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estimates reflect two conditions as shown in tables 4a and 4b: 1) underwater excavation, and 2) Dry

excavation respectively.

Total volume and costs estimate necessary to increase the stability of those area that will be

affected by a deepening program of Gaillard Cut beyond the 1.00m already planned is summarized

as follows:
Deepening to 29' PLD (8.84m) Deepening to 24' PLD (7.31m)
Activity Evaluation Elevation: 27' PLD (8.22m)|Evaluation Elevation: 22' PLD (6.70m)
Volume (m3) Cost Volume (m3) Cost
Dry excavation 5,387,502 21,550,007 8,162,251 32,649,006
Underwater
Excavation 923,165 13,847,478 2,574,882 38,623,227
Special Work at
Purple Rock Lump Sum 200,000 Lump Sum 200,000
Contingency 7,119,497 14,294 447
Totall 42,716,981 85,766,679

5.0 Conclusions

1. The Gaillard Cut slopes are, in general, considered safe for the current Deepening Program
(bottom elevation 34’ PLD). The basic reason for this is that slopes during the Cut Widening
Program were designed for a bottom elevation of 32.3° PLD (10.00m). Note that the widening
did not touch half of the slopes. Especially important is that the widening was laid out to avoid

affecting several sensitive areas,

2. There are only three areas that are considered problematic for the current Deepening Program:
West Culebra Slide, East Culebra Slide and Purple Rock Slide. Remedial works are being
planned for West Culebra and Purple Rock in Fiscal Year 2002 and for East Culebra in Fiscal
Year 2003.



3. Stability analyses show that drilling and blasting to elevation 27’ PLD, but not removing the
material from the bottom of the channel has little effect in reducing the stability of the slopes.
No further work is required for this condition, except in those considered sensitive areas. On the
other hand, drilling and blasting to elevation 22’ PLD does considerable reduce the stability of

many slopes and a stabilization program will be required similar to (case 7.2).

4. Any deepening project that extends below elevation 34’ PLD will affect the stability of the
existing slopes in Gaillard Cut. It is estimated that if we deepen 5 more feet (1.50m) below
elevation 34” PLD, 56 % of the slopes in Gaillard Cut will require some stabilization measure. In
general, for every 3 feet (1.00m) that we go lower than 34’ PLD will require 4 to 5 million cubic

meter of additional excavation on the existing slopes.

5. Notwithstanding the above statement, a deepening project to lower the bottom of channel to a
elevation less than 34° PLD can be accomplished successfully if we implement the adequate

stabilization measures as described in this study.

10



Il

uonendurod awnjoa pue sisifeue AN[IGeIS 10J SUOTIBAS[D udisa(g e] 2mJig

Case 1 (Existing Condition) Case 2 (Drilled & Blasted to Elev. 27"

Prism Line
Prism line

— 3410360y e L L . 34 (10,36 m)
- 32'(9.75 m) - 32(9.75 m)
1 drilled .
& blasted
enmvgd)
Vol 27/ (8,23 M)

Case 3 (Material removed to Elev. 27)  Case 4 (Design Excavation)

Underwater excavation
and dry excavation
when required

Prism Line
Prismn Line

I
]
1
I
1
1
1
1
1
1
1
1
1

e 34 (10.36) g ) f 34 (10.36 m)
- 327(9,75 M) / s 378,75 )

1 27°(8.23 m)




4!

uonendwod swn[oa pue sisAfeue AI[IqeIs 10 SUOTIRAS[d USIsa(] q[ amSig

Case 5 (Drilled & Blasted to Elev. 22')

Prism Line

f e 34 (10.36 m)
~ 32'(9.75 m)

st 227 (6,70 M)

Case 7 (Design Excavation)

Underwater excavation
and dry excavation
when required

Pristn Line

34 (10.36 m)
e 32 (9,75 m)

- 22 (6.70 m)

To be drilled

& blasted

Case 6 (Material removed to Elev, 22)

Prism Line

e 34 (10.36 m)
- 32 (9.75 m)

22 (6.70 m)

Case 8 (Blasted to Elev. 16")

Underwater excavation
and no dry excavation

Prism Line

— 34 (10.36 m)
32 (9.75 m)

s 77 (6,70 m)

A 16" (4.87 m)




¢l

sadopaAuy YISu21lS Jeays udsa(q ] sjqel

Fn.#|  FORMATION MECHANISMS FUNCTION EQUATION ekl ol B
1 La Boca First Time Fully Softened 9=17.5+20.3/(1+on/ 200) No 21.2-220
2 |LaBoca Reactivated Residual 9=7.5+14.0/{1+on / 150) Si
7 |Cucaracha First Time Fully Softened ¢=135+17.1/(1+on/373) No 21.2-220
8 iCucaracha Reactivated (lab) Residual 6=7.4+87/(1+an/ 100} Si

25 |Cucaracha Reactivated {backanalysis}) Residual 6=85+13.0/(1+on/ 100) Si

26 |Gucaracha First time Fully Softened ¢=13.5+24.0/{1+on/ 373) No

g |Culebra First Time Fully Softened (upper) |d=13.1 +20.9/ (1+an/ 120} No 212-220
10 |Culebra Reactivated Residual $=9.1+51og (2400 /6n} Si

11 | Gatuncillo First Time Fully Softened 0=12.0+20.7/(1+on/ 362} No 21.2-220
12 | Gatuncillo Reactivated Residual 0=73+61log (4600 /0n) Si

3 |Las Cascadas (Tuff) First Time Fulty Softened ¢=142+10.7/ (1+cn f 475) No 22.0-228
5 |Las Cascadas (Tuff,) |Reactivated (lab) Residual 6=5.0+85/(1+on / 200) Si (for Tuft only)

27 l;?:n(ééfs::i?;)(Weak Weak Plane {backanalysis) Barton {oc=1110 psi) 9= 8+ 10 log {1110 /com ) Si (for Agg. & An)

4 ;ii;?fec;adas (Aggl. & First Time Hoek & Brown m =0.3, § = 0.0001, oc = 1200 psi No

6 kizgs?;‘;adas 400l & i Quality Rock Hoek & Brown m = 0.069, s = 0.000003, ac = 1200 psi | Si (for Agg. & An)

16 [Bas Obispo Flane failure along a disc.(option 2) [Barton (cc=3000 psi) | =16 + 5 log ( 3000/ on) No

17 |Bas Obispo Plane failure along a disc.(option 3} (Barton (cc=5515psi) |0=16+5log (5515/6n) No

13 |Bas Obispo First Time {option 1) Hoek & Brown m=10.34, s =1.0001, oc = 3000 psi No

14 |Bas Obispo First Time (option 2) Moek & Brown m = 0.34, s = 0.0001, 6¢c = 5515 psi No

18 |Bas Obispo Poor Quality Rock (optien 1) Hoek & Brown m = 0.069, s = 0.000003, ¢ = 3000 psi Si

18 |Bas Obispo Poor Quality Rock (aption 2) Hoek & Brown m=0.069,s= b.000003. aC = 5515 psi Si

20 1Pedro Miguel Agg First Time Hoek & Brown m=0.34, s = 0.0001, oc = 5515 psi No 228-235
21 {Pedro Miguel Agg Reactivated & Plane Failure Barton (cc=5515psi} |¢=16 +5log {5515/ 0n) No

22 {Pedro Miguet Agg Poor Quatity Rock Hoek & Brown m = 0.069, s = 0.000003, oc = 5515 psi Si

L 23 ) Basalt First Time Hoek & Brown m=1.21,s =0.0021, 5c = 7255 psi No 235

24 |[Basalt Poar Quality Rock Hoek & Brown m = 0.069, s = 0.000003, oc = 7255 psi Si
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BASIC MECHANISMS
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Figure 3 Assumed failure mechanisms as a function of structural setting
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Table 4a Excavation Volume Summary (West Bank)

CHANNEL DEEPENING PROJECT (EXCAVATION VOLUME, m3
GAILLARD CUT - WEST SID

‘Station

emplates| West Side
S50K +320

Existing Not Required | = - S

Elliot @ 51K + 608} Design 27 feet| Underwater 6,629.2 59,247.4 65,876.6
52K +159 Design 22 feet|Underwater 31,789.9 163,488.9 195,278.8]

Existing Not Required |  —| e e
54K + 300{Design 27 feet{Dry & underwater 432,0299 108,788.9 540,818.9

Dry & underwater; 537,958.8 142,133.5 680,092.3

Las Casacadas

Desipn 22 feet

oz

56K + 740 Existing Not Required — —— —

56K + 898|Design 27 feet{Underwater 30397 25,645.1 28,684.8
463,981.2 34,062.4 498,043.6

Empire

{West Empire Slide)

Design 22 feet

Dry & underwater

gy

Existing NotRequired | == el

57K + 820 Design 27 teet[Dry & underwater 402,986.3 20,336.0 423,322.3
404,066.3 29,764.7 433,831.0

)

Design 22 feet

Dry & underwater

Existing Not Required | — e ]
Design 27 feet|Underwater 326.5 10,656.3 10,982.8

Design 22 feet|Dry & underwater 234,854.0 17,033.4 251,887.3
-_? iy 1 vo— -

Hodges Hill

i ]




CHANNEL DEEPENING PROJECT (EXCAVATION VOLUME, m3
GATILLARD CUT - WEST SIDE

59K +260 Existing Not Required ] —_— e
West Culebra @ 59K + 485\ Design 27 feet|Dry & underwater] 226,606.4 28,208.7 254,905.0
59K + 779 Design 22 feet|Dry & underwater, 226,632.3 41,097.5 267,729.8

Existing Not Required | - —— —

60K -+ 240|Design 27 feet|Dry & underwater 46,114 8 252764 71,391.1
Dry & underwater 224,768.2 54,851.4 279,619.7

Contractor Hill

Design 22 faet

Existing Not Required | = — — ———

Escobar 61K + 600|Design 27 feet/Underwater 201.8 12,064.7 12.265.5

29,1759

Design 22 feet|Underwater

Existing Not Required

62K + 550\Design 27 teet|Underwater 1,990.2 26,780.5 28,770.7
Design 22 feet{Underwater 3,018.6 44,543 .0 47,561.6

63K + 150 xisting Not Required | = e — —
Cartagena @ 63K + 327 Design 27 feet{Dry & underwater -
63K +725 Design 22 feet|Dry & underwater, 4
TOTAL VOLUME TO BE EXCAVATED FOR 27 FEET: 2,651,522.5 481,778.4 3,133,293.9
TOTAL VOLUME TO BE EXCAVATED FOR 22 FEET: 4.065,748.7 £,031,505.8 5,097,658.6

Note: Underwater Excavation: Includes dredging and some dry excavation
Dry & Underwater Excavation: Includes dredging and dry excavation required for the stabilization
of the Gaillard Cut Slopes
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Table 4b Excavation Volume Summary (East Bank)

CHANNEL DEEPENING PROJECT (EXCAVATION VOLUME, m3)

Chagres
(Northeast)

Sardinilla

Summit

Summit

‘Station of

mplates W

50K + 780

@
52K +059

53K + 550

55K + 400

@
57K +159

57K + 320

@
57K + 674

51K +328

33K + 950

55K + &30

57K + 060

GAILLARD CUT - EAST SIDE

| Underwater Exc:

Not Required

Existing |NotRequired | = -eee- - —--
Design 27 feet [Underwater 134,872.56 132,923.80; 267,796.36]
Design 22 feet [Underwater 158,718.11 168,404.11 327,122.22

Existing

Not Required

BDesign 27 feet

Underwater

15,793.12

71,387.94

87,181.06

Design 22 feet

Existing

Not Required

Dry & underwater

547,926.06

101,399.80

649,325.86

Design 27 feet

Dry & underwater

143,973.86

19,364.37

163,338.23

Design 22 feet

Dry & underwater

382,287.18

62,142,13

444,429.31

Existing Not Required . — —
Design 27 feet |Underwater 549.63 8,082.14 9,531.77
Design 22 feet 6,064.20 46,223.28 52,287.48

Existing

Underwater

Not Required | - — ]
Design 27 feet |Underwater (.00 8,679.00 8,679.00
Underwater

Design 22 feet

25

1,278.60

33,255.02

cRs

34,533.02
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CHANNEL DEEPENING PROJECT (EXCAVATION VOLUME, m3)

58K +295
Summit @
(Northeast Culebra} (55K + 599
59K + 800
Gold Hill @
60K + 049
60K + 355
Cucaracha @
(Purple Rock) 60K + 499
60K + 695
Cucaracha @
(South Extension) 60K + 850

58K + 520

59K + 918

60K +412

0K + 747

Existing Not Required |  ——f | -
Desipn 27 feet |Underwater 0.00 15,174.93 15,174.93
Design 22 feet |Dry & underwater 170,722.17 46,928.30|  217,650.47
Existing Not Required — —— s
Design 27 feet |Underwater 2,736.35 21,715.63 24,451.98
Design 22 feet |Underwater 3,267.78 29,757.48 33,025.26
Existing Not Required Remedial work being planned

Design 27 feet |Rock Anchor . o . .

Special stabilization work is required

Design 22 feet (Rock Anchor

Existing Not Required | - S e —
Design 27 feet |Dry & underwater 95,398.63 3,335.57 98,734.20
Design 22 feet |Dry & underwater 157,731.84 5,601.80] 163,333.64

TOTAL VOLUME TO BE EXCAVATED FOR 27 FEET:| 2,735,979.21
TOTAL VOLUME TO BE EXCAVATED FOR 22 FEET:| 4,096,562.70

441,393.75| 3,177,372.96
1,542.971.96| 5,639,474.66

Note: Underwater Excavation: Includes dredging and some dry excavation

Dry & Underwater Excavation: Includes dredging and dry excavation required for the stabilization

of the Gaillard Cut Slopes
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