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I 'EXECUTIVE SUMMARY

The Utah Department of Health, Bureau of Radiation Control (UDH/BRC) regulates

a radioactive waste disposal facility near Clive, Utah that is currently licensed to receive and

dispose of naturally occurring radioactive material (NORM) wastes. UDH1BRC anticipates.

the possibility that the licensee 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 radioactive constituents.

* ' . This report documents an assessment ofthe potential public health impacts associated

U ' with radioactive waste disposal at the Clive facility. The purpose of this report is to identify

limits 'on radionuclide .concentrationis in the wastes proposed for disposal to ensure that

i radiological doses to persons who might be' exposed do not exceed prescribed regulatory

limits.

E.1 METHODOLOGYI

5 The PATHRAE computer model was used to estimate potential radiological doses

(effective whole-body dose equivalent) to workers and the general public from radioactive

| waste disposal at the Clive facility. PATHRAE was developed for the U.S. Environmental

Protection Agency (EPA) to assist in the development of generally applicable environmental3| ' ' " '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 off-site pathways include groundwater transport to a river or a well,

surface (wind or water) erosion, facility overflow, and atmospheric .transport.: The on-site

i pathways include direct gamma exposure, dust inhalation, food grown on1 the waste site,

biointrusion, and radioactive gas inhalation.

.~- r-a
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I . For this assessment of the radiological risks from waste disposal at the Clive facility,

potential exposures to on-site workers; off-site members' of the general public, and post-

closure site reclaimers were evaluated. Three reclaimer'scenarios -- intruder explorer,

intruder-construction, and intruder-agriculture were modeled.

Exposures to individuals were calculated based on unit concentrations (1 pCi/g) of each

radionuclide postulated to be present in waste disposed at the Olive facility. The unit

concentration dose results were 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 uni cocnrto ose results provided scaling factors

by which the unit concentrations were multiplied to determine the maximum permissible.

concentrations of radionuclides in the waste.

E.2 ; REGULATORY'ASSESSMENT':

I State and federal regulations were reviewed to identify requirements that may be

I: applicable to waste disposal at the Clive facility and to identify dose criteria to be used in this

risk assessment.. State of Utah regulations.for the land disposal of radioactive waste, which

are modeled after 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

(in terms of effective whole-body dose equivalent) adopted for this analysis include:

I . .;.'
25 mrem/yr to any maximally, exposed off-site individual and to the

. . 'intruder-explorer.

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

I. ,.- . . * .
* 500 mrem for acute exposure to a reclaimer. after site closure (the intruder-

construction scenario).

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

_ * **. .~~~~~.-. ... .. . ..
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E.3 DISPOSAL SYSTEM CHARACTERISTICS

The Clive disposal site is located in* Tooele County approimnately 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 former

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 annual rainfall of about

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

contains high total dissolved solids and certain naturally occurring radionuclidebs that make

it unfit for human consumption. There are no perennial surface water bodies within 3.2 km

(2 mi) of the site, nor.even gullies that would indicate intermittent channelized flow.

M6ot of the land' within a 16 km (10 mi) .radius of the .site is public domain

administered by the Bureau of Land Management. There are no industrial, commercial, 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 cell cover consists of a 2.30 m

(7.5 ft) thick compacted clay liner which' serves as a radon barrier, a 0.15 m (0.5 fL) thick

layer of sand, and a 0.45 m (1.5 ft) thick layer of rip-rap. The top of the cell is sloped to

facilitate runoff of rainwater.

.Wastes being.considered for disposal include contaminated soil and structural debris

with very low concentrations of radionuclides. Racionuclides assumed to be present include

nuclides commonly encountered in radioactive materials and transuranics. For this analysis

the radionuclides are considered to be dispersed more or less uniformly throughout the waste.

ES-3



E.4 RISK ASSESSMENT
. -

The exposure scenarios evaluated f6r'ithis 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

'during facility operations. Foran 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.

Since 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, dust

inhalation, food consumption, and groundwater to a well; For the intruder-construction and.

intruder-agriculture scenarios, dose assessments were made at the end of the 30-yr custodial

period.and 1,000 years after site closure.

I -
I ..

i..- . ..

The assumed exposure scenarios for the off-site individual and the agricultural

intruder are standard risk assessment scenarios. However, they are certainly conservative,

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, based 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. Since, in evaluating pathway doses, the entire radionuclide inventory was

I . ..:

ES-4 . . .
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TABLE E-1, , ,',

EXPOSURE PATHWAYS USED IN DOSE ASSESSMENTS

... it

.,

. Exposure Pathwayue

Exposure Scenario

Intruder Construction

30 yrs 1000 yrs

-Intruder Agriculture
Intruder

30 yso. - 100 yrs . Explorer

* Maximum
Off-site

,: Individual
On-Site
Worker

| Groundwater to Surface Discharge-

Groundwater to 1 m Well at 30 years

Groundwater to 1 m Well at .1000 years,

Erosion to River
n Site Overflow to Surrace Water

*Food Grown on Site at 30 Years
I Food Grown on Site at 1000 Years

| Direct Gamma - Maximum Explorer

,|Direct Gamma - Agricultural at 30 years

Direct Gamma - Agricultural at 1000 years

Direct Gamma - Construction at 30 years

! Direct Gaihma - Construction at 1000.years

Direct Gamma - Operaitional.On-site

Direct Gamma . Operational Ofr-site
Dust - Agricultural at 30 years

Dust - Agricultural at 1000 years

b uit - Construction at 30 years'.

Dust - Construction at 1000 years

Dust - Operational On-site

; ! Atmospheric Transport of Dust Off-site

.

0.

* -

.

. . .a

a

a

a

a

a

a



I . postulated to be available for producing exposure via that pathway, summing the pathway

doses results in conservatively, high estimates of total, doses. to potentially' exposed

| . individuals. .

E.X 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 concentration

limits. Proposed radionuclide concentration limits for waste disposal at the 'Clive facility, and

the exposure scenarios that provide the bases for these limits, are shown in Table E-2.

I 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 off-

' 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 noted, neither the maximum off-site

individual scenario nior the intruder-agriculture scenario may be realistic for 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 magnitude.

3 ' .. As shown in Table E-2, some of the suggested limiting concentrations in Clive wastes

exceed the 2,000 pCi/g limit used by the .U.S. Department' of Transportation (DOT) to'3 determine if a waste shipment is considered radioactive material and should be labeled and

placarded as radioactive material during transport. Suggested limiting concentrations in

i Clive wastes are generally either smaller or almost the same as limiting concentrations in

10 CFR 61 Class A wastes.

I ...
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TABLE E-2

SUGGESTED RADIONUCLIDE CONCENTRATION LIMITS

All Scenario. Consldered Unrealistic Scenarios Excluded"

- Ai

Ct
* Cr

Cr

Cr

Cr

CD

Cn

Cc

Cs

Cs

Fe

1.1

Mr

Na

Nb

Ni.

Ni

Pu

Pu

Pu

Pu

Pu
*Pu

* Pu.

Ra.

Ra.

Ru.

Ru

Snr-

Sr-!

Br-1

* Tc-'

Th.

Th-

Th.

U-2

U-2

U-2

U-2

U-?

Zn8

Limiting Exposure
rucuida Scenario

m-241 Olfaite Individual

m-243 Olliite Individual

.14 IntruderAl (1000)

1d109 Maximum worker

n-242 Offalite Individual

m-2420 Ofraite Individual

n-243 Oftlite Individual

n-243* Offait individual

n-244 Offaite Individual

n-2440 Offaite Individual

-57 Oaite Individual

40 Oaite Individual

.134 Offaite Individual

-137 O11aite Individual.

.55 Maximum worker

3 Ofraite Individual

29 Intruder Ai (1000)

i-54 Offlli Individual

L-22 Offaite Individual

-94 OCfaite Individual

.59 Maximum worker

.63 Oaite Individual

i-237 Olfaite Individual

-238 Ollaite Individual

-2380 Oaite Individual

-239' Ofraite Individual

-240 Oftrite Individual

-241 Ofraite Individual

-241* Offite Individual

-242 Ofajite Individual

-226 Offaite Individual .

.2260 Oflaite Individual

.106 Offaita Individual

-106' Offtite Individual

.113 Ofraite Individual

90 Ofruite Individual

90o Ofraite Individual

99 Intruder Ag (1000)

.230 Ofraite Individual

-232 Offaite Individual

.2320 Offaite Individual

Z34 Orite Individual

35 Ofraite Individual

Z36 . Oraite Individual

38"' Oliiite Individual

IaL Ofiite Individual

65 Ofraite Individual

Does Allowablb
Concentration

Concentration Exceed DOT
Limit (pCt/g) 2,000 pCI/g Lmit?

1.7E+02

1.7E+02

1.5E+02
4.6E+04 Yee

1.6E+05 Yen

1.6E+02

l.IE+02

6.SE+01

4.6E+02

1.2E+02

1.7E+02

8.3E+00

l.lE+01

2.8E+01

1.BE+06 Yes

2.3E+09 Yee

2.5E+03 Yes

2.2E.+01

8.4E+00

l.IE+01

6.9E+04 Yea

1.5E+07 Yea

1.7E+02

2.1E+02 .

1.6E+02

1.7Ee+02

1.7E+02

1.3E+04 Yee

8.6E+01

1.SE+02

2.3E+03 Yea

l.lE+01

2.7E+06 Yes

8.0E+01

3.2E+03 Yea

8.3E+04 Yes

8.3E+04 . Yea

1.7E+01 1

2.7E+02

5.4E+01

7.1E+00

*6.61+02

1.lE+02 .

7.lE+02

7.iE+02 - :

6.8E+02

3.4E+01 r

Limitng Erposure
Scenario

Maximum worker

Maximum worker

Maximum worker

Maximum worker

Maximum worker

Maximum worker

Maximum worker

Maximum waorker

Maximum worker

Maximum worker

Maximum worker

Maximum worker

Maximum worker

Maximum worker

Maximum worker,

Maximum worker

Maximum worker

Maximum worker

Maximum worker

Maximum worker

Maximum worker

Maximum worker

Maximum worker

Maximum worker

Maximum worker

Maximum worker

Maximum worker

Maximum worker

Maximum worker

Maximum worker

Maximum worker

Maximum worker

Maximum worker

Maximum worker

Maximum worker

Maximum worker

Maximum worker

Maximum worker

Maximum worker
Maximum worker

Maximum worker

Maximum worker

Maximum worker

Maximum worker

Maximum worker

Mtaxtmum worker

Maximum worker

Concentration
Limit (pCI/g

2.3E+02

I.7E+03

2.4E+09

4.6E+04

1.4E+06

8.1E+03

.ISE+03

1.3E+03

2.7E+04

7.4E+03

1.9E+04

'3.6E+02

1.2E+03

6.6E+02

i.SE+06

1.4E+1l

3.IE+03

-5.6E+03

7.8E+02

1.6E+02

6.9E+04

8.5E+08

2.OE+03

l.lE+04

8.2E+03

9.9E+03

1.0E+04

8.6E+05

I1.E+03

I.OE+04

1.SE+04

1.5E+02

1.7E+08

1.9E+04

7.3E+05

6.E+06
6.4E506

6.7E+08

1.6E+04

33E+03

l.OE+02

3.7E+04

7.7E+02

3.6E+04

2.8E+04

I.BE+04

l.lE+04

Doea Allowable
Concentrsition
-Exceed DOT

2,000 pCli~ Limit?

Yes

Yes
Yea

Yea

Yes

Yes

Yes

Yes

Yea

Yes

Yes

yea

Yes

Yes

Yea

Yes

Yes

Yes

Yes

Yea

yes

Yes

Yes

Yes

Yea

Yes

Yes
Yea

Yes

Yes

Yes

Yea

~~~~.-_.. -*.-.-.-. _ .._.__.:._.______:___._,

. Denot dose rates generated by nuclide plusitssiignificant daughi iiequilibrium. - -- : .

* Unrealistic scenarios are off-site individual and intruder-agriculture.

'' Apprupriate for depleted uranium provided the waste fori is similar to sandy or loamy *sl.
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E.6 POTENTIAL FOR. WATER ACCUMULATION IN CLIVE DISPOSAL UNITS

Because the soil at -the Olive site has low permeability, the' potential e.xists for the

accumtilation of water that infiltrates into the disposal units through the engineered cover

system. If su~fficie'nt water percolates into the disposal units and accumulates,'the water

* might eventualb] o verflow the units and spill onto the ground, posing a radiological hazard

to site intruders.

Two 'computer models, the HELP model and the tUNSAT-H model, were used to

n ult of the*

* evaluate the potential for water accumulation in the Clive disposal units. The resulso h

computer simulations'sho'wed that it is unlikely that water will accumulate in these disposal

units. However, the potential for water acciumulation depends on the hydraulic conductivity

* of the native soil immediately below the units.' If the hydraulic conductivity oftihis material

is significantly reduced 'through compaction of the soil during disposal unit construction,

water might accumulate in the units after they are failled with waste and ca'pped.

E.7 IMPLEMENTATION CONSIDERATIONS

The oncentration limits in Table E-2 can berimplemented 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 rail cas), or to all of the waste shipped to the site

by a particular generator during a year. The most conservative and straightforard approach

is to apply these limits to each individual shipping vehicle bringing waste to the disposal

facility. This :approach shoiild generally yield annual average concentrations at the dispo sal

facility that are much smaller than the concentration' limits of Table E-2.

The least 'conservative approach is to allow each Waste generator to conform. to the

concentration limits on an annual basis.. This approach would be the most difficult to control~

.. .

Twtemsof computer conentration limit cmpdlance FutherUSTHmo del, thsap whcudresusedto

evaluate sheipotentsbing. frecwater acwatio -th h Cie disposal sitnits. er Tihe 'radiouliofte

concentersiuations 'soe that itil s wast handlingl tatdep r ptrobilem 'acmlto on-sthee workesal
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. The limi iting 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 analyses 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 operations viill 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

thboughout the'waste.

. ..

. ... .- . .. , . . .
7
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* . -1. INTRODUCTION

This' rejport documents an assessment of the potential public health impacts associated

with radioactive waste disposal at a facility near Olive, Utah. The assessment includes

* Evaluations of potential-radliological doses' from wastes disposed at a facility near Olive,

Utah and suggested limits on radionuclide .concentrations to ensure that these doses do not

* exceed prescribed regulatory limits.

* The Utah Department of Health,.Bureau of Radiation. Control (UTDHJBRC) is

responsible for regulating certain activities involving the disposal of radioactive wastes.

*Rogers and Associates Engineering Corprtion (RAE) is providing technical assistance to

UDHI/BRC to determine limits on the radionuclide concentrations that might 'apply to the

disposal of radioactiv~ewastes at a facility near Clive, Utah. The facility is currently licensed

to receive and dispose ~f nati~irally occurring radioactive material (NORM) wastes. UJDH/RC

*anticipates the possibility-that the licensee may .apply to the state'to allow ithe disposal of

other largelvolume wastes with 'low concentrations of other than NORM. radioactive

cntituents. Wastes beint -considered for 'dispb sal 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 preclude'd their acceptance for'

* disposal at currently licensbd 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 involyes 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 facility and the impacts, in terms of radiation

* exposures to hunians arerconservatively evaluated. The PATHRAE computer mnodel is used

to estimate potential radiological doses to workers and the general public from unit

radionuclide concentrations in wastes disposed at the Olive facility. Applicable dose and risk

. ~ ~ .. ..

.

Throughout this report documethe taessme "os f-tothe effentialbive hea iacs dss

witqraivaletivewasured dispsa atafciiynerrUa. h sesmn icue



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 cniteria.

Chapter 2 of this report provides a description of the methodology used for this

assessment. This includes an overview of risk assessment methodology aid a brief

description of the PATHRAE computer model used to project potential doses from waste

disposal operations.

Chapter 3 is a review of federal and state radioactive waste disposal standards and

requirements that could provide guidance for regulating the disposal facility near Clive. A

primary objective of this review is the identification of applicable or relevant dose criteria 'to

be used in establishing radionuclide concentration limits.

Chapter 4 is a presentation of the information and assumptions used to simulate the

disposal system at tlhe Clive site and to perform the risk assessment.; The site, the disposal

cell, and the waste are all characterized in sufficient detail to provide the information

necessary for the dose calculations.

Chapter 5 presents the results 'of the risk assessment and the radionuclide

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 limits for 10 CER 61 Class A LLW and typical LLW with low'levels. of

radioactive content.

Chapter 6 presents the basic requ'irements.of an implementation plan to ensure

compliance with the radionuclide concentration limits proposed in Chapter 5.

.
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2. METHODOLOGY

The objective of this investigation is to determine limits for radionuclides in wastes

that can be safely disposed at a radioactive waste 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 concentrations of radionuclides in the wastes

: proposed for disposal. The risk assessment results are then combined with applicable dose

criteria to infer limits on the concentrations of radionuclides' that can be allowed at the

subject facility without endangering public health.

This chapter provides a description'of the methodology 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 potential doses to individuals from the proposed

disposal operations. Section 2.3 is a summary of the dose criteria used to establish

radionuclide concentration limits for wastes disposed at the Clive site.

2.1 'RISK ASSESSMENT METHODOLOGY

Risk assessment consists of estimating releases of radioactive contaminants from the'

disposal facility; modeling the transport of radionuclides to locations accessible to humans;

* and calculatingexposures or doses to persons coming in contact with the contamination. The

calculations must account for all reasonable opportunities for huian 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.

- ~ ~ ~ . .. *7~ †; .. ......
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,2.1.1 Contaminant Release Mechaniisms

The means by which 'radionuclides- may be released from a disposal site to the

*environment depend upon site -conditions an'd the na'ture of the disposal facility. 'Generally

* speaking, release mechanisms may be classified as resuspension, leaching, and accidental

*release.,

Resuspension

Resuspension of surface contamination may play an important r~ole in the dispersal

of radionuclides from disposal units in arid regions. The resuspended contamination may be

from waste that ha's not yet been covered, spillage of contaminants during op'erations,

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.

Leachi-fi

At many sites, water is the most importtint-medium for the mobilization of

radionuclides from the disposal unit. -Water infiltrating into the disposal unit wilfl leach

contmnnsfo h at.Te water infiltration rate will depend upon the precipitation

rate at the disposal site, hydrogeologic properties of the soil, and natural features of the'site

or engineered features of the disposal system that channel runoff or divert it from the

*disposal units.. The rate of leaching will. be influenced by the amount of water passing.

through the waste, the waste form, and nuclide-specific properties such as distribution

* co~fficients.

Because the Clive site is located in an arid reigion, theD imp6rtdnce of water as a

contaminant release mechanism will ziot be as great as it is for d ~pb~al sites in regionso6f

high. average -rainfall.'



'Accidental Releases

Accidental releases differ from the mekhanisms described above in that they are

generally sudden, in contrast to the more deliberate nature of atmospheric (i.e., resuspension)

and hydrologic releases. Accidental releases are also discontinuous; i.e., they typically have

both a beginning and an 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 radiological assessments, the doses associated with accidental releases have not been

limiting."' Therefore, in this assessment, doses from accidental releases are not evaluated.

2.1.2 Transport Pathways

Waste conominants released from a disposal facility are available for transport to

locations where they can come in contact with humans. As depicted in Figure 2-1, transport

mechanisms may include atmospheric, hydrologic, and foodchain pathways.

Atmospheric Pathways

Airborne contaminants (e.g., those contaminants 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 are calculated with a Gaussian plume

atmospheric dispersion model which uses a virtual point source approximation for area

sources. The plume of suspended radionuclides is assumed to move at a height-independent

wind speed to the receptor location. c model accounts for plume depletion, effective plume

height, and stable air layers, at high-altitudes. Neutral atmospheric stability is generally

assumed to prevail.

Hvdrologic Pathways.

Hydrologic pathways include groundwater and surface water pathways. Both of these

pathways can resilt in the -migration of r~adionudcides 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 nver.

| Transport velocities may be calculated'using either saturated or unsaturated flow models.

Contaminants migrating along hydrologic flow paths typidally 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

i ' radionuclide migration rates.

| Depending on precipitation, infiltration rate, and hydrogeologic characteristics, water

. contaminated with radionuclides may overflow the disposal cells and, discharge onto the

3 natural surface of the site. When this occurs, radioactive contamination is added to the

1 '. surface inventory of nuclides already present from operational spillage or from erosion, if any,

* of the disposal cell cover. This ground surface contamination 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 exposu're of persons

standing on the surface or enter plant systems through root uptake.

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

| plants. Animal products, including meat and milk, may become contaminated due to animal

consumption of contaminated feed or consumption of water from a contaminated well or

|. stream.

2.1.3 Exposufre Pathways . '

I.
The potential routes through which people may be exposed to radioactive 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 airbo~rne contaminants and ingestion of contaminated focd.ituffs. and water.

2.2 THE PATBHHAE COMP'UTER MODEL

2.2.1 Model Description

* Potential risks to individuals from' 'waste disposal at the Olive facility were estimated

using the. PATBRAE computer model.(2 The PATBRAE model was developed. by R~AE to

*assist the U.S. Environmental Protection Agency (EPA) in the development of generally

applic able environmeiital 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

awide variety of land disposal alternatives ranging from sanitary landfill disposal to a deep

geologic repository> The model-is designed to assess the risks -from disposal at sites with

diverse hydrologic, climatic, and demographic characteristics.

The principal advantage of PATERAE is its simplicity of operation and presentation

*while still allowing a comprehensive set of nuclides and pathways to be analyzed. PATB{RAE

*can be installed and oper'ated on IBM and IBM-compatible personal computers. Site

.performance for radioactive waste dis'posal can be readily investigated with relatively few

parameters n'eeded to define the problem. For example, key site parameters are found

generally to include:

*eFacility size and capacity.

'Facility operating time.*...

* Depth for emplacement of waste.

*Cover thickness ~and permeability. * *-** . * . . *

Precipitation.

*Soil retardation characteristics. ..
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Depth to the aquifer.

* Aquifer distance to accessible location.

* Aquifer velocity.

The PATHRAE model can be used to calculate maximum effective dose equivalents

(doses) to workers during disposal operations, to off-site individuals after site closure, and to

reclaimers and inadvertent intruders after site closure. Results include individual dose rates,

organized both by radionuclide and as a function of time for each exposure pathway, as well

as total dose rates with time.

2.2.2 Transport Pathways Modeled

The PATHRAE methodology models both off-site and on-site pathways through which

persons may come in contact with contaminated waste. Thes'e pathways are shown

schematically in Figure 2-2. The off-site pathways include groundwater transport to a

surface river or a well, surface (wind or water) erosion, facility overflow, and atmospheric

transport. The on-site pathways include direct gamma exposure, dust inhalation, food grown

on' the waste site, biointrusion, and radioactive gas inhalation. On-site pathways of concern

arise principally from worker doses during operations and from post-closure site reclamation

(intruder) activities such as constructing a house and living on-site,'growing edible vegetation

on-site, and drilling wells for irrigation or drinking water.' Brief descriptions of each

transpoit pathway that is shown in Figure 2-2 are given in the following paragraphs.

Groundwater Migration with Discharge to a River

This pathway starts with the mobilization of radioactive waste components 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
* E- * a

stream. The contaminated surface streamis used for irrigation, Watering livestock, fishing,

or domestic purposes..

. ..... .... ._.
~.. ...... ......... ............................ .......
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This transport pathway is not considered viable for the Clive site because of the very

low rainfall arid the: absence of any perennial streams in the vicinity of the site.

Consequently, doses resulting from this actuary were not modeled in this assessment.

Groundwater'Mizration 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 used for irrigation, livestock,

or domestic purposes.

Surface Erosion of Cover Material and Waste

Wind and/or water erosion results in the gradual removal of the cover over the waste

and, eventually, the slow removal of the waste itself. The eroded waste is transported to a

nearby surface stream where it contaminates 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.'

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 Transport

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 resuspended material to an off-site location

where an individual is presumed to breath the contaminated dust.

2-9 . .



* nhalation ~,f adioatctive Dust On-Site

* * 
2 Radioactive dust might be resuspended duriihg disposal operations or by reclaimers

digging into the waste at the conclusion of the post-closure care period. Thisijathway traces'

the effects of the inhalation of contaminated dust by an on-site -worker -ori by. a reclaime~r

* excavating a basement and/or a well after sitedcosure.

Cons-um~ption, of Food Grown on the Waste Site

This pathway* traces the effects of eating food grown on reclaimed farm land and

accounts' for -potential exposures of individuals to waste materials through 'the human

foodchain.' A basic assumption for exposure 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 ecible crops and animal forage. Inidividual-sare assumed to get some fraction'-

of their food needs from contaminated crops, mreat, 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 undisturbed subsurface

waste materials. The crops are presumed to absorb waste materials through root uptake

after which the crops are eaten by hum ans or used for animal forage. The difference between

this pathway and the reclaimer farmer p~athway is that no "excavation of waste material -by

the reclaimer occurs'.-

Direct Ga~mma Exose

IThis exposure pathway calculates the external radiation dose 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 prdvided

by the 'cover decreases with time. ' The source term also decreases with -time due to

… --. … *** ~~~~** ~~ . .--- * * . ~* . * ... . .
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radioactive decay: To'calculate dose' to individuals from this pathway the conservative

assumption is made that no loss of contaminants to the groundwater pathway occur's due to

leaching.

PATHRAE doe's not calculate the direct gamma dose to an -off-site individual. Tlhe

-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 evaluation's

by the fenceline which is 100 ft from the edge of the disposal unit.

Radioactive Gas Inhalation

This pathway calculates the effects on a reclaimer of inhaling radon and radon

daughters while inside a structure built over the waste.

2.2.3' Environmental Foodchai"n~ialysi§

Foodchain analyses performed by the -PATHRAE model use the EPA methodology

contain~edin the PRESTO-EPA codes. The foodchain c'aictlations consider directfconsumption

of contamnixated water, use of this water for animal consumption and irrigation of vegetation,

consumption of contaminated vegetation by humans and animals, and human consumption

* of contaminated milk and meat from the'animals. The foidchain calculations also consider'

*vegetation grown directly. in contaminated soil, 'With consumption of the vegetation by

humans and animals, and subsequent human consiumption'of contaminated aial products.

The foodchain calculations include transfef -factors to vegetation and animals, as well as

consump tion rates for water, vegetation, meat, and milk.

For convenience; the routixies 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 anin iulfom all potential sources associated with

that variable. Fdr inhalation, the variable used 6t 'quantify uptake is just the breathing rate;

For ingestion pathways~ involving contaminated water, the uptake factor is the total
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equivalent quantity of drinking water, in liters/yr, that would have to be consumed by a

person to give the same radionuclide uptake that occurs from consumption of contaminated

vegetation, meat, milk, and seafood, as well as from the actual consumption of drinking

water. For pathways involving the consumption of food grown on a waste site, the uptake

factor is the equivalent amount of waste material (kg/3r) an individual would have to directly

consume to ingest the same. amount of a particular radionuclide that he or she ingests by

eating food grown in the contaminated soil.

Since soil-to-plant transfer factors, and other related transfer factors used in

calculating equivalent uptake factors are nuclide-dependent, the equivalent total uptake

factors are nuclide-dependent. . .::

2.2.4 Time Period for the Analyses'

The health impacts to individuals from near-surface disposal 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 reclaimer, and the year in which this dose occurs are

estimated. The maximally exposed off-site individual is assumed to be. located close to the

disposal site boundary (100 ft from the disposal unit edge). For the mobile radionuclides,

* maximum annual doses to this individual occur soon after site closure and almost always

.before 1,000 years.

2.2.5 Exposure Scenarios

For this assessment of the radiological'risks from waste disposal at the Clive facility,

potential exposures to on-site workers, off-site members of'the general public, and post-

closure site reclaimers are modeled. Reclaimers (inadvertent intruders) are persons who are

assumed to enter the closed disposal site after institutional control has ended and to engage

in activities which might disturb the waste and which result in radiological exposures to the

intruders.

. ... .. .
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Three reclaimer scenarios -- intriuder-explorer, intruder-construction, and intruder

agriculture -- were modeled for this- assessment. In the intruder-explorer scenario, the

reclaimer is assunmed simply to wander about the site without disturbing the disposed waste.

In the intruder-coristruction scenario, the reclaimer is assumed' to excavate into the disposed

waste material in order to construct a home on the site. In the intruder-agriculture'scenario,

the reclaimer is assumed to live in a residence constructed on the site, to grow crops onsite

'that provide the reclaimer with a portion of his annual food intake, and to consume meat and

dairy products from animals raised on the 'site.

The exposure pathways by which on-site workers, off-site individuals, and reclaimers

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

2.3 DOSE CRITERIA

This assessment of potential exposures to individuals from radioactive waste disposal

at the Clive facility assumes unit concentrations of each of the pertinent radionuclides that

are preseit in the waste. Emerging from' these calculations are projections of doses (effective

whole-body dose equivalent) to on-site and' off-site individuals from waste containing the

assumed unit concentrations. The unit-concentration dose results are 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 doses provide scaling factors by which'the unit concentrations can be multiplied

to determine the maximum permissible concentrations of radionuclides in the waste.

As described in 'Chapter 3, the dose criteria adopted for this analysis include:

* 25 mrem/yr to any maximally exp6ied 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 site closure (the intruder-
construction scenario).
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' , TABLE 2-1 -

PATHWAYS FOR EXPOSURES TO INDIVIDUALS

* Pathway
On-Site
Worker .

Off-Site
_Individual

Reclaimer
Intruder-
Explorer -

Reclaimer
(Intruder. .

Consrtruction)

Reclaimer
ant~uder-

Agriculture)

*On-Site

Dust X
Inhalation

Food
Consumption

Biointrusibn

. Direct Gamma X -

Exposure

Radon Gas

Off-Site

Groundwater
to River

X X

X

x.
xX

X

Groundwater
to Well

Surface
Erosion

Facility
Overflow

--Atmospheric
Transport

X

X

.. X

: ''
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I 1,250 mremiquarter to an on-site worker during disposal operations.

| These dose .criteria provide the bases for the concentration limits for the low-activity wastes

proposed for disposal at the Clive facility.
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* 3. REGULATORY ASSESSMENT

3.1 INTRODUCTION

In this chapter, regulatory requirements for the disposal of radioactive Wastes are

reviewed to identify requirements thdt may be applicable th the dispo.sal of low-'radioactivity

wastes at a site near Olive, Utah. The purpose of this regulatory assessment is to identify

* applicable or relevant dose criteria and other requirements which might provide staLndards

or guidance upon which to regulate the waste disposal operations. Wastes being considered

* for'dispo"Sal include contaminated soil and structural materials with very low concentrations

of radioactive constituents. These wastes might originate at both regulated and unregulated

generator facilities. While these wastes might require disposal at a regtlated facility, the

large volumes and low specific activities have precluded their acceptance for disposal at

.currently licensed low-level radioactive 'wvas'te (LLW) disposal facilities.

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

and hazardous waste are not reviewed in this assessmeiit.

Disposal standards and requirements that could provide guidance for regulating waste

disposal operations at the Olive facility include State of Utah rej~ulations for NORM wastes

currently accepted at the facility, Federal regulations for LLW` and uranium mill tailings, and

proposed standards for below-regulatory-concern (BRC) w'astes. State *of Utah regulations

* for the land disposal of radioactive waste- are reviewed in Sectioni 3.2. Federal regulations

*for the' stabilization' and .disposal- of mill tailings. and wastes are reviewed in* Section 3.3.

* Regulatory standards that were applied to the disposal ~of the Vitro tailings at the South

Olive site are reviewed in Section 3.4. Proposed criteria for BRG waste disposal are reviewed

ini Section 3.5. Regulatory stiindards; and guidance -which might 1k applicable to waste

* disposal operations at the Olive facility are discussed in Section 3.6!'
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3.2 UTAH REGULATIONS FOR LAND DISPOSAL OF RADIOACTIVE WASTES

The disposal' of commercially generat~d LLW i's regulated by the U.S. Nuclear

* Regulatory Commission (NRC) or by Agreement States authorized by the NRC to regulate

* such disposal. By agreement with the NRC, Utah is responsible for rejulating certain.

* activities within the state involving the possession and use of radioactive byproduct, source,

land special nuclear material. The res ponsible regulatory agency is th~e Utah Department of

-Health:, Bureau' of Radiation Control (UDjHIBRC).

Utah has applied to the NRC for permission to assume additional regulatory authority

-over the disposal of radioactive materials. As propo sed, 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 reguintciry authioritybovejr uranium and thorium mills and over the disposail'of 11e.(2),

byproduct material, (uranium and thorium, mill tailin gs and wastes).

The State of Utah regulates the disposal of naturally occurring radioactive materials

(NORM). The NRC does not exercise regulatory authority over NORM wastes. Typical

radionuclides in NORM prioducts and wastes include Uiranium-238 (U-238), thoriumi-232

.(Th-232), and radium-226 (Ra-226).

Utah licensing requirements for land disposal of radioactive waste are. contained in

Chapter R447-25 of Utah'Radiation Control Aules.?) The Utah-requirements are modeled

after and closely parallel comparable reguilatioris in the NR' icensing requirements for land

disposal of LLW in 10 CFR 61.() The requirements in Chapter R447-25 include requirem ents

on the content of a license applicatidn, financial responsibility,'facility performance objectives,

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

*institutional control,' tbrnination of: license, environmental monitoring, and records and

* reports. In this section, those paragraphi of the Utah regulations peirtaining to pei-formance

*objectives, site suitability, site design, facility operations, site closure', post-closure

institutional control, and environmental monitoring are reviewed for their applicability to the

safe disposal at the Clive site 'of wastes with :very low *concentrations of radioactive

*constituents.
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The licensing requirements for land disposal of radioactive waste for both the State

of Utah and the NRC define low-level radioactive waste as having ibe'same meaning as in

'the Lw-Level Radioa'ctive Waste Policy Act, that is, radioactive waste not classified as high-

level radioactive waste, transuranic waste, spent nuclear fuel, or byproduct material as

defined in Section 11e.(2) of the Atomic Energy Act (uranium or thorium tailings and waste).

3.2.1 Disposal Facility Performance Objectives

Applicants for a disposal facility license for radioactive wastes must provide reasonable

assurance that the facility will be'sited, designed, operated, dosed, and controlled after

closure so that the performance objectives of Sections R447-25-19 through R447-25-22 will

be met. These performance objectives address protection ofthe general population, protection

of inadvertent intruders, protection of individuals during' operations, and disposal site

' stability after closure.

Protection of the General Population - Concentrations. of radioactive material

which may be released to the general environment in groundwater, surface water, air, s6il,

plants or animals shall not result in an annual dose exceeding an equivalent of 26 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.

Protection of Inadvertent Intruders - Design, operation, and closure of the land

disposal facility shall ensure 'protection of any individual inadvertently intruding into the

disposal site and occupying the site or contacting the waste at any time after active

institutional controls over the disposal'site are removed.

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 indicatedb4 ) 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.
.~ . .
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The intruder protection performance objective for low-level radioactive waste disposal

at.U.S. Department of Energy (DOE) and DOE-constructor facilities( 5> provides that:

"the committed effective dose equivalent received by individuals who
inadvertently may intrude into the facility.after the loss of active institutional
control will not exceed 100 mrem/yr for continuous exposure or 500 mrem for
a single acute exposure. .

Protection of Individuals During Operations - Disposal facility operations shall

be conducted in compliance with the standards of radiation protection in Chapter R447-15

of Utah Radiation Control Rules, except for release of radioactivity in effluents from 'the

* facility which shall be governed by R447-25-19 (performance objective for protection of the

.general population). Every reasonable effort should be made to maintain radiation exposures

as low as 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 include a worker whole body dose limit of 1,250 mrem per calendar quarter (equivalent

to 1,250 mrem/quarter). .

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 practicable, the need for ongoing active maintenance of the site following

closure, so that only surveillance, monitoring, or minor custodial care are required.

* 3.2.2 Disposal Site Suitability Requirements'

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

following:

The disposal site shall be capable of being characterized, modeled,
analyzed, and monitored.

. .......
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*Locations where future pdpulation'growth or industrial or commercial
developments might affect.the ability of the facility to meet performance
objectives should be avoided.

Locations with known natural resources which, if exploited, might result
in failure of the facility to meet performance objectives shall be avoided.

The disposal site shall be.generally well drained and free of areas of
flooding or frequent ponding.

* Upstream drainage areas shall be minilmized.

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

* The hydrogeologic unit used for disposal shall not discharge groundwater
to the surface within the disposal site.

* Locations where tectonic processes may adversely affect the ability of the
facility to meet performance objectives shall be avoided.

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

* Locations where nearby facilities or activities could adversely affect the
ability of the facility to-meet performance objectives shall be avoided.

3.2.3 Disposal Facility'Desig'n Requirements

Disposal facility design requirements, prescribed in Section R447-25-24 include the

following:

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

* Disposal site design shall be compatible 'with the site closure plan and
provide assurance of meeting the performance objectives after site closure.

* 'Disposal site design shall facilitate, where appropriate, the ability of the
site's nitural characteristics 'to' meet the perfoimance objectives.

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

* Surface features shall direct surface water away from the disposal units.

I.. .



Site design shall minimize the contact of standing or percolating water,
with waste during storage, disposal, or after disposal.

3.2.4 Disposal Facility Operating Requirements

Disposal facility operating requirements, prescribed in Section R447-25-25 include the

following:

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

* Class C wastes shall be disposed of with a minimum of 5-m of cover or with
barriers designed to protect against inadvertent intrusion for at least 500
years.

.* Only waste classified as Class A, B, or C shall be acceptable for near-
surface disposal.

* Wastes shall be emplaced to maintain package integrity during disposal,
to minimize void spaces, and to permit void spaces to be filled.

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

* The boundaries and locations of disposal units shall be accurately located
and mapped and the units shall be marked for ease of identification.

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

* Closure and stabilization measures set forth in the site closure plan shall
be carried out a's each disposal unit is filled and covered.

- -Active waste disposal operations shall not have an adverse affect on
completed closure' and stabilization measures.

Only wastes containing or contaminated with radioactive material shall be
disposed of.

: ~ .'' ,. .. .
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* 3.2.5 Closure and Post-Closure Recruiremients

Closure arid post-closure requiremnents for a land disposal facility are addressed in

several sections of Chapt~er R447-25. When disposal operations are completed, site closure

* shall be accomplished in accordance with the provisions of an approved site closure plan. The

disposal facility shall be dlosed in a manner to achieve long-term stability of the site and

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

The licensee shall continue to monitor the site and perform necessary mahitenance

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 po'st-

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

*terms of the current license, for the OClive site, the operator of the site will continue

monitoring and maintenance activities for 30 years after. -closure.

*3.2.6 Environmental Moniiorind:

The requirements for envirornmental monitoring oTa land disposal facility are outlined

in Section R447-25-26. Environmental monitor ing 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 pr-operational monitoring progr'am shallprovide basic background environ'mental

data for comparison with operational monitoring results. For site characteristics 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 long-term trends

and the need for mitigatiive measures. The monitoring iystem must be capable of providing

early warning of releases of radionuclides before they leave the site bou'ndary..



Post-operational monitoring shall be conducted based on the operating history and the

closure and stabilization of the site. This monitoring must also be capable of evaluating

trends and of providing early warning of. the migration of, radionuclides away from the

disposal units.

3.3 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 isites for the disposal

of tailings and wastes produced by uranium and thorium milling -operations. The UI.S.

Environmental Protection Agency has the responsibility for promulgating radiological and

non-radiological standards for the'se w'a~stes.' The State of Utah has not petitioned..the NTRC

for. authority over the tailings produced by uranium -and thorium milling operations and is

not authorized to'regulate those wastes.

NRC criteria for the disposition of tailings and wastes are promulgated in Appendix

*A of Tile 10, Pait 40 of the Code of Federal R~egulatidns, (10 CFR 40, Appendix A)~') -The

EPA's health and environmental standards for tailings and wastes are promulgated in

* 40 CFR 192P" The N-RC req uirements in 10 CFR 40, Appendix A; incorporate EPA standards

for limits on radon emission, the longevity of cover materials, and protection of groundwater

quality.

3.3.1 EPA Standar

Standards for Co'ntrol of Residual Radioactive Material

**-EPA's standards for managking disposal 'Sites for uranium and thorium. mill tailings

-t 'eurmn fo *h cove 'Ia;

and wastes include a raddn-.fiux standard and a longeviyreurm tfo h cer pae

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

.- . .. . . .-

-. .- -.-.



uranium tailings and wasted and atmospheric releases of radon-220 from thorium tailings

and wastes to an average release rate of 20'picocuries per 'square meter per second

(20 pCi/m2 s). Covers over disposal areas shall be designed and constructed to be effective for

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

These cover material requirements do not apply to a disposal site which contains

radium concentrations in land, averaged over areas of 100 m' (1,075 ft2 ), that do not exceed

the background level by more than:

(i) 5 picocuries per gram (5 pCi/g) averaged over the first 15 cm (6 in.)
below the surface, and

(ii) 15 pCi/g averaged over 15 cm (6 in.) thick layers more than 15 cm
below the surface.

Groundwater Protection Standards

The EPA's groundwater protection standards 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 with a double liner and leachate. collection system that prevents any

migration 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. Exemption from the double linerAeachate collection system requirementmay

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 groundwater or surface water at least as effectively as the double liner/leachate

collection system.

Uranium and thoriumi tailings and wastes must be managed to conform to the

groundwater protection standard of 40 CFR 264.92. This standard specifies that hazairdous

constituents entering the 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 radioactivity limits shown in Table 3-1 are added to the concentration

limits for hazardous constituents in groundwater, specified in 40 CFR 264.94.

-3.3.2 NRC Standards

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

containing uranium and thorium, and tailings and wastes from uranium and thorium. milling

operations. are contained in 10 CFR 40. Appendix A of 10 CFR 40 establishes technical,

financial, material ownership, long-term site surveillance, and hazardous constituents criteria

.for the disposition of tailings and wastes produced by mill operations.. The eight technical

criteria and the long-term site surveillance crite rion of Appendix A are summarized in this

section..

C riterion- 1 -- In selecting a disposal site -the primary emphasis is the long-term

* isolation of wastes by minimizing distuibanc'e'and dispersal by natural forces. Site features

that must be considered include:

* 'Remoteness from populated areas.

* Hydrologic and other natural conditions that contribute to isolation of*
contaminants from, groundwater sources.

* Potential for minimizing erosion, disturbance, and dispersion by natural
forces over the long term.

Tailings should be dis'posed of so that active maintenance is not 'required to preserve the

conditions of the site. ..

* Criterion 2 -Whenever practicable, wastes from small extractibn 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.

Criterion3 The "prime option" for the disposal oftailin gs is pla cemeintblwgae

Where conditions make below-grade dispoa :ipractical, it must~be'demionstrated that



. . I
I . . I

- TABLE 3-1

GROUNDWATER PROTECTION LIMITS FOR RADIOACTIVITYr'

Radioactive Material
Concentration Limit

(pCilliter)

Combined radium-226 and radiuim-228

Gross alpha-particle activity (excluding
radon and uranium)

(a) Source: 40 CPR 192.32.

5

.15

I -
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above-grade disposal will provide reasonably equivalent isolation of tailings 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' re'sidual radioactivity in the

uppermost aquifer hydraulically downgradient from the disposal unit. An aquifer is defined

by the NRC as a geologic formation, group of formations, or part of a formation capable of

yielding a significant amount of groundwater to wells or springs. The uppermost aquifer

means the geologic formation' nearest the natural ground surTace that is an aquifer, as well

as lower aquifers that are hydraulically 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'picocuries

per liter for gross alpha activity (excluding'radon and uranium or radon and thorium

- depending on the process that originates the tailings).

Criterion 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 achievable, 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/m2-s) throughout

the effective design life.

These cover requirements apply unless the radium concentration at the disposal site,

averaged over areas of 100 rn2 (1,075 ft2 ), does not exceed background by more thank5 pCi/g

averaged over the first 15 cm (6 in.) below the surface and 15 p'Ci/g avei-aged over 15-cm

(6-in.) thick layers more than 15 cm (6 in;) below the surface.
* . ;~ * **. .. .

: * *....-.... .*.....



Criterion 7 - A preoperational monitoring program 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

reduced to levels as low as is reasonably achievable.

Criterion 12 (Lonk-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 inspections must be conducted at least annually by the government agency retaining

ultimate custody of thesite.

3.4 DISPOSAL STANDARDS FOR THE VITRO TAILINGS

In accordance with the provisions of the Uranium Mill Tailings Radiation Control Act

of 1978 (UMTRCA),(9 ) the former Vitro Chemical Company site at South Salt Lake, Salt Lake

County, Utah was decontaminated during the period beginning in February 1984 and

extending through 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.l`) Approxim' ately 2.1 million cubic meters (2.8 x 106 yd3 )

of mill tailings, rubble, sewage sludge, and other mill wastes with an average density of

about 1.6 gfcm' (100 lb/ft3 ) were removed to the South Clive site. The average radionuclide

concentrations in this waste were about '40 pCi/g for U-238, 560 pCi/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 government' and licensed by the NRC. The cover over the

contaminated material is constructed of two layers: 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 that

~~~~~.. . ... .
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the seven feet of soil cover over the pile would reduce radon emissions to less 'than 20 pCi/rn2 -

sec.

The design. requirements for Vitro tailings disposal at the South 'Clive site are based

on the EPA's 1983 environmental protection standards for remedial actions at inactive

uranium processing sites.2 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 provide procedures for ensuring the

protection of groundwater quality. The 1983 standards include the following:

.1. 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 that releases of radon-222 from
residual radioactive material to the atmosphere will not:

a. Exceed an average release rate of 20 pCilmn2 - sec, and

b. Increase the annual average concentration of radon-222 in air 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 average radon decay
product concentration (including background) n6t to exceed 0.02 WL. In

* ' any case, the radon decay product concentration (including background)
shall not exceed 0.03 WL.

: In establishing the radon standard, EPA determined that the emission limitation could

be achieved by well-designed thick earthen covers and that such control techniques would be

compatible with those required 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 analyses of potential future contaminant

discharge and case-by-case evaluation of the significance of such, discharge. The.

implementation guidelines for these EPA standards call for adequate hydrologic and

- .. - -- . *.-.- -- < -.. .-.



geochemical surveys at each tailings disposal site to determine whether specific water

protection measures should be applied.

The longevity and radon flux requirements in the 1983 EPA standards are the same

as those requirements in the current (i.e., 1988) standards. The EPA has concluded that a

radon emission standard of 20 pCi/m2-sec provides approximately the same overall health

protection as is provided by an air concentration standard of 0.5 pCi/I 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 noted that 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 (1988) EPA water quality standards are much more prescriptive than the

1983 standards. The 1983 standards provide only that appropriate actions to protect the

groundwater be determined on a site-specific basis. The current (1988) standards include

concentration limits for radium and for gross alpha emitters in groundwater and prescribe

a double liner/leachate collection system or equivalent protection for the tailings pile.

However, as discussed in Section 3.3.1, exemption 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 provide equivalent protection of the

groundwater. The Vitro tailings disposal facility at South Clive does not include a liner

under the disposed waste.

3.5 PROPOSED BRC STANDARDS

3.5.1 Definition of BRC Waste

Virtually all materials are radioactive, either because they contain natural

radioactivity or because of contamination with artificial 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 not feasible include natural soil and rocks (which incorporate small

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

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

naturally occurring radioactive potassium-40). There are also radiation sources and practices

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

to public health and safety that they may not warrant the standard regulatory licensing and

compliance procedures.

Much of the waste disposed of at regulated facilities has very low concentrations of

radionuclides. In some cases the waste is only suspected of radioactive contamination

because it originates in locations where operations involve known radioactive 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,( 3' below regulatory concern (BRC) waste is sufficiently low in concentrations

or quantities of radionuclides for the NRC to find that 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(14) Congress

mandated the NRC to establish procedures for acting expeditiously on petitions to exempt

specific waste types from NRC regulations. 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 29, 1986(") a policy statement and implementation

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 criteria to be used in evaluating

whether to grant BRC status for a particular waste stream. Four of these decision criteria

address the radiological impacts of BRC status. These four criteria are:
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* Disposal and treatment of the wastes as specified in the petition for BRC
status will result in no significant impact on the quality 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 critical population and the general population
are small.

* The potential radiological consequences of accidents or equipment
malfunction involving the wastes and intrusion into disposal sites after loss
of normal institutional controls are not significant.

Even though waste designated as BRC could be disposed of at facilities that are not

subject to low-level radioactive waste licensing requirements, the waste itself would still be

subject to certain regulatory requirements. Criterion No. II 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 compliance with

requirements for BRC designation. Records relating to BRC designation 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 waste is disposed.

3.5.3 Proposed BRC Dose Criteria

The major consideration in defining criteria for candidate BRC waste disposal is to

establish, dose limits that may be of negligible concern in terms of potential health effects.

All persons are continuously exposed to radiation from various natural sources such as cosmic

rays, radioactivity in rocks and minerals in the earth's crust, and natural radioactivity in the

bones and tissues of the human body. Background radiation doses in the United States are

typically in the range of 100 to 120 mremnyr, exclusive of the lung dose from radon. (Because

of elevation and close proximity to mountains, background doses from natural sources to

persons living in Utah may, depending on location, be twice the U.S. average.) Medical and

dental sources of diagnostic and therapeutic radiation and the radioactivity in common

household and personal appliances may add 50 to 80 mremlyr to the background radiation

dose received by the average adult. To be of negligible concern, potential doses to individuals
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from BRC waste treatment and disposal should probably be a fraction of the background

radiation dose and acceptable in terms of incremental risks to the public.

Government regulatory agencies in the United States and in other countries and

international commissions concerned with the regulation of radionuclides have considered

how dose criteria should be applied for BRC designation.

ICRP Publication 46(6) addresses the question of a dose limit for BRC waste as follows:

"In individual-related assessments, 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 10i 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 forinduced 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 may 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 policy statement on

exemptions from regulatory control1 that will include specific dose limits for classifying

waste as BRC. The policy statement is currently being revised by NRC staff. As presently

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

are:

* An average individual dose to typical individuals in the critical 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 individual doses less
than or equal to 0.1 mremlyr.
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The EPA is developing dose criteria for identifying waste that may be below regulatory

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

radioactive waste disposal. In a version of 40 CFR 193 that is yet to be issued in draft form,

the EPA is proposing a 4 mremyr individual dose limit for BRC designation.""' This dose

limit would correspond to the EPA's 4 mrem/yr drinldng water standard. A draft of

40 CFR 193 may be issued for public comment in the Federal Register in the spring of 1990.

3.5A Efforts to Develop BRC Standards

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

permitted sanitary landfills for the disposal of wastes containing only low concentrations of

short-lived radionuclides.!") Under certain conditions that include limits on radionuclide

concentrations and on the total curies disposed annually, wastes containing only

radionuclides 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 6f 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." 9 ) Several

reactor-generated waste types, including dry active waste, waste oil, contaminated soil, and

sand blast grit are being 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-approved 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 summary of dose criteria used in establishing radionuclide

concentration limits for the waste disposal facility near Clive, Utah. This 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 wastes currently disposed 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

radioactive constituents. The site is adjacent to that used for the disposal of tailings and

wastes that were relocated from the former Vitro Chemical Company site in South Salt Lake.

The dose criteria used to establish concentration limits 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 regulatory requirements for the Clive facility are given in the

following paragraphs.

3.6.1 Dose Criteria

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

workers and the general public. The dose criteria adopted for this analysis are:

* 25 mremlyr to any maximally 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 site closure (the intruder-
construction scenario).

e 1,250 mremlquarter to an onsite worker during disposal operations.
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Table 3-2 provides a comparison of the dose criteria used for this analysis, and the

associated health risks (excess fatal cancers), with dose criteria and health risks for other

waste disposal facilities.

The dose 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 as the annual dose limit for individual members of the general

public specified in 10 CFR 61 and in State of Utah licensing requirements for the land

disposal of radioactive waste.

The 25 mrem/yr dose criterion is equivalent to an estimated risk (excess fatal cancers)

of 7.0 x 10i health effects per year (HE/yr) to the maximum exposed individual. This

estimated risk is about a factor of 7 lower than the estimated risk associated with the EPA

radon flux standard for mill tailings disposal which applies to the Vitro tailings disposed at

the South Clive 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 industrial

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 will 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.

The intruder dose criteria used to estimate limiting radionuclide concentrations in

wastes proposed for disposal at the Clive facility are 100 mremJyr for chronic exposure (the

intruder-agriculture scenario) and 500 mrem for acute exposure (the intruder-construction

scenario). Neither the State of Utah nor the NRC regulations for the land disposal of

radioactive wastes specify numerical dose limits 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 exposure limit are specified in DOE's performance

objective for intruder protection in Chapter III of DOE Order 5820.2A.(20
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TABLE 3-2

COMPARISON OF WASTE DISPOSAL REQUIREMENTS AND RISKS

NRC.Uconsed Commercial
LLW Facility'4  Clive Disposal Facility

Parameter Mill Tailings BRC Waste
General On-Site General Intruder. Intruder. Intruder. On-Site
Public Intruder Worker Public Explorer Agriculture Construction Worker

Dose 25 mremnyr 500 mrem 5.000 mremtyr Radon Flux I to 10 mrenvyr 25 mremlyr 25 mremn'r 100 mremnr 500 mnrem 1,250 mrem/qtr
Criterion Ulmit__

Risk (HElyr)[A 7.x10' 1.4xl0 1.4xl0- 4.6xlO0" 2.8x10' to 7.0xl0 7.0xl0 2.8xl04 1.4xl04 1.4xl0'
2.8xl04

Generator Regulated Regulated Regulated"' May or May Not be Regulated
Requirements II

Disposal Regulated Regulated Not Regulated Regulated
Facility
Requirements

a) Doses limited by 10 CFR 20 and 10 CFR 61
b) The radon flux limit is 20 pCilm-sec which lc asiumed to provide the iame health protection sian air concentration standard cr0.5 pCUI at the edge othe tailingr pile.
c) Converion rom dose to riskiib aied on a rikl conversion factor o2.BxlO hecalth efrect (ratal cancen) per millirem of errective doce equivalent (Referene 19).
d) Based on a radon concentration level of O.5 pCUI at tha *ite boundary and a riik convenion factor or360 fatal lung cance per 10' WLM (Reference 20)
e) The waste gencrator is required to implement compliance procedures and maintain auditeble meord demonstrating that the wast meetl prescribed radionuclide concentraion and total curie limits.



The worker dose criterion used to estimate limiting radionuclide concentrations in

wastes proposed for disposal at the Clive facility is 1,250 mrem/quarter. This is consistent

with both State of Utah (R447-15) and NRC (10 CFR 20.101) radiation protection standards

for radiation zone workers.

3.6.2 Remulatory Standards

The applicability of State of Utah waste disposal licensing requirements and of NRC

and EPA mill tailings disposal standards to the safe disposal of wastes with very low

concentrations of radionuclides at a site near Clive, Utah is summarized in Table 3-3. The

regulations and standards are classified as belonging in one of the following categories:

Applicable - Must be followed in any decision to permit disposal.

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

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

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

The physical characteristics of the Clive site should be an important consideration in

any decision about the applicability of licensing requirements. 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 annual rainfall. There are no perennial 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 dissolved solids and certain naturally-

occurring radionuclides that make it unfit for human consumption.
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TABLE 3-3

CLASSIFICATION SUMM1IARY FOR WASTE DISPOSAL REGULATIONS

Requirement Applicability Rationale

State of Utah Requirements for
LLW Disposal

Performance Objectives

Site Suitability Requirements

Facility Design Requirements

Facility Operating Requirements

Closure and Post-Closure
Requirements

Environmental Monitoring

NRC Standards for Mill
Tailings Disposal

Applicable Provide standards for the safety of the public and the
environment. General population dose criterion modified as
described in Section 3.6.1.

Applicable Clive site's natural features appear to meet the prescribed
mite suitability requirements.

Applicable Design must provide for isolation of the waste from man and
his environment. Clive site's natural features facilitate
isolation of the waste.

Applicable Regulations pertaining to filling void spaces, disposal unit
identification, and facility stabilization and closure are
applicable to Clive. Since only low-activity wastes will be
disposed at Clive, regulations relating to the segregation of
low-activity and high-activity wastes and stability
requirements for high-activity wastes do not apply.

Applicable Closure/post-closure activities must be conducted to ensure
long-term stability of the site and isolation of the waste.

Applicable Environmental monitoring must provide necessary data to
evaluate trends and provide early warning of radionuclide
releases.

Relevant Should be considered in licensing decision if wastes with
concentrations of uranium, thorium, and radium comparable
to mill tailings wastes are disposed at Clive site. -

EPA Standards

Cover Requirements

Groundwater Protection

Relevant Should be considered in licensing decision if wastes with
concentrations of uranium, thorium, and radium comparable
to mill tailings wastes are disposed at Clive site.

Appropriate Clive site characteristics should be evaluated to determine if
the site characteristics provide adequate protection of
groundwater. Experience with Vitro tailings could be a
factor in the decision process. The Vitro tailings disposal
facility does not include a liner because one was not required
by the 1983 EPA standards.
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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 presented

in this chapter. The PATHRAE model requires that information be provided about the site,

the disposal facility, 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 Clive disposal site is located in Tooele County approximately 140 km (85 road

miles) west of Salt Lake City along Interstate 80. The site is in the eastern edge of the Great

Salt Lake Desert, 5 km (3 mi) west of the CedarMountains, 4 km (2.5 mi) south of Interstate

80, and 1.6 km (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 removed 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 relative to the Vitro disposal cell is shown in Figure 4-2. The site

boundary is taken to be the fenceline, 100 ft from the disposal unit edge.

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

at least five times precipitation. Meteorological conditions are generally similar to those at

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

from about -3WC (27F) in January to 26 C (79TF) in July. The average rainfall at Wendover

is about 13 cm (5 in) per year. The lowest normal monthly precipitation is 7.4 mm (0.29 in)
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in January, while June has the highest with 18.5 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 incomplete. The following description of

the hydrogeologic characteristics of the site is derived from the Environmental Impact

Statement (EIS) for the disposal of the Vitro tailings."0 )

Holes drilled in preparation for the Vitro tailings EIS indicated that the surface

alluvial soil is at least 45 m (150 ft) deep. This soil contains a water-table groundwater

system that is 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 and 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 to 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 clays. This interlayered sequence extends to depths of about 15 m (50 ft) below

existing grade. Beneath the interlayered sequence the predominant material is a grayish-

brown to brown 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 site is public domain

administered by the Bureau of Land Management. 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 in rural 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 grazing of sheep, jackrabbit hunting, and occasional
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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 hazardous waste disposal

by Tooele County.

Certain physical characteristics of a disposal site have an important bearing on the

migration of waste components from the disposal unit to human receptor locations as

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 distance to the nearest off-site resident. Site parameter values used

in this risk assessment are given 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. Nuclide-dependent site parameter values for the Clive site are presented in

Appendix A.

4.2 DISPOSAL CELL CHARACTERIZATION

The material proposed for disposal at the Clive facility includes contaminated soil and

contaminated structural materials with very low concentrations of radioactive constituents.

This material will be transported to the site in bulk form by rail (in gondola cars) or truck

(with dump beds and dump bed trailers). During transportation the material will be covered

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 operator

is already licensed by the State of Utah. The cell is being constructed in a continuous "cut
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TABLE 4.1

SITE PARAMETER VALUES

Parameter Value Units

Depth to water table

Distance to nearest surface water

Distance to nearest well

Surface water infiltration rate

Horizontal velocity of groundwater

Vertical velocity of groundwater

Atmospheric distance to off-site receptor

Average wind speed

Percent of time blows toward receptor

Dust deposition velocity

8.8

I 2900

1

0.00124

*2.7

0.02

500

3

100

1.OOE-07

m

m

m

rn/yr

in/yr

rn/yr

in

rn/

percent

m3 /s

Based on information from References 10 and 21.
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and cover" operation ensuring that disposed material is not left without cover for an extended

period of time. The material is placed in the cell in layers not exceeding 0.30 m (1 if)

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 ft) below grade. The

bottom 0.30 m (1 ft) of the cell consists of a scarified and re-compacted clay liner to retard

seepage 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 tailings 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 if) 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 embankment is sloped to facilitate runoff of rainwater. Drainage

ditches around the base of the embankment serve to intercept runoff and direct the flow into

the natural drainage features west of the site.

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 used in this analysis is only 80

percent of the design length of the cell.

4.3 RADIONUCLIDE INVENTORY

The radionuclides assumed to be present in wastes that 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
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TABLE 4-2

DISPOSAL CELL PARAMETER VALUES

Parameter Value Units

Expected operational period

Custodial period

Length of facility

Width of facility

Average depth of waste

Volume of waste

Density of waste

Distance from bottom of waste to aquifer

Cover thickness

20

30

540

550

9.3

2.76E+06

1600

6.4

2.9

yr

yr

m

m

m

kI/n3

Inmn

Based on References 21 and 22.
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TABLE 4-3

RADIONUCLIDES EVALUATED FOR
DISPOSAL AT THE CLIVE FACILITY

Nuclide

Am-241
Am-243
C-14
Cd-109
Cm-242
Cm-243.
Cm-244
Co-57
Co-60
Cs-134
Cs-137
Fe-55
H-3
I-129
Mn-54
Na-22
Nb-94
Ni-59
Ni-63
Np-237
Pu-238
Pu-239
Pu-240
Pu-241
Pu-242
Ra-226
Ru-106
Sn-113
Sr-90
Tc-99
Th-230
Th-232
U-234
U-235
U-236
U-238
Zn-65

Half-life
(years)

4.32E+02
7.38E+03
5.73E+03
1.27E+00
4.47E-01
2.85E+01
1.81E+01
7.42E-01
5.27E+00
2.06E+00
3.02E+01
2.70E+00
1.23E+01
1.57E+07
8.56E-01
2.60E+00

- 2.03E+04
7.50E+04
1.00E+02
2.04E+06
8.78E+01
2.41E+04
6.54E+03
1.44E+01
3.76E+05
1.60E+03
1.01E+00
3.15E-01
2.86E+01
2.13E+05
7.70E+04
1.40E+10
2.44E+05
7.08E+08
2.34E+07
4.47E+09
6.69E-01
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concentrations of 1 pCi/g for each nuclide. Each nuclide is assumed to be uniformly

distributed throughout the waste. The waste itself is assumed to be similar to the soil and

construction materials currently being received for disposal at the Clive facility.
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5. RISK ASSESSMENTS AND RESULTING WASTE DISPOSAL LIMITS

Projected doses (effective whole-body dose equivalent) to individuals from waste

disposal at the Clive facility and radionuclide concentration limits derived from 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 dose calculations were

performed using the PATBRAE computer model and assuming 1 pCi/g concentrations for

individual radionuclides in the waste. For nuclides with radioactive daughters, the

conservative assumption was made that the daughter nuclides are in secular equilibrium

with the radioactive parent.

The proposed radionuclide concentration limits are based on the whole body dose

criteria discussed in Section 3.6. These dose criteria are:

* 25 mremlyr to any maximally exposed off-site individual.

* 100 mremyr for chronic exposure to a reclaimer after site closure.

* 500 mrem for acute exposure to a reclaimer after site closure.

* 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 calculated for that scenario based on the assumption of

1 pCilg concentration. Concentration limits were obtained by multiplying 1 pCi/g by the

appropriate 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-site worker during disposal operations, exposure
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to a maximally exposed off-site individual (either during operations or after the site is closed),

and exposures to reclaimers who come on the closed site at the end of the institutional control

period. Three reclaimer scenarios were evaluated: intruder-explorer, intruder-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 following

subsections. Table 5-1 summarizes the exposure pathways included in the characterization

of each exposure scenario. The exposure pathways are described in Chapter 2.

5.1.1 On-Site Workers

On-site workers are assumed to be badged radiation workers working under an

effective approved radiation protection program. These workers are assumed to be directly

exposed to gamma radiation from unshielded waste and to inhale contaminated dust

resuspended by site activities. No respiratory protection is assumed, though this would likely

be part of the radiation protection program. The maximum exposed worker is assumed to

be subject to these exposure mechanisms for 2,000 hours each year (40 hrs/wk for 50 weeks

per year).

The dose criterion applicable to this scenario corresponds to the annual limitation

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 operations, 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 off-site individual include groundwater

discharge to a well, groundwater discharge to surface water, site overflow to surface water,

and erosion with surface discharge to surface water.
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TABLE 5-1

EXPOSURE PATHWAYS USED IN DOSE ASSESSMENTS

Exposure Scenario

Intruder Construction Intruder Agriculture Maximum
Intruder Off-site On-Site

Exposure Pathways 30 yrs 1000 yr. 30 yrs 1000 yrs Explorer Indlvidual Worker

Groundwater to Surface Discharge

Groundwater to 1 m Well at 30 years *

Groundwater to I m Well at 1000 years

Erosion to River

Site Overflow to Surface Water a

Food Grown on Site at 30 Years *

Food Grown on Site at 1000 Years

Direct Gamma - Maximum Explorer *

Direct Gamma - Agricultural at 30 years 0

Direct Gamma . Agricultural at 1000 years

Direct Gamma - Construction at 30 years

Direct Gamma - Construction at 1000 years

Direct Gamma - Operational On-site m

Direct Gamma - Operational Oif-site a

Dust . Agricultural at 30 years

Dust - Agricultural at 1000 years

Dust. Construction at 30 years 0

Dust -Construction at 1000 years S

Dust - Operational On-site

Atmospheric Transport of Dust OS site



These assumed exposure mechanisms for off-site individuals, which are standard risk

assessment assumptions, are certainly conservative for the Clive site. No off-site individual

currently lives within 24 km (15 mi.) of the site. Because of the arid climate and the briny

quality of the groundwater which makes it unfit for'human consumption, it is very unlikely

that anyone would choose to live near the site in the foreseeable future. Furthermore, as

noted in the site description in Chapter 4, there are no perennial surface water bodies within

3 km (2 mi) of the site. Doses from potential exposure pathways that might be applicable to

an off-site individual after site closure were all estimated to be zero for this Clive facility risk

assessment.

This off-site individual is a member of the general public. Therefore, the applicable

dose criterion is 25 mrem/yr to the whole body or 75 mremnyr to the thyroid.

5.1.3 Intruder-Explorer

This exposure scenario reflects the possibility that a transient rmight visit the site from

time to time, and even reside there for a time at the conclusion of the institutional control

period. The transient is assumed to be completely non-intrusive (i.e., no digging into the

cover or waste). The only exposure mechanism would be direct gamma exposure from the

covered waste. The transient is assumed to spend 1,000 hours per year at the site. The dose

criterion for this individual is the same as that for the maximum exposed off-site individual,

i.e., 25 mrem/yr.

5.1A Intruder-Construction

For the intruder-construction scenario a reclaimer is postulated to come onto the site

at the conclusion of disposal operations and to build a house on the site. The reclaimer

excavates for a basement for the house and also digs a well through the cover into the waste.

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 11) of cover. The reclaimer spends

500 hours in building the house and digging the well, and leaves the site when the house is
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completed. This activity results in an acute (short term) exposure, in contrast to the chronic

exposure experienced by the agricultural reclaimer (Section 5.1.5). Therefore, the dose

criterion that applies to this exposure scenario is 500 mrem.

During the 500 hours spent on the site, the construction reclaimer is assumed to be

exposed to direct gamma radiation from both the covered waste and the contaminated

material brought to the surface. In addition, this individual inhales contaminated dust

resuspended by construction activities.

Because of the riprap layer on top of the proposed disposal units, the lack of potable

water at the site, and the general aridity of the area, it is considered highly unlikely that a

residence would ever actually be constructed as assumed. This fact notwithstanding, two

times 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 1,000 years after site closure.

5.1.5 Intruder-Amriculture

For the intruder-agriculture scenario a reclaimer is postulated to live in the house

built over and into the waste and to engage in farming activities 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

contaminated dust during the 2,190 hours per year spent outside the house. The agricultural

reclaimer obtains 50 percent of his 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, i.e.,

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

typical of those employed in risk assessments for low-level radioactive waste disposal. These

assumptions result in conservatively large estimates of potential doses to an intruder

engaging in agricultural activities on a closed disposal site. As previously noted in connection

with the off-site individual exposure scenario, the arid conditions at the site and the lack of

potable water make it very unlikely - at least in the foreseeable future - that a person would

reside at or engage in agriculture on the Clive site.

5.2 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 pCi/g 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 estimated not to contribute to individual doses from waste disposed

at the Clive facility for at least 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 pathways F and G in Table 5-2 are foodchain pathways. Exposure pathways

H through N are gamma exposure pathways which are assumed to be active during

operations and after closure. Exposure pathways 0 through T are inhalation pathways which

are assumed to be active during operations and after closure.

5-6



TABLE 5.2

PATHWAY DOSE RATES BY NUCLiDE

Page I of 4

E

Nuclide

Am-241

Axn-243

C-14

Cd 109

Cm.242

Cm-242

Cm-243

Cm-243

Cm-244

Cm-244-

Co457

Co 60

C-134

Ca-137

FeZ55

11-3

1.129

Mn54

Na.22

Nb-94

Ni-59

Ni-63

Np-237

Pu-238

Pu-238-

Pu-239

Pu-240

Pu-241

Pu-241

Pu-242

Ra-226

Ra-226*

Ru-106

Ru-106*

Sn-113

Sr-90

Sr-900

Tc-99

Ib-230

lh-232

Tb-232

U-234

U-235

U-236

U-238

U-Nat.

Zn 65

A,

Groundwater
to Surface
Discharge
Maxlmum
Dome Rate
(mremlyr

0

0

0

0

0

.0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

lp0g

0

B C

Groundwater
toI m Well
at SOy

(mremyr
/pCV9)

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

.0

0

0

0

0

0

0

0

0

0

0

00

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

Croundwater
to I m Well
at 1000 yrs
Doe- Rite
(mremlbr

/PCVX)

0

0

6.7E-01

0

0

0

0

0 O

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0~

0-

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

Erosion
to River

Dow* Rat.
(mr*mhyr

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0-

/pC 1

Site
Overflow
Dos, Rate
(mremhyr

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0p~g

0

D

' Denotes dome rates generated by nudide plus Its significant daughter in equillbrium.
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TABLE 5-2

PATHWAY DOSE RATES BY NUCUDE

Page 2of4

Nuclldu

Amr241

Am-243

C.14

Cd-109

Cm.242

Cm.242

Cm-243

Cm.2431

Cm.244

Cm-2449

.. Co457

CO60

C.-134

Ca-137

H43

I-129

MD-54

Na-22

Nb-94

Ni-59

NI-63

Np-237

Pu-238

Pu-238

Pu-239

Pu-240

Pu-241
Pu-241
Pu-24 1

Pu-242

RJ-226

Rs-2261

Ru.106

Ho-I60'

Sn-113

Sr-90

Sr-90

Tc.99

Tb-230

h.=232

Tb-2321

U-234

U.235

U.236

U.238

U-Nat.

Zn-65

F

Food
Crown on

Sit. at
30 yrs

Doe. Rate
(aremlvr
IpCifg5

1.3E-O5

1.4E-05

0

32E13

&6E28

1.8E-OS

3.3E.05

4.6E-05

1.S6gO5

2.7Y05

L.SE-20

9.0E.08

3.1E-10

L4E-05

4.4i,12

0

2.4 -04

L8E-18

9.5E09

4.1E-05

2.1E-07

4.2E-07

1.2E04

8.OF,06

LSE-05

L2E-05

1.2E-05

3.7E-08

1.3E-04

L2E-05

4.9E-05

L7E-02

9.5E-14

2.3E-13

6.5E-37

E.4E-05

1.4E-05

4.2E-04

2.7E-05

l.4E-04

2.8WE04

9.5E-06

9.OE-06

9.O0W6

8.OE-06

8.8W6

2.0B418

C

Food
Crown on

Site at
I ODOOr

Do s rte

2.7E-06

1.2E-O5

0

0

0

9.SE-06

L9E.15

L2E-05

LlE21

LtI-05

0

0

0

3.1E.15

0

0

2.0OE.04

0

0

4.OE-05

2.OPi07

5.OE-10

L2S04

3.7S09

9.SE.06

12E-05

1.IE05

2.0E-28

L2E-04

12S05

4.9E-05

l.lS02

0

0

0

8.5E.16

8.7E-16

2.7E-04

2.7E-05

1.4E-04

2.8E-04

9.5E-06

9.OE-06

9.0E-06

8.0S-06

8.8F-06

0

H

Maximum
Explorer
UAMWna

Does Rate
(mr mlvr
Ipcug)

8.7E-36

9.4S-25

0

0

0

7.1E18

3.1E-24

3.1E-24

LIE-l

LIE-18

0

1.9E-11

1.1E-17

2.9E-13

0

0

7.8E436

2.1E-23

L6E-13

2.4E-11

6.1E-37

0

9.5E136

4.61-37

7.1E-18

2.6E.37

L8E-28

0

L8iE45

3.5E.37

8.3E-27

7.3E.09

0

L3E-24

0

0

0

0

L.OE-35

4.9E-37

6.7E-08

7.IE-18

1.4E26

1.5 -37

4.8E-37

3.6E118

2.3E-25

I

Agrciaittur.I
Direct

Dos* Ratta
(mr ralyr

2.0-02

2.SE.02

0

5.21.11

15E-25

6.9E.04

1.7E.02

L7E 02

4.11.05

3.41-04

2-IE-15

3&OE03

2OE-06

5.3E-02

LSE-08

0

L7E-02

2.9E-13

25E-05

3.3E-01

3.3E-04

0

2.lE-02

4.9E-04

6.9E-04

3.0E-04

3.01-04

0

4.1-02

5.3E-04

29E-03

3.51-01

0

3.5E-12

0

0

0

0

4.4E-04

5.2E-04

S.0E-OI

2.0E-04

6.81-02

3.4F-04

5.11-04

L.8E.03

1.6E-16

J

1000 yr
Agricultural

Direct
CAMMA

Doe. Rat.
(=remTyrIpC~g)

1.2S.02

6.5E.02

0

0

0

5.61-04

2-81-12

8.3P-04

8.51-21

7.11-04

0

0

3.2E-11

0

0

3.9E.02

0

0

9.11-01

9.1F.04

0

6.9E-02

6.5M-7

S.6E.04

8.3E-04

7.5E-04

0

7.1E.02

15E.03

8.21-03

6.4E-01

0

0

0

0

0

0

1.3E-03

1.51-03

1.41.+00

$.6E-04

1.9E-01

9.71.,04

1.4E1-03

5.1E-03

0

* Denotes dowe rato generated by nuelide plus Its gnllcant daughters inequibrium.
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TABLE 5-2

PATHWAY DOSE RATES BY NUCLIDE

Page J of 4

Nudild.

Am.-241

Arn.243

C-14

Cd-109

Cm.242

Cmn.2420

Cm-243

Cra-2430

Cm-244V

Co-57

CO-114

Ca-437

Fe-55

H-3

Mn-44

Na.22

Nb-94

NI-63

Np-237

Pu.238

Pu.2381

Pu-239

Pu.240

Pu-241

Pu.24 1

Pu-242

Ra-226

Ra-2261

Ru.106

RU.I0O0

512-113

Sr.90

Sr-901

TC.99

7b-230

lb.232

Tb-2321

U-234

U-235

U-236

U-238

U-Nat.

Z13-65

K

30 yr
Construction

Direct
Gamaia

Dome Raet

LIE-03

1.4F,03

0

3.OE.12

8.3E-27

3.9E-05

9.8E.04

LOE.03

2.35-00

L9E-05

L2E.16

L7E-04

1.2E.07

3.OE-03

8.SE-10

0

9.7F-04

1.7E-14

L4E-06

1.9E.02

1L9E-05

0

L2F,03

2.8E-05

3.9E-06

1.7E-05

I.7E-05

0

2.3E-03

3.OE.05

l.iE-04

2.OE-02

0

2.0E-13

0

0

0

0

2.SE.05

3.OE-05

2.9E.02

IdE-05

3.9F,03

2.OE-05

7.9E-,05

LO0E-04

9.2E.18

L

1 000 yr
Construction

Direct
Gamma

Doee Raet
(mr rurr

6.7E-04

3.7E03

0

0

o

3.2E-05

L6ES13

4.7E-05

4.9E-22

4.35-06

0

0

0

L8E12

0

0

2.2E-03

0

0

5.2E.02

5.2E-05

0

3.4E.03

3.7E08

3.2Eo05

4.7E-05

4.3E-05

0

4.1E03

8.5E-05

4.6E-04

3.6E-02

0

0

0

0

0

0

7.OE-05

8.4E.05

8.OE.02

3.2E-05

1.E-02

5.5E-05

8.E-05

aoE-o4

0

Operational
Direct

Gamma
Doe* Rate
(mremlyr

2.2E+00

0

1.15-01

3.1E-03

LOE0F10

3.OE+00

aiEF+oo

1.15-02

3.75-02

2.8E-01

2.4E+01

4.2E+00

8.9E1+00

2.85-03

.0

I.5E400

8.95-01

6.4E4+00

2.8SE+0I

7.25-02

0

1.SE+00

8.2E-02T

1.0E-01

3.7E.02

2.65-02

0

3.6E-00

*5.613,02

2.SE.01

3.OE+01

0

2.6E-01

6.8"-3

0

0

0

3.7E.02

6.9E-02

4.3E+01

1.7F,02

5&8E+O0

2.9 E-2

6.BF-02

2.7E-01

4.4 E-0 I

Opet-etlonal
Off-site
Gamma

Does Rate

0

L1E-03

0

0

0

5.95-05

1.SE-01

1.GE-01

0

0

LSE-I

3.OE+00

2.3E,+00

9.OE-01

0

0

0

1.1E+00'

3.OE+00

2.2E+00

*0

0

6.6E-03

0

5.9E.05

7.OE.05

0

0

0

0

8.5M.3

2.2E+00

0

3.I1EO

7.9F,03

0

0

0

I.6E.04

8.6E-05

3.OE+00

S.9E-05

2.OE-01

0

0

0

7.3E-01

N 0

30 y

Duet
Inhalation
Dose Rate
(mrmui'r,

6.2E-04

2.IE.9

7.1E-I6

3.5E-27

4.7E-04

I.35-04

6.4E-,04

5.05-0

5.7E-04

7.7E-22

1.05-09

2.9E-13

L3E-O8

2.3E-13

6.9E-12

1.SE.07

1.1E-20

5.OE-13

3.3E.07

2.7E.09

4.BE.09

4.9E-04

3.4E-04

4.7F,04

5. IE.4

5.1E-04

LS5-06

9.9F-04

4.8E-04

7.9E-06

2.9E-05

3.7E-17

3.7E-17

4.3E-39

5.0E-07

5.0E-07

7.513-09

3.2E-04

I.6E-03

1.9E-03

1.3E-04

1.2E-04

1.2-04

1.2E-04

L.3F-04

2.8E-23

* Denotes dose rats generated by nuclide plua its aignicant daughters in equilibrium.
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TABLE 5-2

PATHWAY DOSE RATES BY NUCLIDE

Nuclide

Arn-241

Arni243

C-14

Cd.109

Cm.-242

CM.242,

Cm.243

Cm-243'

Cm.244

Cm-244'

Co-57

Co-60

C&.134

Ca-137

Fe-S5

H-3

1.12

Mn-54

Na-22

Nb.9-4

NI-59

N1-63

Np-237

Pu-238

Pu-238

Pu-239

Pu.240

Pu-241

Pu-2410

Pu-242

Ra.226

Ra-226*

Ru-106

Ru-1061

Sn-113

Sr-90

Sr-901

Tc-99

'Th.230

Tb-232

Th-2321

U-234

U.235

U1.238

U-238

U.Nat.

zn4S5

P

I1000 yr
Agricultural

Dust
Inhalation
Dom. Rate

LIE-04

4.8E.04

1.2E-09

0

0

1.3E.04

0

5.IM-4

4.4E-21

4.6E-04

0

0

0

2.5EL18

0

8.2E-36

L5M-7

0

0

3.2E-07

2.7E-09

5.B-12

4.9E-04

1.6E-07

1.3E.04

5.1E-04

4.EE-04

8.OE-27

6.OE-04

4.8E-04

7.9E-06

1.9E-05

0

0

0

3.IE-17

3.lE.17

4.8E-09

3.2E-04

I.GE-03

1.SE-03

1.3E-04

1.2E-04

2.2E-04

1.2E-04

I.3E-04

0

Q
30 yr

Construction
Dust

Inhalation
Do.. Rate

&7F,04

6.OE-04

2.4 E409

8.1E-16

3.9E-27

56.4E-04

L5E-04

7.4E-04

6.9E-06

6.SE-04

3.IE-22

L2E-09

&.3E.13

1.5F,08

2.6E-13

7.9E-12

M.1E-7

1.3E-20

5.7E-13

3.8E-07

3.IE-09

M.E-09

56E.504

3.9E.04

5.4E.04

5.9E.04

5.8E-04

1.7E3-06

L1E-03

5.5E-04

9.OE-06

a.3E-05
4.2E.27

4.ME-7

&OE-39

5.7F,07

5.7E-07

8.SE.09

3.7E-04

1.SE-03

2.2E-03

1.5E-04

M.E-04

IA4E-04

L4E-04

1.6E-04

3.2E-23

R

I 000yr
Construction

InDuet
Inhaation

Dse. Rat.

5.AE-04

1.4E-09

0

0

1.3E-04

8.7E-15

5.8EL04

5.IE-21

5.3E-04

0

0

0

3.2E-18

0

9.4 E-3 6

L7E-07

0

0

3.7F,07

3J1E-09

S.GE.12

5.6F,04

1.8E-07

L8E-04

&B8E.04

5.3E-04

9.2E-27

6.8E-04

S. 5E-04

9.0E-06

2.2E-05

0

0

0

3.5E-17

2.2E-19

5.5E.09

3.7E-04

1.SE-03

2.2E.03

I.5FA4

1.4E-04

L4E,04

L4E-04

L5F-04

0

Operational
Dust

Inhalation
Doe. Rast.

4.7E.01

4.7E-01

1.9F,06

8.AE-06

fi.OE-04

5.IE-01

2.SE.01

7.2E-01

L7E-01

MM4-0

3.7E-07

4.8E-05

6.AE-06

2.4E-05

4.6E-07

3.5E-08

1.6E-04

3.7F,07

1.4E-0)6

3.0E-04

2.5E.06

SA4EA6

4.SE-02

3.9E-01

5.IE-01

4.'7E-01

4.7E-0 I

5.8E.03

9.2E-02

4.4E-,01

7.2E-03

2.6E-02

2.9E-05

2.9E-05

I.SE-07

9.IF,04

9.2E-04

6.8E-06

2.9E-01

1.SE.00

1.7E+00

1.2E-0I

L.1E-0l

1.1iE0

L.1E-01

L.1E-01

7.9E-07

S

Page 4 of 4

T

Operutlonal
Atmospheric

off-wits
Trans ort

1.5E-01

1-SE-01

6.1M.7

2.7E-06

I.6E-04

1.6E.01

8.OE-02

2.3E-O1

LSE.02

2.1E.O1

1.2E-07

1.SE-C5

2.OE.06

7.4E-.06

1.5E-7

LIE-08

&2E-05

1.1E-7

4.3F-07

9.6E-05

7.8E-07

L7E-06

L4B-O1

1.2"-0

2.6E-01

1.5E-Oi

L.SE-01

L9E-03

2.9E-01

M.E-01

2.3E-03

8.4E-03

9.3E-06

9.3E.06

5.9E-08

3.0E-04

3.0E-04

2.2F,06

9.3E-02

4.6E-01

S.GE-01

3.SE-02

3.5E-02

3.5E-02

3.5E-02

3.7E-02

ZS5E.7

* Deotes dose rata generated by nuclide plus Its significant daughters In equilibrium
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The C-14 doses shown in Table 5-2 assume no loss of carbon from the waste due to

volatilization. Since some volatilization of carbon will likely occur, these doses are

conservatively large. An empirical rule followed in some dose assessments is to reduce the

C-14-doses by about a factor of three in order to account for the volatilization of this

radionuclide.(23) However, to ensure conservatism, this rule was not used in this dose

assessment.

Projected total doses to individuals, and radionuclide 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 assumed 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 scenario concentration limits are based on these 1 pCi/g doses

and on the applicable dose criterion for each exposure scenario.

5.3 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 concentration limit

for a particular radionuclide is the most restrictive (smallest) of the concentration 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

suggested 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

5-11



W ,

TABLE 543 Pag'e I o(2

DOSE RATES AND CONCENTRATION LIrIs BlY NUCLIDE

FOR EACH EXPOSURE SCENARIO

.QL+R B+E*7.I.O C*E+G*eJ*P

Intruder Construction Intruder Agriculture
DOSS Criterion =500 02 zn/yr Done criterion I D00 mareml.yr

atS30Yru at I O00yrs at 30yrg at 1000yrs

Done Allowable DOSS Allowable Does, Allowable Domi, Allowable
Rat. Concentration Rate Concentration Rate Concentration Rate Concentration

Czmrelmlyw In Waste (znremniyr In wast. (moremny In Waste (voremlyr In Waste
Nuclide /CVg) (PCl/g) Id?1 ) Wpilt) ICL) (PClVK) /cuff) (PCI/9)

Am-241 I.7E-03 2.9E+06 7.9E-04 6.3E*05 2.1E-02 4.9E+03 MFE02 8.2E+03

Am-243 2.0E-.03 2.S&E+06 4.2F,03 1.2E+06 2.6E.02 3.9E+03 6.6E-02 1.6E.0~3

C.14 2.4E-09 2.1.1 14E-09 aS.611I 2.IE-09 4.SFe1O L7E.01 LSE+02

Cd-1O9 3.OE-12 1.7E414 0 562E-11 LgE.12 3.2E.13 3.IE.+14

Cin-242 L2E-26 4.1E&28 0 . .5E-25 6.SE+26 &5E-28 2.8E+29

Cm-242? S.BE-04 8.6E+05 IJE-04 2.7E+06 1.2E-03 8.5E+04 7.1E-04 L4E,+05

Czn-243 LIE.03 4.4E.06 L7E-13 3.OE4'15 L7F.-02 &SE.03 a3LO05 3.0P+06

Crn.2430 L7E03 2-9E,+05 6.3F,04 8.OE+05 1.8E-02 5.69+03 L4E-03 7.2E,+04

Crn.244 U.E-05 7.0OE+06 5.6E-21 8.9E+22 1.2F.04 8.6E+05 - .5E-05 6.7E+06

Czm.244* M.E-04 7.SE+05 &7E-04 8.7E+D6 9.AE-04 l.fl+05 1.2E-03 8I.p104

Co.57 L2E-I6 4.2X.IB 0 .2.IE-15 4.8E+16 IJ8E-20 &6Ee'21

Co-60 L7E-04 7.9E.06 0 3 .0E-03 3.3i.O4 9.0E-08 .IE+09

CA.134 1.2E.O7 4.2E+09 0 .2.0E-66 5.0E+07 3.IE-I0 :3.2Fe1l

Ca-137 3.OE-03 L7E+05 L8SE-12 2.8Ee14 5.2E-02 t9E+03 J.4R-05 7.IE+06

Fe-55 S.5E.l0 &9E+l1 0 .1.5m-O 6.7E+09 4.4E-22 2.3E.13

H 7.9E,-12 &31E+13 9.4E-36 5.3E*37 6.9E-12 1.4E+13 8.2E-36 L2E.37

1.129 9.7E-04 5.2E.05 2.2E-03 213E.0S L7E-02 8.8rK+03 3.9E-02 2.5E+03

Mn-64 1.7E-14 3.OE+16 0 - 29E-13 3.4]Z+14 1.8E-18 5.6E+I9

Na.22 L4E-0 3.5E+08 0 *2.5E-OS 4.0E+06 9.5E-09 1.1K-i-0

Nb-94 2.9E-02 2.7E+04 5.2E-02 9.6E+03 3.3K-01 3.0E.02 9.IE-Ol i.IE+02

Ni-59 1.9K-05 2.7F.07 5.2E-05 9.S+6KiO M.E.04 - 3.OE05-O 9.2E-04 1.1KI-OS

NI-83 &BK-09 9.1E+dO 6.6E-12 7.BE+13 4.2E-07 2.4E-i-O 4.2E-07 2.4E-i-O

Np-237 1.8E-03 2.BE+05 4.0E-03 1.3K-i-OS 2.2E.02 4.6E.03 6.0E-02 1.7E+03

Pu-238 4.2E-04 L2E+06 2.2E.07 2J.3E09 8.4E-04 L2E+05 S.BE.06 i.IE+07

Pu-2358 5.8E-04 8.6K-i-OS 1.BE-04 2.7E+06 1.2E-03 S.5E+0-4 7.IE-04 1.405-O

Pu-239 S.1E-O4 5.2E-i-O 6.3E-04 8.0E-i-O 8.2E.04 L2E-i05 M.E-03 -7.4K+0-4

Pu.240 6.OE-04 8AE.OS 5.7F,04 8.7E+05 S.2K-04 1.2E-i0O =E2-03 S82E+04

Pu-241 1.7K-06 2.9E+08 9.2E-27 5.4E.28 1.5K.OS G.SE+01 3.7E-O8 2.7E+09

Pu-241* 3.6E-03 1.4K-i-OS 4.SE.03 1.IEi-05 4.2E.02 2.4Ki-03 7.2E-02 1.4Ei03

Pu-242 &SE-04 8.6E-i0O 6.4E-04 7.9E.05 1.OF.03 9.8E-i04 2.0E-03 5.OK,+04

Ra.226 1.7E-04 3.0K-i0O 4.7K-04 1.1KIE-O 3.0E-03 3.4E*O-4 8.3E-03 1.2K-iD4

Rs-226, 2.OE.02 2.5E+04 3.6E-02 1.4E+04 3.7E-Cl 2.7K.02 6.6EK-OI l.5E+02

Ru-1O6 4.2E-17 M.E+-19 0 .9.5E.14 LI~E+IS 9.SK.14 1.IE1K--

Ru-1061 2.OE.3 2.5E+25I 0 .3.6E-12 ZBE+i13 1.3E-13 7.7Ei-14

Sn-11S S.0E439 LOE+41 0 .6.5E-37 1.5KE38 &SK.37 LS~E38

Sr-90 6.7F-07 8.8E-i0O 3.5K-l7 1.4K-i1l 1.4KE-05 7.1KIE-0 M.4-0S 17.4E-i-O

Sr.90 5.7E-07 8.7E-i-O 2.2E-l9 .3 E.21 1.4K-OS 7.0E+06O ME4-OS 7.3K-i-OS

TC-99 8.5E-09 5.9E.1O S.5E-09 9.1KEelO 4.2E-04 2.4E-iOS 65K-E-00 2.7Ei-01

Th-230 4.OE--04 L3KEO0S 4.4F!04 1.1KiE+O 7.9E-.04 1.3K-i-S 2.6E-O3 6.IE.04

lb-232 1.8E--03 2.7K-i-O l.9E.03 2.7K-iOS 2.3E-03 4.4E+04 3.2E-O3 3.1KE.04

Th-2321 3.E-02 1.6E0.04 8.2E-02 6.12-i-O 5.0E-01 2.OE+i02 1.4Ei-0 7.1Ki-O0

U-234 I.6E--04 3.1KiE-O l.SE-04 2.7E+06 3.4E-04 2.9E-i-O 7.0E-.04 1.4E-i-O

U.235 4.0K-03 1.2E-i-O M.E-02 4.6E+04 6.8--02 I.5KE+03 1.9K-01 S.SE-i02

U.236 I.E-.04 3.1Ki-06 2.OE.04 ZGE+-06 4.7E--04 2.1KIE-O 1.1K-03 9.lKiE04

U-238 L7E-04 3.OE0K-O 2.2E-04 2.5E-i0O 6.4 E-04 1.6K-i0O 1.5K-OS 6.5E-0.4

U-Nat. 25E-.04 2.OE+06 4.4 F-04 1.1KIE4O 2.0E-OS M+K-04 53E--03 1.9Ei-04

Zn-65 9.2K-18 5AK4E-19 0 .1.6E--16 6.2KEl?1 2.0-O.IS 5.0E-i-l
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TABLE 5-3

DOSE RATES AND CONCENlTRATION LIMITS BY NUCLIDE
FOR EACH EXPOSURE SCENARIO

N+T

Page X of2

H M+8

Intruder Expl1orer
Doe. criterion . 25 mi-em/yr

Off-Sit. Maximum Individual
Does criterion m 25 tnrem/yr

Nucliae

Am-241

Ain.243

C-14

Cd-209

Cmn-242

Cm-2421

Cm-243

Cm.2431

Crn.244

Cm-2441

Co-57

Co-SO4

Ca-137

FeZ5S

H-3

1-129

Ns.22

NX-94

NI-59

NI-63

Np-237

Pu.238

Pu-2381

Pu-239

Pu.240

Pu-241

Pu-24 1

Pu.242

Rs.226

Ra-226'

Ru-106

Ru-106.

SD.113

Sr.90

Sr-90,

Te-99
'Th-230

Th-232

Tb-23r

U-234

U.235

U-236

U-238

U-Nat.

Zn-65

Does

(mre~mt I

8.7E.36

9.4E-25

0

0

0

7AE.18

3.JE-24

aXIE-24

LIE.1S

L1E-18

0

1.9E211

LI.E-17

2.9F-13

0

0

7.8E-36

2.1F,23

1.6E-13

2.4E-11

6.XE-37

0

9.5E-:36

4.6E-47

7.12-18

2.SE-37

1.SE-28

0

2.SE415

3.5E-37

8.3E-27

7.3E-09

0

".E-24

0

0

0

0

LOE-35

4.9F,37

6.7E-08

7. XE.IS

L4 E-26

I.SE-37

4.8E-37

3.6E-19

2.3E-2S

Allowable
Concentration

In Waste
(jCUg)

2.9E.36

2.7E2.25

3.SE.IB

SJE*24

8.1E-e24

2.2E.19

2.2E.19

1.3E+-12

2.4E. 18

8.8E. 13

2.2E+36

L2E~+24

1.6E. 14

1.OE+12

4.XE+37

2.6E+36

5.5E.37

3.5E+I8

9.SE+37

1.4E.29

L4E.36

7.1E.37

3.OE.27

3.4E.09

ZOE.25

2.5E.36

5.1E+37

3.7E.08

3.SEe-18

X.8E.27

I.7E+38

5.2E+37

7.OE.18

1.IE+26

Does
Rate

1.5E-OI

2.OE-OX

64.0M7

2.7E-06

LSE-04

1.6E-01

2AE-0I

SiE-Ol0

&5E-02

2.1XE-0 1

2.SE-01

30OE4-0

2.3E.00

9.OE-01

LBE-07

X.XE-OS

5.2E-05

LIE.00

3.OE+00

2.2E.00

7.8E-07

L7E-06

LSE-01

1.2E-01

1.6E-01

1.5E-OX

L5E-01

1.9E-03

2.9K-OX

1.4-OX.

LIE.02

2.2E.00

9.3K-OS

3. XE-01I

7.9E-03

3.OE-04

3.OE-04

2.2E-06

9.3E-02

4.6E-C I

3.5E+00

3ISE-02

2.4F-01

3.SE-02

3.5E-02

3.7E-02

7.3K-01

Allowable
Concentration'

In Waste
(PCIIg)

LIKE.02

VEKi02

4.1&407

9.3E.06

L6K.O05

L6F.02

LIE.02

6.5E.O1

4.5E.02

1-21302

L7E.02

8.3EO00

1.XE+01

2.SE.01

LIK.7O8

2.3E.09

4.8E+05

2.2K+01

8.4E.00

X.XK.01

3.2E407

I.ME47

L7E02

2.XE+02

1.6E+02

L7K,+02

L.7E.O2

L3E+04

8.6K+01

XJE.02

2.3K*03

1.IE.O1

2.7E.06

8.OE.01

3.2E+03

8.3E.04

8.3E.04

I. IE.07

2.7E.02

5.4E+01

7.IE.00

6.6E.02

LI.KE02

7.XE.02

7.XE.02

6.8E.02

3.4E.01

On-Site Worker
Dos* criterion a 1250 mIn eamqtr

Does Allowable
Rat. Concentration

(mreg/yr in Waste
1p~v9)(PCLg)

2.2E.00 2.3E+03

2.7E+00 1.9E.03

L9M.6 2.SE.+09

LI E-OX 4.6SK.04

3.6E-03 2.4E+06

6.1K-O1 S.IE.03

3.3E+00 X.SE.+03

3.8K.O0 L3E-F-03

1.BK-O1 2.7E.04

6.8K-O1 7.4E.03

1-6E-01 L9E.04

1.4E+01 3.6E+02

4,2E+00 1.2E.03

8.SE+00 5.6E+02

2.8F-03 I.8E.06

- 3.5K-OS 1.4 E s-I

1.5E+00 3.4E+03

8S9E-Ol 5.6E+03

6.4E+00 7.SEs-02

2i8E.O1 L.8E+02

7.2K-02 6.9E,04

SAE-06 9.3E+08

2.3E.OO 2.2E.03

4.7K-OX LXIE.04

6.1K-OX 8.2E.03

50KOX. 9.9E.03

4.9E-01 L.OE.04

5.8E-03 8.6E.0-O

4.5Es-0 L1KE403

4.9K-01 LOKE .04

2.5K-Cl 2.OE.04

3.0E+01O 1.7E.02

2.9K-OS 1.7E .08

2.6 E-O I 19E.G4

6.8E-03 7.3K.05

9.XE-04 5.5K.OO

9.2E-04 5.4 E+06

6.8E-06 7.:3E.08

3.3E-01 1.5E+04

*l..5Es-0 3.3E403

4.5E-s-C LI.KE 02

1.4E-0 l 3.7E.G4

6.0E-s0C 8.4 K.02

1.4-O1 3.6E+04

1.8K-01 218E.04

L4E-01 LXBE-04
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TABLE 5-4

RADIONUCLIDE CONCENTRATION LIHMZS

All Scenarioa Considered Unrealistic Scenario. Excluded"

Nuclide

Am-241

Am,-243

C.14

Ca-log

Cm-242

Cm-2420

Cm-243

Cm-2431

Cm--244

Cm-244V

Co-57

Co-60
Ca-134

Ca-137

Fe-55

H-3

1-129

Mn-54

NB-22

Nb.94

Ni-59

Ni.63

Np-237

Pu-238

Pu-238'0

Pu-239

Pu-240

Pu-241

Pu-2410

Pu-242

Ra-226

Ra-226*

Ru.106

Ru. 106'

Sn-113

Sr-90

Sr-900

Tc-99

Th-230

Th-232
Th-2329

U-234

U-23S

U-236

U-2380'0

U-NiL

Zn-65

Limiting Exposure
Scenario

Oflaite Individual

Offaite Individual

Intruder Ag (1000)

Maximum worker

Offaite Individual

Oflaite Individual

O~llite Individual

Ofiaite Individual

Ollaite Individual

Offsite Individual

Oflaite Individual

Offaite Individual

Olraite Individual

Oflaite Individual
Maximum worker

Oflaite Individual

Intruder Ag (ID00)

Ollaite Individual
Ofraite Individual

Offaite Individual
Maximum worker

Ofraite Individual

Offsite Individual

Offaite Individual
Olraite Individual

Ofruite Individual

Ofraite Individual

Offaite Individual

Ofreite Individual

Offaite Individual

Offiite Individual

Oftnite Individual

Ollait Individual

Ollaite Individual

Olfaite Individual

Oliaite Individual

Offeite Individual

Intruder Ag (1000)

Orraite Individual

Ofraite Individual
Oflaite Individual

Offaite Individual

Offaite Individual

Offaite Individual

Olfaite Individual

Offsite Individual

Ofraite Individual

Concentration
Limit (Pcvgl

1.7Ee02

1.7E.02
I.5E+02

4.6E.04

1.6E.05

1.6E+02

I.IE+02

6.SE.01

4,5E.02

1.2E+02

1.7E.02

8.3E+00

.IE+01

2.SEe01

1.BE+06

2.3Ee09

2.5E.+03

2.2E.+01

8.4E+00

L.IE+01

6.9E+04

L.5Ee07

1.7E+02

2.1E+02
1.6Ee02

1.7Ee02
1.7E+02

1.3E+04
8.6E+01

1.SE.+02
2.3Ee03

LIE+0X

2.7Ee06

8,0E+01

3.2E.03

8.3Ee04

8.3E.04

1.7Ee01

2.7E.02

5.4E.01

7.IE+00

6.6E+02

.IE+02

7.IE+02

7.IE+02

6.8E.02

3.4E.01

Doe. Allowable
Concentration
Exceed DOT

2,000 pCi/g Limit?

Yea

Yeo

*Yea

Yea

Yes

Yea

Yes

Yes

Yes

Yea

Yes

Yes

Yes

Limfting Exposure
Scenario

Maximum worker

Maximum worker

Maximum worker

Maximum worker

Maximum worker

Maximum worker

Maximum worker

Maximum worker

Maximum worker

Maximum worker

Maximum worker

Maximum worker
Maximum worker

Maximum worker
Maximum worker

Maximum worker

Maximum worker

Maximum worker

Maximum worker

Maximum worker

Maximum worker

Maximum worker

Maximum worker

Maximpum worker
Maximum worker

Maximum worker
Maximum worker

Maximum worker

Maximum worker

Maximum worker

Maximum worker

Maximum worker

Maximum worker
Maximum worker

Maximum worker
Maximum worker

Maximum worker

Maximum worker

Maximum worker

Maximum worker

Maximum worker

Maximum worker
Maximum worker

Maximum worker

Maximum worker

Maximum worker
Maximum worker

Concentration
Limit (pCVgI

2.3E+02

1.7E+03

2.4E.09

4.6E.04

1.4E.06

&IE.03

1.SEe03

1.3E+03

2.7Ee04

7.4E.03

1.9E.04

3.6E402

1.2E+03

5.6E.02

1.BEeO6

I.4E+11

3.1Ee03

5&6E+03
7.8E.02

1.6E+02
6.9E.04

8.5E+08

2.OE+03

L.1Ee04

8.2Ee03

9.9E+03

L.OE+04

8.6E+05

1.d1303
LOE.04

1.8E.04

1.5E.02

1.7E+08

1.9E+04
'7.:3E+0S

S.SEe06

5.4E.06

6.7E.08

L5SE.04

3.3E+i03

L.01E02
3.7E.04

7.7Ee02

3.6Ee04

2.SEe04

L.SE+04

1.IEeO.4

Does Allowable
Concentration
Exceed DOT

2,000 pCi/g Limit?

Yea

Yes

Yea

Yea

Yee

Yea

Yes

Yea

Yes

Yes

Yes

Yes

Yea

Yes

Yea

Yea

Yea

Yes

Yes

Yea

Yes

Yes

Yea

Yea

Yes

Yea

Yea

Yea

Yea

Yea

Yes

Yea

Yes

Yes

* Denotes dose rates generated by nuclide plua its significant daughters in equilibrium
* Unrealistie scenarios are off-site individual and intruder-agriculture.
*I' Appropriate for depleted uranium pruvided the waste form is similar to sandy or loamy col.
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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 magnitude. It should also be noted that even in the on-site worker exposure

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 U.S.

Department of Transportation (DOT) to determine if a waste shipment is considered

radioactive material and should be labeled and placarded as radioactive material during

transport. The suggested radionuclide concentration limits shown in Table 5-4 exceed the

DOT 2,000 pCi/g limit for 14 radionuclides where all exposure scenarios are considered. For

the remaining 34 entries in the table, the suggested radionuclide concentration limits are less

than the DOT 2,000 pCi/g limit.

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

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

a different performance objective applies) shall experience annual doses exceeding 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.

However, since 1129 may cause injury to the thyroid, the thyroid dose to the maximum

exposed off-site individual was also examined to determine if it is limiting 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 pCi/g. The I-129

concentration that corresponds to the 75 mrem/yr thyroid dose limit is estimated to be

4.4E+04 pCi/g. This concentration is about one order of magnitude greater than the

concentration limit shown in Table 5-4, which is based on the intruder-agriculture exposure

scenario. Hence the general population thyroid dose limit does not result in the limiting I-

129 concentration for Clive disposal.
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5.4 COMPARISON WITH GENII RESULTS

To provide a check on the radionuclide concentration limits estimated using the

PATHRAE model, doses and concentration limits for two exposure scenarios (including off-

site individual) were also calculated using the GENII computer 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 environmental 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 generally 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 exposures to the off-site individual is

due, in part, to differences in the calculation of the atmospheric dispersion. PATHRAE is

based on a slightly different formulation of the Gaussian plume model which uses a virtual

point source approximation for area sources and calculates the vertical diffusion parameter

using different coefficients. When the atmospheric dispersion parameter. calculated by

PATHRAE is input for use in GENII, the calculated concentration limits generally agree

within a factor of about three.
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TABLE L-5

RADIONUCLEDE CONCENTRATION LlIMITS CALCULATED
USING PATHRAE AND GENII

Radionuclide Concentration Limits

Off-Site Individual! On-Site Workerb

Nuclide

Am-241
Am-243
C-14
Cd-109
Cm-242
Cm-243
Cm-244
Co-57
Co-60
Cs-134
Cs-137
Fe.55
H-3
I-129
Mn-54
Na-22
Nb-94
NM-59
Ni-63
Np-237
Pu-238
Pu-239
Pu-240
Pu-241
Pu-242
Ra-226
Ru-106
Sn-113
Sr-90
Tc-99
Th.230
Th-232
U-234
U-235
U-236
U-238
Zn-65

PATHRAE

(PCilg)

1.7E+02
1.7E+02
4.IE+'07
9.SE+06
1.6E+02
6.5E+01
1.2E+02
2.1E+08'
1.7E+06 t

1.2E+07 t

3.4E+06'
1.7E+08
2.31E+09
4.8E+05
2.3E+08 t

5.8E+07e
2.6E+05'
3.2E+07
1.5E+07
1.7E+02
1.61E+02
1.7E+02
1.71E.02
8.6E+01
1.81E+02
3.OE+03'
2.7E+06e
4.2E+08'
8.3E+04
1.1E+07
2.71E+02
7.1E+00
6.6E+02
1.IE+02
7.1E.02
7.1E+02
1.OE+08 1

GENII

(pCilg)

6.2E+04
6.5E+04
1.4E+10
2.5E+08
1.8E+06
9.2E+04
1.2E+05
3.2E+09
1.4E+08
6.8E+08
1.OE+09

2.3E+10
3.2E+11
1.8E+08
4. 5E+09
3.2E+09
7.2E+07
3.SE+1 0
1.41E+10
4.51E+04
9.5E+04
9.2E+04
9.2E+04
5.8E+06
1.OE3+05
3.51E+06
6.OE+07
2.81E+09
.1.4E3+08
3.OE+09
1.1E+05
2.5E+04
2.1E+05
2.3E+05
2.31E+05
2.3E.05
1.61E+09

PATIIRAE
(PCi/g)

2.3E+03
1.9E+03
2.6E+09
4.6E+04
8.1E+03
1.3E+03
7.4E+03
1.9E+04
3.6E+02
1.2E+03
5.6E+02
l.8E+06
1.41E+1 1
3.4E+03
5.6E+03
7.8E+02
1 .8E+02
6.9E+04
9.31E+08
2.2E3+03
8.2E+03
9.9E+03
1.OE+04
1.1E+03
1.OE+04
1.7E+02
1.9E+04
7.3E+05
5.41E+06
7.3E+08
1.5E+04
1.1E+02
3.7E+04
8.4E+02
3.6E.04
2.8E+04
1.1E+04

GENiI

(PCi/g)

1.OE+04
i.OE+04
9.2E+08
3.8E+06
3.OE+05
1.1E+04
1.9E+04
4.4E:+04
1.2E,+03
L.8E+03

5.6E+03
1.O1E+08
5.2E+10
1.9E+06
3.8E+03
1.4E+03
2.1E+03
8.4E+07
2.2E+09
7.2E.03
1.61E.04
1.51E+04
1.5E+04
9.2E+05
1.7E+04
3.8E+05
1.41E+04
7.2E+05
1.3E+07
1.6E+08
1.8E+04
4.OE+03
3.3E+04
2.IE+04
3.6E+04
3.8E3+04
4.4E+03

a. Based on a dose criterion of 25 mremlyr.

b. Based on a dose 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
individual.
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Radionuclide concentration limits based on exposures to the on-site worker generally

differ by factors of about 2 to 10 when the results of the PATHRAE and GENII calculations

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

For the on-site worker, the exposure pathway that contributes most of the dose varies

with radionuclide, and may be either inhalation or external gamma exposure. For some

radionuclides, both exposure pathways contribute significantly to worker dose. Therefore,

it is very difficult to generalize about the reasons for the different on-site worker doses

calculated by PATHRAE and by GENII.

5.5 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 disposed 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 radionuclide concentration limits in

Clive facility wastes with concentration limits for Class A wastes in 10 CFR 61. For purposes

of comparison, the concentration limits in Table 1 and Table 2 of 10 CFR 61 (specified in

Ci/mn) have been converted to pCi/g by assuming an average waste density of 1.6 g/cm3

(100 lb/f 3 ).

For those radionuclides for which comparisons can be made, the suggested limiting

concentrations in Clive wastes are very much smaller (i.e., several orders of magnitude

smaller) than the 10 CFR 61 Class A concentration limits for all but four radionuclides. For

I-129 the limiting concentration 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
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TABLE O6

COMfPARISON OF LIMITING RtADIONUCLIDE CONCENTRATIONS IN CLIVE FACILITY WASTES
WITH CLASS A WASTE CONCENTRATION LIMITS IN 10 CFR 61

Concentration Limits (pCi/g)

Nuclide

Am-241
Am-243

C-14
Cd-109
Cm-242'
Cm-243'
Cm-244d

Co.57
Co-60

Cs-134
Cs-137
Fe-55
H-3

1-129
Mn.54
Na-22
Nb-94
Ni-59
Ni-63

Np-237
pu.238'
Pu-239
Pu-240
Pu-241'
Pu-242
Ra.226'
Ru.1064
Sn-113
Sr-90W
Tc-99

Th-230
Th-232d

U-234
U-235
U.236
U-238
Zn-65

Clive Facility Wastes'

1.7E+02
1.7E+02
1.5E+02
4.6E+04
1.6E+02
6.5E+01
1.2E+02
1.7E+02
8.3E+o0
L.IE+01
2.8E+01
1.8E+06
2.3E+09
2.5E+03
2.2E+01
8.4E+o0
1.IE+01
6.9E+04
1.5E+07
1.7E+02
1.6E+02
1.7E+02
1.7E+02
8.6E+01
1.8E+02
1.1E+01
8.0E+01
3.2E+03
8.3E+04
1.7E+01
2.7E+02
7.1E+00
6.6E+02
1.1E+02
7.1E+02
7.IE+02
3AE+01

10 CFR 61 Class A
LimitSb

2.0E+06
2.OE+06
5.0E+05

-9

3.5E+05

2.OE+06
2.0E+06

4AE+08 -.

6.2E+05

2.5E+07
5.OE+03

1.2E+04
1.4E+07
2.2E+06
2.OE+06
2.0E+06
2.OE+06
2.0E+06
1.OE+04
2.0E+06

2.5E+04
1.9E+05

a. From Table 5-4, alll scenarios considered.

b. From Tables 1 and 2 of 10 CFR 61.55. Limits converted from CVm' to pCVg by assuming an average waste density
of 1.6 g/cm 3 (100 lb/ft').

c. No concentration limit specified for Class A wastes.

d. Effects of daughters included.
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concentration limit by factors of 92, 6.8 and 3.3, respectively. For alpha-emitting transuranic

nuclides the suggested limiting concentrations in Clive wastes are about four orders of

magnitude smaller than they are for Class A wastes. An additional Class A limit specified

in 10 CFR 61 is that the total concentration of all radionuclides with less than a 5-year half-

life must not exceed 4.4E+08 pCi/g. Since the sum of suggested 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.OE+06 pCi/g, this constraint is

satisfied.
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| 6. IMPLEMENTATION CONSIDERATIONS

| This chapter presents suggestions on license conditions that might be imposed and

how operations might be structured to assure that the concentration limits summarized in

I| Table 5-4 are not exceeded.

6.1 ASSURING COMPLIANCE.WITH CONCENTRATION LIMITS

The methodology used to obtain 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 trainload of waste comprising several rail 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. Since many, and-perhaps

most, of the vehicles would contain waste with nuclide concentrations well below the

concentration limits, this approach should generally yield annual average concentrations at

the disposal facility that are one or two orders of magnitude less than the concentration

limits presented in Chapter 5.

A less restrictive but still conservative approach is to apply the concentration limits

to 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.
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Although it might be possible to require, each waste generator shipping waste for

disposal at the Clive facility is to conform to the concentration limits on an annual basis.

This approach is less conservative still, and leaves the disposal site operator with a reduced

ability to control compliance with license conditions. Furthermore, this approach could result

in some shipments being received at the site with very high radionuclide concentrations that

could pose waste handling and exposure problems to on-site workers during disposal

operations. 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 projected waste volume by the

applicable radionuclide concentration limit.

Implementation of radionuclide concentration limits at the Clive Facility will require

that the site operator have in place specific procedures for inspecting and sampling incoming

shipments to determine weights, volumes, and radionuclide concentrations. Records will need

to be maintained of each incoming shipment and of the total quantity of waste disposed on

an annual basis. The sampling procedures and record& should be subject to periodic audit

by the Bureau of Radiation Control or other appropriate state agency.

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

* Sampling techniques

* Measurement techniques

* Compliance determination

* Actions in case of non-compliance

* Waste handling procedures

* Recordkeeping

The sampling requirements should address representative 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 requirements for calibrating the

measurements system, count times required to meet specified detection limits, and steps to

determine average nuclide concentrations in the samples and to sum the nuclide

concentrations to determine average total sample activities.

Compliance determination procedures will require that the volume and mass of waste

to be disposed be determined for each shipment. Based on the total mass and average

activity 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 specified radionuclide concentration limits. Waste handling procedures

should include health physics requirements for the protection of on-site operating personnel

as well as procedures for placing the waste in the disposal cell, compacting it, and identifying

its location.

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. Information to be provided for each shipment should include:

* Date of receipt of shipment.

* 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 total quantity of waste disposed at the facility should include:

* Year-to-date waste mass received.

* Year-to-date waste volume received.

* Year-to-date radioactivity received.
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6.2 SUM OF FRACTIONS RULE

The limiting concentrations in Chapter 5 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 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:

N Ci CA C2  CN

1 L Li 12 IN

where

C; = Average concentration 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 unity assures that doses during or after operations will not exceed the applicable

criteria.

6.3 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 therefore
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more disbursable, additional limitations in concentration or handling procedures may be

appropriate in order to assure adequate protection.

6A 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-

or-less 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.

Disposal operations that involve layering the waste and compacting 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 individuals will experience exposures from

waste that is more-or-less uniformly contaminated with radionuclides.

Onsite workers are the only persons for whom radiation exposures may be dependent

on whether the radioactive contamination is on the surface or dispersed throughout the

waste. These individuals are badged radiation workers who carry dosimeters and who have

had training in health physics procedures. The radiation doses received by these individuals

are monitored on a regular basis. The wearing of protective clothing and gloves should

prevent body contact with surface contamination. Therefore, it is concluded that it is not

necessary to impose a license condition on the receipt of surface contaminated material which

is different from that imposed on material for which the radionuclides are dispersed

throughout the waste.
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7. SUIMMARY

Considering only the potential 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 levels as

defined by current regulations and policies. With four exceptions, these limits are several

orders of magnitude smaller than the respective 10 CFR 61 Class A concentration limit. For

I-129, the suggested limit is smaller 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 would 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.
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APPENDIX A

NUCLIDE-SPECIFIC PARAMETER VALUES

The nuclide-dependent parameter values used in this risk assessment of waste

disposal at the Clive facility are presented in this appendix.
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TABLE A-1 Pgel Of 2

AVERAGE GAMMA ENERGIES AND GAMMA AIT.ENUATION FACTORS
(Source: Reference 25)'

Nuclide
Gamms
Energy
(MeV)

Gamma
Attenuation

(1/ln)
Half-Life

(yr)

Ac-228
Am-241
Am-243
Ba-137m
Bi-210
Bi-212
.Bi-214
C-14
Cd-109
Cm-242
Cm-243
Cm-244
Co-57
Co-60
Cs-134
Cs-137
Fe-55
H-3
I-129
Mn-54
Na-22
Nb-94
Ni-59
Ni-63
Np-237
Pb-210
Pb-212
Pb-214
Po-210
Po-212
Po-214
Po-216
Po-218
Pu-238

1.00E+00
3.40E-02
1.50E-01
6.60E-01

0.00
8.20E-01
1.10E+00

0.00
1.10E-02
1.40E-02
2.20E-01
5.OOE-01
1.20E-01

1.25E+00
7.OOE-01

0.00
3.OOE-02

0.00
2.90E-02
8.30E-01
1.27E+00
7.87E-01
7.OOE-03

0.00
3.50E-02
5.OOE-02
2.50E-01
5.OOE-01
8.OOE-01

0.00
8.00E-01

0.00
0.00

1.40E-02

1.OOE+01
5.OOE+01
2.20E+01
1.20E+01

0.00
1.10E+01
9.20E+00

0.00

5.OOE+01
5.OOE+01
2.00E+01
1.40E+01
2.50E+01
9.20E+00
1.20E+01

0.00
5.OOE+01

0.00

5.OOE+01
1.10E+01
9.20E+00
1.10E+01
5.OOE+01

0.00

5.OOE+01
5.OOE+01
1.90E+01
1.40E+01
1.10E+01

0.00

1.10E+01
0.00

0.00

5.00E+01

1.40E,+10
4.32E+02
7.38E+03
3.02E+01
1.60E+03
1.4OE+ 10
1.60E+03
5.73E,+03
1.27E+00
4.47E-01

2.85E+01
1.81E+01
7.42E-01

5.27E+00
2.06E+00
3.02E+01
2.70E+00
1.23E+01
1.57E+07
8.56E-01

2.60E+00
2.03E+04
7.50E+04
1.OOE+02
2.14E+06
1.60E+03
1.40E+10
1.60E+03
1.60E+03
1.40E+10
1.60E+03
1.40E+ 10
1.60E+03
8.78E+01

*

**

*

**

**

*

**

**

*

**

*

**
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TABLE A-1 Page 2 of 2

AVERAGE GAMMA ENERGIES AND GAMMA ATTENUATION FACTORS
(Source: Reference 25)'

Gamma Gamma
Nuclide Energy Attenuation Half-Life

(MeV) (/lm) (yr)

Pu-239 1.50E-02 5.OOE+01 2.41E+04
Pu-240 1.60E-01 2.20E+01 6.54E+03
Pu-241 0.00 0.00 1.44E+01
Pu-242 2.OOE-02 - 5.00E+01 3.76E+05
Ra-224 2.40E-01 1.90E+01 1.40E+10 *

Ra-226 1.43E-01 2.30E+01 1.60E+03 **

Ra-228 3.OOE-02 5.OOE+01 1.40E+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 1.60E+03 **

Ru-106 0.00 0.00 1.01E+00
Sn-113 3.90E-01 1.60E+01 3.15E-01
Sr-90 0.00 0.00 2.86E+01
Tc-99 0.00 0.00 2.13E+05
Th-228 1.50E-01 2.20E+01 1.40E+10 *

Th-230 8.40E-02 3.00E+01 7.70E+04
Th-232 1.40E-02 5.OOE+01 1.40E+10 *

TI-208 1.50E+00 8.30E+00 1.40E+10 *

U-234 4.OOE-01 1.50E+01 2.44E+05
U-235 1.29E-01 2.40E+01 7.04E+08
U-236 5.00E-02 5.00E+01 2.34E+07
U-238 1.40E-02 5.OOE+01 4.47E+09
Y-90 0.00 0.00 2.86E+01
Zn-65 1.10E+00 9.80E+00 6.69E-01

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

* Members of the Th-232 decay chain, half-lives have been set equal to the parent nuclide.

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

LEACH RATES AND SOLUBILITIES
(Source: Reference 26)

Input Leach
Nuclide Rate (Vyr)

Final Leach Solubility
Rate (1/yr) (mole/l)

Ac-228
Am-.241
Amn-243
Ba-137mi
Bi-210
Bi-212
Bi-214
C-14
Cd-109
Cm-242
Cnm-243
Cmn-244
Co-57
Co-60
Cs-134
Cs-137
Fe-55
H-3
1-129
Mn-54
Na-22
Nb-94
Ni-59
Ni-63
Np-237
Pb-210
Pb-212
Pb-214
Po-210
Po-212
Po-214
Po-216
Po-218
Pu-238
Pu-239

8.32E-07
8.32E-07
8.32E-07
1.67E-07
8.32E-07
8.32E-07
8.32E-07
4.22E-04
1.35E-05
2.78E-08
2.78E-08
2.78E-08
8.18E-06
8.18E-06
1.67E-07
1.67E-07
1.61E-05
4.42E-04
2.15E-04
1.61E-05
4.42E-04
2.78E-07
8.32E-07
8.32E-07
8.18E-06
8.32E-07
8.32E-07
8.32E-07
2.08E-07
2.08E-07
2.08E-07
2.08E-07
2.08E-07
8.32E-07
8.32E-07

8.32E-07
8.32E-07
8.32E-07
1.67E-07
8.32E-07
8.32E-07
8.32E-07
4.22E-04
1.35E-05
2.78E-08
2.78E-08
2.78E-08
8.18E-06
8.18E-06
1.67,E-07
1.67E-07
1.61E-05
4.42E-04
2.15E-04
1.61E-05
4.42E-04
2.78E-07
8.32E-07
8.32E-07
8.18E-06
8.32E-07
8.32E-07
8.32E-07
2.08E-07
2.08E-07
2.08E-07
2.08E-07
2.08E-07
8.32E-07
1.24E-07

0.00
1.00E-01
1.OOE-01

0.00
0.00
0.00
0.00
0.00
0.00

1.OOE-14
1.OOE-14
1.OOE-14
1.00E-02
1.00E-02

0.00

0.00
0.00

0.00

1.OOE-02
0.00
0.00
0.00

1.OOE-02
1.OOE-02

1.OOE+01
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

1.OOE-13
1.OOE-13
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TABLE A-2 Page 2 of2

LEACH RATES AND SOLUBILITIES
(Source: Reference 26)

Input Leach
Nuclide Rate (llyr)

Pu-240
Pu-241
Pu-242
Ra-224
Ra-226
Ra-228
Rh-106
Rn-220
Rn-222
Ru-106
Sn-113
Sr-90

Tc-99
Th-228
Th-230
Th-232
Tl-208
U-234
U-235
U-236
U-238
Y-90

Zn-65

8.32E-07
8.32E-07
8.32E-07
8.32E-07
8.32E-07
8.32E-07
5.20E-07

0.00
0.00

5.20E-07
8.32E-07
1.02E-05
4.42E-04
8.32E-07
8.32E-07
8.32E-07
8.32E-07
2.07E-06
2.07E-06
2.07E-06
2.07E-06
1.02E-05
5.49E-06

Final Leach
Rate (lyr)

4.56E-07
8.32E-07
7.93E-09
2.13E-08
8.32E-07
2.13E-08
5.20E-07

0.00
0.00

5.20E-07
8.32E-07
1.02E-05
4.42E-04
8.32E-07
8.32E-07
8.32E-07
8.32E-07
2.07E-06
2.07E-06
2.07E-06
2.07E-06
1.02E-05
5.49E-06

Solubility
(mole/l)

1.OOE-13
1.00E-13
L.OOE-13
1.OOE-08
1.OOE-08
1.OOE-08
1.00E-10

0.00
0.00

1.00E-10
0.00
0.00
0.00

1.00E-04
1.00E-04
1.00E-04

0.00
0.00
0.00
0.00
0.00
0.00

1.OOE-12
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TABLE A-3 Page I of 2

SORPION AND RETARDATION FACTORS
(Source: Reference 26)

Nuclide
Aquifer
Sorption

Aquifer
Retardation

Vertical
Sorption

Vertical
Retardation

Ac-228
Am-241
Am-243
Ba-137m
Bi-210
Bi-212
Bi-214
C-14
Cd-109
Cm-242
Cm-243
Cm-244
Co-57
Co-60
Cs-134
Cs-137
Fe-55
H-3
1-129
Mn-54
Na-22
Nb-94
Ni-59
Ni-63
Np-237
Pb-210
Pb-212
Pb-214
Po-210
Po-212
Po-214
Po-216
Po-218
Pu-238
Pu-239

1.OOE+02
9.90E+01
9.90E+01
5.OOE+02
1.OOE+02
1.OOE+02
1.OOE+02
1.OOE-02

6.OOE+00
3.OOE+03
3.OOE+03
3.OOE+03
1.OOE+01
1.OOE+O1
5.00E+02
5.OOE+02
5.OOE+00
1.OOE-03
2.00E-01

5.OOE+00
1.OOE-03

3.OOE+02
1.OOE+02
1.OOE+02
1.OOE+01
1.OOE+02
1.OOE+02
1.OOE+02
4.OOE+02
4.OOE+02
4.OOE+02
4.OOE+02
4.OOE+02
1.OOE+02
1.OOE+02

8.01E+02
7.93E+02
7.93E+02
4.OOE+03
8.01E+02
8.01E+02
8.01E+02
1.08E+00
4.90E+01
2.40E+04
2.40E+04
2.40E+04
8.10E+01
8. 1OE+01
4.OOE+03
4.OOE+03
4.10E+01
1.01E+O0
2.60E+00
4.10E+01
1.O1E+O0
2.40E+03
8.01E+02
8.01E+02
8.10E+01
8.01E+02
8.01E+02
.8.01E+02
3.20E+03
3.20E+03
3.20E+03
3.20E+03
3.20E+03
8.01E+02
.8.01E+02

1.OOE+02
9.90E+01
9.90E+01
5.OOE+02
1.OOE+02
1.OOE+02
1.OOE+02
1.OOE-02

6.OOE+00
3.OOE+03
3.OOE+03
3.OOE+03
1.OOE+01
1.OOE+01
5.OOE+02
5.OOE+02
5.OOE+00
1.OOE-03
2.OOE-01
5.OOE+O0
1.OOE-03

3.OOE+02
1.OOE+02
1.OOE+02
1.OOE+01
1.OOE+02
1.OOE+02
1.OOE+02
4.OOE+02
4.OOE+02
4.OOE+02
4.OOE+02
4.OOE+02
1.OOE+02
LOO0E+02

3.35E+03
3.32E+03
3.32E+03
1.68E+04
3.35E+03
3.35E+03
3.35E+03
1.34E+O0
2.02E+02
1.O1E+05
1.01E+05
1.O1E+05
3.36E+02
3.36E+02
1.68E+04
1.68E+04
1.69E+02
1.03E+O0
7.70E+OO
1.69E+02
1.03E+O0
1.O1E+04
3.35E+03
3.35E+03
3.36E+02
3.35E+03
3.35E+03
3.35E+03
1.34E+04
1.34E+04
1.34E+04
1.34E+04
1.34E+04
3.35E+03
3.35E+03
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TABLE A-3 Page 2 vf2

SORPTION AND RETARDATION FACTORS
(Source: Reference 26)

Nuclide
Aquifer
Sorption

Aquifer
Retardation

Vertical
Sorption

Vertical
Retardation

Pu-240
Pu-241
Pu-242
Ra-224
Ra-226
Ra-228
Rh-106
Rn-220
Rn-222
Ru-106
Sn-113
Sr-90
Tc-99
Th-228
Th-230
Th-232
TI-208
U-234
U-235
U-236
U-238
Y-90
Zn-65

1.00E+02
1.00E+02
1.00E+02
9.80E+01
9.80E+01
9.80E+01
1.60E+02

0.00
0.00

1.60E+02
1.00E+02
8.OOE+00
1.OOE-03

1.05E+02
1.05E+02
1.05E+02
1.01E+02
3.90E+01
4.OOE+01
4.OOE+01
4.OOE+01
8.OOE+00
1.50E+01

8.01E+02
8.01E+02
8.01E+02
7.85E+02
7.85E+02
7.85E+02
1.28E+03
1.00E+00
1.00E+00
1.28E+03
8.01E+02
6.50E+01
1.01E+00
8.41E+02
8.41E+02
8.41E+02
8.09E+02
3.13E+02
3.21E+02
3.21E+02
3.21E+02
6.50E+01
1.21E+02

1.OE+02
1.00E+02
1.OOE+02
9.80E+01
9.80E+01
9.80E+01
1.60E+02

0.00
0.00

1.60E+02
1.00E+02
8.OOE+00
1.OOE-03

1.05E+02
1.05E+02
1.05E+02
1.01E+02
3.90E+01
4.OOE+01
4.OOE+01
4.OOE+01
8.OOE+00
1.50E+01

3.35E+03
3.35E+03
3.35E+03
3.29E+03
3.29E+03
3.29E+03
5.36E+03
1.00E+00
1.OOE+00
5.36E+03
3.35E+03
2.69E+02
1.03E+00
3.52E+03
3.52E+03
3.52E+03
3.39E+03
1.31E+03
1.34E+03
1.34E+03
1.34E+03
2.69E+02
5.04E+02
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TABLE A-4 Page I of 2

BIOACCUMULATION FACTORS
(Source: Reference 27)

Nuclide
Soil-Plant

Bv
Soil-Plant

Br
Forage-Milk

Fm (W/I)
Forage-Meat

Ff (d/kg)

Ac-228
Am-241
Am-243
Ba-137m
Bi-210
Bi-212
Bi-214
C-14
Cd-109
Cm-242
Cm-243
Cm-244
Co-57
Co-60
Cs-134
Cs-137
Fe-55
H-3
1-129
Mn-54
Na-22
Nb-94
Ni-59
Ni-63
Np-237
Pb-210
Pb-212
Pb-214
Po-210
Po-212
Po-214
Po-216
Po-218
Pu-238
Pu-239

2.50E-03
2.50E-04
2.50E-04
5.00E-03
1.60E-01
1.50E-01
1.50E-01

5.50E+00
3.00E-01
2.50E-03
2.50E-03
2.50E-03
9.40E-03
9.40E-03
1.00E-02
1.OOE-02
6.60E-04

4.80E+00
2.OOE-02
2.90E-02
5.20E-02
9.40E-03
1.90E-02
1.90E-02
2.50E-03
6.80E-02
6.80E-02
6.80E-02
1.50E-01
1.50E-01
1.50E-01
1.50E-01
1.50E-01
2.50E-04
2.50E-04

2.50E-04
2.50E-05
2.50E-05
5.00E-04
1.50E-02
1.50E-02
1.50E-02
5.50E-01
3.OOE-02
2.50E-04
2.50E-04
2.50E-04
9.40E-04
9.40E-04
1.OOE-03
1.00E-03
6.60E-05
4.80E-01
2.00E-03
2.90E-03
5.20E-03
9.40E-04
1.90E-03
1.90E-03
2.50E-04
6.80E-03
6.80E-03
6.80E-03
1.50E-02
1.50E-02
1.50E-02
1.50E-02
1.50E-02
2.50E-05
2.50E-05

5.OOE-06
5.OOE-06
5.OOE-06
4.00E-04
5.OOE-04
5.OOE-04
5.OOE-04
1.20E-02
1.20E-04
5.OOE-06
5.OOE-06
5.OOE-06
1.OOE-03
1.OOE-03
1.20E-02
1.20E-02
1.20E-03
1.00E-02
6.OOE-03
2.50E-04
4.OOE-02
2.50E-03
6.70E-03
6.70E-03
5.OOE-06.
6.20E-04
6.20E-04
6.20E-04
3.OOE-04
3.OOE-04
3.OOE-04
3.OOE-04
3.OOE-04
2.OOE-06
2.OOE-06

6.00E-02
2.OOE-04
2.OOE-04
3.20E-03
1.30E-02
1.30E-02
1.30E-02
3.10E-02
5.30E-04
2.OOE-04
2.OOE-04
2.OOE-04
1.30E-02
1.30E-02
4.OOE-03
4.OOE-03
4.OOE-02
1.20E-02
2.90E-03
8.OOE-04
3.OOE-02
2.80E-01
5.30E-03
5.30E-03
2.OOE-04
2.90E-04
2.90E-04
2.90E-04
1.20E-02
1.20E-02
1.20E-02
1.20E-02
1.20E-02
1.40E-05
1.40E-05
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TABLE A-4 Pge 2 of 2

BIOACCUMUIATION FACTORS
(Source: Reference 27)

Nuclide
Soil-Plant

Bv
Soil-Plant

Br
Forage-Milk

Fm (c/I)
Forage-Meat

Ff (dl/kg)

Pu-240
Pu-241
Pu-242
Ra-224
Ra-226
Ra-228
Rh-106
Rn-220
Rn-222
Ru-106
Sn-113
Sr-90
Tc-99
Th-228
Th-230
Th-232
Tl-208
U-234
U-235
U-236
U-238
Y-90
Zn-65

2.50E-04
2.50E-04
2.50E-04
3.10E-04
3.10E-04
3.10E-04

1.30E+01
3.50E+00
3.50E+00
5.OOE-02
2.50E-03
1.70E-02
2.50E-01
4.20E-03
4.20E-03
4.20E-03
2.50E-01
2.50E-03
2.50E-03
2.50E-03
2.50E-03
2.60E-03
4.OOE-01

2.50E-05
2.50E-05
2.50E-05
3.10E-05
3.10E-05
3.10E-05

1.30E+00
3.50E-01
3.50E-01
5.00E-03
2.50E-04
1.70E-03
2.50E-02
4.20E-04
4.20E-04
4.20E-04
2.50E-02
2.50E-04
2.50E-04
2.50E-04
2.50E-04
2.60E-04
4.OOE-02

2.OOE-06
2.OOE-06
2.OOE-06
8.0OE-03
8.OOE-03
&OO0E-03
1.OOE-02
2.OOE-02
2.OOE-02
1.OOE-06
2.50E-03
8.OOE-04
2.50E-02
5.OOE-06
6.OOE-06
5.OOE-06
2.20E-02
5.OOE-04
5.OOE-04
5.OOE-04
5.0OE-04
1.OOE-05
3.90E-02

1.40E-05
1.40E-05
i.40E-05
3.40E-02
3.40E-02
3.40E-02
1.50E-03
2.OOE-02
2.OOE-02
4.OOE-01
8.OOE-02
6.OOE-04
4.OOE-01
2.OOE-04
2.OOE-04
2.OOE-04
4.OOE-02
3.40E-04
3.40E-04
3.40E-04
3.40E-04
4.60E-03
3.OOE-02
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TABLE A-S Pos. I oVr

TOTAL EQUWVALENT UPTAKE FACTORS
(Source: Reference 28)-

Nuclide

Ac-228

Amn-241

Am-243

Ba-137m

Bi-210

Bi-212

Bi.214

C-14

Cd-109

Crn-242

Cmn-243

Cm-244

Co-57

Co-60

Cs-134

Cs.137

Fe-55

H-3

1-129

Mn-54

Na-22

Nb-94

Ni-59

Ni-63

Np-237

Pb-210

Pb-212

Pb-214

Po-210

Po-212

Po-214

River
(1y)

1.34E+03

6.38E+02

6.38E+02

5.35E+02

7.28E+02

7.28E+02

7.28E+02

3.23E+04

1.84E+03

6.20E+02

6.38E+02

6.38E+02

9.54E+02

9.74E+02

1.45E+04

1.45E+04

1.63E+03

6.05E+02

7.OOE+02

3.22E+03

2.15E+03

2.11E+05

1.33E+03

1.33E+03

5.35E+02

1.17E+03

1.17E+03

1.7E+03

4.06E+03

4.06E+03

4.06E+03

Well

1.17E+03

4.66E+02

4.66E+02

5.07E+02

6.24E+02

6.24E+02

6.24E+02

5.82E+02

4.65E+02

4.49E+02

4.65E+02

4.65E+02

6.11E+02

6.29E+02

7.02E+02

7.08E+02

9.40E+02

7.99E+02

5.97E+02

4.67E+02

1.46E+03

3.79E+03

6.36E+02

6.36E+02

4.66E+02

4.77E+02

4.77E+02

4.77E+02

6.09E+02

6.09E+02

6.09E+02

Erosion
Wyr)

1.34E+03

6.38E+02

6.38E+02

5.35E+02

7.28E+02

7.28E+02

7.28E+02

3.23E+04

1.84E+03

6.20E+02

6.38E+02

6.38E+02

9.54E+02

9.74E+02

1.45E+04

1.45E+04

1.63E+03

8.05E+02

7.00E+02

3.22E+03

2.15E+03

2.11E+05

1.33E+03

1.33E+03

5.35E+02

1.17E+03

1.17E+03

1.17E+03

4.06E+03

4.06E+03

4.06E+03

Bathtub
(Uyr)

1.17E+03

4.66E+02

4.66E+02

5.07E+02

7.28E+02

6.24E+02

7.28E+02

5.82E+02

4.65E+02

4.49E+02

4.65E+02

4.65E+02

6.11E+02

6.29E+02

7.02E+02

7.08E+02

9.40E+02

7.99E+02

5.97E+02

4.67E+02

1.46E+03

3.79E+03

6.36E+02

636E+02

4.66E+02

1.17E+03

4.77E+02

1.17E+03

4.06E+03

6.09E+02

4.06E+03

Spillage
Mlyr)

1.36E+03

6.38E+02

6.38E+02

5.35E+02

9.45E+02

9.97E+02

9.45E+02

3.23E+04

1.84E+03

6.20E+02

6.38E+02

6.38E+02

9.54E+02

9.74E+02

1.45E+04

1.45E+04

1.63E+03

8.05E+02

7.15E+02

3.22E+03

2.15E+03

2.11E+05

1.36E+03

1.33E+03

5.36E+02

1.19E+03

1.20E+03

1.19E+03

4.26E+03

4.31E+03

4.26E+03

Food
(kg/yr)

1.88E-01

1.18EM3

1.18E-03

4.43E-02

3.09E+00

3.09E+00

3.09E+00

0.00

1.49E+00

9.85E-03

1.18E-02

1.18E-02

1.81E-01

1.98E-01

2.71E-01

2.78E-01

3.43E-02

0.00

3.45E-01

1.54E-01

5.19E+00

3.19E+00

4.02E-01

4.02E-01

1.18E-02

3.94E-01

3.94E-01

3.94E-01

2.87E+00

2.87E+00

2.87E+00
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TABLE A-6 Page 2 of 2

TaOAL EQUYVALENT UPTAHE FACTORS
(Source: Reference 28)'

Nuclide

Po-216

Po-218

Pu-238

Pu-239

Pu-240

Pu-241

Pu-242

Ra-224

Ra-226

Ra-228

Rh-106

Rn-220

Rn-222

Ru-106

Sn-113

Sr-90

Tc-99

Th-228

Th-230

T-232

TI-208

U-234

U-235

U-236

U-238

Y-90

ZD 65

River
Olyr)

4.06E+03

4.06E+03

4.87E+02

4.87E+02

4.87E+02

4.87E+02

4.87E+02

1.34E+03

1.34E+03

1.34E+03

7.24E+02

1.06E+03

1.06E+03

4.98E+03

2.17E+04

6.90E+02

5.69E+03

6.73E+02

6.73E+02

6.73E+02

7.03E+04

4.89E+02

4.89E+02

4.89E+02

4.89E+02

6.89E+02

1.51E+04

well
O/r)

6.09E+02

6.09E+02

4.63E+02

4.63E+02

4.63E+02

4.63E+02

4.63E+02

9.94E+02

9.94E+02

9.94E+02

6.55E+02

1.05E+03

1.05E+03

4.91E+03

1.27E+03

4.83E+02

6.89E+03

4.66E+02

4.66E+02

4.66E+02

1.30E+03

4.75E+02

4.75E+02

4.75E+02

4.75E+02

5.17E+02

1.41E+03

Erodion
MTr)

4.06E+03

4.06E+03

4.87E+02

4.87E+02

4.87E+02

4.87E+02

4.87E+02

1.34E+03

1.34E+03

1.34E+03

7.24E+02

1.06E+03

1.06E+03

498E+03

2.17E+04

6.90E+02

5.69E+03

6.73E+02

6.73E+02

6.73E+02

7.03E+04

4.89E+02

4.89E+02

4.89E+02

4.89E+02

6.89E+02

151E+04

Bathtub
Wyr)

6.09E+02

4.06E+03

4.63E+02

4.63E+02

4.63E+02

4.63E+02

4.63E+02

9.94E+02

1.34E+03

9.94E+02

6.55E+02

1.05E+03

1.06E+03

4.91E+03

1.27E+03

4.83E+02

5.58E+03

4.66E+02

4.66E+02

4.66E+02

1.30E+03

4.75E+02

4.75E+02

4.75E+02

4.75E+02

5.17E+02

1.41E+03

Spillage
OyT)

4.31E+03

4.26E+03

4.87E+02

4.88E+02

4.88E+02

4.87E+02

4.88E+02

134E+03

1.34E+03

1.34E+03

7.04E+02

6.86E+03

5.88E+03

4.97E+03

2.17E+04

6.90E+02

930E+03

6.74E+02

6.74E+02

6.74E+02

7.22E+04

4.90E+02

4.90E+02

4.90E+02

4.90E+02

6.89E+02

1.51E+04

Food
fgtyr)

2.87E+00

2.87E+00

1.12E-03

1.13E-03

1.13E-03

1.12E-03

1.13E-03

1.77E-02

1.77E-02

1.77E-02

2.68E+02

2.07E+02

2.07E+02

2.20E+01

2.03E-01

1.09E-01

129E+02

_ 1.98E-02

1.98E-02

1.98E-02

2.15E+01

1A2E-02

142E-02

1.42E-02

1.42E-02

2.57E-02

3.68E+01

a. Ca]culated from biouptake and food and water ingestion rates presented in Reference 28.
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TABLE A-6 Pagel1 of 2

DOSE CONVERSION FACTORS
(Source: References 28 and 29)

Nuclide
Ingestion Inhalation

Dose Factors Dose Factors
(mrem/pCi) (mrei/pCi)

Direct Gamma
Dose Factors

(mreem-m"/pCi-yr)

Ac-228
Am-241
Am-243
Ba-137m
Bi-210
Bi-212
Bi-214
C-14
Cd-109
Cm-242
Cm-243
Cm-244
Co-57
Co-60
Cs-134
Cs-137
Fe-55
H-3
I-129
Mn-54
Na-22
Nb-94
Ni-59
Ni-63
Np-237
Pb-210
Pb-212
Pb-214
Po-210
Po-212
Po-214
Po-216
Po-218
Pu-238

2.10E-06
4.50E-03
4.50E-03

0.00
5.90E-06
9.90E-07
2.40E-07
2.10E-06
1.20E-05
1.10E-04
2.90E-03
2.30E-03
1.10E-06
2.60E-05
7.40E-05
5.OOE-05
5.80E-07
6.30E-08
2.80E-04
2.70E-06
1.20E-05
5.10E-06
2.OOE-07
5.40E-07
3.90E-03
5.10E-03
4.10E-05
5.80E-07
1.60E-03

0.00
0.00
0.00
0.00

3.80E-03

2.90E-04
5.20E-01
5.20E-01

0.00
1.90E-04
2.1OE-05
6.30E-06
2.10E-06
1.00E-04
1.70E-02
3.50E-01
2.70E-01
7.50E-06
1.50E-04
4.70E-05
3.20E-05
2.60E-06
6.30E-08
1.80E-04
6.40E-06
8.O0E 06
3.30E.04
2.70E-06
6.30E-06
4.90E-01
1.30E-02
1.60E-04
6.70E-06
8.10E-03

0.00
0.00
0.00
0.00

4.60E-01

9.10E-05
3.OOE-06
6.60E-06
6.10E-05

0.00
1.80E-05
1.40E-04

0.00
9.40E-07
9.30E-08
1.50E-05
8.30E-08
1.40E-05
2.30E-04
1.60E-04

0.00
2.20E-08

0.00
2.20E-06
8.40E-05
2.10E-04
1.60E-04
4.20E-08

0.00
3.20E-06
3.OOE-07
1.60E-05
2.70E-05
8.60E-10

0.00
8.40E-09
1.50E-09

0.00
8.60E-08
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TABLE A-6 Page 2of 2

DOSE CONVERSION FACTORS
(Source: References 28 and 29)

Nucide
Ingestion Inhalation

Dose Factors Dose Factors
(mremlpCi) (mrem/pCij

Direct Gamma
Dose Factors

(mremmx'/pCi-yr)

Pu-239
Pu-240
Pu-241
Pu-242
Ra-224
Ra-226
Ra-228
Rh-106
Rn-220
Rn-222
Ru-106
Sn-113
Sr-90
Tc-99
Th-228
Th-230
Th-232
TI-208
U-234
U-235
U-236
U-238
Y-90

Zn-65

4.30E-03
4.30E-03
8.60E-05
4.10E-03
3.30E-04
1.10E-03
1.20E-03
6.10E-07

0.00

0.00
2.10E-05
2.70E-06
1.30E-04
1.30E-06
3.80E-04
5.30E-04
2.80E-03

0.00
2.60E-04
2.50E-04
2.50E-04
2.30E-04
1.00E-05
1.40E-05

5.10E-01
5.10E-01
1.00E-02
4.80E-01
2.90E-03
7.90E-03
4.20E-03
2.OOE-07

0.00
0.00

4.40E-04
8.90E-06
1.30E-03
7.50E-06
3.10E-01
3.20E-01
1.60E+00

0.00
1.30E-01
1.20E-01
1.20E-01
1.20E-01
8.20E-06
1.80E-05

3.80E-08
8.20E-08

0.00
6.80E-08
1.10E-06
7.60E-07
6.70E-14
2.10E-05
5.40E-08
4.OOE-08

0.00
1.50E-06

0.00
6.30E-11
2.80E-07
9.10E-08
6.70E-08
3.OOE-04
8.10E-08
1.70E-05
7.30E-08
6.50E-08

0.00
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

disposal units through the engineered cover system. If sufficient 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 unit would cause exposures to off-site

individuals.

This appendix describes 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(30 ) and the UNSAT-H(3) 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 U.S. Environmental Protection

Agency to permit estimation of the amounts of surface runoff, subsurface drainage, and

leachate that might be expected to result from the operation of disposal units with a wide

variety of designs. The model evaluates the impacts of precipitation, runoff, infiltration,

percolation, evapotranspiration, soil moisture storage, and lateral drainage using a quasi-two-

dimensional approach.

The UNSAT-H computer model was developed at Pacific Northwest Laboratory to

assess the water dynamics of near-surface waste disposal sites. It is a one-dimensional, finite

difference model that simulates the unsaturated flow of groundwater. The model accounts

for 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 the computer 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

specifying potential evaporation rates were required for{JNSAT-H. Data for Tooele, Utah('3

were used for that portion of the simulation.

Data from Ely, Nevada were chosen as representative of that at the Clive 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 precipitation rates. Salt Lake City climatological data were

considered 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 from 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

clinatological factors and the inability to assure that such data would be conservatively

representative.
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Generic soil characteristics were used in modeling the disposal facility. The topsoil

at the facility was assumed to be loam, underlain by a clay layer with a saturated hydraulic

conductivity of 1.OE-7 cm/s.3) The waste was considered to have the characteristics of a

sandy loam. 12) The native material below the waste was assumed to be clay, with a

saturated conductivity of 1.OE-7 cm/s.()

Using these climatic 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 evaporation in excess of what would

actually be observed with rip-rap in place.

Additional simulations were performed using the HELP model to examine the impact

of the 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 effective 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 equal to l-p, where p is the porosity of the rip-rap layer (taken to be approximately

0.5). The rip-rap also shades the soil surface from direct solar radiation, thereby further

reducing the effective evaporation rate. The damping depth for water evaporation through

the rip-rap materials' is approximately 35 cm34) 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-rap is to reduce the water evaporation rate to a value of only 14 percent of the projected

evaporation rate without rip-rap.

The HELP model was used in two ways to simulate the reduction in surface

evaporation resulting from the presence of the rip-rap layer. The first simulation reduced

the evaporative depth, i.e., the zone from which water may undergo evaporation from the soil.

The evaporative depth was reduced from its expected value of 46 cm at Ely, Nevada to a

smaller value which gave an evaporation rate only 14 percent of that estimated for the

baseline no rip-rap case. The second simulation reduced the solar intensity, i.e., the flux of

solar radiation incident on the site, to achieve an evaporation rate that was only 14 percent

of the baseline evaporation rate.

B-4



The potential impact of cracking of the clay cover on water percolation rates was also

considered. 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 arid

conditions when compared to non-expansive clays. Rapid rates of drying will promote

cracking relative to long-term drying. The cover design for the Clive facility specifies

placement of a thin sand layer over the clay cap with a riprap 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.

B.3 RESULTS AND DISCUSSION

The distribution of precipitation among the various groundwater and surface water

components, 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 Ely

is the closest station for which complete climatological data were available that reasonably

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 compared to actual conditions at Clive.

As shown in Table B-i, the distribution of the precipitation among the runoff, lateral

drainage in the cover system, and deep percolation varies between the two computer models

used for the analysis. The bases for these differences lie in slightly different input 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 deep percolation rate is the vertical flow rate at the boundary between the

compacted soil layer at the bottom of the disposal unit and the underlying native soil. It is

this flow rate which must be conducted away by soil below the disposal unit if no water is
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TABLE B-1

PRECIPITATION DISTRIBUTION RESULTS WITHOUT RIP-RAP COVER

Value

Parameter

Runoff (cm/yr)

Evaporation (cm/yr)

Lateral Drainage (cmlyr)

Deep Percolation (cmlyr)

HELP Code UNSAT..H Code

0.3 14.2

20.1 7.5

0.4 0.1

1.5 0.4

TABLE B-2

PRECIPITATION DISTRIBUTION RESULTS WITH RIP-RAP COVER

Parameter

Runoff (cm/yr)

Evaporation (cm/yr)

Lateral Drainage (cm/yr)

Deep Percolation (cm/yr)

Value Using HELP Code
Reduced Reduced

Evaporation Solar
Depth Intensity

12.0 11.9

2.7 2.8

4.8 4.5

2.8 2.8
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to accumulate in the disposal units. While the projected mass balances of water flows differ

between the HELP and UNSAT-H computer models, both models 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

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

analyses performed 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-i), to compensate for the decrease

in water lost to evaporation. The increase in deep percolation rate is similar for both

modeling approaches, amounting to an 80 percent increase over the deep percolation rate for

the 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

encounters a crack, at which point it may infiltrate vertically along the crack. The water may

be absorbed by the clay or may continue to infiltrate. Surface runoff and evaporation will

remain largely unaffected by cracking of the clay layer. Thus, the primary impact of cracking

may be to increase the deep percolation by the amount of water 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 cm/yr (2.3E-07 cm/s

and 2.4E-07 cmls), respectively,-for the reduced solar intensity and reduced evaporative depth

scenarios.
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The potential for accumulation of water 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 hydraulic conductivity. Water supplied to the soil at rates

greater than this conductivity will not be conducted away vertically through 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 given saturated hydraulic

conductivities ranging from about LOE-07 to 3.5E-03 cm/sec.(3 ) 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 depths 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

because 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 units is based on the

premise that saturated hydraulic conductivities of soils under all of the existing and proposed

disposal units are similar to the values assumed in the analyses described above.

B-8



APPENDIX C

THE GENII COMPUTER MODEL



APPENDIX C

THE GENII COMPUTER MODEL

Benchmarking of the radiological doses and concentration limits obtained using the

PATHRAE computer model(') was performed by comparing the PATHRAE results with the

results obtained using the GENII computer model."2 4) 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 which may

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

The modeling approaches adopted for use in the GENII model, and the similarities

and differences between this model and PATHRAE are discussed below. This discussion is

structured to correspond to the transport and exposure pathways modeled by the two codes.

C.1 GROUNDWATER TRANSPORT

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

a groundwater concentration at a well used by humans. If this is done, the model calculates

exposures resulting from use of the water for direct consumption and for irrigation and

animal use.

This approach does not allow specification of a contaminant travel time to the well.

Hence, any groundwater concentration specified is immediately available for direct

consumption, irrigation, and animal use.
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PATHRAE will permit input of simple flow parameters for the unsaturated and

saturated zones. These data, in conjunction with nuclide transport data, are used to project

contaminant travel times and, ultimately, exposures resulting from the use of the water. The

model takes into account lateral and longitudinal dispersion.

C.2 SURFACE WATER TRANSPORT

Transport of waterborne contaminants is modeled by GENII for non-tidal rivers and

near-shore lake environments. For each of these environments, the model calculates a

mixing ratio, the ratio of the concentration at the usage location and the initial concentration.

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 constant 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.

The modeling of surface water transport requires input of the initial liquid

contaminant concentrations, the rate of discharge to the river or lake, 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.

PATHRAE 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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C.3 ATMOSPHERIC TRANSPORT

GENII can implement a variety of atmospheric dispersion 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. Finally, the user may input an atmospheric

dispersion parameter calculated independently of GENII.

The atmospheric dispersion models calculate the effective release height, accounting

for buoyancy and momentum flux. The models also account for plume reflection at the

ground and at the top of the mixing layer.

The Gaussian plume models are used to calculate atmospheric concentrations for acute

and chronic exposures of individuals and populations. For chronic exposures to individuals

the user may input a pre-calculated ratio of air concentration and source release rate

(CHI/Q), ask the code to calculate this 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 exposures 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 CHI/Q except for instantaneous releases) or a

location of interest. The latter option also requires input of either a grid of pre-calculated

E/Q values or a set of joint frequency data. Population distribution data are required for the

population calculations.

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 large distances.

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 is less

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 unimportant, for the present

application.

C.4 SOIL TRANSPORT DYNAMICS

GENII models the accumulation of radionuclides in soil as a result of deposition from

airborne contamination, biotic transport, manual redistribution, and irrigation. Soil

accumulations are also depleted due to resuspension and uptake by crops.

In PATBRAE, 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 finite lifetime, may be

modeled. A fourth component, situated between the surface and deep soil layers can be

considered to exist through the appropriate application of rooting depth fractions.

Contamination may be lost from the surface soil through harvest removal, radioactive

decay, and leaching to deeper soil layers. The loss of nuclides from the surface soil due to

leaching is modeled using leaching based on the distribution coefficient (Kd). Radionuclides

in the subsurface soil may be transported to the surface soil by root uptake, through physical

transport by animals, or by human intrusion. Nuclides may also be deposited on the surface

soil by atmospheric deposition.

PATHRAE accounts for the removal 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 FOODCHAIN TRANSPORT

GENII models exposures resulting from the consumption of contaminated water, plant

material, and animal products. Inadvertent ingestion of soil and water, e.g. during swimming,

may also be evaluated.

Plants may become contaminated due to direct deposition of airborne or waterborne

contaminants or through root uptake. Depositional uptake accounts for deposition and

retention rates, translocation rates from the plant surface to the edible portion of the crop,

weathering and the length of the growing season, and delay time between harvest and

consumption. Root uptake of contamination considers root distributional characteristics in

a limited fashion and the plant concentration factor for each nuclide under consideration.

GENII provides empirical relationships for calculating the plant interception fraction

for atmospheric deposition. These relationships address grasses, leafy vegetables and grains,

and fruits and other vegetables separately. These formulations provide an alternative to a

uniform fraction for all types of vegetation, currently used in most RAE assessments.

Concentrations of radionuclides are .considered 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.

Consumption of aquatic foods is also addressed by GENII, including fish, mollusks,

invertebrates and water plants. Radionuclide 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 integrated air concentration or the integrated water

concentration (used for irrigation).

The incorporation of radionuclides in plant tissues and, ultimately animal tissues,

following an acute release will depend on the season 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 consumption period. This integral accounts for radioactive decay that occurs

during the growing season and prior to consumption of the crop or animal product.

The treatment of foodchain 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 foodchain transport under acute release conditions,

whereas PATHRAE does not.

C.6 RADIOLOGICAL DECAY CHAINS

The decay chain processor in GENII yields the activity of any member of a decay chain

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 also the basis for calculation of

daughter concentrations in this computer model.
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C.7 DOSIMETRY

GENII is capable of modeling exposures to populations or individuals under chronic

and acute release conditions. Individual exposures may be tailored to address the average

or maximally exposed person. The basis of the modeling of exposures is described below.

C.7.1 External Exposure Modeling

The ISOSHLD code is the basis of calculations of external exposures due to

submersion in a cloud of radioactive materials, immersion in contaminated water, and direct

exposure 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 point, line, spherical, slab

and cylindrical sources. Slab, spherical,. cylindrical, and cylindrical and slab shield

configurations can all be modeled with GENII.

Exposures due to air submersion 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 deposition 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 aquatic recreational activities considers direct

radiation received during boating, swimming and shoreline activities. Boating and swimming

exposures consider radionuclide concentrations in the water, while shoreline exposures result

from sediment contaminant activities. Shoreline exposures take into account the finite size

of the shoreline.

External doses received 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 recreational activities. Exposures from ground surface contamination is

modeled in a manner that accounts for the finite size of the source and for build-up in the soil

layer.

C.7.2 Internal Exposure Modeling

Internal dosimetry is performed in GENII using the task group lung model(") and the

Eve GI-tract model?6 g These models are linked to the transfer compartment, from which

nuclides may translocated 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

contaminants 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 thyroid from iodine

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 for

peculiarities of those nuclides.

Using these models, 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 to whole body committed doses and

corresponding health risks. Individual organ doses are not calculated.
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C.8 INPUT/OUTPUT REQUIREMENTS

C.8.1 Data Input

The types of data required 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 GENII computer 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 aspect of model operation is important to keep in mind as it is relatively easy to

respond to the prompts for data input and to overlook those parameters for which no data

entry was required. In order to change the default data in these situations, the user must

edit various default data files provided with the code.

C.8.2 Code Output

The nature of the output from GENII will depend on the report 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 pathway may be obtained

by selecting other report options. Finally, the model allows the -user to see intermediate

output on the screen during execution. This information, to be used for debugging, is cryptic

and requires a high 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 modeled 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 consideration. 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 commitment 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.

Committed dose equivalents are provided by radionuclide for the remaining report

options. These doses are given for all organs considered by the model.
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