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Summary of Stability Analises
Gaillard Cut - East Bank

: _ . . - Factor of Safety o _ _
Case1 | Case2 | Case3 |Cased.1{Cased.2| Case5 | Case6 |[Case7.1|Case7.2| Cases
Station Representative Stations > E § % % - -g‘ g E %; -E' 3 —_ -5’ g E
= s E > g z 3 o 2 o > 2 g 3 3 Q E
L = Ng |259| B¢ ) NEg |52 B2 g
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Y] o Y] & o o ©
51k + 328 E (1684 + 00) 50k + 780 to 52k + 060 | 2925 | 2883 | 2828 | 2727 | 2727 | 2776 | 2687 | 2523 | 2523 | 2479
53k + 371 E (1751 + 00) - 52k + 060 to 53k +550 | -1.508 | 1496 | 1.457 | 1.433 | 1.433 1439 | 1.396 1.362 1.362 1.346
53k + 950 E (1770 + 04) 53k + 550 to 54k +880 { 1.345 | 1.330 | 1272 | 1.195 1.195 1.221 1.147 1.056 1.212 1.021
56k + 280 E (1813 + 65) 54k + 880 to 55k +400 | 1.038 | 1.021 1.000 | 0.985 1.065 | 0976 | 0947 | 0914 1.034 | 0.908
55k + 830 E (1831 + 70) 55k + 400 to 56k + 000 | 0.991 0988 | 0970 | 0958 | 0996 | 0.961 0.947 | 0917 | 0990 | 0917
56k + 460 E (1852 + 36) (a) 56k + 000 to 56k + 560 | 0.921 0019 | 0892 | 0.861 0912 | 0875 | 0843 | 0789 { 0913 | 0784
56k + 460 E (1852 + 36) (b) 56k + 000 to 56k +560 | 1.001 | 1.090 | 1077 | 1.020 | {1.061 1054 | 1.029 | 0944 | 1.050 | 0936
57k + 060 E (1872 + 00) (a) 56k + 560 to 57k + 160 | 1.343 | 1343 | 1.322 | 1.304 | 1.304 | 1.311 1.276 1.228 1228 | 1.227
57k + 060 E (1872 + 00) (b) 56k + 560 to 57k + 160 | 1.291 1.288 1.274 | 1.271 1.271 1269 | 1.254 1234 | 1.234 1.230
57k + 270 E (1878 + 93) 57k + 160 to 57k+320 | 2996 | 2982 | 2957 | 2927 | 2927 | 2927 | 2864 | 2763 | 2763 | 2.754
57k + 635 E (1890 + H) 57k + 320 to 57k +675 | 1.290 1.289 1.281 1.271 1.271 1.280 1.248 1.225 1.225 1.223
58k + 035 E (1904 + 00) 57k + 675 to 58k +295 | 1.001 0992 | 0962 | 0.861 0996 | 0950 | 0923 | 0795 | 1006 | 0772
58k + 520 E {1920 + 00} 58k + 295 to 59k + 600 | 1.054 1.053 1.048 | 1.046 | 1.046 1.047 1.045 1.041 1.125 1.041
59k + 668 E {1957 + 61) 59k + 600 to 50k +800 | 0.931 0.931 0928 | 0027 | 1036 | 0928 | 0926 | 0.922 1,085 | 0922
59k + 918 E {1966 + 00) 59k + 800 to 60k + 050 | 1.345 1.345 1.340 1.333 | 1.333 1.340 | 1.332 1.324 1.324 1.324
B0k + 244 E (1976 + 50) 60k + 050 to 60k + 355 | 1.051 1.051 1.047 | 1.045 1.045 1.047 | 1.043 1.039 1.063 | 1.039
B0k + 412 E (1982 + 00) (a) 60k + 355 to 60k +500 | 1.199 | 1199 | 1.186 | 1.176 N/A 1.186 | 1.173 1.161 N/A 1.160
B0k + 412 E (1982 + 00) (b) B0k + 355 to 60k + 500 | 0.845 | 0.831 0.802 | 0.737 N/A 0778 | 0.754 | 0676 N/A 0.541
60k + 412 E (1982 + 00) (c}) 60k + 355 to B0k +500 | 0.794 | 0794 | 0793 | 0.634 N/A 0.753 | 0.717 | 0.588 N/A 0.588
60k + 594 E (1988 + 00) (a) 60k + 500 to 60k +695 { 1.040 .| 1.048 | 1.045 |. 1.033 | 1.268 1.044 | 1.044 1.025 | 1.265 1.025
B0k + 594 E (1988 + 00) (b) 60k + 500 to 60k +695 { 1.023 | 1.014 | 0965 | 0.896 | 1022 | 0956 | 0.801 0812 | 0954 | 0785
B0k + 747 E (1993 + 00) (a) 60k + 695 to 60k +850 | 1.251 1.227 1.203 | 1.131 1.174 1.198 1.162 1.080 1.188 1.079
60k + 747 E (1993 + 00) (b} 60k + 695 to B0k +850 | 0.996 | 0987 | 0.981 0.960 1.015 | 0.981 0.936 | 0.950 1.059 | 0.938
60k + 747 E (1993 + 00} {c) 60k + 695 to 60k +850 | 1.183 | 1182 | 1172 | 1.163 1.185 1.171 1.160 1.149 1.163 1.148
61k + 720.E (2025 + 00) 61k +420 to 61k+825 | 2766 | 2765 | 2735 | 2658 | 2658 | 2735 | 2707 | 2614 | 2614 | 2612




Index
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51k + 328
53k + 371
53k + 950
55k + 280
55k + 830
56k + 460
57k + 060
57k + 270

57k + 635

58k + 035
58k + 520
59k + 668
59k + 918
60k + 244
60k + 412
60k + 594
60k + 747
61k + 720



station 51k + 328 (1684 + 00)

m‘
East



Station: 51k + 328 (Chagres)

m
April 16, 2002




Case 1, Channel bottom = 32 ft
e e

Description. Channel Deepening
Comments: East Bank 51K+328 - Channel Bottom = 32 ft (case 1)
File Name: 51K328 _1siz

Last Saved Date: 4/10/02

Last Saved Time: 8:18:36 AM

Analysis Method: Morgenstem-Price
Direction of Slip Movemnent: Right to Left
Slip Surface Option: Grid and Radius

P W . Option: Piezometric lines with Ru
Tension Crack Option: Tension Crack Line
Seismic Coefficient: {none)
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Elevation (m PLD)
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Case 2, Channel bottom = 27 ft, Blasted material only
——— e e

Description: Channel Deepening
Comments: East Bank 51K+328 - Channel Bottom = 27 ft blasted material only (case 2)
Fite Name: 51K328_2 slz

Last Saved Date: 4/10/02

Last Saved Time: 8:24:04 AM

Analysis Method: Morgenstern-Price
Direction of Slip Movement: Right to Left
Slip Surface Option: Gnd and Radius
PYVYP Option: Piezometric lines with Ru
Tension Crack Option: Tension Crack Line
Seismic Coefficient (none)
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Elevation (m PLD)
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Case 3, Channel bottom = 27 ft, Blasted & removed

m

Description: Channel Deepening
Comments: East Bank 51K+328 - Channel Bottom = 27 ft blasted & removed (case 3
File Name: 51K328 3 slz

Last Saved Date: 4110402

Last Saved Time: 8:27:58 AM

Analysis Method: Morgenstern-Price
Direction of Slip Movement: Right to Left
Slip Surface Option: Grid and Radius

P WP Option Piezometric lines with Ru
Tension Crack Option: Tension Crack Line
Seismic Coefficient (none)
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Case 4.1, Channel bottom = 27 ft, Design (underwater slope)
———— e

Description: Channel Deepening
Comments: East Bank 51K+328 - Channel Bottom = 27 ft + design (case 4)
File Name: 51K328 4.5z

Last Saved Date: 4/10/02

Last Saved Time: 851:12 AM

Analysis Mathod: Morgenstern-Price
Direction of Slip Movement: Right to Left
Slip Surface Option: Grid and Radius
FW.P. Option: Piezometric ines with Ru
Tension Crack Option; Tension Crack Line
Seismic Coefficient (none)
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Case 5, Channel bottom = 22 ft, Blasted material only

M

Description: Channel Deepening
Comments: East Bank 51K+328 - Channel Bottom = 22 ft blasted material only {case 5)
File Name; 51K328_5.slz

Last Saved Date: 4/10/02

Last Saved Time: 8:32:15 AM

Anaiysis Method: Morgenstem-Price
Direction of Slip Movement: Right to Left
Slip Surface Option: Grid and Radius

P W P. Opton: Piezometric lines with Ru
Tension Crack Qption: Tension Crack Line
Seismic Coefficient {none)
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Case 6, Channel bottom = 22 ft, Blasted & removed
———————

Descripton: Channel Deepening
Comments: East Bank 51K+328 - Channel Bottom = 22 ft blasted & removed (case 6)
File Name: 51K328 6.siz

Last Saved Date: 4/10/02

Last Saved Time: 834:47 AM

Analysis Method: Morgenstern-Price
Direction of Slip Movement: Right to Left
Slip Surface Option: Grid and Radius

P W P. Option: Piezometric lines with Ru
Tension Crack Option: Tension Crack Line
Seismic Coefficient: (none)
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Case 7.1, Channel bottom = 27 ft, Design (underwater slope)
————— e

Elevation {(m PLD)

Description. Channel Deepening
Comments: East Bank 51K+328 - Channel Bottom = 22 ft + design {case 7
File Name: 51K328_7 slz

Last Saved Date: 4/10/02

Last Saved Time: 8:53:37 AM

Analysis Method: Margenstern-Price
Direction of Slip Movement: Right to Left
Slip Surface Option: Grid and Radius

P W P. Cption: Piezometric lines with Ru
Tension Crack Option: Tension Crack Line
Seismic Coefficient: (none)
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Case 8, Channel bottom = 16 ft, Blasted
——————

Description: Channel Deepening
Comments: East Bank 51K+328 - Channel Bottom = 22 ft + design + blasted 16 ft {case 8)
File Name: 51K328 8siz

Last Saved Date: 4/10/02

Last Saved Time: 9:10:06 AM

Analysis Method: Morgenstern-Price
Direction of Slip Movement: Right to Left
Slip Surface Option: Grid and Radius
P\ P Option: Piezometric lines with Ru
Tension Crack Option: Tension Crack Line
Seismic Coefficient: (none)
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Elevation (m PLD)

-260 -210 -160 -110 -E0 -10 40 g0 140 190 240 290 340 390 440

Horizontal Distance (m)




Summary, 51k + 328 (1684 + 00)

m

General Description

Range of stations:

50k + 780 to 52k + 060

Sector:

Chagres

Maxirnum height {m):

40

Cotangent of slope angle (cot. B):

—

Geology

2.5

Formation: Bas Obispo
Lithology: Aggomerate _
Critical stratum at toe: Agglomeré_te
Apparent dip of bedding: Not defined

Stability Analysis

Critical failure mechanism:

Rotational with tension crack in owerburden

Shear strength model:

First time Bas Obispo

Operative average _ _
- Pore pressure | 'F'_actor of  |Relative Factor P'ercehtage of
rate o Safety of Safety Change (%)
(aproximate), | . - -

Case 1: Channef bottom = 32 ft 2.925 1.000 0.00
Case 2: Channel bottom = 27 ft, Blasted material only 2.883 0.986 -1.44
Case 3: Channel bottom = 27 ft, Blasted & remowed 2.828 0.967 -3.32
Case 4.1: Channel bottom = 27 ft, Design {underwater slope) . 2.727 0.932 6.77
Case 4.2: Channel bottom = 27 #t, Design (& dry excavation) 2.727 0.932 -6.77
Case 5: Channel bottom = 22 ft, Blasted material only 2.776 0.949 -5.09
Case 6: Channel bottom = 22 fi, Blasted & removed 2.687 0.919 -8.14
Case 7.1: Channel bottom = 22 #, Design {underwater slope) 2.523 0.863 -13.74
Case 7.2: Channel bottom = 22 ft, Design (& dry excavation) 2523 0.863 -13.74
Case 8: Channel bottom = 16 ft, Blasted 2.479 0.848 -15.25
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station 53k + 371 (1751 + 00)

East



Station: 53k + 371 (Sardinilla)

R ==,

April 16, 2002




Case 1, Channel bottom = 32 ft

Elevation {(m PLD)

180

160

Description: Channel Deepening

Comments: East Bank 53K+371 - Channel Bottom = 32 ft (case 1)

File Name: 53K371 _1slz

Last Saved Date: 4/10/02

Last Saved Time: 10:01:16 Al

Analysts Method: Morgenstern-Frice
Direction of Slip Movement: Right to Left
Slip Surface Option: Grid and Radius
PW P Option: Piezometric lines with Ru
Tension Crack Opticn: (none)

Seismic Coefficient (none)

140 —

120 —

100 —

g6 —

-260

-210 -160 -110 -60

* H
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Case 2, Channel bottom = 27 ft, Blasted material only

Description: Channel Deepening
Comments: East Bank 53K+371 - Channel Bottom = 27 ft  blasted material only (case 2)
File Name: 53K371_2slz

lLast Saved Date: 4/10/02

Last Saved Time: 8.52:253 AM

Analysis Method: Morgenstem-Price
Direction of Slip Movement Right to Left
Slip Surface Option: Grid and Radius
FW.P. Option: Piezometric lines with Ru
Tension Crack Option: (none)

Seismic Coeffictent. (none)
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Case 3, Channel bottom = 27 ft, Blasted & removed

Description: Channef Degpening
Comments: East Bank 53kK+371 - Channel Bottom = 27 ft  blasted & removed (case 3)
File Name: 53K371_3siz

Last Saved Date: 4/10/02

Last Saved Time: 9:55:56 AM

Analysis Method: Morgenstern-Frice
Direction of Slip Movement: Right to Left
Slip Surface Option: Grid and Radius

P WP, Option: Piezometric lines with Ru
Tension Crack Option: (none)

Seismic Coefficient (none)
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Case 4, Channel bottom = 27 ft, Design (underwater slope)

M

Description: Channel Deepening
Comments: East Bank 53K+371 - Channel Bottom = 27 ft + design (case 4)
File Name: 53371 _4 slz

Last Saved Date: 4/10/02

Last Saved Time: 10:07:55 AM

Analysis Method: Morgenstern-Price
Direction of Slip Movement: Right to Left
Slip Surface Option: Grid and Radius

P W.P. Option: Piezometric lines with Ru
Tension Crack Option: (none)

Seismic Coefficient (none)

180 — .
. o

RN
160 |— (R

4
140 +— . |

LT
120 — 1433 1)) /. Description: Las Cascadas (Agal)

& f (‘ ;. /L Sall Madel: ShearMormal Fn.
10— ‘ ) fo J /ﬂ Unit weight. 22
L "'x' 4{; / ShearMormal Fn. & 4

o0 *'r’ f‘*”"'.»' 45;,? Plezometric Line #: 1 k
[=01] i /,.’ {Q/’) "f‘/f”"l \j

40w

Elevation {m PLD)

-20

-40 |

6o L BN L : 5
-260 -210 -160 -110 -60 -10 40 1] 140 190 240 290 340 390 440

Horizontal Distance (m)




Case 5, Channel bottom = 22 ft, Blasted material only

Elevation (m PLD)
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Description: Channef Deepening

Comments: East Bank 53K+371 - Channel Bottom = 22 ft blasted material only (case 5)

File Name: 53K371_5slz

Last Saved Date: 4/10/02

Last Saved Time: 9:56:41 AM

Analysis Method: Morgenstern-Price
Direction of Slip Movement: Right to Left
Slip Surface Option: Grid and Radius

F W Option: Piezometric lines with Ru
Tension Crack Option: {(none)

Seismic Coefficent (none)

Piezometric Line #: 1
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- H ] E 'c‘( * .j
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Case 6, Channel bottom = 22 ft, Blasted & removed

m

Description. Channel Deepening
Comments: East Bank 53K+371 - Channel Bottom = 22 ft  blasted & removed {case B)
File Name: 53K371 _6slz

Last Saved Date: 4/10/02

Last Saved Time: 10:00:13 AM

Analysis Method: Morgenstern-Price
Direction of Sltip Movement: Right to Left
Slip Surface Option: Grid and Radius

P WP, Option: Piezometric lines with Ru
Tension Crack Option: (none)

Seismic Coefficient (none)
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Case /7, Channel bottom = 27 ft, Design (underwater slope)

“

Description. Channel Deepening
Comments: East Bank 53K+371 - Channel Bottom = 22 ft + design (case 7)
File Name: 53K271_7 slz

Last Saved Date: 4/10/02

Last Saved Time: 10:12:58 Ak

Analysis Method: Morgenstern-Price
Direction of Slip Movement: Right to Left
Shp Surface Cption: Grid and Radius
PW.P. Cption: Piezometric lines with Ru
Tension Crack Option: (none)

Seismic Coefficient (nong)
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Case 8, Channel bottom = 16 ft, Blasted

Description. Channel Deepening
Comments: East Bank 53K+371 - Channel Bottom = 22 ft + design + blasted 16 ft (case 8)
File Name: 53K371_8siz

Last Saved Date: 4/10/02

Last Saved Time: 10:35:03 AM

Analysis Method: Morgenstern-Price
Direction of Slip Moverment: Right to Left
Slip Surface Option: Grid and Radius
FWP. Option: Piezometric fines with Ru
Tension Crack Option: (none)

Seismic Coefficient: (none)

Elevation (m PLD)
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Summary, 53k + 371 (1751 + 00)

“

General Description

Range of stations:

52k + 060 to 53k + 550

Sector:

Sardinilla

Maximum height {m):

45

Cotangent of slope angle (cot. B):

Geology

3.3

Formation: Las Cascadas
Lithology: Agglomerate / Tuff
Critical stratum at toe: Tuf

Apparent dip of bedding:

Toward the Canal

Stability Analysis

Critical failure mechanism:

Translational along weak plane

Shear strength model:

Weak plane fully softened, tuff / First time aggiomerate

Operative average ' L
2 pore_rp;rt?s.§g ® B Factor of | Relative Facto_r. -Pe_rcér_\tage of
( aproxirhate),_ Safety of 'Safgty -1 Change (%)
= RBu 5 N
Case 1. Channel bottom = 32 ft 1.508 1.000 0.00
Case 2: Channel bottom = 27 ft, Blasted material only 1.496 0.992 -0.80
Case 3: Channel bottom = 27 ft, Blasted & remowed 1.457 0.966 -3.38
Case 4.1: Channel bottom = 27 ft, Design (underwater slope) - 1.433 0.950 -4.97
Case 4.2: Channel bottom = 27 ft, Design (& dry excavation) 1.433 0.950 -4.97
Case 5: Channel bottom = 22 ft, Blasted material only 1.439 0.954 -4.58
Case 6: Channel bottom = 22 ft, Blasted & removed 1.396 0.926 -7.43
Case 7.1: Channel bottom = 22 ft, Design (underwater slopa) 1.362 0.903 -9.68
Case 7.2: Channel bottom = 22 ft, Design (& dry excavation) 1.362 0.903 -9.68
Case 8. Channel bottom = 16 ft, Blasted 1.346 0.893 -10.74
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station 53k + 950 (1770 + 04)

East



Station: 53k + 950 (Sardinilla)

m
April 16, 2002




Case 1, Channel bottom = 32 ft

M

Description: Channel Deepening
Comments: East Bank 53K+950 - Channel Bottom = 32 ft (case 1)
File Name: 53K950_1 slz

Last Saved Date: 4/9/02

Last Saved Time: 9:32:06 AM

Analysis Method: Morgenstern-Price
Direction of Slip Movement: Right to Left
Slip Surface Option: Grid and Radius

P WP Option: Piezometric lines with Ru
Tension Crack Option: (none)

Seismic Coefficient: (none)

180 —
160 |—
140 |
120 |— .{1
NP R
100 - ’.‘1% f:/.ﬂ
1 - Q'E“h
&80 b 'y !;’ "
Y T2 Pk

Description: Las Cascadsas (Aggl)
Soil Model, ShearMNormal Fn.

Unit Weight: 22

ShearMormal Fn. & 4
Piezametric Line #; 1

Elevation {m PLD)

-260 =210 -160 -110 -60 -10 40 a0 140

Horizontal Distance (m)

190 240 290 340 390

440




Case 2, Channel bottom = 27 ft, Blasted material only
————————— e

Description: Channel Deepening
Comments: East Bank 53K+350 - Channel Bottom = 27 ft blasted material only (case 2)
File Name: 53K950_2 siz

Last Saved Date: 4/9/02

Last Saved Time: 9:33:34 AM

Analysis Method: Morgenstern-Price
Direction of Slip Movement, Right to Left
Slip Surface Option: Grid and Radius
P P Option: Piezometric lines with Ru
Tension Crack Option: (none)

Setsmic Coefficient (none)

180 —

160 [—

140 —
— 120 = Description: Las Cascadas [Aggl)
Q0 Soil Model: ShearMormatl Fri.
— 100 — Unit Wight: 22
o 80— Description; Las Cascadas (Aggh ShearMormai Fr. & 4
E Saill Model: ShearMormal Fn. Piezometric Line # 1 k
— gn L Untweight: 22 !
= ShearMormal Fn. & 6
._g 40 pM— Piezometric Line #; 1
1]
L 0

220

-40

260 210 160 110 -60 A0 40 a0 149 180 240 200 240 390 440

Horizontal Distance (m)




Case 3, Channel bottom = 27 ft, Blasted & removed
—————— e

Description: Channel Deepening
Comments: East Bank 53K+350 - Channel Bottom = 27 ft blasted & removed (case 3)
File Name: 53K850 3 slz

Last Saved Date: 4/9/02

Last Saved Time: 9:36:16 AM

Analysis Method: Morgenstern-Price
Birection of Slip Movement: Right to Left
Slip Surface Option: Grid and Radius
PW P Option: Piezometric lines with Ru
Tension Crack Option: {none)

Seismic Coefficient (none)
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160 —
140 |—
— 120 |— Cescription: Las Cazcadas (Aggl
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wd 100 — Unit veight: 22
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o
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Case 4, Channel bottom = 27 ft, Design (underwater slope)
—————

1&0

160

140

120

—_
2
o

Elevation (m PLD)

Description: Channel Deepening
Comments: East Bank 53K+950 - Channel Bottormn = 27 ft + design {case 4)
File Name: 53K3850_4 slz

Last Saved Date: 4/9/02

Last Saved Time: 9:58:30 AM

Analysis Method: Morgenstern-Price
Direction of Slip Movement: Right to Left
Slip Surface Option: Gnd and Radius

P WP Option: Piezometric lines with Ru
Tension Crack Option: {none)

Seismic Coefficient: (none)

Description: Laz Cascadas (Aggl)
Soil Madel: ShearMormal Fri.

Linit Wigight: 22

ShearMNormal Fn. & 4
Piezometric Line #: 1

-

=260 =210 -160 -110 -60 -10 40 a0 140

Horizontal Distance (m)

190

240

290 340 350

440




Case 5, Channel bottom = 22 ft, Blasted material only
——————

Description: Channel Deepening
Comments: East Bank 53K+950 - Channel Bottom = 22 ft blasted material only (case 5)
File Name: 53K950 5.z

Last Saved Date: 4/9/02

Last Saved Time: 9:39:36 AM

Analysis Method: Morgenstern-Price
Direction of Slip Movement: Right to Left
Slip Surface Option: Grid and Radius
FWP. Option Piezometric lines with Ru
Tension Crack Option: {none)

Seismic Coefficient: {nong)
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Case 6, Channel bottom = 22 ft, Blasted & removed
—————————————

Description: Channel Deepening
Comments: East Bank 53K+950 - Channel Bottom = 22 ft  blasted & removed (case B)
File Name: 53K9850 B slz

L ast Saved Date: 4/9/02

Last Saved Time: 341:14 AM

Analysis Method: Morgenstern-Price
Direction of Slip Movement: Right to Left
Slip Surface COption: Grid and Radius

P ¥V . Option: Piezometric lines with Ru
Tension Crack Option: {(none)

Seismic Coefficient: {none)
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Case 7.1, Channel bottom = 27 ft, Design (underwater slope)
——— e

Description: Channel Deepening
Comments: East Bank 53K+950 - Channel Bottom = 22 ft + design (case 7)
File Name: 53K350_7 slz

Last Saved Date: 4/9/02

Last Saved Time: 11:00:19 AM

Analysis Method: Morgenstern-Price
Direction of Slip Movement: Right to Lefi
Slip Surface Option: Grid and Radius

P W F. Option: Piezometric lines with Ru
Tension Crack Option: (none)

Seismic Coefficient (none)

180 —
160 |—
140 —
120 — Dezcription: Las Cascadas (Aggh
Soil Model: ShearMormal Fn.
100 |— Unit Wweight: 22
- ShearMormal Fn. #: 4

Piezometric Line #: 1

Elevation (m PLD)
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Case 7.2, Channel bottom = 27 ft, Design (& dry excavation)
——— e

Elevation (m PLD)

180

180

140

120

100

an

Description: Channel Deepening
Comments: East Bank 53K+950 - Channel Bottom = 22 ft + design (case 7}
File Name: 53K950 Teslz

Last Saved Date: 4/9/02

Last Saved Time: 12:03.00 PM

Analysis Method: Morgenstern-Price
Direction of Slip Movement: Right to Left
Slip Surface Option: Grid and Radius
PWP. Option: Piezometric lines with Ru
Tension Crack Option: (none)

Seismic Coefficient: {none)

— Description: Las Cascadas (Aggl)
Soil Madel: ShearMNarmal Fr.

— Linit Weight. 22

ShearMNormal Fn. # 4
Piezometric Line & 1

-260 -210 -160 -110 -B80 -10 40 90 140 190 240 2490 340 340

Horizontal Distance (m)

440




Case 8, Channel bottom = 16 ft, Blasted
—————

Lescription: Channel Deepening
Comments: East Bank 53K+950 - Channel Bottorn = 22 ft + design + blasted 16 ft (case 8)
File Mame: 53K950 8siz

Last Saved Date: 4/9/02

Last Saved Time: 2:43:05 PM

Analysis Method: Morgenstern-Price
Cirection of Slip Movement: Right to Left
Slip Surface Option: Grid and Radius
PW.P. Option: Piezometric lines with Ru
Tension Crack Option: (none}

Seismic Cosfficient: (none)
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Summary, 53k + 950 (1770 + 04)
———————

General Description |Range of stations: X 53k + 550 to 54k + 880
Sector: Sardinilla
Maximum height (m): 45
Cotangent of siope angle (cot. p): 3.6

Geology Formaticn: Las Cascadas .
Lithology: : - | ~ |Agglomerate / Tuft
Critical stratum at toe: : _ | Tutf
Apparent dip of bedding: Toward the Canal
Stability Analysis  |Critical failure mechanism: Translational along weak plane
Shear strength mode!: Weak plane, fully softened tuff / First time agglomerate
Operative average| ' '
: -.pfo:r.e r;;rtslassure | - Factorof | Relative Factor Percentagel of
(a;iroxi m étE){ ' Safety of Safety Change (%)
o Run L . '
Case 1: Channel bottom = 32 ft 0.314 1.345 1.000 0.00
Case 2: Channel bottom = 27 ft, Blasted material only - 1.330 0.989 .12
Case 3: Channel bottom = 27 #, Blasted & removed L ; " X 1.272 0.946 -5.43
Case 4.1: Channel bottom = 27 ft, Design (underwater slope) | -; gg;&;% 1.195 0.888 -11.15
Case 4.2: Channel bottom = 27 ft, Design (& dry excavation) 0.359 1.195 0.888 -11.15
Case 5: Channel bottom = 22 t, Blasted material only T 1.221 0.908 9,22
Case 6: Channe! bottom = 22 ft, Blasted & remowed 1.147 0.853 -14.72
Case 7.1: Channel bottom = 22 ft, Design (underwater slope) _ - 1.056 0.785 -21.49
Case 7.2: Channel bottom = 22 f, Design (& dry excavation) 1.212 0.901 -9.89
Case 8: Channel bottom = 16 ft, Blasted i - 1.021 0.759 24.09
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station 55k + 280 (1813 + 65)

m
East



Station: 55k + 280 (Sardinilla)

m
April 16, 2002




m

Case 1, Channel bottom = 32 ft

Elevation {(m PLD)

180

160

140

120

-
o
o

Description: Channel Deepening

Comments: East Bank 55K+280 - Channel Bottom = 32 ft (case 1)

File Name: 55K280_1 slz

Last Saved Date: 4/8/02

Last Saved Time: 24513 P

Analysis Method: Morgenstern-Price
Direction of Siip Movement: Right to Left
Slip Surface Option: Grid and Radius
PW.P. Option: Piezometric lines with Ru
Tension Crack Option: inone)

Seismic Coefficient. (none)

Description: Las Cascadas (Tuff)
Soil Modeat: ShearMormal Fry.

Unit Weight: 22

ShearMormal Fn. #: 3
Piezometric Line #: 1

-260 -210 -160 -10 -80

40 0 140

Horizontal Distance (m)

180 240 290

340

330

440




Case 2, Channel bottom = 27 ft, Blasted material only

ﬁ

Description: Channel Deepening
Comments: East Bank 55K+280 - Channel Bottor = 27 ft blasted material only (case 2)
File Name: 55K280_2 slz

Last Saved Date: 4/6/02

Last Saved Time: 2232:24 P

Analysis Method: Morgenstern-Price
Direction of Slip Movement Right to Left
Slip Surface Option: Grid and Radius
PW.P._Option: Piezometric lines with Ru
Tension Crack Option: (none)

Seismic Coefficient. (none)
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£ ]
180 - :{ j e e b
160 |- x .f_ e E
L
s o 1

140 . s+ \ ‘I' f{,‘/‘ Description: Las Cascadss (Tuff)
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Case 3, Channel bottom = 27 ft, Blasted & removed

m

Elevation (m PLD})

180

160

140

120

100

Description: Channet Deepening
Comments: East Bank 55K+280 - Channel Bottom = 27 ft blasted & removed {case 3)
File Name: 55K280 3 slz

Last Saved Date: 4/3/02

Last Saved Time: 23512 PM

Analysis Method: Morgenstern-Price
Direction of Slip Movement Right {o Left
Slip Surface Option: Grid and Radius
P.W.P. Option: Piezometric lines with Ru
Tension Crack Option: (none)

Seismic Coefficient: (none) ! -
o el j. 4\‘o *
— . .f}‘ L * 0
| N P R
i,
e +» v *
|' . AR Description: Les Cascadas (Tuff)
N ] AN Soil Model: ShearMNormal Fn.
. '; .oy Unit weight; 22
| \\il P Jtl ShearMaormat Fn. # 3
! ﬁ / Piezometric Line #: 1

-260 -210 -160 -110 -69 -10 40 a0 140 190 240 250

Horizontal Distance (m)
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Case 4.1, Channel bottom = 27 ft, Design (underwater slope)

Description: Channel Deepening
Comments: East Bank 55K+280 - Channel Eottorn = 27 ft + design {case 4)
File Name: 55K280 4 slz

Last Saved Date: 4/8/02

Last Saved Time: 25911 FPM

Anglysis Method: Morgenstern-Price
Direction of Slip Movement: Right to Left
Slip Surface Option: Grid and Radius

P W.F. Option: Piezometric lines with Ru
Tension Crack Option: (none)

Seismic Coefficient: (none)

180 —
160 —
140 = -~
Description: Las Cascadas (Tuff)
120 1— Soil Modet ShearMormal Fr.
Unit Weight: 22
100 — ShearMormal Fr. #: 3

Piezometric Line & 1

Elevation (m PLD)

-260 -210 -160 -H10 -50 -10 40 90 140 190 240 - 290 340 380 | 440
Horizontal Distance (m)




Case 4.2, Channel bottom = 27 ft, Design (& dry excavation)

m

Description: Channel Deepening

Comments: East Bank 55K+280 - Channel Bottom = 27 ft + design {case 4}

File Name: 55K280_4e slz

Last Saved Date: 4/8/02

Last Saved Time: 5.07:20 M

Analysis Method: Morgenstern-Price

Direction of Slip Movement: Right to Left

Slip Surface Option: Grid and Radius

PW P Option: Piezometric lines with Ru

Tension Crack Option: (none) .. .

Seismic Coefficient: (none) . J ¢ { o f
180 qfqfrc’ J

o : W' ol

140 — Description: Las Cascadas (Tutf)
120 Soll Model: ShearMlormal Fri.
100 — }

L]
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sfe it Uit Weight: 22
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o
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40 a0 140 190 240 230 340
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Case 5, Channel bottom = 22 ft, Blasted material only

%

Description: Channel Deepening
Comments: East Bank 55K+280 - Channel Bottorn = 22 ft  blasted material only {case 5)
File Name: 55K280_5 siz

Last Saved Date: 4/8/02

Last Saved Time: 2:38:38 P

Analysis Method: Morgenstern-Price
Direction of Slip Movement: Right to Left
Slip Surface Option: Grid and Radius
PW.P. Option: Piezometric lines with Ru
Tension Crack Option: (none)

. . .. P I 4
Seismic Coefficient: (none) NN . U
. c'f - 'l'\\? |]
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160 l \' S
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Case 6, Channel bottom = 22 ft, Blasted & removed

m

Description: Channel Deepening

Comiments: East Bank 55K+280 - Channef Bottom = 22 ft  biasted & removed (case 6)
File Name: 55K280 6 slz

Last Saved Date: 4/3/02

Last Saved Time: 2:.47:43 PM

Analysis Method: Morgenstern-Price

Direction of Slip Movement: Right to Left

Slip Surface Option: Grid and Radius

P W .P. Option Piezometric lines with Ru

Tension Crack Option: {none)

Seismic Coefficient {none) . RN ll 1 ‘l /
180 — :\.:.. o -Mi
w |- R Al
R - q . Y | L
140 f— \ . .\ j . i }ltf Description: Las Cascadas (Tuff)
120 |- " RESpn Soil Madet Shearflormal Fr.
i% F— -\- _é/flf / Unit Weight: 22
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Case 7.1, Channel bottom = 27 ft, Design (underwater slope)

m

Description: Channel Deepening
Comments: East Bank 55K+280 - Channel Bottom = 22 ft + design (case T)
File Name: 55K280 7 slz

Last Saved Date: 48102

Last Saved Time: 3:17:.00 PM

Analysis Method: Morgensterm-Price
Direction of Slip Movermnent: Right to Left
Slip Surface Option: Grid and Radius
PW.F. Option: Piezometric lines with Ru
Tension Crack Option: (nong)

Seismic Coefficient: (none)
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m

Case 7.2, Channel bottom = 27 ft, Design (& dry excavation)

Elevation (m PLD)

180

160

140

120

—,
=
(=]

-260

Description: Channel Deepening

Comments: East Bank 55K+280 - Channel Bottom = 22 ## + design (case 7)

File Name: 55K280 Te siz

Last Saved Date: 4/8/02

Last Saved Time: 5:14:18 PM

Analysis Method: Morgenstern-Price
Direction of Slip Movement: Right to Left
Slip Surface Option: Grid and Radius

P W P. Option: Piezometric lines with Ru
Tension Crack Option: {none)

Seismic Coefficient: (none)

—

-210 -160 . -110

De=cription: Las Cascadas (Tuff)

Soil Model: ShearMormal Fn,

Unit Weight: 22
ShearMarmai Frn. #: 3
Piezometric Line #: 1
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Case 8, Channel bottom = 16 ft, Blasted
————————————————————————————————————— e

Description. Channel Deepening
Comments: East Bank 55K+280 - Channel Bottorn = 22 ft + design + blasted 16 ft {case 8)
File Name: 55iK280_8 slz

Last Saved Date: 4/8/02

Last Saved Time: 3.30:34 PM

Analysis Method: Morgenstern-Price
Direction of Slip Movement: Right to Left
Slip Surface Option: Grid and Radius

P P. Option: Piezometric ines with Ru
Tension Crack Option. {(none)

Seismic Coefficient (none)
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6 Unit Weight: 22
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gy |— Description: Las Cascadas (Tuff - Residual)
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o] ShearNormal Frn. & 5
'-E 40 M— Piezometric Line #: 1
-
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0 ; :f
40
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Summary, 55k + 280 (1813 + 65)

General Description

Range of stations:

54k + 880 to 55k + 400

Sector: Sardinilla
Maximum height (m): 50
Cotangent of slope angle (cot. p): 2.0

Geology

Formation:

Las Cascadas

Lithology:

Agglomerate - Tuff

Critical stratum at toe:

Weak plane tuff

Apparent dip of bedding:

Toward the Canal

Stability Analysis

Critical failure mechanism:

Transiational - along weak plane

Shear strength model:

Fully softened tuff weak plane / First time Cascadas

Operative average| _
POTEPIGSSUIE 1 koctorof | Relative Factor Percentage of
. ratio. . - Safety of Safety Change (%)
. (aproxlma_te), .
- CRur -
Case 1: Channel bottom = 32 fi 0.307 1.038 1.000 0.00
Case 2: Channel bottom = 27 ft, Blasted material only 1.021 0.984 -1.64
Case 3: Channel bottom = 27 ft, Blasted & remowed 1.000 0.963 -3.66
Case 4.1: Channei bottom = 27 ft, Design (underwater slope) 0.985 0.949 -5.11
Case 4.2: Channel bottom = 27 ft, Design (& dry excavation) 1.065 1.026 2.60
Case 5: Channel bottom = 22 ft, Blasted material only 0.976 0.940 -5.97
Case 6: Channel bottom = 22 ft, Blasted & removed 0.947 0.912 -8.77
Case 7.1: Channel bottom = 22 ft, Design (underwater slope) ’ - 0.914 0.881 -11.95
Case 7.2: Channel bottom = 22 ft, Design (& dry excavation) 1.034 0.996 -0.39
. {  0.908 0.875 12.52
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station 55k + 830 (1830 + 70)
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Station: 55k + 830 (La Pita)

m
April 16, 2002




Case 1, Channel bottom = 32 ft

Description: Channel Deegpening
Comments: East Bank 55K+830 - Channel Bottom = 32 ft (case 1)
File Name: 55K830_1 siz

Last Saved Date: 4/7/02

Last Saved Time: 34258 PM

Analysis Method: Morgenstern-Frice
Direction of Slip Movement: Right to Left
Slip Surface Option: Grid and Radius

P VW.P. Option: Piezometric lines with Ru
Tenston Crack Option: (none) .
Seismic Coefficient {none) ’19. 54

160 —
Description: Las Cascadas (Aggl)
160 |— Soil Model: ShearMNarmal Fn.
Unit Weight: 22
140 |— ShearMormal Fn. #: 4
120 Piezometric Line # 1

100
&0
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40 M
20
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-20

-40

60 L . O A
-260 =210 160 110 -60 -0 40 a0 140 190 240 290 340 390 440

Horizontal Distance (m)




Case 2, Channel bottom = 27 ft, Blasted material only

%

180

160

140

120

100

o
=3

Elevation (m PLD)

l— Description: Las Cascadas (Aggh

—  Unit Weight, 22

B— Fiezametric Line # 1

Description: Channel Deepening
Commerts: East Bank 55K+830 - Channel Bottom = 27 ft blasted material only (case 2)
File Name: 55K830_2slz

Last Saved Date: 4/7/02

Last Saved Time: 8:46:55 PM

Analysis Method: Morgenstern-Frice
Direction of Slip Movement: Right to Left
Slip Surface Cption: Grid and Radius

PW.P. Option: Piezometric lines with Ru ey Ty 1
Tension Crack Option: (none) a1t 'i L. ,; .
Seismic Coefficient (none) +/ 5’ \ ‘ﬁ'ﬁ\ R + % \ .| .
K » “ * ] [
..-/ \\ # t IEQ’QS I ) *
| " / . )‘ o Description: Les Cascadas [(Aggl)
- " /f L / . Soil Mode!: ShearMormal Fn.
o/ s x‘a UNR Weight: 23
fL el "/ / ShearMormal F. # 4
. . I[l’ rf J/.-//‘ A Piezometric Line #: 1

Soil Model ShearMlormal Frni.

ShesrMormal Fn. #: 6

-210 -160 -110 -60 -14 40 80 140 180 240

Horizontal Distance (m)
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Case 3, Channel bottom = 27 ft, Blasted & removed

Drescription: Channel Deepening
Comments: East Bank 55K+830 - Channel Bottorn = 27 ft blasted & removed (case 3)
File Name: 55K830_3 slz

Last Saved Date: 4/7/02

Last Saved Time: 8.51:08 FM

Analysis Method: Morgenstern-Price
Direction of Slip Movement: Right to Left
Slip Surface Option: Grid and Radius
P.W.P. Option: Piezometnc lines with Ru
Tension Crack Qption: (nene)
Seismic Coefficient: (none)

180 ]P
cription: Las Cascadas (Aggl)
160 IModel: ShearMormal Fri.
WElgh‘t 22

140 r:Normal Fr. & 4
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Case 4.1, Channel bottom = 27 ft, Design (underwater slope)
M

Description: Channel Deepening
Comments: East Bank 55K+830 - Channel Bottom = 27 ft + design (case 4)
File Name: 55K830 4 siz

Last Saved Date: 4/7/02

Last Saved Time: 9:24:32 Ph

Analysis Method: Morgenstern-Frice
Direction of Slip Movement: Right to Left
Slip Suface Option: Grid and Radius

P WP Option: Piezometric lines with Ru
Tension Crack Cption: {none) . et
Seismic Coefficient {none) ., \ﬁ \ i 1 H . .)X

180 — ll

140 [— .{

Model ShearMormal Fr.

cription: Las Cascadas (Aggl;
)f R ieight: 22

Elevation (m PLD)
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Case 4.2, Channel bottom = 27 ft, Design (& dry excavation)
m

Description: Channel Deepening

Comrnents: East Bank 55K+830 - Channe! Bottom = 27 ft + design (case 4)
File Mame: 55K830_4eslz

Last Saved Date: 4/3/02

Last Saved Time: 10:35:50 AM

Analysis Method- Morgenstemn-Price

Direction of Slip Movement: Right to Left

Slip Surface Option: Grid and Radius

FW.P. Option: Piezometric lines with Ru . e *
Tension Crack Option: {none) . | N -
Seismic Coefficient (none) < -{ \ et . j_ [- * .

- N ‘m o :fJ ] /z-) I

- il ‘r
w0 jl - /. );f’ of /& t'l‘,'g !Smy.hﬁadel ShesarMormal Fr.
140 |p— ' Wil * ? J A J ;0 Weight: 22
Tyl . el B/ ; (,, ’f',.»’f 'r,fS earMormal Fn. # 4
120 | “1 lg. 0.cms! r.”..r’ A f’ //’// Pidzometric Line # 1
AW ST — F
Y 7 .': s * e

Elevation (m PLD)
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Case 5, Channel bottom = 22 ft, Blasted material only
M

Description: Channel Deepening
Cornments: East Bank 55K+830 - Channel Bottorn = 22 ft blasted material only (case 5)
File Name: 55K830_5slz

Last Saved Dater: 4/7/02

Last Saved Time: 8:53.41 P

Analysis Method: Morgenstern-Price
Direction of Slip Movement: Right to Left
Slip Surface Option: Grid and Radius

P W Option: Piezometric lines with Ru .
Tension Crack Option: {none) . 1\ \ |

Seismic Cosfficient; (none) .51 ’i »

.
180 — ;
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160 |—

f Description: Las Cascadas (Lggl)

i; {d Untweight 22
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! |
. hd ?"l i 'g | / '8
- 3 .
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-l 100 }— *
o
g0 |— Description: Las Cascadas (Lggl) ‘gf\,\
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% 43—  Piezometric Line # 1
-
2 =
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Case 6, Channel bottom = 22 ft, Blasted & removed

Description: Channel Deepening
Comments: East Bank 55K+830 - Channel Bottom = 22 ft blasted & removed (case B)
File Mame. 55K830 _6slz

Last Saved Date: 4/7/02

Last Saved Time: 8:57.59 PM

Analysic Method: Morgenstern-Price
Cirection of Slip Movement: Right to Left
Slip Surface Option: Grid and Radius

F MW .P. Option: Piezometric lines with Ru

Tension Crack Option: (nong) e n T %o
Seismic Coefficient (none) . 3\1‘ \ / 1. 1 .
SR
*:\‘, IIIK‘ \‘ »| ),/ . J‘
— LR
180 j‘ \\I\Ii ‘l \ . [. ; . J Beszcription: Las Cascadas (Aggl)
1860 |— IIS 1' ¢ / / Soil Madel: ShearMarmal Fri.
g}.ﬁ i k Ll f'i ¥ Unit Weight: 22
140 |— .’ni \\ ' 0ss7] A h/ ShearMormal Fn. #: 4
A ‘l'l } W‘”’; i/ Piezometric Line #: 1
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Case 7.1, Channel bottom = 27 ft, Design (underwater slope)

Description: Channel Deepening
Comments: East Bank 55K+830 - Channel Bottom = 22 it + design (case 7)
File Name: 55K830_7 siz

Last Saved Date: 4/7/02

Last Saved Time: 9:25:59 P

Analysis Method: Morgenstern-Price
Direction of Slip Movement Right to Left
Slip Surface Option: Grid and Radius

P WP, Option; Piezometric lines with Ru
Tension Crack Option: (none)

Seismic Coefficient. (none} .

180 —
Description: Las Cascadas (Aggl)

Soil Model, ShearMNormal Fn.
Unit Wigight: 22
ShesrMNormal Fr. & 4
Piezometric Line #: 1
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Case 7.2, Channel bottom = 27 ft, Design (& dry excavation)
—————————————— e

Elevation (m PLD)

Description: Channel Deepening
Cammerts: East Bank 55K+830 - Channel Bottom = 22 ft + design {case 7)
Fils Name: 55K830_7e.slz

Last Saved Date: 4/8/02

Last Saved Time: 10:56:29 AM

Analysis Method: Morgenstern-Price

Direction of Stip Movement: Right to Left

Slip Surface Option: Grid and Radius

F VWP, Option: Piezometric lines with Ru

Tension Crack Option: {none) .t
Seismic Coefficient: (none) . 4 ; | . /

180 p— » 7
* » / o -

160 |— \ . . / * 1“ / )f’;/‘//;/f .
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Description: Las Castadas {(Aggl)
Sail Model: ShearMarmal Fn.

Unit eight: 22

ShearMormal Fr. #: 4

Piezometric Line #: t
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Case 8, Channel bottom = 16 ft, Blasted
et e e —eee e

Description: Channel Deepening

Comments: East Bank 55K+830 - Channel Bottom = 22 ft + design + blasted 186 ft {case 8)

File Mame: 55K830_38slz

Last Saved Date: 4/7/02

Last Saved Time: 9:32:16 PM

Analysis Method: Morgenstern-Price

Direction of Slip Movement: Right to Left

Slip Surface Option: Grid and Radius

PWW.P. Option: Plezometric lines with Ru

Tension Crack Option; {none) ety 'i |
{

Seismic Coefficient (none) “ W -:] {. .\\ .

e
“r '\\f\\- Sy

Description: Las Cescadas (Aggl
J? Soil Modet ShearMormal Fn.
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Summary, 55k + 830 (1831 + 70)

General Description |Range of stations: ' 55k + 400 to 56k + 000
Sector: Central La Pita
Maximum height {m): 90
Cotangent of slope angle (cot. B): 2.3

Geology Formation: Las Cascadas

Lithology: |Agglomerate / Andesite / Tuff
Critical stratum at toe: : Agglomeraté/ Andesite
Apparent dip of bedding: | Toward the Canal
Stability Analysis  |Critical failure mechanism: Transiational along weak plane
Shear strength model: First time Cascadas agglomerate / Weak plane, Fully softened
Qperati\e' awerage ’
pOre fp;l;?(jSS:ure_ Factor of | Relative Factor Percentage of
(éproXimate)_; . Safety of Safety Change (%)
' Ru: - _ .
Case 1: Channel bottom = 32 ft 0.277 0.991 . 1.000 0.00
Case 2: Channel bottom = 27 ft, Blasted material only 0.988 0.997 -0.30
Case 3: Channel bottom = 27 ft, Blasted & remowed 0.970 0.979 -2.12
Case 4.1: Channel bottom = 27 #t, Design {(underwater slope) 0.958 0.967 -3.33
Case 4.2: Channel bottom = 27 ft, Design (& dry excavation) 0.996 1.005 0.50
Case 5. Channel bottom = 22 ft, Blasted materiat only 0.961 0.970 -3.03
Case 6: Channel bottom = 22 ft, Blasted & remowed 0.947 0.956 -4.44
Case 7.1: Channe! bottom = 22 ft, Design (underwater slope) |: _ 0.917 0.925 7.47
Case 7.2: Channel bottom = 22 ft, Design (& dry excavation) 0.278 . 0.990 0.999 -0.10
Case 8: Channel bottom = 16 ft, Blasted - o917 0.925 -7.47
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station 56k + 460 (1852 + 36)
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Station: 56k + 460 (Masambi)

m
April 16, 2002




Case 1, Channel bottom = 32 ft

Description: Channel Deepening
Comrnents. East Bank 56K+460 - Channel Bottorn = 32 it (case 1)
File Name: 561460 1 sz

Last Saved Date: 4/8/02

Last Saved Time: 10.02:36 AM

Analysis Method: Morgenstern-Price
Direction of Shp Movaement: Right to Left
Slip Surface Option: Grid and Radius

P ¥ P. Option: Piezometric lines with Ru
Tension Crack Option: (none)

Seismic Coefficient: (none)
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Description: Las Cascadas (Tuff)
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Case 1b, Channel bottom = 32 ft

Descriptton: Channel Deepening
Comments: East Bank 56K+480 - Channel Bottom = 32 ft (case 1)
File Name: 56K460_1b siz

Last Saved Date: 4/8/02

Last Saved Time: 11:20:32 AM

Analysis Method: Morgenstern-Price
Direction of Slip Movement: Right to Left
Slip Surface Option: Grid and Radius

P W.P Option: Piezometric lines with Ru
Tension Crack Option: (none)

Seismic Coefficient. (none)
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120 e E Unit Weight 22
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Case 2, Channel bottom = 27 ft, Blasted material only

Description. Channel Deepening
Comments: East Bank S6K+460 - Channel Bottorn = 27 ft blasted material only (case 2)
File Name: 56K460_ 2 slz

Last Saved Date: 4/6/02

Last Saved Time: 10:09:46 AM

Analysis Method: Morgenstern-Frice
Direction of Slip Movement: Right to Left
Ship Surface Option: Grid and Radius
PW P, Option: Piezometric lines with Ru
Tension Crack Cption: {none)

Seismic Coefficient: (nong)
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: :x‘ : ;’: Unit Weight, 22
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Case 2b, Channel bottom = 27 ft, Blasted material only

Elevation {m PLD)
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Descrption: Channel Deepening
Comments: East Bank 56K+460 - Channel Bottorn = 27 ft blasted material only (case 2)
File Name: 56K460_2b slz

Last Saved Date: 4/8/02

Last Saved Tims: 11.23.:54 AM

Analysis Method: Morgenstern-Price
Direction of Slip Movement: Right to Left
Slip Surface Option: Grid and Radius
PW.P. Option: Piezometric lines with Ru
Tension Crack Option: (none)

Seismic Coefficient: (none)

L Description: Las Cascadas (Tutf)
Sail Modet ShearMormat Fri.
— Unit Yeight: 22
ShearMormal Fn. #: 3
— Piezometric Line #: 1 I1
Description: Las Cascadas (Agyl)
- Soil Model: ShearMormal Fn.
Unit Wisight; 22
— Sheardaormal Fr. & &
M Plerometric Line & 1
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440
Horizontal Distance (m)




Case 3, Channel bottom = 27 ft, Blasted & removed

Elevation (m PLD)
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Description: Channel Deepening

Comments: East Bank 58K+460 - Channel Bottorn = 27 ft blasted & removed {case 3)

File Name: 56K460_3 s5iz
Last Saved Date: 4/8/02
Last Saved Time: 10:15:22 AWM

Analysis Method: Morgenstern-Price

Direction of Slip Movement: Right to Left

Slip Surface Option: Grid and Radius

P WP, Option: Piezometric lines with Ru

Tension Crack Option. (none)
Seismic Coefficient: (none)

Description: Las Cascadas (Tuff)
Sail Model; Mahr-Coulomks

Unit Weight: 22

Cohesion: 10

Phi: 23

Piezometric Line #: 1
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Case 3b, Channel bottom = 27 ft, Blasted & removed
—— e

Description: Channel Deepening
Comments: East Bank 56K+460 - Channel Bottom = 27 ft blasted & removed (case 3)
File Name: 56K460 _3b slz

Last Saved Date: 4/8/02

Last Saved Time: 11:27:46 Al

Analysis Method: Morgenstern-Price
Direction of Slip Movement: Right to Left
Slip Surface Option: Grid and Radius
P.W.P. Option: Piezometric lines with Ru
Tension Crack Option: (none)

Seismic Coefficient {none)
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Case 4.1.a, Channel bottom = 27 ft, Design (underwater slope)
h

Elevation (m PLD)

Description: Channel Deepening
Comments: East Bank 56K+460 - Channel Bottom = 27 ft + design (case 4]
File Mame: S56K460_4 siz

Last Saved Date: 4/8/02

Last Saved Time: 104514 AM

Analysis Method: Morgenstem-Price
Qirection of Slip Movement: Right to Left
Slip Surface Option: Grid and Radius

P W.P. Option: Piezometric lines with Ru
Tension Crack Option: {none)

Seismic Coefficient (none)
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ae b F e N
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Case 4.2.a, Channel bottom = 27 ft, Design (& dry excavation)
m

Description: Channel Deepening
Comments: East Bank 56K+460 - Channel Bottom = 27 ft + design (case 4)
File Name: 56K460 de slz

Last Saved Date: 4/8/02

Last Saved Time: 2.53:58 PM

Analysis Method: Morgenstern-Price
Direction of Slip Movernent: Right to Left
Slip Surface Option: Grid and Radius
FWP. Option Piezometric lines with Ru
Tension Crack Option: (none)

Seismic Coefficient, {none)
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Case 4.1.b, Channel bottom = 27 ft, Design (underwater slope)
m

Description: Channel Deepening
Comments: East Bank 56K+460 - Channel Bottorn = 27 ft + design (case 43
File Name: 56K460_4b slz

Last Saved Date: 4/8/02

Last Saved Time: 11:30:51 AM

Analysis Method: Morgenstern-Price
Direction of Shp Movement Right to Left
Slip Surface Option: Grid and Radius
FW.P. Option: Piezometric lines with Ru
Tension Crack Option: (none)

Seismic Coeffictent (none)
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160 +—
140 P Description: Las Cascadas (Tuff)
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Case 4.2.b, Channel bottom = 27 ft, Design (& dry excavation)

M

Elevation (m PLD)

Description: Channel Deepening
Comments: East Bank 58K+460 - Channel Bottom = 27 ft + design (case 4)
File Name: 56K460_4be siz

Last Saved Date: 4/8/02

Last Saved Time: 25939 PM

Analysis Method Morgenstern-Price
Direction of Slip Movement: Right to Left
lip Surface Option: Grid and Radius
FWP. Option: Piezometric lines with Ru
Tension Crack Option: {none)

Seismic Coefficient (none)

180 |-——
160 p—
140 |— A Description; Las Cascadas (Tutf)
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120 |— ety f. Unit Weight: 22
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Case 5, Channel bottom = 22 ft, Blasted material only
e

Description: Channel Deepening
Comments: East Bank 56K+460 - Channel Bottom = 22 ft blasted material only (case 5)
File Name: 56K460_5 slz

Last Saved Date: 4/8/02

Last Saved Time: 10:19:06 AM

Analysis Method: Morgenstern-Price
Direction of Slip Movement: Right to Left
Slip Surface Option: Grid and Radius
FW.P. Option: Piezometric lines with Ru
Tension Crack Option: {none}

Seismic Coefficient. (none)

180 —
1680 p—
Description: Las Cascadas (Tuff)
140 (— MO :Ij': Soll Moded: Mohr-Coulomb
te ts 90 Unit Weight: 22
120 |— e v Cohesior: 10
.otoo" Phi: 23
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Description: Las Cascadas (Aggl) G5 p e /
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Unit Weight: 22
ShearMormat Fn, # 6
40 M— Piezometric Line #: 1
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Case 5b, Channel bottom = 22 ft, Blasted material only
e

Description: Channel Degpening
Comments. East Bank 56K+460 - Channel Bottom = 22 ft blasted material only {case 5)
File Mame: 56K460_5b slz

Last Saved Date: 4/8/02

Last Saved Time: 11:34:56 AM

Analysis Method: Morgenstern-Price
Direction of Slip Movement Right to Left
Slip Surface Option: Grid and Radius
PW P Option: Piezometric lines with Ru
Tension Crack Option: (none)

Seismic Coefficient. (none)
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140 — Description: Las Cascadas (Tuff)
Soil Model; ShearMormal Fri,
- 120 — Unit Weight: 22
(] ShearMormal £n. # 3
wd 100 — Piezometric Line #: 1 I‘
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Case 6, Channel bottom = 22 ft, Blasted & removed
——————eee e

Description: Channel Deepening
Comments: East Bank 56K+460 - Channel Bottom = 22 ft blasted & removed (case 6)
File Name: 56K460_B slz

Last Saved Date: 4/8/02

Last Saved Time: 10:28:52 AM

Analysis Method: Morgenstern-Frice
Direction of Slip Moverment: Right to Left
Slip Surface Option: Grid and Radius

P WP, Option: Piezometric lines with Ru
Tension Crack Option: (hone)

Seismic Coefficient (none)
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140 |— 1 {_: . ofe Soil Madet Mohr-Coulomb
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Case 6b, Channel bottom = 22 ft, Blasted & removed
———————— e

Description: Channel Deepening
Comments: East Bank 56K+460 - Channel Bottom = 22 ft blasted & removed (case G)
File Name: 56460 _6b siz

Last Saved Date: 4/3/02

Last Saved Time: 11:36:06 AM

Analysis Method: Morgenstern-Price
Direction of Slip Movement: Right to Left
Slip Surface Option: Grid and Radius
FW.P. Option: Piezometric lines with Ru
Tension Crack Option: {none}

Seismic Coefficient: (none)
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Case 7.1.a, Channel bottom = 27 ft, Design (underwater slope)

Description; Channel Deepening
Comments: East Bank 56K+480 - Channel Bottorn = 22 ft + design (case 7)
File Name. 56K460 7 slz

Last Saved Date: 4/8/02

Last Saved Time: 1.35:44 PM

Analysis Method: Morgenstern-Price
Direction of Slip Movernent: Right to Left
Slip Surface Option: Grid and Radius

P WP, Option: Piezometric lines with Ru
Tension Crack Option: (none)

Seismic Coefficient. (none)

Elevation (m PLD)
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Case /.2.a, Channel bottom = 27 ft, Design (& dry excavation)
——————— e

Description: Channel Deepening
Comments: East Bank 56K+460 - Channel Bottorn = 22 ft + design (case 7)
File Name: 56K460 Te slz

Last Saved Date: 4/8/02

Last Saved Time: 3:19:27 PM

Analysis Method: Morgenstern-Price
Direction of Slip Movement: Right to Left
Slip Surface Option: Grid and Radius
PW.P. Option: Piezometric lines with Ru
Tension Crack Option: (none)

seismic Coefficient (none)
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Case 7.1.b, Channel bottom = 27 ft, Design (underwater slope)
———————————

Description: Channel Deepering
Comments: East Bank 56K+480 - Channel Bottom = 22 ft + design {case 7)
File Name: 56K460_Th slz

Last Saved Date: 4/8/02

Last Saved Time: 1:36:53 PM

Analysis Method: Morgenstern-Price
Direction of Slip Movement: Right to Left
Slip Surface Option: Grid and Radius
PWP. Option: Piezometric lines with Ru
Tension Crack Option: (none]

Seismic Coefficient [none)

180 I—-
160 |—
*,
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Case 7.2.b, Channel bottom = 27 ft, Design (& dry excavation)
m

Description: Channel Deepening
Comments: East Bank 56K+460 - Channel Bottom = 22 ft + design (case 7)
File Name: 56K460 The slz

Last Saved Date: 4/8/02

Last Saved Time: 3:22:50 PM

Analysis Method: Morgenstern-Price
Direction of Slip Movement: Right to Left
Slip Surface Option: Grid and Radius

P W P, Option: Piezometric nes with Ru
Tensicn Crack Option: {none)

Seismic Ceefficient: {none)
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Case 8, Channel bottom = 16 ft, Blasted
—————— e

Description: Channel Deepening
Comments: East Bank 56K+460 - Channel Bottom = 22 ft + design + blasted 16 ft {case 8)
File Name: 56K460_8 slz

Last Saved Date: 4/8/02

Last Saved Time: 11:13:38 AM

Analysis Method: Morgenstern-Price
Direction of Slip Movement: Right to Left
Slp Surface Option: Grid and Radius
FW.P. Option: Piezometric lines with Ru
Tension Crack Option: {none)

Seismic Coefficient: {none)
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Case 8b, Channel bottom = 16 ft, Blasted
———————————

Description: Channel Deepening
Comments. East Bank 56K+460 - Channel Bottom = 22 ft + design + blasted 16 ft (case 8)
File Name: 56K460_8b siz

Last Saved Date: 4/8/02

Last Saved Time: 11:58:23 AM

Analysis Method: Morgenstern-Price
Direction of Slip Movement: Right to Left
Slip Surface Option: Grid and Radius
PW.FP. Option: Piezometric lines with Ru
Tension Crack Option: (noneg)

Seismic Coefficient: (none)
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Summary, 56k + 460 (1852 + 36)
———

General Description

Range of stations:

56k + 000 to 56k + 560

Cotangent of slope angle (cot. p):

Geology

Sector: South La Pita
Maximum height (m): 65
12.0

Formation:

Las Cascadas

Lithology:

Agglomerate / Tuff / Andesite

Critical stratum at toe:

|Agglomerate 7 Tuff

Apparent dip of bedding:

Toward the Canal

Stability Analysis

Critical failure mechanism:

Translational along weak plane / Rotational

Shear strength model:

Fully softened Tuff, weak plane / First time Cascadas Agglomerate

Operative _é\e:ége R :
- pore pressure ‘| Factor of . | Relative Factor| Percentage of
ratio . Safety of Safety Change (%) -
“(aproximate), . '
- Ru: _ :
- (a) (b) | @ [ (b (a) (b}
Case 1: Channel bottom = 32 #t 1.000 [ 1.000] 0.00 | 0.00
Case 2: Channel bottom = 27 ft, Blasted material only 0.998 | 0.999 | -0.22 | -0.09
Case 3: Channel bottom = 27 ft, Blasted & removed 0.969 | 0.987 | -3.15 | -1.28
Case 4.1: Channel bottom = 27 ft, Design (underwater slope) 0.935 | 0.935 | -6.51 | -6.51
Case 4.2; Channel bottom = 27 #, Design (& dry excavation) 0.90 | 0.973] -0.98 | -2.75
Case 5: Channel bottom = 22 ft, Blasted material only 0950 | 0.966 | 4.99 | -3.39
Case 6: Channel bottom = 22 ft, Blasted & remowed 0.915 | 0.943 } -8.47 | -5.68
Case 7.1: Channel bottom = 22 ft, Design (underwater slope) 0.789] 0.944 | 0.857 | 0.865 | -14.33 | -13.47
Case 7.2: Channel bottom = 22 ft, Design (& dry excavation) 0.330 0.913[1.050 | 0.991 | 0.962 | -0.87 | -3.76
Case 8: Channel bottom = 16 ft, Blasted 0.784 1 0.936 | 0.851 | 0.858 | -14.88 | -14.21
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station 57k + 060 (1872 + 00)

e
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Station: 57k + 060 (Ceniza)

m
April 16, 2002




Case 1, Channel bottom = 32 ft

Elevation (m PLD)

180

160

140

120

100

Descrption: Channel Deepening

Comments: East Bank 57K+060 - Channel Bottom = 32 ft (case 1)

File Name: 57K060_1.slz
Last Saved Date: 4/8/C2
Last Saved Time: 5.32:52 PM

Analysis Method: Morgenstern-Price

Direction of Slip Movement Right to Left

Slip Surface Option: Block Specified

P WP Option: Piezometric lines with Ru

Tension Crack Option: (none}
Seismic Coefficient: (none)

-260 -210 -160 -110

-60

-10

1343

40 a0 140

Horizontal Distance (m)

180 240 290 340 380 440




Case 1b, Channel bottom = 32 ft

Descriptiorr Channel Deepening

Comments: East Bank 57K+080 - Channel Bottom = 32 ft {case 1
File Mame: 57K060_1b slz

Last Saved Date: 4/8/02 et
Last Saved Time: 5:56:18 PM \ ..
Analysis Method: Morgenstern-Price g

Ship Surface Option: Grid and Radius :
PWP. Option: Piezometric lineswith Ru  «
Tension Crack Option: {(none)
Seismic Cosfficient (none)

-Hi . )
180 — . .5'-[\0
129"

. P .. ‘t
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Case 2, Channel bottom = 27 ft, Blasted material only

Elevation (m PLD)

180

160

144

120

100

[=1]
o

-260

Description. Channel Deepening

Comments: East Bank 57K+060 - Channel Bottorn = 27 ft blasted matenal only (case 2)

Fiie Name: 57K060_2 slz
L ast Saved Date: 4/8/02
| ast Saved Time: 6:46:20 PM

Analysis Method: Morgenstern-Frice

Direction of Slip Movement Right to Left

Slip Surface Option: Block Specified

P ¥R, Option: Piezometric lines with Ru

Tension Crack Option: (none)
Seismic Coefficient: {none)

Description: La Boca

Soil Model: ShearMormal Frr.

Unit Weight: 21.2

ShearMoarmal Fri. # 2

Piezometric Line #: 1
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-10

B -

40 a0 140 190 240 250 340 390 440
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Case 2b, Channel bottom = 27 ft, Blasted material only

Elevation (m PLD)

180

160

140

120

—
foaa ]
=]

80

-260

Description: Channel Deepening
Comments: East Bank 57K+060 - Channel Bottom = 27 ft blasted material only (case 2)
File Name 57TK0B0_2b slz

Last Saved Date: 4/8/02

tast Saved Time: 5:56:55 PV

Analysis Method: Morgenstem-Price
Direction of Skp Movement: Right to Left
Ship Surface Option: Grid and Radius
PV Option: Piezometric lines with Ru
Tension Crack Option: (none)

Seismic Coefficient (none}

l— Description: La Boca l<

Sail Model: ShearMormal Fr.
Unit Weight: 21.2
ShearMormal Fr. #: 2
Piezometric Line & 1

-210 -160 -110 -60 -10 40 20 140 180 240 280 340 390 440

Horizontal Distance (m)




Case 3, Channel bottom = 27 ft, Blasted & removed

Description: Channel Deepening
Comments: East Bank 57K+060 - Channel Bottom = 27 ft blasted & removed (case 3)
File Name: 57K0B0_3 slz

Last Saved Date: 4/8/02

Last Saved Time: 6:48:14 FM

Analysis Method: Morgenstern-Frice
Direction of Slip Moverent: Right to Lsft
Slip Surface Option: Block Specified

P W P. Cption: Piezometric lines with Ru
Tension Crack Option: {none)

Seismic Coefficient (none)
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Case 3b, Channel bottom = 27 ft, Blasted & removed

Description: Channel Deepening
Comments: East Bank 57K+060 - Channel Bottorn = 27 ft blasted & re

File Name: 57K080_3b sz AR EAREY 1'§\' !
Last Saved Date: 4/8/02 .o .\5 ‘-ﬂﬁ | \M; 1'
Last Saved Time: £:58:36 PM L, ‘\;‘]‘g 4l
Analysis Method: Morgenstern-Price ' \ ﬂ,l
Direction of Siip Movement Rightto Left = + % {1} \\
Slip Surface Option: Grid and Radius o e et iaiiad l
P W.P. Option: Piezometric lines with Ru AR '\". it l
Tension Crack Option: {(none) ! “)\ 4 ; ’\\E\
Seismic Coefficient: {none) 'k\ PIRY |
180 — .\ . wle 1 AR
1680 |— ) \. . }i \\ )
1490 — ,‘;\‘.l'bl“"
120 —
¢
100 —

Elevation (m PLD)

-260 -0 -160 -110 -60 -10 40 30 140 190 240 290 340

Horizontal Distance {m)

350 440




Case 4, Channel bottom = 27 ft, Design (underwater slope)

Elevation {m PLD)

180

160

140

120

—_
]
[=]

-Z60

Description. Channel Deepening
Comments: East Bank $7K+060 - Channel Bottorn = 27 ft + design (case 4)
File Name: 5TK060_4 siz

Last Saved Date: 4/8/02

Last Saved Time: 6:49:47 P

Analysis Method: Morgenstern-Price
Crrection of Slip Movermnent: Right to Left
Slip Surface Option: Block Specified

P W.P. Option: Piezometric lines with Ru
Tension Crack Option: {none)

Seismic Coefficient: (none)

=210 -160 -110 -60 -10 40 aa 140 190

Horizontal Distance (m)

240 290 340 390 440




Case 4b, Channel bottom = 27 ft, Design (underwater slope)

Elevation (m PLD)

180

160

140

120

a
]
o

=)
o

Description: Channel Deepening
Comments: East Bank 57K+060 - Channel Bottom =27 1t +

File Name: 57K080_4b.slz SRR BRI
Last Saved Date 4/8/02 Y .\\\ #ﬁ'\'ﬂ
Last Saved Time: 6:16:42 PM RVARITY

Analysis Method:. Morgenstern-Price
Direction of Stip Movement: Right to Left

Slip Surface Option: Grid and Radius s ‘1

P ¥W.P. Option: Piezometric lines with Ru AN \,‘5 v \
Tension Crack Option: (none) \'a IS \
Seismic Coeflicient: (none) ‘“‘s ", 7’;1 1k

: b

Horizontal Distance (m)




Case 5, Channel bottom = 22 ft, Blasted material only

Elevation (m PLD)

180
180
140
120

100

oo
[

m
]

20

=20

-40

-B0

-260

Lescription; Channel Deepening
Comments: East Bank 57K+060 - Channel Bottorm = 22 ft  blasted material only (case 5)
File Mame: STK0OB0_5 slz

Last Saved Date: 4/8/02

Last Saved Time: 6:51.08 PM

Analysis Method: Morgenstern-Price
Direction of Slip Movement Right to Left
Ship Surface Option; Block Specified

F WP Option Pigzometric lines with Ku
Tension Crack Option: (none)

Seismic Coefficient: (none)

Description. La Boca

Sail Model: ShearMormal Fn.
Unit Weight: 21.2
ShearMormal Fn. #: 2

Piezametric Line #: 1
40—

-210 -160 -110 -50 -10 40 a0 140 180

Horizontal Distance (m)

244

290

340
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Case 5b, Channel bottom = 22 ft, Blasted material only

Description: Channel Degpening

Comments: East Bank 57K+060 - Channel Bottom =22 ft blast terial only (case 5)
File Name: 57TK080_5bslz SRR \ 1\ T
_ "
Last Saved Date: 4/8/02 N \;\\%\ &5 \ ",I *\
Last Saved Time: 6:09.11 PM eo. d bl \]g
Analysis Method: Morgenstern-Price '. ’“\ L \
Direction of Slip Movement Rightto Left 1 + * * '{\
Slip Surface Option: Gnd and Radius REA !
PW.P. Option: Piezometric lines withRu .Iil . \\ .\ "
Tension Crack Option: {none) \\ 1y \
Seismic Coefficient; {(none) whei st \ 11'; %",’\ﬁ
180 — :} e 1KBE!I%1 K‘
160 — .. 5 . }1} )
140 — ;...:\--LI
— 120 —
() &
— 100 —
a. Description: La Bacsa
E 80 [-- Sail Moadel ShearMormal Fri.
= Unit Weight: 21.2
- 60 |— ShearMormal Fn. & 2
o Piezometric Line #: 1
B o
E 20 F
Ll
D
-20
-40
-6 l
-260 210 160 10 60 -10 40 a0 140 130 240 290 340 390

Horizontal Distance (m)




Case 6, Channel bottom = 22 ft, Blasted & removed

m

Description: Channel Deepening
Comments: East Bank 57K+060 - Channel Bottom = 22 fi blasted & removed {case 6)
File Mame: 57K060_B.siz

Last Saved Date: 4/8/02

Last Saved Time: 6:52:35 PM

Analysis Method: Morgenstern-Price
Direction of Slip Movement: Right to Left
Slip Surface Option: Block Specified
PWP. Option: Piezometnc lines with Ru
Tension Crack Option. (none)

Setsmic Coefficient: (none)

180 —
160 —

140 —
120 — 1.276

Elevation (m PLD)

-260 -210 -160 -110 -B0 -10 40 20 140 190 240 280 340 390 440

Horizontal Distance (m)




Case 6b, Channel bottom = 22 ft, Blasted & removed

Description: Channel Deepening
Comments: East Bank S7K+060 - Channel Bottom = 22 ft blasted & removed (case 6)
File Name 57K060_6b siz .oy \;\f\ il m

Last Saved Date; 4/8/02 AR U \ A &
Last Saved Time: 6:11:53 PM RAt

Analysis Method: Morgenstern-Price } \n ]
Direction of Slip Movement: Right to Left

Slip Surface Option: Grid and Radius

F W P. Option: Piezometric lines with Ru

Tension Crack Option: {none)
Saismic Coefficient: (none)

180 —

160 3—

140 —

120 1—

60

ELg

20

Elevation (m PLD)

-20

-40

-60

-260 =210 -160 -110 -50 -10 40 Q0 140 190 2440 290 340

Horizontal Distance (m)

350 440




Case /7, Channel bottom = 27 ft, Design (underwater slope)

Description: Channel Deepening
Comments' East Bank 57K+060 - Channel Bottom = 22 ft + design (case 7)
File Name: 57K060_7 slz

Last Saved Date: 4/8/02

Last Saved Time: 6:54:36 PM

Analysis Method: Morgenstern-Price
Direction of Slip Movement: Right to Left
Slip Surface Option: Block Specified

F YW P Option Piezometric lines with Ru
Tension Crack Option: (none)

Seismic Coefficient (none)

180 —

160 —
140 —
120 1.228
o *
—1 100
(a8
80—
E «
c
2
g
Q
i

-260 2210 -180 -110 -60 -10 40 90 140 190 240 290 340 390 440

Horizontal Distance (m)




Case 7b, Channel bottom = 27 ft, Design (underwater slope)

%

Elevation (m PLD)

180 —

160 |—

140 —

120 —

Description: Channel Deepening

Comments: East Bank 57K+0680 - Channel Bottom =22 ft + qesi |
Last Saved Date: 4/8/02 \'%

File Name: 57K060_7b siz s v \\\'*&1‘\'\3’
. \i‘

Last Saved Time: 6:21:59 PM Coa ,\,,'-h | %& %\“.Y\i
Analysis Method: Margenstern-Price * : \ ‘& 'i\i' \
Direction of Slip Movement. Rightto Left  « » \ %\ A ‘w

Slip Surface Option: Grid and Radius . \\\\x ‘W.fi, y

P W P Option: Piezometric lines with Ru P \ ".fik 1& 1
Tension Crack Option: (none) Lo \ .\K’\'ﬁ lh ;
Seismic Coefficient (none) j .{f‘@ | \‘\ ;Hi\ii‘]\ﬁ\x\%

Y R \ \ i ; l

-210 -160 -110 -60 -10 40 =] 140 190

Horizontal Distance (m)

240 290 340 390 440




Case 8, Channel bottom = 16 ft, Blasted
e e

Description: Channel Deepening
Comments: East Bank 57K+080 - Channel Bottom = 22 ft + design + blasted 16 ft {case 8)
File Name: 57K060_8 siz

Last Saved Date: 4/8/02

Last Saved Time: 6:55:56 PM

Analysis Method: Morgenstern-Price
Direction of Slip Movement: Right to Left
Ship Surface Option: Block Specified

P WP, Option: Piezometric lines with Ru
Tension Crack Option: {(none)

Seismic Coefficient: (none)

180 —
160 —
140 (—
- 20— 1.227
o <
& 00 —
o
30 — Description: La Boca I[‘
é Soil Madel: ShearMormal Fa.
c bnit VWeight: 21.2
o ShearMNormal Fn, #; 2
"ﬁs' Piezoametric Line & 1
E —
Lij

-260 =210 -160 -110 -G0 -10 40 a0 140 190 249 290 340 390 440

Horizontal Distance (m)




Case 8b, Channel bottom = 16 ft, Blasted

m

Description: Channel Deepening
Comments: East Bank 57K+060 - Channel Bottom = 22

Fite Name 57K0B80_8b slz < vt it
Last Saved Date: 4/8/02 Seaa, .‘\-\H;
Last Saved Time: 6:38:00 PM TR VAR
Analysis Method: Morgenstern-Price LY \;
Direction of Siip Movement: Rightto Left  + * * \ A
Stip Surface Option: Grid and Radius IS \'\
PVY.P. Option: Piezometric lines with Ru jf e \.‘a
Tension Crack Option: (none} N
Seismic Coefficient (none) 1 \ y 23‘01 \;
» -y & |
180 — . \ . \‘
- Oall" %
180 (— R PR e
140 |— o .\'\ 0'/ '}
120 —
o ®
— 100 -
(a
c 8 Description: La Boca |‘
S Soil Model: ShearMormal Fn.
- Unit Weight; 21 .2
o ShearMormal Fn. & 2
ﬁ Piezomedric Line #: 1
B
Ll

-260 -210 -160 =110 -60 <10 40 a0 140 190 240 290 340 380 440

Horizontal Distance (m)




Summary, 57k + 060 (1872 + 00)

“

General Description

Range of stations:

56k + 560 to 57k + 160

Sector;

Ceniza

Maximum height (m):

50

Cotangent of siope angle (cot. B):

Formation:

T 272

|La Boca / Pedro Miguel Agglomerate

Lithology:

~ |Siltstone / Agglomerate

Critical stratum at toe:

|Siltstone

Apparent dip of bedding:

| Toward the Canal

Stability Analysis

Critical failure mechanism:

(a) Translational - Along bedding / (b) Rotational

Shear strength model:

Fully softened, La Boca / First time, Pedro Miguel

Operative average| | | |
- pore pressure .| Factorof | Relative Factor{ Percentage of
- ratio - - Safety of Safety. Change (%)
{aproximate), - : : ' L
o LRur : - —
. - (a) {b) (@) b | @ (b)
Case 1: Channel bottom = 32 ft 0.356 1.343 | 1.291 | 1.000 | 1.000] 0.00 | 0.00
Case 2: Channel bottom = 27 ft, Blasted material only : 1.343 | 1.288 | 1.000 | 0.998 | 0.00 | -0.23
Case 3: Channel bottom = 27 ft, Blasted & removed _ 1.322 | 1.274 | 0.984 | 0.987 | -1.56 | -1.32
Case 4.1: Channel bottom = 27 ft, Design (underwater slope) gw 1.304 | 1.271 ] 0.971 | 0.985{ -2.90 | -1.55
Case 4.2: Channel bottom = 27 ft, Design (& dry excavation) 1.271]1 0.971 | 0.985) -2.20 | -1.55
Case 5: Channel bottom = 22 ft, Blasted material only 1.269) 0.976 | 0983 | -2.38 | -1.70
Case 6: Channel bottom = 22 ft, Blasted & remowed 1.254 | 0.950 | 0.971 | 4.99 | -2.87
Case 7.1: Channel bottom = 22 ft, Design (underwater slope) 1.234 | 0.914 | 0.956 | -8.56 | -4.42
Case 7.2: Channel bottom = 22 , Design (& dry excavation) 0.344 1.228 | 1.234 | 0.914 | 0.956 | -8.56 | -4.42
Case 8: Channel bottom = 16 ft, Blasted 1.227 1 1.230] 0.914 | 0.953 | -8.64 | -4.73
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station 57k + 270 (1878 + 93)

e e

East



Station: 57k + 270 (Ceniza)

E.
April 16, 2002




Ca
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se 1, Channel bottom = 32 ft

180

160

140

120

—-
]
=]

80

Elevation (m PLD)

-20

-40

-60

-260

Description: Channel Deepening
Comments: East Bank 57K+270 - Channel Bottom = 32 ft {case 1)
File Name: 57K270_1slz

Last Saved Date: 4/8/02

Last Saved Time: 1:22:11 PM

Analysis Method Morgenstern-Price
Direction of Slip Movernent: Right to Left
Slip Surface Option: Grid and Radius  »
F WP Option: Piezometric lines with R
Tension Crack Option: {none)

Seismic Coefficient. {none)

],’l

T R S i s e — — — a——— — — — —. orgimeiy  foarirmen

Description: Pedro Miguel
Soit Mode) ShearMormal Fn.
Unit Weight: 22.8
ShearMormal Fri. & 20
Piezemetric Line #: 1

240 280

-210 -169 -110 40 80 140 340

Horizontal Distance (m)

190 390 440




Case 2, Channel bottom = 27 ft, Blasted material only

m

Description Channel Deepening
Comments: East Bank 57K+270 - Channel Bottom = 27 ft blasted material only (case 2}
File Name: 5TK270_2 slz

Last Saved Date: 4/8/02

Last Saved Time: 1:23:27 Pt

Analysis Method: Morgenstern-Price
Direction of Slip Movement, Right to Left
Slip Surface Option: Grid and Radius

P W P Option: Piezometric lines with R
Tension Crack Option: {none)

Seismic Coefficient: {none)

180 —

180 p—

140 +—

120 —

TR BEAl e e — — — — — — — — — — o—

Description: Pedro Miguel
Des=cription: Pedra Miguel Soil Model: Shearormal Fri.
Soil Madel: ShearMormsl Fn. Unit Weight: 22.8

-20 Unit weight: 225 ShearMormal Fn. # 20
ShearMNarmal Fn. #: 22 Piezometric Line #; 1
Piezometric Line # 1

0 | | | | | | ! 1 | | | z | |
-260 -210 -160 -110 -60 -10 40 aac 140 190 240 280 340 390 440

Horizontal Distance (m)

Elevation (m PLD)




Case 3, Channel bottom = 27 ft, Blasted & removed
e —————

Description: Channel Despening
Comments: East Bank 57K+270 - Channel Bottom = 27 ft blasted & removed (case 3)
File Name: 57K270_3 slz

Last Saved Date: 4/8/02

Last Saved Time: 1:26:35 PM

Analysis Method: Morgenstern-Price

Direction of Slip Movement Right to Left e s vyt
Slip Surface Option: Grid and Radius -m\‘ ALY %\iﬁ ,

P WP Option: Piezometric lines with Rui il kY \ % #
Tenslon Crack Option: (none)

Seismic Coefficient: (none)

180 — ! . \’ &,“J\ﬁl J ll.?y.
\ of 0¥ \ [‘ H )
160 |— \ "nl.li ol
I ]
140 — \‘. ! Finn .
55 | ”Ile ol .
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Q 100 1 f) *
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n- g .. ,l’. } )| ["ll ”‘lfJﬁlI}. ll * : |
E 0 — « F
A
c —_——— — e —_—
2 - o
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1]
&
m Description: Pedro Miguel
Soil Model: ShearMormal Fri.
Unit Weight: 228
-0 — ShearMlormal Fr. # 20
Piezometric Line # 1
40—
- | | | | 1 | | | | | | | | |
-260 -210 -160 -110 -50 -10 40 ap 140 190 240 290 340 390 440

Horizontal Distance (m)




Case 4, Channel bottom = 27 ft, Design (underwater slope)

m

Description: Channel Deepening
Comments: East Bank 57K+270 - Channel Bottorn = 27 ft + design {case 4)
File Mame: 57TK270_4 sz

Last Saved Date: 4/3/02

Last Saved Time: 1:44:49 P

Analysis Method: Morgenstern-Frice
Direction of Slip Movement, Right to Left
Slip Surface Option: Grid and Radius + * . \
PW.P. Option: Piezometric lines with Ruy « % %
Tension Crack Option: (none) i
Seismic Coefficient: (none) d

{ e
Y 1
180 — .\\. {/.
160 (— y o,
. i/
140 — . iy .
{1} -
5 120 — .
F
—1 100 p— Ay
a . .
80 — i‘
£ .
c —_—— —— — —_ —_— —— —— —
2 - -
)
(4]
o
m Description: Pedro Miguel
Soil Model: ShearMormal Fre.
Unit Weight: 22.8
20— ShearMNormal Fr. #: 20
Piezomedric Line #: 1
40 —
50 | | | z | | 1 1 | i 1 | | |
-260 =210 -1E0 -110 -60 -10 40 =1} 140 180 249 290 340 380 440

Horizontal Distance (m)



Case 5, Channel bottom = 22 ft, Blasted material only

M

Description: Channel Deepening
Comments: East Bank 57K+270 - Channe! Bottom = 22 ft blasted material only (case 5)
File Name: 57K270_5 siz

Last Saved Date: 4/8/02

Last Saved Time: 1:30:17 PM

Analysis Method Morgenstern-Price
Direction of Slip Movement: Right to Left
Slip Surface Option: Grid and Radius =
F WP Option: Piezometric lines with R
Tension Crack Option: {none)

Seismic Coefficient: (none)

160 pu-=

160 [—

140 —
— 120 —
(|
—f 100
il
g ® X
o
g B0 — et —— — e, . . —— — e e e e mrrer v
= 40
© "
& o
[TF] e . Desctiption: Pedro Miguel

a Description: Pedro Miguel Sail Model: ShearMNarmal Fo
Sail Model: ShearMormal Fr. Lnit Weight; 22.8
20 Unit Weight: 22,8 ) ShearMormal Fn. #: 20
ShearMormal Frn. & 22 Piezometric Line #; 1
40— Piezametric Line # 1
0 | 1 4 | | | | | | | | | n |
-260 =210 -160 110 .50 -t0 40 a0 140 190 240 290 340 390 440

Horizontal Distance (m)




Case 6, Channel bottom = 22 ft, Blasted & removed

e IR

Elevation (m PLD)

180

160

140

120

—_
[
[=)

o
=)

Description: Channel Deepening
Comrments: East Bank 57K+270 - Channel Bottom = 22 ft blasted & removed (case 6}
File Name: 57KZ270_6 slz

Last Saved Date: 4/8/02

Last Saved Time: 1.32:19 PM

Analysis Method: Morgenstern-Price
Direction of Slip Mevement: Right to Left
Slip Surface Option: Grid and Radius
PV P. Option: Piezometric lines with R
Tension Crack Option: (none) I\I
Seismic Coefficient (none) {I

Description: Pedro Miguel
Sail Modet: ShearMatmal Fn,
Uit Weight: 22.8
ShearMormal Fr. # 20
Piezometric Line & 1

I I | J I I I | I I I I

T e e e ——— — — — — — t—— —

-260 -210 -160 -110 -6D -10 40 a0 140 150 240 290 340

Horizontal Distance (m)

390 440




Case 7, Channel bottom = 27 ft, Design (underwater slope)
—————— e

Description: Channel Deeperning
Comments: East Bank 57K+270 - Channel Bottom = 22 ft + design (case 7)
File Name: 57TK270_7 slz

Last Saved Date: 4/8/02

Last Saved Time: 1:51:01 PM

Analysis Method: Morgenstern-Price
Direction of Slip Movement: Right to Left
Slip Surface Option: Grid and Radius + |
P W Option: Piezometric lines with Ry
Tension Crack Option: {none)

Seismic Coefficient. (none)
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m_ Description; Pedre Miguel
Soil Modet: Sheariormel Fri.
Unit weight; 225
20— SheatMormal Fo. # 20
Piezometric Line # 1
40—
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Case 8, Channel bottom = 16 ft, Blasted

ﬁ

Elevation {m PLD)

Description: Channel Deepening

Comments: East Bank 57K+270 - Channel Bottom = 22 ft + design + blasted 16 ft (case 8)

File Name: 57K270_8.slz

Last Saved Date: 4/8/02

LLast Saved Time: 1:58:19 FM

Analysis Method: Morgenstern-Price

Direction of Slip Movement: Right to Left

Slip Surface Option: Grid and Radius » =, "%

P W.P. Option: Piezormetric ines with Ru%lH AR

Tension Crack Option: {none)
Seismic Coefficient {none)
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180 —
140 —
120 —
100 |—
50 p—
60
40 M
»

0 Description: Pedro Miguel
Soil Model: ShearMormal Fr.

— S —— — et — — — — — — — — —

Description: Pedro Miguel
Soil Model: ShearMNormal Fn.
Unit VWeight: 22.5

-0 - Unit Weight: 22 .8 ShearMNormal Fri. & 20
ShearMormal Fn. #: 22 Piezometric Line & 1
-40 ) o
Piezometric Line & 1
- | | z | 1 | | | | 1 1 J
-260 -210 -160 -110 -60 -0 40 90 140 190 240 290 340 390 440

Horizontal Distance (m)




Summary, 57k + 270 (1878 + 93)

General Description {Range of stations: 57k + 160 to 57k + 320
Sector: _ Ceniza
Maximum height (m): 50
Cotangent of slope angle__(cot. Bk 2.0

Geology Formation: Pedro Miguel
Lithology: _ o - Agglomerate
Critical stratum at toe: . |Agglomerate
Apparent dip of bedding: N Not defined
Stability Analysis  [Critical failure mechanism: Rotational
Shear strength model. First time Pedro Miguel Agglomerate
Operative average| o
pore ;t:gsu_re_ Factor of | Relative Factor Percentage of
(aproximate), Safety , . of Safety Change (%)
_ Ru: .
Case 1: Channel bottom = 32 ft 0.348 2.996 1.000 0.00
Case 2: Channel bottom = 27 ft, Blasted material only B 2.982 0.995 -0.47
Case 3: Channel bottom = 27 ff, Blasted & remowed 2.957 0.987 -1.30
Case 4.1: Channe! bottom = 27 ft, Design (underwater slope) 2.927 0.977 -2.30
Case 4.2: Channel bottom = 27 #, Design (& dry excavation} 2.927 0.977 -2.30
Case 5: Channel bottom = 22 ft, Blasted material only 2.927 0.977 -2.30
Case 6: Channel bottom = 22 ft, Blasted & remowved 2.864 0.956 -4.41
Case 7.1: Channel bottom = 22 ft, Design (underwater slope) 2,763 0.922 -7.78
Case 7.2: Channel bottom = 22 ft, Design (& dry excavation) 2.763 0.922 -7.78
Case 8: Channel bottom = 16 f, Blasted 2.754 0.919 -8.08
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ELEVACION (m)
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station 57k + 635 (1890 + 91)

East



Station: 57k + 635 (Summit)

M
April 16, 2002




Case 1, Channel bottom = 32 ft

Elevation (m PLD)

180

160

140

120

100

an

Description: Channel Deepening

Comments: East Bank 57K+635 - Channel Bottom = 32 ft (case 1)

File Name: 57KB25_1.slz
Last Saved Date: 4/2/02
Last Saved Time: 9:16:38 AM

Analysis Method: Morgenstern-Price

Direction of Slip Movement: Right to Left

Slip Surface Option: Grid and Radius

PWP Option: Piezometric lines with Ru

Tension Crack Option: {none)
setsmic Coefficient: (none)

-26 -210 -160 =110

-60

~10

Description: Gatuncillo

: Undt Weight: 21.2
Y FAREA ShearMormal Fri. # 11
’ Piezometric Line #: 1

40 0 140 190 240 2490 340

Horizontal Distance (m)

Soit Model ShearMormal Fn.

390




Case 2, Channel bottom = 27 ft, Blasted material only

m

Description: Channel Deepening

Comments: East Bank 57K+635 - Channel Bottom = 27 ft blasted materiat only (case 2)
File Name: 57K635 2.slz

Last Saved Date: 4/2/02

Last Saved Time: 11:18:53 AM .
Analysis Mgthpd: Morgenstem-Price i._\ﬁ?,@ﬂr ' ! k\ .
Direction of Slip Movement: Rightto Left ., * \ P/ TR ‘l\ L
Slip Surface Option: Grid and Radius ) \ \ . 3 \ . %"; ﬁ,i [
F WP, Opticn: Piezometric lines with Ru . b \ R ]
Tension Crack Option: {none) . \ v A Y \ ’
Seismic Coefficient: (none) - i \ 1285 | -\._\‘K Y 1 >;
180 — o he Wb
. . * je
180 |— *?)’//1\.\' | ‘\*E\ i .!|1f5.
Yoo . ‘?\ i ‘5‘\\ e } ‘,!r-
140 Y A it
— 1 * \t&) .\‘5‘!\'\: . .\ ‘\ '\ \' l ‘\ llL };‘l %'I/!fié:g? Description: Gatuncilc
=) . \’ el T ;' / / Mh /'f,i@f{?/f& Soil Model: ShearMormat Fn.
- 1 VB AN } PR Uit Weight: 21.2
o . . \\-\ A ShearMormal Fr. #: 11
£ 80 Descrigtior: Gaturcillo sEler ™ Piezometric Line & 1 "
e Sail Model: ShearMormal Fri. . -
S 50— Unit weight 212
= ShearMormal Fn. #: 12
T& 4Dh—— Pigzometric Ling #; 1
>
L

-260 <210 -160 -110 60 <10 40 a0 141} 190 240 290 340 390 440

Horizontal Distance (m)




Case 3, Channel bottom = 27 ft, Blasted & removed

m

Description; Channel Deepening

Comments: East Bank 57K+635 - Channel Bottom = 27 ft blasted & removed (case 3)
File Name: 57TK635 3.slz

Last Saved Date: 4/2/02

Last Saved Time: 11:21:25 AM , -
Analysis Method: Morgenstern-Price . ..\%;;f_;‘x{ \ \ \ H\‘
Direction of Slip Movement: Rightto Left —,  « 7= | \ Lo BT ]
Slip Surface Option: Grid and Radius \ \ \\ \[‘ i \,p ‘5\ ‘l‘g\ s i
P VWP, Option: Piezometric lines with Ru ‘ RN | A4 k
Tension Crack Option: {none) * f *I o E\ "-5"\ y \ i*
Seismic Coefficient: (none) . \ 15;! 1 \ N .1‘ ’\'\ ! ‘H } .
180 — L g\ L i 231 \‘u\ ‘\\\\I 1‘1 ) | .{ /?
180 |— e et i LAt bl xf.
RN e F i
40— 'l\. \\’ﬂ' \\\ " ‘k’ -‘ a’jclgg;%
120 K Y LA '\ " / ' ’rf:f;?f: Description: Gatuncillo
(i \ 3 ‘\ AR N {f Jﬁ};‘f@" ek Soil Model: ShearMarmel Fri.
—I 100 |- i Y A ) R L Unit Wieight: 24 2
o .Sl {\\w é fonhe ShearMormal Fr. #: 11
= o R Piemnjetﬂc Liﬁe #1 i‘
‘; &0
B
©
>
Q@
i

-280 -210 -160 -110 -60 -10 40 a0 140 190 240 296 340 390 440

Horizontal Distance (m)




Case 4, Channel bottom = 27 ft, Design (underwater slope)

m

Elevation (m PLD)

Description; Channel Deepening

Comments: East Bank 57K+635 - Channel Bottom = 27 ft + design (case 4)
File Name: 57KB635_4.slz

Last Saved Date: 4/3/02

Last Saved Time: 10:23:38 AM '
Analysis Method: Morgenstern-Price . -h;i-gf,d"}'& \ IR H\ .
Direction of Slip Movement Rightto Left T O T i/ Y \ 0
Slip Surface Option” Grid and Radius \ \ ‘, &‘ " IE 51 (R ‘

PP Option: Piezometric lines with Ru \ AR BT o f\
Tension Crack Option {none) ‘| / 1y y°

Seismic Coefficient: (none)
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Description: Gatuncillo

Soil Modal: Shearfarmal Fr,

Unit Weight: 29 2

ShearMormal Fn. & 11

Piezometric Line # 1 i‘

340 380 440




Case 5, Channel bottom = 22 ft, Blasted material only

m

Description: Channel Deepening
Comments: East Bank 57K+635 - Channel Bottom = 22 ft blasted material only (case 5)
File Name: 57K635 5slz

Last Saved Date: 4/2/02

Last Saved Time: 11:32:36 AM
Anatysis Method: Morgenstern-Price
Direction of Slip Movement: Right to Left . ~
slip Surface Option: Grid and Radius !
PW P, Option: Piezometric lineswithRu ~ ° \
Tension Crack Option: (none) * \ \_
Seismic Coefficient (none) ’

180 — . -\ K
160 *

. . uY
140 — * * '\“—
120 — : ":‘. Y, JHE Description: Gatuncilo
| N \ g Sail Model: Shear/Morimal Fr.
100 — ARR "r\‘ . Unit Weight: 21.2
I .
g0 — | lr:\ ShearMarmal Fn. #: 11 xH

Description: Water

Soil Model: Mo Strength

op— Unit 'Weight: 9.807 Y
Piezometric Line #: 1

Elevation (m PLD)
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Case 6, Channel bottom = 22 ft, Blasted & removed

Elevation (m PLD)

180

160

140

100

Description: Channel Deepening
Commerts: East Bank 57K+635 - Channel Bottom = 22 ft blasted & removed (case 6}
File Name: 57KB835 Bslz

Last Saved Date: 4/2/02 . .
Last Saved Time: 11:27:16 AM e e '} ) L
Analysis Method: Morgenstern-Price \ . . \
Direction of Slip Movement Right to Left * '

Slip Surface Option: Grid and Radius .
PWP Option: Piezometric lines with Ru .

Tenston Crack Option: (none) L oelele ® IR
Seismic Coefficient {none) L DR TR L \\H\\‘
— - "‘\1*%‘. . .\.’\_10 "‘5“1\‘.
- L T
L Volh e 'ﬁ' : '\ N
- IR x\ﬁm

Descrigtion; Gatuncillo
Soil Model: ShearMormal Fn.
Uit Weight: 21 .2
ShearMormnal Frn. & 11
B Piezometric Line # |1

-210

-160 -110 40 a0 140 190 240 290 340 390

Horizontal Distance (m)




Case 7, Channel bottom = 27 ft, Design (underwater slope)
————————

Description: Channel Deepening

Comments: East Bank 57K+635 - Channel Bottom = 22 ft + design {case 7)
File Name: 57KB35 7 slz

Last Saved Date: 4/3/02

Last Saved Time: 10:26:03 AM

Analysis Method: Morgenstem-Price I
Direction of Slip Movement Right to Left <t -il'\[ 3
Slip Surface COption: Grid and Radius . \ -t Do bl
P WP, Option: Piezometric lines with Ru Lhoe e N ** }
Tension Crack Option: (none) bl 'H * N ,\\
Seismic Coefficient (none) . 1_2;5_\ AN
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T - 4 .\ ‘\ I'H 24 N .
(] Y e B he ¢ |' )\ Soil Model: ShearMormal Fr.
= 100 — :\-'\‘ ‘ } {'\,\\‘ L letls Unit Wiight: 21.2
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Case 8, Channel bottom = 16 ft, Blasted

M

Description: Channel Deepening

Comments: East Bank 57K+635 - Channel Bottom = 22 ft + design + blasted 16 ft {case 8)
File Mame: 57K635 8siz

Last Saved Date: 4/7/02

Last Saved Time: 6:05:33 PM

Analysis Method: Morgenstern-Price NEIUE 1
Direction of Slip Movement: Right to Left eq \ bk \
Slip Surface Option: Grid and Radius che \ nR E,\.
FW . Option: Piezometric lines with Ru . \ RN '[‘\ Y
Tension Crack Option: (none} R Y \
Seismic Coefficient: (none) Y AR IR
a0 — AR #—Ex ) -\"fif .
160 (— 1\‘\\' IE. f;'f'.}.

Lol ‘.: .
160 - *.\.\ A }‘-. .\}’ \'

120 b— % o+ K} Description: Gatuncillo
8 . 3‘\ * \' . I\'- Sl Modet ShearMormal Fr.
— 100 | Yo, e R | 1 Unit Weight: 21 .2
o ST ST dele Shearformal Fr. # 11
&0 — Descrigtion: Gatuncillo . S hew e B Piezametric Line & }‘
,_g, Soil Mode!l: ShearMormal Fn.
c B0 — Unit Weight: 21.2
[e] ShearMlormal Fn. # 12 \
= 40) Piezometric Line # 1
& W
L o
20
-40
=260 210 -160 -110 -6 -10 40 30 140 190 0 290 340 390 440

Horizontal Distance (m)




Summary, 57k + 635 (1890 + 91)

General Description [Range of stations: _ 57k + 320 to 57k + 675
Sector: . Summit
Maximum height (m): 54
Cotangent of siope angle (cot. ). 4.01
Formation: j : Culebra / Gatuncillo
Lithclogy: _ _ _ Siltstone / Sandstone
Critical stratum at toe: ' - Siltstone
Apparent dip of bedding: ' _ ' © . |Toward the Canal
Stability Analysis  |Critical failure mechanism: Translational
Shear strength model: Fully softened, Gatuncillo
Operative average] _ _ _ _
POTe PESSUE | o torof | Relative Factor | Percentage of
fatio . . : Safety | of Safety Change (%)
{aproximate), . . : : . _
Ru: . '
Case 1: Channel bottom = 32 ft 0.374 1.290 1.000 0.00
Case 2: Channel bottom = 27 ft, Blasted material only ; : 1.289 0.999 -0.08
Case 3: Channel bottom = 27 ft, Blasted & remowed 1.281 0.993 -0.70
Case 4.1: Channel! bottom = 27 ft, Design (underwater siope) 1.271 0.985 -1.47
Case 4.2: Channel bottom = 27 ft, Design (& dry excavation) 1.271 0.985 -1.47
Case 5: Channel bottom = 22 ft, Blasted materiai only 1.280 0.992 -0.78
Case 6: Channel bottom = 22 ft, Blasted & removed 1.248 0.967 -3.26
Case 7.1: Channel bottom = 22 ft, Design (underwater siope) 1.225 0.950 -5.04
Case 7.2: Channel bottom = 22 ft, Design (& dry excavation) 1.225 0.950 -5.04
Case 8: Channet bottom = 16 ft, Blasted = 1.223 0.948 -5.19
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station 58k + 035 (1904 + 00)
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Station: 58k + 035 (Summit)

April 16, 2002
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Case 1, Channel bottom = 32 ft
————————— e

Description: Channel Deepening
Comments: East Bank 58K+035 - Channel Bottom = 32 ft {case 1)
File Name: 58K035 1.siz

Last Saved Date: 4/9/02

Last Saved Time: 1:53:48 PM

Analysis Method: Morgenstern-Price
Direction of Slip Movement: Right to Left
Shp Surface Option: Grid and Radius
F.W.F_ Option: Piezometric lines with Ru
Tension Crack Option: (none)

Seismic Coefficient: (none)
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Case 2, Channel bottom = 27 ft, Blasted material only

Eievation (m PLD)

180
160
140
120

100

Description: Channel Deepening

Comments: East Bank 58K+035 - Channel Bottorn = 27 ft blasted material only (case 2)

File Name. 53K035 2slz

Last Saved Date: 4/9/02

Last Saved Time: 1:54:45 PM

Analysis Method Morgenstern-Price
Direction of Slip Movement: Right to Left
Stip Surface Option: Grid and Radius
FW.P. Option: Piezometric lines with Ru
Tension Crack Option: {none)

Seismic Coefficient: {none)

. s % " ® = * ‘{ N ( f;
- - * * 1\ * \I. 5. * ‘ /1
. . . - o - - Io r‘ “i‘
»
e ® o s ¢ ;g//":ff
.,// .“"’1\ LI I ¥ ?}’5“]/; § Description: Culebra
e e e Hoe W Sail Modet: Mohr-Coulomb
Y . }M‘ i ..',}"ﬁ Unit Weight: 21 2
° 3’ . fe NS e Cohesion: 13
s [0 R Phi: 27
Description: Culebra ey g:jl"! :’ ey 3&& f,ﬁ(, Piezomelric Line # 1
Zoil Model: ShearMormal Fn. ohe r——" i | \\
Unit WWeight: 21 .2 Bhe e .It . e

ShearMormal Fn. # 10
Flezametric Line #: 1

L J | I t

-210 -160 -110 -1

40 90 140 1490 240
Horizontal Distance (m)

280 340 390 440




\

Case 3, Channel bottom = 27 ft, Blasted & removed

Elevation (m PLD)
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20 £
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Description: Channel Deepening

Comments: East Bank 58K+035 - Channel Bottorn = 27 ft blasted & removed

File Mame: 58K035_3siz

Last Saved Date: 4/9/02

Last Saved Time: 1:56:32 PM

Analysis Method: Morgenstern-Price
Direction of Slip Movement: Right to Left
Slip Surface Option; Grid and Radius

W P, Option: Piezometric lines with Ru
Tension Crack Option: (none)
Seismic Coefficient: (none)
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60

{case 3)
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.« %] ® ;./',l' !fg“i"f Description: Culebra
" . " I/. !’(; | Soil Model: Mohr-Coulomb
] R Unit Weight: 21.2
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. i PhEi 27
Pigzometric Line #: 1 k
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Case 4.1, Channel bottom = 27 ft, Design (underwater Slope)
N —— et e T S

Description: Channel Deepening
Comments: East Bank 58K+035 - Channel Bottom = 27 ft + design (case 4)
File Name: 58K035 4 .siz

Last Saved Date: 4/9/02

Last Saved Time: 2:10:58 PM

Analysis Method: Morgenstern-Price
Direction of Slip Movement: Right to Left
Slip Surface Option: Grid and Radius
PWEP. Option Piezometric lines with Ru
Tension Crack Option: (none)

Seismic Coefficient: (none)

*

180 —
160 p—
140 — Deszcription: Culebra
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Case 4.2, Channel bottom = 27 ft, Design (& dry excavation)

Elevation (m PLD)

180
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40 M
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Description: Channel Deepening
Comments: East Bank 58KK+035 - Channel Bottorn = 27 ft + design (case 4)
File Name: 58K035 de slz

Last Saved Date: 4/9/02

Last Saved Time: 3:48:36 PM

Analysis Method: Moargenstern-Price
Direction of Slip Movement: Right to Left
Slip Surface Option: Grid and Radius
FW P, Option: RPiezometric lines with Ru
Tension Crack Option: {none)

Seismic Coefficient (none)

» Description: Culebra
Soil Model: Mohr-Coulomio
Unit Weight: 21 .2
Cohesion: 13
Phi: 27 |1

Pigzometric Line #: 1

f I I { | I I | I I | i | |
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Case 5, Channel bottom = 22 ft, Blasted material only
e
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Elevation (m PLD)

Description: Channel Deepening

Comments: East Bank 58K+035 - Channel Bottomn = 22 ft blasted material only {case 5)

File Name: 58K035_5.siz

Last Saved Date; 4/9/02

Last Saved Time: 1:57.43 PM

Analysis Method: Morgenstem-Price
Direction of Slip Movement: Right to Left
Slip Surface Option: Grid and Radius
PW.P. Option: Piezometric lines with Ru
Tension Crack Option: (none)

Seismic Coefficient: (none)

. Descrigtion: Culetrs
Sail Model Mohr-Coulami
— Unit Wyeight: 2% 2
Cohesion: 13
;- Phi: 27
. Piezomedric Line & 1 |4
- Description: Culebra
Soil Model: ShearMormai Fn. IS
— Unit Weight: 21 2 —-___—-_f-“h‘_-__#_—-
ShearMarmal Fri. & 10 ——
X Piezometric Line # 1
_—
I [ I | i I | i t | | I l ]
-260 -210 -1B0 -110 -60 10 40 90 140 180 240 290 340 390 440

Horizontal Distance (m)




Case 6, Channel bottom = 22 ft, Blasted & removed
e

Description: Channel Deepening
Comments: East Bank 58K+035 - Channel Bottomn = 27 ft blasted & removed
File Name: 58K035_6 slz

lLast Saved Date: 4/9/02

Last Saved Time: 2.01:03 PM

Analysis Method: Morgenstern-Frice
Direction of Slip Movement: Right to Left
Slip Surface Option: Grid and Radius
PP Option: Piezometric lines with Ru
Tension Crack Option: {none)

Seismic Coefficient (nane)

(case 6)

180

160

140 Description: Culebra

Soil Model Mohr-Coulomb

— 120 Unit Weight: 21.2
(] Cohesion: 13
-l 100 Phi: 27
o Piszometric Line # 1 H
E S0 e i
= . f— PR
=R 1Y
] .
D 2
w o

20—

—
40—
o | i | 1 | | | | | | | | | |
=260 -210 -160 -110 -50 -10 40 a0 140 180 240 290 340 390 44

Horizontal Distance (m)




Case 7.1, Channel bottom = 27 ft, Design (underwater slope)

Elevation (m PLD)

-60

Description: Channel Deepening
Comiments: East Bank 58K+035 - Channel Bottom = 27 ft + design (case 7)
Fite Name: 58K035 7 slz

Last Saved Date: 4/9/02

Last Saved Time: 2:19:22 PM

Analysis Method: Morgenstern-Price
Direction of Slip Movement: Right to Left
Slip Surface Option: Grid and Radius
FW.P. Option: Piezometric lines with Ru
Tension Crack Option: {none)

Seismic Coefficient {none)

Description; Culebra

Soil Mode! Mohr-Coulomb

Unit \Weight: 21 .2

Cohesion: 13

Phi: 27

Fiezometric Line #: 1 I‘
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Case 7.2, Channel bottom = 27 ft, Design (& dry excavation)
————— e

Elevation (m PLD)

180

160 |—
140 p—
120 [—

1l =

Description: Channel Deepening

Comments: East Bank 58K+035 - Channel 8

File Name: 58K035 7e slz

Last Saved Date: 4/9/02

Last Saved Time: 4.09:05 FM

Analysis Method: Morgenstern-Price
Direction of Slip Movernent. Right to Left
Slip Surface Option: Grid and Radius

PW.P. Option: Piezometric lines with Ru
Tension Crack Option: {none)
Seismic Coefficient (none)

ottom = 22 ft + design (case 7)

Description: Culebra

Soil Moclel: Mohr-Coulomi
Unit Weight: 21.2
Cohesion: 13

Phi: 27

Piezometric Line & 1
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Case 8, Channel bottom = 16 ft, Blasted
e
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[=11]

40

Elevation (m PLD)
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-260

Descrption: Channel Deepening

Comments: East Bank 58K+035 - Channel Bottom = 22 ft + design + blasted 16 ft (case )

File Name: 58K035 8 slz

Last Saved Date: 4/9/02

Last Saved Time, 2:48.49 PM

Analysis Method: Morgenstern-Price
Direction of Slip Movement: Right to Left
Slip Surface Option: Grid and Radius

P WP Option: Piezometric lines with Ru
Tension Crack Option: (none)

Seismic Coefficient. (none)

— Description: Culebra
Zoil Model: ShearMormal Fr.

Description: Culebra

Soil Model; Mohr-Coulorrly
Unit Weighit: 21.2
Cohesion: 13

Phi- 27

Piezametric Line & 1

[ Unit Weight: 21 .2
ShearMormal Fro#: 10
’ Fiezometric Line #: 1

-210 -160 -110 -60 -10 40 90 140

Horizontal Distance (m)
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Summary, 58k + 035 (1904 + 00)
————— M)

General Description

Range of stations:

57k + 675 to 58k + 295

Sector: Summit
Maximum height (m): 50
Cotangent of slope angle (cot. B).

2.16

Formation:

Culebra =

Lithology:

Sandstone / Siltstone

Critical stratum at toe:

Silty. Sandstone -

Apparent-dip of bedding:

Toward the slope

Stability Analysis

Critical failure mechanism:

Transiational along bedding

Shear strength model:

Derived from back analysis (¢ =27, c=13 kpa)

Operative awerage _ _
::péfe'r;;:?ssure : Facto'r_.df'g. Relative Factqf ' Per@e'ntage'of
(@ préicima_te), Safety .of Safety 'Chan_ge {%)
"Ru: _
Case 1: Channel bottom = 32 ft 0.321 1.001 1.000 0.00
Case 2: Channel bottom = 27 ft, Blasted material only e 0.992 0.991 .90
Case 3: Channel bottom = 27 ft, Blasted & removed 0.962 0.961 -3.90
Case 4.1: Channel bottom = 27 ft, Design (underwater slope) 0.861 0.860 -13.99
Case 4.2: Channel bottom = 27 ft, Design (& dry excavation) 0.996 0.995 -0.50
Case 5: Channel bottom = 22 ft, Blasted material only 0.950 0.949 -5.09
Case 6: Channel bottom = 22 ft, Blasted & removed 0.923 0.922 -7.79
Case 7.1: Channel bottom = 22 ft, Design (underwater slope) 0.795 0.794 -20.58
Case 7.2: Channel bottom = 22 ft, Design (& dry excavation) 1.006 1.005 0.50
Case 8: Channel bottom = 16 #, Blasted 0.772 0.771 -22.88
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arent dip of
lding: 5* to 7°*

CULEBRA

LINEA DE PRISMA ESTE NUEVO

PRISMA ESTE EXISTENTE

LINEA DE

LINEA CENTRAL DEL CANAL

180

170

160

150

140

130

120

110

100

a0

30

70

60

S0

40

30

20

10

—-10

—-20

—30

(W) NOIDYAZT3

ACI°

% AUTORIDAD DEL CANAL DE PANAMA

DEPARTAMENTC DE INGENIERIA Y PROYECTOS
DIVISION DE INGENIERIA
ALTOS DE BALBOA, REPUBLICA DE PANAMA

EST

SECCION GEOLOGICA
CORTE GAILLARD
ACION 58K+035 (1904+00) ESTE

ESCALA:

1:1000 FECHA: ABRIL 2002

GEOLOGIA POR: _P- FRANCESCHI

*

DIBLLADG POR: Y- RAMESCH




station 58k + 520 (1920 + 00)

East



Station: 58k + 520 (Culebra)

E
April 16, 2002




Case 1, Channel bottom = 32 ft
e ———————

Description: Channel Deepening
Comments: East Bank 58K+520 - Channel Bottorn = 32 ft (case 1)
File Name: 58K520 1 slz

Last Saved Date: 3/28/02

Last Saved Time: 6:39:40 PM

Analysis Method: Morgenstern-Price
Direction of Slip Movement: Right to Laft
Slip Surface Option: Grid and Radius

P W P Option: Piezometric lines with Ru
Tension Crack Option: {none)

seismic Coefficient: (none)
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Case 2, Channel bottom = 27 ft, Blasted material only

Elevation (m PLD)
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Description: Channel Deepening
Comments: East Bank 58K+520 - Channel Bottom = 27 ft blasted material only (case 2)
File Name: 58K520 _2.slz

Last Saved Date: 2/28/02

Last Saved Time: 5:53:12 PM

Analysis Method: Morgenstern-Price
Cirection of Slip Movement: Right to Left
Slip Surface Option: Grid and Radius
PWI. Option: Piezometric lines with Ru
Tension Crack Option: (none)

Seismic Coefficient: {none)
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Case 3, Channel bottom = 27 ft, Blasted & removed

Description: Channel Deepening
Comments: East Bank 58K+520 - Channel Bottom = 27 ft blasted & removed (case 3)
File Name: 58K520 3 slz

Last Saved Date: 2/28/02

Last Saved Time: 6:57.53 PM

Analysis Method: Morgenstern-Price
Direction of Slip Movement Right to Left
Slip Surface Option: Grid and Radius

P W P. Option: Piezometric lines with Ru
Tension Crack Option: (none)

Seismic Coefficient: (none)
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Case 4, Channel bottom = 27 ft, Design (underwater slope)

180

160

140

120

100

Elevation (m PLD)

Description; Channel Deepening
Comments: East Bank 58K+520 - Channel Bottom = 27 ft + design (case 4)
File Name: 58520 4 slz

Last Saved Date: 4/2/02

Last Saved Time: 10:31:43 AM

Analysis Method: Morgenstern-Frice
Direction of Slip Movement: Right to Left
Slip Surface Option: Grid and Radius
PW P Option. Piezometric lines with Ru
Tension Crack Option: {none)

Seismic Coefficient {none)
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Case 5, Channel bottom = 22 ft, Blasted material only
———————————e e

Description: Channel Deepening
Comments: East Bank 58K+520 - Channel Bottom = 22 ft blasted material only (case 5}
File Name: 58K520 Sslz

Last Saved Date: 3/28/02

Last Saved Time: 7:07.49 PM

Analysis Method: Morgenstern-Price
Direction of Slip Movement: Right to Left
Slip Surface Option: Grid and Radius

P WP, Option: Piezomsatric lines with Ru
Tension Crack Option: {none)

Seismi¢ Coefficient: (none)
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Case 6, Channel bottom = 22 ft, Blasted & removed
————————————

Description: Channel Deepening
Comments: East Bank 58K+520 - Channel Bottom = 22t blasted & removed (case 6)
File Name: 58K520 6.slz

Last Saved Date: 3/28/02

Last Saved Time: 7:10:15 PM

Analysis Method: Morgenstern-Price
Girectien of Slip Movement: Right to Left
Slip Surface Option: Grid and Radius
FW.P. Option: FPiezometric lines with Ru
Tension Crack Option: {none)

Seismic Coefficient: {none)
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CmETHG Line #: 1. L
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Case 7.1, Channel bottom = 27 ft, Design (underwater slope)
————————ee e

Description: Channel Deepening
Comrments: East Bank 58K+520 - Channel Bottom = 22 ft + design (case 7)
File Name: 58K520_7 slz

Last Saved Date: 4/3/02

Last Saved Time: 10:34:41 AM

Analysis Method: Morgenstern-Price
Direction of Slip Movement: Right to Left
Shp Surface Option: Grid and Radius

P WP Option: Piezometric lines with Ru
Tension Crack Option: (none)

Seismic Coefficient (none)
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Case 7.2, Channel bottom = 27 ft, Design (& dry excavation)

B

Description: Channel Deepening
Comments: East Bank 58K+520 - Channel Bottom = 22 fi + design (case 7)
File Name: 58K520 Teslz

Last Saved Date: 447/02

Last Saved Time: 4.01:17 PM

Analysis Method: Morgenstern-Price
Direction of Slip Movement: Right to Left
Slip Surface Option: Grid and Radius

P W F. Option: Piezometric lines with Ru
Tension Crack Option: {noneg)

Seismic Coefficient (none)
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Elevation (m PLD)
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Case 8, Channel bottom = 16 ft, Blasted
———————————

Cescription: Channel Deepening
Comments: East Bank 58K+520 - Channel Bottom = 22 ft + design + blasted 16 ft (case &)
File Name: 58K520_8 slz

Last Saved Date: 4/7/02

Last Saved Time: 6:21:49 PM

Analysis Method: Morgenstermn-Price
Direction of Slip Movement: Right to Left
Slip Surface Option: Grid and Radius

P W P Option Piezometric lines with Ru
Tension Crack Option: (none)

Seismic Coefficient: (none)
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1403 —

120 —

Elevation (m PLD)
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Summary, 58k + 520 (1920 + 00)

General Description

Range of stations:

58k + 295 to 59 + 600

Catangent of slope angle

Sector: Culebra
Maximum height (m}: 66
(cot. B):

7.11

CGeology

Formation:

Culebra "

Lithology:

Shale / Sandstone / siltstone / Conglomerate

Critical stratum at toe:

Sandy siltstone with black shale

Apparent dip of bedding:

Towa_rd-t_he Canal -

Stability Analysis

Critical failure mechanism:

Translational

Shear strength model:

Fully softened, Culebra

Operative average
.poregt(iessure Factor of - | Relative Factor | Percentage of
: (ap roximate), Safety of Safety .| Change (%)
Ru: B
Case 1: Channel bottom = 32 ft 0.371 1.054 1.000 0.00
Case 2: Channel bottom = 27 ft, Blasted material only “ 1.053 0.999 -0.09
Case 3: Channel bottom = 27 ft, Blasted & remowed 1.048 0.994 -0.57
Case 4.1: Channel bottom = 27 ft, Design (underwater slope) 1.046 0.992 -0.76
Case 4.2: Channel bottom = 27 ft, Design (& dry excavation) 0.383 1.046 0.992 0.76
Case 5: Channel bottom = 22 ft, Blasted material only 1.047 0.993 -0.66
Case 6: Channel bottom = 22 ft, Blasted & remowed 1.045 0.9 -0.85
Case 7.1: Channel bottom = 22 ft, Design (underwater slope) 1.041 0.988 -1.23
Case 7.2: Channel bottom = 22 ft, Design (& dry excavation) 0.388 1.125 1.067 6.74
Case 8: Channel bottom = 16 #t, Blasted 1.041 0.988 1.23
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station 59k + 668 (1957 + 61)

m
East



Station: 59k + 668 (Culebra)

.\.
April 16, 2002




Case 1, Channel bottom = 32 ft
e e e e———eeeee e

Description: Channel Deepening

Comments: East Bank 59K+668 - Channsl Bottom = 32 ft (case 1)
File Name: 59K668_1 .slz

Last Saved Date: 4/2/02

Last Saved Time: 4:38:31 PM

Analysis Method: Morgenstern-Price  * "\!.' ” 1 \ \ \
Direction of Slip Movement: Right to Left\ |

Slip Surface Option: Grid and Radius + |\% \" . 5, \ .
P.W.P. Option: Piezometric lines with Ru. \\I\ ' ; 1. k W leos
| \ . 0931,

Tension Crack Option: (none) . e R
Seismic Coefficient: (none) \.\' \\ \lﬁil ‘l & \ S PO
;\.\‘&E‘%\%\ ANATE
!

.\\-Hr, ";M'\—!} V. R
180 — " )\\% \\ﬂmm \ \" e

160 — 5 Al P e e
. 10—
O 120 (- L
- Crescription: Cucaracha
0o 00 ) . .
Soil Model: SheariMarmal Fn.
= Unitwelght: 21.2 T _——
S ~— Shea al Fr# A
o =TT T ETorRtridAAn €% 1
O T 1 =17 e
s 1T s
Qi Lrescription: Cucaracha {Reactivsted)
T Soil Madel: ShearNarmal Fn.
Init Weight: 21.2
ShearNormal Fno #: 25
| F'lEZCI![ﬂEt[’IC Llne]#: 1 | | | ! |
-260 -210 -160 -110 -60 -10 40 S0 140 190 240 290 340 320 440

Horizontal Distance (m)




Case 2, Channel bottom = 27 ft, Blasted material only
——————— e

Description: Channel Deepening

Comments: East Bank 59K+668 - Channel Bottom = 27 t blasted material only (case 2)
File Name: 59K668_2 .slz

Last Saved Date: 4/2/02

Last Saved Time: 4:42:29 PM N

. !
- - . T -
Analysis Method: Morgenstern-Price  * “\'ﬁ P, }\ \ ) \*
Direction of Slip Movement: Right to Left. . ‘ \x- .
Slip Surface Option: Grid and Radius -+ 4\} jy,‘ oo
P.W.P. Option: Piezometric lines with Ru._*} l l\ i . .
Tension Crack Option: (hone) . MR | 2931,
. . . * I
Seismic Coefficient: (none) “ _2’1 1,‘. ., "
. \ . -.,i,\ l I
.-, [ SI \/ *
LY . - ¥
. \}1" ‘\-\ﬁ’ ‘5\ ll[ . *
180 — ) ‘.E. \ \.'ﬁi |
160 |— \ e o 07
e 140 =
O 120 1‘
- Desciiption: Cucaracha
Q. 100 — Description: Cucaracha Soil Model: Shear/Normal Fn. Al
£ B0 |— 50iModel: ShearNormal Fn. gRiTWeight: 21F FE ] 15
— | Unit\veight: 21.2 e _eammﬁ_ al Fnf#:
8 B0 N ShearfMormal Fr.#: 25 o ™ TormkticdneF: 1
== 40 Piezometric Line #: 1 1 1T
alj—
o [ _ _
% Descﬁptifm: Cucaracha (Reacti)aéd)
L Soil Model: Shearformal Fn.
- Unit \Weight: 21.2
40 | SheatMomal Fri. #; 25
| l Piezur[netrfc Lin9|#: 1 | i | | |
o0 | | | 1
260 210 -160 -110 G0 -10 40 90 140 190 240 290 340 390 440

Horizontal Distance (m)




Case 3, Channel bottom = 27 ft, Blasted & removed
———————e

Description: Channel Deepening
Comments: East Bank 59K+668 - Channel Bottom = 27 ft blasted & removed (case 3)
File Name: 59K668_3.slz

Last Saved Date: 4/2/02

Last Saved Time: 4:46:52 PM R

Analysis Method: Morgenstern-Price  *_ ) .
Direction of Slip Movement: Right to Left ™" 1 d )
Slip Surface Option: Grid and Radius -+ AT |

P.W.P. Option: Piezometric lines with Ri .. ¥ % )
Tension Crack Option: (hone) . 4 \ \ I '} AR
Seismic Coefficient: (none) \\ ' 1‘5“” 1 § X 1‘5' T. .

A LA Y
w [ '\,1%}‘&\\11 LM RMR

140 —

120 —

Descriptian: Cucaracha
mo = Soil Model: Shearfiormal Fr.
Unit¥eight: 21,2 o

- Sheamm Frnig. &~
=TT ...-Pf;ﬁg__ rigLb4ne ® 1

j[ [
] == T

escription: Cucaracha (Reacti}aéd}
. oI Soil Model: ShearMormal Fn.
20— Unit veeight: 21.2

-
]

Elevation (m PLD)

AT e SheanMormal Fr. #: 25
| Piezm[netric LinE|#: 1 i | | | |
& | | | l | |
-260 -210 -160 -110 -60 -10 40 20 140 190 240 290 340 380 440

Horizontal Distance (m)




Case 4.1, Channel bottom = 27 ft, Design (underwater slope)
—————— e

Description: Channel Deepening
Comments: East Bank 59K+668 - Channel Bottom = 27 ft + desjgn (case 4)
File Name: 59K668 4 slz ..
Last Saved Date: 4/2/02 o W
Last Saved Time: 5:05:53 PM \\"1 .
Analysis Method: Morgenstern-Price ™
Direction of Slip Movement: Right to Leff !
Slip Surface Option: Grid and Radius
P.W.P. Option: Piezometric lines with Ru
Tension Crack Option: (none)

Seismic Coefficient: (none)

180
’_

160 —
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120 — - “

Bescription: Cucaracha
g = Soil Model: ShearMarmal Fn.
g0 — Unit¥Veight. 27,2
. Shear. il Fr#
T T T rRtid Line F

—t ]

0l A T T A1 1T

I
L —

Description: Cucaracha (Reacﬁ/vaéd)
Soil Model: ShearMormal Fn.
nit Weight. 21.2

Eievation (m PLD)
l

40 ShearMoarmal Fn. #: 25
| | ’ | | F’iezor|netrin: Linel#: 1 [ 1 i | I
-260 -210 -160 -110 -60 -11 40 20 140 190 240 290 340 300 440)

Horizontal Distance (m)




Case 4.2, Channel bottom = 27 ft, Design (& dry excavation)
S ———— A At S

Description: Channel Deepening
Comments: East Bank 59K+668 - Channel Bottom = 27, ft + e[y (casa 4)
File Name: 59K668_4e siz . c\

Last Saved Date: 4/7/02 . \ . -
Last Saved Time: 4:34:16 PM o ’l\ .......
Analysis Method: Morgenstern-Price . R R
Direction of Slip Movement: Right to Left IR R KR LIS
Slip Surface Option: Grid and Radius I \ sl s e e e

P.W.P. Option: Piezometric lines with Ru
Tension Crack Option: (none)
Seismic Coefficient: (none)

-----
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160 —
o 140 — 3 ., .
0O g0 - 4
I + +Deseription: Cucaracha
L 10 — Soil Model: Shear/MNarmal Fn.
£ Unit Weight: 21.2 1
— Sheﬁilgﬂ al Fri. =TT
cC ERomdtub-irel#
o SeSERption. Cucaracha (Reactjfted)
m Soil Mode!: SheartMormal Fn-

- Unit Weight: 21.2

40 = Shear/MNormal Fn. # 25

Piezometnc Linp # 1
50 L ) Plesopeticlig®l
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Case 5, Channel bottom = 22 ft, Blasted material only

m

Description: Channel Deepening

Comments: East Bank 59K+668 - Channel Bottom = 22 ft blasted material only {case 5)

File Name: 59K668_5 .slz

Last Saved Date: 4/2/02

Last Saved Time: 4:51:58 PM N

Analysis Method: Morgenstern-Price RN 1

Direction of Slip Movement: Right to Leﬁ“i:*\ii' \‘ﬁ
e |

Slip Surface Option: Grid and Radius - - \
P.W.P. Option: Piezometric lines with Ru ™ \ Jbte 4
Tension Crack Option: (none) . éﬁi \' i '] \ ) 55..”—92&
Seismic Coefficient: (none) o .\ ‘\ " | i - L .
™, -*
N RURPR AL
:\\.'i llil I‘IE & '| If a.
.\3&3?' ‘I%= } \“V/ :
180 — - '\%. /)l .
* ol *
w0 |~ N
N 7 s
0O 120 |‘
— Descrintion:
escription: Cucaracha
0. 100 | Description: Cucaracha S0 Modet: Shearflormal Fr.
& 80 [—Soit Model: ShearNormai Fn. Lnitwelght 24.2.- ]
e ; iyl . = JE i By
o 60 -Unitweight 212 . —_— e né"i§1
o . . 11 1 ___# o)
2 e T TR L
%ﬂ I e ' Descriplidn: Cucaracha (Reacti}aéd)
TE] v Soil Model: ShearfNormal Fn.
Unit Weight. 21.2
ShearMarmal Fn. #: 25
| Piezoqnetric Linel#: 1 | | ] | |

-260 =210 -160 -110 -B0 -10 a0 90 140 180 240 290 340 390 449
Horizontal Distance (m)




Case 6, Channel bottom = 22 ft, Blasted & removed

%

Elevation (m PLD)

180
160
140
120
100

Description: Channel Deepening

Comments: East Bank 59K+668 - Channel Bottem = 22 ft biasted & removed {case 6)
File Name: 59K668_6 .siz

Last Saved Date: 4/2/02

Last Saved Time: 4:54:41 PM LI

Analysis Method: Morgenstern-Price AT '|- e e
Direction of Slip Movement: Right to Left *&‘ ' -
Slip Surface Option: Grid and Radius - * .« bt
. . . . . N
P.W.P. Option: Piezometric lines with Ry ™ . et
Tension Crack Option: {none) . PP
Seismic Coefficient: (none) e .
; 4
. Te .
.\ - \‘I !.
[ ! Tf
0' ) o ¥ L HE
[ .\ i '|L 2‘ . - -
B Description: Cucaracha
B Soil Model: ShearfNaormal Fn.
nit weight, 21,2
- Shegz al Fr#.4-
] I 2 s Wb
T T 1T 1771 B
' == —e'écfip.ti..nn: Cucaracha (Reacti}ﬁed}
T Soil Model: Shear’Normal Fn.
— Unit ¥eight: 21.2
| Sheaniormal Fn. # 25
| | | | | | [ F'iezcuTnetric Line|#: 1 l | | | |
-260 -210 -160 -110 -60 -10 40 So 140 190 240 250 340 350 440

Horizontal Distance (m)




Case 7.1, Channel bottom = 27 ft, Design (underwater slope)
—————— e~ P

Description: Channel Deepening
Comments: East Bank 59K+668 - Channel Bottom = 22ft + design (case 7)

File Name: 59K668_7 .slz T Ve Ve
Last Saved Date: 4/7/02 3 \ \} . ﬂ,\ .o
Last Saved Time: 6:35:39 PM el ” ..
Analysis Method: Morgenstern-Price dels \ 5'} ’D'géz
Direction of Slip Movement: Right to Left bl %1\1- PEET
Slip Surface Option: Grid and Radius ) J oo T, X 4 °
P.W.P. Option: Piezometric lines with Ru AV A R
Tension Crack Option: {(none} . g cobddes l
Seismic Coefficient: (none) .. ! \.EH- J L
180 — .\3\\: 1‘3\' -%,II'V. \L (1L
160 — e
140 —
120 }— }‘
100 — Description: Cucaracha

Soil Model: Shear/Mormal Frn.
UnitWeight 29,2 _ e
Shear alfn|#. 3~ -

TBescription: Cucaracha (Reacﬁ}aéd)
E—" DR Snil Model: ShearmNormal Fn.
20— Unit Weight: 21.2

Elevation {(m PLD)

40— ShearNormal Fn. #: 25
&0 | | | | | | | Plezur[netru: Llnei#_ 1 | | | | |
-260 -210 -160 -110 £0 -10 40 80 140 180 240 290 340 350 449

Horizontal Distance {(m)




Case 7.2, Channel bottom = 27 ft, Design (& dry excavation)
——— e

Description: Channel Deepening
Comments: East Bank 59K+668 - Channel Bottom = 22ft+de3|gn {case 7)
File Name: 59K668_7e slz !

Last Saved Date: 4/7/02 AP SN t c
Last Saved Time: 4:40:44 PM . ! N . o
Analysis Method: Morgenstern-Price % 4 1* |17 |, doee
Direction of Slip Movement: Right to Left” (\ R
Slip Surface Option: Grid and Radius ,\ e . S U

P.W.P. Option: Piezometric lines with Ru .
Tension Crack Option: (none)
Seismic Coefficient: (none)

- O

180 — . .

160 |— '

140 —

120 - o |
Description: Cucaracha

100 — Soil Model: Shear/Mormal Fn.

Unit Weight: 21.2
Shea a Frl £ - 7T ]
I T o gt ribArinE |2
{JZE. C - L
e ntion: Cucaracha (Rea%ted)
Soil Model: Shear/Narmal Fre
Unit Yeight: 21.2

Shear/Mormal Fn. # 25
| | | F’iezornelric LinF # 1 | | | | |

Elevation (m PLD)

o 1 I
-2b0 -210 =160 -110 -60 -10 40 a0 140 180 240 290 340 280 440

Horizontal Distance (m)




Case 8, Channel bottom = 16 ft, Blasted
————————— e

Description: Channel Deepening
Comments: East Bank 59K+668 - Channel Bottom = 22ft + design + blasted 186 ft (case 8)

File Name: 59K668_8.slz R RN .
Last Saved Date: 4/7/02 oo ] \\E L.
Last Saved Time: 6:49:48 PM . i et 1 .
Analysis Method: Morgenstern-Price gl alels ! 'E,'fg;Q
Direction of Slip Movement: Right to Left Joles E: P e
Slip Surface Option: Grid and Radius \ Jdo oo le \: \ ol
P.W.P. Option: Piezometric lines with Ru Jlhoobbasee”
Tension Crack Option: (none) \ vk oselee i
Seismic Coefficient: (none) \ . . \\g [
|

IRARRE
180 — \f’ AR
160 — she # 00 8

= 0= Description: Cucaracha
(- 120 — Sail Model: ShearMormal Fr. }4
ELJ o Unit Weight: 21 .2
Description: Cutaracha ShearMormal Fn. #: 7

&= 80 [ =oilModel Shear™Normal Fn. Fiezaretric Line #: 1
~ | UnitWeight 21.2 — |
5 & y|  ShearfNormal Fn.# 25, _ T
= 4 Piezometric Line # 1\ T L —— ]
o - L I
> A ; ot = :
L 0 — : Description: Cucaracha
L == Soil Model: SheariNarmat Fn.

L Unit Weight 21.2

A0 = ShearfMormal Fni. #: 25

- i | ] | 1 | f Piezumqtric Line #:|1 [ l | | |

-260 -210 -160 -110 -B0 -10 40 30 140 190 240 290 340 390 440

Horizontal Distance (m)




Summary, 59k + 668 (957 + 61)

General Description {Range of stations: 59k + 600 to 5% + 800
Sector: Culebra {East Culebra Slide}
Maximum height (m}: 86
5.14

Geology

Cotangent of slope angle (cot. B): -

Formation:

{Cucaracha / Culebra -

Lithology:.

Shale / Clayshale / Sandstone / Siltstone / Conglomerate

Critical stratum at toe:

Shales / Clayshale

Apparent dip of bedding:

Toward the Canal

Stability Analysis

Critical failure mechanism:

Translational

Shear strength model:

Residual, Cucaracha

Operative average _ _ _
| _pq.l_'e.r[;rt?ossur - Factor of Relative Factor Pe_rc_entage.of
. .(apr'oxir'nate):,. Safety . .| of Safety Change (%)
- Ru: j
Case 1: Channel bottom = 32 #t 0.303 0.93:1 1.000 0.00
Case 2: Channel bottom = 27 ft, Blasted material only 0.931 1.000 0.00
Case 3: Channel bottom = 27 ft, Blasted & removed 0.928 0.997 -0.32
Case 4.1: Channel bottom = 27 ft, Design (underwater slope) 0.927 0.996 -0.43
Case 4.2: Channel bottom = 27 ft, Design (& dry excavation) 1.036 1.113 11.28
Case 5: Channel bottom = 22 ft, Blasted material only 0.928 0.997 -0.32
Case 6: Channel bottom = 22 ft, Blasted & remowed 0.926 0.995 -0.54
Case 7.1: Channel bottom = 22 ft, Design (underwater slope) 0.922 0.990 -0.97
Case 7.2: Channel bottom = 22 it, Design (& dry excavation) 1.035 1.112 11.17
Case 8: Channel bottom = 16 ft, Blasted 0.922 0.990 -0.97
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station 59k + 918 (1966 + 00)

East



Station: 59k + 918 (Gold)

E
April 16, 2002




Case 1, Channel bottom = 32 ft
———————— e

Description: Channel Deepening

Comments: East Bank 59K+918 - Channel Bottom = 372 ft (case 1)
File Name: 59K918_ 1siz

Last Saved Date: 4/11/02

Last Saved Time: 8:00:01 AM

Analysis Method: Spencer

Direction of Slip Movement Right to Left

Slip Surface Option: Grid and Radius

age |- P.WP. Option: Piezometric lines with Ru

200 —

450 —

Tension Crack Option: {none) sae e *’Efz"’;?””‘ I T
. - N . - & & i A -
30 |—  Seismic Coeefficient (none) i ,ﬁ*;;,f;m¢\u\.‘\ e
D 2 e\
300 — g S RN L Deseription: Basalt
. oA 54 A e T e e Soil Model: ShearMormal Fn
50 |- ; (,,"'(,.f:,/j?;/"m\ ;\\ﬂ ¥ Unit Weight: 23.5 De.scnptln‘nt Cucaracha Fi.
ST s T . Sail Model: ShearMormal Fn.
/ :/f, Ry E\ 3 ShearMNormal Fn. & 23 Unit Veight: 21 2
700 — ,ff»f'f :/f‘ﬁ \°\ \ Plezometric Line #: 1 ShearMormal Fre. #: 7
S Piezotmetric Line #: 1
= 1500
— ] il :.*
=] 140 - - - T -
=
==
Q2 50
Lol
]
—-100
-150
—Z00
-250
—-300
—-350

—-400 -350) -300 -250 -200 -190 100 -50 50 100 150 200 250 300 350 400 450 500 550 600 650 TOO 7SO0 800 &50 900 950

Horizontal Distance (m)




Case 2, Channel bottom = 27 ft, Blasted material only

“

Description: Channel Deepening
Comments: East Bank 59K+918 - Channel Bottorn = 27 ft blasted matarial only {case 2)
File Name: 59K918 2siz
Last Saved Date: 4/11/02
Last Saved Time: 82252 AM
"0 Analysis Method: Spencer
aep |- Direction of Slip Movement: Right to Left
Slip Surface Option: Grid and Radius
a0 — FW.P.Option: Piezometric lines with Ru
Tension Crack Option: (none) Y Lt AL
350 — Seismic Coefficient (none) ’E”fk:{f’:;.-*._m. '“‘;\\ N
30— Jé‘:/%/l:j/: cer i, PN Description: Basait
.; YA -“‘*\; \.; Soil Model: ShesrMormal Fri. Description: Cucaracha FM
b - 7w - -, P i . - -
=0 Ju’ .:‘?.m‘w : Unit Veight: 23.5 . Soit Model: ShesrMormal Fn.
//.-'!‘* ;/. ;\“— }"., j} - S.hearJNor_maI. Fr.#: 23 Unit Wieight: 212
200 |— {[; ,,2:_:/?. ;\. ; Fiezometric Line #: 1 ShearMormal Fr, # 7
— Descrigtion: Agglomerste I o oe e & Fiezometric Line #: 1
E 150 Soil Model: ShearMNormal Fn. \3 f "
= Unit Weight: 22 .8 -
& 100 ShearMormal Fn. #: 22 ¥ ————— . —
= Piezometric Line # 1
& 5
[
D —
—50
~100 |
~150 E
-200 [
-250
-300
»_350 5 R | S I it e
—400 -350 -300 -290 -200 ~150 100 -50 O 50 100 150 200 750 00 350 400 450 500 550 €00 €50 D0 7SO BOD S50 900 950
Horizontal Distance (m)




Case 3, Channel bottom = 27 ft, Blasted & removed
——————————— e

Description: Channel Deepening

Comments: East Bank 59K+318 - Channel Bottom = 27 ft blasted & removed (case 3)
File Name: 59K918 35l

Last Saved Date: 4/11/02

Last Saved Time: 8:29:49 AM

00— Apalysis Method: Spencer
asp L Direction of Slip Movement: Right to Left
Ship Surface Cption: Grid and Radius
a0 |— P WP Option: Piezometric lines with Ru
Tension Crack Option: (none) ‘e
30~ Seismic Coefficient (none) .
oo — : : Description: Basalt
50 L . Sﬁ: MWoec:eL;t.SggaE:'MQrmal Fr. Crescription: Cucaracha FM.
- ant: 23 . Soil Model: ShearMarmal Fr.
ShearMormal Fn, # 23 § .
Piezometric Line #: 1 Unit Wesight: 21.2
200 — : Shearformal Fn. & 7

Piezometric Line #: 1

Flevation {m)

-50

-100

-150

—200

—250 ¢

-~ 300 F

—350 &
—-400 -350 -300 -250 -Z00

180 —100 -50 5 100 150 200 2750 300 350 400 450 500 RS0 600 6RO FOQ0 VS0 300 850 900 950

Horizontal Distonce (m)




Case 4, Channel bottom = 27 ft, Design (underwater slope)
———————e e

Description: Channel Deepening
Comments” East Bank $59K+918 - Channel Bottom = 27 ft + design (case 4)
File Name: S9K918_4 sz

Last Saved Date: 4/11/02

Last Saved Time: 9:29:24 Al

Analysis Method: Spencer

Diraction of Slip Mavement Right to Left

Siip Surface QOption: Grid and Radius

100 l— P W.P. Option: Piezometric lines with Ru

Tension Crack Option: {none)

200 —

450 —

150m— '
100 it o —_————— -

. R . . - P g - -
70— Seismic Cosfficient {none) M2 ey N, ;
+ “/4"}‘:’&', /’,’.’-’1“‘"‘7 - "i\.\\&l'\
LR WY O el - K -
300 — .., '/}ﬁ/"?%(ﬂ?/._m&:::ﬁxb\.\\‘a' IEP Deseription: Basalt
. '}Iﬁ("’; -_!,.'./;f)ﬁ . ‘-‘\\ \‘3] ' Sail Model: ShesrMormal Fro. o ——
&0 |- A ',r“:‘;v\__\. .\g Linil Weight: 23 5 e_scrlptlon. Cucarachs Fid.
2 Y} )]. }j}‘/f/ﬁx R e *| ShearMormal Fo. # 23 Soil Madel: ShearMormal Fri.
o e -J\'\;' ] ! mal Fn. ¥ Unit Weight: 212
200 |— i {,’ 3 & _;/. ? . g e :[ : Piezometric Line #: 1 Shearformal Fr. # 7
5{\ \R‘ : "{_ ./': Piezometric Line #: 1
\

Elevation (m)
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-200
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—IRp L it o
-400 —350 -300 -250 -200 —150 —-100 ~50 O 0 100 150 00 250 300 350 400 450 500 550 600 650 FOO 750 800 850 900 950

Harizontal Distance (m)




Case 5, Channel bottom = 22 ft, Blasted material only
——————————— e

Description: Channel Degpening

Comments: East Bank 59KK+3818 - Channel Bottorn = 22 ft blasted material only (case 5)
File Name: 58K318_5.siz

Last Saved Date: 4/11/02

Last Saved Time: 9:13:31 Al

200 — Analysis Method: Spencer
asp |— Direction of Slip Movement: Right to Left
Slip Surface Option: Grid and Radius
a0 — PW.EP Option: Piezometric lines with Ru
Tension Crack Option: (none) cev. x’ e 2 .\:
B0 —  Seismic Coefficient {none) ,,»fx A T S \
BEY . /medergi\
. ,":’"“f,a'.’j 4 x e . N
300 +— . .Fx‘gr’ jﬂf-:’::’”__,-’z”ﬁ’f’.“‘ Jﬁ:\ .\_‘3 Description: Basailt
. ﬁf?ﬁé"‘&/{?" R \, 1 Soil Modet ShearMormal Fr -
750 |— g !_,-‘f i Unit Weight: 23 5 De_scrlptlon: Cucaracha Fii.
.,/" 7 ShearMormal Fa, & 23 Sofl Magel: ShearMormal Fri.
200 |— A ' i Piezometric Line # 1 Unit Wizight: 21.2

ShearMormat Fn. & 7
Description: Agglomerate Piezometric Line #: 1
150pm— Soil Model' ShearMNaormal Fry
Unit \Weight: 22 8
Shearhormal Frn. & 22

Fierometric Line & 1

100

Clevation (m}

30

-50

-100
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-~ 300

—350 i : A BRAL ; H
—400 -350 -300 -250 -200 150 —100 -50 O 50 100 150 200 250 00 350 400 450 500 550 600 650 YOO 5D BOG 850 900 950

Horizontal Distance (m)




Case 6, Channel bottom = 22 ft, Blasted & removed

m

Description: Channel Deepening
Comments: East Bank 59K+918 .
File Name: S9K918_6.siz

Last Saved Date: 4/11/02

Last Saved Time: 31818 AM
Analysis Method: Spencer
Direction of Slip Movement. Right to Left
Slip Surface Option: Grid and Radius
FW. P Option: RPiezometric lines with Ru
Tension Crack Option: {hone)
Seismic Coefficient: {(none)

Channel Bottomn = 22 ft blasted & removed (case 5)

00
450

400

.- o e

LY oy ey

. .:_’:":;{’;»/‘Z/-tm
.;,,/f{j A .
Q“,VJ

-
-
-
-

b \:

300

L I I B B

Description: Pasalt

Soil Model: ShearMormal Fn.
Unit Weight: 23.5
ShearMormal Fr. #: 23
Piezometric Line #: 1

30

200

Description: Cucaracha FM.
Sail Model: ShearMormal Fr.
Unit Weight. 21 .2
ShearMormal Fn, #: 7
Piezometric Line #; 1

Flevation (m)

-350

—400 -350 -JC0 -2Z50 -200 —150 —100 -~50 100 150 200 250 300 350

0

50 400 450 500 S50 ®00 650 700

Horizontal Distance (m)

750 800 850 g00  9%0




Case 7, Channel bottom = 27 ft, Design (underwater slope)
e S ———— et et A

Description; Channel Despening

Comments: East Bank 59K+918 - Channel Bottom = 22 ft + design (case 7)
File Mame: 59K218_7 sz

l.ast Saved Date: 4/11/02

Last Saved Time: 3941 AM

200 — Analysis Method: Spencer
4sp | Direction of Slip Movement: Right to Left
Slip Surface Option: Grid and Radius
a0 i— P WP Option: Piezometric lines with Ru
Tension Crack Option: {(none) c e ee ey e R
e e e a e e .
350 |-  Seismic Coefficient {none) D ?/f*ﬁ/;‘l;- gt \\T‘;
;ﬂgﬁk??/r Sl N
7 o A
0o — .. ;;'q.{’;‘ /'" /;‘.(};"“\5“\;\"1} Description: Basat
. bl N &}\ * il Soil Moclel: ShearMarmal Fn. o
50 — s .- -y e H Untt Weight: 23.5 De_sv:rlptu:nn. Cucaracha FM.
Z 2 ‘;f/-y“o_'"o\-‘ 1\ Shesrm Fr. # 23 Zoi Model ShearMormal Fri.
/J _,/f fe b o o\o\: - Z P sar EtDt:mﬂ{ n. " '1 Unit Weight: 21 .2
00 — 'a;-:f )i‘“%::-/»: "\ . lezamedric: Line #: ShearMormsl Fr. & 7
:ﬁ »‘%’. A . -\ f Piezometric Line # 1
1500~ b N L 2

100

50

Elevation (m)

0 pF—

~50 F

—i00 E

—-150 k
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—300

{32

150 200
Horizontal Distance (m)
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Case 8, Channel bottom = 16 ft, Blasted
————————

escription: Channel Deepeoning

Comments: East Bank 53K+818 - Channel Botton = 22 ft + design + blasted 16 ft {case &)
File Name: 59K3218 &S slz

Last Saved Date: 4/11/02

Last Saved Time: 9:46:08 AM

200 = Analysis Method: Spencer
450 L Direction of Slip Movement Right to Left
Shp Surface Option: Grid and Radius
ann — WP Option: Piezometric lines with Ru
Tension Crack Option: (none) Tty ea e s et
30—  Seismic Coefficient: (none) . =
300 — Descriptinn; Blasalt
%0 |— 3ﬁ:{ Mwneniisll’;t:sggngDrmal Fin. Description: Cucaracha Fh.
ShearMormal Frr. # 23 Sn?l Moc!el: ShearNormal Fr.
0 |— Piezometric Line #: 1 Hintt Wisight: 21.2

ShearMNormal Fn. #: 7

Description: Agglomerate Piezometric Line #: 4

]50’1_ Soil Model: ShearMormal Fr.
Unit Weight: 22.8

100 ShearMarmal Fr. & 22

Piezometric Line #: 1

Flevotion (m)

%0 i
-400 -350 ~300 -250 -200 -150 —100 -50 O 50 100 150 200 250 3OO 350 400 450 500 550 60D 650 OO 7SO 800 850 900 950
Horizontal Distance (m)




Summary, 59k + 918 (1966 + 00)

m

General Description |Range of stations: _ 59k + 800 to 60k + 050
Sector: Gold
Maximum height {m): 160
Cota@ent of slope angle (cot. B: 0.81

Geology. - |Formation:

B - |Pedro Miguel / Basalt / Cucaracha
Lithology: : . _ a - . |Agglomerate / Basalt / Clayshale / Sandstone
Critical stratum at toe: ' : _ Agglomerate / Clayshale
Apparent dip of bedding: o _ Not defined
Stability Analysis  |Critical failure mechanism: Rotational - global failure
Shear strength model: First time agglomerate, basalt / Fully softened, cucaracha culebra
Operative average o '
: pqrer;;rt_?ss_ure Factor of _ ':Ft'elati\ae_ Factor| Percentage of
- fap roxi-méte), Safety | | of Safety Change (%)
Ru:
Case 1: Channel bottom = 32 ft 0.423 1.345 1.000 0.00
Case 2: Channel bottom = 27 ft, Blasted material only ' 1.345 1.000 0.00
Case 3: Channel bottom = 27 ft, Blasted & remowed 1.340 0.996 -0.37
Case 4.1; Channel bottom = 27 ft, Design (underwater slope) ' 1.333 0.991 -0.89
Case 4.2: Channel bottom = 27 #t, Design (& dry excavation) 0.422 1.333 0.991 -0.89
Case 5: Channel bottom = 22 ft, Blasted material only 1.340 0.996 -0.37
Case 6: Channel bottom = 22 ft, Blasted & remowved 1.332 0.990 0.97
Case 7.1: Channel bottom = 22 ft, Design (underwater slope}) 1.324 0.984 -1.56
Case 7.2: Channel bottom = 22 ft, Design (& dry excavation) 1.324 0.984 -1.56
Case 8: Channel bottom = 16 ft, Blasted 1.324 0.984 -1.56
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station 60k + 244 (1976 + 50)

East



Station: 60k + 244 (Cucaracha)

R

April 16, 2002
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Case 1, Channel bottom = 32 ft

Elevation {(m PLD)

180
160
140
120
100
80
&0
40

20
-40
&0

Description: Channel Deepening

Comments: East Bank 60K+244 - Channel Bottom = 32 ft (case 1)

File Name: 60K244_1 siz
_Last Saved Date: 4/2/02
_Last Saved Time: 6:03:46 PM
| Analysis Method: Morgenstern-Price
_Direction of Slip Movement: Right to Left
Slip Surface Option: Grid and Radius
| P.W.P. Option: Piezometric lines with Ru
| Tension Crack Option: (none)

| Seismic Coefficient: (none)

| | | I | | | I |

_,_o—'—'—'——**“‘f_,_— —-—
FTEs copben TTcaracha
Soil Model: ShearMormal Fn
Unit Weight, 21.2
SheatiNormal Fn. # 7
Piezametric Line #: 1

Soil Model: Sheartarmyal Fn.
Linit\Weight: 21.2
ShearMormal Fn. # 7
Piezometric Line #: 1

| l | I |

-110 -B0 -10 40 90 140 190
Horizontal Distance (m)

240 290 340 390 440




Case 2, Channel bottom = 27 ft, Blasted material only

Elevation (m PLD)

\I\ j\% \

Description: Channel Deepening

Comments: East Bank 60K+244 - Channel Bottom = 27 ft blasted material only (case 2)

File Name: 60K244_2 slz
_Last Saved Dale: 4/2/02

180
160 |Last Saved Time: 6:16:35 PM
4o |Analysis Method: Morgenstern-Price ]1
Direction of Slip Movement: Right to Left o
120 |—... . . .
100 _Slip Surface Option: Grid and Radius pipe———
P.W.P. Option: Piezometric lines with Ru DB5 cupkier Tlicaracha
80 = . . Soii Mode!: Shear!Normal Fn.
Tension Crack Cption: (none) UnitWeight 21 2
B0 cont : - S21.
| Seismic Coefficient: (none) . ShearNomal Fn. #: 7
sk T T Piezomatric Line #: 1
-l Soil Model: ShearMarmdl Fn.
0 CHphaH: — Unit Weight: 21.2
o0 — Soil Madel: SheariNormal Fn. Sheat/Normal Fn. # 7
UnitwWeight: 21.2 Piezametric Line #: 1
40 — Shearthormal Fn. #: 25
0 | Piezorhetric Linel_#i | l | l | : ] 1 | I | |
260 210 160 110 -B0 ~10 40 90 140 190 240 290 340 390 440

Horizontal Distance (m)




Case 3, Channel bottom = 27 ft, Blasted & removed

Elevation (m PLD)

180
160
140
120
100

80

50

-20
-40
-60

Description: Channel Deepening
Comments: East Bank 60K+244 - Channel Bottom = 27 ft blasted & removed {case 3)
File Name: 60K244_3 slz

_Last Saved Date: 4/2/02

| Last Saved Time: 6:14:02 PM

|_Analysis Method: Morgenstern-Price

| Direction of Slip Movement: Right to Left
Slip Surface Option: Grid and Radius

P .W.P. Option: Piezometric lines with Ru

" Tension Crack Option: (none)

Seismic Coefficient: (none)

Cies cupken Tlcaracha
Soil Model: ShearMNormal Fn.
Linit Weight. 21.2

o SheariNarmal Fn. # 7
Piezametric Line #:1

i
|
]

Soil Medel: 8heanharmyal Fh.
nit Waight 21.2
SheariMormal Fn. #: 7
Piezometric Line #: 1

I I I | I | I | | I I | I I

m—

e

160 -110 a0 140 190 240 290 340 390 440
Horizontal Distance (m)




Case 4, Channel bottom = 27 ft, Design (underwater slope)

Elevation (m PLD)

File Name: 80K244 4 siz
Last Saved Date: 4/2/02
_Last Saved Time: 6:26:53 PM

180 ) .
oo |Analysis Method: Morgenstern-Price
.4n |_Direction of Slip Movement: Right to Left
1o |Slip Surface Option: Grid and Radius
1o P -WW.P. Option: Piezometric lines with Ru —— -
: ian- PEScmpten Claracha
B0 __Tepspn Crack c.)ptlon' (none) Soil Model: ShearfMonmal Fn.
Seismic Coefficient: (none) Unit Weight: 21.2
B0 — .
W " ShearMormal Fn.#: 7
A0R— ohs Piezometric Line ¥ 1
2 E o E o gt ey ¥
o Soi Model:Shear!Nnr?él Fr.
G UnitWeight: 21.2
0 SheasMormat Fn. # 7
Piezometric Line #: 1
A0 =
. % 1 | | | | | | | | | | 1 |
-260 210 -160 -110 60 -10 40 a0 140 190 240 290 340 330 440

Horizontal Distance {(m)




Case 5, Channel bottom = 22 ft, Blasted material only

Elevation (m PLD)

!
i

Description: Channel Deepening *
Comments: East Bank 60K+244 - Channel Bottom = 22 ft blasted material only (case 5)
File Name: 60K244_5.slz

_Last Saved Date: 4/2/02

180 .
15 |_Last Saved Time: 6:22:17 PM
g |_Analysis Method: Morgenstern-Price 1
10 Direction of Slip Movement: Right to Left -
0 Slip Surface Option: Grid and Radius ——
N — 2 . . . . P — -
o0 P.W.P. Option: Piezometric lines with Ru e sHetoT Tlcaracha
; e nil Mode!: Sheav/tarmal Fr.
0 _Te!'lsu:!n Crack thlon. (none) Unitv¥elght 21 2
b;SEISITIIC Coefficient: (none) P Shear/Marmal Fn. # 7
A F— - B Piezometric Lire # 1
20 = i !,:,_;.i-.mu--!-—!'!“’-. qE
: _ : Soil Madel: Shearanrr?él Fa.
a ;H,_g.isr'ﬂ_ : == Unit Weight, 21.2
01— UD'.ique#tsgfgﬁNmma’Fn' ShearNormal Fn. # 7
hitWeight: 21. . C "
A0 — ShearMormal Fn. 3# 24 Plezometric Line #:1
&0 | Piezornefric Line 1 | | | | | | | | N | |
260 210 180 <110 B -10 40 90 140 190 240 290 340 390 440

Horizontal Distance (m)




Case 6, Channel bottom = 22 ft, Blasted & removed

Elevation (m PLD)

186
160
140
120
100

Description: Channel Deepening

Comments: East Bank 60K+244 - Channel Boitom = 22 ft blasted & removed (case 6)

File Name: 60K244 6 slz
_lLast Saved Date: 4/2/02
| Last Saved Time: 6:24:26 PM
|_Analysis Method: Morgenstern-Price
__Direction of Slip Movement: Right to Left
Slip Surface Option: Grid and Radius
| P.W.P. Option: Piezometric lines with Ru
| Tension Crack Option: (none)
Seismic Coefficient: (none)

| | | | | | I | I

T T e —
EESchptien: TlcAracha
Soil Model: ShearfNormal Fn.
Unit Weight 21.2
ShearnMormal Fr. # 7
Piezometric Line #: 1 —

v

Soil Model: ShearfNorry‘él Fn.
Unit Weight: 21.2
SheatNonmal Fn. #:. 7
Piezometric Line #: 1

| | I | |

-160 -110 -60 -10 40 a0 1440 190
Horizontal Distance (m)

240 280 340 390 44()




Case 7.1, Channel bottom = 27 ft, Design (underwater slope)

Description: Channel Deepening* ‘ \
Comments: East Bank 60K+244. ' design (case 7)
File Name: 60K244_7 slz
Last Saved Date: 4/2/02

180 —l.ast Saved Time: 6:29:21 PM

160 (—Analysis Method: Morgenstern-Price "
. 140 HDirection of Slip Movement: Right to Left
O yzp |-Slip Surface Option: Grid and Radius |
o 1o —PWP Option: Pie;ometrlc lines with Ru Y
£ @ |—Tension Crack Option: (none) Soil Model: ShaarNarmal Fn.
~ ieri iant Unit Weight: 24 2
- 0 —Seismic Coefficient: (none) 1 et 212
o K Piezotnetric Line #: 1
E P — —
2 ~Sail Model: ShearNarmyal Fn.
< Unit Weight: 21.2
w Shearlormal Fn. % 7

Piezometric Line #: 1
-0 I l l | l | ! | | | I I I |
280 210 160 <110 60 -10 40 90 140 190 240 290 340 390 440

Horizontal Distance (m)




Case 7.2, Channel bottom = 27 ft, Design (& dry excavation)

Elevation (m PLD)

180
160

- =
[ S N R
[ R e R o |

Hﬂi .
Description: Channel Deepening - :\I A%
Comments: East Bank 60K+244 A ¢
File Name: 60K244_7e slz
Last Saved Date: 4/7/02
—Last Saved Time: 4.58:37 PM
—Analysis Method: Morgenstern-Price
- Direction of Slip Movement: Right to Left }‘
—Slip Surface Option: Grid and Radius
- P W.P. Option: Piezometric lines with Ru
- Tension Crack Option: (none)
- Seismic Coefficient: (none)

design {case 7)

UnitWeight: 21.2
SheatMormal Fri. #. 7
Piezometric Line #: 1

—riAr el

Soil Modek: ShearNor

alFn.
Unit Weight, 21.2
Shearfhlormal Fn. # 7
Fiezometric Line #: 1
t I I | 1 | I 1 |
-210 -160 =110 bl -10 40 a0 140 190 2410 290 340 390 440

Horizontal Distance (m)




Case 8, Channel bottom = 16 ft, Blasted

Description: Channel Deepening
Comments: East Bank 60K+24
File Name: 60K244_8.slz

Last Saved Date: 4/7/02

180 — Last Saved Time: 7:09:33 PM
60— Analysis Method: Morgenstern-Price
. 10 |— Direction of Slip Movement: Right to Left
QO 12n |- Slip Surface Option: Grid and Radius —
0. 10 — P.W.P. Option: Piezometric lines with Ru ﬁsﬁ“cﬁﬁﬁf -
£ @ |- Tension Crack Option: (none) T et ppahormalEn
\Ef s — Seismic Coefficient: (none) -1 SheariNormal Fn. #.7 ,
o 1 Piezometric Line #: 1
q>_, . P s B e —=——  Deseription: Cucaratha
0] e escription: Cucaracha Soil Model; Sheat/MNormal FA.
a0 = Soil Modet. SheanNormal Fn. Unit Weight: 21.2
Unit Weight: 21.2 ShearNormal Fn. #: 7
A0 |- ShjzarrNorm IFn. # 25 Piezgmetric Ling # 1
0 | I 1 | I Pigzomeatric line 3 1 | | l cl |E | |
260 2100 <180 110 60 10 40 90 140 190 240 290 340 390 440

Horizontal Distance (m)




Summary, 60k + 244 (1976 + 50)

M

General Description

Range of stations:

60k + 050 to 60k + 355

Cotangent of slope angle

Sector: Cucaracha
Maximum height (m): 100
(cot. B): 4.7

Geology

Formation:

Cucaracha

Lithology:

Clayshale / Sandstone / Conglomerate / Ash fiow

Critical stratum at toe:

Chayshale / Shale

Apparent dip of bedding:

Toward the Canal, 7°

Stability Analysis

Critical failure mechanism:

Translational

Shear strength model:

|Fully softened, Cucaracha

Operative average _
pore r_;;r_teiass.-.tljre " Factorof . Relative Factor | Pefcentage of
. (aproximaté), 1 Safety of Safety- ‘Change (%)
~ Ru: '

Case 1: Channel bottom = 32 ft 0.367 1.051 1.000 0.00
Case 2: Channel bottom = 27 ft, Blasted material only 1.051 1.000 0.00
Case 3: Channel bottom = 27 ft, Blasted & removed 1.047 0.996 -0.38
Case 4.1: Channel bottom = 27 ft, Design (underwater slope) 1.045 0.994 -0.57
Case 4.2: Channel bottom = 27 ft, Design (& dry excavation) 1.045 0.994 0.57
Case 5: Channel bottom = 22 ft, Blasted material only 1.047 0.996 -0.28
Case 6: Channel bottom = 22 ft, Blasted & removed 1.043 0.992 0.76
Case 7.1: Channel bottom = 22 ft, Design (underwater slope) 1.039 0.989 -1.14
Case 7.2: Channel bottom = 22 ft, Design (& dry excavation) 0.380 1.063 1.011 1.14
Case 8: Channe! bottom = 16 ft, Blasted 1.039 0.989 -1.14
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April 16, 2002




“

Case 1la, Channel bottom = 32 ft

Elevation (m PLD)

180
160
140
120

100

-260 -210

Description: Channel Deepening

Comments: East Bank 60K+412 - Channel Bottom = 32 ft (case 1)

File Name: 80K412_1 siz

Last Saved Date: 4/10/02

Last Saved Time: 1:00;35 Ph

Analysis Method: Morgenstern-Price
Direction of Slip Movement: Right to Left
Slip Surface Option: Grid and Radius
PW.P. Option: Piezometric lines with Ru
Tension Crack Option: (none)

Seismic Coefficient (none)

Description: Cucarachs
Sl Model: ShearMormal Fri,
LInit Weight: 21 2
ShearMormal Frn. #: 26
Piezometric Line #: 1

Description: Basalt

Soil Modet ShearMNarmal Fri.
Unit Wheight: 23.5
ShearMormal Fn. #: 23
Piezometric Line #: 1

-160 -110 -60

40 j=u} 140 190

Horizontal Distance (m)

240 290 340 390 440




Case 1b, Channel bottom = 32 ft
————————— e

Description: Channel Deepening
Comrments: East Bank 60K+412 - Channel Bottom = 32 ft (case 1)
File Name: 60K412_1bslz

Last Saved Date; 4/10/02

Last Saved Time: 5:04:01 PM

Analysis Method: Morgenstern-Price
Direction of Slip Movement Right to Left
Slip Surface Option: Grid and Radius
PYW.P. Option: Piezometric lines with Ru
Tension Crack Option; Tension Crack Line
Seismic Coefficient. (none)

180 —
160 -
Description: Basal
140 — Soit Model: ShearMNormal Fri.
Unit Weight: 23 5 |1
8 1200 }— PP “, ShearMormal Fn. 2 23
dnte ] . . . 3
o0 = v s -.i & :ts Fiezometric Line # 1
(ol Description: Cucaracha vos v )
g0 |— Soil Madel: ShearMormal Fri. 4 el ';‘l}(*-"
E Linit Weight: 21 2 ,?....H i
- - ShearMormal F # 26 shet e {
Piezometric Line #: 1 P ﬁ ,
S o \a\}; vl *’l
— - g
© ﬁ'
UM S | S | S S RS WSS . GRS Wi | Sm— — — ~ E:
& 0 |Ft|'“]E|i m “ _
L
n -
-20
-40
&0 &l

-260 -210 -160 -110 -60 -0 40 90 140 190 240 290 390 440

Horizontal Distance {m)




Case 1c, Channel bottom = 32 ft
———————— e

Description: Channel Deepening
Comments: East Bank B0K+412 - Channel Bottorm = 32 ft (case 1)
File Name: 60K412_1c slz

Last Saved Date: 410/02

Last Saved Time: 5:33:18 PM

Anatysis Method: Morgenstem-Price
Direction of Slip Movement: Right to Left
Slip Surface Option: Grid and Radius
PW.P. Option: Piezometric linas with Ru
Tension Crack Option: (none)

Seismic Coefficient: {none)

180 —

160 +—
Description: Basalt
140 — Sail Model: ShearMormal Frn.

Unit Weight: 23.5 i(
120 — ShearMormal Fr. & 23
Piezometric Line #: 1

100 — )
Dascription: Cucaracha

Soil Modsl ShearMormal Fo.
Uné Weight: 21.2

B0 ShearMarmal Fn. # 26
Pizzometric Line # 1

I

Elevation {m PLD)

-160 -110 -60 -10 40 a0 140 180 240 290 340 380 440

Horizontal Distance {m)




Case 2a, Channel bottom = 27 ft, Blasted material only

%

Description: Channel Deepening

Comrnents: East Bank 60K+412 - Channel Bottom = 27 ft blasted material only {case 2)
File Name: 60K412_2slz

Last Saved Date: 4/10/02

Last Saved Time: 1:04:10 Ph4 - . .
Analysis Method: Morgenstern-Price . . .
Direction of Slip Movement: Rightto Left

Slip Surface Option: Grid and Radius . * ‘
P W.P. Option: Piezometric lings with Ru . . .
Tension Crack Option: {(none&)

Setsmic Coefficient {(none) oot

180 —
160 |-—
Description: Basalt
140 |— Sail Madel: ShearMormal Fn.
Unit veight: 25 5 |..
— 120 |— ShearMormal Fri. #: 23
a 100 Piezometric Line #: 1
(a Description: Cucaracha
&0 |— Soil Model: ShearMormal Fo,
.‘g, Unit Weight: 21.2
P 60— ShearMNormal Fn. # 26
o Piezometric Line #: 1 H“\..
— 40 M
g
(1] 20
Ll a
-20
-40
go b e
-260 -210 -160 -0 -60 -10 40 a0

140 120 240 290
Horizontal Distance (m)




Case 2b, Channel bottom = 27 ft, Blasted material only

.ﬁ

Description: Channel Deepening
Comments: East Bank 60K+412 - Channel Bottom = 27 ft blasted material only (case 2}
File Name 60K412_2bslz

Last Saved Date: 4/10/02

Last Saved Time: 5:07:41 PM

Analysis Method: Morgenstern-Price
Direction of Slip Mavement Right to Left
Slip Surface Option: Grid and Radius

P WP Option: Piezometric lines with Ru
Tension Crack Option: Tension Crack Line
Seismic Coeffictent (none)

180 —
160 |—
Description: Basalt
140 f=- S0l Model: ShearMormal Fr.
Unit Weight: 23.5 11
E 120 — srave :,‘ » ,L,;, ShearMormal Fr. # 23
.o Y13} i ; H .
= 0 — Description. Cucaracha PP :'l il& ’-. :Elt P;ezomﬁrlc e
o L L i f
c g0 l— Soil Model: ShearMormal Fri, e :.’.0,8731} 1:;;%"
Lnit Yeight: 21 2 ol e v o AR
T ShearMarmal Fn, #: 26 B
[ . L . sha'y o v o )
O Piezometric Line #: 1 o .“*.\. |
-_g, 40 p— PN ril
>
O
LLi

-180 -110 -60 10 40 90 140 190 240 290 340 390 440

Horizontal Distance (m)




Case 2c, Channel bottom = 27 ft, Blasted material only
————————

Description: Channel Deepening
Comments: East Bank 60K+412 - Channel Bottom = 27 ft blasted material only (case 2)
File Name: 60K412 2¢ slz

Last Saved Date: 4/10/02

Last Saved Time: £:35:59 PM

Analysis Method: Morgenstern-Price
Direction of Slip Moverment: Right to Left
Slip Surface Gption: Grid and Radius

P W P Option: Piezometric ines with Ru
Tension Crack Option: (none)

Seismic Coefficient: (none)

180 —
160 —
Description: Bazal
140 t— Soil Model: ShesarMormal Fri.
Unt Waight 23 5 |(
12— Shearormal Fn. #: 23
100 Piezometric Line #: 1 .
Cescription: Cucaracha -
80 |— Soil Model: ShearMormal Fry. o
Unit Weight: 21 .2
B p— ShearMormal Fn. #: 26

Prezometric Line #: 1

Elevation (m PLD)

-260 -210 -160 -110 -60 -10 40 90 140 190 240 290 340 390 440

Horizontal Distance (m)




Case 3a, Channel bottom = 27 ft, Blasted & removed

“

Descriptior: Channel Deepening

Cormments: East Bank 80K+412 - Channel Bottomn = 27 ft blasted & removed (case 3)
File Name: B0K412_3 51z

Last Saved Date: 4/10/02

\ -‘l‘ N - - -
Last Saved Time: 1:06:33 P ( . \\% : . . -
Anaiysis Method. Morgenstern-Price R AN . . .
Direction of Slip Moverment: Right to Left e |
Slip Surface Option: Grid and Radius = -t
P WP Option Piezometric lines with Ru JUE: . . .
Tension Crack Option; (nons) - . .
Seiamic Coefficient: (none) S ) , “ *
" Il - . -
\'\-\% vy /f |' '
' ey 3 “ i - - -
\\M-\.,___\‘;'{,f ji ; f: £ ’?}% 3 . - .
N ; i A
s/ ?‘%fi*/ff - - -
\M’L/if/: ;ffé{j?fié -é; 4 - - *

180 —
180 —

Description: Basalt
149 — Soil Model. ShearMarmal Fn.
Linit ¥elght: 23.5 }4
120 = ShearMormal Fn, # 23
Piezaometric Line #: 1
R0 Descrigtion: Cucaracha
Sail Model: ShearMormal Fn.
tinit Weight: 21 2
60 +— Shearmormal Fri. #: 26

Piezometric Line #: 1 -\'\
40 m—

20

a0 —

Elevation (m PLD)

-20

-40

60 i
-260 =210 -160 -110

-60 -10 40 [0 140 180 240

2490 340 390
Horizontal Distance (m)




Case 3b, Channel bottom = 27 ft, Blasted & removed
——————————

Oescription: Channel Deepening
Comments: East Bank 80K+412 - Channel Bottom = 27 ft blasted & removed (case 3)
File Name: 60K412_2bslz

Last Saved Date: 4/10/02

Last Saved Time: 5:11:39 PM

Analysis Method: Morgenstern-Frice
Direction of Slip Movemerit: Right to Left
Slip Surface Option: Grid and Radius

P WP Option: Piezometric lines wath Ru
Tenston Crack Option: Tension Crack Line
Seismic Coefficient: (none)

180 —

160 |—
Description: Basalt
140 — Soil Model ShearNormal Fn.
Unit Vweight: 23.5 }(
120 — sease “;',. ,U-,\ ShearMNormal Fn. #: 23
1

100 e e :Igi'[‘ & Piezometric Line #: 1
Description: Cucaracha sse b 'fi_. { | ’
a0 — Soil Model: ShearMNormal Fn. = * = 20502 Moty

- .- £)
Unit Weight: 212 e Ve Bk w

115 |i[|_

g0 |— ShearMarmal Fo. & 26 wig e e o oo RE

Pierpmetric Line & 1 \

Elevation (m PLD}

-20

-40

-260 -210 -160 -110 -60 -10 40 a0 140 190 240 280 340 380 440

Horizontal Distance (m)




Case 3c, Channel bottom = 27 ft, Blasted & removed
A

Description: Channel Deepening
Comments: East Bank 60K+412 - Channel Bottomn = 27 ft blasted & removed (case 3)
File MName: 60K412_3c .slz

Last Saved Date: 4/10/02

Last Saved Time: 5:38:29 PM

Analysis Method: Morgenstemn-Price
Direction of Slip Movement; Right to Left
Slip Surface Option: Grid and Radius
P\ P Option: Piezometric fines with Ru
Tension Crack Ootion: (none)

Seismic Coefficient: (nonea)

Description: Basalt
140 o Sail Model: ShearMNormal Fn,

Unit ¥eight: 23 .5 ’1
120 — ShearMormal Fn. # 23
Piezometric Line #: 1

100 —

Description: Cucaracha o v ot ; P E
80 |— Soil Modet ShearMormal Fr. i X % %0793} E .
Unit Yeight: 21.2 o l "mg ‘.\*‘;,i‘ .
80— Shear Marmai Fri. #: 26 __ ¢ \%\\{%; Paui
Fiezometric Line #: 1 rree ‘:f 1 ey
40’— ) -8 e & &8 &

Elevation (m PLD)

it L

-260 -210 -160 -110 -60 -0 40 g0 140 180 240 2390 340 390 440

Horizontal Distance (m)




Case 4a, Channel bottom = 27 ft, Design (underwater Slope)

\

Elevation (m PLD)

Description: Channei Deepening

Comments: East Bank 60K+412 . Channel Bottorm = 27 ft + design (case 4)
Fils Name: 60K412_4 slz

Last Saved Date: 4/10/02

Last Saved Time: 1:27:51 PM . - .
Analysis Method: Morgenstermn-Price . . N
Direction of Slip Movement: Right to Left
Slip Surface Option: Grid and Radius * * *
P WP Option: Piezometric lines with Ru . . .
Tension Crack Option: {(none)
Seismic Coefficient {(none) oot T
* - - -
' ¢ 7 - - -
o
sy S
;:///;ﬁﬂéﬁfiﬁé’:f Ce

180 —
160 +—
Description: Basalt
140 +— Soil Model: ShearMormal Fn. E
Unit weight: 23 5 K
126 — ShearMNormal Fn. #: 23 _'
Piezometric Line #: 1
o0 Description: Cucaracha
s0 |— S0il Model: ShearMNormal Fa.
Unit Yeight: 21 2
&0 t— Shearlormal Fn. #: 268
Flezometric Line # 1 "=,
40 W

-260 -1B0 =110 -60 -10 40 90 140 190 240

Horizontal Distance (m)

2890




Case 4b, Channel bottom = 27 ft, Design (underwater slope)
'\

Description: Channe! Degpening
Comments: East Bank 60K+412 - Channel Bottormn = 27 ft + design {case 4)
File Name: 60K412_4b.siz

Last Saved Date: 4/10/02

Last Saved Time: 65:03.12 P

Analysis Method: Morgenstern-Price
Direction of Slip Movement: Right to Left
Slip Surface Option: Grid and Radius

P MW .P. Option: Piezometric lines with Ru
Tension Crack Option: Tension Crack Line
Seismic Coefficient: {(noneg)

180 —
160 |[—
Description: Bazal
140 | Soil Modet ShearMarmal Fry,
Unit Weight: 23.5 Iﬂ
—_ 120 — LR DA ShearMormal Fn. # 23
3 100 evas i :\; Piezametric Line #: 1
. | .
o Description: Cucaracha +ons .:‘\’. !St
ao (— Soil Model: ShearMlormal Fn k. 'u.r32- !
E Unit VWeight: 21 2 PR a~ v
60— ShearMormal Fr. # 26 M s 111
E Piezometric Line #: 1 N i)
= 40 M :
[12
=
(773 20
L

-260 -210 -160 -110 -60 -0 40 a0 140 190 240 290 340 390 440

Horizontal Distance (m)




Case 4c, Channel bottom = 27 ft, Design (underwater slope)
———————

180 —
160 |—
Description: Basalt
140 — Soil Model ShearMarmal Fn.
Unit Weight: 23.5
—_ 120 — ShearMlormat Fr. # 23
3 Piezometric Line #: 1
l— -
o 100 Description: Cucarachs A .‘-:5%4: s E :
= a0 e Soll Model: ShearMormsl Fn, f’, e ..
Unit vWeight: 21 .2 ARG R i
— ook o
— 60— ShearMormal Frn. #: 26 %%x ‘;}%Q\i‘ :\3\ 4 A
o o) Fiezometric Line #: 1 g » 4 ¥ EVEN T
= 4l N 4 -
(1]
& o
(S0 ] a
-20
-40
o LR : Wt .
-260 -210 -160 -110 -B0 -10 40 90 140 180 240 340 390

Description: Channel Deepening

Comments: East Bank B0K+412 - Channel Bottom = 27 ft + design (case 4)

File Name: 60K412_4c sz

Last Saved Date: 4/10/02

Last Saved Time: 7:08:50 Ph

Analysis Method. Morgenstemn-Price
Direction of Slip Movement: Right to Left
Slip Surface Option: Grid and Radius

F VWP Option: Piezometric ines with Ru
Tension Crack Option: (none)

Seismic Coafficient: (none)

Horizontal Distance (m)

440




Case 5a, Channel bottom = 22 ft, Blasted material only

“

Description: Channel Deapening
Comments: East Bank 60K+412 - Channel Bottomn = 22 ft blasted material only {case 5)
File Name: 60K412_5 slz

Last Saved Date: 4/10/02
Last Saved Time: 1:13:13 PM .
Analysis Method Morgenstern-Price

| ! ...
Direction of Slip Movernent: Right to Left  * |, t I ;
Slip Surface Qption: Grid and Radius - ‘ﬁ\» . -\ \ - * *
P WP, Option: Piezometric lines with Ru . ! | o158 . . N
Tension Crack Option: (none) l\ E\ b, f
Seismic Cosfficient (none) . %\%\\\ N st
| I'e h -. ’ * - -
* \s % - £y
. ] \\‘lhl \\\l\“]{m—'w HIJ,.'")I,.- . - -
- | I¥ ‘];l\\ \‘\"!__:‘_{,.-’;1’: ;'“' f‘.( - * *
NN
. \‘3%'4;\_",' \\\\: z/j"’i}-"":‘ il . . .
. %&j\ \\““ ~—-—'-"“‘T.(‘:r//// .f:',f' 7 -‘A . - -

180

Elevation (m PLD)

160 .[
Description: Basalt
140 — Soil Model: ShearMormal Fn.
Unit Weight: 23 5 l“
120 — ShearMormal Fn_#: 23
400 FieTometric Line &: 1 o
Bescription: Cucaracha “
20 |— Soil Model: ShearMlormal Fr. .
Unit Wieight: 21 2
60— Shear Mormal Fr. & 26
Piezormetric Line #: 1
40 M
20
23
-20 'I
-4 i
B0 & : :
-260 -210 -160 -110 -60 10 40 [0 140 440

1490 240 2906
Horizontal Distance (m)




Case 5b, Channel bottom = 22 ft, Blasted material only
“

Description: Channel Deepering
Comments. East Bank 60K+412 - Channel Bottom = 22 ft blasted material only (case 5)
File Name. 60K412_5b slz

Last Saved Date: 4/10/02

Last Saved Time: 5:15:26 PM

Analysis Method: Morgenstern-Price
Direction of Slip Movement: Right to Left
Slip Surface Option: Grid and Radius

P W P. Option: Piezometric lines with Ru
Tension Crack Option: Tension Crack Line
Seismic Coefficient: (none)

180 —
160 |—
Descriptior:. Dasaft
140 — Soil Model: ShearMormal Fri,
Unit Weight: 23.5 }1
., 12D . .3 i » ShearMormgl Fri. #: 23
(i 10— . b P :i {:I::l Piezometric Line #; 1
E Description: Cucaracha sesre ‘l\ :I:" 'ui;)
a0 — Sail Mode!: ShearMormal Fn. A A u?;i’
é Unit YWeight: 21 .2 aserr ﬂ!
- 50 |- Shear Mormal Fri, # 26 “": b ',f |'[ .
O Piezometric Line & 1 ;
™
-
g - Lo
Ll - Deseription: Cucaracha

Soil Modet: Shear/Mormat F'n -

-40 -F'|ezometrlc Llne # 1

-250 Pralt} -160 -110 -60 -10 40 a0 140 190 240 280

Horizontal Distance (m)




Case 5¢, Channel bottom = 22 ft, Blasted material only
e

Description: Channel Deepening
Comments: East Bank 60K+412 - Channel Bottom = 22 ft blasted material only {case 5)
File Name 60K412 5cslz

Last Saved Date: 4/10/02

Last Saved Time: 5:41:00 PM

Analysis Method: Morgenstern-Price
Direction of Slip Movement: Right to Left
Slip Surface Option: Grid and Radius
PW.F. Option: Piezometric lines with Ru
Tension Crack Option: (none)

Seismic Coefficient: (none)

180 —
160 —
Description; Bazal
140 — Soil Model. ShearMormal Fr.
Linit eight: 23 5 1
— 12— ShearMormal Fri. #: 23 '
(] o Piezometric Line #: 1
i 10 Descrigtion: Cucaracha
an - Suoil Model: ShearMormal Fr.
£ Unit Wieight: 21 2
f0 — ShearMormal Fn. #: 26
g Piezometric Line #: 1
=1
o
>
o
Ll

-260 -210 -160 -110 -60 -10 40 a0 140 180 240 290 340 3890 440

Horizontal Distance (m)




Case 6a, Channel bottom = 22 ft, Blasted & removed

\

Descrlpt!on Channel Deepening
Comments: East Bank B0K+412 - Channel Bottom = 22 ft blasted & rermoved (case B)
File Name: BOK412_6.slz

Last Saved Date: 4/10/02

Last Saved Time: 1:16:04 PM

Analysis Method: Morgenstern-Price
Direction of Slip Movement Right to Left
Slip Surface Option: Grid and Radius

P WP Qption Piezometric lines with Ru
Tension Crack Option: {none)

Seismic Coefficient: (none)

a/g
—R,/ ‘ff /’ﬁy

//

L f" - H/ ,ﬁ . - .
180 —
160 |—
Description: Basalt
146G p— Soil Model: ShearMarmal Fr.
Unit Weight: 23.5 |1
120 — ShearMarmal Fn_# 23
100 b— Piezometric Line #: 1
Description: Cucaracha

a0 |f— Soil Model: ShearfMormal Fn.
Unit Wetght: 21 .2
ShearMaormal Fn. #: 26
Fiezametric Line #: 1

Elevation (m PLD)
|

-260 =210 -160 -110 -60 -10 403 =11 140 180 2450 2390 340 390 440
Horizontal Distance (m)




Case 6b, Channel bottom = 22 ft, Blasted & removed
e —————

Description: Channel Deepening
Comments: East Bank 60K+412 - Channel Bottorn = 22 ft blasted & removed (case B)
Fite Name: 60K412 6bsiz

Last Saved Date: 4/10/02

Last Saved Time: 5:26:18 PM

Analysis Method: Morgenstern-Price
Direction of Slip Movement: Right to Left
Slip Surface Option: Grid and Radius
PW.P. Option: Piezometric lines with Ru
Tension Crack Option: Tension Crack Line
Seismic Coefficient: {none)

180 —
160 |—
Descriptiorr Basalt
140 |— Soil Model: ShearMormal Fn.
Linit VWeight 23.5 l‘
—_ 120 — TN T A ShearMormal Fn, # 23
(] e .i ) 1A Piezometric Line #: 1 =
100 f— sess IS s ' ' *
E Description: Cucaracha + *0 754 v‘ﬂ‘s‘u_ % v
80 — Soil Motk ShearMormal Fr. -.-l. '. b :\3 I : a .
=) Unit iweight: 21 2 oo s oo diniNl
B0 — ShearMarmal Fn. # 26 v M :'_ il A
g Piezametric Line # 1 4 ) rf},
= e ik
©
>
o
(N1

-260 -210 -160 -110 -60 -10 40 a0 140 180 24D 290 340 390 440

Horizontal Distance (m)




Case 6¢, Channel bottom = 22 ft, Blasted & removed
————— e

Description: Channel Deepening
Comments: East Bank 60K+412 - Channel Bottorn = 22 ft  blasted & removed {case 6)
File Name: 60K412 B¢ slz

Last Saved Date: 4/10/02

Last Saved Timea: 5:43:05 PM

Anatysis Method: Morgenstern-Price
Direction of Slip Movement: Right to Left
Slip Surface Option: Grid and Radius

P W P.Option: Piezometric lines with Ru
Tension Crack Option: {none)

Seismic Coefficient: (none)

180 —
160 —
Description: Basatt
140 — Soil Model: ShearMormal Fn.
Unit Vveight; 23.5 |<
8 120 — ShearMormal Fn, & 23
Piezometric Line #: 1
d B Descriplion: Cucaracha A% :“1. . E ': :.
B0 — Soit Model: ShearMormat Fr. bt . E’J iyl .
£ Unit Weight: 21.2 WhENS PR
= 60 — ShearMormal Fn. #; 26 " . z \‘,:
o Piezametric Line #: 1 : bl
= dop— ‘s
Q 20 k=
w ot
220
-BU P [PSORPRa - N " ;e t Gl ) - P H il HIES SN B
-260 =210 -160 -110 -60 -10 40 a0 140 140 240 280

Horizontal Distance (m)




Case 7a, Channel bottom = 27 ft, Design (underwater slope)

“

Description: Channel Deepening
Comments: East Bank 80K+412 - Channel SBottom = 22 ft + design (case 7)
File Name: 60K412_ 7 iz

Last Saved Date: 4/10/02
Last Saved Time: 1:56:35 P .
Analysis Method: Margenstemn-Price
Directicn of Slip Movement: Right to Left *
Slip Surface Option: Grid and Radius
PVY P Option: Piezometnc lines with Ru
Tension Crack Qption: {none) '
Seismic Coefficient: (none)

e
e

Elevation {(m PLD)

180 —
160 |—
Description: Basal
146 - Soil Modet: Shearlormal Fn.
Unit Weight: 23 .5 }1
20— SheatrMormal Fn_ # 23 ' _
100 Piezometric Line #: 1 :
Description: Cucaracha
a0 b— Soil Modsl ShearMormat Fn.
Lirt vWeight: 219 .2
60 [— ShearMarmal Fn. #: 26
Piezometric Line #: 1
40 M
20
a
-20
-40 =
-60 L=
~2B80 214 -110 -0 -10 40 o 140

190 240 290
Horizontal Distance (m)




Case 7b, Channel bottom = 27 ft, Design (underwater slope)

Description: Channel Deepening
Comments: East Bank B0K+412 - Channel Bottorn = 22 ff + design (case 7)
File Name: 60K412_7h slz

Last Saved Date: 4/10/02

Last Saved Time: 8:32.27 PM

Analysis Method: Morgenstern-Price
Direction of Slip Movement: Right to Left
Slip Surface Option: Grid and Radius
P.W.P. Option Piezometric lines with Ru
Tension Crack Option: Tension Crack Line
Seismic Coefficient: (nane)

180 [
160

Description; Basalt

140 |— Sof Model: ShearMlormal Fra.
Lnt Weight: 23.5
120 |— cas ShearMormel Fn. #: 23
oo EE\EKE Piezometric Line #; 1 T
Description: Cucaracha A E7E o —
sy b— Soil Model, ShearMormal Fn. b 44 :L: L
Uit wieight: 21 2 SrarE
60 | — Shearformal Frn # 26 A

Piezometric Line #: 1

Elevation (m PLD)

¥ ik soba

tearMNormal Fr.,

-260 -210 -160 -110 -60 -10 40 890 140 190 249 200 340 320

Horizontal Distance (m)




Case 7c, Channel bottom = 27 ft, Design (underwater slope)

Elevation (m PLD)

Description. Channei Deepening

Comments: East Bank 60K+412 . Channel Bottorn = 22 ft + design (case 7)

File Name: BOK412 Tc.slz

Last Saved Date: 4/10/02

Last Saved Tirme: 7:12:432 PM
Analysis Method: Morgenstern-Price

Direction of Slip Movement Right to Left

Slip Surface Option: Grid and Radius

P.W.FP. Option: Piezometric lines with Ru

Tension Crack QOption: (none)
Seismic Ceefficient (none)

180 —
160 [
Description: Basalt
140 — Soil Model: ShearMormal Fr.
Unit vweight: 23.5
120 = ShearMlormal Fn. #: 23
1 Piezometric Line #: 4
— -
o Description: Cucaracha p! : ?&
o0 }—- Soil Model: ShearMlormal Fr. :;\' % . Y
Unit weight: 21 2 %f{ \ R :
B0 — ShearMormal Fri. & 26 a\ e 3 (’:\:i\; .
Piezometric Line #: 1 . et ol
40 M— 5 Tesae s
AT TENE—— | — —— . ST OISy, S——_—  pow— !
20
n}
op |
-4Q
Ao s ; RES, R ;
260 160 -110 B0 -10 40 a0 140 190 240 290 340 390

Horizontal Distance (m)




N

Case 8a, Channel bottom = 16 ft, Blasted

Elevation {(m PLD)

180
160
140
120

100

-260 -210 -160 -110 -B0

Description: Channel Deepening

Comrents: East Bank 60K+412 - Channe! Bottom = 22 ft + design + blasted 16 ft {(case 8)
File Name: 60412 & siz

Last Saved Date: 4/10/02

Last Saved Time: 2:20:46 P\

Analysis Method: Morgenstern-Price
Direction of Slip Movement: Right to Left
Slip Surface Option: Grid and Radius
PWW.F. Option: Piezometric lines with Ru
Tension Crack Option: {none)

Seismic Coefficient {(none)

Description: Basalt
Saoil Modet Shearmlormst Fr.
Unit Weight: 23.5 }1
ShearMormad Fn. # 23
Piezometric Line #; 1
Description: Cucaracha ~
L. Soil Model. ShearMormal Fro.
Uit YWeight: 21 2
l— ShearMMormal Frn, & 26
Piezometric Line #: 1

-10 40 a0 140 190

240 290 340 390 4440
Horizontal Distance (m)




Case 8b, Channel bottom = 16 ft, Blasted
e

Description: Channel Deepening
Comments: East Bank 60K+412 - Channel Bottorm = 22 ft + design + blasted 16 ft (case 8)
File Mame: B0K412_8b.slz

Last Saved Date: 4/10/02

Last Saved Time: 6:4903 PM

Analysis Method. Morgenstern-Price
Direction of Slip Movement, Right to Left
Slip Surface Option: Grid and Radius

P W.P. Option: Pierometric lines with Ru
Tension Crack Option: Tension Crack Line
Seismic Coefficient: (ncne)

180 |—
160 —
Description: Basalt
140 . Sail Model: ShearMormal Fn.
LAl % i3 Lint Weight: 23.5 |-|
120 (— bt E\H 5: ShearMormal Fn. # 23
— P4 " Lo " T
3 00— Descriptiors Cucarachs :éﬁ'—sf'.,l ;E Pf:zometnc Line #:1 -
] ; b1 b
Sl Soil Model: Shearormal Fri. :;}.iia '$ ~
E Unit Weight: 21 2 e
— el |— Shearflormal Fo. #: 26 | :
g Piezometric Line & 1 -
= 40
g m
Ll o
-20
-440
*ED B P o .0 i 3 PR i
-260 =210 -160 -60 -1Q 40 a0 140 190 240 290 340 390 440

Horizontal Distance (m)




Case 8c, Channel bottom = 16 ft, Blasted
e

Description: Channel Deepening
Comments: East Bank B80K+412 - Channel B
File Name: 60K412_8c siz

Last Saved Date: 4/10/02

Last Saved Time: 7:1541 PM

Analysis Method: Morgenstern-Price
Direction of Slip Movement: Right to Left
Slip Surface Option: Grid and Radius

P WP Option: Fiezometric lines with Ru
Tension Crack Option: (none)

Seismic Cosfficient: (none)

oftomn = 22 ft + design + blasted 16 ft (case 8)

180 ’——
160 |—
Description; Basat
140 |— Sail Model: ShearMormal Fr.
LInit WWeight: 23 .5 I‘
— 120 — ShearMormal Fr. 2. 23
(] Piezometric Line # 1
a"‘ 1o — Description: Cucaracha 55 E E -
an Soil Model ShearMormal Fn. .. :
é Uit Weight: 21 2 \ s
50— ShearMiormal Fn. & 26 el ..
g Piezometric Line #: 1 Tl : i
E=] 40 M— .
g i
D 20 g
LiJ
|

~110 -6D -10 40 [0 140 190 240

Horizontal Distance (m)

290 340 290 440
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Summary, 60k + 412 (1982 + 00)
—— T

,General Description [Range of stations:

60k + 355 to 60k + 500

Sector;

Cucaracha

Maximum height (m);

100

Cotangent of slope angle (cot. pr

' Formation:

1.5

Basalt / Cucaracha

Lithology:

Basalt / Clayshale / Sandstone / Siltstone / Shale .

Critical stratum at toe:

Clayshale

Apparent dip of bedding:

Towa_rd the Canal

Stability Analysis  |Critical failure mechanism:

Rotational

Shear strength modei:

Fully softened - upper - Cucaracha / First time Basalt

5

Operative avg‘rage]- _ o
pore pressure- | . ' Relative Factor of Percentage of Change
_ ratio - factor of Safety . Safety %)
{aproximate), - o o o '
- (a)_{ (b (c) {a) b} | (¢ {a) by | (©
Case 1: Channel bottom = 32 ft (0.354 1.199 | 0.845 | 0.794 | 1.000 | 1.000 | 1.000 | 0.00 0.00 Q.00
Case 2: Channel bottom = 27 ft, Blasted material only 1199 | 0.821 | 0.794 | 1.000 | 0.983 | 1.000] 0.00 | -1.66 | 0.00
Case 3: Channel bottom = 27 ft, Blasted & removed 1.186 | 0.802 | 0.793 ] 0989 | 0.949 | 0.999 | -1.08 | -5.00 | -0.13
Case 4.1: Channel bottom = 27 R, Design {underwater slope) 1.176 | 0.737 1 0.634 1 0.981 | 0.872 | 0.798 | -1.82 | -12.78 | -20.15
Case 4.2: Channel bottom = 27 ft, Design (& dry excavalion) N/A N/A N/A N/A N/A N/A N/A N/A N/A
Case 5: Channel bottom = 22 ft, Blasted material only 1.186 | 0.778 | 0.753 | 0.989 | 0.021 | 0.948 | -1.08 | -7.93 | -5.16
Case 6: Channel bottom = 22 ft, Blasted & removed 1173 | 0754 | 0.717 | 0978 | 0.892 | 0.903 | -2.17 | -10.77 | Q.70
Case 7.1: Channel bottom = 22 ft, Design (underwater slope) 1.161 | 0.676 | 0.588 | 0.968 | 0.800 | 0.741 ] -3.17 | -20.00 | -25.094
Case 7.2: Channel bottom = 22 ft, Design (& dry excavation) N/A N/A N/A N/A N/A N/A N/A N/A
Case 8. Channel bottorn = 16 f, Blasted 1.160 | 0.541 | 0.588 | 0.967 | 0.640 | 0.741 | -3.25 | -35.08
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station 60k + 594 (1988 + 00)

East



Station: 60k + 594 (Cucaracha)

April 16, 2002




Case 1a, Channel bottom = 32 ft

Description: Channel Deepening

Comments: East Bank 60K+594 - Channel Bottom = 32 ft {case 1)
File Name: 60K594_1csiz

Last Saved Date: 4/5/02

Last Saved Time: 2:37:35 PM

Analysis Method: Morgenstem-Price ’. :\ ‘= ‘zs .
Direction of Slp Movement Right to Left . .\H ol a). o
Slip Surface Option: Grid and Radius R TR
PP, Option: Piezometric ines with Ru <ol -’gi- .
Tension Crack Option: Tension Crack Line LR \ \I *
Seismic Coefficient. {none) n "‘\ ) \ %
160 — J.I P '\'- l&; z|lo
Goem gl e b
160 — .’;.f.\'si'.ielioo
140 |—
— 120 -
O
-l 1a0 —
o
80 {—
£ y
c 0 [— n
§e] _ ;
et
o]
>
o ||
L e 5 = o o B B T B A B
escription; Cucaracha Description: Cucaracha
Soil Model: ShearMormal Fn. Soil Model, ShearMarmal Fn.
LInit Weight: 21.2 Unit Weight: 21 .2
40 ShearMormal Fr. #: 7 ShearMormal Fr_#: 7
’ B Piezometric Line #: 1 Piezometric Line & 1
- ! | ! | | f | | 1
260 210 -160 1106 -60 -10 40 ac 140 190 240 290 340

Horizontal Distance (m)

390

440




Case 1b, Channel bottom = 32 ft

Description: Channel Deepening
Comments: East Bank 60K+594 - Channel Bottom = 32 ft (case 1)
File Mame: 60IK584_1bslz

Last Saved Date: 3/30/02

Last Saved Time: 417 27 PM

Anatysis Method: Morgenstern-Price
Direction of Slip Movement Right to Left
Slip Surface Option: Grid and Radius
FW.P. Option: Piezometric lines with Ru
Tension Crack Option: (none}

Seismic Coefficient (none)

180 p—
160 |— K\B" .
140 |— \-
5 «\\4
— 120 — 5 xlﬁ\
[ A X ?\a’l.\ A
- 100 'S ;ll | !:“\ "y .“.\ i..
o TAARARN
E ‘fl by ?'\ »
= AT
o ful ):.‘;,l 4‘.‘.«.
g i fle o ® gl —
= ——
o
=
o
2zcription: Cucaracha Description; Cucaracha
] Soil Model: ShearMNormal Fri. Soil Modek ShearMormal Fri.
20 = Urit Weight: 212 Unit Weight: 212
ShearMarmal Fr. #: 7 Shearmlormal Fn. #: 7
40 e ) - h N
Piezometric Line #: 1 Piezometric Line #: 1
- | 1 | | | i | 1 | 1 1 1
<260 =210 -160 110 -B0 -10 40 an 140 190 240 290 240 290 440

Horizontal Distance (m)




Case 2a, Channel bottom = 27 ft, Blasted material only

Description: Channel Deepening

Comments; East Bank B0K+594 - Channel Bottom = 27 ft blasted material only (case 2)
File Name: 60K594_Jc slz

l.ast Saved Date: 4/5/02

Last Saved Time: 2:38.45 PM

Analysis Method: Morgenstern-Price ' }' ‘,*\', " ..*\'.1.. {
Direction of Slip Movement Rightto Left AR R N J—”i.lﬁ o e
Slip Surface Option: Grid and Radius R B TR R R
P.W.P. Option: Piezometric lines with Ru . ooy 3 . SR
Tension Crack Option: Tension Crack Line RS YRE NN
Seismic Coefficient (none) T % *k\ 113 !
180 — Alo 4\“‘&5- !,; . 1 %
160 [— VAR LA .t .
140 |—
- 120 —
(]
-l 100 |—
o
E 80 —
= &0
9
B ok [:r:q:"::"ﬂ
> L
_ﬂj 20
L 2

“TEscription; Cucaracha Description; Cucaracha

a0 "%l Model: ShearMarmal Fn. Sn!l Mon_lel: ShearMormal Fr. SD?I MGQBIL iShearINormaI Fr.
Unit Weight: 2t .2 Linit Yeight: 21 .2 Unit Weight: 21.2
e ShearMormal Fr. & 7 ShearMormal Fr & 7
-0 |—  ShearMormal Fn. # 25 pi A P eric Line 2 1
Piezometric Line 1) | | | lezometrllc Line #. 1 | |e|zom vic Line i | |
-60
260 =210 B0 -110 -60 -10 40 an 140 190 240 290 340

Horizontal Distance (m)

380

440




Case 2b, Channel bottom = 27 ft, Blasted material only

Description: Channel Deepening
Comments: East Bank 60K+534 - Channel Bottom = 27 ft blasted material only {case 2)
File Name: B0K594 2hsiz

Last Saved Date: 4/1/02

Last Saved Time: §42.46 AM

Analysis Method: Morgenstern-Price
Direction of Slip Movernent: Right to Left
Slip Surface Option: Grid and Radius
PWP. Option Piezometric lines with Ru
Tension Crack Option: (none)

Seismic Coefficient. (none)

180 —
160 —
140 (—
— 120 —
(]
- 100 —
o
E a0 |—
— /
| I
= 4k =
1]
u}J 20
0 T T T b ezCription: Cucaracha Description: Cucaracha
i . ' Soil Model: ShaarMNormal Fri. Soil Modet ShearMarmal Fr.
; Soit Model: ShearMNormal Fn " .
-0 Uit Weight: 24 2 Unit Weight: 21.2 Linit Weight: 21 2
a0 ShearsNorrﬁal F-n & 25 . ShearMortmal Fn. & 7 ShearMormal Fr #: 7
. Piezometric Line. . '1 Piezometrir Line & 1 Piezometric Line #: 1
0 t 1 ¥ | | | | | | | |
-260 210 -180 -140 -60 10 40 a0 140 190 240 290 340

Horizontal Distance (m)

390

440




Case 3a, Channel bottom = 27 ft, Blasted & removed

Description. Channel Deepening
Comments: East Bank B80K+594 - Channel Bottom = 27 ft blasted & removed (case 3)
File Mame: 60k534_3c.slz

Last Saved Date: 4/5/02

Last Saved Time: 2:40:49 FPM

Analysis Method: Morgenstern-Frice - \% _"-\

Direction of Slip Movement: Right to Left PR VIR D L= 15 iy §
Slip Surface Option: Grid and Radius o Al ele e elelafe
P W P Option: Piezometnc lines with Ru A T L 7
Tension Crack Option: Tension Crack Line R f
Seismic Coefficient (none) ’ " iR .\]
o & Y alele
180 — o s e te e e ‘4lr ';(
» * » '\;. * -
180 - OIEI .f‘f;\' £ "-o L) T‘ * k
140 —
- 120
(|}
- 100
o
80 |—
£
g 60 —
= K =
®
ﬁ 20 P
a De=crition: Cucaracha Description; Cucaracha \
o Soil Model, SheariNormal Fri. Sail Modet SheariMNormal Fri.
R Uit Weight: 21 2 Uinit Waight: 21.2
40 1— ShearMormal Fn. & 7 SheatMormal Fn. #: 7
i Piezometric Line & 1 Piezometric Line #: 1
&0 | 1 | | | i | | | | |
260 210 -160 1D 60 10 40 an 140 190 240 290 340

Horizontal Distance (m)

440




Case 3b, Channel bottom = 27 ft, Blasted & removed

Description: Channel Deepening
Comments East Bank 60K +594 - Channel Bottom = 27 ft blasted & removed (case 3)
File Name: 60K594 3b slz

Last Saved Date: 3/30/02

Last Saved Time: 4:23:19 PM

Analysis Method: Morgenstem-Price
Direction of Slip Movement: Right to Left
Shp Surface Option: Grid and Radius
P.wWP. Option: Piszometric lines with Ru
Tension Crack Option: {none)

Seismic Coefficient (none)

180 okt L
160 |— i J*
140 |— * \
* 1
120 = )
a) .4
- 100 —
g 365\ [ |
a0 — A
L
£ _
5 7 —
= s
o
g = il
ol TRl — Description; Cucaracha Descriplion: Cucaracha
— T Soil Model: ShearMarmal Fn. Soil Model: ShearMormal Fr.
20 = Unit Weight: 21 2 Unit Weight: 21 2
a0 b— ShearMNormal Fn. & 7 ShearMormai Fn. & 7
i Piezometric Line #: 1 Piezometric Line ¥: 1
0 t | | | 1 f | | | 1 |
260 -210 -180 110 -B0 -10 40 90 140 190 240 2080 30

Horizontal Distance (m)

390

440




Case 4.1.a, Channel bottom = 27 ft, Design (underwater slope)

Descriptien: Channel Deepening

Comments: East Bank 60K+534 - Channel Bottom = 27 ft + design (case 4)
File Mame: 60K594 _4cslz

Last Saved Date: 4/5/02

Last Saved Time: 2:42°55 FiM

Analysis Method: Morgenstern-Price ALY \_H ,

Direction of Slip Movement: Right to Left . \ \‘\ S (1 S

Siip Surface Option” Grid and Radius AR .‘-ﬂﬁm

P W P. Option: Piezometric lines with Ru Y \2\-‘1&* AR
Tension Crack Option: Tension Crack Line Y ‘«;‘ R * [ {-’
Seismic Coefficient (none) ! N \31\ AN

» .
1680 — h \’ ;\i\\‘ '|’ Ve

Elevation (m PLD)

160 — . o b [ 4 k
140 |—
120 —
100 +—
g0 |—
B0 |—
-l
40 M-~ ] __‘ =11
20 B
i : 3 ; L] 1.1 4 At
— cwez§ 5 55 165 20 SO ) AN Vs £
0 T T T e — =" hescrigtion; Cucaracha Description: Cucarscha
Soil Model: ShearMormal Fa, Soil Model: ShearMarmal Fri.
20 Unit Weigkt; 21 .2 Urit Weight: 21 .2
40 ShearMNaormal Fn. & 7 ShearMNormal Fn., #: 7
) B Piezometric Line #: 1 Piezometric Line #: 1
60 1 i 1 | ! f | | | | |
-2E0 210 -1ED 110 -80 =10 40 a0 140 190 240 2490 340 390 440

Horizontal Distance {m)




Case 4.2.a, Channel bottom = 27 ft, Design (& dry excavation)

m

Description: Channel Deepsning
Comments: East Bank 60K+747 - Channel Bottorn = 27 ft + design {case 4)
File Name: 60K747_4de slz

Last Saved Date: 4/14/02

Last Saved Time: 1:42:43 PM

Analysis Method: Morgenstern-Frice
Direction of Slip Movement: Right to Left
Slip Surface Option: Grid and Radius

P W .P. Option: Piezometric lines with Ru
Tension Crack Option: (none}

Seismic Coefficient: (none)

200 —
Description: pedro miguel agglomerate
Soil Model ShearMormal Fri.
Unit Weight: 22
ShearMormat Fn. & 20
150 Piezometric Line #: 2 |1

100

Elevation (PLD) m

Description: ba=zalt
Sogil Moded ShearMarma! Fr.
Unit WWeight: 23.5
ShearM™ormal Fn. & 23
Fiezometric Line & 2

-1o0 K& : | |
-200 1560 -500 -50 0 50 100 150 200 250 £ 350 400 450

Distance from Center Line




Case 4.1.b, Channel bottom = 27 ft, Design (underwater slope)

m

Description: Channel Deepening
Comments: East Bank BOK+747 - Channel Bottorn = 27 ft + design (case 43
File Mame: BOK747_4b . slz

Last Saved Date: 4/13/02

Last Saved Time. 35318 PM

Analysis Method Morgenstern-Price
Direction of Slip Movement: Right to Left
Ship Surface Option: Grid and Radius
P P, QOption: Piezometric lines with Ru
Tension Crack Option: Tension Crack Line
Seismic Coefficient: (none)

200 —
Descrigtion: pedro miguel agglomerste
Soil Model: ShesrMormal Fn,
Unit \Wwieight: 22
Shearmormal Fn, # 20
180 — Piezometric Line & 2 | i{
i A —— —
E 100 — t o
—— "
= —
& - -
50 [—
=
S L
—
[3
=
2 0 Description: basatt
L Soil Model ShearMNormal Fn.
Urnit Yeight: 23.5
B ShearMormal P & 23
Piezometric Line #: 2
-50
_100 | e i I I
-200 -150 -100 -50 a 50 100 1510 200 260 300 350 400 450

Distance from Center Line




Case 4.2.b, Channel bottom = 27 ft, Design (& dry excavation)

Description: Channel Deepening

Comments: East Bank 60K+747 - Channel Bottom = 27 ft + design (case 4}
File Name: 60K747_4be slz

Last Saved Date: 4/14/02

Last Saved Time: 12:14:30 PM

Analysis Method: Morgenstern-Price
Direction of Slip Movement: Right to Left
Slip Surface Opticn: Grid and Radius

P W .P. Option: Piezometric lines with Ru

Tension Crack Option: Tension Crack Line
Seismic Coefficient: (none)

200 — b Description: pedro miguel agglomerate
- Sail Model: ShearNarmal Fn,
- Unit weight: 22
: R Shear/Normal Fn. #: 20
150 [— . . Piezametric Line # 2 < }4
- o ® e
. s
= —— . . [

—

]

—

o

Sean a0 L

S M

i

[1:]

= o

Q Crescripticn: basalt

L | Soil Model: Shear/MNormal Fn.

Unit Weight: 23.5
Sheartarmal Fr, % 23
v Piezometric Line # 2
-850
100

-200 -150 -1ac -50

a 50 100 150 200 250

Distance from Center Line

300 360 400 450




Case 5a, Channel bottom = 22 ft, Blasted material only

“

i

Elevation (m PLD)

Description: Channel Deepening

Comments: East Bank 60K+594 - Channel Bottom = 22 ft blasted material only (case 5)
Fite Name: 60K594 5¢ slz

Last Saved Date. 4/5/02

lLast Saved Time: 224356 PM

R . - . ¥, 8 B, @ - *, " -
Analysis Method: Morgenstern-Price YA DR TR O g.
Direction of Slip Movemnent: Right to Left i‘ AW lﬂ, R IR DR R
Slip Surface Option: Grid and Radius . .t\,\. ,k JRN S B X
PWP. Option: Piezometric lines with Ru U LR
Tension Crack Option Tension Crack Line ‘«{s- e d ke e el b g
Seismic Coefficient: (none) L \\u\' \ ~. IR
180 — o&. o\-iﬂ-ll'sli . 4' ||
ol'co'v,rini-OT'Ek
180 wh 4,"’:‘». \ 1“., “‘p o i is ]
140 |—
120 |—
100 f—
&0 -
R0 |-
40— =K
20
a . o éé&rlption.: Cucar&éha Description: Cucaracha
20 [= Soil Model: Shearormal Fr 3§:It :f\?j;:d_sgfaz”"‘mma' P =t MW"E";;I';‘S’;:?“‘WW' Fn.
40— l;EnWEght: 2I1F2 ¢ 5 ShearNormal Fn. #: 7 ShearMormal Fn. & 7
pe ear or_mi n.#. '1 Pieznmetrir Line & 1 Piezometric Line #: 1
-ED #EZDI’I‘I&‘I{’IC Ing ¥: | | | | { | |
-260 =210 -160 -110 -60 -19 49 ag 140 190 240 290

Horizontal Distance (m)

0

390

440




Case 5b, Channel bottom = 22 ft, Blasted material only

Description: Channel Deepening
Comments: East Bank 50K+5%94 - Channel Bottom = 22 ft blasted material only (case 5)
File Name: 60K594 Sh slz

Last Saved Date: 4/1/02

Last Saved Time: §44:39 AM

Anatysis Method: Morgenstern-Price
Direction of Slip Movement Right to Left
Ship Surface Option: Grid and Radius

P W .P. Option: Fiezometric lines with Ru
Tension Crack Option: {none)

Seismic Coefficient: (none)

. p
_ 1N
180 ﬁx‘] . }\'1
L "ot
160 }} R
140 |— !
— 120 |-
(]
— 100 —
g 80 |- 1y
\gf ! /;'I;I.
&0 — o 10_‘,4"
E j'il,iaef.f f
]
o
ks
LLi

~DE5Crption; Cucaracha Description: Cucaracha

Seif Model: ShearMormal Fn. ZSoil Model: ShearMormal Fn.

Soil Model: ShearMNarmal Fef.

=20 - ; . )
; - Unit Weight; 21 .2 Unit Weight: 21 .2
I
40 Lre Veight. 21 2 ) ShearMNormal Fr. & 7 ShearMormal Fr. #: 7
- — ShearMormal Fn. #: 25 Fi etric Line # 1 Piezometric Line £ 1
| Piezgmetric Line # 1 | | ezom "[C ner [ | N L |
-B0
-260 210 -160 110 -60 -10 40 a0 140 190 240 290 340
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Case 6a, Channel bottom = 22 ft, Blasted & removed

M

Description: Channel Deepening

Comments: East Bank 60K+594 - Channel Bottom = 22 ft blasted & removed (case 6)
File Name: 80K594 Gc siz

Last Saved Date: 4/5/02

Last Saved Time: 2:44.56 PM

Analysis Method: Morgenstern-Price 0 \ R K.
Direction of Slip Movernent: Right to Left . ";\ ol \ UL 38 DN
Slip Surface Option. Grid and Radius R T R O J.
PW P. Option: Piezometric lines with Ru o \"“ MR T
Tension Crack Option: Tension Crack Line ‘\”«; ‘H' R T A B
Seismic Coefficient {none) A ADE M
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o - — o . Deschption: Cucaracha Description; Cucaracha

20 - Soil Modet: ShearMormal Fr. Soil Model: ShearMNormal Fri.

R Unit VWeight: 21.2 Unit eight: 21 .2

40 |— ShearMormal Fri. #: 7 ShearMormal Fn. # 7

Piezn:umatrii: Line #: 1 Piezometric Line # 1
- | | | | | | | | l L
-260 =210 -160 -110 -60 -0 40 Q0 140 190 240 290 340 390 440

Horizontal Distance (m)




Case 6b, Channel bottom = 22 ft, Blasted & removed
————— e

Description: Channel Deepening
Comments: East Bank 60K+534 - Channel Bottom = 22 ft blasted & removed (case 6)
File Name: 60K594 6b siz

LLast Saved Date: 3/30/02

Last Saved Time: 4:26:07 PM

Analysis Method: Morgenstern-Price
Direction of Slip Movement Right to Left
Shp Surface Option: Grid and Radius

P W P. Option: Piezometric lines with Ru
Tension Crack Option: (none)

Seismic Coefficient (none)
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o _ escription; Cucarachs Description; Cucaracha

20 Sait Model: ShearMormal Fn. Soil Model; ShearMormal Fn.

’ Unit weight: 21.2 Unit Veight; 24 2

.40 ShearMNormal Fn. & 7 ShearMormal Fr. # 7

Piezometrir Line #: 1 | Pie.lmmetric Line f: 1

I
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-260 =210 -160 <1140 -60 -10 40 40 140 190 240 290 340 390 440

Horizontal Distance (m)




Case /7.1.a, Channel bottom = 27 ft, Design (underwater slope)

M

Description: Channel Deepening

Comments: East Bank 60K+594 - Channgl Bottom = 22 ft + design (case 7)
File Name: 60K594 7cslz

Last Saved Date: 4/5/02

Last Saved Time: 2:45:58 Fi

. . PO A R I N L
Analysis Method: Morgenstern-Price PRV TR Y S, j," g
Direction of Slip Movement: Right to Left SR S st lel o
Slip Surface Option: Grid and Radius o o \ . T8
. . . . . !
P W P. Option: Piezometric lines with Ru fﬁgo\\-\'xﬂ voee \ ¢
Tension Crack Option: Tension Crack Line Al ot it
Seismic Coefficient: (none) " *‘\\\gx\‘ A J |
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0= — e Description: Cucaracha Description; Cucaracha
- ' Soil Model: ShearMormal Fri, Soil Maodel: ShearMormal Fri.
20 = Unit Wieight: 21 2 Unit Weight: 21 2
an - ShearMormal Fn. #: 7 ShearMormal Fri. ®: 7
) FieTometric Line 2 1 Piezometric Line # 1
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Case 7.2.a, Channel bottom = 27 ft, Design (& dry excavation)

Elevation (m PLD)
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80

Description; Channel Deepening I
Comments: East Bank 80K +534 - Channel Bottom = 22 ft + desﬁ (ta
File Name: 60K5984 Tceslz

Last Saved Date: 4/7/02

Last Saved Time: 6:30:23 PM (

L2

Analysis Method: Morgenstermn-Price
Direction of Slip Movement Right to Left '

Slip Surface Option: Grid and Radius R [ .
P WP Option: Piezometric lines with Ru P P \ .
Tension Crack Option: Tension Crack Line !
Seismic Coefficient: (none) I \

_g I

4t

“Bescription: Cucaracha
Soil Model: ShearMormal Fo.

Description: Cucaracha
Saoil Model: ShearMarmal En.

N Unit Weight: 21 2 Unit Weight: 21 2
L ShearMormal Fr. #: 7 ShearMlormal Fn. #: 7
Piezometric Line & 1 Piezometric Line #: 1
I I ! I | | I I I I
-260 210 -t60 =110 -60 -10 40 90 140 190 240

Horizontal Distance (m)

20 340 390 4413




Case 7.1.b, Channel bottom = 27 ft, Design (underwater slope)

Elevation (m PLD)
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Description: Channet Deepening
Comments. East Bank 60K+584 - Channel Bottom = 22 ft + design (case 7)
File Name: 60K534 7Thsiz

Last Saved Date: 4/3/02

Last Saved Time 81333 AM

Analysis Method: Margenstern-Price

Direction of Slip Movement Right to Left

Slip Surface Option: Grid and Radius

FPW.P. Option: Piezometric lines with Ru

Tension Crack Option: (none)
Seismic Coefficient (none)

1 'Irly - -
s

~pescription: Cucaracha Description: Cucaracha

Soil Modet ShearMormal Fri. Soil Model. ShearMormal Fri.
N Lnit Yveight: 21.2 Unit Weight; 21 2
| ShearMaormal Fn. & 7 Shearflormal Fn. #: 7
Piezometric Line #: 1 Piezometric Line #: 1
i | | | | f | i i | |
-260 =210 -160 110 -B0 -t0 40 30 140 190 240 280 340 330 440

Horizontal Distance (m)




Case 7.2.b, Channel bottom = 27 ft, Design (& dry excavation)

Elevation (m PLD)

Descripticn: Channel Deepening

Comments: East Bank 50K+594 - Channel Bottom = 22 ft + design {case 7)

File Name: 60K594 The slz

Last Saved Date: 4/7/02

Last Saved Time: 6:24:13 PM

Analysis Method: Morgenstern-Price
Direction of Slip Movernent: Right to Left
Slip Surface Option: Grid and Radius
PP Option: Piezometric lines with Ru

. R o« ¢t %
Tension Crack ODTIOHL (none) S {ﬁ 'E; ]
Seismic Coefficient: (none) L {*3’ *
) Ye  #
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0 escriht.ioh: Cucarécha Descriptions Cucaracha
0 Soil Model, ShearMormal Fn. Soil Model: ShearMormal Fr.
i Unit Weight: 21.2 Linit Weight: 21 .2
40 b ShearMlormal Fri. & 7 ShearMNorthal Fri. & 7
’ Piezametric Line #: 1 Piezometric Line #: 1
- I | | | | | |
-260 =210 -160 <110 -60 -0 40 a0 140 190 240 290 340

Horizontal Distance (m)

390
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Case 8a, Channel bottom = 16 ft, Blasted

180
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140
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100

Elevation {m PLD)

Description; Channel Deepening
Comments: East Bank 60K+594 - Channel Bottom = 22 ft + design + blasted 16t (case §)
File Name: 80KK534 8c slz

Last Saved Date: 4/7/02

Last Saved Time: 7:31:37 PM

Analysis Method: Morgenstern-Price Voo

Wl ™ . .
Direction of Slip Movement: Right to Left ,“";ﬁ Yoo, e
Slip Surface Option: Grid and Radius :\‘x s\"a\ N ]
P.w.P. Option: Piezometric lines with Ru R S
Tension Crack Option: Tension Crack Line -‘l Y ‘-'\‘ +

Seismic Coefficient (none)
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3

-

Descrigtion: Cucaracha

o e T Descrigtion; Cucaracha
T STription: Cucaracha Sail Madel ShearMormat Fn. Snil Modlel: ShesrMNarmal Fri.
20 So!l Mcm_lel: ShearMormesl Fre. Urit Weight: 21.2 Unit Weight: 21 .2
Unit Weight: 21.2 ShearMormal Fr & 7 ShesrMormat Fn. #; 7
-40 — ShearMarmat Fr. #: 25 Piezamettic Ling # 1 Piezometric Line #; 1
0 | | Piezometrc Line #:1 | | ) ] ! | I
-2E60 =210 160 -110 -60 -10 40 ac 140 190 240 290 340

Horizontal Distance (m)

390
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Case 8b, Channel bottom = 16 ft, Blasted

Description: Channel Deepening
Comiments’ East Bank 60K+584 - Channel Bottom = 22 ft + design + blasted 16 ft (case 8)
File Name: 60K594 8hsiz

Last Saved Date: 4/7/02

Last Saved Time: 7:38:28 PM

Analysis Wethod: Morgenstern-Price

Direction of Slip Movement Right to Left

Slip Surface Option: Grid and Radius

P WP, Option: Fiezometric lines with Ru

Tension Crack Option: (none)
Seismic Coefficient (none)

180 —
160 +—
140 e
. 120
(]
- 103 —
o
E 8 -
g
B0 —
c -—
o] — —— -
=
]
-
K :
t L e T - Déécripﬂon Cucaracha
i Description; Cucaracha .
o SCrpon. Cucaracha Soil Model: ShearMlormal Fri. Sait Model Shear/Mlarmal Fru.
-, = SO!| MCIE.ﬂBL .Sheai:r.l'Normal Fn. Unit Weight: 21 2 Unit WEIQI“TK 2
Unit Weight: 21.2 Sheariormal En. £ 7 ShearMormal Fri. # 7
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Summary, 60k + 594 (1988 + 00)

General Description

Range of stations:

60K + 500- to 60k + 695

Geology

Formation:

Sector: Cucaracha
Maximum height (mj): 127
Cotangent of slope angle (cot. B): 3.6

Cucaracha / Pedro Miguel Agglomerate / Basalt

Lithoclogy:

~ |Clayshale / Sanstone / siltstone / Ash flow / Cong

. { Agg / Basalt

Critical stratum at toe:

Clayshale / Sansdstone

Apparent dip of bedding:

Toward the Canal, 10°

Stability Analysis

Critical failure mechanism:

Transiational

Shear strength model:

Fully softened, Cucaracha

Operative average| o B

pore pressure |  Factor of = |Relative Factor| Percentage of

-~ ratio Safety of Safety Change (%)

{aproximate), : o
e . .

(@) (b) (a) (b) (@) (b}

Case 1: Channel bottom = 32 ft 0.367 1.049 { 1.0231 1.000 | 1.000| 0.00 | 0.00
Case 2: Channel bottom = 27 ft, Blasted material only 1.048 | 1.014 ] 0.999 | 0.991 ] -0.10 | -0.88
Case 3: Channel bottom = 27 ft, Blasted & removed 1.045 | 0.9651 0.996 | 0.943 | -0.38 | -5.67
Case 4.1: Channel bottom = 27 ft, Design (underwater slope) 1.033 1 0.896 } 0.985 | 0.876 | -1.53 | -12.41
Case 4.2: Channe! botiom = 27 ft, Design (& dry excavation) 1.268 | 1.022 § 1.209 | 0.929 | 20.88 ; -0.10
Case 5: Channel bottom = 22 ft, Blasted material onily 1.044 | 0.956 | 0.995 | 0.935 | -0.48 | 6.55
Case 6: Channel bottom = 22 ft, Blasted & remowved 1.044 | 0.891 ] 0.995 | 0.871 | -0.48 | -12.90
Case 7.1: Channel bottom = 22 ft, Design (underwater slope) 1.025 | 0.812 | 0.977 { 0.794 | -2.29 | -20.63
Case 7.2: Channe! bottom = 22 ft, Design (& dry excavation) 1.265 | 0.954 1 1.206 | 0.933] 20.59 | -6.74
Case 8: Channel bottom = 16 ft, Blasted 0.785 | 0.977 | 0.767 -23.26

Wb |




ELEVACION (m)

180

170 —

160 —

150 —

l'llllrlllllllllllll‘

140 —

130 -

120 —

110

100 —

90 —

80 —

T]Tll!lllll1ll|lllIIF!|||III!I|’1’1

70 -

60 -

50

40

30 —

20 —

10 -

llllllll|IlllIIT'ITTIIIIT'IIIiIIIl!flll!]lllllllll'

%

NG StLIP

A}

SURF
R




180

—+ 170
1 160

=+ 150

—+ 140

-‘m 130

-+ 120

-+ 100

LINEA DE PRISMA ESTE NUEVO
LINEA DE PRISMA ESTE EXISTENTE

LINEA CENTRAL DEL CANAL

(W) NOIDVAI3

IRE—7 -+ 50

B e S 4 10

AMP% AUTORIDAD DEL CANAL DE PANAMA

DEPARTAMENTO DE INGENIERIA Y PROYECTOS
<+ -20 DIVISION DE INGENIERIA
ALTOS DE BALBOA, REPUBLICA DE PANAMA

| N FY A SECCION GEOLOGICA
CORTE GAILLARD
ESTACION B0K+594 (1988+00) ESTE

ESCALA:  1:1000 FECHA: ABRIL 2002

GEOLOGIA POR: M. DE PUY DIEUJADO POR: M. LACERDA & J. RAMESCH




ELEVACION (m)

180

170 +
160 +
150 +

140

T 1 1T

130 —

120 —

110 -

100 —

!T‘lll'll!‘ilfll'illll

90 —

80

70 —

60 —

50 —

40 -

30

]
'[|l]]||IIIIII']IIIIIlllIl]Tl[IIII

_l'fll]llllIllll]lll1[illl|

20

10 —

i
{
|
|
|

T,

T\

Li_gnite_

UCARACHA F

Sandston

 EXISTING SUP SURFACE

—360

T f
—200 —180 —-160 —140 —-120 -100

PRSP PR TR PR D Cor [HRPR ER RS (PRI SRR MR SORPE Drs SRR ’.‘1-;;-‘f:",:f:i.";i'i:,"-I'A_,,




station 60k + 747 (1993 + 00)

East



Station: 60k + 747 (Cucaracha)

e

April 16, 2002




Case 1a, Channel bottom = 32 ft

Description: Channel Deegpenitng
Comments: East Bank GOK+747 - Channet Bottom = 32 ft {case 1}
File MName: 6OK747_1 .slz

Last Saved Date: 4/13/02

Last Saved Time: 3:07:01 PM

Analysis Method: Morgenstern-Brice
Direction of Slip Movement: Right to Left
Slip Surface Option: Grid and Radius

F W P, Option: Piezometric lines with Ru
Tension Crack Option: (none)

Seismic Coefficient: {none)
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Description: pedro miguel agglomersate
=oil Madel: ShearMormal Fn.

Unit Weight: 22

ShearMormal Fn. # 20

Piezometric Line #: 2

Description: hasal
Soil Modet ShearMormal Fr.
Unit Weaight: 23.5
ShearMarmal Fr. #: 23
Piezometric Line #: 2
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Case 1b, Channel bottom = 32 ft

Description: Channel Degpening

Comments: East Bank 60K+747 - Channel Bottorn = 32 ft (case 1)
File Name: 60747 _1b.slz

Last Saved Date: 4/13/02

Last Saved Time: 3:43:33 PM

Analysis Method, Morgenstern-Price

Direction of Slip Moverment: Right to Left .
Slip Surface Option: Grid and Radius

P W P. Option: Piezormetric lines with Ru

Tension Crack Option: Tension Crack Line

Seismic Coefficient: (none)

200 Description: pedro miguel agglomerate
Soil Modet. ShearMormal Fr.
Urit Weight: 22
ShearMormal Frn, & 20
150 Piezometric Line #: 2 k
E 100
—
[
—
o
S
—
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==
_.9 0 Description: basalt
i Sail Model: ShearMmlormal Fr.
Unit YWeight: 23 5
ShearMormal Fn. # 23
Piezometric Line # 2
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-200 -150 -100 -50 u} 50 100 150 200 251 200 340 400 450

Distance from Center Line




Case 1¢, Channel bottom = 32 ft

Description: Channel Deepening
Comments: East Bank GOK+747 - Channel Bottom = 32 ft {case 1)
File Mame: 60KT747_1c sz

Last Saved Date: 4/13/02

Last Saved Time: 5:33:45 PM

Anaiysis Method: Morgenstern-Price
Direction of Slip Movement: Right to Left
Slip Surface Option: Grid and Radius
PW P Option: Piezomstric lines with Ru
Tension Crack Option: (none)

Seismic Coefficient: (none)
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Description: basat
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-t0oo

-200 -150 -1a0 -50 0 50 100 150 200

Distance from Center Line

250 300 3450 400

450




Case 2a, Channel bottom = 27 ft, Blasted material only

Description: Channel Deepening
Comments: East Bank BOK+747 - Channel Bottom = 27 ft blasted material only {case 2}
File Name: BOKT47_2 slz

Last Savaed Date: 4/13/02

Last Saved Time: 2.16:26 PM

Analysis Method: Morgenstern-Price
Direction of Slip Movement: Right to Left
Slip Surface Option: Grid and Radius

F W P, Option: Piezometric lines with Ru
Tension Crack Option: (none)

Seismic Coefficient: (none)

Elevation (PLD) m

200 —
Descrption: pedro miguel aggiomerate
Sail Model: ShearM™armat Fry.
Unit Weight: 22
ShearMormal Frn, #: 20
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1an
[l
M
a Description: bhagait
Soil Modet ShearMormal Fn.
Unit wWeight: 23.5
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Case 2b, Channel bottom = 27 ft, Blasted material only

Description: Channel Deepening
Comments: East Bank B0K+747 - Channel Bottorn = 27 ft blasted material only {case 2)
File Name: 60K747 2b slz

Last Saved Date: 4/13/02

Last Saved Time: 34558 PM

Analysis Method: Morgenstern-Price
Direction of Slip Movement: Right to Left
Slip Surface Option: Grid and Radius

P W P. Option: Piezomeltric lines witht Ru
Tension Craclk Option: Tension Crack Line
Seismic Coefficient. (none)

« »
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Case 2c, Channel bottom = 27 ft, Blasted material only

Description” Channel Deepening
Comments: East Bank 60K+747 - Channel Bottom = 27 ft blasted material only (case 2)

File Name: BOK747_2c slz

Last Saved Date: 4/13/02

Last Saved Time: 5:35:43 P

Analysis Method: Morgenstern-Price

Direction of Slip Movement: Right to Left

Slip Surface Option: Grid and Radius . . +
F P Option: Piezometric lines with Ru
Tension Crack Option: (none)

Seismic Coefficient: (none)
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Soil Model: Shear Mo
Unit vweight: 23 5
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Case 3a, Channel bottom = 27 ft, Blasted & removed
'\

Description: Channel Deepening
Comments: East Bank B0K+747 - Channel Bottorn = 27 # blasted & removed (case 3)
Fite Name: 60K747_3 slz

Last Saved Date: 4/13/02

Last Saved Time: 3:19:11 PM

Analysis Method: Morgenstern-Price
Direction of Siip Movement: Right to Lef
Slip Surface Option: Grid and Radius
P.WW.F. Option: Piezometric lines with Ru
Tension Crack Option: (none)

Setsmic Coefficient: (none)
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Case 3b, Channel bottom = 27 ft, Blasted & removed
———————— e

Description: Channel Deepening
Comments: East Bank G0K+747 - Chanrel Bottom = 27 ft blasted & removed (case 3)
File Mame: BOK747_ 3b slz

Last Saved Date: 4/13/02

Last Saved Time: 3:50:03 PM

Analysis Method: Morgenstern-Price
Direction of Slip Movernent: Right to Left
Slip Surface Oplion: Grid and Radius
PW.P. Option: Piezometric lines with Ru
Tension Crack Option: Tension Crack Line
Seismic Coefficient: (none)
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Descrigtion: pedro miguel agglomerate
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Unit Weight: 22
SheatMarrmal Fr. #: 20
180 — Piezametric Line #: 2 l{
PR LT % P i —
£ 1o fe o o —
-
5 .
(a1 -
—r 0 —
: B .
o b
=
= \
Q a > Description: basatt
L Zoit Model ShearMarmat Fr
Unit Weight: 23 &
ShearMormal Fn, # 23
Piezometric Line #; 2
-50
-100 | | |

-200 =160 -100 -50 o 50 100 1480 200 250 200 350 400 450

Distance from Center Line




Case 3¢, Channel bottom = 27 ft, Blasted & removed
——————

Description: Channal Deepening
Comments: East Bank G0K+747 - Channel Bottorn = 27 #f blasted & remaved (case 3)
File Name. 60K747_2c iz

Last Saved Date: 4/13/02

Last Saved Time: 5:36:21 PM

Analysis Method: Morgenstern-Price
Direction of Slip Movement: Right to Left
Slip Surface Option: Grid and Radius . . . .
P P, Option: Piezometric lines with Ru i

Tension Crack Option: {none}
Seismic Coefficient: {(none)
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Case 4.1.a, Channel bottom = 27 ft, Design (underwater slope)
—————— e T

Description: Channel Deepening
Comments: East Bank 60K+747 - Channel Bottorm = 27 ft + design (case 4)
File Name: 60IK747_4 siz

Last Saved Date: 4/13/02

Last Saved Time: 3:22:29 PM

Analysis Method: Morgenstern-Price
Direction of Slip Movement: Right to Left
Slip Surface Option: Grid and Radius

P P, Option: Piezometric lines with Ru
Tension Crack Option: (none)

Seismic Coefficient: (none)
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Unit Weight: 22
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Description: basalt
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Case 4.2.a, Channel bottom = 27 ft, Design (& dry excavation)
——— e

Description: Channel Deepening
Comments: East Bank E0K+747 - Channel Bottom = 27 ft + design (case 43
File MName: 8OIK747_4e slz

Last Saved Date: 4/14/02

Last Saved Time: 142432 PM

Analysis Method: Morgenstern-Price
Direction of Slip Movement: Right to Left

Slip Surface Option: Grid and Radius

PV .P. Option: Piezometric lines with Ru
Tension Crack Option: {none)

Seismic Coefficient: (none)

200 —

Description: pecdro miguel agglomerate

Soil Model: ShearMNormal Fry.

LUinit Weight: 22

ShearMNormal Fn. #: 20 /
150 Piezometric Line #; 2 . I{

100

th
=}

Description: hazalt
Soil Model: ShearMormal Fn,
Unit Weight: 23.5
Shearformal Fn, & 23
Piezometric Line #: 2

Elevation (PLD) m
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-100
-200 -150 -100 -50 &} 50 100 150 200 250 300 3560 400 440

Distance from Center Line




Case 4.1.b, Channel bottom = 27 ft, Design (underwater slope)

Description: Channel Deepening
Comments: East Bank G0K+747 - Channel Bottom = 27 ft + design (case 4}
File Mame: 60747 _4b.clz

Last Saved Date: 4/13/02

Last Saved Time: 3:53:18 PM

Analysis Method: Morgenstern-Price

Direction of Slip Moverment: Right to Left

Slip Surface Option: Grid and Radius

P.ww.P. Option: Piezometric lines with Ru

Tension Crack Option: Tension Crack Line
Seismic Coefficient: {nonea)

200 —
Diescription: pedro migusl agglomerate
Sail Model ShearMlormal Fn.
Unit Weight: 22
ShearMormal Fr. # 20
150 Piezometric Line & 2 f‘
E 1m
o
[
e
o
50
|
=] M
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=
o o Description: basalt
Ll i
Sail Model: ShearMormal Fn.
_ Unit WWeicht: 23.5
Shearmlormal Fr. & 23
Piezometric Line & 2
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-260 -140 -100 -50 [} a0 100 1450 200 250 300 350 400 440

Distance from Center Line




Case 4.2.b, Channel bottom = 27 ft, Design (& dry excavation)
—————————————————————————————————————————————————————

Description: Channel Deepening
Comments: East Bank 60K+747 - Channel Bottom = 27 ft + design (case 4)
File Name: 60K747_4be.siz

Last Saved Date: 4/14/02

Last Saved Time: 12:14:30 PM

Analysis Method: Morgenstern-Price
Direction of Slip Movement: Right to Left
Slip Surface Option: Grid and Radius
P.W.P. Option: Piezometric lines with Ru
Tension Crack Option: Tension Crack Line
Seismic Coefficient: (none)

200 — Description: pedro miguel agglomerate

Soif Model: Shear/NMarmal Fn.
Unit Weight: 22
Shearftlormal Fn. #: 20
Piezometric Line # 2

100

143
[}

Description: basalt
Soil Model: ShearMormal Fn.
Unit Weight: 23.5
ShearfNarmal Fri. # 23
Piezometric Line # 2

Elevation (PLD) m

-1i00
-200 -150 =100 =50 ju] S0 100 150 200 250 300 350 400 4320

Distance frem Center Line




Case 4.1.c, Channel bottom = 27 ft, Design (underwater slope)
——

Description: Channel Deepening
Comments: Zast Bank B0K+747 - Channel Bottorn = 27 ft + design (case 4)

File Name: 80K747_4c sz

Last Saved Date: 4713/02

Last Saved Time: 5:37:02 PM

Anaivsis Method: Morgenstern-Price

Direction of Slip Movement: Right to Left

Shp Surface Option: Grid and Radius . . .
P W P. Option: Piezometfric linaes with Ru
Tension Crack Option: {none)

Seismic Coefficient: {none)

200 — Description: ppdro miguel agglomerate
Soil ddel: Shearflormal Fr.
Unit vWeight: 22 - -
ShearMormal Fr. # 20
Piezome;tric Ling # 2 -
160 — . i{
£ oo
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. |
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bt n Description: bazat
L Soil Modei ShearMNatmal Fr.
Unit Weight: 23.5
ShearMonmal Fn. # 23
Piezometric Line # 2
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-100 l |
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Case 4.2.c, Channel bottom = 27 ft, Design (& dry excavation)

Etevation (PLD) m

200

150

s
Q
o

4]
(]

-100

-200

Description: Channel Deepening

Comments: East Bank 60K+747 - Channel Bottom = 27 ft + design (case 4)

File Name: 60K747_4ce slz

Last Saved Date: 4/14/02

Last Saved Time: 11:57:19 AM

Analysis Method: Morgenstern-Price
Direction of Slip Movement: Right to Left
Slip Surface Option: Grid and Radius

P W.P. Option: Piezometric lines with Ru
Tension Crack Option: {none)

Seismic Coefficient: (none)

L 4

- -

UnitWeight: 22,
ShearMormal Fn. ¥ 20
F'iezorr‘\_etril: Line# 2

- -
Description: pedro migugl agalomerate
Soil Madel: ShearMarmal Fr.

*

Description: hasalt
Soil Model: Sheartormal Fr.

UnitwWeight. 23.5

Shear/Normal Frn.3: I3

Fiezometric Line #: 2

-100 -a0 o]

-150

S0 100 150 200 250 300

Distance from Center Line

350

400

450




Case 5a, Channel bottom = 22 ft, Blasted material only

M

Description: Channel Deepening
Commerts: East Bank S0K+747 - Channel Bottorn = 22 ft blasted material only {case 5)
File Name: 60K747_5.siz

Last Saved Date: 4/13/02

Last Saved Time: 3:26:01 PM

Analysis Method: Morgenstern-Price
Direction of Slip Movement: Right to Left
Slip Surface Option: Grid and Radius

P W F. Option: Piezometric lines with Ru
Tension Crack Option: (none)

Seismic Coefficient: (none)

200 —
Description: pedro migust agglomerate
Soil Madel: ShearMormal Fr,
Unit Weight: 22
Shearhlormal Frn. # 20
180 — Piezometric Line #: 2 — ;‘
e ot //'
PR Eaty
Sk v 19w s » L — —
E s - ety ——
9 “ E%w’:j e — T
o T -
g a0 |— ‘I
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T 1] Description: basalt
L Soil Model ShearMormal Fno.
Unit Weight: 23 5
ShearMormal Fn. #: 23
 Piezometric Line & 2
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100 B i |
-200 -140 -100 -460 a 50 100 150 200 250 300 340 409 4510

Distance from Center Line




Case 5b, Channel bottom = 22 ft, Blasted material only
S A

Description: Channel Deepening
Cormments: East Bank 60K+747 - Channsl Bottorn = 22 ff blasted matarial onty (case 3)
File Name: 60K747_5b siz

Last Saved Date: 4/13/02

Last Saved Time: 3:55 36 PM

Analysis Method: Morgenstern-Price
Direction of Slip Movement: Right to Left
Slip Surface Option: Grid and Radius
PP, Option: Piezometric lines with Ru
Tension Crack Option: Tension Crack Line
Seismic Coefficient: {none}

a —
20 Dezcription: pedro miguel agolomerate
Soil Modet ShearMormal Fri.
Unit vwweight: 22
ShearMormal Fr. #: 20
150 PieTometric Line #: 2 l{
E 100
———
—
—
[a
el
— 50
2
L et
[3:]
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£ a Description: basal
L Eoil Model: ShearMormat Fr.
Unit Weight: 23.28
ShearMormal Fn. #: 23
Piezometrie Line # 2
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-100 1 |
-200 -150 -100 -50 a 50 100 140 200 250 300 350 4090 450

Distance from Center Line




%

Case 5c, Channel bottom = 22 ft, Blasted material only

Elevation (PLD) m

200 —

100

-t00

Description: Channel Deepening :

Comments: East Bank S0K+747 - Channel Bottomm = 22 #f blasted matarial orly (case 5}
File Name: 80K747 _5c sz

Last Saved Date: 4/13/02

lLast Saved Time: 5:38:01 PM

Analysis Method: Morgenstern-Price

Direction of Slip Moverment: Right to Left

Slip Surface Option: Grid and Radius

P W .P. Optior. Piezometric lines with Ru el T
Tension Crack Option: {none)
Seismic Coefficient: (none)

.
riptiore pedrd migueragglomerate
ploclel: ShearMormal {r
eight=22 *

S
SR
S e R LR,
S 1| — . . . *

Description: basatt
Goil Model: ShesarMormal Fr.
Hnit Weight: 23 5
ShearMormal Fn, # 23
Piezometric Line # 2
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-150 -100 -50 o]

50 100 150 200 280

300 350 400 440
Distance from Center Line




Case 6a, Channel bottom = 22 ft, Blasted & removed
——————— e

Description: Channel Deepening _
Comments: East Bank 60K+747 - Channel Bottom = 22 ft blasted & removed (case 8)
File Name: 80K747 B.siz

Last Saved Date: 4/13/02

Last Saved Time: 3:28:35 PM

Analysis Method: Morgenstern-Price

Direction of Slip Movement: Right to Left

Slip Surface Option: Grid and Radius

P WP Option: Piezometric lines with Ru

Tension Crack Option: (none)

Seismic Coefficient: {none)

200 —
Description: pedro miguel agglomerate
Sail Model: ShearMormal Fo.
Unit Weight: 22
ShearM™aormal Fn. 2 20
180 }— Piezometric Line & 2
E 1o |-
———
S ==
o =
=0 L— p -
= 50 e
=] W %
-—
[y
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[+3] N
111 1] Description: basatt
L Snil Modet ShearMormal Fri.
~ Unit Yeight: 235
ShearMormal Fn. & 23
Piezometyic Line #, 2
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-200 -15D -100 -850 Q a0 100G 150 200 240 300 3450 400 4350

Distance from Center Line




Case 6b, Channel bottom = 22 ft, Blasted & removed
——————e

Description: Channel Deepening
Comments: East Bank §0K+747 - Channel Bottom = 22 ft blasted & remaved {(case 6)
File Name: 60K747_6b slz

Last Saved Date: 4713702

Last Saved Time: 4:00.19 PM

Analysis Method: Morgenstern-Price

Direction of Slip Movement: Right to Left

Slip Surface Option: Grid and Radius

P P, Option: Piezometric lines with Ru

Tension Crack Option: Tension Crack Line

Seismic Coefficient: {none)

200 —

Descrigtion: pedro miguel agglomerate

Soil Model: ShearMormal Fn.

Unit Weight: 22

ShearMormal Fn, & 20
t50 b— Piezometric Line #: 1 I‘
100 |— ——

(5]
o

Desctiption: basalt

Soil Medel: ShearMormal Fa.
Unit vWeight: 23 5
ShearMormal Fn. & 23
Piezometric Line #: 1

Elevation (PLD} m

-60

np kel ot :
-200 -1a0 -100 -a0 a 50 100 150 200 250 ana 350 400 450

Distance from Center Line




Case 6¢, Channel bottom = 22 ft, Blasted & removed
—————————————————————————————————————————— e

Description: Channel Deegpening
Caomments: East Bank 80K+747 - Channel Bottom = 22 ft blasted & removed (case B6)
File Name: 60KT747 _Bc slz

Last Saved Date: 4/13/02

Last Saved Time: 5:39:30 PM

Analysis Methad: Morgenstern-Price
Direction of Slip Movement: Right to Left
Slip Surface Qption: Grid and Radius
PW. P Option: Piezometric lines with Ru
Tension Crack Option: {(none)

Seismic Coefficient: (none)

200 p— .
riptiore pedrd migueragglnmerate
el Model: ShearMormal Fn. -
4 -
160
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£ a Description: basalt
LLl Sail Model: SheayrMormal Fn.
Unit weight: 235
She2armormal Fn. & 23
Piezometric Line #: 2
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Case 7.1.a; Channel bottom = 27 ft, Design (underwater slope)
—— e

Description: Channel Deepening

Comments: East Bank 60K+747 - Channel Bottorm = 22 ft + design (case Fa)
File Name: BOK747 7 alz ‘
Last Saved Date: 4/13/02

Last Sawved Time: 3:32:06 PM

Analysis Method: Morgenstern-Price

Direction of Slip Movement: Right to Left

Slip Surface Option: Grid and Radius

FwW P, Option: Piezometric lines with Ru

Tension Crack Option: (none)

Seismic Coefficient: {none)

200 —

Descriptior: pedro miguel agglomerate
Soil Madel: ShearMormal Fn.
Unit Weight: 22
ShearMarrmal Fr, & 20
Piezometric Line #; 2 l‘

150

100

Description: hasatt
Soil Model: ShesrMormal Fn.
Unit Weight: 23 5
ShesrMormal Fn, # 23
Piezometric Line & 2

Elevation (PLD) m

-1o0 L
-200 160 -100 -50 u 50 100

Distance from Center Line

150 200 2580 300 350 400 450




Case 7.2.a, Channel bottom = 27 ft, Design (& dry excavation)

m

Description: Channel Daepening
Camments: East Bank GOK+747 - Channel Bottom = 22 ft + design (case 7
File Name: 80K747_Ye siz

Last Saved Date: 4/14/02

Last Saved Time: 1:16:30 PM

Analysis Method: Morgenstern-Price
Direction of Slip Movement: Right to Left
Slip Surface Option: Grid and Radius
PWwW.P. Option: Piezometric lines with Ru
Tension Crack Option: {none}

Seismic Coefficient: (none)

200 —

Description: pedro miguel agglamerste

Soit Model: ShearMarmal Fn,

Unit Wieight: 22
ShearMormal Frv. #: 20

1540 Piezometric Line #; 2

100

Elevation (PLD) m

Description: basaft

Soit Model ShearMlormat Fn.

© Unit Weight: 235

ShearMormal Fn. # 23
Piezometric Line #; 2

-A0

190 : e : : & i .
-200 -150 -100 -50 il 20 100 150 200 2460

300 350 400 450

Distance from Center Line




Case 7.1.b, Channel bottom = 27 ft, Design (underwater slope)
——

Description: Channel Despening

Cornments: East Bank 60K+747 - Channel Bottom = 22 ft + design {case 7}
File Name: BOK747_7b.slz

Last Saved Date: 4/13/02

Last Saved Time: 4:04:29 PM

Anatysis Method: Morgenstern-Price

Direction of Slip Movement: Right to Left

Slip Surface Option: Grid and Radius

PP Option: Piezomelric lines with Ru

Tension Crack Option: Tension Crack Line
Seismic Coefficient: {none)

200 —

Descrigtion: pedro miguel agalomerate
Soil Model: ShearMormal Fr.

Unit weight: 22

ZhearMormal Fn. #: 20

Piezometric Line & 2

150

100

Elevation (PLD) m

Description: basalt

Soif Model Sheartormal Fr.
Unit Waight: 23 5
ShearMormet Frn. #. 23
Piezometric Line #: 2
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-100 H £ EESS P
-208 -140

-100 -50

] 50 100

] i | |
150 200 250 300 350 400 450
Distance from Center Line




Case 7.2.b, Channel bottom = 27 ft, Design (& dry excavation)
e S———————— A e it

Description: Channel Deepening

Comments: East Bank 60K+747 - Channel Botom =
File Namsa: 60K747_7be.slz

Last Saved Date: 4/14/02

Last Saved Time:. 1:22:30 Phd

Analysis Method: Morgenstern-Price

Direction of Slip Movement: Right to Left

Slip Surface Option: Grid and Radius

P VWP Option: Piezometric lines with Ru

Tension Crack Option: Tension Crack Line
Seismic Coeffictent: (none)

22 ft + design {case 7)
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a 0 \\ Description: basalt
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Unit Weight: 23.5
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Piezometric Line # 2
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300 350 400
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Case 7.1.c, Channel bottom = 27 ft, Design

(underwater slope)

.\

Description: Channel Deepening
Comments: East Bank B0K+747 -
File Name: B0K747_7c.slz

Last Saved Date: 4/13/02

Last Saved Time: 5:40:08 P
Analysis Method: Morgenstern-Price
Direction of Slip Movement: Right to Left

Slip Surface Option: Grid and Radius

FW.P. Option: Piezometric lines with Ru : )

Channel Bottorm = 22 ft + design {case 7)

R SN2
Tengion Crack Option: {nona) T TN .
Seismic Coefficient: (none) -jﬁ:‘: ““‘QS\-\'&;‘\ .

s N
70N
&'} b ’*Q}‘:‘__\‘\
150 — \lll | LR
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Des=cription: basalt
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Unit Yveight: 23.5
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Case 7.2.c, Channel bottom = 27 ft, Design (& dry excavation)
“

Description: Channel Deepening

Comments: East Bank 60K+747 - Channel Bottom = 22 ft + design (case 7)

File Name: 60K747_7ce.slz

Last Saved Date: 4/14/02

Last Saved Time: 1:38:26 PM

Analysis Method: Morgenstern-Price

Direction of Slip Movement: Right to Left

Slip Surface Option: Grid and Radius

P.W.P. Option: Piezometric lines with Ru

Tension Crack Option: (none) T NN

Seismic Coefficient: (none) ’{,‘“T:‘“Sl’&
SN

200 —

160 — \EI 1

\1\%&\1 e et
L

. Soil Madel: SheariMNarmal Fn.
UnitWeight 23.5
Sheariblormal Frn. #: 23
Piezometric Line #: 2
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a2 Descriplion: hasalt.
L
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Distance from Center Line




Case 8a, Channel bottom = 16 ft, Blasted

%

Description: Channel Deepening
Comments: East Bank B0K+747 - Channel Bottom = 22 ft + design + blasted 16 ft (case 8)
File Name: 80K747_8.s5iz

Last Saved Date: 4/13/02

Last Saved Time: 3:34:43 PM

Analysis Method: Morgenstern-Price
Direction of Slip Movement: Right to Left
Slip Surface Option: Grid and Radius
PW.P. Gption: Pigzometric lines with Ru
Tension Crack Option: {none)

Seismic Coefficient: (none)

200 —
Description: pedro miguel agglomerate
Soil Model: ShearMNormal Fr.
Unit Weight: 22
ShearMormal Fr. # 20
150 |— Piezametric Line 2 2 k
- o By -:' *, :
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L Soil Model: ShearMormal Fno
Unit Wisight: 23 .5 ’
ShearMormal Fn. #: 23
Piezometric Lime #: 2
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oo B : : B =N L |
-200 -150 -100 -50 ] 50 100 150 200 250 30 350 400 450

Distance from Center Line




Case 8b, Channel bottom = 16 ft, Blasted

Description: Channel Despening

Comments: East Bank B0K+747 - Channel Bottom = 22 ft + design + blasted 16 ft (case 8)
File Name: 60K747_8b.slz

Last Saved Date: 4/13/02

Last Saved Time: 4:10:05 PM

Analysis Method: Morgenstern-Price

Direction of Slip Movement: Right to Left

Slip Surface Gption: Grid and Radius

P W .P. Option: Piezometlric lines with Ru

Tension Crack Option: Tension Crack Line
Seismic Coefficient: {none)

PO
200 — . .
- * Description: pedro miguel agglomerate
- - Sail Model: ShearMNormal Fn.
. & Unit WWeight: 22
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150 F— . . Piezometric Line #: 2
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. Description: basait

.. Soil Model: ShearMormal Fn
“Unit weight: 23 .5 ’

ShearMNotmal Fn, & 23

Piezometric Line #: 2
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Case 8¢, Channel bottom = 16 ft, Blasted

Description: Channel Deepening

Comments: East Bank B80K+747 - Channel Bottorn = 22 ft + design + blasted 16 ft (case 8)
File Name: BOK747_8c . slz

Last Saved Date: 4/13/02

Last Saved Time: 5:40:59 PM

Analysis Method: Morgenstern-Price

Direction of Slip Movement: Right to Left

Slip Surface Option: Grid and Radius . . - .
Fw P, Option. Piezomelric lines with Ru e ~otanad * * . .
Tension Crack Option: {nonea) ~—‘"’““~QZT\\§\“?Q;\\%\§X . . <
. . .. . i e SN, e -
Seismic Coefficient: (none} -_,,,A\Q‘\Q\\\\\\“\\@ - . -
PP e N AT
® T T S R - . * -

JMormet Fn, & 200 .
betric tine & 2 h

160

Elevation (PLD} m

100
50
»
a Description: basat
Soil Model ShearMormal Fr.
Unit Weight: 23.5
Shearfilormal Frn. #: 25
Fiezometric Line #: 2
-50 :
a0 : : | 1 |
-200 -180 -100 -60 1] 50 100 150 200 250 300 350 400 450

Distance from Center Line




Summary, 60k + 747 (1993 + 00)

General Description {Range of stations: . ' 60k + 695 to. B0k + 850
Sector. Cucaracha
Maximum height {m): _ 140

Cotangent of slope angle {cot 1.6°

Formation: Cucaracha /:Pedro Miguel

Lithology: e - . |Clayshale/ Aggtomerate
Critical stratum at toe: : S Clayshale | .
Apparent dip of bedding: R | : [Toward the Canal L
Stability Analysis  |Critical failure mechanism: (a), {c) - Rotational / (b} Rotational - Tension crack

Shear strength model; Fully softened - Cucaracha / First time BAsalt

Operative average]
pore pressupe I

1 Relatwe Factorof | Percentage of Chéi}ge.

Fact?rcff .S.gfe.ty;.f., : Safety AL

© I @ | ® | (©
1.000 | 0.000 | 0.000 | 0.000
0.999 | -1.918 | -0.904 | -0.085

Case 1: Channel battom = 32 {t

Case 2: Channel bottom = 27 ft, Blasted material only
Case 3: Channel bottom = 27 ft, Blasted & removed 0.991 | -3.837 | -1.506 | -0.830
Case 4.1: Channel bottom = 27 ft, Design (underwater slope) 0.983 | -9.592 | -3.614 | -1.691
Case 4.2: Channel bottom = 27 ft, Design (& dry excavation) . . . . . 1.002 | 6.155 | 1.908 | 0.160
0.990 | -4.237 | -1.506 | -1.014

Case 5: Channel bottom = 22 ft, Blasted material only
Case 6: Channel bottom = 22 i, Blasted & removed 0.981 | -7.114 | -6.024 | -1.944
Case 7.1: Channel bottom = 22 ft, Design (underwater slope) : - 0.971 |-13.669| -4.618 | -2.874
Case 7.2: Channel bottom = 22 ft, Design (& dry excavation) . 059 { 1. . . 0.983 | 5.026 | 6.325 | -1.691
Case 8: Channel bottom = 16 ft, Blasted 5.823
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station 61k + 720 (2025 + 00)

East



Station: 61k + 720 (Nitro)

e ————————————————————,_ R

April 16, 2002




Case 1, Channel bottom = 32 ft

180
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80

Elevation (m PLD)

Description: Channel Deepening
Comments: East Bank 61KK+720 - Channel bottom = 32 ft (case 1)
File Name: 61K720_1slz

Last Saved Date: 4i6/02

Last Saved Time: 2:37:51 PM

Analysis Method: Morgenstern-Price
Direction of Slip Movement: Right to Left
Slip Surface Option: Grid and Radius

P WP, Option: Piezometric lines with Ru
Tension Crack Option: Tension Crack Line
Seismic Coefficient (none)

Description: Culek
Soil Model: Shearaormal Fri:
Unit Weight: 21 2
ShearMormal Fr, & 9
Piezometrit Line # 1
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Case 2, Channel bottom = 27 ft, Blasted material only

Description: Channel Deepening
Comments: East Bank 61K+720 - Channel bottom = 27 ft blasted materiat only (case 2)
File Name: 61K720_2slz

{ast Savad Date: 4/6/02

Last Saved Time: 2:43:53 PM

Analysis Method: Morgenstern-Price
Direction of Slip Movement: Right to Left
Slip Surface Option: Grid and Radius

P WP Option: Piezometric lines with Ru
Tension Crack Option: Tension Crack Line
Seismic Coefficient: {none)
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0 (=Description: Cutebra Description: Cuie lll
Soil Model: ShearMarmal Fn Seil Model ShearMarmal T
220 [Hinit Weight: 21.2 Unit Weight: 21 .2
ShearMormal Fn. # 10 ShearMormal Fn. # 9
-40 Piezametric Line # 1 Pigzometric Line # 1
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Case 3, Channel bottom = 27 ft, Blasted & removed
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Description: Channel Deepening
Comments: East Bank 81K+720 - Channel bottom = 27 ft blasted & removed {case 3)
File Name: 61K720_3.slz

Last Saved Date: 4/6/02

Last Saved Time: 2:51:11 PM

Analysis Method: Morgenstem-Price
Direction of Slip Movement: Right to Left
Slip Surface Option: Grid and Radius

P WP Option: Piezometric lines with Ru
Tension Crack Option: Tension Crack Line
Seismic Coefficient: {none) . s

Description: Culebis
Soil Model: ShearMormal Fit
Unit Weight: 21 .2
ShearMormal Frn. . 8
Piezometric Line #:1
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Case 4, Channel bottom = 27 ft, Design (underwater slope)

Description: Channel Deepening
Comments: East Bank 61K+720 - Channel bottom = 27 ft + design {case 4)
File Name: 81K720_4 5z

Last Saved Date: 4/6/02

Last Saved Time: 4.44:32 PM

Analysis Method: Morgenstern-Price
Direction of Slip Movement: Right to Left
Slip Surface Option: Grid and Radius
PW P Option: Piezometric lines with Ru
Tension Crack Option: Tension Crack Line
Seismic Coefficient: (none)

Elevation (m PLD)

160
160
140
120
100
80
60
40
20
0
Soil Model ShearMormal
-20 Unit '""eight: 21 2
ShearMormal Fn. #: 9
-40 Piezometric Line #; 1
0 | | | | | | 1 s
-260 =210 -160 -110 -E0 -10 40 90 140 190 240 250 340 390

Horizontal Distance (m)

440




Case 5, Channel bottom = 22 ft, Blasted material only
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FBescription: Culebra

Description: Channel Deepening
Comments; East Bank 51K+720 - Channel bottom = 22 ft blasted material only {case 5)
File Name: 61K720_5slz

Last Saved Date: 4/6/02

Last Saved Time: 2:55.31 PM

Analysis Method: Morgenstern-rice
Direction of Slip Movement: Right to Left
Slip Surface Option: Gnid and Radius

W P. Option; Fiezometric lines with Ru
Tension Crack Option; Tension Crack Line
Seismic Coefficient: (none)

Description: Culel lll
Soil Model: ShearMormal Fr;
Untt Weight: 212
ShearMormal Fn. & 3
‘Piezometric Line #: 1

Soil Model: ShearMormal Fn.

[nit Weight: 21.2
ShearMormal Fr. & 10

[Piezometric Line # 1
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Case 6, Channel bottom = 22 ft, Blasted & removed
m

Descriptior: Channel Deepening
Comments: East Bank 61K+720 - Channel bottorn = 22 ft blasted & removed (case 5}
File Name: 61K720 6.slz

Last Saved Date: 4/6/02

Last Saved Time: 3:00:05 PM

Analysis Method: Morgenstern-Price

Direction of Slip Movement Right to |_eft

Silip Surface Option: Grid and Radius

PW R Option: Piezometric lines with Ru

Tension Crack Option: Tension Crack LLine

Seismic Coefficient: (none}
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o Description: Culek '.lll
Soil Modet ShearMormal
-20 Unit Weight: 21.2
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Case /7, Channel bottom = 27 ft, Design (underwater slope)
————————————————————————————— e "

Description: Channel Deepening
Comments: East Bank 61K+720 - Channel bottomn = 22 ft + dasign (case 7)
File Name: B1K720 7 slz

Last Saved Date: 4/6/02

Last Saved Time: 4.49:32 P

Analysis Mathod: Morgenstern-Price

Direction of Slip Movement Right to Left

Slip Surface Option: Grid and Radius

P WP, Option: Piezometric lines with Ru

Tension Crack Option: Tension Crack Line

Seismic Coefficient: (none)
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Case 8, Channel bottom = 16 ft, Blasted

m

Description: Channel Deepening

Comments: East Bank 61K+720 - Channel bottom = 22 ft + design + blasted 16 ft (case 8)
File Name: 61K720_8 slz

Last Saved Date: 4/7/02

Last Saved Time: 12:52:26 PM

Analysis Method: Morgenstern-Price

Direction of Slip Movement: Right to Left

Slip Surface Option: Grid and Radius

PW P. Option: Fiezometric lines with Ru

Tension Crack Option: Tension Crack Line .
Seismic Coefficient: (none) ] b
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ShearMormal Fn. #: 10 ShearMormal Fri. #: 23
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Summary, 61k + 720 (2025 + 00)

General Description

Range of stations:

161k + 420 to Btk + 825

Formation:

: Basalt / Culebra B

Sector: Nitro
Maximum height (m}: 130
Cotangent of slope angle (cot. ).

Lithology: . |Basalt /- Sandstone / Slitstone
Critical stratum at toe: _ 'Basalt : '
Apparent dip of bedding: -~ |Not deflned

Stability Analysis

Critical failure mechanism:

Rotational and tensmn crack

Shear strength model:

First time Basalt / Fully softened Culebra

'Operatl\.e AveT g‘g o - e |
pore rp;t?ss fe HeiatlveFactor Percentage of
(aprox;mate) | - ofsafety. | Change (%) -
CRuz BRI
Case 1: Channel bottom = 32 ft 0.355 2.766 1.000 0.00
Case 2: Channel bottom = 27 ft, Blasted material only - 2.765 1.000 -0.04
Case 3: Channel bottom = 27 ft, Blasted & remowed 2.735 0.989 -1.12
Case 4.1: Channel bottom = 27 ft, Design (underwater slope) 2.658 0.961 -3.90
Case 4.2: Channel bottom = 27 ft, Design (& dry excavation) 2.658 0.961 -3.90
Case 5. Channel bottom = 22 ft, Blasted material only 2.735 0.989 -1.12
Case 6: Channel bottom = 22 ft, Blasted & remowed 2.707 0.979 -2.13
Case 7.1: Channel bottom = 22 {t, Design (underwater slope) 2.614 0.945 -5.50
Case 7.2: Channel bottom = 22 ft, Design (& dry excavation) 2.614 0.945 -5.50
Case 8: Channe! bottom = 16 ft Blasted 0.944
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LINEA DE PRISMA ESTE NUEVO

LINEA DE PRISMA ESTE EXISTENTE
LINEA CENTRAL DEL CANAL

(W) NOIDVAI3

Prokoble Faulted Contact — 40
[Dip Unknown

=& AUTORIDAD DEL CANAL DE PANAMA

CULEBRA FM DEPARTAMENTO DE INGENIERIA Y PROYECTOS
4L 0 DIVISION DE INGENIERIA
ALTOS DE BALBOA, REPUBLICA DE PANAMA

SECCION GEOLOGICA
CORTE GAILLARD
ESTACION 61K+720 (2025+00) ESTE

ESCALA:  1:1000 FECHA: ABRIL 2002

GEOLCGIA POR: .J- ARROCHA DIBUJADO POR: - ARROCHA & J. RAMESCH




