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20 CFR 190 COMPLIANCE ASSESSMENT FOR NRC | 1CENSED
_ URANIUM RECOVERY FACILITIES AS OF DECEMBER ., 1980

1. INTRODU»TION

Under Title 40 ‘Code of Federal Regulations, Part 190 Subchapter F, Radiation
Protection Programs the U.S. Environmental Protect1on Agency (EPA) promulgated
“Environmental Radiation Prctection Standards for Nuc,ear Power Operations"
which prov)des 1imits for the radiation doses received by members of the

pubiic in the generai environment as the result of operations which are part

of the nu:lear fuel cycle. Effectiva December 1, 1980, each uranium milling
facility* shali cenduct its operations in such a manner to assure that the
annual radiatior dose equivalent of 25 millirems to the whole body, 75 millirems
to the thyroid, and 25 millirems to any other uorgan of any member of the

public is not exceeded. The U.S. Nuclear Regulatory Commission (NRC) is

responsible for 1mp1ement1ng and enfoarcing this standard at its licensed
facilities.

This report is issued in conjunction with orders amending the NRC licenses of
uranium mill operators tn establish programs of 40 CFR. 190 compliance. It
describes the NRC's Division of Waste Management-Uranium Recovery Licensing
granch (WMUR) evaluation of ti.. best available information about the existing
situation at each NRC licensed facx?wty with regard to meeting the standard.

it describes the, 5pec1f1c Ticensing actions which ace needed to meet the
4 bF? 130 standard

The general conclusion of this evaluation is that it is likely each NRC facility
is cperating in such a fashion that the standard is being met. Over the past
several years, mill operators have committed to taiiings management programs
which include controlling the blowing of tailings which is .the greatest source
nf radislogical releases from 2 milling facility. These controls are in
addition to control of other mill emissions reguired to meet existing environ-
mentai protection regulations for the public¢ health and safety (for example,

10 CFR 20 "as low as reasonably achievable” (ALARA) control requirements). **

ATl uranium extraction facilities, including ~ills, in sity operations and
heap Yeach facilities. The Edgemont mill sit. and the sther sites seiected
for remedial actions (i.e. , at inactive mill sites designated by P17, 8%-404d
orooffsite roas wherve tailings have peen used) have been excluded f+

40 CFR 120 compliance during the remedial action work phase.

*ANRC staff "Urapium Mit! Tailings Management Performance Obiectives " May
1977, required controliing the blowing of tailings. . Final NRC miiling
seoulations {Appengix A to 10 {FR 40, Criterion ) which were effective on
November 17, 1980, require that gusting from #3ffuse sources, such as taiiings
ang -ore pads. be controlled according to written operating procedures developed
Uy operators. Yo supplement these reguirements, the staff has Deen requiring
that weebly ingpections Se *er‘ﬁ:npd Svooperat Jek@rﬂ}no that procedures

ire peing followed and (o evaluate the ¢ ffent Sust o coatrol asasures.




Radxatwon Protectxon Standards for Uranlum Recovery Facw]y CER. i
December. 1980 " ‘hereafter referted to 51mp1 as CDP and attached as. Encl sure 1.
Briefly; 'omplzance will be determined priwarily througn an’ envtronmentul .
moni toring program (EMP) at each facility which provides . da» an; actual radwo-
activity concentrations to which indivicua’ts near mills ma exposed:’ . .
Because ‘such: 1nd1v1duals will be etposed to radroacwwvlty‘from sources other
thar: the mill wh}rh are not covered by 0. CFR ‘190,* ‘the environmental monitoring
programs. also measure concentrations at bacquound Toca?wons “ These bacquound
measurements w:!i ‘then” be used to determine the impacts: wnwch ‘are. o€c rrrng -as
aresultigf ghe mil aperatxans alone, Predictive model esttmates of o
sad!oact:vxhy concentrations involve mak}ng numerous ass umntld \
ans about imporiant, but frequently uncertain, {actors such aa m:ll r aases
ard atnnapherac transport However pnv;ronmeﬂtal monwtarwnq data ahould
1naicate dxrectly what such actual concentraticns are.** The.primary bj
ot assees;nq monitorznq data and ietpmnxnwnq compliance with' standards..

with ?;ren seest. - h- e aEaESSNE“tb will be done per;odzra}1y and reported to
NRC for réviéw :

It may rna}lstlcal’y reuuxre as much as-a ynax wox‘h of eff?uent and environ~
mental monitoring te” xrm!; establish whethet ccmpavxnce exists at mwii
particularly where they are clase to the 14 it or where there arp 3qn1,1cant
nearty saurras\of_radxoa;tave emissions such: as; .uraniuym mlnes which are nat
covered by the Standard.  (This period is termed: Phase ! of. the ~e»eral phase

Re Teases not covered by 40 CFR 190 incluge: xacon and - yadon ‘aughtprs natural
Sackground; mining operations and associated acta:w;;sa transportation of
ares; M1l decomnissioning and decontaminations accidental mill ye!aa,ab, and
reteases  fromothg mill priov g 9ecembrr 1;'Eu5ﬁ and assoct ated around
:ﬁrziaminat4ﬁr\?\' : S : K
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4C CFR 190 implementation program descrrbed in the CDP-) ﬁAL some m\]!s much -
of this. tzme will have to be spent on the fine tuning of: the- monitor1ng and
anain\s program that is normally required in setting up such programs to.
assure they are operating properly and producing reliable data. Some time

will a?so be required to sort out the contributions being made by other sources.
In addst1on some. short-term, special environmental measurements and special

studies of the effectiveness of selected emission contro} measures may also be
requtred

witnin a year, it is anticipated that airborne concentration and/or dose

action levels {(which may be higher than 25 millirems accounting. for contribu-
tians from other sources), in combination with specific operational control
measures and levels, will be established as the threshola for determining
compliance with the Standard. (This is Phase 11 of the implémentation program
described in the CDP.) The attainment of such dose action levels and simplified
compliance determination procedures will reduce costs of implementation,
eliminate uncertainty on the part of the licensee, regulatory agency and the
public (particulariy in cases where there are sxgn1f1cant extraneous sources)

and assure that the need for remedial action, if it exists, is identified most
expeditiously.

3. DESCRIPTION OF ORDERS

In connection with its actions to upgrade uranium miiling uperations over the

past several yrars and to meel broad requirements o e National Environmental
Policy Act (NEPA), the staff established roquwrementr for comprenens1ve effluent

and environmental monitoring programs at mills. The operational status of
such proqrams varies between mills depending 1arge1y upcn when 31cpn51ng

pnvvronmental reviews were performed (that is, reviews in connectinn with
ticense issuance, renewal or major amendment). The orders being issued in

connection with nhis report are generally 'nlended only to supplement the

EMPs already required and to assure that adeyuate, comprehensive programs are

in piace and operating as svon as is practicable at all mills, and that

sperators are analyzing data from such programs to determine whether or not

they are complying with the Standard. Specifically, the orders do the following:

a establish detailed site-specific environmental manitoring praograms
where they have not aiready been establlshea or make needed minor
modifications Lo Pi1§t1ﬂg programs.

ST eatab?aan ﬁchedu!es fmr ingtallation of, or megification io,
‘monitaring programs where needed.

'Staft technical positions on such menitoring programs were developed in 1378
arid incorporatesd into formal NRC requlatory guidance {Regulatory Guise 414,
"Ratotoqical Effiuent and Environmental Monitaring at Uranium Mitls"} in

dpett o of 1980




e 1nvoke quallty assurance requirements for mon1tor1ng programs where
.- they do not now exist. Related to this, where the Tower :1imits of
detection (LLD) of existing monitoring programs are not adequate to
ws.Yrmine compliance wlth the Standard, the requvred LLDs are specified.

- ~a. ire assessment by operators of doses at the nearest residence

ing monitorii, program data to determine whether mill operations
are in complvance

0 require periodic reporting of monitoring data and dose assessments
to NRC fo» review. QDuring the initial phase (Phase | of CDP, Figure 1)
of implementing the Standard, particularly close NRC followup will
be required. Therefore, the reporting of operator assessments is
being required as monitoring data is gathered (on a quarterly basis).
{After the compliance status at each mill is finally determined
[Phase 11 of CDP, Figure 1], less frequent reporting will be required).
During the initial phase of 40 CFR 190 implementation, the requirement
to provide notification of noncompliance (e.g., 10 CFR 20.405(c),
when effective) is suspended, ‘

0 require the identification and characterization of 511 significant
nearby sources of radioactivity not covered by the Standard. In
several cases, this may involve condicting short-term monitoring

programs to e:zlablish the precise contrlbutwons of such extraneous
S0UrCes. A

4. APPROACH TAKEN IN INITIAL ASSESSMENTS
4.1 'Qeneral

In connection with the orders being issued and as the first step in implement-
ing 40 CFR 190, the staff has assessed the situation at each mill with regard
to meeting tne Standard. While, as stated above, lack of sufficient environ-
menta} monitering data has prevented making final and firm determinations of
compliance, these assessments provide a solid base of information upon which
the later assessments by m, i1 operators and NRC staff {Phase [ assessments)
can be conducted. For example, they identify or emphasize the specific areas
whare environmental monitoring and related information gathering efforts
snoulid be directed. [t was only by performing these assessments that the
51att wdas able to determine what would be 4 reasonabie way of implemcnting the
“tandard (that is. develop the program described in the CUP) and, more specif-
ically, to develop the orders which are being i1ssued. Furthermore, these
assessments are intended to assist the public and other government agencies in
understanding the status of efforts to comply with 40 CFR 190,

the assessments performed by the staff have considereg ali relevant informa-
tion that was available at each facility. In a few cases, this has included
seme enviranmental monitoring data (e.g. ., airsorne ragicactivity concentratiuns
at the aearvest veceplor and other locations near the avily, I all cases, some
informatisn about mitl operations, about site features hoas tapography and
pelesraiogy, and about Tocal Tand use has been avalianie U permit. initial




1nterpretat10n of existing envi"onmental mon1tor1ng data Th1s information

‘. has also-permitted est1mat1ng uffs1te rad1oact1vity concentrataons by use of
predictwve models. 2t

”The staff began the process of assessing mills in terms af 40 CFR 190 several

- years ago during preparations of envirnnmental impact statements and assessments
for major licensing actions. These assessments were completed Using predictive
models since virtually no environmental data was available at that time.

Eight mills were evaluated in this manrer, and the results of these assessments
have been incorporated directly into this report. Over the past six months,

the staff has performed predictive model assessments for the six cases where
licensing actions have not led to such previously documented assessments.

4. 2 kadxonuclides Cons1dered

30 CFR 190 dose limits exclude contribut:ons from radon and its daughter It
appears from the documents (e.g., "40 CFR 190 Environmental Radlatwon Protection
Requirements for Normal Operations of Activities in the Uranium Fuel Cycle-Final
Environmenta)l Statement”; EPA 520/4-76-016, 1976) prepared by the EPA in
promulgating the Standard that this exclusion was intended to apply strictly
to radon, its short-iived daughters, and its long-lived caugnters (lead and
pnionium) which grow in after radon is released. The latter case is distin-
guished from the release of lead and polonium directly from ore in stockpiies,
ore being processed, or from the tailings disposal areas.  The exclusion was
made in recognition of the fact that there is no practrcable way to capture
radon in.an operationai sutuat1on since it 15 an inert. gas

The‘ataff has excluded r2don and al] of its dauqhters from its Jssessments for
two reasons: (1) by the plain reading of the Standard they are excluded, and
the £PA documentation supporting it does not explicitly contradict this reading;
and (2) in the real envircnment there is no way to -istinguish between the
radon daughters which grow in before or after release from the mill facility.
while the distinction between daughters growing in before and after release
ceuld be made through use of predictive models, such models cannot and will
not be the basis for determining compliance. Therefore, the same approach was
taken in predictive assessments as was done «ith envirgnmental monitoring data
assessments--ali radon aaughters have been ¢xtluded,

40N~ §osntaon Recovery Facilities

in 3jtu leaching and byproduct recovery facilities are (ranism milling facilities

covaered oy the 36 CFR 190 standard; however, no particutates are produced by

the nature of the process where there is no yellowcake dryer. [n these cases,

as well as R&D facilities, compliance qguestions were resolved by virtue of the

small scale of eperation or the lack of applicab‘v emissions, Because ¢f the
radically different nature of such facilities from conventignal mills, they

2 11 not be required to explicitly foilow the fDP to show —compliance with the

Standard. - 1f yellowcake dryers are installed in such ‘\C’i’t?es. this position
111 have to be raconsidered. '




4.4 EMP Data Assessment

Available monitoring data was examined for all faci ities. Airborne radxo-
ac~1v1ty concentrations for offsite locations were summarized, and 4o
conversion factors (as detailed in Attacﬂment A .of the COP) for ths 1nhalat1on

pathway were used to determine potential dose comm1tments to the nearest

receptor. While data on radon daughters exists.in some cases, these were not
considered in this assessment. ‘

4.5 Predictive Assessment

The assumptions, equations, and methods used by the staff in its predictive
radiclogical assessments are presented in the “Generic Envirunmental Impact

. y Statement (SEIS) for Uranium Milling” (NUREG-0708) and in U.S. NRC Oraft

: Regulatory Guide 'RH 802-4, "Calculational Models for Estimating Radiation

Doses to Man from Airborne Radioactive Materials Resultin- from Uranium Milling
Operation.," May 1979. MILDOS is a_computer code developed by the staff to
execute its radiological assessment methcdo!ogy It is described in the
document "MILOOS Computer Code User's Manual" by G. N. Gnugnoli and D. E. Ma“twn

(May 1980). The basic assumptions,. input and information needed to use MILDOS
ar> summarized in Appendix 1. E :

One of the most significant assumptions in predictive modeling assessments is
the estimation of releases of radioactivity from a facility. There is some
uncertainty regarding such releases, particularly from the tailings impoundments
and other diffuse dust-producing operations such as ore storage and handling.
Unlike point source emissions which can be monitored with a relatively simple
stack device, these emissions are not readily measured. Moreover, the effective-
ness of stack emission control devices can be estimated (where no emission
measurements are available) with reasonable accuracy based on a few eas11y

. obtained facts about mill operations and equipment design. Diffuse sources
are also not easily determined because they are not steady emissions. ~ Wind-
blown surface emissions are episodic in nature; du: :ting occurs primarily -
during periods of high wind. Furthermore, the staff has limited information
about the actuai effectiveness of dust control measures that are being used.
To deal with this uncertainty and to assure consistency in the predictive
mode! assessments, the staff has adopted certain standard assumptions about
control of emissions. For example, all facilities were credited with 80 percent
control of areas susceptible to dusting. Available information concerning

- this matter is highlighted in the assessments which follow, In general, this

15 an area where close attention must bSe paic to 40 CFR 130 implementation at
each miil,

In many cases, the most significant potential pathway of exposure is the
ingestion pathway. In its dassessments, the staff initially adopted the standarg,
conservative meat and vegetable consumption factors delineated in draft NRC

Reg. Guide RH 302-4. {pe-hundred percent of an individual's meat and vegetable
consumption ‘s assumed o be produced néar the mill and, therefore, subject to
contamination from mill effluents.  Grazing locations were first assumed to be

in the near wicinity of (zhout (0.5 km from) the A1l restrictad area boundaries
and not necessariiy near Lhe nearvest recentor location.  These conservative




food produc’won and cnnsumptzan assumptions led: in some cases to doses far in
excess of 40 CFR 190 iimits. Where this occurred and local: ‘conditions are

" know! to be such that the aSSumed food consuuption factors are likely to be

“unrealistic, these factors were adjusted. For example, it is not likely that
cattle will graze very near the mill at ali times, particularly wheve the ,
contraliing ranch ftself is far from the mil}. It is important that uncertainties
which exist concerning the ingestion pathway (production and consumption

pattesns) be resolved in the initial 40 CFR 190 implementation efforts.

Airborne emissions only are considered by the staff i1n its assessments. There
are no discharges of tailings solutions to surface streams from uranium mill
facilities. Some seepage ocrurs trom tailings impoundments and associated
evaporation ponds, but in no case is there known consumpt1on of contaminated
groundwater. The environmental monitoring programs whi<h have been estab-
Tished include monitoring of groundwater. I[nformation-on land use being
reguired in connection with this and other recent licensing actions will
provide needed information about use of wells near milis. These efforts will
identify any protlems, if they exist.

5. RESULTS CF INITIAL ASSESSMENTS

Table 1 provides the names and locations of the 15 NRC licensed uranium milling
facilities of concern in this report,

The summary results of the predictive modeling assessments are presented in
Tatle 2 and Table 3 provides the specific exposure pathway dose commitment
evaluations. A compsete discussion of the predictive modeling assessments for
six facilities, which were not prev:ousay documentad in a recent final environ-
mental statement (FES), is provided in appendices, as follows:

Appendix 2: Faderal-American Partners, Docket No. 40-4492
(FAP), Cas Hilis, WY

Appendix 1 pathfinder Mines, Docket No. 40-2259
Gas Hillis, WY

ppendi 4 Pathfinder Mines, Docket No. 40-/822
k Shirley Basin, WY :

o

Patrotomics, Docket No. 30-4653
Shiriey Basin, WY

Appengie &

Aprendix &

iz

Rio Algom Hume{a. {ocket No. 40-3084d
Lishon Valley, U7

Appendiv 7 fxxon “1np~a s Highland, - Dockel Mo, 40-8132
: ' Lonverse Lo, WY
sion of the staff 3 that it fyoeach of the NRC
15 meeting the Standard, ses, nracictive mogel-”

usaong generally gonservative asiump® inpul parimetens




Table 1 NRC f]‘icensed,uran.iurm recovery facilities

Docket License Expi'rati'on;
Name Location Number Number Date
1. Atlas Minerals Moab, UT 40-3453 SUA-917 04-30-84
2. Bear Creek Uranium fo.  Converse Co.. 40-8452  SUA-1310  07-31-82
(Rocky Mt. Energy (o.) WY '
3. Exxon Minerals Converse Co., 40-8102  SUA-1139  7-31-78*
Highland Mill WY
4. Federal-American Gas Hills, WY  40-4492 SUA-667 ~ 01-31-76*
Partners ‘
5. Energy Fuels Nuclear Blanding, UT - 40-8681 SUA-1358  08-31-84
white Mesa Mill & OBS** . o _
6 Minerals Exploration-Co. Sweetwater Co., 40-8584 SUA-1350  02-28-84 -
Sweetwater Mill w0 . : ‘
7. Pathfinder Mines Gas Hills, WY 40-2259  SUA-672  01-31-83
8. Pathfinder Mines Shirley Basin, 40-6622 SUA-442 09-30-82
WY
9. Petrotomics Company Shirley Basin, 40-6659 SUA-551 04-30-81
w .
10. Plateau Resources Shootering 40-8638 SUA-1371  09-30-84
Canyon, UT
11. Rio Algom la Sal, UT 40-8084 SUA-1119  09-30-82
Humeca Mil}
12, TVA*** Edgemont, SD  40-134% SUA-816 09-29-76
13, Union Carbide Corp. Gas Hills, WY  40-299 SUA-648 01-31-86
14, United Nuclear Corp. Converse Co.,  40-8502 °  SUA-135%6  05-31-84
: Morton Ranch WY g
15, Western Nuclear, Inc. Jeffrey L!ty 40-1162 SUA-56 12-31-85

Split Rack Mill

~ *Timely Renewa)

WY

ARG denptes ore auvan station, -
CraNgt considered to be sabiect te 40 CFR 190 compliance since this facility has
i1 ;rwsgxenauv and decontamination

heen inoperative, and the plany for o ite o
are being finalized and will be

reported in an £15.
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Table 3 (continued)

Ranch,

16 km E; Grazing.
2.7 km ENE Heat e

Direct Exposure Location Ingestion Expnsure
tocation of [ndividual Dose Commitment, mrem Corresponding Dose Commitment, mrem
Hece tving Ma<imum wWhole to Max imum _ whole
(irect bxposure - “Body Bone Lung Ingesticn Dose . Body  Bone Lung
Mewsrd Ranch, 8.0 km £ 0.092  2.53  5.04 Vegetable 1.52 155  1.52

ingestion, 8.0 km E; , '
Grazing, 1.47 km - -~
NNW-Meat .
Shirley Basin, 3.2 km 5 0.168  4.23 9.05 Grazing, 1.68 km' = 0.528 = 5.52  0.528
NE-Meat
Mining Camp, 5.6 km N 0.135 3. 60 6.63 N/A - - -
Travier Park, 2.5 sm N 0.395 © 965  23.4 - Vegetable . 0.133 1.38  0.133
= ‘ ‘ . ingestion, 2.5 km- S
N, Grazing, 0.57 km
H Meat _
JAE Ranch, 8.7 wm NE 0.0%1 0.65 0.87 Vegetable 0.9  11.7 0.94
ingestion, 8.7
km NE, Grazing,
1.4 km ENE-Meat
Fowles Ranch, 10 km N 0.06 0.08 0.26 Vegetable ingestion, 0.02 0.26 0.02
10 km N; Grazing,
13 km Nw -Meat
Claytor 1.6 km £ Not Available Vegetable ingestion, Not Available
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and as a wildlife rangev - Other uranium processing facilities it tne area are

the Pathfinder Mines facil ty (2.4 km NE), the Unioun Carbide facility (13 km

NE) and the Western Nuclear facility (35 km SW). The local area is characterized
by rolling terrain, broken by dry washes typica! of the Wyoming high plains.

The nearest residence is:located at the FAP housing camp (0.55 km W) which

houses approximately 155 people who are primarily FAP facz?aty emp}oyees and
their families. ; ‘

5.1.2 EHP Data ana Resu?ts

The FAP monxtar\ng program used continuous air sample*s te monatar U“ﬂat

Th-230, and Ra-2.3 concentrations at the North and South ends of the FAP camp
{0.55 km W), and at the,Puddle Springs “anch (4.8 km WNW).  The air samplers
operated satisfactorily, but the laboratory analysis was not adequate to

detect low concentraticns of the radinnuclides U-nat and Ra-226. The lowe.t
level of detection (LLD) achiever fo - these radionuc!ides was 0.01pCi/m3, to

be compared with the LLD of 0.0001 pCi/m3 as recommendec in NRC Regulatory

Guide 4.14. These higher LL0s for vranium and radium {e. .., 0. 0lpCi/m3) wouid
result ir. lung dose estimates of 1.69 and 66.1 mrem, respectively; whereas,

the more sensitive LiDs (e.g., 0.0001 pCi/m?) would result in lung dose estimates
of .00i59 and 0.661 mrem, respectively. Therefore, only the Th-230 data were
considered. The iower limits of detection for radium result in doses greater
than the 40 (FR 190 limits. At the icwer limits of detection for uranium,

doses are much smalier than those corrasponding to measured thorium concentrations.

The measured ThHh-23D a1rbo*ne concentrations and corresponding computed organ
doses from the FAP prog-am sre shown in Table 4

Table & FAP (Docket No. 10-3492) environaenta) mcnitoring data asﬁes5ment

*Average 50-Year Dose Commitment, mrem
Location “Concentration {pCi/m®) Whole Body . Bome Lung
A, Puddle Springs Th=030 9.0 2.15 77.4 41.9
- Ranch, 4.8 km WNW - :
8. Nosth End of Th=230 0.01Z3 2.04 71.2 39.6
Fap Camp . ’
451 im wWNw
{0 Sauwth Eng of Th-23G 5.0117 1,94 SR 77
Fap Camp ‘
080 \n SW
¥iation & data a<eraged for period Septemher 1979 to April 1980
Station § data averaged for period Seplember 1979 to April 1980,
Stavion {

data averaged for pering March to April 1980
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5.1.3 Predictive Assessment

The assumptions, inputs, and results of the predictive assessment are detailed
in Appendix 2. The critical individuals are those living iﬁ_(ﬁe FAP housing
camp. The .ingestion values presented in Tabie 5 reflect si pecific informa-
_ tion, such as’ local food preduction and consumption patterns. As can be seen,

" the major 1mpa\t results from inhalation and externa! exposure and not from

" ingestion.

Table 3 Projected 50-year dose commitments resulting from one year
of operation at the Federa! Amerxcan Part'ers *ac:)uty

Location: FAP Housaﬁg Camp-

50-Year Dose Commitment, mrem

: whole -

?athway Body Bone Lung
inhalation and Exte rnal Exposure 0.624 , J17fi" : ‘35.9
Meat Ingestion® : 2.025 _b.288 - 0.025
Total Organ Deses (. 549 i7.3 3.9

*These estimates assume that no more than 10% of an individuai's meat intake can
pe produced in the immed ate area,

4. 1.4 Extranecus Sources of Radicactivity

Gther sgurces of radioactivity. such as mining uperations and raw ore stnrage
areas, are prevalent throughout the Has Hiils region. In particular, several
apen-pit mines, as “1ose as & quarter of a mile away, operate to the west-
southwest and ;he southwest of the FAP camp, Winds blow frem this area to the
FAP Camp 25% of the time. In contrast, winds blow from the FAP mill and
tailings pond wgnaras the FAP housing camp about 14% of the timz.  No unusual
terrain features exist i the area which would significantly affect poilatant
Lransport. ‘ ' ' S

e e :
“ 1 IS
- w

Ci D JlTaCunsan

Concestrations presented fn Table 4 are significant in that, considering
thoerum aione, <deses greater . ?han 2% m mram are pomputed. Haé@ver. given the.
Cprovimity ang genera! iy upwing location of mining activitfes. it is likely

thal the maloer'tly the d@%P‘ﬁ‘“"xﬁui?O” 14 from such extranecus 30uUrCes.
Local meleoro : data indicates that win’® Dlow from micing operations
towards Lhe ¥ amp ahoul 453 of the time. The Puudie brings Tench %araziﬁﬂ.

4 8 tilgmerers from the ai’l in g3 generaliy iwwing giroctiisn, monitors background
congentrations  The air samplar 3t tne Puudale Springs Rangn measured background
congentralioas of Tre23 whi

a
Gt ot the FAY 2amp

Znoare aotgally higier than lhocs measursd at




In evaluating the yuestion of what is contributing to the measired concentra-
tions, tbe staff has observed that a natural cementing eftect is provided by
gypsumin the tailings solids. As a conseqguence’, ‘surface dustxng frem the
potent 333y greatest emission source at the. ®ill is controlled to a large
degree. This further indicates that emissions from the mill are 1ikely much
less of a contributor to measured concentrations than mining activities. 0On
the other hand, computed doses exceed the Standard at this mill. Thz projected
tung dose at the FAP camp of 35.9 mrem (see Table 5) results from several
factors. The FAP camp is quite close to the mill {only 0.55 km away, albeit
in the’ prevaxluﬁq downwind direction). Lackzﬂn firm evidence ‘to the contrary,
ore storage, handling and crushing operations (5ee Appendix 2, Table 2.4) are
assumed to be minimally controlled. Close atitention will have to be paid to
such operations during our initial 40 {FR 190 impliementation phase {(Phase I)
at the FAP mill to assure adeguate control measures are taken. In any event,
ultimate determination that mill] operations are.in conformance w:!! come from
the environmental monitoring program to be conducted

On the basis of the preceding uwscuss’on, it how been concluded that the
ticensee should be required to achieve the [(0: ‘-ecommended in Regulatory
Guide 4.13 in ~rder to obtain mora accurate EMP Jata. The licensee ias also
been required to conduct short-term air sampliag at a location between the

mines and the camp and to correlate the measured results with meteorological
data in orger to differentiate tho milling from the predominant nonmilling
sources:

19 3

5.2 Pathfinder Mines Corporation

Jocket Number: ap-225%
Lecation: : Gas Hills, wyoming
5.2.1 Site Description

The Pathfinger Mines Corporation faciiity (PMGH) is Jocated in the Gas Hills,
wWwyoming. This is a region of . 2avy urapium miiling and mining, and is also

used for livestock grazing and as 3 wildlife range. The other uranium processing
tacilities are the FAP (2.4 km SW), the Uniocn Carbide facility (11 km NE) ang

the Western Nuciear facitity (40 km SW). The local terrain is characte" zed

by rolling terrain brokr by washes typic3l of the Wyoming high plains.  As

shown in Appendis 1, winds are generaily from Iw ang WS4 45% of the time in

this ares, '

The PMGH housing cimp (1.0 kp ENE) fg the nearest reccptor to the mill faciiity
It is alsh dowowing uf several oper-pit mine: and ore sterage pads. There is

4 stesn snticline ridge between the aill tailings ponds {1-Z ¥m N} and the
nodsing facility.  Inis rigge does not directly intarcepl the Lransport of
pollutants between the aill and camo, but may slter wing direction palierns in
the camd area.  Thers are ng other ‘terrain features in the area that woulid
greatiy alter pollutant transpori evaluations.




17

3.2.2 EKP Bata and Results

Annu31 average concentrations and correspond1ng coaputea orqan dosc camm1tments
for each monitoring location are <hown in Table €. Three low-volume air
sampiers were used in the 1979-#0 monitoring program. Station A was located

in an area representative of natural, undisturbed background conditions (i.e.,
there are no immediate mining or ore transportation activities). As expected,
the measured concentrations were lowest for this sampler. Stations C and B8
are located at the north and south ends of the PMGH housing camp, respectively.
Doses calculated based on the measured concentrations exceeded 40 CFR 190
lxmxt' for both of these stations,

Tabie 6 Patnfinder Mines Gas Hilis (ﬂockpt No.. 40- 225“)
envxronmental monitoring data assessment

Average- 50-Year [ose Commitment, mrem
Location Concentration (pCi/m3) Whole Body Bone Lung:
A, Station A* U-nat 0.0027 0.0125 0.214 0.456
8 km Sw Ra-226 0.00069 0.0216 0.216 4.63
of mil} Th-230 0.0012 0.199_ 7.14 3.86
{Backqround)
‘ Totai 0..133 7.587 8.95
B, Station J.** U-nat, - 0.0108 0.6499 3.858 1.87.
South end of - Ra-226 .- .0.0060 0.185 1.85 9.7
Ciamp Th=230"  0.0064 1.06 38,1 20.6
{Nearest
reCeplor)
Total 1.30 40.8 82.2
. Statien (,°° U nat 0.0062 £.0286 9.492 1.05
North end Ra-226  {.0042 0.130 1.30 27.8
of camp Th=23C 3.0022 0,385 3.1 J7.08
Total .524 - 1.9 5.9
Hata average. for the entire year, 1. . o
**ata averaged for o the enlive year, 1979 and for the 1st ana Ind Quarters of

5,21 Fredigtive Aggassiment

The assumptions, dnputs, amd results af tne predictive assessment are "ﬂ’atred
in Appendic 1 he critical individuals are these iiving in the PMGH heusing
camp. Hased an sttesspecifig suck 4% tocal food productisn ang
corsumntion patierns, the MY A v ueE Wi

Boassumer 100% locals




production and cnnsumptwon were adjdsted to ref1ac~ this more accurate 1nforma-
tion and are summarized in Table 7. Since the lccal food- production and

consamotaon is minimal, the major impact results from the inhalation and
" external exoosure pathways -and not from 1ngest10n

Table 7 ~Projected 50-year dose commitments resulting from one year,
' cf operation at the Pathfinder Mines Gas Hills Facility

Locatian:  Pathfinder Mines Gas Hills Housing Camp

50-Year Dose Jommitment, mrem

Pathway whole Body Bone  Lung
Inhalation and External Exposure ¢.183 5.22 7.79
Meat Ingestion® | 0.4 1.75 0.14
Vegetadble Ingestion® 0.036 0.42 0.036
Total Organ Doses 0.36 7.40 7.97

These estimates are based on information which indicates that no more than 5%
af an individual's vegetable intake and 10% of an individual's meat intake
are produced in the immediate area.

5.2.4 Extranecus Sources of Radicactivity

There are several major nonmilling sources in the area nearby and upwind of

the camp. Two open-pit mines and six low-grade ore dumps are lncated upwind
{Sw) of the housing camp les:s than a kijometer away. Winds biow from this
aining area towards the PMGH camp 45% of the time. High-grade ore is stockpiled
Tupwing (WSW) of the housing camp about two Kilometors away.

609
IR

2.5 Dizxcussion

infarmation is available vo conclude that such nonmill spurces probably
rontribute the greater pardl of the radionuciide congentrations measured at the
MMGH canp.  As shown in Table §_ measured concentrations lead to dose estimates

wh esgeed the Standa~d, Concentrations measured at the south end of the
camu (at Station 8) are about 50% higher than those measured at the north and
aitation CY. The winds tlow from the direction ¢ the rniil and tailings for an

#Gual neoand {no more than 15% of the time’d toward Stations £ and 8. Consequentiy,
Station B shouig not measure higher concentrations than Station €, if the mil]
ar tafiings piie were (he majoer spurce of emissior, [f, hoveyer, Lhe mines
amid are giies Lo b.e south of Lhe camp were the maiu  source of emissians o
then the expecteq concentration irend would be 4y observed heve! e, nigher
At Gtation B tman 3t Station O ‘
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It is not possible to accurateiy differentiate the exact percentage of. dose
due to milling versus nonmilling activities based on the ex\sting mon1torsng
program data because the background monitor- does not pick up--these nonm: I '
sources, In order to differentiate the amount of airborne radioact v1t;
contributed by the mi]l and tailing ponds from that contrtbuted by the aanes
anrd ore padr, the NRC has required short-term, supplenental monitoring studies
to determine if the .predominant contribution at the camp is from the mvnang
and trarsportatic‘ actxvvtwe,. and not from mxll efftuent reteases

A5 discussed in Appendlx 3, the Pathfinder Mines Gas Hills m111 fPMGH) uses a

semtautogenous process that results in minimal emissions of ground ore. There
is a high-efficiency wet-scrubber on the yellowcake stack. Tailings pond
emissio s are greatly reduced because the na‘ural gypsum content causes natural
cementing of the tailings solids which precludes the resuspension of tai?ings
by wind. People Tive 3 km east of the mill in the PMGH hous ing. camp which is
downwind of the mili about 15% of the time. The tailings ponds are nortnwest
of the camp, and winds from the northwest occur cbout 11% of the time. A
steep ridge stands between the camp and the tailxngs pile; he:ce, releases

from the tailings probably do not impact upon the PMGH camp. Basec oa these
considerations, dose commitments to individuals due to mill releases weuld not
be expected to exceed those ai'owable under 40 CFR 190, The compu‘er results
(see Appendix 3) also.indicate lhat the projected offsite airborne radsoactrvx?y
concentrations should k2 much Jess than were actually measured if milling
activities were the only source of radivactivity.

The final ~ompliance "assessment must depead on information gathered from the
iicenser’'s revised environmental monitoring program. This program, which
should be compieted in early 1981, inciudes short-term air sampling at a-
location between the camp and the mining activities which are suspected as

makznq the avgqest contribution to exposSuUre, and tor"enatznq ﬁand speed. ard
direction data with the measured results,

5.3 Patafinder Mines (orporation

Docket Number: dA0-6627
Location:  Snirley Sasin, WY

Site Deserintion

(¥ a3
Lok
#

£%

Patntinder Mines (orporation, Shirley Basin Uran.um MI1Y {5 in an arey of

plains and roiling nills aboul 12 km (4% miles) south aof {asper. wyominn

Lang use in Shirley Basin ts dominated by moaing and mitiing activities

General grazing and limited hunting occuss in the area but no farming’ activ*%1es
are conducted 7 - semidesert wilderness area.  The nearest ragsidents are

at the Heward 80 wm £ and in the town of Shiriey Sasin (8.0 km §).

PR

BT 2 UMP Data ang Resulls

Thore was no rorantiaffeite anviranmental meoitordag data available (2.4, .
A3 At the neavest veceptor)




5.3.3 Predictive Modeling

Tne assumptions, inputs, and results of the predictive assi ssment are detailed
in Appendix 4. As shown in Appendix 4, the inhalation and external exposure
pathway dose commitments to individuals at the Heward Ranch are twice the dose
commitments to individuals in the town cf Shirley Basin. Alsc, the local
prevailing wind direction is towards the Heward Ranch (twice as often in this
direction than towards the Shirley Basin townsite). Therefore, it has been
concluded that the critical individuals ire those living at the Meward Ranch.
The estimated dose equivalent from the direct exposure pathway and the inges-

" tion pathway are given in Table 8. The bone dose of 18.0 mrem due to the
ingestion pathway is the largest dose; however, this is based on the conserva-
tive assumption that all meat is obtained from locally grazed cattle.

-

Table 8 Projected 50-year dose commitments resuiting from one year
of operaticn at the Pathfinder Mines, Shirley Basin Facility

Lacation: Heward Ranch

50-Year Dose Commitment, amrem

Pathway whole Body Bone Lung
Inhalation and fxternal Exposure G.092 2.53 5.04
{ngestion 1.52 15.5 1.52
Total ¢rgan Dase 1.61 18.0 6.54

5.3.4 Extraneous Sources of Ragicactivity
There is an open-pit mine 0. 7% km N nf the mill.  Anpther larger open-pit mine is

§ km £ o* the mii} between lhe mine pits and the Heward Ranch which 5 8.0 km &
of the miil. The 4ifferentistion of the dose contribution due 1o these other
extraneous sources from those due to miiling has not been completed as of tnis date.

2
=
o
~

5 3% Discussion

Bassq an the nreceding disgussion of the predisctive madeiing, it angears that this
fantiity will be o in compifance with 40 (FR 190, However, inp order to obtain con-
irmator, envirgnmental monitoring data, the licensee has been required o coaduct
cartinucus a‘rhorne sampling al the nearest receptor {i.e., 3t the Heward Ranch).

4 Artas Minerals

ot Number:  40-2453

fan Moab, Jlah
S.400 wite Jesgription
¢ N : k) M tie 5 oae s M S IR
The At faciiity i lagated In southeon lah, Mivong angd nlling,
SRHELSS the devegpment of slher erevgy souroes {9 300 gas and
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- pil}, and tourism are the significant industries. Scme agricultural and
cattie raising activity erists in the area. . ' S

- The mill is located just below the mouth of Moab Canyon. (liffs border the
mill on the west, and high barren sandstone formations are located to the
north and east. The Coicrado River flows along the east and southeast border
“uf the mill. Onsite meteorology is available and indicates a prevailing

- westeriy to southwesterly wind. This reflects the channeling effects of the
surrounding topography. ‘

The nearest receptor is located at Tex's Tour Center (0.8 km £) which frequently
lies in the prevailing wind direction, The only other nearby receptor is at

~ Arches National Park (2.4 km NW). The “owa of Mcab {5 wm 5&) is the anly

major population center in the area and had an estimated population of 4,810
people in 1975,

5. 4.2 fMP Data and Results

An airborre particulate monitoring station was established in 1980 at Tex's
Teur Tenter, which is the nearest occupiable structure from the Atlas Mil)
site. Data from this sampling station is only available for the 3rd quarter,
1980. The only other complete and reiiable monitoring data was for an air
sampling station which was operates at the Arciies National Fark. Table 9
helow summarizes the Ird qguarter, 1980 data for both of these locations and
also shows the corresponding estimated organ doses due to the inhalation
pathway. :

Table 9 Atlas Minerals, Moab Mill (Nolket No. 40-3483)
environmental monitoring data assessment

*Average 50-Year Dose Commiiment, mrem

Lacation Concentration {pli/m?) Whele Body gone Lung
Tex's Tour Center  U-nat 0.6233 0.1 L. 8% 1.9
3.8 i £ Th-235 9.0014 0,23 8. 33 4.51
Ra-226 2.0012 3.037 0.37 7.93
Tota)l 0377 10,56 16,18

G-nat 4014 6065 ' ERY) 2.37
Th- 734 0.486i1% g, 248 g 025 4. 83
Ha-20% 0. 0004 §.01:4 0,124 2. 64

Total 0,328 10. 1589 g 5d

PThe e duarier of 198D




5.4.3 Predictive Modeling

The cssumptions, inputs, and results cf the pfedictive asséssmeht/fqr the
Atlas Mineral mill are summarized in Table 10. The critical individuals are
the residents cf Tex's Tour Center (0.8 xm £). But since there is a component

of wind which channels towards Arches National Park Headquarters (2 4 wm Nﬂ)
this location was also considered.

Table 10 Projected 50-year dose ccmmitment resulting from
one year of operation at the Atlas Minerals Facility

. . Locstion: Tex's Tour Center
50-Year Juse Commitment, ™ mrem
Pathway whole Body Bone Lung
irhalation and External Exposure 2.0 29.6 74.4
Meat I[ngestion g.4 KE;Q . Q0.4
Total Organ Doses 2.4 1.6 73.8

¥itimates taken from FES NUREG-0453.

5.4 .4 fxtraneous Sources ¢of Radicactivity

Numerous yranium mines are Jocaied throu~“-~ut Grand County. The magar ore
. _resource areas are the Jranium Mineral Beit {80 km ESE) ann the Big Inman
mining district of the {olorado Plateau (30 km :E)

5.4.5% [Discussion

Impacts to the Arcﬁos National Park Headﬁuartvrf were well helow 30 CFR 190
limits and are presented in FE5 NUREG-0453. The predictive modeling dose
commitments to individuals at Tex's Tour Center indicate that 40 CFR 190
exposure 1imits may he exceeded. However the uncertainties in estimating
pollutant dispersion in the Moab Valiey with its drastic topegraphic variability
weanens Lhe resulis of tre oredictive methodoiogy. Also, additional recent
controls (such 25 xeeping the surface of the tailings pond covered with sgiution
and covering the embankments with natural materials to reduce windblowing of

the tailings) were ol consi“~red in the FES NUREG-0453 assessment. It has
been concluded that direct releases from nearby mining areas will have a3 small
impact on ingividuals at Tex's Tour Center because of the greal distances
invoived. Ambient concentrations measured al Tex's Tour Center propably

reflact nonmilling sources since ore is transported via trucks that pass

direstly by Tex's Tour {enter. The impact of the resuyspensiocn of ore due 1o

transportation activa.ties in this area may nead 1o be further svaiuvated based
an the results of future EMP data ’

e
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The SG-year dose commitments as shown in Table 9 are_based on an entire year's
exposure to the reported 3rd guartes , 1980 average‘airborne concentrations.
The estimated dung dose to an individual whe would be continuously exposed at :
Tex's Tour Center would be about 16.38 mrem, and about 9.84 mrem. at the Arches -
National Rark. Some’ earl‘er ‘data indicated hsgher airborne concentraticns . -
were measured at Tex's Tour Center: however, as noted in licensee's reports,

and confirmed by aerial photographs of the site, the iicensee has recentiy

taken effective control measures to minimize windblown tailings by covering

the tailings pile embankments with natural soils, and alsu by keeping the
exposed tatlings surfaces in 2 wetted down condition by providing m .. iunle
perimeter discharge points. To assure the adequacy of these operati !

control measures, the licensee has been required to maintain continuous air
sampling systems at both Tex's Jour Center and at the Arches Natisnal Park.

Additional dose estimates shall be macde as such supplemental monitering data
becomes available

5.5 Rig Algom Humeca

focket Number: 40-8084
Location: La Sal, Utah

5.5.1 Site ﬁescrﬁsﬁion

The Rig A%qom Humera miil (Rio Algom) is focated in-the Lispon Valley, south-
east of La Sal-Junction. The major activities in the reqaon are the mineral
industry and tourism. The iasbon Va Jey underground uranium mines are located
L0 the south of the Rio Algom mil These mines provide uranium ore to other
miliing faciiities sngn as the Atlas Minerals mill {30 km NW} as well as to
Rio Algom.

ihe area 1s characterized by ~oliing surface land with rock sutcrops along the’
Lisbon Valtey sides.  The La Sai mountains (13 km N) dominate ihe area to the
north, and the country gently rolls down to the valley which runs in a northwest
to southea<t direction. Jnsite meteorclogy indicates 3 fluching effect in

both directions along the valley {NW-SE) and a component from the southwest

The negrest reqidence of significant impact s a trailer park (2.5 km N}, The
wilcos Ranch (4.0 km NNEY, the Blankenagei Ranch (5.0 «m WNW}, and the Redd Ranch
(5.1 »m NNEY ars the oniy other neardy residences '

EMP Data and Resul!ls

i ang 198G, concentrations of natural uranium (U-nat ) were ¢rab sampieq
Lhe Blgnkenagel Ranch, wilcox Ranch, and La 54l Juncticn.  The measured
entrations of U-nat and corresponding dose estimates are shown in Table 11
Rie Algom data are inadequate Lo permit a final assessment of compliance
PPN CDHD Because oniy U-nal was measured and these were gbtained by
samiziing A% apposed. Lo Continuous momiLoring. s compuled pased on
congentrations of wraniun only were m ’mas'ié‘g.. 1A% mrem o u** iungd:
i av . aoses rasuyiling from o the inhalaticn of inhe other radionugiiaes {e.g
oang theoriumy couldt be apbragianle.
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Table 11 Rio Algom (Docket No..40-8084):environhental
monitoring data asiessment - .

Location (Number

of Grab Samples Average_Conten- , 'de4Year Dose'Commitmeﬁi4 mrem
Taken) - trations, (pCi/m®)  Whole Body:  Bone Lung
“La Sal Junction, Unat  0.006 . 00277 0.476  1.01

15 »m NW (Background)
{Average of 7 samples)

Blankenage! Ranch, U-nat 0.0088 0.0407 0.598 1.49
- 3.0 km WNW (Average
“of 7 samples)

Wilcox Ranch, © Uemat " D.0652 0.0240  0.413  0.879
4.0 km NNE ‘ ' ‘
(Average of 7 samples)

5.5.3 Predictive Assessment

The assumptions, inputs, and results of the predictive assessment are detailed
in Appendix 6. The maximum radiciogical im.act from the Rio Algom milling
facility was projected to occur for an individuai living year-rcund at the
Trailer Camp. This individual was assumed to consume meat taken from livestock
grazed near the mill (i e | 12% ‘ocal meat intake) and vegetables {including
truits) grown in a garden at the Trailer Camp (1 e, 5% local vegetable intake).
The maximum projected hone dose ws 11.0 mrem and the resultant tdose commitments
for a resident of the Trailer Camp are summarized in Table 12.

Table 12 Project 50-year dose commitment’s resulting (rom one vear
of operation atl the Rio Algom Humeca Facility

Location: Trailer Camp

S0-Year Dose Lommilment, mram

Pathway Whole Body Bone Lung
tnatation and external exposure -~ 0.39% © . 9 .6% 214
ingestion” o . .11 : 138 3.3
Total Organ Joses 0.528 11,9 235
PThese et mates are hased an information «high indicates that no more than

5% of an dndivigual ¢ vegetabie inlake and 0% of an individua) ¢ meat intake
37 - B . :

are produced in the immediate drea.
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5.5, 4"Extr&neous Sourtes'of RadfoactivitY»'

Ihe Lisbon Val!ey urznium mines supply the uranxum ore to the Rio Algom facility,
as well as to the Atlas Minerals mill (30 km NE). The mine shafts for the
various mines extend to the south-southwest of the mili site and the winds

blow from this mining area towards the Trasler Camp approximately 26% of the
time,

5.5‘5 Discussion

v!he computer analysis 3nd1cates that the Standard 15 not. exceednd -at the
Tgﬁ}}er Camp. The inhalation pathway is the major contributor to dose; Tung
dose is 23.5 mrem which is close to the 1imit. Credit for 8Q% contro} of
dustlng from the tailings area was given as discussed in Section 4.5. This
may be an optimistic assumption at this mill at this time. Inactive tailings
disposal areas appear from aerial photographs to be dry and susceptible to
dusting. Given the closeness of nearby residences and the predictive model
results, close monitoring of dust control etiorts is essential. There i5 no
actual monitoriﬁg data at the Trailer Camp but:the iicensee is required to
install 3 comprehensive monitoring program of - the type set farth in Regulatory
Guide 4.14 which wi. include monitors at the frailer Camp. This program will
“use continuous air samplers to monitor all radionuclides of concern (i.e.
Ra=226 and Th-230, as well as U-nat which was. the only nuclide prevzously
monstored)

5.6 Petrotomics

Oucket Number: 40-5659
Location: Shirlywy Basin, wy

3.6.1 Site Description

© The Petrotomics® 5hirley Basin Uranium Mil) is located in a hilly area about
77 km (48 miles) south of Casper, in the eastern Shirley Basin area of Wyoming.

The rearest residences are in the town of Shirley Basin (3.2 km 5) and at the
Heward Ranch {8 km NE}.

5.8.2 EMP Data and Results

There was no available cirsite environmental monitoring data (¢ g.. at the
nearest receplor). ' -
*

o -

2.6, 1 Pradictive Modeling

The assumptions, uts, and resulls of the prediciive assessments for the
Petrotomics ‘acﬁxiZ» s detailed in Appendix 5. The critical individuals are
these living at the town of 3hirley Basin {3 .2 km 5). The estimated dose

eguivalent from tne direct exposure pathway and the ingestion pathway are
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- given in Table 13. The bone dose of 9.75 mrem was. estimated‘bésed cﬁ'tﬁé
conservative assumption that 100% of an individual's meat intake is produced
in the immediate area. The projected lung dose of 3.58 mrem at tne town of

Shirley Basin was much higher than the lung dose projected at the Heward Ranch
(8 km NE). :

Table 13 Precjected 50-year dose commitments resultiﬁg'frcm (
one year of operation at the Petrotomics facility

Location: Shirley Basin (Town)

50~-Year Dose Commitment, mrem

Pathway whole Body  Bone  Lung
[nhalaticn and External Exposure 0.168 4.23 9.05
Ingestion 0.528 5:52 8. 52§k
Total Organ Dose ' 0.696 3.75 9.58

5.6.4 Extraneous Sources of Radicactivity

Sirface mining operations are conducted throughout this area, however. the
environmental impact of these mining activities has not been evaluated to
date.

5.6.5 Discussion
Based on the computer assessment as summarized in Table 13, the bétrntomiﬁs ‘
facility is projected to be within compiiance Timits for 40 CFR 390 sinCe the

esz*mated bone and lung doses were each below 10 mren,

5 1 fxxgn M‘Hpri§£ Highland

Nocket Number: 30-5102
Location:  Zonverse County. WY

oY Site Jesgription

The faxon Highland mine and miil complex is iocated in an area of roiling |
hille and stream valleys in the Powder River Basin reginn of wyoming. The
a=p3 1o the famediate vicinity of the site is used primarijy Yor sheep grazing.
‘nwewer wranium mining and milii ing, as well as ¢ii and gas production, have
9f\mu cignificant fa# grs in the <3un:y s economy. | The nearest regeptor
Heme af the faciiity {s the Fowler Rancn {43 wm NE; 9

armpa} the site, hel none are in

Fowisr Rangh

roranghes gre
ar as close as

the dowhwing :iirec!
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5.7.2 EMP Data and Results

There was no available offéire‘eﬁyirqnmeﬁﬁai monitoring dita (e.q., at the .
nearest receptor}. : , ’

5.7.3 Predictive Model ing.

The assumptions, inputs, and results of t'. predictive assessment for the
Exxon Minerals facility are detaiied in Appendix 7. The critical individuals

are those living 4t the Fowler Ranch (4.3 km NE). The estimated dose equivalent
from the direct exposure pathway and the ingestion pathway are given in Table 14.
The bore dose of 6.62 mrem was estimated based or information which indicates
that no more than 10% of an individual's meat intake is produced in the immediate
area,

Table 14 Projected 50-year dose coﬁmitments resuiting from one year
of operation at the Exxon Minerals Highland facility

Location: Fowler Ranch

td-Year Dose Commitment, mrem

Pathway whole Sody 8one Lung
Inhalation and External Exposure 0,208 5,56 13.3
ingestian* 0.639 5.52 0539
Total Organ Dose - | 5,987 12.2 13.9

*These estimates are based on infgrmation which indicates that no more
than 10% of an individual’s meat intake is praduced in the immediate
araa.

(82

7.4 Extraneous Sources. of Radivactivity

Fougn operates toth surface mines and the underground Golden Eagie Mine
i
R

5.5 wm WNW) on the Highland site.  Howsver, the environmental impact of these
mining activities has nol been evaiualed to date. ‘ ’

H 7.5 Discussion

Since there was no available offsite envirnnmental monitoring data, only the
dose estimates abtained from the MILDOS oredictive modeling are avaiiabie for

this assessment  Based on the information that only 0% 6F an individual’

e

mpal intake graduced n the immediate area, ihe slaff conclytded tha
i s s . H P H fa, : " R
Highiang Ty tiketiy Lo Do Wit tohe A UFK
Ty oarger & ALG s o

* 4 a -
ental monitor
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data, the licensee has been required to conduct continuous airborne samp11ng
at the nearest receptor (e g.. the Fowler Ranch) , :

£.8 Cumu‘atxve impacts ‘rom Multxple Uraiium M1111ng Facwlwt\es

Currently, there are two maxor areas of concentrated uranium mvllwnq These
areas and the carrespnndang facilities arve: -

1. The Gas Hills Region, wyoming

Federal-American Partners (40-4492)
Pathfinder Mines (40-2259)
Union Cartide Corporation (30-299)

2. The Shirley Basin Regvon Wyoming

Pathfinder Mines (40 6622)
Petrotomics Company (40-6659)

The 40 CFR 190 standard applies to the impact from all applicable uranium
milling facilities to any member of the general public. Those locations which
were suspected of receiving significant impacts from more than one facility
were evaluated by summing the impacts from evach facility as calculated in the
individual assessments, when the ingestion impacts were modified by realistic
consumption factors, impacts from the multipie miils did not resuit in any
403 CFR 190 concerns where these did not already exist. However, contributions
from more than gne mi)l can be significant to the point that they cannot be
ignored. As with the individual facilities, the staff considers it is likely
that the Standard will not actually be exceeded in such cumulative cases.
This is beiieved to be the case notwithstanding that some computed doses are
. greater than 25 mrem, because generally conservative assumptions are made in
the predictive assessments. As mentioned previously, the ultimate evaluation

will be sads with reidable monwtorxng of actual conditions at each receptor
focation. . '

5.8.1 Gas Hills, Wyoming

Under the assumption (hat the ,nqestxnn contributions to the dose Lo tre Jocal
residents would reflect local consumption and praducticn, the Standard was
axceeded at the Federal-American Partners (FAP) {amp. However, the total
cumutative Tupg dose commitment of 40 ﬁvﬁm was composed primarily (90%) of
inhaiation esposure from the FAP facility. [n this case. the Pathfirder Mines
facility contributed 10% of the total cumuéative impact and the Union Carbide
Corporaticn Faviiity a neqligible amount. The Pathfinder Mines Camp exhibited
cumulative doses below the 40 CFR 130 Timit, although the FAP faciiity contributed
as much as 8% of the total cumulative dose zommitments to individuals at this
Camp. — -

87 Shistey Basin, Wyoning

The fwe nearest rsesident locations are bhoth within 8.0 im of

R
HEY B 1y [ Aar Tk M
A Lf“s(}\:‘a,,‘;{‘; FRETAINRIE TS & SR L RVY Y

“ley Basin iz

both miiisg
im from Lhe Sesteatomics miltl,




.V‘vegetab1es Bﬂu meat co
Qvﬁdjustments_tg the 1ng on’ pathwav were made for the. !mpacts»

] tves (see.,‘ar example Append1cas 2 and 3.0 1fF

“Table 155 cgmgié"‘»

Gas Hsl s Regron wyoming e
(FAP) Camp R Pathfvnder Wines’ Camp
'C'Body Bone ,;ung‘ ' N

,Faci1§ty

B

FAP
Pathfwnder Msnes#

21 400
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measured concentratiors at receptors nearest the mill convert to greater than
25 mrem exposure to the lung. However, the staff. has concluded that nearby

“mining and ore transportation activities, which-are excluded from the 40 CER

190 Standard, are most likely the primary source of exposure to the nearest -
receptor rather than exposures due to releases from the milling process. In
these cases, the immediate aim of the EMP will be to sort out contributions. to
measured concentrations made by various sources to determine what contribution
is made by the mill aione. Orders being issued to all facilities will require
quarterly dose assessment and reporting for the .alendar year 1981 of the
environmental monitoring program data to permit the definitive determination
of compliance with the 40 CFR 190 Slandard. The orders also, as necessary,
require some upgrading of existing env1ronmental monitoring programs o assure
that data gathered are accurate and Jdseful (for example, 'equlrvng that a

quality assurance program be specified). Also, some changes in EMPs are

being made to assure that they are capable of distinguishing regulated and
nonroqulated sources of measured concentrations (for example, some short-term
monitoring studies at nearby mining activities are called feor).

The 40 CFR 190 implementation program will not be disruptive or overly burdensome
since operators are alreauy required by license conditions imposed- based on
existing requlations related to the protection of public heaith and safety and
the envirorment to appiy controls at the mil] that shou'd be sufficient %o meet
the Standard. If it 1s later shown through analysis of the actual environmental

“monitoring data that the Standard is exceeded, some additional operational

contrel measures will have to be developed and applied by the operator.
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-~ Appendix 1

MILDOSiCOmputer Codg-ﬁﬁalx§;§ ”_7>

The primary mechanism for executxng the stafi's predvctw»e rad1o.ogtca1 asseSS“
ment methodology is the MILDCS. computer code. The MILDOS code is an NRC

revisicn of the UDAD IV code developed by the Argonne National Laboratory.

The staff's uranium mil)l radiological assessment methodology is available in

the US NRC Draft Requlatory Guide; Task 302-4, and in the FINAL GEIS (NUREG-0706,
September 1380). Documentation for the MILDOS code is provided in the "MILDOS
Computer Code User's Manual,” by G. N. Gnugnoli and D. E. Martin (May 1980).

Table 1.1 presents a list of the necessary information used by the staff to
prepare hhe input stream for the radtologlca1 assessment of any uranlum facility.

One nf the most s1qnz‘1cant assumptions in predwgtwve mcde11ng assessments is
the estimation of releases of radicactivity from a facility. There is some
uncertainty regarding such releases, particularly from the tailings impound=
ments and other diffuse dust producing operations such as ore storage and
handling. Unlike oint source emissions which can be monitored with a rela-
tively simple stack device, these emissions are not readily measured. More-

- over, the effectiveness of stack emissinn control devices can be estimated
(where no emission measurements are ava:lable) with reasonable accuracy based
on a few easily obtained facts aboul mill operations and eguipment design.
Dif‘wée-,ouvces are alsn not easi?g determined because they are not steady
emxsa¥ons _Wind-hlown surface emissions are episodic in nature dusting
occurs primariiy during periods of high wind. Furthermore, the staff has
Timited information about the uctuai effectiveness of dust centrol measures
that are heing provided. To dea) with this uncertainty and to assure consis-
tency in the predictive mocel assassments, the staff has adopted certain
standard assumptions aboul control of t3ilings emissions. For example, ali
facilities were credited with 830 percont control of areas susceptible to
dusting.  where there is avaiiable inturmation which bears on this matter, it
i5 nhignlighted in the assessments which i21low. In qeneral, this is an area
where close attention must be paid to 40 CFR 190 implementation at each miil,

Atrbarne erissions only are considerad by the staff in its assessments. There
are no uracharges of tailings solutions to surface streams from uranium mill

faciiitias,  Some seepage oCcurs from tallings impoundment and associated
syvapordtion ponds, bul in a0 Tase is there inown consumption of ontaminated
ooundwater  fhe apvivonmental omopt ‘o~~ng programs which have Geen estabiished
inciude monttoring of groundwater.  Infgrmation on Yang use being required in
ConnecLion Wwith tois ang other recent licensing actions will prayide needed
inforndlian aboul use of wells near mijis,  These efforts will itdentify any
praplems . 1f they 2xist,

is pvepared, the a“de models the sport 2f effluents and the
2 depositinn and resuspension to ohtain anvirvonmental concentri-
501 ion. Far the purpases  of 20 CFR 190 compliance
he f foactentigl impact to numan bel ngs were




“Parameter

Table 1.1 Basic parameters used for:MILDOS input

Description

Avé;ageyore grade

Secular equilibrium activity (in
pC1/q) of U-238, Th-230 and Ra-226
in *he ore

Annual ore processing rate
Yellowcake production rate

Produ. . purity

Amount of product released to
atmosphere annuall

Emission activity (in Ci/year) of
=238 released to the atmosphere
from yellowcake operations

Ratio of Lhorium to uranium
releasted in vellowcake emissicn

Ratio of radium to uranium
released in yellowcake emission
ncontroilad emission rates from
any one nill stack or vent

Parcent reduction facltor from stack/

dsnt emission gantrot
Areg of are pad

Raguct ion Tactor for ore pad

Percent of U;O.wn the

ore

Average ore grade x 0.85

U s pCi _U-238
5535:' x 3.33 x 10 9-—§ﬁ—-—

Metric tons'of ore processed
by the uranium facility per
year

Metric tons of yellowcake
produced by the uranium
facility per year

Percent of U,34 in
yellowcake

0.1% of yellowcake preduct!?

Yeilowcake production rate

x product purity x 0.001 x .85
_q -, Ci U-238
50,05 « 3.33 x 10 =

6 9
x 10 T

0.005!
0. 001!

5.0 x 10-7 to 1.0 x 10-% percent
. a
of annual ore processing rate~

Uncontrolled emission rates
are readuced to account for
emission contro! devices

Surface area of
nre 5torage nad

Accounts for spraving of water
ar chemizal agents Lo reduce
from ore pad. ranging
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, Table 1.1

‘Parameter

(continued)

Description

Aréé(s) for tailings impnundment(s)

Reduction factor for tailings areas

Recovery rate

Activity of =238, Th-230, and
Ra-22¢ in solid tailings

Th-230
Ra-226

Length of grazing season

Fro-tign of stored cattle feed
al i5 grown locally

Fraction of cattle feed which

iy posture grazing

Acreage required to graze one
antmal anit {450 kq) for one month

Surface area of

-total impoundment, including

beach and pond

A Reduction of dust lYoss rates by

liquid cover, chemical spraying,
water 5pray1ng, gypsum~cement1ng,

and s¢ forth

rercentage of U 05 in ore which
is retained in the ye‘]owcake

‘product

Specific unit activity in
pCi/g of each nuclide in
tatlings solids

(100%-recovery rate) x secular
eqﬁilibrium ore activity

'99.5% x secular equ1)1br1um
ore actlvvty

99 9% x secular equili br1um ore
act ;vsty

Number of months per year in
which meat or milk producing
animais graze

Parcantage of contaminated
feed which supplements grazing -
in ke

?enceﬁtaqe 5f contaminated

take wnich is from pasture
in the immeg:ate area ar0und
the mv‘*

Amount of surface grazing
acreage reauired to feed one
cow and one catf {an animal

unity fer one month, Units

are in acres/AUM. . (SUM =
arinal aniy manth)
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'for aeat_coasuaatzan ‘-4_.v, e

o e mﬁ*’ cisec %ocaisy aroduc&d weat is consunmd{at shQ cattie
- f~ ‘ranz e where the. graring raage ‘of the rattie s, of ‘hegave“ag!'
oo further from. the mills than the conservative 3oca jons near the
- restricted area boundaries. The assumption st(pulates Lﬁvththe
‘f‘ cattge graze at t&ese aaarhy iocatxens 1031:“ ‘ ‘

Far: the above reasons the staf has aade ad;ustmen&siwhen sfte conuxtgnns

‘ nazcatea that ‘more reasonable factors were warranted:
ainties, which exist caacernzng te ingestion pathway, |
§aca% produc’ton .ang consumption patierns, are sanartant issu

1be ‘ﬂgest en af ioca;Z)

areducea az?& was considered unere th%s aat&way was
pessivle.  fut in most case

the envirgnment surroundtng a:

any’ szgnxfxran‘i~ftent and therofores such mxi& ang

The ftna? ste, .«; the ﬁetvﬂntnattan of the 50-year ucge”camm;tments <zn millirem)

u‘SQ*“Ctﬁﬁ argana for each year of exposure to az»aarqucaﬁtantfat ‘ens At tne
”9338$xv*8580i6? for the potential exposure pathways as ist; ;abcve in the .
olliow? g sect ony uran fum miT1ing *acilities were aea%f-ﬂ Lhovata case- by-case
' a1 \faﬁte ha s?*uaf an at *ne miil with rRgard: a& v@?Q§§?ﬂCE «% th

,“?.'
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40 CFR 130 on the basis of site~spec<f1c as. well-as generic information. The
primary organs of isterest were: the bone, the “mass averaged lung" and the
whole body. Dose commitzents from 1naa1ation external exposure and ingestion
pathways were cauauted for each organ. Each organ dose commitment is distin-
gu1shed from any other by the specific dose conversion factur. Except tor the
“mass average Tung,” the dosc conversion factors have been computed by the
Argonne National Laboratary's UDAD computer code. Each pathway and organ have
their appropriate dose conversion factor (see FGEIS NUREG-0706, Appendix G-%5).
The "mass average lung™ dose conversion factor was obtained by mass averaging
the dose conversion factcrs from the UDAD ccde for the nasopharyngeal, tracheo-~
bronchial, pu!nonary and lymphatic systems. This average accounts for the
lymph nndes® propensity for chrontc adtoacttvity retention.

The MILDOS coce modeled various scurces of radicactive effluents and their
1mpacts upon desﬂgnated individials at specified population locations. The
primary transport assumption was the basic 5t'atgnt~3ane Gaussian plume mode!
(FGE1S WUREC-0706, Aopendix a—Z) Airborne concentrations wero calculated tor
Y=238, Th-230 and Ra-226. ﬂechantsas such as the deposition of radicactive
particies and the rvsuspension of ground deaos*ted particies were 311 accounted
for by the MILDOS computer code. The code thus computed concentrations of the
radionuclides in the environment, whereupon the dose conversion factors were
appiied tc determine the 50-year dose commitment tc the various organs b, the
appropriate pathway. The multiple pathway dose commitments were then summed
to obtain the total organ dose coanxtaent for each vear of exposure.

For the purposes of compijarce with the 40 CFR 130 Standard, the input and
options used in MILD0S were simpiified for the Yoilowing reasons:

i. Population doses were not considered in the standards.
2. 40 {FR 190 excludes doses due to the release of radon and its daughters.

3. Assessment is Dased on 12 exposuyre due to normal cperations over a
or.e year pericd and not »ver the projected iifetime of the uranium
facility.




Appendix 2

Gas Hills Mill, Federal-American Partaers
(Docket Number 40—4492) '

The FederaI*Aaerican Partners (FAP) Gas ﬂilis Hi!! i in a hi!ly area of Hyoufng.‘;
about 80 km (50 ni?es; east of Riverton. The amill 15 licensed to process 860 MT
of ore per day. ihe Eluex process is used at the.mill, with ion exchange carried
out in a res:n-zn-pu!p circuit. The mill processes ore; from surface and under-
‘ground mines sperated by FAP in the Gas Hills area. M3i1l tailings are being

pumped to a conventional aboveground impoundment formed by a peripheral earth
dam. Free liquid from the pond is pumped to 3 decant pond. The tailings pond
is projected %o reach its maximum capacity Oy late 1981,

Results

Table 2.1 lists the dose commitments at the nearby {amp of the Federal-American
Partnrers uranium faciiity. This camp had a population of 155 people as Of
i980. Table 2.1 shows the impacts from inhalation and external exposure
{direct exposure pathway) as well as impacts from meat ingestion. Parenthetical
entries in Table 2.1 take into account a 90% reduction of the impact from meat
ingestion. Informatior provided by the Fremont {ounty agricultural office
indicates that the meat ingestion dose contributions are conservative. Most
of the cattie ra%sed ‘§n the environs are shipped outside.the region, and only
a small number are.culled from the herd for local consumption. Based on
information confirmed by the licersee, it is still conservatively estimated
that no more than 10X of the locally produced meat is consumed by any neardy
resident. In addition there are no garduens at the FAP camp, 50 the vegetable
ingestion pathwly has been excluded from ronsideration. As can be seen, this
adjustment has little effect on the total dose commitments in this case.
Tabie 2.2 gives the breakdown of the dose commitments for the various pathways
at the Jocations of the FAP Camp (0.55 am West) and the Pathfinder Mines Gas
Hills uranium mill camp (4.5 km ENE). QDoses from meat ingestion due to grazing
of cattle in the area are also provided. Tables 2.3 and 2.4 respectively
display the concentrations on the ground and in the air of the parent radio-
nuclides of interest (U-238, Th-230, and Ra-226) at the FAP famp. These
tabes also indicate the specific mill activity and its.contribution to the
total concentrations. Table 2.5 presents the ground concentrations at the
assumed meat ingestion exposure grozan Tocation. (Concentrations in forage
were assumed to be mastly the result of foliar aaaestzién. uzth a smaiﬁer
uantrxbut on from roct uptake from the soil.;

Discussion

On the basis of the computer assessment, the Federal-American Partners (FAP)
facility is projected to exceed the 30 (FR 190 compliance limits. Tabies 2.1
ang 2.2 lists the contributions from innalation. exlernal exposure, and
ingestion to nearby individuals. Despite a 90% reduction of the impact to
individuals through the me t ingestion pathway, ihe dose ¢ommitment: to
ingividuals in the FAP camp ti1] exceed the 23 arem lipit lo any organ

singa Lhe Tung dose was projectad to te 35,9 mrem.  The gypsum in the tailings




. Table 2.1 Results of MILDOS computer code evais&ti‘oa;

Mi11 Name: | FAP |  Docket Number: 40-4492
 Date of;iii!g;tion: January 1981 R - v
Residence of individual(s) receiving(uaxiaun,dosé: FAP Camp, C.55 km W

*Direct txposure Pathway (mrem):

whoie Body 0.624
Bone : 7.1
- Lung 5.9

Grazing location corresponding to maximum meat ingestion dose: 1.24 km NE
gnzngfsgids'?athuay (nrem): |

" whole Body . 0.253 (0.025)"*%

Bone 2.58 (0.258)
Lung ‘ 0.253 (0.025)

Composite Pathway Dose Totals (mrem):

whole Sody 0.877 (0.649)
Bone 18,7 (17.9)
Lung 6.2 (35.9)

*The direct exposure pathway is the sum of inhalation, and gamma radiation
exposurs due 1o ground deposition and cloud immersion. :

**Puses from the meat ingesticn pathwav are based on meat from locally
grazed cattle. '

***Parentheticai values account for only 10% of individuals’' meat consumption

due tc locally produced meat.

B R




Fable 2.2

“y

Ihe S0-year adult dose commitments by paloway to each organ

Docket number: 40-4492

Grazing Site
Grazing Site
“Grazing Site

Grazing Site

l
2
3

4

Meat Ingestion

Meat Ingeclion

Meat Ingestion

Meat lngest{an

0.253 (0.025)*

0.187 (0.019)
0.132 (0.013)
0.112 (0.011)

2.58 (0.258)
1.91 (0.191)
1.36 (0.136)
1.14 (0.114)

Facilily name. FAP
Dose Cosmitments (mrem)
 focation Pathway Whole Body ‘Bone " Tung
‘ FAP Camp Inhalation 0.610 17.1 5.9 .
U.5% km West Graund Exposiure 0.014 . 0.014 0.014 .
‘ - Cloud Exposure negl. © negl. negl. =
Lucky ﬂﬁ.Camp Inhalation 0.069 1.88 S,Sf'7 1
4.% km ENE Ground Exposyre’ 0. 002 0.002 0.002
_ Cloud Esposvre negl. negl. negl. =

0,253 (0.025)

0.187 (0.019)
0.132 (0.013)
0.112 (0.011)

*Parenthetical salues account for 10% of individuals' meat Intake from local prodﬁctlon.{*

E-v




Table 2.3

Fwéi%i}yfhémé5 'pril

SRy

0ocketruumev

Radionuclide conc&ﬂtf&tlon& projectéd to. oceur nn grnund R
at r»svdence of ;nﬁividual t&geivtnq maximu& 6059 ’ o

}:uzgttnm nf Hﬁxtmum

Type of Particle

Etn!!vt&h:ai

”"Hnan
. ﬂf&m&tef. pm

fﬁiiﬁamp}‘ﬂ;35§gﬁ>h

Dens ity, q/ém?

;Raaianuclide Cuncentrgtions.

fh?l’ﬁ :

3

C et Foweake Dust
Gruund Ore

Coarse Windblown
Gre or Tailings

Coarse Windulown

cOrve or Laitings

Lo

1.4
.0

T35 G

8.9.
2.4

Pk
E-Y

ny
& .

2. 1176403
B. 3736402

7.431E+400

1.040Ev02

6.349£02

1.059€+01
8. 3736402

| 5.058£001

2.116€+01 -
8.370£402

5.072E+01

. 6.869E+02

il




Table 2.4 Airborne radionuc)ide concentrations projected to occur .
at residence of individual receiving maximum dose
Facility name: FAP Docket numher: 40-4492: ‘ ‘ ;
tovatlion éf Maximum [naividual: © FAP Camp, 0.55 km W i |
Mean Radionuclide Concentrations, pCi/m® -
Type of Particle Diameter, um. lensity, g/cm® TEELY ThZTo RaZ78 :
fellowcake Dust b0 : 8.9 : 5.515E-03 2.757€-05 . €.515E-05: .
Ground Ore 1.0 2.4 " 2.181€-03  2.181E-03 2.181E-03 |
Coarse Windhlown » \ ' o :§
Ore or Taitings .~ 50 2.4 : 1. 936E-05 1. 317€-04 . 1.322€-04 - w
(lﬁmr‘?si*‘Nindbh‘h}n ' : ‘ o : . T
C0re or Tailings — 35.0 2.4 3.071€-05 2.023E-04 T 2.029E-04




Tatile 2,5 Radionuc)ide concentrations projected to occur on the ground L %;
at grazing location corresponding to maximum meat ingestion dose
Facitity name: FAP _ ' o Docket number: 40-4492
ioéa;jnn&uf Maximum Meat Ingestion Pathway: 1.24 km NE i
- C Mean I ~ Radlonuclide Concentrations, pCi/m?
Pype of Particle Diameter, ym. ~  Density, g/om? TLEL The39 ; Ea”“
Yol lowcake Dust 1.0 8.9 1. 526E+03 7.6286400 = 1.525E+C)
Groumd Coe 1.0 2.4 4.9216+02  4.921E+02 4.919E+02
Coarse Windblown :
Ore or tailings 5.0 2.4 4.059E+01 3. 556k +02 3.566E+02 - 2 '
Codrse Windblown : o , . o
Ore or Tailings 35.0 2.4 , 5.5278+02 4.878E+03 . 4.893E+03 . '




SY‘arecpresented with othe*'paraneters affecting th

‘ffsecuiar gqua?rorium froa !ntktransportlng of ore(‘

Lfaﬂ_raéioactaue emissions.
:g:_nuciide activity in the solid taxlzngs (U=238 s,
“"“'of the cycle). . In addition; the high content of.

' Qassessment aeyora the haaxﬁaz mxtxgat\en by po

’nJG;Ansua% ore process! ﬁg rate}»

Control factcrs ye‘Eowcake é&fs&

FAP- fam 1“:“:3'

Table 2.7 displays the emission (Curies/year) of

“léz’on the process 1s uet
Table 2 B8 1zsts tae tai

‘:;natura} cement1ng effect of the, .tailings. sand restr:cts suspens:on cf

This m1tzgat'cn of

;; cover ,Sﬁt) .;abie 2.9 s
 £he wind freguency d4ata, which provides the s 5pec\t1c mechanism for transpert
,ﬁof radtaactsvxty 10 fos*te 5ecazéons ?he meteorc?oglca? aata originates
.from Casper. wyoming whict is. ?0” km_away, but’ was’ 3udgea te be apnropr:ate
:  fsr thisg regzcn in Hycaxng ‘ : :

Table 2.6 Basic parameters used for itéeszisaut

. Parameter Description

. Average ore grade g' T I D

"xacn tar equilibriue act v@t} {xw sC./q)
"ﬂa‘ g- }38 Th-230, andﬂﬂa- in the ore

" [ée*%mwaake Qfﬁdbc?¥?“ *ate«

"j’rrﬁﬁwcznzur€tV'

77fiﬂ*a“t 3‘ ors ﬁda» se TELY
.
‘z
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Table 2.6 (continued)

Parameter

Description

Emission activity (in Ci/year) of
U-238 released to the atmosphere from
yellowcake operations

Thorium released in yellowcake emission
Radium reieased in yellowcake eqission

Uncontrolied emission rates from any
one mill stack or vent

Percent reduction fagtor from stack/vem
emission contro}l

Area of ore pad

Reduction factor for ore pad

. Areas for tailings impoundments

Tailings Pile 1
Tailings Pile 2

Reduction factor for tailings areas
Recovery rate

Activity of U-238, Th-230, and
Ra-226 in soiid tailings (pCi/qg)

y-238
Th-230
Ra-226
Length of grazing szason

Feaction of stored cattle feed
whicn is grown igealiy

Fracticn of cattie feed which i3
paswure grazing

screage reguired Lo graze ane
animal unit {450kg} for one month

etative joint fraguency of wing

< i TR R E TP
speed, direclion, and $1abTItly £idss

Atmospheric ateing hewght

7.56 x 10 2 Ci/year
3.78 x 104 Ci/year

7.5 x 104 Ci/year

See Table 2.7

See Table 2.7
4.5 acres

174

i8 acres

pl acres

80%




Mytd Mami:  FAP

Frocenss Mass Loss
Cave. b agg Rate,

fable 2.7 NKatural ore emissions

Docket Number:

40-4492

Cantrol

Control
Efticiency,

gifective
Mass loss Rate,

Annual
tmissions.,

Emiss ions ib/ton Measures ) 4 1b/ton Ci/yr

Bunp Lo Grigzgzly 0 ‘ VN(‘!()&? 0.0 .05 00517

Crusher L2 ' Rotac lone 93.6% .G13 .00132
Dust Cotlector

Grnder 2 Rotoc lone 93. 6% .013 00132
Bust Collector -

Cunveyors (2} 2  Rotochone 93. 6% 013 00132
~Dust Coliector

Pine Oee Bin Rotoclone T

aigd Handling ;E Dust Collector 93.6% . 00F -00066

. (:}z::»;r Pl
Hand 1 thi _ R

- “None

0.00

15

01551

Brawal Mass Logs =

(Effective Mass Toss Rete) = 2000 < (Dre Throughput)

fOTAL

02533

Activity Emission - tﬁnnna{fﬁa§9~tnssig~ (2{5}*4 {ﬂre“QualiLy} = 100 - {.28?4;%%.0{,U305)\a?*/

A

62




oo
ng/«\

Mil) Name: FAP

A2-10°

- Table 2.8 Tailings pond parameters

Doc ket Yumher: ’ 40-4492

Tailings Source . Activity Content of Tailings gg_Ci/g[
Area Number Area (km?) B TLE L B ThETT a

1 075 s 2821 283.1
2 .28 B T 282.1

283.1




Ta‘bli 2.9 mtcofo!oqi‘cn‘l‘ data for FAP ail) .
{Docket Mumber: 40-4492)

Jirbtet ynu;m,w.v fh0 Pl b} ,;nglllun |m.n,sn8 nu ut aum 19 Frun .
ari ~ Cisk £s 5¢ SSn s a3n » Py e nna JUALS

»-—‘--~---0-‘-‘-----'-000"0-0‘-'00000-...-.-;..Q...v".v‘.d.‘.q’.....‘.Cd...'-....-..‘.......QOC..........‘...O....-‘...O‘..D.’..l

TytsuIttr CLasy |

E.%  Lunaey  ,des L Wi Lugl¥y .u:l‘ us .cuav .u«;; .8111 JUgun .c: 1T ERY il o8 15 .0:00 ¥ vl . ;
N N T Y T T T T 1 .aa) us & 3 Lus N ITY ) TS 6218 .0 e «. : 3 H
JULD G UBO0 v.ubuM Y U0UY G.uBuU u,0006 u,u P9 Y,u08h 0,000 0.&698 oe g.oebo o.oouc‘l.a 3000 .0 ] O,

'_;s,g HlGwun O UGwh Wl ouuﬁvs.quuu G.,0000 °'3 ¢ U bvad 08,8000 9,.6000. .ueuo 0000 0.0:9¢J «900 ‘ 00 x :'8 z . :
1.9 U.oued 00,0000 0, buud B, dbuv 6,0000 0 ¢ b, Ui U, 006N g.ﬂiﬁﬁ B,9060 L, 000 B, 0000 ;: A4 U080 - b,0 : ;
3.0 0,000l G.uuuy b ubue 0,080 06,0060 6,406 8,8, !.0089* JUB00- 0, 0000 9,0000 b, 0uin 0,0000 O;zg s 04 : - b b : 3

AL . L U208 L 0%1H ,usoe CJUiue L0308 33 _ai0se L0208 ,..“i_ :0 ¥y L6518 .aogs; :e Ts _.b208 ..3 o583 :.. s

- b--‘-n--n-.-n.on.b-l’.b“..t0..".-0“00..“0-.&.‘&.¢0-.Q.~ O.‘...O‘...O.. - - FTEYT FE XX Y TR 2 5 ¥ 3 -.! ’...OQ‘. - - e ‘Q..~. - d - LA X X4 - B

oo REABECETY (L e85 ¢ - A ; awh ‘

&.ﬁ. td}ﬁd .e§«7 .&il‘ I LT Y ¥ | TV N1y R'1I 3] ,u&}: .bg,n 1)) NIl .:lﬁ YT S 1YY s: .
3 LBUSE 123y LUesY el .;e!; .3zas AW "5? .£12~ 19 o} LS (138 (8998 05 ,lxv "
1‘.‘19 S LT ubtl 105.5 -0"‘, ubi . 2hh N3] ] U e . 3“- o“Q‘z 08¢ +§09 . “ o’ Og',. N ] s nx 38
15.9 v, 0000 U, 0uve &,Ub00 9. 0bul 9, 00L0 U, 00060 A URGE ¢,uUVY 0. 0000 o.cug «OV00 v, ax 0.062 . Y, 8040 @, 88 : 111 .
21.% v.0B0y O6,.u0LU O,00LY G,0G0V U,DO00 O.0v60 u.0uuld 0,000 0,000 Q.ag ¢ U.,0uN0 g.»u O, 6uby §.g 00 9,04V08 8.809 a8
24,9 0,0000 U,euvu G, uu0Y 0,060y $,0000 8,060V @,0008 0,300 v, 0Cnb o.s ag ¢,0000 .oge h.nngg LBQ00 9,0000 0, go ) .go
LI S 7 ] .il&l .tlﬂ% LAY 210 TN 2515  L2ude L laed L 21¢ s JUlL 3 L627)  L208% LIB10  L2% 30808
RN E R LR R R PR R R R R R R N R Y S X ] ‘ob-c-.occocon.oonitccoon.‘-.odt.o....-.n..ooc.0'00....n.n..00...00‘....‘.......¢§--0
St28i0007 Cuasn 3 - b
P S P 3 el AN v v N2l ., [T TY TN S ¥ ] vine Y wilY o7 (4] ~N .
SR 12 B S VI A2 ] .gofg .ffzi 0435 oVisy il .fﬁbi .iasf <11t 1} § If;ﬂ, 1408 :31€R :Obi, S *i )
i L2998 Llany Li1vfe L2130 L2de .&Qsa .&43 so8d od23 .3%3 BTN ) "'f 8 b! Ml 3 ¢ =
15,9 L0271 (G180 LeiR) Lo sl L6iel L GhaY &! G008 (eled  Lu¥%9 Qe RIS LIT e 2 1 N8 00
Eh LY R UYUN L9809 L UNEG G VeUe U UL .00l . D00L 0,0000 L081F) .6ued 01 U §e N 41‘~:.: g ‘z. qov .q"u.
E8,0 U,000u U, H0Uu W, Luel B UGy B 0600 D UUNO. D, LenD O,ub0V 0,000 B, 00BY QU ~.0lt . g L1 @, boz &, " -
AL LI9SR L8959 L la) L2 %e Lanid e JAnbe L2780 L1680 3502 L8168 L7311 ),.0e JOT0E 4383 L3k 290 it .

: ca«.v‘conv-cc‘~~v'-v-&-~"¢~w0~~Ucndauo.Qc.nno.....ua.oﬁaoo.....n..-ot.onac..-caaooon..atn.doononcttnb-oboaoohﬂu-ao-t.‘n-o..o.ﬂn.‘oOO .
LSEamii It CLeBs W A e : - i . . e e e <
R R PR et 2 B TP SRS £ 1 R A1 S TIURE T 1O A IV )T B

/ A F g Py . 3 . - - - ‘ LR B . A 4 kb

~f}a:o;l.ra~n P.alad Vo ud8] . 6les Sibp .oefz & L)t You180 2l1s0a g Tune :Sg o308 .Y

A IS |.}awt .80 1L.04T (A48  uu0l %38y 1. .&‘tl g.?!fo 1993 1,804 98 . ,!x .

TR O IR LR R LIRS T PR L 1
28, Sugs e N . N i v, 280 ' Y nY{l} : »
COME R IR N L R IS P LI L LI ST L TR ei!%e:.:S.?!i.::5...................
Stapic ile Cradae 9
g.s 3128 J1bud _.lﬂi\ JdIVe L trun .‘;2& RISy K313 .g!ll .5&*& .2105 240) ‘Oz’ ol!
Tu o bLib%A .a%l4  Lbad® L5680  .n24% L340y L Sun 1919 . 312 ‘. [ X3 8140 [T}
s0.0  L3ag%  Ltuld  .2med L2411l  .e0a2 ,30-5 Ly NI l;o-v 822 i1} 1L e o
19,5 @, 0060 ’.oubu N usee U, VLY 60,0000 L, 80Py 0,060V v LEbY g .ugvo b,00Y <GBUL v, Ue0Q x. 0 [ &
4420 IR Dy LIhE sovus wany Braees oiueey Diades 1) piates $i3uit Sifer 8i4RdD GIRENS 8
24,6 b,000 .utuu W.L80Y D.uvuy B.CUOU B o o, o,U . v 0,000 -
3O 1.824n 19650 b.unfd  .9vt) f.lode 110w 24883 I I 121213;:;n02g s.4910 !22532;!;32!!.!2313.......-f--......
sIspie kit (.Lt“) & ) . : L : o
;.5 G, U000 B,UNGE ULU0LD G,uNUV B BUBY @, VLG R;Vuuﬁ 9,000V 9, B,800 :.0660 0.00&0 :;naab 0,020% “02“ 00!
5 Vouuit b QU VouRsd D,UuvN YL ROBD 0,688 . 0vue ,0008 0,00 “G, 000U @, 0000 6,00L00 .noaz;g.o 90 9,080 800,
0,0 DLLu00 U,unde B uUcY a OBl P oBUGY U U0L0 S 0BEY Y0000 0,00 ~0;unui .00 4 08008 x.oes . .g:u. 6,004 g.z o
1%.9 G.obun o.uuuv WY, WL UE0U B uOua,o.oku»-a.nvun [ TS o.cu B NITIEMTI I M T .0: 8 . 9,0800 9,000 L Be080VR

ALY L bbb a woliy $,u0by u.uauc u,0060 0,06Gul G,80u0 u, 0000 o u;eono o.«gw 6 00u0 6,8600 g.aoo. S,049¢ '"O.vﬂﬁz
PA,0 0 Y YLO0UU wLUUel. U, Mhue DLUURL 0. U060 BLUBNY O,0060 O Pub v, u0u8 06,0600 Q.Ocﬁz <9009 ».uonn +90%

Y T 6 TOOWY- DL buUY D.ubUY BLubbu bLUGOD-u,0usl U, U000 O, 0000 0 ocoo o YUd G.r000 60,0000 0,0000 80,0000 Y, 0000 90,0000

dno-«‘CGG-v--060-0-¢‘-'--00‘”"O-..-----c.-.oa--ccn.b.oooo.0-,.....'.‘.0.¢-0-..n.v...-.0.0.o..n..D.-OQ..-"‘.0.....‘060.’........o.o

“ L B T8¢ bLoubld @, 38 s 3u6t w,bile 2,839% 1.B212 1.0480 2,2021 9, ble!li.lbtllo.lvi'll SE30 a. 6745 3,411 31,0003 tOO.oOSC




a3-1

. ‘Gas Hills Mill. Pathfinder Miées'gciirp(é_f-‘a‘t\,mni R

- (Docket Number 40-2259)

The Gas Hills Uranium Mill (formerly the Lucky Mc Mil1) is operated by Path-
finder Mines Corporation (formerly Lucky Mc Corporation) -in the Gas Hills
region of Fremont County, Wyoming, about 40 km (25 miles) northeast of Jeffrey
City. The mil1 capacity is assumed to be 4.8 x 10% MT of ore per year (NUREG-
0357).. The average ore grade is about O.15% Us0g. Although mines adjacent to
the mill alsc could provide fresh water for ore processing, ‘availability of
hot [57°C (135°F)] well water at the site makes it advantageous from a process
. standpoint to use we:1 water in the mill and o treat mine water for discharge.

The tailings system consists of six retention ares which dre situated sequen-
tially<in u small naturai ravine north-northwest of the mill and are dug into
an uhdérlying shale formation. Three of the six retention areas now contain
tailings covering a total tailings area of approximately 222 acres. Two of
the remaining three retention areas are now used for solution evaporation,
while the third has been drained and is under construction ta upgrade and
enlarge the retention structure. '

v

Resuits

Table 3.1 Jists the dose commitments at the nearby Pathfinder Mines Gas Hills
camp... This camp had a popuiation of 185 people as of 1973 - Table 3.1 shows
the ‘impacts from inhalation and external _exposure (direct exposure pathway) as
well as impacts from vegetable and -meat ingestion. Parenthetical entries in
Table 3.1 reflect a 90% reduction of meat ingestion dose commitments and a 95%
‘ reduction of vegetablie ingestion dose commitments. As in the case for the FAP
facility (see Appendix Z), information provided by the Fremont County agricul-
tural office indicates that these reductions still previde a reasonably conser-
vative estimate of local censumption and production paiterns. Because most of
the cattie are shipped outsice the region, the 90% reduction adjustment to the
dose commitments is a reasonabiy conservative estimate. Gardens exist in the
surrounding environment, but the growing season is short, and the production

s very low. .Adjustment of the ingestion pathway contribution, in this case,

significantly affects the predicted total dose commitments;. especiaily in
regard tol the 40 (fR 190 limits Table 3.2 gives the breakdown of the dose
commitments along the various Dathways at the nearest locatiohs of Pathfinder
Mines Gas Hills camp (3.0 km ENE); Federal-American Partners camp (3.1 km WSW),
and Puddle Springs Ranch (6.1 km West). Doses from meat ingestion due to
grazing of cattle in the area are alse proviged. Tables 3.3 and 3.4 respec-
tively display the concentrations on the ground and in tne air of the radionu-
clides of interest (U-238. Th-210 and Ra-226) at the Pathfinder Camp. These
tabies .iso indicate the snecific miil activity and its contribution to the
tutal coacentrations.  Table 3.5 presents the ground concentrations at the
astumea meat ingestion exposure grazing location. {Concentrations in forage
were assumed to e mostly the result of foliar devosition, with a smailer
contribition fiam roc . uptake fram the sgilly LT
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Table 3.1 Results of MILBOS coabuter code evaluation

Mill Name: Pathfinder Mines Gas Hills ~ Docket Number: 430-2759

'jfﬁDate of Evaluatfon' January 1981 

" ‘Residence of individua}(s) rece*:wng maxxmum dose*

p . Pathfinder Mines Gas Hills
“Camp, 3.0 km ENE S |

*Direct Exposure Pathwayv {(mrem):

N whole Body 0.340
Bone E 8.74 .
Lung : o154

_ Grazing location -corresponding to maximum meat ingestion dose: 1.44 km NNE

*®{agestion Pathway (mrem):

whole Body 3.27 (0.259)**
Bone 33.5 {2.8%)

Lung . 3.27(0.259)

f{ﬁdﬁboséte Pathway Dose Totals (mrem):

whole 2o 3.61 (0.599)
Aone : S 42,2 (l1.45
Lung 8.7 (15.7)

The direct exposure pathway fs the sum of inhalation ang gamma radiation
‘exposure due to ground deposition ang cloud immersion. RS

. ®*The wngc:tion patrway includes the maximum dose due to ingestion of meat
~ from locally grazed catt:e and ingestion of vegetab’es grown at the residence
iscaticn.

Tr*Parenthetical values account for 5% of an individual’s vegelable intake angd
W% of an drgividual’s meat intake being @oca? ¥ oprodunsd,




Facility name:

Table 3.2

Fathifinder Mines

nas Hills

Docket nusber:.

E T P N R OV A R,

40-2259

50-year adult dose caﬁ@%fﬁéatﬁ by‘pathwayhtogeaéhVOrgan»

Dose Commitments (mrem)

Lacation Pathway WhoTe Body Bone Lung
Pathfinder Mines Inhalation 0.326 8.73 15.4
Gas HiYls Camp: Ground Exposure - 0.014 0.014 - - 0. 014
3.0 km ENE Cloud Exposure Cnegh. . negl.. . _ negl. S
‘ Vegetable “Trgestion ;:36’(0;068)" 14.1 (0.705)* 1.36 (0 068)*
FAP Housing Inhalation 0.064 1.73 3.87
Camp 3.1 km WSW Ground Expusure’ 0.002 0.002 . 0.002
Cloud Exposure negl. negi. negl. e
Vegetable Ingestion 0.111 (0.006)* 1.17 (0.059)* 0.111 (0.006)* &
Fuddie Springs Iohalation 0.023 0.623. 1.36
Panch 6.1 km firound. Exposure 0. 601‘ 0.001" ©0.001
s : Cloud Exposure . Cegl- negl. ;

West

Grazing Site i

(“smzing?Sit'é 2

Grazfnngit@ 3
Grazing Sive 4-

Grazing Site 5

Vegetable:Ingestion. ‘

Meat iﬁéésiiéﬁ
Meat Ingestion
Meat lngeétfun
Meat Ingestion

Meat Ingestion

0. 044 (a 002)%"

L 91 (0 191)%*

1.89" (0. 189)%%

_0.342.&0.034)~'
0. 310 (0.031)**
0.132 (0.013)**

19.4 (l.94)#*

19.2 (1.92)%*
3.50 (0. 350)‘*'
1.18 (0. 318)**

1.35 (0. 135)‘“

74580 ;ozsyﬂ. :

1.91 (o, 1935%@,_ -'
1.89 (0. 189)**‘

0.342 (0. 03')**
0.310 (0.031)‘*
0.132 (0.013)**

FThece values in parentheses are based on the 95% reduction due to local vegetable production and

consumplion.

**These values in parentheses are based on the 90% reduction due to JOCal'meatrproduction'and;¢gﬁ$umptipn.

o et P




fable 3.3 Radiopuclide concentralions projected to occur on ground
al residence of individual receiving maximum dose

Pacibity name:  Pathfinder Mines Gas Hills Docket number: _40*2259~

tocation of Maximun fndividual:  Pathfinder Mines Gas Mil)l Camp, 3.0 km ENE

Mean Radionuc)ide Concentrations, pCi/m?

Type of Particle Diameter, pm. Nensity, g/cm® Tk Th2¥0 ‘Ra’"?r

Yellowcake Dust 1.0 8.9 1.012€~03 5 058E+00 ~1.011E§Q0i L

Groung Ore 1.0 | 2.4 2.260E402  2.260E+02  2.259E402
Coarse Windblown : ' “i :, ; ‘Ll'b : ih
Ore or Tailings 5.0 2.4 _ 2.694E+01 21396402 2. 1456402 b
Coarse Windhlown S S = '
Ore or Tailings 35.0 2.4 3.002€+02 2.3868¢03 - 2.395€+03




Table 3.4 Airborne radicnuclide concentrations projected to occur

at residence of individual receiving maximum dose ‘¥
Facility name: Pathfinder Mines Gas Hills Docket number: 40-2259 :

focation of Maximum Individual: Pathfinder Mines Gas MHills Camp, 3.0 km ENE-

o Mean ) - Radionuclide Concentrations, pCi/m? .
Iype of Particle Diameter, ym.  Density, g/cm’ LRl T Ra%EE
fellowcake Dust 1.0 89 2.638€-03  1.3186-05. ~ 2.635€-06
CGeound Ore o za 5.888£-04 - 5.888E-04  5.8B7E-04
- Coarse \imdl}‘luw:f . SR : ' - :
Ore or Tailings 5.0 ' ' 2.4 7.018E-05 5.571E-04 5.590F-04
' - >
Laarse Windblown , d
Ove or failings 35.0 2.4 . 8.8B65E-05 7.053E-04 7.077e-04 o
AN




Ctabte 3.8 Radionuclide concentrations projected to oncur on the ground
at gra.ing locatior rorresponding to max imum meat ingestion dose

Facility rame: Pathfinder Mines Gas Hills Camp ‘ -~ Docket numbér: 40-22%9 - e
TLocaticn ¢ Maximum Meat Ingestion Péfhuay: C1.44 km KNNE »
Mean ~ Radionuc lide Concentrations, pCi/m?
iviie of Particle Diameter, um. Density, g/cm? <38 Vhe 30 RaZ?%"
el lowcake Dust b0 : 8.9 1.728E+03 8.633E+00 1.727€+00
Ground Ore (D] o 2.9 : 4.363E+02 4. 383E+02 4.361E+02
Coarse Windblown o o .
(re or Tailings 5.0 2.4 33298402 2.854E+03  2.862E+03 w
i . o
C Uearse Windblown ' a
vre ov Tailings 350 2.4 . 4. 6658 -03 .4 O13E+04 4.025€+04
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Based on tue computer assessment as shown in 'abie 3.1, the ?athfxnde, Mines
facility was projected’ to. exceed compliance 1imits for 40 CFR 190, pramari]y
due to the bone dose commitment of 42.2 mrem. . However, it should be noted -
that almost 80% (33.5 mrem) of the bone dose conmitment results from the
'xngest1on pathway ' Spec1fica}1y, 14.1 mrem of the bone dose resulted. from
vegetable ingestion, and 19.4 mrem of the bone dose resulted frow ingestion of
locally produced meat (see Table 3.2). These contributions. represent 33X and
46% of the total bone dose commitment, respectively. These figures are based.
on the assumptwon that 100% of an 1nd1v1d031 s meat and vegetable intake is

locally produced. A genera! explanation of the methodology used in the inges-
tion pathuay xs given in Appendxx 1 of this ) aport.

DOSe commitments which incorporase site~specific couniy Dase estimates for

consumpticn of .ocally produced vegetables and m &t are presented parenthet1ca?]y

in Tables 3.1 and 3.2.  This adjustment reduces consumption of loca! vegetables
oy 95% and consumption 3f locally producad meat by 90%. The county base
estimates ‘indicute that these reductions are still reasunably conservative.

As a result of this acjustment, the “one dose commitment is 11.4 mrem; and the
lung dose commitment is the most significant at 15.7 mrem, most of which (98%)
is fr¢m the inhalation pathway.

The AR staff has made assumptions about exposure pathways residence times

and consumption patterns in the mil) environs which are conservative, yet
easonable, in light of the NRC's responsibility to maintain public safety.

with additional environmental data, further determinations can be made concern-
ing these assumptions, and ultimately the environmental impact of this mill,

Assumptions for Comnuter Prediction

Table 3.6 presents the basic parameters and assumptzons made in medeling the
‘acility. Control factors, yellowcake emissions and tailings activities are
presented with otner parameters affecting the emission of radiocactivity.

Table 3.7 displays the emission (Curies/year) of the radionucltides in secular
equilibrium from the handling of ore and the grizzly operation. From the rod
mit) crushing to the yelicwcake precipitation, the process is wel ang enclosed,
and the NRC staff assumes only necligible radiocactive emissions. Table 3.8
‘tists the tailings zmpoundment and radionuclige activity in tha solid tailings
(U238 is usually depleted at this point cof the cycle). HNRL s5t3ff onsite visits
confirm the natural cementing effect of the gypsum in the tailings solids. This
mitigates, to a great extent, the surficial suspension of sands into the air

for subscguent dispersai, but no quantitative estimates of the extent of emission
reduction have been documented. Hence, no additional reduction because of the
gybsum has been made. Table 3.9 presents the wind frequency data, whizh provides
the site-specific mechanism far transport of radicactivity to offsite locations.
The meteorclogical data originates from Casper, Wyoming, wnicn {s 101 «m away,
but was found to be in Close agreement with the onsite meleorological prafiie,




Table 3.6 Basi

-, Secular qutllbraum act1v:ty‘
0f-U-238 ‘Th 230 and Ra-226 i

Emassinn actxvaty (in Cz;year 'f" .
U~248 released to the atmosphere~from
; ve?lowcake operataons '

Vreieased in ye:?owc,ke em ssxon

,Aanc ntrOaled em1551on rates from aay
,' one mi1l stack or veat A

PO

o ‘,ngs Px?e )
Tig hqqs Pile 2
£Ta*!;ng§ Eile ~

E@C»Verv 1a§n

Act}vszv of **ﬁl? Th*é
Aa-‘“ﬁ in solid tailidgs

hor!um re!eased in yel!owcake emxssuon

000 MT/year . "




Tqbl}_e 36 ':(/co‘nti_nued).

Parameter 'Description -

Lvengt*ﬁ;; of )gvra:zi'ngﬂ season

Fraction of stored cattle feed

s which is grown locally , 0.0

Fraction of cattle feed which is ST
Dasturo grazmg v o 100%

‘ ' : Acreage required to graze cne R

‘ . ammal unt (450kg) for one. month ‘ -~ 9.0.acres

' "riauve joint. frequency of wind - B
snead, dzre\.tzon and stability class o Table 3.9
Atmospheriz m.xing height 598.3 meters




Table 3.7 ‘Natural ore emissions

Mitl Name: Pathfinder Mines Gas Hills S -  ‘Pocket Number: = 40-2259 .
Process o Mass Loss Control Effective Annual

faus 1 Rate, Control Efficiency, Mass unss Rate, Emissions,
Lilswions b/ ton Measures 8 Ib/won Ci/yr

Handlir © of Ore 05 None 0.0 . .05 L0127
Trucking of Orve i) None u.0 L ' . 0254

Grizely s None - - 0.0 » 05 0127 . -

TOTAL . 6508

CL-EY

\AnnuaIlMazS tass = (Effecltive Mass Loss Rate) = 2000 - (Ore Throughput)
Activity tmission = (Anbual Mass Loss) - (2.5) + (Ore Cuality) = 100 - (.2824”§%'uf 11404)




me: Pathfinder nines.cagfafiis :Af“agqg*gﬁfﬂuﬁﬁéf;_.40'2259

% R " activity Content of Tailings (pCi/
*’ Tailings Pond Number Area (km?) yes® ~ ThZS0 g"%wwgl

1 ' 211 ' 9%.3 871.5 - 874.56

2 . -300 - 671 607.3 .~ - " AN9.4

s R

% 22 W Cen1 MO73 6094
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Table 3.9 Meteorclogical dats for Pathfindee Mines Gas Hil) Mil)
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Basin Uraniunm Mill in

Appendix 4

Shvriey Basin Mill, Pathfinder N1nes Corporat1on
, (Docket Number 40~ 6622) ’

(fcrmerly Lucky Mc Uranxum Corp.) operates the Shirley
an area of. p1ains and rolling hills about 72 km (45 miles)
south of Casper Nyoming The mill is autogenous w1th no prel:minary crushing
There are no conveyors in the plant. Static-bed resin columns exi=act uranium
following acid leaching. The mill throughout is 1630 MT of ore prr day.

The preser.t tailings ‘pond covers about 61 Ma (1)0 acres).

Pathfinder Hineé Fb“

Results ' ’ ¢

Tabie 4.1 Tists the dose commitments at the Heward Ranch and shows the impacts
from inhalation an. external exposure (direct exposure pathway), as well as
impacts from vegetable and meat ingestion. Table 4.2 gives the breakdown of
the dose commitments for the various pathways at the town of shiriey Basin
(8 0 km 5) and the Heward Ranch (8.0 km E). Doses from meat ingestion due to
grazing of cattie in the ar>a are also provided. Tables 4.3 and 4.4 respec~
tively display the concentrat1ons on the ground and in the air of the parent
radionuclides of interest (U 238, Th-230 and Ra-226). These tabies also _
indicate tnn specific: mt)! act1w1L/ and its contribution ‘to the totai concen-
trations.. Tab:e 4, 5 ‘presents the ground concentrations at: the assumed meat
ingestion: exoosure ‘grazing location. (Concentrations in forage were assumed

tc be mostly the result of follar deposition, with a smaller csnt*abutxon from
root aptake from the soil.

Discussion

Basec on the computer azsessment as shown in Table 3.1, the Pathfinder Mines
Shirley Basin facility was projected to comply with limits for 40 CFR Part 190.
The NRC staff has made assumptions about exposure pothways, and residence
times in the mill environs which are conservative, yet reasonable, in 1ight.
of the NRC's responsibility to maintain public safety. As aaditional environ-
mental data become available, further determinations can be made concerning
the environmental impact of this mill, The largest organ dose was the bone
sose {i8.0 mrem), but over 5% of thic dose resuited frum ingestion. [n fact,
77% of the totaE»cone dose results from meit ingestion, The assumption that
100% of an fncfv fqual’s meat supply is locally prouuced tends. to te conservative.
A generaj explanation 3f this 3ssumonzon and other ‘icets of the metnodoioqy
used in the predictive assessment relating to: the ingestion pathway can be
‘ound in Apnend?x 1 of this report. The total impacts may be conservative;
snd as more information becomes avaiiable concerning local food production,
2atimates will be ~evised accordingly. ‘

Assumptions for Computer Pradiction

“ablie 4.5 presents the basic parameters and assumptions made ‘n nooeilng the
Pathfinder Mines Shiriey dasin facility. - Contrel factors. vellowcake emissions
ang tailings activities are presented with ather parameters atfecting tne
mmission of ragivactivity, Table 3.7 displays the amission (Luriess/year) of
the parent radiznuc!ides fa secular eguiltibrium from are pad handiing and
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.Tabhé*"d;,f;‘ MResu’},t‘é’ of MILDOS computer code evaluation

e i L

U‘“Qpéket Rqﬂ@ér:_’40-6622 -

Resxdence of 1nd1v1dual(s

f}rece1v1ng max imum dose ,Beﬁékdrﬁinch:‘a;o-kﬁ‘E L

*D1rect Exposure: Patnwav (mrem) | . «

Whole Body ]

Bone ' 2.53

@ Lung 5.04

Grazing location corresponding to maximum meat ingestion dose: 1.47 km NNE
**Ingestion Paihway {mrem):

Hhoie'body

| 152
Bone 15.5
Lung 1152
Cdmposite'Patbwaypﬁbse’Tdta%s (mrem):
e’ 1.61
8one 18.0
Lung 5.56

*The airect expoéurd pathway is the sum of inhalation, and gamma radiation
exposure due grouaa decosxt on an r’oun xmmevs;an ’ '

»"?%@ 1nge)tzon aa*hway const ders the maximum dose ﬁue to the ingestion of. meat

from locally graced cattie and ingestion of vegetables grown at the. reszdence
?ocation, ' : I : :




fable 4.2 50-year adult dose commitments by pathway to each organ

CFacility rame: Pathfinder Mines Shirley Basin. - Docket number: . 40-6622

‘ . __Dose Commitments (mrem)
tocation Pathway Whole Body Bone  Lung
Heward - Ranch Inhalation 0 090 2.53 5.04
HO km £ Ground Exposure - 0.602 . 0.002 0.002
: , Cloud Exposure negl. negl. negl.
Vegetabile Ingestion 0.159 - 1.67 0.15%9

_ Shirley Basin Inhalation 0.043 . 120 2.50
A Town) Grourd Exposure s.001 - . o001 - 0.002
80 m S - Cloud Exposure negl, . -7 . negl. - negl.

e e Vegetable Ingestion .~ 0.05: . .=~ 0 0.89% - 0.0%6

gty

¥;é§6§ Sfie b fﬂédl'ingeslibﬁ - ';1;36;;;
;?fﬂﬁfégiﬁg Site 2 Meat Ingestion . Aﬁ.ﬁéé*ﬁiﬁ;igr~j’qu, 6‘32j“~;.{i} 0.622°
, 16;51ing,site 3 Meat Ingestion , u.s72f $ ;   ffn‘;; 5ot . e

Gracing Site 4 Meat [ngestion 0156 161 0.136

¥
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clable 4.3 Radionuc Vide concentratfana projected to occur.on, ground
‘ . at: regigznco ,t vnd;vxdua. rece‘ving raximan dose '

Pathftnder Kines Shiriey Basin Daaket nuwbe

{fﬁé ﬁf;ﬁayffc‘éj

aagimpmasnaigAqugz

.

ﬂewdrd Ranch 8 0 km E

T Mean: . :
‘,}Qiameter; pm

beﬁttﬂwcak@wﬁUS{j«i;f

ﬁraunﬂ Qt

"lifiua:se Rindb!n%ﬁf‘
: ﬁre or Iatfinqs“,f'

, ﬂoatae wﬂnabiawd*f:;
"(ﬁr» ur- Iai}inqs’“

Je—"

,.c

. L71sEs01




fable 4.4 Airborne radionuc)ide concentrations projected;to7oc¢nﬁ,'
at residence of individual receiving maximum dose

‘a0-6622

Favility name:  Pathfinder Mines Shirley Basin - : Uécketlnpmﬁery
'{bﬁatean of Maximum Individual: Heward Ranchi, 8.0 km F
Mean - , ' Radinnuc]ide COncen&ratiOQ§,‘5Ct/n3 =
Type of Partiche Diameter, ym.  Density, g/cm® TLELI Thzan ™ ",ﬁ"a’.‘{'f"
‘el lowcabe Dust 1.6 8.9 7.6426-04  3.821E-06 7.6426-07
Ground Ore 1.0 2.4 2.898E-04 2.898E-04 2.8976-04
foarse Windblown ‘ ' . ‘ ‘
Ore or Tailings 5.0 2.4 4.933t- 06 6. 064E-05 6.087¢-05
Coarse Windgblown | : ' , o ' o
Ore or Tablings 35.0 2.4 o 5.064E-06  5.674£-05 5.695E-05

s SR B s govend i




Jable 4.5 Radionuclide concentrations projected to occur on the groumt
at grazing location corres)onding to maximum meat ingestion dose
Facility name: Pathfinder Mines Shirley Basin ‘ Docket number:: 40-6622 .
tocation of Maximum Meat Ingestion Pa(.hw_&y: 147 km NNE |
‘Meon - gadionucnda Cuncentratiofssl Cyi/h{»
Type of Particle Dlameter, um. Pensity, gfemd T _ Thosv i ,
Yellowcake Dust 10 8.9 ' 2.2106003  1.1056+01  .2.209E+00
firound Ore o N 2.4 S 9.304E402  9.304€402 - 9.300E+02
Coarse Windblown ‘ SR . B . :
Ore or Tailings v 5.0 2.4 - 9.738E+01 2.030E+03 . _2.0378+03 - - ;
Coarse Windblown ‘ - : B -
Ore or Tailings 1350 2.4 1.362E+03 2.795€+04 M‘fz.“ﬂﬁ,ﬁf*ﬁ{l-ﬂ




Parameter

Table 4,65 ;§35it parameters used for MILDOS ingu: '_ v1‘.:

Descripticn =

ﬁveragc cre grada

‘Secular equi,ibrxuu act”vity\(?n pCl{g)
~of U-238, h-230, and aa 2 in the ore

Rnnual cre grocessing atc
Yellowcake production rate'fr«
Product purity

Amount of aroﬂuct re}eascd
to atmosphere annually |

Emission activity (in Cifyear) of

U=238 released 1¢ the atmosphere frow

yellowcake omora!rcns

Thorium released in yelliswcake emission

Ragium releated in yei!qut&&e amission

Uncentro 11@1 emission rates from any

one mi'l stack or vent

Parcent reduction f&Cuor frea stack/vent

emission contrel

Area of ore pad

Reduction facter for arﬁgdéét‘

Areas for tailings impoundments
Tailings Pile 1

Tallings Pile 2.

Reducticn facter for tailings 2reas

See ?gb}ej$;?

1137 WT/year

90% 0303

1. 137 MT/year

0.289 Ci/year

1.45 x 103 Ci/year

2.89 x 10°¢ Ci/year

See Table 4.77

id4 acres

3.0%

(Y 1

Y20 yeres
iZ. acres




A48 |
: ' A
R Table 4.6 {continued) .
. Parameter | Description ]
Recovery rate . ~:; %X !
g Actnnty of. u'-EBB ,Th~230 and- Ra- 26 - e
in soiza zaxitng} (pczig) T , L
. y-238 o I 22.6 , :
3 T™h-230 ' 562.2 B
Ra-226 - S ) . ‘
. Length of gs azzng season o 6 months R
§rac*ion ot stored cattie ‘etd T ‘ S
which is grown 3ac332y o o : ’ 5.0 o
Fracticn of cattle feed which is A S
pasture grazing . B A2 3 .

Acreage required to graze one

‘Janvma3 unit (dguka) for one @on&ﬁ ., ' 3.0 acfgs_(ff»‘

I

P

.%esatx«e .cxn"‘*easenc* of w?ﬁd S ‘ H
speed, direction, and Stdb!32tv class Tabie 4.9

. . - . t

Atmosponeric miaing height - 59B.7 meters: ,




Lfable 4,? Natural ore eniﬁsiﬁns_

Mill Mame:  Fathfinder Mines Shirley Basin . o Docket Number: “40-€622
Prad eng o Mass Loss Contro! " Effective Anniad
Causing Rate, - Control Efficiency, Mass Lloss Rate, Emtssions,
Fmissions A ib/tan ' Measures b 4 ib/ton Ci/yv
Crusher & Grinder 72 Atitogenous 100X - .00 0.0
Duimp to Geizely . .2 © None 0x .20 07528
{ire Pail v o . o

Hfhdiinq ' L) Hone : ' 0% SRR &

To1AL

Arspiaa b Mu§$‘kﬁ§§ = (Effective Mass Lﬁ&ﬁ Rat«) ¢ 2000 - (Ore anaughpnl)
’ Ci

3£tfv1§7“i$?$§kﬂﬂ = {Annual Mass Lass) ~.(2{S) (Ore Quality). : 300 '~( 2824 it nl'uﬁﬁs)fﬁ:‘kz-”

oy

218, AR




receiving. From the cascade mill crushing to the yellowcake precipitation,

the process is wet and enclosed, and the NRC staf? assumed only negligitile
ragicactive emissions. *able 4.8 lists the tail xngs impounament and
radionuclide activity in the solid tailings (U-238 is usually depleted at this
point of the cycle). Table 4‘9 is the uandkfrequenty data, which provides the
site-specific mechanism for zranspOrt of radicactivity to offsite locations.
The meteorologiral data originates from Casper, dyuntng which is 17 km auay,
but was the only avai!ab!e ‘data for this region in Vyoaing

Table 4.8 ¥ai1€nqs_pond aaraaeters

Mill Name: Pathfinder Mines Shir%eyvaasin ' Docket Number: 40-6622
Tailings Source ' Activity Content of Tailings
Area Numbers Area (ikm?) L) The39 Ra"<®
(I ‘ 0.5 22.% 562.2 $64.4
2 g.5 22.% 56¢. 2 55843




fable 4.9 Meteorological data tor Pathtinder Wines Shirley Basin Wil

{Backet Number: 40-6622)
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~ -Appendix 5
Shirley Basin Mill, Petrotomics
(aocket Number 40~6659)

Petrotomics’ Shirley Basan Urantun Mill is 1ocated in a hitly area about 7? km
(48 miles) south of Casper in the eastern Shirley Basin area of wWyoming. The
»ill capacity is 310 MT of ore. per day. The tailings retentwon 'system currently.
consists of the main tawaangs pond [65 ha (160 acres)] and three catthaent R

basins. and emergency dams which” co%?ect and return 1atera? seepage o overf:ov
‘from the taul1ngs area. .. :

%esu;ts ;
Table 5.1 l:s.s the dose :onatyaents at the nearby town o{ zh:rlev Baszn and shows
‘he iwpaczs from inhalation and external exposure {direct exposure pathway). as
well as impacts from vegetable and meat ingestion. This town had a population of
710 pecple as of 1970. Table 5.2 gives the breakdown of the dose commitments
aiong the various pathways at both cf the nearest Jocations of Shirley Basin
(3.2 wm S) and the Heward Ranch (8 km NE). Doses from meat ingestion due to
gra‘wng cf cattle in the area are :)so provided. Tables 5.3 and 5.4 respectively
display the ccncentrations on the ground and in the air of the parent radio-
nuclides of interest (U-238, Th- 23C and Ra- 226) that contribute to the exposures
presented in Table 5.). These tadles also indicate the sgec:f:c mill activity
and its contribution to the total concentrations. Table £.5 presents the ground
concentrations at the assumed meat ingestion exposure grazing loccation. {Concen~
trations in forage were assumed to be mostly the result of fulzar depcs:taon
with a smalier contribution from root untake from the so0ii.

B:scuss:on

aasec on the computer assessment as shown in Table 5. 1 the ?nn*otomfcs acélity*:
" s projected to be within ;o@cllance limits for 40 CFR Part 190, “since the.
estimated bone and Tung doses were botn belcw 10 mrem. . The NRC 5taff has made

assumotxons about exposure pathways and residence times in the mill environs
~which are conservative, yet reasonable, in izgnt of the NR('s responsibility

to maintain public safety (see Appendix [ aof this report). As agditional ‘

eqvironmental data beccae available, further aetermxnatwens can be made concern-

ing the environmental ’FDGCt 9f this mill,

Assumplions for Computer Predéntian

Table 5.6 presents the basic parameters and assumptions made ‘n modeiing the
Petrotom ¢s ‘aciiity. Contrel factors, yellowcake emissizns and tailings
activities are presented with other parameters affecting the emission ¢f
radicactivity., Tabie 3.7 ¢isplays tne emission {Curies/year}) of the parent .
radionuciides in secular equilibrium fram the transporting of ore to the

grizzly up to the fine sre storage dins.  rom the rod mili crash‘ng through
the soivent extraction Zﬁfﬁuia, xue process is wel and enclosed, and the NR{
51aff assumed only negi:gihle ragioactive emissions. Table §.3 Tists the

“tailings impouncment and vac;anuc?%ﬂe activity in the 3¢iid :aﬁ??ﬁgﬁ ij‘£§§,5§




Fab§§‘§,l Results of AILDOS computer code evaiuation
'f:gi}i Name: Petrotoaigs' .Kf‘1 V Docket Number: 40-6659

~L96§e of Evaluation: January 1981

‘Res idence of individuqi(s) receiving maximum® do#e: Shirley Basin (Town),
3.2 m s ' . - : '

 **Direct Exposure Pathway (mrem):

whole Body 0.168 e
Sone 4.23
Lung 9.05

 Grazing Tocation corresponding to maximum meat ingestion dose: 1.58 km NE

***Ingestion Pathway {mrem):

_ whole body 0.528

‘ Bone 5.52

Lung D.528

Composite Pathway Dose Totais (mrem):

whole Eody 0.69¢

Bone - 9. 75

Lung .58

i
R R e oy Bacin {7 ; . . g ‘
Shiriey Basin (Town) showed a 32% higher lung dose than the Heward Ranch, but

showed a 0.2% iower bone dose.

**The direct exposure pathway is the sum of inhalation, and gamma radiation
expusuyre due %o ground deposition and cloud immersion. :

***The ingestion pathway considers the maximum uose due 1o ithe ingestion of meat
from Tocally grazed cattie, and ingestion of vegetsbies grown at the resjdence
loeation,




Tabie 5.2 fThe S$0-year adult dose commitments by pathway to each organ

‘ Faai}ity name:  Pelrotomics ‘ fﬁoéket number:  40-6659

Dose Commitments {mrem)

Location 7 Pathway - Whaole body . Bone- Lung
S Snirley Basin Inhalatian . 015 4.21 ‘ 9.03
{ Town} . ‘Ground Exposure o007 ... 001 : 0.017
32 km S Cloud Exposure o omegl. . o - negl. . onegl.
: Vegetable Ingestion 0.184 © 1.96 .- 0.184 ’
. .frﬂewérdkﬁanuh Inhalatien | | ‘0~0925v: e ;viémss , . k§429 - ;/
8.0 km NE Ground Exposure S 0.0l 0 0 0.0l6 - 0,016 .
R - Cloud Exposure oonegls o oo 0 neglhl © . negl. S A
Vegetable Ingestion. - 0348 . " 3.64 0.348 Bk
Grazing Site 1 Meat ingestion . 0.344 386 0.344
. iGyvazing Site 2 Meat Ingestion - 0.249 R 259 . 0.249
S Grazing Site 3 - Meat Ingestion U417 :'- _ 1.21 - 0.117
arazing Site 4 Meat [ngestion | : 0;065v \ . 0,677 ~0.065
Grazing Site 5 Meat Ingestion 0. 057 - 0.589 0.057




- bacation of Maximum Individual: Shir}éylaasin (Town), 1.2 km 'S

Ean P i T
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fable 5.3 Radiopuc!ide concentrations projected Lo occur bh;grqbnd
at residence of individual receiving maximum dose -

Fackiitly name:  Petrotomics - . Ducket number: 40-6659

Radionuc ) de Cancéh{hétﬁbdsiwsgéégi

Tlype oicPacticle | 7 gﬁzgater; umA" Jéénaitygtg/cmﬂ. gzae fh?§n~-. a
bfgliguggg;wﬁuat | ‘il\ﬁ - .}Hf  8.9 o 2§675§§03 ;v :I\345£66i_‘ ?.672E400'H
Ground Ore Voo ~ '. 2.4 9. 6936402 9. 693E+02 - 9.673002
Caosese Windh lown | : ‘ YJA..‘ 7' ~

Ore or Tailings 5.0 o : gva : L 1948901 QiITQEQO23 6. 119E+0})

Cant s Windblown

ore of lailings 350 BEN 12376402  6.099E+02  6.107€+0¢

-5y
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Table % 4 Airborne radionuclide concentrations projected to occur
at residence of indlvidual receiving masimum dose

Facility name:  Petrotomics ' ; Uscket number: 40-6659

tucation of Maximum Individual:  Shirley Basin (‘I’mén). 3.2 km §

Mean ‘ Radionuclide Concentrations, pCi/m?
RaZ27

Clype of Particle . Diameter, pm: Density, g/cm? TERE ThZ3o

fé Vowsake Dust 1.0 | 8.9 3 1.475£-03 7.4106-06 1.475E-06
Ground Ore 1.0 2.4 : ~ 5.341E-04 5.341E-04 5. 341E-04
Coarse Windblown , | | | k R '

Ore or Tailings 5.0 - = . 2.4 o 6.578€-06 - 3.368E-05  3.379E-05

ey

foarse Windhlown

dre or failings 350 2.8 e 7. 730€-06 3.811E-05 - 3.823E-05 - ..




lable 5.5 Radionuclide concentrations projected to occur on the ground at
grazing location corresponding to maximum meat ingestion dose

Facifity name:  Petrotomics

Docket pumber: 40-66%9

Tocation of Maximums

Type af Farticle

Mean

Meat Lng&&(}an‘rathway}‘ I, 68 kmiﬁﬁ

Radionuclide Concentrations, pCi/m?

e blowe are Dust
Ground, Ore

Canrse Windbhlown
Ore ar Tailings

' Cnarsm‘w:nuhlmwn
SOre-ar latlhings

5.0 ' 2.4

Grameter, pm. Density, g/em® ~ U778 Th3o Ra?’““’
; { e B9 S 13336004 - S, 694{#‘01? : .
1.0 - 2.9 48266403 4.826E+03 . 4.816F+03
5.6 S 2.4 4.8470002  2.269E+03 2.271€+03
6.384E103 2.833t+04 2.836E+04

9-Sy
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Table 5.6 Basic parameters used for HILDOS‘inpug ‘,f7

Parameter

Description. .

Average ore grade

Secular equilibrium activity (in pCi/g)

of U-238, Th-230, and Ra-226 in the cre

Annba!‘ofe p‘r;c?_ce_i‘;s:.!:n'g1_':»’a,tex_“»_j
Ye i lowcake prbduttﬁon'?aﬁe
Praduct purity

Amount of product re?éaéed
to atmosphere annually

Emission activity (in Ci/year) of
-238 reileased to the atmosphere from
ye ! lowcake operations

Thorium released in yelliowcake emission

Radium releaseq in yellowcake emission

Yncontrotled emission rates from any
pne miil stack or vent

Percent reduction factor from stack/vent
emission control L :

Area of ore pad

Reduction factor for Jre-pad .

Areas for taiiings impoundments
Tailings Pife !

“Tailings Pile 2

feduction factor for tailings areas

a0

<

ro

ossx

582,000 MT/year

Cgsnn Wear

0.863 MT/year
.229 (ily2ar

1.15 x 1073 Ci/year

29 x 3074 Ci/ymar

‘See Tatle 5.7
See Table 5.7
22 acres

0.0%

80 acres
BO atres
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Table 5:6 - (continued)

Parameter
o , ‘Recovery rate |
Activity of U-238, Th-239, and
: Ra-226 in s0lid tailings (pCi/g) ,
u-238 . a3.8
Th-=230 : : ‘ - -~ 435.8
. Ra=226 . S . i 437.6 . -
Length of grazing season - A 6 mbntﬁ’s', o
Fraction of stored cattie feed
which is grown localily 0.0%
fraction of cattle feed which is o o
‘pastyre grazing ; o L 100%: -
Acreage required tc graze one
animal unit {450kg) for one month . 2.0 acres
Relative joint frequency of wind
speed, direction, and stability class . Table 5.9
Atmospheric mxmg height . _ 598n~2,m§t',ets‘
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Appenda x 6

Rao A]goa Humeca Mﬂl
(Docket Nuaber 40*8084)

‘ The Rio A?gom Humeca mine-mil) comphx is 1ocated in a vaﬂey in a mountamous
region in Utah, about 48 km (30 miles) southeast of Moab. Ore is cbtained
from underground mines located adjacent to the mill. The mil} capacwty ls
about 680 MT of ore per c:ay

?he taﬂmqs impoundment consxsts of two taxhngs ponds s1tuated in 4 west- .
_trending drainage area of slightly more than a square mile. At of the end of
1979, avout 1.6 x 108 MT (1.8 x 108 ST) of ore had been processed ot the mill,

resulting in about 1. 1 x 10% m3 (340 acre-ft) of. ta\lmgs contained in the mo
taii ings ponds.

Results

Table 6.1 lists the dose commitments at the closest trailer camp residence and
shows the impacts from inhalation and external exposure (the direct exposure
pathway). as well as impacts from vegetable and meat ingestion Table 6.2
gives the breakdown of the dose commitments along the various pathways at the

Jocations of the closest trailer, the Redd Ranch (5.33 km NNE) and the Blankenage:

Ranch {5.00 km WNW,. ODoses from meat ingestion due to grazing of cattle in
the are3 are also provided. Table 6.1 and 6.2 also present parenthetice)
values wnich reflect a 30% reduction of ingestion of locally produced mrats
and 'a 95% reduction of locally produced vegetables. These adjustments appear
to be reasonadble in tne wesiern uyranium mining and miiling regions such as
Wyoming end Utah. However, dairy animals are located at the local ranches,
and Table 6.2 reflects that the total milk intake at the ranches is produced
at the ranch locations.  Information on the regional agricultural industry
indicates that these adjustments are still reasonably conservative. Further
explanaticn of the ingestion pathway methodology is presented in Appendix 1 of .
“this repert.. Tables 6.3 and 6.4 respectively display the concentrations on
the ground and in the air of the parent radionuclides of interest (U-238,
7h-2730, and Ra-226). These tables also indicate the specific mill activity
and its contribution to the total concentrations. Jable 6.5 presents the
ground concentrations at the assumed meat ingestion exposure grazing location.
{Concentraticns in forage were assumed to be mistly the result of foiiar

depos itinn, witty a smaller contrihuticn from 20t uptake from the soil, )

Jiscussion

~ 8asedt on the computer assessment 35 shown in Table 6.1, the Ric Algom Humeca
faciiity is projected to comply with 40 CFR 190, The NRC staff has made
sssumptions ahbout exposure pathways, and residence times in the mill environs
which are conservative, yet reasonable, in light of the NRC's responsibi lity to
maintain public safety. Tabies 6.1 and .2 indicate that the two primary
concerns are inhalstion impacts to the lupg and ingestion impacts to the bone
to the nearest resident,  The ingestion pathway contritution is two-thirds of
the totil bose exposure,  However acdjustments tg.refiect ine 'nnerent
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Table 6.2 Results of MILDOS computer code evaluation  ~ °

Mill Name: Rio Algom Humeca _ Ducket Number:  40-8084 - -
Date of Evaluation: Jﬁ;uaryTISBI
Residence of individual(s) receiving maximum dose: Trailer Camp, 2.5 km N

*Direct Exposure Pathway (mrem):

whcle Body £.39%
Bone 3.65
Lung 23.4

Grazing location corresponding to maximum meat ingestion cose: 0.57 um $w:*

**ingestion Pathway {mrem):

#hole body 1.82 (0.133)**
" Bone 19.0 (1.38)
Lung 1.82 (0.133)

Composite Pathway Dose Totals (mrem):

whole Body ©2.22 (0.528)
Bone 28.7 {11.0)
Lung 25.2 (23.5)
Mirect avposure rasults from inhzlation, and gamma radiatinn exaoéure‘ﬁue to

ground depgsition and cloug immersion.

**The ingestion pathway considers tha maximum dose due to the ingestian.of meat
from locally grazed cattle, and the ingestion of vegetabies griown at the
rasidence iocation, : : R

"**Parenthetical vajues account for SX of ap indgividual's vegetabie snfaxe aﬂﬁ itk
af an individual'z meat intake heing locaily -produced.




lable 6 ¢ S0 year adult dose commitments by patbwayltoﬂeach orgén

Facility name. Rio Algom Humeca

Qotkbtfnuqﬁgr; J40f89&@j 

“‘@o€a{ﬁdﬁ~*;ni,i,i_\?PdtHWéyQ .

S Pose Commitments (mtem),“
‘ﬂ:whole Bﬂdv "f v%B0ne T

Inhalation

o fzazte: Famp L
' < uyaund Exposure

&m l"mrt 1.

Veqetabfé'lnges

lnha]atton )

vht dd Rd'it.gi v« :
- ‘snnund txpu ure

§j im M

Vegetable: I

Inha!a{ion

Cleud txpOSuve
, Vegetdbfe Inqas
Hnti lnaestion“

Graund &xposn*‘

t\ﬁn

“Choud. Fxpnsu'e f/

Lion

HII& Ingestton

GrasinisbPoint 4 - Mear !ngﬂsttun‘

Grékiugvﬂite ?’ Medt lnqeﬁttag‘"

Chrazing Site 3 Méat Tugestion -

vJB 380

’u,ézow(0‘0$3>**_g;é{aa{(o;35§5§*i‘7
© 0.584 (0.058)** 5.9 (0.599)**

 \¢03§1§ (. 042)**5




Table 6.3 Radionuclide conceatrations projected to occur on ground
at residente of individual receiving maximum dose

Favitity name: Rio Algom Humeca ' . S Docket number:  40-3084

S tacttion of Maxjmum fndividual: Trai@éf Camp, 2.9 #m-Noth

- Radionuc)ide Concentrations, pCi/m’
U238 T TRII T Ra??

Ciame{er\ pm;=“:{_nengity. g/cmd o

.”}ype'n£<va}£tq

Yellowcake Dust™ =~ 1.0 8.9 . 2.265€+03  1.133E401 - 2.264E+00
Ground Ore | 10 2.4 2.899£402 é1899E502 | 2.8985?6}7'ﬁ'

p-9y . -

Coarse Windblown. : . )
Gre or Tailings 5.0 2.4 . 1.402E+01} '1;374E’02 1.379E+02

Coarse Windblown . , ' ; -
Gre or Tailings 350 | 2.4 1.635€+02 . '1.603E+03 1.609€+03 -




Facility name: Rio Algom Humeca

lable 6.4 Airborne radionuc lide concentratians p'ugected to

secur at vesidence of indiv)dual receiving maximum dose

Docket number:

- 40-8084

- Location of Maximum

Individual:

S Mean:

Traiter Camp, 2.50 km N

Radionuclide Concentratiqns, pCi/m‘

“Ore or Tailings

35,0

fype af PdrtlLIe ‘Diameter Densily; g/em? uz3s Ihzau v §azzu‘
vel luwcake Dust 1.0 - 8.9 5. 900E-03 2. 950€-05 5.900E-06
Ground Ore 1o 2.8 7.551€-04 ¥ 5515 04 | 7is51E-04
Coarse Windblown ' o A o
 Gre or Tz2ilings 5.0 2.4 3.651€-05 3.579E-04 3.593¢-04
Coarse Windblawn _ . ' '
2.4 4.830E-05 4.7356-04  4.753E-04

, ‘5-9&:}2_;:5;,,“
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Table 6.5 Radionuc!ide cuncentrat inns pirojected to occur on the
ground at grszinq .ﬁtatlon corresponding to maximum meat. ingest\on dose

Facility name: Rio Algom Humeca - = ‘ o Docket aumber: 40-8@BQ;Q'Q
location of Maximum Meat lngést‘ion f{éthway: i).S?' km SW

S Mean   ; : AU '_.AERadionuclide Concentrations ApCi/mQ
fype of Particle . Diametler, pm. - Density, g/omt DIERL B 7hz"" T T Ra??8
Telluweake Dust LRV ' 8.9 ’ ~ 1.740E+04 8.698E+01 k 1.739€+01
Ground ﬂr; 1. D 2.4 - 1.398t+04 1.398E+04 1.397E+04 %:
Codrse Windblown - ' ' ' T L ‘
Gre or lailings 5.0 2.4 : 3.191E001  © 3.052E+02 3. 062€+02
Coarse Windblown ‘ .
Ore or Tailinas 35.0 o 2.4 ) ; 4.427€402 4.2138403 -4, 228€+03
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_.conservat1sm of the 1nge'twon pathway, as descrubed 1n tﬁe results sectzon

uncertawnt s"raxsed

/th 3pred1ct1ve acsessment

«Among the a*sumptwons adcpted for ali of the facilities is the reduc{iBn of
emissions ‘from tailings impoundments because of control measures. A ‘standard
degree of mits gation was pre-established as 20% of the ava11ab1e emission.
However, there is some uncertainty that this level of mxtxgatxon is achieved
at this particular site. . The resultc of ‘the environmenta) monitcring. pragram:
" will be used to resolve’ iis ‘and any other uncerta\ntwes zn th° )nztia}

40 CFR 130 lmplementation ‘efforts. :

AssugptionS‘for Computer Prediction

Table 6.6 oresents the basxc parameters and dssumpt1ons made in- modesxng the
fac1s1ty Control factors, yellowcake emissions and ta11xngs actxvaties are
presented with other Dardm,ters affecting the emission of radtoactavaty

Table 6.7 displays the em1551on (Curies/year) of the parent radsonuclldes in
secular equilitrium from the unioading af ore, through to the grizzly and up
Lo the fine ore storage bins. From the pall mill crushing to the ya)lovcake
precipitation, the process is wet and encliosed, and the NRC staff assumed only
-negligible radioactive emissions. Table £.8 is the wind frequency data, which
provides the site-sgecific. ;mechanism for zranspnrt of radicactivity to offsite
locations, The me‘eoreiogzcal data originates from Hanksville, Utah whicn,

: although 130 «m away, pravaded the most compat1b1e data. available for this
region in Utah. :

’

Table 6.6 .Basic parameters ysed for MILDOS ihpu;

Parameter . e ' " Lescription

Average aré qréde S _ 4 6.562

Secular equilibrium activity (in pli/g)
of U-238. Th-230. and Ra-226 in tre ore

;1101?
Annual'6revnraféssi”§’rété S o B 248 510 WT’year
Ye'lowcake praduction rate ' LREN Mszear
Product puriiyv | o o : §Q% U-Uq
Amgunt of a*nduﬁ"~ﬁiéasgd%ia o SR :
to atmosphere annually - _ ‘ - 1B9S MT/vyear

Emission activity (iﬂ Ci/year) of
§-238 released tn the atmospnere from
yellowcake operati o Y 228
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. Table 6.6 (continued)

Parameter.

Description

Thorium released in yellowcake emission
Radium to released in yeilowcake emission

Uncontroiled emission rates from any
gne -mill stack or vent

Percent reduction factor from stack/vent
emission control ' ‘

Area of ore nad

Redbctécn.factor far bre pad
Area for taiiings iﬁpoundment
Reduction factor for tailings area
Recovery rate

Activity of U-238, Th=230Q, and Ra-226
in solid tailings (pCi/g) . .

y-238

- Th-230

Ra-226
Lengthfof grazing season

Fraction o1 stored cattie feeq
which is grown locally

Fraction of cattle feed which'is
pasture grazing :

Acreage reguired %o graze one
animal unit (450kg} for one month

Relative joint frequency of wind
speed, direction, and stability c<lass

Atmospheric mixing height

1,18 x 1073
2.28 x 10°¢

s

See Table
See Table 6.
fz,d’é;}és"’
50%

127 écrgs»

W0i.7
1012
10i6

b monihs

0o

Table 5.3

5317.9 meters

Ci/year

Ci/year




oM Name: Rio Algom Humeca

Table 6.7 HNatural ore emissions

AR

Docket Number: ~40-8084

“Annual Mass Loss =

(Mass Loss Rate) ¢ 2000 - (Ore 1brbqghput)

Ci

CActivity Emission = (Annual Mass Lo«s)A;'(2;S) - (Ore Quality) = 100 - (.2824 T of U;303)

Process Mass Loss ‘ ~Control Effective . Annbé}
Caus ing Rate, Control Efficiency, Mass Lnss Rate, Emissions,
fmissions b/ ton Measures ) 3 h ton L Ci/yr
foarse Ove Bin .05 ~ Dust Collector 95% 0028 00079,
o fransfer (2) . . .2 Dust Collector 95% .61 .00316
 Crusher 2 Dust Collector 5% o1 .00316
CDump to Grizzly 0% Water Spraying 50% 025 .00790
Cunvevors (2) .2>. Rain“EuQarhoodﬁ; - 50% b ";03159\ L
:Wfinu Ore ﬁinia, N e
aml Handling .05 None 124 .05 - 01580
Ore Pad . . , ; ]
Hand | ing 15 Wateo Spraying 508 .075 . 02369
o CUT0TAL 08609

oo
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Appendtx 7

Exxon Minerals ﬂtgh!and H111
(Docket.ﬂugber 40-8102)

Exxon s High?and mine and mill coap!ex is in an area o *01, ng’hilis and

stream val?eys 97 km (60 miles) northeast of Casper, Hyoning in the Powder

River Basin. “The uranium ore processed at the mill is currently extracted

from Exxon's surface mines and underground mine on the Highland property. The
mill also produces urarium concentrate from solutions and ‘slurries contairing
uranium recovered from tailings solutions, and from a ni!ot in situ leaching :
process cperated at Highland. The Highland mil1 processes approximately 1,600,000

MT per yelr of ore. The tailings pond covers an area of about 70 ha (170
acres). .

,Resusts -~

7ab¥e 7 i lxsts the dose commitments at the Fow1er Ranch. 1Horeovet. Table 7.1
shows the impacts from inhalation and external exposure (the direct exposure
patnway). as well as impacts from vegetable and meat 1ngest10n ' ’able 7.2
gives the breakdown of the dose commitments along the various pathuays at the
nearest locations, which are the Fowler Ranch (4.3 km-NE) and the Golden Eagle
Mine (5.5 km wNW). Ooses from meat ingestion due to orazinq of cattie in the
area are als;o provided. Tables 7.3 and 7.4 respectisc’, display the concentra-
tions on the ground and in the air of the .pareat radionuclides of interest
(U-238, T™-230, and Ra-226) at *he Fowler Ranch. These tables also indicate
‘the specific.mill activity and its contribution to the total concentrations.
Table 7.5 presents the ground concentraticns at the assumed meat ingestion
exposure grazing location. (loncenirations in forage were assumed %0 be
mostly the result of foliar deoosat1on uztn a smaller conur, 5¢t1on frcw root
uptake from the soil.)

91scusswcn

Based on tha computer assessment as shown in Table 7.1. the Exxon Minerals
Highland facility initially appears to exceed compliance limits for 40 CFP

Part 190 primarily due to the bone dose commitmeni. Mowever, the contritutions
‘romuannaiatwon' vegetab e ingestion, and meat ingestion were respeetsvelv 1%
{5:.35 mrem), €% (2.69 amrem), and S3% (39.3 mrem) of the tota! bone dose commit-
ment. Founty est1mates in the Gas Hills region of wyoming indicated that less
than 10% of any resident's meat intake is locally produced. Should the same
estimate be valid in Converse County, the total bone dose commitment would
decrease to 12.2 mrem, as opposed to the 47. 6 nrem estxnated The ‘estimated
dose commitments from 1ﬂgestaon {see Table 7.2) are based’ sn the assumat:on
that 100% of an individual's meat and .»qetab e intake is locally produced.
Parenthetical values in Tables 7.1 and 7.2 refiect the 30X reducticn factor in
the meat ingestion oathway it is unlikeiv that an individualls meal intake

is totally cuapi ed by Jocal meat proGuctzon Based on this 90% redurtion.

the Exxon Highland facility would then comply with the 40 CF& 130 $tandard.

an explanation af tha methodology u&ed in the *«geSg .on aathaay pcrtiaﬁ of Laa
pregictive assessment is preser’ad in Appendix I of this report. The NRC
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Table 7.1 Results of MILDOS computer code evaluation

Mill Name: Exxon Minerals Highland - Docket Number: 4578102
Date of Svaluation: January 1981
Residence of 1ndiv1dua3(s) recexvzng maximum dose: Fowler Ranch, 4.3 ka NE

'Owrect Exposure 9athuay (mres)

whole aody

Bone

.208
, ; 7 5,85
Lung - ~ ' '1

umb
WMN

Grazing location corresponding to maximum meat ingestion dose: 3.23 km'E -

**Ingestion Pathway (mrem):

who'le body 3.12 (0.633)*
8one ‘ 42.0 (6.862)
Lung 3,12 (0.639)

Compcsite Pathway Dose Totals (mrem):

whole Hody . 4.33 (C.847)
Bone ' 47.6 {12.2) .

Lung | 17.4 (13.9)

b The direct exposure pathway is the sum of inhalation, and gamma radiation
exposura due to ground ﬁecosxtion and cioud immersion.

**The ingestiasn pathway considers the maximum dose due to the 1ngest»on of meat
frem lucaiily grazed cattle and ingestion of vegetao!es grown 3t the reswdenCe
focatien,

Y**Earnnthetical values account for an individual consuming no more tﬁan 10%
of the locally produced meat.




%?%ﬂ&w;fff

¥ : D“‘
;\;Vho¥e Body

G nhaiatiun o
‘ jamund Exposure
CGloud Exposure.

Inhatahon, :
Ground: Exposure -
- Cloud Exposure

Go tden E§§i$é§~
Uranium Mipe.
5. 58 km WNW .

~Grazing Site 1

:.Mea;b!ngestioqx o

oSt

‘Vegetable inqestinn‘

: ~Veqemble !nqestior\\;.[ E

‘reductton

,‘“705237 L
0:006: -
‘negl.

BN K 252 ST

ongI*“

0.003-
negl.

3.87:10.387)%




fable 7.3 Radionuclide concentrations préjected to occur oniground
at residence-of individuail recefving saximum dose

Facitity name: FEaxon Minerals High'and _ : Docket number: 40-8102°
Location of Maximum Individual: Fowler Ranch, 4.3 km NE A
| " Mean ST Radfonuc)ide Conzentratians, %«;t/a{ e o
lype of Particle Diameter, ym. Density, g/cmd w Thaay T Ra??® _
Yellowcake Dust o 8.9 1.058E+03 5. 299€+00 1.059€+00 §
Ground Ore o 2.4 o 2.4846002  2.484E402 . 2.483E+02
. . : ' - . o . e
Coarse Windblown o ' T A, SR 3
Ore or Tailings 5.0 2.4 8.744E+00  1.933E401 - 1.937E+01 e
Cnafﬁé Qindblﬂwn ‘ e o 2 ’<'“ '_ o \~IHA: S
Ore or lailings - 350 2.4 . 1. 1298402 - 2.3376402 " 2.341€402

i




fable 7.4 Airborne radionuclide concentrations projected to 5

- ocour 3t residence of individual recelving maximum dose
Facility name: C[xxon Minerals Highland Docket number: 40-8102 _
o 3
3

Location of Maximum Individual: Fowler Ranch, 4.3 km NE

S I A HeénjA‘,‘: ol e ?;‘Radionuéfﬁne Concentrations, pCi/m? =~
Iype ‘of Particle Diameter, ym. . Density, g/cmd R TLEL TR ,’“gd?’“f S

teVlowcake 2ust 1o 8.9 ©2.757E-03  1.380E-05  2.761E-06
6iATIE-04

Ground Ore ~ © 1.0 2.4 . 6.471E-09  6.471E-04

Sy

Coarse Viudbloan ‘ i ' ‘
Bre or lailings 5.0 2.4 2.278t-05 5.035k-05 5.047¢-05

Coarse Windblown , ‘ o : : . : :
Ore or Tailings - 35.0 2.4 . 3.334E-05. - 6.902£-05  6.917E-05. .
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Table 7.5 Radionuciide concentrations projected to occur on the ground
at grazing location corresponding to maximum meat ingestion dose

Facility name: Sxaon Minerals Highland Dacket number: 40-8102

Location of Maximum Meat Ingestion Pathway: 3.28 km E

Mean S Radionuc ] ide Concentrétions, pCi/m?
fype of Particle  Diameter, um. Density g/cm3. {1778 ThZ30 Ra278
fellowcake Dust 6 8.9 2.807€+03 14056001  2.809E+00
Ground Ore Lo 2.4 | 6.811€+02  6.8116+02  6.808E+02
Coarse Windblown L : : . .
Ore or lailings 5.0 , 2.4 ' 1.919E+02 4.565E+03 4.582E+03 v

9-(¥

Coarse Windblown
Ore or failings 3150 . 2.4 3.439E02 8.281E+04 8.312§*04
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’ WAssunptions for Computer Predictiou

‘ ;staff has nade assumptxons about exposyre pathuays and res:dence times in the
© w11 environs ‘which are conservative, yet reasonable,
"resgon51ba1ity to’ aaintatn public safety.

 beccme available, further deteratnations can be: nade concernzng the. env!ronmgnta]
: 1apact of thts mill.,

in l1ight of the NRC's
As add1tlonal envnronaental data

Tabie 7. 6 presents the bas1c paraaeters and assumptaons made in mode!xng the

Exxon Minerals Highland facility. Control factors, yellowcake emissions and
‘tailings activities are presented with cother parameters affecting the emission
_of radicactivi ty. ‘Table 7.7 displays the emission (Curies/year) of the parent

racdionuclides in secular equilibrium from the unloading of ore, through to the

grizzly and up to the fine ore storage bins.

From the rod mill crushing to

the yellowcake precipitation, the process is wet and enclosed, and the NRC

staff assumes only negligible radicactive emissions.

Table 7.8 i5 the wind

frequency data, which provides the site-specific mechanism for transpert of
radicactivity to offsite locations. The meteorolcgicai data originates from
8ear (reek, Wyoming which is 20 km away, bul was compatible to wind profiles

taken at the swte

Tabie 7.6 Basic parameters used,for MILDOS input

Parameter

Description
Average ore grade 3.16%
Secuiar equilibrium activity {in pCi/g)
of U-238, Th-230, and Ra-22¢ in the ore 450

Annual ore processing rate

yellowcake production rate

-Product purity

Amount of product released

" to atmosphere annually -

tmissior activity (in (i/year) of

1= 238 reisased to the atmosphere from
yellowcake operations

Thorium released in yeliowcake emission
Radium released in yeilowcake emission

gyncontroiled emission rates from any
gne mili stack or wvent

1,610,300 MT/year
2980 MT/vear

95% U,0,
2.980 MT/year
0.739 Ci/year

0.004 Ci/year

0.0008 Ci/year

See Tapie 7.7




Percent reducuon factor ‘-'f_

Actw yofg‘u-zss Th-230.

and Ra<226
id tat‘imgs (pC:ig) o :

?rac*wr of cat feecz which xs
\ ‘;pastur‘ grazmg

- fécreage aquxred to gra‘e one .
-amma? u.!* {ASGkg) tor one month

} ”ﬁg%gt ve gomt freauency m‘ umd - -
- speedy m_remmn and stamhay c!ass, -

f;ﬁ?m&pher f;mang ne' gt




fable 7.7 HNatural ore emissions

Min Hame:  Exxon Minerals Highland A ‘ Docket Number: 40-8102

j?huaess . Mass Loss . Control (f(ectjve;.}“\,” -Annual
- Causing : ~ Rate, Control . Efficiency, ~ Mass toss -~ twissions,
kmissions 1b/ton - Measures p - Rate. Ib/ton .~ - Cifyr

- Crusher - ' .2 , ’ Qanelwe;' ‘ 95% .01 R j .- ~00909-
B | | - Serubber- | R

Dumgp to Grizzly 05 - None - o _. 0y ~‘fxivii{ff: .50‘54Z§f‘“

ey

—

Lunveyors - Wet o 95% S 005 L 00458

o , Scrubber o R s
Fine Ore Bin . : IR R C

“and Handl ing L  Wet 95% ’ . 0075 - - .. 00682

N - - - Serubber : , : - -

Hre Pad , ; S . : o
Handling - 15 None 0% 5 - . 13642

10TAL 20235 | :
©Anpual Mass Loss = (Effective Mass Loss Rate) = 2600 - {Ore ihroughput)

CAcUivity bmission =  (Annual Mass Loss) - {275) . (Qre'Quality) + 100 « (.2824 %%'of_u?QQlf 
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cwix:i’xci DETERMINATION PROCEDURES FIR
ENVIRONMENTAL RADIATION PROTECTION
STANDARDS FO© URANIUM RECOVERY FACILITIES
T 40 cRR 190

J. S. Nuclear fdegqulatory Comissicn

Division of Waste Management

Jranium Recovery Licensing Branch

Secember, 1980




Fitieﬁ Ccmp jance Determination Prcredur»s for £nvzronmenta3 Radlat‘on
?rotectxon Standards for Uranium Recovery Faciiitaes - 40 CFR 190

Backgroun¢

fUnder :ﬁtie 48 Code of Federa? ?egulatwans Part 190. - Subchapter F -
Radiation Prctect1on Programs, the U.S. Environmental Protection Agency (EPA)
promu?gated “Environmental Radiation Protection atandards for Nuclear
Power Operations” which provides limits- for the radiation doses received
by members of the public in the general environment as the result of
A operations which are part cf the nuc1ear fuel cycle. Effective December 1,
198G, each yranium milling facility* shall conduct its operations. in
such a manner to assure that the anrual radiation dose equivalent of 25
millirems to. the. whole body, 75 millirems tc the thyroid, and 25 millirems
to any bther organ of any member of the public is not exceeded. However,
the dose from radon and its daughters is excluded from these doses. The
- . following diSCJssion'brief’y describes the Nuclear Pegulatory Commission's
. {NRC) program for compliance determination for uranium recovery facxhaes._
i April, 1980, the NRC published a proposed amendment to 10 CFR Part 20
“Envirénnentai Radiztion Protection Standards for Nuclear Power (peraticns”
and will shortly finalize this amendment which requires that a NRC
licensee shall comply with 4G CFR 190. This program is also meant to

serve as ausdance for the ﬁgreenent States in their 1mpiementaswon of 40
ZFA 120.

"As {llustrated by radiciogical assessments performed in the uranium
milling generic environmental impact statement (GEIS), 40 CSR 190 compliance
will be achieved only by strict emissicn controis at the mill. The most
significant sources of emissions are the tailings ponds/piles and the
y=1lowcake dryer stacks. The HRC has made strict emission control a
specific license condition in its licensing activities over the past
several years; and it has been an NRC requirement that exposure limits
be met by emission controls to the maxirum extent reasonably achievable.
Such emission control requirements are contained in the May, 1977 NRC

. staff position on “Tailings Management Performance 0bjectives” and in

the final regulations on uranium milling issued in the Federal Register
on October 2, 1980. A copy of the c¢riteria in these requlaticns covering
emission controls is attached as Appendix B. C(ertainly land use controi,
2.g., expanding the buffer zone arcund a mill site, cannot exclusively
be ysed as 3 substitute for weducing actual emissions from the varicus

" miliing processes. The primary means of meeting exposure limits must be
by amission controi. ' ‘

4

A1) uranxum extraction facilities; to include mills, in-situ cperations

~and heap leacn facilities. RAD facilities are not included here since
inftial assessments indicate that their size and potential radio?og1ca:
impact are insignificant; e.g., 2D in-situ cperati»ns in general have

" no airborne particulate releases. } However, the fdgemont’ mill sx»e and
the ather sitas selected for remedial actions for the cleanup of mill
Na;%angs {i.e., at abandoned mill sitas or cff.site areas where kaiéiggs
have been uses! have been excluded from 40 (FR 190 romp% iance during the
remedial action work phase. : : : :




mudeis used to cowgute airborne radxoactzviuy concentratfons g1ven a-

source term,. parzicu3ar1 where there is irregular terrain. Therefore.,ﬁ
: the primarv means of determxnxng compliance must be by neasurements made .
at the point of receptnr and the procedures outlined below reflect this.
~ On the other hand. camplﬂance canr:t reasonably be determined and corrective
© action taken where necessary, by inflexibly and ragxdly corsxdering
point of receptor data alone. Therefore, environmentai measurements at -
Gther locations near the mill and at background locations, effluent
'Sanptlﬂg, meteorologic data, and other similar information must be
available to supplement point of receptor data. Such supolementil
information is required most in cases where computed doses approach or
exceed the limit. Other monitoring da‘a will be necessary, for exanple,

to snreen out effects of mines that may be nearby and may be contri* :ting
to dose.

8y no means will the mere assertion that the mill operations utilize
emission controis suffice to show compliance to 20 CFR 190 exposure
1imits. The licensee must provide some supportable dose assessments
‘based on actual environmental monitoring data which are compatible with
the procedures discussed below.

Procedure

The NRC staff will implement 40 CFR 190 in a phased fashion as shown ir
Figure 1. Eventualiy a standardized procedure which will be used to
astr=c compliance subseguent to the establishment of each licensee's

En Lnmental Monitoring Program (EMP) will be established. It will

r stically require as much as a year's worth of effiuent and environmental
mo i oring (Phase 1 of Figure 1), however, to firmly establish whether
crr i1 iance exists at mills which are close to the limit or where there

are significant nearby sources of radiocactive emissions such as mines,
which are not covered by the standard. Much of this time will be spent

on the fine tuning of tne menitoring and analysis program that is normaily
required in setting up such programs to assure they are cperating properly
ind producing reliable data. [t will also take some time to sort out

the coatributions being made by other sources. This may require some
short-term, special envirgnmental measurements. Special studies of the
effoctiveness ¢f seiected emission cuntrol measures may be required.

These evajuations may be suopiementad by computer assessments as needed
o and aaaroprxa:e.

fventually, under Phase Z,it i35 anticipated that concentration and/or

dose action levels {which may even be higher than 25 millirems accouniing
for contributions from other sources) will be estabiished, in combination
with specific control measures and levels, as the threshold for determining
compiiance witn the standard. This will redfuce cosis of implementation,
“eliminate uncertainty on the part of the licensee, regu%atory agency and
the public {particylariy in cases where there are significant extranepus
seurces), and assure that the need for remedial action is identified

most expeditioys] y F 4t exists.
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to exist1ng ones, predictuve mode]s nust be utxlxzed go‘evaiuat~ the -
potenttai impacts of the prospective new operations. Use of pred1c*1ve
models, in addition to consideration of what 1imited env1ronmenta1=data
exists, is alsn being used by the staff in the initial 43 CFR 190’ imp?emen-
tation efforts in December of 1980. Predictive modeiing assessments of
radxuactivaty concentrations to which nearby individuals .may be exposed,
involve making numercus assumptions and simplifications about important,

but frequently uncertain, factors such as mill releases and atmospher{c
transport; for this reason, as discussed above, actual compliance determination
will be based on environmental monitoring data which indicate directly

what such concentrations are. Predictive models, however, are’ nncessary

and valuable tcols in evaluating what emission controls are likely:
necessary, in identifying potential problem areas, and in es~abitsh1ng _ -
environmental monitoring requirements.

The following describes the procedures which shall be fc!?owed in
[€)] determin1ng compliance with 40 CFR 190 based on envxronmenta?

~monitoring data. and (B) assessing proposed operations i3-term u“‘"

their abiiity to meet 40 CFR 790.

A.  Assessment of Actual Environmental Monitoring Ga;a

Figure 2 - "40 CFR 190 Compliance Determination Prﬁcedure“ snows a
diagram of the various steps t0 be fclliowed to ultimately assure
compiiance to 40 CFR 130 for all licensing applxcat1cns. ‘

1 Each licensee shall establish an ;nxwronmenta? Mon1tur1nc
 Program (EMP) consistent with NRC's Regulatory Guide 4,14,
“Radiological Effluent and Environmental Monitoring at 1;
- Uranium Mills” (Aoril 1560). This document provxdes spec1ftc
~detatls for both 3 ¢ e-cperat1ona] and the operataona1 moni=-:
toring programs which are considered adequate by the: staff to
cbtain the neuessary information to be used by the 7icensee to
- estimate the maximum potential annual radiation:.dose to any.
" member of the general public as a result of actually neasured
mill effluent releases. In order to establish suchan’ acceptabie
EMP, each applicant/licensee sha]I be requ1rnd ga. 3

a. Develop an fﬂP and submit a o¥an to the %GF for rev
and approval. Such a3 plan shal inciude aupcz‘xc fefaz}s
of the number. location, collection methcd {i.e.,. eﬂu1hnent}
Safaitﬁg frequency and analysis informats ion. for all
sample types {e.g., air particulate, radon/Wl, stack
sampies, surface and ground waters, vegetation, foad,
fish, soil, and direct ragiation). Ffor each site (including
existing mills), at least one vear of site specific
metecrolegical data; €.g.. wind speed and direction,
stability class, etc., snall be coliected, summarized,
and reported. A site map, inciuding all affected off-
site areas, showing each peint of samgie coilection shall
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iiw. The PN shall review any variance reguest per 40 CFR
‘and shall initiate appropriate licensing action as.
required. The EPA shall be notwfied whenever a f
var{ ance is granfed y

iv. The WMUR PM for 40 CFR.190 Comphance assessment -
shall issue a brief annual report summarizing the.
results of the individual license compliance’ reviews
This report shall also consider the cumylative dose
to any member of the population due to exposure from ',‘
releases from multiple mill facilities in the general .
area. The EPA shall be provided with a cory of this '  '
symmary report for their review and comment. :

The PM shall periodically review and evaluate the EMP, EMO*
reports, and 40 CFR 190 compliance assessments, and shal]

eliminate any requirements that experience shows to be nonessential
or shall require specific actions necessary to show compliance.-
For example. if the airborne concentration measurements show

that there is no need to continue radium-225, or thorium-230
analyses, then such requirements shall be eriminated from the.

EMP. As shown in Phase 2 of Figure 1, efforts wiil be made to -

streaml ine the periodic compliance assessment effort by pres;rib1d§

specific concentration levels which, based on experience and -
in combination with other readily observable parameters re]ated

to mill operations and local land. use. could be relied’ upon to
determ1ne compliance, : ‘ ‘

Predictive Mode!wna

Figure 3 - "NRC 40 CFR 180. Assessment of Prospecrxve Wii?xng Operat1ons" .
shows a diagram of the various steps to be followed by the NRC.

Project %anager in . licensing reviews.
1.

All existing data; e. ga., source terv, envuronmental monttOr%ng
data, land use, popula? on distribution, meteorology. etc.

?ha;1 be gathered and rev1ewed by the NRC PrOJect Managor
PM , -

The NRC PM shali ccmplpte an 1ndependent radxological assessmen»,
to 40 CFR 190 compliance based on predictive modeling using, '
methodoliogy as descr;bed in Regulatory uu1de RH#802-4. '

ihese assessments shal! be documented in <he En41ronmenta] L
‘mpact Statement (EIS) or environmental appraisal conducted. 1n

support of the licensing action. These assessments shall = ‘
consider the cumulative dose to any member of the populatiom =~ = °
due to exposure from *eleases from multiple mill ‘ac ixttes ins

the general area.
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" OAPPENDIX A

Attachment A S
Dose Calculational Guidance -

The estimated dose received by any member of the general population shall be
calculated based on the applicable potential exposure of thc nearest
resident in the off-site area surrounding the mill site. The total dose
shall be the sum of the external exposure (i.e., due tc radiation sources

g ~ Outside the body) aﬁd of the internal exposure {(1.e., radioactive materials
3 within the body). Doses which are due. to backgreund and extraneous sources
. - should be subtracted from these measured at the nearest receptor. The

contribution from non-mill sources (e.g., mining and trsnsportation activities)
i should also be devermined based upon actual measurements at representative
i background locations. S , o

1. External ﬂadiation Equsure -

‘The direct radiation exposure may be assumed to be-equal to
. _ the actual personal or environmental dosimetric data less

the appropriate background contribution.

2. }nterna? Radfation Exposure -
The total.dose to organs (e:g., lung, bone. whole body, etc.)
shall be evalyated based on summing all applicable human pathways,
such as: ‘ ' RS S

a. Inhalatic: of Airborne Pér;j;uiates'§

The measured airborne concentration muitiplied by the
dose conversion factors as given in Table A-1.

5. Ingestion ¢ Contaminated Food and Milk -
~ The measured concentraticn in the food product multiplea
‘ by the dose conversion factor as given in Tabpie A-2{(a)
‘ through (¢). . ' ,

¢. Ingestion of heat or “lk from Livestock Grazing on
Contaminated Vegetatica - '

The measured concentration in vegetation {e.g.., grasses
in grazing areas) myltiplied by the dose conversion
factor as given in Table A-3{a) and {b).

4. ngestion of Contaminated Water -

The measured concentration in sotable water mp?tépXﬁed‘
by the dose conversicn factor as given in Table A-d,
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Dose Conversion Fac:ors foé the Inhahti

8 Table A-1
(nmﬂm per pCi/

o Hho‘le . T
Ra'dmnucnde Body . Bone Lung
u-238 _4.32 Y 158
U-234 4.92 79.5 180
Th-230 166 5950 1220
Ra-226 30.9 - 309 6610

“The 50-ynar dose 'cgmitment for each year of
exposure to 1 pCi/m® of each _radionuclide for an
adult breathing rate of 20 m3/day Particle size
of 1.55 um AMAD (1.e., mean diameter of ) um and
density of 2. 4 g/cm”) being representative of

yranium ore. ' The Quality Factor for aipha radia-

tions is 10. The total dose per organ i{s the
summation of doses due %o each radionuciide.
(Final GEIS, NUREG-O?OG)

;a)of Axrborne Particulates PR




" Table A-2 (a) ‘ |
Uose Converson Factors for Ingestion of Contaminated Heat '

(smmem per E——)

Radionuﬂ!?dé 2 Kidney

'HhQ\’ijéQBb;dy,i Bone  Liver

0238 LSSE-03 601 E-02 0.0 1.37.€-02
u-234 405 E-03  6.55 £<02 .o'.o 1.56 €-02
Th-230 4.6 £-03 1.61 E-01 9.6 £-03  4.42 £-02
Ra-226  3.60E-01  3.60 E400  4.49 E-08  1.28 E-02

The 50-year dose comsﬁnent for each year of ingestion of contaminated
meot The above factors correspond to an adult ingestion rate of 78.3
kg/yr of meat (beef, poultry, pork, mutton). (Regulatory Guide RH#802-4).




 Table A-3 @
Dose Conversion Factors for Ingestion of neat from Cattle
- Grazing on Contaminated- Vegetation '

(!mlikem per Eg- v

:R;dionucl.‘lde ‘Hhole Body Bone ‘ »\Liver Kidney

w23 G.OMEQS  1.02E-03 0.0 2.3 E-0d
v-234 688605  LITE-03 0.0 2.65 E-04
Th-230  4.86 £-05 1.61 £-03 . 9.16/€£.05 4.42 E-04

Ra-226  9.18€03 9.8 E-02 1.1 £-05 3.25 £-04

arhe 50-year dose consnim:ent far each year of mgestion ﬁf mea‘. ‘r,‘,’g‘ o
above va!ues are based on the fonomng.. . . ,.

i} Animal uptake of vegetatmn 50 kg/qay
1) Environmental transfer coefﬁcieﬂts:“,(&cﬁk )
| L | pCi7day
v-3sxic?
Th - 2.0 x 107

2a -5.1x10°%

111) Adult meat ingesticn rate: 78.1 kg/year

iv) Adult ingestion dose conversion factors {see Regulatory Guide RH#802-4)




, Table A-3(b) o .
. 005: Conversion Factors for Human Consuwtion ’
" of mu from Diiry Cows Ingesting wntmimted Vegetation

(mmaa per | ’C’)t

Radforuclide ~ Whole Body.  Bone  Liver Kidney
v-238 1.60 €06 3.03 E-03  o. o  6 % E-04
U-234 2.05E-04  3.31 E-03 0.0 7.89 <08
™h-230 1.85 E-06  6.70 E-05  3.80 E-06  1.84 £-05

Ra-226 1.76 E-02 176 £-01  2.20 €-05  6.25 E-04

*The 50-year dose commitment for each year of inqestion of umk Thé
above values are based on the following: , ~
‘ i) Animal uptake of vegetation: S50 kg/day .
‘§4) Environmental transfer coefficients: am[ g

e v pcuday

U -6.1x10%
- . T™-5.0x10%
| e " Ra- 5.9 x 107

111) Adult consumption of milk: 130 liters/year

- \
w) Adu t %ncestion dose conversion fac*ors (see Requlasory Guide QH&‘BOZ 4




Bt U P R
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Table-A-4 :
Dose Conversion Factors for Human COnsumption
of Contanimted Water

(MI114Rem per Ecr.)-

1.68 £-02 2.84 €01 0.0 - easE-@

U-2: 1.91 E-02 3.9 E-01 0.0 73602
Th-230 2.1 €-02  7.62 50! 4.3 E-02  2.09 E-01

Ra-226  LJOEWO0 170 £401  2.12 €03  6.03E-02

v*The SO-year dose commitment for each year of 1nge.,tion or contaminatecz

water.  The above values are based on an average adult consumptiion
rate of 370 liters/year (Requlatory. Guide 1.109) and adult mgestmn
dose conversion factors (Reguiatory Gmde Ni?SOZ-d)




Table A- Z(b) ‘ L
Dose Conversxon Factors for Ingestion of, (f.ontaminated Edibie Vegetation -

(M'miRem per (9:1)

Ridioﬁq;lide Whole Body " Bone ' - Liver Kidney
U-238 2.8 €-03  4.03 E-02 0.0 9.19 E-03
v-234 2.7 E-03 439 E-02 0.0 1.04 E 02
Th-230 2:99 E-03  1.08 E-01  6.14 E-03  2.97 E-02
Ra-226 2.42 E-01  2.42 E400° 8.56 £-03

3.0 E-04

*The 50-year dose commitient for each year of ingeshon of contaminated '
edible v-getatzon o v

- A factor of 50% activity reductwn bhrough food nreparation was

assumed, and an adult ingestion rate of 105: kg/yr total . vegetable
inoestion rate, as well as uniform concentration: throughout an
vegetable types. Should data be presented 2s. concentratwn of
edible abocve ground vegetables C,; potatoes, ‘and other below
ground vegetablies, C5; then the flnomng we1gh%ed concentration
Cy should be used when multiplying ‘the above dose factors

.'C =048C1+058C2+003C3

Table 5 of Regulatory Guide P}HBOZ 4 detaﬂs the breakdown of
vegyetable consumption.




consuhptmn
drmg \greater‘ quantimes,

miik consumption
s.he‘ age croups are prese ted m Qegu]atory :




- Table A-S e
Dose Conversion factors for Ingestion e
af Meat from Cattle Watered on cOntaminated Ha*er

(Hi‘HReu per 2?.)

‘Radionuclide  Whole Body Borne Uver R
w28 6.08 £05  1.02 £.73 0o
G-234 6.88 €05  1.11E03 0.0
 Th-230 4.46 E-05  1.61 E-03 . 9.16 E-95
Ra-226 9.18 £-03  9.18 €02 1.15 E-0S

*The So-year dose commitment for each year of 1ngestion of meat.

The above values are based on the fonouing.,
i) Animal uptake of water: 50 Titers/cay | o
11) Eavirormental transfer coefficients: (ML) |
U-3.4x199 pwd”i?;
“Th - 2.0 x 10

R7 - 5.1 x 10°%

1 i!) Adu'lt meat ingestfon rate of 78.3 kg/y-ar

i) Adult ingestion dose conversion

factors (see Regu!atary Gmde wsez 4)__,




: Table A-5(b) :
Dose Conversion Factors for Human Consunption .
of Rilk from Dairy cOus Matered on Contuninated Hater

(nuxasaen per ES.J'

 Radiomuclide Hhole Bodyfié‘i Bore ~ Liver

u2 20680 LESE0 0.0 ¢ BIBEM
U-234  2.96E-04  3.98E-03 0.0 - 9.47 £-04
Th-230 222605 B8.03E-05  4.56 £05  2.20 £05

CRa-226  2.02€-02  2.126-01 264 €05  7.50 E-04

'The So-year dose commi:ment for each year of 1nges~icn of milk
The above values are based on the following: '

i) Dairy animal intake rate: €0 liters/day
1) Adult ingestion milk rate: 130 11ters/year
iij}'Envirnnmental.transfer coefficients: ( i, 11ter)
U-6.1x107 I
m.soxio6
2 -'5.9 x 10-%

iv) Adult ingestion dose conversion faclors (See RegulatoryAthde.RHQBOZ-d)'
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