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- EXECUTIVE SUMMARY

The Utah Department of Health, Bureau of Radiation Control (UDH/BRC) regulates
a radicactive waste disposal facility near Clive, Utah that is currently licensed to receive and
dispose of naturally occu.rrihg radibactive material (NORM) wastes. UDH/BRC anticipates
the possibility that the licerisee may apply to the state to allow the disposal of other large
volume wastes (e.g., contaminated soil and contaminated structural materials) with low

" concentrations of other than NORM radicactive constituents.

This report documents an assessment of the potential public health impacts associated -
with radioactive waste disposal at the Clive facility. The purpose of this report is to identify
limits on radionuclide concentrations in the wastes proposed for disposal to ensure that

) rédiologi;al doses to persons who might be exposed do not exceed prescribed regulatory
limits. |

E.1 METHODOLOGY

The PATHRAE computer model was used to estimate poiential radiological doses
-tgﬂ.'e.ctiv,e wholé-body dose equivalent) to workers and the general public from radioactive
waste dssposal at the Clive facility. PATHRAE was developed for the U.S _Enviro:imenté.l’
Protection Agency {EPA) to assist in the development of generally ~appli@blé_ envimnin_én-tal

standards for the land disposal of low-level radioactive waste (LLW). PATHRAE models both

_off-site and on-site pathways through which persons may come in contact with contaminated

waste materials. The offsite pathways include groundwater transport to a river or a well. -
surface 'w‘*indror water) erosion, facility overflow, and ainﬁxospher‘ic transport; The on-site
pathways include direct gamma exposure, dusi inhalation, food grown on the waste site,
biointrusion, and radioactive gas inhalauon. |

-~ 0y
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For this assessment of the radmlogxcal risks from waste disposal at the Clive facility,
-potential exposures to on-site workers, off-site members of the general public, and postU
closure site reclaimers were evaluated. Three reclaimer scenarics -- intruder explorer, -
intruder-construction, and intruder-agriculture were modeled. |

Exposures to individuals were calculated based on unit concentrations (1 pCi/g) ofeach
radionuclide postulated to be present in waste disposed at the Clive facility. The unit
concentration dose -esults wére then combined with applicable dose criteria to infer proposed
concentration limits for the safe disposal of waste at the Clive facility. The quotients of the
applicable dose criteria divided by the unit concentration dose results provided scaling factors
by which the unit cohcentratiohs were multiplied to determine the maximum permissible

concentrations of radionuclides in the waste. |

E2 REGULATORY ASSESSMENT

State and federal regulations were reviewed to identify requirements that may beb
applicable' to waste disposal at the Clive facility and to identify dose criteria to be used in this
risk assessment. State of Utah regu!at:ons for the land disposal of radioactive waste, which
- are modeled zfter and closely parallel the NRC's licensing requirements in 10 CFR 61, were
found to be generally applicable to the regulation of the Clive disposal facility. Dose criteria
tin terms of effective whole~body dose equ,ivalent) adopted for this énalysis include:

A}

¢ 25 mrem/yr to any maximally exposed off-site mdmdual and to the
intruder-explorer.

100 mrem/yr for chronic exposure to a reclaxmer after site closure {the
intruder-agriculture scenario).

500 mrem for acute exposure to a reclaimer after site closure (the intruder-
construction scenano). :

¢ 1250 mrem/quarter to an on-site worker during BiSposal operations.

C



'E.3 DISPOSAL SYSTEM CHARACTERISTICS

The Clive disposal site is located in Tooele County approximately 140 km (85 road

miles) west of Salt Lake City along Interstate 80. The facility is directly south of and

adjacent to the cell used for the disposal of mill tailings that were removed from the [ormer
Vitro Chemical company site in South Salt Lake City between 1984 and 1988.

The climate at the Clive site is arid desert with an average ant.ual rainfall of about

‘13 em (5 in) per year. The water in the groundwater system beneath the site is briny and

contains high total dissolved solids and certain natmlly-occurriﬁg radipnuélides that haak_e
it unfit for human consumption. There are no perennial surface water bodies within 3.2 kar
(2 mi) of the site, nor even gullies that would indicate intermittent channelized flow.

Most of Ithg land within a 16 km (10 mi) radius of the site is public donain

" administered by the Bureau of Land Management. There are no industrial, commexcial, or
‘residential activities within at least 10 miles of the site, and the lack of potable water makes

the surrounding area an improbable location for any future developments, although the Clive
area has recently been zoned for hazardous waste disposal by Tooele County.

. The material proposed for disposal at the Clive facility will be placed into a disposal
cell constructed partly above grade and partly below grade which is currently used for the
disposal of NORM waste. The bottom of the cell consists of a scarified and re-compacted clay
liner to retard seepage from the cell into undisturbed soil. The ceil cover consists of a 2.30 m

(7.5 ft) thick compacted clay liner which serves as a radon barrier, a Q. 15 m (0.5 ft) thick

layer of sand, and a 0.45 m (1.5 f) thick layer of np—rap The top of the cell is sloped to

" facilitate runoff of rainwater.

Wastes being considered for disposal include contaminated soil and Structm‘al debris

' with very low concentrations of radicnuclides. Radionuclides assumed to be present include

nuclides cpmmonl y encountered in _radioéctive materials and transuranics. For this analysis
the radionuclides are considered to be dispersed more or less uniformly throughout the waste.



E4 RISK ASSESSMENT (

The exposure scenarios evaluated for this risk assessment of waste disposal at the
Clive facility and the exposure pathways included in the characterization of each exposure
scenario are shown in Table E-1. |

Exposure pathways evaluated for on-site workers included dust inhalation and direct
gamma exposure. These same exposure pathways were evaluated for an off-site individual
duﬁng facility operations. For an off-site individual after site closure, the potential exposure
pathways include groundwater, surface-water, and surface erosion pathways. Doses to an
. off-site individual from each of these pathways were all estimated to be zero for the 1,000-
year period of the evaluation. - |

, Sipre the intruder-explorer does not disturb the disposed waste, the only exposure

* pathway evaluated for this reclaimer was direct gamma exposure. Pathways evaluated for
the construction intruder were direct gamma exposure and dust inhalation. Exposure
pathways evaluated for the agricultural intruder included direct gamma exposure, dustLj
inhalation, food consumption, and groundwater to a well. For the mtruder-construchon and
intruder-agriculture scendrios, dose assessments were made at the end of the 30-yr custodnal
period and 1,000 years after site closure.

The assumed exposure scenarios for the off-site individual and the agricultural
_ intruder are standard risk assessment scenarios. However, they are certamly consezvatwe,
and possibly unrealistic, for the Clive facility. No off-site individual currently lives within
24 km (15 mi) of the site. Because of the arid climate, briny quality of the groundwater that
makes it unfit for human consumption, and lack of perennial surface water, it is very unlikely
that anyone would choose to live near or engage in agriculture on the Clive site.

Exposure pathway doses, -bAased on assumed 1 pCi/g radionuclide concentrations in the
waste, were calculated for each of the exposure pathways shown in Table E-1. The exposure
pathway doses were then summed to obtain projected doses to individuals for each exposure

scenario. Siace, in evaluating pathway doses, the entire radionuclide inventory ~as

ES-4



MO WL jo Modauwd ) spdpdsouy
Me-ug jevolinaadry < ng)

WI33K 000] I UDPIINIENO) - I8N(]

wiwak OF 1@ UstRANIsUO)  IRT(]

-.».-ua 0001 18 [e2nnLuRY - (]

BRI LY ORLEL Y ,3.3.::( - W

on_._.bc fevorimiad(y + muwng) wadi(}
M-uQ Jevoitrad( - smwen) P

s4vaf 0001 3¢ Uo(iandisuo) « swwen PIN|
saudf op I UBPIRILY - VWILIRY) (]
sawak poot W 1..3_?...:.2 - wwwes) P}
_siwak Qp 1 jumgpouly - swuen Al
A340idnyd wWnnUESp - BWEH V(]

=182 0001 1€ NG U0 umoy) pouy

IRIL OFf 1 NI U UMDIT) P

ey, 23840G 01 MOYIIA() NN

..u&: 01 Hotraay

wInak OO0t 1% 1AM W 1 O daImmpUNALY)
01834 OF 1 [[3p W [ ©) J01empunaiy)
sB1u\psy(] 3d8fing 01 JAWMMpURLIY)

(dendoy - (nplAlpu]
CENgUQ *31*-30

ummpy

Jaodxg el ogol o3k op wif 0001 sxd 08

Jepnajuy
: aanjnoe Jeprauy. . Uopangisuo)) JIpnajul
(nopdy Jeprajul Han. P

.+ Opwuedg sansodxy

SINAWSSASSY 2500 NI 0350 BAYMHLYd FUNB0JXH
o g TIuvL

u

- akwmriug sunmsoday




postulated to be available for producing exposure via that pathway, summing the pathway-.
~ doses results in comservatively high estimates of total doses to poteatially cxposeu
individuals. i ’ ' '

E5 RADIONUCLIDE CONCENTRATION LIMITS

A scenario concentration limit for each nuclide postulated to be present in the waste
~ was calculated for each exposure scenario on the basis of the calculated 1 pCi/g dose and the
. dose limit for that scenario. A proposed overall concentration limit for each nuclide was then
obtained by using the most restrictive (smallest) of the _exposure scenario concentr:_ation
limits, Proposed radionuclide concehtration limits for Qaste disposal at the Clive facility, and
the exposure scenarios that provide the bases for these limits, are shown in Table E-2.

In the vast majority of instances, when all exposure scenarios are considered, the |
scenario that results in the limiting radionuclide concentration is the maximum exposed ofL'j
site individual scenario. For three nuclides the limiting concentration is determined by the
on-site worker scenario, and for three nuclides the limiting concentration is determined by
the intruder-agriculture scenario. However, as already notéd, neither the maximum oﬁ'-éite
individual scenario nor the intruder-agriculture scenario may be realistic for tbe Clive

- facility. If these scenarios are excluded, then the on-site worker scenario becomes the
limiting scenario for ail radionuclides. The corresponding radionuclide concentration limits
increase by factors ranging from a few percent to ,séveral orders of mapmitude.

-As shown in Table E-2, some of the suggested limiting concontrations in Clive wastes
exceed the 2,000 pCi/g limit used by the U.S. Department of Transportation (DOT) to
determine if a waste shipment is considered radioactive material and should be labeled and
placarded as radiogct.ive material during transport. Suggested limiting concentrations in
Clive wastes are generally either smaller or almost the same as limiting concentrations in
10 CFR 61 Class A wastes.



TADLEED -
SUGGESTED RADIONUCLIDE CONCENTRATION LIMITS

Al Scynarios Considarca A : Linreslistie Scenarios Excludad®e
Does Allowable " . Doos Allowable
- ) Concentration S Concentration
]  Limittng Expossrs  Concentration Excend DOT Uwiting Exposure  Concentrstion Excesd DOT
Nuclids  geeuario - Wimit (pCl 2000 pClig Limic? - Scenarte . Limit(pCVvp  2.000 pCVg Limit?
Am-241 Oftite Indinidual 1.7E+.02 - . Maamum worker 23E.02 .
Am-243  Ofliw Indidual - LTE.02 ' Maxmum worker 1.7E+03 :
ce " Inoruder Ag (1000) . 1.5E.02 Maxsmum worker 24508 .. " Y
Ca.109 Manmom worker - 4.6E.04 . Yes Maxmium worker 4.6E+04 ) Yen
Cm-242 Oftrita lodindual 1.6E+05 Yoo Msdimam worker 1.4E+08 Yo
Cn242*  OCiw ndividual LSE.02 Maximum worker £.1E.03 Y
. Cm243  Ofhite Individual 11802 ' Maximum worker 1.5 403
. Cm263°  Offvits Individual kB0t : Maximum worker * LIE.03
Cmr244 Ollnte Indindna) . 4EE.02 . Mmmm worker 2.TE-04 . Y
Cmr244®  Ofbite Individual  ° 1.3E.02 Maximum worker - T.4Ee03 . Ym
Co-57 Ollnta Individus) L7e02 Maomum worke  L9Ee0d . Ye
Co-60 Of%ita Indindual 8.3E+00 Maximom worker 35E.02
Ce-134  Offiia Individusl ~ LIEe0L S Maximum worker 1.2E403
Ce-137  Ofite Indindual 2.8£.01 ) Maximum worker 68E.02 -
Fe38 Maximum worker L8E+08 You Manmim worker 1.6E+08 ‘ Yeu
H3 Offuita Individual ' 23E.08 Yoo Maximum worker © 14Eent - Yo
129 Ingrudee Ag (1000) 258,03 Y Maxitnum wotker 3.1E.03 . Yes
Hn4 Ofite Indivadunt 2.3E.01 Maxamum worker BAE.G3 Yo
Na-22 OfGsita Individual 8.4E.00 Mauamum wotker 1.38.02
No-94 ‘Offtnte Indndual . 1.1E+01 Maomum worker 1.6E+02
Ni-59 Maamum worker €9E.0¢ -~ Yes Maximusm worker C.9E+04 } Yo
Ni-63 Oftite Individua] . LEEs0? Ye Maximom worker 8.5E+08 Y
Np237 Ofhits Indindusl 1.7E.02 ’ , Maximum worker 2.0E+03 . You
Pu-238 Ohits Indivadual - 2L1E+02 © Maximum worker 1.1E+0¢ Ya
 Po238®  Offvite Jodivdua) L.6E+02 ' Maximum worker 8.2E+03 Yo
© Pu239  Omow Indindul . LTEs02 - | Madmumworke © 9.9E.03 Ya
Pu-240 Of%ite Individual LTE.02 ) Maximum worker LOE.04 . Y=
Pu-241 Offaite Indindual 1LIE.04 T Yes Maxmum worker 86E.08 Ya
Pu-241*  Ofmite Indindual 8.6E«n Mexmum worker ~ L1E.03
Pu-242 Ofsite Indindual 1.8E.02 Maximum worker 1.0E+0¢ " Yes
Ra-226 Ofnte Indindual 2.3E-03 . R © Maomum worker LBE.04 ' Yoo
Ra-226*  OfGte Indivdual 1.1E+01 Manmum worker . §.5E+02
Ro-106 . Ofbite Inddus) . 2.TE.06 Y Meomumworkee  LIE.08 < Yeu
Ra-106°  Oflaite Indimdual 8.9E.01 - Manmum worker | 1SE0d .. Ye
$a-113  Ctbite Indvidual 32803 Yo Maximum worker T3E05 Yo
S0 Oiwlndvdual S3E.04 Yu . Maomumworker 6.5Es08 Y
Sr-90° Offsite Indindual 8.3E.04 You Maximum worker S4E08 . Ym
Te99 Intruder Ag (1000 1.7E.0L. ' Maximum worker 8.7E+08 Yo
T™230 Ofbnte Indivdual - 27E.02 ‘ . Manmomworker ' 1.SE+04 Yo
Th-232 Offare fndindusl 54E.01 . Manmum worker 3.3E+03 Yea
THT2* Offuite Individual 7.1E.00 o : ; Maxvwrum worker 1.0E.02 ’
U.23¢4 " Offarte Indinndual 8.6E.02 Maomum worker J.TE-04 B Yes
LT Offnte Indinwdual T LIE.02 ‘ ) Maximum worker 1.7E+02
C-236 Oftasia 'odividual - T1E.02 ' Manmum worker - - 3SE.04 Yoo
U-238%** OfGsa fndindual  7.1E.02 ‘ Maxmum worker C2BE4 Ye
CU-Nat  Oftaste Indivadual €8E.02 ' Maxmum worker 1.8E+04 " Y
n-635 Oltaie Indimidua) 34E.0) Maxicoun worker 11E.04 Yoa

* Qenotes doss ratee gonerawd by nuehide pler is muficans daughters 1n equhbnum
** Unreahistic scensmos are off aite nuividual sad insrvder-sgnculture
*°* Apprupnate for depleted uramum pronded the waste form 18 emilar 16 samly o loamy sl
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E6 POTENTIAL FOR WATER AW’QQN IN CLIVE DISPOSAL UNTTS

Because the soil at the Clive site has Jow permeabxhty. the potential exists for the
.accumulation of water that infiltrates into the disposal units through the engineered cove&‘/\
system. If sufficient water percolates into the dzsposal units and accumulates, the water
might eventually overflow the units and apdl onto the ground, posing a radzologzml hazard
| to site intrudera

Two computer models, the HELP model and the UNSAT-H model, were used to
evaluate the potential for water gocumulation in the Clive dispossl units. The results of the
computer simulations showed that it is unlikely that water will accumulate in these disposal
units. However. the potential for water accumulation depends on the hydrauhc conductivity
of the native soil immediately below the units. Ifthe hydrauhc conductivity of this material
is sigunificantly reduced through compacuon of the soil during disposal unit coastruction,
water mxght accumulate in the units after they are filled with waste and capped.

' E7 IMPLEMENTATION CONSIDERATIONS * - u

The concentration limits in Table E-2 can be implemented by applying them to
individual shipping vehicles (e.g., individual trucks or rail cars), to entire shipments (e.g., to
a trainload of waste comprising several -ail cars), or to all of the waste shipped to the site -
_by a particular generator during a year. The most conservative and straightforward approach
. is to apply these limits to each individual shipping vehicle bringing waste to the disposal
facility. This approach should genserally yield annual average co‘ncentr'zi_tiqns at the dispo‘sal
facility that are much smaller than the conoentx_;ation limits of Table E-2.

The least conservative apbroach is to allow each waste generator t. conform to the
concentration limits on an annual basis. This approach would be the most difficult to control
in terms of assuring concentration limit compliance. Furthermore, this approach could result
in ‘some shipments being received at the disposal site with very high radiqnu‘dide
concentrations that could pose waste handling and exposure problems to on-site workers.

ES-8




The limiting concentrations in-Table E-2 are for individual radionuclides in the waste.

For a waste shipment containing mixtures of radionuclides, the allowable total concentration

‘would be determined by the sum-of-fractions rule.

The waste concentration limits presented in this document are based on ahalyses that

- assume the waste to be contaminated soil or construction debris with radionuclides dispersed

more or less uniformly throughout the material. If waste is received that is substantially
more finely divided, and therefore more dispersible, additional limitations on concentration
or handling procedures may be required to assure adequate protection. If some construction

" debris is received which has only surface contamination, disposal cperations will tend to
break up the material and mix it with other waste disposed at the facility. Therefore, it is

probably not necessary to impose restrictions on the receipt of surface contaminated material

* which are different from those imposed on material for which the radionuclides are dispersed

throughout the waste.

€s-9



1. INTRODUCTION

o

“This report documents an assessment of the potential public health impacts aséociated
with radioactive waste disposal at a facility n‘e'ar‘Clive,- Utah. The assessment includes
evaluétions of potential radiological dosgs' from wastes disposed at a facility near Clive,
th and suggested limits on radionuclide concentrations to ensuré that these doses do not
exceed pxﬁescxibéd regulatory limits.

 The Utah Department of Health, Bureau of Radiation Control (UDH/BRC) is -
) resbonsib!e for regu’ating certain a.tivities involving the disposal of radicactive wastes.
- Rogers and Associates Engineering Corporation (RAE) is providing technical assistance to
' UDH/BRC to determir . 'ts on the radionuclide concentrations that might apply to the
disposal of radioactive wastes at a facility near Clive, Utah. The facility is currently licensed
to receive and dispose of naturally occurring radioactive material (NORM) wastes. UDH/BRC
anticipates the possibility that the licensee may apply to the state to allow the disposal of
other large-volume wastes with low concentrations of other than NORM rad.ioacth/J
constituents, Wastes being considered for disposal include contaminated soil, and
contaminated structural materials. While these wastes might require disposal at a regulated
facility, the large volumes and low specific activities have precluded their acceptance for -
disposal at currently licensed low-level radioactive waste (LLW) disposal facilities. The
radionuclide concentration limits to be determined for the disposal of these wastes are those
that should be imposed to assure protection of the public health and the environment.

This assessment involves the characterization of the natural site, the disposal facility,
and the waste to be disposed. Based on this system characterization, the potential release
and migration of radioactivity from the faciliﬁy and the impacts in terms of radiatioﬁ
exposures to humans are conservatively evaluated. The PATHRAE computer model is used
to estimate potential radiological doses to workers and the general public from unit
radionuclide concentrations in wastes disposed at the Clive facility. Applicable dose and risk

Throughout this report the term "dose” refers to the effective whole-body dose S
equivalent measured in mrem. : b

[
1
e



criteria are identified to provide a basis for inferring limits on the radionuclide
_concentrations. The radionuclide concentration limits are then calculated on the basis of the
- doses for unit radionuclide concentrations, and the applicable dose criteria.

Chapter 2 oi' th:s report provides a desmpuon of the metbodology used for this

* assessment. This includes an overview of risk assessment methodology and a brief

_ description of the PATHRAE computer model used to project potentxal doses from waste
disposal operatmns. '

Chapter 3is a re\new of federal and state radxoactwe waste disposal standards and
requirements that could provxde guidahice for reg'ulatmg the d.\sposal facility near Clive. A
_ primary objective of this review is the identification of applicable or relevant dose criteria to
"~ be used in establishing radxonuchde concentratxon lumts

Chapter 4 is a presentahon of the information and assumptaons used to simulate the
dxsposal system at the Clive site and to perform the risk assessment. The site, the disposal
cell, and the waste are all characterized in sufﬁaent. detail to provide the information
necessary for the dose calculations.

Chapter 5 presents the results of the risk assessment and | the radionuclidé
concentration limits derived on the basis of this assessment and the dose criteria identified
in Chapter 3. The proposed radionuclide concentration limits for Clive disposal are compared
" with concentration lumts for 10 CFR 61 Class A LLW and tvpxcal LLW thh low levels of
‘radioactive content. - : S : ‘ \

'Chapter 6 presents the basic requxrement.s of an 1mplementatmn plan to ensure
comphance with the radxonuchde ooncentratlon hmxts proposed in Chapter 5

1-2



2. METHOPOLOGY

O

The objective of this investigation is to determine limits for radionuclides in wastes
that can be safely disposed at a rhdioactive_lwast;e disposal site near Clive, Utah. To
determine these limits, a risk assessment is performed that evaluates projected doses |
~ (effective whole-body dose equivalent) from unit concentrationé of radionuclides in the wastes
. proposed for disposal. The risk assessment results are then combined with applicable dose
cntena to infer limits on the concentrations of radionuclides. that can be allowed at the
‘subJect facxhty without endangenng pubhc health.

~This ;:hapter prbvides a'description of the methcdology used in this assessment.
- Section 2.1 is an overview of risk assessment methodology Section 2.2 is a description of the
PATHRAE computer model used to project pot.enbal doses to individuals from the proposed
disposal ogeratmns. Section 2.3 is a summary of the dose criteria used to establish
i?adionuciigie concentration limits for wastes disposed at the Clive site. . p

21 RISK ASSESSMENT METHODOLOGY

~ Risk assessment (:onéis{s of estimating releases of radioactive contaminants from the

: dnsposal fauhty, modelmg the transport of radmnuclxdes to 1ocat.xons accesmble to humans;
"and calculating exposures or doses to persons coming in eontact with the contamination. The |

calculations must account for all reasonable opportunities for buman exposure to radiation

‘ originating from the waste. Figure 2-1 schematically represents the disposal facility in
relation to the environment and depicts the pathways through which contaminants are

released and transported to receptor points. These pathways are discussed in the following
sections. ' | ‘
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2.1.1 Contaminant Release Mechanisms

The means by :which radionuclides may be released from a di_spolsal site to the »
environment depend upon site conditions and the nature of the disposal facility. Generally
speaking, release xhechanisms may be classified as resuspension. leaching, and accidental
-release. '

Resuspension

. Resuspension of surface contamination may play an itnportant role m the dispersal
of rédionpclides from disposal units in arid regions. The resuspended contamination may be
from waste that bas not yet been covered, spillage of contaminants during operations,
material excavated from a disposal cell by human or animal activity, or waste exposed due
" to wind or water erosion of the earthen cover over the disposal cell. In any event, the
contaminants so mobilized are available for subsequent transport downwind from the facility.

Leachin

At many sites, water is the most important”medium for the mobilization of
radionuclides from the disposal unit. Water infiltrating into the disposal unit will leach
contaminants from the waste. The water infiltration rate will depend upon the precipitation
rate at the dxsposal site, hydrogeologic properties of the soil, and naturel features of the site
or engineered features of the disposal system that channel runoff or divert it from the
«disposal units, The rate of leachmg will be influenced by the amount of water passing

“through the waste the waste form, and nuchde-specxﬁc ptopertxes such as d:stnbutxon
.coefficients. ‘ :

Because the Clive site is located in an arid region, the importance of water as a
contaminant release mechanism will not be as great as it is for disposal sites in regions of
- high average rainfall. '
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Accidental Releases
U’ _ ‘ Accidental releasea differ from the mechanisms descnbed abo»e in that they are
' ' ~ generally sudden, in contrast to the more dehberate nature of atmosphenc (i.e., resuspension)
and hydrologic releases. Accidental releases are also d;scontmuouS' i.e., they typically bave
botha begmmnz and a.1 ending. ﬁres that sometimes accompany accidents can result in the
volatilization of radioactive material and its dispersal downwind from the site of the accident.
_ In other radiclogical assessments, the doses associated with accidental releases have not been

Limiting™ Therefore, in this assessment, doses from accidental releases are not evaluated.

2.12 Transport Pathways

Waste contaminants released from a disposal facility are available for transport to
: locatibn; where they can come in contact with humans. As depicted in Figure 2-1, transport
mechanisms may include atmospheric, hydrologic, and foodchain pathways.

U » Atmospheric Pathway_s ' _ S
' Airborne contaminants (e.g., those eontaminahts released as a result of resuspension)
will be dispersed as they are transported by the prevailing winds. The atmospheric
concentrations of contaminants at downwind locations aré_calmlated with a Gaussian plume
atmospheric dispersion model which uses a virtual point source approximation for area
| ’ sources. The plume of suspended radxonuchdes is assumed to move at a hexght-mdependent
" wind speed to the receptor location. The model accounts for plume depletlon, effective plume

height, and stable air layers at lngh altitudes. Neutral atmospheric stability is generally
assumed to prevail.

Hydrologic Pathways

Hydrologic pathways include groundwater and surface water pathways. Both of these
pa_thways' can result in the migration of radionuclides from the disposal site to locations
where humans are exposed through using contaminated water for culinary or other purposes.
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In the groundwater flow model, radioactive contaminants leached from the waste are
transported vertically to the aquifer, then horizontally through the aquifer to a well or rive,
Transport velocities mai be calculated using eitherlsaturat.ed or unsaturated flow models. -
Contaminants migrating iilong hydrologic flow paths typically move more slowly than the
water in these paths, due to nuclide-specific interactions of the contaminants with the solid
materials in the aquifer. This phenomenon is called adsorption which results in retarded
radionuclide migration rates. ' ‘

- Deperding on precipitation, infiltration rate, and hydrogeologic characteristics, water

* contaminated with radionuclides may overflow the disposal cells and discharge onto the
natural surface of the sité_.' When this occurs, radioactive contamination is added to the
surface inventory of nuclides already present from operatiOnai spillage or from erosion, if any,

~ of the disposal cell caver. This ground surface cpntamination will consist of two components:
The dissolved and adsorbed fractions. Dissolved radionuclides may enter nearby surface
streams by overland flow, thus adding contamination to the surface streams. Adsorbed
radionuclides enter the soil and contribute to the external gamma exposure of persons
standing on the surface or enter plant systems through root uptake. | | u

Food Chain Pathways , -

Plants may become contaminated through the root uptake of radioactivity in the soil
or surficially as a result of deposition of air-borne radionuclides. Well and stream water used
for irrigation can also deposit radionuclides on or in the soil with subsequent uptake by
plaxits. Animal preducts, including meat and milk, may become contémin_ated due to animal
consumption of contaminated feed or consumption of water from a contaminsted well or
stream.

2313 'Egpbmre Pathways

. The potential routes through which people may be exposed to radioacti\_re materials
at receptor locations are called exposure pathways. These may be categorized as external

-
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. \direct gamma) exposure and internal exposure. Internal exposure results from inhalation

of airborne contaminants and ingestion of contaminated foodstuffs and water

22 THE PATHRAE COMPUTER MODEL

221 Model Description -

Potential risks to individuals from waste disposal at the Clive facility were estimated
using the PATHRAE computer model® The PATHRAE model was developed by RAE to
assist the U.S. Environmental Protection Agency (EPA) in the development of generally
applicable enviroomental standards for the land disposal of LLW. The PATHRAE code can
be used to assess and compare the radiological risks of managing and disposing of LLW for
a wide variety of land dlsposal altematwes ranging from sanitary landfill disposal to a deep
geologlc repository. The model is duxgned to assess the risks from disposal at sites thh
dwerse hydro!ogxc. chmatlc, and demograplnc charactenstxcs

The principal ;advantagé,of I;ATPIRAE is its simplicity of operation and présentation
while still allowing a comprehensive set of puclides and pathways to be analyzed. PATHRAE
can be installed and opérafed on 'IVBM and IBM-compatible personal computérs. Site
performance for radioactive waste disposal can be readily investigéted with relatively few

'parameters needed to deﬁne the pmblem " For example, key site parameters are found
-»generally to include: : ' : N

. Facility size and capécity. ,
¢ Facility operating time.
¢ Depth for emplacement of waste.
. Cover thickness and permeébility;
« Precipitation.

e Soil retardation characteristics.

2-6



* Depth to the aquifer.
.+ Aquifer distance to accessible location.

* Aquifer velocity.

The PA’I’HRAE waodei e2: be used to calcu.late maximum effective dose eqmvalents :

(doses) to workers during disposal operatmns to off-site individuals after site closure, and to
reclaimers and inadvertent intruders after site closure. Results mclude individual dose rates,

orgamzed both by radionuclide and as a function of time for each exposure pathway, as well
- as total dose rates with time.

_2.2.2 Tranggort Pathways Modeled

The PATHRAE methodology models both off-site and on-site pathwayé through which
_persons may come in contact with contaminated wasté - These pathways are shown
schemabcally in Figure 2-2. The oﬁ'-sxte pathways include groundwater:transport to a
_ surface river or a well, surface (wind or water) erosion, facility overflow, and atmospheric
trapsport. The on-site pathways include direct gamma exposure, dust inhalation, food grown
on the waste sxte bxomtmswn, and radxoactwe gas inhalation. On-site pathways of concern
arise principally from worker doses during operations and from post-clogure site reclamation
(intruder) activities such as constructing a house and living on-site, growing edible vegetation
on-site, and drilling wélls for irrigation or drinking water. Brief descriptions of each
transport pathway that is shown in Figure 2-2 are given in the followixtg péragraphs.

Groimdwater Migl_'ation with D%scharge ton River »

This pathway starts with the mobilization of radioactive waste compbnents leached
from the waste by percolating precipitation. The waste components move downward through
the unsaturated zone to an aquifer beneath the disposal site. In the aquifer the waste
components are transported to an outcrop location where the aquifer discharges to a surface

"stream. The contaminated surface stream is used for n-ngatxon, wat.enng hvestock ﬁshmg,

or domestic purposes.

O

-
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FIGURE 2-2. MAJOR EXPOSURE PATHWAYS FOR PATHRAE-EPA.
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~ Thas transport p?athv;ray is not considered viable for the Chive site because of the very
low rainfall and the absence of any perennial streams in the vianity of the site’ S
Consequently, doses resulting from this actuary were not modeled in this assessmeat.

Groundwater Migration with Discharge to a.'Well
Groundwater transport to a well is similar to the pathway described above except that
the contaminated aquifer water is withdrawn from a well and u;ed for irrigation, livestock,

or domestic puryposes.

~ Surface Erosion of Cover Material and Waste

Wind and/or water erosion results in the gradual removal of the cover over the waste
and, evéntuaﬂy, the slow removal of the waste itself. The eroded waste is transported to a
nearby surface streaxh whereit contéuninates the stream. A conservative assumption is made
that the eroded waste components enter the surface stream in the same year they erode from

the waste site. o

Saturation of the Waste and Facility Overflow -

Water accumulates in the disposal units and eventually overflows (the bathtub effect).
The overflowing water, which is contaminated with radionuclides leached from the waste,
subsequently enters a surface stream and contaminates it. |

Atmospheric Trangpg" It
Either a trench fire or natural resuspension may be a source of airborne contaminated
gas and particulate matter that is carried off-site by the prevailing wind. A Gaussian plume

technique is used to trace the transport of this resuspexided material to an off-site location
where an individual is presumed to breath the contaminated dust.
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_ln‘halation of Radioactive Dust On-Site

Radioactive dust might be resuspended during disposal operations or by reclaimers
diééing into the waste at the conclusion of the post-closure care period. This pathway traces
the effects of the inhalation of contaminated dust by an on-site worker or by a reclaimer
excavating a basement and/or a well after site closure '

Consumption of Food Grown on the Waste Site

This pathway traces the effects of eating food grown on reclaimed farm land and
accounts for poienﬁal ‘exposures of individﬁa!s' to waste materials through the human
foodchain. A basic assumption for é::posure via this pathway is that reclamation activities

‘are required to cause exposure to the waste materials. The reclaimer is assumed to disturb
the waste by drilling a well and/or digging a basement for a house. The waste excavated by
these activities is uniformly mixed with uncontaminated surface soil, and the soil mixture
is used to grow edible crops and animal forage. Individuals are assumed to get some fraction
of their food needs from contaminated crc;ps. meat, and milk. | ‘ |

Biointrusion into the Waste -

This pathway is similar to the food pathway described above, but involves the
consumption of crops whose roots have penetrated into previously undistnrbe& subsurface
waste materials. The crops are presumed to absorb waste materials through root uptake
after which the crops are eaten By humans or used for animal forage. The difference be’tween
this pathway and the reclaimer farmer pathway is that no excavation of waste material by |
the reclaimer occurs. ' h ‘ ' '

Direct Gamma Exposure

~ This exposure pathway calculates the external ra&iation dosé to an on-site worker or
a reclaimer standing on the waste site. To estimate the dose to a reclaimer, the cover
material over the waste is assumed to erode at a specified rate so that the shielding provided
by the cover decreases with time. The source term also decreases with time due to




~ radioactive decay To calculate doses to wdividuals from this pathway the conservative
assumption is made that no lose of contaminants to the groundwater pathway occurs due w
leaching. | '

. PATHRAE does pot calculate the direct gmma dose to an off-site individual. The
| MICROSHIELD program was used in this assessment to evaluate the dose to an individual
who was assumed to be located just beyond the site boundary, defined for these evaluations
by the fenceline which is 100 ft from the edge of the disposal unit. |

- Radioactive Gas Inhalation

This pa't.hw:ay'calculates the effects on a reclaimer of inhaling radon and radon
daughters while irside a structure built over the waste.

223 Environmental Foodchain Analysis

Foodchain analyses performed by the PATHRAE model use the EPA methodolog)L/

contained in the PRESTO-EPA codes. The foodchain calcalations consider direct consumption

of contaminated water, use of this water for animal consum, ion and irrigation of vegetation,
consumption of contaminated vegetation by humans and animals, and human consumption

of contaminated milk and meat from the animals. The foodchain calculations also consider
vegetation grown directly m contaminated soil, with consumption of the vegetation by

" humans and animals, and subsequent human consumption of contgmi‘i;\ated animal products.
The foodchain calculations include transfer vfac,toré’ to ire‘tetétidh and animals, as well as
copsumptioﬁ rates for water, vegetation, méat, and milk. |

For convenience, the routines performing the foodchain calculations calculate
equivalent uptake factors for use in similar model runs, so that the foodchain analysis need
not be repeated each time. The equivalent uptake factors ‘quantify, using a single variable,
the annual radionuclide uptake by an individual from all potential sources associated with
that variable. For inhalation, the variable used to quantify uptake is just the breathing rave.

For ingestion pathways involving contaminated water, the uptake factor is the toto’

d
i
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225 vExoogmv'é Scenarios

equivalent quanuty of dnnking water. in liters/yr, thaz would have W be consumed b.

person to gwe the same rad.onuc.hde uptake that mcm trom umsumpuou ut comammdu-d

: vegetanon. weat, mﬂk ‘and seafood, as well as from the actual consumption of drinking

- water. For pathways mvolvmg the consumpt:ou of food grown on a waste site, the uptake

| , fact,or 13 the eqmvalent amount of waste matena.l (kgiyn an individual would have to directiy

' consume to mgest. the same amount of a pamcular radxonuchde that he or she mgests by
- .eatxng food grown in the oontammated soil.

Since soil- -to-plant 'transfer factofs. .and of:her felated transfer factors used in .

~ calculating equivalent uptake factors are nuchde-dependent the eqmvalent total uptake

factors are nuclide-dependent.

2.24 Time Period for the Analyses

The health impacts to individuals from near-surfaco ‘aisposal of LLW are analyzed for
a period of 1,000 years following the conclusion of disposal operations. The maximum annual

" dose to an off-site individual or a reclauner. and the year in which this dose occurs are-

estimated. The maximally exposed off-site mdwxdual is assumed to be located close to the
dxsposal site boundary (100 from the disposal umt edge). For the mobile radionuclides,

maximum annual doses to this individual occur soon aﬂer site closure and almost always
‘before 1,000 years

For thxs assessment of the radxologu:al nsks from waste dxsposal at the Clive facility,
potential exposures to on-site workers, off~sxbe members of the general public, and post-
closure site reclaimers are modeled. Reclaxmers (madvertent intruders) are persons who are
assumed to enter the closed dxsposal site after institutional control has ended and to engage

in activities which might disturb the waste and wluch result in radxologxcal expos*res to the

" intruders.



Three reclaimer scoﬁanﬁs - mtruder-explnrér, m:r‘.xder-cunsti'uclwn." and intruder
’ agncu;tum -- were modeled for this assessment In ﬁxe intruder-expicrer scanano. the
reclamer 1s assumed sxmply to wander about the site w! nv.u dxsr.urbmg the disposed waste
In the mtruder-constructmn scenano. the reclaimer1s assumed 1o excavate 100 the disposed
waste mat.enal in order to construct a home on the site. In the mtruder—agnculmre scenano,
the reclaimer 1s assumed to live in a residence constructed on the site, to grow crops onsite
that provide the reclaxmer with a portion of his annual food intake, and to consume meat and
dairy producta from apimals ra;sed on the s:te

The exposure pathways by whxch on-site worken,. oﬁ'osxte mdwxduals. and reclaxmers

- may be exposed to radiation are summarized in Table 2-1.

23 DOSE CRITERIA

This assessment of po‘tentiél‘exposur‘es to individuals from radioactive waste disposal
- at the Clive facility assumes unit concentrations of 'eAach of the pertinent radionuclides that
are present in the waste. Emerging from these calculatidns are projections of doses (effective
whole-body dose eqmva.lent.) to on-site and off-site individuals from ‘waste containing the
assumed unit concentrations. The unit-concentration dose results are then combined with
apphcable dose criteria to infer proposed concentration limits for the safe dJSposal of waste
at the Clive facility. The quotients of the applicable dose criteria divided by the unit
‘concentration doses pmvxde scahng factors by which the unit eoncentratwns can bemultiplied

to determme the maximum perxmssxble concentrations of radmnuchdes in the waste.
As described in Chapter 3, the dose criteria adopted for this analysis include:

.« 25 mrem/yr to any maxxmally exposed off-site individual.

¢ 100 mrem/yr for chronic exposure to a reclaimer after site closure (the
intruder-agriculture scenario). :

« 500 mrem for acute exposure to a reclaimer after snte closure (the intruder-
construction scenario). '

C
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* 1250 mrem. quarter o an on-site worker duning dispusiu operations

o g
These dose cnitena provide the bases for the concentratiun Limits for the iow-activity wastes \/

proposed for disposal at the Chive faclity
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3. REGULATORY ASSESSMENT

31 INTRODUCTION

In this chapter, regulatory requiremer:s fur the &lsposal of ra-ioact:ve wastes are

reviewed to identify requireméxﬁs that may be applicable to the disbosal of low-radioactivity
" wastes at a site'near Clive, Utah. The purpose of this regulatory assessment is to identify

applicable or relevam dose criteria and other requirements which xmght provide standards
or guidance upon which to regulate the waste disposal operations. Wastes being considered

- for disposal include contaminated soil and stmctural_xnat_enals with very low concentrations
of radioactive constituents. These wastes might originate at both regulated and unregulated

generéui: facilities. While these wastes might require disposal at a regulated facility, the

~ large volumes and low specific activities have precluded their acceptance for disposal at
- currently licensed low-level radioactive waste (LLW) disposal facilities. '

Regulations that apply to the disposal of chemically hazafdous and mixed radioactive

and hazaraous waste are not reviewed in this assessment.

Disposal standards and requirements that could provide guidanée for regulating waste
disposal operations at the Clive facility include State of Utah regulatxons for NORM wastes
currently accepwd at the facility, Federal regulations for LLW and uranium mill tailings, and

- proposed standards for below-regulatory-concern (BRC) wastes. - State of Uta.h regulations
for the land d:sposal of radioactive waste are reviewed in Sectlnn 3.2. Fedetal regulations

for the stabilization and dxsposal of mill tailings and wastes are reviewed i in Section 3.3.
Regulatory standards that were applied to the disposal of the Vitro tailings at the South

~ Clive site are reviewed in Section 3.4. Proposed criteria for BRC waste disposal are reviewed

in Section 3.5. Regulatory standards and guidanece which might be applicable to waste |
diéposal operations at the Clive facility are djscussed\in Section 3.6.
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32 L'TAH REGL’LAT!D\Q FOR l.A\'D DISPOH R.-\DIOACTI\'E WASTES

e s S v s,

The disposal of commgicxall_v generated LLW 1s regulated by the U.S. Nuclear
Regulatory Commxssmn-f.\'RC) or by Agreement States authonzed by the NRC to regulate
such disposal. By agreezneﬁt with the NRC, Utah 1s responsxble'for regulating certain
act:vities within the state involving the possession and use of radioactive byprbduct. source,
and special nuclear materiai. The responsible‘ regulatory agency is the L’_tah Dépar'tment of
Health, Bureau of Radiation Contro! (UDH/BRC).

Utah hﬁs applied to the NRC for permission to a.s'sAume additional regulatory au’t.honiy v

‘ over the disposal of radioactive materials. As proposed, this additional authority would
include the responsibility to regulate the land disposal of radioactive byproduct, source, and
special nuclear materials in quantities not sufficient to form a critical mass. The NRC would
retain reg'ulatdry,authority over uranium and thorium mills and over the disposal of 11e.t2)
byprbduct material (nraﬁium and thorium zmll tailings and wastes).
. - t

The State of Utah regulates the disposal of naturally occurring radioactive materials
(NORM). The NRC does not exercise fegu.latory authority over NORM wastes. Typical
radxonuchdes in NORM products and wastes include uranium-238 (U-238), thonum-232
(Th-232), and radmm-226 (Ra-226)

Utéh licensing reqﬁirements for land dispdsal of radioactive waste are contained in
Chapter R447-25 of Utah Radiation Control Rules® The Utah requirements are modeled

- -afterand closely parallel comparable regulations in the NRC's licensing requirements forland
disposal of LLW in 10 CFR 61.“ The requirements in Chapter R447-25 include requirements

~on the content of a license application, financial responsnbxlxty, facility performance objectives,

site suitability, site design, facility operations, site closure, transfer of license, post-closure -

ins_titu_tional'co:f.‘.rol, termination of license, environmental monitoring, and records and
reports. In this section, those paragraphs of the Utah regulations pertaining to performance
objectives, site suitability, site design.- facility operaiibns. site closure, post-closure
institutional control, and envirbnmental monitoring are reviewed for their applicability to the
safe disposal at the Clive site of wastes with ﬁw low concentrations of radioactive

constituents.



" The licensing requirements for land disposal of radioacuve waste l"'of both the Staw
oi', LUtah and the NRC define low-level radioactive w'as,be as having the same meaning as in
the Low-Level Radioactive Waste Pol cy Act, that is, radioactive waste not classified as high-
level radioactive waste, transuranic waste, spent nuclear fuel, or byproduct matenal as
defined in Section 11e.(2) of the Atomic Energy Act (uranium or thorium tailings and waste).

32.1 .I Digp. osal Facility Performance Objectives

Applicants for a disposal facility license for radioactive,wasté; must provide reasonable :
assurance that the facility will be sited, designed, operated, closed, and controlled after
closure so that the performance objectives of Sections R447-25-19 through R447-25-22 will
bemet. These performance objectives address protection of the general population, protection
of inadvertent mttuders. protectmn of individuals during operations, and disposal site

_stability after closure ‘

Protection of the General Pogul ation - Concentrations of radioactive material
wlnch may be released to the general environment in groundwater, surface water, air, soil,
plants or ammals shall not result in an annual dose exceéding an equivalent of 25 millirems
(0.25 mSv) to the whole body, 75 millirems (0.75 mSv) to the thyroid, and 25 millirems
(0.25 mSv) to any other organ of any member of the public. Reasonable effort should be made
to maintain releases of radioactivity in effluents to the general environment as low as is
reasonably achievable. - '

) A
* Protection of 'I_nt_idvertent Intruders - Design,.'opera’ti.on, and closure of the land
disposal facility shall ensure protection of imy individual inadvertently intruding into the
disposal site and occupying the site or contacting the waste at any time after active
institutional controls over the disposal site are removed.

Neither the State of Utah intruder protection performance objective nor the NRC’s
intruder protection standard in 10 CFR 61.42 specifies an intruder dose limit. However, the.
NRC has indicated® that a 500 mrem acute whole body dose to an intruder was the basis for
the waste classification limits for long-lived radionuclides in Table 1 of 10 CFR 61. |




The intruder protection performance objective for low-level radicactive waste disposai

-at US Deparntment of Eneryy DO L. DOE«...stru.tur fucihiies® pr v.des that

“the commxtned effective dose equivalent received by individuals who
inadvertently may intrude into the faality after the loss of active institutional
control will not exceed 100 mrem/yr for conbnuous exposure or 500 mrem for
a single acute exposure.”

. Protection of Individuals Dunng Ogeratlon - Disposal facility operauons shaxl
be conducted in compliance with the standards of radiation protection in Chapter R447-15
of Utah Radiation Control Rules, except for release of radioacuvity 1n effluents from the
facility which shall be govem_éd' by R447-25-19 (perfofmance objective for protection of the
general population). Every reasonable effort should be made to maintain radiation exposures ;
as low es is reasonably achievable.

Chapter R447-15 prescribes radiation dose standards for persons who work in |
restricted areas (such as workers at a regulated waste disposal facility). The occupational
dose standards in Chapter R447-15 are the same as the NRC'’s standards in 10 CFR 20.101,

and iclude a worker whole body dose limit of 1,250 mrem per calendar qua.rter (equ alent
to 1,250 mrem/quarter). : \ ' U

Disposal Site Stability After Closure - The disposal facility shall be sited, designed,
used, operated, and closed to achieve long-term stability of the disposal site and to eliminate,
to the extent prar;ﬁcable, the need for ongoing active maintenance of the site following
closure, so that only smwg\eillance, monitoring, or minor custodial care are required.

A

3.2.2 Disposal Site Suitability Reguirements

Disposal site suitability requirements, prescribed in Section R447-25-23, include the
following:

* The disposal site shall be capable of being charactenzed modeled,
- analyzed, and monitored.



* Locations where future population gmwih or industrial or commercial
developments might atfect the ambty of the xacuuy to meet performance
objectives should be avoided.

* Locanons with known natural resources which, if exploited, might result
in failure of the facility to meet performance objectives shail be avoided. -

e The disposal site shall be generally wnll ‘drained and free of areas of
- fleoding or frequent ponding.

s Upstream drainage areas shall be minimized.

* The depth to the water table shall be such that groundwater vnll ‘not
intrude into the waste.

~* The hydrogeologic unit used for disposal shall not dxscharge g'roundwater
to the surface within the disposal site.

*  Locations where tectonic processes may adversely affect the ability of the
t\'acility to meet performance objectives shall be avoided.

* Locations where surface geologic processes méy adversely affect the ability -
of the facility to meet performance objectives shall be avoided.

~* Locations where nearby facilities or activities could ad{rersely affect the
ability of the facility to meet performance objectives shall be avoided.

323 Disposal Facility Design Requirements

Disposal faahty design reqmrements prescribed i in Secnon R447 -25-24 include the
followmg

v

. Demgn features shall be directed toward long-term isolation of the waste
and avoxdance of the need for post-closure active maintenance.

* Disposal site design shall be compatible with the site closure plan and
_provide assurance nf meeting the performance objectives after site closure.

» Disposal site design shall facilitate, where apﬁropriate, :the ability of the
site’s natural characteristics to meet the performance objectives.

* Covers shall be designed to minimize water infiltration, to direct water
away from the waste, and to resist degrad'ation.

* Surface features Jhall direct surface water away from the disposal units.’
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Site design ‘snall minm.ze the contact of standmg or percolaung water

. with waste during storage, disposat, or uiler disposal..

324 Disposal Facility Oggrating‘Reguirements

- followang:

Class A wastes shall be placed in disposal units that segregate them from
other wastes unless the Class A wastes meet the stabmty requirements of
Class B and C wastes

'Class C wastes shall be disposed of mth a mmimum of 5-m of cover or with

barriers designed to protect against inadvertent intrusion for at least 500

‘years.

Ounly waste classified as Class A, B, or C shall be acceptable for near-

-surface dxsposal

Wastes sha]l be emplaced to maintain package integrity durmg disposal,

to minimize void spaces, and to permit void spaces to be filled.

Void spaces between waste packages shall be filled with earth or other
material.

The boandanes and locatlons of disposal units shall be accurately located
and mapped and the units shall be marked for ease ot identification. -

A buffer zone shall be maintained between the disposed waste and the
dlsposal site boundary and beneath the disposed waste.

Closure and stabilization measures set forth in the site closure plan shall
be catned out as each d.xsposal amit js filled and covered.

Active waste dzsposal operations shali not have an adverse aﬂ'ect on

completed closure and stabilization measures.

Only wastes containing or contaminated with radxoachve material shall be
dxsposed of.
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3.2.5 Closure and Post-Closure Réggir’ements

Closure and bost-c!osure requirements for a land disposal faciity are addressed 1n
several sections of Chapter R447-25. When disposval operations are completed, site closure
shall be accomplished in accordance with the provisions of an approved site closure plan. The
disposal facility shall be closed in a manner to achieve long-term stabi.ity of tl;e site and

eliminate, to the extent pructicable, the need for ongoing active maintenance.

" The licensee shall continue to monitor the site and perform necessary maintenance

" and repairs until site closure is complete and for a post-closure period until the license is
‘terminated or transferred to a state-approved custodial agency. The length of the post-

closure control period shall be determined by the Bureau of Radiation Control. Under the

terms of the current license for the Clive site, the operator of the site will continue

_ moaitoring and maintenance activities for 30 years after closure.

32.6 Environmental Monitoring

The requirements for environmental monitoring of a land disposal facility are outlined

_in Section R447-25-26. - Environmental monitoring shall be conducted prior to the start of

construction of the facility, during site construction and operation, and after the disposal site
is closed. |

The pne-operatmnal monitoring program shall provide basxc background environmental
data for comparison with ope rahona.l monitoring results. For site charactenstxcs that are

~ subject to seasonal variation, data must cover at least a 12-month period.

' During facility construction and operation, monitoring must provide data to evaluate
potential health and environmental impacts and to enable the evaluation of lo:. ;-term trends

and the peed for mitigative measures. The monitoring system must be capable of prowdmg

early wammg of releases of radionuclides before t.hey leave the site boundary.

{ao
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Post-o,crational monitoring shall be conducted based on the pperaung history anc the
closure and stabilization of the site. Tius munilunng Sust disv be capavie ut evaivating
:rends and of providing early warning of the migration of radionuclides away from thb
. disposal units. ’

33 REGULATION OF MILL TAILINGS AND WASTES

_ Under the provisions of the Uranium Mill Tailings Radiation Control Act of 1978
+UMTRCA), as amended, the NRC has the responsibility for licensing sites for the dxsposai
of tailings and wastes produced by uranium and thonum milling operations. The U S.
Environmental Protection Agency has the responsxbxhty for promulgating radiological and
non-radiological standards for these wastes. The State of Utah has not petitioned the NRC
for authority over the tailings produced by uravium and thorium milling operations and is
neo. authorizea to regulate these wastes.

NRC criteria for the dispositién of tailings and wastes are promulgated in Appendi-
A of Title 10, Part 40 of the Code of Federal Regulations (10 CFR 40, Appendix AL Th
EPA'’s health and environmental standards for tailings and wastes are promulgated in
40 CFR 1927 The NRC requiréments in 10 CFR 40, Appendix A, incorporate EPA standards
- for limits on radon emission, the longewvity of cover materials, and protection of ground water
quality. '

. 83.1 EPA Standards

Standards for Control of Residual Radioactive Material

- EPA’s standards for managing disposal sites for uranium and thorium mill tailings
and wastes include a radon flux standard and a longevity requirement for the cover piaced

over the disposed waste, Cover materials shall limit atmospheric releases of radon-222 from

-
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uranium tmhngs and wastes and atmospnenc releas:.s of radan-""o from thonum taihngs -

and wastes to a.n average reiease raw of 2V pl.r:ecum.s per square meter per second

(20 pCi/m?s). Covers over disposal arcas shall be desxgned and-constructed to be effective for

1,000 year_s. to the extent reasonably achievable, and, in any case, for at least 200 years.

" These cover material requirements do not apgly to a disposal sie which coutains

~ radium concentrations in Jand, averaged over areas of 100 m* (1,075 ft), that do not exceed
the backgro'und level by more than

6} 5 picocuries per gram (5 pr/g) averaged over the ﬁrst 15 em (6 in.)
' below the surface. and , ,

(i1) 15 pr/g averaged ovor 15 cm (6 in.) thsck layers more t.han 15 cm
below the surfare.

Groundwater Protection Standards

- The EPA’s groundwater protection standax;ds‘for mill tailings disposal are set forth
in Subparts D and E of 40 CFR 192. Facilities for tailings disposal must conform to the
requirements of 40 CFR 264.221* which provide that new.surface impoundments be designed
and constructed witk a double liner and leachate collection system that prevents any
migrétiqn of wastes out of the impoundment to the adjacent subsurface soil, groundwater,
or surface water at'any time during the active life (including the closure period) of the

_impoundments, Exemotion from the double liner/leachate collection system requirement may

be granted if it can be demonstrated that an alternate design, together with operating
practices and site characteristics, will prevent the migration of any hazardous constituents

into the groundwaiter or surface water at least as eﬁ'ecnvely as the double linerfleachate
collection system..

Uranium and thorium tailings and wastes must be managed"tb conform to the

- groundwater protection standard of 40 CFR 264.92. This standard s‘peciﬁés that hazardous

constituents entering tha groundwater must not exceed the concentration limits specified in
40 CFR 264.94 in the uppermost aquifer underlying the waste management area beyond the
point of compliance during the compliance period specified by the EPA Regional
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Administrator. The r_adioacﬁviti) limits shown m Tablé 3-1 are added to the concentrat:on

‘lunits for hazardous constituents in groundwater, specified i 49 CFR 264.94. (

332 NRC Standards -

NRC license requirements for the possession and use of uranium, thorium, ores

. containing uranium and thorium, and tailings and wastes from uranium and thorium mil'ing
operations are contained ic 10 CFR 40. Appendix A of 10 CFR 40 establishes technical,
financial, material ownership, long-term site surveillance, and hazardous constituents criteria
for the dispoéiﬁoﬁ‘ of tailings and wastes prdduced by mill operations. The eight technical
éﬁieria and the long-term site surveillance criterion of Appendix A are summarized in this
section.

Criterion I - n selecting a disposal site the primary emphasis is the long-term
isolation of wastes by minimizing disturbance and dispersal by natural forces. Site feétpres
that must be considered include:

| -

. * Remoteness from populated areas. T

. Hydrologwc and other natural conditions that contnbute to isolation of
contaminants. from groundwater sources.

-« Potential for mimumizing erosion, dxsturbance. and dispersion by natural
- forces over the long term.

Tailings should be '.dispOSedi of so that active maintenance is not required to preserve the
conditions of the site. |

Criterion 2 - Wheaever practicable, wastes from small extraction operations should
be disposed of at large mill tailings disposal sites to avoid proliferation of small waste
disposal sites and to reduce perpetual surveillance obligations.

Criterion 3 - The “prime o.. 1" for the disposal of tailings is placement below grade.
Where conditions make below-grade disposal impractical, it must be Ademonstrated that

o
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. TABLE 3-1

" GROUNDWATER PROTECTION LIMITS FOR RADIOACTIVITY*

.
" Concentration Limit
-_Radioactive Material | . (pCi/liter)
i' . Combined radium-226 and radium-228 - 5
Gross alpha-particle activity (excluding - , o 15
radon and uraninm) ’ :
(a)  Source: 40 CFR 19232. ' =
L . . X \
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above- grade dxsposal will provide reasonably equxvalem isolatiun of tmhngs from natural
erosional forces

Criterion 4 - Site and design criteria that minimize flooding, reduce wind and water

erosion, provide protection from geologic processes, and enhance cover thickness must be
adhered to.

Criterion 5- EPA’s basic groundwater protection standards in 40 CFR 192, Subparts
- D and E must be adhered to (see Section 3.3.1). These groundwater protection standards
limit the concentrations of hazardous constituents and residual radioactivity in the -
uppermost aquifer hydraulically downgradient from the disposal unit. Ansaguifer is defined .
by the NRC as 4a geologic formation, gioup of formations, 6r part of a formation capable of
yielding a significant amount of groundwater to wells or s;irings.' The uppermost aquifer
means the geologic formation nearest the natural ground surface that is an aquifer, as well

as lower aquxfers that are bydrauhcally connected with this aquifer within the boundary of
the site.

- Maximum concentration values of radioactive constituents in groundwater are,
5 picocuries per liter for radium (combined radium-226 and radium-228) and 15 pioocuriesU
per liter for gross alpha activity (excluding radon and uranium or radon and thorium
depending on the process that originates the tailings). .

Criterio_n 6 - Tailings and wastes shall be covered with a layer of earthen material
that provides reasonable assurance of the control of radiological hazards for 1,000 years, to -
the extent reasonably achxnvable, and, in any case,. for at least 200 years. The cover must
limit releases of radon-222 from uranium wastes and of radon-220 from thorium wastes to

an average release rate of 20 picocuries per square meter per second (20 pCi/m?-s) thmughout
‘the effective design life.

These cover requirements apply unless the radium concehtmtion ai the disposal site,
-averaged over areas of 100 m (1,075 ft?), does not exceed background by more than 5 pCL’g
averaged over the first 15 cm (6 in.) below the sarface and 15 pCi/g averaged over 15-cm
{6-in.} thick layers more than 15 cm (6 in.) below the surface.

=
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Criterion 7 - A preoperational monit.on'ng' prograni must be conducted to provide
baseline environmental data for future reference. An operational monitoring program must
be conducted to evaluate compliance with applicable standards and regulations and to detect

‘potential long-term effects.

Criterion 8 - Operations must be conducted so that airborne effluent releases are

- .'réd\iéed to levels as low as is reasonably achievable.

- Criterion 12 (Long-Term Surveillance) - The final disposition of mill tailings and
wastes should be such that on-going active maintenance is not required to preserve isolation.

Site mspectxons must be conducted at least annually by the govemment agency retaining

ultunate custody of the site. .

34 DISPOSAL STANDARDS FOR THE VITRO TAILINGS

~ Inaccordance with the provisions of the Uranium Mill Tailings Radiation Control Act
0f 1978 (UMTRCA),” the former Vitro Chemical Company site at South Salt Lake, Salt Lake
County, Utah was ‘decon:taminated during the period beginning in February 1984 and
extending thrbugh December 1988. Uranium mill tailings and other contaminated material
stored at the Vitro site were transported to a site at South Clive, Tooele County, Utah where

~ they were disposed and stabilized."”® Approximately 2.1 million cubic meters (2.8 x 10° yd®
'of mill ta.zhngs, rubble. sewage sludge, and other mill wastes with an average density of
about 1.6 glem® (100 Ib/i®) were removed to the South Chve site. The average radionuclide

concentrat:ons in *his waste were about 40 pCi/g for U-238, 560 pCl!g for Th-230, and

560 pCi/g for Ra-226.

The tailings are stabilized partially below grade on a 40.5 hectare (100-acre) site

owned by the Federal govemmenf. and licensed by the NRC. The cover over the

contaminated material is constructed of two layars: a lower 2.1 m (7-ft) thick compacted
earthen layer to act as a radon and water infiltration barrier and an upper 0.6-m (2-ft) thick
rock layer for erosion protection. Calculations made using the RAECO model'? showed tha
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the seven feet of soil cover over the pile would reduce radon emissions to less than 20 pCi m*-

Sec.

“The design requirements for Vitro tailings disposal at the 50ch Clive site are based
on the EPA’s 1983 environmental protection standards for remedial actions at inactive
- uranium processing sites™® These standards were in effect at the time remedial action was
planned and approved and they provided a basis for subsequent actions taken to stabilize the
material removed from the Vitro site. The 1983 EPA standards establish requirements for
long-term stability and radiation protection and provxde procedures for ensuring the

' protection of grou.ndwater quality. The 1983 standards include the followmg

L Control shall be designed to be effective for up to 1, 000 years, to the extent
reasonably achievable, and, in any case, for at least 200 years.

2. Cover shall provide reasonable assurances th_at releases of radon-222 from
residual radioactive material to the atmosphere will not:

a. Exceed an average release rate of 20 pCi/m? - sec, and

b. lncrease the annual average concentration of radon-222 in ar at or '
above any location outside the disposal site by more than 0.5 pCi/l. ( .

3. Reasonable effort shall be made to achieve an annual a'verage radon decay
product concentration (including background) not to exceed 0.02 WL. Ir
any case, the radon deeay product concentration (including background)
shall not exceed 0.03 WL.

In establishing the radon standard, EPA determined that the emission limitaiion could
be achieved by well-desxgned thick earthen covers and that such control techmques would be
compauble with those reqmred to meet the longevity standard. |

" Rather than establish specific numerical water quality standards and prescriptive
requirements for a liner beneath the disposed waste (as in the current EPA standards) the
1983 EPA requirements specify that' protection of water should be considered on a case-
specific basis. The 1983 criteria require site-specific ahaiyses of potential future contaminant
discharge and case-by-case evaluation of the significance of such discharge.  The
impleme_ntétion guidelines for these EPA standards call for adequate hydrologic and

O



3.5 PROPOSED BRC STANDARDS

’ .geochemical surveys at each taxlmgs dxsposal site to. determme whether specific water
pmte;txon me:.sures should be apphed '

The longevity and radon flux requirements ia the 1983 EPA stan....us are the same

'~ as those reqmrements in the current (i.e., 1988) stardards. The EPA bas concluded that a

radon emission standard of 20 pCi/m%sec provides approximately the same overall health

_ protection as is provided by an air concentration standard of 0.5 pr!l at the edge of the

tailings pile. Therefore, the air concentration standard has been deleted from the current

EPA standards for the stabilization of mill tailings. It should be poted _th_é.t no person

currently lives within approximately 24 km (15 mi) of the Clive site, so radon exposures to
a person living at the site boundary would involve a hypothetical individual.

The current (i988_) EPA water quality standards are much more p:_esen'étive than the
1983 standards. The 1983 standards provide only that appropriate actions to protect the
groundwater be determined on a sité-spéciﬁc basis. The current (1988) standards include
concentration limits for radium and for gross alpha emitters in groundwater and ptescnbe
a ‘double linerleachate collection system or equivalent protectaon for the tailings pile.
However, as discussed in Section 3.3. 1, exemptxon from the liner/leachate collection system
may be granted if the site operator demonstrates that a combination of facility design,
operating practices, and site characteristics will ptmnde equxvalent protection of the
groundwater. The Vitro taxhngs dxsposal facility at South Clive does not include a liner

" under the dxaposed waste.

3.5.1 Definition of BRC Waste

Virt.ixzilly all materials are radioactive, either because they contain natural
radioactivity oc because of contamination with artifidal radioactivity. For many of these

materials regulatory control is neither possible nor practical. Examples of radiation sources

)
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~ for which control is nat feasible include natural soil and rocks (which inéorporate small

| concentrations of uranium and thorium and their daughter products), buildings constructed - \

from brick, concrete, or stone, and the human body (which contains minute ampunts of U

‘naturally occurrin§ radioactive potaséium~40). There are also radiation sources and practices

involving radiation exposure for which control is possible but which preseht such small risks

T public health and safety that they may not warrant the standard regulatory licensing and
"comp]iance procedures.

Much of the waste disposed of at regulated facilities has very low concentrations of
radlonuc.hdes In some cases the waste is only suspecned of radmacnve contamination
" because it originates in locations where operations involve known radxoactxve materials.
Suspect waste and waste that contains very low concentrations of radionuclides may be
candidates for exemption from regulatory control as radioactive waste. As defined in an NRC
policy statement."® below regulatory concern (BRC) waste is sufficiently low in concentrations
or quantities of radionuclides for the NRC to find tizat it may be disposed of by alternative
means (i.e., at other than a licensed low-level waste disposal facility) without posing undue
risk to public health and safety. |

3.5.2 Criteria for Designation of Waste as BRC

In the Low-Level Radioactive Waste Policy Amendments Act of 1985"% Congress
mandated the NRC to establish procedures for acting expeditiously on petitions to exempt
specific waste types from NRC tegulaﬁons Implicit in this mandate is a requirement to
' specify criteria that can be used to determine if a waste type is BRC. In ‘response, the NRC
published in the Federal Register, August 28, 1986“” a policy statement and unplementatzon '
plan for handling petitions to exempt specific radioactive waste streams from disposal in
_ licensed low-level waste disposal facilities.

The NRC's policy statement includes 14 decision'criteri'a‘ to be used in evaluating

‘whether to zrani BRC status for a particular waste stream. Four of these decision criteria |
address the radiological impucts of BRC status. These four criteria are:
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* Disposal and treatment of the wastes as spetified in the petition for BRC
status will result in no significant impact on the quaht.y of the human
environment. . ,

* ' The maximum expected effective dose equivalent to an individual member
of the public does not exceed a few millirem per year for normal operations
- and anticipated events.

¢ The collective doses to the cnhca! population and tbe general population
are small.

 The potential radiological consequences of accidents or equipment
~ malfunction involving the wastes and intrusion into disposal sites afterloss
of normal inshtuhonal controls are not sigmrf.cant.

Even though waste designated as BRC could be disposed of at fauht:es that are not
subject to low-level radioactive waste licensing reqmrements, the waste itself would still be
~ subject to certain regulatory requirements. Criterion No. 11 of the NRC'’s fourteen decision
criteria requires that licensees who dispose of waste as BRC establish effective, licensable,

and inspectable programs for the waste prior to transfer to demonstrate compliémce with
requirements for BRC designation. Records relating to BRC designaﬁon and disposal would
~ be subject to audit and inspection by the NRC or an Agreement State and by any local
government agency that grants a license or permit to a facility where the was‘ter is disposed.

3.5.3 Proposed BRC Dose Criteria

, The major consxderatmn in deﬁmng cnt.ena for candidate BRC waste disposal is to
_estabhsh dose limits that may be of neghgble concern in terms of pot.enhal health effects.
: All persons are contmuously exposed to radxatlon from various natural sources such as cosmic

rays, radaoactxvxty in rocks and minerals in the eart.h's crust, and natural radxoacnvxty in the
bones and tissues of the human body. Background radiation doses in the United States are
typxcally in the range of 100 to 120 mremlyr, excluswe of the l\mg dose from tadon (Because
of elevatxon and close proximity to mountams backgmund doses from natural sources to
persons living in Utah may, depending on location, be twice the U S. average. ) Medical and
dental sources of dxagnosuc and therapeutic radiation and the radioactivity in common
household and personal appliances may add 50 to 80 mrem/yr to the background radiation
dose recewed by the average adult. To be of neghglble concern, potential doses to individuals .
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from BRC waste’t.matn’:ent., and diﬁposal should piobzlibly‘be a fracgiou of the background
radiation dose and acceptable in terms of incremental risks to the public. .

Government regulatory égencies in the United States and in other countries and
international commissions concerned with the regulation of radionuclides have c'onsidgred
how dose criteria should be applied for BRC designation. ‘

ICRP Publication 46" addresses the question of a dose limit for BRC waste as follows:

"In individual-related ass_essxhents. it is widely recognized that there are
radiation doses that are so small that they involve risks that would be.

. regarded as negligible by the exposed individuals, Studies of comparative risks

experienced by the population in various activities appear to indicate that an
annual probability of death of the order of 10 per year or less is not taken into -
account by individuals in their decisions as to actions that could influence their
risks. Using rounded dose response factors for induced health effects, this level
of risk corresponds to an annual dose of the order of 0.1 mSv (10 millirem).”

ICRP 46 points out that an individual ihay be exposed from several different radiation

sources or practices involving radionuclides. To maintain the incremental dose from all
sources or practices below a prescribed dose limit, the dose associated with each source or
practice would have to be maintained at some fraction of this total dose limit. -

Both the NRC and the EPA have indicated that the individual dose limit for BRC

waste should be a few millirem per year. The NRC is preparing a pohcy statement on
exemptions from regulatory cont.rol“" that will include specxﬁc dose limits for classifying
~ waste as BRC. _The policy statement i is currently being revised by NRC staff. As presently

. proposed, the statement provides both individual and population dose criteria. The criteria

are:

RIS OO SOOIl e L SR o

e An average individual dose to typical individuals in the cntlcal group to be
less than 10 mrem/yr for individual practices.

~* Collective doses resulting from exposure to a practice are to be as low as

reasonably achievable (ALARA). Annual collective doses less than or equal
to 1,000 person-rem will be deemed to satisfy the ALARA criterion. The
calculation of collective dose does not need to consider mdnndual doses less
than or equzl to 0.1 mrem/yr.
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The EPAjs d¢ .elopin.g dose criteria for identifying waste that méy be below regulatory

concern as part of that agency's development of general environmental standards for low-level

- radioactive waste disposal. Ina version of 40 CFR 193 that is yet to be issued in draft form,
- the EPA is proposing a 4 mrem/yr individual dose limit for BRC designation."” This dose

limit would correspond to the EPA's 4 mrem/yr drinking water standard. A draft of
40 CFR 102 may be issued for public comment in the Federal Register in the spring of 1990.

354 Efforts to Develop BRC Standards

~ The State of Texas has recently amended its LLW regulations to authorize the use of

‘ perzmtted sanitary landfills for the dxsposa! of wastes containing only low concentrations of
short-lived radicnuclides® Under certain conditions that include limits on radionuclide

concentrations and on the total curies' disposed annually, wastes containing only
radionuclidgs with half-lives less than 300 days may be disposed in landfills not regulated

for LLW disposal. Concentration and annual curie limits were determined based on a dose

guideline of 1 mrem/yr to the maximum exposed individual. The revised Texas statutes,
which apply to the disposal of 56 short-lived radionuclides, greatly benefit hospitals,

. universities, and industries in Texas, because about half of the radioactive wastes from these

organizations contain only short-lived radionuclides.

In accordance with the provisions of the NRC's August 1986 policy statement,
discussed in Section 3.5.2, the nuclear power industry is preparing a petition for BRC
disposal of some reactor-generated wastes with very low levels of radioactivity *¥ Several

reactor-generated waste types, including dry active waste, waste oil, mntaxmnated soil, and
~ sand blast grit are bemg proposed as candidates for BRC status. ' All of the waste types for

which NRC approval is being requested would be subject to specific restrictions regarding
radionuclide concentrations and quantities of waste shipped from an individual generator to
a disposal facility. NRC-ap’pi-oved compliance procedures would be established and records
kept that would be subject to audit by the NRC. |
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3.6 PROPOSED STANDARDS FOR THE CLIVE DISPOSAL FACILITY

This section provides a sumniary of dose criteria used in establishing radionuclide u
“concentration limits for the waste disposal facility near Clive, Utah. Tlus section also
provides a summary of standards or guidance which may be applicable or relevant to the
regulation of this facility. In addition to NORM wastés currently disposéd of at the Clive
site, additional wastes proposed for disposal include contaminated soil, contaminated

" structural materials, and surface-contaminated equipment with very low concentrations of

radxoactxve oonst.xtuenta. The site is adjacent to that used for the disposal of tailings and
wastes that were relocated from the former Vitro Chemxcal Company site in South Salt Lake.
The dose criteria used to e‘stabhsh concentrahon imits and other standards are based on a

review of standards and guidance for the disposal of LLW, NORM wastes, mill tailings, and

BRC wastes summarized in the preceding sections of this chapter The rationale for the dose

. criteria and details of proposed regulatnry req\.urements for the Chve facility are given in the
following paragraphs.

3.6.1 Dose Criteria L f | (
The objective of this study is to define limiting radionuclide concentrations for the safe
disposal of wastes at the Clive disposal facility. These limiting concentrations are based on
.dose criteria (in terms of effective whole-body dose equivalent) for the protection of on-site
‘ workeré and the general public. The dose criteria adopted for this analysis are:
.. 25 mrern/yr to any maximally exposed oﬂ'-site individual.

¢ 100 mrem/yr for chronic exposure to a reclaimer after site closure (the
intruder-agriculture scenario).

* 500 mrem for acute exposure to a reclaimer after site closure (the intruder-
construction scenario).

* 1,250 mrem/quarter to an onsite worker during disposal operations.
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Table 3-2 provides a companson of vne dose: mtena used for this analysis, and the

assocated health risks (excess fata! cancers), with dose criteria and health risks for other
waste disposal facilities. .

~ The dossa criterion for exposure to any member of the general public used in estimating
limiting radionuclide concentrations in wastes proposed for disposal at the Clive facility is
25 mrem/yr. This is the same s the annual dose limit for individual members of the general

public specified in 10 CFR 61 and in State of Utah licensing teqmrements for the land
disposal of md:oacnve waste.

The 25 mrem/yr dose criterion is equivalent to an estimated risk (excess fatal cancers)
of 7.0 x 10% health effects per year (HE/yr) to the maximum exposed individual. This
estimated risk i 13 about a factor of 7 lower than the estimated risk associated with the EPA
radon flux standard for miil tm!mgs d.zsposal which applies to the Vitro tailings disposed at
the South Clwe site. Because the Clive site is far removed from populated areas (the nearest |
residence is about 15 miles distant) and from current areas of commercial and mdustnal
development. it is very unlikely that any member of the general public would be exposed at
the rate specified by the assumed dose limit. Although there probably will be additional
residential and industrial developments in Tooele County, it is considered unlikely that such
developments wxll occur close enough to the Clive site to result in significant exposures to
individual members of the general public. The area where the Clive site is located has
recently been designated as a hazardous waste industrial zone by Tooele County.

'fhe intruder dose criteria used to estimate limiting radionuclide concentrations in
wastes proposed for dmposal at the Clive facility are 100 mrem/yr for chmmc exposure (the
mtmder-agnculture scenario) and 500 mrem i‘or acute exposure (the mtmder-eonstmcuon
scenario). Neither the State of Utah nor the NRC regulations for the land disposal of
‘radioactive wastes specxfy numerical dose lumts for intruder protection. However, an acute

exposure dose of 500 mrem was ‘used by the NRC as the basis for the waste classification
' criteria for long-lived radionuclides in Table 1 of 10 CFR 61. The 100 mrem/yr chronic
exposure limit and the 500 mrem acute expos{xré limit are specified in DOE's peiformance
objective for intrudér protécti’on in Chapter III of DOE Order 5820.2A*
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, - The worker dose criterion used to estimate limiting radionucl .c concentrations in
wastes proposed for disp;osal at the Clive facility is 1,250 mrp‘m/qua.rter This is consistent
with both State of Utah (R447-15) and NRC (10 CFR 20. 101) radiation protection standards
for radiation zone workers.

3.62 Repulatory Standards

The applicability of State bf Utah waste disposal :cnsing requirements an of NRC
and EPA mill tailings disposal ‘standards to the safe « -:3al of wastes with very low -
concentrations of radionuclides at a site near Clive, Utahis - - rarized in Table 3-3. The
régulations and standards are classified as belonging in one . “llowing categories:

Applcsble - Must be followed in any decision to permit « - ¢ .-al.

Relevant - Related to the decision process and/or should be “oliowed to the
extent practicable.

-~ Appropriate - Useful for guidance and may be considered in the decision
process.

A brief justification for each classification decision s given in the table.

The physical‘c‘hara‘cteristics of the Clive site should be an important consideration in
any decision about the applicability of licensing requitem_ehts. This is especially true with
respect to requirements designed to limit the migration of radionuclides via water pathways.

"The South Clive facility is in an arid region where the pan evaporation rate greatly exceeds
_ the ammal rainfall. There are no perenmal surface water systems associated with the site.

Runoff from the hills to the east percolates into the ground before reaching the South Clive:
area. The site overlies briny groundwater downgradient of the recharge to any usable
groundwater in the alluvial fan aquifer. The shallow groundwater (6 to 9 m or 20 to 30 feet
below the surface) is characterized By high total dissql\;ed solids and certain naturally-

occurring radionuclides that make it unfit for human consumption.
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“TABLE 33

CLASSIFICATION SUMMARY FOR WASTE DISPOSAL REGULATIONS

Requirement

Applicability Rationale-
. ‘State of Utah Requirements for
’ ' Applicable  Provide standards for the safety of the public and the
Performance Objectives environment, General population dole entenon modified as
deacribed in Section 3. 8.1
Site Suitability Requirements Applicable  Clive site’s natural !‘umru appear to meet the prelcnbed
’ sits suitability requirements.
‘Facility Design Requirements Applicable  Design must provide for isolation of the wasta from man und
‘ ' his environment. Clive sita’s natural featurea facilitata
isolation of the waste.
' Faality Operating Requiremants ‘Applicable  Reogulations pertaining to filling void spaces, disposal unit
: idennfication, and facility stabilization and closure are
applicable ta Clive. Since only low-activity wastes will be
disposed at Clive, regulations relating to the segreganon of
low-activity and high-activity wastes and stability
requirements for high-activity wastas do not apply.
‘Closure and Post-Closure . Applicable  Closure/postclosure ;,ciivitiei must be conducted to ensure
Requirements long-term stability of the sits and isolation of the waste,
Environmental Monitering Applicable  Environmental monitoring must provide necessary data to ( i
evaluate trenda and provide early warning of radionuclide
roleases.
NRC Standards for Mill Relevant Should be considered in licensing decision if wastes with
Tailings Disposal toncentrations of uranium, thorium, and radium comparable
to mill tailings wastes are disposed at Clise site.
EPA Standards
‘Cover Requirements Relevant  Should be considered in liéeming dcci'.l_tion il wastes with
*  concentrations of uranjum, tharium, and radium comparable
ta mill tailings wastes are disposed at Clive site.
Groundwater Protection Appropriate Clivc; site characteristics should be evaluated to determinef

the site characteristica provide adequate protection of
groundwater. Experience with Vitro wilings could be a
factor in the dectsion process. The Vitro tailings disposal
facility does not include a liner becxnae one was not required
by the 1983 EPA standards.



4. DISPOSAL SYSTEM CHARACTERISTICS

The information and assumptions used to describe conditions at the Clive disposal
facility and to perform the risk assessment for waste disposal at this facility are presénted
in this chapter. The PATHRAE model requires that information be provided about the site,
the disposal fac:hty. and the radionuclides in the waste. Information to characterize the site
in sufficient detail to perform the risk assessment is presented in Section 4.1. Information
about the disposal facility is presented in Section 4.2. The radionuclide inventory in the

- waste is characterized in Section 4.3.

4.1  SITE CHARACTERIZATION

The Clivé disposal site is located in Tooele County approximately 140 km (85 road
miles) west of Sa.lt Lake City along Inberstabe 80. The site is in the eastern edge of the Great
Salt Lake Desert, 5 km (3 mi) west of the Cedar Mountains, 4 km (2.5 mi) south of Interstate
80, and 1.6 lon (1 mi) south of a switch point called Clive on the tracks of the Union Pacific

- system. The disposal facility is directly south of and adjacent to the cell used for the disposal

of mill tailings that were :2moved from the former Vitro Chemical Company site in South
Salt Lake City between February 1984 and December 1988. Figure 4-1 shows the location
of the Clive disposal facility in relation to Salt Lake City and the surrounding area. The

.- location of the Clive facility relatwe to the Vitro disposal cell is shown i m Figure 4-2. Thesite
- boundary is taken to be the fencehne, 100 ft from the dxsposal unit edge

The climate at the Clive site is arid desert, which means that evapotranspiration is

at least five times precipitat.ion. Meteorolegical conditions are generally sirilar to those at

 Wendover, Utzh, 65 km (40 mi) to the west. The mean temperatures at Wendover range

from about -3'C (27°F) in January to 26°C.(79°F) in July. The average rainfali at Wendover
is about 13 cm (5 in) per year. The lowest normal monthly precipitation is 7.4 mm (0.29 in)

4-1
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FIGURE 4-1. LOCATION OF CLIVE FACILITY IN TOOELE COUNTY.
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~

~in January, while June has the highest with 1‘8,5 mm (0.73 in). Thunderstorms occur in the

summer. There is some snow in the winter,

Knowledge of the geology of the Clive site is incémplew. The following description of
the hydrogeologic Acharact.eﬁstics of the site is derived from the Environmental Impact
Statement (EIS) for the disposal of the Vitro tailings.®” ' '

- Holes drilled in preparation for the Vitro tailings EIS indicated that the surface
alluvial sqil is at least 45 m (150 ft) deep. This soil contains a water-table groundwater
system that s 6 to 9 m (20 to 30 ft) below the surface. The water in this groundwater system

is briny and contains high total dissolved solids apd certain naturally-occurring radionuclides -
that make it unfit for human consumption. There are no perennial surface water bodies

within 3.2 km (2 mi) of the site, not even gullies that would indicate intermittent channelized
‘flow. From this it may be inferred that runoff from the Cedar Mountains to the east
percolates into the ground before it reaches the Clive site. '

Surface soils at the Clive site consist of light brown to tan sandy to clayey silt. The
thickness of these surface soils ranges from about 1 m t0 3.5 m (3 ft to 12 ft). Underlying the
surface soils is an interlayered sequence of material ranging from fine- and medium-grained
sands to silty clé.ys._ This interlayered seqﬁence extendé to depth§ of éboui 15 m (50 ft) below
existing grade. Beneath the interlayered sequence the predominant material is a grayish-

brown to b_rov(rn silty sand with a consistency classification of medium dense to very dense.

Most of the land within a 16 km (10 mi) radius of the sité is public domain
' -édministered by the Bureau of Land Ménagement. . There are no industrial, commercial, or
residential activities near the site. Small amounts of sand and gravel have been produced
from the alluvium surrounding the Cedar Mountains to the east. However, because of the
ready availability of sand and gravel in areas that are much closer to metropolitan Salt Lake
City, and the very small population u: -ural Tooele County, the demand for sand and gravel

from Cedar Mountain gravel pits is very small.

The only use of the land in the immediate vicinity of the Clive site, prior to the

disposal of the Vitro tailings, was for grazirng of sheep, jackrabbit hunting, and occasionai

P~
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recreation vehicle driving. The remoteness of the site from urban or industrial areas of
Tooele County and the lack of potable water at the site make the surrounding area an
improbable location for any other significant residential, commercial, or industrial use or
development, although the Clive area has recently been zoned for baza-dous waste disposal
by Tooele County.

Certain physicai chéracterisfim of a dispgsa’l site have an important beanng' t_in f.h,e
migration of waste components from the disposal unit to human receptor locations us
calculated by the PATHRAE model. These site characteristics include such things as depth
to the water table, distance to the nearest well or stream, rainfall infiltration rate, wind
speed and direction, and dastance to the nearest off-site resident. Site parameter values used
in this risk assessment are gwen in Table 4-1.

The values of some important site parameters such as leach rates and retardation

" rates depend not only on the site characteristics but on the radionuclide characteristics as
- well. Nuchde-dependent site parameter values for the Chve site are presented in

Appendix A.

42 DISPOSAL CELL CHARACTERIZATION

The material proposed for disposal at the Clive famhty mcludes contaminated soil and

_ contaminated st.ructural ma.erials with very low concentrations of radioactive constituente.

- “This material will be transported to the site in bulk form by rail fin gondola cars) vr truck

(with dump beds and dump bed trailers). During transportation the material wxll be éovered
to prevent dispersal along the transportation routes. A small fraction of the material for
disposal will arrive in steel drums or other containers.

" The material will be placed into a disposal cell or embankment constructed partly
above grade and partly below grade. A cross section of the disposal cell is shown in Figure
4-3. The cell is currently used for the disposal of NORM waste, for which the facility ope: ator

is already licensed by the State of Utah. The cell is being constructed in 2 coutinuous "cut

4-5



TABLE 4-1

SITE PARAMETER VALUES
Parameter . ,Value’ » Units
| Depth to water table ‘ . 88 m
Distance to nearest surface water . 2900 m
Distance to nearest well | 1 m
Surface water infiltration rate 0.00124 m/yr
Horizontal velocity of groundwater ) 27 m/yr
Vertical velocity of groundwater ‘ - 0.02 m/yr
'Atinospheric distance to off-éite recaptor ‘ 500 m
Average wind speed 3 m/s
P.:rcent of time blows toward receptor ' 100 percent
" mYs

- Dust deposition velocity 1.C0E-07

Eased ¢n information ffom References 10. and 21,

4-6
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and coves” operation ensuring that disposed material is not left wathout cover for an extended
period of time. The material 18 placed in the call in layers not excerding 0.30 m (1 ft)
uncompacted thickness, and is compacted before the next layer is placed. -,

As shown in Figure 4-3, the cell extends approximately 2.75 m (9 It) below grade. The
bottom 0.30 m (1 ft) of the cell consists of a scarified and re-compacted day.linér to retard
’ Seepa’ge from the cell into undisturbed soil. The maximum height of the cell about grade,
exclusive of cover, is about 8.85 m (29 ft). |

The disposal cell cover is designed in accordance with NRC guidance on covers for
uranium mill taxlmgs piles. A 2.30 m (7.5 ft) thick compacted 'clay layer serves as a radon
barrier. This clay layer is topped with a 0.15 m (0.5 ) thick layer of sand and a 0.45 m
- (1:5-ft) thick layer of rip-rap. The rip-rap layer is designed to resist water and wind erosion
as well as to discourage burrowing animals and plant root intrusion.

The top of the gmbankinent. is sloped to facilitate runoff of rainwater. Drainage
ditches around the base of the embackment serve to intercept runoff and direct the flow into

the natural drainage features west of the site. ‘ ‘ o , (,)
Disposal cell parameter values used in this assessment are given in Table 4-2. As

previously indicated, the cell is already being used for the disposal of NORM waste and about

20 percent of the design volume has been used or committed for NORM disposal.®* To

account for this, the cell length shown in Table 4-2 and uséd in this analysis is only 80

percent of the design length bf the cell.

43 RADIONUCLIDE INVENT(RY

The radionuclides assuméd to be present in wastes thait may be disposed at the Clive
disposal facility are listed in Table 4-3. The list includes nuclides commonly encountered in
radioactive materials and transuranics with half-lives greater than about 0.5 years. The dose

calculations whose results are reported in Chapter 5 are based on nominal activity

4-8
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TABLE 4-2 -
DISPOSAL CELL PARAMETER VALUES

 Parameter ‘ - Value . Units
Ezpected operational period _ 20 yr
Custodial period - 30 yr
Length of facility - . 540 m
Width of facility 550 ‘m
~ Average depih of waste A 9.3 m
Volwme of waste - S 276,406 - m®
Density of waste o 1600 kg/m?
Distance from bottom of vwas‘te to aquifer " 64 | m
Cover thickness - ' ‘ | 2.9 m

 Based- on Ref‘erenceié 21 and 22
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TABLE 4-3

RADIONUCLIDES EVALUATED FOR
DISPOSAL AT THE CLIVE FACILITY -

. Half-life
Nuclide - (years) .
Am-241 4.32E+02
Am-243 - o 7.38E+03
Cd-109 - 1.27E+00
Cm-242 , ’ 4.47E-01
Cm-243 _ _— 2.85E+01
Cm-244 1.81E+01
Co-57 : : 1.42E-01
. Co-60 - : . B27E+00
Cs-134 ' 2.06E+00
Cs-137 ' - 3.02E+01
Fe-55 2.70E+00
H-3 . 1.23E+01
I-129 ‘ 1.57E+07
Mn-54 o 8.56E-01
Na-22 2.60E+00
Nb-94 - - 2.03E+04
Ni-59 ' - T1.50E+04 .
Ni-63 1.00E+02
Np-237 " 2.04E+06 -
Pu-238 ‘ - 8.78E+01
Pu-239 241E+04
Pu-240 ' 6.54E+03
Pu-241 1.44E+01
- Pu-242 ’ ' - 3.76E+05
"Ra-226 _ _ 1.60E+03
Ru-106 ' ‘ 1.01E+00
Sn-113 ' 3.15E-01
Sr-90 , 2.86E+01
Tc-99 2.13E+05
Th-230 - 1.70E+04
Th-232 ' . ‘ 1.40E+10
U-234 2.44E+05
U-235 ' ' 7.08E+08 .
- U-236 2.34E+07
U-238 _ ' 4 47TE+09

Zn-65 : " 6.69E-01
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cc- centrations of 1 pCi/g for euch nuclide. Each nuclide is assumed to be ui:;’form]y
distributed throughout the waste. The waste itself is assumed to be similar to the soil and
w A - construction materials currentiy being received for disposal at the Clive facility.



5. RISK ASSESS&IEN’!‘S'AND' RESULTING WASTE DISPOSAL LIMITS

| Projected doses (effective whole-body dose q‘quivaleni) to individuais from waste
- disposal at the Clive facility and radionuclide concéntration limits derived fio_m these
_projected doses are summarized in this chapter. The radionuclides for which doses and
concentration limits are calculated are listed in Table 4-3. The dese calculations were
performed using the PATHRAE computer model and assuming 1 pCi/g conceptrations for -
mdnndual rad:onuchdes m the waste. For nuchdes with radioactive daughtem. the
}cor:senratwe assumption was made that the daughter nuclxdes are in secular equilibrium
with the radmactxve parent.

The proposed radionuclide concentrétion limits are based on the whole body dose
criteria discussed in Section 3.6. These dose criteria are:

« 25 mrem/yr to any maximally exposed off-site individual.
= 100 mfem/yr for chronic exposure to a reclaimer after site closure.
* 500 mrem for acute exposure to a reclaimer after site closure. L/

* 1,250 mrem/quarter to an on-site worker during disposal operations.

- Scaling factors were obtained by dividing the dose criterion that applies to a particular
exposure scenario by the dose rate ca'culated for that scenario based on the ‘assumption of '
1 prlg concentration. Concentratwn limits were obtained by mulhplymg 1 pCi/g by the
: -appropnate scaling factor.

5.1 EXPOSURE SCENARIOS

The exposure scenarios used to project doses to individuals from wastes disposed at

the Clive facility include exposure to an on-sile worker during disposal eperations. exposure

-
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| to a maximally exposed off-site .ndividual Alei»ther duﬁhg operations or after the site is closed)

“and exposures to reclaimers who come on the closed site at the end of the institutinaal control
penod. Three reclaimer scenarios were evaluated: mzmderoexplorer. intrader-construction.

“and intruder-agriculture. Brief descriptions of each of these exposure scenarios, including
exposure pathways and major assumptions that were used; are presented in the toll.omng
subsections. Table 5-1 summarizes the exposure.pathwa_jrs included in the characterization
of each exposure scenario. Toe exposure pathwayé are described in Chapter 2.

5.1.i Ori-Site Workers

' Oh-sn'e workers are assumed to be badged radiation workers wbrkipg under an
eﬁ‘eétive approved radiation protection program. These workers are assumed to be directly
exposed to gamma radiation from unshielded waste and to inhale contaminszted dust |
resuspended by site activities. No respiratory protection is assumed, though this wouild likely
be part of the radiation protection program. The maximum exposed worker is assumerd to -

be sub)ect to these exposure mechanisms for 2,000 hours each year (40 hrs/wk for 50 weeks
per year) :

The dose criterion apphcable to this scenario corresponds to the annual lumtatxon
placed on radiation workers, i.e., 1 250 mrem/quarter.

5.1.2 Maximum Exposed Off-Site Individual

' - The maximum exposed off-site individual is assumed to live just beyond the fenceline
located 100 ft from the edge of the disposal unit. During disposal operatidns. the two major
pathways for exposure to this individual are direct gamma exposure from the open working
face and inhalation of contaminated dust from on-site operations. After the site is closed,
potential exposure pathways for exposure to an ofFsite individual include groundwater
discharge to a well, groundwater dxscharge to surface water, site overﬂow to surface water,’
and erosion with surface discharge to surface water.

5-2
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.Thése assumed expasure mechanisms for off-site :ndividuals, which are standard rsk
assessment assumptions, are certainly conservative for the Clhive site. No off-site individua:
currently lives wathin 24 km (115 mi.) of the site. Because of the and chmate and the bnny
quaiity of the groundwater which makes it unfit for buman consumption. itvxs very unhﬁely
that anyone would choose tn live near the site 1n the foreseeable future. Furthermore, as
noted 1n the site description in Chapter 4, there are no perenmal surface water bodies withun
3 km 12 mi) of the site. Doses from ﬁotentia] exposure pathways that might be applicable to
an off-site individual after site closure were all estimated.to be zero for this Clive facility nsk

assessment.

Th1§ off-site 1ndividual is 8 member of the 'genera! 'publiq Therefore. the applicable

dose critene= is 25 mremvyr to the whole body or 75 mremuyr to the thyrmd

5.1.2 Intruder-Explorer

This exposure scenario reflects the possibility that a transient maght visit the site from
time to time, and even reside there for a time at the conclusion of the institutional eontrol
perniod. Tke transient is assumed to be completely non-intrusive (i.e.; no digging into the
cover or wastel. The only exposure'niechani‘sm would be direct gamma exposure from the
coviered'waste The transient is assumed to spend 1,000 hours per year at the site. The dose
critenon for this xndnndua! is the same as that for the maximum exposed off-site individual,

1e., 25 mrem/yr.

'5.1.4 Intruder-Construction

For the intruder-construction séénaHo‘ a reclaimer is pestulated to come onto the site: '
at the conclusion of dxsposal operations a.nd to build a house on the site. The recl.\.mer
excavates for a basement for the house and also dxgs a well through the cover into the waste.

In the process of building the house and Hngpng a well, waste material is brought to the

surface where it is spread and rmxed thh ihé top 0.3 m (1 fit) of cover. The reclaimer spends

500 hours in building the house and digging the well, and leaves the site when the house is

5-3



completed Thus acuvity results in an acute tshort term) exposure, \n contrast to the chronic
rxposure experienced by the agncultural reclaimwer (Section 5 1.5) Therefore, the dose
criterion that applies to this exposure scenaric 1s 500 mrem .

During the 500 bow, spent on the site, :he construction reclaimer is assumed to be
exposed to direct gamma radiation from both the covered wagte and th_'e contaminated
. material brought to the surface. In addition, this indiadual inhales contaminated dust
resuspended by construction activities.

_ Because of the nprap layer on top of the proposed disposal units, the lack of potable
water at the site, and the general andity of the area, it is con;idered highly unlikely that a
residence would ever actually be constructed as assumed. This fact notwithstanding, two

fimes were selected for the dose assessment of this scenario. The first time selected was at -

the end of the 30-year custodial period, and the second was ‘l',OOO years after site closure.

5.1.5 Intruder-Agriculture

- For the intruder-agriculture scenario a reclaimer is postulat.ed to live in the house
buiit over and into the waste and to engage in farming activiﬁes on the site. It is assumed
that in the process of building the house and.digging a well, waste material is brought to the
* surface where it is spread and mixed with the top 0.3 m (1 ft) of cover. The agricultural
reclaimer is postulated to be exposed continuously to gamma radiation from both the covered

waste and the contaminated surface material. In addition, this individual inhales
A contaminated dust during the 2,190 hours per year spent outside the'house. The agricultural

reciaimer obtains 50 percent of bis food from crops grown on-site in contaminated soil and

consumes 730 liters of potentially contaminated well water each year. Because these doses
would continue year after year, the chronic dose criterion to intruders applies, ie.,
100 mrem/yr.

As in the case of the intruder-construction scenario, two times were selected for the
dose assessment. The first time selected was at the end of the 30-year custodial period, and
the second was 1,000 years after site closure.
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- The conditions and assumptions used with the intruder-agriculture scenario are g
typical of those employéd in risk assessments for low-level radioactive waste disposal. These
.isumptions result in conservatively large estimates of potential doses to an intruder
~ngaging in agricultural activities on a closed disposal site. As previously noted in connection
with the off-site individual exposure scenario, the arid cond* .  at the site and the lack of
potable water make it very unlikely - at least in the foreseeahle future - that a person would
reside at or engage in agriculture on the Clive site. | '

52 DOSE ASSESSMENT RESULTS

The dose assessment results for individual exposure pathways are presented, by
nuclide, in Table 5-2. Site and facility parameters used as bases for these dose calculations
are discussed in Chapter 4. Nuclide-speciﬁc site parameters and the inhalation, ingestion,
and direct gamma dose conversion factors used in the calculations are given in Appendix A.
As previously noted, doses are based on radionuclide concentrations of 1 i)Cilg for each
~ nuclide assumed to be present in the waste. For Cm-242, Cm-243, Cm-244, Pu-238, Pu-241.
 Ra-226, Ru-106, Sr-90, and Th-232 the radioactive parent is assumed to be in secular
equilibrium with their radioactive daughters. | |

Exposure pathways A through E in Table 5-2 are contaminant movement pathways
involving water as the transporting medium. Because of the arid climate and impermeable
soils, water pathways are est.imatéd not to contribute to individual dosése from waste disposed
at the Clive facility for atleast 1,000 years after site closure, with the exceptions of C-14 and
Tc-99 in well water. An evaluation of the potential for water to accumulate in the Clive

- disposal units is presented in Appendix B.

Exposure pathwa}s F and G in Table 5-2 are foodchain pathways. Exposure péthways |
H through N are gamma exposure pathwdys which | are assumed to be active during
operations and after closure. Exposure pa-thwa'ysl() through T are inhalation pathways which
are assumed to be active during onerations and after closure. .
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" The C-14 doses shovm m Table 5—2 assume no loss of carbon from the waste due to
W\'olatxhzatxon Since some volatxhzatxon of carbon will likely oceur, these doses are
éonservatively. large. An empmcal ru.le followed i in some dose assessments is to reduce th
C-14 doses by about a factor of three in order to account for the volatilization of this
" radionuclide.®*® However, to ensure conservatism, this rule was not used in this dose

assessment,

Projected total doses to mdmduals and radmnuchde concentration limits derived from_
these doses are shown in Table 5-3 for each exposure scenario described in Section 5.1, The
exposure scenario doses were estimated by summing the pathway doses for the pathways
appropriate to each scenario. Since, in evaluating pathway doses, the entire radionuclide
inventory was a’ssuméd to be available for producing exposure via that pathway, summing
the pathway doses results in conservatively high estimates of "total doses for the exposure

scenarios.

The exposure scenario doses shown in Table 5-3 are for 1 pCi/g concentrations of each
radionuclide. The exposure scenaric concentration limits are based on these 1 pCi/g doses

. and on the applicable dose criterion for each exposure scenario.

53 RADIONUCLIDE CONCENTRATION LIMITS

| Suggested radionuclide concentration limits for each nuclide postulated to be present
in wastes disposed of at the Clive facility are shown in Table 5-4. The concentrahon limit
for a particular radionuclide is the most restrictive (smallest) of the eoncentratxon limits for
that nuclide shown in Table 5-3. The exposure scenario that results in the most restrictive
concentration limit for each radionuclide is also shown in Table 5-4. Concentration limits are
sixggestéd for two conditions: all exposure scenarios considered and only realistic scenarios
considered, the former being more restrictive.

In the vast majority of instances, where all exposure scenarios are considered, the

most restrictive is the maximum off:site individual scenario. For three nuclides the limiting
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Ru-106 ° . $3c06 278408 25808 LIE.08
Ru-106° L3R 24 20E.25 Y1) 00501 26RO\ LIE:0¢
Sa.13 ° ’ . ’ 73803 - 12E.03 83E03° " 13E.0S
Sr-90 o . 30E04 83Ee04 3.1E04 . SSE.06
Sr.oor A ' - 0204 8.3E004 $.2E.04 54E-06
Tc99 ¢ R 22£08. LIE+07 * &BE06 17 3E.08
Th.220 . 1OE3s 25E038 sagoz - 2IE.02 ~ 23EN 1.5E.04
T™h-232 " 43837 3 1E.37 48E01 SAE.01 | LERs00 3.3E.03
T™h.232° 67L08 L RTE.08 332.00 1.1E400 dsBe01 LIEs02
T2 T1E18 ASE.18 33E02 §8E.02 14£201 ITE04
t.zs 14E26 18Ee27 24E01 LIE02 8 CE+00 BAE.02
L2 15837  LIE.3a iszoz 218002 1LeEDL 3SE.04
vz 437’ . S2E.: . 3sBez . 71R.02  vsEM 28E.04
U-Nat 3sE8 TOEMtE s ‘6.8£.02 ‘28E01 18E-04
Zn5 23E25 1 1E.28 73501 34E.00 414E0) 13E«04 : L‘,
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TABLE 54

RADIONUCLIDE CONCENTRATION LOMITS

.. Al} Seenarios Considered ' Unrealistic Scensrios Excluded®®
' ' Dose Allowable ' Dows Allowable
' Concentration : : Concentration
" . Unmiting Exposurs  Concsntrstion Exceed DOT Limiting Exposure  Cancentrstion Exceed DOT
Nuclide Scenario Uimit (pCVE 2,000 pClg Limnt? Soynario UmitipCvp  3.000 pClg Limit?
- Amr341 Oftise Indivdual LTE02 . Maxmom workse 238402
AM28  Offte Indindual 1LTE«02 : Maximum worker 1.7E+03 o
G latruder Ag (1000} 1.5E«02 : Maximum worker . 24E.00 : Yo
Cd108  Maomum worker 46E+04 Yo Maximom worker 4.6E40¢ Yo
Cm-242 Oftanta Indivndaal 1.6E.05 : Yas ) Maxmom worker 1.4E+08 ' Yu
Tm-242* - Offate Individoal 1.8E+02 v - Maximom worker &.1E+33 Yas
Cmr243 ~ OfBita Indindual L1Ee02 ' Maximam worker 1EE«03
Cm-203* Oflita ladindual 6.5E.01 ' - Maximun worker  '1.3Ee03
Cm-2¢4  Ofte Indindual &.5E+02 : Maximom worker ~ 2.7E+D4 Yo
Cev284®  Oftnrte Indiwidual 1.2E+02 Maximum worker 1AL+ You
Co57 Offsite Indindual CLTE2 Maximum worker 1.9E+04 Y
Co&0 Offite Individual ~ B3E.00 : Manmum worker 3.6E402 .
Ca-13¢ Ofhite Individual LIE+01 Maximum worker . L.2E+03
Ca-137 Oftaite Indindual © 2.8E+01 Maximum warker B.8Ee02 .
FeSS Maxmum worker  LSEs0S Yu Maxmum worker ' 1.8E+08 Yea
H3 Oftaita Individual 2.3E.00 You . Maximom worker  3dEeIl - You
1129 Intruder AQ(1000) . 2.5E+03 ) Maxmum worker’ 3.1E.03 Yes
Mn-54 Oftnts Indivdual 2.2E+0} ‘ Maximum worker " B.6E+03 ‘ Yoo
Ns-22 OfDsite Individual S.4E.00 » _ Manmam worker 7.8E+02
Nb-9¢ Ofvite Iadmdual 1.1E.01 Maximum worker - LGB0
Ni-38 Maximam wotker 8.8E+04 Yo Maximum worker 8.9E+04 Yo
Ni-63 Oflaia Indivadua) 1.SE«07 Yo Makmum worker " 8.5E08 Yes
Np237  Offnte ladmdual LTE+02 Manmum worker 20E.03 Ye
Pu-238 OfBata Individual 2.1E40Z Manmum worker 1.1E+0¢ Yeu
Pu:238*  Offana [adividual -~ 1.6E+02 ' Maximum worker 8.3E.3 You
‘Pu-239 Oftte Individusl 1.7E«02 . Maximum wotker 9.9E+03 " Yes
Pu240  Offaita Indivadual 1.7E+02 ' Magmum worker  1.0E<04 Yo
Pu-241 | Offaite Indindual 1.3E«04 ' Yea : Maxmum worker B.06E+05 Yeou
‘Pudél®  Offerte Indivdual B8Ee01 . Manmum warker 1.1E+03
Pu-242 Offaste Indindual 1.8E.02 ‘ Mxdmum workey 1.0E+04 Yo
Ra-226  Oftaite Individual - 2.3E+03 * Yoo Maximum worker - LSE+D4 : Yes
Ra-226°  Ofte fndivdusl  LIE<0 Maximum worker  15E.02
Ru-106 _Oftaita Indivdual 2.7E.06 77 ""Yea ' 17 Maxmum worker 1L.7E.08 . Yes °
Ru-106°  Offaite Individual . B.OE»01 et Maomum worker . LOE+O4 , Yas
- Sn113 Oflaite Indindual 3.2E+03 . Yes Magmum worker  7.3E05 - Yoo
-§¢-90 Offaite Indindusl -~ B.3Ee04 ot Ye i . Maomum worker §.5E.00 You
Sr90* - . Ofhite Individua) 8.3E.0¢ . Y . Maxmom worker  S.4E.08 You
T2~ Intrnder Ag{1000) %2 R I Mugmam worker  E.7E+08 Yoo
Th-230  Offaite lodivdual 2.7E+02 _ o Maxmum worker LEE+04 Yeu
Th-232 Oftaite Individual 5.4E.01 J Manmum warker ©  3.JE.03 Y
Th-232*  Offarta {ndwdual 7.E+00 : ‘ Maomum worker - LOE.02
U234 Oftsite Individual " 6.6E.02 B Manmum worker . 3.7E.04 Yeu
U235 Offiite Indindual 1.1€402 © . Maxmum worker ~ T.7E.02 :
U-238 OfGaits {ndindual T.1E«02 Maxmum workey 3.6E+04 You
U-238***  Offaits Indindual 1.1E.02 _ Manmum worker  2.8E+04 . Yes
U-Nat Oflina Indindual 6.8E+02 ' Manmum worker 1.8E+04 Yes
Zn-65 Oftaite Indindual _3.4E.01 Manmum worker L1E.04 " Yea

* Denowow doss rates genernted by nuclide plus ita sigmificant daughters tn equilibnum.
*¢ Unreshstic scenenos are offmte individual sad intruder-sgrcuiture.
*=* Appropniate for depicted urumum provided the waste form 1s ssrmiar wo sandy ar loamy sail. _
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concentration is determined by the on-site worker scenario, and for three nuclides the -

limiting concentration is determined by the intruder-agriculture scenario. As noted
previously, neither the maximum off-site individual scenario nor the intruder-agriculture may
be realistic for conditions at the Clive facility. If these scenarios are excluded, then the on-
site worker scenario becomes the limiting scenario for all radionuclides. The corresponding
radionuclide concentration limits increase by factors ranging from a few percent to several
orders of _mégnitude. It should also be noted that even in the on-site worker ex;iosure
scenario different assumptions could reasonably be justified which might allow limiting
concentrations to increase by factors of 2 to 10 times.

- Some radionuclide concentrations exceed the 2,000 pCi/g limit used by the I:IS
Depart'menf of Tr_an.éportation (DOT) to determine if a waste shipmeni is considered
radioactive material and should be labeled and placarded as rad.ioacti\.remateﬁél during
transport. 'The suggested radiopuclide concentration limits shown in Table 54 exceed the

DOT 2,000 pCi/g limit for 14 radionuclides where all exposure scenarios are considered. -F'or'

the remaxmng 34 entries in the table, the suggested radionuclide concentration limits are less
than the DOT 2, 000 pr/g hmxt

Section R447-25-19 of Utah licensing requirements for the land disposal of radicactive

waste specifies that no member of the general population (exclusive of intruders for whom

a different performance objective applies) shall experience annual doses exceedixig 25 mrem
to the whole body, 75 mrem to the thyroid, and 25 mrem to any other body organ. The

concentration limits in Table 5-4 are based on effective whole-body equivalent doses.

Hov-ae'ver,v since [-129 may cause injury to the thyroid, the thyroid dose to the maximum

_exposed off-site individual was also examined to determine if it is Lmiting for this

 radionuclide. The maximum exposed off-site individual is estimated to receive an annual
thyroid dose of 1.7E-03 mrem/yr based on an I-129 concentration of 1 prlg The 1-129
‘ concentratwn that corresponds to -the 75 mre/yr thyroid dose limit is estimated to be
44E+04 pCi/g. This concentration is about one order of magnitude greater than the
'conceutrahon limit shown in Table 5-4, which is based on the intruder-agriculture exposure

scenario. Hence the general population thyroxd dose limit does not result in the hmxtmg I
129 concentration for Clive d15posal '
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54 COMPARISON WITH GENII RESULTS

To provide a check on the radionucﬁde concentration liniits estimated using the
PATHRAE model, doses and concentration limits for two fexpésure scenarios (including off-
site individual) were also calculated using the GENII c'omputei model®?? The exposure
scenarios for which GENII calculations were performed are the on-site worker and the
maximally exposed off-site individual. Comparisons of PATHRAE and GENII radionuclide
concentration limits for these exposure scenarios are presented in Table 5-5:

. GENII 'was developed By Battelle-Pacific Northwest Laboratory to incorporate the
ICRP dosimetry models in updated versions of the envirdnme‘ntal pathWays analysis models
used at Hanford. The purpose of this model is to analyze acute and chronic exposures
resulting from radionuclide releases to, or contamination of, air, water, and soil. While in

many ways GENII is similar to PATHRAE, significant differences do exist. A description of
| the GENII model and a brief discussion of the similarities and differences between GENII
and PATHRAE is given in Appendix C. | ‘

As shown in Table 5-5, radionuclide concentrationlimits based on exposures to the off-
site individual ‘geheréﬂy differ by about two orders of magnitude when the results of the
'PATHRAE and GENII calculations are compared. - In all cases, the limits calculated using
‘PATHRAE are more restrictive.

The disparity in concentration limits based on expos s to the bff-s:te individual is
'due, in part, to differences in the ca!cu!atxon of the atmospheric dxspersxon PATHRAE is
based on a slightly different formulatlon of the Gaussian plume mode! which uses a virtual
point source approximation for area soﬁrces and calculates the vertical diffusion parameter
using different coefficients. When the 5tmosphex-ic dispersion parameter calculated by
PA’I'HR.AE is input for use in GENII the calculated conce tration limits generally agree
within a factor of about three. ' :
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RADIONUCLIDE CONCENTRATION LIMITS CALCULATED

TABLE 53

USING PATHRAE AND GEN1I

Radionuclide Conventration Limits

- Off-Site Individual®

On-Site Worker®

PATHRAE

GENI PATHRAE GENX{
" Nuclide (pCip) (pCi/g) " (pCi/g) (pCig)
Am-241 1.7E+02 $.2E+04 2.3E+03 - 1.0E+04
Am-243 1.7E+C2 6.SE+04 1.9E+03 1.0E+04 -
C-14 4.1E+07 1.4E+10 2.6E+09 9.2E+08
Cd-109 9.3E+06 2.5E408 4.6E+04 3.8E+06
Cm-242 1.6E+02 1.8E+06 8.1E+03 3.0E+05

. Cm-243 6.5E+01 9.2E+04 1.3E+03 1.1E+04
Cm-244 1.2E+02 1.2E+05 7.4E+03 1.9E+04
"Co-57 © . 2.1E+08"° 3.2E+09 1.9E+04 4.4E+04

Co-60 1.7E+06* ' 1.4E+08 3.6E+02 " 1.2E+03
Cs-134 1.2E+0T° 6.8E+08 1.2E+03 1.8E+03
Cs.137 3.4E+06" 1.0E+09 §5.6E+02 £.6E+03
_Pe.55 1.7E+08 2.3E+10 1.8E+06 1.0E+08
H.3 .2.3E+09 3.2E+11 1.4E+11 5.2E+10
1-129 4.8E+05 1.8E+08 3.4E+03 1.9E406
Mn-54 2.3E+08° - 4.3E+09 5.6E+03 3.8E+03

" Na-22 5.8E+07* 3.2E+09 7.8E+02 14E+03

Nb-94 26E+05° 1.2E407 1.8E+02 2.1E+03 |
Ni-59 3.2E+07 3.5E+10 6.9E+04 8.4E+07
Ni-63 LSE+07 1.4E+10 9.3E+08 22E+09 b1
Np-237 1.7E+02 4.5E+04 2.2E+03 7.2E403
Pu-238 _ 1.6E+02 9.5E+04 8.2E+03 1.6E+04
Pu-239 1.7E+02 9.2E+64 9.9F+03 ‘1.5E+04 .
Pu-240 1.7E+02 9.2E+04 1.0E+C4 1.5E+04
Pu-241 8.6E+91 5.8E+06 1.1E+03 9.2E+05
Pu-242 1.8E+02 1.0E+05 1.0E+04 1.7E+04

" Ra-226 3.0E+03" . 3.5E+06 1.7E+02 3.8E+05

Ru-106 - 2.7E+06" 6.0E+07 1.9E4+04 1.4E+04
Sn-113 4.2B408* " 2.8E+09 7.3E+05 7.2E+05
- Sr.50 8.3E+04 1.4E+08 5.4E+06 1.3E+07
Tc.99 1.1E+07 3.0E+03 7.3E+08 1.6E+08:
Th-230 2.7E+02 1.1E+05 1.5E+04 1.8E+04

" Th.232 TIE+00 2.5E+04 1.1E+02 4.0E+03.

U.234 6.6E+02 2.1E+05 3.7E+04 3.3E+04
t.235 1.1E+02 2.3E+05 8.4E+02 2.1E+04
U-236 138402 2.3E+05 3.6E+04 3.6E+04
U-238 7.1E+02  2.3E+05 2.8E+04 - 3.8E+04
Zn-65 1.0E+08° 1.6E+09 1.1E+04 4.4E+03
2. Based on s dose criterion of 25 mrem/yr.

Based on a dosz criterion of 1,250 mrem/qtr.

c. . Does not include the direct gamma dose since GENII does not calculate this dose for the off-site

indivndual.

5-17

O



Radionuclide concentration limits b:ﬁéd on exposures to l!‘le-nmsit‘e worker generally
differ by factors of about 2 to 10 when the results of the PATHRAE and GENII calgulations

are compared. In most instances, the limits calculated by PATHRAE are more restrictive.

, For the on-site worker, the exposuke pathway that contributes most of the dose varies
_ with radionuclide, aﬁd may be either inhalation-or external gamma exposure. For some
radxonuchdes. both exposure pathways contribute significantly to worker dose. Therefore,
it is very dxﬁicult. to generalize about the reasons for the different on-site worker doses
calculated by PATHRAE and by GENII.

55 ' COMPARISON WITH 10 CFR 61 CLASS A LIMITS

Nuclear Regulatory Commission (NRC) licensing requirements for the land disposal
of radioactive wastes are contained in Part 61 of Title 10 of the Code of Federal Regulations
{10 CFR 61).. Wastes are classified for disposal into one of three classes depending on
_potential radiological hazard. Class A wastes are considered to present the least hazard and
may be dxsposed of in a land disposal facility if they meet the minimum waste form
‘requirements in 10 CFR 61.56(a). Concentration limits for Class A wastes are given in
_Table 1 of 10 CFR 61 for long-lived radionuclides and in Table 2 for short-lived radionuclides.

Table 5-6 provides a comparison of suggested radlonuclide concentration limits in
Clive facility wastes with concentration limits for Class A wastes in 10 CFR 61 For purposes

of cornparison, the concentration limits in ‘Table 1 and Table i of 10 CFR 61 (specified in
Ci/m’) have been converted to pCi/g by assuming an awerageJ waste density of 1.6 g/cxn
(100 I/At%). (

For those radionuclides for which comparisons can be nLade. the suggested limiting
- ‘everal orders of magnitude
smaller) than the 10 CFR 61 Class A concentration limits for all but four radionuclides. For
[-129 the limiting éoncentration for disposal at Clive is smaller by a factor of only 2.0. For
H-3 (tritium), Ni-63, and Sr-90, the suggested limits are larger than the 10 CFR 61 class

concentrations in Clive wastes are very much smaller (ie:,
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COMPARISON OF LI.\‘BTING RADIONUCUDE CONCENTRATIONS IN CLIVE FACIIJTY WASTES
WITB CLASS A WASTE CONCENTS(AT!ON LIMITS IN 10 CFR 61

TABLE 88

- Concentration Limits (pCil)

. _ 10 CFR 63 Class A
Nuclids -~ Clive Facility Wastea® » Limits*
Am-241 © LIE«02 ' 2.0E+08

Am-243 17Ee: 2.0E+06
C-14 1.5E+02 5.0E+05
Cd-109 4.SEe04 =t
Crn-242°¢ 1.6E+02 3.5E«05
" Cm-243* 6.5SE+01 . 2.0E+08
Cen.-244¢ " 1.2E.02 2.0E+06
Co-517 1.7E+02 -
Co-60 8.3E+00  44E+08
Ce-134 1.1E+01 -
Cs-137 28E401 6.2E+05
Fe-55 1.8E+08 -
H3 2.38409 2.5E+07
1-129 - 2.5E+03 5.0E+03
Mn.54¢ 2.2E40) - -
Na-22 8.4E+00 -
Nb.94 1.1E«01 1.2E+04
Ni-59 §.9E+04 14E+07
© Ni&3 1.5E+07 2.2E+06
Np-237 LTE«2 2.0E+06
Pu-238° 1.6E+02 2.0E+08
Pu-239 . LTE+02 2.0E+06 .
Pu-240 1.7E+02 2.0E+06
Pu-2414 8.6E+01 1.0E+04
Pu.242 1.8E+02 ™ 2.0E+08
Ra-226* 1.1E+01 -
Ru-106* 8.0E+01 -
Sn-113 3.2E+03 -
Sr-90¢ B83EW4 2.5E+04
Te-99 11Es01 19E+05
Th-230 2.7E+02 -
Th-232 7.1E+00 -
U-234 §.6E+02 -
U-235 LI1E«02 -
U-236 7.1E+02 -
U-238 7.1E+02 -
Zn65 34E.01

From Table 54, &lll sceannes considered.

From Tables 1 and 2 of 10 CFR 61.55. Limits converted from CVm! to pCi/g by -‘smmnm an aversge waste density

of 1.6 g/em’® {100 /R,

- No concentration lirut specified for Class A wastes.

Effects of dxughlérs tncluded.
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concentration limit by factors uf 92, 6.8 4zd 3 3, respectivily. For alpha-emitting transuranic
nuclides the s‘uggesféd limiting cuncentrations in Clive wastes are about four orders of
‘magnitude sma_llér than they are for Class A wastes. An additional Class A iu_nit specified
in'10 CFR 61 is that the total concentration of all radi.unuclides with less than a 5-year half-
life must not exceed 4.4E+08 pCi/g. Since the sum of suggésied concentration limits for the
ten radionuclides with half-lives less than 5 years (Cd-109, Cm-242, Co-57, Cs-134, Fe-55,
Ma-54, Na-22, Rn-106, Sn-113, and Zn-65)is less than 2.0E+06 pCi/g, this constraint is -
satisfied. | |



. IMPLEMENTATION CONSIDERATIONS

This chapter presents suggestxons on license conditions that might be imposed and
'how operations might be structured to assure that the concentration limits summarized in
Table 5-4 are pot exceeded.

6.1 ASSURING COMPLIANCE WITH CONCENTRATION LIMITS

The methodology used to obi_ain the radionuclide concentration limits presented in
Chapter 5 assumes that the radionuclides are uniformly dispersed in the waste. The
concentration limits that are derived using this methodology are annual averages over the
entire volume of waste disposed at the facility. These concentration limits can be
implemented by applying them to individual shipping vehicles (e.g., individual trucks or rail
cars), to entire shipments (e.g., a tramload of waste compnsmg several rail cars), or to all of
the waste shipped to the site by a part.xcular generator during a year.

The most conservative and straightforward approach is to apply these limits to each

individual shipping vehicle brin gin'g waste to the disposal facility. Since many, and perhaps

- most, of the vehicles would contain waste with nuclide concentrations  well below the
concentration limits, this approach should generally yxeld annual average concentrations at

the disposal facility that are one or two orders of magmtude less than the concentratxon
limits presented in Chapter 5.

A less restrictive but still conservative approach is to apply the concentration limits
1o an entire shipment. This approach would require that a sampling program to sample
individual shipping vehicles or waste containers be devised and placed in operation to ensure

that the entire shipment complies with the applicable radionuclide concentration limits.

“

u
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Although it might be f)nssib!e to require. eqch w.';sté génerator shipping waste for
disposal at the Clive facility is to conform to the concentration limits on an annual basis.
This appmach is less conservative still, and lezves the dxsposal site operator with a reduced
ability to control compliance with license conditions. Funhermore this approach cou]d result
in some shipments being received at the site with very high 1 1dionuclide concentrations that
could pose ‘waste handling and exposure problems to on-site _wo;-k?xs during disposal

- vperations. This approach would require that each waste generator provide projections of |

total volumes and curies of waste before beginning the waste shipments and that each
generator maintain auditable records of the quantities and nuclide concentrations in each

shipment. A conservative way of implementing the annual limit approach would be to

restrict each generator to a total annual curie limit equal to some fraction (i.e., one-tenth) of
the curie limit obtained by multiplying the generator’s pro;ected waste volume by the
applicable radlonuclxde concentration limit. '

Imple:hentation of radionuclide mncedﬁaﬁon limits af the Clive F‘écility will reduire_
that the site operator have in place specific procedures for inspecting and samlﬁlihg incoming
shipments to determine weights, volumes, and radionuclide concenirations Records will need
to be maintained of each incoming shipment and of the tatal quantxty of waste disposed on
an annual basis. The sampling procedures and records'should be subject to periodic audit
by the Bureau of Radiation Control or other appmpnate state agency.

Procedures should be put in place by the site operator that would include:
. . . . | ]

3

” AS-_ampling techniques A EASL T
» Measurement techniques o
. »Compliance determination

* - Actions in case of non-compliance
« Waste handling procedure;; ’ ‘ ]
. Recordkeéping T i

f

|

The sampling requirements should address represeﬁtan\e sampling, the number of*

samples to be obtained for a particular waste shipment, sample size, and the sampling
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‘method to be used. Measurement procedures should include requiremen . ior calibrating the
meastrements system, count times required to meet speaified detection limuts, and steps to
determine average nuclide concentratxons in the samples and to sum the nuclide

concentranons to detenmne average total sample activities.

~

, Comphance determination pmcedures will require that the volume and mass of waste
| to be disposed be detarmmed for each shxpment Based on the total mass and average
_, actmty per sample, the total activity contained in the shipment can be determined.

Procedures should be developed specifying actions to be taken in the event of non-compliance
~ of a shipment with spedﬁéd radionuclide concentration limits. Waste handling procedures
should include health physics requirements for the protection of on-site operating personxiel
aswell as procedures for placmg the waste in the dxsposal cell, compacting it, and identifying
its locauon ‘

A records file must be maintained by the disposal facility operator that includes
information about each shipment received and about the total quantity of waste disposed at
the facility. Infornpation to be provided for each shipment should include:

* Date of receipt of sMphent. :

* Waste identification.

* Waste sampling results.

. Average radionuclide concentrations in the waste.
* Waste volume and waste mass.

* Location of the waste in the disposal cell.
Information about the totﬂ quantity of waste disposed at the facility should include:

*  Year-to-date waste mass received.
e Year-to-date waste volume received.

* Year-to-date radioactivity received.

(

C



62 SUM OF FRACTIONS RULE

The limitingconcentraﬁons in Chapter 5are for individual radionuclides in the waste.

For a waste shipment containing mixtures of radionuclides the allowable total concentration

would be determined by the sum-of-fractions rule. The .sum of fractions is determined by

dividing each nuclide’s actual concentration in the waste by the appropriate nuclide

' concentration limit and adding the resulting fractions of all nuclides. The sum of these

fractions must be less than or equal to one for the waste ‘to be acceptable. The
sum-of-fractions rule may be stated as: |

i.c_‘ E!+E’_+...+..£:51
=1 L, L Ly
where
C, = . Average concegtratioh of the ith nuclide in the waste.
L = Concentration limit for the ith nuclide.
N =

The number of nuclides in the mixture.

Since doses scale with concentration, limiting the sum of fractions to a value less than

or equal to umty assures that doses dunng or after operatxons will not exceed the applicable
criteria. ' ' SR R

\

63 WASTE FORM RESTRICTIONS

" The results presented in this document are based on analyses which assume the waste
to be contaminated soil or construction debris. As such, the soil was taken to be sand or
sandy loam. If waste is received which is substantially more finely divided. and therefora



more disbursable, additional limitations in concentration or handling procedures may be
appropriate in order to assure adequate protection.

o

64 SURFACE-CONTAMINATED MATERIAL

Wastes proposed for disposal at the Clive facility include contaminated soil and
contaminated construction debris. Most of this waste will have radionuclides dispersed more-
ér-l‘ess uniformly throughout the material. Some construction debris, such as wood, concrete
blocks, and concrete slabs may have only surface contamination. The amount of material
with surface contamination is anticipated to be a small fraction of the total waste material
. disposed at the Clive facility. | o | |

D;lsposal opérat.ions that involve lajrerixig the waste and compacﬁ'ng it will tend to
break up this material and mix it with other waste disposed at the facility. Persons who may
be exposed after the waste is in place and off-site indivir 11als will experience exposures Erom
waste that is more—or—less uniformly contaminated with radionuclides. : u

Onsite workers are the only persons fof—whom radiation exposures may be dependent
on whether the radioacﬁve contamination is on the surface or dispersed throughout the
waste. These mdnnduals are badged radiation workers who carry dosimeters and who have
" had training i in hea]th physics procedures The radiation doses received by these individuals
are momtored on ‘a regular basis. The wearing of protective clothing and gloves should
prevent body contact with surface contamination. 'Theréfore, itis cézndudéd that it is not
necessary to impose a license condition on the receipt of surface contamihatcd material which

is different from that imposed on material for which the rad:onuchdes are dxspersed
throughout the waste. '



7. SUMMARY

 Considering only the potentiai impacts to members of the general public, inadvertent
intruders onto (or into) the site, and workers at the site, radionuclide concentrations were
determined which would limit effective whole-body dose equivalents to applicable | vels as
defined by current regulations and policies. With four exceptions, these limits are several
orders of magnitufie smaller than the respective 10 CFR 61 Class A concentration limit. For -

- 1-129, the suggested limit i. .maller than the Class A concentration limit by a factor of only

2.0. For H-3 (tritium), Ni-63, and Sr-90, the suggested limits are larger than the Class A
concentration limits by factors of 92, 6.8, and 3.3, respectively.

The implementation of these results wonid require a combination of procedures to
assure the concentrations are not exceeded and potential doses are limited to acceptable

levels. These include sampling, waste handling, and recordkeeping procedures. For mixtures

of radionuclides the sum-of-fractions rule should apply. If the waste is substantially more
disbursable than normal soil, additional restrictions should apply.



APPENDIX A
I

hUCUDE-SPEClF’IC PARAMETER VALUES



APPENDD( A :
NUCLIDE SPECIFIC PARAMETER VALUES

The nuclide-degendent parameter values used in this risk assessnent of waste’

.disposal at the Clive facility are j:resented in this appendix.
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AVERAGE GAMMA ENERGIES AND GAMMA ATTENUATION FACTORS

TABLE A.1

{Source: Reference 25)°

Puge t of 2

- Gamma Gamma
Nuclide Energy Attenuation Half-Life
(MeV) (1/m) (yr)
Ac-228 1.00E+00 1.00E+01 1.40E+10
“Am-241 3.40E-02 5.00E+01 4.32E+02
Am-243 1.50E-01 2.20E+01 7.38E+03
Bs-137a 6.60E-01 L20E+01 . . 3.02E+01
‘Bi-210 0.00 0.00 1.60E+03
Bi-212 8.20E-01 1.10E+01 1.40E+10
- Bi-214 1.10E+00 9.20E+00 1.60E+03
C-14 0.00 0.00 '5.73E+03
Cd-109 1.10E-02 5.00E+01 1.27E+00
Cm 242 1.40E-02 5.00E+01 4.47E-01
Cr-243 2.20E-01 2.00E+01 2.85E+01
Cm 244 5.00E-01 1 40E+01 1.81E+01
Co-57 1.20E-01 2.50E+01 . 7.42E.01
Co-60 1.25E+00 8.20E+00 5.27E+00
Cs-134 7 00E-01 1.20E+01 2.06E+00
Cs-137 0.00 0.00 3.02E+01
Fe-55 3.00E-02 5.00E+01 2.70E+00
H-3 0.00 0.00 1.23E+01
1-129 2.90E-02 5.00E+01 1.57E+07
. Mn-54 8.30E-01 1.10E-01 8.56E-01
Na-22 1.27E+00 ~.20E+00 2.60E+00
Nb-94 7.87E-01 1.10E+01 2.03E+04 -
Ni-59 7.00E-03 5.00E+ul © 7.50E+04
Ni-63 0.00 .00 1.00E+02
Np-237 3.50E-02 5.00E+01 2.14E+06
Pb-210 5.00E-02 5.00E+01 1.60E+03
" Pb-2i2 2.50E-G1 1.90E+01 1.4QE+10
Pb-214 5.00E-01 1.40E+01 1.60E+03
- Fo-210 8.00E-01 1.10E+01 1.60E+0R
Po-212 0.00 0.00 1.40E+10
Po-214 8.00E-01 1.10E+01 " 1.60E+03
Po-216 0.00 IR0 1.49E-10
Po-218 . 0.00 0.00 1.60E+03
 Pu-238 1.40E-02 5.00E+ 0" 8.18E+01
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’.‘BL.EA#I ‘ Paoge2of 2

" AVERAGE GAMMA ENERGIES AND GAMMA ATTENUATION FACTORS -
’ " (Source: Reference 25)*

L Gamma Gamma ‘
Nuclide : Energy Attenurtion Half-Life
{(MeV) - {l/m) 0% 2 2N
Pu-239 " 1.50E-02 '5.00E+01 _ 2.41E+04
Pu-240 A 1.60E-01 2.20E+01 6.54E+03
Pu-241" 0.00 000 1.44E+01
Pu-242 - 2.00E-02 5.00E+01 3.76E+05
Ra-224 2.40E-01 < 180Es01 - L40E+10  *
Ra-226 1.43E-01 ~ 2.30E+01  1LE0E+03  **
Ra-228 ~ 3.00E-02 5.00E+01 L40E+10  * -
Rh-106 6.50E-01 1.30E+01 . 1.01E+00
'Rn-220 .- 5.50E-01 1.30E+01 1.40E+10  *
Rn.222 5.10E-01 1.40E+01 1.602+03 .
Ru-106 © 0.00 0.00 1.01E+00
Sn-113 ' 3.80E-01 ' 1.60E+01 3.15E-01
Sr-90 .0.00 o 0.00 2.86E+01
Tec-99 . o 0.00 0.00 2.13E+05
Th-228 1.50E-01 A 2.20E+01 1.40E+10  *
Th-230 8.40E-02 3.00E+01 7.70E+C%
Th-232 ‘  1.40E-02 5.00E+01 1.40E+10  *
Tl-208 1.50E+00 ~ 8.30E+00 1.40E+10 .
U-234 4.00E-01 1.50E+0? 2.44E+05
_U -235 ; 1.29E-01 . 2.40E4+01 7.04E+08
U-236 - © BO0O0E-02 .. 5.00E+01 2.34E+07
U-238 C L40E-02 i 1 5.00E+01 4.4TE+09
Y-90 000 - 0.00 ~ 2.86E+01

Zn-65 ' 1.10E+00 9.80E+00 6.6SE-01

~The gamma energies in the second column are weighted averages of the gamma eneigies in
Reference 25. Gamma attenuation coefficients arc calculated for these average gamma
energies. ' '

Membe:rs of the Th.232 decay chrin, half-tives havs been set equal to the parent nuclide.

Members of the Ra-226 décay chain, half-lives have been set equal to the parent nuclide.
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TABLE A-2

Page 3 of 2
LEACH RATES AND SOLUBILITIES
‘(Source: Refcrence 26)
- Input Leach Final Leach Solubility
Nuclide Rate (1/y1) Rate (1/yr) (moleA)

Ac-228 8.32E-07 8.32E-07 0.00
Am-241 8.32E-07 '8.32E-07 1.00E-01
Am-243 8.32E-07 8.92E-07 1.00E-01
. Ba-137m 1.67E-07 1.67E-07 - 0.00
Bi-210 8.32E-07 8.32E-07 0.00
B1-212 8.32E-07 8.32E-07 0.00
Bi-214 8.32E-07 8.32E-07. 0.00
CC-14 4.22E-04 4.22E-04 0.00
Cd:109 1.35E-05 1.35E-05 0.00
Cm-242 2.78E-08 2.78E-08 1.00E-14
Cm-243 2.75E-08 2.78E-08 1.00E-14
Cm-244 2. 78E-08 2.78E-08 1.00E-14
Co-57 - 8.18E-06 8.18E-06 1.00E-02
Co-60 8.18E-06 8.18E-06 1.00E-02
Cs-134 1.67E-07 L67E-07 0.00
Cs-137 1.67E-u7 1.67E-07 0.00
Fe--55 1.61E-05 1.61E-05 0.00
H-3 4.42E-04 4.42E-04 0.00
I-129 2.15E-04 2.15E-04 1.00E-02
Mn-E4 ‘1.61E-US 1.61E-05 0.00
Na-22 4.42E-04 - 4.42E-04 0.00
Nb-94 2.78E-07 2.78E-07 . 0.00
' Ni-59 8.32E-07 8.32E.07 v LOOE-02
Ni-63 8.32E-07 8.32E-07 ' 1.00E-02
Np-237 8.18E-06 ~ 8.18E-06 1.00E+01
Pb-210 B.32E-07 8.32E-07 ~0.00
Pb-212 8.32E-07 8.32E-07 0.00
Pb-214 8 32E-07 - 8.32E-07 0.00
Po-210 2.08E-07 2.08E-07 0.00
Po-212 2.08E-07 2.08E-07 0.00
Po-214 2 08E-0" 2.08E-07 0.00
Po-216 2.08E-07 2.08E-07 0.00
Po-218 2.08E-07 2.08E-07 © 0.00
Pu-238 8.32E-07 8.32E-07 1.00E-13
1239 8.32E-07 1.24E-07 1.00E-13



. TABLE A2

5.49E-06

 5.49F-06 -

Page 2 0f 2
LEACH RATES AND SOLUBILITIES
" (Source: Reference 26)

T Input Leach - Final Leach Solubility
Nuclide - ‘Rate (Lyr) Rate (1/yr) (moled)

Pu-240 8.32E-07 '4.56E-07 1.00E-13
Pu-241 8.32E-07 8.32E-07 1.00E-13
Pu-242 8.32E-07 7.93E-09 1.00E-13
Ra-224 8.32E-07 2.13E-08 1.00E-08 -
Ra-22¢ . 8.32E-07 8.32E-07 1.00E-08
Ra-228 8.32E-07 2.13E-08 - 1.00E-08
'Rh-105 5.20E-07 5.20E-07 © 1.00E-10
Rn-220 0.00 0.00 0.00
Rn-222 0.00 0.00 0.00
Ru-106 5.20E-07 5.20E-07 1.00E-10
Sn-113 8.32E-07 8.32E-07 0.0
Sr-90 1.02E-05 1.02E-05 0.00
" Tc-99 4.42E-04 4.42E-04 0.00
Th-228 8.32E-07 8.32E-07 1.00E-04
Th-230 8.32E-07 8.32E-07 1.00E-04
Th-232 '8.32E-07 8.32E-07 1.00E-04
T1-208 8.32E-07 8.32E-07 . 0.00
U-234 2.07E-06 2.07E-06 0.00
- U-235 2.07E-06 2.07E-06 - 0.00
U-236 2.07E-06 2.07E-06 0.00
U.238 2.07E-06 2.07E-06 - 0.00

. Y-80 1.02E-05 1.02E-05 N 1 X
Zn-65 - 1.00E-12



"TABLE A3 S Pogetof2

' SORPTION AND RETARDATION FACTORS

(Source: Reference 26} u
Aquifer Aquifer Vertical Vertical
~ Nuclide Sorption Retardation. Sarption Retardation
Ac-228 - 1.00E+02 8.01E+02 1.00E+02 3.35E+03
Am-241 - 9.90E+01 7.93E+02 . . 9.90E+01 © 3.32BE+03
' Am-243 9.90E+01 1.93E+02 9.90E+01 3.32F+03
Ba-137m 5.00E+02 4.00E+03 5.00E+02 L68E+04
Bi-210 1.00E+02 8.01E+02 1.00E+02 3.35E+03
 Bi-212 1LOOE+02 8.01E+02 " 1.00E+02 3.35E+03
-Bi-214 1.00E+02 8.01E+02 1.00E+02 3.35E+03
C-14 1.00E-02 © LOSE+00 " 1.00E-02 1.34E+00
Cd-103 6.00E+00 4.90E+01 6.00E+00 2.02E+02
Cm-242 3.00E+03 2.40E+04 3.00E+03 1.01E+05
Cm-243 3.00E+03 2.40E+04 . 3.00E+03 1.01E+05
Cm-244 _ 3.00E+03 - 2.40E+04 3.00E+03 1.01E+05-
Co-57 1.00E+01 8.10E+01 1.00E+01 3.36E+02
Co-60 1.00E+01 8.10E+01 1.00E+01 . 3.36E+02 ,
Cs-134 5.00E~02 4.00E+03 . 5.00E+02 1L.68E+04 U
Cs-127 : 5.00E+02 4.00E+03 5.00E+02 1.68E+04
Fe-55 5.00E+00 - 4.10E+01 5.00E+00 1.69E+02
H-3 1.00E-03 1.01E+00 1.00E-03 1.03E+00
1-129 » 2.00E-01 2.60E+00 2.00E-01 ~ 7.70E+00
Mn-54 _ 5.00E+00 4.10E+01 - 5.00E+00 1.69E+02
Na-22 1.00E-03 1.01E+00 '1.00E-03 1.03E+00
Nb-94 -3.00E+02 2.40E+03 3.00E+02 1.01E+04
Ni-59 1.00E+02 8.01E+02 - 1.00E+02 3.35E~03
Ni-63 1.00E+02 8.01E+02 LO0E+02 - - 3.35E+03
Np-237 1.00E+91 8.10E+01 "~ 1.00E+01 3.36E+02
Pb-210 1.00E+02 8.01E+02 1.00E+02 3.35E+03
Pb-212 1.00E+02 8.01E+02 1.00E+02 3.35E+03
Pb-214 1.00E+02 8.01E+02 1.00E+02 3.35E+03
Po-210 4.00E+02 3.20E+03 4.00E+02 1.34E+04
Po-21%. 400E+02 . 3.20E+03 ~ 4.00E+02 1.34E+04
Po-214 4.00E+02 3.20E+03 4.00E+02 1.34E+04
Po-216 4.00E+02 3.20E+03 1.00E+02 1.34E+04
Po-218 4.00E+02 3.20E+03 4.00E+02 1.34E+04
Pu-238 1.00E+02 " 8.01E+02 . 1.00E+02 3.35E+03

Pu-239 1.00E+02 8.01E+02 - 00E+02 3.35E+03



TABI® * 3 “ . " Pagele,?

SORPTION AND RETAKDATION FACTORS
(Source: Reference 26)

4

Aquifer V Aquifer  Vertical .Vertical

Nuclide Sorption Retardation Sorption " Retardation
Pu240 1LOOE+02 . 8.01E+02 1.00E+02 © 3.35E+03
Pu-241 1.00E+02 8.01E+02 "1.00E+02 3.35E+03 -
© Pu-232 © 1.00E+02 " 8.01E+02 ' 1.00E+02 3.35E+03
Ra-224 © 9.80E+01 7.85E+02 - 9.80E+C1 ~ 3.29E+03
Ra-226 : 9.80E+01 7.85E+02 ~ 9.80E+01 '3.29E+03
' Ra-228  8.80E+01 7.85E+02 ~ 9.80E+01 = 3.29E+03
Rh-106 © | L60E+02 1.28E+03 1.60E+02 5.36E+03"
Rn-220 000 ~ 1.00E«00 a 0.00 © 1.00E+00
'Rn-222 000 LOOE+00 - 0.00 " 1.OOE+00
Ru-106 1.60E+02 1.28E403 1.60E+02 . 5.362+03
Sn-113 © 1.00E+02 8.01E+02 1.0GE+02 © 3.35E+03
Sr-30 ' .8.00E+00 6.50E+01 ' 8.00E+00 " 2.69E+02
Te-99 ~ 1.00E-03 1.01E+00 ~ 1.00E-03. - 1.03E+00
Th-2286  LOSE+02 8.41E+02 1.05E+02 3.52E+03
Th-230 © 1.05E+02 ~ 8.41E+02 . 1.05E+02 ~ 3.52E+03
Th-232 1.05E+02 © 8.41E+02 ~ 1.05E+02  3.52E+03
TI-208 . 1.01E+02 8.09E+02 © LOIE+02 3.39E+03
U-234 .- 3.90E+01 ' 3.13E+02 - 3.90E+01 1.31E+03
U-235 4.00E+01 3.21E+02 4.00E+01 1.34E+03
U-236 4.00E+01 3.21E+02 - 4.00E+01 134E+03
U-238 4.00E+01 © 1n1E+02 4.00E+01 1.34E+03
Y-90 8.00E+00 ~ 6.50E+01 8.00E+00 2.69E+02

Zn-65 1.50E+01 L21E+02 - L50E+01 5.04E+02



TABLE A4

2.50E-05

Page 1 of 2
BIOACCUMULATION FACTORS
(Source: Refereace 27)
S Soil-Plant -Soil-Plant Forage-Milk Forage-Meat
_ Nuclide Bv Br Fm (d/D) Ff (d/kg)
Ac-228 2.50E-03 2.50E-04 - 5.00E-06 6.00E-02
Am-241 2.50E-04 2.50E-05 5.00E-06 2.00E-04
Am-243 2.00E-04 2.50E-05 5.00E-06 2.00E-04
Ba-137m 5.00E-03 5.00E-04 4.00E-04 3.20E-03
Bi-210 ' 1.50E-01 . 1.50E-02 5.00E-04 1.30E-02
Bi-212 1.50E-01 - 1.50E-02 5.00E-04 1.30E-02
- Bi-214 1.50E-01 - 1.50E-02 5.00E-04 1.30E-02
C-14 5.50E+00 5.50E-01 1.20E-02 3.10E-02
'Cd-109 3.00E-01 - 3.00E:02 1.20E-04 5.30E-04
. Cm-242 - 2.50E-03 2.50E-04 5.00E-06 2.00E-04
Cm-243 2.50E-03 2.50E-04 . 5.00E-06 2.00E-04
Cm-244 2.50E-03 2.50E-04 - 5.00E-06 2.00E-04
Co-57 9.40E-03 9.40E-04 1.00E-03 1.30E-02
Co-60 9.40E-03 9.40E-04 1.00E-03 1.30E-02
- Cs-134 1.00E-02 1.00E-03 1.20E.-02 4.00E-03
Cs-137 1.00E-02 1.00E-03 1.20E-02 4.00E-03
Fe-55 6.60E-04 6.60E-05 1.20E-03 4.00E-02
- H-3 ~ 4,80E+00 4.80E-01 1.00E-02 1.20E-02
1-129 2,00E-02 - 2.00E-03 _6.00E-03 2.90E-03
~ Mn-54 2.90E-02 2.90E-03 2.50E-04 8.00E-04
Na-22 5.20E-02 5.20E-03 4.00E-02 - -3.00E-02
Nb-94 9.40E-03 9.40E-04 2.50E-03 2.80E-01
~ Ni-58 . 1.90E-02 1.90E-03 6.70E-03 5.30E-03
Ni-63 . 1.80E-02 1.90E-03 6.70E-03 .5.30E-03
Np-237 2.50E-03 2.50E-04 5.00E-06 2,00E-04
Pb-210 6.80E-02 6.80E-03 6.20E-04 2.90E-04
Pb-212 6.80E-02 6.80E-03 6.20E-04 2.90E-04
Pb-214 6.80E-02 6.80E-03 6.20E-04 2.90E-04
Po-210 1.50E-01 1.50E-02 3.00E-04 1.20E-02
Po-212 1.50E-01 1.50E-02 3.00E-04 1.20E-02
Po-214 1.50E-01 1.50E-02 3.00E.04 1.20E-02
Po-216 1.50E-01 1.50E-02 - 3.00E-04 " 1.20E-02
Po-218 1.50E-01 1.50E-02 3.00E-04 1.20E-02
Pu-238 2.50E-04 2.50E-05 2.00E-06 1.40E-05
Pu-239 2.50E-04 - - 2.00E-05

1.40E-05



TABLE A4 Poge 202

BIOACCUMULATION FACTORS
(Source: Referencg 20

Soil-Plant Soil-Plant Forage-Milk Forage-Meat

Nuclide 7 Bv Br Fra (d/1) Ff (dkg)
Pu-240 2.50E-04  2.50E-0% . 2.00E-06 1.40E-05
Pu-241 2.50E-04 2.50E-05 . 2.00E-06 - - "1.40E-05
Pu-242 2.50E-04 2.50E05 = 2.00E-06 : 1.40E-05
Ra-224 3.10E-04 3.10E05 - 8.00E-03 "3.40E-02
-Ra-226" 3.10E-04 -~ 3.10E.05 -8.00E-03 3.40E-02
Ra-228 . 3.10E-04 - 3.10BE-05 8.00E-03 3.40E-02
_Rh-106 ~ L30E+01 1.30E+00 . 1.00E-02 ‘ 1.50E-03
Rn-220 ~ 3.50E+00 '3.50E-01 '2.00E-02 2.00E-02
Rn-222 3.50E+00 3.50E.01 2.00E-02 2.00E-02
Ru-106 ~ 5.00E-02 5.00E-03 1.00E-06 4.00E-01
Sn-113 2.50E-03 . 2.50E-04 2.50E-03 - 8.00E-02
Sr-90 1.90E-02 1.70E-03 © 8.00E-04 6.00E-04
Te-99 . . 2.50E-01 . 2.50BE-02 2.50E-02 4.00E-01
Th-228 © 4.20E-03 4.20E-04 5.00E-06 2.00E-04
Th-230 4.20E-03 4.20E-04 : 5.00E-06 - 2.00E-04
Th-232 4.20E-03 4.20E-04 " 5.00E-06 2.00E-04
T1-208  '2.50E-01 . 250BE-02 2.20E-02 4.00E-02
U-234 2.50E-03 2.50E-04 5.00E-04 3.40E-04
U-235 '2.50E-03 ~ 2.50B-04 5.00E-04 3.40E-04
U-236 - 2.50E-03 : 2.50E-04 5.00E-04 3.40E-04
U-238 " 2.50E-03 ~ 2.50E-04 5.00E-04 3.40E-04 .
Y-g0 2.60E-03 ... 260E-04 - 1.00E-05 4.60E.03

) 3.00E-02

Zn-65 - 4.00E-01 = = 4.00E-02 3.90E-02
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TARLE A-8

- A-11

Pogelofs
TOTAL EQUIVALENT UPTAKE FACTORS
{Source: Refmrence 28)°
River . Wal} Erceion Basthtub 8pillage Food

Nuclide W) - {Uyr) - fyr) tYyr) (Wyr) (kg/yr)
Ac225 134803 1.17E+03 1.34E.03 LITE-N3 1.36E+03 1.88E-01

Am-241 638E.02 466E+02 8.38E+02 466E+02 638E+02 118E03
Am-243 6.38E.02 4 66E+02 638E.02 4.RSEL02 6.38E+02 118E03
Ba-137m 535E+02 S.0TE+02 5.35E.02 5.07E+02 535E.02 4.43E-02
Bi-210 7.28E+02  6.24E.02 7.28E+02 7 28E+02 9.45E+02 3.00E.00
Bi-212 7.28E402 62402 7.28E+02 624Es02 . 9.97E-02 3.09E+00
Bi-214 7.28E+02 6.24E+02 7.28E+02 7.28E+02 © 945E+02 3.09E-00
C-14 3.23E.04 5.82E+02 3.23E+04 S 828402 3.23E+04 0.00
Cd-109 1.84E.03 4.65E+02 " 1,84E+03 4.65E+02 1.34!»:063 1.49E+00
‘Cro-242 6.20E+02 4 49E+02 6.20E+02 4.45E+02 6.20E+02 " 9.85E-03
Cm-243 638E.02 4.65E+02 6.38E+02 ' 4.65E+02 638E+02 L18E-02
. Cm-2ad 6.38E.02 485Ee2 6.38E+02 4.65E+02 6.38E+02 1.18E02

Co5? 9.54E+02 6.11E+02 9.54E+02 6.11E+02 9.54E+02 151501
Co-60 9 T4E+02 6.29E+02 9.74E+02 6.29E+02 9.74E+02 1.98E-01
Cs13¢ 145E.04 7.02E+02 1.45E+04 1.02E402 145E+04 2.71E01
| Ca137 14SE-04 70BE+02 145E+04 1.08E+02 1.4SE+04 278E01
Fe-55 1.63E.03 9 40E+02 1.63E+03 9.40E+02 1.63E+03 3.43E-02
H-3 8.05E+02 T.99E+02 - 8.05E.02 199E402 8.05E-02 0.00
J-129 7.00E+02 5.97E+02 7.00E+02 5.97E+02 7.1SE+02 3.4SE-01
Mo-5¢ 3.22E.03 4.67E+02 © 3.22E+03 4.67E+02 3322403 1.54E-01
Na-22- 2.15E+03 1.45E+03 2:15E+03 1.45E+03 218E+63 5.19E.00
Nb-5¢ 2.11E+05 379403 2.11E+05 3.79E+03 2118405 3.19E+00
Ni59 133E.03 6.36E+02 1.33E+03 636E+02 L36E+03 4.02E-01
Ni-63 133E+03 " 36E+02 1.33E.03 6.36E+02 1.33E+03 4.02E-01
Np-237 5.35E+02 4.66E+02 5.35E+02 466E+02 ' 5.36E+02 1.18E-02
Pb-210 LI7E-03 4TTE02 1.17E+03 1.17E+03 1.19E+03 3.94E-01
Pb-212 1.17E.03 ATTES02 1.17E+03 LTTEN02 1.20E+03 334E01
Pb-214 117E.a3 4TTES02 1.17E+03 1.17E+03 1.19E+03 394E-01
Po-210 4.06E+03 6.09E+02 4.062+03 4.06E+03 4.26E+03 2.87E+00
Po-212 4.06E+03 6.09E+02 4.06E+03 6.03E+02 4.31E+03 2.87E+00
Po-214 4 06E+03 's_.bsr-;.oz 4.06E+03 4.06E+03 4.26E+03 2.87E+00



C

TABLE A5  Peges oy
TOTAL EQUIVALENT UPTAKE FACTORS
(Source: Refarsnce 268)%
River Well Eroeion Bathtub Spiliz ye Food

Nuclide by . Wy Wyr) Wy Wy " (egtyr)
Po-216 4.06E-03 6.03Ee02 4.06E+03 8.09E+02 4NE. 2.8TEe00
Po218 4 06E+G3 | §.09E~02 D6E+03 406E403 436E4C3 287E.00
Pu-238 48TE.02 4.63E+02 4BTE02 4.63E+02 487E+02 1.12E03
Pu-239 (STEe02 4 5IE+02 CATE.02 4.63E+02 488E+03 1.13E-03
Pu-2¢0 WBTEw2  463EW2 8TEs02 46IE.02 48Ev2 LB
Pu-241 487Ee02 - 4.63E.02 487TE+02 483E+02 4STEH02 1.12E-03
Pu242 ABTEs02 4.63E+02 sTE2 463Ee02Z LBBEL02 1.13E-03
Ra-224 1.34E¢03 9.94E+02 134E+03 9.94E+02 1.34E+03 1.77E-02
Ra-228 1.34E+03 9.94E+02 134Es3 134Es03 134E+03 LTTE.02
Ra-228 1.34E.03 9.94E.02 134E+03 9.94E+02 1.34E+03 1.77E-02
Rh-106 “7.24E-02 €.55E+02 7.24E+02 6.55E+02 7.04E+02 2.68E+02
Ro-220 1.06E+03 1.05E+03 1.06E+03 1.0SE+03 6.86E+03 2.07E-02
Ro-222 1 06E+03 1.05E+03 1.06E+03 1.06E+03 5.88Ee03 2.07E+02
Ru-106 4.98E+03 4.91E+03 "4.98E+03 4391E+03 4ITERI 2.2CE+01
Sa-113 2.17E+04 1.27E+G3 2.17E+04 1.27E+03 21TE+04 2.03E-01
Srs0 630E+02 483E402 6.90E+02 4.83E+02 6.90E+02 1.09E-01
Tc-99 589E+03 6.89E+03 5.69E+03 S.58E+03 9.30E+03 1.29E+02
Th-228 6.73E.02 4.66E402 6.73E.02 4 66E+02 674502 198E.02
Th-230 6.73E+02  4.6EE+02 6.73E+02 4.66E+02 6.74E+02 1.96E-02
Th-232 6.73E+02 - 4.66E+02 6.73E+02 - 486E«02 6.3E02 1.98E-02
1208 7.00E+04 1.30E-03 TU3E«04 1.30E+03 222Ee04 2.15E+01
Uz 4.89E+02 4758402 CBIEM02 - C15E+02 490E02 1.43E-02
U235 4.B9E+02 4ISE602 $.89E02 LI5E+02 CS0Es02 1.42E-02
U-236 4BIE02 4.75E+02 " 4 S9E02 $I5E402 490E+02° 1.42E-02
U-238 4 33E+02 4.75F202 4.89E+02 4.75E+02 4.90E+02 142E.02
Y-50 3 89E+02 | 5.17Es02 6 B9E+02 517E+02 6.89E02 - 2.57E-02
Zo-65 1.51E+04 1.41E+03 " 151Een4 L41E+03 LS1E+0¢ 3 68E.01

Calculated from tisuptake and food and water ingesuon rates presented in Reference 28

SRS SRR e T
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TABLE A8 Page tof Z

DOSE CONVERSION FACTORS ' _ ‘ )
(Source: References 28 and 29_) :

Ingestion Inhalation Direct Gamma

A-13

' 4.60E-01

Nuclide - Dose Factors _Dose Factors Dose Factors
(mrem/pCi) (mrem/pCi) (mrem-m¥pCi-yr)
Ac-228 2.10E-06 2.90E-04 9.10E-05
Am-241 4.50E-03 5.20E-01 3.00E-06
Am-243 4.50E-03 5.20E-01 6.60E-06
Ba-137m 0.00 0.00 6.10E-05
Bi-210 5.90E-06 '1.80E-04 0.00
Bi-212 9.90E-07 2.10E-05 1.80E-05
Bi-214 2.40E-07 6.30E-06 1.40E-04
C-14 2.10E-06 2.10E-06 0.00
Cd-109 1.20E-05 1.00E-04 9.40E-07
Cm-242 1.10E-04 1.70E-02 9.30E-08
Cm-243 2.90E-03 3.50E-01 1.50E-05
Cm-244 2.30E-03 . 2.70E-01 8.30E-08 r
Co-57 1.10E-06 . 1.50E-06 1.40E-05 -
Co-60 2.60E-05 1.50E-04 2.30E-04 U
Cs-134 7.40E-05 4.70E-05 1.60E-04
Cs-137 5.00E-05 3.20E-05 0.00
Fe-55 ' 5.80E-07 2.60E-06 2.20E-08
H-3 6.30E-08 6.30E-08 0.00
1-129 '2.80E-04 1.BOE-04 - 2.20E-06
Mn-5¢ 2.70E-06 6.40E-06 8.40E-05
Na-22 1.20E-05 8.00E-06 2.10E-04
Nb-94 5.10E.06  3.30E-04 1.60E-04
Ni-59 2.00E-07 2.70E-06 4.20E-08
Ni-63 5.40E-07 6.30E-06 0.00
Np-237 3.90E-03 4.90E-01 3.20E-06
Pb-210 5.10E-03 1.30E-02 3.00E-07
Pb-212 4.10E-05 ' 1.60E-04 1.60E-05
Pb-214 5.80E-07 6.70E-06 2.70E-05
~ Po-210 1.60E-03 8.10E-03 8.60E-10
Po-212 : 0.00 0.00 0.00
Po-214. 0.00 0.00 8.40E-09
Po-216 0.00 ©0.00 1.50E-09
Po-218 .. 000 0.00 0.00
Pu-238 " 3.80E-03 8.60E-08



DOSE CONVERSION FACTORS
{Source: References 28 and 29)

.Ingestion

TABLE A-6

- Pﬁgtéo{?

Inhalation Direct Gamma -

Nuclide Dose Factors " Dose Factors Dose Factors
(mrem/pCi) {mrenvpCi) (mrem-m*pCi-yr)

Pu-239 " 4.30E.03 5.10E-01 © 3.80E-08
Pu-240 . 4.30E-03 5.10E-01 . 8.20E-08"
Pu-241 8.60E-05 1.00E-02 e 0.00
Pu-242  4.10E-03 4.80E-01 6.80E-08
Ra-224 ' 3.30E-04 2.90E-03 "1.10E-06
Ra-226 ' 1.10E-03 7.90E-03 7.60E-07
Ra-228 1.20E-03 4.20E-03 6.70E-14
Rh-106 6.10E-07 2.00E-07 2.10E-05
Rn-220 0.00 0.00 5.40E-08
- Rn-222 0.00 0.00 4.00E-08
Ru-106 2.10E-05 4.40E-04 0.00
Sn-113 2.70E-06 8.90E-06 1.50E-06
Sr-90 1.30E-04 1.30E-03 0.00
Te-99 1.30E-06 1.50E-06 6.30E-11
Th-228 3.80E-04 3.10E-01 2.80E-07
Th-230 5.30E-04 3.20E-01 9.10E-08
"Th-232 2.80E-03 1.60E+00 6.70E-08
~ Ti-208 0.00 0.00 3.00E-04
U-234 2.60E-04 1.30E-01 8.10E-08
U-235 2.50E-04 1.20E-01 1.70E-05
U-236 2.50E-04 1.20E-01 7.30E-08
U-238 2.30E-04 1.20E-01 6.50E-08
Y-90 1.00E-08 8.20E-06 0.00
Zn-65 - 1.40E-05 1.80E-05 5.50E-05
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APPENDIX B

| EVALUATION OF THE POTENTIAL FOR WATER TO ACCUMULATE
IN THE CLIVE DISPOSAL UNITS

' B.1 INTRODUCTION

.. The waste disposal facility at Clive, Utah, is characterized by a desert climate and
soils of low permeability. Because of the arid climate and relatively impermeable soil,
groundwater pathways are estimated not to contribute to individual doses from waste
disposal for at least 1,000 years after site closure (Section 5.2). However, because the soil has
low permeability, the potential exists for the accumulation of water which infiltrates into the
dispOsé.l units through the engineered cover system. Ifsufficient water were to percolate into’
the disposal units and accumulates, the water could eventually overflow the units and be
released onto the ground surface (the bathtub effect). This overflowing water could
contaminate the ground surface and cause radiological exposures to site intruders. Since
there is no surface water in the vicinity of the Clive site, it is very unlikely that any
contaminated water that overflows a disposal ﬁnit would cause exposufes to off-site
~ individuals. |

This zppendix déséribes an analysis of' the potential for water to accumulate in the
disposal units at the Clive facility. Both the methodology and the results of this analysis are
discussed in this appendix: .

‘B.2 . METHODOLOGY

Two computer models, the HELP model®” and the UNSAT-H* model, were used
to evaluate the potential for water accumulation in the Clive disposal units.
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The HELP. computer model was developed for the us. Environmental Protection
Agency to permit estimation of the amounts of surface runoff, subsurface drainage, and
" leachate that might be expet_:ted to result from the opefation of disposal units with a wide
variety of designs. The model evaluates the impacts of precipitation. runoff, infiltration,

percolation, evapotranspxrat.xon, soil mmstu.re siorage, and lateral dramage using a quasi-two-
dimensional approach

The UNSAT-H computer model was developed at Pacific Northwest Laboratory to
‘assess the water dyﬂatnics of near-surface waste disposal sites. It is a one-dimensional, finite
difference model that simulates the unsaturated flow of groundwater. The model accounts
'fo'r'inﬁltration'. drainage, redistribution, surface evaporation, and the uptake of water by

plants. A modified version of UNSAT-H was used to model water infiltration at the Clive
facility. ' '

Climatologic data used for tBe comimtef simulations were adapted from two sources.
‘Data for both the HELP and the UNSAT-H simulations were taken from the HELP model’s -
climatologic data base for Ely, Nevada. Ely is the closest location with similar climatic ,
‘conditions to those at Clive for which the necessary data were available. Additional data b’
~ specifying potential evaporation rates were required for UNSAT-H. Data for Tooele, Utah®?
were used for that portion of the simulation.

Data from Ely, Nevada were chosen as representative of that at the Cljve site because
the precipitation is conservatively large and other conditions are believed to be similar, i.e.,
typical of arid western climates. Salt Lake City data were also considered, but found with
~substantially higher annual precipitationvrates.‘ Salt Lake Citj_climafological' data were
considersd to be unreasonably conservative relative to conditions which prevail at the Clive
site. Consideration was also given to synthesizing climatological data from data subsets
available &bm sources very near the Clive site (U.S. Army at the Dugway Proving Grounds).
~ This possibility was rejected because of the delicate balance that exists between various

v climatological factors and the u:abxhty to assure that such data would be conservatively
representative.



Generic soil characteristics were used in modeling the disposal facility. The t.ppsoil. :
at the facility was assumed to be loam, underlzin by a clay layer with a saturated hydraulic ‘
conductmty of 1.0E-7 cm/s® The waste was considered to have the characteristics of a
sandy loam.?? The native matenal below the waste was assumed to be clay, with a
saturated conductivity of 1.0E-7 cm/s.®”

'Using these climaﬁc and soil data, simulations of the Clive disposal facility were
.performed using each computer model. The initial simulations were based on the assumption
that there was no rip-rap layer over the clay cover. A layer of topsoil was assumed to be
- present at the surface. These conditions would project evaporatlon in excess of what would
actua.lly be observed with rip-rap in place ' |

Additional simulations were performed using the HELP model to exarine the impact
~ofthe reduced surface evaporation caused by the rip-rap layer. The rip-rap layer reduces the
surface area from which evaporation can take place and also shades the soil surface. It
reduces the eﬁective,evaporation rate by the fraction of soil surface area directly in contact
with individual rip-rap rocks. The fraction of surface area from which evaporation cannot -
occur is equa.l to 1-p, where p is the porosity of the rip-rap layer (taken to be appmnmately~.
0.5). The rip-rap also shades the soil surface from direc solar radiation, thereby further
reducing the effective evaporatxon rate. The damping depth for water evaporation through
the rip-rap materials is approximately 35 cm™" which is responsible for reducing the.
evaporation rate by the factor of exp(-45/35), or 0.28. The estimated combined effect of the

rip-rzp is to reduce the water evaporation rate to 2 value of only 14 percent of the projected
_evaporation rate without np-rap

\
P The HELP model was used in two ways to simulate the reduction in surface
cvapdratioxi resulting from the presence of the rip-rap layer. The first simulation reduced
the ‘e\jraporative depth, i.e., the zone from which water may undergo evaporation from the soil
The évaporative depth was reduced from its expected value of 46 cm at Ely, Nevada’t.o a
smaller »alue which gave an evaporation rate only 14 pér‘.ent of that estimated for the
baseline no rip-rap case. The second simulation reduced the soiar intensity, i.e., the Aﬂux of
solar radiation incident on the site, to achieve an evaporation rate that was only 14 percent

of the baseline evaporation rate.



Thé potential impact, of cracking of the clay cover on water percolatidn' rates was also

- counsidered. The extent and rate of cracking depends on the type of clay used for the cover
and the rate of drying. Expansive clays will tend to shrink and crack more under anu
conditions when cdmpared to non-expansive clays. Rapid rates of drying will promote -
cracking relative to long-term drying. The cover design for the Clive faﬁlity spedﬁés |
placement of a thin sand layer over the clay cap with a ripfap layer on top of that. The:-
potential for shrinkage of the clay, and subsequent cracking, may be significant, although the

- sand and riprap layers are believed to create conditions that will retain moisture and slow
the drying rate.

B3 RESULTS AND DISCUSSION

The distribution of précipitatioﬁ among the various groundwater and surface water
compounents, for the baseline case of no rip-rap layer over the disposal unit, is shown in Table"
B-1. As noted previously, the analysis was made using climatological data, including annual
precipitation, for Ely, Nevada. Climatological data are not available for Clive, Utah, and El-
is the closest station for which complete climatological data were available that reasonab
approximate the arid conditions at Clive. However, the average annual precipitation at Ely
- is larger than that at Clive by about 60 percent. Therefore, the results of the computer
simulations; in terms of calculated water percolation rates, are considered to be

conservatively large co;npéred to actual conditions at Clive.

' As shown in Table B-1, the distribution of the precipitation a‘m}_)ng the mnoﬁ’. lateral
drainage in the cover system, and deep percolation varing between the two computer models
used for the analysis. The bases for these differences lie in shghtly different mput data and
in the solution techniques used by the two models.’

- The parameter of primary importance for the analysis is the projected deep percolation
rate. The deép percolation rate is the vertical flow rate at the boundary between the
compacted soil layer at the bottom of the disposal unit and the underlj’ing native soil. It is
this flow rate which must be conducted away by soil below the disposal unit if no water is

O
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* TABLE B-1 |
. PRECIPITATION DISTRIBUTION RESULTS WITHOUT RIP-RAP COVER

| | T S—
Psrameter e l EEJ_J_P Code | JIUNSAT-H Co&e
'Runoff (cm/yr)’ . 0.3 14.2
Evaporation (em/yr) }. - - 201 | 75
Lateral Drainage (cm/yr) : | | 0.4 | » - 0.1

Deep Percolation (cm/yr) - 1.5 0.4

TABLE B-2
PRECIPITATION DISTRIBUTION RESULTS WITH RIP-RAP COVER

Value Using HELP Code

Reduced Reduced
v ‘ v Evaporation @ Solar
Parameter : Depth _ Intensity v
Runoff (cm/yT) o L 1o . 119
Evaporation (com/yr) ' o SRR 27 | ‘2.8
Lateral Drainage (em/yr) | 48 4.5
Deep Percolation (cm/yr) 2.8 o .28




to accur.ulate in the disposal units. While t.hev projected mass balances. of water flows differ
between the HELP and UNSAT-H computer models, both inodels predict similar rates of deep

percolation. These results suggest that the projected rates of flow through the waste disposal/\/
units are reasonable. '

" The results shown in Table B-1 are based on the assumption of no rip-rap cover being

in place over the disposal units. With the rip-rap cover in place, evaporation will tend to
decrease, and the water flow rates for the other pathways will increase to compensate for the

‘reduced rate of evaporation. Since the HELP model produced the higher (i.e., more

. con_Servative) estimate of the rate of deep percolation for the case of no rip-rap cover, the

. analyses performea to simulate the presence of rip-rap cover over the waste were made using
" the HELP model. - '

The results of the simulations which considered reduced evaporative potential are
shown in Table B-2. As expected, the rates of evaporation decreased due to reductions in
'evaporative depth and reduced solar intensity. The remaining flow components all increased
in :magnitude (relative to the HELP base case -~ Table B-1), to compensate for the decrease
in water lost to évapoi'ation. The increase in deep percolation rate is similar for both
modeling approaches, amounting to an 80 percent increase over the deep percolation rate foL}

' _ th_e baseline (i.e., no rip-rap cover) analysis.

If cracking of the clay cover occurs, the water flow dynamics (whose results are

- presented in Tables B-1 and B-2) will be affected. Lateral drainage of water from the clay
layer may be effectively negated. Water may drain laterally over the clay layer until it
" encountersa crack, at which point it may infiltrate vertically along the Emck. The water may
be -absorbed by the clay or may continue to ixiﬁltrate. Surface runoff and evaporation will
remain largely unaffected by cracking of the clay layer. Thds, the primary impact of cracking
may be to increase the deep percolation by the amount of \\}atgr which normally drains

laterally. Based on the results shown in Table B-2, cracking could increase the deep |
percolation rates (by the amount of lateral drainage) to 7.3 cm/yr and 7.6 c/yr (2.3E-07 coo/s

- and 2.4E-07 cm/s), respectively, for the reduced solar intensity and reduced evaporative depth
scenarios. ' ’



The potential for a\ccutnulalioh of -vater in the disposal units at the Clive facility will
depend on the rates at which water flows into and out of the disposal units. If the native soil

_beneath the disposal units can conduct water at flow rates equal to or greater than the

percolation rates projected by this analysis, water accumulation in the units is unlikely. If
the native soil cannot sustain these flow rates, water may accumulate in the disposal units. '
Under saturated conditions, the maximum rate of sustainable flow of water through a soil

~ is given by the soil’s saturated bydraulic conductivity. Water suppliéd to the soil at rates
greater than this conductivity will not be conducted away vertically thrqug’h undisturbed soil.

Under these conditions, the water will flow laterally or, if this is not possible, will accumulate
above the constraining soil layer. ' |

~ Soil conductivity measurements for the Clive site have givén saturated hydraulic
cor Juctivities ranginé from about 1.0E-07 to 3.5E-03 cm/sec.™® Soil conductivities tend to
be lowest near the ground surface and at depths greater than 9.1 m below the ground
surface. The low-conductivity soil dehths correspond roughly to the depth at which disposal
units would be constructed and the depth of the aquifer. '

.Saturated hydraulic conductivities at soil depths between 3.0 and 9.1 m typically
range between 2.9E-07 and 8.4E-04 cm/s. The maximum projected percolation rate ranges
between 2.3E-07 and 2.4E-07 cm/s, assuming lateral drainage appears wholly as percolation
becausc of cracking in the clay cover. Therefore, the undisturbed native soils appear to be
generally capable of conducting water at these maximum rates. Consequently, it appears
unlikely that water would accumulate in the disposal units at the Clive facility. The
conclusion that water will probably not accumulate in the Clive disposal unit:s\is based on the
premise that saturated hydraulic conductivities of soils unde - all of the éﬁstint and proposed
disposal units are similar to the valies assumed in the analyses described above.
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~ APPENDIX C
THE GENI1 COMPUTER MODEL

" Benchmarking of the radiological doses and concenti'ation limits obtained using the
PATHRAE computer model® was perfbn:ied by comparing the PATHRAE results with the
results obtained using the GENII computer model.® Comparisons were made for the
maximally exposed off-site individual and on-site worker scenarios, and are reported in-
Chapter 5. This Appendix provides a description of the GENII model and a brief discussion

 of the similarities and differences between GENII and PATHRAE.

GENII is a pathways computer model suitable for modeling acute and chronic
exposures resulting from the release of radioactive contaminants to the environment. While
in many ways GENII is similar to PATHRAE, significant differences do exist wkich may

male it more or less suitable for use for performance assessments of LLW disposal facilities.

The modeling 'approéches adopted for use in the GENII model, and the similarities
and differences between this model and PATHRAE are discussed below. This discussion is
stnuctured to correspond to the transport and exposure pathways modeled by the two codes.

C.1 GROUNDWATER TRANSPORT
. A

Groundwater transport is not modeled bjr GENII. The user has the option of entering

a groundwatér concentration at a well used by hum ans. Ifthis is done, the model calculates

exposures resulting from use of the water for dxrect consumption and.for irrigation and

animal use. ' : o

This anproach does not allow svecification of a contaminant travel time to the well.
Hence, any groundwatet concentr:mon specified is 1mmemately available for direct
consumption, irrigation, and ammal use.
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PATHRAE will permit input of simple flow para..m-‘ers for the unsaturated and
saturated zones. These dafa, in conjunction with nuclide transport data, are used to project
contaminant trayel times and, ultimately, exposures resulting from the use of the water. The w
model takes into account lateral and longitudinal dispersion. , :

- C2 SURFACE WATER TRANSPORT

_ Transport of waterborne contaminants is modeled by GE}!II for non-tidal rivers and
" near-shore lake environments, For each of these environments, the model calcullates. a
mixing ratio, the ratio of the concentration at the usage location and the initial coneentration.
The user may also input a mixing ratio if the models used in the code are not used. -

GENII calculates surface water concentrations as a function of distance downstream
from the point of discharge. The river mixing model assumes a const;ant river flow rate,
width and depth, and accounts for chronic and acute releases. Both the river and lake
models account for the points of discharge and intake of water. - ,

- - A o

The modeling of surface water transport requires input of the imitial liquid
contaminant concentrations, the rate of discharge to the river or lé.ke, and numerous
characteristic dimensions of the surface water under consideration. The model does not
calculate rates of discharge due to trench overflow or other modes of overland contaminant
transport.

PA_THRAE simply dilutes contamination reaching surface streams or rivers by the
annual flow rate of that body. No account is taken for the distance downstream at which
that water is used, or lateral and vertical dispersion of the material in the river or lake.

PATHRAE will, however, calculate the amount of contamination released from the trench due
to erosion or trench overflow.
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€3 ATMOSPHERIC TRANSPORT

GENII can implement a variety of atmospheric &SSpersiqn models for use in -
determining doses from acute and chronic releases. The code provides three straight-line

- Gaussian plume models for release durations of 30-240 minutes, 2-8 hours, and 4 hours and |

longer. It also provides an empirical building-wake diffusion model for modeling atmospheric
concentrations close to the point of release. Fmally. the user may input an atmosphenc
d15perszon parameter calcnlated independently of GENII.

The atmospheric dispersion model§ calculate the effective release height, accounting
for buoyancy and momentum flux. The models also account for plume re!]ectlon at the
ground and at the top of the mixing layer. '

The Gaussian plume models are ﬁsed tocalculate atm‘ospherié concentrations for acute
ar d chronic exposures of individuals and populations. For chronic exposures w individuals
the user may input a pre-calculated ratio of air concentraﬁon and source release rate
{CHI/Q). ask the code to calculate thisb parameter for a specified location, or direct the code
to solve for the maximally exposed individual. The latter two options require either a grid
of pre-calculated CHI/Q values or a joint frequency ﬁle; with wind speeds, stabilities and
frequency of occurrence data. Chronic population ’exposuﬁes require the data given above as
well as population distribution data. ‘

Required input for modeling acute releases includes either a time integrated short-
term dispersion parameter (E/Q, similar to CHIQ eﬁ:cept for ins.tantaheou.; releases) or a
location of interest. The latter option also requires input of either a gﬁd of pre-calculated
E/Q values or a set of j joint frequency data. Population dxstnbutxon data are reqmred for the
population caleulations. ‘

The building-wake model is based on empirical data from seven locations. The basic
model is incorporated into a composite model to allow better prediction of air concentrations

- near the source and to asymptotically approach the Gaussian plume model at lérge distan?;es. '

Additional sub-models are used to improve prediction of the behavior of elevated releases for
short stacks and rooftop vents.
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- PATHRAE also models atmospheric dispersion .uSing the Gaussian plume model,
accounting for effective release height and reflection at the top of the mixing layer. It isless
versatile than GENII in that it does not provide for as wide an array of atmospheric releases.
of different durations. Also, PATHRAE provides no capacity to model releases affected by

building wakes. However. this latter aspect is likely mnmportant for the present
application.

]

C4 SOIL TRANSPORT DYNAMICS

GENII models the accumulation of radionuclides in soil as a result of deposition from
airborne contamnatmn, biotic transport, manual redxstnbutxon, and ungatxon Soil
accumulations are also depleted due to resuspension a.nd upta.ke by crops.

'Inl PATHRAE, the soil compartment is comprised of three discrete components: the

* surface soil, the deep soil and the buried waste. The buried waste component differs from
the deep’ soil layer as the existence of a waste package, with a Enite lifetime, may be
modeled. A fourth component, situated between the surface and deep soil layers can lL/
consxdered to exist through the appropriate application of rootmg depth fractions.

Contamination may be lost from the surface soil through harvest rermoval, radioactive
decay, and leaching to deeper soil layers. The loss of nuclides from the surface soil due to
leaching is modeled using leachingr based on the distribution coefficient (K,). Radionuclides - -
in the subsurface soil may be transported to the surface soil by root uptake through physical

7 transport by ammals or by buman intrusion. Nuchdes may also be deposxted on the surface
| soil by atmosphenc deposition.

PATHRAE accounts for the rem'-val of radionuclides from the soil through decay and
leaching to deeper soil layers. Contaminants in the root zone may be assimilated by plants
- grown at the site. Nuclides in subsurface soil may be excavated through human intrusion

as well. No provision is made in PATHRAE to model the impact of animal intrusion.

«
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C.5 FOODCiIAlE TRANSPORT

GE‘III models exposures resulung from the consumptxon of contammat.ed water, plant
material, and animal products. Inadvertent i ingestion of soil and water, e. E during swimming,
may also be evaluated. ’

Plants may become contaminated due to direct depositioh of airborne or waterborne
contaminants or through root uptake. Depositional uptake accounts for deposition and
retention rates, translocation rates f'rom the plant surface to the edible portion of the crop,
weathermg and the length of the growmg season, and delay time between harvest and
consumption. Root uptake of contamination consxders root distributional characteristics in
a limited fashion and the plant concentration factor for each Anuchde under consideration.

- GENII provides émpirical relationships for calculating the plant interception fraction
for atmospheric deposition. “These relationéhips address grassés. leafy vegetables and grains,
and fruits and other vegetables separately. These formulations providé an alternative to a
uniform fraction for all types of vegetation, currently used in most RAE assessments.

Concentrations of radionuclides ére conéidered in a number of animal products,
including meat, milk, poultry, and eggs. Contamination is assimilated following the

consumption of contaminated hay, fresh forage or grain, or any combination thereof. Account

is taken of the delay time between slaughter of the animal and the time of consumption by _

humans.

Consumphon of aquatic foods 1s also addressed by GENII mcludmg fish, mollusks,
" invertebrates and water plants. Radmnuchde concentrations in these foods are calculated
using bioaccumulation factors, and account is taken of delay time between harvest and

consumption.

GENII also provides the ability to model exposures due to consumption of foodstuffs

contaminated as a result of acute releases. The-initial deposition on the ground and plant
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surfaces is determined from the iﬁtegratéd gir concentration or the _integrat.gd water
concentration (used for irrigation). '

The incorporation of radionuclides in plant tissues and, ultimately animal tissues, u
following an acute release will depend on the seasan of the year and the corresponding plant
growth dynamics. The rate of uptake of contamination due to consumption is given by a time
integral over the consumpiion pei'iod. This integral accounts for radioactive decay that occurs
during the groivizig season and prior to consumption uf the crop or animal product.

The treatmert of foodcbain transport in GENII is similar to that implemented in
PATHRAE. GENII provides more opportunity for input of a diverse diet than PATHRAE and
also provides an empirical approach to the calculation of plant interception fractions. GENII

also provides the opportunity to- model foodchmn transport under acute release oondmons.
whereas PATHRAE does not.

C.6 RADIOLOGICAL DECAY CHAINS
. The decay chain processor in GENII yield; the activity of any member of a decay chainu
‘as a function of time from any initializing condition. Variants of the processor provide the
total activities of chain members for conditions of continual input of the parent to the system.

The chain processor utilizes a recursive application of the Bateman equations.

The capability to consider decay chains is also present in PATHRAE for specified
radionuclide decay sequences. The Bateman equations are a.lso the ba‘sxs for calculation of
_ daughter concentratxons in this computer model. '



C.7 DOSIMETRY -

GENII is capable of modehng exposures to pupulatmns or mdmduals under chronic
and acute release conditions. Indmdual exposures may be tailored to address the average
or maxxmally exposed person The basis of the modeling of exposures is described below.

C.7.1 External Exms__l_g-g Modelfnz |

The ISOSHLD code is the basis of calculations of external exposures due to
~ submersionin a cloud of radioactive materials, immersion in contaminated water, and direct
| eprsure to plane or slab sources of contamination. ISOSHLD can also be used to model a
variety of source and shielding geometries to generate radionuclide dose factors for use in
GENII runs. Source geometries which can be addressed include pdini. line, spherical, slab
and cylindrical sources.  Slab, spherical, cyhndncal and cyhndncal and slab shield
conﬁguratxons can all be modeled mth GENII

Exposures due to air submersxon can be modeled using either a semi-infinite or finite
plume model. The former model is based on the assumption that the plume is semi-infinite
in size, bounded by the ground plane, and that the energy deposmon per unit volume of air
is equal to the rate of energy emission per unit volume. The finite plume model considers
the size and shape of the plume to estimate the actual dose rate at the center of the plume
at ground level. Each approach may be used to model acute and chronic release scenarios.

External exposure modeling - for aquauc recreational actnntles consxders direct -
radiation received during boating, swzmmmg and shoreline actmtxes Boatmg and swimming
exposures consider radionuclide concentrahons in the water, while shoreline exposures result

from sediment contaminant activities. Shoreline exposures take into account the finite size
of the shoreline, '

External doses re_zceived from surface soil contamination consider contamination from
airborne deposition for the average individual or population. Soil contamination due to
irrigation is also considered for the maximally exposed individual.
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PATHRAE does not consider external exposures due to submersion in a contaminated -
plume nor from recreatxonal activities. Exposures from ground surface contamination is

‘modeled in a manner that accounts for the finite size of the source and for bmld-up in the soil U
layer.

.12 Internal Exposure Modeling

Internal dosimetry is performed in GENII using the task group lung model®® and the
- Eve Gl-tract model. ®9 Thess models are linked to the transfer compartment, from which
- nuclides may tra.nslocated to additional organs or tissues. Nuclide concentrations in each
compartment of the complete model are calculated taking into- account rates- of intake and

excretion and radiological decay during the material’s residence time.

A number of specialized models are used to account for certain compartments and/or
conr.aminax,m-z.in greater detail. The alkaline earth model addresses the dynamics of the bone
in greater detail. The iodine model allows calculation of doses to the fetal thyrcid from jodine
ingestion by the mother. The tellurium/iodine model accounts for’the formation of iodine,

through the decay of tellurium. The radium/radon, tritium, and carbon models account forb
peculiarities of those nuclides.

. Using these 'mod_els; GENII calculates the incremental doses to each organ. These
doses are combined to arrive at annual, committed and cumulative doses.

PATHRAE dose calculations are limited t.o ‘whole body committed doses and
corresponding health risks. Individual organ doses are not ca._[culate'd.'
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C.8 INPUT/OUTPUT REQUIREMENTS -

C.8.1 Data Input

" The tybes of data réqui:ed to operate GENII are, generally, similar to those used in
PATHRAE. The additional detail to which GENII goes in ‘modeling some of the pathways
results in the need for more data, however. '

The GENTI coxﬁputar program provides default data for the majority of the input
parameters required for operation. While many of these data may be changed by the user
through the interactive interface to the code, a number of parameters cannot be explicitly
reviewed. An example of this is the vast majority of nuclide-specific data.

This asApec(of model operation is important to keep xn mind as 1t is relatively easy to
respond to the prompts for data input and to overlook those parameters for which no data
éntry was réquired. In order to changé the default data in these situations, the user must
edit various default data files provided with the code.

C.8.2 Code Qutput

The nature of the output from GENII will depend on the feport options selected by the
user. The Annual Effective Dose Equivalent (AEDE) report option provides the committed.
dose from one year of exposure. Dose output by radionuclide or pat:hway may be obtained )
by selecting other report options.  Finally, the model allows the @S‘ef to see intermediate
'output on the screen during execution. This information, to be used for debugging, is cryptié
and requires a higb'level of familiarity with the model to 'interpret;

Regardless of the report option chosen, output from GENII includes a short summary
- of selected input data. The model indicates whether the simulation considers near or far-field
exposures, chronic or acute releases, and individual or population exposures. The transport

and exposure pathways mor':led are displayed, as are the times of exposure and the input
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source compartment inventories. Selected data are then displayed for the various transport
and exposure pathways under coasideration. A complete summary of the input data is not,
however, supplied with the output. ' (

Selection of the AEDE report option results in a printed summary of committed dose
~equivalents, weighted and unweighted, by organ, as well as the external dose. The

| controlling organ, pathway and nuclide are given as are the effective dose equivalents for the

ingestion and inhalation pathways. Additional output provides the cumulative dose over the

dose commitmnent period and the dose for the maximum year of exposure. The output is

completed with a summary of nuclide doses due to ingestion, inhalation and external .

~exposure.

‘The pathway report option; provides committed dose equivalents by exposure pathway
for exposures due to ingestion and direct radiation. These pathways include the various
types of foodstuffs consumed for the former and the exposure conditions, e.g. air submersion,

surface soil and water immersion, for the latter.

Committeﬂ dose equivalents are provided by radionuclide for the remaining report
options. These doses are given for all organs considered by the model. , ( x
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