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KAISER COAL CORPORATION

KAISER Sunnyside Coal Mines

COAL P.O.Box D
Sunnyside, Utah 84539

Telephone (801) 888-4421

DIVISION OF
OIL. GAS & MINING

June 30, lugeé

Pamela Grubaugh-~Littig
Division of 0il, Gas & Mining
355 West North Temple

3 Triad Center, Suite 350

Salt Lake City, Utah 84180-1203

RE: Twinshaft Geotechnical Analysis

Dear Ms. Grubaugh-Littig

Please find enclosed (3) three copiles of the information
requested in your letter of June 2, 1986.

Sincerely,
Kaiser Coal Corporation

o

Douglas C Pearce
Mine Engineer



ROLLINS, BROWN axp GUNNELL, INC.
PROFESSIONAL ENGINEERS

May 9, 1986 ‘ & ) o EE

2y JUL 081986
DIVISION OF

Kaiser Steel Corporation OIL, GAS & MINING

P.0O. Box D
Sunnyside, UT 84539

Gentlemen:

As you have requested we have completed the stability
analysis for the restored slope at the Twin Shaft Site at the

Kaiser Steel Mining Facilities near Sunnyside, Utah. It is our

understanding that the state and federal regulations require
that each mine facility be restored as nearly as possible
to its original configuration at the termination of the use of
that facility. We also understand that the regulatory agencies
require that each restored slope have a factor of safety of at
least 1.5.

The purpcse of this investigation was to determine the
factor of safety of the restored slope. The drilling of a test
hole at the slope location would have been expensive and would
not have contributed greatly to a knowledge of the characteris-
tics of the material at the site. A visual observation of the
site indicates that the material within the slope is
predominantly granular type soils. A photograph depicting the
characteristics of the slope in the vicinity of the Twin Shaft
Site is shown in Figure No. 1 . The results of the particle size
distribution analysis performed on the representative sample
obtained from the cut slope are presented in Figure No. 2. It
will be observed from Figure No. 2 that approximately 62 percent
of the sample consists of sand and gravel size particles while
the remainder of the sample is predominantly silty type soils. A
profile showing the existing cut slope of the site is presented
in Figure No. 3, along with the proposed reclaimed profile.

A stability analysis was performed for this site using the
shear strength parameter shown in Figure No. 3. It will be
observed that a factor of safety of 1.6 was obtained for the
restored slope. The stability was performed using the computer
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program developed at the University of California, Berkeley. The
program follows Spencer's Method which satisfies both force and
equilibrium. It is our opinion that the shear strength
parameters used for this analysis are reasonable and that the
restored slope will have an adequate factor of safety.

If you have any questions pertaining to the information
contained herein, please notify our office.
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BISHOF MODIFIED AND/OR ORDINARY METHOD OF SLICES

jTwm SHAFT SLOFE STARILITY

CONTROL DATA

NUMBER OF SPECIFIED CENTERS 0 .
NUMBER OF DEPTH LIMITING TANGENTS i &
NUMEER 0OF VERTICAL SECTIONS 3 "
NUMEBER OF SOIL LAYER BOUNDARIES 2 1
NUMBER OF FORE FRESSURE LINES i .
NUMBER OF FDINTS DEFINING COHESION PROFILE 0

Fs

SEISMIC COEFFICIENT 81,82 = 00, 00
UNIT WEIGHT OF WATER = - Q0
SEARCH IS5 BASED ON BRISHOF MODIFIED METHOD
SEARCH STARTS AT CENTER ( 490.0, 835.0) WITH FINAL GRID OF 10.0
- ALL CIRCLES TANBENT TO DEPTH; 700.0,

- GEOMETRY

SECTIONS L0 150.0 290.0 3I67.0 S546.0 ”

T. CRACES S00.0 S5460.0 A38.0 &465.0 730.0
W IN CRACE S00.0 S60.0 638.0 665.0 730.0
BOUNDARY 1 S00.0 S40.0 &38.0 &55.0 730.0
ROUNDARY 2 800.0 200.0 800.0 BOO.O BOO0.O

S0OIL FROFERTIES

LAYER COHESION FRICTION ANGLE DENSITY
i 200.0 25,0 125. 6

FORE ESSURE DATA

FR
COORDINATES OF ERUI-FRESSURE LINEGS

SECTIONS S0 150.0 290.0 3I467.0 546.0
LINE 1 00,0 BOD.0 BOO.C B00.0 BOO.O

RISHOF MODIFIED AND/OR ORDINARY METHOD OF SLICES
TWin SHAFT SLOFPE STABILITY -

NUMBER  TANGENT RADIUS (X) CENTER (Y3 CENTER FS{RISHOF) FE(OME)

1 709.0 515.0 420,40 85.0 1.508 1.5886
= FOO.O &15.0 470. 0 85. 0 1.4611 1.561
3 00,0 TAE5.0 420.0 65.0 1.8604 1.5864
4 7O0.0 &£15.0 S510.0 85.0 1.6351 1.596
bt PASIS IRy SY5.0 490. 0 i05.0 1.4612 1.570
& 700,00 L£35.0 80,0 &5, 0 1.608 1.5862
7 7000 L£45,.0 490¢.0 55.0 1.&046 1.5464
= TO0.C 63530 =00, 0 55,0 1.50%9 1.571
Z T, O S50 4TG0, O 75.0 1.4607 i.594865
i FO G455, 480.0 S95. 0 i.4608 1.5863
1i e 1 5535, 0 490, 0 45.0 1.604 1.564
i &85, 0 500, 0 . S95.0 1.4608 1.54&69
4 = i Ty Aar O A% _ O 1,409 1.5468=
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FAI )
00,0
700.0
700,00
700.0
FO0.0
700.0
700.0
700,90
700.0
700.0
700.0
700,0
700,00
700,00
F00.0
700.0
700.0

F.S5. MINIMUM=

6£55.0
665.0
&55.0
EAT. O
645.0
L7550
&EH5.0
675.0
&B85.0
675.0
&£85.0
595.0
685.0
&6795. 0
£95.0
A&75.0

&75.0

T e
S00¢.0
480.0
S500.0
500.0
480.0
S00,0
S10.0
490, 0
S00.,.0
510.0
490,0
500.0
510.0
490.0
S10.0
S10.0
490, 0

Ve i

45.0
Z5.0
353.0
93.0
55.0
25.0
33.0
25.0
15.0
25.0

15.0

S.0

15.0
5.0
5.0

25.0

25.0

Ll e OO0

. &06
'lle10
1.606
1. 608
1.408
1.605
1.4610
1.607
1.405
1.4608
1.607
1.64605
1.607
1. 608
T 1.4608
1.4&08
1.&07

1.4605 FOR THE CIRCLE OF CENTER ( S00.0, 15.0)

i« 2O
1.5468
1.564
1.567
1.56%
1.56%

1.367

1.575

1.565
1.367

1.573

1.565

1.567

“1.571

1.5646
1.571%
1.573
1.5485




ROLLINS, BROWN AnD GUNNELL, INC.
PROTESSIONAL ENGINEERS

May 9, 1986

. . DIVISION OF
Kaiser Steel Corporation OIL. GAS & MINING
P.O. Box D i

Sunnyside, UT 84539

Gentlemen:

As you have requested we have completed the stability
analysis for the restored slope at the Twin Shaft Site at the
Kaiser Steel Mining Facilities near Sunnyside, Utah. It is our
understanding that the state and federal regulations require
that each mine facility be restored as nearly as possible
to its original configuration at the termination of the use of
that facility. We also understand that the regulatory agencies
require that each restored slope have a factor of safety of at
least 1.5.

The purpose of this investigation was to determine the %
factor of safety of the restored slope. The drilling of a test
hole at the slope location would have been expensive and would
not have contributed greatly to a knowledge of the characteris-
tics of the material at the site. A visual observation of the i
site indicates that the material within the slope 1is
predominantly granular type soils. A photograph depicting the
characteristics of the slope in the vicinity of the Twin Shaft |
Site is shown in Figure No. 1 . The results of the particle size
distribution analysis performed on the representative sample
obtained from the cut slope are presented in Figure No. 2. It
will be observed from Figure No. 2 that approximately 62 percent
of the sample consists of sand and gravel size particles while
the remainder of the sample is predominantly silty type soils. A
profile showing the existing cut slope of the site is presented
in Figure No. 3, along with the proposed reclaimed profile. |

A stability analysis was performed for this site using the
shear strength parameter shown in Figure No. 3. It will be
observed that a factor of safety of 1.6 was obtained for the
restored slope. The stability was performed using the computer
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program developed at the University of California, Berkeley. The
program follows Spencer's Method which satisfies both force and
equilibrium. It is our opinion that the shear strength
parameters used for this analysis are reasonable and that the
restored slope will have an adequate factor of safety.

If you have any questions pertaining to the information
contained herein, please notify our office.

Since;glyi*
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ROLLINS, BROWN;.
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BISHOF MODIFIED AND/DR ORDINARY METHOD OF SLICES
TWIN SHAFT SLGPE‘STQBILITY

CONTROL DATA

-
'~

NUMEER OF SPECIFIED CENTERS :
NUMBER OF DEPTH LIMITING TANGENTS 1.
NUMEER OF VERTICAL SECTIONS 5
NUMEER OF SOIL LAYER BOUNDARIES 2
NUMEBER OF PORE FRESSURE LINES 1
NUMBER OF FDINTS DEFINING COHESION FROFILE O

SEISMIC CDOEFFICIENT 81,82 = L00, .00

UNIT WEIGHT OF WATER = - Q0

SEARCH IS BASED CON RISHOF MODIFIED METHOD

SEARCH STARTS AT CENTER ( 490.0, 85.0) WITH FINAL GRID OF 10.0
ALL CIRCLES TANBENT TD DEFTH; 700.0,

GEOMETRY

SECTIONS L0 150.0 Z0.0 3ILH7.0 S446.0 AR
| : N
T. CRACES 500.0 S560.0 A3B.0 &65.0 730.0 : -
‘W IN CRACE S00.0 S&0.0 &38.0 665.0 750.0
BOUNDARY 1 S00.0 S60.0 4£38.0 &55.0 750.0
BOUNDARY 2 S00.0 800.0 800.0 BOO.0 B0O0.0

SQIL PROFPERTIES

LAYER COHESTION FRICTION ANGLE DENSITY
i F0O0.0 FE.0 25.0

FORE FPRESSURE DATA
COORDINATES OF EQUI-FRESSURE LINES

SECTIONS O 150.0 290.0 EFZ657.0 S46.0
LINE 1 00,0 00,0 800.0 BOO.0 BDO.O

BEISHOF MODIFIED AND/OR ORDINARY METHOD OF SLICES
TWIN SHAFT SLOFE STARILITY -

NUMBRER TARNGENT RADIUS (X} CENTER (Y} CENTER FE{RISHOF) FS(OMS)

i FOQ.0 515.0 4920, 0 g8S.0 1.4608 1.568
o FOO0. 0 H15.0 A470.0 85.0 1.611 i.561
4 FOG.0 AHIG.0 490.0 L£5.0 v 1.6048 1.5364
4 700,0 515, 0 510.0 85.0 i.631 1.996
= 70,0 S595.0 4790.0 05,0 1.412 1.570
& 700.0 IFE.C 480, 0 65.0 1.4&08 1.5462
7 FOG, 0 LH45,0 4200 S5.0 1.&604 1.5464
= FASIV I &E5.0 S500.0 &£5. 0 1.4&09 1.571
] T L0 S25.0 49G,0 75,0 1.4607 1.5465
i 0.0 AT, O 4RO, 0 I5.0 i.608 1.5463
i1 TG, O H55. 0 490.0 45.0 1.604 1.544
i FO0, 0 H545, G S00.0 55.0 1.608 1.56
R oo s R AOM O aAS . 1.4509 . 1.5458%



14

«13 -

16
17
1ig
19
20
22
23
2-
25
2

27

.28
>
P
Z0
-
e

VARV )
FOO,. 0O
700,00
700, 0
700,00
7000
700.0
700.0
700.0
7FO0.0
700.0
700.0
700, 0
7O0,.0
700.,0
700,00
700.0
700.0

F.S5. MINIMUM=

S
6595.0
650
&465.0

&EAS5.0

H45.0
675.0
&H465.0
4£75.0
4H85.0
675.0

&85.0

695.0
485.0
&95.0
£9T.0
£75.0
&75:0

7N AT

SOC.. 0

480,90
[300.0
SO0, 0
480.0
5 (:) 0.0
S510.0
490, 0
BH00.0
S10.90
490. 0
S500.0
510.0
490.0
S10.0
S510.0
490.0

¥

B I W

45.0

3500

35.0

53.0
55.0
75.0
35.0
25.0
15.0
25,0
15.0

5.0
15.0

5.0

5.0
25.0

25.0

R R S

&0
'.Léib
1.5606
1.608
1.4608
1.605
1.610
1,607
1.4605
1.608
1.607
1.605
1.607
1.608
1.4806
1.&08
1.5607

1.405 FOR THE CIRCLE GF CENTER ( 300.0, 153.0)

P e

1.568
1.564
1.367
1.56%
1.56=
1.567
1.5375

1.565

1.5967

1.573

1.567

"1.571

1.566
1.571
1.573

1.5465
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ROLLINS. BROWN axDp GUNNELL, INC.
PROFESSIONAL ENGINEERS

May 9, 1986

. . | DIVISION OF
K Steel C t
PO Bow b _rporanien Ol GAS & MINING

Sunnyside, UT 84539

Gentlemen:

As you have requested we have completed the stability
analysis for the restored slope at the Twin Shaft Site at the
Kaiser Steel Mining Facilities near Sunnyside, Utah. It is our
understanding that the state and federal regulations require
that each mine facility be restored as nearly as possible
to its original configuration at the termination of the use of
that facility. We also understand that the regqulatory agencies
require that each restored slope have a factor of safety of at
least 1.5.

The purpose of this investigation was to determine the
factor of safety of the restored slope. The drilling of a test
hole at the slope location would have been expensive and would
not have contributed greatly to a knowledge of the characteris-
tics of the material at the site. A visual observation of the
site indicates that the material within the slope 1is
predominantly granular type soils. A photograph depicting the
characteristics of the slope in the vicinity of the Twin Shaft
Site is shown in Figure No. 1 . The results of the particle size
distribution analysis performed on the representative sample
obtained from the cut slope are presented in Figure No. 2. It
will be observed from Figure No. 2 that approximately 62 percent
of the sample consists of sand and gravel size particles while
the remainder of the sample is predominantly silty type soils. A
profile showing the existing cut slope of the site is presented
in Figure No. 3, along with the proposed reclaimed profile.

2 stability analysis was performed for this site using the
shear strength parameter shown in Figure No. 3. It will be
observed that a factor of safety of 1.6 was obtained for the
restored slope. The stability was performed using the computer
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program developed at the University of California, Berkeley. The
program follows Spencer's Method which satisfies both force and
equilibrium. It is our opinion that the shear strength
parameters used for this analysis are reasonable and that the
restored slope will have an adequate factor of safety.

If you have any questions pertaining to the information
contained herein, please notify our office.

Sincerely.
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BISHOF MODIFIED AND/OR ORDINARY METHOD OF SLICES

TWIN SHAFT SLOFE STABILITY

CONTROL DATA
NUMBER OF SPECIFIED CENTERE

o~
'~

NUMBRER OF DEFTH LIMITING TANGENTS 1
NUMEER OF VERTICAL SECTIDONS 5
NUMBER OF SOIL LAYER BOUNDARIES 2
NUMEBER OF PORE FRESSURE LINES 1
NUMBER OF FDINTS DEFINING COHESION FROFILE O
. i
SEISMIC COEFFICIENT S1,82 = L00, .00
UNIT WEIGHT OF WATER = ; . Q0
SEARCH IS BASED ON RISHOF MODIFIED METHOD -

SEARCH STARTS AT CENTER ( 496.6, 85.0) WITH FINQLﬁGRID oF 10.0
ALL CIRCLES TANGENT TO DEFTH, 700.0,
EEGMETRY

SECTIONS L0 150.0 290.0 3I6T7.0 5946.0

T. CRACKS 5S500.0 S50.0 4H38.0 ééﬁ. 0 750.0

W IN CRACE S00.0 S60.0 638.0 4665.0 730.0

BOUNDARY 1 S00.0 S40.0 &638.0 &55.0 750.0
BEOUNDARY 2 800.0C 200.0 800.0 BOO.O BOO.O

SO0IL FROFERTIES

LAYER COHESION FRICTION ANGLE DEMSITY

1 200, 0 ‘ 3.0 125.0

FORE FPRESEURE DATA ‘
COORDINATES OF EQUI-FRESSURE LINES

SECTIONS L1500 290.0 I5657.0 S5946.0
LINE 1 800.0 B00.0 800.0 800.0 BG0.0

BISHDF MODIFIED AND/OR ORDINARY METHOD OF SLICES
TN SHAFT SLOFPE STABILITY , g -

us (X> CENTER (YY) CENTER FE{RIZHOF) FE(OME)

ot

1 FOO. 0 S515.0 420, 0 a5.0 1.&08 1.565
o= 7'1};:)_ O H15.0 AT0. 0 a85.90 1.611 1.561
= FOG,0 £35S, 0 4200 65.0 1.504 i.564
4 700.0 £15.0 510.0 g85.0 1.5%1 1.596
S5 FOULG 57500 490.0 105.0 i.612 1.570
& 7OO.0 AIELG 489, ¢ £5.0 1,608 1.5462
7 L4500 490, 0O 53.0 1.&06 1.5464
= aEE L O S500,0 &5, 0 1.&609 1.571
5 5T 4900 75.0 1.607 1,545
14 L4500 480, 0 35,0 1.4608 15463
1: SETL D 190, 0 45,0 1.604 1.5464
i VAR SO0, 0 S35.0 1.608 1,569
- PR-EC R A Dy as o0 1. 5809 1547
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iS5 -~ 700,00 &S55.0 l S00.0 - 4500 ‘. &£08 1.568

16 700.0 &65.0 480.0 v E5.0 .610 1.564
17 700.0 555.0 - 500.0 35.0 1.804 1.367
i8 700.0 G455, O . 500.0 SS.0 1. 608 1.56%
19 700,0 &45,.0 480.0 S5, 0 1.508 1.56=
20 700.0 675.0 00, 0 25.0 1.605 1.567
21 700.0 &HEHET. 0 i S10.0 35.0 1.610 1.375
22 700.0 6750 490.0 ’ 25.0 1.607 1.565
23 700.0 &85.0 ’ 300.0 15.0 1.405 1.5467
24 700.0  &75.0 510.0 ‘ 25.0 1.4608 1.5973
25 7FO00.0 &85.0 490,00 ¢ ' 15.0 1,607v _ 1.5465
26 7FOO. G 6H95.0 500.0 S0 1.605 1.3567
27 F00.0 H£85.0 S310.0 15.0 1.607 1.571
28 700.0 &ERS.C 490,40 S.0 - 1. 608  1.566
29 700,90 &£95.0 Si0G.0 S. 0 1.504 1.571
30 700.0 A7E.0 S10.0 25.0 1.608 1.573 ’ s

=1 700.0 &75.0 490,00 25.0 1.807 1.545

F.S. MINIMUM= 1.405 FOR THE CIRCLE OF CENTER ¢ 500.0, 15.0)

e





