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amount of accumulation in the forage portions. Juniper and
pinyon pine replace their leaves within 2 to § years, thus
again limiting the accumulation, Only those plants that can
grow near the tailinge water may accumulate higher levels
of radioactivity, Thus in the area of the mine the amount
of radioactivily associated with forage is most likely to be

due to splash-up of ground contamination,

3. Bome contamination of plants n the area will continue
after milling operationg cease because the natural soils
contain congiderable radionuclides in addition to any fall-out
of dust from the concentrator. However any effect upon
animals is limited to the length of time the leaves stay

on the plants and their closeness (o the ground.

4. If analyses of the edible vegetation demonstrate that there
i6 an appreciable buildup of radioactivity that is approaching
those limits given in 10 CFR 20, action will be taken to further
reduce the dust released to the atmosphere by the operati ..,
This will be done by reducing zeneral fugitive dust from the

lant area and ensuring that the plant dust control equipment
: } i

is operating cfficiently, The need for such action is not

considered likely.
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of the subsoil and porous porltions of the bedrock, However,
it is expected that water will continue to flow to the monitor
wells, A negalive pressure should not exist over an appreci-
able area because air can be drawn through the rock pores

not occupied by water,

ISOLATION OF SHAI'T WATER FROM THE SURFACE AQUIFER

When the mining operation is termirated it '8 now proposed

that a concrete seal be placed in the shafts just above the mining

horizon, This will isolate the mine water with high radioactivity

from the water now seeping into the shafts from the Navajo and

Entrada, and limit the radioactive contamination of these formations,

The height to which water will rise in the shafte is not known,
but will depend on the hydrostatic head in these formations,
However it is not anticipated that water will rise to the elevation

of the Burro Canyon formation, Should it do so, there should

be practically no transfer of water into or out of the shaft because

of its concrete lining., No leaks are known in the lining in the
area of the Burro Canvon. (Appendix B, page I11-7). Toe shaft

1

will also be capped with a concrete slab at ground level.
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The three drill holeg D-1, D-2 and D-<3 (Appendix B,
page 11-20) put down on the tailings dam centreline

by our consultants in Auvgust 1973 did not detect water

in the dam core itself, Waler in the strata under the
dam was detected ia only 2 of these holes. Piezometlers
are installed in boreholes D-1 through D-7 to determine

waler table levels.

On completion of the milling operation the tailings areas
will be dried up by evaporation, graded to prevent the
collection of water, covered with soil and sceded, If
necessary the face of the dams may be graded to a slope

lower than at present. However even the exceptionally

heavy precipitation in the winter of 1972-73 and with only some

20% grass cover, erosion of the dam face during storms

has not been a problem. As the vegatative cover increases

in the future the problem will be further minimized.

Based on calculations by the Bureau of Land Management
and in discussions with them, the 10 foot minimum surge
capacity between the tailings pond and the top of the

exig'ing

» " 1 {3 4 LAY 111 14 3 .17
{ un at elevation G630 will provide a factor of

safely of 2.8 for a 100-year 10-day storm in the 590 acre



TAILINGS DAM

B PROVISION OF INCREASED STORAGE CAPACITY




facing of local material on coarse spigotted tailings to
increase the storage capacity of the area. This was
based on the pre-operational assumption that the tailinge
would have only 50% of the solid material finer than 200
mesh and 95% finer than 50 mesh. The tailings as now
produced average as much as 70% finer than 325 mesh,
This change in consistency makes the “vp-stream' method

of raising the dam impractical,

It is now proposed by our consultants that a second similar
tailings dam be constructed some 762 to 1000 feet up-

stream of the existing dam, using local compacted material.

It is proposed that this upper tailings dam will have a crest
elevation of 6680 feet, a maximum pool elevation of 6675
feet and a continually operating decant system discharging
clarified effluent to the existing pond, from which there shall

be no decant. Estimated surface area will be about 27 acres.

This upper dam, with a maximum height of 45 feet, will be
similar to the lower dam, but with the downstream slope
increased to 1 in 3 from 1 in 2.5 and the up-stream increased

from 1 in 2 to 1 in 2.5, For these conditions, including
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1 TAILINGS AREA

D. MONITOR WELLS AND SAMPLE RESULTS

This section deals with monitor well location
and sample results. Refers to:
E.P.A. - p. 7, para, 2

- p. 10, para 3, item 1
- p. B, para. 3

The location of the 5 monitor wells around the tailings
area is shown in Figure 3. Wells numbers 1 and 2 are
situated close to and below the tailings pond and dam, to
detect significant contamination from the pond through and
below the dam should it occur. These are specially
drilled wells some 95 to 110 feet deep drilled through

the Burro Canyon (or Dakota) formation and some fifteen
feet into relatively impervious Brushy Basin (or Morrison)

formation,

The other three wells are plreed at a greater distance to
the southeast, northeast and north of the tailings area.
These monitor wells are old exploration holes that are
open through the Burro Canyon and that do contain water,

(Appendix B, pages 1I-19, and I1-20, and plates 5, T and 8),
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Some dust mignt be produced at the tailings pond, bit as the
tailings in the active tailings area will be under liquid cover

most of the time during the lifetime of the mining operation, there
should be a minimum fugitive dust from this source, and only towards
the end of the operation.

Calculations of dust discharges in the Supplementary Environmental
Report predated actual operations and were based on an assumed
dust content of 1.5 milligrams ver cubic meter in the case of the
ventilation shaft discharges and of 0,03 grains per cubic foot

(= 68.3 mg/Ms) for the surface plant discharges to atmosphere,
The latter figure was based on the Company's specifications for

the filter equipment on order.

Actual operating figures are now available, and revised

calculations are based on these.

It is expccted that the dust discharge by the ventilation shaft
will decrease with time as the workings progress further from
the return airway, allowing more time for the Just to settle out
and to be removed by impingement. Recent sample results

indicate this to be true.
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Dust emissions from the various sources have been

calculated as follows:

1. VENTILATIO!I" SHAFT DISCHARGE

Volume of air discharged

Average measured dust content
Emission rate

Total dust emitted in 24 hours

253, 000 CFM
= 7,160 M&finil).

2.2 mg M3

15, 750 mg per minute

22, 700 grams

=  50.1 pounds

2. SURFACE PLANT AIR DISCHARGES

The actual performance of the surfa ‘e plant stack discharge

dust filters has been considerably better than the specified

emission ra.e of 0.03 grains per cubic foot or 68.3 mp,_’M3,

as shown below.

§Qe cification

Airflow

_CFM_
Crusher house 13, 000
Headframe 11, 000
Trangler Tower 2, 500
Yellowcake scrubber 1, 000
Yellowcake dust filter 2, 400

: Actual
Alrflow DUS(
“CPM mg/M3

13, 000 1.19

11, 000 . 097
2,200 1.27
960 . 941

1, 300 . D85

Total emission 450.3 grams in 24 hours - under 1 1b,

Detailed calculations are shown in Table 1, Appevrdix J.

Dust Emitted
in 24 hours

grams

315
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ENVIRONMENTAL EFFECTS OF DUST EMITTED

The State of Utah's Ambient Air Standards limit particulate
matter to an annual geometric mean of 90 ug/M3 or 0,09 mg/Ms.
All actual discharge concentrations from the operating stacks
are higher than this during the period each particular unit is

in operation, but diminish rapidly downwind from the stacks

due to dispersion.

The ventilation shaft is located outside the plant fence, and

it is improbable that there will be many people entering the

areca between this shaft and a minor road, on which travel is
highly occasional, mainly by ranchers. The point on this

road nearest the ventilation shaft is approximately 325 feet

from it. Calculations of the dust content of the air at this

point have been made according to Equation 3.3 (p. 6) in D.

Bruce Turner's "Workbook of Atmospheric Digpersion Estimates"
(published by the U.S. Department of Health, Education, and
Welfare.)

The nearest point outside the property fence from any of the
plant dust emitters is located about 250 feet from 'hese
sources. The concentration of dust at thie distance from each

of these emitters has also been calculated as well as the total

—
v



40

emission from all the plant stacks,

~
Calculations of downwind concentrations

emitters at the points mentioned are rep

The calemlation used is:

where C is the ground-level centre-line

of dust in the plume,

Q is the emission rate (g/sec) at
u is the wind velot ;l}, ‘f\: SEC),
Oy, 9z ar he horizontal and el
coeffici in meters, as a fui«
distance from source to point of 1

i
ire obtainable curves (Fi

) g 1
al I'
1 £
lreated
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The dispersion coefficients are naturally affected by the wind
strength and by its directional stability., For the calculations,
(Tables 2a through 2c, Appendix J) an average velocity of

5 mph (= 2.24 M/sec) has been taken, together with the most,
least, and average stable conditions (Stability Classes F, A,

and D respectively in the Workbook).

The effective height H of the stacks has been taken as the actual
height in making these calculations. In the case of the ventilation
shaft the discharge is horizontal; in the other cases discharge
velocities are low, so that the plume would not rise very much
above the actual stack, It is considered that no serious error

is introduced by making this assumption,

Actual stack beights are: -

Feet =Meters
Ventilation shaft 6 2
Crusher 45 14
Headframe 75 23
Transfer 55 17
Scrubber 50 15

Filter 32 10
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In making these calculations, average emission rates over

24 hours have been used for the individual surface plant

stacks. Figures are also given for the total concentrations
when all units are in operation simultaneously and for the totals

over the 24 hour average emission rate,

To compare with the Utah ambient air standard of 0,09

- - | 9 .
(= 9 x 10™%) mg/M¥, these concentrations, at the plume
centre-line and at the nearest access points are summerized

a= follows: -

‘mg/M3

Stability F Stability D

Stability A

Ventilation Shaft 9.4 x 1072 2.8 9.1x 101
Crusher 1.9x 109 1.3 x 10-14 6.6 x 1079
Headframe 2.8 x 1079 9.9 x 10-38 4.4x10°11
Transfer House 2.2 x 1074 1.5 x 10721 4.7 x 1077
Scrubber 9.4 x 1079 9.0x 10718 1.4 x 1079
Filter 1.4 x 1074 1.7x 1079 8.9 x 1070

Total surface plant - not including ventilation shaft

9

all units
operatio

simultar

in

il ‘ ‘( o . O ‘-,.

eonsl 1.9 x 10°9 1.7x 10-18 1.1 x 10°°
3 3

AVErHe 1.0 x-107%° 8.9 x ](’)']’ 5.8 x 117"(

[
w
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With th: exception of the ventilation shaft discharge when it
reaches the road, all these discharges would meet Utah
ambient air standards at any point of public access. Normally,
with increasing stability however, that is from Class A

towards Class F, concentrations would L. expected to increase,
but only in the case of the ventilation shaft do they do so. Tne
method of calculation is generally considered to lose accuracy

at the shorter distances, and this appears to be the case here.

v MILLING
F. MAINTENANCE OF DUST CONTROL EQUIPMENT

This section deals with control of emissionz

during maintenance work., Refers to:

E.P.A. - p. 6, last sentence

Maintenance work is carried out on dust control equipment
only when the process being controlled is itself shut down.
While the uvverall milling process itself is on a full 24-hour
a day basis various units in the process can be shut down for

scheduled maintenance or because of temporary lack of ore.




v
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RADIATION

A. RADON DAUGHTER SAMPLING - CRUSHER AND MILL

This section deals with the requirements for a bi-weekly

radon daughter sampling program. Refers to:

University of Utah - item 6, first half

A bi-weekly radon dauvghter sampling program has been
instituted to demonstrate that radon daughters are below
a significant level in the mill and crusher house To date
the readings have varied from 0.00 to 0.09 WL in about

dozen different areas in the twn buildings,

{
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also ventilated by extracting air from the locations where these
are carried out by an exhaust fan; the discharge to atmosphere
is through a dust filter or scrubber with release through stacks

at varying heighis,

V E 1. RADIOATTIVE EMISSIONS FROM DUST

The figures for radionuclide release in Appendix G of the
Supplemental Environmental Report were based on the assumption
that the dust discharged from the plant stacks would have the same
uranium content as the ore, which had been assessed at 8 1b/ton
of Ug Og, and that the radioactive disintegration products of the

uranium would be in equilibrium with it,

Figures measured during actual operations (Figure 5, Section IV C,

Part 2) are used in the followine calculations.

a. Uranium (natural) emissions

Volume of Air Discharged Radicactive Release

in 24 hours (M3 x 1000) uCi/ml Averagé

(From Table 1, Section IV E) x 10-11  uCi/day uCi/Sec
Ventilation Shaft 10316 .07 7.22 8.36 x .
Crusher 265 . 298 792 9.17x !'
Head{rame 224 . 0527 .118 1.37 x "
Transfer House 44.9 . 267 120 1.39 x '
Scrubber 32.6 6.68 2.18 2.52x 10°
Filter 44.2 G52 . 288 3.33 x l’

Total emission from the surface plant stacks is thus 3.5 pCi/day.
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VB 3 DOWNWIND RADIOACTIVE CONCENTRATIONS

I A ——— MR-

Downwind calculations of radioactivity have been made, using
the method also described for dust (Section IV E). In addition
to concentrations at the nearest property boundary for each
stabiity (A, F, and D), (Tables la through 1c, Appendix K),
concentrations at 8,000 feet from the ventilation shaft and at
2% miles, the dictance of the Redd Ranch from the mine, have
been made, and are reported in Tables 2a through 2¢ and 3a

through de, Appendix K, respectively.

Because information is not available from which a wind rose
may be derived, calculations have been made on the basis
that in each case the wind will blow steadily for 100% of the
time towards the point of measurement, which is taken as

lying on the centre-line of the discharge plume.

Where a number of stacks are emitting simultaneously, only
if they were all in line could the receptor be on the centre-
line of every plume. At the nearest property boundary,
emissions from each source ace considered separately,
except the plant stacks, which are close together and have
been taken as a single source. At the greater receptor

distances, all emissions from the distant emitter are con-

sidered additive,
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Calvulation: -
In all cases, wind velocity u is taken at § mph, =
2.24 m/sec, and wind direction directly towards the

receptor,

The calculation in this instance ig (Compare p40, Section IV E)

12
C =ﬁ Q exp . H
ITu O O 0,

C = curies/M3 or uCi/ml - downwind centre-line
ground-level concentration.
Q = curies emitted per second
Type A stability has heen assumed in Tables 1a, 2a, and 3a,
Appendix K, as giving the lowest plume centre-line ground-
level concentrations, Type F stability for Tables 1b, 2b,
and 3b, as giving the opposite effect, while Type D, average

stability, has been used in calculating Tables 1c, 2¢, and 3c.

The res-its for Type D only were vsed for dérivation of radiation
exposure calculations, pages 61&62. As in the case of the dust
calculations, Section IV E anomalous results (very low con-
centrations) were obtained for Stability F at the nearest

distances.
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4 RADIATION EXPOSURES

Additive Downwind Concentrations of Radioactivity

. —

When a number of emitters are discharging simultaneously, only
if they were all in line could the receptor ever be located on the
centre-line of every plume. Additive figures for other cases
can be obtained in a number of ways, but if it is assumed that all
plumes are in a straight line, regardless of the wind direction at
any moment, and that the downwind concentrations are additive,
this would be the worst possible case. Such an assumption is
not unreasonable for distances greater than 1 mile when the
emitters are within a relatively short distance of one another, and
this assumption has therefore been maae in respect of the total
emissions reported in Tables 2a through 3c¢. Additive figures

for stability Class D emissions are given on p. 60.

For the short distances, -- from the emitter to the nearest access
point - concentrations are considered individually, except in the
cases of the surface plant stacks, these are sufficiently close
together that they may by considered a single source; the total
uranium emission from all five is only 1. 36 times that of the

highest single source, that of the crusher,
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Unroslri('t_od Areas

Additive Rad‘umunlt\. uCi/ml,

al th( 1.«m| er Distances
_.(1 mm Fanl( ~, J( and 3¢)

Emitleg

URANIUM

Ventilation Shaft

Surface Plant, at max. emission rate
Tailings Ponds

Total

RADON - 222

Ventilation Shaft

Surface Plant, al max. emission rate
Tailings Pond, Old

Tailings Pond, New

Total

THORIUM - 230 and RADIUM - 226

— e m—

Ventilation Shaft
Surface Plant, at max. emission rate
Tailings Ponds

Total

At 2500 M

1.30 x 10°15
8.71 x 10-16

2.17x 10

4.14 x 10710
3.53 x 10-16
1.89 x 10-11
3.45 x 10-11

4 67—->. 10~ )-10

0x 10-15
3x 10-186
NIL

w.—d
mw

. e . e 1

at Stability D

PO,

At 4000 M

N = B o

w

po o

57 x 10-10
.37 x 10-10
NIL

09 x 10-15

Only the avercge stability (Class D) has been considerad, since

the extreme Clas: es A and F will not often occur.

In the further calculations it is assumed that 50%

is in the soluble and 50%

in the insoluble form.

of the Thorium - 230
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ECOLOGY

A, ACCESS TO TAILINGS POND SOLUTION

Agriculture (Soil Service « iftems 1 and 7

It is recognized that the type of fencing installed around
the tallings areca will not keep out small animals or deer,
However from observations to date it is not expected that
the number of animalg entering the fenced area will be
significant., Other than the water in the taiiings pond
there is considered to be no particular attraction in the
area. Forage should be as good or better outside as in-
side. There are now four reservoirs of fresh water in
Coyote Wash within 2 to 4 miles of the tailings area plu
wates in irrigation ditches., With these good water sources
available it 18 not expected that wild animals or birds

will linger for long around a very unpalatable water source,
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VI ECOLOGY

C. PLANT & ANIMAL INVENTORY & IMPAC'

This section deals with an inventory of plant and

animal life in the area. Refer to:

Department of the Army - item (d) 1
Interior -~ p. 4, para. 1

Agriculture (Soil Service) = items 2, 8 & 4

The Supplementary Environmental Report, Section 4.1.5,
"Area Wildlife" and Appendix B, contains an inventory of
the area wildlife and plants by the Bureau of Land

Management for the area around the Lisbon mine.

The use of "understory density'" in place of "forage

density" would be more appropriate,

The total annual yield of forage for livestock ranges from
300 down to 150 pounds per acre per year of air-dried

material, depending on soil fertility and moisture available,

The warm water fishery in the area is in Rattlesnake Pond.

The spelling of the techmical name for the prairie dog has

been corrected as has that of mourning dove,
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2, Chemicals

The tanks used for storage of sulphuric acid, caustic

soda and anhydrous ammonia all conform to state and
federal specifications for their specific uses, Should

a rupture occur in any tank or line the discharged chemical
will be contained within a spillage basin immediately balow
the mill. All ligquids not retained at the plant will
eventually drain to and be contained in tailings basin, w.cre

storage capacity is many times the possible spill.

Routine mechanical checks are maintained on the system

and drenching showers are provided in all areas where
personnel might become contaminated. All personnel
handling corrosive gubstances are warned of potential hazards

and if necessary are required to wear protective clothing

Jd. Operational
Automatic alarms are not used to any great extent in the

milling process, their primary purpose being protection

of personnel and equipment. The major automatic control and

alarm syslem inslalled is one to guard against failure of water

usecd to control the temperature of the yvellowcake dryver

discharge gas. Should the water volume drop too low, the
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IMPACT OF THE OPERATION

A. SOCIAL, ECONOMIC AND HUMAN

This section deals with the inter-relationship
between the social, ecoramic and human values,

Refer to:

Interior = p. 1, para. 3

The operation over the estimated T-yearse of ils duration
cffers employment at a relatively uniform level, summer
and winter, and under a carcfully controlled environment
in respect to safety and health. In a region where
employment ig limited, the work force will be drawn from
the established communities of Moab and Monticello and
surrounding areas, employing the native Higrpanic population
to a considerable extent., No temporary townsite is
involved in the operation and no inhabited area will be

left abandoued when the deposit has been worked out,
During the years of mining activity the local economic
benefit ig apparent, and the employment being offered at a
uniform level, can only contribute to social welfare., Al

present the total payroll runs at about 200 persons.
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The nearest available operating mill that could treat
the ore being mined is some 34 miles distant Apart
from the dollar cost to the company of transportation,

there are a number of intangible costs:

1. Cost to the state for increased highway main-

tenance due to heavy trucks,

2. Danger of increased highway accidents due to
increased traffic,

3 Interference with tourist traffic in a scenic area.

4 opreading of radioactive contamination along a

public highway from dust blown from the ore
{rucks,

9. Annoyance to citizens of Moab due to increased
truck traffic through the city centre.

6. Increased lotal weight of pollutants being dis-
charged from the existing mill at the Calorado

River due to the increase.' tonnage.

If the mill for the Lishon Mine were to have been con-

etructed at some gite other than at the ming the lollowi

are some of the disadvantages other than costs to the

company.
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8. The national power shortage which Duke Power
hopes to assist in relieving by suoplying by means
of nuclear generation would have to be supplied by
other energy sources, such as fossi) (uvels, with
their attendant higher pollution levels in high
population areas.

4. The 200 gpm {resh water source would not have

been provided to the water-scarce area.

X1 BENIFIT - COST ANALYSES

A. DALANCE OF BENEFITS AND COSTS

This section deals with additional benefit - cost

factors. Refer to:

Agriculture (Research) - item 2

Regarding Rio Algom's mining and milling operation some
200 full time jobs are now being provided and are expected
to last at least another 8 years. These assist in building
a relatively stable economy for the area with resultant

tax benefit to the municipality, state and country. The
uranium fuel provided will produce power that would other-

wise be generated by use of fossil fuels in areas with already



N 3
3 < : = 5



APPENDIX A

THE UNIVERSITY OF UTAH
SALT LAKE CITY 84112

RADIOLOGICAL HEALTH DEFARTMENT
M0 Omson Srexcns /lan

July 18, 1973

Mr. P. F. Pullen

Chief Environmental Engineer
Rio Algom Mines, Limited

120 Adeluide Strect West
Toronto, Canada

bear Mr. Pullen:
Per your request 1 have re-done my replies to your questions.

I have also found uptake of radium in organisms grow on soils
heavily contaminated with tailings from a uranium extraction plant.
However, such uptale by plants from any materials in your plant site
could only be expected to occur after the tailings pile has been
established and covered. If the cover is insufficient there should
be some plant uptake over a protracted time. This could be especially
serious if there were breaks in the soll mantle as a result of
erosion,

Plants grown in such a situation would give a characteristic
spectrum of radionuclides associated with the makeup of the tailings
materials below, However, the quantity of radiun in the plants would
be a direct giveaway since this would be higher than the levels in
the parent seils and would be presumptive evidence that the plant roots
had reached the zone of relatively high concentration and were trans-
ferring the raedium from that source. However, the uptake of radium
by plants growing over the very small area of vour tailings plant
would not make a significant contribution to gate animals or livestock
grazing through the area when compared with the ,eneral level of radio-
activity in the soils of San Juan County, and ' .rticularly the area
surrounding your plant,

I regret that it has taken so long for me to reply to your
s=iginal request.

Sincerely yours,

o8 R AR

Robert C, Pendleton, Director
Radiological Health bepartment

ts

Enclosure
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1. How will a determination be made as to whether any radioactivity found
in plants is the result of dry deposition or uptake from the soil?

Results of sampling of many thousands of plants in the intermountain
areg show very low or nonexistent levels of natural radioactive matevials
of the kinds that would be associated with your operation. However, the
soils surrounding the Rio Algom Mine all contain appreciable quantities of
uranium, radiwn, thorium, and the associated daughter products., Accordingly,
low .evels of all these materials could be expected to be present in plants
but would be represented in dirvect proportion to the amount of radioactive
materials in the so1ls. With this situation, it would be very difficult to
separate radicactivity found in or on the plants from that taken up from the
soil, since all the elements numed have been observed to be transportable
as wind-borne dust and a considerable amount of contamination of low-growing
plants results from splash-up of surface soil during the intense rainfall
asgoclated with thundershowers, which-is the predominant source of summer
precipitation. Sampling performed in this laboratory indicated that whenever
a significant quantity of radioactivity from the natural emitters (other than
potassium) is founl, it has originated from direct deposition of soil or
dust. More important than attempting to determine whether the radioactivity
has its origin in plant uptake or dust is the determination of a base level

which can then be used to determine whether or not & increase in the vicinity

of the mine can be demonstrated. ‘This can be done by sampling representative
species of plants adjacent to and distant from the operation and in sufficient
nurbers to act as a statistically valid level from which all future sampling
can be compared. “ollowing this, sampling on a specified schedule can be used
to determine what build up, if any, has occurred,

betermination of changes can be made as follows:
Sample three plant typ . on a schedule of at least once each calendar

quarter: sagebrush (Artemesia tridentata), juniper (Juniperus Utahensis),
and meadow clippings (mixed grasses from the improved grazing areas).

Sample sagebrash by plucking off the new growth-leaves and new,
succulent stems,

Sample juniper by pulling off the leaves.

Sample grasses by cutting the stems with grass clippers. Take great care
to cut above any evidence of rain splash-up. This will show as dry mud on the
lower stems and leaves,

Each sample shouia be ot least two kilograms (2.2, 1bs/kg) and one sample
of each type should be taken from cach of your sampling sites, and from many

different shyubs and trees within the arca of the sampling site.

Analyses should be made for Ui0g by methods developed in your laboratory.

In addition, analyses using gamma Spectrometry should be performed on an aliquot

of each sample. The gamma-ray spectrometry analyses will show the presence of
fallout nuclides, but will demonstrate the presence of very low levels of
and Rn daughters (Bi-214 and Pb-214).
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PART 1
TAILINGS POND EMBANKMENT STABILITY

PURPOSE AND SCOPE

As described previously, the purpose and scope of our studies

were developed progressively as the needs and design options became evident.

The purpose of our Tailings Pond Embankment Stability Studies

(Part 1), as developed and presented in this section of our report, was to:

scope:

1. Determine the stability of the existing tailings pond

embankment .

2. Define requirements for a continuing tailings storage

system.

3. Provide answers to questions of stability and tailings

pond development posed by the agencies which reviewed

Rio Algom's "Supplemental Environmental Report."

In accomplishing .“* above purposes we performed the following

1. A field investigation under the direction of an experienced

geological engineer from our staff consisting of:

a,
b.
c.
d.
e.

tl

A general site reconnaissance.

The drilling of 8 test borings.

The excavation of 6 test pits,

The drilling and installing of two monitor wells,
The installation of 7 p.2zometers in Borings 1 to 7.

A field survey.

DAMYS 0 MOL
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2. A laboratory testing program to determine the
engineering properties of the soils encountered.
Technical and analytical evaluations of the existing
and future tailings system. The analytical approach used
in determining the overall stability analysis was the
ordinary method of slices (Fellenius Method). The analysis
vas performed on a Univac 1108 electronic computer
utilizing a program developed by Dames & Moore.
Presenting our data, analyses, conclusions and recommen-

dations in the Part 1 Report.

EVALUATION OF EXISTING TAILINCS POND EMBANKMENT

BASIS OF DESIGN:

The embankment location and maximum pool elevation are shown on
Plate 1, Plot Plan., The configuration and physical characteristics of

the existing tailings pond embankment presented herein is based on a general

site reconnaissance of the area, verbal discussion with personnel familiar

with the construction of the embankment, a review of reports by others, and
the results of our field exploration program.

Field exploration data and laboratcry test results pertinent to
the embankment and foundation soils are prescnted in the appendix of this
Part I Report. The soils encountered in Boring D1, D2 and D4 overlying
the sandstone bedrock were found to be mediuwa-stiff to very stiff, reddish-
brown to brown, fine, sandy silty clay to fine, sandy clayey silt., These

materials are considered typical of the natural soils and compacted
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embankmeat fills., The geometry of the embank~:nt je& shown on Plate 2,
Typical Section Existing Embankment.

EMBANKMENT SECTION:

The existing embankment was constructed during 1970 to elevation
6630* with a crest length of 1,450 feet.

The construction plans specified that the embankment be constructed
utilizing engineéred fill, consisting of the natural surface soils located
in the proposed pond area, compacted in B-inch layers to 95 percent maximum
density, in accordance with the A.A.S.H.0.** T90, Method of Compaction,
The embankment was to have a 20-foot-wide crest with the upstream slope at
two horizontal to one vertical, the downstream slope at two and one-half

horizontal to one vertical. The geometry of the embankment is shown on

Plate 2.

DISCHARCE SYSTEM:

The tailings from the mill are pumped in a slurry to the tailings
pond and discharged into the pond from a spigot line established on the

upstream face of the embankment approximately two feet above the pond water

level. The amount of discharge at the present time is approximately 200-250

gllons per minute, The average total output of tailings from the mill is
g t v

presently 600-700 tons per day. The tailings slurry contains approximately

40 percent of tailings by weight. The grind is approximately 97 percent
P - b PP

*Elevations furnished by Rio Algom Corporationm,

**American Association of State Highway Officials.
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passing the No, 80 mesh and 70 percent passing the No. 325 mesh, as shown
on Plate A-2A, Gradation Curve, in the appendix.
STABILITY ANALYSES:

In determining the factor of safety of the embankment, procedures
defined by the ordinary method of slices (Fellenius Method) were utilized.
The ordinary method of slices technique, which assumes a circular failure
surface, was analyzed on an electronic computer utilizing a program developed
by Dames & Moore. The soil parameters utilized in our analyses were based
on the results of laboratory tests performed on undisturbed samples obtained
from the embankment and underlying foundation soils.

Three different time-related storage pond configurations were
analyzed. The different conditions are shown on Plate 2. The first condi-
tion analyzed was the end of the construction prior to tailings storage.
Both the upstream and downstream slopes were analyzed. The factors of safety
were found to be 1.7 and 1.9, respectively. The second and third conditions
were selected as an intermediate and maximum storage pond pool elevation.
Although no seepage was evident on the downstream face, the maximum theore-
tical top flow line for long-term seepage was assumed. The downstream slope
was analyzed in conjunction with the maximum pool elevation and the upstream
slope was analyzed in conjunction with the intermediate pool elevation, as
recommended by the Atomic Energy Commission. The factors of safety were
found tobe 1.5 and 2.0, respectively.

The three conditions also analyzed were with a maximum anticipated

earthquake loading of 0.05g*. For this condition, the factors of safety

*This value was recommended in our February, 1972 seismicity study for
Rio Algom Corporation,




were found to be 1.5 and 1.7 for the end of construction cases, 1.3 for the
maximum pool elevation and 1.7 for the intermediate pool elevation. These
factors of safety meet the limits of the A.E.C. requirements published in

June 1973,

FLOOD CONTROL:

As previously reported by Rio Algom Corporation, the natural
watershed area above the tailings basin is 590 acres, including the plant
area. The runoff water from a 100-year frequency rainstorm on this water-
shed was predicted by the Monticello office of the Bureau of Land Management
as follows:

100-year, 2-day 4.0 inches /] acre-feet

100-year, &4-day 4.2 inches 9 acre-feet

100-year, 7-day 4.5 inches acre-feet

100-year, 10-day 5.0 inches acre~-feet

In the tailings pond, the normal water level will be maintained

at least 10 feet below the crest of the dam (6620 maximum storage pond pool

elevation), and therefore the upper portion of the storage may be assumed

to be available for surge or flood capacity. From this capacity must be
deducted the volume of tailings that are calculated to be above the pond
elevation to obtain the storage capacity,

The following figu have been reportec y Rio Algom Coiporation
as the capacity available for flood control:

Capacity of basin above planned water level 9% acre-feet

Estimated volume of tailings above water acre~-feet

Net storage of acre-feet

(above pond wateyr level)




For the maximum calculated runoff of 58 acre-feet, the factor of

safety against overtoppiag of the dam is 167 or 2.9,
58

CONCLUSIONS :

Stability. Our stability studies indicate that the existing
embankment under static loading and long-term seepage has factors of safety
for the end of construction, prior to tailings storage, of 1.7 and 1.9
against deep-seatsd failure of the upstream and downstream slopes, respec-
tively. Factors of safety again.t deep-seated failure of the downstream
slope with a maximum pool elevation and the upstream slope with an inter-
mediate pool elevation were found to be at least 1.5 and 2.0, respectively.
Therefore, adequate stability safety exists for normal operation of this

pond,

Flood Control. Based on the computed overtopping safety factor
of the pond and from discussions by Rio Algom Corporation with the Bureau
of Land Management, it is our opinion that a channel to divert possible
flood water around the tailings pond is not necessary at this time. At the
end of the mining and milling operation, the ta’lings pond area and the

waste rock piles will Le covered with a layer of soil, A diversion channel

<

around the south side of the tailings pond should then be constructed to
bypass drainage around the tailings pond area.

CONTINUING TAILINGS POND SYSTEM

A Cd

The design storage capacity of the existing tailings pond

present crest elevaticn, as provided by Ric Algom Corporation, is

A 8




tons. The estimated 1,550,000 total tons of ore would then require an
additional rage area for the remaining 945,000 tons,

The original proposed design for capacity increases, as furuished
by Rio Algom Corporation, indicated that the existing dam was to be raised
in 5-foot increments as the pond surface raised,

i

to a final crest elevation

of 6655 feet. A beach, created by the course fraction of the tailings as

they were discharged from the line, was to provide the base for this con-
struction,

A basic assumpticn in the initial analysis that the tailings would
have only 50 percent of the material finer tha. the No. 200 sieve and 95
percent finer than the No 50 sieve was incorrect. Actually, the tailings
are now averaging as much as 70 percent finer thuan the No. 325 sieve. With
such fine material, the "upstream" method of construction described abnve
would be impractical.

SUGGESTED ALTERNATE DESICNS:

—

As an alternate, we suggested raising the existing embankment 25
feet to the maximum elevation of 6555 feet by maintaining the 20-foot crest

width and two and one-half horizontal to one vertical downstream slope angle,

with all new fill being placed downstream of the existing embankment., We

suggested that a se .ond alternate would be to construct a new embankment

and create a second pond upstream from the existing embankment. With the

second alternate, the exisiing embankment would act as a secondarv dam in
v ]

case of spillage or lcakage from the upstream dam, and provide additional

safety and floexibility to the operation.
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After exsninalion of the two alternatives, Rio Algom Corporation
determined that the new embankment would provide the best method for
increasing storage volume. Therefore, oaly the proposed upstream pond has

been analyzed in detail.

EVALUATION OF UPSTREAM TAILINGS POND:

LANO

Basis of Design. Evaluation of the upper pond embankment has been

based on design requirements provided by Rio Algom Corporation. These
requirements were as follows:
1. A crest level at elevation 7680,
2. A maximum pool elevation of 6675,
3. Flood control for a drainage area similar to the
existing dam,
4. A continually operated decant system,

Use of Material, The location of the proposed upper tailings

poud area is shown on Plate 1, Plot Plan., The natural eoil, reddish-brown

to brown, fine, sandy silty~clay mixture encountered in the tast pits
located within the future proposed ponded area, wmay be used for embankment
fill (see attached appendix).. The fill material should be placed in layers

not to exceed eight inches in loose thickness and compacted to 90 percent

of the maximum density determined in accordance with the A.A.S.H.0. TI180,

Method of Compactior N

o segregation or zoning of wmaterials during con-

|

struction will be required.

The loose foundation soils below the embankment within the area

shown on Plate 3, Typical Section Proposed Upstream Embankment, should be

removed and conditioned and replaced to the density standard specified.
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Stahility Analyses, To meet topographic and design requirements

the proposed pond embankment will be a maximum of 45 feet high and have a
20-foot-wide crest., The soil parameters utilized in our analyses were based
on the results of laboratory tests on remolded samples compacted to the
previously mentioned specifications, and the results of laboratory tests
performed on undistu.bed samples obtained from Borings D5, D6 and D7 (see
appendix). A series of slopes were analyzed to select the recommended slopes
shown on Plate 3. These recommended slopes are two and one-half horizontal

&

to one vertical upstream and three horizontal to one vertical downstream,
As for the existing embankment, factors of safety of the embankments were

defined by utilizing the ordinary method of slices (Fellenius Method)

comp.iter program,

Three different time-related storage pond configurations were
analyzed, The different conditions are shown on Plate 3. The first condi-
tion analyzed was the end of construction prior to tailings storage for both
the upstream and downstream slopes. The factors of safety were found to be

1.4 and 1.8, respectively., The second and third conditions were selected as

an intermediate and maximum storage pond pool elevatiun. Although a decant

system should be installed tc remove the majority of the water from the

pond, the maximum theoretica! top flowline for long-term seepage was assumed,

The downstream slope was analyzed in conjunction with the maximum pool

elevation and the upstream slope was analyzed in conjunction with the inter-

&

mediate pool elevation, as recommended by the Atomic Energy Commission. The

factors of safety were found to be 1.6 and 1.7, respectively.

&ty

The three

conditions wer so analyzed with

a maximum anticipated earthquake loading
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of 0.05g. For this condition, the factors of safety were found to be 1.2
and 1.6 for the end of construction cases, 1.3 for the maximum pool elevation,
and 1.4 for the intermediate pool elevation,

Flood Control. Although the maximum theoretical top flowline was

assumed for the stability analysis, we recommend a continuous operating

decant system will remove the water by gravity to the downstream existing
pond for recycling to the mill and/or for evaporation. This will permit a
greater storage capacity behind the upstream embankment.

Since the downstream pond embankment will be maintained at the
designed 10-foot freeboard level and as the upstre .m embankment with a
5-{oot minimum tailings surface freeboard will have more storage volume than
the downstream pond, the flood control factor of safety previously deter-

mined by Rio Algom Corporation (2.9) will remain the minimum factor against

decant system be installed in the proposed upstream storage pond, This '

overtepping of the system. Therefore, as discussed for the downstream
embankment, a diversion channel would not be required until the end of the

mining operatiomns.

ANSWERS TO REVIEW

A list of review questions, and where
Report the answers to seepage questions may ound, is presented
Appendix II-D of the Par leport. 1SWers

Tailings Pond Embank-

that these questions

A wwe .
;\". lk‘wb .

ment Stability questions are not indexe \ Appendix II-D; however, we feel l




w
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Oir field exploration program, soil test data and
stability analyses confirm the existing dam to have

an adequate safety factor for embankment stebility,
Surface hydrology and runoff evaluations confirm that the
proposed freeboard requirements for the existing and pro-
posed upper tailings pond will provide an adequnte safety
factor against overtopping without a spillway or bypass
canal,

Construction of the proposed upstream tailings pond to

the design requirements presented in this report will

' b

resolve the questions regarding future tailings disposal,

Respectfully submitted,

DAMES &

eafaisianal  Bond s No. 213
Professional Engineer No., 2311

State of Utah
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APPENDIX I-A

FIELD STUDIES AND LABORATORY

F1ELD STUDIES:

General. The field portion of our investigation included a recon-
naissance of the site area, drilling of test borings, excavation of test
pits, and the installation of monitor wells., The field studies were directed

hy engineers from our staff.

Site Reconnaissance. Prior to and during our field exploration
program a general reconnaissance of the site was performed. The reconnais-
sance study was performed to aid in evaluating the geology of the site and
the performance of the existing tailings pond system, In addition, the
reconnaissance information was utilized in selecting the number, locations
and depths of th st pits and borings.

v

Field Exploration., Sub.urface soil and ground water conditions at

the site were investigaied by drilling eight exploration borings, excavating

six test pits and installing nine monitor wells. The locations of the
borings, test pits and monitor wells are presented on Plate 1, Plot Plan,
in the text of this se C g report.

The borings were drilled with a truck-mounted rotary rig and
extended to depths ranging from 24.( .3 feet. The backhoe pits
extended to depths ranging 6.0 to 13.0 feet. The test pits were
excavated to determine the of the natural surface soils suitable

for constructinn of the proposed upstream dam,
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1-A-4

Station Rio Algom Plant Coordinates Rio Algom Plant
{Boring Number) North East Elevations
D7 608565 637683 6639.0
D8 608638 637606 6639.0
D9 608180 635798 6579.0
D10 608161 635792 6580.0
(Test Pit Number)
TPl 608125 638081 6663.0
™2 608140 638622 6664.0
™3 608608 639644 6701.0
TP4 608760 638787 6675.0
TP6 608865 637922 6661.0

LABORATORY TESTING:

GCeneral., Our laboratory testing program included moisture and
density tosts, gradation tests, Atterberg Limits and direct shear tests,
A description plus the results of the tests are presented in subsequent
sections.

Moisture eud Densityy. To aid in classifying and correlating the

soils, mofisture and density determinations were conducted on selected
samples. The moisture and density test data obtained are presented to the
left of the boring logs on Plates A~lA through A-1C,

Gradayion Tests, Additional classification data was obtained by

performing partial gradation tests on selected soil samples, The results

of the gradation tests are shown on Plates A-2A through A-2C,
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1-A-6
Boring Depth Soil Normal Pressure Peak Shearing Yield Shearing
No, In Feet Type In PSF Strength In PSF  Strength In PSF
D1 10.0 CL-ML 500 1,500 700
D1 12.5 CL-ML 1,000 1,760 600
Dl 18.5 CL 500 1,650 950
bl 24,5 CL 1,000 2,380 1,400
Dl 30.5 CL 1,500 3,340 1,250
D1 39.5 CL 1,000 2,030 1,150
D1 45,5 CL-ML 2,000 2,000 800
Dl 48,5 CL 2,500 2,380 1,550
Dl 51.5 CL 3,000 2,460 900
D1 54,5 CL 3,500 2,875 1,175
D2 6.5 CL~ML 500 2,240 1,820
D2 9.5 CL-ML 1,000 2,500 1,050
D2 15.5 CL-ML 1,500 2,780 1,300
D2 21.5 CL-ML 2,000 2,220 1,100
D2 24.5 CL-ML 2,500 3,390 1,100
D4 6.0 SM 3,500 3,880 2,050
D4 6.0 SM 4,000 4,150 1,950
D& 14.5 CL-ML 4,500 4,800 1,700
D& 24.5 CL-ML 3,000 3,200 1,520
D4 24,5 CL-ML 4,500 4,720 1,430
D4 29.5 CL-ML 3,500 4,000 1,030
D& 29.5 CL-ML 4,000 2,550 1,250
D5 5.5 CL-ML 2,000 2,950 1,720
D6 2.5 CL-ML 1,000 2,800 2,050
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Boring Deptl oil Normal Pre \T¢ Peak Shearing field earing
- ¥ pleet 1ype — il SLISNAL 2L 2Lrength in T
D¢ 5.5 CL=-M1 500 1,050 675
Dt 8.5 SM 1,500 1,975 925
D7 2.5 CL~MI 3,000 2,300 1,080
D7 2.5 CL-MI 4,000 2,890 1,100
[ 8.5 Ml 3,500 2,140 770
8.5 Ml 3,500 2,590 930

The following plates are attached and complete this appendix:

Plates A-1A through A=~1( « Log of Borings (Borings 1 through 8)

\ Plates A-2A through A-2C = C(Cradation Curves
Plate A-3 « Soil Sampler Type U
Plate A-4 « \lUnified Soil Classification System

Plate A-5 - Method of Performing Direct Shear
and Friction Tests
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DIRECT SHEAR TESTS ARE PERFORMED TO DETERMING

THE SHEARING STRENGTHS OF SOILS, FRICTION TESTS

— T ——
ARE PERFORMED TO DETERMINE THE FRICTIONAL RE- A,
SISTANCES BETVEEN SOILS AND VARIOUS OTHER MATE- ‘ \ l /
g RIALS SUCH AS WOOD, STEEL, OR CONCRETE, THE TESTS ! .
8 ARE PERFORMED IN THE LABORATORY TO SIMULATI l N\ ‘ )‘3
3 ANTICIPATED FIELD CONDITIONS, p——
EACH SAMPLE 1S TESTED VWITHIN THREE BRASS RINGS,

o . . . . DIRECT SHEAP TESTING
) N (Lv ¥ : s IN \ : ANI N N
WO AND ONEHALF INCHES IN DIAMETER ) ONE INCH & RECORDING APPARATUS

IN LENGTH, UNDISTURBED SAMPLES OF IN-PLACE SOILS
ARE TESTED IN RINGS TAKEN FROM THE SAMPLING
DEVICE IN VHICH THE SAMPLES WERE OBTAINED, LOOSE SAMPLES OF SOILS TO DE USED IN CON-

STRUCTING EARTH FILLS ARE COMPACTED IN RINGS TO PREDETERMINED CONDITIONS AND TESTED,

DIRECT SHEAR TESTS

A THREE-INCH LENGTH OF THE SAMPLE IS TESTED IN DIRECT DOUBLE SMEAR, A CONSTANT PRES.
SURE, APPROPRIATE TO THE CONDITIONS OF THE PROBLEM FOR WMICH THE TEST IS BEING PER.
FORMED, 18 APPLIED NORMAL TO THE ENDS OF THE SAMPLE THROUGH POROUS STONES, A SHEARING
FAILURE OF THE SAMPLE IS CAUSED BY MOVING THE CENTER RING IN A DIRECTION PERPENDICULAR

TO THE AXIS OF THE SAMPLE, TRANSVERSE MOVEMENT OF THE OUTER RINGS IS PREVENTED,

THE SHEARING FAILURE MAY BE ACCOMPLISHED BY APPLYING TO THE CENTER RING EITHER A

FILE

CONSTANT RATE OF LOAD, A CONSTANT RATE OF DEFLECTION, OR INCREMENTS OF LOAD OR DE-
FLECTION, IN EACH CASE, THE SHEARING LOAD AND THE DEFLECTIONS IN BOTH THE AXIAL AND
TRANSVERSE DIRECTIONS ARE RECORDED AND PLOTTED, THE SHEARING STRENGTH OF THE SOIL

IS DETERMINED FROM THE RESULTING LOAD-DEFLECTION CURVES.

g FricTioN TEsTS

INORDER TO DETERMINE THE FRICTIONAL RESISTANCE BETWEEN SOIL AND THE SURFACESOF VARIOUS

MATERIALS, THE CENTFR RING OF SOIL IN THE DIRECT SHEAK TEST IS REPLACED BY A DISK OF THE

MATERIAL TO BE TESTED. THE TEST IS THEN PERFORMED IN THE SAME MANNER AS THE D'RECT

g SILEAR TEST BY FORCING THE DISK OF MATERIAL FROM THE SOIL SURFACES,
©

METHOD OF PERFORMING DIRECT SHEAR AND FRICTION TESTS
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REGIONAL GEOHYDROLOGY

The site is located in the Colorado Plateau physiographic province
approximately 12 miles south of the La Sal Mountains and some 40 miles south-
west of the Uncompahgre structural uplift, The region surrounding the site
{s underlain by sedimentary strata of Cretaccous, Jurassic, Triassic, and
older ages which are folded into a series of broad, northwest-trending
anticlines and synclines, Tertiary intcusives outcrop as domes 8 to 20
miles north of the site,

The undulating bedrock folds are expressed topographically as low
hill ranges and intervening valleys trending generally northwest, The
principal surface drainages parallel the valleys,

Faults are common in the region and the more important structures
trend northwest, similar to the folding and topography. Both normal and
reverse faults have been identified,

The sedimentary deposits consist of continental and shallow marine
beds, including sandstone, conglomerate, shale, mudstone, and lesser amounts
of limestone and evaporites (gypsum, salt and anhydrite), Uranium deposits
occur widely throughout the region and are most commonly associated with the
sandstone and conglomerate formations,

Plate 1, Regional Geology, shows the principal geologic features,
Plate 2, Regional Stratigraphic Description, provides general information
as to bedrock lithologies, formational sequence and water bearing charac-
teristics. Plate 3, Regional Geologic Structure Profile, shows a typical

cross section,

BAPILS B MO
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A few springs having this origin occur northeast and east of the site.
Direct ground water recharge to the surface waterways is believed to occur
mostly downstream several miles from the property, where the drainage channels
have eroded through the aquifers.
GROUND WATER USE;

Good information on well characteristics in the region is lacking.
Table 1 gives a summary of wells within a radius of seve 3l miles, but the
specific aquifer in most cases can only be inferred, Many of the wells
appear to be developed in the Dakota or Burro Canyon sandstone, Wells less
than 80 or 90 feet in depth probably produce from the Quacernary alluvium,
Wells deeper than 300 feet are believed to withdraw ground water from the
Entrada, Navajo, or Wingate sandotones. Plate 1 and Plate 4, Vicinity Map,
show the recorded wells in the region referred to in Table 1.
GROUND WATER QUALITY:

Data on the quality of ground water in the region is limited.
Values for selected constituents in typical wells are provided on Table 1,
In the Burro Canyon (Dakota) sandstone, the ground water is generally of
potable quality, Many of the listed wells are suspected or known to be in
the Burro Canyon formation and indicate fair to good potability. Analyses of
the ground water from the production shaft show much higher mineralization
in the Wingate and Navajo sandstones, The dissolved constituents in these
two aquifers range as follows:

Wingate Sandstone: 2500-4500 ppm total dissolved solids

475« 500 ppm sulfates
760-1876 ppm chlorides

Navajo Sandstone: 1200-1700 ppm total dissolved solids
22« 62 ppn sulfates
465« 690 ppm chlorides

BANIE S P MO
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In geographic or stratigraphic proximity to uranium deposits, some contamie-
nation by radionuclides may occur, purticularly if shafts or open borings
permit the mingling of ground water from various formations,

S1TE CEOHYDROLOGY
S116 GEOLOGY

The surficial geologic materials in the site vicinity consist of
overburden soils and outcrops of Dakota or Burro Canyon sandstone, These
materisls are further described in the introductory section of this report,
Plite 5, Vicinity Geology, and Plate 6, Vicinity Ground Water Flow, show
the ge.-ral structura) relationships of the area,

A contour map drawn on the top of the Brushy Basin shale in the
vicinity of the early exploration borings shows considerably more complexity
in local bedrock structure than would be inferred from published data,
Among <hese small local features are several shallow domcs and troughs,
Because the top of the s.ale acts as & bottoming layer for shallow percola-
tion, thrse irregularities .xert some localized influence upon ground water
flow, as discussed in the next section of the report,

GROUND WATER MOVEMENT:

Ground Water, uround water is present in several formations
bene.th the site; namely, the Burro Canyon, th. Navajo, and the Wingate
sandstones, Some ground water was also reported in the Kayenta formation
during the shaft sinking, In all cases, ground water movement intc the area
is believed to occur principally from the northeast, although increments of
this flow are probably diverted to the northwest or southeast along

synclinal depressions, A smaller component of flow may enter the site from
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Percolation rates have been meacured in the soils and the Purro
Canyon sands' me by field permeability tests conducted by others., These
test results are shown on Plate 7, Map of Bedrock Surface, and are summarized
in Appendix 11-A,

Shallow ground water probably moves off the site through the lower
Burro Canyon formation, remaining perched on the Brushy Basin shale, and
enters the shallow synclinal trough southwest of the property., Flow which
reaches the Lisbon Valley fault either penetrates through it into the
upthrown Wingate sandstone on the opposite fault block, or is diverted north-
westward along the fault, perhaps eventually tc discharge into the south
hranch of West Coyote Wash,

The low anticlinal divide northeast of the mine, as shown in
Plate 6, may affect slightly the directions of ground water movement,

Because of this structural feature, any ground water entering the Burro
Canyon sandstone or deeper aquifers at the production shaft would probably
flow southwest, which is the apparent slope of the hydraulic gradient. The
divide, aided by shaft pumpage, may help to prevent pond seepage from flowing
northeast or east toward wells.

In the immediate vicinity of the operations, local irregularities
in the Brushy Basin surface as discussed in the previous section would be
expected to impose a variety of directional components in the flow », ground
water, For example, the axis of the proposed upstream taflings dam coincides
with a local ground water divide, Seepage from the proposed reservoir could
enter a northwesterly ground water flow pattern, whereas any seepage beneath

the propased dam might join the southwesterly flow system that passes
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Some seepage, though probably negligible, can be expected even after the
tailings blanket is essentially complete.

Seepage from the pond percolates to the natural ground water zone
{n the lower Burro Canyon formation, either directly or by stages via perching
layers in the soil or rock and then moves downgradient beneath the dam, past
the monitor wells and eventually off-site, Dilution, dispersion, and cation
exchange occur along this seepage path with a:tzudant reduction in the con-
centration levels of radionuclides and other constituents,

At its present elevation, the outer portions of the pond on the
north side are in direct contact with fractured Burro Canyon sandstone, or
separated from it by only two or three feet of overburden, Percolation
through the bedrock fraccures can be many times the rate estimated from field
permeability *ests of the soils or unfractured sandstone. This is borne out
by the range of permeabilities determined for the in-place sandstone as
shown on Plare 7,

RADIONUC! iDE LEVELS:

Plates 94, 9B, and 9C show the variations in concentration of the
principal radionuclides in the monitor wells and shafts at the site, These
curves show the effects of dilution by the natural ground water beneath the
site and indicate a time lag between fluctvitions of radionuclide levels
in the pond and response in the monitor wells,

The Utah standards pertaining to radioactive effluent limitations
which are shown on these plates are based on one~thirtieth of the maximum
permissible concentrations for the critical body organ as defined in the
National Bureau of Standards Handbook No, 69, These standards are much

stricter than the limits stipulated by the Atomic Energy Commission,
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radium by the process of cation exchange, An adequate evaluation of this
process requires detailed knowledge 1 to the chemical content of each
ra¢ionuclide and principal non radiocactive constituent in the effluent, The
greatest difficulty, however, lies in conceptualizing quantitatively the
physical environment in which cation exchange takes place, With time, the
adsorptive capacity of the soil and rock materials at a given location is
fully consumed by prolonged contect wit) the effluent so that the consti-
tuents are required to migrate further downgradient where unused exchange
capacity ir still available, This advancing front of contaminant is affece
ted by radicactive decay and normal dilution as well as by cation exchange.
The net result is observable in monitor wells, but differentiating each pro-
cess and its relative influence is exceedingly complex,

It is probable that cation exchange has already proceeded to com-
pletion in the vicinity of the tailings pond though it may still be an active
process at some distance from the pond, Cation exchange by itself, however,
would nct be capable of fixing a sufficient amount of radionuclide, such as
radium, to reduce its concentration below permissible limits,

Present techniques of cation exchange analysis utilize a diffusion
model computer program and require several months to complete, A detailed
evaluation of this phenomenon lies outside the scope of the present study,

However, seven samples of soil and four rock (ore samples from the
site were analyzed for cation exchange capacity (CEC) by the calcium carbonate

exchange method, The results are given in Table 2, in milliequivalents per

100 grams of svil or rock,
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to its confluence with the ground water system, in order to recover the
highest concentrations, The crest of the tailings dam would be an effective
and convenient area for the recovery wells, It is proposed that two wells be
installed initially, one near each zone of suspected maximum seepage in the
pond, as indicated on Plate 5, Each well should extend at least 15 feet into
the Brushy Basin shale, to provide a sump for the pump intake, We estimate

that these wells should be fitted with a pump capable of lifting 10 to 20

gallons per minute against a head of 120 to 130 feet, This would require a

1 to 1-1/2 horsepower pump and a minimum well diameter of four inches.

Existing monitor wells MW-1 and MW-2 would continue to be moni-
tored and could also be pumped, if necessary, as backup to the proposed
recovery system,

Discharge from the recovery wells would be returned to the reser=-
voir and pumpage should be kept to the minimum required for an effective
barrier, Depression of the water table as a consequence of recovery well
operation will have no adverse affect upon dam stability, The permeability
of neither the soils nor bedrock beneath the tailings pond will be increased,
although the velocity of present ground water flow from the northeast
(upgradient) will be greater.

TREATMENT:

The radium concentration in the ventilation shaft currently exceeds
Utah standards for effluent discharge, due principally to the fact that some
contaminated mine water is pumped through this shaft., Plans for exporting
water from the vent shaft to off-site users therefore cannot be implemented

until the radium content is reduced, This will be accomplished by pumping
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mine water only through the production shaft in the future and treating
the unused excess volume with barium chloride to rewove the radium, The

treated water will then be combined with the improved vent shaft water for

discharge to the Redd Ranch Reservoir

Five monitor wells are currently used to maintain surveillance
of the ground water quality in the site vicinity, Their locations are shown

on Plate 5, The well sites were placed a sufficient distance inside the
t

Rio Algom property line to insure early detection of undesirable contaminant

._.
™
<
o
st
P
e
-
o
~
e
-
~
s
~
-

e action to be taken before exces=~

3ive concentrations are able to move off-site, Two of these wells, MW-l

¢

in a bedrock depression as predicted by the seismic refraction survey,

1ted ( feet of sandy overburden above the Burro Canvon contact

L

in a bedrock depression. Both wells were drilled 15 feet into

-

e full length, and perforated from the lower 10 feet

-
o
(&9
i
’
p—
-
‘
put
et
-
pe
-
=
-
-
w
et
et
- |
-
.
.
=
.
'




which istward into the syncline from

the northe perty, with loc: raria 8§ in flow as des~

cribed on muclide levels were discussed

earlier,

tigation, additional monitor

(D=9, D~10) and three (D-5,

addition, three of the
ting dam

be used

Canyon sand-

stone t¢ Or upper

fractur sandstone,
seepage is pene-
monitor wells MW-1
D=9 and taken

o the Brushy




isbon Valley fault are
the Lisbon
toward R Algom within

In orde

19 claim
and one
cons n the Susan Jean 20 claim,

upper portion of the watershed.

monitor wel should extend five feet into the

sealed abov f depth in the Burro Canyon yrmation,

proposed new monitor w .
.'

at the ¢ » make practical t« im he uency of sampling and

extent nendations as to a futu

reviewed every




supply wells and affect

influence

property has




TABLE 3
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APPENDIX 1I1-A
PERMEABILITY TESTING

Field tests were conducted in January, 1972 by others to deterrine
the permeability of the soils and bedrock in the vicinity of the tailings
pond and along the axis of the starter dam. These tests were made at 14
separate locations by falling head or constant head permeameter techniques
in an open, uncased boring or by single packer method. The procedures used
are standard methods established by the U. §, Bureau of Reclamation. Under
adequately controlled conditions, these tests indicate spuroximate ranges
and orders of magnitude for permeability,

The results of the field testing are presented in Table I1I-Al,
Based on these results, the following average permeabilities were assumed

for the natural soil and rock materials:

Permeability Range Average Permeability

(Ft/yr) (Ft/vr)
Overburden soils and
shallow, weathered
bedrock 19 to 340 150
Burro Canyon sandstone 0 to 1595 400

A general qualitative guide to degree of permeability, expressed

in feet per year, is as follows:

Relatively Impermeable Less than 10 feet per year

Slightly Permeable

10 to 100 feet per year

1

Moderately Permeable 100 to 1000 feet per year

Highly Permeable - Over 1000 feet per year

DANI S 8 MO




TABLE 11-Al

F1ELD PERMEABILITY TESTS

Depth Test Permeability

Boring _(Ft) Type Material (Ft/yr)
22 11.3 1 B 14
9.3 1 B 33
7.4 1 B 71

23 43.3 1 E 2.6

43.3 1 E 3.4

43.3 1 E 2.4

25 35.3 1 C 1.4
27 11.0 1 D 98
9.5 1 D 83
9.9 1 D 58
28 14.0 2 B 380
14.5 1 B 350
11.5 1 B 108
29 8.0 2 E 360
30 4.1 1 A 63
3.0 1 A 66
3.0 1 A 46

Open Hole - Falling Head, Uncased
2. Open Hole - Constant Head, Uncased
Packer - Constant Head
A. Sandstone
B. Sand: dense, clayey or silty
C. Clay Fill
D. Clay: stiff
E. Combined overburden and sandstone
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11-B-2
Composition of clay size fraction: quartz, 8 percent;
calcite, 2 percent; kaolin, 2 percent
Overall description: Poorly sorted with pebbles up to one-inch
(left out in moisture determination). Euhedral quartz and

rounded calcite fragments occur in the silt and clay fraction.

Boring D-3; Sample depth 47.0 feet; Rock core-sandy mudstone

Percent moisture: 3
Percent clay size fraction: 16

Composition of clay size fraction: kaolin, 12 percent;
halloysite, 4 percent

Overall description: Rounded quartz and calcite graine in a
matrix of silt and clay, Occasional gypsum grains,
Friable, breaks in the hand.

Boring D-4; Sample depth 34.0 feet; Rock core-sandstone

Percent moisture: 2
Percent clay size fraction: Less than one percent

Composition of clay size fraction:

o
Major: An unidentified mineral with a strong 3.3 A line -

very possibly an iron mica - glauconite, celedonite,
or biotite and quarts,

Minor: Kaolin., Trace of montmorillonite.
Overall description: Many of the quartz grains are sharp and
doubly terminated. A few are rounded, Cement is calcite.

Visual estimate of porosity is 20 percent. The clay sized
fraction occurs as inclusions up to 1/4-inch across.

In addition to the foregoing petrographic studies, the samples
were evaluated for colubility in distilled water at 88° C, in water of
pH = 9 and in weak acid solution., In each case, the sample was agitated

in the solution and allowed to stand for 24 hours before determining the

percentage of dissolved solids, The results are on the following page.
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Is the underlying silty sand and ¢lay, into which the Plate 8
dam is keyed, impermeable to the tallings seepage Pg. 10

What provisions have been made 10 prevent formation
of fce lenses or slime pockets near the crest of the dam
and near other eritical structural points in the dam ?

Doee the applicant intend to monitcr the position of the
phraetic line during deposition of tailings ?

TAILINGS SEEPAGE

E. P. A.__QUESTION

As has been the case with other uranium mills, it is optimis-
tically predicted that seepage (rom the tailings pond will be minimal
with the seal previded by depos. ed sand tailings. However, experience
indicates that thigs mechanism may be far less effective than anticipated X
and liquid loss by seepage will most likely be significant and require
additional control procedures.

It i stated that the p mping of seepage back to the system will
be initiated, when and if necessary, but the method of collection and

return is unspecified. This should be outlined in greater detail, It
is algo recommended that necessary equipment and facilities (e.B., Pg. 16+18
collection basin at foot of dam), for such vvents should be available.

TAILINGS SEEPAGE

D, 0. 1, COMMENT

The impacts of eventually allowing the industrial wastes in
the pond {o seep into the ground water should be identilied. In the
milling process, approximately 60% of the milling so.ution is sent
to the tailings pond. Based on the concentrations stated, concentra-
tions in the tailing pond will be nearly 4,500 ppm of sullate and
4,300 ppm of sodium. Although the 2 feet per year of milling solution
could all evaporate, there will be periods of surface-water runof(
into the tailings pond which will result in significant percolation of

water to the ground water.
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The Environmental Monitoring section algo specifics that the
applicant will perform periodic sawmpling from wells to confirm that
migration by scepage is not occureing, and that the AEC will peyio-
dically audit the applicant's mionitoring program. Therefore, it
would be appropriate to describe the AEC eriteria for determinimg
when corrective action or changes would be required und explain R.A,
how the specified regulatory action would be taken,

It 18 recognized on page 38 that the principal ionic form of
radioactive wastes will be complex anions. We think that due to
the anfons and salt concentrations expected in the tailing pond the
result of the retention mechanisms will be much less than the X
maximum implied. It can be expected that a volume of ground water
will be contaminated with sulfate-rich wastes and some radiochemical
constituents.

Normally regulatory action is after the fact and therefore is
noncorrective since little corrective action is possible except to
recycle pumped water. This section should not consider migration X
to be negligible. It will occur, although it is unlikely to be hazardous.

No impervious lining is planned for the tailings pond. Only
a small amount of seepagy i anticipated, and the soil beneath should
tie up the alkaline ions before they contaminate the ground water. Pg. 7
There should be adequate insurance against the possibility of this
gseepage contaminating underground aquifers that supply water wells  pg, 14-18
to the south.

DIVERSION DITCH

D. 0, 1. COMMENT

The initial dam which will be approximately 40 feet high,
will be raised to a final height of 65 feet and have a minimum free-
board of 10 feet. The freeboard for dam heights of less than 65 feet
is not given. The size of the drainage area above the dam is not
given in the statement, but according to figure 3 on page 10 the
drainage area seems large enough to produce cloudburst ~flood run-
off that might endanger a 40 foot high dam with only a 10 foot free -
board. The minimum freeboard of 10 fect at the maximum dam X
height of 65 fect seems adequate for storm runoff. It is stated on
page 33 that a channel will be constructed to divert {loodwaters
arcund the tailing pond. It appears to us that if this channel is
constructed prior 1o the milling operations as an added safety
precaution, many ol our concerns expresgsod in these comments

would be satisfied.







MItoh WA TEL! ' & ]

E.P.A. COMMENT

Environmental Monitoring

No mention §8 wade m the draft statemont of the samploe of
mine water dischurge. It 18 reconanended that this discharge b Plate 9
monitored until determinations have been made by cognizant avon i
or authorities that all standards are bemg met,

D. 1 0. COMMEK

The proposal to discharge approximately 100 gpin of e »
mine water containing 5. 3 pCi of radium=-226 pur liter, withou! 1+ g+
ment, to the Redd Ranch and the Keystone -Wallace cooper leacimg
operation is not acceptable  Utaa water quabity standurds requine Pp. 18,19
that radioactive substances shall not exceed 1/30th of the MPC i
given for continuous ocoupational expasure in the National Bura wa o,
Standards (NBS) Handbook ~09, Application of tlus ceriveviy leads 1o
a maximum allowable radium~226 concentration of 3.3 pCi per (ter,
This water will drain esscntially undiluted and (reely actoss Lo oo
controlled by the applicant, and in dramages considerod (o be o0
of the state, It appears therefore that the water quality standar oz
the State of Utah will be violated by this action. The final statemon
ghould indicate how comphiance will be attained.

Plate 9

The draft statement indicates two water sources in the areca.
One is used by neighbouring ranchers and the mill as the primary
source for potable water. The other is the water pumped from the
mine. Since the average rainfall is less than 15 inches/year and the
evaporation rate is 55 inches/year, all excess water used must coni
{rom precipitation in the La Sal mountains. This would indicate an
overall shortage of water and a need for conservation. To asscss
the impact of the mining and mill operation upon the ground water,
further information is required. The relative depths of the two
sources should be shown on the Stratigraphic Section (Figure 6). Plate 2
The expected drawdown of the potable water aquifer should be shown ve. 21, 22
and the clfect of such drawdown upon the ranchers, wildhife and furage
should be discussed,.










A1 Co QUESTIONS

-

DOCKET NO, (40-8044)

Describe or state your action level for the total radio-
activity measurements for water monitoring stations
No. 1, 2, 3and 4, i.¢. at what concentrationg of totul
activity will you identify and quantify the contaminent ?
When this action level is sclected, how will you assure
that It is a concentration that will not allow the concen -
tratioas of U, Ra~220 and Th-230 to exceed MPC's for
wirestricted areas ?

Seepage from the tallings pond is to be monitored by
perforated wells (Section 7.4.2.4, Page 170). Decause
the filter cake of tatlings material lning the pond bottum
will restrict infiltration, it is quite lkely that flow in
the formations will occur at pressures less than atmoy -
pheric., If so, monitor wells will not detect the flow.
Provide information about subsurface condition: and
ratiotale for locating sample wells for monitoring for
seepage from the tailings pond.

On page 170 of your Supplemental Report dated November
1871 and in your corrcspondence dated February 20, 1973,
you state that two additional moniter wells have been
gelected and 1hat a third is to be selected, total of §.
Provide the rationale for selecting these monitor wells
and submit descriptions of all teste, and data {rom such

tests, which supports the rationale for selecting these

wells.

Ventilation and production shafts will produce water in a
gubstantial amount from the Navajo and Entrada formations
(Section 7.2.1.5, Page 138). Water quality is relatively
poor (Table 11, Page 38) compared to that of the Dakota
(Table 1V, Page 134). When the shafts are abandoned,

this water may fill the shafts and enter the Dakota where

it would contamir-te that source. Develop a plan for
sealing all vertical shafts at the end of mining operations
80 that no deep water communication with shallow aquiters
is possible.

Pg, 15

Pg. 19,20

P.O 19.20



13.

14,

16.

17,

Appendix H of the Supplemental Environmental Report

(p. H-2) shows an estimated mine arainage discharge

of 0.17 MGD. However, the average daily discharge is

given as 150 GPM (p. H+5), the equivalent of 0,22 MGD,

The preliminary Environmental Report states (p. 17) that  No mine drain-
any drainage from the mine area will travel via the south  age runoff wvill
branch of West Coyote Creek to Hatch Wash and Cane Creek be alloved
to join the Colorado River some five miles below Moab,

Mine drainage is a subject of increasing concern to environ-
mentalists. Greater attention should be given to this topic.

Furnish a statement answering the following questions.

What i. the actual expected discharge rate to natural Zero, including
drainage ? Does the value of 2000 mg/liter T.D. 8. max, flood

(p. H-T) apply to this discharge ? What alternatives have
been considered to prevent mine drainage water from
entering and contaminating natural streams ?

In the Environmental Report of August 1971, it is stated

that the watershed area for this dam basin is 590 acres.

What checks have been performed to verify this? In

addition, provide information about the soil characteristics X
of the drainage basin and methods used to determine these
characteristics,

Provide a definition of the term "relatively impervious™

as used on page 102 of the Supplemental Environmental

Report dated August 1971, and provide documentation of

"permeability or percolation testing”, referred to on Appendix 11«
page 166, Section 7.4.2.2.1 and page 168, Section 7.4.2.3.1,

same report,

Provide a more explicit discussion on how seepage below Pg., 16-18
the dam will be digposed of,

Provide an analysis of the adsorptive capacity of the soils

through which the tailings solution will seep, e.g., using

the exchange capacity of the soil (milliequivalents per gram

of soil) calculate the grams of radium adsorbed by a ton of  Not answered
goil through which the tailings may seep and thereby show yet

that the soil is or is not an effective mechanism for fixing

that radium that may seep.
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Appendix D

SCAN ANALYSIS

RATTLESNAKE POND WATER

J1st August 18t October

PPM PPM

Pb . 038 < .02

Zn 037 , 006 ,
: Ni ¢.1 ¢, 01 k

Co ¢.1 «.01 '

Fe 037 .08

Mn . 022 . 015

Cu ,023 .02

Al ¢« .19 <. 14
‘ Na 59 65 g

K 6.1 9.5

Ca 102 116

Vv <.1 < .1

Mo .3 (.9

Ba .4 .

N 2.4 4.0

NOj3 1.9 1.2

NH3 2.0 2.0

Ra pe/] <1 <1
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STATE OF UTAH
Calvin L. Rampton, Governot
DEPARTMENT OF
DEVELOPMENT SERVICES
Division of State History
Melvin T. Smith, Director

603 East South Temple

Salt Lake City, Utah 84102
Telephone: (B0O1) 328-5755

Mr, R, D, L"m:! , Vice President
Research f Development

Rio Algam Mines Limited

120 Adelaide Street West
Toronto 110, Canada

Dear Mr, Lord:

last W edno.uay and Thursday, May 2-3, I traveled to LaS

any historic sites would be affected by L‘u uranium oper

Algam Corporation, After checking over the site, I foun

sites that would b ao\'er\,el‘ affected by the cperations of t' e Ha Algam
Uranium Mine and Mill located approximately four miles south o Landl

I hope this is sufficient for the Environmental Impact Statement necessary
in obtaining a license from the U, §, Atomic Energy Commission.

Sincerely yours,
y)

Kent Powell
Preservation Historian

KP:hm

STATE HISTORY BOARD: Dr. Milton C. Abrams, Chairman , 7Theron H. Luke , Juanita Brooks , Cleo L. Jensen , Howard C. Price, Jr

Dr. Dello G. Dayten o+ Dr. Dean R, Brimhall Jack Goodman . Clyde L. Miller , Elizabeth Skanchy , Naomi Woolley
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DIRECTOR g s SR et i STATE HIGHWAY ENGINEER
ENRY C, HELLAND P Y y =4 e gt T T Sty :;_'._’*ﬂ BLAINE J, KAY
e A e e 8 oy
NS \f\" N N S o e e,
o S0 N N SR e
ADDRESS REPLY TO S TE— JAMES L, DEATON
DISTRICT ENGINKER Utah State Department of H|ghways DISTRICT ENGINEER
Price, Utah

June 14, 1973

Mr. P. E. Pullen, P.E.

Chief Environmental Engineer
Rio Algom

Rio Tinto

120 Adelaide Street

West Toronto, Canada

Dear Mr. Pullen:

I am in the receipt of your May 30, 1973, letter pertinent
to the proposed mining operations in San Juan County. I can
see no problem that would impact the Highway system or the highway
user.

The safety feature designed into the dam seem adequate in
the event of leekage or a break, the present land contour would fan
or spread the water over a wide area resulting in little or no
damage to the State Highway system.

Yours truly,

District Engineer
JLD/ajs

cc: C. V. Anderson, P. E. State Highway Engineer
Sam Taylor, Commissioner
LaVar Hamilton, Design Engineer

“safe today - alive tomorrow”
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CALCULATION OF DUST EMI
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Receptor
Distance
Emitter {meters)

L
J

Ventilation Shaft 99
Crusher (12 hours) 76
Headframe (12 hours)

]

* (12 hours)

20 hours)

*Total Surface Plant Emissions

24-Hour Average, Total Surface

Ore Treatment Plant Emissions

*When all

TABLE 2A

CALCULATION OF DOV, NWIND CENTRE-LINE DUST CONCENTRATIONS

— AT NEAREST ACCESS POINT

KTT'\_'—"UTH Stability T'(#'—I;TGE A)

' . Dust
H .. g : Emitted Q

{meters) o, ' g /day g/ sec
. —: . i— — —— < Mrace S _E_

Concentrations

~ { )
C (g/M

2 3 9 ) 22, 000 . 263

7.29 x

10

16
{Average)
16
{Average)

surface plant units are in operation simultaneously.

Wind Speed u = 5 mph = 2.24 M/sec.




TABLE 2B

CALCULATION OF DOWNWIND CENTRE-LINE DUST CONCENTRATIONS AT NEAREST ACCESS POINT

Receptor Dust Concentrations
Distance H . |H
o it I =

|2 emitted ct ]
Emitter {meters) (meters) - 192} f 2 C /M%)

_g/day_ _g/se .

|
|
-1 22 700 : 2.78 x 1073

Ventilation Shaft 99 : 2
Cruasher (12 hours) 78 14 9 x 1014 . ; 1.29 x 10717
Headframe (12 hours) 76 ; 23 10'36 : .0 ) D 92 x 10741
17 ¢ 1020 , .32 ). ' r 10724

-16 ) D. § ; ¢ 10-21

Transfer (12 hours) 76

Scrubber {20 hours) 76 - 15 . . 10
10 . 5. ¢ 04 x 107 10-12

| surface plant En-igsgions 76 . 16 10-18 10-24
(Average)

24-hour average total surface >
ore treatment plant emissions 10/2(_

18 4 8. , 10-18
(Average)

Wind Speed u = S m.p.h. = 2.24 M/sec

*When 21! surface plant units are operating simultanecusly.
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TABLE 2C

CALCULATION OF DOWNWIND CENTRE-LINE DUST CONCENTRATIONS AT NEAREST ACCESS POINT

(Average Stability - Class D)
Dust

H s [H ¥ emitted - Concentrations
- 1 —— ' Fa ! ?
H o, / g/day IIu 'E" - T u %% “z C g/

Receptor
Distance
{meters) / (meters)

9.06 x 1074

99 | 2 . 425 i 22. 700 265 9.92x 1074

Ventilation Shaft
Crusher (12 hours) 76 " o ” . % r‘ . Inr) 7S

1 1“":'

e

19
‘5

Headframe {12 hours)

Transfer (12 hours) 10-9

ibber (20 hours) 11)'6

{20 hours) }1‘.‘6

*Total surface plant emissions B 16 3 103
(Average)

ur average total surface

e treatment plant emissions

16 _ , x 10674 450.
{Average)

Wind Speed u = .p-h. = 2.24 M/sec

*When al! surface plant units are operating simultaneously

xipuaddy
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TABLE 1A
RADIOACTIVITY: DOWNWIND CENTRE-LINE CONCENTRATIONS AT NEAREST ACCESS POINT

(Minimum Stability - Class A)
u = 2.24 M/sec

A. URANIUM
Receptor Emission - u\2
Distance H Rate Q 2l ‘ C
Emitter (meters) (meters) Curies/sec Py O % Tul % P : (35 Wé'q pCi ml
Ventilation Shaft 100 2 8.36 x 10-11 28 14 143 2760 9.90 x 10-1 3.03x10°1% 3 00x 10-14
Plant Stacks: -
“Crusher 76 14 92.17x10°12 22 105 1.33 1625 4.13x 10! 5.64x10°15 2 3351015
Headframe 76 23 1.37x10°12 22 105 2.19 1625 9.09 x 10-2 3.43x 10-16 7 86 x 10-17
Transfer 76 17 1.39x10°'2 22 105 1.62 1625 2.69 x 10°! 8.55x10°1% 2 30 x 10!

Serubber 75 15 2.52x10°'! 22 105 1.43 1625 3.60 x 10-1 1.55x 10-14 558 x 10-15

¥ 2
Filter 76 10 3.33x10°12 22 30,5 953 1625 5x10-1 4x10-15 1,30 x 10-15
Total Surface P'ant Emissions* 7% 16 Ave. 5.81 x 10~ 22 16.5 1.53 1625 3.15x 19" 3.58x 10 1.13 x 107""

" 24-Hour Ave., total surface

lant emissions 76 16 Ave. 4.05x10°!11 22 105 1.52 1625 3.15x10°1  2.49x10°14 7.84x 1015
atlings Ponds: -
Original Nil
New Nil
_ e =

B. RADON - 222 (No allowance made for ; adon decay)

Ventilation Shaft 100 2 2.66x 10°9 28 14 .143 2760 9.90 x 10-1 9.64x10°? 9.54x10°?
Plant Stacks: -
" Crusher 76 14 9.17x10°12 22 10.5 1.33 1625 4.13 x 10°1 5.64x10-15 233x10-15
Headframe 76 23 1.37x10°12 22 10.5 2.19 1625 9.09 x 10-1 8.43x 1015 7. 66x 10-17
_Transfer . A - 1.39x1012 22 105 162 1625 2.69x10°)  8.55x10°1% 2 30x10°1€
Total Emissions from ore
__Treatment Plant* 76 18 Ave. 2.38x 10711 22 105 1.71 1625 2.32x10°7  1.46x10°14 3 38 x 1015
24-Hour Ave., total surfaceore
_treatment plant emissions 76 18 Ave.1.19x10°11 22 105 1m 1625 2.32x10°!  7.32x10"5 1.69x10°1%
Tailings Ponds: -
Original 305 Actual - 2.17x10°% 130 180 - 165, 000 " 1.32x10°11 1 32 x10°11
New 150 Actual - 3.90x10% 115 102 - 82,500 - 4.72x 10°11 4. 72 x 10-11

C. THORIUM - 230 and RADIUM -226
At secula: equilibrium in the ore the radioactivity of the natural uranium and the therium, radium, and radon associated with it are

equal to one another. Thorium, radium, and radon are not carried through to the yellowcake product and the individual as well as the total
ard average concentrations of the thorium and radium in the plant stacks are therefore equal to those reported for the radon in this instance.

*When all surface plant units are in operation simultaneously.
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TABLE 1B

RADIOACTIVITY: DOWNWIND CENTRE-LINE CONCENTRATIONS AT NEAREST ACCESS POINT

(Maximum Stability - Class F)

u 2.24 M /qpe
A. URANIUM Rt : | Py e e e
=, M, Receptor Emission
Distance H Rate Q H_ W Tt e b
Emitter (meters) (meters) Curies/sec Oy Oz Oz Il u ﬂy Oz IIu "}' Op nCi/ml
Ventilation Shaft 100 2 g.36x10°1! 40 2.3 870 64.7 1.290 x 10°12 8.86 x 1013
Plant cks: -
s o1 76 14 c17x10°12 32 1.8 17.78 40.5 7.19 x 10-14 2.26 x 10-13 1.62 x 10-26
Headframe 76 23 1.37x10°12 3.2 1.8 12.8 40.5 8.00 x 10-36 3.38 x 1014 70 x 10-49
I'ransfer 7 17 1.39x10°12 32 1.8 9.44 49.5 4.46 x 10729 3.43 x 10714 1.52 x 1033
S . 76 15 2.52x10°11 3.2 1.8 8.33 40.5 3.56 x 10-16 6.22 x 10-'3 5. 32 x 10-28
F 76 10 3.33%x10°12 32 18 556 405 _ 1.94x10°7 __ 822x10°1%  31.50x10°20,
T ace Plant Emissions* 76 (Ave.)16  5.81x10-11' 3.2 1.8 8.89 40.5 6.89 x 10-18 1.43 x 10-12 9.88 x 1079Y_
24 Hr Ave. total surface
ons 76 (Ave.) 16 4.05x 10°11 3.2 1.8 B8.89 40.5 6.89 x 10-18 1.00 x 10-12 6.89 x 1030
T s ——— ~ . SO S af
Nil
Nil
B O »992 (No allowance made for radon decay)
Ve 11 100 2 2.66x10°° 40 2.3 870 64.7 6.85 x 10-1 4.11 x 1077 2.82 x 1077
P! :
R 76 14 9.17x10-12 32 1.8 17.78 40.5 7.19 x 10-14 2.26 x 10-13 1.62 x 10-26
76 23 1.37x10°12 32 1.8 12.8 40.5 8.00 x 1036 3.38 x 10-14 2.70 x 10-49
76 17 1.39x10°12 32 1.8 9.44 40,5 4,46 x 1020 3.43 x 10-14 1.52 x 10-33
Total | .ions 1rom ore e 18 2.38x10-11 327 1.8 10.0 40.5 "1.90 x 10-22 5.88 x 10-13 1.12x 10-3%
I'reatment Plant (Average)
" 24 Hour Average Total Surface76 18 1.19x 1011 32 1.8 10.0 40.5 1.90 x 1022 2.94 x 10-13 5.59 ¢ 10-39
Ore Treatment Plant Emissions (Average)
Tail ! & -10 -10
O , 305(Actual) 2.17x10°° T2 23 - 11700 . 1.85 x 10~ ¢ 1.85x 107}
A 150 3.90x 10-% 80 24.5 : 13800 - 2.83 x 10-10 2.82x 10-10
a ) . s
C FrHORIUM 230 and RADIUM - 226

o

See Note on

1A

Table

units are in operation simultaneously.
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RADIOACTIVITY: DOWNWIND CENTRE-LINE CONCENTRATIONS AT 8000 FEET (2500 M) FROM MINE OPERATIONS

(Minimum Stability - Class A)

u 2.24 M /sec

Receptor Emission
Distance H Rate Q
(meters) {meters) Curies/sec

2, 500 2 8.36 x 10°11 3300 0006

14 x 10712 3300 0042
23 37 x 10-12 3300 0070
17 9 x 10-12 3300 0052
15 52 x 10-11 3300 0055
10 3 33 x 10°12 3300 0030
16(Ave.)5.81 x 10- 117 3300 . 0048

2
9
-
2
2

L B e e D

oo

ee ¥
Average, Total

» Plant Emissions

16(Ave.) 4.05 x 10-11 3300 0048

o

e

Pondds

222 (No allowance made for radon cecay)

aft , 500 : 3300 0006

2. 500 1 0. 3300 . 0042
500 2. T x 1€ 3300 . 0070
3300 . 0052

. 500
3300 0055

from Ore 2, 900
A (Average)
verage, Total Surface , 500 18 ; ’ 30 3300 0055
nent Plant Emissions (Average)

500 (Actual) - y-6 500 3700
. 500 (Actual) - x 107° 52C 4200

THORIUM 230 and RADIUM - 226
See Note on Table

plant units are in operation simultaneously.




TABLE 2B

RADIOACTIVITY: DOWNWIND CENTRE-LINE CONCENTRATIONS AT 8,000 FEET FROM MINE OPERATIONS

Maximum Stability - Class F

Receptor Emission
Distance H Rate Q
(meters) {meters) Curies/sec

~1
-3

2. 500 8.36 x 10-11 13, 000

~J

. 000
. 000
2 000
. 000

. 000

, 500 14 ). 17 x 10°

na
o

500 2: Tx 10°
500 1 i} x 10~

500 1: 52 x 10°

- -3
S
I LIRS B I

Bl bt Bed el e el

NN S |
O N w0

500 i) 33 x 10
x 10

i3 =3

wdind =3

NN N

T 000
riace Plant Emissions* , O
(Average)
- N « '8 GO0
Average, Total Surface 1€ x 10 7 & 66 3, O0(
igai (Average)

io allowance made for radon decay)

2. 500 2

2,500 1
2,500 y
2, 500 1

0O 1

From ()!.,7 5

i (Average)
erage, Total Surface 2, 18
ent Plant Emissions (Average)

2, 500(actual) -
. 500(actual) -

220 and RADIUM - 226
on Table IA.

plant units are in operation simultaneously.




TABLE 2C
RADIOACTIVITY: DOWNWIND CENTRE-LINE CONCENTRATIONS AT 8000 FEET FROM MINE OPERATIONS

(Ave Stabi’ - Class
= 4 M/sec

A. URANIUM |
Receptor Emission " 2
Distance H Rate Q exp -lﬁ‘ H‘ Q C

Emitter (meters) (meters) Curies/sec o % Uz Tu%% z S ¥.8 “2Ci/ml

Ventilation Shaft 2500 2 8.36 x 10-11 160 57 .0351 €4200 9.99x10°! 1.30 x 10713 1.30 x10°13

Plant Stacks:-

Crusher 2500 14 9.17 x 10712 180 57 .246 64200 9.70 x 1071 1.43 x 10716 1.39 x 10718
Headirame 2500 23 1.37 x 10712 160 57 .404 64200 9.21 x 171 2.12x10°17 1.95 x 10717
Tra fer 2500 i7 1.39 x 10712 160 57 . 208 64200 9.56 x 1071 2.17x 10717 2.07 x 10717
Serubber 2500 15 2.52 x 10-11 160 57 . 263 64200 9.66 x 10-1 3.93 x 10-16 3.80 x10-16

_ Filter 2500 10 3.33 x 10712 160 57 .175 64200 9.85x1071 5.19x10717  s11x10717

Total Surface Plant .

_ Emissions® 2500 16 5.81 x 10711* 160 57 .281 64200 9.62x107} 9.05x10°1%  8.71x107®
24 Hr. Ave. total {Average) LR i
surface emissions 2500 16 4.05 x 10°11 160 57 .281 64200 9.62 x 107} 6.31 x101®  6.07x10716

Tailings Ponds:- {Average) 2 NANEH I It
Original NIL
New NIL . s

B. RADON - 222 (No allowance made for radon decay)

Ventilation Shaft 2500 2 2.66 x 1075 160 57 .0351 64200 9.99x10°! 414x100 414x10710

Plant Stacks: Lo e
Crusher 2500 14 9.17 x 10712 160 57 .245 64200 9.70 x 10-1 1.43 x 10-16 1.39 x 10-16
Headfvame 2500 23 1.37 x 10712 160 57 .404 $4200 9.21 x 107! 2.13x10°17 1.96 x 10°17

_ Transfer 2500 17 1.39 x 10712 160 57 . 298 64200 9.5 x 107} 2.17x10717  2.07x10717

Total Emissions frem ore _ L

__Treatment Plant* 2500 18 2.38 x 10°1%" 160 57 .316 64200 9.51 x 1071 3.71 x 10°16 3.53 x 10716
24 Hour Averagze Total | (Average) i "

Surface Ore Treatment ,

__Plant Emissions 2500 18 1.19 x 10 "11 180 57 .316 64200 9.51 x 107} 1.85 x 10°16 1.76 x 1016

Tailings Ponds:- [ (Average) | e e
Original 2500 (Actual) - 2.17x10% 210 78 - 115000 - 1.89 x m::: 1.89 x 101::
New 2560 (Actual) - 3.90 x10°% 220 73 - 113000 - 3.45x 10 3.45x 10

C. THORIUM - 230 and RADIUM - 226

See Note on Table 1A.

*When all surface plant units are in operation simultaneously.
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TABLE 3A

RADIOACTIVITY: DOWNWIND CENTRE-LINE CONCENTRATIONS AT THE REDD RANCH
2 1/2 MILES (=4, 000 meters) FROM THE PROPERTY (MINIMUM STABILITY - CLASS A)

u = 2.24 M/sec.
A. URANTUM Receptor Emission
] Distance H Rate Q H
Emitter (meters) (meters) Curies/sec _?L ?_z—
Ventilation Shaft 8.36 x 107
Plant S!ack_g: - -12
Crusher 9.17x 10_lz
Headframe 1.37x w_u
Transfer 1.39x 1o_u
Scrubber 2.52 x 10 12
Filter | 3.33x 10
Total Surface Plant 1+
Emissions* . . 5.81x10
24-Hour Avg. Total 1
Surface Plant Emiscions 4.05x 10

. - <
Nu%% _»Ci/mi
2.39x10°° _ 2.39x10
262x1072  2.62x1072°
3.91 x 10720
3.97 x 1029
7.20 x 10729
8.51 x 107

g
e

.

Mu% %
.lea‘r

-3
o
s

g 8 /333838 3

.5:107
.5:10?,
.51107
L3 E 107
.5x10

0003
- 0020
. 0033
. 0024
. 0021
. 0014

NN

1.66 x 10”18

ol L
© o000 o

o I B R
w W Www w

-

0023 3.5x10°

0023 3.5x10°

1.16x10° 18

o
g
)

Tailings Ponds: -
Original ni!
___New nil
B. RADON -222 (No allowance made for radon decay) 5
Ventilation Shaft 4, 000 2 2.66 x 10
Plant Stacks: - 12
Crusher 4, 000 14 9.17x 10:12
Headirame 4,000 23 1.37x 10_12
__Transfer 4, 000 17 1.39x 10
Tctal Emissions from 11
Ore Treatment Plant* 4, 000 18 2.38x 107
" (Average)

5x107 ) 7.60x 10713

-~

333 |3

5x10] \ 2.62x 10712
5x10] . 3.91x1075)
.5 x 10 : 3.97x 10

-

S5x107 ) 6.80 x 10719

w3
-

24-Hour Avg., Total
surface ore treatment -11
plant emissions 1.19x 10

Tailings Ponds: -
Giigumfl 4, 000{(actual) -
N. 4, 000(actual) -

L~

3.5 x 107 . 3.40x 10719

=

4.22x10 5.14x 10714

4.81 x 107 - 8.11 x 10

&

C. THORIUM -230 and RADIUM - 226

See Note on Table 1A,

*When all surface plant units are in operation simultaneocusly.




Distance 1 Rate Q H_ [ B C
3 Ventilation Shaft 4,000 2 8.36x10°11 120 31 .0645 26,200 9.98x10°1 3,19 x 10715 3.18x 10°15
Plant Stacks: -
Crusher 4,000 14 9.17x10°12 120 31 .452 26, 200 9.03x10°1 3.50x 10-16 3.16 x 10-16
Headframe 4,000 23 1.37x10°12 120 31 .742 26, 200 7.60 x 101 5,23 x 1017 3.97 x 10-17
Transfer 4,000 17 1.39x10°12 120 31 .548 26, 200 8.60 x 1o-1 5.31 x 10-17 4,56 x 10-17
Scrubber 4,000 15 2.52x10°11 120 31 .483 26, 200 8.90x10°1 9. 62x10°16 8.56 x 10~16
Filter 4,000 10 3.33x 10'12 120 31 .323 26, 200 9.49x 10"1 1,27 x 10-16 1,21 x 10-16
Total Surface Plant 4,000 16 5.81 x 10°11" 1207 31 516 26, 200 8.76 x 10-1T 2. 22x10°15 1.94 x 10-15
Emissions* a {Average) O B N -y et
24-Hour Average, Total 16 s.05x10°11 120 31 .516 , 200 8.76x10-1 1.55x10°15 1.35x 10-15
__Surface Plant Emissions (Average) P e .
Tailings Pords:-
Original Nil
New Nil 3
B. RADON - 222 (Ne allowance made for radon decay)
Ventilation Shaft 4,000 2 2.66x10°% 120 31 .0645 26,200 9.98x10"1 1.02x10-9 1.02 x 10~
Plant Stacks:-
Crusher 4,000 14 9.17x10°12 120 31 .452 26, 200 9.03x10°1 3.50x10°16 3.16 x 10-16
Headframe 4, 000 23 1.37x10°12 120 31 742 26, 200 7.60x 101  5.23x10-17 3.97 x 10-17
_Transfer 4,000 17 1.39x 1012 120 31  .548 26, 200 8.60x10"1 531x10°17T 4 56x10°17
Total Enussions {rom Ore 4,000 18 2.38x 10-1T" 120 31 .581 26, 200 8.45x10°T 9.08x10-7®  7.67x 10-16
Treatment Plant* 4,000 (Average) . L
24-Hour Average Total Surface4, 000 18 1.19x 1011 120 31 .581 26, 200 8.45x10-1 4. 54x10-1% 3.84x10° 7"
OreTreatment plant emissions (Average) .
Tailings Popds:-
Original 4, 000(actual) 2.17x10% 175 M 45,500 - 4.76 x 10-11 4.76 x 10-11
New 4, 000(actual) - 3.20x10® 185 38 49, 500 - 7.7 x 10-11 7.87x 10-11

C. THORIUM -230 and RADIUM - 226

See Note on Table 1A,

*When all surface plant units are in operation simultaneously.

I
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TABLE 3C
RADIOACTIVITY: DOWNWIND CENTRE-LINE CONCENTRATIONS AT THE REDD RANCH
(= 4000 METERS) FROM THE PROPERTY
(Average Stability - Class D)

u 2.24 M/sec

URANIUM .
Receptor Emission
Distance H Rate Q
(meters) {meters) Curies,/sec

4. 000 2

-

~N

=1
-3

]

-3

nonon
0010

4,
4,
4. 000
4,
4,

P 0
3 =3 =3

“) = =3
o)

000
000

[ S P

-3

(T T e

w3 =3 wF =3

-3

000 16
(Average)

. 000 16
(Average)

{No allowance made for radon decay)
4 000 2

4, 000
4 000
4 000
ione {from
yent Plant* 4, 000
~ Avg. Total ____ (Average)

Treatment

., 000 18 3 : %, : 22
___{Average)

23 x 10
.02 x 107

- —

4, 000(actual)
4, 0CO{actual)

230 and RADIUM - 226
on Table 1A

plant units are in operation simultaneously.




COUNCILMIEN
MAX BLACK

June 6, 1973

Rio Algom Corporation
Box 610
Moab, Utah 84532

Dear Mr. Lawton:

In your application for a license with the AFC, If it may
be of assistance, we are pleased to make th. following

comment. In observing the activities of Nio Algom over

the past year or so, there appears nothing in

their
operation at LaSal that in ourview would be detrimental
to recreational activities or tourism in the County., We

note that you are employing on your work force, Members
of our Hispanic and Indian population which contributes
to balanced employment in our District.

|
v

Sincerely,

CITY OF MONTICELLO

,dg,;_ w (g;iz An ,;é\

Mayor Gene W. Etheringtnan

CANSYONIAADS CAMTTORLT

Appgr_l_dlx L

MAYOR
GEMNE W ETHERD
CITY ADMINISTRATOR
WM A N
CITY ATYORNEY

L ROAERT AN

POLICE CHIEF
JACK KIRBY




FEDERAL POWER COMMISSION
WaAsHINGTON, D.C, 20420

196 JuL Ui

Mr, lelard C. Rouse

Chief, Technical Supnori Branch
Directorate of Licensing

V. S, Atanic Energy Commission
Washington, D, C, 20545

Dear Mr. Rouse:

This letter ie supplementary to my letter of March 22, 1973,
commenting on th» AEC Draft Paviranme tal Statement relating to Rio
Algun Carporatica's Humece Uranium Mill in San Juan County, Utah.

The Applicant's letter of June 28, 1973, to the Utah Power
and Iight Company, advised that the estimated 1975-1980 power
requirements for the Humeca Uranium Mill were as follows:

Currert 1975-1980
Requirements Estimated Reguirements

Maximum Monthly Demand 3,400 kW 4,000 kW
Energy Requirements, Monthly 1,949,400 Kihr. 2,500,000 kWnr.

The Uteh Power and Light Company's service line to the
Applicant's facility is rated at 69 kilovelts. Problems of power
supply adeguacy are not anticipated ir meeting the Applicant's
capacity and energy requiremente, in view of the Utah Power and
Light Canpany's planned system expansion which appears to be keeping
pace with the load growth.

Very truly yours,
po

o Frd )Ty
Chief, Bureau of







