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SUMMARY AND CONCLUSIONS

This evaluation has been prepared by the staff of the U.S. Nuclear Regulatory
Commission, Office of Nuclear Material Safety and Safeguards, in response to a
request for technical assistarce from the state of Washington, Department of
Social and Health Services (DSHS) regarding a licensing action related to the
Dawn Mining Company uranium mill near Ford, Washington.

The licensing action of DSHS would authorize the construction of a fully
lined, below-grade tailings impouncinent adjacent to the existing above-grade
impounament. The proposed pit has been designed by Dawn Mining Company to
meet their increased tailings storage demands. The majo: features of the
proposed impoundment and the significant environmental impacts to be expected,
assuming full implementation of recommendations made by the NRC staff (see
payas ii=v), are as follows:

1. The proposed 28-acre tailings impoundment will consist of a specially
excavated pit dug into sand and gravel deposits immediately south of the
existing impoundments. The pit will be nominally 70 feet (21 m) deep
with side slopes of 3 horizontal and 1 vertical. A 5-foot high perimeter
dike will be constructed to provide necessary freeboard. The sides and
bottom of the pit will be lTined with 30 mil reinforced Hypalon to prevent
seepage. Excess excavated materials will be stockp’led adjacent to the
perimeter dike for future use during site reclamation.

The design of the proposed impoundment has been reviewed by the NRC staff
and, subject to implementation of NRC recommendations and resoluticn of
the icsues raised therein, meets the reguirements of Regulatory Guide
3.11, "Design, Construction, and Inspection of Embankment Retention
Systems for Uranium Mills."

2. A reclamation and long-term stabilization plan has been formulated. As
presently outlined, the company will cap the entire tailings disposal
facility with a twc-foot thick compacted clay layer, overlain further by
an eight-foot layer of sands and gravels derived from the present project
excavations. The side slopes of the above-grade perimeter dike wiil be
moderated to one vertical on five horizontal. The proposed below-grade
mode of tailings disposal, together with implementation of the staff's
recommendation for a rock cover on exposed slopes of the final cover,
provides high assurance of long-term stability and isolation of the
tailings. By eliminating the adverse effects of surface wind and water
erosion through proper reclamation cover treatment, the need for ongoing
active maintenance of the reclaimed tailings can be eliminatad. By
placement of the tailings below grade, the potential for dispersion of
tailings by natural forces, such as floods or earthguakes, is made minimal.

3. The 30-mil, reinforced Hypalon liner will essentially eliminate seepage
from the impoundment during its operational lifetime, so long as liner
integrity is maintained. After use of the imp-undment is terminatea
(approximately 10 to 13 years), the tailings will be dewatered for from



one to three years through decanting, evaporation, and use of the underdrain
system. Following dewatering, if disruption of the liner does occur over
the long term, the clay layer in the cap and the site climatic condition

of net evaporation will reduce available water for percolation and seepage
to a minimum.

Based upon its evaluation, as documented in this report, the NRC staff recommends
that the following steps be required of the applicant to assure that the
proposed cperaticn is conducted in a way that assures public health and safety
and protection of the environment. These general recommendations and specific
conditions should be incorporated into the proposed amendment as license
conditions:

1.

The final tailings cover should be stapilized by rock or stone mulch.

The rock should be applied over exposed slopess and be of a size sufficiently
large so as not to be susceptible to dislocation from human or animal
activity at the site. Such covers are known to be effective in eliminating
both wind and water sheet erosion. Due to the nature of the sand and

gravel cap materials, the lack of a topsoil layer, and the low summer

season precipitation, it is doubtful that a vegetative cover will be
self-sustaining over the entire tailings disposal area and over the very
long-term period of concern. Without a permanent stabilizing cover,

there can be no reasonable expectation that significant erosion can be
eliminated. A revised reclamation plan incorporating a rock cover should

be submitted by Dawn for DSHS review. It should include details on the

size and placing of the rock and an evaluation that shows that the integrity
of the proposed cover, pirticularly in those areas over which runoff will
flow, will not be compromised by long-term erosional forces. A detailed
reclamation plan for the existing above-grade tailings areas should also be
submittad for DSHS review.

The assumed shear strength values used in the impoundmeni >lope stability
analyses are not consistent with correlations for corrected blow count
values. Consequently, prior to any approval of Dawn's proposal, Dawn
should be required to submit for review a revised stability analysis
using blow counts adjusted for overburden stress to arrive at a more
correct value for the angle of internal friction. Alternatively, the
results of shear strength testing such as dirsct shear tests could be
used to indicate the reasonableness of the value that was used in the
applicant's analyses.

Detailed specifications must be provided for the proposed riprap inner
slope wave protection. The riprap should have a minimum average grain
size (Dgo) of 10 inches (25 cm), it shouid be well graded, and it should
meet filter criteria with the bedding sand.

Because one end of the proposed impoundment is underlain by basalt and

the remainder underlain by a deep deposit of stiff c'ay, the total settlement
of the clay could manifest itself as differential settiement across the

site. Field or laboratory data must be provided to indicate if the
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compressibility of the underlying deep deposits of clay is sufficiently
low so that the loading imposed by the difference in unit weights, between
that of the tailings and the in situ density of the sands, will not cause
excessive differential settlement. If this cannot be demonstraced, the
design of the liner system should be revised to preclude rupture of the
liner due to differential settlement.

Using fiiter design criteria as detailed in Reference 12, an independent
analysis of the underdrain system by the NRC staff indicates that for

both the bedding and the drain pipe fiiter, criteria governing segregation
of grain sizes have not been met. Filter criteria must be met to assure
an effective and reliable system.

To enabie a complete water balance to be performed, ocperational procedures
should be defined to indicate how decanting will be accomplished after

the initial period of 2.75 years. The procedures should indicate the

method of handling the decant water and the disposal thereof. If evaporation
and recycle cannot adequately handle this excess water, then modifications

to the mill circuit or tailings management plan would be necessary.

To ensure that construction adequately satisfies the design criteria in
NRC Reyulatory Guide 3.11, a set of construction specifications should be
prepared and submitted to the state of Washington for review ard approval,
prior to approval by the state of construction operations.

The NRC staff recommends that based on the reported grain size distribution
of materials to be used for construction of the perimeter embankment,
compaction specifications detailed in Reference 3 should be modified.

The embankment should be compacted to an average of 85 percent but not

less than 80 percent relative density as determined by ASTM D-2049,

The state of Washington should be notified by Dawn at least six weeks
prior to the following key stages of the impoundment construction to
provide adequate time to arrange onsite inspections, by a geotechnical
engineer, of the following critical stages:

a. Near completion of pit excavation.

b. During liner placement.

o Near completion of the perimeter dike foundation preparation.

d. At an early stage of perimeter dike fill placement.

Within six months after completion of the impoundment construction, Dawn
should submit a construction report to the state of Washington for review.
The repcrt should include, but not be limited to, the following information:

a. Earthwork and liner quality control and specification compliance
test results.



10.

14,

13.

14,

b. As-built drawings.
c. Photos of site before, during, and after construction.

d. A discussion of unexpected conditions and problems encountered in
construction and the methods employad to resolve the problems.

Before engaging in any project-related activity not evaluated by the NRC
or the state of Washington, the applicant should prepare and record an
environmental evaluation of such activity. When the evaluation indicates
that such activity may result in a significant adverse environmental
impact that was not evaluated, or that is greater than that evaluated in
this environmental assessment, the applicant should provide a written
evaluation of such activity and obtain prior approval of the state of
Washington for the activity.

In order to preclude the occurrence of large releases in the event of a
failure of the tailings pipeline, the NRC staff recommends that an audible
or visible alarm in the mill control room or other occupied office, which
activates automatically upon a drop in pipeline pressure, be installed at
the Dawn site. The pressure monitor should be located at the discharge
point of the pipeline.

The mil] operator should conduct a comprehensive effluent ana environmental
radiological monitoring program. The program should be designed and
implemented so as to provide sufficient data to enable reliable evaluations
of compliance with 40 CFR Part 190. The program should meet the minimum
specifications and guidelines presented in USNRC Regulatory Guide 4.14,
“Radiological Effluent and Environmental Monitoring at Uranium Mills, "

and implement a quality assurance program that satisfies the criteria
specified in USNRC Regulatory Guide 4.15, "Quality Assurance for Radiological
Monitoring Programs (Normal Operations) - Effluent Streams and the Environ-
ment." A1l results should be reported to the state of Washington for
review at six-month intervals.

The mill operator should conduct and document an annual land use survey
of all areas within 2.5 miles (4 km) of the mill to maintain current
information as to the location of nearby residences or other inhabited
structures, use of land for grazing, crop or vegetable growing, etc.
This program should provide all land use data necessary for evaluations
of compliance with 40 CFR Part 190. Results should be reported to the
state of Washington for review within 30 days of survey completion.

The mill operator should assure, thirough periodic inspection and/or
testing, that all effluent control devices are maintained in ..~y working
order. All such devices must be in use when operations are Ui .erway.
Yellowcake emission control devices should be checked not less than every
4 hours, when operations are underway, to assure that they are operating
effectively. Such inspections and/or testing as are conducted should be
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documented, and should be in conformance with a written plan for such
inspections and/or testing which has been approved by the state of Washington.
Results should be reported to the state in connection with the overall
environmental and effluent monitoring program specified above.

Dawn should implement an interim stabilization program, with specific
written operating procedures, that minimizes the blowing of airborne
particulates from all exposed tailings beach areas by any of several
effective dust-suppression alternatives incorporating physical methods,
such as keeping the surfaces wet through tailings discharge and/or water
sprinkling, covering with wood chips, or covering with other dust-reduction
materials. The effectiveness of the control method(s) or interim cover
used should be evaluated weekly by means of a documented tailings area
inspection.

The licensee should be required to maintain a financial surety arrangement
to ensure reclamation of the tailings area.

To assure that the liner system is properly installed and maintained,
dawn should be required to develop and submit for DSHS review, a quality
assurance program covering all aspects of liner installation.

Although it is the NRC's position that the tailings management method
discussed in this assessment represents the most environmentally sound

and reasonable alternative now available, any licensing action authorizing
this tailings management plan should be subject to revision in accordance
with the conclusions of the final generic environmental impact statement
on uranium milling and any related rulemaking.

There should be a daily, documented inspection of the tailings distribution
and retention systems to monitor the stability of embankments, and to
determine that tailings operations are being conducted as planned and
called for in written procedures.
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1. INTRODUCTION

The Department of Socia' and Health Services of the state of Washington requested
technical assistance from the U.S. Nuclear Regulatory Commission (NRC) in the
environmental review of Dawn Mining Company's proposed below-grade uranium

mill tailings management plan. As concluded at meetings with the state of
Washington on February 28 and 29, 1980, technical assistance was requested in

the following areas:

Tailings Management Alternatives

Reclamation and Long-Term Stability of the Tailings Retention System
Impacts to Surface Water and Groundwater

Radiological Assessment

Environmental Impacts of Accidents

UY & WMo

1.1 THE APPLICANT'S PROPOSAL

Dawn Mining Company has proposed the construction of a new tailings disposal
system at their mill near Ford, Washington, approximately 25 miles (40 km)
northwest of Spokane (Figure 1.1). At the present, time Dawn is ‘epositing
tailings in an above-grade impoundment tu the southwest of the mill. The
proposed tailings retention system is to consist of a specially excavated
28-acre, 70-foot (21 m) deep pit constructed immediately south of the present
above-grade tailings area. The pit would have side slopes of three horizontal
to one vertical and would be completely lined with 30-mil reinforced Hypalon.
The proposal is designed to meet Dawn's foreseeable tailings capacity needs
over the next ten years assuming no change in the current ore processing rate.

1.2 CONTENTS OF REPORT

The bases and conclusions of the NRC staff's review and assessment of the Dawn
Mining Company's proposed below-grade tailings impoundment are presented in

this report. The major components of the report are as follows: (1) summary

and recommended licensing conditions, (2) description of the site environment

and the proposed impoundment, (3) evaluation of the proposed design in comparison
with NRC's performance objectives for tailings management, (4) radiological

impact assessment and evaluations of compliance with 10 CFR Part 20 and 40 CFR
Part 15 , (5) review of the geotechnical and hydrologic aspects of operational
stability of the proposed tailings system, (6) environmental impacts of accidents,
and (7) alternative methods for tailings management.
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2. DESCRIPTION OF SITE CHARACTERISTICS

2.1 TOPOGRAPHY

The Dawn mill complex is located in Walker's Prairie, a northeast trending
valley about two miles (3.2 km) wide and 15 miles (24 km) long. The valley is
bordered along the northwest by rimrock cliffs of plateau basalts and along
the southeast by rounded granitic hills.

The valley floor is a flat plain of glacial out-wash deposits. The site of

the proposed tailings area is a relatively level tarrace of the Chamokane

Creek and averages approximately 1,740 feet in elevation. The creek is located
about one-half mile (0.8 km) northwest of the site and has cut through the
terrace to form a relatively steep scarp approximately 100 fzet (30.5 m) high.

It is indicated in the EIS that the only significant accretionary/avulsionary
action in the area is downcutting by Chamokane Creek. It may be questioned,
whether the accretionary/avulsionary forces are presently at work at the same
rate as was the case several thousand years ago. It is noted that Chamokane
Creek cascades over a series of scenic small falls dropping about 50 feet
(15.3 m) in a span of 500 feet (153 m). This cascade is known as Chamckane
Falls. Chamokane Falls likely represents a stablie base level that would
govern the present rate of downcutting of Chamokane Creek. The resistant rock
at Chamokane Falls should enhance the long-term stability of the site.

2.2 GECLOGY

2.2.1 Regional Geology

About 30 million years ago, following periods of structural defo, :‘ .un (mountain
building), widespread granitic intrusions, scattered volcanic activity and

major block faulting, great rifts opened in central and southwestern Washington
and flood basalts filled the lowlands and built thicknesses of up to 10,000 feet
(3,050 m). A few of the uppermost flows lapped into the highland valleys in

the vicinity of the Dawn mill site. After a period of quiescence and erosion,
the great continental glaciers began their movements about 1 milliun years

ago, climaxing the local geologic history. Meltwaters carried huge loads of
rock flour, sands and gravels southwestwards across the basalt plateau. In

the Ford area, a layer of coarse gravel 20 feet (6 m) thick was deposited by

the last meltwaters some 20,000 years ago.

2.2.2 Site Geology

Based on local boring records, the mill area is underlain by a granitic base-
ment buried beneath thin remnants of Columbia River basalt and a thick accumu-
lation of glacio-fluvial clays, sands, and bouldery gravels. Figure 2.1 is an
interpretive geologic profile of the materials underlying and adjacent to the
millsite. At the proposed tailings area, the upper layers of sands and gravels
are, for the most part, underlain by stiff clays at depths generally greater
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than 100 feet (30.5 m). The surface of the clay layer dips moderately towards
the nearby Chamokane Creek. Deeply weathered basalt bedrock underlies the
upper sands in the easternmost part of the proposed tailings area at depths
likely to be encountered during the pit excavation.

2.2.3 Seismicity

Within a 100-mile (160-km) radius of the project area, approximately 100
seismic events occurred between 1897 and 1973, with the greatest intensities
reported as VI on the modified Mercalli scale or magnitude 4.8 on the Richter
scale. This information is based on applicable data reported in the "Draft
Eavironmental Statement, Sherwood Uranium Project, Spokane Indian Reservation”
(Ref. 5). A few of the most severe earthquakes with epicenters from 100 to
400 miles (160 km to 640 km) away from the project area have produced signifi-
cant local ground movement, but none in recorded history have extensively
damaged structures in the Spokane area.

Bas2d on the region's seismic history, the probability of a major damaging
earthquake occurring at or near the proposed site is slight. Algermissen and
Perkins (Ref. 2) indicate that in this area there is a 90 percent probability
that a horizontal acceleration in rock of 4 percent gravity (0.04 g) would not
be exceeded within 50 years.

In the Golder Report (Ref. 3) it is stated that a pseudostatic earthquake
coefficient of 0.05 g was utilized for des gn of the embankments. Data given
“n Bolt, 1977, (Ref. 4) indicates that for earthquakes of intensity VI on the
modified Mercalli scale, maximum accelerations ranging from 0.005 g up to
0.066 g may be expected. In consideration of the fact that the earthquakes
noted are within an area of 100 miles (160 km) from the site and the fact that
the site is located over a deep deposit of soil overlying bedrock, it is
considered likely that the peak acceleration at this site would be less than
0.066 g. Corsequently, the use of a coefficient of 0.05 g i1s considered to be
realistic.

2.3 Groundwater

The groundwater/surface water relationship in Walker's Prairie is complex,
being comprised of several significant geohydrologic horizons. At the project
site the uppermost groundwater zone occurs within and at the base of the
highly permeable gravel/sand section composing the uppermost 100 feet (30.5 m)
of the valley fill. This water is perched on a dense, silty, blue/gray clay
which serves as a barrier for vertical infiltration. The clay surface dips
gently westward, inducing groundwater migration in that direction. Flows at
this interface are reported to be modest.

Crill holes at the site of the proposed tailings impoundment for purposes of
subsoil investigation encountered groundwater in only one boring. The static
water level in the hole was at a depth of 93.3 feet (28.426 m) below the surface
on October 17, 1372 (Ref. 3). Based on Dawn Mining Company data as noted in
Reference 3; fluctuations in the groundwater tabie of up to 15 feet (4.6 m)
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have been indicated in response to intense rainfall. Even with this fluctuation,
normal groundwater levels would still be expected to remain beneath the maximum
depth of excavation of the pit for the proposed tailings impoundment.

2.4 Hydrology

The design storm procedures outlined in the "Design of Small Dams" by the U.S.
Bureau of Reclamation (Ref. 6) were used by the staff to compute the 36-hour,
Probable Maximum Precipitation (PMP) General Storm, and the subseguent Probable
Maximum Flood (PMF). The flood depth was derived in accordance with the PMF
series specified in the USNRC Regulatory Guide 3.11 (Ref. 7). The PM/ series
analysis assumes that the impoundment must accept flood waters equivalent to

40 percent of the PMF followed in 3 to 5 days by the PMF, all of which was
preceded or followed by a 100-year storm. The PMP was estimated to be 8.33
inches (21.2 cm) for the Dawn mill site. The computations are presented in
Appendix D, Section I.

The USNRC PMF series yields equivalent storm depths of 3.4 inches (8.6 cm),
8.4 inches (21.2 cm), and 4.4 inches (11.2 cm) for the 0.40 PMP, PMP and the
100-year storms respectively resulting in a total of 16.2 inches (41.0 cm) of
precipitation. The PMF series thereby contributes in excess of 34 acre-feet
of _torm water to the impoundment. The proposed tailings pond at the Dawn
mill site will have an approximate drainage area of 25.5 acres (10.3 ha), as
it is surrounded by perimeter dikes. Because there is no tributary runoff,
the design PMF is egual to the PMP.

The applicant utilized the U.S. Weather Bureau PMP computations of 1967 to
generate a 72-hour PMP of 12 inches (30.5 cm). However, instead of computing
the 100-year storm depth and integrating this value into the USNRC PMF design
procedi're, the applicant apparently estimated the 100-vear cumulative seasonal
precipitation (Octoter to March) of 25 inches (63.5 cm) for the project site.
The total PMF precipitation depth reportad was the summation of the PMP and
the 100-year seasonal precipitation resulting in 37 inches (94.0 cm). The
applicant estimated an inflow vriume of 78.6 acre-feet of water into the
impoundment.

Although the applicant did not follow the PMF series procedure as outlined in
USNRC Regulatory Guide 3.11, the extreme conservatism resulted in a total design
precipitation of 2.25 times greater than a more traditional PMF series analysis.

2.5 Meteorology

The Dawn mill site is located between the flatlands of the Columbia Basin to
the west and the foothills of the Rocky Mountains to the east. The project
site is situated such that there are no climatologica! records available for
nearby locations. Therefore, the climatological data is based on the Spokane
(25 mi'es (40 km) to the southeast), Wellpinit (10 miles (16 km) to west-
southwest), and Chewelah (35 miles (56 km) to the north-northeast) weather
staticns.
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The annual precipitation measured at the surrounding weather stations ranges
from 16.5 inches (41.9 cm) to 19.3 inches (49.0 cm). Approximately 70 percent
of this total falls between the first of October and the end of March. During
the October-March period, about half of the precipitation falls as snow.
Throughout the remainder of the review presented in this report, precipitation
is conservatively estimated to be 20 inches (50.8 cm) per year for the Dawn
project site.

The mean annua)l temperature for the area is about 47°F (8°C). The mean
temperature during the winter months is about 28°F (-2°C) while the summer
months average 66°F (19°C). Most of the air masses which reacn the area
consist of maritine polar air brought in by prevailing westerly and south-
westerly circulations. Occasionally, the area is overridden by dry continental
polar air masses from the northeast, resulting in high temperature/low humidity
periods in the summer and/or subzero temperatures in the winter.

Annual high temperatures of 100°F (38°C) have been recorded at the Dawn project
site. Temperatures around 85°F (29°C) are common during June, July, and

August. Annual low temperatures average approximately =7°F (-22°C). However,
extreme low temperatures have been recorded from -20°F (-29°C) to -40°F (-40°C).

Records from Spokane indicate that prevailing winds blow frem the southwest and
south-southwest. Hcvever, during the winter months the air flow is commonly
reversed, with winds vut of the northeast. The average annual windspeed is 8.5 mph
(see Table 2.1).

The mean annual lake evaporation in the project area is approximately 38

inches (96.5 cm) per year. Class A pan evaporation is about 53 inches (135 cm)
per year. An estimated monthly evaporation rate in inches per mcath is presented
in Appendix D, Section III. It is estimated that the net annual evaporation

is about 18 inches (46 cm) per year.




Table 2.1

(2.2% calm 15 distributed in the table)

Joint frequency of annual average wind speed and direction
for Spokane, Washington, 1967-1971

Sneed, mph

Direction 0-3 4-6 7-10 11-16 17-21 >21 Total
N 0.5% 1.5% 0.9% 0.2% 0.0% 0.0% 3.1%
NNE 0.5 1.7 1.2 0.3 0.0 0.0 3.7
NE 0.8 3.0 3.5 0.6 0.1 0.0 8.0
ENE 0.8 3.6 4.4 0.7 0.1 0.0 9.6
£ 1.0 2.6 1.4 0.2 0.0 0.0 5.2
ESC 0.5 1.5 0.9 0.1 0.0 0.0 3.0
SE 0.6 1.7 1.7 0.3 0.0 0.0 4.3
SSE 0.6 2.2 4.6 0.9 0.1 0.0 8.4
S 0.9 3.4 5.7 2.8 0.4 0.0 13.2
SSW 0.5 1.6 4.3 4.4 1.2 3.1 12.1
SW 0.6 2.0 4.6 4.8 1.8 0.6 14.4
WSW 0.6 1.7 2.8 2.0 0.7 0.2 8.0
W 0.4 1.2 1.0 0.6 0.2 0.0 3.4
WNW 0.3 0.6 0.4 0.2 0.1 0.0 1.6
NW 0.2 0.4 0.3 0.1 0.0 0.0 1.0
NNW 9.2 0.4 0.3 2.1 0.0 0.0 1.0

9.0% 29.1% 38.0% 18.3% 4.7% 0.9% 100. 0%

From "Wind Distribution of Pasquill Stab*lity Classes--Spokane, Washington,
1967-1971," National Climatic Center, Asheville, North Carolina.




3. DESCRIPTION AND EVALUATION OF THE PROPOSED TAILINGS MANAGEMENT PLAN

3.1 DESCRIPTION OF PROPOSED TAILINGS MANAGEMENT PLAN

3.1.1 General Description

At the present time, there are three above-grade tailings disposal areas at

the Dawn site. Figure 3.1 shows a plan map of the existing tailings disposal
areas and the oroposed excavation site for the below-grade impoundment.

Tailings are presently being deposited in area 3, areas 1 and 2 being full and
covered with woodchips. It is anticipated that the present tailings disposal
capacity at area 3 will be exceeded in a short period of time, and, therefore,
an additional disposal system has been designed. The proposed tailings impound-
ment will consist of a specialiy excavated pit dug into the sand and gravel
deposits to the south of the present tailings impoundment. Figures 3.2 and

3.3 show a plan view and cross-sections through the proposed pit. The pit

will be nominaily 70 feet (21 m) deep. The side slopes of the pit will be
excavated on a slope of 3 horizontal to 1 vertical (3h:1v). A section through
the pit showing details of the pit and the embankment is shown in Figure 3.4.
Along the side of the pit adjacent to the existing tailings disposal facility,

a 50-foot (15-m) wide bench will be left to improve the overall stability.

The other sid2s of the pit will be bounded by a 5-foot (1.5-m) high and 30-foot
(9-m) wide perimeter dike constructed with materials removed from the excavation.
Excess materials removed from the excavation will be stockpiled adjacent to the
perimeter dike and other existing dikes for future use during reclamation.

The sides and hottom of the pit will be lined with 30-mil reinforced Hypalon
to prevent seepage. An internal subdrain system will be placed on the bottom
of the pit above the liner to accelerate removal of water from the tailings
once the tailings disposal facility has been filled.

3.1.2 General Disposal Operations

Tailings will leave the mill as a 30 to S50-percent solid slurry and will be
pumped through a 6-inch PVC pipeline one-half mile to the proposed tailings
disposal facility (Ref. 1). Tailings components are derived from several
points in the mill circuit, but the principal exit point for the leached solid
residues is from the Number 4 thickener underflow.

Tailings slurry will flow into the disposal facility at a rate of approximately
0.95 acre-feet per day (Ref. 1). Based on a 365-day per year operation,

nearly 347 acre-feet of slurry will be deposited into the disposal feoility
annuaily. The pond will be allowed to fill with no decantation of the solution
until the pond reaches the maximum operating level of from elevation 1,738

feet to elevation 1,740 feet. Since a Hypalon liner will be installed to
control seepage, the only loss from the disposal facility will be to evaporation
processes.
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Throughout operations, a minimum freeboard of 5 feet (1.5 m) will be maintained
to manage inflow of precipitation and associated wave runup. A complete freeboard
analysis is discussed in Section 3.2.1.6.2 of this report.

3.1.3 Embankment and Pit

The general layout of the pit is shown in Figure 3.5. As shown in Figure 3.4,
the slopes of the pit will typically be 3h:1lv and the upper 10 feet (3 m)
(vertical distance) of the slope will be covered with riprap to protect against
wave action.

The 5-foot (1.5-m) high perimeter dike will be constructed from the near
surface coarse gravel, sand, and cobble material at the site and will also be
lined with Hypalon and riprapped (Ref. 3). The applicant has reported that
materials will be compacted to at least 95 percent of the maximum density as
specified by the modified compaction test, ASTM D1557 and that the soil will
be placed in Tifts of 12 inches (30.5 cm) or less, loose thickness. Slopes of
all constructed dikes will be no steeper than 3h:1lv.

3.1.4 Underdrain System and Liner

To eliminate seepage from the impoundment, a 30-mil Hypalon liner will be
placed on the bottom and along the sides of tne pit. Details of placement of
the liner are shown in Figure 3.4. Six inches of bedding sand will be placed
underneath the liner to prevent punctures from any underlying irregularities.
Two feet of sand will be placed on top of the liner for protection. Along the
upper edges of the impoundment, two feet of riprap will be placed to provide
slope protection for the bedding sand from wave action.

An internal subdrain system will be placed above the liner to accelerate

removal of water from the impoundment. The layout of the underdrain dewatering
system is shown in Figure 3.5. Cross-sections of the drains are shown in Figure
3.6. The drains consist of clotted drain pipe surrounded by filter material

and covered by the cover sand protecting the liner. Calculations presented in
the Geotechnical Design Report by Golder Associates (Ref. 3) indicate that the
drains will be capable of carrying water in excess of the full quantity of

water delivered to the tailings through the slurry pipeline.

3.1.5 Prcposed Reclamation and Long-Term Stability Plan

Dawn Mining Company has proposed the following program for reclamation and
long-term stabilizatior of the tailings disposal facilities:

a. Tailings will be allowed to dewater for a period of one to three years to
allow heavy equipment to work on the tailings surface. Interim measures
(sprinkling, spraying with chemicals, or wood chip cover) will be taken to
control dusting.
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b. The tailings surface will be graded.

- A layer of clay two feet (0.6 m) thick will be placed and compacted over
the tailings surface.

d. An additional layer of fill 8 feet (2.4 m) thick consisting of sand and
gravel will be placed overlying the clay.

e. No topsoil will be added to this cover since the area surrounding the
project site has minimum natural "A" horizon soil development.

f. +he cover over the tailings will be graded and contoured so as to eliminate
the possibility of ponding of precipitation over the area. In addition,
the side slopes of the capped layer will be reduced to a slope of 5h:lv
by the addition of fill materials along the periphery.

g. The entire area will be seeded and fertilized to stabilize the cover. It
is stated in Dawn's EIS (Ref. 1) that natural reforestation will ensue
fairly rapidly as evidenced by the trees presently growing on the abandoned
tailings berm around the areas presently ‘n oparation.

h. Revegetation effort will be monitored for success and remedial measures
will be taken to ensure coverage of the area.

3.2 EVALUATION OF PROPOSED TAILINGS MANAGEMENT PLAN

< 3o S 1 Operational Stability

3.2.1.1 Slope Stability

A failure of the pit side slopes could permanently damage the Hypalon liner

and a failure of the north slopc in particular could also cause a failure of
the existing above-grade impoundment and a subsequent release of tailings. In
order to evaluate the safety of the proposed impoundment against this type of
event, independent slope stability analyses were conducted by the staff utilizing
computer program STABL2 (Ref. 33). A total of ten potential failure surfaces
were generated and the lowest factor of safety observed for those trial failure
surfaces was 1.95. A1l other values were greater than 2. Results of these
computations and the cross-section utilized is shuwn in Appendix C. The shear
strength parameters used in these analyses were the same as those used by
Dawn's consultant, Golder Associates (Ref. 3).

The phreatic surface utilized in the staff's stability analyses was the same
as that used by Golder Associates. As discussed in the previous section
describing the groundwater conditions at the site, this ph-eatic surface is
consilered to be realistic and, even under fluctuations due to heavy rains,
the phreati  surface wili not rise above the bottom of the pit.

As computed in the Golder analysis and the NRC staff's independent analysis,
the factors of safety for the stability of the pit walls are greater than the



value ui 1.5 required by USNRC Regulatory Guide 3.11. However, the shear
strengths used by the applicant in arriving at these factors of safety were

not based on Standard Penetration testing results adjusted for overburden

stress and thus were slightly nonconservative. Consequently, prior to any
approval of Dawn's proposal, Dawn should be required to submit for review a
revised stability analysis using blow counts adjusted for overburden stress to
arrive at a more correct value for the angle of internal friction. Alternatively,
the results of shear strength testing such as direct shear tests could be used

to indicate the reasonabieness of thc salue that was used in the applicant's
analyses.

3.2.1.2 Settlement

Dawn conducted settlement analyses to indicate the potential for differential
settlement due to differences in the subsoil conditions from one end of the
pit to the other. One end is underlain by basalt whereas the remainder of the
disposal area is underlain by a stiff clay.

The results of the NRC staff's independent check of settlement calculations
submitted by Dawn compared favorably with the computed results indicated by
Golder Associates in Reference 8.

However, none of the computations presented by Dawn takes into account the

deep layer of glacial clays underiying the site. Because one end of the site
is underlain by basalt with little or no clay present there, the total settle-
ment of clay could manifest itself as differential settlement across the site.

Considering the difference between the unit weight of the tailings and that of
the existing sand, the total excess load that will be applied is approximately
0.30 tons per square foot. If the clay is highly overconsolidated, it is
expected that this low additional loading would cause little or no settlement.
However, there is no data presented indicating the compressibility of the
clay. Therefore, Dawn should be required to submit additional laboratory or
field data to show that the compressibility of the clay is low enough to
result in negligible elastic and plastic settlements.

3.2.1.3 Liqguefaction Potantial

Dawn has stated that because the water table is lcw, because the fine sands
are relatively dense, and because the earthquake potential at the site is
slight, liquefaction is considered unlikely at this site. Generally, ligue-
faction is of concern only for loose soils when the water table is near the
surface. Consequently, because of the very low water table and the fact that
overlying soils are coarse grained, the NRC staff agrees that the liguefaction
potential at the site is low and does not need to be addressed further.

3.2.1.4 Slcpe Protection

In reference 3 it is stated that basalt from the disposal pit in combination
with the coarse-grained, near-surface materials of the site may be used for



the riprap slope protection to be placed from the crest of the perimeter dike
to 3 feet (0.9 m) below the lowest operating pool level. The only specifica-
tion regarding riprap size is that cobbles, boulders, or rock fragments up to
12 to 18 inches (30 to 45 cm) in diameter would be satisfactory for use in the
riprap. Sherard, et al., (Ref. 9, Table 8.1:1) indicates that for wave heights
less than or equal to 2 feet (0.6 m), the minimum average rock size (Dso)
should be 10 inches (25 cm). Furthermore, filter criteria should be met
between the riprap and the sand bedding material. Therefore, Dawn should be
required to submit more detailed specifications for the riprap indicating that
3 minimum average grain size (Lgy) of 10 inches (25 cm) will be met, that the
riprap will be well graded, and that filter criteria will be met between the
sand bedding ma*erial and riprap.

3.2.1.5 Underdrain System and Liner

The underdrain system shown in Figure 3.6 indicates various zones of sand and
bedding material and tailings ir contact with one another. The grain size
distribution curves for these materials shown in Reference 3 were stated to have
been designed on the basis of Corps of Engineers criteria. However, using the
criteria detailed in the Pit Slope Manual (Ref. 12), an independent anaiysis

by NRC staff indicated that for both the bedding and the drain pipe filter,
criteria governing segregation of grain sizes have not been met. Although
failure of the underdrain system does not present an environmental or safety
hazard, all filter criteria should be met if an effective system is to be
ensured.

The liner integrity against shear stresses on the impoundment slopes was
evaluated by the applicant and a check by NRC staff showed that an adequate
factor of safety will be provided by the strength of the Hypalon.

3.2.1.6 Hydrologic Considerations

3.2.1.6.1 Water Balance Analysis

An independent water balance analysis was conducted by the NRC staff to ensure

that the apnlicant's tailings pond management scheme will function as proposed.

In performing this analysis, the assumptions that were made are as follows:
Annual precipita®ion is approximately 20 inches (51 cm) per annum.

The total evaporation rate is 38 inches (96 cm) per year (Ref. 1).
Monthly evaporation rates are depicted in Appendix D, Section III.

Seepage will not occur out of the pit.

The slurry inflow into the pond is 0.95 acre-feet per day, (Ref. 8). It
was assumed the mill will operate 365 days per year.
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The pond will accept all slurry discharges until filled, after which
decanting will be required.

The maximum operating level of the tailings pond is elevation 1740.

Since the applicant has not provided either a stage-volume curve or a stage-
surface area curve to perform the water balance aralysis, curves were constructed
based on information presented in Reference 8. Both the stage-volume and
stage-surface area curves are shown in Appendix D.

The water balance analysis was performed in a conservative manner. The analysis
began in January, at a time when pond evaporation would be a minimum. The
result depicted i1n Appendix D indicates that the applicant can discharge

slurry into the pond approximately 2.75 years before decanting operations are
required. This value agrees with the applicant's analysis presented in
Reference 8.

Further analysis of the tailings pond management scheme, in terms of the water
inflow-outflow characteristics, cannot be evaluated because decanting operation
details have not yet been provided. Also, a more accurate estimate of the
percentage of siurry solid would be needed to further refine the water balance
analysis. The applicant reports that, presently, from 30-50 percent of the
slurry are solids (Ref. 1). While this presents no problem from an environmental
\nd safety standpoint, these details must be provided in the near future for
evaluation if operations are to continue in a timely manner. If evaporation

and recycle cannot adequately handle this excess water then modifications to

the mill circuit or tailings management plan would be necessary.

3.2.1.6.2 Freeboard

The applicant has estimated that the PMF will contribute 37 inches (94 cm) of
water to the 25.5 acre drainage basin resulting in a volume of approximately
78.6 acre-feet. The NRC staff's hydrological analysis, as presented in
Section 2.4, indicates that the PMF series wiil contribute 16.2 inches

(41.0 cm) of precipitation or ~ 34 acre feet. Based upon an approximate
impoundment fetch length of 1200 feet (365 m) and an estimated maximum wind
velocity of 100 mph (160 km/hr), the maximum wave height and subsequent
embankment runup is caiculated by the NRC stafr to be approximately 2 feet
(0.6 m) (Ref. 9, 14).

The maximum pond operating level has been established at elevation 1740 and
the design impoundment crest at elevation 1745. The resultant operating
freeboard is 5 feet (1.52 m). Combining the conservative PMF depth calculated
by Dawn with the potential wave height results in a required freeboard of

5.08 feet (1.55 m) which is necessary to retain any potential overtopping of
the embankment crest.

The upper 10 feet (3.0 m) of the embankment (that is, elevation 1735 to 1745)
will be riprapped to ensure embankment protection from wave action as shown in
Figure 3.4. Consequently, wind and wave damage should be minimal. Because

of the wave protection and the extreme conservatism with which the PMF was
estimated by the applicant, the NRC staff recommends that the proposed 5 feet
(1.52 m} of freeboard be considered adequate.
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3.2.1.7 Construction

Recommendations for details of the embankment and pit construction and placement
of materials are presented in Reference 3. However, no official construction
specifications have been drawn up. The NRC staff recommends that a set of
construction specifications be prepared and submitted to the state of Washington
for approval prior to startup of construction operations. With regard to the
impoundment construction, the following recommendations are offered:

a. Compaction criteria of 95 percent of the maximum dry density as determined
by the Modified Compaction Test, ASTM D1557 °. specified. Based on the
grain size distribution curves in Reference 3, it is anticipated that the
dike material will have 5 percent or less or material passing the number 200
sieve. Therefore, it is the recommendation of the NRC staff that the
embankment be compacted to an average of 85 percent but not less than 80
percent relative density as determined by ASTM D2049.

b. Inspection of the facility is recommended during key stages of construction.
These should include:

: & Near completion of pit excavation.
2. During liner placement.
3. Near completion of perimeter dike foundation preparation.
4. At an early stage of perimeter dike fill placement.
g A construction report should be submitted to the state of Wasnington for
review after completion of the facility and should include quality control

and specification compliance test results.

3.2.2 Seepage Control

The staff has investigated the resistance of the reinforced Hypalon liner,

proposed by Dawn, to the materials in the tailings discharge and finds that,
provided that the liner, bedding material, and sand cover are properly installed
and maintained, the liner system should retain its integrity during the operational
life of the pit and beyond. Therefore, nc degradation of the groundwater will
occur.

To assure that the liner system is properly installed and maintained, Dawn should
be required to develop and submit for review a quality assurance program covering
all aspects of liner installation.

3.2.3 Long-Term Stability and Reclamation Plan

3.2.3.1 Technical Criteria

An evaluation of the long-term stability of the uranium mill tailings disposal
plan was performed. The reclamation plan of the proposed disposal site must



3-14

be incorporated into the reclamation plan for the entire tailings disposal

area and cannot be reviewed completely on the basis of existing information.
Nevertheless, the following evaluation indicates the adequacy of the proposed
plan from the viewpoint of long-term stability. The long-term stability and
proposed reclamation plan was evaluated in accordance with the list of failure
modes presented in Table 3.1. Because of the subsurface disposal plan proposed,
several of the potential failure mechanisms indicated in Table 3.1 have minor
or no consequence with regard to the long-term stability.

3.2.3.2 Evaluation of Proposed Reclamation Plan

The staff notes that the information developed in the Final Generic Environmental
Impact Statement on Uranium Milling being prepared by NRC could modify or

change reclamation requirements. The generic statement will cortain the

results of ongoing research to assess the environmental impacts of uranium

mill tailings ponds and piles, and will suggest means for mitigating any

adverse impacts. Any licensing action approving the below grade disposal plan
should be subject to revisions based on the conclusions of the Final Generic
Environmental Impact Statement on Uranium Milling and any related rulemaking.

The appliicant must also be required to maintain surety arrangements to cover
the coscs of reclaiming the tailings disposal areas.

3.2.3.2.1 Failu 2 Modes Associated with Impoundment Elements

The cap will consist of 10 feet (3 m) of cover. The first 2 feet (0.6 m)
immediately above the tailings surface will be comprised of a clay layer which
will be placed and compacted. An 8-foot (2.4 m) thick layer of sand and
gravel will be placed over the clay. The cover over the tailings will be
graded and contoured to facilitate drainage away from the impoundment area and
thus minimize she:t or gully erosion. Cover will be placed at a maximum slope
of 5h:iv. Due ty the materials being used to comprise the cap, the effects
due to the difrerential settlement and chemical attack are anticipated to be
minimal.

The entire disposal area floor and sideslope surface will be lined with a
fabric-reinforced, 30-mil, syntt .tic rubber Hypalon liner. The liner membrane
will extend up the dike to a level 5 feet (1.5 m) above the origina: ground
surface. A 2-foot (0.6 m) thick cover layer of stabilized sand will be placed
over the membrane. After use of the below grade tailings pit is terminated,
the tailings will be dewatered for from one to three years through decanting,
evaporation, and use of the underdrain system. Assuming proper placement of
the liner and satisfactory dewatering of the tailings, all free water in the
tailings should be removed in this period. Differential settlement or cther
adverse affects on the liner are anticipated to be minimal. However, i
disruption of the liner does occur over long-term periods, the contoured clay
layer in the cap and the climatic condition of net evaporation will reduce
available water for percolation and seepage to a minimum.
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Table 3.1 Complete list of failure modes considered in
assessment of long-term stabiiity. (Ref. i3)

A. Failure Modes Associated with Impoundment Elements
1. CAP

a) Differential settiement
b) Gullying

C) Water sheet erosion

d) Wind erosion

e) Flooding

f) Chemical attack

g) Shrinkage

~N

LINERS

a) Differential settlement

b) Subsidence of subsoil and rock
c) Chemical 2.tack

d) Physical penetration

3. EMBANKMENT

a) Differential settlement

b) Slope f.ilure

c) Gully g

d) Water sheet erosion

e) Wind :rosion

f) Floouing

g) Weathering and chemical attack

4. REVEGETATION

a) Fire
b) Climatic Change

5.  WATER DIVERSION STRUCTURES

a) Slope failure
b) Obstruction

B. Failure Modes Associated with Natural Phenomena

Earthquakes

Floods

Windstorms

Tornados

Glaciation

Fire and pestilence

U B wrn -
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The aoplicant reports that the reclaimed area will be seeded and fertilized to
stabilize the cover. However, due to the nature of the sand and gravel cap
materials, the lack of a topsoil layer, and the low summer season precipitation,
reforestation and revegetation of the cap will likely be difficult. Vegetative
development may require the area to be maintained for an extended period of
time. In addition, it is not known if continued growth can be assured over

the long term on exposed slopes without routine maintenance. Therefore,
placement of a rock cover on exposed slopes of the reclaimed area should be
required.

3.2.3.2.2 Failure Modes Associated with Natural Phenomena

Since the pit is constructed below the ground surface, the potential for
dispersion of the tailings due to earthquake and/or liquefaction is considered
to be minimal.

The Dawn mill site lies within the drainage basin of the Chamokane Creek, the
principal surface stream of Walker's Prairie basin. Although the tailings
disposal site is located near the creek, the disposal site has been located
upon a terrace approximately 100 feet (30 m) above the creek elevation. Since
all the tailings wil)l be disposed of below the natural ground level and covered
with a 10-foot cap, adverse effects due to the flooding over long-term periods
are considered to be minimal.

The effects of wind storms, tornados, glaciation, fire and pestilence were
shown to be negligible in the long-term report by Nelson and Shepherd (Ref. 13).

3.2.3.2.3 Reduction of Gamma Radiation and Emanation of Radon From the
Reclaimed Area

The reclamation cover proposed by Dawn was calculated by the staff to meet

the taiiings objectives requiring reduction of direct gamma radiation from the
impoundment to essentially background and reduction of radon emanation from
the impoundment area to ~ twice the emanation rate in the surrounding environs.




4. RADIOLOGICAL ASSESSMENT

4.1 INTRODUCTION

This section presents the NRC staff's assessment of the incremental radiological
impacts resulting from operation of the Dawn uranium mill with the proposed
new below-grade tailings impoundment. Because the new impoundment is to be
completely lined with an impervious syntheti. membrane, no significant seepage
of tailings liquids from the new impoundment is anticipated. Therefore, the
proposed action which is assessed herein, that is, construction and operation
of a fully lined below-grade tailings impoundment, will not result in any
additional releases of radioactive materials via seepage or any other liquid
pathway. Consequently, liquid pathways are not considered within this section.
Impacts and problems associated with continuing seepage from the present
above-grade impoundments will be addressed in detai! in connection with the
presently pending license renewal. Accordingly, this assessment addresses
only airborne radicactive effluents from the Dawn project.

Major components of the staff's evaluation documented here have included
detailed assessments of the following: (1) annual releases of airborne radio-
active materials from the mill and all tailings storage areas; (2) resulting
incremental radioactivity corcentrations in air and in other environmental

media; and (3) resulting incremental radiation dose commitments to individuals
anc populations. The calculated results are compared to natural background
radiation exposures and applicable regulatory limits. Al] potential airborne
exposure pathways likely to contribute a significant fraction of total exposures
have been included in the analysis. Dose commitments resulting from all
releases, both with and without the new impoundment, are presented and discussed.

As a predictive calculational analysis, the results of this evaluation are
dependent upon, and sensitive to, values chosen for the many necessary input
parameters. Changes in input parameter values used in this assessment would
necessarily result in changes to the calculated results. Significant modifi-
cations to the Dawn facility's design or mode of operation, which would affect
the assumptions made here concerning effluent reieases, would necessitate a
revised analysis to confirm or revise the conclusions drawn here. Additionally,
as a complex predictive mathematical analysis, results presented here have
inherent Tevels of uncertainty which are difficult to quantify. Such results
must be adequately supported by empirical data obtained through site-specific
effluent and environmental monitoring programs before a high degree of confidence
can be established.

4.2 ESTIMATED RADIOACTIVITY RELEASES

This assessment is based on an evaluation of radioactivity releases from the
various components of the entire Dawn facility during the final year of opera-
tion of the new below-grade tailings impoundment. Incremental annual dose
commitments due to releases from operation of the new impoundment will be
highest during this year. The basic information, data, and assumptions used
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to estimate radioactivity releases are summarized in Table 4.1. The estimated
release rates by facility component are presented in Table 4.2. Further,
more-detailed information pertaining to the evaluation of radioactivity releases
is provided in Appendices A and B.

Release rates presented in Table 4.2 are based on the assumption that tr .
presently active impoundment will be covered with wood chips after the new
impoundment becomes operational, thus reducing potential narticulate releases
from this source by 97 percent (wood chips have been appl.ed to the abandoned
impoundment areas by the mill operator already). It is also assumed that
particulate emissions from the new impoundment will be controlled by water
cover, chemical stabilization, or other means, such that 40 percent of potential
releases will be abated. On this basis, and with the mill itself still in
operation, the new imp-undment contributes the following fractions of total
facility emissions: iess than 4 percent of total uranium; 27 to 28 percent of
cotal thorium, radium, and lead; and 11 percent of total radon.

4.3 EXPOSURE PATHWAYS

Potential environmental pathways by which people could be exposed to radioactive
materials resulting from the project are presented schematically in Figure 4.1,
The pathways of concern for the airborne effluents include inhalation of
radioactive materials in the air, external exposure to radioactive materials

in the air or deposited on ground surfaces, and ingestion of contaminated food
products (that is, vegetables and meat).

There will be no planned or routine releases of radioactive waste materials
directly into surface waters. The proposed tailings area floor and side
slopes will be completely lined with a synthetic membrane liner and, therefore,
no seepage to groundwater is anticipated. There is, however, seepage of
radioactive liquids from the existing above-grade tailings impoundment and the
existing groundwater situation will be evaluated in detail in connection with
the pending license renewal for the entire facility.

4.4 RADIATION DOSE COMMITMENTS TO INDIVIDUALS

The radiation dose at a reference point depends on the distance and direction

of the point with respect to the sources. The dose decreases with distance as

the radioactive particulates are dispersed and depleted by deposition, and

their concentration decreases. The direction of the reference point with

respect to the mill is important because the average concentration of particulates
is higher downwind. Prevailing winds in the site vicinity are out of the SSW

and SW sectors (see Table 2.1).

The residence closest to the Dawn site is 0.42 miles (0.68 km) southeast =f
the mill and the nearest residence in the prevailing wind directing is 0.81
miles (1.3 km) ENE of the mill. In addition, the applicant has reported the
presence of a nearby vegetable garden (0.5 km ESE) and a nearby workshop (0.6
km NNE). The staff understands that private residences are also located near,
but not at, these latter two locations.
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Table 4.1 Principal parameter values used in the radiological assessment
of the Dawn Mining Company uranium project

Parameter Value(s)*

A. General Data

Average ore grade, % U;0¢ 0.153
Ore concentration, pCi/g U-238 and daughters 432.0
Ore processing rate, MTad 430.0
Days/yr operational 346

B. Ore Storage Pile(s)

Actual area, acres 13.6
Annual average dust loss rate, g/m2-yr 42.0
Dust/ore activity ratio 2.5
Reduction factor for chemical spraying

and wetting, % 50.0

Release rate for truck dumping and ore pad
activities, %

{ fade
Specific Rn=222 flux from ore piles, pc:/gm s:f¢,6 1.0

C.  Hoppers and Feeders

Release rate for ore feeding, % 0
Dust/ore activity ratio 2
Reduction factor for dust control, % 5
Fraction of Rn-222 equi ibrium ore content

released, % 20.0

0.  Crushing and Grinding

Release rate for crushing and grinding, % 0.01
Efficiency of particulate loss control, % 99.0
Dust/ore activity ratio 59
Fraction of Rn-222 equilibrium 0il content

released, % 20.0

E. Fine Ore Storage

Release rate for fine ore activities, % 0.015
Efficiency of particulate loss control, % 80.0
Oust/ore activity ratio g

Fraction of Rn-222 equilibrium ore content
released, % 20.0



Table 4.1

(Continued)

Parameter

Value(s)*

F.  Yellowcake Drying and Packaging

Yellowcake production rate, MT/year

Release rate of yellowcake prs 'uct to atmosphere, %
Yellowcake fraction of U-238, ..

Yellowcake fraction of Th-230, %

Yellowcake fraction of Pb-210, %

Yellowcake fraction of Ra-226, %

Yellowcake purity, %

E. Tailings Impoundment System

General parameters
Fraction U to tailings, %
Fraction Th to tailings, %
Fraction Ra and Pb to tailings, %
Annual average dust loss rate, g/m-yr
Dust/tails activity ratio
Dustino reduction factor for water cover,

moisture, and chemical agents, %

Specific Rn-222 flux f

pCi/m?-sec Rn-222
pLi/g RKa-

Abandoned tailings impoundment
Total area, acres
Area exposed to dustin
Tailings activities, p

Present Tailings Impoundment
Total area, acres
Area exposed to dusting, %
Reduction factor of dust loss by chemical
stabilization and wetting, %
Tailings activities, pCi/gm

rom exposed beach,

59.2
1.0-3.0

62.1

641.2
673.6
673.6

47.0
90.0

80.0

62. 1

641.2
673.6
673.6



Table 4.1 (Continued)
Parameter Value(s)*
Future tailings impoundment
Total area, acres 27.2
Reduction factor c¢ dust loss by water
cover, chemical stabilization, % 80.0
Tailings activities, pCi/gm
u-238 39.8
Th=230 410.4
Ra-226 431.2
Pb-210 431.2

*Parameter values presented here are those selected by the NRC staff for use in
its radiological impact assessment of the Dawn Mining Company uranium mill
project. In instances where available data have been insufficient and/or not

specific, reasonably conservative estimates nave been made.




Table 4.2 Estimated annual -eleases of radiocactive materials
resulting from the Dawn Mining Company uranium project*

Annual releases, Curie/year**

Release source U-238 Th-230  Ra-226  Pb-210  Rn-222
Ore storage 7.30E-03 7.30E-03 7.30E-03 7.30€E-03 7.48E+02
Hopper and feeders 8.00E-03 8.00E-03 8.00E-03 €.00E-03 1.28E+01
Grinding and crushing 1.60E-04 1.60E-04 1.60E-04 1.60E-04 1.28E+01
Fine ore storage 4,80E-03 4.80E-03 4.80E-03 4.80E-03 1. 28E+01
Yellowcake stacks 2.23E-03 1.12E-05 2.23E-06 2.23E-06 0.0

Tailings impoundments

Abandoned pile 1.56E-04 1.61E-03 1.69€E-03 1.69E-03 5.11E+03
Present pile 3.71E-04 3.83E-03 4.03E-03 4.03E-03 4.05E+03
Future pile 9.20E-04 9.48E-03 9.96E-03 9.96E-03 1.23E+03

*Releases are based on the projected operations for the final year of mill
cperation (1990).

**Releases of all other isotopes in the U-238 decay series are also included
in the radiological impact analysis. These releases are assumed to be identical
to those presented here for parent isotopes. For instance, the release rate of
U-234 is taken to be identical to that for U-238. Release rates of Pb-210 and
Po-210 are assumed equal to that given for Ra-226.
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Tabie 4.3 presents the calculated annual dose commitments received by people
living at these locations, as well as those at Ford, the nearest town. For
each of these locations, it was assumed that individuals would have access t.
and consume as part cf their normal diet, beef fed by grazing in an area
centered approximately 0.6 km NE of the mill. Also, the milk pathway was
conservatively assumed to exist at each location although it is not known
whether or not that is the case.

4.5 RADIATION DOSE COMMITMENTS TO POPULATIONS

The annual 100-year environmental dose commitments received by the (regional)
population within 50 miles (80 km) of the site are presented in Table 4.4.
The projected population distribution data (Tabie 4.5), based on the year
1990, were used to do the estimation.

Releases of radon gas yield radiological impacts which occur over a range of
thousands of miles from a release source. Impacts of radon releases from the
facility that occur within 50 miles (20 km) of the site have been included in
the tabulation of the regional popu’ation dose commitments (Table 4.4).
Transcontinental radon-222 impacts have also been evaluated. Table 4.6 includes
total environmental dose commitments received by both regional and extra-regional
populations. A grand total of 100-year environmental dose commitments received
by all populations is also presented.

4.6 EVALUATION OF COMPLIANCE WITH REGULATORY LIMITS

Dose commitments to individuals at the locations noted in Section 4.4 were
calculated for the purpose of evaluating compliance with the limits specified
by the U.>. Environmental Protection Agency's (EPA) 40 CFR Part 190, "Radiation
Protection Standards for Normal Operations of the Uranium Fuel Cycle," which
will be effective for uranium milling operations in December 1980. Under 40 CFR
Part 190, total doses to any organ of an offsite ‘ndividual are limited to

25 millirems/year, excluding contributions from radon-222 and its radioactive
daughters. Table 4.7 provides a comparison of the calculated dose commitments
0 individuals with the 40 CFR Part 190 limits. Doses in this table are lower
than total doses (Table 4.3) because contributions from radon-222 and its
uaughters have been omitted.

As indicated in Table 4.7, maximum individual doses at the "nearest residence"
and "nearest residerre in the prevailing wind direction" locations are computed
to be within EPA 1. .ts. However, maximum individual doses computed for the
"garden’ a.d workshop" locations are above the 25 mrem per year limit. It is

not clear to the staff whether or not individuals actually live at or near the
garden or workshop, or whether o~ wot, and to what extent, the various food
ingestion pathways assumed here ictually exist. From the analysis performed,
however, it can be concluded that construction and operation of the new
impoundment will have very little bearing on the issue of overall site compliance
with 40 CFR Part 190.

Under 10 CFR Part 20, air concentrations in unrestricted areas are limited to
maximum permissible concentrations (MPCs). Table 4.8 presents the results of
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Table 4.4 Annual environmental dose commitments to regional population within 50-mile radius

resulting from the operation of the Dawn Mining Company uranium mill

Annual Environmental Dose Commitments (EDC), person-rem/year*

whole Body Bone Lung Bronchial epithelium**

Exposure Pathway Presentt  Expandedit Present  Expanded Present  Expanded Present  Expanded
Inhalation 0.18 0.21 5.72 6.38 3.23 3.47 307.0 346.0
External from ground 0.69 0.90 0.69 0.90 0.69 0.90 0.69 0.90
External from cloud 4.78 5.37 4.78 5.37 4.78 5.37 4.78 5.37
Vegetable ingestion 4.27 5.32 76. 1 91.5 4.27 5.32 4.27 W
Meat ingestion 0.15 0.18 2.91 3.46 0.15 0.18 0.15 0.8
Miik ingestion 0.23 0.31 3.05 3.91 0.23 0.31 0.23 0. 31

Total 10.3 12.3 93.3 112.0 13.4 15.6 317.0 358.0
Estimated population dose
from natura’ hackground 53,849 53,849 70,650 70,650 54,280 54,280 241,242 241,242
Ratis of total annual
regional population dose
to that from natural
background*** 0. 0002 0.0002 0.0013 v.0016 0.0002 0.0003 0.0013 0.0015

*Doses to the whole body, lung, and bone are those resulting from the eleases of particulates of U-238, U-234,

Th-230, Ra-226, and Pb-210.

**Inhalation doses to the bronchial epithelium are those resulting from the inhalation of radon daughters.

***Background doses are based on the regional population size of 430,790 and background radiation doses presented

in Reference 32.
tWithout new impoundment.
fiWith new impoundment.
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Table 4.5 Projected 1990 Population Distribution--50-Mile Radius of the Dawn Mining Company Mill
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fable 4.6 Annual environmenta: dose commitments to continental populations
from the operation of the Dawn Mining Company uranium mill

Total Environmental Dose Commitments (EDC), Person-rem/year

Whole body Bone Lung Bronchial epithelium
Presentt Expandedit Present Expanded Present Expanded Present Expanded
EDC's received by 10.3 12.3 933 112. 13.4 15.6 Nz. 358.
Lhe population
within 80 km of
the mill
EDC's received by 102. 116. 3P, 1564. 22.3 25.5 478. 538.
the population beyond
80 km of the mill
F=

lotal EDC's received 112. 128. 1480. 1675. ».7 41.0 795. 896. i;
by the continental -
populations
Fraction of
background* 3.06E-06**  3.49E-06 4.04E-u>  4.576-05 9.74E-07 1.12E-06 4.34E-06 4.89E-06

*Background values estimated on the basis of year 1990 continental population of 366.4 million people,
ea”h person receiving 100 millirem/year to the whole body, bone, and lung and 500 millirem/year to the
bronchial epithelium.

**The notation 3.J6E-06 denotes 3.06 x 10 ©.
iWithout new 1mpuuindment.

fTWith new impoundment.



Table 4.7 Comparison of annual dose commitments to individuals with EPA

4-13

radiation protection standards ' 40 CFR 190)*

Calculated annual dose commitment (mrem/vear)

e ne Lung
Lacation Exposure Pathway Present Expanded Present Expanded Present  Expanded
Nearest Inhalation 0.07 0.08 1.97 2.29 3.26 3.54
resident External exposure 0.04 0.04 0.04 0.04 0.04 0.04
0.7 km SE Ingestion
Vegetable 0.25 0.38 2.98 4.46 0.25 0.38
Meat** 0.42 0.46 5.20 5.75 042 0.46
Milk 0.09 0.09 0.65 0.97 0.09 0.09
Total 0.87 1.05 10.8 13.5 4.06 4.51
EPA limit 25.0 25.0 25.0 25.0 25.0 25.0
Fractional limit 0.03 0.04 0.43 0.54 0.16 0.18
Nearest Inhal. don 0.08 0.10 2.83 3.09 4.76 5.00
resident in the External exposure 0.04 0.05 0.04 0.05 0.04 0.08
prevailing wind Ingestion
1.3 km ENE Vegetable 0.31 0.41 3.73 4.87 0.31 0.41
Meat** 0.42 0.46 5.20 5.7% 0.42 0.46
Milk 0.08 0.10 0.82 1.06 0.08 0.10
Total 0.94 .12 12.6 14.8 5.61 6.02
EPA limit 25.0 25.0 25.0 25.0 25.0 25.0
Fraction of limit 0.04 004 0.50 0.59 0.22 0.24
Garden Inhalation 0.25 0.27 7.37 7.98 - By 12.%
0.5 km ESE External exposure 0.12 0.13 0.12 0.13 0.12 0.13
Ingesticn .
Vegetable 0.92 1.16 11.4 13.8 0.92 1.16
Meat™* 0.42 0.46 5.20 5.7% 0.42 0.46
Milk 0.23 0.29 2.39 3.00 0.23 0.29
Total 1.94 2.3 26.5 30.7 13.8 14.6
EPA limit 25.0 25.0 25.0 25.0 25.0 25.0
Fraction of limit 0.08 0.09 1.06 1.23 0.55 0.58
Fence Post Inhalation 0.66 0.68 19.9 20.6 3.29 33.5
workshop External exposure 0.29 0.30 0.29 0.30 0.29 0.30
0.6Km NNE Ingestion
Vegetable 2.:0 2.47 26.3 29.5 2.20 2.47
Meat** 0.42 0.46 5.20 5.75 0.42 0.46
Milk 0.35 0.61 5.73 6.42 0.55 0.61
Total 4.12 4.52 57.4 62.6 36.4 37.3
EPA limit 25.0 25.0 25.0 25.0 25.0 25.0
Fraction of limit 0.16 0.18 2.30 2.50 1.46 1.43
Nearest town, Inhalation 0.02 0.02 0.59 0.68 1.°3 1.08
Ford, 2.3 KmE External exposure 0.01 0.01 0.01 0.01 0.01 0.01
Ingestion
Vegetable 0.07 0.10 0.82 1.16 0.07 0.10
Meat** 0.42 0.46 5.20 5.75 0.42 0.46
Milk 0.02 0.02 0.18 0.25 0.02 0.02
Total 0.54 0.61 6.80 7.8% 1.52 1.67
EPA limit 25.0 25.0 25.0 25.0 25.0 25.0
Fraction of limit 0.02 0.02 0.27 0.31 0.06 e.07
“¥F0 CFR Part 190 specifically excluies any doses ard dose commitments arising from the releases of
radon and daughters.
A*Meat ingestion doses result from consumption of mcat from cattle grazed 0.6 km NE of the mill site.

tWithout new impouwwiment.
tiWith new impoundment,
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the staff's evaluation of compiiance with 10 CFR Part 20 for calculated annual
average air concentrations for selected restricted a-ea boundary locations.

As indicated by the results presented in Table 4.8, there does not appear to
be any problem in meeting the MPC limits specified in 10 CFR Part 20. In
addition to the locations evaluated in Table 4.8, other locations along the
restricted area boundary were evaluated but were found to have lower computed
average air concentrations. In al) cases, the increment:] ai~ concentration
increases due to releases from the new impoundment were inconsequential.

4.7 OCCUPATTONAL RADIATION EXPOSURE

Uranium mills are designed, built, and operated t> minimize exposure of both
the mill workers and the general public to radiation. Occupational exposures
for workers are required to be monitored and kept below regulatory limits. In
addition, protection measures to reduce occupational exposures are pericdically
reviewed and revised in accordance with the requirement to make such exposures
as low as is reasonably achievable.

The scope of this NRC staff review has not included a review of the inplant
radiological safety program proposed for the mill. However, occupational
exposuras can be characterized in general terms. Special studies at selected
mills have shown that the exposures of mill workers to airborne radicactivity
are normally below 25 percent of the maximua permissible concentrations given

in Appendix B of 10 CFR Part 20 and that external exposures are normally less
than 25 percent of 10 CFR Part 20 limits (Refs. 21 and 22). A recent review
(Ref. 22) of mill exposure data by the MkC staff has indicated that only a few
uranium mill employees may have exceeded, over a one-year period, 15 to 20 percent
of the permissible exposure to ore dust, 25 percent of the permissible exposure
to yellowcake, or 10 percent of the permissible exposure to radon concentrations.
Except for a few individuals, the combined exposure of an average worker to
these radioactive components over a one-year period probably does not exceed

25 sercent of the total permissible exposure.

With respect to the operation of the new tailings impoundment, such operation
will yield marginal increases in onsite ambient air concentrations of radon

and radioactive particulates. However, such increases will be generally
insignificant in comparison to existing air concentrations and will not present
a problem in maintaining occupational exposures within acceptable Timits.

4.8 RADIOLOGICAL IMPACT ON BIOTA OTHER Th: ¥ MAN

Although no guidelines concerning acceptable limits of radiation exposure have
been established for the protection of species other than man, it is generally
agreed that the limits for humans are also conservative for those species

(Refs. 23-30). Doses from gaseous effluents to terrestrial biota (such as

birds and mammals) are quite similar to those calculated for man and arise

from the same dispersion pathways and considerations. Because the effluents

of the mill will be monitored and maintained withir safe radiological protection
limits for man, no adverse radiological impact is expected for resident biota.

The staff considers that operation of the new impoundment will not significantly
increase either the magnitude or variety of radiological impacts to biota
resulting from operation of the Dawn facility as a whole.




Table 4.8 Comparisons of air concentrations during mill generation with 10 CFR Part 20 limits for unrestricted areas

Total air concentrations, pCi/m®, of radionuclides

10 CFR Part 20 )imits**
Predicted values:

U-238 U-234 Th-230 Ra-226 Pb-210 W L* Concentration
5. 00E-00 4.00E+00 8. 00E-02 2. 00E+00 4.00E+00 3.33E-02
Present Expanded Present Expanded Present Expanded Present Expanded Present Expanded Present Expanded

Restricted area
boundary (0.3 km NE)

Fraction of limit

Restricted area
boundary (0.1 km N)

Fraction of li. t

Restricted area
boundary (0.2 km W)

Fraction of limit

3.43E-02*** 3 43E-02 3.436-02 3.436-02 3.42E-02 3.456-02 3.42E-02 3.456-02 3.42£-02 3.45€-02 1.55€-03 1.69E-03
6.86E-03 6.86E-03 8.58E-03 B8.58E-03 4.28E-01 4.326-02 1.71€-02 1.73E-02 8.55€-03 B8.62E-03 4.655-02 S.08E-02

2.34€-02 2.34E-02 2.34E-02 2.34E-02 2.36E-02 2.40E-02 2.36E-02 2.40E-02 > I6E-02 2.40F-02 ).74E-03 1.90E-03
4.67E-03 4.67E-03 5.84E-03 5.84E-03 2.95-01 3.00E-01 1.18E-02 1.20E-02 5.90E-03 6.00E-03 5.236-02 5.69E-02

SL-v

1.52E-02 1.526-02 1.52E-02 1.526-02 1.55€-02 1.60E-02 1.566-02 1.61E-02 1.556-02 1.60€-02 2.356-03 2.53t-03
3.04E-03 3.04E-03 3.80€-03 3.80E-03 1.94E+01 2.00E-01 7.80E-03 8.03E-03 3.88E-03 4.01E-03  7.066-02 7.61E-02

"Wl denotes "working level." A one-WL concentration is defined to be any combination of air concentrations of the short lived Rn-222 daughters
Pu-218, Pb-214, Bi-214, and Po-214 that, in one liter of air, will yield a total of 1.3 x 10% Mev of alpha particle energy in their complete
decay to Pb-210. Predicted values given for outdoor air are those calculeted on the basis of actual irgrowth from released Rn-222.

*'Values given are from 10 CFR Part 20, Appendix B, Table II, Column 1.
**XIhe notation 3.43E-02 denotes 3.43 x 10 2.
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4.9 SUMMARY OF RADIOLOGICAL IMPACTS AND CONCLUSIONS

On the basis of this predictive analysis, which is based on reasonably
conservative assumptions, it appears likely that the Dawn facility can operate
in compliance with 40 CFR Part 190 if there are no private residences in the
immediate areas of the mill complex (for example, at the "garden" and "fence
post workshop” locations). A definite determination of actual residences must
be made in the immediate future. In addi*ion, the dose estimates reported
herein must be verified by empirical data obtained through detailed effluent
and environmental monitoring programs such as are specified in USNRC Regulatory
Guide 4.14, "Radiological Effluent and Environmental Monitoring at Uranium
Mills" (issued as Revision 1, April 25, 1980). Therefore, it is recommended
that such a monitoring program be instituted promptly, if not already in
piace. The monitoring program should be comprehensive in scope and should be
capable of providing conclusive evaluations of 40 CFR Part 190 compliance; a
quality assurance program satisfying the guidelines of USNRC Regulatory Guide
4.15, "Quality Assurance for Radiological Monitoring Programs (Normal Operations) -
Effluent Streams and the Environment," (issued as Revision 1, February 1979)
should be implemented. Because 40 CFR Part 190 compliance is so obviously and
strongly coupled with land use and demography in the immediate site area, the
mill operator should be required by license condition to conduct an annual
survey of 'and use (grazing, inhabited structures, wells, etc.) in the area
within about '.5 miles (4 km) of the mill, and submit a written report to the
state. In view of the uncertainty of the present land use characteristics,
and the imminent effective date of 40 CFR 190, the first such survey should be
conducted immediately.

Also, because compliance with 40 CFR Part 190 must be assured, and because all
radioactive emissions should be kept as low as practicable in any event, the

mill operator should be required by license condition to keep all effluent
control equipment in good working order and in use at all times auring mill
operation. This is particularly necessary with respect to yellowcake emission
control devices since urzontrolled yellowcake emissions can yield high exposures,
relative to the 25 mrem per year limit, in very short time periods, especially

in the presence of unfavorable meteorology. Frequent checks of yellowcake

stack emission control devices should be required.

The staff's analysis of 40 CFR Part 190 compliance has assumed that the presently
active tailings impoundment will be decommissioned and promptly treated so as

to reach a high degree of control (97 percent) of potential particulate emissions
from that source. Should that not be the case, the staff's evaluation indicates
40 CFR Part 190 compliance would be doubtful. Therefore, the mill operator
should be required by license condition to take appropriate actions to control
particulate dusting from the present impoundment by any availabie means to

levels which are as low as practicable. Exposed tailings beaches should be

kept moist, treated with chemical stabilizers, or covered with wood cnips at

all times so as to prevent the unnecessary blowing of particulate tailings
debris. Similar control should be exercised with respect to the abandoned
tailings areas and the new impoundment so as to keep releases of particulates
from these sources as low as practicable.
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5.  ENVIRONMENTAL EFFECTS OF ACCIDENTS

The occurrence of accidents can be minimized through proper design, construction,
and operation as well as a quality assurance program designed to establish and
maintain safe operations. The applicant has submitted an environmental impact
statement and plans for the design and construction of a below-grade pit.

These submittais have been reviewed by the NRC staff to ensure that there is a
basis for safe operation. Moreover, the state of Washington will maintain
surveillance over the plant by conducting periodic inspections of the facility
and by requiring reports of effluent releases and deviations from normal
operations.

Notwithstanding the above safeguards, accidents invelving the release of
radioactive materials or harmful chemicals have occurred in uranium milling
operations. Therefore, in this assessment, accidents which might occur during
operation of the proposed impoundment have been postulated and their potential
environmental impacts evaluated.

Inadvertent release of the tailings solution to the environment could result
from an overflow, a rupture in the tailings distribution piping, or a failure
of the pit side slopes resulting in liner damage and/or failure of the existing
impoundment (deep-seated failure of the north slope). Failure of the side
slopes could be attributed to a destructive earthquake or structural failure.
Release of tailings due to a failure in the embankment around the pit will be
essentially precluded since the operating level of ponded tailings will be at
the natural ground level.

The below-grade pit could overflow only if the pit was left unattended for
several weeks. The required 5-foot (1.5-m) freeboard of the pit is more than
adequate to contain the design flood (see Section 3.2.1.6.2).

An analysis by the applicant's consultants concluded that the side slopes
would be stable under both static and earthquake conditions, meeting the
minimum factors of safety prescribed in NRC Regulatory Guide 3.11 (Ref. 7).
Before issuing concurrence with the - asults, the NRC staff has recommended
submittal of addicional analyses (see Section 3.2.1.1). However, no approval
for the pit will be considered until this iss'e is resolved and it is shown
that the design meets the criteria prescribed in NRC R.G. 3.11. Even if a
side slope failure occurred, however, the majority of tailings released from
the existing impoundment would probably flow into the excavated pit. As the
pit is filled with tailings from normal operations, the weight of the tailings
against the side slope should preclude any possiblity of a slope failure.

Based on the above discussions, the only probable failure that would result in
significant offsite releases would be a break in the tailings distribution
niping resulting in a release of slurry.

[t is not possible to predict the probability of a pipeline failure specific
to the Dawn mill with a reasonable degree of accuracy. Even if the frequency
of such an event were known accurately, it would be difficult to predict the
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magnitude of the release of tailings slurry or solution. However, tailings
releases have occurred in the past, and the data from these releases may
provide a conservative indication of the expected consequences of dam and
pipeline failure. A summary of incidents recorded for ihe period 1959-1979 is
presented in Table 5.1.

Based on these historical data, the average release from tailings dam failure
or flooding for ten incidents was approximately 1.4 x 107 ge1 (5.5 x 107 L) of
liquids and 3.0 x 107 1b (1.5 x 107 kg) of solids. Pipeline failures resulted
in an average relzase of about 9.2 x 105 gal (3.5 x 10% L) of liquids and

1.8 x 107 1b (8.2 x 10® kg) of solids.

Six out of ten releases involving dam failure or flooding reached the watercourse,
and five out of seven releases from pipeline failures reached the watercourse.
However, most failures in tha tailings distribution piping would result in
release of the slurry to the tailings pond and not to the environment. Since
many of these dikes and pipeline distribution systems were poorly constructed

and current impoundments have more stringent design requirements, the probability
and magnitude of past releases should overestimate any future accidental

releases.

The average concentrations of radionuclides in the tailings solution, as
measured by the applicant, are compared with applicable standards in Table 5.2.
In addition, dissolved minerals from the ore are found in the solution.

Any large releas» ot tailings slurry from that portion of the tailings pipeline
that is not within the tailings impoundment area, would lTikely reach the
Chamokane Creek to the north or west. In order to preclude the occurrence of
large releases from the pipeline, Dawn should be required to install an audible
or visible alarm in the mi1l control room or office which activates automatically
upon a drop in pipeline pressure. The pressure monitor should be located at

the discharge point of the pipeline.

Should any release of tailings occur, it is recommended that appropriate
officials of the state of Washington be informed immediately of the approximate
time of the accident and be provided with estimates of the quantities of
liquids and solids released.




Table 5.1.

Min

Union Carbide-Green River
Kerr-McGee-Shiprock

Union Carbide-Maybell

Mines Development, Inc.-Edgemont
Atlas-2inc Minerals-Mexican Hat
Utah Construction-Riverton

VLA -Shiprock, N. M.

Atlas-Moab

Climax-Grand Junction
Atlas-Moab

Petrotomics-Shirley Basin
Western Nuclear-Jeffrey City

UNC-Homestake Partners, Grants
Western Nuclear-Jeffrey City
UNC-Church Rock, New Mexico

UNC-Church Rock, New Mexico

summary of Accidental Tailings Slurry Releases, 1959-1979°

Year

1959
1960
1961
1962
1962
1963
1966
1967
1967
1968
1971
197

1977
1977
1977

1979

Cause

Flash flood

Dam failure

Dam failure

Dam faflure
Pipeline fallure
Flooding
Pipeline failure
Pipeline failure
Dam failure
Pipeline failure
Dam failure

Pipeline/
fallures‘.

Pipeline faillure
Dam fallured
Pipeline failure

Dam failure

~
'
HoOox> M M X M M N M X X

NNS&—'NN.-NU

1 x
1.8 x
e85 x
& F

Solids
Released,

b (kg)

107 (14 x 10°)
10° (9 x 105)®
10% (5 x 10%)
10° (2 x 10°)
10° (3 x 10°)
1% (1 x 10%)®
10° (6.4 x 10%)®
108 (2 x 105)®
10% (1-14 x 10®
10° (1 x 10%)°
10 (9 x 16%)®
No quantitative

)b

10® (4.5 x 107) 2.

107 (8.2 x 10%)9
10° (1.1 x 10%)
105 (9.98 x 10%)

Liquids
Released,

gal (L)

3x10° (1.2 x 107)°
2 x 10° (9.1 x 10°)

1 x 10° (4 x 10°0

5 x 10" (2 x 1%

s x 10% (2 x 10°)

2 x 107 (8.7 x 107)
2 x 10% (6.1 x20%)

ax10° (1.7 x 105

.3-3x 10° (-1 x 10%)

3x 10" (1.3 x10%)
2 x 107 (8 x 107)
information

2 x 10° (8.3 x 10°%)
2 x 1% (7.6 x 10%)
4 x 107 (1.5 x 10Y)
1 x 108 (3.8 x 10%)

Reached
Watercourse

Yes
Yes

Yes

Yes

Yes

Small amount
Yes

Yes

Yes

No

No

No
No
Yes
Yes

3 rom:
Licensing, April 1974.

“Envirommental Survey of the Uranium Fuel C
Updated (last four entries

le,* WASI-1248, U.S. Atomic Energy Commission, Fuels and Materials, Directorate of
through 1979 by the staff.

bAssmlng equal weights of solids and Viquids released, and density of the liquids to be approximately 1.1 kg/L (2.4 1b/gal).
Coccurred at the Split Rock mil1 in March 1971. A tailings line broke, causing the dike to fail. The accident went undetected for tw)

hours and tailings flowed into a natural basin adjacent to the tailings pond, on WNI property.

dOccurred at the Split Rock mi1l 1n April 1977: assuming equal weights of solids and 1iquids released, and density of the liquids to be

approximately 4 kg/L (° 1b/gal).

©Approximately 80% of solids and 20% of 1iquids.

€-S
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Table 5.2 Measured concentration< of radionuclides in the
Dawn Mining Company tailings solution

Maximum permissible

Concentration* concentration for
Radionuclide uCi/mL unrestricted areas,”*
uCi/mL
U (nat) 0.5 x 103 3.0 x 1075
Th-230 150 x 1078 2.0 x 10 ®
Ra-226 40 x 10 ® 3.0 x 10 8

*Reference 16.

**Rules and Regulations, Title 10, Chapter I, Code of Federal Regulations,
Part 20, Stancirds for Protection Against Radiation, U.S. Nuclear Regulatory
Commission.



6.0 TAILINGS MANAGEMENT ALTERNATIVES
6.1 INTRODUCTION

Engineering technigues for controlling pollutants from tailings storage, both
during operational and postoperational stages of a milling project, have been
demonstrated. The unique characteristics of each mill facility must oe igentified
and the appropriate environmental controls must be applied.

A set of tailings management performance objectives has been developed by the
NRC staff against which each alternative is judged to ensure that potential
pr~lic health hazards that otherwise could occur are avoided or minimized.

Tt performance objectives are as follows:

Siting and Design

1. Locate the tailings isolation area remote from people such that population
exposures would be reduced to the maximum extent reasonably achievable.

& Locate the tailings isolation area such that disruption and dispersion by
natural forces is eliminated or reduced to the maximum extent reasonably
achievable.

3. Design the isolation area such that seepage of toxic materials into the

groundwater system would be eliminated or reduced to the maximum extent
reasonably achievable.

Operations

4. Eliminate the blowing of tailings to unrestricted areas during normal
operating conditions.

Post-reclamation

5. Reduce direct gamma radiation from the impoundment area to essentially
background.

6. Reduce the radon emanation rate from the impoundment area to about twice
the emanation rate in the surrounding environs.

7. Eliminate the need for an ongoing monitoring and maintenance program
following successful reclamation.

8. Provide surety arrangements to assure that sufficient funds are available
to complete the full reclamation plan.

In the case of the Dawn Mining Company mill, the number of al‘ernatives in
engineering techniques is constrained by the fac' that the mill has been
nperating for about 20 years and by the fact that accumulated tailings have
already affected the environment.



6.2 ALTERNATIVES
6.2.1 Siting

The NRC staff does not require detailed evaluation of alternative sites for
future tailings disposal at an existing mill provided that the onsite location
proposed by a licensee adequately satisfies the staff's performance objectives.
The use of an alternative site would not greatly reduce the environmental
impacts at the present site and in addition would create more environmental
impacts at a new site. In addition, locating a new tailings impoundment at
the existing mill site avoids the proliferation of tailings disposal areas.

6.2.2 Design

The onsite alternatives for expansion of the tailings disposal facilities that
have been evaluated by the applicant include the following:

[.  Vertical additions to present impoundment dikes.
IT.  Construction of a new dike impoundment adjacent to existing facilities.
ITI.  Excavation of a subgrade storage pit.

The above tailings management alcernatives were evaluated by the NRC staff
with respect to the performance objectives listed in Section 6.1 as well as
with respect to their relative economic and environmental costs and relative
levels of resource utilization.

Alternative I represents the technology that has been in general use in the
uranium milling industry in the past. The technology is now being phased out
for the reasons listed in the following paragraph.

The option of continued use of the impoundment was rejected for the following
reasons: (1) there is uncontrolled seepage contamination migrating from the
existing impoundment (2) above-grade disposal to even higher elevations would

te more susceptible to blowing of particulates during operation; (3) continued
disposal in the existing impoundment would result in additional seepage contam-
ination and cesult in a higher above-grade mound after reclamation, thereby
increasing its susceptibility to natural erosive effects over the long term.
Therefore, chis alternative would not satisfy the staff's performance objectives 3,
4, and 7.

Although Alternative I is initially the least expensive of the alternatives,
it is probable that long-term maintenance and protection would make it the
most expensive.

Alternative I meets very few of the staff's performance objectives and for
these reasons must, therefore, be rejected regardless of cost.
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Alternative II would require a new aboveground area and construction similar

to that of Alternative I except that greater protection against ground and
surface water seepage would likely be employed in a new design. This alter-
native would be much more susceptible to long-term erosion and dispersion of
dry tailings during operation than pit disposal. Thus, this alternative does
not satisfy performance objectives 2, 4, and 7 as well as Alternative III would.

Alternative III represents a more modern view on the technology of tailings
disposal. The tailings are placed in a pit well below grade and safety is
assured for any ordinary climatic or geologica! event. Seepage to surface
waters is eliminated, and if, as in this case, an impermeable liner is used,
penetration of pollutants to groundwater are also severely restricted. Dusting
is minimized by the wind-sheltered locations of the tailings, well below
gruound Tevel. On reclamation, the tailings can be covered with a thick earth
and clay cover, and the final contours can blend into the natural surface
contours, minimizing erosion. Thus, long-term stability would be more readily
achieved, and ongoing monitoring and maintenance would be unnecessary. In
addition, the material excavated from the pit can be used in reclamation of
the proposed and existing tailings areas. This would eliminate the need to
strip mine the materials from another source.

The prime option for the proposed tailings disposal facility as viewed by the

NRC staff is placement below grade in a specially excavated, lined pit. Site
conditions for which below-grade disposal might not be the most environmentally
sound approach, such as a high quality groundwater formation near the surface

or sound bedrock near the surface, are not present at the Dawn site. Therefore,
the NRC staff agrees with the applicant's rejaction of the above-grade alternatives
and their decision to excavate a fully lineo nelow-grade pit.
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APPENDIX A CALCULATION OF SOURCE TERM

[ntroduction

The radiological assessment for the operation of the Dawn Mining Company
uranium mill was performed using the MILDOS computer code. The input to the
computer code consists of site-specific data and staff estimates of the radio-
active effluents “rom the mill and tailings management systems. These source
term calculatic.s for the tailings impoundment are described in Appendix B.
Source terms are defined as the estimated quantity of radioactivity released
in a specific period of time.

The mill sources addressed in this appendix are:

The ore pad and its related activities.
Mill hoppers and feeders.

Grinders and crushers.

Fine ore storage and transfer of ., .
Yellowcake drying and packaging.

G & WP

Seme general parameter values which are necessary to these calculations are:

1. The annual ore processing rate is 148,500 MT/year.

r & The ratio of radioactivity in the ore dust to that of the bulk ore is 2.5.
. 7 The bulk ore activity for U-238, Th-230, Ra-226, and Pb-210 is 432 pCi/gm.

Ore Pad Activities

Particulate emissions from the ore pad are the result of:

1. Truck delivery of ore.

2. Ore pad handling by front-end loaders and ot!er equipment.
3. Windblown emission.

Radon gas emissions are estimated on a specific Rn-222 flux (Ref. A.1) of

1.0 pCi/m2-sec Rn-222
. p gm Ra-226

1. Truck Unloading

The release rate is estimated by the staff to be (Ref. A.2):
0.1 1b/ton = 0.1/2000 = 5 x 10 3 release fraction

The particulate release is then:
148,500 MT/year x 10% gm/MT x 2.5 x 10 !2 Ci/pCi
x5 x 1075 x 432 pCi/gm = 8.04 x 10™3 Ci/year



- Handling

The release rate is estimated to be (Ref. A.2):

0.05 1b/ton = 0.05/2000 = 2.5 x 10 5 release fraction.
The particulate release is then:

148,500 MT/year x 10% gm/MT x 2.5 x 10 '2 Ci/pCi

x 2.5 x 10°% x 432 pCi/gm = 4.01 x 10 ® Ci/year

3. Windblown Emission

The dusting rate for the ore pad is 42 gm/m?-year (Ref. A.1)
The particulate release is then:

42 gm/m%-year x 432 pCi/gm x 2.5 x 5.5 x 10* m?

x 10732 Ci/pCi = 2.49 x 10°3 Ci/year

4. Radon=-222 Releascvfrom Ore Pad

The staff estimates radon release to be

Ci/m?-sec Rn-222 ; .
1.0 2-33?755-§;:5§3- x 432 pCi/gm x 3.156 x 107 sec/year

x 10722 Ci/pCi x 5.5 x 10% m2 = 748 Ci/year

Total ore pad emissions for U-238, Th-230, Ra=226, Pb-210 (secular
equilibrium):

8.04 x 1073 Ci/year
4.01 x 10°2 Ci/year
2.49 x 10 3 Ci/year
1.45 x 1073 Ci/year x 50 percent reduction (Ref. A.3)
= 7.30 x 102 Ci/year
Total ore pad radon emission is 748 Ci/year.

Hoppers and Feeders

The release rate is estimated to be (Ref. A.2):

0.2 1b/ton = 0.2/2000 = 10 4 release fraction.



The particulate release is then:
148,500 MT/year x 10° gm/MT x 2.5 x 432 pCi/gm x 10 4
x 10712 Ci/pCi = 1.60 x 10™2 Ci/year.
Dust suppression techniques such as chemical spraying and wetting on the ore
pad would reduce dust in the transfer of ore to the grinding stage. Thus, the
particulate release for U-238, Th-230, Ra-226, and Pb-210 is estimated to be:
1.60 x 10 2 Ci/year x 50% (Ref. A.3) = 8.00 x 10 3 Ci/year.
The radon release in based on a staff estimate that 20 percent of the secular
equilibrium content of radon escapes at this stage of the ore processing.
This estimate also accounts for radon released from other sources such as the
ieaching, CCD, and other circuits in the mill, which are not specifically
addressed.
lhe radon release is computed as:
148,500 MT/year x 10% gm/MT x 10 i2 Ci/pCi x 20% x 432 pCi/gm = 12.8 Ci/year

Grinding and Crushing

The release rate is estimated to be (Ref. A.2):

0.2 1b/ton = 0.2/2000 = 10 * relsase fraction.
The particulate release is then:

148,500 MT/year x 10% gm/MT x 432 pCi/gm x 2.5 x 10" ¢

x 10712 Ci/pCi = 1.60 x 10°2 Ci/year.
This emission point has an emission control device (bag house), which the
applizant estimates (Ref. A.4) at 99.5 percent efficiency. The staff selected
a 99 percent efficiency to account for downtime and other routine losses of
efficiency.

Thus, the particuiate scuce term is then:

1.60 x 102 Ci/year x 1% = 1.60 x 10 * Ci/year.

The staff estimates that the radon source term will be approximately the same
as that for the hopper and feeder: .

12.8 Ci/year

for the same reasons as mentioned before.




Fine Ore Storage

The staff estimates loss from loading in, loading out, and transfers of ore to
and from the fine ore storage area. The release rate for each of these three
activities is estimated (Ref. A.2) to be 0.1 1b/ton each.
Thus,

3 x 0.1 1b/ton = 0.3/2000 = 1.5 x 10 * release fraction.

The particulate source term for U-238, Th=-230, Ra-226, and Pb-210 is estimated
to be:

148,500 MT/year x 10% gn/MT « 2.5 x 1.5 x 10™* x 432 pCi/gm =
2.41 x 10 2 Ci/year.

The applicant estimates (Ref. A.4) efficiency of emission control to be 80 percent,
50 the particulate source term reduces to:

2.41 x 102 Ci/year x 20% = 4.80 x 103 Ci/year.

Again, the radon source term is estimated to be 12.8 Ci/year for the same
reasons given for the feeding and crushing processes.

Yellowcake Drying and Packaging

The yellowcake production rate is computed as follows:
148,500 MT/year x 0.153% x 90.8% = 206.3 MT/year,

where 0.153% is the ore grade (average),
and 90.8% is the recovery rate.

The applicant estimates 8712 hours/year operating time, which gives the hourly
production rate of

260.3 MT/year _
m = 0.024 MT/hour.

The applicant reports the follgwing hourly emission rate of 6.79 x 10 4 kg/hour
for the dryer and of 2. 35 x 10 * kg/hour for packaging. The total yellowcake
drying and packaging is 1.164 x 10°3 kg/hr. The release rate is then

1.164 x 10°% kg/hr
0.024 x 10% kg/hr

= 4.85 x 10" 5 release fraction.

Thus,

206.3 MT/year x 4.85 x 10 5 = 10°2 MT/year yellowcake released.




The 'I-238 particulate source term is:

1072 MT/year x 10% gm/MT x 3.33 x 1077 Ci/gm U-238 x 0.85

x 0.79 = 2.23 x 10 3 Ci/year,

where 0.85 is the percent of uranium in U304

0.79 is the reported purity of yellowcake.

The Generic Environmental Impact Statement on Uranium Milling (NUREG-0706)
(Ref. A.5) reports that the activity of Th=230 in yellowcake is 0 5 percent that
szg;?sa and that activity of Ra-226 and Pb-210 are each 0.1 percent that of
The Th-230 source term is 2.23 x 10 2 Ci/year x 0.5% = 1.12 x 105 Ci/year.
The Pb-210 and Ra-226 source terms are 2.23 x 10°3 Ci/v-ar x 0.1% =
2.23 x 10°% Ci/year.
Radon release from yellowcake operations is assumed to be nealigible.
Summary

Except for the yellowcake source terms, the U-238, U-234, Th-230, Ra-226, and
Pb-210 quantities are considered to be in cecular equilibrium. In general,
radicactive emissions which are not explicitly calculated are assumed to be
equal to the next higher-up parent in the decay chain.

The MILDOS code also accounts for mechanisms such as ingrowth of radon daughters,
resuspension, deposition, all of which are further explained in Appendix B.

REFERENCES FOR APPENDIX A
A.1l. Table 4.1, Section 4.

A.2. "APCD Mining Worksheet," prepared by William Reef, Colorado Department of
Health, for Enviro-Test, Ltd., March 1978.

A.3. U.5. Environmental Agency, Technical Guidance for Control of Industrial
Process Fugitive Particulate Emissions, Report EPA-45013-010, March 1977.

A.4. Principal Parameters for Radiological Assessment. Dawn Mining Company
Uranium Mill, May 1980.

A.5. Generic Environmental Impact Statement on Uranium Milling, NUREG-0706.
Unpub1ished.
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APPENDIX B  DETAILED RADIOLOGICAL ASSESSHENT

Supplemental information is provided below which describes the models, data, and
assumptions utilized by the staff in performing its radiological impact assess-
ment of the Dawn Mining Company Uranium Project. The primary calculational tool
employed by the staff in performing this assessment is MILDOS (Ref. B.1), an NRC-
modified version of the UDAD (Uranium Dispersion and Dosimetry) computer code
originated at Argrane Nationai Laboratory (Ref. B.2).

B.1 ANNUAL RADTJACTIVE MATERIAL RELEASES

Estimated annual activity releases for the Dawn Mining Company Uranium Project
are provided in Table 4.2. They are based on the data and assumptions given in
Table 4.1 and described elsewhere in Section 4, with the exception of the aniual
average dusting rate for exposed tailings sands. This dusting rate is calculated
in accordance with the following equation:

_ 3.156 x 107 E _
H-—Ts——— - RSFS (B-1)

where Fs is the annual average frequency of occurrence of wind speed group s,
dinensionless;

R is the dusting rate for tailings sands at the average wind speed for
wind speed group s, for particles < 20 ym diameter, g/m*-sec;

M is the annual dust loss per unit area, g/m2-yr;
3.156 x 107 is +'e number of seconds per year; and

0.5 is the fraction of the total dust loss -onstituted by particles < 20 um
diameter, dimensionless (Ref. B.1).

The values of RS and Fs utilized by the staff are as given in Table B.1.

Table B.1 Parameter values for calculation of annual dusting
rate for exposed tailings sands

Wind Speed Average Wind Dusting Rate Frequency of
Group, knots Speed, mph (Rs). g/m<-sec* Occurrence (FS)**
0-3 1.5 0 0
4-5 5.5 0 _ 0
7-'0 10.0 3.92 x 10_7 0.28011
11-16 15.5% 9.68 x 10_% 0.18314
17-21 21.5 571 x 10 % 0.04671
>21 28.0 2.08 x 10 ¢ 0.00993

*Dusting rate as a function of wind speed is computed by the MILDOS
code (Ref. B.1).

**Wind speed frequencies obtained from annual joint frequency data presented
‘n Table B.2.



B-2

¢ \
o 2666 %0,  TLL6" 6.FO0°1 OUES"T DO2S'E LERO°Q FIOL*DI2620°21F 192 FINILE 0 6UFE D §R66°2 R6LI'S 1S60°6 02F6° L 128L°C tw2!*Cl 1My
R ey . R e S T L e~
f 2Lib"81 HER1T  wiblt  WLPE®  920L4° 0200°1 400”1 O128° £6U9°1 I£96° QLGL* 9L09° 9921°1 L9501 £992°1 Iwee' Gl9.i* | v
1000°0 0400°0 0000°0 0000°0 0000°0 0000°0 0000°0 0000°0 0000°0 0000°0 0000°0 0000°0 0000°0 00000 0000°0 0000°¢ 0°02
L000*0 J000°'0 0000°0 0000°0 0000°0 0000°0 0000°0 0000°0 0CU0°0 0000°0 0000°0 0000°0 0000°0 0000°0 0000°0 6°12
oLa’Z 0000°0 0000°0 0000°0 0000°9 0000°0 0000°0 0000°0 0000°0 0000°0 0000°0 0000°0 0000°0 0000°0 0000°0 0000°0  §°G1
0000°0 0000°0 0000°0 0000°0 0000°0 0000°0 0000°0 0000°0 0000°0 0000°0 0000°0 0000°0 0000°0 0000°%0 eooe.o.e.c_
9601°  OLEL" wOGE* 0919° 9969° ©I25° 21L1°1 GEp9*  68SHP* B2HE® H919° S020°1 p209* @€905° 25wp® (§°G
9L90° ©vOl12" 221E* 9520° H20E° 9562° 191S* £6VE" 6962° HG92° w2I8° 291v° Eooe* FLLE° 59EE° ISs°1
9 SEYID ALIVIAVLS
..‘.............-...".....'.....‘.'....'.....'.'.....'..........................'."'...-...‘. .
ooL1*st 2E21° SS02" £0E0P"  L201°1 B9€9°1 1IN0l 00£1°2 G6§2°2 SESL° 2L6E° QO0WL" 965L°) 99I5°1 6959° 686p° { Y
0000%0 0000°0 0000°0 0000°0 0000°0 0000°0 0000°0 0000°0 0000°0 0000°0 0000°0 0000°0 0000°0 0020°0 00000 7000°0. 0°92
0000°0 0000°0 0000°0 0000°0 0000°0 0000°0 0000°0 0000°0 0000°0 0000°0 0000°0 0000°0 0000°0 0000°0 0000°0 §*12
000070 0000°0 0000°0 0000°0 0007°0 0000°0 0000°0 0000°0 0000°0 0000°0 0000°0 0000°0 0000°0 0000°0 0000°0 5°G}
PpS0°  ESL0" 6S60° 9961° 0ST19°  6S22°1 Sb6L* ISuei 00E9°T1 19SE° 6L00° £092° ©p20e* L169° 9861° Wisl* |0°0l
L ORS0°  6LPO0"  9601°  L6E2° L192° 60ID* 9902° 6MU9' GH09° 2L6F° E6ME® G026 2L69° 6HE9° SUER*  1192° |&*S
i 00°0 0000°0 0000°0 9000°0 0000°0 0000°0 0000°0 0000°0 0000°0 0000°0 0000°0 00000 0000°0 0000°0 0000°0 0000°0, S*1
S §SYID ALINIAVLS
LR R R R L R R R R N L N A ———
“ owLi*ssS AL JLE®  SL29° T6EL°T DECL°Y SISO'010L59°9 £226°* 0025°h 6601°2 1L82°1 9IL6°1 LE2E°0 2L09°F £996°1 1652°1 v
' 29us° 0000°0 ©00°0 0000°0 9PSO" 26712° TIBS* w911° 1Iv0* @900° 0000°0 0000°0 0000°0 CO00"0 &900° 0000°0 0000°0/ 0°02
T vER9*y pi22°  J000°0 PL20° RI61° ©SOL° eweL*l BERPICT MOLT® §§21° 9900° 0000°0 S020° 0690° 2290° S020° S020° |s*12
- 2oLt T0CT® QpSO0® 6282° B919° 00OL*1 E195°0 9125°p 109£4°2 vIE6® H128° (201° wl6l* 0606° I£60°, 260" engl* 1 6°G1
ro60* 12 60°  2UL1° wp91° @90S° SERE"! SONG*2Z £919°2 6260°E 2£26°2 £SL0°1 9195° H9£9° £20E°2 Su2b*1 WER9® sOIn® [o*0t
£959°% e911"  #911"  LOSEY OSIE® 6010° 0Q00S° 919S° 6666° 0S6S" 2205° £99v° 6120° IvSO'! ®wIE6* 1E6d* 00US* [ G'g
. seot1*2 10S0° 95£0° 1250° E£0S0° wvoll® O£60° £260° E€052° SSE1*  LE91° S9FT* SO0O0f°* L19v2° 2691° L001° ®221° &°1
£ b SSYID allNIEVIS

R L L N L L I T I ImmMTIMTT T T T T T

X 6v96°01 Ovbl® LLRI®  GSI2% 2220° S999° O06E0°1 2606° 2166 9SE9° 92vr" 09ER"  6090° SOES*1 (SE2°1 €2up*  SEMRT | V¥

e R AL

v

§ 900" 0000°0 0600°0 0000°C 0000°0 8900° 0000°0 0000°0 0000°0 0000°0 0000°0 0000°0 0000°0 0000°0 0000°0 0000°0 0°¢2
i 2e20° 0000°0 0000°0 0000°0 6000°0 ¥900° €90 ° 0000°0 0000°0 0000°0 0000°0 0000°0 €900° 0000°0 0000°0 9900° G*{2
IRTRRE i 0000°0 0000°0 8900 6S60° 9861 9601° 6LP0° 0000°0 0000°0 €900° €020° 600" PUSO" L510° 0000°0 S°&1
e, 9 £5240° 0680° 652" @0SST  10E9° tiSL® £999°  elle* 192" 99w2* 9fiv* O0IN0*l Swel* wES2* 252" '0*01
14 ° 201" 9601° L0SI® 6peI* PO9I* 1201 £092° 6u91° pp91* GULST®  IpORP®  L9LE° 9SEC*  20S1° 1wi1* '&°g

1 22s R220° L600° 912" 0S20° 6250° S2E0° L910° L02/° 250" E110° 1520 SOE0° 6S90° 0050 0S20° (620 G°*1{
§ SSY1D AtlT19viS
R R R R !'......'.'..."..........ll........l".......l......l...............'..'.l..........'........l..'...‘l'....l.'.
EEET°  OEE1°  1012° 062f° 1900° [262° 069" 6961° (012° 9602 CJE6E° ©02E%*  ISEUE* vep2* §012° ¢ 1y
0000°0 0000°0 V000*0 00N0°0 V000"0 0000°0 0000°0 0000°0 0000*0 0000°0 0000°0 0000°0 0000°0 0000°0 0000°0 0°®2
0000°0 00000 0000°0 9000°0 0000°0 0000°0 00V00°0 0000°0 0000°0 0000°0 0000°0 V0000 0000°0 0N00°0 0000°0 G*12
0000°0 0000°0 2000°0 0000°0 0000°0 0000°0 0000°0 0000°0 0000°0 QU000 0000°0 0000°0 0000°0 £000°0 0000°0 S°G1
PL20° 9900° WpSO0° 06F0" 9961° EF21I° 10£1° ©L20* 2050° 1Y0n0* S990° 2141° 1201° 2200° &ip0° le*o01
9190° S990°  wOII® 2121° S502° w9Il* 6252° ££21° 06R0° 9EnI* 0922° 98s!1* 2612° v9I1* £521° 'g°s
EPR0°  99S0° AHUE0" 9R90° OPEG" 0£S0° 0901° 2990° SIVW0* 6090° L960° 9290° 2590° 6500° [650° G*1
’ . 2 BSYYD at1Mtavis
......'.'......................I.l....l.‘.l.....l..l.lI...'..'.l...'...l".l........I.l.l..i.""...'l........ll...l..ll..lll.'.‘.
2000° 1R00° 1900° ®n20° 2000 TLSO0* §£910° on20* wb20° Sp20° HH20° LO0MO° 1900° @OMO" My
0000°0 0000°0 0000°0 0000°0 Q000°0 0000°0 0000°0 0000°0 0000°0 0000°0 0000°0 00000 vVOV0"0 0000°0 0°¥2
0000°0 0000°0 0000°0 0000°0 0000%0 0000°2 0000°0 00CO*G 000D*0 0000°0 0000°0 0000°0 0000°0 0000°0 12
0000°0 0000°0 0000°0 0000°0 000C*0 0000°0 00N0°0 0000°0 0000°0 00000 0000°0 0000°0 00N0°0 0000°0 S°G1
0000°0 0000°C 0000°0 9000°0 0000°0 0000°0 0000*0 0000°0 0000°0 0000°0 0000°0 0000°0 0000°0 0000°0 0°01
0000°0 €900° 9900° S$020° 0000°0 T100* I€10° S020° S020° I€190° ©900° S020° ©900° ©120° S°'¢
2900° €£100" €£100°- 6500° 2000° 0910° 9200° &6£00° &F00° QO10° 9L10° 2020° s100° owglo* °}
1 §SY1D ALINIRAYLS

' $I¥101L MNN MN MNM L MEM LY LR S iss EL) 53 3 ELE] N ANN N MdW

- . e Ry T

— . 2 PR —

=

P

[

S At ot

ejep [ eotbojosoajam Asuanbaay antgeias quiop  z°g ajqe)

I crw s e S ———————— ' e A




B-3

The calculated value of the annual dusting rate, M is 420 g/m?-yr. Annual curie
releases from the tailings piles are then given by the following relationship:

S = MA(1-f ) f, (C) (2.5 x 10712) (B-2)
where A is the assumed bea:h area of the pile, m?;

fc is the fraction of the dusting rate controlled by mitigating actions,
dimensionless;

ft is the fraction of the ore content of the particular nuclide present
in the tails;

S is the annual release for the particular beach area, Ci/yr;
c is the assumed raw ore activity, pCi/g;

2.5 is the dust to tails activity ratio; and

10712 is Ci/pCi.

The tailings placed in the above grade impoundment has a raw ore activity of
675 pCi/gm. The future impoundment would store tailings corresponding to a
lower ore activity of 432 pCi/gm.

The present impoundment (47 acres) will be used until the end of 1981, when it

will be permitted to dry. When sufficient drying has been achieved, wood chips
and/or chemical stabilization will be applied until full reclamation is begun.

During the drying period, chemical stabilizers and/or surficial water spraying

will be used to reduce dusting.

The future impoundment (26 acres) will be below grade and for the most part
covered by liquid. The staff has assigned an 80 perzent reduction factor of
dusting by the methods of water cover, chemical stabilication and water spraying
during operation. Upon application of wood chip cover, the staff assumes that
this will effectively eliminate particulate effluents from tailings.

Dust losses from the ore storage piles were estimated by « suming they would be
about 10 percent of those from an equivalent area of tailings beach. Calculated
dust Tosses were reduced by £J) percent to account for dust loss control measures
required by the staff.

B.2 ATMOSPHERIC TRANSPORT

The staff analysis of offsite air concentrations of rac ioactive materials has been
basec on five years of meteorological data collected at Spokane, Washington, over
 the period 1967 through 1971 (Ref. B.3). The collected meteorological data are
entered into the MILDOS code as input, in the form of a joint frequency distribu-
tion by stability class, wind speed group, and direction. The joint frequency
data empioyed by the staff for this analysis are presented in Table B.2.



The dispersicn model employed by the MILDOS code is the basic straight-line
Gaussian plume model (Ref. B.1). Ground-level, sector-average concentrations are
computed using this model and are corrected for decay and ingrowth in transit
(for Rn=222 and daughters) and for depletion due to deposition losses (for
particulate material). Area sources are treated using a virtual point source
technique. Resuspension into the air of particulate material initially deposited
on ground surfaces is treated using a resuspension factor which depends on the
age of the deposited material and its particle size (Ref. B.1). For the isotopes
of concern here, the total air concentration including resuspension is about 1.6
times the ordinary air concentration.

The assumed particle size distribution, particle density, and deposition velocities
for each source are presented in Table &.3.

Table B.3 Physical characteristics assumed for particulate material releases

Deposition

Diameter Density Velocity AMAD *
Activity Source um g/cm® cm/sec Mm
Activity Source
Crusher dusts 1.0 2.4 1.0 1.85
Yellowcake dusts 1.0 8.9 1.0 2.98
Tailings, ore pile dusts 5.0 (30%) 2.4 1.0 7.75
Tailings, ore pile dusts 35.0 (70%) 2.4 8.8 54.2
Ingrown Rn daughters 0 1.0 0.3 0.3

*Aerodynamic equivalent diameter, used in calculating inhalation doses (Ref. B.1).

B.3 CONCENTRATIONS IN ENVIRONMENTAL MEDIA

Information provided belcv describes the methods and data used by the staff to
determine the concentrations of radioactive materials in the environmental media
of concern in the vicinity of the site. These include concentrations in the air
(tor inhalation and direct external exposure), on the ground (for direct external
exposure), and in meat and vegetables (for ingestion exposure). Concentration
values are computed explicitly by the MILDOS code for U-238, Th-230, Ra-226,
Rn=222 (air only), and Pb=210. Concentrations of Th-234, Pa-234, and U-234, are
assumed to be equal to that of U-238. Concentrations of Bi=210 and Po=210 are
assumed to be equal to that of Pb-210.

B.3.1 Air Concentrations

Ordinary, direct air concentrations are computed by the MILDOS code for each
receptor location, from each activity source, by particle size (for particulates).
Direct air concentrations computed by MILDOS include depletion by deposition
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(particulates) or the effec.s of ingrowth and decay in transit (radon and
daughters). In order to comrute inhalation doses, the total air concentration
of each isotope at each loca*ion, as a function of particle size, is computed

as the sum of the direct air concentration and the resuspended air concentration:

Caip(t) 2 caipd . caipr(t)' (8-3)

where Cai (t) is the total air concentration of isotope i, particle size p,
P at time t, pCi/m*;
cai d is the direct air concentration of isotope i, particle size p,
P for the time constant, pCi/m®: and

( (t) is the resuspended air concentration of isotope i, particle

e size p, at time t, pCi/m3,
The resuspended air concentration is computed using a time-dependent iesuspension
factor, Rp(t), defined by

R:(t) - (I/Vp)lo-s e-ARt (for t < 1.82 yr) (B-4a)
Rp(t) = (1/vp)m'9 (for t > 1.83 yr) (B=4b)
where Rp(t) is the ratio of the resuspended air concentration to the ground

concentration, for_a ground concentration of age t years, of
particle size p, m !;

Vp is the deposition velocity of particle size p, cm/sec;

AR is the assumed decay constant of the resuspension factor
(equivalent to a 50-day half-life), 5.06 yr;

1078 is the initial value of the resuspension factor (for particles
with a deposition velocity of 1 cm/sec), m !;

1079 is the terminal value of the resuspension factor (for particles
with a deposition velocity of 1 cm/sec), m 1. and

1.82 is the time required to reach the terminal resuspension factor,
years,

The basic formula "an of the above expression for the resuspension factor., the
initial and final ..'ues, and the assigned decay constant derive from experimental
observations (Rev. B.3). The inverse relationship to deposition velocity eliminates
mass balance problems involving resuspension of more than 100 percent of the

initial grourd deposition for the 35 um particle size (see Table B.3). Based on
this formulation, the resuspended air concentration is given by:



5 1 - exp[-(Ai* + At - a)] ‘
_ exp[-Ai‘(t - a)]- exp (=A;*t)
+ 10 %5t) VL (3.15 x 107)
i
where a is equal to (t - 1.82) if t < 1.82 and is equal to zero otherwise,
years;

5(t) is zero if t < 1.82 and is unity otherwise, dimensionless;

Ai* is the effective decay constant for isotope i on soil, year !;

31 is the deposition velocity for the particle size for which the
initial resuspension factor value is 10 ° per meter, m/sec;

3.156 x 107 is sec/year.
Total air concentrations are computed using equations B-5 and B-3 for all
particulate effluents. Radon daughters which grow in from released radon are

not depleted due to deposition losses and are therefore not assumed to resuspend.

B.3.2 Ground Concentrations

Radionuclide ground concentrations are computed from the calculated airborne
particulate concentrations arising directly from onsite sources (not including
air concentrations resulting frem resuspension). Resuspended particulate con-
centrations are not considered for evaluating ground concentrations. The direct
dcposition rate of radionuclide i is calculated, using the 7ollowing relationship:

Ddi = E cadipvp’ (B-6a)

P

where Cadi is the direct air concentration of radionuclide i
P particle size p, pCi/m3;

Ddi i, the resulting direct deposition rate of radionuciide i, pCi/m?-sec;
Vp is the deposition velocity of narticle size p, m/sec (see Ref. B.4).

The concentration of radionuclide i on a ground surface due to constant Jdeposition
at the rate Ddi over time interval t is obtained from

1 - exp -(Ai + Ae)t
di \i + \e

Cgi(t) =0 (B-6b)




where C_.(t) is the ground surface concentration of radionuclide i at time L,
gi pCi/m?;
t is the time interval over which deposition has occurred, sec;
A‘ is the assumed rate constant for environmental loss, sec !;
AL is the radioactive decay constant for radiciuclide i, sec 1.

The environmental loss constant, Ae’ corresponds to an assumed half-time for loss

of environmental availability of 50 years, (Ref. 8.3). This parameter acc .unts for
downward migration in soil and loss of availability due tc chemical binding. It
is assumed to apply to all radionuclides deposited on the ground.

Ground concentrations are explicitly computed only for uranium=238, thorium=230,
radium-226, and lead-210. For all other radionuclides, the ground concentration
is assumed equal to that of the first parent radionuclide for which the ground
concentration is explicitly calculated. For lead-210, ingrowth from deposited
radium-226 can be significant. The concentration of lead-210 on the ground due
to radium-226 deposition is calculated by the staff, using the standard Bateman
formulation and assuming that radium-226 decays directly to lead-210. If i =6
for radium=-226 and i = 12 for lead-210 (Ref. B.1), the following equation is
obtained:

C ,,(Pbe=—Ra) = — K
gla A?Z AZ A]Z

6

\lzods ] > EXD(°A]2t) exp(-l\tst) = exp(_‘\?z t) -
6 r . (B=7)
Ag

where ( lz(Pb---Ra) is the incremental lead-210 ground concentration resulting
J from radium=-226 deposition, pCi/m?;

A; is the effective rate constant for loss by radioactive decay

and migration of a ground-deposited radionuclide and is equal
toA, +A,, sec !,

B.2.3 Vegetation Concentrations

Vegetation concentrations are derived from ground concentrations and total
deposition rates. Total deposition rates are given by the following summation:

D1 = - caipvp, (B-8a)

where D. is the total deposition rate, including depos’ icn of resuspended activity,
of radionuclide i, pCi/m?-sec.



Concentrations of released p.rticulate materials can be environmentally trans-
ferred to the edible portions of segetables, or to hay or pasture grass consumed
by animals, by two mechanisms--direct foliar retention and root uptake. Five
categories of v/ getation are treated by the staff. They are edible above-gro.ind
vegetables, potatoes, other edible below-ground vegetables, pasture grass, and
hay. Vegetation concentrations are computed using the following equation:

1= exp(-Awtv)
Cvi ny DiErEv oA
™

+ Cgi(Bvi/P\ y (B-8b)

where Bvi is the soil-to-plant transfer factor fo: isotope i, vegetation type v,
dimensionless;

C ;. is the resulting concentration of isotope i, particle size p, in
vegetation v, pCi/kg;

E, is the fraction of the foliar deposition reaching edible portions of
vegetation v, dimensionless;

F_. is the fraction of the total deposition retained on plant surfaces,
0.2, dimensionless;

P is the assumed areal soil density for surface mixing, 240 kg/m?;

t s the assumed duration of exposure while growing for vegetation v,
sec;

Y, 1s the assumed yield density of vegetation v, kg/m®;

Aw is the decay constant accounting for_weathering losses (equivalent
to a 14-day half-life), 5.73 x 10 7 per second.

The value of E_ is assumed to be 1.0 for all above-ground vegetation, and 0.1

for all below-ground vegetables (Ref. B.7). The value of L is taken to be 60

days, except for pasture grass, where a value of 30 days is acsumed. The yield
density, Yv, is taken t¢ be 2.0 kg/m? except for pasture grass, where a value

of 0.75 kg/m® is applied. Values of the soil to plant transfer coefficients,
Bvi' are provided in Table B.4.

B.3.4 Meat and Milk Concentrations

Radicactive materials can be deposited on grasses, hay, or silage which is eaten
by meat animals, which are in turn eaten by man. It has been assumed that meat
animals obtain their entire feed requirement by grazing eight months per year,
and by eating nonlocally grown stored feed for approximately 10 weeks. The
equation used to estimate meat concentrations is:



Table 8.4 Environmental transfer coefficients

Material U Th Ra Pb

Plant/Soil (Bvi’

Edible above ground  2." x 10_? 4.2 x 1003 1.4 x 102 4.0 x 10_2
Potatoes "2 %100 4.2x103 3.0x103 4.0 x 103
Other below ground “§ X 3 4.2 x 10_3 1.4 x 10_2 4.0 x 10_3
Pasture grass .5 x10.3 4.2 x103 1.8 x 10_2 2.8 x 10 2
Stored feed (hay) 2.5 x103% 4.2x103 8.2 x 10 ¢ 3.6 x 10 2
Beef/Fe~d (F_.) i
g - . ¢ 7.0 x 107
pCi/kg er pCi/day 3.4 i0¢ 20x10¢ 5.1 x 10 ’

source.  U.S. Nuclear Regulatory Commission, 'Calculational Models for
Estimating Radiat:on Doses to Man fron Airborne Radicactive Materials
Resulting from Uranium Operations," rask RH 802-4, May 1979.

Cbi =Q Fbi (0.67 cpgi + 0.20 Chi) (B-9a)
where Cpgi is the concentration of isotope i in pasture grass, pCi/kg;
Chi is the concentration of isotope i in hay (or other stored feed),

pCi/kg;
Cbi is the resulting concentration of isotope i in meat, pCi/kg;

Fbi is the feed to meat transfer factor for isotope i, pCi/kg per pCi/day
(see Table B.4);

Q is the assumed feed ingestion rate, 50 kg/day;

0.67 is the fraction of the total annual feed requirement assumed to be
satisfied by pasture grass; and

0.20 is the fraction of the total annual feed requirement assumed to be
satisfied by locally grown stored feed (hay)

The above grazing assumptions are also reflected in the following equation for
milk concentrations:

Coi = Q Fpy (0.67 C 0 +0.20 C,0) (8-9b)

gi
where cmi is the average concentration of iostope i in milk, pCi/2; and

Fmi is the feed to milk activity transfer factor for isotope i, pCi/®
per pCi/day ingested (see Table B.4).



Table B.5 Inhalation dose conversion factors (mrem/year/pCi/m3)
Organ U-238 U-234 U-230 "a=226 Pb=210 Po-210
Particle Size = 0.3 um
Whoie body 7.46E+00 1.29E+00
Bone 2.32E+02 5.24E+00
Kidney 1.93E+02 3.87E+0]
Liver 5.91E+01 1.15E+0]
Mass average lung 5.27E+01 2.66E+02
Particle Size = 1.0 um
whole body 9.82E+00 1.12E+01 1.37E+02 3.58E+01 3.66E+00 5.95E-01
Bone 1.66E+02 1.81E+02 4.90E+03 3.58E+02 1.45E+02 2.43E+00
Kidney 3.78E+01 4.30E+01 1.37E+03 1.26E+00 1.21E+02 1.79€E+0)
Liver 0. 0. 2.82E+02 4.47E-02 3.69E+01 5.34E+00
Mass average lung 1.07E+03 1.21E+03 2.37E+03 4.88E+03 5.69E+02 3.13E+02
Particle Size = 1.0 um
Whole body 4.32E+00 4.92E+00 1.66E+02 3.09E+01 4.36E+00 4.71E-01
Bone 7.92E+01 7.95E+01 5.95E+03 3.09E+02 1.35E+02 1.92E+00
Kidney 1.66E+01 1.89E+01 1.67E+03 1.09E+00 1.13E+02 1.42E+0]
Liver 0. 0. 3.43E+02 3.87E-U2 3.45E+01 4.22E+00
Mass average lung 1.58E+02 1.80E+02 3.22E+03 6.61E+03 7.72E+03 4.20E+02
Particle Size = 5.0 um
Whole body 1.16E+00 1.32E+00 1.01E+02 4.00E+01 4.84E+00 7.10E-01
Bone 1.96E+01 2.14E+01 3.60E+03 4.00E+02 1.50E+02 2.89E+00
Kidney 4.47€E+00 5.10E+00 1.00E+03 1.41E+00 1.25E+02 2.13E+01
Liver 0. 0. 2.07E+02 4.97E-02 3.83E+01 6.36E+00
Mass average lung 1.24E+03 1.42E+03 1.38E+03 2.84E+03 3.30E+02 1.88E+02
Particle Size = 35.0 um
whole body 7.92E-01 9.02E-01 5.77E+01 3.90E+01 4.43E+00 7.28E-0]
Bone 1.34E+01 1.46E+01 2.07E+03 3.90E+02 1.38E+02 2.96E+00
Kidney 3.05E+00 3.47E+00 65.73E+02 1.38E+00 1.156+02 2.19E+0}
Liver C. 0. 1.13E+02 4.85E-02 3.51E+01 6.52E+00
Mass average lung 3.33E+02 3.80E+02 3.71E+02 7.64E+02 8.70E+01 5.75E+0]
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Doses to the bronchial ep’ nelium from Rn-222 and short-1ived daughters were
computed based on the assumption of indoor exposure at 100% occupancy. The
dose conversion factor fcr bronchial epithelium exposure from Rn-222 derives as
follows:

1) 1 pCi/m® Rn=222 = 5 x 10 ® Working Level (WL).*

2) Continuous exposure to 1 WL = 25 cumulative working level months (WLM)
per year.

3) 1 WLM = 5000 mrem (Ref. B.8).
Therefore:

(1 pCi/m® Rn=222) x (5 x 107* —e) x (25 M) » (5000 ™C&M) = 0.625 mrem
pCi/ms wL WLM

and the Rn-222 bronchial epithelium dose conversion factor is taken to be 0.625
mrem/yr per pCi/m3.

B.4.2 External Doses

fxternal doses from air and ground concentrations are computed using the dose
conversion factors provided in Table B.6 (Ref. B.1). Doses are computed based on
100 percent occupancy at the particular location. Indoor expocure is assumed to
ccur 14 hrs/day at a dose rate of 70% of the outdoor dose rate.

Table B.6 Dose conversion factors for external exposure

Dose factors for doses from air Dose factors for doses from ground
concentrations, mrem/yr per pCi/m® concentrations, mrem/yr per pCi/m?
[sotope Skin Whole Body Isotope Skin whole Body
u-238 1.05 E-05 1.57 E-06 U-238 2.13 E-06 3.17 E-07
Th=234 6.63 E-05 5.24 E-05 Th=234 2.10 E-06 1.66 E-06
Pa(m)=-234 8.57 E-05 6.64 E-05 Pa(m)-234 1.60 E-06 1.24 E-06
U-234 1.36 E-05 2.49 E-06 U=-234 2.60 E-06 4.78 E-07
Th=230 1.29 E-09 3.59 E-06 Th=230 2.20 E-06 6.12 E-07
Ra=-226 6.00 E-05 4.90 E-05 Ra-226 1.16 E-06 9.47 E-07
Rn=-222 3.46 E-10 2.83 E-06 Rn=222 6.15 E-08 5.03 E-08
Po-218 8.18 E-07 6.34 E-07 Po-218 1.42 E-08 1.10 E-08
Pb-214 2.06 E-03 1.67 E-03 Pb-214 3.89 E-05 3.16 E-05
Bi-214 1.36 E-02 1.16 E=02 Bi-214 2.18 E-04 1.85 E-04
Po-214 9.89 E-07 7.66 E-07 Po-214 1.72 E-08 1.33 E-08
PE=210 4.17 E-05 1.43 E-05 Pb-210 6.65 E-06 2.27 E-06

*One WL concentration is defined as any combination of short-lived radioactive decay
products on Rn=222 in one liter of air that will release 1.3 x 105 MeV of alpha
particle energy during radioactive decay to Pb-210.
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B.4.3 Ingestion Doses

Ingestion doses are computed for vegetables and meat (beef and lamb) on the basis

of corcentrations obtained using Equations B-8 and B-9, ingestion rates given in

Table B.7, and dose conversion factors given in Table B.8 (Refs. B.1, 6.9). Vegetable
ingestion doses were computed assuminy an average 50 percent activity reduction

due to food preparation (Ref. B.4). Ingestion doses to children and teenagers wera
computed but found to be equivalent to or less than doses to adults.

Tanle B.7 Assumed food ingestion rates,* kg/yr

Infant Child Teen Adult
I. Vegetables (total): - 48 76 105
a) Edible above ground - 17 29 40
b) Potatoes - 27 42 60
c) Other below ground - 3.4 5.0 5.0
II. Meat (beef, fresh pork,
and lamb) - 28 a5 78
[II. Milk (liters/yr) 208 208 246 130

ATT data taken from Reference B.6. Ingestion rates are averages for typical
rural farm households. No allowance is credited for portions of year when
lTocally or homegrown food may not be available.




Ingestion dose conversion factors (mrem/pCi ingested)

Table B.8

Isotope

u-238 U-234 Th-234 Th-230 Ra-226 Pb-210 Bi-210 Po-219

Organ

Age Group

wWhole body

Bone

Infant

Liver

1.06 E-03

9.28 E-04

Kidney

Whole body

Bone

Child

Liver

Kidney

5.98 E-04

9.24 E-04

Whole body

Bone

leenager

Liver

2.85 E-04

2.50 E-04

Kidney

Whole body

Bone

Adult

tiver

1.99 E-04

1.75 E-04

Kidney
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APPENDIX ¢
Slope Stability Analysis
DAWN MINING COMPANY

This aralysis utilized the program STA3L?. A total of 10 potential
failure surfaces were generated from each of three initiation points.
The three initiation points included: 1) the toe of the proposed pit,
2) the crest of the proposed dike, and 3) a point midway between these
two points on the pit slope. The left termination point was taken as the
crest of the proposed facility and the right termination point as a point
on the existing tailing surface. Minimum elevation of surface development
was taken as 75', a distance of 25' below the bottom of the proposed pit.
Length of segments defining the surfaces was taken as 15'. Limits for

surface initiation angles were randomly chosen by the computer.

Factors of Safety (for the ten most critical of the trial failure

surfaces examined)

1. 1.950 6. 2.207
2. 2.016 7. &.211
3. 2.102 8. 2.zi5
4. 2.166 9. 2.217
5. 2.168 10. 2.245*

*Note: Initiation point coordinates: x = 200.5, y = 133.5 (located
on pit slope) F.S. = 2.25.

Initiation point coordinates for the remaining 9 failure surfaces:
x = 100.0, y = 100.0 (located at the toe of the proposed pit)

F.S.avg = 2.14.
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APPENDIX D

Hydrologic Computations
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