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} PART I

ANSWERS TO A. E.C. QUESTIONS

i

I ENVIRONMENTAL MONITORING

The Environmental Monitoring Program may be separated into

two categories, Preoperational and Operation.

1. PREOPERATIONAL

a. SOIL AND VEGETATION

The soil and vegetation sampling program consisted of

a grid of sample points set on an approximate 2000 foct

grid, Figure 1. At each grid point a composite soll

sample was obtained in the immediate area, ne

composite sample consisted of a set of nine 1-pound
, ,

samples taken at a ten-foot spacing on a 30 x 30 foot

grid adjacent to an identifiable point. Each nine pound

sample was thoroughly mixed and a one pound sample

analyzed for uranium, radium and thorium. Approxi-

mately two pounds were retained for future reference.

Sample points are carefully identified and recorded so

that additional samples may be obtained. These samples

were taken.in May and June 1972. At alternate soll

sample stations, bulk vegetation samples were obtained,
.

t

. - - - _ _ . - _ . . _ _ - _ - - _ j
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'

an shown on Figure 1. The succulent portion

of these plants were analyzed for uranium, radium,

Ithorium, copper, zine and manganese.

'

Samples were also taken of soil in the drainage

area below ore and waste dumps from other mining

operations located south of the mine and immediately |

south of the county road. These soll samples ia-

dicate high soil radioactivity as compared to the

original samples referred to above.

I
b. Al13l

'

A baseline air sampling program consisted of four

sets of air samples were taken at the following seven

locations, La Sal Junction, La Sal, Wilcox Ranch, Redd

Ranch at Rattlesnake Pond, Rio Algom well field in
'

Section 19, mine service r oad entrance and on the county g
road in Section 27 woutheast of the mine, as shown in

Figure 2. This sampling was carried out in April and.

May 1972.

I
I

I
. -
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.

I
c. WATER

Five sampling stations on the West Coyote Wash

drainage basin were established for the purpose Iee
of obtaining data for watershed contamination. Figure

2 shows this drainage basin located between the mine

and La Sal with sample stations marked 1 through 5. |
Sample station No. 4 is a fresh water pond with a

Iwell established fish population. Station No. 2 is on

the North Branch of West Coyote Wash and clear of

any future effluents of the Rio Algom operations, and

thus serve as a continuous base line reference point.

These samples were analyzed for pH, dissolved

solids, sulf ate, nitrate, hardness, sodium, chloride,

iron, uranium and total radioactivity. Samples were,

taken twice per month at all stations with extra

samples taken at station No. 2. from July 1971 for

one year.

I
Two sets of special water samples were obtained

at the water sampling stations on West Coyote Wash

and two of the water discharged by the production and g
ventilation shaf ts. These sets of special samples

Iwere analyzed for uranium, radium, thorium, polonium

|
and lead.

1
- -
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I
Two of the three originally proposed monitor wells were

installed below the dam. (Figure 3) The drilling of the

third well was held off pending the determination of its g
most effective location relative to possible seepage from

the tailings dam.

8
Due to delays in getting the coatractor on site, only

Ifour samples were obtained from each monitor well before

plant start-up. Two samples were lost in transit from

each well :tbout mill start-up time, but since then four

samples per month have been obtained from each well,

1
The original four samples were analyzed for pII, a

5'
sulphate, chloride and sodium. It was found that,

the commercial laboratory to which the samples were
-

sent was not able to do analyses to the required low

levels for the radionuclides. Since July 1972 all,

analyses have been carried out in our own labora-

tories for pH, sulphate, chloride, sodium, chloride,

uranium, radium, thorium, polonium, lead and total

alpha.

I

I

i
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Because of the pressure of other work the BLM have

as yet been unable to carry out a benthic survey of

Rattlesnake Pond.

2. O_1[ERf TIONAL MONITORING PROGRAM

a. SOIL AND VEGETATION

The original program has been amended based on the

recommendations of Dr. R. C. Pendleton, Director,

Radiological IIealth Department, The University of

Utah. (See Appendix A).

1(i) Soil Sampling

Twice per ' year soil camplcs will be taken as described h
'

in Sec. 4.1. 9. 3. of the Supplementary Environmental

Report at points B-3, C-2, C-4, E-2 and E-5 as shown.

in Figure 1. Two control samples will also be taken at

points 2 to 2-1/2 miles NW and NE of the mine. All

will be analysed for uranium, radit.n and thorium.
'

s
If the samples indicate an upward trend in radioactivity,

,

the points will be re-sampled. If the upward trend is I

confirmed, the sampling frequency will be increased

and the cause determined and corrected.

I

I

i
_ __
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(ii) Vegetation Sampling ,

Quarterly vegetation sampling will be conducted with -

samples collected adjacent to sampling stations B-2,

D-2, D-3 (adjacent to Production Shaft) C-4, E-3 and

E-5 as shown in Figure 1, plus two reference samples,

taken about two miles from tne operation.

At each sampling point 5-pound samples will be

obtained of each of- the following:

Sagebrush ( Artemesia tridentata)

Juniper (Juniperus Utahensis)

Meadow Clippings (mixed grasses)

These will be . analyzed for. uranium, radium and thorium.

Analyses for copper, zine and manganese will be

terminated at the end of 1 year unless high values. are

indicated due to Rio Algom operation.

.

b. AIR
_

From the time of start of the mill in June 1972 until
,

September 1972, 8 ' to 10 ambient air samples were

obtained monthly. For the months of ' October to

December, 4 to G samples per mon'th .wcre obtained

and since then 'two samples a morith have been taken'.

,

.-
.

.. _ _ _ _ . _ _ _
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.

Samples are obtained at distances approximately 500,

I1500 or 3500 feet downwind from the plant, the distance

and direction depending on the strength and direction h
of the wind at the time the sampler is set out. While

8the samples are being obtained, readings of wind speed

and direcilon are taken at the mine, and the averages

recorded. A high-volume air sampler is used to

collect a sample on an 8 x 10 inch filter over a period

of 8 hours. All samples are weighed to determine

the total dust per cubic meters of air and analyzed for

the uranium,

t

Quarterly ambient air samples have been obtained

,
over a 24 hour period at the Redd Ranch located 2-1/2

miles northwest of the mine, the Wilcox Ranch located

2-1/2 miles northeast of the mine, at La Sal and at

La Sal Junction (Figure 2). Wind strength and direction

Iare recorded at the mine while the samples are being

'

taken. Methods of collection and analysis are as pre-

vlously described in this section.

In addition, monthly ischenetic dust samples are being

collected in the discharge from each filter system, i.e. ,

I



.
.. .. _ _ _

.

transfer house stack, crusher house, headframe,

- yellowcake scrubber stack and yellowcake dust

filter stack and the dust c.nd uranium concentrations

discharged are determined. Daily visual checks of

the dust filter system are performed to ensure

proper operations. Monthly radon daughter samples

are taken in the mine air discharged from the venti-

lation shaft. Semi-annually radon daughter samples

are taken approximately 2000 feet downwind from the

ventilation shaft. Monthly samples have been taken

to determine the concentration of dust radon daughters and

uranium in the air discharged from the ventilation shaft.

c. WATER.

Twice per month sampling of the West Coyote . Wash

monitoring stations, as shown in Figure 2 was continued

until July 1972. Sampling was_ then reduced to quarterly

with analyses reduced to sulphate, uranium, radium and

thorium. These substances are considered to be good

indicators of any escape of contaminants.

Water samples from the ventilation shaft have been taken



-._. .
.

..
.

. _ _ _ _ _

8
overy second month and analysed for:

pH Uranium

Total Dissolved Solids Radium

Hardness Thorium

Sulphate Polonium

Nitrate Total Alpha g
Chloride

Iron

i
The sampling program for the two monitor wells

8(Nos. I and 2 as shown on Figure 3) close to and be-

low the tailings reservoir dam las continued on a

weeldy basis. Two exploratory drill holes (Monitor

Wells Nos. 3 and 4) north and southeast of the tailings'

area are being sampled monthly. Monitor well No. 5,

also an exploratory drill hole, is some distance north-

east of the tailings area and has been selected to

detect contamination should such tend to migrate

towards existint, surface springs. This monitor well

is on the same monthly sampling schedule as wells

3 and 4.

I
i

I

i
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) Analyses for pII, sodium and uranium in wells 1 and
|

2 have been on a weekly basis with analyses of the

composites done monthly for sulphate, uranium,

radium and thorium. For the other 3 wells analyses

for all the above constitutents will be done as sampled.

Monitoring frequency and analyses performed will be

changed to conform to that proposed by our consultants

( Appendix B, page 11-23).

Monitor well analyses data is given in Appendix C.

d. ANIMAL

Based on the recommendations of Dr. R.C. Pendleton,

Director, Radiological Health Department, The University,

of Utah, the blacktailed jackrabbit (lupis californicus)

will be used to monitor the take-up of uranium and

daughter products in the biologic chain. This animal

is sufficiently abundant to make sampling relatively

easy throughout the year.

On an annual basis 2 rabbits will be obtained downwind

(SE as to the prevailing wind) of the plant and

analyses made of the liver, kidney and femur for uranium
.

|
.

.
.

.
---- a
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| 3
radium and thorium. One additional animal will

be taken in an area remote from the plant for control

purposes.

.

II, BENTHIC SURVEY OF RATTLESNAKE POND (SAMPLE STATION 4)
~

EWe now find' that, due to the pressure of other commitments the

Bureau of Land Management have been unable to have a benthic

survey carried out at Rattlesnake Pond (Figure 2).

As an alternative to this, on a quarterly basis, in addition to the

. current chemical , analyses, samples will be sent for a scan

analyses of selected metals. It is believed that due to the topo-

graphy of the area and known water flows that there is little
.

chance of there being any sudden change in the quality of the'

water in this pond. Appendix D gives the results of the first two- -

scan analyses.-u

3
-

4

5

8
.

I
I

bar iii ii
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III ACTION LEVELS FOR RADIOACTIVITY IN MONITOR WELLS

To date analyses of water from the seepage monitor wells

around the tailings area indicate that uranium, polonium 210 ;
. ,

and thorium 230 are about 1/100'of the AEC concentration limit

: or 1/30 of the State of Utah limit. Radium > 220 is about 1/10

-the AEC limit and approaching the state allowable. These

radionuclides could originate in the tallings' area or could be

an indication of high natural ground water levels.
_ .

Radium will. therefore be taken as the indicator radionuclide

to start corrective action, Because the concentrations under

- consideration are approaching the limit of accuracy for the

usual mining chemical laboratory, the value placed on a single

determination = should not be too high. Trends and averages are

of greater value ,and therefore action will not be taken until such

time as two out of three successive values exceed the Utah state

limit for radium.

All monitor wells are an appreciable distance from the property

boundary in which distance, should the contamination have

originated in the tailings area, further dilution and

..
_ _ - _ - - _
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|
| adscrption will take place, thus providlnt; time in which to take |
| |

| corrective action. For the decrease in Radium values with !
I i

f dictance from the tallings area, see Section XVII of Part 11 g
i

j of this report.

i

!

This corrective action to limit the dispersion of contaminanto
i

! will be the installation of pumps in existint; monitor wells or

I'special pumping wells between the monitor well and the tallings

harea. Pumped water will be . returned to the tailings pond.

i (Appendix D, pages 11-14 & 11-15). g
! g
i

'

Perec.lation tests on actual tailings give a rate of flow of '

0 feet per year, which appears to be much less than that for

| the natural coils. Thus when the bottorn of the tallings pond

has been completely covered with a layer of tailings it is
,

expected that the infiltration of contaminar.ts into the ground

| will be greatly reduced. (Appendix B, pages 11-9 & 11- 1 0).

! 4-

,
'

i

; t-
;

I
.

,

| B
:

_ - - .-_. - - ._. - - - . - -_. - ._ _ -
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IV DETERMINATION OF RADIOACTIVITY IN PLANTS & ANIMALS

Appendix A gives the recoinmendations of Dr. R.C. Pendleton,

Director, Radiological Hes.'th Department, University of Utah,

regarding the determination of radioactivity pich-up by plants

and aniluals.

1. Quarterly sampling of vegetation at station B-2, D-2, D-3,

C-4, E-3 and E-5 will be carried out for grass, sagebrush

and juniper where available at each sampling station, in

addition samples will be obtained from two sites remote from
'

radioactive dust discharged from a uranium operation to

determine a base level. Analyses will be made for uranium,

radium, thorium, copper, zine and manganese.

Should these samples indicato a significant upward trend in

radioactivity then the stations will be re-sampled to determine

if the analysis was valid. Should an upward trend still be

indicated, adjacent stations will be sampled and the cause of any '

increase in contamination sought. and corrected.

;

2. The accumulation of radioactivity in plants is limited by

their life. All the plants in the area, including sagebrush, are

deciduous except the juniper and pine. This radically limits the

.

_ . - _ _ _ _ _



. ._-

18
,

J

amount of accumulation in the forage portions. Juniper imd

pinyon pine replace their leaves within 2 to 5 years, thus

again limiting the accumulation. Only those plants that can

grow near the tallings water may accumulate higher levels

tof radioactivity. Thus in the area of the mine the amount ,

of radioactivity associated with forage is most likely to be he
due to splash-up of ground contamination.

3. Some contamination of plants in the area will continue

after milling operations cease because the natural soils-

'

contain considerable radionuclides in addition to any fall-out

of dust from the concentrator. However any offect upon

animah is limMed to the length of time the leaves stay

on the plants and their closeness to the ground.

4. If analyses of the edible vegetation demonstrate that there

is an nppreciable 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 operatix.'

This will be done by reducing general fugitive dust from the
d

plant area.and ensuring that the plant dust control equipment

is opera!1ng efficiently. The need for such action is not

considered likely, h

I
I,

|

.
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5. On an annual basis two blachtail jachrabbits will be

obtained in an area some 1000 feet downwind of the plant

in relation to the prevailing wind. In order to establish

a background level, an addliional jackrabbit will be obtained

in an area remote from contamination by a uranium milling

operation.

These animals will be analysed for uranium, radium end

thorium in the liver, kidneys and femur.

V. WATEP. DISCllARGE PERMIT APPLICATION

.

A copy of Part 13 of our discharge application to the Corps

of Engineers may be found in Appendix H of the Supplementary

Environmental Report. The E. P. A. who are now responsible

for effluent discharge permits have stated that our application

should be processed some time thia Fall. The site was in-

spected by the E.P. A. in September 1972.

.

This application was submitted as a precautionary measure.

Drainage from the East Coyote Wash disappears some 10 miles

southeast of the mine, at the mouth of the Lisbon Canyon, due

to evaparation and ground seepage. There is thus no direct

connection to any navigable water.

.

.

.
.

. _ _ _ _ . _ . _ . _ _ . _
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VI LOCATION AND SAMI) LING OF TAILINGS MONITOR WELLS

VII LOCATION OF. ADDITIONAL TAILINGS MONITOR WELLS

.
.

Five monitor wells have been installed between the tailings pond

and the property boundary as shown on Figure 3.

S
Well numbers 1 and 2 are about 500 feet southwest of the

tallings dam and down-dip both as regards surface contours

and sub-surface drainage. Wells 3 and 4 are north and east

of the tallings pond some 500 and 1000 feet whhe number 5
,

is some 4000 feet to the northeast. The firs' two are specially

drilled holes while the other three utilize previously drilled h:

exploration holes. These holes are placed to detect seepage

towards the boundary in all directions from the tailings pond.

(Appendix B, page 11-10 & 11-20)

I:
- Wells 1 and 2 are sampled weekly to facilitato early detection

of contaminant levels. The other 3 wells are sampled monthly

as they are more remote from the tailings area and containinant

levels should thus change less rapidly.
! '

Our consultant had a number of additional wells drilled and made g
recommendations for others (Appendix D, page 11-20). Wells

D-1, D-2 and D-4 were drilled on the dam centreline and penetrate

i
.. _
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some 10 to 15 feel into the Durro Canyon sandstone. The

water table was penetrated only in holes D-1 and D-2.

Monitoring on a monthly basis will be conducted on these holes.

Below the dam, holes D-3, D-9 and D-10 were drilled with

only D-3 and D-10 penetrating into the Brushy Dasin formation

to enable the complete saturated portion of the pervious Burro

Canyon formation to be sampled, and to possibly obtain an

estimate of the rate of contaminant movement. It is proposed

that these monitor wells be sampled on a weekly basis. Hole

D-7, on the proposed upper dam centreline will be sampled

when needed.

Three other monitor wells recommended by our consultant,

would be situated north of and parallel to the coinity road

running southeasterly. Their purpose is to determine whether,

groundwater is being contaminated by surface run-off from

two other mining operations. This proposal is being evaluated.

(Appendix B, page 11-20 & 11-21)

Based on the tests that have been conducted, (Appendix E), it
.

is estimated that the rate of percolation through the tailings

will be much less (6 feel per year) than through some portions
. .

i

__
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of the subsoll and porous portions of the bedrock. However,

it is expected that water will continue to flow to the monitor

wells. A negative pressure should not exist over an appreci-

able area bocaase air can be drawn through the rock pores

not occupied by water.

6
Vill ISOLATION OF SHAFT WATER FROM THE SURFACE AQUlFL:R

.;
~~

When the mining operation is terminated it !s 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,

i
The height to which water will rise in the shafts is not known,

tbut will depend on the hydrostatic head in these formations,
6

However it is not anticipated that water will rise to the elevation

of the Burro Canyon formation. Should it do so, there should
8be practically no transfer of wa'ter into or out of the shaft because

of its concrete lining, No leaks are known in the lining in the

area of the Burro Canyon. ( Appendix B, page 11-7). The shaf t

will also be capped with a concrete slab at ground level.

5

5
-

I
. - -
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IX EFFECT OF MINE DRAINAGE ON SURFACE WATERS

Water pumped from the mine now totals some 400 gallons

per minuto due to the rapid opening up of the mining horizon

and hence increased drainage from a larger area than antici-

pated.

Currently some 100 gpm is being disposed of to Redd llanch

Reservoir, some is used in the concentrator and the balance
'

disposed of to the tallings pond and to the spray field for

evaporation. '
-

Because evaporation will not dispose of sufficient water, it

has become necessary to install a barium chloride treatment

system to reduce the radium levels in the increased volume

of mine water discharged. Design capacity will be 500 gpm.

This plant will be in operation in 1973. Any overflow from

the Redd Ranch Reservoir, after dilution from natural springs

etc. , flows down East Coyote Wash and finally disappears due

to evaporation and ground absorption. There is not direct

connection with llatch Wash or the Colorado River.

No mine water discharge enters the waior flowing in West

Coyote Wash,

,
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X IMPAC'T OF OPEll ATION ON SOCI AL AllEAS

- - - - _- - -

1. Emp,loyment of Native People

| Since the start-up of the mine it has been an established
|

I; policy to employ as many native people as practical.
:

At present the Indians and Mexicans comprise about 0%
!

| (17 out of 100) of those employed at the mine, as com-

4
| pared to a reported 2 to 3% of nativo population in the

geaeral area.
i

2. Support for the Tourist Industry

Because the surface operations of the Lisbon Mine are

a restricted area, our operation cannot be made available

for public tours, llowever the company will be willing

to support the tourist industry in the area by supplying

information of a general nature to the appropriate '

tourist '.wles in both Moab and Monticello.

! 3. Archeologient Survey
| '

An archeological survey was conducted by the Utah
i

Department of Development Services and no historic sites

4| are reported. (Appendix F)
!

Should an archeological site be inadvertently uncovered h
j during operations the above agency will be notified,

c
.

;
;
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XI IMPACT OF EARTliqUAKES ON TAILINGS DAM STRUCTURE

Dased on test borings through the existing dam and an

evaluation of the soil parameters that have been determined

it was calculated by our consultants that the dam would have

adequate stability under a seismic shoch of 0.05 times

. gravity. The minimum factor of nafety was found to be

1.3 for the maximum pool elevation. This meets the re-

quirements of the A.E.C. published in June 1973. (Appendix

B, page I -4 & I -5) .

XII CONTAINMENT OF _CilEMICAL SPILLS

All tar.hs containing harmful chemicals meet state or federal.

inspections. In addition routine mechanical inspections and

checks are carried out by the plant department on a routine

preventative maintenance basis in order to forestall any possible

escape of chemicals. Should a rupture occur, the contents of those

tanks inside the mill will be contained within the mill sumps.

To contain spillage from tanhage outside the mill a retaining

sump has been installed. This will contain the volume of the

largest tank. Plugging of the drainage culvert at the perimeter

road will be a back-up for the retaining sump. Any liquid

contaminant contained in surface run-off from the plant area

and not retained as above will be deposited in the tailings basin.

. .. .. . . . . . . . . . . . . .
..
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| X111 , TAILINGS DI3AINAGij DASIN AltEA _ AND Cll AllACTElllSTICS

|

The stated area of the tailings banin of 590 acres is based on

act tal photo contours and the derivation of the area has been

! cheched.

-

i

Appendix G gives the calculations used by the Bureau of Land

| Manag3 ment in deriving the run-off characteristics of the

&;
i waterEhed. 8011 characteristi s of the area are glVen la a2

report " Soil Survey" San Juan Area, Utah, U. S. Dept. of

; Agriculture, Series 1945, No. 3, Atg ust 1902.
! '

!

XIV DOCUMENTATION OF PEllMEADILITY AND PEllCOLATION TESTS
'

i 4
| A. The term "relatively impervious" used in Sectian 5.4.3.1

on page 102 of the Supplementary Environmental lleport W

should be referred to " low scopage rate (1 to 100 feet per

| year)" as given in Section 7. 4. 3. 2.1 on page 168 of the
!

'

| same report. This term brackets the first to degrees of
I

permeability suggested by our consultants. ( Appendix ll-A

| of Appendix B).

1

j llelative Imperraeable Less than 10 feet per year

|
Slightly Permeable 10 to 100 fent per year

_- _ . _. _ _ _- ._ _
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Woodward-Clyde and Associates investigated soll and

foundation conditions for our tailings area and plant in

1000. This included the drilling of some 21 test holes

in the area and an analynes of the soll data obtained.

Appendix 11 shows page 6 of this report which states:

"The natural soil in the reservoir area possesses

sufficient fines (- 6200) to be relatively impervious."

B. Ar. stated on page 160 of the Supplementary Environmental

Report, laboratory tests done on existing ground ore

samples from a neighbouring mine gave low percolation

rates.

.

Further tests on Lisbon ore freshly ground in the laboratory

was reported on 2nd March 1972 to give a. percolation rate

of about six feet a year after one weel:.

Additional tests were done and reported on 10th October

1973 on f resh whole tailings as produced by the Lisbon

mill. Again the percolation rate stabilized at about six
e

feet a year af ter seven days. See Appendix E.

. . . _. . . . . . .
.

. ..
-
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XV SOIL TESTS & DESIGN PAllAMETEllS FOlt TAILINGS DAM

! s
; <

! Our consultants have evaluated the stability of the current
'

tailings dam by drilling three test holes along the centre line

to obtain soll strength data. 13y use of the ordinary method

| of slices technique the factor of safety for various h
1 -

| conditions of fluid level and for seismic shock was deter.nined.

For the tests done the minimum factor of safety was 1.3,
i

which meets the A. E. C. requirements published in June 1973.
|
| (Appendix D, page I-2 to 1-5 and Appendix I-A) g
i y
I
l &
! The proposed upper tailings dam to provide storage capacity W
1

1 1

in excess of that given by the existing dam was designed

based on an evaluation of samples of soil to be used in its.

construction and a slope analysbs using the same method

of slices. The recommended slopes are 3 to 1 for the down-

stream face and 2. 5 to 1 for the upstream face. The minimum

factor of safety for the conditions tested was found to be 1.2

which also meets the June 1973 A. Is. C. requirements.

4|
( Appendix D, pages I-7 - I-10).

t

,

i g
i

5
.- - .. . __ - _ .- - -- - - - - - - _ - _ - _ - - - -



.
_ _ _ _ - -----

|

29

XVI DISPOSAL OF TAILINGS DAM SEEPAGE

The monitor well drilling conducted by our consultants

indientes that seepage from the taillr.gs pond probcbly

percolates downward in stages until it reaches the zone of

saturation lying on the Burro Canyon - Brushy Dasin contact.

Ilere the seepage is diluted by groundwater and moves

down-dip niong the contact.

.

Shoubt they be needed to control scepage, our consultants

lu"e proposed the installation of two recovery wells on

the centreline of the dam (as shown on Plate 8 of Appendix

B) and extending some 15 feet into the Brushy Basin to

form a sump intake for each pump, which would dischart;e

back into the tallings pond. The effect of this scepage
'

removal will be monitored in wells number 1 and 2 as

well as D-3 and D-10.

XVII ADSORPTIVE CAPACITY OF TAILINGS AREA SOILS

According to our consultants the soils and rocks in the tailings

area have the capacity to adsorb effluent constitutents such

as radium and uranium by ion exchange. (Appendix B, page 11-11).
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Analysih for cation eXOhallge Capacity Was done on seven soll

; and four rock samples. The values obtained ranged froin 11
!

5| to 10 Mev/100 gms. Time precluded a complete study of
|

the eline.iveness of this mechanism, but the adsorptive
,

capacity of any soll has limitations. Mo..tmorllionite has

6a high cation exchange capacity but in the samples examined

was present only in trace (luantitles.

|

A measure of the change in contaminant concentration will
i

j be obtained by anonitoring wells 1 and 2 and comparing with
I
I

values obtained from D-3 and D-10. September analyses give

the following results which indicate a considerable reduction of

j radium with increasing distance from the tailings pond:

Monitor Well Radiuin x 10"9 Dates Samp_ led g
D-1 0. 0 juc/ml 8 -13 -73

D-3 2.3 pc/ml 8 -13 -73^

1
D-10 1. 7 pc/ml 8 -13-73 g,
No. I 1.8 pc/ml composite from 8-28-73 to

g0-18 -73
:
t No. 2 2.4 pc/ml composite from 8-28-73 to

0 -18 -73
i.

!

!
a

1

3<
1

J t

1

3
3

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



.. __. _ _ - - _ - - - - - - - - - - - - - - - - - - - - - -

XVill ACTION ON DETECTION OF lilGil LEVELS OF SEEPAGE

CONTA MINATION

In line with the recommendations in Eccllon II of this part,

when two out of three consecutive analyses from any of the

monitor wells indicate that a radioactive contaminant is in

exces s of the allowable set by tha State of Utah then action

will be taken to cortrol this contaminant. (Appendix B,

page 11-15).

When action is required it is proposed to install pumps in

wells drilled on the centreline of the daru to capture the

contaminant before excessive dilution occurs. The effluent

will be discharged to the tailings pond..

By monitoring wells numbers 1 and 2 in addition to D-3

and D-10 an assessment of the rate of contaminant flow>

may be obtained if the source is the tallings pond.

, _ _ _ _ _ _ _ . . -
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PART II

ANSWERS TO A. E. C. QUESTIONS

1 TAILINGS D_M

A. CONSTRUCTION & STABILITY OF EXISTING DAM

This section deals with the method of construction

and stability of the tailings dam as it now is.

Refer toi

E. P. A. - p. 10, item 3 ;

- p. 11, para. 1

H.E.W. - item 2

Interior - p. 5, para. 4,

- p. 7, para. 2
,

Ar:riculture (Fo:estry) - item 1, item 2
' '

laat 2 sentences

University of Utah - itam 3, para. 3

The tailings dam was designed using accepted engineering

and construction principles. Based on test borings through

the actual dam and an evaluation of the soll parameters

that were determined, it was calculated by our consultants,

that the minimum safety factor under all conditions evaluated

(including earthquake loading of 0.05 g) was 1.3. This meets

the A.E.C. requirements of June 1973. (Appendix B, pages I-,

,

2 to 1-0).
_ _

h

.
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The three drill holes D-1, D-2 and D-3 (Appendix D,

Ipage 11-20) put down on the tailings dam centreline
'by our consultants in August 1973 did not detect water

in the dam core itself. Water in the strata under the g,

3.

dam was detected la only 2 of these holes. Plezameters

are installed in boreholes D-1, through D-7 to determine

water table levels.

On completion of'the milling operation the tailings areas

will be dried up by evaporation, graded to prevent the g
collection of water, covered with soil and seeded. If

i-

necessary the face of the dams may be graded to a slope

lower than at present. Ilowever even the exceptionally |*

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

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

has not been a problem. As the vegalative cover increases |
in the future the problem will be further minimized.

Based on calculations by the Bt reau of Land Management

and in discussions with them, the 10 foot minimum surge, ,

,

capacity between the tailings pond and the top of the

exis'ing dam at elevation 0030 will provide a factor of

safety of 2.0 for a 100-year 10-day storm in the 590 acre |,

I
4



3.

drainage basin. This is described on pages 110-111 of

the Supplementary Environmental Report. The upper

tailings basin now proposed with an area (27 acres) esti-

mated to be considerably larger'than the existing pond, will

provide some additional surge capacity. Our consultants

confirm that a diversion channel is not needed during

operations (Appendix B, page I-10) as all run-off from

the plant area should go to and be retained in the tallings

basin.

I TAILINGS DAM

B. PROVISION OF INCREASED STORAGE CAPACITY
4

. -

This section deals with methods of obtaining

increased tailings storage capacity in excess.

of that provided by the original tailings dam

as now installed. Refer to:

E. P. A. - p. 10, para. 1
.

University of Utal) - item 3, paras. 2 and 3 -

It was originally proposed to incrementally raise the
'

existing dam using the "up-stream" method and using a

\-

.. - -
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I
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 tailings |
would have only 50% of the solid material finer than 200

Imesh 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 "up-stream" method

Iof raising the dam impractical.

I-

It is now proposed by our consultants that a second similar

tailings dam be constructed some 700 to 1000 teet up-

stream of the existing dam, using local compacted materhil.

I
,It is proposed that this upper tailings dam will have a crest

elevation of 6080 feet, a maximum pool elevation of 0075.

feet and a continually operating decant system discharging g
'

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

I-

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

I
.

I
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seismic shock, the minimum * factor of safety is calculated .

to.be 1.2, which meets the 1973 A. E.C. requirements.

(Appendix B, pages I-7 to I-11).

On completion of the operation the removal of any super-

natant liquid from both tailings areas by evaporation and

filling will mean that should a dam be eroded by a storm,
.

there will be no sudden release of contaminants to flood

the valley below. Thus the quantity of contaminants that

would escape' during one storm should be minimal and

could quite readily be cleaned up or buried.

The Utah State Department of Highways have been consulted

' ' and anticipate no appreciable damage to the state highway.-

system in the unlikely event there is a dam failure. (Appendix I).
,

.

At close-down a diversion ditch is to be installed to take

storm run-off past the tailings areas. Thus with no liquids

on the surface of tailings areas and with the addition of the

diversion ditch, the chance of a dam collapse at this time
o

will be remote, and the area should be stable much beyond

the 50 years' referred to.

k.

,

- -

h| _ ~ - - - . - . _ -
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II TAILINGS AREA

A. GEOLOGY AND llYDROLOGY g

This section deals with the general and local

|hydrology of the mine area. Refer to:

Interior page 3, para. 5

I
Because the subject is fully covered in Appendix B it

Iwill not be repeated here. Reference should be made to -

the followini;: g

I
Site Geology Part I page 2

Regional Geohydrology Part II page 2
,

Site Geohydrology Part II page 6

Movement of Seepage Part II page 0

Affect of Ground Water sVithdrawals Part 11 page 21

I
I

-

g.

I
g. .

I
-
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11 TAILINGS AREA

B. REllABILITATION AND PERPETUAL CARE
.

This'section deals with tailings area stabilization

and revegetation, provision of a diversion channel
'

and need for continued maintenance. Refers to:

t

E.P.A. p. O, _ paras. I and 2-

p.11, para. 1-

p. 12-
,

Interior - p. 2, para. 3
p. 5, para. 5-

p. O, para 1, last 2 sentences-

p. 7, para. 1-

_ University of Utah - item 4
.

- item 6, sentence 4 to end

Agriculture (Forestry) - item 1
item 2, sentences 1 to 3- -

-

Agriculture (Soll Service) - items 6 and 9
,

The downstteam face of the dam has been re-seeded and as'of

f ugust 1973 there was estimated to be about a 15 to 20%

coverage of grasses plus annual weeds for a total coverage

of about 80 - 00%. Because of the high precipitation this

year, and the higher water levet in the dam it is hoped

that the vegetation roots will be able to penetrato deep

enough to gain access to moisture at all seasons and so
,

.

.= _

. .:.... . . .
.. -.

-_m. _ _ . _ _ . _ - _ _ - - - _
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'

|.

become well established,

i I
On cessation of operations, the tailings area will be dried g
up, graded if necessary, covered with soil and seeded.

The seed mixture selected will be based on the advice of

the Bureau of Land Management or the Department of |
Agriculture as being most suitable for the area and

Iconditions. The science of revegetation of mine tailings

will hopefully be much advanced by that time. Spray |
irrigation of the seeded area is not now contemplated.

IIf vegetation has not become sufficiently well established

, on the dam face to stop erosion at time of shut-down, the |
slope of the dam will be lowered to a more stable angle

. bef ore re-seeding. Any regulations in force at that

time'regarding stabilization of tailings areas will be complied

with. "

In order to reduce radiation, from the tailings to acceptable

limits it is estimated that about 1-1/2 feet of soil will be

required. The thickness required will have to be determined
.

by tests made at that time.

I
Depending on the depth of soil used and the depth of the root

I
I
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.

systems of the vegetation planted, the use of a fence after

stabilization may be uncalled for. Based on the tests

carried out by Dr. R.C. Pendleton, Radiological llealth

Department, University of Utah, the accumulation of

radiation in piants from the soll in Utah is minimal.

The posting of the area with permanent marker.7 warning

against occupancy or the use of any tallings may be all

tint is required. Further protective measures will be

effected if the regulatory agencies so require.

All plant buildings will eventually be removed and the

foundations icvelled or buried and the area seeded.

It is considered that the factor of safety of 2.8 for a 100-
.

year - 10-day storm, plus some additional surge capacity

in the upper tailings area provides adequate insurance

against over-topping the lower dam during its operating

life. At shut-down, a storm diversion channel will be

installed as described on page 112 and shown on page 30,

Figure 7 of the Supplementary Environmental Report. They

' diversion ditch will be designed to accommodate the second

tailings area.

To ensure the performance of this work to the satisfaction of

a
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both by the A. E. C. and the Bureau of Land Management, to |
whmn the land will eventually return, a bond of $201,000

I.is to be posted by Rio Algom Corp. This amount includes

|,fescalation at 5lo to 1980. It is not now the intention of Rio
-

|

Algom to patent this land.'

11 TAILINGS AREA

C. SEE PAGE _ CON TROL
,

This section deals with the control of seepage

from the tailings area: Refer to:

I.
E.P.A. p. 9, paras. 3 and 4-

Interior - p. 3, para. 4
p. O, paras, 2 and 3-

p. 8, paras.1, 2 and 4-

Agriculture (Forestry) - item 3

ITransportation - para. 3

I
At present the up-stream face of the dam and most of the

Inorth side of the pond have . received a tailings cover by

spigotting about two feet above the water line, and distri- |
bution in in progress around the basin to effectively minimize

I-

seepage of water into the ground.

I
I
I

.

, , - _ . . - _ _ . . _ , ~ - _ - - _ _ - - . - ~ . . . . .--.,.,,.-4-.r._,--.-,.~.,,,, ,c- . , . . _ - - - - - ,.-.-,.,%-~ - , , - , . . , . . , - , - , . - ,y. - - . - . - , . . . - - -.,-.r..- -7 . . , - - - - - .,
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Tests of Lisbon tailings (Appendix E) have indicated a

percolation rate of six feet per year, thus providing a

much better seal than the soll and rock in some portions

of the area. (Appendix D, plate 7).

If seepage contamination ever reaches " action levels"

recovery wells will be installed from which seepage

will be pumped and returned to the tailings pond. An

" action level" may be considered to be when any two out

of three consecutive analyses in a monitor well exceed

the allowable concentration. (Appendix B, pages 11-15

to 11-16).

When the tailings area becomes inactive and is covered
, ,

with soil and vegetation, t he downward migration of

contaminants will be greatly reduced because there will

be no remaining body of water to cause leaching of pre-

cipitated salts. The only water available will be that

from the small amount of precipitation in the area, some

11 inches per 3e ar.
.

.

_ _ _ . _ _ _ _ _ - - - - - - _
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II TAILINGS AREA

D. MONITOR WELLS AND SAMPLE RESULTS

I
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. 8, para. 3 g

1

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 tallings pond and dam, to
Idetect 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, g

5.

The other three wells are pieced 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 II-10, and 11-20, and plates 5, 7 and 8).

i

I
T
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The Durro Canyon - Brushy Basin contact elevations for

the original 5 monitor v111c are:

/

Monitor Well Number Contact Elevation, feet
i

1 6480
,

2 6402

3 6571

4 6562

5 6432

.

' Drta for monitor wells D-1 to D-8, drilled by the consul-

tant, is given in Appendix B, plates A-1 A to A-1C.

s

Monitor well analyses to date are tabulated in Appendix C

and graphed in Appendix B plates 9A, 9B and DC. An

examination of these data indiaates that there has been an-

incro.se in some contaminants, whereas others have de-

creased. It would appear that the radium level may have

passed its peak. It is anticipated that this trend will be
,

confirmed by future analyses at the sea 18 :r of the basin

by tailings progresses. These contaminant levels could

originate irom the' tailings area or could-be variations in
a

the natural ground wab levels.
-

0

_
- - -

..__
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I
Monitor wells D-1, D-2 and D-4 on the dam tailings

Icentreline indicate no seepage passing through the dam.

|However water is indicated in the strata below the dam

(Appendix B, plate 8).

It would appear that seepage from the pond will go

either directly or by stages through the soil and rock,

moving down gradient beneath the dam to the water-

table resting on the Brushy Basin formation.

I.

Contaminants in the seepage from the tailings basin are

reduced to some degree along the seepage path by

dilution by groundwater, by dispersion, and by some g
lonic exchange. A measure of this decrease in radium

along a seepage path has been indicated in Section XVII '

of Part I of this report.

I
I

,
.

I'

I
I
I

.

.. _ _ _ _ _ _ _ _ . _ _



1

15
|

!

I' TAILINGS AREA

E. ANALYSES OF DISCHARGE TO TAILINGS POND
i

This section covers the analysis! of a composite

sample of tailings liquid and solid currently

discharged to the tailings pond. Refer to:

Interior - p. 5, para. 3

Solution Analyses-

.

Substance Parts per niillion

SO4 6500

Na2 CO3 7740

Na HCO3 3780s

Na 11,700

'

Mn 0.44

Cu 0.11

Zn 0.09

Fe 0. 5

Uranium 46300 pc/ liter
.

Radium - 2"6 240 pc/ liter

Thorium 110 pc/ liter

i pII 10.2

. .. _ _ _ _ - _ - _ ,
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I
Solids Analyses Parts per million

Mn 0.078

Cu 0.40 g
Zn 0.00

Fo 10,000

Uranium 7 pc/ gram |
Radium 21 pc/ gram

IThorium 8 pc/ gram

I
II TAILINGS AREA

IF. TAILINGS DEPOSITION

I
This section deals with the elescription of the

deposition of the ta'ilings ana changes some

terminology. Refer to:

IE. P. A. - p. 10, para. 2
- p. 10, para. 3, item 2

Tailings nave been deposited at a number of points across

the upstream face of the dam to reduce any seepage through*

it. The tailings line is laid on the upstream crest of the

dam and the tallings are discharged at a number of points

just above the water line. Because the tailings material

I 5
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is so finely ground very little " beach" of coarser fraction

has as yet built up above the pond level of the liquid

fraction of the tallings slurry, but the beach will i

gradually increase with. time.

In order to seal the apparently more pervious rock and

soil areas on the north and south sides of the dam, the

tailings line has been extended along the north side to

deposit a blanket of tailings by spigotting. On completion

of this the tailings will then be spigotted:along the south

aide. As the pond level rises the tallings will be discharged

at various points. around the perimeter of the pond to keep

the liquid fraction of the tailings from direct contact
,

with the bare rock and soil, unprotected by a layer of

tailings with low permeability.

.

Because the discharge point for the tallings is moved fairly

frequently, and the tailings are discharged well below the

dam crest,- slimes pockets if formed, will not adversely
.

affect the dam stability as it is not now proposed to raise
'

the present dam.

The formation of ice lenses is not anticipated to bc any

,

- _ _ _ _ _ _ _ _ _ . -
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problem at the point of discharge. Should some ice be

covered by tailings during the winte' will melt with

the advent of warm weather and I., ere it becomes buried

to any great depth. Lisbon is a small tonnage operation,

and any ice that is covered will not be buried to any

great depth.

II TAILINGS AREA

G. DUST CONTROL

g.

This section covers dust control and the use of 5

water sprays. Refers to:

E. P. A. - p.11, para. 2, sentence 3 to end

Interior - p. 6, para. 1 g

To date and for some time in the future there will be in-

sufficient dry tailings exposed to the wind to constitute a |
dust hazned.

I
Because the tailings basin is situated in a shallow valley |

'

and behind the crest of the dam the full force of the wind

blowing up the valley will be broken. Thus if any appreciable

area of tailings becomes exposed in the future, the effect of

wind will be minimal.
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Should dust control be required, possible methods are out-

lined on page 150 of the Supplementary Environmental Report.

These methocis include:

a) spraying

b) use of snow fencing

c) covering with mine waste

d) chemical stabilization

These are interim methods to use before' final stabilization.

The spray irrigation system that has been installed within

the tailings basin is used for the disposal of excess mine

water and not for . tailings dust control.
.

III MINING

A. MINING CLAIMS AND LEASES

This section deals with mining leases held by

Rio Algom. Refers to:

Interior - p. 2, paha. 3

The area for which Rio Algom Corp holds mining claims and
s

leases is held by the Bureau of Land Management except for

one parcel covered by a State lease. The areas so held wcre
'

obtained by lease from the original holders of the mineral

claims or leases.
.

. - -

- - - -
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III MINING

B. ' MINING METIlODS |

This section deals with the isolation of completed

mining areas by bulkheads. Refers to:

E.P.A. - p. 4, last para.

At the time the Supplementary Environmental Report was

writtcn tentative mining and ventilation methods were

described, based on the limited information gained from

the original exploratory drilling. Ilowever when develop-

ment and mining in the ore horizon was started, ore g
grade and ground conditior.; required modification of

'

Eoriginal plans, and current plans may be further altered

to meet changing conditions from time to time, consistent |N
with safe practice.

I
Aftet initial development, the basic mining system now in |
use is to extract the ore by mining from the exhaust

towards the fresh air supply. Bulkheading is currently
. g

used mainly to direct the fresh air to the active mining 5
area. A flow of vitiated air is maintained through mined-

out areas towards the exhaust. It is this slow flow of air

towards the exhaust that minimizes the contamination of

fresh air.
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Because of changes in mining methods'it has' not yet

proved practical to isolate a mined out area with

permanent bulkheads and maintain it under negative

pressure. Contamination of fresh air by radiation

from mined out areas is minimized by causing a slow

flow of air through these abandoned areas towards

the exhaust. Regular monitorlug for radiation and

determination of air flows is carried out by the staff

to ensure that adequate supplies of good quality of

air are provided each working place.

On completion of mining, groundwater seepage will flood

the mine workings and shafts. The proposed bulkheads

will prevent the escape of radon from the ore going to, ,

the surface.
,

-

T

> O

t

s
'

t

f.

i
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I
III MINING

C. MINE SOLID WASTE DISPOSAL

This section deals v'ith methods of trash disposal and

uranium values in mire waste rock. Refers to:

E.P.A. - p. 5, para, 1 |
Interior - p. 5, para. 2

Agriculture (Soil Service) - item 5

I
As indicated on page 127 of the Supplementary Environmental

Report, solid trash waste such as mine timber, cable,

chemical containers, shop waste, etc. will be disposed

of at the rock dump al.d periodically covered by mine

waste rock. If there is drainage from this area due to

excess precipitation, it will be into the tailings area.

The disposal of solid waste will be made to conform to

applicable federal, state and local regulations.
'

.

There are no economically recoverable values in the |
estimated 400,000 tons of mine waste rock. (Not 4,000

I'

as shown on page 49 of Draf t Detailed Statement).

I
I,
I

-
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III MINING

D. MINE WATER

1. Source and Quantity

This section deals with the rock formations from

which the mine water comes, its volume and

effect on surface flows. Refer to:

E. P. A. - p. 3, para 2
- p. 4, para.1, sentences 1 to 4 '

Interior - p. 8, para 5
.

The source of most of the mine water is believed to be

.the Navajo, Kayenta and Wingate formations somc 1500

to 2000 feet below surface. It is not believed that there
. -

-is any-direct connection with surface aquifers in the<

immediate mine area other than by slow seepage through

fault zones. The relatively impervious Brushy Basin

formation lies between the surface aquifers and the Navajo,

Kayenta & Wingate formations. (See Figure 9, page 34

of the Supplementary Environmental Report and Appendix B,
' Part II, plates 2 and 3).

It was originally expected that- the drainage of water from
'

the strata would decrease with time. Ilowever, since the

-
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I
development of new mining areas has been more rapid than

i originally planned the volume pumped from the mine has in-

creased from 265,000 to 505,000 gallons per day in March

1973. The volume discharged thmugh the ventilation shaft
| 5

averages about 200 gpm. The balance of the mine water is 5

pumped up the production shaft and averages about 150 gpm.

It is considered that the mine dewatering operations will not g
have a detectable effect on the surface ground water table as

evidenced by a change in the discharge of springs in the area

or on the vegetation. Surface springs in the area of Coyote |
Wash are recharged by precipitation run-off from the La Sal

Imountains to the north, also north of the East Coyote syncline.

|The mine lies to the south of this wash and also south of the

syncline. ( Appenaix B, pages 11-22 to II-24).

I
2. Use and D!sposal

I
This section deals with water use, conservation of Ifresh water and dis'posal of excess water after treat-

ment for radium. Refer to:

..

E.P.A. - p. 3, para. 1 5
- p. 4, para.1, sentences 5 to end

Interior - p. 3, para. 3

University of Utah - item 5

Department of Army - item a.

I,
_ - _ _ _ _ _ _ _ _
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Water from the ventilation shaft is currently being dis-

charged to a cattle water reservoir on 11edd Ranch. The

water pumped up the production shaft is used in the mill

to replace fresh water from the well field _as far as possible.

At present the total water from the well field amounts to

about 80 gallona per minute, of which only 30 gpm is -

used for process water. The balance, about 50 gpm, is

used for boiler feed, showers and drinking. This is a

major _ reduction from the field capacity of 200 gpm, and

the consumption of 50 gpm. indicated in the water balance
-

diagram shown in Figure 15 on page 98 of the Supplementary

Environmental Report. To further reduce fresh water con-

sumption in the mill a rech m system is now in operation.

, sending tailings pond water bach to the mill for re-use.

Deep well disposal of any excess liquid from our tailings

pond is not contemplated at any time in the future.

The effluent discharge application of 10 August 1971 to the

Corps of Engineers covering the discharge of water from the
.

ventilation shaft has been transferred to the Environmental

Protection Agency, Denver, and the site was inspected in

September 1972. A ruling on the application is expected in

the fall of 1973.

d
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It is now planned to pump all mine seepage water up the t

production shaft because it has been found impractical to |I

maintain low radiation levels in the total ventilation shaft

wate r.

I
Excess mine water not required in the mill operation will

be' clarified in a settling pond and then treated with barium
s

chloride. The clarified effluent from the second pond will

readily meet the State of Utah standards of less than 3.3

pc/l (3. 3 x 13-9 uc/ml) of radium when discharged to Redd

Ranch reservcir. The treatment step will not remove the g
dissolved solids as frequently found in well waters; but

>

these do not exceed the limits for cattle or irrigation

in this case. The water discharged to Redd Ranch |
'

reservoir is diluted by water from other sources and
- Imeets drinking water standards at point of use, except for

|total dissolved solids.

3. Sampling and Analyses

I
This section refers to sampling of the water pumped

from the ventilation shaft and discharged to Redd

Ranch reservoir and also the production shaft discharge.

Refer to:

E.P.A. - p. 7, para. 1.
*

University of Utah - item 2

I
|

. _ _ _ _ _ - _ _ _ _ _ _ _ _ _ 1
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Mine water discharged from the ventilation shaft has been

sampled every second month and analysed for the following:
'

pH

total dissolved solids uranium -

hardness radium - 226

sulphate thorium - 230

chlorido polonium - 210

iron total alpha

Because the source of this water is directly from the deep

water-bearing strata by seepage or drainage from drill

holes no sudden change in analyses has been expected, and

the above sampling frequency has been deemed adequate.
.

Production shaft water is likewise sampled every two months

and analysed for: '

!

pH sodium

total dissolved solids uranium

sulthate

Every six months analyses for the following are made:*

radium

thorium

polonium
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| I
The frequency of analyses for the production shaft water g

'are lower than that for the ventilation shaft because this

! water is currently maintained inside the re'stricted plant

garea.

The analyses to date were available to the A.E.C. Com-

pliance Division on their inspection visit.

When the treatment faellity for radium removal is in

operation samples will be taken weekly from the discharge | '

and analysed for radium. Every two months complete

analyses will be made as at present for the ventilation

shaf t.

IV MILLING

A. FLOWSHEET

e

This section deals with pressure vesse! venting

to atmosphere. Refers to:

I
Interior - p. 4, paras. 4 and 5

I'

The mill flowsheet has been amended to include the

present discharge to atmosphere from the series of 10

autoclaves f hrough the pre-heat tank to atmosphere, and |
'

|

l

!
-

_ - -
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>

directly _to atmosphere from the caustic precipitation !

tanks. (Figure 4)

The bleed-off valves on the autoclaves vent continuously

to the pre-heat tank as required by the pressure in each

autoclave. In passing through the water in the pre-heat '

tank the discharge is scrubbed of most of the chemicals

and particulates.

.

The seven' precipitation tanks are vented to atmosphere

through a common header to carry any steam and chemical

vapours to the outside of the building to maintain comfortable

working conditions. The volume vented is small.
i

IV MILLING
.

B. OUTSIDE ORE STORAGE

This section deals with dust from ore storage

piles. Refers to:

Interior - p. 4, para. 6.

~

To date the outside ore storage pile has been used to a minor

extent for both grade control and for drying of wet ore before

crushing. For the first six months of this year the average

>
.

.

.
. .

.
.

. .. .
.
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monthly tonnage placed on the stockpile has been 2400

tons. ' Dust production has not been a problem because

of the high moisture content in the ore.

The piled wet ore when it dries out tends to form a
4

cake on the exposed surfnce due to the high clay content.

Because of this caked surface normal wind velocities have

little erosion effect.

<

1

IV MILLING

'
C. STACK DISCHARGE AND AMBIENT AIR SAMPLING

.

This section deals with procedures to determine ~

>

;

.
dust discharged to the atmosphere. Refers to:

;
..

|

'E. P. A, - p. 7, para.~ 3 t-

'

Interiol- p. 8, para. 6 -+

_

< ,

In order to ensure the pro'per operation 'of the dust contrdt -

systems the following procedurcs are called for: *

1. Daily visual inspection of the dust filters and the.

~

attendant static pressure gauges.

2. Monthly isokenetic dust samples taken in the discharge

. stack from each filter. Samples are weighed to deter-

mine the total dust discharged and analyzed for the

uranium content.
. .. -.

. .. .. ..
.

.

___ - _______-_
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Figure 5
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Should any of the inspections or samples indicate that

abnormal quantities of dust aro being discharged, the

. system is examined to find the fault and corrective

action taken.-

Isokenetic samples have indicated that under normal con-

ditions the discharge from the 5 dust discharge stacks
3runs between 0.9 and 2. 5 mg/M , averaging below about

31.0 mg/M which is much below the visible limit. The

sampling r'esults are given in Figure 5.

Ambient air samples were originally taken on a twice
'

per week basis which has been reduced to twice per
.

month in the vicinity 'of the plant. Baseline samples

taken at surrounding points before mill start-up in June

31972 gave an average of 139,ug/M . (This happened to-

be a very windy period.) This may be compared 6.0 an

3average of about 20 pg/M for a year of operation. The

3state ambient air standard is 90 pg/M and the federal

3primary standard is 75 jag /M , annual geometric mean.c .

Ambient air samples are taken-down-wind from the plant

- at distances of 500 to 3500 feet depending on the strength

s . . . . . - . . . .

____ - - - - _ - _ _
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.

I-,

and direction of the wind at the time the samplers are |
set out.

The sample is obtained over approximately a 7 to 8-

hour period on an 8 x 10 glass-fibre filter using a

standard high volume sampler in an approved housing.

The weight of the collected dust is then determined and
-

the uranium content obtained by analysis.

Should any of the above samples indicate abnormally high

values, or values over the MPC, the reason will be

cletermined and corrective action taken.

-
. ,

I
I
I

I'

I
<

_ _ _ _ _ _ _ _ _ _ _ _ . . _ _
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IV }11LLING

D. AMBIENT AND EMISSION STANDARDS FOR UTAH

This section comments on use of correct tmbient

air standards. Refers to:

E. P. A. - p. 5, para. 3

' The ambient air standards effective 29 November,1969

in Utah are:

Pollutant Concentration Sample

3State Particulate 90 jag /M Annual geo-
metric mean

3Federal Particulate 75 pg/M Annual geo-,

(primary) metric mean

Federal Sulphur Oxides .03 ppm Annual arith-
(primary) metic mean

Federal Carbon Monoxide 9 ppm -8-hour average,
(primary) no' to be exceeded

once per year.
,

Emission standards for new installations require that the
.

density of the visible emission shall be no greater than

No.1 Ringlemann Chart (20$ black).

.

.

.- - _ - _ _ _ _ _ _ _ - . _ . _ . _
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I
IV E DOWNWIND DUST CONCENTRATIONS

I
This section deals with actual dust emissions at the

Iventilation shaft discharge ano at the operating plant

|stacks. Refer to:

E.P.A. - p. 2, para. 3 |p. 5, para. 2
- p. G, para. 2

Dust is emitted in the brealdng of rock underground, and in its

subsequent handling underground or on the surface until it comes

to rest in the fine ore bin or on the waste plie, as the case may

be. Subsequent treatment of the ore is a wet process, from which

minimal dust is emitted until the drying and pacidug stages of the

final yellowcake product are reached.

I
Ventilation of the underground workings extracts the dust and radon

produced there and discharges them at the surface through the

exhaust-fan stack. Dust-producing operations on the surface are

also ventilated by exhausting the air from the locations where theses

Iare performed; the exhaust-fan discharges pass through filters and

are then discharged to atmosphere through stacks of varying heights.'

I
I
'
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,

,.

Some dust mignt be produced at the tailings pond, b:st 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 per cubic meter in the case of theo

ventilation shaft discharges and of 0,03 grains per cubic foot

3(= 68.3 mg/M ) for the surface plant discharges to atmosphere.2

The latter figure was based on the Company's specifications for '
- .

L 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 Jor, the Just to settle out

and to be removed by impingement. .Recent sample recults, . c ,

indicate this to- be true.

-
-

p r .- - - ~ , ,_ -- m-
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I
Dust emissions from the various sources have been

gcalculated as follows:

1. VENTILATIOI' SHAFT DISCIIARGE

I
Volume of air discharged 253,000 CFM

I37,160 M / min.=

g3Average measured dust content 2. 2 mg/M

Emission rate 15,750 mg per minute

To,tal dust emitted in 24 hours 22,700 grams

50.1 pounds |=

2. SURFACE PLANT AIR DISCHARGES
,

The actual performance of the surfr.ac plant stack discharge

dust filters has been considerably better than the specified

3emission rate of 0.03 grains per cubic foot or 68.3 mg/M ,

as shown below.

Specification Actual Dust Emitted
Airflow Airflow Dust in 24 hours.

CFM CFM mg/M3 grams

Crusher house 13,000 13,000 1.19 315

Headframe 11,000 11,000 .097 21.7-

Transier Tower 2,500 2,200 1.27 57.O

IYellowcake scrubber 1,000 960 .941 30,7

|Yellowcake dust filter 2,400 1,300 .585 25.9

Total emission 450.3 grams in 24 hours - under 1 lb.

IDetailed calculations are shown in Table I, Appendix J.
j
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ENV)RONMENTAL EFFECTS OF DUST EMITTED

The State of Utah's Ambient Air Standards limit particulate

3 3matter to an annual geometric mean of 90 ug/M or 0.09 mg/M ,

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 dispelsion.
.

.

The ventilation shaft is located outside the plant fence, and

it is improbable that there will be many people entering the

area 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 -
i

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

Bruce Turner's " Workbook of Atmospheric Dispersion Estimates"

(published by the U.S. Department of Health, Education, and

Welf are. )

&

The nearest point outside the property fence from any of the

plant dust emitters is located about 250 feet from theso

sources. The concentration of dust at this distance from each-

.

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

,

- - .
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1

I|

emission from all the plant stacks. g

Calculations of downwind concentrations from all these

emitters at the points mentioned are reported in Tables 2a |
through 2c. Some anomalous results are anparent, and the

Iresults at these short distances must be treated with reserve.

I
I'

Thc calculation used is:-
'

I
C= 9 t IexpIPu cc 'I

~

; zjy z

3where C is the ground-level centre-line concentration (in g/M )

of dust in the plume,

Q is the emission rate (g/sec) at the stack,

u is the wind velocity (M/sec),

6 , 6 ar- -he horizontal and 7ertical dispersiony z

coefficie,. ., in meters, as a function of the downwind

Idistance from source to point of measurement. These

are obtainable from curves (Figures 3-2 ant: 3-3) in |'

the Workbook.

| H is the effective stack height, in meters.

|

I
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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 II of the stacks has been taken as the actual
'

height in making these calculaticns, 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. '

s

Actual stack heights are:-

Feet = Meters

Ventilation shaft -0- 2

Crusher *45 14

'P -IIcadframe ;- '75 23

' '

' Transfer : 55 17

Scrubber 50 15

Filter 32 10
'

.

, , . . -
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I
In making these calculations, average emission rates over

24 hours have been used for the individual surface plant

stacks. Figur.cs 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, g

To compare with the Utah ambient air standard of 0.09

(= 9 x 10-2) mg/M , these concentrations, at the plume g3

centre-line and at the nearest access points are summarized

as follows:-
.

h3mg/M
Stability A Stability F Stability D

IVentilation Shaft 9.4 x 10-2 2. 8 9.1 x 10-1,

Crusher 1. 9 x 10-3 3,3 x10-14 0. 0 x 10-5 g
Headframe 2. 8 x 10-5 9. 9 x 10-38 4. 4 x 10-11 ITransfer House 2.2 x 10-4 1.5 x 10-21 4. 7 x 10-7

Scrubber 9.4 x 10-5 9. 0 x 10-18 1. 4 x 10-6 |
Filter 1.4 x 10-4 1. 7 x 10-9 8.9 x 10-5

Total surface plant - not including ventilation shaft
~

1. all tinits in
operation
simultaneously 1.9 x 10-3 1. 7 x 10-18 1.1 x 10-5

2. 24-hour average 1.0 x 10-3 8. 9 x 10-19 5. 8 x 10-6

'I
I

_
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With the exception of the ventilation shaft discharge when it

reaches the road, all these discharges would meot 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 Lc expected to increase,

but only in the case of the ventilation shaft do they do so. T' en ,

method of calculation is generally considered to lose accuracy.

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

IV MILLING

F. MAINTENANCE OF DUST CONTROL EQUIPMENT

This section deals with control of emission

during maintenance work. Refers to:
. s

'

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 overall 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.

L

1
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V RA DIATION

A. RADON DAUGHTER SAMPLING - CRUSHER AND MILL'

I
This section deals with the requirements for a bi-weekly

Ilradon daughter sampling program. Refers to:
,

.

University of Utah - item 6, first half |
lII |A bi-weekly radon daughter sampling program has been

instituted to demonstrate that radon daughters are below |
a nignificant level in the mill and crusher house. To date

'

the readings have varied from 0.00 to 0.09 WL in about n

dozen different areas in the two buildings. |
I'

I
I
I

.

I
I-

I
I
I
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V. D AIR-DOltNE RADIOACTIVITY

,

This section deals with radioactive discl.arge

resulting from the mining and processing

operations. Refer to:-

H.E.W. - item 1

E.P.A. - p. 2, item 3
.

.

- p. 5, para. 2 4

- p. 6, para 2, sentence 1
- p. 11, para. 2

'

- p.13, items 1 & 2

D. O. I. - p. 7, para. 3
.

All the rock handled in the Lisbon operation contains some

-uranium and its daughter products, so the dust produced in

handling also carries some radioactivity. Breaking of the rock

releases gaseous radon, one of the daugnter products, into the

atmosphere; further decay of the radon produces solid elements '

once again.
..

Ventilation of the undergtuund worldngs extracts the dust and

radon produced there and discharges them at the surface through*'

the exhaust-fan. Dust-producing operations on the surface are -

. .

- _ - _ _
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I
also ventilated by extracting air from the locations where these

Iare carried out by an exhaust fan; the discharge to atmosphere

is through a dust filter or scrubber with release through stacks

at varying heights.,

V D 1. RADIOACTIVE EMISSIONS FRO _M 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 lb/ ton g
0 , and that the radioactive disintegration products of theof U3 3

uranium would be in equilibrium with it.

I4

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

IPart 2) are used in the following calculations.

a. Uranium (natural) emissions

kVolume of Air Discharged Radioactive Release
in 24 hours (M3 x 1000) pCi/ml Averagr

(From Table 1, Section IV E) x 10-11 pCi/ day ,pC1/Sce _

-!Ventilation Shaf t 10316 .07 7.22 8.36 x
.

Crusher 265 .299 .792 9.17 x 10-(

Headframe 224 .0527 .118 1. 37 x -f

Transfer IIouse 44.9 .207 .120 1. 39 x

Scrubber 32.6 6.68 2.18 2. 52 x 10-3

~@Filter 44.2 .652 .288 3. 33 x

Total emission from the surfa,ce plant stacks is thus 3. 5 pCi/ day.
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i

b. Thorium - 230, Radium - 226, and Radon - 222 from
i

the_ surface Plant

At secular equilibrium in the ore, the radioactivity of natural

uranium is equal to that of the associated Th-230, Ra-226, and

Rn-222. These elements are not carried through to the yellowcake

final product. |
'

.

Thorium - 230
.

From the crusher, transfer house and headframe dust collectors-

only, Tit-230 released
i

= .792 + .118 + .120 = 1.03 ACi/ day

Radium - 226 i

From the crusher, transfer house and headframe dust collectors'

only; Ra-226 released

= 1.03 )aC1/ day from Ra-226 also.- '

Radon - 222
<

The radon emitted from the plant stacks will be that emitted

while the ore is being handled on the surface. Once more

therefore, radioactivity duc to Rn-222, from the crusher, transfer
~

o

house, and headframe collectors, ,

= 1.03 A1Ci/ day from Rn-222.

,t -

, . , .

'a

- a

- i 4g 3 1 \ , , * '

s . g
*

. . . . _ _ _ . - - . . I
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VB 2A RADON - 222- EMISSIONS FROM THE VENTILATION SHAFT

The original calculations of radon and radon daughters in the mine ||

air discharged at surface gave an estimated radon daughter figure

Iof 1.0 WL from 3.9 x 10-7 pCi/ml of radon. Frequent tests of

the air as discharged at surface indicate an average of about 0.58 WL |
of radon daughters. No radon readings have been taken, but on the

assumption that the radon is reduced in the same ratio as the radon

daughters, a value of about 2.25 x 10-7 pCi/ml of radon is derived.

2. 25 x 10-7 uCi/ml = 2.32 x 10-0 uC1/ day

VB 2B RADIATION DOSAGE FROM RADON - 222 RELEASED AT THE

TAILINGS POND

The calculations in Appendix M of the Supplemental Environmental

Report are valid up to the point where the diffussion of radon at the

2surface of tailings is calculated at 3. 58 x 10-5 pCi/M /second.-

Further calculations are based cn the fact that it is now proposed

'to build a second tailings pond upstream from the original one,

which has not been filled, but will be used as a settling pond for

decant liquid from the new pond befole such liquid is recycled to

the plant.

It has been calculated that 15 acres of the old pond will be covered

with tailings before additions cease, and that the new pond will be |
covered'to an area 'of 27 acres before the termination of operations.

I
-
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.

'

.

. The two ponds-must be considered separately.

1.- Original Tailings Pond - 15 acres-

~ 2
15 acres = 15 x 4840 x 36 -M2

39.372

= 00700 M2*

,

4Total Rn emission = 0.07 x 10 x 3,58 x 10-5

= 2.17 pCi/sec or 1.87 x.10 5 pC1/ day-

2. New Tailings And - 27 acres (when completely filled)
.

2
27 acres = 27 x 4840 x 30 2

''

39,372 ,;,,

2= :109,000 M
. ,

Total Rn emission = 1.09 x 10 x 3.58 x 10-55
,_ s

,

5= 3. 90 iCi/sec or 3. 3.7 x_10 - pCi/ day ,,J

Final total emissions from both ponds will thus be (1.,87 +-3.37) x 105

5- = 5. 24 x 10 J2Ci/ day.
,

.-

'

Rn-222 emissions from all sources will be:-
.

Ventilation Shaf t 2. 3 x 106 pC1/ day or

Surface plant stacks 1. 03 x 100n up n;

Tailings ponds . 5. 24 x 105n n n
,

,

,n. . Total-. 4 _
2. 82 x 106 "- ' , ' ".

.

t

The ventilation shaft discharge is thus in excess of 8070 of the

-total. .
,

.
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VB 3 DOWNWIND RADIOACTIVE CONCENTRATIONS

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

stabliity (A, F, and D), (Tables la through Ic, 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 2c and 3a

Ithrough 3c, Appendix K, respectively.

I
Because information is not available from which a wind rose

5may 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.
; I

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 are considered separately,.

except the plant stacks, which are close together and have

been taken as a single source. At the grea.ter receptor

distances, all emissions from the distant emitter are con- g
sidered additive.
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Calculatlon:- :

- In all cases, wind velocity u is taken at 5 mph, =

2.24 m/sec, find wind direction directly towards the

receptor.

The calculation in this instance is (Comparb p.40, Section IV E)

C= 9 fhH -

exp _
If u Gy 6 {0~zjz

C = curies /h43 or pC1/ml - downwind centre-line

ground-level concentration.

Q = curies emitted per second

Type A. stability has been assumed in Tables la, 2a, and Sa,
.

Appendix K, as giving the lowest plume centre-line ground-

IcVel concentrations, Type F stability for Tables Ib, 2b,

and 3b, as giving the opposite effect, while Type D, average

stability, has been used in calculating Tables Ic, 2c, and 3c.
,__

The regelts for Type D only w'ere used for derivation of radiation

exposure _ calculations, pages Gl&G2. 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.

.

4
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I
| Emission Rates:-

a. Stack Discharges. For these the emission rates shown

on page 32 have been tallen; total average emissions when

all surface units are in operation at the same time, and total

24-hour average emissions have been calculated.
,

b. Tailings Ponds. The emission rates from two tailings

ponds are shown on page 49

Tailings Ponds Calculations:-

For the purposes of calculation, downwind concentrations

Ifrom an area source such as a pond, are assunr d to ork,;inate

in a virtual point source.

I
The distance of such a virtual source from the downwind edge

of the pond, is found by dividing the side of the pond, taken

as square, by 2 x the standard deviation of 2.15 for the
'

downwind dispersion of an area source, taking the result as

the horizontal dispersion coefficient from the virtual source, '

and deriving the distance from this. The downwind distance R
5-.

to the receptor is then the sum of the virtual source distance
'

and the distance from the pond edge to the receptor.

l

I
_
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t

The concentration downwind from an area source is given

(Workbook) by

.

C=- 9
36y 6z ' u

Where C = Concentration at downwind point in,uCi/ml

Q = Quantity discharged by arca source in pC1/sec
,

u = Wind speed in meters /sec
,

6,6z are the horizontal and vertical dispersiony

coefficients in meters.
.

Virtual Source Calculations

1. Original Pond.

2Area = 00,700 M ; if square, side wculd be 245 M.

245 + (2 x 2.15) = 57 M;
,

a. At the nearest property boundary,1000 feet = 305 M

from pond edge:-
,

, . - 4.

5 +=

a

e '

#

+ 3 e

M

pc

'

!
.

'

e

* j

- - - -
- -

-

_m__.__ _ _ _ _ _
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) I
Stability Stability Stability

A F D

IVirtual source distance giving

horizontal dispersion coefficient

of 57 M (From Fig. 3-2 'in the,

Workbook) 260 M 2000 M A20 M

IDistance from pond edge to
'

boundary 305 M 305 M 305 M

Total Distance 565 M 2305 M 1125 M

For the total distances:-

#y 130 72 78

(z 180 23 34 |

b. At a boundarp point, 8000 feet = 2500 M from mine
|

operations:-

IStability Stability . ability
A F D

8
-

Virtual source distance 260 M 2000 M 820 M a.

5Distance, mine to receptor

point 2500 M 2500 M 2500 M

Total 2760 M 4500 M 3320 M

i
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Stability Stability Stability
A F D .

For the total distances:-

6 500 M 140 210y
-

6 3700 33' 78 !z

c. N the Redd Ranch, 2 miles = .4000 M from the mine:-

Stability Stability Stability
A F '' D ,

Virtual source distance 260 M 2000 M '820 M

Distance, mine to -

receptor point 4000 M 4000 M 4000 M

Total 4260 M 6000 M 4820 M

For the total distances:-

U~ 'y 750 175 290

6 8000 37 86z

2. New Pond (when com.pleted)

2Area = 109,000 M , if square would have sides of 330 M.

The virtual distance of the source is found by dividing the
'

pond side by 2 x 2.15 = 4.30 as before,
t

330 4. 30 = 77 M

a. The new pond is nearer the property boundary than the =

original pond. The nearest boundary is assumed to be at

500 feet or say 150 M.

|
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|

I Stability Stability Stability hA F D
.

!
Virtual source distance, giving '

horizontal dispersion coefficient

of 77 M (From Fig. 3-2 in

Workbook) 330 M 2400 M 1090 M
3
'
,

Distance from pond edge to

boundary 150 M 150 M 150 M

Total 480 M 2550 M 1240 M g

For the total distances:- g
6y 115 80 85

6z 102 24.5 37
.

b, At a boundary point 8000 feet = 2500 M from operations:-

Stability Stability Stability
A F D

Virtual source distance 330 M 2400 M 1050 M

hPond edge to receptor point 2500 M 2500 M 2500 M

Total 2830 M 4900 M 3590 M

For the total distance:-

6y 520 145 220

6 '

z 4200 34 73 ,

e I.

_-
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c. At the Redd RanclI, 2! miles = 4000 M from the mine:-

Stability Stability Sta' bility .

A F D

Virtual source distance 330 M 2400 M 1000 M

Distance, mine to receptor

, - point 4000 M 4000 M 4000 M

Total 4330 M 6400 M 5090 M -

For the total distances:-

6y 760- 185 205

6z 9000 38; 90-3

Calculations of downwind concentrations from both ponds are

shown on Tables la through ic, 2a through 2c, and 3a through

Se, Appendix K.
, .

.

h

4
* Y

>

-> ;
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t

J
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I
VB 4 RADIATION EXPOSURES I

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 g
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.
t

For the short distances, -- from the emitter to the nearest access
,

point - concentrations r.re considered individually, except in the
g. .

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.

I
I

,

|
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Radiation Exposures
'

The A.E.C. has laid down maximum permissible concentrations

in air for radionuclides to limit the exposure of the whole body
In

and certain critical organs to 1500 mrem per annum, in both

restricted areas, dhich in general are those where people are

exposed to radioactivity in the course of their employment, when

exposure time is limited to a maximum of 40 hours weekly, as

well as in unrestricted areas, where the general public movcs

freely for 168 hours per week.

.
.

MPC limits applicable to the Lisbon operation are as follows
'

(pCi/ml).

Restricted ' Arcas -
(Exposure Limited Unrestricted Area

Isotope to 40 hours / week) 168 Ilours/ week Critical Organ

Uranium (natural) 8 x 10-10 3 x 10-10 Whole body

6 x 10-11' ' 3 x 10-12 Kidneyn

Thorium - 230 2 x 10-3 l' Soluble - S x 10-12 Whole body
'

2 x' 10-12 ' Insoluble ' 3 x 10-13 - Lung

2 x 10-11 Soluble ' ' 8 x~ 10-14 ' Bone
* '

Radium - 226 5 x 10-11 ' 2 x 10-11' Whole body
~ ' "

3 x 10-11 3 x 10-12 Bone

Radon - 222 1 x 10-7 3 x 10-9 Lung
,

- _ _ _ _ _ _ _ _ .
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I
Unrestricted Areas

Additive Radioactivity, pCi/ml, at Stability D
at the Longer Distances
TFrom Tables 2c and 3cl

i
Emitter At 2500 M At 4000 M

i'URANIUM

Ventilation Shaft 1. 30 x 10-15 8. 57 x 10-16
Surface Plant, af max emission rate 8. 71 x 10-16 5. 83 x 10-10
Tailings Ponds NIL NIL

*

2.17 x 10- 1. 44 x 10-15 |
Total

RADON - 222 .

Ventilation Shaft 4.14 x 10-10 2. 73 x 10-10
Surface Plant, at max. emission rate 3. 53 x 10-16 2. 37 x 10-16 g
Tailings Pond, Old 1. 80 x 10-11 1. 23 x '10-Il e
Tailings Pond, New 3. 45 x 10-11 2. 02 x 10-11
Total 4. 67 x 10-10 ' 3. 06 x 10-10'

THORIUM - 230 and RADIUM - 226

Ventilation Shaft 1. 30 x 10-15 8. 57 x 10-10
Surface Plant, at max, emission rate 3. 53 x 10-16 2. 37 x 10-10
Tailings Ponds NIL NIL
Total 1. 65 x 10-15 1. 09 x 10-15

Only the average stability (Class D) has been considered, since

the extreme Clast.cs A and F will not often occur.

In the further calculations it is assumed that 50% of the Thorium - 230
.

is in the soluble and 50% in the insoluble form.

I-

8
-

5
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EXPOSURE RATES AT NEAREST ACCESS POINTS (from Table 1 C) -

< 1. Ventilation Shaft Discharge

Radionuclide Uranium Thorium-230 Radium-226 Radon-222 Total

pCi/ml 2.88 x 10-13 2.88 x 10-13 2. 88 x 10-13 9.14 x 10-8
Exposure, mrem / year for 100% occupancy

-- --- -- 145-Kidney - U 145
Lung - Th -- 2160 -- -- .__

7- Rn -- -- -- 4. 59 x 10
-- 7

. .. ,
4. 59 x 10Total Lung

Bone - Th -- 2700 -- -- --

- Ra -- -- 144 -- --

Total Bone 2840 e.
Whole Body 1.44 432 21.6 -- 455 ~'

.

2. Plant Discharge

pCi/ml 6.45 x 10-17 6. 45 x 10-17 2. 45 x 10-17 2. 45.x 10-17
Exposure, mrem / year for 100% occupancy

-- -- -- 3. 23 x 10-2Kidney - U 3. 23 x 10-2 '

Lung - Th -- 6.16 x 10-3 __ __ __
,,

- Rn -- -- -- 1. 23 x 10-" J--

6.16 x 10-3Total Lung
' ''

Bone - Th 2. 30 x 10-2 __ __ __
--

- Ra -- -- ' 1. 23 x 10-3 __ __

2. 42 x 10-3Total Bone
Whole Body 3. 23 x 10-4 3. 68 x 10-3 1. 84 x 10-3 -- 5.84 x' 10-3 3

!

3. Tailings Ponds Old Pond New Pond Total j

Radionuclide, Radon-pCi/ml 1.16 x 10-10 1. 76 x 10-10
Exposure mrem / year for 100% occupancy

Lung 5800 8800 14,600-

_ _ _ - - . .
. . - .

, ,
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TOTAL EXPOSURE RATES AT THE FURTHER POINTS (See Table p60)
.

2500 M 4000 M
Distance Total Total

Concentration Exposure Concentration Exposure
,uCi/ml mrem / year ,uCi/mi miem/ year

Organ ' Radionuclide O

Kidney - Uranium 2.17 x 10-15 1.09 1. 44 x 10-15 7. 2 x 10-1

Lung - Thorium - 8. 25 x 10-16 4.13 5.45 x 10-16 2.73
- Radon 4. 67 x 10-10 233. 3. 06 x 10-10 153.
- Total 2 22. 37 x 10 1. 56 x 10

Bone - Thorium 8.25 x 10-16 15.5 5.45 x 10-16 10.2 l
- Radium 1. 65 x 10-15 .825 1. 09 x 10-15 .545 |
- Total 16.3 10.7

Whole Body - Uranium 2.17 x 10-15 .010 2. 44 x 10-15 .0072
,

- Tilorium 8. 25 x 10-16 .25 a. 45 x 10-16 .164 |
- Radium 1. 65 x 10-15 .12 1. 09 x 10-15 .082

'

- Total 0.38 0.253
. -
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Actual Exposure Rates To The General Public

The calculated concentrations and exposures have been based on
4

a constant wind speed and a constant wir ' Jirection, directly towards

the acceptor, and as these are improbable conditions actual exposures

at a given point will not be the same as those calculated.

The assumption that all emissions at the mine are additive in the

case of the more distant acceptor points, has been made to present
>

the least favourable case, so even at constant conditions actual

exposures would be lower than those reported.
,

i

In the case of wind speed, other factors being constant, exposures

will vary inversely as the speed, taken as 5 mph for the c'lcr'.ations.
*

Varying speeds will of course have some effect on the plume stability

also, but the combhied effect of small variations is not easy to

determine.

Wind direction is a more important variable. The reported figures

are based on a constant wind direction, day and night,'and give the

concentrations at the plume centre-line. Concentrations to either,

side of the centre-line fall off quite rapidly.

Wind records from the minesite show the following percentages

for each direction under daytime conditions:-
D

_ _ _ _ _ _ _ . _ _



. . . _ .

|64

8
Wind Direction From %

North 2-1/2

Northwest 32

West 8 g
Southwest 20

South 4-1/2

Southeast 22

East 6

Northeast 5,

I
The Redd Ranch at 2-1/2 miles distance, is the peint of greatest

interest, as being the nearest point inhabited by members of the

general public. Located roughly to the northwest of the mine, it

would be exposed to downwind concentrations a maximum of perhaps
s

25% of the time, reducing lung exposures to a maximum of 30 mrem

per year and bone exposure to 2.7 mrem / year.

The 8000 feet (= 2500 M) point at th'e nearest boundary, and also

in the direction of the wind of second highest daytime frequency,

would also not be exposed to downwind concentrations more than.

25% of the time.

t

&

8
-
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The prevailing wind, from the northwest, blows in the direction

of uninhabited areas; it can however be assumed that at the

distances stated human exposures would be limited to one third -

of the calculated amounts.

,

,

.

W

,

4
4
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8VC ItADIOACTIVITY IN TAILINGS DAM SEEPAGE

I

This section gives the radionuclide concentrations

in tailings dam solutions.

8
Some seepage under the existing tallings dam is taking place, g
and measurements of contaminants are being made in the monitor

Iwells, but the actual flow rate has not been established. For

the present the previously used figure of 5 gpm (SEP, Appendix G,

etc) has been taken.

I
Seepage in the monitor wells are being sampled on a regular h
basis and are analysed for uranium, thorium, and radium, as

well as solubic salts. All constituents appeared to peak in

June-July, before settling back to slightly lower levels, (Appendix B, h
plates 9a, Db and Oc? Concentrations appear to be of the same

ordsr as naturally-occurring groundwaters in the area.

5
Average concentrations of radionuclides in the solution in the

tailings pond are of the following order:

Uranium 2 x 10-5 uCi/ml
~0Thorium 230 <2 x 10 pCi/ml g

Radium 22G 2 x 10-7 nCi/ml

&

II
i

.
.
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Assuming 5 ginn scepage of this solution, radioactive releases

are as follows:-

(Volumc/ day - 5 x 1440 x 3785 = 2.73 x 107 ml)

Uranium 2. 73 x 107 x 2 x 10-5 = 550 pC1/ day

72.73 x 10 x (say) 2 x 10-8 pC1/ day e 0,55 pCi/ dayThorium - 230

2. 73 x 10 x 2 :t 10-7 = 5. 5 JuCi/ day7Radium - 220
,

t

Releases from higher or lower actual scepage ra'tes can be

calculated proportionately. As the uranium is the desired

saleable product of the operation, efforts are constantly made
~

to reduce the amount going to tailings,'in solution or otherwise,

and as much as possible of the solution is recycled to the process
.

for further recovery of values.

'
i

t

4

-4:. i

4-

*

|3*
6 i 1

s
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VI. Ecol OGY

A. ACCESS TO TAILINGS POND SOLUTION
,

This section discusses the reduction of use of

the tailings pond by birds and animals. Refers to:

Interior - p.1, last para. h
- p. 2, para. l'

Agriculture (8011 Fervice) - items 1 and 7

It is recognized that the type of fencing installed around

the tallings area will not keep out small animals or deer,

llowever from observations to date it is not expected that

the number of animals entering the fenced area will be

significant. Other than the water in the tailings 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 plus g
water in irrigation ditches. With these good water sources

available it is not expected that wild animals or birds

will linger for long around a very unpalatable water source.*

Because of the evaporation of water from the pond, the g
concentration of salts will gradually make the water more

5

3
- - - .



. . . . . . . .

CD

unattractive to wild life and will also tend to inhibit the

growth of succulent forage around the edge of the pond.

The temperature of the pond in winter will probably not be'

much different from that of other ponds in the area, e): cept

near the point of discharge of tailings. There was ice on

the pond .for a considerable portion of last winter.

VI ECOLOGY

B. POWER LINE

This section refers to the design used for the

feeder power line. Refer to: .

.

Interior - p. 4, para. 2

The standard wood polo lines supplying the mino and the

distribution lines around the mine site are all of a

generally similar construction to that used by the local

utility in the area. The conductors are in a triangular

formation, using either one horizontal cross-arm or two
.

inclined arms on wooden poles. .

Because of the traffic in and around the mine and the
.

noise from the highway. few hawks or eagles are obsoi ved

in. the vicinity of the plant.

_ _ = =
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VI E_COLOGY |
C. PLANT & A'NIMAL INVENTOltY & IMI'ACT

This section deals with an inventory of plant and
'

animal life in the area. Refor to:

8
Department of the Army - item (d) 1

Interior, - p. 4, para. 1

Agriculture (Soil Service) - items 2, 3 & 4

The Supplementary Environmental fleport, Section 4.1. 5,

"Aren Wildlife" and Appendix 13, contains an inventory of

the area wildlife and plants by the 13ureau of Land

Management for the area around the Lisbon mine. g
.

The use of "understory density" in place of " forage j
density" would be more appropriate.

I
The total annual yield of forage for livestock ranges from

8300 down to 150 pounds per acre per year of air-dried

material, depending on soll fertility and moisture available, h

'The warm water fishery in the area is in Rattlesnake Pond. h*

*

The spelling of the technical name for the prairie dog has

been corrected as has that of mourning dove.

I.

- - _-
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VI ECOLOGY

D. SOIL & VEGETATION SAMPIiN_G

This section refers to the soll and vegetation

monitoring program being conducted. Itefer to:
.

E. P. A. - p. 8, para. 1

1. Pre-Operationni_ Prorfram_
_

t

The soil and vegetation sampling program consisted of

a grid of 21 sample points set on an approximate 2000-
- ,,

foot grid, a~s shown in Figure 1. At each grid point a

composite soil sample was obtained in the immediate area.

The composite sample consisted of a se't of nine 1-pound
'

. .

ramples taken at a ten-foot opacing on a 30 x 30 foot grid

adjacent to an identifiable point. Each nine pound sample

was thoroughly mixed and a one pound sample analysed for-

uranium, .ddium and thorium. Approximately two pounds

were retained for future reference. Sample points are

carefully identified and recorded so that additional samples

may be obtained at the same location. Al alternate soil*

sample stations, bulk vegetation samples were obtained.

Tbc succulent portion of these ' plants were analyzed for

uranium, radium, thorium, copper, zine and manganese,-
,

,

_ _ . _ _

-

, .
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8
A total of nine pre-operational vegetation samples were

obtained.

No close-in vegetation samples were taken in the baseline

pcograni because:

1. Vegetation was rather scarce.
,

Animals are until ely to be close to the plant to eat2. f

the vegetation due to noise and the presence of people.
!

i

2. O_perational Sainpling

(1) Soll Sampling
,

Twice per year soil samples will be tahen as described

in Section 4.1.9.3. of the Supplementary Environmental |
Report at points B-3, C-2, C-4, E-2 and E-5 as shown

fin Figure 1. Two control samples will also be taken at

|paints 2 to 2-1/2 miles NW and NE of the mine. All

will be analysed for uranium, radium and thorium.
.

! If the samples indicate an upward trend in radioactivity,
8

the points will be re-sampled. If the upward trend is,

a.

confirmed, the sampling fretjuency will be increased and g
:

the cause determined and corrected, g
31

\

8

I
.
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(11) V_g;etation Sampling

Based on the recommendations of Dr. R.C. Pendleton,

Director, Radiological 11ealth Department, University of

Utah, a set of 0 samples were obtained at B-2, C-4,

D-2, D-3, E-3 and E-6 in June. (Figure 1). In future

quarterly samples will be talten, plus two reference samples

at sites remote from contamination frori1 a uranium con-

centrator. Analyses will be for uranium, radium and

thorium, copper, zine and manganese.

If a significant upward trend in radioactivity is indicated,.

then the station will be re-sampled to determine whether
-

.

' the analysis was valid. Should an upward trend still be

indicated, n'djacent stations will be sampled und the cause

of any increase in radioactivity sought and corrected.3

VII 111STORIC SITES AND ARCIlEOLOGICAL SURVEY

A. IIISTORIC SITES

This section . deals with adjacent historic sites and

national monuments. Refer to:,

. .

Interior - p. 2, para. 4
.

.

The nearest national site is Canyonlands National Park

which is located 25 miles west of the mine site, as is

- -

_ - -__ __
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I

$i Glen Canyon National Heercation Area. Natural Bridges

and llovenweep are National Monuinents and Alhall Illdge
4

is a National llistoric Landmark, and are over 50 iniles
i
! south of the tuine.
4

.

VII lilSTORIC SITES AND ARCHEOLOGICAL SUllVEY.

j D. AltCilEOLOGICAL SURVEY

'

This section deals with an archeological survey;

!

and inventory of' the plant environs. Refer to:

!

| Interior - p. 3, paras. I and 2
|

'

A_rnly - item d (2) g

The Utah Department of Development Services conducted a |
-

survey of the plant environs at our request and found no

thistoric sites that would be adversely affected by our

operations,

nis statement is given in Appendix r. $

5

t

|

;
5
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VIII WATICR SUPPLY

A. RADIOLOGICAL ANALYSES

This section covers racilological analyses of

the f resh water supply. Refers to:
.

University of ' Utah - iterii 1
,

Racilological analyses on the well fielci water have been

performeci as follows:
.

By the AEC Jan. 1973 UNat 7 x 10 9 juc/ml
10

Gross Alpha 2 x 10' "

Gross Beta 1 x 10-8 n

By Utah Div. of IIcalth *

.

Jan. 1972i . Total Alpha ' 5.02pc/1
Total Deta 4.70 "

June 1972: Total Alpha 2.11pc/1
Total Dela 4.04 "

By Eberline Laboratories
Jiiij~1972: Total Alpha 0. 01 . Spc/12
Jan. 1973: Total Alpha 0. 012. Spc/1,

(2 samples)

.

e
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IX ACCIDENTS, REPORTING AND_ RECORDS

A. ACCIDEN TS

I,

This section deals with transportation accidents, g
accidental in-plant chemical spills and operational

controls. Refers to:

E. P. A. _ - p. 13, item 3
- p. 14, item 4

Interior p. 5, para, 1

1. Transportation
!

The impact of an accident during shipment of yellowcake
,

in steel drums by truch or rail is expected to be minimal.

The accident rate for yellowcake shipments in truck or

carload lots should be no greater than for shipment of any

other substance of low chemical toxicity shipped in sealed

gsteel drums.

In the event of an accident, only a relatively small per-

centage of the drums are expected to be ruptured, and not;

| all the material from a ruptured drum will be dispersed

to the evironment. If the accident occurs on land, most g
| of this low specific activity material will be capable of'

|
|

5.
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being collected and returned to the plant for reprocessing.

Only if there should be an accident adjacent to a body of

water into which yellowcake becomes dispersed, would

there be an apprelable hazard to aquatic life. The,

chance of such an accident occurring is statistically minute.

Ilowever should such an accident occur every effort will

be made to reinove this heavy material from ?ockels in

which it will-settle in the waterway. Monitoring of the

waterway win be conducted to ensure that the clean-up

has been offective in reducing the impact of a spill as

far as practical.
1

The exact method of transport and routing have not been '

worked out as yet because the shipment date for our main
;

contact is about one year distant.
. .

In September to November this year some 8 cars will be

shipped on a minor contract. This will-involve trucking

some 60 miles to the nearest rail siding, at which point

the purchaser assumes responsibility. During truck ship-,

'

ment the only water crossed, ot'her than drainage ditches

which are normally dry at that time of year, is the Colorado

River on a: standard steel highway bridge just north of Moab

on liighway 100. The first shipment has arrived without incident.

. . . .
.

. . .
.

.

.. . . . . . .. . . . . .
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2. Chemicals

The tanhs used for storage of sulphuric acid, caustic

soda and anhydrous ammonia all conform to state and

federal specifications for their speelfic uses. Should

a rupture occur in any tank or line the discharged chemical

will be contained within a spillage basin immediately below

$tha mill. All liquids not retained at the plant will

eventually drain to and be contained in tailings basin, where

storage capacity is many times the possible spill.

Routine mechanical checks are maintained on the system h
and drenching showers are provided in all areas where

personnel might become contaminated. All personnel

handling corrosive substances are warned of potential hazards
. ,

and if necessary are required to wear protective clothing.

3. Operational

Automatic alarms are not used to any great extent in th 5
milling process, their primary purpose being protection

of personnel and equipment. The major automatic control and

alarm system installed is one to guard against failure of water*

used to control the temperature of the yellowcake dryer

Sdischarge gas. Should the water volume drop too low, the

i

I
_
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i

high tetuperature could cause th e fibreglass scrubber to

fall with resultant release of yellowcake. The control

autoinatically shuts down the f urnace exhaust fan and sounds

an alarm, when an excess teniperature is recorded.

IX ACCIDEN TS HEl'OltTING AND ItECORDSr

13. REPORTING AND RECORDS

This section deals with reporting of accidents

and maintenance of tuonitoring results. Refer to:

E.12. A . - p. 8, last para.

Should there be an uncontrolled discharge of tailings or

effluent or release of chemicals or radioactivity this will

be reported to the A.E.C. etc. as given on page 115 of the

Supplementary Environmental Report.

Results of all monitoring sample analyses and data are

recorded and available for inspection at the mine site by

the agencies concerned.
,

'i
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X IMPACT OF Tile OPERATION

A. [OCIAL, ECONOMIC AND IIUMAN

I
This section deals with the inter-relationship

between the social, ocor:omic and human values.

Refer to:

Interior - p.1, para 3

The operation over the estimated 7-years of its duration

effers employment at a relatively uniform level, summer

8and winter, and under a carefully controlled environment

in respect to safety and health. In a region where 5
employment is limited, the work force will be drawn from

8the established communities of Moab and Monticello and
,

surrounding areas, employing the native Ilirpanic population |
to a considerable extent. No temporary townsite is

involved in the operation and no inhabited area will be

left abandoned when the deposit has been worked out, h
During the years of mining activity the local economic

benefit is apparent, and the employment being offered at a
'

uniform level, can only contribute to social welfare. At

present the total payroll runs at about 200 persons.

5

I
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! The operation is in no way characterized by such detractions

as area def aceinent, noise, dnst, or odours, so as to down-

grade the area and inahe it unattractive for the local popu-

lation or the tourists, either during its life or after shul-

down. (Appendix L)

X IMPACT OF TIIE OPERATION

B. NATIONAL ENERGY SUPPLY

This section covers the importance 'of this operation

in the total uranium supply. Refer to:

Agriculture (Research) - item 1

At its current and planned level of production of 1,200,000

pounds of U 038 in uranium concentrates per year the Lisbon

mine and mill, brought into production at an initial capital

cost of Fome $24 million, is contributing some 4 to 5 per-

cent of the total national supply of uranium concentrates at

the current national level of production. This production

also constitutes about 50 percent of the total current annual
,

production in the State of Utah.

A tonnage increase is planned which is expected to produce

about 1,000,000 pounds of U O3 g of concentrates per year
e

\'
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5
after 1973. There is now no expected change in the

anticipated life of the operation.'

.

! 5
1

Virtually all the production from Lisbon is dedicated,

j under long-term contract to 1980, to the Duke Power
i 8

Company of Charlotto, North Carolina, one of the largest W

investor-owned electrical utilities in the U.S. A. The

j Duke Power Company has one of the largest nuclear
1

i power plant construction programs in the country, and 1

1

although it's uranium requirements will be much in excess

i of its purchases from Lisbon, the latter constitutes for
f h'
j Duke Power a quite meaningful supply source. In the

supply / procurement sense, production from Lisbon is h,
,

| virtually " captive" to the Duhe Power Company.

| 9
:

Because of the major, and cons. dly growing, commitment
!

of the electric utility indt.stry in U.S. A. to nuclear power a
3i

plants as a prime source of heat for the generation of

electricity, national requirements of uranium are growing'

very rapidly, and annual requirement.c are generally fore-.

cast to double every 5 years. In terms of rcquirement'

and use uranium is probably the fastest growing of any '

5-

I
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mineral commodity. The current level of demand in

the U. S. A. is about 8,300 tons of U O in uranium3g
7

concentrates per annum. U. S. A. E. C. (and industry

generally) forecast that this requirement will rite to

31,000 tons by 1980, and to !8,800 tons by 1985.

There is broad national consensus that every viable

economic source of uranium now known to exist will be

vitally needed in the near future, and considerable concern

in being expressed now about the inadequacy of current

exploration efforts to discover new reserves to meet the

quite enormous national requirements of this commodity

in future years. If the rapidly growing requirements

cannot be met economically from domestic U.S. sources,

large imports of foreign-produced uranium, currently

excluded by embargo, will have to be made, subject to

availability of such foreign uranium. From the viewpoint

of balanen of payments, it is of course desirable to

maximize production of this vital energy source from
'

economic deposits, such as Lisbon, known to exist within

the U. S. A.

.

. . . . . . . . . . . . . . . .
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; I
8j lleing a small undergmund mine, Lisbon is a laboor

; in:rosive source of uranium. Such deposits may be
|

' expec:ed to be of less interest to operators in later
1 g

-

: icas due to risint; corts.

|

X IMPACT .OF Tile OPERATION |
'

---

C. 1pCAL POWER SUPPLY |

This section deals with the impact of the facility

hon the local power supply system. Refer to:
1

Federal __ Power Commission Letter
i

The Utah Power and Light Company have stated that
'' estimated future maximum demand of 4,000 KW and

monthly consumption of 2. 5 million KW lir. will have

a r.cglible impact on their system in view of their

planned plant increases. g

The final comment by the Federal Power Commission

is given in Appendix M. I
-

l'

3.

I
I
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X IMI'ACT OF Tile OPER ATION

D. WITildllAWAL OF ACREAGE

This section deals with withdrawal of some

acreage from certain usages because of the

operation. Refer to:

Agriculture (Soils Sorvicq) - item 8

After the completion of the mining operation, and after

monitoring of the area has been carried out, the 120

acres lying outside the estimated 45 acre tailings area

should be open to the public.

.

The tallings area will have to remain under certain

restraints for at least 50 years, or, until declared

free from radiation hazard by the A. E.C. or other

competent authority.

XI ALTERNATIVES

A. AliTERNATIVE MILL SITES-

This section deals with alternative mill sites.

Refers to:

Ag1|lculture (Forestry.) - item 4

. .
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I
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. Spreading of radioactiva contamination along a

public highway from dust blown from the ore

trucks.

5. Annoyance to citizens of Moab due to increased

truck traffic through the city centre.

6. Increased total weight of pollutants being dis-
,

charged from the existing mill at the Colorado g
River due to the incre5 sed tonnage.

I

If the mill for the Lisbon Mine were to have been con-.

structed at some site other than at the mine, the following

are some of the disadvantages other than costs to the

company.

5
- --
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| 1. If truching is involved to any other site, items 1,

2, 3 and 4 above apply.

2. An adequate f esh water supply probably will have

to be developed.

3. A tallin[;s pond would still have to be constructed

using land of the same or higher value.

4. A larger total area would be used with separate

mine and concentrator than with a combined operation.

The alternative employed is a self-contained operation,

separate from the public nnd f rom built-up areas, and

away from surface waterways. Some 120 acres of low

value land are used for 8 - 10 ;aars and 45 acres of this

area will have restrictions a.s to use for a further period.
.

i

XI ALTERNATIVES'

B. NO ACTION
_

This section deals with "no action" alternatives.

Refers to:

.

Army - item d(3)

If the mining and milling operations had not been started

_
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the following adverse effects would have been avoided:

1. The energy potential of 8.4 million pounds of

uranium would have remained in the ground for the g
future.

I 2. 120 acres would not be temporarily withdrawn from

grazing, etc. for 8 - 10 years. This acreage g
represents grazing for only 2 head of cattle for

Isix months, the usual winter range period for this

|area.
,

3. 45 acres in the tailings area would not be withdrawn'

E
| from use for 50 years or more.

4. The topography would have remained unchanged by |
not constructing the tailings dam and pond and'

1
i

depositing 400,000 tons of waste rock,i

5. No additional low levens of radioactivity would have

been released to the environment, a
E'

: *

The following benefits would also not have been gained:
:

1. Stable employment for some 200 people would not*
,

: have been provided in an area of high unemployment.

2. Local, state and federal governments would not re-

ceive increased tax revenue from this operation. g

I
.

-- __ . , . , ,, - _ - . -
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3. The national power shortage which Duke Power

hopes to assist in relieving by sunplying by means

of nuclear generation would have to be supplied by

other energy sources, such as fossil. fuels, with

their attendant higher pollution levels in high

population areas.

4 The 200 gpm fresh water source would not have

been provided to.the water-scarce area.

XII 13ENEFIT - COST ANALYSES

A. J3ALANCE OF BENEFITS AND COSTS
,

This section deals with additional benefit - cost

factors. Refer to:
,

A_griculture (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, stato and country. The

uranium fuel provided will produce power that would other-

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

.

4
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i
i

; high air pollution. Dy using nuclear power generation
!
! the fossil fuels are preserved for use by the petro-
!

chemical industry for a higher return in other applications.
!

Balanced against these short-term benefits are some

degree of air and water pollution and the withdrawal

I,I
1

k

i of son: ) 120 acres from grazing.
t

!

I.
The long-term benefits are an assured water supply of

; 200 gpm for cattle watering as balanced against the
i

removal of 8 million pounds of uranium and the probable
,

j withdrawal of 45 acres from grazing for over 50 years,
! I

In summary, the benefits arc immediate, obvious.aad,

i

Substanilal,28 Compared to trivial and speculallVe costs.

:
.

,

1

i -

}
.

I-

.

I

I
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T II E UNIVERSITY OF UTAH
s AI.T L Al;E CITY 84112

RADIOLOGICAL llLALTH DI.1 ARThtLNT
100 osww bramos flitt

July 18, 1973

|

Mr. P. F. Pullen
Chief Environmental Engineer
Rio Algom Mines, Limited
120 Adelaide Street h'est
Toronto, Canada

Dear Mr. Pullen:

Por your request I have re-dono my replies to your questions.

I have also foinid uptako of radium in organisms grow on soils
heavily contaminated with tailings from a uraniuli extraction plant.

; llowever, such uptake by plants from any materials in your plant sito
could only be ex1.ccted 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 mantio as a result of
'crosion.

Plants grown in such a situation would give a characteristic
spectrum of radionuclides associated with the ma'ccup of the tailings
materials beloo llowever, the quantity of radiu.a in. the plants would
be a direct giveaway since this would be higher than the levels in|

[ the parent soils and would be presumptive evidence that the plant roots
| had reached the zone of relatively high concentration and were trans-

forring the radium from that source. Ilowever, the uptake of radium
by plants growing over the very small area of 'our tallings plant
would not nake a significant contribution to gree animals or livestock
grazing through the area when compared with tho ;eneral Icyc1 of radio-|

| activity in the soils of San Juan County, and r.rticularly the area
! surrounding your plant.
t

I. regret that it has taken so long for me to reply to your
_ original request.

Sincerely yours,
;

0t. x {|l |:- ) b {f ^

' Robert C. Pendleton, Director
Radiological llcalth liepartment.

ts

|

| Enclosure
. , _ _ __ _. _ _ _ . .
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R10 ALGOM

1. Ilow 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 thoustmds of plants in the intemountain
aree show very low or nonexistent Icvels of natural radioactive materials
of the kinds that would be associated with your operation, llouever, the
soils surrounding the Rio Algom Mine all contain appreciable quantities of 3
uranium, radi um, thorium, and the associated daughter products. Accordingly, B.

low .evels af all these materials could be expected to be present in plants
but would be reproiented in direct proportion to the amount of radioactive g
materials in the soils. With this situation, it would be very difficult to 5separate radioactivity found in or on the plants from that taken up from the
soil, since all the elements named have been observed to be transportable
as wind-borno dust and a considerabic amount of contamination of low-growing
plants results from splash-up of surface soil during the intense rainfall
arsociated with thundershowers, wh4th-i-s the predominant source of summer
precipitation. Saopling performed in this laboratoiy indicated that whenever Ea significant quantity of radioactivity from the natural emitters (other than 5
potassium) is foun], it has originated from direct deposition of soll or
dust. More importaat than attempting to determina whether the radioactivity 3has its origin in plant uptake or dust is the determination of a base level g
which can then be used to detemine whether or not an increase in the vicinity
of the mine can be demonstrated. *lhis can be done by sampling representative
species of plants adjacent to and distant from the o eration and in sufficient
nurbers to act as a statistically valid level from wilch all future sampling
can be compared. Sollowing this, sampling on a specified schedule can be used
to determine what build up, if any, has occurred.

Determination of changes can be made as follows:.

Sample three plant typ -; on a schedule of at least once each calendar
quart e r: sagebrush (Artemesia tridentata), juniper (Juniperus Utahensis),
and meadow clippings (mixed grasses from the improved grazing areas).

Sample sagebrush 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 g
to cut above any evidence of rain splash-up. 'lhis will show as dry mud on the 3lower stems and Icaves.

*
Each s ample sh ou t a be at 1 cast two kilograms (2.2. Ibs/kg) and one sample

of each type should be taken from each of your sampling sites, and from many
different shrubs and trees within the area of the sampling site.

I<Analyses should be made for U 0g by methods developed in your laboratory.3
In addition, analyses using gamma spectromet ty should be perforned on an aliquot
of each sample. 'lhe ganma-ray spectromet ry analyses will show the presence of gi
fallout nuclides, but will demonstrate the presence of vely low 1cvels of 'lh 5|and Rn daughters (11i-214 and Pb-214). j

Il
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separated from plant fragments. (Microscopic examination of the dust
would provide conclusive identification of the material.) On2 if an
increase in Po-210 or U 0 above the recorded quantity in soil is found3- on the plants would correb,tivo action be indicated.

4. At what concentration in soil, vegetation, water or animal, will actions
be taken to prevent a further increase in contamination?

Action to reduce release of uranium oxide will be taken if any
demonstrablo increase of this nature is detected. Since the quantity
of U 03 8 required to make a demonstrable contamination exceeds the quantity
normally released by the plant by many thousand-fold, it is , inconceivable that
such a serious loss of product could occur. Ilowever, levels applicable to
this problem will' he those given in Paragraph B,. Title 10, Part 20, Code of
Federal Regulations, for air pertaining to uranium and daughter products in
unknown mix,

Action involved in stopping the contamination would iny'olve tightening
procedures for limiting loss of U 038 in the production system and limiting
of releases of dust.

,

t

5. K' hat biological organism will be used to set the limit? ,

betemination of accumulation _ of uranium, thorium, or daughter products
should be made using the liver, kidneys and femur of the blacktail jackrabbit
(Lepus cali fornicus). %is arimal is sufficiently abundant in the vicinity
of.the plant to be obtained in sufficient numbers for sampling throughout -

,.

the year and has the advantage over all other species in the area of having
broad food selection habits, thus acting as an integrator of any contamination
IcVels that might be encountered on plants.

Other rodent forms are too seasonal and too few for, use'in this operatiw
there are no deer present in sufficient nunhers to be used for samples, and
cattle spend so little' time in this area as to be useless from the standpoint
of sampling specimens.

During a thomugh ecological surveillance of the area surrounding your
- plant, I noted a very rich fauna of songbirds, cottontall rabbits, and jack-
rabbits. I observed tracks of a resident herd of deer comprised of two does,
one - fawn, and one yearling buck. %ere were no game birds nor were there sites
for their breeding. We resident organisms do not obtain and cannot obtain
enough uranium, thorium or uranium daughters from any source to have a

. demonstrable effect on the health of the organisms nor their reproductive potential.
* %e only effect on wildlife will be the reduction of available jtmiper pygmy forest

as the tailings pond deepens. Although winter populations of deer may be larger
than the resident herd, it is highly doubtful that any significant numbers wil.1,

remain in the vicinity of the piant, and the total ingestion under the conditions
that are being maintained could not have a demonstrable effect on these animals.
%is is also true of'the occasional livestock grazing the area.

,

3.



, _ . . _ . . .

| I
I

So long as the materials found in the plants show essentially the same
ratio of radioactive materials as found in the soils one can assume that the
accumulation stems from soil splash-up or wind transported dust,

2. If radionuclides are found in plants, what will be the equilibrium
concentrations of the radionuclides in plants?

Except for plants growing at the edges of the tailings ponds that might
have root accee.s to seepage, no long-term buildup of radionuclides in plants
is possibic. The toxic properties of the tailings water precludes growth that
might accumulate nuclides,

e
All plants growing in the area, excepting juniper and pinyon (Pinus edulis), if

are deciduous. Sap,ebrush retains leaves over winter, but drops all old 1 caves
when the new crop appears in the spring.

Juniper and pinyon replace needles and Icaves progressively, but a complete
replacement is usually accomplished in two to five years. 'lhese species are
only minor foods for deer in winter and are not cropped by cattle. '!he juniper
has been proved to be efficient in retaining fallout radionuclides, however, und
snMd nrove to be a valuable species for analysis of any buildup of airborne
e f fl uen'ts .

Because the only significant route of accumulation it. plants is via E
airborno dusts, the dropping of edible leaves and die-back of grasses and B,

* annuals each year precludes accumulations greater than could be deposited
in a single growing season. The sampling methods outlined above will show
any increases during the growing season, and annual mean values can be compared
for determining changes in subsequent years.

3. Ilow long will radionuclides, if found on plants, persist after operations
have ceased?

: Annual die-back of grasses, loss of deciduous foliage, and gradual loss
'of leaves from evergreen species precludes persistence beyond five years.
Because the soils in this area are uraniferous, some transfer from surface g
soil (not via roots) may always be expected on some plants in the same amounts 3
as were found before the mine was built.

Because the quantity of U 0 released by your plant is so small, it is3
a demonstrable bulfd-up of this material can be expected, butdoubtful that

the sequential sampling-analysis procedure I have described will show any
' changes associated with time.

1he soils of this region are high in uranium, radium, thorium and
associated daughter products. Wind-borne dust and rain splash-up are the
principle ways that vegetation in this area could become contaminated witha

isotopes that ntight be construed as having origins in your plant. Surface
contamination of plants as a result of soil t ransfers (splash-up or dust -
secondary acrosols) can be easily identified by simple mechanical separation
of the dust by shaking dried material in a plastic bag and sampling the dust

2.
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October 2, 1973

Rio Algom Corporation
120 Adelaide Street West
Toronto 1, Canada

Attention: Dr. R. D. Lord, Vice President
Research and Development

Centlemen:

Six copies of our report " Consulting Services, Tailings Pond
Embankment Stability and Ground Water Geohydrology and Seepage Evaluation,
Lisbon Valley Mine Tailings Disposal System, Near La Sal, Utah, For
Rio Algom Corporation," are herewith submitted.

The purpose and scope of our consulting services were described
in our letter of May 17, 1973. This scope was altered to meet existing
conditions and requirements during numerous discussions between
Dr. R. D. Lord, Messrs. J. E. Moyle, P. F. Pullen and M. D. Lawton of
Rio Algom Corporation and Messrs. George Toland, William Mead and
George Lamb of Dames & Moore. A draf t of our report was reviewed . by
your engineering staff prior to this final submittal.

.

The results of our evaluations indicate that adequate safety
factors for embankment stability and flood control exist in the present
tailings pond system and that by following the recommendations provided *

in this report, a satisfactory continuing disposal system can be developed.
Off-site ground water contamination from the tailings system can be
avoided by implementation of the control measures proposed herein.

.

o0o
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Rio Algom Corporation
October 2,.1973
Page -2-

We appreciate the opportunity of performing this service for you.
if_ you have any. questions concerning this report, or if you desire addi-
tional information, please contact' us.

Your$ "e y truly,

EAMES & MOORE

k Mf A

George %.-Toland
Consulting Partner
Professional Engineer No. 2311
State of Utah

2- ,;3 .

William E. Mead
Consulting Partner
Professional ~ Geologist No. 939

GCT/WEM:ab State of California

Enclosures
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INTRODUCTION

CENERAL

This report presents the results of our consulting services for

Rio Algom's tailings disposal system at the Lisbon Valley Mine near La Sal,

Utah. The. location of the mine'with respect to major roadways and towns

'in southeastern Utah is presented on Plate 1, Location Map. Detailed maps

of the system and the surrounding area are presented in Part I and Part 11

sections of this report.
;e

PURPOSE AND SCOPE

The extent of our services was planned and subsequently altered -

-during-numerous discussions between Dr.-R D.-Lord, Messrs. J. E. Moyle,

- P. F . Pullen and M. D. Lawton of Rio Algom Corporation and Messrs. George

Toland, William Mead-and George Lamb of Dames & Moore. The purposes and

scope of our services as-developed are presented as introductory sections-

in the Part I and Part II sections -of this report.

SITE CONDITIONS

SURFACE:

The plant site is located approximately four miles south of

La Sal Utah and~seven miles southeast of La Sal-Junction. The Rio Algom .

mine tailings disposal area is located in a small west-trending drainage

area, approximately one-half mile west of the main mine - shaf t.

Overburden soils cover the flatter slopes of the site. Weathered

sandstone bedrock outcrops on the valley flank. A sparse growth of grass,

weeds and sagebrush is found on the flatter slopes. . Pinon pine and juniper

.. . . . .. .. . .
. .

.. . . .. _.
.. . .
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. trees are the predominant vegetation in the steeper areas adjacent to

bedrock outcrops.

SEISMICITY:

The seismicity of the Lisbon Valley Mine was provided in our

report of February 24, 1972 to Rio Algom. The site was placed in a Zone 2

seismic area with a horizontal force of 0.05 times gravity recommended for

design.

SITE CE0IDGY:

The surficial geologic materials in the site vicinity consist of

overburden soils and outcrops of Burro Canyon (Dakota) sandstone.

Residual soils, slope wash and alluvium comprise the overburden.

The residual soils and slope wash occupy the flanks of valleys and rarely

exceed 10 feet in thickness. They consist of sandy clays and clayey to'

silty sands. The alluvium varies from 5 to 60 feet thick and la composed

of sandy silts containing abundant gravel.

The Burro Canyon sandstone is on the order of 280 feet thick where

not eroded, as on the Norma claims in' the north extremity of the property.

In the vicinity of the tailings dam, this formation is over 100 feet thick,

except in the buried channel beneath the dam, where erosion has reduced its

thickness to 35 or 40 feet. In outcrops the Burro Canyon sandstone is -

highly weathered and fractured.

Beneath the Burro Canyon beds is a thick series of impervious

shales and mudstones comprising the Brushy Basin Member of the Morrison

Formation.

.. .
. .
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Local bedrock folding is_ extensive and conforms to the regional

pattern. The: East Coyote Syncline, a major structure, lies less than a mile
~

northeast of the site. The Lisbon Valley Anticline enters-the property from

the southeast and merges with an unnamed syncline along the same structural

trend.- All of these folds hava a northwesterly axial orientation. One-

quarter mile southwest of the site boundary lies the Lisbon _ Valley' Fault,

which also strikes northwest, parallel to the folding.

Formations as deep as the Permian Cutler beds have been penetrated -

.at the site. Detailed maps: in Part _!1 of this report relating to ground

water'and seepage show the general structural relationships of the area._

.

_ . - - _ _ _ - . . - _ _ - - - - - -
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$ PART I

; TAILINGS POND DiBANKMENT STABILITY
- 0 ,

PURPOSE AND SCOPE;
3
1-
( As-described previously,-the purpose and scope of our studies .

. a

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

) .The purpose of our Tailings Pond Embankment Stability Studies
4
' (Part I),as developed and-presented in this section of our report, was to:

j- 1. Determine the stability of the existing tailings pond
'

h embankment.-

-2. Define requirements for a continuing tailings storage

system.'

t

3. Provide answers to questions of stability-and tailings

- iq
pond development posed by the agencies which reviewed

$ Rio Algom's " Supplemental Environmental Report."

j In accomplishing '.'w above purposes we performed the following'

*

I
~

scope |

| 1. A field investigation under the direction of an experienced

i ! ! '
|

j- geological engineer from our staff consisting of: 1'

!!.
Ri' a. A general site reconnaissance.

|''

,
4

b. -The drilling of 8 test borings. j-

,

1-

i'- |- c. The excavation of 6 test pits.

6

d.. The drilling and installing of two monitor wells. I

i |- !
\ i- e. The installation of 7 p.szometers in Borings 1 to 7. !

i

f. A field survey. ;
!

, _ |

i,

,.

il i-*
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2. A laboratory testing program to determine the :

engi'neering properties of the soils encountered.

3. Technical and analytical evaluations of the existing

and future tailings system. The analytical approach used

in determining the overall stability analysis was the

i ordinary method of slices (Fellenius Method). The analysis

was performed on a Univac 1108 electronic computer'

utilizing a program developed by Dames & Moore.'

| 4. Presenting our data, analyses, conclusions and recommen-
#

dations in the Part I Report.

EVALUATION OF EXISTING TAILINGS POND EMBANKMENT

- BASIS OF DESIGN:
3

'

; 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
g!
i

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.
4

1 Field exploration data and laboratery test results pertinent to

the embankment and foundation soils are presented 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 mediua-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

I

D A F4 5 ''. f6 re,tsts

i
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) embankment fills.- The geometry of the embank snt is shown on Plate 2,
) Typical Section Existing Embankment.'-

k
s !!MBANKMENT SECTION:
A
j The existing embaniacent was constructed during 1970 to elevation
3. .

d 6630* with a crest length of 1,450 feet.

4
-The construction plans specified that the embankment be constructed

l' utilizing engineered fill, consisting of the natural surface aoils located
i

in the proposed pond area, compacted in 8-inch layers to 95 percent maximum
1

density, in accordance with the A.A.S.H.O.** T90, Method of Compaction.4

I'
;l

; The embankment was to have a 20-foot-wide crest with the upstream slope at

h two horizontal to one vertical, the downstream slope at two and one-half
il

horizontal to one vertical. The geometry of the embankment is shown on4

9

N Plate 2.
E

- f DISC 11ARGE 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
,

0 . upstream face of the embankment approximately two feet above the pond water
'

9

|
; level. The amount of dischar.ge at the present time is approximately 200-250;

gallons per minute. The average total output of tailings from the mill is,

presently 600-700 tons per day. The tailings slurry contains approximately
.; -
" 40 percent of tailings by weight. The grind is approximately 97 percent-
]

}'o
4

k-

.{ * Elevations furnished by-Rio Algom Corporation. ;

q <

1 **American Association of State Highway Officials.

.
-

-}

3
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t

. . . _ _ _ _



? ,

8!

I-4

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: E

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

E1!by Dames & Moore. The soil parameters utilized in our analyses were based

on the results of laboratory tests perfotued 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 to be 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,

una,cu n ..oc.-
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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
i

as follows:

100-year, 2-day 4.0 inches 47 acre-feet- -

100-year, 4-day 4.2 inches 49 acre-feet- -

100-year, 7-day 4.5 inches 52 acre-feet- -

100-year,10-day 5.0 inches 58 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

f 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 net storage capacity.

The following figures have been reported by Rio Algom Corporation

as the capacity available for flood control:

Capacity of basin above planned water level 194 acre-feet
Estimated volume of tailings above water level 27 acre-feet

Net storage of basin 167 acre-feet
(above pond water level)

c,,ia u ..a ,

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

safety against overtopping of the dam is 167 or 2.9.
58

CONCLUSIONS:

Stability. Our stability studies indicate that the existing

embankment under static loadinF 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-seated failure of the upstream and downstream slopes, respec-

tively. Factors of safety agairat 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

I end of the mining and milling operation, the ta'. lings pond area and the

waste rock piles will be 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 SYSTDi

EVALUATION OF ORIGINAL DESIGN:

I,

The design storage capacity of the existing tailings pond at its
a

present crest elevatien, as provided by Rio Algom Corporation, is 605,000

I
g- ....-.-
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i tons. Tha estimated _1,5$0,000 total tons of ore would then require an

$ additional storage area for the remaining 945,000 tons,
i

The original proposed design for capacity increases, as fur.tished

by Rio Algom Corporation, indicated that the existing dam was to be r61 sed

in 5-foot increments as the pond surface raised, to a final crest elevation

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

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

st ruction.

;- A basic assumptien in the initial analysis that the tailings would
!

have only 50 percent of the material finer tha.t 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 than the No. 325 sieve. With.

such fine material, the " upstream" method of construction described above

would be impractical.

SUCCESTED ALTERNATE DESICNS:

!

As an alternate, we suggested raising.the existing embankment 25 i
e

-) feet to the maximum elevation of 6555 feet by maintaining the 20-foot crest
1

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 existing embankment would act as a secondary dam in

case of spillage or 1cakage from the upstream dam, and provide additional

safety and ficxibility to the operation,

v raa t t, n vson

_ _ _ _ . _ _ _ _ _ _
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P After examination of the two alternatives, Rio Algom Corporation

determined that the new embankment would provide the best method for
!!

increasing storage volume. Therefore, only the proposed upstream pond has

!'bcenanalyzedindetail.

EVALUATION OF UPSTRFld4 TAILINGS POND:

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:

h
1. A crest level at elevation 6680.

|l
2. A maximum pool elevation of 6675.'

p 3. Flood control for a drainage area similar to the

existing dam.,

4. A continually operated decant system.

U_se of Material. The location of the proposed upper tailings
il

1] pond area is shown on Plate 1, Plot Plan. The natural soil, reddish-brown

to brown, fine, sandy silty-clay mixture encountered in the test pits
P

L located within the future proposed ponded area, may 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.O. T180,

Method of Compaction. No segregation or zoning of materials during con- .

d '

;! 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.

f

a
f D AM t15 G MOOHA
4

i
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-! Stability Analyses. To meet topographic and design requirements
3

f the proposed pond embankment will be a maximum of 45 feet high and have a
t H.

j 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
4
' previously mentioned specificaticns, and the results of laboratory tests

performed on undistutbed samples obtained from Borings DS, D6 and D7 (see-

-appendix). A series of slopes were analyzed to select the recommended slopes

shown on Plate 3. These recomended slopes are two and one-half horizontal

to one vertical upstream and three horizontal to one vertical downstream.
1

As for the existing embankment, factors of safety of the embankments were
.

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

i
'

compater program.

O Three different time-related storage pond configurations were

$ analyzed.3 The different conditions are shown on Plate 3. The first condi-
a

tion analyzed was the end of construction prior to tailings storage for both
,
1 i

,

the upstream and downstream slopes. The factors of safety were found to be
r

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

an intermediate and maximum s.torage pond pool elevation. Although a decant
1

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

j pond, the maximum theoretical top flowline for long-term seepage was assumed.
a

The downstream slope was analyzed in conjunction with the maximum pool
'i i

j elevation and the upstream slope was analyzed in conjunction with the inter-
':
4

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

l factors of safety were found to be 1.6 and 1.7, respectively. The three
'

!
conditions were also analyzed with a maximum anticipated earthquake loading>

;

i.

unives t; as mumit
'

I i

i h
3 --) ]. . - .. .
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of 0.05g. For this condition, the factors of safety were found to be 1.2
0

I 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

I
,

'
assumed for the stability analysis, we recommend a continuous operating

decant system be installed in the proposed upstream storage pond. This

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.

ISince the downstream pond embankment will be maintained at the

designed 10-foot freeboard level and as the upstre m embankment with a

5-foot 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

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

mining operations.,

ANSWERS TO REVIEW QUESTIONS'

A list of review questions, and where in the text of the Part II
1

Report the answers to seepage questions may be found, is presented in,

Appendix II-D of the Part 11 Report. Answers to the Tailings Pond Embank-
i

ment Stability questions are not indexed in Appendix II-D; however, we feel

that these questions are answered in this report as follows:>

I
I
3

--
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4 1. 02r field exploration program, soil test data and

!! t

J stability analyses confirm the existing dam to have
il

I an adequate safety factor for embankment stability.
i' 2. Surface hydrology and runoff evaluations confirm that the

i
proposed freeboard requirements for the existing and pro-

posed upper tailings pond will provide an adequate safety
t.
. factor against overtopping without a spillway or bypass
i.

canal.
3

4

[. 3. Construction of the proposed upstream tailings pond to
i

the design requirements-presented in this report will P

resolve the questions regarding future tailings disposal.

4
!

Respectfully submitted,

DAMES & MOORE

3

3 George . Toland i ;

! Consulting Partner
i Professional Engineer No. 2311
g.=GCT:ab. State of Utah-
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[ APPENDIX 1-A

4
FIELD STUDIES AND IABORATORY TESTING,, ,

3

FIELD STUDIES:

. General. The field portion of our investigation included a recon-
i
k naissance of the site area, drilling of test borings, excavation of test

pits, and the installation of monitor wells. The field studies were directed,

i
by engineers from our staff.

Site Reconnaissance. Prior to and during our field exploration
4
i
j program a general reconnaissance of the site was performed. The reconnais-
Li
a

sance study was performed to aid in evaluating the geology of the site and
t >\

g the performance of the existing tailings pond system. In addition, the

6

] reconnaissance information was utilized in selecting the number, locations

and depths of the test pits and borings.

j Field Exploration. Sub'.urface soil and ground water conditions at'
1

] - the site were investigated by drilling eight- exploration borings, excavating
k
i six test pits and installing nine monitor wells. The locations of the

,

1

1 - boringa, test pits and monitor wells are presented on Plate 1, Plot Plan,
d

j in the text of this section of the report.

4 _

The borings were drilled with a truck-mounted rotary-rig and

extended to depths ranging from 24.0 to 71.3 feet. The backhoe pits

extended to depths ranging from 6.0 to 13.0 feet. The test pits were
li i

! excavated to determine the extent of the natural surface soils suitable |
n

|
i

g- for construction of the proposed upstream dam.
!! -
. .

I

k
,

!
i i
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I

I The following table gives details of the six test pits excavatedt I.

TABLE A-1.

Test Pit Depth To Total Depth
Number Bedrock _(Feet) Excavated (Feet)

1 Not encountered 12

1 4.5 6

3* Not encountered 13

4 Not encountered 12

I 5 Not encountered 9

E 6 5.0 6

* Located in main shaft vaste pile. ,

The soils encountered in all test pits can be classified as CL-ML

material, reddish-brown to brown, fine, sandy silty clay to clayey silts.

Undisturbed soil samples were obtained from exploration borings

by utilizing a Type U Dames & Moore sampler, as illustreted on Flate A-3.
;

The soils were classified by visual and textural examination in the field

and a complete log was maintained of c1-h boring. These classifications were
,

supplemented by inspection and testing in t.ur laboratory. The nomenclature

utilized in describing the soil types appears on Plate A-4, Unified Coil

! Classification System. Graphical representation of the soils encountered in

the exploration borings is shown on Plates A-1A through A-10. Log of Borings.

I In order to monitor the ground water gradient and provide a means

of sampling the ground water, a series of nine monitor sells were installed.
i

[ Seven of the wells, which consist of slotted three-inch-diameter PVC pipe, -

were installed in borings Di to D7. Two monitor wells, denoted as D9 and

I'

;
' s>nme s e muu ; ,

_ .
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D10 were drilled and installed downstream of the existing embankment. The

following table gives details of these monitoring wells:

TABLE A-2

Honitor Well No, D9 Monitor _Well No. D10_

Soil Overburden 0-55 feet 0- 55 feet

Burro Canyon Sandstone 57-67 feet 57- 93 feet
!

Brushy Basin Shale 93-103 feet-

Honitor Well Casing 0-67 feet 0-103 feet ,

casing Perforations 57 67 feet 93-103 feet

Monitoring of the ground water levels and water sampling and

analyses is being performed by representatives of Rio Algom Corporation.

This data is transmitted on a periodic basis to our office for our review.

Surveying. The location and elevations of all borings and test

pits was Jone by Rio Algom Corporation. The locations are shown on Plate 2,
i

Plot Plan. The following Table A-3 provides numerical data based on
j

Rio Algom Plant datum:
;

TABLE A-3
.

I.

Station Rio Algom Plant Coordinates Rio Algom Plant
(Boring Number) North East Elevations

D1 608441 636048 6629.4
'

D2 608182 636483 6630.0

IE3 608299 635975 6588.0
i

D4 608661 635687 6628.0
i i

DS 608018 637972 6675.0

D6 608150 637898 6657.0
!
!

!

I
.

sinu a u o pu2oir s:

i
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.
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j 1-A-4

TAJLE A-3 (Cont._)

Station Rio Algom Plant Coordinates Rio Algom Plant
(Boring Number) North East Elevations

D7 608565 637683 6639.0

DB 608638 637606 6639.0

D9 608180 635798 6579.0

D10 608161 635792 6580.0

ITest Pit Numberl

TP1 608125 638081 6663.0

TP2 608140 638622 6664.0

TP3 608608 639644 6701.0

TP4 608760 638787 6675.0

TP6 608865 637922 6661.0

LABORATORY TESTING:

General. Our laboratory testing program included moisture and

density tests, gradation tests, Atterberg Limits and direct shear tests.

A description plus the results of the tests are presented in subsequent

tiniature and Densit'1 To. aid in classifying and correlating the

'

soils, moisture and density determinations were conducted on selected

samples. The moisture arid density test data obtained are presented to the

left of the boring logs on Plates A-1A through A-1C.

Gradation 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-20.

I
numr s a mooses'

, , i
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Atterberg Limits. Additional classification data was obtained on

selected soil samples. The results of the Atterberg Limits tests are
i

presented in tabular form below:

Boring Depth Soil Liquid Limit Plasticity Index'

No. In Feet Clannification In Percent in Percent

D1 6.5 CL 19.8 2.6
i

D1 12.5 CL-ML 19.5 5.4
'

D1 30.5 CL 23.6 7.3
"

D1 39.5 CL 17.2 0.8 '

D2 6.5 CL-ML II: . 3 3.5

D2 15.5 CL-ML 24.8 6.8

D4 6.0 SM Non-Plastic

. D4 14.5 CL-ML 21.5 5.6
p

Tailings
,

Pond Bulk CL-ML 21.1 4.6 ;

Direct Shear Tests. To provide additional strength data, a series
I

'

of direct and double direct shear tests were performed on selected undis--

turbed samples. The tests were performed in accordance with the method

described on Plate A-5, Method of Performing Direct Shear and Friction Tests.

| The tests were run at a strain rate of 0.005 inches per minute.

At this rate, the samples were assumed to be able to drain without building

up excess pore pressures. Therefore, the tests have been classified as

!
"d rained ." |

The results of the tests are tabulated on the following page.
,

$

!

I

i

i

i
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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

D1 18.5 CL 500 1,650 950

D1 24.5 CL 1,000 2,380 1,400

D1 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

D1 48.5 CL 2,500 2,380 1,550

D1 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

D4 14.5 CL-ML 4,500 4,800 1,700

D4 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

D4 29.5 CL-ML 4,000 2,550 1,250

DS 5.5 CL-ML 2,000 2,950 1,720

ID6 2.5 CL-ML 1,000 2,800 2,050
,

I
g, _ . _ , _
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Boring Depth Soil Normal Pressure Peak Shearing Yield Shearing
No, In Feet Type In PSF Strength in PSF Strength In PSP

D6 5.5 CL-ML 500 1,050 675

D6 8.5 SM 1,500 1,975 925

D7 2.5 CL-ML 3,000 2,300 1,080

D7 2.5 CL-ML 4,000 2,890 1,100
4

D7 8.5 ML 3,500 2,140 770

D7 8.5 ML 3,500 2,590 930

The following plates are attached and complete this appendix:

Log of Borings (Borings 1 through 8)Plates A-1A through A-1C -

Plates A-2A through A-2C Gradation Curves-

Soil Sampler Type UPlate A-3 -

Unified Soil Classification SystemPlate A-4 -

Method of Performing Direct ShearPlate A-5 -

and Friction Tests

.
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I
DIRECT SilEAR TESTS ARE PEllFORMED 10 DETERMIN!: .

Tile SilE ARING STRLNGTils OF S0115. FRICTION TESTS , . . . _

ARE PLRIORMED TO DETERMINE Tile TklCTIONAL RE. i , e

SISTANCES DETR EEN SOILS AND YARIOUS OTilFR MATE.
~

'( M [. ,

i *! k #W hlALS SUCil AS 100D, STEEL, OR CONCRETL. Till TESTS . - i

ARE PERFORMED IN Tile LADOR ATORY TO SIMULATE )

ANTICIPAT'iD FILLD CONDITIONS. {o h.e * , . . . . - 'g
|a

EACll SAMPLE IS TESTED 11TillN TilREE ItRASS RINGS.
"

T10 AND ONE.llALF INCllES IN DIAMLTER AND ONE INCil

IN LENGTil. UNDISTURllED SAMPLES Ol' IN. PLACE SOll3

ARE TESTED IN RINGS TAEEN FROM Tile SAMPLING

DEYlCE IN tillCil Tile SAMPLES l'ERE ODTAINED. LOOSE SAMPLES OF SOILS TO DE USED IN CON.

STRUCTING EARTil FILLS ARE COMPACTED IN RINGS TO PREDETERMLNED CONDITIONS AND TESTED.

I
DIRECT SilEAR TESTS

A TilREE.!NCil LENGTil OF Tile SAMPLE 15 TESTED IN DIRECT DOUDLE SilEAR. A CONSTANT PRES.

SURE, APPROPRIATE TO Tile CONDITIONS OF Tile PROBLEM FOR E!!!Cil Tile TEST IS DEING PER.

FORMED, IS APPLIED NOPolAL TO Tile ENDS OF Tile SAMP!.E TilROUGil POROUS STONES. A SilEARING

FAILURE OF Tile SAMPLE IS CAUSED DY MOVING Tile CENTLR RING IN A DIRECTION PERPENDICULAR 4

TO Tilt AXIS OF Tile SAMPLE. TRANSVERSE MOVEMENT OF Tile OUTER RINGS IS PREVENTED.

I
j Tile SilEARING FAILURE MAY DE ACCOMPLISilLD DY APPLYING TO Tile CENTER RING EITilER A

CONSTANT RATE OF LOAD. A CONSTANT RATE OF DEFLECTION, OR INCREMENTS OF LOAD OR DE.

FLECTION. IN E ACll CASE, Tile SilEARING LOAD AND Tile DEFLECTIONS IN DOTil Tile AX1AL AND

TRANSVERSE DIRECTIONS ARE RECORDED AND PLOTTED. Tile SilE ARING STRENGTil OF Tile SOIL
.

IS DE1 ERMINED FROM Tile RESULTING LOAD DEFLECTION CURVES.

IFRICTION TESTS

Q IN ORDLR TO DETLRMINI; Tile FRIC110N AL RESISTANCE DETTEEN SOIL AND Tile SURFACESOF YARIOUS

MATERI ALS, Tile CENTFR RING OF SOIL IN Tile DIRECT SilEAh TEST IS REPLACED DY A DISK OF TI'E E

MATERI AL TO DE TESTI:D. Tile TEST IS TilEN PERFORMED IN Tile SAME MANNER AS Tile D' RECT

SisEAR TEST DY l'ORCING Tile DISK OF MATERIAL FROM Tile SOIL SURFACES.

S
h5 g

METHOD OF PERFORMING DIRECT SHEAR AND FRICTION TESTS E

:-

d
e .. .......
~
b '
5 PLATE A-0
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PART 11, ,

'
GROUND WATER GE0 HYDROLOGY AND SEEPAGE EVALUATION

* -

' PURPOSE AND SCOPE

The purpose of Part 11 of this investigation was to provides

1. A full discussion of the regional and local geologic condi-

tions, particularly as they relate to ground water flow.
{

2. An evaluation of the mode of seepsge loss from the tailings '

pond and the means for its control.
.

,

, ,

3. A repart which is sufficiently comprehensive to answer

questions relating to geology, ground water and reservoir

seepage raised by the agencies which reviewed Rio Algom's

" Supplemental Environmental Repo.-t."
c

With these objectives in mind, the following scope of work was
'

i

undertaken i

i
1 All published data of relevance was reviewod, and earlier !

F l

i studies performed by others for Rio Algom were evaluated. |
!
'

2 A simple bailer test was performed in one of the monitor

wells. -

i

3. The borings drilled by Da:aes & Moore in conjunction with !

i the Part I studies relating to dam stabiliry and siting of
i

a new pond were utilized to obtain further information on
,

|
t
t seepage characteristics below the reservoir. Several of |

1these borings were. established as new monitoring points. !
t

4. Representative samples of soil and rock core were analyzed

for petrographic Information, solubility and cation exchange
capacity, i

I
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REGIONAL GE011YDROLOGY

REGIONAL CEOLOGY:

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

is 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 intrusives outcrop as domes 8 to 20

miles north of the site.
8The 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.
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CROUND WATER MOVEMENT:

Surface runoff and ground water movement in the site region are

influenced strongly by the La Sal Mountains, which rise to an elevation of

12,700 feet. These highlands act as a ground water recharge area to per-

moable formations. Infiltration from rain and snowmelt in the La Sal

Mountains enters Quaternary alluvium or permeable bedrock strata (generally

sandstone ~ or conglomerate) and moves to lower topographic or structural-

elevations. Some of this recharge flows toward the site, and thence to the
,

west and northwest in the direction of the Colorado River. Plates 1 and 3
3'

show the general paths of ground water flow toward the site and beyond. The

interpretation is based upon topography and geologic structure in the

absence of good. water table data from well records.

Faults in.the region trending across the path of ground water
,

6 movement may or nay not serve as barriers, depending on the' inherent permea-

-bility of the fault material and the character of the formations opposite

the fault.'

i
Artesian pressures exist in some wells of the region where ground:

water moves through aquifers ,to lower elevations beneath confining layers

(aquicludes) such as the Morrison shale or mudstone tongues in the Dakota

andstone. No flowing wells are known to occur. ;

f The rate of ground water movement through the bedrock aquifers is
!

believed to be on the order of several hundred feet per year. Where the
i

j flow gradient has been steepened near wells due to high drawdown, the rate
'

i

of movement is greater. - !

Ground water in the alluvium or in shallow bedrock aquifers such

as the Burro Canyon sandstone discharges as springs or directly into streams,
i

D A M L f 6 fl MO O 87 8:
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A few springs having this orig,in 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.

CROUND WATER USE:

Good infonnation on well characteristics in the region is lacking.

Table 1 gives a summary of wells within a radius of seve si 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 Quaternary 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 QUAL 1TY: IData 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

potabic quality. Many of the, listed wells are suspected or known to be in

the Burro Canyon fonnation and indicate fair to good potability. Analyses of

the ground water from the production shaf t 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 dist.olved solids
475- 500 ppm sulfates
760-1876 ppm chlorides gj

Navajo Sandstone: 1200-1700 ppm total dissolved solids 5I
|22- 62 pp.n sulfates

465- 690 ppm chlorides !
!
l

l
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TABLE 1

GROUND WATER USE

3
Well Yield Depth

2
(Serial Reported Of Well 4 Rad.5 TDS 504 C1 l'380
Number) (Sec-Feet) (Feet) Aquifer

05-213 0.015 90 8
05-360 1.5 600-1,000 IAB 618 235 27 0.001

05-623 0.045 150
05-204 0.014 109

05-784 0.010 50-150
05-105 3.0 100-300
05-376 1.5 80-300
05- 79 0.0506 60
05-779 0.1 100-150
05-306 0.5 3 wells: 70, '8, 86 Alluvium

05-203 0.015 78-80
05-780 0.1 2 vells: 100, 200

05-321 0.1 140 IAB 788 275 43 0.002

05-320 0.017 ? IAB 682 221 28 0.001

05-800 0.5 200-30C 0
05-791 0.5 300-500 J.
05-154 0.556 3 wells: Depths?
05-426 0.02 828 IAB 246 33 23 0.002

B.C.7 ? 277 118 16
Rio Algom 2 0.10 275
Rio Algom 3 0.075 322 B.C. ? 345 135 22 No U 038

Rio Algom M-1 0.20 230 B.C. ? 598 160 24 assays

in PPS
Rio Algom M-2 0.12 270 B.C. ? to to to

Rio Algos M-4 0.18 235 B.C. ? 806 286 36

Rio Algom M-5 0.16 230 B.C. ?

::

j1. Serial Number, Utah Division of Water Rights
g 2. At time of completion

; 3. Where given as rage, depth applied for
. 4. Where data omitted, none available

$ 5. Rad. = radioactivity in gross alpha pico-Curies per ml
2 6. All constituents except radioactivity given in ppm

7. B.C. = Burro Canyon sandstone
__

8. IAB = Insignificant above background _

_

dL ._ _
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In geographic or stratigraphic proximity to uranium deposits, some contami-

nation by radionuclides may occur, particularly if shafts or open borings

permit the mingling of ground water from various formations.
'

SITE CE0ltYDROLOGY

E
SITE GEOLOGY:

The surficial geologic materials in the site vicinity consist of

overburden soils and outcrops of Dakota or Burro Canyon sandstone. These

materials are further described in the introductory section of this report.

Plate 5, Vicinity Geology, and Plate 6, Vicinity Ground Water Flow, show

the ge.aral structural 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 bese small local features are several shallow domes and troughs.

Because the top of the C. ale acts as a bottoming layer for shallow percola-

tion, three irregularities exert some localized influence upon ground water

flow, as discussed in the next section of the report.

CROUND WATl:R MOVEMENT: ,

Deep Cround Unter, uround water is present in several formations

benecth the site; namely, the Burro Canyon, the Navajo, and the Wingate

sandstones. Some ground water was also reported in the Kayenta formation

during t he shaf t sinking. In all cases, ground water movement inte 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

8
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the southeast, following the north side of the Lisbon Valley fault and the

nose of the Lisbon Valley Anticline.

Local recharge within a few miles of the site does not peaetrate

significantly into the impermeable Brushy Basin shale. Deeper aquifers are

isolated from the shallower water bearing zones by these shale beds and by |

the inwer aquicludes, unless interconnection is provided by faults, borings,

shafts, or underground workings. In pumped workings, mixing between

aquifers is-largely prevented due to the break in hydraulic continuity at '

the cone of depression. In flooded workings or open borings, contamination-

of the shallow aquifers from deeper confined sources is possible. At

Rio Algom, however, this will be prevented when .the operations are abandoned

by sealing off the mineralized workings from the shallower formations.

Based upon present information, the ultimate flooding level in

the shaf ts subsequent to mine closure cannot be anticipated with certainty.

Ground water will rise in the shafts to a level which is in hydrostatic

equilibrium with the formation having the highest piezometric head. This

head has not been measured for the deeper aquifers. If it were sufficient

- to reach the Burro Canyon san,dstone, we believe that no significant con-

tamination could move either into this formation, or from it into the shaft,-

because of the shaft linings.

Shallow Cround Water. Infiltration of surface waters occurs

through the soils in the drainage depressions and through fractured and

weathered Burro Canyon sandstone, both where it outcrops and where covered

by overburden.

nee r u u mm
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Percolation rates have been meneured in the soils and the Burro

Canyon sandsf sne by field permeability tests conducted by others. These

test results are shown on Plate 7, Map of Bedrock Surface, and are summarized

in Appendix II-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 tn discharge into the south

branch 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 shaf t 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 cast toward well.s.

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 by ground

water. For example, the axis of the proposed upstream tailiniss dam coincides

with a local ground water divide. Scepage from the proposed reservoir could

enter a northwesterly ground water flow pattern, whereas any scepage beneath

the propased dam might join the southwesterly flow system that passes

I

g__ .
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beneath the *xisting tailings pond. Infiltration from the spray field,

which also straddles this divide, could similarly move either northeast or

southwest.

Any seepage entering the Burro Canyon sandstone from the produc-

tion shaft,which appearc to occupy a saddle in the Brushy Basin shale, would

tend to flow southwest after encountering the main ground water zone, although

movement into troughs extending eastward and northwestward from the shaf t is

also possibic.

The proposed site for construction of barium treatment ponds is

also situated on a saddle between troughs in the Brushy Basin shale. These

troughs extend roughly eastward and northwestward from the contemplated pond

site and will influence the movement of any seepage from the ponds.

Plate 8, Geologic Cross-Sections-Tailings Pond, shows the inter-

preted paths of seepage and ground water movement in the vicinity of the

existing impoundment.

SEEPAGE FROM TAILINGS POND

MOVINENT OF SEEPAGE:

It has been anticipated that seepage from the tailings pond will

reduce to negligible amounts as scaling of the bottom progresses with the

emplacement of tailings fines. Rio Algom has determined from field tests

that the permeability of the tailings is about 6 feet per year.

Until this tailings blanket effectively seals all of the ponded

area, effluent will percolate through the more permeable natural soils and

into the underlying fractured Burro Canyon sanastone or it will infiltrate

directly into the sandstone where this rock is in contact with the effluent.

onees:. c e m
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Some seepage, though probably negligibic, can be expected even after the

tailings blanket is essentially complete.

Seepage from the pond percolates to the natural ground water zone

in 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 scepage path with a:tcudant reduction in the con-

centration icvels 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 fractures can be many times the rate estimated from field

permeability tests of the soils or unfractured sandstone. This is borne out

by the range of permeabilities determined for the in-place sandstone as Ishown on Plate 7.

RADIONUCJ IDE LEVELS:

Plates 9A, 9B, and 9C show the variations in concentration of the

principal radionuclides in th,e monitor wells and shaf ts at the site. These

curves show the effects of dilution by the natural ground water beneath the

site and indicate a time lag between n ucta tions of radionuclide icvels

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 llandbool No. 69. These standards are much

stricter than the limits stipulated by the Atomic Energy Commission.

g._ , _
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In general, the uranium levels have diminished in the monitor wells

since mill startup.and are currently well below the Utah standard. Radium,

on the other hand, has increased somewhat over this same period with a few

of the analyses exceeding the standard. The trend suggests that ground water

contamination from pond scopage may reach objectionable levels unless control

measures are undertaken.

The radium concentration in monitor wells MW-1 and MW 2 probably

results from their close proximity tn ti.e tailings pond, coupled with their

downstream and " downdip" position relative to the pond. The radium increase

in monitor well MW-4, located about 2000 feet southeast of tha tailings dam,

is more difficult to interpret. The latest recorded water level, in July,

1973, was et elevation 6577 feet, or about 20 feet below the lowest pond

bottom elevation. The site for MW-4 is slightly "up-dip" from the pond

along the Brushy Basin contact but otherwise does not lie along a feasible

flow path from this body of water. Any contaminants infiltrating from the

production shaft might move in this direction, however. MW-4 is situated

in the drainage area downstream from other uranium mines southeast of Rio

Algom, which opens the possib.ility of contaminants reaching MW-4 from that

direction. Contradicting this assumption, however, is the fact that the

increase in radium content in MW-4 appears to coincide roughly with the
!

radium increase in the Rio Algom tailings pond and 11. monitor wells MW-1

and MW-2.

CATION EXCHANGE:

The soil and rock materials beneath the resertoir and along seep-

age flow paths have the capacity of adsorbing effluent constituents such as

nani u o not <
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radium by the process of cation exchange. An adequate evaluation of this

<t to the chemical content of eachprocess requires detailed knowledge

radionuclide and principal non-radioactive 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 contcet wit'.i the effluent so that the consti-

tuents are required to migrate further downgradient where unused exchange

capacity it still available. This advancing front of contaminant is affec-

ted by radioactive decay and normal dilution as well as by cation exchange.

The net result is observable in monitor wells, but differentiating trach 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 not be capabic 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 neveral months to complete. A detailed

evaluation of this phenomenon lies outside t.he scope of the present study,

llowever, seven sampics 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 mil 11 equivalents per

100 grams of soil or rock.

I
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TABLE 2
,

Q TION FXCilANGE CAPACITY
.

7. Cations CEC

Borinn Depth (ft) Description Availabic _(Mev/100 nms)
.

D-1 51.5-54.5 SH 29.6 15.6
..

D-3 24.5 3 P-G P 24.7 13.5

D-3 39.5 SP 29.1 16.0
.

D-4 19.5 CL-ML 28.3 15.5

D-4 29.5 CL-ML 29.4 16.1

D-3 9.5 CL-ML 25.4 13.9

D-3 34.5 SM 27.3 15.0

D-1 60.5 Sandstone 26.1 14.3

D-2 42.5 Sandstone 19.3 10.6 .

D-3 46.5 Sandstone 19.8 10.9

D-4 34.5 Sandstone 21.3 11.7

SOLVENT EFFECTS OF EFFLUENT: *

Some attempt was made to determine the susceptibility of the sc,'.1
,

and rock materials beneath the dam to solution when exposed to the seepage

effluent. Appendix II-B describes the results of petrographic analysis to

identify soluble minerals, and solubility testing in solutions of various

compositions. The generalized conclusions which can be drawn from these

analyses is that one percent or less of the typical soils would be subject

to solution in a pil 9.0 environment. The rock would be still less soluble.
,

.

Quartz is abundant in most of the samples. When the effluent
, .

becomes more alkaline than pil 10.0, as occasionally shown by the records, |

onni s e, m i
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silica in the earth matarials may be affected. Although tests were not run

under these conditions, the possibility exists that high ph seepage below

the tailings pond and above the zone of saturation may be capable of dis-

solving some of the quartz in the soils and rock, with a resultant increase

in permeability.
_

OT11ER DILUTING EFFECTS 1
'

_

Seepage which reaches the zone of ground water saturation undergoes

rapid dilution. A measure of this dilution rate is indicated by monitor
,

well MW-1 in which the radium concentration during July, 1973 was only two to

five percent of that recorded in the pond over the previous two months. Moni-

tor well MW-1 is 725 feet from the nearest approach of the pond.

Recently completed monitor well D-10 is located about midwey between

-- the pond and monitor well MW-1. Radium in this well from the one assay thus

1973) was 3.0 x 10-9 uC/mi lower than MW-1, suggestingfar obtained (in se . %
in

an even higher rate of dilution.-

" CONTROL OF OFF-SITE CONTAMINATION '

e
-

CENERAL3

The Burro 'anyon formation supplies numerous wells in the region

with potable water, including those maintained by Rio Algom. This aquifer

is also the uppermost bedrock unit near the tailings pond. Monitor wells

in the vicinity of the pond have shown that scepage is occurring. Among the

radioactive constituents, radium has most closely approached acceptable state

limits, indicating that seepage control measures may be necessary to insure

that off-site contamination does not occur. Such measures will be under-

taken in the near future,

c<.rmuo moonr
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An " action level" of radioactivity in the monitor wells should be

established and it is proposed that wells W-1 and MW-2 below the tailings

dam be used to identify this 1cvel. These wells are 320 feet and 170 feet,
,

respectively, from the nearest property boundary and are downgradient from

the pond. In view of the probable dilution rate versus distance, an

action 1cvel in the monitor wells should be selected which is sufficiently

below the Utah standard to allow time for implementation of effective con-

trol measures before concentrations exceed acceptable limits at the property

Based upon the present concentrations of radioactive constituents

in the monitor wells, it is proposed that radium serve as the index con-

stituent governing the action level. A reasonable action level, in oar

opinion, would be indicated when two out of three consecutive monthly com-

pocite radium analyses exceed the Utah standard in either of these wells.

Two general methods for achieving control are seepage recovery by

pumping wells and total containment by reservoir sealing. Effective sealing

of the reservoir may take several months to accomplish, and it therefore

seems advisable that a well recovery system be activated in the near future..

'Ihese wells will then serve as a backup system af ter the reservoir has been

sealed.

RESERVOIR SEALING:

Sealing of the reservoir is cicarly the most positive way of

controlling the seepage of contaminants. Though such a method is not likely

to climinate scepage entirely, it should be capable of reducing these losses

to an acceptable maximum.

I
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It is the intent of the tailings placement plan to accomplish

sealing of the reservoir. Identification and treatment of the areas having

the highest seepage potential should be of first priority. Ilowever, sealing

of the entire reservoir should be the ultimate goal and will require that a

tailings blanket at 1 cast six inches thick be placed under all areas occupied

by water, so that at no point does this effluent come in direct contact with

the natural ground surface. As the pond level rises, additional layers of

tailings must be deposited on the newly inundated banks at;und the periphery

of the reservoir. This recommendation applies both to the existing pond and

the proposed second , tailings containment area. Scaling of these basins is

e.isential regardless of any recovery well system contemplated.

The north side of the reservoir is believed to be one of the prin-

cipal areas of high seepage loss. In this locality, a tailings seal should

be emplaced which blankets all zones having less than three feet of natural

soils and which extends to the maximum pool. elevation. The area within the

reservoir basin from which embankment material was excavated may require

similar treatment. The areas recommended for placement of tailings are shown

on Plate 7.

RECOVERY WELLS:

Recovery of contaminant seepage will be necessary until the reser-

voir sealing process has become effective. Seepage percolates downward

some 40 to 50 feet below the reservoir before reaching the zone of satura-

tion at the ground water tabic. Some portion of the seepage is intercepted

by discontinuous mudstone layers in the sandstone. In the zone of saturation,

the seepage moves laterally downgradient. Recovery is possible only after the

*
s v. n- n u.n c ,
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seepage enters this zone. Wells pumped to extract the contaminants will

also withdraw some ground water which is not contaminated.

The primary objectives of the well recovery system would be to

remove contaminants and to create a cone of depression which induces flow

toward the wells by reversing the natural gradient. This has proven to be

an effective technique in other instances for lowering the ground water Rg
tabic and restricting the movement of c ntaminants.

A pumping test should be conducted in the propopad recovery area

to determine the local hydraulic characteristics of the sandstone. From

these data, the number, arrangement and discharge capacity of the recovery

wells can be prescribed which will provide an appropriate drawdown configura-

tion. Although supply wells of 30 to 40 gallons per minute capacity have

been developed elsewhere in the Burro Canyon formation, as at the Maple

Leaf claims, seepage recovery wells at the tailings pond probably will not

require pumping at these rates to form an effective scepage barrier.

A crude bailer-type pumping test was conducted in monitor well

MW-1 to gain some impression as to the feasibility of pumping as a seepage

recovery measure. Approximately five gallens per minute were bailed over

a 30-minute period without producing a significant drawdown. The results

suggest that there is sufficient transmissivity in the sandstone to warrant

the use of submersible or vertical turbine pumps.

As an alternative to test pumping prior to designing a recovery

well system, wells could be installed on a trial and error basis according

to our present limited knowledge of the aquifer hydraulics at the site.

These wells should be located so as to intercept scepage as close as possible

8
-
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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 scepage in the

pond, as indicated on Plate 5. Each well should extend at 1 cast 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 tabic 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 t-he 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 shaf t. Plans for exporting

water from the vent shaft to off-site users therefore cannot be impicmented

until the radium content is reduced. This will be accomplished by pumping

'

nur,n ca o n , .
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mine water only through the production shaf t in the future and treating

the unused excess volume with barium chloride to remove the radium. The

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

discharge to the Redd Ranch Reservoir.

MONITORING

EXISTING MONITOR IELLS:

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. Tha well sites were placed a sufficient distance inside the

Rio Algom property line to insure early detection of undesirable contaminant
,

levels and trends and to permit corrective action to be taken before exces-

sive concentrations are able to move off-site. Two of these wells, MW-1

and MW-2, are approximately 500 feet southwest of the tailings dam. MW-1

reportedly encountered bedrock at a depth of 15 feet rather than at 70 feet

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

MW-2 penetrated 60 feet of sandy overburden above the Burro Canyon contact

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

Basin shale, cased the full lettgth, and perforated from the lower 10 feet

of overburden to the bottom of tk. . ell.

The other three monitor wells are former deep exploration borings

which have been cased '.n the upper portion and plugged below the Burro

Canyon sandstone. The sites for these wells were chosen north, northeast

and southeast of the site on the premise that movement of seepage f rom the

tailings pond would be omnidirectional above the main ground water table.

Movement would also be more responsive to bedrock structure in this zone,

8
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- which slopes generally northeastward into the East Coyote Syncline from

j the northern sector of the property, with local variations in flow as des-

cribed on page 8 The radionuclide levels in these wells were discussed

earlier.

During the course of the prevent investigation, additional monitor ,

wells were installed, two below the present dam (D-9, D-10) and three (D-5,

D-6 and D-7) at the proposed upstream site. In addition, three of the

recent borings (D-1, D-2 and D-4) along the existing dam axis and one boring

(D-3) at the toe of the dam were cased and will be used to monitor the

phreatic line.

Monitor well D-9 was drilled 10 feet into the Burro Canyon sand-

stone to observe whether seepage was flowiag in the overburden or upper

fractured bedrock, possibly perched on a mudstone layer in the sandstone.

No water has been recorded in D-4 or D-9, indicating that seepage is pene-

trating deeper into the Burro Canyon beds before reaching monitor wells MW-1

and MW-2.

Fionitor well D-10 was drilled within 20 feet of D-9 and taken

through the Burro Canyon sandstone approximately 10 feet into the Brushy

, Basin shale. The overburden and upper bedrock region were scaled off to
!

isolate possibic seepage in this zone from ground water flowing in the

lower Burro Canyon formation. The lower 15 feet of sandstone is saturated.

PROPOSED MONITOR WELLS:

The possibility of ground water contamination originating from

sources other than Rio Algom has been considered. Mining operations

a m e n . n w> . , ,
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southeast of the property and northeast of the Lisbon Valley fault are

suspect. - This area is up-dip from Rio Algom, on the nose of the Lisbon

Valley anticline, and ground water movement toward Rio Algom within the

Burro Canyon sandstone is conceivable. In order to confirm possible con-

tamination of the Rio Algom monitor wells from this region, two additi,nal

monitor wells are proposed, one in the northwest corner of Audrey 19 claim

and one in the northwest portion of Audrey 2 claim.

A third site might be considered on the Susan Jean 20 claim, to

monitor possible sources from the upper portion of the watershed. Each of

the proposed monitor wells should extend five feet into the Brushy Basin

shale, and be sealed above 10 feet of depth in the Burro Canyon formation.

MONITORING SCHEDULE:

A rather large number of existing and proposed new monitor wells

at the site makes it practical to limit the frequency of sampling and the

extent of analysis. Table 3 presents our recommendations as to a future

schedule for sampling in these wells. The program should be reviewed every

two or three months and modified as appropriate.

AFFECT Or GROUND WATER WITHDRAWALS
,

SUPPLY WELLS:

The water supply well system on the Maple Leaf claims has been

designed for a capacity of 200 gallons per minute. Subsequent reassessment

; of the operational needs has reduced the foreseeable requirement to approxi-

mately 80 gpm. Review of the pump test analyses performed by others indi-

cates a probable drawdown per well of 10 feet in 10 years at a distance of

two miles, assuming a pumping rate of 40 gallons per minute and no recharge.

Accepting these calculations, 80 gallons per minute of pumpage for plant use

5.
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would produce 20 feet of drawdown at two miles in 10 years, without making

allowance for recharge. Recharge of the Burro Canyon aquifer is an

actuality, liovever, as proven by the existence of several springs emanating

from this formation in the region. These overflows indicate an excess of

recharge over storage capacity. Pumpage at the planned rate may possibly

diminish springflow within 1500 or 2000 feet of the supply wells and affect

forage near any local springs. Beyond one mile, the influence on existing

springs should be minor. The nearest known well to the Maple Leaf well

field is over one mile distant to the northwest.

MINE SHAFTS:

Combined pumpage from the two shafts on the property has in-

creased from about 250 gallons per minute in July, 1972, to nearly 400

gallons per minute in September, 1973. Approximately equal amounts are

discharged currently from each shaft. Most of this water originates from

the Navajo and Wingate sandstones, which range in depth, respectively,

, from 1150 to 1540 feet and from 1749 to 2051 feet in the region northeast
3

of the Lisbon Valley fault. These aquifers are deeper than any well of

record within five miles of the mine. The other principal aquifer, the

Burro Canyon sandstone, is lined with concrete in the shafts and hence

i

scaled against leakage into them.

Due to the foregoing circumstances, mine pumpage will have no

adverse affect upon present aquifer use in the region.

Among the aquifers penetrated by the shafts, only the Burro. Canyon

sandstone outcrops in the vicinity or is the source of springs. There are

no springs known to be present within one mile of the shaf ts and those which

ra ., u , o r - o , , j
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TABLE 3

MONITOR WELL PROGIUd4

Water
Level pil U(nat) RA226 Th230 Na SO4

MW 1 M W W,Mc Mc Mc W Mc

MW 2 M W W,Mc Mc Mc W Mc

MW 3 M M M M M M M

MW 4 M M M M M M M

MW 5 M M M M M M M

D1 M M M M

D2 M M M Mcc c

' D3 H Mc Me Mc Mc

D4 M Now dry; check weekly for water level, then monthly for Ra.

D5 No sampling

D6 No sampling

D7 M Mc Me Mc

D9 M Now dry; check weekly for water level, then monthly for Ra.
,

,

D 10 M Mc M Mcc

"Outside Sources" initially, two samples one week apart, then monthly &Monitor Wells composites thereaf ter, on Uranium, Radium and SO4 V

W = Weekly

M = Monthly ,

M = Monthly composite of weekly samplesc

i

I
.

g !. Y $ , k .



i

|. !
,

11-24
,

are nearest have shown no change in flow which might be attributed to mine
.

drainage operations.

Imported high quality water from the Maple Leaf well field is now

being used primarily for culinary purposes, while most other needs are met

by pumpage from the shafts.

The ventilation shaft water is relatively low in radionuclide ',

contamination, whereas water from the production shaft is highly ~contami-

nated. It is planned that the production shaft water in excess of on-site

requirements will be treated to acceptable standards and exported from the *

site.

In our view, present or planned schemes for water use of the

Rio Algom operations reflect due regard for the need of conserving this

resource.

,

Respectfully submitted,

DAMES & MOORE

s

William E. Mead
Consulting Partner [,
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APPENDIX II-A
'

PERMEABILITY TESTING

Field tests were conducted in January,1972 by others to determine

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, uneased boring or by single packer method. The procedures used

are standard methods established by the U. S. Bureau of Reclamation. Under

adequately controlled conditions, these tests indicate ap:;roximate ranges

and orders of magnitude for permeability.

The resultsoof the field testing are presented in Table 11-A1.'

Based on these results, the following average permeabilities were assumed

for the natural soil and rock materials:
!

Penmeability Range Average Permeability
(Ft/yr) (Ft/yr)

,.

Overburden soils and
shallow, weathered

|bedrock 19 to 340 150 <

{

Burro Canyon sandstone O to-1595 400 '. .

A general qualitative guide to degree of permeability, expressed
;

in feet per year, is as follows:

Less than 10 feet per year |Relatively Impermeable -

!
10 to 100 feet per yearSlightly Permeable -

100 to 1000 feet per year !Moderately Permeable -

i

Over 1000 feet per yearliighly Permeable -

'

|

I,, _ ,, s ,, m . m

i
'

.s
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I
TABLE II-Al

FIELD 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 j

28 14.0 2 B 380

14.5 1 B 350 1

Ii11.5 1 B 108

29 8.0 2 E 360

30 4.1 1 A 63

3.0 1 A 66 1

3.0 1 A 46

1. Open IIole - Falling Ilead, Uncased ;

2. Open IIole - Constant Head, Uncased
3. Packer - Constant Head

A. Sandstone
B. Sand: dense, clayey or silty

C. Clay Fill
'

,

g|D. Clay: stiff

E. Combined overburden and sandstone g
i

n , a a ,. o , m i -

_



- .. . -

,

.. f

i

TABLE II-Al (Cont.)

FIELD PERMEABILITY TESTS
-: e ,

Depth 'Ies t Permeability
Boring (Ft) g Material _- _(Ft/yr)

_ _ _

33 :5.7 1 E 11

'5.0 1 E 26-

2.3- 1 :E 20.

34 9.2 1 E 53

9.4 1 E 16 -

35 24.0 2 F 420

24.0 2 E 147

36 49.0 2 D 180

22- 16-37 3 A 139

16-37 3 A 141
|

~24 69-92 3 A 620

'26 12-28 3 A 1780'

12-28 3 A 1410

28 18-35 3 A 26.5

18-35 3 A 181

32- 14-34 3 A -24
'

36 33-49' 3 A 6

-1. Open Hole - Falli.ng Head, Uncased
:2. . Open Hole - Constant ticad, Uncased
3. Packer Constant Ilcad

A.. Sandstone
B. Sand: dense, clayey or silty

C. Clay Fill
D. Clay: stiff.

E. Combined overburden and sandstone

tw. i u o ,-w o , e .

. . . . . . - - . . .

.. . . . .
. .
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APPENDIX II-B

#
l PETROGRAP11IC AND SOLUBILITY _ ANALYSES

Several soil and rock sampics were analyzed petrographically,

primarily to ascertain the presence of solubic constituents such as gypsum

or calcite. Removal of soluble minerals by the tailings pond effluent,

which frequently has a pH exceeding 10, would increase the permeability of

the soil or rock so affected and would promote scepage loss.

IThe results of petrographic analysis are as follows:

Boring D-1; Sample depth 54.5 feet; Soil-SM

Percent moisture: 15 (as percentage of oven-dried weight)

Percent clay size fraction: 7

Composition of clay size fraction: quartz, 4 percent; kaolin,
2 percent; 1111te, 1 percert

Overall description: A soil. Coarse fraction consists of
cuhedral quartz crystals less than 0.5 mm in size, in a
matrix of silt and clay. The matrix is predominantly
quartz.

Boring D-2; Sample depth 29.5 feet; Soil-SM

Percent moisture: 10 I
Percent clay size fraction: 11

Composition of clay size fraction: quartz, 5 percent; calcite,
4 percent; kaolin, 1 percent; other, 1 percent

Overall description: Mostly quartz cemented by calcite. The E
quartz is euhedral to subledral, with one half percent 3
quartz rounded.

Boring D-3; Sample depth 39.5 feet; Soil-SP

Percent moisture: 9

Percent clay size fraction: 12

I<

I_ _. -

_
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- 6

i
'

:
,

II-B-2i

J

|_ Composition of clay size fraction: quartz, 8 percent;
calcite, 2 percent; kaolin, 2 percent -

-Overall description: Poorly sorted with pebbles up to one-inch
; (lef t out in moisture determination). Euhedral quartz and
: rounded calcite fragments occur in the' silt'and clay fraction.
4

Boring D-3: Sample depth 47.0 feet: Rock core-sandy mudstone
i
' Percent moisture: 3
:

Percent clay size fraction: 16 ;
'

i,

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

! halloysite, 4 percent _ f
2 . i

j' Overall description: Rounded quartz and calcite; grains in a -
~

~

matrix of silt and clay. Occasional gypsum grains,
i. . Friable, breaks in the hand.

'

,

Boring D-4 Sample depth 34.0 feet: Rock' core-sandstone A-

Percent moisture: 2

:

Percent clay size fraction: Less than one percent l
-

!

Composition. of clay size fraction:
,

3 - Major: An unidentified mineral with a strong 3.3 A line -
{41 very possibly an iron mica - glauconite, celedonite, - 1

or. biotite and quarts.

Minor: Kaolin. Trace of montmorillonite, o

;
-

I

Overall description: Many of the quartz grains are sharp and3

doubly terminated. A few are rounded. Cement is calcite.
,

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

3

I
: In addition to the foregoing petrographic studies, the samples
i c

were evaluated for colubility in distilled water at 88 C, in-water of .

I

pH - 9 and in weak acid solution. In each case, the sample was agitated i

i |

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

:

,

percentage of dissolved solids. The results are on the following page.

-
t

f''
s

4

n a v a r s o e.io o . r .;

I



I
II-B-3

Solubility
Sample No. Neutral Water p11 9.0 (7.) Acid (7.)

D-1, 54.5 feet Nil 1.0 2.0
D-2, 29.5 feet Nil 0.9 0.9

E
D-3, 39.5 feet Nil Nil 5.7 g
D-3, 47.0 feet Nil Nil 3.1
D-4, 34.0 feet Nil 0.2 0.7

I
I
I
I
I
I
I
I.

I
I
I

.

I
I_ . . . , _ .
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P.ESPONSE TO REVIEW AGENCY Ql1ESTIoNS

.

Tall.liWS _ SIWPAUl:

E. P. A. _QUljSTION

Reference

Page 38 of the draf t rtatement indicates that a set of samplingllowever,M,[o,wells foi the tallings retention system has been established,
page 50 (Section 0.0.3) of the applicant's environmental report men-
tions only "a monitoring well". The final statement e,hould clarify how
many wells will be used. The draft statement also indicates that Ps. 19-21
samples from these wells around the tallings retention system will
inillally be taken weekly and later monthly, if results indicate the
need. Since the mill has been operating since June, the final state-
ment should contain actual sampling information relating to the occur-
re- ? of scopage prior to sealing, as is predicted for the bottom and rinto 9
slG. walls of the system. In addition to the above data, the location
of the monitoring wells should be indicated as well as depth and Pa. 19
strata sampled. This information is necessary to insure that the Plates 5,7,8
points are representative.

TAILINGS DAM

E. P. A. QUESTIONS

The EPA has considerable concerns relating to the proposed
method for lifting the tailings retention dam. As a result of a meeting<

with the Bureau of Reclamation, Earth Dams Division, it was verifted
that the method of raising the tailings dam is not acceptable. Generally
the Corps of Engineers review and subsequent license stipulations
should prove adequate, but the proposed stipulations should be c.c X

plicitly incorporated in the final statement to prevent omission of
them in future licenses. In addition, the Dureau of Reclamation -
Earth Dams Division, and the Dureau of Mines should also be
directly consulted prior to additional lif ting of the present retention
dam.

The reference on page 31 of the draft statement to the spigotting
technique is misleading with respect to the term " surface water". The
final statement should iefer to the liquid tailings solution, rather than x

' surface water.

Other questions concerning tallings retention which are not
resolved in the draft statement and which should be addressed in the x
final statement are:

i

,
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1) is the underlying silty sand and clay, into which the Plate 8
dam is heyed, impermeable to the tallings seepat;e ? Pg. 10

|,

2) What provisions have been made te prevent formation *
of ice lenses or slime pochets near the crest of the dam
and near other critical structural points in the dam ?

3) Does the applicant intend to monitcr the position of the g
phractic line during deposillan of tallingo ? Ps.20 g

TAILINGS SEEPAGE

E. P. A. QUESTION

As has been the case with other uranium mills, it is optimis-
tically predicted that seepage from the tailings pond will be minimal
with the seal previded by deposi,ed sand tailings, flowever, experience |
Indicates that this mechanism may be f ar less effective than anticipated x

and liquid loss by seepage will most likely be significant and require
additional control procedures. |

It is 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 also recommended that necessary equipment and facilities (e.g. , Pg. 16-18 g
collection basin at foot of dam), for such events should be available. 3

TAILINGS SEEPAGE

D. O. I. COMMENT-

The impacts of eventually allowing the industrial wastes in |
the pond to seep into the ground water should be identified. In the a

milling process, approximately 00 6 of the milling soiution is sent0

to the tailings pond. Dased on the concentrations stated, concentra-
Xtions in the tailing pond will be nearly 4,500 ppm of sulfate 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 runoff |
into the tallings pond which will result in significant percolation of
water to the ground water. I

.

I
.

I
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. An adequate basis has not been provided in the draf t state-
! ment for assessing the potential effects on ground water f rom

seepage of radioactive or chemical wast ( o f rom the tailings porti. Pg 10, 11
The statement briefly specified that tailing will be deposited
around the pond as a " perimeter sealing process" ami specifies
that should seepage appear in monitor wells around the dam it will
be collected and pumped back. Ilowever, without further description
of the physical features, and without any description, discussion or
documentation of the geology and hydrology of the site of the pond
and its vicinity, it is not possible to judge (1) whether the " perimeter
sealing process" or other (unspecified) sealing agents will be useful. Pg. 6-10
(2) whether the monitoring wells will be properly located, sufficiently
deep, and properly designed to detect the seepage, or (3) whether
the scepage can be collected efficaciously and returned to the pond.

It is stated on page 33 that liquid losses will occur principally
by evaporation in misleading. The soluble salts introduced will be
available for leaching and downward percolation until depleted.
Artificial lining of the floor of the pond was rejected because laboratory
tests conducted by the applicant on tailings from a mine adjacent to
1110 Algom indicated that tailings of a high solid to liquid ratio have
a very slow percolation rate. Ilowever, it should be recognized that
if the roch underlying the floor of the tailings pond is highly fractured
or jointed and has a thin natural lining of nilt and clay, the rate of X

percolation might be greatly enhanced -- especially as the hydraulle
head is increased by filling of the pond, or in the event the solid to
liquid ratio of the tailings is reduced by storm runoff into the pond.
Regardless of the evaporation potential, there will be downward
percolation of water unless the bed is absolutely impermeable. With
present conditions there is enough permeability so that a more con-
centrated solution will flow to the ground water. Losses by both
mechanisms will occur and there is little basis to assume that
evaporation will be the principal mechanism.

Environmental Monitoring

This section of the statement should be expanded to document
the validity of the assumption that these processes will limit migration
of contaminants. The documentation should include discussions of
(1) the chemical and radioactive substances that might be expected
to seep from the pond, (2) the lithology, sorptive and exchange
capacities, and the thickness and distribution of the earth materials

Pg. 6-14through which the seepage fluids might move, and (3) the natural
ground water chemistry and paths and rates of movement of water Table 1
in these materials.

.
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The Environmental Monitoring t ection also speelfles that the
applicant will perform periodic sampling f rom wells to confirm that
migration by seepage is not occurring, and that the AEC will perto- |dically audit the applicant's monitoring program. Therefore, it
would be appropriate to describe the AEC criteria for determiumg |when corrective action or changes would be required and explain n,A,

how the specified regulatory action wot.ld be taken.

It is recognized on page 38 that the principal ionic form of |
radioactive wastes will be complex anions. We think that due to
the anions and salt concentrations expected in the tailing pond the g
result of the retention mechanisms will be much less than the X 5
maximum implied. It can be expected that a volume of ground water
. vill be contaminated with sulfate-rich wastes and some radiochemical g
constituents. m

Normally regulatory action is after the fact and therefore is 3
noncorrective since little corrective action is possible except to a
recycle pumped water. This section should not consider migration X

to be negligible. it will occur, although it is unlihely to be hazardous, g
.

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

DIVERSION DITCH I
D. O. 1. COMMENT

I
The initial dam which will be approximately 40 feet high,

will be raised to a final height of 65 feet and have a minimum f ree- g
board of 10 feet. The freeboard for dam heights of less than 65 feet s
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-

gboard. The minimum freeboard of 10 fet t at the maximum dam x

height of 65 feet seems adequate for storm runoff. It is stated on
page 33 that a channel will be constructed to divert floodwaters
arcund the tailing pond. It appears to us that if this channel is
constructed prior to the milling operations as an added safety

. precaution, many of our concerns expressed in these comments*

|would be satisfied.

I
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DIVI:lat0N l)lTCil

E. P. A. COMMl:NT
.

The stated intention of constructine, a flood control channel
around the tallings pond should be accelerated in schedule and not
delayed until cessation of the milling activity. This would provide
protection from failure. Comments on this recommendation should X

be made in the fmal statement, along with an implementation schedule,
if adopted.

The draf t environmental statement adequately documento
the existing ecological and physical characteristics of the land and
has recognized the major environmental impacts that may be
created for one alternative. The major weaknesses of this state- X

ment are the superficial evaluation nr the alternattves to the pr .powd I

action and the short time span (8-10 years) considered in evaluutiny
the adverse impacts.

We raise the following questions concerning the evaluation of
impacts:

1. The talling pond is being constructed in a drainage
channel to take advantage of the storage capacity
without excavation. This is hazardous even in this x
arid climate. licavy intensity, local " cloud bursts"
are common in this area. If the proposed site is
developed, the channel diversion should be constructed
before the pond is filled.

CORPS OF ENGINEERS
'

NOTE

a. Rio Algom Corporation has complied with the requirements
of Section 13 of the 1899 River and liarbors Act by filing an applintion
for permit to discharge into a navigable waterway during construction
and in event of accidental spills or discharges. All applications to X

the Corps of Engineers for such permits have been transferred to the
Environmental Protection Agency as a result of the Federal Water
Quality Act Amendments of 1972.

,

.

.
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E.12. A. COM M EN T

I
Environmental Monitorinn

I
No mention is inade in the draf t statement of the sampi:nir of

mine water discharge, it is recononended that this discharge h Plate 9 E
monitored until determinations have been made by cognivant av m it a E
or authorities that all standards are bemg met.

I
I

D. 1. O. COMMENT

IThe proposal to discharge approximately 100 ppin of e.a e t-
Pl"t* 9mine water containing 5.3 pCi of radium-220 per liter, without t .i -t

ment, to the Redd Ranch and the Keystone-Wallace cooper leacimitr |
operation is not acceptable l!!an water quality standar(1s regulie Pg. 18,19
that rad!oactive substances shall not excced 1/30th of the Ml'C -cann
glvon for er.ntinuous occupational exposure in the National Dure au o;
Standards (N BS) llandbook 09 Application of this erheria lead.' to
a maximum allowable radium-220 concentration of 3.3 pC per Uter, g
This water will drain essentially undiluted and f reely acro >s la d 1.t g
controlled by the applicant, and in drainapes considerett to be .c.i er-

'

of the state. It appears therefore that the water quality standards o
the State of Utah will be violated by this action. The final statena ni
should indicate how compliance will be attained.

The draft statement indicates two water sources in the area.
One is used by neighbouring ranchers and the mill as the primary
source for potable water. The other is the water pumped f rom 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 come

|from precipitation in the La Sal mountains. This would indicate an
overall shortage of water and a need for conservation. To assess
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 m. 21, 22

and the effect of such drawdown upan the ranchers, wildlife and foragt |
| should be discussed.

! I
.

'

I



The draf t statement indicates tha; the volume of mine wa er

is decreasing, but falls to give any reason or rate of the decreaw.
There is no indication whellu r a direct connection exists between the,

mine water source and the potable water aquifer. This should be
clarified in the final statement. The most ef ficient une of water
should be required in all cases, it is assumed that the mine water
comes from aquifers below those economically available for use by Ps. 22,23
the ranchers in the area. Therefore, it would appear that the soine
water should be used for industrial processes exclusively, leaving
the well water for use by the ranchers who depend on these wells as
their only source. Although the draf t statement says that the voluine
does not appear adequate fot :he process requirements, the alternativ
of using waste mine water supilemented by well water when necesmre
should be discussed. The draft statement does not show hmv the l'edd n.A.
Itanch plans to use the mine water. This should be discussect- No
alternatives involving possible reuse of any portion of the water h.r 4 Pg. 24
been shown. These items should be discussed in the final statena of.

liydrology

The effect of discharging a significant fraction of the 100 gpm
excess mine water was not covered. As this water has relatively
high dissolved solids (2,002 ppm), sodium (1,335 ppm), and chloride x
(1,597 ppm), the effect on the aquifer underlying the Coyote Wash No regulatint,
area may be detrimental to the water quality, criteria

There is a remote possibility that the mine drainage operatia:,-
would result in a detectable decrease in natural ground water ;ilschat n-i
such as spring flow. If there are nearby springs discharging from the
rocks dewatered by mine drainage operation, periodic discharge Pg. 22,24
measurements of those springs are recommended as part of the
monitoring program.

STATE OF UTAll

COMMENT

2. According to the report, about one hundred gallons per
minute of excess process, or, was_te water pumped f rom the mine will
be diverteil for use at the Itedd llanch in the Keystone-Wallace heap

,

leaching operations located about two miles south of the applicant's
site. Initial testing of tho mine water for radioactivity showed the Pg . 18,19
radium content of some samples to be about one-sixth of the limit

'

for release to an unrestricted area as set forth in the Al:C 8 it. CFlt
Part 20. The AEC is requiring the applicant to perform surveys to

.

=
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assure that the radioactivity in the water diverted to the lledd llanch |
is within acceptable limits. We wouhl like to be assured that this
..i.s don e._

GEOLOGY AND llYDROLOGY

p. O. 1. COhihlENT

Geology

The sections on geology and hydrology are exceedingly
brief and are inadequate to provide the bachground necessary for g

5independently judging the AEC's assessment of the environmental
impact of the proposed mill and its operations. These sections
should be expanded to include a detailed description of the geology
of the site and a general description of the geology of tSe region
around the site. The expanded section should include discussions Futt

g''of the lithologic and hydrogeologic properties and the geographic report

distribution of stratigraphic units, and should be illustrated by
geologic and hydrologic maps at scales appropriate to document the
basis for various conclusions stated in other sections in the report. |
In particular, it will be necessary to define and discus.s all aquifers
potentially affected by the plant during and af ter its operational
lifetime. Areas of recharge and discharge of aquifers, directions |
and rates of ground water movements, and present and potential
use of water from these aquifers should be specified. I

e

.

I
I
I

.

.
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|

3. Descilbe or state your action level for the total radio-
activity measurenwnts for water monitorinr, stations
No.1, 2, 3 and 4. i.e. at what concentrations of total
activity will you identify and quantify the contaminent ?
When this action level is selected, how will you assure Pg. 15
that h is a concentration that will not allow the concen-
tratioas of U, lla-220 and Th-230 to exceed MPC's for
unrestricted areas ?

6. Seepage from tije tallings pond is to be monitored by
perforated wells (Section 7. 4. 2. 4, Page 170). Because
the filter cake of tallings material lining the pond buttum
will restrict infiltration, it is quite Ilhely that flow in
the formations will occur at pressures less than atmos-
pheric. If so, monitor wells will not detect the flow.
Provide information about subsurfnce conditions and
ratiot. ale for locating sample wells for monitoring for Ps. 19,20
scopage from the tallings pond.

7, On page 170 of your Supplemental fleport dated November
1971 and in your correspondence dated February 20, 1973,
you state that two additional monitor wells have been
celected and that a third is to be selected, total of 5. Pg. 19,20
Provide the rationale for selecting these monitor wells
and submit descriptions of all testt, and data from such

, tests, which supports the rationale for selecting these
wells.

8. Ventilation and production shafts will produce water in a
substantial amount from the Navaju 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 IV, Page 134). When the shafts are abandoned,
this water may fill the shafts and enter the Dakota where
it would contaminte that source. Develop a plan for
sealing all vertical shafts at the end of mining operations
so that no deep water communication with shallow aquifers Ps. 7
is possible.

.
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9. Appendix 11 of the Supplemental Environmental lleport
(p.11-2) shows an estimated mine drainane discharge |of 0.17 MGD. Ilowever, the average daily discharge is
given as 150 GPM (p.11-5), the equivalent of 0.22 MGD.
The preliminary Environmental Report states (p.17) that No mine drain-
any drainage f rom the mine area will travel via the south age nmof f will

branch of West Coyote Crech to llatch Wash and Cane Crect; be allowed
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 lo the actual expected discharge rate to natural zero, includinn E
drainage ? Does the value of 2000 mg/ liter T. D. S. max, flood 3
(p. H-7) apply to this discharge ? What alternatives have
been considered to prevent mine drainage water f rom
entering and contaminating natural streams ?

13. 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.

14. 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 II-A
page 106, Seetion 7. 4,2. 2. I and page 168, Section 7. 4. 2. 3.1.
same report. |.

10. Provide a more explicit discussion on how scopage below Pg. 16 -18
the dam will be disposed of.

17. Provide an analysis of the adsorptive capacity of the soils E
through which the tallings solution will seep, e.g. , using g
the exchange capacity of the soil (milliequivalents per gram
of coll) calculate the grams of radium adsorbed by a ton of Not answered
soll 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.

I
.

I
I
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TAILINGS MOIETOR ELL #1
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'

|TO
DEPTH- _ppm uc/ml !SALIPLE

DATE WATER pH Na I So4 | Umt | Ra 22G Th 230 | FEIARDI

FREQifENCY! M k 1 ||
-- -..

W W Mc | w Mc Mc j Mc.
|
'

7-3-73 | 80' 385 I
| 5.1 17-10-73 I 75' 385

,
'

'

g 3. 9
|7-17-73 75' 385 1 4. 8

,

7-24-73 75' 385 4. 6 g

CO3IPOSITE 698 4. 8 5.22 < 2. Ot i8-7-73 | 75' 7. 2 295 '
i 2. 9

|8-14-73 1 75' 7. 6 333 3. 3 '

; ,

8-21 -73 1 75' 7. 4 335 3. 6
;
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| I (2.0 I. i
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'
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,
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!

9-11-73 | 73' 7. 6 340 ) | 1.49-18-73 ! 73' 7. 3 315 I i 1. 4
.: i

'
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{ < 2. 0
'

tCOLIPOSITE ! h 473 1. 73
i ; y

i 1.84t

;9-25-73 .

1 7 35 1 7. 4 330 { t 2.4 . >

10-2-73 I 73' | 7. 5 325 j 1. 5 t
,

j

;

}10-9-73. ! 7 32 1 7. 6 328 j ; 1. 4 !I
,i ' Il }
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- { l {< l t-
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e
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g 9 1 X. -
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M = montf:17 i '

Mc = mont$y compositei | | | [
1 ?-
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|W = wealI7 Ia _} ' ]- - - _ - i ! 1- _ ._-_ --- - - - - -
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LIBSON i\1 TAT,

TAILINGS MONITOR WELL #2

|
- -

DEPTH
_ _ .

EP" "/"I
-

SA:.IPLE To
|DATE WATER pH Na So4

'

| Unat Ra 226 Th 230 | REMAPES
i .

f w Mc f Mc j Mc
-- - -.._.

[REQUENCY' M W W Me f
'

,

i e =

f| 5. 87-3-73 1 85' j 394
7-10-73 I 80'

| 393 i 6.4 i.

7-17-73 | 80' 394 | 5. 6 j ! |
| 7-24-73 1 80' 393 { 6.6 |

'

| CO31POSITEj | 715 6. 2 2.96 ( 2. 0 ,-

' '
q

|l 1 i ! ''
| t : I t8-7-73 I 80' 7. 3 395 i i 6. 5 1 +
'

S-13-73 | 80' 7. 6 300 2. 0 | |
* i

8-20-73 | 80' I 7. 5 392 4. 7 j !j g

CO3.IPOSITE! |
. t .,

481 4.4 i $.14 ( 2. 0 j !
I i
I I l ! I I

.,

i i 410 t | 4.2 I | |
i8-28-73 80',

,
9-4-73 | SO' | .i 360 i ! 3. 9 8

i t !
9-11-73 i 81' ! 370 | | 4. 2 8 ' i'

CO3IPOSITE| | 420 3. 9 L 2.40 ( 2. 0 !

9-18-73 81' I 3S5 I
i 2. 8 : i

! ! i

jt 1 i ,
. i

1 1 i -

j 3. 9 | |9-25-73 82' 7. 6 | 446 '
I

-
j '

| 10-2-73 I 82' : 7. 6 345 3 ! 3. 4
,

,

)8

f~ . '. !10-9-73 82' 7. 6 360 ! -4.2
|

I
,

I I i I
! > I t
i i !

g ! i6

i. i !t i i .i i gi I a s

| 1 } i ! ! I |
*

- ! , ! f : ! | !
i

i, !
' * :

i i ! I, t, I,

t
i 1 ! i i i
i 5 8- i

| -|
|?.! = mont$1v

= mont!pf compositj | I i3.ic
I

, ;

|77 = reekl|7 g_ t u t a o t
; i e !
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TAILINGS AIGNITOR WEIl #3
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DEPTH
-

__ _ _ _ _

__ _,

ppm uc/mi'AAIPLE TO
DATE WATER 3:I Na SO4 Umt | Ra 226 Th 230 | | RELIARIG,

g - g- -_, ..~ ._ _ ____, _

~REQUENCY 31 j W W i LIc w LIc I.Ic LIc | |
| _ * : - l- - -

JAN 73-----+i-SN OWB OU @ -------- |
. --<,

$ i *

| | |FEB 73----
'I-SNOWEOUND---------| 3

'

i3-13-73 155' i 8. 2
|

160 260 j .08 3. 0 ( 2. 0 |4-13-73 150' i 8.1 l 72 254 .16 s' 2. 6 i < 2. 0 : I
4-25-73 -i

>
i i

! >150' j 8. 0 i 72 ; 253 .12 3 2. 6 | t 2. 0 ;
: I j i ! * i ;

* '
| 8. 4 150 1 135 .15 ! 2. 6 ! < 2. 0 | |

5-1-73 1 150'
5-8-73 | 145' ; 8. 3 150 ! 130 15 i 2. 8 ( 2. 0 i !
5-15-73 145' ! 8. 2 153 1 137 14 |

i
I 2. 8 ( 2. O I Ii 1 -

5-22-73 : 14 5' i 8. 3 150 142 14 j 2. 5 (2.0 | -|

'

1 1
,

i, <

;
G-12 -73 145' ! 8.1 -I 51 | 210 I .12 8. 3 : < 2. 0 | !! [ i t : - -

f .147-10-73 | 145' 8. 2 | 2.6 ( 2. 0 |83 278
| : * 1 i i r

,

7. 4 48 160 | 2.508-14 -73 | 145'
| 5. 7 (2. 0 f |;

I. < . , i :
9-4-73 h 145' j 7. 6 j 40 | 167 ; 2.30 j 3.75

> i I
.

i i !; (2. 0 i, ;i i i 1 )~ i ! !

,!10-2-73 145' 1 7. 3 I38 ,i 168 .20 i 1. 5S | < 2. 0 i ;
'

e

i : .

I
I I'
*

1 e | Ei 6
e 4 :I

|
1

1 I I I
j l' i I+ il t : 5

<

|
; it.;

.I i 1
t t . .

; I!. I
::

ie

I ! i ! i i i l
e !

i j -

| i i i
[j: i : >.

i

'I = mont ;17. i I
,

, ; j ; } j !:.Ie = month 17 comnosite ; , ; i ; j j
w = m ekly i | t ! i : !I t t t i i ! !,
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TAlt.fuc1 MONITOR WELL #1 -

FPM oc/ml
M20 | 10-7 10-9 10-8 10-9 10-9 19~7*

J[E _ E11 sot.1DS ' 11ARDNES0 $04 L73 _f
E DISSOLVED ' USANItM EADIlst THORItst FOLosslutt IIAD TOTALSt*tfly.

Ma- C1 - Fe
_ 226 _ 230 _ 210. 210 Af.1134

*
141.*_. _

-

1- 4-73 7.9 IID 293 525 .84 |
1-34-73 8.0 2 286 336 .67 |.
1-31-73 8.0 4 289 -543 .67
CcMr051Ts / 383 't.3 42.s e.3,

2- 5-73 8.0 85* 290 .46
2-12-73 7.8 85* . 290 .51 .

.

2-19-73 ~ 7.8 85* 280 .48
2-36-73 7.6 85* ~280 .5)

CtHPOSITE 458 .53 t 2.0

3- 5-73 7.6 J0' '305 .17. -

~3-13-73 8.0 80' 294 .75 *

3-19-73 8.1 80' 293 .75 ~

3-26-73 8.1 80' -298 .42 - .

COMPOSITE 475 .52 4.0 4 2.0 -

4- 3-73 7.3 80' 261 .71
,

4-10-73 7.6 80' 261 1.06 .

4-17-73 7.7 75' 261 2.26
4-24-73 7.7 75' 261 1.78 -

COMPOSITE 284.8 -
- 1.38 1.3 ( 2.0

''

'5- 1-73 8.2 75'
- 300 4.29

300 2.10 - .

-5- 8-73 8.2 75' .

300 2.10 , 4
*

5 15-73.. 8.3 75 ~
-

5-72-73 8.2 75' 314 4 "Q

mm 251 3.24- 4.02 < 2.0 -
'*

, ,

6-5-73 7.9 75 . 289- - 3 '+'+
~

3 696-12-73 7.'; 75
-

322 . .

. 3 196-19-73 8.c 75 300 .

3 056-26-73 8.0 75' - 311
cc::POSITE .

60'+ 3 38 2 91 < 2.0 -*- -

-
- i .,

'

2 10-5 ~ 3:10-8 2 1o-6 7,le-7 1,1 ,-7MPc .
,

TOTAL - - ~- l
~

I *I '
,AvtaAcs - . . .

- ** - --
,
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,-.
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Of5fD1 MINE
.

TAILINGS POKITOR EE11 #2

-
PrM | ue/=1 |

10'i 10-9 10-8 10-9 j10-9 10-9
|L

| L1ANIIM.gg;.g g FATER j. g RADIUM TUORIUM FOLO310M gIIAD ; TCM L
tu t E P!1 IIVEL IL\RDNES; SO4 NO3 tts C1 Fe - 226 230 210 210 * ? ? mA

172 f f f ' .

1- 4-73 7.5 4 300 582 1.79 | 4
*

1-24-73 7.4 2 293 571 1.51
I-31-73 7.5 2 295 564 1.34
!

,

PosITE 343 1.3 42.0 .7 1

i i i
2- 5-73 7.6 90' 356 3.02 *

,
2-12-73 7.6 ~90' . 367 6.09 :

*

2-10-73 7.7 90' 344 5.33
*

;
,

2-26-73 7. 6' 90' 333 4.12 ;
COMPOSITE $57 . 4.72 < 2.0 i ; |

3- 5-73 7.8 85' 396 .35
3-12-73 8.2 85' 396 .10
3-19-73 8.7 85' 394 .75 I.

3-26-73 8.3 85' 396 .10 |
COMPOSITE 330 , .16 5.0 < 2. 0 ,

4- 3-73 7.9 85' 340 .26

4-10-73 7.9 85' 340 .82
I4-17-73 7.9 80' 360 .98 '

4-24-73 7.9 80' 360 1.14
COMPOSITE 296 .72 2.2 2 2.0 |

|8

.96 I |5- 1-73 8.3 80' . 460 .

5- 8-73 8.3 80' 440 .95 *

5-15-73 8.3 80' 420 - .96 ,

5-22-73 8.3 80' 660 .79 +*

(nv?O3nt 324 .92 2.6 < 2.0 .i

6-5-73 8.1 75' 389 .45 - :
6-12-73 8.0 75 378 45 '*

6-19-73 8.0 75 378 70 !
'

-

6-26-73 8.0 75 367- 42 :
C0!?03ITs 695 50 33 < 2.0 i.

'
!

- f7,10-7- 1,10-7 .MPc
~

2x10-5 3,10-s 2,10-6

TOTAL | !

j | | [ JAvrRAcE | i ,
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-f,tSept MIME *

2AILINGS MDEITOE WELL #3 *

- . . - . - . , - - - -

PFM ese/a1

WATER .j g 10-1 10-9 10-8 10-9 10-9 10-9
3 ggANIUM 3 Ant:3g Tgoaltgg r0Logitag ttA3 . totals, arty.
*-- nur rit :WE IIARDNESS 504 4 N03 . Na C1 Fe 226 230 21a 210 At.pna

'
. 1112_._ - I

JAN 73~--SNOW 30UNE
,

FEB 73--)SNOWBOUIEE---
.

3-13-73 8.2 155' 260- 160 .08 3.0 42.0

(I4-13-73
8.1 150' 254 72 .16 2.6 < 2.0 $

150' 253 72 .12 2.6 42.0 .
4 - 2 5 - 73 8.0

.I I
. . -

5- 1-73 8.4 150' 135 150 .15 2.6 < 2.0
5- 8-73 8.3 145' 130 . 150 .15 2.8 < 2.0 ,

5-15-73 18.2 145' 137 153 .14 2.8 < 2.0
i5-22-73 8.3 145' 142 .150 .14 2.5 < 2.0 *

. i

6-12-73 8.1 145' 210 51 .12 83 <2.0 ;,

7-10-73 j 8.2 145' 278 83 .14 2.6 < 2.0
'

[, ,

. .

8-14-73 7.4 - 1'+5' 160 48 2 50 57 < 2.0 j.*

[- 2c: !
.

- .
_ ,

. ..
.

* . 4

!. .

|.
*

.

-

g
- .

.

. .

;
- -

.:

.

.
. .

4 .

I

MPC 2x10-5 3m10-3 2x10-6 7m10*I 1:10*7_ ' . . . - _ -
.

NAL - I
___ _

- 1 !_

AVERAGE
^
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I,ISMu MINE
.

TAlf.T M POXITOR WELL #4x

-

FFM oc/mi
10-7 10-9 10-8 10-9

|IIAD
10-1 10-9

I
8Ptrix URANIUM EADIUM TTIORItM POLONit;M - TUTAL

, m*EL IIARDMESL 504 NO3 Ra C1 Te 225 JQ ' 210_ ! 210 Ar m1*u r 1-1

19/2 I .

JAN 73-----.-SNOWBOUED-------
FEB 73 --- -SNOWBOLn~ -~-- .~

~

-

3-?3-73 8.3 155' 277 187 .06 2.0 4 2.0
- 4 -13 -73 8.1 150* 253 158 .42 1.2 4 2.0
4-25-73 8.1 15 0' 254 154 .31 4.9 < 2.0 ,

5- 1-73 8.4 150' - 155 114 .33 2.6 < 2.0 g

5- 8-73 8.4 1h5' . 150 107 .30 2.7 42.0 1

5-72-73 8.4 145' 148 121 .29 2.6
. < 2.0 | j5-15-73 8.4 145' 153 lig .31 2.3
< 2.0 i,

!

. 6-12-73 8.4 145' 301 100 .13 1.4 < 2.0

7-10-73 8.4 145' 349 173 .14 15 ( 2.0
8-14-73 77

^

250 140 1 9c 53 42.0
. ...

,, . /.

!
.

|
4
9

*
.

,
. .

s
._

,

.

Y

t
i
!
! i'

.

1x10-7 !
t

[7x10-7MFC 2x10-5 3:10-8 2x104
i

} 10TAL t
_
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i

. . .
. , - _ - - .

*
.

* *

.

.

t_.__.__

'



_ . _ . . . . . . . . . . . . . . . . - . . . . .

. . . . _ . . . . . _ _ - . - _ . . . - - -. ~, - . . . . - . - - . - . - - - . . .

f.,t%2rg Mig

TAILINGS MONITOR WEIL #5
'

],
~

| .,ef,t is ern
_ __

] |
| 12AMilm

10-4 10-9 10-8 10-9 10 ~9 10-84

*gm .

Sv;rt r. I ' '!.MNED . EADital ittogitit t'OrJrtitM IJAD 'I tse t,
: a :M 4tt:U%r55 50% _ NO3 Na *

t 'i?
. - - -

I
_ _ C1 Fe 226 230 210, _yIo .t s.:-tAe.g , t pl

_
,

* ' '

JAN 73-- , SNOWBOUND------- |
FEB 73---S50WD00ND------

MAR 73-- I |-SNOWBOUND & MUDBOUNO

-4-25-73 |7.8
200}, "

l

o-13-73 7.9 20$ 324 42 .28 1.81 < 2.0 1

264 42 .23 1.45 < 2.0
S- 1-73 i8.4' 195! 215 29 .23 1.63 < 2.0
5- 8-73 i 8.4 ! 195| 210 29 .24 1.75 ~ < 2.0 .

5-15-73 :8.3'1951 219- 29 .23 1.78 <2.0
'

|- 5-72-73 I8.4;ISSi 223 29 .23 1.78 <2.0-, :

: )6-12-73 | 8.2 195; 338 31 .21 1 39 42.0
I7-10-73 : 8.2 199, 424 50 .21 1.07 (2.0 ,

8-14-73 7.4195, 2 50 26 1.20 '1.85 <2.0 -
,
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_ -.

I
LISKN MINE I

TAILI?ES Mh*TTOR RTIL i1

- 10-7 10-9 10-8 10-9 10-9 10-9
2" TIE 194 uc/ml ut/ml uc/ml uc/ml TUTAL uc/ml
MTE Ill 504 NO3 Na C1 UPANIIM RADIIM 'DIRI1M POIINIIM AIR R IIAD-210

uc/mi,

4-6-il 7.7 310 230 430
4-13-72 7.7 295 220~ 470
1-19-72 7.65 340 220 480
4-26-72 7.4 345 280 428
... ...-MILI. START P-------
6-13-72 7.5 279 22 270 511 6.63 < 1.0 4 2.0 0.6 t 5.0tO 2.5

3.03,206-19-72 7.6 291 25 270 539 14.1 1.14 2.99 0.5 Ot2.5 .04
6-26-72 7.3 291 20 264 546 7.97 < 1.0 1.76 . 0.5 Oj2.5 t43 .01
7-3-72 7.6 340 25 271 550 .811 2.96 3.16 0.7 0-2.5 1.73 .06!

I7-10-72 7.3 350 25 292 518 1.84 < 1.0 3.45 . 0.3 IO 2.5 .00 .11
7-17-72 7.3 361 25 364 546 2.73 4.92 1.0 0*2.5 43I.01
7-23-72 7.3 319 25 336 631 8.96 <c 1.0 < 2.0 0.7 14-7 0 .01

I1 8-8-72 7.4 153 22 289 737 5.26 41.0 < 2.0 0.1 IG 2.5 .58 .01
] 8-14-72 7.8 256 22 298 737 5.39 < 1.0 < 2.0 0.2 t 140 17 2.31 .07 ,

' S-21-72 7.4- 283 24 292 567 38.35 < 1.0 < 2.0 0.2. 27t15 .86*.02 |
8-28-72 7.6 251 27 202 629 7.67 < 1.0 < 2.0 2.2 t41 17 1.29 .03 |
9-6-72 7.8 288 52 265 600 N.D. |9-11-72 8.2 171 47 257 603 .342 i

-15-72 8.0 156 30 283 - 333 .013
25-72 8.1 198 34 374 363 N.D.

COUnilTE < 1.0 < 2.0 0.5 44 2 1.15*.02!

10-2-72 7.6 254 11 273 464 N.D.
10-9-72 7.8 246 10 273 464 .005
10-24-72 7.7 328 9 250 446 .157 .

I

'

O M OSITE 4 1.0 < 2.0 9.0 28.8 .7 -

11-7-72 7.6 165 10 22a 542 .013
11-13-72 7.7 184 14 z58 593 .009
11-20-72 7.9 209 15 258 582 .295
11-27-72 7.8 228 10 235 593 .014

ICatPOSITE < 1.0 42.0 0.9 3.3,1 .10
12-5-72, 8.0 399 3 293 602 4.10,

,

12-15-72 7.9 383 3 280 588 1.37 |,

12-19-72 8.0 377 3 287 594 2.05 '

12-26-72 8.1 394 3 293 594 2.05
ICGUDSITE 1.3 < 2.0 0.5 4.42 .16

TUfAL 229.75 844". 516 8235 16370 107.399
AVERME 7.66 281.5 | T4 _ 274.5 545.7 4.88,

f

.
*

* *

.



.. .. . _ _ _ _

LISB3r MINE

TAILING 3 MEITER NELL M). 2

10-7 10-9 10-8 10-9 10-9 10-9

SrWlf. M utful uc/ml uc/ml uc/ml M .uc/ml
InTE -m 504- m3 Na C1 URANHM RADIIM : THORIIM POWNItM ALM IIAD-210

4-6-72 7.6 200 ZIO 580
4-13-72 6.65 200 210 630

-

4-19-72 7.7 225 220 600
4-26-72 7.5 175 260 575
..... .MIi1 STARR P--------- - ..

6-13-72 - 7.5 178 98 240 610 10.6 < 1.0 . 8.26 0.5 0 2.5 3.30{.20
6-19-72 7.5 ,198 92 270' 638 25.6 3.63 4.r4 - 0.1 0 2.5 8.36;.30
6-26-72 7.5 167 78 258 628 11.5 < 1.0 1.05 ' O.5 .O Z.5 1.58 .042
7-3-72. 7.8 141 92 264 628 3.61 < 1.0 3.16 0.7 0 2.5 .58;.01..
7-10-72' 7.5 354 92 .271 599 1.38 - 3.17 3.16 0.8 0-2.5 4.76;.17
7-17-72 7.5 . 504 92 327 631 5.38 1.63 < 2.0 0.8 17-14 .00,.01

27 .14 .01 '
17.-15 1.58'.04

7-23-72 7.5 193 73, 309 738 55.6 < 1.0 . <2.0 0.5
-14'8-8-72 7.1 289 96 293 751 20.64 < 1.0 < 2.0 0.2

O Z.5 2.311.06!8-14-72 7.7 360 96 313 751 8.79_ < 1.0 < 2.0 0.2
8-21-72 7.3 369 95 298 524 4.26 < 1.0 C 2.0 0.2 ' 15*13 .00 .01'
8-28-72- 7.8 362 75 326 562 6.82 < 1.0 < 2.0 0.3 32*16 1.30;.05-

9-6-72 8.1 390 14 . 309 559 N.D.
9-11-72- 8.1 313 13 307 560 .383
9-18-~72 7.8 275 8 325 255 .013
9-25-72 8.2 299 4 333 277 .005 .

CXITOSITE 41.0 < 2.0 0.7 25*15 3.30-13
10-2-72 8.1 332 9 327 396 N.D.
10-9-72 8.2 387 7 314 390 .006 *

10-24-72 - 8. 2 423 6 314 372 .157 < 1.0 (2.0 1.1 OCT, (INOSITE 14.4 .4
11-7-72 - 7.8 322 43 304 P2 .009 ^

11-13-72 7.9 335 43 304 582 .007 -
.

11-20-72 7.9 304 40 281 557 .028
'11-27-72: 7.9 631 40 327 571 .014 .

1.418 (2.0 0.6 2.45 .07CIM OSITE .

587 .2112-5-72 7.8 435 42 318
12-15-72 7.5 351 34 287 590 .41
12-19-72 7.8 361 19 260 588 .24
12-26-72' 7.8 372 12~ 293' 588 .29 .

(p.TOSITE 1.3 , < 2.0 0.6 4.48- 18

WaAL Z31.25 9500 1313 8677 LS899 155.952 __

AVGAGE 7.71 316.7 -50.5 259.2 563.3 6.50

.

+

*
.

6 *
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Appendix D
,

e

SCAN ANALYSIS
.

, _RATTLESNA.KE POND WATER
.

1

31st August 1st October

PPM PPM

Pb .038 <.02
Zn .037 .006
Ni (.1 (.01
Co (.1 (.01
Fe .037 .08

'

Mn .022 .015
Cu .023 .02
Al <.19 < .14-

'

Na 59 65
K 6.1 5. 5
Ca 102 116
V (.1 <.1
Mo <3 (.3
Ba (.4 f.2
N 2. 4 4. O

NO3 1.9 1. 2
NH3 2. 0 - 2.O
Ra pc/l <1 <1

,

;

.

- _ _ _ _ _ _ _ _ . - - . . _ _ _ . . _ _ - - . - - _ O* 4
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ro: li. E. Grimes puc liarch 2,1972

rrom: J. T. 14ather c.c. J. W. Fisher
'

subjecu Seepage Tests on Utah Tailings

The current series of lab scopage tests are giving steady seepage
rates of 6-8 ft./yr.III ' I) for untreated tailings af ter one week under simulated ,I 9

field conditions. These rates are similar to the figures used by Cicvenger a .

Ass, in their estimate of loss by seepage from the base of the tailings area
.

(10 ft./yr for wholc tailings).

If the setpage loss estimted by Clevenger & Ass is considered to
be excessive, we would recommend the use of sealing agents added to or sprayed
on the tailings, with the qualification that outside advice be sought on the
stability of the tailings embankment after the sealing treatment. The proposed

tailings retaining itructure consists of a starter dam backed up by coarser ,

tailings deposited by conventional spigotting. Placing of an impermecble
layer of scalant or treated tails immediately behind the starter dam might ,

affect the stability of the retaining embankment by keeping the whole of the
tailings behind the dam semi-fluid, rather thar letting a layer of coarse .

material drain and consolidate and add to the, strength of the starter dyke.

We are presently evaluating the effectiveness of two Dow sealing
agents that may be r. prayed on a prepared base, using methods supplied by

* lir. E. K. Anderson of Dowell of Canada, Calgary. The costs range from $200
to $900 per acre for scalant only. We are also evaluating the use of one

'

of these reagents mixed in with tailings before deposition, and the use of
FeSO '7}b0 (Copperan) in like manner. The la'ttir technique could save on-

4

scalant costs, but is not specifically recommended by Dowell.

All these techniques for scaling require that the scalant or treated,

material be placed on a prepared base in order to minimise reagent cost.
Since it is not intended to grade the tailings area to obtain a cican, uniform
base, it will be necessary to lay down an initial layer of untreated tailings

-
.

,

.
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._



.-

.

3
2--

.

,

over the area to be scaled, preferably to a minimum of 6" depth. This g
'

job might be simplified by some buildozing of very rough areas and by a'

brushing the entire arca, depending on the topography'.
E,

Preliminary figures on the effectiveness of various scaling-

agents should be availabic in one weck. -
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Intu office Mernorandum - File N o. . . . . . . . . . . . . . . .

.....

To E. Barnos Octubr ' 16, 1973. p,,,;

(. - from, - J. T. Mather
,

,5ubject: Scopage through Utah Tailings Test on fresh tailings from
Lisbon, Utah

A fresh sample of whole tailingc from the Lisbon treat-
mont plant-was roccived on August 3, 1973 and labelled 73BD7.

,

The tailings slurry, of Sg 1.342, was mixed thoroughly and
poured onto a base of washed clarifier sand in a lis" i.d. glass
Column..

The Percolation rate was monitored over a period of '

38 days, keeping the surface of the tailings just covered with
water i.e. equivalent to a hydraulic gradient of 1 ft. water
por ft, tailings. Results are shown graphically on Figure 1.
The percolation dropped from an initial value around-100 ft/yr
to a steady 6 Et/yr a,fter 7 days. These results are virtually
identical to Taose~for the tailings prepared by leaching North
Alico material in our laboratory autoclavo, see memo J.T. Mather
to M.B. Grimes dated March 2, 1972 , .

.
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STATE OF UTAH
i CaMn L Rampton, Governor

DEPARTMENT OF.

DEVELOPMENT SERVICES*
,

Division of State History
May 7,1973 u Mn T. Smith. Director

.- 603 East South Temple
- Salt Lake City, Utah 84102

Telephone: (801) 328-5755

Mr. R. D. Lorti, Vice President
Research & Development

'Rio Algam Mines Limited
1

120 Adelaide Street West i
Toronto 110, Canada |

Dear Mr. Lord:

Last Wednesday and Thursday, May 2-3, I traveled to LaSal to see if
any historic sites would be affected by the uranium operation of the Rio
Algam Corporation. After checking over the site, I found no historic
sites that would be adversely affected by the operations of the Rio Algam
Uranium Mine and Milllocated approximately four miles south of LaSal.

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

Sincerely yours ,

):
Kent Powell
Preservation Historian

KP:hm- .

.

4

.

h
.

STATE lilSTORY BOARD: Dr. Milton C. Abrams, Chairman . T!aeron H. Luke . Juanita Brooks . Cleo L.Jensen . Howard C. Price, Jr.

Dr. Dello G. Dayton Dr. Dean R. Brimhall Jack Goodman Clyde L. Miller Elizabeth Skanchy Naomi Woolley. . . . .
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' # # r:Nd -United States Department of the Interior
a ,f :

\. NI 2030L
DUREAU OF LAND M AN AGEMENT

#kh- Itonticello, Utah 84535 g y .- ; n 7 - 4 7 v 7,

October 15, 1971 .

.

Mr. P. F. Pullen
Chief, Environmental Engineer
Rio Algom llines Limited
120 Adelaide Street
Ucst Toronto 110 Canada

*

Dear Mr. P allen:*

Uc have coopiled so:ae additional informati on in regards to your millnite
proposals on precipitation, sprinkler systems, vegetation and soils.

'

These item 1 will be discussed individually.

To begin, the storm frequency used in esiculating the run off on the
attached hydrology sheet is for a six-bour storm on a 100 year
frequency. The following data from the vent.her bureau records is
also for a 100 year frequency. Ucuever, the time of measurement in
from 2 to 10 day. This information is significant in that it indicates
waterched runoff which uould be impounded by the proposed tailings pond.

100 year, 2 day - 4.0 inches = 46.6 acre f t. *

100 year, 4 day - 4.2 inches = 49.0 acre it.
100 year, 7 day - 4.5 inches = 52.4 ccre ft.
100 year,10 day - 5.0 inches =-58.4 acre ft.

It can readily be seen by the above figures that the potential run off
accumulation for say a 25 day period using a 1,500 year frequency
would be far in excess of the capacity of the tailings pond. In vicu-

of these facts we would suggest tin t the tailings pond not be used to
- impound all runof f of the entire drainage, rather that some metlied,

i'.e. a diversion ditch, be constructed to divert runof f water to .one

of the adjacent drainages thus climinating the threat of water
breaching the tailings pond. dam.

Soil types range fran exposed sandstone parent material on the rocky
knolls to very fine sandy loams in valley. Vegeta tion on shallow
coils is basically pinion and juniper with some browse and forb.,

understory. On the deeper soils in the bottoms, a sagebrush / grass
composition domina tes . This type is in fair condition, u ith as high
an a 60% ground cover.

.. '.';'.* L", "* ;"*"
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In considering a sprinkler systen to dispose of surplus voter, the
follo..'ing Lctors should be considered:

Soil type - very fine candy loao
Wa ter holding capacity - 1.5" per feet of soil
Effective Root zone - 3'
Root Zone capaci t y (3 v.1.5") = 4.5" vo ter
Uct moisture to replace - 507. of 4.5" = 2.25" .

Gross inches to replace - 2 25" = 3.22"
70% efficiency 3

Irriga tion f requency - _2.25" act . = 7.5 or 8 days 3
.30" peak use

Based on 150 gnllon per minute water sourch
Acres ' 8 dag (2 3 hrt.lil50 ran)

453 (3.22" gross) e 12.1 acres or 730 feet square,

Evapora tion rate - 84" per year

The biological data on th< Re t t icsnake pond has not been completed, but
ue vill forwa rd such informa t ion a s it becomes available.

'

As per our discussion, I feel that the cechniques used in stabilir.ation
of taillurs areas should remain open unuil the need for the arcc has
ceased. Also seeding of the damsite could be deferred until early
spring in order to take advantcge of winter tuoisture.

I do vant to impress upon you the importance of protecting the tailings
both during the operation and alter its completion. Ue feel that thc .

best approach is t o climinate the need of your tailings pond cc a
waterrhed retention structure. A divernion canal above the tailinge "

is one approach, others undoubtedly are available.

If additionni questions arise, or assist ance needed, feel free to
contact us.

Sincerely yours,- '

A NOp 36W // c#MC. 1

Thomac A . lloore
Acting District Manager

_.
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DUREAU OF LAND MANAGEMENT.

HYDROLOGIC DATA SHEET
t

.

'

ESTIMATED PEAK RATE OF RUNOFFt- _ _ _-_--
.u.____

2. Drainage basin _ = = . = =
.

'

*
2. LOCATION. .-

'

S!!CTION TOWI4GillP hat 4GE MER10!#Ni

-
^

21 , 29 S. 24 E.1
,

ST.nts.
3. Drainage crea

actes = sq. m!.

4. Waterched length (L) f%-932 t. 5. Elevation change ( o h) ,_g y,,, , ft. I

h., . / . Watershed slope (S) = 'g h
-

6j 7 x 100 = 47 percent 7. Design frequency
.\ ' _ygg yrs. i

_

# # '

..| j. 8. HYDROLOGIC SOIL COVER COMPLEXI S (Illustrationn 7 8)
.y

;,
,i 4'. !!YDROLOGIC

,

-- *
CLASS TREAT!.1ENTi SOIL LAND COVER CONDI. OR CUNYC PER.'

'

GROUP ACRES CENI'OF CN. 50.''
.g

.. TION PRACTICE NO. gggg xPERCCHT
&;- ,*

. 11 inoch)
;

,

._. L T - lair h n- _c9- ' 19,3_. __.y. en3._
i
'

3 ,. i
'

'J #
,

.

;
-

LB; -I' air hc 60- 3GI G5 4290. ' !vk.
'

. + .
.

1'

; !. - /M.; "
,'

''
, 4 . . . -

. *

k

.' ;_._

. . .

:iu <

- I s'
e li --

'
!

[ ~

|.
,

.c
.g TOTAL ',

.

556 100 7405- -Weighted curve Number :- 71405-- =
100 74- 03 use !

'

- fg i

9. Rainfall (P) inches (illus.1-0) 10. Runoff (Q) _ inches (illus.10) i

I_

11. Watershed runoff = Q x nc + 12 =
;.

c . ft.2R 12. Time of concentration (T ) hin. (illus.11) jc
. ,5

_ 1
-

- 13. !!ydrograph Pcmily No. _3 y (illus.12) 11. Unit peak discharge _270- . can (illon.13)'{ . _ -

,15. Watershed peak stis.c|iart e rcte (q) = com x sq. mi, x Q = ,f
,
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' Dorrow

-In our opinion, there is_ ample, suitable borrow soil within

the tailing pond, area to construct 1the proposed starter dam,
!

-Underseepage ,

The natural soils in the reservoir area possess sufficient

fines (-h200) to-be-relatively impervious. llowever, in view-of

the desire to ninimize underseepage losses, we believe a cutoff

trench of compacted earth will be eppropriate beneath the

-tailing starter dam extending into the clay soils, and for the

j abutments, 5 feet into.the. sandstone, bedrock. Final investiga-
~

| tions may indicate the desirability of-blanketing the sandstone-

outcrop on the right, abutment for some ' distance upstream of the

starter dam with compacted, impervious fill. ,

LIMITATIONS
~

.

Test holes for the headframe were closely' spaced to give-a-
>

reasonably accarate subsoil picture, and widely spaced-in the i

plant site 'and tailing dam areac, typical of= preliminary inves-

tigations. Variations in subsoiis not indicated by - the' borings
'

are always possible particularly with widely _ spaced preliminary

borings. We recommend that the excavations for- the headf rame

be inspected by a comnetent soil specialist to assure that sub-

surface conditions are as indicated by the test: holes. Final

investigations should be performed in the plant and tailing-

dam areas prior to design to enable confirmation of four prelim-
4

inary opinions and determination of design criteria. We will be

happy to accomplish these inspections and-investigations for

you, if desired.
.

'

il- - _ ,,,.mm _,_ _ _
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DIRECTOR . 7 *
A STATE HIGHWAY ENGINEER

f . ,i.-th'g) $ - - %, BLAINE J. KAY$NRY C. HELLAND *)d'
{} [Mb q.\ 5 [.*: :*-

, ' s \ % ,. k
C00ntst REPLY 70 JAMES L. DEATON

Utah State Department of Highwaysoama ramaa ommer Es=tra

Price, Utah

June 14, 1973

.

'

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

Chief Environmental Engineer
Rio.Algomi

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,

2s/d /

James L. Deaton
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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TABLE I -'

CALCULATION OF DUST EMISSIONS (SURFACE PLANT)
.

Yellowcake

Crusher Headframe Transfer Scrubber Filter

Average actual operating time 12 12 12 20 20

(hours / day)
~

CFM 13,000 11,000 2,200 960 1,300

= CF in 24 hours ( x 1,000) 9,360 7,920 1.584 1,152 1,560

3=M in 24 hours ( x 1,000) 265 224 44.9 32.6 44.2

3Dust content (mg/M ) 1.19 .097 1.27 .941 .585

Dust emitted in 24 hrs. (grams) 315. 21.7 57.0 30.7 25.9

Total dust emission 450.3 graics in 24 hours - under 1 lb.

..

t
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TABLE 2A
.

CALCULATION OF DOL'NWIND CENTRE-LINE DUST CONCENTRATIONS
AT NEAREST ACCESS POINT
(Minimum Stability - Class A)

.

Receptor Dust
,,p _g T H. '2H Q Concentrations

y Emitter . (meters) 6 (meters) #z #z fzj.
Emitted QDistance . H

3g/ day g/sec nu#y#z; Fu # #z C (g M )y

Ventilation Shaft 99 -28 ,2 14 .143 9.90 x 10-I 22,000 .263 2760 9.53 x 10-5 9.43 x 10-5

Crusher (12 hours) '76 22 14 10.5 1.33 4.13 x 10-I 315. 7.29 x 10-3 1625 4.49 x 10-6 1.85 x 10 _6

Headframe (12 hours) 76 22 . 23 10.5 2.19 9.09 x 10-2 21.7 5.02 x 10-4 1625 3.09 x 10-7 2.81 x 10-8

' Transfer (12 hours) 76 22 - 17 10.5 1.62 2.69 x 10-I 57.0 1.32 x 10-3 1625 8.12 x 10-7- 2.18 x 10-7 '

Scrubber (20 hours) 76 22 15 10.5 1.43 3.60 x 10-I 30.7 4.26 x 10-4 1625 2.62 x 10-7 9.43 x 10-8

Filter (20 hours) ' 76 22 10 10.5 .953 6.35 x 10-I 25.9 3.60 x 10-4 1625 2.22 x 10-7 1.41 x 10-7 '
,

* Total Surface Plant Emissions 76 22 16 10.5 1.52 3.15 x 10-I *9.90 x 10-3 1625 6.09 x 10-6 1.92 x 10-6
(Average)

24-Hour Average, Total Surface . 73 22 16 10.5 1.52, 3.15 x 10-I 450.3 5.21 x 10-3 1625 3.21 x 10-6 1.01 x 10-6
Ore Treatment Plant Emissions (Average)

*When all surface plant units are in operation simultaneously.

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

g.
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TABLE 2B

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

(Maximum Stability - Class F)

Receptor - - Dust Q Concentrations -
IH'3 emitted Q Hud s 3Distance H E " 6 #z C (g/M )

Emitter (nieters) F . (meters) 6z H/a eXP 1 y g
b y z tg g/ day g/seea y

Ventilation Shaft 99 4. 0 2- 2.3 .870 6.85 x 10-I ' 22,700 .263 64.7' 4.06 x 10-3 2.78 x 10-3

Crusher (12 hours) 76 -3.2 -14 1.8 7.78 7.19 x 10-I4 315 7.29 x 10-3 40.5 1.80 x 10-4 1.29'x 10-I7 ''

'
-

Headframe (12 hours) 76 ' 3. 2 23 1. 8 . 12.8 8 x 10-36 - 21.7 5.02 x 10-4 40.5 1.24 x 10-5 9.92 x 10-4I

Transfer (12 hours) 76 3.2 17 1.8 9.44 4.46 x 10-20 57.0 1.32 x 10-3 40.5 3.26 x 10-5 1.45 x 10-24

Scrubber (20 hours) 76 3.2 15 1. 8 8.33 8.56 x 10-16 '30.7 4.26 x 10-4 40.5 1.05 x 10-5 - 8.98 x 10-21
,,

Filter (20 hours) '6 3. 2 10 1. 8 5.56 1.94 x 10-7 25.9 3.60 x 10-4 40.5 8.89 x 10-0 - 1.72 x 13-12

* Total surface plant En issions 76 3.2 16 . . 1. 8 8.89 6.89 x 10-18 *9.90 x 10-3 40.5 2.44 x 10-4 1.68 x 10-21
- (Average)

24-hotar average total surface
ore treatment plant emissions 76 3.2 16 '1.8 8.89 6.89 x 10-18 450.3 5.21 x 10-3 40.5 1.29 x 10-4 8.86 x 10-22 -

(Average)

Wind Speed u = 5 m.p.h. = 2.24 M/sec

I
3*Wh:n all surface plant units are operating simultaneously. .
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TABLE 2C

.

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

(Average Stability - Class D)

DustReceptor IH 12Distance - H .) emitted Q Q Concentrations
6 Y6 % g/ day g/see iIn "y #z H u "y #z C (g/M )3 3

Emitt.er (meters) @ (meters) z z

Ventilation Shaft 99 8.0 2 4. 7 .425 9.14 x 10-I 22.700 .263 265 9.92 x 10-4 9.06 x 10-4

Crusher (12 hours) 76 4. 8 14 3.8 3.68 1.15 x 10-3 315 7.29 x 10-3 128 5.70 x 10-5 - 6.56 x 10-8

Headframe (12 hours) 76 4.8 23 3.8 6.05 1.13 x 10-8 21.7 5.02 x 10-4 128 3.92 x 10-6 4.43 x 10-I4

Transfer (12 hours) 76 4.8 17 3.8 4.47 4.58 x 10-5 57.0 1.32 x 10-3 128 1.03 x 10-5 4,72 x 10-10
~

Scrubber (20 hours) 76 4.8 15 3.8 3.95 4.09 x 10-4 30.7 4.26 x 10-4 128 3.33 x 10-6 1.36 x 10-9

Filter (20 hours) 76 4. 8 10 3.8 2.63 3.15 x 10-2 25.9 3.60 x 10-4 128 2.81 x 10-6 8.85 x 10-8

* Total surface plant emissions 76 4.8 16 3.8 4.21 1.42 x 10-4 *9.90 x 10-3 128 7.73 x 10-5 1.10 x 10-8
~

(Average)

24-hour average total surface
ore treatment plant emissions 76 4. 8 16 3.8 4.21 1. 42 x 10-4 450.3 5.21 x 10-3 128 4.07 x 10-5 5.78 x 10-9

(Average)

Wind Speed u = 5 m.p.h. = 2.24 M/see .

*When all surface plant units are operating simultaneously. . >
E
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TABLE 1 A

RADIOACTIVITY: DOWNWIND CENTRE-LINE CONCENTRATIONS AT NEAREST ACCESS POINT'

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

A. URANIUM
Receptor Emission f

eXP -I .
HJ2Distance H Rate Q H Q

-
C

Emitter (meters) (meters) Curies /sec #y d #z Tfu Oy "z y pu uy v2 pCi/ mlz

Ventilation Shaft 100 2 8.36 x 10-II 28 14 .143 2760 9.90 x 10-I 3.03 x 10-14 3.00 x 10-14

) Plant Stacks:-
Crusher 76 14 9.17 x 10-12 22 10.5 1.33 1625 4.13 x 10-I 5.64 x 10-15 2.33 x 10-15
Headframe 76 23 - 1.37 x 10-12 p2 10.5 2.19 1625 9.09 x 10-2 3.43 x 10-16 7.66 x 10-17
Transfer 76 17 1.39 x 10-12 22 10.5 1.62 1625 2.69 x 10-1 8.55 x 10-16 2.30 x 10-16
Scrubber 76 15 2.52 x IO-II 22 10.5 1.43 1625 3. 60 x 10-1 1.55 x 10-14 5.58 x 10-15
Filter 76 10 3. 33 x 10-12 22 10.5 .953 1625 6. 35 x 10-1 2. 04 :t]Q-15 Im30 x 10-15

Total Surface P4nt Emissions * 76 16 Ave. 5. 81 x 10-11" 22 10.5 1.52 1625 3.15 x 10-1 3. 58 x 10D 1.13 x 10-II
24-licur Ave. , total surface

._ plant emissions 76 16 Ave. 4.05 x 10-II 22 10.5 1.52 1625 3.15 x 10-I ?. 49 x 10-14 7.84 x 10-15
Tailigs Ponds:-

Original Nil
New Nil

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

Ventilation Shaf t 100 2 2.66 x 10-5 28 14 .143 2760 9. 90 x 10-I 9.64 x 10-9 9.54 x 10-9
Plant Stacks:-

Crusher 76 14 9.17 x 10-12 22 10.5 1.33 1625 4.13 x 10-I 5.64 x 10-15 2.33 x 10-15
Headframe 76 23 1.37 x 10-12 22 10.5 2.19 1625 9.09 x 10-1 8.43 x 10-IG 7.66 x 10-17
Transfer 76 17 1.39 x 10-12 22 10.5 1.62 1625 2.69 x 10-I 8.55 x 10-16 2.30 x 10-16

Total Emissions from ore
Treatment Plant * 76 18 Ave. 2.38 x 10-11* 22 10.5 1.71 1625 2.32 x 10-I 1.46 x 10-I4 3.38 x 10-15 g
24-Hour Ave., total surfaceore "8

_ _ treatment plant emissions 76 18 Ave.1.19 x 10-II 22 10.5 1.71 1625 2.32 x 10-I 7.32 x 10-15 1.69 x 10-15 g
Tailings Ponds:- ST

Original 305 Actual - 2.17 x 10-6 130 180 - 165,000 - 1.32 x 10-II 1.32 x 10-11 *New 150 Actual - 3. 90 x 10-6 115 102 - 82,500 - 4.72 x 10-II 4.72 x 10-11
_

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

equal to one another. 'Ihorium, radium, and radon are not carried through to the yellowcake product and the individual as well as the total
and 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.
1-n
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TABLE IB >

4 RADIOACTIVITY: DOWNWIND CENTRE-LINE CONCENTRATIONS AT' NEAREST ACCESS POINT

(Maximum Stability - Class F)
.

u = 2.24 M/see
A. URANIUM

Receptor .
' Emission-

H r H} 2 Q CDistance H Rate Q ,gp _g
6f 3, c og . AtCi/mlEmitter - (meters) (meters) Curies /sec - 6 d a Fu d d g yy g z y g

) Ventilation Shaft 100 '2 8.36 x 10-II 4. 0 2.3 .870 64.7 6.85 x 10-I 1.29 x 10-12 8.86 x 10-I3

Plant Stacks:- -

7.19 x 10-14 2.26 x 10-I3 1.62 x 10-26Crusher 76 14 9.17 x 10-12 3.2 1. 8 7.78 40.5
Ileadframe 76 23 1.37 x 10-12 3.2 1. 8 12.8 40.5 8.00 x 10-36 3.38 x 10-I4 2.70 x 10-49
Transfer 76 17 1.39 x 10-12 3.2 1.8 9.44 40.5 4.46 x 10-20 3.43 x 10-14 1.52 x 10-33.
Scrubber 76 15 2.52x'10-II 3.2 1.8 8.33 40.5 8.56 x 10-16 6.22 x 10-I3 5.32 x 10-28

.. Filter 76 10 3.33 x 10-12 3. 2 1. 8 5.56 40 S 1 94.x_10-7 A 22 x 10-I4 1 50 1 10-20_
Total Surface Plant Emissions * 76 (Ave.)16 5.81 x 10-11* 3. 2 1.8 8.89 40.5 6.89 x 10-18 1.43 x 10-12 9.88 x 10-30

24 lir. Ave. total surface
plant emissions 76 (Ave.) 16 4.05 x 10-II 3.2 1.8 8.89 40.5 6.89 x 10-18 1.00 x 10-12 6.89 x 10-30

Tallings Ponds:-

Original Nil

New Nil
_ __ _

.__ ____.._ _ _ _

'

(No allowance made for radon decay)B. RADON - 222
Ventilation Shaft ~100 2 2.66 x 10-5 4. 0 2.3 .870 64.7 6.85 x 10-1 4.11 x 10-7 2.82 x 10-7
flant Stacks:- _ _ . . _ _ .

' Crusher 76 14 9.17 x 10-12 3. 2 - 1. 8 7.78 40.5 ~ 7.19 x 10-M 2.26 x 10-0 1.62 x 10-26 '
H(adframe 76 23 1.37 x 10-12 3. 2 1.8 12.8 40.5 8.00 x 10-36 3.38 x 10-14 2.70 x 10-49
Transfer 76 17 1.39 x 10-12 3J 1.8 9.44 40J 4.46.x_10 22

3.43 L10-14 1.52 x 10-33_20

2T38 x 10-~ E F .2 1. 8 10.0 40.5 1. 90 x 10- 5.88 x 1093 1.12 x 10-343Total Emissions trom ore 76 18

[:Treatment Plant (Average) .

2.94 x 10-13 5.59:t10-35 g2illour Average Total Surface 76 18- 1.19 x 10-11 3. 2 - 1. 8 - 10.0 40.5 1.90 x 10-22
. _ ..

EOre Treatment Plant Emissions (Average) ._

siTailings Ponds:-
2.17 x 10-6 1.85 x 10-10 1.85 x 10-10Original 305(Actual) -
3.90 x 10-6 = 72

23- - 11700 -

2.83 x 10-10 2.83 x 10-10 '
,;

New 150 - 80 24.5 - '13800 -

-_
. - - -

.

C. TIIORIUM - 230 and RADIUM - 226

See Note on Table 1Aj

*When all surface plant units are in operation rimultaneously. .
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TABLE IC

RADIOACTIVITY: DOWNWIND CENTRE-LINE CONCENTRATIONS AT NEAREST ACCESS POINT

(Average Stability - Class D)

u = 2.24 M/see

A.URANRSt '

Receptor Emission fH 12H exp _ j . Q C
Distance H Rate Q

Emitter (meters) (meters) Curies /sec 6 6 6 Ifu 6 O #zi H u #y 6 ysCi/miy z z 7 z z

ventilatien Shaft 100 2 8.36 x 10-11 8 4. 7 .425 265 9.14 x 10-1 3.15 x 10-13 2.88 x 10-13
Plant Stacks:

Crusher 76 14 9.17 x 10-12 4.8 3.8 3.68 128 1.15 x 10-3 7.16 x 10-14 8.23 x 10-17
Headframe 76 23 1.37 x 10-12 4.8 3.8 6.05 128 1.13 x 10-8 1.07 x 10-14 1.21 x 10-22
Trans!cr 76 17 1.39 x 10-12 4. 8 3.8 4.47 128 4.58 x 10-5 1.09 x 10-34 4.99 x 10-19
Scrubber 76 15 2.52 x 10-II 4. 8 3.8 3.95 128 4.09 x 10-4 1.97 x 10-13 8.05 x 10-37
Filter 76 10 3. 33 x 10-12 4. 8 3.8 2.63 128 3.15 x 10 2 2. 60 x 10-14 8.19 x 10-16

To*al Surface Plant Emissions * 76 (Ave. ) 16 5.81 x ID91' 4. 8 3.8 4.21 128 1. 42 x 10-' 4. 54 x 10-13 6. 45 x 10-17'
~

24-Hour Average, total
_ Surface Plant Emissions 76 (Ave. ) 16 4.05 x 10-II 4.8 3.8 4.21 128 1.42 x 10-4 3.16 x 10-13 4.49 x 10-17
Tailina Ponds:-

Origmal Nil
N Nil

. _ . _.--.ew . _ _ _m
_

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

Ventilation Shaft 100 2 2. 66 x 10-5 8 4. 7 .425 265 9.14 x 10-I 1.00 x 10-7 9.14 x 10-8

PJart Stacks:-
Crusher 76 14 9.17 x 10-12 4.8 3. 8 3.68 128 1.15 x 10-3 7.16 x 10-I4 8. 23 x 10-17

Headframe 76 23 1.37 x 10-12 4.8 3.8 6.05 228 1.13 x 10-8 1.07 x 10-14 1.21 x 10-22

__ Transfer 76 17 1. 39_;t_10-12 4. 8 3.8 _ 4.47 128
^

4. 51;(_1.0-5 1_,_09_x_10-I4G__4 99.x.10:19
~ 91" 4. 8 3.8 4.74 128 1.32 x 10-D 1. SG x 10 2. 45 x 10-18_.

.

Total Emissions from ore 76 18 2.38 x 10
.Ircatment_ Plant * (Averace)

24-Hour Average, Total Surface 76 18 1.19 x 10-11 4.8 3.8 4.74 128 1.32 x 10-D 9.30 x 10 14 1.23 x 10-18 5.
Ore Treatment Plant Emissions (Average) ~~

@
@Tailinas PHs:- ~

305 Actual - ' 2.17 x 10-6 78 34 - 18,700 1.16 x 10-10 1.16 x 10-IO E-
Original

3.90 x 10-0 85 37 - 22,100 1.76 x 10-10 1.76 x 10-10 [New 150 Actual - -

-F
C. THORIUM - 230 and RADIUM - 226

See Note on Table 1A

oWhen all surface plant units are in operation simultaneously.
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TABLE 2A
.

RADIOACTIVITY: DOWNWIND CENTRE-LINE CONCENTRATIONS AT 8000 FEET (2500 M) FROM MINE OPERATIONS _

(Minimum Stability - Class A)
.

u = 2.24 M/see

A. URANIUM
exp _g H_32Receptor Emission I Q CH

Distance H Rate Q ,

O y #z y:Ci/ml
Emitter (meters) (meters) Curies /see #y #z d Ou#y#zz rJ Tu U

9 6
Ventilation Shaf t 2,500 2 8.36 x 10-11 430 3300 .0006 9.98 x 10 1.0 8.38 x 10-16 8.38 x 10-16

Crusher 2,500 14 9.17 x 10-12 430 3300 .0042 9.98 x 10 1. 0 9.18 x 10-17 9.18 x 10-176Plant Stacks:-

Headframe 2,500 23 1.37 x 10-12 430 3300 .0070 9.98 x 10 1.0 1.37 x 10-I7 1.37 x 10-I70

Transfer 2,500 17 1.39 x 10-12 430 3300 0052 9.98 x 10 1. 0 1.39 x 10-17 1.39 x 10-I76

Scrubber 2,500 15 2.52 x 10-11 430 3300 .0055 9.98 x 10 1. 0 2.52 x 10-II 2.52 x 10-176

Filter 2J00 10 3.33 x 10-12 430 3300 .0030 9J8 x 10$ 1,0 3.34 x 10-I7 3.34 x 10-17
9F430 3300 .0U48 9.98 x 10" 1.'O 5.82 x 10-16-~ 5.82 x 10-16 ^

Total Surface Plant Emissions * 2,500 16(Ave. ) 5.81 x 10 ~ ~ ~ ~ ~ '~~

24-libur Average, Total 6
Surface Plant Emissions 2,500 16(Ave.) 4.05 x 10-11 430 3300 .0048 9.98 x 10 1. 0 4.06 x 10-16 4.06 x 10-16

Tallings Ponds:-
NilOriginal
Nil

l New
-

. B. RADON - 222 (No allowance made for radon decay) 6
Ventilation Shaft 2,500 2 2.66 x 10-5 430 3300 .0006 9.98 x 10 1.0 2.67 x 10-10 2.67 x 10-10

Plant Stacks:- 6 9.19 'x 10-17 9.19 x 10-17
~

Crusher 2,500- 14 9.17 x 10-12 430 3300 .0042 9. 98 x 10 1.0

Headframe 2,500 23 1.37 x 10-12 430 3300 .0070 9.98 x 10 1.0 1.37 x 10-17 1.37 x 10-176

139 x'1%7 1.39_x10j7Transfer 2J00 17 1.39 x 10-12_ 430- 3300 .0052 9.98 x_109 1.0 I2.38 x 10- 0 2.38 x 10
Total Emissionc from Ore 2,500 18 2.38 x 10-27' 430 3300 .0055 9.98 x 10" 1.0

Treatment Plant *- (Average)
24fiteur Average, Total Surface 2,500 18 1.19 x 10-11 430 3300 .0055 9.98 x 10 1. 0 1.19 x 10-16 1.19 x 10-16

Ore Treatment Plant Emissions (Average) ~g
h

1.30 x 10 1.67 x 10-13 1.67 x 10-I3 I$sTailiiigs Ponds:-
Original 2,500 (Actual) - 2.17 x 10-6 500 3700 --

New 2,500 (Actual) - 3.90 x 10-6 520 4200 - 1.54 x 10 - 2.53 x 10-13 2.53 x 10-13 8.7
-~ =:ww. - - . 7

;X

C. TIIORIUM - 230 and RADIUM - 226

See Note on Table 1A

*When all surface plant units are in operation simultaneously.
~51. -__ --

, _ _ _ _

__ _

_



- _ _ _ _ _

.

.

. .

,
*

i

TABLE 2B

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

(Maximum Stability - Class F)
u = 2.24 M/see

A. URANIUM
exp -) f H) 2 . Q CReceptor Emission

Distance H Rate Q H -

Emitter (meters) (meters) Curies /sec 6 6 Y H u #y #z fz, Ifu #y "r .uCi/mly z

J Ventilation Shaft 2,500 2 8.36 x 10-II 77 24 .083 13,000 9.97 x 10-I 6.43 x 10-15 6.41 x 10-15

Plant Stacks:-
Crusher 2,500 14 9.17 x 10-12 77 24 .583 13,000 8.44 x 10-1 7.05 x 10-16 5.95 x 10-16

Headframe 2,500 23 1.37 x 10-12 77 24 .958 13,000 6.31 x 10-I 1.05 x 10-16 6.62 x 10-17

Transfer 2,500 17 1. 39 x 10-12 77 24 .708 13,000 7. 79 x 10-1 1.07 x 10-16 8.33 x 10-17

Scrubber 2,500 15 2.52 x 10-11 77 24 .625 13,000 8.23 x 10-I 1.94 x 10-15 1.60 x 10-15

Filter 2,500 .10 3. 33 x 10-12 77 24 .417 13 000 9.17 x_10-I 2 56_x 10-I6 2.34 x 10-16m 1

Total Surf ace Plant Emissions * 2,500 16 5.81 x 10-11' 77 24 .667 13,000 8.01 x 10-1 4.46 x 10-15 3.75 x 10-15,
(Average) _

24-Hour Average Total Surface 2,500 16 4.05 x 10-II 77 24 .667 13,000 8.01 x 10-1 3.12 x 10-15 2.49 x 10-15

Plant Emissions (Average) _ __ _ _ _ .

Tiiilings Ponds:-
NilOri;;inal

New Nil ,

B. RADON - 222 (No allowance made for radon decay)
Ventilati,;n Shaft 2,500 2 2. 66 x 10-5 77 24 .083 13,000 9. 97 x 10-1 2.05 x 10-9 2.04 x 10-9

Crusher 2,500 14 9.17 x 10-12 77 24 .583 13,000 8.44 x 10-I 7.05 x 10-16 5.95 x 10-16Plant Stacks:-

Headframe 2,500 23 1.37 x 10-12 77 24 .958 13,000 6.31 x 10-1 1.05 x 10-16 6.62 x 10-I7

Transfer 2 500 17 1.39 x 10-12 77 24 .708 13,000 7.79 x 10-1 1.07 x 10-16 8.33 x 10-17

Total Emissions From Ore 2,500 18 2.38 x 10-11' 77 24 .750 13,000 7.75 x 10-2 1.83 x liR3 1.40 B 0~~IT

Treatment Plant * (Average)
2f-Hour Average, Total Surface 2,500 18 1.19 x 10-22 77 24 .750 13,000 7.75 x 10-1 9.15 x 10-16 7.09 x 10-16

Ore Treatment Plant Emissions (Average)
Tailings Ponds:-

,

Original 2,500(actual) - 2.17 x 10-6 140 33 - 32,500 - 6.67 x 10-11 6.67 x 10-II
34,700 - 1.12 x 10-10 1.12 x 10-10New 2,500(actual) - 3.90 x 10-6 145 34

f
-

- . . _ wa

,

| 3
| C. THORIUM - 230 and RADIUM - 226 $

si
See Note on Table 1A.

X
*When all surface plant units are in operation simultaneously.

t-m . ,



.

,

. .

. ..

TABLE 2C '

RADIOACTIVITY: DOWNWIND CENTRE-LINE CONCENTRATIONS AT 8000 FEET FROM MINE OPERATIONS .

(Average Stability - Class D). '

u = 2.24 M/sec
A. URAN 1UM .

EmissionReceptor H exp -1/2 'Hi2 q .C
Distance H Rate Q

Emitter (meters) (meters) . Curles/sec #v ' #z V Tu#v#z V 'II u "Y "z pCl/ml

Ventilation Shaft 2500 2 8.36 x 10-1I 160 57 .0351 64200 9.99 x 10-I 1.30 x 10-15 1.30 x 10-I6

) Plant Stacks:-
Crusher 2500 14 9.17 x 10-12 160 57 .246 64200 9.70 x 10-I 1.43 x 10-I6 1.39 x 10-16

Headframe 2500 23 1.37 x 10-12 160 57 .404 64200 9.21 x 10-I 2.13 x 10-I7 1.9S x 10-I7

Trai sfer 2500 17 'I.39 x 10-12 160 57 .298 '64200 9.56 x 10-1 2.17 x 10-I7 2.07 x 10-17 -

Scrubber 2500 15 2. 52 x 10-II 160 57 .263 64200 9.66 x 10-1 3.93 x 10-16 3.80 x 10-16

Filter 2500 10 3.33 x 10-12 160 57 .175 64200 9.85 x 10-I 5.19 x 10-17 5.11 x 10-17

Emissions * 2500 16 5.81 x 10-II* 160 57 .281 64200 9.62 x 10-I 9.05 x 10-16 8.71 x 10-16Total Surface Plant -

24 Hr. Ave. total (Average)
surface emissions 2500 16 4.05 x 10-II 160 57 .281 64200 9.62 x 10-I 6.31 x 10-16 6.07 x 10-16

Ta~llings Ponds:-
,

(Average)
NILOriginal 4

NIL _.New

B. RADON - 222 (No allowance made for radon decay)
Venti _lation Shaft 2500 2 2.6S x 10-5 160 57 .0351 64200 9.99 x 10-I 4.14 x 10-10 4.14 x 10-10

Crusher 2500 14- 9.17 x 10-12 160 57 .246 64200 0.70 x 10-1 1.43 x 10-16 1.39 x 10-16 -Plant Stacks:
17 1.96 x 10-17

Headirame 2500 23 1.37 x 10-12 160 57 .404 64200 9.21 x 10-I 2.13 x 10 I7
2.07 x 10_-I[

Transfer 2500 17 1.39 x 10-12 160 57 .298 64200 9. SS x 10-I 2.17 x 10-

Treatment Plant * - 2500 18 2.38 x 10-II* 160 57 .316 64200 9. 51 x 10-I 3.71 x 10-16 3.53 x 10-IGTotal Emissions from ore

24 Hour Average Total | (Average)

Plant Emissions 2500 18 1.19 x 10 -II 160 57 .316 64200 9. 51 x 10-I 1.85 x 10-16 - 3,7'6 x 10-16Surface Ore Treatment

Tailings Ponds:- | (Average) | 1.89 x 10-II 1.89 x 10-I1
Original 2500 (Actual) - 2.17 x 10-6 210 78 - 115000 -

3.45 x 10-11 3.45 x 10-11113000 -

New 2500jActual) - 3.90 x 10-6 2 20 73 .-

>
E

C. THORIUM - 230 and RAD 1UM - 226 ' (.
W

See Note on Table IA. 7:

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

RADIOACTIVITY: DOWNWIND CENTRE-LINE CONCENTRATIONS AT THE REDD RANCH
21/2 MILES (=4,000 meters) FROM THE PROPERTY (MINIMUM STABUJTY - CLASS A)

u= 2 14_M]Atc.
A. URANIUM Receptor Emission

Distance H Rate Q _.H_ exp .) fH[2 Q C
- Emitter (meters) (meters) Curies /sec ' #y #z #z 11 u #y #z % ll u "y #z

Ventilation Shaft 4,000 2 8.36 x 10~l1 710 7,000 .0003 3. 5 x 10 1. 0 2.39 x 10-18 .
pCi/ml

7 ~A32.39 x 10
Plant Stacks: -

12 7Crusher 4,000 14
9.17 x 10 12 710 7,000 .0020 3.5 x 10 1. 0 2. 62 x 10-19 2.62 x 10~I'

Headframe 4,000 23 1.37 x 10 12 710 7,000 .0033 3. 5 x 10 1. 0 3. 91 x 10-20 3. 91 x 10-20
7
7 -20Transfer 4,000 17 1.39 x 10 II 710 7,000 0024 3.5 x 10 1. 0 3.97 x 10-20 3. 97 x 107 ~IIScrub!>er 4,000 15 2.52 x 10~ -710 7,000 .0021 3.5 x 10 1. 0 7.20 x 10~I8 7. 20 x 10

D Filter 4,000 10 3.33 x 10-12 710 7,000 .0014 3. 5 x 10 1. 0 9.51 x 10-20 9.51 x 10-20
7

Total Surface Plant
Emissions * 4,000 16 . 5. 81 x 10'II* 710 7,000 .0023 3. 5 x 10 1. 0 1. 66 x 10~.18 1.66 x 10-18

7

(Average)
24-Hour Avg. Total
Surface Plant' Emissions 16 4.05 x 10~II 710 7,000 .0023 3. 5 x 10 1. 0 1.16 x 10 1.16 x 10-18

7 -18
(Average)

Tallings Ponds: -
Original nil

__ _ New nil
. _ _ - - . . -- __ -__- - . . - - _. __- _.

B. RADON -222 (No allowance made for radon decay)
Ventilation Shaft 4,000 2 2.66 x 10-5 710 7,000 .0003 3.5 x 10 1. 0 7.60 x 10 7.60 x 10

7 ~3 3

Plant Stacks: -
Crusher 4,000 14 9.17 x 10-12 710 7,000 .0020 3. 5 x 10 1. 0 2.62 x 10~I8 2.62 x 10~18

7

Headirame 4,000 23 1.37 x 10-12 710 7, 000 .0033 3.5 x 10 1. 0 3.91 x 10- 0 3. 91 x 10-20 -
7

Transfer 4,000 17 1.39 x 10- 2 710 7,000 .0024 3. 5 x 10 1. 0 3. 97 x 10~ 3. 97 x 10-20
7

Tctal Emissions from
Ore Treatment Plant * 4,000 18 2.38 x 10-11* 710 7,000 .0026 3. 5 x 10 1. 0 6. 80 x 10~I8 6,80 x 10'I87

(Average)
24-Hour. Avg., Total
surface ore treatment
plant emissions 4,000 18 1.19 x 10~ 710 7,000 .0026 3. 5 x 10 1. 0 3. 40 x 10~I8 3. 40 x 10-187

[ { Average) [
Tailings Ponds: -

Original 4,000(actual) - 2.17 x 10-6 750 8,000 - 4.22 x 10 - 5.14 x 10,34 5.14 x 10,14
7 -14 -

New 4,000(actual) - 3. 90 x 10'6 760 9,000 - 4. 81 x 107 348.11 x 10 8.11 x 10-

. -
_ _ - - .---._...y

C. TIIORIUM -230 and RADIUM - 226
E.

See Note on Table IA. E
M*When all surface plant units are in operation simultaneously.

-
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TABLE 3B

RADIOACTIVITY- DOWNWIND CENTRE-LINE _ CONCENTRATIONS AT THE HEDD RANCH. 2h MTT.ES f=4.000 meters) FROM THE PROPERTY

(Maximum Stability - Class F)

u = 2.24 M/sec
A. URANIUM

Receptor Emission
Distance H Rate Q 1 2

eXP _j Q C
a az i II'u W W nC1/mlEmitter (meters) (meters) Curies /sec 6 1 6 3u 6v qv z

D Ventilation Shatt 4,000 2 8.36 x 10-11 120 31 .0645 26,200 9.98 x 10-1 3.19 x 10-15 3.18 x 10-15
Plant Stacks:-

Cmsher 4,000 14 9.17 x 10-12 120 31 .452 26,200 9.03 x 10-1 3.50 x 10-16 3.16 x 10-16
Headframe 4,000 23 1.37 x 10-12 120 31 .742 26,200 7.60 x 10-1 5.23 x 10-17 3.97 x 10-17
Transier 4,000 17 1.39 x 10-12 120 31 .548 26,200 8. 60 x 10-1 5. 31 x 10-17 4. 56 x 10-17
Scrubber 4,000 15 2.52 x 10-11 120 31 .483 26,200 8. 90 x 10-1 9.62 x 10-16 8.56 x 10-16
Filter 4 000 10 3.33 x 10-12 120 31 .323 26,200 9 49 x 10-1 Im27 x 10-16 1. 21 x 10-16u ~

Total Surface Plant 4,000 16 5.81 x 10-11"120 31 .516 26,2 0 8.76 x 10-1 2. 22 x 10-15 1.94 xT0215-
Emissions * (Average)

2421Iour Average, Total 16 4.05 x 10-11 120 31 .516 26,200 8.76 x 10-1 1. 55 x 10-15 1.35 x 10-15
__ Surface Plant Emissions (Average)
Tailines Pords:-

Original Nil
. New Nil -

B. RADON - 222 (No allowance made for radon decay)
Ventilation Shatt 4,000 2 2.66 x 10-5 120 31 .0645 26,200 9.98 x 10-1 1.02 x 10-9 1.02 x 10-9
P_lant Staeks:-

Cmsher 4,000 14 9.17 x 10-12 120 31 .452 26,200 9.03 x 10-1 3. 50 x 10-16 3.16 x 10-16
Headframe 4,000 23 1.37 x 10-12 120 31 .742 26,200 7.60 x 10-1 5.23 x 10-17 3.97 x 10-17
Transfer 4,000 17 1.39 x 10-12 120 31 .548 26,200 8.00 x 10-1 5.31 x 10-17 4.56 x 10-17

Total 5niissions from Ore 4,000 18 2.38 x 10-11* 120 31 .581 20,200 8.45 x 10-1 97 8 x iO216 7 675 10-16
~

~- - ~

Treatment Plant * 4,000 (Average) ,

24-Ilour AverageTotal Surface 4,000 18 1.19 x 10-11 120 31 .581 26,200 8.45 x 10-1 4. 54 x 10-lb 3. 84 x '10- I'
OreTreatment plant emissions (Average)

__

Taillnzs Ponds:-
Original 4,000(actual) - 2.17 x 10-6 175 37 - 45,500 - 4.76 x 10-Il 4.76 x 10-11

7.C7 x 10-11 7.87 x 10-113.20 x 10-6 185 38 49,500New 4,000(actual) ---

-
- _-

C. TIIORIUM -230 and RADIUM - 226 3
b
*See Note on Table 1A.
7:

*When all surface plant units are in operation simultaneously.
O

. _ - - - _ - _ _ _ _ - _ -
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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
_ _ _

A. URANI'UM
Receptor Emission Ij2 Q CHH exp _tDistance H Rate Q

.#z 'T ITu F C
*

Vzi Tfu "y Oz' Jaci/ml -#
Emitter (meters) (meters) Curies /sec y y z

-11 -16 -6
Ventilation Shaft 4,000 2 8. 36 x 10 180 77 .0260 97,500 1. 0 - 8.57 x 10 8.57 x 10
Plant Stacks: -

Crusher 4,000 14 9.17 x 10 12 180 77 .182 97,500 9. 84 x 10~ 9.41 x 10~I 9.26 x 1012 -17
~I -I7

) .' Headirame 4,000 23 1. 37 x 10- 180 77 .299 97,500 9.56 x 10 1.41 x 10~I7 1.35 x 10-1'
180 77 ' .221 97,500 9.76 x 10 1.43 x 10-17 1.40 x 10~I7Transfer 4,000 17 1.39 x 10~
180 77 .195 97,500 9. 81 x 10~ 2.58 x 10~IO 2.53 x 10-16

2. 5? x 10Scrubber 4,000 15 ~

3.33 x 10 180 77 .130 97,500 9. 92 x 10 3.42 x 10~I 3.39 x 10-II-12
Filter 4,000 10

Total Surface Plant ~ .
Emissions * '4,000 16 ' 5. 81 x 10 180 77 .208 97,500 9.7(, x 10~I 5. 96 x 10~ 5. 83 x 10'
7FHour Avg. Total (Average) .

Surface Plant
Emissions 4,000' 16 4. 05 x 10 180 77 .208 97,500 9. 78 x 10~ 4.15 x 10~I0 4.06 x 10~~II

Tailings Ponds: - (Average)
_

Original . nil
New nil

-- .---

B. RADON - 222 (No allowance made for radon decay) -0
Ventilation Shaft 4,000 2 2. 66 x 10~5 180 77 .0260 97,500 1. 0 2.73 x 10-10 2.73 x 10-

Maiit SfaiEks: -
-

Crusher 4,000 14 9.17 x 10-12 180 77 .182 97,500 9.84 x 10~I 9.41 x 10~I3 9.26 x 10-17

Jan.sfer 4,000 17 - 1.39 x 10 180 77 .221 97,500 9.76 x 10~
1.41 x 10 1.35 x 10~I7 'I '

Headframe 4,000 23 1.37 x 10-12 180 77' .299 97,500 9.56 x 10~I ~I 1.40 x 10~I7-2 1.43 x 10
Tctal Emissions from
Ore Treatment Plant * 4,000 18 2.38 x 10~11 180 77 .234' 97,500 ' 9. 73 x 10~1 2.44 x 10-16 2.37 x 10-16

24-Hour Avg. Total I (Average)
Surface Ore Treatment
Plant Emissions 4,000 18 1.19 x 10-11' 180 77 .234 97,500 9.73 x 10~I 1.22 x 10-16 1.19 x 10-16

(Average)

1.23 x 10 1.23 x 10-11 f,-11Tallings Ponds: -
Original 4,000(actual) 2.17 x 10~6 290- 86 - 176,000 -

2.02 x 10~g3 2. 02 x 10-33New 4. 000(actual) 3. 90 x 10~6 305 '90 - - 193,000- -

%
||2

C. THORIUM - 230 and RADIUM - 226 ;r;

E
See Note on Table 1A. E

*When all surface plant units are in operation simultaneously.
; X,

.

m_ _ _ _ _ _ _ _ _ _ .
- --. .- -- - - - - - - --
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Appendix L

) CIITY GIF E20FJTIICELLO
+

Phon,187 2771

p.o. goa 449 MONTICELLO. Uf AH 64$35 35 West Frst Noeth'

d'% 5,'lj m;
June 6, 1973

tn-

'M , s
e', %. ') g.

4Rio Algom Corporation $ / e ,.l
Box 610 */
Moab, Utah 84532

,

P' 'O 4- - ,

.

$'+ 'r m $ v e$#. Dear Mr. Lawton: W,- 4

in your appIlcation for a license with the AF.C, if it may
be of assistance, we are pleased to make the following
comment, in observing the activities of r.lo 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
4f our Hispanic and Indian population which contributes
to balanced employment in our District.

Sincerely,

CITY OF MONTICELLO

lb. '

,

Mayor Gene W. Etherington
.

.

.

MAYOR
.

GENE W. ETHERINGTON |
C3UNCILMIN CITY ADMINISTRATOR i

{MAX 8%Ch WM. C. W AllON
G(NE 00001 CITY ATIORNET |CLVDE CHCl$f tNstN L. ROBERT ANDERSON.

DotnD Ct4RISTEN5(N poggc3 Chit 7

(ARL RANDALL "04 % % 0 % 1. % % IM (' % I'l F 0 t." JACK kiRBY

-

--

. -

.
.

.

_ . _ . . . _ _ _ _ _ _ _ _ _ . _ .



APPENDIX M
.

*

FCDERAL POWER COMMISSION *

WASHINGTON, D.C, 20420

19 JUL DU

Mr. Leland C. Rouse
_

_ Chief, Technical Support Branch
Directortte of Licencing
U. S. Attraic EnerCy Ctanission
Wr chington, 'D. C . - 20545a

,

.

Dear Mr. Rouce:

Thia letter is supplcmentary to my letter of March 22, 1973,.
ccamenting on th) AEC Draft Envircracatal Statement relating to Rio

. Algca Corporatica's Humeca Uranium Rill in Enn Juan Ocunty, Utah.

The Applicant'c letter of June 28,19733 to the Utah Power
and Light. Company, advised that the estimated 1975-1980 power
requirements for the Humeca Uranium Mill were as follcres:

Current 1975-1980
Requirements EstimatedRequiremeng

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

,

The Utah Power and Light Ccmpany's service.line to the
Applicant;'s facility is rated at 69 kilovolts. Probletas of power
supply adequacy are not anticipated iri meeting the Applicant's
capacity and energy requirements, in view of the Utah Power and,

Light Conpany's planned system expancion which appears to be keeping .,

pace with the ' load grcrath.+

i

Very truly yours,
- ,

I. bh
Chief, Bureau of Pcraer

.

.

ib

t

5
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UTAli POWEll & LIGIIT COMPANY
l107 Wi.NT '!Ol(Tl! TIG!!'IE fi!~lWIT

1",O. nOX b99

HALT LAKid CITY UTAH stilo

July 17,-i073

I

Mr. P. F. Pollen
Profese'.onal En;pneer |Chief Environrcental Engineer 5
Rio Algon Mines, Ltd.
120 Adelaide Street ' g
Toronto, Canada g
Dear Mr. Pullen:

II hav3 been asked to respead to yot.r letter of June 28, 1973
regarding the iepc.ct on our service facilities and energy requirements
in the area of an anticipated increase of cat acity in your Southern
Utah uranium milling plant.

The land increase expect.ed f rom yet:r plant addition will be 3
approxir..a tcly 600 kilowa t t s , and thi s e. mount will have ue gl ir,1Lle hu>a c t g
on our service facilities and the energy dcrcnd of the area. Inasmuch '

'

as new gete rating units either now being installed or scheduled for the '

foreseeable futare are rated at 330,000 to 440,000 kile ea t tr. , the load
addition you pla , will not have any ricasurabic ef fec t upon either the
tiroe schedule oc sizes of new generating facilities planaed for our
system.

Ue ara presently forecasting system firm peak loads in the
neighborhood of 1,440,000 kilowatts in 1975, increasing to 2,094,000 g
kilowatts in 1930, and expect to have peaking capacity (including 5
reserve) of 1,733,000 kilowatts in 1975 and 2,640,000 kilowatts in 1980.
As you can see, we plan to have adequate capacity to serve all of our
systen loads throughout the 1975-1980 period.

.

We trust this information will satisfy your requect.

Very truly yours,
- (

.
. . / , . \, - .. . -, . . .

/ 'l }] .L.
'

A. R. Dunn-, ,

ec: Mr T. A. Phillips
c~,.~
Foderni rewa Cxn i r r i on

E
_ _ .


