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Summary of Stability Analises
Gaillard Cut - West Bank

_ Factor of Safety _
Case1 | Case2 | Case3 |Cased.1|{Cased.2| Case5 | Case6 Case 7.1| Case7.2| Case 8
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51k + 800 W (1692 + 91) 50k + 320 to 52k + 160 2.834 2.814 2.772 2.684 2.684 2.744 2.691 2.501 2.501 2.486
53K+ 171 W (1744 + 45) 52k + 160 to 53k + 780 1.261 1.245 1.214 1.182 1.238 1.198 1.168 1.122 1.200 1.092
54k + 300 W (1781 + 49) 53k + 780 to 55k + 000 0.976 0.972 0.958 0.889 1.021 0.944 0.908 0.861 1.000 0.862
55k + 930 W (1835 + 00) 55k + 000 to 56k + 740 1.864 1.850 1.800 1.797 1.797 1.800 1.7562 1.694 1.694 1.689
56k + 898 W (1866 + 73) 56k + 740 to 57k + 0580 1.359 1.349 1.318 1.267 1.267 1.307 1.279 1.213 1.330 1.198
57k + 098 W (1873 + 29) 57k + 050 to 57k + 475 3.847 3.847 3.829 3.792 3.792 3.822 3.79%4 3.744 3.744 3.733
57k + 820 W (1897 + 00) 57k + 475 to 57k + 925 0.971 0.971 0.959 0.949 1.012 0.958 0.952 0.937 1.037 0.937
58k + 120 W (1906 + 82) 57k + 925 to 58k + 760 1.006 1.005 0.990 0.980 1.046 0.989 0.973 0.957 1.001 0.955
58K + 887 W (1932 + 00) 58k + 760 to 59k + 000 1.070 1.069 1.062 1.054 1.054 1.062 1.055 1.042 1.188 1.041
59k + 070 W (1938 + 00) 59k + 000 to 59k + 260 1.000 0.999 0.990 0.978 1107 | 0.988 0.982 0.963 1.121 0.961
59k + 485 W (1951 + 60) 59k + 260 to 59k + 780 0.962 0.960 0.955 0.944 1.169 0.953 0.952 0.941 1.180 0.9186
59k + 881 W (1964 + 60) 58k + 780 to 60k + 050 0.933 0.931 0.921 0.914 0.938 0.920 0.910 0.900 0.936 0.897
60k + 240 W (1976 + 37) 60k + 050 to 60k + 400 1.039 1.037 1.015 1.010 1.056 1.013 0.992 0.980 1.048 0.978
60k + 950 W (1999 + 61) 60k + 400 to 61k + 240 1.190 1.183 1.152 1.117 1.372 1.144 1.122 1.069 1.309 1.052
61k + 600 W (2021 + 00) 61k + 240 to 61k + 800 1.417 1.414 1.382 1.356 1.356 1.380 1.351 1.315 1.315 1.309
62k + 000 W (2034 + 12) 61k + 900 to 62k + 200 1.072 1.055 1.042 1.030 1.092 1.028 1.001 1.001 1.090 0.935
63k + 050 W (2068 + 56) 62k + A0 to 63k + 150 2.493 2.486 2.451 2.442 2.442 2.443 2413 2.397 2.397 2.384
63k + 327 W (2077 + 65) (a) 63k + 150 to 63k +725 | 2.220 2.220 2212 2.204 2.197 2212 2.205 2.194 2.187 2194
63k + 327 W (2077 + 65) (b) 63k + 150 to 63k + 725 1.245 1.235 1.216 1.089 | 1.174 1.156 1.123 1.033 1.108 1.007




Index
“

51k + 600
53k + 171
54k + 300
55k + 930
56k + 898
57k + 098
57k + 820
58k + 120
58k + 887

59 + 070
59k + 485
59k + 881
60k + 240
60k + 950
61k + 600
62k + 000
63k + 050
63k + 327



station 51k + 600 (1692 + 91)

m
West



Station: 51k + 600 (Elliot)

%‘
April 16, 2002




Case 1, Channel bottom = 32 ft
e e

Description: Channel Deepening
Cormments: West Bank 51K+600 - Channel bottom = 32 ft (case 1)
File Name: 51K600_1 sz

Last Saved Date: 4/5/02

Last Saved Time: 11:31:17 AM

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

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

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

Descripton: Channet Deepening
Comments: West Bank 51K+600 - Channel bottom = 27 ft & blasted material only {case 2}
File Name: 51KE600_2slz

Last Saved Date: 4/5/02

Last Saved Time: 11:34:09 AM

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)
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Case 3, Channel bottom = 27 ft, Blasted & removed
e EERS—————t Rt

Description: Channel Deepening
Comments: West Bank 51K+600 - Channel bottorn = 27 ft  blasted & removed {case 3)
File Name 51K800_3.slz

l.ast Saved Date: 4/5/02

Last Saved Time: 11:36:56 AM

Analysis Method: Morgenstern-Price

Direction of Slip Movernent: Right to Left

Slip Surface Option: Grid and Radius

PW.P Option. Piezometric lines with Ru

Tensicn Crack Option: (none)

Seismic Coefficient (none)
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Case 4, Channel bottom = 27 ft, Design (underwater Slope)
————————————————— o~ T/

Description: Channel Deepening
Comments: West Bank 51K+600 - Channel bottorm = 27 f + design (case 4)
File Name: 51K600_4 slz

Last Saved Date: 4/5/02

Last Saved Time: 11:39:29 AM

Analysis Method: Morgensterm-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)
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Case 5, Channel bottom = 22 ft, Blasted material only
e S — A A

Description: Channel Daepening
Comments. YWest Bank 51K+600 - Channel bottom = 22 #t blasted material only {case 5)
File Name: 51K600_5 sz

Last Saved Date: 4/5/072

Last Saved Time: 11:42:04 A

Analysis Method: Morgenstern-Price

Direction of Slip Movement: Right to Left

Slip Surface Option: Grid and Radius

PW.EF. Option: Piezometric lines with Ru

Tension Crack Option’ (none)

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

Description: Channel Deepening
Comments: West Bank 51K+600 - Charnnel bottom = 22 ft  blasted & removed (case B)
File Name: 51KB00_6 slz

Last Saved Date: 4/5/02

Last Saved Time: 11:44:17 AM

Analysis Method: Morgenstern-Price

Direction of Slip Movement: Right to Left

Slip Surface Option: Grid and Radius

PYWP. 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)
A bttt

Description: Channel Deepening
Comments: West Bank 51K+600 - Channel bottorn = 22 ft + design (case 7)
File Name: 51KE00 7 slz

last Saved Date: 4/5/02

Last Saved Time: 11:46:26 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)
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Case 8, Channel bottom = 16 ft, Blasted
e

Description: Channel Deepening
Comments: West Bank S1K+600 - Channel bottorm = 22 ft + design + blasted 16 ft (case 8)
File Name: 51K600_8 sz

Last Saved Date: 4/7/02

Last Saved Time: 1:48.08 PM

Analysis Method: Morgenstern-Price

Direction of Slip Movement: Right to Left

Slip Surface Option: Grid and Radius

P WP, Option: Piezometric lines with R

Tension Crack Option (none)

Seismic Coefficient {(none)
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Summary, 51k + 600 (1692 + 91)

M

(General Description

Range of stations:

50k + 320 to 52k + 160

Sector: Elliot
Maximum height (m): 49
Cotangent of slope angle (cot. B):

2.47

Geology

Formation:

Bas Obispo
Lithology: Agglomerate
Critical stratum at toe: Agglomerate
Apparent dip of bedding: No defined
Stability Analysis  |Critical failure mechanism: Rotational

Shear strength model:

First time, Bas Obispo

Operative average]

pore _g:;sure Factor of | Relative Factor| Percentage of
(aproximate), Safety of Safety Change (%)
Ru: '
Case 1: Channel bottom = 32 # 0.333 2.834 1.000 0.00
Case 2: Channel bottom = 27 ft, Blasted material only 2.814 0.993 -0.71
Case 3: Channel bottom = 27 ft, Blasted & remowed 2.772 0.978 -2.19
Case 4.1: Channel bottom = 27 ft, Design (underwater slops) 2.684 0.947 -5.29
Case 4.2: Channel bottom = 27 ft, Design (& dry excavation) 0.329 2.684 0.947 -5.29
Case 5: Channel bottom = 22 ft, Blasted material only 2.744 0.968 -3.18
Case 6: Channel bottom = 22 ft, Blasted & remowed 2.691 0.950 -5.05
Case 7.1: Channel bottom = 22 ft, Design (underwater slope) L 2.501 0.882 -11.75
Case 7.2: Channel bottom = 22 ft, Design (& dry excavation) 2.501 0.882 41.75
: 2.486 0.877 -12.28

Case 8: Channel bottom = 16 ff, Blasted
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station 53k + 171 (1744 + 45)

R

West



Station: 53k + 171 (Borinquen)

April 16, 2002




Case 1, Channel bottom = 32 ft

Description: Channel Deepening
Comments: VWest Bank $3K+171 - Channe! Bottomn = 32 ft {case 1)
File Name: 53K171_1.slkz

Last Saved Date: 4/1/02

Last Saved Time: 1.46:13 PM

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

Seismic Coefficient (nons)
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Soil Model: ShearMormal Fr.
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Case 2, Channel bottom = 27 ft, Blasted material only
—————— e

Description: Channel Deepening
Comrments: West Bank 53K+171 - Channel Bottom = 27 ft blasted material only {case 2}
File Name: 53K171_2 slz

Last Saved Date: 4/1/02

Last Saved Time: 2:.42:22 PM

Analysis Method: Morgenstern-Price

Direction of Slip Movement: Right to Left

Siip Surface Option: Grid and Radius

FW.P. Option: Piezometric lines with Ru

Tension Crack Option: (none)
Seismic Coefficient (none)
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Case 3, Channel bottom = 27 ft, Blasted & removed

M

Description: Charnel Deepening
Coraments: West Bank 53K+171 - Channel Bottomn = 27 ft blasted & removed {case 3)
File Name: 53K171_3slz

Last Saved Date: 4/1/02

Last Saved Tirne: 2:49 19 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 4.1, Channel bottom = 27 ft, Design (underwater slope)

Elevation {(m PLD)
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Description: Channel Deepsaning
Camments: West Bank 53K+171 - Channel Bottom = 27 ft + design (case 4)
File Name: 53K171_4 slz

Last Saved Date: 4/2/02

Last Saved Time: 7:04:58 PM

Analysis Method: Morgenstarmn-Price

Direction of Slip Movement: Right to Left

Slip Surface Option: Grid and Radius

PWEP Option: Pigzometric lines with Ru

Tension Crack Option: {none)
Seismic Coefficient: (none)
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{'.f'? Description: Las Cascadas (Aggl % Andesite)
|'..»:::’j. Sail Modet: ShearMormal Fri.

Unit Weight: 22
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Case 4.2, Channel bottom = 27 ft, Design (& dry excavation)

Description: Channel Deepening
Comments: West Bank 53K+171 - Channel Bottom = 27 ft + design (case 4)
Fiie Name: 53K171_de siz

Last Saved Date: 4/6/02

Last Saved Time: 6:08.33 PM

Analysis Method: Morgensterm-Price

Direction of Slip Movement: Right to Left

Slip Suiface Option: Grid and Radius

P V¥ 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

Description: Channel Deepening
Cormments: West Bank 53K+171 - Channel Bottom = 22 ft blasted materia! only (case 5)
File Name: 53K171_5.siz

Last Saved Date: 4/1/02

Last Saved Time: 2:54:26 PM

Analysis Method: Morgenstern-Price
Cirection of Slip Movernent Right to Left
Ship Surface Option: Grid and Radius
FW P Option: Piezometric lines with Ru
Tension Crack Option: (none)

seismic Coefficient (none)
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g0 | Unit vieight: 22 j Al Foas . ShearMormal Fr. #: 4
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Case 6, Channel bottom = 22 ft, Blasted & removed
e ——— e e e e e

Description: Channel Deepening
Comments: West Bank 53K+171 - Channel Bottom = 22 ft blasted & removed (case 6)
File Name: 53K171 6.slz

Last Saved Date: 4/1/02

Last Saved Time: 2:59:49 PM

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

Seismic Coefficient (none)

. n W |
R A
180 *
'i -i o s il
160 t— . | f S
140 | . 4 i,
[3 * i W
— 120 — o (4 Ielliimrle o 0
(] 1168 Jili e o
100 |— o | & RIS . fe Description: Las Cascadas (Aggt & Andesite)
o Jil sl j e i{, Soil Model: ShearMormal Fri.
a0 b— fIETL 4 el / & A Linit Weight: 22
é :f"e’l. I. E- fjj"*? 7 - % ShearMormal Fn. #: 4 i‘
&0 s
c
0 ——
i 4&L .....
o
3 »
il

-260 -210 -160 -110 -§0 -10 40 a0 140 190 240 230 340 390 440

Horizontal Distance (m)




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

Description: Channel Deepening
Comments: West Bank 53K+171 - Channel Bottorn = 22 ft + design (case 7)
File Name: 53K171_7 slz

Last Saved Date: 4/2/02

Last Saved Time: 7:08:19 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) ﬂ
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Case 7.2, Channel bottom = 27 ft, Design (& dry excavation)
—————————— e

Description: Channel Deepening
Comments: West Bank 53K+171 - Channel Bottom = 22 ft + design {case 7)
File Name: 53K171 _Te.slz

Last Saved Date: 4/6/02

Last Saved Time: 6:05.44 PM

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) o A 3:! oyt

Seismic Coefficient: (none) i |.J 4
180 — -H't'_ﬂ]“
160 f— L] 1!

. o
140 — ' I, ./I/F’_
- ks s
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Case 8, Channel bottom = 16 ft, Blasted
e e

Description: Charnel Deepening

Comments: West Bank 53K+171 - Channel Bottomn = 22 ft + design + blasted 16 ft {case 8)
File Name: 53K171_8slz

Last Saved Date: 4/7/02

Last Saved Time: 1:51:25 PM

Analysis Method: Morgenstern-Frice

Direction of Slip Movement: Right to Left

Slip Surface Option: Grid and Radius

PW.E Option Piezometric lines with Ru

Tenston Crack Option: {none)

Seismic Coefficient (none) . e s ;gr%
* |
o W A SR
160 |— et o/ .ﬁ-"_ M ;'
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S 60— Unit weight. 22 ¢ _
S o M— Sheardormal Fr. #: & 5 T
g Piezometric Line # 1+, ' k
@
Ll
u
-20
-840
-260 -210 -160 -110 -60 -10 40 90 140 190 240 290 340 330 440

Horizontal Distance (m)




Summary, 53k + 171 (1744 + 45)

General Description

Range of stations:

52k + 160 to 53k + 780

Sector: Boringuen
Maximum height (m): 45
Cotangent of slope angle (cot. p): 3.1

Geology

Formation:

Las Cascadas

Lithology:

- [Tuff / Agglomerate

Critical stratum at toe:

Tuft in weak plane

Apparent dip of bedding:

. Toward slope, but a fault or weak plane dip toward canal

Stability Analysis

Critical failure mechanism:

Translational along weak plane

Shear strength model:

Between fully softened and residual of Las Cascadas tuff

Operative average
;p_ore. grt?g?ure ‘ Factor of | Relative Factor | Percentage of
(aproximate), Safety of Safety Change (%)
oo Run _
Case 1: Channel bottom = 32 ft 0.352 1.261 1.000 0.00
Case 2: Channel bottom = 27 ft, Blasted material only 1.245 0.987 -1.27
Case 3: Channel bottom = 27 ft, Biasted & remowed 1.214 0.963 -3.73
Case 4.1: Channel bottom = 27 ft, Design (underwater siops) 1.182 0.937 -6.26
Case 4.2: Channel bottom = 27 ft, Design (& dry excavation) 1.238 0.982 -1.82
Case 5: Channel bottom = 22 ft, Blasted material only 1.198 0.950 5.00
Case 6: Channel bottom = 22 ft, Blasted & removed 1.168 0.926 -7.38
Case 7.1: Channel bottom = 22 ft, Design (underwater slope) 1.122 0.890 -11.02
Case 7.2: Channel bottom = 22 ft, Design (& dry excavation) 1.200 0.952 -4.84
Case 8: Channel bottom = 16 ft, Blasted 1.092 0.866 -13.40
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station 54k + 300 (1781 + 49)

West



Station: 54k + 300 (Cascadas)

m
April 16, 2002




Case 1, Channel bottom = 32 ft

Elevation (m PLD)
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Description: Channel Deepening

Comments: West Bank 54K+300 - Channel Bottom = 32 ft (case 1}

File Name: 54K300_1slz

Last Saved Date: 4/2/02

Last Saved Time: 5:33:38 PM

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

P WP Cption: Piezometric ines with By iy

Tension Crack Option: {(none)
Seismic Coefficient {none)
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Description: La Boga

Soil Madel ShearMormal F.
Unit Weight: 21 2
ShearMormal Fn. #: t
Piezometric Line #: 1
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40 G 140

Horizontal Distance (m)
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240 240 340 390 440




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

Elevation {m PLD)
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Description: Channel Degpening

Comments: West Bank 54K+300 - Channel Eottom = 27 ft blasted material only (case 2)

File Name: 54k300_2 slz

Last Saved Date: 4/2/02

Last Saved Time: 53815 P
Analysis Method: Morgenstern-Price
Direction of Slip Movement: Right to Left
Slip Surface Option: Gnd and Radius .
PW.F. Option: Piezometric lines with Ry
Tension Craclk Option: (none)
Seismic Coefficient (none)

—
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Descrigtion: La Boca

Soil Madel: ShearMarmal Fn.
Urit Weight: 21 2
ShearMormat Fr. # ¢
Piezometric Line #: 1

-260 -210 -160 -110 -60

40 a0 140 180

Horizontal Distance {m)

240

440




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

Elevation (m PLD)

Description: Channel Deepening
Comments: VWest Bank 54K+300 - Channel Bottom = 27 ft blasted & removed {case 3)
File Mame: 541K300_3 sz

Last Saved Date: 4/2/02

Last Saved Time: 5:41:22 P

Analysis Method: Morgenstern-Price
Direction of Shp Movernent: Right to Left
Slip Suiface Option: Grid and Radius  « s
P.WP. Option: Ptezometric lines with R {es
Tension Crack Option: {noneg)
Seismic Coeflicient {nones)
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Case 4.1, Channel bottom = 27 ft, Design (underwater slope)

Elevation (m PLD)

180
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Description: Channel Despening
Comments: West Bank 54K+300 - Channel Bottom = 27 ft + design {case 4)
File Name: 54K300_4 slz

Last Saved Date: 4/2/02

LLast Saved Time: 6:44:53 PM

Analysis Method Morgenstem-Price

Direction of Slip Movement: Right to Left

Slip Surface Option: Grid and Radius T o)
P WP, Option: Flezometric ines wath Ru Ao <4 b
Tension Crack Qption: {(none) '
Seismic Coefficient: (none)

. —r
‘ 1

Descrigtion; La Boca

Soil Model, Shear Mormal £
Unit Weight: 21 .2
ShearMormal Frn. & 1
Piezometric Line #: 1

I % I |

-260 -0 -160 -10 -60 -0 40 S0 140 180 240

Horizontal Distance (m)

290 340 390 440




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

Description: Channel Deepening
Comments: West Bank 54K+300 - Channel Bottom = 27 ft + design (case 43
File Mame: 54K300 4e slz

Last Saved Date: 4/15/02

Last Saved Time: 4:27.57 PM
Analysis Method: Morgenstern-Price

Direction of Slip Movernent: Right to Left T
Slip Surface Option: Grid and Radius oty rI—“”II | I
F.W.P. Option: Piezometric lines with Ru f\Il,az*\ ' I e
Tension: Crack Option: {none) .%EIII\‘{E:\% o) I 411100
Seismic Coefficient: (none) S‘ Yoy e I;I ;
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Description: La Boca

Soil Moded: ShesrMormal Fn,
Unit Weight: 21 2
ShearMormal Fn. & 1
Piezometric Line #: 1

Elevation (m PLD)

I | I I I |

-260 -210 -16Q -110 -60 -10 40 40 140 180 240 290 348 390 440

Horizontal Distance (m)




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

Description: Channel Deepening
Comments. West Bank 54K+300 - Channel Bottom = 22 ft blasted material only (case 5)
File Name: 54K300_5 slz

Last Saved Date: 4/2/02

Last Saved Time: 5:44:51 PM

Analysis Method: Morgenstern-Price
Direction of Slip Movement: Right to Lsft
Slip Surface Option; Grid and Radius .+ g n
PW.P. Option: Fiszometric lines with Ry ik
Tension Crack Option: (none)
Seismic Coefficient (none)
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E Description: La Boca
] Soil Model, ShearMNarmat Fry.
Unit Weight: 21 2
ShearMormal Fr. # 1
Piezometric Line #: 1
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Case 6, Channel bottom = 22 ft, Blasted & removed

Description: Channel Deepening
Comments: West Bank 54K+300 - Channel Bottor = 22 ft blasted & removed (case 6)
File Name: 54K300 B siz

Last Saved Date: 4/2/02

Last Saved Time: 5:46:09 FM

Anatysis Method: Morgensterm-Price
Direction of Slip Moverment Right to Left
Slip Surtace Option: Grid and Radius s
PP Option. Piezometric lines with RS
Tension Crack Option: (none) .
Seismic Coefficient: {none)
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0k Description: La Baca

Soil Model: ShearMormal Fr.
Unit Weight: 21.2
ShearMormal Fri, #: 1
Piezometric Line #: 1

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

Description: Channel Deepening
Comments; West Bank 54K+300 - Channel Bottom = 22 ft + design {case 7}
File Name: 54K300_7 slz

Last Saved Date: 4/2/02

Last Saved Time: 6:49:15 PM

Analysis Method. Morgenstern-Price
Direction of Slip Movement. Right to Left -
Slip Surface Option: Grid and Radius P T I A
PW.P. Option: Piezometric lines with Ru {fElRlll* \
Tension Crack Option: (none) iR .
Seismic Coefficient: {none)
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Case 7.2, Channel bottom = 27 ft, Design (& dry excavation)

m

Elevation (m PLD)

180
180

140

—
[ =)
o

Bescription: Channel Deepening
Comments: West Bank 54k+300 - Channel Bottom = 2
File Name: 54K300_7e.slz w01 1
Last Saved Date: 4/15/02 i
Last Saved Time: 4:30:49 PM
Analysis Method: Morgenstern-Price L
Direction of Slip Movement: Right to Left Kls

Slip Surface Option: Grid and Radius SRR |1}, J-o00
PW.P. Option Piezometric lines with Ry h
Tension Crack Option: (none) | ¥ P
Seismic Coefficient: (none) Y
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Description: La Bacs

Soit Madel: ShearMormal Fn.
nit Weight: 21 2
ShesrMormat Fri. & 1
Fiezometric Line # 1
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Horizontal Distance (m)




Case 8, Channel bottom = 16 ft, Blasted

Description: Channel Degpening
Comments: West Bank 54K+300 - Channel Bottom = 22 ft + design + blasted 16 ft (case 8)
File Mame: 54K300_8slz

Last Saved Date: 4i7/02

Last Saved Time: 1:54:53 PM

Anatysis Method: Morgenstermn-Price
Birection of Slip Movement: Right to Left

Slip Surface Option: Grid and Radius |
P WP, Option: Piezometric lines with Ru 4§
Tension Crack Option: (none) Y
Seismic Coefficient: (none)
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g Description: La Boca
P Soil Madel: ShearMNarmal Fr.
m Unit Weight: 21 .2
© ShearMNormal Fn, &1
Piezometrie Line #: 1
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Summary, 54k + 300 (1781 + 49)

e T -

General Description {Range of stations: 53k + 780 to 55k + 000
Sector: Cascadas
Maximum height {m}): S0

Cotangent of slope angle (cot. B): 4.01

Geology Formation: La Boca / Las Cascadas
Lithology: _ ' Siltstone / Tuff / Sandstone / Agglomerate tuff / Limestone
Critical stratum at tce: : Sandstone / Siltstone / Tuff agglomerate
Apparent dip of bedding: : Toward the slope
Stability Analysis  |Critical failure mechanism: Rotational
Shear strength model: ' Fully softened La Boca & First time Cascadas agglomerate
Operative average
_por:e_;rt?c?surg' Factor of | Relative Factor| Percentage of
} (apr:oxinﬁé_t'é}, | Safety of Safety Change (%)

‘Ru: '
Case 1: Channel bottom = 32 ft 0.976 1.000 0.00
Case 2: Channel bottom = 27 ft, Blasted material only 0.972 0.996 -0.41
Case 3: Channel bottom = 27 ft, Blasted & removed 0.958 0.982 1.84
Case 4.1: Channel bottom = 27 ft, Design (underwater slope) 0.889 0.911 -8.91
Case 4.2: Channel bottom = 27 ft, Design (& dry excavation) 1.021 1.046 4.61
Case 5: Channel bottom = 22 #f, Blasted material only 0.944 0.967 -3.28
Case 6: Channel bottom = 22 ft, Blasted & removed 0.908 0.930 £.97
Case 7.1: Channel bottom = 22 ft, Design (underwater slope) 0.861 0.882 -11.78
Case 7.2: Channel bottom = 22 ft, Design (& dry excavation) 1.000 1.025 2.46
Case 8: Channel bottom = 16 ft, Blasted 0.862 0.883 -11.68
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station 55k + 930 (1835 + 00)

West



Station: 55k + 930 (Cunette)

ﬁ.
April 16, 2002




Case 1, Channel bottom = 32 ft

Description. Channel Deepening
Comments: VWest Bank $5K+930 - Channel Bottom = 32 ft {case 1)
File Name: 55K930_1slz

Last Saved Date: 3/30/02

Last Saved Time: 1:21:36 PM

Analysis Method. Morgenstern-Price
Direction of Slip Moverment: Right to Left
Slip Swrface Option: Grid and Radius
FPW.EP 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

Description: Channel Deepening
Comments: West Bank 55K+930 - Channel Bottom = 27 ft blasted material only {case 2)
File Name: 55K930_2 slz

Last Saved Date; 2/30/02

Last Saved Time: 1:38 14 PM

Analysis Method: Morgenstern-Price
Birection of Slip Movement: Right to Left

Slip Surface Option: Grid and Radius

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

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

Description: Channel Deepening
Comments: YWest Bank 55K+330 - Channel Bottorn = 27 ft blasted & removed (case 3)
File Name: 55K930_3 slz

Last Saved Date: 3/30/02

Last Saved Time: 1.40:38 Ph

Analysis Method: Morgenstern-Price

Direction of Sitp Movement: Right to Left

Slip Surface Option: Grid and Radius

PV P Option: Piezometric lines with Ru

Tension Crack Option: (nonej

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

Description: Channel Deepening
Comments: West Bank 55K+930 - Channel Bottom = 27 ft + design (case 4)
File Wame: 55K930_4 siz

Last Saved Date: 4/3/02

Last Saved Time: 9.33:33 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)
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Case 5, Channel bottom = 22 ft, Blasted material only
————————————————

Description: Channel Deepening
Comments: West Bank 55K+930 - Channel Bottorn = 22 ft blasted material onty (case 5)
File Name: 55K930_5 siz

Last Saved Date: 3/30/02

Last Saved Time: 1:45:02 PM

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 Cosfficient (none)
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Case 6, Channel bottom = 22 ft, Blasted & removed
'_h

Descrption: Channel Deepening
Comments: ¥West Bank 55K+930 - Channel Bottorn = 22 ft blasted & removed (case £}
File Name: 55K930_6.slz

Last Saved Date: 3/30/02

Last Saved Time: 1:47:59 P

Analysis Method. #orgenstern-Price

Direction of Slip Movement: Right tc 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, Channel bottom = 27 ft, Design (underwater slope)
R EE——————— s A

Description: Channel Deepening
Comments: West Bank 55K+930 - Channel Bottom = 22 ft + design {case 7)
File Name; 55K930 7 siz

Last Saved Date: 4/3/02

Last Saved Time: 942:17 AM

Analysis Method: Morgenstern-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)
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Case 8, Channel bottom = 16 ft, Blasted
e

Description: Channel Deepening
Comments: West Bank 55K+930 - Channel Bottom = 22 ft + design + blasted 16 ft (case 8)
File Name: 55K930_8siz

Last Saved Date: 4/7102

Last Saved Time: 1:55:52 PM

Analysis Method: Morgenstem-Price

Direction of Slip Movernent, Right to Left

Slip Surface Option: Grid and Radius

FW.EP. Option Piezometric lines with Ru

Tension Crack Option: (none)

Seismic Coefficient: (nonz)
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Summary, 55k + 930 (1835 + 00)

Generat Description {Range of stations: 55k + 000 to 56k + 740
Sector: Cunette
Maximum height (m}: 48
Cotangent of slope angle {cot. ) 2.35
Formation: : Las. Cascadas
Lithology: ' Agglomerate / Tuff / Andesite
Critical stratum at toe: Agglomerate / Andesite
Apparent dip of bedding: Not defined
Stability Analysis  {Critical failure mechanism: Rotational
Shear strength model: First time, Cascadas aggiomerate
Operative average _
: po.r.g..r;;;ej;;s S}J_re' Factor of | Relative Factor Pefcentage of
(aprbxi mate), S.afety of Safety Change (%)}
Ru: 1
Case 1: Channel bottom = 32 ft 0.322 1.864 1.000 0.00
Case 2: Channel bottorn = 27 ft, Blasted material only 1.850 0.992 -0.75
Case 3: Channel bottom = 27 ft, Blasted & remowed 1.800 0.966 -3.43
Case 4.1: Channel bottomn = 27 ft, Design (underwater slope) 1.797 0.964 -3.59
Case 4.2: Channel bottom = 27 ft, Dssign (& dry excavation) 1.797 0.964 -3.59
Case 5: Channel bottom = 22 #t, Blasted material only |+ 1.800 0.966 -3.43
Case 6: Channel bottom = 22 ft, Blasted & removed 1.752 0.940 -6.01
Case 7.1: Channel bottom = 22 ft, Design (underwater slope) 1.694 0.909 -9.12
Case 7.2: Channel bottom = 22 ft, Design (& dry excavation) 1.694 0.909 912
Case 8: Channel bottom = 16 ft, Blasted 1.689 0.906 -9.39
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station 56k + 898 (1866 + 73)
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Station: 56k + 898 (Empire)
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April 16, 2002




Case 1, Channel bottom = 32 ft

M

Description; Channel Deepening
Comments: West Bank 56K+898 - Channel Bofto ::Si C sre 1)
File Name: 56K8938_ 1.slz {a |
Last Saved Date: 4/5/02 R

Last Saved Time: 74929 AM -8
Anaiysis Method: Morgenstern-Price * Rt
Direction of Slip Movement: Right to Left, ¥
Slip Surface Option: Grid and Radius al
P .P. Option: Piezometric lines with Ru~ Y
Tension Crack Option: (none)
Seismic Cosfficient {none)
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Deacription: La Boca

Sail Model: ShearMormal Fn.
Unit Weight: 21 2
ShearMormal Fr. # 2
Piezamedtric Lins # 1 \

Horizontal Distance (m)
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Case 2, Channel bottom = 27 ft, Blasted material only

m

Gescription: Channed Deespening
Comments: West Bank 56IK+893 - Chann
File Name: 56K898_2 slz i
Last Saved Date: 4/5/02 .
Last Saved Time: 10:55.16 AM
Analysis Method: Margenstern-Price
Direction of Slip Movement: Right to Left , &
Slip Surface Option: Grid and Radius .
PW.F. Option Piezometric lines with Ru+ W
Tension Crack Cption. (none)d
Seismic Coefficient: (none)
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Case 3, Channel bottom = 27 ft, Blasted & removed

M

Cescription: Channel Deepening
Comments: West Bank 56K+8398 - Channel Bottormn = 27 ft bilasted rqrp ki {rcase 3)
File Name: 56K898_3 siz A ! \ ﬁ[ ;- ﬁf

Last Saved Date: 4/5/072 ' | [|

Last Saved Time: 10:57:56 AM

Analysis Method: Morgenstern-Price )

Direction of Slip Movement: Right to Left ik

Slip Surface Option: Grid and Radius
PWW.P. Option: Piezometric lines with Ru+ Bf
Tension Crack Option: {none) v
Setsmic Coefficient {none)
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Case 4, Channel bottom = 27 ft, Design (underwater slope)
e

Description: Channel Deepening
Comments: West Bank S6K+898 - Channel Bottom = 27 ft + design (case 4)
File Name: SEK398_4 slz

Last Saved Date: 4/5/02 i t Vil R
Last Saved Time: 7:59:10 AM oA H of o ye { Ill-,iI/Ii -
Analysis Method: Morgenstern-Price T [ ’ i ;Eil i |'
Direction of Slip Movement: Right to Lotk ! j * f} * i 5”!'; /
Slip Surface Option: Grid and Radius X / }.f../ fe fm

PW P Option: Piezometric lines with RuY
Tension Crack Option: (none) - 40
Seismic Coefficient. (noneg)

" #] |
P I'j il
i k A
i b )IQ |] !
! e / | J+
. 7ol T
"i ig"f"."kj{l ‘Illl;
VAR A
k i, ?r‘}wf;’.f"; f: i x “;,l} .‘r
WL NSt tidin.
180 —
180 Description: La Boca
140 |— Soil Modet ShearMormat Fn.
Urit Wieight: 27 2
120 — ShearMarmal Fn. & 2
0O Description: La Boca Piezometric Line #: 1
1 100 — Sail Moder, ShearMormst Fn. \
A Unit Weight: 21.2
s 8= ShearMormal Fr. # 1 f‘
— - Rlezometric Line #: 1 o
=] 40 M
[s2]
& 20
Ll 0
=20
-40
-260 40 g0 140 200 340 390 440

Horizontal Distance (m)




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

Elevation (m PLD)

Description: Channel Deepening
Comments: VWest Bank S6K+898 - Channe! Bor
File Name: 56K898_5slz

Last Saved Date: 4/5/02

Last Saved Time 11:02:08 AM
Analysis Method, Morgenstern-Price )
Directicn of Slip Movement: Right to Left ¥
Slip Surface Option: Grid and Radius
FW.F. Opticn: Piezometric lines with Ru - (8l
Tension Crack Option: {(hone)
Seismic Coefficient: {none)
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Deszcrigtion: La Baca

Soil Model: ShearMormal Fr.

Urit VWit 21 2
ShearMormal Frn. #: 1
Piezametric Line #: 1

Description: La Boca

Sail Modei: Shear/Mormal Fn.

Unit vYWeight: 21 .2
Sheartormal Fre, # 2
Piezomstric Line #: 14 \
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Case 6, Channel bottom = 22 ft, Blasted & removed

Elevation {(m PLD)
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Description: Channel Deepening

Last Saved Date: 4/5/02
Last Saved Time: 11:03:36 AM
Analysis Method. Morgenstern-Price

Direction of Slip Movement: Rightto Left

Ship Surface Option: Grid and Radius

FPWF. Option: Fiezometric lines with Ru

Tension Crack Option: (none)
Seismic Cosfficient. (none)
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Soil Model: Shearhlormal Fn.
Unit veight: 21.2

ShearMarmal Fr. #: 1
Piezometric Line #: 1

Description: £ & Boca

Soil Model: ShearMormai Fr.
Unit Weight: 21 .2
ShearMlormal Fn. # 2
Piezometric Line # 1 \
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Case 7.1, Channel bottom = 27 ft, Design (underwater slope)

e EE—EEE——,———,———— .

Descriptton: Channel Despening
Comments: West Bank 56K+898 - Channel Bottom = 22 ft + design (case 7)
File Name. 56K898_7 slz

Last Saved Date: 4/5/02

Last Saved Time: 811,17 AM
Analysis Method: Morgenstern-Price
Direction of Slip Movement: Right to Le '
Slip Surface Option: Grid and Radius g
PW F. Option: Piezometric ines with RUg
Tension Crack Option: (none}
Seismic Coefficient. {noneg)
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Case 7.2, Channel bottom = 27 ft, Design (& dry excavation)

Elevation {m PLD)

Description: Channel Deepening

Comments: YWest Bank 56K+838 - Channel Bottom = 22 ft + design (case 7)

File Name: SBK893_7e .slz

Last Saved Date: 4/7/02

Last Saved Time: 9:11:44 Ahld
Analysis Method: Morgenstem-Price i
Shp Surface Option: Grid and Radius 3
P W P Option: Piezometric lines with RugH
Tension Crack Option: (none) i
Seismic Coefficient: (none)
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Des=cription: La Boca

Soil Model: ShearMormal Fn.

Lindt \Wesight: 21 .2
ShearMormal Fn. # 1

Description: La Boca (Reactivatecd)
Sail Model Shearflormat Fn.

Unit Weight: 21.2

ShearMormal Fo, #: 2 -
Piezometric Line & 1

Piezometric Line #: 1 \
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Horizontal Distance (m)
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Case 8, Channel bottom = 16 ft, Blasted

Elevation {m PLD)

180
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Descriptton. Channel Despening

Comments: West Bank 56K+898 - Channel Bottom = 22 ft + design + blasted 16 ft {case 8}

File Name, SEKS898_8slz
Last Saved Date: 44702

Last Saved Time: 2:03:56 PM
Analysis Method: Morgenstern-Price
Direction of Slip Movement: Right to Le
Ship Surface Option: Grid and Radius Lt
F MR, Option: Piezometric lines with RUJs
Tension Crack Option: (none) y
Seismic Coefficient {none)
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Description: La Beca

Soil Model: ShearMormal Fr
Unit Weight: 21 .2
ShearMormsl Fr. #: 1

Description: La Boca (Reactivated)
Soil Model: ShearMNormal o,

Unit Weight: 21 2

ShearMormal Fn, & 2

Piezometric Line # 1

Piezometric Line & 1 \
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Summary, 56k + 898 (1866 + 73)

General Description |Range of stations: 56k + 740 to 57k + 050
Sector: Empire
Maximum height (m): 76
Cotangent of_slope angle (cot. B\ 338

Geology Formation:

Mi
Lithology: gglomerate
Critical stratum at tos: Agglomerate
Apparent dip of bedding: _ Beds of La Boca dips toward the Canal
Stability Analysis  [Critical failure mechanism: Transiational along weak plane

Residual - La Boca, along weak plane / Fully softened - La Boca /

Shear strength model: First time - Pedro Miguel Aggiomerate

Operative average

pore ;;?;.sure_ Factor of | Refative Factor | Percentage of

(aproxirmate), Safety of Safety Change (%)
Case 1: Channel bottom = 32 ft 1.359 1.000 0.00
Case 2: Channel bottom = 27 ft, Blasted material only 1.349 0.993 -0.74
Case 3: Channel bottom = 27 ft, Blasted & remowed 1.318 0.970 -3.02
Case 4.1: Channel bottom = 27 ft, Design (underwater slope) 1.267 0.932 -6.77
Case 4.2: Channel bottom = 27 {t, Design (& dry excavation) 1.267 0.932 6.77
Case 5: Channel bottom = 22 ft, Blasted material only 1.307 0.962 -3.83
Case 6: Channel bottom = 22 ft, Blasted & removed 1.279 0.941 -5.89
Case 7.1: Channel bottom = 22 ft, Design {excavation) 1.213 0.893 -10.74
Case 7.2: Channel bottom = 22 ft, Design (& dry excavation) 0.348 1.330 0.979 -2.13
Case 8: Channel bottom = 16 ft, Blasted 1.198 0.882 -11.85
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station 57k + 098 (1873 + 29)

West



Station: 57k + 098 (Empire)

M
April 16, 2002




Case 1, Channel bottom = 32 ft

Description: Channel Deepening
Comments: West Bank 57K+088 - Channel BEottom = 32 ft (case 1)
File Name: 57K098_1.slz .
Last Saved Date: 4/3/02 o« Ty
Last Saved Time: 1:.27:01 PM 4
Analysis Method: Morgenstern-Price
Direction of Slip Movement: Right to Left
Slip Surface Option: Grid and Radius

F WP Option Piezometric lines with Ru
Tension Crack Option: {(none)
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Case 2, Channel bottom = 27 ft, Blasted material only

Description: Channel Deepsaning
Comments: West Bank 57K+098 - Channel Bottom = 27 ft blasted material only (case 2)
File Mame: 57K098_2 s5lz

Last Saved Date: 4/3/02 N RS lﬁ'ﬂl\ .”:j\ﬂ
Last Saved Time: 3:25.10 P TR AN \-\ ‘ ) & \ HK Ve ‘fai'[ﬁ»'
Analysis Method: Morgenstern-Price o VT Ll"\ Vi
Direction of Slip Movement: Right to Left ] 3ohat hel bl \:\lﬁig\
Slip Surface Option: Grid and Radius ; {

FW R Option: Piezometric lines with Ru
Tension Crack Option: (none)
Seismic Coefiicient (none)

Elevation (m PLD)
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Case 3, Channel bottom = 27 ft, Blasted & removed

Description: Channel Deepening
Comments: West Bank 57K+098 - Channei Bottom = 27 ft blasted & removed (case 3)
File Mame: 57K088_3 s5lz

Last Saved Date: 4/3/02

Last Saved Time: 3:30:14 M

Analysis Method: Maorgenstermn-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)
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Soil Model: ShearMormal Fn.
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Case 4, Channel bottom = 27 ft, Design (underwater slope)

Description; Channel Deepening
Comments: West Bank 57K +038 - Channel Bottom = 27 ft + design (case 4)

File Name: 57K098_4 slz L.
Last Saved Date: 4/4/02 e 1 \‘H\]\ |

Last Saved Time: 7.42:08 AM 3TN “\ \i RRRETAR Y
Analysis Method: Morgenstern-Price E I R \I 44 i

Direction of Slip Movement: Right to Left
Slip Surface Option: Grid and Radius
PWF. Option: Piezometric lines with Ru
Tension Crack Option: (none)

Selsmic Coefficient: {none}
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Case 5, Channel bottom = 22 ft, Blasted material only

Elevation (m PLD)

Description: Channel Deepening
Comments: West Bank 57K+098 - Channel Bottom = 22 ft blasted material only {case 5)
File Mame: 57K098_5 slz .
Last Saved Date: 4/3/02 ooty Ty \‘1\\?5
Last Saved Time: 3:35:48 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: {noneg)

Seismic Coefficient (none)
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Case 6, Channel bottom = 22 ft, Blasted & removed

Description; Channel Deepening
Comments: West Bank 57K+098 - Channel Bottom = 22 ft blasted & removed (case 6)
Fite Name: 5TK098_B siz
Last Saved Date: 4/4/02

L. STRRIY Y
Last Saved Time: 7:39:42 AM IR AN %\S | _3\"\.15" 5}. "("
Analysis Method: Morgenstern-Price ! \\ L %,'5 l‘;l i
Direction of Slip Movernent: Right to Left . \ o \-EI | L\\ | \&
Slip Surface Option: Grid and Radius |' \ 'n& E \ 11 | }\' = ,\"1 E‘!:
PP Option: Piezometric knes with Ru lr A L ! a,"i &I\i‘,l\ ;
Tension Crack Option: (none) k 3704 I'i 4 | \‘ g:-x'. % it
Seismic Coefficient. {(none) \ SERE! iy i 'ﬁ” .
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Case 7, Channel bottom = 27 ft, Design (underwater slope)

Elevation (m PLD)

Description: Channel Deepening
Comments: West Bank 57K+098 - Channel Bottom = 22 ft + design {case 7)
File Name: S57K098_7 iz e
Last Saved Date: 4/4/02 e Y \ 'ﬁ.,\"ﬁ
Last Saved Time: 7:42:22 AM e Y LY ‘:\ L.\' \',
Analsis Wethod: Maorgenstern-Frice i ’ \
Direction of Slip Moverment Right to Left

Slip Surface Option; Grid and Radius
PP, Option: Piezometric lines with Ru

Tension Crack Option: {noneg)
Seismic Coefficient: (none)
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Piezometric Line &t 1

ShearMormal Fr. #: 7

Piezametric Line #; 1
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Case 8, Channel bottom = 16 ft, Blasted

Elevation (m PLD)

Description: Channel Deepening

Comments: West Bank 57K+088 - Channel Bottorm = 22 ft + design + blasted 16 ft (case 3)

File Name: 57K098_8 clz

Last Saved Date: 4f7/02

Last Saved Time: 2:13:36 PM

Analysis Method: Morgenstern-Price
Direction of SEp 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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40 M T 1
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G Pescription: Cucarach
Soit Modlel: Shiear Marmd
-20 Urit Weight: 21 2
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Summary, 57k + 098 (1873 + 29)

General Description

Range of stations:

57k + 050 to 57k + 475

Cotangent of slope angle (cot. B):

Sector; Empire
Maximum height (m): 80
2.75

History

Formation: -

Pedro Miguel / La Boca

Geology
Lithology: Tuff / Siltstone
Critical stratum at toe: Clayshale / Shale / Agglomerate / Basalt
Apparent dip of bedding: No defined

Stability Analysis  |Critical failure mechanism: Rotational

Shear strength model:

First time, Basalt / Fully softened, Cucaracha

pore pressure

Operative average|

3.733

ratio Factor of Relative Factor | Percentage of
(aproximate), Safety of Safety Change (%)

Ru: '
Case 1: Channel bottom = 32 ft 0.367 3.847 1.000 0.00
Case 2: Channel bottom = 27 ft, Blasted material only 3.847 1.000 0.00
Case 3: Channel bottom = 27 ft, Blasted & removed 3.829 0.995 -0.47
Case 4.1: Channel bottom = 27 ft, Design (underwater slope) 3.792 0.986 -1.43
Case 4.2; Channel bottom = 27 ft, Design (& dry excavation) 3.792 0.986 -1.43
Case 5: Channel bottom = 22 ft, Blasted material only 3.822 0.994 -0.65
Case 6: Channel bottom = 22 ft, Blasted & remowed 3.794 0.986 -1.38
Case 7.1: Channel bottom = 22 ft, Design (underwater slope) 3.744 0.973 -2.68
Case 7.2: Channel bottomn = 22 ft, Design (& dry excavation} 0.363 3.744 0.973 -2.68
Case 8: Channel bottom = 16 ft, Blffted 0.970

-2.96
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station 57k + 820 (1897 + 00)

West



Station: 57k + 820 (Lirio)

H
April 16, 2002




M

Case 1, Channel bottom = 32 ft

Elevation (m PLD)

Description: Channel Deepening
Comments: West Bank 57K+820 - Channel Bottom = 32 ft {case 1)
File Name: 57K820_1.slz

Last Saved Date: 3/30/02 .
Last Saved Time: 2:33:32 PM RN
Analysis Method Morgenstern-Price * ? .
Direction of Slip Movement Rightto Left |, f j .

. - . } 5’
Ship Surface Option: Grid and Radius { Pl R \ H 11
PW.P. Option: Plezometric lineswith Ru « / I - ARRERSRY
Tension Crack Option: {(none) oafele " ) .l'g 1 \ ﬁ
Seismic Coefficient (none) * A j / A .%%n ; 1|E o B
SAET R
180 — R ) ! 4
4] i /’ X 1 9'_ 1]3% s ¥
160 |— e e 8 N of I
140 |— N "f'] ‘J ) } |
PR d i1idie
120 - .I/.\,. le

100 —

<260 210 -160 Bl -60 -10 40 G 140

Horizontal Distance (m)
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240
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Case 2, Channel bottom = 27 ft, Blasted material only

M

Description: Channel Deepening

Comments: West Bank 57K+520 - Channel Bottom = 27 ft blasted material only (case 2)
File Name: 57K820_2 siz

Last Saved Date: 3/30/02 P A 111 *'5‘! N
Last Saved Time: 2:52:39 PM i 4‘1 e e et ‘m\ ‘ .
Analysis Method: Morgenstem-Price A A I I S \ "}H *n\. Lo
Direction of Slip Movement: Right to Left |/ / . . ’\ .-% s‘!* .
Slip Surface Option' Grid and Radius ¢ 4 4 » |- RN ey
PW.P. Option: Piezometric ines with R » /+ 1+ |+ ‘ |

Tensicn Crack Option: (none) $ofege

o A - = ] ) )
Seismic Coefficient (nons) A ‘) | . .gii [
- * (] I|I . . . .
- - IH ! \ .% i J
Rl eosf e b a7 dia
. - * hd q I M “ '3 * -
160 |f— ._/"'- . i .%. T
3 P N
140 - .J,xt &\l \ . ‘) o . .J }Ii. {: »
L * * i 1 sle
— 120 — .//.\-. e o
4]
=1 100 (-
€ 4
g0 |—
g 0 g
= 40 P
I
ﬁ 20
U.J ol . e Lo . X o
’ Description: Gatuncilo (Resctivated)
o
-20
-40
B LE !
260 -0 160 110 -B0 10 40 30 140 140 240 290 340 390 440

Horizontal Distance (m)




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

m

Elevation (m PLD)

Description: Channel Deepening

Comments: West Bank 57K+820 - Channel Bottom = 27 ft blasted & removed (case 3)
File MName: 57K&20 2siz

Last Saved Date: 3/30/02

Last Saved Time: 2:56:08 PM

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 Cption: (none) .
Seismic Coefficient (none} :
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o ) \‘3\ e };.. SRR
80
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Horizontal Distance (m)
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Case 4.1, Channel bottom = 27 ft, Design (underwater slope)
——— e

Descrption: Channel Deepening

Comments: VWest Bank 57K+820 - Channel Bottom = 27 ft + design (case 4)
File Name: 57K820_4 slz

Last Saved Date: 4/3/02

Elevation {(m PLD)

. v ow w0 tan Pt ) .o
Last Saved Time: 10:17:27 AM y H/r .. \\ \\ \ l.. o
Analysis Methed Morgenstern-Price el oo -\-ﬁ LA D
Direction of Slip Movement: Right to Left !J IR 5’_\ ;\ o] Je R
Slip Surface Option; Grid and Radius J AR SYRRIRE IR
P W P. Option Piezometric lines with Ru . ) J LN, \.i{ E CECE R
Tension Crack Option: (none) ‘/”. AR R A L
Seismic Coefficient (none) TN SRR RN
i . . . ffl *
180 — e Sl i el ol s ot
. o'lt ;{EB}Q 5. ‘f o la e » o+ ®
160 f— ,-os‘ - 4 t_.»o
| SRR L A . .
140 "‘\i!‘ 0\¢ . Z:t}tl}. . FJIO - 4 ®
120 |— Che wte s
106 = F
a8t — . :
B0 f— T _' cerition, oot ii:f;-r. SR
40 M _ Uthmgm A2
a0 ;
n
o
-40
60 L=
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190 240 290 340 390 440
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m

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

Elevation {m PLD)
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o
[asi)

(=3
fan}

40 M

(=)
[

Description: Channel Deepening
Comments: West Bank 57K+820 - Channel Bottom = 27 ft + design (case 4)
File Name: 57K820_4e siz

Last Saved Date: 4/7/02

. v o

AR
Last Saved Time: 9:24:12 AM L T'ﬁ .'zY L
Analysis Method: Morgenstern-Price Pl \ l . \ aje e 0"
Direction of Slip Movement: Right to Left e r _'\ I-\;
Slip Surface Option: Grid and Radius N

sje » *
."..

L]
>

P.W.P. Option: Piezometric lines with Ru ‘ i
Tension Crack Option: (none) T ee A
Seismic Coefficient: (none) X (

=

20 kb
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-210 <160 -110 -60 -10 40 80 140 190
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Case 5, Channel bottom = 22 ft, Blasted material only

e ———————————————————_—_—_—— .,

Description: Channe! Deepening

Comments: West Bank 57K+820 - Channel Bottorn = 22 ft blasted material only (case 5}
File Name: 57TK820_5 siz

Last Saved Crate: 3/30/02

Last Saved Time: 2:59:37 P

Anatysis Method: Morgenstern-Price
Ciraction of Slip Movement: Right to Left

.,nu'w-"‘ifl II.E}:F::...
Siip Surface Option: Grid and Radius Y A e | e e e e
PW . P. Option: Piezometric lines with Ru oo . ‘1 h S 'at‘t doe s v s s
Tension Crack Option: (none) e .R\ '\{.T ) P
Seismic Coefficient: (none) o °|3 \ . l } ) (- R
1--*-%“' IR PR
80— '1"'0._'5'5184 IR
o |- LS
o - ':Hh::;.(.w-f;f::t::
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60 L
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2490 340
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Case 6, Channel bottom = 22 ft, Blasted & removed

m

Description: Channel Deepening
Comments: West Bank 57K+3820 - Channel Bottom = 22 ft blasted & remaved (case 6)
File Name: 5TK820_B siz

Last Saved Date: 3/30/02

Last Saved Time: 2:00:23 PM

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) *
setsmic Coefficient: {none) .
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Case 7.1, Channel bottom = 27 ft, Design (underwater slope)

m

Description: Channel Deepening

Comments: Vest Bank 57K+820 - Channel Bottom = 22 ft + design (case 7)
File Mame: 5TK820 7 slz

Last Saved Date: 4/3/02 - ENVIAREERY
Last Saved Time: 10:192:10 AM J J e - - 4ol \ h .
Analysis Method: Morgenstern-Price { LNy \
Direction of Slip Movement: Right to Left .

Slip Surface Option: Grid and Radius M

5 RE
PW.F. Option: Pierometric lines with Ru }f . i . \;. foeee e
Tension Crack Option: {none) [N DO i o Jo] lo c
Seismic Coefficient: {(none) N IR o N .
i . LI
« o * I* '. +r‘ll; . o+ *
180 — . . " 1 t . b
160 |— .*«\'1 . | J AL o o
* '] Y * * i * * - * + * .
140 |— doede 409 i .. . s
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@ W RN Al Pezometric pe gt T
w L e e TR = —
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g L
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Horizontal Distance (m)




m

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

Elevation (m PLD)

Description: Channel Deepening

Comments: West Bank 57K+820 - Channel Bottom = 22 ft + design (case 7)
File Mame: 57K820 7e siz

Last Saved Date: 4/7/02

. LR .‘.ﬁrllg.:
Last Saved Time: 9:31:38 AM T I « o :N'\ﬁ }
Analysis Method: Morgenstern-Price ‘,/‘ . } . e e \ JJarit)*
Direction of Slip Movement: Right to Left e \

Slip Surface Option: Grid and Radius vty .. .o E
P.WW.P. Option: FPiezometric lines with Ru 'E/' * et P i
Tension Crack Option: {none) R
Seismic Coefficient: (none)

AUTH % 1 M

e )
140 |— : . ;ff"i. ‘Il | o ¢ Ef‘f. N ;
- ® 1 193?1 .\t\;%]l. ‘/. } *' | *
120 |- ¥ x h._i(. }
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Horizontal Distance (m)

180

2890

340




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

Description: Channel Deepening
Comments: West Bank 57K+820 - Channel Bottom = 22 ft + design + blasted 16 ft (case 8)
File Name: 57K820 8.siz

Last Saved Date: 4/7/02 oo
Last Saved Time: 2:28:37 PM 1 TR
Analysis Method: Morgenstern-Price *
Direction of Ship Movement: Right to Left se Y
Slip Surface Option: Grid and Radius ot
PW P, Optior: Piezometric lines with Ru
Tension Crack Option: (none) T,
Seismic Coefficient (none) . .
180 — .
..f,/t -
160 - .
140 — ..ﬁ .
%
120 LR
O
1 100 —
a 80 |— Description: Gatunciflo i‘
E Soil Model: ShearMormal Fri. — R T
= 80 |~ Untweight 21.2 e Desirigtion Galu ol
S ShearMormal Fr_ #: 12 - ' TS ey
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3 =
w
-20
-40
B e e e e e el e e R G e e e PR e e AU

-260 -210 -1£0 <110 -60 -1 40 [0 140 190 240 230 340 390 440

Horizontal Distance (m)




Summary, 57k + 820 (1897 + 00)

m

General Description {Range of stations: 57K + 475 to 57k + 925
Sector: Lirio
Maximum height (m): 60
Cotangent of slope angle (cot. B): 4.33

Geology Formation: Culebra / Gatuncillo

Lithology: _ _ _ . Sandstone / Siltstone
Critical stratum at toe: Siltstone Carbonaceous
Apparent dip of bedding: Near Horizontal
Stability Analysis  [Critical failure mechanism: Transtational
Shear strength modet: Residual, Gatuncillo along weak plane / Fully softened
Operative average
: porg rgiei;ssure L FaCtdr-of:' Relative Factor | Percentage of
(aproximate), ‘Safety _ . of Safety Change (%)
"~ Ru: ' -
Case 1: Channel bottom = 32 ft 0.382 0.971 1.000 0.00
Case 2: Channel bottom = 27 ft, Blasted material only 0.971 1,000 0.00
Case 3: Channel bottom = 27 ft, Blasted & removed 0.959 0.988 -1.24
Case 4.1: Channel bottom = 27 ft, Design (underwater slope) 0.949 0.977 -2.27
Case 4.2: Channel bottom = 27 ft, Design (& dry excavation} 1.012 1.042 4,22
Case 5: Channel bottom = 22 ft, Blasted material only 0.958 0:987 -1.34
Case 6: Channel bottom = 22 ft, Blasted & removed 0.952 0.980 -1.96
Case 7.1: Channel bottom = 22 ft, Design (underwater slope) 0.937 0.965 3.50
Case 7.2: Channal bottom = 22 ft, Design (& dry excavation) 0.353 1.037 1.068 6.80
Case 8: Channel bottom = 16 ft, Blasted 0.937 0.965 -3.50
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station 58k + 120 (1906 + 82)

b T

West



Station: 58k + 120 (Lirio)

M-
April 16, 2002




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

180

160G

140

120

100

Elevation (m PLD)

Description: Channel Deepening
Comments: VWest Bank 58K+120 - Channel Bottom = 32
File Name: 58K120_1.slz

Last Saved Date: 3/26/02

Last Saved Time: 6:33:54 PM

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

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

Selsmic Coefficient: (none)

—

(case1)

-260 210 -160 -110 -60 -10 40

Horizontal Distance (m)

a0

140

240
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Case 2, Channel bottom = 27 ft, Blasted material only
————————

Description: Channel Deepening
Comments: West Bank 58K+120 - Channel Bottom = 27 ft & blasted material only {case?)
File Name: 58K120 2 siz '

Last Saved Date: 3/26/02

Last Saved Time: 6:59:17 PM

Analysis Method: Morgenstem-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)

180 —
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ﬂ:.
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100 —

a0 |— }‘

Elevation {(m PLD)
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Case 3, Channel bottom = 27 ft, Blasted & removed

ﬁ

Description: Channel Geepening
Comments. West Bank 58K+120 - Channel Bottorn = 27 ft blasted and removed (case3)
File Name: 58K120 _3.slz
Last Saved Date: 3/26/02
Last Saved Time: 7:05:14 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)
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Case 4.1, Channel bottom = 27 ft, Design (underwater slope)
E

Dascription: Channel Deepening
Comments. West Bank 58K+120 - Charinel Bottom = 27 ft + design (case 4)
File Name: 58K120 4 slz

Last Saved Date: 4/2/02

Last Saved Time: 10:06:08 AM

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

Seismic Coefficient: (norne)
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Case 4.2, Channel bottom = 27 ft, Design (& dry excavation)
————————————————— e

Description: Channet Deepening
Comments: West Bank 58iK+120 - Channel Bottom = 27 ft + design (case 4)
File Mame: 58K120_4e slz

Last Saved Date: 4/7/G2

Last Saved Time: 10:02:28 AM . + ~ginf
Analysis Method: Morgenstern-Price * '~
Direction of Slip Movement: Right to Leﬁ
Slip Surface Option: Grid and Radius. « BB
P.W.P. Option: Piezometric lines withRUEE

Tension Crack Option: (none) .

Seismic Coefficiert: (none) - i
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Case 5, Channel bottom = 22 ft, Blasted material only
————

Description: Channel Deepening
Comments: YWest Bank 58K+120 - Channel Bettom = 22 ft blasted material only (case5)
File Name: 58K120 5slz
Last Saved Date: 3/26/02
Last Saved Time: 7:07:38 PM
Analysis Method: Morgenstern-Price L
Direction of Slip Movement: Right to Left ¥
Ship Surface Option: Grid and Radius '
P WP Option: Piezometric lines with Ru
Tension Crack Option: (none)
Seismic Coefficient: {(none)
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Case 6, Channel bottom = 22 ft, Blasted & removed
R E——————————————— et et

Description: Channel Deepening
Comments: ¥West Bank 58K+120 - Chanrel Bottomn = 22 ft blasted and remaved (case 6}
File Name: 58K120_6.slz

Last Saved Date: 4/7/02

Last Saved Time: 2:32:33 PM

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

F WP Option Plezometric lines with RL
Tension Crack Option: fnone)

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

Description: Channel Deepening .
Comments: West Bank 58K+120 - Channel Bottopm = 28 i
File Name: 58K120_7 slz k| A
l.ast Saved Date: 4/3/02
Last Saved Time: 10:12:05 AM
Analysis Method: Morgenstern-Price
Direction of Slip Movement: Right to Left 48t
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 7.2, Channel bottom = 27 ft, Design (& dry excavation)
——— e

Description: Channel Deepening
Comments: West Bank 58K+120 - Channel Bottorn = 22 ft + design (case 7)

File Name: 58K120_Te slz e

* ‘:\']
Last Saved Date: 4/7/02 PR, ”‘*\ %ﬁ .
Last Saved Time: 10:06:05 AM - e a;l e

Analysis Method: Morgenstern-Price”, S
Direction of Sfip Movement: Right to Lo
Ship Surface Optior: Grid and Radius * BEf
PW.P. Option: Piezometric lines with RN

Tension Crack Option: (none) B!l

seismic Coefficient: (none ki i
o] N RN A
i W‘jufﬁﬂ A
140 |—

120 —

l

_;
=
o
|
e

Elevation (m PLD)

-260 -210 -160 -110 -50 -10 40 80 140 140 240 290 340 330 440

Horizontal Distance (m)




Case 8, Channel bottom = 16 ft, Blasted

Description: Channel Despening
Comments: West Bank 58K+120 - Changs
File Name: 58K120_8slz o
Last Saved Date: 4/7/02
Last Saved Time: 2:37:57 PM
Analysis Method: Morgenstem-Price
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: (none)

180 —

160 (—

140 —

120 —

100 —

80—

)

Elevation (m PLD)

-260 - -160 -110 -60 -10 40 80 140 190
Horizontal Distance (m)

240

290

340 390 440




Summary, 58k + 120 (1906 + 82)

General Description

Range of stations:

57k + 925 to 58k + 760

Sector: Lirio
Maximum height (m): 56
Cotangent of slope angle (cot. p): 3.73

Geology

Formation:

Culebra / Gatuncillo

Lithology:

Siltstone / Sandstone / Conglomerate / Shale |

Critical stratum at toe:

Shale

Apparent dip of bedding:

Toward the slope

Stability Analysis

Critical failure mechanism:

Rotational

Shear strength model:

Fully softened Culebra

Operative average _
pare rzl;?:siure Factor of - | Relative Factor Percentage of
(aproximate), Safety of Safety Change (%)
- Ru: _

Case 1: Channel bottom = 32 ft 0.372 1.006 1.000 0.00
Case 2: Channel bottom = 27 ft, Blasted material only 5 1.005 0.999 -0.10
Case 3: Channel bottom = 27 ft, Blasted & removed 0.990 0.984 -1.59
Case 4.1: Channel bottom = 27 ft, Design (underwater slope) 0.980 0.974 -2.58
Case 4.2: Channel bottom = 27 ft, Design (& dry excavation) 1.046 1.040 3.98
Case 5: Channel botiom = 22 {t, Blasted material only 0.989 0.983 -1.69
Case 6: Channel bottom = 22 ft, Blasted & remowed 0.973 0.967 -3.28
Case 7.1: Channel bottom = 22 ft, Design (underwater slope) 0.957 0.951 -4.87
Case 7.2: Channel bottom = 22 ft, Design {& dry excavation) 1.001 0.995 -0.50
Case 8: Channel bottom = 16 ft, Blasted 0.955 0.949 -5.07
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station 58k + 887 (1932 + 00)

West



Station: 58k + 887 (Hodges)

%‘
April 16, 2002




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

Description: Channel Deepening

Comments: Vest Bank 58K+887 - Channel Bottorm = 32 ft (case 1)
File Name 58K887 1slz

Last Saved Date: 4/5/02

Last Saved Time: 1:20:15 P

Analysis Method: Morgenstern-Price

Direction of Slip Movement: Right to Left

Slip Surface Option: Grid and Radius

- KN Y y
. A . - ) ..0‘?". 11’1'-.'65.‘-
P.VW.P. Option: Piezometric lines with Ru st e ‘@:\'_‘*-\."-\3\\,\5, \E
Tension Crack Optian: Tension Crack Line PRI A AN ‘B'ng; Al
Seismic Coefficient, (none) IS SRR t -’\fa*\"\"\-\\{
:\l"ll . ¥ 5:]?(_]: . s i:'\"\?k\\q
w0 - AL R
o .o’l‘". . . .\? by
160 |— * s ﬁ’a.\O\K‘ :f-']‘ N : i\\i\i\ i"\f‘\*:;‘
- . P oo....“o
140 - * "\.\}"t' AR AL,
:\\tm'\ko‘\\ "‘&-—-‘—h_';_,.;-.ﬁ. . 0 .l’;tgl
120 S e % il
10 S e b
0

Elevation (m PLD)

-160 -110 -E0 -10

40 90 140

190 240 290
Horizontal Distance (m)

340 390 440




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

m

Description: Channel Deepening

Cormrents: West Bank 58K+887 - Channel Bottomn = 27 ft & blasted raaterial only (case 2)
File Name: 58887 2slz

Last Saved Date: 4/5/02

Last Saved Time: 1:23:16 PM

Analysis Method: Morgenstern-Price

Direction of Slip Movement: Right to Left

Slip Surface Option: Grid and Radius

> P anc : s nalidinl
PW P Option: Piezometric ines with Ru RAIRY TR AR ALY
Tension Crack Option; Tension Crack Line . i,.t- TR i"\‘\f\. b
Seismic Coefficient (none) 3\%:}": TI AR A
..lbl - o.!_l_-‘,‘?_.». LA Ly
180 — OK'* k « W i Y bhe 4 k\“‘i\:\\
- "'\\,L .a" * s e " o %, “\}s\‘
e ens v * ..&"'?‘?.'ﬁ"-,
180 |— '\ (VR 7 L A N ‘\;
:\\l u; . *
'.‘k-" ’ - -"E

Elevation (m PLD)

0 10
Horizontal Distance (m)




m

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

Elevation (m PLD)

Description: Channel Deepening

Cornments West Bank 58K+887 - Channel Bottom = 27 ft  blasted & removed (case 3)
File Name 58K887_3slz

Last Saved Date; 4/5/02

Last Saved Time: 1:25:20 P

Analysis Method: Morgenstermn-Price

Birection of Shp Movement: Right to Left

Slip Surface Option: Grid and Radius

« n . Y A‘.\’i‘.:’\’;
PWP Option: Prezometric lines with Ru R Ve e ® I\f“:ﬂ‘%"’ b
Tension Crack Option: Tension Crack Line ,xﬁ& et ‘3%\\- jﬁ,.{
Seismic Coefficient: {nong) e ey :‘ WY 'f‘-i‘*-"
:\:.\,. . Y082, .1.\1'%; 3 -f;“xi
.'o". - -.o'o g A
o RIS
160 p— ., E;"..q""..‘?"'\;
AVP SRR AN
iy g g EETY . o *L* '\"\‘\\i
140 — *\‘-;\v‘;\\.q::..‘ﬁ,olﬂ\\
120 e '
100
a0
60
40H
20
0
<20
-40
&0 |
260 =210 -160 =110 -60 -10 40 a0 140 180

Horizontal Distance (m)

240 230 340

330 440




Elevation (m PLD)

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

Description: Channel Deepening

Comments: West Bank 58K+887 - Channel Bottom = 27 ft + design (case 4)
File Mame: 58K&87_4 slz

Last Saved Date: 4/5/02

Last Saved Time: 1:26:55 PM

Analysis Method: Morgenstern-Price

Direction of Slip Movernent: Right to Left

Slip Surface Option; Grid and Radius

: \ C - L . . ",.‘. 1,0‘12}0
P.W.P. Option: Piezometric lines with Ru syl o e \1\,\3‘\;\‘\_‘?
Tension Crack Option Tension Crack Ling Wt '.‘*1 R4S
Seismic Coefficient (none) t’%t MR R ;ﬁ‘,'{."\s" “-i»&._-;

5 o0 054, she % ERATY

180 — .\;\- < ® 0 ‘\T 3‘«, \‘i\:‘:{;

R 4N * . * e

150 : . X
‘.t hd
140 : .

120

100

-260 -210 -160 -110

-60 -10 40 0 140 190 240

290 340 390
Horizontal Distance (m)

440




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

m

Elevation (m PLD)

180

160

140

120

100

Description; Channel Deepening

Comments: Weast Bank 58K+887 - Channel Bottom = 22 ft blasted material only (case 5)

Fite Mame: 58K887 Sslz

Last Saved Date: 4/5/02

Last Saved Time: 1.28:41 PM

Analysis Method: Margenstern-Price
Direction of Slip Movernent Right to Left
Ship Surface Option: Grid and Radius
PW.F. Option: Piezometric lines with Ku
Tension Crack Option: Tension Crack Line
Seismic Coeffictent. (none)

=210 ~160 -110 -B0

-10

40 90 140 190
Horizontal Distance (m)

240

230

340

390

440




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

Elevation (m PLD)

Description: Channel Deepening
Comments: Vyest Bank 58K+887 - Channel Bottom = 22 ft  blasted & removed (case 6)
File Mame: S8K887 G slz

Last Saved Date: 4/5/02

Last Saved Time: 1:30:34 PM

Analysis Method: Morgenstern-Price

Direction of Slip Movement: Right to Left

Slip Surface Opticn: Grid and Radius

P WY P Option: Fiezometric lines with Ru .ot
Tension Crack Option: Tension Crack Line \
Seismic Coefficient: {none) clofe o W7

180
160
140
120
100

g0

&0

40

-260 -210 -160 -0 -60 -10 40 90 140 130 240 290 340

Horizontal Distance (m)

330

440




Elevation (m PLD})

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

Description; Channel Deepening

Comments: VWest Bank 58K+887 - Channel Bottom = 22 ft + design (case 7)
File Name: 58K887_7 slz

Last Saved Date: 4/5/02

Last Saved Time: 1:32:26 P

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

LY
- ! o : . b * Y "\"4‘1-"\'\#
PY¢.P. Option: Piezometric lines with Ru ST e e ~‘5¢ ‘\i‘:: ‘«Q‘a\*
Tension Crack Option: Tension Crack Line ‘H st 7’.\'. " «‘ﬂ‘f\d\\?ﬁ
B : - P : PRI Y
Seismic Coefficient {(none) ‘I'."i: A f\“\,\ iﬁ;
:\,. . s * .1.5.]4-2’. .o w e, \?I'
e i1t ges IR
s e st t NGy
160 A 5%
140 :
120
100
B0
&0
40
20
8]
220
-41
<60 S
-260 =210 -160 -110 -60 =10 40 30 140

190 240 290 340 3490 440

Horizontal Distance (m)




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

Description: Channel Deepening
Comments: West Bank 58K+887 - Channel Bottom = 22 ft+ de,

Elevation (m PLD)

glgm\ % 7]
File Name: 58K887_Te slz PRI ;\ 3\ 5
Last Saved Date: 4/7/02 . ri et . !,s% ' ‘\ xﬂg';
Last Saved Time: 10:22:50 AM JRY R '-t"\’aﬁ"{ N ,f-,\;'."",T
Analysis Method: Morgenstern-Price Lest :ﬁh:\\.‘ ‘\\& ,f-& x}%
Direction of Slip Movement: Right to Left R IR R \.:% N &\f‘v
Slip Surface Option: Grid and Radius ao ki’ ; . 1 %j-\‘“\u.,ﬁ *\;';
P.W.P. Option: Piezometric lines with Ru AW ECRREY ) .’k-‘*{*\ : ‘\\\\;
Tension Crack Option: Tension Crack Line ,‘i R 4 *\\f\,‘ ,\;Q';
Seismic Coefficient: (none) ettt Lo -\;\j\"{\"x};
o‘.". .+ ‘(:\"“ '\'o'
e - et J AN
160 — ' . »T' ':——.x_::"‘\’}? ‘\{:‘.
A AR /AN )
- A LY T
. Y 'f',«——-,?;\\,’$\' W
120 w‘i’éﬁj”’%—i‘%\\’ Ve b e
100 pe 4 . ;4
&0
GG
40
20
0
-20
40 ¢
0 - .
-260 =210 -160 =410 -60 -10 40 90 140 190 240

290 340 390 440
Horizontal Distance (m)




Case 8, Channel bottom = 16 ft, Blasted

%

Description: Channel Deepening
Comments: VWest Bank 58K+887 - Channel Bottorn = 22 ft + design + blasted 16 ft (case 8)
File Name: 58K887_8.slz

Last Saved Date: 4/7/02

Last Saved Time: 2.46:51 PM

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

PP I * .\\;\E\':'\;
M. Option: Piezometric lines with Ru : D PUDNDRVERA T + :"x-'ﬁ \\*‘
Tension Crack Option. Tension Crack Line n\'k RS }l s \\\‘e{& \
Seismic Coefficient (none) AT DA -‘\- :\: .\i\ﬁs\iﬁx .
:n":'“"l'j‘]..o‘.'- ”x_g‘\
80 = SRR ELER Y
160 :
140
. 1m:
(i
— 100
o
&0
£
A
= &0
e
'§ 40
2
I
B
-20
401
-260 -210 -160 -110 -60 -10 40 50 140 180 240 250 340 390 440

Horizontal Distance (m)




Summary, 58k + 887 (1932 + 00)

General Description

Range of stations:

58k + 760 to 59k + 000

Sector;

Hodges

Maximum height (m):

101

Cotangent of slope angle (cot. B):

2.9

Geology

Formation

Culebra / Cucaracha / Basalt / Pedro Miguel

Lithology:

Agglomerate / Basalt / Siltstone / Sandstone / Clayshale

Critical stratum at toe:

Carbonaceous Siltstone / SAndstone

‘|Apparent dip of bedding:

Toward the slope, but very gently

Stability Analysis

Critical failure mechanism:

Rotational and Tension crack

Shear strength model:

Fully softened Culebra / First time Pedro Miguel Agglomerate

Operative average _
pore prgssu‘re Factor of. Relative Factor Percentage of
ra_tlo Safety of Safety Change (%)
{aproximate},
Ru:
Case 1: Channel bottom = 32 ft 0.384 1.070 1.000 0.00
Case 2: Channel bottom = 27 ft, Blasted material anly 1.069 0.999 -0.09
Case 3: Channel bottom = 27 ft, Blasted & remowed 1.062 0.993 -0.75
Case 4.1: Channel bottom = 27 ft, Design (underwater slope) 1.054 0.985 -1.50
Case 4.2: Channel bottom = 27 ft, Design (& dry excavation) 1.054 0.985 -1.50
Case 5: Channel bottom = 22 ft, Blasted material only 1.062 0.993 -0.75
Case 6: Channel bottom = 22 ft, Blasted & removed 1.055 0.986 -1.40
Case 7.1: Channel bottom = 22 ft, Design (underwater slope) 1.042 0.974 -2.62
Case 7.2: Channel bottom = 22 ft, Design {& dry excavation} 0.385 1.188 1.110 11.03
Case 8: Channel bottom = 16 #t, Blasted 1.041 0.973 2.71
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station 59k + 070 (1938 + 00)

West



Station: 59k + 070 (Hodges)

.%.
April 16, 2002




m

Case 1, Channel bottom = 32 ft

Elevation (m PLD)

Description Channel Deepening

Comments: West Bank S9K+070 - Channel Bottom = 32 ft {case 1)
File Mame: 59K070_1.stz

Last Saved Date: 4/5/02

Last Saved Time: 1:59:40 P

Analysis Method: Morgenstern-Price

Direction of Slip Movernent: Right to Left

—

240 290 350
Horizontal Distance (m)

P 1 Y *;ﬁ
Slip Surface Option: Grid and Radius A y . »\'\*' %,',‘Z\ ;
PW P Option: Piezometric lines with Ru . 1 U s AR AT fz-ﬂ
Tension Crack Option: Tension Crack Line = 3 7. « MR .‘t ‘ : '\w?.
Seismic Coefficient: (none) .o ‘g-';x_\, NRIR) MBI 4 }k‘
. * .; . m:""\,o - "'«,‘ "‘ c‘ - \\
s ¥ N ".\o ‘\; .\I‘.\\‘-E \I\IIK
180 — ey a"'."go\-k‘?\ .
MR ERRARRRL B
160 |— A VRN SRR T A Ly e
:\"'.. » } hd .1 QUU '\: "\‘l,' ‘\ f" 3‘150 *
140 f— Gl ..r_". AR .-H“\g"f* .
120 S DIREE SRR R
— s o ¥ . ® P
:l\‘ka 'ﬁ‘ :\' *
. —u-..,._________'
g |— Description: Pedro Migusl Agglomerste
Soil Model: Shear Marmal Fre,
40 M— Unit Wyeight: 22 .8
ShearMormst Fn. & 20
20
a
-20
1) : :
60 L= - L - |
-260 210 160 10 60 -10 40 ac 140 190 340

440

)




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

I,

Elevation (m PLD)

Description: Channel Deepening

Comments: West Bank S9K+070 - Channel Bottom = 27 ft & blasted material only {case 2)
File Mame: 59K070_2 slz

Last Saved Date; 4/5/02

Last Saved Time: 2:02:02 PM

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

.t
IR ‘.%,'.’1.‘\‘ Wil
- \ c - . . - ,". - * . \ . l'Ql'l! JE
FW P, Option: Piezometric lines with Ru 1 ..f: L e e "\\'. Pt Ig-.sia.
. . . . " | Y
Tension Crack Option: Tension Crackline ¢ 5 3« o ¢ % 7% o ‘I\' ;,;
Seismic Coefficient {none A R COT IR S IR | \l
o & l* ‘/'. \-.,,_" . ¢ * }5 l“sz ‘\ ,;
eele U0 ey 's’tgws.“-'é, éhl
- . e ¥ b L)
180 TN e y '.\f\*'ﬁl .
Loa|* R - e & '-'E' *
"\ - & ’ll\' il gh -
180 — ‘(\\: .o s 0t A"‘: o\‘ S\‘%EE‘; .
* 1 . L » *n qog \“ PRt *]E . @
140 |- . % A ".‘\'t .
5 . set 7 . st ‘.Ii -
. * L . st * { :,‘7 .\. el
= ST T
190 [— : }‘
o .ﬂ"'ﬂm—._‘-—_—-“—'——-n—_——.
80 |— Description: Pedro Miguel Agglomerste =
Soil Model: ShearMormal Fr.
a0 M Unit Weight: 22.8
ShearMormal Fr. # 20
20
0
.20
-40
0 o !
-260 -210 160 110 -60 -0 40 a0 140 190 240

290 340.
Horizontal Distance (m)




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

m

Description. Channel Deepening

Comments: West Bank S9K+070 - Channel Bottom = 27 ft blasted & removed {case 3)
File Name: 59K070_3 slz

Last Saved Date: 4/5/02

Last Saved Time: 2:04:30 PM

Analysis Method: Maorgenstern-Price

Oirection of Siip Movement Right to Left
Shp Surface Option: Grid and Radius

Elevation {(m PLD)

.t ] f ?
ERSA SR EIANY "'Nl;
; . M - . ¥ o« s+ " * e g e | £
F WP, Option: Piezometric lines with Ru . { e -\". AV l‘"\"{f"f-
Tension Crack Option: Tension Crack Line * e N ',‘5' . *1% \
Seismic Coefficient: (none) . :j . 'f',"‘\.\. 4t 'i '\Hﬂ'\
* g 'r‘ o " ot o .\.\i ;i
. e Tl e e . T _1_'.\.Ell 'Hj
- A
. * L - * &. -
e|e v " . Y -
160 |— '.‘....,\ 1}\,.- iix{z.
. 2" ‘{'DEBD e ® ¥ e
40— . o'..ﬂfle‘iP'\h .ﬁl\.\'.f‘&.
..S"'..’tho"!-.. ‘g.‘o"-olE e
120 — .\‘.."--'. ."'0"
? e tleen?
100 — }‘
SD_ .yﬂ-#‘d—._'-—_ﬂ-—.m-ﬁ_u—!—..“&m
60 L Descrighion: Pedra Miguel Agglomerate - =
Soil Model: ShesrMarmal Fri.
40 Unit Weight: 22.5
- SHES Rt Shearformal Fn. & 20
20 T 1 L ,
0
-20 F
-40]
60 L

-260 -0 -160 <110 -60 -10 40 S0 140

180 240 290 340 380 440
Horizontal Distance (m)




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

Description” Channel Deepening

Comments: West Bank 59K+070 - Channel Bottom = 27 ft + design (casse 4)
File Name: S9K070_4 slz

L.ast Saved Date: 4/5/02

Last Saved Time: 2:06:41 PM

Analysis Method: Morgenstem-Price
Direction of Slip Movement: Right to Left

P "1"“ .E‘
Slip Surface Option: Grid and Radius cep Tl Y. .\,-‘a; ‘s:\ﬁl\?’ﬁhl
PP Option: Piezometric lines with Ru . IF DRI LA VI o ;L-t
Tension Crack Option: Tension CrackLine ¢ Jo s s " MY b 3.\‘ ?E% 51
Seismic Coefficient: (none) ot ;',N‘;w.\-\* :\‘, i\\\\i E
R RN A AN ‘\wﬁ
180 — '..-".wa”""ﬁ.\iokxo'
.::"°'.-"...'I'JI“..‘ 'u‘l'ﬁ‘
160 | .. . - I.\"‘. ;\‘ ‘\\o\ \*\“’; -
140 f S u PR AN 3 J‘\; :
:\ll'\: ..k, » 'lk\‘.j : x * \.s ‘\\l‘:\'i_:‘il .« v
120 b— '\ .\..'4_'.}..!0
.\K A
100 —

e ——— . —
Description: Pedro Miguel Agglomerate
Tl Sail Madel: ShearMormai Fri.
- : Unit Wight: 22.8
AR T e ShearMNormal Fn. & 20
20 . A L
n

—

Elevation {m PLD)
[
| /

-280 -210

-1E0 -110

-60 -10

40 a0 140

190 240 290
Horizontal Distance (m)




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

m

Description: Channs! Deepening
Comments: West Bank 59K+070 - Channel Bottom = 27 ft + design {case 4)
File Name: 59K070_4e.slz
Last Saved Date: 4/7/02 ot 5.
Last Saved Time: 11:34:04 AM cee et %i wlrlt
Analysis Method: Morgenstern-Price e PRy *,H\ .ﬁ#'}"ﬁ X
Direction of Slip Movement: Right to Left FOURRERA BRAER 11
Slip Surface Option: Grid and Radius PP R *i”l\'ml[
P.W . P. Option: Piezometric lines with Ru PR R -"\' E H“"\\]
Tension Crack Option: Tension Crack Line .o J,t.x:/.*; D { Gad ﬁ\l;
Seismic Coefficient; {(none) "“:f’- s * k ."{-'K.\xp .
:?.-"":.:.é’ XL *
o RS EHE
160 |- . e "z h e \‘\:“E“\&'&‘. .
140 — ':::‘.-}.:'.1{-5“5{. /
- 120 | .o‘:::.-'”
g 100 f— . k
— O — Description: Pedro Migusl Agglomerate -
g - Soil Madel: ShearMormal Fr.
=40 ] B R Unit Weight: 22.8
o i PR P o A B RE e ShearMormsi Fn. £ 20
o _
L 0 5
20 |-
ol
-260 -210 -160 10 -60 -10 40 at 140 130 240 290 340 390 440
Horizontal Distance (m)




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

m

Description: Channel Deepening

Last Saved Date: 4/5/02 :
Last Saved Time: 2:10:34 PM
Analysis Method: Morgenstern-Price

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

Comments: West Bank 59K+070 - Channe! Bottorn = 22 ft blasted material only (case 5]
File Mame: 59K070_5siz

T
. ,...3;;&.1\.3;‘%%
PW.P. Option: Piezometric lines with Ru . f. Ll AW ’,»g,‘\f%
Tension Crack Option: Tension Crack Line ¢ 43 . 2%\« LRI
Seismic Coefficient (none) VRS ORREESR MR
oot PR .\.a » 4;\,' ﬁ&
180 — ":.o"\‘?:‘%'\"f #“‘%ﬁ\;°
180 |— : : .. .o ) * 3.‘\: :‘\’ .I‘? i}ﬁ"; .
e el® CISTGAS Y, e \' Y J'“Il'. *
140 | -..o*‘!‘g:.\.-*%.‘s.\r-
f""\' .l\.fo LI O \”‘ul'h““°
120 .\..,.::._\,.-'
(] oo |
—1 100 !
o T—
&0 ———— e e
E Fo . — - ——
- 80 |— AT Dasn:nplgon: Pedro Miguel Agglomerste -
5 Soil Model: ShearMormat Fr.
= aomM— “Unit Weight: 22.8
g ShearMormal Fn. & 20
L 2 . Piezometric Line #: 1
Ll ‘ i
160 110 -60 10 40 a0 140 190 240 230 340 380 440
Horizontal Distance (m)
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Case 6, Channel bottom = 22 ft, Blasted & removed

Elevation (m PLD)

Description: Channel Deepening

Cormrmnents: West Bank 59K+070 - Channel Bottom = 22 ft  blasted & removed (case B)
File Name: 58K070_Bslz

Last Saved Date: 4/5/02

Last Saved Time: 2:12:23 PM

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

. & v."" N %
AR '\‘1'1’\%?}1
| . . . . - . 4 . * * o >
=W Option: Piezometric lines with Ru -\j R Ve & ,1121-%
Tenstor: Crack Option: Tension Crack Line 70 T &7 7 0% o ‘\:\T\ \;
Seismic Coefficient: (none) A I S ﬂ: 1 Aoy )i-
LA .. . s é\s. .:'-.!, o oeh 0 '.Hﬁ
. * le s ® ot._.‘.l T 'g'r'\‘\",i'%m“h
180 — ::'..-:‘;,ai.‘«;*\\.\\:.
» * - . 4" * I". . °
160 |— . .E- I et i\i\- :
140 | sl L iere .\, o A
L e i . ot 17
R AR DA
120 f— ..ta“.......‘.,..
100 f-- ’ \
80 [—
60 —

e
— — — —— —
e Description: Pedro Miguel Agglomerate
Soil Model: Shear Mormal Fr.
40 M Unit Weight: 228

ShearMormal Fn. & 20

-260 -210

-160 =110 -60 -10 40 S0 140

Horizontal Distance (m)

' 2 |
190 240 290 340 390 440




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

m

Description: Channel Deepening

Comments: West Bank 59K+070 - Channel Bottorn = 22 ft + design (case 7)
File Name: 59K070_7 slz

Last Saved Date: 4/5/02

Last Saved Time: 2:14:52 M

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

., % f ;.' ..
vt : q‘g: o .!Iil. !'i zi}@{ll‘ *
) . . . . b s & * * sl ie 1¥ . &
PW P Option: Piezometric lines with Ru i R - '\%' kﬁ\ { \'ﬁ .
Tension Crack Option: Tension Crack Line . - :\‘l: LA A ”\‘ {. .
Seismic Coefficient (none) RARREREN % i’n,fél,t :
. ; . ¥ '. . \, - \‘,'. .'\ :.i'. .‘5(' L\ - :
o e * "_‘ . b * .‘s.\,ﬁk‘}b{ . "
180 — f .o F ,\\c °\",‘ y ie I"lj“l W
" R EERGIRRL R S
. w 4l '0583‘ 1'5? .\“c 1‘.‘ i » *
e SSUR RIS RIS
120 ',.-ﬁ't’.,. R
100 — . —— !‘
a0 — )
80 |— 1

—.
— — ——— — ——.
_,_,-p-",--' ———

e e
Description: Pedro Miguel Agglomerate
" Sofl Model: ShearMormal Fi.

Untt Welght: 228

ShearMlormal Fr. # 20

—

Elevation (m PLD)

-260 -210

-160 -110 -E0 -0 40 an

140 190 240

290 340 -
Horizontal Distance (m)

3=0 3440




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

Description: Channel Deepening

Comments: West Bank 59K+070 - Channel Bottorn = 22 ft + design (case, 7} « * *
File Narme: 59K070_7e.slz et '5,‘ Lot
Last Saved Date: 4/7/02 ol ; }E I\EW st
Last Saved Time: 11:21:32 AM ooy j‘.ﬁ‘ ettt
Analysis Method: Morgenstern-Price AN N 51; et
Direction of Slip Movement: Right to Left e 5\ o i:" Ler
Slip Surface Option: Grid and Radius -t \ \ ‘\ ' \, et
P P Option: Piezometric lines with Ru L. -'v.‘a\'\ \i et
Tension Crack Option: Tension Crack Line R A ’3‘*_&_’ et
Seismic Coefficient: (nonej '"7\.\’ .ol 31 '_5\\,,\2 R
:o'i'.".:\ol‘i\i'..:"‘
- - B O\ SO
160 . 1.1_‘1| 1‘. hl, i\.\: e .« * .
oi'x..:'l'- °.ll'-,.l5, ‘.o" *
140 |- ...f':_\i.‘\l“i;:.,."
PR - T
(] Lhe !
- 100 {—
= 5
E n #Md———_.‘_%‘-\_-‘_‘———.
bt 60 |— - Description: Pedro Migust Agglomerste ™~
S Soil Model: ShearMNarmal Fn.
= 40P Unit Weight: 22 8
§ ShearMormat Fr. #: 20
o 20 Piezometric Line #: 1
2 g
0k
-20
-40
-260 -0 -160 -110 -60 40 a0 140 190 240 290 340 390

Horizontal Distance (m)

440




Case 8, Channel bottom = 16 ft, Blasted

%

Description: Channel Deepening
Cornments. West Bank 58K+070 - Channel Bottorm = 22 ft + design + blasted 16 ft {case B)
File Name: 53070 _8siz
Last Saved Date: 4/7/02
Last Saved Time: 2:59:10 P
Analysis Method: Morgenstermn-Price .
Direction of Slip Movement Right to Laft PRI 6371 5 .
Slip Surface Option: Grid and Radius een U et Ehi .t
PW P Option Piezometric lines with Ru .. fﬂ oe vy :\. Eio“\ k"}{'{ .
Tenszion Crack Option: Tension Crack Line M -“\L: ‘i <l * H Ui
Seismic Coefficient (none) e Cem Rl L E\ﬁ' it S
..({a' L] R . * .' fE . s
¥ . : . v * !’? :\\' .“‘nl '\'5 *% F_—
180 — P :\"\' She TR T -
-« * * . - ‘.‘: ”, s l‘ ’-pﬂl]alo
. * o%o '0351‘ . * 1“ T A Ir% . *
140 — . o1 * * - . L s e ‘\ .4\ .i s *
ol \VJ BB PN
e, 120 = .‘.\9‘...1.&0
9 voo L .t " /\\ L‘
o . \l'
g 80— I ! s Descrigtion: Pedro Miguel Agglomerste
= SO Soil Modsl: ShesrMarmal Fn.
g Unit Weight: 22 &
[¢}] 20 F ShearMarmal Fr. & 20
m T T ""ezometric Lire & 1
o ~ TNBescription: Basat ™,
. - Salkodst: Sheathormal Fr
-40 arinal Fo. # ShearNormaLF ."__'i
B0 Lot agrdtin : s B b SR |
-260 -160 110 -60 -10 40 a0 140 290 340 390 440
Horizontal Distance (m)




Summary, 59k + 070 (1938 + 00)
—_———

General Description |Range of stations: 59k + 000 to 58k + 260
Sector: Hedges
Maximum height {m): 108
Cotangent of slope angle (cot. p): 2.48

Htstory : “ — e — v

Geology Formation: Culebra / Cucaracha / Basalt / Pedro Miguel
Lithology: Agglomerate / Ciayshale / Basalt / Sandstone / Siltstone
Critical stratum at toe: Carbonaceous Sandstone / Siitstone
Apparent dip of bedding: Toward the slope

Stability Analysis  |Critical faiture mechanism: Rotational & Tension crack
Shear strength model: Fully softened Culebra

Operative average
| pore ;rt?ossure Factor of - | Ré!ati\»e Factor{| Percentage of
(aproximate), Safety of Safety_ ~ Change (%)
: Ru:

Case 1: Channel bottom = 32 fi 0.369 1.000 1.000 0.00
Case 2: Channel bottom = 27 ft, Blasted material only 0.999 0.999 0.10
Case 3: Channel bottom = 27 ft, Blasted & removed 0.990 0.990 -1.00
Case 4.1: Channel bottom = 27 ft, Design (underwater slope) 0.978 0.978 -2.20
Case 4.2: Channel bottom = 27 ft, Design (& dry excavation) 1.107 1.107 10.70
Case 5: Channel bottom = 22 ft, Blasted material only 0.988 0.988 -1.20
Case 6: Channel bottom = 22 ft, Blasted & removed 0.982 0.982 -1.80
Case 7.1: Channel bottom = 22 ft, Design (underwater slope) 0.963 0.963 -3.70
Case 7.2: Channel bottom = 22 ft, Design (& dry excavation) 1.121 1.121 12.10
Case 8: Channel bottom = 16 ft, Biasted 0.961 0.961 -3.90
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Case 1, Channel bottom = 32 ft

m

Description: Channel Deepening

Comments: West Bank 59K+485 - Channel Bottom = 32 ft {case 1)
Fite Name: 59K485_1.slz

Last Saved Date: 4/7/02

Last Saved Time: 5:09:42 PM

- ) e 0
Analysis Method: Morgenstern-Price A . amm .
Direction of Slip Movement: Right to Left \ . \ ot J 11—
Slip Surface Option: Grid and Radius * K e WE e
P WP Option: Piezometric fines with Ru * L e L“ L e
Tension Crack Option: (none) . ‘\, \ \ ,uh . e
Seismic Coefficient (none) .ot o £E2le
. o * .+ " Description: Basaft
180 — .\ . '\ . v ° Soil Model: ShearMarmal Fri.
* . M . ot Unit Weight: 23.5
160 — . 1t ) ) \ }]’:\ \{Ilﬁr * Sheardlormal Fn, # 23
’*\ .\ . % ' \x \*\ﬁ ﬁr .o Piezometric Line & 1
140 |— I \ .
. - ' i » hd
4 l ‘l . ¢ ‘“ L Description. Cucaracha I‘
10— ,s, o Soil Model: ShearMarmal Fr.
(] 100 |— Unit Weight: 22
E ShearMormal Fn. & 25
E 50 Piezometric Line #: 1
\E’ £0
.0
L
>
D
L
0
20
-40
-
-260 210 160 110 60 10 40 an 140 190 240 240 340 390 440

Horizontal Distance (m)




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

Description: Channel Deepening

Comments: West Bank 59K+485 - Channel Bottom = 27 ft blasted material only {case 2)
File Name: 58485 _2 siz

Last Saved Date: 4/7/02

Last Saved Time: 5:16:58 PM Y [ !
Analysis Method: Morgenstern-Price . . \ L e WU‘ '
Diraction of Slip Movement, Right to Left . 31 L . J i Lo
Slip Surface Option” Grid and Radius AR V-
P W P. Option: Piezometric lines with Ru A T \ . i L.
Tension Crack Option: (none} + R * Eu‘ . .
Seismic Coefficient: (none) . 0 ?lr N A e w .
. sl . s " Descrigtion: Basatt
180 — \ . IT 'ks * . vt Soil Modet ShearMormal Fri.
.t ;! . i . Unit Weight: 235
180 — s % X \\I'll\% ¢t ShearMormal Fr. #: 23
)S .|' . * P Piezometric Line #: 1
140 — "I \ . L) l;\! i\\ t . * [ ]
! '| 1. PR Description: Cucaracha I(
o 120 s e Soil Model: ShearMormal F.
(] Unit Weight: 22
E 100 — ShearMlormal Fn, #: 25
- Piezametric Line #: 1
e
= &0
'g 40 M
o
> 20
w o
-20
-40
o <} ;
-260 480 10 60 -0 40 a0 140 180 240 290 240 390 440

Horizontal Distance (m)




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

%

Description: Channel Deepening

Comments: West Bank 59K+485 - Channel Bottomn = 27 it blasted & removed (case 3}
File Name: 59K485_3 slz

Last Saved Date: 4/6/02

Last Saved Time: 10:22:11 AM Y V’“W‘.. T
Analysis Method: Morgenstern-Price Cn © '|| 4 FILL
Direction of Slip Movement: Right to Left clehe ( '}?’i? . v 0
Slip Surface Option: Grid and Radius e \ * % ‘i \f . o 0
P WP Option Pigzometric lines with Ru Lo et 45. 1‘;11 I
Tension Crack Option: (none) . ‘, | ¥ pee et
Seismic Cosfficient (none} * \ R L oe e
e i* . * . Description: Basai
180 =~ . \' .E'a\ \.Uilllﬁ « 2" SE?MOdeI: She:?ﬁﬂormal Fn.
N sl * . * Unit Weight: 23.5
160 |— * ‘\ . ?-iﬂl \ . ShearMormal Fn. # 23
. \ . . | I\ L ] Piezometric Line #: 1
BRI T
190 |— L . & " Description: Cucarscha
* Soil Model: ShearMormal Fri,
100 b Unit weighkt: 22

ShearMormal Fn. #: 25
Fiezometric: Lire #: 1

Elevation (m PLD)

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

Horizontal Distance (m)




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

E

Description: Channel Deepening

Comments: West Bank 59K+485 - Channel Bottom = 27 ft + design (case 4)
File Name: 58K485 4 slz

Last Saved Date: 4/8/02

Last Saved Time: 7:32:14 PM ceolil N
Analysis Method: Morgenstem-Price cor ot “%u (1
Direction of Slip Movement: Right to Left A \ * ’f}'!'g . 1 +
Slip Surface Option’ Grid and Radius AR BRI A SR
P WP Option: Piezometric lines with Ru . \ . ﬁ l ( m O
Tension Crack Option: (none) \ . ® -‘D a6 Loe v
Seismic Coefficient: (none) < . \ e e e
. e \ Loy ?"f ¢ . Description: Basatt
180 — PERTER L \ N e o0t Soil Model ShearMormal Fn.
Lhe ot \'{E\ Los Unit Weight: 23.5
160 |— * '5, :\1 . H \ . e ShearMormal Fri. & 23
PR i !I". . H\\M{ . Fiezometric Line # 1
140 |— ol . i SN
i .k‘- . Description: C ha
o |- s e et \
100 |— Unit Weight: 22

ShesrMormal Fr. #: 25
Piezometric Line #: 1

co
[

Elevation (m PLD)

-260 <210 -160 -110 -60 -10 41 90 140 190 240 290 340 380

Horizontal Distance (m)

440




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

%

Elevation (m PLD)

180
160

140

100
&0
60
40 M

20

Description: Channel Deepening
Comments: West Bank 58K+485 - Channel Bottom = 27 ft + design (case 4}
File Name: 59K485 deslz *

PR T
Last Saved Date: 4/9/02 S 'fliﬁ.!,,m. .
Last Saved Time: 11:14:05 AM Joeoeo N
Analysis Method: Morgenstern-Price P Nt
Direction of Slip Movement: Right to Left * . ,\ \ *
Slip Surface Option: Grid and Radius . i .

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

Description. Basalt
. . . Soil Madel: ShearMormai Fn.
. Lnit Weight, 23.5

. . ShearMNormal Fn. & 23
Piezometric Line & 1

Description: Cucaracha

Soil Model: ShearMormal Fn.
Unit Weight: 22
ShearMormal Fn. #: 25

Piezaometric Line #:1/

-210

-160 -110 -60 40 a0 140

Horizontal Distance (m)

190 240 280 390 440




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

M

Description: Channel Despening

Comments: West Bank 59K+485 - Channel Bottom = 22 ft blasted material only {case 5}
File Name: 59K485 5 slz

Last Saved Date: 4/9/02

Last Saved Time: 9:33:58 AM L e e oot
Analysis Method: Morgenstern-Price PRI L. e
Direction of Slip Movement: Right to Left - 1.\5 . ont b
Slip Surface Option: Grid and Radius .‘s . e E y 1l| Lo, . e
F WP Option: Piezometric lines with Ru \ . \ | [ Lot
Tension Crack Option: (none) ot Lo .‘\ | H; 1 . *
Seismic Coefficient (none) - \ R S
el | . ¢+ " Description: Basalt
180 — SR . Soit Modet: ShearMNormal Fri.
*1 ML R . e Unit Weight: 23.5
160 |— .\ s]* !', '\ )xﬁkl\'l * ShearMarmal Fn. # 23
ool L .\ ! " I\X . v " Piezametric Line # 1
140 |— | A !IE . ll"s.l' H\I!ML P
il PR Description: Cucaracha
o~ 120 = et e Soil Model ShearMorms! Fn.
9 00 L Unit Weight 22
o ShearMormal Fn. # 25
E an Piezometric Line # 1
A
c B0
9
w Ok
=
D 0|
il
0
-20
-40
£0 ; i
-280 210 160 110 -60 -10 40 an 140 190 240 230 340 380 440

Horizontal Distance (m)




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

.ﬁ

Description: Channel Deepening

Comments: West Bank 59K+485 - Channel Bottorn = 22 ft blasted & removed (case 6)
File Mame: 59K485 6 slz

Last Saved Date; 4/8/02 L.

Last Saved Time: 5:56:03 P/ M

*
. . - * .‘| | ) i l“ » .
Analysis Method: Margenstern-Price e 0t _/'M\'sm”k
Direction of Slip Movement Right to Left A llﬂ .ot
Slip Surface Option: Grid and Radius . e \ + 0 °l - .
P W.P. Option: Piezometric lines with Ru e ta d '\ 11 A
Tension Crack Option: (none) ll' L A R
Seismic Coefficient (none) * || Lol e P
. " \ ooy ¢ N Description: Basalt
180 — . \' { \ g '%I'ﬁ”t N Soil Model, ShearMormal Fr.
R Y : L. vt Unit Weight: 23.5
160 |— * .‘\’ . ‘5\ :I . * ShearMormal Fn. & 23
ol ' sk . 0 Piezometric Line #: ¢
140 |— Ll . \ lm . v "
120 . ¢t ¢ Description: Cucaracha k
— — * Soll Modet: ShearMormal Fr.
_CIJ a0 L Unit Weight- 22
a ShearMormal Fn. # 25
| Piezometric Line # 1
c w0
e
[ ED
0
-’g 40 b
@ =
w
|
-20
-40
0 : _ : _
-260 -21G -160 -110 -60 -10 40 a0 140 190 240 290 340 380 440

Horizontal Distance (m)




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

Description: Channel Deepening
Comments: West Bank 59K+485 - Channel Bottom = 22 ft + design (case 7)
F-ile Name: 59K485_7 slz

Last Saved Date: 4/9/02

Last Saved Time: 9:12:01 AM

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

Seismic Coefficient: {none)

. s Description: Basalt
480 — ¥ Soil Madel: ShearMormal Fo.
o, e et Unit Weight: 23.5
160 |— » ShearMormat Fn, # 23
L]
Piezometric Line # 1

140 }— . *

120 |— Description: Cucaracha i 51
= Soil Model: ShearMormal Fr.
9 100 Unit Weight: 22
o ShearMormal Fn. & 25
E an Piezometric Line #: 1
S
[l B0
2
L
-
@ o
il

[H

=20

-44)

50 : : I g

-260 -0 -160 -110 -60 -10 40 a0 140 190 240 290 340 390 440

Horizontal Distance (m)




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

W

Elevation (m PLD)

Description: Channel Deepening R Ve
Comments: West Bank 59K+485 - Channei Bottom = 23 ft *+,desigr] (case'7)
File Name: 59K485 7e siz et el et
Last Saved Date: 4/9/02 R
Last Saved Time: 11:24:30 AM hlienileenilen
Analysis Method: Morgenstern-Price R I R _—
Direction of Slip Movement: Right to Left . \ R
Slip Surface Option: Grid and Radius MR T s
P W P, Option: Piezometric lines with Ru L LRI
Tension Crack Option: (none) \ \ » '.: R *"'
Seismic Coefficient; (none) e -'\' . \ DEEEIORE
A ..E '||' :‘.‘X ¢ : : s :: * Desctription: Basalt
180 |— . & ‘||' AR R Soil Madel Bedrack
. 'I"_.*'I"‘ R : etV Piezometric Line & 1
140 [~ . 5*,—'1-?53 * '\: ot
y .\\.l L Descrigtion: Cucaracha }4
120 — .t Soil Model: ShearMNormal Fn,
100 — Unit Weight: 22
ShearMormal Fr. & 25
a0 Piezametric Line # 1
50 /
40 M
20
0
-20
-0
-260 -210 -160 -i110 -60 -10 40 a0 140 190 240 280 340 390 440
Horizontal Distance (m)




M

Case 8, Channel bottom = 16 ft, Blasted

Elevation {(m PLD)

Description: Channel Degpening

Comments: VWest Bank S9K+485 - Channel Bottom = 22 ft + design + blasted 16 ft (case 8)
File Name: 59K485 8 sz

Last Saved Date: 4/8/02

Last Saved Time: 7:15:09 Phd

Analysis 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)

- * hd
Seismic Coefficient: {none) ST e e
- ‘lﬁ‘ hd . Is * ) : - -
- l'!o - * \ * * q ; - - -
[} - - i
- [} - * [| " N . -
. K. - - * &9{3 “ . . »
R A . - s Description: Besslt
180 — } I Soil Modet: ShesrMormal Fr.
. ) % - - -
160 —

Unit Weight: 23.5

SRR MR Sh :
* ! - %" earMormal Fn. # 23
. . 'L!.. o ﬁ: { . Piezometric Line #: 1
140 |— . ’m .« o

L] i{P‘ *
* k Lood ‘-'v‘lll’l“- *  * Delcription: Cucarscha
126 — . * Soil Modet: ShearMormal Fn.
1o0 b— Linit YWeight: 22
ShearMormal Fn. #: 25
80

Piezometric Line #: 1

-26 -210 -160 -110 -60 -10 40 ’ a0 140 180 240

290 340 390 440
Horizontal Distance (m)




Summary, 59k + 485 (1951 + 60)

.

General Description

Range of stations:

59k + 260 to 58k + 780

Sector:

Model (West Culebra)

Maximum height (m):

122.0 @ Zon Hill / 50.0 @ Scarp

Cotangent of slope angle (cot. B):

Geology

1.88 @ Zion Hill /5.4 @ Scarp

Formation: |Basalt / Cucaracha
Lithology: Clayshale
Critical stratum at toe: Clayshale

Apparent dip of bedding:

_Toward the Canal

Stability Analysis

Critical failure mechanism:

Translational

Shear strength model:

Residual - Cucaracha

Operative average _ _ _

: _pore ;rt?;s_éure ' Factorof | Relative Factor Pe.rc'entage of

(aproximate), Safety of Safety Change (%)
Case 1: Channel bottom = 32 # 0.962 1.000 0.00
Case 2: Channel bottom = 27 f, Blasted material only 0.960 0.998 -0.21
Case 3: Channel bottom = 27 ft, Blasted & remowed 0.955 0.993 -0.73
Case 4.1: Channel bottom = 27 ft, Design (underwater siope) |- 0.944 0.981 -1.87
Case 4.2: Channel bottom = 27 ft, Design (& dry excavation) I 1.169 1.215 21.52
Case 5: Channel bottorn = 22 ft, Blasted material only 0.953 0.991 -0.94
Case 6: Channel bottom = 22 #, Blasted & remowed 0.952 0.990 -1.04
Case 7.1: Channel bottom = 22 ft, Design {underwater slope) 0.941 0.978 -2.18
Case 7.2: Channel bottom = 22 ft, Design (& dry excavation) 1.160 1.2086 20.58
0.916 0.952 -4.78

Case 8: Channel bottom = 16 ft, Blasted
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station 59k + 881 (1964 + 00)
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Case 1, Channel bottom = 32 ft
e e

Description: Channel Deepening
Comments: West Bank 59K+881 - Channel Bottom = 32 ft {case 1)
File Mame: 59K8381 1.5z

Last Saved Date: 3/27/02

Last Saved Time: 10:07:33 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)

Seismic Coefficient (none)
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- —-
fus) Q 8]
Q o (=]
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20

Elevation (m PLD)

-20

-4

f0 L : ; e
-260 -210 -1B60 110 -60 -1a 40 a0 140 190 24¢ 290 340 390 440

Horizontal Distance (m)




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

m

Description: Channel Deepening
Comments: VWest Bank 59K+881 - Channel Bottorn = 27 ft & blasted material only (case 2)
File Name: 59K881_2 sz

Last Saved Date: 3/27/02

Last Saved Time: 10:58:44 AM

Analysis Method: Morgenstern-Price
Direction of Slip Movemnent: Right to Left
Slip Surface Option: Grid and Radius '.\
PW.P. Option: Piezometric lines with Ru"\%
Tension Crack Option: {none)
Seismic Coefficient: (none)

180

160

140

120

100

Elevation (m PLD)

-260 210 -160 -110 60 -10 40 a0 14Q 180 240 240 340 380 440
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Case 3, Channel bottom = 27 ft, Blasted & removed

m

Description: Channeal Deepening
Comments: VWest Bank 59K+881 - Channel Bottom = 27 ft & blasted and removed (case 3)
File Name: 59K881_3 slz

Last Saved Date: 3/27/02

Last Saved Time: 11:04:29 AM

Analysis Method: Morgenstermn-Price S
Oirection of Slip Movement: Right to Left ,\.\ *\Q .(1}
Slip Surface Option: Grid and Radius 3} &' \ &/. &@\
P.W.P. Option: Piezometric lines with Ru}ty 1+ 1 -_;\D‘\g‘; :; \{;\/ )
Tension Crack Option: (none) Q\'T |+ 1 E . Wﬁ\* g\';
Seismic Coefficient: (none) t;ivg' . e

130
1680
140
120

100

Elevation {m PLD)

-280 -210 -160 -110 -60 -10 40 90 140 190 240 280 240 360 440

Horizontal Distance (m)




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

Description: Channel Deepening
Comments: West Bank 53K +881 - Channel Bottom = 27 ft + design (case 4)
File Name: 59K831_4 siz

Last Saved Date: 4/3/02

Last Saved Time: 34543 AM
Analysis Method: Morgenstermn-Price
Direction of Slip Movement: Right to Left . s -
Slip Surface Option: Grid and Radius

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

Seismic Coefficient (none)
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160
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120
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Case 4.2, Channel bottom = 27 ft, Design (& dry excavation)

m

Descriptior:: Channel Deepening
Comments: West Bark 58K+881 - Channel Bottorn = 27 ft + design (case 4)
File Mame: 59K881 4e sliz

Last Saved Date: 4/7/02

Last Saved Time: 11:42:37 AM o
Analysis Method. Morgenstern-Price . ¥ ‘j‘%&\f
Direction of Slip Movement: Right to Left -
Slip Surface Option: Grid and Radius ‘I .
PW.P. Option: Piezometric lines with Rui\h?'
Tension Crack Option: (none) j’h o
Seismic Coefficient: {none) -x; ; .
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160
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-260 -210 -160 -110 -60 -10 40 80 140 190 240 290 340 390 440
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Case 5, Channel bottom = 22 ft, Blasted material only
—————— e

Description: Channel Deepening
Comments: West Bank 59K+881 - Channel Bottom = 22 ft blasted material only (case 5)
File Name: 58K881 5 slz

Last Saved Date: 3/27/02

Last Saved Time: 1:05:06 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)

1a0

160

120
100
a0
=3

a0

20

Elevation (m PLD)

280 210 -150 -110 -60 -10 40 20 140 190 240 200 340 380 <40

Horizontal Distance (m)




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

Description: Channel Deepening

Comments: West Bank 59K+881 - Channel Bottom = 22 ft blasted & removed {case &)
File Name: 58881_6 slz

i.ast Saved Date: 3/27/02
Last Saved Time: 1:12:15 Ph

Anatysis Method: Morgenstern-Price
Direction of Slip Movernent: Right to Left e \\f\‘»‘\ .z.
Slip Surface Option: Grid and Radius Il \Y '. . -
P.W.P. Optior Piezometric lines with Ru\b % \°

Tension Crack Option: (none) *

Seismic Coefficient: (none) AR ;[]—?Q“a.\,x ”\T(%,‘

180
180
140
120
100

80

G0

Elevation (m PLD)

-260 -210 160 -110 B0 -10 40 g0 14Q 190 240 290

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

e ———————————_——— .,

Description: Channel Deepening
Comments: West Bank S9K+881 - Channel Bottom = 22 ft + design (case 7)
File Name: 53K881_7 siz

Last Saved Date: 4/3/02

Last Saved Time: 9:47:03 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)
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Case 7.2, Channel bottom = 27 ft, Design (& dry excavation)
————————— e

Description. Channel Deepening
Comments: VWest Bank 58K+881 - Channel Bottom = 22 ft + design (case 7)
File Name: 58K881_Te. slz

Last Saved Date: 4/7/02

Last Saved Time: 11:54:03 AM y

Analysis Method: Morgenstern-Price P {'{K" \
Direction of Slip Movement: Right to Left |, « + %54 BS54 MG,

Slip Surface Option: Grid and Radius '.’.”r. ; ‘&
PV P. Option: Piezometric lines with Ru E\\ ,
Tension Crack Oplion: {none) :
Seismic Coefficient: (none) :i\l'_
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Case 8, Channel bottom = 16 ft, Basalt
N

Description: Channel Despening

Comments: West Bank 59K+881 - Channel Bottom = 22 ft + design + blasted 16 ft (case 3)
File Name: 59K831_8.slz

Last Saved Date: 4/7/G2

Last Saved Time: 3:45:29 PM et I""?E
Analysis Methad: Morgenstermn-Price NS

Direction of Slip Movernent: Rightto Left . », %1%
Slip Surface Option: Grid and Radius '} " \I .
P WP Option: Piezometric ineswithRu r‘

Tension Crack Option: (none) W
Seismic Coefficient {(none) y
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Summary, 59k + 881 (1964 + 00)

“

General Description |Range of stations: _ 59 + 780 to 60k + 050
Sector: Model (Model Slope)
Maximum height (m): 130

Cotangent of slope angle (cot. ) 26

Geology Formatigr::‘w : : Basalt / Cucaracha
Lithology: _ Clayshale / Ashflow / Sandstone / Conglomerate / Basalt
Critical stratum at toe: Clayshale .
Apparent dip of bedding: _ Toward slope but very gentle
Stability Analysis  |Critical failure mechantsm: Rotaticnal
Shear strength model: Fully softened Cucaracha
Qperati\e average o
pore r;;rt?_o:ssure_: Fact_of of |Relative Facter| Percentage of
(abroXifhate), _ Safety of Safe_ty. Change (%)
Ru: L -
Case 1: Channel bettom = 32 it 0.353 0.933 1.000 0.00
Case 2: Channei bottom = 27 ft, Blasted material only - 0.931 0.998 0.21
Case 3: Channel bottom = 27 ft, Blasted & removed 0.921 0.987 -1.29
Case 4.1: Channel bottom = 27 ft, Design (underwater siope) 0.914 0.980 -2.04
Case 4.2: Channel bottom = 27 ft, Design (& dry excavation) 0.938 1.005 0.54
Case 5: Channel bottom = 22 ft, Blasted material only 0.920 0.986 -1.39
Case 6: Channel bottom = 22 #, Blasted & remowed 0.910 0.975 -2.47
Case 7.1: Channel bottom = 22 ft, Design (underwater siope) 0.900 0.965 -3.54
Case 7.2: Channel bottom = 22 f, Design (& dry excavation) 0.936 1.003 0.32
Case 8: Channel bottom = 16 #f, Blasted 0.897 0.961 -3.86

atsasn £5jetss syt wipa
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station 60k + 240 (1976 + 37)

West



Station: 60k + 240 (Contractor)

M
April 16, 2002




Case 1, Channel bottom = 32 ft

Description. Channei Deepening

Comments: West Bank 60K+240 - Channel Bottom = 32 ft (case 1)
File Name: 60K240_1 slz

Last Saved Date: 4/5/02

Last Saved Time: 1:41:46 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)
180 —

160
140
120

100

[us]
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m
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40—
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Elevation (m PLD)

-260 -210 ~160 -110 -60 -0 40 a0 140

Horizontal Distance (m)

190 240 290 340 390 440




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

Description: Channel Deepening

Comments: West Bank 60K+240 - Channel Bottom = 27 ft blasted material only {case 2)
File Name; 60K240_2 slz

Last Saved Date: 4/5/02

Last Saved Time: 1:43:18 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: Tension Crack Line

Seismic Coefficient {none)
180 —

160
140
120

100

Qo
o
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fe=

40
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-20
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Case 3, Channel bottom = 27 ft, Blasted & removed

Elevation (m PLD)

180

180

140

120

100

Description: Channel Deepening

Comments: West Bank 60K+240 - Channel Bottom = 27 ft blasted & removed (case 3)

File Name: 60K240_3 clz
Last Saved Date: 4/5/02
Lact Saved Time: 1:45:06 PM

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: Tension Crack Line

Seismic Coefficient (none)

-210 -160 -110

-60 -10 40 Q0 140 190 240

Horizontal Distance (m)

290 340 380 440




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

Elevation (m PLD)

180

160

140

120

100

-60

Description: Channel Deepening

Comments: YWest Bank 80K+240 - Channel Bottom = 27 ft + design {case 4)

File Name: 60K240 4 siz
Last Saved Date: 4/5/02
Last Saved Time: 1:43:51 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: Tension Crack Line

Seismic Coefficient (none)

bz

-260 -210 «160 -110

-60 -10 40 a0 140 190

Horizontal Distance (m)

240 290 340 390 440




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

Description. Channel Deepening

Comments: West Bank 60k+240 - Channel Bottom = 27 ft + design (case 4}

File Name: 60K240_4e slz

Last Saved Date: 4/7/02

Last Saved Time: 11:59:17 AM

Analysis Method: Morgenstern-Price

Directicn 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)
180 — ooty

o

160
140
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Case 5, Channel bottom = 22 ft, Blasted material only

Elevation (m PLD)

180
160
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100

an

a0

40 W

| ‘;\t LS

P

Description: Channel Deepening

Comments: West Bank 60K+240 - Channel Bottom = 22 ft blasted material only {case 5)

File Name: B0K240 5slz

Last Saved Date: 4/5/02

Last Saved Time: 1:51:34 PM

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

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

=210 -160 -110 -50 -10 40

Horizontal Distance (m)

290 340 390 440




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

Description: Channel Deepening
Comments: VWest Bank 60K+240 - Channel Bottom = 22 ft blasted & removed (case 6)
File Name: 60K240_6 siz

Last Saved Date: 4/5/02

Last Saved Time: 1:53:.03 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
Seiamic Coefficient: (none)

Elevation (m PLD)

180 R - "
160 {— :‘:;1.\\?\%
140
120
100
80
80
40 p
20
u}
220
40
260 210 160 410 60 A0 40 90 140 190 240 290 340 390 440

Horizontal Distance (m)




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

Description: Channel Deepening

Comments: West Bank §0K+240 - Channel Bottom = 22 ft + design (case 7)
File Mame: 60K240_7 slz

Last Saved Date: 4/5{02

Last Saved Time: 1:54:23 P

Analysis Method: Morgenstern-Price

Direction of Slip Movement: Right to Left

Slip Surface Option: Grid and Radius

P WP, Opticn: Piezomettic lines with Ru

Tension Crack Option: Tension Crack Line

Seismic Coefficient (none)
180 —

180 |— AN
140
120

100

o0
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20

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

Elevation (m PLD)

180

160

140

120

100

Description: Charnel Deepening

Comments: West Bank 60K+240 - Channel Bottom = 22 ft + design {case 7)

File Name: 60K240_7e.5iz
Last Saved Date: 4/7/02
Last Saved Time: 12:09:54 P

Analysis Method: Morgenstern-Price
Cirection of Slip Movement: Right to Left
Slip Surface Option: Grid and Radius
P.W.P. Opticn: Piezometric lines with Ru
Tension Crack Option: Tension Crack Line

Seismic Coefficient: {none)

-260 -410 -180 -110

-60 -10 40 80 140 150

Horizontal Distance (m)

240

290

390

440




Case 8, Channel bottom = 16 ft, Blasted

Description: Channel Deepening

Comments: West Bank 60K+240 - Channel Bottom = 22 ft + design + blasted 16 ft (case 8)
File Name; 60K240 3.5z

Last Saved Date: 4/7/02

Last Saved Time: 3:59:54 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

Selsmic Coefficient: (none)
180 —

160

140

100

Elevation {(m PLD)

-260 -210 -160 -110 -60 -10 4G 90 140 190 240 290 340 330 4410

Horizontal Distance (m)




Summary, 60k + 240 (1976 + 37)

w

General Description |Range of stations: 60K + 050 to 60k + 400
Sector: Contractors
Maximum height {m): 90
Cotangent of slope angle (cot. p): 0.93

Geology Formation: _ Pedro Miguel / Culebra / Cucaracha
Lithclogy: Aggregate / Tuff / Clayshale / siltstone
Critical stratum at toe: _ Clayshale '
Apparent dip of bedding: Toward the Slope

Stability Analysis  |Critical failure mechanism: Rotational and tension cracks
Shear strength model: Fully softened, Cucaracha / First time Pedro Miguel Agglomerate

Operative average o
~ pore ;;?ssu_r_e 1 Factor of Relative Factor I Percentage of
(aproxi rhate), - Safety of Safety Change (%)
Ru:

Case 1: Channel bottom =32 ft 0.358 1.039 1.000 0.00
Case 2: Channel bottom = 27 ft, Blasted material only 1.037 0.998 -0.19
Case 3: Channel bottom = 27 ft, Blasted & remowed 1.015 0.977 -2.31
Case 4.1: Channel bottom = 27 ft, Design (underwater slope) : 1.010 0.972 2.79
Case 4.2: Channel bottom = 27 ft, Design (& dry excavation) 0.366 1.056 1.016 1.64
Case 5: Channel bottom = 22 ft, Blasted material cnly 1.013 0.975 -2.50
Case 6: Channel bottom = 22 ft, Blasted & remowed 0.992 0.955 -4.52
Case 7.1: Channel bottom = 22 #t, Design (underwater slope) 0.980 0.943 -5.68
Case 7.2: Channel bottom = 22 ft, Design (& dry excavation) 1.048 1.009 0.87
Case 8: Channel bottom = 16 ft, Blasted 0.978 0.941 -5.87
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station 60k + 950 (1999 + 61)

b T T

West



Station: 60k + 950 (Escobar)

ﬁ
April 16, 2002




Case 1, Channel bottom = 32 ft

m

Description: Channel Deepening
Comments: West Bank B80K+950 - Channel Bottom = 32 ft {case 1)
File Name: B0K350_1.slz

Last Saved Date: 4/5/02

Last Saved Time: 4:39:37 PM

Analysis Method: Morgenstern-Price

Direction of Slip Movement: Rightto Left | | .
Slip Surface Option: Grid and Radius

P WP Option: Piezometric lineswithRu % *
Tension Crack Option: Tension Crack Line -

", \ \\\.\‘\e‘
.\\ B

Seismic Cosfficient; (none) \\R JENN s..,t\\a‘;*\l’
180 — ’\g\ . \‘-k.\ LA X‘;&t
180 |— "./’/ Ny \‘:\\; .x:\%' ]
“\‘ ' \»“.E\k
140 — %]}‘ ii . \, aie
120 = " AT

100 (—

g0 —

i
b ,,.»“"l
: g

o — Description: Cucaracha
Sail Medel: ShearMarmal Fr.

Elevation (m PLD)
I

220 g Unit Weight: 212
ShearMormal Fn. & 26
40 - Piezometric Line # 1
- 1 1 | | | | |
-260 =210 -160 -11aQ -60 -0 40 a0 140

Horizontal Distance (m)

140 240 290 340 380 440




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

Description: Channel Deepening
Comments: West Bank 60K+950 - Channel Bottom = 27 ft blasted material only {case 2)
File Name: 60K3950 2 slz

Last Saved Cate: 4/5/02

Last Saved Time: 4.47.29 PM

Analysis Method: Morgenstern-Price
Direction of Slip Movement: Rightto Left |
Slkp Surface Cption: Grid and Radius j .
P WP Option: Piezometric lineswithRu  * * ;=
Tension Crack Option: Tension Crack Line «% *

Seismic Coafficient: (none) ,\\“ _
180 — ] k\_! H,
N
1680 |— .\1\ h‘\L \\b
140 p— ,
o
- 120 = ] ‘\a_ﬁ»ﬂ, 3
) X ;
— 100 | 1 ARIDN
o N
E e * !\‘ K ’
"
[y &0 —
0
-g 40M—
@
L 2 ' ' H
0 Fpescrigtion: Cucaracha Desctiption: Cucsracha
Soil Model: Shear/MNormal Fri. Soil Model; ShearMormal Fr,
20 Tyt weight: 21 2 Unit Weight: 21 2
ShearMormal Fn. & 25 ShearMormal Fn. #: 26
0 Riezometric Line # 1 Piezometric Line #: 1
-BQ | | : :
-260 210 -160 110 -60 -10 40 0 140 190 240 230 340 3390 440

Horizontal Distance (m)




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

Cescription: Channel Deepening

Comments: West Bank 60K+950 - Channel Bottom = 27 ft blasted & removed (case 3)
File Name: B0K950 3siz

Last Saved Date: 4/5/02

Last Saved Time: 4:49-14 P

Anatysis Method: Morgenstemn-Price

Direction of Slip Movement: Rightto Left | \\\\\\
Slip Surface Option: Grid and Radius ! (h,“‘ R “’\\\\ ,\
P W.P. Option: Piezometric lines with Ru  * %" ™ “\-‘ \&\‘\
Tension Crack Option: Tension Crack Line .f )
Seismic Coefficient: {none) Sy et u
180 — '\"é\t:\. .\\ \.\ ’s, g}. 4
.k\\&iu c\ h\\I'.:l\‘l, \Sﬁ\
180 |— Ol \\\ 'asl];
140 f— ' RNAY
iee
— 120 — .‘ . ¢
5 Nt )
— 10— Jhie
o L.
e 80 |- ‘
z B0 —
Lo
A
B
L1

g™

0 — Description: Cucracha

Sail Modet: ShearMormal Fr.
20 — Linit Weight: 21,2
ShearMormal Fn. #: 26
40— Piezometric Line #: 1
60 | I | I [ l |
-260 -210 -160 =10 -60 =10 40 a0 140 1480 240 290 340 380 440

Horizontal Distance {m)




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

“

Description: Channel Deepening
Comments: West Bank 80K+950 - Channel Bottom = 27 ft + design {case 4)
File Name: 60K950_4 slz
Last Saved Date: 4/5/02
Last Saved Time: 4:53:59 PM
Analysis Method: Morgenstern-Price oot
Direction of Slip Movernent RighttoLeft |, 4« *3"\}, \'\:1\.,'\3%}}-.
Slip Surface Option: Grid and Radius P e WOV W,
PWP. Option: Piezometric lineswith Ru * 7 ™ \,\\.\ S I\I},E\-
Tension Crack Option: Tension Crack Line J‘ « ! ‘»\‘;\‘;:‘\‘II, \I W&
Seismic Coefficient: {none) "ﬁbﬂf x}\‘\ﬁ_“-\-‘ ;\‘I\;‘E'-
50— III\I\ * N \I‘\I:":I;\\IN"\
160 jkg%}‘ A f\\» | &I‘\I II»
B .Igll@\ . L\J\ -\k.. ‘;I‘r,\\ I‘;I\ IIIEII
140 | .IIII L e b iﬁ
Vi, Y It
120 1\\ I.(,.T*IS.J}?N AR I‘
9 o 'III\%‘\.\:\LIE;:\ dofle
DE- 80 — .’I I\ 5, \zﬁt‘\I‘ et
\E’ B0 |—
.0 N\
=k :-'ill
-
& irail il
i - T
0 — Description. Cucaracha
Sail Moded: ShearMormal Fn.
=20 — Unit Weight: 21 2
ShearMormal Fn. & 26
40— Fiezometric Line #: 1 :
60 I L I I | I ! :
-260 =210 -160 -110 -60 -10 40 a0 140 190 240 2980 340 390 440
Horizontal Distance (m)




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

M

Description: Channel Deepening

Comments: West Bank 60K+850 - Channel Bottom = 27 ft + design {case 4)

File Name: BOK350 4e.slz

Last Saved Date: 4/7/02

Last Saved Time: 12:38:55 PM

Analysis Method: Morgenstern-Price

Direction of Slip Moverent: Right to Left AR

Slip Surface Option: Grid and Radius — * " * < N AW e

P WP Option: Piezometric lines with R | * /T : ."x.‘\a\\?"\ H\

Tension Crack Option: Tension Crack Ling «/* * ™ 3% ‘y‘& \ {5‘;
2

Seismic Coefficient: (none) Se o “'-«‘\‘»-(.‘:-\_;‘-f\" H' )
180 — 'a\_ﬁ%.i. . ‘”‘%_\""xl \ \\:\\{;‘ ! \‘
B ! \31\ . . '1 t‘».;‘ 1,'“‘ '
BIZANNN
140 f I ARV l"“‘.qﬂ’
AR Lo
120 ; ) . k
100 BN y, _
f

Elevation {m PLD)

Descrigtion; Cucsrachs

Soil Model: ShearMNormal Fn.
20— Unit Weight: 21 .2
ShearRormal Fn. & 26
Piezaometric Line & 1

- | | | ] i | |

-260 =210 -180 -110 -60 -10 40 i1 140 190 240 290 340 390 440
Horizontal Distance (m)




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

Description: Channel Deepening
Cormments: West Bank 60K+950 - Channel Bottorn = 22 ft blasted material only (case 5)
Fite Name: 60K950_5slz

Last Saved Date: 4/5/02

Last Saved Time: 4:55.04 PM

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

P WP, Option: Piezometric lines with Ry * %™

Tension Crack Option: Tension Crack Line -_g’I' ¢

\’\
Seismic Coefficient (none) %II;HH RS
180 — J&\:
160 |— T@IIIH
140 — I SII;I\
e II\.:Q\ H
100 | .III ‘

*"II'I
Fmm '

Elevation (m PLD)
I

0 I Description: Cucaracha Descrigtion: Cucaracha
Soil Model: ShearMormal Fri, Soil Model: ShearMormal Fr.
20 Unit weight: 21 2 Unit Weight: 21 2
ShearMormal Fre. # 25 ShearMNormal Fn, & 26
40 = Piezometric Line #: 1 Pi=zometric Line & 1
60 I I I | I I | :
=260 -210 -160 110 -60 10 40 a0 140 190 240 290 340 390 440

Horizontal Distance (m)




Case 6, Channel bottom = 22 ft, Blasted & removed
SRS t——_————

Description: Channel Deepening

Comrments: YWest Bank 80K+950 - Channei Bottorn = 22 ft blasted & removed {case 6)
File Name: B0K950 B.siz

Last Saved Date: 4/5/02

Last Saved Time: 4:57:05 PM
Analysis Method: Morgenstern-Price
Direction of Slip Movement Right to Left N Y
Slip Surface Optior: Grid and Radius e LA
PWP. Option: Piezometric ines with Ru  *, AR
Tension Crack Option: Tension Crack Line « + ¢ * 0

Seismic Coefficient: (none) :",]??N
180 — j&?i_.'
160 |— P BRI}
1 m G
140 — ". N
YRR
120 {— LR ;
A o h
100 (— \:\N o
80— ;{/}\"\4 k
60 —

Elevation (m PLD)

i

0 Description: Cucaracha

Soil Model: ShearMormal Fn.
20— Unit Weight: 21.2
ShearMormal Fri. #: 26
A0 Piezometric Line & 1
50 | 1 | | | | | = i
-260 =210 160 -110 -60 -10 40 a0 140 190 240 290 340 390 440

Horizontal Distance (m)




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

Description: Channel Deepening

Comments: West Bank 60K+950 - Channel Bottorn = 22 ft + design {case 7]
File Name: 60K950_7 siz

Last Saved Date: 4/5/02

lLast Saved Time: 4:56:25 PM
Analysis Method: Morgenstern-Price ot
Direction of Slip Movement: Rightto Left  , ., +.* s..‘\_\,‘x“‘{ A Y

. . . . S,
Slip Surface Option: Grid and Radius TR «\"
P WP Option: Piezometric iines with Ru  */ “-\\
Tension Crack Option: Tension Crack Line « * *.° %
Seismic Coefficient (none)
180
160
140
20
o
—1 100
(3
an
E
= &0
0
T 4ok
=
@ 20
L ecae £
n— Description: Cucarachs
Sail Model: ShearMarmal Fr.
20— ' Unit Weight: 21 .2
ShearMortnal Fri. #; 26
40— Piezometric Line #: 1
50 | ! | | l 1 |
-250 210 -160 10 0 -10 40 a0 140 140 240 260 340 390 440

Horizontal Distance (m)




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

Description: Channel Deegpening

Comments: West Bank 60K+950 - Channel Bottom = 22 ft + design {case 7)

File Name: 60K850 Te slz

Last Saved Date: 4/7/02

Last Saved Time: 12:43.46 PM

Analysis Method: Morgenstem-Price

Direction of Slip Movement: Rightto Left | S

Slip Surface Option: Grid and Radius f * Y e .,""\_
" i

WY
P.W.P. Option: Piezometric fines with R S \_}\' N\
Tension Crack Option: Tension Crack Lmei . ‘x -‘\\x}\x
Seismic Coefficient; {none) '.%\, \Z,\\‘ \
180 — I\Qf }. "\ *\ ‘\\‘
\ '\ AN |
180 Wﬂy \“‘ ‘\ﬁ
140 “5
-4 ‘s
10— 1509, 4T
5 s }lx
— 100 | J 4 15
g a0 . %\\S‘a\ LA
é .
c 60 —
2
E .4|
- T il
s il
i ]
0 - Descrigtion; Cucaracha
Sail Model: ShearMormal Fn.
20— Unit Weight: 21.2
ShearMormal Fn. # 28
40— Piezometric Line #; 1
50 I I | l | | , i -k
-260) -0 160 110 -60 -0 40 90 140 190 240 290 340 390 440

Horizontal Distance (m)




Case 8, Channel bottom = 27 ft, Blasted
———————————————

Description: Channel Deepening
Commernts: West Bank B80K+850 - Channel Bottom = 22 ft + design + blasted 16 ft {case 8)
File Name: 60K950 8 .slz

Last Saved Date: 4/7/02

Last Saved Time: 4:13:45 PM
Analysis Method: Morgenstem-Frice .
Direction of Slip Movernent: Rightto Left |, . «.* \‘xﬁ_\:
Slip Surface Option: Grid and Radius e BT \t-ﬂ:ﬂ \
P W P Option: Piezometric lines with Ru /f b AL
Tension Crack Option: Tension Crack Line «_* = ° N\ ) ;\*\lﬁ.{\“\\ W

'
Seismic Coefficient (none) ﬁi{ . "‘\f\\'\:\ {\g%\*\,{\%ﬁ?
180 — e e SSOVN
%13 VY \ﬁ\‘fﬁ,‘u II\\IE
e Ii A IIII‘II‘};‘II\EII i
140 |— -\, IIIH . \"x II; i i\I\I‘t ‘II \E
A AT
120 |- Y RS S y
100 |— * II I\ IIIgI';I;:\..I o} + ¢ ° !
. I‘s,:l b "‘i\,_\\\ I
80 |- X ‘I-)-""‘"I s
B0 |—

Elevation (m PLD)

i

[ Descrigtion: Cucaracha Description: Cucarache

Soil Modet ShearMormal Fn. Soil Model: ShearMormal Fa.

20 T Unit Weight: 21.2 Unit ¥Weight: 21 2
ShearMonmal Fn. & 26

Piezometric Line #: 1

I I I | I I

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

Horizontal Distance {m)

40 | —ZhearMormal Fo. # 25
Piezometrinl: Line #: 1




| | ; { ; i ; i i 1 | !

Summary, 60k + 950 (1999 + 61)
——————

General Description |Range of stations: 60k + 400 to 61k + 240
Sector: Escobar
Maximum height (m): 124
Cotangent of slope angle (cot. p): 1.43

Geology Formation: _ Basalt / Cucaracha _
Lithology: - | Clayshale / Lignitic Shale / Ashflow / Basalt
Critical stratum at toe: Clayshale / Ashflow
Apparent dip of bedding: Toward the Slope

Stability Analysis  |Critical failure mechanism: Rotational & Tension crack
Shear strength modet: Fully softened upper bound, Cucaracha / First time, Basait

Operative average| _ '
pore -r;;rt?_js_ure' : Factor of Relative Factor | Percentage of
(apr oximéte),- ngety . of Safety Change (%)
‘Ru: '

Case 1: Channel bottom = 32 ft 0.409 1.190 1.000 0.00
Case 2: Channel bottom = 27 ft, Blasted material only A 1.183 0.994 -0.59
Case 3: Channel bottom = 27 ft, Blasted & removed : 1.152 0.968 -3.19
Case 4.1: Channel bottom = 27 ft, Design (underwater slope) . e 1.117 0.939 -6.13
Case 4.2: Channel bottom = 27 f, Design (& dry excavation) 0.393 i 1.372 1.153 15.29
Case &: Channel bottom = 22 ft, Blasted material only 1.144 0.961 -3.87
Case 6: Channel bottom = 22 ft, Blasted & removed 1.122 0.943 -5.71
Case 7.1: Channel bottom = 22 ft, Design (underwater slope) - . 1.069 0.898 -10.17
Case 7.2: Channel bottom = 22 ft, Design (& dry excavation) 0.387 1.309 1.100 10.00
Case 8: Channel bottom = 16 ft, Blasted 1.052 0.884 -11.60
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Case 1, Channel bottom = 32 ft

M

Elevation (m PLD)

Description: Channel Deepening
Comments: West Bank 81K+800 - Channel Bottom = 32 ft (case 1)
File Name: 61KE00_1.slz

Last Saved Date: 4/2/02

Last Saved Time: 1.56:23 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 L

Tension Crack Option: {(none)

., * ' r./ .
ot 5 T 'l. * \l. .r
Uk 3 Wl
Seismic Coefficient (none) A \ 1
180 . o t;{ i | :‘i ;‘.
. ';j? I“‘ 1) HI;;‘};
160 ;- i {f';nw?
¥ * : "I 'r i f
» "“-\.‘./' . I?ilff/ ‘X.-'}‘:.fi
| _i', i
120 . I_""\ . & faf (1407
L ] * i
100 |— |
I
8¢ — -
—— — TAESEHETT Femro Miguel ... -
Soil Modet ShearMNormal Fn.
Unit Veight. 22.8
ShearMormal Fn. # 20
L Piezometric Line ¥: 1
0 4+ Description: Cuceracha
Soil Model: ShearMormal Fn,
20— Unit Weight 21 2
40 Shear®ormal Fr. #: 7
. e Piezometric Line #: 1
- | | | | : | 1 | | | | |
-260 210 -180 -110 -6C -0 40 ac 140 130 240

Horizontal Distance (m)

280 340 330 440




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

m

Cescription: Channel Deepening
Comments: West Bank 61K+600 - Channel Bottom = 27 ft  blasted material only (case 2)
File Name: 61KB00_2 siz

Last Saved Date: 4/2/02

Last Saved Time: 2:06:14 P

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

! o .
Tension Crack Option: (none) T e
Seismic Coefficient (none} . .
180 — . Y
»
160 — *
PUBR
140 |— ofit j
- Ll
-~
120 . j o,
0 Aile e
-1 100 — "
o
E 80— ——
s’
- B0 - et
0 ; T Fedro Miguel ™.
-Ej' 40 Zaoil Modet ShesrMormal Fr.
> - Lnit Weight: 22.8
@ Nk ShearMormal Fri. # 20
L 2 Piezometric Line #: 1
1] Description: Cucaracha Descriptior: Cucatacha
Soil Model: ShearMormal Fn. Soil Model: Shear/MNormad Fn.
-200 —  Linit Weight: 21 .2 Unit Weight: 21 2
ShesrMormal Fn. & 25 ShearMNormal Fn. #: 7
- — Ppiszometric Line # 1 Piezametric Line #: 1
- | r | | | | | | | | | | 1 |
-260 =210 -160 -110 -80 -10 40 an 140 190 240 290 340 390 440

Horizontal Distance (m)




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

m

Description Channel Deepening
Comments: West Bank 61K+600 - Channel Bottom = 27 ft blasted & removed (case 3)
File Name: 61K600_3 sliz

Last Saved Date: 4/2/02

Last Saved Time: 2:32:12 PM

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

P W P Option: Piezometric lines with Ru e v T D iﬁ{é.II'
Tensicn Crack Option: {none) . 3 :IIII I /,';I;
Seismic Coefficient: (none) : \ B I I ) Jo
Rl < 432 )] f,ff‘
180 |— AT IIII III II {*IE
I I I I;'. II”@I:I}I;
- 120 — et
(|
E 100 — I‘
E 80 [—
& e T e T
-.t_‘i!' 40 Soil Model: ShearMaormal Fri,
het : Unit Weight: 22.8
9 0 ShearMonmai Fr. 2 20
L o Fiezometric Line & 1

Description: Cucaracha

Soil Madel: ShearMarmal Fn.
Unit Weight: 21 2

4 ShearMormat Fn. & 7

-40 Fiezometric Line #: 1

£0 i I I I | | I | | [ I I I |

-260 210 -160 110 -B0 10 40 a0 140 180 240 290 340 290 440

Horizontal Distance (m)

=20
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Case 4, Channel bottom = 27 ft, Design (underwater slope)

Elevation (m PLD)

Description. Channel Degpening
Comments: West Bank 61K+600 - Channel Bottom = 27 ft + design (case 4)
File Name: 61KE00_4 slz

Last Saved Date: 4/3/02

Last Saved Time: 8:54.34 AM

Analysis Method: Morgenstemn-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)

i {? . f
180 — . }J'? ] ’/J.f A
b ; }.
ol xa 7
t /et | I'i /ﬁ'--‘iu LR
140 |— |I, . *
120 —
100 —
80 |— o
60 |— e T T
o ST DEREHEENT PEaro MigUel e e
Soil Model: ShearMormal Fn. o e
Uit Weight: 22.5 S
20 ShearMormal Fn. # 20
Piezometric Line & 1
0 Description; Cucarache
Soil Model: ShearMNormal Fn.
220 — Unit Weight: 21 2
0 ShearMarmal Fr. & 7
- Piezometric Line #; 1
- | | 1 1 1 | | | | | | | |
-260 -210 160 110 60 -10 40 a9 140 190 240 290 340 390 440

Horizontal Distance (m)




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

.ﬁ

Elevation (m PLD)

Description: Channel Deepening

Comments: West Bank 61K+600 - Channel Bottom = 22 ft blasted material only {case 5)

File Name: B1KE00 5 sz

Last Saved Date: 4/2/02

Last Saved Time: 2:28:30 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)

Description; Cucaracha
50 Soi Model: ShearMormal Fri.
Unit Weight: 21.2
_40 ShearMormal Fr. #: 25
F‘iezometriﬁ Line # 1

: i'f{'f ¥
’m:«"ama' i' 'f s ffff’],};
‘}s%ﬁi—t E'.i / z%,’fo}fo
"f"*—i} }f fﬁ'.f‘/ﬁﬁf;/ 1

edro M|guel iy
Soil Madel: ShearMormal Fn.
Lintt Weight, 22.8
ShearMormal Frn. & 20

Piezometric Line #: 1
Description: Cucaracha

Soi Model: ShearMNormal Fn.
Urit Wigigght: 21 2
ShearMNormal Fn, #: 7

Piezometric Line #: 1

-260 210 -160 -0 -60 -10

40 a0 144 190 240 290 340 390 440
Horizontal Distance {m)




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

m

Elevation (m PLD)

180

160

140

120

Description: Channel Deepening
Comments: West Bank 81K+600 - Channel Bottom = 22t blasted & removed (case 6)
File Name: 61K600_6.slz

Last Saved Date: 4/2/02

Last Saved Time: 2:36:58 PM

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

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

Seismic Coefficient (none)

TPedro Miguel T
Rail Model: ShearMormal Fn.
Unit Weight: 22 .8

ShearNormal Fn. & 20

Piezometric Line ¥ 1
0 — Description: Cucaracha
Soil Model ShearMormal Fr,
20— Unit Weight: 21 2
ShearMlormal Fn. #: 7
-40  — Piezometric Line & 1
- 1 | | 1 | | | 1 1 l | |
-260 -210 -160 -110 -60 -10 40 an

140 190

Hotrizontal Distance (m)

240

290 340 390 440




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

1a0
160

140

-
%)
[

Elevation (m PLD)

-260

Description: Chanrel Deepening
Comments: West Bank 61K+600 - Channel Bottor = 22 ft + design {case 7)

File Name: 61KB00_7 sz e N m{

Last Saved Date 4i3/02 "=1I!l Y' O ’\& ,gi ‘
Last Saved Time: 9:03:22 AM \ “1 ( RRE ﬂﬁ B
Analysis Method: Morgenstern-Pricedliinitit 5 . '\‘\ .’\ Wi
Direction of Slip Movement: Right to 45 . e ol .Wr '
Slip Surface Option Grid and Radiuzd ‘T BRRE 1& {‘g k
PW.P. Option: Piezometric lines withed | E\ ’ ‘“-3
Tension Crack Option: (none) AREY l
Seismic Coefficient: (none) . .11_% x\_’ . 'fl*'
- ) : [ ;
- I'}"\d"i it

L e v ¥

T eseristorT Pedro Miguel
Zail Model: ShearMormal Fr.
Unit Weight: 228
ShearMormal Fri. #: 20

) Piezometric Line & 1
Description: Cucaracha

Soil Model: ShearMormal F.
Unit Weight 21 2
ShearMormal Fn. & 7
Piezometric Line #: 1

-210 -160 -110 -60 a0

Horizontal Distance (m)

140 180 240 230 340 390 440




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

Description: Channel Deepening
Comments: West Bank 61K+600 - Channel Bottom = 22 ft + des ign + blasted 16 ft {case 8)
File Name: 61K600_8.5lz oot 1
Last Saved Date: 4/7/02 il L" X \\ 4 \
Last Saved Time; 4:26:04 PM }W Jheh w4
Analysis Method: Morgenstern-Pric
Direction of Slip Movement: Right to i

Slip Surface Optton Grid and Radiu

P P. Option: Piezometric lines wit
Tension Crack Option: {none)

~;:::Zf-
L]
* -

:.
Seismic Coefficient: (none) 'ﬁ )
180 — !
180 (- ‘
140 +—
120 —
(]
-1 100 | }Q
a d
E .
- 60 — -
g Fipdicon: Pedro Miguel S ooen
g OM— Soil Modek ShearMormal Fn.
E 20 E LInd Weight; 22.8
m o ShearMormal Fn. & 20
a i Deseription: Cucaracha Piezometric Line & 1
Description: Cucaracha Soil Model: ShearMormal Fn.
o0 - Soil Model: ShearNormal F. Unit Weight: 21 2
Unit YWigight: 24 .2 ShearMormal Fn. #: 7
a0 b ShearMormal Fn. & 25 Piezometric Line & 1
Fiezometric Line #:
- i f | ! z | | | | | ! | | |
-260 -210 -160 -110 -B0 -10 40 90 140 1480 240 290 340 390 440

Horizontal Distance (m)




Summary, 61k + 600 (2021 + 00)

General Description

Range of staticns:

61k + 240 to 61k + 900

Sector: Marieta
Maximum height (m}: 75
5.9

Cotangent of slope angle (cot. B):

;

Geology

Formation:

Basalt / Cucaracha

Lithology:

|Clayshale / Siltstone / Sandstone

Critical stratum at toe:

Clayshale

Apparent dip of bedding:

Toward the slope

Stability Analysis

Critical failure mechanism:

Rotational

Shear strength model:

Fully softened, Cucaracha

Operative average
~ pore pressure. "

Factor of

ratio : Relative Factor Percent_age of
(aproximate), Safety of Safety - Change (%)
“Ru: '
Case 1: Channel bottom = 32 ft 0.372 1.417 1.000 0.00
Case 2: Channel bottom = 27 f, Blasted material only 1.414 0.998 0.21
Case 3: Channel bottom = 27 ft, Blasted & remowed 1.382 0.975 -2.47
Case 4.1: Channel bottom = 27 ft, Design (underwater slope) 1.356 0.957 -4.30
Case 4.2: Channel bottom = 27 ft, Design (& dry excavation) 1.356 0.957 -4.30
Case 5: Channel bottom = 22 ft, Blasted material only 1.380 0.974 -2.61
Case 6: Channel bottom = 22 ff, Blasted & removed : 1.351 0.953 -4.66
Case 7.1: Channel bottorn = 22 ft, Design (underwater slope) | 1.315 0.928 -7.20
Case 7.2: Channel bottom = 22 ft, Design (& dry excavation) 0.363 1.315 0.928 7.20
1.309 0.924 -7.62

Case 8: Channel bottom = 16 f, Blasted
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station 62k + 000 (2034 + 12)
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Station: 62k + 000 (Marieta)
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Case 1, Channel bottom = 32 ft
e

Lescription Channel Deepening
Comments: West Bank 62K+000 - Channel Bottom = 32 ft (case 1)
Flle Mame: 62K000_1.slz

Last Saved Date. 4/4/02

Last Saved Time: 11:54:19 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: Tension Crack Line

R - .k t
Seismic Coefficient: (none) -::,x%* ‘\ﬁ%\} ‘\%'
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L 5 " Description; Cucsracha
Soil Model: ShearMNarmal Fn.
20 Unit Weight, 21.2
ShearMormai Fn & 7
-40 Piezomedric Line # 1
. | 1 | | I |
-260 -210 -160 -110 -6G -10 40 a0 140 190 240 290 3440 390 440

Horizontal Distance (m)




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

Description Channel Degpening
Comments: West Bank 62K+00C - Channel Bottomn = 27 ft blasted material onty (case 2)
File Name: 62K000_2 slz

Last Saved Date: 4/4/02

Last Saved Time: 3:09:11 Pid

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

- 3 t
Seismic Coefficient. (none) ur t }\:. i&‘h\i\k?\‘
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ﬁ 20 edro Miguel
i o ear/Mormal Fr. Desgcrigtion: Cucaracha
Soil Madel: Shearhormat Fri.
.70 ) ) Unit Weight: 21.2
Line #: 1 ShesrMonnal Fn, #: 7
.40 Piezometric Line #: 1
0 ! | | | | | |
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Case 3, Channel bottom = 27 ft, Blasted & removed

%

Description: Channel Deepening
Comments West Bank 62K+000 - Channel Bottom = 27 ft blasted & removed (case 3)
File Mame: 62K000_3 siz

Last Saved Date: 4/4/02

Last Saved Time: 3:13:06 PM

Analysis Method: Morgensterm-Price
Direction of Slip Movement: Right to Left
Siip Surface Option: Grid and Radius
PP Option: Piezometric lines with Ru
Tension Crack Option: Tension Crack Line
Seismic Coefficient (none)
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=20 Unit Weight: 21.2
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Case 4.1, Channel bottom = 27 ft, Design (underwater slope)

Description: Channel Deepening
Comments: West Bank 82K+000 - Channel Bottom = 27 ft + design {case 4}
File Name: 62K000_4 slz

Last Saved Date: 4/4/02

Last Saved Time: 32318 PM

Anakysis Method. Morgenstem-Price

Direction of Slip Movement: Right to Left

Slip Surface Option: Grid and Radius

P WP QOption: Piezometric lines with Ru

Tension Crack Option: Tension Crack Line

Seismic Coefficient: (none)
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Elevation (m PLD)

Description: Cucaracha

Soil Model ShearMormal Fri.
Unit Weeight: 21.2
ShearMormal Fn. & 7
Piezometric Line #: 1
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Case 4.2, Channel bottom = 27 ft, Design (& dry excavation)
————— e

Description: Channel Deepening
Cornments: Vest Bank 62K+000 - Channel Bottorn = 27 ft + design {(case 4)
Fite Name: 62K000_4e siz

Last Saved Date: 4/7/02

Last Saved Time: 12:58:26 PM

Analysis Method: Morgenstern-Price
Direction of Slip Movement: Right to Left
Slip Surface Option: Grid and Radius
PW.P. Option: Plezometric lines with Ru,
Tension Crack Option: Tension ?{a'&:k Lifig
Seismic Coefficient; (none) - :
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L g " Description: Cucaracha

Soil Model: ShearMormal Fn.
-0 Unit Weight: 21.2
ShearMormal Fri. #. 7
40k Piezometric Line #: 1
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Case 5, Channel bottom = 22 ft, Blasted material only

m

Description: Channel Deepening

Comrments: VWest Bank 62K+000 - Channel Bottom = 22 ft blasted material only (case 5)
Fite Name: 62K000_5 slz

Last Saved Date: 4/4/02

Last Saved Time: 3.14.45 PM

Analysis Method: Morgenstern-Price

Cirection of Slip Movement: Right to Left

Slip Surface Option: Gnd and Radius

F W P. Option: Piezometric lines with Ru

Tension Crack Option: Tension Crack Line

Seismic Coefficient: (noneg] .
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20 Unit Weight: 21.2
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Case 6, Channel bottom = 22 ft, Blasted & removed

“

Description Channel Deepening
Comments: West Bank 62K+000 - Channel Bottom = 22 ft blasted & removed (case 5))
File Neme: 62K000_6.slz

Last Saved Date: 4/4/02

Last Saved Time: 321215 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: Tension Crack Line
Seismic Coefficient (none)
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Case 7.1, Channel bottom = 27 ft, Design (underwater slope)

Elevation (m PLD)

=y
2
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o
o

Description: Channel Deepening
Cornments: West Bank 62K+000 - Channel Bottom = 22 it + design {case 7)
File Name: 62K000_7 siz

Last Saved Date: 4/4/02

Last Saved Time: 3:25:52 PM

Analysis Method: Morgensterr-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)
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Case 7.2, Channel bottom = 27 ft, Design (& dry excavation)

Description: Channel Deepening
Comments: ¥West Bank 82K+000 - Channel Bottorn = 27 ft + design (case 7)
File Name: 62K000_7e siz

Last Saved Date: 4/7/02

Last Saved Time: 1:10:44 PM

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: Tension Crack Line
Seismmic Coefficient: {none)

Elevation (m PLD)
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Case 8, Channel bottom = 16 ft, Blasted

Description: Channel Deepening
Comments: West Bark 62K+000 - Charine
File Name: 62K000_8 slz

Last Saved Date: 4/7/02

Last Saved Time: 4.48:57 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: Tension Crack Line
Seismic Coefficient: {nona)

| Bottom = 22 ft + design + blasted 16 ft (case 8)
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Summary, 62k + 000 (2034 + 12)
———————e

General Description |Range of stations: 61k + 900 to 62k + 200
Sector: _ Marieta
Maximum height (m): ' 70
Cotangent of slope angle (cot. ): | 1.19

Geology Formation: . : o ' ; Pedro;M_iguél ;?%I_ya Bé_ca / Cﬁncaracha
Lithology: ' P . {Agglomerate / Clayshale / Sandstone / Siltstone / Conglomerate
Critical stratum at toe: EEE |Sittstone )
Apparent dip of bedding: ' Toward the siope
Stability Analysis  |Critical failure mechanism: ' Rotational, Tension crack
Shear strength model: Fully softened, La Boca / First Time, Pedro Miguel
Operative.average| -
. _pO;g.-prgzss_ure Factor of - _Re.la'ti\pe Factor { Percentage of
o o Safety of Safety Change (%)
~ (aproximate),
. Ru
Case 1: Channel bottom = 32 ft 0.280 1.072 1.000 0.00
Case 2: Channel bottom = 27 ft, Blasted material only 1.055 0.984 -1.59
Case 3: Channel bottom = 27 ft, Blasted & removed 1.042 0.972 -2.80
Case 4.1: Channel bottom = 27 f, Design (underwater slope) 1.030 0.961 -3.92
Case 4.2: Channel bottom = 27 {t, Design (& dry excavation) 1.092 1.019 1.87
Case 5: Channel bottom = 22 ft, Blasted material only 1.028 0.959 -4.10
Case 6: Channel bottom = 22 ft, Blasted & removed 1.001 0.934 -6.62
Case 7.1: Channel bottom = 22 ft, Design (underwater siope) 1.001 0.934 -6.62
Case 7.2: Channel bottom = 22 ft, Design (& dry excavation) 1.090 1.017 1.68
Case 8: Channel bottom = 16 ft, Blasted 0.935 0.872 -12.78
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Case 1, Channel bottom = 32 ft

Elevation (m PLD)
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Description: Channel Deepening
Comments: YWest Bank 63K+050 - Channel Bottom = 32 ft {case 1)
File Name: 63KK050_1siz
Last Saved Date: 4/4/02

Last Saved Time: 8:47:31 AM

Analysis Method: Morgenstern-Price o A \ }WII 1 1'
Cirection of Slip Movement Right to Left} ‘( i e \ FERRRIAN
Slip Surface Option: Grid and Radius E AR B S \ {" A
P.W.P. Option: Piezometric lines with Ru \ RERI \
Tension Crack Option: {none) \M 1 P }» l' E :
Seismic Coefficient {none) . '\ H 1 ) Ell ).! f ;
o * 2403 ; [1e
j‘l \4 1 B %‘—4‘“—3 ;’?,’I;:JL;; [j ll;‘f‘/;.
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- Soil Mavlef ShiarMormal Fn: o
L!nrtWelgm 228 H/’“—_——“qN
hean‘Nnrmal Fn # "D

srometric Line #:1

Description: Cucaracha
Soil Model: Shear/Mormal Fr.

— Unit Weight: 21 2
| ShearMormal Fn. & 7
Piezometric Line #
| T 1 | | | | | | | | | z |
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Case 2, Channel bottom = 27 ft, Blasted material only

Description: Channel Deepening
Comments: West Bank 63K+050 - Channel Bottom = 27 ft blasted material only (case 2)
File Name: 63K050_2 slz

Last Saved Date: 4/4/02

Last Saved Time: 2:17:52 PM . ot
Analysis Method Morgenstern-Price & VAN ) ;fj \
Direction of Slip Movement: Right to Left.\l\gl \ f;" * \‘ i e
Slip Surface Option: Grid and Radius \ T . l
P WP Cotion: Piezometric lines with Ru 'l J

Tension Crack Option: {none) ";\

Seismic Coefficient (none) “ f
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Elevation {m PLD)

—Description: Pedro Miguet Description: Cucaracha

Sail adel: ShearMorms| Fn, Soil Model: ShearAdormal Fr.
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0 _Shear;‘Narmal Fn. & 22 ShearMormal Fn, % 7
Piezametric Line #; 1 Piezometric Line & 1
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Horizontal Distance ({m)




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

E

Description: Channel Deepening

Comments: West Bank 63K+050 - Channel Bottom = 27 it blasted & removed {case 3)
File Name: 63K050_3 siz

l.ast Saved Date: 4/4/02

Last Saved Time: 2:20:45 PM . T

Analysis Method: Morgensterm-Price WY UU Hﬂl‘.

Direction of Slip Movement: Right to Left.!'\ I ISR

Slhp Surface Option: Grid and Radius \l E',I . i

PP Option Piezometric lines with Ru | V1 4 .

Tension Crack Option: {none) ’i\ '| .

Seismic Coefficient (none) i t } ) . [J !
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L Description: Cucaracha
Soil Model: ShearMormal Fn,

Horizontal Distance (m)
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) Piezametric: Line # 1
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Case 4, Channel bottom = 27 ft, Design (underwater slope)

Description: Channel Deepening
Comments: West Bank 83K+050 - Channel Bottom = 27 ft + design (case 4)
File Name: 63K050_4 siz

Last aved Date: 4/4/02

Last Saved Time: 2:22:25 FM AR
Analysis Method: Morgenstern-Price “
Direction of Slip Movermnent Right to Left,\I L \
Slip Surface Option: Grid and Radius \\;
P P. Option; Piezometric fines with Ru
Tension Crack Option’ (none) \
Seismic Coefficient (none)
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Description; Cucaracha
0 Soil odel: ShesrMormal Fo.
) Unit Weight. 21.2
a0 - ShearMormat Fri. #: 7
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Case 5, Channel bottom = 22 ft, Blasted material only

%

Description; Channel Deepening
Comments: West Bank 63K+050 - Channel Bottom = 22 ft blasted material only {case 5)
File Name: 63K050_5 slz

Last Saved Date: 444/02

Last Saved Time: 2:28:44 PM

Analysis Method: Morgenstern-Price )
Direction of Slip Movement Rightto Le
Slip Surface Option: Grid and Radius Wlx
P¥YP Option; Piezometric lines with Ru
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e s
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Tension Crack Option: {none) i . ol ﬁ
Seismic Coefficient. (none} \ .. 1 f
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Case 6, Channel bottom = 22 ft, Blasted & removed

Description: Channel Deepening
Comments: West Bank 83K+050 - Channel Bottom = 22 ft blasted & removed (case 6)
File Mame: 63K050 _Bslz

Last Saved Date: 4/4/02

Last Saved Time: 2:35:36 PM

Analysis Method: Morgenstern-Price W?' ¢ f' '\. E\
Direction of Slip Movement: Right to Leftji \l; « 00

Slip Surface Option: Grid and Radius l
F WP Option: Piezometric lines with Ru ‘

| . - el
Tension Crack Option: (none) {'; %i ( . e J k
Seismic Cosfficient: (none) V‘] s M
LY sl
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L c Description: Cucaracha
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20— Unit weight: 21 .2
40 ShearMormal Fn. ¥ 7
R Piezometric Line #: 1
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Case 7, Channel bottom = 27 ft, Design (underwater slope)

Elevation {m PLD)
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Description: CThannel Deepening

Comments: ¥West Bank 63K+050 - Channel Bottom = 22 ft + design (case 7)

File Narme: 63K050_7 slz
Last Saved Date: 4/4/02
Last Saved Time: 2:25:.05 PM

Analysis Method: Morgenstern-Frice ., are f i i(?f}“ ‘{.E {
Direction of Slip Movement. Right to Left ! 5\? j \‘% \ R i . .
Slip Surface Option: Grid and Radius \U‘ AN §'|ff*-\ |
FW.P. Option: Piezometric lines with Ru N\ e e \h j
Tensio_n Crack_ C_théon: fnone) i ! k . e X f,;;j-* SNy
Seismic Coefficient (none) ill "I } . at{;sgg{»\ h | !
— ¢ ] NSRRI I
: AR
) i )u‘il .‘, xf !
= HH T - /'lflgﬁifi»;@y;f;{;;i/;é
. .fj 'l’ ,f L '. ,/i. jf"J,}kj’/.f/ ',:“;f_ .ifJ A

Description; Cucaracha

Soil Modet ShearMormal Fr.
Unit Weight: 21 2
ShearMormal Fn. & 7
F'ieznrretric Line #: ]

Uit Weight 228 1 e
" Sheathlormal Fri & 20,/

-260 -210 -160 -110 -6 -10

40 90 140

Horizontal Distance (m)




Case 8, Channel bottom = 16 ft, Blasted

NS

Crescription: Channel Deepening

Comments. West Bank 63K+050 - Channel Bottom = 22 ft + design + blasted 16 ft (case 8)

File Mame: B3K050_8slz

Last Saved Date: 4f7/02

Last Saved Time: 5:01:13 PM

Analysis Method: Morgenstern-Frice Wt

Direction of Slip Movement Rightto Left i1y |« -

Slip Surface Option: Grid and Radius «1'{

P WP Option: Piezometric lines with Ru ,“l

Tension Crack Option: (none)

Seismic Coefficient (none) \ “ |
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160 — 4}

140 : ‘I I~
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)
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o
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Elevation (m PLD)

Description: Pecro Miguel
.20 Soil Model: ShearMormal Fn.
Unit Weight: 22.8
-40 ShearMormal Fr, # 22
Piezometric Line # 1 |

Description: Cucaracha
Soll Model: ShearMormal Fn.
Unit Weight: 21.2
ShearMormat Fri & 7

| F'iezometriq Line ¥ 1 |

l | ! I l

-260 =210 -160

-110 B0 -1

40 ] 140 190 240

Horizontal Distance (m)

290 340 330 4490




Ssummary, 63k + 050 (2068 + 56)

General Description

Range of stations:

62k + 910 to 63k + 150

Sector; Cartagena
Maximum height (m): 75
Cotangent of slope angle {cot. p): 2.9

History

gena slide

Geology

Formation:

Pedro Miguel-/ Cucaracha

Lithology:

Agglomerate / Basalt / Clayshale

Critical stratum at toe:

Shale / Agglomerate

Apparent dip of bedding:

Toward slope in Cucaracha / Pedro Miguel_no defined

Stability Anaiysis

Critical failure mechanism;

Rotational

Shear strength model:

Fully softened, Cucaracha / First time, Cucaracha

Operative average| - _ _
pore ;rt?os§ure' Fat:t_or of R'e_lati\:_e Factor| Percentage of
(aproximate); Safety of Safety - ] Change (%)
Ru: - _
Case 1: Channel bottom = 32 ft 0.308 2.493 1.000 0.00
Case 2: Channel bottom = 27 ft, Blasted material only 2.486 0.997 -0.28
Case 3: Channel bottom = 27 ft, Blasted & removed 2.451 0.983 -1.68
Case 4.1: Channel bottom = 27 ft, Design {underwater slope) 2.442 0.980 -2.05
Case 4.2: Channel bottom = 27 ft, Design (& dry excavation) 2.442 0.980 2.05
Case 5; Channel bottom = 22 ft, Blasted material only 2.443 0.980 2.01
Case 6: Channel bottom = 22 ft, Blasted & remowved 2.413 0.968 -3.21
Case 7.1: Channel bottom = 22 ft, Design {underwater slope) 2.397 0.961 -3.85
Case 7.2; Channel bottom = 22 ft, Design (& dry excavation) 2.397 0.961 -3.85
0.956

Case 8: Channel bottom = 16 ft, Blasted

2.384

-4.37
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West



2002

I

it 16

Apr

63k + 327 (Cartagena)

Station




sy

Drescription: Channel Deepening

Comments: West Bank 63K+327 - Channel DeptI’Ié iﬁ?‘sﬁ

File Mame: 63K327_1.siz

L.ast Saved Date: 4/4/02

Last Saved Time: 12:44.20 P

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

F WP Option: Piezometric ines with Ru
Tension Crack Option: Tension Crack Ling
Seismic Coefficient: (none)
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Elevation {m PLD)
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Bescrigtion: Cucarachs
Soll Model: ShearMormal Fri.

Unit Weight: 21 .2
ShearMormal Fn. #: 7
| PiezametrT: Line #: 1 [

Description: Baszalt

Soil Madet ShearMormal Fri,

Unit Weight: 23.5
ShearMormal Fri. # 23
Piezometric Line #:

Description: Cucaracha
Zail Modei ShearMormal Fr.
unit Weight: 21 .2
ShearMormal Fri. & 7
Piezometric Line #: 1
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Case 1b, Channel bottom = 32 ft

Description: Channel Deepening
Comments: West Bank 63K+327 - Channel Depth = 32 ft (case 1)
File Name: 63K327 1bslz

Last Saved Date: 4/5/02

L.ast Saved Time: 5:25.19 PM

Analysis Method: Morgenstern-Price
Diraction 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)

Dezcription: Basalt
Sail Model: ShearMormal Fr.
Unit Weight; 23.5

180 —~ ShearMortral Fre #: 23
Piezometric Line #. 1
160
140
- 120
(]
-1 100
o
g0
E
cC B0
=]
= d0k—
>
Q@ 20
m Description: Cucaracha
o Description: Cucaracha Sail Model, ShearMarmal Fn,
20 = Soil Model: ZhearMormal Fn. Unit Weight: 21.2
Unit Weight: 21 2 Sheartornmal Fn. #: 7
A0 e ShearMormal Fn. & 7 Piezometric Line #: 1
Piezometric Line & 1 ;
0 1 £ s | 1 | | | | | | 1
2260 -210 -160 110 -B0 -10 40 a0 140 190 240 29N 340 390 440

Horizontal Distance (m}




Elevation (m PLD)
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Description: Channel Deepening ! ng—"@j .\». "'. ‘K. .

Comments: West Bank 63K+327 - Channel Depth:% Tt bla;}te ‘rr%,te\\rsl@l cnly (case 2)
% X

File Name: 63K327_2slz .

Last Saved Date: 4/4/07 4 4 Y * P ! \

LEIEE Sa‘v'ed T|me 33001 PM .Il\l’ ol‘lj E‘-\ - \\‘qff ¢ s L\u \o
Analysis Method: Morgenstern-Price JALN o A 3 :
Direction of Slip Movement Right to Left AN A
Slip Surface Option: Grid and Radius . \ ¢ '/x‘“"*\‘\\'
PP Option: Piezometric lines with Ru I

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

Description: Baxalt

S0l Madzl: ShearMaormal Fr.
Unit WWeight; 23.5
ShearMorinal Fn. # 23
Piezometric Line #: 1

180 —
180 [

140 —

Descripgtion: Cucaracha

—Description. Cucaracha

20 {—tinit wieight: 21 2
ShearMormal Fn. # 25
40 Piezometric Line #: 1

-50) I

Soil Modet Shesriarmal Fn.

Description: Cucaracha

Urt ‘Weight: 21.2
ShearMormal Fn. # 7
Piezometric Line #: 1

Soif Model: ShearMormal Fri.

Soil Model ShearMormal Fri,
Unit Welght: 21.2
ShearMormal Frn, & 7
Piezometric Line #: 1

| [ l |
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Horizontal Distance (m)
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Case 2b, Channel bottom = 27 ft, Blasted material only

m

Description: Channe! Deepening

Comments: West Bank 63K+327 - Channel Depth = 27 ft  blasted material only (case 2)
File Name: 63K327_2bslz

Last Saved Date: 4/5/02

Last Saved Time: £.31:.02 P

Analysis Method: Margenstern-Price

Direction of Slip Movement: Right to Left

Siip Surface Option: Grid and Radius

P WP Cption: Piezometric lines with Ru

Tension Crack Option: Tension Crack Line Description: Basaf
Seismic Coefficient: (none) Soil Model: ShearMarmal Fr.
Unit Weight. 23.5
190 — ShearMarmal Fn. # 23
Piezometric Line #: -
160 p—
146 —
o~ 120 —
0 -
—J 100 - on —
(0 W Y '
B =
E
e
c 681 —
§e
E 40 M—
@ =
Ll = Description: Cucarscha
0 HPescription: Cucaracha Description: Cucarache Sail Model: Shear/Mormal Fr.
Soil Model: ShearMaormal Fn. Soil Madel: ShearMormal Fn. Urit Wsight: 212
20 it Weight: 21.2 Unit Weight: 24 2 ShearMormal Fn. £ 7
a0 Sﬁaarmnr.ma{ Frn. # 25 ShearMormal Fn. & 7 Piezometric Line # 1
- { Piezometric Line #: 1 Piezometric Line #: 1
- | | | 1 [ | | 15 1 | | | |
-260 -210 -160 -110 -6 -10 40 30 140 190 240 290 340 390 440

Horizontal Distance (m)




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

Description: Channel Deepening

File Name: B3K327_3.siz

Last Saved Date: 4/4/02

Last Saved Time: 3:53:29 PM

Ahalysis Method: Morgenstern-Price
Cirection 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)

Comments: West Bank 63K+327 - Channel Depthcg?\. IeLjE

R

-
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P \4"“ e ATTE 8 A 2wt

Description: Basat
Soil Model: ShearMarmal Fn.
Unit Weight; 23.5

180 - ShearMormal Fn. & 23
Piezometric Line #:
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L Description: Cusaracha

0 Description: Cucaracha Soil Modei: ShearMormal Fri,
Soi Model: ShearMarmal Fn. Linit Weight: 21 .2
20— Undt eight: 21.2 ShesrMormal Fr. & 7
a ShearMormal Fr. #: 7 Piezometric Line #: 1
) Piezometric Line #: 1
o0 | 1 | | | | . l i | | |
260 -210 =160 110 -60 -10 40 S0 140 190 240 290 340 390 440

Horizontal Distance (m)




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

m

Description: Channel Deepening

Comments: West Bank 63K+327 - Channel Depth = 27 ft blasted & removed (case 3)

File Name: 63K327 _3bslz

Last Saved Date: 4/5/02

Last Saved Time: 5:41.57 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 Description; Basat

Seismic Coefficient: (none) Soil Model: ShearMaormal Fr.

unit Weight: 23.5

180 — ShearMormal Fn. # 23
Piezometric Line &

160 —
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E 80 }— P
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c 60 .J
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el
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Description: Cucaracha
Soil Model: ShearMarmai Fn.
Unit Weight, 2.2
ShearMormal Fn. & 7

Description; Cucaracha
Sail Model ShearMormal Fn.
20— Unit Weight: 21 2
Shearflormal Fn. & 7 Piezometric Line #: 1
Piezametric Line #: 1

o 1 | | | ! | 1 . o | | ! |
~260 =210 -160 -110 -60 -10 40 a0 140 1580 240 290 340 3590 440

Horizontal Distance (m)




Elevation {m PLD)
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Description: Channel Deepening

Comments: West Bank 83K+327 - Channel Depth

File Mame: 63K327_4slz

Last Saved Date: 4/4/02

Last Saved Time: 4:17.16 PM

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

P WP Option: Pigzometric lines with Ru
Tension Crack Option: Tension Crack Line
Seismic Coefficient: (noneg)

Description: Basalt
Soil Model: ShearMormal Fry.
Unit vYWeight; 235

— ShearMormal Fn. #: 22
Piezometric Line #: \
)
Description. Cucaracha
Description: Cucaracha Soil Model: ShearMNormal £y,
| Sail Madel: ShearMarmal Fn, Unit Weight: 21 2
Unit Weight: 21.2 ShearMormsl Fri. # 7
| ShearMlormal Fn, #; 7 Piezometric Line #: 1
Piezametric Line #: 1
| £ | | | | | ] | |
280 =210 160 -110 -B0 -10 40 oG 140 190 240 290 340 390 440

Horizontal Distance (m)




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

Elevation (m PLD)

180 —
=
140
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100

i

Description: Channel Deepening
Comments: West Bank 83K+327 - Channel D
File Name: B3K327 _4e slz

Last Saved Date: 4/7/02

Last Saved Time: 3:13:53 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: Tension Crack Line
Seismic Coefficient: (none)

Description; Cucaracha
Soil Modet: ShearMarmal Fn.
Unit Weignt: 21 .2
ShearMlormal Fn. # 7
Fiezometric Line #: 1
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Lt Weight. 228
L SheauNafmaI Fre. # 2
- f_i':PlezomeiricL R

Description: Basalt

Soil Model: ShearMormal F.
Unit Yweight, 23.5
ShearMNormal Fn. & 23
Piezometric Line &

g Scjii.‘hﬂodei Shear;Norma n

Description: Cucaracha
Sail Model: ShearMormal Fn.
Lint Weight: 2¢ .2
ShearMoarmal Fr, #; 7
Piezametric Lire #: 1
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140
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Case 4.1.b, Channel bottom = 27 ft, Design (underwater slope)

M

Elevation {m PLD)

Lescription: Channel Deepening
Comments: ¥West Bank 83K+327 - Channel Depth = 27 ft + design (case 4)
File Name: 63K327 dbslz

Last Saved Date: 4/5/02

Last Saved Time: 5:46:04 PM

Analysis Method: Morgenstern-Price
Direction of Slip Movernent: 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)

180 —

160
140
120
100
a0
&0

40 W

Description: Cucaracha
Sofl Model ShearMNormal Fn.
Unit Wieight: 21 .2
ShearMormal Fr & 7
Piezometric Line ¥: 1
E £ | | |

Description: Basalt
Soil Model: ShearMormal Fo.
Ynit Weight: 23.5
ShearMormal Fr. # 23
Piezometric Line #;

Description: Cucarachsa

Soft Model ShearMormal Fri.
unit ¥Weight: 21.2
ShearMormal Fn. #: 7
Piezometric Line #: 1

<217 -160 -110 -60 -10 40 20 140

Horizontal Distance (m)
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Case 4.2.b, Channel bottom = 27 ft, Design (& dry excavation)

S

"

Description: Channel Deepening

Comments: West Bank 63K+327 - Channel Depth = 27 ft + design {case 4)
File Name: 63K327_4be.siz

Last Saved Date: 4/7/02

Last Saved Time: 3:14:53 P

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: Tension Crack Line Deseriotion: Basat
Seismic Coefficient: (none) Soil Model: ShearMarmal Fri.
nit \veight: 23.5
180 — ShearMormal Fn. & 23
- Piezometric Line #
160 =
140
- 120
a )
- 100 :
o :
50
E
= 60
2 . N
I 1L o ) X IR LY 7 R IR T el e eIt LY LA ST P AR RV S TR S
3]
E 20
] Dezcription: Cucaracha
0 Description: Cucatacha Soil Model: ShearMaormal Fri.
20 = Soil Model, ShearMNermal Fn. Unit YWeight: 21 2
tinit Weight, 21.2 Shearddormal Fn. & 7
A0 — SheatMormal Fn. & 7 Piezometric Line #: 1
Pirzometric Line #: 1
- | i | | | | L\ 1 | | ; |
-280 210 -160 -110 -50 10 40 80 140 180 240 240 340 380 440

Horizontal Distance (m)




Elevation (m PLD)

180 —

Description: Channel Deepening

Comments: VWest Bank 63K+327 - Channel Deptﬁ_T.’?

File Mame: B3K327 S5z

Last Saved Date: 4/4/02

Last Saved Time: 4:05:06 P

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

P WP Option: Piezometric lines with Fu
Tension Crack Option: Tension Crack Line
Ssismic Coefficient: (none)

160 |—

140 |—

120

100

Soil Moctel: Shear!l’\lormal Fn.

Description: Cucaracha
Soil Modlel: ShearMotmal Fn.

[~ Unit Weight: 21.2
ShearMormal Fn. #&: 25

™ Piezometric Line # 1

Linit Weight: 21.2
ShearMNormal Fr. & 7
Piezometric Line #: 1
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T e & e a

. e 1o
ft Iaéte. tgrlal only (case 5)
\ } \:iﬁ

Description: Bazat

Soil Madel: ShearMormal Fn.
Unit yweeight: 23.5
ShearMormal Fr. #; 23

Piezometric Line #; \

Description: Cucaracha
Soil Model: ShearMormal Fn,
unit Weight: 21 .2
ShearMormal Fri. #: 7
Fiezometric Line #: 1

-210 -180

-110 -B0

40 80 140

Horizontal Distance (m)
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Case 5b, Channel bottom = 22 ft, Blasted material only

m

Description: Channel Deepening

Comments: ‘West Bank 63K+327 - Channel Depth = 22 ft  blasted material only (case 5)
File Mame: 63K327 _5bslz

Last Saved Date: 4/5/02

Last Saved Time: 5:52:57 PM

Analysis Method: Morgenstern-Price

Direction of Slip Movement Right to Left

Slip Surface Option: Grid and Radius

F WP Option: Piezometric lines with Ru

Tension Crack Option: Tension Crack Line

. . Description: Basalt
Seismic Coefficient. {none)

Soil Model: ShearMarmal Fn.
Unit Weight: 23.5

180 — ShearMormal Frn. # 23
Piezometric: Line #:
1680 |—
140 —
- 1200 — |1
&
1 100 — P
o +0
.
80 — ¥
= ¥
e L)
c B0 — :
O .
2 k- 's
=
@D 20
! e — e Descriptior: Cucaracha
0 - Dezcrigtion: Cucarachs Description: Cucaracha Sol Model: ShearMarmal Fr.
Soil Model: ShearMortnal Fr. Soil Model: ShesrMormal Fr. Unit Weight: 21 2
20 = Linit weight: 21.2 Unit Weight: 21.2 ShesrNormal Fn_#: 7
0 ShearMormat Fn. & 25 ShearMormeal Fr 8 7 Piezometric Line # 1
40 e, waetric Line #: 1 Plezametric ine #: 1
=260 -0 -160 -110 -60 -10 40 2l 140 190 240 290 340 390 440

Horizontal Distance (m)




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

Elevation (m PLD)

180
160
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100

i i
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Description: Channel Deepening .I, L 205, .\-. . II. b
Comments: YWest Bank 63K+327 - Channel Depthi=\22 ft bla tf—;cI_& gIe gved (
File Narme: 63K327_E slz \ Pttt
Last Saved Date: 4/4/02 shoets e g e L oeY G

Last Saved Time: 41525 PM

Analysis Method: Morgenstern-Price
Direction of Slip Movermnent: Right to Left
Slip Surface Optien: Grid and Radius *
P WP Option Piezometric lines with Ru .
Tension Crack Option: Tension Crack Line

Seismic Coefficient: (noneg)

Description: Basalt

Soit Model: Sheartormal Fo,
unit Weight: 23.5
Sheartormal Fn. #: 23
Fiezotmetric Line #:

Cescription: Cucaracha

Horizontal Distance (m)

— Description: Cucaracha Sail Madel: ShearMaormal Fn.
Soil Model: ShearMormal Fr. Linit Weight: 21 2
- Unit Weight: 21.2 ShearMormat Fn, #: 7
ShearMormai Fri. # 7 Piezometric Line #: 1
N Piezometric Line # 1
I I I I | } , [ I | i ]
=210 160 -110 -60 -10 44 90 140 180 240 2590 340 390 447




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

m

Description: Channel Deepening

Comments: ¥West Bank 63K+327 - Chanrel Depth = 22 ft blasted & removed (case B)
File Name: B3K327_6b slz

Last Saved Date: 4/5/02

Last Saved Time: 5:58:44 PM

Analysis Method: Morgenstern-Price

Direction of Slip Movement: Right to Left

Slip Surface Option: Grid and Radius

WP, Option: Piezometric lines with Ru

Tension Crack Option: Tension Crack Line Description: Basat
Seismic Coefficient: (none) Scil Model: ShearMNormal Fri.
Unit Weight: 23.5
180 — ShearMormal Fn. ¥ 23
Pigzometric Line &
160 — \
140 |—

-

')

[y
I

100
a0
60

40 m—
el

Elevation (m PLD)

Description: Cucaracha
Soil Model ShearMormal Fn.
-2 Uit Wisight: 21 2
ShearMormal Fn & 7
Piezometric Line # 1

Description: Cucaracha

Soil Model: ShearMormal Fa.
Unit Weight: 21.2
ShearMormal Fri. & 7
Piezometric Line #: 1

[ I I I |
-250 -210 -160 110 60 -10 a0 30 140 180 240 280 340 390 440

Horizontal Distance (m)
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Elevation {m PLD)
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Description: Channel Deepening .\,%,1.94. . {‘. Ry
Comments: West Bank 63K+327 - Channel Dept 2 +de5| nfc 3
File Name: 63K327 7 siz I F

Last Saved Date: 4/4/02 RN

Last Saved Time: 4:43.27 PM

Analysis Method: Morgenstern-Price ATV A
Direction of Slip Movement, Right to Left B AN !
Slip Surface Option: Grid and Radius I R g Y

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

L I A e ofoat\b

Description: Cucaracha
Soil Model: SheatMormal Fr.
Unit Weight: 212
ShearMormal Fn. & 7
Fiezametric Line #: 1

| f |

I I I I

Description: Bazalt

Soil Madel: ShearMormal Fr.

Unit Weight: 23.5
ShearMormal Fn. # 23
Piezometric Line #:

Descripdion: Cucaracha
Sail Mode!: ShearMarmal Fri.
Unit Weight: 21 2
ShearMormal Fn. #: 7
Piezometric Line & 1

J | |

-260

=214 -160 -110 -60 -10 40 a0 140 190 240

Horizontal Distance (m)

290 340 390

440




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

Description: Channel Deepening

Comments: West Bank 63K+327 - Channel Depth = 22 ft + design (case 7)
File Name: 63K327 7b siz

L.ast Saved Date: 4/5/02

Last Saved Time: 6:05:07 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 Description: Bazat
Seismic Coefficient (none) Soil Model Shear Mormsi Fn.
Unit Weight: 23.5
180 — ShearMormal Fn. #: 23

Piezometric Line #:

160 [(—

140 |—

Elevation (m PLD)

Descriptior: Cucaracha
Soil Model: ShearMormal Fn.
Lnit Weight 21 .2
ShearMormal Fn. #: 7
Piezometric Line #: 1

&l ] | | | |

-260 -210 -160 -110 -60 -10 40 30 140 190 240 290 340 330 440

Horizontal Distance (m)

Description: Cucaracha

Sail Model: ShearMormal Fn.

Unit Weight: 21 2

&0 — ShearMormal Fn & 7

Pie:zometrilc Line & 1 | |




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

!

» L +* » - .'\ * k‘.

\'l O \ ! il]
Description: Channel Deepening * ”\. ‘\1‘ Y & * \2 .
Comments: West Bank 63K+327 - Channel Deplj'= + dedign (liase 7]
File Name: 63K327_T7e slz o e \%. Vieddeh -
Last Saved Date: 4/7/02 BTN A .
Last Saved Time: 3:07:59 PM ) PN
Analysis Method: Morgenstern-Price IR TR !
Direction of Slip Movement: Right to Left o\ e JA AN
Slip Surface Option: Grid and Radius RV RN
PwW P Option: Piezometric lines with Ru . . xl‘ﬂr'.”. oie f;'”.“a\.

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

180 —

140 |—
120 —

100

Elevation (m PLD)

Description. Cucaracha
20— Sail Mode!: ShearMormal Fn.
Unit Weight: 21.2

40— ShearMormal Fr. & 7
Piezometri{: Line #: 1 |

Description: Basatt

Soil Model: ShearMarmal Fr.
Unit Weight: 23 5
ShearMormal Fr. #: 23

Piezometric Line & \

Description: Cuceracha

Soil Model: ShearMormal Fry,
Unit wWeight: 21 .2
Shearblotimal Fri. & 7
Piezometric Line #: 1

-2G0 -210 -180 -110 -60 -10 40 a0 140 190 240

Horizontal Distance (m)

290 340 330 440




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

Description: Channel Deepening

Comments: West Bank 83K+327 - Channel Depth = 22 ft + design {case 7)
File Name: 63K327 _7be.slz

Last Saved Date: 4/7/02

Last Saved Time: 3:11:47 PM

Analysis Method: Morgenstern-Price

Direction of Slip Movement: Right to Left

Slip Surface Option: Grid and Radius

P\ .P. Option: Piezomefric lines with Ru

Terjsio_n Crack_ thion: Tension Crack Line Description: Basakt
Seismic Coefficient: (none} Soil Model. ShearMarmal Fn.
Unit Weight: 23.5
180 — ShearMormal Fr. & 23

Piezometric Line #:

160
140
— 120 H
O
wed 100
o
E aa
il
1]
5 20
m Description: Cucarachs
! Descrigtion: Cucaracha Soil Model ShearMormal Fr.
o0 = Soil Model ShearMNormal Fry, Unit Weighd:, 21.2
Lnit Weight: 21 .2 ShearMormal Fn. & 7
40 b ShearMormal Fr. & 7 Piezometric Line & 1
Piezometric Line # 1
& | £ | | 1 | : | | | | |
-260 -210 ~160 114 -B0 -10 40 a0 140 190 240 290 340 390 440

Horizontal Distance (m)




Case 8, Channel bottom = 16 ft, Blasted

3

Iéﬁr ted 16 ft (case 8)

Description: Channel Deepening
Comments: West Bank 63K+327 - Channet Dept
File Name: 63K327_8clz

*

P g
-
I
+
jw
D »
()]

Last Saved Date: 4/7/02 LY

Last Saved Time: 510,26 PM A N
Analysis Method: Morgenstern-Price ‘i RO Y \
Direction of Slip Movement Right to Left N VAV

Slip Surface Option: Grid and Radius ‘l R A
PW.P Option: Piezometric lines with Ru P R S

Tension Crack Option: Tension Crack Line
Seismic Coefficient: (none)
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40 M—

20

Elevation {m PLD)

Description: Cucaracha

20 j— ol Model: ShearMormal Fn.
Urdt Weight: 21.2

40 |- Sheariddormal Fn. #: 25
Piez-:-rnetr‘\c Line # 1 |

Description; Cucaracha

Soil Model: ShearMormal Fn,
Unit Veight: 21.2
ShearMormal Fn. #: 7

PiezcnrnFtric Line #: 1

Description: Basalt
Sail Model, Shearflormal Fr.
Unit Weight: 23.5
ShearMormal Fa_ #: 23
Piezomstric Line #; 1

Descriptior: Cucaracha
Soil Model: ShearMarmal Fn
Urit YWaight: 21 .2
ShearMormal Fn. & 7
Ptezometric Line #: 1

I ! I |
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Case 8b, Channel bottom = 16 ft, Blasted
——————————

Description: Channel Despening

Comments: West Bank 63K+327 - Channel Depth = 22 ft + design + blasted 16 & (case 8)

File Name: B3K327 8bsliz

Last Saved Date: 4/7/02

Last Saved Time: 5:20:24 PM

Anatysis 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: Tension Crack Line Descrigtion: Basal

Seismic Coefficient: (none} Sail Modst: ShearMormal Fr.
Unit Weight; 23.5
180 — ShearMormal Fn. §: 23
Piezometric Line #: 1

160

140

120 '4

100

Elevatiocn (m PLD)

Description: Cucaracha

Soil Model ShearMormal Fn.
Unit Weight: 21.2
ShearMormal Fri. & 7
Piezometric Line #: 1

! I | ! | |
-260 210 -160 -110 60 -0 40 20 140 190 240 230 340 390 440

Horizontal Distance (m)

Description: Cucaracha
Soil Model: ShearMNormal Fn.

| Description: Cucaracha

o f— Soil Model: ShearMormal Fa.
Unit Weight: 21.2 Unit Weight: 21 2

.41 |— ShearMormal Fo. #: 25 ShearMormal Fn. & 7

Piezometr'\c Line # 1 | § PiezomnFtric Line # 1 | |




Summary, 63k + 327 (2077 + 65)
—— T

General Description |Range of stations: 63k + 150 to 63k + 725
Sector: Cartagena
Maximum height {m): 130
Cotangent of slope angle (cot. p): 2.7
Geology Formation: ' Pedro Miguel / La Boca / Cucaracha
Lithology: . Agglomerate / Basalt / Sandstone / Clayshale
Critical stratum at toe: _ Sandy siltstone
Apparent dip of bedding: ' o - |Toward the siope
Stability Analysis  |Critical failure mechanism: Rotational - Tension cracks
Shear strength model: Fully Softened, Cucaracha / First Time, Pedro Miguel
Operatiué'a\erage : _ o
_pore pressure |  Factorof | Relative Factor Percentage of
ratio - Safety "~ of Safety ‘Change (%)
- {aproximata), ' : o
‘Ru:

: @ | b { @ © | @ | ®
Case 1: Channel bottom = 32 ft 0.342 2.220 | 1.245 ) 1.000 [ 1.000 [ 0.00 | 0.00

Case 2: Channel bottom = 27 ft, Blasted material only 2220 1.235]| 1.000 | 0.992 | 0.00 | -0.80
Case 3: Channel bottom = 27 ft, Blasted & remowed 2212 1 1.216 | 0.996 | 0.977 | -0.36 | -2.33
Case 4.1: Channel bottom = 27 ft, Design (underwater slope) : 2204 1 1.089f 0.993; 0.875] -0.72 | -12.53
Case 4.2: Channel bottom = 27 ft, Design (& dry excavation) 7 . 2197 | 11741 0.990 | 0.943} -1.04 | -5.70

- | 2212 | 1.156 | 0.996 [ 0.929 | 0.36 | -7.15
2205 ( 1.123 ] 0.993 | 0.902 | -0.68 | -9.80
2194 | 1.033 ] 0.988 | 0.830 | -1.17 | -17.03
Case 7.2: Channel bottom = 22 ft, Design (& dry excavation) 2187 | 1.108| 0.985 | 0.890 | -1.49 | -11.00
Case 8: Channel bottom = 16 ft, Blasted 2 2.194 | 1.007 | 0.988 | 0.809| -1.17 | -19.12

ee—

Case 5: Channel bottom = 22 i, Blasted materiaf only

Case 6: Channel bottom = 22 ft, Blasted & remowed

Case 7.1: Channel bottom = 22 ft, Design (underwater slops)
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