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EXECUTIVE SUMMARV 

In early 2009, (he U.S. Nucl ear Regulatory Commission voted to initiate rulcmaking to require a sitc­
specific ana lysis for disposal of large quantities of depicted uranium. Since that lime, EncrgySo{utions 
has received (and intends to di spose) 3,577 metric tons of depicted uranium waSle that has been declared 
surplus from the Savannah Ri ver Site. However, Utah Radiati on Control Rule (UReR) Sec lion R313-25-
8(5) prohibits disposal of significant quantities of concentrated dep icted uranium (more than one metric 
ton in total accumulation) after June I , 2010, until the Utah Division of Radiation Control Executive 
Secretary's approves a performance assessment that demonstrates Ihat EnergySolufions wi ll meet the 
performance standards specified in 10 CFR Part 61 and corresponding provis ions of Utah rules. 

As requ ired by URCR3 13-25-8(5) and in accordance with URCR313-25-8(2), EnergySolufions has 
competed and hereby submits to the Division's Executive Secretary for approval an in-depth site-specific 
performance assessment before disposal of depleted uranium. Once approved, it is EnergySolufions' 
objecti ve to file documentation requesting its Radioactive Material License be amended to include 
disposa l of depleted uranium. 

Because of the processes, depleted uranium from the Savannah River Site a lso contains small quantities 
of waste fission products and transuranic elements. The estimated mass of depleted uranium from the 
Savannah River Site proposed for disposal at EnergySollllions' Clive Facility is 3,577 metric tons, (5,408 
drums). Furthermore, this report also evaluates acceptance and di sposal of up to 700,000 metric tons of 
simil ar depleted uranium waste from the gaseous diffusion plants at Portsmouth, Ohio and Paducah, 
Kentucky. 

License Condition 35.B of EnergySolufions' Radioactive Material License (UT 2300249) sCates, 

" Peliormance assessment: A petformance assessmenl, in general conformance with Ihe approach 

used by fhe Nuclear Regula/OIY Commission (NRC) in SECY-08-0147, shall be submi/fedfor 

Execulive Secretary review and approval no laler than June I, 2011. The peliormance 

assessment shall be revised as needed /0 reflect ongoing gUidance and rulemaldngfrom NRC 

For purposes of fhis petformance assessment, /he compliance period will be a minimum of 

10,000 years. AddiNona! simulations will be petformedfor a minimum I,OOO,OOO-year lime frame 

for quali/afive analysis." 

EnergySollllions supports their claims of compliance with the license condition through the development 

and execution of a dctailed, site-specific, probabilistic perf0n11anCe assessment using the GoldSim model. 
This model and the rcsulting findings demonstrate to the Division that EnergySolll/ions' proposcd 

methods for disposal of depleted uranium will ensure that future operations, institutiona l control, and site 

closure can be conducted safcly, and that the site wi ll comply with the Di vis ion's radiological criteria 
contained in the Rad ioacti ve Material License. 
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While also included in Ihis Compliance Report as part of improving qual itative understanding of facility 

performance, EnergySolutions recognizes that events that are projected to broad ly disrupt the disposal site 

region should generall y be expected to drive human populations away from the affected areas. 
Accordingly, "an appropriate assumpt ion under these conditions would be thai no individual is living 
close enough to the facil ity to receive a meaningful dose" (NRC, 2000). 
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EncrgySolulions, headquartered in Salt Lake City, is a worldwide leader in (he safe rccycling, processing 

and disposa l of nuclear material , providing innovations and technologies 10 the U.S. Dcpanmcnt of 
Energy (DOE), commercial utilities, and medical and research faci li ties. Al lhc Clive Faci lity, located 85 

mi les west of Sa lt Lake City, EncrgySo!ulions operates a commercial treatment, storage and disposal 

fac ility for Class A low-leve l radioactive waste and Class A low-level mixed waste. 

In early 2009, [he U.S. Nuclear Regulatory Commission (NRC) voted 10 ini t iate rulcmaking to require a 

site-spec ific analysis for the disposal of large quantities of depicted uranium (DU). Since that time, 
EnergySolulions has received 3,577 metric tons (5,408 drums) of uranium Iriox ide (DUO l ) waste that has 
been declared surplus from the Savannah River Site (SRS). In Ihe futu re, EnergySolutions is also 
considering depleted uranium from the gaseous diffusion plants at Portsmouth, Ohio and Pa.ducah, 
Kentucky. As is illustrated in Figure I-I , EnergySollltions has evalualed a potential Federal Cell as 
ultimate deslinal ion for depleted uranium. In accordance with Utah Radiation Comrol Rule (URCR) 
Section R3 13-25-8(2), EnergySollltions is required to complete and submit to Ihe Division's Executive 
Secretary fo r approval an in-depth site-specific performance assessment for the disposal of depicted 
uranium. Once approved, it is EncrgySoluliuns ' objective to fi le documentation requesting its 
Radioactive Malerial License be amended to include disposal of depleted uranium. 

1.1 Licensing Overview 

DOE remedial activities began for the Salt Lake City Vitro mill site in February 1985 and activities were 
compleled in May 1989. Contaminated materials that rema ined at the sile were excavaled and relocated 
by the Slate of Utah to a newly acquired site , located 85 miles west of Sail Lake City at a location known 
as Clive, Utah. Adjacent to this operation, EnergySolulions (then known as Envirocare of Ulah) began 
disposa l operations at its Cli ve facility in 1988 under a State license (RML UT 2300249) to dispose of 
Natura lly-Occurring Radioactive Materials (NORM). In 1990, EncrgySolulions submitted a license 
application to modify its license to allow disposal of low-activity radioactive waste (LAR W). In 1991 , 
the Division gramed this amendment request by issuing a license fo r LARW disposal. From timc to time, 
the LARW disposa llieense has been amended to address EncrgySolurions' changing needs and those of 
the public intcrcst. Eventually, the license pennitted disposa l of Class A low-leve l radioaeli ve waste 
(LLRW). In 2008, the Division renewed EnergySollilions' license (2008 RML renewal). 

Utah Low-Level Radioactive IVasle Disposal Licellse COllditioll 35 (RAIL UT2300249) 1 - 1 
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Figure I-I, EnergySo/lttiolls' Proposed Depleted Uranium Disposal Location 
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EncrgySolulions conducts other treatment and disposal operations in arcas adjaccnI to its Class A 

embankments. These activities include mixed hazardous waste under a Treatment, Storage and Disposal 

(TSD) State-issued Part B RCRA Solid Waste Permit (re-issued by the Executive Secretary of the Utah 
Solid and Hazardous Waste Control Board on April 4, 2003). The nature of mixed waSle managed at the 
fac ility includes contaminated soils, process waste, debris and sludges. The mixed waSle portion of the 

Cl ive faci lity consists of a disposal cell , a treatment building, a storage bu ild ing and an operations 
bui lding. The treatment building is used for stabilization and solidification of certain waste streams and 

the operations bui lding is used for alternative treatment technologies, such as macro-encapsu lation and 
mic roencapsulation, as well as stabilization and storage of mixed waste. 

EnergySolulions also disposes of uranium and thorium by-product material {I I c.(2)} under a license 
issued by NRC as Byproduct Material License SMC- 1559. EnergySolllfions' l l e.(2) license is now 

administcrcd by the Division (RML UT2300478). 

In conj unction with licensed activitics, EncrgySollifions' operations arc a lso subject to the prov isions of 

Ground Water Quality Discharge Pcnnit (GWQD P) UGW450005, issued by the Utah Division ofWatcr 
Qual ity (UDWQ). In 2008, EnergySollilions was awarded a renewal fo r this permit. This pennit specifics 

that groundwater quali ty protection levels for radioactive constituents must be met for no fewcr than 500 
years fo llowing fac ility closure. Similarly, EnergySollifions also operates under Air Qual ity Approval 

Orders , iss ued by the Utah Di vision of Air Quality (UDAW). 

1.2 Regulatory Summary 

The Di vision regu lates activities in the State of Utah that invo lve radioactive materials, some types of 

radioacti ve waste, and radiation. To assess whether EnergySolurions' Clive fac ility location and 

containment technologies are suitable for the disposal of dep leted uranium and the continued protection of 
human health, specific perfonnance objcctives for land disposal of radioac tive waste have been set forth 

in the URCR. Additionall y, EnergySollifions' Clive fac ility is governed by the Department of 
Environmenta l Quality' s groundwater and air regulatory requ irements. Those rules potentia ll y impacted 

by EncrgySolulions' intem to dispose of depleted uranium incl ude: 

• "General Provisions" - URCR R3l3-l2 

• "Violations and Escalatcd Enforcement" - URCR R3 13-14 

• "Standards for Protection Against Radiation" - URCR R3 13-15 

• "Administrative Procedures" - URCR R3l3-l7 

• "Notices, Instructions and Reports to Workers by Licensees or Registrants- Inspections"-
URCR R313- 18 

• "Requirements of Gcneral Applicability to Licens ing of Radioactive Material" - URCR R313-19 

• "Specific Liccnses"- URCR R313-22 

• "License Requiremcnts of Land Disposal of Radioactive Waste" - URCR R3 13-25 

• "Generator Site Access Pennit Requirements for Access ing Utah Rad ioactive Waste Disposal 
Facil ities" - URCR R313-26 

Utah Low-Level Radioactive Waste Disposal Licellse Conditiol1 35 (RAIL UT2300249) I - 3 
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• "Payments, Categories and Types of Fees" - URCR R3 13-70 

• "Ground Water Quality Protection Rules" - Utah Administrative Code (UAC) Rule 317-6 

• "Air Quality Protection Rules" - Utah Administrative Code Rule 307 

1.3 Historical Management of Depleted Ura nium 

Large-scale uranium enrichment in the United States began as part of atomic bomb development by the 

Manhattan Project during World War II. Uranium enrichment activities were subsequentl y continued 
under the U.S. Atomic Energy Commission and its successor agencies, includ ing DOE. The K-25 plant in 

Oak Ridge, Tennessee l was the first of three gaseous di ffus ion plants constructed to produce enriched 

uranium. The K-25 plam ceased operations in 1985, but uranium cnrichmcnl continues at fac ilities 
located in Paducah, Kentucky and Portsmouth, Ohio. These two plants are now operated by the United 

Stales Enrichmcnt Corporation, created by law in 1993 to privatize uranium cnrichmcnt. 

In Ihc gaseous diffusion proccss, a strcam of heated uranium hcxafluoridc (UF6) gas is separatcd into a 

stream of UF6 gas containing cnriched Um (EUF6) and a stream ofUF6 gas deplelCd in U235 (DUF6). The 
enri ched uranium materials arc used for manufacturing commercial reac lor fuel , (typically contains 2 to 

5% UBS), and military applications (requiring up to 95% Um ). The DUF6 waSlC materials of intcrcst to 
thi s Compliance Repon typicall y contain Um concentrat ions as low as 0.2 to 0.4%. Since the 1950s, 

DUF6 waste materials have been stored at all three storage sites in large steel cylinders, similar to that 

illustrated in Figure 1-2. 

Depleted uranium was also produced at DOE's Savannah River Site. The Savannah River Site produccd 

depleted uranium as a byproduct of the nuclear materia l production programs, where irradiated nuclear 
fucls were reprocessed 10 separate out the fissionab le Pum. Uranium bi llels were produced at the DOE 

Fernald, Ohio site , fabricatcd into targets at Savannah Ri ver Site, and then irradiated in the Savannah 
River Site production reactors to producc PUZ39. Thc irradiated largets were processed and fi ssion products 

separated from Ihe plutonium and uranium, which wcre then separated from each olher. After additional 

purifica tion, the depleted uranium-bearing waste stream was then processed into uranium tri oxide 
(DU03). While sti ll classified as dep letcd uranium, this DU03 a lso eOnlains small quantities of wastc 
fiss ion products and transuranic elements. The Savannah River Site produced approx imatel y 36,000 (55-
gal) steel drums of DU03 during the production campaigns. This DU03, a solid powder at room 

temperature and pressure, is considered to be relati vely homogeneous, based on known process controls 

and operations. 

1 ·Ille si te of the K-25 plant is now called the East Tenness(:e Technology Park (E"ITP), but is rcfcrrcd \0 by its original name, 
the K-25 site, in this Compliance Report 
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------146· 

48" 

Figure 1-2, Typical Depleted Uranium Storage Cylinder (DOE, 1999) 
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Because storage began in the early 1950s, many of the drums and cyl inders now show evidence of 

externa l corros ion and increased breach risk. When a DUF6 container is breached, the contents react with 

moisture in air to form caust ic hydrofluoric acid (HF) and so lid uranyl fluoride (U02F2). By 1998, 

breaches were identified in eight cylinders (two at Paducah, two at Portsmouth, and four at K·25) , 

gcncraJly around spots previously damaged by handling aCli vities. Similarly, a significam number of 

drums althe Savannah River Site have been placed into overpacks as a mitigating action for corrosion 

contro l and to prevent spills. 

In an effort to reduce r isks assoc iated with container breach, Pub lic Law 107·206, the 2002 Suppl emental 

Approprialions Act fOT Further Recovery from and Rcsponse 10 Tcrrorist Alt1cks on the United Statcs 

(commonly referrcd to as the "Terrorist Attack Response Act") requires DOE to design, construct, and 

operate facililies at Paducah and Portsmouth, for conversion of DUF6 10 the safcr form, dep leted 

triuranium oetaoxide (U30 S). As part of this revised management strategy, a ll K-25 DUF6 cylinders were 

shipped in 2004 to Portsmouth to be eventually converted to U30 S. The Terrorisl Attack Response Act 

further required that the U30 g be stored at Paducah and Portsmouth until there is a determination that all 

or a pon ion oflhe depleted uranium is no longer needed. At Ihat point, Ihe U30 S is to be disposed of as 

low-level radioacti ve waste. DOE estimates the inventory of U30 g thai will eventually require disposal to 

be approx imately 700,000 metric tons over a 20 to 25 year period (DOE, 2007). 

Conversion to U30 s is a preferential management strategy, because DUF6 is a volatile, white , crystalline 

solid. Conversely, U30 S is kinetically and thermodynamicall y stable and is the most common form of 

uranium found in natu re. U30 S can be produced in rotary kiln or flu idized-bed reaclOrs by a pplication of 

superheated steam and hydrogen (from dissociated ammonia) to DUF6 (producing solid U0 2F2 powder 

and gaseous HF). The powder U02F2 is then defluorinated through heal and Sleam addition to create 

U30s. 

1.4 Basis for Performance Assessment 

URCR R3l3-25-8 requ ires that a performance assessment be performed and approved by the Department 

of Env ironmcntal Qua lity prior to the disposal of signi fi cant quantities of dcpleled uranium. The required 

performance assessment must meet the provisions of section 2(a) of R3l3-25-8 that requires that the 

performance assessme nt: 

"demonstrates that the performance standards specified in 10 CFR Part 61 and corresponding 

provisions o/Utah rules will be met for the total quantities of concentrated depleted uranium and 
other wastes, including wastes already disposed of and rhe quantities of concentrated depleted 

uranium the faCility now proposes to dispose. Any such performance assessment shalf be revised 

as needed to reflect ongoing guidance and rulemakingfrom NRC. For purposes of this 

performance assessment, the compliance period shall be a minimum of 10,000 years. Additional 
simulations shall be peiformed for the period where peak dose occurs and the results shall be 
analyzed qualitatively . " 
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In performance of the required performance assessment, it is useful to consider (he gu idance the NRC has 

issued to assist applicants and licensees in applying these standards as they reflect years of experience 

with a variety of waste streams and disposal situations. NUREG-1573 is a key NRC guidance document 
fo r conducting pcrfonnancc asscssmcnts(NRC, 2000). More recent guidance is contained in NUR£G-

1854, (NRC, 2007). 

In particular, there arc four areas to consider in applying the performance standards. First is the 

compliance period. Second is the dose methodology. Third is the dose standard for the intruder. Fourth 
is site stabi lity. 

Sec tion 2 (a) addresses the time period for compl iance. It slales: 

"For purposes of this performance assessment, the compliance period shall be a m;nimum of 

10,000 years. Additional simulations shall be performed for the period where peak dose occurs 
and the results shall be analyzed qualitatively. " 

From a compliancc pc riod perspcctive, 10,000 years is the timc period for a quamitali vc analysis and is 
consistent with Federal rules and guidance. Given the nature of dep leted uranium, a qualitative analysis 

out to the peak dose period is also warranted to inform the perfonnance assessment Use of the 10,000 
year time period for compliance is consistent with federa l regu lations (e.g., 40 CFR 19 1) and NRC 

guidance. Extending the analysis qualitatively until peak dose is also consistent with NUREG-1573 

recommendations. The NRC has taken a similar approach with the NRC Decommissioning Critcri a for 
the West Valley Demonstration Project at the West Va lley Site (N RC, 2002). It is noteworthy that the 
only Federal standard that goes beyond 10,000 years for compliance is the standard for Yucca Mountain 
(NRC, 2002). That provision provides a two-level dose standard with a higher dose limit of 100 mrem 

after 10,000 years. 

Consequently, for purposes of applying the performance standards for protection of the general 

publi c (URCR313-25-19) and for protection of individuals from inadve rtent intrusion (URCR313-

25-20), the Division s hould chosen to use the 10,000 yea r compliance period with a qualitative 

analysis to cover the period beyond to th e peak dose. 

The performance standard for protection of the general pub lic (URCR3 13-25-19) is based on the 1959 
standards of Internationa l Commission on Radi ological Protection (ICRP) Publication 2 methodology. 

URCR3 13- 15 rules arc based on newer ICRP guidance in Publications 26 and 30. Part 20 uses the total 

effective dose equivalent (TEDE) rather than the whole body dose. NRC has recognized the 
inconsistency between the dose methodologies and has issued gu idance to allow the use of newer 

guidance. This approach was taken for Yucca Mountai n in 10 CFR Part 63, NUREGs -1854 and 1573, 
and in the NRC Decommissioning Criteria for West Val ley. As noted in NUREG-1573: 

"As a mailer of policy, the Commission considers 0.25 mSvlyear (25 mremlyeOl~ TEDE as the 
appropriate dose limilto compare wilh the range of potential doses represented by the older 
limits thaI had whole-body dose limits of 0.25 mSvlyear (25 mremlyear) (NRC, 1999, 64 FR 

8644; see Footnote 1). Applicants do not need 10 consider organ doses individually because the 
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low value of/he TEDE shollid ensure thaI no organ dose will exceed 0.50 mSvlyear (50 

mremlyear). " 

Consequently, the Division should use for purposes of applying the performance standards for 
protection of the general public (URCR313-2S-19) the total effective dose equivalent rather than the 
whole body dose. 

The performance standard for protection of individuals from inadvertent intrusion (URCR313-25-20) 
requires" .. . protection of any individual inadverremly intruding inlo rhe disposal site and occupying Ihe 

site or contacting the waste," However, these regulations arc silent on the specific dose standard to apply. 
Since Part 61 has been issued, the standard used by NRC and olhers for low-level radioactive waste 
disposa l licensing has been an intruder standard of 500 mrem/yr. The 500 mrem standard is also used in 

DOE's waS le determinations implementing the Part 61 performance objectives (NUREG -1 854). It is 
noted that 500 mrem/yr was also the standard proposed in Pa rt 6 1 in 1981 (46 FR 38081, Jul y 24, 1981). 

Additionally, the Statement of Considerations for the fina l rule did not object to the number. It was 
removed apparently at the request of EPA, because of its concern of how one would monitor it or 

demonslrale compliance with it, but not because EPA disagreed with it (47 FR57446, 57449, December 
27, 1982). A dose standard of 500 mrem/yr is al so used as part of the license termination rule dose 

standard for intruders ( 10 eFR 20.1403). 

Consequently, ORC should use for purposes of applying the performance standard for protection 

of individuals from inadvertent intrusion (URCR313-2S-20) a 500 mrem/yr threshold for the 
intruder dose. 

The performance standard for stabi lity requires the facility must bc sitcd, designed, and closed to ach ieve 

long-term stability to eliminate to the extent practicable the need for ongoing active maintenance of the 

site following closure. The intcnt of thi s requiremcnt is to provide reasonable assurance that long-term 
stab ili ty of the disposed waste and the di sposal site will be achieved. 

Prior to implementing Part 61 , it had been a common practice at waste disposal fac ilities to randoml y 

dump some waste. This practice jcopardizcd package integrity and did not permit access to voids 
between packages so that thcy could be properly backfilled. Consolidation of wastes would provide a less 
stable support which could contribute to failure of the disposal unit cover leading to increased 

precipitation infiltration and surface water intrusion. 

To help achieve stability, NRC noted that to the cxtent practicable the waste should maintain gross 
physical properties and identity over 300 years, under the conditions of di sposal. NRC bel ieved that the 

use of des ign features to achieve stability was consistent with the concept of ALARA and the usc of the 
best avai lable technology. It was NRC's view that to the extent practicable, waste forms or containers 

should be designed to be stable (i.e., maintain gross phys ical properties and identity, over 300 years) . 

NRC a lso noted that a site should be evaluated for at least a SOO-year time frame to address the potential 
impacts of natural events or phenomena should also be app lied. 

About me same lime as Pari 61 was promulgated, NRC also put in place requirements for design of 

uranium mill tailings pi les such as the Vitro si te whieh is righl nex l 10 the Clive sile. In addressing 
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stab ility requirements for mill tailings, NRC recognized the need to set practicable standards. NRC 

spec ified thai the design shall provide reasonable assurance afcontrol of rad iologica l hazards to be 
effective for 1,000 years, to the extent reasonably achievab le, and, in any case, for allenst 200 years. 

In both cases (low-level radioactive waste and mill tailings di sposal) NRC recognized (he need to set 
practical standards that can be implemented. The design standards range from 200 up to 1,000 years. 

NRC recognized the design limitations and noted that reasonably achievable designs should be employed 

to the extent practicab le. It is not practical to set design standards beyond 1,000 years. 

Consequently, the Division should use for purposes of applying the performance standard for 
stability of the disposal site after closure (URCR313-25-22) an approach consistent with past 
standard setting practice. 

EnergySolulions has demonstrated that its disposa l site design and elosure will prov ide reasonable 
assurance that long-term stability will be achieved and that the usc oflhe best ava ilable leehnology in 

sening design standards in the range from 200 up to 1,000 years is appropria le to provide site stabi lity to 

the extent practicable. 

URCR Ru le 3 13-25-8(2), as amended, requi res Energy501lllions to demonstrate to the Division that 
proposed methods for disposal of depleted uranium will ensure that future operations, institutional 

control, and site closure can be conducted safely, and that the site will comply with the faci lity's 

performance objectives and the Division 's regulatory requircmenls. Toward Ihal end, EncrgySolulions 
has conducted a detailed, site-specific, probabilistic performance assessment using GoldSim modeling 
software (GoldSim, 20 II). 

The GoldS im model , developed and managed by the GoldSim Technology Group, is a Monte Carlo 
simulation software solution for dynamically modeling complex systems in business, engineering and 

science. GoldSim supports decision and risk analysis by simulating future performance while 
quantitatively representing the uncertainty and risks inherent in all complex systems. GoldS im is a 

general purpose simul ator that utilizes a hybrid of severa l simulation approaches, combining an extension 

of system dynamics with Some aspects of discrete event simulation, and embedding the dynamic 
simulation engine with in a Monte Carlo simulation framework. As part of a joint effort by NRC and 
DOE, the GoldS im model and the supporting sub-models have undergone extensive reviews concerning 

its use 10 demonstrate compliance with the individual protection standards (pensado, et. ai, 2002). 

This Report demonstrates EnergySolutions ' compliance with the URCR 313-25-8(2) and those other 
regulatory requirements affected by the proposed depleted uranium di sposal. 
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2. REGULATORY COMPLIANCE AND PERFORMANCE OBJECTIYE SA TlSF ACTION 

As pan of (he renewal of its Radioactive Material License in 2008 (RML UT2300249), the Division 

certified Ihat EncrgySo{utions' is in compliance with all appl icable regulatory requirements (2008 RML 

renewal). As such, activities conducted at EnergySollilions ' Clive site are designed to protect the health 

and safety of facil ity workers, the general public, and the environment. EncrgySolutions ' operations arc 

conducted under the ongoing regulatory scrutiny of the Di vision, Utah Division of Solid and Hazardous 

Waste, Utah Division of Air Quality, and Utah Division of Water Quality. These inspectors provide 
cominuing assurance that the interests of radiological and cnvironmenlal safety arc properly addressed. 

Additionally, EnergySolufions continues to demonstrate that it is financially eapablc to carry out all 
licensed activities. EnergySolllfions provides financia l assurances sufficient to fund the safe closure of 
the fac ility, as well as the long-term monitoring and maintenance of the facility. EnergySo/lifions also 
provides infonnation about the required qualifications of those persons who will operate the faci lity and 
about irs existing naining program. 

For the majori ty of applicable regulatory requirements, disposal of depleted uranium does not impact the 
Di vi~ion ':s prior certi fica tion of EnergySoluliom compl ianct:. Howt:ver, a~ a rc~ulL ofa desire to di~po~t: 

of depleted uranium and in compliance with URCR Rule 313-25-8(2), EnergySolufions has conducted a 
detai led, site-spccific, probabilistic perfonnance assessment to demonstrate to the Division that: 

I) its proposed methods for disposal of depleted uranium will ensure that future operations, 
institutional control, and site closure will continue to be conducted safely, 

2) the site will continue to comply with its perfonnance objectives, and 
3) it will continue to be in compliance with applicab le Divis ion requ irements. 

In addi tion to URCR R3 I 3-25-8(2), other regulatory requirements affected by the proposed depleted 
urani um disposal with which EnergySollifions must also demonstrate compl iance are listed in Table 2-1 
and addressed in further detail in this Section. 

• Standards for Protection Against Radiation" - URCR R3 13- l5 

• Notices, InSlfuctions and Reports to Workers by Licensecs or Registrants" - URCR R313-l8 

• License Requirements of Land Disposal of Radioactive Waste" - URCR R3 13-25 

• Ground Water Quality Protection Rul es - R3 I 7-6 

• Air Qual ity PrOiection Rules - R307 
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Table 2-1 

Applicable Requirements Potentially Impacted by the Disposal of Depleted Ura nium 

URCR 
R3 13- I S- 1 0 I 

R3 13- IS-20 I 

R3 13- IS-30 I 

R3 13- IS-402 

R313- IS-60 I 

R3 13-IS-S0 I 

R3 13-IS-902 

R3 13-IS-906 

R313-IS- 1002 

R313-IS- 1009 

R3 13- IS-12 

R3 13-2S-6(3) 

R313-2S-7 

R31 3-2S-S 

R313-2S-1 1 

R3 13-2S-18 

R3 13-2S-19 

R3 13-2S-20 

R313-2S-2 1 

R3 13-2S-22 

R3 13-2S-23 

R3 13-2S-24 

R3 13-25-3 1 

R3 13-25-32 

Radiation Protection Programs 

Occupational Dose Limits for Adults 

REASON 

Dose Limits for Individual Members of the Publ ic 

Rad io logical Criteria for Unrestricted Usc 

Control of Access to Hi gh Radiation Areas 

Security and Control of Li censed or Registered Sources of Radiation 

Posting Requirements 

Procedures for Receiving and Opening Packages 

Method for Obtaining Approval of Proposed Disposal Procedures 

Waste Classification 

Instru ction to Workers 

General Information - Disposal Location and Expected Schedules 

Princ ipal Design Features Potentially Impacted by the Disposal of Depleted Uranium 
(e.g. , Waste Emplacement and Backfi ll, Land Disposal Fac ility Construction and 
Opcration, and Classification and Spccificati ons) 
Technical Analysis for the Protection of the General Population, Protection of 
Inadvertent Intruders , Protection during Normal and Abnormal Operations, and 
Demonstration of the Long-Ternl Disposal Site Stab ility. 
Requirements for Issuance of a License demonstrating no unreasonable risk to the 
General Public, Training and Qualification of Licensee Staff, Adequacy of Site to 
Protect the Public during operations and after closure, and the adequacy of financial 
resources to operate, close, and provide for appropriate institutional control of the 
fac ility. 
Licensee 's facility shall be sited, designed, operated, closed , and controlled so that 
individual exposures arc limited. 
Licensee's facility shall be sited, designed, operated, closed , and contro lled so Ihat 
genera l population exposures arc limited. 
Licensee 's facility shall be sited, designed, operated, closed , and controlled to limit 
exposures to individuals inadvertently intruding. 
Licensee 's facility shall be sited, designed, and operated to l imit exposures to individuals 
during operations. 
Licensee's facility shall be sited, designed, operatcd, closed , and controlled to achieve 
long-term stability of the site without ongo ing active maintenance. 
Disposal Site Suitability Requirements for ncar-surface land disposal. 

Disposal site design requirements for ncar-surface land di sposal. 
Licensee's assurance of financial capabil ity to conduct necessary site closure and 
stabilization activities. 
Licensee's assurance of financial capability to conduct necessary institutional controls, 
fo llowing facility closure. 
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Table 2-1 

Applicable Requirements Potentially Impacted by the Disposal of Depleted Ura nium 

URCR 
R3 13-25-33 

R3 13-25-34 

R3 13-25-35 

R3 13-R3 17-6 

REASON 
Specifics record keeping and reporting rcquircmcnls of a person licensed fo r low-level 
rad ioaclive waste disposal under URCR R313-25. As such, thi s is an issue for 
compliance monitoring rather than a criterion for granting a license amendment. 
However, the information and procedures provided in the 2008 LRA renewal and other 
submittals demonstrate that EncrgySollilions intends to maintain info rmation and records 
that arc required by this regulation and that w ill be necessary to develop the required 
reports. 
Requires that EncrgySo!ulions perform or allow the Exec utive Secretary to perform tests 
that thc lattcr considers ncccssary. Tests may addrcss any of (I) wastcs, (2) faci litics 
uscd fo r rcccipt, storage, treatment, handling or disposal of waSlcs, (3) radia tion 
dctection and monitoring instruments, and (4) othcr equipmcnt and devices used in 
connection with the rcceipt, posscssion, handling, Ircatmcnt , slOragc, or disposal of 
waste . As such, this is an issue for compliance monitoring ra ther than a critcrion for 
initial licensing. 
Rcquircs that EncrgySollllions allow thc Execuli vc Sccrclary access to the d isposal 
fac ility for facility and records inspections. As such, this is an issue for compliance 
monitoring rather than a criterion for granting a liccnsc amendmenl. 

Groundwater protection limits 
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2.1 R313-1 5-101; Radiation Protection Programs 

Requirement: Licensee shall develop, document, and imp lement a radiation protection program sufficient 

to ensure compliance , including operational procedures and engineering controls to ach ieve occupational 

doses and doses to members of the public that arc as low as is reasonably ac hievable. Licensee's 

Rad ialion Protection Program shall constrain air emissions of radioactive malcriai from operations to the 

environment, excl uding radon-222 and its decay products, suc h thai a member of the public likely to 

receive the hi ghest dose will not be expected to recei ve a total dose equi va le nt in excess of 10 mrem per 

year from these emi ssions. 

Compliance Basis: EnergySo{utions' 2008 RML renewa l references several plans and program 

descriptions that control operational activities that are carried on at the fac ility and which constitute the 

fac ility's Radiation Protection Program, including the Waste Characterization Plan, CQAJQC Manual , 

Radiation Safcty Manua l, ALARA Plan, Health and Safety Plan, Emergency Response and Contingency 

Plan, S ite Radiological Security Plan, Environmental Monitoring Plan, and Q ua lity Assurancc Manual. 

Management and disposal practiccs documcnted therein do not require alteration to accommodate 

dcpleted uranium in a manncr compliance with the R313- 15-1O I ALARA standards. Simila rly, the 2008 

RML renewa l ineludes models demonstrating that atmospheric-pathway doses to the gencral public 

during operations will remain below regulatory required levels. Furthermore, EnergySolutions' 

Environmental Monito ring Program ineludes provisions to actively measure atmospheric radioactive 

contaminant concentrations at their Clive facility property boundary and to notify the Division in the 

event these concentrations approach levels of non-comp liance. 

2.2 R313-1S-201; Occupational Dose Limits for Ad ults 

Requirement: Liccnsee shall control the occupational dose to individual adults, except for planned special 

exposures, to the more limiting of a total effective dose equi va lent of S rem or the sum of the deep dose 

equi valent and committed dosc cquivalent to any individual organ or ti ssue other than the eye of 50 rem. 

Furthermore, the Licensee shall control the occupational doses to the lens of the eye to IS re m and skin to 

50 rem of ind ividual adults. Notwithstanding the annua l dose limits, the Licensee shall limit the soluble 

uranium intake by an indi vidual to 10 mg in a week in consideration of chemical tox icity. 

Compliance Basis: EnergySolutions' 2008 RML renewa l references sevcral plans and program 

descriptions that control exposures from operational acti vitie s that arc carried on at the facility, including 

the Rad iation Safety Manual , ALARA Plan, Health and Safety Plan, Emergency Response and 

Contin gency Plan , and Environmental Monitoring Plan. Management and disposal practices documented 

therein do not require a ltcration to accommodate dep leted uranium in a manner compl iance with the 

R313- IS-20 I occupational standards. As is documented therein, EnergySo/ulions regu larly monitors and 

reports to the Division occupational exposures. EnergySolufions ' Radiation Protection Program also 

includes provisions to notify the Division in the event these occupational exposures approach levels of 

non-compliance. 
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2.3 R313-1 5-301; Dose Limits for Individual Members of the Public 

Requirement: Licensee shall conduct operations so that the annual lolal effective dose equivalent to 
individual members of the public during operations docs not exceed 0.1 rem. Additionall y, the dose in 
any unrestricted area from external sources does not exceed 2 mrcm in anyone hour. 

Compliance Basis: EnergySolutions' 2008 RML renewal references several plans and program 

descriptions that control exposures to members of the public from operational activities that arc carried on 
allhc fac ili ty, including the Radiation Safety Manual, ALARA Plan, Health and Safety Plan , Emergency 

Response and Contingency Plan, Site Radiological Security Plan, and Environmental Monitoring Plan. 

Management and disposal practices documented therein do not require alteration to accommodate 
depleted uranium in a manner compliance with the R313- 15-30 I operational standards. As is 

doc umented therein, EnergySoilllions regularly monitors and reports to the Division offs ite contaminant 
conccntrations and exposure levels. EnergySollilions' Radiation Protection Program also includes 

provisions to notity the Division in the event these occupatio nal exposures approach levels of non­

compliance. 

2.4 R313-1S-402 ; Radiological Criteria for Unrestricted Use 

Requircment: By statute (R313-1 5-401), radiological criteria for unrestricted use apply to ancillary 

surface fac ilities that support radioacti ve waste disposa l activities. As such, a site will be considered 
acceptable for unrestricted usc if the residual radioacti vity that is distinguishable from background 
radiation results in a total cffectivc dose equiva lent to an average member of the critical group that docs 
not exceed 25 mrem per year, including no greater than 4 mrcm committed effective dose equivalent or 

total effective dose equivalent to an average member of the c ri tical group from groundwater sources, and 

the residual radioacti vity has been reduced to levels that are as low as reasonably achievable (ALARA). 

Compliance Basis: Chapter 6.4 of Appendix A and EnergySollllions' 2008 RML renewal references 
policies and procedures for decommissioning and releasing of anci llary surface faci lities used in support 

of disposa l operations, including the CQAJQC Manual, Radiation Safety Manual, ALARA Plan, Health 
and Safety Plan, and Quality Assurance Manual. EnergySo/ulions is currently storing drums containing 

depleted uranium from Savannah River Site's operations in a Depleted Uranium Storage Building built 
after the 2008 RML renewal. Prior to its construction, the Division reviewed and approved the Storage 

Building construction plans, usc management, and eventual decommiss ioning and unrestricted relcase 
plans. No additional infonnation is required to demonstrate compl iance. 

2.5 R313-1S-601 ; Control of Access to High Radiation Areas 

Requirement: The Licensee shall ensure that each entrance or access point to a hi gh radiation area has I) a 
control device that, upon entry into the area, causes the level of radiation to be reduccd below thatlevcl at 
which an individual might rcceive a deep dose equivalent of 0.1 rem in one hour at 30 centimeters from 

the source of radiation or from any surface that the radiation penetrates; 2) a control device that energizes 
a conspicuous visible or audible alarm signal so that the individual entering the high radiation area and 
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the superv isor of lhc activ ity arc made aware oflhc entry; or 3) cntryways that arc loc ked, except during 

periods when access to the areas is required, with positive control over each individual entry. 

Compliance Basis: EnergySolutions' 2008 RML renewal references unrestricted and restricted area access 
protocols and protections contained in the Radiation Safety Manual, ALARA Plan, Health and Safety 

Plan, Emergency Response and Contingency Plan, and Site Radiological Security Plan. As was 
submitted to the Divis ion prior to their approval ofils construction, EncrgySo/lIlions continues to apply 

bui lding access restric tion controls to their Dep leted Uranium Storage Building. No fu rther informat ion 

is necessary to demonstrate compliance. 

2.6 R313-15-801; Security And Control Of Licensed Or Registered Sources Of Radiation 

Requirement: The licensee sha ll secure licensed radioactive material from unauthorized remova l or 

access. 

Compl iance Basis: EnergySolutions' 2008 RML renewa l references security protocols and protections for 

radioacti ve materials in unrestricted and restricted area contained in their Radiation Safety Manual, 

Health and Safety Plan, Emergency Response and Contingency Plan, and Sile Radiological Sccurity Plan. 

As was submitted to the Division prior to their approval of its construc tion, EnergySo/lIlions continues to 

apply material security and access controls to their Depleted Uranium Storage Build ing. No furthcr 

informa tion is necessary to demonstrate compliance. 

2.7 R313-15-902; Posting Requirements 

Requirement: The licensce shall post cach radiation area with a conspicuous sign or signs bearing the 

radiation symbol and the words "CAUTION, RAD IATION AREA." 

Compl iance Bas is: EnergySolutions' 2008 RML renewal references radiation sign posting protocols and 

proced ures fo r radioactive materials in unrestricted and restricted area contained in their Radiation Safety 

Manua l. In compliance with these posting protocols and procedures, EnergySolllfions has posted the 

required caution signs on its Depleted Uranium Storage Building. No furthe r information is necessary to 

demonstrate compliance. 

2.8 RJI3-15-906; Procedures for Receiving and Opening Packages 

Requirement: The Licensee shall monitor the external surfaces of a labeled pac kage for radi oactive 

contamination, monitor the external surfaces of a labeled package for radiati on levels , and monitor all 

packages known to contai n radioactive material for radioactive contamination and radiation levels if there 

is evidence of degradation of package integrity, such as packages Ihal arc crushed, wei, or damaged. 

Compliance Basis: EnergySofulions' 2008 RML renewa l references waste receipt policies and procedures 

fo r radioactive materials reec ivcd via rail and truck as contained in their Waste Characterization Plan, 

Radiation Safety Manua l, ALA RA Plan, and Health and Safety Plan. The Savannah River Site depleted 
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uranium drums curren tl y in storage in EncrgySoilllions' Depleted Uranium Storage Building and any 

fu ture depleted uranium packages will continue to be received and inspected accord ing to these approved 

proced ures. 

2.9 R3 13-1S-1002; Method for Obtaining Approval of Proposed Disposa l Procedures 

Requirement: The Licensee shall apply to the Executive Secretary fo r approval ofproposcd procedures to 

dispose of licensed or registered material. 

Compliance Basis: EnergySolutions' 2008 RML renewa l references waste disposal policies and 

proced ures fo r radioactive materials contained in their CQNQC Manual. Disposal of depicted uranium 
wi ll be conducted according to these approved procedures. No further infonnation is required to 

demonstrale compl iance. 

2.10 R313-1S- I009; Waste Classification 

Requirement: The Licensee shall only disposal of waste classified as "Class A", as defined by Ihe 

procedures contained in Ihis requirement. The dcfinitions in this section arc essentially identical to thosc 
in 10 CFR 61.55, with one exception: Utah adds Ra226 to the li st of long-l ived radionucl ides in the 

regulations' Table I with a concentration limit of 100 nanoCuries per gam (nCilg). Additionally, on April 

13, 20 I 0, the Utah Radiation Control Board approved a Depleted Uranium Perfonnance Assessment 
Rule, R3 I 3-25-8, "Technical Analysis." The rule allows, subjeello approval of lhe infonnation contained 
in this Compliance Re port, the Licensee to accept and disposal of depleted uranium as Class A waste. 

Compliance Bas is: URCR R313-15- 1 009 defines specific classifications (e.g., Class A, Class B, and 

Class C), based on a waste's source tenn. The Division has included Ra226 to the list of long-lived 
radionucl ides in this regulations, with a concentration limit of 100 nCilg (Utah, 20 I 0). Since Ran6 is a 

decay product of uranium-238 (Um ), the principal component of depleted uranium, it is of direct 
relevance to the disposal of depleted uranium waste. EnergySollilions' Clive fac ility is licensed by the 

Division 10 dispose of Class A wastc and has disposed of small quanti lies of depleted uranium wastc 
under that license. However, as is presented in Table 2-2, the Savannah River Site wastes under 

consideration fo r d isposal in this Compliance Report contain more than isotopes of uranium. In 
particu lar, the depleted urani um contains technetium-99 (Tc99) and strontium-90 (Sr90). Because of this, 

R313 -15-1 009 dictates that the detennination of waste classification is dri ven not by the presence of 
uranium, but by the presence of radio nuclides identified in the regulatory requirement. Based on the 

relative concentrations of isotopes other than uranium, the Savannah River Site wastes are Class A. 

Fu(ure shipments of other depicted uranium wastes thaI a lso contain isotopes Olher than uranium wi ll be 
eva luated for waste classification purposes in accordance with the Radioactive Material License and 

Waste Characterization Plan, with wastes that are greater than Class A to be rejec ted for receipt. 
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Table 2-2 

Savannah River Site Depleted Uranium Drum Waste Concentrations 

Mean Standard 
Concentration Deviation 

Radionuclide (pCi/g)" (pCi/g) 
S,,,, 47 75 

To" 23,800 11,000 

,,,I 19 9 

m CS 12 4 

226Ra 3 17 110 

m U 5,290 480 

",U 33, 100 2, 170 

235U 2,970 750 

236U 4,910 1,170 

23SU 272,000 6,640 

m Np 6 7 

23SPU 0.2 0.3 

239PU I I 

240PU 0.3 0.3 

241 PU 4 4 

241Am 14 5 

• Radiolluclidc Concentrations in Savannah River Site drums in storage at EncrgySollilions arc gCllcmlly 
nonnally distributed - See Appendix A, Chapter 9 lor development methodology. 
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2.11 R313-18-12; Instruction to Workers 

Requirement: All individuals who in the course of employment with the Licensee arc likely to receive in a 
year an occupational dose in excess of 100 mrem a) shall be kept infonned of the storage, transfer, or use 

of sources of radiation in the licensee's or registrant's workplace; b) shall be instructed in the health 
protection considcralions associated with exposure to radial ion or radioactive malcriailo the individual 
and potential offspring, in precautions or procedures to minimize exposure, and in the purposes and 

functions ofprOlcctivc devices employed; c) shall be instructed in, and instructed to observe, to the extent 
within the worker's co ntrol, the applicable provisions of these rules and licenses for the protection of 

personnel from exposure to radiation or radioactive material; d) shall bc instructed as to thei r 

responsibi lity 10 repon promptly to the licensee or registrant a condition which may constitute, lead to, or 
cause a violalion of Ihe Act, these rules, or a condition of the licensee's license or unnecessary exposure to 

radiation or radioactive material; e) shall be instructed in the appropriate response to warnings made in 
the event of an unusual occurrence or malfunction that may involve exposure to radial ion or radioactive 

material; and f) shall be advised as to the radiation exposure reports which workers shall be furnished. 

Compliance Basis: EnergySo{ufions' 2008 RML renewa l references employee lra ining requirements for 

their plans and program descriptions that control operational activities that a re carried on at the fac ility 

and which constitute the fac ility 's Radiation Protection Program, including (he Waste Characterization 

Plan, CQAlQC Manual , Radiation Safety Manual, ALARA Plan, Health and Safety Plan, Emergency 
Response and Contingency Plan, Site Radiological Security Plan, Environmental Monitoring Plan, and 
Qual ity Assurance Manual. EnergySo{Ulions' Employee Training Program fo r management and disposal 
practices documented therein docs not require alteration to accommodate depleted uranium. 

2.12 R313-2S-6(3); General Information - Expected Schedules 

Requirement: The general information shall include the expected schedules for construction, receipt of 
waste, and first emplacement of waste at the existing land disposa l fac ility. 

Compliance Basis: As has been documented herein, EnergySollilions is currently in possess ion of 

depleted uranium from DOE 's Savannah River Site, waiting a final di sposal solulion. It is 
EnergySolulions' target within 120 days of acceptance by the Divis ion's Executi ve Secretary of the 

Perfonnanee Assessmem (as documented herein), to apply for its Radioactive Material License be 

amended 10 include disposal of the depleted uranium wastcs currently in slorage at the ir Cl ive Facility. 
Within 120 days fo llowing successfully amending their Radioactive Material License, EnergySollilions 

intends to begin disposing of the Savannah River Site dep leted uranium. Furthermore, subject to ongoing 
contract negotiations with DOE, EnergySollilions expects to receive and dispose of depleted uranium 

from the deeonversion plants within onc year of regu latory approva l. 
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2.13 R313-2S-7j Specific Technical Information - Principal Design Features: Descriptions, 

Design Criteria, Justification, and Codes 

Requirement: The regulatory requirements of URCR R313-25-7(2) • -7(3) , -7(4) , and -7(5) form a 

system of requirements that apply to numerous principal design features allhc ex isting low-level 

radioactive waste disposal faci lity and ensure that they will continue 10 perform adequately with the 

disposa l of depicted uranium to achieve the performance objectives stated in URCR R3 13-25-18 through 

26. The Licensee shall incl ude the following information to dctcrmine whether or not they can continue to 

meet the performance obj ectives and the applicab le technical requirements of URCR R3 13·25 in 

disposing of depleted uranium. 

Descriptions of the design features of the land disposal facility and of the disposal un its fo r ncar-surface 

disposa l shall include those design features rel ated to infil tration of waler; integrity of covers for disposal 

units; structura l stability of backfill , wastes, and covers; contact of wastes w ith stand ing water; disposal 

site drainage; disposal site closure and stabilization; climination to the extent practicable of long-term 

disposa l site maintenance; inadvertent intrusion; occupationa l exposures; disposal site monitoring; and 

adequacy of the size of the buffer zone for monitoring and potential mitigative measures. [URCR R313-

25-7(2)] Descriptions of the principal design cri teri a and their relationship to the performancc objcctives. 

[URCR R3 13-25-7(3)] Descriptions of the natural events or phenomena on which the design is based and 

their relationship to the princi pal design criteria. rURCR R313-25-7(4)] Descriptions of codes and 

standards which EnergySollllions has applied to the design, a nd wi ll apply to construction of the land 

disposa l fac ilities. [URCR R313-25-7(5)] 

Compliance Basis: EnergySolllfions recognizes that the safe storage and disposa l of depleted uranium 

waste is essentia l for mitigating releases of radioactive materials and reducing exposures to humans and 

the environment. EnergySollllions ' C live Facility design features are described in detail in the 2008 RML 

renewal. In its acceptance of EnergySolufions' 2008 RML rc newa l, the Di vision has determined that the 

principal design features identified perfonn the required func tions (meaning that at least onc required 

function is performed by each principal design feature). The principal desig n features potentiall y 

impacted by the intended disposal of depleted uranium, and for which satisfactory functional performance 

must herein be addressed arc Waste Placement and Backfi ll, Land Disposal Facil ity Constnlction and 

Operation, and Classification and Specifications. 

As they are potentially impacted by the intended disposa l of depleted uranium, Waste Placement and 

Backfi ll, Land Disposal Facility Construction and Operation, and C lassification and Specifications are 

described below, their design criteria identified, justification that they will perform as requi red is 

presented, and the codes and standards applicable arc summarized. In review of the principal design 

features , the required functions that the principal design features must perform, as identified in URCR 

R3 1 3-25-7(2), include: 
Minimize infiltration of wate r. 

Ensure integrity of cove rs for disposal units. 

Ensure structural stabi lity of backfill, wastes, and covers. 

Minimize contact of wastes with standing water. 
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Provide disposa l site drainage. 

Ensure disposal site closure and stabilization. 

Eliminate to the extent practicable long-term disposal site maintenance. 

Protect against inadvertent intrusion 

Limit occupat ional exposures. 

Provide fo r disposal site monitoring. 
Provide a buffe r zone for monitoring and potentia l mitigati ve measures. 

Waste Em placement a nd Backfill - Description of Design Feature 

Requirement: Descriptions of the design features afthc land disposa l fac ility and of lhc disposal units for 
ncar-surface disposal of depicted uranium shall include those design fea tures related to infiltration of 

water; integrity of covers for disposal units; structural stab ility of backfi ll , wastes, and covers; contact of 
wastes with standing water; disposal site drainage; disposal s ite elosure and stabil ization; elimination to 

thc cxtCnl practicable of long-term disposal site maintenance; inadvertent intrusion; occupational 

exposures; disposal site monitoring; and adcquaey of the size of the buffer zone for monitoring and 
potential mitigal ive measures. [URCR R3 I 3-25-7(2)] 

Compliance Basis· EnergySolutions proposes to dispose of depleted urani um in the western fract ion of 

thc Federal Cell. The eastern section is occupied by the I le.(2) cell, which is dedicated to the disposal of 

uranium processing by-product waste , and which is not considered in the ana lysis. The general design 
aspect is that of a hipped cover, with relatively steep sloping sides nearer the edges. The upper part of the 
embankment has a more moderatc slopc than the sides. Only the top slope region is modeled in Appendix 
A, since no depleted uranium will be placed beneath the embankment' s side slopes. 

The 2008 LRA renewa l addresses the pertinent characteristics of the principal design fea tures for general 
waste placement and backfi ll including thc waste typcs to be disposed in the ex isting embankments. 

Waste incl uded in this analysis may takc a variety of physical forms, including soil or soi l-like material, 
compressible debris, incompressible debris, oversized debris, containerized Class A LLR W, and depleted 

uranium. Liquid waste may not be disposed in the embankmenls. Revisions to the waste pLacement 
management program for pl acement of depleted uranium are addressed in Chapters 4 and 6 of Appendix 

A and will be conductcd in accordance with the CQAlQC Manual. As with Olher wastes, depleted 
uranium wi ll be are disposed at EnergySollltions ' Disposa l Embankments in accordance with the 

provisions of the CQNQC Manual. However, depleted uranium placemenl is expected to be subject to 
controls and license conditions. 

With downward contaminant transport pathways influencing groundwaler eoncenlrations, and upward 
contaminant transport pathways influencing dose and uranium hazard, a balance is ach ieved in the 

placemenl of differen t kinds of wastc. Thc Performance Assessmenl examined three different options for 
configuration of the depleted uranium waste within the embankment. The volume within the 
embankment that is available for waste disposal is 44.3 ft deep be low the engineered cover. No depleted 

uranium waste is modeled bcneath the cmbankment's side slopes in the Performance Assessment. 
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Clean Fill from cover to 9.9 ft 
GOP contaminated waste from 9.9 ft to 11.6 ft 
SRS waste from 11.6 ft to 13.23 ft 
GOP uncontaminated waste from 13.23 ft to 44.65 ft 

2. Sm Model 
Clean Fill from cover to 16.54 ft 
GOP contaminated waste from 16.54 ft to 18.19 ft 
SRS waste from 18.19 ft to 19.84 ft 
GOP uncontaminated waste from 19.84 ft to 44.65 ft 

3. 10m Model 

Clean Fill from cover to 33.07 ft 

GOP contaminated waste from 33.07 ft to 34.72 ft 
SRS waste from 34.72 ft to 36.38 ft 

GOP uncontaminated waste from 36.38 ft 1044.65 ft 

These options cover a fai rl y wide range of possible disposal options, from disposal below grade only to 

disposa l throughout most of the system, exploring the range of possible options for disposal of depicted 
uranium waste. 

The design of the faci lity enables isolation of each embankment afler it has been fi lled and covered. 

Thus, once Ihe embankment is closed , it will not be disturbed by eOnl inuing operations at the site. The 

fi nal embankment cover integrates long-tenn water and erosion control methods into the overall design, 

thus C\iminal ing the need for active maintenance of a closed embankment. Compliance with this 

requircmcni has Ihcrefore becn sufficiently demonstrated . 

W aste Emplacement a nd Backfill - Principal Design Criteria 

Requirement: Deseriplions of the principal design criteria and their rc\al ionship to the performance 

object;ve,. [URCR R313-25-7(3)J 

Compliance Bas is: The principal design criteria perti nent to the design of the depleted uran ium waste 

placement and backfi ll are justified in Chapter 4 of Appendix A. A key des ign criterion is the limitation 

of allowable d islOrtion in the cover to less than 0.02 ftlfl. Thai is, the depleted uranium waste pl acement 

and backfill must not result in a magnitude of differential settlement w ithin the Disposal Embankment 

that would eomribute to a distortion that exceeds 0.02 ftlfl in the cover. Practically, this means that cover 

system settlement is acceptable so long as it is less than I foot of vertical d isplacement in less than any 

50-foot horizontal distance. Based on the foregoing summary of infonnation conta ined in the 2008 RML 

renewal and the fact that waste placement procedures will not change, Ihis rcpon doeumenls Compliance 
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by EncrgySolufions with the requirements of URCR R3 13-25-7(3» as they pertain to the disposal of 

depleted uran ium in the disposal embankments. 

Waste Emplacement and Backfill - Design Basis Conditions and Des ign Criteria Justification 

Requirement: Desc riptions oflhc natural events or phenomena on which the design is based and their 
relationship to the principal design criteria. l URCR R3 13-2S-7(4)J 

Compliance Bas is: In development of the projected performance oflhc depleted uran ium waste placement 

and backfill as presented and justified in Appendix A, EnergySo/lIlions uti lized appl icable guidance 

issued by the NRC, including those described in SECY -08-0 147, NRC NUREG-1199 and NUREG-1200, 
pertaining to normal , abnonnal , and accident (where applicable) conditions that should be considered 

during design of NRC-licensed 10w·levc1 radioactive wastc disposa l fac ilities. Chaptcr 4 of Appendix A 
summarizes the conditions considered in the design of the depleted uranium waste placement and backfill 

principal design featu re and the relationship between the normal, and abnormal, and accident (as 

applicable) conditions evaluated to the principal design criter ia. 

Fac tors of safety associated with all of thc normal and abnomlal conditions evaluated represent thc dcsign 
criteria distortion of 0.02 ftlft divided by the calculated distortions. Overall, the average safety fac tor 

assoc iated with the three norma l conditions and thc average safety factor associated with the five 

abnormal conditions were ascertained. The safety factor is greater than or equal to 1.00 under abnormal 
conditions. 

Based on the forego ing summary of information, this Report demonstrates EnergySolllfions ' compliance 

with requirements of URCR R3l3·25-7(4) , as they pertain to thc dep letcd uranium wastc cmplacement 

and backfill of the disposal embankment. 

Waste Emplacement and Backfill - Applicable Codes and Standards 

Requirement: Descri ptions of codes and standards which EnergySollilions has applied to the design, and 
wi ll apply to construction of the land disposal facilities. [URCR R313·25-7(5)] 

Compliance Basis: The 2008 RML renewal provides a summary of the codes, standards, and guidelines 

that EncrgySollllions considercd and applied to the design. T he primary standards considcred by 
EncrgySollllions in the design of the depleted uranium waste placement and backfi ll are those codified in 

URCR R3 I 3-25-24 and R313-25-25. EnergySollllions has also incorporated by reference minimum 

des ign criteria safety factors of 1.5 for static conditions and 1.2 fo r dynamic conditions from Utah 
Statutes and Adm inistrative Rules for Dam Safety, Rule R625- 11-6. 

The CQA/QC Manual provides specifications for constructing the Class A Disposal Embankments 
(ineluding sections associated with the disposal of dep leted urani um). The CQAlQC Manual also 

inel udes QC and QA procedures to be used during its construct ion. 
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Based on (he forego ing summary of information, this Report demonstrates EncrgySolufions' compliance 

with requirements of URCR R313·25-7(5) , as they pertain to the waste emplacement and backfi ll of the 

disposa l embankment. 

Land Disposal Facility Construction and Operation 

Requirement: The Licensee shall provide certain technica l in fannat ion. The fo llowing infommtion is 

nceded to dctcnninc whether or not EnergySoilllions can meet the performance objectives and the 

applicable technical requi rements of URCR R313-25: Descri ptions of the construction and operation of 

the land disposal fac ility. The descri ption shall include as a minimum the methods of construction of 

disposa l units; waste emplacement; the procedures for and areas of waste segregation; types of intruder 
barriers; onsite traffic and drainage systems; survey control program; methods and areas of waste storage; 

and methods to control surface water and ground water access to the wastes. The description shall also 
include a description of the methods to be employed in the handling and disposal of wastes containing 

chclating agents or other non-radiological substances which might affect meeting the performance 

objecti ves of URCR R313-25. IURCR R3 1 3-25-7(6)] 

Compliance Basis: Th is Report demonstrates Compliance wi th thc requirements ofURCR R3 I 3-25-7(6) 
have been met. EnergySolutions' methods for constructing and operating the depleted uran ium disposal 

embankment are those already approved as part of the 2008 RML renewal. ConslTuction of the disposal 

unit wi ll involve a continuous cut, backfill, and cover conslTuetion. To ensure that the depleted uranium 
disposa l embankment is built to design requirements, construction acti vities will be perfonned under a 
QAlQC program and conform to the requirements of the CQAlQC Manual. The primary activities 
involved in construction of the disposal embankment (as target location for depleted uran ium) include: 

Excavat ion. 

Preparation of the disposal area Foundation 
Construction of liner. 

Construction of run-on and runofTprotection. 
Waste emplacement and backfill 

Construction of Temporary Cover over completed portions of disposa l embankments 
Settlement monitoring to determine compliance with waste compaction / stability requiremcnts. 

May include surcharging efforts to ensure embankment is stable for final cover, 
Construction of Final Cover, as per CQAlQC Manual requirements, and 

Construction of permanent drainage ditches surrounding the disposal unit(s). 

Of particular interest is the placement of depleted uranium waste. Dep leted uranium procedures for waste 

emplacement arc the same as those already described in the 2008 RML renewal. After the Liner has been 
constructed over a specific area of the disposal embankment, at least 12 inches of debri s-free soi l will be 

placed on top of the liner; fo llowed by another l 2-inches of waste as a protection to the integrity of the 
liner. Both of these laycrs of protective soil will be compac ted with rubber tired equipment. 
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The protection of inadvertent intruders from radiation exposures during facil ity operations focuses on 

preven tion ofinadvcrlcnt intrusion. Depleted uranium opera tional areas wi ll be surrounded by fencing as 

described in EnergySollilions' CQAJQC Manual. Additional sec urity features are presented in the 
EncrgySo/ulions' Site Radiological Security Plan. Several features of lhe fac ility design have the effect 
ofprolecting an inadvertent intruder from exposure to the disposed dep icted uranium materials and the 

effects of radial ion. These features include: 
Lack of nearby residential population 

Embankment cover system 

Onsile carth-roadways arc continuously changing to meet [he demands of current di sposal needs. As the 

he ight of an active disposal ce ll increases, as the activity in a portion of the embankmcnt decreases, or as 
the activity fo r a new portion of the embankment increases, access roads are constructed or removed to 

fac ilitate safe hauling and disposal of materials. Roadways a re constructed to ensure thar water properly 
drains off from them, thus minimizing ponding or ponded road conditions. Haul roads to di sposal units 

generally arc sloped at no greater than 3: I in accordance with safety guidel ines. 

EnergySolUlions describes the onsitc drainage systcms in the 2008 RML renewal. EncrgySolulions has 

developed a bcrm system to direct watcr flow from precipitation, wintcr runoff, away from the site and 
stored materials. It also has developed an embankment drainagc system surrounding each embankment to 

help minimize any watcr accumulation. The drainage systems arc constructed of an erosion barricr rock of 

the same type used to cover the embankments. The design of the berms is sufficient to withstand the 
Probable Maximum Flood (PMF) without ovcrtopping. The ditches wi ll have rriangular cross sections 
with side slopes of I :5 , and will have gentle longitudinal slopes, with depths great enough to carry thc 
runoff from the lOa-year, I-hour storm event without exceeding their bounds. 

Surveys at the disposa l site wi ll be tied to both the United States Geo logical Survey (USGS) survey of 
Sec tion 32 T IS, R I I E and to the state plane coordinate system. EnergySolulions performs an annua l as­

bui lt survey of each embankment which is accomplished by a Utah licensed land surveyor. Survey 
control is the responsibility of the li censed land surveyor, in accordance with Utah licensing standards. 

EnergySoilllions' plans for controlling the access of surface water to the dep leted uranium wastes are 

those already authorized as part of the 2008 RML renewa l. The vert ical minimum separation between the 
bottom of the disposed depleted uran ium and the historic high water table is determined as being 13 feet. 

This value is based on: I) the groundwater contour map, and 2) the minimum depth from the base of the 
liner to the groundwater below the liner for the disposal embankment over the past fi ve years is 

approx imately 13 fee t. 

Based on the informat ion summarized above, this Report documents EnergySolllfions' regu latory 

compliance in its methods for emplacing the depleted uranium waste in the disposal embankment. 
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Requirement: The application shall include certain technical information. The fo llowing information is 
needed to determine whether or not EncrgySo/lltions can meet the performance objectives and the 
applicable technical requi rements of URCR R313-25: Descri ptions oflhe kind, amount, classification and 

spccificalions of the radioactive material expected to be received, possessed. and disposed of at the land 

disposa l fac ility. lURCR R3 13- 25-7(9)J 

Compliance Basis: The infonnation contained in Chapter 9 of Appendix A demonstrate that the 

requ irements of URCR R3 I 3-25-7(9) have been met. Append ix A also describes the types and volumes 

of depicted uranium waste 10 be receivcd for disposal, including thc physical, chcmical, and radiological 
properties of the waste. All depleted uranium waste accepted for disposal w ill be at or below the Class A 

concentration limits. Radionuclidc release charac teristics of the depleted uranium waste may vary, but 
the rad ionucl ide release rates in the perfonnance assessment are modeled in a conservative manner that 

docs not take credit fo r package or improved waste fomls. 

In summary, the waste information presented arc sufficiently complete and detailed to support the 

necessary calculations and analyses to show that the facility wi ll meet the depleted uranium performance 
objectives and the applicable technical requirements of URCR R313~25. 

2.14 R3 13~2 S-8; Technical Analysis 

General Population Protection 

Requirement: The Licensee's speci fic technical infonnation sha ll include the following analyses needed 

to demonstrate that the performance objectives of URCR R3 13-25 will be met: Analyses demonstrating 
that the general population will be protected from releases of radioactivity shal l consider the pathways of 

air, soil, ground water, surface water, plant uptake, and exhumat ion by burrowing animals. The analyses 
sha ll clearly identify and differentiate between the roles performed by the natural disposal site 

characteristics and design features in isolating and segregating the wastes. The analyses sha ll clearl y 
demonstrate a reasonable assurance that the exposures to humans from the release of rad ioactivity wi ll not 
exceed the limits set forth in URCR R313~25 ~ 19 [URCR R313~25~8(l)]. 

Compliance Basis: Thc infonnation containcd in Appcndix A and other relevant documents 
EnergySolulions has submitted indicate that the requirements of R3 13-25-8( I) have been met. Each of 

the major media pathways of this requirement is addressed in the fo llowing paragraphs. The principal 

sources of informa tion fo r the exposure assessment arc Sections 4, 6, and 9 of Appendix A. Original 
evaluations contained in EnergySollllions ' 2008 RML renewal demonstrate continued compliance for 

exposures from normal opcrating conditions and accident scenarios. 
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Analys is conducted in support of the 2008 RM L renewal demonstrated that the transport of dust to the 
site boundary during operations (affected mainly by the natural site characteri stics, incl uding wind speed, 
wind direction, and atmospheric stability conditions) is we ll below regulatory li mits. Similarly, the 

Pcrfonnancc Assessment documented in Chapters 4, 6, and 9 of Appendix A projects potential releases of 
depleted uranium through the air pathway have been assessed for the faci lity far below regulatory limits. 

As stated in the 2008 RML renewal, EncrgySolulions' engineering and operational controls prevent the 
resllspcns ion and dispersion of particulate depicted urani um during operations. DOE is required to ship 

their depleted uranium in containers. Depleted uranium wi ll not be dumped in bulk, but rather disposed 

in its shipping containe r, in CLSM. Water spray is used in the eell s as need to prevent resuspension of 
radioacti vity. 

Haul roads arc a lso wetted and maintained to prevent the resuspension and d ispersion of particu late 

depleted uranium. Polymers are spread on inactive, open areas to bind the surface and prevent 

resuspension. EnergySo/lIlions also perfonns routine air monitoring to identify if an airborne situation is 
devcloping that may require corrective actions. 

After final placement of the depleted uranium waste and closure of the di sposal embankment. the fac ility 

des ign prevents any further migration of radioactivity through the air pathway because all waste wi ll be 

beneath a thick earthen cover. Analysis presented in Chapter 6 of Appendix A demonstrates that the 
maximum dose to a member of the public following sitc clos ure and institutiona l control is far below 
applicable regulatory limi ts. 

During operations, radon releases arc projected to be negligib le because of low Ran6 parent waste 

concentrations and the cover design includes a clay radon barrier designed to limit the surface radon fl ux 
to less than 20 pCi/m2-s, resulting in potenti al radon exposures well within li mits. The design is based on 

the disposal of uranium mi ll tai lings, which are initially higher in Ram than the depleted uranium (which 
require time periods exceeding the 10,OOO-year regulatory limit to in-grow due to uranium chain decay). 

For acc ident conditions, depicted uranium dust or particu late matter could be released to the atmosphere 

and inhaled by individuals. The 2008 RML renewal and the analys is doc umented in Chapter 6 of 
Appendi x A evaluate tornado and severe winds, train derai lment, truck turnover or colli sion, and truck 

fi re. All analyses show that the maximum dose to a member of the publ ic is less than 25 mrem/yr, evcn if 
the individual is continually present at the disposal site boundary. 

Soil Pathway 

As summarized in Chapter 6 of Appendix A, the soi l pathway involves the exposure of the public to 
contaminated dcplcted uranium from the facility. Ifan exposure occurred, doses could result from 
externa l radiation or ingestion of soil on dirty hands. The primary site characteri stic that prevents the 

likel ihood of such exposures during operations and institutional control is the site's remote location (the 
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low population density in the site vicinity, and the lack of natural resources to provide for po pulation 

expans ion). Therefore, this pathway was not considered. 

The design of the disposal embankment also contributes to minimizing exposures to contaminated soi l by 
members of the public. After closure of the embankment, all depleted uranium waSle will be covered in 

the disposal cells. The cover system contains a surface layer of rip rap 10 prolect aga inst erosion and 
human intrusion. Beneath the ri prap, the cover system contains a drainage layer and a clay radon barrier. 

During operation, the facility will be monitored as described in the 2008 RML renewal and 

Environmenta l Monitoring Program, to ensure that no releases or doses have occurrcd via the soil 

pathway. 

Groundwater Pathway 

As is dcscribed in Chapters 4 and 6 of Appcndix A, the groundwaler pathway is assessed using EPA's 

Hydrologic Evaluation of Landfill Pcrfonnanee (HELP) model and GoldSim. The primary site 
characteristics that prevent public cxposures via the groundwater pathway arc the very poor groundwatcr 

quality at the site, the low population density, and the relati vely slow groundwater flow velocities. Thc 
groundwater is not potable because of its very high concentration of dissolved salts. Thi s characteristic 

alone prevents any appreciable consumption of the water by humans or li vestock. The horizontal 

groundwater flow ve locity is approximately 0.5 meters per ycar, resulting in groundwater travel times of 
approximately 60 years from the toe of the side slope region of the embankment to the compliance wcll. 

Several embankment design features provide additional protection of the public from exposure to 

depleted uranium via the groundwater pathway. The cover system to be placed over thc disposal waste 

allows very little water to flow into the disposed waste. This limits the contamination of the groundwater 
by minimizing the contact of water with the depleted uranium waste. Another design feature of the 

disposa l embankment is the bottom clay liner bclow the disposed depleted uranium waste. The clay 
absorbs many of the radionucl ides and slows their potentia l release from the cell and subsequent transport 

to the water table aquifer. 

Thc infi ltration mode l for the embankment cover uscs calculations with EPA' s Hydrologic Evaluation of 
Landfill Performance (HELP) model (Schrocder et al ., 1994) as a gu ide to defining the vertical and lateral 

flow ratcs in the individuallaycrs of the cover, as a func tion of li mc. Additionally, annual watcr balances 
fo r the di sposal embankment have been computed with the HELP model. By using HELP as input to 

GoldSim, EnergySolulions demonstrates that the infiltration and radionucl ide transport mode ls show that 

any depletcd uranium waste disposed will satisfy al l of the groundwalcr pro(ection criteria, provided that 
the concentrations ofTc99 arc limited to the concentrations used in the transport modeling. All other 

radionucl ide concentrations arc limited only by what is necessary for the waste to quali fy as Class A. 
This groundwater model ing provides a conservative esti mate for the groundwater exposure scenario. 
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Radionuclidc transport was modeled with the GoldSim model assuming a 4 mrcm/ycar groundwater 

protection leve l. The mode l calculated the release and transport of dep icted uranium radionucl ides from 

the waSle cell, through the unsaturated zone, and horizontally through the shallow unconfined aquifer to a 

compli ance-moni toring well located 90 feet from the edge of the disposal faci lity. The groundwater 

modeling included many conservative assumptions that helped to ensure that the radionucl ide 

concentrations at the compliance monitoring well were not undcrcstimalcd. For example, the distance 
from the bottom of the waste to the aquifer was decreased from its actua l value by 1.3 fee t to 

conservati vely accoun t for the effects of the capillary fri nge at the water table and to account for 

variations in the water table level. No delay factors for waste conta iner life were used to delay the onset of 

radionucl ide releases from depleted uranium waste under side slopes. The transport modeling shows that, 

fo r most depleted uranium radionuclides at the Class A limits, groundwater protection levels are met for 

500 years after disposal of the waste. Groundwater protection levels are met for all rad ionuclides present 

in the depleted uranium wastes. 

Surface Water Pathway 

Due ma inly to the natura l site eharactcristics, thcre are no radioactive relcases expccted through the 

surface water pathway from non-intruder scenarios . Thc annual prec ipitat ion is low and the cvaporation 

is high. No permanent surface water bodies exist in the site vicinity. In addition, the site is far from 

popu la ted areas. The disposal embankment design features also minimize the potent ial for releases by the 

surface water pathway. Embankment design includes dra inage ditches around the waste disposal areas. 

After precipitation events, these ditches divert runoff from the disposal cell cover to areas away from the 

disposa l cells. 

Vegetation 

Vegetation models developed for the depleted uranium disposal evaluate the redistribution of soils, and 

contaminants within the soil , by native flora and fauna. The biOl ic models are consistcnt with observed 

flora and fauna on and ncar the Clivc facility , with flora and fauna characteristic of Great Basin alkali flat 

and Great Basin desert shrub communities. 

The Compl iance Report evaluates the effects of vegetation on the cover system. Vegetation had two 

primary effects on the cover system: increasing the hydraulic conducti vity of the cover material and root 

clogging of the lateral drainage layers. During operation of the embankment, releases and doses through 

the plant pathway arc limited by the design, operation, and maintenance of tile fac ility. Plants on the site 

wi ll be removed and prevented from contacting waste materials. After final placement of the cover, 

releases and doses from the pl ant pathway are limited by the site's natural characteristics, which include 

low rai nfa ll , thin plant cover, and the presence of plants that are highly efficient at removing water from 

the soil and transpiring the moisture back to the atmosphere. 
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The plant uptake pathway is not a viab le exposure pathway at the embankment because of natural site 

characteri stics and design features of the embankment. Exposure by the plant uptake pathway could 

occur by (1) the production of food crops in contaminated so il at the site, and (2) root intrus ion into the 
waste by native plants that arc subsequently consumed by humans or animals. The natural s ite's 
characteri stics help prevent exposures via the plant uptake pathway because there is insuffic ient water at 

the site for the production of food crops. In addition, saline soils present allhc sile limit the number and 
type of plant species that can tolerate such conditions. Additionally, there arc few deep-rooted native 

plants in the site vicinity. 

Des ign fea tures of the faci lity also hel p limit exposures via the plant uptake pathway. A thick earthen 

cover wi ll be placed over the disposal cells to make the waste less access ible to plant r001S after closure of 
the fac ility. After closure, some limited plant species may set roots in the overlying Sacrificial Soi l which 

posscsscs a highcr mo isturc storage capacity. Thc overall scarcity of dccp-rooted plant spec ies in the site 
vic ini ty and the configuration of the earthen cover will offer an inhospitable environment for extension of 

these types of roots into the waste. 

Burrowing Animals Pa thway 

In the arid environment of the Clive Facility, ants fill a broad ecological niche as predators, scavengers, 

trophobionts and granivores. However, it is their ro le as burrowers that is modcled. Ants burrow for a 

variety of reasons but mostl y fo r the procurement of shelter, the rearing of young and the storage of 
foodstuffs. How and where ant nests arc constructed plays a role in quanti fying the amount and rate of 
subsurface soil transport to thc ground surface at the Cl ive site. Factors relating to the physica l 
construction of the nests, ineluding the size, shape, and depth of the nest, are key to quanti fying 

excavation volumes. Factors limiting the abundance and distribution of ant nests such as the abundance 

and distribution of plant species, and intra-specific or inter-specific competitors, also can affect excavated 
soi l vo lumes. Parametcrs rel ated to ant burrowing activi ties inelude nest area, nest depth, rate of new nest 

addi tions, excavation volume, excavation rates, colony density, and colony l ifespan. The GoldSim model 
eva luates the impact of ant burrowing on the transport of contaminant using the fo llowing three steps: 

I. Ident ification of which ant species overwhelmingly contri bute to the rearrangement of soils ncar 
the surface at C live. 

2. Calculation of soi l and contaminant excavated volume using maximum depth, nest area, nest 
volume, colony density, colony life span, and turnover rate fo r predominant ant spec ies. 

3. Calculation of burrow density as a function of depth to determine the di stribution of contaminants 
within the vertical soil profile for each predominant ant species. 

Other than ants, burrowing animals are not considered a viable exposure pathway, given the combination 
of site characteristics and design features. Burrowi ng ani mals at the site include jackrabbits , mice, foxes , 

and ants. The fi rst deterrent to burrowing animals is the rip-rap eros ion barri er. While this may be on ly 
partially effective in deterring animals, the primary protective barrier is the clay radon barrie r. The 
burrowing spec ies at the site arc not known to dig to such a depth that their burrows could penetrate 

through the entire cover and into the waste. During operation of the fac ility, releases and doses from the 
burrowing animal pathway will be prevented by the design, operation, and maintenance of t.he faci lity. 
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Burrowing anima ls wi ll be prevented from contacting the waste malcrials. After fina l placement of the 

cover, the design fea tures of the facility, primarily the thick so il cover that isolates the waste from 

burrowing an imals, will control releases and doses. Because of this, the likelihood of any an imals 

burrowing through the entire cover and exhuming waste material s is suffic ie ntly low that it was not 

included in the safety assessment calculations. As such, the burrowing animal pathway is no t expected to 

rcsuh in any exposures to humans. 

Doses to the Public 

Chapler 6 of Appendix A shows that doses to members of the pub lic will be within established regulatory 

limits. The groundwater pathway is not viable because of the high salinity and general poor quality of 

the groundwater; however, it was eval uated via the groundwater modeling and found to be less than 4 

mrem/yr. 

Protection of Inadvertent Intruders 

Requirement: The specific technical information shall also include the fo llowing analyses needed to 

demonstrate that the performance objectives ofURCR R3l3-25 wi ll be met: Ana lyses of the protection of 

inadve rtent intruders shall demonstrate a reasonable assurance that the dep le ted uran ium waste 

classification and segregation requirements will be met and that adequate barriers to inadvertent intrusion 

wi ll be provided. I URCR R313-25-8(2) I 

Compliance Basis: Analyses of radiation exposure doses to inadvertent intruders were assessed by 

EnergySollllions' GoldSim mode l. Based upon current and reasonably anticipated future land uses, two 

future usc exposure scenarios werc identified: ranching and recreation . Afte r institutional controls arc 

no longer maintained, it is expected that exposures to contamination in the ranching and recreation 

scenarios could occur on the Clive facility site. The primary exposure routes for the ranching and 

recreation scenarios include ingestion, inhalation, and external irradiation. Chapter 6 of Appendix A 

disc usses the design performance objectives of the faci lity to protect inadvertent intruders from exposure. 

As is demonstrated, the radiation dose to an inadvertent intruder is not expected to exceed radiati on limits. 

Severa l des ign features provide the required protection. Ove rall featu res inelude: 

Lack of nearby residential population 

Embankment cover system 

Waste Form 

Operations specific features include: 

Fences 

Buffe r zone 

Security plan 

Post-Closure spec ific features include: 

Granite markers 
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Requirement: The specific technical information shall also incl ude the fo llowing analyses needed to 

demonstrate that the perfonnancc objecti ves ofURCR R313-25 wi ll be met: Assessments of expected 

exposures due to routine operations and likely accidents during handling, storage and disposal of depicted 

uranium waste. The analysis shall provide reasonable assurance Ihal exposures wi ll be controlled to meet 

the requirements of URCR R3 13-15. LURCR R3 I 3-25-8(3)] 

Compliance Basis: The infonnation contained Chapters 4 and 6 of Appendix A ind icate that the 

requ irements of URCR R3 I 3-25-8(3) have been met. The Radiation Protection Program that is required 

by URCR R313-15- 1 0 I (1) outlines the facility 's radiation protection program. EnergySo!ulions' Safety 

and Health Manual ," describes site safety, incident reporti ng, emergency response, equipment operation, 

pcrsonal protecli ve equipment, respiratory protection, medica l survei llance, exposure monitoring, hazard 

communication, confined space entry, and other safety related programs. Included therein arc 

descriptions of EnergySo!utions ' ALARA program, including dose goals Ihal are significantly bclow the 

regulatory dose criteri a for workcrs. 

LOllo-T erm Stability of Disposal Site 

Requircment: The specific technical information shall also include the fo ll owing analyses necded to 

demonstrate that the performance objecti ves of URCR R3l 3-25 wi ll be met: Analyses of the long-term 

stabili ty of Ihe disposal site shall be bascd upon analyses of active natural processes including erosion, 

mass wast ing, slope failure, sctt lemcnt of wastcs and backfill, infiltration Ihrough covers over disposal 

areas a nd adjacent soils, and surface drainage of the disposal site. The analyses shall provide reasonable 

assurance that there w ill not bc a need for ongoing active maintenance oflhc d isposal site fo llowing 

ciosure. IURCR R3 \3 -25- 8(4)] 

Compliance Basis: The description and justification of the principal design featu res of the faci li ty are 

provided in Section 3.0 of the 2008 RML renewal. These principal design features have been designed to 

perform Iheir required functions over the period of hundreds of years such Ihal the facility wi ll not require 

ongo ing active maintenance fo llowing facility closure. Further di scuss ion of these features is presented 

under URCR R313-25-7(2) through URCR R313-25-7(5) in scctions dealing w ilh the waste placement 

and backfill. Design features other than those discussed in this Compliance Report do not require 

alteration to accommodate thc disposal of depleted uranium. 

Geologic-Time Stability of Disposal Site 

Requirement: The specific technical information shall also include the fo llowing analyses needed to 

demonstrate that the performance objecti ves of URCR R3l3-25 wi ll be met: Ana lyses of the geologic­

time stabi lity of the disposal site shall be based upon qualitative ana lyses of acti ve natural processes 

including submersion, erosion, mass wasting, infiltration through covers over disposal areas and adjacent 

soi ls, and surface drainage ofthc disposal site. The analyses shall provide reasonable assurance that thcrc 
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wi ll no t be a need for c ritical design features to address geo logic-time depicted uranium waste dispersal. 

lURCR R3 13-25- 8(5)] 

Compliance Basis: Whi le included in this Compl iance Report as part of improving qualitative 

unders tand ing offacility performance , EncrgySollilions agrees with NRC cautions and recognizes that 

rcgularory compliance should include limited, "consideration given to the issue of evaluating site 
cond itions thai may arise from changes in climate or the influences of human behavior should be limited 

so as to avoid unnecessary spccul ation"(NRC, 2000). Furt he rmore, "[t]hcsc events arc envisaged as 
broadly disrupting the disposal site region to the extent that the human population would leave affected 

areas as the icc sheet or shoreline advances. Accordingly, an appropriate assumption under thesc 

conditions would bc thai no individual is living closc cnough to thc faci lity to rcceive a meaningful dose." 

(NRC, 2000). 

As such, geologic-time trends are examined in this Compl iance Report, by exploring simulations until the 

time of peak radioactivity. For this Compliancc Rcport, peak radioactivity associated with radon 

production from dcpleted uranium, occurs at about 2.1 million years (My). T he timc framc of this 

compo nelll requires consideration of climatic changes that have occurred hislOrieally on approximately 

100 thousand years (ky) cycles for more than I My. These cyclcs include periods of extensive glaciation 

and inter-glacial periods. 

The planet is currently in an inter-glacial period. In effect, the 10 ky model is projec ted under inter-glacial 

conditions, and the deep time model includes an eva luation of the effcct on dep leted uranium disposal of 

future 100-ky glacia l cycles for the next 2.1 My. Analysis conductcd in support of this Compl iance 

Report qual itatively assesses the potential impact of glacial epoc h pluvia l lake events on the overall 

depleted uranium waste embankment from 10 ky through 2. 1 My post-closure. A pluvia l lake is a 

consequence of periods of extensive gl aciation, and results from low evaporation, increased cloud cover, 

increased albedo, and increased precipitation in landlocked areas. 

The C live Fac ility' s principal design features have been designed to perform their required funct ions over 

the period of hundreds of years, qualitative trends in depleted uranium transport away from the fac ility 

during geologic-time frames have also been evaluated (see Chapters 6 and 9 of Appendi x A). In 

conjunction with this design feature, it is important to note that scenarios includcd in this Compl iance 

Report demonstrate that waste placed below ground surface escape the effec ts of pluvial lake erosion. As 

such, it is concluded that the faci lity wi ll not require further des ign changes o r ongoing activc 

maintenance following facility closure. 

2.15 R313-2S-IO; Financial Qualifications to Carry Out Activities 

Rcquircment: This infonnation shall demonstrate that the applicant is financ ially qualified to carry out the 

act ivities fo r which the license is sought. The information shall meet other financia l assurance 

requirements of URCR R3l3-25. [URCR R313-25-10( 1)] A license for the rece ipt, possession, and 

disposa l of wastc containing radioactive material wi ll be issued by thc Executive Sccretary upon finding 

that the financ ial or surety arrangements meet the requirements of URCR R3 13-25. [URCR R313-25-
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11 (9)] The applicant sha ll show that it either possesses the necessary funds, or has reasonable assurance 

of obtaining the necessary funds , or by a combination of the two, to cover th e estimated costs of 

conducting alilicenscd activiti es over the planned operating life of the project, including costs of 
construction and disposa l. [URCR R313·25-30(I)J 

Compliance Bas is: As required by License condition 73 , EncrgySo/ufions submits annual revised cost 
estimales from facility closure. In conjunction with the Surety Rev iew, EncrgySo/lllions submits annual 

revisio ns to a Letter of Cred it compl ying with the requirements ofURCR R3 13-25- 1 0(1),25-1 1 (9), and 
25-30( I). No revisions to EnergySolutions' current Lctter of Credit are requ ired as a result of the targeted 

disposa l of depleted uranium. 

2.16 R313-2S-11 ; Requirements For Issua nce Of A License 

Risk to Hea lth and Safety 

Requirement: A license for the reccipt, possession, and disposal of depleted uranium waste containing 
radioacti ve material will be issucd by thc Executive Secretary upon find ing that the issuance of the license 

wi ll no t contribute an unreasonable risk to health and safety of the public [URCR R313-25-ll( I)] 

Compliance Basis: The infommtion contained in Appcndix A demonstrates Ihalthe requirements of 

URCR R313-25-l l ( I) have been or will be met. The analys is conta ined there in shows that the 
groundwater protection requirements will be met for at least 500 years, as required. Doses (Q offsite 
members of the public will be below thc 25 mrem/yr limit. 

Training and Experience 

Requirement: A license for the receipt, possession, and disposal of waste containing radioactive matcrial 

wi ll be issued by the Executive Secretary upon finding Ihat the applicant is qualified by reason of training 
and experience to carry out the described disposal operations in a manner that protects health and 

minimizes danger to life or property CURCR R313-25- 1l(2)]. 

Compliance Basis: No additional training and experience will bc requ ired as a resul t of the acceptance 
and disposa l of depleted uranium. Once the Radioactive Material License has been amended to allow the 

disposa l of depicted uranium, employee training and experience requ irements of URCR R313-25- ll (2) 
wi ll continue to be met. EnergySollltions' training program contains detail about required worker 

experience, quali fications and training. 

Protection to Public Health and Safety 

Requirement: A license for the rece ipt, possession, and disposal of waste containing depleted uranium 
materia l will be issued by the Executi ve Secretary upon finding that the applicant's disposal site, disposal 

des ign, land disposal facility opcrations, including equipmen t, faci lities, and procedures, disposa l sitc 
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closure , and post-closure institutional control , arc adequate to protect the public hea hh and safety as 

spec ified in the performance objectives of URCR R313- 25- 19 lURCR R313-25- l l (3)J 

Compliance Basis: The information contained in Appendix A oflhis Compl iance Report indicate 
EncrgySo/ulions will continue to comply with the requirements of URCR R3J3-25-1 1 (3) as a result of 

accepting and disposing of depicted uranium. EncrgySollifions ' Cl ive Disposal site, disposal design, land 
disposa l fac ility operations, including equi pment, faci lities, and procedures, disposal site closure, and 

post-c losure institutional control features are addressed under several other requirements. Appendix A 
shows that the groundwater protection requirements wi ll be met for at least 500 years, as requ ired. Doses 

to offsite members of the public will be below the 25 mremlyr limit, as desCl"ibed in Appendix A. 

Health and Safety Performance Objectives 

Requirement: A license for the receipt, possession, and disposal of depleted uranium waste will be issued 

by the Executive Seerctary upon finding that the applican t's disposal site, disposal site design, land 

disposa l facility operations, including equipment, faci lities, and procedures, disposal site closure, and 
post-closure insti tutional control arc adequate to protect the pub lic health and safety in accordance with 

the performance objectives of URCR R313-25-20 [URCR R3 13-25- l l(4)1 

Compliance Basis: The infommtion contained in Appendix A indicates that EnergySolulions' Clive 

disposa l site , disposal site design, land disposal facility operations, including equi pment, faci li ties, and 
procedures, disposal site closure, and post-closure institutional eOnlrol arc adequale to protect the public 
heahh and safety in accordance with requirements of URCR R313-25- 11 (4). The basis for this affirmative 
fi nding is presented in the descri ption and justification of the design of the intruder barrier. The basis is 

presented under findings contained in this Compliance Report for Requirements URCR R313-25-7(2) 

through URCR R3 I 3-25-7(5) and are addressed in Appendix A. 

Land Disposal Facility Operations, Including Equipment, Facilities, and Procedures 

Requirement: A license for the receipt, possession, and disposal of dep leted uranium waste containing 
radioacti ve material will be issued by the Executive Sec retary upon find ing that the appl icant's proposed 

land disposal fac ility operat ions, including equipment, faci lities, and procedures, arc adequate to protect 
the public hea lth and safety in accordance with R313- 15 (URCR R3 13-25- 1 1(5)J 

Compliance Bas is: In Appendix A, EnergySollllions projects that radiation exposures to members of the 

genera l publ ic in unrestricted areas and to facility workers will not exceed the limits during faci lity 

operations. FurthemlOre, EnergySolulions will reduce radiatlon exposures to the extent reasonably 
achievable under the company 's A LARA program. EnergySollllions has submitted operational 

procedures and descriptions of facilities which incorporate features to protect worker and public hcalth 
and safety. These requ irements are discussed further under requ irements URCR R313-25-8( I) through 
URCR R313-25-8(3). 

Utah Low-Level Radioactive IVasle Disposal Licellse COlldilioll 35 (RAIL UT2J00249) 2 - 25 



Long-Term Stability 

~===­
ENERGVSOLUTIONS 

Requirement: A license for the receipt, possession, and disposal of waste containing depleted uranium 
radioactive material will be issued by the Executive Sec retary upon find ing that the appl icant's disposal 
site, di sposal site design, land disposal facility operations, disposa l site closure, and post-closure 

insti(urionai comrol plans arc adequate to protect the public health and safety in Ihal they wi ll provide 
reasonable assurance of the long-term stability of the disposed waste and the di sposal site and will 

el iminate to the extent practicable the need for continued maintenance of the disposa l site following 
closme. [URCR R313-25-11(6)] 

Compliance Basis: As is repeated in Appendix A, EnergySollllions demonstrates that the disposal site, 
disposa l site design, land disposal facility operations, disposal site closure, and post-closure institutional 

conrrol plans are adequate to protect the publi c health and safcty in that they will prov ide reasonable 
assurance of the long-term stability of the disposed waste and the di sposal si te and will eliminate to the 

cxtent practicable the need for continued maintenance of the disposal site through the 10,000 ycar 

compliance period following closure in accordance with the requirements of URCR R3 13-25- ll (6). The 
bas is for this affirmative finding is presen ted in the description and j ustificacion of the design of the 

principal design featu res planned for the disposal facility. These principal des ign features have been 
des igned to perform their required functions over an appropriate period of time such that the facility will 

meet appl icable performance objectivcs without the need fo r ongoing active maintenance following 

fac ility closure. The basis for this Compliance demonstration is presented under URCR R313-25-7(2) 
through URCR R3 I 3-25-7(5), URCR R313-25-8(4), and URCR R3 13-25-22(l). 

Reasonable Assurance 

Requirement: A license for the receipt, possession, and disposal of waste containing depleted uranium 
radioacti ve material will be issued by the Executive Secretary upon find ing that the applicant's 

demonstration prov ides reasonable assurance that the requirements of URC R R3l3-25 will be met. 
lURCR R3 13-25-9(7)] 

Compliance Basis: EnergySolutions demonstrates that the requirements of URCR R3 13-25 have been or 

wi ll be mel, as described and justified in this document. This finding is a global rollup of all the 
requirements contained in URCR R3 13-25. The bas is for Ihis demonstration of compl iance is contained 

in the ind ividua l sections addressed in this Report. 

Institutional Control Assurance 

Requirement: A license for the receipt, possession, and disposal of waste containing rad ioactive material 

wi ll be issued by (he Executive Secretary upon finding that the appl icant's proposal fo r insti tutional 
conlrol provides reasonable assurance that control will be provided for the length of time found necessary 
to ensure the findings in VRCR R313-25-11(3) through (6) and that the institutional control meets the 

requirements of URCR R313-25-28. [URCR R3 13-25- 11(8)] 

Utah Low-Level Radioactive IVasle Disposal Licellse COlldilioll 35 (RAIL UT2300249) 2 - 26 



~===­
ENERGVSOLUTIONS 

Compliance Basis: This Report demonstrates that reasonable assurance exists Ihal control will be 

provided as necessary to ensure the findings in URCR R3 13-25- l l(3) through (6) will be met. The 

in fanna tion provided also indicates that reasonable assurance exists that the provisions fo r institutional 

contro l meet or wi ll meet the requirements of URCR R3 13-25-28. 

Financial or Surety Arrangements 

Requirement: A license for the receipt, possession, and d isposal of waste containing radioactive material 

will be issued by the Executive Secretary upon finding that the financial or surety arrangements meet the 

requi rements of URCR R313-25. lU RC R R313-25-9(9)J 

Compliance Basis: As required by License condition 73, EnergySolllfions submits annual revised cost 

estimates from facil ity closure. In conjunction with the Surety Review, EnergySo!ulions submits annual 
revisio ns to a Letter of Credit complying with the requirements of URCR R3 13-25- 1 0(1), URCR R3 13-

25-30( I), URCR R3 13-25-32( I), and URCR R3 I 3-32(2). No revis ions to EnergySolulions' current 

Letter of Credit are required as a rcsult of the targeted disposal of depicted uranium. 

2.1 7 R313-2S- IS; Individual Exposure Assura nce 

Requirement: Land disposal facilities shall bc sited, designed, operated, closed, and controlled after 

closure so that reasonable assurance exists that exposures to individuals do not exceed the lim its stated in 
URCR R313-25 -1 9 Ihrough 25-22. [URCR R313-25-19(1)] 

Compliance Basis: The infonnation contained in thi s Report demonstrate that the requi rements of URCR 

R313-25- 18 will be met (as embodied in the Technica l Ana lyses required in support of eac h and arc 

presented individually for each of the cited regu latory requirements as fol lows: 
R313-25-19 in Requirement 2508-1 , 

R3 I 3-25-20 in Requirement 2508-2, 

R313-25-2 1 in Requirement 2508-3, and 
R3 I 3-25-22 in Requirement 2508-4 . 

2. IS R313-2S-19; Protection Of T he General Population From Releases Of Rad ioactivity 

Requirement: Concentrations of radioactive material which may be released to the general environment in 
groundwater, surface water, air, so il , plants or animals sha ll not result in an annual dose exceeding an 

equiva lent of25 mrem to the whole body, 75 mrem to the thyroid, and 25 mrem to any othe r organ of any 

member of the public. Reasonable efforts should be made to maintain releases of radioactivity in effluents 
to the general environment as low as is reasonabl y achievable. [URCR R313-25- 19(I)J 

From a compliance pe riod perspective, 10,000 years is the time period fo r a quanti tative analysis and is 
consistent with Federal rules and guidance. Gi ven the nature of dep leted uranium, a qualitative analysis 
out to the peak dose period is also warranted to inform the performance assessment. Use of the 10,000 

year time period for compl iance is consistent with federal regulations (e .g. , 40 CFR 19 1) and NRC 
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guidance. Extending the ana lysis qualitatively until peak dose is also consistent with NUREG-1573 

recommendations. The NRC has taken a similar approach w ith the NRC Decommissioning Criteria for 

the West Valley Demonstration Project at the West Va lley Site (NRC, 2002). It is noteworthy that the 
only Federal standard that goes beyond 10,000 years for compliance is the standard for Yucca Mountain 
(NRC, 2002). That provision provides a two-level dose standard with a higher dose limit of 100 mrem 

after 10,000 years. 

Consequently, for purposes of applying the performance standards for protection of the genera l 
public (URCR313-25-19) and for protection of individuals from inadvertent intrusion (URCR313-
25-20), the Division should chosen to use the 10,000 yea r compliance period with a qualitative 
analysis to cover the period beyond to the peak dose. 

The performance standard for protection of the general pub lic (URCR3 13-25-19) is bascd on the 1959 
standards of International Commission on Radi ological Protection (ICRP) Publication 2 methodology. 

URCR3 13- 15 rules arc bascd on newer ICRP guidance in Publications 26 and 30. Part 20 uses the total 
effective dose equivalent (TEDE) rather than the whole body dose. NRC has recognized the 

inconSistency betwecn the dose methodologies and has issued guidance to allow the usc of newer 
guidance. This approach was taken for Yucca Mountain in 10 CFR Part 63, NUREGs -1854 and 1573, 

and in the NRC Decommissioning Criteria for West Val ley. As noted in NUREG- 1573: 

"As a mailer o/policy, /he Commission considers 0.25 mSvlyear (25 mremlyem~ TEDE as /he 

appropria/e dose limit fO compare wi/h the range 0/ poten/ial doses represented by the older 
limils (hal had whole-body dose limils 0/0.25 mSvlyear (25 mremlyear) (NRC, 1999, 64 FR 

8644; see Foo/note 1). Applicanls do not need /0 consider organ doses individually because the 
low value of/he TEDE should ensure /hat no organ dose will exceed 0.50 mSvlyear (50 

mremlyem/ " 

Consequently, the Division should use for purposes of applying the performance standards for 
protection ofthe general public (URCR3 13-2S- 19) the total effective dose equivalent rather than the 
whole body dose. 

Compliance Basis: The infonnation contained in this Report demonstrates that the requ irements of URCR 
R313-25- 19( I) have been met. Appendix A of this Compl iance Report present the results of extensive 

analyses addressing the potentia l radionuelide releases to media ineluding groundwater, surface water, air, 

soi l, plants and animals, and discuss potential exposure pathways resulting from these releases. Transport 
of rei eases from di sposed wastes was evaluated. The annual doses resulting from the postulated releases 

fo r reasonably likely condi tions wcre found to be within the regulatory limit of 25 mrcm to the whole 
body, 75 mrem to the thyroid, and 25 mrem to any other organ. The annual doses are found to be in 

compliance with the regul ations. The fo llowing text provides a discussion of releases to all 

environmental media and thcir corresponding doscs. The information on releases and dose assessment is 
included in Appendix A and is qualitati vely summarized below to demonstrate that the construction, 

operation, and closure Clive operations will satisfy all appl icable regu latory dose limits. 
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As is noted in (he Technical Ana lysis and has been accepted by the Division as a resull of pTior licensing 

acti vities, fu ture intruder constructor, intruder agriculture, and off-s ite receplor scenarios arc considered 

unreasonable. An intruder explorer wou ld not receive a significant dose. Conclusions arc based upon the 

poor water qual ily, arid conditions and institutional control s. 

EncrgySo!ulions' radiologica l control program has successfu lly maintained worker exposures as a 
fract ion of the regu latory limit, as demonstrated by worker dos imetry records and calculation of 

committed effecti ve dose equiva lents (CE DE). EnergySoilllions actively reviews work practices, 

performs operational radiological surveys and has a functiona l ALA RA review committee. The Division 

has recognized EnergySolutions' proacti ve approach that has resu lted in successfully mainta ining worker 

doses ALARA. 

Maximum Dose 

Table 2-3 presents the maximum dose to the general public a t the Cl ive faci lity due to the disposal of 

depleted uranium. The reported 95% upper confidence interval of the mean peak doses is commonly used 
to reprcsenl reasonable maximum exposure in CERLCA risk. assessmeniS. Compliance with the 

performance objectives for the member of the general pub lic of 25 mrem in a year is clearly established 
fo r all three di sposal confi gurations. The doses increase as waste is placed nearer the top of the 

embankment, but the more stringent protection of the general publ ic perfonnance objectives are not 

exceeded for a ll cases. Compliance is demonstrated. 

Groundwater Pathway 

The groundwater protection criteria arc based on an annua l dose of 4 mrem to an individual drinking 

groundwater. The expected dose from the groundwater pathway is zero because of the poor groundwater 
quality. The high sa linity of the groundwater, without rigorous treatment, prevenls its use fo r drinking, 

livestock watering, or crop irrigation. Groundwater protection requiremenls place limits on the individual 
radionucl ide concentra tions in the groundwater at the compli ance-monitoring well. The radionuelide 

concentration limits must not be exceeded for at least 500 years following closure of the facility. 

Table 2-4 summarizes the distribution of the peak groundwater concentrations at the compliancc point 
within the 500-year regu latory limit. As is illustrated, the 3m and 5m Models comply with the GWPLs. 

However, for the 10m Model , the situation is not as clear. Because the mean (of the peak of the means) 
and the 95 th percentile fo r Tcw and 1129 exceed the GWPL in the 10m Model , it is reasonable to conclude 

that the 10m Model is not in comp li ance with the perfonnanee objecti ve. 
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Ta ble 2-3 

Peak Total Effective Dose Equivalents to the Genera l P ubli c 
(mrem/yr within 10,000 yea rs) 

Waste Model Receptor Mea n Median 95% Percentile 

3m Model Rancher 4.4 3.4 11.0 

Hunter 0.19 0.15 0.46 

OHV enthusiast 0.29 0.23 0.72 
1-80 receptor 0.000 12 9.85e-5 0.00032 

Knolls receptor 0.0013 0.00099 0.0034 
Rai l road receptor 0.000 19 0.000 16 0.0005 

Rest area receptor 0.0025 0.002 0.0063 

UTTR access road 0.062 0.049 0.166 

Sm Model Rancher 0.60 0.47 1.5 
Hunter 0.026 0.021 0.063 

OHV enthusiast 0.039 0.032 0.095 
I -80 receptor l.4c-5 1.20e-5 3.5e-5 

Knolls receptor 0.000 15 0.000 12 0.00038 
Rail road receptor 2.3c-5 1.9c-5 5.6c-5 

Rest area receptor 0.00029 0.00025 0.00073 

UTTR access road 0.007 1 0.0059 0.0 18 

10m Mode l Rancher 0.0060 0.0047 0.0 15 

hunter 0.00025 0.00021 0.00062 
OHV enthusiast 0.00039 0.00031 0.00094 

I -80 receptor 1.5c-7 1.2c-7 3.9c-7 

Knoll s receptor 1.6c-6 1.2c-6 4.3c-6 

Rai l road receptor 2.4c-7 1.9c-7 6.1c-7 

Rest area receptor 3.1c-5 2.5c-6 7.8c-6 

UTTR access road 7.8c-5 6.2c-5 0.0002 
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Table 2-4 

Peak Groundwater Concentrations 
(pCi/L within 500 years) 

Waste Model GWPL Mean Median 950/0 Percentile 

3m Model: 

S,,, 42 0 0 0 

Tc" 3,790 86 I Ac-5 2 10 

1129 2 1 0.053 7.7e-2 1 0. 13 

Th230 83 4.ge-1 7 4.2c-37 I. 7c-26 

Thm 92 5. lc-23 0 I.3c-32 

NPm 7 1.9c-28 0 0 

Um 26 4.8c-I J 5.2c-33 5.l c-22 

Um 26 2.3c-1 2 3.3c-32 3.3c-2 1 

U2~5 27 1.4c-13 2.7e-33 3.1 e-22 

U236 27 4.4c-I J 4.7c-33 4.lc-22 

Um 26 1.9c-1 1 2.7c-31 2.8c-20 

5m Model: 

S,,, 42 0 0 0 

Tc" 3,790 440 0.0026 1,700 

1129 2 1 0.37 3.4e- 16 1.8 

Th230 83 2.2c-2 1 5e-37 1.5c-26 

Thm 92 1.6c-27 0 I.3c-32 

NP237 7 3.9c-25 0 4.2c-38 

Um 26 4.4c-17 6.3c-33 3.9c-22 

U234 26 2.7c-16 3.7c-32 2.4c-2 1 

Uw 27 2.9c-17 3.0c-33 2.l c-22 

U236 27 3.6c-1 7 5.2c-33 3.4c-22 

U238 26 2.2c-1 5 3.0c-31 2.0c-20 
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Table 2-4 

(continu ed) 

Peak Groundwater Concentrations 
(pCi/L within 500 yea rs) 

Waste Model GWPL Mea n Median 95% Percentile 

10m Model: 

S'90 42 0 0 0 

Tc,., 3,790 14,000 110 8 1,000 

1129 21 13 5.8c-07 8 1 

Th230 83 1.5e-21 3.8e-37 1.2e-26 

Thm 92 1.3c-27 0 9.3c-33 

Np237 7 7.6e-18 0 4.7c-26 

Uw 26 2.9c-17 2.3c-32 4.7c-22 

Um 26 1.6e-16 3.0e-32 2. lc-2 1 

Um 27 1.6c-17 2.6c-33 1.8c-22 

U236 27 2.4c-17 4.3e-33 3.2c-22 

U238 26 1.4c-15 2Ac-3l I. 7c-20 
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Long-term surface water pathway doses arc expected to be zero because of (he absence of pennancnt 
surface waler bod ies at the site. The nearest stream channel is greater than fi ve miles east oflhc facility. 
Surface waler from precipitation is directed away from the waste disposal embankment by drainage 

ditches and bcnns. During facility operations, possibly contaminated COOlnet stonn-water is recovered and 
conveyed to evaporation ponds where it is monitored and controlled. No contact stonn-water is released 

offsite. thereby maintaining releases from surface water ALARA. 

Air Pa thway 

As are described in Chapters 4 and 9 of Appendix A, gaseous and particle-bound contaminants that have 

migratcd to the surface soi l layer are potentially subject to dispcrsion in thc atmosphere. The effect of 
mechanical disturbance on human exposure to so il particu lates is evaluated in the Performance 

Assessment bascd on thc cffect of off-highway vehiele use. Howcver, although this mcchanism may be 

consequential for human exposure, it is not a significant contributor to the overall rate of fine particulates 
cmissions from the embankment over time. Aeolian (wind-related) disturbance is the primary cause of 

part iculatcs emissions from the embankment. Because the model projects mass ive dilution fo r 
windblown sediments. th is pathway results in insignificant offs ite acc umu lation of transported 

radionuel ides and associatcd cxposures to thc gcneral public. Compl iance is demonstrated fo r thc 

regulatory requirements for protecting members of the general publ ic from the atmospheric pathway. 

Soil Pathway 

Soil pathway doses involvc cxposurc of the public to contaminatcd soil from the facil ity. Ifan cxposure 

occurred, doses could result from external radiation or ingestion of soi l on dirty hands. External radiation 
levels a t the top of the final cover will be at or below background radiation fo r the site, so no doses arc 

anticipatcd. During operation, the fac ility will be monitored to ensure that no releases or doses occur via 
the soil pathway. 

Plant Pathway 

The plant pathway is not expected to cause any doses to humans. Edible crops or animal forage arc not 

expeetcd to grow on the waste embankment. During operat ions all plants will be prevented from 
contacting the waste. After elosure , the site's low prec ipitation and cell cover design wi ll prevent crop 

production or growth of domestic animal forage on the embankment. 

An ima l Pathway 

Ants fill a broad ecological niche in arid ecosystem of the Cl ive faci li ty as predators, scavengers, 
trophobionts and granivores. Howeve r, it is their role as burrowers that is of main concern for the 

purposes of this Compliancc Report. Ants burrow for a variety of rca sons but mostly for the procurement 
of shelter, the rearing of young and the storage of foodstuffs. How and where ant nests arc constructed 
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plays a role in quanti tying the amount and ratc of subsurface soil ITanspon to the ground surface at the 

Cl ive site. Factors relating to the physical construction of the nests, including the size, shape, and depth 

of the nest, are key to quantirying excavation vo lumes. Factors limiting the abundance and distribution of 
ant nests such as the abundance and distribution of plant spec ies, and intra-specific or inter-spec ific 
competitors, a lso can affect excavated so il volumes. Parameters related to ant burrowing activities include 

nest area, nest depth, rate of new nest additions, excavation volume, cxcaVai ion rales, colony density, and 
co lony lifespan. These attributes arc described in this section , along with other considerations involving 

the impact of ant species and their inclusion in the Clive PA mode l. 

Other than ants, the burrowing animal pathway is not expected to cause any doses to humans. Burrowing 

animals at thc site includc jackrabbits, micc, and foxes. None of thcsc spccies typica lly burrow decp 
enough to penetrate through the cover system and disturb the waste materials. 

2.1 9 R3 13-25-20 j Protection of Individuals From Inadvertent Intrusion 

Requirement: Design, operation, and elosure of the land disposal faci li ty shall ensure protection of any 
indi viduals inadvertent ly intruding into the disposal site and occupying thc sitc or contacting the waste 

after active institutional controls over the disposal si te arc removed. rURCR R3 I 3-25-201 

From a compliance pe riod perspective, 10,000 years is the time period for a quantitative analysis and is 

consistent with Federal rules and guidance. Gi ven the nature of dep leted uranium, a qualitative analysis 
out to the peak dose period is also warranted to inform the performance assessment. Use of the 10,000 
ycar time period fo r compliance is consistent with federal regu lations (e.g., 40 CFR 19 1) and NRC 

guidance. Extending the analysis qua litati ve ly until peak dose is also consistent with NUREG-1573 
recommendations. The NRC has taken a similar approach w ith the NRC Decommissioni ng Criteria for 

the West Valley Demonstration Project at the West Va lley Site (NRC, 2002). It is noteworthy that the 

only Federal standard that goes beyond 10,000 years for compliance is the standard fo r Yucca Mountain 
(NRC, 2002). That provision provides a two-level dose standard with a higher dose limit of 100 mrem 

after 10,000 years. 

Consequently, for pu rposes of ap pl:ring t he perform ance standards fo r protection of the general 
public (URCR31 3-25-19) and for protection of individuals from inad" ertent intrusion (U RC R313-

25-20), the Division should chosen to lise the 10,000 year compliance per iod with a qualitative 
analys is to cover the period beyond to the peak dose. 

The performance standard for protection of individuals from inadvertent intrusion (URCR313-25-20) 

requi res" .. . proteclion of any individual inadvertently intruding infO the disposal site and occupying the 

site or contacting the waste." Howeve r, these regulations are silent on the spec ific dose standard to apply. 

Since Part 61 has been issued, the standard used by NRC and others fo r low-level radioactive waste 

disposa l licensing has been an intruder standard of 500 mrem/yr. The 500 mrem standard is also used in 
DOE's was te detenninations implementing the Part 61 performance objectives (NUREG-1854). It is 
noted that 500 mremlyr was also the standard proposed in Part 61 in 19S I (46 FR 3S0S I, Jul y 24, 1981). 
Additionally, the Statement of Considerations for the fina l ru le did not object to the number. It was 

removed apparently at the request of EPA, because of its concern of how one would monitor it or 
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demonstrate compliance with it, but not because EPA disagreed with it (47 FR57446, 57449, December 

27, 1 982). A dose standard of 500 mrcmJyr is also used as part of the license tennination rule dose 

standard for intruders ( 10 CFR 20.1403). 

Consequently, ORC should use for purposes of applying the performance standard for protection 
of individuals from inadvertent intrusion (URCR313-25-20) a 500 mrem/y r threshold for the 

intruder dose. 

Compliance Basis: For purposes of demonstrating compl iance, il is important [0 note that occupation of 

the site by inadvertent intruders after site closure is not likely due to a lack of natural resources in the 

area, particularly a lack of potab le wa.ter. As such, contacting the waste after site closure by an onsite 

res ident is notlikcly due to the lack of natural resources (no reason to drill o r dig) and the design of the 

embankment cover system. The dcsign features and operations will minimize radiation dose to 

inadvertent intruders, as well . Several design features provide the requ ired protection. Ove rall features 

include: 

Lack of nearby residential population 

Embankment cover system 

Operations spec ific features include: 

Fcncc~ 

Buffe r zone 

Security plan 

Post-Closure spec ific features include: 

Granite marke rs 

While onsite occupation is unlikely, the impact on facility performance by inadvertent intruders is 

modeled in the Performance Assessment via the possi ble formation of gullie s that are caused by human 

intervention (e.g. , OHV activity, cattle trails), which may resu lt in direct human contact with the waste for 

fu ture receptors. For those cases when gullies are formed, which is assumed to be affected by human 

intervention, compari son of doses is made to [nadvertent Intruder performance objectives. 

Table 2-5 summarizes the maximum dose to the inadvertent intruder at the Cl ive fac ility due to the 

disposa l of depleted uranium. The reported 95% upper confidence interva l of the mean peak doses is 

commonly used to rep resent reasonable maximum exposure in CERLCA risk assessments. Compliance 

with the performance objectives for the inadvertent intruder of 500 mrem in a year is clearly established 

fo r all three disposal configurations. 
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Table 2-5 

Peak Total Effective Dose Equivalents to the Inadvertent lntruder 
(mrem/y r within 10,000 years) 

Waste Model Receptor Mean Median 950/0 Percentile 

3m Model Rancher 21 11 72 
Hunter 0.8 0.47 2.6 

O HVenthusi.ast 1.2 0.73 4.0 

5m Model Rancher 0.60 0.44 1.4 

Hunter 0.024 0.02 0.063 

O HVenthusi.ast 0.037 0.Q3 0.090 

10m Model Rancher 0.0059 0.0046 0. 01 5 

Hunter 0.00026 0.00020 0.00062 

OHV enthusiast 0.00039 0.00031 0.00096 
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2.20 R313-2S-21; Protection of Individuals During Operation 

Requirement: Operations at the land disposal facility shall be conducted in accordance with the standards 

fo r radiation protection set out in URCR R3 13-1 5, except fo r release of rad ioactivity in effluents from the 

land disposal facility, which arc governed by URCR R313-25-19. Every reasonable effort shal l be made 
to maintain radiation exposures as low as reasonably achievab le, ALARA. CUReR R3 I 3-25-2 ! ] 

Compliance Basis: The infonnation contained in Appendix A of this report demonstrates that the 

requirements of URCR R31 3-25-21 will be met. NU REG-1199 describes the items that together 

encompass Conduct of Operations. 

2.21 R313-2S-22; Stability of the Disposal Site After Closure 

Requirement: The disposal facility shall be sited, designed, used, operaled, and closed (0 achieve long­

term stability of the disposal site and to climinate, to the extent practicable, the need for ongoing active 

ma inte nance of the disposa l site following closure so that only survei llance, monitoring, or minor 

custodial care arc required. [URCR R313-25-211 

The performance standard for stability requires the fac il ity must be sited, dcsigncd, and closed to achieve 

long-tcrm stability to el iminate to thc cxtcnt practicable the need for ongoing active maintenance of the 

site following closure. The intent of this requirement is to provide reasonable assurance that long-tenn 

stabili ty of the disposed waste and the disposal site wi ll be achieved. 

Prior to implementing Part 61 , it had been a common practice at waste disposal fac ilities to randomly 

dump some waste. Thi s practice jeopardized package integrity and did not pennil access to voids 

bctween packages so that they could be properly backfi lled. Consolidation of wasles would provide a less 

stable support which could contribute to failure of the disposal unil cover leading 10 increased 

precipitation infiltration and surface water intrusion. 

To help achieve stability, NRC noted that to the extent practicable the waste should ma intain gross 

physical properties and identity over 300 years, under the conditions of di sposal. NRC bel ieved that the 

use of design features to achieve stability was consistent with the concept of ALARA and the use of the 

best avai lable technology. It was NRC's view that to the extent practicable, waste fonns or containers 

should be designed to be stable (i.e. , maintain gross phys ical properties and identity, over 300 years). 

NRC a lso nOled that a site should be evaluated for at least a 500-year time frame to address the potential 

impacts of natural events or phenomena should also be applied. 

About (he same (ime as Part 61 was promulgated, NRC also put in place reqtliremen(s for design of 

uranium mill tai lings pi les such as the Vitro site which is right nex110 the C live site. In add.ressing 

stabili ty requirements for mi ll tailings, NRC recognized the need to set practicable standards. NRC 

specifi ed Ihal Ihe design shall provide reasonable assurance of control of radiological hazards to be 

effective for 1,000 years, to the extent reasonably achievable , and, in any case, for at least 200 ycars. 
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In both cases (low-level radioactive waste and mill tai lings di sposal) NRC recognized (he need to sct 

practical standards that can be impleme nted. The design standards range from 200 up to 1,000 years. 

NRC recognized the design limitations and noted that reasonably achievable designs should be employed 
to the extent practicab le. It is not practical to set design standards beyond 1,000 years. 

Co nsequently, the Division should use for purposes of applying the performance standard for 

stability of the disposal site after closure (URCR313-2S-22) an approach consistent wit h past 

standard setting practice. 

Compliance Bas is: Compl iance with the regulatory requirements related to URCR R313-25-22 is 

addressed in this Repon 's sections for URCR R313~25~23(1) through URCR R313~25-23( I I), URCR 
R313-25-7(2) 'h,ough URCR R313-25-7(5), URC R R313-25-11 ( 1) 'h<ough URCR R313-25-11 (5) , 

URCR R3 1 3-25-8, and URCR R313-11(6) 'hmugh URCR R313-25-1 1(9). 

2.22 R313~2S-24; Disposa l Site [)esign For Near~Surface Land Disposal 

Requirement: Site design features shall be directed toward l ong~ lenn isolation and avoidance of the need 
fo r continuing active maintenance after site closure. IURCR R3 1 3~25-24( I)J 

Compliance Basis: URCR R3l3~25 -8 discuss the primary emphasis in deLcrmining disposal si le 
suitab ility was given to isolation of depleted uranium wastes and to disposal site featu res that ensure that 

the long~term performance objectives will be met. URC R R3 1 3~2 5~ 7( I) through URCR R3 1 3 ~25~ 7(5) 
also demonstrate that the Principal Design Features have been designed to pcrfonn as intended for more 
than 500 years following the Institutional Control period without rel iance on acti ve ongoing maintenance. 

2.23 R313~2S-31; Funding for Disposal Site Closure and Stabilization 

Requirement: The applicant shall provide assurances prior to the commencement of operations that 

sufficient funds wi ll be available to carry out disposal site closure and stabilization, including: (a) 

decontamination or dismantlement ofland disposal facility srructures, and (b) closure and stabilization of 
the disposal site so thai following transfer of the di sposa l site to the site owner, the need for ongoing 

aCli vc maintenance is cl iminated to the extent practicab le and only minor cuslodial care, surveill ancc, 
and monitoring arc rcquircd. 

Compliance Basis: The supporting documentation for the 2008 RML renewal indicates that thc 
requirements ofURCR R3l3~25~31, 25~32(1) , and 25~32(2) have been or wi ll be met. EnergySoilllions 

annually submits supplemental information to justify the financial assurances il proposes. T hese annual 
reports supplement sureties already provided for licensed activi ties, in an amount adequate to cover any 

addilional costs attributable to closing, stabilizing, decontaminating, decommiss ioning, monitoring, and 

maintaining the depleted uranium disposal embankment. 

EnergySoilllions has provided a binding arrangement between EnergySoiutions, Ihe Di vision, and the 
EnergySolwions' fiduc iary agent that ensures that sufficient funds will be available to cover the costs of 
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closi ng and siabi lizing the depicted uranium disposal faci lity, and monitoring and maintaining it during 

the institutional control period. 

The binding arrangement has been and continues to be periodically reviewed by the Executive Secretary 

to ensure that changes in inflation, technology, and disposal fac ility operations arc reflected in the 

arrangements. EncrgySoilllions is required by regulation to support similar reviews on an annual basis. 
Any changes to the binding arrangement will be submitted 10 the Executive Sec retary for review and 

approval before becoming effective. 

2.25 R3t3-2S-32; Financial Assurances For Institution al Con trol 

Requirement: The applicant shall provide assurances prior to the commencement of operations that 

sufficiem funds wi ll be available to carry out disposal si te closure and stabili zation, including: (a) 

decontamination or dismantlement of land disposal facil ity structures, and (b) closure and stabilization of 

the disposal site so that following transfer of the disposa l site to the site owner, the need for ongoing 

acti ve maintenance is eliminated to the cxtcnt practicable and only minor custodial care, surveillance, 

and monitoring arc required. 

These assurances shall be based on Executive Secretary approved cost estimates reflecting t.he Executi ve 

Secretary approved pl an for disposal site closure and stabilization. The AppLicam's cost estimates shall 

take in to account total costs that would be incurred if an independent contractor were hired to perform the 

closure and stabilization work. [URCR R313-25-3 1 ( I)] 

Requirement: Prior to the issuance of the license, the appl icant shall provide for Exec uti ve Secretary 

approval, a binding arrangemcnt, bctween the applicant and the disposal site owner that ensures that 

sufficient funds wi ll be available to cover the costs of monitoring and required maintenance during the 

institurional eomro l peri od. The binding arrangement shall be reviewed annually by the Executi ve 

Secretary (0 ensure tha t changes in inflation, technology, and di sposal facility operations are reflected in 

the arrangements. l URCR R3 l 3-25-32( 1)j 

Requirement: Subsequent changes to the binding arrangement spec ified in URCR R3 l 3-25-32( 1) relevant 

to institutional control shall be submitted to the Executive Seerctary for prior approval. [URCR R313-25-

32(2)] 

Compliance Basis: The supporting documentation in the 2008 RML renewal ind icates that the 

requ irements of URCR R313-25-31 , 25-32( I) , and 25-32(2) have been or wi ll be met. EnergySo/lllions 

annually submits supplemental information to justify the financial assurances it proposes. These annual 

reports supplement sureties already provided for licensed activities, in an amount adequate to cover any 

additional costs attributable to closing, stabili zing, decontaminating, decommiss ioning, monitoring, and 

maintaining the depleted uranium disposal embankment. 
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EncrgySolulions has provided a binding arrangement between EncrgySolufions, (he Division , and the 

EncrgySo/ulions fiduciary agent that ensures that suffic ient funds wi ll be available to cover the costs of 

closing and stabilizing the depicted uranium disposal fac il ity, and monitoring and maintaining it during 

the institutional contro l period. 

The binding arrangement has been and continues to be periodical ly reviewed by the Executive Secretary 
to ensure thaI changes in inflation, technology, and disposa l fac il ity operatio ns arc reflected in tbe 

arrangements. EncrgySo/lIlions is required by regulation to support similar reviews on an annual basis. 

Any changes to the binding arrangement will be submitted to the Executive Sec retary for review and 

approval before becoming effective. 

2.26 R317-6 j Groundwater Protection Limits 

Requiremcnt: In addition to these rad iological criteria, the Division imposes limits on groundwatcr 

comaminal ion, as stated in the Ground Water Quality Discharge Permit (the Permit) (UWQB, 2011). Part 

Le. I of the Permit specifics that Ground Water Protection Limits (GWPLs) in Table I A of the Permit 
sha ll be used for depic ted uranium. Table I A in the Permit specifics general mass and radioactivity 

concentrations for several constituents of interest to dep leted uranium waste disposal. These GWPLs arc 
derived from Ground Water Quality Standards listed in UAC R3 I 7-6-2 Ground Water Quality Standards. 

Compliance Basis: It is noted that according to the Permit, g roundwater at C live is classified as Class IV, 
saline ground water, according to UAC RJ I 7-6-3 Ground Water Classes. As presented in Appendix A, 
the Performance Assessment estimates groundwater concentrations at a virtual well ncar the depicted 
uranium disposal embankment for comparison with these GW PLs. 
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This report demonstrates EncrgySo!ulions' continued regulatory compliance resulting from their proposed 

disposa l of depicted uranium as Class A waste. As such, il is concluded that acceptance and disposal of 
depleted uranium produced at DOE's Savannah River Site can be completed compl iant with URDR 

regulatory requirements. Furthermore, this report also demonstrates Ihal EnergySoiulions may accept and 

dispose of similar depicted uranium waste from the gaseous diffusion plams at Portsmouth, Ohio and 
Paducah, Kcmucky, and depicted uranium waste from the Nationa l EnrichmcnI Faci lity current ly under 

consrruction in New Mexico (up to the limits and configurati ons modeled in the Pcrfonnancc 
Assessment). 

EnergySollllions further supports their claims of compliance with URCR Rules through the development 

and execution of a detailed, site-specific, probabilistic perfornmnee assessment using the GoldSim model. 
This model and the resulting findings demonstrate to the Division that EnergySollllions' proposed 

methods for disposal of depleted uranium will ensure that future operal ions, institutiona l control , and site 
closure can be conducted safely, and that the site will comply with the Division's rad iological criteria 

contained in the URCR. 

While included in th is Compliance Report as part of improving qualitative understanding of fac ility 

performance, EnergySollllions agrees with NRC cautions and recognizes that regulatory compliance 
should include limited, "consideration given to the issue of evaluating site cond itions that may arise from 
changes in climate or the influences of human behavior shou ld be limited so as to avoid unnecessary 

speculation"(NRC, 2000). Furthermore, " I.t]hese events are envisaged as broadly disrupting the disposal 
site region to the extent that the human population would leave affected areas as the ice sheet or shoreline 

advances. Accord ingly, an appropriate assumption under these conditions would be that no individual is 
living close enough to the facility to receive a meaningfu l dose. " (NRC, 2000). 
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