








OPERATING COST ESTIMATE

FILTERED TAILINGS DISPOSAL WITH CONVEYORS

BASIS OF ESTIMATE Ip Belt Extractor Filter Plant including Pipelines $4,310,300
Ip Disc Filter Plant including Pipelines $3,892,200

Operatin'1 Time
Days per Year 35n
Hours per day 24
Shifts opr dav 3

Belt Disc
Oneratin(J Labor Extractor Filter

4.2 Filter onerators $6.5/hr.
OPERATING COST ITEMS

QUANTITY QUANTITY __$_PER $ Per Quantity $ Per $ Per
4.2 Conveyor onerators $6.5/hr. UNITS IvearPER~ UNIT Year Per Year Unit
4.2 Cat onerators .

RAW MATERIALS

~aintenancc Labor Flocculant Lbs. 70,000 1.29 90,300
1.4 Lcadman $6.5n/hr.

90,300

].4 Helper $5.50/hr.

Supervision 'one Foreman
Hourlv rate $9.0/hr. RAW MATERIALS SUBTOTAL 90,300 90,300

OIRECT COSTS
Labor man year 12.6 18,200 229,300 229,300

Supervision man year 1.4 25,200 35,300 35,300

Payroll Benefits (1) % of wage~ 3.2 99,800 99,800

Steam

Electricity Mkwh 9,571 20 191,400 11,264 20 225,300

Air

Water - Purchased or Process

Water - Plant or Cooling

Fuel - Gas· Coal· Oil

Cat Operations hours 2,800 22 61,600 61,600

Maintenance Materials (2) 4% !p 172,400 4% Ip 155,700

Maintenance Labor man years 2.8 16,800 47,000

Factory Supplies

OIRECT COSTS SUBTOTAL 836,600 854,400
926,900 944,700

INOIRECT COSTS
Depreciation

Controllable Indirect

NoncontrOllable Indirect

INDIRECT COSTS SUBTOTAL

TOTAL OPERATING COST

15 year cost 13,904,00 14,171,000

NOTES

(1) Maintenance labor benefits included.

RAW MATERIAL COST
MATERIAL UNIT AT SOURCE FREIGHT UNLOADING IN STOCK

(2) Maintenance materials based on 4% of plant
capital cost Ip.

TABLE 4
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OPERATING COST ESTIMATE
ADDITIONAL CONSIDERATIONS

NEUTRALIZATION

BASIS OF ESTIMATE 3.1 Ip Partial Neutralization 3.2 Ip Total Neutralization

()peratinq Time Mech 453,500
Davs per vear 350 hp 230
Hours per day 3
Shifts per day 3

Tailinqs Neutralized
Partial 3.1 Partial Neutralization 3.2 Total Neutralization

S lime dry tpd 5930·
QUANTITY QU~NTJTY _$__ PER ~ Quantity $ Per $ Per

Contained solution tpd 2767.0 OPERATING COST ITEMS UNITS
." p8r

UnitPER Year UNIT Ye""Y Per Year Year
Precipitated produced tP01 350.0

RAW MATERIALSCaO required tpd 50.0
Total same slimes plus Pebble lime ton 17,500 6,075 1,063,100 20,300 60.75 1,233,200
sands tpd 1387.0
Conta:lned solution tpd 461. 0
Yrcciuitate produced tpd 58.0
CaO required tpd 8.0

RAW MATERIALS SUBTOTAL 1,063,100 1,233,200
Lime Plant Operations

4.2 Operators 86. 50/hr.
01 RECT COSTS

~aintenance Labor Labor man years 4.2 18,200 76,400 4.2 18,200 76,400

Lead 1 man shift/wk. Supervision

Helper 1 man shift/wk. Payroll Benefits (1) % of wages 32 26,000 32 26,000

Steam
Electricity Mkwh 1,694 33,900 33,900

Air

Water - Purchased or Process

Water - Plant or Cooling

Fuel - Gas· Coal· Oil

Maintenance Materials % Ip 4.0 (2 ) 18,200 18,200

Maintenance Labor man years 0.3 16,800 5,000 0.3 16,800 5,000

Factory Supplies

DIRECT COSTS SUBTOTAL 159,500 159,500
1,222,600 1,392,700

INDIRECT COSTS
Depreciation

Controllable Indirect

Noncontrollable Indirect

INDIRECT COSTS SUBTOTAL

TOTAL OPERATING COST

15 year cost 18,339,00C ~0,891,000

NOTES

(1) Maintenance labor benefits included.

RAW MATERIAL COST
MATERIAL UNIT AT SOURCE FREIGHT UNLOADING IN STOCK

(2) Maintenance materials based on 4% of lime
plant costs.

TABLE 5
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EXCERPTS FROM DAMES & MOORE REPORT
09973-015-14 .

SITE SELECTION AND DESIGN STUDY
TAILING RETENTION AND MILL FACILITIES

WHITE MESA URANIUM PROJECT
BLANDING, UTAH

FOR ENERGY FUELS NUCLEAR, INC.

DESIGN ANALYSES

Seepage

Field permeability testing (packer tests) indicated that the premeability of the Dakota
sandstone is generally in the range of 5 to 10 feet per year and that zones of high
permeability are also present. Laboratory tests on the natural soils indicated permeabilities
ranging from 3.0 to 144 feet per year. These results indicate that seepage from the tailing
cells could possibly enter shallow ground water. Therefore it will be necessary to use
a lining in the cells. Results of the laboratory permeability testing on compacted samples
of the soil from one location on the site indicate that some of the soil could be suitable
for use as a compacted lining. The quantity of on-site material which could be used as
a lining has not been determined and the effect of acidic tailing effluent on the caliche
(calcitic) soils has not been investigated. Shale formations (predominantly from the Jurassic
Morrison formation) outcrop in valley bottoms and canyon walls around the site, and
these clay shales could be used for a lining. However these shales are only slightly weathered
and would require considerable effort for placement and compaction. With proper
compaction, the shales should provide a relatively impervious lining.

Material Properties

The physical properties of the materials which will be involved in the construction of
the tailing cells were evaluated by means of field explorations and laboratory testing. These
are summarized in Appendices A and S, respectively. The material properties which were
used in the stability analyses of the dikes are shown on Plates 7 and 8, Stability Sections,
and are listed below in Table 2.
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TABLE 2
MATERIAL PROPERTIES USED FOR DIKE STABILITY ANALYSES

Material
Type

In Situ Fine Sand
and Silt (SM/M L)

Compacted Fine Sand
and Silt (SM/M L)

Saturated Tailing

In Situ Sandstone

Compacted Sandstone

In Situ Clay/Claystone

Seismic Design Criteria

Bulk Density
(Ibslcu to

110

125

62.4

130

120

130

Friction Angle
(degrees) .

28

33

o

45

37

20

Cohesion
(Ibs/sq tt)

o

o

o

10,000

o

3,000

The project site is located in a region known for its scarcity of recorded seismic events.
Although the seismic history for this region is barely 125 years old, the epicentral pattern,
or fabric, is basically set and appreciable changes are not expected to occur. Most of
the larger seismic events in the Colorado Plateau have occurred along its margins rather
than in the interior central region. Based on the region's seismic history, the probability
of a major damaging earthquake occurring at or near the project site is very remote. Studies
by Algermissen and Perkins (1976) indicate that southeastern Utah, including the site,
is in an area where there is a 90 percent probability that a horizontal acceleration of
four percent gravity (0.04 g) would not be exceeded within 50 years.

Minor earthquakes, not associated with any seismic-tectonic trends, can presumably occur
randomly at almost any location. Even if such an event with an intensity as high as VI
should occur at or near the project site, horizontal ground accelerations probably would
not exceed 0.05 g and almost certainly would be less than 0.10 g (Trifunac and Brady,
1975). Both of these values are used in stability analyses which follow.

Liquefaction Evaluation

Liquefaction of a soil mass is typically brought about when a series of dynamic pulses
results in rapid densification of a saturated soil mass. This increases pore pressure and
reduces shear strength, and as a result, the mass acts like a fluid. The potential for
liquefaction within a particular soil mass under a given dynamic loading depends on the
existence and location of the water table and the gradation and relative density of the
soil mass.
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Although the fine sand and silt sections of the dikes (Plate 6) have a grain size distribution
suited to liquefaction, adequate compaction and the absence of saturation in this material
will minimize the possibility of liquefaction. The compacted sandstone portion of the
dikes (Plate 6) will be completely drained and the material is too coarse to experience
liquefaction.

The tailing material constitute the only component of the tailing retention system which
can be considered susceptible to liquefaction. However, as the stability analyses which
are described in the next section illustrate, even if the tailing did liquefy, the stability
of the tailing retention system would not be adversely affected.

Stability Analyses

Method of Analyses - The stability of the dike which will be constructed to contain the
tailing was analyzed using dike sections A-A' and B-B', as shown on Plates 7 and 8.
Section A-A' can be considered a critical stability section because it is located where the
dike height is greatest. Section B-B' has been analyzed to evaluate the effect of the
claystone layer, which in places underlies the dikes, on the stability of the dikes.

The Simplified Bishop method, which is based on the assumptions of limiting equilibrium
mechanics, was used to perform the stability analyses. This is a method of slices which
has been shown to produce accurate results over a wide range of conditions. The forces
acting on each slice are determined so that the total driving forces and resisting forces
along the assumed failure circle can be calculated. The factor of safety is then defined
in terms of moments about the center of the failure arc as the moment of the shear
stresses along the failure surface divided by the moment of the weight of the soil in
the failure mass.

To facilitate calculations, a Dames & Moore computer program was used for the slope
stability analyses. In order to account for the effect of possible earthquake loadings on
the dikes, a pseudo-static analysis was used in which the dynamic loads of the earthquake
are replaced by a static, horizontal force equal to the product of the seismic coefficient
and the weight of the soil mass. Seismic coefficients of 0.05 g and 0.10 g were used
to simulate earthquake loading conditions.

As indicated on the stability sections, a phreatic surface has been assumed to occur through
the compacted fine sand and silt at the same level as the maximum tailing elevation within
the cell. The phreatic surface is then assumed to drop rapidly through the compacted
sandstone to reflect the higher permeability anticipated for this material. This phreatic
surface is considered to be a reasonable representation of the water distribution which
could occur with an unlined pond. However, the membrane liner should ensure that no
significant seepage occurs; therefore, the phreatic surface assumed for the purpose of the
analysis is conservative.
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The tailing has been assigned zero shear strength for analysis which models the situation
in which the tailing have liquefied. This is considered to be very conservative, particularly
for low level seismic activity characteristic of the site areas.

Results of Stability Analyses - The results of Dames & Moore's stability analyses, as
presented on Plates 7 and 8 and summarized in Table 3, indicate that the dikes are
conservatively designed with regard to stability.

Case A-A' represents the usual situation, where the dike foundation consists of fine sand
and silt overlying sandstone, while case 8-8' represents the less common situation where
a highly weathered claystone lies between the fine sand and silt and the sandstone.

The end of construction condition specified for analysis in Regulatory Guide 3.11 (Design,
Construction, and Inspection of Embankment Retention Systems for Uranium Mills) has
not been considered because there are no highly impermeable materials to be used in
the construction in which excess pore water pressures could be sustained for any significant
length of time.

No upstream stability analysis has been undertaken on section 8-8' since section A-A'
is the higher and, therefore, a more critical case.

TABLE 3
SUMMARY OF STABILITY ANALYSES

Case

A-A' Downstream Slope

A-A' Upstream Slope

8-8' Downstream Slope

Minimum Factor of
Earthquake Minimum Calculated Safety Required by
Loading (g) Factor of Safety Regulatory Guide 3. 11

0.00 2.21 1.5
0.05 1.89
0.10 1.65 1.0

0.00 2.05 1.5
0.05 1.54
0.10 1.22 1.0

0.00 2.35 1.5
0.05 2.01
0.10 1.74 1.0

All factors of safety calculated considerably exceed the minimum values designated by
Regulatory Guide 3.11. The stability analyses indicate that the stability of the dikes would
be adequate even without the membrane liner.
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Settlement

Settlements of the dikes are expected to be less than one half inch. These settlements
should be elastic and instantaneous during construction. Therefore, long term settlements
are not expected to occur.
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TABLE B-2
PERMEABILITY TEST DATA

Boring Depth Soil Surcharge Permeability (k)

Number (tt) Classification Pressure . (ft/yr) (em/sec)
(psf)

6 9 SM/ML 1000 11.6 1.2 X 10-5

7 4-1/2 SM/ML 1000 10.3 1.0 X 10-5

10 4 SM/ML 1000 12.4 1.2 X 10-5

12 9 SM/ML 1000 144 1.4 X 10-4

16 4-1/2 SM/ML 1000 21.6 2.1 X 10-5

17 4-1/2 SM/ML 1000 92.8 9.0 X 10-5

19 4 SM/ML 1000 70.1 6.8 X 10-5

22 4 ML 1000 3.9 3.8 X 10-5

Recompacted ML 1000 0.35 3.4 X 10-7

Recompacted 1 ML 1000 0.56 5.4 X 10-7

Recompacted 1 ML 1000 0.19 1.8 X 10-7
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FS=2.21

PLATE 7

........MOOII,.

FACTORS OF SAFETY

DOWNSTREAM SLOPE

STABILITY SECTION A-A'

EARTHQUAKE LOADING =O.05g FS=I.89

EARTHQUAKE LOADING =O.lOg FS=L65

STATIC CONDITION

20 0 20, ,

FEET

ASSUMED PHREATIC SURFACE*

COMPACTED SANDSTONE

~= 120 PCF
6=37"
c = 0 PSF

• =130 PCF
If = 45°
c = 10,000 PSF

IN SITU SANDSTONE

,/ /"

COMPACTED FINE SAND

AND SILT
/"

~ 0 125 PCF
6 = 33°
c = 0 PSF

~ oliO PCF 11'=28° c=0 PSF

FS= 2.D5

FACTORS OF SAFETY

UPSTREAM SLOPE

IN SITU FINE SAND
AND SILT

SATURATED TAILINGS

~ =62.4 PCF
~ =0°
c =0 PSF

* NOTE: PHREATIC SURFACE USED IN STABILITY CALCULATIONS APPROXIMATES

CONDITION THAT WOULD DEVELOP IF CELLS WERE UNLINED. SINCE CELLS

WILL BE LINED. NO PHREAT1C SURFACE SHOULD rVER DEVELOP,

EARTHQUAKE LOADING =0.05g FS = 154

EARTHQUAKE LOADING =O.IOg FS= 1.22

STATIC CONDITION

-5750

-5740

-5730

-5720

-5710

-5700

-5690

-5680

;: -5670
W
W
~

Z -5660
0
;:
<

» I
> -5650W
..J
W

'-J I
-5640

-5630

-5620

-5610

-5600

-5590

-5580

-5570

-5560

-5550

-5540



*NOTE: PHREATIC SURFACE USED IN STABILITI CALCULATIONS APPROXIMATES

CONDITION THAT WOULD DEVELOP IF CELLS WERE UNLINED. SINCE CELLS

WILL BE LlI>JED. NO PHREATIC SURFACE SHOULD EVER DEVELOP.

"""••• MOOR:.

STABILITY SECTION B-B'

ASSUMED PHREATIC SURFACE*

/
3
~I

20 0 20I ! !

FEET

FS=2.35

COMPACTED SANDSTONE
~= 120 PCF '
p= 37°
c= 0 PSF

IN SITU CLAYSTONE .=130 PCF ,,=20° c=3,OOO PSF

IN SITU SANDSTONE

~ = 130 PCF
,,= 45°
c = 10,000 PSF

FACTORS OF SAFETY

DOWNSTREAM SLOPE

EARTHQUAKE LOADING =O.05g FS =2.01

EARTHQUAKE LOADING =O.lOg FS = 174

STATIC CONDITION

COMPACTED FINE
SAND AND SILT

6 = 125 PCF
,,= 33°
c = 0 PSF

IN SITU FINE SAND AND SILT .=110 PCF ~=28° c=OPSF

3:1 _______SATURATED TAILINGS

6= 62.4 PCF
Rf= 0°
c = 0 PSF

- 5720
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- 5700
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- 5680

- 5670

-5660

t:w
- 5650w

!!:
z

:t> I 0
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>
W

00 I ..J
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- 5620
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-56CO
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-5570

-55bO
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SOIL & FOUNDATION

ENGINIElING

RECEIV ED h: ~~ 2 5 1978 ~m

h d · t · ~J~C en an assocla. es, Inc. ' ~l'-'"

CONSULTING ENGINEERS

88 S. ZUNI DENVER, COLORADO 10223 3031744·7105

1824 EAST FIRST STAEET • CASPER, WYOMING.12801 • 3071234-2128

April ·24, 1978

Subject: Laboratory Testing.

Job No. 16,149

Energy Fuel Nuclear, Inc.
1515 Arapahoe Street
Denver, Colorado 80202

Attention: Mr. Don Sparling

Gentlemen:

Enclosed herewith are the results of laboratory permeability,
c~actlon, gradation and plasticity tests on the sample. submitted to
us. PermeabIlIty tests were performed over·. minimum 7-day period to
achieve sample wetting, .nd the results are presented In the following
tabulation: .

Compaction

Dry MoIsture Pressure Coeffl dent of
Sample Densltx Content Head Permeab 111 tx

Morrison Shale 98.8 pcf 13.7% 26.1 ft. ,1. I x -3
~

10 ft./yr.

North 110.2 pcf 13.0% 14.5 ft. 3.0 x -210 ft./yr.

South 107.9 pcf 13.8% 14.5 ft. 8.1 x -210 ft./yr.

If you have any questions, or If we can be of further service, please
call.

SLP/bn
Encls.

Sincerely,

CHEN AND ASSOCIATES, INC.

By~=1...JlJ~
Steven L.~lak, P.E.
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