiclear in Appendix 6 -
Geochemical Modeling from version 1.2 of the MoudgReport that the solid
phase assumptions for uranium (at least) are fasildgrium with pure solids,
e.g., when it references modeling shoepite foriuranlt is assumed that the
heterogeneity of the system is captured by thertaoty in the input
distribution, or else in the choice for differemiid phase solubilities.

The reviewers are correct that the redox equatarf(1V)/U(VI) should be
included in solubility calculations for uranium. Wever, note that changing the
U3Og solubility does not make a difference in the 10;08ar quantitative model.
For the 10,000-year model, only Y@ considered as a solid phaseQd
solubility is used in the Deep Time portion of wansl.2 of the Model. Therefore,
the W;0s solubility input distribution includes appropriatssumptions for the
Deep Time portion of version 1.2 of the Model. Whtareturn of a lake, it might
be expected that the redox conditions be lower thlaat would be expected in the
range of current groundwater conditions. Accordingrable 3 of the Rebuttal,
uranium solubility, then, would be slightly greatean what is currently being
used in version 1.2 of the Modeling Report. Becdluséeep Time section
already has significant conservatism built-in, @&iston of the JOg solubility
distribution will not make a noticeable differendehat model conservatism is
removed.

In the Round 3 Interrogatory CR R313-25-8(4)(a)26dDRC 2014c), DEQ requested additional
clarification of the data presented in Table 2,gpagof the revised geochemical modeling report
(Neptune 2014m). In that tableg@ was listed with an expected low solubility, and
Energysolutionswas asked to indicate whethesQd was allowed to oxidize to schoepite or

some other oxidized phase within this model. JOJrepresents a significant amount of the
waste and is able to oxidize to a more soluble fah® modeled aqueous uranium concentrations
could be significantly underestimated.

In the Round 3 Interrogatory CR R313-25-8(4)(a)26@RC 2014c), DEQ also raised questions
regarding the means by which the solubility of umamis simulated in the GoldSim model,
specifically:

Section 5.1.14.1, page 24, states that: “The stitylof U3Og is also
incorporated into the GoldSim model.” However, 88t6.1.14.3, page 29,
includes a “Note” on the GoldSim model that indesithat the model cannot
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include both U@and W0s. The text implies, but does not clearly statet thfg
was ignored (since UgQs the primary control of solubility). If this indeed the
case, then all of the discussion afQd is superfluous. The section could be
shortened to one statement that the solubility 4#8dUds orders of magnitude
lower than UQ (with proper references), so Y@ considered the dominant
phase.

In response to the concerns raised pertainingdotlxhow GoldSim models uranium solubility,
Energysolutionsstated the following in its Round 3 response teriogatory CR R313-25-
8(4)(a)-64/3 (ES 2014b):

Versions 1.0 and 1.2 of the Clive DU PA Model takery simple approach to
solubility calculations. The Model itself does nothwith respect to chemical
speciation or environmental conditions. It perforommtaminant fate and
transport calculations based on stochastic defams of solubility, soil/water
partitioning, and the like. Accounting for redoxnclitions and chemical
speciation is done in the development of the sliyblistribution that is input to
the Model. For the first 10,000 years of the CIddd PA Model, all DU is
assumed to be in the form of klGince UQ has a greater solubility than other
forms, uranium moves more readily through the systeg., to groundwater.
(The user may, however, run the model using thebgimy of UsOg for the first
10,000 yr instead, as a way of evaluating sengjtia this parameter.) 4Dg
solubility is used to control uranium solubility the Deep Time model (over
10,000 yr). If the U@solubility were used in the Deep Time model, tnefls0g
solubility were increased, greater lake-water camcations would be calculated.
However, before making such changes, the geochkasisamptions for Deep
Time require revision, including aqueous carbonadacentrations.

Conclusion: The uranium solubilities used in the Clive DU PAZtanged from 3.58E-6 to
2.79E-3 moles per liter (mol/L) (Neptune 2014c, Apgix 16, Table 22). These solubilities
were based on UOAs described in Table 4-2, the uranium soluleitbased on redox coupling
ranged from 4.74E-08 to 2.23E-05 mol/L for comp&ahnges of pH and Eh. Thus, the use of
UQ; is conservative (i.e., results in higher uraniwtubkility).

References

DRC, 2014b; 2014c

ES, 2014a; 2014b; 2014d

Neptune, 2014c; 2014m

SNL, 2007

Sparks, 1998
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4.210 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 mayrekeased to the general
environment in ground water, surface water, aii),qdants or animals shall not
result in an annual dose exceeding an equivaleft28 mSv (0.025 rem) to the
whole body, 0.75 mSv (0.075 rem) to the thyroid, @25 mSv (0.025 rem) to any
other organ of any member of the public. No gre#ttan 0.04 mSv (0.004 rem)
committed effective dose equivalent or total effeadose equivalent to any
member of the public shall come from groundwatead®nable efforts should be
made to maintain releases of radioactivity in edfits to the general environment
as low as is reasonably achievable.

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

(4) The licensee or applicant shall also includehia specific technical

information the following analyses needed to dernmatesthat the performance

objectives of Rule R313-25 will be met:
(a) Analyses demonstrating that the general popadatvill be protected from
releases of radioactivity shall consider the patlevaf air, soil, ground
water, surface water, plant uptake, and exhumaltipburrowing animals.
The analyses shall clearly identify and differetgibetween the roles
performed by the natural disposal site charact@sand design features in
isolating and segregating the wastes. The analgtal clearly demonstrate a
reasonable assurance that the exposures to humamsthe release of
radioactivity will not exceed the limits set forthSection R313-25-20.

From the requirements of UAC R313-25-9(4)(a), itlesar that in the process of evaluation of
compliance with UAC R313-25-20 (10 CFR 61.41), Bheector must consider:

1)

2)

Analysis of Multiple Exposure Pathways — In ordedetermine future dose to a member
of the public that might arise from the proposed Wakte disposal, the Director must
examine five different routes of human exposureluiding air, soil, groundwater, surface
water, and plant uptake.

Annual Limit for Dose from Ground Water — The refiece to UAC R313-25-20 presents
a more rigorous degree of protection of public tieahd the environment (than 10 CFR
61.41), in that it requires that groundwater patintcaused by the proposed Federal Cell
not cause human exposures greater than 4 milliemygar (mrem/yr). This 4-millirem
dose would be a component of the total dose ligtitrs UAC R313-25-20 (and 10 CFR
61.41), i.e., the 25/75/25 mrem/yr maximum dosehole body, thyroid, and any other
organ, respectively. At the Clive facility, this riamum groundwater dose limit has been
implemented under Ener§plutionsGWQ Permit No. UGW45005, Part I.C and

Table 1A.
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3) Effects of Burrowing Animals — This mandate is fdun both the DEQ and NRC
regulations (e.g., UAC R313-25).

4) Differentiate Mechanisms Controlling Waste Isolatie The Director must consider
natural phenomena and characteristics of the dijsite, and man-made or engineered
features at the facility that contribute to isatatand sequestration of LLRW
contaminants.

Section 5.1.6 of the DU PA Model v1.2 (Neptune 20)ldeefines potentially exposed members
of the general public as thoselio perform activities in the vicinity of the Clifaeility.” For
purposes of DEQ, these persons are those who cobachindgties outside the 90-foot buffer zone
surrounding each disposal cElIEnergyBolutionshas calculated the potential dose to the
following members of the general public at thesmatmns:

Nearby highway (Interstate-80) — 4 km, north

The Knolls Off-Highway Vehicle (OHV) Recreation Ar¢Knolls) - 12 km, west
The nearby railroad (Railroad) - 2 km, north

The Grassy Mountain Rest Area on 1-80 (Rest Ard®) km, northeast

The Utah Test and Training Range (UTTR) access +datmediately, west

Unlike inadvertent intruders who might be exposga lvariety of pathways the site (see
Section 4.3), these listed offsite receptors weseimed by Ener@olutionsto be exposed
primarily to wind-dispersed contamination of radord progeny, for which the inhalation
exposure pathway dominates. DEQ notes that a peeseiving exposure just inside the buffer
zone would be an inadvertent intruder while a perserforming the same actions just outside
the buffer zone would be a member of the publi¢,their exposures would be essentially the
same. As such, while exposure scenarios may béasjspecific regulatory protections and dose
limits are different. It should also be noted tviile Energysolutionsdid not include the
groundwater pathway in its calculation of dosethtogeneral public, DEQ did perform such
analyses and the results are discussed in Secfidh 4

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

12 This 90-foot buffer zone is defined by Part Xtoé Utah Ground Water Quality Discharge Permit.ibyiactive
waste disposal operations, members of the genebdicpare those who do not receive an occupatidoaé (see
UAC R313-12-3).
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Table 4-3 — Annual Mean Peak Doses (TEDE) for Expase 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 2.47E-04

Source: Neptune (2014a), Table 4.

Energysolutionsalso calculated potential doses to industrial woskranch workers, hunters,
and OHV enthusiasts, but because their potent@®xes were assumed to occur on site,
Energysolutionsconsidered them to be inadvertent intruders aman@onbers of the general
public [see the DU PA Model v1.2, Section 5.1.7 §ime 2014a)]. See Section 4.3 for a
discussion of these and other inadvertent intruders

It has been suggested that other scenarios ingplsposures of the general public from future
industrial land development outside the dispogallsbundary are possible. For example, it has
been postulated that existing buildings owned bgrgybolutions but currently not included in
the LLRW surety, could be left standing after fagitlosure, encouraging future industrial use.
It is not obvious what sort of scenario would proelgreater exposures than the chronic
inadvertent intruder industrial scenario developedsponse to Interrogatory CR R313-25-19-
182/2: Groundwater Exposure Pathways. In that seereaworker is exposed to ground surface
contaminated with water extracted from the lowarfoeed aquifer for 2,000 hours per year,
receiving doses from both ground shine and infataieS 2014e). Total doses to an industrial
worker from the chronic inadvertent intruder indigtscenario are minimal—on the order of
6E-05 mrem/yr (see Section 4.3).

The Clive DU PA Model developed by Ene8pjutionsincluded the evaluation of various
potential exposure pathways, including inhalatmd-derived dust, mechanically-generated
dust, and radon), inadvertent ingestion of suramks, ingestion of beef, and external irradiation
(soil and immersion in air).

References
ES, 2014e
Neptune, 2014a

4.2.1 Review of the Radon Pathway

Energysolutionsplans to dispose of the DU below grade and thaogpan embankment, topped
with an engineered cover to minimize infiltrati@aver the DU. The embankment, designated the
proposed Federal Cell, is planned to be approximn&tfeet 4 inches (11 meters) thick and
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consist of clean soil or non-DU material. For thegoses of the present Clive DU PA Model
and this SER, it has been assumed that this nomBtdrial would be nonradioactive (see
Section 3.4). The engineered cover is planned gisbof surface, evaporative, frost protection,
and radon barrier layers, with a total thicknesalmjut 5 feet (1.5 meters). Thus, the disposed
layers of DU waste would be over 41 feet (12.5 msgteeneath the top surface of the proposed
Federal Cell.

With the DU this deep below the surface, it is klly that much, if any, radioactivity from the
DU other than radon would find its way to the sa€faoil or dust during the entire 10,000-year
Compliance Period. The sensitivity analysis presg:im DU PA Model v1.2, Section 6.2.2
(Neptune 2014a) shows that the radon escape-tasptiod ratio (which defines the amount of
radon leaving the waste matrix and entering thdileed porosity of the waste material) is the
most significant predictor of dose and has the ésgsensitivity indeX for dose of all of the
various input parameters. Thus, the general papulaibse during the Compliance Period from
the disposal of DU at the Clive site is very deparidipon the radon flux at the ground surface
of the embankment.

For the calculation of radon flux at the groundface from the decay of Ra-226 in the ground,
the NRC in Regulatory Guide 3.64 (NRC 1989) prodlitiee following equation:

v = (1)

where: J, Radon-222 flux on the waste surface (pCi )

10" = Units conversion (cim’?)

R = Radium-226 concentration (pClg
= Bulk density (g cr)

E = Radon emanation factor (dimensionless)
= Radon decay constant'fs
= 2.1x10° (sh

D = Radon diffusion coefficient (cffs)

t = Thickness of the source (cm)

In Equation (1), the hyperbolic tangent term "~ accounts for the finite thickness of

the Ra-226 source; that is, as the thickness cfdhece material approaches infinity, this term
approaches unity. For the Clive DU PA Model v1ig Ra-226 source would be the DU and the
thickness would be the lower ~8 feet of the propdsedkral Cell that contains the disposed-of
DU.

Furthermore, the International Atomic Energy Age(é&EA) (2013) states that the flux from a
covered radon source may be approximated by Equéjo

13 The sensitivity index represents the portionotéltstatistical variance in the output (i.e., dabat is attributed
to each input parameter.
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Fc = Fsexp(-t/D) (2)
where: Fc = Radon flux on top of the cover (pCfira)
Fs = Radon flux on top of the source (pCfs)
t = Cover thickness (cm)
D. = Radon diffusion length (cm)
D Radon diffusion coefficient (cffs)

Radon decay constant'fs
2.1x10° (sh)

As explained in the DU PA radon diffusion modelnegort (Neptune 2014j), the radon flux at
the ground surface of the embankment was not @kulifrom Equations (1) and (2), above.
Rather, it was calculated using the GoldSim intediffusion process routines. Nevertheless,
DEQ has used Equations (1) and (2) to perform ircoatory analysis of the DU PA Model
v1.2 reported radon flux on the ground surfacéhefambankment.

In order to utilize Equations (1) and (2), it iscessary to know the radon diffusion coefficient
within the waste and cover layers of the embankmi2B0 took three different approaches to
estimate the diffusion coefficients. For the fapiproach, in 2002 Tye Rogers presented a paper
that discussed diffusion coefficients specifichie Clive facility (Rogers 2002). This paper gave
the waste and the cover the diffusion coefficia®$.031 and 0.00064 square centimeters per
second (crfis), respectively.

For the second approach, DEQ used the work of Ragers and K.K. Nielson (1991), who
developed the empirical expression shown in Eqng®) for the radon diffusion coefficient
based on 1,073 diffusion coefficient measurementsatural soils:

D = Dy exp[6m -6m ] (3)
where: D = Radon diffusion coefficient (cffs)
Do = Radon diffusion coefficient in air (0.11 éfs)
= Total porosity (dimensionless)
m = Moisture saturation fraction (dimensionless)
M = Moisture content, dry basis (dimensionless)

The diffusion coefficients in each layer of the weaand cover were determined by DEQ for this
SER using Equation (3).

For the third approach, in its response to Intatoy CR R313-25-7(2)-05/2: Radon Batrrier,
Energysolutionsstated that thediffusion coefficient is calculated as the prodoicthe diffusion
coefficient in free air and the tortuosityand that the air phase tortuosity is simply &efilled
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porosity divided by the total porosity raised te tiwo-thirds power (ES 2014a). Expressed
mathematically, this is:

D = Do G
—_— (4)

where: D Radon diffusion coefficient (cffs)

Do = Radon diffusion coefficient in air (0.11 éfsec)
= Tortuosity in air (dimensionless)
a = Air-filled porosity (dimensionless)
= -M
= Total porosity (dimensionless)
M = Moisture content (dimensionless)
Cf = Correction factor (dimensionless)

As described in Neptune (2014j), spatially-dis@eti models (such as the Clive DU PA Model)
tend to overestimate diffusive flux. This was aaaed for by applying a correction, or
calibration, factor, as shown in Equation (4). Adly, Neptune determined and applied three
correction factors: 0.394 for the waste layers,(below the radon barriers), 0.894 for the radon
barrier layers, and 0.974 for the upper cover layas documented inside the DU PA GoldSim
model itself.

Figure 4-5 presents the radon fluxes at 10,000syelculated via the Clive DU PA Model v1.2
GoldSim file (hereafter “GoldSim v1.2") and via ttieee alternative DEQ approaches described
above:

GoldSim v1.2(blue solid curve in Figure 4-5) — The Clive DU Rivdel v1.2
GoldSim file that was provided to DEQ by Enesgjyutionswas used. DEQ
modified the file in order to save the radon flesults at the top of each waste
and cover layer throughout the embankment, sattiegtcould be viewed, but no
changes were made that would affect the calculat@oin flux.

Air Tortuosity (starred, thin blue curve) — Equations (1) and\{&th the
diffusion coefficients calculated via Equation (#his approach attempts to
match the Clive DU PA Model v1.2 results to deterenwvhether the GoldSim
diffusion routine is performing as claimed in Nepu(2014j).

IAEA Equation (purple curve) — Equations (1) and (2), with théugion
coefficients calculated via Equation (3).

Rogers 2002 orange curve) — Equations (1) and (2), with tiffision
coefficients from Rogers (2002).

For each waste and cover layer of the embanknteayalues for the bulk density, total
porosity, and moisture content for the IAEA Equatand Air Tortuosity approaches were taken
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from the Energ8olutionsGoldSim results. DEQ modified the Clive DU PA Mbu#.2
GoldSim file that was provided by Ene&plutionsso that these parameter values were saved
and could be displayed.

Figure 4-5 — Mean radon flux in the embankment

The first thing to notice about Figure 4-5 is thhtof the calculated ground surface fluxes are
about the same, as shown in Table 4-4 (column 2).

Table 4-4 — Summary of Radon Flux Analyses

Calculated Radon Flux (pCi/nf-s)
On Top of ET Cover
Case At Ground Othepr On Top of | Attenuation
Surface DU
Waste
GoldSim v1.2 0.0025 0.0057 605 2.3
Air Tortuosity 0.0022 0.0076 605 3.4
IAEA Equation 0.0025 0.033 1,570 13.0
Rogers 2002 0.0031 0.21 1,960 70.0

Second, there is a large difference between thd$wil v1.2 radon attenuation in the ET cover
and the ET cover attenuation calculated by eithedAEA Equation or Rogers 2002. For both
the IAEA Equation and Rogers 2002, the attenugtrowided by the radon barrier layers is
clearly shown in Figure 4-5, but for the GoldSim2/there is virtually no attenuation by the
radon barrier layers [Table 4-4 shows only an at¢ion of 2.3 (i.e., 0.0057 picocuries per
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square meter per second [pCifg} + 0.0025 pCi/ms) for GoldSim v1.2]. In fact, close
examination of the Figure 4-5 GoldSim v1.2 curvevg$ that there is less attenuation per unit
thickness in the radon layers than there is inthste layers. This is due to the different
correction factors that EnergglutiongNeptune calculated and applied (i.e., 0.394 fertlaste
layers and 0.894 for the radon barrier layers)Badation (4)'s linear relationship between
moisture content and diffusion coefficient. In atherds, the increase in the correction factor
more than compensated for the increase in the oreisbntent.

Third, because the IAEA Equation curve is basedaloulated diffusion coefficients using
Equation (3) and the diffusion coefficient for tRegers 2002 curve is simply a fixed value,
DEQ believes that the IAEA Equation radon flux ismnrepresentative of the conditions at the
proposed Federal Cell.

The Air Tortuosity curve in Figure 4-5 agrees weith the GoldSim v1.2 radon flux, indicating
that GoldSim v1.2 is performing the calculationgiascribed in the Clive DU PA Model v1.2
documentation (Neptune 2014j).

As discussed elsewhere in this SER (e.g., Sectiby) here remains considerable uncertainty
regarding the functionality of the ET cover. As siman Table 4-4, in the GoldSim v1.2 and
IAEA Equation cases, the ET cover radon attenudtotors were calculated to be 2.3 and 13,
respectively. If it is assumed that the ET coveermmoved in its entirety, then the ground surface
radon fluxes would increase by a factor of 2.32rS3ince the general population doses reported
in Table 4-3 are all several orders of magnitudev¢he 25 mrem/yr limit, completely

removing the ET cover would not affect the sitdddity to meet the UAC R313-25-20 (10 CFR
61.41) criteria, and this conclusion remains vadigardless of the ET cover’s functionality, or
lack thereof. Additionally, if the ET cover werelte removed or were to prove ineffective at
minimizing infiltration, this would result in highenoisture levels within the material placed
over the DU waste (shown as “LLW” in Figure 4-5hieh in turn would act to reduce the
ground surface radon flux.

References
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4.2.2 Groundwater Pathway

Energysolutionsdid not evaluate any exposures pathways for thergé public involving
groundwater ingestion. The groundwater from bothupper and lower aquifers beneath the site
contains very high levels of total dissolved soli@iBS); i.e., the upper, unconfined aquifer TDS
concentration ranges from 32,000 milligrams per I{mg/L) to 74,000 mg/L, while the lower,
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confined aquifer TDS concentration is typically ab@0,000 mg/L (ES 2012a). Thus,
Energysolutionsconcludes that groundwater around the site ipatatble and, therefore, the
groundwater ingestion exposure pathway does nat tieke evaluated. DEQ has questioned this
conclusion and points to the fact that public watguply systems are currently registered with
the Utah Division of Drinking Water, including fotacilities in Tooele County, near Clive,

which already rely on reverse osmosis (RO) treatrteesupply industrial or commercial water
from the groundwater (Edwards 2014). At least tivthese facilities have used the treated
groundwater for culinary purposes and drinking. €smuently, DEQ evaluated exposures to the
general public from the groundwater pathway.

As noted previously, the second requirement of URZ13-25-20 is thatNo greater than 0.04
mSyv (0.004 rem) committed effective dose equivaleotal effective dose equivalent to any
member of the public shall come from groundwateEQ evaluated both the shallow and deep
aquifers, and found that the yield of the shallawiter is so limited, due to its low permeability,
that a private homeowner or a public drinking watgstem would not be able to pump enough
shallow groundwater to supply its daily needs. Assalt, DEQ has decided to evaluate the deep
aquifer for 10,000 years to determine whether éixgbsure pathway is in compliance with the
4 mrem/yr dose limit in UAC R313-25-20 as it applte a general member of the public. An
individual member of the general public could bpased to DU-contaminated groundwater at
Clive from a well located outside the buffer zooebeyond 90 feet. These calculations are
described below.

To examine the importance of the groundwater pagh@W&Q preformed a simple deterministic
calculation of the dose that an individual wouldei®e who consumed treated groundwater from
a well located 90 feet (27 meters) from the tothefFederal Ceft? The well was assumed to be
drilled through the upper, unconfined aquifer ami ithe lower, confined aquifer, but some
leakage along the borehole casing from the upp@feagvas assumed to contaminate the lower
aquifer during pumping episodes. As explained iergySolutions(2014€), the amount of
leakage was calculated using the Dupuit-Thiem eguafor the ingestion pathway, DEQ
assumed that the water would be treated by ROdiacee TDS to potable levels as is currently
done at several nearby sites. It was assumed tiniagdemoval of the dissolved solids to
achieve levels acceptable for potability, the déaornation factor for dissolved radionuclides
was 10. EPA studied the efficacy of point-of-use &ils for households and determined that
radium and uranium are effectively removed by RBAR005). For example, Clifford (2004)
reported >99 percent removal of radium and uraninmanother study, Lewis et al. (2006)
reported removal of uranium to <0.1 microgram pter (Lg/L). While the RO process is
effective at removing some types of radionuclidg.(garticulates), it is ineffective at removing
gases, such as radon. However, since radon doesmiibbute significantly to the water
ingestion exposure pathway, this is not a concarhis calculation.

14 At this location, the individual could be eithar inadvertent intruder or a member of the public.
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In February 2014, the NRC approved publicationroN&C staff alternative to modify 10 CFR
Part 61 specifically to address the disposal ofjitmed radionuclides, such as DU. Unlike the
two-tier approach of UAC R313-25-9(5)(a), the apaabdraft Part 61 alternative is based upon
a three-tiered approach: (1) Compliance Periodinigd,000 years, with a general population
dose limit of 25 mrem/yr; (2) Protective Assuraiaiod, from 1,000 to 10,000 years, with a
500 mrem/yr general population dose limit; andR8)formance Period, for time greater than
10,000 years, requiring a qualitative analysis,fmutose limit (NRC 2014b, 2014c, 2014d).

In anticipation of the modified 10 CFR Part 61, @®svere evaluated for three periods: 0-500
years, 0-1000 years, and 0-10,000 years, for botledhtaining contaminants associated with
recycled uranium and DU with no such contaminadDEsQ considered two scenarios for this
treated groundwater from the lower aquifer: onegteemember of the public consumes 3 liters
(L) per day*® and one where a maintenance worker handles the tject stream from the RO
unit. The results are summarized in Table 4-5.

Table 4-5 — Calculated Doses Due to the Lower Aqeif Groundwater Pathway

Peak Dose — Based on Mean Groundwater Concentratigmrem/yr)
Time Period: 0 500 years 0 1,000 years 0 10,000 years
Exposure Dy All DU Rel\c13c|e All DU Rel\c13c|e All DU Rel\c13c|e
Acute Exposure of Well Driller 8.9E-09 9.0E-21 1-8E | 4.0E-15 1.7E-06 6.6E-09
Chronic Industrial Worker Exposure 4.3E-017 4.3E-198.8E-06 1.9E-13 8.4E-05 3.1E-06
Chronic Ingestion of Groundwater 7.3E-04 1.1E-15 5E102 5.1E-10 1.4E-01 4.7E-03
Chronic Exposure to RO Brine 8.2E-0f 8.2E-19 1.BE{0 3.7E-13 1.6E-04 5.9E-06

In the case of the 0-500 year and the 0—1,000rgealts, the peak dose occurred at the end of
the period. For the 0—10,000 year period, the A" dose occurred at about 3,500 years and at
10,000 years for the “No Recycle” dose. The higleaftulated dose was 0.14 mrem/yr for a
person consuming the treated well water. It shbeldoted that the All DU dose at 3,500 years
is about 30 times greater than the No Recycle db$6,000 years. This emphasizes the
importance for keeping doses as low as reasonahlevable (ALARA) of not accepting DU
with contaminants from recycled uranium. As disedlsslsewhere in this SER, there remains
much uncertainty regarding the performance of the&ver to reduce infiltration into the
embankment. Should the resolution of these uncgig¢airesult in a revised embankment
infiltration rate, the Table 4-5 doses would chanigee impact of the infiltration rate on the
Table 4-5 ingestion dose is presented below irdibeussion of Figure 4-7.

Figure 4-6 shows the behavior of significant grouatér contaminants over 10,000 years.

15 EPA has proposed in the Draft 2014 Update of Huktealth Ambient Water Quality Criteria (EPA-820LB-
003) that the default drinking water intake ratarimgeased to 3 L/day (EPA 2014a).
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Figure 4-6 — Time-dependent lower aquifer groundwadr ingestion dose
At 10,000 years, Tc-99 is still the dominant cdmitor to dose.

Based on this model and assuming standard anndget e@sumption levels, ingestion doses are
well within the general population limit of 4 mreynspecified for the groundwater pathway in
UAC Rule R313-25-20. It is recognized that thisiumblal is located at the edge of the site,
close to the embankment, and not at any of thesipexified offsite locations considered by
Energysolutions however, due to dispersion within the groundwatex groundwater ingestion
dose at any more distant offsite location woulddss than this very small boundary dose
estimate. It is also recognized that a charact#sizgprogram needs to be established to gain a
better understanding of the spatial and temporaladteristics of the hydrogeologic system. A
summary of DEQ’s current understanding of the degfrogeology is presented in Appendix H.

One could argue that this calculation understdtesisks from groundwater ingestion because
there could be multiple wells or aquitard discoutiies that could increase the contaminant
concentration in the lower aquifer. However, timeifing contaminant concentration in the lower
aquifer is the concentration in the upper aquiddtQ examined this limiting case in a White
Paper, “Groundwater Pathway Doses, Part 2, RevisigMarschke 2015). Section 3.0 of that
paper states:

Obviously, the lower aquifer water cannot be mayetaminated than the upper
aquifer water. Table 3 presents the doses to atingbical upper aquifer
groundwater user for each of the four exposure aes in Table 2, three time
periods, and two source terms.
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Again it is stressed that the upper aquifer dogspnoduce sufficient water to be
a productive source of water, and that the dospsnted in Table 3 are extreme
upper bound estimates. However, it is instructovadtice that even though the
Table 3 doses are upper bound estimates, theylbfwith one exception) below
the R313-25-19 dose from groundwater limit of 4mifge. The All DU doses
exceed the limit for the Chronic Ingestion of Grdwater pathway for the 0-
1,000 years and @0,000 years time periods....

Because the upper aquifer cannot support a prodaatiell, in order for the well

to produce sufficient water some quantity of loaguifer water would need to be
added to the upper aquifer water. This additiotoefer (i.e., clean) aquifer

water would dilute the radionuclide concentrationthhe well water below the
upper aquifer concentration, with a correspondirggitase in the doses received.

To provide additional perspective on the signifcaof the groundwater ingestion pathway,
DEQ performed a bounding calculation in which itsvessumed that the yield from the upper
aquifer was sufficient to provide enough waterupmort a household. As discussed above, this
scenario is bounding because the yield from theeupquifer is not sufficient to support such a
scenario. This calculation, which is summarizedaible 3 of Marschke (2015), shows that for
time periods up to 10,000 years, a 1:11 dilutionmder to lower aquifer water is necessary to
reduce the calculated dose to below the UAC R312280ose-from-groundwater limit of

4 mrem/yr. However, if disposal of DU-containingyeled uranium is not permitted as
proposed in this SER, then the bounding undiluigaeu aquifer groundwater ingestion dose is
1.4 mrem/yr, which is below the UAC limit.

Figure 4-7 — Ingestion dose at 10,000 years versuoSltration rate
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As discussed below in Section 4.4.1, there is nunddertainty regarding the infiltration rate that
was utilized in DU PA v1.2. Figure 4-7 shows how tialculated chronic groundwater ingestion
dose would vary as a function of the infiltratiate, with all other parameters remaining the
same as for the Table 4-5 and Figure 4-6 dosesnWikeging Figure 4-7, keep in mind that the
mean infiltration rate used in DU PA v1.2 was 008#n/yr (see Section B.7, page B-11).
Figure 4-7 shows that, if the infiltration rate erds 1.16 cm/yr, the chronic groundwater
ingestion dose from this exposure pathway woulceddhe UAC R313-25-19 groundwater
exposure dose limit of 4 mrem/yr.

DRC has approved a rock armor cover for the CAW &eClive (ES 2013b):

the proposed CAW embankment cover is a multi-lsygtem consisting from bottom
to top of a two-component compacted clay radonibara lower granular filter zone
(“Type B” Filter Zone), a sacrificial soil layer, mupper granular filter zone (“Type
A” Filter Zone), and an erosion (rock riprap) baeri layer.(URS 2012)

The average infiltration rate through the top slopthe approved CAW rock armor cover is
0.09 cm/yr, while through the side slopes the imf&168 cm/yr (URS 2012, Table 4-9). These
infiltration rates were based on studies reponed/hetstone Associates (2011).

It is recognized that, although the rock armor cdwaes been approved for the CAW Cell,
Energysolutionsand DRC are evaluating an alternative ET covetiferCAW Cell with
expected improved performance. Nevertheless, fileration rates for the DRC-approved CAW
rock armor cover should provide a reasonable uppend for the ET cover proposed for the
Federal Cell, and Figure 4-7 shows that the CAVK arenor infiltration rate would result in
groundwater ingestion doses that are below the BAC3-25-19 dose limit.

The final requirement of UAC R313-25-20 is thREeasonable efforts should be made to
maintain releases of radioactivity in effluentghe general environment as low as is reasonably
achievable’ For the ALARA objective, the DU PA Model v1.2 @uated the estimated dose to
the entire population of ranch workers, huntersl, @iV enthusiasts over the 10,000-year
Compliance Period. There is a bit of a disconnetivben the ALARA evaluation and the
general population dose, because for the ALARAwat&n, ranch workers, hunters, and OHV
enthusiasts are included, but for the general @tjoul dose, they are considered to be
inadvertent intruders rather than part of the gaen@wpulation. Nonetheless, ranch workers,
hunters, and OHV enthusiasts are likely to be nidésiduals who would receive the largest
exposure; therefore this disconnect results innsexvative ALARA evaluation. Over the entire
10,000-year Compliance Period, the mean populalose was reported in the DU PA Model
v1.2, Table 8 to be 1.56 person-rem.

DEQ recognizes that this 10,000-year populatioredzsgimate is very small. However, the
remoteness of the site was one of the reasonedatihg the disposal facility there in the first
place; i.e., most of the immediate area is unirtedbiAt the time of the 2010 Census, the closest
resident lives roughly seven miles to the northeaste site and acts as a caretaker for the rest
stop just off I1-80. The largest group of people§vi8 to 80 miles to the east and southeast of the
site in the Tooele-Grantsville area. Furthermdre, Tooele County Commission has designated
the area around the Clive site as a hazardoustiekizone. This designation prohibits all
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residential housing in the vicinity of the Clivaesialthough it cannot be relied upon to limit the
population past the 100-year institutional carequer~or all of these reasons, the DU PA Model
v1.2 population dose estimate is acceptable.

In the DU PA Model v1.2 ALARA evaluation (Neptun@12a), a monetary value of $1,000 per
person-rem without discounting was utilized. Thasue is not consistent with NRC policy. As
stated in NUREG-1530 (NRC 1995) and included insiems of NUREG/BR-0058 (NRC
2004), the NRC'’s policy is to use a value of $2,p@0 person-rem for ALARA determinations.
In addition, NUREG/BR-0058, Revision 4, requireatttvhen intergenerational consequences
are involved, lower discount rates (including paily no present worth, or zero percent)
should be used. DEQ believes that En&ajutionsshould have utilized the $2,000 per person-
rem without discounting—the latest guidance froeNRC. Additionally, the DU PA Model
v1.2 ALARA analysis did not include doses to IndigtWorkers, who were introduced by
Energysolutions(2013b, Section 2.6.3). Since the Industrial Wod@se is based on the Ranch
Worker dose, which contributes less than 25 pertetite population dose, it is not expected
that the Industrial Worker would contribute morani25 percent to the total population dose.
Nevertheless, because the calculated populationsexe is so small, doubling it to account for
$2,000 per person-rem and increasing it to accfmuribdustrial Workers would make no
difference in the conclusion that the radioactiétfluents are ALARA.

Conclusion: As discussed elsewhere in this SER, there remauth mncertainty regarding the
performance of the ET cover to reduce infiltratioto the embankment. Nonetheless, based on
the DU PA and DEQ contractor calculations summadrinehis SER, DEQ concludes that the
design of the proposed Federal Cell provides adeqratection of the general population from
releases of radioactivity from disposed DU wasteegsiired by UAC R313-25-20. This
conclusion is contingent upon the belief that, @ligsh the infiltration rate may increase once all
of the ET cover concerns have been resolvedunlikely that the increase will be significant
enough to cause the doses reported in this sectiexceed the UAC R313-25-20 limits.
However, should the resolution of the ET cover eons result in an infiltration rate of 1 cm/yr,
or greater, then this conclusion will need to besieed. Furthermore, a characterization program
needs to be established to gain a better understpotithe spatial and temporal characteristics
of the hydrogeologic system, specifically the lowenfined aquifer.
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4.310 CFR 61.42 — PROTECTION OF INDIVIDUALS FROM INADV ERTENT
INTRUSION (UAC RULE R313-25-21)
UAC Rule R-313-25-21, “Protection of Individual®fn Inadvertent Intrusion,” states:

Design, operation, and closure of the land dispdaaeility shall ensure
protection of any individuals inadvertently intradiinto the disposal site and
occupying the site or contacting the waste afteéivaanstitutional controls over
the disposal site are removed.

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

(b) Analyses of the protection of inadvertent idets shall demonstrate a reasonable
assurance that the waste classification and sedregaequirements will be met and that
adequate barriers to inadvertent intrusion will peovided.

UAC Rule R313-25-2, “Definitions,” defines an “inagttent intruder” asé person who may
enter the disposal site after closure and engagectivities unrelated to post closure
management, such as agriculture, dwelling consioactor other pursuits which could, by
disturbing the site, expose individuals to radiatidn 10 CFR 61.2, “Definitions,” the NRC
defines an inadvertent intruder asgerson who mighiccupythe disposal site after closure and
engage in normal activities, such as agricultureetling construction, or other pursuits in
which the person might henknowingly exposed to radiation from the wasemphasis added).
Although the definitions are similar, there aretsidifferences. For DEQ’s purposes, the
inadvertent intruder will be considered to be or®wccupies the site and is unknowingly
exposed. DEQ believes that this assumption is mamservative, resulting in higher exposures
to radiation. Because of the site’s semi-arid amate nature and designation as a hazardous
industries zone, occupying the site will be limitedndustrial activities and not full-time
residency or agricultural use of nearby lands.

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

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

“Disposal site” means that portion of a land dispds&ility which is used for
disposal of waste. It consists of disposal unitd artbuffer zone.

Thus, the disposal site does not include the @ntoka land disposal facility but rather only the
disposal units and their buffer zones. Also, “baanycf the site” for the Clive site has been
defined pursuant to the Radiation Control Act [U@&dde Annotated (UCA) 19-3-105] and
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previous gubernatorial and legislative approvabastion 32. Inside Section 32, the buffer zones
for each disposal cell are defined by the GWQ Pewsek Part 1.D, Tables 2A, 2B, and ZC.
Under these DEQ-approved EneSgyutionsengineering drawings, a 90-foot buffer zone is
defined for each disposal cell at Clive. Betweendlsposal cells, the individual 90-foot buffers
are contiguous, leaving a 180-foot separation matky. For the proposed Federal Cell, this
180-foot separation will exist on the north margetween the Federal Cell and the CAW Cell.
However, on the east margin, this separation distietween the waste in the Federal Cell and
the waste in the 11e.(2) Cell would be 50 feet [E&wing No. 14003-V3A(1)].

For purposes of DEQ’s DU PA review, any future isiial-related human activity within the
confines of the proposed Federal Cell and its butme will be considered as site intrusion.
Conversely, future activities on other parts of Bmergysolutionsland disposal facility do not
constitute human intrusion for DEQ’s DU PA modeliesv but instead are to be considered as
sources of possible releases to the general populander UAC R313-25-20 (see Section 4.2).
Under this requirement, dose limits to an individme@mber of the public are 25 mrem/yr (whole
body), 75 mrem/yr (thyroid), and 25 mrem/yr (angaor), with a no more than 4 mrem/yr dose
from groundwater sources. This is also true fofaadtl outside of Section 32.

Because a large number of inadvertent intruderascencan be envisioned, the NRC has
provided guidance to limit speculation. As statgdhe Performance Assessment Working
Group (PAWG) in NUREG-1573 (NRC 2000, p. 3-10 adgt 1

The overall intent is to discourage excessive daéion about future events and
the PAWG does not intend for analysts to model-teng transient or dynamic
site conditions, or to assign probabilities to naiuoccurrences. In developing
this “reference natural setting,” changes in vegeata, cycles of drought and
precipitation, and erosional and depositional preses should be considered;
future events should include those that are knanactur periodically at the site
(e.g., storms, floods, and earthquakes). It mustrbphasized that the goal of the
analysis is not to accurately predict the futuret to test the robustness of the
disposal facility against a reasonable range ofgmial outcomes. The parameter
ranges and model assumptions selected for the LaWIgpvel waste]
performance assessment should be sufficient taimafite variability in natural
conditions, processes, and events.

Consistent with the above, consideration givermeissue of evaluating site
conditions that may arise from changes in climatée influences of human
behavior should be limited so as to avoid unneagssaeculation.... Therefore,
PAWG recommends that new site conditions that mag directly from
significant changes to existing natural conditiopgycesses, and events do not
need to be quantified in LLW performance assessmedeling.... With respect
to human behavior, it may be assumed that curedllland-use practices and

16 Related Permit requirements are also found itsRat.1(f and g), Table 7, 1.D.5, and Table 3.
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other human behaviors continue unchanged througtimutiuration of the
analysis. For instance, it is reasonable to asstimaé current local well-drilling
techniques and/or water use practices will be fotld at all times in the future.
Finally, the disruptive actions of an inadvertentruder do not need to be
considered when assessing releases of radioactffityite.

As reported by Ener@polutionsin its response to Round 1 Interrogatory CR R33:381)(b)-
07/1 (ES 2014d):

Archeological surveys of the Clive area performed981. ...found no evidence
of long term residential or agricultural resourcges. A similar cultural and
archaeological resource survey was conducted inl2@i9a land adjacent south
to Section 32[ES 20134a). In addition to the new survey, Sagebrush’s (2001
report also summarized five additional cultural @esce inventories performed
within a mile of the subject area, between theinaf1981 and 2001studies. In
all surveys, Sagebrush reported no paleontologioahistoric, or historic
resources were discovered in the survey area.dn fe evidence has been
discovered that suggests the Clive facility has been inhabited or developed
for agriculture by permanent residents in the gasbbably due to unfavorable
conditions for human habitation).

A 500-mrem/yr inadvertent intruder dose standasiideeen proposed by NRC staff in a
July 18, 2013, recommendation to the CommissionGNFECY-13-0075, pp. 4-6; NRC
2013Db). In a February 12, 2014, order to the NR«if,ahe Commission approved this
approach; among other issues (SECY-13-0075/RINNBIR; NRC 2014b).
Consequently, DEQ has determined that the com@i#imeshold for inadvertent
intruder exposure will be 500 mrem/yr or less. Tdpproach is also consistent with the
inadvertent intruder dose limit in the 1981 NRGft Environmental Impact Statement
on 10 CFR Part 61 Licensing Requirements for Lamsp8sal of Radioactive Waste
NUREG-0782 (NRC 1981; see Vol. 2, Section 4.5.1,49p4 through 4-56).

Based on the above NRC guidance, current locallesedpractices, and recent
Energysolutionsarcheological survey work, DEQ has determined fibrathe first
10,000 years after site closure, the DU PA Moddllvé limited to examination of the
following inadvertent intruder scenarios/conditions

1) Excavations on the Disposal Cel The Federal Cell that Eneigglutionsproposes to use
for disposal of DU waste is designed to have arc&7r that includes five layers (see
Section 3.4 for a full description of the layermeptune 2014Kk).

DU waste in the proposed Federal Cell will be ledadt or below the level of the original
grade at about 4,270 ft-amsl. Under the ET cower[IU waste will be covered by other
LLRW or other materials varying in thickness frof et at the ridgeline of the cell to

27 feet at the shoulder point where the top slapaks to the steeper side slope

(Neptune 2014f). Thus, an inadvertent intruder woded to penetrate 5 feet of ET cover
and from 27 to 45 feet of other materials befoeehing the DU waste. Consequently,
temporary shallow intrusion excavations (e.g., gatian of a building basement) would not
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2)

3)

4)

penetrate to the DU wasteDEQ considers this scenario, which is equivalerihe NRC
intruder discovery scenario, to be insignificantthat the dose to the inadvertent intruder
would be low. As shown in Table 4-6, the dose tonalustrial worker on the site is 2.4E-02
mrem/yr. If the excavation removed the ET coverally the radon flux (and hence the
exposure) would increase by a factor of 13 baseith®hAEA approach presented in Table
4-4 to a level of 0.3 mrem/yr. If the depth of teenporary excavation was 20 feet, it can be
deduced from Figure 4-5 that the dose at the botibtine excavation would be about

18 mrem/yr [based on an annual exposure of 2.008shzer year (hr/yr), which is
unrealistically long for an intruder-discovery saan].

Sand, and Clay Mining on the Disposal Cel Similarly, if an inadvertent intruder were
exploring for sand and clay by trenching into tigpdsal cell cover, he would soon realize
that economic quantities of sand and clay wergregent and cease his activities. Under
such a scenario, he could receive a limited inadwnéexposure. Quantification of this
exposure would be necessary if Ené&glutionsdecides to bury “other waste” above the DU
waste as discussed in Section 3.4 of this SER. &addlay would be present in portions of
the cover system, where they could be harvestely @asl economically by individuals
unaware of resulting potential impacts on radiatagjdose, but an intruder at that location
would receive an exposure that is only a fractibthe 500-mrem limit (see Section 4.2 and
Table 4-4). Shallow intrusions could have second@ansequences, such as locally
increasing the water infiltration rate into the teasr increasing the radon flux at the surface
in areas where the cover was disturbed by thedettu

Dwelling Construction and Full-time Occupation on te Disposal Cell Dwelling
construction on the disposal cell and full-time woation were not considered in the DEQ
review of the DU PA Model v1.2 due to the lack asphuman habitation at Clive, as
demonstrated by recent EneBpjutionsarcheological studies. In addition, as noted e th
passage from NUREG-1573 quoted aboW¥ith respect to human behavior, it may be
assumed that current local land-use practices at@mohuman behaviors continue
unchanged throughout the duration of the analy$dRC 2000). Since the area around
Clive is defined as a hazardous industries zongevtesidential dwellings are not permitted,
the NUREG-1573 guidance provides another argunoeréxcluding dwelling-related
scenarios.

Industrial Building Construction on the Disposal Cdl — Under this scenario, which was
introduced by Enerd@yolutions(2013b, Section 2.6.3), a building is construaadhe

disposal cell for an industrial purpose, and woskmscupy it for as many as 8 hours a day or
about 2,000 hr/yr. Typical industrial building ctmgtion involves erecting a structure on a
concrete pad. As such, the upper and lower radoretmwould not be disrupted, and
exposure from penetrating radiation would be négkgdue to the large amount of material

17

As mentioned above, dwelling construction anditfale occupation were not considered in the DEQew of
the DU PA Model v1.2.
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5)

6)

between the bottom of the concrete pad and theftdpe DU waste. The pad itself would
provide additional shielding.

Exposure Under Nearby Drilling-Related Conditions— The radiation dose consequences
of deeper inadvertent intrusions have been modedquhrt of the DU PA evaluation process
(Rogers 2014). Ener@plutionsconsidered two exposure scenarios (acute andichron
related to drilling for water into the lower condidh aquifer (to a depth of 171 meters or about
561 feet) over times up to 10,000 years after ckoas follows:

A) Intruder — Deep Well Scenario— The lower aquifer was assumed to become
contaminated by leakage from the DU waste throbghupper aquifer that allowed
contamination to move downward through impropeésled boreholes, deteriorated well
casings, or flaws in the underlying strata. The aeted well was located at the edge of the
proposed Federal Cell site and within the bufferezdl his virtual well was located
27 meters (90 feet) from the outermost edge oivaagte embankment (approximately
240 feet from the edge of the DU waste). The clirerposure scenario assumed that the
lower aquifer was contaminated by leakage fromuibyger, unconfined aquifer and that
the contaminated water was pumped to the surfatesed for dust suppression. As
described by Rogers (2014), contamination trandpamt the shallow aquifer to the
lower confined aquifer was calculated using Duflieim’s method (Freeze and Cherry
1979). The volume of water produced from the skabguifer is based on steady-state
pumping to achieve a specified cone of depres#iatilution factor was obtained by
dividing this flow rate by the flow rate from theeWdrilled into the lower aquifer that
serves as the conduit to transport contaminatighdsurface. Exposure pathways
included external exposure from contaminated sagand inhalation of radionuclides
suspended in the air. In the chronic exposure siceriae industrial worker is exposed
for about 2,000 hr/yr.

B) Intruder — Driller Scenario — Under this scenario, a borehole is drilled ireatkntly
through the proposed Federal Cell, and drill cgiare brought to the surface to expose
drill-rig workers. In the acute exposure scenatie, well-driller is exposed to external
radiation from the drill cuttings and inhalationadntamination from airborne cuttings
during the drilling process.

For both scenarios, the annual doses were veryilewless than I®mrem/yr), as
compared to an NRC-proposed limit of 500 mrem/yrifi@advertent intrusion. Details are
provided in Table 4-6.

Ingestion of Groundwater— The groundwater from neither the upper nor loaerifers is
potable without treatment because of very highlegéTDS. The TDS for the upper aquifer
is about 40,500 mg/t2 while the lower aquifer contains greater than @0,mg/L*° (ES

18

Section 3.4.2.2, page 11, of the Conceptualddel report (May 28, 2011) (Neptune 2011a) stttas
Brodeur (2006) reports that groundwater beneatlCthe site has a TDS content of 40,500 mg/L. Tibikairly
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2012a). It is possible that the water could be eeed potable by treatments such as RO.
Energysolutionsargues that a person who treats raw water to eelpietability is not an
inadvertent intruder. Because the intruder undedstéahe use of sophisticated technology to
treat the water, she would also be aware that #terveontained radionuclides.
Energysolutionsargues that, therefore, intrusion into the wastehtain water for treatment
is advertent. However, this line of reasoning igisathe fact that knowledge of water
treatment to reduce TDS does not necessarily cerkmmwledge that the water may contain
radionuclides, such as Ra-226, as would be theitasitutional knowledge of the
repository were lost. Conceptually, this can hapgpiger the 100-year institutional control
period, required by UAC R313-25-29, expires). Autatially, well testing for radioactivity is
currently beyond local government testing requinetséor groundwater use applications.
On the other hand, it should also be noted thatrivent of the water to remove dissolved
solids will also remove many radionuclides, thudu@ng, but not eliminating, potential
ingestion exposures.

For this DU PA review, DEQ made a simple scopinguation to show that exclusion of
the ingestion pathway would not understate dosessignificant way. For the ingestion
exposure pathway, the same En&glytionswell model developed for chronic exposure and
described in list item 5A) above was used. The mwates assumed to be treated by RO to
reduce TDS to potable levels. However, it was atswservatively assumed that the
decontamination fact8tfor the radionuclides was 10. Because higher decgination

factors may be required to meet TDS standardsarti@unt of radioactivity removed is likely
understated. Based on this model and assumingasthadnual water consumption levels,
ingestion doses were very small: less than 0.2 tyreffhhis value is well below the
inadvertent intruder dose limit of 500 mrem#ygs well as the general population dose limit
of 4 mrem/yr specified for the groundwater pathway AC R313-25-20. These
conservative bounding results are also includethinle 4-5 (Section 4.2) under “Chronic
Ingestion of Groundwater.”

As previously stated, the upper aquifer does nadypee sufficient water to be a productive
source of water. Nonetheless, Section 4.2.2 surassd calculation that shows that a

19

20

21

consistent with mean TDS values in groundwater nteplcdo DRC for monitoring wells at the site, which
average 42,237 mg/L (ES 2013d).

Based on two samples from EneBgyutionsdeep monitoring wells GW-19B and I-1-100 collecited 991

(both 100 feet deep); see the October 9, 1991, HaimgEnvironmental Hydrogeologic Report, Appendix C.
The decontamination factor is the ratio of theewvaoncentrations prior to and after processingutth the RO
unit.

DEQ has determined the 500 mrem/yr maximum dagéfor an inadvertent intruder to be acceptabkesed on
the 1981 NRC draft environmental impact statemsae; NUREG-0782, Vol. 1, p. 29 (NRC 1981) and pregdos
NRC revisions to 10 CFR 61. Use of this value issistent with the requirements of UAC R313-25-Hb)(n
which the Director is authorized to rely on “ongpiguidance and rulemaking from NRC.”
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significant amount of upper-to-lower aquifer lea&gvould need to occur before the dose
due to the ingestion of groundwater would exceedtAC R313-25-19 dose-from-
groundwater limit of 4 mrem/yr. Also, if disposdlDU-containing recycled uranium is not
permitted as proposed in this SER, then the uratllupper aquifer groundwater ingestion
dose is calculated to be below the UAC limit.

If the water is treated by RO to achieve potahilite reject stream from the RO process
creates another exposure pathway: the reject btiram contains most of the dissolved
solids. The same basic model (e.g., upper aquidenmconcentration, mixing with the lower
aquifer, exposure pathways, exposure times, etassad for the chronic industrial worker
exposure scenario was used to calculate exposwresliie reject (brine) stream, except that
the water radionuclide concentrations were muégbly a concentration factor to account
for the effect of the RO unit. The concentratioctéa was determined as shown in

Equation (5) below:

Cg = ! (5)
where: Cg = Brine flow concentration factor
= 19
DF = RO unit decontamination factor
= 10 (assumed)
fs = Brine flow fraction

0.50 (assumed)

As with the other scenarios, the doses from thectejtream were very small, with mean
values less than Tomrem/yr. The results are included in Table 4-5anrf€Chronic Exposure
to RO Brine.”

The results in Table 4-5 are based on the samelrasdkescribed in Rogers 2014, but DEQ
extended the results to 10,000 years. Since proigegsowth would be greater, the number
of radionuclides was increased to cover the sigguifi uranium daughter products. Results
are included in Table 4-5 and indicate that dosesain very low for up to 10,000 years.

7) Other Intruder Scenarios — Energyolutionsdeveloped several additional inadvertent
intruder scenarios based on expected activitifseasite. These included ranch workers,
hunters, and OHV enthusiasts who may enter theafige active institutional controls are
defunct. Scenario details are provided in Apperidixto the DU PA Model (Neptune 2014l).

Table 4-6 summarizes results from these scenaassdoon modeling exposures over 10,000
years (Neptune 2014a, Table 4). En&gltionsalso included an industrial worker in the

%2 The leakage would need to be large enough sdttedower aquifer water would be composed of Eeetror
more of leaked upper aquifer water.

FINAL 67 April 2015



EnergySolutions LLRW Disposal License — Conditisn 3

(RML UT2300249)

Safety Evaluation Report

November 2013 revised Compliance Report (ES 20i53bed prior to the DU PA Model

v1.2 final report. The industrial worker was assdrtiebe exposed to the same pathways as

the ranch worker, but his exposure was 2,000 hoerryear, as opposed to the exposure
times given in Appendix 16, Table 80 (Neptune 2QXdcthe ranch worker. Since the
industrial worker’s dose was calculated by En&agytionsprior to version 1.2 of the DU
PA, this dose was adjusted by DEQ based on the e&the ranch worker exposure in
versionl.2 versus 1.0 of the DU PA.

Table 4-6 — Annual Peak of Mean Doses (TEDE) for Erosure to Inadvertent Intruders
Operating on the Proposed Federal Cell Disposal ®&t(simulation period = 10,000 years)

Peak of Mean TEDE

Inhalation of radionuclides suspende

Inlz;l](tjr\l/f(:jréerznt Exposure Pathways Considered (mrem/yr)
All DU No Recyclé
Ranch Worker (ES) Ingestion 1.63E-02 1.63E-02
Inhalation (peak at (peak at
External radiation 10,000 years)| 10,000 years)
Hunter (ES) Ingestion 7 99E-04 7.99E-04
Inhalation (peak at (peak at
External radiation 10,000 years)| 10,000 years)
OHYV Enthusiast (ES . |ngestion 1.27E-03 1.27E-03
Inhalation (peak at (peak at
External radiation 10,000 years)| 10,000 years)
Industrial Worker Ingestion 2 40E-02 2. 40E-02
(ES) Inhalation (peak at (peak at
External radiation 10,000 years)| 10,000 years)
Acute Inadvertent External exposure from unshielded 1.7E-06 6.6E-08
Well Driller (ES) contaminated drill cuttings pile (peak at (peak at
Inhalation of contaminated cuttings | 3.500 years) | 10,000 years)
Chronic Inadvertent External exposure from photon- 3.1E-06
Industrial Intruder emitting radionuclides in unshielded, 8.4E-05 (peak at
(ES) surface-sprayed wastewater (peak at | 10,000 years)

d 3,500 years)

in air from surface-sprayed wastewalter

Chronic Inadvertent Ingestion: Worker consumes 1,095 1]  1.4E-01 4.7E-03
Industrial Intruder of reverse-osmosis-treated well water  (peak at (peak at
(DEQ) annually 3,500 years) | 10,000 years)
Chronic Inadvertent External exposure from photon- 1.6E-04 5.9E-06
Industrial Intruder emitting radionuclides in unshielded, (eak at (peak at
DE - 10,000 years
(DEQ) surface-sprayed wastewater 3,500 years) years)

d

Inhalation of radionuclides suspende
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in air from surface-sprayed wastewater

¥ Note on waste contamination: Doses are overstateduse DEQ intends to require as a condition pf an
license amendment that DU containing fission anitvation products, such as Tc-99 from recycled iwam
not be accepted at Clive.

All of the doses are well below the 500 mrem/yatetffective dose equivalent (TEDE) limit
for inadvertent intruders in the 1981 NRC draftiemvmental impact statement for LLRW
(see NRC 1981, Vol. 1, p. 29). As will be discusseldsequently in Section 5.3, DEQ is
proposing that no DU waste containing recycled iraff be accepted for disposal in the
Federal Cell at Clive. This will eliminate mobikotopes such as Tc-99 and 1-129. Since the
doses in Table 4-6 include contributions from thegBonuclides, they are overstated.

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

Concentrations of radioactive material which mayrekeased to the general
environment in ground water, surface water, aii),qdants or animals shall not
result in an annual dose exceeding an equivaleft28 mSv (0.025 rem) to the
whole body, 0.75 mSv (0.075 rem) to the thyroid, @25 mSv (0.025 rem) to any
other organ of any member of the public. No gre#ttan 0.04 mSv (0.004 rem)
committed effective dose equivalent or total effeadose equivalent to any
member of the public shall come from groundwater.

The doses for the first five scenarios in Tablea&&almost totally from radon releases at the
surface of the proposed Federal Cell and, theretbeemost sensitive parameter is the radon
escape-to-production ratio that defines the amotirdadon leaving the waste matrix and
entering the air-filled porosity of the waste matker

Conclusion: Based on the information provided by Ene®gilutions together with independent
analysis performed by DEQ’s contractor, DEQ conetuthat sufficient information exists at this
point to indicate that, in compliance with the regment of UAC R313-25-21, any individuals
inadvertently intruding into the disposal site ammdupying the site or contacting the waste after
active institutional controls over the disposat site removed will be adequately protected.

References
Brodeur, 2006

% |rradiated uranium fuel from the plutonium weag@noduction reactors was chemically reprocesseecmver
plutonium and uranium. The recovered (“recycledgnium was returned to the GDPs for further enriehin
Since the chemical separation processes did natweil the activation and fission products, theyoted
uranium introduced as feed to the GDP plants coethsmall quantities of activation and fission pretd such
as Tc-99, 1-129, and Np-237, which contaminatedihgfeed to the GDPs. Some of this contamination
partitioned to the DU tails and was retained inlitg tails and its containment cylinders. It is estieshthat
about 4 percent of the DU available from DOE istaatinated with recycled uranium (ES 2014b, Appeitdiz
Appendix A, Table 1).
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4.410 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, designeddus@erated, and closed to
achieve long-term stability of the disposal sitel am eliminate, to the extent
practicable, the need for ongoing active mainteraoicthe disposal site
following closure so that only surveillance, monitg, or minor custodial care
are required.

The regulatory languages of 10 CFR 61.44 and of lR&T3-25-23 are nearly identical.
UAC Rule R313-25-9(4)(d) also requires (emphasdedit

(d) Analyses of the long-term stability of the disg site shall be based upon analyses of
active natural processes including erosion, masstivg, slope failure, settlement of
wastes and backfill, infiltration through coverseowisposal areas and adjacent soils,
surface drainage of the disposal siéed the effects of changing lake levelhe

analyses shall provide reasonable assurance thaetiwill not be a need for ongoing
active maintenance of the disposal site followilogare.

This last rule reference differs from UAC R313-2%5{and 10 CFR 61.13(d) 61.43) in one
important way: it specifically requires analysistioé effects of pluvial lake formation, under
deep time scenarios, that may have an adverse efiegbe DU disposal embankment.

In the June 2011 DU PA (Neptune 2011b), En8aytionsproposed a rock armor cover for the
proposed Federal Cell similar to the DRC-approwxk mrmor cover for the CAW embankment.
In the rock armor cover design, the top slope (aithodeled infiltration rate of 0.09 cm/yr)
consists of the following, from top to bottom (E&13b, p. 2-7):

Rip Rap cobblesApproximately 24 inches of Type-B rip rap willfdaced on
the top slopes, above the upper (Type-A) filteezdime Type-B rip rap used
on the top slopes ranges in size from 0.75 torkbds with a nominal
diameter of approximately 1.25 to 2 inches. Engimgespecifications
indicate that not more than 50% of the Type B &@p would pass a 1 1/4-inch
sieve.
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Filter Zone (Upper) Six inches of Type-A filter material will be péacabove
the sacrificial soil in the top slope cover. The@A filter material ranges in
size from 0.08 to 6.0 inches, with 100% passingrach sieve, 70% passing a
3-inch sieve, and not more than 10% passing a nsig\@ (0.079 inch). The
Type-A size gradation corresponds to a poorly sbrtéxture of coarse sand
to coarse gravel and cobble, according to the UrsakSoil Classification
System.

Sacrificial Soil (Frost Protection Layer)A 12-inch layer consisting of a
mixture of silty sand and gravel will be placed abaohe lower filter zone to
protect the lower layers of the cover from fredmeft effects. The sacrificial
soil material ranges in size from <0.003 to 0.76has, with 100% passing a
3/4-inch sieve, 50.2% passing a no. 8 sieve (OlR&Y), and 7.6% passing a
no. 200 sieve (0.003 inch).

Filter Zone (Lower) Six inches of Type-B filter material will be pdalcabove
the radon barrier in the top slope cover. Thissfiltnaterial ranges in size
from 0.2 to 1.5 inches, with 100% passing a 1 @k sieve, 24.5% passing
a 3/4-inch sieve, and 0.4% passing a no. 4 sied8{0inch). The Type-B size
gradation corresponds to a coarse sand and finevgranix, according to the
Universal Soil Classification System.

Radon Barrier. The top slope cover design contains an uppermdziorier
consisting of 12 inches of compacted clay with aimam hydraulic
conductivity of 5x10-8 cm/sec and a lower radorriearconsisting of 12
inches of compacted clay with a hydraulic condufgtief 1x10-6 cm/sec or
less.

The total thickness of these five layers was t6 ieet. The side slope (of similar composition as
the top slope) has a calculated infiltration reft®.468 cm/yr. For the original performance
assessment, the infiltration rates were calculafi#id the Hydrologic Evaluation of Landfill
Performance (HELP) model.

Because of concerns about the infiltration ratethefrock armor cover, Energ§glutions
subsequently proposed replacing this cover witkarover. The ET cover is described in
Appendix 5,Unsaturated Zone Modeling for the Clive DU Riated June 12, 2014
(Neptune 2014k).

Beginning at the top of the cover, the layers alitbeewvaste used for the ET cover design are as
follows (see Section 3.4 for a description of elagfter):

Surface Layer
Evaporative Zone Layer
Frost Protection Layer

Upper Radon Barrier
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Lower Radon Barrier

The total thickness of the ET cover design is t& lieet. Energ$olutionscalculated infiltration
rates for the ET cover with the code HYDRUS-1D abdtracted the results into GoldSim.
Energysolutionsclaimed that previous work with HYDRUS had showattsub-surface lateral
flow was not significant, so the 1D model was suifint. Based on 20 runs, the infiltration flux
ranged from 0.0007 to 0.29 cm/yr with an averadaevaf 0.042 cm/yr, about half the value for
the rock armor cover (Neptune 2014k, Section 12.9).

However, DRC staff point out several potential essu

1) The 20 runs in the HYDRUS model do not accountferfull range of in-service
saturated hydraulic conductivity {§) and van Genuchtenvalues recommended for use
in cover systems in NUREG/CR-7028 (C. H. Bensaoal.€2011), so calculated
infiltration rates obtained from the current modahnot be relied on. For example, only a
single value of K;:was employed in the HYDRUS model for the Surfaagdr and the
Evaporative Zone, and only a single valu@aafas employed for the radon barriers,
despite one of them being treated by a phosphat@a@ond that markedly changes its
properties (e.g., hydraulic conductivity decredsggearly two orders of magnitude).

2) The current model in the DU PA does not accountHerreported statistical correlation
existing between van Genuchteralues and saturated hydraulic conductivity,jKas
discussed and documented in DEQ comments concdmtegogatory CR R313-25-
7(2)-189/3: Modeling Impacts of Changes in Fed€ell Cover-System Soil Hydraulic
Conductivity and Alpha Values. In fact, the moded@mes no correlation between these
parameters at all, so calculated infiltration ratb&ined from the current model cannot
be relied on.

3) Unitil the infiltration rates are determined with ragealistic soil parameters assigned to
the cover system, it is unknown whether Licensas®imption that a 1D model can
effectively model flow of water in a top slope ofidercent grade. If infiltration rates
exceed Ky values in any of the model layers, lateral floWl e initiated. However, the
assumption of neglecting lateral flow to the ovigoarformance of the Federal Cell may
be conservative. This is because some perceneontittrating water would be diverted
laterally and discharged through the sides of thbankment and into the collection
drain prior to reaching the wastes.

Among the factors that can affect the long-ternbitg of the disposal site after closure are
erosion of the cover, settlement of the waste aver intrusion by deep-rooting plants,

intrusion by burrowing insects and animals, frastgtration, desiccation cracking, and
damaging natural phenomena (e.g., earthquakesdosnpluvial lake formation). These
phenomena are discussed for the proposed covensysid also in DRC comments to responses
by the Licensee regarding the Round 3 InterrogaidBC 2015) for the updated site-specific
performance assessment for disposal of blendegaessed waste (ES 2015b). However,
before these factors can be considered, one miadtlish confidence that the modeling of the

ET cover was done properly. Each of these factodisicussed in detail below.
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4.4.1 Infiltration

An important component of assessing infiltratiotesaand contaminant concentrations as a
function of time in the proposed Federal Cell is thodeling of realistic changes in saturated
hydraulic conductivity (K,) values and van Genuchtermvalues simultaneously for all cover-
system soils near the ground surface. Based ahdmle testing involving a large number of
embankment cover systems, NRC guidance provid®dUIREG/CR-7028 (C. H. Benson et al.
2011) demonstrates that, to properly estimatetiafibn rates, the design and modeling of new
cover systems must account for expected degradatitire shallow portions of these cover
systems over time, e.g., increases in soil pernigal variety of physical and biological
processes combine to cause this degradation. Finesesses may include frost heave, other
freeze-thaw activity, wet-dry cycling, distortiansect and animal burrowing, plant root
intrusion, and other disruptive processes.

Changes in field-scaleggsand values for cover-system soils occur soon afteeceystem
construction. These changes tend to be dramatidote to moderate-permeability soils, the
changes usually are at least one order of magnaéodeften two or three orders of magnitude in
value, depending on the initial, or as-builta¢&nd values. The changes tend to happen within
several years of cover-system construction. Theaages occur regardless of cover-system
design or climate (C. H. Benson et al. 2011). fm&of modeling for 1,000 or 10,000 years, or
longer, the changes tend to occur so rapidly fahgvembankment construction, on a relative
basis, that modeled¢gand values, if they are limited in the model to singéues for all time
for a given soil layer, should reflect long-termservice conditions rather than short-term
as-built conditions. Therefore, in-service covestsyn K,:values for soils should be modeled
within the ranges described in NUREG/CR-7028 (CBEhson et al. 2011). The guidance in
this document, which is based on extensive studlesyld be applied to all soils within 10 feet
of the surface. As stated in NUREG/CR-7028:

For covers of typical thickness (< 3 m), the satadhhydraulic conductivity of
earthen barrier and storage layers will increaseentime in response to
processes such as wet-dry and freeze-thaw cydlittig Jarger increases
occurring in layers having lower as-built saturatlegdraulic conductivity.

[C. H. Benson et al. 2011, p. 10-2]

The relationship between the in-service and thiewalsvalues extracted from
NUREG/CR-7028, Figure 6.8, is shown in Figure 4-8.
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Source: C. H. Benson et al. (2011), Figure 6.8.

Figure 4-8 — Relationship between as-built saturatehydraulic conductivity and in-service
measurements

The discussion of unsaturated zone modeling in Agpe5 to the DU PA Model v1.2
(Neptune 2014Kk) indicates that the saturated hyidraonductivities assigned to the ET layer
for the modeling were derived from site soil comes range from 5.97x10cm/s to 5.16x19®
cm/s. It is important to note also that actualdistale hydraulic conductivity values are
typically much larger than those obtained as alreslaboratory testing using conventional
small-scale core samples. As NUREG/CR-7028 stéties,saturated hydraulic conductivity of
in-service storage and barrier layers that werelega#ed is sensitive to scale. Saturated
hydraulic conductivities determined from testingneentional small-scale specimens (< 76-
mm diameter) in the laboratory are appreciably lo\more than 1000x in some cases) than
the actual field hydraulic conductivityC. H. Benson et al. 2011). This is significaeichuse
the hydraulic conductivities assumed in the DU Pdédel are based on testing of conventional
small-scale soil specimens, which may be ordemagjnitude smaller than actual field-scale
hydraulic conductivities at Clive.

The van Genuchtenvalues assumed for modeling moisture in a pagrcsil layer within

the cover system must be correlated with the hytraanductivity assigned during modeling
to that soil layer whenever measured values aravaitable. These values cannot be
modeled as being random or uncorrelated with hyaraonductivity. The information needed
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to make these correlations is readily availableoery large sets of commonly used soil
properties data exhibit good correlations, adustitated in Figure 4-9.

Figure 4-9 — Correlation of saturated hydraulic comuctivity and van Genuchten alpha

Carsel and Parrish (1988) grouped a soil dataf€sg063 samples with reportedd{(shown as
“K¢" in Figure 4-9) and values into 12 U.S. Department of Agriculture ¢extural
classifications (e.g., sandy loam). This is thgéat North American database dedicated to
hydraulic properties of soils. In Figure 4-9, DE@&slIplotted Ky versus for each of the 12 soill
textural classifications. A regression of the daticates a very strong correlation’(R0.8965)
between log() versus log(Ka). Wosten et al. (1999) collected data from 20itasons of higher
learning in 12 European countries to develop thealidese HYPRES (Hydraulic Properties of
European Soils). This is the largest European dagdealing with hydraulic properties of soils.
Wasten et al. (1999) grouped their data into 1lteatural classifications, each with reported
Ksatand values. As shown in Figure 4-9, these data exhkdmnte variability but generally fall
in a similar range to the Carsel and Parrish (1€383.

A Google search indicates that the Carsel and$Pafti988) publication has been cited by 1,198
other articles that are peer reviewed. Statistesh based on Carsel and Parrish (1988) are
included in NUREG/CR-6565 (Meyer et al. 1997), NURER-6656 (NRC 1999), and
NUREG/CR-6695 (NRC 2001). DEQ developed the regpassquation in Figure 4-9
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[log( ) =0.4682 log(Ksa) - 2.1057] based solely on the Carsel and Pa(ti888) data. The
NUREG/CR-6346 (NRC 1996) data are for one sitenilesd in this NRC guidance document.
It is interesting to note that an equation fomedr regression for the NUREG/CR-6346

(NRC 1996) data is very similar—almost identical-that developed for the Carsel and Parish
(1988) data.

Given these data sets in the professional litegaitirs not clear that Ener§plutionshas used
appropriate data for the saturated hydraulic cotmdticor reflected the correlation between

log( ) and log(Ka) or between and K In its response to Round 3 Interrogatory CR R3%3-
7(2)-189/3: Modeling Impacts of Changes in Fed€ell Cover-System Soil Hydraulic
Conductivity and Alpha Values (ES 2014b), En&glutionsstated that there was no correlation
found between K:and . It plotted the Rosetta database (Schaap 200@gsan a plot similar

to Figure 4-9 and stated that there was no corelathe Carsel and Parrish (1988) database is a
much larger database (about an order of magnitarger than the Rosetta database). The
Wosten et al. (1999) database is also quite l&gehermore, an equation exists for the
relationship between and K;:based on soil physics that can be readily shoveto
transformable to log() = 0.5" log(Ksa) - 2.14, which is nearly identical to the corraat

equation for the Carsel and Parrish (1988) dataf(f@aino 2007). Meyer et al. (1997) and Zhu
et al. (2007) have also described correlation betweg( ) and log(Ka) or between and Ky
Given the apparent differences in the Rosetta databnd that of Carsel and Parrish (1988) and
others regarding whether or not correlation eXbstsveen and K, it would seem that a
comparative analysis should be undertaken.

In order determine the impact of changes in theduylet properties and the correlation
between Kyand on the infiltration rate, a local sensitivity aysik is required. DEQ
recommends that Ener§glutionsdevelop hydraulic properties for the cover sysbtarsed on
the approach outlined by Dr. Craig H. Benson in éqgix E to this SER. These infiltration
rates can be compared with the range of valuesingbée DU PA Model v1.2 (0.0007-0.29
cm/yr). Depending on how these new rates compatethose used in the DU PA, additional
GoldSim modeling may be required.

Conclusion: Before the DU PA can be determined to be adeqadtitional modeling of the
ET cover infiltration rates must be conducted based-service hydraulic properties and
correlated log() and log(Kay) values, as discussed in Appendices E and F. \(itinis
information, DEQ is unable to conclude if the itrAtion rates predicted by the DU GoldSim
model are reliable or representative of future dions (i.e., 10,000 years).
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4.4.2 Erosion of the Cover

In the June 2011 DU PA (Neptune 2011b), En8aytionsused a gully model described as
follows (Neptune 2011b, Section 4.1.2.9):

The gully model is a simplistic model of gully ésosand landscape evolution.
For example, the model assumes that 1) a gullydonstantly and doesn’t
change with time, 2) that between 1and 20 gullidg are allowed to form, and

3) that gullies do not interact with other modebpesses such as biotic transport
(e.g., no plants grow in a gully). This stylizeddmlowas used to provide a basis
for discussion of whether or not gully formatiorarsimportant consideration in
this waste disposal system, and to evaluate theezprences of human activities
that inadvertently cause doses to future humansppty the effects of gully
formation to doses, the average waste concentratxposed by the gully and the
average waste concentration of material removethbygully are used. The
exposure area for this waste concentration is tiéase area of the fan plus the
surface area of the gully for which waste layers akposed.

As stated by the June 2011 DU PA (Neptune 201hb)gully model was a stylized model
designed to provide a basis for discussion onrtipitance of gullies in exposing waste. The
number of gullies was arbitrary and not based gnséte-specific information. For the June 2011
DU PA, Energypolutionsconsidered three possible waste burial depthsetgns, 5 meters, and
10 meters. However, Energglutionssubsequently committed to burial of all the DU teas
below original grade, which can be approximatedhay10-meter burial depth.

Table 4-7, based on Tables 3 and 4 of the DU PA {the 10-m case, Neptune 2011b) and
Table 4 of the DU PA Model v1.2 (Neptune 2014ajnmarizes screening calculations for doses
to onsite intruders and offsite receptors with watthout gullies. The DU PA Model v1.2 did not
provide data on doses for the case where thereweegeillies. However, v1.0 did provide such a
comparison and it is included here for reference.
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Table 4-7 — EnergysolutionsPeak of the Mean Doses within 10,000 Years to Indduals
with and without the Effects of Gullies

Peak of the Mean TEDE (mrem/yr)

Receptor Without Gullies With Gullies, With Gullies,

DU PA V1.0 DU PA V1.0 DU PAv1.2
Ranch worker 0.00596 0.00594 0.01631
Hunter 0.000253 0.000257 0.000799
OHYV enthusiast 0.000388 0.000386 0.00127
[-80 receptor 1.53E-07 1.58E-07 4.87E-07
Knolls receptor 1.62E-06 1.64E-06 4.36E-06
Railroad receptor 2.42E-07 2.48E-07 7.65E-07
Rest area receptor 3.13E-05 3.17E-05 0.000102
UTTR access road receptor 7.81E-05 7.83E-05 0.000247

 The 1.02E-05 mrem/yr reported in Neptune (201%able 4, is a typo.
Source: DU PA Model v1.0, Tables 3 and 4 (Neptudield); DU PA Model v1.2, Table 4
(Neptune 2014a).

Although Neptune 2011b and Neptune 2014a both dlaanthe doses summarized in Table 4-7
include the effect of gullies, this is misleadiigptune (2014b, page 3) explicitly states thna “
associated effects, such as biotic processestefiaaadon dispersion, or local changes in
infiltration are considered within the gulligsSince the radon exposure pathway is the dominant
contributor to both the general population and veeaitent intruder doses, not considering the
effect of gullies on radon dispersion is tantamdomiot including the effect of gullies in the
dose calculations. Nonetheless, as shown in Seétihyrbecause the calculated doses due to
radon exposure are all several orders of magnivett®v the dose limits, completely removing
the ET cover (e.g., by gully erosion) would notkaffthe site’s ability to meet the general
population or inadvertent intruder inhalation exyrescriteria even though there could be over
an order of magnitude increase in the associatedsd@ee Table 4-4 for the ET cover’s radon
attenuation).

Similarly, as discussed in greater detail in Sectial.3, not considering the effects of gullies in
combination with associated biotic processes aeu #bility to achieve penetration through the
fine-grained, low-permeability cover system sadlsd allow access of water into the sand-like
fill above the DU can result in underestimatiordeep infiltration and, consequently, of
contaminant transport.

In version 1.2 of the DU PA, (Neptune 2014a), Eg8agutionsmade calculations with the
landscape evolution model SIBERIA (Willgoose 20Qsing a borrow pit at Clive as the basis
for the model. SIBERIA is designed to capture titeraction between the runoff response and
the elevation changes of the landform surface lray time periods (Neptune 2014h). As
described on p. 3 of the DU PA Model v1.2 (Nept@fé4a):
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A subset of the borrow pit model domain was saletcteepresent the cover.
Gully depths estimated by the erosion model wetragaiated to 10,000 years
and a statistical model was developed that gendratdues of the percentage of
the cover where gullies ended within a given démtrval. This model provided
an estimate of the volume of embankment cover rabtemoved by gullies. The
depositional area of the gully fan is assumed tthigesame as the area of waste
exposed in the gullies, using projections ontorthezontal plane. If these
embankment materials include DU waste componéres, this leads to some
contribution to doses and uranium hazards.

Results of the doses based on the revised modeicdoeled in the fourth column of Table 4-7
and indicate small increases from the values deriwverersion 1.0 of the DU PA.

However it is important to note that the DU PA does consider effects of gullies on biotic
processes, radon dispersion, or local changediiination, nor does it consider the effects of
biotic processes on gullying.

In explanation for these omissions, En&glutionsstated in the response to Round 2
Interrogatory CR R317-6-2.1-20/2: Groundwater Cotiagions (ES 2014a):

While the formation of some of the gullies may altylerode through significant
depths of the evapotranspirative cover, the rafiguly footprint to total
evapotranspirative cover surface area remains mahim

Figure 2 in Appendix 10 to DU PA Model v1.2 (Nep&u2014h) appears to show that about

1 percent of the surface has gullies that are inustep or greater. If this is the correct
interpretation of Figure 2, then the assumed imibgeof gullies on radon release and infiltration
should be small. However, Appendix 10 does not nudé@ how the SIBERIA modeling was
actually incorporated into DU PA Model v1.2 becadseussion of the initial screening model
and the SIBERIA model are so interwoven in the.tExiergysolutionsshould fully describe and
justify how the models were interrelated and confihat this is the correct interpretation of
Figure 2. Figure 2 in Appendix 10 is based on divky model realizations. Ener§gplutions
should also demonstrate through modeling that onglthrough the cover system will not
appreciably affect infiltration and contaminantisport. Energ8olutionsshould also confirm
that the distribution in Appendix 10, Figure 2 (N&pe 2014h) is unaffected when all the
realizations are considered.

Although the SIBERIA model allows for several huedlmeters of ground surface upslope from
the sloping pit face, the ground surface itseth@ model only slopes at a 0.3 percent (0.003)
slope. This is minimal. By contrast, as illustrated.icensee Drawing No. 14004-V3A(1), the
waste under the top slope above and upslope fremitle slopes of the embankment has a slope
of up to 2.4 percent (0.024)—this is eight timeg@at as what is modeled in SIBERIA. This
means that the SIBERIA model does not begin towadcior the flow of water (and transported
soil) down the top slope and into the gullies ia thore steeply sloping side slopes. Thus, it is
possible that SIBERIA would underestimate ratewater flow from upslope areas and their
contribution, along with that of transported sakiicles, to erosion of the side slopes, the
shoulders, and adjacent portions of the top slope.
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Conclusion: Before the DU PA can be determined to be adegiater,gysolutionsneeds to

clarify certain issues relating to Appendix 10he DU PA Model v1.2 (June 5, 2014; Neptune
2014h) as described in Section 4.4.2. DRC is ctigreaviewing a license amendment request to
use an ET cover of similar design to that propdsethe Federal Cell in the DU PA. Any
recommendations and conclusions from that reviewstrne applied to the proposed Federal Cell
as well.
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4.4.3 Effect of Biological Activity on Radionuclide Trangport

Biointrusion can, in some instances, dramaticaltyease downward infiltration rates. Dwyer et
al. (2007), for example, state thaidintrusion can lead to increased infiltration apdeferential
flow of surface water through the cover system aelé as contribute to the change in the soil
layer’s hydraulic properties.

As described Round 3 Interrogatory CR R313-22-32(%3 (DRC 2014c), Ener@plutions
speculates that the effect of biointrusion (e.g.abts) on radionuclide transport might be small.
However, Gaglio et al. (2001) demonstrated in dodysthat infiltration rates of water into

soils with ant nests was approximately eight tifasger than soils without ant nests

Energysolutionsindicates in its response to Round 2 Interroga@RyR313-25-7(2)-05/2 (ES
2014a) thatthe effect of burrowing ants is not expected tcelealarge influence on transport
because ant nests are not expected to penetrdte toaste layer, which is about 5m or more
below ground surface for the disposal configurasi@onsidered. This is based on site-specific
investigations indicating most ant burrowing witlaur in the upper layers of the cover and be
minimal below a depth of 42 inches (SWCA, 2013).

This assertion may be correct with respect to thesigal transport of the DU waste, but it does
not address the concern of ant burrows leadinggtoeh infiltration rates and subsequent
enhanced leaching of the wastes.

Laundre (1993) shows that burrowing by ground sglsrcan increase the amount of snowmelt
infiltration into soils in the spring by as much3& percent. Hakonson (1999) indicates that
pocket gophers can increase rates of infiltratipi2®0 to 300 percent. Breshears et al. (2005)
report that burrows made by pocket gophers in @atedllandfills dramatically increased
infiltration rates (i.e., by about one order of meigde). Badger burrows at the Hanford site are
reported to have captured much runoff and allovaedtinoff to infiltrate into soils deeper than
elsewhere on site. Measurements by researchersisfure in soils under the burrows after
artificial rainfall events demonstrated this sam@act: ‘These measurements confirmed that
larger mammal burrows can and do cause the deeptpeion of precipitation-generated runoff
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at Hanford (Link et al., 1995). The DU PA should account fggeater infiltration through the
cover system as a result of biointrusion by aninratgeneral.

In its response to Round 3 Interrogatory CR R3132@2)-10/3 (ES 2014b), Ener8glutions
acknowledges that biointrusion can result in insegbsaturated hydraulic conductivities{K
within waste cover layers, and possibly subsequenéased infiltration depending on other
factors. Energ$olutionsfurther notes that available data also indica&¢ tihere is little or no
change in water storage and infiltration betweamhgters with and without animal burrows; it
cites the following passage in support:

Landeen (1994, p.47) reportS:ie data did not indicate that any long-term water
storage had occurred as a direct result of animairbwing activity. The soll
moisture profile graphs generated from all fivetsd$ysimeters containing

animals and lysimeters serving as controls (no atsjh were similar. This study
did not indicate that animal burrows at the Hanf@&e facilitate the retention of

water at deptH.

Although this paper was not readily available oa litternet, the conclusion cited by
Energysolutionsonly indicates that long-term water storage wadaailitated at depth and does
not mention whether infiltration rates were affectéte retention of water within the matrix
porosity is a different process than infiltratiamdaalthough bioturbation may not affect the
degree to which water is retained in the porosityjlar retention properties are not an
indication that infiltration rates will not be highin areas where animal burrows allow recharge
to focus, particularly after high-intensity rairifalvents or during periods of prolonged snow
melt.

Biointrusion by plant roots can also damage coystesns, increase infiltration, and hasten
migration of contaminants by increasing the hydcactbnductivity of cover-system soils
penetrated by roots. This can be especially proéienat clay radon barriers. Waugh and Smith
(1998) indicate that, at a DOE LLRW site at BurrBénnsylvania, the hydraulic conductivity
increased by two orders of magnitude at locatiohsre roots penetrated the radon barii@is

is yet another reason why, in groundwater modelmgg-term in-service hydraulic properties of
all near-surface (i.e., within 10 feet of groundface) cover-system soils should be increased
from as-built values to values within the rangasegiby NRC guidance in NUREG/CR-7028
(C. H. Benson et al. 2011).

In its response to Round 3 Interrogatory CR R313425-150/3 (ES 2014b), Energglutions
indicates thatdeep rooting plants within waste covers is not ssagly problematic To

support this statement, Ene&plutionscites the following passage from SWCA Environménta
Consultants (SWCA) (2013, p. 23):

As has been demonstrated at operational ET covejsgome deep-rooting plant
cover is desirable because it increases water sddeom deep soil layers (...).
Deeply rooting vegetation stabilizes soils, redusesion, and increases water
storage in the root zone (...). Deep-rooting shrubcsggs currently occupy
functioning cover systems at Hanford (big sagebyruaibbitbrush...) and
Monticello (big sagebrush, bitterbrush, rabbitbrush
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It would seem that the release of water from thepdsil layers would be desirable provided that
the water is transpired at a faster rate than mergases in infiltration caused by the roots. It
needs to be kept in mind, however, that the shwilb&ventually die, and the decaying roots
may leave macropores allowing for rapid focusethaege (infiltration). Also, as stated by Burt
and Cox (1993),Radon gas is soluble in water and is readily talprby plants (...). It is
transported via mass flow of water through the aand then out the leaves into the air....
Plant roots can deplete water from clay layersuigsg in shrinkage and cracks enabling the
roots to move deeper into the clay layer seekinggiva. As roots advance through the cover,
they introduce organic matter into the cover, apdm their death leave conduits through which
liquids and gasses may pass readily

Greasewood is a deep-rooting plant indigenousdaite. A number of researchers indicate that
greasewood may potentially root down to depthssahach as 55-60 feet in search of
groundwater and capillary fringe water. Among thessearchers are Chimner and Cooper
(2004), Cooper et al. (2006), Harr and Price (19¥®inzer (1927), Nichols (1993), Waugh and
Smith (1998), and White (1932).

Energy5olutionsalso supports its argument that deep-rooting plarg not a concern in its
response to Round 3 Interrogatory CR R313-25-8({42&3 (ES 2014b) that:

Site-specific observations of soil disturbance tueatural vegetation and
demonstrated practices for minimizing disturbanezerdocumented by SWCA
(2013). Multiple soil excavations at the site destoated root growth behavior
indicating that roots would tend to accumulateandtions to take advantage of
available water rather than penetrate the radonrbarclay. These excavations
showed that greasewood tap roots and other biatitvity such as fine roots and
tunnels did do not extend below the compactedlalsr at 24 inches. Rather,
both taproots and fine roots were found to exteridestally along the upper
surface of the compacted clay layer, likely makisg of any water that is
perched above the clay (SWCA, 2013).

The Licensee’s expression, “multiple soil excavadiat the site,” in the passage quoted above
actually refers to only two small pits dug by a saitant to investigate rooting by two small
greasewood plants (see the SWCA response on Pag@@éendix C, ES 2013c). This digging of
two small pits covering a relatively small areak@iace on a section of land (Section 32) used by
the Licensee for its operations that, by conti@sters over 27,000,000 square feet in area. The
DRC therefore has issues with the scientific vglidi generalized claims or statements about
how plants throughout the site would root or temdriow, or how cover-system soils may or may
not be disturbed by rooting, based on the highiyteéd number of observations of roots and soils
involving only two small pits. Conclusions for tB&J) PA should be based on more substantive
data.

The Licensee’s statement is in contrast to obsemnvaimade by DRC staff in the past, where
plant roots at the site have been observed in lopits to extend as deep as 10 or more feet.
Further, the distribution of the root systems todey be very different from those observed
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over the next 500 years, 10,000 years, or morehes physical weathering processes
(e.g., erosion) affect the integrity of the ET cove

The Energ$olutionsresponse to Round 3 Interrogatory CR R313-25-T82)3 concludes
(ES 2014b):

Based on the observations of root growth behavid@dWCA (2013), deep
taproots are not expected to penetrate the radandra which are comprised of
compacted clay. If the radon barriers do degradéesi due to biointrusion or
other processes, and plant roots are able to patethrough the radon barriers,
then this scenario has been modeled in versiofit?e Clive DU PA Model.
Therefore, deep taproots are not a dose pathwagyablematic at the Federal
Cell within the regulatory period.

However, penetration of radon barriers by plantingphas been observed elsewhere. As
referred to earlier, for example, Waugh and Snfi80g) report that roots at a DOE LLRW site
at Burrell, Pennsylvania penetrated the radon camdrlocally increased the hydraulic
conductivity of that cover by two orders of magdeuAs stated in Benson (2009Rbots seek
out water in wet fine-grained soils, e.g., clay oadarriers”

Radon barriers in the proposed DU waste disposditfaare only 3 feet deep. By contrast, site-
specific data at Clive indicate the presence ohggevood roots down to depths of 13 feet.
Section 4 of Envirocare (2000) and Hoven et al0@0eport much deeper black greasewood
rooting at Clive than themiaximum rooting depth of dominant woody plant ggenging from
16 to 28 inches(1.3 to 2.3 feet) reported on page 2-5 of thehURadioactive Material License-
Condition 35 (RML UT2300249) Compliance Report (Ren 2) of July 8, 2014, submitted
with the performance assessment (ES 2014c):

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

A depth of 13 feet for site-specific greasewoodirgpdepth at Clive as determined by field
evaluation is approximately 5.6 to 10 times gretitean the deepest depth assumed in the
Compliance Report (ES 2014c).

If roots do penetrate the radon barriers, they walte also penetrated the overlying cover
materials; therefore, the saturated hydraulic cotidity of all of the materials would have to be
raised simultaneously to adequately capture thenpial impacts on performance for this
scenario.

Not only are the range and mean values of hydrauéperties important in evaluating the
impacts of potential increases in infiltration, lalgo the infiltration rates will be sensitive teet
hydraulic properties (e.g.,si , theta-r) of each layer relative to one another.

Conclusion: Energysolutionshas not shown that the cover system is suffigyehitk or
designed with adequate materials to protect therceystem or the underlying bulk waste in the
embankments against deep rooting by indigenousgvazod (a species known to penetrate soils
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at other sites down to 60 feet) or other plantggainst biointrusion by indigenous ants or
mammals (e.g., with maximum documented burrowirgfiegreater than the proposed cover
thickness). Higher rates of infiltration are typigassociated with higher contaminant transport
rates. Under Utah rules, infiltration should be imized [see UAC Rule R313-25-25(3) and (4)].
DEQ cannot determine the adequacy of the DU PA Engrg\Solutionsaccounts for
potentially greater infiltration through the cowststem at the proposed Federal Cell
embankment due to biointrusion by plant roots andribmals.
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4.4.4 Frost Damage

As DRC described in Interrogatory CR R313-25-8(#)85/2 (DRC 2014b), another important
factor related to cell cover system performance tve long term is freezing. Freezing can cause
substantial damage to radon barriers and the alodge them, should sufficiently cold
temperatures be reached in the radon barriershémnbre, repeated cycles of frost heave can
move gravel in a soil to the ground surface. Acclateadl gravel at the surface of even several
centimeters can greatly inhibit evaporation [seeaVée (1919); Benoit (1961); Kemper and
Corey (1968); Bowley and Burghardt (1971); Hadas ditlel (1972); Johnson and Hansen
(1974); Johnson and Wood (1978); Anderson (198@ydsh et al. (1985); Groenevelt et al.
(1989); Reith and Caldwell (1990); Kemper et a@94); Pérez (2000); Xiaoyan et al. (2002);
Yamanaka et al. (2004); Yuan (2009); Albright et(a010)]. This can increase infiltration rates,
resulting in faster contaminant transport rates.

Freezing or close-to-freezing temperatures weresared by the Licensee using thermocouple
temperature probes at the midpoint of the sacaifeoil in the Cover Test Cell during testing in
January 2002 and January 2004, at a depth of &@oathes (Edwards 2011). Currently, in the
DU PA Model v1.2 (Neptune 2014a), the top of thelorabarrier is proposed to be located at a
depth of 36 inches. However, these incidents @Zireg at 36 inches noted in the past took place
during portions of winter that were not especialyd. Mean monthly low air temperatures at
Dugway, Utah for January 2002 and January 2004, weseectively, 15.45 degrees Fahrenheit
(°F) and 11.35 °F (see Western Regional Climata€z&®13). However, in the 56 years
between 1951 and 2006, inclusive, there were 18y\ea., 23 percent of the time) in which
mean monthly low air temperatures for January dedgdp values that were lower, and
sometimes much lower, than 11.35 °F, the coldéh@temperatures for the two referenced
reported incidents (see Western Regional Climatee2&013).

By contrast, the coldest January on record duhiegd 56 years of record is that of 1989, when
the mean January low air temperature at Dugwayonbs0.39 °F. That is nearly 11 degrees
colder than in January 2004, so freezing tempezatur the soil in the Cover Test Cell, had it
been created and instrumented back then, woully lik@/e gone deeper than the 30 inches into
the cell that were measured in January 2004.

The frost penetration equation used in Utah byluteh Department of Transportation (UDOT)
(2014) is shown in Equation (6):
Frost Penetration = 1.482(Freezing Indéxj* (6)

This equation gives a value for 100-year frost prevtien depth for nearby Dugway, Utah of
44.9 inches, based on the National Oceanograplidanospheric Administration air freezing
index of 1,037 for a 100-year frost at Dugway (NOAA!.).

Energysolutions position is summarized in its Round 3 responskterrogatory CR R313-25-
8(4)(d)-155/3 (ES 2014b):

A calculation of the frost depth for the evapotrairetion (ET) cover....used the
modified Berggren equation. This equation is usethk U.S. Department of
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Defense in the design and evaluation of pavemaunttates to incorporate soil
property changes due to freezing and thawing cy®SACE, 2012; Depts. of
Army and Air Force, 1988). The modified Berggrenatmpn has a physical basis
being derived from Fourier’s law of heat conductitiris the solution to the one
dimensional equation of heat transfer in a homogeseisotopic medium
(USACE, 2012). Empirical equations are availablewiever, comparison with
analytical solutions has demonstrated that empiregpuations overestimate the
frost depth (USACE, 2012).

In the Interrogatory Critique, a frost penetratioiepth of 44.9 inches was
calculated using the freezing index for the 100ryeturn period in the UDOT
equation. However, the physically based modified@®n equation is
considered to be more accurate and, as discussedealempirical equations
have been demonstrated to provide overestimat@esifpenetration. In addition,
the undocumented application of a scaling factathie spreadsheet calculation
makes the results of this approach ambiguous.

The Energ$olutionsposition raises several topics that require furtomsideration. Nixon and
McRoberts (1973), as quoted in USACE (2012), dtaethe physically based modified
Berggren equation is generally more accurate weldt the exact solution (i.e., the Neumann
model) than are certain simpler empirical or sempgical equations (see several listed in
Table 1 of USACE 2012). These simpler equationkidethe original rudimentary Stefan
equation. However, the additional accuracy afforopdise of the modified Berggren equation,
is, according to Table 1, at most 12.4 percent p&rcent deviation of the Stefan equation -
1.8 percent deviation of the ModBerg (the modifigatggren) approach]. For the Clive site,
assuming a 100-year recurrence interval for frosddions, the calculated deviation only
represents a decrease of about 5 inches, whichpa@ah to 44.9 inches, does not substantially
modify DEQ conclusions. This adjusted frost de@®.9 inches) is still deeper than the top of
the radon barrier at 36 inches. Frost should niyt mot be permitted to encounter the radon
barrier, since freezing damages clays (Benson dahoh&h 1993), but frost should not be
allowed to exist even close to the radon barriérsst heave involves pulling up water from
deeper soil to create ice lenses, and frost he@hévinches or even within several feet of the
underlying radon barriers would likely dry out,martially dry out, the radon barriers, leading to
potential wet/dry cycling and fracturing. Upward vement of soil water in response to freezing
conditions in overlying soil is known to crack unigeng clays (e.g., see Benson and Othman,
1993). These effects would adversely impact irdilon of water and perhaps the release of
radon. Moreover, factors such as how long the reage interval is for certain types of frost
conditions are much more important than an additid2.4 percent deviation from an exact
mathematical solution. The original value of 46hes calculated by DEQ using the UDOT
equation (as well as the recent calculations mgdadéLicensee) are based on a frost index
using a recurrence interval of only 100 years. Taaurrence interval is one to which DEQ is
limited because of a lack of published data foaldmst index recurrence intervals much greater
than that.
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As explained in Section 4.4.1, Dr. Benson has dasseumber of concerns regarding the
potential impacts of freezing and thawing on thdrhaulic conductivity of clay barriers used in
the final covers at the disposal facility. See Amgtig F for a detailed discussion of these
concerns.

Conclusion: Although the empirical data for the Cover Test @alh be used to determine the
most applicable equations (i.e., model) for estingafrost penetration depths under general site
conditions, it cannot be used directly to estinfedst depth in the proposed DU embankment
cover system. This is because the proposed DU dmiznt cover system will consist of
different materials, with different thermal propest than the Cover Test Cell cover system
materials (e.g., with 2 feet of rock armor covéyrthermore, there are still several issues
pertaining to the selection of parameter valuegiferclay barriers that need to be resolved (see
Appendix F).

With the current proposed Federal Cell design, gyolutionsshould account in modeling for
substantial disruption of near-surface layers al@ngwithin the radon barriers by frost, with
accompanying decreases in ET and increases falipniow-permeability soil in both hydraulic
conductivity and correlatedvalues, which could affect modeled infiltrationrdaradon release
rates. UAC R313-25-25(3) and (4) require a licertsaainimize infiltration; therefore,
Energysolutionsmust model infiltration under realistic long-teamssumed site conditions before
DEQ can consider this requirement to be resolveithdit resolution of this issue, DEQ cannot
determine if the requirements of UAC R313-25-2%(3)l (4) have been met nor determine the
adequacy of the proposed Federal Cell.
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5.0 OTHER DEPLETED URANIUM PERFORMANCE ASSESSMENT
ANALYSES

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

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

The initial analysis performed by Ene&plutionsto demonstrate compliance with this portion

of the regulation is summarized in the DU PA ModeR (Neptune 2014a), Section 5.1.8 (input
assumptions), Section 5.4.7 (model structure),Saxtion 6.5 (results), with more details of the
deep time analysis being provided in the deep #ssssment (Neptune 2014e). The DU PA
v1.2 (Neptune 2014a) and deep time assessmentuinep014e) both argue that because the
“waste is buried below grade then none of the DUteviaslikely to be dispersed directlyrhe
EnergysolutionsRound 3 response (ES 2014b) has furthered thatreegt and has even
presented a preliminary estimate of what the U-&38ment concentration would be under those
assumptions.

Subsequently, major revisions were made by ErsolytiongNeptune to the deep time model
(Neptune 2014n). DEQ/SC&A reviewed and provided cants on the revised deep time model
(SC&A 2014), and Ener@plutiongNeptune further refined their deep time model (Nap
2015a). Although the DU PA v1.2 deep time model imdesults have not been rescinded, it is
clear that Neptune (2014a) and Neptune (2014epmgel represent EnergglutiongNeptune’s
deep time analysis. Therefore, this evaluation algresses the supplemental deep time
assessment prepared by En&glptiongNeptune after the DU PA Model v1.2 was issued
(Neptune 2014n; 2015a).

References
ES, 2014b

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

5.1.1 Deep Time Supplemental Analysis

The original Deep Time Supplemental Analysis (DT8&ptune 2014n) was provided by
EnergysolutiongNeptune in December 2014. The DEQ/SC&A reviewhef driginal DTSA
(SC&A 2014) identified four areas of concern:

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

3) A very high Intermediate Lake sedimentation rats wsed.

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

Details of each of these four concerns may be fonr8C&A (2014) and will not be repeated
here.

In March 2015, Enerd@olutiongNeptune provided the DEQ with a revised DTSA (Niept
2015a). This section of the SER evaluates howdhised EnerggolutiongNeptune DTSA
addresses or modifies the four DEQ/SC&A concestedi above.

To evaluate the revised Ene&plutiongNeptune DTSA, SC&A re-ran the GoldSim model for
the following six cases:

Neptune: DRSAL Results Duplicates Neptune’s results

SC&A: SE to SD Uses the standard deviation in #@ian deposition depth
distribution definition, instead of the standarcbeof the
mean.

SC&A: Unit 3 Assumes that the DU and material abiineeDU was Unit 3

(instead of Unit 4) type material.

SC&A: 10x Large Lake Assumes an Intermediate Ladmnsentation rate that was
10 times the Large Lake sedimentation rate.

SC&A: Large Lake Assumes no surface radon flux whémarge Lake is present.
Detailed descriptions of each of the five SC&A GRilth cases are provided below, while

Figure 5-1 shows the time-dependent ground suraen fluxes for the GoldSim deep time
runs that were made by SC&A, and Table 5-1 providegpeak mean flux for each run.
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Figure 5-1 — Mean radon flux above depleted uranium

The current EnerdyolutiongNeptune DTSA GoldSim model (Neptune 2015a) catesléhe
radon flux above the embankment regardless of tbsepce or absence of a lake. In reality, if a
lake is present, the lake water would attenuateaten such that the flux on the lake surface
would be negligible. For example, an early retura darge Lake could significantly reduce
peak mean radon flux. The last SC&A case (SCA: édrake) demonstrates this effect utilizing
the revised DTSA GoldSim model and shows that pee&n radon flux would occur sufficiently
early so as not to be affected by the return chi@é Lake. Because of the short duration of
Intermediate Lakes (i.e., a mean of 500 years [(NepR014e, Table 1]), which is on the same
order as the GoldSim time step, this effect hasensatively not been modeled for Intermediate
Lakes.

Table 5-1 — Peak Mean Radon Flux Above Depleted Unaum After the Lake Recedes

Flux Ratio to
Case T -
(pCi/m*-s) | Previous | Neptune
Neptune: DTSAL Results 1.7
SC&A: SE to SD 2.9 1.7 1.7
SC&A: Unit 3 16.1 55 9.7
SC&A: 10 x Large Lake Sed. 356 22.0 213

In addition to providing the peak mean ground stefeadon fluxes for each run, Table 5-1
provides the ratio of each run’s results to theviongs run’s results, as well as to the Neptune
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DTSAI results. From these ratios, it can be seanrdducing the Intermediate Lake’s
sedimentation rate to 10 times the Large Lake’snsewltation rate results in the largest increase
in the peak mean radon flux. Also, when all foutrd SC&A assumption modifications are
taken into account, the peak mean radon flux is18B50 times larger than the flux reported in
the Energ$olutiongNeptune revised DTSA (Neptune 2015a).

The Figure 5-1 dashed blue curve (SC&A: Large Lakehe same as the SC&A: 10x Large
Lake case (the solid blue curve) except that graunthce radon flux has been set to zero
whenever a Large Lake is present. Because theitidos are about the same length as the
time-step used in the GoldSim model, it was nasifda to set the radon flux to zero during the
presence of an Intermediate Lake. Since the peak maelon flux occurs following the first
Intermediate Lake, setting the flux to zero dutting presence of a Large Lake has no impact on
the peak mean radon flux, as shown by Figure 5-1.

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

In December 2014, after publication of the origiBdISA (Neptune 2014n), field studies of the
aeolian depositional history at the Clive DispdSié¢ were conducted by Ene&plutions
Neptune to provide information for describing aaoldeposition rates for the DTSA model. The
results of those field studies are reported in Nept(2015b), and have been incorporated in the
revised DTSA (Neptune 2015a).

The field studies made silt deposition thicknesasneements from 11 soil test pits on the Clive
site. The measured silt thicknesses ranged froto 330 cm, with a mean of 72.7 cm and a
standard deviation of 16.6 cm (Neptune 2015b, Taplé distribution of the deposition

duration was made based on minimum, maximum, arst hkely durations of 13,000, 15,000,
and 13,500 years, respectively, and a beta disimitnNeptune 2015b, Section 5.1.6.2).
Combining the thickness and duration distributidssptune (2015b) reported a long-term mean
depositional rate of approximately 0.05 millimetpes year (mm/yr).

SC&A reviewed the field studies submitted by En&ghtiongNeptune, and concurs that the
average aeolian deposition rate in the Clive asedout 0.05 mm/yr (Jewell 2015). However,
during review of the DTSA GoldSim model it was aigered that the standard error of the mean
(i.e., 5.0 cm) was entered when the aeolian dapodgiepth distribution was being defined,
instead of the standard deviation value (16.6 am)lhown in the Figure 5-2 GoldSim screen
capture.
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Figure 5-2 — GoldSim screen capture

Figure 5-3 shows the impact that using the standamd instead of the standard deviation would
have on the aeolian deposition depth. For compapsoposes, Figure 5-3 also shows the
distribution of the 11 depths (i.e., silt thicknesksthat were obtained from the field studies
(Neptune 2015b, Table 2). When compared to thelatardeviation, the standard error of the
mean tends to remove the extremes from the analf/fi® measurements were of annual
deposition rates, where there is expected to bela variation from year to year, then the use of
the standard error of the mean would be appropiitdevever, the measurements that were taken
are of the total sedimentation depth accumulatest thousands of years, which accounts for any
year-to-year fluctuation in the sedimentation rdteus, the use of the standard deviation is
believed to be appropriate.
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Figure 5-3 — Comparison of standard error to standed deviation

Figure 5-3 shows that the “tails” of the standamdredistribution are much shorter than the
“tails” of the standard distribution. In fact, taeolian deposition depth calculated from the
standard error distribution never reaches the maxirdepth of 110 cm that was measured in the
field studies. It is believed that the Figure St&nslard deviation curve is a much better match to
the field study data than the Figure 5-3 standenal eurve.

For all subsequent GoldSim analyses, SC&A useckaliaa deposition distribution as described
by Neptune (2015a), except that the aeolian daposiepth distribution was described using the
standard deviation of 16.6 cm, rather than by taedard error of 5.0 cm. As shown in

Table 5-1, this change results in an increasedr@bldSim-calculated ground surface radon flux
by about a factor of 1.7 over what was reporte@bgrgysolutiongNeptune (Neptune 2015a).

References

Jewell, 2015

Neptune, 2014n; 2015a; 2015b
5.1.1.2Unit 3 Material

The revised Ener@polutiongNeptune DTSA report (Neptune 2015a) contains dfewing
statement repeated word-for-word from the origiDaBA (Neptune 2014n):

For the DTSA model, an assumption is made thatiduerial above the below-
grade DU waste and the additional lake sedimentaischomogenous material
with properties similar to those of the surroundidgit 4 sediments.
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However, in both version 1.0 and version 1.2 oftePA Model (Neptune 2011b; 2014a), the
DU layers and the layers immediately above werarasd to be composed of Unit 3 material
(i.e., silty sand). Neither the original nor redd@TSA provides any basis for why the DU and
other materials should be considered as silty dnd 3 material) up to 10,000 years, and after
10,000 years be considered as silty clay (Unit fenad).

A major difference between Unit 3 and Unit 4 matkis their moisture content distributions.
Figure 5-4 shows that the Unit 4 mean moistureaanitaken from Neptune 2014n, Figure 1) is
0.2559, while the Unit 3 mean moisture contentnily §.114 (taken from GoldSim). This is
important because the radon diffusion coefficismeiated to the moisture content, such that the
higher moisture content of the Unit 4 material fessun a reduced radon flux at the ground
surface when compared to the Unit 3 material.

Unit 4 Moisture Content Unit 3 Moisture Content

Figure 5-4 — Unit 3 and Unit 4 moisture content

When SC&A changed the DU layers and the layers idiately above the DU from Unit 4
material to Unit 3 material and re-ran GoldSim, ¢iheund surface radon flux increased by about
a factor of 5.5 to 16.1 pCiff¥s, as shown in Table 5-1.

References
Neptune, 2011b; 2014a; 2014n; 2015a
5.1.1.3Intermediate Lake Sedimentation

In the DU PA Model v1.2, Appendix 13, Table 1 (Nem¢ 2014€), Ener@plutiongNeptune
indicated that there was an Intermediate Lake nsedimentation rate of 2.82 meters, and a
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mean lake duration of 500 years. Combining thosegarameters gives a sedimentation rate of
5.64 meters per 1,000 years. Meanwhile, for thgédrake, the sedimentation rate is given in
the same table as 0.00012 meters per year, a fafci@rless. To obtain an idea of the impact of
such a large sedimentation rate, SC&A re-ran GoldBith an Intermediate Lake sedimentation
rate of 10 times greater than the Large Lake sediaien rate, which is still expected to be a
factor of 4.7 less than what Ene8pjutiongNeptune used for the Intermediate Lake. As

Table 5-1 shows, the ground surface radon fluxei@sed by a factor of 22 to 356 pCi/mfor

this case.

Because of the large increase in the radon fluxdamdto the arbitrary nature of using 10 times
the Large Lake sedimentation rate, SC&A asked Bul Bewell of the University of Utah’s
Department of Geology & Geophysics for his opiniegarding Intermediate Lake
sedimentation rates. In Dr. Jewell's email on thigject, he indicated thas6-called
‘intermediate lakes’ seem not to hgdgedimentationfates that are much greater than the long
term records (Jewell 2014). In support of this, Dr. Jewell pided the compiled information on
Great Basin lake sedimentation rates included blel'a-2 (Jewell 2014).

Table 5-2 —Summary Table of Published Sedimentation Rates, Easn Great Basin, Utah

. Sedimentation
Lake Period Covered Rate (mm/yr) Reference

Lake Bonneville and

758 ky to present 0.12 Oviatt et al. (1999)
predecessors
Blue Lake (western side of L.V. Benson et al.
Bonneville basin) 44 ky to present 0.18 (2011)
Holocene
Great Salt Lake (~11 ky to present) 0.20-0.83 Colman et al. (2005)
Holocene
Bear Lake (~11 ky to present) 0.3-0.8 Colman et al. (2009)
Lake Bonneville and 287 ky to present 0.4 Balch et al. (2005)
predecessors
Bear Lake Late Pleistocene to presen 0.5 Colman et al. (2009)

From Dr. Jewell’s information, it can be concludbdt a sedimentation rate of 1.2 mm/yr for
intermediate lakes is likely too large, thereby ensthting the radon flux. Thus, in order to
provide additional perspective, SC&A investigateree other hypothetical sedimentation rates
for the Intermediate Lake based on the availabia: &) a normal distribution based on the
Large and Intermediate Lake means (0.12 and 5.64/mraspectively), (2) a lognormal
distribution based on the Large and Intermediateelraeans, and (3) a lognormal distribution
based on the smallest [0.12 mm/yr from Oviatt e{1899)] and largest [0.83 mm/yr from
Colman et al. (2009)] Table 5-2 sedimentation refggure 5-5 shows each of these lake
sedimentation rate distributions, while Table 5-8gents the characteristics of the analyzed
Intermediate Lake Sedimentation rate distributidxiso shown in Figure 5-5 are the
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EnergysolutiongNeptune Large and Intermediate Lake sedimentalistnibutions (the two
dashed curves), and the Table 5-2 Great Basin sadiition rates (the six dotted vertical lines).

Table 5-3 — Analyzed Sedimentation Rate (mm/yr) Digbutions

Identifier Minus 2 Plus 2 | Distribution Mean Standgrd

Std Dev | Std Dev Type Deviation
SC&A: Oviatt-Colman LN 0.12 0.83 Lognormal 0.32 1.62
SC&A: Lognormal Distribution 0.12 5.64 Lognormal 0.82 2.62
SC&A: Normal Distribution 0.12 5.64 Normal 2.88 1.38

Figure 5-5 — Comparison of Intermediate Lake sedim&ation rates

SC&A re-ran the DTSA GoldSim model with each of fhgure 5-5 sedimentation rates, with
the resulting ground surface radon fluxes showigiire 5-6 and the peak mean flux given in

Table 5-4.
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Figure 5-6 — Mean radon flux with different sedimemation rates

Table 5-4 — Peak Mean Radon Flux with Different Sachentation Rates

Radon )
Case — Ratio
(pCi/m*-s)
SC&A: Neptune IL Sed. 16.1 —
SC&A: Normal Distribution 253 15.7
SC&A: 10 x Large Lake Sed. 356 22.0
SC&A: Lognormal
Distribution 562 34.9
SC&A: Oviatt-Colman LN 1,067 66.3

Table 5-4 shows that regardless of which sedimemtaate distribution is selected for the
Intermediate Lake, the resulting ground surfacemdtlix will be significantly larger than what
would have been calculated using the EnBadytiongNeptune rate. For the remainder of this
review, the 10 times the Large Lake sedimentat&a results will be used; however, it should
be kept in mind that the ground surface radon éloxld be substantially larger if a different
sedimentation rate distribution is determined t@ppropriate.

References
Balch et al., 2005
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L.V. Benson et al., 2011
Colman et al., 2005; 2009
Jewell, 2014
Neptune, 2014e
Oviatt et al., 1999
5.1.1.4Early Lake Return

SC&A (2014), Attachment 1 indicated that the bésisassuming that the lake does not return
for the next 50,000 years is weak. However, aftether review (Bradley 2013, 2014), SC&A
has determined thait‘is extremely unlikely that a return to an intexdnate lake level will occur
before 50,000 years from presé(@radley 2014). Bradley (2013) made the following
observations:

“The model...is based on a very reasonable set ofrgggins regarding the return of
both large and small lakes,.... Paleoclimatic recoctisarly indicate that major climate
[global] variations over the last ~800,000 years have omel@rimarily on a ~100,000-
year cycle, with shorter term variability focusedlae ~41,000-year timescdle

“We can have very high confidence that there wilinoeh higher lake levels in the
region in the (distant) future and that they willindate the Clive site many times over
the next 2 million years

“Overall, orbital changes indicate that lakes in tAeeat Basin that were typical of
glacial epochs in the past will be delayed welldreythe next 10,000 yedrs

“Model simulations under higher levels of greenhayesses all point to warmer and

drier conditions, not wetter, in the western Unit&tgtes (...). This will lead to reductions
in winter snowpack, seasonal runoff, and soil mwestontent, and thus an overall trend
towards aridification of the entire great Basin reg (...)"

Thus, the early return of an Intermediate Lakeoisomger a concern, and has not been analyzed.
References
Bradley, 2013; 2014
SC&A, 2014
5.1.1.5Qualitative Analysis
For the deep time, UAC R313-25-20(5)(a) requires:th

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

This section presents a qualitative evaluatiorhefdeep time ground surface radon flux analysis
results. Although doses have been calculated askpted in the tables that follow, this is not a
risk assessment, and the calculated doses areegamitras a compliance indicator. Rather,
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following the guidance provided by the NRC (2013dpse” is being used as aufrrogate, to
evaluate relative risk and the degree of isolatddnhe waste to minimize future problems at the
sites”

Using the methodology from Yu et al. (2001), Appiend, the radon and radon progeny outdoor
concentrations due to a radon flux of 356 pGifnfi.e., SC&A: 10 x Large Lake) were
calculated, and are shown in Table 5-5 [see SC&A%2 for more information on how these
outdoor concentrations were calculated]. Tabledisb shows the dose that an individual worker
would receive from inhaling these concentration2000 hours per year. To calculate these
doses, the inhalation dose factors for radon aadation progeny were obtained from Table 2 of
Kendall and Smith (2002). For comparison purpogesconcentrations and doses due to a radon
flux of 20 pCi/nf-s are also presented in Table 5-5. National CdancRadiation Protection

and Measurements (NCRP) Report No. 160izing Radiation Exposure of the Population of
the United State@009, p. 54) indicates that the average outdamib{ent) radon concentration

in the United States is 405 picocuries per cubitem@Ci/nT) [15 becquerels per cubic meter
(Bg/m*)]. Again for comparison, Table 5-5 indicates wte radon progeny concentrations and
doses would be for this ambient radon concentration

Table 5-5 — Calculated Outdoor Radon Concentratiomnd Exposure

Nuclide CII¥?mieep EPA° U.S. Averag®
Radon Flux (pCi/m?-s)
Rn-222 356 20 Not Given
Concentration Outdoor

(pCi/n?)

Rn-222 1.7E+04 9.8E+02 4.1E+02

Po-218 2.8E+03 1.6E+02 6.5E+01

Pb-214 4.0E+01 2.3E+00 9.4E-01

Bi-214 5.8E-01 3.2E-02 1.3E-02

Dose Outdoor (2,000 hr/yr)

(mrem/yr)

Rn-222 2.1E+01 1.2E+00 4.8E-01

Po-218 5.7E+01 3.2E+00 1.3E+00

Pb-214 4,0E+00 2.2E-01 9.2E-02

Bi-214 5.0E-02 2.8E-03 1.2E-03

Total 8.2E+01 4.6E+00 1.9E+00

@ EPA regulations at 40 CFR Part 61, Subparts @, Rnd W, as
discussed below.
® NCRP (2009, p. 54) gives the U.S. mean outdoobi@nt) radon
concentration as 15 Bg/rt405 pCi/r).
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In 40 CFR Part 61, the EPA has set radon emissandards for several different types of
radium-containing facilities, but not for a DU dosal facility. The relevant subparts of Part 61
are as follows:

Subpart Q National Emission Standards for RadorsEigns from Department of
Energy Facilities

Subpart R National Emission Standards for RadorsEigms from Phosphogypsum
Stacks

Subpart T National Emission Standards for RadonsEimins from the Disposal of
Uranium Mill Tailings

Subpart W National Emission Standards for RadonsEimmns from Operating Mill
Tailings

All four of these 40 CFR Part 61 subparts conta@itentical radon emission standard of
20 pCi/nf-s. Thus, in order to measure how well the Clive @&posal facility compares to
other radium-containing facilities, it seems appiaie to use a radon emission level of
20 pCi/nt-s as a gauge, and this information has been iadlird Table 5-5.

Table 5-5 shows that the calculated ground sunaden flux results in outdoor radon and radon
progeny concentrations and doses that are abouirh®8 larger than the U.S. average and about
18 times larger than those due to the limiting raflox from other types of radium-containing
facilities.

Likewise, using the methodology from Yu et al. (2RQAppendix C, the radon and radon
progeny inside concentrations due to a radon 856 pCi/nf-s (i.e., case SC&A: 10 x Large
Lake) were calculated and are shown in Table %6 BC&A (2015) for more information on
how these inside concentrations were calculategi(aBse the radon is contained and not
immediately blown away, the radon progeny haveamch to grow in when the radon flux
occurs within a structure. Again, the dose to avidual worker who inhales these
concentrations for 2,000 hours per year has beenlated and is shown in Table 5-6.

DEQ has a program that allows Utah residents taiohest kits and test the radon concentration
in their home, work location, or public buildingsAf December 2014, DEQ has obtained
38,407 indoor radon test results and has categbtimam by zip code. Based on these test results
and using the Yu et al. (2001) methodology, SC&A balculated the radon progeny
concentration and dose for the average radon ctnaten within the State of Utah, Tooele
County, and the 84029 zip code (the closest t€Cthe site), as well as for the largest measured
radon concentration in the 84029 zip code. Theseeardrations and doses are also provided in
Table 5-6 for comparison. It is important to ndtattthe Table 5-5 doses are in units of mrem/yr,
while the Table 5-6 doses are in rems per year/ggnand that 1 rem/yr is equal to 1,000
mrem/yr.
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Table 5-6 — Calculated Inside Radon Concentrationrad Exposure

Cll\#_e DEE EPA? Utah Radon Measurement Program Results

ime U.S.

Nuclide | Radon Flux (pCi/m*s) | Averag€’ | State of | Tooele Zip Code: 84029
356 20 Utah County | Average | Largest

Concentration Inside (pCifn
Rn-222 1.3E+05 | 7.2E+03 | 1.3E+03 | 5.2E+03 | 5.7E+03 | 1.1E+04 | 9.8E+04
Po-218 1.2E+05 | 6.7E+03 | 1.2E+03 | 4.8E+03 | 5.3E+03 | 1.1E+04 | 9.1E+04
Pb-214 7.3E+04 | 4.1E+03 | 7.1E+02 | 2.9E+03 | 3.2E+03 | 6.4E+03 | 5.6E+04
Bi-214 49E+04 | 2.8E+03 | 4.8E+02 | 2.0E+03 | 2.2E+03 | 4.3E+03 | 3.8E+04
Dose Inside (2,000 hr/yr) (rem/yr)
Rn-222 1.5E-01 8.5E-03 | 1.5E-03 | 6.1E-03 | 6.7E-03 | 1.3E-02 | 1.2E-01
Po-218 2.4E+00 | 1.4E-01 | 2.4E-02 | 9.8E-02 | 1.1E-01 | 2.1E-01 | 1.9E+00
Pb-214 7.2E+00 | 4.0E-01 | 7.0E-02 | 2.9E-01 | 3.2E-01 | 6.3E-01 | 5.5E+00
Bi-214 4.2E+00 | 2.4E-01 | 4.1E-02 | 1.7E-01 | 1.9E-01 | 3.7E-01 | 3.2E+00
Total 1.4E+01 | 7.8E-01 | 1.4E-01 | 5.7E-01 | 6.2E-01 | 1.2E+00 | 1.1E+01

¢ EPA regulations at 40 CFR Part 61, Subparts @, Rnd W, as discussed above.
® NCRP (2009, p. 46) gives the U.S. mean insiderradmcentration as 46.3 Bqfifi,251 pCi/mi).

Table 5-6 shows that the calculated radon fluxltesw inside radon and radon progeny
concentrations and doses that are about 102, 851 latimes larger than the national, state, and
local radon concentrations and about 18 times tahgan those due to the limiting radon flux
from other types of radium-containing facilities.

In addition to elevated radon flux levels, the DOuM also result in the direct-shine dose rate to
anyone standing on the embankment. The ErgoiyyionsDTSA did not address the direct dose
above the DU. However, DEQ performed a simple Mitrield® (Grove 2009) analysis to
estimate what the dose rate might be on top oéthleankment. For the MicroShield® analysis,
the mean radionuclide concentrations from Nept20é&4i), Table 2 were entered, and
MicroShield® was then allowed to decay and buildhginventory at various times up to
100,000 years, resulting in the full suite of utaniseries radionuclides being included in the
analysis.

Rather than being totally exposed once the embankhas been washed away, the DU would
be covered to a depth equal to the amount of aedeaosition prior to the lake’s return and lake
sedimentation prior to the lake receding. Figuré$tows the shine dose directly above the DU
as a function of the depth of material coveringifi¢at 10,000, 50,000, and 100,000 years.
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Figure 5-7 — Dose rate above covered depleted uram

The dashed lines in Figure 5-7 show the amounbwéicmaterial needed to reduce the direct
shine dose to below the UAC R313-15-201(1)(a)(Qupational limit of 5 rem/yr (the orange
line), assuming 2,000 work-hours/year and belowdA€ R313-15-301(1)(a) dose limit for
individual members of the public of 100 mrem/yre(tireen line), assuming full-time (i.e., 8,766
hr/yr) occupancy. Table 5-7 shows the various arteoahcover material necessary to reduce the
direct shine dose to each of the two limits.

Table 5-7 — Required Depth of Cover Material

Time Required Depth (m) Aeolign < OI_Lake _
(years) | Member of | Radiation | Deposition edimentation
the Public | Worker | Depth (m) | Depth (m)
10,000 0.73 0.11 0.53 0.6
50,000 0.96 0.26 2.65 0.6
100,000 1.04 0.35 5.30 0.6

Table 5-7 shows the amount of cover material thaild/result from aeolian deposition prior to
an intermediate lake returning and the amount @insentation that would occur while the lake
was present. The bases for these estimates atsskstabove. As indicated in Table 5-7, there
is expected to be sufficient deposited materiattenuate the direct shine dose to below both the
occupational and general population dose limits.
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In its response to Interrogatory R313-25-8(5)(a)i&ep Time — Sediment and Lake
Concentrations (ES 2014a), EneBgjutionsargued against supplying doses or another metric t
compare the calculated deep time sediment andidaker concentrations. In formulating its
argument, Enerd@olutionsrelied heavily on a quote from NUREG-1573, whichswpublished

in 2000 (NRC 2000). More recently, associated \piibposed revisions to 10 CFR Part 61, the
NRC has published additional material regardingpibst-compliance time “qualitative

analysis,” often referred to as the Performanc@BeFor example, in an August 29, 2013,
response to concerns raised by the Advisory Coreendih Reactor Safeguards (ACRS) (NRC
2013a), the NRC staff stated that:

the performance assessment and intruder assesshagntould be required by

the proposed rulemaking are not intended to beasdessments (i.e., they are not
calculating human risk even though they calculatibse). Instead they are
assessment methods, using “dose” as a surrogatevatuate relative risk and

the degree of isolation of the waste to minimizeréuproblems at the sites.

Additionally, in the preamble to the draft proposate in the Performance Period, in the long-
term analyses discussion the NRC states (NRC 2QEgRjg 30):

Although a dose limit is not prescribed, it is rewoended that doses or
concentrations and fluxes of radionuclides in theinment are calculated as
they are appropriate to use to compare alternatiygi®g a common metric.

These statements clearly show that, contrary togy®®lutions assertion, calculating doses in
the deep time qualitative analysis does not inatdidhe express purpose for the evaluation but
rather is consistent with current NRC staff’'s gdalsthe “qualitative analysis.”

During a December 3, 2013, ACRS meeting to heagmations from stakeholders and discuss
the proposed revisions and technical basis fosrews to 10 CFR Part 61, Daniel Shrum,
representing Ener@plutions Clive facility, made the following statement (NRXD14a, page
143):

The second tier is performance period. And thassduto capture longer-lived
isotopes. And | believe, it's my opinion that thegd to be looking more to
catastrophic effect, not 25 millirem, not even B@i0irem to the inadvertent
intruder which is being proposed, but into the IL@rem range. And the reason
for that is it's speculative anyway. People livemdan we're allowed to give our
employee five rem a year. That’s allowed. And, grmw, that's a known thing
that we can do. And so as we project these thmigstine future, increasing the
threshold might be a reasonable way to handle that.

Although unsure of the proposed dose range (i.@,1D rem), DEQ agrees with the basic
concept being espoused by Mr. Shrum for the Pedooa Period “qualitative analysis.”

Regarding the NRC (2013a) statement that the deep“qualitative analysis” is intended to
“evaluate relative risk and the degree of isolatddnhe waste to minimize future problems at the
sites” it can be argued that the Ene8ptutionsdeep time analysis has already performed that
function. In Energ$olutions DU PA v1.2, Neptune (2014a, page 6) states:
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The utility of such a calculation, aside from resgimg to the UAC, is to inform
decisions regarding the placement of wastes irethbankment. With downward
pathways influencing groundwater concentrations] apward pathways
influencing dose and uranium hazard, a balance rhasichieved in the
placement of different kinds of waste. In versidhdt the Clive DU PA Model
(...), three different options for configuration bétDU waste within the Class A
South embankment (subsequently renamed the Fdaldré@lell) were evaluated.
These options included a “3-m model”, named becdhsdop of the DU waste
was 3 m below the embankment cover, and also 5dni@m models.

One of the reasons for abandoning the “3-m” anth™=alternatives is because of the insights
gained from the Clive DU PA v1.0, including the degne analysis.

Due to the fact that, unlike LLRW, the danger agged with DU increases with time due to the
buildup of U-238 progeny, it is paramount thatpakcautions be taken to ensure that the DU
remains buried at all times. The deep time anajysiformed by Energ@olutions/Neptune and
supplemented by the DEQ analyses clearly showethedme point in the distant future the
buried DU will become un-buried due to the erosabthe Federal Cell's embankment by a
returning pluvial lake. At that point, the analysiEsnonstrate that the potential exists for
individuals to be exposed to radioactive matereggardless of whether the un-buried DU is
dispersed within a limited area around the site,(the v1.2 scenario), dispersed throughout the
entire returning lake volume (i.e., as analyzedBQ), or remains undispersed where it was
disposed.

There has been much discussion between DEQ andySwutionsregarding what is the proper
metric to use to judge the adequacy of the deep tqualitative analysis” (i.e., Performance
Period). As an adequacy metric, DEQ has suggesiad dose rates and/or regulatory criteria
that are not specific to 10 CFR Part 61 but thatijpon the same media type (e.g., 40 CFR
192.12(a) for Ra-226 soil concentration, 40 CFR562(a) for radon flux). Ener@polutionshas
resisted all of the DEQ suggestions and has imbstbi@ “background concentrations” is the
proper metric. One reason stated by EnSadytionsfor rejecting dose as an adequacy metric is
“the huge uncertainty in predicting human societg awolution that far into the futureDEQ
acknowledges this concern but still believes tlusiedrates (as separate from pathway doses) is
an appropriate adequacy metric that has advantaggsbackground concentrations.” For
example, there will be a dose rate above an areardéminated sediment regardless of what
happens to human society, and that dose rate chshanild be compared to some appropriate
benchmark (e.g., background, occupational exposege)atory criteria). To support its
argument for excluding dose as an adequacy mémergysolutionsrelies heavily on a quote
from NUREG-1573, Section 3.2.1, which in essengs $iaat dose should not be calculated if
the site is uninhabitable due to a glacier or laé&mmg present (NRC 2000). DEQ agrees with the
NRC on this approach and is only proposing thatdP@ance Period doses be calculated once
the pluvial lake has receded.

A few paragraphs later, NUREG-1573, Section 3.RRE 2000), has more to say concerning
the deep time analysis:
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Assurance about site performance into the far fitaralso provided by limiting
the amounts of long-lived radionuclides that maylisposed of at an LLW
disposal facility, including those shown by anadytsi be significant only after
tens of thousands of years have passed. The effpletcing inventory limits on
long-lived radionuclides is to mitigate, given wisforeseeable todathe
potential consequences of waste disposal to gemanatin the distant future
[emphasis added]

From this it is clear that DEQ’s approach to thepleme analysis is completely consistent with
the NRC'’s guidance: limiting the potential consemes (i.e., doses) to generations in the distant
future (i.e., after the pluvial lake has receded).

Conclusion: Since the revised DTSA provided by Ene®glutionsNeptune does not address
most of the concerns raised by DEQ on the origEBA (e.g., use of Unit 4 versus Unit 3
material properties, use of a large intermedidte Bedimentation rate), DEQ believes that there
are still open questions related to ground surfaden fluxes reported in the revised DTSA
(Neptune 2015a). Furthermore, recent calculatiem®pmed by DEQ/SC&A have shown that
the ground surface radon fluxes after an Intermediake recedes could be substantially above
those presented in the EneSgpjutiongNeptune revised DTSA (Neptune 2015a). Comparieg th
calculated post-Intermediate Lake inside radon eotration to national, state, and local radon
concentrations shows the calculated concentratidr@ t102, 25, and 11 times larger,
respectively, and it could be substantially lar§erdifferent lake sedimentation rate distribution
is determined to be appropriate. Therefore, baped our current understanding of the
uncertainties contained within the deep time ang/{BEQ/SC&A is unable to determine at this
time that the DTSA portion of the DU PA Model visZatisfactory.

References

ES, 2014a

Grove, 2009
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Neptune, 2014a; 2014i; 2015a
NRC, 2000; 2013a; 2013b; 2014a
SC&A, 2014, 2015

Yu et al., 2001

5.2URANIUM ORAL TOXICITY

Although not required as part of the DU PA, En&gljtionsanalyzed whether ingestion of
uranium could cause non-carcinogenic biological @gensuch as kidney failure. EPA has
established reference doses for ingestion (RfDg¢dbas an assumed threshold below which
non-carcinogenic damage is not expected (EPA 28001). The ratio of the actual dose to the
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RfD is the hazard quotient for a particular expesueithway. The hazard index is the sum of the
hazard quotients over all pathways for the paricahemical species. A hazard index of less
than 1 indicates that the exposures are of no econEmergypolutionsselected two values of

RfD from the literature—one based on the EPA drigkivater maximum contaminant level
(MCL) for uranium [0.0006 milligrams per kilogranepday (mg/kg-day)] (EPA 2000) and one
based on the Superfund Integrated Risk Informadigstem (IRIS) (EPA 2011)

(0.003 mg/kg-day)—and assumed for the performassessment that the RfDs were equally
probable. The results of the uranium oral toxiaitalysis are presented in Table 5-8.

Table 5-8 — Peak of Mean Uranium Hazard Index: Stastical Summary, Peak Uranium
Hazard Index within 10,000 Years
Median

opi
Receptor Mean (50th %ile) 95th %ile

Waste emplaced below grade

Ranch worker | 2.47E-10 7.71E-19 6.87E-11
Hunter 7.95E-12 2.94E-20 2.42E-12
OHYV enthusiast| 1.03E-11 3.97E-20 3.04E-12

Source: Neptune 2014a, Table 6.

From this table, it is apparent that the hazariteslare very small for the scenarios considered.
Exposure pathways evaluated included ingestiomidése soils, ingestion of game meat, and
ingestion of beef. The DU PA Model v1.2 did nototddite the uranium hazard index for either
the acute or chronic driller intrusion scenaricscdssed in Section 4.3 above. However, as noted
in Figure 4-6, the doses from uranium ingestionsanall: less than 0.001 mrem/yr at 10,000
years. As both the radiological dose from uraningestion and the oral toxicity dose are
functions of the uranium concentration in the watiee hazard index should also be minimal.

Conclusion: Since both the calculated uranium hazard indicéstlae implied hazard indices for
the acute or chronic driller intrusion scenarics agry small, DEQ considers this portion of the
DU PA to be adequate with all issues resolved.

References
EPA, 2000; 2011
Neptune, 2014a

5.3COMPLIANCE WITH GROUNDWATER PROTECTION LEVELS

GWQ Permit No. UGW450005 for the Clive site spesfGWPLs for uranium and various
other radionuclides. Under the terms of the perodal ground water quality conditions must
not exceed respective GWPLs for a minimum of 5CryeRelevant GWPL concentrations are
listed in Table 1A of the GWQ Permit and are sumzeea here in Table 5-9. Beyond the
500-year evaluation period specified in the GWQiRgdimits on groundwater radionuclide
concentrations are established by the requirentéri®\C R313-25-20, which specifies that
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“No greater than 0.04 mSv (0.004 rem) committedteffedose equivalent or total effective
dose equivalent to any member of the public stlatieefrom groundwatérCompliance with
UAC R313-25-20 pertains to the minimum Complianeedt of 10,000 years for the DU PA as
specified in UAC R313-25-9(5)(a). This longer-tecompliance [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 Gve, 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
[-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 Hageon the assumption that an individual
would consume the groundwater and be exposed iticegased lifetime cancer risk of <1E-04

or to a dose of <4 mrem/yr. However, since the gdoater at the Clive site is non-potable due
to its high salinity, it would require treatmentde it could be consumed. Because such
treatment would likely remove some of the radiordes as well as other dissolved solids, use of
the Table 5-9 GWPLs at the Clive site is protect¥éhe population.

To evaluate compliance with the GWPLs listed inl€&9, Energ$olutionsmodeled
concentrations of contaminants in a hypotheticdl atehe edge of Federal Cell buffer zone.
The hypothetical well was 90 feet from the edgéhefside slope and 240 feet from the edge of
the DU waste. (No DU waste is to be emplaced utiaeside slopes.) The results are
summarized in Table 5-10.
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Table 5-10 — EnergyolutionsShallow Aquifer Peak of the Mean Groundwater Activty
Concentrations within 500 Years, Compared to GWPLgpCIi/L) with the Waste Placed at
or Below Grade

Radionuclide GW_PL Me_an (5'\C;It(re1d‘;/ilirlle) 9oth '%ile
(pCilL) (pCilL) (pCill) (pCilL)

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 2014a, Table 2.

It can be seen from Table 5-10 that, with the ettoapf the fission products Tc-99 and I-129,
the concentrations of the other radionuclides rsgynificant. The calculated concentrations are
so small that any changes in infiltration rate blase ET cover modeling changes discussed
elsewhere in this SER would not create concerrardagg compliance with the GWPLs. In
addition, as discussed in previously in Section24ahd 4.2.2, a proposed condition for any
license amendment addressing disposal of DU wastddvgpecify that recycled uranium (the
source of Tc-99, Np-237, and 1-129) not be permitie a constituent in the DU waste.

Assuming that the specific activity of U-238 is B:3 curies per gram (Ci/g) then, based on the
mean U-238 concentration in Table 5-10 of 1.12Ep#20curies per liter (pCi/L), the mass
concentration of U-238 is 0.34E-25 grams per [itgk) [1.12E-20 pCi/L + (3.3E-07 Ci/g %
1E+12 picocuries per curie] or 0.34E-19 pg/L. Bessau-238 constitutes most of the uranium
mass, the uranium concentration is well below tNéRE for total uranium specified in Table
5-10 (i.e., 30 ng/L). The results of this hand akdtion are in reasonable agreement with the
value of 8.1 E-20 pg/L calculated with GoldSim viising 1,000 realizations.

Presumably the in-growth of Ra-226 at 500 yearssufficiently small that it was not included
in the Energ$olutionsreport. To check this assumption, DEQ extracteditexhal information
from the Energ8olutiongNeptune GoldSim results and determined that thenniRa-226 and
Ra-228 groundwater concentrations at 500 years %8ie-12 and 3.4E-29 pCi/L, respectively.
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These values are well below the Ra-226 and Ra-@@thmed GWPL of 5 pCi/L. Likewise, the
uranium concentration of 2.8E-18 mg/L is well beliwe GWPL of 30 mg/L.

As noted above, the only two radionuclides witmgigant concentrations relative to the
GWPLs are 1-129 and Tc-99. Since no iodine wasatietein the SRS depleted uranium trioxide
(DUO3) samples, the 1-129 concentration was set atalver limit of detection for the DU PA
calculations. However, additional research condldtging the Clive DU PA Model v1.2
modeling revealed that the 1-129 concentration exasstated by about six orders of magnitude
(Neptune 2014i). Thus, the likely 1-129 concentratis 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 concenmdi@0 years after Federal Cell closure is
about 20 percent of the GWPL (740 pCi/L predic8uyPL = 3,790 pCi/L). At the 95th
percentile, the Tc-99 concentration exceeds the GWYPL8 percent (4,460 pCi/L predicted) for
a 500-year simulation. The Tc-99 source term igthas sampling of the DU@rom SRS,

where the average measured concentration was 2038&3i/g of DU waste with a standard
deviation of 1.16E+04 pCi/g (Neptune 2014i, TableThe same Tc-99 concentration was
assumed for the DIDg being generated from DU from the GDPs. The usugbgate data

from SRS for establishing the Tc-99 concentratiothe DUOg from the GDPs was questioned
in Interrogatory CR R313-25-7(9)-51/3: Nature oinGonination; and Interrogatory CR R313-
25-7(9)-89/3: Contamination Levels in DUJRC 2014c). In Interrogatory CR R313-25-7(9)-
89/3, DRC pointed out that the estimated Tc-99 eatration in the GDP-based oxides could be
understated by a factor of 3.7 based on data fraghtblwer et al. (2000). Because the assumed
Kd for technetium is zero, a 3.7-fold increasehia source term should be reflected in a similar
increase at the hypothetical well, causing the gyfolutions500-year simulation of Tc-99
GWPL to be exceeded. In its Round 3 response ¢orbgatory CR R313-25-7(9)-89/3 (ES
2014b), Energ$olutionsexplained that the Tc-99 concentrations usedartd PA were based
on SRS data from which the mean and standard dmviaere determined. The data from
Hightower et al. (2000) were an upper-bound estmBhe upper-bound calculation of the mass
of Tc-99 based on 10,000 iterations from the Ciié PA Model v1.2 is 75,424 kg, while the
upper-bound estimate from Hightower et al. (208®5,650 kg (Interrogatory CR R313-25-
7(9)-89/3, DRC 2014c, Table 3). As the Tc-99 comeion is already borderline when
compared to the GWPL at 500 years, the Hightowtx dannot be dismissed.

The high level of uncertainty surrounding the quge# of contaminants in the DU waste was
characterized by Ener8plutionsin Appendix 4 to the Clive DU PA Model v 1.2
(Neptune 2014i). The authors noted on pages 23 tha

Until adequate information concerning DU inventasyeceived from the GDPs,
which may not happen until the DU oxide product basn produced and
sampled, the actinides and fission products arermgsl to be in relative
concentrations in the DUfwaste equal to those in the SRS RW@ste, as
shown in Table PSummary of mean and standard deviations for SR®PU
concentrations, assuming a normal distributidinjs is only a rough
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approximation and will need to be revised as datani the GDP waste are
provided[emphasis added].

The EnerggolutiongNeptune statement that this “is only a rough apipnation” confirms the
high level of uncertainty in the amount of Tc-98dadther contaminants) present in the GDP
recycled DU.

Another example of the uncertainty and, possibigarestimation of the contaminants from
recycled uranium involves the number of cylinderhwontaminated heels. According to
EnergysolutiongNeptune (Neptune 2014i, p. 25):

The cylinders at Portsmouth also need to be constld he Depleted Uranium
Management Information Network reports the numlasré6,109 from the
Portsmouth GDP, and 4,822 from the K-25 GDP, noweddo Portsmouth (DOE,
2010). These cylindeege also considered unlikely to be contaminat@gekrsonal
communication, Tammy Stapleton, May 2(J&h)phasis added]

and:

Consequently, the fraction of Pre-1988 cylinderRatlucah that is assumed to be
contaminated is about 9% [1,335/ (1,335 + 13,240)}je Portsmouth cylinders
might alsohave a small fraction that are contaminatetsing expert opinion, this is
estimated at less than 1%, with a best guess atore than 10 cylinders
contaminated (personal communication, Tammy Stap|éfiay 2011Jemphasis
added]

In contrast to the assumption that there is Iittleycled uranium in the Portsmouth GDP (PORTS)
[and Oak Ridge GDP (ORGDP)] cylinders, Hightoweale2000 note in Table C.6 the following
regarding the heels in cylinders containing reayeleanium feeds:

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

Based on this information, about 40 percent ofi®9 is in cylinders from Portsmouth and
ORGDRP. In fact, the highest concentration of Tarbthe cylinder heels is reported as 5,700,000 ppb
for Portsmouth (Hightower et al. 2000, Table C.7).

The concentrations of radionuclides in the uppecoafined aquifer will continue to build

beyond the 500-year evaluation period establisheéda GWQ Permit. Figure 5-8 shows the
change in concentration with time for selectedoadclides determined using the
Energysolutions DU PA GoldSim Model. Note that, due to its motyilithe Tc-99

concentrations are substantially higher that ferdther nuclides. The Tc-99 concentration at the
hypothetical 90-foot well in the upper, unconfireglifer increases from 740 pCi/L [27.4
becquerels per liter (Bg/L)] at 500 years to 150,6Ci/L (5,573 Bg/L) at 3,500 years and then
decreases to 61,780 pCi/L (2,286 Bg/L) at 10,0G0s€The impacts of these post-500-year
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higher Tc-99 (and other radionuclide) concentration the potential groundwater ingestion dose
are discussed in the Section 4.2.2.

Figure 5-8 — Concentrations of selected radionucli&s in upper, unconfined aquifer

FINAL 112 April 2015



EnergySolutions LLRW Disposal License — Conditisn 3
(RML UT2300249)
Safety Evaluation Report

Figure 5-9 shows the fraction of the GWPL for vasgadionuclides as a function of time (based
on 1,000 iterations with GoldSim Model v1.2 as deieed by DEQ). The fractions of GWPL
values in Figure 5-9 are obtained by dividing thetlwoncentrations for each radionuclide
obtained from the GoldSim model v1.2 by the GWRbsf Table 5-10. For this simulation, all

of the DU waste inventory was included. It can éersthat Tc-99, 1-129, and Ra-226 exceed the
GWPLs at the 90-foot shallow well at some pointinme within the 10,000-year simulation
period. This simulation is simply an extension birgputs and assumptions used by
Energysolutionsfor its 500-year GWQ Permit evaluation period geisl.

Figure 5-9 — DEQ-calculated fraction of GWPL for vaious radionuclides as a function of
time based on all DU PA inventory at the 90-foot we(unconfined aquifer)

Even though Figure 5-9 shows that after the 500-&8Q Permit evaluation period some of
the GWPLs are exceeded, the groundwater ingestialysis discussed in Section 4.2.2
indicated that the UAC Rule R313-25-20 groundwptghway dose limit of 4 mrem/yr is not
exceeded.

For the second case, DEQ assumed that only cleafn®tission or activation products) was
emplaced. The results are shown in Figure 5-1@&b&dut 8,500 years, the Ra-226 + Ra-228
concentration exceeds the GWPL of 5 pCi/L, whil@@&D00 years the Ra-226 + Ra-228
concentration is 21 pCi/L. Thus, the radium GWPI5@Ci/L in the upper, unconfined aquifer
would be exceeded at the 90-foot buffer zone el ,not until long beyond the 500-year
GWPL evaluation period. Based on the En&gytionsRound 2 Response to Interrogatory CR
R313-25-19-182/2: Groundwater Exposure Pathways2(HE3a), the dilution factor [as
calculated in Enerdjolutions(2014e) using the Dupuit-Thiem equation] betwdenupper,
unconfined aquifer and the lower, confined aquge3.28E8-03, which would result in radium
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concentrations in the lower aquifer being substdigtbelow the GWPL. As described in the
EnergysolutionsRound 2 response to Interrogatory 182 (ES 201Hda)dilution factor for the
upper aquifer contaminated water mixing with thedo aquifer “clean” water is the ratio of the
downward leakage rate [4.37E+02 cubic meters par (re’/yr)] divided by the total rate of
water produced from the deep aquifer well (1.33Erffr), or 4.37E+02 + 1.33E+05 =
3.29E-03. The other radionuclides remain belowrtrespective GWPLs in the upper aquifer for
at least 10,000 years.

It is important to note that the GWPL results présd here are determined based on infiltration
rates through the ET cover presented by Ergogytionsin the DU PA Model v1.2. If the
infiltration results are understated because, Xangle, the values for the saturated hydraulic
conductivities are too low, then the groundwatertaminant fractions presented in Figure 5-9
and Figure 5-10 would change. However, even iiitfisration rate were as high as 0.122 cm/yr
for a rock armor cover (Neptune 2011c) as comperéde average infiltration rate of 0.042
cm/yr for the proposed Federal Cell ET cover (Neptd014k, Section 12.9), the three orders of
magnitude dilution between the upper and lowerfagaiwould be more than adequate to
compensate for a less-than-one order of magnituttease in infiltration rate. As a result of the
model’'s dependency on DU waste dilution in the dessufer, any revised license would contain
a condition requiring characterization and installaof a confined aquifer monitoring well
network. Ongoing compliance sampling, analysis, r@parting for key DU contaminants would
also be required. These data will then serve asaline for determination of possible future
contamination of the confined aquifer at Clive.
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Figure 5-10 — DEQ-calculated fraction of GWPL for\arious radionuclides as a function of
time based on inventory of clean DU waste only (Bfon products absent) at the 90-foot well
(unconfined aquifer)

While the Ra-226 + 228 concentration will exceesl BWPL in the upper aquifer after about
8,000 years, the 500-year compliance point spetifidtJtah GWQ Permit No. UGW450005 is
met, as discussed previously. In addition, the maxn ingestion dose within the first 10,000
years from Ra-226 is 2.32E-03 mrem/yr and frommaadionuclides is 9.24E-02 mrem/yr.
Clearly, these values are well below the exposar# for members of the general public—

4 mrem/yr TEDE from groundwater as specified in UR13-25-20.

Conclusion: Because there is significant uncertainty regardiegTc-99 concentration in the
DU30s to be produced from the GDP tailings, and becdias29 may exceed the GWPL at 500
years, issues related to this portion of the DUdPAresolved based on the condition that no DU
waste containing recycled uranium be acceptedifmodal in the Federal Cell at Clive. Based
on this restriction, GWPLs for the 500-year evaluaperiod can easily be met regardless of
uncertainties in the infiltration rate through &€ cover. This action will also minimize
contamination in the lower confined aquifer ovarder times. If the evaluation period for the
GWPLs was extended to longer times, DEQ has detechthat radium contamination level in
the shallow aquifer would be exceeded after ab@@@Byears into the future. However, because
the yield from this aquifer is very low, it canrim¢ used as a source of drinking water.
Nevertheless, an ongoing characterization progreeadsto be established to gain a better
understanding of the spatial and temporal charattes of the hydrogeologic system,
particularly as related to the lower aquifer. Tiwiegram would be defined by a condition for
approval of any license amendment request.
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6.0 CONCLUSIONS AND RECOMMENDATIONS

6.1CONCLUSIONS

Based upon the evaluations presented in Sectiansl 4 of this SER, DEQ makes the following
conclusions regarding the approval of the Clive PAJModel v1.2. Related UAC rules are
provided in parentheses. All conclusions in the SiBRuding determinations that issues have
been resolved, conditionally resolved, or not gsbived®* are tentative in that they are subject
to notice and comment and reconsideration by tlea@gin light of comments made and the
record as a whole. A final approval would also bijact to the specific license conditions
described in Section 6.2 below.

6.1.1 Resolved

Protection of the General Population from Releasesf Radioactivity [UAC R313-25-20]-

As discussed in Section 6.1.3, there remains machkrtainty regarding the performance of the
ET cover to reduce infiltration into the embankmédnetheless, based on the DU PA and DEQ
contractor calculations summarized in Section BE2Q concludes that the design of the
proposed Federal Cell provides adequate proteofitime general population from releases of
radioactivity from disposed DU waste as requiredJBAC R313-25-20. This conclusion is
contingent upon the belief that, although the irdtion rate may increase once all of the ET
cover concerns have been resolved, it is unlikedy the increase will be significant enough to
cause the doses reported in Section 4.2 to exbeddAC R313-25-20 limits. However, should
the resolution of the ET cover concerns resuliniindiltration rate of 1 cm/yr, or greater, then
this conclusion will need to be revisited. Furthere) a characterization program needs to be
established to gain a better understanding ofptatiad and temporal characteristics of the
hydrogeologic system, specifically the lower coatiraquifer.

Protection of Individuals from Inadvertent Intrusio n [UAC R313-25-21]- Based on the
information provided by Ener@plutions together with independent analyses performed by
DEQ’s contractor, DEQ concludes that sufficienbmfation exists to indicate that the
requirement of UAC R313-25-21 regarding individualsdvertently intruding into the disposal
site and occupying the site or contacting the walter active institutional controls over the
disposal site are removed will be met.

Uranium Oral Toxicity [EPA 40 CFR 141.66} Since both the calculated uranium hazard
indices and the implied hazard indices for the @cutchronic driller intrusion scenarios are very
small, DEQ considers this portion of the DU PA todalequate with all issues resolved.

24 «Resolved” means that a determination has beatertfat there is sufficient information to demoatstrthat this

requirement will be met. “Conditionally resolvedeans that a determination has been made thatithere
sufficient information to demonstrate that thisuiggment will be met, provided that the applicatdadition is
also met. “Not resolved” means that a determinatias been made that sufficient information hasypbbeen
provided to DEQ to demonstrate that this requiremeélhbe met. “Not resolvable” means that thereidficient
information to show that this condition cannot betm
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Uranium Solubility [UAC R313-25-7(3)(c); R313-25-8), and (3); R313-25-9(5)(a); and
R313-25-19} In the Clive DU PA Model, GoldSim samples solities from a statistical
distribution that was developed based on thermaalymanodels that assume that all uranium is
in the form of UQ for the 10,000-year simulations. This is conseveatbecause the solubility
of UOs is orders of magnitude higher thagQd solubility. Given the inability of GoldSim to
simulate the dependency of uranium solubility amekics and thermodynamics, the stochastic
approach that was taken in the DU PA is judgecetadreptable.

6.1.2 Conditionally Resolved

Compliance with Groundwater Protection LevelsJUAC-R317-6-4]— Because there is
significant uncertainty regarding the Tc-99 concatin in the DWYOg to be produced from the
GDRP tailings, and because Tc-99 and other moml®pes may exceed the GWPL at 500 years,
DEQ has determined that all issues related topiison of the DU PA have been resolved with
the condition that no DU waste containing recyaleahium be accepted for disposal inside the
Federal Cell at Clive. Based on this restrictioly®_s for the 500-year evaluation period can
easily be met regardless of uncertainties in thration rate through the ET cover.
Nevertheless, a characterization program needs &stablished to gain a better understanding
of the spatial and temporal characteristics ofitydrogeologic system, particularly as related to
the lower aquifer. This program would be definedalgondition for approval of any license
amendment request.

Kind, Amount, Classification, and Specifications othe Material [UAC-R313-25-8(9)]-

DEQ has determined that issues related to thisgmoof the DU PA are resolved based on the
assumption that a new license condition regardieg/¥aste Acceptance Criteria will be added
to any revised license. This resolution is furtpexdicated upon adding another condition: that
disposal of DU waste produced from ddontaminated with the activation and fission piidu
in recycled uranium not be permitted.

Waste Emplacement and Backfill [UAC R315-25-8(2)3), (5), (6), and (10); R313-25-26(4),
(5), and (10)]- Based on prior approvals, use of qualified pdoces in the CQA/QC Manual,
clarifications provided through interrogatoriesgarew license conditions to be imposed, DEQ
believes that the requirements of UAC Rule R31®82Be satisfied with regard to waste
emplacement and backfill. Therefore, DEQ has datexdithat all issues related to this portion
of the performance assessment have been condijioaablved.

6.1.3 Not Resolved

Evapotranspiration Cover [UAC R313-25-8(2) and (3)}- There are still a number of
unresolved issues with respect to the selectigpacdmeter ranges, distributions, and
correlations, as well as the modeling approachpmedicted sensitivities. These concerns are
detailed in Appendix B. Further, because the mpdetticted infiltration rates will be sensitive
to the hydraulic properties assigned to each E&rldyEQ recommends that Ene8pjutions
develop hydraulic properties for the cover systasell on the approach outlined by Dr. Craig
H. Benson in Appendix F to this SER. Issues rela&bdtlis portion of the performance
assessment cannot be closed until these conceradban resolved.
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Clay Liner [UAC R313-25-8(2)]- As with the ET cover, there is still an unregal\concern
that Kot values will increase greatly over time, and that tand K values assumed for
modeling flow through the liner must either be etated or a sensitivity analysis be conducted
to demonstrate that the lack of correlation assudues not adversely affect the modeling
results. In addition, there are problems with assifmer hydraulic conductivity values.
Furthermore, the DU PA Model v1.2 does not accéamliner degradation over time. These
issues must be resolved before DEQ can determ@anadéquacy of this portion of the DU PA.

Deep Time AnalysiJUAC Rule R313-25-9(5)(a)}- Since the revised DTSA provided by
EnergysolutiongNeptune does not address most of the concerredrais DEQ on the original
DTSA (e.g., use of Unit 4 versus Unit 3 materiaperties, use of a large intermediate lake
sedimentation rate), DEQ believes that there di@pen questions related to ground surface
radon fluxes reported in the revised DTSA (NeptR@&5a). Furthermore, recent calculations
performed by DEQ/SC&A have shown that the grountese radon fluxes after an Intermediate
Lake recedes could be substantially above thosepted in the Ener@plutiongNeptune

revised DTSA (Neptune 2015a). Comparing the caledlaost-Intermediate Lake inside radon
concentration to national, state, and local radwrcentrations shows the calculated
concentration to be 102, 25, and 11 times largspectively, and it could be substantially larger
if a different lake sedimentation rate distributisrdetermined to be appropriate. Therefore,
based upon our current understanding of the unoges contained within the deep time
analysis, DEQ/SC&A is unable to determine at timgetthat the DTSA portion of the DU PA
Model v1.2 is satisfactory.

GoldSim Quality Assurance[UAC Rule R313-25-8(10)}-Specific instances where additional
information and data are needed from En8ajytionsin order to allow DEQ to perform the
necessary verification of Clive DU PA Model v1.2/kadbeen identified in Appendix B and other
sections of the SER (e.g., Section 4.4.1 for mafiion). Once all of those additional requests
have been satisfactorily completed, DEQ will coesitthis concern to be resolved.

Infiltration [UAC R313-25-8(2)]- Before the adequacy of the DU PA can be detad)in
additional modeling of the ET cover infiltrationtea must be conducted based on in-service
hydraulic properties and correlated logénd log(Ka) values as described in Appendix E.
Without this information, DEQ is unable to conclutithe infiltration rates predicted by the
DU GoldSim model are reliable or representativeutifre conditions (i.e., 10,000 years).

Erosion of Cover[UAC R313-25-25)]- Before the adequacy of the DU PA can be
determined, Enerd@olutionsneeds to clarify certain issues relating to Appedd to the DU
PA Model v1.2 (June 5, 2014; Neptune 2014h) asrdestin Section 4.4.2. DRC is currently
reviewing a license amendment request to use arokdr of similar design to that proposed
for the Federal Cell in the DU PA. Any recommenaiasi and conclusions from that review
must be applied to the proposed Federal Cell ak wel

Effect of Biologicals on Radionuclide TransporfUAC R313-25-24(3) and (4)}
Energysolutionshas not shown that the cover system is suffigrahitk or designed with
adequate materials to protect the cover systeimeouderlying bulk waste in the embankments
against deep rooting by indigenous greasewoodd@epknown to penetrate soils at other sites
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down to 60 feet) or other plants, or against broision by indigenous ants or mammals (e.qg.,
with maximum documented burrowing depths greatan the proposed cover thickness). Higher
rates of infiltration are typically associated witiygher contaminant transport rates. Under Utah
rules, infiltration should be minimized [see UACIRIR313-25-25(3) and (4)]. DEQ cannot
determine the adequacy of the DU PA until En&gjytionsaccounts for greater infiltration
through the cover system at the proposed Fedetaé@bankment due to biointrusion by plant
roots and by animals.

Frost Damage[UAC R313-25-25(3) and (4)} DEQ’s position is that the empirical data
collected at the Cover Test Cell during the testiogducted in January 2002 and January 2004
should, along with modeling using much greater idfiexd and justified return intervals, form the
primary basis for testing models designed for estiing frost depths.

Although the empirical data for the Cover Test @alh be used to determine the most applicable
equations (i.e., model) for estimating frost pestgdn depths under general site conditions, it
cannot be used directly to estimate frost deptheéproposed DU embankment cover system.
This is because the proposed DU embankment cogeraywill consist of different materials,
with different thermal properties, than the CovesflCell cover system materials (e.g., with two
feet of rock armor cover). A demonstration thatri@deled frost depth predictions are
reasonably close to the frost depths measurec & dher Test Cell provides a means of
verifying the predictive capabilities of the moddbwever, the model will have to account for
much greater return intervals for extreme low terappge and deep frost penetration. If the
model yields a good match to the empirical datmay be used to estimate the frost penetration
depth of the materials used for the DU embankmew¢icsystem, along with a return period for
extreme cold of at least 1,000 years, assuminghleatnodel can simulate the particular cover
materials.

With the current proposed Federal Cell design, gytwlutionsshould account in modeling for
substantial disruption of near-surface layers alangwithin the radon barriers by frost, with
accompanying decreases in ET and increases falipniow-permeability soil in both hydraulic
conductivity and correlatedvalues, which could affect modeled infiltrationesand radon
release rates. UAC R313-25-25(3) and (4) requireeasee to minimize infiltration; therefore,
Energysolutionsmust model infiltration under realistic long-teamsumed site conditions.

6.1.4 Not Resolvable
As a result of DEQ evaluations, there are no topicee Energ$olutionsDU PA that cannot be
resolved because of affirmative information thahsgiards cannot be met.
6.2ADDITIONAL CONDITIONS FOR APPROVAL

In the event the DU PA is approved, the followinigli@onal conditions will apply to any
amended license.
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6.2.1 Condition 1: Agreement with DOE.

Energysolutionsshall provide a written agreement letter betwe@Eand Energyolutions
that:

a) Includes EnergSolutionsagreement to convey and DOE’s agreement to acaépt
decommissioning, ownership of that portion of Ey&gutionsfacility on which
concentrated DU has been land disposed;

b) Is enforceable by DEQ even if Ene&plutionsno longer exists; and
c) Has been approved by the Governor of the Statdaii.U

In addition, at closure of the Federal Cell, a safgafund must be created (statutorily), so that
DOE has access to the funds needed during thecjusstre period.

In case of approval to dispose of large quantdfesoncentrated, DU at Clive, Utah and DOE
will establish an annual review process to asduaetechnical and financial assurance is
acceptable to DOE.

Basis for Condition:
R313-25-28(1) states:

Land Ownership. Disposal of waste received froneogersons may be permitted
only on land owned in fee by the Federal or a Sgateernment.

Although this provision has been waived for othispdsal at Enerdjolutionsit is appropriate

to condition disposal of DU on DOE'’s firm agreemtmtake title to the area of disposal because
of DOE’s legal responsibility for the waste, andéese establishing long-term control of and
responsibility for the land is critical for dispdsd DU. This is of particular importance because
significant quantities of very long-lived radionigigs, including DU daughter products, will
remain in the waste.

6.2.2 Condition 2: Disposal below grade.

All DU waste must be disposed of below the origigadde level of the proposed Federal Cell
(i.e., 4,272 ft-amsl).

Basis for Condition:

As discussed in Section 5.1, below-grade dispesaquired to minimize release of radioactivity
should a pluvial lake invade the site of the preabBederal Cell at some time in the future.

6.2.3 Condition 3: Depleted uranium will continue to be Qass A waste.

Energysolutionsshall provide, for approval by the Director, atiam statement from the NRC
that the Commission will not be addressing recfasgion of DU.

Basis for Condition:

The Utah Legislature has made a policy choice Wi@A 19-3-103.7 not to allow land disposal
facilities in the state to accept waste for disptsat is greater than Class A under NRC

FINAL 121 April 2015



EnergySolutions LLRW Disposal License — Conditisn 3
(RML UT2300249)
Safety Evaluation Report

classification regulation 10 CFR 61.55, “Waste Gifscation.” The NRC has, in recent years,
indicated that it is considering changing the wasdssification for DU. See, e.g., SRM-SECY-
08-0147, dated March 18, 2009 (NRC 2009). In carang conditional approval of the disposal
of DU, the State of Utah is relying on the apprafaness of the NRC'’s classification of DU.
With this condition, DRC is seeking to ensure thatNRC will, before this approval is
effective, complete its internal review and conelaldat DU will continue to be considered a
Class A waste.

6.2.4 Condition 4: Remainder of waste will be modeled.

To meet the requirements of UAC R313-25-9(5)(agrgySolutionsshall submit a revised
performance assessment that meets the requireofehts provision and addresses the total
guantities of concentrated DU and other radioactigstes the facility now proposes to dispose
in the Federal Cell. This revised performance assent shall be subject to notice and comment
and must be approved by the Director prior to #malldisposal of other radioactive waste.

Basis for Condition:

UAC R313-25-9(5)(a) requires analysis ttié total quantities of concentrated depleted unami
and other wastes, including wastes already dispa$eohd the quantities of concentrated
depleted uranium the facility now proposes to dsgdar his requirement will be met through
this condition.

6.2.5 Condition 5: Waste Acceptance Criteria.

Prior to any land disposal of significant quansitad DU, the Licensee shall submit for Director
approval a written Waste Acceptance Criteria pldre purpose and performance objective of
this plan is to ensure that all DU waste contaiagic shipments received by the Licensee are
equivalent to and in conformance with all physichlemical, and radiologic properties assumed
in the Director-approved DU PA modeling report.

Basis for Condition:

The results of the DU PA are driven, in part, by #ssumed properties of the waste. The
Licensee must provide assurance through a Wasteptaxace Criteria plan that the properties of
the delivered waste fall within the range of prdigsrassumed in the DU PA.

6.2.6 Condition 6: Prohibition of recycled uranium in DU waste.

The Licensee is prohibited from land disposal of guantity of DU waste that was produced at
DOE facilities from uranium-bearing materials conitag recycled uranium.

Basis for Condition:

Activation and fission product contamination inyeled uranium may result in excessive
groundwater contamination. As discussed in Se&iB8nmobile radionuclides such as Tc-99 are
particularly troublesome and could present problemmeeting prescribed GWPLSs.
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6.2.7 Condition 7: Hydrological and hydrogeological propeties of lower
confined aquifer.

The Licensee shall develop and implement a progoapnovide more detailed hydrogeologic
knowledge of the shallow unconfined aquifer andogeeonfined aquifer. In particular, a better
understanding is required to characterize the ntimenditions and to predict the vulnerability to
groundwater resources into the future. Specifiesypf information include: groundwater flow
velocities, aquifer transmissivities, water qualggrption properties, and the degree of hydraulic
interconnection between the upper and lower aciifer

Basis for Condition:

The possibility exists that contaminated groundwedeild flow from the upper aquifer to the
lower aquifer, resulting in exposure to inadvertetruders or members of the public who use
the lower aquifer groundwater for beneficial pugmgésee Sections 4.2.2 and 4.3). Only limited
information is currently available in this area.

6.3RECOMMENDATIONS

At this time, DEQ has not made a final recommermatA final recommendation will be made
after all public comments have been considered.
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