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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 Conuractor 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
implied in the information contained herein.

Purpose

The purpose of this data is to provide bidders with information regarding
geotechnical 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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GEOTECHNICAL DATA
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TES: g

). BOREMOLE LOCATIONS TAKEN FROM SERGENT, HAUSKINS &
BECKWITH "SITE PLAN" DATED MAY 1982 IN DRAFT RAP FOR
THE SPOOK SITE, VOLUME 0, ADDENDUM D3 DATED ALY 1987,
COORDINATES ARE NOT AVAILABLE AND THEREFORE LOCATIONS
MAY NOT BE PRECISE.

2. TEST PIT LOCATIONS TAKEN FROM COORDINATES ON LOGS DATED
FEBRUARY, 1987 IN ORAFT RAP FOR THE SPOOK SITE, VOLUME I,
APPENDIX O, DATED JULY (987,

3 TEST (4TS 039 (N7,082.8; £ 9,685.1), 049(N?,077.2, £9,206.9)

AND OSO(NG,487.8; £10,103.9) ARE BEYONO THE LIMITS OF
THIS PLAN.
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CROUND WATER SAMPLE TYPE |
DEPTm “OUm CATE A - Auger cunings, B . Block vomple ? ) S[RGENT, HAUSKINS A BECMTH
e 270.0. 1. 90" 1D, tube sample. -
:J - : . 0.3. 2,427 1.0, the u-:‘o. e) conBLLTING IIO‘.C~".'.i:-":t~"_"':'
T .1 00 hawglied Sha'by tube - PEOEN R ¢ ALBLEY




. g
LOG OF TEST BORING NO /252
/'-. - 2

s RIG TYPE X .- 9 (ny (20 e ¢
i ¢ | BORING TYPE e’ 2 '
k . t }i i = ]2 SURFACE ELEV.
s *! - l‘, jl "g }.: DATUM
v
1 ‘}l : 1 } <3 85 3 33 REMARKS VISUAL CLASSIFICATION
Q : -. .. -‘l\ ;- ’ -— o — —?- s 2
i ﬂ' LT ; = ‘_.’,' JR—— -
all §-_ 4 y{\« [1-27. ¥t .]nr___ s o
- 0 1 sy izl e . ry ”
- 4% | I R L APEHES
5 SRRENSY -l | - | LAY \/ /i
Ay IR i s
'22.’.."‘5‘!4"?? e R
1 Y’ | | - 1 :
2! L y!5eSi19e7 o
20 ‘J ¢ “{‘1' ~3-6 .
s b . e
i'z" 44-}‘-31\ o
EPTEPEELE A '
e : 2‘1/0; i ; _ 4 -
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£ LR SR o
22 e rde |-
v b | ! : ‘
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S92 :,, v [T l'in/r <, R
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L‘. b GROUND WATER SAMPLE TYPE
e IS S ;- ;~5’:'?§.‘"o'1""' R SERGENT, HAUSKINS & BECXWITH
V-7 ?'_‘ ?‘? 00 ':5: :.-:n ,.v:.ltg.g-u:-‘.-.:. 'u.n.-u .




Sreal “Ta ./

A%
ROJECT LOO OF TEST BORING NO.
q "o i /% /T i
08 NO. ‘fl #* L DATE / : o reoe 0l £ /7*-'\ AR R ,,‘.(‘6\,&
H i BORING TYPE___ & 72 ASA
} t j‘tl ‘é 3{ 3! SURFACE ELEV.
I i = l& i % : | oatum
: IR R AR
1 ‘} él} ;5 3 i3 REMARKS VISUAL CLASSIFICATION
l =T 1 - - B - 4
- W2 16 2Y-%Bl—| —~
|~ - mL ALl T
i v (2220 AV 1 T
&Yl - e L i M
(1725 L;-_zf 7
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GROUND WATER PLE TYPE
DEFTH wOuUR DATE A« Auger ..:‘a.:‘ B . Blochk somple ; ] SERG[NY.HA'JSKWS & BECKWITH
plee't $ -20.0 1.9 1.D. -.t. wenrle - . e e
V.3 0.0 2410 vhe somple. ‘.:;::':.:.A..‘o"::t-:nfl.- saNTa TR
1.3 0.0 thinwalled su.'s. he,
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$P).-01

B — Undisturbed Block Sample
D = Duturbed Bulk Semple

JECT LOG OF TEST P17 ¢
NO. £3)
NO DATE 02/17/87 oy °
) OROUND WATER Backhoe Type A"\. L. 260-A
!; DerTe wout ban Location N 57,9841.6 £ £8,544.0
Fios |3 ORY 2/17/81  Eievation £020.7
hint ki |} ST
! | ¢ . LN VIBUAL CLASSINICATION
E, < Eo2M Ory Fine to medium sand, some silt, light brown
At PIT FILL. |
i
-
PRI T t.4
olof® R Fotst Si1ty, fine to mecium sand, brown, P17 FILL.
o°le . ]
o®le Dry unit weight
5 ::: 0{10.1 (108.9 pcf)
lele
o®le
olole
REF
= & Sandstone bearock
10 1
o 02/17/87 LOG OF TEST PIT NO. €32
THNT
. GIDUND WATER Bacikhoe Type ‘t" L_260-A
z DEe | wour Bant Location N SE.016.2 E £9.439.0
! &3 : DRY /17 /E Elevation £062.2
i »
i
- J 2 v REMARCS VISUAL CLASSIPIZAYION
L] : i "
; SM__Moist Silty, fine to medium sand, brown PIT FILL.
° L]
e _|®
LI L)
° o
Sele 2\ D 1| 9.9
L °
L] L]
- & 2" Silty, clay layer
. sandstone Sedrock
(
SAMPLE TYPE

FIGURE D.4,1.A

0-71
TEST PIT LOGS




g _SPK-01

LOG OF TEST PIT NO. 033

NO. DATE 02/17/87 i .
| GROUND WATER Backhoe TypeINT L, 2€0-
; oo [ wow | wan] lecaton N §7,852.3 € 69,3221
i o3 i DR/ JA7/87  Elevatien §026.8
1 ! l Datum._ MSL
i - TP VISUAL CLASSIMICATION
olele SW_ | Moise Silty, fine to medium sand, occasional cobbles
o°le brown, PIT FILL
o’
o|%e -
o ’le
°
L ° 1 -
olle | 10,0
. °
° o
g Sandstone Bearock
1 |
0‘5 19 ,»sn too O' T‘ST 'n Nc. 034
&/ AT IQI
"‘l.' . 6:"
: GROUND WATER .ukhotTyp.’ ‘.I L g .:
‘. DM | mOur DA™Y ‘“.g|°n_N 5‘157‘-4 E S’o-‘*..':
J ‘ ug l! 'LEM! ¢/17/8 Elevaren §015.9
: }' 1] _‘, li j J Batum MSL
- ' l v REMAPES VISUAL CLASIIFICATION
U -
aP=SM . Moist Fine to medium sand, some silt, occasional
cobbles, brown, PIT FILL.
% —
» = U | §.9
5. Sandstone Bedrock, .
.
| | |
| | |
| | | { |
I T J ! |
l i :L 1 \ ' ]
SAMPLE TYPE
B -~ Urdsumed Dok Sample FIGURE D.4.1.B

© - Ditrvbed Suib Zampie TEST PIT LOGS




SPK-01

8y — LOG OF TEST PIT NO. Qa8
NO DATE __ 22/17/87 :
' ~
g SROUND WAYER Seckhes Type o L ¢0A
l‘ DEr T wOuR DAt tecotion. N 57,607.8 £ 80,2040 |
IR DRY 2117/81  Glevetion §021.6 i
AR
L : g aarcy VISUAL CLASSITICATION
®
L .
s M| Moist Silty, fine to medium sand, occasional cobdle
ool size rock fragments, brown PIT FILL.
..
ool
°
:.: | |
olole |
...
..0
ofle e .
5 Q.F)&L 1g.0 Ory unit weight
olcle (104.1 pcf)
L [
69 I ‘ -
: % slall Moist Fine to medium sand, some silt, occasional
2 .; ;?;{kF;[t;mer:s and boulders, light brown,
o .l:‘ 14 =
- XD | B.&
at | |
| sanaston grock.,
10 - ¢ be K
P o LOG OF TEST PIT NO.____ (16
n ML_VA :7 ’
, GROUND WATER skhoe Type INT'L, 260-A
; | pErtw “our ATt Lozation N 58,262.4 £ 89,588 .4
! } [ﬂ 3 FLT Ll Elevetion $012.3
hitth|] -
J | & v REmARc! VISUAL CLASSIFICATION
Viel®e - . - ]
oo 2M_| Moist Silty, fine to medium sand, occasional rock
olef® f:ggﬂen!s and boulders, grayish brown, PIT
.:. A.Lu
hls
o°le
Jels 5
ofls
L] L] \D Dp \ )
ol®le & ' y unit weight
§ ::: D 0.T (101.1 pef)
°
... ]
Q:O 2
LI L)
....
Sandstone bedrock
10

SAMPLE TYPE

B~ Undisturbed Block Sample

D ~ Distubes Bulk Sample

FIGURE D.,4,1.C
TEST PIT LOGS



T STel LOG OF TEST PIT NO, 03

NO. DATE 02/17/87 .
p - GROUND WATER Backhoe Type L. 260-A
3 BT | wout At Location N 58,341, 6 E 53,7662
i B8 |y 13.0 2L17/81  Elevation §011.8 )
i ] l l ! ! Datum. MSL
! l ¢ * LRI VISUAL CLASSIFICATION
ve S2-SM! Moist Fine to medium sand, some silt, occasional
Y= cobbles, brown, PIT FILL.
oi=n ) Dry unit weight
5 :iEs.l 2.5 (108.2 pef)
o' 3
10 Y
Q
e D 117.1
15 4 WEl
Sandstone Bedrock
L
e LOG OF TEST PIT NO. 028
DATE Qe 17/ N1 ]
- GROUND WATER Backhoe Type INT'L. 260-3
“ T wout pant | Location N S2.213.6 _F 89,2803
2 ¥=0"4 - .- ael -~ -
- _‘ u: ’! CLl SN~ Elevarcn $02%.2
S j Datumo MSL
b b :
) { - marcs VISUAL CLASSIFICATION
0 e
oole oM [ Moist TAILINGS, silty, fine to medium sand, brown.
.::'
..’
o°le
°
L
o::"% |
oo nl e & 0 1o waiahs
olols T 1;J~J: ;‘: ' topped at 4.0
|
g l
.
|
|
| | | |
|| |
| | |
[ | |
Ll : '
SAMPLE TYPE

B ~ Unditurted Block Samole FIGURE D.4,1.D




o 22r-0] LOG OF TEST PIT NO. c39
DATE g2/18/87 ,
’ Backhoe Type— INT'L. 260-A
GROUND WATER ' &9 ARS
] OEr T Ok DAL Location N S7,.082.8 [ 56, 688 )
‘ ! V£ i DRY 81X Eleverion s020.2
bt
L'r.! | I $ - HAALGS VISUAL CLASSIFICATION
.:: 1Y Moist TAILINGS, silty, fine to medium sand, trace
®le coarse sand, brown,
ofe
olels Qry unit u;eight
ol*fe (97.5 pcf Stopped at 3.0¢
e XU 1 6.6 e 2.
5
|
11
LOG OF TEST PIT NO. 040
02/18/87
. INT' 0.
] . GROUND WATER Backhoe 7"?“— j" - 2“; A‘“
'l‘ DEP M “out DATY Lozation N 58.0(5.7 £ -9,.!..8
AR DY 2ZIB/EY  pievation 5028.8
AR
! | J ‘ v REmARES VISUAL CLASSIFICAYION
el L SF-SM | Ory Fine to medium sand, some silt, occasional
Pl gravel, cobbles and boulders, gray and brown,
¢ PIT FILL.
by [
NED RN
LA
o
8 [
1% f':%
retdiel
» '::—SC 2.5 :
.1 .
Pothl Stopped at 14.0'
15
SAMPLE TYPE
B ~ Unditurbed Block Sample FIGURE D.4.1.E
D = Duturbed Bulk Sample TEST PIT LOGS D.75




ECT SPK-0}

LOG OF TEST PIT NO. 041

NO. DATE 02/13/87 A
Bockhoe Type o -
GROUND WATER
]f T e T Loeotion N 87 003.7  E 89,762.0
} | B4 i -r—-LY _—_f..kﬁ. -'3_17 Elevation $048.7
i 1 1 } F ] Datum._ MSL
’ 4 : - BLwArcs VISUAL CLASSIFICATION
e |0
ofole SM_I Moist TAILINGS, silty, fine to medium sand, trace
olels ¢coarse sand and gravel, brcwn,
L]
ohols L
ol®le s {(ernum: ustght
o 1104 (1008 pcf) ‘

| |
02/18/87 LOG OF TEST PIT NO. 042
An &/ aCIC
INT'L, 260-A
SEOUND WATER lo:hhoohpo' - 1 d P -
oer . wout oant Location N 57,797 .8 £ $9.8¢3 )
! l! oRY 18/87 Elevarion £0&3.2
i l ]j poe D.'U“ NS-
v REMAL VISUAL CLASSIFICATION
SM_IMoist Silty, fine to medium sand, trace to some
gravel to beulders, gray and brown, PIT FILL.

Ory unit weight
(108.5 pcf)

B e it st e FIGURE D.4.1.F

D = Dwiumaed Syt Semtle TEST PIT LOGS h.E



JECT $PE.0]
LOG OF TEST PIT NO. 042

b NO DATE 0271887
l 5 GROUND WATER Backhoe Type INT L, 26c.A
: B | wour bt Location . _SE . 0°¢F 8 IR
! ! 3 ‘ DRy 2/ 1587 Eievation £108 ]
AR S =
— VAL CLARBICATION
- ] Motst TAILINGS, silty, fine to medium sand
: gravel, brown, tnd, trece
°
. -
: U 1ic.y U"{ unit weight
: (123.9 pcf)
L]
L]
- v
L]
©
°
°
. B 2 e
: s Stopped at 13.5'
15 - .
\
02/18/87 LOG OF TEST PIT NO. 044
i GROUND WATER ckhoe Type INT_L_260-4
l‘ ?(:vn wout pAT Location N 58,280 1] f £C c70 R
! o3 ‘ prY RIIR R Eleverion £108.4
il | S —
1% | : v REmARCY
O s VISUAL CLASSINICATION
oele S Moist TAILINGS, silty, fi ¢
sele ML R ity, Tine to medium sand, trace
Slols - gravel, brown,
®
:::__“ T e Dry urit weight
L] ° b ) L
5l elele b (114.3 pcf)
...
...
olole
of*fs Lt
10| ofe|® pp=
L] °
.:. e
o.: Rubber and cardboard fragments.
ot 11, '
o .- Stopped at 14.5'

]t

SAMPLE TYPE
D = Undisturbed Biock Semple FIGURE D.4.1.G D-77

D =~ Diuubed Bk Sample TEST PIT LOGS



KT $PK-01
NO. DAE 02/18/87 LOG OF TEST PIT NO. 045

' A T SR Tre INT'L. 260-A
} !f k] ._Q‘?V‘ == ,.m tocoren S2.2 2 3 £ 60,150,

] 1 l ,! } 20587 Elevation 8110 1

! | 3 ]v Datum__ MSL

° - VISUAL CLASSIFICA
ofofs i A TAILINGS, silty, f —

) ° i ’ 'j 'Iﬂe $ 1t
olole gravel, brown, : to medium sand, trace
offs
° = ?
s 0.:‘.—-4 v L2 ?rj ynit we‘g"’.
::: (129.9 pcf)

°
o*fe
o:g -

10 |*fef® - A
o’:
O..
o:.
o|®fe e 2 A
18 Stocped at 14
i 02/18/87 LOG OF TEST P NO.___ 0:
5 GROUND WATER Backhoe Type INT' L 2EA.4
» [T - A s =
! ‘= l — et L) Location N 58.5841.8 E 61,182 %
~ o= 5/12/2 L
b0 i wavdi B - s
! | é !v 2 Datum, MSL
— VISUAL CLASSIFICATION
- M Mades
L - 18 Fine to med
zHr 'a edium sand and ¢!
=0 [ 13.¢ slasticity, brown and clayey silt, low
ools b= M __{Moist - ‘

.:":‘- § ﬁ N :'"‘.'IO ("e to mediym sang trac -
ool and gravel, gray and brown. 3ce coarse sand
of*le
o’le
ole
.:' —— ! al
O.o ——tt
ol _|o

o -

oo s

Stopped at 13.8
| Il |
| |
- 4 |

SAMPE TYRE

-
. h o o N

FINURE D 44 H




ePy.N1
5§ LOG OF TEST PIT NO.
NO. OATE ___02/10/87 .

P"'u ” ».
g GROUND WATER e Tie NT L. 26C-A
: O o Bant locotion N 57,7524 2 f 60 002 4
| B4 b RY 2.a8/5 Elevation_. 5133.8
!s i1ih |1 ST =
| v S VISUAL CLASEICATION
01%ef®
ol’le oM Me 5
ol 15t S:Hy. fine to mecium sand, some clay, none
.:. plastic, brown, ’
L] 3
o:o
ol e =10 171 = Or " &
5... &t i g - y unit weight
el |o (108.3 pcf)
. ~
0..
L] L]
0..
...
“lol® D 1
101 sl%le Clay grades out.
.:.
ool Trac
olle — race coarse sand and gravel
ol°le - —
- Stopped at 14.5'
Lt LOG OF TEST PIT NO. 08
. GROUND WATER Backhoe Type AN L _280-4
l: DEY Uk DAt Locetion N 571557.5 E 6?,:5:9
| B i = f__"_.i:. Eleverion $129.7
fHik |1 -
j ! | T VN 18Y VISUAL CLASSIFICATION
: SF-SV | Mpist Fine to medium sand, some silt, trace coarse
S0 sand and grevel, occasional coddbles and
NN boulders, yellowish brown and gray.
: :Lri ol B E Dry unit weight
E ; (98.8 pcf)
[ 4ol4
o4 ": =
: 4."'-'?' W
I
.
SINEH :
: ..
SN
3 ». B S 1 M
b [ Stopped at 14.0'
SAMPLE TYPE
B = Und iturbed Block Semph FIGURE D.4.1.) 0-79

P e B Amaw b Sy - - A o e .



10}

18

02/19/87
GROUND WATER
L] o ["S 0 ]
RY 2/19/87

LOG OF TEST PIT NO. Q4g

Backhoe Type INT'L. 260-A
Lecetion N 57,077, 2 £ 59.5C8.9
Elevation. £143.2

Datum. MSL

Lerew e
e el
Close fic ot o

VISUAL CLASSIFICATION

pSy
v

\

o,

‘PP
s &

F:ﬁ:_:ﬁ1

|

. J

Fine to medium sand, some silt, trace gravel,
occasiona) cobbles and boulders, yellowish

brown.

GROUND WATER

LOG OF TEST PIT NO. &0

Backhoe Type i Y

B -~ Unrd gt ved Vacr Tamo'e

T wout | Ban location N 56,4857 .2 £ 80,103 .68
, i pey 15 Elevetion €123, 4
! Rwars VISUAL CLASSIFICATION
Sred ist Fine to medium sand, some silt, trace gravel,
occasional ccddbles and boulders, yellowish
brown,
e. ynit weight
2.2 pcf)
Large Bculder DE Stopped 3t 8.5
10
SAMPLE TYRE

FIGURE D.4.1.J



GEOTECHRICAL DATA

TAC Laboratory Test Results

Reference |

§7-SPK-R-01-D0Z67-00
51940/01460
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R BY WEICHT

E

RCENT FIN

-
-

PE

LOCATION 10 031 ORAVEL(Z)e O

GwevE 1D« S 81,0
CEPTH INTERVALIFT): 2.6 - 3.0 «200 BIEVE(Z FINER)s 9.0
UNIFIED S0IL CLABBIFICAT I0N: 6P-6M DATEs 6/21/787
8r— aveL R0 SILT AND CLAY
B 3 1 3¢ /8 o4 o8 16 ad0 60 =00 »200  1.6. STANGRD GIEVES
B m Gosn et ——— T -7
i 1 ! !
] | ] | 1 ’
b4 1 ! ! !
: ' | ! '
@ + ' ' +
i | 1
. ] i ] i
8 ) ! 1 !
: i ! ' i
& -t 4 + +
i ! i |
| ) 1 ) ] ~
9 ) 1 ) 1
2 | ! 1 1
“ " " } :
i ' 1 i
1 1 1 i
g‘ [ | | [ .
: ! : |
S
w . . o .
1 i 1 ]
. | 1 e 1 .
| i ) !
bt
" % Y mrrrr Tt
e r bt et tHmbhr o
1 -1 Ot Lo

GRAIN SIZE (MM)

FIGURE D.4.2.A
GRAIN SIZE DISTRIBUTION CURVE

e — —— —— —_——

-




LODCATION D« 031
GweLE 10, 02
UEPTH INTERVAL(FT): 4.5 - 5.0

oRVEL(X): O
eFD(%)e 78.0

«200 SIEVE(YZ FINER)» 22.0

UNIFIED SOIL CLABBIFICAT 10N 61 DATEs 6721787
8. CRAVEL HAND SILT AND CLAY
§ F L /4" 39 w4 - sl =% il =100 =200 U.6. STAMNRD GIEVES
T T T 0 T m oy T T T
! [ I
4 | | i 3
8 ! ! [ |
: I ! [ [
Pa + t * 1
g | I 1 |
o [ i 1 I
wSJ ! 1 1 | “
38 ! I ! 1
> + 4 t +
@ I I | I
o J | ] ] ] .
w3 ! 1 ! !
Eg ' | ' '
w 4 + 4 !
[ [ [ |
> | ) ! ' '
wg | ! | I -
gd i 1 i
wﬂ i i ) | i
- ! 1 ! !
[ i 1 |
- I | ) I -
o 3 ! ; I 1
1W’l’nrt‘r‘n‘-—hrrn‘TrLr—‘lnlh'rf—rL‘!ls'lrrrr“r—‘hrnTﬁ—*‘—. |
s 01 LoDl

GRAIN SIZE (MM)

GRAIN

FIGURE D.4.2.B
SIZE DISTRIBUTION CURVE




LOCATION 10s 02 ORAVEL(%)s .0
e E iD. D1 S Z)e 88,0
EPTH INTERVAL(FT): 2.6 - 9.0 «200 SIEVE(Z FINER)s 14.0
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Table D.4.1 Mechanical properties of Spook site material, Spook, Wyoming

Depth Particle size distribution
Site and Sample Interval Sotl Specific
location 1D 10 (ft) % gravel X sand X fines USCS description? gravity
SPKO1-031 (1]] 2.5 - 3.0 - 91 9 SP-SM D, poorly -
graded siity
sand
SPK0O1-030 02 4.5 - 5.0 - 18 22 SH D, silty sane -
SPK01-032 0 2.5 - 3.0 - 86 4 A D, sility sand -
SPK01-033 (1] 2.5 - 3.0 1 19 20 SM D, silty sand -
SPK01-034 01 2.5 - 3.0 - 81 13 SP-SM D, poorly -
graded sility
sand
SPK01-035 0 4.5 - 5.0 - 80 20 SH D, silty sand -
SPKD1-035 02 8.0 - 8.5 - 88 12 SP-SM D, poorly -
graded silty
sand
SPK01-036 n 4.0 - 4.5 - 82 18 SM D, sility 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 D, poorly -
graded silty
sand
SPK01-038 0 3.0 - 3.5 - 81 19 SH T, silty sand -
SPR01-039 01 2.5 - 3.0 - u 19 M T, sility sand -




Table D.4.1 Mechanica) properties of Spook site material, Spook, Wyoming (Continued)

Depth Particle size distribution_
Site and Samp le interval Sol) Specific
location 1D 10 (ft) X gravel % sand % fines UscsS description? gravity

SPKO) - 01 ) - 4.0 . 86 5 D, silty sand
SPKD) -04f 04 1. 11.5 9 D, poorly
graded silty
sand
SPx0D) .5 -3.0 silty sand
PO 2 ) - . D, silty sand
SPKD) , .9 = .0 s1lty sand
silty sand
silty sand
slity sand
silty sand
silty sand

silty sand

B, Jow plasti-
city siit

SPKD1-D46 ¥ B, silty sand
SPKD) -04E ' ; ~ B, sVlity sand

SPKN) -047 { ( 35 B, silty sand




J\'G

Table D.4.1 Mechanical properties of Spook site material, Spook, Wyoming (Concluded)
Depth Particle size distribution
Site and Saaple interval Soil Specific
location 1D 10 (ft) % gravel % sand % fines USCS description? gravity
SPK01-047 04 14.0 - 14.5 18 22 SM B, silty sand -
SPK01-048 01 4.5 - 5.0 87 13 SP-SM B, poorly -
graded silty
sand
SPK01-048 03 13.5 - 14.0 89 1N SP-SM B, poorly -
graded siity
sand
SPKD1-049 0 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
<and
SPK01-049 04 2.0 - 2.5 17 23 SM B, silty sand 2.65
SPK01-050 01 4.0 - 4.5 88 12 SP-SM B, poorly -

graded silty
sand

4D . disposal area solls; T = tailings; B = overburden pile sotlls.




Table D.4.2 Saturated hydraulic conductivities of Spook site material, Spook, Hyon\ng'

Depth Compaction Initial Hydraulic
Site and Sample interval Soll % 200 Test (% ASTM dry density conductivity
location 1D 10 (ft) type sleve me thod? 0698) {pcf) (cm/sec)
SPK01-036 04 4.5-5.0 Pit fAN 18 CH 100.7 101.6 1.2 x 10-4
(SP-SM)
SPK01-038 02 3.5-4.0 Tat)lings 16 CH 88.7 102.4 2.3 x 10-4
(SM)
SPK01-040 02 4.0-4.5 Pit FIN 14 CH 100.8 114.9 1.6 x 10-4
(SM)
v SPKO1-045 02 5.0-5.5 Talliags 16 CH 88.8 103.0 2.7 x 10-4
v (SM)
SPKO1-047 02 4.5-5.0  Overburden 35 CH 90.6 108.6 2.9 x 10-3
(SM)
SPK0)-049 03 13.5-14.0  Overburden 13 CH 90.2 100.9 1.0 x 10-3
(SP-SM)
102ud 4 0-40.0 Llow- 47 FH 100.0 116.4 3.0 x 10-8
permeability
cover (SC)

4CH indicates constant head permeability.
tH indicates falling head permeability.
Dref. Hydro-Engineering (1987a).

\l \\/
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LOCATION MAP: A | siTE 1D 4&12_,{; LOCATION ID: (L
1
. fac} S|TE COORDINATES (ft.):
E
GROUND ELEVATION (f‘ MSL):
DRILLING METHOD: _L ¥ 1M A
DRILLING CONTR.: &n.lo:  Rry. /iphora
DATE STARTED: _[&//f'/ 5§ 2 "
DATE COMPLETED: ' (2//4/F 7
FIELD REP.: THr s
GROUNDWATER LEVELS
DATE TIME DEPTH (ft.)
LOCATION DESCRIPTION ¥
SITE CONDITION
HEEr sows | &
DEPTH 35 33|52 > © PER 6 In. |22 |uscs VISUAL CLASSIFICATION
.: .‘ >
—2-
JUdINl 2492
y y
L x o
v s & \4:_ IT 11‘7
| NI
Uévn
WA TS T3 CX 5T
L X1 :
— DNRYML 3l 8L
;:.,\e Jo mes Iri "’1 3 5-.«-, [
I low =btA
o /
i) UV Ial~ T4
A
L2
- #lls FCIICIFA RN
L\

CO‘-iMENTS sauw e Tv;\c
;:‘2'"3: ‘10 ‘: Glive sampie
ve3 €Ceo 42" 13 tibe tecw
T3 €8 rwaied The gy Lt




17 JACORBS ENGINEERING GROUP INC.
*J 5 ADVANCID SYSTEMS DIVISION, ALSVUAUVIRGUE CPIRATIONS ?
EOREHOLE LOG (SOIL) Page Lot .S
LOCATION MAP: A | siTe 10! S.kdl  Location m:eX<H
i~ sne coom;mnss (u) :
Ve
GROUND ELEVATION (ft. MSL) A
DRILLING METHOD: ___£c/s Y N A
DRILLING CONTR.: Bt (freg / S Meare
DATE STARTED: ___I2/ic/ex !
DATE COMPLETED: __12/c /¥ 2
FIELD REP.: T ¢
GROUNDWATER LEVELS
DATE TIME DEPTH (ft.)
LOCATION DESCRIPTION
SITE CONDITION
HEHET gLows | %
DEPTH | 3:/33|3:|>] ®© PER 8 In. |22 |UsC3 VISUAL CLASSIFICATION
fonl i S AL B N
\< NEEES
ﬂ’c & €3l
S
[
l COMMENTS: .. ‘S:"u_ , Tvpg
 BR ;:"Jl 1C grve tamoie
43700 242° 10 1wee semow
I T+3 C0 1me-rwateng Srein, !




c ACSYVANCID IYSTINS DIVIZION, ALJVEVITQUS: C’lil"Cﬁa Z
EORZHOLE LOG (SCIL) Page Lot 2-

LOCATION MAP: sitz 10: Sokg/  LocATioN ID: 2253
SITE COORDINATES (11, )

N
GROUND ELEVATION S" MSL):
DRILLING METHOD: /"‘*
DRILLING CONTR.: ok £,
DATE STARTED: L2/ Y /8 >
DATE COMPLETED:
FIELD REP.: THr'M,

D" JACOES ENGINEERING GRCUP INC

CROUNDWATER LEVELS
TIME CEPTH

LOCATION DESCRIPTION 2% _'N
SITE CONDITION gatl il

BLOWS
PER 6 In. VISUAL CLASSIFICATION

Samrie
IntEaval
SAurL e

b A Mecoveay
SAMPLE
mETAINED

~

~
1)
=

™ rlird J(';j;" Jl‘/r o~ ""‘Y/ /’4_ Sra
dilty rMJ, Fac dand, (1.4 ra. dy

Oy

»

"LTM SMAI I e .r.‘[‘" h',

SAMPLE TYPE
w@er cuttingy
o 't 38 C orive samaie
OO0 242 10 1vte taee
OL ther 1 Iheity 1ube




JACCBS ENGINEERING GROUP INC.

ADYVANMCID SYSTIMS DIVISION, ALIVQUI2AUE CPATIONS

2
‘ BOREHCLE LOG (SOIL) Page—of —
LOCATION MAP: 2] st _Sek £ vocation0: 252
i~ | SITE COOROINATES (f1.):
N E
GROUND ELEVATION (ft. MSL):
DRILLING METHOD: __HJA w/ ;Wa:r S
DRILLING CONTR.: Layes ‘fre. /Cplonn
DATE STARTED: _ 2/ v/22 4
DATE COMPLETED: __*
FIELD REP.: T He
GROUNDWATER LEVELS
DATE TIME DEPTH (ft.)
LOCATION DESCRIPTION
SITE CONDITION
| T t] o
1 siows | ¥
DEPTH ;§ i|iil>) ® PER 8 In. | T2 |uscs VISUAL CLASBIFICATION
. . -3 >
141(24m }i2 > Cie to med gaad, Seme (] M ohra,
4y
2 &
B N (21l 2.2
2. -
R WATAPE I EECE
2\
ME 2
Al )2 Lb‘,ﬂ 4‘_73
A
1
e -
el

COMMENTS:

SAMPLE TYPE

r gwitings

.
OO0 138 LD #ive samoie
Q0 242° LD tube semve

thewwaled heity tude

JEG-AL-ENGC-2S

(4/885)
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SEOTECHNICAL DATA

Myoming State AML Program Borehole Data

) Reference 5
E057-SPK-R«01-00267-00
5194U/0146U
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FIGURE 5-1
GEOTECHNICAL
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SBOUTHERN PORTION OF PIT
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CONSULTANTS INC
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TABLE 5-1

SUMMARY OF MATERIAL PROPERTIES
SPOOK PIT
SPT AST™M COMP  PROCTR PROCTR
DORING SAMPLE IMPLIED D2487/8 MATERIAL TYPE/ Yo Yo L A Pl L STRGTH MAX D OPT M
NO.  TYPE/NO, DENSITY SYMBOL SAMPLE INTERVAL  NWCZ  (PCF) (PCF) (X)) (X)) (X)) ~-020@ (FSD) (PCF) (%)

ETTTIZT 2SIITIT STT[ITILL. OSTITSIT SISTTICITTTISTISIT O SITSL O STUSIST OSITIX SIITIT OITIST ITZTXT OSTIST SEIT=T SSTESIT sa==xm

18 SS-4 VD SP-SM  Sand w/clay

(15'=16.7") 8] = =— NP N NP 9.2 - — —
182u §T-2 o= -— Tan sand
(25'-24") 9.7 114,08 1585, == o= o= o — -_— -—

182 §-7 W 8C Clayey sand

(35’-“03', 707 Su— o - — — -— — —_— -—

o §5-4 D SC-A  Clayey sand
“5"16.3') "ob —— o ” N ’ ‘3-5 ol — —

Jey §5-4 v SP-5C Sand w/clay

‘a“:bcs', ’ob —— —p . b - -— — _— —

61y §s-1 N §P-5C Sand w/clay

(15'-15.8") 10, == == e— e e e e P
sl §-35 N Su-5C  Clayey sand

(35'-26.9") W = - 20 N S NI - — -
Ty §S-2 N sC Clayey sand

(5'-6.8") 1] == = e e e e e -
T8 §T-1 — sC Clayey sand

(18’-11.1") B8 1Y 13Nh == o= o= = - —_— -

e §S-4 N sC Clayey sand
(28'-21.7") 63 = == = = e N - —_— e

T8 §5-6 W s¢ Clayey sand
(35'-36.3") ] == - B N g -~ - S G

80y §5-1 0 SP-5C Sand w/clay

(9'-1.53") 7.7 == e e e e e e SIS —

b §8-3 D SP-SM  Med sand w/clay

(15'.1602‘) 307 — e “P NP NP 70’ _— e F—
§7eu  SS5-1 ) §¢ Tan silty sand

(18'-11.3") B! o= - ¥ WV B B — - —
syedu ST-l ~— — Tan silty sand

(6.3'-2.7") 7.0 IR9 L] == o= o= o= - —_— -

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



TABLE 5-1 (CONTINVED)
SUMMARY OF MATERIAL PROPERTIES

SPOOK PIT
SPT ASTA COMP  PROCTR PROCTR
BORING SAMPLE [IMPLIED D2457/8 MATERIAL TYPE/ Yo Y W A M I STRGTH MAX D OPT M
NO,  TYPE/NO, DENSITY SYMBOL SAMPL.E INTERVAL  WCX  (PCF) (PCF) (%) (Z) (%) -Di@@ (PSI) (PCF) (1)
EZ3I2T2T TTIITZZ STTIITTT JTITZZT ITITTTITIIICITSITIZ OPITTT ZIIITTT STTTT SIS ZSS2T ZISTI OPEITSI BTSSR RIS RS TES
T MK - — Overburden '
(3'-43") e e S wan  See | ees  mee o 116.4 14,1
RS47 BAK - —— Overburden
(8'-32") ae | Gme ke Ges e g e e 128.8 17.9
- MK = == Overburden
383 conp (@'-25") == ewa ems s e e e e 117.8 13.5
1908-PT CORE == s Tan sandstone
B (60'-84.5") .92 1110 A8 =~ == — = |}I Sl -
1229-PT CORE — ——— Tan sandstone
) (82'-84.5") .06 1143 108 == o= o= o= {5 o= -
1208-PT CORE  — — Tan sandstone
¢ (684.5"-89") LA 1138 8.2 == == o= o 98 — e
1081-PT CORE  — - Tan sandstore
A (78'-88") 8.0 11468 1208 == o= == == [} o ==
1001-PT CORE  — e Tan sandstone
B (68'-98") .30 1119 124 o= o= == o= 49 —_— -
1081-PT CORE  ~—- o Silty claystone
¢ (98'-183.5") 1.4 11803 IRG o= o= o= == N — e
PERMEABILITY TEST DATA
MOISTURE DRY 1 PROCTR
BULK SAMPLE CONTENT DENSITY MAX D PERMEABILITY
IDENTIFIER (%) (PCF) (1) (CH/SEC) COMMENTS
$ITIT====T s=zzzzzss SEZ=ZIITTITITT I33Iz3I3==3 sTITIZT3IzT=3 gzzzzITIITITTE==
02 . 189.4 94 2,31 X 18 Rixed Overburden Spoil,
Tl 18.2 112.8 93 3.9 1 L9 :
RS$? 14,5 124.3 9% §.89 X 18-
RSA7 17.9 1072 59 .11 ¢ 180
382-3 9.2 199.2 93 S.24 X 18-  Coaposite Sample,
Je2-3a3 13.3 113.93 99 1,20 X 18°*  Spoil pile J2@
J82-323 15.8 112.9 9% 1,921 19
§9odu-3T! 1.2 102.9 - 111 X 19" Undisturbed Alluviua
Note: See Table 3-IA for an explanation of the abbreviations and the significance of each test,
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Page 1 of ) 1086-
3 -7!4' 7 o
OATE BeGaN 22222 BORING NO 102V FIELD ENGINEER: J2C/ATS
OATE 'l”lsH‘D:-_ lo, east of 102 g AW—
GROUND SURFACE EL: N Viv
-
- v PENETRATION
ELEV DEPTH [SAmPLE| = DESCRIPTION © RESISTANCE WATER CONTI
FEET) | (eeem | vee | D o |®Lows peafoon|  (PERCENT)
= L > 10 30 80 20 40
r 1 8'-4'  tan fine sand I | |
[~ o 4*<9'  light brown slightly clayey sand
W 1 9*-12* sandy-tan limonite stain
T ¢ 12°=1%* tan clean fine sand
h!l
- —
h - -2 pebble-sandstone-droken
= - 2'<11" tan iron stained sand-sed to fine
- - I1*=18" tan clean sedius sand
10. 0
= 11:0 griller missed mark
" 1 3-19' wediua to coarse clean to tan sand 19
I 1 19°-20" sediua to coarse sand with coaly parting
= L] bl
15.0 | 20°-21° slightly clayey sand with coal
[ 4
i ] 3-3'  coarse sand with 1/2* petble $:4- i e
7 3'-12° orange brown silty sand
I - 12°-14" white coarse clean sand
Csn ] 14°-28.3" orange brown silty sand
- P 2-4' coarse sand-clean “ . "
- -t 4= slightly clayey sand with card sat!l . -
b -l 7'-17" clean brown coarse sand
RN - 17'-20" clayey sand
25.0 2°'-21" clean white ped sand .
mad e
p— -
tan sand
p— —
o
30.0 71
- - 2=’ clean coarse sand
- - 5'-14" silty coarse sand
- - 14°<17.9" dark brown clayey sand
35.0 !
—— sk e
p— - SN
-1t " mar "
A5 " 83 brown coarse sand I
- ol 3'-3'  clayey sand
- - §'=17" silty brown coarse sand, nothing in tip
40.0
-l = i tan sediua o ::ars? sand A
-l *-§* clayey sand w/clay lens
- §'-10" silty brown coarse sand
18'-13" clayey sand
- T ' \.o ’ My I 1 \
3*-15" 1* lusp of coal, black
\ 19'=18.%' clayey ccarse sand
-4
. vd alluviue-no sasple
-—
|
- !
|




— 7 GUNSULIANI b INb

Page 1 of 1 1086-85
DATE BEGAN: - <48/ U =
BIL s QRING NO. FIELD EnGingen: ATS/JJC
DATE FINISHED: e N2 4 PO ——
. N 3E 36.57 from bMark. cnecxeo oy: 494
GROUND SURFACE EL : E ryv
o
= v PENETRATION
I'L!!\; CEPTH [SAMPLE - DESCRIPTION v RESISTANCE WATER CONTE
(FEET) (FEET) Tvee | Q w | (BLOWS PER FOOT) (PERCENT)
Q s > \0 30 $0 20 40
TR a2 I8 17
- od 2-12"  weed to coarse sand
- - 12° 1* piece of gravel and card natl
- - 12°=14" sedius to coarse sand
2 f
e - Mt @ rock 49
e - 2-16' wed to coarse tan sand, trace coal in
- - tl’
= - sandy? clay lens-driller report
18 A 3 Y pe
- -4 2-1° tan coarse sand
}_ i 1*=11* dark clayey sand very toapacted ‘
1€ "
b - top ¢f saeple x4
% " g-3 dark clayey sand
» _ 3*-5*  tan coarse sand
- 2 $'-12* dasp dark clay
20.0 _J12°-14" tan coarse sand
- ! 17 no recovery-picked up a calcite Cesented )
5 B sandstcne - gravel size
- 3 8-2' tan coarse sand
28 0 2'-46' dark clayey sind
. | 6'-9' medius clayey sand §¢
B | 9'=14.." tan coarse sand =
o - -3’ danp coa~se send w/minor clay
e 5'-8: clayey coarse sand
*-19' coarse sand
= -
- -
35.0
- -4
b - -—
[ -
40,0
- -
= e
»-65 - -
and 4
= e
50.0 7




e et wuinoULTANTS INC.

Page 1 of 1 1086-BS

DATE BEGAN:4=-24-87

ODATE FINISHED!

601UV
828' due \-BcQR&NG NO'_'G*,H

FiELo ENGingEn:JJC/AFS

CHECKED BY:
GROUND SURFACE EL: N E
= v PENETRATION
ELEV DEPTH |SAMPLE| = DESCRIPTION v RESISTANCE WATER CONTE?
(FEET) (FEET) Tvee | © w | 1BLOWS PER FOOT) (PERCENT)
0 B > ] 0 3 so 20 40
i - 2'~9* clean codrse tan sand . T T
- - 9*<11" orange brown medius to cosrse silty sand
= =l 11%=13* dark brown sandy clay
- - 13'<16" tan med to coarse silty sand
s.0 16°=18" clean white sed to fine sind
- - 2-1'  clean white med sand 31
- - 1'<9'  tan eed silty sand
- - §'=11.5* clean prange brown ccarse sand
- — 11,9'=17"  tan sed to coarse silty sand
10.0 [7'=19' white to red sed to coarse sand
p— -
e -
1€ A
= . 34! tan sed to fine silty sand -;m
b =4 4'=6' coarse ciardonaceous sand
e - ¢'=11" tan sed to cocarse silty sand
- o 1'=13" white clean sed to coarse sand
20.9 13'=18" dark brown clayey sand
I = 16°=19" white clean slightly cesented sand _
- - §-2' tar sed to fine sand
- s'e7*  tan sed to coarse sand
- ] 7'-10" brown clayey fine sand
2.l 10°+13* browr clay shale
- - \\\ __,.:.E_: _tar ¢layey wed sand -!‘
i g-e' tan sed sanc
o i &'=7* clay shale darr Drown
- o 7'«1@' orange brown coarse sand
e 18°-14" sad silty sand
r "{\ [at=14" clayey ned sand —
- - 16°=19" silty sed to coarse sand
" - [9°-21.9" clagey sed sand
™ 15 1 - 2= tan eed sans
. *-5'  blue grey shaley sanc
- — €1+12.9" clagey (stringers) sed o fine sand
= -—
soil
B n diluviua
—4:\ Sy T . ——
- -
- s
P —
— —
45.0
o -
_
- -
" 50.0
i,




(;i(-)*-il‘flk-uzv . WYL ) MAIN | ::S I

DATE BEGAN: =<4 -C/ 51

S 7
IVeV
O

w 0

o —

BORING NO.,
DATE FINISHED: This hole is 38", S
N £

GROUND SURFACE EL:

PENETRATION

FESISTANCE WATER CONTE?
(BLOWS PER FOOT) (PERCZENT)
\0 30 %0 20 40

& [ |

ELEV DEPTH ISAMPL!

CRIPTY
(FEET) feeT) | Tvee DESCRIPTION
(a)

PROFILE

- ~a 1 am s
to coarse .1 j Sand

stringer in sed sand

sandy clay coarse

brown clayey codrse to sed sand

ok

STi-sore clayey sand and clay

Kol

coarse silty sand

sandy rlay poor recovery’-no, rock..

bl

A

1

tan silty sed to coirse sand with clay
stringers & aincr cardonaceous satl

o |

4

1




L

GUINOUL TAIN TS INC.

Page 1 of 1 1086-B°

OATE DECAN: _4-25-87 BORING NO__£°°V - FIELO ENGINEER:  JJC/AFS
DATE FINISHED: This hole 1is S48E from hole 805 108 feet, eneckio ey E
GROUND SURFACE EL o N 3 . Vfr |
- : w 1 PENETHATION |
ELEv DEPTH [SAMPLE| & DESCAIPTION v RESISTANCE WATER CONTE
(FEET) (FEET) 1YPE % o w (BLOWS PER FOOT) (PERCENT)
D > 1030 80 20 40
b = ¥ o
L " 8-6"  clean white coarse to sed sand
6'=13" tan med to coarse card silty sand ]
= —
. g 13'-20" brown clayey coarse sand
5.0 L ®
- —
L i 3-1'  1* dia sdrdstone pebble-angular-broken
h Al [*-4* tan to duft silty coarse sand |
- - |
F 10.0
= - .
e - coarse tan silty sand
[ 15.0 |
: R 1
- - | 32" sandstone frag-l® w/siity toarse sand |
= . =6 silty coarse sand |
- - 8'=7"  shale/clay lens |
- - 8'-14" white clean coarse to eed sand |
20.0 -
“
E - -6'  clayey coarse sand
- - e'=14* brown stitt ¢clay w/coarse sand lenses
r - 14°=16° drown gre, ¢layttone
250 e
- - \
AR 1
P - |
106. 0 |
p— —
38.0
- —
— -
- —
b -—
40.0
— -4
p— -
-65‘ 0 -
- ER |
p— — ‘
50.0

wn
T
'

U



Page 1 of 1 1086--B

' LC‘ bu.‘u - 't u\l\) ““U-

/) - ] .
DATE BEGANA=<4~0/ 59

BORING NO. i FIELD ENGINEER: ATFS

DATE FINISHED! N CHECKED BY: ‘ini}r
GROUND SURFACE £L: t Vi (/
PENECTRATION

RESISTANCE WATER CONTE
(BLOWS PER FOOT) (PERCENT)

\0 30 $0 20 40

T

IER Te
IJdd

fLEV DEPTH |SAMPLE
(FEET) (FEET) TYPE
p

PESCRIPTION

PROFILE

|

#0il
dasp dense brown Clayey sand, takes hig

polish when cut

1 11

e
>

dry tan silty sand = 1' separation
laninated, sinor plastic clay

LAk

s
)
-

dry tan silty sand - 1°' separations to
5 laainated

EE

-
~
>

1.

very firs
24! gry tan silty sand = 1' laainitec
brown clayey sand

1

=

o .

1 1 11




7 MLtY bUNbUl— WY . siNNS Page 1 of 1 1086-B°¢

Q@=n=0.
AT 3 =
DATE BEGAN BORING NO. 901 : FIELD ENGINEER: _AFS/JJG
DATE FINISHED: ’ CHICKED BY: #44
GAOUND SURFACE EL: E | V(
PENCTRATION
ELEY DEPTM |SAMPLE DESCRIPTION RESISTANCE WATER CONTE
(FEET) '"6" TYPE IMLOWS PER FOOT) (PERCENT)
V0 30 $0 20 40
A | |
- first 25 was gQathered as bulk sasple - all
- alluvial sand with aincr clay at bottoa
= -—l
— -
10.0
P— -—
- .{
p— -
13,0
- -
e -
- -4
e -
p— -
— -
p— —
kA B
b il PUSH 4 splitspoon for a sample of dottos sdtl
H = -9 alluviua
s = 9*-19" danp clayey sand
an N
canp Clagey sand
po -
= 32.0 sanp clayey sand
_1( h — '
s Cidy
p— —
~37.0 less clay more sand
= -
= 39.0 sangstone contact
HR! ; -
v—-ﬁ‘..o TD
— -4
- -4
5.0
- -
p— -
= -
~$0.0




GORMLEY CONSULITANI O iivw.

BORING NO.

—

DATE FINISHED

CHECKED BY
N E V(0
VJ

GRAOUND SURFACE EL:

PENETRATION 1
" o RESISTANCE WATER CONTE?
PESChPTION (BLOWS PER FOOT) (PEACENT)

\0 30 $0 20 40

ELEV DEPTHM |SAMPLE

(FEET) (FEET) TYPk
N

PROFILE

2-88" tan coarse lightly cesented sandstone

ainor shale, orilled with drag bit

LAl

Li. 22

S %85 9

T

%9 D

T 5§ 0 3

g

1

5 7 59




GORVLEY CONSUL AN IS ING.

DATE BEGAN: 4-25-87 71000

BORINGNO.

FIELD ENGINEER!

OATE FINISHED: CHECKED BY

GROUND SURFACE B\ & o E

PENETRATION WATER CONTE
ELEV DEPTH |SAMPLE ey RESISTANCE T ONT
(FEET) ¢Eey TYPE SESCAPTION BLOWS PER FOOT) (PERCENT)

\0 30 $0 20 40

T 11

388" tan coarse lightly cesented sancstcone
pinor shale, drilled with drag bit

O

111

.2

T 1T 11

= BB




g

L I IO N,

11001 JJG
‘ FIELD ENCINEER!

cwecxen oy: _ 4

- PTLC
OATE BEGAN:_ 4-25-87 BORINGNO.

OATE FINISHED
E

GROUND SURFACE EL:___

PENETRATION WATER CONTE
. RESISTANCE v ONTE?
OESCRIPTION ‘a.:.‘.:Jp(u;:cv; (PERCENT)
0 30 50 20 40

L LB

ELEY DEPTH |SAMPLE
(FEET) (FEET) TYPE
f

PROFILE

tan coarse lightly cesented sandstone
ainor shale, orilled with orag Bt




GQUARNVILEY CUONSULITANITS INGU.

8 9
o)

DATEL BEGANS=-225-8
DATE FINISHED

GROUND SURFACE EL:

BORINGNO. | -%°
E

FIELD ENCINEER:

cnicxeo ay: 4
V

v

JIC/AFS

v

ELEV
(FEET)

DEPTH |SAMPLE

gg['\. TYrt

PROFILE

PESCRIPTION

PENLTRATION
RESISTANCE
LOWS PER FOOT)

10 30 $0

T 1T 77
1

»
>
)

|

ST RN % 59

tan coarse lightly cesented sandstc

- ) e ) - e o hid
aingr shaie, Orilied v Jrag Ol

above (A/A

e




Project: DEQ AML 15-3
Job No.: 3947-CM
Client: Hydro-Engineering
TABLE 1, SUMMARY OF FALLING HEAD PERMEABILITY TESTS
SAMPLE NO,
702u Maxizum Standard Dry Density = 116.4 pef
Optimum Moisture Content = 14,12
TEST CONDITION MOISTURE CONTENT DRY UNIT PERMEABTLITY
2 Wt., pef cm/sec
Dry of Optimum 1.1 109.4 2.31 x 1073
@ Optisum 14,1 116.4 3.02 = 10_a
Wet of Optimum 18.2 110.8 3.95x 10
RS47 Maximum Standard Dry Density = 108.8 pcf
Optimum Moisture Content = 17,92
TEST CONDITION MOISTURE CONTENT DRY UNIT PERMEABILITY
b4 wWe,, pef cm/sec
Dry of Optimus 14.8 104.3 1.85 x 10§
@ Optimum 17.9 107.2 5.11 x 10
302-303
Composite Maximum Standard Dry Density = 117,0 pcf
Optimum Moisture Content = 13,53
TEST CONDITION MOISTURE CONTENT DRY UNIT PERMEABILITY
4 Wt., pef em/sac
Dry of Optimum 9.0 109.2 5.24 % 1023
@ Optimum 13.5 115.5 1.20 x 10_5
Wet of Optimum 15.8 112.9 1.92 x 10
$9500u~-ST! Undisturbed Sample
TEST CONDITION MOISTURE CONTENT DRY UNIT PERMEABILITY
2 We., pef cm/sec
-6
Undisturbed 7.0 98.8 1.11 x 10




Project: DEQ AML 13-3
Job No.: 3947-CM
lient ¢ Hydro-Engineering

TABLE 2., SUMMARY OF LABORATORY TEST RESULTS

Natural Moisture Cocntent, Atterberg Limite,X Dry Unit ¥t,
Sample No. b4 LL PL PI pef

102u~SS4 Non-Plastic

300u~-5S6

60lu-SS3

on=-Plastic
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MOISTURE-DENSITY ANALYSIS
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Dry Density

Soll Description:
Sanpgled ﬁ;.__»

Source:

% posaling #4200 sieve: -

um——
Optisua ¥Water Content
iquid Liaitl

Max, Ory Density: 117.0 1bs/cu.ft,

Plasticity Index

.¢_

INBERGC - MILLER ENCINEERS




UNITED STATES DEPARTMENT OF ENERGY
Albuquerque, New Mexico

Uranium Mill Tailings
Remedial Action Project
(UMTRAP-AML)

Spook, Wyoming

SPK
Information for Bidders

Preliminary Design for Review

Volume ||

April 1988

MORRISON-KNUDSEN ENGINEERS, INC.

AMORRISON KNUDSEN COMPANY



UMTRA PROJECT - SPOOK
INFORMATION TO 3I1DDERS
PRELIMINARY DESIGN FOR REVIEW
VOLUME II OF I1

APRIL 1988

5057-SPK-R-01-00267-00
5194U/0146U



UMTRA PROJECT - SPOOK
INFORMATION TO BIDDERS

PRELIMINARY DESIGN FOR REVIEW

TABLE OF CONTENTS

YOLUME I:

1)  INTRODUCTION
Disclaimer
Purpose

References

2) GEOTECHNICAL DATA
Location of Borholes and Test Pits
MSRD Borehole Logs
TAC Borehole and Test Pit Logs
TAC Laboratory Test Results
TAC Acid Pond Characterization Data

Wyoming State AML Program Borehole Data

8057-SPK-R-01-00267-00
§1940/0146U




3)

‘)

5)

6)

YOLUME 1I:

SURFACE AND GROUND WATER DATA

METEOROLOGICAL DATA

RADIOLOGIC CHARACTERIZATION
Processing Site

Acid Pond

GEOLOGY, GEOMORPHOLOGY AND SEISMICITY

§057-SPK-R-01-00267-00
§104U/0146L




UNMTRA PROJELT - SPOOK
INFSRMATION TO BIDDERS

3) SURFACE AND GROUND WATER DATA (Refeiance 1)

5057-SPK-R-D3}-00267-00
5194U/01460

R S




3.5 GROUNDWATER
3.9

rostratigraph

This section presents @8 summary of the hydrogeolog'c
conditions at the Spook site. Groundwater occurs in two 2ones
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 OCE-installed wells are shown on Figure 3.8, Mydro-
geologic cross section locations and cross sections are shown as
Figures 3.9 through 3.11.

The upper hydrostratigraphic unit, the wupper sand, consists
of moderately cemented, coarse-gratned sandstone with minor amcunts

of erratically occurring silty shale lenses. This wupper unit
varies between 70 and 140 feet in thickness with an average thick-
ness of 110 feet. Groundwater occurs under uynconfined concitions
at depiths between BS5 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 middie hydrostratigraphic wunit, the middle shale, is
composed of 4 11ty shale and functions as an aquitard underlying
the upper hydrostratigraphic unit., This micdle hydrostratigraphic
unit consists of between 50 and 65 feet of well-consolidated silty
shales 2and shales.

The lowe? hydrostratigraphic unit, the lower sand, consists
of mocderately cemented, coarse- graﬂned sandstone. This wunit
occurs between 160 and 180 feet below land surface and 1s of
an uyrdetermined total thickness. Groundwater occurs under con-
fined conditions and exhidbits a potentiometric surface slightly
lower in elevation than the potentiometric surface of the upper
hydrostratigraphic unit,

Groundwater movement

The water table in the upper sand ranges from 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 wunconfined groundwater flows genera11y north-
eastward and eastward under @ hydraulic gradlent averaging 0.007
foot per foot.

Groundwater flow within the micdle shale and lower sand s
not as we)) wunderstood, but appears to flow generally south-
westward., These deeper flow regimes are to be more completely
characterized follow'ng completion of the proposed second-phase
dri1ling program, Preliminary calculated hydraulic characteristics
of the three hydrostratigraphic units are presented in Tabdle 3.2.




3.5.3 MNater juality

Background-water quality for the three hydrostratigraphic
units has not yet been estadlished. The EPA Primary Orinking
Witer 3tandards 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 manganese, sulfate, and
tota) dissolved solids. As seen in Tadle 3.3, groundwater samples
from one existing well exceed the EPA Secondary Orinking Water
Standards for iron and total dissolved soltds (T0S). Background-
water Qquality 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 1ists the complete chemical analyses, by well, for
the initial groundwater sampling.

3.5.4 Nater use

One registered well (SPXC1-900/State of Wyoming #817) and one
unregistered well (SPK01-901) are within the designated site
boundaries. These wells are eguipped with electric sutmersible
pumps and are used intermittently to supply water for Yivestock,
An additiona) registered well (SPK01-903/State of Wyoming #15%73)
and an unregistered well (SPxQ1-902) are within the genera)
vicinity of the Spock ta'lings site. Well 803 1s artesian and
well 902 15 equipped with an electric sutmersidble pump; beth wells

supply water for livestock,
|
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Table 3.2 Prelimine., . slated hydraulic characteristics, Spook site, Wyoming

Test method
Hydrostratigraphic  Bouwer-Rice Hvorslev Skibitske Ferris-Knowles C-B-P Mean value
unit well 1D (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
9117 ND 1662.4 NA NA NA
Middle shale
915 NA NA 34.6 40.3 ND (3.6x10°2 cm/sec)
31.3
Lower sand
910 NA NA 131.5 136.1 244.3 (3.2x10-% cm/sec)
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 Drinking 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 mg/1)
Gross alpha (15 pCi/1)
Lead (0.05 mg/1)
Mercury (0.0002 mg/1) 919
Nitrate (45 mg/1) 911, 913, 916 910
pH (6.5 to 8.5)
Radium-226 and
Radium-228 (5.0 pCt/1)
Selenium (0.01 mg/?) 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/)) 900
Manganese (0.05 mg/1) 911 910
Sulfate (250 mg/1) 911, 913, 916 918 910
Total dissclved

solids (TDS) (500 mg/1) 900 911, 913, 918 910

916, 917
2inc (5.0 mg/1)

dproposed.

-139.
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3.6 SURFACE-WATER FEATURES

3.6.1

3.6.2

Spook site

The Spook s'te 4s near the head of an unnamed drainage
channel which in turn s tributary to the generally east-coursing,
intermittently flowing Dry Fork Cheyenne River,

Surface runoff in the dmmediate vicinity of the Spook site
either 1s 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 matertals from mining anc mililing
activities., One of the ephemeral streams previously flowed through
what is row the northeast portion of the pit. The ephemeral stream
due south of the Spook pit flows into the former acid pond where
1t 4s 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 characterized by ephemeral drainage. The portion of
the Spook pit containing the tailings lies along an ax's perpen-
dicular to a ridge descend'ng from the northwest to southeast.
The elevation of the top of the high wall varies from about 5070
to 5160 feet above mean sea level (MSL). The southwest end of the
pit 1s near the spine of the ridge near trne watershed divide,
hence, the pit has 1ittle upland watershed tributary to the tail-
ings area. ODra‘tnage on the ridge generally 1s by sheet flow down

relatively gentle (two to three percent) slopes, with 14ttle gqully
erosion evident except where the ground was disturded by mining
activities.

Dry Fork Chevenne River

The Ory Fork Cheyenne River (Dry Fork) 1is the largest stream
in the Spook site area and at its nearest 1s about one mile south
at a nominal bed elevation of 4330 feet above MSL. The drafnage
area tributary to the Dry Fork 4n 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 4s bordered by the Cheyerne River Divide to the north,
Turner Divide to the east, Sage Creek Divide tc the south, and an
unimproved dirt road to the west. The stream originates from the
east side of the South Fork Reservoir 12.6 aeria) 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 DOry Ffork. The Dry Ffork drains into the Cheyenne River 40
aerial miles downstream of the Spook site.



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 (DOE, 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
mcre 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 S0C years old)
on the Dry Fork. Flood depesits 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 CLIMATE AND VEGETATION

Climatoiogical data for the region were prepared by Kerr-McGee
Nuclear Corporation for the area 9immediately 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 rainfall of
24-hour duration would result in an estimated 3.4-to 3.8-inch rainfall
at the site. The average annual precipitation in the vicinity of the

Spook site s approximately 13 inches (FBOU, 1981); the range is from
7.34 dn-hes to 16.24 inches (Kerr-MiGee, 1977). Winter snows tend to
have a low water content with frequent 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 annua)l wind speed from a southwesterly direction irn
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 freeze-free
(Lane et al., 1972). [Elevation of the area 1is between 5000 and
5300 feet.

The vegetation type for the area 4s 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, 1877). Locally, riparian vegetation is found
ornly along the Dry Fork Cheyenne River and 4ncludes 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 (Ker:-McGee, 1977).
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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 Mi11 Taitlings Remedial Action (UMTRA)
Project, conducted a radiologic characterization of the Spook wuranium mil]
tailings site in Converse County, Wyoming. The purpose of the character-
Yzation was to define the areal and volume extent of wuranium 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 cunducted from November 20 through 22, 1986.



2.

2.2

2.0 BACKGROUND

SITE DESCRIPTION AND HISTORY

The Spook mii) 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 feet above sea level in the Cheyenne
River drainage basin. Vegetation is sagebrush and native gra.ses, wi‘h
cottonwood trees along the creek bottoms.

The tatlings piles are situated on the eastern edge of the Spook
pit, from 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 tatlings piles have not been stabilized, and exhibit
both sheet and gully erosion.

The Wyoming Mining and Mi11ing Company operated on the Spook site.
The site is owned by Richard T. Kornbuckle, Pear) R. Hornbuckle, Kirkwood
T. Hornbuckle, and Brent B. Hornbuckle. Western Nuclear, Inc., a subsid-
fary of Phelps Dodge Corporation, is presently the operational controller
for the property. Sequoyah Fuels, a subsidlary of Kerr-McGee, controls
the minera) rights along the eastern boundary of the site.

The Spook upgrader mill became operational in 1962 and ran unti)
June, 1965. Ore from the Spook mine averaged 0.12 percent U30g and
about 187,000 tons were processed. Most of the ore was acid-leached
and the resulting uranium slurry was trucked 165 miles to the Wectern
Nuclear Mi11 at Jeffrey City, wWyoming, for further processing] some ore
was shipped directly to the mill at Jeffrey City.

PREVIOUS SURVEYS

A number of different surveys were previously performed al ‘he Spook
site under contracts with the U.S. Atomic Energy Commission, the v.S.
Environmental Frotection Agency, and the U.S. Department of Energy.
Surveys were conducted by Oak Ridge Nationa) Laboratory; Ford, Bacon &
Davis Utah Inc.; and Mountain States Research and Development, among
others (DOE, 1982; FBDU, 1981; ORNL, 198L). Results of these previous
studies, along with additional data collected by the TAC, were utilized
for this characterization,
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3.0 PFTHODS

The characterization efforts were focused on soil sampling to better
define the extent of tatlings contamination on tie site. Procedures contained
in Section 10 of the Albugquerque Operations Manual of Jacobs Engineering Group
Inc., relating to field sampling, were ‘ollowed in these sampling efforts
(JEL, 1986). In addition, all activitles were conducted in compliance with
the Spook site health and safety plan and the UMTRA Project health and safety
plan (TAC, 1986; D0E, 1988).

3.1 PKYSICAL i.AND SURVLY

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 a1l sampling points
to the horizontal and vertica) contro) 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 SOIL SAMPLING AND ANALYSIS

3.2.1 Background characterization

Surface sampling locations SPK-127, SPK-128, SPK-130, SPK-131,
and SPK-132 were sampled as background locations. A1l of these
locations are within 0.5 mile of the tailings pile, and in the
generally upwind direction from 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).

3.2.2 Radiological parameters

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 (MSRD)
assessment of the uranium content of the tailings piles were
analyzed for Ra-226. These samples were, §n general, 2.5-foot
core samples. 1n addition, measurement results for uranium were
obtained from the MSRD report (DOE, 1982). Composite subpile
samples, below the physical interface, were analyzed for Th-230
and heavy metals. The descriptions of the composite samples are
as follows:

Location 261 - first 2.5-foot layer Dbelow quad A physical
interface (quads are cescribed in DDE, 1982).
262 - second 2.5-foot layer below quad A.
263 - first 2.5-foot layer below quad B.

«le



3.2.3

264 - second 2.5-foot layer below quad B.

265 - third 2.5-foot layer below quad B.

266 - first 2.5-foot Yayer 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 beiow 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 surface locations and were al) analyzed for Ra-226 and total
uranium concentrations. Test pit samples were 0.5- and one-foot
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 1iquids were thought to be
present. A1l of the analyses were performed by UNC Technical
Services, Inc. (UNC, 1987).

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 from 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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4.2

4.2.2

4.2.3

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.), A.2, and A.3, Appendix A, Measurement
Results, in feet north and east coordinates. The coordinates for the
test pit and surface sampling locations were grovided by Inberg-Miller
Engineers (Inberg-Miller Engineers, 1987). The coordinates for the
MSRD boreholes (Locations SPK-201 to 256) were estimated from the MIRD
report (DOE, 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 SOIL SAMPLING ANALYSES

Results of the vartous radiological and chemical analyses of the
soil samples were provided by UNC Technical Services, Inc., and Rogers
and Associates Engineering Corporation (UNC, 1987, Rogers, 1987). Results
of uranium measurements were converted into equivalent values of U-238,
for direct comparisons with Ra-¢26 cc.centrations., The ratio of Ra-226
to U-238 s simply the Ra-226 results (pCi/g) divided by the U-238 results

(pC1/7g).

ckground characterd ion

Results of the background soil sample analyses are provided
in Table A.), Appendix A, Measurement Results. The average
background radionuclide concentrations were 1.5 pCi/g Ra-226 and
0.82 pCi/g U-238.

Radiological parameters

Results of the surface soil sample (locations SPK-15, 16,
18 through 20, and 101 through 144) analyses are provicded fin
Table A.2, Appendix A, Measurement Results. Results of the test
pit sample (locations SPK-1 through 14, 17, 21, and 22) analyses,
MSRD 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 meta)
analyses for the MSRD composite samples are given in Table A.4,
Appendix A,

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
emanation fractions are 0.32 for the tailings samples, and 0.60
for the windblown samples.




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-
mined. The radium to uranium ratios were provided to ald in distinguishing
tailings contamination from mining-related cuntamination,
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Table A.1 Fediclogical measurements at background locations,
Spouk, Wyoming

Morth fast Depth Ra-226 T™h.230 U-238

Location (ft) (ft) (ft) (pCi/9) (pCi/g) (pCi/g)
127 56848.9 56922.5 0-0.5 1.7 - 1.00
0.5 1.6 - 0.7

128 56561.7 58623.3 0-0.5 1.5 - 0.33
0.5 1.4 - 0.67

130 £8321.5 £§8733.7 0-0.5 1.2 - 0.67
0.5-1 1.3 - 0.67

13 58421.6 £§8328.2 0-0.5 1.4 - 1.84
0.5 1.6 - 1.00

132 58598.5 §7622.3 0-0.5 1.9 4.43 0.¢87
0.5-1 1.7 - 0.67

Average 1.8 - 0.82
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Table A.4 Results of metals analyses, Spook, Wyoming

Locatton Metal results (ug/q)
number Cr Cu v Mn Se As Ba
261 28. 21. 8. 131. 35. <2.0 610.
262 23. 16. 144, 97. 14, <2.0 660.
263 15. <10. 65. 112. 39. 2.8 5394,
264 15. <10. 29. 96. <2.0 2.8 §28.
265 7 14, 65. 103. <2.0 3.8 431,
266 24, <10. 6. 328. 19. 2.6 §59.
267 3. 12. 56. 166. <2.0 - 556.
268 a1, 1. 18. 136. <2.0 3.2 600.
269 23. <10. 45, 136. <2.0 3. 630.
270 24, <10. 86. 142, 4 3.3 526.
2N 23. <10. 39. 135 <2. 3.0 628.
In 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, 7 <0.30 <0.%9 0.76 <10.
264 19. ). <0.30 <0.50 0.75 <10.
265 §3. 0. <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 V.08 <10.
210 3., 23. <0.30 <0.50 1.06 <10.
N 3. 22. <0.30 <0.50 1.02 <10.
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Table A.5 Results of radon emanation fraction measurements,
tailings samples, Spook, Wyoming

Moisture
Location Depth? (% dry Ra-226 Emanation
number (ft) weight) (pCi/g) fraction
SPK-00 2 13:3 381 0.37
on 3 12.2 385 0.36
001 5 13.3 525 0.34
on 6 14.9 551 0.27
oNn 8 13.8 464 0.38
0N 9 14.3 386 0.26
SPK-002 1 12.5 466 0.21
002 2 116 44 0.21
002 4 10.) 414 0.29
002 5 11.3 390 0.26
002 7 14.6 427 0.34
002 8 1.2 436 0.36
002 10 b 513 0.39
SPK-021 1 11.9 394 0.29
021 3 101 268 0.37
021 ¢ 10.3 305 0.38
o 6 13.4 390 0.34
o 1 13.8 360 0.31
o1 9 14.3 376 0.34
o 10 4.2 364 0.28
Average - -- - 0.32

3pepths are to bottom of one-foot-thick samples




Table A.6 Results of radon emanation fraction measurements,
windblown samples, Spook, Wyoming

Moisture

Location Depth? (% 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 8.4 0.54
SPK-019 0.5 12.66 145.6 0.67
SPK-020 0.5 10.00 1211 0.6
SPK-101 0.5 11.25 126.8 0.58
SPK-103 0.5 11.80 70.0 0.61
SPK-115 0.5 10.27 40.3 0.6
SPK-120 0.5 13.42 20.4 0.61
SPK-123 0.5 11.686 65.6 0.63
Average -- -- -- 0.60
8pepths are to bottom of one-half-foot thick sampies.




Table D.2.2 Summary of locations and depths to 5 pCi/g measured
on the Spook site, Wyoming

pepth to

North East
Location coordinate coordinate 5 pCi/g
10 (ft) (ft)

L ————————————_

60017. 2.50
60098. 0.50
60198. 0.50
§9960. 3.50
60129. 0.
60209. S,
§9%914. 2.50
60011. 3.50
60115. 5.00
60228. 3.50
60310. 2.
60364. 5.00
60408. 5.00
0400. 5.00

2.

2

50
00

00

60369. 00

60262.

59692. >20

60381. 0
0

.00
.00
.50
.00
.00
.50
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.50

~

).00
).00

.00

2
2
0
0
0
0
0
0
0
0

0




Table D.2.2 Summary of loc

on the Spook site, Wy

ations and depths to 5 pCi/g measured

oming (Continued)

North East Depth to
Location coordinate coordinate 5 pCi/g

10 (ft) (ft) (ft)
126 57131.0 59220.2 0.00
121 56848.9 58922.5 0.00
128 56561.7 58623.3 0.00
129 58226.6 59131.4 0.00
130 58321.5 581733.7 0.00
131 5842).6 58328.2 0.00
132 58598.5 57622.3 0.00
133 57682.3 59051.4 0.30
134 58754.6 59390.9 0.00
135 56682.0 59746.9 2.00
136 56551.0 59708.9 3.00
1317 56590.7 59635.1 2.00
138 56526.5 59663.0 5.00
139 56437.8 59604.1 10.00
140 56399.0 59627.1 1.00
142 58055.2 60048.9 2.50
143 57288.4 60241.5 0.00
144 56945.9 59879.9 0.00
201 58256.0 60124.0 33.50
202 58204.0 59991.0 13.00
203 58276.0 $0110.0 31.00
204 58224.0 60020.0 15.50
205 58307.0 60133.0 38.50
206 58243.0 60048.0 23.00
207 5318.0 60152.0 36.00
208 582%2.0 60055.0 20.50
209 58297.0 60182.0 36.00
210 58273.0 60028.0 20.50
21 58248.0 $0173.0 18.00
212 58281.0 59979.0 20.50
213 58227.0 60144.0 15.50
214 56260.0 59951.0 15.50
215 §8277.0 60155.0 28.50
216 58303.0 59963.0 20.50
211 58250.0 60107.0 3.00
218 58302.0 60008.0 23.00
219 58264.0 6nC78.0 3.00
220 58323.0 59988.0 23.00
221 58352.0 60194.0 8.00
222 58371.0 60145.0 11.00
223 58411.0 60181.0 13.50
224 58252.0 $0000.0 15.50
225 58391.0 60222.0 5.50




Table D.2.2 Summary eof 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)
226 57988.0 §9870.0 3.00
221 58017.0 59843.0 18.50
228 £§8123.0 59820.0 86.10
229 58044.0 59829.0 58.20
230 58088.0 59831.0 60 50
23 58236.0 §9937.0 28.00
232 58213.0 59943.0 20.50
233 58046.0 59943.0 8.00
234 58051.0 §9780.0 100.00
235 58468.0 §9937.0 19.40
236 : 58089.0 59943.0 5.50
231 58441.0 59970.0 15.50
238 58363.0 60008.0 25.50
239 58398.0 60007.0 25.50
240 58045.0 59890.0 7.50
241 58105.0 59908.0 10.50
242 58117.0 59869.0 13.00
‘243 58060.0 59910.0 9.00
244 58032.0 59870.0 3.70
245 §8132.0 59948.0 10.50
246 58177.0 59907.0 13.00
247 58164.0 59930.0 18.50
248 58203.0 59915.0 20.50
249 58118.0 59329.0 10.50
250 58072.0 §9809.0 84.00
25 58089.0 59887.0 10.00
252 58074.0 59931.0 8.90
253 58032.0 59931.0 8.40
254 58017.0 §9910.0 4.40
255 §8003.0 59891.0 3.50
256 58021.0 59797.0 81.00




Table 0.2.5 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)
S
= SPK-01-001 1.87 2.69 13.9 6.5 1.69 2.8E-02 0.30 0.37
1.7 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 1.36-02 0.46 0.37
15.2 1 Y ) 2.3E-03 0.74 0.35

m mam O mEE Sum N NS NN GEE AN GBS OB P B W OB SN ¢, W W
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9.3.2.2

0.3.2.3

Physiographic setting

The Spook site 1s in the southern part of the Powder
River Basin at the western edge of the Great Plains Physio-
graphic Province (Hunt, 1967), and 4s 9$llustrated in
Figure 0.3.1. The basin 1s bounded on the west by the north-
sout’t trending alignment of the middle Rocky Mountains. A
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.

Dra‘nage and elevation

The average elevation of the site 1s 5100 feet above mean
sea level (KSL) wi*h 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 dra‘ned by the northerly flowing Powder
River and the Bell Forche River systems,

The site 1s about 32 miles (51 km) above the confluence
of Ory Fork and Arielope Cr2ek which unite to form the
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 1ts head,
about 0.75 mile upslope of the site, and converges with the
Dry Fork about 1.5 miles downslope.

Regiona) stratigraphy

Stratigraphy of the site region, based on logs of oil and
gas wells from the Bear Creek and Dry Creek Fields (Wyoming
Geological Assoc., 1981) and from descriptions in the geologic
map of Hodsen et al., 1973, is described in Tadble D.3.1. The
stratigraphic column 1s shown in Figure 0.3.3.
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Uranium

Uranium deposits in the site regicn occur in the upper sandstone
units of the Paleocens Fort Union and Eocene Wasatch Formations.
Smaller, less extensive deposits occur in pre-Tertiary rocks. Urantum
in the Wasatch Formation has been mined extensively and explored o a
north-south trend for miles on either side of the site. Explora‘ion
and development activity which surged in the mid-sixties reached a peak
in 1969, and ma‘ntained @ modest level through 1975 (Glass, 1976).
This level of activity has gradvally declined so that at present, only
one of the open pit mines throughcut 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 1s 12 miles southeast of the site. Bear Creek
Mine, Just three miles northeast of the Spook s'te, 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 from encroachment from operations bc-dering the Spook
site are acddressed in Section D.3.7.2.

Coal

The o'dest coal-bearing strata identified in the basin are in the
Mesaverde Group, Fox HWills, and Lance Formations of Late Cretaceous
age. The aerta) extent of the Cretacecus sed'ments define the coal-
bearing region of the basin; however, the thickest and most important

coal beds are in the Fort Union and Wzsatch Formations of Tertiary
age. Incivicdual coal beds range in thickness from S0 to 100 feet (1§
to 30 m) and realistic estimates of quantities are repcried to be
several hundred bi1140on tons (NRC, 1977),

Coal s currently being produced from open-pit mines in the Spook
site region, the cleosest of which 1s nine miles (5.6 km) northwest of
the site in Sections 10, and 15, R.73W, T.3BN (Figure 3.9). The coal
deposits, which were discovered in 1972, range from one to 2.5 feet
(0.3 to 0.7 m) in thicknass 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-foot) 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 coa) of
Wegermann® described by Sharp and Gibdons (1964) as extending beneath
the Spook site (Figure D.3.7). Glass (1976) has not included the Spook
site within a potentially strippable coal resource area. It appears
that the small amount of coa! present 1s of no economic value.




041 and gas

The history of o1l and gas development in Converse County dates
back to the late 1800s (Lane et al., 1972). To date, as many as 30
separate o' fields have been developed and total preduction has
exceeded 150 million barrels of oil, Most of the o'l and gas in the
Powder River Basin 1s contained in clastic sandstones and siltstones of
Cretacecus age (Lane et al., 1972). The most 1important 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 tota) production in Wyoming (Lane et al., 1972).

Figure D.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 assoriated with closure on
structural traps. 031 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 northwest-southeast
trending basin axis. The Brush Creek Field 1s the nearest procducing
field relative to the Spook site, 3.5 miles (5.6 km) to the southeast.
Potentia) o041 and gas resources have not been discovered in the site
area to date.

Other mineral resources

Numerous scattered deposits of metallic mineral resources
including copper, tungsten, chromium, and dron occur in the Laramie
Mountains 100 miles to the south of the site. These deposits are
primary in nature and are assoctated with granitic igneous and mafic
metase.'mentary rocks of Precambrian age. Besides the resources
discussed above, there are no other known resources in the Spook sit
area (Lane et al , 1972).
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FIGURE D.3.1

PHYSIOGRAPHIC MAP OF SPOOK SITE REGION (GREAT PLAINS PROVINCE)
SPOOK SITE = CONVERSE COUNTY, WYOMING
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Table D.3.1 Description of stratigraphic units in the Spook site area
of the Powder River Basin, Wyoming

Approximate
thickness In
site regqlion

Age Unit (ft/meter) Description

focene, Wasatch 300/91 Predominantly buff sandstone containing interbedded 1ight

Lower Tertlary formation and dark-colered shales. Contains red and pink shale
bands throughout, whicn help distinguish 1t from the
underlying fort Union. The sandstone 1s slightly to
well-cemented. Clinker beds of red shale are exposed in
outc;ons In coal horizons. Fossil channels are fillled
with well-cemented medium sand to fine shale. The
channels., In some cases, may be traceaL.2 for mlles.
There are several mineable coal beds in the formation
which occur within the shale members. Uranium ore 1Is
assoclated with shaley coal ienses.

The Wasatch Formation was deposited in a fresh water marsh
environment with alternating sequences of meander ing
streams The sand 1s arkosic and derived from the Laramle
and Black HY11 Mountains highlands. Groundwater in the
Wasatch 1s soft and wusuvally high in sodium Prominent
shale beds form confining layers which cause artesian
conditions.

Paleocene Fort Union 3700/1121 The iLebo Shale Member exposed in the eastern part of the
Lower Tertilary Formation county s a dark-colored shale with interbedded sandstone
that resembles the Wasatch formation. There 1s disagree
ment on the actual contact in the site reglon. The Tongue
Member prominent in the north as the upper-most member s
locally considered part of the Lebo Shale Member The
fort Unlon 1s typically described as buff to white and
brown sandstone containing interbedded carbonaceous and
areanaceous shale and coal. The sandstone varies from
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Table D.3

of the Powder

Approximate

thickness In
site region

(ft/meter)

Paleocene ort linton
ormation

Cont inued)

fTertlary

| OWeTr

Upper Lance 2000/609

{retaceous ormation

Hills

nx

‘.,}(H‘,',‘ll.(“‘

lewis Shale 1130/344

Mesaverde 390071190

formation

Description of stratigraphic units in the Spook site area

River Basin, Wyoming (Continued)

Description

well-cemented, to
tional

lakes.

soft and massive bedded. The deposi-
environment was in fresh water marshes with inland

The fort Union, 1lke the Wasatch formation, con-
tains thick sub-bituminous and uranium ore deposits.

Fine to med'um

claystone.

with interbedded
1000 feet thick

shale and
in southern

sandstone
May be as much as
Converse County.

Predominantly fine-
thin sandy
entlated the
the basin.

to medium-qrained sandstone containing

shale
Lance

beds ot

This
formation

is not differ-
the western part of

formation

from in

Shale with
into the
the basin.

some lenses Grades

east part of

of fine-grained sandstone.
shale toward the south and
for beds of bentonite.

Plerre
Nl)' r‘d

In Converse County,
‘P,l[nu’ &

it consists of four prominent members:
Sussex, Shannon. Known oll
Contains some coal particularly In
basin. The formation thins

Parkman, and for
and
t he
the

thin

gas production.
north
north

hedd

toward
massive
ieapot

the
generally

part of

and consists of to

sandy

sandstone,

e some shale and shale ihe anc




retaceous

Lont inued)

Descr iv‘,? fon of

stratigraphic units in the Spook site area

of the Powder River Basin, Wyoming (Continued)

Approximate
thickness In
site regqlion

(ft/meter)

Mesaverde
Formation

(Continued)

Frontier

Format .\'ﬂ

183756

Sandstone

11 Creek
1P

fFormation

Description

Parkman are described as buff-white to tan, Taminated and
bioturbated sandstones representing profelta mar ine
sequence The Sussex may be missing from this area. The
Shannon Member 1s characierized as a thin-bedded to cross

bedded, very fine-grained sandstone or siity sandstone

Concists of a sandstone with conglomerate member at the
top, with mostly black shale with thin sandstone beds in
lower part Thickens toward the south part of the basin.

Hard siliceous shale in upper part, soft shale in lower
part. Thickness Increases northward Conta'ns abundant
layers of bentonite Weathers to silver-gray. Outcrops
may show 011 staining.

Merges with Thermopolis Shale Formation found in Black
Hills Medium-grained sandstone and Iinterbedded shale.
The formation shows transgressive shoreline sequences with
fluvial sandstone interbedded with marine sandbar sand and
shale It s an important o1l reservoir

Dark qray to black shale with thin beds of sandstone and
siltstone Somet imes referred t2 as the “"Dakota S11t* and
may be traced into upper part of the Dakota formation.




Description of stratigraphic units *n the Spook site area,
of the Powder River Basin, Wyoming (Continued)

Approximate
thickness In
site region

(ft/moter) Description

| Ower kedium-grained sandstone recognized in ol)l well fogs by

ret aceous <. - some , but considered absent ?‘y others. It s most liiP‘y

nt inued) that the formation can be correlated locally with the
Muddy 5SS, Skull Creek, and Lakota Formations.

s shaba 7 sandstor= and conglomerated sandstone with shale. Rapid
Formation lateral 1ithology changes. Fluvial in nature, it Is
unconformable with the underlying Morrison Formation.

The Morrison Fformation 1s vari-colo claystone with
interbedded fine sandstone. The Sundance Formation
consists of green-gray shale with yellow-gray gloucomite
sandstone with minor oolitic 1imestone.

Dark red siltstone, sandstone, and shale. Missing 1in
western basin. The Alcova Limestone Member 1I1s present
only In this southwest portion of the basin. didely
identifled as the "Wyoming Redbeds.”

1497107 Mapped as both Permian and Triassic, 1t 1s comprised of the
Minnekahota and Opechesh Members . The thin lower Opecl.esh
Member consists of interbedded red shale, gypsum sandstone
dolomite the nredominant upper Minnekahota Member 15
a thin-bedded 1imestone and dolomitic limestone . The

formation becomes thinner toward the north.




Table D.3.1 Description of stratigraphic units in the Spook site area,
of the Powder River Basin, Wyoming (Concluded)

Approximate
thickness in
site region

Age Unit (ft/meter) Description
Permian Minelusa 54/16 Interbedded sandstone, sandy dolomite, and limestone with
Pennsylvanian rormation locz)l beds of gypsum. It 1s present in the Black Hills

and Hartville Uplift.

’

Pennsylvanian Amsden 224/68 The foimation 1s characterized »y rapid change in 1itho
logy, laterally and vertically. It consists of sandstone,
shale and dolomite, some limestone. It 1s missing at the

o south edge of basin.
‘ Mississipplan Madison 300/91 Dolomite and limestone, massive- to thin-bedded. Fractured
Limestone and cavernous in some areas. The beds dip steeply in the
Formation central part of the basin where it 1s found at great
depths.
rdoviclian Big Horn 100/38 Massive- to “hin-bedded dolomite locailv may overlay basal
Dolomite sandstone.

formation

Cambrian f lathead 90/21 Composed of red and gray quartzitic fine to coarse
Sandstone sandstone. 1t thickens toward the north.
Precambrian Granite intrusives and metamorphics. Metasediments are A
s Basement strongly metamorphosed and cannot be differentiated. .

Ref. Seeland (1982); Hodson et al. (1973); Curry (1971); Peterson (1956).




Table D.3.2 Earthquakes of magnitude >4.0 since 1963 in northeast Wyoming; 200-km site radius

___Location Site distance Depth Magnitude Intensity
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 (NW of Glenrock) No intensity or mag. reported
1967 05 11 21 . 43.662 105.899 (NW of Glenrock, Pine Ridge) 3 4.8

1964 04 04 50 42.500 105.400 (Flank of Laramie Range)

1964 08 27 03 - . 42.900 104.700 (Flank of Laramie Range)

1965 06 3( 25. 43.600 106.5( (Vicinity, synclinal axis
Powder River Basin)

105. 92 (SE of Casper, Laramie Mts.)
105. (SE of Casper, Laramie Mts.)
106.) (Powder River Basin)
105. (Powder River Basin)
105. (Powder River Basin)
106. (Powder River Basin)
105. (Powder River Basin)
(E of Casper, Casper Arch)

(S of Casper,
Sweetwater Arch)




Table D.3.2 Earthguakes of magnitude >4.0 since 1963 in northeast Wyoming; 200-km site radius (Continued)

Time  __ locatlon Site distance Depth Magnitude Intensity
Hr Min Sec Lat(N) Long(W) (km) (km) Mb Ms Other Local

03 42.700 104.000 (E of Casper,
Hartville Uplift)

Z‘ 3 W 42.3()6 IO]_]O‘ (QH Of Cdﬂ‘(’r.
Sweetwater Arch)

05 - 3.238 103.681 (Southwestern South Dakota)
23 : .921 106.375 (Laramie Basin)
.200 107.100 b4 (Big Horn Mts.)
977 106.731 (Laramie Basin)
.044 106.967 (Hanna Basin)
.874 106.657 (Rawlins Uplift)
.920 106.765 171 (Rawlins Uplift)
3.500 103.500 173 (SW, South Dakota)
.879 106.708 173 (Hanna Basin)
.852 106.680 174 (Hanna Basin)
.90C 106.800 175 (Hanna Basin)
107.380 175 (Big Horn Mts.)

107.545 78 (Big Horn Basin)




Table D.3.2 Earthquakes of magnitude >4.0 since 1963 in northeast Wyoming; 200-km site radius {(Concluded)

_ _Time ___Location Site distance Depth Magnitude _ Intensity
Hr Min Sec Lat(N) Long(W) (km) (km) Mb Ms Other Local

1975 12 30 112 46.0 42.981 107.864 185 (Wind River Basin)
1978 06 21 ¢ 34. 43.632 107.826 186 (Big Horn Basin)
1976 10 27 ). 41.946 107.218 192 (Hanna Basin)

1973 D4 2 ( - 42 635 107.85 194 (Swe2twater Arch)




Table D.3.3 Historical earthquakes of MMI=IIl or greater; 200-km site radius

___Location ______Slte distance
Lat(N) Long(W) (km)

42.500 106.300 (Vicinity Casper)
42.800 106.300 (Vicinity Casper)
42.800 106.300 (Vicinity Casper)
42.800 106.300 (Vicinity Casper)
42.800 106.300 (Vicinity Casper)
42.500 105.800 (Laramie Mts.)
42.500 105.300 (Laramie Mts.)
42.500 105.390 (Laramie Mts.

42. 105.300 2 (Laramie Mts.

42. 106.600 (Casper Arch)

42. 104.300 (Hartville Uplift)
44, 106.700 (Powder ®3ver Basin)
41. 106.200 (Laramie Basin)

4]. 106.200 (Laramie Ba<in)

43. 103. (Black %i1l1ls Area, SD)

43. 103.5( (Black HYlls Area, SD)




Table D.3.3 Historical earthquakes of MMI=I1II or greater; 200-km site radius (Concluded)

_Time ___Location Site distance N Intensity

Hr Min Sec Lat(N) Long(W) (km)

43.500 103.500 (Black Hi1ls Area,
43.500 103.500 3 (Black HY1ls Area,
43.500 103.500 3 (Black Hills Area,
43.500 103.500 (Black Hills Area,
43.500 103.500 3 (Black H11ls Area, ¢
43.500 103.5490 3 (Black HYlls Area,
43.500 103. 13 (Black HY1ls Area,
44.100 102, 13 (Black Hills Area,
42.700 103. (Black Hills Area,
41.500 105. (Laramie Basin)

44 .600 107.00C (Big Horn Mts.)
43.200 103. (Black Hills, SD)
44 100 103.50¢ (Black H111s Area,

44 100 103.5 (Black Hills Area,
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Y

rable 0.3.4 Assessment of capable fault

S
design earthqueke, Spook site

4

for determination of
y Wyom.ng

Max imum Site Peak

earthquake horizontal
Fault Lengt Distance magnitude acceleration, g
name mi (km) miles (km) Msp (Campbell, 1981)

-
Kaycee, WY, Group 083 60 (96) 6.8 0.040
Basin Boundary
Edgerton, WY, Group 4 t153) 35 (56) 6.8 0.082
Basin Boundary
Casper Vicinity? 12 {19.3) 22 (35) 7.0 0.165
Basin Boundary
-
~
Lance Creek Fault?d 12 (19.3) 56 (90) 1.0 0.05
Basin Boundary
dAssumed segment length based on length of boundary surface faults
b sed on the relationship of Ms=6.02 + 0.729 log (L)
r [ 4 7
“n . w
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TABLE OF CONTENTS

A. Overview of Design and Supporting Jocuments

B. Respenses to NRC and State Comments on Draft Remedial Action Plan

o Revised Section 4 of Remedial Action Plan

D. Analysis of Changes from dRAP Design

E. Open Issues

5057-SPK«R=01-DRAF T-00
5195070146V




. A. OVERVIEW OF DESIGN AND SUPPORTING COCUMENTS

1. Supporting 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, Abandone¢ 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 987, early 1988). Following is a list of the documentation
(these documents are not included in this Preliminary Desiin for
Review package):

a) Remedial Action Plan and Site Cunceptua! Design for
Stebilization of the Inactive Uranium Mill Tailings Site at
Spook, Wyoming, Draft, July, 1987, UMTRA-LOE/AL 050515.0000.

b) Report of Investigation, Abandoned Mined Lands Program 15-3,
August, 1987 and Letter to Jacobs Engineering from
Hydro-Engineering dated 1€ August, 1987.

c) Letter to MK-F from Jacobs Engineering Group Inc., dated
2¢ 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, 19&€,

The meeting notes contain references to mutually agreed upon design
criteria and approaches, which impacted ithe development of project
design. The notes and pertinent data from the other sources are
reproduced in the Information to Bidders.

-1 - 5057+ SPK-R=01-00287-00
$195U/0147V




Project Design

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
AML program. As presently constituted the remedial action is
structured as a cooperative endeavor under the UMTRA and ANML
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
E1. 5020, well above the ground water level. The taflings
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 footprin. will be roughly hexagonal
in shape, the side slopes will be 1 vertical on two horizontal 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
embankment, 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 Spook 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 DCE/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 peing buried in the lower levels of Spook
Pit. The upper 18 or mere 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

disturbed area will be revegetated,

-2 - 5057=5PK-R=01-00287-00
§1950/0147U
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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,

e Analysis

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 gRAP Preliminary Design
Pile Base 4.6 acres 4.8 acres
Average Depth 31 feet 36 feet
Maximum Depth 49 feet 56 feet
Backfill Average 4¢ feet 48 feet
Final Restriction 30.8 acre Undec ided
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

5195U/0147V




E. OPEN ISSUES

Remedial action for the acid pond and adjacent affected area has not beer
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 1in 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 Piroperty. Remedial Action for the acid pond is
not addressed in this Preliminary Design for Review package. Additions)
characterization investigations are planned for this Spring, and the acid
pond remedial action will be addressed as an fssue either in the Final
Design or as a Vicinity Property.

e 5. 5057-SPK«R=01-00287-00
51950/0147V




 —mm—— e = ——— ———— -

APR 22 '88 13:18 M-S -EXT. 7485 Y 4

TABLE A.1
LIST_OF DOCUMENTS IN
PRELIMIVARY DESIEN SUBMISSION

1. Information for Peviewers (1 Yolume)
A Overview of Design and Supporting Docurents*
B. Responses to WRC and State Cowments on Draft Remedial Action Plan
€. Revised Sectfon 4 of Remedial Action Plan
D. Analysis of Changes from dRAP Design
E. Open Issues

11, Subcontract Documents (3 Yolume)
A, Bid Schedule
B. Special Conditions
L. Specificatfons
D. Drawings

111, Information for Bidders (2 Yolures)

IV, Swporting Cilculations and Reports (2 volumes)
A, Permanent Fecflfties®
B. Temporiry Facilities
C. Quantity [stimates
D. Reports

**Roadmap® to design and supporting documents.
*oritical to meeting EPA Standards
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RELATIONSHIP BETWEE
T IR0 SIPRETIG

TABLE 4,2

.3

M DESIEN DETAILS AMD CRITERIZ
TALTULATTORS Ao REFORTS

Desion Detai} Calculation
or Criteria o, +

‘.3"
Pile Location

4.3.4
Ple Layout

7=715-08--
77 5-00

4.3,
State A

et ation

4.3.6 ot
Kine Tonne)
Reclamation

4.3.7
Foundation
ration

‘Q’OO
Placement of
Tatlings

7-706-00

7-N0-00

4.3.9
Searorphology

sestion o, 1n
+ Feports and State/m

Title
Draft AP

Draft W

- CONLamr né ted Reterial

= Excavation Yoluwe

Tadld Exbankment
- Earart Quantities

Report of Investigation,

A andoned Wined Lands
Progree 153

State/N Calculations
Draft RAP

Foundation Preparation
Excavation

Draft Rap

Radiological Data

Draft pap
zo{on of Investigation,
Progres 153

State/ML Caleulatfons

on 4 of the Draft RAP,
Calculations are 1dentified by title only,

Remarks

Stabi1ized n place 1n the
Spook Pit,

Top of pile slopes at 23 %o
1859. Side slqm.v._’.fﬁ...‘
Base of embankment covers
4.2 acres,

Spook Pit 15 backf{led under
State/ML Progrems concurrent
with constmuction of the
taflings pile.

Backf111 with granutar
material,

A level, ¢ ted foundation
provided at E 5020,

Most contaminated material
will be placed first, Assumed
material with a Ra-226 AUr-238
ratio greater than ¢.8 {s
tailings,

State/NL pit backfil] and
surface drnmg resterstion
provides long terw stabi)ity
tgainst wind and water ervsion
and surface sett)ing.

8057+ SPX-R-01 0028700

108y /0140
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Pesign Detaid Calculation

riterda Fo, + Title
4,270 po— :
Geo and Draft M2

city
‘0301’ e Mft m
Hydrogeology
4.3.12 7-750-00 Site Hydro
Surface Vatsr wirslep

7-755-00 Site Drainage
- State/ML Calculations
4.3,13 7-730-00 Sett)
Beotachnica)l Frod—
4.3.14 — Draft RAP
Low-Permesd{11ty
Layer
4.3.18 7=720-0 Radon Barrier
Radon Barrier
« 8

P.4

Revarks

Seispic aspects not of concemn
since taflings embankment
construction and State/AM
MCkfil] operations are
concurrent.

Bottom of stabilfzed pile s

approx. 15 feet above grwund
water Tevel,

Ple 1s covered with & low-
permeability layer,

Final Site Drﬁmgo ky State/
N Progras.

Drainsge from contaminated
sreas will be directed into
$pook Pit during construction,

. 85 existing site
eond‘lﬁons.

Total settlement at top of
L backfill {s opfm. 12.3
inches, of which 4.8 inches
fs Tong ters settlement.

Thickness of 1.5 feet with
Wdraulic Conducﬁpty of

b;seeﬂ 1 x 107 and 1 x
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The sm‘;‘m lboc:kfm }?“d
over ar-pcnu
layer will ] :{
poﬂltbﬂi% u'lar
material not  specifically
addressed in the ArL
preliminary design).

Calculations indicate that
no  radon  barrfer  layer
required.
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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 alLility of proposed remedfal action for Spook to meet UMTRA
requirements. While the draft 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)



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 plan to assure that the AML activities are conducted as
crecified in the design, and not adversely impact the stabilized tailings
pile?

SECTION ?
Response:  General By: E. Banks
Date: February 4, 1988

The AML preliminary design will be incorporated intc 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:




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
(Continued)

Low- and high-permeability layers. How will the interface between the
Tow- and high-permeability Tayers 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? Wnhat advantage does DOE plan to derive from the
high-permeability layer, if any?

SECTION 2
Response:  General By: J. McBee
Date: February 2, 1988

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:

Tne preliminary cesign will indicate that the high permeability layer has
been removed from the design.

SECTION 3

Confirmation of Implementation:
Checked by: , Date:
Approved by: _, Date:




UMTRA UOCUMENT REVIEW FORM

SECTION 1

Site: Spook, Wyoming , Date: October 16, 1987
Ducument: 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 tunnels and what impacts (positive or negative) could that action
have on Jlong-term stability of the tailings pile and groundwater
protection?

SECTION 2
Response:  feneral By: J. McBee
Date: February 1, 1988

DOE is responsible for backfilling the mine tunnels and the backfilling is
part of the proposed remedial action, Potential negative impacts (if the
tunnels were not bar:filled) could occur from deterioration of the rock
above the tunnels leading to progressive stoping and breakage o rock to
the surface. Tnese collapsed zones could then act as conduits fir surface
water infiltration to the stabilized pile.

Pians for Implementation:

Tne preliminary design details and construction specification will clarify
the respersibility for the mine tunnels.

10N 3
irmation of Implementation:
necked by: , Date:

spproved by: , Date:




UMTRA NNCUMENT REVIEW FORM

SECTION 1

Site: Spouk, 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 lan to derive from the
proposed AVL Dbackfill cover (i e. vradon Jiffusion and/or erosion
protection)? Since AML 1is responsible for conducting this activity, how
does DOE plan to assure that the backfill cover will Le placed as
desi?ned? 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/Scrmidt

Date: January 26, 1988

(d) Tne AML backfill cover will provide a radon barrier and erosion
protection for the UMTRA taiiings. The AML Program will provide QA
during placement to ensure the material is placed as proposed in the
final design. Where the AML Qi s less than the efforts required by
tne DOE, tne DOE will support additi.nal QA inspection as
appropriate.

(e) The concentraticn 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 progrms will be defined in
the construction specifications.

SECTION 3

Confirmati_r of Implementation:
Cnecked by: , Date:

Approved by: , Date:




UMTRA DOCUMENT RCVIEW FORM

SECTION 1

Site: Spook, Wyoming __, Date: October 16, 1987
Document: Draft Remedial Action Plan
Commcntor: NRC

Comment: Geology 1, Site Erosion by Tributary Headcutting
Pages D-36 and D-37

This section of the draft RAP and Figure D.3.11 depict heaicutting by
tributarics which would lead to erosior of the stabilized tailings. The
staff agree that lateral erosion and headcutting by tributaries 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 =0t appea- to be based on conservative
assumptions and analyses.

Figur: 0 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 fect 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 s 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 tre main wash. Latera)
and vertical eros‘on will occur entirely in backfili, will not be
controiled 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.




UMTRA DOCUMENT REVIEW FORM

SECTION 2
Response:  Pages D-36 & D-37 By: G. Lindsey
Date: February 4, 1988

Figure D.3.1!' 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 substantial soil and bedrock incision would have to occur
before the lateral channe! would expose the tailings and therefore
demonstrate the extreme unlikelihoou that the pile would be exposed.

For clarificatiun, the figure wil' be revised (> show only that the top of
Lie pile will be lower than the bottom of the channel, 5074 feet compared
with 5075 for tne channel bottom. The figure will also show that a basin
tributary with a slope of .U30 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 Spcux basin from its confluence with Dry Fork to the
literal drainage across the disposal site is in the lower range of the
threshclds shown by Response Figure 1 for basins which have substantially
higher mean annual rainfall than the Spook site.

Response Figures 2A and 2B 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 (Mydro-Engineering, 1987),
shows the design for reconstructed drainage acruss the site. The
contouring of the pit backfill will be refined by Hydro-Engineering in
their preliminary design to "blend" with ihe existing topography and to
stay below the slope threshold velority (i.e., maiatain 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. “Metnodologies for Evaluiating Long-Term
Stability .c:ign of Uranium Mi1l Tailings Impoundments," prepared for
by tne Di\:sion of Waste Management, U.S. N0E, Washington, DC by

Colorado Staic University, Fort Collins Colorado.
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UMTRA DOCUMENT REVIEW FORM

SECTION 1

Site: Spook, Wyom ng , Date: October 16, 1987
Document: Draft Remedial Action Plan
Commenrtor: 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), s 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" (Mydro-Engineering, 1987), includes a
vegetated eartn cover surrounded by diversion ditches. The staff does not
consider the proposed cover adequate tc minimize erosion, ponding, and
infiltration. Furthermore, we conclude that DOE has not demonstrated the
effectiveness of the design for 1000 years with respect to stability and
groundwater quality.

First, the ditches for diversion of fluod flows around the pit are
designed for 2.4 inches of precipitation in one hour, which is purported
to be a 1000-year event. Tnis 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 estimate actually rep-esent a 1000-year event,
tased 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 tnat 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, 1588

The drainage channels arcund the remediated area are not ditches designed
to divert flooa flows, bul 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 hour storms or less. Larger events with longer recurrence
intervals will cause overbank flow but will remain in the constructed




UMTRA DOCUMENT REVIEW FORM

SECTION 2 (Concluded)

swales (Section 9.2, Hydro-Eng. 1987). The 1000-year design event has a
recurrence interval significant enough to have an impuct on the

omorphological evolution of ephemeral streams in the area and was used
or 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-miliion 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 tne tailings under the present
design. The methodologies used in estimating the 2.4 inches for the
1000-year event are common ergineering practice.

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,

SECTION 3

Confirmation of Implementation:
Checked by: , Date:
Approved by: , Date:
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UMTRA DOCUMENT REVIEW FORM

SECTION 1

Site: Spook, Wyoming , Date: Octcoer 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,
Since a vegetative cover is unlikely to be self-sustaining in the arid
¢limate of Wyoming, the staff questions wrother such a cover can prevent
11ying due to concentration of runoff during major precipitation events.
he sheet flow assumption used in this design is likely to be invalid if
flow concentration occurs. Gullying will 1likely disrupt the cover,
possibly allowing ponding, erosion, and increased infiltration in areas
directly above the tailings.

SECTION 2
Response:  Hydrology 1 By: E. Barks
Date: February 24, 1988

See response to comment titled, "Geoiogy 1, Site Erosion by Tributary
Headcutting," pages 0D-36 and D-37.

Plans for Implementation:

See "Plans for Implementation” for the referenced comment.

SECTION 3

Confirmation of Implementation:
Checxed by: , Date:
Approved by: - , Date:
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UMTRA DOCUMENT REVIEW FORM

SECTION 1

Site: Spook , Wyoming , date: (ctober 16, 1987
Document: Draft Remedial Action Plan
Commentor: NRC

Comment: Surface Water Hydrology 1, Stabilization of Abandcned Mined
Lands Cover

DOE should provide a revised cover design ana sho''4 Jjustify that the
design meets the EPA criteria established in 40 CFR 192. Factors that DOE
needs to thoroughly address include the impacts of extreme flood events on
the cover and ditches; the poteniial 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 with 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).
The impact of infiltration on the groundwater will be addressed in the
draft EA and preliminary design.

Plans for Implementation:

None.

SECTION 3

Confirmation of Implementation:
Checked vy: , Date:
Approved by: , Date:




UMTRA DOCUMENT REVIE'Y FORM

SECTTON 1

Site: Spook, Wyoming , Date: October 16, 1987
Document: Draft Remedial Action Plan
Commentor: NRC

Comment : Geotechnical Ungineeriig 1, Constructability of
Low-Permeability Cover, pages 70-73

In the draft RAP, DOE proposed to stabilize the tailings in a pile
approximately 30U *o 50 feet high with a side slope of 50 percent gradient
(¢ horizontal to 1 vertical). 7his pile wil) be covered with a 1.5 feet
thick layer of low-permeability materiai. 1In order to achieve the desired
permeability, DOE proposes to compact this cover material to a minimum dry
density 9. percent of the maximum dry density determined using the ASTM D
698 test method. NRC staff is concerned regarding constructability ¢/ the
proposed low-permeabilit, layer.

DOE should evaluate the potential problems associated with placing the
material in & or G inches tnick layer, ouperating the compaction equipment
on a 50 percent slope, and compacting the material (o attain the
coefficient of permeability value assumed in the desiyn,

SECTICN 2
Response:  Pgges 70-73 By: ). McBee -
Dete: 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 'he 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:
Approved by: , Date:




UMTRA DOCUMENT REVIEW FORM

SECTION T

Site: Spook,, Wyoming , Date: October 16, 1987
Document: Oraft Remedial Action Plan
Commentor: NRC

Comment: Geote;hnica1 Engineering 2, Low-Permeability Cover Material
Page 73

This section of the draft RAP states that the alluvial soil (clayey sand)
available in tne overburden piles at the site will be used for the
low-permeability cover. There 1is a very little data, other than sieve
analysis data, to support the draft RAP statements on the expected
coefficient of permeability for this material. In addition, the draft RAP
states that the low-permeability cover over the stabilized pile will have
a maximuim coefficient of permeability of 1E-7 cm/sec. However, the
Hydro-Engineering report on work proposed by AML indicates that the low-
permeability cover material 1is expected to have a coefficient of
permeability of 1E-6 cm/sec (Hydro-Engineering, pages 5-12).

DOE needs to determine the actual coefficient of permeability for this
material, based on appropriate laborctory and field testing, and justify
the assumpticns used for the design of the luw-permeability cover.

SECTION 2

Response: Page 73 By: J. McBee

Date: February 3, 1983

Comment  acknowledged. Geotechnical testing results of the low-

permeability borrow materiais were not available at the time of issuance
of the draft 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 stindard
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.

SECTION 3
Contirmation of Implemcntation:

Checked by: , Date:
Approved by: , Date:




UMTRA DOCUMENT REVIEW FORM

SECTION 1

Site: Spook , Wyoming , Date: 0Oztober 16, 197
Document: Draft Remedial Action Plan
Commentor: NRC

Cumment: Geotechnizal Engineering 3, Slope Stability Evaluation,
Pages 68 and 69.

For tne evaluation of slope stability, most design parameters were
assigned, and conservatism of these values demonstrated, wusin a
parametric analysis. This was noted in #SPK-06-87-U3-L.-00 (page 1-3? of
tie calculations provided by DOE in support of the draft RAP. Although
this approach 1is 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 preliminary design,

SECTION 2
Response: Page 68 and 09 By: J. McBee
Date: February 3, 1988

The short-term slope stability analyses performed 2ssumed 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 actual construction sequence will be determined
by the contractor, we anticipate a 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 significant'y more stable
than the parametric analysis originally showed and further testing will
not be required.

Plans for Implementation:

None.

SECTION 3

Confirmation of Implementation:
Checked by: , Date:
Approved by: ] , Date:




UMTRA DOCUMENT REVIEW FORM

SECTION 1

Site: Spook, Wyoming , Date: October 16, 1987
Document: Draft Remedial Action Plan
Commentor: NRC

Comment: Geotechnical Engingering 4, Seismic Stability, pages 64-65

The draft RAP states that the seismic coefficient of 0.09 was assumed in
evaluation of seismic slope stability, performed usin? the pseudo static
method of analysis. However, a minimum seismic coefficient of 0.1 is
recommended in the TAD (DOE, 1986, page 67). In addition, the seismic
coefficient of 0.09 was calculated based on a maximum peak horizontal
acceleration (PHA) of 0.16g (draft RAP, Vo'. 2, page D-24), while the
calculations provided in support of the draft RAP assume 2 seismic
coefficient of 0.lu5 based on a PHA of 0.2l¢ (stability calculations,
page 2 of 16).

DOE should explain why a seismic coefficient has been assumed that is less
conservative then that recommendcd in the TAD. Also the discrepancy
between the PHA and seismic stability values presented in the draft 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 floating earthquake of magnitude 6.2 at a
radial distance of 15 km (9.3 miles), which results in a peak horizontal
acceleration of 0.21 g. Accordingly, the seismic coefficient is derived
as one-half the long-term analysis of .21 g, or .105 g.

Plans for Implementation:

The final RAP will be corrected to include the design earthquake of U.21 g
and the seismic coefficient of .105 g.

SECTION 3

Confirmation of Implementation:
Checked by: I 1 ~__, Date:
Anproved by:




UMTRA DOCUMENT REVIEY FORM

SECTION 1

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 8l

The draft RAP does not address the sequence of movin? the unin?s
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 faot of the wall (1.e. material inside the pit adjoining the east
wall) while the tailings remain on tne top of the east wall bank,

SECTION 2
Response: FPages 70 and 81 By: J. McBee
Nate: February 3, 1986

Tne draft RAP dfd not a Jress the sequence of nov1n$ the tailings from the
east wall »f the Spook pit because that will be left up to the discretion
of the subcontractor, Other high-walls of the Snook pit have remained
vertical since mining operations and are apparently stable. however, he
will be working under OSHA regulaticis 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:
Checked by: , Date:

- g e —

Approved by: - , Date:
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SECTION 1
Site: Spook , Wyoming , Date: October 16, 1987

Document: Dr:ft wxerw2dia)l Action Plan
Cammentor: NRC

Comment: Geotechnical Engineering 6, Extant of the Buffer Zone, Page 25

The draft RAP recommends acquiring a 100 foot wide buffer zone around the
edges of the Spook pi%t to protect the stabilized pile against intrusion
during future mining activities. Tne Hydro-Engineering report for the AML
program recommends tne use of berches in the pit wal! (Mydro-Engineering,
Figure 9$-19) for placing the fill material. DOE should consider the
effect this may have on the width of the buffer zone.

A statement on page D-38 of the drarft RAP indicates that the proposed 100
foot buffer zone will be around tne tailings iupoundment rather than
around the Spook pit. This discrepancy should also be clarified.

SECTION 2
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 widtn.

However, as stated in DOE's transmittal of April 4, 1988, strategy for
disposal sfte acquisition has changed since the draft EA and draft RAP
were issued. The current plans are to acquire surface rights for most of
the pit (tne northern portion of the pit will not be acquired) and
subsurface rights for a 200-foot buffer z2one around the pit., This new
strategy would be presented in the final RAP,

Plans for Implementation:

The final RAP will be revised to reflect current acquisition strategy.

SECTION 3

Confirmation of Implementation:
Checked by: , Date:
Approved by: _ , Date: &




UMTRA DOCUMENT REVIEW FORM

SECTION 1

Site: Spook, Wyoming , Date: OQctober 16, 1987
Document: Draft Remedial Action Plan
Commentor: 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 3V 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 stadbilized tailings at 5025.0 feet, but
does not show the water table. In contrast, Figure D.3.6 shows the water
table to be approximately 10 feet below the existing pit bottom. This
incunsistency 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.

SECTION 2
Response:  Page 56 By: L. Banks
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 durin
test pit excavation. Tne water levels presented in Figures 3.10 and 3.1
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, 1s approximately 5005 feet (Sentember 1987).
This elevation 15 also presented in each of the fiqures. The base of the
stablized pile will be at 5025, approximately 20 feet above the water
level of the upper system,
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SECTION 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:
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SECTION 1

Site: Spook, Wyoming , Date: OQctober 16, 1987
Document: Draft Remedial Action Plan
Commentor: NRC

Comment: Geotechnica)l Engineering 9,
Please include a location map of test pits 031-050.

SECTION 2

Response: By: J. McBee
Date: February 2, 1988

See Figure 3.5, Page 27,

Plans for Implementation:

None .

SECTION 3

Confirmation of Implementation:
Checked by: , Date:

Approved by: , Date:
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SECTION 1

Site: Spook , Wyoming , Date:

Document: Draft Remedial Action Plan
Commentor: NRC

Comment: Geotechnical Engineering 9,

Please include a location map of test pits 031-050.

October 16, 1987

SECTION 2

Response: By: J. McBee

Date: February 2, 1986

See Figure 3.5, Page 27,

Plans for Implementation:

None.

SECTION 3

Conyirmation 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 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
are therefore not available. The elevations can be estimated from the
focation map using the topographic information,

Plans for Implementation:

None.

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 Remedia)l Action Plan
Commentor: NRC

Comment: Geotechnical Engineering 11, Page D-18
Reference is made to “10 CFR 40." Should this be 40 CFR 192?

SECTION 2
Response: Page D-18 By: E. Banks
Date: February 8, 1988

Comment acknowledged.

Plans for Implementation:

“10 CFR 40" wil) 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 1 should actually be shown at about elevation 5020, not at
elevation 5075,

SECTION 2
Response:  Page D-55 By: E. Banks
Date: February 4, 1988

Comment acknowledged. Figure D-3.11 will be revised and point "I" will De
removed from the figure (see response to NRC comment Geology 1, "Site
Erosion by Tributary Headcutting").

~

Plans for Implementation:

Figure D-3.11 will be corrected in the final RAP.

SECTION 3

Confirmation of Implementation:
Checked by: , Date:

— i, e

Approved by: , Date:




FIGURE D.3.Mm

| SITE SUBBASIN DRAINAGE PROFILE AND RELATIONSHIP OF BEDROCK DEPTH TO CHANNEL
SPOOK SITE - CONVERSE COUNTY, WYOMING
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