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2% PCSTABLS ##

by /
Purdue University Al /
T --Slope Stahilit Analysis-- M-
o Simplified Janbu, Simplified Bishop A .
A/ or Spencer‘s Method of SIices Q*\\ 1 ({V‘
T B G
Time of Run: 4:00PH
Run By: MIG
Input Data Filename: IN
Output Filename: _ STAT1

PROBLEM DESCRIPTION CUTSLOPE STABILITY ABOVE BEDROCK  W([¢vT EARX l-lQu & \LC LoADTRG

BOURDARY COORDINATES

3 Top Boundaries
4 Total Boundaries '

Boundary X-Left Y-left  X-Right  Y-Right  Soil Type
No. (£t) (£t) (£t) (£t) Below End
1 .00 .00 10.50 3.50 2
_ 2 10.50 3.50 55,50 18.50 1 .
; 3 55.50 18.50 70.00 18.50 1
\ 4 2 )

10.50 3.50 70.00 3.50

ISOTROPIC SOIL PARAMETERS
2 Type(s) of Soil : ) - N

Scil Total Saturated Cohesion Friction ©Pore Pressure Plez.
Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface

No. (pcf) (pef) {psf) (deqg) Param. {pst) No.
1 $5.0 .0 .0 27.0 .00 .0 b
2 130.0 .0 .0 38.0 .00 .0 1

A Critical Failure Surface Searching Method, Using A Random .
Technique For Generating Circular Surfaces, Has Been Specified. :

200 Trizl Surfaces Have Eeen Generated.

200 Surfaces Initiate From Each Of 1 Points Equally Spaced
Along The Ground Surface Between X = .00 ft.
and X = .00 ft,

-

Each Surface Ternminates Between X = 56.00 £t
and X = €5.00 ft.



Unless Further Limitations Were Imposed, The Minimum Elevation

At Which A Surface Extends Is Y = .00 ft. ﬂﬁ/
5.00 ft. Line Segments Define Each Trial Failure Surface. o)
Q- §7
PAY oS

Restrictions Have Been Imposed Upon The Angle Of Initiation.
The Angle Has Been Restricted Between The Angles Of .0 FT° 47
And 20.0 deg. sV

Following Are Displayed The Ten Most Critical of The Trial
Failure Surfaces Examined. They Are Ordered -~ Most Critical
First.

* * Safety Factors Are Calculated By The Modified Bishop Method * *
Failure Surface Specified By 13 Coordinate Points

Point X~-surf Y~-Surf

No. (£ft) (£t)
1l .00 .00
2 4.76 1.54
3 9.52 ~3.08
4 14.27 4.62
5 19.02 6.17
6 23.77 7.73
7 28.52 9.30
8 33.27 10.87
o 38.02 12.44

10 42.76 14.02

11 47.50 15.61

12 52.24 17.20

13 56.09 18.50

Circle Center At X = ***%%% ; Y = 3915.9 and Radius, 4113.8

* k& 1.604 *kk

Failure Surface Specified By 13 Coordinate Points

Point X-surf Y-surf

No. (ft) + (ft)
l .00 . .00
2 4,77 1.51
3 .53 3.04
4 14.29 4.57



5 19.05 6.10

6 23.80 7.65 /45/

7 28.55 9.20

8 33.30 10.77

9 38.05 12.34 , \

10 42.79 13.91 M &

11 47.54 15.50 4167
12 52.28 17.10 0105

13 56.43 18.50
. e
Circle Center At X = -887.5 ; Y = 2802.3 and Radius, 2939.4 (,plk7

*kk 1.611 kK

Failure Surface Specified By 13 Coordinate Points

Point X-surf Y-Surf
No. (ft) (£t)
1 .00 .00
2 4.77 , 1.49
3 9.54 2.99
4 14.31 4.51
5 19.07 6.04
() ' 23.82 7.58
7 28.57 9.14
8 33.32 10.72
9 38.06 12.31
10 42.79 13.92
11 47.52 15.54
12 52.25 17.17
13 56.06 18.50 -

Circle Center At X = =477.0 ; Y = 1539.8 and Radius, 1612.0

*kk 1.620 * k&

Failure Surface Specified By 14 Coordinate Points

Point X=-sSurf Y-surf

No. (ft) (£t)
1 .00 .00
2 4.77 1.51
3 .53 3.02
4 14.30 « 4.54
5 15.06 6.06
6 23.82 7.59
7 28.58 9.13
8 33.34 10.67
] 38.09 12.21

B T R A~



10
11
12
13
14

42.85
47.60
52.35
$7.10
57.30

13.76
15.31
16.87
18.43
18.50

Circle Center At X = *%%kdk& ; Y

% & %

l.622

k&%

Failure Surface Specified By 13

Point

No.

X-Surf
(ft)

.00
4.78
9.56

14.34
19.10
23.86
28.62
33.37
38.11
42.85
47.58
52.30
56.58

Y-Surf
(£ft)

.00
1.45
2.92
4.42
5.92
7.45
9.00

10.56
12.14
13.74
15.36
17.00
18.50

Circle Center At X = =-373.5 ; ¥

&%k

1.626

*k%k

Failure Surface Specified By 14

Point

No.

X=-surf
(£t)

.00
4-77
9.54

14.30
19.07
23.83
28.59
33.35
38.11
42.86
47.62
52.37
57.12

Y-Surf
(£t)

.00
1.50
3.01
4.52
6.03
7.56
9.08

+ 10.62
12.15
13.70
15.25
16.80

" 18.36

2l

= 4550.6 and Radius, 4772.3

Coordinate Points

= 1238.1 and Radius, 1293.2

Coordinate Points




14 57.53 18.50

Circle Center At X = **%%%%% ; ¥ = 4120.9 and Radius, 4319.1

k& 1.628 k&

Failure Surface Specified By 14 Coordinate Points

Point X-Surf Y=-Surf
No. (£ft) (£t)
1 .00 .00
2 4.78 1.46
3 9.56 2.94
4 14.33 4.42
5 19.10 5.92
6 23.87 7.43
7 28.64 8.94
8 33.40 10.47
9 38.15 12.01
10 42.91 13.56
11 47.66 15.12
12 52.41 16.69
13 57.15 18.27
14 57.83 18.50

Mx
/ }A)C’
#ﬁ&gﬂ ’

' r1-05
s's,;": 0

P

« "
9

Circle Center At X = -655.2 ; ¥ = 2148.0 and Radius, 2245.7

*kk 1.638 *kk

Failure Surface Specified By 13 Coordinate Points

Point X=Surf Y=-surf
No. (ft) (ft)
b .00 .00
2 4.82 1.33
3 9.63 2.71
4 14.42 4.13
S 19%.20 5.58
6 23.98 7.08
7 28.73 8.62
8 33.48 10.20
] 38.21 11.82
10 42.92 13.48
11 47.63 « 15.18
12 52.31 16.92
13 56.47 18.50

Circle Center At X = -153.8 ; Y = 565.2 and Radius,

585.7




‘\,,Z

*k%k

Failure Surface Specified By 14 Coordinate Points

Point
No.

WO &HWND

1.650 k&

X-Surt Y-Surf
(£t) (£t)
.00 .00
4.78 1.47
9.56 2.95
14.33 4.43
19.10 5.92
23.87 7.42
28.64 8.93
33.41 10.44
38.17 11.95
42.93 13.48
47.69 15.01
57.21 18.0%
58.47 18.50

Circle Center At X = &kk%%% ; Y

* k%

1.652 *kk

Failure Surface Specified By 14

Point
No.

Voo~ WN M

X-surf Y-Surf
(ft) (£t)
.00 .00
4.83 1.31
9.64 2.65
14.45 4.04
19.24 5.46
24.02 6.93
28.79 8.43
33.54 9.98
38.29 11.56
43.01 13.19
47.73 14.85
52.43 16.55
57.12 18.29
57.66 18.50

-

Il
qul.' 61
g;){'?’ Cg

g ]

ﬂ,

= 3470.5 and Radius, 3630.5

Coordinate Points

Circle Center At X = ~154.1 ; Y = 579.4 and Radius, 599.5

k%%

1.659 * k%
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%% PCSTABLS #*%
43/

by
— Purdue University i’3§
',V ‘ 2-1 - 5‘“/
o --Slope Stability Analysis-- ' £y 02
Simplified Janbu, Simplified Bishop
or Spencer‘s Method of Slices vy
. r, |/t7
| b
Run Date: §-2-87
Time of Run: 4:00PM
Run By: MIG
Input Data Filename: IN
output Filename: DYN1
PROBLEM DESCRIPTION CUTSLOPE STABILITY ABOVE BEDROCK
WITHR €ARLTW QUAKE LoADING
BOUNDARY COORDINATES
3 Top Boundaries
(' 4 Total Boundaries
Boundary X~Left Y~Left X-Right Y-Right Soil Type
No. (ft) (ft) (ft) (£t) Below Bnd
1 .00 .00 10.50 3.50 2
2 10.50 3.50 55.50 - 18.50 1
3 55.50 18.50 70.00 18.50 1l
4 10.50 3.50 70.00 3.50 2
1
ISOTROPIC SOIL PARAMETERS
2 Type(s) of Soil
Soil Total Saturated Cohesion Friction Pore Pressure Piez.
Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface
"No. (pcf) (pcf) (psf) (deqg) Param. (psft) No.
1 95.0 .0 .0 27.0 .00 .0 1
2 130.0 00 00 3800 ooo '.0 1
<+
2,‘\“\/‘

A Horizontal Earthquake Loading Coefficient
Of .100 Has Been Assigned



A Vertical Earthquake lLoading Coefficient Aﬁq/
Of .000 Has Been Assigned ' T

- Y
Cavitation Pressure =-2000.0 psf L R
e
' : . o
5Tt
A Critical Failure Surface Searching Method, Using A Random '4¢°‘7
Technique For Generating Circular Surfaces, Has Been Specified. l,.,"

f
}
200 Trial Surfaces Have Been Generated.

200 Surfaces Initiate From Each Of 1 Points Equally Spaced
Along The Ground Surface Between X = .00 ft.
and X = .00 ft.

Each Surface Terminates Between X = 56.00 ft.
and X = 65.00 ft.

Unless Further Limitations Were Imposed, The Minimum Elevation
At Which A Surface Extends Is Y = .00 ft.

$.00 ft. Line Segments Define Each Trial Failure Surface.

Restrictions Have Been Imposed Upon The Angle Of Initiation.
The Angle Has Been Restricted Between The Angles Of .0
And 20.0 deg.

Following Are Displayed The Ten Most Critical Of The Trial
nglure Surfaces Examined. They Are Ordered - Most Critical
First.

* %+ Safety Factors Are Calculated By The Modified Bishop Method * #*

Failure Surface Specified By 13 Coordinate Points

Point X=-Surf Y-Surf

No. (£ft) (£t)
b .00 .00
2 4.76 1.54
3 9.52 3.08
4 14.27 e« 4.62
5 1¢.02 6.17
6 23.77 7.73
7 28.52 9.30
8 . 33.27 10.87
9 38.02 12.44



o

10
11
12
13

42.76
47.50
52.24
56.09

14.02
15.61
17.20
18.50

Circle Center At X = %&k&'%k% ; Y

k&%

1.192

kk%k

Failure Surface Specified By 13

Point

No.

Wwodaudwn e

10
11
12
13

Circle Center

kk%k

X-surf
(£t)

.00
4.77
9.53

14.29
19.05
23.80
28.55
33.30
38.05
42.79
47.54
52.28
56.43

1.195

Y-Surf
(£ft)

.00
1.51
3.04
4.57
6.10

7.65

9.20
10.77
12.34
13.%91
15.50
17.10
18.50

At X = -887.5 7 ¥

kkk

Failure Surface Specified By 14

Point

No.

VOIS WNLR

X-Surf
(ft)

.00
4.77
8.53

14.30
19.06
23.82
28.58
33.34
38.09
42.85
47.60
52.35
57.10
$7.30

Y-Surf
(£L)

.00
1.51
3.02
4.54
6.06
7.59
9.13

10.67
« 12.21
13.76
15.31
16.87
- 18.43
18.50

Coordinate Points

= 2802.3 and Radius, 2939.4

Coordinate Points



Aty

Circle Center At X = #%&&%% ; Y = 4550.6 and Radius, 4772.3

My e
gl kkk 1.200 k%% 441- 91
N ‘ 5057-05
v 1!" “3
Failure Surface Specified By 14 Coordinate Points g,,ﬂi/
Point X=-surf Y-Surf
No. (£t) (ft)
1 .00 .00
2 4.77 1.50
3 9.54 3.02
4 14.30 4,52
5 19.07 6.03
6 23.83 7.56
7 28.59 9.08
8 33.35 10.62
S 38.11 12.15
10 42.86 13.70
11 47.62 15.25
12 52.37 16.80
13 57.12 18.36
14 57.53 18.50
S Circle Center At X = *%k%%% ; Y = 4120.9 and Radius, 4319.1
(~.\/
kkk 1.203 kkk
1

Failure Surface Specified By 13 Coordinate Points

Point X=-Surf Y-Surf
No. (ft) (ft)
b .00 .00
2 4.77 1.49
3 9.54 2.99
4 14.31 4.51
5 19.07 6.04
6 23.82 7.58
7 28.57 9.14
8 33.32 10.72
o 38.06 12.31
10 42.79 13.92
11 47.52 15.54
12 52.25 « 17.17
13 56.06 18.50

Circle Center At X = ~477.0 ; ¥ = 1539.8 and Radius, 1612.0



* k%

1.204 kkk

Failure Surface Specified By 13 Coordinate Points

Point
No.

VOO d W

X=-Surf Y-Surf
(£t) (ft)
.00 .00
4.78 1.45
9.56 2.92
14.34 4.42
19.10 5.92
23.86 7.45
28.62 9.00
33.37 10.56
38.11 12.14
42.85 13.74
47.58 15.36
52.30 17.00
56.58 18.50

1)

e-ii- §7
535760
7
V4]

Circle Center At X = =-373.5 ; Y = 1238.1 and Radius, 1293.2

k%

1.206 *kk

Failure Surface Specified By 14

Point
No.

X-Surf Y=-Surf
(ft) (ft)
«00 .00
4.78 1046
9.56 2.94
14.33 4.42
19.10 5.92
23.87 7.43
28.64 8.94
33.40 10.47
38.15 12.01
42.91 13.56
47.66 15.12
52.41 16.69
57.15 18.27
57.83 18.50

Coordinate Points

Circle Center At X = -655.2 ; Y = 2148.0 and Radius, 2245.7

*k%k

-*

1.211 *kk



Failure Surface Specified By 14 Coordinate Points

Failure Surface Specified

o~ Point X-Surf Y-Surf

No. (ft) (£t)

N
1 .00 .00
2 4.78 1.47
3 9.56 2.95
4 14.33 - 4.43
5 19.10 5.92
6 23.87 7.42
7 28.64 8.93
8 33.41 10.44
9 38.17 11.85
1o 42.93 13.48
11 47.69 15.01
12 52.45 16.55
13 57.21 18.09
14 58.47 18.50
Circle Center At X = #¥di%% ; ¥
k&% 1.217 k&

By 13

Point X=-Surf Y-Surf
No. (ft) (ft)

1l .00 .00

2 4.82 1.33

3 .63 2.71

4 14.42 4.13

5 . 19.20 5.58

6 23.98 7.08

7 28.73 8.62

8 33.48 10.20

] 38.21 11.82

10 42.92 13.48

11 47.63 15.18

12 52.31 16.92

13 56.47 18.50

Circle Center At X = -153.8 ; Y
kk% 1.225 kkk
L 3

o Failure Surface Specified By 14

Point X-5urf Y~Surf

#r3/

= 3470.5 and Radius, 3630.5

Coordinate Points

= 565.2 and Radius,

Coordinate Points

585.7

M6

o 57
v
605’\""(
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Circle Center

A

I

F

=
[¢]

VOO DPLUNM

(£t) (£t) )
.00 .00
4.83 1.31
9.64 2.65 A1
14.45 4.04
19.24 5.46 A0
24.02 6.93 1
28.79 8.43 goul- &
33.54 9.98 B ”Poé
38.29 11.56 49
43.01 13.19 e
47.73 14.85 7€ 47
52.43 16.55 (PR LA
57.12 18.29 i
§7.66 18.50
At X = -154.1 3 Y = 579.4 and Radius, 589.5
®kk 1.229 T
Y A X I [ F T
.00 8.75 17.50 26.25 35.00 43.75
+00 % + + + + +
.0
8.75 +
17.50 +
26.25 +
- -00-01
35.00 4§ﬁf cees
Y e .
+7 .01
-a LR N N N N}
D™
N
- 000-0-31‘
3
ok
52.50 + 9 ....Is
- 2
-v ot fl
& " -2 aoocc:
- S m LR N N )
61.25 + % ..
- ﬂ ae
- L"!\J p
- N ;‘ «
I‘ - ‘ -
70.00 + 4 ‘é\ L
~*
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by g057-05
Purdue Uhiversity UMTRA-GEN
C, f*‘-f\.-
--Slope Stability Analysis-- -
simplifigg Janbu, § plierd Bishop A-/ AL A-22
or Spencer's Method of Slices R YR
Ve
Run Date: 4/4/90
Time of Run: AFTERN
Run By: MJG
Input Data Filename: IN1
oOutput Filename: OUT1

FPROBLEM DESCRIPTION LONGTERM STRENGTH W/EARTEQUAKE LOADING

BOUNDARY COORDINATES

4 Top Boundaries
26 Total Boundaries

Boundary X~-left Y-left X-Right Y-Right Soil Type
No. (ft) (£t) (£t) (£€) Below Bnd
1 9.00 79.00 72.00 80.00 5
2 72.00 80.00 86.00 80.00 1
3 86.00 80.00 289.00 121.00 1
4 289.00 121.00 414.00 121.00 b
5 9.00 79.00 46.00 66.00 6
6 46.00 66.00 72.00 80.00 1
7 46.00 66.00 53.00 64.00 6
8 53.00 64.00 68.00 67.00 2
9 68.00 67.00 94.00 80.00 2
10 94.00 80.00 289.00 119.50 2
11 289.00 119.50 414.00 119.50 2
12 53.00 64.00 56.00 62.00 6
13 56.00 62.00 62.00 62.50 5
14 62.00 62.50 70.00 64.00 4
15 70.00 64.00 88.00 73.00 4
16 88.00 73.00 96.00 77.00 3
17 96.00 77.00 289,00 116.50 3
18 289.00 116.50 414.00 116.50 3
19 62.00 62.50 75.00 49.00 5
20 56.00 62.00 70.00 49.00 6
21 70.00 49.00 75.00 49.00 4
22 88.00 73.00 414.00 73.00 4
23 70.00 4%.00 70.10 44.00 6
24 70.10 44.00 414.00 44.00 5
25 70.10 44.00 70.20 38.00 6
26 70.20 - 38.00 414.00 38.00 6

ISOTROPIC SOIL PARAMETERS



MU '
4\sl40 X A-2
6 Type(s) of Soil gg;r_f,lﬁ;(rr&

I
Soil Total Saturated Cohesion Friction Pore Pressure Piez.
Type Unit Wt. Unit wt. Intercept Angle Pressure Constant Surface

No. (pcf) (pcft) (psf) (deg) Param. (psf) No.
1 130.0 .0 .0 38.0 .00 -0 1l
2 130.0 .0 .0 26.0 .00 .0 1
3 105.0 .0 ¢ 35.0 .00 «0 1
4 115.0 ) 0 29.0 00 .0 p
5 115.0 «0 0 29.0 .00 .0 b
6 100.0 .0 10000.0 .0 .00 .0 h

Searching Routine Will Be Limited To An Area Defined By 4 Boundaries
Of Which The First 4 Boundaries Will Deflect Surfaces Upward :

Boundary X-Left Y-left X-Right Y-Right
No. (ft) (£t) (£t) (££)

1 9.00 79.00 53.00 64.00

2 53.00 64.00 70.00 49.00

3 70.00 49.00 70.20 38.00

4 70.20 38.00 414.00 38.00

A Horizontal Earthquake Loading Coefficient
Of .140 Has Been Assigned

A Vertical Earthquake Loading Coefficient
Of .000 Has Been Assigned

Cavitation Pressure = .0 psf

A Critical Failure Surface Searching Method, Using A Random
Technique For Generating Circular Surfaces, Has Been Specified.

90 Trial Surfaces Have Been Generated.

30 Surfaces Initiate From Each Of 3 Points Equally Spaced
Along The Ground Surface Between X = 10.00 ft.
and X = 70.00 ft.

Each Surface Terminates Between X = 290.00 ft.
and X = 410.00 ft.

Unless Further Limitations Were Imposed, The Minimum Elevation
At Which A Surface Extends Is Y = 38.00 ft.

10.00 ft. Line Segments Define Each Trial Failure Surface.

Restrictions Have Been Imposed Ugon The‘Angle Of Initiation.
The Angle Has Been Restricted Between The Angles Of -15.0



And -5.0 deg. A}“ﬁz&‘
SoS1-0 8

Following Are Displayed The Ten Most Critical Of The Trial
ggilgre Surfaces Examined. They Are Ordered - Most Critical
rst.

* * Safety Factors Are Calculated By The Modified Bishop Method ¢ #

Failure Surface Specified By 26 Coordinate Points

Point X=-surf Y=Surf
No. (£t) (£t)
1 70.00 79.97
2 79.72 77.62
3 89.52 75.62
4 99,38 73.96
5 109.30 72.66
6 119.25 71.70 }
7 129.23 71.10 !
8 139.23 70.85 .
9 149.23 70.95
10 159.22 71.41
11 169.18 72.21
12 179.12 73.37
13 189.00 74 .88
14 198.83 76.74
15 208.58 78.94
lé 218.25 - 8l.49
17 227.83 84.37
18 237.29 87.60
19 246.64 91.15
20 255.86 95.03
21 264.93 99.24
22 273.85 103.76
23 282.60 108.59
24 291.18 113.73
25 299.57 119.17
26 302.18 ) 121.00

Circle Center At X = 141.3 ; Y= 354.1 and Radius, 283.2

k&% 1 2.026 kk%k

Failure Surface Specified By 28 Coordinate Points

Point X-sSurf Y=Surf

Ro. (ft) (£L)
1 40.00 79.49
2 49.70 77.06
3 59.47 74.94
4 69.31 73.13
5 79.20 71.65
6 89.13 70.49
7 99.09 69.65




8

9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28

Circle Center At X =

k&%

109.08
119.08
129.08
139.07
149.04
158.98
168.88
178.73
188.51
198.23
207.86
217.40
226.85
236.17
245.38
254.46
263.40
272.18
280.81
289.27
291.84

2.031

69.13
68.93

69.06

69.51
70.28
71.38
72.79
74.53
76.58
78.95
81.63
84.62
87.92
91.52
95.42
99.61
104.10
108.88
113.93
119.26
121.00

120.1 ; ¥

k&%

Failure Surface Specified By 29

Point
No.

VONONNAWN

X=-Surf
(£t)

40.00

49.71

59.49

69.32

79.20

89.13

99.09
109.07
119.06
129.06
139.06
149.04
159.01
168.94
178.84
188.69
198.48
208.21
217.87
227.45
236.94
246.33
255.61
264.78
273.83
282.75
291.53
300.16
306.36

Y-Surf
(£t)

79.49
77.10
75.00
73.19
71.66
70.44
69.51
68.87
68.53
68.48
68.73
69.28
70.12
71.26
72.69
74.42
76.43
78.74
81.33
84.21
87.37
90.81
94.52
98.51
102.77
107.29
112.08
117.13
121.00

MG

41590
50S7-0S
UMiA-6-~-N

= 378.2 and Radius,

Coordinate Points

309.3



Circle Center At X = 125.6 ; Y= 406.0 and Radius, 337.5

*kk 2.036

&%k

. 4, >
i ik
[P L

N R

Failure Surface Specified By 30 Coordinate Points

Point X=-Surf
No. (£t)
1 40.00
2 49.67
3 59,41
4 69.22
5 79.08
6 g88.98
7 98.93
8 108.90
9 118.89
10 128.89
11 138.88
12 148.87
13 158.85
14 168.79
15 178.70
1é 188.57
17 198.38
18 208.13
19 217.81
20 227 .40
21 236.91
22 246.32
23 255.62
24 264.81
25 273.88
26 . 282.81
27 291.61
28 300.25
29 308.75
30 310.39

Circle Center At X =

k% 2.037

Y-Surf
(£t)

79.49
76.94
74.69
72.72
71.06
69.69
68.62
67.85
67.39
67.22
67.36
67.80
68.53
69.57
70.91
72.55
74.48
76.71
79.23
82.04
85.14
88.52
92.19
96.13
100.36
104.85
109.61
114.63
119.91
121.00

129.4 ; X

k&%

Failure Surface Specified By 30

Point X-Surf

No.

OBIANBWN

(ft)

40.00
49.68
59.43
69.24
79.11
89.02
98.96
108.93

Y=-Surf
(£t)

79.49
76.98
74.76
72.83
71.19
69.84
68.79
68.03

= 398.9 and Radius,

Coordinate Points - i

A-S
|
M-
4\sl90
505709
UMTRA - 62
| o
331.7 ;



9
10
11
12
13
14
1S5
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

Circle Center At X =

k&%

118.92
128.92
138.92
148.91
158.88
168.83
178.75
188.62
198.44
208.20
217.89
227.50
237.03
246.46
255.79
265.01
274.12
283.09
291.93
300.63
309.18
312.19

2.040

67.57
67.40
67.53
67.95
68.67
69.68
70.99
72.59
74 .48
76.66
79.13
81.89
84.92
88.24
91.84
95.71
99.85
104.26
108.93
113.86
119.05
121.00

129.6 ; ¥

k&%

Failure Surface Specified By 30

Point
No.

VOO WN K

X=-Surf
(ft)

40.00

49.73

59.52

69.36

79.25

89.18

99.14
109.12
119.11
129.11
139.11
149.10
159.07
169.01
178.93
188.80
198.62
208.39
218.09
227.72
237.27
246.73
256.10
265.36
274.52
283.56
292.48
301.26
309.91
312.66

Y-Surf
(£t)

79.49
77.18
75.14
73.38
71.90
70.69
69.77
69.12
68.76
68.68
68.87
69.35
70.11
71.15
72.47
74.07
75.95
78.10
80.52
83.22
86.18
89.42
92.92
96.68
100.70
104.97
109.50
114.28
119.30
121.00

M -

4isi9o _

505705

U MTRA-ceN

Le R
PRI

= 405.4 and Radius,

Coordinate Points

338.0



Circle Center At X = 127.1 ; Y = 424.2 and Radius, 355.5

*hs 2.047  wk% v M-
4\s\q0
UMTRA- G
L0 57-05
Failure surface Specified By 30 Coordinate Points
Point X-surf Y-Surf
No. (ft) (ft) i
1 40.00 79.49
2 49.66 76.91
3 59.40 74.62
4 69.19 72.61 ;
5 79.04 - 70.89 ;
6 88.94 69.46 '
7 98.88 68.32
8 108.84 67.47
9 118.82 66.92
10 128.82 66.65
11 138.82 66.68
12 148.81 67.00
13 158.80 67.62
14 168.75 68.52
15 178.68 69.72
16 © 188.57 71.21
17 198.41 72.99
18 208.20 75.05
19 217.92 77.40
20 227.56 80.03
21 237.13 82.95
22 246.61 86.14
23 255.98 89.61
24 265.26 93.36
25 274 .42 97.37
26 283.45 101.65
27 292.36 106.19
28 301.13 110.99
29 309.76 116.05
30 317.67 121.00

Circle Center At X = 132.8 ; Y= 408.0 and Radius, 341.4

*kk 2.047 k&%

Failure Surface Specified By 24 Coordinate Points

Point X=-Surf Y=Surf

No. (£t) (ft)
1 70.00 79.97
2 79.96 79.03
3 89.93 78.33
4 99,92 77.90
5 109.92 77.71
6 119.92 77.78
7 129.92 78.10




8 139.90
9 149.86
10 159.81
11 169.72
12 179.59
13 189.42
14 199.20
1S 208.93
16 218.59%9
17 228.19
18 237.71
19 247.15
20 256.50
21 265.77
22 274.93
23 283.99
24 291.97

Circle Center 2t X =

k% 2.053

Failure Surface Specified By 31

Point X-surf
No. (ft)
1 40.00
2 49.67
3 59.40
4 69.19
5 79.04
6 88.94
7 98.87
8 108.83
9 118.81
10 128.80
11 138.80
12 148.80
13 158.79
14 168.75
15 178.69
16 188.60
17 198.46
18 208.27
19 218.02
20 227.70
21 237.31
22 246.83
23 256.27
24 265.60
25 274 .83
26 283.95
27 292.95
28 301.81
29 310.55
30 319.14
31 323.13

Circle Center At X =

78.68
79.50
80.58
8l1.91
83.49
85.33
87.40
89.73
92.30
95.12
98.17
101.47
105.01
108.78
112.78
117.02
121.00

112.2 ; ¥ =

kkk

Y-Surf
(ft)

79.49
76.92
74.63
72.62
70.88
69.43
68.26
67.37
66.76
66.44
66.41
66.66
67.19
68.01
69.11
70.49
72.15
74.10
76.32
78.82
81.59
84.64
87.95 .
91.54
95.38
99.49
103.86
108.48
113.35
118.47
121.00

136.1 s ¥ =

s\40
Nk
505105

472.6 and Radius,

Coordinate Points .

417.7 and Radius,

394.9

351.3

A-9

l .“i“
o

v
F iU



;FV‘?

1kl |
*kk 2.058 %%& Y !
UMTRA- (el .
50577-05
Failure Surface Specified By 31 Coordinate Points
Point X=-Surf Y-Surf
No. (ft) (£t)
1 40.00 79.49 |
2 49066 76-91 "‘m': :
3 59.39 74.60 | i
4 69.18 72.57 |
5 79.03 70.81 , P
6 88.92 69.33 i
7 98.84 68.13 " :
8 108.80 67.20 b
9 118.78 66.56 '
10 128.77 66.19
11 138.77 66.11
12 148.77 66.30
13 158.76 66.78 L
14 168.73 © 67.54 Doy
15 178.68 68.57 SRR
16 188.59 69.89 :
17 198.46 71.48
18 208.29 73.35
19 218.06 75.49
20 227.76 77.90
21 237.39 80.59
22 246.94 83.55
23 256.41 86.77
24 265.78 '80.26
25 275.05 94.01
26 284.22 98.01 .
27 293.26 102.28 e
28 302.18 106.79 g
29 310.98 111.55 | T
30 319.63 116.56
31 326.83 121.00

Circle Center At X = 136.8 ; Y = 422.6 and Radius, 356.5

*kk 2.065 k&
:;i-- c
SR ]
- ‘ !
Y A X I s F T
.00 51.75 103.50 155.25 207.00 258.75
X e00 4mmmmmemccdeccctoment - 1 4
- * i : ..
- *. | ke
51075 + . = ‘.
- *,2 ! ]
- £ & %42 :




A 103.50
X 155.25
I 207.00
S 258.75

310.50
F 362.25
T 414.00
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A Critical Failure Surface Searching Method, Using A Random

Technique For Generating Circular Surfaces, Has Been Specified.

150 Trial Surfaces Have Been Generated.

50 Surfaces Initiate From Each Of 3

Along The Ground Surface Between X

and X

Each Surface Terminates Between X =

Unless Further Limitations Were Imposed, The Minimum Elevation

and X =

Points Equally Spaced
73.00 ft.
85.00 ft.

290.00 ft.
410.00 ft.

At Which A Surface Extends Is Y = 38.00 ft.

10.00 ft. Line Segments Define Each Trial Failure Surface.

I g
Mo



A-l
Restrictions Have Been Imposed Upon The Angle Of Initiation.
The Angle Has Been Restricted Between The Angles Of -45.0 5

4\s\ %o

o57-08

| =N

Following Are Displayed The Ten Most Critical Of Thetgr a :

ggilgre Surfaces Examined. They Are Ordered - Most Critical
rst. : o

* + Safety Factors Are Calculated By The Modified Bishop Method * +*

Failure Surface Specified By 25 Coordinate Points -:: : |

Point X=-Surf Y=Surf
No. (£Lt) (£L)
1 73.00 80.00
2 82.33 76.40
3 91.82 73.26
4 101.46 70.57
5 111.21 68.35
6 121.05 66.60 :
7 130.97 65.32 ;
8 140.94 64.53
9 150.93 64.21
10 160.93 64.38
11 170.91 €5.02
12 180.85 66.14
13 190.72 67.74
14 200.50 69.81
15 210,17 72.35
16 219,71 75.35
17 229.10 78.81
18 238.30 82.71
19 247.31 87.05 ' ' o ;
20 256.10 91,82 T ’ i
21 264 .65 97.01
22 272.95 102.60
23 280.96 108.58
24 288.68 114.94
25 295,35 121.00

Circle Center At X = 152.5 ; Y = 272.3 and Radius, 208.1

kkk 2,011  *k%

Failure Surface Specified By 26 Coordinate Points

Point X-Surf Y=-Surf

No. (ft) (ft)
1l 79.00 80.00
2 88.33 76.40
3 97.82 73.24
4 107.44 70.52 , ;
5 117.18 68.26 S |
6 127.02 66.46 ) '

Y SR

.
= rmape .

i



T hw

7 136.93 65.12 :
PomeR o et
® [ ) 4
10 166.88 63.90 4\slq0 _
11 176.87 64.42 S057-9S
12 186.82 65.42 UM TRA-GRV
13 196.71 66.87
14 206.53 68.79
15 216.24 71.17
i6 225.83 73.99
17 235,28 © 77.27 :
18 244.57 80.98 jA:ga
19 253.67 85.12 | ks
20 262,57 89.68 | o=
21 271.24 94.65 ' i g g
22 279.68 100.03 : i
23 287.85 105.79 L .
24 295.75 111.93 .
25 303.34 118.43
26 306.08 121.00

Circle Center At X = 160.6 ; Y = 277.6 and Radius, 213.8

khk 2.030 kkk

Failure Surface Specified By 26 Coordinate Points ;

Point X-surf Y=Surf

No. (ft) (ft)

1 73.00 80.00

2 82.24 76.17 Sl
3 91.65 72.79 e
4 101.21 69.85 '

5 110.90 67.38

6 120.69 65.37

7 130.58 63.84 :

8 140,52 62.77 .

9 150.50 62.18
10 160.50 62.07
11 170.49%9 62.44

12 180.46 63.28 }
13 190.37 64.59 L ,
14 200.21 66.38 ‘ i
15 209.95 68.64

16 219.58 71.35
17 229.06 74.53
18 238.38 78.15

19 247.52 82.21
20 256.45 86.71
21 265.16 81.62
22 273.62 96.95
23 281.82 102.67
24 289.74 108.78
25 297.36 115.26 L
26 303.49 121.00 i ey

Circle Center At X = 157.8 ; Y= 271.6 and Radius, 209.5

kk& 2.034 ®&%




A-§ 12

w-
4\s\4s
Failure Surface Specified By 27 Coordinate Points
SUES

Point X-surf Y-Surf R MTeA- 62N '
No. (£ft) (£t) ' i

1 73.00 80.00

2 82.34 : 76.43

3 91.83 73.27

4 101.44 70.52

5 111.17 68.19

6 120.99 66.29

7 130.88 64.81

8 140.82 63.76

9 150.80 63.14 :

10 160.80 62.96 P
11 170.80 63.21 : ey
12 180.77 63.89 % i
13 190.71 65.00 : b
14 200.59 66.54 !

15 210.40 68.51 i

1le 220.11 70.90

17 229.70 73.71

18 239.17 76.93

19 248.49 80.56

20 257.64 84.59

21 266.61 89.01

22 275.38 93.82 S

23 283.93 99.00 s ;

24 292.26 104.55 : :

25 300.33 110.45

26 308.14 116.69

27 313.07 121.00

Circle Center At X = 160.1 ; Y = 293.9 and Radius, 230.9

'TY 2.035 kk%

e
e L
RIS ted

Failure Surface Specified By 27 Coordinate Points R

Point X-surf Y=-Surf
XNo. (ft) (ft)
1 79.00 80.00
2 g88.68 77.48
3 98.44 75.31
4 108.27 73.48 )
5 118.16 71.99 Cm i}
6 128.09 70.85 ot o :
7 138.06 70.05 o
8 148.05 €9.61
) 158.05 69.51
10 168.05 €9.76
11 178.03 70.37
12 187.98 71.32
13 197.90 72.62
14 207.76 74.26

15 217.56 76.25




M -

16 227.29 78.58

17 236.93 81.24 4\s\4

18 246.47 84.25 60570 ,
19 255.89 87.58 =
20 265.20 91.24 UMTRA- RN ‘
21 274.37 95,23 ;
22 283.40 99.53 |
23 292.27 104.14 g

24 300.97 109.07 P

25 309.50 114.29

26 317.84 - 119.81

27 319.51 121.00

Circle Center At X = 155.8 ; Y = 355.6 and Radius, 286.1

kkk 2.083 kkk

Failure Surface Specified By 27 Coordinate Points

Point X=Surf Y-Surf
No. (£ft) (ft)
1 79.00 80.00 i .
2 88.35 76.46 : RN
3 97.85 73.33 Ty
4 107.47 70.61 . ; S
6 127.02 66.42
7 136.92 64.95
8 146.86 63.91
10 166.84 63.12
11 176.84 63.37
12 186.82 64.04
13 1%6.76 65.15
14 206.64 66.68
15 216.45 68.63
16 226.16 71.00
17 235.76 73.78
18 245.24 76.98
19 254.57 80.58
20 263,74 84.57
el 272.73 88.95
22 281.52 93.72
23 290.10 98.86
24 298.45 104.36
25 306.55 110.22 L
26 314.40 1l16.41 o

27 319.72 121.00 Ins
Circle Center At X = 166.1 ; Y = 296.2 and Radius, 233.0 ! |

kkk 2.056  %&%

Failure Surface Specified By 28 Coordinate Points o

Point X-surf Y-Surf




No. (£t) (£t) MG
1 79.00 80.00 4‘\5\‘\0
g 33.40 ;s.gg $ps1-05 L
7.94 3. (R |
4 107.59 70.96 U WMTRA~
5 117.34 . 68.73
6 127.17 66.91
7 137.07 65.48
8 147.01 64.46
9 157.00 63.84
10 166.99 63.64
11 176.99 63.84 :
12 186.97 64.45 !
13 196.92 65.46
14 206.82 66.88 Ten
15 216.65 68.70 R
16 226.40 70.93 '
17 236.05 73.54
18 245.59 76.55
20 264.26 63.72 it
64.2 83. '_-T"'..A;." }: ;,‘ I
21 273.35 87.87 ’ﬁ§tﬁ%{; |
22 282.28 92.39 ,
23 291.00 97.27
24 299.53 102.50
25 307.83 108.07
27 323.72 120.21
28 324.63 121.00

Circle Center At X = 167.1 ; Y = 308.8 and Radius, 245.2

FT 2.062 kkk

Failure Surface Specified By 25 Coordinate Points

Point X-surf Y=-Surf
No. (ft) (£L)
1l 85.00 80.00
2 94.14 75.95 -
3 103.49 72.40 SRR
4 113,02 69.36 o
5 122.69 66.83
6 132.49 64.83
7 142.38 63.36
8 152.34 62.42
9 162,33 62.02
10 172.33 62.16
11 182,31 62.84
12 192.23 64.05
13 202.08 65.7%
14 211.82 68.07 :
16 . 230.86 74.17 R
17 240.10 77.97 | [ e
18 249.13 82.28 ' s
19 257.91 87.06
20 266.43 92.30
21 274.64 98.00

22 282.54 104.13




M- 'A-\b
23 290.10 110.68 q\s\Qo 1g%£53
24 297.30 117.63 v MTRA—
25 300.43 121.00 5657-05

Circle Center At X = 164.8 ; Y =

Ty 2.065  &%+%

1
Failure Surface Specified By 26 Coordinate Points
Point X-Surf Y=Surf .
No. (ft) (£t) L
1 85.00 80.00
2 94.65 77.37 f
3 104.39 75.09 |
4 114.20 73.18
5 124.08 71.62
6 134.01 70.43 P
7 143.97 69.61 ‘
8 153.96 69.15
9 163.96 69.06
10 173.96 69.34 ,
11 183.94 69.98 ot wd e
12 193.89 70.99 ;@gnﬁ@fi _
' 13 203.79 72.37 A :
14 213.64 74.11 B ;
15 223.42 76.21
16 233.11 78.66
\_/ 17 242.71 81.48 :
18 252.19 84.64 -
19 261.56 88.15 '
20 270.78 92.00
21 279.87 96.19
22 288.79 100.71
23 297.53 105.55
24 306.10 110.71
25 314.47 116.19
26 321.27 121.00

Circle Center At X = 161.4 ; Y = 341.1 and Radius, 272.0 '

*kk 2.066 k&% Tov

Failure Surface Specified By 28 Coordinate Points

¥ . Wk
. . RSN B
¢ Point X-Surf Y-Surf R
i No. (£t) (£t)
1 73.00 80.00
: 2 82.18 76.04
' 3 91.53 72.49
LA 4 101.03 69.36
? 5 110.66 66.65
6 120.39 64.38
7 130.22 62.54
8 140.12 61.14 ;




9 150.08 60.17 MM—

10 160. 06 59. 66 ;
170.06 9.5
ig 180.06 59.95 4\5\10 i
190.02 60.76
14 199.95 62.02 505708 f
1 209.80 63.71 T AR
16 219.57 65.84 V¥ W
17 229.24 68.40 |
18 238.78 71.39
19 248.18 74.79
£F 20 257.42 78.62 TN -
: 21 266.49 82.85 A;;&Qﬁgjﬁﬁg' i }
£ 22 275.35 87.47 U C
s 23 284.00 92.49 3 b
' 24 292.42 97.88
. 25 300.59 103.65
; 26 308.50 109.77
| 27 316.13 116.23 o
| 28 321.27 121.00 SR

Circle Center At X = 166.8 ; Y = 284.7 and Radius, 225.2 ' :

tkk 2.079 kkk

Y A X I s L F T .
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A Critical Failure Surface Searching Method, Using A Random !
Technique For Generating Circular Surfaces, Has Been Specified. :

150 Trial Surfaces Have Been Generated.

75 Surfaces Initiate From Each Of 2 Points Equally Spaced
Along The Ground Surface Between X = 86.10 ft.
and X = 86.20 ft.

o —
D SR o

Each Surface Terminates Between X = 290.00 ft.
and X = 410.00 ft.

“___ﬁ__»_

el
, i
LR

Unless Further Limitations Were Imposed, The Minimum Elevation
At Which A Surface Extends Is Y = 38.00 ft.

10.00 ft. Line Segments Define Each Trial Failure Surface.

Restrictions Have Been Imposed Upon The Angle Of Initiation.
gg Angle gas Been Restricted Between The Angles Of 5.0 .
6.0 deg. .

Following Are Displayed The Ten Most Critical Of The Trial :
ggilgre Surfaces Examined. They Are Ordered - Most Critical f
rst.

* & Safety Factors Are Calculated By The Modified Bishop Method * ?_

Failure Surface Specified By 23 Coordinate Points : f?&ﬁ
\ b
: |
Point X-surf Y-Surf ?
No. (£t) (ft) ;

1 86.10 80.02




A

g 96.05 :o.gv M-
106.00 2.02
2 115.93 83.17 4\8\‘(0, o
5 125.86 84.41 PR ; i
¢ npn DSTOY -
N ] 6 L ] ’
8 155.55 88.71 UHTRA-GRN
9 165.41 90.33
10 175.26 92.05
11 185.10 93.86
12 194.92 95.77 !
13 204.71 97.77
14 214.49 99.87
15 224.25 102.06
16 233.98 104.35 ,
17 243.70 106.73 s
18 253.38 109.20 .
19 263.05 111.77 i ]:ﬁ;xg
20 272.69 114.42 ; i
21 282.30 117.18 | |
22 291.89 120.02 , |
23 295.08 121.00 i ' C
Circle Center At X = =~7.8 ; Y = 1112.5 and Radius, 1036.7
k% 1.822 k%%
|
Failure Surface Specified By 24 Coordinate Points
Point X-Surf Y=-Surf
No. (£t) (ft)
1 86.10 80.02
2 96.06 80.95
3 106.01 81.97
4 115.94 83.07 i _
5 125.87 84.27 P
6 135.79 85.56 |ﬂj &;
7 145.69 86.93 : | e
8 155.59 88.39 ! :
9 165.47 89.95 ' .
10 175.33 91.59 . .
11 185.18 93.32 |
12 195.01 95.13 :
13 204.83 97.04
14 214.63 99.03
15 224.41 101.11
16 234.17 103.28 .: , :
17 243.91 105.54 RS I ‘ [
18 253.63 107.89 E _ ' ,
19 263.33 110.32 D !
20 273.01 112.84
21 282.67 115.44
22 292.30 118.13
23 301.90 120.91
24 302.20 121.00

Circle Center At X = =12.3 ; Y = 1189.2 and Radius, 1113.5

tkk 1.911  ®&%
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Failure Surface Specified By 23 Coordinate Points ! } -
Point X-surf Y-Surf ;)0’
No. (£ft) (ft)
1 s o mm e ,
. .6 :
3 106.06 81.33 So57-03 l
4 116.02 82.18 U MTLA~ORN
5 125.97 83.15 %
6 135.91 84.26 ’
7 145.84 85.50
8 155.74 86.86
9 165.63 88.35
10 175.50 89.97
11 185.34 91.72
12 195.17 93.60
13 204.96 95.60
14 214.73 97.74
15 224.47 99.99 o
16 234.19 102.38 i
17 243.87 104.89 : i tar
18 253,51 107.52 - | et
19 263.12 110.28 f Poire
20 272.70 113.17 i
21 282.24 116.18
22 291.73 119.31
23 296.64 121.00

Circle Center At X = 45.7 ; Y= 849.2 and Radius, 770.2

kk& 1.935 kkk ‘ . i

Failure Surface Specified By 23 Coordinate Points

Point X=-Surf Y-Surf
No. (ft) (£t)
1 86.10 80.02
2 96.08 80.60 =
3 106.06 81.30 b
4 116.02 82.13 . HL B
5 125.98 83.08 ! porheETE
6 135.92 84.16 ; P
7 145.85 85.37 ' |
8 155.76 86.69 ‘ |
9 165.65 88.15 - R
10 175.53 89.72
11 185.38 91.42
12 195.21 93.25
13 205.02 95.20
14 214.81 97.27 o
15 224.56 99.46 P ;
16 234.29 101.78 ' g
17 243.99 104.22
18 253.66 106.77
19 263.29 109.46

20 272.89 112.26




!pru

21 282.45 115.18 ,
22 291.98 - 118.22 !
23 300.32 121.00 : g
Circle Center At X = 45.1 ; Y= 874.8 and Radius, 795.9
M- L
k& 1.961 YY) ‘\\5\% | ,n:
$0871-08 ! il
UMTRA- -0 '
|

Failure Surface Specified By 23 Coordinate Poiyts : ,

Point X=Surf Y=Surf
No. (£t) (£t)
1 86.20 80.04 L
2 96.20 80.22 oo g '
3 106.19 80.57 Lot ! '
4 116.18 81.10
5 126.15 81.80
6 136.12 82.67
7 146.06 83.72
8 155.99 84.94
9 165.89 86.34
10 175.76 87.90
11 185.61 89.64
12 195.43 91.55 .
13 205.21 93.63 .
14 214.95 95.88 b
15 224.66 98.30 AR
16 234.31 100.89 ; e
17 243.93 103.65 : by
18 253,49 106.57 I
19 263.00 109.66 -
20 272.46 112.92
21 281.85 116.34
22 291.19 119.92
23 293.86 121.00

Circle Center At X = 81.0 ; Y = 653.7 and Radius, 573.7

k& 1.973 &%+ i ;

Failure Surface Specified By 23 Coordinate Points

Point X-Surf Y-Surf

No. (ft) (ft)
1 86.20 80.04 P
2 96.19 80.46 da
3 106.18 81.02 S e
4 116.15 81.72 RRe
5 126.12 82.56 i : o
6 136.07 83.55 ; ;
7 146.00 84.67 -
8 155.92 85.94
9 165.82 87.35

10 175.70 86.90

11 185.56 90.59




e

%g %9?.39 gz.:z M-

05.19 4.40 u 3 | _
ig 314.97 gs.gé 4\5\19?,_:;.{;: : ‘

24.71 8. - PP :
e hte eoAte)
. . M -—

18 253.73 106.34 v
19 263.33 109.14
20 272.89 112.08
21 282.41 . 115.16
22 291.88 118.37
23 299.29 121.00

Circle Center At X = 62.0 ; Y= 781.1 and Radius, 701.5

kkk 1.974 tkk

Failure Surface Specified By 24 Coordinate Points

Point X=-surf Y=-Surf
No. (£ft) (ft) i
1 86.10 80.02 el
2 96.07 80.74 ; !
3 106.04 81.57
4 116.00 82.50
5 125.94 83.52
6 135.88 84.65
7 145.81 85.87
8 155.72 87.20
9 165.61 88.63
10 175.50 90.15
11 185.36 91.78
12 195.21 93.51 (
13 205.05 95.33 s
14 214.86 97.26 g
15 224.65 99.28
16 234.43 101.40 |
17 244.18 103.62 !
18 253.90 105.94
19 263.61 108.35 e
20 273.29 110.87 v
21 282.94 113.48
22 292.56 116.19
23 302.16 119.00
24 308.77 121.00

L s N
Circle Center At X = 19.3 ; Y = 1068.8 and Radius, 991.0

*kk 1.995 k&%

Failure Surface Specified By 25 Coordinate Points

Point X=-Surf Y=-Surf
No. (£t) (ft)

.34‘{"
1 86.10 80.02 | Ifﬂﬁgi




) IS
2 96.06 80.97 :
o BER BB W :
‘94 3.10 : i
5 125.87 84.27 A\S\qQ; , ! o
3 T ERH 86 82 05785 o
g 155.61 88.24 VWTRA- 6N
3 165.50 89.71
10 175.38 91.26 ;
11 185.25  92.88 . ,
12 195.10 94.57 conod '
13 204.95 96.33 o P
1¢ 214.78 98.17 > S
15 224.59 100.09
16 234.39 102.07 :
17 244.18 104.13 :
18 253.95 106.26 o
19 263.70 108.47 o
20 273.44 110.75 |
21 283.16 113.10
22 292.86 115.52
23 302.54 118.01
24 312.21 120.58
25 313.7¢ 121.00

Circle Center At X = =36.4 ; Y = 1413.4 and Radius, 1339.0

tkk 1.996 k&% P

Failure Surface Specified By 23 Coordinate Points

Point X=-Surf Y=-Surf
No. (£t) (ft)

1 86.10 80.02 ;

2 96.10 79.77

3 106.10 79.72 ‘

4 116.10 79.88 :

5 126.09 80.25

6 136.07 80.83

7 146.04 81.62

8 155.99 82.62 :

9 165.92 83.83 , .
10 175.82 85.24 : TRk
11 185.69 86.86 ~ : s
12 195.52 88.68 | Lo
13 205.31 90.71 | |
14 215.06 92.95 . - =
15 224.75 95.39
16 234.40 98.03 : :

17 243.99 100.87 %
18 253.51 103.91
19 262.97 107.15
20 272.37 110.59
21 281.68 114.22
22 290.92 118.04
23 297.66 121.00

Circle Center At X = 103.3 ; Y= 558.0 and Radius, 478.3




Circle Center At X =

A

kkk

Point
No.

VOO WN

k&%

.00

51.75

103.50

M (- T
2.023  ### ﬁ\slﬂo |
VM TeA~GRY S
S057-08
Failure surface Specified By 23 Coordinate Points -
i ;'i‘_.i.*!'-g-c
IE b i
X-Surf Y-Surf ! Abigel
(£ft) (£t) i C
86.20 80.04 i
96.19 79.59 -
106.19 79.37 ‘f."" '
116.19 79.38 ;
126.18 79.62 '
136.17 80.10 ,
146.15 80.81 T
166.04 82.91 P i
175.94 84.31 i
185.80 85.95 f
185.63 87.80
205.41 89.89
215.14 92.20
224.81 94.74 :
234.42 97.50 f
243.97 100.49
253.44 103.69
262.83 107.12
272.15 110.76
281.37 114.62
290.51 118.69 i
295.38 121.00 |
. |
110.7 ; ¥ = 509.9 and Radius, 430.5 f
2.031 kkk
A x 1 s - . F ®
.00 51.75 103.50 155.25 207.00 258.75
4= + + + + +
: ‘ ”
+ L 3 . " W N
- . i if;st
- i ‘.5 izt
- ** A ey
- * g H :’.-;‘T.a |-_;.
- %] '
+ 91
- 91
- 01
- 031

41
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X 155.25 + MJG i
. A il ;
: fsawsf
- 565105 ,
- UMTRA- (R 1 -
I 207.00 + oA g
s 258.75 + ,
- ] -;:"f%r
- L E
310.50 + | ! P
- I .
F 362.25 + i .
- L3 i B l
- o ]
- . 'E
T 414.00 + % % * * f
A Critical Failure Surface Searching Method, Using A Random '
Technique For Generating Circular Surfaces, Has Been Specified.
150 Trial Surfaces Have Been Generated. e

; 119 !!._«5

H L (¥

75 Surfaces Initiate From Each Of 2 Points Equally Spaced ! T
Along The Ground Surface Between X 86.10 ft. 5 L
and X 86.20 ft.

Each Surface Terminates Between X = 290.00 ft.
and X = 410.00 f£t.

Unless Further Limitations Were Imposed, The Minimum Elevation
At Which A surface Extends Is Y = 38.00 ft. <y

10.00 ft. Line Segments Define Each Trial Failure Surface.

Restrictions Have Been Imposed Ugon The Angle Of Initiation. i
iﬁg angle gas Been Restricted Between The Angles Of =45.0
-5.0 deg.

Following Are Displayed The Ten Most Critical Of The Trial
Failure Surfaces Examined. They Are Ordered - Most Critical

-
Ve gl s
Pl

W T




e - i A

UMTRA- 6 ;
* & Safety Factors Are Calculated By The Modifled Bishop Method ¢ %

]

- NS
' t“ﬁ\%o ; 9Y4L%zu
! :

Failure Surface Specified By 24 Coordinate Points

Point X=-surf Y~-Surf ?“?"’!fﬁ ; l
No. (£ft) (£t) i : i
1 86.10 80.02
2 95.37 76.26
3 104.82 73.00
s 124.18 68.01 f ‘
6 134.03 66.31
7 143.96 65.13
8 153.94 64.49
9 163.94 64.38 .
10 173.93 64.81 ' [
11 183.89 65.77 : g5
12 193.78 67.27 | Rt~
13 203.57 69.29 | soprk
14 213.24 71.84 ; L
15 222.76 74.90 o
16 232.10 78.46 P
17 241.24 82.52
18 250.15 87.07
19 258.80 92.08
20 267.17 97.55
21 275.24 103.46 .
22 282.98 109.80 et
23 290.36 116.54 : ;
24 294.76 121.00

Circle Center At X = 160.9 ; Y= 251.0 and Radius, 186.6

kkk 2,043 k%%

Failure Surface Specified By 23 Coordinate Points

L e co——
g
s -
. P .
2 ef
- Xt ol A”.

Point X=-surf Y=-Surf
No. (£t) (ft) .
1 86.10 80.02 i
2 96.06 79.09 P
3 106.04 78.44 R :
4 116.03 78.08 {
5 126.03 78.00
6 136.03 78.21 ,
7 146.02 78.70 e ‘
8 155.99 79.47 oL ,
9 ] 165.93 80.53 R
10 175.84 81.87 : " !
11 185.71 83.49
12 195.52 85.39
13 205.28 87.57
14 214.98 90.02
15 224.60 92.75

16 234.14 95.76 %




MY AN

17 243.59 99.03 4\sl% o

18 252.94 102.57 =

19 262.19 106.37 $087-0$

271. .44 - ‘

21 280.34 114.76 UMTRA- (- . b

22 289.23 119.34 l 7

23 292.24 121.00 ot
Circle Center At X = 123.8 ; ¥ = 429.7 and Radius, 351.7 ! Vi

k& 2.060 ®%k%

Failure Surface Specified By 26 Coordinate Poiptguii

- a——————————- o 1
L e

Point X=-Surf Y-Surf
No. (ft) (£t)
1 86.20 80.04 ;
2 95.48 76.31 !
3 104.92 73.02 ?
4 114.52 70.20
5 124.23 67.84
6 134.05 65.95 !
8 153.91 63.60 , i
9 163.90 63.14 s qiﬁg
10 173.90 63.16 i g 28 4
11 183.88 63.67 : S
12 193.84 64.66 : i '
13 203.73 66.12
14 213.54 68.06
15 223.24 70.47
16 232.82 73.34
17 242.25 76.67
18 251.51 80.45 ,
19 260.57 84.67 R
20 269.43 89.33 ey |
21 278.04 94.40 i %
22 286.41 99.89
23 294.49 105.76
24 302.29 112.03
25 309.78 118.66
26 312.18 121.00

circle Center At X = 168.4 ; Y = 270.8 and Radius, 207.7

kk& 2.065 kkk
’. B S 545
Failure surface Specified By 24 Coordinate Points i ey
Point X=-Surf Y-Surf )
No. (£ft) (£L) |
1 86.20 80.04
2 95.26 75.81
i 104.55 72.11

114.04 68.96 S




Sit
5 123.70 66.37 M- | W P\’]'»‘b
B A
. 2.
g 153.35 62.00 $08705
163.34 61.69 Jra\
L 10 173.34 61.97 VMTA- :
11 183.30 62.83 ;
12 193.20 64.26 ! '
13 203.00 66.27 !
14 212.66 68.84
1s 222.16 71.97
16 231.46 75.64
17 240.53 79.85
i8 249.34 84.57
19 257.87 89.80
20 266.07 95.52
| 21 273.93 101.70
) 22 281.42 108.33 . ! !
. 23 288.51 115.38 4000 :
| 24 293.55 121.00

Circle Center At X = 163.6 ; Y = 234.0 and Radius, 172.3

kkk 2.079 k&% o

Failure Surface Specified By 27 Coordinate Points

: Point X=-Surf Y-Surf
E\__/ No. (£t) (£t)
1 86.10 80.02 {
2 95,55 76.76 : i
4 114.81 71.39 ; LI
5 124.59 69.29 P
6 134.45 67.59 T,
7 144.36 66.28 i
8 154.32 65.38 :
9 164.31 64.87
10 174.31 64.77
11 184.30 65.07
12 194.28 65.78
13 204.22 66.88
14 214.10 68.39 S
15 223.92 70.29 R
16 233.65 72.59 : - !
17 243.28 75.27
18 252.80 78.35
19 262.19 81.80
20 271.42 85.63
21 280.50 89.82
22 289.40 94.38
23 298.11 99.29
24 306.62 104.55
25 314.90 110.15 |
' 26 . 322.96 116.08 ;
w 27 329.11 121.00 _ Ry

Circle Center At X = 171.8 ; Y = 313.0 and Radius, 248.3 ! 'ifﬁ‘
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kkk 2.087 %&% 4\5‘40 - ‘ ;
§o57-05 bl
YWMTIA- X -X\

Failure Surface Specified By 27 Coordinate Points

&

Point X-Surf Y-Surf PR :
No. (ft) (ft) S 3
1 86.20 80.04 '
2 95.46 76.27
3 104.88 72.91
4 114.44 €9.98
5 124.12 67.48
6 133.91 65.40
7 143.77 63.77
8 153.70 62.57
9 163.67 61.82 1
10 173.67 61.51 ‘ b e
11 183.67 61.64 Ea o
12 193.65 62.22 | ﬂké ¥
13 203.60 63.24 ! 1 28
14 213.49 64.71 ; bl
15 223.31 66.61 ‘ , e
16 233.03 68.95 i P
17 242.64 71.71 i
18 252,12 74.90
19 261.44 78.51
20 270.60 82.53
21 279.57 86.95
; 22 288.33 91.77 SR '
~ 23 296.88 96.97 RS ; l
U 24 305.18 102.54 : : !
- 25 313.22 108.48 *
26 321.00 114.77
27 328.03 121.00

Circle Center At X = 175.6 ; Y = 286.5 and Radius, 225.0 !

kkk 2.107  %%%

Failure Surface Specified By 24 Coordinate Points

Point X=-surf Y-Surf ,
No. (£t) (ft) N
. !
1 86.10 80.02 ) i
2 95.87 77.87
3 105.71 76.08
4 115.60 74.67 , i i
5 125.55 73.62 Poeew »'}1 PPN )
6 135.53 72.94 T H ,
7 145.52 72.64 !
8 155.52 72.71
9 165.51 73.15
R 10 175.48 73.96
: 11 185.41 75.14 ;
12 195.29 76.69 :
13 205.10 78.61 ‘

14 214.84 80.89



MG - ﬂ’?o

15 224.48 83.53
i mem o osem SR

[ ] .89 - i
18 252.73 93.59 umTea ; Hi
19 261.88 97.64 So57-08 l EF
20 270.87 102.02 ! i
21 279.68 106,73 | e
22 288.32 111.77 . ! I '
23 296.76 117.13
24 302.38 121.00 b ,

Circle Center At X = 148.7 3 Y= 341.1 and Radius, 268.5 '

*kk 2.110 %4 i

Failure Surface Specified By 28 Coordinate Points

Point X-surf Y-Surf i

No. (ft) (ft) g

1 86.20 80.04

2 95.69 76.88

3 105.29 74.08 .
4 114.99 71.65 e
6 134.63 67.88 ‘ :Pzﬁ
7 144.54 66.55 i P
8 154.49 65.59 i

9 164.47 65.01 ;

10 174.47 64.80 : !

11 184.47 64.97 o f

12 194.46 65.51 !

13 204.41 66.43

14 214.33 67.72

15 224.19 69.39 .

16 233,98 71.42 R

17 243.69 73.82 L

18 253.30 76.58

19 262.80 79.70

20 272.18 83.18

21 281.42 87.00

22 290.50 91.17 :

23 299.43 . 95.68

24 308.18 100.52 i

25 316.74 105.69 .

26 325.11 111.17

27 333.26 116.97

28 338.50 121.00

Circle Center At X = 175.0 ; Y= 331.0 and Radius, 266.2

l iy,

' .s?;:;:.%;-;
. i o

i ie

i :

|

'
k& 2.113 bkl !

Failure Surface Specified By 28 Coordinate Points

Point X-sSurf Y=-Surf R w??
No. (£L) (fL)




. - §
415\ i .

2 9556 39.84 WL " i

3 105.59 75.17 505705

4 115.40 73.21 . UMTIRA- 608 ;

5 125,27 71.59 ;

6 135.18 70.29 !

7 145.14 69.32

8 155.12 68.68 ,

9 165.11 68.38

10 175.11 68.40 ; e
11 185.11 68.76 : Ui b
12 195.08 69.45 f&:&:
13 205,03 70.47 R
14 214.94 71.82 A0
15 224.80 73.49 . ! ;
16 234.60 75.49 ;

17 244.32 77.82 L ,

18 253.96 80.47 : |
19 263.51 83.43
20 272.96 86.71
21 282.29 90.31 - i
22 291.50 94.21 o ~
23 300.58 - 98.41 Pagt T : '
24 309.50 102.91 : i
25 318.28 107.71
26 326.89 112.79
27 335,33 118.16
28 339.49 121.00

Circle Center At X = 169.3 ; Y = 369.8 and Radius, 301.5

*kk 2.121 | %%%

Failure Surface Specified By 24 Coordinate Points f

Point X=-surf Y=-Surf :
No. (£t) (ft) b
1 86.20 80.04 .
2 96.06 78.35
3 105.97 77.00
4 115.91 75.98 .
5 125.89 75.31 fay
6 135.88 74.97 LR
7 145.88 74.97
8 155.88 75.31
9 165.86 75.99
10 175.80 77.00
11 185.71 78.36 i
12 195.57 80.05 . s
13 205.36 £82.07
14 215.08 84.42
15 224.71 87.10
16 234.25 90.11 :
17 243.68 93.4¢ el
18 252.99 97.09 N A
19 262.17 101.05 i qxﬁ;
20 271.22 105.32 . e
21 280.11 109.90 ! A
22 288.84 114.77 ; ‘

23 297.40 119.94



24 299.03 121.00 B RO ;
Circle center At X = 140.9 ; Y = 369.6 and Radius, 294.7 |
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Purdue University

--Slope Stability Analysis--
simplified Janbu, Simplified Bish
or Spencer's Method of Slices

Run Date: 4 APRIL 90
Time of Run: AFTERNOON
Run By: MIG

Input Data Filename: IN2
Output Filename: OUT2
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PROBLEM DESCRIPTION END OF CONSTRUCTION CASE W/EARTHQUAKE LO

ADING

BOUNDARY COORDINATES

4 Top Boundaries
26 Total Boundaries

Boundary X-Left Y-left X-Right
No. (ft) (ft)
1 9.00 79.00 72.00
2 72.00 80.00 86.00
3 86.00 80.00 289.00
4 289.00 121.00 414.00
5 9.00 79.00 46.00
6 46.00 66.00 72.00
7 46.00 66.00 53.00
8 £3.00 64.00 68.00
9 68.00 67.00 94.00
10 94.00 80.00 289.00
11 289.00 119.50 414.00
12 53.00 64.00 56.00
13 56.00 62.00 62.00
14 62.00 62.50 70.00
15 70.00 64.00 88.00
16 88.00 73.00 . 96.00
17 96.00 77.00 289.00
18 289,00 116.50 414.00
19 62.00 62.50 75.00
20 56.00 62.00 70.00
21 70.00 49.00 75.00
22 88.00 73.00 414.00
23 70.00 49.00 70.10
24 70.10 44.00 414.00
25 70.10 44.00 70.20
26 70.20 38.00 414.00

ISOTROPIC SOIL PARAMETERS

Y-Right

£0.00
80.00
121.00
121.00
66.00
£0.00
64.00
67.00
80.00
119.50
119.50
62.00
62.50
64.00
73.00
77.00
116.50
116.50
49.00
49.00
49.00
73.00
44.00
44.00
38.00
38.00

Soil Type
Below Bnd
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6 Type(s) of Soil $057-05 ! :
UMTRA-GRN i i

Soil Total Saturated Cohesion Friction Pore ° Pressure Piez}
Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface

No. (pcf) (pcet) (psf) (deg) Param. (psf) No.
1 130.0 B -0 38.0 .00 . 0 1l
2 130.0 .0 60.0 25.0 00 . .0 1
3 105.0 -0 .0 35.0 .00 o .0 1 i
4 115.0 .0 500.0 16.0 .00 .0 1l
5 115.0 .0 500.0 16.0 .00 .0 1l
6 100.0 .0 10000.0 .0 .00 .0 1

Searching Routine Will Be Limited To An Area Defined By 4 Boundaries
Of Which The First 4 Boundaries Will Deflect Surfaces Upward

Boundary X-Left Y-left X-Right Y-Right
No. (ft) (£t) (£t) (£t)
¥
1 9.00 79.00 $3.00 64.00 ;
2 53.00 64.00 70.00 49.00
3 70.00 4%.00 70.20 38.00
4 70.20 38.00 414.00 38.00

A Horizontal Earthquake Loading Coefficient
Of .100 Has Been Assigned

A Vertical Earthquake Loading Coefficient
Oof .000 Has Been Assigned

Cavitation Pressure = .0 psf

A Ccritical Failure Surface Searching Method, Using A Random
Technique For Generating Circular Surfaces, Has Been Specified.

90 Trial Surfaces Have Been Generated.

30 Surfaces Initiate From Each Of 3 Points Equally Spaced RN
Along The Ground Surface Between X = 10.00 ft.
and X = 70.00 ft.

Each Surface Terminates Between X = 290.00 f£t.
and X = 410.00 ft.

Unless Further Limitations Were Imposed, The Minimum Elevation
At Which A Surface Extends Is Y = 38.00 ft. B

10.00 ft. Line Segments Define Each Trial Failure Surface.

Restrictions Have Been Imposed Upon The Angle Of Initiation.
The Angle Has Been Restricted Between The Angles Of =15.0




4-5-40
M-
And =5.0 deg. ces1-o¥

v
VA4

Following Are Displayed The Ten Most Critical Of The Trial
Eiilgre Surfaces Examined. They Are Ordered - Most Critical
rst. ,

* ¢ Safety Factors Are Calculated By The Modified Bishop Method % #*

Failure Surface Specified By 30 Coordinate Points

Point X=Surf Y=Surf .
No. . (ft) (ft) i |
1 70.00 79.97
2 79.67 77.43
3 89.42 75.19
4 99.22 73.23
5 109.09 71.56
6 118.99 70.19
7 128.93 69.11
8 138.90 68.33
9 148.89 67.85
10 158.89 67.66
11 168.89 67.76 '
12 178.88 68.17 i
13 188.85 68.87 !
14 198.81 69.86 '
15 208.72 71.315 '
16 218.60 72.74
17 228,42 74.61
18 238.18 76.78
19 247.87 79.23
20 257.49 81.98
21 267.02 85.00
22 276.46 88.31
23 285,79 91.89 j .
24 '+ 295.02 95.75 C '
25 304.13 99.89
26 313.10 104.29
27 321.95 108.95
28 330.65 113.88
29 339.21 119.06
30 342.20 121.00

Ccircle Center At X = 160.3 ;7 Y= 404.7 and Radius, 337.1

kk% 1 2.249 hk&k

Failure Surface Specified By 31 Coordinate Points

Point X=surf Y=Surf

No. (£t) (ft)
1 70.00 79.97
2 79.66 77.38

3 89.39 75.07




| Y
g 99.18 ;i.gc M- i
109.03 .30 Cean
P 118.92 69.83 b- 540 !
Z 122.35 ss.gs U M A~GRPO
138.81 67.75
9 148.79 67.14 S051-0S
10 158.79 66.81
11 168.79 66.77
12 178.78 67.02
13 188.77 67.55
14 198.73 68.37
15 208.67 69.47
16 218.58 70.86 :
17 228.44 72.53 o
18 238.24 74.48 ; 4hy
19 247.99 76.71 SR B
20 257.67 79.22 :
21 267.28 82.01 o
22 276.80 85.07 '
23 286.23 88.40
24 295.56 91.99
25 304.78 95.86
26 313.89 99.98
27 322.88 104.37
28 331.73 109.01
29 340.46 113.90
30 349.03 119.04
31 352.09 121.00

Circle Center At X = 165.2 ; Y = 416.1 and Radius, 349.4

kkk 2.250 kkk

Failure Surface Specified By 31 Coordinate Points

Point X=Surf Y=Surf
No. (ft) (ft)
h | 70.00 79.97
2 79.66 77.38
3 89.39 75.07
4 99.18 73.03
5 109.02 71.26
6 118.91 69.77
7 128.84 68.56
8 138.79 67.63
9 148.77 66.97
10 158.76 66.59
11 168.76 66.49
12 178.76 66.68
13 188.75 67.14
14 398.72 67.88
15 208.67 68.90
16 218.59 70.19
17 228.46 T71.77
18 238.29 73.62
19 248.06 75.74
20 257.77 78.13 ) .
21 267.41 80.80 ﬁ
22 276.97 83.73

23 286.44 86.93




24
25
26
27
28
29
30
31

Circle Center At X =

295.82
305.11
314.28
323.34
332.27
341.08
349.75
357.02

k& 2.257

90.40
94.12
98.10
102.34
106.83
111.57
116.55
121.00

167.3 ¢ ¥

k%%

Failure Surface Specified By 26

Point X=-surf
No. (ft)
1 70.00
2 79.72
3 89.52
4 99.38
5 109.30
6 119.25
7 129.23
8 139.23
9 149.23
10 159.22
11 169.18
12 179.12
i3 189.00
14 198.83
15 208.58
16 218.25
17 227.83
18 237.29
19 246.64
20 255.86
21 264.93
22 273.85
23 282.60
24 291.18
25 299.57
26 302.18

Circle Center At X =

k& 2.278

Y=-8Surf
(ft)

79.97
77.62
75.62
73.96
72.66
71.70
71.10
70.85
70.95
71.41
72.21
73437
74.88
76.74
78.94
81.49
84.37
87.60
91.15
95.03
99.24
103.76
108.59
113.73
119.17
121.00

4"5.40 ol
MY < SETRAE
Ses10S o !
Uw{Taﬁrbﬂil

= 424.2 and Radius,

Coordinate Points

357.7

141.3 ; Y = 354.1 and Radius, 283.2

k&%

Failure Surface Specified By 31

Point X-Surf

No. (ft)
1 40.00
2 49.66

3

59.39

Y-Surf
(ft)

79.49
76.91
74.60

Coordinate Points

—-=.-_.
e e Wed o
L. ’-J



Circle Center At X =

k&%

69.18
79.03
88.92
98.84

108.80

118.78

128.77

138.77

148.77

158.76

168.73

178.68

188.59

198.46

208.29

218.06

227.76

237.39

246.94

256.41

265.78

275.05

284.22

293.26

302.18

310.98

319.63

326.83

2.282

72.57
70.81
69.33
68.13
67.20
66.56
66.19
66.11
66.30
66.78
67.54
68.57
69.89
71.48
73.35
75.49
77.90
80.59
83.55
86.77
90.26
94.01
98.01
102.28
106.79
111.55
116.56
121.00

136.8 ; ¥

k&%

Failure Surface Specified By 31

Point
No.

VOO HWLWN M

X=-Surf .

(ft)

70.00

79.69

89.44

99.25
109.10
119.00
128.94
138.90
148.88
158.87
168.87
178.87
188.86
198.83
208.78
218.70
228,57
238.40
248.18
257.90
267.55
277.13
286.62
296.03

Y=-Surf
(ft)

79.97
77 .49
75.27
73.31
71.63
70.21
69.06
68.18
67.58
67.24
67.18

MG
4-590 . -
<0870
ut&Tﬁ“ﬁ’Gﬂﬁ

= 422.6 and Radius,

Coordiﬁate Points

67.38 .

67.86
68.61
69.63
70.92
72.48
74.30
76.40
78.75
81.37
84.26
87.40
90.79

356.5

PP

remE s

&

NPt S

S



25 305.34
26 314.54
27 323.64
28 332.62
29 341.48
30 350.21
31 357.93

Circle Center At X =

*k& 2.286

94.44

98.35
102.50
106.89
111.53
116.41
121.00

166.3 ; ¥

L 1 3

Failure Surface Specified By 31

Point X-surf
No. (ft)
1 40.00
2 49,67
3 59.40
4 69.19
5 79.04
6 88.94
7 98.87
8 108.83
) 118.81
10 128.80
11 138.80
12 148.80
13 158.79
14 168.75
15 178.69
16 1g88.60
17 198.46
18 208.27
19 218.02
20 227.70
21 237.31
22 246.83
23 256.27
24 265,60
25 274 .83
26 283.95
27 292.95
28 301.81
29 310.55
30 319.14
31 323.13

Circle Center At X =

bkl 2.287

Y-Surf
(ft)

79.49
76.92
74.63
72.62
70.88
69.43
68.26
67.37
66.76
66.44
66.41
66.66
67.19
68.01
69.11
70.49
72.15
74.10
76.32
78.82
81.59
84.64
87.95
91.54
95.38
99.49
103.86
108.48
113.35
118.47
121.00

135.1 ; ¥

£ 3 3

Failure Surface Specified By 30

Point X-surf
No. (£t)

-E-9¢
$A36-

Ses oS
U RA-G2

= 435.4 and Radius, 368.2

Coordinate Points *

= 417.7 and Radius, 351.3 |

Coordinate Points



40.00 79.49

1

2 49.66 76.91 4-5-90

3 §9.40 74.62 U AT RA - (-2

4 69.19 72.61 Shish?

5 79.04 70.89 50570

6 88.94 69.46

7 98.88 68.32

8 108.84 67.47

9 318.82 66.92

10 128.82 66.65
11 138.82 66.68 ;
12 148.81 67.00 : LY
13 158.80 67.62 ' S
14 168.75 68.52 | b
15 178.68 €9.72

16 188.57 71.21

17 198.41 72.99

i8 208.20 75.05
19 217.92 77.40
20 227.56 80.03
21 237.13 82.95
22 246.61 86.14
23 255,98 89.61 ;
24 265.26 93.36 |
25 274.42 97.37
26 283.45 101.65
27 292.36 106.19
28 301.13 110.99
29 309.76 116.05 .
30 317.67 121.00

Circle Center At X = 132.8 ; Y= 408.0 and Radius, 341.4

kk%k 2.287 Ty

..
AT

Failure Surface Specified By 32 Coordinate Points

Point X=-surf Y=-Surf
No. (ft) (ft)
1 70.00 79.97
2 79,69 77.48 .
4 99,24 73.29 ,
5 109.09 71.59
6 118.99 70.14
7 128.92 68.97
8 138.88 68.05
9 148.86 67.41
10 158.85 67.03
11 168.85 66.91
12 178.85 67.06
13 188.84 67.48
14 198.82 68.16
1s 208,77 69.11 P
17 228.59 71.80 Rl
18 238.43 73.54 ) ’
19 248,23 75.55

20 257.97 77.81




&}%:;Elr‘ f i

21 267.65 80.33 : ’
22 277.26 83.11 M- 45790 Qf\
R men g s
25 305.59 92.96 UMTRA- (-RD |
26 314.84 96.74 i
27 324.00 100.77 i
28 333.04 105.04 '
29 341.96 109.55
30 350.76 114.29 \
31 359.44 119.27 ‘
32 362.27 121.00 | R
' o] a4
Circle Center At X = 168.2 ; Y = 442.4 and Radius, 375.5 | Y
kk % 2.291 k&%
Failure Surface Specified By 34 Coordinate Points
Point X-Surf Y-surf o i
No. (ft) (ft) Lo
1 40.00 79.49
2 £49.67 76.94
3 59.40 74.63
4 69.18 72.55
5 79.01 70.72
6 88.88 69.12
7 98.79 €7.76
8 108.73 66.65
9 118.69 65.78
10 128.67 €65.15 R
11 138.66 64.77 . iiabi
12 148.66 64.63 : | “iredak
13 158.66 64.73 : i
14 168.66 65.08 { o
15 178.64 65.67 j :
16 188.60 66.50
17 198.55 67.58 ‘
18 208.46 68.90
19 218.34 70.46
20 228.17 72.26
21 237.96 74.30
22 247.70 76.57 R
23 257.38 79.09 I S ;
24 266.99 81.84 i ‘
25 276.54 84.82
26 286.01 88.03
27 295,39 91.48
28 304.70 95.15
29 313.91 99.05
30 323.02 103.17
31 332.02 107.51
32 340.92 112.07
33 349.71 116.85
34 356.92 121.00 ' i
LT ™
Circle Center At X = 149.4 ; Y = 474.8 and Radius, 410.2 1A
: HE
| 1] L) -

kkdk 2.299 k&t ; P
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51.75

A 103.50
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-
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X 155.25

I 207.00

.2154..
..1584..
..2154..
..1574..
..21584..
..21584..
.e321584%
ee31.5.4 i
000-21050 . i
cee921.5
.e96215 - 2
.eo9321
.ee931
.ee62
000'9

s 258.75

310.50

R

F 362.25

% % *

000104+t FR NN EFLVLINFNILEN RIS
.N
-
-~

T 414.00

A Critical Failure Surface Searching Method, Using A Random
Technique For Generating Circular sSurfaces, Has Been Specified.

150 Trial Surfaces Have Been Generated.
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4-5-90 \ Y

¢ 08709 | Q)’, .
U MTRA- N - S
50 Ssurfaces Initiate From Each Of 3 Points Equally Spaced RS
Along The Ground Surface Between X = 73,00 ft. ! l‘?iﬁ
and X = 85.00 ft. L ewi

! »

Each Surface Terminates Between X = 290.00 ft.
‘ and X = 410.00 ft.

Unless Further Limitations Were Imposed, The Minimum Elevation
At Which A Surface Extends Is Y = 38.00 ft.

10.00 ft. Line Segments Define Each Trial Failure Sutface. ' !

Restrictions Have Been Imposed Upon The Angle Of Initiation.
§gg Angle gas Been Restricted Between The Angles Of =45.0
=-5.0 deg.

Following Are Displayed The Ten Most Critical Of The Trial ;
gzilgre Surfaces Examined. They Are Ordered - Most Critical !
rst.

* % Safety Factors Are Calculated By The Modified Bishop Method # *

Failure Surface Specified By 29 Coordinate Points

Point X=-Surf Y=-Surf
No. (£t) (£t) o
1 79.00 80.00 - ‘ }
2 87.78 75.21 ;
3 96.79 70.87
4 106.00 66.99
5 115.41 63.59
6 124.97 60.67
7 134.67 58.24
8 144.49 56.31
9 154.38 54.89
10 164.34 53.96
11 174.33 53.55
12 184.33 53.64 -
13 194.31 54.24 P
14 204.25 55.35 : ﬁjh;
15 214.12 56.97 { e 4
16 223.89 59.08 | e
17 233,55 61.69 :
18 243.06 64.79 -
19 252.39 68.37 Lo
20 261.54 72.41 ‘
21 270.47 76.92
22 279.15 81.88
23 287.57 87.27
24 295.71 93.08 .
25 303.54 99.30 i |
26 311.04 105.91

27 318.20 112.90




M)'I" P e ? N T !

' 4&-S40 i ! ‘
28 324.99 120.24 o505 ' V\‘V
29 325.63 121.00 V MTEA= RN

Circle Center At X = 177.5 ; Y = 249.9 and Radius, 196.4

*k&k i 1.980 L 11

Failure Surface Specified By 28 Coordinate Points

Point X-Surf Y=-Surf

No. (ft) (£t)

1 73.00 80.00 b |

2 81.95 75.53 - i

3 91.10 71.51 !

4 100.45 67.94

5 109.95 64.84

6 119.60 62.20 i : z

7 129.36 60.04 SRR : 1

9 149.15 §7.16 i 4

10 159.12 56.46

11 169.12 56.24

12 179.12 56.51

13 189.09 57.27

14 199.01 58.52

15 208.86 60.26

16 218.61 62.47

17 228.24 65.16

18 237.73 68.32 -

19 247.05 71.94 : b
20 256.18 76.01 otk
21 265.10 80.53 ; i gt
22 273.80 85.47 ; Lo
23 282.23 90.84 i

24 290.40 96.61 ; «

25 298.27 102.78

26 305.83 109.33

27 313.06 116.23

28 317.58 121.00

Circle Center At X = 168.6 ; Y = 260.3 and Radius, 204.0 :
3 : "'fi ‘ V i
k& 1.980  &%# f :

Failure Surface Specified By 28 Coordinate Points

Point X-Surf Y-Surf

No. (£t) (£t)
1 73.00 80.00 Ll
2 81.37 74.53 - L
3 90.05 69.56 S
4 99.01 65.12 o
6 117.63 57.86
7 127.24 55.06




nib- 1. . : )Q)

8 136.99 52.85 e t ‘ '

9 146.85 51.21 . 4-5~9p l %
B el @up S

6. 9 . . .

12 176.79 49.84 UMTRA-GRN - :
13 186.76 50.57 b N . |
15 206.49 53.78 ‘

16 216.18 56.26
17 225.70 59.31
18 235.03 62.92
19 244.13 67.07
20 252.96 71.75 ;
21 261.50 76.95 ;
22 269.72 82.65
23 277.59 88.82
24 285.08 95.45 .
25 292.16 102.51 b
26 298.81 109.98 5 g
27 305.01 117.82 | .y

_ 28 307.23 121.00 ! RSN
Circle Center At X = 169.5 ; Y = 218.5 and Radius, 168.8 C

kkk 1.980 &%+%

Failure Surface Specified By 27 Coordinate Points -

Point X=-surf Y=-surf

No. (£t) (£t)

1 73.00 80.00

2 81.85 75.34

3 90.94 71.17

4 100.24 67.50

5 109.73 64.34

6 119.37 61.70

7 129.15 59.58 ;

8 139.02 58.00 , b
9 148.97 56.96 : |~11$§
10 158.95 56.45 z e
11 168.95 56.49 i ; ]
12 178.94 57.07

13 188.87 58.19

14 198.74 59.85

15 208.49 62.04

16 218.12 64.75 !

17 227.58 67.98

18 236.85 71.72 |

19 245.91 75.96 i
20 254.73 80.69 . H " ‘
21 263.27 85.88 P ’ e

22 271.52 91.53 ‘ '

23 279.46 97.62

24 287.05 104.13

25 294,27 111.04

26 301.12 118.33

27 303.36 121.00

Circle Center At X = 163.3 ; Y= 240.8 and Radius, 184.4



%k

1.981

k&%

mat- 4lsido
$057-05
vWMTIRA ~6eR

Failure Surface Specified By 27 Coordinate Points

Point
No.

VONAMSBWN -

Circle Center At X =

%k &%k

X=-Surf
(ft)

73.00

8l1.61

90.50

99.65
109.01
118.57
128.28
138.12
148.04
158,02
168.02
178.00
187.94
197.80
207.54
217.13
226.54
235.73
244.67
253.34
261.70
269.73
277.39
284.66
291.51
297.93
299.69

1.981

Y=Surf
(£L)

80.00
74.91
70.34
66.29
62.79
59.84
57.46
55.65
54.42
53.78
53.72
54.24
$5.36
§7.05
59.32
62.15
65.54
69.48
73.95
78.94
84.42
90.39
96.82
103.68
110.96
118.63
121.00

164.0 ; Y

*%k*%

Failure Surface Specified By 27

Point
No.

WVORAU MW

X=-Surf
(ft)

79.00
87.30
95,93

104.86

114.05

123.47

133.07

142.83

152.71

162.67

172.66

182.66

192,62

202.50

Y=-Surf
(£ft)

80.00
74.42
69.37
64.87
60.93
57.56
54.78
52.61
$1.05
50.10
49.77
50.06
50.97
52.49

!

Y e

= 224.2 and Radius, 170.5

Coordinate Points

LI SN

A

DR 22 %Y

TR



¢ |
I &

15 212.27 54.63 _C4p

16 221.89 57.37 4 54 5 v Q)’

17 231.32 60.69 S$057-0 <
18 240.52 64.60 umteA- RN : :
19 249.47 69.07 !

20 258.12 74.09

21 266.44 79.63

22 274.40 85.68

23 281.98 92.21 .
24 289.13 99.20 e
25 295.83 106.62 i
26 302.07 114.44 a5
27 306.66 121.00 :

Circle Center At X = 173.0 ; Y = 210.9 and Radius, 161.2
'Y 1.992 k&

A.'.,_:. ; - +

Failure Surface Specified By 31 Coordinate Points ! !

Point X-surf Y-Surf
No. (£t) (ft) _
1 73.00 80.00 : .
2 81.17 74.23
3 89.64 €8.92
4 98.39 64.07 |
5 107.39 59.71 :
6 116.61 55.84 g
7 126.03 52.49 g
8 135.62 49.64 N
9 145-34 47033 | * ..
10 155.18 45.55 ;
11 165.11 44.31
12 175.08 43.61
13 185.08 43.45
14 195.07 43.84
15 205.03 44.77
16 214.92 46.24
17 224.72 48.25 O ;
18 234.39 50.79 e g ‘
20 253.25 57.43
21 262.38 61.50
22 271.27 66.07
23 279.91 71.12
24 288.25 76.63
25 296.29 82.58
26 303.98 88.97
27 311.32 95.76
28 318.28 102.95
29 324.83 110.50 P
30 330.97 118.39 Lot
31 332.78 121.00 , Ak
i Hyofae
Circle Center At X = 183.0 ; Y = 227.1 and Radius, 183.6 ok

kkk 1.993  ®%%




Failure Surface Specified By 31 Coordinate Points
Point X-surf Y-Surf MI - e 3
No. (£t) (£t) 4-5-9» -
1 79.00 80.00 £057-05
2 87.41 74.59 UHUTRA- GEN
3 96.09 69.62
4 105.01 65.10
5 114.16 61.06 :
6 123.50 57.49 ' !
7 133.01 54.42
8 142.67 51.84
9 152.46 49.76
10 162.33 48.20 : -
11 172.28 47.15 ! SRR
12 182.26 46.61 g ey
13 192.26 46.60 i .
14 202.25 47.10 ! :
15 212.20 48,12 - ; Lo
16 222.08 49.65 i
17 231.87 51.69 o
18 241.54 54.24
19 251.07 57.29
20 260.42 60.82
21 269.58 64.84 :
22 278.52 69.32 e
23 287.21 74.26 : i
24 295.64 79.65 '
25 303.77 85.47
26 311.59 91.69
27 319.08 98.32
28 326.22 105.33 i
29 332.98 112.69 !
30 339.36 120.40
31 339.80 121.00
Circle Center At X = 187.6 ; Y = 239.4 and Radius, 192.9 :
kkk 1.993 T2 ; Vi
; 3ﬁK;

Failure Surface Specified By 26 Coordinate Points

Point X=-surf Y=Surf
No. (ft) (£t)
Syt i
1 85.00 80.00 S IRE
2 93.67 75.01 .
3 102.62 70.55
4 111.82 66.63
5 121.24 63.28
6 130.85 60.51
7 140.60 58.31
8 150.47 56.71
) 160.42 85.71
10 170.41 55.30
11 180.41 $5.50
12 190.38 56.31

13 200.28 57.71




14
15
16
17
18
19
20
21
22
23
24
25
26

210.08
219.74
229.23
238.51
247.55
256.31
264.77
272.89
280.64
288.00
294.94
301.43
304.20

$9.70
62.29
65.45
69.17
73.45
78.27
83.60
89.44
95.75
102.52
109.73
117.33
121.00

Tl
4-5-90
$0%51-05
UMTRA= G

A

ray

booRedEa b

3

Circle Center At X = 172.1 ; ¥ = 221.2 and Radius, 165.9

k&

1.997

k&%

Failure Surface Specified By 29

Point

No.

VO WN =

Circle Center At X =

kk&k

X=-Surf
(ft)

85.00

93.58
102.42
111.50
120.79
130.26
139.89
149.65
159.52
169.46
179.44
189.44
199.43
209.37
219.25
229.03
238.69
248.19
257.51
266.63
275.51
284.13
292.47
300.50
308.20
315.55
322.52
329.10
331.09

1.998

Y=-Surf
(ft)

80.00
74.86
70.18
65.99
62.29
59.09
56.40
'54.23
52.59
51.48
$0.90
50.85
51.34
52.37
53.93
56.01
58.61
61.73
65.35
69.46
74.06
79.13
84.65
90.60
96.98
103.77
110.93
118.46
121.00

Coordinate Points

185.3 ; Y = 237.6 and Radius,

hk&k

186.7

“-'r'.';
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A Critical Fallure Surface Searching Method, Using A Random 3Rf$}
Technique For Generating Circular Surfaces, Has Been Specified. #?uf

150 Trial Surfaces Have Been Generated. 5 j

75 surfaces Initiate From Each Of 2 Points Equally Spaced ?
Along The Ground Surface Between X = 86.10 ft.




1 |
4-S-90
and X = 86.20 ft. ¢ps0S

GMTRASRE
haf

Each Surface Terminates Between X = 290.00 £t." "' ,
and X = 410.00 ft. : -

Unless Further Limitations Were Imposed, The Minimum Elevation
At Which A Surface Extends Is Y = 38.00 ft.

10.00 ft. Line Segments Define Each Trial Failure Surface. ‘

Restrictions Have Been Imposed Ugon The Angle Of Initiation.
§g§ Angle gas Been Restricted Between The Angles Of =5.0
6.0 deg.

Following Are Displayed The Ten Most Critical Of The Trial
giilgre Surfaces Examined. They Are Ordered - Most Critical
rst.

* + Safety Factors Are Calculated By The Modified Bishop Method

l 7 '; 3% 1.

Failure Surface Specified By 23 Coordinate Points

Point X=Surf Y-surf
No. (£ft) (ft)
1 86.10 80.02
2 96.05 80.97
3 106.00 82.02
4 115.93 83.17
5 125.86 84.41
6 135.77 85.75
7 145.66 87.18
8 155.55 88.71 -
9 165.41 90.33 !
10 175.26 92.05 ;
11 185.10 93.86 o
12 194.92 95.77 bt
13 204.71 97.77
14 214.49 99.87
15 224.25 102.06
16 233.98 104.35 o
17 243.70 106.73 L ooadr R ;
18 253.38 109.20 S A :
19 263.05 111.77 ! !
20 272.69 114.42 .
21 282.30 117.18
22 291.89 120.02
23 295.08 121.00

Circle Center At X = =7.8 ; Y = 1112.5 and Radius, 1036.7

tk& 2.209 13
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Failure Surface Specified By 24 Coordinate Points

Point X-surf Y-surf Wb
No. (ft) (£t) 4-s-90
1 86.10 80.02 VTR A= (-ps)
2 96.06 80.95 Eo57105%
3 106.01 81.97 o
4 115.94 83.07 il
5 125.87 84.27 PR ‘
7 145.69 86.93 a i
8 155.59 88.39
9 165.47 89.95
10 175.33 91.59
11 185.18 93.32
12 195.01 95.13 ;
13 204.83 97.04 :
14 214.63 99.03
15 224.41 101.11
16 234.17 103.28
17 243.91 105.54 , .
18 253.63 107.89 fonges
19 263.33 110.32 ! H&ﬁﬁ
20 273.01 112.84 ? Pk
21 282.67 115.44 i '
22 292.30 118.13 i -
23 301.90 120.91 ,
24 302.20 121.00 '

Circle Center At X = -12.3 ; Y = 1189.2 and Radius, 1113.5

hhk 2.266  kkk

Failure Surface Specified By 23 Coordinate Points

Point X=-surf Y=Surft
No. (£ft) (ft)
1 86.10 80.02 |
2 96.08 80.61 L
3 106.06 81.33 e
4 116.02 82.18 | 4&@»
5 125.97 83.15 , i1
6 135.91 84.26 | I
7 145.84 85.50 ; i
8 155.74 86.86 , ' -
9 165.63 88.35 I
10 175.50 89.97
11 185.34 91.72
12 195.17 93.60
13 204.96 $5.60
14 214.73 97.74 o
15 224.47 99.99 e
16 234.19 102.38 L % : i
17 243.87 104.89 e ; |
18 253.51 107.52
19 263.12 110.28
20 272.70 113.17

21 282.24 116.18




M-

«'5"% g ,'V\
22 291.73 119.31 UTL A~6-e ; Q? f
23 296.64 121.00 5057-0S ,

Circle Center At X = 45.7 ; ¥ = 849.2 and Radius, 770.2

k& 2.269 ek

Failure Surface Specified By 23 Coordinate Points ‘ ?;j
RE T P

|
Point X-Surf Y-Surf :
No. (£t) (ft) i
1 86.10 80.02
2 96.08 80.60 i ;
3 106.06 81.30 AR | |
4 116.02 82.13 o L i I
5 125.98 83.08 'j f ?
6 135.92 84.16
7 145.85 85.37
8 155.76 86.69
9 165.65 88.15
10 175.53 89.72
11 185.38 91.42
12 195.21 93.25
13 . 205.02 95.20
14 214.81 97.27
15 224.56 99.46 o
16 234.29 101.78 , Ao
17 243.99 104.22 - 1 gl
18 253.66 106.77 ' S
19 263.29 109.46 ;
20 272.89 112.26
21 282.45 115.18 y
22 291.98 118.22 :
23 300.32 121.00

Circle Center &t X = 45.1 ; Y = 874.8 and Radius, 795.9

] L T

kkk 2.290  &%k+% t <

Failure Surface Specified By 23 Coordinate Points

Point X=-Surf Y=-Surf ‘

No. (£t) (£t)

1 86.20 80.04 -
2 96.20 80.22 : :
3 106.19 80.57 ;

4 116.18 81.10 : _
5 126.15 81.80 | i
7 146.06 83.72 f
8 155.99 84.94 S .
9 165.89 86.34 ' |

10 175.76 87.90 ’

11 185.61 89.64

12 195.43 91.55

%
la

« e




13
14
15
16
17
18
19
20
21
22
23

Circle Center At X =

205.21
214.95
224.66
234.31
243.93
253.49
263.00
272.46
281.85
291.19
293.86

k& 2.292

93.63

95.88

98.30
100.89
103.65
106.57
109.66
112.92
116.34
119.92
121.00

81.0 ; ¥

kkk

Fallure Surface Specified By 23

Point X=-Surf
No. (£t)
1 86.20
2 96.19
3 106.18
4 116.15
5 126.12
6 136.07
7 146.00
8 155,92
9 165.82
10 175.70
11 185.56
12 195.39
13 205.19
14 214.97
15 224.71
16 234.42
17 244.10
18 253.73
19 263,33
20 272.89
21 282.41
22 291.88
23 299.29

Circle Center At X =

*kk 2.296

Y=Surf
(£t)

80.04
80.46
81.02
81.72
82.56
83.55
84.67
85.94
87.35
88.90
90.59
92.43
94.40
96.51
98.76
101.15
103.68
106.34
109.14
112.08
115.16
118.37
121.00

62.0 ; ¥

kk&

Failure surface Specified By 23

Point X-surf

No. (ft)
1 86.10
2 96.10
3 106.10

Y=-Surf
(ft)

80.02
79.77
79.72

M-

459 . @
un&T&ﬂPCﬁ@ﬂ
[ Ly -4 'f?

= 653.7 and Radius,

Coordinate Points

= 781.1 and Radius,
Y S

Coordinate Points
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573.7

701.5
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£
| hﬁkz
4 116.10 79.88 ‘255(’:1 y ")m-
5 126.09 80.25 0 Ry ]t
_6' %36.07 gg.gs v m‘m-ﬂ—érw ! b
46.04 [ 2 o - Ef [ i . “
8 155.99 82.62 5057 U i
9 165.92 83.83 |
10 175.82 85.24
11 185.69 86.86 _
12 195.52 88.68 it
13 205.31 90.71 e FOL ;
14 215.06 92.95 SRR |
15 224.75 95.39 | '
16 234.40 98.03 - -
17 243.99 100.87 '
18 253.51 103.91
19 262.97 107.15
20 272.37 110.59
21 281.68 114.22 i
22 290.92 118.04
23 297.66 121.00
Circle Center At X = 103.3 ; Y = 558.0 and Radius, 478.3 SR
|
L 1 13 2.332 k% ;

Failure Surface Specified By 24 Coordinate Points

Point X-Surf Y=-Surf

No. (£t) (ft) ;

1 86.10 80.02 Pk ; 1

2 96.07 80.74 s |

3 106.04 81.57 : :

4 116.00 82.50

5 125.94 83.52

6 135.88 84.65 :

7 145.81 85.87 i

8 155.72 87.20 -

9 165.61 88.63 '

10 175.50 90.15

11 185.36 91.78

12 195.21 93,51 , _—
13 205.05 95.33 : 1 s
14 214.86 97.26 | A
15 224.65 99.28 ; { o
16 234.43 101.40 | ke
17 244.18 103.62 |

18 253.90 105.94 : i

19 263.61 108.35 A ;
20 273.29 110.87 S i

21 282.94 113.48 . !
22 292.56 116.19

23 302.16 119.00 ,

24 308.77 121.00 L

**;r

AR |
Circle Center At X = 19.3 ; Y = 1068.8 and Radius 991.0 . .‘

k& & 2.332 %%k




Failure Surface Specified By 23 Coordinate Points f‘b
Point X-Surf Y-Surf M- T .
No. (£t) (ft) 4-5-90 ! g
UMTRA - 60 ! 1&%?
1 86.20 80.04 ! R
2 © 96.19 79.59 €0%7-05 | o
3 106.19 79.37 i L
4 116.19 79.38 P
5 126.18 79.62 1 ;
6 136.17 80.10 T e i
7 146.15 80.81 '
8 156.10 81.74
9 166.04 82.91 o
10 175.94 84.31 . ;@i- :
11 185.80 85.95 Pie i
12 195.63 87.80 “ &
13 205.41 89.89 : !
14 215.14 92.20
15 224.81 94.74
16 234.42 97.50
17 243.97 100.49 ;
18 253.44 103.69 i
19 262.83 107.12 :
20 272.15 110.76
21 281.37 114.62
23 295.38 121.00

Circle Center At X = 110.7 ; Y = 509.9 and Radius, 430.5 |

22 290.51 118.69 i
o
: f

' TY 2.337 kkk

Failure Surface Specified By 23 Coordinate Points

Point X=-surf Y-Surf G
No. (£t) (£t) - .g
1 86.10 80.02 '
2 96.08 79.43
3 106.08 79.09
4 116.08 - 79.00
5 126.08 79.16
6 136.07 79.57
7 146.05 80.22
8 156.01 81.12
9 165.94 82.28
10 175.84 83.67
11 185.70 85.32 ;
12 195.52 87.21 ' f H:
14 215.01 91.72 1 -
15 224 .66 94.33 o
16 234.24 97.19
17 243.75 100.28 ~
18 253.18 103.61 i
19 262.52 107.18 '
20 271.78 110.97
21 280.93 115.00

22 289.98 119.25 ; i




23

Circle Center At X = 114.7 ; Y = 480.7 and Radius, 401.7

*kk
X .00
51.75
A 103.50
X 155.25
I 207.00
S 258.75
310.50
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{.
A Critical Failure Surface Searching Method, Using A Randonm

Technique For Generating Circular Surfaces, Has Been Specified.

150 Trial Surfaces Have Been Generated.

75 Surfaces Initiate From Each Of 2 Points
Along The Ground Surface Between X =

and X = 86.20

Each Surface Terminates Between X = 290.00
and X = 410.00

86.10 £

Egually
ft.

ft.
ft.

i
l
. Spaced

t

i
i
!
i

Unless Further Limitations Were Imposed, The Minimum Elevation
At Which A Surface Extends Is Y = 38.00 ft.

10.00 ft. Line Segments Define Each Trial Failure Surface.

Restrictions Have Been Imposed Upon The Angle Of Initiation.

The Angle Has Been Restricted Between The An
And -5.0 dego

gles Of -45.0

Following Are Displayed The Ten Most Critical Of The Trial

Failure Surfaces Examined.

First.

They Are Ordered - Most pritical

{7

!
v

\r\Str
&S50
go$1vb

e &
|

* &« Safety Factors Are Calculated By The Modified Bishop Method * *

Failure Surface Specified By 27 Coordinate Points

Point X-sSurf Y=-Surf
No. (£t) (£t)
l 86.20 80.04
2 94.77 74.88
3 103.62 70.23
4 112.74 €66.12
5 122.08 62.56
6 131.62 £59.55
7 141.32 57.12
8 151.14 55.27
) 161.06 $4.00
10 171.04 53.32
11 181.04 $3.24
12 191.03 53.75
13 200,97 54.84
14 210.82 56.53
15 220.56 58.80
16 230.15 61.64
17 239,55 65.04
18 248.74 69.00
19 257.67 73.49
20 266.32 78.51

| ‘»‘ ”f’ '

et el




21 274.66 84.03 MG A

22 282.66 90.03 4-5-%o Qf}
23 290.29 96.50 5057-05

24 297.52 103.41 U MTRA- N i

25 304.32 110.73

26 310.69 118.45 !

27 312.55 121.00 |

Circle Center At X = 177.5 ; Y = 221.8 and Radius, 168.6
1

k& & | 1.998 122 ‘ E

Failure Surface Specified By 27 Coordinate Poipts;ﬁii;f' . ;
S RS
i

Point X-Surf Y=-Surf :

No. (£ft) (ft)
1l 86.10 80.02 '
2 94.95 75.36 o
3 104.04 71.20 !
4 113.35 67.54
5 122.84 64.39 :
6 132.49 61.77 |
7 142.27 59.69 -
8 152.15 58.14 i
9 162.10 57.14 | ;“»P:
10 172 e 09 56. 69 | A’?I B &
11 182.09 56.78 ! o che
12 192.07 57.43 ! 1
13 202.00 58.62 L I
14 211.85 '60.35 ok
15 221.58 62.62
16 231.18 65.43
17 240.61 68.75
18 249.85 72.59
19 258.86 76.93 o g
20 267.62 81.75 Pl
21 276.10 87.05 S '
22 284.27 92.81 .
23 292.12 99.01
24 299.62 105.62
25 306.74 112.64
26 313.47 120.04 ' l
27 314.24 121.00 :

Circle Center At X = 175.4 ; Y = 238.8 and Radius, 182.2

kk% 1.999 k%% e
; vy
| et
. B
Failure Surface Specified By 27 Coordinate Points o
Point X-sSurf Y-Surf A !
No. (£L) (£t)
1 86.20 80.04
2 g4.68 74.74

3 103.46 69.95




LYY N

‘.L'x-A'» i

-y
v‘w -
£

4 112.51 65.69 R
5 121.79 61.97
g 13%.37 sa.sg £057-4S
140.93 56.2 -
8 150.72 54.18 J MTRA I
9 160.62 52.74 ‘ ;
10 170.58 51.88 : ;
11 180.58 51.62 :
12 190.57 51.94
13 200.53 52.86 ,
14 210.42 54.36 |
15 220.20 56.44 b
16 229.84 59.10 ' nopidh o
17 239.30 62.33 l w
19 257.58 70.42 | I
20 266.33 75.26 - ! !
21 274.78 80.61 oo :
22 282.90 86.46 : |
23 290.65 92.77 i
24 298.02 99.52
25 304.98 106.71
26 311.51 114.29 iy
27 316.63 121.00 ,,z., : I
Circle Center At X = 180.1 ; Y= 220.8 and Radius, 169.2
k% 2.001 k%
Failure Surface Specified By 28 Coordinate Points
t
Point X=-surf Y=-Surf I';;w
- E-
1 86.20 80.04 | s
2 94.72 74.81 ! ;
3 103.52 70.06
4 112.57 65.81 ,
5 121.85 62.07 ‘
6 131.32 58.86
7 140.95 56.18
8 150.72 54.04
9 160.59 52.45
10 170.54 51.41 SR : i
11 180.53 50.94 A !
12 190.53 51.02 o |
13 200.51 51.66
14 210.44 52.85
15 . 220.28 54.60
16 230.02 56.90
17 239.61 59.73
18 249.02 63.10
19 258.24 66.99
20 267.22 71.38
21 275.94 76.27 »
22 284.38 81.64 P
23 292.50 87.48 dhoat
24 300.28 93.75 : ! TEsgh
25 307.70 100.46 ! -&gkz
26 314.74 107.56 , s
27 321.37 115.05 ! ;

28 326.07 121.00




Y IR i ,'}-
Circle Center At X = 184.1 ; Y = 229.9 and Radius, 179.0 G ,
{ 1
M-
110 2.001  %&% 4-S-90
SosT-05 i | i ' '
uMTRA S | ’
Failure Surface Specified By 29 Coordinate Points ‘
Point X-surf Y-surf - - :
No. (£t) (£t) : 4
1 86.10 80.02 !
2 94.44 74.50
3 103.08 69.48
4 112.00 64.95 "
5 121.17 60.95 i ol
6 130.55 57.48 | R4
7 140.11 54.56 ! ikt
8 149.83 52.19 | St
9 159.66 50.39 @ ;e
10 169.59 49.15 ; T
12 189.56 48.40 !
13 195.55 48.89 :
14 209.50 49.95
15 219.36 51.59 i
16 229.12 53.78 S
17 238.73 56.54 bagriheg j
18 248.17 59.84 o
19 257.40 63.68
20 266.40 68.05
21 275.13 72.93
22 283,56 78.30 :
23 291.68 84.14 - :
25 306.83 97.19
26 313.81 104.34
27 320.38 111.89
28 326.50 119.79
29 327.32 121.00 g
Circle Center At X = 186.1 ; Y = 222.1 and Radius, 173.7 | 1}* e
kk%k 2.009 L 2 1 4 ; ‘

s

ol
Failure Surface Specified By 26 Coordinate Points

el

Point X-Surf Y-Surf R :

No. (£t) (£t) *sry-,1r ’
1 86.10 80.02 s ;
2 94.53 74.63
3 103.28 69.81
4 112.34 65.56 :
5 121.65 61.91 !
6 131.18 58.87 ; !
7 140.88 56.46
8 150.72 54.69




i

13 138.gg 53.56 M-

170.65 53.08 .
11 180.64 63.24 4-S-9o
g 198.61 54 .gs S057-S

200.50 55.52 - C-RN
14 210.28 57.63 ¥ MTRA
15 219.90 60.36
16 229,32 63.72 - !
17 238.50 67.68 boo, ‘
18 247.41 72.22 - | |
19 256.00 77.34 |
20 264.24 83.01 |
21 272.09 89.20 o ,
22 279.53 95.88 R f
23 286.52 103.04 oea iy ;
24 293,02 110.63 I ;
25 299.02 118.64 e ' ;
26 300.56 121.00 -

Circle Center At X = 173.1 ; Y = 206.8 and Radius, 153.7 i

k& 2.012 kk&

Failure Surface Specified By 29 Coordinate Points

Point X-surf Y-surf !
No. (£t) (£t) :
1 86.20 80.04 b
2 94.55 74.54 i
3 103.20 69.52
4 112.11 64.98
5 121.26 60.95 ,
6 130.62 57.42 Lt
7 140.16 54.43 boaw 1 f
8 149.85 51.96 . !
9 159.67 50.04 -
10 169.57 48.67
11 179.54 47.85
12 189.53 47.58
13 199.53 47.87
14 209.49 48.72
15 219.40 50.11
16 229.21 52.05
17 238.89 54.54
18 248.43 57.56 | s
19 257.78 61.10 r i
20 266.92 65.15 | rﬁ?%;
21 275.82 69.71 | g
22 284 .45 74.76 i -
23 292.80 80.27 ~ l L
24 300.82 86.24 - '
25 308.50 92.65 boel .
26 315.81 99.47 e |
27 322.73 106.69
28 329.24 114.28
29 33¢.38 121.00

Circle Center At X = 189.3 ; Y = 227.7 and Radius, 180.1

i
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*hk 2.014  *k% oA | o
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Failure Surface Specified By 28 Coordinate Points : |

Point X=-surf Y-Surf , ,

No. " (£t) (£t)
1 86.10 80.02 I
2 94.35 74.36 l s
3 102.91 69.20 2
a 111.77 64.56 | i
5 120.89 60.46 | =
6 130.23 56.90 , A
7 139.77 53.90 e _

8 149.48 51.48 | ~ 5

9 159.30 49.63 i

10 169.23 48.37

11 179.20 47.71 -

12 189.20 47.63 s

13 199.19 48.16 . )~g:%ip

14 209.13 49.27 R '

15 218.98 50.97 ! |

16 228.72 53.25

17 238.30 56.11 ~

18 247.70 59.53 |

19 256.87 63.50

20 265.80 68.01

21 274.44 73.05

22 282.77 78.58

23 290.75 84.61

24 298.36 91.09 -
25 305.58 98.02 ke
26 312.37 105.36 IR

27 318.71 113.09 Dl

28 | 324.45 121.00 t

|

Circle Center At X = 185.4 ; Y = 215.9 and Radius, 168.3
i

kkk 2.014 kkk

}‘,};i s
o 5 3 I

Failure Surface Specified By 30 Coordinate Pointd i

Point X=-Surf Y=Surf

No. (£t) (£t)
1 86.10 80.02 :
2 94.56 74.69 - j !
4 112.26 65.39
5 121.45 61.44
6 130.83 57.97
7 140.37 54.99 ; ke
8 150.06 52.52 , g1 3
9 159.86 50.54 ] 133 4
10 169.76 49.08 ‘ il
11 179.71 48.13 ! :
12 189.70 47.70 '

i3 199.70 47.78 i




14 209.68 48.39 oy
15 219.62 49.51 4’5-q°i'”%13- | : Q?

16 229.49 51.14 UMTRAEERE Lo

17 239.25 53.29 ‘ [

18 248.90 55.94 So51-05 v

19 258.39 59.08 .

20 267.71 62.71 s j '

21 276.82 66.82 rfgy@4|4 |

22 285.72 71.40 T |

23 294.36 76.43 S : |

24 302.73 81.90 E -

25 310.80 87.80 -

26 318.56 94.11 s :

27 325.98 100.81 '
28 333.05 107.89

29 339.73 115.32 .

30 344.33 121.00

circle Center At X = 193.0 ; Y = 240.6 and Radius, 192.9 °

i
k&% 2.017 ' T I .4;:'*

Failure Surface Specified By 29 Coordinate Poi?yg_ ,

Point X-surf Y-Surf
No. (£t) (£t)
1 86.20 80.04 o
2 94.49 74.44 Perusi
3 103.07 69.32 e
4 111.94 64.68 :
5 121.05 60.56
6 130.37 56.95
7 139.89 53.88 i
8 149.56 51.35 |
9 159.36 49.36 : j
10 169.26 47.93 ﬁ
11 179.22 47.06
12 189.22 46.76
13 199.21 47.01 .
25 1008 = ds.21
5 (] [ : I;:l,j‘ _':-:
16 228.90 51.15 | 4&&;@
17 238.58 £3.63 .:,.,i:
18 248.11 56.66 i !
19 257.46 60.22 \ | ok
20 266.59 64.30 R PO ;
21 275.47 68.89 T |
22 284.09 73.97 =
23 - 292.40 79.52
24 300.39 85.54
25 308.02 92.00 . "’ Ca ' i
26 315.28 98.88 g . | 1
27 322.14 106.15 R : ;
28 328.58 113.80
29 333.97 121.00

circle Center At X = 189.7 ; Y = 224.2 and Radius, 177.4

kkk 2.017 k%%
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LURPOSE i THis evelualion defermines adeguate sei/ stfrevgrs
Va//uﬁfl srr .:/a/oe _s'fa.él/lzfv aﬂo/f:/'s/ f Fie /}f'y’/afe
reden barrier of Fhe Green Fiver, Uraf s

GIVED

A, faden Sarrier /5 compacled Fo [0O ) or move of smaxinuem
dry olensity by ASTI DEFE (CepstrucVim Specificalion
Section 02200 , Rev. <)

8. Soils from JFE€ berrow sownce are wmended with &€/

éy Welj/!f of 66;77‘5‘)7/% /_{fen'ﬁ'caflb‘n Sectrion OZZDO/ Re V. 5)

. Aeferences :

C-1: U.S. Department of Energy, Februat /?28 Lemediad
Aclien FPlan aand Frunadf De;/ fn{
Fhe Traclive Urastiiem M0/ /1{}5 pf er&h /en’ef‘

_Utah ;/ﬂa—/ LeMTRA -DOE/JA OEO0S5/0. GRAO,

A/Juo,qerzae/ M.

C-2. chen and ﬂ}:&c/de:/ Defober 28, /787, Labdovater
Test Lesutts, (Zables’ T, I0,¢ X, pled Agures 514
/rw/u::ve)/ \706 e, y 620 8? Ereen piver, ot
(TIKE Doc.’Mo. S057- GLN-C- 09% 00422-00)

L Copy atfached) (* penver)

C-3 : chen and Af;x/aff.s féér‘WJ /5 /988 “lLalboret
7és7‘n2] y, ALadon Zuner SAloterials &{M /57 Fresec?,

EreeF Biver, itfak PO ¥ 3p5° Zer-eq02’ Co. .f

Tob. Mo. 1 104 887 Y penrer, Cofevads (MKE Dec. ‘4.
5057 -GN- 107 - 00F09-00) ( Eopy atlached)

C-4 : chen and Asseciatts, Jancar 27, /735 /aér/a/c/j 7€57‘m‘7
Faden Earrer Ma/ rm/s uriips /r Jed Grew Liver wted’
PO. ¥ 250-51- 9502 c.0. 5) Job Wo. [ 10488, Denver, ! Gotirach,
(HEE Doc. o, S057-680-L-09- 0163500 )y Aecked)
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C. Sfress range of snferes? : Jhe maxiuert Iy and W'
values of sateres’? are a/,ﬁ,o,f,md/eﬁ as fo/Vrvs, for
2! thick raden borrier covered by /' of rpryp ond
0.5" of beddmg 4.5 x /30 pef = SBS psf

4 By inspection of disposal cell )pef/'mefe{‘ Consfrectren
details and avarfable .:frwjﬂ d=afa, fhe sminor
ermound of pore deeply buried reden barrrer wil/
pot control She crifical case ﬁ»;/yae .5‘7'2/6:7")9)

D. 7X UL shear sTreng 72 wit! no? confre/ fhe short-ferm
shpe stabilty besed on 1) avaifable dafa sfrwms
TXA/ UL shear sfrenglh  greafer fham TX /U shear
strendh ot Jfow sfess /eve/‘/ and 2) Fe expected
jrcréase jn TXSUUL stremth dwe fo srcreased /»%rs;‘ae/j«
feom 37 bendmie Ffo GA bestomte ((5u/F increases
w'Th jnereasivg //asf'fa"f] , see sheel c- 8).

E. Adjust TXACU results (effective and fofal stresses) for
sreased bertorite from I (TRACU semples) fs £
(n-place racen bovrier) !

. Aferbecy fymt data are et avalalbfe for sotf
with 2 Jo berdonife.  for af/rox/'maje PUTpes€ s, —3>
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HEAR STREN 39
Table 3.3 Undrained Shear Strength of Solls.

UMTRA - &8N <sos?
SLOPE STABILITY

\_/ !
' UNDRAINED SHEAR
: CONSISTENCY STRENGTH, tsf FIELD TEST
b very soft | 0-1 Squeezed between fingers when fist is closed
: Soft 1-2 Easily molded by fingers ‘
$- Fim 2-4 Molded by strong pressure of fingers
—T1 - Stiff 4-6 Dented by strong pressures of fingers |
- Very stiff 6-8 Dented only slightly by finger pressure
Hard g* Dented only slightly by pencil point
. (Afier Sowers, 1979; 1 isf = 95.8 kPa)
.« {
Co 0.5
.~ \‘
i 0.4 _
]
f 0.3 [ —
H . . m: o' 2 _—
0.1
0
0 10 20 30 40 50 60
PLASTICITY INDEX, %
FIGURE 3.13. Plasticity index versus s,/p. (After Bjerrum and Simons, 1960)
~ ! 1.0 N
: ’
. 0.8
i oe N
¢ .
" 'S 0.4 — | G
— .
] v
" 0.2 N
0 -
——- .o 0 20 40 €0 80 100 .120 o
1 of : LIQUID LIMIT, % S
i FIGURE 3.14. Liquid limit versus s,/p. (Afier Karlsson and Viberg, 1967) §
|- ; W
L \&““ -
. 5 S <Gverage
1wt
| 8le ZE -
| S T
I e~
1
L
ol
‘ . 0 2 4 8 8 10 12
[\ | OVERCONSOLIDATION RATIO
FIGURE 3.15. Relationship between overconsolidated and normally consolidated s,/p. (After

Ladd and Foott, 1974)
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) (entinued)—>  wse e approximafe jwerease n plasticts
from O do 6 Jo bendoute F esfimate reductiom
in sin F' (accordng o Ref €€ Fy. /4.) ~sec sheet <= (0 )
From _shect c- (I, :
Average PL (no benton'fe, // M//BS) = 9

Averese BPL ((€ho bordmte , 3 sespfes) = ZO
(rf:n:/ wp due fo //;m/;/ea’ Jazé) )

2. Jfer (M?fa/r/.'sml check sin ¢, and .PI for Jm/a/é.!
w1 bout é@rdeml'ff aJ('fK /Pab/'.'s[&o/ Sata /568 P Cc- /0 )

(assume & =0)

SAMPLE Y7 -
Wo. (oheet ) (sheet C=[2)
£ RADBoR 4 37 ° > out of range o'f/m.b//'s/:?o/
Jdafs
7 4AbBoR /2 3¢° - ( conpores wel! #o
GRNOG 02-0] 19 33° publited dofa

3. frem p. C- )0 ) wuse relationship shnon by dashed [inc

/o estwefe reduced g! -
RL= 7  sin §’= 059 F's 3¢
P 30 sin @' 2 O.47 p'= z&°

&)
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example plane strain versus triaxial compres-
sion). The strength of saturated clay is in-
fluenced most by drainage conditions, disturb-
ance (which is manifested by a change in effec-
tive stress and a loss of cementation), over-
consolidation ratio, and creep effects. The peak
strength of a clay may be considerably greater
than the strength after very large strain or
shear displacement.

2. In the absence of chemical cementation be-
tween grains, the strength of sand and nor-
mally consolidated clay depends directly on
effective stress,

ry = ¢y tan ¢’ - (14.8)

where the primes designate efiective stresses.

8. The peak value of ¢’ for clays decreases with
increasing plasticity index and activity, as may
be seen in Fig. 14.1.

4. The residual friction angle decreases with in-
creasing plasticity as shown in Fig. 14.2. The
residual strength is the shear strength along 2
well-defined failure surface at large displace-
ments. It is independent of stress history and
original structure. For a given set of testing
conditions it depends only on composition and
effective stress. :

5.

cv0
AEL -5-20-50

Vi ~/~ .?,»

The post-peak shearing displacement required
to cause a reduction in friction angle to the
residual value varies with soil type, mormal
stress on the shear plane, and test conditions.
For example, for shale mylonite in contact with
smooth steel or other polished, hard surfaces, a
shearing displacement of only 1 or 2 mm is
sufficient to give residual strength (Deere, 1974,
personal communication). For soil against soil,
however, a slip along the shear plane of many
centimeters may be required; as shown by Fig.
14.5.

Failure envelopes for peak and residual values
of friction angle are curved in the manner
shown in Fig. 14.4. This behavior in sands can
be caused by dilatancy effects and, at higher
confining pressures, by grain crushing. Curved
failure envelopes are also observed for some
clays. Two examples of the stress-dependency
of the residual friction angle are shown in Fig.
14.5. Possible causes of this behavior are dis-
cussed in Section 14.8. Not all clays exhibit this
stress-dependency; Bishop et al. (1871) found
the residual strength of blue London clay to
be independent of normal stress.
Overconsolidated clays may have a higher
strength at a given effective stress than nor-

1.0 T
o Undisturbed Soil
8 Remoided Soil
[¢X] : +Activity > 0.7
i xActivity < 0.76
08
0.7
2634 &
-
.% 05
\
04 ﬁ_
[
03
ite —-‘
02 ] Wontmorifionite 1100
A
01 oA
oh [] 8 10 15 20 30 40 $¢ 60 80 100 150 200

Piasticity Index (%) :
Fig. 14.1 Relationship between sin ¢ and plasticity index for normally consolidated soils (Kenney, 1959). (Data

SourcE : LEF C-6

for pure clays from Olson, 1974, feom Sheel

AN |

® 9 RALBOR
*¥O GRN0E-02-0f
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and e effec’ of the asswmed cobesion 5ff6{"j/f).
Lren of fhe fall reduchiin sn B from  pe bendonite
% 6 Jo benfonife = af///'ec/ 7 resudfs S ?ﬁ-

for 3 berdonsfe (Q"-?.?) Se resel? ;s FFe same
(¢ 32°-85° zf)w&/f/ewous_j Sor 75’/ Wax/ﬂq
and no bendonite.

7'/ze-reﬁrre/ 4’35747 sirerg/t values wsed for fival 0’897%*
appear s be a,//m/r:'aje (1€ pot conservedive) for
e radem barcier camfacfec/ Ho SO0 0 Dy, (ATT 0675))
even with BJ bestomife. Jhe jncreased cornpaction
Grom 95]c fo /00 J:) appears # sTrengifien 7de sorf
Jh Fhe stess ramj( of /wTleres?’ a sufficiend apown]
7 egual (or overcone) Fhe reduced strength ddue Fo
adedition of 6 berdomte. (s ndecon sdea C-17) @
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Project TR i __ Contract No._225 7 _ File No.
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ftem Checked 7 ¢°C _ Date_x'= &~ =

r

6 Conceus)on)s— SHEAL sTRENSTH oF LAD SARRIER

065771 velues for TS5/ a—m/oaeflb'n/ no éerv/o?r/)"g are
consideced suitable Sor stope stability eralualim of

the in-plece vodmm porrier (100 /. corpacliry, €/ benente),
This comclusin s based on availeble Sdofe for EI
ard sfrength, and approximete adjustrends wusing
published re ftinships,

For a/es/;w , wuse previous 5/re:7/’ﬂ Vw/ac’s*é/fef 5 )
o estimate f/d/'ﬂ-e -’M’/’;{Y of as-dullt dr,k/?asar/
cel.

X Same values as wsed for fmel cesizs, HMEE Cadeo po. JO-5367/3-00 .

@



MKE DOCUMENT NO. 50%" GRN-C-09-00432-00 c-/€

NWMHTRA- GRr) Sos7
SLOPL sTABrLITY Job No. 1 620 87

Sample Location

Test Depth,

Pit Feet
4 7.0
5 6.0
8 7.0
9 8.0

Green River, Dtah
@é Feo-go October 28, 1987

S

CHEN & ASSOCIATES, INC.
TABLE III
SUMMARY OF LABORATORY TEST RESULTS

Atterberg Limits* Shrinkage Limits
Liquid Plastic Shrinkage Shrinkage
Limit Index Limit Ratio

25 9 1 2

25 9 12 2

27 13 10 2

28 13 10 2

*Previously reported on Table I (Aug. 27, 1987)

RECEIVED-MKE
UMTRA-SF.
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UMTRA -GN Ses Green River Utah
Job No 1 620 87

(4
SCOE STPELITT fp & 2-20-90 October 28, 1987

CHEN & ASSOCIRTES, INC.
TARLE IV
SWMMARY OF PERMEABILITY TEST RESULTS

Coefficient
Initial Initial Final Final of
Test Moisture Dry Density, Initial Moisture Dry Density, Permeability,
Pit Content, % pcf Caompaction, § Content, & pcf a/sec
1 12.8 113.0 95.8 18.5 112.4 3.5x10™3
2 12.6 107.8 90.0 18.4 112.6 2.1x10‘_’§
2 12.5 114.2 95,3 16.9 115.7 2.2x10
2 12.4 120.3 100.4 15.4 120.8 —2:0x10~— ¥
3 3 108.3 90.7 18.0 109.3 8.5x10~>
3 4 114.2 95.6 16.7 114.8 3.1x10™>
3 7 120.6 100.0 14.3 121.2 9.2x10~8
6 3 107.6 89.7 18.9 109.7 1.6x10~4
6 0 114.5 95,5 - 17.1 116.3 6.0x10™>
6 9 120.1 100.2 14.9 121.0 —9:6xt6~6— ¥
7 2 113.7 95.6 18.2 113.1 2.1x107°

K Zesults revised in
Tenuery /9, /76es
re,fa-ﬂ‘ from Chen
and Associafes
(/415 boc. Ne.
Lo57-64N-C-09- 006 //-00)
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UIMTRA-GRN So5F gnggbﬁi¥eziouggh
SLLE STREILITY  rzg z20-§0 October 28, 1987

Sars

CHEN & ASSOCIATES, INC,
TABLE V

SMMARY OF CAPILLARY-MOISTURE RELATIONSHIP TEST RESULTS

Test Pit Test Pit Test Pit
Sample Iocation 2 3 6
Initial Moisture :
Content, % (Avg.) 13.08 13.12 12.43
Initial
Dry Density, pcf (Avg.) 112.8 112.6 113.0
Tension, bar
0.1 13.32 13.37 12.37
0.3 12.96 12.87 12,08
0.5 12.84 12.72 1.7
1.0 12.49 12.32 11.25
2.0 12.03 11.84 10.43
7.0 11.22 11.28 9.73
15.0 10.55 10.7M 9.68
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MOISTURE CONTENT ~ PERCENT OF DRY WEIGHT
LOCATION : MOISTURE-DENSITY
Test Pit 1 DEPTH: L. @ SAMPLE NO. : RELATIONSHIPS
SO DESCRIPTION : Lean clay with sand - CL Chen & Associates

MAX. DRY DENSITY : 117.9 PCF OPT. MOIST. CONTENT : 12,5 %

LIOUD LWt : 22 PLASTICITY NDEX : _f

" “ASTH D698-78, Method A
FIG. NO.

GRAVEL:q % SAND: a9z % SILT AND CLAY (-200) : 75 %

DATE :

g-21-87 5
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'
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N
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D
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\
N
N
\
80
0 5 10 15 20 25 30 35
MOISTURE CONTENT - PERCENT OF DRY WEIGHT
.| LOCATION : MOISTURE-DENSITY
~ Test Pit 2 DEPTH : 5,0 SAMPLE NO. : - RELATIONSHIPS
SOIL DESCRIPTION : Sandy silty clay- CL-ML Chen & Associates
MAX. DRY DENSMTY : 119.8 PCF_OPT. MOIST. CONTENT : _y3 B % JPROCEDURE : pcry 1¢qR.78 Mothad A |
LIOUID LIMIT : 21 PLASTICITY INDEX : __ ¢ JOBNO.: 4 g4p g7 FIG. NO.
[GRAVEL: 0 x  sAD:40 %  SLTANDCLAY(200: gn % |DATE: o_n1_ps 6
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v LMTA-E BN S55F pef. 2,
AR NN SLOPE STABIEITY ¢/iz
125 \X fBE 7250
v pre g -€- —/@
\ \
120 A ZERO AIR VOID CURVES
/ )
| FRR
115 A\ Y 225%'5'9 = 2.80
\
/ NMINAN /
i & \j N ’ g‘;EA?IErlYC = 2.70
L / AV WEAN
g IR - e = e
' 7 ANAN
- N \
» 105 NARY
< N \
i
o h
> 1\ A
g 100 N
)P
N
N
A
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AN
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N A\
NCK
AN
85 -
.
NI N
\‘\
80
o 5 10 15 20 25 30 3s
MOISTURE CONTENT - PERCENT OF DRY WEIGHT
b
- ,L.qb ,L\'
Cs A
LOCATION : MOISTURE-DENSITY .
Yest Pit 3 DEPTH: ¢ g SAMPLE NO. : RELATIONSHI.PS
SO DESCRIPTION : sandy silty clay = CL-Ml Chen & Associates
MAX. DRY DENSTY : 119.4 PCF OPT. MOIST. CONTENT : 11,9 % |PROCEDURE : pcvy pgo8-78 Method A
LIOUID LIMIT : 20 PLASTICITY INDEX : £ JOB NO.: § 620 87 FIG. NO
GRAVEL: o X  SAND:an % SILTANDCLAY(200): 70 % |DATE: g-31.87 7
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\ SL0PE SHBIITT 73
\
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\ % fELEC 7-20-50
\
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A\ \\ GRaviry = 270
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NAY
AN N
g
20 S
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AN
85 AR h N
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N
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80
() 5 10 15 20 25 30 35
MOISTURE CONTENT - PERCENT OF DRY WEIGHT
LOCATION : MOISTURE-DENSITY
Test Pit 6 DEPTH:g ¢ SAMPLE NO. : RELATIONSHIPS
SOL DESCRIPTION : Sandy silty clay- Cl-ML Chen & Associates
MAX. DRY DENSITY : 119.9 PCF OPT. MOIST. CONTENT : 11.2 % |PROCEDURE : sery neg8-78 . Methad A
LOUID LIMIT ¢ 19 PLASTICITY WNDEX : [ JOB NO. Y 620 87 FIG. NO.
GRAVEL: o % SAND: ge X  SLT AND CLAY (200):_55 % |DATE: g-21-87 8
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\ SLOPE STABILITY &/,3
125 \ FEE 320-F¢
A\VA
¢ & ~£.
AV W\ ¥ 7
120 \%\ \ \3 ZERO AIR VOID CURVES
)
R A‘E\' \
YA TeHS = em
\
4 IVEAVA W g SPECIFIC
- “3 GRavmy = 270
TR \ 1\
110
g X ey = e
'
=
g 105 NS
& N \
o ¢ -\
> A h
T 100
N
e N
N
N N
85 2 C '
\\
A N N
N
80 \\
NARN
NORI\
" LRI
. N
NA
N
q
80
0 3 10 15 20 25 30 as
MOISTURE CONTENT - PERCENT OF DRY WEIGHT
LOCATION : MOISTURE-DENSITY
Test Pit 7 DEPTH: g ¢ SAMPLE NO. : RELATIONSHIPS
SOIL DESCRIPTION: Silty clay with sand= CL-H| Chen & Associates
MAX. DRY DENSITY : 118.9 PCF OPT. MOIST. CONTENT : 19 g % |PROCEDURE : ASTH D698-78,Method A
LIQUID LIMIT : 53 PLASTICITY INDEX : __¢ JOB NO.:1 620 87 FIG. NO.
GRAVEL: 0 % SAND: 28 %  SLT AND CLAY (-200): 79 X |DATE: g-21-87 g
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NN
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€0 N
) 5 10 15 20 25 30 as,
MOISTURE CONTENT - PERCENT OF DRY WEIGHT
’ 1A
(/YE.: C‘L,\'
LOCATION : MOISTURE-DENSITY
Test Pit 9 DEPTH:g o SAMPLE NO. : RELATIONSHIPS
SOIL DESCRIPTION : L ean clay = CL_ Chen & Associates

MAX. DRY DENSITY : lﬂi.g PCF OPT. MOIST. CONTENT : 13,3 %

PROCEDURE : ASTM D698-78,Method A

S ———

LouUID LIMIT: 28 PLASTICITY INDEX : _13

JOBNO.: 1 620 87 FIG. NO.

GRAVEL: 0 % SAND: 14 % SILTANDCLAY (-200): 86 %

DATE : 9-21-87 10




U UMTA- GRA 5557
SLOPE sTAE/LITY
Consulting Soil and Foundation Engineers

CHEN

AND ASSOCIATES

C-2F

GREEN RIVER, UTAH

SRt C-2, 175

B JEG 3-20-70 e & o £y
(] vEsT nunsen BENERE
LOCATION 6-
RAD
BOR
HEIGHT = INCH 3.876 | 3.925 |3.914 . 3
DIAMETER = INCH 1.876 | 1.876 11.876 ':‘ '
WATER CONTENT - § 13.7] 13.9 | 140 §
[ S
DRY OENSITY - pef §493,10113.3 J113.8 s 2 e
o
0:-0O; 1.420 | 1.630 | 2.130 s A P
* s T
O, = ksf |4 56u)2.350 §3.570 3 v — 3
- ' 4
O ksf | o 1ue 10 720 13 860 1
TYPE OF SPECIMEN Remolded
$OIL DESCRIPTION  ..Sandy silty clay
0 0 20
TYPE OF TEST ~Ansatyrated,
: Unconsolidated, - Axial Straln (%)
lndrained T @ 0.22
o 12.6°
COMESION = ksf 0.52
3
[ ™"
= 2
[ ]
o
s -
& pas
[, ] {
& 1 ﬁ;,
H [
& 3=
1 / N\
' \‘ 1 1\
~ 0 1 2 3 5
Kormal Stress - ksf
. eon ge TRIAXIAL SHEAR TEST RESULTS Fio. 11




DEVIATOR §TRESS, KSF

0,-0,
(W]

PRINCIPAL STRESS RATIO
!
w

+0.8
+0.6
+0.4

+0.2

PORE PRESSURE, KSF
Av

(W0 {

oM

10. 12

14

16

AXIAL STRAIN, PERCENT

18

-

10 12

14

16

AXIAL STRAIN, PERCENT

18

20

10 12

14

16

AXIAL STRAIN, PERCENT

18

20

KSF
N

SHEAR STRESS,

-t

Job No.1_620 87

SHEAT TRENGTH CF SOIL
IN TRIAXIAL COMPRESSION ~-28

GREEN RIVER, UTAH

Date___10-21-87 . ! b«,MW’éﬂ/U} 5057 .
Type o!‘Tost-Sa.tl.u:aLe.d.,_mnsn.L:.d, ated, | SLOPE STAB/LITY ,?ef C’ZJ
undrained,_wirh pore pressure measurements) FRL 7-20-00 ol Loleso 1L7)
SHEAR VALUES
P2 34.191%5 107 ®= 22.70 | B Sen o
ERSNENERSNEE
O T
- = == gffective stress
total stress . -
A{F
.
-
‘?'
n " -
Iy "% "
P N X ’
\
o X
y Y \
1 Y
1 1
1 ] 1 1
1 2 a 5
' NORMAL STRESS, KSF
é Y Specimen Location Initial Spacimen Data .
Q L oil
G E , . Ory Moisture Descripti
@3 Boring Depth Sample Length Diameter A scription
a3 Density Content
1 6 RAD BOR Remolded | 3.924 11.876 113.1 14.1 Sandy silty clay
6 RAD BOR Remolded {3.916 1.876 113.0 14,2 | Sandy silty clay
3 6 RAD BOR Remolded |3.924 1.876 113.0 14.2 Sandy silty clay
)
85 8 TEST VALUES AT MAXIMUM EFFECTIVE ﬁTRESS RATIO
Eo : @ =3 T P
= . Total Total Effective || Effective Remark
8§ Qg Confining Axial Daviator Latera| ;| Axial Pore | Percent ®
a2 2 Stress Stress Stress Stress | Stress | Pressure | Strain
03 01 0"-0'3 a’ ! 0' ® 6%
1 lo.e8 |o.,88 1 17] 1,129 | 0259 f3.388 |0 029 > 599 lunits in kef
|2 0.95 0,263 2.5741] 1.811 10605 {2416 0. 158 19.007 |UAits in ksf
3 lo.96 1.454 4 0sel 2 608 10 835 13.h4k0 10 619 |9.082 lunirs in k<f

Remarks:

2 e e e

Fig.- 12




GREEN RIVER, UTAH

UMTRA-GPH) So57 CHEN AND ASSOCIATES | e-29
SL0FL SJA2IITY  Consulting Soil and Foundation Engineers 3
€ 2-2o-90 AP P L 4 e"f_tz‘/_! /3
(7Y TEST HumeER h 2 y & 1T
i\ ; A ,
LOCATION RAD 4
BOR o=
HEIGHT = INCH 3.920 | 3.930 | 3.520 < .
L]
DIAMETER = INCH 1.876 | 1.876 | 1.880 N 7 iy
VATER CONTENT - § | 16.2] 16.0] 15.9 : ]L
ORY DENSITY = pcf | 108.5 | 108.4 | 108.4 - /i
0,-03 : 2.65) 3.25 | .00 8
[
O; - -kt | 2.79| 3.97] 5.4 '§ I
O, = kef | o.4] 0.72] 1.4k ,
TYPE OF SPECIMEN  __Remolded
SOIL DESCRIPTION Clayey silt
o0& -
TYPE OF TEST ~ Unsaturated, 10 20
: '\’;"\_/: Unconsolidated, Axtal Straln (2)
Undrained ™ ¢ ‘ . 0.36
P - 20.0°
COMESION = ksf 0.88
3 ]
=T
" |
z 2 > -
2 L N
¢ / ™~
: Zas > N
. 2 A AR
3 =V 4 N, \
bt X 1 \
/ i/ \
L% 0 1 2 3 4 5 6

Normal Stress - ksf

1 620 87 | TRIAXIAL SHEAR TEST RESULTS . Fig.13



S 'L & ' | | i I SHEAR TRENGTH CF SOIL
L ; IN TRIAXIAL COMPRESSION
e’ N . , : N ‘ ) 1 ' | ' ] _ o
W == = : ‘t’,‘::a“"- ,of’g?_g; T GREEN RIVER, UTAH <3
= 5. 5 = , Type of Test Saturated, consolidated, L @%%6/5%7 af -2,
{( 5 - ’ . undrained, with pore pressure measurements 'F‘éé 220-096  arte LBy | 1303
DEE @ ' :
SEOE SHEAR VALUES :
< =
) - -
%’ ° e 1 . Effective Stresses Total Strasses i
o ‘ | . - _= _- = -
= 29.3°[C8.151ks4 2 25.00 | CF 061ksf
3 T TY ]
= ‘ COCCTTTT T
: —— — —effoctive stress {
——— total strass
&
0 2 4 6 8 10 12 14 186 18 20 o 2
AXIAL STRAIN, PERCENT g 2
» (72}
w
: : »
[+ 4
10 @
[7/] ‘ 3
o) Y
3 8 A ; s N
§ ". ~ = -—? A N
,E E. 6 {1f = : ~
R | Is i « i i I
G, 5 : ' 0 ! 2 3 4y 5 §
2 b =r NORMAL STRESS, KSF
& n |
. | -
2 8y Specimen Location Initial Specimen Data
| E=2 : 5 — Solt
| 82| Somme | v | S | e | o | gty | Gl | Ooreter
0 2 4 6 8 10 12 14 18 18 20 : . (P.C.F.) (%)
AXIAL STRAIN, PERCENT 1 9 RAD BOR Remolded [3.930 ~ | 1.880 107.6 16.3 Lean clay
) 2 9 RAD BOR Remolded | 3.905 l.a76 108.8 :16.1 kean clay
' 3 o rao sor Remolded [3.910° | 1.880 |108.3 16.0 Lean clay
1.0 . T
\
[T
W 0.8 , : e = Test Values at Maximum Effective 'Stress Ratio
«© ® a 2 |
2 ] T e = ,
- a Total Total Eﬂectl 9 Effective Remarks
§ 0.6 w 8§ o g Con?ining Axial Deviator Later:f’)\ Axial Pore | Fercent
£3 - a2 e Stress Stress Stress Stress ' | Stmess | Pressure | “Strain
:-: = . . G, a| U,-Ug a; 1 a' “ e%
S f = v . .
3 0.4 p : ~ | 1.00 0.288 1.004 0.716 0.086_%_ 0.802 0.202 Q.ISH Units in KSF
4 : m : 2 0.95 0,734 1.837 1,103 ‘0.331_\ 1. 435 0.403 |4.506 | Units in KSF
{( 0-2 IR u : T ] 310,96 11,368 13,612 2,244 10,893 {}13.137 [0.475 15.221 Units in KSF
ca-ere 1 o ~ Remarks: 3
0 2 4 -6 .8 10 12 14 18 18 20 . . ' ‘ S
B . AXIAL STRAIN, PERCENT _ S o R

- .Fig.._1b




- - MKE DOCUMENT NO.5057-GRN-L-09-00709-00

. i <3/
Chen & Associates Domver Colordo 80223 Colac Springs
Consutting Geotechnical neers 303/744-7105 Ft. Collins
T4~ SR LT5F m sernas
UMTEA - - ¢ Rock Spri
SLOPE STRLILITY FE6 3-20-10 NS £ c-3

L4

pz_p( 4_ ( "f‘ San Antonio Ka
February 15, 1988

Subject: Laboratory Testing, Radon Barrier
Materials, UMTRA Project, Green River,
Utah
PO # 3050-511-9502 C.0.5
Job No. 1 104 88

Mr. Mark Thompson

MK-Ferguson Company

P.0. Box 9136

Albuquerque, New Mexico 87119

Dear Mr. Thompson:

As requested, we have performed consolidated, undrained triaxial shear
strength tests on samples 3-RADBOR and 7-RADBOR from the subject site. The
test samples were compacted with three percent bentonite to approximately 100%
of the standard Proctor density. The results are presented on Figures 8 and
9, enclosed. All requested testing for this change order has been completed.

If you have any questions regarding this submittal, please call.

' Sincerely,
CHEN & ASSOCIATES, INC.

ol KMl

- Sally M. Miller, &.E.T.

Soils ratory Supervisor
SKM/djb
Rev. By: KRC
cc: Mr., Frank Guros
Morrison-Knudsen Engineers, Inc.

ATTACHMENT: 5057-GRN-C-09-00710-00

* RECEIVED . MKE

FEB 171988

UMTRA. SE
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PORE PRESSURE , KSF
+
o
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CA-8/80

2 4 8 10 12 14 16 18 20
AXIAL STRAIN, PERCENT
T ]
ey .
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{
L
[
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AXIAL STRAIN, PERCENT
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SHEAR STRESS , KSF

Job No. 1 104 88

Date 2-9-88

Type of Test _Mul ti-staged,* saturated,
consolidated, undrained with pore pr

==

MKE ! DOCUMENT NO.5057-GRN-C-09-00710-00 _
——SHEA’ YTRENGTH OF SOIL & &

: -~ IN TRINLIAL-COMPRESSIO.

| JBG 32070

o L

eSSUfA measurements

UHTRE-GPN £057
SLOPE S742/L1TY

pef c-3, 2/53

Y

QIR 1 (N
SHEAR VALUES — { !
Effective Stresses Total Stresses ot
$=35.0° |C=0.105 |g=27.9° | c=0.256 +
L O =
rlrullllrr'lot » L
- — = gffective stress _
total stress 7 P
1 1 v
| 11' '» o’
T 7 -
It -
|
- .
‘r - by N
L. b
! 1 | 4
i 1”1 | N S
1 ' LIRS ] A
$ b L N N
1 4 N N
| N X)
'% - / AVKY
b 7 \
- \
I 15 ‘\‘\ ‘\i
X Iit 1t , 1
1 2 3 b 5
NORMAL STRESS, KSF
0 Specimen Lccation Initial Specimen Data
&8 Soil
- E , . Ory Moisture Description
v 3 Boring Depth Sample Length Diameter :
Z Number (Ft) Type {in) {in) ?; gsgy) Cc;g:?m
. T
1 TP-3 Remolded | 3.960 | 1.878 1116.2 15.2 | 38nPyasilty clay wit
‘ Sandy,silty clay with
2 Ip-3 - bl h— —— — 3% he.n.mml;___
3 1P-3 Remalded | 3.952 | 1.878 1116.6 15,3 | 38ndy,silty clay with
R % | Test Values at Maximum Princi'pal Stress Ratio
e ih E Total Total Effective | Eftective a = Remarks
53 i g8 Confining Axial Deviator Lateral Axial Pore | Percent
< & Stress Stress - | Stress Stress . Stress | Pressure | Strain
03 av ov'a: a: ,} 0" [ E%
1 0.95 | 0.317 1.487 |1.170 0.288 1 1.458 0.029 |2.205 |Units in ksf
2 — | 0.749 | 3.466 (2.717 0.850. |3.566 |-0.101 |4.508 |Units in ksf
0.97 | 1.454 | b4.538 |3.084 1.008 ' |5.092 |0.446 [6.997 |Units in ksf
’ {
i 1
Remarks: * First two stages only. Third stagr run 5»eparately. RECEIVED - MKE

- FEB 171988

Figo w8



/. . T | SHEAF ‘TRENGTHOFSOIL - 33
L3 o IN TRIaalAL COMP SION
- : 1 104 88 :

b 19 | e No- ——7=T7=gE: ! pMTRA-GRA S05F 32
. . L] . - i/t
. - L Type of Test Saturated, consolidated, : .SL?/é 47#5/4./7"7’ 7€ v t'f=».

a; 8 0 uy:gramed with pore pressure measurements__; Lo , /ea_f C"3, Bé ; 32070 i
E e o | SHEAR VALUES n = h
e« ?_ 6 L 20 :

g e 3 _ Effective Stresses Total Stresses >
d - "\) _ P

@y NZaw= = = - |F=35.3° ‘5;3.}30 @= 33.3° | c0.167 BN
' 3 TP TT T - v
. EEENNRENE NN .
2 B . ! = aee = @ffeCtive Stress s
» total stress :
5 F
0 - 2 4 6 .8 10 12 14 16 18 20 2 5 y s =
- | AXIAL STRAIN, PERCENT &
L]
uw
E > N .
b 4 RN
@« | 1 —a N
7] 1 T >

o 2 J N\ \
= ‘ \
= 2 3 A :

a /

g ls — ATl X

e S b e 1o Y \

G S £ 111 I | !
- & : 0 1 2 3 y 5

g 3 NORMAL STRESS, KSF
@ A
Q. o

2 0% Specimen Lccation Initial Specimen Data
g,'g D Moi Sqil.
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Chen & Associates S e Cosowes 7
Consulting Geotechnical Engineers 303/744-7105 Ft. Cotlins

Glenwoog Springs

UMTIA -GN $o5F \FBG 3-20-§0  Fhoenx

‘ ‘ Rock Springzs ef: C'ﬁt
SLOPE STABILITY R el Y

January 27, 1988

,Pe)(‘ Cc- (7/ (ﬁ PP) Subject: Llaboratory Testing, Radon Barrier
Materials, UMIRA Project, Green River,
Utah
PO # 3050-511-9502 C.0.5
Job No. 1 104 88

Mr. Mark Thompson

MR-Ferguson Company

P.O. Box 9136

Albuquerque, New Mexico 87119

Dear Mr., Thompson:

As requested, we have performed standard Proctor compaction and triaxial
permeability tests on the following samples: 1-RADBOR, 2-RADBOR, 3-RADBOR,
4-RADBOR, S5-RADBOR, 6-RADBOR, and 7-RADBOR fram the subject site. The

permeability test samples were campacted with varying percentages of bentonite
to approximately 100% of the standard Proctor density. The results are
presented on Table II and Figures 1 through 7, enclosed.
(\/ If you have any questions regarding this submittal, please call.
Sincerely,
CHEN & ASSOCIATES, INC.

o %/(M&

y. Miller, A.E.T.
SOils Laboratory Supervisor

SKV/djb

Rev. By: KRC

cc: Mr. Frank Guros
Morrison-Knudsen Engineers, Inc.

ATTACHMENT NO: 5057-GRN-C-09-00636-00

—/ | RECEIVED-MKE

. JAN 2.8 1388
f UMTRA-S.E.



Janvary 27, 1988
Green River,
Utah

Job No. 1 104 88
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'PABLE 1T N\ N
Q
SUMMARY OF PERMEABILITY TEST RESULIS %
Q"\
. Coefficient % ‘
s Initial Initial Final Final of '
Test Bentonite Moisture Dry Density, Initial Moisture Dry Density, Permeability,
Pit Added Content, % psf Compaction, % Content, % pcf an/sec
1 13 14.8 118.8 99.7  16.6 - 116.5 2.6x1078 -
. P
2 6% 16.3 115.1 99.6 19.2 110.8 9,2x10~2 o
o
3 33 15.7 116.7 98.8 17.6 114.5 2.0x1078 =
m
4 13 16.8 114.2 | 98.5 19.2 112.1 6.7x10™8 3
' -8 .
5 33 17.2 112.6 99.0 19.1 112.0 1.5x10 N iz
6 63 16.6 114.7 98.6 17.9 113.2 tox1078 (& HJ
(2]
7 3% 15.1 115.8 98.9 16.6 116.4 3.4x108 ) O | 2
1 K x)
KRy
y s
2 (o]
c c m o
H ¥y \oE
E 2o 5 o A\
> ® 5 A W S W
0 = - N
h @ E N3 “
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MOISTURE CONTENT - PERCENT OF DRY WEIGHT
LOCATION : Green River, Utsh MOISTURE-DENSITY

RELATIONSHIPS

SOIL DESCRIPTION : Lean clay with sand with 1% Bentonite

Chen & Associates

MAX. DRY DENSITY :_ 119, 1PCF OPT. MOIST. CONTENT : _13.0 %

PROCEDURE : ASTM D698-78, Method A

GRAVEL: (¢ %

e ——

LIOUD LMIT: 22 PLASTICITY NDEX : 8

JOB NO.: 1 104 88 FIG. NO,

SAND: 25 %  SILT AND CLAY (-200): 78 %

DATE : 1-5-88 I
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MOISTURE CONTENT - PERCENT OF DRY WEIGHT
| LOCATION : Green River. Utah MOISTURE-DENSITY
Test Pit 2 DEPTH: 5.0 & SAMPLE NO.: RELATIONSHIPS
SOIL DESCRIPTION:  sandv sflty clav with 6% Bentonite Chen & Associates
MAX. DRY DENSITY : 115.5 PCF OPT. MOIST. CONTENT :  14.5 % |PROCEDURE :ASTM D698-78, Method A
UQuUID LIMIT: 21 " PLASTICITY INDEX : 6 JOBNO.: 1 104 88 FIG. NO.
GRAVEL: 0 %  SAND: 40 %  SILTANDCLAY (-200): 60 «% |DATE: 1-5-88 2
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Test Pit 3 DEPTH: 5 g * SAMPLE NO.: RELATIONSHIPS
SOIL DESCRIPTION : Sandy silty clay with 3% Bentonite Chen & Associates
MAX. DRY DENSITY : OPT. MOIST. CONTENT : % |PROCEDURE :pqTM D£98-78, Method A
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@ SOIL DESCRIPTION : Lean clay with sand with 1% Bentonite Chen & Associates
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" 'MTRA - GREEN RIVER SITE - TAILINGS EMBANKMENT RIPRAP DESIGN

\_/ ‘

**JNPUT FILE PRINTOUT#**

25 AUG1987
1.810 .310 1.770 2.490 .220 A .002 1.0
3 0
0 0, O
10 10 5
TOP 100.0 5.0 .30 37.0 FS

MIDDLE - 90.0 20.0 .30 37.0 ST
BOTTOM 50.0 33.3 .30 37.0 ST
.1250 5 .00833 :
1250 «5 .00833
«1250 .5 .00833

# % % % * k* k * * « &« END INPUT DATA % % % % & % % & % % %

UMTRA - GREEN RIVER SITE - TAILINGS EMBANKMENT RIPRAP DESIGN
UMTRA/ RUN I.D.= DATE=25 AUG1987

***SAFETY FACTOR/STEPHENSON METHOD FOR EMBANKMENT EROSION PROTECTION*#*%*

* %k k & % %k & % * % INPUT DATA * * % % & % % % % % % % %
o/ - v
COEFFICIENTS FOR INTENSITY DURATION CURVE -
IPMP=10*%* (G-H* (LOGT) *%Z) :
G= 1.810 H= .310 -2Z=1.770
RIPRAP STONE SP.GRAVITY= 2.49 C IN STEPHENSONS EQN= .22

-~ - - EMBANKMENT - - -

AREA
(LOCATION SEGMENT LENGTH ' SLOPE POROSITY FRICTION
IN PLAN) (FT) (%) ANGLE o
(DEG) e
A TOP 100. 5. .30 37. SAFETY FACTOR
A MIDDLE 90. 20. .30 37. STEPHENSONS
A BOTTOM S0. 33. .30 37. STEPHENSONS

% « & * * * % % * * * END INPUT DATA * * & & % % % % % % %

NOTE~-TIME OF CONC. IS SET AS MINM.= 2.S5MINUTES
-

&?/ NOTE-TIME OF CONC. IS SET AS MINM.= 2.5MINUTES




(.

\V;

oS5~ .
im_}ms— ¢anN : h-3I5
f-1e-81 -
: M - -
NOTE~TIME OF CONC. IS SET AS MINM.= 2.SMINUTES s 7 23787

#OTE-TIME OF CONC. IS SET‘AS MINM.= 2.SMINUTES
NOTE-TIME OF CONC. IS SET AS MINM.= 2.5MiNUTES
NOTE-TIME OF CONC. IS SET AS MINM.= 2.SMINUTES
NOTE-TIME OF CONC. IS SET AS MINM.= 2.SMINUTES
NOTE-TIME OF CONC. IS SET AS MINM.= 2.5MINUTES

NOTE-TIME OF CONC. IS SET AS MINM.= 2.5MINUTES
. DETAILED CALC TABLE WITH FINAL ROCK SIZE
SEGMENT=TOP - . LENGTH= 100. FT. SLOPE# 5.%

ASSUMED D50= .1250FT. AT D/S END OF SEGMENT
CORRESPONDING Q= .595CFS/FT AT SEGMENT END BY FS METHOD

LOPED %% **FLOWS (CFS/FT) **** VEL. DEPTH MANNING TIME OF

\—/ DISTANCE ALLOC. PORES ROCK (FPS) (FT) N CONC (MIN)
FROM TO : INT. TOTAL
(FT) (FT) |

0. 10. . 060 .000 . 060 1.17 .05 <040 <14 <14
10. 20. .119 .000 .119 1.67 .07 .035 .10 24 -
20. 30. . .179 .000 «179 2.04 .09 .033 .08 e32
30. 40. «238 .000 238 2.34 «10 .031 .07 «39
40. 50. «298 + 000 <298 2.60 +11 .030 .06 .46
50. 60. "+ 357 .000 «357>~ 2.83 -13 .030 .06 4 .52
60. 70. «417 .000 .417 3.04 <14 "« 029 .05 57
70. §&0. 476 . 000 476 3.24 «15 . 029 .05 .62
80. 90. «536 000 <536 3.42 «16 .028 .05 «67
- 90. 100. « 595 .000 +595 3.59 .17 .028 .05 .72
RAINFALL INTENSITY RAINFALL INTENSITY
THAT ASSUMED D50 BASED CN CALCULATED
CAN WITHSTAND BASED TIME OF CONC.AND USING
ON THE EQN I=Q/CA= "INTERPOLATING FUNCTION
(43560%Q) /L I=10%** (G~H* ( (LOGT) **Z))
(INCH/HR) (INCH/HR)
259.35 ' 56.15
. DETAILED CALC TABLE WITH FINAL ROCK SIZE
_/

SEGMENT=MIDDLE LENGTH=_ 90. FT. SIOPE= 20.%

ASSUMED D50= .l1667FT. AT D/S END OF SEGMENT




' CORRESPONDING Q= «263CFS/FT AT SEGMENT END-BY STEPHENSONS METHOD

. SLOPED #%%**FLOWS (CFS/FT) #%*%* VEL. DEPTH MANNING TIME OF

‘\_/ ISTANCE ALLOC. PORES ROCK (FPS) (FT) N CONC (MIN)

" ¢ROM TO INT. TOTAL
(FT) (FT)

0. 10. .014 . 000 .014 .52 .03 .060 «32 .32
10. 20. .028 .000 .028 «78 .04 .048 .21 .53
20. 30. .042 . 000 042 «97 .04 .043 «17 .71
30. 4o0. .055 .000 .055 1.13 .05 041 .15 .85
40. 50. 069 .000 « 069 1.27 .05 «039 «13 .99
50. 60. .083 .000 .083 1.39 .06 037 .12 1.10
60. 70. . 097 . 000 . 087 1.51 .06 036 <11 1.22
70. 80. «111 . 000 111 l1.61 .07 .035 «10 1.32
80. 90. 125 . 000 «125 1.71 .07 .035 .10 1.42

20. 100. .138 .000 .138 1.80 .08 .034 .09 1.51
0. 9. .151 .000 .151 2.42 .06 .044 .06 1.57
. o. 18. .163 .000 .163 2.53 .06 .043 .06 1.63
18. 27. .176 .000 .176 2.63 .07 .042 .06 1.69
27. 36. .188 .000 .188 2.73 .07 .041 .06 1.74
36. 45. .201 .000 .201 2.82 .07 .04l .05 1.80
45. 54. .213 .000 .213 2.91 .07 .040 .05 1.85
s4. 63. .226 .000 .226 3.00 .08 .040 .05 1.90
63. 72. .238 .000 .238 3.08 .08 .039 .05 1.95
72. 81. .251 .000 .251 3.16 .08 .039 .05 1.99
81. 90. .263 .000 .263 3.24 .08 .039 .05 2.04
( B RAINFALL INTENSITY RAINFALL INTENSITY
\_ THAT ASSUMED DS0 BASED ON CALCULATED
k CAN WITHSTAND BASED TIME OF CONC.AND USING
ON THE EQN I=Q/CA= INTERPOLATING FUNCTION
(43560%Q) /L I=10%* (G-H* ( (LOGT) **2))
(INCH/HR) (INCH/HR)
60.29 56.15
DETATILED CALC TABLE WITH FINAL ROCK SIZE
SEGMENT=BOTTOM LENGTH= 50. FT. SLOPE= 33.%
ASSUMED D50= .3916FT. AT D/S END OF SEGMENT
CORRESPONDING Q= .312CFS/FT AT SEGMENT END-BY STEPHENSONS METHOD
SLOPED *%***FLOWS (CFS/FT) #%** VEL. DEPTH MANNING TIME OF
DISTANCE ALIOC. PORES ROCK (FPS) (FT) N CONC (MIN)
FROM TO . INT. TOTAL
(FT) (FT)
0. 10. .013 .000 .013 .50 .03 .061 .33 .33
10. 20. .026 .000 .026 .75 .03 .049 .22 .55
20. 30, .039 .000 .039 .94 .04 .04¢ .18 .73
30. 40. .052 .000 .052 1.09 .05 .041 .15 .88
.. 40. 50. .065 .000 .065 1.23 .05 .039 .14 1.02
\_/} 50. 60. .078 .000 .078 1.35 .06 .038 .12 1.14
>~  60. 70. .091 .000 .091 1.46 .06 .037 .11 1.26

70. 80. 104 .000 104 1.56 .07 .036 «11 1.36
80. 90. <117 .000 «117 1.66 .07 .035 «10 1.47

A-4ls

S50571-¢S

VMTRA-GRUY
o-16-81
M-

fB6

q-23-8¥

TR YT T Y T




[}

A-S/s

* 90. 100. .130 .000 130 1.74 .07 .034 .10 1.56 50S7e5
0. 9. «142 . 000 «142 2.34 .06 .044 .06 1.62 UMTRA- GRY
°. 18. «153 . 000 «153 2.45 .06 . 043 «06 1.69 ° @-1& 671

18, 27. 165 .000 «165 2.54 .06 «043 .06 1.74 M b

\_-< 27. 36. «177 000 177 2.64 .07 .042 .06 1.80

36. 45. .189 . 000 .189 2.73 .07 041 .05 1.86 ,@6 7.zgog7

45. 54. «200 .000  .200 2.82 .07 041 .05 1.91
54. 63. .212 .000 «212 2.90 .07 040 .05 1.96

63. 72. «224 .000 .224 2.98 .08 .040 .05 2.01
72. 81. «235 .000 «235 3.06 .08 . 040 .05 2.06
g8l. SO. 247 .000 247 3.14 .08 .039 .05 2.11

0. 0. .260 . 000 .260 2.76 .09 .066 .06 2.17
10. 20. 273 . 000 273 2.84 .10 .065 .06 2.23

20. 30. «286 . 000 . 286 2.92 .10 .064 .06 2.29
30. 40. «299 .000 <299 2.99 .10 .063 06 2.34

40. 50. .312 .000 .312 3.07 .10 .062 .05 2.40
RAINFALL INTENSITY RAINFALL INTENSITY
THAT ASSUMED D50 BASED ON CALCULATED
CAN WITHSTAND BASED TIME OF CONC.AND USING
ON THE EQON I=Q/CA= INTERPOLATING FUNCTION
(43560%Q) /L I=10%* (G~H* ( (LOGT) **2))
(INCH/HR) (INCH/HR)
56.64 56.15

*%k %%k *RESULTS SUMMARY#**%%*%% AREA=A

“SEGMENT LENGTH SLOPE D50 0 AT TC STARTING METHOD OF
(FT) (§) (INCH) \D/S END ) (MINUTES) ROCK D50 CALC.
(INCH)
TOP 100. 5.0 1.5 2.5 1.50 SAFETY FACTOR
MIDDLE 90. 20.0 2.0 2.5 1.50 STEPHENSON
BOTTOM 50. 33.3 4.7 2.5 1.50 STEPHENSON

X checkers (omiment ¢
Ttis 8 rs tetad Q #hed peck con w/%-s‘#tfm/, and may
be G(eafE(' SFon & bas€y o actuel/ es ﬁmwr’ea/ A/
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S0571-05

UMTRA- GRN
8- =91 B-2{1
#**INPUT FILE PRINTOUT** MI&
FRE 7-23-8%
. UMTRA ~ GREEN RIVER SITE - TAILINGS EMBANKMENT RIPRAP DESIGN
N 25 AUG1987
1.810 .310 1.770 2.4%0 .220 A .002 1.0
5 o
1 o 1 1 1
s 1 4 o 5
top_ 50 50.0 5.0 .30 37.0 FS
top_10 10.0 5.0 .30 37.0 FS
top_40 40.0 5.0 .30 37.0 FS

MIDDLE 0.0 20.0 «30 37.0 ST
BOTTOM 50.0 33.3 .30 37.0 ST
1250 5 .00833
«1250 -5 .00833
«1250 .5 .00833
«1250 5 00833
1250 .5 .00833

# & * & ¥ % * % % * * END INPUT DATA % % % & % & & & & % *

UMTRA - GREEN RIVER SITE - TAILINGS EMEBANKMENT RIPRAP DESIGN
UMTRA/ RUN I.D.= DATE=25 AUG1987
\*/ -*SAFETY FACTOR/STEPHENSON METHOD FOR EMBANKMENT EROSION PROTECTION***
k % % k k k & & % & % INPUT DATA * # * * & & & % & & % & &
COEFFICIENTS FOR INTENSITY DURATION CURVE ~
IPMP=10%*% (G-H* (LOGT) **Z) ¢
G= 1.810 H= .310 2Z=1.770

RIPRAP STONE SP.GRAVITY= 2.49 C IN STEPHENSONS EQN= .22

- - - EMBANRKMENT - - -
AREA

(LOCATION SEGMENT LENGTH SLOPE POROSITY FRICTION

IN PLAN) (FT) (%) ANGLE

(DEG)

A top_50 50. 5. .30 37. SAFETY FACTOR
A top_10 ~ 10. 5. .30 37. SAFETY FACTOR
A top_40  40. 5. .30 37. SAFETY FACTOR
2 MIDDLE - 90. 20. .30 37. STEPHENSONS
a

BOTTOM 50. 33. .30 37. STEPHENSONS

k % % % % % % k % % % END INPUT DATA * % * % & % % * & % %

*>

-
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" NOTE-TIME

NOTE-TIME

NOTE-TIME

NOTE~-TIME

NOTE-TIME

NOTE-TIME

NOTE-TIME

NOTE-TIME

NOTE-TIME

NOTE-TIME

.OTE-TIME

NOTE-TIME

NOTE-TIME

NOTE-TIME

NOTE-TIME

NOTE-TIME

NCTE~TIME

NOTE-TIME

NOTE-TIME

\_’/ NOTE-TIME

OF CONC.
OF CONC.
OF CONC.
OF CONC.
OF CONC.
OF CONC.
OF CONC.
OF CONC.
OF CONC.
OF CONC.
OF CONC.
OF CONC.
OF CONC.
OF CONC.
OF CONC.
OF CONC.
OF CONC.
OF CONC.
OF CONC.

OF CONC.

Is

Is

Is

Is

Is

Is

Is

Is

IS

Is

Is

Is

IS

IS

IS

Is

Is

Is

Is

Is

SET

SET

SET

SET

SET

SET

SET

SET

SET

SET

SET

SET

SET

SET

SET

SET

SET

SET

SET

SET

AS

AS

AS

AS

AS

MINM.=
MINM.=
MINM.=
MINM.=
MINM.=
MINM.=
MINM.=
MINM.=

MINM.

MINM.=

MINM.=

MINM.=

MINM.
-

MINM.=

2.5MINUTES
2.5MINUTES
2.5MINUTES
2.5MINUTES
2.5MINUTES
2.5MINUTES
2.SMINUTES
2.5MINUTES
Z.SMINUTES
2.5MINUTES
2 .5MINUTES
2 .5MINUTES
2.5MINUTES
2.S5MINUTES
2 .5MINUTES
2.5MINUTES
2.5MINUTES
2.5MINUTES
2 .SMINUTES

2.SMINUTES

505105

UMTRA- 6RN
B-26-61
M b

76 9783787

8-3h
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each [ferefion where
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S6571-05

UMTRA/ GoN
‘NOTE-TIME OF CONC. IS SET AS MINM.= 2.SMINUTES B-16-817
PRYZ
fagg 9”23'37
NOTE-TIME OF CONC. IS SET AS MINM.= 2,5MINUTES

Y
NOTE-TIME OF CONC. IS SET AS MINM.= 2.SMINUTES

NOTE-TIME OF CONC. IS SET AS MINM.= 2.S5MINUTES
NOTE-TIME OF CONC. IS SET AS MINM.= 2.5MINUTES
NOTE-TIME OF CONC. IS SET AS MINM.= 2.SMINUTES
NOTE-TIME OF CONC. IS SET AS MINM.= 2.SMINUTES
NOTE-TIME OF CONC. IS SET AS MINM.= 2.5MINUTES
NOTE-TIME OF CONC. IS SET AS MINM.= 2.5MINUTES
NOTE-TIME OF CONC. IS SET AS MINM.= 2.SMINUTES
\ﬁ;;.OTE—TIME OF CONC. IS SET AS MINM.= 2.5MINUTES
NOTE-TIME OF CONC. IS SET AS MINM.= 2.5MINUTES
NOTE-TIME OF CONC. IS SET AS MINM.= 2.SMINUTES
NOTE-TIME OF CONC. IS SET AS MINM.= 2.S5MINUTES
NOTE-TIME OF CONC. IS SET AS MINM.= 2.5MINUTES:

NOTE-TIME OF CONC. IS SET AS MINM.= 2,SMINUTES
DETAILED CALC TABLE WITH FINAL ROCK SIZE
SEGMENT=top_50 LENGTH= 50. FT. SLOPE= 5.%

ASSUMED D50= .1250FT. AT D/S END OF SEGMENT
CORRESPONDING Q= .664CFS/FT AT SEGMENT END BY FS METHOD

. LOPED *#****FLOWS (CFS/FT) *¥*+ VEL. DEPTH MANNING TIME OF
\ , VISTANCE ALLOC. PORES ROCK (FPS) (FT) N CONC (MIN)
FROM TO INT. TOTAL

(FT) (FT)




8-5/1

0. 10. . 133 [} 069‘ 3 064 1-22 005 0039 L] 14 » 14 5051_05
10. 20. .266  .069  .197 2.14 .09  .032 .08 .21 oo
20. 30. .398 .069 .330 2.73 .12 .030 .06 .28 s
_' 30. 4o0. .531 .069 .463 3.19 .14 .029 .05 .33 02678
\__~ 40. 50. .664 .069 .595 3.59 .17 .028 .05 .37 MJIG
RAINFALL INTENSITY RAINFALL INTENSITY p& 7-23% 7
THAT ASSUMED DSO0 BASED ON CALCULATED
CAN WITHSTAND BASED TIME OF CONC.AND USING
ON THE EQN I=Q/CA= INTERPOLATING FUNCTION
(43560%Q) /L I=10++ (G-H* ( (LOGT) *+2))
(INCH/HR) (INCH/HR)
578.57 56.15
DETATLED CALC TABLE WITH FINAL ROCK SIZE
SEGMENT=top_10 LENGTH= 10. FT. SLOPE= 5.%
ASSUMED DSO= .1250FT. AT D/S END OF SEGMENT
CORRESPONDING Q=  .595CFS/FT AT SEGMENT END BY FS METHOD
SLOPED *% %% *FLOWS (CFS/FT) **** VEL. DEPTH MANNING TIME OF
DISTANCE ALLOC. PORES ROCK (FPS) (FT) N CONC (MIN)
FROM TO ‘ INT. TOTAL
(FT) (FT)
0. 10. .099 .069 .031 .82 .04 .047 .20 .20
10. 20. .198 .069 .130 1.74 .07 .034 .10 .30
\_ 20 30. .298 .069 .229 2.30 .10 .031 .07 .37
30. 40. .397 .069 .328 2.73 .12 .030 .06 .43
40. SO. .496 .069 .427 3.08 .14 .029 .05 .49
0. 10. .595 .000 .595 3.59 .17 .028 .05 .53
RAINFALL INTENSITY RAINFALL INTENSITY
THAT ASSUMED D50 BASED ON CALCULATED
CAN WITHSTAND BASED TIME OF CONC.AND USING
ON THE EQN I=Q/CA= INTERPOLATING FUNCTION
(43560%Q) /L I=10%# (G-H* ( (LOGT) **Z) )
(INCH/HR) (INCH/ER)
432.25 56.15
DETAILED CALC TABLE WITH FINAL ROCK SIZE
SEGMENT=top 40 LENGTH= 40. FT. SIOPE= 5.%
ASSUMED D50= .1250FT. AT D/S END OF SEGMENT
CORRESPONDING Q= .664CFS/FT AT SEGMENT END BY FS METHOD
SLOPED #%%*XFLOWS (CFS/FT) *#*** VEL. DEPTH MANNING TIME OF
DISTANCE ALLOC. PORES ROCK (FPS) (FT) N CONC (MIN)
FROM TO ~ INT. TOTAL
_ FT) (FT) .
\—  o. 10. .066 .066 .000 .00 .00 .000 .00 .00
10. 20. .133  .069 .064 1.22 .05 .039 .14 .14
20. 3o0. .199 .069 .131 1.75 .07 .034 .10 .23




30.

40.

0.

: :, . 0 d
20,

30.

40.
50.
10.
10.
20.
30.
40.

« 266
«332
398
<465
531
.598
«664

. 069
. 069
. 000
. 069
. 069
. 069
. 069

RAINFALL INTENSITY

THAT ASSUMED D50

CAN WITHSTAND BASED
ON THE EQN I=Q/CA=
(43560%Q) /L

(INCH/HR)

28%5.28

197
«263
.398
«396
463
.529
.585

BASED ON CALCULATED

2.14
2.45
2.97
2.96
3.19
3.40
3.59

.°9
.11
'13
.13
.14
.16
.17

.032
.031
. 029
. 029
.029
.028
.028

RAINFALL INTENSITY

.08
.07
.06
.06
.05
.05
.05

TIME OF CONC.AND USING
INTERPOLATING FUNCTION
I=10%** (G-H#* ( (LOGT) **Z) )

(INCH/HR)

56.15

DETAILED CALC TABLE WITH FINAL ROCK SIZE

SEGMENT=MIDDLE LENGTH=

ASSUMED D50=

CORRESPONDING Q=

SLOPED
DISTANCE
FROM TO
(FT) (FT)
. 0. 10.
- 10. 20.
20. 30.
30. 40.
20. 50.
0. 10.
0. 10.
10. 20.
20. 30.
30. 40.
0. 10.
10. 20.
20. 30.
30. 40.
20. 50.
50. 60.
60. 70.
70. 8o.
80. 90.

90. FT.

**#* %% FLOWS (CFS/FT) *%%* VEL.

ALLOC.

.013
.026
.038
.051
.064
.077
.080
.103
.115
.128
«141
.154
«167
179
192
.205
.218
'231
243

PORES

.013
.026
.038
.051
.064
. 000
. 069
.069
.069
. 069
141
154
'163
.163
163
.163
163
163
163

RAINFALL INTENSITY

THAT ASSUMED D50

CAN WITHSTAND BASED
ON THE EQN I=Q/Ca=
(43560%Q) /L

-

(INCH/HR)

55.82

ROCK

«000
.000
.000
.000
.000
077
.021
.034
.047
. 058
.000
.000
.003
.016
.029
.042
.054
067
.080

BASED ON CALCULATED

SIOPE= 20.%

-.1583FT. AT D/S END OF SEGMENT
«243CFS/FT AT SEGMENT END-BY STEPHENSONS METHOD

.31 05705

.38
«43
.49
+54
.59
.64

DEPTH MANNING TIME OF

(FPS) (FT) N
.00 .00 .000
.00 .00 . 000
.00 .00 .000
.00 .00 .000
.00 .00 .000

1.34 .06 .038
67 .03 . 052
.87 .04 .046

1.03 .05 .042

1.17 .05 .040
.00 .00 . 000
.00 .00 .000
.18 .02 170
.65 .02 .088
.96 .03 .070

l1.21 .03 .061
1.42 .04 .056
1.60 .04 .053
1.76 .05 .050
RAINFALL INTENSITY

CONC (MIN)
INT. TOTAL
.00 .00
.00 .00
.00 .00
.00 .00
.00 .00
A2 .12
.25 .37
.19 .57
.16 .73
.14 .87
.00 .87
.00 .87
.95 1.82
.26 2.08
.17 2.25
.14 2.39
.12 2.51
.10 2.61
.09 2.71

TIME OF CONC.AND USING
INTERPOLATING FUNCTION
I=10%#* (G-H* ( (LOGT) *+2))

(INCH/HR)

54.93

DETAILED CALC TABLE WITH FINAL ROCK SIZE

X No ko l—f\ow assumd ante |oFt .seamz‘ +v Lanemsa{e fr excesswe Lo M'WJ
Klat wou‘? ‘ue Ca‘(db‘t’d \/“ tle Computes "(V'oﬂmu

B-L/q

UMTRA-6RM
g-246-87

M-
/£2ﬂ§'7”2379?'



5057-05
UMTRA- RN
o\r6197
SEGMENT=BOTTOM LENGTH= 50. FT. SIOPE= 33.3 MJ(- FpE TT38F
N ASSUMED D50= .3916FT. AT D/S END OF SEGMENT
\_~ 'ORRESPONDING Q= .312CFS/FT AT SEGMENT END-BY STEPHENSONS METHOD °
SLOPED * %k *4FLOWS (CFS/FT) ***% VEL. DEPTH MANNING TIME OF
DISTANCE ALLOC. PORES ROCK (FPS) (FT) N CONC (MIN)
FROM TO INT. TOTAL
(FT) (FT)
0. 10. .013 .013 .000 .00 .00 .000 .00 .00
10. 20. .026 .026 .000 .00 .00 .000 .00 .00
20. 30. .039 .039 ,000 .00 .00 .,000 .00 .00
30. 4o0. .052 .052 .000 .00 .00 .,000 .00 .00
40. 50. .065 .065 ,000 .00 .00 .000 .00 .00
0. 10. .078 .000 .078 1.35 .06 .038 .12 12 ¥
0. 10. .091 .069 .022 .69 .03 .051 .24 .37
10. 20. .104 .0692 .035 .89 .04 .045 .19 .55
20. 30. +117 .069 .048 1.05 .05 .042 .16 .71
30. 40. .130 .069 .061 1.19 .05 .040 .14 .85
0. 10. 143  ,143 .000 .00 .00 .000 .00 .85
10. 20. .156 .156 .000 .00 .00 .000 .00 .85
20. 30. .169 .163 .006 .28 .02 .127 .60 1.45
30. 40. .182  ,163 .019 .72 .03 .083 .23 1.68
40. 50. .19 .163 .032 1.02 .03 .068 .16 1.84
50. 60. .208 .163 .045 1.26 .04 .060 .13 1.98
60. 70. +221 .163 .058 1.46 .04 .05 .11 2.09
~~. 70. 8o0. .234 .163  ,071 1.64 .04 .052 .10 2.19
\\_~ 80. 90. .247 .163 .084 1.81 .05 .04% .09 2.28
0. 10. .260 .260 .000 ° .00 .00 .000 .00 2.28
10. 20. .273 .273  .000 .00 .00 .000 .00 2.28
20. 30. .286 .286 .000 .00 .00 .000 .00 2.28
30. 4o0. .299  .299 ,000 .00 .00 .,000 .00 2.28
40. 50. .312 .312 .,000 .00 .00 .000 .00 2.28
RAINFALL INTENSITY RAINFALL INTENSITY
THAT ASSUMED D50 BASED ON CALCULATED
CAN WITHSTAND BASED TIME OF CONC.AND USING
ON THE EQN I=Q/CA= INTERPOLATING FUNCTION
(43560%Q) /L I=10%* (G-H* ( (LOGT) **Z))
(INCH/HR) (INCH/HR)
56.64 56.15

\\

N

k%% %k **RESULTS SUMMARY##%*%#% AREA=A

SEGMENT LENGTH SLOPE DSO0 Q AT
(FT) (%) (INCH) D/S END
(CFS/FT)
op_50 50. 5.0 1.5 * .664
cop_10 10. 5.0 1.5 «595
top_49 40. 5.0 1.5 +664
MIDDLE 90. 20.0 1.9 +243
BOTTOM 50. 33.3 4.7 .312

TC STARTING METHOD OF
(MINUTES) ROCK D50 CALC.
(INCH)

2.5 1.50 SAFETY FACTOR
2.5 1.50 SAFETY FACTOR
2.5 1.50 SAFETY FACTOR
2.7 1.50 STEPHENSON
2.5 1.50 STEPHENSON

¥ Sef note o~ B2 B-b
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ﬂgﬁRISONoKNUDSEN ENGINEERS, INC.

pisainacy cquron Sheet __<-\___
Project WCATER- Contract No. £¢5T-¢S FileNo.
Feature ~a 'T%oﬁl A ; Designed N (- Date M4 2T
item radatiod Checked __ £,

Date /-4 - 232

AFPPENDI\X .

PURPOSE
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@Monanson-muossn ENGINEERS, INC. Sheet _ C—2

Project —ALATER = RN Contract No. S¢S 1-¢€ File No.

Feature ___Sipep Tupe A Designed M 3¢ Date _\e(23
‘ ltem. Gyad g‘ﬁe?\_. . Checked _ €= Date /- £-£2
CALCOLATTONS
A} Lower 'E!:UNA (redsion ( sen Fi.gurr_ i)
'DSOM-: 2.0 (su. P s/‘a)
Gs = 2.4 (pssumeel in stability cale)
:D'wo min = VTl * 2 = 2.52
Dies Mak = WX 7 = 3.42 "
ng MIn = O‘tl:& X2 = ‘03@"
?) UPM Beved  Grodadion (—“"‘ gj"r'- 2)
.DSQ M.\k = ‘-'5 X DSﬁ = Zibh
{\/ Gs = 249 (assomed)
Dhso R A ST By 328
Dieo wnn = WU * 2.0 7 4.45"
Dic min = OLIX 2L = VAT
—
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Feature _Yigmp ’T\Lg Px Designed— MJd¢( ___ Date RCEN
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CONCLUSTIONS
A) Lw..v‘( ?”m“' C.WJ",‘\ ( Foy Cam?a.r‘ghvk 'Purku OA.\'O

Sieve Size () Trred Fun By Waght
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OMTEATERR Contract No.2241-9S  File No.

_%fim’_ cal _Embny Kirovts Designed .. M (- Date .\-25=23
2 6% '\'ud;e‘é Rapmp £or Tilder Checked 806 Date __ 4 -25-70

ApPentIx O

Teplac g T W Ni*\n“.‘&p& & Cprap
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A MORRISON KNUDSEN COMPANY

PR Contract No. S0S7-0S File No.

@MORRISON-KNUDSEN ENGINEERS, INC. Sheet _ Y-\
Project

Feature _D\3posal E mBaakn et Designed_._____..“'\-)(’ Date MWi38
("’"‘ tem Uz of Rieop Tape A Lor Citker : Checked f2& Date . /-24-28
At APPENDIX D
—ngozg_ |
\MU‘@A—L W 2'\@«&9 T‘\\a k v vagtr 5awd“ ambd'\ax* s
Atctp'\‘xb\l. Lr st s & 'Fi\'\-ur bhwean Tipmp '\—J‘g D
and M‘A& Maj‘!r\'ah (*V-L?k?t c-5 )
Method
?ﬂ.vln‘k' ﬂ\\ani\o\ o‘E 'Q&u. "%n\'\ﬂ@‘ v,wfl'lfh\ \l\)\v o arser ma.i‘-?.r(\k\
})\3 W\"N\"\'mlu} 149} eo\\,nwmﬂx vw'“o‘)
Dig), / Dgs)b 2 15 (et 4)
Ve m)\u"\, .
Y |
v?— ‘;.‘)‘. (..k‘{! “* Lonvser— zVﬁ‘\M&L M\*lr'\ l..\ (i\&. ‘I'C?H-gr")
ot PN.\J’J\ S m‘cam\-‘am of &nu-%m‘ma‘ maTeeial,
b - indiedes e Liner -3«{\,\«1 rooverial  Lor "base” mﬁcrla\\)
Do
Maberial D (i) Dgc (N
i
?\?m‘Tj(‘ B I {1; 13.8 AN lﬁ
1%(&, Tlf’- K .S 4 2.2 2.0 40 4.1
wivg * 0.00L t+p ¢.01% ob + \4&
-/

Lo Cale Ww0-S3b-p2-00 Pp. (2-3




@2&9{5&3&5&%85" ENGINEERS, INC. < Sheet _D-2
Project JLELTNLEY - ({21 Contract No..f_O_\\ﬂL File No.

Feature !E;sgcf ?! Extankment —— Designed M= ___ pate \u\®%

C tem —_\e o @jprep Type b For Filter Checked —£3S _ Date =262
Calevlatiens |
- chek MiS\ru\'uh c{ ‘D’c\cl:tj '\P"‘O -cf\\"«t’) "y )+x(w. A r:‘\(‘l\‘)

D\S-F /Dgg’ L = 7.1 /0“; = 3] < 7.5 L%

- cheek “\"gm*“un o ‘g\\{f)'...n.) 'T,pcﬁ riprap, i o —-"&f&%

r‘\QmP-

Dige /Dgey = 3.6 /3 = 46 < 7S i oX

CsWC\USTol s

(\/ 'V’:f‘amé T&eﬁ A Ay be sebstidvid Sor He Hider Hg
wou\d Q.Qam)\‘e. V"PM Tag( D 'Frow ‘\:l::\‘clnr»‘:1 watecials,
Jhe maximirn s12€ of Eiprap Type A For THhe ;r‘aﬂ’a/ﬁfh
wsed above will allew gese of TG smpimerm faysr

FHickness of 6" between Lpreyr TP€ B and éﬂo’d‘fry.
- &
\4‘04'%% ﬁ;—ﬁé

*theel’:;': Corrmend s //‘} o’ecr/'&zse ;‘n ﬂj M/gnye-izf S/2€ ravges a?‘,‘?
bedding m be allowadle. ;- ra N £ 7 7pe
used. ja b:?; L fo/’ conslrecliin. oy 1

- FEE /1265
\— M- - -ET
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MORRISON-KNUDSEN ENGINEERS, INC. Sheet £~/
Contract No. __2_&25' FileNo.

Project 7§ HORRISGK ERUGSEN COMmNY
Feature _EMBANKNIENT Er2051in) [ZoTECTION Designed T~ Date S£4- 4 9Q
EMS Date &1/ 20

-

RuACY HE. - RBurl Loatd.  Checked

l\: em _KELIEY A
T AENDK &

M: To VERIFY THE ADEQUACY OF THE pimdrnessy
. ey

ALLOWABLE E/irer TYPE A D,, FASED
AS = BunT S£ome™@y oF THE  @eeN RVER

TRILINGS EMEANKIENT. ( MINOL RETIONS OF THE
SOoUTHEASTERN SI1DE HF THE EMPANEMENT ALE STELFFE

THAN  STH): 1(¥).)

DETHOD :  Compurez  Aloarin K/’ze/?/:ﬁ‘.rr' L asEp 7D
VEEIFY  mmivimmum ALLownBLE LIPRAP TWE # Do

SUMMARY ' ComPurED  HImvimusm  ALLodAiBLE  R/PRAC D
BASED ON AS — BunT SLPADES ON SouTHEASTEZAN
SIDE OF EmERNKMENT IS 2.0 WNCHES WHICH ACLLES
WITH Dy, CAHLULATED W~ AfPEDIE A,

. EIEAP TYE A  oitimuntr  RLLOwWABLE Dy,

CALLULATED FREwOUSLY ( SwEET S/43) 48
ADEQUATE FOR EMBANKMENT SLOPES AS- ButT.

FEFECENEES (IN ADomiond To REFELENCES CITED on
CALCULATION CBVER SHEETY *

0 Q. PE-F Ebosin) [RTECTTN ScrNG RESuLTS,
N _ MKEKES DoC ¥ Sp57- LN - L-02 - 0809 —~ OO
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MORRISON-KNUDSEN ENGINEERS, INC. Sheet =2

Project Z;ﬂ:%nfnzmc - : Contract No. .S2¥ 7 __ File No.
Feature _ EABANKMERIT Fosion) ABTECIoN _ Designed TP Date _# 472 90 __

tem YELIFY ADELLACY OF 'As “Buit 7 Lord. Checked £MS Date _f//f%0

J0. Fhie Flom T SINGLETN , TKk-F ,To F &ukos , muiks,
PIKES Doc ¥ SD57-&2N - R-02 - /1863 —oD

. [LN
1. TVOCAL CENTER LINE CRoss—sECTIONS, GRREEN FIVER
PEmEd at_ ACTION FLoaECT ,’ MEES Dot ¥ sos7-
GP2N -~ D-69 - O/IBES - OO



MORRISON-KNUDSEN ENGINEERS, INC. Sheat £=7
& MORRISON KNUDSEN COMPANY ——_—————
Project — Zm7RA - =, Contract No._S257 _FileNo.
Feature — EmBANKMINT Epson) ([ Borre7704) Designed T2 Date LA To_
N Mem __YELIFY pdediACY OF AS-Busl CwbChecked — RIMS Date _4//1/20

EmBANKMERT GEOMETRY
e /43 /7
I~

LRI

AS = BentT EmBANKMENT &SLfomETRY DATA Floyded> Py
ALT BrCREL AND FSSOCIATES | WIELMNETON , LTAH SLplPE
BLEAL & TOE Lochrions DATA [AloviDED BY Lre )
ENGrUEERING GRAND TuNcneMN | co.

)

IR WATERSIHED  FLOWLINE LENGTH /S LED 7D

CALLULATE  /mitrum ALLownilE CitRac Do, ( CEF /). A CHoNSE
(. N StoPE FZem SUHY. IV To 4 I1CHY: ¢V AD
R 4.3¢hN: 1 (V) occurs N EITHEE SIDE OF THE rtstmecn,

/S [PoTECTED owro THE rmAximums FLOWLINE LENSTH

TE (RovIDE A CoNSEEVATIVE rhodfs OF EXMUTiNG ConDi7zns

AdD  AlSs PEFLEET THE UNCEETAINTY OF Exisriné

SLOCE CHANGE CorDITIONS ALonG THE  /hekyrmus?

FlowlinE  Crasen .,

ADDITIONAL  INfuT DETA

ComPUTER  [ostrmt RPRE[SFIT  witt. BE Run Lisiws

THE SAME INPUT RAMETELS YSED BY mTG N ATLNIY A
o No ThRZouc+riocwl CBNNITIONS . A SCECIFIC GEAUITY FRLUE
OF 2.49 /5 ACAIN (/SED [B ONVENIENCE SitceE LEAZESENTATIVE
StLING & TESTIWG oF FLACED FIPEAP YIELDED SFEZIF/IC
GRAVITIES GEAERE THAN AFRREMENTIONED (SEE LEF q) .

<*

THE X%W/ue PACOMETELS WERE CHANGED PR
\—/ THE FoLowmé EEASeNS - .

®
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MORRISON-KNUDSEN ENGINEERS, INC. sheet E- %
Project = =Rl Contract No._SZ5_7 _ File No.
Feature NYMENT ELoSwn  FROTECTIO Designed T2 Date £ARIS__
A/ tem YELIEY ADEOLACY OF AS-Eultl Zoald, Checked £ MS Date /
) Embpment Geomerey  ( AVEESSED on  Previeus s
2.3 NPT PaeimAiER “C "
NPer BLAMETER C WhAS CHANGED Feom .22 (R
GemELs & FEEBLES) To O.27 (RBC CLuned SRANITE)
BECAUSE THE rrenr 15 CRUSHED FASALT, -
|
!
(o
\~
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VERIFY ADEQuaALY oF AS -Bun 7
CoN D iTIDAS
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EMGi kmEST ELoSN FRTECTRA X

7w

NE
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**INPUT FILE PRINTOUT**
UMTRA-GREEN RIVER, EMBANKMENT RIPRAP TYPE A VERIFICATION

GRN  ERGPROAPRO4 1990

1.810 ,310 1.770 2.450 ,270 A 002 1.0
2 ¢

0 0

6 2

SIDE  143.0 20.0 .30 37.0 ST

BREAK  17.0 24.4 .30 37.0 SV

1250 5 .00833

1250 .5 00833

tersn st e R e Rt END NPUTDATAR SR s aaeenae

UMTRA-GREEN RIVER, EMBANKMENT RIPRAP TYPE A VERIFICATION

UNTRA/GRN RUN 1.D.=EROPRO  DATE=APROL 1990

*ReSAFETY FACTOR/STEPHENSON METHOD FOR EMBANKMENT EROSION PROTECTION®**

.t'tttt'ttilumn‘r‘tttt.ttlttt;t
COEFFICIENTS FOR INTENSITY DURATION CURVE -
IPMP=10**(G-H*(LOGT)**2):
G= 1.810 MW= 310 2=1.770
RIPRAP STONE SP.GRAVITY= 2.49 C IN STEPHENSONS EQN= .27

. « o EMBANKMENT - - -

AREA
CLOCATION SEGMENT LENGTH SLOPE POROSITY FRICTION
IN PLAN) CFT) ) ANGLE
(DEG)
A SIOE 143, 20. 30 37. STEPHENSONS
A BREAK 17. a. .30 37. STEPHENSONS

Teaeeer e s e s ED [NPUTOATA S S € R ascena s

NOTE-TIME OF CONC. 1§ SET AS MIKM.® 2.SMINUTES
NOTE-TIME OF CONC. IS SET AS MIKM.= 2.SMIKUTES
MOTE-TIME OF CONC. IS SET AS MINN.= 2.SMINUTES

<

NOTE-TIME OF CONC. 1S SET AS MINM.= 2.SKINUTES

NOTE-TIME OF CONC. IS SET AS MIRM.= 2.SMIMUTES

SH., £-&
UPTRA —GLN SB57-05

EmGANKMERS T EreD Soal Ve LY
VERIFICATIoN oF AS-Bud ™

ADEQvAcY
P 4 AR 3e
RMs  4/H70




E-1

NOTE-TINE OF CONC. IS SET AS MINM.= 2.SMINUTES
UMTCH - GEN  SOST -5
NOTE-TIME OF CONC. IS SET AS MINM.s 3.SKINUTES EmGANEmENT ERCS/00 FROT,

. a , ! VEZ/FY AS-BuItT ADE cuacy
'\/ DETAILED CALC TABLE WITH FINAL ROCKX $12E

SEGMENT=SIDE LENGTH= 143. FT. SLOPE= 20.X

P ARSI
ASSUMED D50= .1250FT. AT D/S END OF SEGMENT
CORRESPONDING Q=  .196CFS/FT AT SEGMENT END-BY STEPHENSONS METHOO KMS "’// // 70

SLOPED Sea2ELOWS(CFS/FT)**** VEL. OEPTH MANNING TIME OF
OISTANCE ALLOC. PORES ROCK (FPS) (FT) N CONC(MIN)
FROM TO INT. TOTAL
(FT) (FD)

0. 2. 035 000 035 1.20 .03 .05 .33 .33
26. 48, 070 000 .070 1.77 .06 .45 .22 .56
48. 7. 105 .000 .105 2.20 .05 .041 .18 .7%
1. 9. .10 000 .140 2.55 .05 .039 .16 .89
95. 119, A7 000 LT3 285 .05 037 .14 1.03

119. 143, .21 000 .210 3.6 .07 .036 .13 1.16

RAINFALL INTENSITY RAINFALL INTENSITY
THAT ASSUMED 050 BASED ON CALCULATED
CAN WITHSTAND BASED TINE OF CONC.AND USING
ON THE EQN 1=Q/CAs INTERPOLATING FUNCTION
(435601 1=10%2(G-K*((LOGT)**2))
CINCH/HR) CINCH/HR)
A\, 63.85 $6.15

DETAILED CALC TABLE WITH FINAL ROCK SI2E
SEGMENT=BREAK  LENGTH= 17. FT. SLOPE= 24.X
ASSUMED D50= .1687FT. AT D/S END OF SEGMENT
CORRESPONDING Q=  ,219CFS/FT AT SEGMENT END-BY STEPHENSONS KETHCD

SLOPED *asasELOWS(CFS/FT)**** VEL. DEPTH MANNING TINE OF

DISTANCE ALLOC. PORES ROCK (FPS) (FT) N CONC(KIN) -
FROM 10 : INT. TOTAL
(FT) (FT)

0. 2. 033 .000 .033 115 .03 .057 .35 .35
2. 48, 085 .000 L0685 171 .04 046 23 .58
8. T2. 098 000 .098 2.12 .05 .0é2 .19 .77
. 9. LA31 000 .131 247 .05 .039 .16 .93
95. 119,  .163 000 .163 2.77 .06 .037 .14 1.07
119, 143, 196 000 196 3.03 06 036 .13 1,20

0. 9. _ .208 .000 .,208 3.01 .07 .C41 .05 1.25

g 1. 219 000 .219 3.10 .07 041 .05 1.9

RAINFALL INTENSITY RAINFALL INTENSITY
THAT ASSUMED DSO BASED ON CALCULATED
CAR WITHSTAND BASED TINE OF CONC.AND USING
ON THE EQN IsQ/CA= INTERPOLATING FUNCTION
(43560*Q)NL 1210°#(G-H*((LOGT)**2))
‘ :
K/ CINCH/HR) CINCH/HR) ?

$9.75 $6.15




E-8

ersaasaQp SUMURY e rane )

s ! AREA=A . UmTRA — GRN  Sos7-o5
EmBANCMENT ERsSiony 2T,

SEGMENT LENGTM SLOPE 050 QAT TC - STARTING METHCO OF VERIFY As- tulT APEQUASY

(FT)  (X) CINCH) ©/S END (MINUTES) ROCK DSO CALC.
(CFS/FT) CINCH)
SI0E  13. 20,0 1.5  .210 2.5  1.50 STEPHENSON ' & #FL 95
BREAX 7.  24.4 @ 219 2.5  1.50 STEPHENSON

\

(/ : RMS  ffu/z0
@) - 2" _

mm




MKE DOCUMENT NO. 5057-GRN-C-01-00280-01
Calculation Cover Sheet . @

ol
Calc. No. [0-534- 05205
fontract No, 2O5 7 Discipline £S5 eI ym7d No. of Sheets =752

Project

LLITTEA - GRAN (GEEEN RPIVER SITE, u7A#H)

Feature
Er1BAREsERT

item
LIPRAP JoE [Frofecl/zoN ANVD S17E DPEAMACE
ZrIPLOVEMENTS

Sources of Data
1. Chen and Asseciedes, seprember /) 198 7"/ "Adds tionat Leborefory Test

Lesulls, Green Fiver, tflak” Job /(/o /-620-83 sRo. f. ]ﬂfﬂ'ﬂ/' g502)
p(nvé‘f Colevade

Sources of Formulae & References

/52 Pe,aa/fﬂa of £nesyy, Jznuary /967 _Lemediad Aeirn Flon
ond 3176 Lorrcepfual DEsizn for SAebiJzetoh of ffc Znackire
Urarivern AT ﬁu@; Sife_of Greee Biver, pfah = Drett,

UATRA- DOE/AL - 0505/0. GENO UMIRA Frej éct Offec, A/bu[ﬂ g2
SU

Morﬂ:rn nudsepn En 'n?&fs/ //4_7 1986 Ur-l7RA DG’SIW ﬁccEc/wr&r

Manuel MEE Doc. flo. 4005~ GEN- @-0)- 00SF/-02, Copy Mo. 28.

3. {k//w:m D, 1979 Zeckfl in fydracfic Engineering  pevelopmenys
in Gectechiiced Engineering 2%, Z/sevier faai Fic Zi«b/uﬁuy Coy VY

Y. Stevens, MA., Simens, DBy cnd Lewis, 6.4, /%«? 1776, 5afeb Faclors frv ﬁ"ffo/o
FPrefec flm ,45(5 Towr, /;’ydﬂud:(! Du/::unﬂ yo/ 102, fe. )’-—

@/UZAA[ £, gdéﬁz PEF-2
Preliminary Calc. [] Fina! Calc. m Supersedes Calc. No.

\

B Cbg«géFnA/Q/c s Gexdninn 118y ,p/c/ 1ol ) f/p-,("C‘zz Ny,
O Mt BT \gz. PoriER 91691 £ Garos |70 88 o L) >t

L2 feros \949-8H wer Lo \2pvled —

Revision Caiculation By Date | Checked By | Date | Approved By | Date

\

22

Form 42-110



@MORRISON-KNUDSEN ENGINEERS, INC. Sheet £££-2 |

Project 4&&%%;—%%’? oHnax Contract No..525 7 _ FileNo.
Feature .LPUEANK M ENT Designed £S5 Date _T/E-EF
ttem RIFRAP Je£. FroTECTION Checked WY C Date_2/23/€7

KEFERENCE £1ST (econtinued)

S, HS Gops of Engieers, 1-Tuly /1770, Hydraulie Despy of
Lleod Cortre/ Chamels , £ 41/0-2 /601, Reorin) vorf4,
Ctages /-4 zhC/uc/tJ (6 Sept. 1582)

o Ana’er:m/ A 6. y Faintel, A.5. y andd Pdlféafo/f/ J 7'/ /7?&/ Tenfative
Lesign Frocedure £y Riprep-lined hannels , NCHRP Reperf
Ne. /08 (Tighway Reseorcd Beove] losshinglon, D.C.

7 US. Bur€ed of Eeclawalin, /I7Y, Desizn of Somed] Dewmns
US. Governmed ﬁ*-“?’ay JF/:"C/ Weshinglon, O.C

J

8. Zsracken, c£. , et al, Apri/ /980, Lrosien comtre/ During
M,‘y/tug Consfruciion i flasal on [rinciples andd frackic€s
NCHRP Fepor! Mo, 221  Transperfafion Lesearch Board,
///ashyéu 2.C.

9. Chau, V.7, 7959, Qeen- chaune! Kydraulics , MeGrw Hit MY

/0. Morrisen - fnuclsen, Engineers, seromber /967, " uriRA- Gon), Toilings

Embantment, Lrosirn Profection ”,

M- HMorrisen-dnedsen £ﬁt&t eers, S?n'@ﬂ‘éer /787, “UrTRF - GrA,

STEE Cale. flo. fO-536-02-00.

PRP For Erosiom frofeclirn, S.0.S. pispised Site '/ AEE
Cole, fo, yo0-5379-01 .

&)



@Moamson-xnuossn ENGINEERS, INC. sheet A

Project Lial? A= 2P Contract No._&25 F _ File No. _
Feature L2 BAKMENT Designed__££2<&  Date. F-Z23°8:
tem RIPRAL T2£ FLeTEC[ror/ Checked wYeL Date 2
SUMMARY (SEE R T, FoR comiEr)rs ¢F
CALERLAT/04)) ;

L. SIiTE PRAINAGE J/rIPROVEAMEATS

A. Frovide apron al embankment foe fo Sfrer)fale sheel o
“‘W“"d from e bankment,

B. Abandon exrsiing culverfs 2 reduce runoff frlws rnear
the esmbantment.

¢. Drain southeasy side of embanknesd 7 exrsling oith
across rood

D. Al existing \7“///?.5 wirlt jmve/) se., eresion-
resisfant smafeviols Fhal promefe sheet fro, re?
gully fermation.

£ Desigrn Lnaf gredes s /rrma;@ steef ftwo, Do ret
allow shale bedrock exeaveled meferiafs 7o be wsed as
Fll arowund embantmend So reduce gully formedsen
petentiel.

£ Ainel boundary sheuld be adeguste fo prevent

alferations 7> <ss¥e jr‘a—oll):j oo ‘7mve/ Lt arcund
wbmkm@wf '

T PIPRAP JDE FLLITECT/ON

A Riprap size (Bp)y, = /5
(For design gredefion , sec Let, /o)

®



.@MORRISON .KNUDSEN ENGINEERS, INC.
Project

Sheet _i.__ l
7Y A A Contract No._5¢5 7 _ File No.
" Feature __E/MAARKMENT Designed — £FE2& Date _4-23BZ
item 7 2#WAC, Checked — WYL _ Date__9/23/27

SuMMARY (econtirved)

B, Sfrovicte riprap end /rafew‘/a'n o” Seulfheasy srcde

of embantmend 7> profecf’ ajal'ﬂﬁf Fafeﬂflk'/ FMF
flow, jn fre event J#he sife road ix abandoned
or /s washed e, by o FHMF,

C. frovide riprap e )pro/ecf/?fn on  soclFius?, sor fhoest,
cund portteast sridfes of embanltnCnl This cost/

/p/ow'cfe, /Profec.f/'a'n c&yar‘nsf re/a,f,‘ve/j /M‘je /oa/&uf:a/
future frs concentrotions, /awj-farm sor/ Ass

N on fhese siles Js estimoted of d' - HHecefeve,
Fravfofe fée /rofe'cﬁ’ow fﬁrotyﬁ INAKI /ef’ﬂ of
<soil (~ /8').
D. Sec Pre//m/'nawj a’ega'ﬁm Irewings Sor cornsFrwelion
de/‘a:/g.
v /VaTE :

Riprop %uah"‘j and Fine/ riprap source selection
will be the subject of a separate de fourled

evaluation.



MORRISON-KNUDSEN ENGINEERS, INC. Sheet 1 ___

Project a1 7E4-CoRAS Contract No._52S% __ FileNo.

Feature LEMEANEMENT Designed /42 G __ Date . Z-23 67

ltem B1PEAL Bt L LoTECTIN) /547 PRAMAGE Checked wYL Date _9/23/8]
Cco]ENTS

SHEL T AJOS.

SUrMHreartyY A

- D
FURPOSE p
METH 0D Z
SECT70/ 1 ¢ SITE DPBAINACE MPLOVEMENTS 3-8
SECT/ON Z : FRIPEAP JE Fr2TEéci7on) 9 -
FURFOSE 9
SMETHOD q9-/2
CALCULAT/ o) S /2 -3¢5
A. LIPREP 7o FPLOFTECT/OA /3 -28
B. RIPRAP EpND PROTECTION 29 - 35
APPERIDIC A i LowE-TERM s/l L0SS [Flem Al - A#
SHEET § pree frosson (pres 3 pp.)
AFPPEIDIC B UPSLOPE WATERLSHED PHr1F EB1— B¥
APFEIDIX & 3 CtmWVEYANCE BT/ OF CHANIE L cl - ce
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MORRISON-KNUDSEN ENGINEERS, INC.

onmson g /és“ MPANY S_heet _L“
Project £z 184 Contract No..£25 % __ File No.
Feature A/ EANKMEXT Designed ___£8& Date ._7-23-87
. Wem KIFPRAF T0£ FroTECTN Checked WYL Date_9/23 /81
./

FURPOSF
J7rs caleclatson presen ’s e ﬁ//aw,‘,:;; :

/. fatizyrafe S sife ofra rrage smprovemerds 1ot reduce
the possibilrdy 1hed fong-ferm evosion will wmderpune o>
crode jato Frhe fa.:‘/;'nj.r et ankment-

2. Desgn of riprap foe Fm‘fec«?‘?b‘n

N METHOD

J Sectionr [ of a5 calcwdaiion Olescribes sife o’fa/hc'z/ce
smprovemenits amd condlfins ot will reduce  erosion pofential

2N and pear rhe Sife.  Jhe yafionaf Jw/’/ﬂ’/ﬂy He ex/Ee/E‘a/

efte ctiveness a/ eacl /m/rovemawf Ve Jiven.

2 SecTion 2 /re:&ﬁﬂ riprep Joe /on/eoﬁem oess J” ) trreluding
e A Min g efesnends

A Criferia for Sesign , based on ex/ec/ec/ erosson /n/eu/:a/

incleclyrng  consideaion of sife drainage smprovemenls
given ju Seclrion 1.

8. Analysis of riprap _;faé:'//;// , cluding pefhods
asseoplions, and finaf pockt siees.

[Kiprap jradau‘t'cm(s)' /s givesm rh Left. /OJ

@



MORRISON-KNUDSEN ENGINEERS, INC. Sheet 5

Project _Z#IIRA= G RA) Contract No. 527 __ File No.
Feature _EEANIIMENT Designed__ FfZ26  Date _9:/8E2
em _SUE PEAINACE 11/ROVEAMENTS  Checked WYL  Date_92/23/27

SECT/ON [ : SITE DRANAGE THMFLOVEMENTS

) Fefr fo Jhe plan on sheef 4 for fecafions of sife
dfdl'ﬂé“je ,m/ﬂve;ww; discussed pefod. Locodrons for

particider smprovesends are /Jobefd . @ 7 ; efc .

2. @ 2 An aprom will be provided en fhe su, #W, and
NE srdles of Fhe embankmicod where She SCH): 1(V)
embavbnend sideshpes meef agjacendt siie Fracling. (Eeiew)
The apron will consis? of riprep and will decrease
velocrty of sheet flov fiom Fhe embarbment fo ste
grades wittoud riprap.  This elfminates petentiad fov scour
ond depressions fhat weuld form 2 fhe e of e sidesqpe

and Fle fa/auf:'a// Sov Jw//r}fs éeyzhm'gy /n selective frrnw
faﬂls el cow/d Frm 7o drain avy fmfa//h sn ffiose
depressions. y/ I apron afse Eppswres HHad sheed flrw

will confinue a minimuesm oisfance awsay from fhe

embankrent SrEoN
20° SIVAL GlounD
P S Skt
SHEAMMENT  F N —
ERVD OF PIFERAF
AT SURFACE
SECT/on/

(NeT Jo ScALE
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MENT OF CONTAMINATED

N - y A o . FOR SEQUENCE OF EXCAVATION AND PLACE
?‘bﬂ« -‘fi). (\ i W MATERIALS SEE DWG. NO. GRM-PS—-0-0512 .

1
N Iy O 2. FINAL EMBANKMENT TOP SLOPE ELEVATIONS SHALL BE ADJUSTED
N
N

7

v SN ‘\ ' R : o > i 7 1.3 TO ACCOMMOBATE ACTUAL QUANTITIES OF MATERIALS
‘ N ” q ) / " A ™
: ‘\\\}\t Sy A

= JocArion) oF SITE DPRAIWAGE
IMMPROEMENT pDr5CUSSED

/N CALLLATION SECTION |

THE APPROVAL OF THE CONTRACTOR,

REFERENCE DRAWINGS: ]
GRN-PS-{0-0812 CONTAMINATED MATERIAL EXCAVATION PLAN
({SHEET 2 OF 2)

GAN=-PS—I0-OSIT  TAILINGS EMBANKMENT & FINAL GRADING SECTIONS

© Y——f  CUWLVERT wiTH Frow BIRECTON
\

LEGEND:
N > \" ;Q . :4& mﬂg:ﬁuwmts & CONTOURS
\// ,’"’,’«%7 N . e | GO - FINAL CONTOURS
/ /A‘Qr ¢ 7‘, , ' - N . CONSTRUCTION GRID aTE |
' p /@ @ ’ )t/oraz THIS PRAWING 15 AA) N -FRGEE]
{/ 9 - WICHECKED  WORIKING PRAWING |
07 W USED FOR DESIEN PURPOSES ONLY,
S Log 30 W . ‘ P . .
S g 'g% i i \’
/% ‘ ' U. S. DEPARTMENT OF ENERGY
/ T80 AR CHIEF ENOIMEER QA MANAGER . 7, Torne e
/ [ | o 227250 e
e
et TAILINGS EMBANKMENT
TL'E;'W_ AND FINAL SITE GRADING SECTIONS
A -“'.r,:.awn ATC —- 20T PRGOS
Li e g Srommsonmpsen evamezns, mc " DE- ACO4-83ALIB7SS
a2 e [oane - ntvﬁuu ov | ox |LAR[SY] Je [ oo ] o o EG G b o &GRN‘PS-|0-05|6 Iﬁ:_-

1



MORRISON-KNUDSEN ENGINEERS, INC. Sheet __~5_

Project 227784 = B " Contract No. .£&5 ¥ __ File No. ‘
Feature LEYEAMMMENT Designed___£F26 __ Date  I£/EEF
itemn _$77E 2. G 7 Checked WYL  Date 23

3. Jwo ex'b'f/fy culverts will ébe abavidoncd Fo reduce
o7 -sife fows. These culverfs cuvrandly drain bepeetth fFe
s/7e road. | |
Flows Fthal cMrewf:/; Lrain nfe fEe ouofver] soutth of
He esmbankmesd lfocation will be oSiverfed ;nto anciiie
culvert farfher from FR€ embantmed. 7he gely sraT
drains 1he Sarther calvert fas a faver base feve/
Fhan FRe neaver gqully — ffus, i i wmfikel FFet fhe
diverfed frowo will atferp? Jo reestblish a chanre/
ot /fs previous Socation chser f She gully (€.9., /v The

evend #he culvert A remarn becomes c/ogged.)

Fows  Fhat cwfrehf{j drorn snte the culver? eas? of
the embankment i/ be diverfed jnfe an €xisting
hteh Fhat runs along Fhe sowlteas) sofe of rhe
sife road. The difch wil/ be improved Jo ewswre
that e o stkrm flows up o fhe PMF o/l ne?
sverfep fhe road pear the embankmesd (See MEE
Cale. Mo. O 539-03-00)

4. @ S te j/‘aa’/'t:)j on Hhe soulheast side =f fhe
embantmend will be covered with erosin profection
ot will withstand Yhe FMP s will be SLiverfed
aeross Fhe sife poad awnd jat Jhe doifd. /{mﬂ;meo/—?)@
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Project IR = s Contract No._£257__ File No.
Feature _EMBLIPWIIERT Designed_ £2& _ Date _9-L2-EF
ltem _S2TE DRAIRMAGE 1117220 VEMENTS Checked — WYL Date_2/23/27

4. ont) This design prevewfs Flows Sfrem Fhe Soalfeas? side
from concenfroting alny Jhe porfhwess side of He site
/‘Mo// and olmm/}y as concesdtrofed fow onts s-site
Grocdes Lot the embumbmest . Thus, fhe petentiad
for Fhes€ fhror fo S Trafe /w///??.s Nnear e emboelmerd
s rearly eliminaed. (Biprap end profection S 75:s

ares, s de;g,«ea/ 7 Section 2). [Hefe? :;rsﬁ.zz/ site roo/:cl /j
s / 73 1 ou
surfaced with bifumidoss, surface Freatmesdy suds i s

S @ Existing guljes wilf be f/ed wifh cohesin foss,
erosicn - resisfany Jgre vels (delails are Jiven sn /re/l}mha,ry
design subcontracl Jdocusments), This /er o srraferiof
}arnm/?.s snfiltratior end facilitefes confinued shect
flrw, Fwo imperfand faclers in reducing y»(// & roS/s
Fp/ewf;‘a,/ . / As —conslracted /7€ jrad/'rj e de.s/;/re’o/ 7o
promofe Sheet /o and averd flw corc€ntyalivins as
well) Gravels will pe plhced only up fo a given
aximusn elevertion jn seme avcas fo eunswre fhad Jie
ymve/ Ll does pot act as a Sfulure ofslacle Fe
sheet flow affer fog -ferm esosien &f oSHer sore
Soils, This peduces /vcs.sib/'/l'& of sheel
(mz&w/mfifj and féw/‘(:] around Fhe jra-ve/ F /N areas,

6. Sife Grao/fnjz S7Fe j/ao/:"y /< deslf/nc"o/ /of/ar«/f
shee) flow. Add i fizrally y shole bedreck Ffrom r?m'rec/ @
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Sheet 7
Project Lir725 - G ln) ™™™ Contract No. .£257__ File No.
Feature _EBAEr1EAN Designed Date .2 /£ 8F
item _S7£ LRAINACE

Checked WYL Date __9/23/87

erbankmend excavalion il e /roézélﬁ’o/ From placemeny
within The firal sife boundary, since such fil/ weuld
b€ ,pprere Susceplible 7o j“’/_/) Sermation.

7 ///v%y’e /7/64 H Jhe a’ra:'ﬂfjc T py:/?m? eF %c

esmbantmenst focation [5 bownded by 2 embarfmeeds
of I-70 Jfo Jhe souffees? and existivy FJrammages
portheast pund sewlbuwes) of fhie arta.(see Ref. |,
Agpendix D, Plafe D.7.3 | Aecied Fhotsgreph ) Frriary
direction of flow from f7€ upsiyee area s

fo 1he porth fewavds Browwvs Wash . Thus, =

sTrong fof@wf/'a—/ gngs ﬁ/ju//fe: povtheas? of #he
upslpe Jramage area fo emlargc and ofivert
flow inte Fhem. This would reduce Fhe actue/
drainage area tontributing flow Fo areas cliser
A fhe embankmed . resw/ting s decreased eros)on

pitectiod near fhe embaskment: (“See sheet 5-3 )

8. Final Srfe ﬁ"ownda{]: The Sfinal sife bowndary ;s
proposed fo include arcas of sife jrao//}gj where sheet
Fla reduces ju/{j evosion /’o/eafl'a// and areas of
jrcwe/ £l Since the Frmer miflsitfe may pecome
am active commerciad ~ynd wseiad developmest sn fhe
Near fu/m'c/ Sfetwre occu/oam{s r1as wend 7o
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Project <2 Al T2 - ¢ 2}?‘. - Contract No. _8Z57__ File No.
item _SYTE FRITECT/EN Checked WYL  Date_9/28/2]

redify pearby sife greddes ov pessibly bevrow greve/
fill imperfed Jfo fhe 17 (ﬁrfa/& £ . Thus,
ownerShip bj the _Stafe of Uliah os /M/ of FFe
dispesal sife /s Jhe only asswrance fraf such aclivities
weuld be prevended.



ﬂg§ﬁ3§ON;KNUDSEN ENGINEERS, INC.

A Sheet 7
Project _£17 er™ Contract No. ___ﬁf Z__ File No.

Feature LMEBAWVMMEAT Designed__£E 6 Date _2-/E-S7
ltem _EB/FPRAPL. To£ FROTECT/ION/

Checked WY & Date_9/23/27
SECTION 2 i RIPRAFP JOE FPROTECT/OAS

PURPOSE.

This sectien /rexsnf.'s o/es\?n of riprep  foe /profec/?a'h y
including ypock sige and conslruclien defarls

Jwo fypes of prefection ore differentialed and are
Jabeled Sfor convemience as Follows s

A Lprop Joe Frofection :

This  profecls SW, W, and SE
sides of f7e embanbmesd from [rmg-ferm eros/s

0'77/

either sheet & rill erosiom oo moderate f"’/_{" erosio.

E. &,}fa'p End Frotectien :

This fro/ﬂ:# SE sirde af

embarkmeef from uf.s/o/oe drarna avea . Pﬂf'ﬂdje from 7hed

areéa could evenfua@ froow ajarnSf Fre embantment

/f lopg-ferm erosion washes oo Fhe sife road Jn

7hE evend Fhe s/fe read /s aé‘Mvdoneo’/ v /'f «

PMP washeés sut #he road.
METHOD

A Frotectlien /s /vrow'c/ea/ xgams] fhws due Fo FMP.
[As;owf//fb’ns I“—"jM’J/y. PIE flooreafe Jue 7o FAMP
are j/'vah S eact /j/e of /orofecf/,}h (fre or end)
be/aw.] Embankmert Te s fess Fhan 2.5 npacnf€s, .
So use _T=56./75 .




@MORRISON-KNUDSEN ENGINEERS, INC.

eond Sheet ___ /O
Project -“ ’gAMOR IS'O;’SNUDSE COMPANY )

Contract No._£257 __ File No.
Feature .Z Y BAWEL1ENT Designed — £8& __ Date _1/8°EF
item _BIPRAL FEL FRoTECT/o0) Checked WYL Date _9/23/£]

B Stable Fock siee€: pesf}m S/l j%e/a// me/loo’a/yj
Jn Lef. Z/ as fo/lows

/. Zipr Joe }’ro/ecﬁ'rn-' Comn e resuflts fﬁ//ovh'ﬂ 3
s ap/”&ﬂoc/.s and select ‘/‘/::2 S7 € as/}f; \/udje,hjeaf .

) Stephensen’s Mettod o Flow dorom emkbnéme«f s'/ofe. (Pef. 3

b) .{fe/ﬁeﬁfm’.t Metted ‘SFor Stenes /n F'/awg water (&ﬁ 3, f-‘//))
) Ja.fe’b Faclor Melfed (Ref. )

2, ﬂ/o_sb/.:e JMF Diversion : Yse _ﬁﬁﬁ Factor Method (Pef. ’-/)
Use Sa-feﬁ Faclor = /.0

C. Ziprap fZeck /r?,»&f//es
p- 40"

Gs= 2Y8  (minimum volue of & 7‘2:7‘0,/ .rm//e.; o7 rock
7&;6 pﬂ/asea’ for ©s€)

C = 022 (For j/e/z/ea.:m.’r Me Hiod "'_/7/ meS) consev el
C -value ft’m‘! ayerlable Jaa"o.)

. A ydra,a,//‘c Sramelers
) Flow depth ‘é] Mennings formela
T Mannings ‘N’ by USCE [formede (Pef- 5)
n: R —Fz3.85+ 2095 fog B/k)

3. Masippwm shCay sTrESS on S1le o Loifbwr oF chanre/:
oo sheet Zef. 6, Fig. 1l (Gide of Frapeeorded (ﬁmme/)‘
/1 Rel. ¢, Fig. 12 ( & Tlem +f Hopersidel chanrel,
£l 6, Fy. /0 (sidde of Friangulor chenrel)

@




" soidsl chennety of imerent heve values of B/ greater than

ﬁn664

N

4 r
Side Stepe = 2 N
yoe 10, mmnmnmqu

.

he shear on the bed decresses, wherens thet on the sides
fends 00 incrensa selative (0 tha mesn. Beesuss the traps-

] o .

. oy
Pienre 11, Macimum boundury hoas sress on mno-u-uﬂa—o.

~

\1: . \q : . s::
. ."\¥ SJ&\J Iﬂl.
NS
Jeo " TS — =
- ® N\\ ™ 4 o
" v —~— — b § ’
e EESSR T
D : S
;' ' 0.° : r .

'

6,6111 .5’057’
" ‘EM£4M4M&UT RIPRAP T0E FEOECTI

Parmany = 1.9 RS,

" 2 wadt shin slopen stoeper than §:4 fhe vadow of mexivem
shear con be convervatively appronimeted sa

an

c8E 7-/0-87

WL 9/23/. 7 o

'.
o . : P — Z=
R S=wS
D :F_m ,';“ﬁ:
it . o 1!
[N [ 4 5 L 7 [ ] |
R ; (] .

mummwm(mdm
sheor dhtribution in idsl chesnels of 7y steop
vﬂemw-r“m 13. The range of dets for
the scversl channchs is included In the shaded portion.

From this Slagram it abe spy thet the L shest
on the bed mey be tatten o8 1.5 times the meen sheor on the
entice wetted porimeter.

The stability of the riprep Mining of o trapezoidel chan-
we] implies that the rigrap on the sloping sides of the chen-
wel will be 23 resistont 00 motion su thet on the bottom. The
rotie of the meximum shesr on the sides 10 the meximum
shear on the bed can e determined from Figeres 1) and 12
for corresponding side slopes and velwes of B/y. Thesm

18

Mi).mm”mumdwhh '
v L )
' deta ary ploted fn Figwrn 14, which furthey shows that

" encept for the smatior velues of B/y the maximem bed

_eheunsis, This representative velwe can bo teken, some-

’

shear n greeter than the meximum side shesr, Agrin, eon.
sidering the range of vetues of sids slops end B/y of con-
cemn the ratio of these sheare con be ppprosimeted by a
singla value 23 being representative of a lerge number of

what stbitrarlly in view of the spprozimations wied in
essbiivhing the curves, m

feect gy - (0]

. Toemeny

1.4

B
g

Pryuve 13, mqu—mw-mumm

b4
-

. (- .- M " a
et
5% ) I ox e
e
/1/ . §
v
/i 2
#
X

0.1 0,2 0.3 0.4
Pusimawis Distonce
Totel Perimater
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A MORRISON KNU
-

Project Contract No._£Z€ 7 _ File No.
Feature EMMEAIMS1EAT Designed —__£Z2 & _ Date _GAEEF
tem _LBLFRAL T2E PREOJTECTra/ Checked WYL  Dpate__9/23/€]

£ Long- Jerm 5o,/ Loss (Agpendic A)
Loyg-Ferm sei/ foss clue Fo sheel 2ud rill erosicrn ss
eslimaled wsing meffed o Pef. F . favamelers, s/fespecific
velues, and cafeelefions are given sn 4//&.«/& B.
This feng-Ferm sei/ foss /s a rougf es Foate Sfor shee?
pod pill crosion o fhe SW, WK, and NE sides of
She embarkmed gnl.

/. Hpstpe PMF Zhwral€: (Apendic & )
Area 73 mﬁ /L oac , so fationad Formmufa s used
with C=1. R:cIA =()TA = TA
7ime of (mer#/a/rbﬁ Js estpated 7o ofetermine
at///a/on‘afe valee of I . See /i;d/sm’lx £ for Jefails.



@ngglson-mggssn ENGINEERS, INC. Sheet /3

Project _elZ17X oy Y VA Contract No._£057 __ File No.

Feature LAEANKMENT Designed — £Z € Date _7£E-EF
ttem _BIPRAL. ToL FLeJECT/ON Checked WYL - Date_2/23/#)

CALCULATIONS

A LIPRAP Jo£E PROTECT/ON: STABLE fFock S/RE
Lo THE | _SW, MW and NE sides of embanbment may
te subject 7 Flr comcendrafions olue fo srregulay erosionm
éeﬁmo, Jre e;nbam'ém&d/ ‘/hC/uc//}y miney Ju//l'c.s, Gulles
7hat may form sheald be firniYed ;o deptt o Jfhe end

of fhe rff/‘a/D/. since si'te jro-a//'{'j ’s a/é'sf;*n 7> fra—mvﬂ
sheet florw. Additjonatts , existimg \7“///'25 on e s/te
Fhat drain much favger avees Fhan con occer on sfe in 1he
future ave fimfed jn Fofal deptt, parficular!; sieas

He embanbmet rfocalien.

2 Pock size Versus Sfhweate oill be determin€d befow Fo
Judge fre sensifivity of sTablity 7 Flev coneerteali sy
on fhe riprap foe profection. Then, a esjgn rock size
will be selected, lased om phose resests Mo/\/uc/‘/eﬂ&f,

3. Assumped ju//j shepe For Sl popcertvafien en JAe

fi/mf /o€ /pra/ed'/’n; ;s as fllrws:

Z(P:.)NMI &) fssume fock cannet be
= significant/ displeced wntil
L Hfem wiJ?ﬂ' hat Z(D)'O)ﬂuv

b) Assume 3(H): 1¢V) yu/_/y
jl’de.s/o/es. Thes IS
appracimately fhe Sati€
as exis//'o:; _;/Hej/o,:es

SECT/ON /n decper portiens of
(AT ex/'smgf wlfies @
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Project 2227 720 SAN Contract No._525 #__ File No.
Feature LY BRANEMENT Designed /2 6& __ Date_Z~/E - EF
item _EIPEAF Te£ FrofLclron/ Checked Wyl Date 28

Y Asswme SCH): 1(V) jb/e S riprep 70€ /7/0)?67‘72)77/ Sasr€ as
embant mend s,destpe.

& Hydracdic freperfres of [fno Zress-Sectron

S _v_
< !
,3\__19 3
U
2 D5

Az j’(z pjo)* ij
£r [yCo)rog] A2+ 2V 4]

é. Assume Sl dep A s conre/fed/ Ly /"/M”/}.ﬂjx 7
Sor  rock (This wr// Ve refatively (aw;eﬂaﬁve oo
oleplt, .fmje N For Ter/ Sifeslepes i Jfess Fhan P

S rock
7 Q-
(ZQ’O)*-?‘VL &S
7 [5(2137,),» J‘][ z,pﬂ,fzﬁ?j]



MORRISON-KNUDSEN ENGINEERS, INC. Sheet __é_

Project ez 1723 ~ GEAT Contract No._525 7 _ File No.
Feature L2YBANIK HEMT Designed /& Date _Z-/EE7
ltem _LIPEAP T4E PROTELTION Checked WYL Date _92/23/£7

8 Lock Sfaé/'/l'f)v Eﬁaaf/&ws : f»ﬁ& Facter Metheod
Lse ejaaft'o"n.s Sor rock shabilifs pwifh Sfow down o plane
s/8p17g bed. (Zef )

cos o fan & oc= dan ' (}5) = 113/°
SF= gy tang t sin ot

#= 4o
21 Ts = Aéz,t,;r /b/,e«;
= _ Ss = peifee gravily = 2,48
1= (5Dwk Pl A
Z,* C TF sin ¢ SMXK = En rac/:'eaf'*
> ke Y. /ij'zi/ ‘c rocdlies

SHOXCAHUNN S fiCar S)resS
Frclor for Leor7em o7
Frepetoided chevine/
(riprap focaFron)

Ceo

Jo—mé/m}?j { rCarra/njﬂ?j efuaf/'a—y; above (v SF=/.0)"
21,0 = cosol 21 Crp T sin X .
SF c M,z/{ 21 e ¥ meyg,mx}

(55-1D7%  den &

-

2! Cop, B sin cosX fan P — Sin <

k’ 21 Cg, R sin ol Tan W‘-/D(ca:o( fmﬁ-—sfno()

"',Z’n&(j_y Eradient: JhHe encrgy J/ﬂc/fw wi/f Secreas€ as
Fw moves frem fhe SO V) sife </pe nfo 7A€
essermed ju/j af e Ae, e s/ of as o
re/afively covservafive estimate of ereryy gredet

@



MORRISON-KNUDSEN ENGINEERS, INC.

Proiect L2717 2F - SRR o
roj =
Feature L24LAXKE(ENT

WWem E/LLAFP _To £ FeLIL cI/on/

Focf sree Vs

Froww Lafe ¢
5«(?@ Faclor Methed and USCE Fovmuda For Maﬂn/’@'s n

Sheet /6
Contract No._%25 ¥ __ File No.
Designed — 2"<G___ Date _2-/9-¢7
Checked — WYL Date_2/23/¢7

S2owHTE D (CFS)

\\( )4’ = Pesulis far wiaxintiesy M = 0. 06 (ﬁs’ (om/ccrl'sm)

Repthed | n | g | RGH | Cre Dso (A |
1.0 0.088 } 0.21 0.16 /.35 0.8l
(/1-98) |(0.08)
3.0 0.095) 0-39 0.30 /.35 /-49
(7.92) (0.0¢) '
/0.0 0./0 0.52 0.40 /-35 2.00
(76-%) @ 06) 2 @
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Project 27474 - o2 Contract No._SeS7 _ File No.

Feature EA(EANEMEAT Designed &G Date . 72787
item LIPRAL ToE _FPRoT £CTIoM Checked WY L Date_9/23/27

9. Evaluotion of Safely factor preffod
The riprap siges catteloted &y SAe mefhed albove wifh
fhe Sufely faclor meftied appeer /o be comservetived feyse.
The Safely fackr meftod has beon found fo be
conservalfive for roct sizes om shpes skeper fhan /0J
wnder sheetl fow., FHbod condds#rens calecdoted alove
are esserdiafly ffie same as sheel féu// as e viabpeed
by Tie )g/éwifrj:
&) Maximus shear siress by Cp, VRS = TY4S , e,

where  TYS s maxipnesn sheor sHhess for sthee } fou,

&) JI”S/eC?"b'h of skethes oLracor 7‘0 scafe éﬁee% /8) of

Fflow o/%f/f\ and channel cress sectimrs .

Jhus, e/ meftods shsuld be cesed 76 olefermvre
2 prC€ peasoncblfe rock siee frat Lo/ be siéle .
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SCALE ’(/Mums CF FLow SN cHAXNEL SECT/ONS

SASETY FACIOR METHOD , USCE fRRMULA FOR AANRINGS "1,
AND Eo7ior) #12TH =" R (Dso)

Q= 10 cfs
Q=48 fav]
Nisx = 0.06
_@’ S$.0 efs
[cw 7.92 /W]
Nox = 06
\ X
R=/0 cfs
R=)6.7 ﬁ—r]
Vox = 0-06
\ Y / ’
T~ il — 15:0-51
"scAlE  FEET
o 1 2 Do = 2.0'

(TYPICAL) I‘_—UB: 4.0 @



@MORRISON-KNUDSEN ENGINEERS, INC. sheet_ /9
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Wem _ZIPRAP T0E FEOTECTAOA) Checked — WYL Date . 2/2¢/p7

/0. METHOD 1 .
5‘/a£/€ KFoc k Srge: 5/8///9”107'5 ﬂfeﬂoo! o s Paw-n.

am Embant et Sﬁ/oe [ zef. 2,7 _9',)
Cng[[/-n)(és—v\ cos e(fa,, B~ fan eﬂ‘%

%4

d =

: stkpe an /e = Fan (‘/5)

= Sé(n[' aw —> wse 2.6

: I'I rop C/Id‘?l M/c’ —> yrse </0°
ctov 022 0.2? —> yurse o.22

% flowratfe (ft75ec) for sheel fforw above piprap
65
C
n = fwas'fj —> wse ©-30 (approx-male)

F Whe))| QE# X d (41)
72-3 031 | Qel| Jhese are consdered minivreesm
/-0 /.0 0.35)|  aMoweble Sizes for stabilty
2 0 3.1 0.55 I @y /ufu»r'? f/nd (o’?’r@ﬁ/ﬂftﬂf
S. 0 /4.5 /-0 St 7 S e riprap fo€
200 . C; “#5.5 ‘; z /vro/f’cf, n.

T
, 1’ srip

z—,dn‘e: Z,* orftm o‘f fo/’d// f/aw //MJ"
apfroxzmdes shee] flow jmmediatels
abeve riprap jn a 1’ wide strip

O] .
Jotel flavrefe QO ed gul
/s déf:fuﬁtineo/ a—;h.rﬁaejesfwza JET

Tota/ flowratt 1s deformmed jn 7H10s

enner fo be cevrsistent with fhrornfe
by ofher mettods in Fhis celeclafoon.

@
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OIVEN @
@ & @
§’* d | @& | n gyl v | A AR
R4t | 7P | Frdkec B | fsec | (AY) | (Flfec)
0.5 | 022 .22 |goy4 | 0-13 | 29 | o.7) | o.31
1.0 | 035 o700 |p.oy8l o 21] 3.6 | 028 Y
2.0 | 055 | 2.2 |p.052)0.33| 4.5 | 0.69 2.1
$.0 /-0 /0. 0.05%) 0.6l 6.2 | 2.3 /4. &
/0.0 /-6 | 22. o-062| p.96| 7.8 | 5.8 Y5, 5

O yse USCE formuta using £ for ffav channe/

B &K*= Sow porfion ymmed atety abeve boffern of Flow
channel (widths 2 (Dg))

& Treperordal channe! with B: 2(w) ard 3(#):1(V)
S/o/e S/p€s

@ Q 5€€ ﬁ//’@ﬂa’li( < ﬁ'r me/%oc/ o{ aé?"a.l'whlj ﬁfa./ Q
that s (m/af'é/@ with XR*

¥2ns

/- METHOD 2 °
Stabk LPock sSize: .57‘6/’/75)75071'5 method Sor " SHres i
FAlowing Waler” (Fef. 3, p. 41 )
& 4=z 0.25 VY /[ g(6s-1) 05 (fan @~ fan &)]
V= frw velerly :)Complefe sltpe movement @ V= <4
2) Individhtad SPen€ swcvemnend af yefecrfres
ac _sme/! as Vel R/A)
Besulls of 1pis melhod il be used for analysis and

(mfa///;fm Jo resul?s of offer /)I(/Zoc/s.

@
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b) Calculate slable rock sice using R x V = 2 x(é/A) To -ensure

ajam.sf any Srhne mcvfme«f ( Voot discusston ;n el 3 , /. 411/ para. ?).
Hse YSCE FHrmeda 7o cafculare Mannings n’.

Q 7 S V4 d
(#tfsec) ('Z) \ ! ¢ fteee) f+

/.0 0.052 021 342 .29

S.0 o.057 1 0. 39 4, 3 o. 75

Jo-0 |o.061}0.52 5. 4o /. O

30 0.065] p.81 | 6. 72 /)54

pNote: 7re same assmo;pﬁ_ans /‘vaxfa'/'o:/ S creSs section
are used above pgs were cwséd For Ja-f?/j Fuetor
g€ Jhod a/)/raa(/\ [‘917' Z’aféewolw( c/:cwmc’// &= 2L,
side stpes = FH): 10 V)J
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12. gomFPALRISoN OF FESULTS foR s7ALLE Bk s/8e &Y
THREL METHODS (EBIPRAF JOL FROTECT/ON)

(see sheet 22 fov Tabudor .S'mmwj)

20

METHOD 3
—(1=0.06)

- o
METHOD Z>/,D/ _ -

/' - /‘\-MET/IOD f
~

15

llll"l'l

W P

1 1.0 // &

W /7

y /

= 0/

‘ut as

Q8

?SQ

) o | !
o /0 20

Q (Frifsec) 3 TOTAL FLowWPATE 1) FPOTEWTIAL
FUTURE Gultly o RIFEAP
Jo& PROTECTION®

METHOD 1 ¢ fock Size for Stephensons Meftod for Flow Down an
Embankment S/ope (These rock siz€s are considercd the
inimum allowable for o given fHowrale @)

METHOD 2 : Pock <rze for 5/e/>A9r:5ﬂ3 metthod fov _Stones sn
flowing Weler, (435ing vV = 2 () fo ensure agams]
any spovement of STonfs

METHOD 3 : Pock siz€ by Sefely Faclor sHerthed (FPesearch of
Colorado sTate clniversify rndicates fhat rhis metbod
/S comservative for sheet £flow Sown s/lpes 57‘eefew @
than JOJ)
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MORRISON-KNUDSEN ENGINEERS, INC.
Contract No. _S257__ File No.

P oject D ;ﬂﬂﬁ%ﬂgﬁ“ COMPANY
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Feature EMEARKMENT Designed Date _7-¢3-87
item LZLERAL. T6£ FPROTECTION Checked WYL _ Date_ 9/3%/£7

/3 TABULAR _SUMMARY ' FLOW CONDITI6NS JN PeTENTIAL
AUTULE GuLLY ON LIFFRAP JOE FLOJECT/ION AN STALLL
FOcK S/2ES BY THREE METHODS

IETHOD § Q N Vv Dso
CcALE. FACES #tdfoec (%) fifsec ()
STEPHENSONS Fun)| ©.31 | o0.094 | 0./23 | 2.9 o.22
Dowal AN EMEANK:
MERNT SLEPE. /0 o.o048 | o.21| 2.6 0.35
Gp /9 -20 )
3.1/ 0.052 1 0.32 | 4.5 0.5%5
145 1005F | o061 | é.2 /.0
STEPHENSOR: /.0 o.052 | p.21 2,42 o 39
STONES IM
J20uiN6 WATER! £.0 |0.05% | 0.39 4,732 0. 75
(pp- 20~ 21)
/0. 0.061 | 0.52 | £.40 /-00
Zo. 0.065 | 0.8 6.7 /, 54
SAFETY FACTOR
METHOD /.0 0.088 }a. 2/ 2.1 0. 81
lpp. /5/8) (7-48) |(0.06)
S o o095 }0.39 2./ /-49
(7-92) |(0.06)
/0.0 o./0 }o.sz 3.5 2.0
(/6.7 |(0-0¢)

o
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1, Discussion: Stable Lock Sige

Q) Comparison of Fhree meffeds jpcicates o wide repge of
results fov stable rock srge for a grven flwrafe in
an asswumed gully on fhe SCH): | (V) shpe. (sheet 22)

(/feftod 1

t) Stephensens mefhed for Slow dewn an ermbanfments :/90):1
has been shoaon fo give sofisfackory rock sizes cemder
sheel flow conditions on similar fé/ae?,‘ Lock srizes
based en Shis metbod are consilered FAe sminimem
SIS for fhe Fot profeciion, sipc€ ffno ondsfrans in

a /.f&»/"a/ Futere jw{/j will flels be nove Hwrbulond
Shon for sheel fho.
Method 3)

Q) The Szfety factor method § has beep shown Fo Le
conseryative 'ﬁv s/goes ;;ée/ef’ fan /45 * S shee]
flow, This probably ﬁe%: exphein Jhe re/a//‘veé (very)
/arge rock /€5 from Fhrs meffod corpared with
e olher Ffwe mefhods,

&) Steppensen’s mefhod for sEmes jn fHowivg weter (Hethod 2)
defermines sjasble rock siz€s peeded 7o Jform am
éma’wwwfar ewrbankment Ly a’m,w}:)j rock into
o flowing channel This cendtren /5 fess sSab /e
fr riprap Fthan flow over o packed piprap Jeyer
construeted J» Fe AL Lesulfs of Fhrs mettod

E? Lecend yesearch af Cofovads stafe UUniversify , For/ Cetlins, € "j
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give Jovger rock s/e€s Sham Method 1, which /s
appropriafe |
e) Methods are pot aveilable fhot apply striclly 7o
assumed Flw conditions j» /o/ewﬁ;x/ fadure gallies
on the riprep foe frofec/'/d?).

/Vaweve,f baseel a1 /‘esdié aelbeve mck S/ECS
/ /

de fernined Ly Se fhod 2 appeav aa’éjaaz/e Sfor
e5f//na/7":2y resisfavice of rock m v prep yoe

pro tectizn a‘tjainsf stovemesd.

/5. Pock size selectron

&) As awn snifal es//'maff’/ asseme Dgp = /57
This results so e mesximusn rock siz€ fov ripreas
of approx /ma/e& 32-36". LGk Savger FFaw Fhs
/s very cosfly o  place and mry be excess/ively
drFfredt o (a.s)f/y 75 /rao’uce frem avatlable
Sowrces ﬂeazf@ [based o /h,yaec//'dm af/oﬁa;“cj/a/a/s
of pofentiaf rock sowrces nearby).

b) Cursory inspeclion of pliysicad fes? resufts (Date
Sowrce 1) jndicafes fhef rock faa//b ey be
puargine] Sfor focatizrrs sabjec) fo occassrenad
safuvation and u/eafﬁeﬂ}fj forces oi 1He 'fmmzc/
swrface. Thus, some oversieing Sheuwld be @



MORRISON-KNUDSEN ENGINEERS, INC. Sheet _Zzf£

provided accowund Ffor /aWJ-7‘erm «/ey/f/;:s of riprag
odue o w&/leﬂny. Jwo Foackors will Fend 7# reduce
Wed%eﬂ}y of Fhe riprep Ae profeclizn, .é: S feos
« Joe profectisn wwill be overkin by fiff for sife
jraob‘g. This Foll wil pre vicle surfoedf /refecf/a'n
AJaJ'msf some weaﬂernzj A Aorg—Ferm eroSron proceeds,
fhe SCH): (V) :/o/e wetl be ezc/o.ceo/. Swever, fhe
/onger any giver ekvadion /s expesed, Fhe ‘]neaaér
/rn/-fefm eres/on sn  adjocent 5/)4?J/ades

will be. 7pus, fle pofentiad for greater floas
concewdrations yill diminish . (( Sizes repurred for
profectiom ageins? sheet fls asve /e/aﬁVaﬁ smadf,
o the ovder of 2" Lef. /0),

Riprap te profection /s pot Jocafed jn a floedplaiin
or ditch. LBunoff from Jhe embbangfreid wi// oain
ra/n'ol_lj Yo fhe bollem of fhe riprep foe prefeciio
and jnte fHe adjacent silty .s’wa/-‘/ WAk have
a yelafively Y fe,,nea/h‘/rb. Jhes, e
ﬁeﬁue«cj of acfued saturation of fhe riprop
pieces  will be seldem 2T snest.

Project LZodTRA- G Contract No._$257-___ File No.
Feature EMEAAIKMEAT. Designed /Z2S _ Date_2-23-87
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& Bprop willh Dg = /)£ f+ wil resist flowo dovrn
Hhe S 1(v) sthpe wup fo  approximalels
28 cfs m»m o.fafeﬂfl'v/ Sufure j“/ﬁ (skeet 22,
Meftod 2.)
Moxippum sheel frnw pofe al” fhe frvesi efevatfion
on fhe Yoe profeclizn /s eslimated a5 follavs:
PMP nfensily ~ S6./5 Yhr (FLef. /)
Ao pafh =~ f00' 290" + /8 depth ((5) ~ 280

[Frrm Eef. 10, p IS, adjusted fov ;0;)/7912/)

Q= cT A= 10 [%-/5)[280"(/'/6/3%0) = 0. 36 ft)sec

Therefore | flows concewlrations on fFE crder
of (28.-0.3¢)= 77 Fimes caw Le resisred
éj Vo A5 pedd

Thic Frasns/afes 5 a 77 ff-wide seclion of Fe
entire embankmesd conceslvading flao in a single

jw//j, Since [fong-/erm sAee? and riff €resson
will proceed aling with any fofure J“/_/} Erosin,
75 Fed jw//j deplt (and Ffies, fse a,___é[/_é 75
cencendrafe flow) will be fimited, Sdhtionalty,
the PMP would have fo occur cfos€ fo fhe poin?
in fime of masumum gully eptt.

&
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ltem ZIPLAP TBE FeeT EcTion) Checked WYL  Date_9/2¥/8]

2) Asswurning  a fidure gully deptt of 5/' 7he moxshfem
FMF flowrate in'f@rceyofe& by Fthe 3l siokslopec
would be [(f;tz)-r V3 'x3)JK 03¢ = /) ofs £ 26 cfs

(For &= 1/ cFs , vriprap size Dy, = )’
would be needed ) _
Thus, Dsy = ) s’ w/'// /omwb’e ao/eMC meecfzb‘h.

-—-———/’

£) Summary :

D Do = 45 s adeguate for resistapce o
velotively severe flnd comeesdralions fof FMP
rumoft.  Fver _spialler siges wil/ profecy a j'a/nsf
podevate Sl crmcendrations.

2) Buricd riprap should po) wea)her @(CF‘S/V@/j.
As viprop is ex/asec/ & 0o lerig = ferm ercsiomn,

sheel flow will corfinu€ Fartfer deworn A€
J/"}’e and e /’ofeﬂffeb/ Sor e concendrotions

oA ary efevation wil/ decrease

Sfor Desizan select Dy, = ,5’

a—
)

®
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B. FEIPRAF FND LPROTECT/ON : STABLE ROk S/TE

1 After a feng period of Fime, revoff from fhe smal/
watersped (9.1 ac) vpslpe of fhe embanfmer] pray
erode the <rfe road on Fhe sowlheas) ssd€ of Fhe
emb anknent . Fiprap end /orc;‘ec//én will be provided
pelween the sife road amd esmbarnfmert - fhe S£

side  Fo /revewf' continued erosion Fowards FAe
embantmend.

2. As Oiscussed jn Secfion 1 | Ttem # , drainage of
+his o(/ps/o,oe area Frends po e sovth and rel
plirect)y Fowards Fhe embankrend. Jhe area ef Fiis
‘upshpR” arca cou ld decreas€ wi'th Fime, since active
qullies farther fo fhe portheast could cuf infe 74s
arca. Jhus, ffe /055/26/'/1')9 of Jhe Sfulf FMF joferseting
Jhe rock on fhe riprap end /ro/e(f/'rn Srom FAe

exisling a/:/a,oe area js considered very sywall

3, Jfor PAPOSE of #is caleedotron ) 1T IS considered relefie/y
comservative fo assume fhad fhe endve FIMF flnis alers
pre riprap ad prefeclion before berng drverted arownd
fric embanfred.  The fauff FMF Foweet s cateuferis’
as 475 ftlec. (S ///Wc//'x B for catealaliev andd
plan of wafersde o ) . @
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A MQRRISON XNUDSEN COMPANY 4+ Sheet __-;_O_._.
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Feature SxlBINLMENT

Designed #2225 _ Date _Z~/Z-E7.
tern EILLAL 70£ LLoTEcT/ON Checked WYL _ Date_9/23/27

4. Assemed Chamnel! Geemelvy :

&) Asswming She road /s ereded as fav as fhe ryrep erd
}:rn‘ecf/'ma ) yuvoff would Fhrnw aga ms} FAE ewd profecssim
and 4o diverfed arowund She embentment. possile
Scemavio js shown ov Fhe next? sheet. (A3 &E-7)

&) for Sesigm purpases, use exsshing ‘fma/ienzfs of 4 Hies
o ditehes sn Jhe vicin'ty of Fhe embarkmend area Fo
estmafe yradl&u' of fo;lwfm/ Sadure divession chavrel.
from  confours on Fip. E-2 , exifing qully or ditek grachedts

are as follnds:

Gutly LocATion) MEAR EMEAMNEMERT

AErIEE._GraonEadi fo
JMHEDIATELY SOuTHERAST ¢F LrtBARKMENT -

A -
SECOND Guily SOuTHEAST oF It EAMLHERT 20 ¢
BULLY JIOLTHERS] of EAMEANEMENT gochRT7on) THAT 27 2
CRLOSSES sy7€£ £OAD
DITCH NORTHEAST OF LMEAMMEN] FLor/e 3.3 2
NeATHEAST S/DE oF EAITBANLEMERNT
AVERAGE : USE fof ASsumil GEADIENT 2.8/

DF POTENTIAL FUTURE PIVERLS/ON

c. Side ,5/?09.5 and éo?ym wm’ﬂ of Yie asswuned ja/u-fe

diversion chanrel wifl be 5 verned @ fa/&zf?‘a// SLaurt
eresSicd. one srde .s/c;ve will de  corofed &y sTable
.5/0/6 of rockt oo /‘///&/ end lofafeo//b'h. Zo Jfoon

widtt and V_&Ma/'rl/':?; srde ._(‘/9/6 el be /(4’7’7”’“64)’@
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1 . TOPOGRAPHY TAKEN

KEN FROM G.WP\B AERIAL SURVEYS, INC., SALT

LAKE CITY,UTAH ON JULY 10,1982

2 THE

COORDMATES WITH RESPECT TO SALT LAKE BAi AND MERIDIAN
COORDNATE SYSTEM.
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REFERENCE DRAWINGS:
OEMOLITION & TEMPORARY FENCING PLAN

GRN-P3-10~0303
GRN-PS-10-0311

GRN-P3-10-0M2

GRN-P3-10-05i8

LEGEND @

e OO i
e

C eo—tP m—

N61, %300

—— ¢ ¢ at——

CONT AMINATEDZ?ATEM EXCAVATION PLAN

(SHEET |

CONTAMINATED IIATERIM. EXCAVATION PLAN

(SHEET 2 OF 2)

TAIUNGS EMBANKMENT & FINAL GRADING PLAN

* EXISTING SITE FEATURES & CONTOURS

(JULY 19,1982 SURVEY)
FINAL CONTOURS

CONSTRUCTION GRID COORDINATE

DRAINAGE

DITCH

PRELIMINARY REVIEW

£ 4D MAMAGER

CHIEF ENQINEER QA MANAGER

WTE,: TH1S 15 AN S0 FROGRESS,
UNCHLCEED oK/ G pR#LVIAG

U. S. DEPARTMENT OF ENERGY

ALBUQUERQUE, NEW MEXICO

: GREEN RIVER SITE
| USED FerA DES/ G FupRPosES . ‘ GREEN RIVER, UTAH
&/UL Y . P Y, NSPELTED
A —— ~— o FINAL SITE PLAN s
A i APRROVED oatL 0Ok PROJECT ENOINELA BATE
200 [o] 200 400 A M
PROJE!
o - ﬁ e Smonmison uupsen enciezns, me. | " DE- ACO4-83ALIBTI6
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A |BAKAEAT
TN N BLPRAL ERD FROTECTION

S/GURE B2

JFe F-/7-2F
WYL 9/2.3/27

. FOR smu:nce OF EXCAVATION AND PLACEMENT OF CONTAMINATED
MATERIALS SEE DWG.NQ, GRN-PS~i0-03i2.

. FINAL EMBANXMENT TOP SLOPE ELEVATIONS SHALL BE ADJUSTED
TO ACCOMMODATE ACTUAL QUANTITIES OF MATERIALS PLACED

. UPON THE APPROVAL OF THE CONTRACTOR.
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TWo WATERSHED AREAS ConTRIBUTE FLow HAVING ACEAS oF
/.2 ACRES 70 TRE WEST AND .09 ACRES T THE EAST
OF THE EASTERN SITE Ronbd. THS WATEESHED AREA
DIFFERS FRom THE “RAP” WATERSHED AREA BECAUSE THE
EXISTING I-70 FREEWAY /S CoNSIDEEED As A WATER
FARRIER. ANY FLoW ULPLAND FKRom THE FREEWARY WiLL
ge P VERTED Awnry FEOm THE FROFISED EmMmERNKMENT
AND NoT CoNTRIBuTE 7o FLZow IN THAT AREAR, oMLY THE
ACER [FELow I-70 DIRECTLY Cam/éuv‘Es FLow TowrARP
THE TAILINGS EmBAKMENT ARER, (TRHE T A.C. WAS CoNTATES
AND ACREED WITH THIS ASsumPTioN )

<*

SUMMARY

FmP TorAL Frow = 475 £%sec
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item Al For WpTERSHED 2 Checked __£8E6 Date_2-/8-85

i T

%

.y .
"oy
[}

B )

*

THS VRUE

/5 mINUTE  QUADRANGLE (T5POGRAPH) GLEEN RIVER,UTA4
/1°62, S0 CONTour INTELVAL <O FEET

omA 396 IL- SERIES V797

N 60’*

5 A ConSEEVATIVE  APAZOXimATION, MNo Tores

WiTH SmnttER  LonTouR INTERVALS IS AVRILABLE T2
THE DESISNEE AT THIS TIMmE
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A MORRISON KNUDSEN COMPANY
Project CLN Contract No._$25Z __ File No. _

'Feature 5' 7"= DﬁAWAGﬂ: Designed T & » Date S=//-87 . ! : f_,’i
|tem_M&M&MNMM& Checked. Fﬁ( Date _Z&-8F . .f

i e e o | WATERSHED UsEb R CALcudTiNG @ |(TRACED Fom AREm. Aot
e . ’ < . - .&zh&W RIVER  SITE | LITAK

e s i BN B J2ATE D7.3 /?APAP’ D)
wesT waresues_ . | | st wmeeswen | > T

..CONTRIBUTION . FRem . ’ . - CONTRIBuTION  FRom -z -70

| EMBANKMENT | TO . | TP _SITE RoAD
- SITE RoApP : ' - E .

|
i
l
8
|

" NORTH

&0’/ (Uses. crREEN RVER 15 mu. QuAd)

g/:z 9.08 we=t/

m '

4

S

525

&

70 MLl
BuiLoinss

SITE RoAp

DismsAL CELL
@uquzv . (APPRoY)

| L seare = g0 o
(h ( _ : o WATERSHED

- BounpPARY

T %k =D LomsesT . DRANAGE  TATH . L.
P * = BY TLAMIMETER . . ST

Se— : v y h - -
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Project —_—
Feature __ DRAINASE. Designed . ZC 7. Date €=l =87
Checked 2= Date_ 7-/£-57

Item CAlrut ATioN) o &8

IN CALCUtATING &, THE WATEBSHED /S DIVIDED
INTO  Tiwo AREAS  ONE REPRESENTING THE ConTEIBUTION
FRom THE DisPosrt ‘cElL. AND ONE REPRSSENTING THE
Flow Flom I ~-7p0 TD THE SITE ROAD UPSTREAM FRom
TRE DISPosAL CEu~, THE Twd & VALUES ARE THeN ADDED
SIMCE  THEY DRAIN INTo THE SkmE DITEH. THE RATIONAL
FORMULE /S USED TD CALCLILATE Q SINE THE SIZE oF
THE WATERSHED 15 Smare ( /.S3 ACRES AND Qo8 FACLES

KESPECTIVELY). <

WEST WATERSHED

AREA < /S5 ACKES
L, = 345’ = 0.0653 MILES

me

AaH = /¢’
5 0.365 :
[ne ] (eef %)
WHERE  To = TimE oOF CONCENTRATION [[Hours]
L = LoNGEST DRAINAGE PATH LmiLes]
aMH = DFFENCE IN ELEVATION OF LoNsesT

DRaINASE  FATH [FEET)

s 0.335
=‘[//. ?(0.0653) /4] = 0040 HEs = Z.4 MNuTES /

FRom  FRINFALL INTENSITY FREQUENCY DURATION CURVE FoR
Lochi PmP ( MKE cHALC NO. 10- §3% -~ 0/~ 00, 5#557'/0)

WITH 7. = 2.4 puNUTES :

RAINFALL INTENSITY , L = $§6.3 /N./ HR  (Fok mivaturt ALLowABLE
: Te ’.Zoé'ﬂlu_) _

RATIONAL Formuth @ (R=CIA

‘Where © Q= Frow [CFs]
C = KuNofFE COEFFICIENT
L= FRUNFALL INTENSITY [IN/HR]

A= WHATERSHED Ares LACRES) @
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Feature __ DRAINAGE Designed T <.~  Date &E=/-57
item CALCULATION DOF & Checked 55 Date_7-/8-&%

CHOICE OF RuMNOFF CogFFICIENT, C

DURING THE PEs/6N LFE OF Z2eo -~ (000 YERRS, THERE /s
AR TesSSIBILITY OF TRE PP OCcCURING WHEN 77!5 <oi. /S
SATURATEDS. F2R THIS REASoAN AVD THE LENGTH oF TRE
DESIGN LIFE LET C = /O, THE moST CoNSERVATIVE
ESTIMARTE. .

Q.= CTA, = /0(5¢.3Y/.53)
Q=2 C£s. /

EAST WATERSHED

= 908 ARES
- ; /55 FT = Q288 MLES
aH ¥ Go FT¥

0.388

% = [117 LYH]

o355
= [/19 (02188 6c] = 00927 HRS = .6 mumurEs S

FRory R4NFALL INTENSITY  FREQUENCY DURATION CLRVE
R Locar PmP (MKE CALC MO JO- 539 -0l — 60, SHEET /o)
WiITH T = S.& rINGTES

FAWFALL INTENSTY, T = 428 InfHe ~

Q. < CIA, = /)o(42.8)%.08)
Q, = F88.¢ CFS. S

~ % THIS VALYE WAS OFTAINED FRom THE WSGS S /MINUTE
\/ QUAD MAP OF SREEN RIVER, «7XH. /(O O7THER ToOPos
OF THE WATERSWEP WERE AVAILABLE. / of, good enougd

@
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\

Q.. = Qrl, = 8.2 +385.¢

Tor w

Q.. 4748 CFs
478 cFsS

in

@
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Feature LALANKIAENT Designed —__£E6 Date . Z-22-57

tem LIFRAP. TPE_LroTEcTAn Checked wy~L Date_ 9/3% /22
APFPENDIX &

CONVEYAMNCE BATIS oF CHALNE L

~ ; v I o~
1
el 2 2w 4
[
,‘ .

PN

A= AT %31 Wm‘lﬂ}rs’m.’:i
Ay = 24 Dy Wp, = Z Dso
Ar = 3j7’+2j Dso wPT = Z\rf?y + 2 Lro

From Chow, /95T (Bef. ), pp. /38140, use comviyance Jackrs
assuning = charnel eF (Jnf//euma/ sections 78 oe Aoy mine
btal @ of secton rf QF (Flonoafe in middle secfim™2 above)

/'_5 knc‘w’)?.
_ . /¢ Y )
&= AV= (5 ku)s™ K 1982 (4F),

fov procticafl per SCs , assame e/locity chixFribotion coefficrent
o< {;ud Pz c/:/u/Ze ‘/ndm'eo/ d Cﬁ ’ e ?

) ) 3 "rZ; Dfe y.?
O a - KT s’ - ’_____/,4':36 s (3_'/24' Zjﬂ_;o)[ - z ]

Zl//’oﬂ_‘_{ + Z.DSo

2
@ a - K s* - /y,% s% sz p ) 2y P 2/,
(24 D5) > b j
. L 2y, (&
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tem _ELPRAP TDE FPRrRoTECTIoN Checked wY{ Date L3t/ :_J
Asswme K" s given ovr olfenvis€ Ancurn, find Q.
* ve6\ _h 2yt 5
Lt 2 (e (2 y) B
Q= Q'+ | % g

/9 soltion Sor QR and 7S wnd as Fo/lozos:
J
(I3 Asswme &,
2] Caleulate mﬂ/a/fé/é K4 and N ve/u€s ys/ng
mv&ya«zce ﬁw entire ,5ec7‘/'a—n/ X A’r_s'/&
I2) check &* bj eﬁaaf:'a-n fov conveyance of medd/e
sectron |
Q* - /’/85 -sq/‘ > -Djo \7%
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CONTENTS et NO.
1O  FPURRSE | METHOD , SummiRy Z-4
Z.O0  DITEH LAYouT AND CAPALITY $-13
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@MORRISON-KNUDSEN ENGINEERS, INC. Sheet _Z

Project — LI/ATRA = &N _ Contract No._$©5 2 FileNo.

Feature __ DIVEEsIoN DITEH Designed &~ Date £=-27-F

Item PURPOSE _mETio bS Checked o Date € - 30 &7
PURPOSE

THE PURPOSE OF 7RIS CAtcwtATioN IS To DESIeN A
Di7eH TO DIVERT THE UPLAND FloW AWAY FRorm TRE
ﬁf’a?osEb TRILINGS EMBANKMENT, T77trs 15 TO FRoVIDE AN
RDDITIONAL SRFETY FEATURE AGANST FAILUVCE ©OF THE
FIPRAP ERosioN FPROTECTION DukRiNe THE PDESIGN LIFE
AND To rmiMIiiZE THE FLow ZmPACT 7O THE srEe

DURING CONSTRUCTION.

METHODS

PITCH DESIGN
SEVERAL FACTORs INFLUENCED DITTH DESIGN, 192057

NOTABLY SPACE L/muTATIONS ., THE DITcH WAS DESIGNED ToO
LERVE A MiMimurmt oF 8 SHoutDER WiIDTH ALONG THE SITE
RoAD AND NoT DISPLACE THE MILITARY BUNKERS To THE
EAST, CONSTRUCTABILITY WHS AMCTHER FACTOR, A TRAPEZo!DPL
CHANNEL WiTH &' BoTTom WIDTH WAS CHOSEN DuE T THE
HIGH AVRILABILITY OF &' WIPE BLADES FoR TRACTIR WLNITS,
IN ORPER To mMAKE THE BUNKERS ACCESSIBLE IN THE FUTURE,
THE Rond LEADING IA!;I'D THE BUuNKER WILL BE GRADED
INTO A V- SHAPED SWALE witH 8(H): I{V) SIDEsLoPEs To
FRomOTE FLOoW AcRess THE RoAD AND AiLow VEHICLE

@
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Project UM TRA = Sk Contract No. 052 FileNo.
Feature _ DIVERSTION DITEH Designed _JCP  Date B-27-87
ftem METHoDS Checked . £&c Date3-"2- 57

ACCESS. A TRANSITioN WAS DESIGNED 70 ACCOMPLISH
TS CHANGE IN SHAPE AND THEN FRETURN TRE DiTeM
TE )75 ORIGINAL TRAPEZDIDAL GEOMETRY.

L ”
AS DESIGNED , THE Ditek WiLe CARRY FmP

’

Flow APFloxmaTELY /SO’ DOWNSTREAM FRom THE
TRLINES EMEANKMENT . AT THAT B A TBeTion oF
THE Flow WiLL. OVERTOP THE SITE RoRD AND DISCHRRGE .
ONTO THE GLADED AREA BETWEEN ESRowNS WASH AND
THE EmBANKMENT, DurWNG PmP Frow AN ERDSIVE VELociTy
WILL EXIsT, HOWEVER THE CHANNEL WiLL FARALLEL To
THE SITE RoAD AND /var%;\!‘fo THE CELL., ZIT SHould
BE NoTED AT THS FONT THAT THE TOE PROTECTION
RIPRAP /S PDEs/eNED 7O FRoTECT THE EMmBANKMENT
Flom PmiP DISCHARGE . IN THE EVENT THAT ALl THE
Soi ERobDES AWRY , THE CELL Wite BE PROTECTED.
TS DPITEH /s A SECONDARY SAFETY FARCTOE AND SHoub
NoT FBE TRER7ED AS THE PRIMRARY FPRoTECTION FOR
TRE THLINGS EMBANKMENT , FOR THIS FEASoN, AND
THE FACT THAT THE JPMP DoEs MoT OccuR OFTEN IN
TRE DES|GN LIFE, T /S TUDSED THRAT TRE DPIirew
WILL ADEQUATELY <SERVE ITS Purres€ AND NoOT

CoNTRIBUTE. 7D UWNDERMINING THE  EMEBANKMENT,

()
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Feature __ DIVERSIoN DITCH Designed .-LC FE Date £-27-£7

Checked ___ 4 Date S-22-87

tem ____HMETHODS . SUMMARY

A

EXCAVATION  QUANTITY
THE EXCAVATION QUANTITY WAS CALCLATED USING

THE AVERAGE =~ EMND AREA METHoD FOR CALEULATING VoLumes,
THIS 1S A RousH APPROXImATIoN IN THAT THE ACTUAL
Enb oF THE DieM wir BE DETERMINED EY ToPOSRATHY,
T.E. WHEN THE DiTeH mEETS DAYLIGHT . Also, GLADNs .
T© PRomere FosiTWE DRAINAGE WILL EFFECT THE

Finam.  VorumeE .

SUMMARY

+
DESIGN CAPACITY = 4L7%5 c¥fs.
LENGTH = 455’ ¢
EXCAVATION VoLum€E # 938 C.Y.

STARTING PoINT oF Diew & ° N59362.5
E $94i4.0

GEARIMG @ N 42° 45 00" E

¥ DATA SouRCE 2
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Table 4-2 Values of Relative Imperviousness!

Type of Surface factr &
For all watertight roof surfaces 075t 0.95
For asphatt rusvny pavements. 08010 0.95
For concrete funway pavements ...... 0.70tc 0.90
For grave! or macadam pavements 0.35100.70
“For impervious scils (heavy) 04010 0.65
*for impervicus soils, with turf; 0.30t0 0.55
*For slightly pervious soils . 00510040
*For slightly pervious sails, with turt 0.10t0 0.30
*for moderately pervious soifs 0.05100.20
*for moderately pervious soils, with tur! » 0001 0.10

*For slopes from 1% to 2%

Modifications to the rational method have been proposed in order that
the C cocfficient may account for antecedent precipitation conditions. Rec-
ommended Antecendent Precipitation Factors are listed below. The rational
formula now includes a new variable: Q = CC,1 A

Recommended Antecedent Precipitation
Factors for the Rationa) Formuta®
Recutrence
Interva! C.
(Years)
2t 10 18 .
25 B A §
50 12
10 125

NOTE: The product of € x C, should not exceed 1.
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Figure 4-28 Inlet contral nomagraph lor corrugated stee! pipe culverts. The manu-
tacturers recommended keeping HWID t0 & maximum of 1.5 and preferably to no

more than 1.0.
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[ 113 .
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TABLE 4.10. (continued)
Single Axles, p¢ = 2.5

Axle D~Slab Thickness (in.)

Load

(kips) 6 7 8 9 10 1
2 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002
4 0.003 0.002 0.002 0.002 0.002 0.002
6 0.01 0.0l 0.0l 0.0l 0.0l 0.01
8 0.04 0.04 0.03 0.03 0.03 0.03
10 0.10 0.09 0.08 0.08 0.08 0.08
12 0.20 0.19 0.18 0.18 0.18 0.17
14 0.38 0.36 0.35 0.3¢ 0.3¢ 0.3¢
16 0.63 0.62 0.61 0.60 0.60 0.60
18 1.00 1.00 1.00 1.00 1.00 1.00
20 1.51 1.52 1.55 1.57 1.58 1.58
22 2.21 2.20 . 2.28 2.34 2.38 2.40
2 3.16 3.10 3.23 3.36 3.45 3.50
26 4.41 4.26 4.42 4.67 4.85 4.95
28 6.05 5.76 5.92 6.29 6.61 6.81
30 g8.16 7.67 7.79 8.28 8.79 9.14
2 10.81 10.06 10.10 10.70 11.43 11.99
34 14.12 13.04 12.94 13.62 14.59 15.43
36 18.20 16.69 16.4! 17.12 18.33 19.52
38 23.15 21.14 - 20.61 21.31 22.74 24.31
40 29.11 26.49 25.65 26.29 27.91 29.90

Tandem Axles, p, = 2.5

Axle : D—Slab Thickness (in.)

Load

(kips) 6 7 8 9 10 i
10 0.0l 0.0l 0.01 0.0! 0.01 0.01
12 0.03 0.03 0.03 0.03 0.03 0.03
14 0.06 0.05 0.05 0.05 0.05 0.05
16 0.10 0.09 0.08 0.08 0.08 0.08
18 0.16 0.14 0.14 0.13 0.13 0.13
20 0.23 0.22 0.21 0.21 0.20 0.20

22 0.34 0.32 0.31 0.31 0.30 0.30

24 0.48 0.46 0.45 0.44 0.4 6.4¢

‘2 0.64 0.64 0.63 0.62 0.62 0.62
28 0.85 0.85 0.85 0.85 0.85 0.85
30 1.1 1.12 1.13 114 1.14 1.14
32 1.43 1.44 1.47 1.49 1.50 1.51
34 1.82 1.82 1.87 1.92 1.95 1.96
36 2.29 2.27 2.35 2.43 2.48 2.51
38 2.85 2.80 2.91 3.04 .12 3.16
40 3.52 3.42 3.55 3.74 3.87 3.9¢
42 4.32 4.16 4.30 £.55 £.74 4.86
44 - 5.26 5.0 5.16 5.48 5.75 5.92
46 6.36 6.0! 6.14 6.53 6.90 7.14
48 7.64 7.16 7.27 7.73 8.21 8.55

L g . hd
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TABLE 17.3. S$iress Rotios Alloweble Load Repetitions®

Stress? Allowable Stress Allowable
Ratio Repetition Ratio Repetition
0.51¢ 400,000 0.69 2,500
0.52 300,000 0.70 2,000
0.53 240,000 ] 0.71 1,500
0.5¢ 180,000 0.72 1,100
0.5% 130,000 0.73 850
0.56 100,000 0.74 6350
2

0.57 75,000 0.75 490
0.58 57,000 0.76 360
0.59, 42,000 0.77 270
o.sq; 32,000 0.78 210
0.61 24,000 0.79 160
0.62 18,000 0.80 120
0.63 14,000 0.81 90
0.64 11,000 0.82 70
0.65 8,000 0.83 50
0.66 6,000 0.84 40
0.67 4,500 0.85 30
0.68 3,500

* From Portland Cement Association,
* Load stress divided by modulus of rupture.
¢ Unlimited repetitions for stress ratios of 0.50 or less,

Tc\$\-& 3
C.\Ze{:f.uw;c 4 vg - (0053
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Figure 17.3. Dosign chart for tandem-axle truck loads. (From Portland Cement Association.)
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