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** CSTABL **

by
Purdue University Al/

--Slope Stability Analysis--
Simplified Janbu, Simplified Bishop

or Spencer'& Method of Slices
. \ '1- .

5061-05sz . q4!

i . , .
Time of Run:
Run By:
Input Data Filename:
Output Filename:

4:00PM
XJG
IN
STATI

PROBLEM DESCRIPTION CUTSLOPE STABILITY ABOVE BEDROCK vtur CA 'n V &-k\X;.

b .

0 A b &

BOUNDARY COORDINATES

3 Top Boundaries
4 Total Boundaries

Boundary X-Left
No. (ft)

Y-Left X-Right Y-Right Soil Type
(ft) (ft) (ft) Below Bnd

1
2
3
4

.00
10.50
55.50
10.50

.00
3.50

18.50
3.50

10.50
55.50
70.00
70.00

3.50
18. 50
18.50
3.50

2
1
2.
2

ISOTROPIC SOIL PARAMETERS

2 Type(s) of Soil

Soil
Type

No.

Total Saturated
Unit Wt. Unit Wt.

(pcf) (pcf)

Cohesion
Intercept

(psf)

Friction
Angle
(deg)

Pore
Pressure
Para=.

Pressure
Constant

(psf)

Piez.
Surface

No.

1 95.0
2 130.0

.0
.0

.0 27.0
.0 38.0

.00

.00
.0 1
.0 1

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

200 Trial Surfaces Have Been Generated.

4 . . .

200 Surfaces Initiate From Each Of 1
Along The Ground Surface Between X -

and X -

Each Surface Terminates Between X -
and X -

Points
.00
.00

Equally Spaced
ft.
ft.

56.00 ft.
65.00 ft.



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

5.00 ft. Line Segments Define Each Trial Failure Surface. )
C-i

V-,-t 0<

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
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
No.

1
2
3
4
5
6
7
8
9

10
11
12
13

X-Surf
(ft)

.00
4.76
9.52

14.27
19.02
23.77
28.52
33.27
38.02
42.76
47.50
52.24
56.09

Y-Surf
(ft)

.00
1.54
3.08
4.62
6.17
7.73
9.30

10.87
12.44
14.02
15.61
17.20
18.50

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

I*** 1.604**

Failure Surface Specified By 13 Coordinate Points

Point
No.

1
2
3

. 4

X-Surf
(ft)

Y-Surf
" (ft)

.00
4.77
9.53

14.29

.00
1.51
3.04
4.57



5
6
7
8
9

10

19.05
23.80
28.55
33.30
38.05
42.79

6.10
7.65
9.20

10.77
12.34
13.91

11 47.54 15.50
12 52.28 17.10
13 56.43 18.50 _

Circle Center At X -887.5 ; Y = 2802.3 and Radius, 2939.4 g7

1.611 ***

Failure Surface Specified By 13 Coordinate Points

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

1 .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
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

1.620 ***

Failure Surface Specified By 14 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9

X-Surf
(ft)

.00
4.77
9.53

14.30
19.06
23.82
28.58
33.34
38.09

Y-Surf
(ft)

.00
1.51
3.02

* 4.54
6.06
7.59
9.13
10.67
12.21



10 42.85 13.76
11 47.60 15.31
12 52.35 16.87 ' /
13 57.10 18.43
14 57.30 18.50

Circle Center At X = ****** ; Y 4550.6 and Radius, 4772.3 i -

1.622 ***

Failure Surface Specified By 13 Coordinate Points

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

1 .00 .00
2 4.78 1.45
3 9.56 2.92
4 14.34 4.42
5 19.10 5.92
6 23.86 7.45
7 28.62 9.00
8 33.37 10.56
9 38.11 12.14

10 42.85 13.74
11 47.58 15.36
12 52.30 17.00
13 56.58 18.50

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

1.626 ***

Failure Surface Specified By 14 Coordinate Points

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

1 .00 .00
2 4.77 1.50
3 9.54 3.01
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
9 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

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

1.628 ***

Failure Surface Specified By 14 Coordinate Points

t &

I 0-

Point
No.

X-Surf
(ft)

Y-Surf
(ft)

1
2
3
4
5
6
7
8
9

10
11
12
13
14

.00
4.78
9.56
14.33
19.10
23.87
28.64
33.40
38.15
42.91
47.66
52.41
57.15
57.83

.00
1.46
2.94
4.42
5.92
7.43
8.94

10.47
12.01
13.56
15.12
16.69
18.27
18.50

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

1.638 ***

Failure Surface Specified By 13 Coordinate Points

Point
No.

X-Surf
(ft)

1
2
3
4
5
6
7
8
9

10
11
12
13

.00
4.82
9.63

14.42
19.20
23.98
28.73
33.48
38.21
42.92
47.63
52.31
56.47

Y-Surf
(ft)

.00
1.33
2.71
4.13
5.58
7.08
8.62

10.20
11.82
13.48

* 15.18
16.92
18.50

Circle Center At X = -153.8 ; Y 5565.2 and Radius, 585.7

. , . ,-



1.650 ***

A6j/

Failure Surface Specified By 14 Coordinate Points 4A) &
(?4(t7

ql!- 1

ka<des- clf

I+,X
r (I, 

Point
No.

1
2
3
4
5
6
7
8
9

10
11
12
13
14

X-Surf
(ft)

.00
4.78
9.56

14.33
19.10
23.87
28.64
33.41
38.17
42.93
47.69
52.45
57.21
58.47

Y-Surf
(ft)

.00
1.47
2.95
4.43
5.92
7.42
8.93

10.44
11.95
13.48
15.01
16.55
18.09
18.50

Circle Center At X ****** ; Y 3470.5 and Radius, 3630.5

1.652 ***

Failure Surface Specified By 14 Coordinate Points

Point
No.

X-Surf
(ft)

1
2
3
4
5
6
7
8
9

10
11
12
13
14

.00
4.83
9.64

14.45
19.24
24.02
28.79
33.54
38.29
43.01
47.73
52.43
57.12
57.66

Y-Surf
(ft)

.00
1.31
2.65
4.04
5.46
6.93
8.43
9.98

11.56
13.19
14.85
16.55
18.29
186.50

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

1.659 ***
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** PCSTABL **

by
Purdue University

-- Slope Stability Analysis--
Simplified Janbu, Simplified Bishop

or Spencer's Method of Slices

. .,

%j7710)

IgL

Run Date:
Time of Run:
Run By:
Input Data Filename:
Output Filename:

9-2-87
4:00PM
XJG
IN
DYNI

PROBLEM DESCRIPTION CUTSLOPE STABILITY ABOVE BEDROCK
woreTt EfATtQ4&kk L V1L6;

BOUNDARY COORDINATES

3 Top Boundaries
4 Total Boundaries

Boundary
No.

1
2
3
4

X-Left
(ft)

.00
10.50
55.50
10.50

Y-Left
(ft)

.00
3.50

18.50
3.50

X-Right
(ft)

10.50
55.50
70.00
70.00

Y-Right
(ft)

3.50
18.50
18.50
3.50

Soil Type
Below Bnd

2
1
1
2

ISOTROPIC SOIL PARAMETERS

2 Type(s) of Soil

Soil Total Saturated Cohesion
Type Unit Wt. Unit Wt. Intercept
No. (pcf) (pcf) (psf)

Friction
Angle
(deg)

Pore Pressure Piez.
Pressure Constant Surface

Param. (psf) No.

1 95.0
2 130.0

.0

.0
.0 27.0
.0 38.0

.00

.00
.0
.0

1
1

A Horizontal Earthquake Loading Coefficient
Of .100 Has Been Assigned

.



A Vertical Earthquake Loading Coefficient , a/
Of .000 Has Been Assigned

Cavitation Pressure -2000.0 psf ,

A Critical Failure Surface Searching Method, Using A Random , 1
Technique For Generating Circular Surfaces, Has Been Specified.

'V

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.

5.00 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
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
No.

1
2
3
4
5
6
7
8
9

X-Surf
(ft)

* .00
4.76
9.52

14.27
19.02
23.77
28.52
33.27
38.02

Y-Surf
(ft)

.00
1.54
3.08

. 4.62
6.17
7.73
9.30

10.87
12.44



10
11
12
13

42.76
47.50
52.24
56.09

14.02
15.61
17.20
18.50

,4/o

,_.

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

1.192 ***

Failure Surface Specified By 13 Coordinate Points

Ii.~ *r i

-V
-S1 

Point
No.

1
2
3
4
5
6
7
8
9

10
11
12
13

X-Surf
(ft)

.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

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

Circle Center At X -887.5 ; Y = 2802.3 and Radius, 2939.4

1.195 ***

Failure Surface Specified By 14 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9

10
11
12
13
14

X-Surf
(ft)

.00
4.77
9.53

14.30
19.06
23.82
28.58
33.34
38.09
42.85
47.60
52.35
57.10
57.30

Y-Surf
(ft)

.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



Circle Center At X = ****** ; Y = 4550.6 and Radius, 4772.3

1.200 ***

Failure Surface Specified By 14 Coordinate Points

1-it- £1
5-S1 - 0 <

VtI, En¶1
IY)'* ~

Point
No.

X-Surf
(ft)

1
2
3
4
5
6
7
8
9

10
11
12
13
14

.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
57.53

Y-Surf
(ft)

.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
18.50

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

1.203 ***

Failure Surface Specified By 13 Coordinate Points

Point
No.

X-Surf
(ft)

1
2
3
4
5
6
7
8
9

10
11
12
13

.00
4.77
9.54

14.31
19.07
23.82
28.57
33.32
38.06
42.79
47.52
52.25
56.06

Y-Surf
(ft)

.00
1.49
2.99
4.51
6.04
7.58
9.14

10.72
12.31
13.92
15.54

* 17.17
18.50

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



1.204 ***

Failure Surface Specified By 13 Coordinate Points

Point
No.

4'- I i- C.
-.I 1-

\ i' 7
IAl

X-Surf
(ft)

Y-Surf
(ft)

1
2
3
4
5
6
7
8
9

10
11
12
13

.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

.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 Y = 1238.1 and Radius, 1293.2

1.206 ***

Failure Surface'Specified By 14 Coordinate Points

Point
No.

X-Surf
(ft)

1
2
3
4
5
6
7
8
9

10
11
12
13
14

.00
4.78
9656

14.33
19.10
23.87
28.64
33.40
38.15
42.91
47.66
52.41
57.15
57.83

Y-Surf
(ft)

.00
1.46
2.94
4.42
5692
7.43
8.94

10.47
12.01
13.56
15.12
16.69
18.27
18.50

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

1.211 ***



Failure Surface Specified By 14 Coordinate Points
Ie- 3/4

Point
No.

1
2
3
4
5
6
7
8
9

10
11
12
13
14

X-Surf
(ft)

.00
4.78
9.56

14.33
19.10
23.87
28.64
33.41
38.17
42.93
47.69
52.45
57.21
58.47

Y-Surf
(ft)

rt-'l (7

(I

.00
1.47
2.95
.4.43
5.92
7.42
8.93

10.44
11.95
13.48
15.01
16.55
18.09
18.50

Circle Center At X ****** ; Y 3470.5 and Radius, 3630.5

1.217 ***

Failure Surface Specified By 13 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9

10
11
12
13

X-Surf
(ft)

.00
4.82
9.63

14.42
A19.20
23.98
28.73
33.48
38.21
42.92
47.63
52.31
56.47

Y-Surf
(ft)

.00
1.33
2.71
4.13
5.58
7.08
8.62

10.20
11.82
13.48
15.18
16.92
18.50

Circle Center At X -153.8 ; Y = 565.2 and Radius, 585.7

1.225 ***

Failure Surface Specified By 14 Coordinate Points

Point, X-Surf Y-Surf



No.

4

1
2
3
4
5
6
7
8
9

10
11
12
13
14

(ft)

.00
4.83
9.64

14.45
19.24
24.02
28.79
33.54
38.29
43.01
47.73
52.43
57.12
57.66

(ft)

.00
1.31
2.65
4.04
5.46
6.93
8.43
9.98

11.56
13.19
14.85
16.55
18.29
18.50

A , 

,';'' ; 

Circle Center At X - -154.1 Y -

1.229 ***

y A x

579.4 and Radius, 599.5

'- ''. ': ,'~~~~~: 

1

I S F T

' i
! .

.00 8.75 17.50 26.25 35.00 43.75

.00-

8.75 +

4 17 . 0
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** PCSTABL5 **

by
Purdue University

--Slope Stability Analysis--
Simplified Janbu, implified Bishop

or Spencer's Method of Slices

051-05

tic,
A-/ W..'. A3 2

.</l'/,. 

Run Date:
Time of Run:
Run By:
Input Data Filename:
Output Filename:

PROBLEM DESCRIPTION

4/4/90
AFTERNOON
MJG
INl
OUTl

LONGTERM STRENGTH W/EARTHQUM LOADING

BOUNDARY COORDINATES

4 Top Boundaries
26 Total Boundaries

Boundary
No.

1
2
3
4
5
6
7
8
9

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

X-Left
(ft)

9.00
72.00
86.00
289.00

9.00
46.00
46.00
53.00
68.00
94.00
289.00

53.00
56.00
62.00
70.00
88.00
96.00
289.00
62.00
56.00
70.00
88.00
70.00
70.10
70.10
70.20

Y-Left
(ft)

79.00
80.00
80.00
121.00
79.00
66.00
66.00
64.00
67.00
80.00
119.50
64.00
62.00
62.50
64.00
73.00
77.00
116.50
62.50
62.00
49.00
73.00
49.00
44.00
44.00
38.00

X-Right
(ft)

72.00
86.00

289.00
414.00
46.00
72.00
53.00
68.00
94.00
289.00
414.00
56.00
62.00
70.00
88.00
96.00
289.00
414.00
75.00
70.00
75.00
414.00
70.10
414.00
70.20
414.00

Y-Ri ht

80.00
80.00

121.00
121.00
66.00
80.00
64.00
67.00
80.00

1l9.-$
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

5
1
1
1
6
1
6
2
2
2
2
6
5
4
4
3
3
3
5
6
4
4
6
5
6
6

ISOTROPIC SOIL PARAMETERS



6 Type(s) of Soil

Soil Total Saturated Cohesion
Type Unit Wt. nit Wt. Intercept
No. (pcf) (pcf) (psf)

MJL -

4\5eloD A-
U MfiT" & 
50S1-OS

Friction Pore P isSure Piez.
Angle Pressure Constant Surface
(deg) Paran. (psf) No.

1 130.0
2 130.0
3 105.0
4 115.0
5 115.0
6 100.0

.0

.0

.0

.0
.0
.0

.0
.0

. .0
.0
.0

10000.0

38.0
26.0
35.0
29.0
29.0

.0

.00

.00

.00

.00

.00

.00

.0

.0
.0
.0
.0
.0

I
1
1

1
1

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

Boundary
No.

1
2
3
4

X-Left
(ft)

9.00
53.00
70.00
70.20

Y-Left X-Right
(ft) (ft)

79.00
64.00
49.00
38.00

53.00
70.00
70.20

414.00

Y-Right
(ft)

64.00
49.00
38.00
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
and

X = 290.00 ft.
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 Upon The Angle Of Initiation.
The Angle Has Been Restricted Between The Angles Of -15.0



And -5.0 deg. 4IMa- H
g1 otS'

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 26 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9

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

X-Surf
(ft)

70.00
79.72
89.52
99.38

109.30
119.25
129.23
139.23
149.23
159.22
169.18
179.12
189.00
198.83
208.58
218.25
227.83
237.29
246.64
255.86
264.93
273.85
282.60
291.18
299.57
302.18

Y-Surf
(ft)

79.97
77.62
75.62
73.96
72.66
71.70
71.10
70.85
70.95
71.41
72.21
73.37
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

Circle Center At X 141.3 Y - 354.1 and Radius, 283.2

i 2.026 ***

Failure Surface Specified By 28 Coordinate Points

Point
No.

1
2
3
4
5
6
7

X-Surf
(ft)

40.00
49.70
59.47
69.31
79.20
89.13
99.09

Y-Surf
(ft)

79.49
77.06
74.94
73.13
71.65
70.49
69.65



8
9

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

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

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

K 5|6-Ajs7jqa i

Circle Center At X 120.1 ; Y = 378.2 and Radius, 309.3

2.031 ***

Failure Surface Specified By 29 Coordinate Points

Point
No.

X-Surf
(ft)

Y-Surf
(ft)

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29

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

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



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

2.036 *** i I .." 
; 

I .

Failure Surface Specified By 30 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

X-Surf
(ft)

40.00
49.67
59.41
69.22
79.08
88.98
98.93
108.90
118.89
128.89
138.88
148.87
158.85
168.79
178.70
188.57
198.38
208.13
217.81
227.40
236.91
246.32
255.62
264.81
273.88
282.81
291.61
300.25
308.75
310.39

Y-Surf
(ft)

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

41slHO

U) MvTa - &,$

I j F :'.
I .:1 Fi

I
:

j i

I~~~~~~~~~~

Circle Center At X 129.4 ; Y = 398.9 and Radius, 331.7

2.037 ***

Failure Surface Specified By 30 Coordinate Points - i

Point
No.

1
2
3
4
5
6
7
8

X-Surf
(ft)

40.00
49.68
59.43
69.24
79.11
89.02
98.96

108.93

Y-Surf
(ft)

79.49
76.98
74.76
72.83
71.19
69.84
68.79
68.03

; .0
I



9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

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

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

a M0O H I

e - -
*. .. .-I.. . I

-;

Circle Center At X = 129.6 ; Y 405.4 and Radius, 338.0

2.040 ***

Failure Surface Specified By 30 Coordinate Points

Point
No.

X-Surf
(ft)

Y-Surf
(ft)

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

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

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

I . .: ..

i* .. 

. I
... .



A-7
Circle Center At X 127.1 Y 424.2 and Radius, 355.5

2.047 *** ' f\5 &°

U~VANP-- RIJ
o 51-o5

Failure Surface Specified By 30 Coordinate Points

I 

i i

: !

l

Point
No.

X-Surf
(ft)

Y-Surf
(ft) zI .:

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

40.00
49.66
59.40
69.19
79.04
88.94
98.88
108.84
118.82
128.82
138.82
148.81
158.80
168.75
178.68
188.57
198.41
208.20
217.92
227.56
237.13
246.61
255.98
265.26
274.42
283.45
292.36
301.13
309.76
317.67

79.49
76.91
74.62
72.61
70.89
69.46
68.32
67.47
66.92
66.65
66.68
67.00
67.62
68.52
69.72
71.21
72.99
75.05
77.40
80.03
82.95
86.14
89.61
93.36
97.37

101.65
106.19
110.99
116.05
121.00

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

2.047 ***

Failure Surface Specified By 24 Coordinate Points

Point
No.

1
2
3
4
5
6
7

X-Surf
(ft)

70.00
79.96
89.93
99.92

109.92
119.92
129.92

Y-Surf
(ft)

79.97
79.03
78.33
77.90
77.71
77.78
78.10

9.. .



8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

139.90
149.86
159.81
169.72
179.59
189.42
199.20
208.93
218.59
228.19
237.71
247.15
256.50
265.77
274.93
283.99
291.97

78.68
79.50
80.58
81.91
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

SoS15<O
;M&51- C-?4

I ,
. .

! ' 

Circle Center At X 112.2 ; Y = 472.6 and Radius, 394.9

2.053 ***

Failure Surface Specified By 31 Coordinate Points

Point
No.

X-Surf
(ft)

Y-Surf
(ft)

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

40.00
49.67
59.40
69.19
79.04
88.94
98.87
108.83
118.81
128.80
138.80
148.80
158.79
168.75
178.69
188.60
198.46
208.27
218.02
227.70
237.31
246.83
256.27
265.60
274.83
283.95
292.95
301.81
310.55
319.14
323.13

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

; . ;- 

i ..* v

Circle Center At X 135. 1 Y = 417.7 and Radius, 351.3
I 
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2.058 *** 414;1 !
5-o SD
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Failure Surface Specified By 31 Coordinate Points

Point
No.

I

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

X-Surf
(ft)

40.00
49.66
59.39
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

Y-Surf
(ft)

79.49
76.91
74.60
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

* I
; I

! ':,!

S N 

i* - ~ --. i
i

-I/

. ;I -Oi

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

2.065 ***
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A 103.50 +

X 155.25 +

I 207.00 +
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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 Points Equally Spaced
Along The Ground Surface Between X = 73.00 ft.

and X - 85.00 ft.

Each Surface Terminates Between
and

X 290.00 ft.
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 Upon The Angle Of Initiation.
The Angle Has Been Restricted Between The Angles Of -45.0
And -5.0 deg. mJ --

MtAl
Following Are Displayed The Ten Most Critical Of The r a
Failure Surfaces Examined. They Are Ordered - Most Critical
First.

I .; 4...

I .'.. ,£ ,. ...
i:

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

Failure Surface Specified By 25 Coordinate Points I

Point
No.

1
2
3
4
5
6
7
8
9

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

X-Surf
(ft)

73.00
82.33
91.82

101.46
111.21
121.05
130.97
140.94
150.93
160.93
170.91
180.85
190.72
200.50
210.17
219.71
229.10
238.30
247.31
256.10
264.65
272.95
280.96
288.68
295.35

Y-Surf
(ft)

80.00
76.40
73.26
70.57
68.35
66.60
65.32
64.53
64.21
64.38
65.02
66.14
67.74
69.81
72.35
75.35
78.81
82.71
87.05
91.82
97.01

102.60
108.58
114.94
121.00

:j ..V I* .- :
I ! -'f .

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

! 2.011

Failure Surface Specified By 26 Coordinate Points

i .

I . ,.
, . . .

, . U .

Point
No.

1
2
3
4
5
6

X-Surf
(ft)

79.00
88.33
97.82

107.44
117.18
127.02

Y-Surf
(ft)

80.00
76.40
73.24
70.52
68.26
66.46

1



i O I .A- Ad-

K

7
8
9

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

136.93
146.89
156.88
166.88
176.87
186.82
196.71
206.53
216.24
225.83
235.28
244.57
253.67
262.57
271.24
279.68
287.85
295.75
303.34
306.08

65.12
64.25
63.84
63.90
64.42
65.42
66.87
68.79
71.17
73.99
77.27
80.98
85.12
89.68
94.65
100.03
105.79
111.93
118.43
121.00

160.6 ; Y 

50S57v!
U KT (LA-&P'

277.6 and Radius, 213.8

* I , . 44 ;V
I : 
r 4...

Circle Center At X 

2.030 ***

Failure Surface Specified By 26 Coordinate Points
1

I

IN

Point
No.

1
2
3
4
5
6
7
8
9

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

X-Surf
(ft)

73.00
82.24
91.65
101.21
110.90
120.69
130.58
140.52
150.50
160.50
170.49
180.46
190.37
200.21
209.95
219.58
229.06
238.38
247.52
256.45
265.16
273.62
281.82
289.74
297.36
303.49

Y-Surf
(ft)

80.00
76.17
72.79
69.85
67.38
65.37
63.84
62.77
62.18
62.07
62.44
63.28
64.59
66.38
68.64
71.35
74.53
78.15
82.21
86.71
91.62
96.95

102.67
108.78
115.26
121.00

....... f
i .

.

I . I.V1Circle Center At X 157.8 Y = 271.6 and Radius, 209.5

2.034 ***



. 0 -4-a
4sb-s5,Failure Surface Specified By 27 Coordinate Points

Point
No.

X-Surf
(ft)

Y-Surf
(ft)

. a8 ;- v VATI -

1
2
3
4
5
6
7
8
9
10
11
12
13
14
25
16
17
18
19
20
21
22
23
24
25
26
27

73.00
82.34
91.83

101.44
111.17
120.99
130.88
140.82
150.80
160.80
170.80
180.77
190.71
200.59
210.40
220.11
229.70
239.17
248.49
257.64
266.61
275.38
283.93
292.26
300.33
308.14
313.07

80.00
76.43
73.27
70.52
68.19
66.29
64.81
63.76
63.14
62.96
63.21
63.89
65.00
66.54
68.51
70.90
73.71
76.93
80.56
84.59
89.01
93.82
99.00
104.55
110.45
116.69
121.00

.X ... ,

, ; .0

. . . i

I

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

2.035 ***

Failure Surface Specified By 27 Coordinate Points

i .

I, ,

i
Point
No.

X-Surf
(ft)

Y-Surf
(ft)

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15

79.00
88.68
98.44

108.27
118.16
128.09
138.06
148.05
158.05
168.05
178.03
187.98
197.90
207.76
217.56

80.00
77.48
75.31
73.48
71.99
70.85
70.05
69.61
69.51
69.76
70.37
71.32
72.62
74.26
76.25

.., .. 

. .



16
17
18
19
20
21
22
23
24
25
26
27

227.29
236.93
246.47
255.89
265.20
274.37
283.40
292.27
300.97
309.50
317.84
319.51

78.58
81.24
84.25
87.58
91.24
95.23
99.53
104.14
109.07
114.29
119.81
121.00

ala'
4\585a
6,5S1OS
v eMVg- el-rQ

IA- I'4

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

2.053 ***

I

Failure Surface Specified By 27 Coordinate Points

K

Point
No.

1
2
3
4
5
6
7
8
9

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

X-Surf
(ft)

79.00
88.35
97.85

107.47
117.20
127.02
136.92
146.86
156.84
166.84
176.84
186.82
196.76
206.64
216.45
226.16
235.76
245.24
254.57
263.74
272.73
281.52
290.10
298.45
306.55
314.40
319.72

80.00
76.46
73.33
70.61
68.30
66.42
64.95
63.91
63.30
63.12
63.37
64.04
65.15
66.68
68.63
71.00
73.78
76.98
80.58
84.57
88.95
93.72
98.86
104.36
110.22
116.41
121.00

!I . .., 

,2 t ..;. -

I . I 

i .

Y-Surf
(ft)

.. IV

Circle Center At X 166.1 ; Y m 296.2 and Radius, 233.0 i

2.056 ***

Failure Surface Specified By 28 Coordinate Points

Point X-Surf Y-Surf



No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28

(ft)

79.00
88.40
97.94
107.59
117.34
127.17
137.07
147.01
157.00
166.99
176.99
186.97
196.92
206.82
216.65
226.40
236.05
245.59
255.00
264.26
273.35
282.28
291.00
299.53
307.83
315.90
323.72
324.63

(ft)

80.00
76.60
73.58
70.96

-68.73
66.91
65.48
64.46
63.84
63.64
63.84
64.45
65.46
66.88
68.70
70.93
73.54
76.55
79.95
83.72
87.87
92.39
97.27
102.50
108.07
113.98
120.21
121.00

A~~s7 1. , -
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I

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

2.062 ***

Failure Surface Specified By 25 Coordinate Points

i . .;

i . ...

Point
No.

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22

X-Surf
(ft)

85.00
94.14
103.49
113.02
122.69
132.49
142.38
152.34
162.33
172.33
182.31
192.23
202.08
211.82
221.42
230.86
240.10
249.13
257.91
266.43
274.64
282.54

Y-Surf
(ft)

80.00
75.95
72.40
69.36
66.83
64.83
63.36
62.42
62.02
62.16
62.84
64.05
65.79
68.07
70.86
74.17
77.97
82.28
87.06
92.30
98.00

104.13

. .

. . i * 

....

; ., 
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S. <-S

23
24
25

290.10
297.30
300.43

110.68
117.63
121.00 So 7-05

.4 '..,
Circle Center At X = 164.8 Y 247.7 and Rdilii85.7

2.065 ***

i I
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Failure Surface Specified By 26 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9

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

X-Surf
(ft)

85.00
94.65
104.39
114.20
124.08
134.01
143.97
153.96
163.96
173.96
183.94
193.89
203.79
213.64
223.42
233.11
242.71
252.19
261.56
270.78
279.87
288.79
297.53
306.10
314.47
321.27

Y-Surf
(ft)

80.00
77.37
75.09
73.18
71.62
70.43
69.61
69.15
69.06
69.34
69.98
70.99
72.37
74.11
76.21
78.66
81.48
84.64
88.15
92.00
96.19
100.71
105.55
110.71
116.19
121.00

1 .
IM

| i : .. 174ji

; ;

. M -

. t I-
,4 e 

* I I : I 1 I

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

2.066 *** .e

Failure Surface Specified By 28 Coordinate Points

'4 ~:
.

Point
No.

1
2
3
4
5
6
7
8

X-Surf
(ft)

73.00
82.18
91.53
101.03
110.66
120.39
130.22
140.12

Y-Surf
(ft)

80.00
76.04
72.49
69.36
66.65
64.38
62.54
61.14

i: I



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

150.08
160.06
170.06
180.06
190.02
199.95
209.80
219.57
229.24
238.78
248.18
257.42
266.49
275.35
284.00
292.42
300.59
308.50
316.13
321.27

60.17
59.66
59.58
59.95
60.76
62.02
63.71
65.84
68.40
71.39
74.79
78.62
82.85
87.47
92.49
97.88
103.65
109.77
116.23
121.00

166.8 Y =

0 57--o
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Circle Center At X = 284.7 and Radius, 225.2

2.079 ***
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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.

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.If 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 ,5.0
And 6.0 deg.

L

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 23 Coordinate Points

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

1 86.10 80.02

I :. ;.'

I !.g e

I . -..

I.;i. .

: i ..*~

I .. ..



I 2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23

96.05
106.00
115.93
125.86
135.77
145.66
155.55
165.41
175.26
185.10
194.92
204.71
214.49
224.25
233.98
243.70
253.38
263.05
272.69
282.30
291.89
295.08

80.97
82.02
83.17
84.41
85.75
87.18
88.71
90.33
92.05
93.86
95.77
97.77
99.87
102.06
104.35
106.73
109.20
111.77
114.42
117.18
120.02
121.00

4\sio 

7I 'IJ

i- --

' if,4, f-

i ! . :

i

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

1.822 ***

Failure Surface Specified By 24 Coordinate Points

Point
No.

X-Surf
(ft)

Y-Surf
(ft)

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

86.10
96.06
106.01
115.94
125.87
135.79
145.69
155.59
165.47
175.33
185.18
195.01
204.83
214.63
224.41
234.17
243.91
253.63
263.33
273.01
282.67
292.30
301.90
302.20

80.02
80.95
81.97
83.07
84.27
85.56
86.93
88.39
89.95
91.59
93.32
95.13
97.04
99.03

101.11
103.28
105.54
107.89
110.32
112.84
115.44
118.13
120.91
121.00

I ;,

iI -.

.; v I1

' ' A.

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

1.911 ***
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w
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I
Failure Surface Specified By 23 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23

X-Surf
(ft)

86.10
96.08
106.06
116.02
125.97
135.91
145.684
155.74
165.63
175.50
185.34
195.17
204.96
214.73
224.47
234.19
243.87
253.51
263.12
272.70
282.24
291.73
296.64

Y-Surf
(ft)

r 80.02
80.61
81.33
82.18
83.15
84.26
85.50
86.86
886.35
89.97
91.72
93.60
95.60
97.74
99.99

102.38
104.89
107.52
110.28
113.17
116.18
119.31
121.00

1

j .
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Circle Center At X 45.7 ; Y - 849.2 and Radius, 770.2

1.935 ***

Failure Surface Specified By 23 Coordinate Points

I

Point
No.

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20

X-Surf
(ft)

86.10
96.08

106.06
116.02
125.98
135.92
145.85
155.76
165.65
175.53
185.38
195.21
205.02
214.81
224.56
234.29
243.99
253.66
263.29
272.89

Y-Surf
(ft)

80.02
80.60
81.30
82.13
83.08
84.16
85.37
86.69
88.15
89.72
91.42
93.25
95.20
97.27
99.46

101.78
104.22
106.77
109.46
112.26

i

i

i I

i
II I

I

, . .

I .

I



21
22
23

282.45
291.98-
300.32

115.18
118.22
121.00

l

I

.

.I

Circle Center At X = 45.1 Y = 874.8 and Radius, 795.9

1.961 ***\5o

Failure Surface Specified By 23 Coordinate Points

iP. 'i 4

*; 1..

a.:

Point
No.

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23

X-Surf
(ft)

86.20
96.20

106.19
116.18
126.15
136.12
146.06
155.99
165.89
175.76
185.61
195.43
205.21
214.95
224.66
234.31
243.93
253.49
263.00
272.46
281.85
291.19
293.86

Y-Surf
(ft)

80.04
80.22
80.57
81.10
81.80
82.67
83.72
84.94
86.34
87.90
89.64
91.55
93.63
95.88
98.30
100.89
103.65
106.57
109.66
112.92
116.34
119.92
121.00

* . :- i
I. , I 

I
l 

: t. -s.V
.:i . . 11.
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Circle Center At X = 81.0 ; Y = 653.7 and Radius, 573.7

I
1.973

Failure Surface Specified By 23 Coordinate Points

r 
Point
No.

1
2
3
4
5
6
7
8
9

10
11

X-Surf
(ft)

86.20
96.19
106.18
116.15
126.12
136.07
146.00
155.92
165.82
175.70
185.56

Y-Surf
(ft)

80.04
80.46
81.02
81.72
82.56
83.55
84.67
85.94
87.35
88.90
90.59

l



F 12
13
14
15
16
17
18
19
20
21
22
23

195.39
205.19
214.97
224.71
234.42
244.10
253.73
263.33
272.89
282.41
291.88
299.29

92.43
94.40
96.51
98.76

101.15
103.68
106.34
109.14
112.08
115.16
118.37
121.00

M36-

415 X . I 
50 514S~~~~~~~~~~~~~~~~~~~~~~~~~~~~~I
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I. I

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

1.974 ***

Failure Surface Specified By 24 Coordinate Points

I iStr!
..; 1' S4 i

I , ... 
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Point
No.

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

X-Surf
(ft)

86.10
96.07
106.04
116.00
125.94
135.88
145.81
155.72
165.61
175.50
185.36
195.21
205.05
214.86
224.65
234.43
244.18
253.90
263.61
273.29
282.94
292.56
302.16
308.77

Y-Surf
(ft)

80.02
80.74
81.57
82.50
83.52
84.65
85.87
87.20
88.63
90.15
91.78
93.51
95.33
97.26
99.28

101.40
103.62
105.94
108.35
110.87
113.48
116.19
119.00
121.00

19.3 ; Y =

.

i. 

1088ad!ais 991.
! ; "t ii

1068.86 and Radius', 991.0 

1,

I. '!, .:_ i

: - * i,

I .

I
ICircle Center At X =

1.995

Failure Surface Specified By 25 Coordinate Points

Point
No.

1

X-Surf
(ft)

86.10

Y-Surf
(ft)

80.02

I. .1 i -
ih



r

2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

96.06
106.00
115.94
125.87
135.79
145.71
155.61
165.50
175.38
185.25
195.10
204.95
214.78
224.59
234.39
244.18
253.95
263.70
273.44
283.16
292.86
302.54
312.21
313.74

80.97
82.00
83.10
84.27
85.52
86.85
88.24
89.71
91.26
92.88
94.57
96.33
98.17

100.09
102.07
104.13
106.26
108.47
110.75
113.10
115.52
118.01
120.58
121.00

tLr
4\5Vlo
5o51-5

V'14¶rz*~~~~~- 4i

*. I

.
;. . ;-,

. i

I

ii

I

i

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

1.996 ***
i

Failure Surface Specified By 23 Coordinate Points

I
Point
Ho.

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23

X-Surf
(ft)

86.10
96.10

106.10
116.10
126.09
136.07
146.04
155.99
165.92
175.82
185.69
195.52
205.31
215.06
224.75
234.40
243.99
253.51
262.97
272.37
281.68
290.92
297.66

I

Y-Surf
(ft)

80.02
79.77
79.72
79.88
80.25
80.83
81.62
82.62
83.83
85.24
86.86
88.68
90.71
92.95
95.39
98.03
100.87
103.91
107.15
110.59
114.22
118.04
121.00

103.3 ; Y = 558.0 and Radius, 478.3

i

I

I

i

I I

I

I.

I

Circle Center At X 



2.023 ***

Failure Surface Specified By 23

1t Ps

'te57-o6
Coordinate Points

I vtI
III

Point
No.

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23

X-Surf
(ft)

86.20
96.19

106.19
116.19
126.18
136.17
146.15
156.10
166.04
175.94
185.80
195.63
205.41
215.14
224.81
234.42
243.97
253.44
262.83
272.15
281.37
290.51
295.38

Y-Surf
(ft)

80.04
79.59
79.37
79.38
79.62
80.10
80.81
81.74
82.91
84.31
85.95
87.80
89.89
92.20
94.74
97.50

100.49
103.69
107.12
110.76
114.62
118.69
121.00

110.7 Y -

i

i

I

I

. . - .

., -. * i I

.;.

Circle Center At X 509.9 and Radius, 430.5

2.031 ***

A X I S
l

F T

.00 51.75 103.50 155.25 207.00 258.75

X .00 +-

51.75 +

A 103.50 +

----------- t--------------------------__+____+____ .+
I

*
*
*

* *
*

** 

-i;-�+t j,;
. I 4-10 , :,
4�- �,--
II 1! rhrf., 1

4 . ., .1r *

*1
91
9'

01
031
.41



F
X 155.25 +

I 207.00 +

S 258.75 +

310.50 +

F 362.25 +

..92i
..03E

0 00

* 05

* 9:
0 0 09

* 
SO 0 

a....

..
*0**0

.,

00I
2t
.7X.2

..71
00 6

0

,* *I

00 04

00 ai

00 aE

00 *4

kJ (r
41614b Xie 

5061-t5

-

. .

I

i, ; .

' ,;.- r

I

0.

.I

T 414.00 + * * *
4

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

150 Trial Surfaces Have Been Generated.
..

, II.,

75 Surfaces Initiate From Each Of 2 Points Equally Spaced
Along The Ground Surface Between X = 66.10 ft.

and X = 86.20 ft.

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

Unless Further Limitations Were Imposed, The Minlimum 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 Angles Of -45.0
And -5.0 deg.

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

.f 1.



First. 50 ts 1

L~~~~~~~ ~ ~ ~~~~~ #ATaA- & U I
* * Safety Factors Are Calculated By The Modified Bishop Method

Failure Surface Specified By.24 Coordinate Points

4 *4.

I `

Point
No.

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

X-Surf
(ft)

86.10
95.37

104.82
114.43
124.18
134.03
143.96
153.94
163.94
173.93
183.89
193.78
203.57
213.24
222.76
232.10
241.24
250.15
258.80
267.17
275.24
282.98
290.36
294.76

Y-Surf
(ft)

80.02
76.26
73.00
70.24
68.01
66.31
65.13
64.49
64.38
64.81
65.77
67.27
69.29
71.84
74.90
78.46
82.52
87.07
92.08
97.55

103.46
109.80
116.54
121.00

, Iw. I , .

1I. : .

j:'

. - 4:+ i

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

2.043 ***

Failure Surface Specified By 23 Coordinate Points

I, Point
No.

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16

X-Surf
(ft)

86.10
96.06

106.04
116.03
126.03
136.03
146.02
155.99
165.93
175.84
185.71
195.52
205.28
214.98
224.60
234.14

Y-Surf
(ft)

I I h 

I ., t
80.02
79.09
78.44
78.08
78.00
78.21
78.70
79.47
80.53
81.87
83.49
85.39
87.57
90.02
92.75
95.76

i - -1

.- ;i



K3(-v , I
17
18
19
20
21
22
23

243.59
252.94
262.19
271.32
280.34
289.23
292.24

99.03
102.57
106.37
110.44
114.76
119.34
121.00

VJ sATIL- C-W

_I/
I

* I - t

i , . . ,Circle Center At X = 123.8 Y 429.7 and Radius, 351.7

2.060 ***

Coordinate Points ¢4 ;Failure Surface Specified By 26

Point
No.

X-Surf
(ft)

Y-Surf
(ft)

I

1
2
3
4
5
6
7
8
9

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

86.20
95.48

104.92
114.52
124.23
134.05
143.95
153.91
163.90
173.90
183.88
193.84
203.73
213.54
223.24
232.82
242.25
251.51
260.57
269.43
278.04
286.41
294.49
302.29
309.78
312.18

80.04
76.31
73.02
70.20
67.84
65.95
64.53
63.60
63.14
63.16
63.67
64.66
66.12
68.06
70.47
73.34
76.67
80.45
84.67
89.33
94.40
99.89

105.76
112.03
118.66
121.00

I . .'.. 

. l. *- .

'

i . . I .* ! I il

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

I

i

t
L.

2.065 ***

Failure Surface Specified By 24 Coordinate Points

Point
No.

1
2
3
4

X-Surf
(ft)

86.20
95.26

104.55
114.04

Y-Surf
(ft)

;.

. it ;

! . !

80.04
75.81
72.11
68.96 .. ..,-. I

r 



5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

123.70
133.49
143.39
153.35
163.34
173.34
183.30
193.20
203.00
212.66
222.16
231.46
240.53
249.34
257.87
266.07
273.93
281.42
288.51
293.55

66.37
64.34
62.88
62.00
61.69
61.97
62.83
64.26
66.27
68.84
71.97
75.64
79.85
84.57
89.80
95.52

101.70
108.33
115.38
121.00

F3S~~~~~.' 1 -a I

S0s1-o5
VvMAM\- CLEO

, O0�1M

! . .
I -

I~I :. 4.t14 j . .

A; .. ,.

I','

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

2.079 ***
.. ", 1

. , . i. .

. . . I I

Failure Surface Specified By 27 Coordinate Points

Point
No.

X-Surf
(ft)

Y-Surf
.(ft)

1
2
3
4
5
6
7
8
9

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

86.10
95.55
105.13
114.81
124.59
134.45
144.36
154.32
164.31
174.31
184.30
194.28
204.22
214.10
223.92
233.65
243.28
252.80
262.19
271.42
280.50
289.40
298.11
306.62
314.90
322.96
329.11

80.02
76.76
73.88
71.39
69.29
67.59
66.28
65.38
64.87
64.77
65.07
65.78
66.88
68.39
70.29
72.59
75.27
78.35
81.80
85.63
89.82
94.38
99.29

104.55
110.15
116.08
121.00

171.8 Y =

I

I :- ; i
I * -1

I I

313.0 and Radius, 248I3

313.0 and Radius, 248.3' 4Circle Center At X =



2.087 ***

U MH - 4a

. -1
f .

I

Failure Surface Specified By 27 Coordinate Points

Point
No.

X-Surf
(ft)

Y-Surf
(ft) * I

j 

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27

86.20
95.46
104.88
114.44
124.12
133.91
143.77
153.70
163.67
173.67
183.67
193.65
203.60
213.49
223.31
233.03
242.64
252.12
261.44
270.60
279.57
288.33
296.88
305.18
313.22
321.00
328.03

80.04
76.27
72.91
69.98
67.48
65.40
63.77
62.57
61.82
61.51
61.64
62.22
63.24
64.71
66.61
68.95
71.71
74.90
78.51
82.53
86.95
91.77
96.97

102.54
108.48
114.77
121.00

-

i- ;�, ,, i:rT".1111,?,!;I �.:

, II. i- j' 

I 

i

I III

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

2.107 ***

Failure Surface Specified By 24 Coordinate Points i It!
l , !X

Point
No.

X-Surf
(ft)

Y-Surf
(ft) i..

1
2
3
4
5
6
7
8
9

10
11
12
13
14

86.10
95.87
105.71
115.60
125.55
135.53
145.52
155. 52
165.51
175.48
185.41
195.29
205.10
214.84

80.02
77.87
76.08
74.67
73.62
72.94
72.64
72.71
73.15
73.96
75.14
76.69
78.61
80.89

*. . -. . . l



i~G-
4-S-9r15

16
17
18
19
20
21
22
23
24

224.48
234.02
243.44
252.73
261.88
270.87
279.68
288.32
296.76
302.38

83.53
86.53
89.89
93.59
97.64
102.02
106,73
111.77
117.13
121.00

Io

iI' L 

I ; 4z 

F,
I
aI

I

iICircle Center At X = 148.7 Y 341.1 and Radius, 268.5

2.110 ***
! I- -

., 

Failure Surface Specified By 28 Coordinate Points

Point
No.

X-Surf
(ft)

Y-Surf
(ft)

F>

1
2
3
4
5
6
7
8
9

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

86.20
95.69

105.29
114.99
124.77
134.63
144.54
154.49
164.47
174.47
184.47
194.46
204.41
214.33
224.19
233.98
243.69
253.30
262.80
272.18
281.42
290.50
299.43
308.18
316.74
325.11
333.26
338.50

80.04
76.88
74.08
71.65
69.58
67.88
66.55
65.59
65.01
64.80
64.97
65.51
66.43
67.72
69.39
71.42
73.82
76.58
79.70
83.18
87.00
91.17
95.68

100.52
105.69
111.17
116.97
121.00

.4; .,,
e l

:. II>:
I othe

i . I

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

i I

I
2.113 ***

Failure Surface Specified By 28 Coordinate Points

Point
No.

X-Surf
(ft)

Y-Surf
(ft)

; . . �. .7 .
II

I
. I

!



11I
i,

90
t
I
6

1
2
3
4
5
6
7
8
9

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

86.20
95.86

105.59
115.40
125.27
135.18
145.14
155.12
165.11
175.11
185.11
195.08
205.03
214.94
224.80
234.60
244.32
253.96
263.51
272.96
282.29
291.50
300.58
309.50
318.28
326.89
335.33
339.49

80.04
77.44
75.17
73.21
71.59
70.29
69.32
68.68
68.38
68.40
68.76
69.45
70.47
71.82
73.49
75.49
77.82
80.47
83.43
86.71
90.31
94.21
98.41
102.91
107.71
112.79
118.16
121.00

..; 4

. , .. -

,' I

. i;. 

i

w"I

i

II

. .

4 i'.M

~'A ';
I

'.I

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

2.121 ***

Failure Surface Specified By 24 Coordinate Points

I

I 
lI ;!
.' i~

*: I.; I

Point
No.

1
2
3
4
5
6
7
8
9

10
11
12
13
14
is
16
17
18
19
20
21
22
23

X-Surf
(ft)

86.20
96.06
105.97
115.91
125.89
135.88
145.88
155.88
165.86
175.80
185.71
195.57
205.36
215.08
224.71
234.25
243.68
252.99
262.17
271.22
280.11
288.84
297.40

Y-Surf
(ft)

80.04
78.35
77.00
75.98
75.31
74.97
74.97
75.31
75.99
77.00
78.36
80.05
82.07
84.42
87.10
90.11
93.44
97.09
101.05
105.32
109.90
114.77
119.94

: -

*t f.; ik I * I

;" .It:

I . oiX's

i I''

I



24 299.03 121.00 t - ; i

Circle Center At X = 140.9 ; Y = 369.6 and Radius, 294.7 !

I V
I -
I! 1 1

2.133 ***
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** PCSTABL **

by
Purdue University

4SOSIOV4 i

-- Slope Stabilit1 Anal1sis--
Simplified Janbu, S plified Bishop Ar 4 /;

or Spencer's Method of Slices a _A3

Run Date:
Time of Run:
Run By:
Input Data Filename:
Output Filename:

PROBLEM DESCRIPTION

BOUNDARY COORDINATES

4 APRIL 90
AFTERNOON
MJG
IN2
OUT2

VA� &

! -. i, t:

j F- i

END OF CONSTRUCTION CASE W/EARTHQUAE LO
ADING

i . t 

4 Top Boundaries
26 Total Boundaries

Boundary
No.

1
2
3
4
5
6
7
8
9

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

X-Left
(ft)

9.00
72.00
86.00

289.00
9.00
46.00
46.00
53.00
68.00
94.00
289.00
53.00
56.00
62.00
70.00
88.00
96.00
289.00
62.00
56.00
70.00
88.00
70.00
70.10
70.10
70.20

Y-Left
(ft)

79.00
80.00
80.00
121.00
79.00
66.00
66.00
64.00
67.00
80.00
119.50
64.00
62.00
62.50
64.00
73.00
77.00

116.50
62.50
62.00
49.00
73.00
49.00
44.00
44.00
38.00

X-Right
(fz)

72.00
86.00

289.00
414.00
46.00
72.00
53.00
68.00
94.00

289.00
414.00
56.00
62.00
70.00
88.00
96.00
289.00
414.00
75.00
70.00
75.00
414.00
70.10
414.00
70.20
414.00

Y-Right
(ft)

80.00
80.00
121.00
121.00
66.00
80.00
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

5
1
1
1
6
1
6
2
2
2
2
6
5
4
4
3
3
3
5
6
4
4
6
5
6
6

ISOTROPIC SOIL PARAMETERS
I .:.



I

6 Type(s) of Soil

Soil Total Saturated Cohesion
Type Unit Wt. Unit Wt. Intercept

No. (pcf) (pcf) (psf)

tA.~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

4- 53 I
5S7oSi i
u"A-MR4 i i

Friction Pore Pressure Piez.
Angle Pressure Constant Surface
(deg) Param. (psf) No.

1 130.0
2 130.0
3 105.0
4 115.0
5 115.0
6 100.0

.0

.0
.0
.0
.0
.0

.0
60. 0

.0
500.0
500.0

10000.0

38.0
25.0
35.0
16.0
16.0

.0

.00

.00

.00

.00

.00

.00

.0

.0
.0
.0
.0
.0

1
1,
I
1
1
1

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

Boundary
No.

1
2
3
4

X-Left
(ft)

9.00
53.00
70.00
70.20

Y-Left X-Right
(ft) (ft)

79.00
64.00
49.00
38.00

53.00
70.00
70.20

414.00

Y-Right
(ft)

64.00
49.00
38.00
38.00

0

A Horizontal Earthquake Loading Coefficient
Of .00 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.
I

I

I

i
Each Surface Terminates Between

and
X = 290.00 ft.
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 Upon The Angle Of Initiation.
The Angle Has Been Restricted Between The Angles Of -15.0



And -5.0 deg.
Qrf7Ad

K>J 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 30 Coordinate Points

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

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
13 188.85 68.87
14 198.81 69.86
15 208.72 71.15
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
24 295.02 95.75
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

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

2.249 ***

Failure Surface Specified By 31 Coordinate Points

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

1 70.00 79.97
2 79.66 77.38
3 89.39 75.07



4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

99.18
109.03
118.92
128.85
138.81
148.79
158.79
168.79
178.78
188.77
198.73
208.67
2186.58
228.44
238.24
247.99
257.67
267.28
276.80
286.23
295.56
304.78
313.89
322.88
331.73
340.46
349.03
352.09

73.04
71.30
69.83
68.65
67.75
67.14
66.81
66.77
67.02
67.55
68.37
69.47
70.86
72.53
74.48
76.71
79.22
82.01
85.07
88.40
91.99
95.86
99.98
104.37
109.01
113.90
119.04
121.00

V' e ,, I*' ..

4-S5

Q %Al(t*%-f. "

so i S'

I!

: . il f:

| i .: I A.

4

i

i

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

2.250 ***

Failure Surface Specified By 31 Coordinate Points

Point
No.

X-Surf
(ft)

Y-Surf
(ft)

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23

70.00
79.66
89.39
99.18

109.02
118.91
128.84
138.79
148.77
158.76
168.76
178.76
188.75
198.72
208.67
218.59
228.46
238.29
248.06
257.77
267.41
276.97
286.44

79.97
77.38
75.07
73.03
71.26
69.77
686.56
67.63
66.97
66.59
66.49
66.68
67.14
67.88
68.90
70.19
71.77
73.62
75.74
78.13
80.80
83.73
86.93



I 

I

24
25
26
27
28
29
30
31

295.82
305.11
314.28
323.34
332.27
341.08
349.75
357.02

90.40
94.12
98.10

102.34
106.83
111.57
116.55
121.00

rso v-. -V 
sjne S 

iI
I

Circle Center At X = 167.3 Y = 424.2 and Radius, 357.7

2.257 *** '; .

I I ,' .

I I .! 1.^.
,~~~~ .

Failure Surface Specified By 26 Coordinate Points

i

i Point
No.

1
2
3
4
5
6
7
8
9

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

X-Surf
(ft)

70.00
79.72
89.52
99.38
109.30
119.25
129.23
139.23
149.23
159.22
169.18
179.12
189.00
198.83
208.58
218.25
227.83
237.29
246.64
255.86
264.93
273.85
282.60
291.18
299.57
302.18

Y-Surf
(ft)

. .
.E .-

79.97
77.62
75.62
73.96
72.66
71.70
71.10
70.85
70.95
71.41
72.21
.73.37
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

i ;!

I i }

i .

!

I.

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

2.278 ***

Failure Surface Specified By 31 Coordinate Points

Point
No.

1
2
3

X-Surf
(ft)

40.00
49.66
59.39

Y-Surf
(ft)

79.49
76.91
74.60

I .. ,

F....1;': 
I' ...

I



1 '. ';

i I I

4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

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

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

4-5-
~SoS1-oSISOSI- 5

.I ; 

I ..

. !! : .1 -
i .'.; .- -�;i i

� 1 1. .:.1",
J - ..

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

2.282 i

Failure Surface Specified By 31 Coordinate Points

I

Point
No.

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

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

79.97
77.49
75.27
73.31
71.63
70.21
69.06
68.18
67.58
67.24
67.18
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

I . .

II

Y-Surf
(ft)

I



25
26
27
28
29
30
31

305.34
314.54
323.64
332.62
341.48
350.21
357.93

94.44
98.35
102.50
106.89
111.53
116.41
121.00

4 5 6-

Is as1-0!
I

, i i'

i I .:

iCircle Center At X 166.3 Y = 435.4 and Radius, 368.2

2.286 ***

1
Failure Surface Specified By 31 Coordinate Points

Point
No.

X-Surf
(ft)

Y-Surf
(ft)

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

40.00
49.67
59.40
69.19
79.04
88.94
98.87

108.83
118.81
128.80
138.80
148.80
158.79
168.75
178.69
188.60
198.46
208.27
218.02
227.70
237.31
246.83
256.27
265.60
274.83
283.95
292.95
301.81
310.55
319.14
323.13

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

t . .

f . ' I , .

i . .

! 

Circle Center At X 135.1 Y = 417.7 and Radius, 351.3 
I

I .. :.

I : , :I, 

2.287 ***

Failure Surface Specified By 30 Coordinate Points

Point
No.

X-Surf
(ft)

Y-Surf
(ft)



1
2
3
4
5
6
7
8
9

10
11
12
13
14

~~~15
16
17

[ ~~1819
20
21
22
23
24
25
26
27
28
29
30

40.00
49.66
59.40
69.19
79.04
88.94
98.88

108.84
118.82
128.82
138.82
148.81
158.80
168.75
178.68
188.57
198.41
208.20
217.92
227.56
237.13
246.61
255.98
265.26
274.42
283.45
292.36
301.13
309.76
317.67

79.49
76.91
74.62
72.61
70.89
69.46
68.32
67.47
66.92
66.65
66.68
67.00
67.62
68.52
69.72
71.21
72.99
75.05
77.40
80.03
82.95
86.14
89.61
93.36
97.37
101.65
106.19
110.99
116.05
121.00

4-S-io

0 SI-0 5

I .w

I .s . .
.... v

!~~~~~~~~~~~~-1

I

9

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

2.287 ***

Failure Surface Specified By 32 Coordinate Points

I,! ' .

'--rv: 
! , 

Point
No.

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20

X-Surf
(ft)

70.00
79.69
89.44
99.24

109.09
118.99
128.92
138.88
148.86
158.85
168.85
178.85
188.84
198.82
208.77
218.70
228.59
238.43
248.23
257.97

Y-Surf
(ft)

79.97
77.48
75.26
73.29
71.59
70.14
68.97
68.05
67.41
67.03
66.91
67.06
67.48
68.16
69.11
70.33
71.80
73.54
75.55
77.81I



21
22
23
24
25
26
27
28
29
30
31
32

267.65
277.26
286.79
296.23
305.59
314.84
324.00
333.04
341.96
350.76
359.44
362.27

80.33
83.11
86.14
89.42
92.96
96.74

100.77
105.04
109.55
114.29
119.27
121.00

i .~tA- Sty

U i-i~~~tA (,.

I I

I $

Circle Center At X 168.2 Y = 442.4 and Radius, 375.5 |

2.291 ***

3 '.r 
j '4#+
' t-t

. 7

Failure Surface Specified By 34 Coordinate Points

I

Point
No.

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34

X-Surf
(ft)

40.00
49.67
59.40
69.18
79.01
88.88
98.79

108.73
118.69
128.67
138.66
148.66
158.66
168.66
178.64
188.60
198.55
208.46
218.34
228.17
237.96
247.70
257.38
266.99
276.54
286.01
295.39
304.70
313.91
323.02
332.02
340.92
349.71
356.92

Y-Surf
(ft)

79.49
76.94
74.63
72.55
70.72
69.12
67.76
66.65
65.78
65.15
64.77
64.63
64.73
65.08
65.67
66.50
67.58
68.90
70.46
72.26
74.30
76.57
79.09
81.84
84.82
88.03
91.48
95.15
99.05

103.17
107.51
112.07
116.85
121.00

I 

I - c

. 4 I

. 2. i l

I

Circle Center At X = 149.4 ; Y = 474.8 and Radius, 410.2 !
1 bt

I {.'
I L: -t, .-.

.2.299 ***
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103.50 155.25 - 207.00.00 51.75 258.75;

x .00 …- ----------- - - - ---

I

51.75 +

A 103.50 +

X 155.25 +

I 207.00 +

S 258.75 +

310.50 +

F 362.25 +

T 414.00 +

*.5

*.5.
* * **5*

* .51
.5**
.52*

.1.
.51.
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014.
.14
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.14..
.154..
.214..
.. 154..

.154..
6.8..

.2154..

.. 1584..

.. 2154..
.. 1574..
.. 21584..

.. 21584..

.. 321584*
.. 31.5.4

.... 21.5.
... 921.5

.. 96215

... 9321
.. .931

.. .62

. ... 9
* - - -

* * 

I I.

* 

; , 

,,. 

, . .

!I
' , .

.. .I

* * * .

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

150 Trial Surfaces Have Been Generated.



4. -I Co
4--5D9

V AA pitos

50 Surfaces Initiate From Each Of 3 Points Equally Spaced
Along The Ground Surface Between X = 73.00 ft.

and X = 85.00 ft.

! I 
i

I .. . .1 '

Ii loin'.V- ) Each Surface Terminates Between
and

X = 290.00 ft.
X = 410.00 ft.

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

- i ''
10.00 ft. Line Segments Define Each Trial Failure Suiface. -

Restrictions Have Been Imposed Upon The Angle Of Initiation.
The Angle Has Been Restricted Between The Angles Of -45.0
And -5.0 deg.

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

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

Failure Surface Specified By 29 Coordinate Points

* A

Point
No.

1
2
3
4
5
6
7
8
9

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

X-Surf
(ft)

79.00
87.78
96.79
106.00
115.41
124.97
134.67
144.49
154.38
164.34
174.33
184.33
194.31
204.25
214.12
223.89
233.55
243.06
252.39
261.54
270.47
279.15
287.57
295.71
303.54
311.04
318.20

Y-Surf
(ft)

80.00
75.21
70.87
66.99
63.59
60.67
58.24
56.31
54.89
53.96
53.55
53.64
54.24
55.35
56.97
59.08
61.69
64.79
68.37
72.41
76.92
81.88
87.27
93.08
99.30
105.91
112.90

. i I
I

I I
I I

*. 4.;-i
I;i i k,'
1 f he~'. 

I1 I.

.7; I .
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I
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4-.r"iz
s51-0Tao
vA OA- -2 A

_ I
28
29

324.99
325.63

120.24
121.00

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

*** L 1.980 ***

Failure Surface Specified By 28 Coordinate Points i , . ..I ti.; :,e .-9

, " 
Point
No.

1
2
3
4
5
6
7
8
9

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

X-Surf
(ft)

73.00
81.95
91.10
100.45
109.95
119.60
129.36
139.22
149.15
159.12
169.12
179.12
189.09
199.01
208.86
218.61
228.24
237.73
247.05
256.18
265.10
273.80
282.23
290.40
298.27
305.83
313.06
317.58

Y-Surf
(ft)

80.00
75.53
71.51
67.94
64.84
62.20
60.04
58.36
57.16
56.46
56.24
56.51
57.27
58.52
60.26
62.-47
65.16
68.32
71.94
76.01
80.53
85.47
90.84
96.61

102.78
109.33
116.23
121.00

. .

i
i

i I. .

I;F1. ks
I ! . -.0
I I,
I 

I
Circle Center At X = 168.6 Y = 260.3 and Radius, 204.0

I . I I

1.980 ***

Failure Surface Specified By 28 Coordinate Points

Point
No.

1
2

-- I) 3
4
5

6
7

.

X-Surf
(ft)

73.00
81.37
90.05
99.01
108.21
117.63
127.24

Y-Surf
(ft)

80.00
74.53
69.56
65.12
61.21
57.86
55.06

I . .

I :

I 



8 136.99
9 146.85

10 156.80
11 166.79
12 176.79
13 186.76
14 196.67
15 206.49
16 216.18
17 225.70
18 235.03
19 244.13
20 252.96
21 261.50
22 269.72
23 277.59
24 285.08
25 292.16
26 298.81
27 305.01
28 307.23

Circle Center At X

52.85
51.21
50.16
49.71
49.84
50.57
51.88
53.78
56.26
59.31
62.92
67.07
71.75
76.95
82.65
88.82
95.45
102.51
109.98
117.82
121.00

169.5 Y =

4-5-qD
S s 7-5

4~ . i

218.5 and Radius, 168.8

II

.,* I

r

I-

I

iI I
III

: .

1.980 ***

Failure Surface Specified By 27 Coordinate Points

;I
Point
No.

X-Surf
(ft)

Y-Surf
.(ft)

I

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27

73.00
81.85
90.94

100.24
109.73
119.37
129.15
139.02
148.97
158.95
168.95
178.94
188.87
198.74
208.49
218.12
227.58
236.85
245.91
254.73
263.27
271.52
279.46
287.05
294.27
301.12
303.36

80.00
75.34
71.17
67.50
64.34
61.70
59.58
58.00
56.96
56.45
56.49
57.07
58.19
59.85
62.04
64.75
67.98
71.72
75.96
80.69
85.88
91.53
97.62
104.13
111.04
118.33
121.00

I 'e
I IJ 3;-1 

; 

I * 
I. I

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

I 
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1.981 *** e;51-0S
v mtPA -4W

Failure Surface Specified By 27 Coordinate Points

Point
No.

1
2
3
4
S
6
7
8
9

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

X-Surf
(ft)

73.00
81.61
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

Y-Surf
(ft)

80.00
74.91
70.34
66.29
62.79
59.84
57.46
55.65
54.42
53.78
53.72
54.24
55.36
57.05
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

* .. ...I

I 

r ,

1I

I 1 -

I 1 

I 

I . I-I it 

224.2 and Radius, 170.5Circle Center At X =

1.981 ***

Failure Surface specified By 27 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9

10
11
12
13
14

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
51.05
50.10
49.77
50.06
50.97
52.49

', ! e Jo-

I ..



15
16
17
18
19
20
21
22
23
24
25
26
27

212.27
221.89
231.32
240.52
249.47
258.12
266.44
274.40
281.98
289.13
295.83
302.07
306.66

54.63
57.37
60.69
64.60
69.07
74.09
79.63
85.68
92.21
99.20
106.62
114.44
121.00

173.0 Y =

So57 ioS
U R.'12A &j

210.9 and Radius, 161.2

te,\

, .k 

Circle Center At X 

1.992 ***

1

. . .",;. i -

Failure Surface Specified By 31 Coordinate Points I

Point
No.

X-Surf
(ft)

Y-Surf
(ft)

I

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

73.00
81.17
89.64
98.39

107.39
116.61
126.03
135.62
145.34
155.18
165.11
175.08
185.08
195.07
205.03
214.92
224.72
234.39
243.91
253.25
262.38
271.27
279.91
288.25
296.29
303.98
311.32
318.28
324.83
330.97
332.78

80.00
74.23
68.92
64.07
59.71
55.84
52.49
49.64
47.33
45.55
44.31
43.61
43.45
43.84
44.77
46.24
48.25
50.79
53.85
57.43
61.50
66.07
71.12
76.63
82.58
88.97
95.76
102.95
110.50
118.39
121.00

183.0 ; Y

.;

4:. .

A. . .- . i.,

i

I

i
I I PC -!i~ v .

I 
227.1 and Radius, 183.6 vCircle Center At X =

1.993 ***
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Failure Surface Specified By 31 Coordinate Points

Point
No.

I

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

X-Surf
(ft)

79.00
87.41
96.09

105.01
114.16
123.50
133.01
142.67
152.46
162.33
172.28
182.26
192.26
202.25
212.20
222.08
231.87
241.54
251.07
260.42
269.58
278.52
287.21
295.64
303.77
311.59
319.08
326.22
332.98
339.36
339.80

Y-Surf
(ft)

80.00
74.59
69.62
65.10
61.06
57.49
54.42
51.84
49.76
48.20
47.15
46.61
46.60
47.10
48.12
49.65
51.69
54.24
57.29
60.82
64.84
69.32
74.26
79.65
85.47
91.69
98.32
105.33
112.69
120.40
121.00

M.3�-
4-5-10
bVb7-v

U K A- &P-I.

I

i
I

I.4 , ..
4 * ti

.

-i-' , i 4
1. - i '

. I .

!

, .: I

;

I

Circle Center At X 187.6 ; Y = 239.4 and Radius, 192.9

1.993 ***

Failure Surface Specified By 26 Coordinate Points

I

I
Point
No.

1
2
3
4
5
6
7
8
9

10
11
12
13

X-Surf
(ft)

85.00
93.67

102.62
111.82
121.24
130.85
140.60
150.47
160.42
170.41
180.41
190.38
200.28

80.00
75.01
70.55
66.63
63.28
60.51
58.31
56.71
55.71
55.30
55.50
56.31
57.71

I . - . !

Y-Surf
(ft)

i,

I .. 



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

59.70
62.29
65.45
69.17
73.45
78.27

K) 61-o

A-IS-
45-6105
Q $A-O5A-4-

83.60 1
89.44
95.75

102.52
109.73
117.33AO 
121.00 I

172.1 Y = 221.2 and Radius,

4 

Circle Center At X = 165.9

1.997 ***

Failure Surface Specified By 29 Coordinate Points

I

I

Point
No.

1
2
3
4
5
6
7
8

.9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29

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

Y-Surf
(ft)

80.00
74.86
70.18
65.99
62.29
59.09
56.40
54.23
52.59
51.48
50.90
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

I I

.i. I...
..

t I

: I
I .

I '
-, 'l 

Circle Center At X = 185.3 ; Y 237.6 and Radius, 186.7

1.998 ***
, I
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A Critical Failure Surface Searching Method, Using A Random
Technique For Generating Circular Surfaces, Has Been Specified. I

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.



4- S- ¶
and X - 86.20 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 Upon The Angle Of Initiation.
The Angle Has Been Restricted Between The Angles Of -5.0
And 6.0 deg.

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 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
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
18 253.38 109.20 .

19 263.05 111.77 X
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

2.209 ***

.i

i :
. .

. .

I

.
i .

' , , ''ir, 
.ss. i:'l

': *



Failure Surface Specified By 24 Coordinate Points

Point
No.

X-Surf
(ft)

Y-Surf
(ft)

J1

%u%5 t-A-SIP 5
U e51 f-v&q-*1

2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

86.10
96.06
106.01
115.94
125.87
135.79
145.69
155.59
165.47
175.33
185.18
195.01
204.83
214.63
224.41
234.17
243.91
253.63
263.33
273.01
282.67
292.30
301.90
302.20

80.02
80.95
81.97
83.07
84.27
85.56
86.93
88.39
89.95
91.59
93.32
95.13
97.04
99.03

101.11
103.28
105.54
107.89
110.32
112.84
115.44
118.13
120.91
121.00

; .

ifI 

. i 

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

-/
2.266 ***

, i .I
I

1
Failure Surface Specified By 23 Coordinate Points

Point
No.

X-Surf
(ft)

Y-Surf
(ft)

1
2
3
4

656
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21

86.10
96.08
106.06
116.02
125097
135.91
145.84
155.74
165.63
175.50
185.34
195.17
204.96
214.73
224.47
234.19
243.87
253.51
263.12
272.70
282.24

80.02
80.61
81.33
82.18
83.15
84.26
85.50
86.86
88.35
89.97
91.72
93.60
95.60
97.74
99.99

102.38
104.89
107.52
110.28
113.17
116.18

I ': et

I !~ ,
I l

!

. * .i I
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S u Il 9 22
23

291.73
296.64

119.31
121.00

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

I 2.269 ***

Failure Surface Specified By 23 Coordinate Points

Ii. '- .
.,. .I

i :.

.

.. ..- . . . .

Point
No.

1
2
3
4
S
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23

X-Surf
(ft)

86.10
96.08
106.06
116.02
125.98
135.92
145.85
155.76
165.65
175.53
185.38
195.21
205.02
214.81
224.56
234.29
243.99
253.66
263.29
272.89
282.45
291.98
300.32

Y-Surf
(ft)

80.02
80.60
81.30
82.13
83.08
84.16
85.37
86.69
88.15
89.72
91.42
93.25
95.20
97.27
99.46

101.78
104.22
106.77
109.46
112.26
115.18
118.22
121.00

45.1 Y =

I i -
o . I

i I

I -

I .

... i 

I .

Circle Center At X = 874.8 and Radius, 795.9

! -.I.? 
2.290 ***

1
Failure Surface Specified By 23 Coordinate Points

i

Point
No.

IL
-/I

12
3
4
5
6
7
8
9

10
11
12

X-Surf
(ft)

86.20
96.20

106.19
116.18
126.15
136.12
146.06
155.99
165.89
175.76
185.61
195.43

80.04
80.22
80.57
81.10
81.80
82.67
83.72
84.94
86.34
87.90
89.64
91.55

m I

I

I i
4
I

Y-Surf
(ft)

A.

! . r 

; * .' 1

t4l~

. , " ; . i



i

I

13
14
15
16
17
18
19
20
21
22
23

205.21
214.95
224.66
234.31
243.93
253.49
263.00
272.46
281.85
291.19
293.86

93.63
95.88
98.30

100.89
103.65
106.57
109.66
112.92
116.34
119.92
121.00

4-S -; ; t 5;
5ss7-o5 s .1

'. rt
I 

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

2.292 ***

Failure Surface Specified By 23 Coordinate Points

Il

;.,I
... J

.~ . .

II Point
No.

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23

X-Surf
(ft)

86.20
96.19
106.18
116.15
126.12
136.07
146.00
155.92
165.82
175.70
185.56
195.39
205.19
214.97
224.71
234.42
244.10
253.73
263.33
272.89
282.41
291.88
299.29

Y-Surf
(ft)

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

,,- I, :., I

i

I

I
I

I I

;. 4 .- :As t

IIi . f .
,;
,:;I 

Circle Center At X 62.0 ; Y = 781.1 and Radius,
! ;.j : ' '

701.5

I
2.296 ***

Failure Surface Specified By 23 Coordinate Points

--II
Point
No.

1
2
3

X-Surf
(ft)

86.10
96.10
106.10

Y-Surf
(ft)

80.02
79.77
79.72

I

I

I I

i
I

. -I ..j.lI
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4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23

116.10
126.09
136.07
146.04
155.99
165.92
175.82
185.69
195.52
205.31
215.06
224.75
234.40
243.99
253.51
262.97
272.37
281.68
290.92
297.66

79.88
80.25
80.83
81.62
82.62
83.83
85.24
86.86
88.68
90.71
92.95
95.39
98.03

100.87
103.91
107.15
110.59
114.22
118.04
121.00

4-5-io

V KT2A- &~~~~- 

jumo 1 .1 -

Iv

I '-

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

2.332 ***

i

Coordinate Points-Failure Surface Specified By 24

Point
No.

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

X-Surf
(ft)

86.10
96.07
106.04
116.00
125.94
135.88
145.81
155.72
165.61
175.50
185.36
195.21
205.05
214.86
224.65
234.43
244.18
253.90
263.61
273.29
282.94
292.56
302.16
308.77

Y-Surf
(ft)

80.02
80.74
81.57
82.50
83.52
84.65
85.87
87.20
88.63
90.15
91.78
93.51
95.33
97.26
99.28

101.40
103.62
105.94
108.35
110.87
113.48
116.19
119.00
121.00

19.3 ; Y 

- i

. m

a Ir . -.

.. I I 

1068.8 and Radius, 991.0

I

. i

I
Circle Center At X =

2.332 ***



Failure Surface Specified By 23 Coordinate Points

-I

Point
No.

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23

X-Surf
(ft)

86.20
96.19

106.19
116.19
126.18
136.17
146.15
156.10
166.04
175.94
185.80
195.63
205.41
215.14
224.81
234.42
243.97
253.44
262.83
272.15
281.37
290.51
295.38

Y-Surf
(ft)

80.04
79.59
79.37
79.38
79.62
80.10
80.81
81.74
82.91
84.31
85.95
87.80
89.89
92.20
94.74
97.50

100.49
103.69
107.12
110.76
114.62
118.69
121.00

tA3&-
4-5-jo
U "T&A - 6. W
5 V!�l -V 5

.i14 1 �

o

I
i
iI

I . . t l*4 

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

: . I

. b

o

V 2.337 ***

Failure Surface Specified By 23 Coordinate Points

Point X-Surf Y-Surf i;
No. (ft) (ft)

I

I

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22

86.10
96.08
106.08
116.08
126.08
136.07
146.05
156.01
165.94
175.84
185.70
195.52
205.29
215.01
224.66
234.24
243.75
253.18
262.52
271.78
280.93
289.98

80.02
79.43
79.09
*79.00
79.16
79.57
80.22
81.12
82.28
83.67
85.32
87.21
89.34
91.72
94.33
97.19

100.28
103.61
107.18
110.97
115.00
119.25

I I ;
I.2w

s ''

Ir,

. .. .



23 293.49 121.00

Circle Center At X 114.7 Y = 480.7 and Radiui, 401.7

2.343 ***

MT 4-5 -6-w

l

1

y A X I S F T

207.00 258.75

I
.00

x .00 +--.

51.75 +

A 103.50 +

X 155.25 +

I 207.00 +

S 258.75 +

310.50 +

F 362.25 +

T 414.00 +

51.75 103.50 155.25
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A Critical Failure Surface Searching Method, Using A Random I
Technique For Generating Circular Surfaces, Has Been Specified.

I'd
V r

Oslo1

50S< &
'ICA fM n U e..*a aa fl.af aA ta Ba a 
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75 Surfaces Initiate From Each Of 2 Points Equally Spaced
Along The Ground Surface Between X = 86.10 ft.

and X = 86.20 ft.

Each Surface Terminates Between
and

X = 290.00 ft.
X 410.00 ft.

l

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.

i
Restrictions Have Been Imposed Upon The Angle Of Initiation.
The Angle Has Been Restricted Between The Angles Of -45.0
And -5.0 deg.

i

I i;' 
I I.

L

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

l

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

Failure Surface Specified By 27 Coordinate Points

I
Point
No.

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20

X-Surf
(ft)

86.20
94.77

103.62
112.74
122.08
131.62
141.32
151.14
161.06
171.04
181.04
191.03
200.97
210.82
220.56
230.15
239.55
248.74
257.67
266.32

80.04
74.88
70.23
66.12
62.56
59.55
57.12
55.27
54.00
53.32
53.24
53.75
54.84
56.53
58.80
61.64
65.04
69.00
73.49
78.51

Y-Surf
(ft)

I I

i; .4

*I

I

.:. 't .. 
I. 1. - '.

.. , 
! I

1 ; ..



21
22
23
24
25
26
27

274.66
282.66
290.29
297.52
304.32
310.69
312.55

84.03
90.03
96.50
103.41
110.73
118.45
121.00

kOCr
4- qo
so1 -oS*
t) MAT(-Lt fe.'4

K

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

I .998 ***

I

i IOA .. 

'R

J I..

,~ ~~~~~~ '4

Failure Surface Specified By 27

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

1 86.10 80.02
2 94.95 75.36
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
9 162.10 57.14

10 172.09 56.69
11 182.09 56.78
12 192.07 57.43
13 202.00 58.62
14 211.85 60.35
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
20 267.62 81.75
21 276.10 87.05
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
27 314.24 121.00

. . .

Coordinate Points i' | I

j.i

- .

r
i

I

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

1.999

L i
. .

,V H .1 

.j- T,b'
Failure Surface Specified By 27 Coordinate Points

Point
No.

1
2
3

X-Surf
(ft)

86.20
94.68
103.46

Y-Surf
(ft)

80.04
74.74
69.95 I



r

4 112.51
5 121.79
6 131.27
7 140.93
8 150.72
9 160.62

10 170.58
11 180.58
12 190.57
13 200.53
14 210.42
15 220.20
16 229.84
17 239.30
18 248.56
19 257.58
20 266.33
21 274.78
22 282.90
23 290.65
24 298.02
25 304.98
26 311.51
27 316.63

Circle Center At X

65.69
61.97
58.80
56.20
54.18
52.74
51.88
51.62
51.94
52.86
54.36
56.44
59.10
62.33
66.10
70.42
75.26
80.61
86.46
92.77
99.52

106.71
114.29
121.00

180.1 ; Y =

? I

tA6- 4 -I9c
~~~J~ *?'~ 6-*:t:

2 208 A- Ra

,, j

4 . . .

. .t I i

220.8 and Radius, 169.2

I

I ! 

I" '¢

I I

I

I

I

2.001 ***

Failure Surface Specified By 28 Coordinate Points

Point
No.

I

I

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28

X-Surf
(ft)

86.20
94.72
103.52
112.57
121.85
131.32
140.95
150.72
160.59
170.54
180.53
190.53
200.51
210.44
220.28
230.02
239.61
249.02
258.24
267.22
275.94
284.38
292.50
300.28
307.70
314.74
321.37
326.07

Y-Surf
(ft)

80.04
74.81
70.06
65.81
62.07
58.86
56.18
54.04
52.45
51.41
50.94
51.02
51.66
52.85
54.60
56.90
59.73
63.10
66.99
71.38
76.27
81.64
87.48
93.75
100.46
107.56
115.05
121.00

.
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Circle Center At X = 184.1 Y = 229.9 and Radius, 179.0
; t{ ..

i I

2.001 ***
O I-
4-S-qo
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Failure Surface Specified By 29 Coordinate Points

Point
No.

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29

X-Surf
(ft)

86.10
94.44
103.08
112.*00
121.17
130.55
140.11
149.83
159.66
169.59
179.56
189.56
199.55
209.50
219.36
229.12
238.73
248.17
257.40
266.40
275.13
283.56
291.68
299.44
306.83
313.81
320.38
326.50
327.32

Y-Surf
(ft)

80.02
74.50
69.48
64.95
60.95
57.48
54.56
52.19
50.39
49.15
48.49
48.40
48.89
49.95
51.59
53.78
56.54
59.84
63.68
68.05
72.93
78.30
84.14
90.45
97.19

104.34
111.89
119.79
121.00

i 14

I i

I ..

1 ! i'
!

I , ;' 

I . ' . !. .

1**.

Circle Center At X 186.1 ; Y = 222.1 and Radius, 173.7

.. 11 

., 

.~ .-.I 2.009 **
i .

Failure Surface Specified By 26 Coordinate Points

Point X-Surf Y-Surf > '-
No. (ft) (ft) t; * r

1 86.10 I80.0

2
3
4
5
6
7
8

94.53
103.28
112.34
121.65
131.18
140.88
150.72

74.63
69.81
65.56
61.91
58.87
56.46
54.69

i
I
II

. 1 -3 ... .-4.



t
7
1

I

I

i

I

i

Ia

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

160.66
170.65
180.64
190.61
200.50
210.28
219.90
229.32
238.50
247.41
256.00
264.24
272.09
279.53
286.52
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Table 3.3 Undrained Shear Strength of Soils.
UNDRAINED SHEAR

CONSxSTENCY STRENGTH, tsf FlEW TEST

Very soft 0-1 Squeezed between fingers when fist is closed
Soft 1-2 Easily molded by fingers
Finn 2-4 Molded by strong pressure of fingers
Stiff 4-6 Dented by strong pressures of fingers
Very stiff 68 Dented only slightly by finger pressure
Hard 8 Dented only slightly by pencil point

(After Sowers. 1979; 1 tsf - 95.8 kPa)
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FIGURE 3.13. Plasticity index versus s. (After Bjerrum and Simons, 1960)
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FIGURE 3.14. quid limit versus s./p. (After Karlsson and Viberg, 1967)
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example plane strain versus triaxial compres-
sion). The strength of saturated clay is in-
Luenced 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 efects. 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 tress,

5. The post-peak shearing displacement required
to cause a reduction in friction angle to the
residual value varies with soil type, normal
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
sufcient 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.
14.3.

6. Failure envelopes for pea* and residual values
of friction angle ae 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 exsmples 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. (1971) found
the residual strength of blue London clay to
be independent of normal stress.

7. Overconsolidated clays may have a higher
strength at a given effective stress than nor-

rtf - ant' tan ' (143)

I
I
i

I

i
I

I
i
i

where the primes designate effective stresses.
S. The peak value of 4/ 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 a
well-defined failure surface at large displace.
menu. It is independent of stress history and
original structure. For a given set of testing
conditions it depends only on composition and
effective stress.

',E' i'

;W
S1

Remolded Soil
Ivty >0.7 .'1 1 __________ K~~~~~~~~~~~~~~~~~~ACtivity < 0.75

Caz -___ au _

I I I
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Fig. 14.1

6 a 10 1 20 30 40 560 to 100
Plasticity Index M%)

Relationship between sin 0 and plasticity index for normally consolidated soils (Kenney, 1959). (Data
foure a from Olson, 1974. SAet
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. k - , . MKE DOCUMENT NO. 5 GRN-C-09-00432-00 C-Gl

jAMf7'-6V44 505-7
•5 Yf0 •rz,4 / 7)Y

Ce 8 -Kl,- 70

CHEN & ASSOCIATES, I.

TABLE III

SUMARY OF LABCRATRY TEST RES

Atterberg Limits*

Liquid Plastic
Limit Index

25 9

25 9

27 13

28 13

Green River, Utah
Job tb. 1 620 87
October 28, 1987

M~~~~

LTS

Shrinkaqe Limits

Shrinkage Shrinkage
Limit Ratio

11 2

12 2

10 2

10 2

Sample

T1est
Pit

4

5

8

9

Iocation

Depth,
Feet

7.0

6.0

7.0

8.0

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

RECEIVED MKE

Not 2 1987
UMTRA S.Fu
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Green River Utah
Job lb 1 620 87
October 28, 1987

CHEN & ASSOCIATES, Inc.

TABLE IV

SUMARY OF PERNEBILITY TEST RESULTS

Initial
Test Moisture
Pit Content, %

1 12.8

2 12.6
2 12.5
2 12.4

3 12.3
3 12.4
3 11.7

6 12.3
6 12.0
6 11.9

7 12.2

initial Final
Dry Density, Initial Moisture

p f Cmpaction, % Content, 

113.0 95.8 18.5

107.8 90.0 18.4
114.2 95.3 16.9
120.3 100.4 15.4

108.3 90.7 18.0
114.2 95.6 16.7
120.6 100.0 14.3

107.6 89.7 18.9
114.5 95.5 17.1
120.1 100.2 14.9

113.7 95.6 18.2

Final
Dry Density,

p1f

112.4

112.6
115.7
120.8

109.3
114.8
121.2

109.7
116.3
121.0

113.1

Coefficient
of

Peneability,
cmsec

3.5x10-5

2.1x10-5
2.2x10-5

8.5x10-5
3. lxj0-5
9.2x10-8

1.6x10-4
6.0x10-5

2.Ox10-5

¢>M/7ev-sed o
-,4,Up4Y /pJ 1/g8

tee~ fo" ,~
ezd ,4jfvcSie.

Po. A4J.
.P$9-6V-eC- q-7 006/f-00)
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Green River, Utah
Job Nb. 1 620 87
October 28, 1987

CHEN & ASSOCIATES, IC.

TUE V

SUMMARY OF CAPILLARY-MOISTURE RLATIONSIP TEST RESULTS

Sample Iocation

Initial Moisture
Content, % (Avg.)

Test Pit
2

13.08

Test Pit
3

Test Pit
6

13.12 12.43

Initial
Dry Density, pjcf (Avg.) 112.8 112.6 113.0

K>
Tension, bar

0.1
0.3
0.5
1.0
2.0
7.0

15.0

13.32
12.96
12.84
12.49
12.03
11.22
10.55

13.37
12.87
12.72
12.32
11.84
11.28
10.71

12.37
12.08
11.71
11.25
10.43
9.73
9.68
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MOISTURE CONTENT - PERCENT OF DRY WEIGHT

LOCATION: MOISTURE-DENSITY
Test Pit 1 DEPTH: 4.0 SAMPLE NO.: RELATIONSHIPS

SOtL DESCRIPTION: Lean clay wth sand - CL Chen & Associates I
MAX. DRY DENSITY:jqLm PCF OPT. MOIST. CONTENT: 12i. % PROCEDURE ASTM p6q8_7 . I

| UOUI LIMIT: PLASTICIIY INDEX : R JOB NO.i 620 87 FIG. NO.

GRAVEL: n SAND: *. SILT AND CLAY (-200): is DAT: 9-21-87 5
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MOISTURE CONTENT - PERCENT OF DRY WEIGHT

LOCATION: MOISTURE-DENSITY
Test Pit 2 DEPTH:5.0 SAMPLE NO.: RELATIONSHIPS

SOL DESCRIPTION: Sandy silty clay- CL-ML Chen & Associates
MAX. DRY DENSTY: 119.8 PCF OPT. MOIST. CONTENT: I I PRO C R

UOU LIT: 21 PLASTICITY EX : 6 JOB NO: 62 87 FIG. NO.

GRAVEL: 0 sA 4 % SILT AND CLAY (-200) : % DATE: s-2 -a7 6



C-23
-

-

130

125

ThE1IlIIEMX 6ro4-i-g 55ZA

SioPc _9/CJty
~'ef ?

46/3d ~
I I- I .I± I I I I I I 

I 3 IIIIU I-- 
/ER AI O- C-fe

ZERO AR OID CURES
11 7I -1414444 I-6-*.n 

EIE B EHE H N I\I~ I .1 * I I I ~ l I -

I- .L..1. L - I - A - I. -I-A-I-I -4. -4. 4. - -4 �
II1% I C

I - I -1 I I I - - I I I-j I 1\ 
7

SPECFIC
GRAVITY

SPECIFIC
GRAVITY

SPECIFIC
GRAVITY

2.80

2.70

2.60

i
U-
0
0.
I

z

cc
0

! i i i I i i i i i _ i _ _ _ . _s _t o / 01tO

105

100

r_ _ _ _l I E _ r _ _ I I _ E E l III I A _ - I I 2 "A I I _- _\ . 1\
I VF

_ _ I _ _ _ _l _ _ t I I I II I F\_ _ _ _ _ _ _ _ _ _ _ _ _ .\
I \

_ ~ ~~~ ~ ~ . . . . .. .. _ _ _

_~ ~~~1- _ _ I _1 I I I I I _ __ _ _ _ _ _ _ _ _ _ r
N

_ _ _ E E l _ _ I_ _ _ _ E E E E El 1 1 1
_ -- I I I I I I I_ I I I I I I I I NI _ _ _ _ _ _ _ _ _ T -_ _ _ _ _ I <1 \] ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~. . . . . . . . .

N l ill~ ~~~~~~~~~ I _ _ _ _ll! !! ..!_ _ _ _ _ _ X-II------ 1
N

. . .. . . . . . . . . . . . . . .~. _ . . . ....... . . . . - . . il
95

90

85

l

tt i 1 -1 1 1 1 I T 1 I 1 1 1 1 1 I 1 1 1- 1 1 I 1 I 1 'KlT 'Ps
_ -1 _ _1 _ _ _ I ; I l l1 I Il~

x
X ~~7 I 11 I I I I I fSU::

_ . . . . . . . . . . . . . . . ._ Ia I a I I I a lw rl 14Ix1li ~~. . .Il . . . _ . . .-!!111 

I0 I 
I tI II - - - - - - - - - -

I I I I I I JA I T - I I I _ l 1 1 I I I I I
_~ ~ ~ I _ I I I I I I I I I I _ - I I .I Ii i I 1 x_ _ _ _ _ _ _ _ _. _. _. _._.

I I I I so - - - - - - - - - - - - - - - - - - - - - - - -
0 5 10 15 20 25 30 35

MOISTURE CONTENT - PERCENT OF DRY WEIGHT

& -

LOCATION: MOISTURE-DENSITY
Iest P~t a DEPTH: 0 o SAMPLE NO.: RELATIONSHIPS

SOL DESCRIPTION: Sandy silty cy - CL-ML Chen & Associates
MAX. DRY DENSITY:jj3A PCF OPT. MOIST. CONTENT: 11 P FROCEDURE: ASTM D68-78 Mhod A

LIOUD LIMIT: 20 PLASTICflY NDEX: L JOB NO.: ¶ 620 87 FIG. NO

GRAVEL o SAND :Q SILT AND CLAY -200) : % DATE: 1-87 7
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MOISTURE CONTENT - PERCENT OF DRY WEIGHT

LOCATION: MOISTURE-DENSITY
Test Pit 6 DEPTH : 8 SAMPLE NO.: RELATIONSHIPS

SOL DESCRIPTION: Sandy sIlIty clay- CL- ML Chen & Associates
MAX. DRAY DENSITY: 1 1..I PCF OPT. MOIST. CONTENT : 11. 2 % PROCEDURE : AqT qgI, hd-

LIQUD LMIT: q PLASTICflY INDEX 4 JOB NO.:, 620 87 FIG. NO.

GRAVEL: % % SAND:_ _% SILT AND CLAY C-200): 55 % DATE: 9-21-87 8
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MOISTURE CONTENT - PERCENT OF DRY WEIGHT

LOCATION: MOISTURE-DENSITY
lest Pit 7 DEPTH: 8.0 SAMPLE NO.: RELATIONSHIPS

SOL DESCRIPTION: Silty clay with sand- CL-ML Chen & Associates
MAX. DRY DENSITY :_LUL PCF OPT. MOIST. CONTENT: tt" 8 v PROCEDURE: ASTM D698-78,Method A
LIOUID LMT: X1 PLASTICIrY IDEX : I JOB NO. 1 620 87 FIG. NO.

GRAVEL: 0 SAND 28% SLT AND CLAY C-200): _ % DATE: 9-21.87 9 I
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MOISTURE CONTENT - PERCENT OF DRY WEIGHT

LOCATION: MOISTURE-DENSITY

Test-Pit g DEPTH :8 SAMPLE NO.: RELATIONSHIPS
SOIL DESCRIPTION: Lean claY - CL Chen & Associates
MAX. DRY DENSITY:114 2 PCF OPT. MOIST. CONTENT: j3J % PROCEDURE : ASTM D698-78,IMethod A

UOUID LIMIT: 28 PLASTICITY NDEX: j3 JOB NO.: 1 620 87 FIG NO.

GRAVEL: 0 X SAM: 14 % SILT AND AY (-200): 86 DATE: 9-21-87 10
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-- MKE DOCUMENT NO.5057-GRN-L-09-00709-OO
. .

Chen&Associates
Consulting Geo nical E neers

w-ire4 - ~4r 675

96 South Zuni Casper
Denver Colorado 80223 Colorado Sprigs
303744-7105 Ft. Collins

Glenwood Springs
Phoenix

February 15, 1988

">' A' > (Jg /Subject: Laboratory Testing, Radon Barrier
Materials, UMTRA Project, Green River,
Utah
P # 3050-511-9502 C.0.5
Job N. 1 104 88

Mr. Mark Thompson
MK-Ferguson Company
P.O. 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.

By EA
Salytv. Miller, A.E.T.

soils Laboratory Supervisor

SKM/djb
Rev. By: KRC
cc: Mr. Frank Guros

Morrison-Knudsen Engineers, Inc.

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

RECEIVED. E
FEB 17 1988

UMTRAS.F







MKE DOCUMENT NO.5057-GRN-L-09-00635-00t

Chen&Associates OeCwer. Colorcteo 80223
Consulting Geotecucal Engineers 303,744.7105

t0$4-64'A) 553 66 
si-IN016 g slrlo proY 434-Z1(-f

Casper C - 7
Coloraco Springs
Ft. Collins
Glenwooo Spnngs
Phoenix
Rock Springs c -

- Salt Lake City
San Antorno

C- Y (q
January 27, 1988

Subject: Laboratory Testing, Radon Barrier
Materials, M2RA Project, Green River,
Utah
PO 3050-511-9502 C.O.5
Job No. 1 104 88

Mr. Mark Thompson
MK-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, 5-RAMOR, 6-RADBR, and 7-RAI OR from the subject site. Me
permeability test samples ere compacted 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.

By 3r1gA
Sally V. Miller, A.E.T.
Soils Laboratory Supervisor

SKWdjb
Rev. By: [RC
cc: Mr. Frank Guros

Mbrrison-Knuisen Engineers, Inc.

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

RECEIVED M KE

JAN 2 8 1988
UMTrRA.-.&EI
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January 27, 1988
Green River,
Utah
Job b. 1 104 88

CHEN AND ASSOCIATES

'TABLE II

SUMMARY OF PERMEABILITY TEST RESUJWS

Test
Pit

1

2

3

4

5

6

7

eentonite
Added

1%

6%

3%

1%

3%

6%

3%

Initial Initial
mbisture Dry Density,
Content, % psf

14.8 118.8

16.3 115.1

15.7 116.7

16.8 114.2

17.2 112.6

16.6 114.7

15.1 -115.8

Initial
Compaction, %

99.7

99.6

98.8

98.5

99.0

98.6

98.9

Final
Mbisture
Content, %

16.6

19.2

17.6

19.2

19.1

17.9

16.6

Pinal
Dry Density,

pqf

* 116.5

110.8

114.5

112.1

112.0

113.2

116.4

Coefficient
of

Penmeability,
oVaec

2.6x10-8

9.2x10 9

2.Ox10-8

6.7x10-8

.5x150

1.0x10-8

3.4x10-8
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MOISTURE CONTENT - PERCENT OF DRY WEIGHT

LOCATION: Green River, Utah MOISTURE-DENSITY
Test Pt 1 DEPTH: 4.O SAMPLE NO.: RELATIONSHIPS

SOIL DESCRIPTION: Lean clay with sand with 1 Bentonite Chen & Associates
MAX. DRY DENSITY: 11. PCF OPT. MOIST. CONTENT : A %POCEDURE : ASTM 698-78,Mto 

_!% 1. ,%P . to
LKGUD LIMIT: 22 PLASTICITY 'DEX: 8 JOS NO.: 1 104 88 _FG NO.

GRAVEL: 0 X SAND *. % SILT AND CLAY (-200): : % DATE: 1-5-88 1
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MOISTURE CONTENT - PERCENT OF DRY WEIGHT

LOCATION: Green River Utah MOISTURE-DENSITY
,Test P t DEPTH: 50 SAMPLE NO.: RELATIONSHIPS

SOIL DESCRIPTION: Sandy iltv clay with 6 Bentonite Chen & Associates
MAX. DRY DENSITY: 115.5 PCF OPT.MOST.CONTENT: 14.5 X PROCEDURE ASTM D698-78, Method A

LIOUID LIMIT: 21. PLASTICITY INDEX: 6 JOB NO.: 104 88 FIG. NO.

GRAVEL: 0 % SAND: 40 % SILT AND CLAY (-2003: 60 % DATE: 1-5-88 2
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MOISTURE CONTENT - PERCENT OF DRY WEIGHT

LOCATION: Green River, Utah MOISTURE-DENSITY

Test Pit 3 DEPTH: 5.0 SAMPLE NO.: RELATIONSHIPS
SOIL DESCRIPTION : Sandy sitty cIay with 3 Benton te Chen & Associates
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MOISTURE CONTENT - PERCENT OF DRY WEIGHT

LOCATION: Green River, Utah MOISTURE-DENSITY
Test Pit 4 DEPTH: 7 tAMPLE NO.: RELATIONSHIPS

SOIL DESCRIPTION : Lean clay with sand with Bentonite Chen & Associates
MAX. DRY DENSITY jj5. PCF OPT. MOIST. CONTENT: 14.4 % PROCEDURE: ASTM D698-78. Method A

LIUID UMIT : Ad P PLASTIC INDEX . JOB NO.: 1 104 88 FIG.NO.

GRAVEL - % SAND: 20% SLT AND CLAY (-200): 80 % DATE: 1_q__88 4
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MOISTURE CONTENT - PERCENT OF DRY WEIGHT

LOCATION: Green River, Utah MOISTURE-DENSITY
Test Pit 5 DEPTH: 6 SAMPLE NO.: RELATIONSHIPS

SOIL DESCRIPTION: Lean clay with sand with 3 Bentonite Chen & Associates
MAX. DRY DENSITY :j3 PCF OPT. MOIST. CONTENT: ROCEDURE:ASTM D698-78, Method A

LIOMD LIMIT: PLASTICITY NDEX JO NO.: 104 88 |FI. NO.
GRAVEL: SAM: % SILTANDCLAY(-200): % DATE: 1-5-88 5
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Subarade Soil

Grouo No. Percent Fnes*.

Desien Criteria**

I 40 - 100

2 - 1S

15 - 40

lS 0.7 w, except where base

soil s dispersive or cohesionless,

for which special study is required

* 0 15f1)85)b 4 .re base

material is radon barrier, or < 7.5
otherdise4
Interpolate linearly with percent
fines between sizes required by
criteria for groups and 2

3

Notes:

* By weight, smaller than No. 200 sieve.

** 15 and D 85 are sizes for which 15 percent and 5 percent

of the particles are smaller, respectively. 'f' denotes

filter and b' denotes base.

+ Page 10 of the reference recommends D)f/DaS)b < 4,

but p. 4 states that this results n a factor of safety of

about 2, whereas D)f/D85)b S 7.5 still results in a

factor of safety 1.
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**INPUT FILE PRINTOUT**

UKTRA - GREEN RIVER SITE - TAIL

25 AUG1987
1.810 .310 1.770 2.490 .220
3 0
0 9i 0
10 .0 5

TOP 100.0 5.0 .30 37.4
MIDDLE 90.0 20.0 .30 37.1
BOTTOM 50.0 33.3 .30 37.i
.1250 .5 .00833
.1250 .5 .00833
.1250 .5 .00833

5051-c 
wors9t - Grt;t_

lb-u- El

hA,3 f -Z -3 e no

INGS EBAjM4EKT RIPRAP DESIGN

A .002 1.0

FS
D ST

ST

* * * * * * * * * * END INPUT DATA * * * * * * * * * * *

UMTRA - GREEN RIVER SITE - TAILINGS EMBANKMENT RIPRAP DESIGN

UKTRA/ RUN I.D.= DATE=25 AUG1987

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

* * * * * * * * * * INPUT DATA * * * * * * * * * * * * *

COEFFICIENTS FOR INTENSITY DURATION CURVE -

IPMP=10**(G-H*(LOGT)**Z):

G= 1.810 1= .310 -Z=1.770

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

- - - EMBANKMENT - - -

AREA
(LOCATION SEGMENT LENGTH
IN PLAN) (FT)

SLOPE POROSITY
(I)

FRICTION
ANGLE

(DEG) V_
37. SAFETY FACTOR
37. STEPHENSONS
37. STEPHENSONS

A
A
A

TOP
MIDDLE
BOTTOM

100.
90.
50.

5.
20.
33.

.30

.30

.30

* * * * * * * * * * * END INPUT DATA * * * * * * * * * * *

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

@ft NOTE-TIME OF CONC. IS SET AS MINK.= 2.5MINUTES

...... ___



50 o - 5

lim-L-CAA
A- 31S

NOTE-TIME OF CONC. IS SET AS MINM.= 2.5MINUTES 1, -99,

£4OTE-TIME OF CONC. IS SET AS MINK.= 2.5MINUTES

NOTE-TIME OF CONC. IS SET AS INK.= 2.5MINUTES

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.= 2.5MINUTES

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
DISTANCE
FROM TO
(FT) (FT)

*****FLOWS(CFS/FT)**** VEL.
ALLOC. PORES ROCK (FPS

DEPTH MANNING TIME OF
) (FT) N CONC(MIN)

INT. TOTAL

0.
10.
20.
30.
40.
50.
60.
70.
80.
90.

10.
20.
30.
40.
50.
60.
70.
80.
90.

100.

.060
.119
.179
.238
.298
.357
.417
.476
.536
.595

.000

.000

.000

.000

.000

.000

.000

.000

.000
.000

.060

.119

.179

.238

.298

.357 :*

.417

.476

.536

.595

1.17
1.67
2.04
2.34
2.60
2.83
3.04
3.24
3.42
3.59

.05
.07
.09
.10
.11
.13
.14
.15
.16
.17

.040

.035

.033
.031
.030
.030
.029
.029
.028
.028

.14

.10

.08

.07

.06

.06

.05

.05

.05

.05

.14

.24

.32

.39

.46

.52

.57

.62

.67

.72

RAINFALL INTENSITY
THAT ASSUMED D50
CAN WITHSTAND BASED
ON THE EQN IQ/CA=

(43560*Q)/L -

(INCH/HR)

RAINFALL INTENSITY
BASED ON CALCULATED

TIME OF CONC.AND USING
INTERPOLATING FUNCTION

110**(G-H*((LOGT)**Z))

(INCH/HR)

259.35 56.15
DETAILED CALC TABLE WITH FINAL ROCK SIZE

SEGMENT=MIDDLE LENGTH= 90. FT. SLOPE= 20.t

ASSUMED D50= .1667FT. AT D/S END OF SEGMENT



k 415
'CORRESPONDING Q= .263CFS/FT AT SEGMENT END-BY STEPHENSONS METHOD

\ SLOPED
K> ISTANCE

J?ROM TO
(FT) (FT)

*****FLOWS(CFS/FT)**** EL. DEPTH ANNIb
ALLOC. PORES ROCK (FPS) (FT) N

0. 10.
10. 20.
20. 30.
30. 40.
40. 50.
50. 60.
60. 70.
70. 80.
80. 90.
90. 100.
0. 9.
9. 18.

18. 27.
27. 36.
36. 45.
45. 54.
54. 63.
63. 72.
72. 81.
81. 90.

.014

.028

.042

.055

.069

.083

.097

.111

.125

.138
.151
.163
.176
.188
.201
.213
.226
.238
.251
.263

.000

.000

.000

.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000

.014

.028

.042

.055

.069

.083

.097

.111

.125

.138

.151

.163

.176

.188

.201

.213

.226

.238

.251

.263

.52 .03

.78 .04

.97 .04
1.13 .05
1.27 .05
1.39 .06
1.51 .06
1.61 .07
1.71 .07
1.80 .08
2.42 .06
2.53 .06
2.63 .07
2.73 .07
2.82 .07
2.91 .07
3.00 .08
3.08 .08
3.16 .08
3.24 .08

.060

.048

.043

.041

.039

.037

.036

.035

.035

.034

.044

.043

.042

.041

.041

.040

.040

.039

.039

.039

IG TIME OF
CONC(MIN)

INT. TOTAL

.32 .32

.21 .S3

.17 .71

.15 .85

.13 .99

.12 1.10

.11 1.22

.10 1.32

.10 1.42

.09 1.51

.06 1.57

.06 1.63

.06 1.69

.06 1.74

.05 1.80

.05 1.85

.05 1.90

.05 1.95

.05 1.99

.05 2.04

505,1-C05

kJprz _-l

cofL 61
q-z3-c?

RAINFALL INTENSITY
THAT ASSUMED D50
CAN WITHSTAND BASED
ON THE EQN I=Q/CA=

(43560*Q)/L

(INCH/HR)

RAINFALL INTENSITY
BASED ON CALCULATED

TIME OF CONC.AND USING
INTERPOLATING FUNCTION

I=10**(G-H*((LOGT)**Z))

(INCH/HR)

60.29 56.15
DETAILED 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 ALLOC. PORES ROCK (FPS) (FT) N CONC(MIN)
FROM TO INT. TOTAL
(FT) (FT)

0. 10.
10. 20.
20. 30.
30. 40.
40. 50.
50. 60.

'9-~-' 60. 70.
70. 80.
80. 90.

.013 .000 .013 .50 .03 .061

.026 .000 .026 .75 .03 .049

.039 .000 .039 .94 .04 .044

.052 .000 .052 1.09 .05 .041

.065 .000 .065 1.23 .05 .039

.078 .000 .078 1.35 .06 .038

.091 .000 .091 1.46 .06 .037

.104 .000 .104 1.56 .07 .036

.117 .000 .117 1.66 .07 .035

.33 .33

.22 .55

.18 .73

.15 .88

.14 1.02

.12 1.14

.11 1.26

.11 1.36
.10 1.47

__ ww__wN7 __,� -
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90.
0.
9.

18
27.
36.
45.
54.
63.
72.
81.

0.
10.
20.
30.
40.

100.
9.

18.
27.
36.
45.
54.
63.
72.
81.
90.
10.
20.
30.
40.
50.

.130

.142

.153

.165

.177

.189

.200

.212

.224

.235

.247

.260

.273

.286

.299

.312

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.130

.142

.153

.165

.177

.189

.200

.212

.224

.235

.247

.260

.273

.286

.299

.312

1.74
2.34
2.45
2.54
2.64
2.73
2.82
2.90
2.98
3.06
3.14
2.76
2.84
2-92
2.99
3.07

.07

.06

.06

.06

.07

.07

.07

.07

.08

.08

.08

.09

.10

.10

.10

.10

.034

.044

.043

.043

.042

.041

.041

.040

.040

.040

.039

.066

.065

.064

.063

.062

.10

.06

.06

.06

.06

.05

.05

.05

.05

.05

.05

.06

.06
.06
.06
.05

1.56
1.62
1.69
1.74
1.80
1.86
1.91
1.96
2.01
2.06
2.11
2.17
2.23
2.29
2.34
2.40

50S -o5
um-rp-e- M
8-'L B1

RAINFALL INTENSITY
THAT ASSUMED D50
CAN WITHSTAND BASED
ON THE EQN IQ/CA=

(43560*Q)/L

(INCH/HR)

56.64

RAINFALL INTENSITY
BASED ON CALCULATED

TIME OF CONC.AND USING
INTERPOLATING FUNCTION

I10**(G-H*((LOGT)**Z))

(INCH/HR)

56.15

*******RESULTS SUMMARY******* AREA=A

SEGMENT LENGTH SLOPE D50 Q TC STARTING METHOD OF
(FT) (%) (INCH) D/S END (MINUTES) ROCK D50 CALC.

(CFS/FT) (INCH)

TOP 100. 5.0 1.5 .595 2.5 1.50 SAFETY FACTOR
MIDDLE 90. 20.0 2.0 .263 2.5 1.50 STEPHENSON
BOTTOM 50. 33.3 4.7 .312 2.5 1.50 STEPHENSON

be Yeart Y4;n t 2 .7egf/ esf 4 7fe. pAe

el
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**INPUT FILE PRINTOUT**

UMTRA - GREEN RIVER SITE - TAILI1

25 AUG1987
1.810 .310 1.770 2.490 .220

5 0
1 0 1 1 1
5 1 4 9 5

top_50 50.0 5.0 .30 37.0
topJ0 10.0 5.0 .30 37.0
top_40 40.0 5.0 .30 37.0
MIDDLE 90.0 20.0 .30 37.0
BOTTOM 50.0 33.3 .30 37.0

.1250 .5 .00833

.1250 .5 .00833

.1250 .5 .00833

.1250 .5 .00833

.1250 .5 .00833

.5O1- oS
tu s2%TkA- cram

6-2 7-2;-

463 ,V-27-8;9t
:GS EMBANKMENT RIPRAP DESIGN

A .002 1.0

FS
FS
FS
ST
ST

* * * * * * * * * * * END INPUT DATA * * * * * * * * * * *

UHTRA - GREEN RIVER SITE - TAILINGS EMBANKMENT RIPRAP DESIGN

UMTRA/ RUN I.D.- DATE-25 AUG1987

.*SAFETY FACTOR/STEPHENSON METHOD FOR EMBANKMENT EROSION PROTECTION***

* * * * * * * * * * * INPUT DATA * * * * * * * * * * * *

COEFFICIENTS FOR INTENSITY DURATION CURVE -
IPMP=10**(G-H* (LOGT)**Z):

G= 1.810 H= .310 Z=1.770

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

- - - EMBANKMENT - - -
AREA

(LOCATION
IN PLAN)

A
A
A
A
A

SEGMENT

top_50
top-lo
top_40
MIDDLE
BOTTOM

LENGTH
(FT)

50.
'10.

40.
90.
50.

SLOPE POROSITY
(%)

5.
5 .
5.

20.
33.

.30
.30
.30
.30
.30

FRICTION
ANGLE

(DEG)
37. SAFETY FACTOR
37. SAFETY FACTOR
37. SAFETY FACTOR
37 * STEPHENSONS
37. STEPHENSONS

* * * * * * * * * * * END INPUT DATA * * * * * * * * * * *

.. . .. ~; .~ .- --l o : - :~ ., ~ La'- 't.r



'NOTE-TIME

NOTE-TIME

NOTE-TIME

NOTE-TIME

NOTE-TIME

NOTE-TIME

NOTE-TIME

NOTE-TIME

NOTE-TIME

NOTE-TIME

NOTE-TIME

NOTE-TIME

OF CONC.

OF CONC.

OF CONC.

OF CONC.

OF CONC.

OF CONC.

OF

OF

OF

OF

OF

OF

CONC.

CONC.

CONC.

CONC.

CONC.

CONC.

CONC.

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

AS INM.=

AS MINM.-

AS MINM.-

AS MINK.=

AS MINM.=

AS MINM.-

AS MINM.-

AS MINM. 

AS MINM.=

AS MINM.=

AS MINM.=

AS MINM.=

AS MINM.=

2.5MINUTES

2.5MINUTES

2.5MINUTES

2.5MINUTES

2.5MINUTES

2.5MINUTES

2.5MINUTES

2.5MINUTES

2.5MINUTES

2.5MINUTES

2.5MINUTES

2.5MINUTES

2.5MINUTES

505-1-0 5
,UMer(- U\ p e5k-3/S k

46- 6-1

/ 7 3R

) z 7 5 Pcr, )e. 

NOTE-TIME OF

NOTE-TIME

NOTE-TIME

NOTE-TIME

NOTE-TIME

NOTE-TIME

NOTE-TIME

OF

OF

OF

OF

OF

OF

CONC.

CONC.

CONC.

CONC.

CONC.

CONC.

IS

IS

IS

IS

IS

IS

SET

SET

SET

SET

SET

SET

AS MINM.=

AS MINM.=

AS MINM.=

AS MINH.=

AS MINM.=

AS MINM.=

AS MINX.=

2.5MINUTES

2.5MINUTES

2.5MINUTES

2.5MINUTES

2.5MINUTES

2.5MINUTES

K.- NOTE-TIME OF CONC. IS SET 2.5MI"HUTES



'NOTE-TIME

NOTE-TIME

OF CONC. IS

OF CONC. IS

SET

SET

AS MINM.=

AS MINM.=

2.5MINUTES

2.5MINUTES

5051-°S
(ir R i,/ age_ 
5-.b-51

Ka t-

NOTE-TIME

NOTE-TIME

NOTE-TIME

* NOTE-TIME

NOTE-TIME

NOTE-TIME

OF

OF

OF

OF

OF

OF

CONC.

CONC.

CONC.

CONC.

CONC.

CONC.

CONC.

IS

IS

IS

IS

IS

IS

IS

SET

SET

SET

SET

SET

SET

SET

AS MINM.=

AS MINM.-

AS MINM.=

AS MINM.=

AS MINM.=

AS MINM.=

AS MINM.=

2.5MINUTES

2.5MINUTES

2.5MINUTES

2.5MINUTES

2.SMINUTES

2.5MINUTES

2.5MINUTESNOTE-TIME OF

NOTE-TIME

*OTE-TIME

NOTE-TIME

NOTE-TIME

NOTE-TIME

NOTE-TIME

OF CONC. IS SET AS MINM.= 2.5MINUTES

OF

OF

OF

OF

OF

CONC.

CONC.

CONC.

CONC.

CONC.

IS

IS

IS

IS

IS

IS

SET

SET

SET

SET

SET

SET

AS

AS

iS

AS

AS

AS

MINM.=

MINM.=

MINK.=

MINM.=

MINM.=

2.5MINUTES

2.5MINUTES

2.5MINUTES

2.5MINUTES

2.5MINUTES

NOTE-TIME OF CONC. MINM.= 2.5MINUTES

DETAILED CALC TABLE WITH FINAL ROCK SIZE

C

SEGMENT=top_50 LENGTH= 50. FT. SLOPE= 5.%

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

LOPED *****FLOWS(CFS/FT)*4** VEL. DEPTH MANNING TIME OF
DISTANCE ALLOC. PORES ROCK (FPS) (FT) N CONC(MIN) I

"-' FROM TO
(FT) (FT)

INT. TOTAL



0.
10.
20.
30.

k,~' 40.

10.
20.
30.
40.
50.

.133

.266

.398

.531

.664

.069

.069

.069

.069

.069

.064

.197

.330

.463

.595

1.22
2.14
2.73
3.19
3.59

.05

.09

.12

.14

.17

.039

.032

.030

.029

.028

.14

.08

.06

.05

.05

.14

.21

.28

.33

.37

sSS1-oS
Uj~aAz- &UJM
S--2' -S

RAINFALL INTENSITY
THAT ASSUMED D50
CAN WITHSTAND BASED
ON THE EQN I=Q/CA=

(43560*Q)/L

RAINFALL INTENSITY
BASED ON CALCULATED

TIME OF CONC.AND USING
INTERPOLATING FUNCTION

I'10**(G-H*((LOGT)**Z))

j-,6 Y. - ?

(INCH/HR) (INCH/HR)

578.57 56.15
DETAILED CALC TABLE WITH FINAL ROCK SIZE

SEGMENT=topl1 LENGTH= 10. FT. SLOPE= 5.1

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

SLOPED
DISTANCE
FROM TO
(FT) (FT)

*****FLOWS(CFS/FT)**** VEL. DEPTH
ALLOC. PORES ROCK (FPS) (FT)

MANNING TIME OF
N CONC(MIN)

INT. TOTAL

0.
10.
20.
30.
40.
0.

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

.099

.198

.298

.397

.496

.595

.069

.069
.069
.069
.069
.000

.031

.130

.229

.328

.427

.595

.82
1.74
2.30
2.73
3.08
3.59

.04

.07

.10

.12

.14

.17

.047

.034

.031

.030

.029

.028

.20

.10

.07

.06

.05

.05

.20

.30

.37

.43

.49

.53

RAINFALL INTENSITY
THAT ASSUMED D50
CAN WITHSTAND BASED
ON THE EN I=Q/CA=

(43560*Q)/L

(INCH/HR)

RAINFALL INTENSITY
BASED ON CALCULATED

TIME OF CONC.AND USING
INTERPOLATING FUNCTION

I=10**(G-H*((LOGT)**Z))

(INCH/HR)

432.25 56.15
DETAILED CALC TABLE WITH FINAL ROCK SIZE

SEGMENT=top 40 LENGTH= 40. FT. SLOPE= 5.1

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

SLOPED
DISTANCE
FROM TO

FT) (FT)

*****FLOWS(CFS/FT)**** VEL. DEPTH
ALLOC. PORES ROCK (FPS) (FT)

MANNING TIME OF
N CONC(MIN)

INT. TOTAL

0.
10.
20.

10.
20.
30.

.066

.133

.199

.066

.069

.069

.000

.064

.131

.00
1.22
1.75

.00 .000

.05 .039

.07 .034

.00

.14

.10

.00

.14

.23



30.
40.
0.
0.

10.
20.
30.

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

.266

.332

.398

.465

.531

.598

.664

.069

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

.197

.263

.398

.396

.463

.529

.595

2.14
2.45
2.97
2.96
3.19
3.40
3.59

.09

.11

.13

.13

.14

.16

.17

.032

.031

.029

.029

.029

.028

.028

.08

.07

.06

.06

.05

.05

.05

.31

.38

.43

.49

.54
.59
.64

ww b-6/!

S-% 4-07
tA3 &
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RAINFALL INTENSITY
THAT ASSUMED D50
CAN WITHSTAND BASED
ON THE EQN IQ/CA=

(43560*Q)/L

(INCH/KR)

RAINFALL INTENSITY
BASED ON CALCULATED

TIME OF CONC.AND USING
INTERPOLATING FUNCTION

I=10**(G-H*((LOGT)**Z))

(INCH/HR)

289.28 56.15
DETAILED CALC TABLE WITH FINAL ROCK SIZE

SEGMENT=MIDDLE LENGTH= 90. FT. SLOPE= 20.%

ASSUMED D50= .1583FT. AT D/S END OF SEGMENT
CORRESPONDING Q= .243CFS/FT AT SEGMENT END-BY STEPHENSONS METHOD

SLOPED
DISTANCE
FROM TO
(FT) (FT)

*****FLOWS(CFS/FT)**** VEL. DEPTH
ALLOC. PORES ROCK (FPS) (FT)

MANNING TIME OF
N CONC(MIN)

INT. TOTAL

0.
10.
20.
30.
40.

0.
0.

10.
20.
30.
0.

10.
20.
30.
40.
50.
60.
70.
80.

10.
20.
30.
40.
50.
10.
10.
20.
30.
40.
10.
20.
30.
40.
50.
60.
70.
80.
90.

.013

.026
.038
.051
.064
.077
.090
.103
.115
.128
.141
.154
.167
.179
.192
.205
.218
.231
.243

.013

.026

.038

.051

.064

.000

.069

.069

.069

.069

.141

.154

.163

.163

.163

.163

.163

.163

.163

.000

.000

.000

.000

.000

.077

.021

.034

.047

.059

.000

.000

.003

.016

.029

.042

.054

.067

.080

.00

.00
.00
.00
.00

1.34
.67
.87

1.03
1.17

.00

.00

.18

.65

.96
1.21
1.42
1.60
1.76

.00

.00

.00

.00

.00

.06

.03

.04

.05

.05

.00

.00

.02

.02

.03

.03

.04

.04

.05

.000

.000

.000

.000

.000

.038

.052

.046

.042

.040

.000

.000

.170

.088

.070

.061

.056

.053

.050

.00

.00

.00

.00

.00

.12

.25

.19

.16

.14
.00
.00
.95
.26
.17
.14
.12
.10
.09

.00
.00
.00
.00
.00
.12
.37
.57
.73
.87
.87
.87

1.82
2.08
2.25
2.39
2.51
2.61
2.71

RAINFALL INTENSITY
THAT ASSUMED D50
CAN WITHSTAND BASED
ON THE EQN IQ/CA=

(43560*Q)/L

(INCH/HR)

RAINFALL INTENSITY
BASED ON CALCULATED

TIME OF CONC.AND USING
INTERPOLATING FUNCTION

I=10**(G-H*((LOGT)**Z))

(INCH/HR)

55.82 54.93
DETAILED CALC TABLE WITH FINAL ROCK SIZE

IV IO qt0ioLt-f\Ou as5ufvej Qt 4 U II"+ 4S&W4 60.SoAte O'r Lessn tL 'Atred1;;
hat Souv7 be catc9StS to +> crepes 7.too -
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SEGMENT=BOTTOM LENGTH= 50. FT. SLOPE= 33.% N 3c- f--,& 4�� f�- z 3 - 8 7-rp
ASSUMED D50= .3916FT. AT D/S END OF SEGMENT

'ORRESPONDING Q .312CFS/FT AT SEGMENT END-BY STEPEENSONS METHOD '

SLOPEX
DISTAN
FROM
(FT)

0.
10.
20.
30.
40.

0.
0.

10.
20.
30.

0.
10.
20.
30.
40.
50.
60.
70.
80.

0.
10.
20.
30.
40.

rCE
TO
(FT)

10.
20.
30.
40.
50.
10.
10.
20.
30.
40.
10.
20.
30.
40.
50.
60.
70.
80.
90.
10.
20.
30.
40.
50.

*****FLOWS(CFS/FT)**** VEL. DEPTH
ALLOC. PORES ROCK (FPS) (FT)

MANNING TIME OF
N CONC(MIN)

INT. TOTAL

.013
.026
.039
.052
.065
.078
.091
.104
.117
.130
.143
.156
.169
.182
.195
.208
.221
.234
.247
.260
.273
.286
.299
.312

.013
.026
.039
.052
.065
.000
.069
.069
.069
.069
.143
.156
.163
.163
.163
.163
.163
.163
.163
.260
.273
.286
.299
.312

.000

.000

.000

.000

.000

.078
.022
.035
.048
.061
.000
.000
.006
.019
.032
.045
.058
.071
.084
.000
.000
.000
.000
.000

.00

.00

.00

.00

.00
1.35

.69

.89
1.05
1.19

.00

.00

.28

.72
1.02
1.26
1.46
1.64
1.81

.00

.00

.00

.00

.00

.00

.00

.00
.00
.00
.06
.03
.04
.05
.05
.00
.00
.02
.03
.03
.04
.04
.04
.05
.00
.00
.00
.00
.00

.000
.000
.000
.000
.000
.038
. 051
.045
.042
.040
.000
.000
.127
.083
.068
.060
.055
.052
.049
.000
.000
.000
.000
.000

.00
.00
.00
.00
.00
.12
.24
.19
.16
.14
.00
.00
.60
.23
.16
.13
.11
.10
.09
.00
.00
.00
.00
.00

.00

.00

.00

.00

.00
.12
.37
.55
.71
.85
.85
.85

1.45
1.68
1.84
1.98
2.09
2.19
2.28
2.28
2.28
2.28
2.28
2.28

RAINFALL INTENSITY
THAT ASSUMED D50
CAN WITHSTAND BASED
ON THE EQN I=Q/CA=

(43560*Q)/L

(INCH/HR)

56.64

RAINFALL INTENSITY
BASED ON CALCULATED

TIME OF CONC.AND USING
INTERPOLATING FUNCTION

I=10**(G-H*((LOGT)**Z))

(INCH/HR)

56.15

*******RESULTS SUMARY******* AREA=A

SEGMENT LENGTH SLOPE
(FT) (%)

D50 Q AT
(INCH) D/S END

(CFS/FT)

TC STARTING METHOD OF
(MINUTES) ROCK D50 CALC.

(INCH)

- op 50
cop 10
top_40
MIDDLE

IBOTTOM

50.
10.
40.
90.
50.

5.0
5.0
5.0

20.0
33.3

1.5
1.5
1.5
1.9
4.7

* .664
.595
.664
.243
.312

2.5
2.5
2.5
2.7
2.5

1.50 SAFETY FACTOR
1.50 SAFETY FACTOR
1.50 SAFETY FACTOR
1.50 STEPHENSON
1.50 STEPHENSON

4 sak C .e ,e -aB- 6.
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-INPUT FILE PRINTOUT"

UFTRA-6REEN RIVER, ERANK24ENT RIPRAP TYPE A VERIFICATION

GN EROPROAPRO4 1990
1.E10 .310 1.770 2.490 .270 A .002 1.0
2 0
0 0
6 2

SIDE 143.0 20.0 .30 37.0 ST
gumAK 17.0 24.4 .30 37.0 ST

.1250 .5 .00833

.1250 .5 .00833

* . * * * * * * * * OD IPUT DATA '*** *

.5'. E -

t/,S0A -c&ieAf SS7-os

eAE&A-r-Y) 0 42 Fd ci4C-Y [Sk@,L

#A q 90

RMS A+/// fa

UtRA-GREEN RIVER, ENRANXNENT RIPRAP TYPE A VERIFICATION

UlTRAJGRN RUN .D.-ERPRO DATEwAPR04 1990

***SAFETY FACTOR/STEPHENSON MET0CD FOR EBANKMENT EROSION PROTECTION"*

0 * 0 * * * * * * * INPUT DATA * * * 

COEFFICIENTS FOR INTENSITY DURATION CURVE
IPKPz10*(G-HK*LOGT)"*Z):

Go 1.810 u .310 21.770

RIPRAP STONE SP.GRAVITY= 2.49 C IN STEPHENSONS EON= .27

. . . ENRANIOIENT - - -
AREA

(LOCATION SECKENT LENGTH SLOPE POROSITY FRICTION
IN PLAN) (FT) CX) ANGLE

(DEG)
A SIDE 14.3. 20. .30 37. SPESOKS
A BREDX 17. 24. .30 37. STEPHENSONS

, * * * * * * END INPUT DAtA * * * * * * * * * * 

NOTE-TIME OF CNC. IS SET AS INW.9 2.SNINUTES

NOTE-TIME OF CONC. IS SET AS NIMNI. 2.SNIUTES

NOTE-TIME OF CONC. IS SET AS MINK.. 2.SMIUTES

0"

NOTE-TIME OF CONC. IS SET AS NZNK.6 .MKINUTES

NOTE-TIME OF CONC. IS SET AS IM.0 2.SRINUTES

_



NOTE-TIME OF CONC. IS SET AS NIl.. 2.5NINUTES

NOTE-TINE OF COWC. IS SET AS INN.E 2.5INUTES 

DETAILED CLC TABLE VITN FINAL ROCK SIZE

SEGMENTuSIDE LENGTH. 143. FT. SLOPEw 20.X

ASSUED 050- .125OFT. AT /S END OF SEGMENT
CORRESPONDING 0. .196CFS/FT AT SEG4ENT END-BY STEPHENSONS METHOD

SLOPED **"FLCSCCFS/FT)*" VEL. DEPTN NA)IlNG TINE OF
DISTANCE ALLOC. PORES OCK (FPS) (FT) N CONC(IN)
FRO TO INT. TOTAL
(FT) (FT)

O. 24. .035 .000 .035 1.20 .03 .056 .33 .33
24. 48. .070 .000 .070 1.77 .04 .045 .22 .56
48. 72. .105 .000 .105 2.20 .05 .041 .18 .74
71. 95. .140 .000 .140 2.55 .05 .039 .16 .89
95. 119. .175 .000 .175 2.86 .06 .037 .14 1.03

119. 143. .210 .000 .210 3.14 .07 .036 .13 1.16

d11;772 - M SbS'7 - s
JAn/r gosoj ePoor

60"FY M-d"L A/fcY

/ e-. 4 AM 

rzS / /i/to

RAINFALL INTENSITY
THAT ASSUMED 050
CAN WITHSTAND ASED
ON THE EON IQCA=

(43560*0)/L

CINCH/AR)

RAINFALL INTENSITY
BASED ON CALCULATED

TIME OF CVC.AND USING
INTERPOLATING FUNCTION

IIlO(G-CLOGT)'Z))

(INOIRAIR)

63.86 56.15
DETAILED CALC TABLE WITH FINAL ROCK SIZE

SEGENT=uREAX LENGTHS 17. FT. SLOPE. 24.S

ASSUSED 050z .1667FT. AT /S END OF SEGMENT
CORRESPONDING 0. .219CFS/FT AT SEGMENT END-UY STEPHENSONS METHOD

SLOPED *mFLOWSCCFSFT)-** VEL. DEPTH ANNING TIME P
01STANCE ALLOC. PORES ROCK (F ) (FT) N COUCCEIN)
FR0 TO IRT. TOTAL
(FT) (FT)

a. 24. .03 .000 .033 1.15 .03 .057 .35 .35
24. 48. .065 .000 .065 1.71 .04 .046 .23 .58
48. z. .098 .000 .098 2.12 .05 .042 .19 .77
71. 95. .131 .000 .131 2.47 .0S .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 .041 .05 1.25
9. 17. .219 .000 .219 3.10 .07 .041 .05 1.29

RAINFALL INTENSITY
THAT ASSUMED 050
CAN lTHSTAND ASED
ON TE EQN lu/CA.

(43560*Q)/L

(INCH/MR)
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Table 442 Values of Relative Impervlousness'

Type of Surface Factor C

for an watertight roof surfaces.. _ 0.75 to 0.95
For asphalt runway pavement _ .. 0.0 to 0.95
For concrete runway pavements 0.70 to 0.90
Fr pavel or macadam pavements _ 035 to 0.70
or impeiousils Iuavy _ . 0.40 to 0.65

*For imperous stil with turf ____ . 030 to 0.55
OFor slightlo peflirous 0.40
gFor slighll pervious soils with turl_ 0.10 to 030
lFor mdeatly pervious soils _ 0.05 to 0.20
For moderatey pervious soils with tu .... ______ 0.00 to 0.10

'FrO slopes Irom 1% to 2%

Modifications to the rational method have been proposed in order that
the C coefficient may account for antecedent precipitation conditions. Rec-
ommended Antecendent Precipitation Factors are listed below. The rational
formula now includes a new variable: Q = C C I A

Recorernded Antecedent reipi tation
Factors for the Rational Forrnmla

Recurrence
Intera C

2sto .1
25 1.1
50 1.2

lo 1.25

NOTE: The product of C x C should not exceed 1.
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Figure 4-28 Inlet control nomograph for corrugated steel pipe culverts. The manu-
facturers recommended keeping HWID to a maximum of 1.5 and preferably to no
more than 1.0.
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Figure 15. Precipitation depth-duration diagram (1- to 6-hr).

Qf , a. Ut.ah south of the Urita Mountains, east of the
Wasatch Range, and east and south of the Boulder
and Pine Valley Mountains. (Region. , fig. 18).

9X~ro{9ae r- I-h o -A o2 r t'



*MORRISON-KNUDSEN ENGINEERS, INC.
A I ^ORR150b EN COMPANY

Project tA~l c
Feature ¢sk4 ' A
Item

Sheet 
Contract No.5 c 5 i °S File No.
Designed O - Date - l- I'm I
Checked 'f' Date 1 91

Figure 16. Precipitaion depth-duration diagram (6- to 24-hr).
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ID .... I... 2.... 3....4 .... I... 6....7 ..... .... 9.. 10

ID UMTRA/RN - DETENTION BASIN DESIGN
ID 10-YEAR, 24-HOUR PP.
ID 5-MINUTE INTERVALS
ID ,,.. 4, 9
IT 5 0 0 280 0 1440
la 3 I

FREE **

I

4
4

6

7
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. I
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P I
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I
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URTRA/RN - DETENTION BASIN DESIGN
10-YEAR 24-HOUR PMP
5-INUTE INTERVALS
limn44 w;d

IfOUTPUT CONTROL

IPLOT
9SCAL

VARIABLES
3 PRINT CONTROL
I PLOT CONTROL
0. HYDRORAPH PLOT SCALE

A- : 7-J J..a' 7

It HYDROGRAPH TIRE
WNIM

IDATE
ITIME

NG
NODATE
NDTINE

DATA
5

10 
0000
228

10
2355

NINUTES IN COMPUTATION INTERVAL
STARTING DATE
STARTING TIRE
NUMBER OF HYDROGRAPH ORDINATES
ENDING DATE
ENDING TIME

COMPUTATION INTERVAL .08 HOURS
TOTAL TIRE BASE 23.92 HOURS

EN6LISH UNITS

"' '&44* *1* if 4* 44 *1 * {* * 11 * 141* 11 4* # ** *** t ** f f *1*11*14 t1* *1* *1* *11 1* *4* *4* III 11* *4

I

f f

7 KK * 2 t DRAINAGE BASIN FOR PROPOSED DETENTION BASIN
**f

SUBBASIN RUNOFF DATA

SUBPASIN CHARACTERISTICS
TAREA .10 SUBBASIN AREA 't I

PrEOITntl DATA

STORM 1.50 BASIN TOTAL PRECIPITATION

h, 11 INCREMENTAL PRECIP!TATION PATTERN
.00 .00 .00 .00 .00
.00 .00 .00 .00 .00
.Ao .oo .0o .00 .00
.00 .00 .00 .00 .00
.00 .00 .00 .00 .00
.00 .00 .00 .00 .00
.00 .00 .00 .00 .00

. o. 00 .00 .00 . 00
.00 .00 .00 .00 .00

'IO .00 .00 .00 .00
.00 .00 .00 .00 .00
.00 .00 .00 .00 .00
.00 .00 .00 .00 .00
.01 .01 .01 .01 .01
.03 .07 .11 .28 .15

.00
.00
. O

.00

.00

.00

.00

.09

.00

.o

.00

.00

.00

.01

.07

.00
.00
.00
.00
.00
.00
.00
.00
.00
.QO
.00
.00
.01
.Ot
.07

.00 .00 .00
.00 .00 .00
.ao .ao .oo
.00 .0Q .0

.00 .00 .00
.00 .00 .00?
.00 .00 .00
.00 .00 .00
.00 .00 .00
.00 .00 .00
.00 .00 .00
.00 .00 .00

.01 .01 .01

.01 .03 .03

.03 .03 .03



I ;.
, A

.00
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,00
.00
.00
.GO
.00

.. .l .V"; .v

.Q .00 .00 .00
,v ; v,, .Ov 0 V 00 00 .O0

.00 .00 .00 .00 .00 .00
.00 .00 .00 .00 .00 .00

.QO .00 .00 .OQ .00 .00

.Qv .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00

.o .00 .00 .00 .00 .00

.00 .00 .00 .00 .00 .00
.00 .00 .00 .OQ .00 .00

.v v . v 

I. .00 .00

.00 .00 .00

.00 .00 .00

.00 .00 .u3

.00 .00 .00

.00 .00 .00

.00 .00 .00

.00 .00 .00

.00 .00 .00

.00 .00 .00

.QO .CO .00

.
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FLOOD YDROGRAPH PACKAGE HEC-1 HIEM IT 512K VERSION) -FEB 1.1985 44-r- I J * J-7
U.S. ARMY CORPS OF ENGINEERS, THE YDROLO6IC ENBIKEERINS CENTER, 09 SECOND STREEt, DAVIS, CA. 95616

- *Mt1

THIS NEC-I VERSION CONTAINS ALL OPTIONS EXCEPT ECONOMICS, AND THE NUMBER OF PLANS ARE REDUCED TO 3

HEC-t INPUT PAGE I

LIKE

ID UMTRAIGRN - SPILLWAY DESIGN
Of FREE ffi

2
3
4

6

ID 25-YEAR. 24-HOUR RAIN
ID 5-MINUTE INTERVALS
ID JULY 17, 1987
IT 5 0 0
10 3 1

28 0 1440

7

9
10
11
12
13
14
1S
16
17
16
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35

36
37
38
39
40

KK IDRAINA8E BASIN
BA 0.1
PB 0
PI 0.0017
PI 0.0017
PI 0.0017
PI 0.0017
PI 0.0017
PI 0.0017
PI 0.0017
P1 0.0017
PI 0.0035
PI 0.0035
PI 0.0035
PI 0.0039
PI 0.0039
PI 0.005
PI 0.038
PI 0.00083
PI 0.005
P1 0.0039
PI 0.0035
PI 0.0035
PI 0.0035
PI 0.0035
PI 0.0017
P1 0.0017
P1 0.0017
P1 0.0017
P1 0.0017
P1 0.0017
P1 0.0017
LS 0
UD 0.22

0.0017
0.0017
0.0017
0.0017
0.0017
0.0017
0.0017
0.0017
0.0035
0.0035
0.0035
0.0039
0.0039
0.005
0.08

0.0083
0.005
0.0039
0.0035
0.0035
0.0035
0.0035
0.0017
0.0017
0.0017
0.0017
0.0017
0.0017
0.0017

90

0.0017
0.0017
0.0017
0.0017
0.0017
0.0017
0.0017
0.0035
0.0035
0.0035
p.0035
0.0039
0.0039
0.00083

0.13
0.0083
0.0039
0.0039
0.0035
0.0035
0.0035
0.0035
0.0017
0.0017
0.0017
0.0017
0.0017
0.0017
0.0017

0.0017
0.0017
0.0017
0.0017
0.0017
0.0017
0.0017
0.0035
0.0035
0.0035
0.0035
0.0039
0.0039
0.0083
0.32

0.0083
0.0039
0.0039
0.0035
0.0035
0.0035
0.0035
0.0017
0t0017
0.0017
0.0017
0.0017
0.0017
0.0017

0.0017
0.0017
0.0017
0.0017
0.0017
0.0017
0.0017
0.0035
0.0035
0.0035
0.0035
0.0039
0.0039
0.0083

0.19
0.0083
0.0039
0.0039
0.0035
0.0035
0.0035
0.0035
0.0017
0.0017
0.0017
0.0017
0.0017
0.0017
0.0017

0.0017
0.0017
0.0017
0.0017
0.0017
0.0017
0.0017
7.0035
0.0035
0.0035
0.0035
0.0039
0.0039
0.0083

0.08
0.0093
0.0039
0.0039
0.0035
0.0035
0.0035
0.003S
0.0017
0.0017
0.0017
0.0017
0.0017
0.0017
0.0017

0.0017
0.0017
0.0017
0.0017
0.0017
0.0017
0.0017
0.0035
0.0035
0.0035
0.0035
0.0039
0.005
0.0083
0.08
0.005
0.0039
0.0039
0.0035
0.0035
0.0035
0.0017
0.0017
0.0017
0.0017
0.0017
0.0017
0.0017
0.0017

0.0017
0.0017
0.0017
0.0017
0.0017
0.0017
0.0017
0.0035
0.0035
0.003S
0.0035
0.0039
0.005
0.0083
0.038
0.005

0.0039
0.0039
0.0035
0.0035
0.0035
0.0017
0.0017
0.0017
0.0017
0.0017
0.0017
0.0017
0.0017

0.0017
0.0017
0.0017
0.0017
0.0017
0.0017
0.0017
0.0035
0.0035
0.0035
0.0039
0.0039
0.005
0.038
0.038
0.005

0.0039
0.0039
0.0035
0.0035
0.0035
0.0017
0.0017
0.0017
0.0017
0.0017
0.0017
0.0017

0.0017
0.0017
0.0017
0.0017
0.0017
0.0017
0.0017
0.0035
0.0035
0.0035
0.0039
0.0039
0.005
0.038
0.038
0.005

0.0039
0.0039
0.0035
0.0035
0.0035
0.0017
0.0017
0.0017
0.0017
0.0017
0.0017
0.0017

." - - . - ~ -1- 1 --- - - -7 - * -t l V N ?



I A

42
43
44
45
46

RS 1 ELEV 4079.0
SA 0.9 0.875
SE 4079.0 4081.0
SS 4079.0 25.0 2.8
11

0

tR14? j4¢>?*f" v'r

45
III

1.5
&ArC %J - 7

44

FLOOD HYDROGRAPH PACKAGE HEC-I IBK IT 512K VERSION) -FEB 1,1985
U.S. ARMY CORPS OF ENGINEERS, THE HYDROLOGIC ENGINEERING CENTER, 609 SECOND STREET, DAVIS, CA. 961b

UMTRAISRN SPILLAY DESIGN
25-YEAR, 24-HOUR RAIN
5-MINUTE INTERVALS
JULY 17, 1987

6 10

IT

OUTPUT CONTROL VARIABLES
IPRNT 3
IPLOT I
QSCAL 0.

HYDROGRAPH TINE DATA
NIN 5

IDATE I 0
ITIME 0000

NO 288
KODATE I 0
NDTINE 2355

PRINT CONTROL -

PLOT CONTROL
HYDROGRAPH PLOT SCALE

MINUTES IN COMPUTATION INTERVAL
STARTING DATE
STARTING TIME
NUMBER OF YDROGRAPH ORDINATES
ENDING DATE
ENDING TIME

COMPUTATION INTERVAL
TOTAL TINE BASE

.08 HOURS
23.92 HOURS

ENGLISH UNITS

f*4 f4* 4*4 4ff *f *4* ff *t off t* ft ff 4i *off ff fft ff 4* ftf ttt if* tft ff f4 if* 1f4 f ff 4 *if 4f* off

f I

7 KK * 1 * DRAINAGE BASIN
4 f

8 BA

SU8BASIN RUNOFF DATA

SUBBASIN CHARACTERISTICS
TAREA .10 SUBBASIN AREA

PRECIPITATION DATA

9 PB STOM 1.88 BASIN TOTAL PRECIPITATION

t Pi INCREMENTAL PRECIPITATION PATTERN 
.00 .00 .00 .00 .00
.00 .00 .00 .00 .00
.00 .00 .00 .00 .00
.00 .00 .00 .00 .00
.00 .00 .00 .00 .00
.00 .00 .00 .00 .00
.00 .00 .00 .00 .00
.00 .00 .00 .00 .00

.00 .00 .00 .00 .00
.00 .00 .00 .00 .00
.00 .00 .00 .00 .00
.00 .00 .00 .00 .00
.00 .00 .00 .00 .00
.00 .00 .00 .00 .00
.00 .00 .00 .00 .00
.00 .00 .00 .00 .00



* il s s~~~~~~~~~~~~~~~- - -ra

.00* 00

.00

.00

.00

.04

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.V

.00

.00

.00

.00

.08
.01
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00

.22
90.00

.00

.00 .00 .00

.00 .00 .00

.00 .00 .00

.00 .00 .00

.00 .01 .01

.13 .32 .18

.01 .01 .01

.00 .00 .00

.00 .00 .00
.00 .00 .00
.00 .00 .00
.00 .00 .00
.00 .00 .00
.00 .00 .00
.00 .00 .00
.00 .00 .00
.00 .00 .00
.00 .00 .00
.00 .00 .00
.00 .00 .00

INITIAL ABSTRACTION
CURVE NUKBER
PERCENT IPERVIOUS AREA

.00
.00
.00
.00
.01
.OB

, 01
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00

.00

.00

.00

.00

.01

.08

.00

.00

.00

.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00

.00

.00

.00
.00
.01
.04
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00

.00
.00
.00
.00
.04
.04
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00

.00

.00

.00

.00

.04

.04

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

44

39 LS

40 UD

SCS LOSS RATE
STRTL
CRYNBR
RTIMP

&.,ybt7 eZ44 ytfdeco826e

6r,,- -0--, '

SCS DIKENSIONLESS UNITGRAPH
TLAS .22 LAS

tM

SANIN6 *** TIME INTERVAL IS GREATER THAN .29#LAS

* UNIT YORO6RAPH
1 END-OF-PERIOD ORDINATES

105. 60. 37.
0.

39. 133.
5. 3.

f*

184. 163.
2. 1.

ttt

22. 13. 8.

§hf ft 4*4

NYDRORAPH AT STATION I

TOTAL RAINFALL 1.88. TOTAL LOSS 3 .E9, TOTAL EXCESS .99

PEAK FLOW TIME MAXIMUM AVERAGE FLOM
24-HR 72-HR6-HR 23.92-HR

4 ICFS)

+ 74.

(HR)

12.25
ICFS)

(INCHES)
(AC-FT)

9.
.948

5.

3.

5.

3.
.986
5.

3.
.96

5.
\1 - 6 ItS *' K I A.

- Sa (. f~t 't

(O4 gL trtS

CUMULATIVE AREA .10 5Q RI

4 1 o 4f O* 4 1*4 **4 w*4 t i4 * 4 * 444 444 4 4 off 4 4 4 4 * 44 4 4 4* 4 4 4f4 4 4 * 4 4* 4 44 u* 4 4 *4* 41 444 #*4 4

fifffiff *ff

4 t

41 K t 2 * RETENTION BASIN
t t

E -' . ; . t->,,,, r - ^+, .- ...:F:, T.;........... , 7 



HYDROGRAPH ROUTING DATA

STORAGE ROUTING
NSTPS

ITYP
RSVRIC

I

I NUMBER OF SUSREACHES
ELEV TYPE OF INITIAL CONDITION

4079.00 INITIAL CONDITION
.00 WORKING R AND D COEFFICIENT

(JA'74 A/41dt.reV 8f-dAlle

43 SA

44 SE

45 SS

AREA .9 .9

ELEVATION 4079.00 4081.00

SPILLWAY
CREL 4079.00 SPILWAY CREST ELEVATION
SPNID 25.00 SPILLWAY IDTH
COv 2.90 WEIR COEFFICIENT
EXPW 1.50 EXPONENT OF HEAD

CMPUTED STORASE-ELEYATION DATA

STORAGE
ELEVATION

.00
4079.00

1.67
4081.00

COMPUTED OUTFLOW-ELEVATION DATA

OUTFLOW
ELEVATION

.00
4079.00

.00
4079.00

.03
4079.01

.27 -. 92 2.18
4079.02 4079.06 4079.10

4.24
4079.15

7.33
4079.22

11.65
4079.30

17.38
4079.40

OUTFLOY 24.15 33.94 4S.18 58.b7 74.59 9 .17 114.58 139.06 166.79 197.9i
ELEVnTION 4079.50 4079.62 4079.75 4079.89 4080.04 4090.21 4080.39 4080.58 4090.78 4091.00

COMPUTED STORASE-OUTFLOM-ELEVATION DATA

STORAGE
OUTFLOW

ELEVATION

STORAGE
OUTFLOW

ELEVATION

411

.00

.00
4079.00

.61
45.18

4079.75

441

.02

.27
4079.02

.73
58.67

4079.89

.04

.92
4079.06

.85
74.59

4080.04

.08
2.18

4079.10

1.00
93.17

4080.21

.12
- 4.24

4079.15

1.15
114.58

4080.39

.16
7.33

4079.22

1.31
139.06
4090.58

.24
11.65

4079.30

1.49
166.7q

4080.78

.32
17.38

4079.40

.40
24.75

4079.50

.50
33.94

4079.62

1.67
197.99

4081.00

411t if MI

HYDROgRAPH AT STATION 2

PEAY. FLOW TIME MAXIMUM AVERAGE FLOW
24-HR 72-NR6-ffR 23.q2-HR

+ (CFS) (tR)
lCFS)

65. 12.33
(INCHES)

(AC-FT)

9.
.843

4.

3.
.977
5.

3.
.977

S.

3.
.977

5.

PEAK STORAGE TIME

\,~ (AC-FT) CHRI
1. 12.33

MAXIMUM AVERAGE STORAGE
24-HR 72-HR6-HR

O. 0. 0.

23.92-HR

0.

23.92-HR
PEAK STAGE TIME MAXIMUM AVERAGE STAGE

24-HR 72-HR
+ (FEETI (HRI

079.95 12.33 4079.21 4079.07 4079.07 4079.07
_-- ---- d - . - , A d A t- .'. :- as in .-- : re -'-



CUMULATIVE AREA ..10 so xi
efr17dA/c~d&&v #6' -

RUNOFF SUMMARY
FLOW IN CUBIC FEET PER SECOND

TIRE IN HOURS, AREA IN SQUARE ILES

PEAK TIME OF AVERAGE FLOW FOR NAXINW PERIOD
STATION FLOW PEAK

"OUR 24-HOUR 72-HOUR

Aur 7- W-i- d7

BASIN MAXIMUM TIRE OF
AREA STAGE KAI STAGEOPERATION

HYDROGRAPH AT
1 74. 12.25 9. 3. 3. .10

ROUTED TO
2 &5. 12.33 9. 3. 3. .10 E 123

1 4079.95 12.3t

i** NORMAL END OF HEC-1 *f

.f
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Feature
Item -

MORRISON-KNUDSEN ENGINEERS, INC.
9 M WAXY

b,& h 8 f,?cl
'et.( hodtw''+T4.&d

Sheet fo/4
Contract No. File No.FileNo.
Designed M t G Date _o____6_ 4
Checked Dateo

Q

ri, f,-, -I s .Mt 4
TABLE 4.10. (contnued)

Single Axles, pe - 2.5

Axd D-Slab Thickness (in.)
Load
(kips) 6 7 8 9 10 11

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 0.01 0.01 0.01 0.01 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 0.34 0.34 0.34
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 1.53 1.52. 1.55 1.57 1.58 3.58
22 2.21 2.20 2.28 2.34 2.38 2.40
24 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 8.16 7.67 7.79 8.28 8.79 9.14
32 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 16.41 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 A.xles, p-2.5

Axle D-Slab Thickness (in.)
Load
(kips) 6 7 8 9 10 11

10 0.01 0.01 0.01 0.01 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 0.44 0.44
26 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 1.11 1.12 1.13 1.14 1.14 1.14
32 1.43 1.44 1.47 1.49 3.50 1.53
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 3.12 3.16
40 3.52 3.42 3.55 3. 74 3.87 3.94
42 4.32 4.16 4.30 4.55 4.74 4.86
44 5.26 5A7 5.16 5.48 5.75 5.92
46 6.36 6.01 6.14 6.53 6.90 7.14
48 7.64 7.16 7.27 7.73 8.21 8.55
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TABLE 17.1. Stress Rutffs Altowable Leed RepHttIans-

Stress ' Allowable Stress Allowable
Ratio Repetition Ratio Repetition

0.5I 400,000 0.69 2,500
0.52 300,000 0.70 2,000
0.53 240,000 0.71 1,500

0.54 180,000 0.72 1,100
0.55 130.000 0.73 850
0.56 100,000 0.74 650

0.57 75,000 0.75 490
0.58 57,000 0.76 360
0.59 42,000 0.77 270

0.60, 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 Prtland Ccment Association.
b Load stress divided by nodulus of rupture.

Unlimited repetitions fir stress ratios of 0.50 or less.
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igu 17.3. Design chart for tandem-axle truck loads. (From Portland Cement Association.)

Fisv t 1 )

( r/, 4 i T.V, L P *e S)



ro MORRISON-KNUDSEN ENGINEERS, INC.
Project AltW.tW OMAN

Feature DI ' °A h
Item T'CP vo rAo,4 i_

a

Sheet _ Io/4
Contract No. 5sl- OS File No.
Designed. k56 Date b-lk- P7?
Checked , c Date ,-6<F

- SQIC4 5-(qe.s" 'Ai84CAUI't

\'N -L ( rA- 4 . . 1 , .P . 1)

in t,

( '- le stee) o ea Il
pI .J( -_a~ wcdL.

S5\^At .*,16 .;

IN

1L � ckx� C '� S'ka'� 'A' VI r: , i t %- (XeA

Z- \4 w (A s u-\ es ~r.Is (S'1)

IL

- 7)0,;

= I 3I 
= %h's 0.3 S;

rsff -- 12.5 1 (1

( r = )



Project
Feature
Item -

MORRISON-KNUDSEN ENGINEERS, INC.
a MUE0 KNUCENCOPANY

I :1?112 Q cc J\ W~~~~~~~~~~~~

Sheet 1i /14
Contract No. 50l1- 0 T File No.
Designed s C- Date 10 ' 957
Checked . aDate ,- -7

A -
(l2 (43 co h

0oo36 t

U (uAJCac Vwa C (o 00 4 I rV"- / A f Ura~l 

4 I] -C V ft i1V ' s "to 0 ( jID Nt 's"l\t of e u" so9- 

Is



MORRISON-KNUDSEN ENGINEERS, INC.
A MOqRISpy KNUDSEN COMPANY

Project
Sheet IL 14

Contract No. S°7-0 S File No.
Designed 3( Date o % - 7
Checked / - Date /'-Kf - 7Item

- i'i 'E. lS.i fs

,,. wE LL

C r COA~vt .;k^ tu^s

Wk _ 'SW 0'v"J tW. ~
LOCVA WOU.

E 3 10' Fs,

kj 0.11
Ak -ZL Oh C;l

\i - QJ4U,,,, ./-C

- I

- (3m O'� (6) 3 Ir, - -.- 1 /4

\-1.. Q - -1 5" C-0)� '

.I

1= Z.13 ( 4 A )

I. eQ - 4 .1

I 5 V K °7e \0 0 J *Mte b5 .

.'. I NC AA.~ ; ' t caLJ 0 #A Ci e u11 

Acuofs4 oc ris i 's I

i ~ i~j ( 14.-'- )-
't-3. 3,b7

N\.1.f 14A L\W -Lk -- -

^A \ :' s .; 

% -L f L \ I 0 

I. 1

4



MORRISON-KNUDSEN ENGINEERS, INC.
Project T . COMPANY
Feature I - r 't c CJ
Item PC P ve A t-, 

1.. 414-l 

[t' f+ vte ,- e-- 

Sheet 131/ 4
Contract No. 6t- S' File No.
Designed -K )( Date AtI- FSI
Checked -, h , Date &/- K -e

1-b 01 +v A% t 0 3

or QJ1 C
, t

'I.ItI

* = 1s t% I S

* 7- 2A '1 , 

f . .'

p : j~ 31* (' I

V.mt

V, : dou.LA0 'O&OdACi (

C = -~ ,, k;tttc AJ(V

,!%O pt 001S

T A.vWk 'r.Xc VV4J c, k +;(

as :, 
t~ 'r S f-10L r*,

V - 1Y. D f:.

: 3
' : IfT ir "/A : '3 4

- . %0'°)(, - ) A /
1C L m \;/655

( -:'r) "/ � " 4

- 0,11A i -1



Project 
Feature
Itm

MORlSON-KNUDSEN ENGINEERS, INC.
A MORRIS&pN KNUDOSEN COMPNY

pve+ I. a #"-f
¶.( ej

_AL)vL jL -^d B

Sheet l4/1 4
Contract No. $ File No.
Designed - - Date 10- t (c-'7
Checked { e Date eeC

, .X,,,, 
. _ .

.

Q

."I 

W% A4E
( 2-* � Z) (' A ) ft? I,)

-4 = )IDJ pflh

Q *1. Z wT v -. TC.S

4 (.1ll14) ZiJOvo)(-04 J) J

0.00

I
-OL'- AMIJ ABC".,$$,) PA-l"e'UsA.

T K�%I
".( Ao(o e. to-cfa*e

'.) N' 17)

(v ' v 1)(ZSoI 6)

= .516 ,r

- AOWCA * 1W t-1 .u S"Ad J. AC( - *. CO&A vk

-PIC
(Lb f .C (rJ 4} I`&

iL fore UM "' I- I f 7I 4_'
(1s3 ) Z6.6 rSf

._ U t' S" SW .16 dJ-V CZ k v' s;C ,.

Itm S c- 4- '''^

wk\ et zbbo 1.,S4

(~ *for k~tN . d4 wt-- / V
,. / T 5.m-) 


