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INTRODUCTION

Disclaimer

This data is not part of the subcontract documents and it. provided only
for information and convenience for bidders. The Coni.ractor disclaims
any responsibility for the accuracy, true location, and extent of the

information that has been prepared by others. The Contractor further
disclaims responsibility for interpretation of this data by bidders, or
for any opinions, conclusions or deductions that may be expressed or
ir@ lied in the information contained herein.

Purpose

The purpose of this data is to provide bidders with information regarding
geo' technical characteristics of the existing site soils, surface and
ground water conditions, meteorological data, and soil contaminant

measurements at the Spook processing site.
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CJECT SPX-01
LOG CF TEST Pf7 NS. 033

') No. DATE 02/17/87
asekheeTyp. INT'L. 260-A

cRCUND WAT!R.

I .e ,1,. ove aan Location N 57.852.3 E 59.322.1

0 [ oj 3{ ORI 2/17/87 Elevation 5026.8 ;
O

k .] 3 Daturn MSL

} r j
' 3
3* w asuns visuAt etAssirecAtiou-

f j 5M Moist Silty, fine to medium sand, occasional cobbles0 c

c : o brown, PIT FILL
c : o
c : o
C | o
c : o

j j'X 0 '10.08C

c : of
c ; ol
'~~

Sandstone Becrock
"

5 .

i
~

i i

i i

i l

i |

| 1 I

LOG OF TEST PIT NO. 034 )
<TE 02/17/87

!N7'L 260-s ckhe tiectOUND WATIR.

wm i ei e oa , Location N 57,694.4 E 59.340.4E,

DRf i 12/17/57) [ oj 3| Erevatice _ _ 5015.9

} }r 'l p3
| |

~
'

Daturn MSL2
, ,

.
-

4- i. ~ .., y,,o . , e.. ,c .1,.... .

g ,v i;

|> >- |S?-591 Moist Fine to medium sand, scme silt, occasional
:! ki cobbles, brown, PI7 FILL.

.p 1I't $ :4
.6 0:1., "-

%431
;rf4*e,:A D I 9.9
* 9:: I

}5+4!5; _ l

+t+: x D I
' '

i i i Sancstone Secrack.5
| t

i
*

i

i i

i i

i l i

l i i
I |i t i

sAurt! TYPE
a - urditoo.ec:ocas.-oi, F|GU R E D.4,1. Br

D - 7 ''o -. o. .md sw:n a-= . TEST PtT LOGS



PM LOG CF TEST PIT NO. 035
$ NO. DATE 0?/17/87

Be:khoe Typ,_ INT'L. 260-A
OtoVND WAt[t.

w t. ,os. un tocation N 57,607.8 E 59,2010E

'l DRY ?/17/97 Elevation 5021.6I c3 }q,

Detum MSL

'''
'

==An u wwu m ,otio.*' -

0 '* ': 'o 59 Moist
[ [ $

Silty, fine to medium sand, occasional cobble'

size rock fragments, brown PIT FILL,
c : o
c : o
c : o
C : o
C o
c : o
c : o
c : o
c : s
C : * XI O 11 ?. 0 Dry unit weight
[ [: $

'

(104.1 pcf)
c -

.

) 1 Ice tv Moist fine to medium sand, some silt, occasional
y 3 rock fragments and boulders, light brown,+ 3 PIT FILL,
jYI4,XiDI8.8I

.

I i i

+5+:
WA I i i

~~

l i i Sancstone Secrock,
10 i i i

F
LOG OF TEST PIT NO. 036

rf 02/17/97
B.:khoe Typ, C . 260-A

. caouNo wAtte
E, m en move i un to:. tion N 58,262.4 E 59.588.4

! I j 3| 0?Y b/17/c7 Elevation 5012.3
! MSLk l

"

. h}J
'

Datum, _

or , ,[ ' ':
' -

*'' wert viwu cmai:ation

0 ;< 3
SM Moist Silty, fine to medium sand, occasional rocki j o

fragments and boulders, grayish brown, PITc ; o

[ 5
FILL,*

c : o
e : e
c : oXD
c : o
c : o
c : o

J i j XiD Dry unit weight
K'D 10.0 (101.1 pcf)5 i i o

c ; o i
c : o x;D *

c : o
c : o .

( o.

' Sandstone bedrock
i

i
10 ;

sTund d stock s. moi. FIGURE D.4.1, C
o - o its+.s astk semple TEST PIT LOGS 0-73



(ROJECT _ LOG CF TEST PIT N3. 037SDK-01

' B NO. DATE 02/17/87C
Backhoe Typ, INT'L. 260 A,

GROUND WATER
Dura ievi ! can Le<ation N 58.341.6 E 50.766.?.

!
] j oj 3) 13.0 2/17/81 Elevation 5011.8 )

f '}- 3 Datum MSL'

} 6.r .... ' '- 3
,

' w namu viwu eta.tsmeAtica
_

V'
':'$:$',j

0
,k SD-S" M0ist Fine to medium sand, some silt, occasional'

+: cobbles, brown, PIT FILL.,

.*, '',v.--=.0Z
$ $j == 0 Dry unit weight

5
:.; :<A 3 6.5 (109.2 pcf)
+ +: i
:<

'
-

+ :
:<

.
-

$ f.p' 0
10 4 4:^

vv u. I '
,

<xr; .

?; $b3'17.1
y +: !

15 EI I WET
' Sandstone Bedrockj

i

I

i i !

)LOG OF TEST PIT NO. 03Q

3A73 02/17/87 INI'L. 260-ABa:khe.e T p,Y
. ctOUND WA?!R

Do'n NCue j cart locatiCm N 58.213.6 E 50.750.3'k,
0;V 2/17/87 Elevatien 5025.2

3 [ b$ 3)
I | MSL

.. ~
' *

( ,} ]3 ca,um

} ' "r f", 3.Ia
* nWRLS VlW AL cLA.11WcAf 4CNI6'

: *-0 c' 5M Moist TAILINGS, silty, fine to medium sand, brown.: .

c : e
c : .
.

-

.
. : .
c : .
c : .

c : . I f

( - * 'Anl C A Dry unit weight Ste :ed at 4.0"c : * Tsi I (10?.5 oc'1
i i

'
5

.

i i i

i i I .

i i i

l i i

t i i

1A.4 P| ! TY P t
s - und:it.m.d niocis.-o!. F I G U R E D. 4.1. D
o - ei. % %69-:' T ~ c ':' o t '* LOGS 0 -74

.



DJf 3 SDF-01 LOG OF TEST PIT NO. 039

L No' DATE 02/18!87
s.:khoe Type INT'l, 260-A

crouNo wAtta
LOC 8 Hon N 57.08? 8 E 59 m.1;( Mein enous pat

,

8
, [ J g{ DDY ?/lc/C1 Elevation 5030.2'

'
!I,, Datum PSL

I oI il w namuu vaun cumn:Afio=
-p r

2j SM Moist TAILINGS, silty, fine to medium sand, trace*

c : o coarse sand, brown,
c : a
( i C Dry unit weight

(97.5 pcf) Stopped at 3.0"c ! a
c ;3 _X3 0 ' 9.9

. _ _ _ _

5

I

i i l

i i

~

l

I I I

! t i

f LOG OF TEST Pli NO. 040

TE 02/18/87
88:kho' T P* INT't, 260.A

Y
. crouNo WATra

D' " " aove i san Lo:.t;on N 58,025.7 E 59.590.8
DRY |2/18/87 Devanen 5028.8I p }|

f 4i ,1 a Da'sm MSL
g

[ e ~t JJ :I J
' * armanu v39,,gawn g, ,

$ [L i i 15P-59 Dry Fine to medium sand, some silt, occasional
:- & fl gravel, cobbles and boulders, gray and brown,,

:+ :. (i PIT FILL.

h:, f.t h D 7.9|
.b w D-

b
u ...

|vN 4
;;,s , C<-

$iC+ .

4 ':sM D
l'' I bI-

|+j ,fl !
+ s:A D 7.5 *

:+ 4

:j .[ ' Stopped at 14.0'
'

15

t

i

sAMPJ TYPE
s - undev%d it c6 s.m i. FIGURE D.4.1.E
o - o itv bed astk s m ai. TEST PIT LOGS D-75



1CJECT SPK-01
L OF TEST PIT ND. 041

8 NO. DATE 02/13/87
Beckhet Type INT'l, 260 4

GeoOND WAT!t
D" f " mue can Locatien N 57 009.7 E 59,762.0

y
3| ORY 2/18/87 Elevation 5048.7 .

} y1 -)s

2 ,5
Datum MSLqi : *

d.g .: (2.,, ,, V1WA1 CLA311picAtlcev

'
0 ( .

c : . SM Moist TAILINGS, silty, fine to medium sand, trace
j j coarse sand and gravel, brcwn,*

c . .

c : .

Dry unit weight( : .

C ? *
. X'O J 10. 2 i (100.8 oef)

| | | |
DLQppsG d; J.U'

I

i

5
i "

i

i

l

i I i

t i i

LOG OF TEST Pf7 NO. 042 ~j
MTE 02/18/87 -

Ba:kho, Typ, INT'L. 260-A
OtOUND WAffit

<i u ... co. I can toca,ien N 57,797.8 E 59.563.1

] [ j 3| Elevatien 5059.2DRY E/15/87

|I
'

L3 y Da,u- sst
._

f! uma viw u e m ..cAtie=.. .,

f 5 ,* Sv Moist Silty, fine to medium sand, trace to some
. . _

gravel to bculders, gray and brown, Pli FILL.
c : . l

[ [ *, w O t 9. 7 Dry unit weight
c : . ' I I (1C8.5 pcf)

5 -

. \c ;
c : . ;
c : . _

Ic : .-
c : . L,,, : 9i
c : . , j

10 c : .

c : .

c : . -

5 ! **Di
c ; . | |

1:
--c;.+ 3 i ,,4 Stopped at 15.0"

-

g
i l

i l i

i i i
i i i

N$ FIGU RE D.4.1.Fs:xs s.-oi.
o .. c, . . ~ e s a s. - e ' . TEST PIT LOGS 0 ?6



>> ECT 5 " -01 LOG OF TEST Pff NO. no
& NO. DATE 0?/18ec7

Senhoe Typ. !NT t occ.a
Grouwo wATie.

mna ,cui un Location N 5F.0BF 8 E se,gg,)j
DRY ?'IE'F' tievation 5100.1

!! } } 3 }}}|
f j ds

""' "5'
anmuu vuu m,,u,,,

[ 3 yO c Moist TAILINGS, silty, fine to medium sand, tra:e
; ; ; gravel, brown.
c : o
. : o

: x; D 12.s Dry unit weight
5 (123.9 pcf)c : 3

C : o
C : 0 *

C
' o

c : o D-

c : o
-

10 (c:- o i

3

c : o
C *' o

Stopped at 13.5'c
. . ,o

.
x . ...-

I i i
13

.
-

,

!

I

I I i
I i i

.,

5

( LOG OF TEST FIT NO. 0:4
TE 02/16157

08NbOfIype YNU! 9co.a
orOUND WAT(R

4 ''"" * o^n Location N 50.? 0,1 E cc c'n R- '' -'-

,y '>/ 3 c ip7 Elevation 5109.4s DPYI [ 9' 11
-

-4
Datum vst

f| r
" ' " v m u e m ,,catiw

0
_ _

j j 5M Moist IAILIN35, silty, fine to medium sand, trace
gravel, brown.c : o _

c : o
c : o

" - Dry ur.it weightc : o --

10. 9 |

5 5 [ $ (314,3 pef)
: ; o
: : .

c ; o
c : o

! #U
10

c : o

[ j $ Rubber and cardboard fragments.*

. : o .

[i .

- : - Stopped at 14.5'y

It

swa ryPt
: - u e ns % <sa u sempt. FIGURE D.4.1.G D-77
o - cios%s sa s mole TEST PIT LOGS



1

l

|
'

W -01p)ECT _ LOG OF TIST PIT No. 045

k NO. DATE 02/19/E7
Seckhoe Typ. INT'L, 260-A

GaCOND WATit
see m evi n Location N 58.279.9 E 60.150.1 ,'

.

I,

}};| 3 3; on zeiser o.. tion s110 a

Daturn MSLj
- '' * mamuu vuurtcumn o no=

0 2 3 ;
S3, Moist TAILINGS, silty, fine to medium sand, trace

gravel, brown.j ~ *

c : o
e : o
C

* o

5 c o - ! ? . oi
_ Dry unit weight: -

' (129,9 pef)c o % 1

C : o
c ! o
c : o

; oa

c o
10 c : o"0,

c ; o
c ! o
c- o

Ik$ m0 I?.6 St0:0ed at 14'
- - - - . - -

%

Y
LOG OF TIST Pli No. 046

,TE 02/1:<=7
08Ckb@e Iype IN*'l, 260.a

OROUND WAT[t
g ''" "C'' * ^ ' Locatien N 55.941.8 E 61,162.6

) I *g lj * 2'"'" o.va,ien ccem e
j Mst.o

Datum

o].
'

t I
i

- .. i. ,,, VtSVAL CLM$mgangen

< p a
q g 9 SV v'IMoist Fine to medium sand and clayey silt, low'

_

A)}40 plasticity, brown.q
13.4,

*c 3 SM Moist Silty, fine to medium sanc, trace coarse sand
c i o + 0 i10.1- and gravel, gray and br:nn,
c . o
C : o
c : o
c ; o
C ; o
c : o
c : om 7 11.4I
c ; o
c : o .

c : o

j2$ : Ste::ed at 13.5'
i I i

'
\ l e

I i

f'

I i

! ! i i

1A.V P'J TYP1
FIGlJo9 0..t.1.H . .. . . . . . . , . . . . . . . ..



.. . . . .. .
-

..

1

DJKT SD"-01 LOG OF TEST PTT NO. ne'
B NO. oATE 0?'!c/87

II'...l. 260-ASe:khoe Type '

caovNo wAtte.

gig,in i peose gutt loc 81 ion b b7 7* bd 3 I b9 092 d<E

) { gf 3| DRV ? '! c /E' Elevation 5133 8
'

a o.,s, est
I n~4

jel .1 il e anunu vusu cann o tim

0 ; [ $ 5M Moist Silty, fine to, medium sand, some clay,non-
* : 3 plastic, brown.
- : o
: : o
c : o
* : XD !! ' Dry unit weight

5
,

5 o (109.3 pcf).

'~ *~

c : o
c : o
c : 0

Clay grades out.
10 $ 5 g yD '

< ,

C : O
c i o Trace coarse sand and gravel
C : o '' '
c : o Stooped at 14.5'z

15 -

, ,

! ! I

I i

i I

1 I i-

LOG OF TEST PIT NO. 0AS

'TE 0?/10/97 -

Ba:khee Type I NT '! 269 A
Gty.;ND WATit

< li m.i. ese i oan Location N 57,557.5 E 60,0E2.9

] [ g{ gg DRY E '! 9 'E 7 Elevation ''129 7
~8 :1 o . , s .n est=

.r. .' |T )
; t ., e ameu viwu em,,:i,iw

( .4 g , th *

s. g.Q 15 L - Sv Moist Fine to medium sand, some silt, trace coarse
* >:is sand and gravel, occasional cobbles and

j:t boulders, yellowish brown and gray.
W{

P
k:iY

j$ i: 4 D P.E _ Dry unit weight
:( k: I (98.8 pcf)-

.x >:
:+ 4-.v.* v
4# 3: =- D

3 f.
:;l

-

1C-
4

;;i

;?; y .;; -

M 4 :

$$I: g _: _jo.& ttooped at 14.0'
,. I |

& AMPLE TYPE
a - uw i,gw sw s.mW FIGU RE D.4.1. I D-79
n _ n . . ~ . .s e . _ . r. . .---



.
..._..,_-...-.r.... - .. ; . . . . . . .

. . . ..

CM- ~0I LOG CF TIST PIT N2, 0a9

>B NO. - DATE 02/19/87
SeCkhee Typ. INT'L. 260-A

GROUND WAttt
se n,. .sovo ein Lo:stion N 57.077.2 E 59.508.9.

I .,

j j y| DRY 2 /19 / * '' Elevation 5149.2 -'

Mst1' 1 o , ,,,,
}r

3 *i vuuAt cu.asvotion* ensuau-

'

P4?-
Q#.1 SP-S* Meist fine to medium sand, some silt, trace gravel,
+ 1

occasional cobbles and boulders, yellowish
,

:4 81 brown.
.

Z^
P.1

5 j$v=-U 6.7 Dry unit weight
C:4 (111.8 pcf)'

.

$ $9
:,:m
; $.a
'

10|N !
W +
+: +::( X-
| h !9 0 Sto:ced at 14.0'7.e
_

15 .

I I

I I I

')
LOG OF TIST Pff NO. 050

02-19-87 .

>ATE
BsCkhoe Type INI'l. 26)*A

.
Ot0VND WA?[t

De '' = | ce { oan Location N 56.a 7.9 E 60.103.9' I,
0# @'10 # Elevatien 51?3.4} I d }|

MSLDatum
,
- '' '' * aumu ymit etis3mentie.

ONN
;A @ 5e-5M Moist Fine to medium sand, some silt, trace gravel,'

? v. occasional ccbbles and boulders, yellowish
j j. brown.
+.- W.
:%,: ?s D 6.9 Dry unit weight

5
$3 (112.2 pcf)v

414, .v4
A:- : Lar;e Sculder D6') St cred at 8.5'4 -

-

10
.

.

I

1 !

LA#Dt.! TYPE
i u-4 .~ vx, t.-v. FIGU R E 0,4.1 J . __
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Table D.4.1 Mechanical properties of Spook site material, Spook, Wyoming

Depth Particle stre distributton
| Site and Sample interval Soll Specific

location ID ID (ft) % gravel % sand % fines USCS descriptiona gravity'

SPK01-031 01 2.5 - 3.0 - 91 9 SP-SM D, poorly -

graded silty
sand

SPK01-031 02 4.5 - 5.0 - 78 22 SM 0, silty sand -

i

SPK01-032 01 2.5 - 3.0 86 14 LM 0, s11ty sand -
i -

SPK01-033 01 2.5 - 3.0 1 79 20 SM D, s11ty sand -
1

4

' SPK01-034 01 2.5 - 3.0 87 13 SP-SM D, poorly -
-

7,
graded slity
sandg

SPK01-035 01 4.5 - 5.0 80 20 SM 0, 511ty sand -
-

SPK01-035 02 d.0 - 8.5 88 12 SP-SM 0, poorly -
-

graded s11ty
sand

SPK01-036 01 4.0 - 4.5 - 82 18 SM 0, s11ty sand -

SPK01-037 02 4.0 - 4.5 1 90 9 SP-SM D, poorly -

graded silty
sand

SPK01-037 05 12.5 - 13.0 87 13 SP-SM 0, poorly --

! graded slity
sand

SPK01-038 01 3.0 - 3.5 - 81 19 SM T. s11ty sand -

SPK01-039 01 2.5 - 3.0 SI 19 SM T s11ty sand -
-
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Table D.4.1 Mechanical properties of Spook site material Spook Wyoming (Continued)

Depth Particle size distribution

Site and Sample interval Soil Specific

location ID 10 (ft) % gravel % sand % fines USCS descriptiona gravity

SPK01-040 01 3.5 - 4.0 - 86 14 SM D, silty sand -

I SPK01-040 04 11.0 - 11.5 91 9 SP-SM 0, poorly --

graded silty
sand

SPK01-041 01 2.5 - 3.0 - 84 16 SM T. silty sand -

SPK01-042 01 3.5 - 4.0 86 14 SM D, silty sand -
-

o SPK01-042 04 14.5 - 15.0 1 72 27 SM D, silty sand -

$ SPK01-043 01 4.5 - 5.0 - 82 18 SM T silty sand -

SPK01-043 04 13.0 - 13.5 - 81 19 SM T, silty sand -

SPK01-044 01 3.5 - 4.0 - 84 16 SM T, silty sand -

1

SPK01-044 04 14.0 - 14.5 - 84 16 SM T silty sand -

|SPK01-045 01 4.5 - 5.0 - 78 22 SM T silty sand -

SPK01-045 04 13.5 - 14.0 - 85 15 SM T silty sand -

SPK01-046 01 2.0 - 2.5 - 46 54 Mt. 8, low plasti- 2.65
city slit

SPK01-046 02 4.5 - 5.0 - 83 17 SM 8. silty sand -

SPK01-046 03 9.5 - 10.0 - 75 25 SM 8, silty sand -

SPK01-047 01 4.0 - 4.5 - 65 35 SM 8, silty sand -

' ,,

_ _ _ _ . _ _ _ _ _ . _ _ _ _ _ _ v
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Table D.4.1 Mechanical properties of Spook site material, Spook Wyoming (Concluded)

Depth Particle size distribution
Site and Sample interval Soil Specific

location ID 10 (ft) % gravel % sand % fines USCS descriptiona gravity,

i SPK01-047 04 14.0 - 14.5 - 78 22 SM B, silty sand -

'i SPK01-048 01 4.5 - 5.0 - 87 13 SP-SM B, poorly -

graded silty
sand

SPK01-048 03 13.5 - 14.0 - 89 11 SP-SM B, poorly -

[
graded silty
sand

3

SPK01-049 01 4.0 - 4.5 - 86 14 SM B, silty sand -

SPK01-049 03 13.5 - 14.0 - . 87 13 SP-SM B, poorly -

graded silty
sand

SPK01-049 04 2.0 - 2.5 - 77 23 SM B, silty sand 2.65

SPK01-050 01 4.0 - 4.5 - 88 12 SP-SM B, poorly -

graded silty
sand

a0 = disposal area soils; T = ta111ngs; B = overburden pile soils.
'

. -- .
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Table 0.4.2 Saturated hydraulic conductivities of Spook site material Spook, blyoming

Depth Compaction Initial Hydraulic
Site and Sample interval 5011 % 200 Test (% ASTM dry density conductivity

location ID ID (ft) type sieve methoda 0698) (pcf) (cm/sec)

SPK01-036 04 4.5-5.0 Pit fill 18 CH 100.7 101.6 1.2 x 10-4
(SP-SM)

SPK01-038 02 3.5-4.0 Tailings 16 CH 88.7 102.4 2.3 x 10-4
(SM)

SPK01-040 02 4.0-4.5 Pit fill 14 CH 100.8 114.9 1.6 x 10-4
(SM)

[ SPK01-045 02 5.0-5.5 Tallings 16 CH 88.8 103.0 2.7 x 10-4
g (SM)

SPK01-047 02 4.5-5.0 Overburden 35 CH 90.6 108.6 2.9 x 10-5
(SM)

SPK01-049 03 13.5-14.0 Overburden 13 CH 90.2 100.9 1.0 x 10-3
(SP-SM)

7020b - 0-40.0 Low- 47 FH 100.0 116.4 3.0 x 10-8
permeability

cover (SC)

dCH indicates constant head permeability.
fH indicates falling head permeability.

bRef. Hydro-Engineering (1987a).

t

.m.
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: T JACCELS ENCHNEERING GRCUP !NC.
"3 .5} A0VANC10 SY171M3 OfVilloN. AL;U U320Ut CM25,.4$

Pace 1ofdBOREHOLE LOG (SOIL)_ .

MLOCATION MAP: $ SITE 1D: 34 d I LOCATION ID:*

L-a SITE COO INATES (f t.): h.

N NW g
GROUND $LEVATION f t. MSL): V/k2s1

q DRILLING METHOD: '' ' 6'J A '*
-

DRILLING CONTR.: blai dre s /J A1 e 3 ~-
Ad DATE STARTED: /de/t 2 i'

/ 2 /<c h ?-'

'TM_ ' N 'Q DATE COMPLETED:
'FIELD REP.:*

.,

I GROUNDWATER t.EVELS
DATE TIME DEPTH (f t.)'

w:mb M|
LOCATICN D'ESCRIPTION U /4 ' M #f ele of dN d e < 9 # #N d .

'
SITE CONDITION c- A * fog a m !-s ' *

:I :! :$ $ slows E
DEPTH !! jj ji h D pgg g gn, .: y U3CS VISUAL CLAS$1FICATION
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57: JACOBS ENGINEERING GROUP INC.
8.j I Aonscio srsit 4 owision, Auvausaout enunoes

BO3EMOLE LOG (SOll) Page2of.E.
,

50 b bl LOCATION ID: MILOCATION MAP: $ SITE ID:

SITE COORD1NpCTES (f t.): N '7 D
w

N- D. E
GROUND ELEVhTION (f t. MSL): M/ le
DRILLING METHOD: 34 " 6 J ,4

DRILLING CONTR.: Af + b ' /s 41erm
DATE STARTED:. /2/r f ra -a <

'
DATE COMPLETED: ' / L/e/r 2.
FIELD REP.: J 4|% '

..

GROUNDWATER LEVELSi

'
DATE TIME DEPTH (f t.)

-

LOCATION DESCRIPTION .

SITE CONDITION

':5 :h :j!
W BLOW 3 $

i $ 10 PER 6in. :y U3C3 Vl3UAL CLAS3IFICATIONDEPTH $$ jo
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.
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r' 4,

?? _e
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N I; JACCSS ENGINEERING GROUP INC.
;m

AcvAHero sisflus NvisicN, Auveut: Avi osu AneN:

BO.'12 HOLE LOG (SOIL) P2G - o*

,

LOCATION MAP: $ SITE ID: Scb M/ LOCATION 10: MI
N SITE COORbl ATES (f t.):

N O E. E

GROUND ELEVATION (f t. MSL): ' M/h-
DRILLING METHOD: 2/ MS 4-
DRILLlHG CONTR.: . 864 N V Ac<::te_
DATE STARTED: /2)c/ 9 A
D ATE COMPLETE (: '/ > /c/f 3'

FIELD REP.: h, W ' '

GROUNOWATER LEVELS> 4

DATE TIME DEPTH (f t.)
l

LOCATION DESCRIPTION
SITE CONDITION

:! :$ ! W Blows $
DEPTH !$ jj ji I C PER sin. 2y USCS Yl3UAL CLA3 31FICATION
,, , =; a. H*I >

**'~\/ r= 17 7 31'i sp <
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! T JACOBS ENC NEERING GROUP INC. '

E .1; AovAncto sys7t:as civisiox. AL3v3v!24Wi c+s2Ance

SOT 12 HOLE LOG (30l!) Page of1
LOCATION MAP: SITE ID: Gb d/ LOCATION ID: M 2_.'

"

^
g,
W SITE COOROJNATES (f t.):

Al' /leN O/R Ei

GROUND ELIVATION (f t. MSL): '
#3 DRILLING METHOD: #5 A
T DRILLING CONTR.: K uh / f her e

k DATE STARTED: I' /M'f1
--

e

' g'~ DATE COMPLETED: bl UP'-
FIELD REP.: TRW '

gg,

GROUNDWATER LEVELS
DATE TIME DEPTH (f t.)

i __

. LOCATION' DESCRIPTION b) 3 O d deM oc^d #( A d 4' %e ido of d- .
I SITE CONDITION *A e /e a m n 6.!!c ' _"

4 - , i .

- * a w5' ti W BLOWS m
"*

DEPTH !$ | ji $ C PER 8in. Ey USC3 VI3UAL CLA 0 31FIC ATION
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?o .p JACOBS ENGINEERING GROUP INC.
-

!
.a, ADVANCID SYSTI'45 DIVl510N. AUU3UIMU2 C0: uncus

SOREHOLE LOG (SOIL) Page o!I |.

LOCATION MAP: $ SITE ID: 8/b I/ LOCATION ID: MC7
N SITE COORblN TES (it.):

M/A
~

f N Al A E '
GROUND ELEVATION (f t. MSL):
DRILLING METHOD: d 5 /1

/ DRILLING CONTR.: f e A 8m / S Aea re#, 4-

DATE STARTED: 12 /,( /r 2 '

DATE COMPLETED: 32./// /r 2
FIELD REP.: T F,Wj '

| GROUNDWATER LEVELS
DATE TIME DEPTH (f t.)

i

LOCATION DESCRIPTION T. J. . %, . c bd %41 ocN ,ed Or' O # ov4 J ele fu ,
SITE CONDITION 6*A f 6a7 **<* n ce .A2* ' ' #

| E ~} J l 4 a'd6

!! Y !! W stow 3 $

*!jj!" fjj $ E) PER 4In. Zj USC3 VISUAL CLASSIFIC ATIONDEPTH' .

; i * >,

|| ff M BOT C)e.y,f,ac he Gmd . & M, C$. M f1
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b
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Bg' ADVANCID SYSTIM:JACOBS ENGiMEER!NG GRCUP INC.
; Clyis1CM, AL*V1tV12'aVI C712 AT',741

| BO32 HOLE LOG (301L) Pagehof d
.

LOCATION MAP: ( SITE ID: 5 a b dl LOCATION ID: c) b
s.-4 SITE COCR61 NATES (f t.):

f gf3 N 8)g'c Njb.

E
j g GROUND ELEVATION (f t. QSL):

) DRILLING METHOD: fM d
' C'l DRILLING CCNTR.: R-4 /J Mme

.i DATE STARTED: f 1/18 /f a
}^ DATE COMPLETED: _12 /<d / r 2
I FIELD REP.:- T NHe'

'

.,

'

GROUNDWATER LEVELS,'

DATE TIME DEPTH (f t.)

|

1

LOCATION DESCRIPTION / 4 ' E cF dm iu r.e ,34 ,e , w , u ej'

SITE CONDITION * CO,u r le .s h e , u ra c' :
'

u < .

?! j! 'j:I F BLOWS E.
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d d,1 JACOBS ENGINEERING GRCUP !NC.r?
a' ADVANCID SYSTI'AS CivisioN, AL1U"AUl}DVI CF12t.r0M5,

BO.7EMOLE LOG (SClL) Pacel_ of

LOCATION MAP: $ SITE ID: fe'c M/ LOCATION ID: eEC
SITE CCORd!NjYES (f t.):W

f' N C, W E A

GROUND ELEVATION (f t. MSL):
DRILLING METHOD: A4*

M T2T DRILLING CONTR.: Ide-/ D ^em"
DATE STARTED: l':/4/ Pb 1

'

DATE COMPLETED: ' 7 7 />r/o'
i FIELD REP.: 7 F- A -

''
,

GROUNDWATER LEVELS
Jff DATE TIME DEPTH (f t.)

{ pm w.he weI|

|

LOCATION DESCRIPTION 1 70 # 5 *ef *8" b "cII 72T l- d c ''d *oa d
SITE CONDITION I, * ! . It4/9 #- Jo um dh 8

u -

d a WM j ti W BLOWS o
DEPTH $$ g |3 $ ID PE R 8 Itt. 2y U3C3 Yl3UAL CLAS3IFICATION
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; JACOBS ENGINEERING GROUP INC.
6 :i ovAncto sysims omsion, Auucumuz c752 ArmsA

BOREH01.E LOG (Soll) Pagebt d
,

LOCATION MAP: $ SITE ID: 5 bb[ LOCATION ID: S I'

l.-4 SITE COORCl! JAYES (f t.):. ON !J! E
GROUND ELEVATION (f t. MSt,.):
DRILLING METHOD: N I A-
DRILLING CONTR.: PoM f M1om >

DATE STARTED:- /s/n/is
DATE COMPLETED: 'i d// /n

FIELD REP.: T R /l . '

GROUNDWATER LEVELS
( DATE TIME DEPTH (f t.)

LOCATION DESCRIPTION
SITE CONDITION

N [h j!
W BLOWS E

'

i $ ID PER sin. *d USCS VISUAL CLASSIFICATIONDEPTH !$ g
-3 ; I * >3,,

' ' ' V Id O 14

M
,

V e ld a R +-1- L,J yg,
/\-

E*'E^b 0*"''YYi $ * b'A O|* M ''|',! '\,Z i f t 't V Q l. t
, . .

ON |1 M EIN kP . Iod # t c. c g ,hfA
,

\I ?O |G % *1Ifu, \

s .. y
- s
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.
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m

C'OIdsiENT S: i/ r > > < '- 8 ' ' A SAMPLE TYPE
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i JACCBS ENGINEER!NG GROUP INC.
S p- } ADVANCID 375TIMS DIVISICN. AL3VGUIMUI CPluT1CNS/ ,.2

BOREHOLE LOG (GOIL) Pagel.of j
,

LOCATION MAP: $ SITE ID:_M_. d/ LOCATION ID: OfS
t t.-a SITE COOTDIN ATES (f t.):,

N E_
GROUND ELEVATION (f t. MSL):4y DRILLING METHOD: 4r4" Hs/

M / DRILLING CONTR.: 6*Ae h/TMNr

WI / DATE STARTED: /t //d / t c '

j.1 DATE COMPLETED:- ' ! zh4 / r >
.a FIELD REP.: *T 9 4- '

GROUNDWATER LEVELS
DATE TIME DEPTH (f t.)-

LOCATION DESCRIPTION #50 ' Al*@ k e'l p* 4 eMe .

*

SITE CONDITION eed/, 4,A f. < A s:c,
.o ,

-

if j *j! y BLOWS $
i > ID PER 8In. 2y USCS VISUAL CLAS SIFIC.ATIONDEPTH != 3o

*! .; .I >- >
,

J e &, l*g3 as.e til| g {9 |f,6$h/ |f' ik lY ATI En*
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A

-
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; y JACOBS ENGINEERING GROUP INC.
ba ADVANCID SY371'A5 DIVISICN, AL3UQUllHilVI CPI 2ATICH3

BOREHOLE LOG (SOIL) Pa g e ._ of

LOCATION MAP: A SITE ID: 17 b d/ LOCATION ID: OU
t-4 SITE COOR INA'TES (f t.):.

N- E
GROUND ELEVATION (f t. MSL): -

DR_lLLING METHOD: 4 N " NJ A
DRILLING CONTR.: ' b I-- f m A'* **
DATE STARTED: /e/o r A '

DATE COMPLETED: '(2//4/t ?
FIELD REP.: TFr,n a

GROUNDWATER LEVELS
DATE I TIME j DEPTH (f t.) |

1
i

l

LOCATION DESCRIPTION .

SITE CONDITION

"! [ d W BLOWS $
DEPTH }} } ji $ 10 PER 6 In. 2y USCS VISUAL CLASSIFICATION

a H*! =r s >,,,
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1"sj JACOBS ENGINEERING GROUP INC.
U 4; ADVANCID SYlf1M5 DIVillCN, AL3U2VIRGUI CPIR AT10NS

,

BOREHOLE LOG (SOIL) Page of3
babfILOCATION MAP: $ SITE ID: LOCATION ID:

SITE COORfNlNATES (f t.): /L-4
N % E Ib
GROUND ELEVATION (f t. MSL): />MC
DRILLING METHOD: trh " # J d
DRILLING CONTR.: .Al=% ere r / _T ,5fer me
DATE STARTED: 13 /t s-/ F A '

DATE COMPLETED: I 2 h4 /f' J-
FIELD REP.: EM e ' '

GROUNDWATER LEVELS
| DATE TIME DEPTH (f t.)i

.

LOCATION DESCRIPTION
SITE CONDITION

N Sf :j$ '$
8 BLOWS $

DEPTH !} jg
.

i 10 PER 6 in. 2j USC3 VISUAL CLASSIFICATION
"3 r i * >f, ,

\/ A .14 %
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/\j
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TAlLE 5-1

SW."ARY CF MTERIAL PROFERTIES

SPOCK PIT

SPT AST71 CCMP PROCTR PROCTR

ERING SAPAE IPA!ED 02487/8 MATERIAL TYPE / Y. Y. LL PL P! I STRGTH MAI D OPT M
NO. TYPE /NO. CENSITY SYM3C(. SAFAE INTERVAL WCI (PCF) (PCF) (%) (%) (%) -8200 (F31) (PCF) (%)

233333 3233323 E.3=323:3 2323:3 332232F2233333333 32324 E=3=233 32323 3 223 33333 EE233 33333 E=ES=3 323E=3 313==3

18N SS-4 VD SP-SM Sand w/ clay
(15'-16.7') 8.1 NP NP NP 9.2- - - - -

Tan sand18N ST-2 - -

(25'-26') 9.7 !!4.8 125.1 - - - - - - -

18N SS-7 VD SC Clayey sand
(35'-36.5') 7.7 . -' - - - - - - - -

300u SS-4 D SC-C1. Clayey sand
(15'-16.3') 18.6 29 29 9 43.5- - -- - -

300u SS-6 D SP-SC Sand w/ clay
(25'-26.8') 9.6 - - - - - - - - -

681u SS-3 M SP-SC Sand w/ clay
(15'-16.8') 18.8 - - - - - - - - -

681u SS-5 M SM-SC Clayey sand
(25'-26.9') 14.8 23 18 5 32.7- - - - -

*

78N SS-2 M SC Clayey sand
(5'-6.6') !!.! - - - - - - - - -

7BN ST-1 SC Clayey sand-

(18'-!!.t') 29.8 113.9 137.6 - - - - - - -

7BN SS-4 M SC Clayey sand
(29'-21.7') 6.5 47.8- - - - - - - -

78N SS-6 VD SC Clayey sand
(35'-36.3') 14.1 25 17 8- - - - - -

829u SS-1 D SP-SC Sand w/ clay

( (g. 1.5') 7.7 - - - - - - - - -

60eu SS-3 D SP-SM Med sand w/ clay
(15'-16.2') 8.7 NP NP NP 7.5- - - - -

S?2ika SS-3 D SC Tan silty sand
36 29 16 38(18'-!!.3') 8.1 - - - - -

Tan silty sandSteaa ST-1 - -

(6.3'-7.7') 7.8 182.9 !!8.1 - - - - - - -

'

Note: See Table 5-!A for an explanation of the abbreviations and the significance of each test.

:

(

[
5-17

I
_ _



i

'l

TAltE 5-1 (CONTINUED)
SLMMRY Of MTERIAL PROPERTIES

SP00X Pli
SPT ASTM CCMP PROCTR PROCTR

BORING SMPLE IMPLIED 02487/8 MTERIAL TYPE / Y. Yu LL PL P! I STAGiH MI D OPT N
NO. TYPE /NO. DENSITY SYM3C(, SAMP.E INTERWL WC% (PCF) (PCF) (%) (%) (%) -l:20 (PSI) (PCF) (%)

$86233 3333333 33333333 333333 33333333333333333 33333 3333333 33333 33333 33333 33333 3333J 333333 33=333 333313

772u BULK Overburden -- -

(3'-43') !!6.4 14.1- -- - - -- - - -

RS47 BULK Overburden- -

(8'-30') 108.8 17.9- - -- - - - - -

382- BLtX
'

Overburden- -

383 CCMP (8'-25') gg7,g g3,5- --- _ __. __. ___

Tan sandstone1203-PT CORE - -

A (80'-84.5') 7.52 !!!.8 129.8 - 131- - - - -

Tan sandstone1228-PT CORE - -

3 (80'-84.5') 7.66 !!4.3 123.8 - 143 -- - - - -

Tan sandstene1909-PT CORE - -

C (84.5'-89') 7.73 !!5.5 125.2 - 98- - - - -

IU!-PT C0FE Tan sandstcre- -

A (78'-88') 8.48 !!6.1 126.8 - 146- - - - -

Tan sandstoneIIll-PT CORE - -

'

693 (68'-98') 8.58 !!!.9 122.4 - -- - - -

Silty claystoneIUl-PT CCRE - -

C (90'-103.5') !!.4 !!8.3 133.5 - 356 - -- - -

PEPd1EA3!LITY TEST DATA

N0!STVRE ORY Z PROCTR

BULX SMPLE CCNTENT DENSITY MID PEnrEA3!LITY

ICENTIP!ER (%) (PCF) (I) (CM/SEC) C0t?ENTS

782u !!.1 199.4 94 2.31 I 18 5 Mixed Overburden Spoil, )

732u 14.1 !!6.4 103 3.33 I 13-* - Pile 723'

722u 18.2 !!I.8 95 3.95 I la-* 5'

RS47 14.5 124.3 96 1.85 I 10-*
RS47 17.9 107.2 99 5.11 1 18-*

3a2-233 9.8 109.2 93 5.24 I la-* Ccapesite Sasple,

382-283 13.5 !!5.5 99 1.20 I 18-* Spoil pile 200
382-323 15.8 112.9 96 1.92 I 18-*

1.!! ! 13-* Undisturbed AlluviusSi20u-Sil 7. 3 182.9 -

Note See Table 5-IA fer an explanation of the abbreviations and the significance of each test.

[ 5-18
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W. Hv,Lc Y UUN6UL I AN I 811\ C.--

e.,e 1 or 1 108s.
DATE sicAN: 4-24-87 102U ,,ggogge,yggg,JJC/AFS.g
D ATE FINISHEDr.- 10' east of 102 hcHEcxtD sY:
GROUND SURFACE EL : - E jyy

E in P E N E T R ATIONELEV. OEPTH SAMPLE
DESCNPTIONIFEET) (F ET) TYPE (BLO S PER F OT) PER INT)

3 10 30 50 20 40

l'-4' tan fine sand t1 | |~ ~

4'-9' light brown slightly clagey sand~ ~

9'-12' sandy-tan liecnite stain~ ~

12*-15' tan clean fine sand5.0

*

B-2' pebble-sandstene-broken- .

2'-11' tan f ren stained sand-ned to fine- _

11'-16' tan clean medica sand

'

- 11.0 driller missed s. ark

_ _. 3-19' medium to c: arse clean to tan sand 19~ ~

19'-20' nedium to coarse sand with coalg parting |
'

15.0
,

20'-21' slightly clagey sand with c:al |
_ _

0-3' cearse sand with 1/2' pebble n~ ~

3'-12' oran'ge br M silty sand~ ~

12'-14' white cearse clean sand~ ~

14*-20.5' orange br:wn silty sandon_n
0-4' cearse sand-clean **- _

- _- 4'-7' slightly clayey sand with carb satl
7'-17' clean brown coarse sand- _

17'-23' clayey sand
_25.0 _ 3.-21' clean dite ud sand _

- .

[ tan sand
~

_

~ ~

30.0

*
0-6' clean coarse sand_

_ 6'-14' silty coarse sand*

14'-17.5' dark becen clayeg sand_ _

w- -

8-3' brown cearse sand 3- _

3'-5' clayeg sand |- _

5'-17' silty br:wn c: arse sand, nothing in ti;_ _

8-3' tan medica to coarse sand'_ M_

3'-5' clayey sand 4/ clay lens.-

5'-10' silty bran c: arse sand
_ _

10'-13' clayeg sand
_

_45.0 33 15' l' lump of c:al, black
!$'-18.5' clayey c: arse sand

_ _

td alluvius-no Sasple- _
-

_ _

50,0 -.

'

,

SA-1

_ . _ _ . . . - . - _ - _ - . - . . - - - - . - - - _ _ - . - _ - - _ . - _ _ . - - - _ - - - . - _ - - _ - . - . - -



. E ! N, (' -|' N ID b YI bO|N b ||
'

Page 1 of 1 1086-35e

4-20-C'DATE BEGAN: 300U FIELD ENCiNitas_ AWJJC'

D ATE FINISHED: Pile 300 N23E 36 5 from bMark. CHECKED 8Y: __ IIh
N E yy vGROUND SURF ACE EL : ,

e PE NE TR ATION
ELEV. OEPTH S AMPLE

5 D E S CRIPTION u R E SIST ANCE WATER CON 1E '
e (eLows PER Foofi (P E R C E N T )(F E E T) (FEET) TYPE

n g D to 30 50 20 40-

- og | |-
.

3-12' med to coarse sand- -

12' l' piece cf gravel and carb satl- -

12'-14' medium to coarse sand i- -

5.0

hit a rock gg
- -

0-16' med to coarse tan sand, trace coal in .

- -

tip- -

sandy? clag lens-driller report
; 3n n q ~

-

- _.

B-l' tan coarse sand- -

l'-!!' dark clageg sand very compacted .

1
- -

1' - _

14 6
top cf sample 3

_ _

_' 2-3' dark clage; sand
_

3'-5' tan coarse sand
_ _

5'-12' datp dark clay
_'20.0 _

12'-la' tan cearse sand
_

'"

17' no recoverg picked up a calcite cemented. g
_ _

sandstene - gravel site
_ _

f
0-2' tan coarse sand

_ _

? 5. 0 2'-6' dark claye; sand
6'-9' sedium clajeg sand 3

_ _

. 9'-14.k' tan c: arse sand
_ _

3-3' dasp coarse sand w/sinor clay- -

3'-B' clage; cearse sand
3n n

3'-19' coarse cand%
- -

6 W

6 m

15.0
- -

D'- W

_ _

40.0
-

,

'
8e m

me w

p 45.0

- _

- W

50.0 -

SA-2

_-_
_ _ . _ _ . .



D b :. ; a . ; I VON Page 1 of 1 1086-B5. *

_

DATE 8tGAN:4-24-87
anRING NO.601U

JJc/AFs* OetD tNciNetR
88 due keR 61, ._.

m ,j
DATE FINISHED: CHECKED BY: - S.4

N E yy yGROUND SURF ACE EL : ,

m P E NE 1 R A TION5
E D E S CRIPTION U RE S LST ANCE WATER CON 1ttELEV. DEPTH SAMPLE

a 18 LOWS P!R FOOT) (P E R CI N1)IFEET) (FEIT) TYPE
a g D to 30 so 20' 40

2'-9' clean coarse tan sand 3 | |
*

. _

9'-11' orange brun scifun to coarse silty sanc
_

11'-13' dark brown sandy clay
_ _

13'-16' tan med to cearse silty sand
_ _

5.0 16'-19' clean white red to fine sand
2-l' clean white med sand ( Mc- _

' l'-9' tan med silty sand, _

i'-!!.5' clean crange brown cearse sand- -

_ !!.5'-17' tan med to cearse silty sand
in - 0 17'-19' white to red sed to cearse sand

,

. _

_ .

,

. -

it n
2-4' tan med to fine silty sand d

_ _

4'-6' cearse carbcnaceous sand_ _

d'-!!' tan med to c: arse silty sand_ ,

!!'-13' white clean aed to c: arse sand -

,

2n.n 13'-1b* dark becen clayey sand

N 16'-19' white clean slightly cesented sand |- - E W
.

2-3' tar, med to fine sand-

*'-7' tan med to cearse sanda.

7'-12' bro n clayey fire sand- _

?" 0 12'-13' brown clay shale

.\s 13'-15.5' tan clayey sed sand 31
_ -

2 4' tan med sanc- -

4'-7' clay state dark bece- -

- -' 7'-10' cran;e bresn c: arse sand
. n 13'-14' r.ad silty sand ' ' *

14'-16' clayey med sand- -

g - 16'-19' silty med to coarse sand- -

,

N 19'-21.5' clayey sed sand- -

2 4' tan med san:p,n
4' 5' blue grey shaley sand
'' 12,5* clayey (stringers) med to fine sand- -
,

~ ~

soil
alluviua

40.0 0 43'
. _ , , , __

,._

0_ e.i

mee m

~ ~

45.0
..

- e..

M M

50.0 -~

5A-3

. - - . . _ _ _ - - . _. - . . - . . _ _ _ _ _ - . --.
.--



UUHiwii voisva i mN I 8 ING PAse 1 or 1 to86-85'

4 "' '* ~ " "DATE sEGAN! "" ' N G '" " " ''

BORING NO. --

D AT[ HNISHED: This hole is 39", S5bW or Hole 702. cHecxto aY: Ih
*

GROUND SURF ACE (L :

h "u 15STAN [ WATER CONTIP
E L E V. DEPTH S AMPLE g,

(BLOWS PER FOOTl (P(M O E NT)
(FE ET) (FEET) TYP1 O e

O E D to 30 50 20- 40

B-B' tai med to coarse sand F t?. | |
- -

B'-8,5' greg clag stringe-- -

8.5'-14.5' tan med to coarse .11') sand- -

14.5'-17' clay stringer in ned sand- -

s.n
3'

6-7' tan med to fine silty sand- -

- -, 7'-!!' darL brwn sandy clay coarse
11'-19.5' bec., clayeg coarse to sed sand |- -

|3nn
.

- -

Sil-scre clage; sand and clag~ ~

15.0 wh

- -

2-3' c arse silty sand- -

3'-6.5' sandy clag poce recovery?-no. rock...- -

<'on.n ___

tw
,.._ -

0-20' tan silty med to cearse sand sitt. clag- -

stringers & siner carbcnaceous sat!- -

sc.n E E "''

a-2' clayey sed to c: arse 5.- -

2'-12' tran sandy clay- -

12'-13' sandstece petble l' med;ed in- --

13' 15.5' sandy clay- -

in n

steckpiled alluvica ba!!ing up
_ _

sand and clag
_ _

1<.n
| si

0 15' trcun sand; clag easily rolled into :ss- -

dia- -

~ ~

46.9 '

sal peretrcseter reading en fact-c:i;a:ted n
_ -

,

- -' soil, 2-3."$ TEI
2 9' sley;t in hole

I
_ _

9'-21' br a n clayeg fine to sed sand
_ _

45.0
TD-

-- -

\ , -

| 50.0 -"
-

-

SA-4

< - - - - _



tiOHMLEY"UONSUL'T AN i 8 INC. ,,,, 1 ,, 1 10, .m

DAf t sicAN:4-25-87 800U pitto (Ncistist: JJG/AFS.

fi[iD ATE FINISHED: This hole is S48E from hole 805 108 feet, cHECKtD BY: _

GT.OUND SURF ACE EL : V/ /-

5 o I P E N E f fiA160 N
ELIV. OtPTH SAMPLE d v Mtsis1ANCE WATER CONil

m (BLOWS PIR FOOT) (PERCINT)(FttTl (FttT) TYPt @
n a D 10 30 so 20 40

n | |y -

- -

8-6' clean white coarse to med sand
~ ~

6'-13' tan med to coarse carb silty sand
~ ""

13'-N' brown clayey cearse sand
,

5.0 , g
. .

8-l' l' dia stedstone' pebble-angular-treken.

t'.6' . tan to butf sil'tg coarse sand'
. .

~ ~
'10.0

.

..

'

coarse tan silty sand- ~
,

_ _

15.0
E

- __ B 2' sandstene frag-l' r/ silty coa n e sand
2'-6' silty coarse sand_ .

6'-7' shale /clag lens- -

3'-14' whitecleancearietome:Jsand- --

20.0 _..

'- ~- 0-6' clayey c: arse sand
6'-14' brown stif f clag s/c arse latd lensas- -

- ""
14'-16' brown grey clagttene

25.0

6 W

e S

30.0
-

6 W

m e

35.0

11 W

p G..I

40.0

,
.

'8e m

e

45.0

- -

u W.i

50.0 -

SA.5

_ _ __



ORMM GOi sv m.1 Tsi v i 6 ifNU.'

r.,o 1 0, 1 10ss. 3

D Af t 8t C ANr'4-24-8 7 BORING NO. 5900U ''tto tNciNEeni AFS/JJC'

CHECKED BY _ N.( [DATE FINISHED: '

N E gGROUND SUPF Act (L : .

D E S C AIPfl0N u (Sis 1AN t WAf t m CON 11EttV OEPTH 5 AMPLt
letOWS PtR FOOT) (P E RCI N T )IFl!T) |FitT) TYPE O o

n L 3 10 30 50 10 40

'3l I
g 3 gj g- -

3'-6' damp dense brown clayey sand, takes higi~ ~

polish when cut
~ ~

5.0
%\

- -

I-16' dry tan silty sand - l' separations- -

,

laminated, n!nce plastic clay- -

10.0 -
,

.s-
.

8-16' dry tan silty sand - l' separations to- .

S' laminated
-

- -

15.0
.--

very fira
B-4' dry tan sitty sand - l' laminated

_ _

_ _

4'-B' brown clayeg sand
_ _ '

on.n __

$-$' dente br04 CIay~ ~

-

- 23.0 ,andstene

se n

.

6 W

M W
g

, _

O

6 W

- p

,

- .u.

4

D.h m

W W

len.n

,--

.
use .x 8

D8W W

45.0
-

m giu

6 .um

W .uu

~

~59 0.

SA-6

- - - - - - -- - - - - - _ - - - _ -- _ - _ _



GUHMLt- Y UON6ut. $ . . ..w. r.3 1 a i 1086-a:.. ; .

* - " 'oaf t sicAN:
BORING NO. 901 Fl[L E NGINE E R t _ AFS/JJC*

O ATE FLNISHtD: CHECKtD BY: _ Idd
GROUND SURFACL EL : *

= 1 PL NE TR AllONm
ELEV OEPTH S AMPLE d v REstSTANct WAf tR CON 11

b illLOWS PER FOOT) (P E R CI NT)(F(ET)
(FI6Ti

TYPE M
| a to so so 20 40

l 1- _

first 25' was gatt.ered as bulk sample - all- -

alluvial sand with einer clay at bettca- -

5.0

- -

.- - ,

- -

10.0
t .

.. -

- -
,

.. ..

. ..

15.0

i
_ _

( .. -

- _

' "

- -
.

7n n

- _ .. .

-

- -

95_n
NSH a splitspoen fer a sample of bett:a satl

_ _

~

[ 9-9' alluvium
_ ,

9'-15' dat; clagey sand
_ _

in o
camp clagey sar.d

- -

- 32.0 camp clasey sand
-

35.0 clay
_ _

- 37.0 less clay mere sans
- -

0 W W 8 .

-41.0 TD
.- -

m W

W W

45.0

_ _

m W

~50 0 ~.

_

SA-7

I
_ . _ _ _ - - - - _ _ -



GORMLEY CONSULTANTH kNu nae 1 a a i 1o86-25
_

oAtt sicAN.4-35-8 7 BORING NO. *000 ' his tN ciN u R -AM

D ATE FINISHED! CHtCKLO BYt k
YhM*

GROUND SURF ACE EL i

w e P L N( T R A TION
RE stST ANCE WATE A CON 11t .

ELEV. OtPTH SAMPLE Y S IP 1 N (BLOWS PER FOOT) (PL ACE NT)
y

(FitT) (Ftti) TYPE O e
n f a to 30 so to ao

i I

8-00' tan coarse lightly cesented sandstone a-

ainer shale, drilled with drag bit- -

ao
.

*
e >

= w

,
e ,

e m

6 W

e p

15.0

_ -

e eu.i

6 W

So_O

..- -

m %3

,. e

.

m W

W D

h b

-

6 m

,

- -

N W

6 W

a n:n

- -
,

*
#e e.a

6 h

45.0
- -

6 W

W W

50.0 -~

SA-8

- _ _ _ _ _ _ _ _ _ _ _ _ _



tiORMLEY CONSUL"l' AN I 6 ING. p.a. 2 or 2 1086M
AFSDATL stGAN: 4-26L87 PT1000 riggo gue;sggn:

CHECKED BY1 Yd (CAT! FINISH [D .

Vfl /GROUND $URF ACE [L
.

h R E SIST AN I WAT(R CONTE(Liv. OgpfH SAMPtt
DESCRIPTION IBLOWS PER 7001) (P E RC E N T)

#!!T) g!] TYPI O o
E D to 30 60 20 40

| I
~[ 3-90' tan coarse lightly cesented sandstene a

siner shale, drilled with drag bit
_ _

60.0
- -

-
- -

,
.. .

65.0
-

- -

- .
,

..

~ ~

70.0

; -

l. - -

,

75.0
- - ..

-

80.0 *
It grey coarse sar.:stene
cee piece 35' ler.;- "'

j
- - cered flushing s/atr only

}
- - cne pinL clay cencretious last one inch

~kk
s m as a m e- _

troutle gettir.; c re out of barrel*'

-g.g:_ ..-

- B:35 p.a. end of c: ring, secured operation at
[ 9:N p.m.

-

-

- W

95.0

...
*.e e.a

MS W

~ ~

100.0

_ ..

- em

- W

~105.0 -

5A-9

___ _ _______



M'(.)1NSUL | AIV i b 110. vaam . .u 2 ic86-85

oaf t stGAN: 4-25-87 PT1001 (NC'N""' JJG/ AFS
_.

' ' " -

BORING NO.
CHICKED SYt N(OATE FINISHED *

bYk*G',OVND SURF ACI EL 1

", a Pt N( T R A T10N
ELEY otPTH sAurtt C D E S C RIP fl0N v Rt5151ANct WATER CON 1tr

(BLOWS PER FOOT) (P L R CI N T)
(F E ET) (FEIT) TYPE @ m

D 10 30 SO 20' 40O E

I I I

8-78' tan coarse lightly creented santstcr.e a- -

einer shale, drilled sith drag bit- -

- e

%.n

.e

*
# W

8e ans

uma esa

.

.

e eau

6 &

6 Suu

.

.

MuS W

e W

'

SA A

.. .

IES W

e W

l 25 n
_ _

6 W

6 W

30.0

.

p.B W

luB Gun.

35.0
-

MIS W

uG W

40,0

-
,

'
e- -

am emi

~ ~

45.0
_

.W W

f u.e eum

~50.0 -

SA-10
i

_ - _ - - - - - - - - - - - - - - - - - - _ - _ - - _



tiUMMLt- Y UUNSUL I;AN I d ING. W 2 a 2 10 %
.

DAf t BtCAN:4-25-87 PT1001. JJ UAFSFitt0 INCINtta

CHICKtD BY1__)D ATE FINISHED: . ,.

CROUND SURF ACE (L t *

w a PLNE1R Af TON
EltV O!PTH SAMPLt d Ri si$ 7 AN C E WAf tR CON 11yIC 'PI8 N
(7ttT) IFit11 TYP1 o e IBLOWS Pim FOOTl (P E RC[ N T)

35.0 f > io so so to ao

I I
_ -

0-70' tan coarse light!g cetented sar.iste.e a
_ _

siner shale, dellled with drag bit
_ _

60.0
t'

..

.-

, - -

~ ~'
65.0

- -

- .

_

76.n
'

j CCRS tan, Yery c: Arse aricsic sand sub roundef~ ~

- -

mere of sas.e- ~

.

3c n

- - ..

-

- 78.0
,

80.0
saw as abc<e (A/A)

-

- -

- 83.0
'

A/A sith oily locking substance near bctt:a
-

- -

- 8 8 . 0 -- --

40.0
A/A with few clay c:ncretious at tcp

- -

- -

- 93. 0 -
~ 9 5 . 0 '"

A/A no clay
_

,

| .- -

-98.0 c: arse sanest:ne centact e/: art grey clay at tcp
~100.0" . tt.en 8' and clag-

_ j\ - fine tan sandstone

fine tan sanest:re inttd v/; rey clay- -

-103.5-
void at 193.5'

.

_

_105.0

L
5A-11

I
---



,

i

Project: DEQ AML 15-3
Job No.: 3947-CM
Client: Hydro-Engineering

9

TABLE 1. SUMMARY OF FALLINC NEAD PERMEABILITY TESTS

SAMPLE NO.

702u Haximum Standard Dry Density - 116.4 pef
Optimum Holsture Content = 14.1%

'
, i

TEST CONDITION HOISTURE CONTENT DRY UNIT PERMEABILITY
We., pef em/seeZ -

Dry of Optimum 11.1 109.4 2.31x10[
e optimum 14.1 116.4 3.02 x 10-8
Wet of Optimum 18.2 110.8 3.95 x 10

RS47 Maximum Standard Dry Density = 108.8 pef
Optimum Moisture Content = 17.9%

\ s

TEST CONDITION MOISTURE CONTENT DRY UNIT PERMEABILITY
% We., pef em/see

f Dry of optimum 14.5 104.3 1.85x10[8
0 optimum 17.9 107.2 5.11 x 10

'

302-303
Composite Maximum Standard Dry Density = 117.0 pef

Optimum Hoisture Content = 13.5%

TEST CONDITION MOISTURE CONTENT DRY UNIT PERMEABILITY
Z Ut., pef en/sa e

'
Dry of Optimum 9.0 109.2 5.24x10[5
8 optimum 13.5 115.5 1.20 x 10 -5
Wet of optimum 15.8 112.9 1.92 x 10

S900u-ST1 Undisturbed Sample

TEST CONDITION HOISTURE CONTENT DRY UNIT PERMEASILITY
Z Wt., pef cm/see

-6
Undisturbed 7.0 98.8 1.11 x 10

.
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Project: DEQ AML 15-3
Job No.: 3947-CM
Client : Hydro-Engineering

TABLE 2. SUMMARY OF LABORATORY TEST RESULTS

Natural Moisture content, Atterberg Limits,I Dry Unic We,
i Sample'No. I LL PL PI pef

102u-SS4 8.1 Non-Plastic.

.

102u-SS7 7.7

300u-SS4 10.6 29 20 9

300u-SS6 9.6 .

601u-SS3 10.0

601u-SS5 14.8 23 la 5

702u-SS4 6.5

702u-SS6 14.1 25 17 8

702u-SS2 11.1

800u-SS1 7.7
,

800u-SS3 8.7 Non-Plastic

S900u-SS3 8.1 36 20 16
,

102u-ST2 9.7 114.0

702u-ST1 20.8 103.9

S900u-ST1 7.0 102.9

58-2
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PARTICLE SIZE ANALYSIS
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PARTICLE SIZE ANALYSIS
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PARTICLE SIZE ANALYSIS
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PARTICLE SIZE ANALYSIS
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PARTICLE SIZE ANALYSIS
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PARTICLE SIZE ANALYSIS
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MOISTURE-DENSITY ANALYSIS .

Proj ect: DEQ AML 15-J Tant cate: 4-29-97

Job No.: 3947-CM Tested ey: CDS
_ _ , . *,

Client: liyd ro-En gi nc e,rin g Test Method: ASTM D-693
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MOISTURE-DENSITY ANALYSIS
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3.5 GROUN0 WATER

3.5.1 Hydrostratiaraohv

This section presents a summary of the hydrogeologic
conditions at the Spook site. Groundwater occurs in two zones
below the Spook tailings site within the Wasatch Formation. These*

two water-bearing units are separated by an aquitard consisting
of a thick, laterally extensive silty shale unit. Locations of '

existing and 00E-installed wells are shown on Figure 3.8. Hydro-
geologic cross section locations and cross sections are shown as
Figures 3.9 through 3.11. t

The upper hydrostratigraphic unit, the upper sand, consists
of moderately cemented, coarse-grained sandstone with minor amounts
of erratically occurring silty shale lenses. This upper unit
varies between 70 and 140 feet in thickness with an average thick-

ness of 110 feet. Groundwater occurs under unconfined concttions
at depths between 85 and 105 feet below land surface, except below
the bottom of the excavated pit where groundwater occurs 30 feet

"below the base of the proposed stabilized pile.

The middle hydrostratigraphic unit, the middle shale, is
composed of a silty shale and functions as an aquitard underlying
the upper hydrostratigraphic unit. This middle hydrostratigraphic
unit consists of between 50 and 65 feet of well-consolidated silty

shales and shales.

The lowu hydrostratigraphic unit, the lower sand, consists i

of moderately cemented, coarse-grained sandstone. This unit
occurs between 160 and 180 feet below land surface and is of-

an urdetermined total thickness. Groundwater occurs under con-
fined conditions and exhibits a potentiometric surf ace slightly
lower in elevation than the potentiometric surf ace of the upper
hydrostratigraphic unit.

3.5.2 Groundwater movement .

The water table in the upper sand ranges f rom 30 feet below
the base of the proposed stabilized pile (existing pit floor) to
near 105 feet below the unexcavated land surface. As shown on
Figure 3.12, this unconfined groundwater flows generally north-
eastward and eastward under a hydraulic gradient averaging 0.007
foot per foot.

-

Groundwater flow within the middle shale and lower sand is
not as well understood, but appears to flow generally south-
westward. These deeper flow regimes are to be more completely
characterized following completion of the proposed second-phase
drilling program. Preliminary calculated hydraulic characteristics
of the three hydrostratigraphic units are presented in Table 3.2.
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3.5.3 Water nuality

Background-water quality for the three hydrostratigraphic.

units has not yet been established. The EPA Primary Drinking
Water .itandards for mercury, nitrate, and selenium were exceeded
by groundwater samples from one or more monitor wells, as were the
EPA Secondary Drinking Water Standards for mnganese, sulf ate, and
total dissolved solids. As seen in Table 3.3, groundwater samples
f rom one existing well exceed the EPA Secondary Drinking Water
Standards for iron and total dissolved solids (TOS), Background-
water quality and the extent of milling-related contamination will
be determined following the proposed second-phase drilling program
and the completion of the analyses of required groundwater samples.
Figure 3.13 shows concentrations of selected chemical constituents
and Table 3.4 lists the complete chemical analyses, by well, for
the initial groundwater sampling.

3.5.4 Water use

One registered well (SPK01-900/ State of Wyeming #617) and one
unregistered well (SPK01-901) are within the designated site
boundaries. These wells are equipped with electric submersible
pumps and are used intermittently to supply water for livestock.
An additional registered well (SPK01-903/ State of Wyoming #19973)
and an unregistered well (SPK01-902) are within the general
vicinity of the Spock tailings site. Well 903 is artesian and
well 902 is equip;ed with an electric submersible pump; both wells
supply water for livestock,

f

- _ _ _ _ _ _ . _
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Table 3.2 Prelimin ., . alated hydraulic characteristics, Spook site, Wycming

__

Test method

Hydrostratigraphic Bouwer-Rice Hvorslev Skibitske Ferris-Knowles C-B-P Mean value

unit well ID (ft/yr) (ft/yr) (ft/yr) (ft/yr) (ft/yr) (ft/yr)

Upper sand
911 62.1 103.4 NA NA NA

912 50.5 ND NA NA NA (3.0x10 4 cm/sec)

913 614.6 ND NA NA NA 318.9

916 820.4 1235.1 NA NA NA
,

917 ND 1662.4 NA NA NA
,

.M
I

915 NA NA 34.6 40.3 ND (3.6x10-5 cm/sec)Middle shale
37.3

910 NA NA 131.5 136.1 244.3 (3.2x10-4 cm/sec)Lower sand

919 NA NA 500.0 2016.9 ND 338.0

NA = Not applicable.

ND = Not determined.

~
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Table 3.3 Exceedences of EPA Orinking Water Standards, Spook site, Wyoming

EPA primary
standard Existing Upper sand Middle shale Lower sand

Arsenic (0.5 mg/1)
Barium (1.0 mg/1) '

Cadmium (0.01 mg/1)
Chromium (0.05 m9/1)
Gross alpha (15 pCi/1)
Lead (0.05 mg/1) 919
Mercury (0.0002 mg/1)
N.itrate (45 mg/1) 911, 913, 916 910

pH (6.5 to 8.5)
Radium-226 and

Radium-228 (5.0 pCi/1)
Selenium (0.01 mg/1) 913, 916, 917 915, 918 919

Silver (0.05 mg/1)
'

EPA secondary
standard

Chloride (250 mg/1)
Copper (1.0 mg/1)
Iron (0.3 mg/1) 900 910911Manganese (0.05 mg/1)
Sulfate (250 mg/1) 911, 913, 916 918 910

To%al dissolved
solids (TDS) (500 mg/1) 900 911, 913, 918 910

916, 917

Zinc (5.0 mg/1)

aProposed.

-39-
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3.6 SURFACE-WATER FEATURES

3.6.1 Spook sita

The Spook site is near the head of an unnamed drainage
channel which in turn is tributary to the generally east-coursing,
intermittently flowing Dry Fork Cheyenne River.

Surf ace runof f in the immediate vicinity of the Spook site
either is intercepted by the Spook pit or flows in several adjacent
ephemeral streams (Figure 3.14). The channels of three such
streams are blocked by stockpiled materials from mining and milling
activities. One of the ephemeral streams previously flowed through
what is now the northeast portion of the pit. The ephemeral stream
due south of the Spook pit flows into the former acid pond where
it is dammed by an overburden pile and a north-south dirt road.
The ponded areas north and south of the pit show no evidence of
overtopping.

The land surface adjacent to the Spook pit is moderately
sloped and is :haracterized by ephemeral drainage. The portion of
the Spook pit containing the tailings lies along an axis perpen-
dicular to a ridge descending from the northwest to southeast.
The elevation of the top of the high wall varies f rom about 5070
to 5160 feet above mean sea level (MSL). The southwest end of the
pit is near the spine of the ridge near the watershed divide,
hence, the pit has little upland watershed tributary to the tail-
ings area. Drainage on the ridge generally is by sheet flow down
relatively gentle (two to three percent) slopes, with little gully

, erosion evident except where the ground was disturbed by mining
activities.

3.6.2 Dry Fork Chevenne River

The Dry Fork Cheyenne River (Dry For'k) is the largest stream
in the Spook site area and at its nearest is about one mile south
at a ncminal bed elevation of 4990 feet above MSL. The -drainage
area tributary to the Dry Fork in the vicinity of the site is
about 140 square miles (Figure 3.15). The Dry Fork stream basin
upstream of the Spook site consists of relatively flat terrain
with some hilly areas in the western quarter of the basin. The

basin is bordered by the Cheyenne River Divide to the north,
Turner Divide to the east, Sage Creek Divide to the south, and an
unimproved dirt road to the west. The stream originates from the
east side of the South Fork Reservoir 12.6 aerial miles southwest
from the Spook site at an elevation of 5432 feet above MSL.
Several smaller streams and creeks such as the Middle Fork, Pine

'

Gulch, North Fork, Brown Springs Creek, Phillips Creek, Martin
Spring Draw, and the Cheyenne River Draw are tributary to the Dry
Fork upstream of the Spock site. One branch of the South Fork
flows into the west side of the South Fork Reservoir which feeds
the Dry Fork. The Dry Fork drains into the Cheyenne River 40
aerial miles downstream of the Spook site.

\
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The U.S. Geological Survey (USGS) maintained a stream gaging
station on the Dry Fork from November, 1976, to September, 1980,

'
three miles southwest of the Spook site (00E,1982a). During this
period, runoff at this station averaged 1.12 cubic feet per second
(cfs) (810 acre-feet per year), ranging from less than 0.28 cfs to
more than 3.45 cfs (200 to 2500 acre-feet per year). The Dry Fork
has extended periods of no flow, particularly during January, July,
and August. No data on historical flows exist for the Spook site;
however, there is evidence of past flooding (100 to 500 years old)
on the Dry Fork. Flood deposits are seen on areal photographs on
the north bank of the Dry Fork 45 feet above the present streambed
level and 15 feet above the floodplain terrace.
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D.3.3 CLIMA1E AND VEGETATION

Climatological data for the region were prepared by Kerr-McGee
Nuclear Corporation for the area immediately south of the site
(Kerr-McGee, 1977), and by Lane et al. (1972) and Ford, Bacon & Davis
Utah Inc. (FBDU, 1981) for the site region. A 50-year rainf all of

24-hour duration would result in an estimated 3.4-to 3.8-inch rainf all
at the site. The average annual precipitation in the vicinity of the
Spook site is approximately 13 inches (FBOU,1981); the range is f rom
7.34 inches to 16.24 inches (Kerr-McGee,1977). Winter snows tend to
have a low water content with f requent winds tending to clear the snow
within a few days. The average annual snowfall from 1951 to 1975, in
the Casper, Wyoming, area was 74 inches.

The mean annual wind speed from a southwesterly direction in
Casper is 13.1 mph with averages in December and January of more than
16 mph (Kerr-McGee, 1977). Data from within the basin, about 15 miles
south-southeast of the site, show that winds appear to be 32 to
37 percent higher and are more westerly than in Casper.

The temperature range is -30* to 105'F with an average temperature
of 44*F. There are 100 to 120 days per year which are f reeze-f ree
(Lane et al., 1972). Elevation of the area is between 5000 and
5300 feet.

The vegetation type f or the area is the sagebrush / grassland plant
community and consists of big sagebrush, blue grama, and western wheat-
grass as the dominant types. Ground cover averages about 40 to
60 percent (Kerr-McGee, 1977). Locally, riparian vegetation is found
only along the Dry Fork Cheyenne River and includes cottonwood and
willow trees.

Natural revegetation of mine spoils has been reported in the area
with an absence of the sage, grama, and wheatgrass, but a preference,

for Indian ricegrass with some wild buckwheat (Kerr-McGee, 1977).
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nlMA10 GRAPHY Of IH[ UNIIED SIAIES N0. 20 (1951-801
(III HAME LISI, SIAIE Of:

WYOMING .

NAMES Allt IN ALPHAUETICAL ORDER

n AI' Si s S T Ata CITY NAME LAT LONG [1, [ Y

NUMBLM NMt1DLR DE GJULG_11.Cf.I l.
t 48 0027 Ar lora 42 44ts 110 56W 6210

*
2 4ft 0540 tt A5 8 ts 44 2 )t8 IOR 03H JR37
3 40 1875 HUITALO BILL 44 3 998 101 1 954 51 %
4 en 1840 Luur 44 33's 101 04ta 4 1'10
5 48 3045 LNCANPMENT 41 %)H IOb 37M 7387

* b 40 3100 [VAf35fOta 41 16f 4 110 5784 6100
7 4H Jn55 Gitti.IBE 44 l i ti 105 2 048 45 %
H 4H l'95 0 bl. l. taitOC K 42 59tl 105 4 764 4118
7 4 98 4065 G8tti.tf IllVER di JJtt 101 2'44 6001
10 48 4110 JACKSON 43 20N 110 4bW b244

It 40 5415 LAt1ARIE 41 Ilta 105 4164 728.8.
12 4 35 *.770 t OVE LL 44 59ta 100 2 418 3037
11 4R I.120 til D B C i taE 8044 48 5-30 S tik 124 6'.70
14 Afg e. 8 % ti l plat ".1 43 25ts 106 17e8 4H40
15 48 b315 MOURCHOFT 44 16N 104 SFW 4275

lb 40 bl.f.O fif tfC ASILE 43 Sita 104 t ill 4 26.5
17 4ft 7JHU I*Olai t t 44 45tl 10ft a ble 4378
1H 4H 7740 til VI.H I Ota 43 Otta 100 2 364 4'154
11 4 el 7840 floc E 58'f t l NGS 43 35ta 101 t ita 63b7
20 48 7910 SAHATOGA 41 27N 106 48W 6790

21 4 fl 0 705 50 tat 14t8CE 44 24 P3 104 21H 4750
22 4 61 H06t0 leef 8ttHH'Ut i 5 43 37ts 1On 1788 4111
23 4 69 U 'I'9 5 I Ultil l NG I ON 42 05tl 104 1 364 4019
24 A ll 7 205 188' I DH 44 Of.to 10 4 3 768 4261
25 48 ibl5 NMEAILANO 42 07N 104 57W 4b38

24 48 9770 NOHLAND 44 OlN 107 58W 4 01.1
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1.0 INTRODUCTION

The Jacobs-Weston Team, Technical Assistance Contractor (TAC) to the U.S.
Department of Energy for the Uranium Mill Tailings Remedial Action (UMTRA)
Project, conducted a radiologic characterization of the Spook uranium mill
tailings site in Converse County, Wyoming. The purpose of the character-
iration was to define the areal and volume extent of uranium mill tailings
contamination at the Spook site in preparation for the proposed remedial
action at the site in 1989. The field activities of this characterization
were conducted from November 20 through 22, 1986.
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2.0 BACKGROUND

2.1 SITE DESCRIPTION AND HISTORY

The Spook mill site and tailings piles are in Converse County, 48
miles northeast of Casper, 31 miles northeast of Glenrock, and 36 miles
northwest of Douglas, Wyoming (Figure 2.1). The site is among rolling
hills at an elevation of about 5100 f eet above sea level in the Cheyenne
River drainage basin. Vegetation is sagebrush and native grades, with
cottonwood trees along the creek bottoms.

The tailings piles are situated on the eastern edge of the Spook
pit, f rom which the source ore for the mill was mined. The surveyed
area includes the tailings piles, the mill yard to the southeast of the
tailings piles, the areas of potential windblown contamination east of
the tailings piles, and the acid disposal pond south of the main site
(Figure 2.2). The tailings piles have not been stabilized, and exhibit
both sheet and gully erosion.

The Wyoming Mining and Milling Company operated on the Spook site.
The site is owned by Richard T. Hornbuckle, Pearl R. Hornbuckle, Kirkvood
T. Hornbuckle, and Brent B. Hornbuckle. Western Nuclear, Inc., a subsid-
iary of Phelps Dodge Corporation, is presently the operational controller
for the property. Sequoyah fuels, a subsidiary of Kerr-McGee, controls
the mineral rights along the eastern boundary of the site.

The Spook upgrader mill became operational in 1962 and ran until
U038 andJune, 1965. Ore f rom the Spook mine averaged 0.12 percent

about 187,000 tons were processed. Most of the ore was acid-leached
and the resulting uranium slurry was trucked 165 miles to the Western
Nuclear Mill at Jef frey City, Wyoming, for further processing; some ore
was shipped directly to the mill at Jeffrey City.

2.2 PREVIOUS SURVEYS

A number of dif ferent surveys were previously performed at the Spook
site under contracts with the U.S. Atomic Energy Commission, the U.S.
Environmental Frotection Agency, and the U.S. Department of Energy.
Surveys were conducted by Oak Ridge National Laboratory; Ford, Bacon &
Davis Utah Inc.; and Mountain States Research and Development, among
others (DOE, 1982; FB00, 1981; ORNL, 1980). Results of these previous

studies, along with additional data collected by the TAC, were utilized
for this characterization.
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3.0 PrTHODS

The characterization ef forts were focused on soil sampling to better
define the extent of tailings contamination on the site. Procedures contained
in Section 10 of the Albuquerque Operations Manual of Jacobs Engineering Group
Inc., relating to field sampling, were followed in these sampling efforts
( JEG, 1986) . In addition, all activities were conducted in compliance with
the Spook site health and saf ety plan and the UMTRA Project health and saf ety
plan (TAC, 1986; 00E, 1986).

3.1 PHYSICAL LAND SURVEY

The physical survey of sampling locations for this characterization
was carried out in two phases. The first phase was a rough survey using
a compass and pacing off distances on foot. After sampling had been com-
pleted, a formal physical survey was performed to tie all sampling points
to the horizontal and vertical control stations established on the Spook
site (Inberg-Miller Engineers,1987). These physical surveys were only
performed for the TAC sampling locations. The locations drilled by

Mountain States Research and Development were, in general, no longer
marked and thus could not be surveyed.

3.2 S0lt SAMPLING AND ANALYSIS

3.2.1 Backaround characterization

Surf ace sampling locations SPK-127, SPK-128, SPK-130, SPK-131,
and SPK-132 were sampled as background locations. All of ,these

locations are within 0.5 mile of the tailings pile, and in the
generally upwind direction f rom the piles. Samples were taken ,at
depths of zero to 0.5 foot and 0.5 to one foot and were analyzed
for Ra-226 and total uranium (converted to U-238).

I 3.2.2 Radiolocical oarameters

In this characterization effort, two different sets of
samples were utilized. First, archived samples from the previous
boreholes of the Mountain States Research end Development (MSRO)
assessment of the uranium content of the tailings piles were
analyzed for Ra-226. These samples were, in general, 2.5-foot
core samples. In addition, measurement results for uranium were
obtained from the MSRD report (00E, 1982). Composite subpile
samples, below the physical interf ace, were analyzed for Th-230
and heavy metals. The descriptions of the composite samples are
as follows:

Location 261 - first 2.5-foot layer below quad A physical
interface (quads are described in 00E, 1982).

262 - second 2.5-foot layer below quad A.
263 - first 2.5-foot layer below quad B.

-7-
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,

264 - second 2.5-foot layer below quad B.
265 - third 2.5-foot layer below quad B.
266 - first 2.5-foot layer below quads C and D.
267 - second 2.5-foot layer below quads C and D.
268 - third 2.5-foot layer below quads C and D.
269 - first 2.5-foot layer below quad D.
270 - second 2.5-foot layer below quad D.
271 - third 2.5-foot layer below quad D.

The second set of soil samples was collected during the TAC
characterization. These samples were collected from test pits
and surf ace locations and were all analyzed for Ra-226 and total
uranium concentrations. Test pit samples were 0.5- and one-f oot
samples, while surface samples were 0.5-foot samples. In addi-
tion, Th-230 analyses were completed for a number of random
samples and for samples where process liquids were thought to be
present. All of the analyses were performed by UNC Technical
Services, Inc. (UNC, 1987).

3.2.3 Radon emanation fraction

Thirty of the samples collected were analyzed to measure the
radon emanation fraction, or fractional-free radon. Twenty of
these samples were taken in the . tailings piles, with the other
ten samples taken f rom the windblown contamination area. These
measurements were made by UNC Technical Services Inc., and Rogers

and Associates Engineering Corporation (UNC, 1987; Rogers, 1987).
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4.0 ANALYSES RESULTS

4.1 PHYSICAL LAND SURVEY

Results of the physical survey of sampling locations are given
for each location in Tables A.1, A.2, and A.3, Appendix A, Measurement
Results, in feet north and east coordinates. The coordinates for the
test pit and surf ace sampling locations were provided by Inberg-Miller
Engineers (Inberg-Miller Engineers, 1987). The coordinates for the

MSRD boreholes (Locations SPK-201 to 256) were estimated f rom the MSR0
report (00E, 1982), and are estimated to be accurate within 20 feet.
The sampling locations are plotted in Plates 1 and 2, Spook Sampling
Locations, contained in the back of this report.

4.2 S0ll SAMPLING ANALYSES

Results of the various radiological and chemical analyses of the
soil samples were provided by UNC Technical Services, Inc., and Rogers
and Associates Engineering Corporation (UNC, i987; Rogers, 1987). Results
of uranium measurements were converted into equivalent values of U-238,
for direct comparisons with Ra-226 ccacentrations. The ratio of Ra-226
to U-238 is simply the Ra-226 results (pCi/g) divided by the U-238 resultsi

(pCi/g).

4.2.1 Background characteriratto.n_o

Results of the background soil sample analyses are provided
in Table A .1, Appendix A, Measurement Results. The average

background radionuclide concentrations were 1.5 pCi/g Ra-226 and
0.82 pCi/g U-238,

4.2.2 Radiological oarameters

Results of the surface soil sample (locations SPK-15, 16,
y

18 through 20, and 101 through 144) analyses are provided in
Table A.2, Appendix A, Measurement Results. Results of the test
pit sample (locations SPK-1 through 14, 17, 21, and 22) analyses,
MSR0 borehole sample (locations SPK 201 through 256) analyses, and
analyses of composites of MSRD samples (locations SPK-261 through
271) are given in Table A.3, Appendix A. Results of the metal
analyses for the MSRD composite samples are given in Table A.4,
Appendix A.

4.2.3 Radon emanation fraction(
Results of the measurements of radon emanation fraction

are given in Tables A.5 and A.6, Appendix A. The average radon
[ f ractions are 0.32 for the tailings samples, and 0.60
l emanation

for the windblown samples.

-g-



.

5.0 SUMMARY'

Based on the results of this characterization survey, the areal and
volumetric extents of tailings contamination on the Spook site may be deter-
cined. The radium to uranium ratios were provided to aid in distinguishing
tailings contamination from mining-related contamination.
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Table A.1 R4diological measurements at background locations,
Spook, Wyoming

North East Depth Ra-226 Th-230 U-238

Location (ft) (ft) (ft) (pCi/g) (pCi/g) (pti/g)

1.00
127 56848.9 58922.5 0-0.5 1.7 -

0.5-1 1.6 0.67-

128 56561.7 58623.3 0-0.5 1.5 0.33-

0.5-1 1.4 0.67-

130 58321.5 58733.7 0-0.5 1.2 0.67-

0.5-1 1.3 0.67-

131 58421.6 58328.2 0-0.5 1.4 1.84-

0.5-1 1.6 1.00-

132 58598.5 57622.3 0-0.5 1.9 4.43 0.67
0.5-1 1.7 0.67-

l 1.5 0.82*
-

Average
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' Table A.4 Results of metals analyses, Spook, Wyoming
,

/

Location Metal results (uq/q)

number Cr Cu V Mn Se As Ba

261 28. 21. 81. 131. 35. <2.0 61 0.

262 23. 16. 144. 97. 14. <2.0 660.

263 15. <10. 66. 112. 39. 2.8 594

264 15. <10. 29. 96. <2.0 2.8 528.

265 37. 14. 65. 103. <2.0 3.8 491.

266 24. <10. 76. 328. 19. 2.6 559.

267 33. 12. 56. 166. <2.0 3.1 556.

268 31. 11. 78. 136. <2.0 3.2 600.

269 23. <10. 49. 136. <2.0 3.1 630.

( 270 24. <10, 86. 142. 17. 3.3 526.

271 23. <10. 39. 135. <2.0 3.0 628.

Zn Pb Cd Hg Fe Mo -

,,

261 19, 24. <0.30 <0.50 1.39 <10.

262 21. 23. <0.30 <0.50 1.19 <10.

263 21. 22. <0.30 <0.60 0.76 <10.

264 19. 21. <0.30 <0.50 0.75 <10.

265 53. 20. <0.30 <0.50 1.48 <10.

266 30. 22. <0.30 <0.50 1.06 <10.

[ 267 48. 22. <0.30 <0.50 1.60 <10.

268 42. 23. <0.30 . <0.50 1.36 <10.

269 35. 24. <0.30 <0.50 1.12 <10.

270 31. 23. <0.30 <0.50 1.06 <10.

271 31. 22. <0.30 <0.50 1.02 <10.

.

O
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Table A.5 Results of radon emanation fraction measurements,

tailings samples, Spook, Wyoming

Moisture
Location Deptha (% dry Ra-226 Enanation
number (ft) weight) (pCi/g) fraction

,

SPK-001 2 11.3 381 0.37

001 3 12.2 395 0.36

001 5 13.3 525 0.34

001 6 14.9 551 0.27

001 8 13.8 464 0.38

001 9 14.3 386 0.26

SPK-002 1 12.5 466 0.21

002 2 11.6 441 0.21

002 4 10.1 414 0.29

002 5 11.3 390 0.26

002 7 14.6 427 0.34

002 8 13.2 436 0.36

002 10 13.7 513 0.39

SPK-021 1 11.5 394 0.29
, ,

021 3 10.1 268 0.37

021 4 10.3 305 0.38

021 6 13.4 390 0.34

021 7 13.8 360 0.31

021 9 14.3 376 0.34

021 10 14.2. 364 0.28

0.32Average -- -- --

r

aDepths are to bottom of one-foot-thick samples,

L
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Table A.6 Results of radon emanation fraction measurements,'

windblown samples, Spook, Wyoming ]

Moisture
Location Deptha (% dry Ra-226 Emanation

number (ft) weight) (pci/g) fraction

SPK-015 0.5 11.54 245.1 0.56

SPK-016 0.5 12.02 39.5 0.58

SPK-018 0.5 10.96 38.4 0.54

SPK-019 0.5 12.66 145.6 0.67

SPK-020 0.5 10.01 121.1 0.61

SPK-101 0.5 11.25 128.8 0.58

SPK-103 0.5 11.80 70.0 0.61

SPK-115 0.5 10.27 40.3 0.61

SPK-120 0.5 13.42 20.4 0.61
,

SPK-123 0.5 11.66 65.6 0.63

0.60Average -- -- --

3
/a0epths are to bottom of one-half-foot thick samples.

i

l

{

[

.

%

4
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Summary of locations and depths to 5 pCi/g measuredl

)
L Table 0.2.2 on the Spook site, Wyoming

-

f
Depth to

East 5 pCi/9_

North coordinate (ft)coordinate (ft)
,

Location (ft)
10'

2.50
60017.6 0.5058132.9 60098.7 0.505 58079.2 60198.2 3.506 58101.7 59960.1 0.507 58023.0 60129.0 5.008' 58023.1 60209.4 2.509 57993.6 59914.4 3.5010 57930.9 60011.8 5.0011 57902.6 60115.5 3.5012 57900.4 60228.6 2.00| 13 57892.8 60310.9 5.0014 58237.5 60364.0 5.00

'

15 58145.4 60408.1 5.0016 58037.9 60400.3 2.00,

17 57921.4 60369.8 2.00
'

18 57805.0 60262.1 >20.0019 57753.1 59692.9 0.5020 56454.2 60381.2 0.00
'

22 58396.3 60492.9 2.00101 58565.9 60472.4 2.50102 58322.5 60632.1 0.00-

|
103 58460.9 60785.9 0.00j 104 58598.4 60939.7 0.00105 58733.8 60594.6 0.00106 58104.9 60794.8 0.00107 58153.2 60993.4 0.00108 58201.5 61287.2 0.00109 58284.8 61583.0 0.00110 58348.3 61850.1 0.00111 58415.6 60865.7 0.00112 58368.3 61139.0 2.50113 58540.5 60598.2 2.00

'

114 57894.3 60899.4 0.00115 57841.0 61199.6 0.00116 57788.2 61500.7 0.00
'

117 57733.8 61122.7 2.00118 58035.7 60609.2 0.00119 57636.6 60866.5 0.00s

120 57465.1 61121.9 0.00121 57293.7 60358.9 0.00
s

122 57537.5 60516.3 0.00123
) 57271.9 60672.6

_124 57011.5J 125
k

'

0-11
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Summary of locations and depths to 5 pCi/g measuredTable 0.2.2 on the Spook site, Wyoming (Continued)

B

North East Depth to

coordinate coordinate 5 pCi/g

(ft) (ft) (ft)Location
10

57137.0 59220.2 0.00
126 58922.5 0.00

56848.9127 58623.3 0.00 |56561.7128 59131.4 0.00
58226.6129 58733.7 0.00
58321.5130 58328.2 0.00
58421.6131 57622.3 0.00
58598.5132 59051.4 0.00
57682.3133 59390.9 0.00
58754.6 2.00 g134
56682.0 59746.9

56551.0 59708.0 3.00 |135

56590.7 59638.1 2.00136

56528.5 59663.0 5.00137
|56437.8 59604.1 10.00138

56399.0 59627.7 1.00139
140 60048.9 2.50

58055.2
142 60241.5 0.00

57288.4 0.00 .143
56945.9 59879.9

58256.0 60124.0 33.50144

58204.0 59991.0 13.00201
202 60110.0 31.00

58276.0
-

203 60020.0 15.50
58224.0

204 60133.0 38.50
'

,

58307.0 23.00205 58243.0 60048.0
206 60152.0 36.00

58318.0 20.50207 58292.0 60055.0

58297.0 60182.0 36.00208

58273.0 60028.0 20.50209

58248.0 60173.0 18.00210

58281.0 59979.0 20.50211

58227.0 60144.0 15.50212

58260.0 59951.0 15.50213

58277.0 60155.0 28.50214

58303.0 59963.0 20.50215

58250.0 60107.0 3.00216

58302.0 60008.0 23.00217
218 6n078.0 3.00

58264.0219 59988.0 23.00
58323.0220 60194.0 8.00
58352.0

221 60145.0 11.00
58371.0 13.50
58411.0 60181.0222

58252.0 60000.0 15.50223

58391.0 60222.0 5.50' 224
225

0-12
f
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Table 0.2.2 Sumary cf locations and depths to 5 pCi/g measured
on the Spook site, Wyoming (Concluded)

.

North East Depth to

Location coordinate coordinate 5 pCi/g

10 (ft) (ft) (ft)

57988.0 59870.0 3.00
226 59849.0 18.50

'

58017.0227 59820.0 86.10
58123.0228 59829.0 58.20
58044.0229 59831.0 60.50
58088.0230 59937.0 28.00

.58236.0231 59943.0 20.50
58213.0232 59949.0 8.00
58046.0233 59780.0 100.00
58051.0

' 58468.0 59937.0 19.40234
235 59949.0 5.50

f 58089.0'
236 59970.0 15.50

58441.0237 60008.0 25.50
58363.0238 60007.0 25.50
58398.0

f 239 59890.0 7.50
58045.0240 59908.0 10.50
58105.0241 59869.0 13.00
58117.0

) 242 59910.0 9.00
58060.0

J '243 59870.0 3.70
58032.0244 59948.0 10.50
58132.0245 59907.0 13.00
58177.0246 59930.0 18.50
58164.0247 59915.0 20.50
58203.0248 59329.0 10.50
58118.0249 59809.0 84.00
58072.0250 59887.0 10.00
58089.0251 59931.0 8.90
58074.0252 59931.0 8.40
58032.0253 59910.0 4.40
58017.0

f 254 59891.0 3.50
58003.0l 255 59797.0 81.00
58021.0256

r

s

0-13
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Table D.2.5 Radon diffusion coefficients for uranium tallings, Spook site, Wyoming

Max. dry Optimum Test As tested Diffusion
density Specific moisture moisture dry density coefficient Saturation Porosity

Sample (g/cc) gravity (% dry wt) (% dry wt) (g/cc) (sq cm/s) (fraction) (fraction)

o

h SPK-01-001 1.87 2.69 13.9 6.5 1.69 2.8E-02 0.30 0.37
'

11.7 1.69 1.6E-02 0.53 0.37
16.2 1.70 2.7E-03 0.75 0.37

SPK-01-021 1.89 2.68 13.8 5.2 1.,70 2.7E-02 0.24 0.36
10.0 1.70 1.3E-02 0.46 0.37
15.2 1.71 2.3E-03 0.74 0.35

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



|-}) . .,|.d| . ?' | st k . ' T k . b . ' ' h. '.C,, - - YD h , *i \ $ f' N ' ' :-. -Y ' ''. Y''''
;

-
.

' , . c. . . , ., ; . . ; ~. ..
*

' .- ,.% ' ,, i.,

'-
.

*.s ': .p .., ,
,. .

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

.. . ..

' *
; . ! ./ - ,.|'. ;t

..,4
.

ss
-

,
.

<,..
.

.
, .. ., .. . , . . -

,

*
, ;.. ..

.
. . . ., , . .

' - -

. . , ..-_..;. . f
..'' . ? .. .

- ' * - = . . . , - ,5
.

.
8,

-
.

., , i ,-
. .

-
-, .

[.

.

- ',
.

. . ;
,

'

c.'
.

c';'. :g.,
.- s-

)
* ' *

,4 , ~; . , , , . . mn- '' . i ; . .f- - - , . . . ; ; *

_-

,,y

''

.,'.':".'....' - . , ' ' . ' ' . ' . . ,.6..'. ..., .'.. x . -

.y
I - .; 1* :, .

. ' .._

. J.. .
., ..,'1 J. s.. .... . . . .

a. , n . - .
. , ..

, .,,.;< + . ' . -

n. <-. J, .:r1 . . ,.

'
. - - s L.

-
. ' . .

....1.'' ' ;.. - , < < . ;-% ' j. G' ' . .f :f %w- ' ' . .. ut.- - . . . . - s. . : -

y. . ' u . . . ; .... +. . ,

;, ' s
'.-

.L.'" We . :L . .u. , '' , ..
- / _ ' .

. . . - 1.,,,

. f. : f ; ' ~. J 3. .3.. . .- ;
-

' ' 7 % ; .. , .' g: ~. _[y
..\- ;

: - e, .*i,...~..,|,f, ; ,_

;
,,A, . f '. ,,| W : - S_'' -

..sg.- '- : m: ;8 .(
. 4 .

.g i . -- ,.s
.- .' - :1

y.

.:,.,1 q ...._J.*, ; - x;. ; c' . ; ' * *
.

, - .4.

.,~ ; . - . >
- en.g

r g ,.s.,. 7,34 . . ..y. . . ~ . . . .- ' u j -;., j . . pe , . , . . . , , c. - , ;,

R
, '. . ... *.c

.

'i. *

..<,. . . . : : . e . . ; ., _ ., .' . <
e - - . -.'g.,.-<-. . . u.,

* . , ,. y* q ,,.
u * .. . i. . s. y. . .s. . . ._.:

~ . . ' * . ; , ' '. %
'

-

..

- p,
,* t.

-

.

' ' . ''I ~ I. . , , . , , .
* i, .,. % ' 4 ;'.;,.,,, .,- +. f ;eq ;s <. : .,.',.(;,-e.*.7 .. , . ' . -

,;. ', . ,},* ' . . ,. . . .' '*'',?
;' .

. - . . , . .: 3
- - ya

*,, , ' p*,
.;

.s ..
.

s,
'

,' s, - f , , , ' ;,,, , . , . , . , ., ,, , ,.
''

- . - '
_

k A $? W
' '

.o :! *** _",a . ' _ . , . ' I. - ,_.'. . * ^ . . . , . ?R,' q'[ ,- [ -- A _ ; - .;-
*' q 3p

A .' ..',s- , . - - . . ,

, ,, . ...'^*.,,, ' , . . , ._ . m

.. ". * . c 1, , .;4..,,- " . .,..s.
- - ; .a f . . ,1 . ,. . , . , , .. *- e. - -

. . .

*
,.

, :.

,~.M ,;
.

.

+
.

. e.

.* Y. t . . ..,a
.q' ? re . .| ., '4- 6 . . _. * , .

,
_ _ _

'

, .._ , ,

5 ' . .; . . . ,,

- ,. . .' f .
^. . , , te,

. . , _. .
' '

- . . . ;
,. . },L

*

' ' . ,.g . .;
. . . .-

*
_.

,,
. - . , . .,;_ . ? -

-

. . .. . ..; . . - - .. .. .. . . - >... , ,
.

.

." . .- , .
- . .- ' . , * . ..;..*,... ' . ,

.

'

.

-

, T,. , _ y, ,e, p .;
= .... *- ,o . . .\ . . - , .;,'

..''.6 _- '
.[* * ' . ;:. :

r. ,, ;.p. i

* .

.' g. .' . .
;.

-

.. ...- .. ;
'

g , [ .,

;..

~ ge ' . _ ~ . . ' , . , * . ' _ * <s ' * . , o,
' 7 ' ; ' ,

- '

f: . . _
.

t-

,

. _ _ '

5_y.. lf . *f[s . L '.fI A .a'' O : R%' -" . f. %.e, ,Z 'A Q+ > : ..h s* y'~ ;. . -
* * *

, ?
. UQ:

a'. -
.

. . . . .
- . ~'c .a.. . ,

'I' .. . .
-

^L
.

, ,

' *

. ~ . . . .

, _.. e
,, 4, p . . , - :s e . . . , . 4 .- 1 - .j - - ,, , . ,.ys+ , .

.
. , ,

..:: ' e . ':. ;4 - A )?; . ;,h + . . . - *
n

- L,
'

4 , *a'.. , %.*c ; Q'; - 9
_ - ', m' ': I 3

~

.y,f^'' % ,,y;
' .v---s . n 'Gs' O;. ;

'- s

f ; ' ' K ^' ' ,: b . . -

| f ,.')-
.

, , . . . , ; .. bs a
. L,[ .. r ";;gi_ -% M.:%. ' .$ ':.;, s ' p '~ / ' .' " . . . -'4^c- o .

, i
;.. 'Q ;n;;fs.,Q.y. y y,pz ~

. 'R . u' ' ;* . ~ .: o'
n . ' .c ~ ; .. ; y. . . ' ' . . ?.-

. ..* '*

.m ,R - .,. 3g 7,,y' ;fQ; z: q ,;M ~ G 7, j. Q ~ ,5.,:._Q .?.a' N ; . .: ~ c ?:.
y .

"m.-.< . ; .
*

r. .z .; -
..\.: . . . , .

. . .

_..;,. u
- . ;p . . y .. e g ,. . ~ . 3. 4;<3:y*- W .;~.. :,n u -- . . . . . .,

_ '; *. ~r - . ; h, t t ., _ .y.f; .;
' '.

.,

. ; -*'n % .i. ; ' ;..,A _ r. .-r.,

. .'3| 3.h , -( .g*i, '

,; I. . Q . ' . '' h[f 3.[, 2M .
_

g?&mmyyn m[y/ o
* ' '' - ~ ~

L.R:; M 9 e m ;r ' . %
wh rfA- g h k Q W |Y f .p M .J. y% %Ms g*$ < ?

-
a

fq.f y;itW-? $, ;;g/y': _ , . . .g...
,.'. h . ) ~i h| || ? | '. ' i jM'+Qh&isi F y W y ;;[ .G ' * i. ? . ,,'' . } . ' ' ' ..f.. .

,h cn .b c . p .. a
.

g, n e;.j y.s ; 9+g a . . .r . ; - , . ;

m 4,...;s ,..;; Q< > g 3 ., . . _ ' . .'O
. y .c. ' .. .a c -

:. y: is y; g9.,,p.,. . ._ e * ar, - u. A c . .. o

a.) y _:s;) y K- % 3;^ ea_ .4. p_
> . . .

h5 y.R
.w ,- +y . &,.9; y R.

F^ y:. y, +;3_., , y y -g ; ;; .n. , . ,

gh.h y n ~.t* y .'. wg -

. & ~., y - - . , + . . . , .; > .' .' .x: > n .-

N;z %, T wN.,jffq.. s% . N h~ & _ s & m , k h, :.
. ? : .

.o, ,h.h_$
.

nt n 4: - n ' '
=

$_.y
.-- .:..

-
'

,
. h , .'

& %f# ~ anq@YW&.JWA - r
f'.h - kkf5 hr' .

. . we4.,w -
.

A g g .'a ,a .y ,

t 9 1 4. g ._. , , fg:. t r.- .f,,5I . - . . . a , . . .

iM * ;:,, e.S

J.N ~ ' N
,

,..$ kW.

-& s;ra> .

~a

e
. ? -

,

s

i

. ,

.~,i,
/. 4 .

*/ ,'4. PS .

I

.--. ;
5

.

' d .( f . . . . . .
,

..
4.

.
. . -

-

# c . p. y -A . - '

..



.

Fr7 JACO35 ElG!N21i!MG
I..

,,7ez / ic/e
gj.4

so. rom eg
l . _o. I

, . < . .

" b , ", - Shc. Ac c p :.o
ve r ,,c

_

-

%%g ugn,fs xe e_.R50iis22ic:

.

K.4k p_3s+
~6cr e.l ol Le 1nde (Gd C ece2:e:Jr. (..Cd E1..a s.Lw & C T

is 1 SG,s M. 5 59,656.6 - Sc%

152. 5 L,4 40. 4 sg, sgg,g
.

.

IC L S L, S L 2. f 59, % 9 3
i

.

t S't SL,5 58. Gb si, 4 2.2. . L

f 155 56,4 L 6. I Ei ,L13.9 - Sc63.5

isL sd, sit. 2. ss , (..f s. 4 -sees|

is7 sc,Les.s se, c32.s -segi

52.9 GG ,5 0 2.5 Si , L 'a . I 5c13.6

. .

.

a us _ -e a .o a _a.% e ',a as
L< > car > 4.<_ b s a-L a

s .r m3 ut. w < . q . le q'^ o t<.s

e - c is,
-

ist s e , ~~m
A h ~(. ,- ti

_ _

'\ :S O ske tl kr, r d e c c u . .% A %'

j

.b 4+._A +, its, - so.,

.



n / t' / (

[l
'

,

I .

SPOOK AC]D POND '

[[, f0

(,e0 c| p

-

)V, _ ,me
v o ' '/a -- '

jg.,{pl, ) e . e> ..,
O

xO ' 2/e7 ur<==-

sax-255 O~

e nier s.c.s.s.
V

,,x-,,, e f o/y f
t'-

o

3 [ f s-427 6 [O s x-,jff/gr @s x-ize sv
i '

- 5"x-'ss Ge SMu
;, -,,b e ==;5,: \\ k

) / '

k\ ( / / -"1 ._,=, }M" Q d''yT1 ) (\ \ $
'

-

._ . e
\\, , J s m is: \O Il

|| {
t

s x-,s, 9 O s n e== 1

\

,x . (~o p ' ~ '''
28 O ;

};m\ >1
v,

N
(R$o \ \~ \)Qk\V

,

s -,-
y :

Q-
\

fjb'\ J/ !f-

3

{ ] Q A m ^'l n (1
m c

_ ...

\



A

-

7

- 5
%1

- '

'
^K

P s,
S

6 |5
~1

D -
K
P N 0

N S g 0i
1

\

O \ 1

\ 5
3 [\ 1

.

P -

K$g
1 jI 1 1 \ .,

- K
P

P 9 S 0S 2

#_ t
5[ 9

D \ -
_. _

. ~

K '
I P

l

S e -

~ C
v o

5 l

F
5 e o

[A
1 r

- , e _ n-K 0- t

'_i
K a

C
P W e

- lS _ a- c

m_ Si

O _

$0

Ms . . 0 I

5-

--

0

1

0 -
30

"
2h 3
-t 2 n n np

e io h o oTi i

d ht t t

~ T a f a a
fe in on noi df i

lo om m m m e
th a a no me t ot et ur tr n t n no o t t s

t o oo x o ob oc b c ec o

.7' f V .

A g _

- -
- - ~ . -

- - - - - ~ . -

0 0 O 0 0 0 0
0 8 G 4 2 0 8
^1 0 O 0 0 0 9
5 5 S 5 5 5 4

* E S h,U h



--

!-# ,

[' cks e, 3b f,(ee'

|
!

SPOOK ACID POND CHARACTERIZATION

DEPTN TH-230 RA-226
LOCATION (ft) (PCi/g) (pCi/g)
======================================
SFK-151 0- 2 3 5

2- 4 3 1
4- 6 4 2
6- 8 4..

8- 10 5
10 - 12 ~3

12 - 14 2'
14 - 16 4
16 - 18 5
18 - 20 3
25 - 27 2
30 - 32 1

35 - 37 600 < 80
'

40 - 42 888 < 80 '

45 - 47 28 < 80
I 50 - 52 308 < 100'

55 - 57 10 < 120
60 - 62 201 < 100
62<- 64 398 < 60,
67 - 69 21 < 60
72 - 74 34' < 107
77 - 79 6 < 80

SFK-152 0- 2 174 371 '

2- 4 29C 111
4 6 226 29-

6- 8 250
.

* '

8- 10 201

SFK-153 0- 2 178 101
2- 4 202 5
4 6 929 12-

6- 8 559
8- 10 761

SPK-154 0- 2 25 45
2- 4 1 1

( 4 - 6 1 1
6- 8 4
8- 10 3

SPK-155 0- 2 179 526
2- 4 208 145
4- 5 238 63
5- 7 195 46
7- 8 158 < 200
8- 10 203 < 180

10 - 13 219 < 120
13 -15.5 1090 < 200

15.5 -18.5 1373 < 200

{
18.5 -21.5 1191 < 200

(
.- - -- -.



_ _ _ _ _ _ _ _ _ _ _ _ _ _
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If -

t

-27 - 29 1015 < 200
31.5 - 34 384 < 60 .

34 -36.5 1034 < 60 .

) 36.5 - 39 113 < 60
'

39 -41.5 87 < 60

i .SPK-156 0- 2 2 2
2- 4 6 2 1

4- 6 2 1
6- 8 4 < 50

'

8- 10 2 < 50
10 - 12 1 < 50
12 - 14 2 < 50

} 14 - 16 2 < 50
! 16 - 18 1 < 50
| 18 - 20 1 < 50

} 25 - 27 1 < 50
,

| 30 - 32 2 < 50
'

35 - 37 1 < 50
40 - 42 1 < 50
45 - 47 1 < 50
50 - 52 1 < 50
55 - 57 3 < 50 .

60 - 62 592 < 50->

"

SPK-157 0- 2 2' 2
2- 4 3 1

4- 6 3 2
6- 8 3 < 50
8- 10 2 < 50

10 - 12 1 < 50
12 - 14 3 < 50

.

14 - 16 2 < $0
16 - 18 1 < 50
18 - 20 2 < 50
24 26 1 < 50-

1 30 32 2 < 50-

35 - 37 1 < 50
40 - 42 3 < 50'

45 - 47 4 < SO

SPK-929 63 - 70 30
70 - 80 2

'

80 - 90 2
90 - 100 2

- SPK-161 0 - 0.5 6 7'

SPK-162 0 - 0.5 15 12
r SPK-163 0 - 0.5 6 7

SPK-164 0 - 0.5 6 6
) SPK-165 0 - 0. 5 20 14
J SPK-166 0 - 0.5 7 7

( SP -167 0 - 0.5 28 31

( _- _ _ _ - - - - - - - - - - _ - _ - -
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f D.3.2 GEOLOGIC SETTING

D.3.2.1 Previous work ,

;

The geology and structure of the study region is covered
by several published maps. U.S. Geological Survey maps by
Hodson et al. (1973), and a series of maps by the Wyoming

| Geological Survey (Case and Boyd,1984a, b, c; Case,1986a-e)'

f depict the regional geology and the engineering geology for
) the state (seismicity, suspected active f aults, and unstable

areas). The Geologic Atlas and Mineral Resources of Converse
County by Lane et al. (1972) provides a series of maps with a
compilation of previous work in the region.

Local geologic and mineral conditions were reported by
Sharp and Gibbons (1964). The mining area, which includes the
Spook site, is discussed in an unpublished report by Pioneer
Nuclear (1978). There are numerous oil, gas, coal, and
uranium resource reports for the region. Most significant

among these are several guidebooks published by the Wyoming
Geological Association, and maps by Harris et al. (1985) and
Stephenson et al. (1984) f or the Wyoming Geological Survey.
Environmental reports by Kerr-McGee Corp. for the Powder River
Basin Mill site (1977) and the NRC's report f or the nearby
Bear Creek Project (1977) provide usef ul characterization of
local geologic conditions.

~

Ref erences for f aults and other structures were found in'

I rnaps by DeBruin (1985), Swenson et al. (1976), Blackstone,

(1949), and Denson and Horn (1976). Site-specific informationA
was provided by Ford, Bacon & Davis Utah Inc. (FB09, 1981).
preliminary study of site area geomorphic conditions with
design for drainage reconstruction was provided in an un-

'

published 1987 report by Hydro-Engineering, the consultant for
the State of Wyoming Abandone* Mine Lands (AML) Program

(1987a).

?
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0.3.2.2 Physiographic setting
,

The Spook site is in the southern part of the Powder
River Basin at the western edge of the Great Plains Physio-
graphic Province (Hunt, 1967), and is illustrated in
Figure 0.3.1. The basin is bounded on the west by the north-
south trending alignment of the middle Rocky Mountains. A

g buried segment, the Casper Arch, forms a gap in the mountains
so that the Wyoming Basin Province, west of the arch, appears
to merge with the Great Plains.

I

Drainage and elevation .

The average elevation of the site is 5100 feet above mean
sea level (MSL) with the surrounding area having a range of
5000 to 5300 feet elevation. The site is near the Dry Fork
Cheyenne River in the upper reach of the Cheyenne River Basin
(Figure D.3.2). The Cheyenne River trends eastward into South
Dakota draining a basin in Wyoming that includes half of Con-
verse County, most of Niobrara ' and Weston Counties, and a
portion of Campbell County. The northern and west central
areas of the basin are drained by the northerly flowing Powder
River and the Bell Forche River systems.

The site is about 32 miles (51 km) above the confluence
of Dry Fork and Artelope Craek which unite to form the

f
Cheyenne River at that point, and about 20 miles (32 km) below
the head of Dry Fork. The Dry Fork basin above the site
drains an area of about 130 square miles. The site sub-basin,

a tributary to Dry Fork, extends through the site to its head,
about 0.75 mile upslope of the site, and converges with the
Dry Fork about 1.5 miles downslope.

,

D.3.2.3 Regional straticraphy

Stratigraphy of the site region, based on logs of oil and
gas wells f rom the Bear Creek and Dry Creek Fields (Wyoming
Geological Assoc.,1981) and f rom descriptions in the geologic
map of Hodsen et al.,1973, is described in Table D.3.1. The
stratigraphic column is shown in Figure 0.3.3.

.
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Where present, Quaternary surficial deposits consist of
Holocene soil with very thin windblown deposits and minor
fluvial deposits in the upland area including the site area.
Floodplain and contemporary alluvial deposits occur in the
major drainages. Typically, Pleistocene sands and gravel
deposits are found in deeper channel deposits.

Bedrock underlying .the site region and most of the
central portion of the Powder River Basin consists of the
Wasatch Formation, a f resh-tater deposit of lenticular sand-
stone with ie.erbedded shale and coal. Meandering channel
deposits of fine-grained sediment with organic shales are
known to persist over many miles and are more predictable than i

the lenticular shales (Kerr-McGee, 1977). The youngest
; formation known to have been deposited in this region of the

basin, the White River formation, has been removed by erosion
along with the upper part of the Wasatch.

Elsewhere in the Powder River Basin, the Wasatch forma-
tion is known for having thick, persistent coal beds. Near
Buffalo, Wyoming, in the western part of the Powder River
Basin, the Healy Coal Bed has a thickness of 220 f eet (Specht
et al., 1979).

* The Wasatch Formation is underlain by the Fort Union
formation, which is very similar in appearance. The contact

;
of these two formations is reported on well logs 10 miles
south of the site at a depth of 480 feet. However, Sharp and
Gibbons (1964) indicate that it may occur at a depth of about
300 feet beneath the site. Both the Wasatch and Fort Union
formations contain coal and uranium deposits which have been
mined throughout the Powder River Basin.

Three members of the fort Union Formation make up . the
remainder of the Tertiary section: the Tongue River, the Lebo
Shale, and the Tullock Members. The nearest oil well logs
have reported the Tongue River Member below the Wasatch; how-
ever, the Tongue River loses its distinctive characteristics
and is described as part of the Lebo Shale Member in the site
region. The nearest mapped outcrop of the fort Union
formation is indicated to be the Lebo Shale Member.

The Cretaceous / Tertiary boundary is marked by igneous
intrusives and volcanics primarily in the Black Hills. One-

notable outcrop there is the volcanic plug of Devils Tower.
There are no intrusives within the basin, and the Tertiary
eruptions are represented only by ash and bentonite deposits
included in the basin sediments.

D-25
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Cretaceous rocks form the bulk of the sedimentary units
of the Powder River Basin with a combined thickness of overi

/ 8000 feet. The thicker sand strata form important oil and gas
reservoirs throughout the Powder River Basin wherever there
are stratigraphic or structural traps. Prominent formations

,

(in economic terms) are the Mesaverde, Frontier, Muddy, and>

Oakota Sandstone Formations.
| Jurassic and Triassic-aged strata account for approxi-

mately 1500 feet of basin deposits, while the combined

I thickness of Paleozoic rocks, f rom Permian to C6mbrian ages,,

consists of less than 800 feet. Precambrian granitic and
metamorphic rocks form the basement complex.

D.3.2.4 Regional structural setting

| The Powder River Basin is both a structural and a topo-

graphic basin. It is bounded on the northwest by the Bighorn
Mountains, on the southwest by the Casper Arch, on the south
by the Laramie Range and Hartville Uplif t, ar.d on the east by

!

the Black Hills Uplift (Plate D.3.1 and Figure D.3.4) . The'

northern extent is bounded by the Miles City Arch in Montana.
.

The Hartville Uplift, like the Casper Arch, is a buried
segment of the middle Rocky Mountains.I

The Powder River Basin is strongly asymmetric, with the
north-south-trending basement axis about 15 miles from the
western edge and 70 to 80 miles f rom the eastern edge. From

I the Black Hills, the basement structure slopes fairly

uniformly westward toward the basin axis where Mesozoic and
Cenozoic rocks have a combined thickness of over 15,000 feet.
On the western edge near the Bighorn Mountains, the Paleozoic
and Mesozoic strata have been folded in a narrow belt of
steeply dipping, locally overturned rocks (Hodson et al.,

1973). Gentle folds within the younger rocks of the basin
trend parallel to the main basin axis.

Precambrian basement rocks, which occur at depths of over
16,000 feet in the Powder River Basin, are exposed in the
surrounding uplift structures. The basement rocks are exposed

- at elevations of 13,000 feet in the Bighorn Mountains, over
7000 f eet in the Laramie Range, and at elevations of 4500 to
5000 feet in the Hartville Uplif t and Black Hills. None are-

exposed in the buried Casper Arch, however.

Structural history
s

Throughout most of Paleozoic time, Precambrian rocks of
' the middle Rocky Mountain region were exposed as islands, as

evidenced by the thinness or total lack of deposits of that

-
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age (Thornbury, 1967). Faulting and uplift were active

processes in the ancestral Rockies during Pennsylvanian and
Permian time. Subsequent erosion of these uplifts resulted in
peneplanal surf aces on the Precambrian rocks in the Colorado

j Front Range and in the Laramie Range. Uplif t and faulting
t

|
resumed by the end of the Cretaceous when the coastal margin

i
retreated f rom the region. At the beginning of the Tertiary,
the Powder River Basin, which had accumulated up to 9000 feet

. of coastal marine sediment, was subsiding at about the same
|
|

rate as sediment was being deposited. Erosion of older
Cretaceous rocks in the uplif ted areas provided the source of!

this sediment (Seeland, 1982; Curry, 1971).
| The Laramide Orogeny, which was named for the Laramie
/ Mountains and affected broad areas of the western United
i

i States, began as early as Late Cretaceous in many areas. How-

ever, there is no evidence for it in the site region until the'

Paleocene (Seeland, 1982). In the site region, the Laramide
Orogeny commenced during deposition of the Tullock Member of

t

I the Fort Union Formation, reached its peak during the deposi-
tion of the upper Fort Union-lower Wasatch, and ended abruptly
before Oligocene time. During Oligocene time, White River
volcanic deposits buried the exposed Precambrian core of the

[ Laramie Range (Curry, 1971). Volcanic activity in the Yellow-
stone area is thought to be the source of the ash deposits and
continued through the Miocene into the Pliocene (Budai and
Cummings, 1984). After the Oligocene, the uplifted areas
subsided causing moderate tilting of the Powder River Basin
toward the west.

In the Late Pliocene, regional uplift resumed and has
continued to the present, leading to a general rise in
elevation of several thousand feet, initiating massive erosion

I and establishing the modern drainage system (Curry, 1971).
)

Raines and Santos (1980) theorized f rom their study of linea-
' ments that deflection of the basin synclinal structure
i occurred after the stream system was established, The

alignment of the surf ace axis of this down warping extends
through the site area. Three sets of joints or fractures that
occur near the site were mapped by Sharp and Gibbons (1964)
and are discussed in detail in Section 0.3.4. Site Geology.s

_ Principal structures ad_iacent to the Powder River Basin

The Laramie Range has the largest exposure of Pre-
cambrian igneous and metamorphic rock in the region. The

metasedimentary rocks are so strongly metamorphosed and

deformed that their age relative to the Laramie batholith and
granitic rocks of the central metamorphic complex is not clear
(Seeland, 1982). Figure 0.3.5 shows the north end of the

]
.

Laramie Range in thrust f ault contact with the Powder River
Basin boundary. A similar relationship exists at the Bighorn
Mountain fault boundary on the west side of the basin,'

f

0-27

E__ _



The Hartville Uplift connecting the Laramie Range and
the Black Hills consists of a pair of asymmetrical anticlines
and the intervening syncline (Seeland, 1982). Precambrian
rutasedimentary rocks exposed here are similar to those found
in the Laramie Range. The uplift occurred during the Tertiary'

and contributed a small quantity of sedimentary material to
the Powder River Basin.

Basement rocks in the Bighorn Mountains were exposed
during the Eocene (Blackstone, 1949). Strong tilting of
conglomerttes indicates uplift continued at least until the
end of the Eocene. The steep, eastward face of the Bighorn
range is a result of westward thrust faulting and is marked by

7 overturned beds and asymmetric f olding along the boundary of;

| the basin (Blackstone, 1949). The Bighorn Mountains are con-
sidered to be anticlinal structures similar to the Vinta
Mountain Arch, Owl Creek Range, and Wind River Range. These
f eatures may have resulted f rom tectonic stresses caused by
eastward movement of the Colorado Plateau crustal Diock toward

) the Canadian Shield during Laramide time. These uplif t and

j basin structures described above, formed as a result af the
north-south compression, were part of the "Wyoming Couple" as
described by Sales (1969).

D.3.2.5 Regional geomorphology

The site region encompasses the Powder River Basin, the
Casper Arch, and the northern Laramie Mountains (Plate

| D.3.1). The Spook site lies on the eastern side of the axis
) of the Powder River Basin and has relatively uncomplicated

seology. The land surface is generally flat; locally, it'

consists of low-relief, rounded hills and ridges forming
drainage divides between sh311owly incised meandering streams.

Geomorphic processes acting on the site region reflect
i the semi-arid climate. Dendritic stream patterns indicate

that initial drainage was little influenced by structure or
variation in rock type. Since the erosion of more than
1000 feet of overlying rock formation, subtle effects on the
drainage system were caused by a broad regional subsidence in
the basin with the axis of the synclinal development trending
north-northwest through the site.

Raines and Santos (1980) have theorized from +. heir study-

of lineaments that the Cheyenne River System predates this
) axial subsidence. There is evidence that streams of this
j system flowed across newly forming sags and became nio r e

incised across the downstream or east side of the surface
axis. The fracture patterns which reflect this stress tend to'

result in some minor control over drainage features. There
are some minor structural folds with anomalous dips, but the-

] o.28
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regional dip is toward the north-northwest and averages about
1.5 degrees. Since the bedding plane contacts are not pro-
minent in the stratigraphy, and where the lithologic types
vary substantially over relatively short distances, the
control of stratigraphy over the drainage syste:n is erratic
and minimal.

There are no slopes in this region which are greater than
15 percent, and none that are susceptable to slope failure
(Case and Boyd, 1984c). The soils are described as dark- and
light-colored soil on upland plains, terraces, and f ans which
are usually moist in some parts during the su=er (BLM,1984).

Soils at the site consist of alluvium and eolian sedi-'

ments. Generally, the soil-bedrock contact suggests an
erosional surface on bedrock with stream-cut channels. The
soil reflects an origin of eolian deposits reworked by
alluvial processes. The soil structure appears as very poorly
developed with only one prominent paleosol in a soil cover
ranging from three to 30 feet thick over the subbasin. Thin
deposits of windblown sand are on some slopes but are more
indicative of the disturbed area than is found locally in
natural areas. Windblown deposits are c o=on in the North
Platte River valley 30 miles south of the site, but show
little influence in the rolling upland surface of the site
area.

Fluvial processes constitute the main geomorphic controls
on the landscape. The alluvial fill within stream channels
reflects cycles of deposition and incision during the Quater-
nary. The regional geomorphic process of stream aggradation-
degradation cycles will continue to be the main control on

( landform development in the Spook area.

It is thought that most of the drainage development
occurred as a dendritic pattern across the basin interior in
Late Plio;ene which was incised by a major uplift that
resulted in removal of several hundred feet of younger
sediment (Raines and Santos,1980). The young appearance of
the soil indicates it is probably less than 10,000 years old
and suggests that the regional relief was stabilized during
Pleistocene time.

1
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D.3.4 SITE GEOLOGY

The exposures of bedrock and surf ace features are shown on Plate
0.3.2. Geologic cross sections showing stratigraphy and structure are
presented as Figures 0.3.6 and 0.3.7. The plate and figures were
developed from field reconnaissance, borehole logs, aerial photographs,
and from previous work of Sharp and Gibbons (1964) and Pioneer Nuclear
(1978).

The disposal site is at the bottom of :he Spook pit. The
sandstone bedrock wall of the pit (80 to 100 f te' high) is vertical

| with no evidence of instability due to f racturing or slope f ailures.
\ Bedrock is overlain by four to 30 feet of soil and is exposed only in a

few places on the surface along the drainage divide and in the lower
j drainage area as well as in the pit. The Spook pit is at the south

l side of the small west-to-east drainage basin, extending from the
drainage divide to the lowest part of an ephemeral stream basin. The

pit presently crosses and intercepts the drainage channels.

The most significant geologic feature of the site is a very
shallow synclinal structure whose axis is also the surface axis of the
southern Powder River Ba in. Sharp and Gibbons (1964) also show
f ractures associated with this flexur e (Figure D.3.7). Although these
authors have presented these as faults on the cross section, they have
also defined them as crestal tens'en f ractures and surficial breaks
with no offset. Since there is no evidence for offset, these features
are considered in the RAP as joints.

The features are difficult to recognize in the field; however,
they are easily seen in an enlarged site photograph. Their reflection
of bedrock joints through the soil cover suggests Holocene activity.

One of these joints northvest of the Spook pit is on a N 45' W
trend which, if continued, would intercept the south end of the pit

[
approximately 100 f eet f rom the tailings pit disposal site. However,
the joint trace's nearest visible approach to the site is about
800 feet; it appears intermittently along a single straight-line trace
about 3000 feet lor,g. The pit wall area in line with the joint trace

h does not show any evidence of jointing or of f set. There is a small,
filled channel near a likely interception point; however, its

10-foot-deep soil filling shows no dissection of the visible bedding.

{
There is no apparent disturbance of the rock strata in the pit walls at
this or any other point.

'

,

The nearest approach of the next closest joint set is about
2600 feet northeast of the disposal site shewing the same N 45' W
trend, but appearing as a 300-foot-wide zone of parallel lineations.
This set of joints appears to terminate at the subbasin drainage
3J00 feet due east of the site where bedrock outcrop shows medium to
closely-spaced jointing. A third joint set lies further to the
northeast.

_ - _ _ - _ _ _ _ _ _ _ _ _
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The joint pattern of the site appears to be part of a broader

pattern associated with the synclinal trend. Raines and Santos (1980)
studied a regional pattern of fractures based on computer enhanced
satellite photographs. The alignment of the overall pattern allowed
them to plot the surface axis through this region. Figure 0.3.8 shows
the lineaments of Raines and Santos plotted relative to the syncline
surface axis. The three joint sets closest to the site are highlighted.

The site area is underlain by the Eocene Wasatch Formation, a
( buf f-colored arkosic sandstone with lenticular deposits of conglomerate

and siitstone, interbedded with carbonaceous shale cnd coal (DeBruin,
1985). Channel fillings of shale, mudstone, and coarse conglomeratic

j sand are exposed in the pit walls. Petrified wood ' log jamt" are
t erposed in the small drifts off the pit area. The attitude of bedding

within the sandstone unit is distorted by irregular microstructures
neer channel fillings which result f rcm dif feential consclidation of

[ the fine-grained sediments and also by cross bedding and cut-and-fill
depositional structures. The best indicator of the overall general
attitude of bedding is the upper contact of a thick sbile-siltstone

( unit that underlies the pit. This 75-foot-thick shale unit was
encountered in test borings beneath the irregularly surfaced pit bottom
(elevation 5010 to 5030 feet), and apparently forms an aquiclude at

[ this horizon. This unit has been mapped in a cross section by Pioneer
Nuclear, Ins. as continuous to the north with a slight northerly dip.
The unconfined water table will be 30 feet below the tailings pile.

Because of the moderate thickness of the Wasatch Formation and the
slight regional dip of the bedding, the Wasatch is exposed for many

[ miles north and south of the site. The nearest outcrop of the under-
L lying Paleocene-aged Fort Union Formation is about four to five miles

east of the site.

D.3.5 MINERAL AND OTHER RESOURCES

Information on the history of mineral resource development at the
Spook site was obtained from published articles of the Wyoming Geolo-

[ gical Association Guidebook (1976); the Geclogical Survey of Wyoming
(Lane et al., 1972) and Environmental Reports and Engineering Assess-
ments compiled by tne U.S. Nuclear Regulatory Commission (NRC) and the

{
U.S. Department of Energy (00E).

Known economic mineral deposits in the Spook site region include
uranium cres, coal, oil arJ gas, and other nonfuel metallic mineral

( resources. Of these, only uranium has been exploited in the site area.

[

[
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O.3.6 SEISM 0 TECTONIC SETTING

The site lies in a relatively stable basin within the Middle Rocky
Mountains structural province. The surrounding structures are Laramide
uplifts and basins. The structures, f aults, and earthquake epicenters
for the site region are shown on Plate 0 . 3 .1. In this region, the
Laramide Orogeny did not begin until the Paleocene and ended abruptly
before Oligocene time. Vertical movement amounted to 10,000 feet of

{
uplift in the Laramie Range and 14,000 feet of subsidence in the Powder
River Basin (Love,1960). The Laramide Orogeny resulted from eastward
movement of the Colorado Plateau subplate resulting in a north-south

r compression in the Central Wyoming region. Uplif t was accompanied by
[ eastward thrust faulting at the uplif t basin boundaries and synclinal

down warping of the basins. Faulting continues to the present in the
uplif ts while the basins are typically stable (Sales,1969). Broad,

( gentle synclinal folding has occurred in the Powder River Basin and
other central Wyoming basins during the Pleistocene (Raines and Santos,
1980; Eaton,1979; Love,1960).

The seismotectonic source region, as defined by Algermissen et al.
(1982), is used for the study. The authors have assigned a separate
seismotectonic province to the Powder River Basin, which is bordered onr

[ the west and south by the middle Rocky Mountains source region and on
the east by the Black Hills Uplif t Province. Smith and Sbar (1974)
show this basin is outside the Western United States Seismic Pr:

[
and separate from the Middle Rocky Mountain Prevince.

Case (1986b) has mapped suspected active faults in Wyoming. Plate

[ D.3.1 shows these normal faults trending east-west in the area west of
L the Casper Arch and northeast-southwest-trending in the Hartville

Uplift.

[ Gable and Hatton (1980) indicate that the site region has
experienced an average rate of movement of less than one meter per
10,000 years over the past 10 million years, a lower rate than most

{
regions in the Rocky Mountains. This is based partly on displacement
of f aults in the Hartville Uplif t south of the site region which has

been on the order of 500 to 1000 meters. Also, approximately 1000

[ meters of displacement has occurred in the Sweetwater Arch of the
L Wyoming Basin west of the site region. Some of this movement may have

occurred within the last two million years.

[ The largest recorded earthquakes for the Powder River Basin
occurred in 1967 and 1984, with magnitudes of (Me) 4.5 to 5.1,

respectively. These were in the central part of the basin at a dis-

E tance of 57 km to 120 km north of the site (NGDC/NOAA, 1986). The

largest recorded earthquakes in the surrounding uplift structures'

M =5.5 that occurred in 1984 on the west side of theincludes an L

r Laramie Range at a distance of 52 km f rom the Spook site, and the 1894
M 5.7) 66 km fromL earthquake near Casper, Wyoming, of MMl= Vill (or L

the site. The most seismically active areas are in the north end of
the Laramie Range; the Casper Arch, near Casper, Wyoming; and the

[ frontal fault of the Bighorn Mountains. Of these locations, only the

[
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Uranium,

Uranium deposits in the site region occur in the upper sandstone
units of the Paleocene Fort Union and Eocene Wasatch Formations.
Smaller, less extensive deposits occur in pre-Tertiary rocks. Uranium
in the Wasatch Formation has been mined extensively and explored on a
north-south trend for miles on either side of the site. Exploration
and development activity which surged in the mid-sixties reached a peak
in 1969, and maintained a modest level through 1975 (Glass, 1976).
This level of activity has gradually declined so that at present, only
one of the open pit mines throughout the Powder River Basin is pro-
ducing by in-situ processes (Figure D.3.9). This last open pit mine is
the Highland Mine and is 12 miles southeast of the site. Bear Creek
Mine, just three miles northeast of the Spock site, has recently
proposed to conduct heap-leaching operations (GSW,1987).

Kerr-McGee has delineated an ore body adjacent to the Spook site
which extends beneath the Hardy property to the north. The possible
impacts resulting f rom encroachment from operations bcrdering the Spook
site are addressed in Section D.3.7.2.

.

Coal

'

The oldest coal-bearing strata identified in the basin are in the
Mesaverde Group. Fox Hills, and Lance formations of Late Cretaceous
age. The aerial extent of the Cretaceous sediments define the coal-
bearing region of the basin; however, the thickest and most important

coal beds are in the Fort Union and Wasatch Formations of 7ertiary
age. Individual coal beds range in thickness f rom 50 to 100 feet (15
to 30 m) and realistic estimates of quantities are repcrted to be
several hundred billion tons (NRC, 1977).

Coal is currently being produced f rom open-pit mines in the Spock
site region, the closest of which is nine miles (5.6 km) northwest of

: the site in Sections 10, and 15, R.73W, T.38N (Figure 3.9). The coal
. deposits, which were discovered in 1972, range f rom one to 2.5 feet

(0.3 to 0.7 m) in thickness at depths of 53 to 293 feet (16 to 89 m)
(NRC, 1977). During characterization of the Spook site by the DOE,

( thin (0.5- to one-f oot) coal beds were encountered at depths of 110 to
120 feet (33.5 to 36.5 m) . These discontinuous coal beds which were
encountered below the water table are most likely not the 'H coal of
Wegermann" described by Sharp and Gibbons (1964) as extending beneath
the Spook site (Figure 0.3.7). Glass (1976) has not included the Spook
site within a potentially strippable coal resourte area. It appears
that the small amount of coal present is of no economic value.

[
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Oil and gas

The history of oil and gas development in Converse County dates
back to the late 1800s (Lane et al.,1972). To date, as many as 30
separate oil fields have been developed and total production has
exceeded 150 million barrels of oil. Most of the oil and gas in the

Powder River Basin is contained in clastic sandstones and siltstones of
Cretaceous age (Lane et al., 1972). The most important producing
fields in the region are the' Big Muddy, South Glenrock, South Cole
Creek, and Cole Creek fields, which have accounted for 90 percent of
the total production in Wyoming (Lane et al., 1972).

Figure 0.3.10 shows the Spook site relative to the local oil and
gas structure. The fields along the western margin of the basin where
dips are steeper, are predominantly associated with closure on
structural traps. Oil traps on the eastern margin, where dips are
less, are predominantly stratigraphic in nature. Occurrences of oil
and gas are aligned roughly parallel with the northwes't-southeast
trending basin axis. The Brush Creek Field is the nearest producing

field relative to the Spook site, 3.5 miles (5.6 km) to the southeast.
Potential oil and gas resources have not been discovered in the site
drea to date. '

Other mineral resources

Numerous scattered deposits of metallic mineral resources
including copper, tungsten, chromium, and iron occur in the Laramie
Mountains 100 miles to the south of the site. These deposits are
primary in nature and are associated with granitic igneous and mafic

[ metasee mentary rocks of Precambrian age. Besides the resources
discussed above, there are no other known resources in the Spook site
area (Lane et al.. 1972).
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Casper activity is considered within the 65-km site region (NGOC/NOAA,
1986). The closest epicenter to the site is an M 3.0 (M%I!!) at aL
distance of 35 km southwest of the site.

The seismic activity in the Powder River Basin appears to lie
primarily near the boundary between the basin and the surrounding
uplift structures. Hidden frontal faults that have been identified
near the Bighorn Mountains are also associated with seismic activity
(Hinrichs et al., 1982). Alignments of epicenters hear the basin
boundary at Casper suggest that hidden boundary faults are also the
source of the recorded seismicity at this location.

The only faults with surface expression which have been mapped as
suspected active faults are in the Hartville Arch south-southeast of;

the site, and in the Wyoming Basin region west of the Casper Arch
(Case, 1986b). None of these are within the 65-km (40-mile) radius
site region. The hidden faults which bound the Powder River Basin and
the northernmost mapped active faults in the Hartville Uplift are
expected to account for most of the felt motion at the site.

Studies for dam sites in Wyoming by the U.S. Bureau of Reclamation
have assigned magnitudes of M =6.5 to 7.0 for the Wind River Fault in

3
the Wyoming Basin and random Maximum Credible Earthquake of M =6.5t
for the Middle Rocky' Mountain source. Both of these features are
located at suf ficient distance f rom the site to preclude significant
impact from associated seismicity.
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$ Review of seismic data for the Powder River Basin

An epicentral compilation for use in derivation of
seismic parameters for the site region was obtained for this

' study from the NGOC/NOAA (1996) earthquake data file. The
complete listing is presented in Addendum 01 of Appendix D.
The compilation search was conducted f or a radius of 320 km
generally between latitudes 102* to 109' West and between
longitudes 40* to 46' North, covering western Wyoming and
portions of Soutn Dakota, Nebraska, Colorado, and Montana.

Tables 0.3.2 and 0.3.3 were compiled from this list.
.

Table 0.3.2 lists instrumentally-located earthquakes (since
1963) of magnitude 4.0 or greater. Table 0.3.3 lists
historical earthquakes of Intensity III or gruter prior to
1963.

The nearest epicenter to the site is M =3.0 at a 35-kmt
distance positioned southwest of the site near the boundary of
the basin. The nearest macro event is an Mo=4.8 occuring
north of the site within the basin at a distance of 57 km
(35 miles). Only four epicenters have been located within the
65-km (40-mile) site radius, one of which may be a duplicate.
Beyond the 65-km (40-mile) site region and within the Powder
River Basin proper, there are only four other events in the
magnitude range 4.3 to 5.1. None of these events appear to be
associated with a specific known fault.

The largest event within the 200-km (124-mile) radius is
the historical 1897 event of MMI=VII (approximately equal to
M =5.7) in the Casper Arch at a distance of 66 km
t

(41 miles). The largest instrumentally-recorded event (since
M s5.5 event in 1994 at a1953) within 200 km was an t

distance of 92 km f rem the site in the Laramie Range south of
the site.

Areas in the region surrounding the site that have been
associated with recurring seismicity are: (1) the north end

( of the Laramie Range, centered B0 to 90 km due south of the
site; (2) the Hanna Basin, about 175 km southwest of the site;
and (3) the eastern Black Hills of South Dakota,160 to 220 km
northeast of the site. The greatest earthquake f elt in the

[ site region is the 1959 magnitude 7.7 earthquake at Hebgen
Lake, Montana in the Yellowstone Park region, a distance of
about 300 miles, and a subsequent af tershock of magnitude 6.4

( in 1975. The estimated acceleration from this event, felt at
the site, would be <0.019

[
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Eault description

All known mapped faults within the site region and
structures are shown in Plate 0.3.1. Based on patterns of
recurring seismicity and occasional mapped faults dissecting
Tertiary sediments, it is apparent that a buried system of
boundary faults separates the Powder River Basin from the
surrounding uplif ted structures of the Middle Rocky Mountains
(Big Horn Mountains, Casper Arch, and Laramie Range) and the
Black Hills and Hartville Uplifts. Faults mapped at the
surf ace along the Rocky Mountain's f ront occur either at the
contact of Paleozoic rocks along the Powder River boundary or
between this boundary and the basement axis of the basin, a
zone about 15 miles wide.

This southern boundary of the basin is marked by a zone
of thrust faults along the north side of the Laramie Range.
These faults translate into normal faults with increasing
distance away f rom the outcrop of Paleozoic and Precambrian

f rocks of the uplifted structure. One of these faults is
depicted in the cross section shown on Figure 0.3.5. An
inferred buried fault is mapped abng the trace of the Basin
boundary extending parallel to the Hartville Uplif t (Hodson
et al.,1973) and indicates that a similar extension could be
inferred for the southerri Black Hills boundary.

Based on historic seismic data, recent 00E f i e-1 d
reconnaissance, and the work of Case (1986b), five fault
groups have been identified. The crustal lineations identi-
fled by Raines and Santos (1980) are considered lineaments
associated with the synclinal flexure which passes under the
site. The five f ault grou;)$ are shcwn on Plate 0.3.1 and are

[
described as follows:

,
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fault Group 1: Kaycee, Wyoming, fault group. This group
of three parallel f aults lies along the boundary between
the Casper Arch and the Powder River Basin. The longest

| mapped segment is seven miles long (Hodson et al.,1973)
and is approximately 60 miles f rom the site. The ept-
center of a 1965 earthquake lies in line with this trend
eight miles southeast of the mapped fault. This is
considered to be a capable f ault based on the apparent
associated seismicity although there are no reports of
offset of Quaternary deposits. Blackstone (1949) de-
scribes the faults as a transverse zone that separates
the middle and southern segments of the Bighorn Mountains
and enters the Powder River Basin. Exposures of
Precambrian rocks are limited south of this zone.

Fault Group 2: Edgerton, Wyoming, Fault Groups. Two
groups of 25 east-west-trending f aults are approximately
centered on Edgerton, Wyoming. These faults are short
segments at right angles to the boundary of the Powder
River Basin. The longest segment is mapped by Hodson
et al. (1973) as being seven miles long at a distance of
35 miles from the site. No historical or instrumentally-
located earthquake epicenters are thought to have been
directly associated with this group and there are no

t
reports of of f sets of Quaternary deposits. The f aults

( are suspect, however, because they are positioned on the
Casper Arch-Powder River Basin boundary. On this basis,
the faults are considered capable.

Fault Group 3: Casper Vicinity faults. The only mapped
faults in this area are the east-west frontal thrust

| f aults of the Laramie Range. However, the epicenters of
l several earthquakes are well north of these faults

between the basin axis and the bread bulge of the basin
boundary. For the purpose of this report, it is assumed
that a buried system of capable faults runs parallel to
the basin axis trending north-northwest, with segment
lengths not exceeding 12 miles. The nearest approach to

( the site is 22 miles,

fault Group 4: Deer Creek Fault. This fault system
consists of a system of east-west-trending thrust f aults

( that mark the boundary of the exposed Precambrian rocks
of the north end of the Laramie Range and coincide with
the alignment of the southern boundary of the Powderr

[ River Basin. None of the segments dissect Quaternary
alluvium. The inferred trace of the thrust fault is
mapped as a normal fault in the vicinity of Douglas,

( Morton, and near Lance Creek, where the fault turns
northerly with the basin boundary. This system is
considered to be noncapable. Nearby seismic activity is
considered here to be attributed to fault Group 3.

[
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Fault Grouc 5: Lance Creek Fault Group. Lying near the
Powder River Basin boundary, this group of three normal
f aults appears to be a transition between the northeast-
trending Hartville Uplift and the north-trending Black
Hills Upitft. There have been only two earthquakes
recorded near the trend of the two short easterly faults,
both in 1964 with a magnitude of 4.5. The closest

, approach of these faults to the site is about 56 miles.
The maximum segment length of this fault group is 12
miles.

Another fault which may be considered part of this
group, is a 38-mile-long, north-northeast-trending fault
listed by case (1986b) as a ' suspected active fault."
This is the nearest fault to the site, at a distance of
95 km, so designated by Case (1986b). The trend of the
fault is diagonal to the trend of the Hartville Uplif t.
Earthquake epicenters have not been directly associated
with this fault but are located in the vicinity.

The assessment of the maximum earthquake (ME) potential
and peak horizontal acceleration resulting from the ME of each
designated capable f ault is shown in Table D.3.4. This table
indicates the highest expected PHA is 0.16g, originating f rom
the Casper vicinity faults.

(

(

(

(

(

L _ - - - - - - - - - - - - --- - - - - - - -



.... ... .

. . ..
.

.
.

. .
Oc w O ..~,

,. .
| \| ...

'J.i -[

L i.1 :-

.- L t.
"i p. ,

'ra. . - . - - - .
. . - . .

I w. _

.

!' ' '

'
|||" Ill1|||

I
*

|-I R I I iKHN. .t rhtfH-Httfm?tiThii iWi 11 F1 TUN L-i.'
t

f T1UTW n. l .f.' imi_, JJUni- 1 TMEN ! U E- ! .
''

R 2. - 70 0-d.) { A'"$\42--- 144Gt 1 |['I I' I" Yi I
"' T 1 .I

1 l'/ Ad # [
~

jT.TMMBA>%?N ii i rP ' -

-m m,,nw.i e m *2d
d".UU | ! Mdb ' d[\ IM M ! kN4- W4--Wr ' ' "

-

( "h r1-mm 't ',; .

niw r ; m_ 'N""
IF WTGE.g_genfea* w

i! ,,> a,

a J3-t M HtW iW i n 1 '11 N 7 '~l( O li+i; h

:. ( .4 ..j/U iDJ JUG d "P.'A'#M 'WM +.dq . s"_

' fr-W"14:1HU
r q .;.9g m m n c rrj g! M 1

spi
-.

. .q. .

L ~.
,

( T 7 w .r i W - (......n,Ji T_] 5 9 g g E. W T N @ H + H d * [
. .

m.t,s u :gp= --mHM--- c F7m .c g.. ,.. g g
-

hId,--"(i,p,-d .h( '[N-:-! IIlF l c ! II. l ! 'l N4 'l W O h !! O
-

'

I l ! 4r -U d /'h~t I MONI k b- I
,Mo!ANaill| **E'O i nI'lif O I7IM'''Il II 'II E /! ' bt I- 2 *

Ji P I1: .(',.,IIII~AL'4 'A d M. % ll I d l O Y ' 'b I "

f ,h !(!
l| 1 N

'S't;.77-- F '-Y r 1,1,g,1,dE-Hf$.P%N ''/i N | n w "" " " W J T U a,e,J Ldi

"
bf..l[J t - '

a T Lr

a= nya.j[,i
ui

-

j-N-d |
' M. n 3M _) a

lkd '

|- 5. ,

,., L. i. 2.*kh5,W, ,P%,' a.s%e' ' *rr.Th.b/@[D;.'g q! b. p$e
., i : sii . ,,.

< .

i 5E-
'

# ,- - $4--'
..

-

't _ ; ,,%%i_ _ W.; ,,- . , . . . ..

'l .E 3GIM J 'i *F. - _$l T~ l IEM ,I fiIlIl _

T(i-| . %-Q
m

" ! .---hi. ||'Q| C, - V " A s"i o . |; .I._' h,.. j; _ "qv . q(. ,F
_'

1 0T i . Brr p j 7 yg rjw.i -oi
| .

I i e ..

L

y ,, |; / .n- 1 i- I. i

w w. ilk..I . m,,.
..I |**I'.f.'lb'8 b h M b

' I /
' *

I ?M''i n-
.~ l'ojkd.f

-
' _ fan r ,e . . .m .
'

ad.d ,L,1./.< .u, 2a,,e ,,,8
.-

-
'. h ' - , - - - - - -3 l''! 'T

IJ '_l*Jf.'f'M".t. ER!M*%,.26,'k 17 'f,1 Y i..l 'if_3. -C M. +l- ' l **$ -]
-~ -

)l
"- M _j f ! i' !h$-- k'l', .'*'h, ,',f5 M "'. . ' : P.'H-

'

L As$ t-
-

-

4 i _i io1
m Q|; __.a@'

'{

-

n. .m .. .. .< . , ..i -.__J- -. lum . .r r .. '

L' u e

_ {a' I, j7,!,y __|

, , .= ... _ ...., -.e,_u.. ' l . h, - n_.

_,MAiicm .
jj .< p 1 ||.,1_ Lwie, . m,.,i ..... I.I.t.,i

.
L___r _ .., u .... . .

i.. w
| .- __. . - - . ,.

11 s i_ _ _

. _ ..j ~
.

1

.u s, site s .eto s.wstaj _L
,,,,

.rm it ,_ .. . u t , , .2, . ,

il ! y'!i li il & ' U. t._, + + ...w n ..e.4ct .a. tj j y |. i ;' -- g.,i
ro . . g,g,:,;i,gsy . e -- w

-

.r- .i
.- _ _ _ .i i _ _ __ __ - . _ _ _ - - -

I. ,e . ie i .I I I l'e i l I 4 l
I

' ' ' ~ ~ ~ , ~ " " . ' . ' . ' ' ~ - " . ' ~ ' . , , ,
.

'

Pi. AT E o.3.1 * - - - - - .,
.

SEISMICITY AtID QUATERNARY FAULT MAP'

(
' " - "-

.,

FOR SPOOK SITE REGION'" ' " '

,

.

f



(^'c;|.:
'

,

k' '
'

; ..

3 s, .
._

., : m
.

l,h 'j/, .m.j|N(ggX
$'

-
s

j ;

n,C,r
v/

~
s n,

// \
,

iT'g g, -

) g p(

*o,@g./
\'

,

g 3> \,-| 11 ;- 2
_

i /i

. .u. . e . . n . +x - i

L h,'ksf' p). yr .
.1~:3-

.{...h(|1S h j
c> i

4 c ,n .,.,,- o -

, .
,

'

L i

t/ g, '; h . M 7 =
.... ..i

W ) [ " ' k
N

,

%

[I $8
hO 7)[['

'

!' /!.m ,

j^?!h| .

w',$
J M,o rm a' !b; p

.

,

;, ec'
! e

O k|
7 !.s|'i d"$rY('gih? d -e ==-

J;!!!!! i(n'

i

: \F fr@t %! :iinitirjjj i-
G[>( / e@d h d 9 3 D i b !Ls

t
i no

[w4: ,

.

- . . . .
s



e... or. _ m,,p
.

- s. f

\ gar,,..,.
m. The nocs

s kQ. = M,.s ~.5~ k
'

.

. . - - . - - ;. ,
'h1

,rau ~ -,
a

_: : ' m. t/ y | 9. N,7- -
'~,~

-

3 .

t .m.- uissaan _-
.- -

.~ g , -

Qs /n: = . -
).... o %P::-- .

....

%.. d.. %../ . c 3f
. . <- ..%.,' T;.~!3_v>>.

g .i;.

.. .

= :c .g
t ,i_tw. . , .

s e -(. -

Pla tecu
;.'4

h w .. - s.m.,kg Q,t
,

r' y r s .

* S,, q* ;) O
~. . f.:. :<. 1--C..':% l*f

x' -?, *,r * -
.

N i8 L~ %
~ -

d.
~~'~u -.z ) q y2 s 5%,,, ,&s:|[h

.-
*

g T *St < c:n
k~~ Q B.aca ,. .~ - , .. e . g ..I. g ? ! D.M. , + .

4
. - >
l . /. ~3 ,pw . e .h, x. -ix Ch

.

't I
- - s h.

, .

./ . . 3 - > y. n"', . ., . ~. 1.7 , j
,

.
^

% 1
'

:
,x g;

l . * ' W~

\ s % w..
n. A. - ~~ ~(.,.s 3 ~ 9,~~~( c,,,s.;,g.-1(-- %.h

o .
ga'-- .a. . ..

.

t w. .i
-

. .. r. .. r ,oro . , es'

oo g. s p;- . a. .e

SPOOK S . a .;.;;.~A. g. ,.v, '. -
.. ..- '~.. ,

-*-
>

(65KM RADI ) 2 c. ' . -
:

. T." L'.. ?.-' "
. -h '
'

,.

.
.. c.. ,+ g,e

.

C J.****- ; *si, ,~ 'S., ~. '\ ~
,, ,,

,2 T d PIcin ,#
l olorado Piedmont , ,, d [ ' ,,, - .] ., ,

.- t.in00:n

. . :.=Y.I,,,,[.D'.).g. -. -,
._.

y'e%e' o f High Ploins3 . .
#'"#" . ', C 3 . - -

#
.. ' ;CentfCl *

7'.4-C.. .N*,,,,,,'."
(0

. '

| A., ~, s. , % u
'

.

,K ', is #.. .-

, , , , . [. .

u y...n. 2.. . "':w -
^ e''c f _. g.n -s h,

.. .,. m ,, ,
. ...

Roton Section
*J .. .\. . , , , ,

)Q%, s~r.'*-d'~
-

(',. . : . c. .c r x .'~~~'.~ * . . :.

,, . ,; - ' ./ '.
.

.
- . --

? t ~ ~ .5- ' p } g j $ O u $
:::::; "I-- - -

Y-.

***.e.y' . .- W ' c'*. . .. ,, w

I'
""'#'""*

Sent: Fe ' ' , - .

v uisc - - ." . . -
, ;,-(;~~~ .. e, N -' . ***.

, .e-'' ~' p -

. # ~~"2 fy*~ a.*( .* ' '
. s ~b~

.m,h+d.
oiq -me 0 tr .

t m

FM$2
u ,, ./pece. v(/'o o

|
'

e v %_.5 5 @ % g %
. .

a y< &:-
--

oj s -

t~ E(w 3.. ._:.* nL 1. -
. -

:.. f;
yelle,y (g E

-

Oucchii;

| f.
. e '- d _ . _N

pea' ~ " " a Province
r tt W0rthe

g :.>k | ..
.- -. '~

- -

_._m- y C N,~j:
-

.

_

,
. C Srt vt PC'I

_ L r ~o .__ . y . .. -

-- ~

gou : c.e. HuwT. "" ,oo WILES

(

s

ptGURE D.3.1

payStOGRAPHIC A O ( RE AT Pl. AgNS PROVINCE)

E CONVERS

0. n



f ) #"1

{ s s;,+(p lu
$7 90 CAMP BELL s

COUNTY (c gN-- ^ -- =

,% & jI'

sg ( ~

-

, ,
, .

WESTON COUNTY

'
| I

f
[4t

fc#
I ' y

( ;mwewu"%' q , T.L.c
/.

'4
% +$i

j SPOOK SITE o7 .. / DRAINAGE BASIN
!\ '

.o

y GQ .

NOSY
NIOBRARA COUNTY

H pz47
s<3.-

7p CONVERSE COUNTY

H PL AT TE 8g J
e

% p~ q3.L... 9r-
4g,m

105 ' 104*106* ;

NOT E : DET All DR AINAGE SHOWN ONLY
FOR SUBBASIN ABOVE THE SITE.

10 0 to 20 30

SCALE IN MILES

FIGURE D.3.2
DRAINAGE SYSTEMS IN THE SPOOK SITE REGION

CONVERSE COUNTY, WYOMING

|
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



-__

|

2
< W

THICK NESS (FT/ M ) NAME MINE RAU RESOURC ES
cc
w

v3 2-25/.6-8 Soll. Alluvium
White River Formation

-t

f*- *. -
, y,,,

* - 'f* 300/91 Wasatch Formation Ur anium -C o al
,

* ' , * ,

'A

.
< ,

'

.' SPOOK SITE ( STRATlGRAPHIC POSITION 1

- .:, , , , , ,

*( *
. . .

,

' *
.. .

% . 2000/609 Lobo Shate. Memoe' Ur anlurn -C o at
of Fort Union Formation*

o <
5 5*

y ~ .. >m

E $ _,_ . _ M
o @ - '

17001 518 Tulloch. M ember>- . * . of Fort Union Formation.*
,

. .1,
'. y

,

. ' .].. .

3 Aprox. vert. Scate*

'

'5 2000/ 609 Lance Formation 1' = 12 0 '

. .

.

,a .
,,

""$
h ''' * * s$t525/160 Fox Mills Formation*** * *

t ,,n, ge. .

. . . . .
.

.

1130/ 344 Lewis Shale Formation

.,c
w

' . . . 328/100 Tea:et. M emb" Oil-Gas' ' * . .
Mesaverde Formationo. S . . ' . . .

.

.o
*O *

$ 1240/ 379 Parkman. M ember oil-Gas*

, , Wesaverde Formation2 o *
.

'

6 '
.

W -
<

U . . ' 450/ 137 Sussen S.S. M ember.

$ Mesaverde Formation*

*). ,

.}..

19 0 0 / $7 9 Shannon S.S. Member on.c ,
Mesaverce Formation, * **..

'. . * :,,

o .. . .t...;.

,,

- .

900/ 274 Frontier Formation Oil-Gas*

1
.

.. . .

u-H*

,

FIGURE D.3.3
r

[ STRATIGRAPHIC COLUMN OF
SPOOK SITE REGION

CONVERSE COUNTY, WYOMING

-- - _ - - - - - - - - - - - - - - - - - -- -----



- _ _ _ _ _ _ _ _ _

I

|
2
uJ

[ H THICK NESS
$ (FT/ M ) NAME MINER A L/ RESOUR CE S,u
to

* CONTINUED
i 8

en
f $$ ' o S S / 18 M ud d y S S Oil - Ga s

Bentonite
- y insi Se uo.,y Snais

et
-P 105/ 32 Sk ull Cr e e s SH Formation

122/ 37 Onkota Sandstone Oil- Ga su -

O
. _

_'y' - 63 / 19 Lakota Formation
O y 136/ 41 haorrison Formation--

Q Ri;5 384/117 Sundance Formation

575/175 Chu g wa te t Form ationU * *

y . , . , . , . .%** * *

.a
I 327/100 Minnekahata, Wom, Goose Egg FormationE est , i i,

'1 4 22/7 Opechesh Mom, Goose Egg Formation"
Minnetusa Formation" ' " ~7 S 4/ 16*

b 224/ 68 Amaden Formation
.
* *o

300/91 Madison Formation6 ee n s _171 100/30 Bighorn DolomitsN
:.: 90/27 Flathead SandsIone'' ' "

,

X Basement Rock Granitic intrusives and
g X Metamorphics undif f erentiated

a X

0
'

E
c,

.

REF ET<E NOE :

LOOAL TH10KNESS OF TERTIARY AC UPPER CRETA0EOUS ROOK
FROM CURRY (1971), FROM SELECTED LO3S OF GAS AC Ott WELLS

LO* TION 6 TO 12 MILES FROM S:TL THIOKNESS OF FORM ATIONS BELOWJ
TEA 90T MEMBER FROM WYOMi% GEOL. ASSOO,(1981) POWOER R!VER BASIN

SYPOSIUM VOL.1 AC 2. BASED ON OIL AC GAS WELL LOGS FROM : BEAR
CT.EEK FIELD AC DRY CREEK FIELD LO ATIDN 6 AC 12 MILES FROV SITE.
Fr OOK FORM ATION DESORIPTIONS FROM ; HCCSOP4 et al., (1973 ); AC SEELAND

(1982 )

FIGURE D,3.3

STRATIGRAPHIC COLUMN OF
SPOOK SITE REGION

CONVERSE COUNTYs WYOMING ( CONC, )
.

------ _ ----- _ - -



.

(.,

O .. }4 A/f' ~'s N: '

h_MON TA N A *g q f sooesI
,

- - - -

w iou 4u 6 ,

- ; p i r 'x> ,*

'\, i k,| %.
-

,

% g ' s' t
., i i

.

. . .. ... '.
Q _.& i *- % ''

.-._. , ,

t 3,a .,-

, .

$ (0 $.
.

:
i

h | 'i kf*. ,. s

.:. % ei=
,

N %
'

s 1. \* s .

\ m-

' '

b'g a

'% ~ \-. ,

L \ 'hN
-

, ,

i T [g. s y 3 - /)."
'''

s
\ - \_.. g .. _ t .

-

q h' {*y .,M g \ ' . l,
'

!
.

,
w, SPOOK SITE. . ,.. I

{i
, ,

% -
.

'
:. , ,

,

s TIRAcius ,'% ,.

'* ''

4 :,

ofv
QEF: Arro,19 7 6 _ LL*

o oa[oTA roSUId$ #
" * * """

io o io so
-

SCALE IN MILES

FIGURE D.3.4
STRUCTURAL CONTOUR MAP OF POWDER RIVER BASIN SHOWING

SPOOK SITE LOCATION - CONVERSE COUNTY, WYOMING

c. n
, _ _ _ . . . . _ _ _ _ _ . . _ _ _



_ _ _ _ _ _ _

N
. 000 -

-- _-

_ _*.'.' !.' ' " T '.! " _ _ _ _ _ _ _

,,,,, ,

**\

l \ .,,, , # ** % ' * = , , ,g..O,' fos _ngte, , , , , , , , , ,II" EI ' ~
,

3000 - \
g

* ~

'**% .a.t 08 Cattact0ve
_ = = _ . -

_

=12000 -

CROSS SECTION A- A'
16000 -

Datt 08 Cattact0vs

/ satt ce nasatta

*s000 - .-

/~

+3000 - k
,

g \g t " .=; '.a _ r _ _ _
~ ~

'
..am -

-3000 - \
\ .'.att 08 Cesfat Out

-e000 -
'

~ , _ _ _ _ . , _ _ _
- - -l

*0000 -

=12000 -

CROSS SECTION B-B'
16000 -

_
-- __

Y
~ A' $ | b

'
7.

e, / I
-

!, Iw
b" E

I Ki' Tw I
| I D i. *

4 / I

l Ki | E g~

SPOOK SITE*
.

Kfh \

S,e , -, ,
/'g g., Kf hocass ta /\ 4,*, Lit M OL O GYAmCM =

gj g
K1 l, n.

E To *m...t.h em,
,

p y .-. 7 .,,, ,
/ E TI*e.,l U.iem ...

,g
/ -

-
/ /# Kmv

*[ j/
PC =>-t.... ...M ,s

)
4 <4

yg y ain .. a n. .. .
| / pc,) i ,c -*

A = i-,.w...........
6. a wis

W t se t.

!B '""''
f

*__ ~~

FROM LANE. D.W. AND OTHERS,197 2
E

Svw00LS
Oc - e.. ...o... v . .....

r r , vn,v.i .. n % ., _ f-

- e..... ..... $,,,...
ii . . . . i . . ., n .

.

A A'
i u . . ., s. . o ..

FIGURE D.3.5'

,
s,..n..

', GENERAllZED GEOLOGIC MAP AND CROSS SECTIONS
|

4 SPOOK SITE - CONVERSE COUNTY, WYOMING' ' " ' " "

D-49|(- - - - - - - - - _ - _ - _ _ _ _ _ _ _ - _ - _ _ - _ - _ - - - _ _ _ _ _ _ - _ _ _ _ _



v, r-- w--- u- w w- w- -- - - _ -

N
S

NORTH
| SOUTH DRAINAGE
| DRAINAGE DIVIDE

DIVIDE
1 f

h| SOUTH NORTHI
| CHANNEL CHANNEL

5180 -

h%um /
,,,, V /SOILtLOESSI -

PIT z' - ERO
- WALLS h- Q' ggtv-gy-.- D DROCK

' ' ' ^ ' '-
5000 - _

PIT WALLS M
_ $# p

I E #I
~~~llRREGUL AR LENSES OF CH ANNEL FILLING s .

i
-

5040 - I HALE / SILTSTONE WITH THIN SANDSTONE. LT. BROWN TO REDDISH TAN. MED.
I TO FINE. OCC. THIN TO LARGE 1RREGULAR LENSES

_
k _ COAL LENSES # OF SH ALE-SILTSTONE\ __

-- __ . - - - - - - - - - - - - -
V

@ # 9
v

_ _ " _ _ - - _ . - - - - - - - - - - - - - - - - - ~ ~ ~ ~ - - - - - - - ~ ~
, ---~~---? 5000 - ,

, , ,
,

-a
SHALE WITH INTERBEDDED SILTSTONE

~ CONTAINS THIN COAL STRATA A.
_

4920 -
*

SANDSTONE. MEDIUM TO FINE-

A.1. THE NORTH-SOUTH SECTION IS THROUGH THE| ELEV. IN FEET
I CENTER OF THE Pli AND ACROSS THE FULL WIDTH
' 100 0 100 300

OF THE DRAINAGE BASIN

B* 1. GENERAL LITHOLOGY FROM WELLS # 910. # 914
HORIZONTAL SCALE IN FEET AND dP 916 PROJECTED INTO CROSS SECTION

-
FROM THE EAST SIDE OF THE PIT

SEE FIGURE D.3.12 FOR LOCATION OF CROSS SECTION
2. THE SURFACE PROFILE IS PRGIECTED INTO CROSS

j

SECTION FROM THE WEST UNDISTURBED. UPSLOPE
SITE OF THE PIT

I FIGURE D.3.6
3. THE PIT WALLS AND BOTTOM ARE GENERALIZED TOGENERAllZED GEOLOGIC CROSS SECTION SHOw POS1 HON RELATIVE TO SURFACE DRAINAGE

SPOOK SITE - CONVERSE COUNTY' WYOMING AND SUBSURFACE CONDITIONS

. ...

.. .
. . . .

. . .

..



_ _ -_ _ _ _ _ - ____ -____ - _

NE
SW --SPOOK SITE

I y*

f* li

f}: .
o* - - % ra:: g

Eg _ ::
., ,,_

g . **''...-a
* E ~

. _ s- ._ N ,Y|k
" . ~ * ~ ~ ' ~ s.,

R ) ;li I
- M isf A ....

***
.,. ._

a, s

W['s g;'Ew' 'Og.
- { M b v'$ea M ' h b M # ,

.
<

- d[ qy. .m., m-+ wMM'''N..

sg ,Sh @w"xNk, ,.cs .

, g% eq
' h ' | ':','W , :a ,-,x

W:'sN(sj..eq.,o's N;p < q{c{
. . w es o ,sq

.,

N' ' Ns x,o a s .

N'

P M 6'Th W %, d @h;'gg'S'c"'-q'@u, d '
w'6(~ Watt 3:

es mx -

s
s' N' e'sx-y' g.

kI'sjt$S':'fMN'gfe ' ^ gi''
": wg '

b'h'h A'

$ M W i!@$?d% %$sN
.#s '

hbbl'dk'' s 4!hN'di
m.M.swMCA

'

ni"

"#m@.m$. u$ w..amsm.m.aam.xab m.xmam % .mf$'

m ee
c,,
-

REF: SHARP W.N. AND A.B. OlBBONS.1984
250 0 250 500 SECTION 28

N -- - USGS BULL 1147-D
~~~ ~

VERTICAL SCALE IN FEET * ~~~

38 ---
SPOOK SITE NOTE: CROSS SECTION TAKEN PERPENDICULARp

*
- ]. f SECTION 27 TO SURFACE AxtS OF POWDER RIVERcf

a
,

BASIN TO SHOW RELATIONSHIP OF
250 0 250 500 V 'R * 7 3 * W R * 72 * W

SYNCLINAL SAO TO FRACTURES.
PLAN VIEW SHOWING LOWlON

HORIZONTAL SCALE IN FEET OF CROSS SECTION

FIGURE D.3.7

CROSS SECTION THROUGH SITE SHOWING LOCAL STRUCTURE AND COAL BEDS
SPOOK SITE - CONVERSE COUNTY, WYOMING

--- -

_.
. . _ . . .

.

-- .



1

!

i

u- w..

' \J

,41 Q,I '''eN -

- %

\ / g g/.V

( / N/

' \
\ / s' . 3/ \s ,

N 'N 44,4

N) [4 w/,[ssfI'A'~

*

s'sj' I3b},9 /s\'h N
I. , y j 7, \

'

; ss N\ -
. ,y.

Nd/ /

' ~

/ s, \'

[

'

7 /G
if

'
/ ) '' 4h s

,V d
fy /'\

'
A yi

- i

/ f ~'7\ ^' s f /, - c./ s
,

$ , /' , ' ! I
'| A s% \ ~

.

SITE IS MARKED BY
, ) N ,.N 15 Km SITE! RADIUS-

-

- a
l

FROM RAINES AND SANTOS 1980

0 10 20 WILTS

0 to 20 30 KILOMETERS
6

FIGURE D.3,8

LINEAMENT MAP SHOWING FRACTURE PATTERN ASSOCIATED
WITH SURFACE AXIS OF POWDER RIVER BASIN
SPOOK SITE - CONVERSE COUNTY, WYOMING

*-
.



_ _ _ _ _ _ _ _ _ _

w __ / \ i n~ , u ,. , , .

'
;; %.~g&- ,;.'|f. _, . ..,

x)hBASEMENT AXIS c ',,- -'O

-

Q
. . . ...

_ |W Q% ''? . %,h]N.
'

.

%(f
'. 1p -

,.

N* "

'93P'

A* '
'- -

i
-

.

x. jOf B^ SIN ;, , , .. s . . ._1 ..,,. s .. . .

_ _ _ _ .,_d.,._. _.

. t N.Q p
_. .

'

,J

)se..'.*:.Y
u.. -- :.- - , , .

.

R?::ji\
..';..- ? ,.

*

K . *~ . K +'. . g '.g . 'o. u. .
.

* ''
.s '' [ s. #'[., S'P OOK SIT E ' .,\'\ 301THEiX ' ,4, / .r. . (.

\F0WDER ps ,' '
- - . j

- .e .: -
\ tiVEI , ~ ' '

' : - # JY;
| i I ASIIs'/

.L --

[ ge . '\ . a. 3 . .. %p/..,. . ,..

.

.,

s' . , . , n .. \ '- , ,f.; g AA.,.
. <t.\. t

- -
,,~. v= 9,

.,

J \. J
|. 2 . .( , . , ' ' %,'

'\
'

.,-
'

. ,. ..-,. ,.

s-

b (j'' o
_, 3 .a ?>

-| O ~. ' . 3 6 '\~' )| \ ' ' 1 - a- *''
. ,

'
b *

j - s. , , ,* **c -'- -.) ,') ., ' (
~ ' 'y.-

. .-
a; ..u p > b'' '.

f ).Y \ O . . . .$
,,

'4 '' '
-

h
~~

'\Y ..O WO - * - r-

x

) @ "$. @*o .' Da' 3 .. ' $( @'\. @ . '.:. . -
.

<- n .s - -

x 2,
.

.

\ 9
.

.
.

..

l'
) \ ygou, :, 1 ? - ,,-

* *

* * - 4 '.,
's , 9 *

.

+I
4

,) 4 y,. -

J
' '

k ') '., ih kO ."-
*

*- . ' * - .

;'r Q : 7*
*. . . ..

! Glenroch\ \ 1'

'ver iculate, tungs ' , '"l' e
""

f'i "
, , ,

,

M&.a ' vermscuhte N * * - ....* '

64 f ,,,,A

' '
m.. ; .

) I 76 4 7 71 NO 89'

} I / 'T3 & ") :: ) '' ~~

*34 t ? e ., ,.. . X'

O

h . ' *.'f.' ' , . g ir }
#

00O[##,

REF: L ANE. D.W., AND OTHERS.197 2
GEOL. SURVEY OF WYOVIN3.

LEGEND

5 0 5 15
O URANIUM OCCURRENCE

N OPEN PIT WINE SCALE IN MILES

O COAL RESOuR:ES

L

FIGURE D.3.9

MINES AND MINERALS MAP OF CONVERSE COUNTY
SPOOK SITE

g CONVERSE COUNTY, WYOMING
,

'b-
- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . ._

l



r
4 - ._.... + .._.... e ...........o........................................ 3 .. _

. . . . . . . - | . 's . .j.. .. ..

./. . _; _ _.+.
j i J.
. . n. j _.p ___. __. . . .. ... . ,. .

. . . . . . . . . . . . . . . . . . . . .
.. .

. . , . . .__. 4 <.~s
L ._. .- ._;:_. _ ._ _ ___ .- = L. m ...- ._

._ -..

i_. %_f_. 4.. w1
_.__ . . _ -_ . . - .. ... .

. . vu nac :. .
. . .

' m <.| - S. ..> . .*
_ O M ,r O,tarr a. pa1 ( n, '4.

\

i. . . . . . .. . . . . .
, , . . . .

| N : i . % 4 ~~
<

V.j. .;..\. . ' ." ) . \ . . . . ..,. .

l
,

4. .
'

. . . . .. . .s... . . . . . . ..
. . - g ,. e , ;

. . . .
. ... . .* ., . . - . - . . %.

. . . .
.: ?.. " .sw.g _ . . , , . . .p u . d. . |, s

.

j .s. .. . . . s. . gs ; >
-

,

.-
,., . . . . . . . . ,. . ... . . . g .

.|. .i se r,u ,n,no . .i | t*
f , . . . . .. . . . . . .. . ,, g ,,,

. . . , . . .. .. . . . . . . . .. . . .

)... h 1 81 4
'

. . .., .. ..
. . .

. . . . . .. . . . . . . . . . . 4 . .. . . . . .

. . .. .. . . t .)h \ '

f. g , .

h,* >..

.. y at . .. . . ... . . . . g. . . . ,,

~, v ----- _/ y ;
,----- --

_ . . p . . _ _. . 3. . , ... .. .. . . . - - ,g _ .. ._ _ . . _ _

.w.
. . . .. . . .. . . . . .

,
4 . ..-a:.' ; _. ,_ a . . *egno_... ,,

! .s .s. g ....;.g. "*. 9 . . . . . . .
* .... . .. .

egg:g _.. . t .a . . . -/. . ;, -s -

< .. .. . J.(.; g,_ . j /
), . . . ... . .,. g . s. - . . . . _ ..,.. .

,
. .

,

... . ._.........,on,_. . . . . . __ .

...i. .. . y_ _ . , . , ..,
. . .. . . . ., . . .

....t . j . . .g,7 _ ._ _ .i._ _ _ . E
. . .

.. . . . _ _ . . .__

,. .,. : .
_ A . . . . .I '* y I.

. . . . . . . .. .

+ \ . .
, +#'

|. ;.y.j.i */4 +i. .i.f,f.|'.i ' arr r,o,,ar nna.I

.| g ,j. .. . . ..

_) . . . _ _j. _ _ , . . . . _ _ _ . .
,a,. . . . . . .. .. . . . . . . .

.\. +4._ . . . . .

| * .
-

, ___._i . __. ___... ..., , ,
. . . . . . . .\ r M-4 !.

.q ... . . .. . . , . . .

.. ,-
g 3 ---- - -SPOOK SITE- I u__ _ .- . . .. . g . .

i ...i.*.. . . . s . s., ; . . , . . . . ..

!, . l .. _ _ _9 ' + . _. . h_4._.

.

I . .. .. .. ...._ _ _ .- . ...
. . . . esI .

. **vs cme nno /.f c~, .,. <

.
. . . . . . .e . . .

.n . . . g [ . 4.-.,._%J,. . . . . . . . . . . . . . .,
4 8 < - _.e .i. . . . . ,. . . . . . ~~ . . . . . ... .

< ~ " r
|.

.g . . - . j ., /

7.;., .q/
.

; - --
,

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

REF : HAND O.19 7 6

k

| FIGURE D. 3.10

( LOCATION OF SITE RELATIVE TO LOCAL OIL-GAS STRUCTURES
SPOOK SITE

CONVERSE COUNTY, WYOMING
=

0.~4



. _ _ ._

LOCATION OF SECTION C-E
O HEAD OF 0

5303 - DZAINAGE
J(

HEAD

21 22 22 23-
%

\ % SEC.28 27 SEC 27 28

\ m% g

~
\ % N j(

N ' CONFLUENCEDISPOSAL MITE ASINg
' ~~

h 5200- "\ 7
.\ 9'&*

2 0
- *\ A N.

POINT *l* 19*- .g J-PROFILE OF A*y
_ ., g

Y-[# DRT*A CHANNEL BOTTOM* ., rg - .g
.

.s
; -

*

+N SEE SECTION A-K.
*us * Md 5100- ., N DIAOONAL TO CHANNEL FOR

*

* +g INTERCEPT AT THIS POINT*
_ .

*

., +s
A SOfL-BEDROCK CONTACT IN CHANNEL~ *

*
.,

o - * . , &s ESTIMATED DEPTH OF INCISION REOUIRED**
., y

FOR LATERAL GULLEY TO INTERCEPTu. -
*

*. .

IN LATERAL HEAD EROSION
POINT '3" Vs

.,**.."** V POINT OF CONVERGENCE3ggg_

D
.,, N WITH DRY FORK**

HEYENNE RIVER
' * * * * . . . * * * *hRECONSTRUCTED SLOPE

..** b- PIT WALLS *

.Y. h >+>.v,%. NSOIL-BEDROCK CONTACT*-

TmOS -

' ' * *PILE -

BASIN CHANNEL BOTTOM2 5100 - -

~~. \ ELEV. 5075*-

U
~

5074 - ~. 3 POINT *l* DETERMINED IN SECTION A-N AS PROBABLE MINIMUM DEPTH~

) - N \ OF BASIN TRIBUTARY INCISION REQUIRED TO CAUSE EXPOSURE OF

I TAILINGS FROM LATERAL EROSION BASED ON COMPARISON WITH SLOPE
~

9
~

j '
* POINT *l* ELEV. 5075 OF SOIL-DEDROCK CONTACT REF : RECONSTRUCTED SLOPE BASED

,
.,

ON HYDRO ENG.1987**8 -
..

HORIZONTAL SCALE 1*-2000 FEETans

5000-
VERTICAL SCALE 1*-80 FEETSECTION A-A*

FIGURE D.3.11
SITE SUBBASIN DRAINAGE PROFILE AND RELATIONSHIP OF BEDROCK DEPTH TO CHANNEL INCISION

SPOOK SITE - CONVERSE COUNTY, WYOMING



..
_ -.

,

I (
21 22 | ..

" * *
28 27

k.
:

KERR-Mc GEE FEE f... k
, -

|

!
|

::'.<.> [ {} {.p

j ! ggM@ [[j #
PIONEER NUCLEAR FEE: :

1 ,g m . W. f+. -

#
h-

. 5*
,

.:::g - y...A, .

Tl OF
j\ . . . . . .

*.
ABILIZED

AILINGS PILE j ,
'Q * "p j[

| ''**,

g
.

.), . , ,.

.Y E...bOYEi . . . . . . .N . .r

r ,//I j,O'' jKERR-McGEE CLAIMS*

s,q'/p)
~:is ,,

'

t
'

#
Do \ (ptoj

N
LEGEND

h OVERBUPOEN'" (c ' ? I
s

h ORE PILE ARE A
- g

O 401oPO~oa'

-WESTERN NUCLEAR CLAIMS ] TAILINGS
. .. Q

PIT BOUNOARY"""

gt (<bb g
CROSS SECTIONCJm# Q FIG. O.3.6p. <

;

CONTOUR INTERS AL: 2Cj
pt* [ 400 0 800

=.
^

E _.

| SOALE IN FEET
F Rou KERR-We GEE,19 8 0.

FIGURE D. 3.12

MINERAL CLAIM AND FEE AREAS AT THE
SPOOK SITE - CONVERSE COUNTY, WYOMING

0 -56
[ - - - - - - - - _ -



,- - .- - - - - - - - - - - .

|

| Tcble D.3.1 Description cf strcitigraphic catts in the Spook sita crca
! of the Powder River Basin, Wyoming

|

|

Approximate
thickness in
site region

Age Unit (ft/ meter) Description'

Eocene, Wasatch 300/91 Predominantly buff sandstone containing interbedded light
Lower Tertiary formation and dark-colored shales. Contains red and pink shale

bands throughout, whicn help distinguish it from the
underlying Fort Union. The sandstone is slightly- to
well-cemented. Clinker beds of red shale are exposed in
outcrops in coal horizons. Fossil channels are filled
with well-cemented medium sand to fine shale. The
channels, in some cases, may be traceaLR for miles.o

There are several mineable coal beds in the formation
] which occur within the shale members. Urantum ore is

associated with shaley coal lenses.

The Wasatch Formation was deposited in a fresh water marsh
environment with alternating sequences of meandering
streams. The sand is arkosic and derived from the Larante

| and Black Hill Mountains highlands. Groundwater in the
| Wasatch 15 soft and usually high in sodium. Prominent !

shale beds form confining layers which cause artesian
conditions.

Paleocene Fort Union 3700/1127 The Lebo Shale Member exposed in the eastern part of the
Lower Tertiary formation county is a dark-colored shale with interbedded sandstone

that resembles the Wasatch Formation. There is disagree-
ment on the actual contact in the site region. The Tongue
Member prominent in the north as the upper-most member is
locally considered part of the Lebo shale Member. The
Fort ' Union is typically described as buff to white and

I brown sandstone containing interbedded carbonaceous and
arcanaceous shale and coal. The sandstone varies from

.

.

... ...

..
. - - . . ..

..
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Table 0.3.1 Description of stratigraphic units in the Spook site area
-

of the Powder River Basin, Wyoming (Continued)

Approximate
thickness in
site region

Age Unit (ft/ meter) Description

Paleocene Fort Union well-cemented, to sof t and massive bedded. The depost-

Lower Tertiary Formation tional environment was in fresh water marshes with inland
(Continued) lakes. The Fort Union, like the Wasatch Formation, con-

tains thick sub-bituminous and uranium ore deposits.

Upper Lance 2000/609 Fine to medium sandstone with interbedded shale and
? Cretaceous Formation claystone. May be as much as 3000 feet thick in southern

Converse County.g

Fox Hills 525/160 Predominantly fine- to medium-grained sandstone containing
Sandstone thin beds of sandy shale. lhts formation is not differ-

entiated from the Lance Formation in the western part of
the basin.

Lewis Shale 1130/344 Shale with some lenses of fine-grained sandstone. Grades
into the Pierre shale toward the south and east part of
the basin. Noted for beds of bentonite.

Mesaverde 3900/1190 In Converse County, it consists of four prominent members:
Formation Teapot, Parkman, Sussex, and Shannon. Known for oil

and gas production. Contains some coal particularly in

the north part of the basin. The formation thins toward
the north and generally consists of sandstone, massive- to
thin-bedded, some shale and sandy shale. The Teapot and

' '
'

. . . . . . . _ . - . . . , , - . . . _ . . _ . .
. . ,, __ _ _ _
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Table D.3.1 Description of stratigraphic units in the Spook site ares
of the Powder River Basin, Wyoming (Continued)

Approximate
thickness in
site region

Age Unit (ft/ meter) Description

Upper Mesaverde Parkman are described as buf f-white to tan, laminated and
Cretaceous formation bloturbated sandstones representing prodelta marine

(Continued) (Continued) sequence. The Sussex may be missing from this' area. The

Shannon Member is characterized as a thin-bedded to cross-
bedded, very fine-grained sandstone or s11ty sandstone.

?' Frontier 900/274 Consists of a sandstone with conglomerate member at the
$ Formation top, with mostly black shale with thin sandstone beds in

lower part. Thickens toward the south part of the basin.

Lower Mowry 183/56 Hard stitceous shale in upper part, soft shale in lower
Creticeous Shale part. Thickness increases northward. Contains abundant

layers of bentonite. Weathers to silver-gray. Outcrops

may show c11 statning.

Muddy 56/18 Merges with Thermopolis Shale Formation found in Black
Sandstone H1115. Medium-grained sandstone and interbedded shale.

The formation shows transgressive shoreline sequences with
fluvial sandstone interbedded with marine sandbar sand and !

shale. It is an important oil reservoir. |

Skull Creek 105/32 Dark gray to black shale with thin beds of sandstone and
Shale siltstone. Sometimes referred to as the "Dakota 511t" and
Formation may be traced into upper part of the Dakota formation.
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Tabla D.3.1 Description cf stratigrcphic units in the Spook sita arco,
of the Powder River Basin, Wyoming (Continued)

.

Approximate
thickness in
site region

Age Unit (ft/ meter) Description

Lower Dakota 122/37 Medium-grained sandstone recognized in oil well logs by
Cretaceous Sandstone some, but considered absent by others. It is most likely

that the formation can be correlated locally with the
(Continued) Muddy SS, Skull Creek, and Lakota formations.

Lakota 63/14 Sandstort and conglomerated sandstone with shale. Rapid

Ft,rmation lateral lithology changes. Fluvial in nature, it is
unconformable with the underlying Morrison Formation.?

E>

Jurassic Morrison :nd $20/158 The Morrison Formation is vari-colo.ed claystone with
Sundance interbedded fine sandstone. The Sundance Forsetton
formation . consists of green-gray shale with yellow-gray gloucomite

sandstone with minor oolitic limestone.

Triassic Chugwater 575/175 Dark red siltstone, sandstone, and shale. Missing in

formation western basin. The Alcova Limestone Member is present
only in this southwest portion of the basin. id1dely
identified as the "Wyoming Redbeds.'

Triassic- Goose Egg 349/107 Mapped as both Permian and Triassic, it is comprised of the
Permlan Formation Minnekahota and Opechesh Members. The thin lower Opect.esh

Member consists of interbedded red shale, gypsum sandstone
dolomite. The predominant upper Minnekahota Member is
a thin-bedded limestone and dolomitic limestone. The

formation becomes thinner toward the north.
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Table D.3.1 Description of stratigraphic units in the Spook site area o

of the Powder River Basin, Wyoming (Concluded)

_

Approximate
thickness in
site region

Age Unit (ft/ meter) Description

|

Permlan- Minelusa 54/16 Interbedded sandstone, sandy dolomite, and limestone with
| Pennsylvanian formation local beds of gypsum. It is present in the Black Hills

and Hartville Uplift.

1

Pennsylvanian Amsden 224/68 The fotmation is characterized by rapid change in litho-
logy, laterally and vertically. It consists of sandstone,

shale and dolomite, some limestone. It is missing at the

? south edge of basin.

$

| Mississippian Madison 300/91 Dolomite and limestone, rassive- to thin-bedded. fractured
Limestone and cavernous in some areas. The beds dip steeply in the

formation central part of the basin where it is found at great
depths.

|
1

Ordovician Big Horn 100/39- Massive- to thin-bedded dolomite locally may overlay basal
Dolomite sandstone.~

Formation
m-

Cambrian flathead 90/27 Composed of red and gray quartzitic fine to coarse ,

I

Sandstone sandstone. It thickens toward the north.

j Precambrian Granite intrusives and metamorphics. Metasedinients are
Basement strongly metamorphosed and cannot be differentiated.

Ref. Seeland (1982); Hodson et al. (1973); Curry (1971); Peterson (1956).
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Table 0.3.2 Earthquakes of magnitude >4.0 since 1963 in n:rth ast Wyoming: 200-k2 sito radius

Date Time Location Site distance Depth Magnitude Intensity

Y M 0 Hr Min Sec Lat(N) long(W) (km) (km) Mb Ms Other Local

Pre-1963 Historical 43.016 105.955

1954 10 03 15 43.600 105.400 47 (NW of Glenrock) No intensity or mag. reported

1967 05 11 21 15 06.6 43.662 105.899 57 (NW of Glenrock, Pine Ridge) 33N 4.8

1964 04 01 04 50 42.500 105.400 79 (Flank of Laramie Range) IV ,

I

1964 08 22 03 28 11.1 42.900 104.700 80 (Flank of Laramie Range) 33 4.5 V

i

| o 1965 06 03 19 30 25.8 43.600 106.500 85 (Vicinity, sync 11nal axis 33 4.7
8

Powder River Basin)g

1984 10 18 15 30 23.0 42.375 105.720 92 (SE of Casper, Laramie Mts.) 33N 5.45.1 5.5 VI

1984 10 18 15 57 37.3 42.365 105.805 94 (SE of Casper, Laramie Mts.) 33 4.5 4.2

1976 09 03 04 18 16.2 44.041 106.154 104 (Powder River Basin) 10 4.8 4.2

I 1983 02 13 13 44 44.0 42.232 105.729 108 (Powder River Basin) 5 4.0 IV

1984 05 29 20 18 32.6 44.232 105.965 118 (Powder River Basin) 18 5.0 V

1984 09 08 00 59 31.1 44.240 106.019 120 (Powder River Basin) 20 5.1 V

1972 02 18 11 43 38.1 44.292 105.116 128 (Powder River Basin) 5 4.3

1973 06 17 01 17 34.1 42.821 107.170 134 (E of Casper, Casper Arch) 10

1973 12 26 23 01 15.1 42.276 106.715 137 (S of Casper, O

Sweetwater Arch)

_ _ _ _ _ --.



u -- u_ - -- , , _ _ _
_ _ _ _ _ _ , _

,

Table D.3.2 Earthquakes of magnitude >4.0 since 1963 in n:rthrast Wyoming; 200-kn sita rtdits (Contin ed)

Date Time Location Site distance Depth Magnitude Intensity

Y M D Hr Min Sec Lat(N) long(W) (km) (km) Mb Ms Other Local

1964 03 28 03 42.700 104.000 142 (E of Casper,
Hartv111e Uplift) V

1973 05 29 21 34 13.1 42.366 107.104 154 (SW of Casper, 33
Sweetwater Arch)

1975 05 16 05 57 01.5 43.238 103.681 155 (Southwestern South Dakota) 5 IV

1973 08 17 23 58 04.4 41.921 106.375 156 (Laramie Basin) 10

? 1966 04 13 05 58 02.1 44.200 107.100 164 (Big Horn Mts.) 33

$
1975 07 11 16 39 22.1 41.977 106.731 164 (Laramie Basin) 5

1973 11 21 22 02 38.5 42.044 106.967 170 (Hanna Basin) 0

1973 05 30 21 45 16.7 41.874 106.657 171 (Rawlins Uplift) 33

1973 08 17 20 09 08.9 41.920 106.765 171 (Rawlins Uplift) 10

1964 03 24 06 12 43.500 103.500 173 (SW, South Dakota) 4.2 V

1973 06 01 21 22 21.3 41.879 106.708 173 (Hanna Basin) 5

1973 04 13 21 17 52.6 41.852 106'.680 174 (Hanna Basin) 10

1973 08 03 21 47 52.0 41.900 106.800 175 (Hanna Basin) 4.1 Y |

I

1974 09 19 13 36 11.4 44.110 107.380 175 (Big Horn Mts.) 10 4.4 V

1970 12 12 15 57 19.1 43.953 107.545 !78'(Big Horn Basin) 15 4.9

- .
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Table D.3.2 Earthquakes of magnitude >4.0 since 1963 in northeast Wyoming; 200-km site radius (Concluded)

Date Time Location Site distance Depth Magnitude Intensity

Y M D Hr Min Sec Lat(N) Long(W) (km) (km) Mb Ms Other Local

1975 12 30 23 12 46.0 42.981 107.864 185 (Wind River Basin) 5

1978 06 06 21 23 34.7 43.632 107.826 186 (Big Horn Basin) 5 4.0

1976 10 27 10 54 36.7 41.946 107.218 192 (Hanna Basin) 5

1973 04 22 06 07 12.4 42.635 107.85 194 (Sweatwater Arch) 33 4.8

i
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Table 0.3.3 Histcrical earthquakes of MMI=III cr grcater; 200-ko.stte radius

Date Time location Site distance Intensity

I Y M D Hr Min Sec Lat(N) long(W) (km)

1897 11 14 42.900 106.300 66 (Vicinity Casper) VII

1894 06 25 42.800 106.300 72 (Vicinity Casper) V

1922 10 26 01 20 42.800 106.300 72 (Vicinity Casper) IV

1942 12 11 11 15 42.800 106.300 72 (Vicinity Casper) IV

1948 08 27 21 42.800 106.300 72 (Vicinity Casper) IV

1947 04 14 19 30 42.500 105.800 79 (Laramte Mts.)'

1952 08 22 03 05 42.500 105.300 82 (Laramie Mts.) IV

1952 09 02 21 42.500 105.300 82 (Laramie Mts.)

1957 01 06 02 42.500 105.300 82 (Laramte Mts.) III

1954 01 24 01 58 42.500 106.600 113 (Casper Arch) IV

1942 02 25 14 10 42.500 104.300 131 (Hartville Uplift) V

1943 09 06 15 44.300 106.700 151 (Powder niwar Basin) IV

1952 08 29 03 41.900 106.200 153 (Laramte 8asin) IV

1955 05 22 12 30 41.800 106.200 163 (Laramte 8asin) IV

1943 05 16 18 40 43.400 103.500 171 (81ack tiills Area, 50)

r 1924 12 30 22 10 43.500 103.500 173 (81ack Hills Area, 50) IV

.

e-
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Table 0.3.3 Historical earthquakes of MMI-III or greater; 200-km site radius (Concluded)

Date Time location Site distance Intensity

Y M D Hr Min Sec Lat(N) long(W) (km)
_

1924 12 30 22 15 43.500 103.500 173 (Black Hills Area, 50) IV

1924 12 30 22 20 43.500 103.500 173 (Black Hills Area, 50) IV

1924 12 30 22 30 43.500 103.500 173 (Black Hills Area, 50) IV

1936 10 30 10 30 43.500 103.500 173 (Black Hills Area, 50) IV

1941 05 25 06 25 43.500 103.500 173 (Black Hills Area, 50) V
o

1943 05 16 19 40 43.500 103.500 173 (Black Hills Area, SD) IV

1943 05 16 20 40 43.500 103.500 173 (Black Hills Area, 50) IV

1928 11 18 13 45 44.100 103.700 183 (Black Hills Area, 50) Y

1938 03 24 13 11 42.700 103.400 187 (Black Hills Area, 50) IV

1954 01 20 20 50 01.0 41.500 105.500 189 (Laramte Basin) V

1925 11 18 01 50 44.600 107.000 192 (Big Horn Mts.) V

| 1920 07 14 23 43.200 103.200 194 (Black Hills, SD) III

1952 11 14 44.100 103.500 196 (Black Hills Area, 50) IV

1952 11 15 44.100 103.500 196 (Black Hills Area, SD) IV

| <

1

-- __ ______ .

.

.
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Table 0.3.4 Assessment of capable faults for determination of

|
design earthqutke, Spook site, Wyom'.ng

Maximum Site Peak
earthquake horizontal

Fault length Distance magnitude acceleration, g
name mi (km) miles (km) Msb (Campbell,1981)

|
Kaycee, WY, Group 7 (11.3) 60 (96) 6.8 0.040

Basin Boundary

; Edgerton, WY, Group 7 (11.3) 35 (56) 6.8 0.082

l Basin Boundary

a 12 (19.3) 22 (35) 7.0 0.165Casper Vicinity
( Basin Boundary

Lance Creek Faulta 12 (19.3) 56 (90) 7.0 0.05

{
Basin Boundary

aAssumed segment length based on length of boundary surface faults.
b ased on the relationship of Ms=6.02 + 0.729 log (L).
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ADDENDUM D1

HISTORICAL AND INSTRUMENTALLY-LOCATED

( EARTHOUAKE EPICENTRAL DATA WITHIN A 320-KM
RADIUS OF THE SPOOK SITE, WYOMING

(SOURCE: NGDC/NOAA EARTHQUAKE DATA FILE)
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;. A. OVERVIEW 0F DESIGN AND SUPPORTING DOCUMENTS

1. Support _ing Documents

.

Supporting documents utilized for the Preliminary Design for Review
are limited in number and contain modest data resources. The basic
document referenced for site conditions and design parameters was
the draft RAP dated July, 1987. Additional data has been derived
from the State of Wyoming Report of Investigation, Abandoned Mined
Lands Program 15-3 dated August 1987. Information is also presented
from the recent drilling and testing program on the Acid Pond area
(late 1987, early 1988). Following is a list of the documentation

(these documents are not included in this Preliminary Desi]n for
Review package):

a) Remedial Action Plan and Site Conceptual Design for
Stabilization of the Inactive Uranium Mill Tailings Site at

Spook, Wyoming, Draft, July, 1987, UMTRA-DOE /AL 050515.0000.

b) Report of Investigation, Abandoned Mined Lands Program 15-3,
August, 1987 and Letter to Jacobs Engineering from

|

Hydro-Engineering dated 18 August,1987.

c) Letter to MX-F from Jacobs Engineering Group Inc., dated
| 22 March, 1988. Contains results of previous drilling programs

and lab analyses as well as lithographic logs and cross-sections
based on that information,

d) Meeting Notes for Spook On-Board or Status Meetings or,

30 October, 1987, 19 January, 1988, and 15-16 March, 198E.

The meeting notes contain references to mutually agreed upon design
criteria and approaches, which impacted the development of project
design. The notes and pertinent data from the other sources are

reproduced in the Information to Bidders.
,
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2. Project _ De_ sign-

The basic concept for UMTRA project design is to place contaminted
material on a prepared uncontaminated foundation in the bottom of

Spook Pit and cover it with a low-permeability layer. The Pit would
then be backfilled and the area regraded under the State of Wyoming
Afil program. As presently constituted the remedial action is

structured as a cooperative endeavor under the UMTRA and AML

programs.

A foundation area for the tailings embankment will be prepared in
the Spook Pit. Essentially, this will consist of excavating and

filling to provide a smooth, firm foundation area at approximately
El. 5020, well above the ground water level. The tailings

embankment will be constructed in layers compacted to 90% of maximum
Standard Proctor density, and the more contaminted materials will be
placed in the lower layers. The footprint will be roughly hexagonal
in shape, the side slopes will be i vertical on two hori:ontal and
the top slopes will be about 6%. The embankment will be covered by

1.5 feet of low permeability material, compacted to 95% density;
this layer will resist percolation of water into the tailings

emb ank ment. The mine drifts in the walls of Spook Pit would be

backfilled as part of the basic design. This would complete the

DOE /UMTRA portion of Spock remedial action.

The State of Wyoming Abandoned Mined Lands Program will result in
total backfill of the Spook Pit and re-establishment of surface
drainage through the site. The 00E/UMTRA tailings embankment will

be deeply buried at the bottom of the backfill. The backfill
materials will be taken from the several spoils piles in the site

area, containing mining wastes from pit excavation. Backfill will

be a selective process resulting in materials with greater than

! 20 pCi/gm of radium-226 Deing buried in the lower levels of Spook
Pit. The upper 18 or more feet of backfill will have materials with

|
less than or equal to 0.2 or 0.1 ppm of Se and 5.0 pCi/gm of Ra-226

or less. Regrading of the pit backfill and site area will be
|
; designed to minimize the possibility of erosion and the entire
I disturbed area will be revegetated.

-2- 5057-SPK-R-01-00287-00
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RESPONSES TO NRC AND STATE COMt1ENTS ON DRAFT REMEDIAL ACTION PLANB.

r

Coments on the draft Remedial Action Plan from NRC and MKE are on
MKE comentsOur records reveal no written response from TAC.record. -

were discussed with TAC during the On-Board Meetings and substantial

agreement was reached on all items of particular concern. L

C. REVISED SECTION 4 0F REMEDIAL ACTION PLAN

Since changes from the dRAP are relatively few and generally not of major

design significance, and are discussed in the following section,
a

revised Section 4 is not submitted with this Information for Reviewers
package.

Changes will also be made in construction facilities as presented in the

dRAP. As is explained in detail in the discussion included with the
design calculations, all runoff from contaminated areas now discharges
into the Spook Pit, and this condition will be maintained during

This will eliminate the need for collection ditches and aconstruction.
retention basin.

The Preliminary Design for Review construction sequence; is based on ths

assumption that both the DOE /UMTRA program and the State /AML program will
be constructed by the same subcontractor and portions of both may be

This will alter the DOE /RAC and the State /AMLconstructed concurrently.
construction sequences as developed in the dRAP. The construction

schedule will also be developed differently; details of this schedule
,

will be developed in more detail during the final design stage.
t

-3- 5057-SPK-R-01-00287-00
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D. ANALYSIS OF CHANGES FROM dRAP DESIGN*

1. General

The proposed Remedial Action as developed in the draft RAP was a
two-phased program starting with the stabilization of the pile in
place in Spook Pit, and followed by backfill of the pit under the

State of Wyoming AML program. The Remedial Action Plan as presented

in the Preliminary Design for Review is a two-unit construction

program, which will be constructed by a single Subcontractor and may
be constructed concurrently.

2. Analys_is

Changes from the dRAP are relatively few and consist primarily of
dimensional changes. One feature described in dRAP which will not
be constructed is the high-permeability layer which was to overlie
the low-permeability layer capping the tailings embankment. This

feature was eliminated as being unnecessary, since the backfill will
consist primarily of sandy materials.

Other changes from the dRAP, which depend on design details and not
on changes in design criteria, are listed below (they may change for
final design):

Feature dRAP Preliminary Desian

File Base 4.6 acres 4.9 acres

Average Depth 31 feet 36 feet
Maximum Depth 49 feet 56 feet
Backfill Average 48 feet 48 feet

Final Restriction 30.8 acre Undecided

Topslopes 2-4% 3-10%

Base Elevation 30' above G.L. 15' above G.L.
Secondary Settlement 0.25 feet 0.4-0.5 feet

-4- 5057-SPK-R-01-00287-00
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E. OPEN ISSUES.

-

Remedial action for the acid pond and adjacent affected area has not been

formulated to date. Limited characterization investigations were
.

performed prior to preparation of the dRAP. More comprehensive

characterization investigations were performed in late 1987 and early

1988. The data resulting from this program are presented in the
Information to Bidders.

The investigation program has disclosed that the acid pond is a distinct
problem area, stemming from processing operations, but removed physically
from the Spook Remedial Action site. Consideration has been given to

handling it as a Vicinity Property. Remedial Action for the acid pond is

not addressed in this Preliminary Design for Review package. Additionci

characterization investigations are planned for this Spring, and the acid
pond remedial action will be addressed as an issue either in the Final
Design or as a Vicinity Property.

i
,
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TPBLE A.1

LIST OF 00CtK NTS IN

PRE 1.1MIFARY DE31Fil Sl!BMIS320tf

.

.

1. Information for Reviewrs (1 Yolwel
A. Overview of Design and supporting Documents *,

'
B. Responses to ifRC and State Comments on Draft Raeedial Action Plah
C. Revised Section 4 of Ramedial Action Plan
D. Analysis of Changes freut stAP Design

*

E. Open Issues

!!. Serbcontract Docusents (1 Volme)
A. Bid Schedule . .

B. 3pecial Conditions '

C. Specificaticos
D. Drawings

III. Information for Bidders (2 Yolwes)

IV. Supporting Calculations and Reports (2 volumes)
A. Permaneht ,Fecilities*
B. Teeporary F6cilities ,,

". 'C. ' Quent,ity Estientes '
, . .. _

.

O. Reports
,

'

.

.

.

.

! **Roadmap" to design and supporting docuents.
* Critical to. meeting EPA Standards

,

.

.
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TABLE A.2
ItE'LATIONSHIP BETWEEN DESIG8f DETAI_LS AND CRITERIA

AND SUPPC9TlWU CALCUI.ATIDMS MD itEPORT5
-

*

.

'

,

,

DesipriteriaDetail Caleviationor 90 + Jit,. ,,e, Remarts
_ 1e

4.3.3*
-

Pile Location Draft RAP
--

Stabilized in place in the
Spoot Pit..

'

4.3.4 .

Pile Layout Draft RAP
-- ,'

- Top of pile slopes at 35 to '

1 05.. Side. d onet.At J .L..-7-715-CC- .Conteerinated Meterfs1 Base of' as6ankment covers- Excavation Voluse 4.9 acres.
! 7-755-00 Tailings Esbankment

- Earthwcrt Quantities
'

4.3.5
State M Report of Investigation, Spook Pit is bactfilled under

--

Program At'andoned Mited Lands State /E Progress concurrentProgram 15-3
with construction of theReclapat h ,

State /M Calculat%s
tailings pile.--

4.3.6
Mine Tunnel Draft RAP

-

packfill with' granular
Reclantion material.

4.3.7 7-706-00
Foundation Foundation Preparation
Preparation F.xcavation A level, cospected foundation

pmvided at El., 5020-

4.3.8
Placement of Draft RAP

-
' Most containated asterialTailings 7-710-00 Radiological Data

naterial vith a-Ra-226/Ur-238
will be pisced first. Assumed

ratio greater than 4.8 is.

tailings.
4.3.9

Draft RAP-

Gececrphology State /E pit backffll and
surface drainaoe restorationReport of Investigation, provides long lam stability

-

R Prtgram 15-3 against vind and wetar erosion
and surface settling.

Stata/M Calculations
-

i' subsntion No. In Section 4 of the Draft RAP.
+ Reports and Stata/M Calculations are f. der,tified by title only.

'
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Design Detail Calculation
_or. Criteria #0. + Title Remarts i

4.3.10 Draft RM Seismic aspects not of conem-

b loED' and since tailings abankentSeismicity construction and State /#t..
.

backfill operations are.

concurrent.

4.3.11 Draft RAP Bottom of stabiitzed pile is--

%drogeolotD' approx.15 feet above grwnd
; noter level.

'

.. Pile is covered with a low-
permeability layer.

4.3.12 7-750-00 Site hdrology Final Site Dreinage by State /
Surface Water R Progras.

7-765-00 Site Drainage Drainage from contaminated
areas will be directed into

Stits/ML Calculations Spoot Pit during construction,--

same. , as existing site
conditions.,

| 4.3.13 7-730-00 Settlement Total settlement at top of
| Geotechnical FL backfill is ap >rca.12.3
! inches, of wMeh L.8 inches

is long ters settlement.

4.3.14 Draft RAP Thickness of 1.5 feet with-

Low-Perneability %draulic condoctipty oflayer be 1 x 10- and 1 x
1 cm/sec. or less.

The State /APL backfill placed.

over the~ low-permeability ,'
- layer will be i - Tigh

permeability (not crervlar
spe ficallymaterial

addressed in the 'AML
preliminary design).

4.3.15 7-720-01 Radon Barrier Calculations indicate that
Radon Barrier no redon barrier layer ,

required.

1
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Design Detail Calculation -

. or Critwia _ _ No. + Title ws
'

-
.

Draft RAP-

st a ti m (MTRA construction of the
tailings erbankment will rv.
concurrently with thg State,
AML backfilling of the Spoo:
Pit.

1

A11 structwes will bc

;
. denolished and placed in th

tailings pile.'

,.

!

!
| '

~

1

t

1
, 9

,-
,

.

.

.

-
.

.

.

|

|
|

.

1
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UMTRA DOCUMENT REVIEW FORM

SECTION 1
'

Site: Spook, Wyoming , Date: October 16, 1987

Document: Draft Remedial Action Plan
Commentor: NRC

Comment: General 1, Integration of UMTRCA and AML Activities

NRC Staff are concerned regarding the affect AML program activities may
have on the ability of proposed remedial action for Spook to meet UMTRA
requirements . While the draf t RAP refers to the AML design, it is not
clear what aspects of the AML design will be relied on to meet UMTRA
requirements, or that adverse impacts have been evaluated and considered
in DOE's design.

DOE needs to describe the relationship between the UMTRCA and AML program
designs and address the following questions: (continued)

i

i
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UMTRA DOCUMENT REVIEW FORM

..

SECTION 1

Site: Spook, Wyoming , Date: October 16, 1987 -

Document: Draft Remedial Action Plan
Commentor: NRC

Comment: General 1, Integration of UMTRCA and AML Activities

How does DOE pl an to assure that the AML activities. are conducted as
s,7ecified in the design, and not adversely impact the stabilized tailings
pile?

SECTION 2

Response: General By: E. Banks

Date: February 4, 1988

The AML preliminary design will be incorporated into the DOE preliminary
design. Construction specifications for the AML work will be similar to
those of the DOE portion of the project. The QA procedures for AML item ,
which may adversely impact the stabilized tailings pile, such as
compaction requirements for the overburden, will meet the requirements
established for the UMTRA Project.

Plans for Implementation:

The QA procedures and design features of the AML activities will be
presented in the AML construction specifications. The UMTRA
specifications will highlight the additional QA procedures needed above
and beyond those required by the AML Program.

SECTION 3

Confirmation of Implementation:
Checked by: , Date:

Approved by: , Date:

,

n
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UMTRA DOCUMENT REVIEW FORM

SECTION 1

Site: Spook, Wyoming , Date: October 16, 1987
'

Document: Draft Remedial Action Plan
Commentor: NRC

Comment: General 1(b), Integration of UMTRCA and AML Activities
(C ontinued)

t

Low- and high-permeability layers. How will the interface between the
low- and high-permeability layers be constructed to ensure that there is a
path for water collected in the high-permeability layer will flow away
from the tailings? How will DOE assure that placement of the high-
permeability layer does not adversely affect the stabilized pile or low-
permeability layer? What advantage does DOE plan to derive from the
high-permeability layer, if any?

SECTION 2

Response: General By: J. McBee

Date: February 2, 193

Based on an evaluation performed subsequent to the release of the draft EA
and draft RAP, the high permeability layer will be removed from the
design.

,

Plans for Implementation:

The preliminary design will indicate that the high permeability layer has
been removed from the design.

| SECTION 3 ,

I

Confirmation of Implementation:
Checked by: , Date:'

Approved by: , Date:

t

:
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UMTRA DOCUMENT REVIEW FORM

SECTION 1

Site: Spook, Wyoming , Date: October 16, 1987 .

Document: Draft Remedial Action Plan
Commentor: NRC

Comment: General 1(c;, Integration of UMTRCA and AML Activities

Backfill of mine tunnels. Which program is responsible for backfilling
the mine tunn615 and what impacts (positive or negative) could that action
have on long-term stability of the tailings pile and groundwater
protection?

SECTION 2

Response: General By: J. McBee

Date: February 1, 1988

DOE is responsible for backfillin5 the mine tunnels and the backfilling is
part of the proposed ramedial action. Potential negative impacts (if the
tunnels were not bar (filled) could occur from detenoration of the rock
above the tunnels leading to progressive stoping and breakage of rock to
the surface. Tnese collapsed zones could then act as condsits far surface
water infiltration to the stabilized pile.

Plans for Implementation:

The preliminary design details and construction specification will clarify
the responsibility for the mine tunnels.

1 J'10N 3

ns |ir. nation of Implementation:
. necked by: . Date:;

approved by: , Date:

. _ - _ - _ ._ , - - .. --
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UMTRA DOCUMENT REVIEW FORM.

SECTION 1

Site: Spook, Wyoming , Date: October 16, 1987 .

Document: Draft Remedial Action Plan
|

'
Commentor: NRC

Comment: General 1(d and e), Integration of UMTRCA and AML Activities

Overburden material. (c) What benefit does DOE plan to derive from the
proposed AML . backfill cover (i.e. radon diffusion and/or erosion
protection)? Since AML is responsible for conducting this activity, how
does DOE plan to assure that the backfill cover will t,e placed as
designed? Has the concentration of radium in the cover material been
considered in calculating the radon flux for design of the radon barrier? *

SECTION 2

Response: General By: E. Banks /Schmidt
Date: January 26, 1988

!

(d) The AML backfill cover will provide a radon barrier and erosion
protection for the UMTRA tailings. The AML Program will provide QA
daring placement to ensure the material is placed as proposed in the
final design. Where the AML QA is less than the efforts required by
the DOE, tne DOE will support additi;nal QA inspection as
appropriate.

(e) The concentration of radium-226 in the (AML) cover materials were
assumed to be zero in the radon barrier design calculations. This
follows the EPA standards in 40CFR 192.02(b)(1) footnote 5.

,

Plans for Implementation:

The QA requirements for both the AML and UMTRA progr*.ms will be defined in
the construction specifications.

.

; SECTION 3

i Confirmati;c of Implementation:
Cnecked by: , Date:

Approved by: , D6te: _

L
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SECTION 1

Site: Spook, Wyoming _ , Date: October 16, 1987 .

Document: Draf t Remedial Action Pla_n
Commentor: NRC

Comment: Geology 1, Site Erosion by Tributary Headcutting
Pages D-36 and D-37

This section of the draf t RAP and Figure D.3.11 depict headcutting by
tributaries which would lead to erosion of the stabilized tailings. The
staff agree that lateral erosion and headcutting by tvibutaries of Dry
Fork appear to be the only significant geomorphic hazards associated with
the pit-disposal option. In the staff's opinion, however. DOE's
predictions of future erosion do not appear to be based on conservative
assumptions and analyses.

Figurv D.3.11 shows a model of future channel headcutting into the
disposal area from the site's main wash. The analysis assumes that the
channel will naturally adopt a slope similar to that of the soil-bedrock
contact, approximately 0.076. As a result, it shows that erosion in the
main wash would need to exceed 50 feet to expose the tailings. In
addition, DOE states that a resistance of the Wasatch Formation is likely
to prevent erosion beyond a 35 to 40 foot depth.

The slope gradient of 0.076 is extremely steep for a channel and no
justification has been provided to show that it is reasonable. Staff
analysis indicates that a more shallow slope, such as 0.030, would expose
the tailings with only 21 feet of downcutting in tte main wash. Lateral
and vertical erosion will occur entirely in back fill , will not be
controlled by bedrock, and will likely result in release of the tailings
earlier than anticipated from DOE's analysis.

DOE should revise the erosion protection analysis for this site using more
conservative assumptions, or should justify the adequacy of the current
analysis.
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UMTRA DOCUMENT REVIEW FORM

SECTION 2
+

.

Response: Pages D-36 & 0-37 By: G. Lindsey
Date: February 4, 1988

,

Figure D.3 lt was intended to show the depth of incision of the main
channel and of a theoretical tributary through the pile area which would
be required in order for the tailings to be exposed (Point "I"). It was
not intended to represent future channel headcutting. It was a projection
to show that substan tial soil and bedrock incision would have to occur
before the lateral channel would expose the tailings and therefore
demonstrate the extreme unlikelihooa that the pile would be exposed.

For clarificativn, the figure will be revised 10 show only that the top of
the pile will be lower than the bottom of the channel, 5074 feet compared
with 5075 for the channel bottom. The figure will also show that a basin
tributary with a slope of .030 could not come closer than 25 feet to the
top of the pile. The attached Response Figure 1 illustrates that a slope
of .030 has a low gully potential and will therefore not expose the
tailings pile.

From the threshold slopes on the Response Figure 1, a tributary subbasig
across the covered pile (backfilled pit), with a basin area of .05 km
would be stable or ungulled with a slope of 0.050 feet / foot. The area /
slope curve for the Spca, basin from its confluence with Dry Fork to the
lateral drainage across the disposal site is in the lower range of the
threshcids shown by Response Figure 1 for basins which have substantially
higher mean annual rainfall than the Spook site.'

Response Figures 2A and 28 shows the basin and slope calculations for the
Spook site which were used to plot the curve on Figure 1. The Report of
Investigation, as referenced in the draft RAP (Hydro-Engineering , 1987 ) ,
shows the design for reconstructed drainage across the si te . The
contouring of the pi t backfill will be refined by Hydro-Engineering in
their preliminary design to "blend" with the existing topography and to
stay below the slope threshold velocity (i.e., maintain sheet flow across
the backfilled pit) (Nelson, et. al .,1986).

Reference: Nelson , J.D., S.R. Abt, R. L. Volpe, D. Van Zyl , N. E. Hinkel
and W.P. Staub, 1986. "Methodologies for Evaluating Long-Term
Stability Lerign of Uranium Mill Tailings impoundments," prepared for
by tne Dis :sf on of Waste Managemant, U.S. 90E, Washington, DC by
Colorado State University, Fort Collins. Colorado.

;

- . - - -. . . . - . .
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UMTRA DOCUMENT REVIEW FORM

SECTION 1

Site: Spook, Wyoming , Date: October 16, 1987 *

Document: Draft Remedial Action Plan
Commentor: NRC

Comment: Surface Water Hydrology 1, Stabilization of Abandoned Mined
Lands Cover

The intent of the remedial action and AML design, as presented in the
draft RAP (pages 60-67), is to promote positive drainage from the cover in
order to prevent ponding and limit the amount of infiltration into the
tailings. The cover design, as presented in "Report of Investigation,
Abandoned Mined Lands Program 15-3" (Hydro-Engineering,1987), includes a
vegetated earth cover surrounded by diversion ditches. The staff does not
consider the proposed cover adequate te minimize erosion, ponding, and
infiltration. Furthermore, we conclude that 00E has not demonstrated the
effectiveness of the design for 1000 years with respect to stability and
groundwater quality.

First, the ditches for diversion of flood flows around the pit are
designed for 2.4 inches of precipitation in one hour, which is purported
to be a 1000-year event. This value is apparently based on extrapolation
of the precipitation data base for Wyoming, however, it is extremely
doubtful that this data base is sufficient to perform the extrapolations
necessary to determine a meaningful 1000-year event. In addition, it
appears unlikely that the estirrate actually represent a 1000-year event,
based on comparison of the one-hour, 1000-year rainfall (2.4 inches) to
the one-hour probable maximum precipitation (PMP), which is approximately
14 inches (see Hydrometeorological Report (HMR) 55, Plate 16). Therefore ,
it appears that a value much large than 2.4 inches should be adopted as
the design rainfall.

SECTION 2

Response: Hydrology 1 By: J. McBee

Date: February 4,1988

The drainage channels arcuad the remediated area are not ditches designed
to divert flood fl ows , but are part of reconstructed drainages to
re-establish natural (pre-mine) conditions at the site (see Section 7.1.1,
Hydro-Eng. 1987). The channels were designed to carry low-flow events,
five-year one bour storms or less. Larger events with longer recurrence
intervals will cause overbank flow but will remain in the constructed
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VMTRA DOCUMENT REVIEW FORM I

SECTION 2 (Concluded) ,

.

swales (Section 9.2, Hydro-Eng.1987). The 1000-year design event has a
recurrence interval significant enough to have an impect on the
geomorphological evolution of ephemeral streams in the area and was used
for design purposes. A large event such as the PMP will cause some
erosion of the channel but by definition has an extremely long recurrence
interval (on the order of one-million years). A PMF, using a PMP of 14
inches, on the nearest reconstructed drainage to the tailings pile area
will not come within 400 feet laterally of the tailings under the present
design. The methodologies used in estimating the 2.4 inches for the,

1000-year event are comon er.gineering practice.

i

.

!

Plans for Implementation:

The commentor is referred to the Report of Investigation prepared for
the AML Program by Hydro-Engineering. The drainage design is discussed in
detail in this document,

'

j --

'

SECTION 3

.

Confirmation of Implementation:
Checked by: , Date: !

Approved by: , Date:

,

.r- , , _ . - .,--e-.y ,,- -, c - . - . . - .-,,._.e 4 -m- - -- - - - - - -- -1-
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UMTRA DOCUMENT REVIEW FORM i

'SECTION 1
.

Site: Spook, Wyoming , Date: Octe'oer 16, 1987

Document: Draft Remedial Action Plan

Commentor: NRC

'

Comment: Surface Water Hydrology 1, Stabilization of Abandoned Mined
Lands Cover

Second, the proposed soil cover is to be protected only by vegetation. i

Since a vegetative cover is unlikely to be self-sustaining in the arid
climate of Wyoming, the staff questions whether such a cover can prevent
gu11ying due to concentration of runoff during major precipitation events.
The sheet flow assumption used in this design is likely to be invalid if
flow concentration occu rs . Gu11ying will likely disrupt the cover,
possibly allowing ponding, erosion, and increased infiltration in areas
directly above the tailings.

SECTION 2

Response: Hydrology 1 By: E. Banks

Date: F ebruary 24, 1988

See response to comment ti tled , "Geology 1, Site Erosion by Tribu tary
Headcutting," pages D-36 and 0-37.

;

,

Plans for Implementation:

See "Plans for Implementation" for the referenced comment.

SECTION 3 i

Confirmation of Implementation:
Checked by: , Date:'

Approved by: , Date:

__ _ _ . _ _ _ _ _ __ _ __ _ _ _ _ __ _ . _ . _ , , ___ _. . . _ . . _ _ , ~



,_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ - _ _ _ _ _ _

-> .

VMTRA DOCUMENT REVIEW FORM

'
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SECTION 1
.

Site: Spook, Wyoming , Date: October 16, 1987
,

Document: Draft Remedial Action Plan

Commentor: NRC

Comment: Surface Water Hydrology 1, Stabilization of Abandoned Mined
Lands Cover

DOE should provide a revised cover design ano should justify that the
design meets the EPA criteria established in 40 CFR 192. Fcctors that DOE
needs .to thoroughly address include the impacts of extreme flood events on
the cover and ditches; the potential for flooding, if ditches fail; the
impacts of gully growth on the integrity of the tailings pile; and the
impacts of increased infiltration on groundwater. A rock cover and rock-
protected diversion channels, designed in accordance wi th past UMTRA
practice, may provide an acceptable approach.

SECTION 2
,

.

Response: Hydrology 1 By: E. Banks

Date: February 24, 1988

The impacts of flooding and erosion on the pit backfill have been
addressed in previous comments (Geology 1 and Surface Water Hydrology 1).4

The impact of infiltration on the groundwater will be addressed in the
draft EA and preliminary design. .

!

Plans for Implementation:

None,
,

SECTION 3

.

Confinnation of Implementation:
Checked by: , Date: f,

Approved by: , Date:

:
!

_ _ _ _._ _ _ _ . __ _ _ _ _ _ _ _ . _ _ _ _ _ _ __ ___ _ _. _
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5ECTION 1 ,

Site: Spook, Wyoming , Date: October 16, 1987-
.

Document: Draf t Remedial Action Plan .

:

Commentor: NRC

Comment: Geotechnical Engineeri.ig 1, Constructability of
Low-Permeability Cover, pages 70-73

In the draft RAP, DOE proposed to stabilize the tailings in a pile
approximately 30 to 50 feet high with a side slope of 50 percent gradient
(2 horizontal to 1 vertical). This pile will be covered with a 1.5 feet
thick layer of low-permeability material. In order to achieve the desired
permeability, DOE proposes to compact this cover material to a minimum dry
density 95 percent of the maximum dry density determined using the ASTM D
698 test method. NRC staff is concerned regarding constructability cf the
proposed low-permeability layer.

DOE should evaluate the potential problems associated with placing the
material in 5 or G inches thick layer, operating the compaction equipment
on a 50 percent sl ope , and compacting the material to attain the
coefficient of permeability value assumed in the design. 4

SECTION 2

Response: Pages 70-73 By: 1. McBee

Dcte: February 1, 1988

Placement problems such as those described in the comment could occur. ;

However, the AML and DOE remedial actions will be performed by one
contractor. Although the actual construction sequence will be determined
by the subcontractor, it is anticipated that there will be concurrent
placement of the tailings, cover, and overburden materials overlying the
cover. This construction scenario will ensure that the design
specifications can be met.

Plans for Implementation:

None.

SECTION 3

:

Confirmation of Implementation:
Checked by: , Date: _

, Date:Approved by: _
!

-

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

SECTION 1

Site: Spook, Wyoming , Date: October 16, 1987
,

Document: Draft Remedial Action Plan
Commentor: NRC

Comment: Geotechnical Engineering 2, Low-Permeability Cover Material
Page 73

This section of the draft RAP states that the alluvial soil (clayey sand)
available in the overburden piles at the site will be used for the
low-permeability cover. There is a very little data, other than sieve
analysis data, to support the draft RAP statements on the expected
coef ficient of permeability for this material . In addition, the draft RAP

states that the low-permeability cover over the stabilized pile will have
a maximum coefficient of permeabili ty of 1E-7 cm/sec. However, the
Hydro-Engineering report on work proposed by AML indicates that the low-
permeability cover material is expected to have a coefficient of
permeability of IE-6 cm/sec (Hydro-Engineering, pages 5-12).

DOE needs to determine the actual coefficient of permeability for this
material, based on appropriate laboratory and field testing, and justify
the nsumptiens used for the design of the low-permeability cover.

SECTION 2

Response: Page 73 By: J. McBee

Date: February 3,1988

Comment acknowledged. Geotechnical testing results of the low-
permeability borrow materials were not available at the time of issuance
of the draf t RAP. Grain size distribution, saturated permeability, and
capillary moisture tests were performed on the materials. The saturated
permeability test result was 7.5 :: 10-8 cm/sec at 95 percent stcadard.

Proctor compaction, which is lower than the design permeability of 1 x
10-7 cm/sec. The grain-size distribution of this sample compares well
with other samples from the proposed borrow overburden pile and we feel
that the design value is achievable.

Plans for Implementation:

The referenced laboratory test performed on the low-permeability borrow
material will be included in the final RAP.

I

SECTION 3

Confirmation of Implementation:
Checked by: , Date:

Approved by: , Date:
_

!
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SECTION_1_
.

Site: Spook, Wyoming , Date: 0:tober 16, 1907
Document: Draft Remedial Action Plan
Commentor: NRC

Cunment: Geotechnical Engineering 3, Slope Stability Evaluation,
Pages 68 and 69.

For the evaluation of slope stability, most design parameters were
assigned, and conservatism of these values demonstrated, using a
parametric analysis. This was noted in #SPX-06-87-03-td-00 (page 1-3) of
the calculations provided by DOE in support of the draft RAP. Although
this approach is acceptable at the draft RAP phase, these design
parameters will need to be supported by test data to assure that they are
adequate when used in the praliminary design.

SECTION 2

Response: Page 68 and 69 By: J. McBee

Date: February 3, 1988

The short-term slope stability analyses performed cssumed that the DOE
remedial action would be separate from the AML construction and the
constructed pile would have 2:1 sideslopes, it has been decided between
the two agencies that construction will be concurrent and performed by one
contractor. Although the ictual construction sequence will be determined
by the contractor, we anticipate 9 construction scencrio in which an outer
zone of tailings and the low-permeability cover will be placed
concurrently with the overburden backfill . Since the overburden will be
placed in the pit, concurrently with the tailings and cover system, the
slope stability of the tailings pile will be significantly more stable
than the parametric analysis originally showed and further testing will

| not be required.

Plans for Implementation:

N on e ,
,

SECTION 3

Confirmation of Implementation:
Checked by: , Date:

'

Approved by: , Date:

. _ _ - ..
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SECTION 1

Site: Spook, Wyoming , Date: October 16, 1987 -

Document: Draft Remedial Action Plan
Commentor: NRC ,

,

tComment: Geotechnical Engineering 4, Seismic Stability, pages 64-65

The draf t RAP states that the seismic coefficient of 0.09 was assumed in
evaluation of seismic slope stability, performed using the pseudo static
method of analysis. However, a minimum seismic coefficient of 0.1 is
recommended in the TAD (D0E, 1986, page 67 ) . In addition, the seismic
coefficient of 0.09 was calculated based' on a maximum peak horizontal
acceleration (PHA) of 0.169 (draf t RAP, Vo! . 2, page D-24), while the t

calculations provided in support of the draft RAP assume e seismic
coefficient of 0.106 based on a PHA of 0.219 (stability calculations,
page 2 of 16).

,.

DOE should explain why a seismic coefficient has been assumed that is less ,

conservative then that recommended in the TA0. Also the discrepancy !

between the PHA and seismic stability values presented in the draf t RAP
and supporting calculations needs to be resolved.

SECTION 2

Response: Pages 64-65 By: G. Lindsey/E. Banks

Date: February 4,1988

The design earthquake is a floatin earthquake of magnitude 6.2 at a'

radial distance of 15 km (9.3 miles)g, which results in a 3eak horizontal
3

acceleration of 0.21 g. Accordingly, the seismic coeffic'ent is derived'

as one-half the long-term analysis of .21 g, or .105 g.

j Plans for Implementation:

The final RAP will be corrected to include the design earthquake of 0.21 g |
and the seismic coefficient of .105 g,

i

SECTION 3 }

>,

\ IConfirmation of Implementation:
,

| Checked by: , Date:

( Approved by: ,Date:

1

__ _ _ _
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SECTION 1 1

i

Site: Spook, Wyoming , Date: October 16, 1987
. ,

'

Document: Draft Remedial Action Plan
Commentor: NRC

Comment: Geotechnical Engineering 5, Stability of the East Pit Wall,
Figure 4.2, pages 70 and 81

The draft RAP does not address the sequence of moving the tailings
material from the east wall of the Spook pit. The stability of the pit '

wall should be evaluated, especially if DOE plans to remove the tailings '

from the foot of the wall (i.e. material inside the pit adjoining the east
wall) while the tailings remain on tne top of the east wall bank.

!

SECTION 2

Response: Pages 70 and 81 By: J. McBee

Date: February 3, 1988

The draft RAP did not address the sequence of moving the tailings from the
east wall of the Spook pit because that will be left up to the discretion j
of the subcontractor. Other high-walls of the Spook pit have remained ,

vertical since mining operations and are apparently stable. However, he ,

will be working under OSHA regulatio.1s that will ensure worker safety.

Plans for Implementation:

Ensure that the construction specifications require that OSHA regulations
be observed during construction.

SECTION 3

Confirmation of implementation:

Ctecked by: , Date:

Approved by: . Date:

'

L
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SECTION 1
.

'

Site: Spook, Wyoming , Date: October 16, 1987

Document: Draft Rynedial Action Plan
Commentor: N_RCR

Comment: Geotechnical Engineering 6, Extent of the Buffer Zone, Page 25

The draft RAP recommends acquiring a 100 foot wide buffer zone around the
edges of the Spook pit to protect the stabilized pile against intrusion
during future mining &ctivities. The Hydro-Engineering report for the AML
program recommends tne use of ber.ches in the pit wall (Hydro-Engineering,
Figure 9-19) for placing the fill material. 00E should consider the
effect this may have on the width of the buffer zone.

'

A statement on page D-38 of the draft RAP indicates that the proposed 100
foot buffer zone will be around the tailings i.npoundment rather than
around the Spook pit. This discrepancy should also be clarified.

SECTION 2
>

i

Response: Page 25 By: J. McBee

Date: February 3, 1988

The 100-fout wide buffer zone discussed in the RAP was intended to be from
the edges of the entire Spook pit and not just from the tailings pile
boundary (DOE portion of the remedial action). The bench referred to in

,

the Hydro-Engineering report will be approximately 20 feet or less in
width at the surface and, therefore, would not affect the 100-foot buffer '

;
- ;one width.

However, as stated in DOE's transmittal of April 4, 1988, strategy for
disposal site acquisition has changed since the draft EA and draf t RAP
were issued. The current plans are to acquire surface rights for most of
the pit (the northern portion of the pit will not be acquired) and

'

'subsurface rights for a 200-foot buf fer z::ne around the pit. This new
strategy would be presented in the final RAP.

-t

Plans for Implementation:

The final RAP will be revised to reflect current acquisition strategy.
[
t

SECTION 3 ,

Confirmation of Implementation:
Checked by: . Date:

, Date:Approved by; _
_

,

'
, . _ _ _ - .___ - __ _ _ - _ . ,
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SECTION 1

Site: Spook, Wyoming , Date: October 16, 1987

, raft Remedial Action PlanDDocument:

Canmentor: NRC

Comment: Geotechnical Engineering 7, Water Table Relative to Tailings,
Figure 4.2, page 56

The draft RAP (page 36) states that the bottom of the stabilized tailings
'

will be 30 feet above the water table. Figures 3.7, 3.10, and 3.11 show
the water table to be between elevations 4980.0 and 5000.0 feet and
Figure 4.2 shows the bottom of the stabilized tailings at 5025.0 feet, but
does not show the water table. In contrast, Figure 0.3.6 shows the water .

table to be approximately 10 feet below the existing pit bottom. This '

inconsistency needs to be resolved. In addition, the water table should
be included in Figure 4.2 to show the elevation of the stabilized tailings ,

in relation to the groundwater level.

I SECTION 2 [
L

Response: Page 56 By: C. Banks

j Date: February 8,1988

The groundwater levels presented in Figure 3.7 are unsurveyed, and are
therefore approximate levels as determined by the field engineer during
test pit excavation. The water levels presented in Figures 3.10 and 3.11
are from three different systems, as discussed in Section 3.5, which may
vary up to 20 feet. The water level in the upper system which is the
closest to the tailings pile, is approximately 5005 feet (September 1987),
This elevation is also presented in each of the figures. The base of thet

stablized pile will be at 5025, approximately 20 feet above the water
level of the upper system.

'
,

I

:

I
L

i
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~

SECTION 2

Plans for Implementation:
.

The water level will be added to Figure 4.2 in the final RAP. Any
'adjustments to the water levels as a result of additional sampling and

surveying done since the draft RAP will also be included in the final RAP.
The final RAP will be corrected to state the stablized tailings pile will
be 20 feet above the water table, not 30 feet.

SECTION 3

Confirmation of Implementation:
Checked by: , Date:

Approved by: , Date:
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SECTIDN 1
,

Site: Spook, Wyoming , Date: October 16, 1987__

Document: Draft Pemedial Action Plan
Commentor: NRC

Comment: Geotechnical Engineering 8, Geotechnical Data,
Figure 3.6, page 28

Figure 3.6 presents a cross section of the tailing stratigraphy but does
not show the geotechnical data points (test pits and borings) used in its
development. This figure should be revised to show these data points, and
also to include the ground-water level for reference.

SECTION 2

Response: Page 28 By: J. McBee

Date: February 2,1988

Comment acknowledged.

Plans for Implementation:

Figure 3.6 will be revised for the final RAP.

SECTION 3

Confirmation of Implementation:
Checked by: , Date:

Approved by: , Date:
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SECTION 1 !

Site: Spook, Wyoming , Date: October 16, 1987 -

Document: Draft Remedial Action Plan (
Commentor: NRC

Comment: Geotechnical Engineering 9,

Please include a location map of test pits 031-050.
,

t

t

!

!

SECTION 2 i

-

,

Response: By: J. McBee '

Date: February 2,1988

See Figure 3.5, Page 27.
.

N

i

Plans for Implementation:
'

None.

,

SECTION 3 i

,

Confirmation of Implementation: i
Ctecked by: , Date: !

Approved by: , Date:
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SECTION 1
.

Site: Spook , Wyoming , Date: October 16, 1987
.

. Document: Draft Remedial Action Plan
Commentor: NRC

,

Comment: Geotechnical Engineering 9,

Please include a location map of test pits 031-050.
t

i

,

9

I
SECTION 2

.

!
!

Response: By: J. McBee
,

Date: February 2,1988

.See Figure 3.5, Page 27.
.

!

!,

!
,

e

! i

| Plans for Implementation:
! i

| N one .
,

'
SECTION 3

! 3

1 :

; Coni 1rmation of Implementation: !

|'
Checked by: , Date: |'.
Approved by:. , Date: ;
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SECTION 1

Site: Spook, Wyoming , Date: October 16, 1987 i
.

Document: Draft Remedial Action Plan
Commentor: NRC

l

Comment: ' Geotechnical Engineering 10, Addendum D 3

Please include ground surface elevations for the borings shown in
addendum D.3.

SECTION 2 :

Response: Addendum D.3 By: J_. McBee

Date: February 2,1988

Ground surface elevations were not taken during the location surveys and i
i are therefore not available. The elevations can be estimated from the

F

location map using the topographic information.
;

:

[

!

| ~

Plans for Implementation:

N on e . ;
!

'

|

SECTION 3
*

i

. .

j Confirmation of Implementation:

i Checked by: , Date: !

Approved by: , Date: !
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SECTION 1
'

Site: Spook, Wyoming , Date: October 16, 1987

Document: Draf t Remedial Action Plan

Commentor: NRC

Comment: Geotechnical Engineering 11, Page D-18

Reference is made to "10 CFR 40." Should this be 40 CFR 1927

SECTION 2

Response: Page D-18 By: E. Banks

Date: February 8,1988

Comment acknowledged.

Plans for Implementation:

"10 CFR 40" will be changed to "40 CFR 192" in the final RAP,

SECTION 3

Confirmation of Implementation:
Checked by: , Date:

Approved by: , Date:
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SECTION 1

Site: Spook, Wyoming , Date: October 16, 1987
*

Document: Draft Remedial Action Plan
,

Commentor: NRC;

Comment: Geotechnical Engineering 12, Page D-55, Figure D-3.11.

On drainage profile A-A' point 1 is shown at elevation 5075. The basin
channel bottom point is also shown at elevation 5075. It appears like
point I should actually be shown at about elevation 5020, not at
elevation 5075.

;

!

4

SECTION 2

Response: Page D-55 By: E. Banks

Date: February 4,1988

Comment acknowledged. Figure 0-3.11 will 'be revised and point "I" will be
removed from the figure (see response to NRC comment Geology 1, "Site
Erosion by Tributary Headcutting") .

i -

i
,

i

i Plans for Implementation:

Figure D-3.11 will be corrected in the final RAP.

SECTION 3

Confirmation of Implementation:
Checked by: , Date:'

,

'

Approved by: , Date:
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