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Canonie Environmmental

. v _ SWM Date 1-18-92 Subject Radon Attenuation Sheet No. of
- Chkd. By Date Calculation Project No. 91-225-03

Reference # A, 1

\‘ Geotechnical and Radiological Data

— Tailings Investigation -—

Provided By: Water, Waste and Land, Inc. - 1988

.. This. reference .contains the following:
+ Drill Hole (Boring) Locations
Surface Sample Locations
- Boring Logs
«  Summary of Geotechnical Results - Borings
+ Summary of Radiological Results

« Summary of Geotechnical Results - Surface
Samples
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Response to NRC/DEQ Comments | A.3.2 wwi. 7080
Oraft December 15, 1988

A.3 TAILINGS INVESTIGATION

The field and laboratory results from the tailings investigation are presented
in this appendix. Figure A.3.1 shows the location of the test borings and
Figure A.3.2 shows the location of the surface tailings samples. The logs of
the test borings are shown on Figures A.3.3 through A.3.7. The natural density
and moisture content and the specific gravity of the sand and slime tailings
are presented on Table A.3.1. The radium content and radon emanation
coeffictents for the tailings are presentead on Table A.3.2. The results of the
thorium content analyses are present on Table A.3.3. The results of the
Proctor tests on the tailings sands are shown on Table A.3.4 and Figures A.3.8
and A.3.9. The radon diffusion coefficients for the ta111ngs materials are
presented on Tables A.3.5 through A.3.7.



N 11000

€ 4000
€ 5000

N 8000

ALTER
‘TAILIN

N 7000

N 5000

N 4000

- (ADAPTED FROM WESTERN NUCLEAR INC))

SCALE IN FEET

2000 1000 0 1000

: a\%lu, Wasile 8 Lond, Inc,

FIGURE A3t
DARILL HOLE LOCATIONS

Date: . DEC 1988

Pro)ect: 080

A-

)

£°e'v

st



,-*“‘\

E 8000

N 11000

S ———

f
S
N_10000 .~

1) A
gtk
2450

4
X
ot

v

AN A IS
IS H

) '
P“

N 5000

¢

A

SCALE IN FEET ,

1000 0 1000

. (ADAPTED FROM WESTERN NUCLEAR INC.)

: a\hlu. Wasle 8 Loand, Inc.

SURFACE SAMPLE LOCATIONS

FIGURE A.3.2

Date: DEC 1988

Project: 080

A-¢

VAR

AL



°

Water, Waste A Land.Ine.

A.3.5
. HOLE #2
- FO
2/24 1118 3
3 0/1+16 +2/6 | WOR £ B
5 = 5
- 224 26 + 38 + 46 B
] vig f 4/8 + 616 + 8/6 |2 B
10~ 10
] WOR /6 +5/6 +2/6 b& B
- - == -
w WOR 4/6 +6/6 +6/6 E o
w - b
v - oo
Z 15 15 Z
X oty T
b g I d
] WOR 5/8 + 516 + 5/6 [5a &
R 5/6 + 8/6 + 6/6 B
20— ~20
_ 2/6 +5/6 +8/6 |
P
25— 25
—— b
= LEGEND -
— Sand B
30~ ~30
—  Slimes
2/28 — Indicates standard penetratien
test of 2 blows for 24"
WOR — Weight of rod A-7
FIGURE A.3.3 Octe: DEC 1988
LOGS OF TAILINGS TEST
BORINGS, HOLES #1 AND #2 Project: 080




.6

Q=

104

Y]
o
{

DEPTH IN FEET

30

40—

50~

Y6 +1/6 +1/6

CAL 176 +2/6

2/24 |

CAL WOR/24

CAL WOR |

WOR/24

WOR |

WOR/24

WOH

WOR/24 F

WOR/24 L

2/6 +6/6 +8/6

V6 +2/6 + 38

16 + 416 + 416 |52

Sand

Slimes

Indicates standard penetration

176 +1/6 +1/§

CAL /6 + /6

us + 16 +u6 F.

CAL WOH

CAL WOR

5/16 +7/6 +7/6

-CAL 2/6 +7/8 E

CAL 3/6 +5/6

3/8 + 4/6 +6/6 |

SHELBY TUBE

/8 +3/6 +2/6

2/6 + 4/6 + 4/6

test of 2 blows for 24°

Weight of rod
Weight of hammer
California tube sample

DEPTH IN FEET

—40

50

A-§

wWater. Waste 8 Laond. ine.

FIGURE A.3.4

LOGS OF TAILINGS TEST
BORINGS, HOLES #3 AND #4

Dare: DEC 1988

Project: 080




A.3.7

77

<

DEPTH IN FEET

101

154

207

30+

35~

2/6 +2/6 +5/6 |

3/6 - 4/6 + 716 E

3/6 +5/6 +5/8

2/6 + 3/6 +4/6

2/6 +3/6 + 4/6

2/6 +3/6 +4/6

3/6 +4/6 + 3/6

3/6 +3/6 +3/6

4/6 +5/6 +6/6

3/6 +5/6 +6/6

46 +5/6 + 716

3/6 +7/5 +8/6

SHELBY TUBE

40~

DEPTH |i FEET

water, Waste 8 Land.lne.

HOLE #§
— . =0
3/6 +4/6 +5/6
5/6 +6/6 +7/8
L35
2/6 + 3/6 + 4/§
—~10
2/6 +3/6 + 3/6
2/6 +3/6 + 4/8
15
2/6 + 316 + 2/6
20
2/6 +2/6 +3/6
2/6 + 316 + 38 B
25
2/6 + 3/6 +5/8
7-30
T.0. 30.5°
—35
Sand
S1imes — 40
2/6 ~ Indicates standard penetration P
test of 2 blows for 6" A9
FIGURE A.3.5 Oate: DEC 1988
LOGS OF TAILINGS TEST
Project: 080

BORINGS, HOLES #5 AND #6




A8

e

76 +3/6 +5/6

16 + 216 + g HOLE #7A

LOGS OF TAILINGS TEST

BCORINGS, HOLES #7 AND #7A

Nater. Waste 8 Land.'nc.

0 - 0
] 2/6 + 316 + 3/6 2/6 + 4/6 + 4/6
16 +2/6 +2/6 2/6 +4/6 + 6/6 L
2/18 3/6 + 4/6 + 6/6
g — ~5 .
1/18 3/6 +4/6 + 4/6
[
- w
i C®
U
2/18 Z
z z
£ - - 5
&
B 2/24 5
10~ —10
2/18
1/12 + 3/8
LEGEND
18~ A - Sand -—15
- Slimes
2/24 - Indicates standard penetration
test of 2 blows for 24°
_/4'/0
FIGURE A.3.6 Date: DEC 1988

Project: 080




A.3.9

r; 77

DEPTH IN FEET

5

10 ~

15

1/6 » 3/6

+7/8

3/6 +5/6

+6/6

3/6 + 4/6

+518. [

2/8 + 2/6

+ 3/6

1/6 +1/6

+2/6

1/6 + /8

+ 3/8

3/12

+3/6

2/6 + 2/6

+2/6

2/6 + 4/8

+6/8

Sand

Slimes

Indicates standard penetration
test of 2 blows for 6° /{ p

1
DEPi IN FEET

10

Water, Waste A {and.ine,

FIGURE A.3.7

LOGS OF TAILINGS TEST
" BORINGS, HOLE #8

Date: DEC 19388

Proiect: 08N



A.3.19

‘. | TABLE A.3.1.
\ ‘ - SUMMARY OF TEST RESULTS
Baring Depth Moisture Ory Yisual
No. (Ft.) (%) Oensity ldentifi-
. (PCF) cation
14"0 = ‘15 L2 :
3 <8255 34.4 82.8 SAND
25.0 - 26.0 52.9 86.7 SLIME
4 27.0 - 28.0 24.5 80.9 SAND-
28.0 - 29.0 24.2 88.1 SAND
29.0 - 30.0 19.1 86.5 SAND
37.0 - 38.0 30.6 80.0 MIXTURE
38.0 - 39.0  38.7 70.1 MIXTURE
39.0 - 40.0 40.6 67.7 SLIME
5 38.0 - 39.0 21.6 87.2 SAND
3900 - 40.0 2809 8201 SAND
o
5(2/6’/ /‘“/jv\’é’ /43/
{;f /ﬂt’T/n'C/j [e catrert
. ' Y
%C 8,- /‘:_’.7"‘(-@:'5 A‘ '3- 3 /é /4 'j' 7

'1@1‘ her l‘:'xcj Je (/)

Specific
Gravity
4 Mat

© 2.58
2.57
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A-3 cll

)
X Rogers & Associates Engineering Corporation
= '
i
TABLE A.3.2
RADIUM CONTENT AND RADCON EMANATION FRACTION
Radon
Radium £nanatian Moisture
Qenth Descriotion (pCi/g) Coefficient (Dry Weignt %}
Hole #1 2-3.5 ‘Sand/Slime 176 + 3 29.8 —
.-4-3.,5 - Sand 103 » 2 : 20,3~
7-8.5 Sand - 72 + 2 0.28 + .03 30.5~
9-10.5 Sand 47 ¥ 1 - 30.2+~
12-13.5 - Sand/Slime 97 ¥+ 1 30.6-
19-20.0 Slime 764 3 6 55.8 -
Hole 22 2-3.5 - Slimey Sand 221 + 3 0.34 + 0.02 29.7 7
4-5.5 Stime 483 + 4 . 48.5-
.7-8.5 - Sand §9 + 1 0.27 + 0.02 20.5—
-9-10.5  Sand 87 + 1 9.7-—
13-13.5 -Slimey Sand 157 = 2 31.0
14-15.5 - Sand 49 + 1 25.9 ~
17-18.5 -Sand 37 + 1 24.2 -
19-20.5 -Slimey Sand 115 + 2 28.7
22-23 Stime 828 + 6 . 51.4
Hole #3 -2-3.5 Sand 3 +1 8.5 7
4.5 Sand §3 +1 0.18 + 0.02 6.3
7-8.5 Sand 45 + 1 3.3~
14-1S Slime 1140 + 5 0.37 + Q.01 .67.9
15-15.5 - Sandy Slime 159 = 3 35.3
19-20.5 Slime 1009 + 7 65.2
22-23.5 Sand 107 + 2 34.9
.24-25 * Sand 88 ¥ 2 33.7
25-26 Slime 780 + 7 60.7<
27-28.5 -Sand w/Slime 289 =+ 4 65.6
29-30.5 Slime w/Sand 699 + 5 0.37 + 0.01 47.0
34-35 Slime 638 + 3 Q.36 + Q.01 45.8
Hole #4 2-3.5 . Sand 88 + 2 11.1-
a-5 Sand 251 ¥2  0.27 0.0l 32,27
7-8.5 Sand 61 + 1 27.4
14-15.5 Sand 85 + 2 21.9-
22-23 Slime 1001 + 7 §3.6
23-23.5 - Sand 80 + 2 42.0
24-25 - Sand 112 + 2 23.3
27-28 Sand - 105 + 2 0.35 + 0.02 21.5
29-30.5 Sand 183 £ 2 22.1
34.8-38 - Sand/Sl ime 367 + 3 0.30 + 0.01 25.9
42-43.5 Sand w/Slime 458 = S 3.1



A.J.12

Rogers & Associates Engineering Corporation

A TABLE A3.2
RAD (UM CONTZNT AND RADON E£MANATION FRACTION
(Continuea)
Radon’
Radium Emanation Moistura
Deoth Descristign  (pCi/g) Coefficient (Ory Weignz %)
Hole #3 2-3.5 Sand/S1ime S10 + 5 22.2
7-3.5 Sand 189 + 2 0.27 + 0.02 §.4
9-10.5 Sand 262 + 3 9.5
14-15.5 Sand 213 + 3 8.7
17-18.5 Sand 412 » ¢ 12.1
19-20.5  Mixture 81 + 4 12.8
22-23.5 Sand 246 » 3 4.8
27-28.5  Sand 186 = 3 §.7
29-30.5 sand 179 = 3 10.2
. 32-33.5  Sand 250 3 22.2
Hole #6 2-3.5 Sand 215 = 3 10.9
4-5.5 Sand 141 + 2 - 6.3
9-10.5 Sand 376 » 4 10.1
12-13.5 Sand 293 » 3 8.3
19-20.5 sand 244 + 3 0.18 + 0.02 15.9
24-25.5 Sand . 257 # 3 : 25.5
29-30.25 Sand/Slime’ 736 + 8 34.8
30.25-30.5 = Sand/Slime 413 + 4. 0.24 +0.01 28.5
Hole #7 0-1.5 -Sand 1.3+ .03 2.0
1.5-3.0 Sand 1.1 7 .04 3.3
3-4.5 Sand 1.0 + 0.2 3.2
6-7.5 Slimes” 1350 = 8 0.31 + 0.01 §2.3
9-10.5 Slimes 38522 + 16 74.3
12-13.5 Slimes / 2566 + 13 - 64.0
Hole #8 0-1.5 Fine Sand 15+1 8.5
3-4.5 Fine Sand w/
S1ime 26 +3 0.24 + 0.02 5.7
7.5-8.5 Slime ~ 911 + & 0.27 + 0.01 39.3
8.5-9 Sand 204 + 3 0.23 +0.02 9.2
9-10.5 Sand/Slime 304 + 4 27.1
) 10.5-12 Sand 278 + 4 18.1
(. 12.5-13.5  Silty Sand 3.4 + 0.2
v Dering lecatrevs

A.3
>
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A.3.13

o :
.‘( ,
P . (3 ] *
s Rogers & Associates Engineering Corporation ®
TABLE A3.2
RADIUM CONTENT AND RADON EMANATION FRACTION
(Continued)
Radon
Radium Emanation Moisture
Qesth Descriotion (oCi/q) Coefficient (Ory Weigne %

New Embankment Sand w/Slime 74 + 2 0.30 + 0.03 3.7
0ld Embankment Sand w/Stime 144 + 3 0,28 + 0.02 7.9-
ss-1 Slime 512 + 6 74.1
§5-2 S1ime §23 + § ~ 47.0
Ss-4 Slime 415 + S 52.5
§S-3 Slime 733+ 6 0.29 + 0.01 95.8
Ss-7 Stime 91 + 2 119.9
ss-3 Slime 1032 = 8 131.5
SsS-9 Slime 64 + 4 61.7 '
ss-10 Slime 461 + S §7.2
$s-12 Slime 460 + S 258.3 .
§5-13 - Slime 774 + 8 123.7

+8 160.1

SS-14 Slime 827

_:—'5(&1;7\,@1, /CC(V/7¢‘“VL‘J | |
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TABLE A.3.4

Rogers & Associates Engineering Corporation

MOISTURE DENSITY RELATIONSHIP

o gme

LOCATION ID: ol B of )

SITE ID: /L)' l’?"/,‘é,,_‘-,;,{_‘_;/- Lan (0 ‘

DATE:

CHECXED BY LAB: GAA._
V

0L 27 /45y
MAXIMUM | OPTIMUM
SAMPLE qul‘EEi;U:L TEST MOISTURE | g7
1D : METHOO CONTENT e
(FT) NO.
(%)
New 1
Lot S? /Y. s
J )
élfb..},_.j <P /04, 0 N2 2
TEST RESULTS #1 TEST RESWLTS #2
DRY MOISTURE DRY MOISTURE
DENSITY | CONTENT DENSITY | CONTENT
®Ch) (%) Pch) (%)
7.7 | Fo — 7 2 6.0
pla | 19 755 75
2.2 | /12 3.3 /2.5
/oS0 s 1ol b /4.9
rd 7 /7.0
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Rogers & Associates Engineering Corporation

SUMMARY OF MQISTURE-DENSITY RELATIONSHIP TESTS
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R Rogers & Associates Engineering Corporation

*%  SUMMARY OF Mms-rua's—é'ﬁaswv RELATIONSHIP TESTS
/Lv// 655
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| TABLE A35
Rogers & Associates Engineering Corporation

R
A
E

REPORT DATE £et 26 /453

e

ConNTRACT _C492¢
. | BY (AU
campLs oexTIFicaTion __ Wit Wask v Lawd - St Rl i/
' )
susmiTTED BY AL DATE RECEIVED
SAMPLE D | MOISTURE DENSITY |RADON DIFFUSION| SATURATION®| COMMENTS
(DRY WT.%) |. (g/emd) COEFF. (em?/3) (Mp/P) POROSITY
/’/Da)yfmﬂ 44 [52 [ bEpz J./9 9 4/
-t - s,) [ 5/ /.4 E-02 0./% N 42
b /35 3./ &0z s, 0. 43

*ot 992 aink Db, z..sdf:/me,\
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I ,
(‘ ‘ TABLE A.36 R
| Rogers & Associates Engineering Corporation A
REPORT DATE /Q‘)l 20, /%55
| CONTRACT crizs
. 8Y 4&/’?7
. . wd .
SAMPLE IDENTIFICATION Wetor Wask « Land = Sp)t Rk M./
’ o/
susmITTED BY 2L DATE RECEIVED
SAMPLE D | MOISTURE DENSITY |RADON DIFFUSION| SATURATION® | COMMENTS
(DRY WT.%) |. (g/emd) COEFF. (em?/9) (Mp/P) POROSITY
/;//y \Ca,q{) 7 § /. 50 /5 E42 0.17 O, 42
(at 0% Max By Davs. b SA. Prwetory.
o 7

P 3 2A8IT CN A SFITIFIC SRAVITY CF 2/ ==3, JEECS
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. TABLE A37
Rogers & Associates Engineering Corporation

R
A
E

Ont =/ jo77

REPORT DATZ ‘
| CONTRACT (f123

By (243

7
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Chen-Northern, Inc.

TABLE
SUMMARY OF LABORATORY TEST RESULTS
Job No. 1 465 89
SAMPLE tOCATION " ,:.':;:,m. ASTM GRADATION PERCENI ATTERBENG LIMITS -
CONTI NI UEN"E;'SY . . '335533‘ . %Pnsﬂl':r'\(!; Pm}??“v m utr;:({:‘niul‘vw
SAMPLE NO ) i Giave L . s pribs 11U ASHCITY d : .
ASTM D-698 (%) (%)
] 16.5 100.0 0 96 4 2.64 42 Windblown tailings,
' sand®

2 13.9 108.9 0 96 4 2.62° 37 Alternate area cover
sand

3 18.1 107 .4 0 4 96 Ly 25 2.1 Lo Cody shale, lean
clay

ka 15.0 109.1 0 80 20 35 14 37 Borrow sand with 7%
Bentonite, clayey
sand

4b 14.6 108.4 0 76 24 43 23 2.63 37 Borrow sand with 9%
bentonite, clayey
sand

5 9.0 14,0 4 85 ] 2.61 30 Mill area soils, *
slightly silty sand

6 - - 0 18 82 32 13 2.69 - Slimes, li‘clay %

- Hewourts o BACqweo MBI aL t —_—
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February 16, 1989
Job No. 1 465 89

CHEN-NORTHERN, INC.
TABLE II

N

Surmmrary of Capillary—:vbisture Relationship Test Results

Sample Location: - #3 4A 48 7
Initial sMC (avg) : 19.2 . 15.1 14.7 13.9
Density pcf 101.8 103.6 102.9 94.4

Tension, bar

0.1 ' ‘ 28.7 19.7 _ 20.4 5.5

0.3 26.2 17.8 20.6 5.2
\. 0.5 24.9 18.4 20.8 3.2
1.0 23.3 15.2 16.2 1.9

2.0 | 22.9 14.1 15.7 2.3

4.0 22.6 13.0 ~15.8 1.5

15.0 22.0 13.0 16.0 1.5]

Chen-Northern, Inc.



February 13,

Job No. 1 4¢
CHEN-NORTHERN, INC.
TABRLE III
Surmrary of Permeability Test Results*

Initial Initial Final Final Final Coefficien

Moisture Dry Density Moisture Dry Density Percent Permeapil

Sarple No. Content, % ocf Content, % pct Saturation k cr/sec
3 18.1 102.0 NA NA ‘ NA 7 x 107

4a 15.4 103.4 e 3% 107

4b 15.6 103.0 (18] nne (1R} 8 X «10“5

fore -

*Note above data is preliminary

C_hen-Norrhern, Inc.
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S0 Sai Lake C.ty
Zvanston ~ San Antonio
Giilette i Cies
Gienwood Sornngs Yakima

February 16, 1989

Subject: Laboratory Testing, Canonie
Project No. 88-194-03, P.0. No. 5307

Job No. 1 465 89

Mr. Terry Braun

Canonie Environmental

94 Inverness Terrace East, Suite 100
Englewocd, Colorado 80112

Dear Mr. Braun:

Enclosed are laboratcry tests results for the referenced project. The
testing includes, five gradation analyses, two hydrometer analyses, four
Atterberg limits, six standard campaction tests, seven specific gravity tests,
six porosity determinations, four capillary moisture tests and three
preliminary permeability test results. The tests were conducted on soil and
mine tailing samples received at our laboratory on January 23, 1989.

Final results for the permeability tests in progress will be sent to you
upon carpletion. We estimate approxirately one week for this. If you have
any questions or if we can be of any further assistance, please call.

Sincerely,

CHEN-NORTHERN, INC.

L S

Kenneth R. urlley, E.T.
Laboratory Wanaqer

KRC/mrg
Rev. By: RJT
Enclosures

A memper ot the (HI1H) group of corﬁpames

yE
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Reference # Z |.3

Radium, FEFmanation Coefficients and Radon
Diffusion Coefficient Analvyvsis Results

Canonie Sample #'s 1,2.5, and 7
Provided Bv: Rogers and Associates Engineering
Corporation

- February, 1989 -.
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Rogers & A

Associates Engineering Corporation

REPORT CF RADIUM AND EMANATION

C

(LAB PRQCC

SEFICIENT

MEASUREMENTS
EDURE RAE-3GQAP-3.1)

2-13-39
REPORT DATE -
CcoNTAAcT__-3500/56
- R ARAS
SAMPLE IDENTIFICATICN Canonie Sofl & Tafif{sg Samsles
R73 )
qUBMITTED Y CATZ RECEZIVED
:: oemine ; AADCN . ]
i QAMPLE NUMEBER ¥IS VRS IMANATICN FAZIUM T SSMMENT \
; HSARY W™, %) CQ@P ICIENT ™ | {(aCl/3ram)) |
i . 510C5 13«0 ‘ f
LT Tailings 3.3 I 2.21 = 4.C2 &= b
5 ;‘}tar:a:;ﬁ. . ‘ Seiow Détec:1:ﬂ ‘
i lraa T svan 2.2 Limte '2 = ’2,;4
e =9ntaminatad - f : az e
=8 .,4,‘1: l:r:z PR I .3 I 3.258 = 4,33 0 - . ,’
., CTiarse ‘
o Taiiinzs 4.2 ’ 829 = Ay 45 - !
! |
I |
" l
}
i
| | |
| | ; ‘
' .i | |
i |
’ { j ]
TYNCEIETAINTIES 24253 CM GAMMA=-AAY CTUNTING STAT/3TIC3 SHLY. R
A
d:-——'-
3T S¥FICT BGX 33 in

3
SALT .

(301) 3160

AKE CT7TY « UTAH MU0
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Rogers & Associates Engineering Corporation

~

REPORT OF RADON DIFFUSION
COEFFICIENT MEASUREMENTS
(TIME-DEPENDENT DIFFUSION TEST METHOD

RAE-SQAP-3.6)

REPORT 0ATE _2-13-89
conTracT _(8900/6
gy RYB
SAMPLE IDENTIFICATION Canonie Soil & Tailing Samples .
SUBMITTED By _RI!B DATE RECEIVED
MOISTURE | DENSITY | RADON DIFFUSION {SATURATION®] <oumeNnTS
SAMPLE NOMBER 1 ory wr.%) | (asem3) | COEFF.  (em?/s) (Mp/P) Porosity
Windblown
#1  Tailinas 8.0 1.4 1.8£-02 0.26 0.448
Alternate
#2 Area Cover 8.2 1.57 2.0E-02 0.32 0.404
#3 Cody Shale 13.6 1.64 3.9€£-03 0.56 0.401 .
#4a Borrow w/
7%Bentoni te 10.8 1.66 4.9E-03 0.49 0,365
pap BOrrow w/ 11.0 1.65 3.56-03 0.49 | 0.370
#5 Mill Area 7.9 1.75 1.3E-02 0.45 0.310 N
#7 Coarse _ '
Tailings 8.6 1.51 1.7E-02 0.31 0.418

3BASED ON A SPECIFIC GRAVITY OF

I3 Specitied
g/em3,

POST OFFICE BOX 330

SALT LAKE CITY « UTAH 84110
(801) 263-1600

=1

RAE~FORM 48D



Raforanca & A. y

Geotechnical Testing_ Results

Density Tests and Standard Proctoos

~ - . -~
Prowvided 2% T

v AV T e Ty
Vi oIaberg-Milies TrgoioioEl
] H . 1N A
- Segtember, L3%L -
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INBERG-MILLER ENGINEERS
124 EAST MAIN STREET RIVERTON. WYOMING 82501.4397 307-856-8138 .
September 12, 1991 ‘ 4779.3-RM
RECEIVED
SEP 1 9 1991
Western Nuclear, Inc. | CANONIE-DENVER

P.0. Box 630
Jeffrey City, Wyoming 82310

ATTENTION: MR. ROLAND COLLINS

RE: FIELD DENSITY TESTING RESULTS SUMMARY
JEFFREY CITY MINE RECLAMATION
JEFFREY CITY, WYOMING

Gentlemen:

This is a summary report of the field demsity tests which were performed in
the mill area on the above-referenced project. . :

DATE TEST PERFORMED: August 30, 1991

FIELD DENSITY TEST NUMBER: Nos. MA-1 through MA-4 (Nuclear
Method), MA-1lA through MA-2A
(Sand Cone Method), inclusive

In additiom, a laboratory compaction test (Standard Proctor ASTM D698) was
performed on a sample of the soils tested. This information was used to
calculate the percent compaction at each test locatiom. Results are
attached.

As requested, ome nuclear test and one sand cone test were performed next to
each other at each test location. We have also enclosed copies of the raw
field data genmerated for these tests, per your request.

We appreciate the opportunity to be of service to you on this project. If
there are any-questions regarding the enclosed information or if we may be of
further assistance, please contact us.

Sincerely

INBERGEETLLER ENGINEER{]\\

\ C. Howell, P.E ‘
technical Engineer
JCH:dcr:FC24

Enclosures as stated
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INBERG-MILLER ENGINEERS

124 EAST MAIN STREET RIVERTON. WYOMING 823501.4397 307-856.81368

®

Page 1 of _1_

REPORT OF FIELD COMPACTION TEST RESULTS

Project: Jeffrey City Mine Reclamation

Date: September 12, 1991
To: Western Nuclear, Inc.
ATTENTION: MR. ROLAND COLLINS
P.0. Box 630
Jeffrey City, WY 82310
Job. No.: 4779.3-RM Test Date: August 30, 1991 Tests By: LEV

TEST METHODS:

FIELD DENSITY DETERMINATION MOISTURE-DENSITY RELATIONSHIP
X Sand Cone Method (ASTM D1556) X Standard Proctor (ASTM D698)
X Nuclear Method (ASTM D2922) Modified Proctor (ASTM D1557)

TEST RESULT
Optimum Maximum
Moisture Dry Moisture Dry
Test Test Material = Content Density Content Density Percent
Location Elevation Description p4 pef 2 pcf  Compaction
O East side 8" below Brown, silty 4.1 113.7 10.5 . 112.4 101
B MA 1-2, see existing  SAND
map grade
[A-1A East side 4" below " 5.0 106.1 10.5 112.4 34
MA 1-2, see existing
map grade
A=-2  West side 8" below " 2.5 110.0 10.5 112.4 98
MA 1-2, see existing
map grade
A-2A West side 4" below " 7.0 110.3 10.5 112.4 98
MA 1-2, see existing
map grade
A-3 North side 8" below " 4,2 110.7 10.5 112.4 98
MA 3-4, see existing
map grade
A-3A North side 4" below " 7.1 109.5 10.5 112.4 97
MA 3-4, see existing
map grade
=4 South side 8" below " 3.4 112.5 10.5 112.4 100
(. MA 3-4, see existing
Y map grade
=4A = South side 4" below " 8.3 110.9 10.5 112.4 99
MA 3-4, see existing ,
map grade
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(1bs/cu. ft.)

Ory Density

MOISTURE-DENSITY ANALYSIS

Project: 'J C MINE RECLAMATION

Job No.: 4779.3 AM

Client: WESTERN NUCLEAR

114

/7

Test Date: 8/26/91
Tested By: LEY
Test Mathod:

112

110 /

108 /V BJ ‘
1086
104 1 1 14 i6
Water Cuntent (X
Soil Description: BROWN sample' No.: 1 _

SILTY SAND

X psssing #200 sieve:

Liguid Limit:
Plasticity Index:

Sampled By: LEY

Source: COVER MATERIAL

Optimum Water Content: 40.5 X

Max. Dry Density: 142.4 1lbs/cu.ft. .
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Date g/. U ('?/

Client e sTern Wucl%/‘
Job No._42729, 3 RM

NUCLEAR DE®ryY FIELD TEST
DIRECT TRANSMISSION METHOD

Technician

Contractor U"/‘/’”’u}/’ ' -

Project JC Wne ﬂeol?/mmn'

S A
‘ |

Modal: 34018 — 34uBY__ 240i—  Proctor: Standard Y Moditied—  Standard Count: Density_S272_Moisture €26
} ; . . ICOMP.,
TEST . TEST ATER N % ) a ;
NO. LoCATION ELEVATION o?scmp'_?:Lon ggg?ﬁ .0C | DCR | WD | MC | MCR MPO(‘!? MOIST. oeacﬂs’:n M%T;T. o?ns:(w SPEC
m- | FEsicdle mAdre B/éﬂe_/ou.) ﬂm“énuy A
€l NG, X5:ST-We c .
7 | 2o G rede Sl 1S |2320 179 | 68 w5 lle. s lwzzi|os oy | as
Mp. 2w sde mA- 2 &
156 | - £ 1 > ;Y . 10y
6 |2y51 2% So 3.1 (1299 lmo.0 /o5
MA’S MS:JC m”‘?"l / N ‘ ‘ %
;5—% h /! | ¢/ 8 - ' D ﬂ 2 ' ) A o
S | 2733 Wb 165 122072 (M7 '
Ma-4 |5 <t ) ¢! ‘ | 209
/ ' , / by
IR / E law|  |imol| ¢ 20 || 29 has | | s




Cere L L0-01 9 - L. AT
Date < .= UNIT WEIGHT BY sh.«ao__quE METHOD Technician
Client We brl?//l }/U(:/,/l’o/' F[/“;Z l;; i 7 ?’lel Contractor L{nkﬂﬂa//)
2 H .
Job No__7122%.3 RmM Sand Densﬂi,;,__L_PCF 009 Calibrated 8- 20-7 Project _\C Sure Ky lomaris
FUNNEL WEIGHT OF ‘
CALIBRATION WET SOIL VOLUME OF HOLE MOISTURE CONTENT DENSITY
rest no, | WER | WEA LTAME | Roll | wr e wr son | W | WA | Tzl s | AP okt | sl | daty [ et vane | SR || ey | octamy
' . ‘H’ v 14 ‘
-4 |5o0bf .oz 293,555 5ks, | 96| (500l | 2.298s| Z20b| 2T Y 208 |0yt | R0ty \ 172397 T | Bay rotto, | S00 | 1LY Yo
) 6 [bs 'L') ) P", . Yr
2/1 19.92 | o3 1390 | 3.93:]. 68620k 2. 7| 8 256| 2OL|L. 1518|3901 | 22511 0332 13022 | 1788200 | S L tsr §43p, | 13281 205~ )8 |1103
i . .
: I . o 1 : )
3o {100 13,947 ok 395, | 123\ (2 AN\ S2C 1| CHO\ 3.5 |25 /b |, 0350 (52553 | obs | 29401162 €8, | p33¢y, 712 \in2s | 105§
gl Lo s . 9
' b 294 115900 3382, |155builiGoul | B.72 (78] 3,9¢ /8] 25050286 ém/, m,/,, 17.40452 31, 56§29 %33 2010 {0
REPORT DATA
TEST NO. LOCATION TEST ELEVATION MATERIAL OESCRIPTION MOI;NRC DE?‘:IYI‘Y ln?:l{‘ﬁi D:NASTIV Cztll’.
A side S€e rnaf? {or Hﬂ(/ou/ £ys,5/,,,,. Dlyu)"l S:’ry Sa nnl
lp | ma> " locarion Eoade | 5o |we.)|0s Ly 19Y
woid< Pz .
[ ! ) 7/ / R
Za Mﬂ'o’l'l ' 20 103 Lo |y 7{{
WV sid~ ! 7 )
A ¥ . )4 .
N L o 57 1095 11es |2y |97
L{A Ss:dv‘ 1 y ( J ) , 7 )
frA-3 : §3. | Yos /2y |77
| X
® () ® | |
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Reference #A.5

Tailing Sampling Summary

Provided by: Shepherd Miller, Inc.

- January 1993 -

Al
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Reference A.5
Tailing Sampling Summary

The drilling and sampling segment of the program to characterize the tailings in the mill area,
the alternative tailings area, the eastern portion of the new tailings and the old tailings
impoundment at Jeffrey City, Wyoming was completed between January 11, 1993 and January
15, 1993. Chen Northern, Inc. out of Denver, Colorado performed the drilling and sampling.
The drilling was performed with a hollow stem auger mounted on an all terrain vehicle (ATV)
that facilitated accessibility. ’

A total of 25 borings were drilled. Sampling was performed with a 18" long, 1’ diameter, Split
Spoon sampler and a 12" long, 1" diameter, California tube sampler. The California tube
sampler contained four 3" long tubes that slipped out of the sampler tube to allow for transport
to the laboratory. The samples in the California tubes are considered to be "undisturbed" and
will, therefore, be tested for in situ density. The Split Spoon samples will be tested for radium
and percent passing the No. 200 sieve. Once these two initial tests are conducted, the samples
will be composited to provide for the determination of emanation coefficient, specific gravity
and 15-bar moisture content.

A total of seven samples were taken per hole with the samplers described above. The samplers
were alternated as depth increased in the hole. For example, after drilling the first two feet of
each hole, a sample was taken with the Split Spoon sampler, drilling then progressed to four feet
and a California tube sample was taken. This alternating of samplers progressed through to the
prescribed 15 foot depth. The location of each of the borings is provided in Figure A.5.1.

(page A-47).

The Split Spoon samples were visually identified as sand, sandy slimes, slimes, or, in some
cases, native soil with organics and separated accordingly into plastic bags. The California tube
samples were taped together, marked and capped on the ends. The visual description of the Split
Spoon samples and depth of each sample was recorded on a borehole log. The borehole logs
for each of the locations presented in Figure A.5.1 are provided on pages A-sOto A-74along
with this report.

The two holes marked #10 and #12 on the location in Figure A.5.1 were drilled to native soil.
According to Roland Collins, native soil was considered to be brown sand with organics. Native
soil was reached at approximately 14.5 feet to 15 feet.

A total of 375 feet of borehole was drilled. After visually separating the Split Spoon samples
and counting each individual tube in the California tube sampler, a total of 431 separated
samples were taken which amounted to a volume of approximately 0.769 f. A summary of the
daily drilling progress is provided in Table A.5.1.

Vo v
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Table A.5.1: Summary of Daily Drilling Progress

Date Borehole Footage # Samples | Volume (ft) 4
1-11— 1 15 [ _21 0.034
1-11 2 15 18 0.032
1-11 3 15 12 0.023
1-12 4 15 16 0.027
- 1-13 5 15 16 0.027
1-13 6 15 18 0.033
1-13 7 15 17 0.030
1-13 8 15 17 0.030
1-13 9 15 20 0.038
1-14 10 15 19 0.035
1-13 11 15 17 0.030
1-14 12 15 19 0.035
1-13 13 15 17 0.030
1-14 14 15 18 0.033
1-14 15 15 18 0.033
1-14 16 15 18 0.033
1-14 17 15 17 0.030
1-14 18 15 16 0.027
1-14 19 15 14 0.026
1-15 20 15 16 - 0.027
1-15 21 15 16 0.027
1-15 22 15 16 0.027
1-15 - 23 15 18 0.033
1-15 24 15 18 0.034
1-15 25 15 19 0.035
Totals 375 431 0.769

~{
Ca,
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SMI

SHEPHERD MILLER, INC.

PROJECT: _ WN! JEFFERY CITY PAGE:_1
PROJECT NO.:_ 333 DATE: 01/11/93
BORING NO.: 1 LOCATION:

AsO

DRILLING LOG | 1vpe oF DRILLING: HOLLOW STEM AUGER ACAD FILE: BLOG—1_
ST T ~
DEPTH WELL | w| NO. OF JRECOVERY
) LOG Et aLows ) SOIL DESCRIPTION
' O | SAND—TAN. FINE 7O MEDIUM COARSE
1 .
- 50 ‘ SAND—TAN, FINE TO MEDIUM COARSE
& | 10" [, MOIST, SOME YELLOW CLODS
4 i o8 O,, ‘
. 33 3
; 12 )
- 0
26 | " SAND—TAN. FINE TO MEDIUM COARSE
1727 ]
0
8 w - 8
. n 12265, 12
9 3
. 0
26 |, ° SAND—TAN AND RUST, FINE 7O MEDIUM
12 "COARSE_SOME_YELLOW POCKETS, MOIST
- 0
2 . 2
- = 1;, 12"
3 m | ] 3
4 15 [ * SAND—TAN, FINE TO MEDIUM COARSE
. 12" . MOIST

Pying

m SPLIT SPOON E:l CALIFORNIA TUBE

NO RECOVERY




S/

SHEPHERD MILLER, INC.

SMI PROJECT:__ WNI JEFFERY CITY PAGE: 2
PROJECT NO.:__333 DATE:O1/11/§‘

BORING NO.: 2 I.LOCATION:
DRILLING LOG | typg oF DRILLING: HOLLOW STEM AUGER __ACAD FILE:_BLOG-2
D(E:TT)“ V{g% §§ el R‘°(°F¥)‘R* SOIL DESCRIPTION
0 |_SAND-TAN, FINE TO MEDIUM COARSE
1 65 1
! 1 " 12”
2 2 2
0
3 23 > SAND—TAN, FINE TO MEDIUM COARSE
) 12" | 12 ["MOIST
- 0
5 5
8
7 |12
6 = 5
7 7 1 " SAND—TAN WITH BROWN LAYERS
. 12" _ FINE TO MEDIUM COARSE, MOIST ’
— 0
9 | 9
| = 172 12"
10 0
0
5 | "TOP 10° SAND-TAN, FINE, MOIST
12" _BOTTOM 2° ORANGE, OLIVE, RUST SLIMES
0 | _
» * SAND—TAN AND RUST MEDIUM COARSE
. | 18" |, BOTTOM & BROWN/GRAY FINE SAND
5

m SPLIT SPOON E:l CALIFORNIA TUBE NO RECOVERY ,
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WNI JEFFERY CITY PAGE: _3

SMI [
SHEPERD MILLER INC. PROJECT NO.:__333 DATE: 01/11/93
BORING NO.:___3 LOCATION:
DLRlLUNG LOG TYPE OF DRILLING: HOLLOW STEM AUGER ACAD FILE: BLOG-3
Df:rT)H V{gg‘ it ;?_o:; REC(OFZ)ERY SOIL DESCRIPTION
< -

SAND—-TAN, FINE TO MEDIUM COARSE

0
>SO 19" SAND—-TAN, FINE TO MEDIUM COARSE
127 MOIST
— 0
>50 3" SAND—-TAN, FINE TO MEDIUM COARSE
12" MOIST (LAST 3 TUBES IN BAG)
6 ; SAND-TAN, FINE TO MEDIUM COARSE
19" 18 MOIST
0
8 "
3 . 12:1 12
- 0
4 ) SAND-TAN W/SOME BUFF, FINE TO MEDIUM
o | 16" |, COARSE, MOIST
- 0
7 "
] |0
— 0 ‘
<1 & | VERY SOFT — SAND, TAN—-RUST FINE
12" s T0 MEDIUM COARSE, MOIST

.

l]:l SPLIT SPOON E:l CALIFORNIA TUBE

NO RECOVERY
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SMI PROJECT:__WNI_JEFFERY CITY PAGE: _4_
SHEPHERD MILLER, INC. PROJECT NO.:_333 DATE: 01/12/9
BORING NO.:___4 | LOCATION:
DRILLING LOG | 1vpe oF DRILLING: HOLLOW STEM AUGER ACAD FILE: BLOG=4
DEPTH WELL |2 w| No. oF [Recovery
il (6 |5E| wows | o 'SOIL DESCRIPTION
5 SAND-TAN, FINE TO MEDIUM COARSE
1 0 |y
2 5 . 2
3 12 3
— 0
4 8 ” * SAND~TAN, FINE TO MEDIUM COARS
127 | 12 ["MOIST :
5 S
— 0
6 [
] . 11;, 12’,
7 - 7
- 0 1
8 : 2 ||, | _SAND=TAN, FINE TO MEDIUM COARSE
' 12" MOIST
9 9
— 0
10 - 0
8 7]
- . » 12
1 m| 12 1
~ 0
2 7 19" : SAND—-TAN, FINE TO COARSE, MOIST
. 12" 5 SOME WOQOOD AND FIBERS
0 ' '
4 o ¢ SAND WITH WOOD FIBERS, TAN AT TOP
5 1 S RUST IN BOTTOM 2°, SOME WOOD FIBER,
FINE TO MEDIUM COARSE
m SPLIT SPOON l:{lCALIFORNM TUBE NO RECOVERY .
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SMI

' |

PROJECT:___WNI JEFFERY CITY PAGE: 5
SEPHERD MILLER. ING. PROJECT NO.:__333 DATE: 01/13/93
BORING NO.:___3 LOCATION:
DRILLING LOG TYPE OF DRILLING: HOLLOW STEM AUGER ACAD FILE:_BLOG-5
DEPTH WELL |2 w| no. oF [recovery
s LOG ;It,: sows | (1) SOIL DESCRIPTION
T SAND-TAN, FINE TO MEDIUM COARSE
. 0
2 ] >50| |, | _SAND—TAN & RUST, FINE TO MEDIUM COARSE
3 < 12" , 10P 6 FROZEN, MOIST BELOW
— 0
4 -
- m| 2012
5 m| 12 '
— 0
- 6 22 19" j TOP 4" SAND-TAN, FINE TO MEDIUM COARSE
. 12" , BOTTOM 8 RUST FINE SAND, MOIST
- 0
8 =
- . 3-7:1 1A2”
. x| 12
— 0
27 19" ° SAND-TAN, FINE TO MEDIUM, MOIST
12" TOP 1—2" SOME RUST
— 0
2 w
— | 12"
3 .
O ) .
4 26 0 ' SAMPLE WOULD NOT STAY IN SPOON
12
5

m SPLIT SPOON m CALIFORNIA TUBE

NO RECOVERY
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SHEPHERD MILLER, INC.

SMI ==
PROJECT NO.:_ 333 DATE: 01/13ﬁq

WNi_ JEFFERY CITY PAGE:_6

BORING NO.:__ 6 LOCATION:

DRILLING LOG | type oF DRILLING: HOLLOW STEM AUGER ACAD FILE:_BLOG-6
DEPTH WELL |2 w| no. of [Recovery '
) LOG Et BLOWS 1) | SOIL DESCRIPTICON
] ' SAND—TAN, FINE TO MEDIUM COARSE
1 — 0 1
2 | 2
— [ | 12"
3 - 3
- 0
4 26 | ‘' BOTTOM 6 BROWN SAND MEDIUM TO FINE
S 12" | "2 ["TOP 6 TAN SAND FINE TO MED. COARSE
— 0
6 e 5
i IRk
7 - 7
] O - 1
8 a2 [, "TOP 6 TAN W/BROWN LAYER SAND
. 12" _ BOTTOM 6 GRAY—BROWN SLIMES, MOIST
] O i
10 o
- [ 12"
1 " 1
- 0
2 21 [ * SAND-TAN & BROWN, FINE TO MED.. MOIST
12"
3 3
0
4 27 | TOP 6 BROWN BOTIOM 6 TAN FINE
. 12" | 12 ["TO COARSE SAND, MOIST

m SPLIT SPOON l:ﬂ CALIFORNIA TUBE

NO RECOVERY
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SMI | PROJECT:__WNI JEFFERY CITY PAGE:_7
PROJECT NO.:__333 DATE: 01/13/93

SHEPHERD MILLER, INC.
{& — BORING NO.:__7 : LOCATION:
DRILLING LOG | 1ype o DRILLING: HOLLOW STEM AUGER ACAD FILE:_BLOG-7
DEPTH WELL Jgg| 1o or freconm SOIL DESCRIPTION

(FT) LOG »
SAND—-TAN , FINE TO MEDIUM COARSE

0 1
2 |, * SAND—TAN . FINE TO MEDIUM COARSE
12 | 1% [7colp ~
- ’ 0
4 - 4
17 N
— . ) 12
. P2 ]
. 0
6 R " TOP 4 SAND-TAN. FINE TO MEDIUM COARSE
, 19" “BOTTOM & BRN SAND FINE 10 MED., MOIST
] O )
@ - . :
- - 12"
9 - 9
| 0
T4 ||, | _SAND=TAN, FINE T0 MEDIUM COARSE, MOIST
12"
1
| 0
2 ) | 2
30 ”»
_‘ . " 12
X Bl .
_ 0
4 17 * SAND—TAN, FINE TO MEDIUM COARSE, MOIST

12"

(' m SPLIT SPOON [ﬂ CALIFORNIA TUBE NO RECOVERY
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SMI o —
’ PROJECT NO.:__333 . : . DATE: 01/13/9%a
BORING NO.: 8 LOCATION:

SHEPHERD MILLER, INC.

WNI JEFFERY CITY PAGE:_38

DRILLING LOG | 1vpe of DRILLING: HOLLOW STEM AUGER ACAD FILE:_BLOG-8
DEPTH WELL |2 w| no. oF [Recovery
) loc |3% s . SOIL DESCRIPTION
SAND—TAN, FINE TO MEDIUM COARSE
1 o |s :
2 3 fi_-. 2
- . 1628:1 12"
3 3
_ 0 :
4 31|, |_TOP_4 GRAY-BUFF MED. COARSE SAND
- 12" { 12 ["BOTTOM 8 TAN, BUFF, YELLOW MED COARSE
~ 0
6 | 8
- n 12"
7 —7
. 0
] , | ®
50 | ,,» | _SAND-TAN, FINE TO MEDIUM COARSE
12" MOIST
g E]
- 0
10 = ]
] . 4zon 12”
1 m | ] 1
] 0
2 30 [, |_SAND-TAN, BUFF_MED. COARSE, MOIST
12" '
z 3
0 .
4 23 o * SAND—TAN MED. COARSE WITH GRANULE SIZE
. 12" | '2 [TQUARTZ GRAINS, MOIST

m SPLIT SPOON | E:I CALIFORNIA TUBE NO RECOVERY ’




ASsE

SMI PROJECT:___WNI JEFFERY CITY PAGE:_S
PROJECT NO.:__333 DATE: 01 /13/93

SHEPHERD MILLER, INC.
(.l BORING NO..__ 9 : _ LOCATION:
“| DRILLING LOG | 1vpe oF DRILLING: HOLLOW STEM_ AUGER ACAD FILE:_BLOG-9
Tl e g e T SOIL DESCRIPTION
SAND—TAN FINE TO MED COARSE
1 — 0 [
2> — 2 7
I 7 | 107 |LTOP_8" TAN SAND
X . 12" _BOTTOM 4° GRAY SLIMES
. 0
y N )
. n 12
5 . 5
— 0
- " TOP 6 GRAY SLIMES MOIST
—— - . | 18" [ BOTTOM 12 TAN SAND WITH GRAY SLIMES,
u - - 12 7
MOIST
o 41
- n 12"
g - 9
O EE) n
1 ia | TOP 6" GRAY SLIMES, MOIST MIDDLE 6 TAN
1 o | 18" [ MED. TO FINE SAND, MOIST BOTTOM 6
SAND/SLIMES BUFF, GRAY BRN/BLK
| 0
2 2
N 12"
3 _1 || 3
_ 0
3 | SAND=TAN FINE TO MED COARSE
S| 18" [TWET TO MOIST

(d m SPLIT SPOON E:] CALIFORNIA TUBE NO RECOVERY




7 D7

SMI PROJECT:__ WNI JEFFERY CITY PAGE:_ 10
SHEPHERD MILLER, INC PROJECT NO.:__333 _ 'DATE:O1/13/i
BORING NO.:___10 LOCATION:
DRILLING LOG TYPE OF DRILLING: HOLLOW STEM AUGER - ACAD FILE: BLOG-10
DEPTH WELL |2 w| no. oF [recovery
) LOG ;,; BLOWS oo SOIL DESCRIPTION
SAND-TAN, FINE TO MEDIUM COARSE
1 0O It
2 TH50/61 6 |° SAND—TAN, FINE TO MEDIUM COARSE
3 —-— 0 3
4 - 4
. m| 24112
. m | 12 ]
- 0 ( |
s e 35 | " TOP 15 GRAY TO BUFF _SANDY SLIMES
L, e o 18" |, W/POCKET OF ORANGE-RUST SLIME
e |" BOTTOM 3° SAND—TAN MED TO FINE, MOIST
8 i %) 2
- . 12” 12”
9 9
— 0
10 “TOP 17° TAN & GRAY BUFF FINE TO MED.
o 18" [ SAND, MOIST BOTTOM 1" DK BRN SILTY—
CLAYEY SAND W/ORGANICS
0
13 T
g |12 )
- 0
* BOTTOM 14 BROWN FINE SAND W/SOME
18" |, -ORGANICS, MOIST TOP 4" DK BROWN
CLAYEY SAND W/ORGANICS
m SPLIT SPOON E] CALIFORNIA TUBE NO RECOVERY ‘




o

; SMI PROJECT:__WNI_JEFFERY CITY PAGE:__11
SHEPHERD MILLER, INC. PROJECT NO.:__333 DATE: 01/13/93
BORING NO.:___11 - LOCATION:
DRILLING LOG | 1vpe oF oRILLING: HOLLOW STEM AUGER ACAD FILE: BLOG=-11
DEPTH WELL g g| o ;;TREC(F;:;:RY - SOIL DESCRIPTION

(FM LOG

SAND—TAN, FINE 70 MEDIUM COARSE

1 — 0
2 20 19" SAND-TAN, FINE TO MEDIUM COARSE
. 12" FROZEN
_ 0
4 ™
] . 1577 1 2”
5 ml| 12
- 0
v TOP 9" GRAY & TAN SLIME & SAND, MOIST
nl18" BOTTOM 9" TAN SAND FINE TO MED. COARSE
12 : - —
WET :
o 0 ’
I 19" VERY WET
0
23 19" SAND—-TAN, FINE TO MEDIUM COARSE
12" 7 WET
— 0
2 -
— n 12"
3 |
— 0
4 14 0 SAND—-TAN FINE TO COARSE, WET
—~ 120 | ' B

ﬂ:l SPL|T SPOON l_—_ﬂ CALIFORNIA TUBE NO RECOVERY




/7

SMI PROJECT: __WNI JEFFERY CITY PAGE:_12
et frrptamel PROJECT NO.:_ 333 DATE: 01/14/9
- BORING NO.:__12 LOCATION: q
DRILLING LOG | 1ype oF DRILLING: HOLLOW STEM AUGER ACAD FILE:_BLOG-12
DEPTH WELL |a& w| no. oF Recovery :
il e 1 R _SOIL DESCRIPTION
R SAND-TAN, FINE TO MED COARSE
1 — 0
2 60 5" SAND—-TAN TO BUFF, FINE TO MED COARSE
. 6 W/ QUARTZ GRANULES TOP 4° MOIST
. 0
4 - -
] . 211) 12”
s m!| 12
. 0
6 11 19" TAN SOME GRAY, FINE TO MED. COARSE
5 12" ‘ SAND MOIST, QUARTZ GRANULES
8 -
. |m 113,, 12"
9
] 0 ' -
10 | TOP 6 TAN SAND MIDDLE 2° GRAY SLIMES
] 19" 18" BOTTOM 10" DK BRN SILTY SAND
A WITH PEBBLES, ORGANICS
) . O" _
] . . 1] 12
X ml 12
— 0
4 1 TOP 6 DK BRN SILTY—CLAY—SAND
s 12" 18" W /PEBBLES & ORGANICS BOTTOM 12" 'SAND -
TAN MED. COARSE FINE

m SPLIT SPOON E:]CALIFORNIATUBE No ReCOVERY (@)




A o

°

o

SMI PROJECT: __WNI JEFFERY CITY PAGE: 13
il et PROJECT NO.:_333 DATE: 01/13/93
i BORING NO.: 13 LOCATION:
DRILLING LOG | tvpe oF DRILLING: HOLLOW STEM AUGER ACAD FILE:_BLOG-13
°(‘:T')“ V[(E)LG'— §§ o “Ec(‘;:)““ SOIL DESCRIPTION
SAND—TAN, FINE TO MED COARSE
0
50 |, ‘BOTTOM 4° GRAY SLIMES W/SAND
12" TOP 8 SAND—FROZEN TAN FINE TO MED
— 0
4
~] n 1227,, 12"
5
— 0
6 8 | ® SAND—FINE _TO MED COARSE. TAN W/SOME
. 12"  YELLOW, WET
- 0
8 -
- | 2|12
. ml 12
- 0
1 ~ | GRAY SLIMES, WET
) 12 .
12 :
- 0
2 1
3 - : 12;: 12
0
4 T * GRAY SLIMES, VERY WET
-~ 12" | "4 -
5 N

@

m SPLIT SPOON [ﬂ CALIFORNIA TUBE

NO RECOVERY




Az

SMI PROJECT:___WNI_JEFFERY_CITY PAGE:_14
SHEPHERD MILLER, INC. PROJECT NO.:__333 _ : DATE: 01/14/
BORING NO.:___14 LOCATION:
DRILLING LOG TYPE OF DRILLING: HOLLOW STEM AUGER ACAD FILE: BLOG=14
DEPTH WELL |&£w| ~o. oF [recovery '
) SE| oows | 0 SOIL DESCRIPTION

LOG

SAND—-TAN, FINE TO MEDIUM COARSE

0
50 | ;" |_TOP 2" RUST SAND & BOTIOM 8 TAN-BUFF
12" | '~ ["SAND MED—FINE
. 0
el
| =S R R
50 | |_TAN=FINE TO MED SAND, MOIST & BUFF
12" |
0 q
29 -)1
12), 12
0
-0 | _ |.TOP 8 SAND-BUFF_W/YELLOW, BOTIOM 8
“» | 18" [ SAND BUFF_W/YELLOW, MIDDLE 2" GRAY
SLIME, MOIST
0
L]
18 [ 1
RHIE
_ 0
21 " TOP 3~ AND BOTTOM 13 SAND GRAY 710
| 18" |, BUFF_W/TAN LAYERS FINE TO MED COARSE

> MIDDLE 2" GRAY SANDY SLIMES

m SPLIT SPOON E] CALIFORNIA TUBE

| NO RECOVERY ‘




o7

o

SMI PROJECT:__ WNI_JEFFERY CITY PAGE:_15
el /et PROJECT NO.:__333 DATE: 01/14/93
BORING NQ.:___15 LOCATION:
DRILLING LOG | 1ypg oF DRILLING: HOLLOW STEM AUGER ACAD FILE: BLOG—15
DEPTH WELL |5 w| no. oF [recovery
il Lo |25 mows | ¢n SOIL DESCRIPTION
SAND-TAN, FINE TO MEDIUM COARSE
o | -
27 19" i TAN W/SOME YELLOW POCKETS FINE TO MED
12" stOARSE SAND, MOIST
— 0
4 4
=] . 1_7’) 12”
] m| 12 )
— 0
24 | 2" ° TAN & GRAY FINE TO MED. CQARSE SAND
12" , 1/4" SANDY SLIME LAYERS 3" FROM BOTTOM
0
8
12"
9
0
25 12" ° TOP 4° BUFF GRAY SAND FINE TO MED
12" . NEXT 4" SANDY SLIME W/GRAY SAND
B 0 LAST 4 MOIST SAND W/SOME YELLOW
yi 2
| 12"
3 ﬁ - 3
— 0
4 17 |15 ‘* GRAY—BUFF SAND MED TO FINE W/1/7
5 12" S‘POCKET OF SANDY SLIME GRAY
] 4" FROM BOTTOM

e

m SPLIT SPOON Ejl CALIFORNIA TUBE NO RECOVERY




AoS

SMI PROJECT:__ WNI JEFFERY CITY PAGE: 16
ool et PROJECT NO.:__333 DATE: 01/14/
BORING NO.: 16 LOCATION:
DR”-UNG LOG TYPE OF DRILLING: HOLLOW STEM AUGER ACAD FILE: BLOG-186
. |
DEPTH WELL z Ww| NO. OF [RECOVERY
) LOG EC BLOWS F7) SOIL DESCRIPTION
SAND—-TAN, FINE TO MEDIUM COARSE
1 0 1 »
2 50 ':ZITOP 8" RED SANDY—-CLAY OR CLAYEY SAND
3 12" 18" s BOTTOM 10" BUFF—=GRAY SAND
4 0 4
|
7 . 2331 12"
5 m| 12 5
] 0

TOP 6" BUFF, GREY, RED SAND FINE

(| 18" [, NEXT_1"_MOIST, RED SAND
LAST 5 SANDY SLIME RED—-GREY, MOIST °
-
g : 12:: 12 \
_ 0 ‘
T " SAND BUFF—GRAY FINE MED COARSE, MOIST
| | 18" [ GRAY SANDY SLIME © 10'6" (1/2" LAYER)
0
=06 | o |
- m| 512
m| 12 3
4 0
2 | | SAND GRAY BUFf FINE TO MED COARSE
|18 [W/ 1/7 GRAY SANDY SLIME @ 1476

12" 5

m SPLIT SPOON m CALIFORNIA TUBE

NO RECOVERY q




7Gee

SMI PROJECT: _ WNI JEFFERY CITY
333

SHEPHERD MILLER, INC. PROJECT NO.:

'P

BORING NO.:___17

PAGE: 17
DATE: 01/14/93
LOCATION:

DRILLING LOG TYPE OF DRILLING: HOLLOW STEM AUGER

ACAD FILE: BLOG-17

DEPTH WELL
(F) LOG

SAMPLE
TYPE

BLOWS (FT)

0. or fecowen| SOIL DESCRIPTION

SAND—-TAN, FINE TO MEDIUM COARSE

I 50| g |_SAND TAN & RUST FINE TO MED COARSE

15

1 2”

°TOP 6 SAND-TAN GRAY, FINE TO MED,

18" |, MOIST

BOTTOM 12" SAND-GREY MED C.OARSE, MOIST]

® SAND—GRAY MED TO COARSE, MOIST

18" , (SOME TAN-VERY LITTLE AT TOP)

2 0 2
] . 11 27” 1 2”

3 - 3
— 0

* SAND BUFF GRAY MED TO COARSE. MOIST

19

18" |, TOP 1" HAS GRAY (DARK) LENSES

1 2’)

1/4" THICK

L

l:l:] SPLIT SPOON [:ﬂ CALIFORNIA TUBE

NO RECOVERY




Aac7

SMI ' PROJECT:__WNI JEFFERY CITY PAGE: 18
333

SHEPHERD MILLER, INC. PROJ_ECT NO.: DATE: 01/14
BORING NO.: 18 LOCATION:

DRILLING LOG TYPE OF DRILLING: HOLLOW STEM AUGER ACAD FILE:_BLOG=18
iy P E 1] Bl e SOIL DESCRIPTION
Z-| Bows |

SAND—-TAN, FINE TO MEDIUM COARSE

50/12] 4 |° V. HARD, TAN, SAND, FINE TO MED. FROZEN

4 4
S . 26)» 12"
S m| 12 .
| 0 -
10 j SAND—TAN W/ BUFF LAYERS MEDIUM TO
o | 18" [ FINE, MoIST

; o], ®

||
] - 11 1:1 12"
9 - 2 9
. 0
14 ° SAND GREY—-BUFF MED TO FINE, MOIST
. 118" :
12 1
z T
] . 2;1 12”
3 1 3
. 0

1 ' 74 —15" TAN/BUFF_GRAY MED SAND, MOIST
107 | 18 |, 1587 =15 1/2" SANDY (SLIMES?) GRAY

15 1/2"-15'6" BUFF_GRAY SAND MED
MOIST, 1/2” YELLOW BUFF SAND BELOW

m SPLIT SPOON E:I CALlFORNIA TUBE NO RECOVERY ‘




Al

SMI PROJECT: _ WNI JEFFERY CITY PAGE:_19
e Y e PROJECT NO.:__333 DATE: 01/14/93
BORING NO.: 19 LOCATION:
DRILLING LOG | 1vpe oF DRILLING: HOLLOW STEM AUGER ACAD FILE:_BLOG-19
DEPTH WELL |2 w| no. oF [reEcovery
il (e [3E| mowe | o SOIL DESCRIPTION
SAND—-TAN, FINE TO MEDIUM COARSE
0
27 ? SAND—=TAN, FINE TO MEDIUM COARSE
12" 18" SOME WOOD FIBERS
L) 0
=K .
N . 112
=l 12
0
] . " SAND—TAN, FINE TO MEDIUM COARSE. MOIST
- 18”
12
. 1
N
9 |8
- 0
30 ° SAND-TAN, FINE TO MEDIUM, MOIST
19" 18" TOP 3° LITTLE MORE FINE
2 B o"
3
- 0
g |  TOP_8 SAND-TAN, FINE TO MED, MOIST
12" 18" s BOTTOM 10" SAND-BROWN & RUST, FINE
MOIST -

o

m SPLIT SPOON l:g:l CALIFORNIA TUBE NO RECOVERY




447

SMI PROJECT: _ WNI_JEFFERY CITY PAGE: 20
PROJECT NO.:__333 DATE: o1/154*

SHEPHERD MILLER, INC.

BORING NO.:___20 LOCATION:
DRILLING LOG TYPE OF DRILLING: HOLLOW STEM AUGER ACAD FILE:_BLOG-20
SAND-TAN, FINE TO MEDIUM COARSE
0 1
50 12 ’ SAND—-TAN, FINE TO MEDIUM COARSE
12" s SOME FROZEN
— 0
4 | 4
_ m| '8 |12
5 m| 12 s
— 0
6 ;ﬁ 17 } ° SAND-TAN, FINE TO MEDIUM COARSE, MOIST
7 12| 18 |
: . ‘
8 8
. - 124,‘, 12"
9 ' 2 9
| ' 0
18 ) ° SAND-TAN, FINE TO MEDIUM COARSE, MOIST
12" 18 1TOP 2" LIGHT BROWN LAYERS 1/4° THICK
2 0 2 |
| |
] . ,]12611 12”
3 - 3
— 0
19 ¢ TAN TO RUST FINE TO MED COARSE, RUST
. | 187 AT BOTTOM 1-2", BROWN AT TOP 2°
12 5

m SPLIT SPOON [ﬂ CALIFORNIA TUBE NO RECOVERY 6




A 70

WNI _JEFFERY CITY PAGE: _21

SMI |7
PROJECT NO.:_333

SHEPHERD MILLER, INC.

DATE: 01/15/93

BORING NO.:___21

LOCATION:

DRILLING LOG | 1ype oF DRILLING: HOLLOW STEM_AUGER ACAD FILE: BLOG=21
D(E:TT)“ “{g'é- §§ - l"“(‘r"r’)"“ SOIL DESCRIPTION
SAND—-TAN, FINE TO MEDIUM COARSE
1 Q |
2 50 12" ’ SAND—-TAN, FINE TO MEDIUM COARSE, MOIST
3 12 3
— 0
4 | 4
. N 1221,, 12"
5 - 5
0
® 1é ° SAND-TAN, FINE TO MEDIUM COARSE, MOIST
7 127 | 18 b
8 ™3 ok
-] . 12" 12”
9 9
— . 0
20 ° SAND-TAN, FINE TO MEDIUM COARSE, MOIST
” 18" ’
e 12 k
z B Y —:
] . 12:1_ 12”
3 = 3
— 0
* 4 * SAND—TAN, FINE TO MEDIUM COARSE, MOIST
12" B
5 5

m SPLIT SPOON - l:ﬂCALIFORNIA TUBE

NO RECOVERY




A 7/

SMI PROJECT: _ WNI JEFFERY CITY PAGE: 22
PROJECT NO.:__ 333 DATE: 01/15/

SHEPHERD MILLER, INC.

BORING NO.:___ 22 LOCATION:
DRILLING LOG | rype oF DRILLING: HOLLOW STEM AUGER ACAD FILE:_BLOG=22
DEPTH WELL |2 w| No. oF [recovery
o LOG ;,; alows | (1) SOIL DESCR]PTION
: SAND-TAN, FINE TO MEDIUM COARSE
1 0 1
2 50 12" ’ SAND-TAN TO RUSTY BROWN FINE TO MED.,
. 12" 15 FROZEN CLODS (LIGHT AT BOTTOM)
0
4 || : 4
- . 36;’ 12”
. w12 ]
- 0
° 0 " TAN_LAYERS W/LITE BROWN FINE TO MED.
. 19" 18" 5 COARSE, MOIST, SAND

: 0], | @

||
74 ,
] . 1 12
. =12 )
— 0
0 | _SAND—TAN, FINE TO MEDIUM, COARSE
12)1 18 1
2 =l W 2.
] . N 12“
X ml 12 .
— 0
“RUSTY BROWN FINE TO MED COARSE, SAND
15 ” n e
> | 18" [ MOIST

':I:l SPLIT SPOON l:ﬂ CALIFORNIA TUBE NO RECOVERY ’




/ ;7 -
Bed s

SMI PROJECT:_ WNI _JEFFERY CITY PAGE: 23
PROJECT NO.:__333 DATE: 01/15/93

SHEPHERD MILLER, INC.

BORING NO.:___23 LOCATION:

DRILLING LOG TYPE OF DRILLING: HOLLOW STEM AUGER ACAD FILE: BLOG-23
D(E:T’)” \'}’_%LGL gg o | an SOIL DESCRIPTION
i SAND—TAN, FINE TO MEDIUM COARSE
1 — 0 |
5 .
- 2 m
2 70 |7, ,»|_2°=2°9" TAN FINE TO MED. COARSE SAND
, _E 12" _2°9" =3 GRAY SANDY SLIME, MOIST
- 0
4 ~ 4
] . 8:7 12”
. w127
- 0
6 1| " 6°-6'3 SAND TAN FINE TO MED COARSE
; 12" 63 -6'6 GRAY SLIMES NO SAND, MOIST
] o |66 =7 SAND TAN FINE TO MED COARSE
8 - 8 ' '
- N 1125,, 12
9 -_ 9
- 0
26 || " TAN MED 7O FINE MOIST SAND
127 .
~ 0
2 | 1 2
. m| 8|12
3 12 3
0
A " TAN_TO RUSTY BROWN FINE TO MED SAND
: 1226” 1g" [, MOIST— DARKER TOWARDS BOTTOM

m SPLIT SPOON - E:] CALIFORNIA TUBE NO RECOVERY




7 7.2

SMI PROJECT:__WNI JEFFERY CITY PAGE:_24
SHEPHERD MILLER, INC. PROJECT NO.:_333 DATE: 0141549.
BORING NO.:___ 24 LOCATION:___ -
DRILLING LOG | tvpe of DRILLING: HOLLOW STEM AUGER ACAD FILE: BLOG-24
pEPTH WELL Y el REC(‘;:)ER*’ SOIL DESCRIPTION

(F1) LOG

SAND-TAN, FINE TO MEDIUM COARSE

0
|| 39 | 1o | SAND=TAN. FINE TO MEDIUM COARSE. MOIST
- | 0
4 L
] . 17:: 12”
. m| 12
- 0
§ TEETEET L, 6 —6'3" SAND—TAN, MOIST, FINE TO MED.
, === Q| > | 18" [, £3 =73 SANDY SLIMES, MOIST, GRAY
S 73 —7°6" _GRAY SANDY, SOME SLIMES, MED.
L - m| 22|12
. m| 12
- 0
° s 10°—10'6" & 11°—11'6' GRAY SANDY SLIMES
1 .o | 18" [[10767=11" GRAY SAND, MEDIUM COARSE
, 0
= I
| |2
. 12
— 0 _
13 | . |_SAND TAN BUFF FINE TO MED COARSE,

st

m SPLIT SPOON m CALIFORNIA TUBE

NO RECOVERY ‘




SHEPHERD MILLER, INC.

SMI PROJECT:__WNI JEFFERY CITY PAGE: 25
‘ PROJECT NO.:__ 333 : DATE: 01/15/93
-

BORING NO.:__25 LOCATION:
DRILLING LOG TYPE OF DRILLING: HOLLOW STEM AUGER ACAD FILE: _BLOG=-25
DEPTH WELL |2 w| no. oF [RECOVERY
il (06 |ZE| mows | m SOIL DESCRIPTION
SAND—-TAN, FINE TO MEDIUM COARSE
0 1
~0| _ ' SAND TAN TO BUFF FINE TO MED COARSE
127 16 3
4 5 4
| I
s m| 12 s
— 0

6°—7'2" TAN LAYERS W/GRAY SAND &

SANDY SLIME MOIST.

IR
N, &
Co,

~ [+,}

7°2°=7°6" TAN FINE TO MED COARSE SAND

|
N
N

TAN W/ BROWN LAYERS TOWARD

—
N, &
N
- [=)

BOTTOM FINE TO MED COARSE SAND

— 0
2 1 B 2
36
- | | 12" 12
3 . 3
1 0
4 4

14’=14’3" GRAY SANDY SLIMES, MOIST

50 118" [[14°37=14°9" DARK BROWN SAND W /ORGANIC

FIBERS

14°9"-15"6" TAN/BUFF FINE SAND, MOIST

' m SPLIT SPOON E:]CALIFORNIA TUBE NO RECOVERY




/s

Reference #A.6

Geotechnical and Radiological Testing Results

Provided by: Shepherd Miller, Inc.

- January 1993 - ' ‘



Reference A.6
Tailing Geotechnical and Radiological Testing Results

This section presents the laboratory test results for the tailing samples taken during the January
1993 field program. In place densities, moisture contents, percent passing the #200 sieve, and
Ra-226 content tests were performed on individual samples. The results of these tests are
attached (pages A-7/to A-#7).

Based on these individual test results, three composites were made to represent the materials
encountered. These composite were numbered 1, 3, and 4 and were tested for specific gravity,
15-bar moisture content; and radon emanation coefficient. The results are presented in Table
A.6.2. No composite 2 was made because of a lack of sufficient sample material. Individual
samples used to develop the composite sample are presented in Table A.6.1.

Some of the results of the tests performed on the composite samples were used in the radon
barrier thickness calculations presented in Appendix G.

Table A.6.1 - Individual Samples Used to Form Tailing Composiies

COMPOSITE BORING DEPTH % -200 SIEVE | Ra-226 (pCi/g)
i 15 12’ - 13 23 1204
16 2 -3 43 728
22 14’ - 15° 10 753
| 15 10’ - 11° 53 441
2 (Not Made) 13 14 - 15’ 86 84
12 10.5° - 11’ 73 382
3 21 2 -3 | 2.5 6.6
22 4 -5 5.1 3.2
3 6 -7 5.4 5.8
6 2% 15.8 2.4
7 6 -7 18.9 1.2
7 12 - 13 - 6.5 1.8
4 5 8 -9 8.8 138
2 9 - 10° 4 283
6 8 -9 10.2 152
18 4 -5 9.4 186
19 6 -7 1.9 321
25 2 -3 12 283




. Table A.6.2 - Tailing Composite Test Results

TAILING SPECIFIC RADON 15-BAR
COMPOSITE GRAVITY EMANATION MOISTURE
COEFFICIENT CONTENT
(%)
1 2.65 0.22 3.58
3 2.63 0.23 1.98
4 2.62 0.17 2.15

H

J/



Individual Sample Test Results

A /0



r7 7/

DENSITY OF SOIL IN PLACE BY THE DRIVE-CYLINDER METHOD

(ASTM DESIGNATION D 2937-83) .
- Client: Shepherd Miller, Inc. Project: Jeffrey City, Wyoming #335
Date: January 25, 1993 -Job No. SHEMI-93015E-04-702

@ 2’6" - 12’9"

-------——+----— R emmmmem s e S
2 I #2@90"-93" L 0.679 99.9 | 35 96.5
e s S i e Fommmm e Fommm e
3 I #3@ 8-83" v 0737 108.3 | 7.0 | 101.2
R Rt e e e Fommmmmm e
4 [ #@ 10 - 103" . 0.680 | 100.0 82 92.4
------------------------ Bt e T
5 1#5@ 46" -49" v 0.769 113.1 69 105.8
———— et +-mmm————- oo +---- —————— Fommmm e
6 #6@ 69"-70" v 0777 1142 | 57 108.1
-t I s Fomomeem oo

7 #6 @ 100" -10’3" | 0.846 | 124.4 | 9.8 | 113.3 .
e et Fommm - +-=-=- --—--+ e
8 #1@40"-43" | 0672 | 98.8 | 34 95.5 ,
I e e iinty e Fommmmm s mm e
9 #8@29"-30" . , 0.798 | 1174 11.0 105.8
--------- + s H e s R
10 49 @ 46" - 49" . 0770 | 1132 315 86.1
--------- + -- B S i e be RS
11 1 #10 @ 12°9" - 130"  0.803 + 118.0 + 10.5 + 106.8
12 #11@ 89"-90" 1 0.855 . 125.8 | 16.1 108.3
e S e S e B e
13 #12@49"-50" . 0770 . 1132 1 9.1 . 103.8
14 1 #14@ 46"-49" | 0762 . 1120 48 | 106.9
- : e e oo e
15 1 #15@89"-90" . : 0783 | 1152 6.8 107.8
--------- +----- P S ity nle L L B S
16 1 #15@ 12°6"-12°9" .. 0.708 . 104.1 | 19.5 | 87.1
m=ssssaamt s S i
17 1 #13@89"-90" | 0586 . 86.1 . 843 . 46.7
Sa + B ity sttt + e
18 | #16 @ 40" -43" | 0.688 | 101.1 17.3 86.2
e +ommmmmm e e e Fommmm e
19 . #16@89"-90" 1 0782 115.0 + 16.0 + 99.2




Shepherd Miller, Inc.

Project No. SHEMI-93015E-04-702 : p

January 29, 1993
Page 2

21 1#18@ 129" - 130" |
| 419 @ 89" - 9°0".
140 @ 49" - 5°0"
#1@ 40" - 473"
2@ 80 -83 |
1#2@ 129130 |
| 423 @ 49" - 5°0"
28 JT#24 @ 879" - 90" .

29 C#24 @ 12°6" - 12°9" |
--------- e +
30 | #25 Bottom 3"
-i-(4’9" - 5’0“)
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All Drive Cylinders Were 1.94 1.D. x 4" California Tubes. Volume = 0.0068 Ft.?




LANDMARK ENGINEERING LTD

Yaa1l

3521 West Eisenhower Blvd., Loveland, Colorado (303) 667-6286 Metro (303) 629-7‘

CLIENT: Shepherd Miller Inc.

PROJECT: Jeffrey Citv, WY #335

DATE: January - March 1993

PROJECT NO. _SHEMI-93015E-04-702

AMOUNT OF MATERITAL IN SOILS FINER THAN THE NO. 200 SIEVE

(ASTM D 1140-54)

ar

TEST NO. BORING NO. % PASSING NO. 200
1 1@ 2°8" - 3°6" 11.6
2 1@8-9 12.2
3 1@ 14’ - 15° 4.4
4 2@3 -4 4.7
5 2@9 -10° 4.0
6 2@ 11'10" - 12° 46.2 ?
7 3@4-5 12.7
8 3@6' -7 5.4
9 3@ 12° - 13° 6.3
10 41@2 -3 6.8
11 4@8 -9 25.6
12 4@ 10" - 11’ 17.4
13 5@4 -5 17.6
14 5@8 -9 8.8
15 5@ 10° - 11° 4.6
16 6@2 -3 15.8
17 6@85 -9 10.2
18 6@ 10" - 11’ 21.2
19 T@64" -7 18.9




/] e
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TEST NO. BORING NO. % PASSING NO. 200

20 7@ 12’ - 13 6.5

21 7@ 14’ - 15° 5.5

22 3@ 2 -3 20.1 -
23 8@ 44" - 5° 11.1

24 8@ 12 - 13’ 9.0

25 9@ 2 - 2'8" 5.1

26 9@ 10’ - 10.5° 32.5

27 10@4 -5 8.9

28 10 @ 12’ - 126" 15.6

29 1@ 6 -6%9" 14.8 |
30 11@8 -9 11.4 4
31 12@ 106" - 108" 732

32 12 @ 14’ - 146" 17.7

33 13@ 28" - 3’ 16.8

34 13@ 14’ - 15° 85.9

35 4@ 4 -5 8.1 o’
36 14 @ 14'3" - 14’5 27.7

37 15 @ 104" - 10°8" 52.8

38 15@ 12’ - 13’ 22.6 e
39 16@2 -2 8" 434

40 16 @ 6’6" - 7-6" 163

41 17@6 - 76" 10.9

42 17@8 -9 112

43 18@4 -5 9.4

44 18@8 -9 10.4

45 18@ 10’ - 11.5" 6.8

46 18 @ 14’ - 15.5° 11.5

47 19@ 2’ - 26" 4.1
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TEST NO. BORING NO. % PASSING NO. 200 i
48 19@ 6 -175 1.9
49 19@ 10’ - 11.5° 44
50 19@ 14’ - 15.5° 9.5
51 20@ 2 -3 4.4
52 20 @ 10’ - 11.5° 46
53 20@ 127 - 13° 48
54 20@ 2" -3 2.5
55 21@ 6 - 1.5° 1.9
56 21 @ 10’ - 11.5° 2.0
57 2@4 -5 5.1
58 2@6-15 3.9
59 2@ 14’ - 155 9.9
60 23@ 29" - 3 53.1
61 23@ 6’3" - 66" 78.1
62 @8 -9 12.9
63 23 @ 14’ - 155° 52
64 24@4 -5 5.0
65 24@ 82" -9 37.8
66 24 @ 12’ - 12°9" 32.3
67 25@ 2’ - 34" 12.0
68 25@ 6 - 772" 242
69 25@ 14’ - 143" . 11.8
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Rogers & Associates Engineering Corporation

) Radium-226
Moisture | Radium-226 | uncertainty
Sample (dry wt. %) (pCi/g) (pCi/g)

41 @2'8"-3'6" 4.9 132.6 0.7
#1 @8-9 8.8 2.5 0.4
#1@ 14'-15' 3.5 55.1 0.5
#2 @9-10 4.0 283.3 0.8
#2 @ 11'10"-11'12" 75.1 24.4 1.6
42 @ 3-4' 3.3 128.1 0.5
#3 @ 12-13" 6.1 1.8 0.3
#3 @ 4'-5' 4.1 3.8 0.3
T#3@6-T 4.9 5.8 0.4
$#4 @ 1011 9.1 36.7 0.5
#4 @23 7.3 95.5 0.6
44 @8-9 11.5 33.2 0.4
#5 @ 10"-11' 3.4 '90.2 0.5
#5 @ 4'-5' 7.7 1.9 0.3
#5 @ 8-9' 4.9 138.1 0.6
#6 @ 10'-11' 8.2 66.2 0.5
46 @ 2'-3' 15.5 2.4 0.3
#6 @ 8'6"-9' 6.3 152.3 0.7
#7 @ 12'-13' 3.5 1.8 0.4
#7 @ 14'-15' 3.4 91.0 0.5
$7T@64-7 5.2 12.0 0.4
# @2-3 8.6 45.0 0.5
#8 @ 4'-4"-5' 5.4 2.0 0.4
#8 @ 12'-13' 5.7 285.3 0.9
#9 @ 10'-10'6" 23.6 1.9 0.5
#9 @ 2-2'8" 5.6 353.2 1.0
#10 @ 4'-5' 4.8 264.0 0.9
#10 @ 12'-12'6" 8.7 2.4 0.4
#11 @8'-9' 13.7 179.1 0.6
#11 @6'-6'9" 16.9 419.3 0.9
[#12 @ 14'-14'6" 7.8 201.2 0.6
#12 @ 10'6"-10'8" 40.5 381.7 2.9
#13 @ 14'-15' 63.2 84.8 0.7
#13@28"-3' 12.0 148.4 0.8
#14 @ 14'3"-14'5" 20.4 60.5 0.6
#14 @ 4'-5' 5.9 2.2 0.4
#15 @ 12'-13' 11.0 1204.1 1.6
#15 @ 10'4"-10'8" 21.3 440.7 1.7
#16 @ 2-2'8" 23.9 728.3 1.2
#16 @6'6"-7'6" 11.1 8.0 0.4
#18 @ 10'-11'6" 6.9 205.8 0.7
#18 @ 14'-15'6" 12.1 12.8 0.4

S
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Rogers & Associates Engineering Corporation

Radium-226
Moisture | Radium-226 | uncertainty
Sample (dry wt. %) (pCi/g) (pCi/g)
#18 @4'-5° 6.7 186.4 0.6
#1183 @8'-9 7.2 9.0 0.4
#17 @6'6"-7'6" 8.1 150.3 0.6
#17 @ 8'-9' 8.8 2.7 0.4
#19@ 10'-11'6" 4.7 177.1 0.7
#19 @ 14'8"-15'6" 4.4 2.2 0.3
#19 @ 2'-3'¢4" 4.1 286.6 0.8
#19@6'-7'6" 3.1 321.2 0.8
#20@ 10'-11'6" 4.1 2.0 0.4
#20 @ 12'-13" 3.6 2.4 0.3
#20@2'-3 4.7 85.8 0.5
#21@10-11'6" 3.4 318.3 0.8
#21@2'-3' 2.7 6.6 0.3
#21@6'-76" 2.8 396.6 1.0
#22 @ 14'-15'6" 4.5 753.1 1.2
#22 @4'-5' 6.1 3.2 0.3
#22@6'-76" 4.0 21.8 0.4
#23 @ 14'-15'¢" 4.8 5.6 0.4
#23 @ 2'9"-3' 34.3 9.3 0.9
#23 @ 6'3"-6'-6" 64.2 24.5 1.1
#23 @ 8'-9' 9.2 131.4 0.7
#24 @ 12'-13" 9.4 2.5 0.3
#24 @ 4'-5' 4.1 146.9 0.6
#24 @ 8'2"-9’ 16.2 3.1 0.3
#25 @ 14'3"-14'9" 7.9 3.0 0.5
#25 @ 2'-3'4" 5.7 283.8 0.8
#25@6'-72" 11.2 98.3 0.6
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Composite Test Results



LANDMARK ENGINEERING LTD.
3521 West Eisenhower Blvd., Loveland, Colorado 80537 ‘
Ph: (303) 667-6286 <+ Denver (303) 629-7124

SPECIFIC GRAVITY OF SOIL SOLIDS (G,)
| (ASTM D 854-92)

Project _ Shepherd Miller, Inc. Job No. SHEMI-93015E-04-702

Location of Project Jeffery City #335

Description of Soil _Composite Samples #1, 3 & 4

Tested By LAM Date of Testing _ 4-22-94
1 3 4

Vol. of Flask at 20° C. 500 mL 500 mL 1000mL
Method of Air Removal Boiling & Aspiration | BoilinglAspirator | Boiling/Aspirator ‘
Wt. Flask + Water + Soil = W,,, 792.5 730.2 1333.7
Temperature, °C 20 20 20
Wt. Flask + Water = W,,, 680.8 684.7 1283.8
Evap. Dish .No. A B C
Wt. Evap. Dish + Dry Soil 316.7 322.8 ' 331.3
Wt. of Evap. Dish 249.8 249.4 250.7
Wt. of Dry Soil = W, 66.9 73.4 80.6
W, =W, +W,, -W,., '25.2 279 | 307
G, = aW /W, 2.65 2.63 2.62
-#200 Wash 17.8% 8.8 7.3

Remarks:




Rogers & Associates Engineering Corporation

@

REPORT OF RADIUM AND EMANATION

COEFFICIENT MEASUREMENTS
(LAB PROCEDURE RAE-SQAP-3.1)

Report Date

5/5/93
Contract __ C9300/7
By _ LMN
Sample Identification Western Nuclear's Jeffrey City Tailings lmpoundmenf '
Submitted by Shepherd and Miller_Inc. Date Received 4/12/93
Molisture Radon Emanation Radium
Sample Number | {(Diy Wt. %) Coefficient (pCil/g) Comments
# 1 3.8 0.22 +/- 0.004 227.3 +/- 0.7 20 Day
#3 2.3 0.23 +)— 0.06 7.2 +_/-. 0.3 20 Day
# 4 2.9 0.17_+/- 0.01 | 62.1 +/- 0.5 | 20 Day
@
RAE

Post Office Box 330
Salt Lake City « Utah 84110
(801) 263-1600
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Shepherd Miller, Inc
1600 Specht Pt.
Ft. Collins, CO 80521

DATE RECEIVED: 11/19/92
DATE REPORTED: 05/14/93

N

Colorado State University

Soil, Water and Plant Testing laboratory
Room 6, Vocational Education Building

Fort Collins, CO 80523
303-491-5061 05/17/93
BILLING: S )¢555

RESEARCH SOIL ANALYSIS REPORT

for 90 pcf Ring + Ring +
% ring ring Volume  Soil wet Soil  dry sail ring
Lab Sample H,O  height diameter ofring wt (g) 8 Days 8 Days wt
# ID # 15BAR (cm) (cm) (cm’) B.D=1.44 (9) (9) (9)
: g/cm’
R7828 1 3.68 2.6 4 3276 47.18 59.7500 58.0569 10.8803
7829 3 1.98 25 4 3164 45,56 57.0180 56.1123 10.5490
7830 4 215 23 4 2897 41.72 53.3656

52,4672 10.7468

o R4
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Cody Shale Geotechnical Sampling

A 50



PRELIMINARY REPORT - COOY SHALE ORILLING

Introduction

Western Nuclear, Inc, (WNI) is currently engaged in the reclamation of the oid
Split Rock Uranium Mill and tailings basin. This facility is located in
portions of sections 1, 2, 1! and 12 of Township 29 North, Range 92 West in
Fremont County, Wyoming, During these reclamation activities WNI is required by
the Nuclear Requlatory Commission and the Environmental Protectiion Agency to
construct an attenuation barrier across the mill site and tailings basin to
control the release of radon gas. '

‘Numerous options have been investigated as to which type of material would be
best suited to construct this protective barrier. One option that was
identified was to locate, sample and test a locally available naturaily

occurring clay.

Through geological field work, an outcrop of Cretaceous age Cody Shale (Kc) was
located in sections & and 7 Township 28 North, Range 92 West and in sections 1
and 12 Township 28 North, Range 93 West. This outcrop is located approximately

seven miles southwest of Jeffrey City.

An application to conduct exploration by drilling was submitted to the WDEQ/LQD
and the BLM on September 235, 1992. Approval to proceed with the program was
received on November 17, 1992, Drilling activities were started on November 24

and completed on December 7, 1992.

Drilling Proqram

A thirty (30) core hole drilling program was planned to recover sufficient
quantities of Cody Shale with which to perform certain geotechnical tests. These
holes were placed over approximately 380 surface acres comprised of both federal
and fee surface ground. The minerals are owned by the federal government.

U.S. Energy Corporation (USE), Riverton, Wyoming was selected as the drilling
contractor. The equipment consisted of an AcKer mode! 35 drawworks mounted on
an International 1400 single axle chassis., A dual wall conventional wire line
core barrel outfitted with a “PQ" 3.345 inch core bit was used for the drilling.
Cuttings circulation was maintained by a Leroi air compressor. Later in the
project, the Acker 335 was replaced by a Midway 1500 series drilling unit for
high speed overburden penetration and identification. Compressed air was
provided by an onboard compressor and used for the cuttings circulation medium.

The drilling operations were started on November 24, The first hole drilled was
Kc 1-3 located in section 1. A five inch pilot hole was plug drilled to a depth
of five feet, the outer liner and core barrel installed in the bore, and the
first core run made to a depth of ten feet. There was no core recovered from
this run,

-PAGE 1-
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The barrel was reinserted into the bore hole and a second run attempted to a
depth of sixteen feet with no core being recovered. The location was abandoned
after this second attempt, Refer to enclosed map for hole locations. Please
note that this map only shows the relative locations of the drill holes. The
project area has been mapped from aerial photography and the exact locations and
hole identification numbers will be provided when new maps of the appropriate
sacle are available. :

The drill was moved to location Kc 1-4 and plug drilled to a depth of forty feet
with no Cody Shale being encountered. This location was abandoned. A third
location, Kc 12-~1, was prepared on Cody Shale outcrop. A pilot hole was drilled
to a depth of five feet, the outer liner and core barrel installed and two runs
were made to a depth of seventeen feet. There was no recovery from either run.
The material being dry and hard, fragmented into small pieces and circulated
back to the surface rather than remaining inside the barrel.

The decision was made to alter the program to collect bulk samples rather than
core samples. The drilling unit was outfitted with a S 1/8 inch milltooth drag
bit attached to 2 3/8 inch drill pipe via a two foot tool joint, Compressed air
was used as the cuttings circulation medium. The remaining portion of the
sampling holes were completed in this fashion.

Orill cuttings samples were collected every two feet from the surface to the
final depth of the hole. The samples were placed in one gallon plastic bags,
labeled and sealed. A total of 24 holes, sampling 700 vertical feet of Codr
Shale were completed.

The individual samples were examined under a microscope, described and marked
for composite sample makeup. During these examinations, special attention was
paid to the recognition of any intact invertebrate microfossils or fragments of
larger invertebrate bivalves and remains of vertebrate fossils. There were none
identified in the samples. Refer to Attachment "A* for the individual sample
descriptions, The samples were transported to Inberg - Miller Engineers,
Riverton, Wyoming for testing,

The composite samples made from each bore hole will be tested in a two phase
program. The first phase will consist of testing for Atterberg Limits, particle
size analysis, residual moisture content, and the samples classified per the
Unified Soils Classification system, The first series of results will be
reviewed and the determination made if the material is acceptable for radon
barrier construction, If the material is acceptable, additional composite
samples will be made up by geographic area, stratigraphic interval, or a
combination of both., The composite samples will be tested for the following:

Specific Gravity

Proctor Dry Density
Permeability - Falling Head
Dispursion

15-Bar Moisture

O . —-PAGE 2-
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If the materials pass this second series of tests the Cody will be considered a
candidate for the construction of the radon barrier., Please be advised that

Western Nuclear, Inc. shall consider the results of the laboratory testing of

the Cody Shale to be propriety and confidential Corporate information and will .
be labeled as such and may not be made available to the public nor to Western’s
competitors.

Upon the completion of the sampling program, USE mobilized a Midway 1500 series
drill rig for high speed penetration of the overburden, These holes were
drilled with a 5 1/8 inch milltooth drag bit and cuttings were circulated via
high pressure compressed air provided by an onboard compressor. This phase of
the program was designed to furnish information pertaining to the thicKness and
composition of the overburden covering the Cody. There were no samples
collected during this operation. Ten holes totalling 214 feet were drilled.

Including the unsuccessful core holes and the ouerburden'driiling, 38 bore holes
were drilled totalling 997 vertical feet of penetration,

Drill Hole Abandonment

Upon the completion of each drill hole, the location was abandoned. Drill

cuttings were placed back inside the bore hole to the extent possible. The

remaining portion of the annular space was backfilled to within three feet of

the surface with Cody Shale recovered from outcrop and the material tamped. A

column of neet cement slurry was then placed in the bore hole to within one foot

of the surface. The cement slurry was allowed time to set and shrink, the

remaining portion of the hole filled with Cody and salvaged topsoil replaced.

Each Tocation will be inspected during the spring of 1993 to confirm the ‘
stability of the holes and additional work performed if required.

Access Into The Project Area

During the duration of the project, heavy snowfall and high winds were present.
Snow removal was provided by Western Nuclear’s Clark 275-B rubber tire frontend
loader., Traffic was restricted to existing rcadways and draws and steep
inclines were avoided., QDue to the accumulation of packed snow and the avoidance
of areas requiring road construction, disturbance to the surface was minimized.
At this time, due to the accumulation of snow, inspection of the roadways is not
possible, This will be done in the spring of 1993 in conjunction with the drlll
hole inspections and all necessary work performed at that time.

Once the final inspection and required reclamation work has been completed, a
report will be filed with your office.

~-PAGE 3-
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DRILL HOLE CUTTfNGS DESCRIPTION SECTION 1, T. 28 N., R 93 W.

DRILL HOLES Kc 1-3, Kec 1-6., Ke 1-8, Kc 1-10, Kc 1-11




BORE CUTTINGS DESCRIPTION

PROJECT : _CODY SHALE
HOLE NO.: K-/-3

DATE : g/g/'g,z " PAGE: _J
SECT: _J , T, 28 N., R. 93 u.

PLANNED T.0.: _ 45 FINAL T.D.: /b

METHOD OF DRILLING S-1/8"

DRAG BIT, AIR CIRCULATION

CONTRACTOR U.S. ENERGY CORP. RIVERTON, WY.

ADDITIVES/HOLE STABILIZERS ADDED : NONE

@

COMMENTS: Jl)o Qm M’(o\/ér;/

SUPERVISING GEOLOGIST : ROLAND COLLINS, CPG # 450

CUTTINGS DESCRIPTION

DEPTH GRAPHIC LOG LITHQLOGY
-2 AA A Cne To O savh Yreck frags
VA S Cwe To (oo chwd Y imTerheddod Gravel
S -/ \L / £ Bre rom- o recovery
0 '/é 2 p‘& lore  ron- /b r—r:’o-@r-:/

SPECIAL INSTRUCTIONS :

A 4
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BORE CUTTINGS DESCRIPTION

PROJECT : _CODY SHALE _ DATE & J-24-92 PAGE: _/ -
HOLE NO.: A¢-/-4 SECT: _J___ , T. LA _ N.,R. 93 u. | .
PLANNED T.D.: _40 FINaL T.0.: _ 40 |
METHOD OF DRILLING : _S5-1/8" DRAG BIT, AIR CIRCULATION
CONTRACTOR : _U.S. ENERGY CORP. RIVERTON, WY.
ADDITIVES/HOLE STABILIZERS ADDED : NONE
COMMENTS :
SUPERVISING GEOLOGIST : _ROLAND COLLINS, CPG # 650
CUTTINGS DESCRIPTION
DEPTH LITHOLOGY

SPECIAL INSTRUCTIONS :

GRAPHIC LOG

yr 75 w)'\,‘ﬁ Cse Sﬁué Huc} é'm»/e/s

78 lye S'/-‘!MAJ

&'.‘{eJ C'.Le.
ft/[a-u R ried §A'A/g ‘/Vri ;wt J‘I)ucL

Inec) GIQVG/ &/v\q (Lo ;’/-}u&-,,[c 1:4“;//\)5

T velbuw (e o Go Shnnd Viewortod Diti:
&c SAud fc &)ﬂl/&,(.é GrﬁJl/-f-

. _ . ;
fwe lo Co und Y raenrked ditys
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BORE CUTTINGS DESCRIPTICN

A7

PROJECT : _CODY SHALE DATE : [204-92 PAGE: _IofZ
HOLE NO.: Az-/-8 SECT: _J _ , T. 28 N.,R. _93 u.
PLANNED T.D 20 FINAL T.D.: _J38

METHOD OF DRILLING :

CONTRACTOR

ADDITIVES/HOLE STABILIZERS ADDED :

COMMENTS:

S-1/8"

DRAG BIT, AIR CIRCULATION

U.S. ENERGY CORP. RIVERTOM, WY.

NONE

SUPERVISING GEOLOGIST :

ROLAND COLLINS, CPG # 430

CUTTINGS DESCRIPTION

DEPTH FGRRPHIC LOG LITHOLOGY
O0-2 A 8 Cne 70 0S¢ Shnd Goavel  rock Srags
/ AT T, i ouerl“"éw
2-4 . Tar To Falloo (})g_ Shnd Yiwe Goave!
/," é ' _ Ton 70 el $ine To med SAnd  Fe 3 TR S
£-8 - T Thrs T yallott Vo Sne Shuh Yreworke d clay ST~ el
o i/ 2 - L Ton yry G Sand ‘/MQJA/@ Sehg (HSOY
8-4% 5 WeaTloed Thn Chag T §iue Sawd qpmmc SOy FaitH et ®EC
214 — .~ wobllord Tns clay / e T3 srams_Lasoy
[{‘/é » = ' Yoy fnse Saud yell, C/nvipgf':/o, (A0 wodewie o HEL-
K-/5 o \-__ Bo sdale Prg Sie Spm) 9r00a8  mmon reied @J’/ﬁ//‘—
820 - — B shile ‘/Vrifm/ T §ive Shvd grains,  coean To Hel #/
20-22 T o~ Y, §Ahale "/Vr)_{m“ Shnd jkhas oS Sone mir
2]-.24 __. :_ B~ Shalr Sy lne T ove Sl qchal W PHE To HEL
,\?_/;_Z_L___ - Bon chole S vors fone sad graios zme nicr
24-28 — Buw ﬁim/( Y ey Sine Shud qrims A sashos cous

SPECIAL INSTRUCTIONS : See Phge 2
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BORE CUTTINGS OESCRIPTION

PROJECT : _CODY SHALE DATE : 440/:92 PAGE: 2/Z

HOLE NO.: Ke-/-8 SECT: _J _ , T. 2B N., R. _935 u. .
PLANNED T.D.: __ 3O  FINAL T.D.: 38

METHOD OF DRILLING : _S-1/8" DRAG BIT, AIR CIRCULATION

CONTRACTOR U.S. ENERGY CORP. RIVERTON, WY.

ADDITIVES/HOLE STABILIZERS ADDED : NONE
COMMENTS :
SUPERVISING GEOLOGIST : ROLAND COLLINS, CPG # 450

CUTTINGS DESCRIPTION

DEPTH = GRAPHIC LOG LITHOLOGY
éf'jo -,-‘.— 7—~ ' Buu o ik S‘ﬂ/‘ "/ fm( ShAml 3,&:»{1 J"éh-e M H émfbi"/"
36-32 S, ThuTe Riic shale S §ime <ol appus ¢ snchs io0is ")
.‘Z'_-ﬁ'_é__ - - o B @ Qlic_ shuile  “ Cing st *l.'ﬁ"&"9£¢cﬂkwa

. | —

5'/’.3'4 - . Thn & Bue shak L/{me SAsd grams  miner mieA .
34-38 = Tl TRLT Bk shale Y yveq fme Shed [l onss
SPECIAL INSTRUCTIONS : &\ﬁsxfi Srom R0 T Zp-38 A one Shmale punben I .

’
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PROJECT :

HOLE NO.:

-

A /08

BORE CUTTINGS DESCRIPTION

CODY SHALE
Ke-)-/0

. PLANNED T.D.: _$O0

METHOD OF DRILLING :

ADDITIVES/HOLE STABILIZERS ADDED

CONTRACTOR

FINAL T.D.:

5-1/8"

DATE -QF

4,7
Lo

PAGE: _IJ

SECT: 28 N, R. 83w

DRAG _BIT, AIR CIRCULATION

U,S. ENERGY CORP. RIVERTON, WY,

H NONE

v

COMMENTS: Ao SAndes Glloled:  Ouecborden Th « Jas 7 LirelnTions 25

SUPERVISING GEOLOGIST :

DEPTH

GRAPHIC LGG

ROLAND COLLINS, CPG # 450

CUTTINGS DESCRIPTIGON

LITHOLOGY

SPECIAL INSTRUCTIONS :

o
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BORE CUTTINGS DESCRIPTION

PROJECT : _CODY SHALE DATE : 2y 92 PAGE: _J
HOLE NO.: A-/-/ SECT: [/, T. Z&_ N, R 23 ‘

PLANNED T.D.: é FINAL T.D.: )b
METHOD OF DRILLING : 5-1/8" DRAG BIT. AIR CIRCULATION

CONTRACTOR : U.S., ENERGY CORP. RIVERTON, WY.

ADDITIVES/HOLE STABILIZERS ADDED : NONE

— /
COMMENTS: Mo Samues Llalzd -~ Borbordes T8, - fosT £ irectoZon, /8
SUPERVISING GEOLOGIST :  ROLAND COLLINS, CPG # 450

CUTTINGS DESCRIPTION

DEPTH GRAPHIC {06 LITHOLOGY
0:2 A | e Bl soed Rer s
Z-é 2 4 Lse Spud, med Graiel, ek frAsS
/—é A o L 0 se  savds. Sine Gruvel , Reck fruss
é'g S e e T So twiedds e s THires ’
E-r O - C— froe sands Y rongrid yorhe, LS
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/27 % C C— L[w T Tpien i ‘;"/j: boin duine T $inve < and
T L — Biin, T, Theclie S 4 gmnet o T T
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Z"S’T L' [4 f(.; Srw 104

SPECIAL INSTRUCTIONS : ' ‘
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DRILL HOLE CUTTINGS DESCRIPTION SECTION 4, T. 28 N., R 92 W,

DRILL HOLE Kc é-1

A 02
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BORE CUTTINGS DESCRIPTICN ’

PROJECT : _CODY SHALE
Ke-b-1 SECT: _b__, T.
Jo_ 20

9-1/8" DRAG BIT, AIR CIRCULATION

PAGE: _|
28 N., R, 32 W. .

HOLE NO.:

PLANNED T.D.: FINAL T.D.:

METHOD OF DRILLING :

CONTRACTOR U.S. ENERGY CORP. RIVERTON, WY.

ADDITIVES/HOLE STABILIZERS ADDED : NONE
COMMENTS: LasT &.rednTor g7 20 °

ROLAND COLLINS, CPG # 430

SUPERVISING GEOLOGIST :

CUTTINGS DESCRIPTION

DEPTH GRAPHIC LOG LITHOLOGY
0-2 A \ A\ Thrs 76 yellows fre 7o (Se SANds  rock (rags
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g{ ' 4 Thrs 7o tyefbac, (e 75 (se Shnd, Med 0ravel Fe i
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e - 4 . b
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1820 '__\ e LT T Cloy L/i--u.ie Spad ardins _ yueak 7o HelL

SPECIAL INSTRUCTIONS : [onpasTe frem 1218 To (8220, pmber 6JCPT Chek morsiioe
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DRILL HOLE CUTTINGS DESCRIPTION SECTION 7, T. 28 N., R 92 W.

DRILL HOLES K¢ 7-1, Kc 7-2, Kc 7-3, Ke 7-4, Kc 7-5, Kc 7-8, Kc 7-9,

Ke 7-10, Ke 7-11, Kc 7-11A, Kec 7-11B, Kc 7-12, Kc 7-13, Kc 7-14, Kec 7-15,

Ke 7-16, Ke 7-17, Kc 7-18, Kc 7-19

®



PROJECT :

CODY SHALE.

HOLE NO.:

PLANNED T.0D.:

Le-2-/

BORE CUTTINGS DESCRIPTION

METHOD OF DRILLING

CONTRACTOR

=

S-1s89"

;5) /& <

Z-ol- % PAGE: u{é’
SECT: 7 , T, 28 N., R. 32 W. ‘

DATE :

FINAL T.D.: 3O

DRAG BIT, AIR CIRCULATION

U.S. ENERGY CORP. RIVERTON, WY.

ADDITIVES/HOLE STABILIZERS ADDED : NONE

COMMENTS ¢

SUPERVISING GEOLOGIST

: ROLAND COLLINS, CPG # 430

CUTTINGS OESCRIPTION

} patrbordon

DEPTH GRAPHIC LQG LITHQLOGY
g2 — ) 7274'1!4 493 Sﬁm) L/rfu.of-/('eJ IRy redadie Jo Hi
2' E : Lo Lrgry h\n‘j_fd l"kf:.ﬂué "//‘-’(—-ol‘l(ﬂ l“IJ/j/J:, \

E-10
[o-1Z
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SPECIAL INSTRUCTIONS
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BORE CUTTINGS DESCRIPTIGON

PROJECT : _CODY SHALE DATE & [2i-52 PAGE: 2/2

HOLE NO.:  Ke-7-/ SEcT: _72_ ,T. 28 N, R. 92 u.
PLANNED T.D.: _ 36 FINAL T.D.: _JO

METHOD OF DRILLING : _S-1/8° DRAG BIT. AIR CIRCULATION

CONTRACTOR : _U.S. ENERGY CORP. RIVERTON, WY.

ADDITIVES/HOLE STABILIZERS ADDED : __ NONE

COMMENTS ¢

SUPERVISING GEOLOGIST : _ROLAND COLLINS, CPG_¥ 450

CUTTINGS DESCRIPTION

DEPTH GRAPHIC LOG LITHOLOGY -
-— - -— - )Ml’/‘-
2830 —~ MG Te BIK shyile. Fe sThin (D5 cnTus_irodonlt THL | #/

—_ ) %
SPECIAL INSTRUCTIONS : é’ngss-'/e fz [ Shnple _tandor D-/CP | Chxk pois Zore

R
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BORE CUTTINGS DESCRIPTION

PROJECT : _CODY SHALE DATE : [p5-% PAGE: fofZ
HOLE NO.: Kc.7-2 SECT: _7 , T. 28 N., R. _92 W, .
PLANNED T.D.: 30 FINAL T.D.: 3O

METHOD OF DRILLING : 5-1/8" DRAG BIT, AIR CIRCULATION

CONTRACTOR : U.S. ENERGY CORP. RIVERTON, WY.

ADDITIVES/HOLE STABILIZERS ADDED : NONE

COMMENTS: _culcrep

SUPERVISING GEOLOGIST : ROLAND COLLINS, CPG # 430

CUTTINGS DESCRIPTION

DEPTH GRAPHIC LOG LITHQLOGY

02 —‘_ —: 8k shak "/A.‘W yry fimwe sand, amicn, Cbsoy

2-f : R, Rlk shale T Cse pic i, minonCasoy  rysard
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PROJECT :

HOLE NO.:

PLANNED T.D.:

CODY_SHALE

BORE CUTTINGS DESCRIPTION

Ae-222

METHOD OF DRILLING

DATE gﬁg—% :
SECT: _Z _,T. 28 _ N.,R. _92 _ u.
Jo FINAL T.D.: K=

PAGE: Z2/2

S-1/8% DRAG BIT, AIR CIRCULATION

CONTRACTOR : _U.S. ENERGY CORP. RIVERTON, WY.
ADDITIVES/HOLE STABILIZERS ADDED : NONE
COMMENTS 1

A SO4

SUPERVISING GEOLOGIST

DEPTH

ROLAND COLLINS, CPG ® &S50

CUTTINGS DESCRIPTION

GRAPHIC LOG

LITHOLOGY

SPECIAL INSTRUCTIONS :

e

3//2 Aﬂr& dr,l, jé#/&

@npas:/? As ) sanple

220F ‘/ c‘.éz* s o e
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BORE CUTTINGS DESCRIPTION

PAGE: _/

PROJECT : CODY SHALE 0ATE : J2-02.%
HOLE No.: AL-2 3 SECT: _7 _ ,T. _28_ N., R, 82 u.
PLANNED T.0.: __ 30 FiNaL T.0.: 16
METHQD OF ORILLING : 5-1/8" DRAG BIT, AIR CIRCULATION
CONTRACTOR U.S. ENERGY CORP. RIVERTON, WY.
ADDITIVES/HCOLE STABILIZERS ADDED : NONE Q_
COMMENTS:: /;{G/e Too_wel 51/0«-! //’ To reforns Collimss i
SUPERVISING GECLOGIST ROLAND COLLINS, CPG # &30
CUTTINGé DESCRIPTIGN
DEPTH GRQPHIE_LOG LITHOLQOGY
Q-2 e — ’ Loy Cme SAd pmived Y bik Shale
2- ﬁf —. — — LT Tan C/ALV»’/, Cnt 2p0d 9ypmas . Fe Sittans - VieT
/'é N RN 7% 0/97:, Y Sue B Cse S, pica - el
48 S Dok Bens clng f bue Savd  wenk To ML~ wel”
8-10 : Ork Buw To BIK Shide, € sl wel
1012 - - t BIK shole S wry Sive ohasd  Somonirsb  wo T
2% — -_ BIK Shle L irq Ce ivd o iner ale B

SPECIAL "INSTRUCTIONS

: Qm_vms;ﬁ All_ps  2-3 CP‘/, chek poisioe
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BORE_CUTTINGS DESCRIPTION

PROJECT : _CQODY SHALE 0ATE : (Z492-9 PAGE: 2 /2

\.‘ HOLE NO.: &:-7-4 SECT: _7__ , T. 28__ N.,R. _92  u.
PLANNED T.D.: _ _Zb FINAL T.D.: _ 30
METHOD OF DRILLING : _5-1/8" DRAG BIT, AIR CIRCULATION

CONTRACTCR U.S. ENERGY CORP, RIVERTON, WY.

ADDITIVES/HOLE STABILIZERS ADDED : NONE

COMMENTS:

SUPERVISING GEOLOGIST : _ROLAND COLLINS, CPG _# 650

CUTTINGS DESCRIPTION

DEPTH GRAPHIC LOG LITHOLOGY
— N — . .
=30 - = brk Bns 70 Blk v (aS0y GuTod wenk 76 HEA

- ’ o a—
‘PECIAL INSTRUCTIONS : ﬁ/a:oos.'lc oo | smple  JACPT] Chok moisire,
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BORE CUTTINGS DESCRIPTION

PROJECT : _CODY SHALE CATE @ f-ol- PAGE: [ofZ

HOLE NO.: Kc-2- .5 SECT: _72__ , T. 28 N, R. 32  u. | .
PLANNED T.D.: _30 FINAL T.D.: _ 30

METHOD OF DRILLING : _5-1/8" DRAG BIT, AIR CIRCULATION

CONTRACTOR : U.S. ENERGY CORP, RIVERTON, WY,

ADDITIVES/HOLE STABILIZERS ADDED : NGNE

-
COMMENTS: Qulcrop

SUPERVISING GEOLOGIST : _ROLAND COLLINS, CPG # 450

CUTTINGS DESCRIPTION

OEPTH GRAPHIC L0G LITHOLOGY
0-2 ‘.""‘ _—‘ BIK shAle b/m,‘mr Cme Sand Graws
26| T = T Bitshile i Goe opd ¢ 19F e m ML
7 - BIKShile £ spsd rTd - dry
6-8 I BIA Shale oy (e Shud -dry .
8-/0 : - BiK Shalt,  jucd dr, Zene C(BSoy |
o4 - : Meed B 8k sdile  wo sped
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2224 ~ LK <hele
‘Z( LA ___— — Bk Shale
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PROJECT

HOLE NO.

PLANNED T.D.:

BORE CUTTINGS DESCRIPTION

: _CODY SHALE DATE : P0Z-92 PAGE: /g2
. L4 SECT: _Z7 _ , T. 28  N.,R. _$2 _ u.
24 _ FINAL T.D.: _30

METHOD OF DRILLING

ADDITIVES/HOLE STABILIZERS ADDED :

CONTRACTOR :

S5-1/8% DRAG BIT, AIR CIRCULATION

U.S. ENERGY CORP. RIVERTON, WY.

COMMENTS: _ouTtrog

NONE

g7

SUPERVISING GEOLOGIST

: ROLAND COLLINS, CPG H 450

CUTTIMGS DESCRIPTION

DEPTH GRAPHIC LOG LITHOLOGY
02 | T A Ton BT Bue, shil Sy ofe T poders® 75 HEk
2-4 -~ " TANTOLT Bamy Sale_poderli 5750
/é ~ _ ~ LT6ry To pri B, CAZDY Gomecors  usenk 7o Hek
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2028 -~ bek Con To B . e LTy Cosics  hye Fe s Tmmss
22- é{ /: _— - JT 7 bk Buw, (Sc (aSoy, fowk Jo HCL
go’-,zé [ :. LT 70 bk Bea o LhaSoy BBl 7 fe 5T
26-428 - - Mk Bey To B, 2 luscrs oslen]”
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BORE CUTTINGS DESCRIPTION

{"""‘JECT : _CODY SHALE DATE 20/ PAGE: Jofl
HOLE NO.: Ke-0- 5 SECT: _72__,T. 28 N, R _82 wu. .
PLANNED T.D.: _30 FINAL T.D.: _3Z0

METHOD OF DRILLING : S-1/8" DRAG BIT, AIR CIRCULATION

CONTRACTOR : U.S. ENERGY CORP. RIVERTON, WY.

ADDITIVES/HOLE STABILIZERS ADDED : NONE

COMMENTS: gulgrep

SUPERVISING GEOLOGIST :

ROLAND COLLINS, CPG # 450

CUTTINGS DESCRIPTION

26-22
22.24

A
2698

—— * e

—
- N\
—

SPECIAL INSTRUCTIONS :

GRAPHIC LGG

LITHOLQGY
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BORE CUTTINGS DESCRIPTION

PROJECT : _CODY SHALE DATE : 2o/ 92 PAGE: 2/2
HOLE NO.: Ae-7-5 SECT: _72 ,T. Z8 N.,R. ¥ u.

PLANNED T.D.: vf=] FINAL T.D.: _38
METHOD OF DRILLING : S5-1/8" DRAG BIT, AIR CIRCULATION

CONTRACTOR : U.S. ENERGY CORP. RIVERTON, WY.

ADDITIVES/HOLE STABILIZERS ADDED : NONE

COMMENTS:

SUPERVISING GEOLOGIST : ROLAND COLLINS, CPG # 450

CUTTINGS DESCRIPTION

DEPTH GRAPHIC LOG LITHOLOGY

Lo T Bk \’TA;Q/c.“Aﬁd, drlt, A/)s».’ue::r- UsCy

SPECIAL INSTRUCTIONS : é'm;gm‘z fmm 0-2 To 3O ps ﬁ—fcf’/
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BORE CUTTINGS DESCRIPTION 7

PROJECT : _CODY SHALE DATE :  J2-02-%¢ PAGE: _J

HOLE ND.: L-2-8 SECT: _7__ , T. 28 _ N.,R. _32_ . .
PLANNED T.D.: _ 3Z& FINAL T.D.: 40 |
METHOD OF DRILLING : _5-1/8" DRAG BIT. AIR CIRCULATION

CONTRACTOR : U.S. ENERGY CORP. RIVERTON, WY,

ADDITIVES/HOLE STABILIZERS ADDED : NONE

COMMENTS::
SUPERVISING GEOLOGIST : _ROLAND COLLINS, CPG § 450
CUTTINGS DESCRIPTION
DEPTH GRAPHIC LOG LITHOLOGY
L-20. .f 4 A 4 whie 7o Red fine %o Csc Sand { Gravds querbelen
20- 22 ' _:: ’\::'\‘:\' Wi 1o BiK chale , Shed. 1T arfws . i) rock Chips
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BORE CUTTINGS DESCRIPTION /77

PROJECT : _CODY SHALE DATE : -43- PAGE: [ofl

HOLE NO.: _Xz-7-3 CSECT: _7__,T. 28 N.,R. 82 u.
@ PLANNED T.D.: __30 FINAL T.D.: _32

METHOD OF DRILLING : _S-1/8" DRAG BIT, AIR CIRCULATION

CONTRACTOR : U.S. ENERGY CORP, RIVERTON, WY.

ADDITIVES/HOLE STABILIZERS ADDED : NONE

COMMENTS :
SUPERVISING GEOLOGIST : ROLAND COLLINS, CPG H 450
CUTTINGS DESCRIPTICN
DEPTH GRAPHIC L QG ' LITHOLOGY :

6 PR b ) : } a“réu?d'ﬂ
0L e R . LT Tow $ive 7o Cse Shud Y/ Geavel
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SPECIAL INSTRUCTIONS : _See Ppag %2
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BORE CUTTINGS DESCRIPTION A7

PROJECT : _CODY SHALE DATE : JQ243-92 PAGE: 2/2
HOLE NO.: X¢.72-9 SECT: _2  , 7. 28 N., R. _3%Z u. .

PLANNED T.D.: __30 FINGL T.D.: _ 38
METHOD OF DRILLING : _5-1/S" DRAG BIT, AIR CIRCULATION

CONTRACTOR : U.S. ENERGY CORP. RIVERTON, WY,

ADDITIVES/HOLE STABILIZERS ADDED : NONE

COMMENTS:

SUPERVISING GEOLOGIST : ROLAND COLLINS, CPG # 430

CUTTINGS DESCRIPTION

DEPTH GRAPHIC LOG ' LITHOLOGY
—
g- ic - = — Gr, © &uo‘h P A ae il B, Iﬁl (9SS
- -~
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o-3 - e To Ress, 7 nlth | ZEASOy & amk L WCL
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PROJECT :

HOLE NO.:

BORE CUTTINGS DESCRIPTION

A S

CODY SHALE

Ke-2./0

DATE : (2.43-92 PAGE: /of
SECT: _ 7, T. 28 N.,R. 82 u.

' PLANNED T.D.: K10) FINAL T.D.: ,“'l

METHOD OF DRILLING :

CONTRACTOR

3-1/8" DRAG BIT, AIR CIRCULATION

U.S. ENERGY CORP, RIVERTON, WY,

ADDITIVES/HOLE STABILIZERS ADDED : NONE

COMMENTS :

SUPERVISING GEOLOGIST :

DEPTH

ROLAND COLLINS, CPG # 4390

GRAPHIC LOG

CUTTINGS DESCRIPTIGN

L2

SPECIAL INSTRUCTIONS :
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LITHQLOGY
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BORE CUTTINGS DESCRIPTION

PROJECT : _CODY SHALE DATE : 223 92 PAGE: 2 /42

HOLE NO.: _Ac-94/0 SECT: _Z2__ , T. 28 N., R. _92 _ W.
PLANNED T.D.: _30 FINAL T.D.: _32

METHOD OF DRILLING : _S-1/8* DRAG BIT, AIR CIRCULATION

CONTRACTOR : _U.S. ENERGY CORP. RIVERTON, WY,

ADDITIVES/HOLE STABILIZERS ADDED : NONE

COMMENTS:

V ad

SUPERVISING GEOLOGIST : ROLAND COLLINS, CPG # &30

CUTTINGS DESCRIPTION

DEPTH GRAPHIC LOG LITHOLOGY

&" ey _— ~ LT Bone T, Rik Sinle, it pniii v briséy 6o ilonw
38-32 __~ —_ L B %o 81k &llﬁaé’, meihne MiCd
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BORE CUTTINGS DESCRIPTION

PROJECT : _CODY SHALE DATE : 29352 PAGE: _/
.HOLENO.: Ke-7-1/ SECT: _7 ,T. 28 _ N., R. 92 u.

" PLANNED T.D.: 40 FINAL T.0.: _ 20

METHOD OF DRILLING : S-1/8" DRAG BIT, AIR CIRCULATION

CONTRACTOR U.S. ENERGY CORP. RIVERTON, WY.

ADDITIVES/HOLE STABILIZERS ADDED : NONE

COMMENTS: LosT tireulaTom a7 20" did wol resch Ko

N

%

SUPERVISING GEOLOGIST : ROLAND COLLINS, CPG # 430

CUTTINGS DESCRIPTION

DEPTH . GRAPHIC {0G LITHQLOGY
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i SPECIAL INSTRUCTIONS :

BORE CUTTINGS DESCRIPTION

PROJECT : _CQDY SHALE DATE : /2-03-32 PAGE: _|

HOLE NO.: Ac-2-//4 SecT: 7, T. 28  N., R. _92 u,
PLANNED T.D.: 30 FINAL T.D.: /0

METHOD OF DRILLING : _5-1/8" DRAG BIT, AIR CIRCULATION

CONTRACTOR : U.S. ENERGY CORP. RIVERTON, WY,

ADDITIVES/HOLE STABILIZERS ADDED : NONE
COMMENTS: spoved /A0 EnsT Aud ¥ forth of 2l JosT ciredaiom AT 10
SUPERVISING GEOLGGIST : ROLAND COLLINS, CPG # 450

CUTTIMNGS DESCRIPTION

DEPTH ~ _GRAPHIC L0G LITHOLOGY

g-/0 ' A Shuples Rovered —

C

Y/
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BORE CUTTINGS DESCRIPTION '
PROJECT : _CODY SHALE DATE @ [2-47-92 PAGE: _J
HOLE NO.: K -7-//8 SEcT: 7, T. 28 _ N., R. _S%2 u.
PLANNED T.D.: _.SD FINAL T.D.: _20

METHGD OF DRILLING :

CONTRACTOR

COMMENTS ¢

S-1/8" DRAG BIT, AIR CIRCULATION

U.S. ENERGY CORP, RIVERTON, WY.

ADDITIVES/HOLE STABILIZERS ADDED :
& Stmpks- Surbrdos T B - dasT Lol Tion A7 2

NONE

SUPERVISING GEOLOGIST :

ROLAND COLLINS, CPG # 450

CUTTINGS DESCRIPTICN

DEPTH GRAPHIC LOG L]THOLQGY
KoL A— A\‘ '. .[' (Se _Sand M roex Ernqs
2-4 ~‘\A : oo shnd Y rex fraas
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BORE CUTTINGS DESCRIPTICN

PROJECT : _CODY SHALE DATE : 2a¥/- 92 PAGE: [o$2 ‘
HOLE NO.: _{h-0-42 SECT: _ 2 ,T. 28 N.,R. 32 u. .

PLANNED T.D.: fofo) FINAL T.D.: IO
METHOD OF DRILLING : S-1/8" ORAG BIT, AIR CIRCULATION

CONTRACTOR U.S. ENERGY CQORP. RIVERTON, WY,

ADDITIVES/HOLE STABILIZERS ADDED : NONE

COMMENTS: _rplorop

SUPERVISING GEOLOGIST : ROLAND COLLINS, CPG # 430

CUTTINGS DESCRIPTION

DEPTH GRAPHIC LOG LITHOLOGY
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SPECIAL INSTRUCTIONS : _See Page 52 ®



S0RE_CUTTINGS DESCRIPTION A/57

PROJECT : _CODY SHALE  DATE @ 2-0]-92 PAGE: 2/2
‘ HOLE NO.: _Ar-7- /2 " SECT: 7, 1. X8 N., R. 32 _ u.
O ol ANNED T.D.: So FINAL T.D.: 30 |

METHOD OF DRILLING : 5-1/8° DRAG BIT, AIR CIRCULATION,

CONTRACTOR : U.,S5. ENERGY CORP. RIVERTOM, WY,

ADDITIVES/HOLE STABILIZERS ADDED : NONE
COMMENTS:
SUPERVISING GEOLOGIST : ROLAND COLLINS, CPG_# 450

CUTTINGS DESCRIPTION

DEPTH GRAPHIC LOG L ITHOLOGY
Zé’ei) et = Prk 5,7 mtged L’//#‘;J Yro QL? sAud
) pas. 7 {5z 2 Y
SPECIAL INSTRUCTIONS : _(pnges.7e Srom 2-§ o 2830, s ber D-42CF

(!II’ bk moisTre



BORE CUTTINGS DESCRIPTION A /25
PROJECT : _CODY SHALE DATE : [202- %2 PAGE: Joil
HOLE NO.: K-7-43 SEcT: _ 7, 1. Z8_ N.,R. 92 u. .
PLANNED T.D.: 30 FINAL T.D.: 30

METHOD OF DRILLING :

CONTRACTOR

ADDITIVES/HOLE STABILIZERS ADDED

S5-1./8% DRAG BIT, AIR CIRCULATICN

U.S., ENERGY CORP. RIVERTON, WY.

H NONE

, .n

COMMENTS : wfmra

SUPERVISING GEOLOGIST -

ROLAND COLLINS, CPG # &S0

CUTTINGS DESCRIPTION

DEPTH GRAPHIC LOG~ LITHRLOGY
~
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SPECIAL INSTRUCTIONS : _See Page °2



BORE CUTTIMGS DESCRIPTION

PROJECT : _CODY SHALE DATE : 42- L PAGE: Z/<

. HOLE NO.: Ac-7-/%

SECT: 2, T. 28 N, R IZ .

PLANNED T.D.: 30 FINAL T.D.: 3o

METHOD OF DRILLING

CONTRACTOR u.s.

: S5-1/8" DRAG BIT, AIR CIRCULATION

ENERGY CORP., RIVERTON, WY,

j;] i

ADbITIVES/HOLE STABILIZERS ADDED : NONE
COMMENTS : i
SUPERVISING GEOLGGIST : ROLAND COLLINS, CPG # 430

CUTTINGS DESCRIPTION

DEPTH GRAPHIC L0OG LITHOLOGY

0 .

2 .o gy X e
éﬁ_— — — [Iﬁ/../».» .‘:/b'v/i’ /ny -rrIUL ATP ArRa2D A P4

e SPECIAL INSTRUCTIONS
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PROJECT :

_BORE CUTTINGS DESCRIPTION

Ay

HOLE NO.: Kc-2 //

'PLANNED T.D.:

METHOD OF DRILLING :

CONTRACTOR

ADDITIVES/HOLE STABILIZERS ADDED :

COMMENTS:

S-1/8"

CODY SHALE DATE : /9-03- PAGE: Ja§2
SECT: 7, T. 28_ N., R. _92_ u. .
30 FINAL T.D.: _32

DRAG BIT, AIR CIRCULATION

U.S. ENERGY CORP. RIVERTON, WY,

NONE

SUPERVISING GEOLOGIST :

ROLAND COLLINS, CPG # 630

CUTTINGS DESCRIPTION

DEPTH GRAPHIC LOG LITHOLOGY
AT A — — JZO(W")""
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SPECIAL INSTRUCTIONS :

See

Pre 2




BORE CUTTINGS DESCRIPTION

PROJECT : _CODY SHALE OATE :  J2aZ-92 PAGE :
HOLE NO.: Mo -2/F SECT: 2, T. 28_ N.,R. 392 _ u.

PLANNED T.D.: 1) FINAL T.D.: 32
METHOD OF DRILLING : 5-1/8" DRAG BIT, AIR CIRCULATICON

CONTRACTOR U.S. ENERGY CORP. RIVERTON, WY,

ADDITIVES/HOLE STABILIZERS ADDED : lNONE
COMMENTS ¢
SUPERVISING GEQLOGIST : ROLAND COLLINS, CPG # &390

CUTTINGS DESCRIPTICN

DEPTH GRAPHIC LOG LITHOLOGY
28- 30 ~— A J7 BuwTo BIK Shale ,CSe (ASy  Fe STAN
— -
.SQ":g —_ A LT Basaw o Beoa S!ﬁ/i, CSe CASOY aiotr m/CH
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BORE CUTTINGS DESCRIPTION /77 |

PROJECT : _CODY SHALE paTE : 20097 PAGE: JofZ
" HOLE NO.: AKc-2-&57 SECT: 72, T. 28 N.,,R. _92 u. ‘
 PLANNED T.D.: 20 FINAL T.D.: gf '

METHGD OF DRILLING : 5-1/8" DRAG BIT, AIR CIRCULATION

CONTRACTOR : U.S. ENERGY CORP. RIVERTON, WY.

ADDITIVES/HOLE STABILIZERS ADDED : NONE

COMMENTS:

SUPERVISING GEOLOGIST : ROLAND COLLINS, CPG # 450

CUTTINGS DESCRIPTION

DEPTH GRAPHIC LOG LITHOLOGY
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BORE CUTTINGS DESCRIPTION

‘OJECT: CODY_SHALE DATE : |20{-92 PAGE : g,/,g_
THOLE NO.: Ko~ 7-/87 SECT: 7, T. 28 N.,R. 92 u.

PLANNED T.D.: 20 FINAL T.D.: §4‘
METHOD OF ORILLING : S-1/8" DRAG BIT, AIR CIRCULATION

CONTRACTOR : _U.S. ENERGY CORP., RIVERTON, WY.
ADDITIVES/HOLE STABILIZERS ADOED : NONE
COMMENTS:

SUPERVISING GEOLOGIST : ROLAND COLLINS, CPG # 450

CUTTINGS OESCRIPTION

DEPTH GRAPHIC 1 0G L]THOLDGY
2838 - : ~ Dokt Buw 750 BIK Shofe  “fuinsor lwfte, wonr o HCL
3038 - _ Aok B To BIK Zhale Y e yisiche Shnd
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BORE CUTTINGS DESCRIPTION

PROJECT : CODY SHALE DATE : 2p4-52 PAGE: af2
" HOLE NO.: Ae-2/6 SECT: _ 72, T. 24 _ N.,R. _9Z2 u.
PLANNED T.D.: k2 FINAL T.D.: 40

METHOD OF DRILLING : S5-1/8" DRAG BIT, AIR CIRCULATION

CONTRACTOR U.S. ENERGY CORP, RIVERTON, WY,

ADDITIVES/HOLE STABILIZERS ADDED : NONE

COMMENTS :

SUPERVISING GEOLOGIST : ROLAND COLLINS, CPG # 450

CUTTINGS OESCRIPTION

DEPTH GRAPHIC LOG LITHOLOGY
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PROJECT

BORE CUTTIMGS DESCRIPTION

CODY SHALE

. HOLE NO.: -2/

PLANNED T.D.:
METHOD OF DRILLING ¢
CONTRACTOR
ADDITIVES/HOLE STABILIZERS ADDED :
COMMENTS::

SUPERVISING GEOLOGIST :

30

DATE : 1204-92 © PAGE: 2/2
SECT: _2_ , T. 28 _ N., R. _32_ u.
FINAL T.D.: _ 40

o9-1/8" ORAG BIT, AIR CIRCULATION

U.S. ENERGY CORP. RIVERTON, WY,

NOME

ROLAND COLLINS, CPG # 450

CUTTINGS DESCRIPTION

DEPTH GRAPHIC LOG LITHOLOGY
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BORE CUTTINGS DESCRIPTION

PROJECT : _CODY SHALE DATE : ,2-0f-%2 PAGE: Jofl

HOLE NO.: /fe-2/7 SECT: 72, T. Z8 N.,R. _92 u. .
PLANNED T.D.: kg FINAL T.D.: 38

METHGD OF DRILLING : _S-1/8° DRAG BIT, AIR CIRCULATION

CONTRACTOR : _U.S. ENERGY CORP. RIVERTON, WY,

ADDITIVES/HOLE STABILIZERS ADDED : NONE

COMMENTS ¢

SUPERVISING GEOLOGIST :

DEPTH

SPECIAL INSTRUCTIONS :

ROLAND COLLINS, CPG # 450

CUTTINGS DESCRIPTION

LITHOLOGY

GRAPHIC LOG
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BORE CUTTINGS DESCRIPTION

PROJECT : _CODY SHALE DATE : ,26{-92 PAGE: 2/2_
HOLE NO.: Ac-2-47 SECT: _7  ,T. 28 N.,R. _%2 u.
PLANNED T.D.: 30 FINAL T.D.: _J3&
METHOD OF DRILLING : _5=1/8" DRAG BIT, AIR CIRCULATION
CONTRACTOR U.S. ENERGY CORP. RIVERTON, WY._
ADDITIVES/HOLE STABILIZERS ADDED : NONE
COMMENTS _ ‘
SUPERVISING GEOLOGIST : _ROLAND COLLINS, CPG # 450
CUTTINGS DESCRIPTION
DEPTH GRAPHIC LOG LITHOLOGY
28- 30 _ _\_-', IT Bosno Shale T fme 5and Some fhSoy  wenx pHCL _
30-32 S — ' LT L beie Bum Shale Ivre Sme chud johusion: iSOy @Cj"’g
,{2-{4/ _ (T Bew Shale S Vit spud Fe =7hius
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S0RE CUTTINGS DESCRIPTION

PROJECT : _CODY SHALE DATE :  42p0- %  PAGE: /.
HOLE NO.: - .18 SECT: _7 , 7. Z8 N, R, _92 . , .
PLANNED T.D.: 20 FINAL T.D.: 38

METHOD OF DRILLING : S5-1/8" DRAG BIT, AIR CIRCULATION

CONTRACTOR U.S. ENERGY CCRP, RIVERTON, WY.

ADDITIVES/HOLE STABILIZERS ADDED : NONE

COMMENTS : /;é SHifes DNl Ted-  Duec i eden L,

SUPERVISING GEOLOGIST : ROLAND COLLINS, CPG # 450

CUTTINGS DESCRIPTION

DEPTH GRAPHIC L0G LITHOLOGY
.&.Lé____ " -‘" mived Cime To Lse sauds k/;;z:-é:.i.ui
S " Gracels
p4e) - = ws o There d welbe Q/A:L S Torbeddid e sAnds
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SPECIAL INSTRUCTIONS : ' .



ADDITIVES/HOLE STABILIZERS ADDED :

.
=3
.,
>~

(.,A.‘\;
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BORE CUTTINGS DESCRIPTION

PROJECT : _CODY SHALE DATE :  J2:07-52 PAGE: __J
HOLE NO.: Ke-9-/9 SECT: 7, T. 28 N., R. _9Z2_ u.
PLANNED T.D.: @ FINAL T.D.: 40

METHOD OF DRILLING : 5-1/8" DRAG BIT, AIR CIRCULATION

CONTRACTOR : u.S. EﬂEﬁGY CORP. RIVERTON, WY,

NONE
COMMENTS : /é SM@' \G/@FJ‘ Q_,a(lwdnu IQ
SUPERVISING GEOQLOGIST :

ROLAND COLLINS, CPG # 4359

CUTTINGS DESCRIPTION

DEPTH GRAPHIC £0G LITHOLOGY
-5~ ,' 'f zided_tive 76 Cse Sauds Aoy Eravels
/5~ I8 T :_-'. wan el veflus Clusg i Torbedded snnds
/8~ 24 ) \ ; acved Slve To (ve savd pud Cawl (b7 Cotlimm s
’ 24-3¢ DT cutheed gl chy i Trlelid_conds
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'SPECIAL INSTRUCTIONS :




ORILL HOLE CUTTINGS DESCRIPTION SECTION 12, T. 28 N, R 923 W,

DRILL HOLES Kc 12-1, Kc 12-1A, Kc 12-18, Kc 12-2, Kc 12-3A, Kc 12-4,

Ke 12-46, Ke 12-7, Kec 12-8, Kc 12-9, Kc 12-10, Kc¢ 12-11

/7
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‘SPECIAL INSTRUCTIONS :
A

BORE CUTTINGS DESCRIPTION

PROJECT : _ CODY SHALE | DATE : /2582 PAGE ;

HOLE NO.: K¢-/2-/ SECT: 42, T. Q28  N., R.

PLANNED T.D.: 20 FINAL T.D.: /0
METHOD OF ORILLING : 5~1/8" DRAG BIT, AIR CIRCULATION

CONTRACTOR : U.S. ENERGY CORP. RIVERTON, WY,

ADDITIVES/HOLE STABILIZERS ADDED : NONE

COMMENTS: b (re ’R;cov@

SUPERVISING GEOLOGIST : ROLAND COLLINS, CPG H 430

CUTTINGS DESCRIPTION

DEPTH GRAPHIC LOG LITHQLOGY
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/2 Gre rum- No recodtey




PROJECT :

HOLE NO.:

BORE CUTTINGS DESCRIPTION

CODY SHALE

Kej2-/ 4

PLANNED T.D.:

METHOD OF DRILLING :

CONTRACTOR

ADDITIVES/HOLE STABiLIZERS ADDED :

20

5-1/8" DRAG BIT, AIR CIRCULATION

PAGE : !

IPASY

DATE :

SECT: _J2 , T. 28  N., R. _93 u.

FINAL T.D.: _Z26

U.S. ENERGY CORP. RIVERTON, WY.

NONE

COMMENTS: _o$fse?” //eﬂsf of J2-/

SUPERVISING GEOLOGIST :

ROLAND COLLINS, CPG # &S50

CUTTINGS DESCRIPTION

DEPTH GRAPHIC LOG LITHOLOGY
82 — __.‘ b o T Bk Shale e St Sheads
Z;{___ — — Bk s 75 bk Bums Shife  Iminer hiod imish
L_ ~ Mk Buw shale “Ymicn < lhsoy
b-# - :: bk Bow 7o Lik chile 7 (hSOy  GnTewT
S0 : Ak Grs o By Shale , poicp b iSoy in Spaple
-2 - Brx 8ro 7o o shale, fFe sidms Copnmare
/,2-/¢ T ——_ LT To Dok Bewns Shile, Fe 2TR/~ LipS0Y
LT 13 Bre cune po Reavery
12-_2_4_ Z“‘l Lre rom-  No fﬂe@/rrc,
Z_(‘Jé__ Af‘é bore ren - pNo Reover

SPECIAL INSTRUCTIONS :
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BORE CUTTINGS DESCRIPTION /

PROJECT : _CODY SHALE 0ATE : Lo~ 92 PAGE: _{

HOLE NO.: Ke-Z2-/8 SECT: /2 ,T. Z8 N., R. 93  u.
PLANNED T.D.: _ 30 FINAL T.D.: _20

METHOD OF DRILLING : _S-1/2" DRAG BIT, AIR CIRCULATION

CONTRACTOR : _U.S. ENERGY CORP. RIVERTON, WY.

ADDITIVES/HOLE STABILIZERS ADDED : __ NONE

COMMENTS: ZL/C bcal’cJ Or;' AT;@, Guld ol re-énler 'Cﬂ//ar a8 cu./_c’mg

SUPERVISING GEOLOGIST : ROLAND COLLINS, CPG # 4350

CUTTINGS DESCRIPTION

DEPTH GRAPHIC LOG LITHOLOGY
R e Dok Gy To B sholo Vo ior vey five smod
L_L__ - - ‘ Drk Bewe. Shale VL sAud | come pich weAX = ML
N b
1 . —_ — Drk Beons Shole “/ainacm miits and [(RS0y
~ T~ [T8eie To ek Gro shale “eich 7 Lassy
8'/0_ ' = - :— 0,2 Gy Shale Y Casoy ¢ mmich, weax 7o MHCL ' (P"'//“"ﬁ
10-12 _ —_— brk Gry chole Sere /[t SThing  aicd, (ASOY i
4_4:'/7( ~ ~ bkl Ta Qoo slale  fe 2Thino  meca, lusoy
[4'/4 - o LT8wn Shale S/ fesTain, aiiH.l4Sey  wean To HCL
6-43 = - by Gy shile FesTain & lacom, 7oic
20 — -_ Lr Bew 7o Gg Shale |, fe £Tnin, () 7Tn pad To K€L

_ 3 ,
SPECIAL INSTRUCTIONS : _é@cs;/e WM Sl Check morslore
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BORE CUTTINGS DESCRIPTION

PROJECT : _CODY_SHALE DATE :  2-p2-52  PAGE: _/of2

HOLE NO.: o-/2:2 SECT: JZ2 , T. 28 _ N.,R. _93 u.
PLANNED T.0.: __ 30 FINAL T.D.: _30

METHOD OF DRILLING : _5-1/8° DRAG BIT, AIR CIRCULATION

CONTRACTOR : _U.S. ENERGY CORP. RIVERTON, WY,

ADOITIVES/HOLE STABILIZERS ADDED : NONE

COMMENTS: Koo ocleron

SUPERVISING GEOLOGIST : ROLAND COLLINS, CPG # 430

CUTTINGS DESCRIPTION _

DEPTH GRAPHIC LOG : LITHQLOGY
Q_‘Z____ - — - LT ary 7o Buons dw/g CaSoy repcivons Ta HEL t...uJI{araJ_
-~ |
,2-4 - - pim Shale, (aSoy , fe SThim, wenThered
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!'é — L..I-Sriz Beswo S‘&,& ['AS%__;Q sm”\’
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[4=12 —_— . - Gy _BIK SAAA (‘ASOYz O mnon, Sone Fe s}’m.:as
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SPECIAL INSTRUCTIONS : _See Pase 2




BORE CUTTINGS DESCRIPTION

PROJECT : _CODY SHALE DATE : 42:02-92 PAGE: 2/2
’ HOLE N0O.: Ko /22 SECT: L, T. 28 N, R. _33 u.
" PLANNED T.D.: _30 FINAL T.D.: __38

METHOD OF DRILLING : _S-1/8" DRAG BIT, AIR CIRCULATION

CONTRACTOR : _U.S. ENERGY CORP. RIVERTON, WY,

ADDITIVES/HOLE STABILIZERS ADODED : NONE

COMMENTS : |

SUPERVISING GEOLOGIST : _ROLAND COLLINS, CPG # 450

_CUTTINGS DESCRIPTION
DEPTH GRAPHIC LOG LITHOLOGY

L28-30 ':_. :: _—"' lory To BIK, (‘ASQI«L Gmmons | ry mivor mith
®__
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BORE CUTTINGS DESCRIPTION

PROJECT : _CODY SHALE DATE :  1207-% PAGE: _/
HOLE NO.:  fe-/2-% SECT: 42, T. 28 N., R. _85 W,
PLANNED T.D.: _20 FINAL T.D.: (8

METHOD OF DRILLING :

CONTRACTOR :

ADDITIVES/HOLE STABILIZERS ADDED :

S-1/8"

ORAG_BIT, AIR CIRCULATION

U.S. ENERGY CORP. RIVERTON, WY,

NONE

COMMENTS: o Shngles e 75d . = Ouerbunden Z L,

SUPERVISING GEOLOGIST :

ROLAND COLLINS, CPG # 430

CUTTINGS DESCRIPTION

SPECIAL INSTRUCTIONS :

DEPTH GRAPHIC L0G LITHOLQGY

8L ) ‘é 4 flue B (5o Samds “/Reck ';fﬂgs‘
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22 /7/' - Tk Shile akes  dre T Ae cTans
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B0RE CUTTINGS DESCRIPTIGON

PROQJECT : CODY SHALE DATE [ZQI-Q& PAGE: _ 1
‘ HOLE NO.: &-/24( SECT: 42, T. 28  N., R. 83 u.
= PLANNED T.D.: _ 26 FINAL T.D.: _26
METHOD OF DRILLING : 5-1/8" DRAG BIT, AIR CIRCULATION
CONTRACTOR : U.S. ENERGY CORP, RIVERTON, WY.
ADDITIVES/HOLE STABILIZERS ADDED : NONE
COMMENTS: A& ouTernp
SUPERVISING GEOLOGIST : ROLAND COLLINS, CPG # 430
CUTTINGS DESCRIPTION
DEPTH GRAPHIC LQG LITHOLQGY
o0-=£ - Dekare 7o bww shale, mise qB 3 nich  Chkes weaThered
é'é D 7o beuns . Te $nich Sene oxidaln o fe
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BORE CUTTINGS DESCRIPTICN

A /9S

PROJECT : _CODY SHALE DATE : 00l PAGE: Jof2Z2
HOLE NO.: K(-|2-6 SECT: _J2 ,T. 28 N., R. _93 u. .
PLANNED T.D.: Z0 FINAL T.D.: 30
METHOD OF DRILLING : 3-1/8" DRAG BIT, AIR CIRCULATION
CONTRACTOR : U.S. ENERGY CORP. RIVERTON, WY.
ADDITIVES/HOLE STABILIZERS ADDED : NONE
COMMENTS:
SUPERVISING GEOLOGIST : ROLAND COLLINS, CPG # &30
CUTTINGS DESCRIPTION
DEPTH GRAPHIC LOG LITHOLOGY
: “ < Q * T QHJON
Q‘Z a4 . ‘A AN, {md ('s;. S'ﬁ»‘,{ Ymrtdl;;fc Sﬂi/m,&ck C‘j‘
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SPECIAL INSTRUCTIONS : _See Pgee *2
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BORE CUTTINGS DESCRIPTION , /7,9

PROJECT : _CODY SHALE DATE : Z-9l-92  PAGE: _Z2 /2

. HOLE NO.: X -/2-b SECT: 2, T. 28 _ N., R. 93 u,
S PLANNED T.D.: _ 30 FINAL T.D.: 30
METHOD OF DRILLING : S-1/8" DRAG BIT. AIR CIRCULATION

CONTRACTOR ¢ U.S. ENERGY CORP. RIVERTON, WY,

ADDITIVES/HOLE STABILIZERS ADDED : NONE
COMMENTS:
SUPERVISING GEOLOGIST : ROLAND COLLINS, CPG # 450

CUTTINGS DESCRIPTION

DEPTH GRAPHIC LOG LITHOLOGY :
e - - ] Bnposi e
30 ~—— Ak Gy shale fue 7o Bse aoieh, so aTe - maisl” 2

'SPECIAL INSTRUCTIONS : (AngosiTe (6 B 1820 a5 ¥, brpesiTi 2oz 5 2850
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BORE CUTTINGS QDESCRIPTION

PROJECT : _CODY SHALE DATE @ 1204/ K PAGE: [

HOLE NO.: AL-2.7 SECT: 2, T. 28 N., R. 32 u. .
PLANNED T.D.: 30 FINAL T.D.: 26

METHOD OF ORILLING : _S-1/8° DRAG BIT, AIR CIRCULATION

CONTRACTOR : _U.S. ENERGY CORP. RIVERTON, WY,

ADDITIVES/HOLE STABILIZERS ADDED : NONE

COMMENTS: Qolrep , BenZed of§ AT 20" pud wol pe-suFr

SUPERVISING GEOQOLOGIST : ROLAND COLLINS, CPG # 459

CUTTINGS DESCRIPTION

DEPTH GRAPHIC LOG LITHOLOGY
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BORE CUTTINGS QESCRIPTION

PROJECT : _CODY SHALE DATE :  247-3 PAGE: _/
. HOLE NO.: AC-47-8 SECT: 2, T. 28 _ N., R. 93  u,
"7 PLANNED T.D.: _40 FINAL T.D.: _20

METHOD OF DRILLING : S5-1/8" DRAG BIT, AIR CIRCULATION

CONTRACTOR : U.S. ENERGY CORP. RIVERTON, WY.

ADDITIVES/HOLE STABILIZERS ADDED : NONE

COMMENTS: b Shmples QfleZed -  cvechorden T A

SUPERVISING GEOLOGIST : ROLAND COLLINS, CPG H 430

CUTTINGS DESCRIPTION
DEPTH GRAPHIC LOG LITHOLOGY
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BORE CUTTINGS DESCRIPTION

PROJECT : CODY SHALE DATE : 12-07-92 PAGE: [/
"7 HOLE NO.: K-42-9 SECT: W, T. 28 N., R. _93 u. ‘
C PLANNED T.D.: 40 FINAL T.D.: /2

METHOD OF DRILLING : S5-1/8" DRAG BIT, AIR CIRCULATION

CONTRACTOR : U.S. ENERGY CORP. RIVERTON, WY,

ADDITIVES/HOLE STABILIZERS ADDED : NONE

COMMENTS: _db Samples AllaTed - overivicn Z.b

SUPERVISING GEOLOGIST : _ROLAND COLLINS, CPG # 430

CUTTINGS DESCRIPTION

DEPTH GRAPHIC LOG LITHOLOGY
Q-g \. A“A‘d" g/.oe ﬂ: Cse SANY Rock /-’rl-MS
—Z*é ‘\' ‘ l Cime B (s¢ Gamd, pucd Gruvel Ak fraas
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BORE CUTTINGS DESCRIPTION A5

PROJECT : _CODY SHALE_ DATE : 2904 PAGE: _J
HOLE NO.: /b~ (2-/0 SECT: L2, 7. 28 _ N.,R. 23 u,
’ PLANNED T.0.: _ 40 FINAL T.0.: _/2

METHOD OF DORILLING : S5-1/8" ORAG BIT, AIR CIRCULATION

CONTRACTOR : U.S. ENERGY CORP. RIVERTON, WY.

ADDITIVES/HOLE STABILIZERS ADDED : NONE
COMMENTS: Mo Shaples @fe72d - Ouerburden 4.

SUPERVISING GEOLOGIST : _ROLAND COLLINS, CPG # 430

CUTTINGS DESCRIPTION

DEPTH GRAPHIC LOG LITHOLOGY
-2 A \4 Que T e swods  Ruei Laes
g-é : ."A. . A \ Be Sanls vac i?rﬂ'-’é/, Nl 42 ﬁm:
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Q N2 - — Rlack Shile b, dry Sme Fe £770in
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BORE CUTTINGS DESCRIPTION

PROJECT : _CODY SHALE DATE : [2p7-%2 PAGE: _ [ __
HOLE NO.: Ac-/2+4/ SECT: 42, T. 28 N.,R. 93 u.
PLANNED T.D.: 40 FINAL T.D.: _ZO

METHOD OF DRILLING : _S5-1/8" DRAG BIT, AIR CIRCULATION

CONTRACTOR U.S. ENERGY CORP, RIVERTON, WY.

ADDITIVES/HOLE STABILIZERS ADDED : NONE
COMMENTS: b Shnpes &fln7ed - Ouerlrden T4,

SUPERVISING GEOLOGIST : ROLAND COLLINS, CPG B 430

CUTTINGS DESCRIPTION

DEPTH GRAPHIC LOG LITHOLOGY
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Cody Shale Geotechnical Testing Results
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Reference A.8
Cody Shale Geotechnical Testing Results

This section presents the laboratory test result for the Cody Shale. ' In place densities, moisture
contents, percent passing the #200 sieve, and Atterberg limits tests were performed on individual
samples for classification.

After the index testing was performed on the individual samples taken from the borings, four
samples were made by compositing similar samples together. The composites were made to
represent the range of clay encountered in borings.

A total of four composites were made. These composites were made using material that had the
following % passing the #200 sieve: :

Composite 1 49 - 90%
Composite 2 90 -92%
Composite 3 | 92 -95%
Composite 4 95 - 98.6%

The individual samples used for each composite are presented in Table A.8.1.

Composite 1 was made using the material that contained the highest percentage of sand. The
individual samples for this composite were all obtained from near surface soils and in an area
that will not be part of the borrow area. Therefore, Composite 1 was determined to not be
indicative of the material that will be used for the cover.

The other three composites (i.e. composites 2, 3 and 4) represent the range of materials that are
expected to be encountered in the borrow area. Of these three composites, composite 2 was
found to have the lowest 15-bar moisture content and therefore the highest calculated radon
diffusion coefficient. Therefore, composite 2 was used to conservatively represent the material
expected from the borrow area for radon barrier calculations. The average properties of the clay
in the radon barrier will therefore give better radon-attenuation than assumed in-the calculation.
The construction specifications require that the Cody shale used for the radon barrier come from
the area tested and have at least 90% passing the number 200 sieve. This will ensure that the
constructed radon barrier is consistent with the input parameters used in the radon model. The
results of the composite testing are presented in Table A.8.2.



\‘ Table A.8.1 - Cody Shale Composites

Uy

COMPOSITE BORING % -200 SIEVE

1 1-8 79.4
6-1 64.3
7-3(1) 49.1
7-12(1) 79.0
7-13(1) 72.5
2 7-8(1) 91.7
7-10(1) 92.0

7-132) 90.9
7-152) 90.5
7-16(1) 90.1
7-16(2) 90.5
3 7-1(1) 93.1
7-2(1) 94.9
7-5(1) 95.0
- 79(1) 95.0
7-14(1) 94.7
7-15(1) 94.0
\‘ 7-15(3) 94.9
12-1(1) 94.4
12-6(1) 94.4
4 7-4(1) 97.5
7-9(2) 95.7
7-10(2) 96.7
7-14(2) 98
7-17(1) 95.5
122 98.6
12-4 96.7
12-6(2) 95.5
12-7(1) 92.3




Table A.8.2

Cody Shale Composite Testing Results

COMPOSITE | MAXIMUM DRY SPECIFIC 15-BAR MOISTURE
DENSITY (pcf) GRAVITY CONTENT
1 115.2 2.79 13.1
2 108.2 2.78 16.9
3 108.0 2.76 - 17.6
4 107.6 19.0

2.77
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Individual Sample Results
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INBERG-MILLER ENGINEERS

124 EAST MAIN STREET RIVERTON, WYOMING 82501-4397 307.-856-8136 .

December 21, 1992 4779.4~RM

Western Nuclear, Inc.
P.0. Box 630
Jeffrey City, Wyoming 82310

ATTENTION: ROLAND COLLINS

RE: LABORATORY TEST RESULTS
CODY SHALE TEST BORING COMPOSITE SAMPLES

Gentlemen:

As you know, we received approximately 85 Cody Shale test boring bag samples
in our Riverton, Wyoming soil laboratory on December 4, 1992. We received an
additional approximately 188 samples on December 7, 1992. A total of
twenty-nine composite samples were prepared as directed in the test boring
logs you included with the samples. Per your November 20, 1992 letter, we .
performed a #200 sieve analyslis, Atterberg Limits test and Unified Soil
Classification on each of the twenty-nine composite samples, In addition, a
sieve analysis (#4 through #200 sieve) was performed on five samples
containing less than 90 percent passing the #200 sieve. Particle Size
Analysis Curves for these five samples are attached. The laboratory test
results for the twenty-nine composite samples tested are as follows:

Atterberg Limits UsSCs
Sample No. X Moisture % Passing #200 Sieve LL PL PI Class,
e o = X R — T 2 794 36—20 76 -CL; i
— R bm——-1.0-9 —- -n68:03 oo 40 16— 26— CL.
7-1 CP #1 12,7 93.1 48 20 28 cL
! -
e JIEEH U ok Bl arar B2 B2
7-4 CP #1 11.4 97.5 54 2630 ot
7-5 CP #1 11.1 95.0 55 21 34 CH
-8 CP #1 12,7 91.7 ’ 46 23 23 cL
7-9 CP #1 15.1 95.0 56 22 34 CH
qucsq, 7-9 CP #2 12.8 95.7 53 20 33 CH
g 7-10 CP #1 10.9 92,0 57 21 36 CH
7-10 CP #2 11.8 ‘ 96.7 58 24 34 CH ol
-12 CP 11 11.8 79.0 33 19 14 CL) mars™
73 7-13 CP #1 10.5 72,5 42 18 26 CL}
yRvS 7-13 CP #2 13.5 90.9 46 20 26 CL

7-14 CP #1 12.6 94,7 51 19 32 CH
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Western Nuclear, Inc,

December 21, 1992
Page Two
Sample No, X Moisture % Passing #200 Sieve
-7-14 CP #2 12,7 $8.0
7-15 CP #1 16.9 94.0
7-15 CP #2 17.5 90.5
7-15 CP {3 17.2 94.9
7-16 CP #1 10.9 50.1
7-16 CP #2 11.0 90.5
7-17 CP #1 15.0 95.5
12-1 CP #1 11.5 94,4
12-2 CP 11.7 98.6
12-4 CP 12.2 96.7
12-6 CP #1 12.2 94,4
12-6 CP f2 9.6 95.5
12-7 CP #1 12.0 '97.3

4779.4~RM
Atterberg Limits Uscs
LL "PL PI Class,
8§ 1 37 CH
53 22 31 ChH
49 25 24 CL
46 22 24 CL
42 20 22 CL
40 19 21 CL
51 21 30 CH
48 21 27 CL
52 23 29 CH
56 21 35 CH
53 21 .32 CH
55 23 32 CH
63 26 37 CH

We appreciate the opportunity to be of service to you thus far. If you have
any questions regarding the enclosed information or if we may be of further
assistance, please contact us.

Sincerely,

INBERG-MILLBR ENGINEZERS

n C. Howell,

P.E.

eotechnical Engineer

JCH:der:wni

Enclosures as stated
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MEMORANDUM

DATE : DECEMBER 22, 1992
T0 : LOU MILLER
STEPHANIE BAKER
FROM ¢ ROLAND COLLINS
SUBJECT : RESULTS OF CODY SHALE TESTING

- A - - Y A WD =S A M R R S e e A S WS W e W R TR Y T SR AR W WS S . S W W AR W S e W e S W R WA S G e W S e = - . ——

Today 1 received the results of the initial series of tests performed on the
Cody shale from Inberg-Miller,

After reviewing the results, following are my recommendations for further
composits for these samples. From a geographic location, there doesn’t seem to
be much variance except in samples 7-12 and 7-13 which was suspected from the
cuttings. There isn’t as much variance in the grain size from different
stratigraphic intervals as I would have thought after looking at the cuttings.
The average moisture content is 12,2 ¥ which is about average for inplace clays.

The additional composites selections have been made by geographic area as shown
on the attached map. I have selected a total of four, however, these may be
reduced to three by eliminating sample 7~ UCS #3 which is marginal material.
Section ! - No additional testing be done

Section 6 - No additional testing be done

Section 7 -~ As Below

Unified Composite Sample #1 ( 7-UCS #1)

-1 CP #1
-2 CP #1
-4 CP #1
-5 CP #1

NN NN

7= UCS #2 :

7-8 CP H1

7-9 CP #1,H2
7-10 CP #1,H2
7-15 CP #1,H2,43
7-16 CP #1,H2
7-17 CP #1

7= UCS #3 :

7-12 CP #1
7-13 CP 1,82
7-14 CP #1,42



®

9760

Section 12 - As Below

12- UCS #1
12-1 CP #1
12-2 CP #1
12-4 CP #I
12-4 CP #1, #2
12-7 CP #1

As soon as ] receive your recommendations, 1 will get with Inberg - Miller and
begin the second suite of testing. Approximately one pint of sample will
reserved for 15-bar moisture from each UCS blend,
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Composite Sample Results

6.2
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INBERG-MILLER ENGINEERS
124 EAST MAIN STREET RIVERTON, WYOMING 82501-4397 307-856-3136
February-IS, 1993 : 4779 .4~RM

Western Nuclear, Inc.
P.Q. Box 630
Jeffrey City, Wyoming 82310

ATTENTION: ROLAND COLLINS

RE: LABORATORY TEST RESULTS
CODY SHALE TEST BORING
UNIFIED COMPOSITE SAMPLES

Gentlemen:

Ag requesced in your lecter of December 28, 1992, we have prepared four (&)
"unified composite samples" which were comprised of the indicated composite
samples. We have subsequently performed a specific gravity, proctor dry
density (952 compaction), falling head permeability and Y2 dispersion test on
each of the four (4) unified composite samples. Test results are as fallows:

Unified
Composite Coeff. of
Sample Standard Proctor Specific Permeability
No. Max. D.D.(PCF) OPT W/C(Z) Gravity Dispersiviecy(2) k (cm/sec)
ucs#l 115.2 13.8 2.79 9.8 1.24 x 10:2
ucs#2 108.2 17.6 2.78 3.7 1.74 % 10_9
ucs#3 108.0 17.7 2.76 5.4 9.23 x 10_9
ucsia 107.6 18.3 2.77 4.1 4.58 x 10
Note: Standard Proctor (ASTM D698) compaction curves are encloged.

Permeability coefficients are based on samples remolded to 95
percent of the Standard Proctor dry density near optimum water
content.
Wa appraciate the opportunity to be of service to you thus far. If you have
any questions regarding the enclosed information or if we may be of furcther
assistance, please contact us.
Sincerely,

INBERG-MILLER EFXGINEERS

gn C. Howell P.E,
vaotachnical Engineer

JCH:der:wni

Enclosures as stated
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Ory Density {lbs/cu.ft.)

WESTERN NUCLEAR JEFFRY C 130735442291 P.9s

A6
MOISTURE-DENSITY ANALYSIS
Praject: J.C. MINE REC. Test Dste: {=114-93
Job No.: 4774.9-RM Tested By: RER
Client: WNI Tast Methoad: ASTM (-688
{118
P ——
v S
114 /Qf
A \G
112!
110
108
m=J 2
°g 10 12 14 16 18 20
Water Content (X)
Soil ODescription: CLAY W/SANO sample No.:  UCS #4

Sampleg B8y: CLIENT

Sourca: BORING

X passing #200 sieve:

Optimum Water Content: 43.8 X
Liquid Limit:

. Mex. Dry Dansity: $45.2 lbsa/cu.ft.
Plasticity Index: —_—



(1bs/cu. ft.)

Dry Density

me ol ERNM MULLERRKR JEFFRY © 13973442291

365

MOISTURE-DENSITY ANALYSIS

Praoject: J.C. MINE REC.
Job Nao.: 4774.9-AM
Client: WNI

108

Test Date: 1-14-93
Tasted BY: RER
Test Mathaod: ASTM 0-6498

107

103

101

98, 1 13 1

Water Content (X)

S011 Descripticn: CLAY W/SAND

X passing $200 sieve:

——————

Liguid Limit:
Plasticity Index:

—————————
e p—————

Sample No,: ues #2

. sampled By:  CLIENT

Source: 80RING

Optimum Water Content: 17.6 X

Max. Dry Density: 108.2 lbs/cu.ft.
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Dry Density (lbs/cu.ft.}

~Few il ERY TV LGRR JEFFNKT L 19502442291 P.87

Y VX
- MOISTURE-DENSITY ANALYSIS
Praject: J.C. MINE REC. Test Date: 1~14-93
Jah Na.: 4774.3-RM Tested By: RER
Client: WNI Test Methad: ASTM D-638
110
‘/8" \&
106
104
102
109z 14 15 18 20 - 24
Nater Content (X)
Soil Description: CLAY W/SANO - Sample Na.:__ UCS #3
Sampled By: CLIENT
_ Source: BORING
X passing #200 sieve:
Optimum Water Content: 17.7 %

Liquid Limit:

. 408, cu.ft.
Plasticity Index: Max. Doy Qensity: 108.9  1be/
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Ar/67
/
MOISTURE-DENSITY ANALYSIS | ®
Project: J.C. MINE BEC. Teat Oate: {=-44-93
Job No.: 4774.9-AM Tested By: RER

Client: WNI

Test Method: ASTM 0-858

108

107
)4

@

:
3 /
5 19 7
2 i
wad
B 103
c
Q
: 7
o) .
: /
101
3T 13 1 18 20 23 24

Water Content (X)

Soil Description: CLAY W/SAND

X passing #200 sieve:

Liquid Limit:
Plasticity Index:

Sample No.: UCS #4

Sampled By: CLIENY
Source: __ BORING

Optimum Water Content: 18.3 X

Max. Ory Density: 107.6 1lbs/cu.ft. ‘
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Reference #A.9

Tailing Radiological Testing Results

Provided by: Radiant Energy Management

- December 1987 -
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Reference A.9
Tailing Radiological Testing Results

This section presents the laboratory data from radiological testing conducted on tailing samples
collected by Radiant Energy management (REM) in December of 1987. Figure A.9.1 presents
the locations of the tailing samples. Portions of these results are used in Appendix G, see
Appendix G for details. The number of samples, sample depth, and other assumptions are
included in correspondence from REM dated December 11, 1991. The results for U-natural and
Ra-226 are tabulated on pages A-/7/through A-/74%
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RADIANT ENERGY MANAGEMENT

LYDA W. HERSLOFF, Ph.D.
;7Yéé[34.:73€;u7é73/

Decamber 11, 1991

Me. stephanie Baker
Weatern Nuclear

Union Plaza suite 4300
200 Tnion Blwd
Lakewood, CcoO 80228

Dear Stephanie,

I have reviewad tho scil data collected during the 1987 radiological
survey at the split Rock Uraniom mill site, Jeffrey City, Wyoming for
Areas 1, 5, 6, and 7. Arsa 1 is designated the background arsa. Arsas
5, 6, and 7 represent borrow areas for final soil cover.

In Area 1, a total of nine sarples were collected to a depth of ¢
feet at each of five sltea, the five sites being representative of the
range of gamma exposura readings in Area 1. ' The mean Radium-226 (Ra-226)
concentration was determined to be 1.4 pCi/g with a sampls standard
deviation of 0.8 pci/g. The mean Ra-226 concentration of 1.4 plus thrase
standard deviations is equivalent to 3.4 pci/g. The average gamma
exposure rate in Area 1 was 16 t 1.2 pR/hr (1388 report). Using the
regression equations developed in the January, 1988 report, the predicted
uncorrected gawmma exposure rate for 1.4 pCi/g is 23 uR/hr, whersas the
predicted corrected gamma exposure rate is 14 pR/hr.

In Area 5, therms were 6 samples which exceeded the above value of 3.4
pci/g inclading S$-1-1, $-3-1, S-4-1, 5-4-2, 5-4-6, and 5-4-8. 1o reading
these sample numbers, the first pumber rafers to the arsa, the seccnd
pumber to the location in the .area and the third pumber to the sampla
depth. for example, 5-1-1 refers to Area S5, first location, surface
interval 0~6" where the third nurbers of 8 and 9 refer to composite
samples of 4 to 5’ and 5 to 6’ respectively. As in Arsa 1, the soil
sample locations in Areas 5, 6, and 7 representsd the range of extsrnal
gamma readings in each area. The mean value for all 29 samples collected
to a depth of 6§ fest in Area 5 was 9.84 : 28.27 pci/g. However, since the
top €~ of scll from Areas S, 6, and 7 were designated windblown tails
based an the 1387 survey and were rermoved to the tailings pond, evaluatica

10854 DIANE DR. GOLDEN, Co. 80403 (303) 642-7530

H 7/
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of the soll samples at depth below the surface 6" indicated a mean Ra-226
concentration of 2.3 &t 1.9 pci/g in Area 5.

In Area 6, there were alsoc 6§ samples which exceeded the above value
of 3.4 pci/g includirg 6-1-1, 6-1-3, 6-1-9, 6-3-1, 6-4-1, and 6-4-2. The
mean value for all 27 pamples collectsd to a depth of 6 feet in Area 6 was
6.1 ¢t 12.3 pci/g. As per above, excluding the samples in the top 6= of
soil, the mean Ra-226 concentration is 5.1 ¢ 12.4 pcisg. h

In Area 7, there were 7 samples which exceedad the above value of 3.4
pci/g including 7-1-%, 7-2-1, 7-3-1, ?-5-1, 7-6-1, and 7-6-5. The mean
value the 63 sarmples collected to a dapth of 6 feet in Area 7 was 3.1 %
7.1 pci/g. Aagain excluding tha sample values in the top 6~ of soil, the
mean Ra-226 concentration at depths greater than 6" is 1.4 &t 1.6 pci/g.

Evaluating all the soil data together, excluding the samples from 0-
6 which bave been removed as windblown tailings, the mean Ra-226
concentration is 2.5 t 6.3 pci/g based on 103 samples. The average Ra-226
concentration of 2.5 is 1.1 pci/g above the average background
concentration of 1.4 pci/g and is within the 95% confidence interval of
1.960 (1.6 pCi/g) associated with the background in Area 1. Purther, the
standard deviation of 6.3 pci/g, is within the regulation for surface
concentration for Ra-226 of 5 pCi/g above background or 6.4 pCci/g for the
S§plit Rock site. rinally, given that a total of 103 scil samples were
collectad below 6" and only 9 samples deeper than 6° had Ra-22§
concentrations in excess of the above value of background mean plus 30 of
3.4, 1t 18 likxely that the average Ra-226 concentration in soils in the
top 6 will be wall within EPA guidelines of an average of S pCi/g above
background in the top 6 (15 cm) and 15 pci/g above background in
succesaive 15 centimeter increments of depth there after.

I believe that the abcove svaluation accurately represents the Radium-
226 concentrations of soils to a depth of 6 feet in Areas 1, 5, 6, and 7.
The etatistical approach of including the standard deviation to a
confidence level of %9% (l0), given the large mixing which occurs during
earth moving, should closely approximate the final conditions. Possible
sources of the elevated Ra-226 concaentrations at depth include elevated

J
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naturally occurring radicactive matarials known toc be associatsd with the
Sweotwater area as well as windblown tailings and ore from uranium milling
cperatiocns. =vidence for all three sources exists in the data to depth in
Areas 5, 6, and ? with ratios of Uranium to Radium-226 ranging from 1.2 to
c.02.

If you have any guestiona, please do not hesitate to call.

Sincermly

o

yda W. Bersloff, Ph.D.

47
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ANALYSIS REPORT

Dec. 135+1587
Date Recs’'d 9/1B/87
7014

BATE

D

Inz

Nuclears

Western

COMPANY 3

OC. No.

W.

*

Samele Typed

113 From Sptit Rock Properties

# D~ 321&89

.

P.

picoCuries

Analysis in

Fer Gram except where Noted

Ra-2246

I.D. U—-Nat

No.

Ra-22&

U-Nat

I.D.

No.

2- B‘F-@.e '

4.2+—-1.2

1.3+-2.3

e o et

2.8+-a.2

1.7+-8.7
2.4+-8.9
4, 8+~1%

1-5-1
1-5-2

37
38

2.2+-0.4
T1.6+-B.3

= ——— et

TS+ SD. 9
1.7+-8.7
1.1+-B. 6
1.7+-Q.7
2.8+-D.%9

1.1+-2.3
1.6+~-3.3

1~5-3

39

1.5+-0.3

-~
- L

1-5-4

40
41

1.3+-08.3
1.7+-0.3
1.1+-00,2

1.4+-0.3

8.9+-2.1

3. 7+-2.95

1-5-3

5.1+-2. &

18.4+-2.3
5.5+-1.5

1-S5-&

42
43
44
45
4s
47
48
49
50

1.7+~-02.3

1~-5-7

1.14+-@.6
7.4+-1.5

1-1-7

1.5+~2.3
1.2+-3.3

1.

1.9+-2.6
1.3+-2.7

i-5-8
1-3-9
Z-1-1

1.2+-0.2
1.1+-2.2
1.31+-0.2

1.2+-Q.2

1-1-8
1-1-9
1-z-1

4.8+-1.2

2+-3.3
1.2+~8.3

2.8+-0.2
s -B.9+~8.2

2.9+-8.6

g+-2.8

-
-~

10
11

)

8.8+-0.5

2~1-2
2-1-3
2~1-4
2~1-5

1.14-8.6
1.7+-9.7

1-2-2

1.1+2.6

1.9+-2.2
1.38+-@.2
1.2+-D.2

e catman

A.8+-0.5

1.81-@.6
1.5+-8.7
G- 8’4‘_0.5

.

)

1.1+-0.3
1.1+~-0.3
2.8+~8.2
1 . Q*—m- :3/

1.7+-8.7
2.2+-0.8

1-2-5

3
14
15
16
17
10

2~-1-6

1-2-6 C.7+-2.2 St

1-2-7
1-2-8

1.1+-2.6
4.5+-1.2

2~1-7
2~-1-8

52
33
54

1.1+-0.3
1.8+-@.2

-
“ .

1.1+-2.6
3.6+-@.5

1.3+~2.3

1.0+-0. 8
1.2+-0.5

~1-9

™

1+-0.4
1.1+-2.3
1.8+-0.2
1.2+-0.3
1.8+-2.3
1.4+-Q.3

1.1+-2.6

1-2-9

3
N

S5

2+-90.8
2.2+-2.8

bl
-

1.2+-@.6
1.2+-2.6
e.9+-8.6

2-2-3
2-2-3
2-2-4

56
37
S8

3
3
3
3

1.1+-0.

1.7+-0.7
4.5+-1.2

1-3-3

21

g
2

1.6+~
1.1+~
1.1+-09,
1.0+-2.3

1-3-4
1-3-5
1-3-6

Q.8+-8.5

-3

2-2-&
2-2-7
2-2-8
2~2-9
z2~3-1

2-3-2
2-3-3

N

39

4.7r—-3.2

23
24

a.e+-0.5

&9
&t

2.2+-2. 4

3.9+-1.1

a.8+-3.5

1.3+-0.3

S.7+-1.4

1-3-7

25

1.1+-8.3
e.8+-2.2

2.8+-0.5

1.4+-0.3 &2

1-3-8 18.2+-2.3
3.0+-3.9

26
2?7

a.8+-a.5

&3
&4

1.8+-Q.2
1.2+-3.3

1-3-9

1-4-1

1.1+-3. 46
2.6+-a.5

2+-92.8

-
‘.

2B

&5
&6

1.8+-02.3

2.3+-2.8

1-4-2

29
32

1.6+-2.3

1.3+-Q4.7
R.9+-8B.4

1.1+-8.3
l1.2+-2.3

2.7+-92.8

1-4-3
1-4=4
1-4-5
1-4-6

1.9+-@.3

2-3-4
2-3-5

&7
&8

&9

2.5+-0.%

1.1+-8,3
'1¢ 7+"Q-3

e.9+-9.6

1.4+-0.3
Q.9+-0.2

zZ.8+-0.9

|
]

1.1+-8.6
2.8+-0.5
/

2-3-6
2~3-7

1.1+-8.46
1.H+-0.7

1.3+—0.7

33

1.0+-8.3
Q.9P+-3.2

72
71

B.8+-0.2

1-4-7

34

1.8+-8. 6
QA.8+-0.5

2-3-8
2-3-9

Q.8+-0.2

1-4-8

35

1.b+e®.3/

12.5+-2.5 1.8+-3.2 72

1-4-9

38
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COMPANY:

Sample Tyre:d

No. I.D.
73 2-4-1
74 22=4-2
75 2-4-33
76 2—4-4
77 2—4-5
78 2-4-6
79  2-5-1
2] 2~-5-2
1251 2-5-3
gz 2-5-4
83 2-5-5
84 2-5-6
15 2~-5-7
—Bs  2-3-8
87 ) 3I-1-1o0-
(3] 3—=1~-2 #
87 3-1-3
o2 3I-1-4
S1 . 3-§-4
92 3-1-6 -
93 3-1-7 -
4 3-1-8 .
S 3-2—-1
T I-2-2¢
97 3-2-3
Qe I=-2—4n
S J—-2-5
109 3-2-6
i@l 3I-2-7
102 3-2-8
183 3—-2-9
14 3-3-1
1@5 3-3-2
106 3-3-3
107 3--J— 4
108 3-3-5
107 3-3-6

L

P.

O.

.JUJOuu;tDJD

WAMCO LAB

Box 2953

Casper:y

ANALYSIS REPORT

Western Nuslear:s Inc

<

e

S

S»ils From

Split Roack Properties

UEL . feeda [ S R
Ar 7z
WY 8262
.DATE Dec. 1Ss+1587
Date Rec’d 9/18B/87
W. Q. No., 7014
P. O. # D— 301689

Araltyzis in picoCuries per Gram except where Noted

U—-Nat

a.7+-2.5
0.8+-02.5
1.8+-2.6&
3.3+-1.0
265.9+-4.8
212+-11

S.2+-1.2
5.0+-1,2
1.44-8.7
Z.0+—-0.8
1.1+-Q.6
1.4+-0.7
1.9+-2.7
12.1+-1.°9
123+-6.1

&4 B+~ 7
31.6+-3.1
35.9+-3.3

28.1+-2.9

T 21.4+-2,

192+-3.95
17.8+-2.3
L4.b+-1.2
Z2.9+-3.9
2.3+-2.8
2.3+-0.8
2.2+-0.8
1.9+-8.7
2.8+-0.8
1.74-83.7
2.3+-0.8
4% .9+-3.7
21.0+-2.5
16.§+—2.2
18.92+-Z.4
14,1+-2.1
L. 7+-1.4

Y

<

Ra-224& No.
A

@.7+-B.2\ 7110
P 9+-2.2 ) & 111
1.5+-@.3
2.9+-0.2 113
t.e+-2.3 .0l 114
32.7+-1.3 % 115
1.3+-@. 1146
1Ue+-8.3Y) | 117
8.9+-@.2 ($¥, 118
1.5+-8.3/ < 119
2.9+-3.2 120
B.7+-a.2} 121
1.8+-2.3" 122
P.3+—2.6 123
1.9+-@.4 " 124
B.9+-2.8™ 125
b.2+-8.7 126
7.5+-2.7( 3 127
7.8+-0.7\" £ 128
7.5+-8.7 k& 129
&.8+-0.7 130
7.4+-08.7 131
B.5+-0.3 132
1.1+-2.3 133
1.1+-3.3 134
1.4+-2.3{ = 135
1.1+-0.3} & 136
1.1+4-2.3}1 " 137
1.2+-2.3l0 138
1.2+-2.3, 139
1.0+-8.3; 140
18. 6+-1, 141
%.5+-0.6& 142
1.4+-3.3 143
@.3+-2.1 g& 144
B.9+-0.3 5 145
1.9+-2.3

¢rYYey
SRR
ONOCUVSIUNNDN

|
b

3-6-2

|
o
UL

SRR
(N
L |

| [
NIRRT
CVSUNSDDN

L!U(fb)u

)
®
|
>

U-Nat’ Ra~22&
4.84-1.1 1.5+-@.3
5.24+-1.2 2.8+-0.4
21.02+-2.5 16.4+-1.1
7.8+-1.9" U, B+-0. 5 ot
20.7+-2.5 22.7+-1.3 1.
&, B+~-1.3 6.9+-Q,7 1.7
3.4+-1.0 S.3+-8.6 ;4
4. 64+-1,2 1.5+-0,3 .~
8.0+-1.56 1.1+-0.3 iy
12.1+—1.9 1.2+-2.3 :
21.9+—2.5 2@.9+-2.2 ¥
115+-5,9 33, 4+— .
2744+—%. 1 38. 5+-

286 +-9.3 3.2+-0.5
228+-8.3 1.9+-@Q.3 [ |
3B1+-9.5 1.3+—2J3<ﬁ:
41b+-11 1.3+-2.3
S@2+-12 2.5+-8.3 )
139+-6.59 1.4+-0.3
17.4+-2.3 1.1+-2.3/
63.2+-4,4 47.1+-1.8
34.4+~3.2 47, S+=1,7
51.7+-3.9 14,1+-1.0
54.5+-4,0 28.5+-1.4
897.6+-5.1 16.4+~1.1
89.8+~5,2 13.7+-0.9
53.2+~3.9 15.9+-1.@
b4,.B+—4,9 11, 2+-2.8
TR.3+—4. & 14.9+-1.8"
48.8+-3.8 28.9+-1.3"
14.9+-1.8 18.3+-0.8 "
6. 6+~1.4 12.0+-0.8
L&.0+-4.5 20.7+-1.1
219+-7.9 29.5+-1.4
68.9+-4.5 23.6+-1.2/
47, 4+-3.8 23.2+-1.3



REM TZL No . 30380427530 Dec. 5.91 7:55 7.4 .
Al 7%
WAMCO LAB
O P. 0. Box 2953 — Casperyr WY 82832
ANALYSIS REPORT
COMPANYt Western Nuclears Inc DATE ' Dec. 15,1987
_ Date Rec 9/18/87
Sample Type! Soils From Splift Rock Froperties W. 9. No. 7214
P. O. # D- 301689
Analysis in piceoeCuries per Gram except where Notfted
No. 1.D. U-Nat Ra-2264 No. I.D. U~Nat Ra-226
146 3-8-2 15.5+-2.2 @.8+-2.2 183 4-3-3 25.8+-2.8 1.5+—a.$ﬂ\
147 3-8-3 19, 9+-1.8 1.2+-3.3 184 4~3-4 20.14-2.9 1.5+-0.3 /
148 3-2-4%4 23.8+-2.7 @.9+-0.3[ ¢ 1685 4-3-5 14.4+-2.1 2.1+-2.48 °
149 3-B-5 16, 4+-2.2 B.1+-03.1 ';5 186 4-3-6 14.64-2.1 1.8+-2.3 )
1s@ 3-8-& B8.6+1.6 Q.8+~8.2 187 4-3-7 6£.@+-1.3 C.8+-0.2
151 3-B-7 8.8+-1.6 2.8+~2.72 188 4-3-8 24—tTR --— o 1. 240, 37
132 3-8-8 .S5+—1.3 ®.8+-0.2 189 4-3-9 8+-1.7 20+2. £
153 3-8-9 15.8+-2.2 1.9+-8.37 _ 198 4-4-1" &17+= 103, 2%-2.7
154 3-9-1 181+=7. 4 142+-3.2 7 191 4-4-2 5, 1444-0.6 Ja.9+-1.5)"
155 3-9-2 44.5+-3.7 54a~3.2%"° 192 4—4-3;13 746+-15 45.3+-1. 85
156 3-9-3 &63.3+-4.3 7.5+~8.7) 193 4-4-4 | 718+—15 C24-2.3)
157 3-5-4 24,14-2.7 3.5+-8.5 194  4-4-5 L 5574013 5.2+-0.6
158 3-9-5 9.5+-1.7 2.2+-@. 4 . 195 4-4-6 7* 35.9+-3.3 1.2+-8.3 | °
159 3-9-6 6.8+-1.3 . 2+-2. 196 4-4-7 ° 16.6+-2.2 3.8+-0.5 |
O 168 3I-9-7 S.2+-1.2 x 3+-0. 3 197  4-4-8'. 2.7+-0.9 2.9+-8.2 )
- 161 3-9--8 48.8B+—3.8 1.8+~0.4 198 4-4-950 4.6+-1.2 2.9+~8.3 _
162 3-9-9 58.8+-4.2  1.3+-0. 199  4-5-1 18.8+-1.8 6.9+-0.7 1
16T D a-1-1 30.7+-3.2  7.3+-0.7 2@ 4-5-2 23.e+-2.6 19.5+~1.2°\
164 4-1-2 74.6+—4.7 Z.a+-0.4 201 4-5-3 12.3+-1.9 1.9+-@. 4
165 4-1-3 459+-11.7 1.3+—a.3 2202 4-5-4 B.8+-1.6 ' 3.2+-2.5{
166 4-1-4 P1.94-5.3 .@+~0.3 203 4-5-5 &.3+-1.4 1.3+-2.3] .
167 4-1-9 21.2+-2.5 1 8+~-0.3/ A ﬂa4 4-5—4 2.9+-0.9 1.1+~0.3( 5
168 4—-1-& 31.6+-3.1 1.0+-2.3 4-5-7 2.2+-0.8 1.3+-8.3 %
165 &4-1-7 25.5+-2.8 1.4+-8.3 2@6 4-5-8 2.4+4-8.9 2.14-8.4 | }
170 4—-1-8 34.4+-3.2 B.7+-2.2 Z@7 4-5-9 2.3+-@.8 e.8+-2.2
171 4—1-9 3.4@+1.03 1.6+-8.3 6E@§,7a —&=1 7.2+-1.5 ng+-e.§/
172 4-2-1 3.2+-1.@ 1.6+-2.3 299> S-1-1 3.3+-1.0 134+-4,
173 4-2-2 1831+-5.5 2. 9+-a. 218 5-2-1 2.28+-2.8 TEA-Q. 4
174  4=-2-3 70.3+-4.6 10.0+-0.8 211 5-2-2 2.2+-0.8 T.4+-2.3
175  4-2-4 D-1,2Z 1.6+-2.3 | , 212 5-2-3 1.9+4-0.7 1.4+-0.3
176 4-2-5 4.564-1.2 1.2+-0.3¢R | 213 S5-2-4 2.7+-0.9 1.2+-a.3 J &
177 4—-2-4 I.4+-1.2 1.5+-8.3 | A\> 214 5-2-5 2.6+-0.5 B.9+-2.2 )
178 4-2-7 12.1+4-1.9 1.2+-0.3 215 S-2-6 S.2+~1.2 1.2+-8.3 | _
179 4-2-8 15.5+—2.2 1.0+-2.2 216 5-2-7 2.6+-0.4 .1.3+~a.g/
1890 4-2-9 42.2+-3.5 2. 4+--0. 217 S-3-1 Q.46+-B. 4 3.3+-0.
—~2181  4-3-1 2167+-26 93+e-5.4 218 5-3-2 Q.6+-0. 4 3. 3+-0.4
182 4-3-2 33.0+-3.1 3.3+-8.5 219 S-3-3 1.0+-8.5 8.4+-B.€
) <
. W
l'/‘.' L'" .
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WAMCO -LAR

Box 2953 — Caspery WY 826Q2

0.

P.

ANALYSIS REPORT

Dec. 151987
Date Rec'd <9r18/87
7014

DATE

Inc

Nuclears

Western

COMPANY:

0. No.

Split Rock Proserties W.

Svils From

Sample Type:

# D— 301689

Q.

P.

picoCuries per Gram except where Notaed

im

Anralysis

Ra-226

No. I.D. U—-Nat

Ra-~-22

U-Nat

I.D.

Neo.

1.2+-2.3
1.1+-2. 3
1.1+-2.3

@.8+-0

2.3+-0.8
1.7+-0.7
2.3+-02.8

287 &-3-5
&-3-6
&-3-7

260 6-3-8

258
25°

Q.6+-2.2
1.0+-0.3
2.1+-2. 4

1.9+-2.7
1.3+-D.6
1.4+-Q0.7
2.7+-2.9

-
. -’

1.7+-0.7

1.4+-0.3

B.5+-3.2

1.1+-8.6&6

6~-3-9
6—4-1
6—4-2

261
262

1.6+-0.3

1.4+-Q.7
1.4+=-0.7

488+—-12

23.3+-1.3

-~

1 %+-2.7

16.4+-2,2

B.8+-02.2

4. 4+-2.5

1.7+-8.3

2.2+-2.8

&-4-3
&—4—4

263

&6E5,9+4-2.1
4.1+-C.5

F.P+=1.7

1.2+-2.3
1.3+-0.3
1.2+-8.3

1.9+-Q@.7
1.7+-8.7
1.9+-8.7

b-4-6
268 6-4-7

-,
-

264
&9

267

1.8+-28.3
1.6+-90.3
2.3+-0.4

4.3+-1.1
S.6+-1.3
J.7+-1.1

5—4-3
5—4-4

22

229

238 5-4-5
231

232

233 5-4-8

1.8+-8.3

6+-0.9
1.7+-90.7

-~
L.

4,0+-0.5

3.9+-5,1

S—4~6
S—4-7

1.6+-8.3
2.8+~
3S5.6+

« D+—-0. 5
1.5+-0.3
1.3*—0.3
1.1+-0.
1.2+-@.
2. 9+-C.

$.4+-0.7
192.5+-2. 4
2.2+-2.8
1.4+-Q.7

6—-4-8B

270 &—4-9
7-1-1

269
271

ZL.7+-D. 4.
&.1+-0.6
2.4+-Q.4%

J.9+-1.1
2.3+-0.8
6.94+—1.4

S-4-9
6—1-1

\\

o
272

12.8+-0.9.%

35
236
237
238

N

T-1~2
7-1-3

38.8+-3.4
2.9+-0.9

6—1-2
&6-1-3
6-1-4

2.2+-0.8

2

7-1~4
7-1-5

1.7+-2.7
2.0+-Q.8

TN
E—QO_a.z

8.7+-€

B.S&—G.
42.5+

2.8+-2.8
1.4+—0.7
1.4+-0.8
1.7+-2.7
1.7+-B8.7

7-1-6
7—-1-7
7-1-8
7-1-9

2 275
276
277
278
279
280 7-2-1

RS
X

a3
A
1.3+-8.3"

Z.0+-D. 4"

1.1+-8.3

1.3+—

3.0+-

1.6+-2,.7
1.6+-8. 6
2. 4+-0.9
1.9+4-@.7
1.1+-2. 6
21.8+-2.3

&—-1-6
&-3-7
&-1-8

W

2392 6-1-5
249
241
4

g

(NN¢

~/
Y

L o Y
! e

"

1.2+~
1.5+-8.3
Q.9+-0.3

13.2+-2.0

2.2+-2.8
1.7+-0.7

3.2+-1.@

7-2-2
7-2-3

283 7-2-4

291
282

373.2+-10. 6" 1.1+-0.3

1.9+-Q.7

45.5+-1.
2.3+-0.4

/

1.4+-Q.3
1.3+-2.3

244 6~-2-3

2.8+-2.2

2.4+-0.9

7-2-5
7-2-6
7-2=-7
7-2-8

284

285

1.7+-9.7
1.4+-0.7
1.9+-02.7

247  6~2—4
248 6-2-5
249 &-z-6

1.1+-0.3

1.7+-0.7
1.6+=0.7
1.7+-@.7
1.9+-8.7
7.8+-1.95

e.9+-2.2

0.8+-2.2

286

287

B.1+-0.1

Q. 7+-2.2

1.4+-0.3

2+-2.8

-
L.

6~2-7
6~2-8

252 &--2—-79

-~
-

259

~7 !ff}/

s

.3

1.3+-0

288 7-2-9

2.9+-20.3
=89

+-0. 8

-,
-

2.
2,0+-2.8

251

7-3-1

Ga.9+-2.3

13.9+-1.@
L 4+-2.7
1.1+4-2.3
1.0+-8.3

0

J.6+-1.9

290 7-3-2

53.9+-0.6

B.8+—1.6

&-3-1

zZ53

1.7+-0.7

7-3-3
7-3-4
7-3-5

291

2.9+-Q. 4

1.4+-0.7
1.7+-08.7

29z
=93

@.464+-02.2

1.7+-Q.4

1.3+-2.3

2.3+-0.8

256 6-~-3-4



5

4

b d
.
(o]
.=
-~
. L

A/7

Ra-226&
D.6+-0

1S,1987

sr18/87
8.9+-8.3
1.0+-3.3
3.3+-0.4
R.9+-0.2
1- 1""—0.3
Q. 7+--0.2
Q.7+~
2.8+-0Q
1.0+-0.2
Q.7+-92.2
4,2+-D.5

7014
381689

7:59 P.02
De’:c

Date Rec'd
# D-

No.
U-—-Nat

o.

o‘
1.7+-0.7

1.44+-8.7
5. 7+-1.3
1.9+-2.7
2. 7+-0.9
1.6+-0.7
1.64+-B8.7
2.34+--0.8
2.9+-02.86
2,.0+-90.8
2.2+-0.8
4,3+—-1.1
2.4+-0.9
1.1+-80.6

DATE

”.
P.

Dec.11.91
cept where Noted

>
~

WY 82602
e

-3
I.D.
7-7-7
7-7-9
8-1-1
8-1-2
B~1-3
8-1-5
B~1-6
8-1-8
8--1-9
343 8-2-1
8-2-2

@
332 7-7-8

1 LAE
Casper,
No.

“ 331
323
334
335
336
337 B-1—-4
338
33<
341
34z
344

&

l13

ki

DAY 348 8-1-7
R

k¥ Properti
12.2+-0.9°

WAMCH
A\‘ .

2
3
3
3

1.1+-0.
Q. ?+-0.

Inc

ANALYSIS REPORT

2753 -
1, 1+-0.
Q.7+-0.
1.2+-0.3
1.8+-3.3
1.6+-0.3
‘B.o+—0.2
1.4+-2.3
1.0+-0.3
B.84+-@.2
1.2+-90.3

9.5+--0.

Eo<
in picuCuries per Gram

P. 0.

Sonils From Split Ro
U—Nat
&3.+-1.4
2.4+-3.%
1.7+-0.7
z2.0+-Q.8
1.1+-2.6
1.9+-Q.7
Z2.08+-0.8
1.6+-2.7
3.4+-1.0@

Waestern Nizelears
Analysis

Tyre:
1.D.

7-4-3
744
7-4-5.
7~4=6&
7~4=7
7-4-8
7~4-9
7-5-1
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2.94-8.2.
9.&+-08.2
1.4+-0,3
2.5+-0.2
0.84+-0. %2
0.8+-2.2

1,1+-9.3

1.7+-0.7
1.7+~R.7
1.7+-0.7
2.4+-2. 9
1.7+-0,7
1.1+-8.6
1.6+-00.7

B-~4-1
8~4-2
363 8-4-3
8-4-4
a-4-5
8-4-&
8~4-7

361
362
364
365

.3}
2

1.0+-0.3
1.6+-0.3
1.1+-2
B.8+-0

1.3+-8.6
1.1+-0.6
1.4+4-8.7
1.1+-0.6
2.0+-2.8

7-6-9
7-7-1
7-7-2

327 7-7-3

3

329

7-7-4

324
325

28
333



23

8:00 P.

Dec.11,91

.3036C427530

L No

Tz

FEM

WAMCO LAB

Caspers WY B2602

Bo< 2933 -~

0.

P,

ANALYSIS REPORT

15,1987
?/18/87

7014
# D- 321689

Dec.

DATE
Date Rec'd

Nurlears Inc

Western

COMPANY:

0. No.
o.

W.
P.

=k Properties

Saeils From Split Ro.

Sample Typesd

picoCuries per Gram except where Noted

Analysis 1in

Ra=224

Na. I.D. U—-Nat

Ra -226

U—-Nat

I.D.

No.

a.9+-8.3

1.1+-Q.2
e.7+-8.2

485 8-8§-%9
486 GR-1-1 z.2+-2.8 ’

2.9+-G.2
8.3+-8.2

1- 1""'@-6
1.6+-0.7

2.8+-0.2
1.0+-2.2
1.1+-2.3
0.8+-8.2

1.3+-~0.3

2.9+-0.,8
1. 74+-8.7
1.7+--0.7
D.2+-0.5

1.7+-0.7
1.44+-0.7
1l.6+-0.7

8-3-5
£-5-¢&
8-5-7

374
375
374
377

1.2+-8.3

Q.7+-0.2

2.8+-0.2

1.14-0. &

B8--5-8
378 8-5-9

379 B8-6-1

1.1+-0.3
1.2+-0.3

@.6+-03.2

4+-Q.7
b} .4"'—0- 7

<
o=

1.1+-2.3
B.7+-0.2
1.2+-0.2
8.7+-0. 2

1.7+-@.7
D.7+-0.5
D 7+-&.5
1.1+-90,6
1.3+-0.6

384 B--6--6

B.9+-3.2

1.7+-0.7

8-6-7
386 B8--6-8

385

1.2+-@3.3

2.9+-2.5

2.46+-8.2

8.6
1.3+-2.6
2. 3*_0- 3

1o14-

8-6-%

387
Jeg 8-7-1

1.4+-9.3
1.0+-0.

<

8-7-2
a--7-3
8-7-4

392 8-7-5
393 8-7-6
3?4 8-7-7

8%

a.a8+-a.2
R.6+-0.2

B.4+—-0. 4

390
391

B.6+-0. 4

1 - ‘0""‘“-3
0.5+-0.2
8.6+-0.2

B.9+-3.5
Q.6+-D. 4
Q.4+-2.4

2.92+-B.2

1.6+-0.7
@.7+-2.5

8-7-8
396 8-7-9

395

Q.6+-0.2

0.92+-Q.2

1.1+-0.%6
1. 4'*-0- 7

a8-8-4
B--8-

40Q
41

1.0+-9.2
D.6+-QA.2

B.2+-G.2
1.1+-8.2
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Appendix B SMI 336
Section B.1 " October 1993
PMF Calculation

SURFACE WATER HYDROLOGY
PMF CALCULATION
WESTERN NUCLEAR, INC.

PURPOSE. The purpose of this calculation brief is to determine the probable maximum flood
(PMF) for the various drainage areas at Western Nuclear, Inc.’s (WNI’s) Split Rock Mill and
tailings site in Jeffrey City, Wyoming.

METHOD. PMF for each proposed surface water ditch was determined using the "HEC-1"
computer model, developed by the U.S. Army Corp of Engineers and coded by Haestad
Methods, Inc. The September, 1990, Version 4.0, as released of HEC-1 was used to develop
flood hydrographs for each drainage ditch reach. Basin characteristics used as input parameters
to HEC-1 were developed using the Soil Conservation Service (SCS) curve number method
described in Design of Small Dams, 1977, Bureau of Reclamation. The following describes the
procedures used:

(1) Determine the probable maximum precipitation (PMP) for the 1-hour storm event.
See Attachment B (page B-4%), calculation taken from Canonie TRP#4, Appendix B.

(2) Delineate the respective drainage basins for each surface water diversion ditch.
Figure B.1.1 indicates the location of each diversion ditch and the direction of flow in
each ditch. Drainage basins serving each reach are identified in Figure B.1.2, based on
the site topographic conditions. Existing contours in the tailings area were adjusted to
represent actual hydraulic conditions after reclamation.

(3) Determine the curve number (CN) for each type of material present, specially, the
granite outcrops, native site soil, and proposed tailings cover material.

(4) Determine the characteristics of each drainage basin, specifically:
A) Drainage Basin
B) Weighted curve number for each basin
C) Drainage basin characteristics: maximum relief, hydraulic length,
and mean elevation

(5) Determine lag time (tp)

(6) Determine rainfall duration
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(7) Determine rainfall sequence

(8) Use Hec-1 computer code to develop a hydrograph for each surface water
diversion ditch reach, and determine peak flow for use in design of ditches.

RESULTS. The calculated PMFs for the diversion ditch reaches are summarized in Table B.1.1
(page B-/3). Figure B.1.1 (page B-2%) shows diversion ditch alignment and reach locations.
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CALCULATIONS.

(1) Probable Maximum Precipitation (PMP):

PMP is 9.2 inches for a one hour storm event. The calculation brief for the PMP is in
Attachment C (page B-$¢) and is taken from Canonie TRP#4, Appendix B.

(2) Delineate Drainage Basins

Figure B.1.1 indicates the location of each surface water diversion ditch, and indicates
the respective reaches of each ditch where a distinction between reaches is made.
Direction of flow in each ditch is also found on Figure B.1.1. Figure B.1.2 indicates the
drainage basins which contribute runoff to each reach, based on the proposed final
grading plan. For clarity, a summary is provided on Table B.1.2 (page B-/4).

(3) Curve Numbers

The curve number for a watershed defines its runoff potential. The curve number is
based on soil and vegetation characteristics such as infiltration potential, land use, and
density of vegetation. For each soil type and vegetative cover in a particular drainage
area, a curve number is determined. A weighted curve number can then be determined
for the area contributing to each reach or ditch.

At the specific request of the Nuclear Regulatory Commission, (NRC), conservative
assumptions are made to account for high soil moisture content prior to the PMP. Per
NRC, for each soil type, curve number is selected at antecedent moisture content (AMC)
IIT as defined by Bureau of Reclamation’s Design of Small Dams, 1977, Table A-7, Page
543 (See attachment A, page B-2%).

Three soil types will occur at the tailings impoundment at the WNI site:
1) Granite Outcrops
2) Native Site Soil

3) Proposed Tailings Cover Material
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Soil Type I: Granite Outcrops

Description: Impervious materials, highly fractured with some shallow, loose soil
deposits and poor vegetation. By definition of the hydrologic soil group (listed below),
the granite outcrops may be classified as a Type D soil group.

Soil Type D: (High runoff potential). Soils having very slow infiltration rates when
thoroughly wetted and consisting mainly of clay soils with high swelling potential, soils
with permanent high water table, soils with claypan, or clay layer at or near the surface,
and shallow soils over nearly, impervious material. These soils have a very slow rate
of water transmission.

The general hydrologic condition for the granite outcrop is assumed to be pbor. The
land use is classified as "pasture or range" with "no mechanical treatment". Therefore,
the runoff curve number for the granite outcrop is estimated as 96 under AMC III.

Soil Type II: Native Soil

Fairly deep sandy soil with few sagebrush or other vegetation cover. The native soil is
ranked as type A soil group. General hydrologic condition for native soil is between
Poor and Fair condition. The poor condition is chosen for conservative estimation.
Land use and treatment was considered to be: "Range. contoured.”  Runoff curve
number for the native soil is 67 at AMC IIL. '

Soil Type III: Proposed Tailings Cover

Description: 6" of Soil/Rock Matrix, placed over 12" of clean sand. A Cody shale radon
barrier layer of varying thickness underlies the clean sand. The proposed cover is
classified as a type A soil group for this PMF calculation.

Soil Type A: (Low runoff potential). Soils having high infiltration rates even when

“thoroughly wetted and - consisting chiefly of deep, well to excessively drained sand or
gravels. These soils have a high rate of water transmission. Therefore, a curve number
of 89 at AMC III is used.

In Summary: The following curve numbers were determined using AMC III from
Design of Small Dams, 1977, Table A-7, (see Attachment A, page B-27).
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4)

Soil Type AMC IIr
Granite Outcrop 96
Native Site Soil 67

Proposed Tailings Cover 89

Basin Characteristics

(A) Determine Draining Areas: The area of each drainage basin (see Figure B.1.2) was
estimated using AutoCAD and are summarized in Table B.1.3 (page B-%").

(B) Using areas from above, and estimating proportions of granite, native soil, and
tailings cover material within each drainage basin, the weighted curve number for each
drainage basin can be calculated.

Table B.1.4 (page B-/7) indicates the proportions of each soil type within each drainage
area based on Figure B.1.2. Proportions were estimated by using Autocad. Based on
these proportions, a weighted curve number was determined for each drainage basin per
the following equation. Results are found on Table B.1.4.

FORMULA 1:

CN = (% Granite) (CN = 96) + (% Native Soil) (CN = 67)
Weighted Per ‘

Drainage Basin 4+ (% Tailings Cover) (CN = 89)

Table B.1.5 (page B-/%) indicates the critical physical parafneters for the drainage basins
serving each surface water diversion reach which will be used to define the lag time (tp)
in each reach.

For each surface water diversion reach the following parameters were determined as

follows:

A Total Area (in square miles): sum of drainage basin(s) area(s) serving each
ditch reach. ' '
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L Hydraulic Length Maximum Distance of Flow (feet): Longest flow path
within watershed serving ditch reach, i.e. the length from ditch reach
outlet to most distant ridge; determined from Figure B.1.2.

H Elevation Difference (Feet): difference in elevation between watershed
outlet and most distant ridge: determined from Figure B.1.2. (Excluding
Ditch Depth - thus conservative)

CN  Weighted Curve Number: Reprinted For Convenience from Table B.1.4.

(5)  Determine Lag Time (tp):

The lag time for each basin using the following equation:

(‘ o Lag time calculations:
o : . LO.S(S+ 1)0.7
7 1900y°%

. where
t, = lag time (hr.)
L = length to divide (ft.) (From Fig. B.1.1)
y = average watershed slope (%) -
S = (1000/CN)-10
CN = curve number

s =190 15.28
78
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(6) Determine Unit Rainfall Duration (D):

For the purpose of generating hydrographs for each reach a unit, rainfall duration of 2.5
minutes will be used as recommended by the NRC.

(7) Determine Rainfall Sequence:

Using a unit rainfall duration of 2.5 minutes, and Figure B.1.3 (page B->/), reprinted
from Hydrometeorological Report 55A, June, 1988) which shows percent PMP vs.
duration, the storm sequence is estimated for the area of the Jeffrey City facility. Note
that HMR-55A is specific to the area between the continental divide and 103rd meridian.
The storm sequence is given in Table B.1.6 (page B-=/).

Note that NRC has requested that the rainfall sequence be reorganized to account for
"worst case" probable maximum flood. Essentially, PMF is increased and diversion
ditch design is more conservative when highest rainfall values for a given 2.5 minute
duration occur near the middle of the design storm event (in this case, a one-hour event
is being used). Figure B.1.4 (page B-27) shows how he rainfall distribution looks when
reorganized to simulate "worst case”.

From Figure B.1.4, a reorganized rainfall sequence is derived, and cumulative rainfall
calculated (as needed for HEC-1 input). This is presented in table B.1.7.

(8) Determine Peak Flow (PMF) For Each Diversion Ditch Reach:

Enclosed in Attachment C (page B-54) are the input file and hydrographs generated for
each reach using HEC-1 computer model, Table B.1.5, and rainfall sequence in Table
B.1.7. Results are summarized in Table B.1.1 (page B-/3).
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Table B.1.1
Summary of PMF Calculations

Diversion Ditch Reach # PMF
North Transition 1112
North Reach 1 1645
North Reach 2 1954
North Reach 3 246l8
North Reach 4 2539
North Reach S 4217
North Reach 6 4618
North Reach 7 (Discharge) 4985
Swale Reach 1 590
Swale Reach 2 1601
Swale Reach 3 1736
North Central Reach 1 327
North Central Reach 2 471
North Central Reach 3 (Discharge) 960
South Central Reach 1 799
South Central Reach 2 (Discharge) 1609
South Transition 24
South Reach 1 864
South Reach 2 2052
South Reach 3 3171
South Reach 4 4654
South Reach 5 (Discharge) 4896
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Table B.1.2
Summary of Contributing Drainage Basins

Diversion Ditch Reach # Contributing Drainage Basin(s)

North Transition G,, G,

North Reach 1 G,G,,G,

North Reach 2 F,F,,G,G,,G,

North Reach 3 EE, F,F,G,G,.G,

North Reach 4 D,D,,E,E,FF,,G,G,G,

North Reach 5 c,c,,D,D,,EE, FF,G,G,G,,
R,R,,S,8,,T,T,,T,

North Reach 6 B,B,,C,C,,D,D,,E,E,F,F,G,G,,
G;,R,R,,S,8,,T,T,,T,

North Reach 7 (Discharge) A,A,B,B,,C,C,,D,D,,E,E,,F,F,,G,

GUGZ)R:RUS:SI)T;TUTI

Swale Reach 1 T,T,
Swale Reach 2 S,S,,T.T,
Swale Reach 3 R,R,,S,8,,T,T,, T,
North Central Reach P,P,.P,
1
North Central Reach 2 0,0,,P,P,,P,

North Central Reach

3 (Discharge)

M,M,,0,0,,P,P,,P,

South Central Reach 1 Q,Q,,Q;

South Central Reach 2 (Discharge) N,N;,Q,Q,,Q,

South Transition H,

South Reach 1 H.H, H,

South Reach 2 LI, ,H,H H,

South Reach 3 J,1,LL

South Reach 4 KK, J.J,,LI,H,H, H,
South Reach S (Discharge) L,L,,KK,,J,J,,LI,,H.H,,H,
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Table B.1.3
Summary of Drainage Basin Areas
DRAINAGE TOTAL
BASIN AREA
ACRES |

A 21.5
A, 0.8

B 26.4
B, 1.3

C 3.9
C, 1.3

D 3.2
D, 1.7

E 324
E, 1.4

F 47.7
F, 1. 2.8

G 78.9
G, 3.4
G, 35.0
H 24.4
H, 1.2
H, : 0.7

I 41.2
I, 1.1

J 37.9
5 5.6
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Table B.1.4

Proportions of Each Soil Type Within Each Drainage Area
And Drainage Basin Weighted Curve Number

DRAINAGE | TOTAL GRANITE NATIVE TAILING WEIGHTED
BASIN AREA AREA - AREA 'COVER CN
ACRES | FRACTION FRACTION ' AREA

(CN=96) (CN=67) FRACTION
(CN=89)
A 21.5 0.52 0.48 ~0.00 82
A 0.8 0.00 0.00 1.00 89
B 26.4 0.20 0.80 " 0.00 73
B, 1.3 0.00 0.00 1.0 89
c 3.9 ©0.00 1.00 0.00 67
C, 1.3 000 0.00 1,00 89
D 3.2 0.00 .00 0.00 67
D, 1.7 ©0.00 0.00 1.00 89
E 32.4 0.61 ° 0.39 0.00 85
E, 1.4 0.00 0.00 1.0 89
F 47.7 0.26 0.74 0.00 74
F, 2.8 0.00 0.00 1.00 89
G - 78.9 0.61 - 0.39 0.00 85
G, 3.4 0.40 0.16 0.44 . 88
G, 35.0 1.00 0.00 0.00 . 9%
H 24.4 091 | 009 ©0.00 94
H, 12 0.00 0.00 1.00 89
H, 0.7 0.66 0.34 0.00 86
I 41.2 0.87 0.13 0.00 92
I, 1.1 0.00 0.00 1.00 89
J 37.9 0.59 0.41 0.00 84
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Table B.l.4 (cont,)

DRAINAGE | TOTAL GRANITE NATIVE TAILING WEIGHTED
BASIN AREA AREA AREA COVER CN
ACRES FRACTION FRACTION AREA

(CN=96) (CN=6T7) FRACTION
(CN=89)
L—-— ‘ =
3, 5.6 0.00 0.00 1.00 89
K 65.0 0.87 - 0.13 0.00 92
K, 2.6 0.00 0.00 1.00 89
L 15.6 0.00 1.00 0.00 67
L, 2.5 0.00 0.00 1.00 89
M 21.0 0.70 0.30 0.00 87
M, 0.5 0.00 0.00 1.00 89
N 42.3 0.40 0.60 0.00 79
N, 0.8 0.00 0.00 1.00 89
o 5.4 0.47 0.53 0.00 81
o, 0.7 0.00 0.00 1.00 89
P 1.7 0.06 0.94 0.00 69
P, 9.7 0.00 0.00 1.00 89
P, 0.3 0.00 0.00 1.00 89
Q 15.4 037 0.63 0.00 78
Q 20.6 0.00 0.00 1.00 89
Q, 7.3 0.34 0.58 0.08 79
R 7.9 0.00 0.00 1.00 89
R, 1.9 0.00 0.00 1.00 89
s 46.6 0.00 0.00 1.00 89
S, 19.2 0.00 0.00 1.00 89
T 9.8 0.00 0.00 1.00 89
T, 28.7 0.00 0.00 1.00 89
T, 1.0 0.00 0.00 1.00 89
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Table B.1.5

Surface Water Diversion Ditch Reach Parameters
For Use In HEC-1 Computer Model

DIVERSION Horizontal - Elevation Hydraulic Slope WEIGHTED Lag

DITCH BASIN Area Length Difference Length (%) CN Time

TITLE (mi?%) (ft) (ft) (ft) thrs)

NORTH (Before G, 0.055 2193 345 2220 15.7 96 0.081
Junction With j -

Swale) G 0.124 3797 339 3812 8.9 85 0.263

G, 0.005 666 120 677 18.0 88 0.042

F 0.075 3414 280 342 8.2 74 0.355

F, 0.004 84 S 15 85 17.9 89 0.008

E 0.051% 1695 260 1715 15.3 85 0.106

E,' 0.002 338 15 338 4.4 89 0.046

D 0.005 738 60 740 8.1 67 0.127

D, 0.003 514 40 516 7.8 89 0.049

SWALE T, 0.002 34 10 342 2.9 89 0.058

T 0.015 956 12 956 1.3 89 0.200

T, 0.039 1439 23 1439 1.6 89 0.246

S 0.073 1450 23 1450 1.6 89 0.248

S, 0.030 747 23 747 3.1 -89 0.105

R 0.012 1328 40 1329 3.0 89 0.168

R, 0.003 538 35 539 6.5 89 0.056

NORTH (After C 0.006 772 60 774 7.8 67 0.134

Junction With

Swale) c, 0.002 433 15 433 3.5 89 0.064

B 0.041 1945 326 1972 16.8 73 0.164

B, 0.002 115 12 116 " 10.4 89 0.013

A 0.035 2415 290 2432 12.0 82 0.175

A, 0.001 114 12 115 10.5 89 0.013
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Table B.1.5 (cont,)

DIVERSION Horizontal Elevation Hydraulic Stope WEIGHTED Lag

_DITCH BASIN Ar_eza Length Difference Length %) CN Time

TITLE (mi®) (ft) (ft) (ft) Chrs)

SOUTH H, 0.001 396 160 427 40.4 86 0.021

H 0.038 1300 330 1341 25.4 94 0.047

H, 0.002 66 10 67 15.2 89 0.007

! 0.064 1443 340 1483 23.6 92 0.058

1, 0.002 66 10 67 15.2 89 0.007

J 0.059 1574 360 1615 22.9 84 0.086

J, 0.009 467 10 467 2.1 89 0.086

K 0.102 2762 320 2780 11.6 |~ 92 0.136

K, 0.004 169 10 169 5.9 89 0.023

L 0.024 1071 125 1078 11.7 67 0.143

L, 0.004 176 10 176 5.7 89 0.024

NORTH CENTRAL p 0.003 500 40 502 8.0 69 0.089
P, 0.019 | ' 1300 330 1341 25.4 89 0.058 ’

P, 0.000 66 10 67 15.2 89 0.007

0 0.008 470 120 485 25.5 | 81 0.034

o, 0.001 65 10 66 15.4 89 0.007

M 0.033 1627 190 1638 11.7 87 0.109

M, 0.001 51 10 52 19.6 89 0.005

SOUTH CENTRAL a, 0.002 48 8 49 16.7 79 0.007

Q, 0.032 1491 125 1496 8.4 89 0.111

Q 0.024 896 45 897 5.0 78 0.138

N 0.066 1646 200 1658 12.2 79 0.141

N, 0.001 54 10 55 18.5 89 0.005
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Table B.1.6
Storm Sequence

Time % Of Time % Of Time % Of
Elapsed PMP Elapsed PMP Elapsed PMP
(Min.) (Min.)
2.5 23 22.5 80.5 42.5 93
5.0 37 25.0 82.5 45.0 94"
7.5 48 27.5 84.5 475 | 95
10.0 56 30.0 86(") 50.0 96
12.5 62.5 32.5 87.5 52.5 97
15.0 68(%) 35.0 89 55.0 98
4 17.5 73 37.5 90.5 57.5 99
@
‘ 20.0 717.5 40.0 92.0 60.0 100(Y)

(") If marked, taken from Table 12.4, HMR-55A, Page 200. If not marked, interpolated

from Figure 12.10, HMR-55A, pg. 200
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, Table B.1.7
Reorganized Rainfall Sequence and Cumulative Rainfall
Time Elapsed Cumulative Cumulative Time Elapsed Cumulative Cumulative
(Min.) % PMP Rainfall (in.) (Min.) % PMP Rainfall (in)
2.5 1.0 0.09 325 65.5 6.03
5.0 2.0 0.18 35.0 76.5 7.04
7.5 3.0 0.28 37.5 83.0 7.64
10.0 4.0 0.37 40.0 88.0 8.10
12.5 55 0.51 42.5 91.0 8.37
15.0 7.0 0.64 45.0 93.0 8.56
17.5 8.5 0.78 47.5 94.5 8.69
20.0 10.5 0.97 50.0 96.0 8.83
22.5 15.0 1.38 52.5 97.0 8.92
25.0 20.5 1.89 55.0 98.0 9.02
27.5 28.5 2.62 57.5 99.0 9.11
30.0 42.5 3.91 60.0 100.0 9.20
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CHAPTER 7. HYDROLOGIC SOIL GROUPS

This chapter gives definitions of four soil groups that are used in
determining hydroclogic soil-cover complexes (chap. 9); which are used
in a method for estimating runoff from rainfall (chap. 10). A table
gives the group-classifications of more than 4,000 soils in the
United States and Puerto Rico. Methods of making and using the clas-
sifications are briefly discussed.

Watershed-Soils Classification

Soil properties influence the process of generation of runoff from
rainfall and they must be considered, even if only indirectly, in
methods of runoff estimation. When runcoff from individual storms

is the major concern, as in flood prevention work, the properties
can be represented by a hydrologic parameter: the minimum rate of
infiltration obtained for a bare soil after prolonged wetting. The
influences of both the surface and the horizons of a soil are there-
by included. The influence of ground cover is treated independently,
as discussed in chapters 8, 9, and 10.

The parameter, which indicates the runoff potential of a soil, is
the qualitative basis of the classification in this chapter of all
soils into four groups. The classification is broad but the groups
can be divided into subgroups, as shown in example 7.1, whenever
such a refinement is justified. Chapter 9 describes how the groups
are given gquantitative significance in the runoff-estimation method
of chapter 10.

- DEFINITIONS

In the definitions to follow, the infiltration rate is the rate at
which water enters the soil at the surface and which is controlled
by surface conditicns, and the transmission rate is the rate at
which the water moves in the soil and which is controlled by the
horizons. The hydroleogic soil groups, as defined by SCS soil sci-
entists, are:
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A. (Low runoff potential). Soils having high infiltration
rates even when thoroughly wetted and consisting chiefly of
deep, well to excessively drained sands or gravels. These soils
have a high rate of water transmission.

B. Soils having moderate infiltration rates when thoroughly
wetted and consisting chiefly of moderately deep to deep, moder-
ately well to well drained soils with moderately fine to moderately
coarse textures. - These soils have a moderate rate of water trans-
mission.

C. Soils having slow infiltration rates when thoroughly wetted
and consisting chiefly of soils with a layer that impedes down-
ward movement of water, or soils with moderately fine to fine tex-
ture. These soils have a slow rate of water transmission.

D. (High runoff potential). Soils having very slow infiltration
rates when thoroughly wetted and consisting chiefly of clay soils
with a high swelling potential, soils with a permanent high water
table, soils with a claypan or clay layer at or near the surface,
and shallow soils over nearly impervious material. These soils
have a very slow rate of water transmission.

The Soil List

The list at the end of this chapter contains the names of more than
4,000 soils in the United States and Puerto Rico. The capital letter
following a name designates the hydrologic soil group classification.

The original classifications were based on the use of rainfall-runoff
data from small watersheds or infiltrometer plots, but the majority
are based on the Judgments of soil scientists and correlators who used
physical properties of the soil in making their decisions. They clas- '
sified a soil in a particular group by comparing its profile with
profiles of soils already classified. They assumed that the soil
surfaces were bare, maximum swelling had taken place, and rainfall
rates exceeded surface intake rates. Thus, most of the classifica-
tions are based on the premise that similar soils (similar in depth,
crganic-matter content, structure, and degree of swelling when satu-
rated) will respond in an essentially similar manner during a rain-
storm having excessive intensities.

The classification of a soll in the list can be checked by using the
procedure of example S5.4. The soil in question must be the only one
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The SCS mathog of estimating direct runoff from storm rainfall ‘s
based on metnods develioced By 3CS hydrolegists in the last three
decaces, and it 1s in effect a consolfdation of these earifer metn-
ods. The nhyarclogic orincipies of the metnod are not new, but

chey are out %23 new uyses. Jecause most SCS worx 1S with ungaged
watarsneas (not gagea for runoff) the metnod was made 0 De usaple
with rainfall ang watersned data tnat are orgdinarily available or
easily obtainadle for sucn watersneds.

The principal aopiication of the mathed is in estimating quantities

of runoff in floog hyerographs or in relation to floocd peak ratas.

These quantitiss consist of one or more types of runoff. An uncer-
standing of tEe types is necessary t8 aoply tSe mothod orcperly in
‘different climatic regions. The classification of types used in

this hanabook 1S based on the time fram the beginning of a storm o

the time of the appearance of a type in the hyarogrzpn. Four types ‘
are distinquisnea:

Channel r-maff accuyrs when rain falls on a floewing stream or

sr ts moervigus surfices cf 3 streamrlow-measuring installatien.
.. accears in the hydrograpn at I=® stars ST tne $I3M 3ing cIne
tinues throughout i, varying with tne rainfall intansity. (%
is generally a negligible quantity in fleod hydrograpns, ind

no atzention is given to it except in special stuaies.

syrface runoff cccurs only when the rainfgll rate is greater

than tne 1nfiitration rats. The runoff flows on the watarsned
surface to the point of reference. This type appears in the
nydrograph aftar the initial demands of intarception, {nfiltraticn,
and surfacs storaga nave deen satisfied. [% varies during the
storm and ends during or scon aftar it. Surface runcff flowing
down dry channels of watearsneds in arid, semiarid, or suthumid
climates is reducad by transmission losses, wnich may be large
encugn s eliminate Zne rynoff encirely.

*Soil Conservation Service. 1972. SCS Natianal Engineering Handback.
Section 4. Hydrology. U.S. Jeparument of Agriculture, sasningtan, ...
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Subsuyrsacs “'aw ocsurs wnen infiltratasd rainfall =eers in
ungergrayng 22ne QF low transmission, traveis ipove tne zome
%3 tne sotrl surfacs a2ownnill, ana aonears is 2 seeo Or saring.
This 2voe 15 3ften cailed “Iuick return Fiow’ Secause <
i0gears 7 %ne Ayarogragn Qquring or soon afar cne sISro.

3ase flow accyrs wnen there is a fairly staady flow frem
natuyrai sidrage. “he flcw comes from ]akes or swamps, =&
from an aguifer replenishea by infiltratad rainfail or
surrace runoff, or from “bank storade”, w~nhich is supglied
Jy infiltration inta cnannei banks is the stream water iavei
rises and wnicn drains bdacx into the stream as the watar
level fails, This type seidom aooears soon enouan after a
storm to have any influence on the rates of tne nydrograon
for tnat storm, cut case flow from a r-evious storm will
increase the rates. 3ase flow must be taken into account
in tne cesian of the principal spillway - a floogwatar-
retarqing strugture,

A1l types do not regulariy appear on all watsarsneds. Climata
is one indicator of the prodadbility of the types. [n arid
regions the flow on smaller watgrsheds is neariy always
surfacg runoff, bBut in humid regions it i{s generaily more of
the subsurtace type. Sut 2 long succassion of sctorms progucas
subsurface or base flow even in dry climates althouan the
procapility of this occurring is less in dry cli—atas than in
wet climates. :

Tn €ln2a kudrgloqy it is customary t2 deal seocarately with hase
i “smne ajil sIey Iymes CttI ItcotoT oo fF, et

CoNs1sts or .-annel runorf, surtace runoff, ang su..urrace

fiow in unknow oropgrtions. The SCS mathod estimatas direct

runoff, but thz -roportions of surface runoff ang sucsurfacs

flow (channel r. -ff {s iqnored) can be appraised by ~eans of

the runoff curve moer (CN), wnich is another indica. - of

the propability c- ‘low types: the larger the CN the more

likely that the est —1te is of surface runoff,
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THE RAINFALL-IUNQFF RELATICON

The mest janeraily available rainfall data in the Unfted States
ire the amounts Teasureq at ncnrecording rain gages, and 1T was
f3r tne uyse of sucn data or their equivaient that <ne rainfall.
runof¥ relation was cevelocoea. The data are totals for one or
more sStorms oczurring in a calenagar day, and notning is known
about :tne time aistributions. The relation therefore excluces
time as an explicit variaple: :nis means that rainfall intensity
is ignoreaq. »

[f records of natural rainfall and runoff for a large storm over

a small area are useqa, a plotting of accumulatad runoff versus
accumulated rainfall will show that runoff starts aftar some rain
accumulatas (there is an “initial abstracttion* or rainfall) and
that the couble-mass line curves, becoming asymptotic to 3 straight
line nas a 45-degree slcoe. The reiation between rainfall and run-
off can be davelopea from this plotting, but a bettar understanding
of the relation {s had by first studying a storm in which rainfall
and runoff begin simultaneously (the fnitial abstraction does nct
gccyr). For the simoler storm the relation between rainfall, run
off, and retention (the rain not converted tg runoff) at any point
on the massS curve can be expraessad as:

<+ (1)
where |
F = actual retenticon
$' = potantial maximum recention (S'> F)
Q = actual runeff
P = potantial maximum runoff (P>Q)

gquation 1 applies to on-site runoff; for large watersneds there is a
lag in the appearanca of the ryngff at tne stream gage, and the doubie-
mass curve produces a different relation. B8ut if storm totals for P
and Q are used equation 1 does apply even for large watersneds Decause
the effects of the lag are removed. :

The parameczsr §' fn equation 1 does not cantain the fnitial abstrac"cn
and differs from tne parameter S to be uysed later. The retention 3
is a censtant for a particular storm because it is the maximum that can



oceydr under <tg ex1s°‘n; cenaitions of tha starm continues withaue
limit. The recsntidn F varies fecause 1% is trne giffersncs actween
7 ang J at any pgeint 2n the mass curve, ar:

4

F-P..] . \2)
Equation 1 can snarefore de rewritesn:

22 .2 )
Selving for Q procucas the equation:
gl
Q= T (4)

which is a rainfall-runcff relation in wnich the inftial abstracticn
is ignored.

The initial abstracticon is brought into the relation by subtracting it
from the ratnfall. The equivalent of equation | Secomes:

Fo. _a |
3 vl (3)

where [ {s the initial abstraction, F ¢ S, and Q < (P - Ia)' The
parametir S includes I ; that is, § = §' + I

Equaticn 2 hecomes:

equation 3 beccmes:

and equation 4 becomes:

(P -1 )

q (F-Lys-: &)

which 1s the rainfall-runcff relation with the inittal abstracticn
taken into accaunt.



The infttal apstraction c:nsi;;s_mainiy of fncarceotion, infiltragicn,
ang surfacs s:torage, ai1 of wnicn ocsur 2sfore runc?f b8ings. The

~ insert on Figure | snows tne position of [  in a typical stsrm. <5 -

-~emove tna necessity for estimating these fariacles in equaticn 3,
tne reiacicn catween [ anag S {wnicn incluces [ ) was deveioceaq 3y
means of rainfall 4na iunoff data from experimedAtal smail watarsneas.
The empirical relationsnip is:

Ia = 0.2°8 ‘3)

Substituting 9 in 8 gives:

ey

2
L9 -0.258)
Q 7+ u.89 i ' (1e)

Squation 10 {s the riinfall-runoff relation used in the SCS metnod of
estimating direct runorf from storm rainfall where the units generaily
used are '

7 = storm runoff in inches
P * storm rainfall in inches

S = pountialln'tuimm retantion in inches .

CURYE NUMBERS

The_notnnttal maximum retention S s related to a curve numper (CN) By tna
empirical expression .

- 'CC0 .
CN = o+3 an

Curve numbers are dependent con

- Soil type

- General hydrslogic condition of watarsned
- Lang yse and treatment or practics

- Antacscent moisture condition (AMC)

Curve numbers for various hydrologic soil-cover complexes were obtaineg
from an analysis of the nistorical records of many watarsneds. First,
the antecegent mgisture condition was grouped into three levels accarging
to the total amount of rainfall in a S-day period preceging a stcrm (see
Table 1) Then, relationsnips were obtained between rainrfall ana runoff
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“gr a variety om on-s1%2 watersneg carametars., Jesyits are spocwn n
“able 2 for AMC I, :ne average antececent moisture cCongilion. The

531l types are qescrited in Tabie ] ~nhile Table 4 oresents 3 gescrigo=:en
s¥ wme nyaergicgic czngiticn for qifferent lang yses.

Table 1. -« inteceaent Toisturs conaitions “ar
estiming ryneff curve numpers

Antacegent ?E1sture wanaiticn Rain 10 oreyious s =ays
AMC)

Lass znan 0.50 incnes
3.50 to 1.50 incnes
More than 1.50 incnes

r-4 oo
o re o

-l

Table 5 relatas tre runoff curve number (CN) for wet (AMC III) ana dry
(AMC [) antaceaent moisture conditions tc the CN for AMC [I.

Table 2 was develoced primarily for humid and sub humid watersneds. For
forest-range corplexes in the more arid westerm Unitad States, Fig. |

is preferred to estimate runoff curve numpers for variocus sail types

and ground cover densities.

Table 3. -- Soil groups for estimating runoff curve numbers

Seil Group: ' Dascription of soil cnaracteristics |

A Sotis naving very iow runoTT Zotenciai. or
example, deep sands with very litecle silt or clay.

8 Light soils and/or wall structured soils having
above-average infiltration when thorougnly wettad.
For example, 1ight sandy loams, silty loams.

¢ Medium soils and shallow soils having below-
average infiltration wnen thorougnly wetzza.
For example, clay loams. -

9 Soils having high runoff potential. For examole,
heavy soils, gparttcularly clays of hign sweiiing
capacigy, and very shallow soils undgeriain Jy
dense clay norizons.
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.= haraczerizatisn oF hyarcicgic I:ngic

Lang Usa

Hygarsicgie csnaitien

Hative pastures

Timberea areas

" [mproved oermanent

pastures

Actation pastures

Creps

Pasture in peor zsndition is soarse, neavily
grazeq castuyre with less tnan nalf cnhe cosal
watarsneq area under plant cover. Pasturs in
fair caonaition is mocerately grazed ang with
between half and three-gquartars of the catchment
under tlant cover, FPasture in good conaiticn 1s
lightly grazed and with more than tnree-quartars
of the catcnment area ynder plant caver.

Poor areas are spcarsely timbered and heavily
grazeq with no undergrewth. Fair areas are
moderataly grazsd, with some undergrowth. Good
areas are densely timbered and ungrazea. with
consideracie uncergrowetn.

Densely sown permznent lequma castures subject
to carefyl grazing management are ccnsicsreq 3
be in good hyarologic canaition.

Cense, wnderately grazed pastures usad as sars-
of a well planned, crog-pasture-fallow rocazicn
are ccnsidarsa T2 2s in g92ge Ayarsiogie sInaltiem,

Searse, cvergrazz: or 'csgorIunityt sastures irs
considered t3 be in pogr condition,

Good hydralaegic condition refers 23 craps wnich
form part of a well-plannes and managea crep-
pasture-faliow rotation. Poor hyarsicgic
congition refers %0 crops managed accsraing T2
a simple crop fallow rotation.
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A grapnical solutien t2 the runoff equation (10) is snown fn Fig, 2,

SYNTHETIC HYOROGRAPH

Aftar tne runoff volume nas besn estimatad, the next stap 1S T8 distribyce
this quantity in time. This is done by developing a synthetic Nydrogrags,
Using the scnematic regresentation of tha nydregrapn shown in Fig. 3,
var;o?? reiationsnips dDetween tne hydrograpn campenents can be determineg
as follows: , .

a.T e T

- - 3t | (1
frem wnich
« 29
Latting Tr = 4T _, whare ¥ 1s a constant t3 be detarmined for 2 particular
watarsned '
- 20
BT, e

Converting frem inches per haur ta cubic faet per second by introducing
the arainage arsg A iR square miles (1 fnch per nour. = 645.3 cfs per
square mile) gives the peak rats as

. _1730.6 A O
p REIRA

o~
—a
B
—~—

q

Analyses by tha SCS hava resultad {n their adopticn of H = 1.67 as 2
general average value for ungaged watarsneds. Thus, the equation far

the peak rata is expressad as
s LG‘T_A_O_. ’ (1:)
p

%

From Fig. 3, 1t can be seen that

= 16
Tp 0.50 + TI (16)
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HYDROLOGY: SOLUTION OF RUNOFF EQUATION a-5:% ﬁ"

DIRECT RUNOFF (0Q) IN INCHES
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wnere Q = ayraticn of excess r2infall s¥lan taken t0 Ce, 35 & Firss
agorcximacicn, sIisrm quraticn

TLt zimm lag canstant senerally zaken t2 te tne time from tne
canter Of mass excess rainfall =3 tne peak flcw

A study of many hydregrapns has led to tne empirical relaticnsnio fzr
time lag, nameiy

-
~4

L = Q.ETC

where T_ 1s the time of concentration for a watershed, or the time i3
takes r@noff 3 travel from tne hydraulically most distant part of tre
storm area to the watersned cutlet. [n hydrograpn analysis, T_ {s tne
time from the end of excassive rainfall to the point on the fa?11nq link
of the hydrograpn (inflection oeint) where tne recession curve begins,

_ TC may be estimated by the following formyla:

—

) .15 -
¢ 7,7004"8
N — I

where Tc = time of concancragien in hours

L = length of the watershcd along the mainstream
from the outlet 2o the most distant ridga 1n
fagt .

H = 2he diffarence in elevation betwesn the watersned
outlet and the most distant ridge in feet

A solution ts eguaticn I3 is presentad in tne ncmograpn snown in Fig. 4.

substituting equations 16 and 17 into equation 15 resuylts in the following
expression for estimating peak runof{ ratas for ungaged watersneds:

Q. * 434 AQ
p Q.30 * U.ST&

where q. = peak runoff rate in cfs

P
A = drainaqe area in square miles
Q = runoff volume in inches
0 = duration of axcess rainfall in hours

T. = time of concentration in hours
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immanng daqumrau Runorf fram 3aii ana Caver Qarg

AHC-{I.—=The average cass for ennuai doods.
zhat i3, an avarage of the cOnQINONS wnich have
nreceqed the occurrence of the maximum an-
nual food on numercus watarsneds.

AMC-1I1.—Vhen neavy rainrail or tight rain-
{ail ana iow tsmperatures nave occurrea qunng
the 3 days preavious to the fiven Storm. ana the
301 i3 nearty saturateq.

The numpers on tadles A-2. A-3. A— and

BYS .

=3y ce converted 0 a diTarsnr anczecec
Toisture conaition ay the use of canle A
Tar example. the comounan 1n taocie &
Zive an AMC-[I zumper of T3, Tze cor

iponding curve numzer lor AMC.D ang AM!
‘Il can be obtained from coium=ss 2 anag 2
sabie A-7. The curve numsers Iir AMC
anga AMC-III are 34 and 37. respecmiveiv.

10) Thunderstorm Rainrail.——cstimares o
direct runof from thuacersterm so:infail an
=ore dificuir than Jor genera: storm rainiz
zecause dawx for thunagerstorm-caused foocas
are meager, Type and density of vageraw<e
cover an a watarshed. is weil a3 the tie.
sequence of rainfail. appear 3 have more .
duence on thunderstorm runorf t:az go an-a-
cedent moisture condition ana soti groumn.

A derinite time-sequence o !3.minurte =
cremental rainfall has teen assignea for eac:
Jesignared geograpnical zone for thunaerstorm

precipitation vaiues given in this texs. A 3im-
plified “Thunderstorm Cover indax ' rsiating

0 vegetative cover type anad g-aund cover
density for watarsiteds west of the 1037 marncd-
ian has been developed. After cesign thun-
derstorm orecipitation vaiues zive Dpeen
arranged in respecuvs time-sequence agn-
tude (see table A-3), direct runorf inzrements
are computed by the procsgure !t e exampies.
saction 33(c¢). using appropriata runorf curva

aumeger. :adle A-3, and mintmum L3.-minuc
ratention |oss rafa for respecIiva nUCI00TI2

sotl groun. aple A-i0.

TABLE A-3.~=Degton thunderstorm 2recrvirarion tnmes

Jequence m [S-onmuts mrevears

Jeter a1 magnituae

—

Time. nour

lanes 1 ana il eae i

X)) t

128 )
3
1
]
-}
10
oe3
.0 .

Y
« -

pae1-
.73
1.00
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2 \\ A~5 anad figures A-2 and A-J are for he aver-
: sge vatersned condimen. AMC-II. Curve
; aumcers Ior one antacegent mosture condition
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Appendix B SMI 336

(’" Section B.1 October 1993
PMF Calculation

ATTACHMENT B

PMF CALCULATIONS FROM CANONIE 1992, APPENDIX B.2
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SCCAL STTRM CALCULATITY

WATSZSEDD NAME: WNI, TR T T
WATESI=ED 3223 L. s3 :2 T30 2ap)

ZSCEX 7@ 3.3 inznes ?lace VI a-2:
MEAN 23320 TII 8409 2= (Tepe map)
MAX ZTAPONT: 73.8 2aq ¢ i 4.0
ZE ADIUISTMOENT: 2.96 (Pig 13.3)
ZEV ADS iSIzX v, 3.2 ncles i Zdex PMP x Slav Ad3)

SURATZIY () 2.29% 2.5 3.7% 1 3l 8
FERCZUAT 2T L-hr Q.68 .88 2.94 .0 2.23 ~.35
- iTable 2.3 .

SIPTH (inznes) 5.2 7.3 3. ' 3.2 . 2.3

;Tlav Ady I-dex VP g ¥ l-am : :

AMBAL RITUCTZIN (%) L") - b~ -] 109 129 e -]
(Tig 12.:2) :

PMP ESTTVUATES: 8.2 7.9 8.8 9.2 1.3 2.4
(Ceptt x Armal Reduczian)

|A-a-aﬂ4
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14,3 Stspwise Procadurs, Local Stors

R
cedgx l=he lexi= OVD sgcimgep atr 5.000-42 algvation

Locate °~e graiazage in Place V1 a=e, and detarmine tle drainage average
tadex '-=1* l-nr %P (3 iaches at 5,200 fc, Tad {3 cegaily
acecmoiished Sy eve Ddecause of the saooch gradienc, and !!lzaear
{ngervalacion {s sssumed Zo apply.

Adiyusraent ‘2r =aan elevation of drzinage

Detsritine the moan drainage elevation 3 cthe neasrssz LNO f=, An
sdjuscaunt ceeds €0 be detar=ined and asoplied to thae daeveh foom steo |
1f cthis elevacios diffars from 5,000 €t by more tham 1,000 fz. (f ctha
agaa tarzain elevation of tha drainage 1s greacer chaa 6,000 ft or lass
thaa 6,000 fc, che corresct vertical adjuscmaat fzccor can be obtained by
referascae to figure l4.3. This 1is a comogram of vertical elavacion
adjuscasncs as discussed 1{a seccgisn 12.3.2.4. Te use the nomoeram,
entar the horizoatal scale (adscissa) a: the aaximm persisting l2-hr
1000—ad dew point obtained from figure 4.l1 for the locacion of tha
drainage. MNowve vertically iz the figure to {ntarsecc che asan elavaticn
of ths drainage (to ctha ocesrsst 100 £2) aod rsad off the adjuscaanc
faczor on che verticsl scala (ordinsca).

As an exsmplg of thig degarminmeien, taho e—drainase that has a 3ean
elevacion of 7,800 fr aod s eoxicem pareiseiag l2-#r dew poine of
70°?. Zacsring figure lé.3 at 70° os the sboeilsca and moving vertically
to 7,300 ft, an sdjuscsane facssr of 0.82 {s rasd from the ordinacs.

ladax =it 1-112 PMP escimaty at acan elscation of drainesse

Muleisly tSe sdivscaent fzetsr datarmizned (2 stwp 2, (f needed. 'y tha
izdex .~ l-mr cscoca ITom sgap | 23 ootsin & rCapresencacive surlace
adjuscad iadex PMP estimaca.

Desch=duratica curve for | :12

Rafar 5 tabla 12.4 co obeaia the l-d.z factors for duraticas up €3
§ hr. Maltiply these faczors by the escimmes from stap 3. These can be
ploctad ou linaar graph paper and a smooth curve drawn tg obeain
{ntarsediats duracionsl amouncs 1f thess ars needad for the l=ai“ 3raa.

Argal rteducticn faccors

To acbtain aresl reductiss factors, use the relacions provided
figure Dbl ?{od the draisase sarea on the abnqzu and read the
corTespoacisg Feductica faciors as percsat of the l-—at< PP,
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3. WD egtizatas for Sasia

wyleisly nercancages of sces 3 3y che ladex VP amounts frim szap ..
“wese values snould e clottad on lizear ITaoh oaver and 2 smooeh cysre
4draum chcsugn che points.  Values far the ifnctarmeciates durazians wuv -e

decer=inad from Chis curve.

-, lacremanral VP amounts

If reeded, local-gcara VP ‘lacrementsal amoutts :bzatned  :-rsugh
subtraczion of adiacsnz amouncs 1o stap & 2wy bde arTanzed L1 tamporai
sesquances racommanded 1an tadlaes 12.5 and 12.4.

Vo examolas (3 Dhelieved rnecessary for local-wcors PMP dester=inacion, as che
adiusczent for elevation {3 the only cvanlax element (0 the detst3tnation, and an
examsla calculacien of this faczor iz given in szap 2.

1S. roroRX STUDIRS

There ara saveral orablems iovolved {in the development of design escizascas ctha:z
should be rasolved. The purpose of thisg chaptar (s to bdriefly discuss Chese
needed fucura sctudiss.

15.1 Seesossl Variatiom

Ia. che prascae scudy, L& has beea possidle ¢to decvelop only sll-season
estizacss. Although oo acsecme has dace =2dc to defisa cthe sgsson of occursan
soma observations ars posoibls. Iz the northerd portion of the study region
among che Dora izZportant stores ers Gideon Dan, MT (75), June 6-8, |964; Warriek,
T  (10), June 6=4, 1308; Seringbrook, MT (32), Juae 17=21, 192!; and
Savagacon, WY (38), Sepcemder 17-Ocgobar !, 1923. Thesush the caacrsl porsicn of
the scudvy regica, Charry Craek (47) and Hale (1017, C2, May 30=31, 1935, 2lua
lraex (768), CO, June 13=20, 1365, 31g Zlk Mesaow (77), CO May 4=3, 1969, and 81z
Thaomosoa, July 31, 1976 are important {n decsrmining PP escimatas. la cha
excTeme southarn part of Che scudy region, trocical sestas or their remnancs will
be tha causative mchanism fof the loager duration PMP avent, Such scorms as
Rancho Grande (80), ¥4, August 26~Seotamber !, 1942, and |Meek (27), M,
Sepcampear (S=17, 1319 ara ctypical of thasa events. Shortgr duracion scor:s
siatlsr to chat ac Wite Sands, W, Augusc !9, 1978 are (aporcsac La chis
tagion. These stotm datas suggest that zha all-sesson PP event will occcuzr {rom
early susmsesyr through fall. Ia chese portioms of the study ragicn vhers snovaelr
can be a critical factor, the probdable saximm flocod (PMF) may bde cthe rasult of
the lesser sagnitude soring PMP avent and accompanying saowmalt, The definifion
of tha seasonal variatican of PMP {3, tharafors, a necassary additicn o Re

prasent reporet,

15.2 Parxtssibla Sacwpack ¥izh PMP and Soowmmlt Critaria

To adecuately evaluata the spring PMP, two additional factors ars rteguirsd.
The firsc is an evaluatica of the saowpack that could exist orior ¢to che PP
evenc. The quastion 2o be answered is the depch sand extsnt of the snow cover.
Could, for exaample, tha probable maxizum snowpacx (PMSP) occur just prior 22 :.‘!.
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128

100

DURATION (HR)

7{Jure 12.10.~vepctr~duration cxrwe for ¢=/1l-hr racio of 1.33.

Tabla 12.4.~Fareant of 1-br losal-sctorm PP for selectad
darstisus fer 6¢=/l-hr racio of 1.33 (IR No. 49)

Durstiom (Mhr) Percanc of | hr
1/4 A8
1/2 "1
/6 . : .94
1 ' 1.00
2 1.16
3 1.23
) 1.28
b 1.32
6 1.3%
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NMgurs 12.12.—0c52h~croa relations asdopecad for locsl-storm AP ia tha CD-103
ragion (Eansen et al. 1977). a

the scorms {n figurs 12.9 thst was coasmctructed from & vrigtaa accounc of the
seotE. ThA cequancs of the howrly {acrsmsacal rainfall for ths ccorm shows that
the storm dgercased eash su3coeding hoar asffer the first hoar. Rowwver,
msantagful conclusicns cannot De drswm from chis one exzmple.

To supplemmae the laek’aof eveilable dats ia the CD=103 ragiocn, data from
AR No. 49 wvas stilizad. These data are presenctad ia tadle 12.5 and includs Cime

‘diseriduticn mmasuremasts from é-hr scorms, &8 utilized by the U.S. Veacher

Bursaun (1947) asd by the T.S. Atwy Corps of Engineers (1%63), The chotca of
vhich of the twe o apply is left to the user, as one seduancs mav be mors
crizicsl than the other i3 & specific case.

Thers wers 2o daca svailabla for the extrsma local storms iz the CD=103 rezion
from wvhich to detsrmise the seduancs of lS~wia f{aocremmacs in the l=-hr scorz. The
l1S=xta {ocremsacal sequsncs takas from RAMR No. 49 {1, thersfors, Cecommanded.
This izocresmencal sequenca appesrs ia table 12.8. IE i3 the result of perceantasges
of tocal rainfall for thunderscorm rainfall decarmiced by the U.S. Weather Buresu
(1947).



Appendix B SMI 336 ‘
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PMF Calculation

ATTACHMENT C

HEC-1 COMPUTER MODEL OUTPUT
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* * ’ * *
*  FLOOD HYDROGRAPH PACKAGE (HEC-1) * *  U.S. ARMY CORPS OF ENGINEERS  *
* MAY 1991 * *  HYDROLOGIC ENGINEERING CENTER  *
AN VERSION 4.0.1E * * 609 SECOND STREET *
* * v * DAVIS, CALIFORNIA 95616 *
* RUN DATE 10/13/93 TIME 07:37:55 * * (916) '551-1748 *
* %* * *
% e v v e e e e v e e 3k % ke e e e e e vk Ik e e dle e ok ok e e e b e ok ok ok o e v ok ek 2 e v vk g e 3 3k e e ke T ok e e v e v ke e e e e e ek e ok o o d e e ok ok e o o
/)/OIZ_’TH' DuTCH
-

—

TRLSG  uMLET

X X XXXXXXX  XXXXX X
X X X X X XX
X X X X X
XXXXXXX  XXXX X XXXXX X
X X X X X
X X X X X X
X X OXXXXXXX XXXXX XXX

THIS PROGRAM REPLACES ALL PREVIOUS VERSIONS OF HEC-1 KNOWN AS HEC1 (JAN 73), HEC1GS, HEC1DB, AND HECIKW.

' THE DEFINITIONS OF VARIABLES -RTIMP- AND -RTIOR- HAVE CHANGED FROM THOSE USED WITH THE 1973-STYLE INPUT STRUCTURE.
., THE DEFINITION OF -AMSKK- ON RM-CARD WAS CHANGED WITH REVISIONS DATED 28 SEP 81. THIS IS THE FORTRAN77 VERSION
C NEW OPTIONS: DAMBREAK OUTFLOW SUBMERGENCE , SINGLE EVENT DAMAGE CALCULATION, DSS:WRITE STAGE FREQUENCY,
DSS:READ TIME SERIES AT DESIRED CALCULATION INTERVAL  LOSS RATE:GREEN AND AMPT INFILTRATION
KINEMATIC WAVE: NEW FINITE DIFFERENCE ALGORITHM



LINE

NV W -

O

1
12
13
14
15
16
17
18
19

20
21
22
23
24

25
26
27

28
29
30

31
32
33
34
35

36
37
38

*

HEC-1 INPUT PAGE

IDeven... P 2eiiinnn  FE bouen... T Y r U - S I 10

ID  Input File Name: R:\PROJECTS\336\HEC1\CANONIE .PMPANORTH2. TH1

ID  DATE:06-14-93 DESIGN

ID  HEC-1 PMP RUNOFF STUDY,JEFFREY CITY, WYOMING

ID DIVERSION CHANNEL MODIFICATIONS - NORTH CHANNEL

i) CURVE NUMBER = SPECIFIC TO BASINS

ID DESIGNED FOR 1 HOUR PMP AT 9.20 INCHES WITH SCS TYPE II DISTRIBUTION
_ ID  ANTECEDENT MOISTURE CONDITION 111

*DIAGRAM

1 1 0 0000 120 0 0

N 3 0 0

10 5 0

*

KK BG2 RUNOFF FROM BASIN G2 (INTO TRANSITION)

KO 21

PB 9.2

PC .01 .02 .03 .04  .055 .07 .085  .105 A5 .205

PC  .285  .425  .655  .765 .83 .88 .91 93 945 .96

pC .97 .98 .99 1.0

BA  .055

LS 0 96

uw  .081

*

KK BG1 RUNOFF FROM BASIN G1 (INTO TRANSITION)

KO 21

BA  .005

LS 0 79

up  .042

*

KK NT1 COMBINE G1 AND G2

KO 21

HC 2

*

KK R-T1 ROUTE NORTH TRANSITION TO NORTH 1

KO 21

RD 100 .0598  .0313 TRAP 15 3

*

KK BG RUNOFF FROM BASIN G

KO 21

BA  .124

Ls 0 85

U .263

*

KK N1 COMBINE G1 AND G2 AND G

Ko 21,

HC 2 s
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LINE

39
40
41

42
43
L4
45
46

47
48
49
50
51

52
53
54

56

57

58
59
60
61
62

63
64
65
66
67

68
69
70

7

HEC-1 INPUT
| §1 . 2ecanann K JU [/ - J 6.nnenn Tecennnn 8....... 9. ..., 10
KK R-12 ROUTE NORTH 1-2
KO 21
RD 950 .005  .0313 TRAP 15
*
KK BF RUNOFF FROM BASIN F
Ko ' 21
BA .075
LS 0 74
up .355
*
KK BF1 RUNOFF FROM BASIN F1
KO 21
BA .004
Ls ] 89
up .008
*
KK N2 COMBINE ROUTED REACH WITH BASIN F AT NODE 2
KO 21
HC 3
*
KK R-23 ROUTE NORTH 2-3
KO _ 21
RD 1850 .005  .0313 TRAP 15
*
KK BE RUNOFF FROM BASIN E
KO 21
BA .051
LS 0 85
up .106
*
KK BE1 RUNOFF FROM BASIN E1
KO 21
BA .002
LS ] 89
up .046
*
KK N3 COMBINE ROUTED REACH WITH BASIN E AT NODE 3
K0 21
HC 3
*
KK R-34 ROUTE NORTH 3-4
KO 21
RD 770 .0387  .0410 TRAP 15

PAGE 2



LINE

74
75
76
77
78

79
80
81
82
83

84
85
86

87
88
89

90
91
92
93
94

95
96
97
98
99

100
101
102
103
104

105
106
107
108
109

ID....... LI 2eiinnnn K [ S5evanann - S Toeennn. N 9 10

KK
KO
BA
LS
up

KK
KO
BA
LS
up

KK
KO
HC

KK
KO
RD

KK
KO
BA
LS
up

KK
KO
BA
LS
up

KK
KO
BA
LS
up

KK
KO
BA
LS
ub

BD

.005

127

BD1

.003

.049

NG

R-45

580

BC

.006

.134

BC1

.002

.064

-BT2

.002

.058

BT
.015

.200

HEC-1 I

RUNOFF FROM BASIN D

67

RUNOFF FROM BASIN D1

89

COMBINE ROUTED REACH WITH BASIN D AT NODE 4

ROUTE NORTH 4-5

.0387  .0431

RUNOFF FROM BASIN C

67

RUNOFF FROM BASIN C1

89

RUNOFF FROM SWALE BASIN T

89"

RUNOFF FROM SWALE BASIN T

89

NPUT

21

21

21

21
TRAP

21

21

2

21

21

PAGE 3
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LINE

110
m
112
13
114

115
116
117

118
119
120

121
122
123
124
125

126
127
128
129
130

131
132
133

134
135
136

137
138
139
140
141

142
143
144
145
146

ID....... L I 2evennnn K S booaaa.. 5....... - T Toeeennn 8....... 9eerenn 10

KK
KO
BA
LS
ub

KK
KO
HC

KK
KO
RD

KK
KO
BA
LS
ub

KK
KO
BA
LS
ub

KK
KO
HC

KK
KO
RD

KK
KO
BA
LS
up

KK
KO
BA
LS
ub

BT1
.039

.246

s1

BS
.073

.248

BS1
.03

.105

$1

BR
.012

.168

BR1
.003

.056

HEC-1 INPUT

RUNOFF FROM SWALE BASIN T1
21

89

COMBINE SWALE REACH S-12 AND BASIN S

21

ROUTE SWALE 1-2
21

.007  .0313 TRAP 15 16

RUNOFF FROM SWALE BASIN S

21
89

RUNOFF FROM SWALE BASIN §1

21

89

COMBINE SWALE REACH S-12 AND BASIN S

21

ROUTE SWALE 2-3
21

.007  .0313 TRAP 15 16

RUNOFF FROM SWALE BASIN R

21
89

RUNOFF FROM SWALE BASIN R1

21

89

PAGE 4



LINE

147
148
149

150
151
152

153
154
155

156
157
158

159
160
161
162
163

164
165
166
167
168

169
170
17

172
173
174

175
176
177
178
179

HEC-1 INPUT

) ¢ LI 2....... K P bovenn.. 5.ucann. [ Tovnnnnn 8....... 9 10

KK
KO
HC

KK
KO
RD

KK
Ko
HC

KK
KO
RD

KK
KO
BA
LS
up

KK
KO
BA
LS
up

KK
KO
HC

KK
KO
RD

KK
KO
BA
LS
up

S2

BB

.041

164

BB1

.002

.013

N6

BA

.034

175

COMBINE SWALE REACH 2-3 AND BASIN R

21

ROUTE SWALE REACH 3-4
21
L0409  .0383 . TRAP

COMBINE ROUTED REACH, BASIN C,

21
ROUTE NORTH 5-6
21
.0303 L0431 TRAP
RUNOFF FROM BASIN B
21
73
RUNOFF FROM BASIN B1
21

89

15 8

AND SWALE AT NODE 5 AND BASIN C1

COMBINE ROUTED REACH WITH BASIN B AT NODE 6

- 21
ROUTE NORTH 6-7
21
.02 .0377 TRAP
RUNOFF FROM BASIN A
21

82

15 3



LINE

180
181
182
183
184

185
186
187

188
189
190
191

ID....... Toeeanns -  JRN booii.., S5.cna... (- [EY 8....... 9eeenns 10

KK
KO
BA
LS
up

KK
KO
HC

KK
KO
RD
zZ

BA1

.001

.013

N7

R-78

460

HEC-1 INPUT

RUNOFF FROM BASIN A1

89

COMBINE ROUTED REACH WITH BASIN A AT NODE 7

ROUTE NORTH 7-8

.005

.0329

21

21

TRAP

15

PAGE 6



INPUT

NO.

"

20

25

28

31

36

39

47

52

55

58

63

68

71

74

84

SCHEMATIC DIAGRAM OF STREAM NETWORK
(V) ROUTING (--->) DIVERSION OR PUMP FLOW
(.) CONNECTOR (<---) RETURN OF DIVERTED OR PUMPED FLOW

BG2
. BG1
L [

R-T1

BG

BF
BF1
N2 I
R-23
BE

BE?

BD

. . 8D1



95
100
105
110
115
118
121
‘IIIf26
A 131
134
137
142
147
150
153
156

‘Ill!59

164

BC

BC1

BT2

$-23

....................................

BB1

BT
BT1

BS
. BS1

BR
. BR1



[P o S

169 L
v
v
172 R-67
175 . BA
180 - - BA1
185 N7 e ieeie it ceienees
v
\

188 R-78

(***) RUNOFF ALSO COMPUTED AT THIS LOCATION



OPERATION

HYDROGRAPH
HYDROGRAPH
2 COMBINED
ROUTED TO

HYDRGGRAPH
2 COMBINED
ROUTED TO

HYDROGRAPH
HYDROGRAPH
3 COMBINED
ROUTED TO

HYDROGRAPH
HYDROGRAPH
3 COMBINED
ROUTED TO

HYDROGRAPH
HYDROGRAPH
3 COMBINED
ROUTED TO

HYDROGRAPH
HYDROGRAPH
HYDROGRAPH
HYDROGRAPH
HYDROGRAPH

3 COMBINED

ROUTED TO -

AT

AT

AT

AT

AT

AT

AT

AT

AT

AT

AT

AT

AT

AT

AT

AT

AT

AT

AT

AT

STATION

BG2

BG1

BE

BE1

N3

R-34

BD

BD1

BC

BC1

BT2

BT

8T1

st

,/1/23»1774 ZZ:Z TC A

RUNOFF SUMMARY

TIME IN HOURS,

PEAK  TIME OF

(=] -

FLOW IN CUBIC FEET PER SECOND
AREA IN SQUARE MILES

83

FLOW  PEAK
1032, 0.65
9.  0.62
1115.  0.65
"IIIEII‘ 0.65
1181:  0.87
1654.  0.70
,-]IIIEIII 0.72
481.  0.97
106.  0.60
1961. 0.
“IEIII[ 0.87
781.  0.68
42.  0.62
2472.  0.75
[2se8 ] 0.75
50.  0.72
62.  0.63
2542.  0.75
[2539. | 0.7
59.  0.73
38.  0.65
40.  0.63
178.  0.78
409.  0.83
591.  0.82
83

6-HOUR
156.
1.
167.
167.
297.
464.
464.
145.
10.
619.
618.

122.

745,

745,

761.
760.

10.

38.
100.
143.

143.

24-HOUR

156.

M.

167.

167.

297.

464,

464,

145.

10.

619.

618.

122.

745.

T45.

761,

760.

10.

38.

100.

143.

143.

AVERAGE FLOW FOR MAXIMUM PERIOD

72-HOUR

156.

1.

167.

167.

297.

464.

464.

145.

10.

619.

618.

122.

745.

745.

761.

760.

10.

38.

100.

143.

143.

Ao /

BASIN MAX IMUM TIME OF
AREA STAGE MAX STAGE
0.05
0.00
0.06

0.06 FLao W NOR™
T RArS 1 TION)

Froto 1 NorT
ﬁ(:AC.H I
0.08

0.00

0.26

0.26 [Frow 1 Nepr-
2epcw -

0.05
0.00

0.32

0.32 Fro> 1 Mopna
zpc 3

0.00

0.00

0.32

0.32 Ao NoRT
Zepen A

0.01

0.00

0.00

0.01

0.04

0.06

0.06 }z:iocal 1 f;;.;eri?'
: ?_amcw -



D od

HYDROGRAPH AT BS 762. 0.83 . 187. 187. 187. 0.07

HYDROGRAPH AT BS1 484, 0.68 77. 77. 77. 0.03

3 COMBINED AT s1 1609.  0.80 407. 407. 407. 0.16

ROUTED TO s-23 1601. | 0.85 406. 406. 406. 0.16 Frewo 1 Sk
Lo B
WA N zZ—

HYDROGRAPH AT BR 156. 0.75 31. 31. 31. 0.01

HYDROGRAPH AT BR1 61.  0.63 8. 8. 8. 0.00

3 COMBINED AT s2 1739.  0.83 445. 445. 445, 0.17

ROUTED TO s-34 1736. | 0.85 445. 445. 445, 0.17 oo 1D Sware
BeacH

4 COMBINED AT NS 4220.  0.80 1220. 1220. 1220. 0.51

o

ROUTED TO R-56 lazw. x 0.82 1220. 1220. 1220. 0.51 Tlows of
Rerewn S

HYDROGRAPH AT - . BB 417. 0.77 79. 79. 79. 0.04 \

HYDROGRAPH AT BB1 52. 0.60 5. 5. 5. 0.00

3 COMBINED AT N6 4623,  0.80 1303. 1303. 1303. 0.55

ROUTED TO R-67 \4618.! 0.80 1302. 1302. 1302. . 0.55 Fuow 1w Ner™™
Rerew G

HYDROGRAPH AT BA 393. 0.77 78. 78. 78. 0.03

HYDROGRAPH AT BA1 26.  0.60 3. 3. 3. 0.00

3 COMBINED AT N7 5002.  0.80 1382. 1382. 1382. 0.58

o [*30'\2‘\'1*

—
ROUTED TO R-78 0.82 1382. 1382. 1382. 0.58 FLow !
-

\d'-i'ﬁ“r*" -TP"



e e e e vk e e e e e Fe e e e ke e e e e de Fe e e e e e e e e de e e e de e de de ke kKK e e e e e e e e e sk e ol ok 3 e sk ke e v e sk v ke Tk ke v o ol e o ke S e ke e e e

* * * *
*  FLOOD HYDROGRAPH PACKAGE (HEC-1) * *  U.S. ARMY CORPS OF ENGINEERS *
* MAY 1991 * "*  WYDROLOGIC ENGINEERING CENTER  *
* VERSION 4.0.1E * * 609 SECOND STREET *
Y * * DAVIS, CALIFORNIA 95616 *
* RUN DATE 10/07/93 TIME 14:41:26 * * (916) 551-1748 *
* * * *
e Je Je sk e e v e v ok kI e 3 v e e sk e sk e e g e e v e v e e ok Sk e v e o ok e ke ke e vk e e o 9 e sk 3 v e e sk e e e e e I e T v T gk v 3k vk v ok v ok e e ke ok ok e e o

X X OXXXXXXX  XXXXX X
X X X X X XX
X X X X

XXXXXXX  XXXX X XXXXX X
X X X X

X X X X X X
X X XXXXXXX  XXXXX XXX

Nozmn Cerrac rrem

THIS PROGRAM REPLACES ALL PREVIOUS VERSIONS OF HEC-1 KNOWN AS HEC1 (JAN 73), HEC1GS, HEC1DB, AND HECTKW.

THE DEFINITIONS OF VARIABLES -RTIMP- AND -RTIOR- HAVE CHANGED FROM THOSE USED WITH THE 1973-STYLE INPUT STRUCTURE.
THE DEFINITION OF -AMSKK- ON RM-CARD WAS CHANGED WITH REVISIONS DATED 28 SEP 81. THIS IS THE FORTRAN77 VERSION
NEW OPTIONS: DAMBREAK OUTFLOW SUBMERGENCE , SINGLE EVENT DAMAGE CALCULATION, DSS:WRITE STAGE FREQUENCY,

(‘ DSS:READ TIME SERIES AT DESIRED CALCULATION INTERVAL  LOSS RATE:GREEN AND AMPT INFILTRATION
KINEMATIC WAVE: NEW FINITE DIFFERENCE ALGORITHM



LINE

N OV W N

0

11
12
13
14
15
16
17
18
19

20
21
22
23
24

25
26
27
28
29

30
31
32

33
34
35

36
37
38
39
40

HEC-1 INPUT

D.eunn... T r I L J bouen... 5. buennns Teenn. Bevrrnnn 9rnen 10
ID FileN me:R:\PROJECTS\336\HECT\NC2. IH1 DATE:
D 06-14- DESIGN HEC-1
ID PMP RUOFF STUDY,JEFFRE Y CITY, WYOMING - DIVER
ID SION CNNEL MODIFICATIONS - NORTH CENTRAL CHANN EL

1D CURVE NUMBER = SPEC IFIC TO BASINS DESIG
ID NED FOPMP, 9.20 in IN 1 HOURS WITH SCS TYPE II DISTRI BUTION ANTEC
ID EDENT ISTURE CONDITION 111

*DIAGRAM

I 1 0 0000 120 0 0

N 0 0

10 5 0

*

KK BP RUNOFF FROM BASIN P

KO 21

PB 9.20

PC .01 .02 .03 .04 .055 .07 .085  .105 A5 205
PC  .285  .425  .655  .765 .83 .88 91 .93 945 .96
PC .97 .98 99 . 1.0

BA  .003

LS 0 69

w  .089

*

KK BP1 RUNOFF FROM BASIN P1

KO ‘ 21

BA  .015

Ls 0 89

w  .058

*

KK BP2 RUNOFF FROM BASIN P2

KO 21

BA  .0005

LS 0 89

U  .007

*

KK N1 COMBINE BP, BP1, BP2

KO 21

HC 3

%*

KK  R-12 ROUTE NORTH CENTRAL 1-2

KO 21

RD 495  .005 .0313 TRAP 10 3

*

KK BO RUNOFF FROM BASIN O

KO 21

BA  .008

LS 0 81

u .03

PAGE

1



:/.’ ]

o

LINE

41
42
43
44
45

46
47
48

49
50
51

52
53
54
55
56

57
58
59
60
61

62
63
64

65
66
67
68

ID....... Toveanns 2.i0anen . boivennn 5..0.... - Toiienns 8....... e 10

KK
KO
BA
LS
ub

KK
KO
HC

KK
KO
RD

KK
KO
BA
LS
up

KK
KO
BA
LS
ub

KK
KO
HC

KK
KO
RD
22

BO1

.00

.007

N2

R-23

695

BM

.033

.109

BM1

.001

.005

N3

HEC-1 INPUT

RUNOFF FROM BASIN 01
21

89

COMBINE ROUTED REACH WITH BASIN O AT NODE 2 (AND 01

21
ROUTE NORTH CENTRAL 2-3
21
.03 .0382 TRAP 10 3
RUNOFF FROM BASIN M
21
87
RUNOFF FROM BASIN M1
21

89

COMBINE ROUTED REACH WITH BASIN M AT NODE 3 (AND M1)

21
ROUTE NORTH CENTRAL 3-4
‘ 21
.005  .0313 TRAP 10 3

PAGE 2

/ 7/



SCHEMATIC DIAGRAM OF STREAM NETWORK

INPUT
Lrme (V) ROUTING (--->) DIVERSION OR PUMP FLOW
“No. (.) CONNECTOR (<---) RETURN OF DIVERTED OR PUMPED FLOW

1 BP

20 . BP1

25 . . BP2

30 N7 e teeeennanernnnannns
v
v

33 R-12

36 . B8O

41 . . BO1

46 -
v

- v

49 R-23

52 . BM

57 . . BM1

62 T SRR .
Vv
v

65 R-34

(***) RUNOFF ALSO COMPUTED AT THIS LOCATION



OPERATION

HYDROGRAPH
HYDROGRAPH
HYDROGRAPH
3 COMBINED
ROQTED TO

HYDROGRAPH
HYDROGRAPH
3 COMBINED
ROUTED TO

HYDROGRAPH
HYDROGRAPH
3 COMBINED

ROUTED TO

AT

AT

AT

AT

AT

AT

AT

AT

AT

AT

STATION

BP

BP1

BP2

N1

BM

BM1

N3

R-34

PEAK
FLOW

37.

299.

- 13.

337.

168.

26.

470.

512.

26.

970.

960.

/\/&1277* Castre D/ Ter

RUNOFF SUMMARY

FLOW IN CUBIC FEET PER SECOND
TIME IN HOURS, AREA IN SQUARE MILES

TIME OF

PEAK

0.68

0.63

0.60

0.63

0.65

0.62

0.60

0.63

0.65

0.68

0.60

0.67

0.68

AVERAGE FLOW FOR MAXIMUM PERIQD
6-HOUR 24-HOUR 72-HOUR

5 5. 5
38. 38. 38.
1 1. 1
45, 45. 45.
45. 45. 45.
B, 18 18.
3 3. 3
65. 65. 65.
65. 65. 65.
82. 82, 82.
3 3. 3
150. 150. 150.
150. 150. 150.

BASIN MAX TMUM TIME OF
AREA STAGE MAX STAGE

0.00
0.01
0.00
0.02

0.0 Fuons o> \Leme _\

0.01

0.03
0.03 \Tlow 1 e ‘ - %
0.03

0.00

0.06

-
0.06 TLOW 1D \Cehe™ o



D 7

e e Y e e e J e A e vk e v e e sk e 3 3 v T v e e sk e e e e e v I e e e ke ok de e e o e e e e e e 3 e e e e e ke e v o e e e e ok ok e e oo e e ok ek e ke vk e e ok o ok
* ’* * *
*  FLOOD HYDROGRAPH PACKAGE (HEC-1) * *  UU.S. ARMY CORPS OF ENGINEERS *
* MAY 1991 % * HYDROLOGIC ENGINEERING CENTER o
*('/ VERSION 4.0.1E * * 609 SECOND STREET '
* * * DAVIS, CALIFORNIA 95616

* RUN DATE 09/17/93 TIME 10:21:20 * * (916) 551-1748 *
* * * *
e g o de % de e R K v F Je e v e v vk e e ok e e e de e %k e o v e e ok o ke ke e ke e e ok e e Yo v v e e Jk e 2 e e oo o v A e ok ok e vk ek ek ok e ke e e kb ek

X X XXXXXXX XXXXX X
X X X X X XX
X X X X X
XXXXXXX  XXXX X XXXXX X
X X X X X
X X X X X X
X X XXXXXXX  XXXXX XXX

THIS PROGRAM REPLACES ALL PREVIOUS VERSIONS OF HEC-1 KNOWN AS HEC1 (JAN 73), HEC1GS, HEC1DB, AND HECIKW.

THE DEFINITIONS OF VARIABLES -RTIMP- AND -RTIOR- HAVE CHANGED FROM THOSE USED WITH THE 1973-STYLE INPUT STRUCTURE.

THE DEFINITION OF -AMSKK- ON RM-CARD WAS CHANGED WITH REVISIONS DATED 28 SEP 81. THIS IS THE FORTRAN77 VERSION
- NEW OPTIONS: DAMBREAK OUTFLOW SUBMERGENCE , SINGLE EVENT DAMAGE CALCULATION, DSS:WRITE STAGE FREQUENCY, .
( DSS:READ TIME SERIES AT DESIRED CALCULATION INTERVAL  LOSS RATE:GREEN AND AMPT INFILTRATION

KINEMATIC WAVE: NEW FINITE DIFFERENCE ALGORITHM



LINE

~NOoO VSN -

O ™

1"
12
13
14
15
16
17
18
19

20
21
22
23
24

25
26
27
28
29

30
31
32

33
34
35

36
37
38
39
40

HEC-1 INPUT
ID....... ) 2iiennnn K S booen... S5.cieie [T Tivevan 8....... 9 10
ID  Input File Name: R:\PROJECTS\336\HECT\C\SC2.1H1
ID DATE:06-17-93 DESIGN ’
ID  HEC-1 PMP RUNOFF STUDY,JEFFREY CITY, WYOMING
ID  DIVERSION CHANNEL MODIFICATIONS - SOUTH CENTRAL CHANNEL
1D CURVE NUMBER = SPECIFIC TO BASINS
ID DESIGNED FOR PMP, 9.20 in. IN 1 HOURS WITH SCS TYPE 11 DISTRIBUTION
ID  ANTECEDENT MOISTURE CONDITION III
*DIAGRAM
IT 1 0 0000 120 0 0
IN 3 0 0
I0 5 0
*
KK BQ RUNOFF FROM BASIN Q
KO 21
PB 9.2
PC .01 .02 .03 .04 .055 .07 .085 .105 .15 .205
PC .285 425 .655 .765 .83 .88 .91 .93 .945 .96
PC .97 .98 .99 1.0
BA .024
LS 0 78
up .138
*
KK BQ2 RUNOFF FROM BASIN Q2
KO ' 21
BA .002
LS 0 89
ub .007
*
KK BQ1 RUNOFFROM BASIN Q1
KO 21
BA .032
LS 0 89
up Rk
*
KK N1 COMBINE BASINS @ AND Q1 AND Q2 AT NODE 1
KO 21
HC 3
*
KK R-12 ROUTE SOUTH CENTRAL 1-2
KO 21
RD 1575 .06 .0329 TRAP 15 3
*
KK BN RUNOFF FROM BASIN N
KO 21
BA .066
LS 0 79
up .141

*

PAGE

1

L /2



LINE

41
42
43
A4
45

46
L7
48

49
50
51

52

ID.ese... | 2ennnnnn . boounn.. p R [ T Toeennns 8....... Feennnn 10

KK
KO
BA
LS
ub

KK
KO
HC

KK
KO
RD

2z

BN1

.001

.005

N2

R-23

728

HEC-1 INPUT

RUNOFF FROM BASIN N1

89

COMBINE ROUTED REACH WITH BASINS N1 AND N2

21

21

ROUTE SOUTH CENTRAL 2-3

.009

.0352

21
TRAP

15

PAGE 2



INPUT

NO.

11
20
25
30
33
36
41

\I.

49

SCHEMATIC DIAGRAM OF STREAM NETWORK
(V) ROUTING (--->) DIVERSION OR PUMP FLOW
(.) CONNECTOR (<---) RETURN OF DIVERTED OR PUMPED FLOW

BQ
- BQ2

BQ1

. . BN1

(***) RUNOFF ALSO COMPUTED AT THIS LOCATION

//



DPE#ATION

HYDROGRAPH
HYDROGRAPH
HYDROGRAPH
3 COMBINED
ROUTED TO

HYDROGRAPH
HYDROGRAPH
3 COMBINED

ROUTED TO

AT

AT

AT

AT

AT

AT

AT

STATION

BQ

-8Q2

BQ1

8N

BN1

N2

R-23

PEAK  TIME OF

FLOW

293.

53.

503.

801.

811.

26.

1616.

Som—u— Consvra b Ten

TIME IN HOURS,

PEAK

0.73

0.60

0.68

0.70

0.73

0.73

0.60

0.73

0.75

RUNOFF SUMMARY
FLOW IN CUBIC FEET PER SECOND
AREA IN SQUARE MILES

AVERAGE FLOW FOR MAXIMUM PERIOD

6-HOUR 24-HOUR

51.

82.

138.

138.

142.

283.

283.

51.

82.

138.

138.

142.

283.

283.

72-HOUR

51.

5.

82.

138.

138.

142.

283..

283.

BASIN

AREA

0.02

0.00

0.03

0.06

0.06

0.07

0.00

0.13

MAXIMUM
STAGE

o w

F@Q )

TIME OF
MAX STAGE

Vatewr \

‘215;#:;\*' :Ei—



D7

dedede ke ke dede de de ek ke Rk e ke ke ek ke ke ek kR Kok ek hd ARk ok Ak ke Aok dek R R AR ARk ook ke ke ddek
* * * *
* FLOOD HYDROGRAPH PACKAGE (HEC-1) * * U.S. ARMY CORPS OF ENGINEERS *
* MAY 1991 * * HYDROLOGIC ENGINEERING CENTER *
*‘ VERSION 4.0.1E * * 609 SECOND STREET *
* * * DAVIS, CALIFORNIA 95616 *
* RUN DATE 10/07/93 TIME 16:52:31 * * (916) 551-1748 - *
* * %* *
AP de e dede ke e de e e A ek K e e e e de ek e e de sk Rk ek Rk ek e e e e e ek e e ke ke ek ok ke e ke o e e e s e e ke ke ek e ok

—

T st Do

X X XXXXXXX  XXXXX X
X X X X X XX
X X X X X
XXXXXXX  XXXX X XXXXX X
X X X X X
X X X X X X

X X OXXXXXXX  XXXXX XXX

THIS PROGRAM REPLACES ALL PREVIOUS VERSIONS OF HEC-1 KNOWN AS HEC1 (JAN 73), HEC1GS, HEC1DB, AND HECTKW.

THE DEFINITIONS OF VARIABLES -RTIMP- AND -RTIOR- HAVE CHANGED FROM THOSE USED WITH THE 1973-STYLE INPUT STRUCTURE.
THE DEFINITION OF -AMSKK- ON RM-CARD WAS CHANGED WITH REVISIONS DATED 28 SEP 81. THIS IS THE FORTRAN77 VERSION
' NEW OPTIONS: DAMBREAK OUTFLOW SUBMERGENCE , SINGLE EVENT DAMAGE CALCULATION, DSS:WRITE STAGE FREQUENCY,

DSS:READ TIME SERIES AT DESIRED CALCULATION INTERVAL  LOSS RATE:GREEN AND AMPT INFILTRATION

KINEMATIC WAVE: NEW FINITE DIFFERENCE ALGORITHM



T

LINE

NNV NN =

0

1"
12
13
14
15
16
17
18
19

20
21
22

23
24
25
26
27

28
29
30
31
32

33
34
35

36
37
38

HEC-1 INPUT PAGE
ID....... Toeennn. 2eiinnn. E JOU bevennn. Seeennnn bueennnn TeerreiBiiinnns 9eennn 10
ID  Input File Name: R:\PROJECTS\336\HEC1\SOUTH2. IH1
ID  DATE:06-17-93 DESIGN D50
ID HEC-1 PMP RUNOFF STUDY,JEFFREY CITY, WYOMING
ID  DIVERSION CHANNEL MODIFICATIONS - SOUTH CHANNEL
1D CURVE NUMBER = SPECIFIC TO BASINS
ID DESIGNED FOR PMP, 9.2 in. IN 1 HOUR WITH SCS TYPE Il DISTRIBUTION
ID  ANTECEDENT MOISTURE CONDITION 111 :
*DIAGRAM
7 1 0 0000 120 0 0
N 0 0
10 5 0
*
KK BH2 RUNOFF FROM BASIN H2
KO 21
PB 9.20
PC .01 .02 .03 .04 .055 .07 .08  .105 A5 .205
PC  .285  .425  .655  .765 .83 .88 .91 .93 945 .96
PC .97 .98 .99 1.0
BA .00
3 0 89
u  .021
*
KK R-T1 ROUTE SOUTH T-1
KO 21
RD 100  .065  .0369 TRAP 15 3
»*
KK BH RUNOFF FROM BASIN H
KO 21
BA  .038
Ls 0 9%
U 047
*
KK BH1 RUNOFF FROM BASIN H1
KO 21
BA  .002
Ls 0 89
u  .007
*
KK N1 COMBINE ROUTED REACH WITH BASIN H, H1, AND H2 AT NODE 1
KO ' 21
HC 3
*
KK  R-12 ROUTE SOUTH 1-2
Ko 21
RD 1300 .0082 .0313 TRAP 15 3

*



LINE

39
40
41
42
43

44
45
46
47
48

49
50
51

52
53
54

55
56
57
58
59

60
61
62
63
64

65
66
67

68
69
70

71

.72

74
75

HEC-1 INPUT

{1 TR Toevaens 2einenns K S boseannn Siieeen. [T Toueee.. 8....... e 10

KK
KO
BA
LS
ud

KK
KO
BA
LS
ub

KK
KO
HC

KK
KO
RD

KK
KO
BA
LS
uD

KK
KO
BA
LS
ub

KK
KO
HC

KK
KO
RD

KK
KO
BA
LS
up

BI
.064

.058

BI1
.002

.007

N2

R-23

1200

BJ
.059

.086

BJ1
.009

.086

N3

BK
.102

.136

RUNOFF FROM BASIN 1
21

92

RUNOFF FROM BASIN I1
21

89

COMBINE ROUTED REACH WITH BASIN 1 AT NODE 2

21

ROUTE SOUTH 2-3
21

L0046  .0313 TRAP 15 3

RUNOFF FROM BASIN J

21
84

RUNOFF FROM BASIN J1

21

89

COMBINE ROUTED REACH WITH BASIN J AT NODE 3

21
ROUTE SOUTH 3-4
21
.0229  .0313 TRAP 15 3
RUNOFF FROM BASIN K
21

92

PAGE 2



\‘

LINE

76
7
78
79
80

81
82
83

84
85
86

87
88
89
90
91

92
93
94
95
96

97
98
99

100
101
102
103

ID.een... Toveeann 2iveenns K RN boooo... 5.000ann [ F Toveaenn 8. 9eennn 10

KK
Ko
BA
LS
up

KK
KO
HC

KK
KO
RD

KK
KO
BA
Ls
up

KK
KO
BA
LS
up

KK
KO
HC

KK
KO
RD
Z

BK1
.004

.023

N4

BL
.024

143

BL1
.004

.024

N5

R-56

1000

HEC-1 INPUT

RUNOFF FROM BASIN K1
21

89

COMBINE ROUTED REACH WITH BASIN K AT NODE 4

21

ROUTE SOUTH 4-5
21

.0231 .0366 TRAP 15

RUNOFF FROM BASIN L

21
67

RUNOFF FROM BASIN L1

21

89

COMBINE ROUTED REACH WITH BASIN L AT NODE 5

21
ROUTE SOUTH 5-6
21
.0231 .0379 TRAP 15

PAGE 3



SCHEMATIC DIAGRAM OF STREAM NETWORK

INPUT
/’. (V) ROUTING (--->) DIVERSION OR PUMP FLOW
NO. (.) CONNECTOR (<---) RETURN OF DIVERTED OR PUMPED FLOW
1 BH2
v
v
20 R-T1
23 } BH
28 ) . BH1
33 R L PP
v
v
36 R-12
39 ; BI
Lt } ) BI1
o
49 N2 e et e
v
v
52 R-23
55 ; BJ
60 ; ) BJ1
65 T S
v
v
68 R-34
71 ) BK
76 ) . BK1
/
\ N e o eee e e e eeenenennn
v
v .

84 R-45



87

97

100

(***) RUNOFF ALSO COMPUTED AT THIS LOCATION

RS

BL

BL1

U



‘

OPERATION

HYDROGRAPH

ROUTED TO

HYDROGRAPH

HYDROGRAPH

3 COMBINED

ROUTED TO

HYDROGRAPH

HYDROGRAPH

3 COMBINED

ROUTED TO

HYDROGRAPH

HYDROGRAPH

3 COMBINED

ROUTED TO

HYDROGRAPH

HYDROGRAPH

3 COMBINED

ROUTED TO

HYDROGRAPH

HYDROGRAPH

. 3 COMBINED

ROUTED TO

AT

AT
AT

AT

AT
AT

AT
AT
AT

AT

AT

AT

AT

AT

AT

AT

STATION

BH2

R-T1

BH

BI

BI1

N2

R-23

BJ

BJ1

N3

R-34

BK

BK1

N4

R-45

BL

BL1

N5

R-56

PEAK
FLOW

25.
1]
829.
53.
885.
864.
1310.
53.

2161.

971.
157.

3179.

1516.
98.
4704,
;4654. |
229.
97.

4905.

Y

go VT ‘b"‘-c'ﬁ
RUNOFF SUMMARY
FLOW IN CUBIC FEET PER SECOND

TIME IN HOURS, AREA IN SQUARE MILES

TIME OF AVERAGE FLOW FOR MAXIMUM PERIOD BASIN MAX IMUM TIME OF
PEAK 6-HOUR 24-HOUR 72-HOUR AREA STAGE MAX STAGE
0.60 3. 3. 3. 0.00
0.60 3. 3. 3. 0.00 Foed 16D TRASS TP
0.62 105. 105. 105. 0.04
0.60 5. 5. 5. 0.00
0.62 112. 112. 112. 0.04
0.65 2. 12. 112. 0.06 Trow \ BEhe- L
0.63 171. 171. 171. 0.06
0.60 5. 5. 5. 0.00
0.65 289. 289. 289. 0.11
0.67 289. 289. 289. 0.1 Flow 1= Kerew 2
0.67 139. 139, 139. 0.06
0.67. 23. 23. 2. 0.01
0.67 451. 451. 451. 0.17
0.70 451. 451. 451. 0.17 Pas > (CEhen 2
0.72 273. 273. 273. 0.10
0.60 10. 0. 10. 0.00
0.70 734. 734. 734. 0.28
0.70 735. 735. 735. 0.28 Frie 1> EEPe =
0.75 40. 40. 40. 0.02
0.60 10. 10. 10. 0.00
0.72 785. 78S, 785. 0.3
0.72 785. 785. 785. 0.31 BLows 1w (ZEhc <
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APPENDIX C
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OPEN CHANNEL HYDRAULICS and
RIPRAP SIZING CALCULATION
WESTERN NUCLEAR, INC.

PURPOSE. The purpose of this calculation brief is to determine the ditch flow characteristics
and size of riprap required to provide erosion protection for the probable maximum flood (PMF)
in each diversion ditch at WNI’'s Split Rock Mill and Tailing Site in Jeffrey City, Wyoming.
This calculation has been done previously using the Safety Factors Method for sizing riprap (see
"Western Nuclear, Inc. Split Rock Mill March 1992-Responses to NRC comments on the
Uranium Tailing Reclamation Plan”, Appendix B, Section B.2.)in TRP #3 and the U.S. Army
Corps of Engineers (COE) method, submitted September 1992 in TRP #4. In this calculation,
the U.S. Army Corp of Engineers (COE) method is used and where applicable, the Safety
Factors Method is also used. '

METHOD. Standard Corp of Engineers Floodplain Analysis Computer Programs (HEC1 and
HEC?2) are used to calculate the surface hydrology, ditch hydraulics and the required Dy, for
riprap erosion protection. The COE method is described in NUREG/CR-4620, NRC, June
1986, NUREG/CR 4651, NRC, MAY 1986, and EM 1110-2-16-1 (U.S. Army Corps of
Engineers, July 1970). The specific steps taken to size the ditches and the required riprap are
as follows:

1. Surface hydrology (HEC1)

2. Open-channel hydraulics (HEC2)

3. Calculate Dy, using COE 70 and Safety Factors Method

4, Calculate a value for Manning’s n

3. Using an iterative method repeat steps 1 throughk4 until Dy, and n are compatible
Spreadsheets were developed to facilitate the multiple iterations required to implement the COE

Method. The "Spreadsheets" section of the calculation brief contains print-outs of these
spreadsheets for each ditch design.

SURFACE HYDROLOGY. Watershed run-off and ditch routing was calculated using the
Corps of Engineers HEC-1 model (COE, 1990) for the sub-basins shown in Figure C.1.1 (page
C-/4). This computer model uses the characteristics of the drainage basins and the precipitation
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distribution to determine the discharge. These calculations are provided in Appendix B.

The flood event used to evaluate the surface hydrology was the Probable Maximum Flood
(PMF), which will result from the Probable Maximum Precipitation (PMP) of 9.2-inches for a
1-hour storm. This storm event was selected based on the requirements of the NRC as set forth
in the Final Staff Technical Position, Design of Erosion Protection Covers for Stabilization of
Uranium Mill Tailing Sites (NRC, 1990). The calculations for determination of the PMP value
are given in Appendix B. The precipitation event was distributed for the HEC-1 ana1y51s using
the SCS Type 1I distribution (SCS, 1973) also discussed in Appendix B.

The SCS curve number method was used to estimate the precipitation loss rate. Curve numbers
of 96 (granite), 89 (tailing cover) and 67 (native soil) were used in the analysis when obtaining
the weighted curve numbers required for each basin. Information detailing the generation of
weighted curve numbers is discussed in Appendix B.

The SCS dimensionless Unit Graph method was used to generate the runoff and routing
hydrographs. This method requires the determination of the SCS Lag Time which is expressed
as:

. lO.S(S+ 1)0.7

p 1900}' 0.5

where

tp = lag time (hr.)

1 = length to divide (ft.)

y = average watershed slope (%)
S = (1000/CN)-10

CN = curve number

The lag time values for each watershed and the values used to calculate the lag time are
discussed in Appendix B.

Hydraulic routing was used to determine the movement of a flood wave through the ditch. Each
ditch reach began at a major confluence (node) and ended at the next major downstream
tributary. Thus the water surface profile is determined in each reach assuming that all the flow
in the reach occurs at the upstream end. Figure C.1.2 (page C-/%) shows the reaches in each
diversion ditch and the tailing swale. The results of the hydrological analysis are presented in
hydrographs at each of the tributary inflow points along the ditches, and the routed flows
through each of the ditch reaches.
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OPEN-CHANNEL HYDRAULICS. Using the routed peak discharges from the HEC-1 model,
the hydraulic characteristics of the ditches were determined using the Corps of Engineers HEC-2
model (COE, 1991). Both Super Critical and Sub Critical flows are taken into account in the
HEC?2 analysis.

Manning’s n for the HEC-2 analysis was determined based on the bed slope and riprap sizes in

the ditch. Manning’s n values were calculated using two methods; one for relatively flat ditches -

(less than 2% slope) and another for steep ditches (greater than 2% slope) both of which are
encountered at the Jeffrey City site.

for slopes < 2.0%
n= 0.0395 (Dso) 0.1667
where:

D5, = mean grain diameter, ft.
[Ref NUREG/CR 4620,EQN.4.8, pp.59]

for slopes > 2.0%
n = 0.0456 [(Dso)(s)] *'*°
where '

Dy, = mean grain diameter, inches
= slope in ft/ft
[Ref NUREG/CR 4651,EQN.4.41 pp.60]

Given the results of the hydraulic analysis, an iterative approach was used to determine riprap
sizes. Riprap size required in the ditches was determined using COE Shear Stress method and
Safety Factors Method. '

Iterative Process

The HEC1 and HEC2 models along with Dy, spreadsheets were iterated until the estimated
Mannings n in HEC1 was comparable to the Mannings n in HEC2. First a ditch cross section
was established, along with side slopes and bed slope. Estimated riprap sizes were then used to
calculate the Mannings n value used in the HEC1 model. Routed flow volumes from HECI
were then input into HEC2 producing depth and velocity of flow. With ditch flow information
from HEC2 Riprap was sized using USACE Shear Stress, and Safety Factors methods. New

Mannings n values were then calculated and input back into the HEC2 model. With a |

comparable result for Mannings n reached by the iteration of HEC2 and Ds,, new Mannings n
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values were then input back into HEC1. New routed flow volumes were then input into HEC2
and the HEC2/Dy, iteration was run again. This process was continued until the HEC1, HEC2
and Dy, iterations were comparable. A schematic of the iteration process is shown in Figure

C.1.3 (page C-%).

INPUT PARAMETERS.

Ditch Parameters. The ditch dimensions (ditch slope, side slope, and bottom width) for each
reach at the Split Rock have been modified in this TRP from those included in "Western
Nuclear, Inc. Split Rock Mill March 1992-Responses to NRC comments on the Uranium Tailing
Reclamation Plan", Appendix B, Section B.2). New ditch parameters are based on minimizing
cut and fill quantities and this revision optimizes ditch excavation and rock sizes contained in
the TRP #4 design. All ditches are 15 feet wide with 3:1 side slopes Radii of curvature are
given in Figure C.1.4 (page C-%).

The PMF values are taken from the revised Appendix B.

‘Rock Characteristics. For the purpose of riprap design, the specific gravity of the rock is

assumed as 2.65. This value is considered conservative since Water, Waste and Land, Inc. of
Fort Collins, Colorado performed rock durability tests on rock borrow sources adjacent to the
Tailing’s Impoundment and reported values of 2.71 for specific gravity. (see Appendix C of the
1992 WNI report - Responses to NRC comments on the Uranium Tailing Reclamation Plan).
This rock source is an igneous outcrop that will be angular after blasting. An angle of repose
of 42 degrees is used for the crushed rock (See Figure 3.14 in Attachment A).

Table C.1.1 (page C-/) is a summary of the input parameters and the results of the ditch design
calculations.

RESULTS. Spreadsheets using the COE method for riprap design and, where applicable, using

the Safety Factors method are included for each ditch in the spreadsheet section of this

calculation brief. Table C.1.1 (page C-//) summarizes the resulting ditch designs and the

parameters used for sizing riprap in each ditch section. It should be noted that Table C.1.1 -
presents the worst case design parameters for each ditch section.

r
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DITCH

Transition
North
North
North
North
North
North
North

Swale
Swale

Transition
South
South
South
South

North Central
North Central
North Central
North Central
North Central

South Central
South Central
South Central
South Central
South Central

STATION

0+00to 1+00
1+00 to 29+ 50
29+50 1o 30+00
30+00 to 46+50
46+50 to 53+ 00
53+00 lo 56400
56+00 to 56 +60
56+ 6010 57-+60

2400 to 21+50
21+50to 28+ 95

0+00t0 1+00
1-+00 to 45+ 00

454-00 lo 48+ 00

48 +00 to 66+ 00
66+00 to 67+00

0+00 1o 4+95

4+9510 11+90
11+901o 14+75
14+751t0 16+ 15
15+1510 15+75

0+0010 6+50
6+501t0 8+00
840010 15+50
15+50 to 23+00
23+00to 24-+00

INCLUDED
REACHES

Transition
N1,N2,N3
N3
N3,N4 NS
N6 -
N7
N7

N7 (apron)

SW1,8wW?2
SW3

Transition
$1,52,83
S3
§4,55
S5 (apron)

NC1
NC2
NC2,NC3
NC3
NC3 (apron)

SCt
SCi
~ SCt
SC1,8C2
SC2 (apron)

SLOPE
(fi/t)

0.0598
0.005
0.0387
varies
0.02
0.03
0.03
0.005

varies
0.0409

0.065

- varies

0.0239
0.0231
0.005

0.005
0.03
0.005
0.005
0.005

0.0069
0.04
0.0154
varies
0.0068

;

SUMMARY OF DIVERSION DITCH

TABLEC.1 1

PARAMETERS USED FOR RIPRAP SIZING

BOTTOM SIDE DESIGN
WIDTH SLOPE  RADIUS

M

15
15
15
15
15
15
15
15

15
15

15
15
15
15
15

15
15
15
15
15

15
15
15
15
15

(1) CURV.

3:1
3:1 500
3:1
3:1 525
3:1 1173
31 1173
3:1
3:1

16:1
varies

3:1
3:1 230
31 354
3:1 500
3:1

3:1 155
3:1 169
3:1
31
3:1

3:1 105
31
3:1
31 895
3:1

(a) The riprap size for the last section of the north ditch (N7, 56+ 00 - 56+ 60} and tor the aprons of the north and south diversion dilches

has been increased to a D50 of 18 inches to be consistent with the rock size in the reach immediately upstream of each of these sections.

PMF
(cls)

1112
1645
2468
varies
4616
4985
4985

4985

varies

1737

24
varies
3171
varies
4896

az7
471
varies
960
960

799
799
799
1609
1609

DEPTH VELOCITY Necessary
OF FLOW OF FLOW

")

3.26

6.6 -

5.32
7.03
7.7
7.65
- 7.66
6.39

3.56
3.42

0.32
1.79
6.3
7.7
5.99

3.46
2.6
4.65
3.86
2,75

3.49
2.87
3.32
5.07
4.3

(ft/sec)

. 13.79

8.52
15
16.6
15.74
17.16
17.16
179

6.26
11.98

4.66
6.87
14.84
16.69
19.31

3.72
7.95
7.14
9.36
5.99

8.98
11.79
9.66
105
.10.2

Revised: December 17, 1993

D50
(in)

18
3

15
18
15
18

Design
Dso
{in)

18
K)
18
18
18
18
18(a)
18(a)

18(a)

12

w

12

o

1

17—
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SPREADSHEETS



RIPRAP SIZING USING 1970 COE METHOD

Ref: COE, 1970. Hydraulic Design of Flood Control Channels,

EM 1110-2-1601, pp. 37 - 47.

File: RA\PROJECTS\336\COE70.WQ1
Date:10-14-93
Location: NORTH DIVERSION DITCH

STATION 0+00 - 1+00

INPUT COEFFICIENTS: (see manual for description)

c/f

INPUT: radius of curv. (ft)= 100000
INPUT: topwidth of flow (ft)= 34.53
R/W= ' 2896.0
INPUT: side slope (xH:1V)= 3
side slope angle (deg)= 184
INPUT: angle of repose (deg)= 42
INPUT: rock specific gravity= 2.65
INPUT: velocity (fps)= 13.790
INPUT: depth (ft)= 3.260

D-50 BOUNDARY BEND BOTTOM SIDE SLOPE BOTTOM SIDE SLOPE

(f1) SHEAR SHEAR SHEAR © SHEAR SF SF
, (ps) (pst) (ps) (ps)

1 4.364 4.364 4.118 3.629 0.94 0.8

1.25 4.945 4.945 5.148 4.537 1.04 0.9

1.33 5127 5.127 5.477 4.827 1.07 0.9

— 5.510 5.510 6.178 5.444 1.12 1.0

2 6.622 6.622 237 7.259 1.24 1.1



RIPRAP SIZING USING 1970 COE METHOD
Ref: COE, 1970. Hydraulic Design of Flood Control Channels,

EM 1110-2-1601, pp. 37 - 47.

File: RAPROJECTS\336\COE70.WQ1

Date:10-14-93
Location:

NORTH DIVERSION DITCH

STATION 1+00 - 29+50

INPUT COEFFICIENTS: (see manual for description)

c /7

INPUT: radius of curv. (ft)= 500
INPUT: topwidth of flow (ft)= 54.58
R/W= 9.2
INPUT: side slope (xH:1V)= 3
side slope angle (deg)= 184
INPUT: angle of repose (deg)= 42
INPUT: rock specific gravity= 2.65
INPUT: velocity (fps)= 8.520
INPUT: depth (ft)= 6.600

D-50 BOUNDARY BEND BOTTOM SIDE SLOPE BOTTOM SIDE SLOPE

(ft) SHEAR SHEAR SHEAR ' SHEAR SF SF .
(pst) (psf) (psf) (psf)

0.16 0.584 0.608 0.659 0.581 1.08 0.96

o251 0.678 0.705 1.030 0.907 1.46 129

0.33 0.748 0.778 1.359 1.198 175 1.54

1 1.173 1.221 4.118 3.629 3.37 2.97

1.5 1.424 1.482 6.178 5.444 4.17 3.67
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RIPRAP SIZING USING 1970 COE METHOD

Ref: COE, 1970. Hydraulic Design of Flood Control Channels,

EM 1110-2-1601, pp. 37 - 47.

File: R:\PROJECTS\336\COE70.WQ1

Date:10-14-93 4

Location: NORTH DIVERSION DITCH
STATION 29+50 - 30+00

INPUT COEFFICIENTS: (see manual for description)

INPUT: radius of curv. (ft)= 10000
INPUT: topwidth of flow (ft)= 57.22
R/W= 174.8
INPUT: side slope (xH:1V)= 3
side slope angle (deg)= 18.4
INPUT: angle of repose (deg)= 42
INPUT: rock specific gravity= - 2.65
INPUT: velocity (fps)= 15.000
INPUT: depth (ft)= 5.320

D-50 BOUNDARY BEND BOTTOM SIDE SLOPE BOTTOM SIDE SLOPE

(fv) SHEAR SHEAR SHEAR SHEAR SF SF
(psD) (pst) (psf) (pst)

1 4.022 4.022 4.118 3.629 1.02 0.90

—[125] 4.490 4.490 5.148 4537 115 1.01

1.33 4.634 4.634 5.477 4.827 1.18 1.04

1.5 4.935 4.935 6.178 5.444 1.25 1.10

5784 5.784 8.237 7.259 1.42 1.25



RIPRAP SIZING USING 1970 COE METHOD

Ref: COE, 1970. Hydraulic Design of Flood Control Channels
EM 1110-2-1601, pp. 37 - 47.

’

File: RA\PROJECTS\336\COE70.WQ1

Date:10-14-93
Location:

NORTH DIVERSION DITCH

STATION 30+00 - 46+50

INPUT COEFFICIENTS: (see manual for description)

7

INPUT: radius of curv. (ft)= 525
INPUT: topwidth of flow (ft)= 57.22
R/W= 9.2
INPUT: side slope (xH:1V)= 3
side slope angle (deg)= 18.4
INPUT: angle of repose (deg)= 42
INPUT: rock specific gravity= 2.65
INPUT: velocity (fps)= 16.620
INPUT: depth (ft)= 7.030

D-50 BOUNDARY BEND BOTTOM SIDE SLOPE BOTTOM SIDE SLOPE

(fv) SHEAR SHEAR SHEAR SHEAR SF SF ‘
(pst) (pst) (psf) (pst)

1 4.339 4.512 4.118 3.629 0.91 0.80

1.25 4.809 5.001 5.148 4.537 1.03 0.91

1.33 4.953 5.151 5.477 4.827 1.06 0.94

5.252 5.462 6.178 5.444 113 1.00

2 6.087 6.330 8.237 7.259 1.30 1.15
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RIPRAP SIZING USING 1970 COE METHOD
Ref: COE, 1970. Hydraulic Design of Flood Control Channels,

EM 1110-2-1601, pp. 37 - 47.

File: R:\PROJECTS\336\COE70.WQ1

Date:10-14-93
Location:

NORTH DIVERSION DITCH

STATION 46+50 - 53+00

INPUT COEFFICIENTS: (see manual for description)

INPUT: radius of curv. (ft)= 1173
INPUT: topwidth of flow (ft)= 61.19
R/W= : 19.2
INPUT: side slope (xH:1V)= 3
side slope angle (deg)= 18.4
INPUT: angle of repose (deg)= 42
INPUT: rock specific gravity= 2.65
INPUT: velocity (fps)= 15.740
INPUT: depth (ft)= 7.710

D-50 BOUNDARY BEND BOTTOM SIDE SLOPE BOTTOM SIDE SLOPE

(ft) SHEAR SHEAR SHEAR SHEAR SF SF
‘ (psf) (psf) (psf) (psf)

0.16 1.897 1.897 0.659 0.581 0.35 031

1 3.735 3.735 4.118 3.629 1.10 0.97

——?‘ 1.25 i 4.131 4.131 5.148 4.537 1.25 1.10

1.5 4.503 4.503 6.178 5.444 1.37 1.21

2 5.201 5.201 8.237 7.259 1.58 1.40



RIPRAP SIZING USING 1970 COE METHOD C
Ref: COE, 1970. Hydraulic Design of Flood Control Channels,
EM 1110-2-1601, pp. 37 - 47.

File: R\PROJECTS\336\COE70.WQ1 ‘
Date:10-14-93
Location: NORTH DIVERSION DITCH

STATION 53+00 - 56+00

INPUT COEFFICIENTS: (see manual for description)

INPUT: radius of curv. (ft)= 1173
INPUT: topwidth of flow (ft)= : 60.89
R/W= 19.3
INPUT: side slope (xH:1V)= 3
side slope angle (deg)= ' 18.4
INPUT: angle of repose (deg)= 42
INPUT: rock specific gravity= : 2.65
INPUT: velocity (fps)= 17.150
INPUT: depth (ft)= 7.650
D-50 BOUNDARY BEND BOTTOM SIDESLOPE = BOTTOM SIDE SLOPE
(ft) SHEAR SHEAR SHEAR SHEAR SF SF
(pst) . (ps) (psf) (psf)
0.16 2.257 2.257 0.659 0.581 0.29 0.26
1 4.450 4.450 4.118 3.629 . 0.93 0.82
1.25 4922 4922 5.148 4.537 1.05 0.92
—{L.5] 5.366 5.366 6.173 5.444 S115 1.01
2 6.200 6.200 8.237 7.259 1.33 1.17



RIPRAP SIZING USING SAFETY FACTORS METHOD
REF: NUREG/CR-4651, pp. 18

FOR SLOPES LESS THAN 10%

Depth of flow is calculated in HEC-2

File: R:A\PROJECTS\336\SF.WQ1

Date: 10-14-93
Location: NORTH DIVERSION DITCH
STATION 56+00 TO 56+65
INPUT Flow Depth: 7.66
INPUT Steepest Bank Slope (zH:1V): 3
INPUT Bed Slope (rise/run): ' . 0.005
INPUT Riprap Angle of Repose: 42
RISE/RUN
Bed Slope: 0.005
Steepest Bank Slope: 0.333333333333
Anglé of Repose:
T N
D-50 DEPTH  TRACTIVE STABILITY
(fr) (ft) FORCE PARAMETER
0.25 7.66 1.82 1.48
0.33 7.66 1.82 1.12
—10.5) 7.66 1.82 0.74
0.75 7.66 1.82 0.49
1 - 7.66 1.82 0.37
1.25 7.66 1.82 0.30
1.5 7.66 1.82 0.25
1.75 7.66 1.82 0.21

RADS
0.005
0.322
0.733

B
(RADS)
112
1.01
0.81
0.61
0.48
0.40
0.34
0.29

DEGREES
’ 0.29
18.43
42.00

B
DEGREES
64.40
57.76
46.38
35.02
27.75
22.83
19.34
16.75

N!

1.41
1.04
0.64
0.39
0.27
0.21
0.16
0.14

cz27

SAFETY

FACTOR
0.61
0.77
1.08
1.40
1.63
1.79
1.91
2.00



RIPRAP SIZING USING SAFETY FACTORS METHOD
REF: NUREG/CR-4651, pp. 18
FOR SLOPES LESS THAN 10%

Depth of flow is calculated in HEC-2 .
File: R:\PROJECTS\336\SF.WQ1
Date: 10-14-93
Location: NORTH DIVERSION DITCH
STATION 56+65 TO 57+60
INPUT Flow Depth: 6.39
INPUT Steepest Bank Slope (zH:1V): ' 3
INPUT Bed Slope (rise/run): 0.005
INPUT Riprap Angle of Repose: 42
RISE/RUN RADS DEGREES
Bed Slope: 0.005 0.005 0.29
Steepest Bank Slope: 0.333333333333 0.322 18.43
Angle of Repose: 0.733 - 42.00
T N :
D-50  DEPTH  TRACTIVE STABILITY B B SAFETY
(ft) (fv) FORCE PARAMETER (RADS) DEGREES N FAC’
0.25 6.39 1.52 1.24 1.05 60.18 1.16 ,
0.33 6.39 1.52 0.94 0.92 52.95 0.84 0.90
6.39 1.52 0.62 0.72 41.22 0.51 1.22
0.75 6.39 1.52 0.41 0.53 30.32 0.31 1.54
1 6.39 1.52 0.31 0.41 23.70 0.22 1.76
1.25 6.39 1.52 0.25 0.34 19.36 0.17 1.91
1.5 6.39 1.52 0.21 0.28 16.32 0.13 2.02
1.75 6.39 1.52 0.18 0.25 14.10 0.11 2.10



RIPRAP SIZING USING 1970 COE METHOD
Ref: COE, 1970. Hydraulic Design of Flood Control Channels
EM 1110-2-1601, pp. 37 - 47.

. File: R\PROJECTS\336\COE70.WQ1
Date:10-14-93
Location: TAILING SWALE
STATION 2+00 - 21+50

INPUT COEFFICIENTS: (see manual for description)

’

cz

INPUT: radius of curv. (ft)= 100000
INPUT: topwidth of tlow (ft)= 128.85
R/W= 776.1
INPUT: side slope (xH:1V)= -3
side slope angle (deg)= 18.4
INPUT: angle of repose (deg)= 42
INPUT: rock specific gravity= 2.65
INPUT: velocity (fps)= 6.260
INPUT: depth (ft)= 3.560
D-50 BOUNDARY BEND BOTTOM SIDE SLOPE BOTTOM SIDE SLOPE
' (1) SHEAR SHEAR SHEAR SHEAR ~ SF SF
N (psf) (pst) (pst) (psh)
0.16 0.388 0.388 0.659 0.581 1.70 1.49
0.25 0.459 0.459 1.030 0.907 224 1.98
0.33 0.512 0.512 1.359 1.198 2.65 2.34
1 0.858 0.858 4.118 3.629 4.80 4.23
15 1.077 1.077 6.178 5.444 5.74 5.06
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RIPRAP SIZING USING 1970 COE METHOD
Ref: COE, 1970. Hydraulic Design of Flood Control Channels,
EM 1110-2-1601, pp. 37 - 47.

File: RA\PROJECTS\336\COE70.WQ1

Date:10-14-93

Location: TAILING SWALE
STATION 21+50 - 28495

INPUT COEFFICIENTS: (see manual for description)

INPUT: radius of curv. (ft)= 100000
INPUT: topwidth of flow (ft)= 69.72
R/W= 1434.3
INPUT: side slope (xH:1V) = v ' 3
side slope angle (deg)= 184
INPUT: angle of repose (deg)= 42
INPUT: rock specific gravity= 2.65
INPUT: velocity (fps)= 11.980
INPUT: depth (ft)= 3.420
D-50 BOUNDARY BEND BOTTOM SIDE SLOPE BOTTOM SIDE SLOPE
(fr) SHEAR SHEAR SHEAR - SHEAR SF SF
(psf) (psf) (psf) (psf)
0.16 1.443 1.443 © 0.659 0.581 0.46 0.40
0.25 1.706 I 1.706 1.030 0.907 0.60 0.53
0.75 2.766 2.766 3.089 2.722 1.12 0.98
—{1] 3.209 3.209 4.118 3.629 1.28 113
1.5 4.040 4.040 6.178 5.444 1.53 1.35
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RIPRAP SIZING USING SAFETY FACTORS METHOD
REF: NUREG/CR-4651, pp. 18
FOR SLOPES LESS THAN 10%
Depth of flow is calculated in HEC-2
File: RA\PROJECTS\336\SF.WQ1
Date: 10-14-93
Location: SOUTH DIVERSION DITCH
STATION 0+00 TO 1+00

INPUT Flow Depth: 0.32
INPUT Steepest Bank Slope (zH:1V): 3
INPUT Bed Slope (rise/run): 0.065
INPUT Riprap Angle of Repose: 42

RISE/RUN
Bed Slope: 0.065
Steepest Bank Slope: 0.333333333333

Angle of Repose:
T N

D-50 DEPTH  TRACTIVE STABILITY
(fr) (ft) FORCE PARAMETER
— 0.32 0.99 0.80
0.33 0.32 0.99 0.61
0.5 0.32 0.99 0.40
0.75 0.32 0.99 0.27
1 0.32 0.99 0.20
1.25 0.32 0.99 0.16
1.5 0.32 0.99 0.13
1.75 0.32 0.99 0.11

RADS
0.065
0.322
0.733

B

(RADS)
0.82
0.69
0.50
0.36
0.27
0.22
0.19
0.16

DEGREES
3.72
18.43
42.00

B
DEGREES

46.78
39.35
28.86
2040
15.67
12.70
10.66

9.18

N)

0.71
0.51
0.31
0.19
0.13
0.10
0.08
0.07



RIPRAP SIZING USING 1970 COE METHOD

Ref: COE, 1970. Hydraulic Design of Flood Control Channels
EM 1110-2-1601, pp. 37 - 47.

b

File: RA\PROJECTS\336\COE70.WQ1

Date:10-14-93
Location:

SOUTH DIVERSION DITCH

STATION 1+00 - 45+00

INPUT COEFFICIENTS: (see manual for description)

Cz?

INPUT: radius of curv. (ft)= 230
INPUT: topwidth of flow (ft)= 61.71
R/W= 3.7
INPUT: side slope (xH:1V)= 3
side slope angie (deg)= 18.4
INPUT: angle of repose (deg)= 42
INPUT: rock specific gravity= 2.65
INPUT: velocity (fps)= 6.870
INPUT: depth (ft)= 7.790

D-50 BOUNDARY BEND BOTTOM SIDE SLOPE BOTTOM SIDE SLOPE

(fr) SHEAR SHEAR SHEAR SHEAR SF SF .
(psf) (psf) (psf) (psf)

0.16 0.360 0.588 0.659 0.581 1.12 0.99

—={025] 0.416 0.679 1.030 0.907 1.52 134

0.5 0.534 0.871 2.059 1.815 237 2.08

1.5 0.854 1.393 6.178 5.444 4.44 391

2 0.986 1.608 8.237 '7.259 5.12 4.51



o

'RIPRAP SIZING USING 1970 COE METHOD

Ref: COE, 1970. Hydraulic Design of Flood Control Channels
EM 1110-2-1601, pp. 37 - 47.

File: R\PROJECTS\336\COE70.WQ1

Date:10-14-93

Location: SOUTH DIVERSION DITCH
STATION 45+00 - 48+00

INPUT COEFFICIENTS: (see manual for description)

[}

N
Ly
G

INPUT: radius of curv. (ft)= 354
INPUT: topwidth of flow (ft)= 52.82
R/W= 6.7
INPUT: side slope (xH:1V) = 3
side slope angle (deg)=" 184
INPUT: angle of repose (deg)= 42
INPUT: rock specific gravity = 2.65
INPUT: velocity (fps)= 14.840
INPUT: depth (ft)= 6.300

D-50 . BOUNDARY BEND BOTTOM SIDE SLOPE BOTTOM SIDE SLOPE

(ft) SHEAR SHEAR SHEAR SHEAR SF SF
(psf) (psf) (psf) (psf)

0.16 1.798 2.188 0.659 0.581 0.30 0.27

0.25 2.089 2.542 1.030 0.907 041 0.36

1 3.636 4.425 4.118 3.629 0.93 0.82

—{1.5) 4.424 5.383 6.178 5.444 1.15 1.01

2 5.149 6.265 8.237 7.259 1.31 1.16



RIPRAP SIZING USING 1970 COE METHOD

Ref: COE, 1970. Hydraulic Design of Flood Control Channels,

EM 1110-2-1601, pp. 37 - 47.

File: R\PROJECTS\336\COE70.WQ1

Date:10-14-93

Location: SOUTH DIVERSION DITCH
STATION 48+00-66+00

INPUT COEFFICIENTS: (see manual for description)

0
Y

INPUT: radius of curv. (ft)= 500
INPUT: topwidth of tlow (ft)= 61.19
R/W= 8.2
INPUT: side slope (xH:1V)= 3
side slope angle (deg)= 184
INPUT: angle of repose (deg)= 42
INPUT: rock specific gravity= 2.65
INPUT: velocity (fps)= 16.690
INPUT: depth (ft)= 7.700

D-50 BOUNDARY BEND - BOTTOM SIDE SLOPE BOTTOM SIDE SLOPE

(fr) SHEAR ‘SHEAR SHEAR SHEAR SF SF
- (psf) (psf) (psf) (pst)

0.16 2.134 2.351 0.659 0.581 0.28 0.2

1 4.202 4.631 4.118 3.629 0.89 0.8

1.25 4.648 5.121 5.148 4.537 1.01 0.9

1.33. 4.784 5.272 5.477 4.827 1.04 0.9

—>15] 5.066 5.583 6.178 5.444 111 1.0
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RIPRAP SIZING USING SAFETY FACTORS METHOD : <
REF: NUREG/CR-4651, pp. 18
FOR SLOPES LESS THAN 10%
. Depth of flow is calculated in HEC-2
File: R:\PROJECTS\336\SF.WQ1

Date: 10-14-93
Location: SOUTH DIVERSION DITCH
STATION 66+00 TO 67+00
INPUT Flow Depth: 5.99
INPUT Steepest Bank Slope (zH:1V): 3
INPUT Bed Slope (rise/run): 0.005
INPUT Riprap Angle of Repose: 42
RISE/RUN RADS DEGREES
Bed Slope: - 0.005 0.005 0.29
Steepest Bank Slope: 0.333333333333 0.322 18.43
Angle of Repose: 0.733 42.00
T N , _
D-50 DEPTH  TRACTIVE STABILITY B B SAFETY
(fr) (ft) FORCE PARAMETER (RADS) DEGREES N FACTOR
\‘ ' 0.25 5.99 1.42 1.16 1.02 58.57 1.08 0.75
0.33 5.99 142 0.88 0.89 51.16 0.78 0.95
—405 | 5.99 1.42 0.58 069 . 39.40 0.47 127
0.75 5.99 1.42 0.39 0.50 28.74 0.29 1.60
1 5.99 1.42 0.29 0.39 22.37 0.20 1.81
1.25 5.99 1.42 0.23 0.32 18.23 0.15 1.93
1.5 5.99 1.42 0.19 0.27 15.35 0.12 2.06
1.75 5.99 1.42 0.17 0.23 13.25 0.10 2.14



A
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RIPRAP SIZING USING SAFETY FACTORS METHOD

REF: NUREG/CR-4651, pp. 18
FOR SLOPES LESS THAN 10%
Depth of flow is calculated in HEC-2
File: R\PROJECTS\336\SF.WQ1

Date:
Location:

10-14-93

NORTH CENTRAL DIVERSION DITCH
STATION 0+00 TO 4+95

INPUT Flow Depth:
INPUT Steepest Bank Slope (zH:1V):

INPUT Bed Slope (rise/run):
INPUT Riprap Angle of Repose:

D-50
(ft

0.25
0.33
0.5
0.75

1

1.25

1.5

1.75

Bed Slope:

Steepest Bank Slope:

Angle of Repose:

DEPTH | TRACTIVE
(ft) FORCE

3.46 0.82
3.46 0.82
3.46 0.82
3.46 0.82
3.46 0.82
3.46 0.82
3.46 0.82
3.46 0.82

RISE/RUN
0.005

STABILITY
PARAMETER
0.67
0.51
033
0.22
0.17
0.13
0.11
0.10

RADS
0.005
0.322
0.733

(RADS)
0.76
0.62
0.44
0.31
0.23
0.19
0.16
0.14

DEGREES
0.29

18.43

42.00

B
DEGREES

43.48
35.73
25.42
17.60
13.38
10.78

9.02

7.75

N’

0.57
0.40
0.24
0.15
0.10
0.08
0.06
0.05

33



RIPRAP SIZING USING SAFETY FACTORS METHOD
REF: NUREG/CR-4651, pp. 18

FOR SLOPES LESS THAN 10%

Depth of flow is calculated in HEC-2

File: R:\PROJECTS\336\SF.WQ1

Date: 10-14-53
Location: NORTH CENTRAL DIVERSION DITCH
STATION 4495 TO 11+90
INPUT Flow Depth: 26
INPUT Steepest Bank Slope (zH:1V): 3
INPUT Bed Slope (rise/run): 0.03
INPUT Riprap Angle of Repose: 42
RISE/RUN RADS DEGREES
Bed Slope: 0.03 0.030 172
Steepest Bank Slope: 0.333333333333 0.322 18.43
Angle of Repose: 0.733 42.00
. T N
D-50 DEPTH TRACTIVE STABILITY B B SAFETY
(fv) (ft) FORCE PARAMETER (RADS) DEGREES N’ FACTOR
\‘ 0.25 2.60 3.70 3.02 1.31 75.27 2.98 0.31
0.33 2.60 3.70 2.29 1.25 71.36 224 0.40
0.5 2.60 3.70 . 1.51 1.11 63.63 1.44 0.59
0.75 2.60 3.70 1.01 0.94 53.92 0.92 0.84
Q/E 2.60 3.70 0.75 0.81 46.13 0.66 1.03
1.25 2.60 3.70 0.60 0.70 39.94 0.50 1.23
1.5 2.60 3.70 0.50 0.61 35.02 0.40 1.38
1.75 2.60 3.70 0.43 0.54 31.07 0.33 1.50



RIPRAP SIZING USING 1970 COE METHOD
Ref: COE, 1970. Hydraulic Design of Flood Control Channels,

EM 1110-2-1601, pp. 37 - 47.

File: R:\PROJECTS\336\COE70.WQ1

Date:10-14-93
Location:

NORTH CENTRAL DIVERSION DITCH

STATION 11+90 - 14+75

INPUT COEFFICIENTS: (see manual for description)

INPUT: radius of curv. (ft)= 100000
INPUT: topwidth of tlow (ft)= 42.89
R/W= 23315
INPUT: side slope (xH:1V)= 3
side slope angle (deg)= 18.4
INPUT: angle of repose (deg)= 42
INPUT: rock specific gravity= 2.65
INPUT: velocity (fps)= 7.140
INPUT: depth (ft)= 4.650

D-50 BOUNDARY BEND BOTTOM SIDE SLOPE ‘BOTTOM SIDE SLOPE

(1) SHEAR SHEAR SHEAR SHEAR SF SF ‘
(psB) (pst) (pst) (psD)

4 0.16 - 0.460 0.460 0.659 0.581 1.43 1.26

0.25 0.539 0.539 1.030 0.907 1.91 1.68

0.33 0.599 0.599 1.359 1.198 2.27 2.00

1.33 1.127 1.127 5.477 4.827 4.86 4.28

1.5 1.203 1.203 6.178 5.444 5.14 4.53



RIPRAP SIZING USING SAFETY FACTORS METHOD

REF: NUREG/CR-4651, pp. 18
FOR SLOPES LESS THAN 10%
Depth of flow is calculated in HEC-2
’ File: R:\PROJECTS\336\SF.WQ1
Date: 10-14-93

Location: NORTH CENTRAL DIVERSION DITCH

STATION 14475 TO 15+15

INPUT" Flow Depth:

INPUT Steepest Bank Slope (zH:1V):
INPUT Bed Slope (rise/run):

INPUT Riprap Angle of Repose:

Bed Slope:
Steepest Bank Slope:
Angle of Repose:
T
D-50 DEPTH = TRACTIVE
(f) (f1) FORCE
‘ —1025 ] 3.86 0.92
R 0.33 38 . 092
0.5 3.86 0.92
0.75 3.86 092
1 3.86 0.92
1.25 3.86 0.92
1.5 3.86 0.92
1.75 3.86 0.92

0.333333333333

STABILITY

PARAMETER

0.75
0.57
0.37
0.25
0.19
0.15
0.12
0.11

RADS
0.005
0.322
0.733

(RADS)
0.81

0.68

0.49

0.34

0.26

0.21
018

0.15

DEGREES
0.29
18.43
42.00

B
DEGREES

- 46.60
38.73
27.93
19.48
14.86
11.99

10.04-

8.63

N’

0.65
0.46
0.27
0.17
0.12
0.09
0.07
0.06



RIPRAP SIZING USING 1970 COE METHOD

Ref: COE, 1970. Hydraulic Design of Flood Control Channels
EM 1110-2-1601, pp. 37 - 47.

>

File: R:\\PROJECTS\336\COE70.WQ1

Date:10-14-93
- Location:

NORTH CENTRAL DIVERSION DITCH

STATION 15+15-15+75

INPUT COEFFICIENTS: (see manual for description)

INPUT: radius of curv. (ft)= 100000
INPUT: topwidth of flow (ft)= 66.50
R/W= 1503.8
INPUT: side slope (xH:1V) = 3
side slope angle (deg)= 18.4
- INPUT: angle of repose (deg)= 42
INPUT: rock specific gravity= 2.65
INPUT: velocity (fps)= 5.990
INPUT: depth (ft)= 2.750

D-50 BOUNDARY BEND BOTTOM SIDE SLOPE BOTTOM SIDE SLOPE

(ft) SHEAR SHEAR SHEAR SHEAR SF SF ‘
(pst) (psf) (psf) . (ps)

0.391 0.391 0.659 0.581 1.69 1.49

025 0.465 0.465 1.030 0.907 2.21 1.95

0.33 0.523 0.523 1.359 1.198 2.60 2.29

33 1.072 1.072 5.477 4.827 5.1 4.50

1.5 1.157 1.157 6.178 5.444 5.34 4.71
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RIPRAP SIZING USING SAFETY FACTORS METHOD
REF: NUREG/CR-4651, pp. 18

FOR SLOPES LESS THAN 10%

Depth of flow is calculated in HEC-2

File: R\PROJECTS\336\SF.WQ1

Date: 10-14-93
Location: SOUTH CENTRAL DIVERSION DITCH
STATION 0+00 TO 6+50
INPUT Flow Depth: 3.49
~ INPUT Steepest Bank Slope (zH:1V): 3
INPUT Bed Slope (rise/run): 0.0068
INPUT Riprap Angle of Repose: 42
_ RISE/RUN
Bed Slope: 0.0068
Steepest Bank Slope: 0.333333333333
Angle of Repose:
T ' N
D-50 DEPTH  TRACTIVE STABILITY
(fr) (ft) FORCE  PARAMETER
' 0.25 3.49 1.13 _ 0.92
“% 0.33 S 3.49 1.13 0.70
0.5 3.49 1.13 0.46
-0.75 3.49 1.13 0.31
1 3.49 1.13 0.23
1.25 3.49 1.13 0.18
1.5 3.49 1.13 0.15
1.75 3.49 1.13 0.13

RADS
0.007
0.322
0.733

(RADS)
0.91
0.78
0.58
0.41
0.32
0.26
0.21
0.18

DEGREES
0.39
18.43
42.00

B
DEGREES
52.34
44.53
33.05
23.48
18.06
14.63
12.27
10.56

N’

0.82
0.59
0.36
0.21
0.15
0.12
0.09
0.08

SAFETY

FACTOR
0.91
1.12
1.46
1.77
1.96
2.08
2.17
224



RIPRAP SIZING USING 1970 COE METHOD
Ref: COE, 1970. Hydraulic Design of Flood Control Channels,
EM 1110-2-1601, pp. 37 - 47.

{_‘ File: RA\PROJECTS\336\COE70.WQ1
' Date:10-14-93
Location: SOUTH CENTRAL DIVERSION DITCH

STATION 6+50 - 8+00

INPUT COEFFICIENTS: (see manual for description)

INPUT: radius of curv. (ft)=
INPUT: topwidth of flow (ft)= 32.22
R/W= 3104
INPUT: side slope (xH:1V)= 3
side slope angle (deg)= 18.4
INPUT: angle of repose (deg)= 42
INPUT: rock specific gravity= 2.65
- INPUT: velocity (fps)= 11.790
INPUT: depth (ft)= 2.870
D-50 BOUNDARY BEND BOTTOM SIDE SLOPE BOTTOM SIDE SLOPE
- (fr) SHEAR SHEAR SHEAR SHEAR SF SF
( (psf) (psf) (psf) (psf)
0.25 1.772 1.772 1.030 0.907 0.58 0.51
0.33 1.989 1.989 1.359 1.198 0.68 0.60
0.5 2.397 2.397 2.059 1.815 0.86 0.76
—{1) 3.423 3.423 4.118 3.629 120 1.06
1.5 4.360 4.360 6.178 5.444 1.42 1.25
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RIPRAP SIZING USING 1970 COE METHOD
Ref: COE, 1970. Hydraulic Design of Flood Control Channels,

EM 1110-2-1601, pp. 37 - 47.

File: RA\PROJECTS\336\COE70.WQ1

Date:10-14-93
Location:

SOUTH CENTRAL DIVERSION DITCH

STATION 8+00 - 15+50

INPUT COEFFICIENTS: (see manual for description)

Cyr

INPUT: radius of curv. (ft)= 512
INPUT: topwidth of flow (ft)= 34.89
R/W= 14.7
INPUT: side slope (xH:1V) = 3
side slope angle (deg)= 184.
INPUT: angle of repose (deg)= 42
INPUT: rock specific gravity= 2.65
INPUT: velocity (fps)= 9.660
INPUT: depth (ft)= 3.320
D-50 BOUNDARY BEND BOTTOM SIDE SLOPE BOTTOM SIDE SLOPE
(ft) SHEAR SHEAR SHEAR SHEAR SF SF
(psD) (ps) (psD) (ps)
0.25 1.122 1.122 1.030 0.907 0.92 0.81
0.33 1.256 | 1.256 1.359 1.198 1.08 0.95
—=%0.5\ 1.504 1.504 2.059 1.815 137 121
1 2.120 2.120 4.118 3.629 1.94 1.71
2.674 6.178 5.444 231 2.04

1.5 2.674



RIPRAP SIZING USING 1970 COE METHOD

Ref: COE, 1970. Hydraulic Design of Flood Control Channels
EM 1110-2-1601, pp. 37 - 47.

b

File: R:\\PROJECTS\336\COE70.WQ1

Date:10-14-93
Location:

SOUTH CENTRAL DIVERSION DITCH

STATION 15+50 - 23+00

INPUT COEFFICIENTS: (see manual for description)

. INPUT: radius of curv. (ft)= 895
INPUT: topwidth of flow (ft)= 47.03
R/W= 19.0
INPUT: side slope (xH:1V)= 3
side slope angle (deg)= 18.4
INPUT: angle of repose (deg)= 42
INPUT: rock specific gravity= 2.65
INPUT: velocity (fps)= 10.500
INPUT: depth (ft)= 5.070

D-50 BOUNDARY BEND BOTTOM SIDE SLOPE BOTTOM SIDE SLOPE

(£1) SHEAR SHEAR . SHEAR SHEAR SF SF .
(psf) (ps) (psf) (psf)

0.25 1.130 1.130 1.030 0.907 0.9 0.80

0.33 1.253 - 1.253 1.359 1.198 1.08 0.96

1.479 1.479 2.059 1.815 1.39 1.23

1 2.017 2.017 4.118 3.629 2.04 1.80

1.5 2.481 2.481 6.178 5.444 2.49 2.19



RIPRAP SIZING USING SAFETY FACTORS METHOD
REF: NUREG/CR-4651, pp. 18
FOR SLOPES LESS THAN 10%
‘ Depth of flow is calculated in HEC-2
h File: R:\PROJECTS\336\SF.WQ1

Date: 10-14-93
Location: SOUTH CENTRAL DIVERSION DITCH
STATION 23+00 TO 24+00
INPUT Flow Depth: 4.3
INPUT Steepest Bank Slope (zH:1V): 3
INPUT Bed Slope (rise/run): 0.0068
INPUT Riprap Angle of Repose: 42
RISE/RUN
Bed Slope: 0.0068
Steepest Bank Slope: 0.333333333333
Angle of Repose:
T N
D-50 DEPTH TRACTIVE STABILITY
(fv) (fv) FORCE PARAMETER
\’ 0.25 4.30 1.39 1.13
0.33 4.30 1.39 0.86
0.5 4.30 1.39 0.57
0.75 430 1.39 0.38
1 4.30 1.39 0.28
1.25 4.30 1.39 0.23
1.5 430 1.39 0.19
1.75 4.30 1.39 0.16

RADS
0.007
0.322
0.733

(RADS)
1.01
0.88
0.68
0.49
038
0.31
0.26
0.23

DEGREES
0.39
18.43
42.00

B
DEGREES

57.88

50.43

38.69

28.14

21.88

_ 17.82

- 15.00
12.94

N)

1.05
0.76
0.46
0.28
0.20
0.15
0.12
0.10

SAFETY

FACTOR
0.77
0.96
1.29
1.61
1.82
1.96
2.07
2.15
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Appendix C
Section C.1
Riprap Sizing Calculation

SMI 336
October 1993

HEC2 OUTPUT
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Version 4.6.2;

May 1991

e s o vk e v o 3 3 vk e Je v e ol e S e e Wk o ok o 3 e o e e g e o sk

NOTE- ASTERISK (*) AT LEFT OF CROSS-SECTION NUMBER

JEFFREY CITY

SUMMARY PRINTOUT

SECNOD

.000

12.500

‘ 25.000
\\n-- 35.000
50.000

51.000

52.500

55.000

60.000

65.000

75.000

80.000

90.000

$5.000

*  100.000

* 125.000

%+ 150.000
@

XLBEL

418.00

417.25

416.50

© 415.90

415.00

414.90

414.80

414.70

414.40

414.10

413.50

413.20

412.60

412.30

412.00

411.88

411.75

VALors Osed 18D SPREADSTEETS ﬁ,z.r

K*XNCH
46.10
46.10
46.10
46.10
46.10
46.10
46.10
46.10
46.10
46.10
46.10
46.10
46.10
46.10
31.30
31.30

31.30

DEPTH

3.29

3.28

3.28

N
3,26 13.79)

3.32

3.

3.30

3.29

3.29

Ao

AEC -

>

LA TC e

-
[+

SLpary CQoT NS

SUPCL -C R e

VCH

13.59

13.63

13.65

13.66

13.66

13.77

13.44

13.48

13.52

13.57

13.59

13.63

13.62

10.56

10.54

10.54

10*KsS

590.57

595.90

597.56

599.13

598.77

613.00

615.01

572.14

577.51

581.71

587.63

590.32

595.53

593.97

101.31

100.69

100.86

Q

1112.00

1112.00

1112.00

1112.00

1112.00

1112.00

1112.00

1112.00

1112.00

1112.00

1112.00

1112.00

1112.00

1112.00

1645.00

1645.00

1645.00

TOPWID

34.74

34.69

34.68

34.67

34.67

34.55

34.53

34.90

34.85

34.82

34.77

34.74

34.70

34.71.

45.77

45.81

45.80

INDICATES MESSAGE IN SUMMARY OF ERRORS LIST

THIS RUN EXECUTED 130CT93

PAGE

14:57:47

SD =
e F-a

10A)

[

Repen

vy

n



130CT93

SECNO

200.000

300.000

400.000

500.000

600.000

700.000

800.000

900.000

1000.000

1050.000

1100.000

1200.000

1300.000

1400.000

1500.000

1600.000

1700.000

1800.000

1960.000

2000.000

2100.000

2200.000

2300.000

2400.000

2500.000

2600.000

14:57:39

XLBEL

411.50
411.00
410.50
410.00
409.50
409.00
408.50
408.00
407.50
407.é5
407.00
406.50
406.00
405.50
405.00
404,50
404,00
403.50
403.00
402.50
402.00
401.50
401.00
400.50
400.00

399.50

K*XNCH

31.30

31.30

31.30

31.30

31.30

31.30

31.30

31.30

31.30

31.30

31.30

31.30

31.30

31.30

31.30

31.30

31.30

31.30

31.30

31.30

31.30

31.30

31.30

31.30

31.30

31.30

DEPTH

- 5.13

5.13

5.13

5.13

5.13

5.61

5.61

5.61

5.61

5.61

5.61

5.61

5.61

5.61

5.61

5.61

5.61

5.61

5.61

5.61

VCH

10.54 -

10.54

10.54

10.54

10.54

10.54

10.54

10.54

10.54

10.94

10.94

10.94

10.94

10.94

10.94

10.94

10.94

10.94

10.94

10.94

10.94

10.94

10.94

10.94

10.94

10.94

10*Ks
100.79
100.82
100.80
100.81
100.79
100.80
100.80
100.80
100.80
98.57
98.48
98.48
98.50
98.50
98.50
98.50
98.50
98.50
9§.50
98.50
98.50
98.50
98.50
98.50
98.50

98.50

Q

1645.00

1645.00

1645.00

1645.00

1645.00

1645.00

1645.00

1645.00

1645.00

1954.00

1954.00

1954.00

1954.00

1954.00

1954.00

1954.00

1954.00

1954.00

1954.00

1954.00

1954.00

1954.00

1954.00

1954.00

1 1954.00

1954.00

TOPWID
45.80
45.80
45.80
45.80
45.80
45.80
45.80
45.80
45.80
48.66
48.67
48.67
48.67
48.67
48.67
48.67
48.67
48.67
48.67
48.67
48.67
48.67
48.67
48.67
48.67

48.67

]
M
G
‘ T
LR Reacr
iz 4
té
2
W
i
¥
7]
Remer 2
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130CT93

SECNO

2700

2800.

2900.

2950.

2962.

2975.

2987.

3000.

3050.

3100.

3200.

3300.

3400.

3500.

3600.

3670.

3700.

3725.

3750.

3775.

3800.

3900.

3950.

4000.

4100.

4200.

.000

000

000

000

500

000

500

000

000

000

000

Q00

000

000

000

000

000

000

000

000

000

000

000

000

000

000

14:57:39
XLBEL K*XNCH DEPTH VCH 10*Ks
399.00  31.30 5.61  10.94  98.50
398.50 - 31.30 5.61  10.9%  98.50
398.00  31.30 6.33 1148 94.88
397.80  41.00 632 1151 164.06
39730 41.00 5.65  13.63  259.59
396.80  41.00 5.48  14.31  296.32
396.30  41.00 5.37  14.75  322.33
395.80  43.10 372.63
393.90  43.10 5.31  15.06  376.61
392.00  43.10 530 15.10  379.26
388.10  43.10 5.25  15.28  391.97
386.20  43.10 5.26  15.24  388.69
380.40  43.10 531 15.06  375.42
376.50  43.10 5.25  15.28  391.55
372.60  43.10 5.26  15.26  388.83
369.90  43.10 S.44  16.95  361.47
368.70  43.10 5.35  15.28  383.86
367.70  43.10 5.32  15.39  391.13
\
366.80  43.10 5.42  14.96 . 362.23
365.87  43.10 5.40  15.03  367.20
364.90  43.10 5.37  15.17  376.66
(361.00 4310 533  15.38  390.72
359.00  43.10 $.31  15.48  397.44
357.10  43.10 5.37  15.19  377.47
353.30  43.10 5.37  15.22  379.46
349.40  43.10 5.33  15.39  391.08

Q
1954.00
1954.00
2468.00
2468.00
2468.00
2468.00
2468.00
2468.00
2468.00
2468.00
2468.00
2668.00
2468.00
2468.00
2468.00
2539.00
2539.00
2539.00
2539.00
2539.00
2539.00
2539.00
2539.00
2539.00
2539.00

2539.00

TOPWID
48.67
48.67
52.97
52.90 ™
48.97
47.91 E?
Ib
M
o] 0
47.25 oV

46.51

46.57

46.84

46.52

46.57

47.58

47.11

46.96

47.56

47.45

47.25

46.97

46.84

47.24

47.20

46.96

"

>

o

Q

L

Co€ 30
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130CT93

SECNO

4250.000

4275.000

4300.000

4400.000

4500.000

4600.000

4650.000

4662.500

4675.000

4700.000

4800.000

4900.000

5000.000"

5100.000
5200.000
5300.000
5325.000
5350.000
5400.000
5500.000
5600.000
5660.000
5662.500
5665.000
5670.000

5680.000

14:57:39

XLBEL

347.40 .

346.60

345.80

342.80

339.80

336.70

335.40

335.10

334.80

334.20

332.20

330.20

328.20

326.10

324.10

322.10

321.35

320.60

319.10

316.10

316.10

315.80

315.79

315.78

315.75

315.70

41.

41
41
41
41
41

4

37.

37.

37.

37.

37.

37.

37.

37.

37.

41

41

41

41

41

35.

35.

35.

32.

. 32,

K*XNCH

40

.40

.40

.40

.40

.40

.40

70

70

70

70

70

70

70

70

70

.30

.30

.30

.30

.30

20

20

20

90

90

DEPTH VCH
8.23  12.91
7.40 15.28
7.3 15.89
7.09  16.39
7.09  16.42
7.03  16.62
8.60  13.16
8.62  13.12
8.17  14.32
7.8  15.31
7.79  15.48
7.77 15.52
7.77 1551
7.81  15.39
8.96  13.28
8.06  15.77
7.90  16.30
7.75  16.81
7.65  17.15)

IIIIIII 17.16
8.97  13.25
730 16.43

‘IIEII 17.90
514 19.67
3.69  21.27

10*Ks

156.

246.

274

298.

299.

309.

154.

- 127.

161

192.

198.

200.

-200.

207.

195.

124.

237.

259.

282.

298.

299.

108.

57

82

26

55

75

3N

.35

98

86

28

05

93

70

80

93

95

72

25

08

23

197.57

257.

34

317.55

492.

16

Q

4217.

4217.

4217.

4217.

4217.

4217.

4618.

4618.

4618.

4618.

4618.

4618.

4618.

4618.

4618.

4985.

4985.

4985,

4985.

4985.

4985,

4985.

4985.

4985.

4985.

4985.

00
00
G0
00
00
00
0
00
00
00
00

s ]0]

00
00
00
00
0o
00
00
00
00
Q0
00

00

TOPWID

64.38

59.47

58.40

57.55

57.51

57.19

66.61

66.70

63.98

62.01

61.69

61.61

61.62

61.21

61.86

68.77

63.39

62.42

61.51

60.94

60.91

68.84

63.47

62.74

64.65

74.63

Q ,9 ReExce &
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130CT93

SECNO

5700.000

5715.000

5730.000

5760.000

14:57:39

XLBEL

315.60

315.52

315.45

315.30

K*XNCH

32.90

32.90

32.90

32.90

DEPTH-

2.39

2.70

3.06

4.33

VCH

21.50

18.80

16.43

11.16

10*Ks

789.05

516.95

339.37

102.92

4985.00

4985.00

4985.00

4985.00

TOPWID

104.32

106.22

108.36

116.01

SF

Y enDd

AP
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130C793

15:00:10

'ﬁ***t***i**'**ititti*}***i*ii*i*****

HEC-2 WATER SURFACE PROFILES

Version 4.6.2;

May 1991

drdrdrdeie ki ks ke ke de e db o dede A drde e e ek ok

NOTE- ASTERISK (*) AT LEFT OF CROSS-SECTION NUMBER INDICATES MESSAGE IN SUMMARY OF ERRORS LIST

JEFFREY CITY

SUMMARY PRINTOUT

SECNO
5760.000
5700.000
*  5600.000
*  5500.000
*  5400.000
*  5325.000
* 5300.000
* 5200.000
*  5100.000
* 5000.000
*  4900.000
*  4800.000
*  4700.000
*  4675.000
*  4650.000

4625.000

4600.000

XLBEL

315.40

315.70

316.10

316.10

319.10

320.60

322.10

324.10

326.10

328.10

330.10

332.10

334.10

334.80

335.40

335.90

336.70

K*XNCH

32.90

32.90

41.30

41.30

41.30

41.30

37.70

37.70

37.70

37.70

37.70

37.70

37.70

37.70

41.40

41.40

41.40

DEPTH

5.32

5.33

8.93

8.94

8.9¢4

8.94

8.94

8.64

8.61

8.62

8.61

8.61

8.61

8.61

8.61

9.63

8.57

Als 2+ D:TCH
rrEC—2.
Surmaezy

VCH

8.84

8.84

13.35

13.33,

13.34

13.34

13.34

13.06

13.14

13.12

-13.13

13.13
13.13
13.13

9.98

12.07

10*Ks

50.70

50.57

151.84

151.41

151.50

151.50

126.25

125.87

127.95

127.40

127.54

127.49

127.51

127.51

153.76

78.26

130.77

T

Q

4985.00

4985.00

4985.00

4985.00

4985.00

4985.00

4985.00

4618.00

4618.00

4618.00

4618.00

4618.00

4618.00

4618.00

4618.00

4217.00

4217.00

SeR-CEITICA

TOPWID

121.92

121.95

68.61

68.64

68.63

68.63

68.63

66.84

66.65

66.70

66.68

66.69

66.69

66.69

66.69

72.78

66.45

4y
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130CT93

SECND
4575.000
4550.000
4500.000
4400.000
4300.000
4250.000
4200.000
4100.000
4000.000
3900.000
3800.000
3700.000
3670.000
3600.000
3500.000
3400.000
3300.000
3200.000
3100.000
3000.000
2950.000
2937.500
2925.000
2912.500
2900.000

2875.000

15:00:10

XLBEL

337.50

338.30

339.80

342.80

345.80

347.40

349.40

353.30

357.10

361.00

364.90

368.70

369.90

372.60

376.50

380.40

384.20

388.10

392.00

395.80

397.75

397.81

397.88

397.94

398.00

398.12

K*XNCH

41.40

41.40

41.40

41.40

41.40

41.40

43.10

43.10

43.10

43.10

43.10

43.10

43.10

43.10

43.10

43.10

43.10

43.10

43.10

43.10

31.30

31.30

31.30

31.30

31.30

31.30

DEPTH

8.27

8.24

8.41

8.67

6.40

6.41

6.41

6.41

6.41

6.41

6.29

6.33

6.32

6.32

6.32

6.90

6.94

7.03

7.06

7.95

VCH
12.81
12.90
12.48
12.85
12.89
12.88
7.15
11.59
11.57
11.57
11.57
11.57
11f57
11.58
11.48
11.51
11.50
11.50
11.50
11.50
11.50
10.02
9.94
9.72
9.68

6.33

10*Ks

153.49

156.17

142.93

154.61

155.88

155.54

49.05

181.30

180.14

1