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1.C INTRODUCTION

NUS Corporation was retained by the Union Carbide Corporation's
Metals Division to provide radiological consulting services re-
lated to the operation of the Uravan Uranium Mill in Uravan,
Colorado. The overall objective of the work, performed in two
phases, was to evaluate radiological doses due to the operation
of the Uravan Ur.nium Mill with respect to 40 CFR 190 and to
identify emission sources responsible for any excess doses.

The dose limitations established by the U.S. Environmental Pro-
tection Agency contained in 40 CFR 190 that become effective
December 1, 1980, are designed to assure protection of the pub-
lic against radioactive emissions resulting from uranium fuel
cycle operations.(l) As applied to individuals in the general
public, these standards limit the annual dose equivalent to the
whole body or any internal organ, except the thyroid, to 25 mrer,
and the annual dose equivalent to the thyroid to 75 mrem. Doses
due to Rn-222 and its short-lived daughters, as well as doses
associated with uranium mining, are excluded from this regulation.

The objective of the Phase I work was to determine in a prelim-
inary mar.aer whether the environmental radiclogical doses due to
the operation of the Uravan Uranium Mill were in compliance with
40 CFR 190 using available monitoring data. The results were
presented in the Phase I teport(z) which indicated that doses are
in excess of 40 CFR 190, but that not enough information was
available to identify the sources respcnsible with ony certairty.

The objective of the Phase II work was to refine the radiological
dose calculations performed as part of Phase I ar:i identify the
responsible emission sources by using supplemental environmental
measurements data, analysis, ai® modeling. The Phase II wor. in-
cluded 1) a correlation analysis of certain variables affecting
airborne radiocactive particulates in the site vicinity; 2) supple-
mental environmental measurements including stack emission testing
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performed by NUS and specific activity measurements of soils by
Union Carbide; 3) a review of the on-sgite and off-site meteor-
ological data with additional data reduction if required to
generate the most representative joint freguency distribution
(JFD) for use in modeling; and 4) modeling of the environmental
radiocactive concentrations and related doses due to stack and

area source emissions from the Uravan Uranium Mill using the
Uranium Dispersion and Dosimetry (UDAD) model developed by Argonne
National Laboratory. (3)

Separate reports on the correlation analysxs,‘4) the stack emis~-
sion testing,(s) and the meteorological data review, () have been
prepared and should be referred to in the review of this report.
This report summarizes the results of the Phase I work, the cor-
relation analysis, stack emission testing and meteorological data
review, and presents a detailed description of the UDAD modeling

effort and the results. The summary and conclusions of the Phase
IT work are presented in Chapter 2. Chapter 3 presents a brief

site and facility description to provide a basis for the informa-
tion that follows. Chapter 4 reviews potential envir nmer tal

radiological Jdose pathways in the site vicinity to ertablish the
needs for monitoring data and modeling in support of the evalua-

tion of 40 CFR 190 doses and to eliminate insignificant pathways.

Chapter 5 reviews the environmental radiologica) monitoring pro-

gram and associated data used in the analysis that follows.
Chapte ‘escribes the methodology used in the 40 CFR 190 dose
calcula 3 and related work, including the monitoring data ap-
proach and the modeling approach to such calculations. The re-
sults of the Phase II work, including the dose calculations and
the emission source identification, are presented and discussed
in Chapter 7.




2.0 SUMMARY AND CONCLUSIONS

An evaluation of 40 CFR 190 related radiological doses due to the
operation of the Uravan Uranium Mill has been performed by the NUS
Corporation for Union Carbide Corporation's Metals Division. The
Uravan Uranium Mill is located adjacent to the town of Uravan,
Colorado along a narrow canyon of the San Miguel River, approxi-
mately 90 miles southwest of Grand Junction. Maps showing the
regional setting, site vicinity and site layout are shown in
Figures 1, 2, and 3, respectively. The methodology used and the
results of the study are summarized below.

The work was carried out in two phases. Phase I included a pre-
liminary dose calculation based on measured radicactive airborne
particulate concentrations in the site vicinity. The results
indicated that the offsite doses were in excess of those specified
in 40 CFR 190 but the emission sources responsible for the doses
could not be ‘Jentified with any certainty.

The Phase II work, designed to refine the dose calculations and
identify the .esponsible emission sources, included a correlation
analysis of the airbcrne radiocactive particulate concentraticns,
a supplemental environmental measurements program, a review of
meteorological data representative of the site vicinity, and
medeling of the environmental radioactive concentrations and
associated doses based on emission source terms and applicable
meteorological data representative of the site vicinity. This
work is described further below.

2.1 Correlation Analysis

The results of the correlation analysis were inconclusive in that
although many statistically significant correlations were identi-
fied, they were insufficient to identify emission sources pri-
marily responsible for the doses. The correlation analysis was
useful, however, in judging whether concentrations of certain

r
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radionuclides at certain locations were fugitive dust dominated or
stack emission dominated. Furthermore, the results supported the

conclusion in Phase I that Pb-210 concentrations were dominated by
the regional background.

Supplemental Environmental Measurements Program

Monitoring data necessary to support the Phase Il work were iden-
tified to include the radioactive concentrations of U-Nat, Th-230,
Ra-226, and Pb-210 in ore, tailings, yellowcake, airborne partic-
ulates, and soils; and radioactive particulate emission rates. A
supplemental environmental measurements program was designed to
collect additional data beyond that already provided by the onsite
environmental radiological monitoring program. These measurements
included stack emission testing to determine the radioactive parti-
culate emission rates, and the analysis of road dust, and soil for
radionuclide content.

2.3 Meteorological Data Review

Onsite meteorological data for wind speed and wind direction col-
lected at two locations, including one location in the valley and
a second location on the mesa near the B Plant, was reviewed for
use in the modeling and compared with National Weather Service

data from Grand Junction. It was determined that further reduc-

tion of the onsite data to generate onsite atmospheric stability

class data would not be feasible, but that such informatir.. should
be extracted from the Grand Junction data. Onsite meteorslogical
data for both the valley and the B plant were similar, with the
valley data considered the better set. It was decided to use the
valley and Grand Junction data sets in various combinations with

the emission sources to fine tune the dose modeling as described
below.




2.4 UDAD Modeling

The radioactive airborne particulate emissions due to the opera-
tion of the Uravan Uranium Mill were modeled using the UDAD model
to evaluate the resulting airborne radiocactive particulate concen-
trations and arsociated doses at selected receptor locations in
the site vicinity. The UDAD model developed by Argonne National
Laboratory differs somewhat from NRC draft gquidelines. (8) param-
eter changes within UDAD were made and supplemental hand calcula-
tions were performed to make the methudology as consistent as
possible with the NRC draft guidelines for such calculations.
Additional changes were made in the inhalation dose rate conver-
sion factors to reflect revised solubility classifications of the
inhaled particulate compounds of interest.

The UDAD model inputs emission source terms for an array of point
and area sources, meterological data, and selected receptor loca-
tions. Dose pathways evaluated in the model include the direct
inhalation of particulates from the direct plume and those resus-
pended from prior deposition cloud immersion, ground plane radia-
tion, and ingestion of contaminated vegetables, meat and milk.
The output includes airborne radiocactive concentrations and asso-
ciated doses at each receptor location.

The radicactive emission sources considered in the analysis in-
cluded the mill stack emissions, road fugitive dust, and windbliown
tailings. The principal stack emissions include those from the
yellowcake, Aerofall (dry grinding), acid-kill (AK) leach, leach
and fine ore bin stacks.

UDAD model screening runs were made using the Grand Junction and
onsite valley meteorological data with various combinations of
point and area sources to optimize the comparison between pre-
dicted and measured airborne concentrations monitoring locations
1, 2, and 3 shown in Figure 3. The results indicated that the
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concentrations predicted without resuspension (that is, the resus-

pension of previously deposited airborne material such as stack

and road emissions and windblown tailings) were in better agree-
ment with the measured concentrations than when resuspension was
included. The best agreement with the measured concentrations
cccurred when the valley station JFD was used with the A plant and
valley sources, and the Grand Junction JFD was used with the B
plant, tailings, and other mesa sources. In general, the concen-
trations predicted without resuspension agreed surprisingly well
with the measured concentrations, especially when the complex
terrain and uncertainties associated with the spectrum of input

parameters are considered.

Final UDAD production runs were made using the optimized combina-
tion of emission sources and meteorological data without resuspen-
sion, except that windblown tailings as calculated bv UDAD was
included. An integration period of 18 years of equivalent 1979
full capacity operation was used that included both the commercial

and non-commercial milling periods at the site.

The radiological doses at selected locations were then calculated

assuming five alternative emissicn control scenarios, including

1) currently installed emission controls, 2) reductions of 67% and
99% in the yellowcake and AK leach emissions, respectively,
reductions of 83% and 99% in the yellowcake and AK leach
respectively, 4) a2 reduction of 83% in the vellowcake

and process changes designed to eliminate Aerofall, fine

AK lea. and leach emissions entirely, and 5) the same as Scenario

3 but with vegetable gardens in the town of Uravan eliminated.
2.5 Conclusions
The objectives o

to mill operatio

for the doses,




A comparison of predicted and measured radiocactive concentrations
in airborne particulates and soils was made. The predicted and
measured airborne concentrations at selected locations were in
good agreement, However, the measured concentrations in soils
were higher than predicted by one to two orders of magnitude, not
accounting for natural background. The soils data supported the
conclusion that this was due to radiocactive contamination of the
soil within the town of Uravan by milling operations that took
place onsite prior to the establishment of the present Union
Carbide commercial uranium milling operations.

The results of the dose calculations indicated that with presently
installed emission controls the doses due to the operation of the
Uravan Uranium Mill are in excess of those spc-~ified by 40 CFR 190
at selected receptor locations in the town of Uravan. The highest
doses at locations where people lived were in Block B (Figure 3)
where the doses were 100, 156, and 47 mrem/yr to the lung, bone
and kidney, respectively. Higher doses occurred at monitoring
location 3 and Block C, but nobody lives at these locations. The
principal dose pathway is inhalation, followed by vegetable
ingestion.

Assuming currently installed emission controls, the results of the
calculation of airborne concentrations at locations within Uravan
indicated that over 90% of the U-238 and U-234 was due to the
yellowcake stack emissions. The AK leach stack and Aerofall
stacks account for approximately 50% and 20%, respectively, of the
Th-230, Ra-226, and Pb-210 concentrations, with the other stacks
accounting for most of the remainder. FPugitive radimactive dust
emissions from site roads account for up to 25% of the Ra-226 and
less than 10% of the Th-230 and Pb-21). Tailings emissions gen-
erally accounted for less than 5% of the Th-230, Ra-226 and Pb-210,
primarily because low annual average wind speeds at the site do not
result in much wind erosion of the tailings. This is consistent
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with the previous conclusion that resuspension is not an important
mechanism in the site vicinity.

The results indicated that the application of Emission Control
Scenario 4 (a reduction of 83% in the yellowcake emissions and
process changes designed to eliminate the Aerofall, fine ore bin,
AK leacn and leach emissions) would reduce the predicted doses
within the residential portions of Uravan tc a maximum of 20.5
mrem to the bone. Therefore, Union Carbide would be able to meet
the 40 CFR 190 limits according to this analysis by implementing
an emission and/or process control strategy which lies between
Scenario 3 and Scenario 4.



3.0 SITE AND FACILITY DESCRIPTION

To provide a basis for the work presented in this report, a brief
site and facility description is presented be!ow which has been
summarized from the Uravan Project Environmental Report (ER).(7)

3.1 Site and Regional Setting

The town of Uravan and the mill are located in Montrose County,
Colorado approximately 90 miles southwest of Grand Junction,
Colorado on Route 141. Maps showing the site in relation to the
regional setting and the local site vicinity are shown in Figures
1 and 2, respectively.

The site is located in the Dolores River Basin within the Canyon-
lands section of the Colorado Plateau which includes portions of
western Colorado, eastern Utah, northern Arizona, and northwestern
New Mexico. The Uravan site is along a narrow canyon cut through
the Uncompahgre uplift by the San Miguel River, a tributary of the
Dolores River. The geology and surface features of the site vi-
cinity are dominated bty eroded Mesczoic sandstones and shales
gently dipping to the northeast. The vegetation in the region is
gererally sparse, dominated mainly by pinyon-juniper associations.

The climate is generally dry with mild winters and warm summers.
The annual average temperature and precipitation at Uravan are
52°F and 10 inches equivalent rainfall, . spectively. Local winds
are strongly influenced by the San Migue! River valley with the
highest frequency (59%) wind directions from the east-socutheast
through south-southeast, corresponding primarily to cold air
drainage down the valley during the night and early morning hours.
The annual mean wind speed is low in the valley, about 4-5 mph.
Regional winds across the higher elevations above the valley are
generally from the southwest with higher average wind speeds.



3.2 8Site Description

A layout of the site and the town of Uravan is presented in Figure
3. The town of Uravan with a population of approximately 800 is
spread out along the canyon floor on a southeast to northwest axis
that roughly parallels the San M. juel River. It includes housing
for mining and milling employees and their families plus basic
services structures.

The milling facility is divided by topography into two areas. The
B Plant area encompasses the operations of ore receiving, crushing,
grinding, leaching and washing out of the mineral values and is
sited on the southwest rim of the canyon cut by the San Miguel
River. The tailings disposal area, consisting of two tailings
ponds and a raffinate spray evaporation area are located back from
the rim on the plateau. The remaining processing facilities, de-
noted as the A Plant, are located along the canyon floor. These
operations include separations of the uranium from the vanadium by
fixed bed ion exchange, precipitation of the uranium values as
ammonium diuranate, filtration, and calcination of the wet cake to
U30g.

3.3 Process Description

The Uravan Uranium Mill has an ore processing capacity of 1500
tons per day, 365 days per year. Ore containing about 0,17 per~-
cent U30g and one percent V;05 is hauled to the mill from up to
thirty underground mines in the Uravan Mineral Belt, with most
located within a 40 mile radius of Uravan.

In the B Plant area, incoming ore is received, stockpiled,
crushed, sampled and then ground in two autogeneous dry-grinding
mills. The uranium and vanadium values are then extracted from
the ground ore by a hot sulfuric acid leach in a two-stage circuit
followed by separation of the pregnant liquor and tailings through
a counter-current decantation circuit. Uranium is recovered and
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isolated from the pregnant solution containing vanadium by ion
exchange. The yellowcake product is then precipitated out as
ammonium diuranate with a solution of anhydrous ammonia and sodium
chlorate or hydrogen peroxide. The ammonium diuranate is then
calcined to U30g, dried and packaged in 55-gallon drums for ship-
ment. The pregnant vanadium solution progresses through a solvent
extraction circuit, producing a concentrated vanadium solution,
which is shipped to the Union Carbide plant at Rifle, Colorado for
further processing. '

The principal airborne radiocactive emission sources are stack
emissions, windblown tailings, and vehicular fugitive dust along
site roads. The radioactive stack emission sources include those
from the yellowcake stack, Aerofall (dry grinding) stacks, acid-
kill (AK) leach stack, leach stack, and fine ore bin stacks.

These emission sources are described in further detail in Sections
5.3.2 and 6.3.,3.



4.0 ENVIRONMENTAL RADIOLOGTCAL DOSE PATHWAYS

The calculation ol offsite population doses due to the radiocactive
effluents from the Uranium Uranium Mill requires an identification
of environmental radiological dose pathways that are likely to
occur in the site vicinity. The identification of probable dose
pathways in turn establishes the need for radiological monitoring
and modeling requirements in support of such calculations.

The evaluation of 40 CFR 190 doses can be performed using either a
modeling or monitoring data approach. In the modeling approach,
emissions source terms are quantified, environmental dispersion
modeling performed to determine concentrations in various environ-
mental media, and the population exposure and subsequent radio-
logical doses calculated. The monitoring data approach bypasses
the need to quantify emission source terms and to perform disper-

sion analyses by going directly to measured environmental media
concentrations. Subsequent ~2lculation of population exposure and

resulting radiological doses are similar to that in the modeling
approach.

Potential environmenal radio gical dose pathways that should be
considered in either approach to the calculation of 40 CFR 190
doses are shown in Figure 4, (4)

NRC draft guidelines on the evaluation of radiological doses due
to uranium milling place primary emphasis on environmental radio-
logical dose pathways associated with airborne effluents. (8)

Liquid pathways are not tre=ated although NRC indicates such path-
ways should be considered if they are determined to be impor tant.

The significance of the pathways shown in Figure 4 in the site
vicinity have been evaluated to some extent in Section 5.1 of the
ER. (7) 1n evaluating the signficance of these pathways for liquid
and airborne effluents from the operations of the Uravan Uranium
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Mill, careful consideration must be given to background environ-
mental levels of radiocactivity in the site vicinity, since the
radiological doses ..sociated with background are not included

in 40 CFR 190 dose calculations. Background levels in the site
vicinity are especially difficult to establish because of the
complicated prior history of radium, venadium, and uranium recov-
ery at the site prior to the establishment of the current Union
Carbide operation. Furthermore, if they were considered as back-
ground, such levels may not be easily separated fr - those due to
the current milling operations.

The principal exposure pathway in the immediate site vicinity is
consi'ered to be inhalation of radioactive airborne particulates
from the milling operation.

Potential contamination of drinking water in the site vicinity is
not considered here. Domestic water for the Town of Uravan is
obtained from a well 2 miles ESE of the site which taps an aqui-
fer 150 to 200 feet below the surface. This aquifer does not
surface in the site vicinity. Although levels of Ra-226 in the
drinking water were previously in excess of the EPA guideline of
5 pCi/1, this was due to natural sources and for this reason was
not considered in the dose analysis.(7) Ion exchange is bringing
this source in line with the EPA guideline.

Vegetable gardens maintained by residents within the town of
Uravan could be a significant exposure pathway that should be
considered.

Ingestion of contaminated meat from beef, cattle, mule deer, and
elk is a possible exposure pathway. Mule deer, elk and cattle are
rather wide ranging in their foraging activities implying they
would spend but a small part of the time in areas that may be con-
taminated. There is no commercial milk production within 15 miles
of the site. Most meat consumed within Uravan comes from commer -
cial meat packaging operations located in Grand Junction.
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In any case, the meat pathway cannot be evaluated due to the lack

of data, using the monitoring approach. Since meat and milk

production and consumption is a regional activity, beyond t

LilY 11 nat
covered by tne monitoring program, this pathway could only be

evaluated by a modeling effort.

The ingestion of contaminated fish was discounted as a likely

pathway in Section 5.1 of the ER. (7)

External doses due to cloud immersion and ground plane radiation
should be considered, although it may be difficult to separate

background doses, especially in the case of ground plane doses.




5.0 ENVIRONMENTAL RADIOLOGICAL MONITORING PROGRAM REVIEW
5.1 Scope of the Review

An environmental radiological monitoring program is being con-
ducted by Union Carbide in the Uravan Uranium Mill site vicinity.
It is designed to characterize concentrations of radicactivity in
the environment due to the milling operations. The design of the
program has been described in Section 6.2 of the ER with results
during the period 1973-1977 reported in Section 2.9 of the ER.(7)
Supplemental environmental measurements have been made by Union
Carbide following this period, including those 1n support of the
current Phase II work. The principal monitoring locations and
parameters monitored are shown in Figure 5. The environmental
radiological monitoring program at the site has been reviewed with
respect to NRC guidance on such monitoring and to summarize data

needed in support of the Phase II work. The results of this re-
view are presented below.

5.2 Comparison of Program With Regulatory Guidelines

The environmental radiological monitoring program was compared
with guidelines for radioactive effluent monitoring at operating
uranium mills contained in NRC Regulatory Guide 4.14 dated June
1977.(9) The proposed operational monitoring program outlined in
Section 6.2 of the ER is consistent with that recommended by the
NRC in Reference 9. However, the implementation of the proposed
operational monitoring program is such that the current monitor-
ing program differs in some aspects from NRC recommendations.

The monitoring of radiocactive airborne particulates at the site
exceeds NRC recommendations. NRC recommends continuous low volume
air sampling at a minimum of three locations with composite sam-
ples analyzed quarterly. The current monitoring program at the
site includes continuous low volume air sampling at five locations
with samples analyzed weekly for U-Nat, Th-230, Ra-226, and Pb-210.
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Previously, continuous high volume air sampling was performed at
three locations and samples analyzed weekly.

The proposed operational monitoring program includes semi-annual
stack emission testing, consistent with NRC recommendations.
Although such testing has not been implemented on a semi-annual
basis, a comprehensive stack testing program was conducted in
March 1980 as part of the Phase II work. (3)

The proposed operational monitoring program includeu continuous
radon monitoring one week per month, consistent with NRC recom-
mendations. Although some radon monitoring has been performed
over 48-hour periods, as described in Section 2.9 of the ER, the
radon monitoring outlined in the proposed operational monitoring
program has not yet been implemented. NUS understands that peri-
odic radon gas monitoring at various locations has been performed

since June 1979. This information is on record at Uravan but is
not part of the 40 CFR 190 evaluation. Future radon gas monitor-

ing at Uravan will consist of passive environmental monitors
(PERMs) utilizing TLD chips. Union Carbide is currently devel-
oping a TLD program with the recent acquisition of a TLD reader.

The liquid sampling program being conducted at the site is con-
gidered adequate relative to NRC recommendations in that .iquid
discharges to unrestricted areas are sampled continucusly with
composite samples analyzed monthly, and surface seepage sampled
and analyzed quarterly.

Additional environmental measurements beyond those recommended in
NRC Regulatory Guide 4.14 dated June 1377 include meteorological
monitoring at two locations, gamma dose rate measurements, and
measurement of radioactive concentrations in soils at several
locations.



5.3 Environmental Radiological Monitoring Data Summary

A summary of data collected as part of the onsite environmental
radiological monitoring program needed in support of the 40 CFR
190 dose calculations and emission sources identification is pre-
sented below. These data include radioactive concentrations of
U-Nat, Th-230, Ra-226, and Pb-210 in ore, tailings, yellowcake,
airborne particulates, and soils; and radicactive stack particu-
late emission rates.

5.3.1 Source Material Radioactive Concentrations

Monthly composite samples of ore, tailings and yellowcake were ob-
tained during February 1980 to determine the specific activity and
specific activity ratios of each radionuclide of interest. The

results are summarized in Table 1 which indicate that 90.5% of the

Th-230, 97.4% of the Ra-226 and 100% of the Pb-210 in the ore
leave the circuit in the tailings. (10)

5.3.2 Radioactive Stack Particulate Emissions

NUS Corporation conducted a stack emission testing program at the
Uravan Uranium Mill March 4-7, 1980 that is described in Reference
5. Seven stacks were sampled, including the four Aerofall stacks
associated with the grinding circuit, fine ore bin stack, acid-
kill (AK) leach stack, leach stack, and vellowcake drier stack.
The testing program included triplicate particulate mass emission
tests, duplicate particle size tests, and supporting measurements
on each stack. Union Carbide performed radiochemical analyses on
the samples to determine the specific activities. The results of
the testing program are summarized in Table 2 which presents for
each stack the annual average radiocactive emission rate of each
radionuclide based on the average of the triplicate particulate
tests and an annual plant capacity factor of 1.0.
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5.3.3 Radioactive Airborne Particulate Concentrations

Annual average concentrations and specifin activities of radio-
active airborne particulates at locations 1, 2, and 3 shown in
Figure 5, based on samples collected over weekly periods using
high volume air samplers, are summarized in Table 3 for the
period May 1978 through April 1979.(4) Aadditionally, data for
June and July 1979 for location 4 is presented. Locations 1 and
2 characterize concentrations at the nearby offsite residences,
location 3 characterizes concentrations at the edge of tailings
pile No. 2, and location 4 characterizes "background" concentra-
tions. In Februarvy 1980 two new background monitoring locations
were established, including one approximately 2 miles southeast
of Uravan near the domestic water supply (dencted as location )
and one in Block C within Uravan, but the associated data is not
yet available for incorporation into this report.

Airborne radicactive particulate data considered representative

of background for the Disappointment Valley in San Migquel County,

Colorado;(ll) Tallahassee Creek region of Fremont, County Colo-
rado; (11) the State of Utah; (12) and nationwide (13) are summarized

in Table 4. The results indicate that airborne concentrations of
U-Nat, Th-230 and Ra-226 in the site vicinity are two orders of
magnitude higher than typical regional background concentrations.
Pb-210 onsite is similar to regional levels, indicating regior 1
sources (decay of airborne radon from uranium deposits and natural
sources) may be controlling such concentrations.

5.3.4 Soils

Soils were sampled initially in support of the ER with the results
reported therein.(7) The supplemental environmental measurements
program conducted by Union Carbide provided additional data related
directly to the Phase II work. (10)




- Ean .

Road dust samples were collected and analyzeu for silt content
(finer than 200 Mesh) and specific activity to provide input to
road fugitive dust calculations described in Section 6.3.3.

Samples were collected
the results summarized
obtained, for both the
shown in Figure 5 with
Table 6.

at the locations shown in Figure 5 with
in Table 5. Selected soil samples were
top 5 cm and 1 ft. layer at the locations
the results of the analyses presented in



6.0 40 CFR 190 RADIOLOGICAL DOSE CALCULATION METHODOLOGY

The methodology used in the evaluation 40 CFR 190 related environ-
mental radiological doses due to the operation of the Uravan
Uranium Mill and the identification of mill emission sources
responsible for such Jdoses is described ‘n this section. The work
leading up to the final Phase II effort is also described. This
included the Phase I work to use the monitoring data existing at
the time to calculate 40 CFR 190 doses and identify responsible
emission sources, and a correlation analysis of available monitor-
ing data in an effort to identify responsible emission sources.
This is followed by a description of the methodology used to model
environmental radioactive concentrations and associated doses
based on emission source terms and applicable meteorology. The
monitoring data approach and the modeling data approach to the
calculation of 40 CFR 190 doses have already been discussed in an

introductory manner in Chapter 4.

6.1 Monitoring Data Api-oach to the Dose Calculations

In Phase I preliminary 40 CFR 190 related radiological dose cal-
culations were made using available monitoring data as described
in Reference 2. Radioactive airborne particulate concentrations
at locations 1 and 2 were used to calculate inhalation doses in
accordance with draft NRC draft guidelines on such calculations(8)
with modified dose rate conversion factors described in Section
6.3.1. External dose rates were determined based primarily on
gamma dose rate mcasurements at these locations as reported the
ER. (7) The results indicated that based on available data inhala-
tion and external doses at locations 1 and 2 were individually in
excess of 40 CFR 190. However, it was not possible to separate
doses due to prior and present milling cperations on site, especi-
ally in the case of external doses, which would require a modeling
effort. PFurthermore, an evaluation of the particulate concentra-
tions and specific activities indicated that the data was insuffi-
cient to identify the emission sources responsible for the excess
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doses with any certainty. Recommendations were then made for the
Phase II work. A supplemental environmental measurements program
was designed to support the Phase II work to include stack emis-
cion testing and soil sampling.

6.2 Correlation Analysis

As part of the initial Phase II work, a correlation analysis of
certain variables affecting airborne radioactive particulate con-
centrations in the site vicinity was performed in an attempt to
better identify the emission sources responsible for the excess
doses, as described in Reference 4. The results of the correla-
tion analysis were inconclusive, in that, although many statisti-
cally significant correlations were identified, they were insuffi-
cient to identify emission sources primarily responsible for the
radioactive airborne concentrations. Since the original results
were inconclusive, additional computer runs were made to try to
clarify the correlations by analyzing wind directions in a differ-

ent manner and forming new variables from combinations of old
variables. Although specific emission sources could not be iden-
tified as being responsible for the measured concentrations, the
correlation analysis was useful in judging whether the concentra-
tions of certain radionuclides at certain locations were fugitive
dust dominated or stack dominated. Furthermore, the results sup-
ported the conclusion of the Phase I work that Pb-210 concentra-
tions were dominated by regional background.

6.3 Modeling Approach to Dose Calculations

The airborne radioactive particulate emissions associated with the
operation of the Uravan Uranium Mill were modeled to evaluate the
resulting airborne radioactive particulate concentrations and
associated radiological doses at selected receptor locations with-
in the site vicinity. Such modeling was designed to 1) more care-
fully evaluate contributions of emiscion sources to environmental
concentrations and doses in both the site vicinity and the region,
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2) evaluate effects of added emission source controls, and 3)
separate environmental concentrations and related doses due to
prior milling operations from those due to current milling opera-
tions. However, the complex terrair in the site vicinity makes
such modeling difficult, and the limitations inherent in such
modeling are recognized. A description of the modeling methodol-
ogy is presented below.

6.3.1 UDAD Model Description

The NRT has established draft guidelines on the calculation of
radiological doses from uranium milling oper. tions. (8) These
calculations are summarized in Figure 6. In the modeling of the
radiological doses due to the Uravan Uranium Mill operations, the
Uranium Dispersion and Dosimetry (UDAD) model, Version 9, devel-
oped by Argonne National Laboratory'3) has been used. This was

the only publicly available model that approximated the calcula-
tional procedure contained in the NRC draft guidelines.

The Argonne-developed UDAD model, used in this analysis, inputs a
user specified array of point and area sources of airborne radio-
active emissions; an annual meteorological joint frequency dis-
tribution (JFD) of wind speed, wind direction, and atmospheric
stability class; a population distribution and selected receptor
locations out to 80 km; and information on the agricultural pro-
ductivity in both the region and at selected receptor locations
for vegetables, milk, and meat. Radiological dose pathways eval-
uated in the model include the direct inhalation of particulates,
cloud immersion, exposure due to ground deposited activity, and
ingestion of contaminated vegetation, milk, and meat. The UDAD
model also considers the contributions to airborne concentrations
of dusts resuspended by wind action. The resulting eavironmental
concentrations of radioactivity and related doses are calculated
in terms of the contribution of each source, as well as total con-
tribution from all sources.



The Argonne version of UDAD has been undergoing revisicn by the
NRC for cover a year in order to make the code more efficient, and
to update environmental transfer factors and dose rate conversion
factors that reflect new information. These changes are contained,
in part, in the draft NRC Regulatory Guide on radiological dose
calculations for airborne emissions from operating uranium mills, (8)
The firal NRC version of UDAD, called MILDOS, is expected to be
publicly available within the next several months, however the
target date has been continually slipping over the past year.
Therefore, the currently available Argonne version of UDAD has
been used in the present analysis with certain parameters changed
to reflect those contained in the draft NRC Regulatory Guide to

the extent possible.

The first step in the dose calculation is to evaluate inhalation
doses due to radiocactive airborne particulates. Inhalation dose

rate conversion factors as a function of isotope, particle size,
and chemical composition are presented in Table 7, based on the

draft NRC Reaulatory Guide (8)and NUREG-0511.(14) rThese dose rate
conversion factors are calculated with an internal dosimetry sub-
routine within the UDAD model. The calculation of dose conversion
factors by UDAD requires information of the solubility classifica-
tion of the particulates which governs internal transport within
the body. Solubility classifications are dencted by Y (years; for
slowly soluble or unsoluble compounds), W (weeks; for moderately
soluble compounds), or D (days; quite soluble). The inhalaticn
dose conversion factors in Table 7 assume a Y solubility classifi-
cation for uranium and thorium and a W solubility classification
for radium and lead. However, new experimental data has become
available which indicates that other solubility classifications,
or split solubility classifications, may be more appropriate. (14,
15) NUREG-0511 used these revised solubility classifications for
occupational doses, but, due to lack of time were unable to revise
the environmental inhalation dose factors. NRC is currently in
the process of revising the dose rate conversion factors in MILDOS
tm reflect the revised solubility classification. NUREG-0511 and
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Rererence 15 indicate that ore and tailirgs dust should be clas-
sified as follows: U=-235 and U-238, class W; Th-230, class Y;
Ra-226, 10% D and 90% Y; and Pb-210, class Y. Yellowcake should
be classified as 60% D and 40% W for uranium. NUS used the inter-
nal dosimetry subroutine of the Argonne version of UDAD to revise
the inhalation dose rate conversion factors based on the revised
solubility classification. The results are summarized in Table 8.
The characteristics and solubility classification of the particu-
lates of interest are summarized in Table 9.

The dose caiculations performed in both the Phase I and Phase II
work used the revised set of dose rate conversion factors pre-
sented in Table 8. 1In order to accommodate the split solubility
classification s~ :me, dual UDAD runs had to be made, since a

given radionuclide can have only a single solubility in each UDAD
run. In accomplishing this, the source terms were split in accord-

ance with the above percentages in the respective UDAD runs and
then the outputs were manually added.

The inputs for UDAD, including the meteorological data, source
terms, and receptor locations are described in the following
sections.

6.3.2 Meteorological Data

Wind speed and wind direction data were collected by Union Carbide
within the valley and at the B-plant site, respectively. NUS ex-
amined the coded hourly averages of each parameter for the one
year of data (July 1, 1976 - June 30, 1977) that had been reported
in the Uravan ER to determine if the data should be further ana-
lyzed to obtain a complete joint frequency distribution of wind
speed by wind direction and stability class rfor use in the UDAD
modeling analysis. Although only Trailer (valley) site wind
speed/wind direction data were reported in the ER, the data from
the B-plant site were also evaluated to determine whether B-plant
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Site sources were subject to the same met:orological conditions
as sources within the valley.

NUS estimated the recovery rates at each site for each parameter
(78% and 62% for the Trailer anéd B-plant sites, respectively)
based only on the times when the data were not obviously suspect.
NUS compared the data from the two sites to determine qualita-
tively whether the two sites were similar. NUS also comparec the
Trailer zite data as summarized in the ER to that from the NWS
station at Grand Junction and from the San Miguel mill site in
another, broader valley near Uravan. The average wind speed at
the Trailer site was only 4-5 mph while that at the B-plant site
was 6-7 mph. Both sets of data had wind speeds lower than were
observed at the Grand Junction station. While the B-plant site
wind dire~tion data were frequently aligned with that from the
Trailer site, there were many times when this was not the case.
Frequently, the wind speeds at the B-plant were higher than those
of the Trailer site. There had been no routine prerentative main-
tenance on the equipment at either the Trailer or B-plant sites.
Therefore, it could not be determined if the low wind speeds were
actually as frequent as recorded at both sites or whether the
threshold wind speed of the sensors at either or both sites might
have deteriorated thus resulting in a larger number of "low" wind
speeds being recorded. Both sites had been in operation for over
two years by July 1, 1976. The Trailer site data showed a predom-
inant up-valley/down-valley effect. Otherwise the data was simi-
lar to that of the Grand Junction Station. The similarity of the
Trailer and B-plant data could have been influenced by the pres-
ence of the tailings piles which effectively act to extend the
valley walls on one side of the B-plant site. Therefore, the
stack emissions from the B-plant could be influenced by winds
similar to the sources within the valley. The tailings piles,
however, would be influenced by the general flow as shown in the
Grand Junction data.



Since no stability data were available for the Uravan sites and
the wind speed data were suspect, it was decided to apply the
Grand Junction stability data as described in the ER. Although it
was concluded thut this stability distribution should not really
apply for the unstable to neutral cases, the comparison of the
Grand Junction and San Miguel data implied that the occurrence of
the more stable conditions would be simiiar at all sites.

Because of the uncertainty of the meteorological data set to be
applied to the B-plant stack emissions, as described in Section
6.3.5, both Grand Junction and Trailer site data were used in the
UDAD model for these sources for the screening runs (Scenarios 3
and 4) and the results compared to observed monitoring data to
determine the correct data set to use in predicting dose estimates
for the Uravan sources. The meteorological joint frequency dis-
tributions for the Valley Trailer site and Grand Junction used in

the UDAD modeling are presented in Appendices A and B, respectively.
A more detailed discussion of the meteorological evaluation is
found in Reference 6.

6.3.3 Source Term Evaluation

The radioactive emission sources considered in this analysis con-
sist of stack emissions, road fugitive dust, wind blown tailings,

and ore handling. The evaluation of these emissions sources are
described below.

The radiocactive stack particulate emissions include those from the
yellowcake stack, Aerofall stacks, AK leach stack, leach stack,
and fine ore bin stack. The radioactive particulate emission

rates for these stacks have been discussed in Section 5.3.2 and
presented in Table 2.

Wind blown tailings emissons are calculated with an internal sub-
routine of UDAD using a theoretical model with experimental input



parameters described in Reference 3 that indicate emissions in-
crease as the cube of the wind speed and inversely as the square
of the moisture content. Tailings ponds Nos. 2 and 3 were repre-
sented by a series of square area sources. The ponds were assumed
to be 50% dry on the average. The specific activity of the tail-
ings emissions was assumed to be *“hat presented in Table 1 with a
bimodal particle size distribution consisting of 30% with an ac-
tivity median diameter of 5 um and 79% with an activity median
diameter of 35 um based on References 8 and 14.

The radioactive emissions due to road fugitive dust were based on
a very comprehensive evaluation by Union Carbide of traffic pat-
terns in the site vicinity coupled with analyses of selected road
dust samples, including silt content (smaller than 200 Mesh) and
the svecific activities of U-Nat, Th-230, Ra-226, and Ph-210.(10)
This information was used by NUS to calculate radicactive emission
rates using the following procedure. Road fugitive dust emissions
were calculated using EPA emission factors that are a function of
road silt content, vehicular speed, number cf tires, tire width,
and the number of wet days per year.(ls) The emission factors
were initially developed for unpaved roads, but were applied to
paved roads, as required, using an EPA recommended paving control
efficiency of 85%. No dust control measures were assumed for
unpaved roads, although Union Carbide indicated such roads are
watered approximately once per week. After calculating the fugi-
tive dust emission rates, the appropriate specific activities were
applied to determine the radicactivity emission rates. These
emissions were treated as area sources by assigning the emissions
to one of 27 square road emission areas, shown in Figure 7.

Fugitive radiocactive emissions due to the ore handling activities
of « e stockpile loading, wind erosion, and loadout were based on
EPA emission factors for such emissions. (16) No emission controls
such as watering were assumed in -hese activities.



The emission sources considered in the analysis and their associ-
ated UDAD input parameters are presented in Table 10. The loca-
tions of the point and area sources are shown in Figure 7.

6.3.4 Receptor Locations

Ernvironmental concentrations and associated doses were calculated
at an array of receptor locations including: 1) standard UDAD
receptor locations in 16 wind directions and 15 downwind distances
out to 80 km, and, 2) 42 special receptor locations in the site
vicirlty. The special receptor locations considered in the anal-
ysis are presented in Table 11 and shown in Figures 3 and 8.
Ingestion pathways considered at the special receptor locations
are also shown in Table 11.

6.3.5 UDAD Model Screening Runs

UDAD model screening runs were made using Grand Junction and on-
s.te valley meteorological data with various combinations of point
and area sources to optimize the comparison of predicted and mea-
sured concentrations. An integration period of 18 years of equiv-
alent 1979 full capacity operation was used that includes both the
commercial and noncommercial milling periods at the site.

A set of two UDAD r.ns were made in this optimization procedure.
Since only concentrations were being evaluated at this point, dual

split solubility runs were not necessary. The two runs included:

® UDAD Run 1 - All point and area sources (Grand Junction
JFD)

® UDAD Run 2 - All point and area sources (Valley Station
JFD)
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Using these runs individual source contributions to the concentra-
tions at locations 1, 2, and 3 were manually summed to develop
predicted concentrations for four scenarios, including:

® Scenario 1

All point and area sources (Valley Station
JFD)

® Scenario 2

All point and area sources (Grand Junction
JFD)

w
|

® Scenario A Plant and Valley sources (Valley Station
JFD)

B Plant and tailings (Grand Junction JFD)

® Scenario 4 A and B Plant (Valley Station JFD) Tailings

(Grand Junction JFD)

The results of the screening runs are summarized in Table 12

which presents the ratios of the predicted cor atrations, with
and without background, to the measured concentrations. Predicted
concentrztions without contribntion from resuspended dust but with
windblown tailings were in better agreement with the measured con-
centrations than when resuspension was included. The best agree-
ment with the measured concentrations occurred in Scenario 3 where
the Valley Station JFD was used with the A Plant and valley
sources, and the Grand Junction JFD used with the B Plant, tail-
ings, and other mesa sources. This is consistent with the conclu-
sion of the meteorological data review that either Scenario 3 or 4
were expected to fit with the physics of the problem, based on the
evaluation of the terrain and the two onsite meteorological data
sets. The use of the Valley Station JFD with B Plant sources in
Scenarios 1 and 4 resulted in an overestimate of the concentrations
at location 3 and an underestimate of the concentrations at loca-
tion 1, probably due to the high frequency of down valley flows
associated with the Valley Station JFD. When applied to the B
Plant stacks, the down-valley flow component directs emissions
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towards location 3 and awa, from location 1. The use of the Grand
Junction JFD for the B plant stacks resulted in a much better
agrcement with the measured concentrations, probably because of a
cross valley wind component that decreases location 3 concentra-
tions and increases location 1 concentrations.

In general the predicted concentrations using Scenario 3 agree
suprisingly well with the measured concentrations, especially when
the complex terrain and uncertainties associated with the spectrum
of input parameters are considered.

The predicted concentrations without resuspension of previously
deposited airborne material but including windblown tailings were
in much better agreement with the measured concentrations than
when resuspension was included. Resuspension associated with wind
erosion usually occurs with a threshold wind speed of approximately

12 mph. The low :ailings particulate emissions, generally con-
tributing less than 5% to the concentrations, reflect the low

annual average wind cpeed at the site using the higher average
wind speed Grand Junction data for tailings emissions. Even if
the tailings emissions model used in UDAD were off by an order of
magnitude, the tzilings would still not contribute much to the
concentrations. It should be further noted, that for a given
emission rate, concentrations predicted by a Gaussian model are
inversely proportional to the wind speed, so that even if wind
erosion emissions increase with wind speed, this is counteracted
somewhat by increased dispersion. The low predicted tailings

emissions indicate that resuspension is not an important mechanism
at the site.

It is important at this point to understand how UDAD calculates
resuspension. UDAD calculates tailings emissions assuming that
emissions increase as the cube of the wind speed as discussed pre-
viously. At a given receptor location, however, the resuspended
air concentration (that due to the resuspension of previously
deposited material including stack and road dust emissions and
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windblown tailings) is calculated in a manner completely independ-
ent of wind speed, based on resuspension factors derived from
field studies of resuspended plutonium at the Nevada Test Site
where wind speeds are higher and there is little topography or
vegetation. For the integration period considered in the analy-
sis, UDAD calculates that the total air concentration including
resuspension is 1.626 times the direct air concentration. Since
the use of the added factor of 0.626 due to resuspension results
in large overprediction of the concentrations and since the low
tailings emissions reflect that resuspension is not an important
mechanism at the site, all subsequent dose calculations in the
analysis were based on direct airborne concentrations without re-
suspension, but included windblown tailings.

6.3.6 UDAD Model Production Runs

A set of final UDAD model runs were made based on Scenario 3 of
the UDAD screening runs described in Section 6.3.6. The final

UDAD model production runs consisted of four runs, including dual
split solubility runs using the Valley Station JFD for the A Plant
complex and other valley sources, and dual split solubility runs
using the Grand Junction JFD for the B Plant complex, tailings and
roads on the mesa above the valley.

The outputs of the four runs were combined and additional hand
calculations were applied so that the methodology would be con-
sistent with that in the draft NRC draft regulatory guide for such
calculations as described below.

The UDAD model calculates doses to the upper respiratory system

in terms of those to the nasopharyngeal, tracheobronchial, pulmo-
nary, and lymph nodes individually. The draft NRC regulatory
guide and MILDOS calculates a mass average lung dose by weighting
doses to the individual regions of the respiratory system by their
masses, which are 1.4 g for the nasopharyngeal, 400 g for the tra-
cheobronchial, 600 g for the pulmonary, and 15 g fcr the lymph
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nodes. The mass average lung doses were hand calculated in *his
manner using the combined doses from the four UDAD runs for the
individual compartments.

The dose conversion factors in UDAD and the associated computa-
tional methodology for the ground plane doses also differs from
that in the draft NRC regulatory guide, Ground concentrations
calculated by UDAD were used as input to a hand calculation based
on the draft regulatory gu. “», Dose rates due to decay products
of Ra-226, including Rn-222 and its short-lived daughters, were
deleted from the calculation for two reasons. First, 40 CFR 190
doses limits do not include Rn-222 and its short-lived daughters.
Second, it seems reasonable that any Rn-222 due to dispersed
Ra-226 in a ground deposit would off-gas and be dispersed from

the deposition site anyway, and its inclusion in the calculation
would be unrealistic.

The ingestion doses and associated calculation methodology in UDAD
differ markedly from those in the draft regulatory gqguide, primarily
in terms of the dose conversion factors, the environmental transfer
factors from scil to vegetation, and the manner in which vegetation
types are treated. The ingestion doses were therefore hand calcu-
lated using the methodology in the draft regulatory guide with
inputs consisting of the direct airborne and ground concentrations
of each radionuclide as calculated by UDAD.

The radiological doses at selected receptor locations were calcu-
lated assuming alternative emission control scenarios.

These scenarios as specified by Union Carbide included the follow-
ing:

Scenario 1 - Presently installed emission controls as re-

flected in the source emission rates presented
in Table 10.



Scenario 2 - 67% reduction in yellowcake emissions
99% reduction in AK leach emissions

Scenario 3 83% reduction in yellowcake emissions

99% reduction in AK leach emissions

Scenario 4 83% reduction in yellowcake emissions

process changes designed to eliminate
Aerofall, fine ore bin, AK leach, and
stack emissions.

Scenario 5

and a

and

and
the
leach

83% reduction in yellowcake emissions, 99%

reduction in AK leach emissions, and elimina-
tion of vegetable gardens from the town of

Uravan.

The results of the dose calculations and the effect of alternative
emission controls scenarios are presented in the following chapter.



7.0 RESULTS AND DISCUSSION

7.1 Environmental Radioactive Concentrations

The direct airbornc and ground concentrations for each radionuclide
of interest predicted by UDAD at the selected receptor locations
are summarized in Table 13. These concentrations are based on 18
years of equivalent 1979 full capacity operation without resuspen-
sion. Airborne concentrations would be increased by a factor of
1.626 if resuspension were included. Since 40 CFR 190 dose limits
are applicable to commercial uranium fuel cycle operations only,
the analysis is somewhat conservative in that the 18 years of op-
eration considered includes only 10 years of commercial operation.
The ground concentrations reported in Table 13 should be multiplied
by 0.59, 0.85, 1.1 and 1.33 to co>tain ground concentrations for 10,
15, 20, and 25 years of commercial operation, respectively.

The highest concentrations are predicted to occur in a WNW direc-
tion from the yellowcake building as a reference point. Of the
selected receptor locations, Block C had the highest airborne con-
centration of U-238 and U-234, and location 3 had the highest air-
borne concentrations of Th-230, Ra-226, and Pb-210.

A comparison of the predicted direct airborne concentrations with
the measured concentrations at monitoring locations 1, 2, and 3

has already been made as part of the UDAD screening runs with the
results presented as Scenario 3 of Table 12. lthough there are
some variations, the predicted and measured airborne concentrations
are considered to be in reasonably good agreement. This is rather
surprising, especially when che complex terrain and variability in
the spectrum of input parameters are considered.

A comparison was made of predicted and measured radiocactivity con-
centrations in soil at selected locations within Uravan. The
resuits indicate the measured concentrations are higher than
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the predicted concentrations by one to tw- orders of magnitude.
The measured soil concentrations presented in Table 7 indicate
there is no significant decrease in concentrations in going from
the top 5-cm soil layer to the top l-foot soil layer, with con-
centrations actually increasing in many cases. This tends to
indicate the concentraztions in the soil are due to below ground
contamination, instead of due to the deposition of airborne
activity. Soil concentrations would be expected to decrease
rapidly with depth if they were airborne derived. This situation
is considered to reflect the radicactive contamination of the
soil within the town of Uravan due to radium, vanadium, and ura-
nium milling that took place onsite prior to the establishment
Oof the present Union Carbide commercial uranium milling
operations.

The relative contribution to the direct airborne concentration at

selected receptor locations is shown in Table 14. These results
indicate that over 90% of the U-238 and U-234 is due to the yel-

lowcake stack emissions, and the AK leach stack and Aerofall
stacks account for approximately 50% and 20%, respectively, of the
Th-230, Ra-226, and Pb-210 concentrations, with the other stacks
accounting for most of the remainder. Fugitive radiocactive dus*
from site roads account for up to 25% of the Ra-226 and less than
10% of the Th-230 and Pb-210. Tailings emissions generally ac-
count for less than 5% of the Th-230, Ra-226 and Pb-210, primarily
because low annual average wind speeds at the site do not result
in much wind erosion of th~ tailings.

7.2 40 CFR 190 Radiological Doses

The 40 CFR 190 radiological doses by dose pathway (inhalation, in-
gestion, cloud immersion, and ground plane radiation) and radionu-
clide (U-238, U-234, Th-230, Ra-226, and Ph-210) are presented in
Table 15 for eight selected receptor locations in the site vicinity
having the highest predicted dose rates. The calculations assumed
emission scenario 1 in which presently installed emission controls
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are in 2ffect. The calculation of ingestion doses conservatively
assumed that each receptor obtained their entire annual vegetable
requirement from a vegetable garden located at the receptor loca-
tion. The dose rates are reported for the skin, whole body, lung,
bone, kidney, and liver in terms of mrem/yr which represents the
integrated 50-year dose due to a one year exposure.

The results indicate that with the presently installed emission
controls the doses due to the operation of the Uravan Uranium Mill
are in excess of 40 CFR 190 at selected receptor locations in the
town of Uravan occur in Block C with doses of 158, 283, and 79
mrem/yr to the lung, bone, and kidney, respectively; the remaining
organ doses are within the limits of 40 CFR 190. These doses are
followed in order of magnitude by those in Block B, Block D, Block
A, and Block E. Location 3 had higher predicted doses than those
of Block C but location 3 is well within the site boundary and not
near any residential location. FPurthermore, Union Carbide indi-
cates there are no residences presently in Block C, so that Block
B would have the highest doses where residents live, these being
100, 156, and 47 mrem/yr to the lung, bone, and kidney, respectively.

The effect of additional alternative emission controls on the
doses presented above was evaluated based on the emission control
scenarios described in Section 6.3.6. The fractional contribu-
tions to the radiocactive airborne concentrations with the pres-
ently installed emission controls (Scenario 1) by each emission
source have been summarized previously in Table 14. The addi-
tional reductions indicated by Emission Control Scenarios 2, 3, 4,
and 5 were applied to determine the resulting fractional contribu-
tion of each emission source to the airborne concentrations. The
indicated reductions from this analysis were applied to the 40 CFR
190 doses summarized in Table 15 by doss pa b.ay and radionuclide.
The inhalation and cloud immersion doses are directly proportional
to the airborne concentrations, so they scale directly. The ground
plane doses, due to prior deposition, are unaffected by the emis-
sion reductions. The ingestion doses were further evaluated to
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determine what portion of the ingested activity comes from air-
borne activity deposited on the vege.ation, and what portion

comes from root uptake due to the ground plane deposits. The
results as summarized in Table 16 indicated the airborne contri-
bution to the ingestion doses were more than an order of magnitude
higher than the ground plane contribution. Hence, the reduction
in iagestion doses resulting from each emission scenarioc essen-
tially scales directly according to the reduction in emissions.

The results of the evaluation of the effect of additional al‘-er-
native emission ~ontrols on the doses at the eight selected
receptor points with the highest doses are summarized in Table 17
by dose pathway and radionuclide for Emission Control Scenarios 2,
3, and 4. The results indicate that the application of Emission
Control Scenario 4, consisting of an 83% reduction in yellowcake
emissions and process changes designed to eliminate the Aerofall,

fine ore bin, AK leach, and leach stack emissions, would reduce
predicted radiological doses within the residential portions of

Uravan to a maximum of 20.5 mrem to the bone. Therefore, Union
Carbide would be able to meet the 40 CFR 190 limits according to
this analysis by implementing an emission and/or process control
strategy which lies between Scenario 3 and Scenario 4.

Similar analyses were performed at other selected receptor loca-
tions in the site vicinity. The results are summarized in Table 18
which presents the total doses to the whole body, lung, bone, kid-
ney, and liver resulting from all dose pathways and radionuclides
for each emission control scenario. Since the bone is the criti-
cal organ with respect to 40 CFR 190 doses, the results for the
yrid receptor locations were used to generate 25 mrem/yr bone dose
isopleths for each emission scenario which are presented on a site
map in Figure 11.
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Table 1

Specific Activities of Ore, Taillings, and Yellowcake

Source =l ______Concentrations?® = : Specific Activity Ratios Relative to U-Nat
Material O-Natb 230  Ra-226F  Po-di0P vp0.© U-wat  T™-230 Ra-226  Pb-210
Yellowcake 521,583 2,503 21 309 1,800 1 0.010 0.001 0.001
Ore 1,125 542 595 617 15,5% 1 0.964 1.058 1.097
Tailings 166 485 573 666 4.7% 1 5.85%0 6.907 8.028

a. 90.5% of Th-230, 97.4% of Ra-226, and 1008 of Pb-210 (+ analytical error) in ore repo.ts to tailings.
b. pCi/g
c. mg/3



Tabie 2

Padioactive Stack Particulate Emissions

Radioactive Emission Rate, Ci/yr

Stack U-238 U-234 Th-230 Ra-226 Pb-21C
Yellowcake  5.36E-01  5.36E-01  8.51E-03  3.45E-04  4.00E-03
Ak Leach 4.79E-02  4.79E-02  1.94E-01  7.09E-02  3.23E-Ol
Leach 6.26E-04  6.26E-04  6.39E-04  2.39E-04  |.56E-03
Aerofall #1  4.74E-03  4.74E-03  5.57E-03  1.93E-03  9.92E-03
Aerofal! #2  9.16E-03  9.16E-03  2.88E-02  3.36E-03  1.58E-02
Aerofall #3  3.14E-02  3.14E-02  3.20E-02  2.10E-02  3.24E-02
Aerofall #4  4.04E-03  4.04E-03  9.37E-03  4.44E-03  6.14E-03
Fine Ore Bin 5.34E-03  5.34E-03  8.45E-03  1.83E-02  |.27E-02



Table 3

Swamary of Annual Average Airborne Concentrations
at Uravan Uranium Mill Site (May 197 - April 1979)

Airborne Concentration at Indicated Specific Actuivity of Awborne Particulates at Indicated
—___ Monitoring Locations® o Monnoring Locavions, pCu/g
Component i ik 1 B = 43 . ok 3 ‘
U-238 4.3%E - 02 1.07E - 01 7.20E - 02 2.46E - 02 8.32E «+ 02 2.00E « 03 S8.9%E + 02
U-2% 4.34E - 02 1.07E - 01l 7.20E - 02 2.46E - 02 8.32E « 02 2.00E + 03 8.9%E + 02
Th-230 1.66E - 02 1.38E - 02 4.00E - 02 7.60E - 03 J.I%E + C2 2.58E « 02 4.96E + 02
Ra-226 6.40E - 03 6.22E - 03 2.81E - 02 1.00E - 04 1.23E + 02 1.09E + 02 3.49E + 02
Pb-210 3.69E - 02 4. 44E - 02 7.51E - 02 - 7.07E + G2 8.28E + 02 9.32€ « 02
V?O’ 3.20E « 01 3.48E - 01 9.27E - 01 2.82E - 0l - - -
Parniculates 5.22E «+ 01 5.36E + 01 8.06E + 01 - - -

a. Units are as follows: U-238, U-234, Th-230, Ra-226 and Pb-210 reported as
pl‘n/ml, and VZO, and particulates reported as g/m’

b. Data for monitoring location & is available for June and July 1979 only.



Table &

Summary of Region. ' Background Concentrations

of Airborne Radiwactive Particulates

1
Background Awr Concemration, plym

Relerexe Location U-23% Ra

Disappointmem Valley, Colorado - 4. 00E 0%
Tallahassee Creek, Colorado 3. 38E 05
State of Lhah

State of Urah

Denver, Colorado

State of Colorado
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Table S

Specific Activity and Silt Content of Road Dust Samples

Silt o oo Concentration® et
Sample Location® Content, 89 U-NatT T m-2307  Ra-226Y  Pe-2109  vaos®
Dl Block B 22.69 63.2 40.1 3.0 43.8 0.95
D2 Iron Steps 16.72 4“4 57.3 244 4.8 0.71
D3 B Plant (Maintenai.ce Shop) 21.1 321.5 177.5% 168.7 172.2 6.25
D4 County %oad by SX 12.26 155.0 75.1 71.9 62.2 2.1
Ds Hier. Canyon Road 18.41 56.8 32.6 35.8 29.3 .11
D6 B Plant (Leach) 11.90 223.9 156.7 15.8 19.9 5.3
D7 B Plant (Ore Haul Road) 13.45 160.7 133.4 108.4 110.3 3.45
D8 School 11.50 80.4 52.0 L L] 12.0 1.43
09 Block H 5.1 23.0 23.3 27.8 12.7 1.0
Dlo B Plant (Service Road) 7.4 80.4 64.3 26.4 154.1 1.95%

See Figure 5 for sampling point locations
Defined as finer than 200 Mesh
Concentration in silt content of dust
pCl/g

mg/y

eQanoTe



Location

59
S40
Sei

U-Nat

15.80

16.79
28.24

27.77
39.54

__Specilic Activity, pCi
Th-230

21.16

» 4
A7

Nw e

196.22
24 .91

TABLL

6

Specihic Activity of Soil Samples

Ra-226
5.58

13.47
28.04
9.84
8.21
33.79
16.29
44.82
7.51
20.68
2.32
9.26
8.67
23.%7
7.66
26,34
16.9%
H7.14
32.97
15.69
9.54
103.26
18.99
42.27
26.09
5.29
28.26
13.68
13.94
22.18
2.9%
4.56
b.4%6
3.05
5.89
3.65
1.25
5.84
4.58
24.36

/g (5 cmn Layer)

V.I()’

.29
ol
.25
.36
.61

eoo0Ce

19.77
31.28
44.70
33.27
66.16

5%.61
86.29

12.46

11.50
15.80

14.81
16.79

Specitic Activity, pCi/g
Th-230

13.18

22.22

5.99

13.47
14.87

6.17
27.12
50.97
12.63
53.67

61.63
410.92

6.44

.08
7.59

Ra-226

2.57
23.42
5.9
§.49
9.43
8.24
3.27
25.68
6.5%5
6.26
3.12
5.67
3.63
6.49
7.99
20.19
33.63
30.3%6
42.02
1.5}
7.39
37.83
2.53
29.66
85.99
248.05
89.06
8.72
18.08
7.29
2.75
1.24
4.34
4.70
4.72
1.%
4.62

(1 toot Depth}

Vzl),

0.21

06.43
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Inhaltion Dose Rate Conversion Factors

With Revised Solubility Classification®

b

Inhalavion Dose Conversion Factods, mrem/yr per pl 1/ m

Th-230 Ra-226 Pb-210

LS
Particle Group |

W. Body . 28E =+ 01 1.37E
Bone . : ' §.901
Lung 4. > 2.37¢
Liver ). ] 2.82E
Kidney . ) 2+ 01 1.37E +

Paruicle Group

W. Body o : 00 1.66E
Bone ; 0l 5.95E
Lung o v 02 3.22E
Liver " . 3.431
Kidney . 0l 1.67E

carucle Group

W. Body . 5.60E « 00 1.01E
Bone 8. 9.05E + 01 3.60E
Lung . 8.32E + 01 1. 38k
Liver . 0. 2.07E

Kidney . 2.16E + 0l 1.00fk

Partcle Group

W. Body A 00 5.771
Bone : / 01 2.071
Lo 2. ) 3.71E
Liver . > 1. 191

Kiudney 5. 73

Standard computer notation is used 1n this table: 1. 28t
50 year iegrated dose due 1o a | year exposure

See Table 10
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Table 10

Emission Sources Considered in the

UDAD Modeling
Kh ' “ AN, CI/YEAR PLEMN NSEL
- X Y { RRCA LY Z30Tu 2:6RA 21uPu Q228N Iv SEY EXIT VFL SOURCE TYYPE
1 Ve 04 -0, 00 Zle3d e 00L=U6 Sedot=01 Bebli=03 2e456~04 4.00£-03 e 1101 1 3e25E400 YELLOWCAKE
i ~Ue2s -0,05% 11,86 1eD0E =086 44a930-00 TeS6c=02 Jo07e=02 ¢to42c=02 040 2201 3 1e10E¢01 AEROFALL
3 e 29 ~0,13 Iied lad0c=086 4o79E=02 1o94E-01 T,09E~02 32,23E=-01 0.0 2301 3 6o 30E+00 AKX LEACH
. -d. 30 “0s 10 | P | 16000 =06 6e26L=04 6o39t=04 2439E-03 1¢565-03 040 2401 3 lo"!". LEACH
5 U5 0,11 194 14006=06 54331=03 B4450=03 1,64E-0¢ 1,2TE~02 040 2501 3 1 59E¢01 FIMNE ORE BIN
[ =l,d led)d Ve 0 Vo 12601 b4 12E=-04 Bo02E~04 TJ29E-04 1,97E-04 0.0 js01 2 0e 0 ROADS
1 wled lett) 0.0 1.726=01 94959E=04 1430E-03 1,20E~03 3.06€~04 0.0 3602 2 0.0 ROADS
L) “Vabl | P 0,0 sef2t~01 be21E~04 Beld8E~0¢ TadTe-04 2.04p-04 0,0 3603 2 0,0 ROADS
9 =04 40 | PTY Je Gal9E=02 S5,59(-04 Te2BL=04 6.T4E-04 1.68c~-04 0.0 4601 2 0e 0 ROADS
10 -de 16 V.76 Je 0 1?29t =02 4ebci=06 1.03E=05 4o79E~06 Eob68E~-06 040 4602 2 0.0 KOADS
11 U4 0.7¢ 040 e WF=02 1el51-04 1¢ 97 084 1,3T7E-04 3,42E-05 0,0 4003 2 0,0 KOADS
12 =15 Q.76 Jet Yo lGE=02 4e%4t=03 54426-04 5,006-04 1,36E-04 0.0 4604 2 0e 0 ROADS
1) - 4¢ Uené 0.0 Sol9E=02 5429t =06 1e20L=05 S5¢69E=~06 1.03c~05 0e0 4605 ‘2 0.0 kOADS
s =0, 15 0.40 0.0 Ue29F=02 Seb60i=04 To24b=U8 6.6TC-04 1,88(-06 0,0 6601 2 0.0 KO4DS
1% -Neln 0.1% 040 1e?9L=02 TolS5E=05 A 18E~04 A,595E-04 S5,75e-04 0,0 5601 2 0.0 ROADS
16 -Ne bt Celd 0.0 J 29602 2403t =04 6e34E~04 S5.84£~04 1,09c~-03 0.0 5602 2 0.0 ROADS
17 -0s1% .15 0.0 e ?GF=02 4,264E~05 beolt=05 3,38E~04 14306-04 0,0 6602 2 0.0 Koaps
13 Ogl3 0.15 Je0 Gel9E=0Z 656604 949TE~-04 TLB85E-04 1,95E~04 0,0 6603 2 0.0 ROADS
19 -ledd -Ue 30 0.0 36720 =01 1413E=0% 1,82E~04 Jo3TE~04 1.50E-04 0.0 £603 2 0.0 ROADS
20 ~0.76 -0.15 0e0 GelZ9E=02 TolSE=0% 4elut=04 4,95E~04 5.75c~04 0,0 5604 2 0.0 ROADS
21 =Uest -0,15 Jde 0 Je G0 =02 2.98E-04 T439L=0% 6.84E~04 6,18E~04 040 5605 2 0,0 ROADS
22 “Hel> ~0s15 Oe 0 Ve 29t =02 24326=04 I M1E=04 1 S9E~04 4,06E~-04 040 5606 2 0.0 ROADS
23 Ue 15 -0 15 Je v Ced9t=02 5500-04 be l8E~04 ,¢‘6£‘°§ TeS56E~04 0.0 6604 2 Je0 ROADS
24 Jeno 0415 Vel Ye 9E=-02 1e0EE=03 1e39t=03 1,27E-03 2,23E-04 0.0 €605 2 0.0 ROADS
25 %70 -0e 46 Ue O 54096=02 14827=0% 1,060i~04 1,25E=04 ledéc-04 0.0 5607 2 0.0 ROADS
26 ~Uebé ~0.46 e 0 4e20E=02 4¢356=04 6423E-03 4461E-0) 5,13E-03 0,0 5608 2 0.0 ROADS
21 ~0s 15 -0, %0 Uat) Go 9F =00 lebbE=06 G6,8YE=0& 5,57E=0% S5,74c~04 040 5609 2 0.0 ROADS
28 Os 12 ~le bt Ue 0 Je 9E=02 6659¢=05 T,58E~05 Be3IAE~05 ¢ E1E-05 040 6606 2 0.0 ROADS
29 Je bt -0.40 Oe 0 1 el 9t =02 1453005 3453605 1,656~05 2.98E-05 0,0 6607 2 0,0 ROADS
30 UeTe “Ug b Uel Gl 9E=02 1438E=03 1,78E=03 1,65E~03 4,11E-04 0,0 6608 2 0.0 KOADS
31 “«los? “0De 1 Ve 3472001 5e05:=08 06409E=03 4e66E~03 5,10E-03 0,0 5610 2 0.0 ROADS
) ¥ -Jalt ~de 16 Ue 0 1629t =02 Seb4i=06 T426E-03 54526-03 ¢a06E-03 0,0 Sel1l 2 0.0 ROADS
3 “Ne4b N, 16 Ue0 Gl 96 =02 lelat=08& S,T3E=04 A eTE~04 &, B85E-0¢ 0,0 5612 2 0.0 ROADS
34 ~0469 Qe Ju De 0 2.516=02 34080L=04 L1eB0c=0) 213E=-03 2,47E~03 040 8701 2 0.0 TAILINGS
EL) ~det 3 e DU de9 Je51F =02 340HE=04 Le80c-03 2,136-03 2.47E-03 0,0 8702 2 0,0 TAILINGS
38 “Jat s -C 0f 040 JeS1E=02 3,081 =04 1,800=03 2,13E~03 2,47E-03 0,0 87103 2 0.0 TAILINGS
31 -0s 53 -0e 9 Je i) JeA =02 3.08E-04 148003 26413E-03 2.47E-03 0.0 8704 2 0.0 TAILINGS
38 -Jetd “le '3 Ja ) Yo 51E=02 3.081=06 lecOt=03 2,136~03 2.,47(-03 0,0 8705 2 0.0 TAILINGS
39 “0e51 o P | D0 ced2lt=02 1,00 =08 Lla8Uc=0s 2,135-03 2,476e-03 0,0 8706 2 0.0 TAILINGS
40 -Je i “0eb3 e et 0°=0z Ve l2E=04 LlebTc=03 2420E-03 2.5%c~03 0.0 9701 2 0.0 TAILINGS
41 ~Jetis -t Jed ceoUt =02 3419:=0& loblc=03 2420c=03 Z.56E-03 0,0 9702 2 0.0 TAILINGS
4 “Jdyia -0 any Jot) 1,.0F=02 34191204 1e07e=03 2,206-03 2,560-03 0,0 9703 2 0.0 TAILINGS
4 “0e 2 ~le ' Qe Levli=l¢ 1o59c=02 o548k =02 1,69E=02 1.75-02 060 Taol 2 0.0 ORE HAMOLING



Table 11

Receptor Locations and Receptors
Considered in the Analysis?

' IDENTIFICATION XCKM) Y(XM) Zn)
1 MONITORING LOCATION 1 0e02 0622 00
2 MONITORING LOCATION 2 =0e55 0.76 0.0
3 MONITORING LOCATION 3 -0¢59 026 0e0
4 MONITORING LOCATION 4 -led? -0e.82 Je 0
5 MONITORING LOCATION 5 $e 27 -1.01 0.0
L] BLOCK A -0s10 030 le0
7 8LOCK 3 -0e24 Oe51 0.0
8 8LOCK C -0s30 0.40 0e 0
9 BLOCK D Oelé -0,05 0e0
10 8LOCK E De 42 -0.17 0«0
11 BLOCK F De 654 -0e 36 0e 0
12 BLGCK G '0020 006‘ 000
13 8LOCK H -0.59 l1.01 Oe 0
14 BLOCK J -Qeo . 097 0.0
15 TRAILER CCURT =04 65 le16 Oe0
16 "INING CAMP 1 10 16 '2.31 000
17 MINING CAMP 2 -1.51 =030 0«0
i8 WINTER RANGE 1 (MEAT) O0e80 0e50 0e0
19 WINTER RANGE 1 (MILK) 0e80 0e30 O0e 0
20 WINTER RANGE 2 (MEAT) Z2ell 2eél Ce 0
21 WINTER RANGE 2 (MILK) 2e11 2e41 0e0
22 WINTER RANGE 3 (MEAT) -4eb32 =2.21 De0
23 WINTER RANGE 3 (MILK) whes3 -2.21 0e0
24 SUMMER RANGE (MEAT) 0e50 =493 0e0
25 SUMMER RANGE (MILK) 0650 -46,93 040
26 RANCH 1 (VEGETATION) 10606 =11.87 0«0
27 RANCH 1 (MEAT) 10406 =11,37 Oe 0
28 RANCN 1 (”ILK) 10.06 '11037 ro
29 RANCH 2 C(VEGETATION) 1237 =0e60 0.0
30 RANCH 2 C(HMEAT) 1237 =060 Oe 0
31 RANCH 2 (MILK) 12637 =00 60 0e0
32 RANCH 3 (VEGETATION) -8e45 8s15 0«0
33 RANCH 3 ("E‘T) ‘80‘5 8.15 000
EL ) RANCH 3 (MILK) =Be 45 8¢15 Je0
35 RANCH & (VEGETATION) =11,387 Jeb! Q.0
36 RANCH & (MEAT) -11.87 Se61 Je 0
37 RANCH & (MILK) =-11657 9.61 0.0
38 NUCLA 17607 =10,T7c¢ 0e 0
39 WEST VANCORIUM 12670 =14,88 Oe 0
49 PARADOX =19465 =050 0.0
41 BECRAOCY =13,30 -6s15 Ded
42 GATE4AY =21033 34,33 060

a.

See Figures 8 and 9 for locations of receptors.



Tabile 12
Alternative Scenarios Considered in the UDAD Scireening Runs

Ratio of Predicted to Measured Airbocne Concentrations®

Source  Monitoring _ __ Without Background ____ With Background

Scenario  Met JKD Group location U-238 T™-230 Ra-226 Pb-210 Average 0-238 T™h-230 Ra-226 Pb-210 Avecage

| Valley All Sources 1 0.99 0.32 0.38 0.05 1.00 0.33 0.41 9.59
2 0.97 1.11 0.97 0.48 1.13 0.97 1.12 1.00 0.93 1.24

3 1.51 2.58 .98 2.64 1.52 2.58 1.56 2.91

2 Grand All Sources 1 1.60 0.7 0.89 0.44 1.61 0.78 0.92 0.98
Junction 2 0.27 0.82 0.82 0.35 o.m 0.27 0.83 0.85 0.80 0.88

3 .90 1.01 0.64 0.76 0.91 1.01 0.65 1.03

] valley A Plant L} 1.06 0.7 0.91 0.44 1.07 0.78 0.9 0.98
Grand B Plant and 2 0.97 0.91 0.84 0.36 0.82 0.97 0.92 0.87 0.81 0.94

Junction Tailings 3 .21 1.02 0.64 0.76 1.21 1.02 0.65 1.03

k) Valley A& B Plants ) ¢.99 0.33 0.42 0.06 1.00 0.34 0.45 0.60
Grand Tailings 2 0.97 1.12 1.00 0.45 1.14 0.97 1.13 1.03 0.9 1.25%

Junction 3 1.51 2.58 1.57 2.64 1.52 2.58 1.58 2.91

a. Predicted concentrations do not include resuspens.on. Concentration ratios with resuspension are higher by a
factor of 1.626.

bh. Background concentrations taken to be 4.00E-N4 pCi/-’ for U-238, 1.64E-04 pCl/-’ for T™h-230, and 2.73E-04 p(,‘l/l’
for Ra-226 from Disappointment Valley, Colorado and 2.00E-04 pCl/-3 or Pb~210 for the State of Colorado (from
Table 4).



FTABRLE 13

Radhvoac tive Auborne and Groomed

(dl
Concentrations at Sclectcd Receptor Locations

Radioactive Awrborne Concentrations Radwactive Ground Concentrations
_ __ Without Resuspension (pCifm’) .= After 18 Years of Operation (pCi/m’)

Reeopror 1-238 Th-230 Ra 226 P-210 1-258 ™ 230 Ra-226 Pb-210 Po-210
Momtoning Locaton | 4.58E-02 1.26E-G2 5.60E-03 1.61E-02 2.420405 7.9%E .04 4.91E+04 5. 16E404 $.230L .08
Monittoring Location 2 1.06E-01 1.256E-02 S.13E-03 1.61E-02 5.30E405 7. 43404 4.30E 04 7.83E.04 7.91E.0%
Momtoning | ocaton 3 $.65E-02 3.936-02 1 72602 5.64E-02 4.5%E.05 2.46E.405 |.68E+05 2.89E405 2.92E+05
Momitoring Lucation & 4.89E-03 8.67E-03 3.58E-03 1.25E-02 2.61E404 5.51E+04 2.42E404 6.13E.0% 6.200406
Monttoring Location 5 |.84E-03 9.66E-04 4.35E-08 1.34E-03 9.40E403 5.26E403 3.31E.03 6.0% 403 6.11E+«05
Block A 7.63E-02 1.17E-02 5.07E-03 1.40E-0G2 3.94E 05 7.59E .04 5.02C+04 7.74:404 7.81E404
Block 18 9.68E-02 1.39E-02 6.05E-03 1.76E-02 3.98E.+05 8.66E+04 5.43E.04 8.9.E04 8.98E +04
Block © 1.72E-01 2.09E-02 8.45E-03 2.63E-02 8.78E+05 1.25E+405 7.37E404 I SIE«05 1.32E.05
Block D 2.90E-02 1.69E-02 7.63E-03 2.27E-02 1 .60E +05 1.06E 05 6.37E+04 1. 15E.05 1.16E+05
Mok I 3.44E-02 1.38K-02 6.57E-03 1.68E-02 1.88E.05 9.05E +04 6.30E403 5.72E404 8.56E 04
Block F 4.07€-02 1.35%-02 6.14C-03 1.75E-02 2.15E+05 8.21E+04 4.80E 08 §.40€ .04 8,450 .04
Block G 3. 126-02 1.03E-02 4.98E-03 1.32E-02 1.:8E+05% 6. 50E +04 4.23E404 6.64E 04 6.70€ 04
Block H 6.33E-02 9.41E-03 4.21E-03 1.19E-02 3.29E.405 5.72E+04 J.41EO4 5.81E.04 5.861 04
Block 1 8.36E-02 9.84E-03 4.18E-03 1.27E-02 4.26E+05 5.76E .04 3.25E.04 6.06E 04 6.13L+04
Trarler Cowt 5.36E-02 $.12E-03 3.60E-03 I.04E-02 2.77E+05 4.890L404 2.88E404 4.99E.+05 5.04F 04
AMining Camp | 6.27E-03 2.40E-02 I.1IE-03 1.516-03 3.22E404 1.41E.08% 7.76E403 1.64E.04 1.661 04
Mining Camp 2 4.90E-03 8.61E-03 3.59E-03 1.25%6-02 2.58E.404 5.24E 04 2.37E+04 5.97F.04 6.04E .04
Winter Range | 3.59E-03 2.97E-03 1.34E-03 4.24E-0) .96+ 08 |.68E 404 9.63E.03 1.97E+04 1.996+04
Winter Range 2 1.01E-03 6.21E-04 2.84E-04 8.73E-04 5.17E+03 3.47E.03 2.05E403 4.06E+03 $.10E403
Winter Range 3 $.86E-04 1.36E-03 5.95E-04 1.936-03 4.48E+03 6 97E+03 3.I8E+03 $.17E+03 $.27E403
Stiner Range §.36F-04 7. 26E-04 3.246-04 1.01E-03 4.27E+03 3.86E.+03 1.96E .03 4.49E€.+03 &.5E03
Ranch | 3.20k-04 1.O3E-06 4.85C-05 1. 40E-04 1.65€.03 5.64E402 3. 1IE«02 6.34E402 6.41E402
Ramnh 2 1. 48E-04 8.73E-05 4. 16E-05 1. 19C-04 7.62E402 4.77E402 2.761402 5.46E402 5.52E.402
Rawch 3 1.89¢8-03 G.490-04 Z.OIE-O6 5.95E-04 9.59E4+03 2.36E+03 1176403 2.61E.+03 2.64E403
Ranch & 9. 16E-04 2.95E-04 1.35E-04 3.97E-04 4.63E4+03 1.55E403 7.74E402 1.73E.+03 1.75E+03
Nui la 148104 7.69E-05 3.65E-05 L. 06E-04 7.56E+02 4. 186402 2.32€402 4.80E .02 4.856402
West Vancoram 2. 10E-04 6.83E-05 3. 198-05 9.23E-05 1.07E.03 3.69E402 2.02E402 4.16E402 §.21E402
Pacadox 8.73E-05 6. 46E-05 3.01E-05 1.40E-04 4.50E402 3.27F+02 1.58E402 3.75+02 3.79E.02
Bedeo L 7.26E-05 1.26E 04 5.956-05 1.74E-0% 3.690.402 6.42E402 3. 16E+02 7.43E.02 7.52E402
Cateway 7.07E-05 2.68E-05 1.26E-05 1.65E-05 3.59E.402 1.40E+02 7.08E 401 1.60E-02 1.61E+02

(4} Concontrations with resuspension approximately 1,626 times higher than values reported in table.



Pl 10

Frac tional Cossion Sou e Contrbutions to Direct Arborne

Radioac ive Concentrations at Selected Receptor Locations

Percent Contribution

ecopior Radonmm hide Yellowcale  Acrofall Ak Leach Leach Fine Ore Bin — Roads  Tailings
bow atwms | 11-238 8.93E-01 §.526-02 3.89E-02 4.24E-08 3.03E-03 1. 19E-02 5.76E-08
Th-23%0 5.14E-02 £.92E-01 5.73E-01 1.57E-03 1.756-02 8.97E-02 i.216-02
Ra-226 4.681-03 2.3%0E-01 4.71E-01 1.328-02 7.66E-02 1.726-00 3.21E-02
- 210 |.89F-02 1.670-01 7.45E-01 3.00E-03 2.06E-02 3.03E-02 1.30E-02
oot 2 11238 9.53-01 1.57E-02 1.75E-02 2.10E-04 1.336-03 8.61E-03 2.82E-04
Th-2% 1.26E-01 2.01E-01 5.91E-0) 1.78E-013 1.74E-02 4.90E-02 1.376-02
Ra- 226 1.24E-02 1.99E-01 5. 26E-01 1.62E-02 8.28E-02 1.264E-01 3.93E-02
PL-210 §.58E-02 1.326-01 7.64E-01 3.37E-03 2.04E-02 |.876-02 I.86E-02
Location 3 o238 8. 38E-01 J.48E-02 7.54E-02 6.74E-04 5.35E-03 3. 64E-0) i E-03
h-23%0 2.93E-02 2.%3E-01 6.72E-01 1.51E-03 1.86E-02 1.93E-02 2.43E-02
Ra-2s6 2.71E-G3 2.%E-01 5.62E-01 1.29€-02 8.26E-02 4.01E-02 6.57L-02
Po-210 9.57E-03 1.49E-01 7.80E-01 2.57E-03 1.95E-02 1.850-02 2.34E-02
ook A 1-23%8 9.42E-01 2.5%E-01 2.01E-02 2.16E-04 1.60E-03 9.69E-03 §.36E-0On
T™h-230 9.74E-02 2.5%L-01 5.31E-01 |.44E-03 1.65E-02 7.83E-02 1 67E-0
Ra-226 9.09¢-03 2.39E-01 4.48E-01 1.23-02 7.40C-02 1.72E-01 §.56E-O.
Ph-210 3.72E-05 1.76E-91 7.15E-01 2.85L-03 2.01E-02 3.26E-02 1.85£-02
Mock B 1-238 9.46E-01 2.29€-0z 1.99E-02 2.25C-04 1.69E-03 8.67E-03 3. 49E- 08
h-23% 7.91E-02 2.45E-01 5.64E-01 1.60E-013 |.87E-02 7.27E-02 1.42E-02
Ra-226 7.59E-03 2.28E 0l 4.764LE-GI 1.37€-02 8.35E-02 1.5%E-01 3.85E-02
'b-210 3.036-02 1.64E-01 7.39E-01 3.09E-03 2.22€-02 2.41E-02 1.5%E-02
o b ¢ 11238 9.59E-01 2.03E-02 1.63£-02 1.85E-06 1.36E-03 3.60E-03 2.7 O4
h-230 1. 25E-01 2.57E-01 5.45E-01 1.95E-03 |.78E-02 §&.08E-02 1.3 E-02
Ra-226 1.2%:-02 2,58E-01 4.93E-01 1.63E-02 §.54E-02 9.60F-02 4.026-02
1"h-210 4.68E-02 1.73E-01 7.226-01 3.01L-03 2.126-02 | .84E-02 1.50E-02
Mok D -238 7.661L-01 1.04E-6) 8.69E-02 9. 10E-04 6.69E-03 3.31E-02 9.51E-04
h-230 2.08E-02 2.76E-01 6.04E-01 1.60E-03 1.82r-02 7.28E-02 9.59CE-03
Ra- 226 1.86E-03 2.49E-ul 4.89E-0) 1.3ME-02 7.84E-02 1.64E-01 2.50E-02
PL-210 7.14E-03 1.74E-01 7.49€-01 2.90E-0% 2.03E-02 3.76E-02 9.78E-03
Mok E - 238 8. 28E-01 7.15%-02 5.26E-062 S.41E-04 4.5%%-03 4.04K-02 5.55E-04
h 230 3.28E-02 2.74E-01 5.30L-01 1.38E-03 1.80E-02 1.33E-01 £.12€-03
Ra 226 2.77C-03 2.3E-01 4.08E-01 1.02E-02 7.37E-02 2.93E-01 2.GIE-02
" 210 1.26F-02 1.90E-01 7.26E-0l 2.76E-03 2.23E-02 3.51E-02 9.17E-03



40 CFR 190 Doses of Selected Receptor Locations by Dose Pathway and Radionuclide (Bmission Control Scenarcio 1)

2athway
Inhalation

Cloud Immecrsion

Ground Plane

Ingestion

Total

Inhalation

Sloud Immersion

Ground Plane

Ingestion

Total

Organ

W. Body
Lung
Bone

Tidney
Liver

Skin
W. Body

Skin

W. Body
Lung

Kidney

Liver

Skin
W. Body

Skin
W. Sody

W. Body
Bone

Kidney
Liver

Skin
#. Body
Lung

Kidney

Liver

Table 15

Location 1 Organ Doses (mrem/yr)

.

U-238 U-234 Th-230 Ra-226 Pb-210 Total
S.44E-01 6.20E-01 1.99 2.04E-01 7.12E-02 3.43
2.70 3.08 3.74E+01 3.26E+01 1.20E+0L 8.78E+01
9.18 1.00E+01 7.2040% 2.04 2.22 9.45E+01
2.10 2.39 1.99 7.202-03 1.8% 2.63E+01

w— - 4.10 2.54E-01 5.66E-01 4.67
3.172-04 3.17e-06 1.54E-06 1.21B-04 $.32E-05 4.98E-04
6.68E-06 9.45E-08 3.358-07 §.58E-05 1.92e-07 7.31E-0%
.17 5.18E-01 1.44E-01 4.70E-02 4.48E-01 2.33
6.42E-01 9.54E-02 4.012-02 3.34E-02 1.53E-01 9.69E-01
1.24E-01 1.428-01 3.05e-02 L.4? 4.972-01 2.21
2.07 2.26 i.10 1.322+01 1.26E+0L 3.12E+01
4.128-01 4.69E-01 1.45E-01 6.08E-02 1.03e+01 1.14E+01

- -— 6.06E-02 2.26E-03 3.49 3.5%
1.17 5.18E-01 1.442-01 4.712-02 4.48E-01 2,33
1.1 8.472-01 2.06 1.66 7.21E-01 6.61
3.34 3.18 3.74B+01 3.26E+01 1.222+01 2.98E+01
1.198+01 1.24E#01 7.21E+01 1.53E+01 1.502+01 1.278+02
3.18 2.95 2.18 1.06E-0L 1.23E+01 3.87E+0L
6.42E-01 9.53E-02 4.20 4.10E-02 4.21 9.19

Location 2 Organ Doses (mcem/yr)
L.29 .47 1.98 1.83e-01 7.128-02 4.99
3.48 6.24 3.74E401 3.032+01 1.20E+01 9.142+01
2.172+01 2.37E+01 7.08E+01 1.83 2.21 1.20E+02
4.95 5.64 1.99E+01 6.47E-03 1.34 3.23E+01

- - 4.08 2.28E-04 $.63E-01 4.85
7.158-04 1.16E~05 1.528-06 1.09E-04 5.292-05 3.91=-04
1.51e-08 2.13E-07 3.75E-08 5.93E-05 1.91e-07 7.48E-05
2.56 1.14 1.35e-01 4.12E-02 4.13E-01 4.31

.41 1.09E-01 3.7%8-02 3.36E-02 l.472-01 1.84
2.128-01 3.21e-01 3.00E-02 1.28 4.96E-01 2.41
4.0 5.12 1.08 1.19E+01 1.25E+01 3.53E+0L
9.34.-01 1.06 l.43e-01 5.49E-02 1.022+01 2.38E+01

5.97e-02 2.04E-03 .47 3.53
2.56 1.14 1.35e-01 4.13E-02 4.31e-01 4,21
2.98 2.00 2.08 1.30 7.14E-01 3.24
5.89 6.45 3.74E401 3.03E+01 1.212+01 3.322+01
2.78E+01 2.90E+01 7.19E+01 1.38E+01 1.49E+01 1.57E+02
7.29 6.91 2.01e+01 9.502-02 1.222+01 5.79E+01
1.41 2.09E-01 4.18 3.59E-02 4.13 L.00E+0L



Table 15 (Continued)
40 CFR 190 Doses of Selacted Receptor Locations by Dose Pathway and Radionuclide (Emission Control Scenario 1)

Location 3 Organ Doses (mrem/yr)

Pathway Qrgan uU-238 U-234 Th-230 Ra-226 Pb-210 Tota
Inhalation W. Body 9.87e-01 1.1? 6.57 6.57E-01 2.55B-01 9.60
Lung 5.76 6.56 1.25E+02 1.07E+02 4.23E+02 2.86E+01
Bone 1.65E+01 1.83E+01 2.35E+02 6.57 7.78 2.85E+02
Kidney 3.82 4.35 6.57E+01 2.33E-02 5.47 8.04E+01
Liver a - 1.35B+01 8.19E-04 1.98 1.55E+01
Cloud Immersion Skin 6.02E-04 9.80E-06 4.931B-06 3.87E-04 1.86E-04 1.198-03
W. Body 1.278-08 1.79e-07 1.21e-07 2.10E-04 6.7°e-27 2.24E-04
Ground Plane Skin 2.19 9.75E-01 4.46E-01 1.612-01 1.52 5.29
W. Body 1.20 1.79E-01 1.24E-01 1.312-01 5.42E-01 2.18
Ingestion W. Body 2.36E-01 2.69E-01 9.48E-02 4.48 1.74 6.32
Bone 3.92 4.28 .4 4.17E+0L 4.40E401 9.73E+01
Kidney 7.80E-01 8.88E-01 4.51-01 1.92E-01 3.60E+01 3.83E+04
Liver - - 1.89e-01 7.168-03 1.228+01 1.24E+01
Total Skin 2.19 9.752-01 4.46E-01 1.61E-01 1.52 5.29
W. Body 2.42 1.58 6.70 5.27 2.54 1.86E+01
Lung 6.96 6.74 1.25E+02 1.07E+02 4.28E+01 2.38E+02
Bone 2.16E+01 2.28E+01 2.39E+02 4.84E+0L $.23E+01 3.84E+02
Kidney 5.30 5.4 6.63E+01 1.94E+01 4.30E+01 1.21E+02
Liver 1.20 l.79e-01 1.38E+0 1.39e-01 1.47E+01 3.01E+0L

Block A Organ Doses (mrem/yr)

Inhalation W. Body 9.36E-01 1.07 1.84 1.93E-01 6.48E-02 4.11
Lung 4.7 4.74 3.45E+01 2.92E+01 1.07E+01 8.34E+01
Bone 1.58E+01 1.73e+01 §.60B+01 1.93 2.01 1.03E+02
Kidney 3.61 .11 85E+01 6.81E-G3 1.73 2.30E+01
Liver - - 3.80 2.402-04 5.13g-01 4.31
Zloud Immersion Skin $.272-04 8.59E~06 L.44E-0F 1.13E-04 4.81E-05 6.98E-04
W. Body 1.11E8-0% 1.572-07 3.53e-08 6.112-05 1.74E-07 7.268-05
Ground Plane Skin 1.91 9.48E-01 1.37E-01 4.80E-02 3.88E-01 3.33
W. Body 1.08 1.56e-01 3.83e-02 3.92E-02 1.45e-01 1.43
Ingestiion W. Sody 2.07e-01 2.16E-01 2.84E-02 .1 4.488-01 2.24
Sone 3.45 .76 1.02 1.23E+01 L.13E+01 3.78E+01
Kidney 6.86E-01 7.81E-01 1.35e-01 5.69E-02 9.26 1.09E+01
Liver - - 5.64E-02 2.12E-03 3.14 3.20
Total Skin 1.91 8.48E-01 1.37e-01 4.81E-02 l.s8e-01 3.33
W. Body 2.19 1.46 1.91 1.5% 6.58E-01 7.78
Lung 5.22 4.90 3.45E+01 2.92E+01 1.08E+01 8.48E+01
3one 2.03E+01 2.12B+01 6.712+01 L.43E+01 1.338+01 1.36E+02
Kidney 5.3 5.08 1.87E+01 1.02E-01 1.11E+01 4.02B+01
Liver 1.08 1.568-01 1.89 4.16E-02 3.80 2.34



40 CFR 190 Doses of Selected Receptor Locations by Dose Pathway and Radionuclide (Emission Control Scenario 1)

2achvay

Inhalation

loud Tmmersion

Ground Plane

Ingestion

Total

Inhalation

Cloud Imsersion

Sround Plane

Ingestion

Toetal

Organ

W. Body
Lung
3one

Kidney
Liver

Skin
W. Sody

Skin
W. Body

W. Body
3one

Kidney

Liver

4. Body
Lung
Sone

Kidney
Liver

Skin
W. Sody

Skin
W. Sody

W. BSody
Kidney

Liver
Skin
Lung

3one

Kidney
Liver

Table 15 (Continued)

Block 3 Organ Doses (mrem/vc)

U-238 U-234 Th=-230 Ra-226 Pb-210 Total
9.39e-01 1.07 2.20 1.39E-01 7.82E-02 4.43
4.25 4.85 4.14E+01 1.53E+01 1.31E401 9.852+01
'.S58E+01 1.73E+01 7.85E+01 .22 2.42 1.16E+02
1.61 4.11 2.20E+01 7.84E-03 2.02 3.18E+01

- - 4.70 2.77E-04 6.18E-01 5.32
5.31E-04 8.64E-06 1.70E-06 1.31E-04 5.82E-05 7.31E-04
1.15E-05 1.63E-07 5.93e-08 9.75E-05 3.06E-07 1.10E-04

1.92 8.52E-0L 1.57e-01 5.20E-02 3.352-02 3.06
1.06 1.57e-01 4.012-02 +24E-02 1.67E-01 L.&7
2.39E-01 2.95E-01 3.36E-02 1.53 S.44E-01 2.66
4.31 4.70 1.21 L.43E+01 1.38E+0L 3.33E+01
8.59E-01 9.77E-01 1.60E-01 6.59E-02 1.12E+01 L.33E+01

- - 6.678-02 2.45E-03 3.81 3.a8

1.92 8.52E-01 1.57e-01 5.21E-02 8.35e-02 3.06
2.28 1.52 .27 .71 7.89e-01 8.356
5.31 5.01 4.14E+01 3.53E+01 1.33E8+01 1.00E+02
2.12E+01 2.22E+01 7.98E+01 1.66E+01 1.64E+01 1.56E+02
5.5 5.28 2.222+01 1.16E-01 1.342+01 4.66E+01
1.9 1.57e-01 4.81 4.52E-02 4.60 L.O7E+0L

Block C Organ Doses (mrem/yr)

2.13 2.44 3.35 3.09E-01 1.17e-01 3,35
3.12 1.03E+01 6.31E+01 5.14E+01 1.96E+01 1.33E+02
5.45E+01 3.94E+01 1.20E+02 3.03 3.62 2.20E+02
8.21 9.37 3.35E+01 1.09e-02 3.02 S.412+01

“wo - 5.89 3.85E-04 9.22E-01 7.82
1.19E-03 1.93E-05 2.56E-06 1.85E-04 8.66E-0S 1.43E-03
2.50E-0S 3.54E-07 6.30E-08 1.00E-04 3.14E-07 1.26E-04
4.23 1.89 2.27E-01 7.05E-02 7.20E-01 7.14
.33 3.46E-01 6.34E-02 S.76E-02 2.45E-01 4.51
4.67E-01 5.33e-01 5.02e-02 2.13 1.118-01 3.99
.71 8.48 1.81 1.982+01 v.p8eaa) 5.84E+01
1.55 1.76 2.39E-01 9.14E-02 1.67E+01 2.03E+01

- - 9.98E-02 3.40E-03 5.68 5.78
4.23 1.89 2.27e-01 7.07E-02 7.20E-01 7.4
4.33 3.2 3.46 2.50 .17 1.69E+0L

L.15E+01 1.06E+01 6.322+01 5.15E+01 1.98E+01 L.58E+02
§.46E+01 4.328+01 1.22E+02 2.29E+01 2.442+01 2.83E+02
1.21E+01 L.1SE+01 3.38E+01 1.60E-0] 2.00E+01 7.39E+01
.13 3.468-01 7.0% 6.15E-02 9.31E+01 L.81E+01



Table 15 (Continued)
40 CFR 190 Doses of Selected Receptor Locations by Dose Pathway and Radionuclide (Emission Control Scenario 1)

8lock D Oc Doses (mrem/vr)

2athway Organ 0-2 U-234 Th-230 Ra-226 Pp-210 Total
Inhalation W. Body 3.15e-01 3.398-01 2.73 2.74E-01 1.01e-01 3.78
Lung 2.2 2.54 5.18E+01 4.57E+01 1.70E+01 1.20E+02
Bone 5.31 5.79 9.81E+01 2.74 3.14 1.15R+02
Kidney 1.21 1.38 2.74E+01 9.67E-03 2.62 3.26E+01
Live - e 5.63 3.41E-04 8.00E-01 6.44
Cloud Immersion Skin 2.02E-04 1.29E-06 2.08E-06 1.65E-04 7.53E-05 4.48E-04
W. Body 4.25E-06 6.02E-08 $.13E-08 8.98E-05 2.728-07 9.40E~05
Ground Plane’ Skin 7.73E-01 3.44B-01 1.912-01 6.10E-02 6.33E-01 2.00
W. Body 4.25e-01 6.50E-02 5.33e-02 4.98E-02 2.16E-01 8.09e-01
Ingestion W. Body 7.88E-02 8.98E-02 1.36E-02 1.25 5.02E-01 1.95
Bone 1.3 1.43 l.48 1.16E+01 1.27E+01 2.85E+01
Xidney 2.612-01 2.97E-21 1.60E-01 5.35E-02 1.04E+01 1.12E+01
Liver - - 8.12E-02 1.99e-03 .52 3.60
Total Skin 7.73E-01 3.44E-01 1.91e-01 6.12E-02 §.33E-01 2.00
W. Body 8.19e-01 5.14E-01 .82 1.57 8.19E-01 6.54
Lung 2.65 2.81 5.19E+01 4.57E+01 1.728+01 1.21E+02
Bone 7.08 7.29 9.956E+01 L. 44E401 1.61E+01 L. 44E+02
Kidney l.90 1.74 2.76E+01 1.13E-01 1.32E+01 4.46E+01
Liver 4.25E-01 5.50E-02 5.76 $.22E-02 4.54 1.08E+01

Block E Organ Doses (mrem/yrc)

Inhalation W. Body 1.90E-01 4.44E-01 2.14 2.35E-01 7.45E-02 3.28
Lung 2.19 2.30 4.01E+01 1.62E+01 1.25E+01 9.35E+01
Bone .58 7.19 7.67E+01 2.3% .31 9.51E+01
Kidney 9.23 1.7% 2.15E+01 8.29E-03 1.92 3.44E+01
Liver -— - 4.41 2.93E-04 5.37E-01 5.00
Cloud Immersion Skin 2.38E-04 3.87E-06 1.68E-08 1.39E-04 5.52E-05 4.38E-04
W. Body $5.01E-06 7.09E-08 4.13E-08 7.55E-08 2.00E-07 8.09E-05
Ground ?Plane Skin 9.05E-91 4.04E-0L 1.65E-01 §.032-03 4.69E-01 1.95
W. Body 4.99E-01 7.418-02 4.57E-02 4.92E-03 1.00E-01 7.84E-01
Ingestion W. Body 9.382-02 1.072-01 3.36E-02 1.25 5.02E-01 1.99
Bone 1.56 i.7¢ 1.21 1.16E+01 1.278+01 2.88E+01
Kidney 3.11E-01 3.53E-01 1.60E-01 5.358-02 1.02E+0L 1.11E+01
Liver -— -— 6.67E-02 1.99e-03 .32 .59
Total Skin 9.05e-01 4.04E-01 1.65E-01 §.17E-03 4.63E-01 1.9%
W, Body 9.83e-01 6.26E-01 2.22 1.49 7.37E=01 6.08
‘ang 2.69 2.57 4.012+01 3.822+01 1.278+01 9.43E+01
Bone 3.64 8.96 7.802+01 1.40E+01 L.32E+01 1.25E+02
Xidney 1.00E+01 .14 2.17E+01 §.68E-02 1.258+01 4.65E+01
Liver 4.99E-01 7.412-02 4.52 7.288-03 $.27 5.37
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Fable 16

Contribution to Ingested Activity

by Awborne and Ground Concentrations

Airborne Ingested Activity, pCi/yr Ground Ingested Activity, pCi/ye : Total Ingested Activity, pCi/yr

Receptos U-233 Th-230 Ra-226 Pb-210 U-238 Th-230 Ra-226 Pb-210 U-238 Th-230 Ra-226 Po-210

Location | L.G7E+GY  4.05E.02 1.80E.02 5.17E402 1.11E+02  6.13E401  6.97E+01  6.01E+01  1.58E403  4.66E+02 2.30E402 5.77E402
Location 2 1.3LE.03  4.02E402 1.65E+02 S.U7E+02  2.43E402 5.73E+01  6.17E+01 5.77E+01 3.58E+03  4.59E«02 2.26E+02 5.75E.02
Location 2.78E4+03 1.26E.403 5.52E+02 1.81E4+03 2.08E,02 1.90E+02 2.39E+05 2.13E+02 2.99E.03 1.45E+03  7.91E+02 2.02E.0)
Block A 2.45640%  3.76E402  1.63E.02 4.63E402 1.81E.02  5.86E.01 7.13E«01  5.70E.01  2.63E+03  4.38E.02 2.34E.02  5.20E.02
Mook B IIEWO3 4. 46E402 1.94E+02 5.65E+02 1.83L402 6.68E40I 7.71E401  6.56E+01 3.29E+03  S5.13E«02 2.71E+02 6.31E.02
tock (€ 5.92F 03 6.71E+02 2.71E+02 8.45E:02 4.03E+02 9.65E.01 1.05E+02  9.65E401 5.93E.03 7.68E+02 3.76E402 9.41F+02
Wack 1 9.31E02  5.43E.02  2.45E+02  7.29E402 7.34E«O1  S.18E+«0L  9.05E+01 8.47E«01 1.00E«03 6.25E«02 3.36E.02 8.14F 92
Block 1 1.I0EA0?  4.83E402  2.11E+02  5.40E/02 8.626+01  6.98E+0I 8.95 4.21E.01 1196403 5.13E+02 2.20E+02 5.82E.)2



Table 17

Total 40 CFR 190 Doses of Selected Receptor Locations by Radionuclide
(Emission Control Scenarios 2, 3, 4, and 5)

Dose Rate, mrem/yr

Receptor Scenario Organ U-238 U-234 Th-230 Ru-226 Pb-210 Total
Location 1 2 Whole Body 8.84E-01 3.72E-01 8.44E-01 9.01E-01 2.95e-"" 3.30
Lung 1.62 1.21 1.49E+01 1.73E+01 3.15 3.82E+01
Bone 4.73 4.55 2.87E+01 8.13 3.86 5.00E+01
Kidney 1.55 1.13 8.90E-01 7.46E-02 3.19 6.83
Liver 6.42E-01 9.53E-02 1.70 3.98E-02 1.17 3.65
3 Whole Body 7.69E-01 2.63E-01 8.28E-01 8.99E-01 2.93E-01 3.07
Lung 1.24 7.73E-01 1.46E+01 1.73E+01 3.12 3.70E+01
Hone 3.12 2.79 2.82E+01 8.12 3.81 4.60E+01
Kidney 1.10 7.24E-01 8.73E-01 7.45E-02 3.15 6.01
Liver 6.42E-01 9.53E-02 1.66 3.98E-02 1.15 3.59
1 Whole Body 7.56E-01 2.26E-01 2.64E-01 3.71E-01 1.79e-01 1.80
Lung 1.10 6.22E-01 4.19 6.72 7.11E-01 1.33E+01
Bone 2.57 2.19 8.04 31.16 8.42E-01 1.68E+01
Kidney 1.07 5.84E-01 2.77E-01 5.24E-02 7.18E-01 2.70
Liver 6.42E-01 9.53E-02 5.02E-01 3.90E-02 3.42E-01 1.62
5 Whole Body 7.62E-01 2.32E-01 8.16E-01 1.47gE-01 1.71E-01 2.13
Lung 1.24 7.73E-01 1.46E+0) 1.73B401 3.12 3.70E+01
Bone 2.66 2.30 2.77E+01 1.12 7.01E-01 3.45E+01
Kidney 1.10 6.21E-01 8.16E-01 4.23E-02 6.10E-01 3.19

Liver 6.42E-01 9.53E-02 1.64 3.86E-02 2.93E-01 2.71



Table 17

Total 40 CFR 190 Doses of Selected Receptor Locations by Radionuclide
(Bmission Control Scenarios 2, 3, 4, and 5) (Continued)

Dose Rate, mrem/yr

Receptor Scenario Organ U-238 U-234 Th-230 Ru-226 Pb-210 Total
Location 2 2 Whole Body 1.95 8.00E-01 7.01E-01 7.23E-01 2.73E-01 4.45
Lung 3.30 2.27 1.24E+01 1.43E+01 2.82 3.51E+01
Bone 1.05E+01 9.72 2.38E+01 6.50 3.4 5.408+01
Kidney 3.43 2.42 6.65 6.26E-02 2.82 1.54E+01
Liver 1.41 2.09e-01 1.40 3.47E-02 1.05 4.10
3 Whole Body 1.71 5.53E-01 6.61E-01 7.20E-01 2.64E-01 3.91
Lung 2.46 1.41 1.16E+01 1.42E+01 2.62 3.23E+01
Bone 6.48 5.74 2.23E+01 6.47 3.18 4.42E+01
Kidrey 2.54 1.50 6.25 6.24E~02 2.63 1.30E+01
Liver 1.41 2.09E-01 1.32 3.47E-02 9.78 1.28E+01
4 Whole Body 1.68 5.15e-01 2.07e-01 2.75e-01 1.70E-01 2.85
Lung 2.35 1.28 3.18 5.03 6.40E-01 1.25E+01
Bone 5.92 5.14 6.08E+01 2.30 7.52E-01 2.02E401
Kidney 2.42 5.14 6.08E-01 2.30 7.52E-01 2.02E+01
Liver 1.41 2.09e-01 1.86E-01 3.40E-02 3.13E-01 2.35
5 Whole Body 1.66 4.91E-01 6.51E-01 1.19e-01 1.62E-01 3.o08
Lung 2.46 1.41 1.16E+01 1.42E+01 2.62 3.23E+01
Bone 5.58 4.76 .20E+01 8.92E-01 €.02E-01 3.38E+01
Kidney 2.36 1.29 .01 3.67E-02 5.26E-01 1.02E+01

Liver 1.41 2.09g-01 1.30 3.38E-02 2.63E-01 3.22
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Table 17

Total 40 CFR 19) Doses of Selected Receptor Locctions by Radionuclide
(Bmission Control Scenarios 2, 3, 4, and 5) (Continued)

Dose Rate, mrem/yr

Receptor Scenario Organ U-238 U-234 T™h-230 Ru-226 Pb-210 Total
Location 3 2 Whole Body 1.65 6.88E-01 2.32 2.40 9.83E-01 7.94
Lung 3.30 2.57 3.95E+01 4.52E+01 9.89 1.00E+02
Bone 8.63 8.40 7.52E+01 2.15E+01 1.20E+01 1.26E+02
Kidney 2.87 2.09 2.10E+01 2.26E-01 9.93 3.61E+01
Liver 1.20 1.79E-01 4.4 1.35E-01 3.68 9.63
3 whole Body 1.48 5.01E-01 2.19 2.40 9.81E-01 7.58
Lung 2.52 1.69 3.89E+01 4.51E+01 9.85 9.81E+01
Bone 5.90 5.37 7.40E+01 2.14E+01 1.19E+01 1.19E+02
Kidney 2.26 1.38 2.06E+01 2.26E-01 9.89E-01 3.44E+01
Liver 1.20 1.79e-01 4.37 1.35E-01 3.66 9.54
1 Whole Body 1.38 3.86E-01 4.49e-01 6.76E-01 6.21E-01 3.51
Lung 2.05 1.15 6.22E+01 1.09E+01 2.21 2.25E+01
Bone 4.22 3.52 1.18E+01 5.25 2.59 2.74E+01
Kidney *.88 2.54E-01 3.35 1.54g-01 2.22 8.56
Liver 1.20 1.79E-01 7.92E-01 1.32E-01 1.10 3.40
5 Whole Body 1.43 4.39E-01 2.16 4.21E-01 5.98E-01 4.88
Lung 2.52 1.69 2.89E+01 4.51E+01 9.85 9.81E+01
Bone 5.00 4.39 7.30E+01 3.03 2.25 8.77E+01
Kidney 2.08 1.18 2.05E+01 1.41E-01 1.97 2.59E+01

Liver 1.20 1.79E-01 4.31 1.32E-01 9.78E-01 6£.70



Table 17

Total 40 CFR 190 Doses of Selected Receptor lLocations by Radionuclide
(Bmission Control Scenarios 2, 3, 4, and 5) (Continued)

Dose Rate, mrem/yr

Receptor Scenar io Organ “U-238 U-234 Th-230 Ru-226 Pb-210 Total
Block A 2 Whole Body  1.45 6.12E-02  8.02E-01  8.71E-01  2.95E-01  3.48
Lung 2.51 1.81 1.41E+01  1.61E+01  3.27 3.78E+01
Bone 7.77 7.51 2.74E401  7.87 4.03 5.46E+01
Kidney 2.55 1.86 7.66 7.43B402  3.35 1.55E+01
Liver 1.05 1.56E-01  1.62 4.06B-02  1.21 4.08
3 Wnole Body  1.28 4.15e-01  7.73E-01  8.70B-01  2.95E-01  3.63
Lung 1.88 1.09 1.36E+01  1.61E+01  3.27 3.59E+01
Bone 4.86 4.3 2.64E+01  7.85 4.03 4.75E+01
Kidney 1.90 1.12 7.36 7.42B-02  3.35 1.38E+01
Liver 1.05 1.56E-01  1.55 4.06E-02  1.21 4.01
4 Whole Body  1.24 3.78E-01  2.48E-01  3.71E-01  1.71E-01  2.41
Lung 1.76 9.62E-01  3.90 6.43 6.92E-01  1.37E+01
Bone 4.32 3.74 7.54 3.16 8.25E-01  1.96E+01
Kidney 1.78 9.87E-01  2.13 5.32E-02  7.07B-01  5.66
Liver 1.05 1.56E-01  4.70E-01  3.98E-02  3.32E-01  2.05
5 Whole Body  1.24 3.68E-01  7.61E-01  1.06E+01  1.64E-01  2.94E+0l
Lung 1.88 1.09 1.36E+01  1.61E+01  3.27 3.59E+01
Bone 4.18 3.58 2.60E+01 1.10 7.32B-01  3.56E+01
Kidney 1.76 9.70E-01  7.31 4.30E-02  6.50E-01  1.07E+01

Liver 1.05 1.56E-01 1.53 3.94E-02 2.95e-01 3.07



Table 17

Total 40 CFR 190 Doses of Selected Receptor Locations by Radionuclide
(EBmission Control Scenarios 2, 3, 4, and 5) (Continued)

Dose Rate, mrem/yr

Receptor Scenario Organ U-238 U-234 Th-230 Ru-226 Pb-210 Total
Block B 2 Whole Body  1.47 6.29E-01  9.098-01  9.26E-01  3.21E-01  4.25
Lung 2.53 1.84 1,61E401  1.86E+01  3.42 4.25E+01
Bone 8.02 7.77 3.10E+01  8.73 4.19 5.97E+01
Kidney 2.61 1.92 9.22 8.12E-02  3.45 1.73E+01
Liver 1.06 1.57E-01  1.89 4.39E-02  1.27 4.42
3 Whole Body  1.29 4.23E-01  8.80E-01  9.17E-01  3.18E 01  3.83
Lung 1.89 1.10 1.56E+01  1.85E+01  3.3¢ 4.04E+01
Bone 4.98 4.45 3.00E401  8.70 4.11 5.22E+01
Kidney 1.93 1.45 8.91 8.11E-02  3.38 1.58E+01
Liver 1.06 1.57e-01  1.83 4.39E-02  1.24 4.33
4 Whole Body  1.26 3.898-01  2.63E-01  3.66E-01  1.95B-01  2.47
Lung 1.78 9.82E-01  4.18 6.89 7.53E-01  1.46E+01
Bone 4.48 3.90 8.01 3.25 8.92E-01  2.05E+01
Kidney 1.82 1.02 2.40 5.68E-02  7.58E-01  6.05
Liver 1.06 1.57E-01  5.17E-01  4.30B-02  3.65E-01  2.14
5 Whole Body  1.24 3.62E-01  8.67E-01  1.15B-01  1.69E-01  2.75
Lung 1.89 1.10 1.56B+01  1.85E+01  3.35 4.04E+0)
Bone 9.99 3.53 2.96E+01  1.21 7.55E-01  4.51E+01
Kidney 1.76 9.58E-01  8.31 4.66E-02  6.58E-01  1.17E+01

Liver 1.06 1.57E-01 1.81 4.26E-02 3 7 i-01 3.39



Table 17

Total 40 CFR 190 Doses of Selected Receptor Locations by Radionuclide
(Bmission Control Scenarios 2, 3, 4, and 5) (Continued)

Dose Rate, mrem/yr

Receptor Scenario Organ U-238 U-234 Th-230 Ru-226 Pb-210 Total
Block C 2 Whole Body 3.22 1.36 1.35 1.29 4.80E-01 7.70
Lung 5.44 3.86 2.39E+01 2.60E+01 5.22 6.44E+01
Bone 2.36E+01 1.67E+01 4.60E+01 1.16E+01 6.37 1.04E+02
Kidney 5.66 4.14 1.28E+01 1.09E-01 $.25 2.80E+01
Liver 2.33 3.46E-01 2.7¢ 5.96E-02 1.92 7.36
3 Whole Body 2.82 9.05E-01 1.28 1.28 4.73E-01 6.76
Lung 4.04 2.28 2.26E+01 2.59E:01 5.07 5.99E+01
Bone 1.40E+01 $.35 4.35E+01 L.15E+01 6.18 8.45E+01
Kidney 4.16 2.44 1.21E+01 1.09e-01 5.10 2.39E+01
Liver 2.13 3.46E-01 2.56 5.968-02 1.87 7.17
4 Whole Body 2.7 8.42E-01 3.21E-01 3.94e-01 2.83E-01 4.61
Lung 3.85 2.07 4.85 7.15 1.06 1.90E+01
Bone 1.27E+01 8.34 9.30 P | 1.24 3.48E+01
Kidney 3.96 2.20 2.62 7.18E-02 1.06 9.91
Liver 2.33 3.46E-01 5.93E-01 5.82E-02 5.1BE-01 3.85
5 whole Body 2.73 8.05E-01 1.26 2.13e-01 2.74E-01 5.28
Lung 4.04 2.28 2.26E+01 2.59E+01 5.07 5.99E+01
Bone 1.26E+01 1.75 4.29E+01 1.58 1.14 6.60E+01
Kidney 3.87 2.11 1.20E+01 6.32E-02 9.88E-01 1.90E+01

Liver 2.13 3.46E-01 2.52 5.79E-01 4.72E-01 6.25



Table 17

Total 40 CFR 190 Doses of Selected Receptor Locations by Radionuclide
(Bmission Cuntrol Scenarios 2, 3, 4, and 5) (Continued)

Dose Rate, mrem/yr

Receptor Scenario Organ U-238 U-234 Th-230 Ru-226 Pb-210 Total
Block D 2 Whole Body 5.83E-01 2.45E-01 1.13 8.35e-01 3.69E-01 3.16
Lung 1.32 1.08 2.02E+01 2.36E+01 4.53 5.07E+01
Bone 2.27 2.07 3.84E+01 7.42 4.22 5.44E+01
Kidney 8.34E-01 5.31E-01 1.07E+01 8.24E-02 3.51 1.57E+01
Liver 4.25E-01 6.50E-02 2.25 5.11E-02 1.31 4.10
3 Whole Body 5.34E-01 1.90E-01 1.12 8.33E-01 3.69E-01 3.05
Lung 1.04 7.71E-01 2.00E+0] 2,.35E+01 4.52 4.98E+01
Bone 2.27 2.07 3.84E+01 7.42 4.22 5.44E+01
Kidney d.34E-01 5.31E-01 1.07E+01 8.24E-02 3.51 1.57E+01
Liver 4.25E-01 6.50E-02 2.25 5.11E-02 1.31 4.10
4 Whole Body 4.90E-01 1.39E-01 2.91E-01 3.07E-01 2.45E-01 1.47
Lung 7.89E-01 4.82E-01 4.50 7.77 1.04 1.46E+01
Bone 1.51 1.25 8.61 2.47 9.86E-01 1.48E+01
Kidney 6.66E-01 3.40E-01 2.42 6.06E-02 8.49E-01 4.34
Liver 4.25E-01 6.50E-02 5.44E-01 5.03E-02 4.26E-01 1.51
5 whole Body 5.13E-01 1.65E-01 1.10 1.91E-01 2.42E-01 2.21
Lung 1.04 7.71E-01 2.00E+01 2.35E+01 4.52 4.98E+01
Bone 1.90 1.67 3.78E+0] 1.46 1.01 4.38E+01
Kidney 7.61E-01 4.49E-01 1.06E+01 5.49E-02 8.79e-01 1.27E+01

Liver 4.25E-01 6.50E-02 2,22 5.01E-02 4.18E-01 3.18



Table 17

Total 40 CFR 190 Doses cf Selected Receptor Locations by Radionuclide
(Bmission Control Scenarios 2, 3, 4, and 5) (Continued)

Dose Rate, mrem/yr

Receptor Scenario Organ U-238 U-234  Th-230 Ru-226 Pb-210 Total
Block E 2 whole Body  6.89E-01  2.91E-01  1.03 8.87-01  3.17e-01  3.21
Lung 1.36 1.06 1.82E+01  2.15B401  3.57 4.57E+01
Bone 3.70 3.57 3.53E+01  8.29 4.26 5.51E+01
Kidney 4.25 8.85E-01  9.86 4.178-02  3.52 1.86E+01
Liver 4.99E-01  7.41E-02  2.07 6.358-03  1.28 3.93
3 Whole Body  6.25E-01  2.18E-01  1.02 8.897E-01 3.16E-01  3.07
Lung 1.07 7.278-01  1.80E+04  2.15E#01  3.55 4.48E+01
Bone 2.62 2.39 3.49E401  8.29 4.23 5.24E+01
Kidney 2.99 6.13E-01  9.75 4.178-02  3.50 1.69E+01
Liver 4.99E-01  7.41B-02  2.05 6.35E-03  1.27 3.90
4 Wwhole Body  5.87E-01  1.74E-01  3.65B-01  4.12E-01  1.87e-01  1.72
Lung 8.98E-01  S5.29E-01  5.94 9.92 7.40E-01  1.80E+01
Bone 1.98 1.69 1.158+01  3.83 8.56E-01  1.99E+01
Kidney 2.24 4.50E-01  3.23 2.198-02  7.32B-01  6.67
Liver 4.99e-01  7.41E-02  7.04E-01  5.62E-03  3.51E-01  1.63
5 Wwhole Body  6.01E-01  1.90E-01  1.00 1.458-01  1.80E-01  2.12
Lung 1.07 7.4/E-01  1.B0E+01  2.15E+01  3.55 4.48E+01
Bone 2.22 1.95 J.44E+01  1.40 7.86E-01  4.08E+01
Kidney 2.91 5.206-01  9.68 9.92E-03  6.80E-01  1.38E+0}

Liver 4.99E-01 7.41E-02 2.02 5.17E-03 3.19E-01 2.92



Table 13

Total 40 CFR 190 Radiological Doses for
Alternative Emussion Contral Scenarios

Control Scenario | Dose Rates (meem/yr) Control Scenari~ 2 Dose Rates (mrem/yr) ool e
Receptor W. Body Lung Bone Kidney Liver W. Body Lung Bone Kidney Liver
Monitoring Location | 6.61 8.88E+01 1.27E+02 3.87E+01 9.19 3.3 3.82E+01 3.00E+01 6.88 3.e5
Monitoring Location 2 2.2 9.32E.+01 1.57E+02 5.79E.01 1.00E +01 .45 3.51E401 3.%0E+01I 1.54E .01 4.10
Monitoring Location 3 1.86E+01 2.88E+02  3.84E«02  1.21E«02 J.0lE«01 7 9% 1.00E+02  1.26E+02 J3.61E« 01 9.6
Monitoring Location & 2.9 2.96E+01 §.34E.01 1.37E+01 .oz .07 1. 19E+01 1.61E«0) 4.2 1.18
Monitoring Location 3 3.55E-01 4.58 €.71 2.1 6.76 1.66E-01 1.8% 2.9 6.81E-01 1.83
Block A 7.78 8.43E.01 1.36E +02 4.03E+01 8.9 3.8 3.78E+01 5.46E I 1.55E.01 4.08
Block B 8.5 1.00E «02 1.56E +02 4.66E+01 1.O7E 0L .25 4.25Cq01 5.97E+01 1.73E+01 462
Block C 1.69E.401 1.58E+02 2.83E.+02 7.89E+01 1.81E+01 7.70 6.44E.,01 1.04E+02 2.80:401 7 3%
Block D 6.54 1.21E+02 1.48E 02 4.46E+01 1.08E +01 3.16 5.07E+01 5.64E .01 1.60E+01 .12
Block E 6.05 9.43E.01 1.25E.+02 4.65E+01 LS 4 3. 12 §4.57E+01 5.51E+01 1.86E+01 3.9
Block F 6.0) 7.78E.01 1. I8E92 3.59E.01 3.08 2.82 3. 12E+01 4.22E401 1.16E+01 3.1l
Block G 4.63 5.97E.01  8.75E+01  2.75E.01 6.29 2.7 2.40E+01  3.2¢E«0I 3.%7 2.3
Blocl H 6.88 8.88E.01 1.30E+02 &.10E+01 9.22 3.22 3.57E401  &.B1E« 01  1.32E.0: 3.55
Block 1 7.40 7.44E,01 1.25E+02 3.69E+01 7.92 3.4 2.99€+01 4.63E.+01 1.23E+01 3.05
Trater Court 5.87 7.57E+01 1. HIE«02 3.49E.01 7.86 2.75 3.04E+01 4. 11E+01 1.1 2E«01 3.0
Mining Camp | 2.71 3.49E.01 3.HLE 01 1.61E+01 3.e2 .27 1.40E+01 1 89E.01 5.20 1.3
Mining Camp 2 2.9 2.96E+01 §.34E.01 1.37E+01 3.o7 1.07 1.19E.01 L.ELE+O4 482 1.18
Winter Range | 9.38E-01 1.21E+01 1.77E+01 5.58 1 26 §.39€-01 4.8 6.55 1.80 4.85E 01
Winter Range 2 2.16E- 01 2.79 §.09 1.29 2.90E-01 1.01E-0I 112 1.51 §.16E-01 1.12E-0)
Winter Range 3 3.70é-01 &.77 6.99 2.20 4.95E-01 1.73E-01 1.92 2.5 7.10E-01 1.91E-01
Summer Range 2.25E-01 2.90 4.25 1.% 3.0LE-01 1.05€-01 1.16 1.57 §.32E-01 1. 16E-01
Ranch | 4.76E-02  6.16E-01  9.GIE-01  2.84E-O0I 6 S0E-02 2.23E-02 2.47E-01 3.ME-01  9.16E-02  2.46E-C2
Ranch 2 3.07€E-02 3.96E-01 5.87E-01 1.83E-01 §.11E-02 1.88E-02 1.59€E-01 2.15E-01 5.19E-02 1.58E-02
Ranch 3 2.43E-01 3.14 4.60 I.45 3.26E-01 1. 14L-u. 1.26 1.70 4.68E-01I 1.26E- 01
Ranch & 1.35E-01 1.74 2.55 8.03E-01 1.81E-01 6.32E-02 6.99E-01 9.44E-01 2.59E-01 6.97E-02
Nucla 2.84E-02 3.67E-01 5.38E-CL 1.69E-01 3.81E-02 1.33E-02 1.47E-01 1.99€-01 5.43E-02 1.47E-02
West Vancorium 3.12E-02 4.02E-01 5.89E-0) i.85E-01 §.18E-02 i.%6E-02 1.61E-0! 2.18E-01 5.97E-02 1.61E-02
Paradox 2.50E-02 3.22E-01 4.72¢-01 1.49E-01 3.34E-02 1.17E-02 1.29E-01 1.75E-01 4.81E-02 1.29€-02
Bedrock 3.35E-02 4.32€-01 6.33E-01 1.9%E-01 4.49E-02 1.57E-02 1.73E-91 2.34E-01 6.82E-02 1.73E-02
Gateway 1.13E-02 1.46E-0: 2. 16E-01 6.73E-02 1.52E-02 5.29€-03 5.86E-02 7.93E-02 2.17E-02 5.85E-03



Table 1/ . Continued)

Total 40 CFR 190 Radiological Doses for
Alternative Emission Control Scenarios

Control Scenario 3 Dose Rates (mrem/yr) Control Scenario 4 Dose Rates (mrem/yr)

Receptor W. Body Lung Bone Kidney Liver W. Body Lung Bone Kidney Liver
Monitoring Location | 3.o7 3.70E+01 4.60E+01 6.01 3.5 1.80 1.33E.01 1.68E+01 2.70 1.62
Monitoring Location 2 3.91 3.23E+01 4.42E40) 1.30E .01 1.275401 2.85 1.25 401 2.02E+01 6.18 2.35
Monitoring Location 3 7.55 9.81E.+01 1.i9E+02 3.4%E 0L 9.5 3.51 2.2. 2401 2.74E+01 8.5% 3.40
Monitoring Location & 9.98E-01 1. 18E 01 i.44E .01 4.01 1.42 5.95€E-01 3.67 5.01 1.44 5.32E-01
Monitoring Location 5 1.55E-01 1.77 2.22 6.17€6-01 2.20 9.23E-02 5.68E-01 7.74E-01 2.22E-01 8.24F-01
Biock A 3.63 3.59E+01 4.75E4+01 1.38E+01 4.01 2.41 1.37E+01 1.96E+01 5.66 2.05
Block B .83 4.04E+01 5.22E+01 1.58E401 4.33 2.47 1.46E+01 2.05E+01 6.05 2.1%
Block © 6.76 5.99E.+01 8.45E401 2.39E+01 7.17 .61 1.90E+01 3.48E+01 9.91 3.85
Block D 3.05 4.985401 5.44%E.01 1.57E+01 4.10 1.47 1. 46E+01 1.48E.01 4. 1.51
Block E .07 4.4EE 01 5.24%401 1.69E+01 3. 1.72 1.80E+01 1.99E.+01 6.67 1.63
Block F 2.63 3.00E+01 3.80E+01 1.05E+01 3.73 1.57 9.65 1.31E+01 .77 1.40
Block G 2.02 2.30E+01 2.89E+01 8.04 2.86 1.20 7 40 1.01E+0! 2.89 1.07
Block H 3.00 3.43E.401 4.30E+01 1.20E+01 4.25 1.79 1.10E+01 1.50E+0! 4.31 1.60
Block 1 3.23 2.87E+01 4.13E+01 1.08E+01 1.65 1.92 9.23 1.44E.01 3.88 1.%7
Trailer Court 2.56 2.92E+01 3.67E+0I 1.02E+01 3.62 1.53 9.39 1.28E+01 3.67 1.37
Mining Camp | 1.18 1.33E.01 1.69E+01 .71 1.67 7.05E-01 4.33 5.89 1.69 6.27E-01
Mining Camp 2 9.98E-01 1. 14E+01 1.44E+01 4.0!1 1.42 7.05E-01 4.33 5.89 1.69 6.27
Winter Range | 4.09E-01 4.67 5.85 1.63 5.81E-01 5.95E-01 3.67 5.01 1.44 5.37E-01
Winter Range 2 9.42E-02 1.08 1.35 3.77E-01 1.34E-01 2.44E-01 1.50 2.04 5.87E-01 2.18E-0!
Winter Range 3 I.61E-01 1.84 2.31 6.43E-01 2.28E-01 5.62E-02 3.46E-01 §.72E-01 1.36E-01 5.02E-02
Swinimer Range 9.81E-02 1.12 1.41 3.92E-01 1.39E-01 5.85E-02 3.60E-01 4.90E-01 1.41E-01 5.21E-02
Ranch | Z2.08E-02 2.38E-01 2.99E-01 8.21E-02 2.95E-02 1.24E-02 7.64E-02 1.04E-01 2.99€-02 1.11E-02
Ranch 2 1.34E-02 1.53E-01 1.92E-0! 2.35€-02 1.90E-02 7.98E-03 4.91E-02 6.69E-02 1.93E-02 7.12E-03
Ranch 3 1.06E-01 1.21 1.52 4.24E-01 1.50E-01 6.32E-02 3.89E-01 5.31E-01 1.53E-01 5.64E-02
Ranch & 5.89E-02 6.72E-01 8.43E-01 2.35E-01 8.35E-02 3.51E-02 2.16E-01 2.94E-01 8.45E-02 3.13E-02
Nucla 1.24E-02 1.42E-01 1.78E-01 4§.94E-02 1.76E-02 7.38E-03 4.55E-02 6.21E-02 1.78E-02 6.60E-03
West Vancorium 1.36E-02 1.55E-01 1.95E-01 5.41E-02 1.93E-02 $.11E-03 4.99E-02 6.79E-02 1.95E-02 7.24E-03
Paradox 1.09E-02 1.24E-01 1.56E-01 4.36E-02 1.54E-02 6.50E-03 3.99E-02 5.44E-02 1.57E-02 5.78E 03
Bedrock |.46E-02 1.67E-01 2.09E-01 5.82E-02 2.07E-02 8.71E-03 5.36E-02 7.30E-02 2.09E-02 7.77E-03
Gateway 4.93E-03 5.64E-02 7.08E-02 1.97E-02 7.01E-03 2.94E-03 1.81E-02 2.47E-02 7.08E-03 2.63E-03



Table 18 (Continued)

Total 40 C¥R 190 Radiological Doses for
Alternative Emission Control Scenarios

Control Scenario 5 Dose Rates (mrem/yr)

Receptor W. Body Lung Bone Kidney Liver
Monitoring Location | 2.13 3.70E+01 3.45E 01 3.9 2.71
Monitoring Location 2 3.08 3.23E+01 3.38E+01 1.02E+01 3 22
Monitoring Location 3 4.88 9.81E.01 8.77E+0! 2.59E+01 6.70
Monitoring Location & 7.19E-01 1. 14E+01 L. 1IE+OI 3.09 8.98E-01
Monitoring Location 5 L. 1IE-01 1.727 1.72 4.75E-01 1.39
Block A 2.65 3.59E+01 3.56E+01 1.07E+01 3.67
Block B 2.75 4.04E 01 4.351E+01 1.17E+01 3.3
Block C 5.28 5.99E+01 6.60E+01 1.90E+01 6.25
Block D 2.21 4.98E+01 4.38E+01 1.27E+01 3.18
Block E 2.12 4.48E+01 4.08E+01 1.38E+01 2.92
Block F 1.89 3.00E+01 2.92E+01 8.09 2.3
Block G 1.45 2.30E+01 2.24E+01 6.19 1.81
Block H 2.16 3.42E401 3.33E+01 9.23 2.70
Block ] 2.32 2.87E+01 3.20E+01 8.31 2.32
Trailer Court .84 2.92E+01 2.84E+01 7.86 2.30
Mining Camp | 8.51E-0!I 1.35E+01 1.31E01 3.63 1.06
Mining Camp 2 7.19E-01 1. 14E+01 1. 11E+0I 3.09 8.98E-0I
Winter Range | 2.95E-01 h.67 4.53 1.26 3.69E-01
Winter Range 2 6.78E-02 1.08 1.05 2.91E-01 8.48E-0G2
Winter Range 3 1. 16E-01 1.84 1.79 4.95E-01 1.45E-01
Sumner Range 7 06E-02 1.12 1.09 3.02E-01 8.81E-02
Ranch | 1 .49E-02 2.38E-01 2.31E-01 6.40E-02 1.87E-02
Ranch 2 9.64E-03 1.53E-01 1.49E-01 4.12E-02 1.20E-02
Ranch 3 7.63E-02 1.21 1.18 3.27€E-01 9.34E 2
Ranch & 4.24E-02 6.72E-01 6.53E-0i 1.81E-C! 5.29E-02
Nucla 8.92E-03 1.42E-01 1.38E-01 3.81E-02 LIIE-02
West Vancorium 9.80E-03 1.55E-01 1.51E-01 4.17E-02 1.22E-02
Paradox 7.85E-03 1.24E-01 1.21E-01 3.36E-02 9.77E-03
Bedrock 1.05E-02 1.67E-01 1.62E-01 4.48E-02 1.31E-02

Gateway 3.55E-03 5.64E-02 5.48E-02 1.42E-02 4.45E-03
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Figure 1. Regional Setting of the Site
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APPENDIX A

METEOROLOGICAL JOINT FREQUENCY DISTRIBUTION
(VALLEY TRAILER SITE)
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APPENDIX B

METEOROLOGICAL JOINT FREQUENCY DISTRIBUTION
(GRAND JUNCTION)
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