
, ._ .. . _ _ _ _ _. . . _ . . _ _ _ _ _ . . _ . _ _ . . _ _ - - _ . . - . . _ ..

%)
4*.

!

, Mi
}

' d2
,.

i

i
;i
-3

,

IEavfronmenW g

>LI
i

;

j SUPPLEMENT TO ENVIRONMENTAL REPORT j
, ..

MOAB, UTAH FACILITY

FOR ATLAS MINERALS

|. *1/n/ rd .

.

4 \1l@l 4

g\ /p
N 4

A

% *
.

m
m*~ h 4%

*

. % V, W' ? Q
.|

*

i
,1- d ~ y-

! t 6
: '!- N, vy ;

49 -' >

"i. 'rj , {'N
~

.

f.
'N |
,

c,I

W,/q,
a

i3. ' '
N t +

,
4 \

1 s 6

$l. s

%> %,#r
'.

-

..
"..

c,'k $ .-

\\ ,h '4,3 .

rh Dames & Moore Job No. 5467-003-06
'

\\@
c

|
.

|Q' 1385
s.
'

,

r,
T

|. 9705220019 740709 e

| PDR ADOCK 04003453 ,

O PDR :|,

-- ... . - , . . . . . .. . - . . . .: . % .j0
,



. . . _ _ . - _ . .- ___ _ _. _ , - . - ._
,,

ti i

:b i

Ii I-;.
!i

!n
s i

3 1
'

,. d' I
-

0 i

.O- 9

!! TABLE OF CONTENTS |

|
u

i fi PAGE f
i

1
il 1. INTRODUCTION 1 |<

is
'

j f. 2. . GE0 HYDROLOGIC SETTING 2

i' 2 1.2.1 c GE01DGY: -

i

; e

l 2.2.' GROUND WATER 3!

s

.

)' 2.3 WATER USE 4.
,
.' :3
3 f ~3. SURFACE WATER HYDROIDGY 4

;!

!-4. SEISMICITY 5 !

f
!!

$ 5. TAILINGS DISPOSAL AREA SITE CONDITIONS 5 |
1

s

]5.1 GENERAL 5
,

.[ 5.2 EMBANKMENTS 6 l-.

C

i!
5.3~ EMBANKMENT COVER MATERIAL 6

a

o1
6 5.4 ' SUBSURFACE MATERIALS IN TAILINGS DISPOSAL AREA 7

!

F 1

5.5 GROUND WATER GRADIENT 8 i

l
.t

f5.6 BIOLOGICAL, CHEMICAL AND RADIOLOGICAL DATA 8"

j
k .

MILLING OPERATION AND FIDW DIAGRAMS 9!-
! 6..
9

!|.
7. TECHNICAL EVALUATIONS 9

!

| -7.1 TAILINGS' POND OPERATION 9
i

!i |

.o 9 :
[ 7.1.1 General
L !

7.1.2 Discharge to the PondL 9 |
t

ii 11
. ,7.1.3 Decant Systema t

.

M i-
12 |7.2 EMBANKMENT STABILITY;.

.

12
4 '7.2.1 General

13
:; 7.2.2 Existing Embankment
1

147.2'.3 Proposed Future Embankment
,

. 14' |a

[i
-7.2.4 Liquefaction Potential

!

i

>names a moone
.s

3
.I.

__ ____.____k_i_.__. _ .. _ . . - , . . , , - ,



! I- ji
a

' ' 1

0 l

9; !,

1
'

-f !
j ii !
!! !

'

TABLE OF CONTENTS (Cont.)

j- {.PAGE

4 i |
p 7.2.5 Piping Potential 15 i |

7.3 TAILINGS EMBANKMENT COVER .16,

r i

j- 7.4- POTENTIAL FLOOD DAMAGE ON TAILINGS DISPOSAL AREA 16 ! l
;! |

'

.d 7.5 SUBSURFACE SEEPAGE FROM TAILINGS POND 18 !
t i

) 7.5.1 General 18

.!
] 7.5.2 Seepage Quantity from Tailings Pond 18
u
a

] 7.5.3 Seepage Movement 21

I 7.6 PRESENT CONSTITUENTS IN GROUND WATER AT THE SITE 22 I

2

7.6.1 General 22i

4 i

|, 7.6.2 Biological Constituents 25

'7.6.3 Chemical Constituents 25

7.6.4 Radiological Constir*ents 26

! 7.7 ION EXCHANGE 27
|

[ 7.8 FUTURE CHEMICAL AND RADIOLOGICAL CONCENTRATIONS 28 !
!

7.8.1 Concentrations in Ground Water 28' (

I 7.8.2 Concentrations in the Colorado- River 30
n !.
! 8. BENEFIT-COST ANALYSIS 31

!
1

,

8.1 GENERAL 31 .i

i
d 8.2 METHODOLOGY AND APPROACH 31 !

!

8.3 BENEFITS 32

8.3.1 Direct Benefit of Uranium 32 jg

j 8.3.2 Direct Benefit of Vanadium 37
a

8.3.3 Direct Benefit of Copper 39 '

8.3.4 Employment of Operating Personnel 40;

. )
8.3.5 New Employment from Plant Construction 41

) onmes a moos == ;

i
k

. . - ___ a



.. . , . . _ . _ . _ . . .. . . . _ _ _ _ _ _ . _ , _ _ , _ . . _ _ _ . . _ _ . _ _ . . . _ . . _ . _ . . _ _ _._.._

r
-

-

.

) I
-

.

p .;*

f 111 i

'

TABLE OF CONTENTS (Cont.),.

.h
$

4

i! PAGE
'

,j' r.

j 8.3.6 Employment'at New Mines 41 ;

1

! 8.3.7 -Infusiori of Construction Expenditures Into |
.

Regional Economy 42 |-

I. i,

k td

8.3.8 ' Infusion of Plant Operating Expenditures Into !g
y the Regional Economy 42 '

i ' |1 i
~

i; 8.3.9 Taxes 44
11

; 1-r

y 8.3.10 Conservation of Natural Resources 44
3-

| 8.3.10.1 General 44 |
j

'

;

8.3.10.2 conservation of Uranium 44-
a

f
~b 8.3.10.3 conservation of vanadium 45 .

'

h |'

;- _g 8.3.10.4 Conservation of Copper 45

fj
~

8.3.10.5 Reduction of Radioactivity in the !i t

d j Colorado River 45 -[,

j i.V q.
-

8.3.10.6 Elimination 'of Gaseous Effluents i-
I by Obviating Fossil Fuels '46 | j,

i

i 8.3.10.7 Reduction of S02 From Smelter Gasses 47 | ).

> s ,

.' 8.4 COSTS 47 j.
f

i

_

8.4.1 General 47 -

n.
..p.

j 8.4.2 Process Costs 48 .j
e :

[ 8.4.3 Ore 48 |
y i

k

j 8.4.4 Plant Modification 48
e i

8.4.5 Municipal Services 49 |
f ,

b 8.4.6 Occupational Health-Plant Workers 49 |

1

! 8. 4. '7 Accident, 50 ,

:
'

8.4.8 Land Use 50
.

k
:

!

. -0 8.4.9 Aesthetics. 51
- I-

-

-[
8.4.10 Effluents 51 !

.y ,

. i!
:
) .' DAMES O MOOtaE3

!>

)
~



9 !

if |
t '

I iv I
i j

'

TABLE OF CONTENTS (Cont.)
! i

. j PACE )
.

-|' 8.5 ALTERNATIVES, 51
- 1,

j

8.5.1 General 51 i l'

! !

|- 8'.5.2 Alternative Mill Sites- 51 |
4

||-|- 8.5.31 Alternative Mill Processes 51
~ .

i
! 8.5.4 Not Modifying Mill Facility 52 i

!
- |

(3
8.6 -CONCLUSIONS 52 1

I.
8 9. SPECIFIC REPLIES TO A.E.C.' QUESTIONS 54
h
' 9.1 GENERAL 54-

|
f
C 9.2 REPLY TO A.E.C. QUESTION 1 54
r

-h
! 9.3 REPLY TO A.E.C. QUESTION 2 55

?| - |D
h t |Y- 9.4 REPLY TO A.E.C. QUESTION 3 55 t

i

1 0 | |
M ij 9.5 REPLY 10 A.E.C. QUESTION 4 56 !

2 !.
9.6 REPLY TO A.E.C. QUESTION 5 56 j

.y

_j 9.7: REPLY ID A.E.C. QUESTION 6 56-
,

t 4

s

. I 9.8 REPLY TO A.E.C. ' QUESTION 7 56 |
'

; ;- . ;

l;;
'

9.9 - REPLY TO A.E.C. QUESTION 8 56 ;

i' . . ;
'

y 9.10 REPLY TO A.E.C. QUESTION 9 56 |

- (( . t

9.11 REPLY TO A.E.C. QUESTION 10 57 i-
;

$ ! !
C- 9.12 REPLY 10 A.E.C. QUESTION 11 57

1
'0 9.13 REPLY TO A.E.C. ' QUESTION 12 57

!- ! l

j. 9.14 REPLY 10 A.E.C. QUESTION 13 57 i l

1

4

lj . 9.15 REPLY TO. A.E.C. QUESTION 14 57
,

.;i

k 9.16 REPLY TO A.E.C. QUESTION 15 58 | .{
1 4

. [: 9.17 REPLY TO A.E.C. QUESTION 16 58

O. !
;

~

j 9.18 REPLY TO A.E.C. QUESTION 17 58 J

E i

il
a

j; unumaa moone.g

h.
. i! .n _

-- I



'[ !
,

L
i!
li

E- ,

-I |v

'

- TABLE OF CONTENTS (Cont.)

'

PAGE

s
,

'

|
| '9.19 REPLY TO A.E.C. QUESTION 18 58
i

i q. - 9.20 REPLY,TO A.E.C.' QUESTION.19 58 , .

1 -i l
i 9.21 REPLY 'TO A.E.C. QUESTION 20 58 | ;

s'
'

.! -|

| 9.22 REPLY TO A.E.C. QUESTION 21 59 i
'

J i.
9.23 REPLY TO A.E.C. QUESTION 22 59

i -

9.24 REPLY TO A.E.C. QUESTION 23 59L

-[ 9.25 REPLY TO A.E.C. QUESTION 24 59
,

| ! :i
j 9.26 REPLY TO A.E.C. QUESTION 25 59 '!
R .!

-| 9.27 REPLY 'IO A.E.C. QUESTION 26 60 |
9

E 9.28' REPLY TO A.E.C. QUESTION ~ 27 60 l
's i-
-o t .

}
" i

LIST OF PLATES ;

4 PLATE |
k VICINITY MAP' 1

PIDT PLAN 2 (
IDCAL GEOLOGY 3

STRATIGRAPHIC DESCRIPTION 4- .|
t i

E STREAM SECTIONS 5 ;

.[ {
E SUBSURFACE SECTION 6A through 6G j

3
!
'

y PLAN OF MILL 7
r
t. PROCESS FIDW DIAGRAMS 8A thrcegh 8C

.i

! !
t

LIST OF TABLES i*

.) PAGE j

[i - 1. EXPECTED COMPOSITION OF LIQUID IN TAILINGS 10 |
0- t

j 2. COMPARISON OF BIOLOGICAL CONSTITUENTS 23
r

g 3. COMPARISON OF SELECTED CONSTITUENTS IN GROUND WATER,
F APRIL 1974 24

4. COST-BENEFIT SUMMARY 33 !

' !- .-

i
e

?

-[

DAMES B MOORE

c

h '\



,. . . . . ~ - . - - . . . , - - . - . - . ~ . - - - - . . . . . - - . . . .- - ---.~~ ~---. - --. .~---

il |i. ,

f .I j
- :j

-
.i,

9

|
n

i

I ii !
'

F vi
,

. r! - !

O ii'g ' j TABLE OF CONTENTS (Cont.) f!

| P !

ii i
p LIST OF APPENDICES '

b
n
Ij '
y 'A. FIELD STUDIES, SOILS TESTING, AND GROUND WATER ANALYSES AND DATA
a

i

j| - B.- ION EXCHANGE STUDIES | J
-

t
it i

| 4 C. REFERENCES ;
'

4 .

!

,
,

1 '

j D. - QUESTIONS TO ATLAS MINERALS ADDRESSED TO ENVIRONMENTAL REPORT FOR
-; URANIUM MILL BY THE ATOMIC ENERGY COMMISSION

,

|
.t i |'

f

k
'

!
li
L

fi

h
'

. i
'

l- 'y !

f
5
E

f ;s

.t ,

li I
,

3
;

;s

I.
.i

|
[

'

,

Y
.

i

|
'

I

L

t

i
j

,

!

I

E

..

k

F
-

:

"

!-
!

4 UAMES 8 Moorte

i- I

'
- , . _ , . . - - - -. -



_ s

!
-

A SUPPLEMENT TO ENVIIONMENTAL REPORT

MOAB, UTAH FACILITY

! FOR ATLAS MINERALS

? 1. INTRODUCTION

This report presents the results of our additional engineering !

studies of the Atlas Minerals uranium milling facility near Moab, Utah.

This report was prepared in response to the 27 questions posed by the

Atomic Energy Commission in a letter dated January 25, 1974 concerning the

" Environmental Report, Moab, Utah Facility," by Atlas Minerals Division

of Atlas Corporation, dated August 31, 1973. A previous study by Dames &

Moore entitled " Report of Engineering Studies, Tailings Pond Embankment
73
kj System, Moab, Utah, For Atlas Minerals," dated March 28, 1973 was included

in the environmental report as Appendix A. Information and data presented

in these reports were drawn upon for this response.

The Atlas Minerals uranium milling facility is located three miles

northwest of the City of Moab, in Grand County, Utah, as shown on Plate 1,

Vicinity Map. The location of the mill and tailings disposal areas is

shown in more detail on Plate 2, Plot Plan.

Basic data developed for this supplement are presented in Appendices

A and B of this report. Appendix C contains references used in the develop-

ment of the report. Appendix D presents the questions posed by the Atomic

Energy Commission to Atlas Minerals Corporation. Specific replies to the

A.E.C. questions are presented in Section 9 of this report.

(m
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( 2. GE0 HYDROLOGIC SETTING
|

3 i

~ 2.1 GEOLOGY: !;!

! !l-

The site is situated on the northwestern end of the Moab Valley,
!

j Moab Valley is in the north-central section of the Paradox Basin, a portion |-

1 .

/ of the Colorado Plateau physiographic province. The Paradox Basin is i
| s..

l ,

characterized by thick Pennsylvanian evaporites (Paradox member of the !
c !
,

jj Hermosa formation) that locally form the core of salt anticlines such as i
i

!

the Moab anticline. Moab Valley is a topographic valley fonned along the f;

collapsed crest of the Moab anticline. The anticline trends northwesterly I

and is downfaulted along its crest. It is believed that the collapse of

the anticline began in the late Cretaceous or early Tertiary period as a

result of solutioning and extrusion of salt upward through the fault zones. !

/~T
(_/ Rock exposed in the site vicinity, as shown on Plate 3, Local

.

|

Geology, consists of sedimentary strata ranging from Pennsylvanian to

Jurassic in age. Covering the valley floor and the site vicinity are

deposits of river gravels, slope wash and windblown sand of Quaternary age.
I

A detailed description of the rock units exposed in the vicinity is
e

presented on Plate 4, Stratigraphic Description.
,

IThe plant and tailings pond are situated upon unconsolidated
-

[ deposits of primarily windblown silty fine sand with interbedded stream-

deposited sands. These deposits are generally af low to moderate permea-

bility. . Adjacent to the Colorado River are river-deposited sandy gravels

,

of high permeability,

i

| Bedrock near the site is cut by several northwest-trending en
i

! echelon faults downthrown on their northeastern side. The Moenkopi formation'

O

paussa moons
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; -|! and the Hermosa formation outcrop west _and northwest of the tailings pond. j
1 n

-

>

'| .

f Reports of saline water encountered in shallow wells drilled:in the past in | f

1 W !

f the site vicinity are believed to be associated with the salt bearing !
i

.I !

Paradox member of the Hermosa formation. The Embar Oil Company Well No. 1, i
- 9

d<

j. drilled a short distance south of the present location of the tailings pond, !
'

j- i.

_ encountered the Hermosa formation af ter drilling through 56 feet of alluvium. |
.

|
!

!
, ,

h The well encountered a three-foot-thick layer of " salt" at a depth of 405 | jg-

i | !'
!

'

( feet, which probably marks the top of the Paradox member. I

W

The detailed description of the.sub urface conditions encountered,

1 i

I at borings at the site is presented graphically on Plates A-1A through A-1E, |
"

!

! f 'in Appendix A of this report. Information concerning water wells drilled in !
s i

'

the past near the site is presented on Plate A-15. [ q

LO l ! )

9; 2.2 GROUND WATER: -|

The principal aquifers in the area are the Wingate and Navajo j

~

sandstones where highly fracturad, and unconsolidated Quaternary deposits
s .

i .

L in valley. floors. Although 'other formations in the vicinity contain permeable j
i

'

I

h rock' strata, the formations have a generally low hydraulic conductivity and ;

c

0 act as aquicludes or aquitards. The water bearing characteristics of rock
t

k formations in the vicinity are- described on Plate 4, Stratigraphic Description.

Precipitation falling in the Moab Canyon area infiltrates alluvium

f 'in the valley bottom, fractures in exposed bedrock and permeable-sandstone

layers. Because precipitation in the area is'quite low, less than eight |

' inches-annually, a large percentage is consumed by evapotranspiration. The
,

ground water moves.downgradient through-alluvium, bedrock fracture systems,
,

and along bedding planes. The ground water in Moab Canyon moves southeastward,

toward:the Colorado River. The base elevation for the ground' water table

4
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I

fl ' near the site is controlled by the elevation of the Colorado River. The ; i

0 ~

!

| |! ground water gradient in Moab Valley southeast of the' site is to the north- ) i..

i l.

k

j ' west, also toward the Colorado River. -)
i l

1 2.3 WATER USE: i

3 !

! Although several wells have been drilled near the site, none are 1 l

in use at present. The only known ground water use within the Moab Canyon
0 ;

1 prea is from a well at Arches National Park headquarters, located approxi-
'

N mately one and one-half miles northwest of the tailings pond. A number of ) |

a !

wells and springs are located several miles southeast of the Colorado River '

i i

k in Moab Valley. All the wells and springs are located upgradient from the |
1

| site and thus will not be affected by ground water at the site.
| |

E The closest known Colorado River intake is at a ranch approxi- i

LO ;' '

q mately three miles downstream from the site. The water is used for irriga- !

! .

ir

tion. i

!

a 3. SURFACE WATER HYDROLOGY j

,

The Colorado River, which lies east of the site, drains some 25,000 :

i

.

square miles. The River.is gaged one mile below the confluence with the
p

I Dolores River, about 31 miles upstream from the site. The average discharge
:| i

n . for the 59 years of record (1911-1970) is 7,711 cubic' feet per second. The. i

4

*'

L

|
maximum and minimum recorded flows for the period of record are 76,800 and

fi

{ 558 cubic feet per second, respectively._ The River flow is regulated by

Blue Mesa Reservoir on the Gunnison River snd other reservoirs in Colorado.,

|

| The plant and tailings pond lie in the drainage area of Moab ;

t

i

j Canyon Wash as shown on Plate 1, Vicinity Map. The basin comprises about
i

i

6.1 square miles of rocky terrain with a thin soil cover and sparse vegeta-

J tion. Runoff is intermittent and occurs only after intense storms. The

s

( onmese moone
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V

; intermittent stream channel passes between the tailings disposal area and the

plant. Adjacent to the tailings and plant area, the channel is confined by i,

parallel dikes six to ten feet high. No stream gaging records are available |

for the Wash. Estimated return periods for short duration precipitation are

! presented on page 2-20 of the Atlas Minerals Environmental Report.;;
.

<

Cross sections of Moab Canyon Wash and the Colorado River at the
'

i

site are presented on Plate 5, Stream Sections.

4. SEISMICITY
|
" The seismicity of the site vicinity is discussed in detail in

Section 2.5 and Appendix A of the Atlas Minerals Environmental Report. As

discussed, the area, which is centrally located within the stable Colorado
L

plateau, is one of low seismic activity. Based on tectonic considerations
'

,,,
( \' ' '' and the region's seismic history, a maximum horizontal ground acceleration

of 5 percent gravity is postulated for the site.

5. TAILINGS DISPOSAL AREA SITE CONDITIONS !

5.1 GENERAL: I

The description of the tailings disposal area presented herein is

|

based on examination of the tailings area surficial materials, the results of |

subsurface drilling during this investigation and previous investigations,

and from verbal discussions with personnel familiar with the construction

and operation of the tailings pond system.

The tailings disposal system was initiated in 1956 with the con-

struction of an earth starter dike along the northeastern and southeastern

limits of the pond. Subsequently, the original starter dikes have been

(Q'')
extended to where, at the present time, only a small portion of the area on

the west side is not enclosed by an embankment. The area has been increased

on#aen a moone
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- in height by the construction of supplemental dikes with tailings material !g

1
,

I
t or nearby natural soils. The existing system encompasses 115 acres, of
y i

h

j which approximately 98 acres are presently within the uppermost dikes.
t

!! 5.2- EMBANKMENTS:
.

|

d A description of starter and supplemental dikes is presented in

i
2 Appendix A of the' Atlas Minerals Environmental Report. Additional borings

drilled in conjunction with this study confirm the description of the dikes,
[ !

| except that one segment of dike 750 feet in length and located along the

! i

southwestern limit of the pond at boring 12 was found to have been construc- i

!e

J ted upon an old portion of the tailings pond. At the south end of this |

!j segment, the dike in the past extended further west, terminating against the |
u .

Ihillslope. In order to avoid a power line when raising the height of the'

,

tailings pond, the supplemental dike was constructed over hydraulically- |
t

deposited tailings considerably softer than the dike. Subsurface sections j

!

of the tailings embankment are presented on Plates 6A through 6G. Descrip-

f tions of the subsurface conditions encountered in borings drilled in the

tailings area in conjunction with this investigation are presented

graphically on Plates A-1A through A-1E, in Appendix A of this report.
3

.

Logs of borings drilled in conjunction with our previous study are presented j-

k
in Appendix A of the Atlas Minerals Environmental Report.4

;!

O 5.3 EMBANKMENT COVER MATERIAL:

All exposed sides of the embankment have been covered with an

approximately one-foot-thick layer of weathered bedrock or slope wash! '

I

deposits from adjacent hillsides. The in-place cover material consists of

reddish-brown, fine to coarse sand and gravel with some cobbles and boulders.

I A' gradation curve of a representative sample of the cover material is(

onMcso moone
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:i presented on Plate A-7f in Appendix A of this report. The results of a |
:i . ;

l d - Los Angeles abrasion test performed on a representative sample of cover mate- !
!!

) rial indicate a 57.1 percent wear. The cover material will weather to fine ] ).

( ,

'

|- sand and-silt with some clays, but will for a long' period of time continue ||
I. s

to have a large percentage of broken rock pieces. !,

!
i: 5.4 SUBSURFACE MATERIALS IN TAILINGS DISPOSAL AREA: ' I

The ' tailings materials within the pond are stratified both !
!

horizontally and vertically as a result of the mode of discharge and the i
| !: '

grain size distribution of the tailings. .In the past, discharge of the |

| . tailings has been from the southeastern, northeastern and northern peri-

meters,.as shown on Plate 2, Plot Plan. From the point of tailings discharge. .
.

t

the coarse grain size fraction was deposited first, both upon the " beach"

over which the slurry flowed and at the beach-pond interface. The silt and,

L i

! clay fraction stayed in suspension much longer and was deposited in the
! I

standing pond water. Because discharge points were alternated along the |

'

discharge perimeter, interfingering'of the silty fine sand and clayey silt
~

occurred-along the former pond margin. The result.is that the central and
!

western pond areas, farthest from the points of discharge, are dominantly
!

clayey silt with' thin layers of very silty very fine sand, while beach areas ;

! L' are predominantly silty fine sand. This relationship is quite apparent
:

i 'when observing the present pond surface.
|

As tested, the permeability of the clayey silt tailings (slimes)

i

is on the order of 0.3 feet per year, while very silty, very fine sand

tailings vary from about 1 to 3 feet per year. These materials comprise
|

the bulk of the tailings disposal area surface. Silty fine sand tailings;

; - which comprise the embankment and " beach" areas have tested permeabilities

__m___
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typically varying from about 2 to 35 feet per year with one value as high as
t

490 feet per year. ;

!Underlying the tailings materials are natural soils composed
|

? primarily of silty fine sand and fine sand with some silt. Fine to coarse

sand and gravel interfinger with the soils near the Colorado River. The,

I
!natural soils have much higher permeabilities than the tailings materials.

! !

As tested, natural silty fine sands vary from 13 to 310 feet per year. j

Natural fine to coarse sands with some silt vary frcm 110 to 460 feet per
,

year. Sand and gravel materials are many times as permeable as the sand
i

soils.

Cross Section I-I' on Plate 6G illustrat.es the relationship of

the subsurface materials and seepage movement.| -s

|
5.5 GROUND WATER GRADIENT:

Plate A-11 in Appendix A of this report presents in tabular form

i ground water elevations measured in borings, test pits and wells near the

site during this study. The regional ground water table gradient is toward

the Colorado River at a slope of approxinately 2 feet vertical per 1,000

feet horizontal. Natural soils underlying the tailings pond do not appear to

be fully saturated and thus the seepage from the tailings pond is dominantly

vertical until encountering the regional ground water table.

5.6 BIOLOGICAL. CHEMICAL AND RADIOLOGICAL DATA:
!

Available data concerning analyses of ground water samples from

monitor wells, water wells, and the Colorado River in the site vicinity are

presented in Appendix A of this report.
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! 6, MILLING OJRATION AND FIDW DIAGRAMS
'

,

n 1

l; 4 -

. 1

,

A detailed discussion of the milling facility is presented in |
-

!! '
-

. i
.

. Section 3.0 of the Atlas Minerals Environmental Report. A plot plan of j |

.
. ,

-

[ li | |4

0
| the mill showing- the facility with the new modifications is presented on ;

'

i .

Flow diagrams of the proposed mill processes arePlate 7 of this report.
.,

t- j

[ presented on P utes 8A, 8B, and 8C. These diagrams also show chemicals ;

i !.

added to the process and a materials balance.
3

1 |
'

; .h 7. TECHNICAL EVALUATIONS
'

'

i !
r 7.1 TAILINGS POND OPERATION:

^

s
v

. . General. The facility and its operation are described in
.

E- 7.1.1
0
:

!
; detail in Section~3'of the Atlas Minerals Environmental Report. Most liquid

Y .4

and solid wastes will be disposed of in the tailings pond. It is' presently i j
'

.

.

.
;

-

1) planned that 200 to 220 gallons per minute of tailings slurry will be dis- | !-

-

s ! !
!

.

/ charged to the tailings pond, of which 20 gallons per minute will *oe decanted, I l
I*

[ treated with barium chloride to remove radium-226, and returned to the -!
i! | _i
f tailings ' pond. The anticipated ~ composition.of liquid in the tailings pond, j |

I I| .
.

'

,! as presented in the Environmental Report, is recapitulated-on Table 1. The .

!,

values .in Table 1 were obtained from the analysis of synthetic raffinate that

is expected to be similar to the liquid effluent in the tailings. ;

d 7.1.2 Discharge to the Pond In the past,. tailings were dis-a
U .

.
!

|jq charged from the line constructed along the north, northeast and southeast i

i
r

c

j embankments as shown on Plate 2, Plot Plan. This discharge _ system will be |
n

.

extended to completely encempass the disposal area and the decant point will ;

,.. i

f be moved to approximately the center of the pond. Initial discharging will
j;1

~
'

ii be from the western side in order to buiM q that area and force the ponded j

.O . f,
e

(, : water .back into the center of the tailings disposal arce. j
i i

.3
!
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TABLE 1
.

d

{ EXPECTED COMPOSITION OF LIQUID IN TAILINGS

C <

'?
,

ai
'

j Acid Leach and Total Concentration
Coppe r-Leach Net Liquid In j

- !, Raffinate to Tailings _ Tailings Pond lj

$ .

114 130 ;
.i

Flow Rate GPM..,

i |
(1) (2) (3) )

. Ra-226 uCi/mi 2.18 x 10~7 2 x 10-7 1 x 10~7

Th nat. uCi/mi 0.037 x 10-6 '0.03 x 10-6 0.05 x 10-6'

I 3 )

O C1 g/l 0.23 0.2 0.3 |
"

i i,

SO g/l 76.9 70 100.0
'

4

{ ;; As g/l 0.0050 0.004 0.007 j
e ;

1 O TDS g/l 103.33 90 150.0 !..

O i-s
F d- | 38 g/l 0.0016 0.001 0.002 |U0

c !

.|f V 023 g/l 0.23 0.2 0.3
;

!! !"

I pH of raffinate = 1.75 emf of raffinate = 250 MV !
,

(,

F

! h
1 i !

b
I Notes: (1) . Measured by Atlas in " Synthetic raffinate" |
(.

!! (2) Diluted by 16 gpm of filter cake wash, assumed to be water !
'

p4

S (3) Ra-226 concentration is reduced because of barium treatment. ,

; Other ion concentrations will increase because of i
'

'

t evaporation
t

ji

!

!

ii

E
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It is believed that the tailings disposal area is of sufficient !
, t

3
size to evaporate the projected quantity of liquid effluent. If necessary,

?
8 a portion of the pond liquid will be decanted, treated and recycled through

{
'

| the plant or additional evaporation pond areas will be constructed. The
1 |i

'

f ultimate tailings pond size will be based on the tailings discharge rate j
'

h i.

f divided by the evaporation rate per acre. Should the mill effluent rate |
4

?!

; exceed the evaporation area available in the tailings pond, the mill opera-'

,

k :

h tion will be curtailed, the alternate recycling operation commenced, and/or !

D
.

y an alternate evaporation pond constructed.

; j The location of the ponded water within the tailings disposal area

is controlled by moving the position of the discharge point to the area where t

water is closest to the dike. The use of a centered pumping decant barge

. will enable the pond water to be kept in a central location more readily. l
,

Control will be exercised by observing the overall pond to determine that it4

4 i

L is essentially centered and occasionally checking to confirm that the actual

250-foot required minimum distance from the embankment is being met. The
,

discharge points along the perimeter will be alternated as necessary to centeri

I

| the pond.
L

[ 7.1.3 Decant System. The water level in the tailings pond will be .
,

i;

L
)

| controlled in part by the proposed new centrally located decant barge. The
,

D !
barge will have an electric pump and an automatic control switch which will

I
4 govern the quantity of liquid cycled through the purification pond. Should

the alternate evaporation pond be constructed, the barge would be outfitted

to automatically control the tailings pond surface elevation.

o |
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h 7.2 EMBANKMENT STABILITY: i
'

l i
,

7.2.1 General. In Appendix A of the Environmental Report, the |
4 r i

-

g computed factor of safety of two embankment subsurface sections, B-B and ;
,

r :

h C-C, were reported. This report presents the results of a re-analysis of f
- ij

|-subsurfacesectionB-B,basedonnewboringdata,andtheresultsof |,

1 !
' # analyses of subsurface sections D-D, E-E, G-G, and H-H. The results of

!

g these analyses are presented in the following report sections and graphically - )
< ,

. 1

| on Plates 6A through 6F. A discussion of the liquefaction potential of the
9 ;

f i<

4 embankments is also presented..

;
o

[ Although records of compaction control of the initial starter dikes-

U

! [ for the tailings disposal area are not available, the results of boring test |
}

[ data indicate that the original starter dikes are denser than subsequent > |

construction and that they were probably placed to an engineering standard. |<

t

e Succeeding supplemental dikes were placed and compacted without density con- !

,

! trol. Nevertheless, for the following reasons, it is believed that all |
I !

the dikes are satisfactory for the proposed tailings disposal operation:,

i
!

t 1. The mechanically placed fill materials in the starter dikes |

t

f and supplemental dikes, even if placed without density

!! control, have higher strength characteristics than the !
9

'l
f hydraulically placed tailings.
s

| 2. The existing pond has operated satisfactorily to the present '

?

maximum height of approximately 75 feet. j

L 3. The critical failure circle would not intersect the
|

~ starter dam materials except immediately following con-
1

( struction.
p\.)

!+

h

4
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4. The pond operation will be such that ponded water will

remain a minimum of 250 feet away from any supplemental

dike section.

The factor of safety for each embankment section was computed by

the ordinary method of slices technique (Fellenius Method) utilizing an

electronic computer and a program developed by Dames & Moore. The strength

properties of soil and tailings materials utilized in the stability analyses

are shown on Plates 6A through 6F. The ground water levels used were deter-

mined from field data. Factors of safety were computed for both static

loading conditions and the maximum anticipated loading of 5 percent gravity.

7.2.2 Existing Embankment. The following factors of safety

against a circular failure of the existing embankments other than minor,-),

+

localized sloughing, under long-term seepage and for partial and full pool^'

>

conditions were calculated:

Minimum Factor Minimum Factor
of Safety- of Safety-

Subsurface Static Loading Maximum Anticipated
Section Condition Earthquake (.05g)

B-B 1.9 1.6

C-C 2.4 2.1

D-D 2.2 1.9

E-E 2.1 1.8 '

G-G 2.0 1.6

H-H 2.2 1.9

Some individual berms of the embankment have slopes as steep as

1.0 horizontal to 1.0 vertical. Some localized failures and/or sloughing

along the crest of those berms could occur during the lifetime of the system. ,

1

m! However, due to their limited height and location, the sloughing would not ](~/
effect the overall stability of the embankment. The maximum damage that j

1

i

UMME G B MOOtusa
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- [ could. occur would be the closing of an access road or the disruption of [;

: -il . .

Operating inspections will- further reduce ;

. i

j the perimeter discharge.line.
I

2 .

; ? the possibility of such damage. '

N-

I
' ( 7.2.3 Proposed Future Embankment. Safety factors were calculated f
f 'l

| .j for the embankment conditions anticipated for the future additional 4 million |
a

tons storage. The following minimum factors of safety against a circular;

01

: failure, assuming long-term seepage and partial and full pool conditions, |,

.

I| were calculated: <

i

[ Min!.mun Factor Minimum Factor
i .

of Safety- of Safety-
Subsurface Static Loading Maximum Anticipated* '

Section Condition Earthquake (.052)
j

B-B 1.8 1.5
,

C-C 2.2 1.9 {'[)
D-D 2.0 1.8

E-E 2.1 1.8

G-G 1.8 1.5

e H-H 2.2 1.9 '

;

As stated in the previous section, some localized sloughing of
r>

( individual berms could occur during the lifetime of the system.. However, !

a

; the sloughing would have no effect upon the overall stability of the embank-

ment. .The maximum damage that could occur would be the closing of an

) access road or the disruption of the perimeter discharge system. The con-
0 tents of the disposal area, both liquid and solid, would not be released.c
u
J'

~

i 7.2.4 Liquefaction Potential. The primary' factors which control
:

the liquefaction potential of soils are the soil type, the relative density i

.

j of the soil, the initial confining pressure, the intensity and duration of-

(b
.g ground shaking and the ground water level. The tailings materials are of

3

e

fs umsusts a swooreer
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the soil type susceptible to liquefaction under sufficient earthquake

shaking. However, for the Colorado Plateau area, one of the lowest seismic

areas in the United States, a maximum ground acceleration of 5 percent ' *

gravity or less is expected. Utilizing the Simplified Procedure for

Evaluating Soil Liquefaction Potential,* a factor of safety in excess of 2.0

against embankment liquefaction is calculated for a relative density of 56

percent. It is therefore believed that dynamic testing and more sophisticated

liquefaction analyses are not justified for this embankment.

A relative density of 85 percent for the tailings material is a

maximum control value for the placement of fill. This density could not be

achieved by the hydraulic fill methods empir.yed in the past construction or

proposed for future construction. There fore , it is believed that rigid
f--

'V)
density control is an unnessary requirement for the overall embankment or for

starter dikes.

7.2.5 Piping Po tential . The potential of piping through the

embankment or foundation under normal operation is extremely remote. Seepage

pressures are low because the depth of ponded water in the tailings area is <

shallow, generally less than five feet in depth. Seepage velocities, as

discussed subsequently, are also low, in the range of 10 to 350 feet per year

for the silty fine sand " beach" tailings. Seepage velocities in the tailings

slimes are much lower. The tailings generally range from about 80 to 100

percent finer than the number 60 sieve and 20 to 50 percent finer than the

number 200 sieve. The natural soils which underlie the tailings area consist

of silty fine sand with occasional layers of fine to coarse sand with some

~) silt. These soils range from 20 to 90 percent finer than the number 60 sieve,
(O

* Seed and Idriss (1971).
on,mer, o moor,n
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e and 10 to 20 percent finer than the number 200 sieve. The piping ratio

; (15 percent size of the protecting soil divided by the 85 percent size of

j the protected soil) is much less than one. Therefore, the soils afford a

_ high degree of protection against piping. L

~7.3 TAILINGS EMBANKMENT COVER:
g

All exposed exterior portions of the tailings embankment have

been covered with approximately one foot of weathered bedrock or slope wash

deposits from adjacent hillsides. The in-place material is described ini

i
! Section 5.3 of this report. The purpose of this natural soil cover is to

provide an appearance similar to the natural hillsides and to reduce wind

and rain erosion of the embankment slopes. The embankment with a siltstone

cover is not designed to resist erosion from a possible break in the discharge

V or decant line. This protection is provided by placing the discharge line

on the inside of the upper embankment and by sloping the crest of the embank-

ment to drain into the pond.

The siltstone cover is intended to be essentially maintenance free.

The combination of bermed slopes and siltstone cover should provide a good
:

erosion protection and only minor erosional channeling should develop.'

However, in conjunction with operating inspections of the tailings pond

system, any channeling of the embankment surface will be noted. If channel-

ing occurs, filling will be accomplished with additional cover materials.
:
' 7.4 POTENTIAL FID0D DAMAGE ON TAILINGS DISPOSAL AREA:

An analysis of flood conditions for a flood flow with a 100-year

[ recurrence interval is presented below, Since the Colorado River is a major f;

| ,

waterbody encompassed by an extremely large drainage basin, the computation

DAMES 8 MOD 5tt
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1 j
,; of a' probable maximum' flood would be a major undertaking. A hydrologic- '

0 ;i

j investigation of that magnitude is not considered to be warranted in view of |

the limited nature of the tailings dam with respect to the overall project -

1<

and due to the limited size of this project in relation to a major under-| ,

|' \

? taking, such as the construction of a nuclear power plant (where computation

;. of a PMF is necessary).
,

>

fi

[ The Corps of Engineers * has predicted flood flow for the Colorado |
,

c ,

y River at Moab: f
: ,

I ! Recurrence Interval Flow (cfs)
| t
t !

|- 10 year 67,000
| 50 year 85,000,

100 year 91,000
, ,

1 1

-

1 The water surface elevation at the tailings pond area due to a
_ ;

,

flood of 100-year recurrence interval on the Colorado River was determined

by extrapolation on a log-log scale of the following discharge-water surface
? ,

elevation values provided by the U. S. Army Corps of Engineers, t

Water Surface !

I- ,

.Date efs Feet Mean Sea Level
Discharge Elevation

|. |i

1957 64,200 3,961

1917 77,000 _ 3,963

- The extrapolation to the 100-year recurrence interval flood of

91,000 cfs, yielded a water surface elevation of 3965.2 feet, mean sea level,
e

This is the level of the toe of the embankment enclosing the tailings pond. ;

I

| The flood flow in Moab Canyon Wash at the tailiogs embankment for'

,

' the one-hour, 100-year recurrence interval storm was calculated to be 460
:.

LO- :-

| 1: *B. McQuivey-personal communication,1974.
!-

,
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cubic feet per second utilizing a triangular hydrograph analysis. The water
;

|

'

surfacs elevation at the tailings area due to a flood of 460 cubic feet per

second was determined by a backwater curve computation. The Manning "n"

value for the Wash was estimated to be 0.040. The velocities in Moab Wash

at a discharge of 460 cubic feet per second range from 5 to 6.3 feet per

second. The water surface elevation in the wash does not reach the toe of

the embankment because of the confining dikes. Although some sideslope

erosion of the dikes could occur, the overall damage would be minor because

of tho short duration of flood flow. Any damage which did occur to the dike

would be repaired following the storm.

Cross sections through the tailings embankment across the Colorado

River and the Moab Canyon Wash and a profile of Moab Canyon Wash at the
( <

site are presented on Plate 5. j

7.5 SUBSURFACE SEEPAGE FROM TAILINGS POND:

I7.5.1 General. A discussion of the geohydrologic setting and

subsurface conditions in the tailings disposal area was presented in

Section 2 of this report. A discussion of seepage quantities, movement, ex-
I

pected constituent hvels and the effects of ion exchange are discussed in ,

1

the following sections. i

7.5.2 Seepage Quantity from Tailings Pond. Seepage quantities )

calculated to have occurred from the tailings pond during the period of
!

January,1971 through January,1973 were presented in Appendix A of the

Atlas Minerals Environmental Report. The seepage quantity was calculated

utilizing a water balance for the tailings pond system for the period. All

,/Q data utilized in the water balance was provided by Atlas Minerals.

U
|
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The basic formula utilized is as follows:

I + P = D + E + S + Seepage

where: I = input to tailings pond from plant

P = precipitation

D = discharge from pond

E = evaporation from pond

S = stored water in tailings discharged during the
balance period

Seepage = seepage losses from tailings pond.

We understand that the input quantity to the tailings pond (I) used

in the water balance was a measurement of the uranium mill intake of process

water from the Colorado River. The quantity of flow was measured on a flow-
<-
(3,_) meter. The measurements are estimated to be accurate to t 5 percent. We ;

believe that the quantity is an accurate measure of the input to the tailings
I

pond since no additional water is added during processing and the only loss |

1s in steam. The discharge quantity from the pond was measured at the i

discharge point from the purification pond. The measurements were made daily |

utilizing a rectangular weir, estimated to be accurate to t 20 percent.

Evaporation and precipitation data are measured at a meteorological j
l

station at the mill by Atlas for the National Weather Service. Actual

1

precipitation data for the water balance period is as follows: ;

1

Period Precipitation in Inches I

January 1973. 1.17
January 1972-December 1972 9.02
January 1971-December 1971 7.29

Total 17.48 i

r''i Average Annual for Period 8.4
,

k. ,) '
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! The following evaporation rates were measured:

E

Period Evaporation in Inches

1971 1972
"

April 7.67 8.18
May 9.66 10.84 r

June 12.50 11.29
July 14.10 12.15
August 11.97 12.00*
September. 8.11 7.60
October 4.92 2.63

Total 68.93 64.69

*No data (evaporation estimated for this month).

The pan coefficient for the Moab area is 69 percent and the April

i

through October evaporation season is 78 percent of the annual. Therefore,

i

f~g the total annual lake evaporation for the site is equal to 59.2 inches and

V
the net is equal to 50.8 inches annually for the period. However, in the

calculated water balance, a net brine evaporation rate of 50.37 inches per

year, obtained from actual measurements of evaporation ponds at an industrial !

C plant six miles south of the site, was used. The data correlate well.

Our calculations of the existing seepage were as follows:

1. The average water loss for the 25 months of record was

194.56 gallons per minute.
.

[ 2. The net rate of evaporation (50.37 inches per year) io

i equal to 2.61 gallons per minute per acre; or 117.45

; gallons per minute for the assumed 45 acres covered by

water.

i
s 3. The total seepage loss was 194.56 gallons per minute, less

1.

![%-) .

'T 117.45 gallons per minute; or 77.11 gallons per minute.
,

a.

l This number was then quoted as 75 gallons per minute total!

? seepage loss or 1.6 gallons per minute per acre.
.
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y We believe that the calculated seepage losses by this analysis are |
9 i e, '

ic . .

We believe.thath reasonable and are the best quantitative measures available. .

:i

the quoted seepage losses are accurate' to ! 25 percent.I
,
,

n

| We believe that seepage losses for the new operation will be
I

'

: reduced based on the following: !
l !

1. Sealing is expected to occur due to the' change to an acid

p leach system and the resulting deposition of gypsum slimes !

9

v 1
'

in the tailings pond.
'

:

$ 2. The quantity of water circulated to transport the tailings

will be reduced from the past 1,000 gpm to 200 gpm. Thus,i

the quantity of water flowing over the more permeable " beach"'

[ tailings will be reduced by a factor of about five.

O
3. The maximum 20-foot increase in the tailings storage area

;

[ height would not materially alter the hydraulic gradient
i

j (Head * flow path length) assuming the depth of ponded

water remained the sace. The actual seepage from the !

pond appears to be controlled by the ' low permeability I

'0 layers within the pond.
9

7.5.3 Seepage Movement. Seepage from the tailings pond is believed '

i to'be predominantly vertical through'the tailings material. Upon reaching
s

1 the ground water table, the. seepage would move at the regional gradient

toward the Colorado River. In spring months when the Colorado River rises#

:

] rapidly, the ground water gradient is locally reversed. During low flow,
e

-Y water from bank storage discharges to the Colorado River. Therefore, occa-

sional reversal and lateral movement of the. ground water along the river bank~

}
4

j occurs.
4

0
9
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0 The velocity of seepage moving vertically through very silty, very j
I

! fine sand.and clayey silt tailings which rnderlie the bulk of the pond area ,
'

'
i t-

~is calculated to range from 3 to 60 feet per year. The velocity of seepage a- 1| .
n- |

'

"
; occurring through silty fine sand " beach" tailings is calculated to range

t ;"

'
'

from 10 to 350 feet per year. Upon encountering the regional water table,
|

; seepage would mix with the ground water and move toward the Colorado River."

|' d
' The measured slope of the regional ground water table at the site is approxi-

| mately 2 feet vertical per 1,000 feet horizontal. The average velocity of
;

the regional ground water toward the Colorado River is calculated ~ to range

i from 10 to 80 feet per year for the -silty fine sand soils at the site. Much i

!

higher velocities could occur in the sand and gravel layers along the river

.~ bank or more permeable soil layers.

7.6 PRESENT CONSTITUENTS IN GROUND WATER AT THE SITE:'

7.6.1 General. Chemical, radiological, and biological constituents

of ground water reflect the influence of the natural environment, as well as

seepage from the tailings pond. Because of its relatively slow movement,

constituents present in the ground water at the site reflect many years of

milling, tailings operations and ore storage in the site vicinity. Available
;

g data regarding measurements of constituents in ground water at the site are

O presented in Appendix A of this report. Tables 2 and 3 compare selected
i >

| constituents measured during this study.

5 When interpreting the analyses of ground water samples, the depth
,

interval that the monitor measures must be considered. Most of the monitor
i |

locations were originally test pits extending only one to two feet below',:

?

|
the water table. Since pond water seepage entering the regional water table

'

[ mixes very slowly with the ground water and moves downgradient at the same
I

;!,

y
!
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I) - TABLE 2

s4
3

; 3 COMPARISON OF BIOLOGICAL CONSTITUENTS j
: M' i

4 ;i !

!L I
( M.P.N. M.P.N.

~

!
Total Fecal

Coliforms Coliforms B.O.D. C.O.D. i

Location /Date (Per 100 ML) (Per 100 ML) (Mg/L) (Ma/L) !
*

q

n ,

Boring 8/4-25-74 2,100 36 !r - -

!.

h Boring 9/4-25-74 _9,300 430 8.5 10.0.

ia

iTest Pit 7/4-25-74 36 430 21 54

!
''

s.

2 [ Test Pit 8/4-25-74 19 40 4- -

,
.

#' Colorado River above 6,443 548 2.73
1 2 3'

aMoab/2-9-74 to 10-2-73 i >

.| by Utah' Dept. of Health
[

,

'
.

i 1

i a > 4

Notes: 1. Average for 20 samples-(Range 150 to 43,000)
,

y 2. Average for 19 samples (Range 4 to 43,000) !
h ;

3. Average for 20 samples (Range 1.0 to 9.5)
, ,

!
!

'

i
e
A

I

!i -
h
h
l

,

l

,

|!
'

\c

f! .

$
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5 |
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I
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TABIE 3

COMPARISON OF SELECTED CONSTITUENTS IN GROUND WATER. ' APRIL 1974

- Concentration

Location /
~

Concentration in MA/L In pCi/L

226' 230
Collection Da+e T.D.S. Arsenic Chloride' Sulfate Vanadium ' Barium Zine Ra Th pH

Boring 1/4-12-74 595 0.00 180 98 0.029 - - - - ' 8.10

Boring 2/4-12-74 9,500 0.08- -970 4,000 0.034 - - - - 7.80'

Boring 8/4-25-74 4,265 0.00 1,200 1,260 0.16 0.01 .03- 14 15 '7.60

Boring 9/4-25-74 3,706 0.00 660 1,500 0.14 0.00 .05 0.5 63 7.75-

2.04x(2) 7 46
~ Boring 14/4-25-74 701 0.00 94 210 0.03 0.00 0.12 0.9

104 . . .

Boring 15/4-25-74 745 0.00 130 175 0.04 0.01 0.02 24 29 7.47

8
- - - - 7.60Test Pit 1/4-12-74 10,000 0.04 1,170 4,200 0.231

,

Test Pit 4/4-12-74 11,750 0.03 1,540 4,350 0.752 - - 11 19 7.52

Test Pit 5/4-12-74 12,500 'O.10 2,020 4,700. 1.877 - - - - 7.65

Test Pit 7/4-24-74 .1,850 0.00 430 530 - 0.00 0.05 1.7 9.1 7.57
- - 7.63Test Pit 8/4-25-74- 3,233. 0.00 920 950 0.13 0.05 0.03

Well A/4-25-74 5,028 0.00 2,590 350 0.47. 0.05 0.15 8.6 15 7.92

Well B/4-12-74 2,051 0.00 1,010 8 0.01 0.05 0.02 35 0 7.55

c
D

{ Notes: (1) Possible dilution by surface water after rain.

# (2) Analysis believed in error-analysis of a second sample from well by Atlas
Minerals measured 4.0 pCi/1

0
::
m
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time, the test pits monitor ground water in which a minimum of dilution has

occurred. Therefore, deeper monitor wells are more indicative of the total

concentration of constituents in the ground water.

7.6.2 Biological Constituents. Biological constituents are

compared in Table 2. Sanitary wastes from the mill are disposed of in a

sewage drain field located south of the mill as shown on Plate 2, Plot Plan.

The samples analyzed were obtained at relatively shallow depths downgradient
1

from the drain field. The low concentration of fecal coliform indicates that

the biological constituents are reflective of the natural environment rather !
1

|

than pollution from the septic field. The total coliform concentration and 1

the biological oxygen demand probably result almost totally from the natural ,

|
environment rather than from the septic drain field. i,s

: / \
~ 7.6.3 Chemical Constituents. Measured constituent concentrations |

t

in the ground water near the site and in the Colorado River are presented in

Appendix A of this report. Selected constituents measured during this inves-
|

tigation are compared in Table 3.

The Utah State Division of Health defines mandatory limits for the

concentration of arsenic, barium, cadmium, chromium, cyanide, fluoride, lead,

selenium, and silver in discharge to the Colorado River. Except for arsenic
<

and barium, none of these constituents were present in any of the samples

analyzed, nor are they expected to be discharged from the tailings pond or

plant. Minor amounts of barium were detected in the monitor wells at the
|

| site but no concentrations were equal to or above the mandatory limit of
,

1.0 milligram per liter. Arsenic was noted in four monitor wells, and was

)
above the mandatory limit of 0.05 milligrams per liter in boring 2 in the

tailings disposal area and in test pit 5 below the tailings area.
|
I
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]t
Sulfate concentrations increase downgradient of the tailings area.

'

E Chloride concentrations increase somewhat downgradient of the tailings pond

! but it is significant to note that deeper natural waters contain quite high

concentrations of chlorides. The very high chloride to sulfate ratio in

L Wells A and B indicate this addition of natural saline water as do past

reports of unusable well water near the site. Total dissolved solids are

also relatively high in Wells A and B, which is also indicative of saline

natural waters at depth. The ground water in borings 14 and 15 is much lower

in total dissolved solids, sulfates, and chlorides than Wells A and B. This

is 'likely due to their shallower depth and location near the main drainage
p.

'

L- channel.

7.6.4 Radiological Constituents. Radiological measurements of

O '
constituents in ground water at the site are presented in Appendix A of this

report. These constituents are compared in Table 3 for this investigation.'

Radium-226 concentrations varied from 0.9 to 35 picoeurries per

liter. Thorium-230 concentrations varied from zero to 63 picocurries per

4liter except for one calculated value of 2.04 x 10 picoeurries per liter.
v

This later value is believed in error. The results of an analysis of another
,

1

sample obtained from the boring were a concentration of 4.0 picoeurries of

, thorium-230 per liter. A.E.C. standards for unrestricted areas for radium-

226 and thorium-230 are 30 and 1,000 picoeurries per liter, respectively.
5
; The U 03 8 concentration in monitor locations measured by Atlas
?

Minerals on April 1,1974 varied from 0.008 x 10-5 to 0.65 x 10-5 microcurriesc

per milliitter. These concentrations are we11 below the A.E.C. standard of 2 x 10-5

microcurries per milliliter for unrestricted areas.

,
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l (-7.7 -ION EXCHANGE: ;

-

|. Investigations to evaluate the ion exchange properties of tailings
~

f

I- materials and natural soils as they relate to uranium and radium absorption
>

|
.

; were performed. Details of the method of analysis and results of the study ;
n |

'

are presented in Appendix B. |
,

I

L p) X-ray diffraction analyses show that the bulk of the tailings is

j composed of quartz with lesser amounts of plagioclase feldspar and calcite.
!

|. | Natural soils are also mainly quartz and feldspar with small amounts of mica. !
t c

The cation exchange capacity of the subsurface materials varies
'

with clay content and is for tailings:
'1

1

C.E.C. = 1.79 + 0.37 (% Clay), r = 0.96 I

|

|

f L and is for natural soils:

I) i

i C.E.C. = 0.17 + 0.54 (% Clay), r = 0.74

l ,
The results of the equilibrium batch experiments, utilizing a j

'

h synthetic effluent solution, and conducted to determine the absorption
I

,

characteristics of uranium and radium on tailings and natural soils at the |

Lg site, are as follows:
i

| 0 Sample Location Equilibrium Distribution Coefficient in ml/g '

' Uranium Radium
,

Test Pit 5 14-40 289 i 7
) -Test Pit 5 6-20 354 i 15

Reference Soil 2-16 214 i 15:
e.
i River Bank 8-34 467 ! 15

Composite Tailings Negative * 212 I 20
>

.

1;

I
h

* Released Uranium.

.!
-

|

'

e
- O

:

'

j
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The volume of effluent which can be adsorbed by a unit volume of

soil was calculated. For a unit volume of tailings material, 275 equivalent
,

volumes of effluent solution can adsorb radium before saturating the capacity

of the material. Natural soils have even higher capacities than the tailings.

The study indicates that uranium will not be adsorbed by tailings

and may be released if present. Adsorption of uranium will occur only on the

natural soils along the seepage flow path. The average velocity of the uran-

ium ion front is calculated to be 90 times less than that of the transporting

4
i

ground water. The most significant interpretation from the adsorption |
|

studies of uranium, however, is that the uranium capacity of natural soils 1

1

between the tailings disposal area and the river has not been exceeded by

past disposal practices. The equilibrium distribution coefficients for those
{ \ |

'# soils are as high or higher than those of the referenced natural soil.

7.8 FUTURE CHEMICAL AND RADIOLOGICAL CONCENTRATIONS:

7.8.1 Concentrations in Ground Water. The expected composition
!

of the liquid in the tailings pond is presented on Table 1. The expected
1
I

composition is based on the analysis of a synthetic raffinate for the new

plant operation. Under the new recycling plan, nearly all wastes will be
1

disposed of in the tailings pond. There will be no direct discharge from the
|

system as in the past. Due to reduced amounts of water cycled through the ,

|

|
mill operation and pond evaporation, the chemical and radiological concentra- |

,

tions in the pond will be increased over those of the past operation. There-

fore, it can be expected that although the concentration of some constituents

in the ground water at the site will increase, the total discharge from the

rT property will greatly decrease. |

O
Radium-226 and uranium in seepage from the tailings pond will be

highly reduced due to ion exchange. Based on the ion exchange study
DAMES U MOOsati
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j presented in Appendix B, at the maximum anticipated seepage of 1.6 gallonsn
[~
i b

L f per minute per acre, 410 cubic feet of tailings per acre per year would have ' +

r. L
,

,

j' i the capacity to adsorb the radium-226 in the seepage. Therefore, no increases
|

| C in radium-226 concentrations in the ground water are expected due to seepage

$ from the-tailings pond during the life of the disposal operation. '

: -

1 The uranium ion front is predicted to migrate at an average rate of.
.

90 times less than the ground water upon reaching the natural soils. There-"

.

>

[ . fore, upon reaching the regional ground water table, the uranium front would
;. p 4

| be expected to migrate at an average rate of less than one foot per year.4

|
'

Consideriai; the very low expected concentration of U 038 in the tailings pond,

I; liquid (2 milligrams per liter) and the dilution with-natural. ground water,;
<

uranium concentrations are not expected to significantly increase in the -!

c0 g ground water at the site due to seepage from the tailings pond. ; ,

.|1
-

The thorium-230 concentration will remain well below the A.E.C.'

|

standard of 1 x 10-6 microcurries per milliliter sf ace its concentration in

the tailings pond will be 0.05 x 10-6 microcurrie. per milliliter.j |
2t q ,

y Total dissolved solids and sulfate concentrations in the tailings
,; ,

i |

pond will be quite high due to the acid leach process. These concentrations.

>

! j will-be reduced in the ground water due to dilution and precipitation. How-
| b

? ever, ground water concentrations are expected to increase over present
I;

concentrations.

I The chloride concentration in the tailings pond is projected to be

300 milligrams per liter. Therefore, the chloride concentration in the

9

i ground water should decrease to about the natural level.
; F

t . /3 c The arsenic concentration in the tailings pond is projected to be 7

:D. !! ;
'

milligrams per litet. At this level, the arsenic concentration will likely

n
q anuts a moone

s
N ~|
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i

' increase five to six ' times over present levels in the ground water. Therefore, '

l

[ (the. arsenic concentration in the pond and in the monitor wells will be ;
L

| = monitored closely and treatment of the pond liquid will be accomplished if
!

bnecessary. |
h

y The barium concentration in the ground water is not expected to j,

'
|; I

increase since svepage. from the treatment pond is the prime source of the )
, ..

-|:
~

barium and the treatment process is closely monitored. The barium will be Jg
,

t

primarily' in the insoluble form of barium sulfate. ;

| The pH of the ground water will be changed only slightly since the ;

F acidic seepage will be neutralized by carbonates in the existing tailings. !,

| ja

7.8.2 Concentrations in the Colorado River. The ground watery

. _

q. discharged to the Colorado River will be mixed to insignificant concentrations ;

- in the river. Perfect mixing can be assumed since the ground water will enter

the river along several hundred feet of bank.

Radium-226 and uranium discharges are expected to approach zero as '

i !

; the present concentrations are flushed from the subsurface soils. |
t

The past and projected additions of radioactivity to the Colorado ,

4

" River compared with past additions are as follows: ;|

Past Projected

Radium-226 (pci/1) 0.0094* 0.0000;

4[
,

Natural Uranium (pCi/1) 0.54* 0.00 I

; , ?

I

p. Thorium-230 (pCi/1) 0.0049* 0.003* '

! t
'

j *As ' presented on pages 5-6 of the Atlas Mineral Environmental Report. No [
j reduction in thorium-230 was made 'due to ion exchange. Assumes 80 gallons 1

,

[ j per minute of seepage.
!

; Total dissolved solids are projected to increase in the river above j

[' ~i upstream levels by 4 parts per million at a.verage flow and assuming the
'

i < ,.

y;
.

;

- oo.omm ;
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.( concentrations in the' tailings pond-are not reduced through the flow path. !
p ,

(Sulfatescomprisetwo-thirdsofthetotaldissolvedsolids. .

i .

' *

'; Arsenic and barium concentrations in the ground water will be

jmaintained below the mandatory limits and therefore will be reduced to nearly |

undec: ctable concentrations in the Colorado River. No other toxic elements

will te discharged.
,

li

8. BENEFIT - COST ANALYSIS ! .

8.1' GENERAL:
t

Analysis of projected anvironmental benefits which will be realized |

L from the operation of the renovated mill and comparison with the foreseeable
i i

7 environmental costs indicate that the benefits may be reasonably expected to

| exceed che costs and that the proposed project is well justified.

LO'

R METHODOLOGY AND APPROACH:

This analysis stresses benefits and costs in environmental terms ;
'

i-

| of real utility to man. In this particular project, the units of energy

| which will be made available for use to mankind have. greater meaning in terms
|
| , of work to be accomplished than do artificial dollar values. Emphasis is

b
i i also made on the fact that this project will provide jobs to its working

j staff, to miners in newly opened mines, and-indirectly to non-related workers

in.the supporting structure of local, regional, and national vendors who

'

supply goods and services required for the operation of the mill.

| ?

Although environmental terms are preferred, it is impossible to''

compare dissimilar units of value and achieve'a quantifiable balance; there-

.
) fore, the values assigned to items of goods and services by people and

expressed * , the dollar cost is useful in providing a rough index of value to ,

j ..

'D '

)
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L compare factors having intrinsically disparate qualities or natures. For this
|

! reason, economic values expressed in dollars are discussed together with
!

!

, utilitarian worth. In this manner one gives substance and meaning to thei

!
L tother and allows the analyst to form a rational judgment of comparative worth.

| : This section should be read with the awareness that it is the abundance of
l.

: energy that has enabled our present quality of life by providing a leverage
|

|
! with which man may multiply his work effort, and that this is the true source

1

t of capital wealth; that mineral resources are the substance of desirable

1 consumer goods; that the flow of dollars represents wages and compensation

| for work performed; and that the worker will use these wages to provide life
|

| support for himself and family.

Benefits and costs are suramarized in Table 4 and are discussed in

the following subsections. Economic values are given on both an annual basis

and as present value for the projected 15 year operating period. Interest

of 10 percent per year is assumed and no adjustment is made for inflation.

8.3 BENEFITS:i

The principal environmental benefit of the milling of uranium ores

to produce yellow cake is the production of energy. Subordinate benefits

I

will accrue to tha populace through usage of the vanadium and copper by- J
'

!

products. Indirect benefits will accrue through employment, capital expendi-

tures, purchasing of goods, services and supplies, payment of taxes, conserva-

,

tion of resources, and the reduction of adverse environmental effects, l
1

8.3.1 Direct Benefit of Uranium. The direct principal benefit

of the milling of the uranium into yellow cake is that, after mining, it is

gg the first critical processing step which prepares the uranium for use in,

(- / |
'

reactors for the ultimate release of its contained nuclear energy. Although '

|
|

s oners o moonc
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TABLE 4
BENEFIT-COST SIMMARY

BENEFITS VALUE OF BENEFIT
ECONOMIC-DOLIARS X '100s UTILITY-UNITS AS SHOWN

a
ANNUAL PRESENT VALUE . ANNUAL 15-YEAR TOTAL

b1. Uranium (yellow cake) - $11,214 $ 85,294 623 tons _ 9,345_ tons
.

'or as equiveslent electrical
96.7 x'10 KWH * 100.7 x 10 KWH *power

2. Vanadium (black flake) $ 7,665 $ 58,300 ?190 tons 32,850 tons-

or in terms of equivalent d
. high speed. tool steel 105,000 tons *- 1,575,000 tons-

3. Copper $ 384 * ' $ 2,921** 240 tons _3,600 tons
~

Dollar Value of Primary Benefits - $19.263 $146,515

4. Employment - 80 employees $ 621 $ 4,723

Sustenance - 280 persons 280 man-hours 4,200 man-years ,

w
5. New employment - plant- \d

Construction .35 men $ 1,000_ $ '1,000
'

Sustenance - 122 persons 122 man-years 122 man-years

6. Employment - new mines-75 men S 1,195 $ 9,089

Sustenance - 262 persons 262 man-years 3,930 man-years

7. Infusion of construction
expenditures into regional
economy $ 2,000 $ 2,000 See discussion in Section 8.3.7

c - 8. Infusion of operating expendi-
> tures into regional' economy '$ 4,930 $ 37,497 See discussion in Section 8.2.8
I

E 9. Taxes - $ 269 $- 2,046 See discussion in Section 8.2.9-

o

E

$ Footnotes on fourth page of Table 4.
,

E
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TABLE 4'(Cont.)
~

BENEFIT-COST SUMMARY

BENEFITS VALUE OF BENEFIT .,

ECONOMIC-DOLLARS X 100s UTILITY-UNITS AS SHOWN
ANNUAL PRESENT VALUEa. ANNUAL 15-YEAR TOTAL

10. Conservation U0 f. f. 438 tons 6,570 tons38
f. f. 2,190 tons 3,280 tons

V025
'

Cu f. f.
.

11. Reduction of radio- Radium-226 0.009 picocurries/ liter

activity in Natural Uranium 0.54 picocurries/ liter

Colorado River Thorium-230 0.002 picocurries/ liter ;

i

12. Elimination of SO 150,000 tons 2,250,000 tons {2
gaseous effluents NO '100,000 tons 1,500,000 tons

'

Xby substitution
for fossil fuelsg. Particulates 5,000 tons 22,500 tons

e

h. h. 22,000 to 330,000 to y ;13. Elimination of SO2
510,000 tons S02from copper smelting h. h. 34,000 tons SO2 !

by use of sulfuric
acid

i

i

+

0
3 >

I
m
e :
n

I . . ,

o .I

C
2
m
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TABIE 4 (Cont.) . ,

BENEFIT-COST SUMMARY

ECONOMIC-DOLLARS X 100s UT m TY-UNITS AS SHOWN -

COSTS
|PRESENT VALUE

ANNUAL- FOR 15 YEARS- ANNUAL 15-YEAR TOTAL
.i

1. Ore'* $11,726 $ 89,189 270,000 tons 4,050,000 tons- |

Includes 75 new men at mines 75 man-years. 1,125 man-years . --

32. M1111ng * $ 4,860 $ 36,965

Includes raterials, supplies
See list in Item 4, Section 5.5 [and energy

Includes labor-80 employees 80 man-years .1,200 man-years,

-

Dollar Value at Primary Costs $16,586 $126,154

3. Plant modification $ 3,000 $ 3,000
. ~ .

Includes materials, supplies
~ Details.not determined O [

and energy \" ' f

Includes labor-average 35
35 man-years .35 man-years

employees

4. Municipal Services' $ 2,046 .

i(No significant incremental demand)
-

,

See Section 8.4.5

5. Occupational Health Average annual individual
k. 377.4 millirems [whole body dose :

I

6. Land Use Restricted future use of 200 acres
See Section 8.4.8a

5

j 7. Aesthetics (No significant change) [
tSee Section 8.4.9c
$

'
s

.

I 8. Theoretical increase in j
$ dissolved solids in 4 ppmj Colorado River-

!

'' - - - .- --- - ~. - , . _-. __ _ _ _ _

!

a
|
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TABIE 4 (Cont.)

FOOTNOTES

(1.10) 5 -1 -;- (1.10)15-(0.10) = 7.60606
~

a. Factor for Present value -

Interest rate = 9\7. prime rate + % = 107.

b. Based upon uranium in yellow cake @ $9/ pound
Equivalent available energy to be released upon fission and conversion to electrical energy at-c.

13a generating efficiency of 307.. One short ton of U 03 8 will yield 5.9 x 10
BTU on complete fissioning. At 327. thermal efficiency this -is equivalent to 4.5 x 10 KWH.

is equivalent to 1,573 tons of metallic vanadfum contained in approximatelyd. '2,190 tons of V 025
105,000 tons of tool steel averaging 1.57. V. Price assumed at $1.75 per pound.

e. Approximate value as contained copper at 80c/lb. Actual value would be adjusted for transportation
of concentrate . to smelter and for smelter charges.

f. Redundant credit with Benefits 1, 2 and 3.

g. Equivalency assumed by substitution of coal for uranium consumption in equivalent 1000 megawatt
generating plant. Coal assay 8,524 BTD/ ton, Sulfur 0.637., Ash 7.647..
Electrostatic Precipitator efficiency 99.57., 257. Dolomitic eff2ct frem coal. Es

i
h. Economic values of sulphuric acid included in Benefit 8.

i. F.O.B. Plant, $43.43/ ton intledes cost of exploration and overhead expense.

j. At average of $18.00 ton.

k. Determined from-plant records.

O
D
E
a
c
C

I
o
o
3
m
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9the milling step cannot take full credit for the ultimate release ud utfliza- |

!|tionoftheenergy,itneverthelessisavitalandcriticallinkinthe ,

i
,

,

! !

|. process chain. ,|

i

:E As shown on Table 4, the mill will produce. yellow cake containing
1'

s

623 tons of U 08 each year for a total of 9,345 centained tons over the 15-3

year operating period. On the ba11s of $9 per pound, one year's production

!jwill liave a value of $11,214,000 and 15 year's production will have a present !

.

}worthof$85,294,000.
1

|| . The uranium contained .in one year's production of yellow cake will,
.

[uponcompletefission, yield 28.9x109 KWH of electricity. For 15 years

9of production, the contained uranium would yield 433.5 x 10 KWH of electrical

? energy. .The annual. production will be roughly equivalant to the annual
,

. uranium consumption for at least four 1,000 megawatt nuclear electrical genera- j

| ting units. The projected cumulative production of 9,345 tons of U 038 |
Will

p represent about 2 percent of'the projected 450,000 ton demand which will be

jrequired by 1985. Thus, as discussed in Section 1 of ~ the Atlas Minerals
.i

!jEnvironmental Report, the projected production will be a significant contri-

hbution te'the nation's energy needs.

8.3.2 Direct Benefit of Vanadium. The importance of the extrac-

, tion.of vanadium, as vanadium pentoxide in the form of black flake, raises

i its st.atus to that of a co-product, but subordinate' to the principal product,
p

t|uraniuc. 'The value of the vanadium contained in the ores, enables the
F

[ mining and milling of manium ores which would be otherwise uneconomic.
-1

.). The recovered vanadium will provide environmental benefits to man

?through its utility as an excellent alloying agent for the production of

O i

j high-speed tool steels and as a catalyst for the production cf sulfuric acid,
l
i
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,

, petroleum products, ethylene and propylene. Dependent upon successful
'

I technological development, vanadium catalysts have a potential for emission
i
"

control devices on automobiles, and could generate a high demand for this ;

j . tunique metal. Although vanadium also is produced as a by-product from other

1 [ ores--phosphate rock, titaniferous magnetites, and from the production of t

:

5 (petroleum coke--the uranium-vanadium ores of the Colorado Plateau remain as
i !

a principal source for this metal.'

It is projected that the mill will recover 2,190 tons per year of

(vanadium contained in the black flake product. Over a 15-year operating

' period, an estimated total of 32,850 tons will be recovered. At a value of

$1.75 per pound, the annual vanadium product would be worth $7,665,000- ]
I

P and the present value of 15 year's production would be $58,300,000. '

The vanadium produced frem this operation probably will be

L marketed for use in the form of ferrovanadium for use in the manufacture

of alloy steels and in the production of catalysts for the production of sul-

furic acid and petroleum products.

In the U. S. in 1971 (Minerals Yearbook, U. S. Bureau of Mines),

|
4,802 tons of vanadium were consumed. Of this, almost 90 percent was used

for alloying purposes. The U. S. Bureau of Mines (Harold Taylor-personal

communication, 1974) foresees that domestic demand will range from 5,000 to

5,200 tons per year in the near future. The projected production from the

mill could supply over 40 percent of the demand and thus would constitute a

significant factor in fulfilling projected domestic needs and future growth.

If the annual production from the mill were used in the production

of high vanadium alloys,'it would enable the production of 105,000 tons of

. high speed tool steel, or 1,575,000 tons over 15 years. In the U. S. from
I
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13 to 5 million tons of such steels are produced annually. Due to environ-4

-mental demands to reduce the weight of automobiles and other vehicles

to gain fuel savings, the demand is increasing for high strength low alloy

: vanadium steels. With their superior strength to weight ratio, these alloys

will come into increasing demand and greater pressure will be placed upon

our domestic production capacity for vanadium ores. The projected production

i of vanadium, therefore, should be of significant and increasing utility.

8.3.3 Direct Benefit of Copper. Although the projected annual

production of by-product copper concentrates of about 240 tons will not be

significant compared to total national production, it will provide an incre-

mental benefit to a rising national demand. Over 15 years of production,

about 3,600 tons of copper will be produced. To illustrate the value of
O
\~ this production, and not censidering smelting or transporation costs, it is

herein assumed that the sales value will approximate 80 cents per pound, at

which price the annual production would be worth around $384,000 and over a

15-year operating period, would yield a present value of $2,921,000.

The true utility of copper to man lies in its high electrical

conductivity, its ductility in the drawing of wires and tubes, and its

alloying characteristics for special purposes and casting metals. For these

reasons, it is one of the most useful metals, is in high demand, and is

rising in value. The annual production of copper from the mill will be used

in a variety of ways ranging from the manufacture of electrical equipment to

scientific applications. To demonstrate the utility of the copper concen-

trate which will be produced, the projected production is recast in equiva-,

(" lent terms of the number of homer, whose requirements for copper will be met
V]

by the projected production. According to the Copper Development Association

DAMES U MOOS 4C
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(D. Seitz, personal communication, 1974), an average one-family dwelling

E in the United States, having an area of about 1,500 square feet, uses about

t 686 pounds of copper in its construction, appliances, and furnishings. Using

this rate, the 240 tons of copper contained in one year's production would'

q be sufficient for the construction and furnishing of about 700 houses. The

projected production for 15 years, therefore, would equip about 10,500 homes.

U IThe projected production of copper from the mill--although inci-

dental to the production of uranium and vanadium--will be beneficial and

deeirable.

8.3.4 Employment of Operating Personnel. Operation of the mill

after modification will not require an increase in the average number of

! operating personnel and the level will remain at about 80 people. The

O
V modifications, however, will enable the operations to be extended in time

for an additional 15 years. Thus, 200 man-years of employment will have been

secured. Based on the old payroll levels, without adjustment for inflation,

about $621,000 will be paid annually in wages. The present value of income

for the projected 15 years of operation is $4,723,000.

Each year of operation will provide 80 man-years employment for a

total of 1,200 man-years over the projected 15-year period. The real bene-

fit will be derived, however, from the life support, or sustenance, which ;

i

the worker will provide to his dependents; therefore, based upon an average of |

I

3.5 persons per household in Grand County (U. S. Bureau of Census,1970), |

one year of plant operation will provide 280 man-years of sustenance and q

15 years of plant operation will provide an estimated 3,600 man-years of i

n sustenance.

U
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8.3.5 New Employment From Plant Construction. It is estimated

k i

that the plant will be under construction for one year ending about July 1,
!

1975. A maximum work. force of 80 workers will be used at the peak of
v

[ activity; however, over the full year, an average of 35 workers will be
c i

employed. ; j
,

It has been estimated in Section 8 of the Environmental Report, I
c

!
o' that about $1,000,000 of the cost of construction will be paid as wages for

hlabor. As this will be paid during the course of one year, this amount

! also constitutes the present value. ,

L !d

The environmental benefit in real units is provided by the
; 7

methodology of Section 8.3.4. The 35 workers will support dependents on |<

the basis of 3.5 persons per household for a total benefit of 122 man-years
,

of sustenance.

8.3.6 Employment at New Mines. The modifications of the mill

circuits will enable the treatment of ores whic! previously had not been
1

economically extractable due to the lack of acid leaching circuits in the

mill. Reserves of such ores will now be mineable from new mines. Mining |
l

of these resources will extend employment of miners already working in

the region for another 15 years.
.

It is estimated that an average of 73 workers will be employed
r

in these new mines and will earn wages at the rate of $1,195,000 per year.

The present value of the wages projected for 15 years of operation is

$9,089,000.

Using the methodology of Section 8.3.4, the miners will support

<~T dependents estimated at 187 persons and therefore will earn life support at
.

b
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the rate of 262 man-years for a 15-year cumulative total of 3,930 man-years

F

'

of sustenance.

8.3.7 Infusion of Construction Expenditures into Regional Economy.

1

1 In addition to the disbursement of expenditures for labor in the local

v
'

r cconomy, capital construction costs for plant modifications will also entail
4

expenditures for equipment, services and supplies in the area of Moab and in

i the Rocky Mountain Region. It is estimated that such purchases will total,

~

and probably exceed, $2,000,000,

In commerce and trade, the infusion of new monies to a locale orr

,

region exert a multiplier effect to the economy. Commonly such multipliers

exceed a factor of two and on occasion approach three. As an economic

Ianalysis has not been made for either Grand County or the region no credit
n

will be taken herein for any multiplier effects.-

The real meaning of the infusion of $2,000,000 in the local and

regional economies lies in the fact that these disbursements will pay for

support services in the community requiring the employment of other people

who also provide life support for their families. Thus, a large portion of

the capital expenditures will eventually provide wages and salaries at many

points in the monetary flow. As it is not possible in this analysis to

discriminate what portions will be retained as savings or used as new capital,

no credit is taken herein for benefits to be derived from such factors.

8.3.8 Infusion of Plant Operating Expenditures into the Regional

Economy. It is estimated that the operation of the mill will require the,

expenditure of about $4,930,000 annually in the region. These milling costs

include the consumption of electrical power, fuel, supplies and reagents asfs(
listed in Table 3.2 and in the list shown in Section 5.5 in the Environmental

namose moone
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Report. The present value of these expenditures over the projected 15-year

operating period is $37,497,000.

As in the case of construction expenditures discussed in Section
,

8.3.7, it is not possible to determine multiplier effects within the scope

of this study; however, some perspective as to real utility or meaning can
I

be discussed in general terms.

Aside from wages paid, large expenditures will be made locally in
1

0Moab for operating supplies, such as hardware, piping and fittings, lumber

5 and miscellaneous supplies.

Other large expenditures for reagents and fuels will be made in

the Rocky Mountain Region. From about 548,000 tons to 821,000 tons of sul- .

.

furic acid will be used, the bulk of which probably will be purchased from
O

Kennecott's by-product sulfuric acid plant near Magna, Utah. About 1,460 )
i

tons of soda ash will be purchased annually for a total of 21,400 tons over j

the projected 15 years of operation. This probably will be purchased from

producers located near Green River, Wyoming. Other reagents and supplies .,

will be purchased in Grand Junction and Denver. Considerable repair parts

will be purchased from manufacturers in Denver and elsewhere.

The effect of the annual expenditure of $4,930,000 in the region

may be visualized by synthesis. By assuming that 50 percent of the expendi-
f

ture will be immediately diffused as personal income and by using the'

approximate per capita income for the IJnited States in 1971 of $4,135 per
)this annual expenditure would provide the average income for oneperson,

year for about 600 people and thus would be roughly equivalent to 600 man- {

n years of sustenance.
tu i

i

Il
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8.3.9 Taxes. Credit is taken for the benefits which will accrue

r
to the community through payment of state and county taxes. Each year the!

operation will pay approximately $109,000 in sales and use taxes, and

i:. $160,000 in county property taxes. Of the $160,000, $110,000 is the tax

paid for the older plant facilities adjusted for property losses suffered

in the fire. The remaining $50,000 are the estimated new taxes which will be i
'

j

paid due to the increased valuation of the plant improvements.
,

!

The real worth of the tax payment to the community will accrue to

!the public through the support of governmental and municipal services, and

is not susceptible to simp'r analysis or quantification.
'

8.3.10 Conservation of Natural Resources.

8.3.10.1 General. A real benefit to the environment is the

O
N_/ conservation of resources which might be otherwise lost to man.

This includes the conservation of uranium, vanadium, and copper.
i

8.3.10.2 Conservation of Uranium. The uranium contained

i in the uranium-vanadium ores would not be available for consump-

tion during this energy-critical period if the acid leach circuit

were not added. Thus, it is considered that 438 tons of U 038

| will be provided annually (623 tons less 185 tons from the
!

| existing circuit) . Duttng the projected 15 years a total of 6,570
!
'

tons will be produced that might not otherwise be extracted

because of factors of technology and economics. The value of this

product at $9 per pound is $7,884,000 annually and 15 years pro-

duction has a present value of $59,966,000. This benefit expressed

in dollar terms is redundant with the benefit described in Sectiong-
V

8.3.1, but the element of conservation is a distinct and incremen-

tal benefit.

DAMEGO MOORE
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8.3.10.3 Conservation of Vanadium. As the vanadium content !- '

,

e

| of the ores could not be extracted'on the basis of-its own
u. }
| value, construction of the new acid teach circuits raises this :
i. -!

j mineralization to the status of an economic ore and this makes
.

I available to man a resource that otherwise would not be extracted.
ni This benefit is redundant.to some degree with the dollar

2

4 value described in Section 8.3.2; however, the element of con-

B. i

II - servation is a distinct and separate benefit, j
k

E |
g 8.3.10.4 Conservation of Copper. The copper which will be
,

! l
recovered from the new acid teach circuits could not be extracted : ,

i '

j and recovered on the basis of its own worth, and does not affect
i . I

i the feasibility of the extraction of the uranium and vanadium. |

O i i

f Conservation of the copper thus is considered to be a bonus benefit. |
? ! ;

'

.k 8.3.10.5 Reduction of Radioactivity in the Colorado River. '

9 !

k As discussed previously, the operation will result in a projected !
'

c

t reduction in radioactivity in .the Colorado River. As described i

!! in Section 7.8 of this report, radium-226 will be reduced from - |
,

il calculated values of 0.0094 picoeurries/ liter in past operation
L

to negligible concentrations in the projected operation for a !
"

4

L credit of .009 picoeurries/ liter. Natural uranium will be reduced ,

1

k from 0.54 p1coeurries per Liter to negligible concentrations for

f! a credit of 0.54 picocurries per liter. Thorium-230 will be

$ reduced from 0.0049 to 0.003 picocurries/ liter for a credit of
;

O.002 picoeurries/ liter.'

f Since these levels all lie within the promulgated standards,

b - the real benefit'to man in terms of human health is conjectural
4

@
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ij' and almost impossible to assess. Present knowledge is not ade-

h
[ quate to: project the long-term effects of low level radiation and ;

: !! .

.$- thus the real benefit must be considered intangible. L

I

f 8 .3 .10 .6 Elimination of Gaseous Effluents by Obviating |
$ !

!' Fossil Fuels. Utilization of uranium for the generation of elec- {lb
'

trical power will. substitute for the use of fossil fuels and
'; ,

y will obviate gaseous emissions which otherwise would be produced. '

# ;-

Credits for SO , NO and particulates are herein syn'.hesized by2 xy
?
c ,

s- use of a model of a coal fired plant whose counterpart is under i

L

j construction in Wisconsin (Wisconsin Power and Light. Columbia Gene-

[ rating Station) and by pro-rating effects to equivalent nuclear pro- |
?

-[ duction at the rate of 1,000 megawatts. It is assumed that 3.6 q
p

- O! j million tons of coal would be. burned each year. The coal contains i

it

0.63 percent sulfur and 7.6 percent ash, and has an average heat;
t t

.value of about 8,500 BTU per pound. The plant is assumed to have }
*

k .

!

[ -an electrostatic.precipitator of 99.5 percent efficiency. A cre-
v ,

.I ' dit for dolomitic effect of- 25 percent is taken for the reduction
.

I |
<

; of S0 . Stack emission rates are: 1.09 pounds S0 , 0.70 pounds !
2 2

h

NO and 0.034 pounds of particulates per- 1,000 BTU. Using this I
'

x
|

.

model and assuming complete fission of the uranium, the following i

E-
credits are obtained by the substitution of uranium for coal.

'
;

E Tons Obviated
Annual 15-Year Totals

:

S0 150,000 2,250,000
2

NO 100,000 1,500,000 ,

x
! Particulates 5,000 22,500

,

.
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The benefit to man is in improvement of health and a reduc-

tion in potential damage to flora and other fauna. Assessment of

the real worth of these reductions at such low levels of emission

is conjectural and will require considerable research before the

i
'

actual benefit can be determined.

j 8.3.10.7 Reduction of S02 From Smelter Gasses. The mill

will utilize sulfuric acid which has been produced as a by-product

from the refining of copper near Salt Lake City. Although earlier

f r the manuf acture of sulfuric acid was economi-recovery of S02

cally desirable, this factor has now been superseded by the need to

into the environment. Utili-reduce the discharge of gaseous S02

zation of this acid, therefore, constitutes a real environmental
t T

'

benefit to the populace residing in the region of the smelter.

Consumption by the mill of from 36,500 to 54,750 tons of

sulfuric acid annually will eliminate 27,000 to 34,000 tons of

S02 from the air of the Salt Lake Valley each year. During the

projected 15-year operating period, a total of 330,000 to 510,000

tons of S02 will be eliminated.

The S02 not used in the mill products will ultimately be pre-

cipitated as calciun, sulfate in the evaporation pond and thus will

be prevented from reaching the ambient environment.

8.4 COSTS:

8.4.1 General. Costs of the projected plant modification consist

of the expenditure of capital, the potential--but unknown--long-term effects

of low-level radiation, and restrictions on future land use of the site. The

s
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potential costs in governmental services and aesthetics have been exa-

mined but are considered to be unchanged upon modification of the plant.

8.4.2 Process Costs. The direct annual cost of milling is

estimated at about $f21,000 for labor and $4,930,000 for materials and sup-

|

plies. The present *caiue of the future expenditures extending 15 years is

$37,497,000. |

l
4

The real cost represented by this dollar cost is the consumption

of labor, energy, materials and supplies as discussed in this report.

These are set forth in Table 3.2 and in the list g.'ven in Section 5.5 in

the Environmental Report.

This cost constitutes an irretrievable commicment of resources.

8.4.3 Ore. Ores which are produced and purchased for mill feed
-

( )g have a value estimated at $43.43 per ton delivered at the mill. Approxi-

I

mately 500 tons of acid leach ores and 250 tons of eixaline leach ores will

be used each day for an annual rate of about 270,000 tons on a 360-day basis.

In the projected 15 years of operation, about 4,050,000 tons of ore feed

will be milled. The annual value of the feed will be $11,726,000 and the
I

present value of 15 years production is $89,189,000.
|

8.4.4 Plant Modification. Plant modification will require the i

!

expenditure of about $3 million or more of new capital and will utilize taate- !
I

rials and supplies to construct a new acid leach circuit and an expanded

tailings / evaporation pond. It is projected that 35 man-years of labor will

be used. i

The expenditure of machinery through wear, the consumption of man-

power and supplies constitute the real cost. These are equivalently and
(3Ll conveniently referred to as capital cost expressed in dollars.

onmose moone
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] 8.4.5 ~ Municipal Services. Due to factors of previous boom cyc- ).
-

i ,

'j.les,expansionofmunicipalservicesinnearby.Moabhasproducedcapacities
c

dp for city services which are adequate to service this modest influx of new i i

3 Ii

' workers. |,

|

] The operating staff of the mill will remain at the same' level as a

h,'theearlieroperation. !
3

)
' During the peak of construction, about 70 workers will temporarily i
.

!
- 1

| use local services. Any adverse effects which might arise would be of i j

! i1

ahort-term and are not judged as being of potential significance.- j

' Employment for new mining operations probably will be obtained

from locally available workers and should not require a significant influx i !
'

9

of new workers.

b It is considered, therefore, that the projected operations will ;
!'

make no significant adverse demands upon local municipal services.

/ 8.4.6 Occupational Health-Plant Workers. Environmental measure- ;)

ments and monitoring are discussed in Section 5 and 6 of the Environmental

}
Re po r t . All existing standards have been met or exceeded in- past operations

h
i and will continue to be met or exceeded in the modified operations.

|

The most important single element is that'of exposure to radio-

activity by plant workers. As discussed in Section 5.1'.3 of the Environ-
8
" mental Report, the maximum dose received during previous film badge monito*.:-

ing was 920 millirems per year and that this represents less than 25 percent+

o f' the occupational limit of 5,000 millirems per year.

To determine the overall cost, however, it has been determined from

the records of film badge monitoring results that the past average dose was
. 377.4 millirems per year, or roughly 7 percent of the permissible standard.
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f Since the efforts of low-level radiation over extended periods is
c

?
*

not known, the long-term significance remains unknown. l
\

1,

8.4.7 Accidents. Potential sources of accidents are discussed in '

i

Section 7 of the Atlas Minerals Environmental Report. |
i

Six events were postulated for tailings dam failure. There ap- !

;

pears to be no chance of flash-flooding. The possibility of the occurrence ]
1

of flooding from high water in the Colorado River is low and does not appear
|

significant. Operating procedural measures mitigate against failure by

overflow. The factor of safety for the dam is well above the point where !
4

structural failure is considered possible. Structural failure by earth-
,

lquake'is an extremely remote possibility. In the event of a tailings pipe- i
'

line rupture, there is little chance that tailings would reach the Colorado |

()
.

River. These are not considered of sufficient significance to constitute

an environmental cost.
:

- Another fire in the solvent extraction section has been postulated-

but has been mitigated by a new emergency dumping system and is not taken

as a probable environmental cost.

Past experience with transportation accidents indicates that

effects are of very limited extent and of short duration with no apparent

significant environmental costs.

8.4.8 Land Use. The land upon which the mill is located is now

dedicated to a high utilitarian usage and is not considered to constitute an

environmental cost.

Upon dismantlement of the mill, constraints upon future use as dis-

cussed in Section 9 of the Environmental Report will constitute an environ-

O mental . cost of low order. It is expected that in the light of the constraints

DAMES O MOORE
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'! imposed in items 1 through 5 of Section 9, approximately 200 acres now !

O occupied by mill and tailings pond will have to be dedicated to use which !
I

h will deny future continued occupancy or residency. This constraint is con- !

i

sidered as an unavoidable cost.n

1

8.4.9 Aesthetics. The proposed modifications to the plant will
a

h i
;not change the exterior appearance of the facility and therefore would have'

;
,

4
i

i no incremental effects.
h |

Alterations to the tailings pond will include placement of native i

shale on visible slopes, which will tend to make the tailings pond blend

into the existing background. This might be a benefit to aesthetic values, j
a

but neither credit nor debit is taken.

8.4.10 Effluents. Modifications to the plant indicate a

O theoretical increase of from 2 to 4 ppm of total dissolved solids. As this

represents less than 1 percent of that contained in the Colorado River, this
i

f is considered as a' cost.

8.5 ALTERNATIVES :

8.5.1 General. Alternatives are discussed in Section 10.of the
.

Environmental Report and are assessed below.

8.5.2 Alternative Mill Sites. The discussion of alternative mill

g sites in Section 10.1 of the Environmental Report adequately demonstrates

that such a choice would be inferior to the proposed modification cf the

existing plant.

8.5.3 Alternative Mill Processes. The discussion in Section 10.2

of the Environmental Report indicates that construction of a sulfuric acid
'

}
plant or an alternative tailings pond site would have environmental effects

of more adverse character than exist with the projected plan.
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8.5.4 Not Modifying Mill Facility. According to the reasons for

the projected modifications discussed in Section 1, the discussion of bene-

fits and costs in this section and the discussion of Section 10.3 of the

Environmental Report, a decision not to modify the mill would: (1) deny
,

energy to the populace at a time when such energy is in short supply;

(2) would produce serious adverse economic efforts to the local community ;

at a time when the economic climate is in a state of great uncertainty, j

i

and would (3) deny to the populace the significant real environmental and |

economic benefits which will be obtained through production of the plant as

pro posed .

8.6 CONCMSIONS:

Comparison of benefits with costs reveals the following salient
A- ,

factors: The principal benefit of the milling operation will be realized

through utilization of the ultimate products--energy, vanadium, and copper

products. The energy will be equivalent to electricity which will be pro- |

duced in 15 years by more than four 1,000 megawatt generating plants. The ,

|

vanadium will be equivalent to that used in the production of about 1.5 j

million tons of high speed tool steel. The copper will be equivalent to that
i

used in over 10,000 homes. This production is valued at $19,264,000 per year

or a present value for 15 years production of $146,515,000.

The actual costs of the operation will be the expenditure of man-

power at the rate of 80 man-years per year or 1,200 man-years in 15 years of

operation; the consumption of operating energy, materials and supplies listed
i

l in Section 5.5; the consumption of about 220,000 tons of uranium-vanadium
i
l ore; and the wear on the mill (depreciation) . These costs are valued at

$16,586,000 per year or a present value of 15 year's projected cost of'

$126,154,000. The dollar difference between the value of the product and'

namesn moo,,s
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the cost of production is an index of the utility or worth of the projected

operation. Since this difference is positive, the operation is considered

beneficial. The real benefit, however, lies in u..a utility of the ultimate ,

products to man.'

A secondary benefit of the projected operation will be the employ-

ment of about 2,360 man-years of labor to provide an estimated 8,252 man-

years of sustenance. The difference of 5,892 man-years represents the

production leverage provided by the plant to multiply the productivity of

the work force. Thus each worker can produce the sustenance needs of his

family or a benefit-cost ratio of 3.5. The benefit-cost difference is

positive and the effect beneficial.

Three intangible costs are poted: low level radiation, future
s .

restricted land use of the site, and a slight increase of dissolved solids

in the Colorado River.

In assessing the potential cost of low-level radiation to occupa-

tional health, it must be remembered that the average dosage is less than

10 percent of the permissible standard and that '> t standards have been

promulgated by responsible and expert governmental agencies at extremely

conservative levels. There is no question of loss of life and the potential

cost is a theoretical diminishment in the level of health. This may be put

into proper perspective with realization that this average dosage is

exceeded by one session of X-rays in a hospital, or is almost equivalent to

the background radiation at Denver, Colorado. In these terms, this cost

is not significant, particularly when compared to the 8,652 man-years of

j ('") sustenance which will have been earned by the employees.
\.)!
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Assessment of the restricted future land use at the site must

be made by comparison with the utility of the ultimate products. The gain;

] from the products is substantial and self-evident.

When the constraint on future land use is considered within the

Y context of the surrounding area, it is not necessarily incompatible. The

land could be used for recreational purposes, such as a park, which do notr

permit residence. The surrounding lands are in large measure scenic and

constitute a tourist attraction. Thus, the site land could be used bene-

ficially in complete harmony with its surroundings and in such manner that

the constraint would not constitute a cost.

The increase of dissolved solids through seepage into the Colorado

River is theoretical and its actual cost is not determinable with present

knowledge.

In total consideration of the projected operation, environmental

benefits are expected to greatly exceed the costs and the operation will,

on balance, be justified.

9. SPECIFIC REPLIES TO A.E.C. QUESTIONS

9.1 GENERAL:

The questions posed by the Atomic Energy Commission in their letter

to Atlas Minerals Corporation, dated January 25, 1974, are presented in

Appendix D. Specific replies to the questions follow.

9.2 REPLY TO A.E.C. QUESTION 1:

Section 7.2 of this report discusses enbankment stability and pre-

sents the results of additional analyses. Soil test data used to develop the

f soil strength parameters utilized in the slope stability analyses are'

DELM E S C MOOR F2
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In addition, the soil test data'
'

!! presented in Appendix A of this report.
. |

;
,

y presented in Appendix A of the Atlas Minerals Environmental Report was |
t i

utilized. The soil strength parameters used to calculate the factors of- f
safety for individual embankment sections are shown on Plates 6A through

,

'

l.

l.'6F. :
1' ] !

i 9.3 REPLY TO A.E.C. QUESTION 2:
it !

?

Table 3.10 in the Atlas Minerals Environmental Report lists an |
t r

] emission rate of 3.0 pounds of U 03 8 Per day. Since the yellow cake material |

g i

!! being dried is 96 percent U 0 , the particulate emission rate would be 3.12538 ,

|| i

j pounds per day. This emission rate was arrived at as average of a number of
!

measurements. However, one particular measurement taken on March 3, 1973
a

showed'a 3.0 pounds U 03 8 Per day emission with a dryer throughput rate of 319 ,

.O 4
<

d pounds of U 03 8 Per hour. i

i

9.4 REPLY TO A.E.C. QUESTION 3:
'

:

The crushing plant west dust collector was inoperati.ve at the time ;

that these samples were taken. This collector is designed for the same duty
i

~ !, as the north dust collector and cleans air from the same area. Thus it can

be. logically estimated that the emissions from the west collector will be
t

-[ 'very close to those from the north dust collector. Table 3.11 in the Atlas

. Environmental Report shows a measured emission rate of 0.039 pounds U 03 8 Per

day from the north collector. The grade of ore being crushed on that parti-

cular day (February 28,1973) was .276_ percent U 0 . Thus the particulate38

emission rate from the north (or west) collector would be 14.1 pounds per

day. The crusher throughput rate on this day was 135 tons per hour.

O !

n
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, 9.5 REPLY TO.A.E.C. QUESTION 4:!
,
:

it

|1 On February 28, 1973, a U 03 8 emission rate of .019 pounds per dayL
n

L 4.,

; j . from the fine ore storage dust-collector was measured. .The grade of ore |
L

[i - .

Thus the particulate emission |

!

( ground on that day was .187 percent U 0 .39
I I

! |. rate would be 10.2 pounds per day. The grinding throughput rate on that |
:

| . day was 41 tons :per hour. |'

d
_

t
i

[! 9.6 REPLY TO A.E.C. QUESTION 5 : . |
:

4

| The radiation units reported in the soil sampling survey were

5

i erroneously listed'as mrem /hr. They should have been milliroentgens/ hour. !

s' ,

|| 9.7 REPLY TO A.E.C.' QUESTION 6: !
3 i

f A plot plan of the facility showing the location of the new sys- . i
w

.!E

U tems is presented on Plate 7 of this report.
.

. O.
.

.

.
T !'
S 9.8 REPLY TO A.E.C. QUESTION 7:

'

t

The crushing rate on February 28, 1973 was 135 tons per hour, the ;
1

'
grinding rate was 41 tons per hour and the U 038 drying rate was 319 pounds

.: per hour.

. 9.9 REPLY TO A.E.C. QUESTION 8:

8 Flowsheets of the proposed mill processes with- the chemical addi-

.tions and a materials balance are presented on Plates 8A, 8B, and 80 of this
,

report.

,
9.10 REPLY TO A.E.C. QUESTION 9:

- The_ liquefaction potential of the embankments is discussed in

Section 7.2.4 of . this report. . The possibility of piping is discussed in

Section 7.2.5.
It

($)1 |

,
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9.11 REPLY TO A.E.C. QUESTION 10:

The embankment cover material is described in Section 5.3 of this

report.

9.12 REPLY TO A.E.C. QUESTION 11:

The logs of additional borings drilled in the embankment and

site vicinity are presented in Appendix A of this report. The locations of >

i

l

the borings are shown on Plate 2, Plot Plan. Additional cross-section and

results of the stability analyses calculated for these sections are pre-

sented in graphical form on Plates 6A through 6F.

9.13 REPLY TO A.E.C. QUESTION 12:
;

Tabulations of ground water level and assay data for the site are

_ presented in Appendix A of this report. The time of day was not recorded

' - ' ' for all measurements. Borings 1 through 7 and all test pits contain casing

slotted throughout their entire depth. Borings 8 through 15, except boring

11, contain casing slotted only on the lower 10 feet. The depth of monitor

well casing is shown on each boring log.

9.14 REPLY TO A.E.C. QUESTION 13:

As indicated on page 6-4 of the Atlas Minerals Environmental

Re por t , the monitor wells will be sampled and measured quarterly after

February 8, 1973.

9.15 REPLY TO A.E .C . QU'2STION 14 :

The locatica of the discharge line referred to on page 6 of

Appendix A of the Atlas Minerals Environmental Report is shown on Plate 2,

Plot Plan. The line is referred to as " Existing Tailings Discharge Line."

A
V
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9.16 REPLY TO A.E.C. QUESTION 15:-

L s

The discharge and decant barge line are shown on Plate 2, Plot

$ Plan, of this report. The discharge.and decant operations are discussed in
5

Section 7.1.2 and 7.1.3 of this report.
4
'

i
.

The basin area which is shown on the south end of tae tailings -|,

1 1

J disposal area was designed for use as an alternate tailings storage area. ,

\' ,

The area will not be used for this purpose in the future.a

i
9.17 REPLY TO A.E.C. QUESTION 16:'

.4

Erosion of the embankment and a discussion of its maintenance j

3 program is presented in Section 7.3 of this report.

9.18 REPLY TO A.E.C. QUESTION 17:

!Discussions of the expected concentrations that would occur in

O the tailings pond, in the ground water discharge to the Colorado River and

at the closest River intake are presented in Section 7.8 of this report.

9.19 REPLY TO A.E.C. QUESTION 18:
1

The calculation of the seepage loss from the tailings pond is

| discussed in Section 7.5.2 of this report.

9.20 REPLY TO A.E.C. QUESTION 19:

Provisions to prevent pond water from being closer than 250 feet

from the embankment are discussed in Section 7.1 of this report.

9.21 REPLY TO A.E.C. QUESTION 20:

It is planned that all the recommended modifications presented

in Appendix A of the Atlas Minerals Environmental Report be incorporated in
|

the tailings disposal area operation. The recommendations include the

maintenance of the tailings pond at a minimum of 250 feet from the embank-

! ment, a specific embankment configuration and construction recommendations.

,
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i 9.22 REPLY TO A.E.C. QUESTION 21:j-

1

.

,J.. ) Assays of ground water samples obtained from monitor wells at the |
s

| site are presented in Appendix A of thje report. A discussion of the i

,

{l expected constituents and their concentration in ground water at the site
a

l is presented in Section 7.6.
1

Jf 9.23 REPLY TO A.E.C. QUESTION 22:
'

0
Details of the methods used and the results of ion exchange j

k investigations for the site are presented in Appendix B and are summarized !
|

in Section 7.7.of this-report. The' resultant effects of ion exchange upon
2

a radium-226 and natural uranium concentration in the ground water at the site'

,

are discussed in Section 7.6.2.,
4

9.24 REPLY TO A.E.C. QUESTION 23:

(:)'

c The flood damage potential to the tailings storage area is dis-
.

cussed in Section 7.4 of this report.
i

9.25 REPLY TO A.E.C. QUESTION 24: i
<

4

The tailings pond level control is discussed in Section 7.1 of

this report.* '

a

9.26 2 REPLY TO A.E.C. QUESTION 25:

It-is believed that the reduction in uranium d.st concentration

for the years 1968 through 1972 is due in part to a reduc ian in the grade

of ore processed, and, more significantly, increased efforts toward control

of process dust.

The average operating ore tonnage for the years 1068 through

1972 are presented on the following page.

O
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j. Average Operating Ore Grade In |

38 .|
4 -Year Tons Per Day Percent U 0

'

. !!
$ 1968 879 .247 [
,-

-

3
"

1969 1,076 .214

1970 1,145 .231
| i i

j 1971 1,269 .185 ;
,

' '

-| ~1972 1,044 .168

f 1973 913 .160 {
j i

9.27 REPLY TO A.E.C. QUESTION 26:

E The acid circuit operation tonnage will be 400 to 500 tons per

v.

j day (TPD) through 1977. Thereafter the tonnage will be 660 TPD. If ore is

1
B available, an additional alkaline circuit tonnage of up to 400 TPD will be '

processed.
|

(~T . k 9.28 REPLY TO A.E.C. QUESTION 27: '

,

%) ; I
A cost-benefit analysis of the proposed milling operation is pre- I'

: sented'in Section 8 of this report. |- 1

i |

i, i .

!

.

,

,

'

O
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, SYMBOL DESCRIPTION

:.:gg::; Stream and River deposits of primarily sands and gravels--,

i
" ~~

principal aquifer in region; yield variable but generally i
Alluvium high.p)

s

V
.... Windblown sand, colluvium, and slopewash; silty fire sand, |i9"" and poorly sorted sands, gravels, boulders--variable per-

Undifferentiated sand. residual meaMW; may %eM signWeant amounts of grouM water.
y mantle,and slope wash

$ Jem Eolian sandstone and aqueous siltstone--permeable but not
Je known to yield ground water to wells in vicinity.

g Entrada sandstone-

g Moab tongue,Jern;

[ lower part, Je
Ea

- - -

Muddy sandstone and sandy mudstone--not known to yieldg,
ground water to wells in vicinity; an aquielude.

Carmel formation

Jn Massive eolian sandstone with occasional thin limestone--
yields significant quantities of ground water where highly

Navajo sandstone fractured; water qualit v generally high.

gg Siltstone, sandstone, shale, occasional limestone--an
aquitard with some permeable layers; not known to yield

Kayenta formation ground water to wells in area.

** Massive eolian sandstone--moderately low permeability

9 but may yield ground water where intensely fractured--
Wingate sandstone water quality generally good,

Siltstone, sandstone, conglomeratic sandstone with gyp-y
sum veins--some permeable layers but considered an

|
Chinle formation aquiclude; generally yields very saline water.

W
::! Sandstone, conglomerate and some mudstone--not known' *

to yield ground water to wells in area--absent at site.

Shinarump conglomerate
>
Q g Siltstone and sandstone with veins of gypsum--probably

underlies alluvium over western part of site--generally low%

7 Y MoenIopi formation Permeability; generally yields slightly to highly saline
h water.
- h Conglomerate, sandstone, siltstone and occasional lime-

''

stone--contains permeable layers, may yield small amounts
Cutler and Rico formations, of ground water to wells.

$
Limestone and shale; Paradox member contains salt beds--low

Phg permeability; yields very saline to briny water--underliesy Php alluvium under part of site,
u

py Hermosa formation, Ph:
eu Paradox member,Php

O
4 ('/ STRATIGRAPHIC DISCRIPTION-

.

dam 4ES S phtOOete

PLATE 4
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|560
|
1

j

540 -

|I POND WATER SHALL BE MAINTAINED A MINIMUM OF ||

250' FROM EDGE OF EMBANKMENT
| 5 : --.;

[[t Onn?.LL MAXQ-

F- 520 - !~

W
r

!,g y FUTURE TAILINGS
, ,

1

2 ASSUME YWET=l2O PCF F S AT. = l 2O P C F \ yd
f = 37' C=0 PSF %7 .-

o \
h500 ,\ 'l jo| hl f' ,' !

'

>
. W il

.J N
N N& N GROUNDWATER TABLE

h%
2 N
0 N400 - %i

bn <
:O <r 3 N.
.

u
*i N'6 j .I e N

i

D i
DEPOSITED TAILINGS - SILTY FINE SAND WITH

;# e,s OCCASIONAL THIN LAYERS OF CLAYEY SILT460 -
'tl-%I LDOSE TO MEDIUM DENSE - (SM) L

e
,

i si
Y WET = 120 PCF TSAT= 120 PCF
f= 37'
C= 0 PSF C ORIGINAL GROUND SURFACE

440 "
| NM// //g//

NOTES *

i

| THE LEVEL OF THE PONDED WATER WIT H I N THE TAILINGS POND ON
' 4- 12-71 W AS 494 FE ET. THE DEPTH AND THICKNESS OF THE SOIL

STR AT A AND THE GROUND W ATER GR ADIENT I NDI C ATE D ON THE SUB-
SURFACE SECTIONS WER E ODTAINED BY I NTER POL ATI NG BET WE E N
BORINGS AND TEST PITS. INFORM ATION ON ACTUAL SOIL AND GROUND
WATER C ON D IT I ON S EXIST ONLY AT THE BORING AND TEST PIT LOCAT-
BONS AND IT IS P OS S I BL E THAT THE ' CONDITIONS AS DE PI C**E D ON.

fj THESE SECTIONS MAY VARY FROM THO9E i N D I C AT E D , THE PLANT

!f D ATU M E LE V AT I ON OF 500.0 FE ET IS E 3 L s A' TO 4028 ' FE ET ABOVE SEA
,

l* LEVEL. SUBSURFACE SECTIONS A- A A N LJ F -F ARE OEnlCTED IN APP-

O ENDIX A OF THE ATLAS M I NER ALS E NV IR ONM E P TA'_ REPOs*Y DATED4

).n w 8- 31- 73.

3
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#UM SLOPE OF EM8ANKMENT ADDITIONS. INDIVIDUAL OlKES NOT TO EXCEEO 15'|N HEIGHT

AND' HAVE SLOPES STEEPER THAN l.75 HORIZONTAL TO l.5 VERTICAL

5' s20' NEEDED FOR avJITIONAL
|lMUM e 4 MILLION TONS OF /

j
STORAGE.--+

f BORING ll !

!

\'
OVERALL SLOPE 27*/ APERTURE

i',. NQiNG 10 ; {agg ,
.

x */! \ m *=a.w.% c.n,s\ \
N N :

['e' % ?
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. /li\ Mj. qK *

^NATURAL SOILS- SILTY FINE

SAND-MEDIUM DENSE TO ' ~ - - - - - - - - , _

DENSE - (SM)

y WET = l25 PCF
|

6 = 38
C = 50 PSF SUBSURFACE SECTION 8-B

y S AT = 125 PCF

msason-03 - - -
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$ DEPOSITED TAILINGS
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'
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, |* N|

'

f
{
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,
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x x
*
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.

"' ''
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* |,E '
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";b , 44o _ _ . _ _ - __
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TAILINGS- SLIMES, SILTY CL AY, VERY STIFF (M L ))i , = l20 PCF

ORIGINAL GROUN0:34 C= 50PCF s
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BL DIKES NOT TO EXCEED 15'IN HEIGHT AND HAVE SLOPES STEEPER THAN l.75 HORIZONTAL ,
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LION TONS STORAGE

.

ANSTECe 2'*

APERTURE
.

;
CARDA

N/ Aho Avei p #
N /\ Wx,

# # "

, BORING 2s o,

Mr,

STARTER DIKEo
\'' * SILTY FINE SAND WITH TRACE COARSE'

I AND FINE GRAVEL - DENSE- FILL[ ' ,[ N
N|g. (SM) T=l25 0 : 38' C= 50 PSF*

g

/ ~f
-. . . . .

'
,|Jc 7TEST PIT I,

SURFACEg
,,, ,,

* _ ,
_,,,_
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'

,
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_ _

,
#'

/
N-

.

/
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r
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POND WATER SHALL BE MAINTAINED A MINIMUM Y' 40
OF 250' FROM EDGE OF EMBANKMENT 50

.'_
, , em
' '

'I OVERALL MAXIMUM SLOPE//*.
-

\ \ v //3,o _ "

' F p

I 15' 20'NI
FUTURE TAILINGS M[NIMUM |

_

ASSUME Y:120 PCF BORING 4 - -

O = 37 ' C = O PSF \ f Ia

'

500 ' '
j* \'
'.

' b*DEPOSITED TAILINGS '
o'

b
'

SILTY FINE SAND WITH SE AMS AND THIN L AYERS OF*

jrt CLAYEY SILT - LOOSE TO MEDIUM DENSE (SM)
w' *

' ,. g
%

' YWET = 120 PCF , 7 SAT = l2O PCF e
* '{r ~2 400

0 : 37 ' C = gPSF \ |o ,

Issi }'~~ GROUND WATER Oppoggy .j,s ,

' I )z e "

h
*

* '
o , ,

,

j,,, N' " ' *
- -

,

SILTY CLAY, STlFF (ML)\
'

, X
'. '

".
w TAILINGS - SLIMES, ' *

,

o

{ Y= 120 PCF, O = 34 C=50 PSF
qb ORIGINAL GROUND SURFACE g |||N j| || || qi

T ,
'

?[[o . a ' "*e * : . #7" ','"'. #" , . N's" - f,;"'8 "-
.
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APPENDIX _ A
1

) FIELD STUDIES, SOILS TESTING AND GROUND WATER ANALYSES AND DATA I
1

} ;

|FIELDSTUDIES:
i
j General. The field portion of our investigation included a
i

f'. geologic.reconnaissanceofthesiteandMoabCanyonarea,thedrillingof f
i

,

; test borings, the installation of monitor wells, and partial topographic sur-
'

i

lfveyingatthesite. The field studies, except for the topographic survey.
y

were performed by a qualified geological engineer from our staff, j
: l
N Data developed in our previous study entitled " Report of Engineer- '

y ing Studies, Tailings Pond Embankment System, Moab, Utah, For Atlas Minerals,"

i dated March 28, 1973, information provided by Atlas Minerals, and published '

geologic and hydrologic data were utilized for this investigation.
'

|i Geologic Reconnaissance. During our field exploration program, j

!! a geologic reconnaissance of the site vicinity was performed. 'The recon- |
;

1

naissance was performed to aid in evaluating the geology of the site, the

performance of the existing tailings pond system and the hydrologic condi-'

L

tions of the Moab Canyon area. In addition, the reconnaissance aided in the
,

i

selection of the number, location, and depth of borings.

Field Explorations. The subsurface soil and ground water condi-

tions at the site were explored by drilling an additional eight borings with !

'a truck-mounted rotary drill rig. Field permeability tests were performed
;

ff in selected borings as described in the following section. The borings
;

( extended to depths ranging from 25 to 100 feet below existing grade. The
!

locations of the borings drilled in conjunction with this and previous investi-4

gations with respect to topography and existing facilities are presented on
\

!

| k

|. onmosamoono
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( Plate 2, Plot Plan, in the text of this report. In addition, the location |

of abandoned wells in the vicinity are shown. All borings, except for boring
n

a

11, were outfitted as monitor wells. The monitor wells consist of slotted j,

t

two-inch- or three-inch-diameter PVC pipe. The lower ten feet of each moni-

i tor well placed during this study is slotted. The entire length of pipe is

|I slotted on all mouitor wells placed during the previous investigation. The |
- ;

" slotted portion of the monitor well was surrounded with a sand and fine |

gravel pt.ck.

The field exploration program was conducted and supervised by an ;

[ experienced geological engineer from our staff. Undisturbed samples of the
.

soils penatrated in the borings were obtained by utilizing a Dames & Moore

I sampler as described on Plate A-3, Soil Sampler Type U. Undisturbed near-
/,\

surface samples of the tailings material were obtained by hand driving 2.4-

inch-diameter thin wall bits into the soil. In addition, bulk samples were

obtained of typical tailings materials and the tailings embankment cover

material. All soils were classified by visual and textural examination in

the field. These classifications were later supplemented by inspection and

testing in our laboratory. A complete log was maintained in the field of
Ieach boring. Graphical representation of the soils encountered in the

borings is presented on Plates A-1A through A-lE. The nomenclature used

to describe the soil types appears on Plate A-2, Unified Soil Classification

System.

Field Permeability Tests. Open-end casing field permeability

tests were performed at selected intervals in several borings. This was
I

( accomplished by driving the casing to the desired depth, carefully cleaning
(

D AM ES U MOO,t E
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,
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out the soil just to the bottom of the casing and measuring the flow of

induced clear water. For each test the dimensions of the casing, the

; differential head of water in the hole, and the rate of flow into the hole

were recorded.

The formula relating the permeabJ11ty of the soil stratum to the

above variables is as follows:

K= Q*
5.5RH

where K = permeability

Q = constant rate of flow into the hole
R = internal radius of casing

'
H = differential head of water

The results of the field permeability testing is presented in

() tabular form below:

Head Diameter Flow In Permeability

Boring Depth Soil In Casing Gallons Per In Feet

No. In Feet Type Feet (H) In Feet (R) Minute (Q) Per Year (K)

8 13.0 SP-GP 12.7 0.31 .26 850

8 18.0 S P-GP 11.3 0.31 .38 1,400

8 28.0 SP-GP 11.3 0.31 2.2 8,000

15 8.0 SP 9.3 0.42 .078 256

15 13.0 SP 14.6 0.42 .205 430

15 18.0 SP 19.6 0.42 .14 220

Surveying. A surveying program was performed in order to accurately

define the location and elevation of borings, cross sections of the embank-

ment slope, and stream profile and cross sections. The survey was performed

by Mr. John Keogh, Registered Utah Land Surveyor Number 1963.
|

| SOILS TESTING:
|

(" General. Our soils laboratory testing program included moisture

''
| and density determinations, gradation tests, triaxial compression tests,

'

*U. S. Bureau o'. Reclamation (1058), p. 543. ,,,,,, ,,,,
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y direct shear tests, and permeability tests. A description and the results j
|

9 of the tests are presented in the following sections. Data obtained from i

] I
i our previous investigation were utilized in our engineering analyses in- |.
* |
| addition to the data below. Data and discussions of ion exchange. studies

-

- of tailings and natural- soils at the site are presented in Appendix B.
.

f
Moisture and Density Tests. To aid in classifying and correlating ,

!
,

I' the soils, moisture. and density determinations were conducted on selected
'

!
)

f' samples. The moisture and density test data obtained are presented'to the }

!

left of the boring logs on Plates A-1A through A-1E.
;

[,

Triaxial Compression Tests. In order to provide additional strength |

I data of the tailings and tailings slimes encountered, an additional series |
!

- of triaxial compression tests was performed on selected, undisturbed samples. !

Consolidated-drained tests were performed upon sand-sized tailings while t

:

consolidated undrained tests were performed upon tailings slimes. All j

i

samples were saturated to a minimum of b = 0.95 before shearing and were,

tested in accordance with the methods described on Plate A-4, Method of ;i

t

-

Performing Unconfined Compression and Triaxial Compression Tests. j

l
'

The results of the triaxial compression tests performed for this

!

investigation are presented in tabular form below:

Consolidated-Drained Tests
*

i

| Effective Maximum
'

L Boring Depth Soil Confining Pressure Shear Stress ,

,

No, In Feet Type In PSF In PSF'

10 16.5 SM 1,500 3,~ 121

10 .19.5 SM 3,000 5,790

! 10 25.5 SM 4,500 7,753

I.
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Consolidated-Undrained Tests

At Maximum Obliquity j

Initial Effective Shear Major Principal
Boring Depth Soil Confining Stress Stress Effective Stress i

No. In Feet Type In PSF In PSF In PSF

12 34.5 ML 2,500 1,489 3,937

12 39.5 ML 4,500 1,730 4,693 |

Direct Shear Tests. To provide additional strength data, a series
.

i

of direct shear tests was performed on selected, undisturbed samples. The
,

tests were performed in accordance with the method described on Plate A-5, !

Method of Performing Direct Shear and Friction Tests.

The results of the tests performed for this investigation are

tabulated below:

Boring Depth Soil Normal Pressure Peak Shearing,_s() No. In Feat Type In PSF Strength In PSF

10 34.5 SM (Natural) 2,000 2,400
10 34.5 SM (Natural) 3,500 3,850

10 44.0 SM (Natural) 4,500 4,750
11 13.5 SM (Tailings) 1,500 1,750

11 13.5 SM (Tailings) 3,000 2,600

11 35.5 SM (Tailings) 3,500 1,780

11 35.5 SM (Tailings) 5,500 4,600

12 13.5 SM (Tailings) 2,000 2,000

12 13.5 SM (Tailings) 4,000 3,150
|

12 44.0 SM (Natural) 3,500 4,150

12 49.5 SM (Natural) 2,500 3,280*

12 49.5 SM (Natural) 5,000 4,100

l'3 29.5 SM (Tailings) 3,000 3,300

13 29.5 SM (Tailings) 5,000 4,500

13 39.5 SM (Tailings) 1,500 1,800

* Piece of gravel in sample.

r~s

|
|
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3 Laboratory Permeability Tests. To determine the permeability
!

characteristics of the natural soils and tailings materials, a series of 'l
1

it i
j j laboratory tests was performed upon selected, undisturbed samples. All tests

}

were performed in accordance with the method described on Plate A-6, Method

! of Performing Percolation Tests. ,

i
The results of the tests are tabulated below: '

#

|
Depth Soil Permeability

'

' ' Location In Feet Type In Feet 'er Year ;
,

Boring 8 5.5 SM (Natural) 13.

Boring 8 18.5 SP-GP (Natural) 99. i,

' Boring 10 6.5 SM (Tailings) 4.0
Boring 10 12.5 SM (Tailings) 2.0
Boring 10 39.5 SP-SM (Tailings) 1200. * i

Boring 11 18.5 SM (Tailings) 20.
'

-

'

Boring 11 69.5 SM (Natural) 310. f

j !Boring 12 8.5 SM (Tailings) 35.
Boring 13 17.5 SM (Tailings) 14.

Boring 13 49.5 SM (Tailings) 490. !

fBoring 15 8.5 SP (Natural) 370.
Boring 15 13.5 SP (Natural) 110. i

Boring 15 18.5 SP (Natural) 230.>

4 Boring 15 39.5 SM (Natural) 180. !

' - Surface Sample 2 0.5 SM-ML (Tailings) 1.3
'

ISurface Sample 4 0.5 ML (Tailings) 0.3 ,

Surface Sample 6 0.5 SM-ML (Tailings) 2.8
Surface Sample 8 0.5 SM-ML (Tailings) 8.03

Surface Sample 12 0.5 ML (Tailings) 0.34

'

,

Surface Sample 15 - 0.5 SM (Tailings) 2000. *

* Loss of soil. during test-results invalid.;

I L
'

.

j Gradation Tests. Additional classification data were obtained by
,

.

performing gradation tests on selected soil and tailings samples. The results '

; <

1
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of the gradation analyses performed upon typical tailings embankment cover

material are presented on Plate A-7, Gradation Curve. The results of tests

on other soil samples are maintained in our files.

Abrasion Tests. An abrasion test was performed on a representative

sample of the tailings embankment cover material in order to obtain a semi-

quantitative estimate of the durability of the materials. The abrasien test

was performed in accordance with A.S.T.M. Specification C-131, Resistance to ;

Abrasion of Small Size Coarse Aggregate by Use of the Los Angeles Machine.

This test was performed by American Testing Laboratories, Inc. , of Salt Lake '

City, Utah. The results of the test show a wear of 57.1 percent.

GROUND WATER ANALYSES AND WATER DATA:

General. In order to determine the distribution and resultantG
V

constituent levels of seepage from tha tailings pond, a series of biological,

chemical, and radiological analyses was performed on ground water samples

obtained from selected monitor wells. A description and the results of the

analyses performed are presented in subsequent sections. In addition, data

concerning water analyses from site monitor wells and the Colorado River

performed by Atlas Minerals, and state and federal agencies, are tabulated.

Data regarding water wells drilled in the vicinity and a tabulation of mea-

sured ground water levels are presented.

Biological Analyses. Selected ground water samples were examined

for most probable number of coliform and fecal coliform bacteria concentra-

tions, biochemical oxygen demand and chemical oxygen demand. These analyses
i

were performed by Ford Chemical Laboratories, Inc., of Salt Lake City, Utah.

/'' The analyses were performed in accordance with " Standard Methods for'

V;
!
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Examination of Water and Wastewater."* Results of the analyses are presented

on Plate A-8, Biological Analyses.,

Biological analyses performed by the Utah State Division of Health i

upon water samples from the Colorado River are tabulated on Plate A-14.

Chemical Analyses. Chemical analyses were performed upon water

samples obtained from selected monitor wells. These tests were performed
'by Ford Chemical Laboratory, Inc. , of Salt Lake City, Utah. The tests were

performed in accordance 'vith " Standard Methods for Examination of Water and ,

|'

Wastewater." The results of these analyses are presented on Plates A-9A j
1

and A-9B. I

Chemical analyses of water samples obtained from monitor wells at

the site performed by Atlas Minerals are presented on Plates A-12D through
p
G' A-12H. Selecu 1 chemical constituents of the Colorado River analyzed by the

Utah State Department of Health are tabulated on Plate A-14. A tabulation

of the average monthly discharge and dissolved chemical constituents in the

Colorado River near Cisco, Utah for water years 1969 through 1972 by the

U. S. Geological Survey is presented on Plate A-13.

Radiological Analyses Radiological analyses were performed upont

selected water samples from monitor wells at the site to determine the con-

centration of radium-226 and thorium-230. These tests were performed by

Accu-Labs Research, Inc., Wheatridge, Colorado, in accordance with " Standard

Methods for the Examination of Water and Wastewater." The results of these

analyses are presented on Plate A-10, Radiological Antlysms.

!

!
!

| ("]/
*American Public Health Association,1971.

! s_
l
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A tabulation of the results of the radiological analyses performed

by Atlas Minerals upon water samples from monitor wells at the site is

presented on Plates A-12B through A-12D. Radiological measurements of

Colorado River water performed by Atlas Minerals and various governmental

agencies are presented on Plate A-14.

Groued Water T. eve l s . Ground water levels measured in borings,

test pits and wells near the site during this study are tabulated on Plate A-11,

Ground Water Levels. Information regarding wells drilled in the site

vicinity is presented on Plate A-15.

The following plates are attached and complete this appendix:

Plates A-1A through A-lE - Log of Borings

Plate A-2 - Unified Soil Classification System,-.

k
Plate A-3 Soil Sampler Type U-

Plate A-4 - Method of Performing Unconfined
Compression and Triaxial
Compression Tests'

Method of Performing Direct ShearPlate A-5 -

and Friction Tests

Plate A-6 - Method of Performing Percolation
Tests

Gradation CurvePlate A- 7 -

Biological Analyses of Ground Water !Plate A-8 -

l

Plates A-9A and A-9B - Chemical Analyses of Ground Water

Plate A-10 - Radiological Analyses of Ground
Water

Plate A-11 - Ground Water Levels, April l'174

Plates A-12A through A-12H - Water Analyses by Atlas Minerals
(3
\ /
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Plate A-13 Average Monthly Discharge and I
-

Dissolved Chemical Constituents in l>
<

The Colorado River Near Cisco, Utah, I
by U. S. Geological Survey

Plate A-14 - Selected Constituents in the I

Colorado River Above Site l
"

Plate A-15 - Water Well Data. 1
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::p"j $p. REDDISH-BNOWN FmE TO COARSE SAND BORNG COMPLETED 4 - t$ - N
ii ,}ii

j AND GRAVEL WITH SOME SILT - PIEZOMETER INSTALLED TO 55 FEET
| MEDIUM DENSEgg

IS-- :ii. 46'

::!!?.

i!E
yjj"

N

];i:h:g 43 .

to .!! i GRADES TO FINE TO COARSE SANDp
; AND GRAVEL WITH TRACE SILT
i -

j!!!, "

12.2%.a0 as'
jj,,,as- ::

' b{p!: , TRADES DENSEg

1 1 2 i..
E '!!M
g S tt ip;":SO

E .4::
'

5C2 f!
>:iik'

O 80 8 " fii"
38

,,

GRADES VERY DENSE

-!!v '

jf!O xfo

**n sinV iisi
10.0%-1230 > ito .,::;;;:

,

pii
4s ..;|:j

. . .:::-

h .

SO -

| s2i ,
| | A - BSC

- A FIELD MOISTURE EXPRESSED AS A PERCENTAGE
h OF THE DRY WEIGHT OF SOILg'

B DRY DENSfTY EXPRESSED IN LBS. PER CUBICy
ROOT' qI ( C BLOWS PER FOOT OF PENETRATION USING A

$ 140 LB. HAMMER DROPPING 30 INCMS'
tiq

g) g 3 DE*TH AT WHICH UNDISTURBED SAMPLE WAS
EXTRACTEDgg

'
B DEPTH AT WHICH DISTURBED SAMPLE WAS-it

I EXTRACTED
0 SAMPUNG ATTTMPT WITH NO RECOVERY

-
PLANT OATUM ELEVATION OF $00.0 FEET IS EQUAL TO

4025.2 FEET ABOVE SEA LEVEL.
THE LOGS OF BORfMGS 1 THROUGH 7 AND TEST PlTS I .

)THROUGH 4 ARE PRESENTED IN APPENOtX A OF THE
ATLAS MINERAL ENV'RONMENTAL REPORT. |

O' LOG OF BORING

| _ . . _ .

|
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f BORING 9 BORING 10
%

> ELEVATIONi 434 8 FEET ELEv4TcN. 47 0 FEET

Q. REDD15t+- BROWN CLAYEY blLT WITH a5W* SM ''6"'
6"^''***" LOOS E (TA BLINGS

*" **"'"''7Y'
r

TRACE FINE SAND - MEDIUM STIFF FI SAND -4g
s3 , l'

*

Ng
S epf GRADES BROWN O

,,., )eoa ,

[e
--T BROWN FINE TO COANGE SAND AND e, t

0 ' Aii. SP- oRAvEL WiTN TRACE siLy _ s.m .e s ,, ,,
w ,3j,if, .Q p MED4UM DENSE j

' I
b g g ' WATER LEVEL 4 - ES - 74 -

#'j!:: %''
g 10

; E
1Rii ;

. p
i

"[ji|
,

+ $ 15 h!! [ IS I1,,

;i
3:e s-ai s 7 . ,.
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,

'

y
$ 0 i:g: W d' f,

%}::
.:... E g gg 4 4, ,4

t ., I i
';;;..

[[[
'

i,l GRADES #1TH OCCASIONAL

* g* g g ,''j,|'i'J LAYERS OF FINE SANDY BILT

It
'; s ijj

!!ii x h
Si'' E 4 h

20 BORING COMPLETED 4 - 24 - 74 20 I

g j g PIEZOMETEM INSTALLED TO 23 FEET I I4 8 I"

?St
4

i3 i
*

D- p. BROWN FINE SAND WITH SOMs SILT -
-

3 23 ,1 MEDIUM DENSE (TAILINGS30
| SM STARTER DmE)

' III
REDDISH- 3ROWN SILTY FINE SAND

3 | SM MEDIUM DENSE
-

,
,

f 13.0%.06 3 65 e ;q3g
a 8
1 ' ,

,

d
I

Mg

lo.tW100e 34 '

g

3 -

k ,

. t

'

W'~
BORING COMPLETED 4 - 16 - 74

is es.iose $s
46

PIEZOMETER INSTALLED TO 4' FEET

n=
4

t il
.

1 1

a

k
i

.

< &
N

Nag
,

r
LOG OF BORINGS

s
i

?
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1

BORING ||
ELEVAflORI: 602.2 FEET

- $M LIGHT GRAYlSH-SROWN SILTY P'INE ,

,' j SAND WITH OCCASIONAL THIN LAYERS
+ (l * - 3*THaCp0 OF CLAYEY $3LT - I

9 LdoSE TO MEDIUM DENSE (TAILINGS) '
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'
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'

i
45 d 95 |

'

.
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O
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.
$
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'
e !
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!
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i
3
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BORING 12 BORING 13p
q E L EvarioN: 601.9 FE ET ELEVAfl0N 504 E FEET

'
,lp't SM uGwT sROWN SiLTv riNE SAND WiTw *a c i- g anOWNisa-cRAv SiLTv riNE SAND WiTw
ei OCCASIONAL COARSE SAND AND FINE"

i 8 OCCASIONAL THIN LAYERS OF CLAYEY
h p. = ' s ,L = 'o ==o - N} a''' - ===~~ ==~== n>'u -

' CLAvEY $4LT la - 3* THICK g ','|
fGRADES WITH THIN LAYERS OF t ,'
F6 j

,*
COARSE SAND AND FINE GRAVEL < '

[
6 i
'

i GRADE OUT 'wi
) h; GRADES LOOSE "y,

! h
'eo

V' }| * ' * | |lo lo

| 'h'
"

yh Me ,,

'[['8 15

p :q
/g,f

LIGwT BROWN VERY SILTY FINE SAND

}[5
SM- WiTu SOME CLAv - vERv LOOSE ',

= 8 a ssML (muMGSi noso ,

GR ES BROWNISH 4 RAY AND
,

,

OI m
g as f

2 ""
as

I| I E [ ML- '"O*MfC"iE**''*EoU'Oli0hE,s*''* h*

' SM oRADES vERY SiLTv

'p%g
gy

* 30 en e se,o ,,, ,
E ML BRCWNISFFGRAY CLAYEY SILT WITH '

IL SOME FINE SAND - LOOSE (TAILINGS).

* * '

35 $ U SS ,,e,
'

p p*

[z
" '40 REDDISi+-BROWN SILTY FINE SAND - 40fq MEDIUM DENSE TO DENSE i4*j

,I ,,[h'
N 4 H arD IL

e es ,% i E ,, j ,

,,

N l,.'.
h f

'

. . .

9 . ,5 = _m WATER L m L . _ , , - , . e .. #,-- WmR LEm . - - ,.,, ,,
p - BORING COMPLETED .- 18 - 7. si p

k gg PIEZOMETER INSTALLED TO $0 FEET f '
% | J R"

'

1 3 SS 65 REDDIS+eROWN SILTY FINE SAND {
? .h 'Ia SMi WiTw SouE SitT AND OCCASIONAL 1

e al FINE GRAVEL - MEDIUM DENSE TO
,, DENSE

40 = $7 f'
..

C e : 9
19 8 't W

Uj
'

I" ].s

k
!

70

v'

,, I
t i

76

} II
M Us

BORING COMPLETED . - 18 + 7.80
PIEZOMETER INSTALLED TO ,9 FEET

LOG OF BORINGS |
_ l
3 !

2

2
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BORING I4 BORING 15,,
i

ELEVATION' 4801 FEET ELEVATION. 468 9 FEET
'

ei ; SM RENWBROWN SH_h HNE SAND WITH SM REDDISWBMWN SILTY MNE SAND<

P OCCASIONAL FINE GRAVEL - LODSE -

, LOOSE
,)

4
TO MEDIUM DENSE ei i I

[j , e iO
*

li t1
*

9,

<
1'

, $ SP "'W ESSE *S"L'T'"AirI* CEES'OEA'L"

i

*

d.f;k e sa Ga^vE' - ENSE
10 a 10

%.

%

y .
l' REDDISWBROWN FINE TO COARSE SAND I'*

SP, WITw SOuE SitT AND nNr cRavEL
- MEDIUM DENSE

* ** RE BR N Elm MNE SAND -sp. Mo sy i,,

h,, Q SM4 REDDiS+DnOWN nNE TO COAPSE SAND
-+

p. :n,
AND Cf'AVEL WITH OCCASIONAL li; ;

iiiiiiE GP CODOLES AND LOuLDEnS - sEaSE ::-: :

,

'Mi!!! LAYFFI OF FINE SAND 1* THICM g !!!::

ttt
, .

I'

.ii m is ,j j :p si ' Z j:A'

REDDISWBROWN FINE TO COARSE SAND
"( REODISH-BROWN ElLTY FINE SAND WITH g

,g, ',
-

SM OCCASIONAL oRAvEt - MEDIUM SP WITH SOME SILT AND OCCASIONALw w
DENSE Q g 4e GRAVEL - MEDIUM DENSE4

Qgg ,

l ',
.--, ALTERNATING LAYERS (l' TO 2' THICK)' I

E*"E*i EU'' Ea5
'

!

S * -
$5 'i, SS N SILTY FINE BAND - MEDIUM'

E

b kn
'

MODERATE CAVING OF HOLE *

_ _ _

8 '' I ' i1m 40 40

U i iu n" ''
i r 4

1 5$
j"h|:

'

b Lip
isa Mm ' ey

,

,f 60 ;; :. SO BORING COMPLETErl 4 - 22 - 74
[' PIEZOMETER INSTALLED TO 48 FEET

l a l (Ie'
' ( $$ | GR ADES TO SILTY MNE TO

b ( #J g| =.__J MEDIUM SAND WITH OCCASIONAL
j \ GRAVELi

WATER LEVEL 4 - 25 - 74
4

f | * ''so ; |$
,

P tI L h
93

'{ O.
.i''

*
.

"'70 BORING COMPLETED 4 - 22 - 74
PIEZOMETER INSTALLED TO 68 FEET

U LOG OF BORINGS
i
i
*
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|

Tile SilEARING STRENGTils OF SolLS ARE DETERMINED f i n; |
'

j FROM Tile RESULE OF UNCONFINED COMPRFSSION AND j

1 RIAX1AL COM PRESSION TF.STS. IN TRI ANI A L COMPRES- e

SlON TESTS Tile TEST METilOD AND Tile MAGNITUDE OF QO- Tile CON FINING P RE SSURE ARE CllOSEN TO SIMULATE '>

g r, ,

ANTICIP ATE D FIELD CONDITIONS. % L '|s
,

UNCONFINE D COMPRESSION AND TRI AXIAL COMPRESSION
TESTS ARE PER FORMED ON UNDISTURHED OR REMOLDED |

W SAMPLES OF SOIL APPRONi\f ATELY SIX INCilES IN LENGTil h '

I

; y AND T40 AND ONE-il Al.F INClli:S IN DI AMETER. Tile TESTS

{ pO ARE RUN EITilE R STR AIN-CONTRO LL E D OR STR E SS-
CONTROLLED. IN A STR AIN-CONT RO L LE D TEST Tile

to SAMPLE IS SUBJ ECTED TO A CONSTANT RATE OF DEFLEC- ,. kpp
* i

<

h TION AND Tile RESUI. TING STRESSES ARE RECORDED. IN M g [[ 'M;

]'*15 A STRESS-CONTROL.LI:D TEST Tile SAMPLE 15 $UBJ ECTED V I. % ..

5 TO EQUAL INCREMENTS OF LOAD 41Til EACll INCREMENT. g

M.',W > B EING MAINTAINED UNTil AN EQUILIBRIUM CONDITION s, 3

41Til RESPECT TO STR AIN IS ACllIF 'MD. MbO[
NYlELD, PEAK, OR ULTI\f ATE STRESSES ARE DETERMINED

j FROM Tile STRESS-STR AIN PLOT FOR E ACll SAMPLE AND
i Tile PRINCIPAL STR ESSES ARE EVAL.UATED. Tile PRINCIPAL STRESSES ARE PLOTTED ON A MollR'S

CIRCLE DI AGRAM TO DETERMINE Tile SilE ARING STRENGTil OF TiiE SOIL TYPE BRING TESTED.

UNCONFINED COMPRESSION TESTS CAN DE PERFORMED ONLY ON SAMPLES WITil SUFFICIENT CollE-
SION SO TilAT Tile SOIL 41LL STAND AS AN UNSUPPORTED CYl.lNDER. TilESE TESTS MAY BE RUN AT
N ATUR AL MOISTUR E CONTENT OR ON ARTIFICI ALLY SATURATED SOILS.

9 IN A TRIAXIAL. COMPRESSION TEST Tile SAMPLE IS ENCASED IN A RUBBER MEMBRANE, PLACED IN A

k TEST CllAMBER, AND SUBJECTED TO A CONFINING PRESSURE TilROUGilOUT Tile DURATION OF Tile
T TEST. NORM AL LY. Tills CON F" "'i PR ESSURE IS M AINTAINED AT A CONSTANT LEVEL, ALTilOUGil FOR

SPECI AL TESTS IT MAY BE V. ar.D IN RELATION TO Tile ME ASURED STRESSES. TRI AXI A L COMPR ES-
% SiON TESTS MAY DE RUN ON SOILS AT FIELD MOISTURE CONTENT OR ON ARTIFICI ALLY SATURATED

SAMPLES. Tile TESTS ARE PERFORMED IN ONE OF Tile FOLLOWING H AYS:

U NCONSOLID AT ED-UND R AIN E D: Tile CONFINING PRESSURE IS IMPOSED ON Tile SAMPLE
N AT Tile START OF Tile TEST. NO DR AINAGE IS PERMITTED AND Tile STRESSES TillCll

ARE MEASUR ED R EPR ESENT Tile SUM OF Tile INTERGRANULAR STRESSES AND PORE

Q TATER PR ESSUR ES.

y. CONSOLID ATEl%UNDR AINED: Tile SAMPLF IS ALLO 4 ED TO ( JNSOLIDATE FULLY UNDER
d Tile APPLIED CONFINING PRESSURE PRIOR TO Tile START OF Tile TEST. Tile VOLUME
A CllA W ; IS DETERMINED BY MEASURING Tile 4 ATER AND/OR AIR EXPELLED DURING

CON Sell D A TION . NO DRAINAGE IS PERMITTED DURING Tile TEST AND Tile STRESSES
ElllCll ARE ME ASURED ARE Tile S AME AS FOR Tile UNCONSOLIDATED-UNDRAINED TEST.

DRAINED: Tile INTERGRANULAR STRESSES IN A SAMPLE MAY BE MEASURED BY PER-
FORMING A DRAINED, OR SLOT, TEST. IN Tills TEST Tile SAMPLE IS FULLY SATUR ATEDi

AND CONSOLIDATED PRIOR TO Tile START OF Tile TEST. DURING Tile TEST, DRAINnGE
tt IS PERMITTED AND TIIE TEST IS PERIORMED AT A SLOW ENOUGli R ATE TO PREVENT
\ Tile HUILDUP OF PORE TATER PRESSURES. TiiE RESULTING STRESSES WillCll ARE MEAS-
W URED REPRESENT ONLY Tile INTERGRANULAR STRESSES. TilESE TESTS ARE USUALLY
$ PERFORMED ON SAMPLES OF GENER ALLY NON-CollESIVE SOILS, ALTilOUGli Tile TEST
o PROCEDURE IS APPLICABLE TO CollESIVE SOILS IF A SUFFICIENTLY SLOT TEST RATE

IS USED.

i m> AN ALTERNATE ME ANS OF OUTAINING Tile DATA RESULTING FROM Tile DRAINED TEST IS TO PER.
Eri FORM AN UNDR AINED TEST IN WillCll SPECI AL EQUIPMENT IS USED TO MEASURE TIIE PORE WATER

' O P R ESSU RES. Tile DIFFERENCES DETTEEN Tile TOTAL STRESSES AND Tile PORE S ATER PRESSURES
vl MEASURED AR E THE INTE RGR A.NULAR STRESSES.

y
X

3 V
in W
>= Z,, dD Ue.

i METHODS OF PERFORMING
i UNCONFINED COMPRESSION AND
! TRI AXIAL COMPRESSION TESTS
s

o .... woo ==
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l

i DIRECT SilEAR TESTS ARE PERFORMED TO DETERMINE

Tile SilE ARING STRENGTils OF SOILS. FRICTION TESTS g , ,.%

ARE PERFORMED TO DETERMINE Tile FRICilONAL RE-

[SISTANCES BETWEEN SOILS AND VARIOUS OTilER MATE- *

W RIALS SUCil AS uGOD, STEEL, OR CONCRETE. Tile TESTS

f ARE PERFORMED IN Tile LABOR ATORY TO "tMULATE - /

m ANTICIPATED FIELD CONDITIONS. e
'

-

b
a

EACil SAMPLE IS TESTED WITlilN TliREE BRASS RINGS,

T40 AND ONE-IIALF INCITES IN DIAMETER AND ONE INCll
p

IN LENGTil. UNDISTURBED SAMPLES OF IN-PLACE SOILS
l

ARE TESTED IN RINGS TAKEN FROM Tile SAMPLING 1

l

DEVICE IN 4|IlCil Tile SAMPLES WERE OBTAINED. LOOSE SAMPLES OF Soll.S TO BE USED IN CON- l

STRUCTING EARTil FILLS ARE COMPACTED IN RINGS TO PREDETERMINED CONDITIONS AND TESTED.

DIRECT Site AR TESTS

A THREE-INCil LENGTil OF TliE SAMPLE IS TESTED IN DIRECT DOUBLE SilEAR. A CONSTANT PRES-

SURE, APPROPRI ATE TO Tile CONDITIONS OF Tite PROBLEM FOR WillCll Tile TEST IS BEING PER.

FORMED, IS APPLIED NORMAL TO Tile ENDS OF TiiE SAMPLE TilROUGil POROUS STONES. A SilEARING

FAILURE OF Tile SAMPLE IS CAUSED BY MOVING THE CENTER RING IN A DIRECTION PERPENDICULAR |

TO Tile AXIS OF Tile SAMPLE. TRANSVERSE MOVEMENT OF TI(E OUTER RINGS IS PREVENTED.

} Tile SIIEARING FAILURE MAY BE ACCOMPLISilED BY 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 SHEARING LOAD AND Tile DEFLECTIONS IN BOTil Tite AXIAL AND

TRANSVERSE DIRECTIONS ARE RECORDED AND PLOTTED. Tile SiiEARING STRENGTil OF Tite SOIL

IS DETERMINED FROM Tile RESULTING LOAD-DEFLECTION CURVES.

g FRICTION TESTS
,

4
O f IN ORDER TO DETERMINE Tile FRICTIONAL RESISTANCE BETWEEN SOIL AND Tile SURFACESOF VARIOUS

'

MATERIALS, Tile CFNTER RING OF SOIL IN Tile DIRECT SilEAR TEST IS REPLACED BY A DISK OF TiiE3,,
e

MATERI AL TO BE TESTED. Tite TEST IS TilEN PERFORMED IN Tile SAME MANNER AS Tile DIRECT
O
W SilEAR TEST BY FORCING Tile DISK OF MATERIAL FROM THE SOIL SURFACES.y

i ;| 8
i ,, >- z
| E O

|89 METHOD OF PERFORMING
|i DIRECT SHEAR AND FRICTION TESTS
'e

r
$
=

o ...o -ooa.
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! The quantity and the velocity

of flow of water which will es-
. . . . . . . , . . . . . . . . . .

| cape through an earth etructure
u it h

j
; or percolate theough soil are

* * 4 * * * * * * * * ' ' ' * *W dependent upon the perrreability
k-
4
0 of the earth structure or soil.

je The permeability of soil has

; g . . . . . . . . . . .

often been calculated by empir-j g

leal fomulae but is best de- '
p

=

| Ua
|

temined by laboratory tests, , , , , , . , , , . . . .

4j

especially in the case of em-'

.J
> .

pacted soils. |( I ) I,

A one-inch length of the
' ' I f

* ' ' ' '

A W
I

j core sample is sealed in the

i !

j percolation apparat us, placed L" l

f under a confining load, or sur-
-

<

| charge pressure, and subjected
I

! to the pressure of a known head * * * * * ******** * * *' '

!C of water. The percolation rate;

i
is computed frm the measure-

. . ........ . . . . .

' ments of the volume of water

; which flows through the sample
iW
I d in a series of time intervals.

E-
These rates are usually ex-

| pressed as the velocity of flow
! ATFARATUS FOR PERFORMING PERCOLATIONS TESTS

in feet per year under a hy- Shows tests in progress on eight samples simultaneously,
draulic gradient of one and at

a temperature of 20 degrees Centigrade. The rate so expressed may be adjusted for any set of condhions involving
W

k the same soil by employing established physical laws. Generally, the percolation rate varies over a wide range at
O

the beginning of the test and gradually approsches equilibrium as the test progresses.

Ihring the performance of the test, cantinuous readings of the deflection of the sample are taken by means of

O miermeter dial gauges. The amount of cmpression or expansion, exprered as a percentage of the original length
W

' u g of the sample, is a valuable indication of the empression of tha soil which will occur under the action of load or
J u

1m W

[b h the expansion of the soil as saturatian takes place.
.

3O
d METHOD OF PERFORMING
'W
!; PERCOLATION TESTS
i: usa ==.. moo ==
,

1
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Chromiam as Cr (Hes) . AM sag 1
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Cronale es Ca _a aa.__me I g,, ,, g, _n_,eL_,, g Cyon.de os Ca 1 21
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_me 1 Nitrate es No. - N _b 21_ _mg ) " _ . . as HCO. _JE1Sorive as to 0. M - mg 'l

% , pg gig _,,,, i Borium os to h 03_Baron es 6 _a.a1_._mg 'l
p,,,,,;,, ,, g ,,,__m 1_,,,_,,, j Baron as 4 3ECadmium es Cd AQR_mg 'I
hiemusis a se _0t"" me 1 C*d*i"" "' Cd SAECalcive en Ce 6E a___me 'I tibes a sno, _ "a 4 * me 1 Cokion a ce _.JllCarbones, es Co. _.Ana___me 't Sh n Ag "' DM me I Carbonoe se Co. _AAQ._! Chloride os Cl RL _me I Wee as 50. Jl9Cas I Chloride es O l 11a

Chromium es Ca (Hea) _1EL_mg I
lodeussi a No _1& Leg 9 Chromive os Cr (Hes) d.a2hj Cronido es Cm A.M me t I

t g;,, ,, g, _ n ,.12 ,, i Creaide m Ca AECapper en Ce L11 as 'I
Copper es Ce ._A Q.L

A
tua/un or couzeiton '*'d'"**'** '*' '##

--

1 . - - = = ' " "j
-

13o0 ns/6-25-n ) Tim /un or cousciton
/ %

_
..

-- _



)
- t

. 4g - . ur---------._nn_.-_
M

f# < '
RATORV. INC. O*'- * ~ - LABOR ATORY, INC.
d .ad Chemwel Analymn $ Meaubs,ent .nd (%muul A &

'

40 wflf (OUM Avthd88iiT LCutif AttNuf ,

af O'v, UT Aet 84 It lAtf LAKE OfV UT Ase $4i15

mo4e ses S/66>,ous as trei

"av 16 1974 m 'av 11. 1971g,,,,,

._ castweCAff Of Aha&Y95 N.me. Mas R %nte in CettweCatt OF AssAtvls

I4* I S D
_

74 1527 Addr.u ._.I} Elan t Pro d a*

-

'' a l t fal.e City. I' t 2 5

t 1.9 ''- e 1 ; Parta- ',1 1 n_ m.s t . si r u. a .1ar3. recelyg_j, en e ril 26 li?i_ngder s.mp;. hmter ( e nn % a

15. %. ale si. ritterej on Mril 29. l a ? 4 u'i d e r f' . 4 Na. % 11111. ri t te reJ

ru yk, ,id, e p __Ma-. *e 1 TvrbidHy ;.an M 14 m , 3 OL g 1

fmh.* <= T. sol Harda.e .e C.CO. _ _I tSt._ mg I c.,,d cs,ay ._l,p1,1 mh., em te.g H.,da.is C.CO. _111.1._._ mg 1 i

'

-oo-. _ mu_-gi r _uu_ .nn a. u___m, ,

, , _ , . _mm_,,. < , - . . - ,, ,_ d.
,- _ .m.<mg ,.

,d.,,, m m_ m, ,g1 -, _m _, ,

,

m.gmum .e me _.lh ftE_me I Alhorimey .e C.CO. . 223.n og 1 y9 'I ,

- ^3 Edl-- ag I
m.ag.a.m ma _M1.._ mg 1 g.,,,,,,,,,.,m. 33 4_ _ ,,,, g

''8 [ .r._. _ _ , ,
, Hg m m, , N_ , _ , m, ,>

.ac .e HCO, J.66.1__ mg 'l
9'I Nite.t. .s NO, - N __1,13__ mg y Netrots .s NO. - N _l. |L._ mg 1

-. _m _, ,
i _. _ ag , ,, p, ,0. ,,m_ mg , .

'-. a.m_me , , _ , , , , . , ,_ mg ,,a . _ . mmm, ,
- e _

_ , , _..., mg ,~ > __ m_ me ,
C.lcium .s C. __lis1 pg 'lng 'l p.,,g _g y

5. rec. .s 5 0. _.a.M_ __ sng 1

f,
Corb.n.te .e CO. 9.M =a ' l

$ilv.r .e Ag ._ a.00.L. mg 1 Sik n 4 Ammi""

_1.gu , ,~' . sO. ._an.u i C= - o ,,,,0. _a _m, ,
-

C- C, m > m ,,*' 3,,d,,,,,,,,, ,,u_,,
s N. _2u.a ag i

"' l'nc .e la _A.22___me I Cy.md. .e Ca 0M mg 1 73,, ,, g, _ g3y ,9 y

*g/ i
.

Copp.r Ce _.a.01 sg1

WM ' _d:' r,xi_ ,. e---
_/',,g_,.,,*14 , TIMP./DATE OF COLLECTIGM 1320 RES/4-1,-74

j_a s

1 s o.

Jwstttcab
- _

%
'RATORV. I- .--., I N C . )-m.

A g yC..,,_A_
,

,.,0..,-.,,
,

APERTURE
~,,1., ,

C _ a , , ,,,. :
i ! CARD

CretaMCATE Of ANALYS1

Age, 4,,gg .. . . n 2,

A ertur# OmrqP
1. M 1_ received rm Wrli ?9. 19?4 un lg e

or ' fell A *an"1 fl. r t i t. c. .I

JTU ,1vorid. .e , ,_.D. 71- mg i
' 3 7'I * U mg 1amb.iem f.hd Hedn.m C.CO.

free (im.l) .s ,e _A11_ _mef
n (,ih.r.d) . F. A ll_mg I

eng 1 L d .s ,b J.31_mg 1
*e 1 69.6 mg tm.,,,,,,,,,,,.,g,

og1
,

., me _Lin __ m, i

:mg1 _ ucy,,7 ,, g, jagt._,, i j
1 Nitre, m NO, - N ._4.11___mg 1
'I .hi.ph.e. . PO. A1L- mg 1
1 ,m.nium E _ 3 3.1_ag 1
4 - _w mg i

CHEMICAL ANALYSESi m a.u__mg >
i m ., Ag _me_,i

OF GROUNDWATERi ...O. m.i_ ,,

M1 sedum m Na _1+11M_mg 1

H"g.1
Zias .s la a.1L *g i

i

3assWih
g., g -,.. . , . .. y p g g(*)c/p -

"- r-
. _ . . . . _ .

,
.

PLATE A-9B
. -__ -_-. - ._- _ _ _ _ _ _ _ _ _ _ _ .



. _ _ _ _. ____ __._____-__. _ _ _ _ _ . _ . .

:

C:
4

l4

,

Accu-Labs Research, Inc.
:

i 9170 W. 44th Ave., Wheat Ridge, Colo. 80033 (303) 421 9590
(303) 423-2766

;

May 23,1974

Mr. George W. Condrat,
Dames & Moore j4

'

f Suite 20u
250 East Broadway
Salt Lake City, Utah 84111

i" Ref: 169-1156-8

ANALYTICAL REPORT

:;!

f,| Radium 226 + Precision Thorium 230 + Precision
,

Sample Description (pC1/ D (pCi70

T P-4 11 +5 19 +8
T P-7 1.7 + 2.4 9.1 + 7.4
D-8 14 +6 15 +8
B-9 U. 5 I 2.1 63 I 11,

( B-15 24 37 29 594
- B-14 0. 9 + 2. 2 2. 04x 10 + . 02x10

8 Well A 8. 6 + 4. 0 15 +3
pi [6Well B 35 [8 0

o
$
n

h, a
D
II4 * Variability of the radioactive disintegration process (counting error)

at the 95% confidence level,1. 96o.

By: l. {{
D. L. IIelt

Analytical Supervisor

RADIOLOGICAL ANALYSES

O OF GROUND WATER

. _ _ . . . .

PLATE A-lO



,. --,.. . - . . ~ - - - - - - - - - ~ ---.---- -~-. -. - - -- . . - -

>
~1 |
~ !t ~ !

l. it ,

'

N |
ji |

!

^' 9 GROUND WATER LEVELS APRIL 1974

[|

. t| -j ' i
r n

j'
[}

Present j
. Depth To' Elevation of Depth of '

hLocation Water (Ft)/Date Water Table (Ft)* Open Casing,

i
'

v '

JBoring 1 5'.4/ ~4-12-74 4,025.2 10.4
9

(Boring 2 33.1/~ 4-12-74 3,953.1 33.8
e

; Boring'3 Dry at'19.0/4-12-74 '19.0-

] Boring 4 Dry at 32.3/4-12-74 32.3-

|
'

: Boring 5 '36.8/ 4-12-74 3,955.4 37.3 :

CBoring 8 9.3/ 4-25-74 3,958.0 55.0 i

s

; sBoring 9 8.0/ 4-25-74 3,954.5 23.0 :r iL Boring 10 Dry at 41.0/4-25-74 41.0 ;-

Boring 11 30.5/ 4-18-74 3,999.9 0 t
~

.iBoring 12- 49.0/ 4-25-74 3,981.1 50.0 |;

] Boring 13 74.6/ 4-25-74 3,957.8 79.0

l}| | Boring 14 55.7/ 4-25-74 3,960.6 68.0
:|

, >

1 Boring 15 38.3/ 4-25-74 3,958.8 48.0 .;

| | Test' Pit 1 8.1/ 4-12-74 3,953.9 9.0 li.

|| . ; Test Pit 2 8.4/ 4-12-74 3,951.2 9.7 |
| .'

Test Pit 3 8.6/ 4-12-74 3,953.9 11.9 j
.

'

i ; Test Pit 4 7.0/ 4'-12-74 3,954.8. 11.0 |

! Test Pit 5 7.5/ 4-12-74 8.5-

tiTest Pit 6 Dry at 10.0/4-12-74 10.0---

,

iTest Pit 7 5.0/ 4-25-74 3,954.4 7.5 _;
r

iiTest Pit 8 5.1/. 4-25-74 3,954.9 7.5 '

3

IWellA. 88.0/ 4-25-74 3,957.9 131
'

,

, n
;

!! Well B' 77.7/ 4-25-74 3,960.2 114 '1
L i

1

| ;* Feet above sea level (plant datum of 500.0 = 4,028.2 feet above I

| sea level.-) I >

. !?
!

,

\. n i
i 1 '

.

9- |.

! -;

'

.
,

.;, '
. .

d

0 [
'

[ ) namos e moonn !

|- [
'

Plate A-11
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b
WATER LEVEL TABULATION

DATA BY ATLAS MINERALS
Water

Well Eleva-
LMonitor Ground Depth Water Depth (feet-inches) tions
Well Elevation (ft.) 12/7/72 2/8/73 ,3/6/73 5/15/73 7/19/73 10/25/73 10/25/73

B1 502.4 81.5 36-6 36-6 36-6 36-6 36-6 36-6 465.9

B2 458.0 39.0 32-6 32-6 32-6 32-6 32-6 32-6 425.5

B3 497.5 71.5 11-0 11-0 11-0 11-0 11-0 11-0 586.5

B4 502.6 66.5 33-10 33-10 33-10 33-10 33-10 33-10 468.8

B5 464.0 41.5 37-11 37-11 37-11 37-11 37-11 37-11 426.1

B6 503.3 56.5 25-10 25-10 25-10 25-10 25-10 25-10 477.5

B7 50).0 31.5 24-0 24-0 24-0 24-0 24-0 24-0 477.0
-s

J
TP1 433.8 10.5 8-3 8-3 8-3 8-3 8-3 8-3 425.5

TP2 431.4 11.0 7-0 7-0 7-0 7-0 7-0 7-0 424.4

TP3 434.3 13.5 8-8 8-8 8-8 8-8 8-8 8-8 425.6

TP4 433.6 10.5 7-2 7-2 7-2 7-2 7-2 7-2 426.4

TP5 425.4 10.5 7-0 7-0 7-0 7-0 7-0 7-0 418.4

TP6 451.0 14.0 Dry Dry Dry Dry Dry Dry -

TP7 431.4 8.0 - - 6-6 6-6 6-6 6-6 424.9
|

TP8 431.4 8.0 - - 5-6 5-6 5-6 5-6 425.9

i,

() ,

DAMESII M O O t1 C

Plate A-12A
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f j
F 226
|| RADIUM (Ra ne/mi x 10-8)-TABULATION !

I
9

'

j DATA BY ATLAS MINERALS :

i

ii
,

;, Monitor !

|| Well 12/8/72 2/8/73 3/6/73 5/15/73 7/19/73 4/1/74 |

|| t
I

[| B1 - 5.24 1.75 6.91 2.84 -

i; B2 2.18 1.63 1.41 .99 2.49 3.29 >

1

[ B3 - 5.75 3.20 3.50 2.92 -

n

B4 5.00 4.77 4.90 2.82 - - i

i B5 1.33 1.64 .85 .42 .49 -

B6 2.61 2.14 3.92 - 2.49 -

B7 1.48 - - - .78 -

;

i-,

TP1 .53 .23 .21 . 37. .54 2.12-
9

TP2 .037 .004 .61 .41 1.09 1.31
a-
i .TP3 1.25 .82 .70 .84 .17 .54

'

S

[ TP4 .10 .13 .21 1.82 .74 2.13 i

TP5 2.57 1.79 1.30 .27 .40 3.37

TP6 - - - - - -a

4

TP7 - - .047 .19 .86 .59.

TP8 - - .26 .15 - .69

i
-No data for 10/25/73

i

,

,.
)

q
!

D A M EIf5 O M OO H E1

i Plate A-12B
, ,
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1
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r

230
THORIUM (Th uc/mi x 10~6) TABULATION !

l'.

! DATA BY ATLAS MINERALS -|
L
I !

.

-

v

MMonitor- !

Well 12/18/72 2/8/73 3/6/73 5/15/73 7/19/73 10/25/73 4/1/74 !
..

l .

l
li . B1 .079 .004 .037 - - - -'-

|| Is ,

~ib . :B2 .030 .042- .005 .007 .002 .011 .012
'

,

B3 .053 .005 .053 .003- - -

i.

.004 -

iB4 .018 .063 .005 .011 -

,

B5 .005 .006 .014 .005 .003 .003-
,;

r
!

l' B6 .003 .015 .017 - .004 - -

'

B7 .006 .002 - - i- - -

- . TP1- .010 .008 .005 .005 .002 .003 .005
t

; TP2 .008 .004 .004 .008 .002 .006 002 :.

1 !.

TP3 .004 .006 .006 .002 .003 .002 .004,

|TP4 .014 .008 .003 003 . 002 .004 .004 '
,

TPS .005 .033- .008 .006 .002 .007 .001 ,

g
|

.I
! ,

I TP6 -

4 1

.002 .002 .002 .005 .001 | !]- TP7 - -

i

i!

1 TP8 .006 .006 ..002 .002 -- -

! l
i

t .

I -!
4

'

- r.
4

0' h

i

r

- I
,

F

2
.p >

- onnes a moonn . ;

. Plate A-12C ;
.
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W' MISCELLANEOUS TABULATIONS.'~(J - f.

[ DATA _BY ATLAS MINERALS : [
:i
* i

k
;

I

FMonitor 210
hWell {

U0 PoU038 38
fj PPM uc/ml x 10-5 uc/ml x 10-7 |j' 12-8-72 4-1-74 12-8-72 ;

i

d-
'

B1 .020-
;-

-s
B2 9 .079. 031 !.

,; '

B4 12 15-
.

i .B5 .9 .082 027.

i B6 7 030-
.

!

j B7 2 013- -
.

F TP1 20 .16 008.

,

'

I TP2 13 .19 008.

n

i .TP3 8 .27 016 I
.

'

y
'

,

i TP4 7 .25 005.

s

i TPS 12 .65 013 1
l

.

4 j

TP7 .014< - -

:;

| TP8
.

.008 |
- -

.,

i'

I !.,

ij 'e

'
1
I

l
j
' . ,

d) i

!i

i!
: 0

k
.I

I

)i

.-.

_

; 1

1 ;

|
't

r

|
i il - ESMM E"9 C MOOH E i 1

, $ Plate A-12D ; - l,
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b c

li !-
| |

'

TDS AND pH TABULATION |
1 g - p

--

;
'

:i

F DATA BY ATLAS MINERALS
'

n
C

dMonitor TDS (ppm) pH |

i| Well 12/8/72 2/8/73 _10/25/73 12/8/ 72 2/8/73 10/25/73 4/1/74 i
.

i
'B1 - 2,534 ~ 8.5 8.10 - 8.1-

B2 3,374 4,315 9,0 76 8.2 8.00 7.05 8.3

3 B3 7,774 8.10- - - - -

a B4 7,984 7,697 7,576 7.7 8.15 7.45 -

BS 1,743 5,415 8,500 6.6 8.10 7.8 8.2

B6 4,756 9,344 7.2 8.15- - -

| B7 3,943 - - 7.5 - - -

L

TPl. 9,320 8,391 15,000 8.0 8.00 6.7 8.0<

O- i
TP2 10,422 16,347 10,546 7.5 8.00 7.5 7.8,

TP3 12,585 18,775 22,910 8.1 8.05 7.5 7.9
i

TP4 10,005 9,911 10,500 7.7 7.95 7.0 8.1

; TP5 11,564 14,095 13,248 8.1 8.10 7.7 8.2
| 1'

TP6 - -- - - - - -
,

| i

.TP7 2,914 7.8 '8.3-- - - -

*
\

7.3 7.8 ITP8 24,162'- - - -

|

,

i

I'

l

ii

()
!

li I

|,s n n as c s e nu>o n o

[ Plate A-12E )
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i
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,
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5

i
!

SO4 (ppm) TABULATION . ;

'

|
|

<
,

DATA BY ATLAS MINERALS i
:

'
e
i^

| \
^

.

Monitor ii
.

Well 12/8/72 2/8/73 4/1/74 ;

B1 - - 392

[ B2 1,100 4,155 3,665i- ,

9

j; B3 - -

I B4 1,920 3,240
t

g B5 1,230 4,732 3,782
,

! |

B6 590 -
,

;

! i
'

B7 320 -
.|

'

It-

,

l

5 TP1 2,320 9,997 4,352
,

! 1

TP2 1,820 3,859 4,585- ! l

!| 4

L |j TP3 2,520 8,760 8,226 i
;

; ;"

; j TP4 2,720 4,377 762
|

-TPS 4,300 5,611 5,550
4

|

I
'

TP6 - -
,

o iu 4

| g TP7 - 229 5,018
'

:

j
,

4,529 4,804TF8 -

I b
b

I
.

>

r

.

'

'
i

!, 'I' -'
i-

'i
.

l
,

|
3 DA M t3 G C MO()st e i
i i
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MISCELLANEOUS TABULATION

\
'

[ DATA BY ATLAS MINERALS
;

j (PPM) '

!

IMonitor C1 Na As Ca

!! Well_ 12/18/72 10/25/73 4/1/74 12/18/72 2/8/73 10/25/73 10/25/73 4/1/74 i
ii

L1 879 85.1 640 - - 32- -

r B2 213. 1,115 908 1,100 590 .03 492 468
k

B3 2,070 - - --- - - --

B4 1,021 880 1,920 1,890 .05 280- ---
;.

E

, B5 128 1,086 978 1,230 1,070 432 460-

B6 454 590 2,110- - - - -
.,

B7 113 320- - - - - -
,

"
TP1 1,121 1,264 1,078 2,320 1,620 .006 492 488

TP2 1,106 1,640 1,531 1,820 2,630 .01 652 428

TP3 2,865 5,559 3,467 2,520 4,000 .03 520 464

TP4 1,574 1,767 1,671 2,720 1,660 .003 660 592

'

TP5 3,021 3,197 2,070 4,300 2,710 .03 560 472

TP6 - - - - - - - -

L

TP7 - 589 1,064 - - .01 520 204

TP8 11,440 10,890 .006 724 679' - - -

t

5

f

- (n]
-

F, .

k

$ unmos e moonc
il
n Plate A-12G
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MISCELLANEOUS TABULATION -'

U
; 12/8/72 ',

t

+

Total MHOS |
*

,

Monitor V0 0 K Cu Fe Hardne",s Specific25ghggg
,

Well' ppm Conductance
,

u

j' B1 NL 331 174-- -- -- --

B2 NL 29 13 NL 23 1780 3600

B3 -- -- -- -- -- -- --

|

f B4 NL 66 41 NL 3 1480 6800

() '

B5 NL 46 70 NL 3 820 24004

'
a B6 .4 120 18 NL NL 1340 4500

!

B7 .4 29 11 NL 3 1660 2800'

I
'

.

a i ,

TP1 .4 973 42 NL .07 2820' 7800
li

.h TF2 .4 1325 51 NL .05 3900 8500
g. .

O TP3 .4 824 70 NL 10 3760 9000+ !

F

TP4 NL 662 72 NL 7 3680 9000+
-

1

TPS 4.0 364 40 NL 12 3820 9000+ i

i
0 TP6 -- -- -- -- -- -- --

i;

.i -

i"
t

!'

'

a 1

i
.i

f miraraco a mooma l

O Plate A-12H
'

l

l
'
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- ] ' AVERAGE MONTHLY DISCHARGE AND DISSOLVED

b CHEMICAL CONSTITUENTS IN COLORADO

RIVER NEAR CISCO, UTAH, WATER YEARS 1969-1972 * I
|

}
'

iy Dissolved Dissolved |-$ Discharge Sulfate Chloride Solids Solids pH
3 Month (CFS) (MG/L) (MG/L) (MG/L) (Tons / Day) (Units) '

,

i
October 4,660 432 119 982 11,900 7.8

'
!

;

, November 4,510 361 136 840 10,100 7.9 i

fDacember 4,650 291 146 812 10,200 7.8
4

g January 4,850 267 128 766 10,100 7.5
r

,

f February 4,540 249 126 728 8,560 7.6 |:
!March 4,650 231 132 690 8,380 7.8

E

April 8,550 189 81 543 10,270 7.9
u !

. May 13,670 130 38 395 14,400 7.4

.

g 16,080 142 33 379 15,900 7.7June

July 6,970 280 93 685 10,476 7.4 1

1
' August 3,337 472 121 1,061 9,105 7.9

' September 5,560 419 130. 965 10,793 7.9
i

,

)
i

|i *U. S. Geological Survey, 1969-1972

3

|.

E \

h.
?

d

h

i
1

i.
n smears a raooser;

; . Plate A-13
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. s . SELECTED CONSTITUENTS IN THE
.- j! .

. .

14 f C01DRADO RIVER ABOVE SITE i1

I {
t

f ! *

r, . Average Concentration i

d Constituent- 1968-1972~ 1971 1972 ' 1973
.

,

',

? .

2 ql i

j- B.O.D. in mg/l 3.2(7) 2.6(9) 2.2(4) !
p; !

.

1' +

j Total.cogiform in M.P.N. per. 9842(7) 7990(9) 2265(4).
h 100 ml ' !i.

i

1
"

~

,

f. Fecal' Cogiform in M.P.N. per 1736(6) 5195(9) 1184(4) .
100 ml j'-

;

;- o 2
.

,
<

|
;; yArsenicinmg/l 0.00(2) 0.00(2) 0.01(4) !

,

t :

I hBariuminmg/1 1.50(2) 0.00(2) 0.00(4)
2 ,

'

'
<

3 3 5 .''

'h Radium-226 in pCi/1 0.19 0.26 0.17 -
t

[ Uranium (total) in mg/l 7.00 6.64 6.005

4 5i: Radium-226 in pCi/1 . 33 0.10 .34
4

'( ) Uranium (Natural) in pCi/1 7. 2. 6.5
4 5 '

h, Thorium-230 in pCi/1 5.2 3.2 5.0 |

?c |i
|g

4
L $

| Notes: 1. -Sampling location is bridge of U. S. Highway 160 about 0.25 i

2, miles above mill. i

l

4 2. Analyses by Utah State Division of Health. !"

I 3. Analyses by Radium Monitoring Network (E.P. A. ,1973). i
i1

j 4. Analyses by Atlas Minerals. |
'f 5.- Through June 1972.

(
Number in parenthesis after concentration is number of sampics

. )2

:0 analyzed.- | )
V^

]

i,:
'

;I !
9 i

f I

!

!
t

() .

;t '

i .

!! !

k ! l,

N 1

I, DAMEls O MoonE {:
. .

3 Plate A-14 | ;
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WATER WELL DATA

i I
| Elevation Static Water
I kLocation (Ft) Level /Date Comment
| ? .

! h
,

,

.[Well A 4045.9 88.0'/4-25-74 Total depth of well is 131 |
| j - feet; well driller's report | 4

| [ (1961) notes water. is " unusable" j
-

'

,

| [ because of " salt;" reported.s

.p yield 18 gpm; log available; ;

1 well is abandoned. !
"

!!

jWellB 4037.9 77.7'/4-25-74 Total depth of well is 114
feet; drilled at former A.E.C. |s

4 ore buying station;.former' 1
worker reported that water was !

" salty" and'was not used for .!,!
'i drinking; log available;. I

reported yield 11'gpm; well is !
abandoned. i

a

Arches N.P. 4090* 92' /12-22-58 Located 1.4 miles northwest of :

tailings. pond; up water gra- !
,

< .s
'

y dient-from tailings pond and
'

f L mill; total depth of well is i
'

- 123 feet; reported yield 12
'

gpm with 8 feet drawdown;
F derives water from fractured !

Navajo sandstone; water quality J
,

relatively good. |
'

.

4

; Embar 011 4000 85' / 10-67 Total depth of oil well is ;

; 5345 feet; apparently encoun- i

1 tered Hermosa formation below ! 4

I
'

alluvium at 56 feet; los
available; oil well is i

'

, abandoned.
d

, i

. $ f
'

9

| ]* Price,'D.,1959,p.8. !

a, ,

A- | l

3 . I
a i

*

-

'

| 1

iO
,

I|
4

i; .a

h

?j
names e moonc

Plate A-15:
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f APPENDIX B

ION EXCHANGE STUDIES
..

|

i

!

Part 1

|
Characterization of Tailings Pond Solids and Natural Soils;

4

Uranium and Radium Adsorption. Chemical Mineralogical, and )
i

Physical Properties. Atlas Minerals Plant, Moab, Utah

By B. F. Hajek

Auburn, Alabama ;

!

O
Part 2

I

Determination of Radium and Uranium Distribution Coefficients

and Loading Curves on a Uranium Plant Tailings Pile and

Underlying Soil

By Pacific Northwest Laboratories
I

i

Richland, Washington

|
|
i.

l

J

\ .]
!
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INTRODUCTION

:

This report presents the results of an investigation conducted

for Dames & Moore, Salt Lake City, Utah. The study was. required
*

'

to provide data to evaluate the ion exchange properties of tailings solids

and' natural soils as they relate to uranium and radium adsorption.
,

| Other studies of the Atlas Minerals site have been conducted by 1

1
;

Dames & Moore and Atlas Minerals. These previous studies have been !
!
,~

included in an Environmental Impact Statement submitted to the Atomic

Energy Commission. This report should supplement the previous

studies. I

O
I OBJECTIVES l

ji

. The objectives of this study were to:

] 1. Determine the chemical, mineralogical and physical characteristics )
that could be significant effecting the ion exchange characteristics of 1

!

natural soil and tailing material at the Moab, Utah site. |

2. Determine the uranium and radium adsorption characteristics
!

ti at influence the leaching of these ions in the tailing pile and int

i

natural soil between the tailing pile and the river.

METHODS

M fteen samples, 7 from borings in the tailings pond embankment,

5 from test pits, 2 from the Colorado River bank, and 1 from soil



| 2

I

northeast of the plant were selected for analysis. The boring and test
'A

t t
| L' pit samples were selected from cores collected by Dames & Moore. The

location of borings and test pits have been given previously in Plate 2

of the Report of Engineering Studies - Tailings Pond Embankment

System, Moab, Utah for Atlas Minerals, March 28, 1974. The reference

soil sample and river bank samples were collected during an on-site

study March 19,1974. (See Figure 1, following Part 1).

The samples were air dried and analyzed at the Agronomy & Soils

laboratories, Auburn University, Auburn, Alabama (physical, chemical

and mineralogical properties). Five samples were sent to the Pacific

Northwest Laboratories in Ri.chland, Washington for uranium and radium

'b adsorption determinations. The equilibrium and column methods used

will be given by the Pacific Northwest Laboratories in a separate report.

Particle size distribution was determined by the pipette method

after dispersion with sodium metaphosphate (1 ) . Exchangeable bases

were extracted with 1 N_ ammonium acetate; Ca and Mg were determined

by titration, and K and Na by flame photometry ( 5 ). Sulfate was

determined by extraction wrh 0.5 M_ ammonium acetate and analyzed

by a turbidometric technique Phosphates were extracted with

0.5 jf NaHCO , buffered at pH 8.5 and analyzed by the vanadate method3

| ( 4). Cation exchange capacity (CEC) was obtained by ammonium
!

saturation ( 5 ). The pH reported is of the supernatant of a 1:1 soil:
A
O water suspension.
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.

L .p . . Mineralogical analysis were conducted by differential thermal.

jU
'

analysis (DTA) and x-ray diffraction of whole soil materials ground

to pass a 170 mesh sieve. The DuPont 990 Thermal Analyzer was

used for DTA. A Norelco x-ray unit equipped with a Cu target tube

and Ni filter was used for diffraction analysis.

I RESULTS

| Physical and Chemical Properties

The results of soil chem! 21 analyses are given in Table 1. Sinc e -

the sum of extractable bases exceeds the cation exchange capacity, the

Ca and in most samples Na and Mg were obtained from solubic compounds

in addition to the soil exch.nge system. Under field conditions the

. cation exchange system is dominated by Ca and Na ions.

.The cation exchange capacits , as expected, varies with clay content;.

for tailings,

CEC: 1. 79 +0. 37 (% clay), r= 0.96

for natural soils,

CEC: 0.17+ 0.54 (% clay), r= 0. 74

There is no consistant trend in pH or extractable ions that would
1

reflect.past disposal practices. This is probably due to waste-water

dilution and dispersion by groundwater. However, salt deposits were

observed'on the soil surface between the tailings pond embankment and
I'
I the river in the vicinity of test pits 2, 3, and 4 and at the river bank.
1
;

f The variations in particle size distribution (Table 2) and chemical
i
,

, ,- +, , . - - , .. .- ,,
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O. Table 1. Chemical characteristics of soils and tailing material
collected at the Atlas Minerals, Moab, Utah Plant. 2.,/

Exchang eable .l_/Sample Depth pH
Feet 1:1 CEC Na Ca Mg K SO4

- - - - - - - - - me q /10 0 g - - - - - - - - - - - ,
ppm

Boring 3 5.5 10.1 6.03 6.1 10.8 2.8 .36 1.59 3
. Boring 3 20.5 9.2 8.18 9.0 11.9 4.9 .40 8.34 30

~

,

Boring 3 30.5 9.2 16.18 15.2 12.0 6.0 .80 4.50' 31

Boring 4 10.5 7.9 2.37 1.1 31.2 0.2 .21 29.10 10
Boring 4 15.5 9.9 4.19 2.8 9.2 1.8 .22 .71 7.5-

Boring 5 6.5 7.0 1.65 0.3 70.0 tr .06 30.30 34
Boring 5 10.5 7.2 1.68 1.3 45.0 tr .09 30.30 17

Tip 2 5.5 8.5 6.47 2.1 11.6 3.0 .38 1.65 2
1

' Tip 4 6.0 8.4 4.81 2.3 17.8 tr .38 23.2 3 <L . Tip 4 8.0 9.6 2 .71 1.3 5.1 1.5 .22 . 984 6 |

Tip 5 3.0 8.9 9.33 10.9- 16.2 6.0 .16 6.84 9
Tip 5 5.0 9.0 2.18 0.2 7.2 2.0 .62 .0718 2

Ref. Soil 3-5 9.2 1.89 0.2 6.2 0.3 .14 .037 3

River bk. 5 8.3 9.65 11.7 17.1 5.9 .41 11.20 13
River bk. 8 8.7 15.68 11.7 12.2 3.2 .66 4.31 21

.

J_/ and extractable

,2_/-location of sampling sites are shown on the vicinity map included at the end of
this report.

,

O
4
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Table 2. Sand, silt and clay size distribution of soils and tailin material !collected at the Atlas Minerals, Moab, Utah Plant.1,

;
1

i
i

Sample Depth Sand Silt Clay
Feet 2.0-0.05 mm .05 .002 mm 0.002 mm

-..........%____........
!..

; Boring 3 5.5 66- 27 7
,

Boring 3 20.5 53 35 12
-

. Boring 3 30.5 4 56 40.

Boring 4 10.5 90 5 5
I Boring 4 15.5 31 13 6

Boring 5 6.5 88, -- --

Boring 5 10.5 93 2 5
*

iTip 2 5.5 68 22 10
4

!

j. . Tip 4 6.0 60 29 11
j \ Tip 4 8.0 90 5 5
i
j Tip 5 3.0 14 71 15

{ Tip 5 5.0 92 2 6

f. Ref. Soil 3-5 91 3 6
/

River Bk. 5 35 51 14 .jRiver Bk. 8 32 43 24 1

-!

1/ Location of samples are shown on the vicinity map included at the
end of this report.

i

|

]
3

0
.

,

1
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properties clearly shows the layered heterogeneous nature of both thep

( )v
tailings and soils. However, variation of this magnitude is frequently

encountered in nat urally occuring sedimentary deposits.

Mineralogical

X-ray diffraction analysis shows that quartz is the major mineral
, ,

in all samples (patterns inel uded at the end of this report ). Calcite

1

can be identified in all samples. No clay minerals can be identified

in whole soil analysis because of the small quantity of clay present and

the layered nature of this group of minerals. X-ray analysis of 3 pre-

ferentially oriented specimen of clay and silt (river bank, natural soil,

and boring 3, 30.5') show that the mineralogical composition of these
n

( ) materials are the same; consisting of illite, 2:1 expanding layer silicates,v

kaolinite, quartz, and calcite.

Differential thermal analysis showed three types of patterns:

1. No definate endotherm except the A-8 quartz inversion at

573 C. (Test pit 6 and the reference naturaisoil),

2. Quartz A-8 inversion and low temperature endotherms between

130 - 155 C. (boring 5, test pit 4, a surface soil sample with salt

accumulation ) .

3. Low temperature endotherms at 75 - 1100C indicating significant

amounts of 2:1 expanding silicates, A- 8 quartz inversion at 573 C

and endotherms at 2300-3000C. (samples high in clay, such as the
'o
'U) clayey riverbank sample and boring 3 at 30.5').
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It seems that the endotherms at 130 - 155eC that are common toj'O
-

the soils sampled in the most probable flow path from the tailings to .i

the river and also detected in tailing material, but absent, in test pit 6
|: ~

and the reference soil is most significant. This endotherm is most i

likely due to hydration water released from salts precipitated on soil

1
- surfaces. These salts could have been contributed by waste-water

disposed to the tailings pond.
,

Uranium and Radium Adsorption. (Based on phone communication with

Dr. L. L. Ames, Pacific Northwest Laboratories, Richland, Washington)
(See Part 2)

Equilibrium batch experiments were conducted to determine the

adsorption characteristics of uranium and radium on tailings and on
!

'O soils in the vicinity of the Atlas Minerals tallings pond. Equilibrium
,

l distribution coefficients (K ) were calculated by use of the followingd

equation:!

Co - C
| Kd- ml/g,

in which
L

Co : initial solution concentration

C: solution concentration after equilibration
!

| ml.: milliliters of solution
'

L
g : grams of soil

'

The K can be used to calculate the migration rates of ions in
d

trace concentrations or to calculate the solution volume that will completely

| O- -

*=r e *we aa eretie c r ciev efthe ett -ita ene ie 8 108 ceo taerea ( 3).

- . - . .
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-

:' .It is convenient to express this volume in terms of the volume of.

|i
| soll through which the solution will leach, that is, unit volumes of

,

solution (CV) per. unit volume of soil. The relationship is shown in

the following equation:

CV = 0 +(soll bulk density) (Kd)
h

in which 0 is the fractional part of the soil that is filled by water.

The average bulk density of the tailings is about 1.6 g/cc, e should

'

be about 0.4 or a little less. Using the composite tailings radium Kd-

'(Table 3) the calculation shows that a unit volume of tailings can ~ 1.

i

adsorb radium from 275 equivalent volumes of solution before saturating

the capacity of this material. Consequently, each wetted acre of the

.

tailings pond should have the capacity to adsorb radium from about 4.5 x

sO.
~ 10, gallons of acid liquid waste-water. The radium Kd values for

natural soils in this area are higher and should adsorb greater amounts. '

In a flowing-system where dispersion will occur, the volume calculated

should be considered as the volume at which the concentration leaving

a unit volume of soil has 1/2 the radium concentration' of the initial.

radium in the waste.

The uranium adsorption studies showe'd that uranium'would not be

adsorbed by tailings. The negative Kd of the composite tailings indicate

C' nsequently, adsorption will occur only on-a release of uranium. o

|

natural soil beneath the pond and between the tailings pile and the

river. The soil volume invaded by waste water is not known. This would
uO
,

L require a'dditional studies to determine the flow characteristics of

'

_ , _ .. ... ~.,_. _ _ _ _ __ .. _ _ _ . . ~ _. - _ _
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Table 3. . Uranium and radium equilibrium distribution coefficients.

i

.

Sampl e Site Equilibrium Distribution Coefficient

Uranium Radium
1

- - - - - - - - ml / g - - - - - - - - I
\<

!

! - Test Pit 5 6-20 354 + 15 |

| Test Pit 4 14-40 2891 7
Reference Soil 2-16 214 15

River Bank 8-34 467 15

Composite tailings. negative 1/ 212120

!

1/ Released uranium

O

|

|
,

LO
i'

- - - , ,
t
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!

I

natural groundwater and the effects of the added water leached from the

i pond.
!

. Generally, in groundwater flow systems Kd values are used to predict
L

the average ion front velocity relative to the velocity (flow rate) of the
,

transporting groundwater ( 3 ). Then disposal can be based on the time
!
l

j '- it takes the ion front to reach some point at a critical concentration

| 1evel ( 3 ).
;

i

j By use of the equation;

velocity uranium = vel city of water
1+ Kd Bd

.

O
!

'

and the average low uranium Kd (table 3) for test pits 4 and 5, the average

migration rate of uranium would be 90 times less than water (K : 10,d

Bd: 1.6, and 0 = 0.4). Using this value and a flow rate value along
,

an average stream line to the river should give a reasonable estimate
i

'

of the time it takes uranium to migrate to the river.

The most significant interpretation from adsorption studies on

- uranium is that the uranium capacity of natural soils between the tailing

pile and the river have not been exceeded by past disposal practices.

This conclusion was reached because Kd's for samples collected from;

|
pits both above and below groundwater level were positive. They were

|-

as high or higher than the reference natural soil K -d

It seems that periodic groundwater and soil analysis with emphasis

on uranium build-up should indicate any trend before adsorption limits
,,

are reached.*

,
'

_ _
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DETERMINATION OF RADIUM AND URANIUM
DISTRIBUTION COEFFICIENTS AND LOADING CURVES

ON A URANIUM PLANT TAILINGS PILE
! AND UNDERLYING SOIL
; 2311202131

PART 2
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() INTRODUCTION

In accordance with your Purchase Order Number SL 1185 dated

March 20, 1974, five equilibrium soil adsorption determinations

and two soil column loading characteristics have been determined.
|

Two solutions were used in the above soil work as furnished or
suggested-by Professor B. F. Hajek. An acidic raffinate waste. j_

usolution, whose composition was furnished by Dr. Hajek, is given
in Table I.

1
,

l
i

TABLE I

ACIDIC RAFFINATE WASTE COMPOSITION

Constituent g[1 Added as -

Na 7.22

V 0.11 NaVO3 i

() As 0.004 Na2HA 054
C1 0.02 Nacl

SO4 67.07 Na2SO4
U 0.001 UO3

226 Ra 0.007 RaCl2 in HCL
-2H SO to yield 4.47 g/l SO4 and pH = 1.752 4

The second solution suggested by Dr. Hajek was a neutral
brackish-type solution fairly high in neutral salts. To fill

this request, a simulated Colorado River water analysis was used

from a water quality station near the Colorado - Utah state line.I
This location is very close to Moab, Utah, but probably is

lower in pH than the groundwater at Moab. The soil (resident-

terrace), in any case, raised the pH of the simulated Colorado

River water by a pH unit. The water composition is given in|-
|
! Table II.
(
,

! /~T
| h;
; 2Water Resources Data for Colorado, Part 2. Water Quality Records,
| U. S. Department of the Interior, Geological Survey, p. 68, 1971.

. _ . _ .,. . _ _ -



. . - - ...

l

|
1

l

TABLE II

fi SIMULATED COLORADO RIVER WATER.C)
Constituent mg/l Added as -

Ca 82 CaSO .2H 0,CaCl24 2
Mg 26 MgSO4
Na 75 Nacl
K 3.4 kcl

HCO 171 NaHCO33

SO4 246 CaSo .2H 0,MgSO4 2 4
Cl 57 CaCl , Nacl, kcl

2
U 1 UO3
Ra 7 RaCl in hcl2

Total dissolved solids was 668.4 mg/t. The actual Colorado

River water also contained about twelve mg SiO / The silica.
2

was not added to the simulated solution because there was no
_ practical way to do so within the time limitations of this study.

(> The soils were furnished by Dr. Hajek in amounts adequate
for the distribution equilibrium and column studies. The soils

were labeled Test Pit 5, Test Pit 4, Riverbank Composite,

Resident Terrace and Composite Tailings soils. Columns were run

as requested on the resident terrace and composite tailings soils.

I

t

b

2

r

!
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METHODS CF INVESTIGATION I

O
Distribution Coefficients

Distribution coefficients (K 's) are a special case ofd
: selectivity coefficients in that trace quantities of cations are )
exchanged, leaving the solution composition bef6re and after I

the measurement essentially the same. The distribution coeffi-

cient for cation B+, then, is equal to milliequivalents of cation
y

B+ on the exchanger divided by the milliequivalents per ml of i

cation B+ left in solution after equilibration of the soil and
,

!-
' solution, j

.The Kd values were obtained by placing eight grams of soil
sample in 250 ml bottles. Four changes of.unspiked solution

were used over'a period of 72 hours to equilibrate the soils

with the nonradioactive ions in the solutions. The above four

solutions were discarded at the end of their respective 18 hour

! contact times after centrifugation of the soil sample-solutione

|{) A fif th batch of solution' containing uranium ,and radium (see Tables

I and II) was shaken with the soils for 20 hours. The soil and

solbtion were then separated by centrifugation and the solution

analyzed for ranium and radium. All soil sample Kd's were

determined from triplicate batch experiments with each soil.

| Uranium analyses were luorimetric because the uranium
used was far from secular equilibrium and therefore could not

be accurately gamma counted due to specific separations of
daughter products on the soils. The radium analyses were by

i gamma counting but had to be corrected for radon separations,
214and subsequently Pb effects, on the radium peak counted.

!

Columns

The data for the resident terrace soil and composite
i

tailings soil columns are summarized in Table III.

>
,

_ _ _ _ , - . ~ . . - ._.
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TABLE III *

r

(} COLUMN. DATA

|

|
'

Composite Resident
;*

Tailings Column Terrace Column,

,

| Diameter 1.985 cm 1.985 cm
| Cross Section 3.1 cm 3.1 cm
i

Length 21.8 cm 21.6 cm,

I ' Volume 67.5 cc 66.8 de
| ' Soil / Wt. 105.5 g 104.2 g

Soil Bulk Density 1.56 1.56

Flow Rate 11 ml kr 'll ml/hr
L upflow upflow

Bulk Velocity 3.57 cm/hr 3.57 cm/hr
Total Throughput 38 column 39 column

volumes volumes
;

j Uranium analyses of influents and effluents-were fluorimetric,

on' acidified samples where simulated Calorado River water was used.

| At the pH 8 of-these effluents, it was not certain that the
'

'

uranium in solution was entirely stable over a period of time,

and hence the acidification of effluents befofe analysis.

E The radium was gamma counted, again with the corrections

necessary for daughter product (radon) ' separation and decay.

The composite tailings soil column showed an unusual greenish
band that proceeded down the' column during operations. Some gas

! -evolution also was observed with the acid waste influent. X-ray

diffraction results showed that the bulk of the composite tailings

soil was quartz (SiO ) with a lesser amount. of feldspar (NaAL Si 0 -2 38
~Ca A1 8i 0 ) and 15 5 wt. % calcite . (CACO ) . The calcite reacted2 28 3
with the acid waste influent until finally dissolved by it. The
resident terrace soil also proved to be mainly quartz and feldspar

with a smaller amount of degraded mica (K AL I8i A 2 20] [OH,F]4).0
2 4 6

No calcite. could be identified by X-ray diffraction and no evidence
,

h of gas evolution or coloring were apparent during column loading.

!o .

f

4

i
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| RESULTS

. Distribution Coefficients

The results of the equilibrium distribution experiments are
given in Table IV.

TABLE IV

DISTRIBUTION COEFFICIENT RESULTS
C.R. = Colorado River Solution,
A.R. = Acidic Raffinate Solution

Soil Solution Final pH UKd "d !

Test Pit 5 | |

1 C.R. 7.9 |

2 C.R. 7.9 12.4 to 22 354t15

3 C.R. 8.0-

Test Pit 4

1 C.R. 7.6

| . 2 C.R. 7.7 22 to 40 289i7

3 C.R. 7.6

Riyerbank Composite
1 C.R. 7.8 ;

2 C.R. 7.9 33 to 36 467 15

3 C.R. 7.8

Resident Terrace I

| 1 C.R. 7.8

2 C.R. ~7.8 10.4 to 17 214115
L 3 C.R. 7.6

Composite Tailings

1 A.R. 1.8

2' A.R. 1.6 172115-----

3 A.R. 1.7

J '

5

. . - . . -,
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- The' composite- tailings soil consists mainly of crushed, treated
~({) uranium ore-and hould, therefore, bE expected'to contain some

uranium. Two solutions similar to tne acidic raffinate in compo-
sition,--with the exception of H SO 'and U content, were shaken with

2 4
composite tailings soil.to determine the leachability of the uranium'
- already-present in.this soil. At pH 6.5, 1.6 to 1.9 micrograms
of uranium per gram of soil were extracted in a single 20 hour-
contact. At pH 1. 0, 16.1 micrograms o'f uranium per-gram of composite
tailings soil were extracted. The amount of u$anium extracted is

j a function of solution pH; the lower-the pH, the more uranium
| extracted.

:Due to some unusual column results with resident terrace soil
- ;

L and the synthetic Colorado River water influent, an extraction
of uranium in' duplicate was performed on this soil.. Fl've grams
of resident' terrace soil.were. shaken for 16 hours with 50 mt of,

L

| -synthetic Colorado. River water containing no uranium or radium. 1
t

|' - The. duplicate samples both contributed 150 nanograms of. uranium
per gram of soil. The uranium extraction of 150. nanograms per gram<

u

of soil is not large, but is evidently higher in the kinetic column-

flow'through situation. Only a small poztion of the uranium present j
in the two soils were extracted by this method during either of.the
above equilibratiol In addition, the rest of the soil samples,.

' were not tested for their uranium contents due to time limitations.
. The uranium distribution coefficient values are the best obtainable |

"

within the time allowed for this study. If more time were avail-

able, the extraction of uranium could be determined for each soil

sample and the uranium distribution coefficients corrected with'

these data. The uranium distribution coefficient for the composite

| tailings' soil is not even listed in Table IV because the correction

due to extractable uranium is three-orders of magnitude greateri

o

(- .than:the remaining soil samples.
,.

-

|- The radium distribution coefficients are also listed in Table IV. 1

! Little trouble was encountered in determining these. The plus or
~

'

minus number following the coefficient indicates the spread in the i

i(bthreevalues.
r

6
,

,
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| Columns
;

[T The pH values of the composite tailings and resident terraces_J
soil column effluents are shown in Figures 1 and 2 respectively.
Note the effects on the acidic raffinate of the calcite dissolution
in the composite tailings soil column. The pH of the effluent

solution finally fell to that of the influent after 17 column

| volumes of throughput. The resident terrace soil shown in Figure 2
was apparently buffered at a pH of approximately eight and kept
the pH of the effluent at this value,for the 38 column volumes

passed through the resident terrace soil.

All effluents for both columns yielded background values
when corrected for daughter product (radon 214Pb) contributionsI

to the radium gamma peak. Breakthrough of radium was not attained,

and could not be expected before many more than 38 column volumes
were loaded on the two soils. Both soils gave very high radium

distribution coefficients.

The uranium loading curve complications caused by the uranium

(]) already present in the soils are seen in Figures 3 and 4 for
! composite tailings and resident terrace soils, respectively.

The presence of calcite or limestone in the composite tailings

soil put an additional jog in the uranium curve seen in Figure 3,

probably due to pH effects of limestone dissolution on the influent

solution. The effluent solution uranium content approaches that

of the influent solution only after 30 column volumes of synthetic

acidic raffinate solution were passed through the column. At this

point the column can be considered loaded with uranium, or at

| near-equilibrium with the influent solution, equilibrium being

approached from the direction of overloading rather than the usual

loading direction.
i

| The resident terrace soil column also leached uranium, as

| seen in Figure 4, although not as much as the composite tailings

soil. At about 28 column volumes, the column effluent contains

very little uranium. This means that the soil has begun adsorbing

b,

|

1 7

.
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FIGURE-1. VARIATION IN pH WITH THROUGHPUT OF. SYNTHETIC ACIDIC . j.

RAFFINATE SOLUTION THROUGH COMPOSITE TAILINGS SOIL.
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FIGURE.2. VARIATION IN pH WITH. THROUGHPUT OF SYNTHETIC' 7
*,

COLORADO' RIVER WATER THROUGH RESIDENT TERRACE SOIL.-
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FIGURE 3. URANIUM CONCENTRATIONS IN THE EFFLUENTS ~FROM THE COMPOSITE
i

TAILINGS SOIL COLUMN WITH ACIDIC RAFFINATE SOLUTION AS INFLUENT.
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FIGURE 4. URANIUM CONCENTRATIONS IN THE EFFLUENTS FROM THE RESIDENT.

~

TERRACE SOIL COLUMN WITH SYNTHETIC COLORADO RIVER WATER *
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most of the uranium in the influent solution and is no longer
leaching uranium already present in the soil. The uranium dis-7 s.

,

\> tribution coefficient range obtained for the resident | terrace soil
in Table IV is 10.4 to 17. The very low uranium breakthrough at
32 column volumes shown in Figure 4 suggests that the uranium
distribution coefficient values of 10.4 to 17 are too low for
resident terrace soil. This would be expected if the soil contains

uranium that is in a form readily-leached into the equilibrating
solution. The composite tailings soil, for example, yields an

apparent negative uranium distribution coefficient, releasing more
uranium into the solution than it contained originally. Even a

small. amount of soluble uranium in a soil makes the uranium.

distribution coefficient suspect.4

,

,

Cl)>

12



('')N
APPENDIX C

L
EFERENCES

American Public Health Association, 1971, Standard Methods for The Examination
of Water and Wastewater: American Public Health Association, Washington, D. C.

Feltis, R. D. ,1966, Water From Bedrock in the Colorado Plateau of Utah: U. S.-

Geological Survey - Utah State Engineer Tech. Publ. No. 15.

Hem, J . D. , 1970, Study and Interpretation of the Chemical Characteristics
of Natural Water: U. S. Geological Survey Water Supply Paper 1473, 2nd Ed.

Johnson, H. S. , J r. , and Thordarson, W. , 1966, Uranium Deposits of the Moab,
Monticello, White Canyon, and Monument Valley Districts, Utah and Arizona:
U. S. Geological Survey Bull. 1222-H.

Price, Don, 1959, Drilling and Test Pumping a Replacement Well at Arches
National Monument, Grand County, Utah: U. S. Geological Survey open file
report.

Seed, H. B. , and Idriss, I. M.,1971, Simplified Procedure for Evaluating
Soil Liquefaction Potential: Jour. of the Soil Mechanics and Foundations
Division, A.S.C.E., Saptember 1971, p. 1249.

( Sumsion, C. T., 1971, Geology and Water Resources of the Spanish Valley Area,
' Grand and San Juan Counties, Utah: U. S. Geological Survey - Utah Dept. of

Natural Resources Tech. Pub. No. 32.

U. S. Bureau of Reclamation,1968, Earth Manual: U. S. Bureau of Reclamation,
First Edition-Revised.

U. S. Environmental Protection Agency 1973, Radium-226, Uranium and Other
Radiological Data from Water Quality Surveillance Stations Located in the
Colorado River Basin of Colorado, Utah, New Mexico and Arizona--January,
1961 through June, 1972: U. S. Environmental Protection Agency, Denver,
Colorado.

U. S. Geological Survey, 1969-1972, Water Resources Data for Utah; Part 1 and
Part 2: U. S. Geological Survey ,

i

n
Y]

,

I

onmes a moons



. _ . . _ . _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ . . _ _ _ _ _ . _ _ . . . . . . _ . _ _ _ _ - . _ . . . _ . _ _ - . . . _ . . . _ . . . _ . _ _ _ _ _ _ _ . . . _ . _ . _ _ . , . . . _.

'

APPENDIX D

Questions to Atlas Minerals Addressed to Environmental

| Report for Uranium Mill by the Atomic Energy Commission
i
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ATOMIC ENERGY COMMISSION
w,ssisoros, o.c. 20s.s

%; .?pV
mmss

L:TS:LSP JAN 2 5 1974
Docket No. 40-3453

..

Atlas Minerals Inc.
AT.TN: Mr. W. T. Badger
General Superintendent
Moab, Utah 84532

Gentlemen:

This letter is to advise you that we have completed a preliminary
review of the environmental report submitted on August 31, 1973
by Atlas Minerals Inc. entitled " Environmental Report, Moab, Utah

,

Facility." Based on this review, however, the staff has determined
that additional information is needed in order to make a finding

n whether or not an environmental impact statement will be required.
() Specifically, Sections 2, 3, 4, 5, 6, and 11 are inadequate for

purposes of detailed review and must be supplemented before a
complete appraisal can be made by AEC Regulatory Staff.

Enclosed with this letter is a list of questions, " Questions to
Atlas Minerals Addressed to Environmental Report for Uranium
Mill," directed at specific inadequacies in the several sections
of the subject report. Under separate cover we are sending you
three documents; two of which are Supplement to " Applicant's
Environmental Report Operating License Stage," and " Supplemental
Environmental Information," both concerning milling operations
of Utah International, Inc., Shirley Basin Uranium Mill, Shirley
Basin, Wyoming. These two documents show generally acceptable
format and content for addressing questions such as those attached.
The third document is the Draft Environmental Statement related
to the Exxon Nuclear Company Mixed 0xide Fabrication Plant which
should be useful as an example of an acceptable Benefit-Cost Section.

n
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,

t

Atlas Minerals Inc. -2--

Jgg 3 ; 4O
.I

i

l In order for us to meet our schedule for review and completion of an j
j environmental appraisal, it will be necessary for us to have your !

answers to the attached list of questions by March 18, 1974. If I

for any reason you find that this date cannot be met, please
. contact Mr. LeRoy Person of this office (telephone (301) #973-7631)*

1 and inform him of your expected date of completion.

Sincerely,

'
i 1 |

ri V
,

. B. ChTw'ood, Chief
Technical Support Branch-

Directorate of Licensingd

,

Enclosure:
; As stated

.
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QUESTIONS TO ATLAS MINERALS
ADDRESSED TO ENVIRONMENTAL

REPORT FOR UPANIUM MILL

Topic and
Environmental Report Reference Ouestion or Requirement

Appendix A, p.p. 7 - 1) In the description of the starter
dikes the material used is described
and the method of compaction described.
The lack of test compaction data and
the apparent total lack of compaction
control makes these starter dikes of
questionable reliability. The co-
hensive and frictional values used
in the stability analyses are not
described nor is there adequate test
data to establish any confidence in
the factors of safety described in
the report. Additional stability
analyses should be conducted on more
cross sections using validified test'

data. Additional test data shouldx
be furnished to support the analyses.

Section 3.3.4 Table 3.10 - 2) What is the rate of particulate
emissions from the yellow cake
dryer, for this unit only! What
was throughput when this rate
was measured?

Section 3.3.4 Table 3.10 - 3) What is the rate of particulate
emissions from the Crushing Plant
West Dust Collector, for this
collector only! What was through-
put when rate was measured?

Section 3.3.4 Table 3.10 - 4) What is the rate of particulate
emissions from the fine ore storage
bin dust collector, for this collector

only! What was the throughput when
rate was measured?

.

O
,|r
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Topic and

Environmental Report Reference Question or Reauirement
;

Section 2.0 Figure 2.11 - 5) "Results of Atlas Soil Sampling
( Survey." Explain the unit mrem /hr.

i.e., Is there a biological effect
associated with this term? Could
it really mean mrad /hr? )

Section 3.0 Figure 3.1 - 6) Your Mill Plot Plan shows the old
facility before modification. Please
submit a plot plan showing location
of new systems.

Section 3.3.4.2 Table 3.11 - 7) In reference to the dust collectors
stack sampling, what is the through-
put on Feb. 28, 1973. ,

j
.

Section 3.2 - 8) Send flow sheet of proposed mill
processes showing the addition
of all chemicals into the mill !

circuit at all points along the
- flow sheet. Also show how this.

leads to a materials balance at
the tailing pond after all effluents

-are' accounted for.

Appendix A - 9) The construction of embankment from i

the tailings offers a minimum of
compaction effort. The relative
density of the coarse' tailings ~was
reported to range from 56 to.63
percent. The above values are not
conservative. -To ensure.against
liquefaction the minimum relative
density should be 85-percent. Give
a discussion on the possibility of
piping through the embankment or
the foundation.

Appendix A - 10) The cover material which is used
to protect the embankment is not
adequately described. Discuss
size distribution end durabilityr.
of the material.

!

'
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Topic and
'

Environmental Report Reference Question or Reauirement

Appendix A, - 11) The dike around the tailings pond
.

can be broken up into five different j

[ embankment configurations. These
. i

sections vr.ry in length from 600 j

! to 2600 feet. In order to de-
termine the foundation conditions

|
only one cross section was estab-

,

i lished for each of the sections, j
Considering the length of each

! of the embankments, it is our
1opinion that the foundation con-;

ditions and the embankment materials !

| can not be adequately described I

with only.seven borings.

Appendix A, p.p. 5 - 12) Provide a tabulation of all the
ground water level and assay data.
Included therein should be location' 1

of measurement, date and tire of
measurements, the evaluations at '

,

(' which assay samples were collected,
water evaluations, and chemical
and radiological analyses results.

Appendix A + 13) The Dames and Moore Report refers
to monitor wells. :It is not clear,

| however, whether. water level and
assay of all the piezometers;

! referenced is continuing, and for
uhat duration. Please explain.

| Appendix A, p.p. 2 - 14) Show the location of the discharge
line referred to on page 6 of
Appendix A.

i Appendix.A, Figure 2 - 15) Provide a description, including
sketches, of the discharge

facilities of the decant lines.
Please explain the purpose of the
basin area noted in the southern
corner of the tailings pond dike.

O

.m . ._ . ._ .
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Topic and I

Environmental Report Reference Question or Requirement

Appendix A, p.p. 8 - 16) Discuss the capability of the !

embankment to resist erosion from
normal operation of the decant
facilities, and in the event of
a failure of any decant or discl.arge

line. Include a discussion of
any maintenance and inspection

Iprogram of the siltstone cover
layer referred to on page 8.

Appendix A, p.p. 10, 11 - 17) Under the proposed recycling 1

of tailings discharge water,
provide your analysis of the
maximum chemical and radiological

concentrations that would occur
in the tailings pond, in ground
water discharge to the Colorado
River, and at the closest river
intake. Present the bases for
your estimates.gw\h

Appendix A, B, p.p. 12, B-3 - 18) Provide the basis for your estimates
of an average seepage loss of 75
gpm, and the basis for the estimate
of less than half that rate for
the proposed modifications, in-
cluding the effects of substan-
tially increased water levels.
Discuss the sources of your pre-
cipitation data and the potential
errors in your water balance
estimates due to differences in
periods used for evaporation and
precipitation, and pond discharge.
Also, please clarify whether the
average monthly intake to the
plant includes makeup, and discuss
the basis for each parameter used.

Appendix A, p.p. 12, 15 - 19) What provisions will be incorporated
to prevent water from being closer
than 250 feet of the uppermost dike.
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Topic and
Environmental Report Reference Question or Requirement

Dames and Moore Report - 20) Your Dames and Moore Report con-
tains several recommendations for

i modifications of the pond. Is it
your intention to incorporate all
such recommendations? Please I

discuss. |

|

General - 21) Your assay of ground water should
{

also include chemical analyses of '

those constituents involved in
your operation, including sanitary
wastes. Please provide your pro-
gram to collect sr.ch information,

; and indicate when you can present
preliminary results therefrom to

i provide a basis for determining
effluent concentrations which may |
reach the Colorado River and/or |

remain in the ground water. 4

!

- ['} General - 22) The ion exchange taking place at
\' at present may at least partially

account for lower downgradient
4'

concentrations. However, long-
term application of this inherent
capability has been known to
reach a maximum. With the pro-
posed change in operation that
will result in increased concen-
trations, provide your analyses
(including basis) for the long-
term ground water concentrations
to be expected in the Colorado
River, and/or which may remain in
the ground water.

,

1

General - 23) We cannot agree with your conclusion j

that floods from Moab Canyon Wash or ;

the Colorado River cannot constitute I
a threat to the tailings area without
further substantiation, including
estimates of probable maximum flood i

n
'
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I Topic and
Environmental Report Reference Question or Requirement )

General (Cont'd) 23) discharges for the two streams and
your analysis of the channel ve-
locities and velocities on the i

tailings dike that would occur. ;

Provide the basis for your estimates,
including a minimum of two cross

,

sections of each stream and contig- |

uous flood plain, and discuss the
ability of the tailings diko and
channel banks to resist such |
occurrences. Each event on each i

stream should be considered separately. l

General - 24) Your process of daily observing
water levels in the tailings pond
and, if necessary, adjusting
effluent levels appears not to
offer adequate assurance that
excessively high water levels
cannot occur. We will require

() automatic level control. Please
provide your plan for implementing
such a requirement, including what
provisions you will make for such
arrangements with expansion of the
tailings pond.

Section 2.9.3 Table 2.4 - 25) Being as quantitative as possible,
show why the table indicates a
decrease in uranium dust concen-
tration for the years 1968-1972.
Also give the average operating
tonnage per day for each of the
five years listed in the table
as well as the grade of ore for
each average.

Section 2.9.3 Table 2.4 - 26) What do you estimate your operating
tonnage will be when the acid
leach circuit is operable (tons / day)?

i

!
!

/~%,

[ \-



,
..

.

^

-7-

O
Topic and

Environmental Report Reference Question or Requirement

Cost-Benefit section - 27) The Cost-Benefit section of your
report is inadequate. Enclosed
for your convenience is a copy
of the Draft Environmental State-
ment for the Exxon Nuclear Company's
Mixed Oxide Fabrication Plant.
Although your facility is different,
this draft statement contains an
acceptable cost-benefit section
and should be helpful in for-
mulating your own.
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