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SECTION I

At the request of Price River Coal Company, 1 reviewed the report
prepared by Golder Associates dated January 18, 1978 regarding the design
of the coal refuse disposal system, including the detailed design of the
School House Canyon Refuse Dump facility. In particular I have reviewed
the geometric considerations for the dump site, the material considerations,

and comments relating to construction contained in said report.
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SECTION 1II
CONSTRUCTION RECORDS

On January 28, 1983 I visited the site in conjunction with Rob Wiley,
Environmental Engineer, and Frank Pero, of the Price River Coal
Company, and reviewed in detail the provisions taken at the site during
construction in accordance with the previously mentioned "Golder Report".
I also reviewed with Mr. Pero (who was present during the construction),
the construction records including construction pictures which enabled me
to determine that the dump site was constructed in basic accordance with
the plans to its present state.

In particular, large sandstone rocks from the diversion channel
construction were bladed to the bottom of the existing canyon to provide

for the draining of seepage waters from the refuse material.
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SECTION III
MATERIAL TESTING

While at the site, using a Troxler 3411B nuclear density gauge, I
determined the in-place density of the refuse material. I also obtained-
moisture density samples and samples of the refuse material, which I
returned to the lab for additional testing. The results of these in-place
determinations (attached in the Appendix) -indicate that the average
in-place density of the material varied from 84% to 110% of the laboratory
obtained T-99 standard proctor.

When the coal refuse is thoroughly mixed and remolded the T-99
Proctor valve increases significantly due to additional breakdown of
the "bedrock" characteristics of the material (see "Composite Coal Refuse
Pile" T-99 Standard Proctor in Appendix).

I submitted a sample of the refuse material to Chen and Associates, a
consulting soil and foundation engineering firm, to determine the
relationship of the loading to the shear stress, and to determine the
internal cohesion. These results are included in the Appendix. The
material gradation results are also included in the Appendix. - The
gradation results indicate that the.material is free draining, nonplastic,

and falls within the gradation bahds contained in the "Golder Report".



SECTION IV

OCCURRENCE OF GROUND WATER AND PORE PRESSURE BUILDUP

The results of the gradation analysis indicate that the material is free.
draining. This was further observed at the site through reviewing the
existing material in place and by analizing the records kept on the ground .
water observation pipes in the refuse pile. The data (summarized) for the
ground water observation records is contained in the Appendix.

Basically the records confirm that the material is free draining and no
pore pressure build up is occurring. The maximum recorded depth of
water (6') occurred during the wet portion of an above ' normal

precipitation year.



SECTION V

FACTOR OF SAFETY

A computer model -was -constructed to analyze the stability of the
refuse pile, and the following conditions were assumed.

1. Ground Water at six feet (the highest level recorded to date).

2. In-place densities of 90 pounds per cubic foot.

3. Geometric configuration to conform to the proposed site when

completed.

A computer simulation was then applied to this situation to determine
various failure planes. The "Method of Slices" is the basis for the
modified Bishop method computer program. Various failure planes were
investigated to determine a minimum factor of safety. The results of these
computer runs and a copy of the computer listing is attached in the
Appendix. The results of these computer simulations indicate that the
minimum static factpr of safety is 4.6, and the minimum factor of safety

with a .1 g earthquake loading is 2.6.



SECTION VI
CONCLUSIONS

In conclusion the coal refuse disposal pile as now existing is:

1.
2.

Free draining.

The maximum water depth measured by monitoring has been
six feet, and this occurred during an abnormal wet period
of time. The monitoring wells show several inches of water
or less during most of the year.

No movement of the refuse pile has been detected.

There is no water pore pressure buildup in the refuse pile.
The computer simulation on failure planes indicates that the
factor of safety is at least 2.6 with a .1 g earthquake

loading.
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PRICE RIVER COAL (?DMF'ANY INTER-OFFICE

5 MEMORANDUM
TG: R. L. Wiley DATE: 1-11-83
FROM: F. L. Pero c.c.:
SUBJECT: Refuse Pile Construction

Construction of this facility was begun in 1978 and completed in 1979.
During this time close communication with the State Engineer's Office was
maintained and the site was visited several times by representatives of
that office.

The primary concerns of the regulators were the competency of the pond
embankment and drainage of the pile itself. In an effort to allay these
fears, the pond embankment was constructed with eng1neered backfill and tight
contruction specifications were maintained. _

The rock underdrain was constructed using material excavated from the
diversion structure. The diversion was cut entirely in rock and runs parallel.
to the canyon floor for most of its length. The blasted rock was dozed into a
blanket at least 4 ft. thick and is uniformly mixed rock ranging in size up

- to about 4 ft. There are larger pieces, but these occur only randomly. No
less than 60% of the material is in the 2 ft. minus range, 25% is 2 ft. to
3 ft. range, 10% is 3 ft. to 4 ft. and no more than 5% is larger than about
5 ft. diameter. Also, a crushed rock underdrain was installed between the toe
of the pond embankment and the trash rack inlet on the pond overflow ditch.
This was designed to collect any ground water which might collect either at
the abutments or beneath the pond embankment.

As mentioned before, very tight controls were exercised during the
construction of this faility. This consisted partly of very comprehensive
s0il and compaction testing. Nuclear density tests were performed on every
6" compacted 1ift throughout the embankment height, with no less than 3 tests
taken at random locations on every lift. Laboratory series tests were
conducted several times during the construction to ensure that the correct
proctor information was being used to determine in-place density. Copies
of all test results were furnished to the State Engineer's Office.

Sl e

rank . Pero
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Consulting Soil an?d Foundotisn Edgineers
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chen and associates, inc.
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MOISTURE— DENSITY GRAPH
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PRICE RIVER COAL COMPANY
SCHOOLHQUSE CANYON REFUSE DUMP
GROUNDWATER PIEZOMETER DATA SUMMARY

Date OBSERVATION STATION NUMBER
#10 #11 #12 #13 #14

10-21-80 T D T T T
11-04-80 T T T IR T
12-02-80 T T T 2" T
1-06-81 T D T I T
2-02-81 T T T I T
3-03-81 D D T T T
4-08-81 1" T 1 2" T
5-06-81 T D T I T
6-02-81 D D D D D
7-07-81 D D D D D
8-13-81 D D T T D
8-08-81 D D T T D
9-08-81 D D T T D
10-08-81 T T ™ 2" T
11-09-81 D D D T D
12-10-81 T T D T T
1-13-82 D D T 2" T
2-11-82 D D T an D
2-25-82 D D T 1! T
3-03-82 D D 2" 3! D
3-12-82 D D 18" 5! D
3-18-82 D D 2! 6! T
= :Pf/\

T i e

»
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‘SLOPE STABILITY ANALYSIS
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PRICE RIVER COAL - SLOPE STABILITY
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DATA FILE: “PRSLOP"
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*?  'WATER UMWIT WEIGHT= 62.48
POINT  X-ORD Y-0RD
1 6.60 6220.00
2 1276.00 6220.00
3 1520.00 6340.00
4 1570,00 6340.080
S5 1640.00  6380.00
6  1720,00 . .00
7. .1790.00
'8 ../1860.080Q:
495197000
18" 2040,00 | 6480
11 2150.80 - 65
12 2216.60 -

.18 222%.00

14 -3050.00
15 31008.00 -

16 = 2150.00
17 3100.08
LINE  LEFT
1 13
2 1
3 2
4 16
SOIL CUNIT W
r e
2 o9

CIRCLE X-ORD .
S 1260.0

SLICE MWEIGHT
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- 95.9
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EARTHRUAKE= .10
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6350.00"
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RIGHT
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Y-ORD ~ RADIUS . FACTOR OF SAFETY
6322.0 . 100.0
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@00 NG
L]
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.
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 1.0080
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@
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NO
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5.0
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29,4, -
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- 25.7
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5.2

&
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31
31
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31,
‘#31‘
31

31

31
31
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AR <
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1287.8

'1288.8
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'WATER UNIT WEIGHT= 62.40

POINT ¥-0RD ¥-0RD
6.086 6220.060
1270.00 6220.00
1520.060 6340,00
1576.98 6340.60
1640.00 6350.00
1720.080 6380.00
..1798.060 .6420.00

©1970.00 .:6480.00° 0
2040.00  6480.00 " v T Lo v e et

-2150.80 6%540.@08. . .o Lo -
2210.00 - 6540.80 .z -0 0T :

. 222%.00 -6550.90 - - @
3050.8Q0 6550.6@ .
3100.00 6560.00
21%50.80 6350.08 .
3100.96  6350.00

LINE = LEFT  RIGHT SOIL o \ _ LT 1
1 13 14 1 T _
2 ! 2 2 ;
3 2 16 2 :
4 16 1?7 2 :
“8OIL - UNIT WEIGHT -~ . COHESION @ SATURARTED - o B
1 9@ 808 3 ~-NO e - R
2. 98 e 8080 31 YES

_CIRCLE ¥=0RD .Y-O0RD RADIUS - FACTOR OF SAFETY
: © 13e6.@ 6320.8@ les.0.  ~ 18.99

- SLICE WEIGHT INCLINATION .. COHESION WIDTH EFF WEIGHT - - & . ¥
' . 191.6 31 1284.3

1 494.3 -8.9. . 800 - 5.9 84
2 1342.5 -5.5 . 8ae 5.9 "411.7 31 1296.4
3 2006.8 -2.2 800 5.9 615.4 31 1296.2 :
4 - 2489.4 1.2 - 800 5.9 763.4 31 - 13@2.1 H
5 2790.5 4.6 . 8@@ 5.9 855.7 - 31 .. 13@8.0. . :
6 .2988.5 = 7.9 . 808 8.9 891.9 . 31 A318y8 i
- '2839.8 11,4 .. 80@ - 25,9 87@.9" - 31 13i%.7. :
8 . 2%78.6 14.8 C . gee. 5.9 790.8 . 31:7:.1325.5"
9 2116,7 18.3 - 800 5.9 ' 649.1 31 1331.4
10 1442.8 21.9 .- 8ee 5.9 442.5 31 1337.3
1t 541.7 25.6 860 5.9 166.1 . 81. 1343.1
ITERATION . INITIAL CALCULATED
1 1.0000 : 10.2658
2 16.2658 10.9826
3 10,9826 ' . 18.9888 , ;
4 19,9888 10.9889 ' : i
FACTOR OF SAFETY= 10.99 AT X= 1300 Y= 6320 R= 100 f
EARTHQUAKE= .10 :



WATER UNIT WEIGHT= 62.40

POINT ¥-0RD ¥-~0RD

a.6a 62206.00
1270.04 €220.088
1520.00 6340.60
1576.60 6340.08
1646.80 6380.00
1790.00 6420.00 "

1860.08 .. 6420.00 \
: 1970.00.° - 6480.60 .. &
10 2040.00° '6480.808 . '
11 2150.08 6548.00

12 2210.00 6548.00°
13 2225.00 ' 6550.00 "
14 3050.886 '6550.00:
15 3100.060 6560,00
1e 2150.00 6350.00
17 31¢0.00 6350,00

WO L WD N -

LINE LEFT RIGHT SOIL

1 13 14 1
2 1 2 2
3 2 16 2
4 16 17 2
SOIL UNIT WEIGHT COHESION . @ SATURATED
1 90 - gea 31 " NO
2 : 90 800 31 . YES
CIRCLE X-ORD . Y-ORD RADIUS FACTOR OF SAFETY : L i
1415.8 6340.0 160.0 22.99 S . : o
SLICE  WEIGHT  INCLINATION COHESION =~ WIDTH EFF WEIGHT g X
1 152.8 ~3.2 800 4.0 46.8 31 1499.4
2 415.6 -1.0 goa 4.0 127.4 31 1413.3 :
3 621.6 1.3 800 4.0 190.6 31 1417.3 %
4 778.8 3.6 800 4.0 236.4 31 1421.3 5
S 862.9 5.9 seo 4.@ 264.6 31 ° 1425.3 :
.6 897.3 8,2 800 4.0 '275.2 - 31 1429.3 -
7 '873,2  :1@.5 . geo 4.0 '267.8 31  1433.2 ]
8 789.4 12.8 800 4.0 242.1 - 31 . 1437.2 ;
9 644.3 15.2 800 4.0 197.6 31 1441.2 ¢
10 436.1 17.6 800 4.0 133.7 31 1445.2 g
11 162.3 20.0 800 4.0 49.8 31 1449.2 1
. %
ITERATION INITIAL CALCULATED ;
1 1.0000 '21.1985 ;
2 21.1985 22.8931 :
3 22.8931 22.9003 ;
4 22,9003 22.9003 !
FACTOR OF SAFETY= 22.986 AT %= 1415 Y= 6340 R= 1040 ;

EARTHAUARKE= .18



WMRTER UNIT WEIGHT= 62.4@

POINT ¥-0RD ¥-QRD
1 0.60 6220, 060

2 1278.08 6220.00

3 1520.00 £348.00

4 1570, 00 6340.00

S 1640.080 6360,00

7  1796.80 6420.00

8 1860.88  6420.00
;9.0 7197000  6480,00 -
18 '2040.00  6480.00
11 -2150.808. 6540.00
iz -~ 2210.00.  6540.00
13 '2225.,00 ' .6550.00
14 3858.0@0  6550.060
15 3100.08- 6560.00
16 2150.00 6350, 00
17 3100,00 6350, 00

‘LINE LEFf RIGHT soIL

1 13 14 1 ;
2 1 2 2 :
3 .2 16 2 :
4 16 17 2
SOIL UNIT WEIGHT COHESION @ SATURATED
1 90 - 800 31 NO ’
2 s : 800 31 YES
CIRCLE  X~-ORD ¥-ORD RADIUS FACTOR OF SAFETY _ o H
' 1286.8 6372.0 156.@ . 28.42 ' : . :
: i i !
SLICE  WEIGHT INCLINATION ~ COHESION  WIDTH EFF WEIGHT @ FER o :
1 133.4 -.1 800 4.4 40.9 31 1285.8 ;
2 362.9 1.6 800 : 4.4 111.3 31 1298.2 :
3 542, 7 3.3 800 4.4 166.4 31 1294.6 :
4 672,86 4.9 800 4.4 206.3 31 1298.9 ;
5 r52.2 . 6.6 800 4.4 238.7 31 1383.3 :
"6 781.1. . 8.3 808 4.4 239,55 381 13@7.6
= . 758.7 10,0 .. 800 44 232.7 - 31 1312.0 :
8 . 684.4 11.7 ' 606 4.4 - 2869.9 - 31 1316.4 ‘
9 . .857.1 13.4 880 4.4 176.8 - 31  1320.7 o
1@ " 375.8 15.1 800 4.4 115.3 31 1325.1 ;
11 139.4 16.8 £00 4.4 42.7 31 1329.4 ;
ITERATION INITIAL CALCULATED . §
1 1.0000 . 26.2362 {
2 26,2362 28,4898 i
3 28.4898 28.4172 ‘
4 28,4172 28.4172 :

FACTOR OF SAFETY= 28.42 AT X= 1286 Y= €372 R= 156 ' ' B
EARTHQUAKE= .10 ‘ L



WATER UHIT WEIGHT= 62.48

Yy-ORD - RADIUS FACTOR OF SAFETY.

COHESION

gae
800

& SATURATED
31 NO &
31 YES

2.60

COHESION - WIDTH

800
800
sog
soe
800
see

gee

" ge0
' 800
800
8@@

17.4
1?-4
17.4
17.4
17.4
17.4
17.4
17.4
17.4
17.4
17.4

CALCULRATED

POINT  X-0ORD Y-0RD
1 6.00 6220.00
2  1279.88 6220.00
3 1520.00 6340.00
4 1570.80 6340.00
5 1640.,80 €380.00
6 1720.00 6380.60
7 1790.880 6420,00
8 1860.80 6420.00 -
9 . 1970.00. 6480.00 . . ..
10 - 2040,00 6480.00 -
11 2150.80 6540.00 .
12 . 2210.08  6540.00 .
13 222%5.,90  €5%0.00 " -
14 3050.00 6550.00 .
15 31090.080 6560.00
16 2150.080 6350.00 -
17 3190.08 6350.00 .
LINE LEFT RIGHT
1 13 14
2 1 2
3 2 16
4 16 17
sSOIL -~ UNIT WEIGHT
1 90 .
2 90
CIRCLE  X-ORD
1367.8 €350.0 150,0
SLICE WEIGHT  INCLINATION
1 9915,2 -28,1
2 26369.4 ~20.8
3 38905.4 -13.8
4 4?958-4 -?-B
5 53726,9 -.3
6 563067.5 6.4
7 55630.7 13.2
8 51488,2 26,2
9 43472,9 27.5
19 39857.9 35,3 -
11 12294.6 44.0
ITERATION INITIAL
| 1.0600
2 2.5673
3 2.5976

FACTOR OF SAFETY=
EARTHRUAKE= .18

2.9673
2.5976
2.5982

2.680 AT XK= 1367 Y= €350 R=

EFF WEIGHT
3040.7
8086.6
11931.@a
14704.8
16476.3
17267.6

"17060.1

15789.7

13331.7
9463. 1
3770.3

158

@

31
31
31
31
31
31

31

31
31
31
31

X

1296.5

1313,9
1331.4
1348.8
1366.3

. 1383.7 .
1401.2.

1418.6
1436.1

1453.5

1470.9

o



'WATER UHIT WEIGHT

POINT  X~ORD
1 0.e0
2 1276.00
3 1520.00
4 1570.00
5 1640.00
6 1720.00
7 1790.00
8 ' 1868.00
‘9 .1970.00
10 2040.00
11 - 2150.00
12 ‘2210.00
13 2225.00
14  3050.00
15 3100.00
16 2150.00
17 3160.00

LINE LEFT

1 13

2 1

-3 2

4 16
SOIL UNIT MW
1 9
2 2

CIRCLE = ¥-0URD
1372.8

SLICE  WEIGHT
- 478.8

1302.2
1947.8
2415.7
2705.4

. 2815.0
2741.6
2488.9
2027.6
1374. 4
512.6

00N A& N -

s

ITERATION

AWM -

FACTOR OF SAFETYs=
EARRTHQURKE= .10

= &2.49

¥-0RD
6226.00
226,00
6¢340.00
6340. 00
6380.060
€388.060
€420.00
6420. 609
6480,.00
€486.00
6546.00
6540.00

- 6550,00

6550.00
6560. 00
6350, 00
£350.00

RIGHT SOIL
14 1
2 . 2
16 2
17 2

EIGHT COHESION
8 =11%)

e 8

1%

& SATURATED
31 NO
- YES

I

Y~0RD  RADIUS FACTOR OF SAFETY -

6382.0 150. 0 12.59
INCLINATION  COHESION  WIDTH
~4.6 soe 6.7
-2.1 goa 6.7
.5 800 6.7
3.9 800 6.7
5.6 800 6.7
8.1 goe 6.7
- 10.7 800 6.7
13.3 see 6.7
16.0 808 6.7
18.6 800 6.7
21.3 goa 6.7
INITIAL CALCULATED
1.0008 11.7019
11,7019 12.5822
12,5822 12.5888
12,5889 12,5889
12.59 AT X= 1372 Y= 6382 R=

EFF WEIGHT

156

146.8

" 3%99.4
597.3

748.3
829.7

- 863.3

840.7
760.8
621.8
421.5
157.2

]

21
31
31
31
31

.31

31
31

31

31
31

B 4

1359.9
1366.6
1373.3
13¢9.9
1386.6

1399.9
1406. 6

1413.2
1419.9
1426.6

g

L T PNEEN




t

r

WATER UNIT HWEIGHT

POINT  %X-ORD
1 @.00
2 12ve.00
3 1520.09
4 1570.00
5  1640@,00
6 1720.00
7  1790.00
8 1860.00
9 1970.90
10 2040,00
11 2150.00
‘12 2218.00
13 -2225.00
14  2050,00
15 3100.00
16 2150.00
17 3100.00

LINE LEFT

1 13

2 1

3 2

4 16
SOIL UNIT W
i 9
2 9

CIRCLE X-~0RD
1336.0

SLICE - WEIGHT
. 4446.4
12036.6
17957.9
22262.1
24970.8
26077.4
25546.2
23309.8
19261.6
13244.6
5830.3

= OWONGKOALEQN -

P

ITERATION
1
2
3

FACTOR OF SAFETY=
ERRTHGUAKE= .18

= 62.496

Y-ORD
6220.00
6220.00
6340.00
6340.00
6380.00
6380.00
6420.00
6420.00
648000
6480.00

-65408.68

6540.,00
6550, 00
6550,00
6560.00
6350.00
6350,00

RIGHT SOIL

14

2
16
17

NN R -

EIGHT COHESION

9
2

goe
goe

Y<ORD RADIUS FACTOR OF SAFETY

6412.0 200.

INCLINATION

INITIAL
1.0008
3.6088
3.7789

3.78 AT

e 3.

COHESI10N
gea -
800
800
£00
800
800
seo
800 .
800
ge0
860

CALC

K= 13328 Y=

@ SATURATED
31 NO
31 YES
78
WIDTH EFF WEIGHT
15.2 1363.6
15.2 3691.2
15.2 5587. 1
15.2 6827. 1
15,2 7657.7
15.2. 7 0 7997.1 .
15.2 7834.2
15.2 7148.3
15.2 5906. 9
15.2 4061.7
15.2 1542.6
ULATED
3.6088
3.7769
3.7827
6412 R= 200

L]
a1

. 31

31
31
31

31
Mgl
31

31
31
31

¥

1280.3
1 1295.5

131¢@.8
1326.8

- 1341.2
1356.5
1371.7
-1387.0
14092.2
1417. 4
1432.7

¥
4
;
b

e e T S

R ]

PR



4

WATER UHIT WEIGHT= 62,46

POINT

Ll VI L) B S PV I L

18
11

13
14
15
16
17

SOIL
1
2

CIRCLE

SLICE

- 00NN A W N~

(ST

%-ORD

.00
127@. 00
1526. 00
1570.00
1648, 00
1720.08
1796,00
1860, 00
1970.00
204,00
2150.00

.2210.00

2225,00
3050, 00
31606.060
2156.00
3106.00

LINE LEFT

1 13
2 1
3 2
4 16

UNIT W
9
9

X-0RD .
1337.6

MEIGHT
447.9
1218.6
1822.6
2259.7
2528.9
2628.5
2556.1
2308.8
1882.6
1272.6
473.0

ITERATION

1
2
3
4

FACTOR OF SAFETY=
EARTHRUAKE= .10

Y-ORD
6220.060
6220.00
€340.00
6340.08
6380.00
£380.00"
6420.00
6420, 00

' 6480.00

6450.00
6540, 00
6540, 00
6550. 080
65508, 00
6560, 00
6358, 00
6356. 00

RIGHT
14
2
16
17

EIGHT
o
8

¥-ORD RADIUS FACTOR OF SAFETY

6428.0

INCLINATION

_211
-.08

INITIAL

1.0008
13.2787
14.3157
14,3226

SOIL

PR -

COHESION ]

800
800

208.0

200
800
800
808
800
800
; 800
808
800
800
800

31
31

14,32

COHESION WIDTH

NN N NN NN NN
- L] L] L ] - -
PRNORNRNRR DN

CRLCULATED
13.2787
14.3137
14,3226
14.3227

14.32 AT ¥= 1337 Y= 6428 R=

HO

. YES

EFF

2684a

SATURATED

WEIGHT

. 137.4

373.7
558.9
€93.0
775.5
806.1°

783.9 .

v88.8
577.3
396.3
145.1

@

31
31
31
31

31

31
31
31

31

31
31

®
1329.7
1336.9
1344, 1
1351.3
1358.5

1365.6

13v2.8
13g6.0
1387.2
1394.4
14081.35

R et et T P Y



v "MATER UNIT WEIGHT

POINT  X-ORD
1 0.00
2 1270.00
3 1520.00
4 157@.00
5 1649.00
é 1720.00
7 1790.00
& 1860.00
9 . 197,00
10 2048.00
11 21%0.00
12 2210.00
13 2225.00
14  3850.00 -
15 3100.00
16 2150.00..

17 31006.00

LINE LEFT

1 13

2 1

3 2

4 16

SOIL UNIT W
1 .9

2 9

CIRCLE X-0RD
1272.0

SLICE WEIGHT
\ 62.6
176.2
254.3
314.7
351.9
364.3
353.2
317.8
297.9
173.5
€4.1

RO OO R WM -

e

ITERATION

B WM -

FACTOR OF SAFETY=
EARTHQUAKE= .10

= £2,44

Y-0RD
6220.080
6220, 680
£340.060
6340.049
6380. 00
6£380. @@
6420, 00
6420,00

6480,00

6480.00 -
6540,00
6540.00

. 6550. 00

6550.00
6560, 00
6350. 00
6350, @0

RIGHT
- 14
2
16
17

EIGHT
e
o

Y-0RD RADIUS FACTOR OF 'SAFETY

SOIL

MNMRW -

COHESION
sga
g8o0a

6472.6  250.0

INCLINATION
3.7

-
- ® W0 0O UL

[

- R RWER A OO

—
n

13.1

INITIAL

1,0000
50. 7365
55.10892
55.1169

COHESI
gae
=1% 1]
860
seoe
8@a
=117
8a0e

- 808
gaee
804
8aa

& SATURATED
31 NO
31 YES
55.12
OoN WIDTH EFF WEIGHT
4,0 19,2
4.0 52,2
4.0 78.8
4.0 96.5
4.0 187.8
4.0 111.7
4.0 188.3
4.9 97.4
4.0 79.1
4.8 53.2
4.0 19.7
CALCULATED
50.?365
55,1092
55.1169
55.1169
250

393.12 AT X= 1272 ¥= 6472 R=

]

31
31
31
31
31
31
31
31
31
31
31

¥

1288.3

1292.3

13606.4
1304.4
13é8.4
1312.4
1316.4
132@.4
1324.4
1328.3

B



WATER UNIT WEIGHT= 62,40
POINT  %-ORD ¥-0RD
1 9.08 62208.00
2  1270.00 6220.080
3  1528.00 6340.00
4 1570.80 6340.80
5 1640.00 6380.00
6 1720.60 6380.00
7  1790.86 6420.00
8 1860.00 - 6420.00
9 1970.00  6480.00
16  2040.08 . 6480.00
11 2150.00  654@.00
12 2218.00 ~ 6€540.00
13 2225.00 6550.00
14 3050.00 = 6550.08
15 3168.00 6560.00
16 2150.00 6350.00
17 3100.00 6350.00
LINE LEFT  RIGHT SOIL
1 13 14 1
2 1 2 2
3 2 16 2
4 16 17 2
SOIL UNIT WEIGHT COHESION
1 9@ 800
2 90 800
CIRCLE  X-ORD
1304.8 6470@.0 250.8
SLICE  WEIGHT  INCLINATION
1 13087. 1 -4.5 800
2 3555.0 -2.0 800
3 §317.3 .5 800
4 6594.8 3.1 g0e
5 7385. 4 5.6 800
6 7684.3 8.1 - 800
7 7483.5 10.7 800
8 6771.7 13.3 'gee
9 5533.8 15.9 800
10 3750.8 18.6 goo
11 1398.6 21.3 800
ITERATION INITIAL
1 1.06000
2 7.3820
3 7.9035
4 7.9097

FACTOR OF SAFETY=
EARTHQUAKE= .18

<
31
31

SATURA
NO
YES

Y-ORD RADIUS FACTOR OF SAFETY

7.91

AT X=

7.91

COHESION . WIDTH

11.0
11.9
11.0
11.0
11.9

L 11.0
11.e
11.0
11.8
11.@
11.0

CALCULATED
7.3820
7.90835
7.9097
7.9098

EFF WEIGHT

1384 ¥= 6478 R= 258

TED

480.3
1898.2
16308.6

2022.4

2264,9
2356.5
2294.9
2076.6
1697.8@
1158.3

428.9

. @

31

31

3t
31
31
31
31
21

31

3
31

®

1284.2

1295.3
1386.3

" 1317.3

1328.4
1339.4
1350.5

1361.5

1372.5
1383.6
1394.6

R LA e e

e



R

WATER UNIT WEIGHT

POINT #-0RD
1 a.00
2 1270.08
2 15206.00
4 1578.00
S 1640. 00
& 172a.00
¢ 1790.00
8 1860.00
¢ 1978.00
1@ 20406.00
11 2158.88
12 2216.09
13 2225.00
14 3@50. 86
15 3100.00
16 2150.00
17 3i00.00

LINE LEFT

1 13
2 1
3 2
4 16
SOIL UNIT W
1 9
2 9

CIRCLE K=0RD
1280.0

SLICE  WEIGHT
16.5
44.8
66.9
§2.8
92.5
95.9

; 93.0
83.8
68.0
45.8
16.9

QWO NAUG S WM -

S

ITERATION

-n-r.ai(:--s

FACTOR OF SAFETY=
EARTHQUARKE= 0,608

= 62.48

¥-0RD
c220.00
6220. 06
€340.00
6340, 008
6380.00
6380.00
6420. 08
6420.60
€480.08
6480@.00
65408.00
6540.00
6350. 00
6550.00
6560, 66
£350.00
6350.060

RIGHT
14
2
16
17

EIGHT
a
@

¥~0RD RADIUS FACTOR OF SAFETY

€322.9

SOIL

AN -

COHESION
800
gag

100.06

INCLINARTION COHESI

2.9

-
Lol -~ BT R R B R
WVONANEON O

[

—
Ly M

INITIAL
1.080808
151.9435
165.1985
165.1982

880
g80@
860
gaa
=110
806

goe

gae
800
gaa
8ea

@ SATURATED
31 NO
31 YES
165. 280
ON WIDTH EFF WEIGHT
1.9 5.8
1.9 13.7
1.9 20.5
1.9 23.4
1.9 28.4
1.9 29.4
1.9 28.5
1.9 25.7
1.9 20.9
1.9 14.08
1.9 3.2
CALCULATED
151.9435
165.1985
165.1982
165.1983

165.20 AT X= 1280 Y= 6322 R=

16848

]

31
31
31
31
31
31

31

31
31
31
31

X
1285.1
1287.8
1288.8
1298.7
1292.6
1294.5
1296.4
1298.3
13008.2
1302.1
1304.0




- ¥

POINT

-
OWONTHULAEON—

11
12
13
14
135
16
17

SOIL
1
2

CIRCLE

SLICE

~ U NOU D W R -

[

1
1
1
1
1
1
1
1
2
2
2
2
3
2
2
3

X-0RD
@.04a
278.00
520.00
578.00
640.00
v2e.0@
790.00
860.00
970.60
840.989
150.08
210.00
225.048
B658.008
160,00
156.00
1006.86

LINE LEFT

1

2
3
4

13
1
2

16

UNIT W
9
9

¥-0RD
1360.0

WEIGHT

494.3
1342.5
2066.8
2489.4
2790.5
2908.5
2839.8
2578.6
2116.7
1442,.8

S41.7

ITERATION

bW e

FACTOR OF SAFETY=
EARTHAUARKE= @.088

WATER UHIT WEIGHT= £2.4@

Y=-0RD
€226.80
£226,00
€340.08
6346, 80
63868.00
€380.08
6420.00
6420.00
6480.00
6420.00
£546,00
6548.00
65506.00
€550. 08
6566.08

- 63560.00

€356.90

RIGHT SOIL
14
2
16
i7

SRS

EIGHT - COHE
5] 8
a 8

Y-0ORD RADIUS FACTOR OF SAFETY

£326.0 160.8

INCLINARTION co
-8-9
-5l5

INITIAL

1.0008
17.3680
18.6469
18.6536

18.65 RT X=

SION %
e 31
e 31

18.65

-]

VOWOWODOODOYO0I

HESION - WI
8aa
gag
260
gea
8aa
gaa
800
gae
gee
2006
ges

amaumaageaaauono

CALCULATED
17.3688
18.6469
18.6536
18.653¢

1306 Y= 6328 R=

NO
YES

EFF MWEIGHT

188

SATURATED

151.6
411.7
615.4
763.4
855.7
891.9
870.9
798.8
649.1
442.5
166.1

C @

31
31
31
31
31
31

31

31
31
31
31

K

1284.5

1290, 4
1296.2
1382.1

- 1388.8

1313.8
1319.7
1325.5
1331.4

1337.3

1343.1

L e TN

PR

Pere ws



** WATER UHIT WEIGHT

POINT A-0RD
1 B.a8
2 1270.098
3 1528.00
4 1576, 60
] 1648, 00
& 1720.080
? 1798.00
] 1860. 08
9 1970.006
16 2040.60
11 21590.00
12 2216.60
13 2225.06
14 3a50.08
15 3100.00
16 2150.608
17 31006.00

LINE LEFT

1 13

2 1

3 2

4 16
SOIL UNIT U
1 9
2 9

CIRCLE X-0ORD
1415.0

- SLICE WEIGHT
152.8
415.6
621.6
776.8
862.9
89v.3
8v3.2
789.4
644.3
436.1
162.3

= 20O L WM -

[P

ITERATION

WK -

FACTOR OF SAFETY=
EARTHQUAKE= ©0.08

= £2,48

¥-0RD
6220.00
€220.00
6346.60
6340.00
6320, 00
6380.080
6420.00@
€420.00
6480.00
€480.00
6540.40
6540.00
6550.89
6550.00
6560, 00
63506, 080
€358, 00

RIGHT SOIL

14

2
1é
17

1

2
2
2

EIGHT COHESION

)
8

¥Y-0RD RADIUS
6340.8 160.8

INCLINATION

INITIAL

1.0000
35.689¢
38.6083
38.6157

38.62 AT

800
200

@ SATURATED
31 NO
31 YES

FRCTOR OF SAFETY

38.62

COHESION WIDTH
880 4.8
goea 4.8
goa 4.0
860 4.0
866 4.8
800 4.0
gaa 4.0
gaa 4.9
gsao 4.8
geo 4.8
goe 4.8
CALCULATED
35.6891
38,6483
38.6157
38.6157

¥= 1415 ¥= 6340 R=

EFF WEIGHT

180

46.8
127.4
198.6
236.4
264.6
273.2
267.8
242.1
197.6
133.7

49.8

@

31
31
3t
31

21

31
31
31
31
31
31

X
1469.4
1413.3
1417.3
1421.3
1425.3
1429.3
1433.2
1437.2

1441.2

1443.2
1449.2

R



LI

"WATER UMIT WEIGHT

POINT  X-0ORD
* 1 @.80
2 1270.00
3 1526.00
4 1576.00
5 1640.00
€ 1720.00
7 1796, 00
8 1866.00
9  1970.00
16 20840.00
11 2158.80
12 2210.009
13  2225.00
14 3050.00
15 2100.00
16 2158.00
17 3168.00
LINE LEFT
1 13
2 1
3 2
4 16
SOIL UNIT W
1 9
2 9

CIRCLE X-0RD
1286.8

SLICE WEIGHT
133.4
362.9
542.7

- 672.6
7o2.2
[£-2 ¥%!
7o8.7
6€84.4
557.1
375.8
139.4

G WO NO R WM e

(S,

ITERATION

Fou N A

FACTOR OF SAFETY=
EARTHRUAKE= ©.66

= &Z.44

¥Y-0RD
&220.649
t228.06
6340, 00
£€349.0840
6380.00
6380.00
6420.060
6426@.00@
6480,00
6€480,a008
6540.00
€3540.00
£550.00
6556.00
€566.80
6350, 88
£350.04

RIGHT
14
2
16
1?7

EIGHT

a
a

63v2.8

INCLINATION co

INITIAL

1.00600
44,8878
47.8@61
47.8136

SOIL
1
2
2
2
COHESION @ SATURATED
800 31 )
866 31 YES
¥-0RD RADIUS FACTOR OF SAFETY
150.08 47.81
HESION WIDTH EFF WEIGHT
=10) 4.4 40,9
gas 4.4 111.3
goe 4.4 166.4
g08 4.4 286.3
goa@ 4.4 238.7
8ao 4.4 239.5
=117 4.4 232.7¢
808 4.4 289.9
gae 4.4 ive.8
sea 4.4 115.3
gan 4.4 4z2.7
CALCULATED
44.8878
47.8861
47.8136
47.813¢6
AT XK= 1286 Y= €372 R= 156

47.81

<

31
31
31
31
31
31
31

- 31

31
31
21

&

1285.8
12968.2
1294.6
1298.9
1383.3
1387.6
1312.8
1316.4
1326.7
13253.1
1329.4



* WMATER UNIT WEIGHT

POINT X-0ORD

@.a6d
1276.080
15268, 00
1570.60
1640. 040
1726,00
179@.00
1860. 408
1978.00
10 2640.09
il 21508.060
12 2216.80
13 2225.00
14 30850, 04
15 3100. 04
16 2150.068
g 3l108.08

LY RN R T A I - N PV I S

LINE LEFT

1 13

2 1

3 2

4 16
SOIL UHIT W
1 9
2 9

CIRCLE X-0RD
13¢7.0

SLICE  WEIGHT
9915.2
26369. 4
38905, 4
4795@. 4
53726.9
56367.5
55630.7
51488.2
43472.9
308857.9
12294.6

= HWONORE WK -

[Ty

ITERATIOH
1
2
3

FACTOR OF SAFETY=
ERRTHQUAKE= 8,88

= BZ.48
Y-ORD
6228,00
6228.0a
£340.88
6340.00
£380.00
63080.00
6420.00
6420.00
6430.60
6480, 60
6540.060
6540.00
65508.80
6556,00
6560.00
6350.00
6350.608
RIGHT SOIL
14 1
2 2
16 2
17 2
EIGHT COHESION ] SATURATED
o 866 31 NO
o 866 31 YES
¥-0RD RADIUS FACTOR OF SAFETY
6358.0 159.0 4.68
INCLINATION COHESION WIDTH EFF WEIGHT
-28.1 8680 17.4 3648.7
-208.8 8006 i7. 4 8086. 6
-13.8 860 17.4 11931.8
~7.8 g06 17.4 14784.8
-.3 8oa 17.4 16476.3
6.4 8006 17.4 17267.6
13.2 809 17.4 17060.1
20.2 800 17.4 15¢89.7
27.5 £009 17.4 13331.7
35.3 8oea 17.4 9463, 1
44.0 806 17.4 3770.3
INITIAL CALCULATED
1.8060 4.4918
4.4918 4.35940
4,.5940 4,5957
4.68 AT X= 1367 Y= 6358 R= 158

]

3l
31
31
31
31
31
31
31
31
31
31

X
1296.5
1313,9
1331.4
1348.8
1366.3
1383.7
14081.2
1418,6
1436.1
1453.5
147@.9



"WATER UHIT WEIGHT= £2.48

POINT X-0RD ¥-0RD
1 @.0d 6220. 40
2 1276, 04 6228, 8a
3 1520.048 6340. 08
4 1576.60 63440, 00
S 1646.00 6380. 080
& 1720.60 6380, 60
¢ 17906.00 6420, 00
8 1860, 060 6420.00
E 1970.00 6480,00

10 2@40.08 6480.00
11 2156.60 6540. 00
12 2210.8@ - 6540.006
13 2225.04 653@.060
14 3056.00 655@. 80
13 2100.0808 65606.06008
16 2156.00 €358, 60
17 31006.00 6356, 08

LINE LEFT RIGHT SOIL

1 13 14 1
2 1 2 2
3 2 16 2
4 1é 17 2
SOIL UNIT WEIGHT COHESION ] SATURRTED
1 -1 840 3 NO
2 98 ~ goe 31 YES
CIRCLE X-0RD ¥-0ORD RADIUS FRCTOR OF SAFETY
1336.8 6412.8 200.8 6.50
SLICE WEIGHT INCLINRTION COHESION WIDTH EFF WEIGHT & .
1 4446.4 ~14.4 g8en 15.2 1363.6 31 1286.3
2 12836.6 -9.9 gee 15.2 3é91.2 i} 1295.5
3 17957.9 -5.9 8aa 15.2 3587.1 31 1316.8
4 22262.1 -1.1 =217 15.2 6827.1 31 1326.8
5 24%9748.8 3.2 goe 15.2 7e57.7 31 1341.2
€ 26677.4 7.6 gaa 15.2 7997.1 31 1356.5
7 25546.2 12.a 800 15.2 7834.2 31 1371.7
& 233609.8 16.6 gve 15.2 7148.3 31 1387.8@
9 19261.6 21.2 goe 15.2 59@6.9 3t 1402.2
18 13244.6 25.9 gve | 15.2 4661.7 31 1417.4
11 5038.3 30.9 8006 15.2 1542.6 31 1432.7
ITERATION INITIAL CRLCULATED
1 1,08080 6.1468
2 6.1468 6.4977
3 6.49°77 6.5826
FACTOR OF SAFETY= 6.58 AT X= 1330 Y= g412 R= 200

EARTHRURKE= ©.08



"WATER UMWIT WEIGHT= &Z.48

FOINT ®-0RD Y-0RD
H ©B.066 62z2u, 00
2 127@.08 £220.088
3 15260.00 6340, 00
4 1576. 00 €349, 00
S 1640.68 6354, 00
& 1vze.008 €380.00
? 1790.08 €420, 0408
g 1864. 086 €420, 06
9 1976.80 64208.00
1@ 2040.00 6450.08
i1 2156.08 6540.680
12 2210.60 €540.00
13 2225.00 6550.00
14 3850.040 €556.400
15 31604.00 6568.08
16 2150.00 6350, 08
17 3l160,.00 6350, 00
LINE LEFT RIGHT SOIL
1 13 14 1
2 1 2 2
3 2 16 2
4 16 17 2
SOIL UNIT WEIGHT COHESION & SATURATED
1 98 gee 31 NO
2 Sa gae 31 YES
CIRCLE ¥-0RD ¥-0RD RADIUS FACTOR OF SAFETY
1337.0 6428.0 20@8.0 24.16
SLICE WEIGHT INCLINARTION COHESION WIDTH EFF WEIGHT
1 447.9 -2.1 g0e 7.2 137.4
2 1218.6 -.0 gaa 7.2 373.7
3 1822.6 2.0 gae 7.2 558. 9
4 22599.7 4.1 860 7.2 693.8
5 2528.9 6.2 gaa 7.2 7¢5.9
6 2628.95 8.2 806 7.2 go6.1
¢ 2556.1 19.3 800 7.2 783.9
8 23@8.8 12.4 gee .2 7@s.a
9 1882.6 . 14.5 gao 7.2 577.3
14 1272.6 16.7 g8o8 7.2 39a.3
11 473.8° 18.8 gaeoe 7.2 145.1
ITERATION INITIAL CALCULATED
1 1.8008 22.3388
2 22.3388. 24.1488
3 24.1488 24.1561
4 24.1561 24.1561
FRCTOR OF SAFETY= 24.16 AT X= 1337 Y= 6428 R= 2006

EARTHRUAKE= 8,00

@

31
31
31
31
31
31
31
31
21
21
31

X
1329.7
1336.9
1344.1
1351.23
1358.53
1365.6
1372.8
13868.9
1387.2
1394.4
1481.5



WATER UHIT WEIGHT= &£&.44a
POINT A~0ORD ¥~0ORD
1 .00 €2z0.008
2 1270.00 &228,06
3 1520, 08 6340.0848
4 1578.69 6240,4068
S 1640.00 6380, 00
& 172e,.08 6320.06
7 1790.00 6420.009
8 1860.00 6428. 4040
9 19760.00 6480.460
1@ 2040.00 64580, 00
11 2159.090 6540.00
12 2210.00 6340.60
13 2225.00 65508.0808
14 305p.00 6550. 040
15 3106.00 6560.06
16 2150.00 6358, 00
17 3106.00 6350.00
LINE LEFT RIGHT SOIL
1 13 14 1
2 1 2 2
3 2 16 2
4 15 17 2
SOIL UNIT WEIGHT COHESION ] SATURATED
1 o4 860 31 HO
2 va 8a8 31 YES
CIRCLE ¥-0RD Y-0RD RADIVUS FACTOR OF SAFETY
12v2.0 £472.a 250.8 92.55
sLICE WEIGHT INCLINATION COHESION WIDTH EFF WEIGHT
1 62.6 3.7 gao 4.6 19.2
2 179.2 4.7 gaoe 4.8 52.2
3 2954.3 5.6 goe 4.8 78.0
4 314.7 6.9 gea 4.4 96.5
S 351.95 7.4 886 4.9 1i87.8
& 364.3 8.4 300 4.8 111.7
7 7 353.2 ‘9.3 gaa 4.4 168.3
8 217.8 19.2 gea 4.8 9v.4
2 257.9 11.2 800 4.8 79.1
10 173.5 12,1 gaa 4.0 523.2
11 64.1 13.1 880 4.8 19.°7¢
ITERATION INITIAL CALCULATED
1 1.0806488 85.1348
2 85.1348 92,5376
3 92.5376 92.5454
4 92,5454 92.5454
FRCTOR OF SAFETY= 92,55 AT X¥= 1272 Y= €472 R= 259

ERRTHRUAKE= ©O.08

&

31
21
31
31
31
31
31
31
31
31
31

- X

1288.3
1292.3
1296.3
12006.4
1304.4
1208.4
1312.4
1316.4
1320.4
1324.4
1328.5



ELEVATION IN FEET

SCHOOLHOUSE CANYON REFUSE FACILITY

LONGITUDINAL SECTION THROUGH DUMP

6650
)
6550 . EL. 6550 _+—FINAL CONFIGURATION //
0 /
2:1 SLOPE (TYPICAL) ——<—'“"’/_/ /
1272, 6472¢ |0 1304, 6470
6450 > L
o /__."
,.__._/ // \ NATURAL GROUND SURFACE
6350 p. __,__,———'—"‘““"_
7 oL #\ | __ ==
_ —-"ST,SEE’;T/
[ ,__._.--‘7"
/ — -———-'__'::--—#j—;—/
6250 — P A s
6150
1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 2200 2300 2400 2500 2600 2700 2800 2900 3000 3100

RADWS : 250° PRICE RIVER COAL COMPANY

[l £RErosKs

SCALE 1":100’




ELEVATION IN FEET

SCHOOLHOUSE CANYON REFUSE FACILITY

LONGITUDINAL SECTION THROUGH DUMP

6650

| ‘ EL. 6550 _+—FINAL CONFIGURATION /
6550 . - e e l,_._,“ A 7 /
j JH:::::;;% ’,/’//////”//’/
2:1 SLOPE (TYPICAL) —<}_
6450 B D ]

1337' “Ea . : > /

® 1330, 8412 AN

1330, B / // NATURAL GROUND SURFACE
]
6350 — e EEEIE o ]
Bbugpet
— N e - M
/
6250
J
6150+ —
1100 1200 1300 1400 1500 1800 1700 1800 1900 2000 2100 2200 2300 2400 2500 2600 2700 2800 2900 3000 3100

RADIUS : 200’
p
RICE RIVER COAL COMPANY II1 HORROCKS

ENGINEERS

SCALE 1":100’




ELEVATION IN FEET

SCHOOLHOUSE CANYON REFUSE FACILITY

LONGITUDINAL SECTION THROUGH DUMP

6650
6550 - EL. 6550 FINAL CONFlGURATbN =
g /
2:1 SLOPE (TYP|CAL) — S —
6450 - ]
1372. 6382 / / MNATURAL GROUND SQRFACE
Y ,
6350 1286, 6372¢ ) — =____________-—-—-—-""‘"
/ e -_— -""‘"—‘:_:./’—:/
6250 ‘ = o ]
-
\_——‘
6150
1100 1200 1300 1400 1500 1800 1700 1800 1900 2000 2100 2200 2300 2400 2500 2600 2700 2800 2900 3000 3100
RADWS : 180’
| PRICE RIVER COAL COMPANY
HORROCKS
SCALE 17:100' ENGINEERS




ELEVATION IN FEET

SCHOOLHOUSE CANYON REFUSE FACILITY

LONGITUDINAL SECTION THROUGH DUMP

6650
6550-— j EL. 6550 _~T—FINAL CONFIGURATION /
. / -
— [
2:1 SLOPE (TYPICAL) —< _/ /
6450 ' ' :/— ]
/ 7 \— NATURAL GROUND SURFACE
______’—-——1
6350 r -
o 1415, _ #1 o
128D, 6322 ¢ 11300..0310 ~ #%/
6250 B e
6150
1100 1200 1300 1400 1500 1800 1700 1800 1900 2000 2100 2200 2300 2400 2500 2600 2700 2800 2900 3000 3100
RADIUS : 100’
' PRICE RIVER COAL COMPANY
IH HORROCKS
SCALE 1":100" ~ ENGINEERS




¥

*HATER LUHIT WEIGHT= &2.48
FPOIMT “W-0OrD Y -ORD
1 a.ad 6220, 06

Z 1270, E226,80

3 1526.060 6343, 60

4 157b.066 6348, B8

S 1643.08 6388.688

& 1720. 6@ £38@.0a

I 1796.06 6426.0680

8 1660, 08 6428.00

9 15978. 008 €480.00
1@ 284a@.80 €480.008
11 2156, 88 €540, 64
12 2210.00 £540.008
13 2225.00 &556. a0
14 3650, 60 €556.00
13 2le0.04a 6560.00
i6 2158, 00 6350, 60
17 3186, 60 6350, 00
LINE LEFT RIGHT

i 13 14

2 1 2

3 2 18

4 18 17

SOIL UNIT WEIGHT
1 98
2 94

CIRCLE #-0RD
1384.0

SLICE WEIGHT
1387.1
3555.@
5317.3
6594.8
7385.4
7684.3
7483.5
6771.7
9533.8
3756.8
1398.6

[
- @200 EH AW -

ITERRTION

DR e

FACTOR OF SAFETY=
EARTHQURKE= ©.0606

Y-0RD RADIUS

6478.6

SO0IL

COHESION

1

2
2
2

gae
gan

258.48

INCLINATION

INITIAL

1.080600
12.4399
13,3835
13.3963

13.39

AT

&
31
31

13.39

COHESION WIDTH

gaa
860
guo
gag
gea
gan
go6
808
saae
8e4g
860

11.8 .

11.8
1.8
11.¢8
11.8
11.@
11.0
11.9
i1.8
11.6
11.8

CALCULATED
12.4399
13.3835
13.3903
13,3983

SATURA
NO
YES

FRCTOR OF SAFETY

EFF WEIGHT

¥= 1364 Y= &47@ R= 2536

TED

4080.8
1696.2
1630.6
2822.4
2264.9
2356.9
2294.9
2076.6
1697.4@
1158.3

428.9

&

31
31
31
31
31
31
31
31
31
31
31

1284,2
1295.
1386.
1317,
132¢4.
1339,
1358.5
1361.5

bbb W

11372.5

1383.46
1394.6



CULDATH FILE “PRILOPS

5868 DATA PRICE RIYER COAL - SLOPE STABILITY ! FILE "PRSLOFY

5618 DATA B,62.4,.1 : ' '

@48 DATA 17,@,5228,1278,6220,1528,6340, 1570, 6240, 1648, 6380, 1720, 6388, 1790, 542
5858 DATA 1558,6420,1970,5430, 2040, 6480,2150,6540,2210, 6548, 2225, 6550, 30508, 655
5050 . DATA 3188,6560,2158,6350,3189, 5350
5078 DATA 4,12,14,1,1,2,2,2,16,2,18,17,2
5880  DATA 2,98,308,31,1,90,580,31,0

B
5}

-




"SLOPE"

A slope stability program utilizing the simplified or “modified
Bishop" method.

The program was written by John P, Cross, P.E., Processing Manager
of S5TS Consultants, Horthbraok, Illinois., This program was printed in the
October 1982 issue of "CIVIL ENGIHEERING."

This version was copied from "CIVIL ENGINEERING" and e=dited for the
Hewlett-Packard 9845 desk-top computer by Horrocks Engineers in March
1983. The format for the input and the output waz changed from the
original version, however, the program itself was not changed.

HORROCKS ENGINEERS

OHE WEST MAIN STREET
AMERICAN FORK, UTAH 83003
TELEPHONE (8813756-7628

42 OPTION BRSE 1

44 OVERLAP

46 PRINTER IS 16

43 PRINT “SLOPE STABILITY ANALYSIS"

50 DIM P¢SE,2),L(5@,3),52¢5,4),A(50),F(50,7),2(50,4),H$[80],5bit$<a:1)[3]
52 INTEGER Logo(2)

S4 Sbit$C1d=" NO"

56 Sbit$¢@)="YES"

58 59=10

60 J6=0

62 OUTPUT 5;"“R"

64 ENTER S;M,D,Time$

66 Date$=VALS(MI&"/"&VALS$CD)&" /83"

68 PRINTER ‘IS 8

7@ PRINT "",LINC4)>,TAB(S8B-LENCDate$));Dates,LINCE);

72 GOSUE Logo | PRINT HORROCKS ENGINEERS’ LOGO

74 PRINT LINCS),TAB(28), SLOPE STREILITY RANALYSISw,LIN¢2>,TABC3E),"for",LINC2
23

#x% INPUT OF PROGRAM VARIABLES #x=

78 INPUT “ENTER THE DATA FILE NAME",File$
79 INPUT “"ENTER THE PROJECT NUMBER",Pn$

g2 INPUT “ENTER THE USER’S INITIALS",Users$

186 LINK File$,S5000

198  READ H$

191  PRINT TABC48-LEN(H$)-2);HS$

195  PRINT LINC30),TAB(38),"DATR FILE: "&CHR$(34)&File$4CHRS$CI4),LINCL)
200  PRINT TRBC25),"PROJECT NUMBER: "&Pn$,LINC1)

281  PRINT TAB(37),"by: "&Users$

203 PRINTER IS 16

210 READ $0

211 IF S@=0 THEHN 278

238  READ S6

250  RERD 57

278  READ WO

298  READ E1

31@ READ Pt

311 PRINTER IS 16

315  PRINT “POINT X-0RD ¥-QORD" -
320 FOR I=1 TO P1 ‘

331 PRINT SPR(2),1;




-
354
371
388
408
401
4082
410
421
440
430

490
510
511
512
520
531
550
610
620

EEE

640
641
twsso
f?R v

% ¥ %

goa
200
91e
928
936
940
958
96a@
9748
984
29
1eaa

) JISRER=(PC1,2)-¥)42

IMAGE 3X,2¢7D.3D,2%)
READ PCI,10,PCI,2)
PRINT USING 3323PCI,1),P(I,2)
NEXT I
RERD L1
PRINT LINC1),"LINE FROM TO SOIL BEMEATH®
IMAGE 3X,2¢4D,3X),2X,2D
FOR I=1 TO L1
PRINT I;
READ LCI,10,L¢1,2),L¢1,3)
PRINT USING 482; L(I 15,L¢1,2>,L¢1,3)
NEXT I
READ 'St . - ‘
"PRINT LINC1)>,"SOIL  UNIT WEIGHT COHESION "&CHR$(21@>&"  SATURATION"
IMAGE 3X,4D.DD,2%,9D,3X,3D,3X,3A 4 :
FOR 1=1 TO &1
PRINT I
READ S2¢I,1),82¢1,2),82¢1,3),82¢1,4)
PRINT USING 512 92(1 13, 82(1 23, sz<1 33, bets<sz<1 43
NEXT I

CIRCLE DEFINITION ##%

F9=@
PRINTER IS 16
PRINT "CIRCLE DEFINITION"

INPUT “ENTER THE ¥-0RD, Y-ORD, AND RADIUS OF THE FAIL SURFHCE FORNHT ey

X YsR

CHECK TD SEE IF CIRCLE EXCEEDS TOP LINE END POINTS *&%

U= Pl :

FOR I=2 TO P1 :
IF (PCIy13<PCI=1,1) AND <u1 =P1>" THEN 778
GOTO 780
Ul=1~1

NEXT..I:

ZJzua*R (P(U! 2)=-¥rA2
IF:J1<=0 THEN g83a.

IF ¢J1>8> ‘AND C(P(1, 1)>X~SGR(;1)) THEN 869

" IF J2<=0 THEN 850

~IF. (J2>8) AND ¢PCUI, 1)<X+SQR(J2)) THEN esa'g}t;_

GOTO '88a
-~DISP “CIRCLE EXCEEDS TOP LINE END POINTS"'

. -GOTO 4380

DEFINE INTERSECTION OF CIRCLE WITH LINES #%% -

FOR I=1 TO L1
X1=PCLCI,13,1)
Y1=P(LCI,1),2)
K2=P(LCI,2),1)
Y2=P(LCI,2),2)

IF %2=X1 THEN 960

GOTO 97@

$=9.99E18

IF X2¢>X1 THEN 990

GOTO 1886

S=(Y2-Y1)/ (X2=X1)

IF ABS(S)>{1.8E~S THEN 115@

[ TSR

§ g IR R T N IR L e
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R AR e VR g ey 7 -



1310
1020
1036
1849
1656
1069
1870
1080
1090
1100
1110
1120
1130

1140

1150
1160
1170

1188
1190
1200

1210

1220

1230

1240

1250

1268

1270

‘1280

.12%e@

1300
1310
1320
1330

1348
135@
1360
1370
1380

1390
1400
1410

ST1420
1430

1448

/1450 -

1460

© 1470
1480

1499
1500
1518

1520

1536
1548
1350
1560
1570
1586
1598
1680
1618
1628
1630
1648
1650
1660
1674

Cl=x1~le3
C2=1-8~2+1
C3=2%C1-5-2%#K/S5-2+*Y
Ca4=01~2-2%K*C1+X~2+Y~2-R*2
CH=C3~2~-4%C2%C4
IF C5<8 THEN 10686
GOTO 1698
2¢I,1>)=0
IF C5<8 THEN 16309
Q1=(-C3+SARCCSI» (2%C2>
QZ=(~-C3~ SQR(CS))/(2*02>
@3=@1-5+C1°
Q4= a2/s+c1_
GOTO 1248
CH=R~M2=-CY-Y1)"2
IF CS<p THEN 1188
GOTO 1190
Z¢I,1)=8
IF CS<8 THEHN ‘1630
@3=X+SAR(CS>
@4=X-SARC(CSY
Gl=Y1 g
B2=Y1
-J1=8
‘Je=0
“IF (nnS(S)( 9 99E9)> AND {@3>=X1) HND <a3<=x2> THEN 1280
GOTO 1296 :
Ji=1 '
1F (HBS(S)(HS 99E9). HND <u4>=x1> HND (Q4¢= x2> THEN 1319
GOTO 1320 -
- Ja=1 ‘
IF (§¢{-9,. 99E9} HND <Q1> Y2> ﬂND (Ql(n?lh THEN 1348
GaTO 1356 3¥~ _
. Jd1=1 oy : Cen )
“IF ¢S<~9,99E9) RND (Q2>=Y2) HND <02<=Y1) THEN 13?0
GOTO 1388
J2=] s
IF (S>9. 99E9) ﬁND <Q1>=Y1) AND (Q1<= YE) THEN 1480
GOTO 14148 rfb
Ji=1 ‘ oA
IF. ¢8>9,. 99E9)'HHD (QE)«Yl) HND (GZ( Y2) THEN 1439 o
GOTO 1446 e : : = _
2=l :
“ZC1, 1)=J1+J2 :
1F Jl 1 THEH 14?0
GOTO 1480 ECR
"2C1,2)=03
IF Jl i THEN 1588
GOTO 1510
2¢I,3»=01 =
IF (Jlsa) AND -(J2=1)> THEN 1530
GOTO 15496 :
2¢I1,2)=04
IF (Ji=@8)> AND (J2=1) THEW 1568
GOTO 1578
2¢I,3)=02
IF <(Ji=1) AND ¢(J2=1) THEN 1590
GQTO 1600
Z2¢I1,4>=04
IF ¢Ji=1> AND <(J2=1) THEN 1626
GOTO 1&38
2¢1,3»=02
HEXT I
X4=8
®5=9.99E20
I1=1
FOR I=1 TO L1
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leda
1694
1700
1710
1728
1738
1748
1v350
1766
1778
1780
1798
- 1884
1810
1828
1838
1848

IF 2¢1,13:=1 THEW 17@é
GOTO 1718
ACI1Y=2C,2)
IF 2¢I,1>>=1 THEH 173@
GOTO 1748
I1=I11+1
IF 2¢1,15=2 THEM 1760
GOTO 1776
ACI1)>=2C1,4)
IF 2¢1,1>=2 THEN 1796
GOTO 1800
I1=11+1
NEXT I
IF I1=1 THEN 1830
GOTO 1840
PRINT "CIRCLE DOES NOT INTERSECT SLOPE"
IF I1=1 THEN 4380

#%#% SET UP SLICE RARRRAY #x%

1860
18ve
18806
1898
1908
i91@
1928
1930
1948
1958
1960
1978
1980
1990
2000
281a
2820
2030
2040
20850
2060
2076
2088
2090
2108
2118
2128
2130
2148
2158
2168
2170
2180
2190
2284
2218
2220

FOR I=1 TO I1-1i
IF ACI)>X4 THEN 1890
GOTO 1900
R4=ACI)
IF ACIIKXS THEN 1920
GOTO 1938
®S=ACI)
NEXT 1
FOR I=1 TO P1
IF ¢(PCI,1)><X4) AND (P(I,1>>XS> THEN 1970
GOTO 1980
CACIL)=PCIL, LY
IF (PCI,15<X4> AND (PCI,1>3X5)> THEN 2000
GOTO 2010
I1=11+1
NEXT 1
I1=11-1
FOR I=1 TO It
FOR J=t TO I1~1
IF RCI+1)5ACI) THEN zaea
J1=RCI+1Y
ACT+1)=ACI)
ACTI=J1
NEXT J
NEXT 1
Ui=g
FOR I=1 TO I1-1
IF ACIDCACI+1) THEN 215@
GOTO 2160
U1=U1+1
IF RCIDKACI+1) THEN 2180
GOTO 2190
ACULY=ACT)
NEXT I
Ut=U1+1
ACU1Y=ACIL)
I11=U1

#%#% DEFIHE SLICE BOUNDARIES #x#%

2248
2258
2268

@i=ACI12-ACL)
22=R1-59
Hi=11

.
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FOrR I=1 TO U1-]
OE=ACI+1o-ACT
2274 FI=INTCRI-QA27+]

2300 Ci=Q2-Q4
2318 C2=A(I>
z23ze FOR J=1 TO 4

=l
[ax)

P T
LV
a0
o

2338 IF J<@4 THEHW 235@
2348 GOTO 23ed

2350 Il=I1+1

2360 IF J<@4 THEN 2386
237a@ GOTO 2398

2388 ACI1)=C2+C1

2390 IF J<Q4 THEN 2410
2460 GOTO 2428

2418 c2=Ccz+C1

24206 NEXT J

2430 NEXT I

2448 FOR I=1 TO I
24509 FOR J=1 TO It-1

2460 IF ACJ+132>A0(J) THEN 2506
2470 Ji=ACJ+1D

2488 ACT+1=ACTD

24380 ACI»=J1

2549 NEXT J
2518 HNEXT I

#%#% DEFINE SOIL PARAMETERS FOR EACH SLICE #*%#

2530 Fi=I1-1
2540 FOR I=1 TO F1

2558 F(I,4)=ACI+1)-ACD)

2560 XE=F(I,4)

2570 FCI,7y=CACTI+1)+ACIII /2
2588  X3=F(I,?>

2598 Y1=Y-SAR(R~2-(A(1I=-K)~2)
2608 Y2=Y-SAR(RA2-CACI+1)-K>~2)
2610 AS=ATNCABS(Y2~Y1)/F(I,4))
2620  IF Y2<Y1 THEN 2648

2630 GOTO 2650

2649  RS=-AS

2650  F(I,2Y=AS

2666 IF AS=0 THEN 2680

- 2678 GOTO 2698

2680 F(I,2>=1.0E-S

2690 ¥Y3=Y=SAR(RA2~(X3-X)~2)
2700 14=0 :
2710 FOR J=1 TO L1

2720 L5=L¢JT, 1)
2730 L6=L¢JT,2)

2740 IF (PCL5,22<=Y3)> AND (P(LE,2)<{=Y3) THEN 2840

2756 IF (PCLS,1)<X3)> AND <P(L6,17<X3) THEN 2848

2760 IF (P(L5,12>%3> AND (PCLE,1)>X3) THEN 2840

2779 YE=P(LS, 2)+(PCLS,23-P(LE,2> )/ (P(LS,1)~PC(LE, 1)) #¢(X3-PC(L5,1))
2780 IF Y6<=Y3 THEN 2840

2790 14=14+1

2800 2¢14,1>=Y6

2810 2¢14,2)>=1¢J, 3>

2820 W=

2830 E=0

2840 NEXT J

2850 IF 14=1 THEN 2970

2864 FOR J=1 TO 14 .

2876 FOR Ji=1 TO I4-1

2380 IF Z¢J1,135=2¢J1+1,1) THEN 2958

2390 LS=Z(J1,1)



LE=Z(T1, 20
2¢IJ1,12=2CT141,10
2CJ1,25=2¢T1+1,2)
2¢I1+1,15=L5
ZCIJ1+1,2)=L6
MEXT J1

NEXT J

T4=14+1

ZC14,1)=Y3

FOR Ji=1 TO Id4-1

IF (I=1) AND <J1=1> RAND (X3>=S&)> THEHN 3628

GOTO 3639
16=56-Y1

IF C(I=F1) AND (Ji=1) AND (X3>=56) AND (X3<{=57) THEN 38506

GOTO 3060
Je=S@-Y2

W=+ (2¢J1,102-2¢TJ1+1,10)%#X6%82(2(J1,20,12

IF ¢2¢J4, 1)(9@) AND (X3>=56> AND (XS( Sv» THEH 3699

GOTO 3100
W=W4+(SB-2(J1, 1)) £X6%U0
IF $2¢2¢J1,2),4)>.95 THEN 3120
GOTO 3138
E4=82¢2(J1,2>,1)
IF $2¢2¢J1,25,4><.95 THEN 3150
GOTO 3160
E4=82¢2(J1,2),1)-W0
E=E+(2¢J1,1)-2CT1+1, 1)) *#X6*E4
NEXT J1
FCI, 1)=M
F(I,5)=E
FCI,35=82(2¢14~1,2>,2)
F(1,6)=2%PI#(S2¢2¢14-1,2),3)/360)
NEXT I

NORMAL

IF F9=8 THEN 3360

PRINT USING 325@;CHR$(218)>

IMAGE "SLICE WEIGHT INCLINATION
xll

0=36a-(2*PI)

FOR I=1 TO F1i

COHESION

WIDTH

EFF WEIGHT

llH

PRINT. USING 3329 I,FCl,15,FC1,22%0,F(I,33,FCl,42,F(]I, 5) Fcl, 6>%0,F(1, 7>
IMHGE 3D 16D.D, ?D D 12D 9D b, 11D D,7D, ?D D

NEXT' 1.

PRINT -

D=0 S
PRINTER IS @
FOR I=1 TO F1

D=D+F(I,1>*SINCABSCF(I,2Y>¥%CFCI,2)7ABSC(FCI,2)))

D=D+E1#F (1, 1)>*COSCABSCF(I,2)))
NEXT 1

IF- 16>0 THEN 3430

GOTO 3440
I17=WO*I6*16%(R-16-3)/(2%R)

IF 16>@ THEN 3460

GOTO 3470

D=D~SGN(DY*17

IF (16>3) AND (F9=1) THEN 3490
GOTO 3510

PRINT USING 3500;17

IMRGE "DRIVING FORCE COQUNTER EBALANCE OF",1@D.2D

IF J6>8 THEN 3536

GOTO 3548
17=WB%JE*JE%#(R-J6- 32/ (2%R)

IF Je>8 THEN 35668

GOTO 357e

D=D+SGN(DX=*I7

IF <J&>8) RAMD (F9=1> THEN 35%6



Fax(]
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GOTO Zelo
PRINT USIHG Zead; 7
IMAGE “DRIYING FORCE IWNCREHSE OF", 1@D.2D

##% ITERATIYE SOLUTION FOR FACTOR OF SAFETY #x%¥

3620
3630
36486
3656
3660
3676@
368¢
3¢€94
370a
371a
3r20
3730
3748
3756
3760
3rvae
3786
3790
386@@
3818
3826
3834
38408
385a
3860
3870
3884
3898
3900
3901
3902
3983
3964
3905
3918
3926
3934
3940
3958
3951
3968
3961
3970
399%a
3991
40306
44408
4841
4058
4060
4078
4871
4680
49950
4108
4116
4128
4138
4148

Fo=1

R4=0

16=@

FOR I=1 TO F1
R1=FC1,3)%FCT,4)+FCI,5)*TANCFCI,6))
R2=1/COSCABSCF(I,2))
R3=1+TANCF (I, 6))*TANCFCI,2))/F0
R4=R4+R1%(R2/R3)

NEXT I

F2=R4/D

16=16+1

IF F9=1 THEN 3750

GOTO 3820

IF Is=1 THEN 3778

GOTO 3800

PRINT

PRINT USING 3790

IMAGE "ITERATION",11X,"INITIAL", 18X, "CALCULATED"

PRINT USING 3818;16,F8,F2

IMAGE 3X,3D, 13X,3D.4D, 12X, 3D.4D

IF 16>18 THEN 3848

GOTO 3850

PRINT “WILL NOT CLOSE"

IF 16>18 THEN 3970

IF ABS(ABS(FBY-ABSC(F2))<.0085 THEN 3960

FB=ABS(F2)

R4=0

GOTO 365@

IF NOT F9 THEHN
PRINTER IS 16
ELSE
PRINTER IS @
END IF
PRINT
PRINT USING 393@;F2,%,Y,R :
IMAGE "FRCTOR OF SAFETY= ",§D.2D," AT XK= ",4D," Y= ",4D, " R= ", 4D
PRINT USING 3950;El | :
IMAGE "EARTHQUAKE= ", 2D, 2D
IF F9 THEN 4388
PRINT
ﬂ$= "o
INFUT “DO YOU WISH A FORMAL PRINTOUT ¢Y/N>",A$
IF UPC$CAS$L1,11)="N" THEN.4328
PRINTER IS @
IMAGE @"WATER UNIT WEIGHT=",3D.2D
PRINT USING 4830;W8
IF S0 THEN
PRINT
IMAGE "SUBMERGENCE AT "23D.2D," FROM “,3D.1D," TO “,3D.1D
PRINT USING 486@;50,56,57 :
END IF
PRINT
PRINT " POINT  X-ORD 't ~ORD"
IMAGE 4D,7D.2D,7?D.20
FOR I=1 TO P1
PRINT USING 418@31,P(I,1),P(1,2)
NEXT I
PRINT



FREIHT LIME LEFT  RIGHT SOILY
IMAGE 40=D)
FOR I=1 TO LI

FRIMT USING 416@3I1,L¢0,13,L41,2%,L¢1,3)
HEXT 1
PRINT

PRINT "SOIL UMIT WEIGHT CORESIOH "LCHR$ECZ1AME"

IMAGE 3D,15D,17D,90,7%,3A
FOR I=1 TO $1 ‘
PRIMT USING 4220;1,52¢1,1>,82C¢1,2»,82¢1,32,5bit$(52CI,42)
HERT 1
PRINT
PRINT “CIRCLE X—-0RD ¥Y=0RD RADIUS FACTOR OF SAFETY"
IMAGE 12b.D,70.D,7D.D,80.2D
PRINT USING 428@6;X,Y,R,F2
PRINT
PRINT
H‘:" "
INFUT "DO YOU WISH A DIAGNOSTIC RUN (Y¥-N)",A$
IF UPC$C(AS$I1,112="N" THEN 4378
Foa=1
IF UPC$CA$LI,115<{>"H" THEN 728
ﬂ*:ll n
INPUT “DO Y0U WAMT TO CONTIHUE (Y-N>",A#$
IF UPC$CA$C1,110<>"N" THEHW 638
DISP " FINISHED "
STOP
Logo:PLOTTER IS 13, "GRAPHICS"
GRAPHICS
SCALE ©,559,0,454
LORG 2
FOR I=6 TO &
Logo(12==2175
Logo(2)>=-4352
R=454-1 .
GLORD Logod(#*),08,R
NEXT I
FOR I=6 TO 14
Logo(1)=-2115
Logo(2)=-4352
R=454-1
GLOAD Logo(#*),@8,R
NEXT I
FOR I=15 TO 21
Logo(ly=-217¢5
Logo(2r=-4352
R=454-1
GLOAD Logo¢#*),a,R
NEXT I _
CSIZE 15-4.54,9-15
MOVE 27,4530
LABEL "HORROCKS"
MOVYE 27,437
CSIZE 15-4.54,8715
LABEL “ENGINEERS"
DUMP GRAPHICS 436,454
GCLERR
EXIT GRAPHICS
RETURN

SATURAT
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Slope stability program

JOHN P. CROSS, P.E., M. ASCE
Data Processing Manager,
Project Engineer
STS Consuftants I
Northbrook, !ilinoi'.z‘- :
B P

FOR NATURAL or man-made slopes, the
index of stabnhty with respect to a sud-
den failure is known as the safety factor
of the slope. The safcty factor may be
defined’ as the ratio of the potential
resnstmg forces to the drive forces tend-
ing to cause movement. A slope on the
verge of fallurc would have a safety fac-
tor of 1.0. The analysns of slope stability

is, therefore, the analytical proccdurc _
of detcrmmmg the most critical, i.c., -
of safety of glvcn or

the lowest, factor
proposed slope::
Manual methods of slope stability

analysis- were dcvclopcd prior to the .
_lectromc computer.’
" These approach ' ;esultcd in high anal- .-
" ysis costs and cqps srvative slope config-

advent " of th

v

. urations.. chetltxy' ‘calculations lended -

tems to, perform

)

‘\‘Lk

methods. .

“The” snmphﬁcd or modified Bishop .
method is reasonably accurate for most,
. purposes where’ the slope under analysis

can be.assumed 16 fail along a circular

i'allnrc surfaccl'l‘he factor of safety is.-

*the itio of the resisting -
_ momchts “to: driving moments around
B thc ccnter of th' failure arc. Imually, a
h ction’ ,the slope " is ‘drawn " B
'detallmg\sml Strata  and piezometric™ .
.- surfaces, A cen er. point is then chosen -
is taken through the -
cross-seétion. - This ‘arc represents’ the’
failure ‘surfaceiunder evaluation. This

frOm whxch an

failure zone is broken down into-a series
of slices which can be individually eval-
vated for thei Welght and strength
_An illustration of =a
slopc cross~scctxon belng defined by a
series of slices is shown in Figure 1.
“The forces acting on each slice are
illustrated in Figure 1, where AX is the

" width of the. slice, W is the weight of

the slice, T is the force acting along the
failure surface at the bottom of the
slice, N is the effective force acting nor-
mally to the base of the slice and © is
the inclination of the failure surface or
slice base. The factor of safety is
defined as:

0360-0556/82/0010-0071/$01.00

accordmg to a numbcr of thcorctxcal

5 (CAX + Ntan &) sec ©
1+ tan$tan ©
Fe= F
ZWsin@

Where C is the cohesion, & is the fric-
tion angle and the summation occurs
over each slice of the failure zone. As
the factor of safety, F, occurs on both
sides of the equation. An interactive
solution where F is initially estimated
and then back substituted until the cal-
culated F and estimated F close within
a specified tolerance.

The equation can be modified to han-
dle two additional conditions by adding
additional factors to the term defining
the.driving force. These two conditions
are standing pools, i.¢., submergence of
a portion of the slope, and earthquake
loading. For submergence, the weight
of water acting above the slice is added

.to the weight of the slice itself. The

total dnvmg force is mcrcased or de-

Flgure 1. Fa:lure zone is divided tﬂlo shces Iorcas
acling upon & slice are indicated.

creased by the weight of water above or
below the exit of the failure surface
from the slope. The second condition of
earthquake loading can be handled by
increasing the driving force calculated
for each slice by EWcos®, where E is
the earthquake loading factor. Similar-
ly the resisting force is decreased by a
decrease in the normal force due to the
earthquake loading. -

Following the calculation of the safe-
ty factor for this arc, the center or
radijus of the arc is modified to generate
a new failure surface. The previously
mentioned procedure is again followed
with a new factor of safety being deter-
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T 380 NEXT I .
390 FRINT @408 ‘NUHBER OF -LINES

470 FRINT

L B10 YNFUT 240:5

" SB0 PRINT @40:"FHI ANG

. 400 PRINT
610 INFYT
L &20 NEXT I
430 REM

1020 GO 10 1090

Ty FEM sasapost o s s b b bbbt anadndhbannsandbibrinisnsey

110 FEm A el b TED BEDHDE SLEFD STANIE LEr anAlTh LOBO ZeIs12:0

170 KER e o bt o p e bbb s s o b R b b a R by R RS VARSI N bR G IRy 1090 F U5 0 THEN 1430

TN FRIY a0 tSi ke STABILITY ANALTHIE® 1100 (s~ W5ARCH AR
140 DR FOI0+ ) el 020232« S0CLr ) rALTO) bF (200 72020200 4) . . 1110 U2 -CI-SOR(CS)I/(DA0D)
150 5%=10 1120 B3=01/5+C1

160 J6:0 1130 Q4x02/5+4C1

170 KEW &## INFUTEA0: OF FROGRAM VARTARLES #xx

190 FRINT B40:"HEADING 3§
190 INFUT GAQIHY

200 FRINT @A0!"SURHERGENCE ELEVATION (O IF NO SUBHERPENFEI

210 IHPUT @40350
300 FRKINT @AO!'FROA X-ORD *F
230 INFHT @40:%6 .
240 FEIN 940"
2T0 INFUT 240:
I60 FRINT G40"uhTER UNIT UEIFHT
270 INFUT @40:UO0 .
280 FRINT PQO:'EARIHGUQKE
290 INFUT B40IEL -
300 FRINT B40!°NURRER O
310 INFUT @AQIFL, -
320 FOk I=1 TO FL
330 FRINT P4O:'PDINET
340 FRINT B40: X-ORD:
350 INFUT RAQIF(Ird
340 FRINT (240:°Y-0RD
320 INFUT 040-P¢I.2)

T0 X_ORD

ADO INFUT @40iL1
4310 FOR I=1 TO L1
420 PRINT P4A0I'LINE
430 PRINT @40:°LEFT.PT
440 INFUT @a0iL(Ist
450 FRINT
4560 INFUT

A80 INFUT
490 NEXT .}
%00 FRINT de"NUHBE

520 FOR I=1 TO 517
B30 PRINT @403 °S0IL

540 PRINT @40:°UNIT WEIGH

f50 INFUY R40I82(1.1)
540 FRINT @49;°COHESIO
S70 INFUT Q40:52{(I,2) " 4

590 -INFUT '@403552L1,37

440,

INPUT 2408 x
" PRINT @AOS!
INFUT @405 Y

) INPUT (@AQIR
720 REH ®33 CHEC_
30 UL=F1 . :
40 FOR: 122 Tu P
1F P(1.1)<P¢1

FILRIR-A(P UL D
;Jﬂ-atn~(?tu132

710’ Yl-P(l(Ivl) )
920 X2=F(LEIr2)sL
P3O (Tr 2302

AR ARG (51,
‘Ciwx1-v1/8
1020 CR=1/57241
1030 C3=IkC1/5-2
1040 CAxcx"ﬂ-”txtc1+X“
1050 COnC3 p-44C20CA¢
1040 IF C540 THEN '10B

mined. This entire sequence is repeated
until the failure surface for the mini-
mum factor of safety is determined,
The program included in this article
follows the same general procedure as
previously defined. The program can be
broken down into nine segments. Lines
100-620 are input routines for the entry
of data defining the cross-section, lines
630-710 define the circle that will gen-

- -1130 CS=R"2

LB1=YY
L OZEYL

erate the failure surface, lines 720-860
perform a verification that the failure
arc falls fully within the cross-section
and lines 880-1840 define the intersec-
tion points between the line segments
and the failure arc. The slice array is
set up between line 1850 and 2220,
with slice boundaries defined in lines
2230-2510. Lines 2520-3600 include
the definition of the soil parameters for

72 Cwil Engineering-ASCE  Octobear 1982 -

1140 GO TO 1240
—tY=-Y1)"
+ 1140 1F C5<0 THEN lXBO
1170 G0 TQ {190
J1HO Z(Tr1r~0
- 3190 IF 370 VHEN-lblo
1200 @3=X+S0R(CSH
OQ*X‘aUR(C )

each slice and the actual iterative solu-
tion for the factor of safety occurs -
between lines 3610 and  3950. The
remainder of the program is the formal
output of the results.

The program includes a diagnostic
print-out where all the slice parameters
can be displayed for any given failure
surface. As currently configured the
program can handle models including




pa )

D650 IF REJeLs 0Dy TREN 20RO 230 TF bren Trp e 3 AG

THAG JL=AL gL 3240 FRINT (P40 1t5IaG 37508

2070 0 YrALD 3250 THAGE *HLICE  WEIGHT  INCLINATION *.5

20RO A= 3260 FRINT Qa0: USING 32704

2090 NEXT O 3270 IHAGE * COHESION WIDTH EFF WEIGTH PHI | &

2100 NEXT I 3280 0e340/(23FT) .
2110 UL=0 3290 FOR I=1 1D Ft I
2120 FOR I=t TO I1=1 : 3300 FRINT @40: USING 33"0’1.Fc!.1).F(x.z:tn.r(:.s).rtr.a).ch.sp
2130 IF ACI)<ACI+1) THEN 2150 3310 FRINT @407 USING 3330:F(1+6)%0.F(I+7)

2140 GO TO 2160 3320 IHAGE (3D,090.10,070, 1u.1“n,o7n.lbvv09b 1D) S

2150 UlwUl+l 3330 IMAGE 70,10 +3D.20

2160 IF AC(I)<A(L#1) THEN 2180 3340 NEXT 1

2170 GO TR 2190 2350 PRINT @40:
2180 Alulr=ALT) - 3340 D=0

2190 NEXT 1 3370 FOR Ixt TO F1
2200 U1=U14}
2210 ﬁ(Ul)VA(II)
2220 11=U1

2230 REH ¥xx BEFINE SLICE BOUNDAR!ES lt
2240 01=A(I1)~AC1),
22350 D2=Q1/5% . ¢:’
2240 Ui=11 A
FOR. I=1. TO t1-2
B3=ACIHII-ALTY
Oa=INT(O3/G2)+1
Ci=Q3/04 EE
c2=A{1) ..
FOR J«1 TO 04
JIF <04 THEN 233
GO YO 23460 -
S T) § T T ST
: IF J<04 THEN 2380
2370 GO TD 2390 °
2380 ACL1)=C24C) .
2390 IF J<Q4 THEN 2410
2400 GO'TD 2420 -
2410 C2=C24C1

3390 n=n+ElnF(I.l)xLQS(ABS(F(I.
3400 HEXT 1

3410 IF 140 THEN 3430
3420 GO T8 3440

3430 I7=HONIGEI&E(R~ Ié/:)/(:tﬁ)
I440 IF . I4%0 THEN 3440 -
V.34%0 GO TD 3470

£ 3440 D=D-SCGH(D)xIZ
3470 IF 1430 AND F9=) THEN 345
348060 TO 3510 -

3490 FRINT 2403 USING 3500.17

3510 IF . J4>0 THEN 333
3520 GO TOD 3540 !

3540 IF JAX0 THEN 3560
3550 GO TO 3570

3540 D=D+SGN(DI¥I7
3576 IF JA>0 AND FP=1 THEN 59
3380 GO TO 3410
3590 PRINT @40: USING 3600.!7 :
3500 IMAGE *DRIVING FORCE INCREASE D
“3410 REM WK LTERATIVE SOLUTION FOR
3420 FO=1 o

3430 HA=0
3540 lé-of

2440 FOR I=1 TO. Tt
2430 FOR'U=1-T0 T1-1-17

- 2460 IF A(J+l)>h(J? THEN 250
2470 A=A HHL) -
24EO:A(J+13'A(J)
2470 ACSY=1

3670 R2~1/C05(ABS(F(I-2)))
3480~ R3'1+TAN(F(Ioé))tTﬁN(F(Iv?’)
3690 RA-R4+R1!(R2/R3)

2510‘NEXT I

2540 FOR" -7 rd F1
2550, F (X 49=at141

3800 PRINT 9401 USING 3810 IbrFDvF
3B10/IMAGE 3T+ 3Dy13Xs 30 ﬁ:l”i 3D

3920 PRINT IWH )
JPIQIMHADE:*FACTOR OF . SAFETY!
3940, PRINT Q40; -USING- 3950.

(L:

3060 Wald (ZLI1F 1)
F:2€.01 71 7<50; AND: X325 AND. X3So5 7.2

: : D¢ 70, 10270:10; 60,30
110 60703130 ; 4270 PRINT 2407 us:nu_aﬂao'x.v.n.rz
EA=SZ(Z(J1s2)7 : - K

IF SZ(Z(J!.Z):A)(
GO.TD 3140 Ly
E4-S2(Z(01v2) p10mbli0
E-E+(z(Jx.x)-Z(Jx+1.1))-xst€4
NEXT J1
3180 F(Ts3)mH
3190 FCIrS)aE
200 F(I.3)=82(Z(14- 1.2)-2)
3210 FI,67=20P1H(S2(Z(Ta~1s 2)-3)/3401
3220 NEXT 1 B

A310 PRINT 240!

" A320 PRINT 2403

ATI0 INFUT @40!A%

4340 IF As="Y" THEN 4360

4330 GO TO 4370

4340 FP=1

L A370 IF As="Y' THEN 720 2

74380 FRINT Eﬁo"CUNTXNUE (Y DR N}
4370 INFUT E40:A% el

© o 4400 IF A#=*Y" THEN &30

Octobor 1982 .



W LLOPE SFARILITY AmnlrhIt

M ALING DankclE SLOVE GTREILITE F'hl‘nhi_i‘-
MEEGEHCE BLEUST I 10 Lr rdl Shifese mgmiid0) 10,00 I ] . . o
s BLEwan up o 200 points, 20 Lines, a5 sl
TO) A mlami st e mimu nuinber of shices s

types.
set at 10, but can be changed by mod-
ifying the value of 59 at line 150 and
changing the dimensioning of arrays A,
F and Z.

A cross-section is drawn of the slope
showing all soil strata and piezometric
surfaces. Each intersect point between
lines on the cross-section is numbered,
with the constraint that all points along
the top line must be numbered consecu-
tively from left to_right initiating with
point 1. Points beneath the top line may
be numbered in any order. These points
" are then defined with X and Y coordi-

nates (the entire cross-section must fall

in the first quadrant).

Lines are then specified by assigning
_line numbers for_each line occurring
" between two end pomts These lines are

defined by a left point, a right point and

the number of the*soil type occurring

beneath the line. Vertical lines are not
allowed and should be modeled by off-
*_setting the X-coordinate of one end

point by a small amount, i.e,, .01. Pi-
-ezometric surfaéés.'within the cross-sec-
~“tion are treated a$ any other soil strata
“interface with saturated soil beneath
and uns.ﬂuratcd soxl above the line seg-
_ment. Soil typcs are defined by speci-
fying a unit welght cohesion, phi angle
and an mdxcatxo

UATER UN[T UFIGHMT 4.4
EARTHOUANE ©0.0%
. RUABEK OF FDINTS B

a+ORDIRI0
EOINT

‘and mformahon dcﬁmng any standing

.- inputting the Y-coordinate of the pool -
* “elevation and the left and right X-coor-
dinates dcﬁnmg thé extent of the pool.

-The only- remaining mput parameters
are the center coordmates and radms of

LSATURATION:
'QIRCLE'_\,DEETNIYIQH?
BE CENT R

f whcthcr the sonl is

ation that mu‘;t be _
the unit weigh* of
“water, the “earthquake loading factor

. pool of water. This pool is specified by N

the failure orc. The mput can be in any
consistent sel of anits.

Figure 2 shows a typical cross-section
and the input parameters required to
define the cross-section for the pro-
gram._ The sample execution in the box
shows the typical Input sequence and
output formats. This result is not neces-
sarily the minimum factor of safety for
this slope, but the factor of safety for
the specified failure surface. Additional
runs should be made using different
centers and radii until the mintmum
factor of safety is located.

The program presented here is the
nucleus from which system specific en-
hancements should be made. These en-
hancements are not included in this ver-
sion for the purpose of minimizing the
size of the program presented. Particu-
larly valuable enhancements include
the ability to edit interactively, save-
input on a disc or tape and perform a
scarch for the minimum factor of safety
without manually inputting each circle_
definition:  Additional enhancements
could include plotting capabilities and
more detailed diagnostic features. -

‘A computerized evaluation of slope

- stability should never take place apart

from a'complete evaluation of the geo-
physical conditions involved. Likewise,
the results hould _always be subjccted
to cvaluano and interpretation based
.on current’ engmcermg prachcc and ex-

Cross received kis M.S. degree in eivil engineering
Jrom - Rose-Hulman Institute of Technology.
Terre Haute, Indiana (n 1972, Currently duta
processing ‘managerfproject engineer, Cross has

" been with STS {formerly Soif Testing Services)

Jor 10 years.: He holds a Master af Divinity from
Trinity Evangelical I)mely School and is work-
ing onan MBA at the Krller G'raduare Sthoal aof

Sae e



PRICE RIVER COAL COMPANY

P.0. BOX 629 HELPER, UTAH 84526 (801)472-3411

April 5, 1983

Mr. Tom Tetting

Engineering Geologist

Division of 0i1, Gas and Mining
42471 State Office Building

Salt Lake City, UT 84114

Re: Submittal of Items Required by ACR
Dear Tom:

Price River Coal Company is now submitting a number of the items of additional
information as vrequired by the ACR, Please review the attached 1ist and check
off these items on the ACR.

Other additional items will be provided as quickly as possible. The following
should be available shortly:

--UNDER 784.14

Chemical analysis of roof and floor data and discussion of seam similarity.

This information is not yet available. Samples submitted for testing during the
first week of March, 1983, have not completed testing procedures.

--UNDER 783.15 AND 783.16

Ground and surface water information.

Vaughn Hansen Associates began actively working on these items on 3-21-83 and
hope to provide a satisfactory report by 6-1-83.

--UNDER 783.25 AND 784.13

1. Stream channel and backfill area cross sections.

Only now is the snow beginning to melt so as to allow necessary field work.
About 2 weeks will be needed for surveying and 4 weeks for drafting.

2. Geologic Cross Sections

Work has been under way on these since 2-21-83. They are extremely time
consuming and may require an additional 3-4 weeks work.

AMERICAN ELECTRIC POWER SYSTEM

by FUEL SUPPLY

A MINING SUBSIDIARY OF THE gff AE P



Division of 0il1, Gas and Mining
April 5, 1983
Page 2

--UNDER 784.12

Discussions of existing cut and fill sites and designation of present versus
past surface effects of mining.

Snow has prevented necessary field work. These items can now proceed and will
require about 4 weeks to complete.

--UNDER 784.14 AND 784.16

1. Rework and clarify pond sizing calculations.

These are now complete but would be best attached to pond plans and
cross sections.

2. Pond plans and cross sections.
About 2 weeks of survey work and 4 weeks of drafting time is needed.

--UNDER 784.20

Discussion of subsidence, monitoring and installation of monitoring points.

This information is being assembled. An additional 2-3 weeks will be needed to
assemble references.

--UNDER 784.22

Diversions.

Information relating to drainage control configuration and sizing to flow
characteristics will require some field work. About 6 weeks are needed for
surveying and drafting now that snow is disappearing.

--UNDER 805.11

Bonding.

Additional bonding calculations for removal of power lines is being developed.
This should be available in 2-3 weeks.

--UNDER 817.43

Hydrologic balance - Outlet for School House Canyon diversion

This was discussed with Jdoe Lyons during his February visit. Drainage characteristics
are still being evaluated. A plan will be developed by June 1, 1983.



Division of 0il, Gas and Mining
April 5, 1983
Page 3

--UNDER 771.23 AND 783.24

Permit Area - Permit Term,
Further in-house discussion is needed as well as some additional communication
with the R.A. to decide on the usefulness of existing information versus the

development of additional information as related to the concepts of permit
area, permit term and right of successive renewal.

We will continue to work with you to provide all necessary information for mine
plan review and approval. Please keep in close contact with us.
Sincerely,

PRICE RIVER COAL COMPANY

f)/ @
R. L. Wiley
Environmental Engineer

RW: jp
Enclosures

cc: Ben Young, OSM
Fred Hart Associates



ITEMS OF PRCC ACR TO BE SUPPLIED BY 4-15-83

10.

Maps showing mining for No. 3 and No. 5 Mines before 8-3-77 and between
8-3-77 and 5-3-78.

Recapitulation and combined summation of reclamation costs and bonding
estimates.

Commi tment statement for UMS 817.131.
Portal seals, drawings and costs (included in bonding information).

Discussion of installation of sub-drain for School House refuse pile and
refuse pile pond with past piezometric monitoring data.

Discussion of refuse pile drainage, stability and engineers certification
of construction plans.

Development and imp]ementation of refuse pile inspection plan.
Discussion of disposal and disposition of underground development waste.
Discussion of signs and markers.

Provide map showing locations ofpreas for past surveys for cultural,

historic and archaeological resources. Also a listing (if available)
of permit numbers held by the State of Utah and A.R.C.



ITEM 1
MINING DEVELOPMENT PERIODS

As required by comments relative to UMC 771.23(e)(2)



ITEM 2

BONDING

As required by comments under UMC 784.13 and 805.11.



RECLAMATION COSTS AND BONDING

Resulting from comments in the Apparent Completeness Review, we have
re-evaluated our reclamation costs and bonding needs through use of standard
construction cost manuals. We have used the 1983 edition "Dodge" guides for
most earth work and a 1976 "Means" guide for building demolition costs. Some
items of reclamation are either not addressed in construction guides (portal
sealing) or are not reasonably comparable to the methods or materials needed
(planting and seeding). For such items we have projected our own costs which
are based on either actual completed project costs (in the preceding six months)
or from courtesy supplier/contractor budget figures.

We have divided reclamation costs into five phases: Demolition and Disposal

of Buildings, Portal Sealing, Grading, Topsoil Replacement and Re-vegetation.
Each item is discussed and assumptions explained as follows:

(1) Demolition and Disposal of Buildings

Cost per cubic yard of building demolition and disposal - no salvage value,
was arrived at as follows: Denver rates for labor and materials were taken
from Dodge 1983 guide to heavy construction costs, and a factor of 1.92

for labor costs from 1976 to 1983, and a factor of 1.77 for material cost
from 1976 to 1983, were derived therefrom.

Means building construction data for 1976 was used as a basis for labor
and materials - for demolishing small or single buildings, no salvage
included, steel, the labor was:

Daily, including
Subsistence, Overhead

Crew and Profit
(1) Foreman $ 98.80
(2) Building Laborers 186.40
1) Equip. Oper. (Med.) 123.20
2) Truck Drivers 190.40
$ 598.40 X 1.92 = $1,148.93
Equipment, daily, including subsistence, 0 & P:
1 - Front end loader 251.70
2 ~ Hvy dump trucks 258.70
$ 510.40 X 1.77 = 903.41
$2,052.34
$2,052.34 _
$2,052.34 = $0.25/cu.ft./concrete

8,500 cf/day



Dump charges in 1976 were $2.50/cu.yd X 1.92 = $4.75/yd.
in 1983; 4.75 :.27 = $0.18/cu.ft.

Then, $0.17/ cu.ft. for demolition, steel
0.18 dump charge

$0.35/cu.ft. -
$0.25/cu. ft. for demolition, concrete

0.18 dump charges
$0.43/cu.ft.

(2) Portal Sealing

We have had to determine the cost based on costs of materials and labor
to us. Both entry sealing and the equipment and materials to do so are
common place on a mine site. Review the attached illustrations for the
up dip and down dip portal seals.

(3) Grading

Cost figures for grading were obtained from the 1983 Dodge Guide for heavy
construction. The assumptions made are:

1. That the equipmegt used would be two scrapers,
moving 4,000 yds3/day @ 34¢/§d3 and one dozer,
moving 700 yds°/day @ 71¢/yd

2. That a one foot thickness of material will_have to be moved
over the entire disturbed area. (1,614 yds3/acre)

3. A1l materials will have to be handled by the scrapers and
the dozer, resulting in a cost per yd3 = $1.05 and the
cost per acre = $1,700.00.

(4) Re-soiling

Cost figures for topsoil placement, obtained from Dodge, 1983, include
factors for loading, hauling, spreading and purchased material.

Loading:

A 5 yd3 loader will be used which adds 24¢/yd3.

Hauling:

The cost of hauling varies with distance. We will use over-the-road

trucks. Materials will be either hauled from Gravel Canyon or from
the local Helper area.






.
.
[

:
P




(4) Re-soiling (continued)

HAULING COSTS

+ Loading Factor

Distance (mi.) $/yd3 " (Total Cost/yd3)
1/2 $ 0.97 $1.21
1 1.20 1.44
2 1.49 1.73
3 1.81 2.05
5 2.43 2.67
8 3.25 3.50
Spreading:

Using Tandscaping figures from the Dodge Guide for spreading loam
on slopes; the cost per yd3 = 67¢ or $541.00/acre.

Purchase:

We currently have 45,000 - 50,000 yds3 of soil stored at Gravel Canyon
and about. 8,000 yds3 excess in Crandall Canyon; however, our total
needs could be near 100,000 yds3. Although we hope to fill out this
need from new developments, we anticipate the potential for purchase.
Should we purchase soil materials, we will strive to obtain a source
in the immediate Helper area. We will purchase via a lump sum bid

for material delivered to the site.

Dodge recommends about $8.70/yd3 (with Utah materials adjustment
factor - .94). We will use this figure.

Note: PRCC's topsoil needs may be significantly reduced in the
near future. The R.A. has suggested that on-site materials be
tested and utilized if satisfactory. We feel that No. 5 Mine
site has potential for use of existing materials. Also, tests
to date indicate that our refuse is non-toxic and could be
exempt from the four-foot cover requirement. We will expect

a bond reduction should tests favor our situation.

(5) Revegetation

Revegetation costs are primarily derived from recent experience and actual
prices for material. Factors are considered for fertilizing, seeding and
mulching, shrub or tree planting and evaluation of the plantation. Factors
are explained in more detail on pages 555-557 in the MRP (Chapter IX).

Fertilizing: About $100.00/acre includes labor and materials
Seeding and Mulching:

Prices for seed mixes are derived from several Tocal and regional native
seed supply companies. For example, seed mix #3, page 540, MRP, was
purchased last fall at a cost of $110.00/acre. Some species and mixes



(5) Revegetation (continued)

(6)

Seeding and Mulching: (continued)

will cost more. Dodge recommends $287.00 but with no discussion of
mix. We will use $300.00/acre for seed cost.

Seed will be broadcast simultaneously with mulch, through use of a
mulch blower. Cost for operation of a blower based on three-man
crew is $60.00/hr. and three hours/acre = $180.00/acre.

Cost of straw varies locally from $1.25/bale to $3.50/bale;
average $2.50. Twenty-two (22) bales needed per acre = $55.00/acre.

A tractor mounted crimping device will cost $35.00/hr and take
two hours/acre = $70.00/acre.

Total Seeding and Mulching Cost = $605.00/acre.

Planting Trees and Shrubs:

Material costs, derived through comparison of State Forest Nursery
prices and commercial grower/distributor prices, averages about
75¢/seedling. Total cost (see page 556, MRP) will be about $290.00
for Tabor and stock.

Evaluation of Success of Planatations:

Based on recent vegetation survey costs for this property we will
use $40.00/acre for planting evaluation.

Total per acre revegetafion costs = $1,035.00.

Maintenance and Contingency

Fifteen (15%) percent of total cost will be added to cover post reclamation
maintenance and unforseen problems.



SUMMATION OF PRCC BONDING/RECLAMATION COSTS

Site

Sowbelly
Hardscrabble
Castle Gate
Willow Creek
Crandall Canyon *

TOTAL

* Bond Posted - 1980

No Variances Granted

4' Refuse Covering and
Substitute Re-soiling

$ 142,177.00
346,339.00
2,552,929.00
132,377.00
350,000.00

$ 3,523,822.00

$  96,515.00
312,962.00
954,790.00
132,377.00
350,000.00

$ 1,846,644.00



COST OF RECLAMATION AND BONDING

ESTIMATE

SITE: Sowbelly Gulch - No, 5 Mine ACRES: 13.5

DATE OF ESTIMATE: 3-14-83

LIFE OF FACILITY: Thru 1985

cosTs”
(1) Demolition........ivvuennns veeeenensss $40,000.00
(2) Portal Sealing.....c.uiuiiveecnnrnnnnnnns 4,004.00
(3) Grading.......veeevnnnen ettt 22,950.00
(4) Re-SO11ING. v i:intnineeronnnnnennnnns . 42,706.00
(5) RevegetatioN.......veveee.s ettt 13,972.00
Subtotal o _ -~ 126,632.00
(6) Maintenance and Contingency (15%)..... 18,545.00
TOTAL COST AND PROPOSED BOND AMOUNT $ 142,177.00

T

* See attached detailed breakdown forms for each phase of
reclamation (1 through 5).

Bonding/1 (3-83)
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(1)

=

R T

10.
11.
12.
13,
14,
15,
16.
17,
18,
19,

20,
21.

DEMOLITION AND DISPOSAL COSTS FOR BUILDINGS AND STRUCTURES

* Type - construction materials of building

Steel
Concrete

= $0.35/ft"
= $0.43/f£t3

Site: Sowbelly Gulch - No. 5 Mine
Volume
Structure/Building Type Standing (£t3) Cost
Block Building (C)10 x 10 x 8 800 $ 344
Block Building ()10 x 10 x 8 800 344
Arch (S)35 x Pi x 10° 10,996 3,849
Arch ()30 x Pi x 10° 9,425 3,299
Arch (S)30 x Pi x 10 9,425 3,299
Arch ()30 x Pi x 10 9,425 3,299
Steel Building (S)10 x 10 x 8 800 280
Steel Building (S)10 x 10 x 8 800 280
Steel Building (S)10 x 10 x 8 800 280
Steel Building (S)15 x 20 x 6 1,800 630
Shop (SY50 x 30 x 10 15,000 5,250
Lean-to (S)50 x 8 x 8 3,200 1,120
Steel Building (S)ap x 20 x 8 6,400 2,240
Water Tank, 65,000 gal. (5) 8,667 3,034
Water Tank, 10,000 gal. (S) 1,333 467
Fan (S) 1,000 350
Lower Pump House- (C)20 x 20 x 10 4,000 1,720
Misc. Foundations (C) 5,100 2,193
Substation (move) -- -- -
5> Trailers and
1 Box Car (move) -- - -
Misc. Power Po]es,fatc;f-"; == .0 "'f'7,722__‘
TOTAL DEMOLITION AND DISPOSAL COST $M40Jm0

Bonding/2 (3-83)




*

A

. Site: Sowbelly Gulch - No. 5 Mine

-

(2) PORTAL SEALING

[] up DIP ($2,210/ea.) Number 2

DOWN DIP (§2,002/ea.)

-~

Total COStuen it vnneeensnecetasanasnes $ 4,004.00

(3) GRADING COSTS

$1,700/Acre Acres to be Reclaimed 13.5

TOtal COStueuweunnenrens et e $ 22,950.00

(4) RE-SOILING COSTS

(1)
I. Quantity of soil material needed 10,894 yds3 (acres X 807)

Where Obtained Gravel Canyon

Haul Distance 8 miles

Cost yds delivered § 3.25

TOtALl COSTuuvnvennsneesonsansones $ 35,407.00

II. Spreading Soil (67¢/yds3 = $541.00/Acre)

TOLAl COSturievennerneeonnonnnnns $ 7,299.00

Grand Total (I and II)........... $ 42,706.00

(1) For refuse pile covering specify acres of

refuse -- and 6,456 yds3/acre =~ yds3

Bonding/3 (3-83)



(5) RE-VEGETATION - Seeding and Planting

Site: Sowbelly Gulch -~ #5 Mine Acres to be Reclaimed 13.5

Fertilizer $100.00 X Acres) - $ 1,350.00
Seeding & Mulching ($605.00 X Acres) 8,167.00
Tree § Shrub Planting ($290.00 X Acres) 3,915.00
Evaluation of Success ($40.00 X Acres) 540.00

13,972.00
Total Seeding & Planting CoStS....ceeenunnnn $

ALTERNATIVE COSTS

Native soil materials tested and found suitable for revegetation -

No soil hauled in.

1. Delete  $42,706.00 = $83,926.00 + 15% =  $83,926.00
. 12,588.00 (15%)

$96,515.00

e ——

Bonding/4 (3-83)



SOWBELLY CANYON - BONDING ALTERNATIVE

UMC 817.22(e) allows for the use of substitute re-soiling materials if
chemical and physical tests demonstrate suitability of wuch materials.
Tests of existing surface materials at the Sowbelly Canyon No. 5 Mine
area will be performed during the spring or summer of 1983. Should
materials prove suitable we will delete $42,706.00 of reclamation
costs which included hauling and spreading of topsoil. About 11,000 yds3

of soil materials at Gravel Canyon will be available for other uses

(Castle Gate?).

The adjusted cost of reclamation for No. 5 Mine facilities will be:

$ 126,632.00
- 42,706.00

83,926.00
+ 12,588.00 (15%)

$ 96,515.00 New Total



COST OF RECLAMATION AND BONDING

ESTIMATE

No. 3 and No. 4 Mines
SITE: Hardscrabble Canyon ACRES: 24

DATE OF ESTIMATE: 3-10-83

LIFE OF FACILITY: 2 years (from March 1983)

CoSTS "
(1) Demolitionm..........ov.. et eee e, $ 150,000.00
(2) Portal Sealing......... e enteee e, 10,010.00
(3) Grading..veeeeeeeeeeeeeereeeonsoeennns 40,800.00
(4) Re-SOLLIMg. ceertunrnnnneesennnnnnnnens 75,514.00
(5) RevVegetatioNe...eeeuneeeennnsennnnnnns 24,840.00
Subtotal ‘ 301,164.00
(6) Maintenance and Contingency (15%)..... 45,175.00
TOTAL COST AND PROPOSED BOND AMOUNT $ 346,339.00

* See attached detailed breakdown forms for each phase of
reclamation (1 through 5).

Bonding/1 (3-83)
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. (1) DEMOLITION AND DISPOSAL COSTS FOR BUILDINGS AND STRUCTURES

9.
10,
11.
12,
13,
14,

15,
16.
17.
18.

19.

20,

* Type - construction materials of building

Bonding/2 (3-83)

Steel = $0.35/f£t3
Conicrete = $O.43/ft3
Site: Hardscrabble Canyon - No. 3 and No. 4 Mines
Volume
Structure/Building Type Standing (ft3) Cost
Water Tanks s 9,333 3,267
Fan Structures s 3,000 1,050
Substations C 100 43
Scalping Structure S 2,000 700
Loadout Structure S 2,000 700
Truck Building S 3,000 1,050
Motor Building S 4,500 1,575
Small Change House C 7,000 3,010
2 Sheds, Storage S 2,000 700
Quonset S 6,400 2,240
Storage S 4,000 .1,400
Shop S 75,000 26,250
Scale House C 3,600 1,548
Warehouse S 140,000 49,000
Lean-to C 2,250 968
Large Change House C 52,500 22,575
Misc. - conc.
Dist. Lines, etc. - - -~ 26,224
TOTAL DEMOLITION AND DISPOSAL COST........ 150,000



.

<

. Site: Hardscrabble Canyon - No. 3 and No. 4 Mines

-

(2) PORTAL SEALING

] up DIP ($2,210/ea.) Number___ 5

DOWN DIP ($2,002/ea.)

Total COSt.i i iiin it v nioeonnnuoses $ 10,010.00

(3) GRADING COSTS

$1,700/Acre Acres to be Reclaimed 24

TOtA]l COST s vmees e onessessnnnnns - $ 40,800.00

(4) RE-SOILING COSTS

(1)
I. Quantity of soil material needed 31,464 yds3 (acres X 807)

Where Obtained Gravel Canyon

Haul Distance 3 miles

Cost yd3 delivered § 1.73

TOtAl COSTuuueerenenesonnnosnsnos $ 54,433.00

,II. Spreading Soil (67¢/yds3 = $541.00/Acre)

TOtAl COSt.vveewnnennnnnnenennnns $  21,081.00
"Grand Total (I and II)..ueuuurnnn $  75,514.00

(1) For refuse pile covering specify acres of
refuse 3.5 and 6,456 yds3/acre 12,093 yds3

Bonding/3 (3-83)



- (5) RE-VEGETATION - Seeding and Planting

No. 3 and No. 4 Mines

gite: Hardscrabble Canyon

Fertilizer $100.00 X Acres)

Seeding & Mulching ($605.00 X Acres)

Tree § Shrub Planting ($290.00 X Acres)

Evaluation of Success ($40.00 X Acres)

Total Seeding & Planting Costs......cevuvvn..

ALTERNATE COSTS

Acres to be Reclaimed 24

§ 2,400.00

14,520.00

6,960.00

960.00

$ 24,840.00

If refuse pile is non-toxic and only 6" of material is needed -

Bonding/4 (3-83)

Delete 12,093 yds3 of soil hauled

X $1.73 = $ 20,921.00
X 0.67 8,102.00
$ 29,023.00

Reclamation Cost $ 301,164.00
- 29,023.00

$ 272,141.00
+ 40,821.00

- $ 312,962.00

(15%)
New Total



HARDSCRABBLE CANYON - No. 3 and No. 5 Mine Areas
BONDING ALTERNATIVE

Both UMC 817.83(iii) and UMC 817.85(d) consider the possibility of the
existence of non-toxic refuse material and allow for a variance from the
4' cover requirement based on chemical and physical tests of materials
which indicate suitability in reference to vegetational success. Tests
will be performed shortly, which we feel will show non-toxicity of the
old refuse material stored in Hardscrabble Canyon.

Some recent tests were performed in June of 1982 by Native Plants, Inc.
under a Bureau of Mines grant. A copy is included.

Should our further test bear out the earlier Native Plants, Inc. findings,
we feel a variance is in order. We would delete the hauling and spreading
costs for 12,000 yds3 of soil materials = $29,023.00.

The 12,000 yds3 of s0il1 would be available for other re-soiling needs.

The adjusted Hardscrabble Canyon reclamation costs would be:

$ 301.164.00
- 29,023.00

.$ 272,141.00
+ 40,821.00 (15%)

$ 312.962.00 New Cost



o

TESTS Do m% RATIVE, ToLAES 1<,

N
@

UMD ER. mBUREAS MUWHLS G RADT .
Table .
pH EC  SAR K* Na* Ca* Mg* Cl* SOap* HCO3*
Topsoil 8.38 0.14 0,47 0,53 0.52 23.0 1.16 <.001 0.04 0.009
New refuse
(school
House) 7.89 1.76 3,62 0.44 4.26 26.4 1.23 0.31 1.6 0.014
New refuse 9.43 0.73
_ Topsoil 8.99 o0o.n
0ld refuse ==
\vo-15cm  [6.70 | 0.96
15-30 em_ {{5.7 1.55
#22\ :
0-15cm - 8.53 0.22 0.26 0.25 0.37 36.4 2.30 0.03 1.3 0.010
(f;j;30 cm . 0.37 0,22 0.19 0.31 37.9 2.06 <.001 1.48 0.012 \
23).
30 ¢cm 0.40 - . o
ppm '% Organic % % %
B %K NO,-N P  Matter Sand Silt Clay Texture
Topsoil 58.0 0.62 1.35 4.2 3.4 37 37 26 loam
New refuse , ‘
(School :
House) 58.4 0.39 63 16 21 sandy
clay loam
New refuse 0,90 2.0 6.3 63 17 20 sandy
clay loam
Topsoil e 35 32 33 clay loam_
.01d*refuse T -
0-15 cm 72 12 16 sandy loam
15-30 cm 70 12 18 sandy loam
#22
0-15 cm 176.4 0.241.0 4.0 6.3 74 12 14 sandy loam
15-30 cm  224.4 0.18 0,7 4.2 4.5 67 19 14 sandy loam
#23 o
0-30 cm 75 1 14 sandy loam |

*axpressed as meq/100g.

sttt e



COST OF RECLAMATION AND BONDING

ESTIMATE
STTE:_Utah Fuel Now 1 ACRES: ____ 58
35 - Facility Area

DATE OF ESTIMATE: 3-14-83 23 - Refuse Pile

LIFE OF FACILITY: 30 - 80 years |

cosTs”
(1) Demolitiom.....eeeveevveenss e $  529,000.
(2) Portal Sealing...eveeeererienrenaansns 4,420.
(3) Grading...eeeeeeieeeeneoenosannanansns 98,600.
(4) Re-s0iling....veeenineueecienennnnnanns 1,527,888.00
(5) RevegetatioN....veeeeeeereeoroennnnnns 60,030.00
Subtotal _ 2,219,938.00
(6) Maintenance and Contingency (15%)..... 332,990.00
TOTAL COST AND PROPOSED BOND AMOUNT ¢ 2,552,929.00

* See attached detailed breakdown forms for each phase of

reclamation (1 through 5).

Bonding/1 {(3-83)
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(1) DEMOLITION AND DISPOSAL COSTS FOR BUILDINGS AND STRUCTURES

* Type - construction materials of building

Steel
Concrete

Site: Castle Gate and Utah Fuel No. T

$0.35/ft3
§0.43/£¢3

Volume 3
Structure/Building Type Standing (£ft~) Cost

1. Preparation Plant Steel 782,080 _$ 273.728.00
2. Bath House Steel 182,695 63,944.00
3. Div. 2 - U.F. Steel 14,621 5,118.00
4. Div. 4 - Transfer House = Steel 7,776 2,722.00
5. Div. 5 = Truck Dump Steel 5,814 2,035.00
6. Div. 8 - Breaker Bldg. Steel 82,800 28,980.00
7. Div.10 - Raw Coal Concrete 34,749 14,943.00
8. Div.12A - Sample Steel 21,924 7,674.00
9. Div.13 - Clean Coal Concrete 82,800 35,604.00

: Steel2
10. 940' Belt - Tube 940 x 4°x Pi 47,250 20,510.00
Substation, Power Poles -
11. and Miscellaneous -— -- -
Steel -0

12. 4540 Belt - Gallery 4540 x 6 163,440 57,204.00

13,

14.

15.

16.

17.

18,

19.

20,

TOTAL DEMOLITION AND DISPOSAL COST........ $ 529,000.00

Bonding/2 (3-83)
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Site: Castle Gate and Utah Fuel: No. 1

(2) PORTAL SEALING

UP DIP ($2,210/ea.) Number 2

] DowN DIP ($2,002/ea.)

TOtal COStuivevuenununeeenseennnens $ 4,420.00

(3) GRADING COSTS

$1,700/Acre ' Acres to be Reclaimed 58
Total coSt....... et $§ 98,600.00

(4) RE-SOILING COSTS - (A) * see Also attached (B) and (C) re-soiling costs
for total. (1)

I. Quantity of soil material needed _176,733 yd53 (acres X 807)

Where Obtained Gravel Canyon 10,000 ydsS

Haul Distance 1/2 miles

Cost yd> delivered § 1.21°

Total COST... v innnnnronnnnns $ 12,100.00
A+ B+ 3=$1,409,477.00

II. Spreading Soil (67¢/yds> = $541.00/Acre)

TOtAl COStuuunenunseennneeonnnans $  118,411.00

Grand Total (I and II)....... w... $ 1,527,888.00

P —

(1) For refuse pile covering specify acres of
refuse 23 and 6,456 yds3/acre 148,488 _ yds-
+ 28,245 yds3 Facility Area

Bonding/3 (3-83)
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+ Site: Castle Gate and Utah Fuel No. 1

.

(4) RE-SOILING COSTS (B)

I. Quantity of soil material needed 166,733 yds3 (acres X 807)

Where Obtained Crandall Canyon 8,000 yds3

Haul Distance 3 miles

Cost yd3 delivered § 2.05

TOLAL COSTaroeeereeeesnescnaneosnsess - $.16,400.00

(4) RE-SOILING COSTS (C)

I. Quantity of soil material needed _ 158,733 yds® (acres X 807)

Where Obtained Helper Area

Haul Distance - --3 -+ - miles

Cost yd® delivered § 8.70

Total cost.... it in i e nanenns $ 1,380,977.00




(5) RE-VEGETATION - Seeding and Planting

Castle Gate and

Site: Utah Fuel No. 1 Acres to be Reclaimed 58
Fertilizer $100.00 X Acres) $  5,800.00
Seeding & Mulching ($605.00 X Acres) 35,090.00
Tree § Shrub Planting ($290.00 X Acres) 16,820.00
Evaluation of Success ($40.00 X Acres) 2,320.00

| | 60,030.00

Total Seeding & Planting CostS.......ocvvus. $

Bonding/4 (3-83)



CASTLE GATE AND UTAH FUEL NO. 1

ALTERNATE BONDING COSTS

Assuming that the refuse in Schoolhouse Canyon can demonstrate non-toxicity

(see Hardscrabble Canyon alternative bonding discussion and attached tests),
then we would apply for a variance to the 4' cover requirements. Should we

prove successful_the quantity og re=soiling material needed would be reduced
from 176,733 yds3 to 46,806 yds>.

Haulage and purchase costs may also be reduced by the reduction of soil

material needed at Hardscrabble and Sowbelly (see alternative bonding discussions).
Some 33, gOO yds would be available from Grave] Cangon at a delivery cost of
$2.21/yd $39,930.00. Eight thousand (8,000) yds3 would still be available
from the lower Crandall Canyon topsoil p11e, leaving 5,806 yds” to be purchased.

Adjusted Reclamation Costs

33,000 yds3 @ $1.21/yds3 = $ 39,930.00
8,000 yds3 @ $2.05/yds> = 16,400.00
5,806 ydsS @ $8.70/yds® = 50,512.00
Spreading 46,806 yds3 @ $0.67/yd3 = 31,360.00

TOTAL NEW RE-SOILING COSTS $ 138,202.00

Other Factors +692,050.00
$ 830,252.00
15% o +124,538.00

$_954,790.00



TE<TS Ddaus B

MNATLE ?31/\$P~TE: 7 A

4

UNDREZR. RUs MIMMER GRAM T
Table .
~pH EC SAR K* Na* Ca* Mg* Cl* 504* HCOq*
Topsoil 8.33 0.14 0,47 0,53 0.52 23.0 1,16 <,001 0.04 0.009
New refuse
(school
House) 7.89 1.76 3,62 0.44 4.26 26.4 1.23 0.31 1.6 0,01
New refuse 9.43 0,73 e T
opsoil 8.99 o.M
01d refuse
0-15 cm 6.70 0,96
15-30 cm 5.77 1.55
#22
0-15 cm 8.53 0.22 0.26 0.25 0.37 36.4 2,30 0.03 1.3 0.010
15«30 cm 8.38 0,37 0.22 0.19 0,31 37.9 2.06 <.001 1.48 0.012
#23
0-30 cm 8.05 0.40 -
pPm '% Organic % % %
B 2K NO.-N P Matter Sand Silt Clay Texture
" Topsoil h8.0 062 1,35 4,2 3.4 37 .37....26. . .loam. .. .__
1 New refuse
(School
House) 58.4 0.39 63 16 21 sandy
clay loam
New refuse 0.90 2.0 6.3 63 17 20 sandy
\ S o clay loam
Topsoil 35 32 33 clay loam
01d refuse
' 0-15 cm 72 12 16 sandy loam
15-30 cm 70 12 18 sandy loam
#22
0-15 cm 176.4 0.24 1.0 4.0 6.3 74 12 14 sandy loam
15-30 cm 224.4 0.18 0.7 4.2 4.5 67 19 14 sandy loam
#23
0-30 ¢m 75 1 14 sandy loam

*expressed as meq/100g.



! LABORATORY ANALYSES REPORT
-’ 53 yg ﬂ W Jaéomfar&eﬁ
A ANAL YTICAL AND CONSULTING LABORATORIES
328 THIRTEENTH STREET
DUNBAR, W. VA. 25064
ATTN: Frank L. Pero f304) 7ee-6283
Price River Coal Co. Lsb No. See below
P.0. Box 629 Date Sampled 10/29/80
Helper, UT 84526 " Date Received 11/6/80
Analyst Hehman ‘ -#/,-\ Date Analyzed 11/6/80
Lab Number 39086 ' 39087 39088
Identification Thickener Lubricating Hydraulic
sludge oil oil
Arsenic 20.03 £0.03 Z.0.03 mg/l
Baritm 0.2 0.2 0.1 mg/l
Cadmium | 0.32  0.22 wg/1
Chromium 0.08 0.09 mg/1
Lead 2.2 1.3 ng/l
Mercury L] £1 ug/1
Selenium pal Z1 ug/l
Silver 0.14 0.05 mg/1

WILLIAM B, MILL TR
PRESIOENT

DAYYTON CARPENTER
VICE PRESIDENT, CHEMIRTY

JOHN R. HART
PECHITARY-TREABURKP

Samples prepared and analyzed according to RCRA EP Toxicity procedure 40CRR 261.

) Submitted by. #Q_;%ﬂ-_ %Z’-‘/"”?-
A. Daylton Carpenter
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ATTY: Trank Pero

™-ice Fiver Cozl Co.

LABORATORY ANALYSES REPORT

. ya ﬂ m o[)aé-omllom'ed

-

ANALYTICAL AND CONSULTING LABORATORIES

3285 THIRTEENTH STREET
DUNBAR, W. VA, 285004
(304) 786-62n3

See below

Lab No.

.0, Pox 629

Sae b °
Date Sampled e below

Lelver, Ur B4526

Date Received . 11/6/80

Analyst Vehman - Villers Date Analyzed _ 11/6/83
Lat Nuzbers ‘ 30064 39025
Identification Pefusge Piie Defuse Plle Retention Pond
Date Sampled 10/2¢/€0 19/15/%0
treontc - £0.03 . £.0.03 e/l
Carium _ 0.3 0.1 re/l
Cadid um : 0.01 £.0.01 ng/l
Cironium £ 0,01 < 0.01 re/l - -
1cad (. 0.1 Z£0.1 m2/1
Mercury ~Z 1 i | ' ug/1
Seleniunm | 21 . 2 ug/1 .
Silver . £0.01 A £0.01  me/l

Samples prepared and analyzed

3

4 3
IEFETT RNy
A A R R

DEC 1 1980
VILLIAM B. MILLER d;‘(//

IAYTON CARFINTER
ICE PRELIDEMNT, Cl-lllllﬂ\

OHMN R. HART * -
ECALCTAKY.-TREAS URID® _
- - N

accordine to RCRA EP Toxicity procedure 40CRR 261,

: ) / [ 7 e T/
Submitted by R Iy 2 ,./-,m
A, Devton Carpenter y

il e e

-
o el o
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s COMMERCIAL TESTING & ENGINEERING CO.

GENERAL OFFICES: 228 NORTH LA SALLE STREET, CHICAGO, ILLINOIS 60601 - AREA CODE 312 726-B434

PLEASE ADDRESS ALL CORRESPONDENCE TO:
139 SOUTH MAIN, HELPER, UTAH 84526
OFFICE TEL. (801) 472-3537

_WESTERN DIVISION MANAGER
(\ _OYDW. TAYLOR, JR.

SINCE YROR

D PRICE RIVER COAL co. - . Jan. 25, 1980
P.0. Box 629 -
Helper, Utah 84526

Sample identification

by Price Rivef Coal Co.
Refuse Pile
1211-0T-9-~0027

Kind of sample
reported to us Coal

Sample taken at  Castle Gate Prep. Plant-Refuse Pile
. Sample taken by  Price River Coal Co.
Date sampled 1-16~80

Date received 1-16-80

Analysis report no. 57-3329

f"\ .
\_) TOXICITY- Following procedure as outlined in the Federal Register,
Part IV. Dec. 18, 1978
Arsenic- 0,011 mg/1 _
Selenium~ less than or = to 0,002 mg/1
Mercury- Jless than or = to 0,04 micrograms/1
Cadmium~ less than or = to 0,004 mg/1
Lead- less than or = to 0,06 mg/1 .o
Cromium- less than or = to 0.01 mg/1
Silver- less than or = to 0,01 mg/1
Bariuam~ G.8 mg/l
ACIDITY~ Sample prepared 1:1 coal-water extraction, following pro-
cedures of the U.S. Dept. of Agriculture-Handboook 60,
/l Acidity determined as directed in Standard Methods 14th
o Edition. _
Acidity~ O P
/
Respectfully submitted,
I5/a0 COMMERCIAL TESTING & ENGINEERING CO.
2 Jack Blair,
- -_-11- -
G s
jinal Copy Watermarked : 'l\ﬁa’r?i;ger, Helper Laboratory
For Your Protection Vi

)

Charter Member
RILLINGS, MT » BIRMINGHAM, AL = CHARLESTON, WM « CLARKSBURG, WV + CLEVELAND, OH - DENVER_ CO - GOLDEN, CO + HELPER, UT + HENDERSON KY .+ JASPER, AL « MIDDLESBORD, KY
MOBILE, AL « NEW BETHLEHEM, PA = NEW OARLEANS, LA - NORFOLK_ VA = PALISADE, CO + PIKEVILLE, KY » SALINA_ UT » SO KOLLAND_ I, = TOLEDO, DH « VANCOUVER, B.C. CAN,



SITE:

COST OF RECLAMATION AND BONDING

ESTIMATE

Willow Creek ACRES: 11.0

DATE OF ESTIMATE: 3-14-83 -

LIFE OF FACILITY: 30 - 50 years

COSTS "

(1) Demolition.......eiiiuenvenes Ceresre s $ 1,849.00
(2) Portal Sealing......e..... e et e --

(3) Grading....iviieieionneereceasanennnes 18,700.00
(4) Re-soiling........... ettt et - 83,177.00
(5) Revegetation.....uuveeieeeeeeeeoeennns 11,385.00
Subtotal | 115,110.00
(6) Maintenance and Contingency (15%)..... 17,266.00
TOTAL COST AND PROPOSED BOND AMOUNT - § 132,377.00

* See attached detailed breakdown forms for each phase of
reclamation (1 through 5).

Bonding/1 (3-83)



(1) DEMOLITION AND DISPOSAL-COSTS FOR BUILDINGS AND STRUCTURES

* Type - construction materials of building
Steel = $0.35/£t3
Concrete = $O.43/ft3

Site: Willow Creek Storage Area

Volume
Structure/Building Type Standing (fts) Cost

1., Substation C (Foundation) 800 $ 344,00

2. Storage Building Concrete Block 3,500 1,505.00

10.

11.

12,

13.

14.

15.

16.

17.

18.

19,

20.

TOTAL DEMOLITION AND DISPOSAL COST........ $ _ 1,849.00

s
.

Bonding/2 (3-83)
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. Site: Willow Creek

(2) PORTAL SEALING

[T uP DIP ($2,210/ea.) Number___ NA

] DOWN DIP ($2,002/ea.)

TOtal COStevvvnreeenneesnononsnnns $ -

(3) GRADING COSTS

$1,700/Acre Acres to be Reclaimed 11
Total cost....... et et $ 18,700.00

(4) RE-SOILING COSTS

(1)
I. Quantity of soil material needed 8,877 yd53 (acres X 807)

Where Obtained Purchase - Helper Area

Haul Distance 4 miles

Cost de delivered § 8.70

TOtAl COST.vr v vreeeonnoeeeenosnns $ 77,230.00

II. Spreading Soil (67¢/yds> = $541.00/Acre)

TOALl COSunrrvrnnrnnranennnnnns. g 2»948.00
Grand Total (I and IT)........... $  83,177.00

(1) For refuse pile covering specify acres of
refuse -- and 6,456 ydss/acre -- yds‘7>

Bonding/3 (3-83)



(5) RE-VEGETATION - Seeding and Planting

Site: Willow Creek Storage Acres to be Reclaimed

Area

Fertilizer $100.00 X Acres)

Seeding & Mulching ($605.00 X Acres)

Tree & Shrub Planting ($290.00

X Acres)

Evaluation of Success ($§40.00 X Acres)

Total Seeding & Planting Costs

Bonding/4 (3-83)

--------------

11

1,100.00

6,655.00

3,190.00

440.00

11,385.00



ITEM 3

Price River Coal commits to the following regulatory requirements concerning
temporary cessation of operations.

UMC 817.131 Cessation of Operations: Temporary

(a) Each person who conducts underground coal mining activities shall
effectively support and maintain all surface access openings to underground
operations, and secure surface facilities in areas in which there are no
current operations, but operations are to be resumed under an approved permit.
Temporary abandonment shall not relieve a person of his or her obligation to
comply with any provision of the approved permit.

{b) Before temporary cessation of mining and reclamation operations for
a period of thirty days or more, or as soon as it is known that a temporary
cessation will extend beyond 30 days, each person who conducts underground
mining activities shall submit to the Division a notice of intention to cease
or abandon operations. This notice shall include a statement of the exact
number of surface acres and the horizontal and vertical extent of sub-surface
strata which have been in the permit area prior to cessation or abandonment,
the extent and kind of reclamation of surface area which will have been
accomplished, and identification of the backfilling, regrading, revegetation,
environmental monitoring, underground opening closures and water treatment
activites that will continue during the temporary cessation.

As required by comments under UMC 817.131.



ITEM 4

PORTAL SEALS

Drawing included as part of bonding information.

Down dip portals will have a drainpipe allowing discharge and.preventing
buildup of excess head. Recent water tests have shown that water quality
is acceptable to discharge without treatment. Quantity will be discussed
as part of the water information to be submitted at a later date.

As required by comments under UMC 784.13.



ITEM 5

DISCUSSIONS OF REFUSE PILE CONSTRUCTION,
REFUSE PILE POND AND SCHOOLHOUSE CANYON
DIVERSION

As required by comments under UMC 784.16 and 784.22.
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PRICE RIVER COAL COMPANY INTER-OFFICE

MEMORANDUM
TO: R. L. Wiley DATE: 1-11-83
FROM: F. L. Pero co.:
SUBJECT: Refuse Pile Construction

Construction of this facility was begun in 1978 and completed in 1979.
During this time close communication with the State Engineer's Office was
maintained and the site was visited several times by representatives of
that office.

The primary concerns of the regulators were the competency of the pond
embankment and drainage of the pile itself. In an effort to allay these
fears, the pond embankment was constructed with engineered backfill and tight
contruction specifications were maintained.

The rock underdrain was constructed using material excavated from the
diversion structure. The diversion was cut entirely in rock and runs parallel
to the canyon floor for most of its length. The blasted rock was dozed into a
blanket at least 4 ft. thick and is uniformly mixed rock ranging in size up
to about 4 ft. There are larger pieces, but these occur only randomly. No
less than 60% of the material is in the 2 ft. minus range, 25% is 2 ft. to
3 ft. range, 10% is 3 ft. to 4 ft. and no more than 5% is larger than about
5 ft. diameter. Also, a crushed rock underdrain was installed between the toe
of the pond embankment and the trash rack inlet on the pond overflow ditch.
This was designed to collect any ground water which might collect either at
the abutments or beneath the pond embankment.

As mentioned before, very tight controls were exercised during the
construction of this faility. This consisted partly of very comprehensive
soil and compaction testing. Nuclear density tests were performed on every
6" compacted 1ift throughout. the embankment height, with no less than 3 tests
taken at random locations on every 1ift. Laboratory series tests were
conducted several times during the construction to ensure that the correct
proctor information was being used to determine in-place density. Copies
of all test results were furnished to the State Engineer's Office.

#rank L. Pero

FP:jp
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PFQH;E RIVER COAL COMPANY INTER-OFFICE

. MEMORANDUM

TO: Rob Wi ]ey DATE: ]-25'83

FROM: Frank Pero ce: File

suslJecT: Settling Pond Embankment Relief Wells
and Diversion Ditch

Attached are detail and plan drawings of the relief wells. These relief
wells were constructed as shown to help ensure the stability of the settling
pond embankment. '

The blanket drain consists of 4 ft. of 2 inch drain rock placed over a
"proof-rolled'" surface. This proof-rolled area was constructed by first
ripping or scarifying the earth and then compacting to 95% relative density.
The drain rock was then placed in 1 ft. thick lifts and the embankment con-
struction begun.

Provision has been made in the relief wells for monitoring via the
threaded caps on the 10" dia. pipe covering each well.

To reduce the capacity required for the settling pond itself, a diversion
ditch was excavated to carry runoff water from the undisturbed upper portion
of Schoolhouse Canyon (approximately 193 acres), to Barn Canyon. This ''ditch"
is actually a rather large channel having a cross~sectional area of 117 sq. ft.
minimum. The diversion, which is some 1,400 ft. in length, was constructed
by conventional blasting methods. Rock overburden was shot down to reach the
designed grade, then the channel itself was excavated by blasting. Altogether,
approximately 60,000 cubic yards of rock was excavated to form the diversion.
This excavated rock was bulldozed into place to form the rock underdrain
beneath the refuse pile. Small areas of unconsolidated material which was
encountered were over-excavated and backfilled with rock.

The discharge end of the diversion was widened substantially in the bend area
to reduce velocity before the effluent enters Barn Canyon.

The outlet was angled to enter a small natural gulley, in an effort to
reduce erosion down the Barn Canyon side, and a small basin built at the bottom
where this flow enters the Barn Canyon drainage. In an effort to reduce surface
disturbance as much as possible, the area occupied by the basin was not excavated
but was formed by using a small dozer to push rock already in the area into a
small natural depression. This was supplemented by dozing large boulders into
rocky areas in the natural stream bed.

To date, there is little if any erosion noticeable in Barn Canyon that is
attributable to the Schoolhouse Canyon diversion.

Frank Pero
FP:jp



Threaded cap -

Protection Pipe (10" minimum

Embankment diameter =teel pipe)

—~Sohid Pipe

Varres ' ) T4 minimum penetration
Blanket drain e - Well ScCcreen
4" (min )

T. '-Heoder (Collector Pipe)(8”
diameter PVC_pipe).
Saond Backfitl

.+ —Well Screen (slotted
. 4" diameter PVC pipe).
|
!
; -
Varies , ' , SOIL
(approx 20 to40')
o Relief Well
' - —Filter Material
(pea stone).

! ROCK
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RELIEF WELL DETAIL



-

Q
h
r\.n
)
g :
0 o
m\
N el I
H\ I
N N&I1,0875 e/8p
w E2178,5784
Axis of
Embankment

Area to be covered
with Blanket Drawn

-

Relief Wells\

Collector Pipg?

0" CMP
+o be removed

Top of Embankments

qup inlet
(Existing Man hole)

L S



- Taee
- B

//-4-80

0

4

-~ T

e

‘747701:_ '

|
e

/o




/- /R-8D

T edor.
5
J)R5-8§0

e~
2

. /8}!

ﬂnnnnnnﬂﬂﬂﬂﬂﬂooooo¢090

¢~
e~
e-
e
-
e
o




JR-2-80

“Tanee—

i
n

JR- Jo-80

IR-/-30

"o -

3¢

Y

/e
/8"

T

[o——
J RacE—

/8

_ s




44888888 8dddddddddddddddddddtidainiatateaddcad
- ® o

-

N -
MJQ ¥-% Oy

, d
X - ﬁferw TM,lW/o
J
m’,w/.. —3 m =~ 3 s
4 - - _ . . -
S I = d-% U I
; j i

IR -RR2-80
/R-29-80
/-4-81



(e

/e

| o
[RAC

e _

/18’




4484344330440 000600G60000GCG0GCEGAQ0GOO0COOLOODLALOLM4404

L ® - ©
I s S 3 . J
R—Y R=% T8 R-2 SRR, ¥ %
T I

— //Jl.é — O~ < - <
R—> Ea _/ 2~ -3 um.lauu =3
> S - VI

LA T

2-1T7-8]

223
2-11-8)



“Tace.
A
3-10-% |

(@
e

3¢

‘ﬁ&m
e

Gy
g

T e -




W&&&&m&&.&&&&&&&&&s&hh,p&h&az‘ﬁeéwe#w@ewww@aﬁ
- @ O

N J -
- N - N )
ﬁm/.lmm wm.la/o Dv/l.mm Wulﬂ %'M W'o/o
,, I
— ~ U D— 3 ~ ~ )
% X S v/ N —F Wlau/, .Almw
< y J
%J& IS Mm.w& o 3
* = S
== ] \
™ ) -3



‘D 488

(e

Y4-21-8|




y-23-8]

“Tosce.
36’
5-12-8|

49’
‘7E¢c.

1
46 '




Y 518

- g T Dl B o

/1




6-23 8]

-l.p;
l/f{
[,l/

| ('TMcc..
44’

49°

feace__

4

N -

19999979999 99299990000000000000000000000QCO0O0



. -Dﬁ}
ql

Dr

'

Dry

4o




723-3|

49"

/74
46’

194999999999 99999999999990000990¢90090900800

S




® 923

i

91-2-8|

9.9-¢|

(Y - T
3

7;‘%3:,
Y4

ffﬂ
49

y/rIa

46

7

/8’




9-15-&/

7,?@5_
84’

7-23-81

e

7-29-21

/2 J4




g 10-3-8|

I dee— TR
X | |
4e' AR
/" 2" 7'24::..,
| | |
36’ 46’ 8
10-1R-8 | |
Teaer_ Dr
X | r
« N9 R2
TAeL 1" 7’7'JrcL_
!
34 Nb' /%
J0-20-8 |
D Dr
X r "
Y9 AR
. 7&!1. 75&;_ Dy




)0-26-8 |
X
/1A
)
%I
I-5-8]
X
f,";v
36
11-9-81
X

/o

Y6

/8!

P2 DD DYODOTTLOEODNYDNDDYNDYYYYY9979929Y9Y?2YYY%7°Y



® )78

Trace-

35
11-25-3|

//-31-8]

“TeAter—

/"
l
T

“Trete

#7'

ll/
_ l/é’




1o-10-g)

1R-14-%)

Trser.
y‘ /

Dr

e

DOADODDDODDODDDODDODODODDDDDDOOOODOOVODDOO0O0ODO0OQQCQCY






0000000000000 00000G00G000080000000G0GGAGAMGGTS

[-RD-3R

SR Y-
Nl _
| AL —
NE - =<
83

“TRaAck -

18"

“Teme

4’
I

Dy
i
l

R-R-82

éﬂ
4b'
!

e

I’
(



® s

“Tote.
¥

21782

((

“IRFr -

3¢’

Z2-R5-82

/2
N - 3¢°

“Tader

Ny /7

/8’

4
/

Tase.
/8




s60606060000000G000006G600000008Q000G0000G0000G0000aa00¢

@
o S
U//
3
S S N
S Y | |
SN — ¥
™ < 3y
&= TS
% %
SS— T - i
~ /01
S~ R X3 N
n S{R— X
X < e ~
Ny~ R

J-3-82
_3-R-8R



DOPOOBULEEUUUEEUOUEIILLLOGLO0G60BCLLLELLGLENG

282

/%
34°

32732

14"
34

9.0

lene

47"

3%

(5



Y-1b-§2

/8"

3¢

2090

/8"

49

)2 42

R

¢

Clence-

/8’

Y7 AL

/5




080800000 ddidbocitiilododnoddnbadioilonans

#

Dry

ez
/

Vi

2 4
/

) -
et



FRAT YL

et
/
/3

£-3-8R.

C67/0-8R_




-

TTTLTT 0L tteettdddde

[ B—y

4 U Il

¥

291111111 1 T T T A X 1Y

el K ¥4 oy oy oy oy g

LSRR 5 ;
« [ (

_ ‘5/(9,/ /é&l

7 T 7

34 2 /2

T RER oo (,,Wm,ql
aA@A>-fw@&m.

T-/5-82 |
D D
| . ‘ﬂ_' | )
// | i

A 4 L



trrrrrrrrrr
padidddiiued
®
oy %
S
< B
3
N
A\

J-30-82_

'

N
) W)

S

Q R

0

9

S0



3-20-82

2y /




7-7-82

9.)8.82 s B
X ’
A
Dn /l

" /




OO A A 00000000000 ULLLLULLLLLLITYUDLUGEL UL YUY @ wewwew-o

T 2492

éié;fcz;
J4’

/b-/-8

34

7

e

“Teqee.

 Vare_

/8

“TrAE

Trscr_

/&'

/S

“Jaree
/8’



0-/3-§2

/ﬂ"/7 C?/e,

v/

R

/28 &L



‘1

Y Y Y Y rYJrYrJrrr.r.r;

LT

PO b e b 0000000 daalitt

Z%{????}??????????llj

7

25"

/
Za

A7

Verce
/
41
3%

Yo'

ch,-"
/

3"
/
/8



ITEM 6

DISCUSSION OF REFUSE PILE DRAINAGE,

STABILITY AND ENGINEERS CERTIFICATION




ITEM: 7

REFUSE PILE INSPECTION PLAN AS PER

UMC 817.82

The Schoolhouse Canyon refuse pile at Castle Gate will be inspected at
least every three months. An inspection form will be completed and kept

on file. A copy of the form is attached.

Compaction and density tests will be performed through use of a Troxier

Nuclear Moisture Density Gauge, Model 3411-B,

Inspections will be performed by Frank Pero, Price River Coal Company

Surface Construction Engineer.

As required by comments under UMC 784.16.



QUARTERLY INSPECTION REPORT

School House Canyon Refuse Disposal Site

Date

Approximate Top Elevation

Terrace No.

Slope of Face %

Removal of Organic Matter

Distribution and Mixing of Materials

Overall Stability and Appearance

Average In-place Density

Average Rate of Compaction

Number of Tests Performed

Piezometer Levels

l1st Terrace

North Middle

2nd Terrace

North Middle

Inspector Engineer



ITEM &

DISPOSITION OF UNDERGROUND DEVELOPMENT
WASTE

Rock waste materials derived from construction of over/under casts is
either placed in crosscuts and return entries or is sent out with the
coal to be eventually placed in the active refuse pile. Large quantities
of rock waste, as generated from rock tunnel development or station

construction in a shaft, are sent primarily to the active refuse pile.

As required by comments under UMC 784.23.



ITEM 9

SIGNS AND MARKERS - UMC 817.11

Mine and Permit Identification Signs

Such signs are posted at entrances to all facilities.
Signs have black lettering on white background and vary
in size from about 2' square to about 4' square stating
the name, address, phone number, MSHA Identification
number and the 1977 DOGM permit number,

Perimeter Markers

Orange painted 3' roof bolts have been installed along
the perimeter of all sites.

Buffer Zone Markers

18" square signs are posted along Willow Creek and the
Price River which state: "Stream Buffer Zone, No Mining
Activities Beyond This Point!"

Blasting Signs

No surface blasting occurs on operating sites. Should the
need arise the required signs will be posted.

Topsoil Signs

Topsoil piles are marked with an 18" square sign reading:
"Topsoil".



ITEM 10

Attached are three copies of new Exhibit 5-1, showing survey sites.
State history was contacted on 2-22-83 and queried about the DO1-PSAP
permit. Discussions with Phil Notariann and Jim Dykeman revealed that
no permit existed. Mr. Dykeman agreed to contact Foster Kirby of

0SM and discuss the matter.

We have made unseccessful attempts to contact the Archaeological Research

Corporation. It appears that they have moved or disbanded.

As required by comments under UMC 784.17.





