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Trinidad Pump-Storage
Reservoir Concept

June 2001




Options for Incrementing the
Hydrologic Resources

1. Incremented Regulation (Trinidad EBT)
2. Water Saving Locks and Recycling Ponds
3. Incorporation of New Sources (Rio Indio Diversion)



Water usage in the existing basin
(in lockages)

20 years (1980 — 1999)
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Total: 62 lockages
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Advantage of Incremented

Regulation
ee———————Rffelent=Use of the Infrastructure
Available Storage in the 3
Watershed (Gattin y Alhajuela) R—
Average Annual Run off in the 4,723 Mm?3
Watershed (20 years) (62 Lockages/Day)

Ratio = 3.3



Trinidad Pump-Storage Reservoir
& Supplemental Projects




Trinidad Pump-Storage Reservoir &
Supplemental Projects

SPlmp Storage meservorr

Trinidad 17,000 Ha Trinidad Dam
(New Area, 2,000 Ha

Indio- Trinidad
Tunnel
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Operation of the EBT




Operation of the EBT
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Construction of the New
Water Saving Locks and
Recycling Ponds



Operation of Saving and Recycling Sistems
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Operation of Saving and Recycling Sistems
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RECYCLING PONDS




Recycling Ponds - Pacific




Recycling Ponds - Atlantic




System Capacity vs. Demand



Capacity vs. Demand
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Capacity vs. Demand
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Water Balance (Trinidad EBT)
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Water Balance (Trinidad EBT+Recycling)
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Water Balance (Trinidad EBT+Indio)
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Recycling Requirements vs. Lake
Elevation and # of Lockages (1973-2000)
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Recycling Requirements vs. Lake
Elevation and # of Lockages (1973-2000)
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Recycling Requirements vs. Lake
Elevation and # of Lockages (1973-2000)
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Power & Cost Requirements



Maximum Power Requirements for
Pumping at EBT and Recycling

MAXIMUM POW ER REQUIREMENT FOR PUMPING (EBT+RECYCLING, HISTORICAL DATA 1973-2000)

75

60
L S S G o A MR WD 1075




Maximum Pumping Power at Trinidad
EBT
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MAXIMUM PUMPING POWER AT TRINIDAD EBT (1973-2000)
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Cost Requirements for Pumping at EBT
and Recycling

MAXIMUM PUMPING COST PER LOCKAGES (HISTORICAL DATA 1973-2000)
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Average Pumping Costs (1973-2000)

AVERAGE PUMPING COSTS (§) (HISTORICAL DATA, 1973-2000)
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Power Distribution for 52 Lockages
(Trinidad @ 100’)
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Pumping Cost (EBT @ 100’)
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Power Generation (EBT @ 100’)
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The Trinidad Pump Storage will enable
an integral solution in our existing
watershed that is less costly and less
problematic than any other solution to
the water supply problem
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The New Trinidad Dam

"Start by doing what is necessary,
then do what is possible, and

suddenly you are doing the
impossible."

-- Saint Francis of Assisi
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Settlement and Deformation Analysis
Stability Analysis by Stress and Deformations

Seepage Analysis
Stability Analysis by Limit Equilibrium — Undrained



Location Plan




South View

North View



Plan View

Guacha Island

Location of Spillway




Sections

SECTION 1

SECTION 2




Profile
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Characteristics

— Trinidad Gatdn
CREST ELEV 107 ftPLD| 105 ft PLD
LENGTH 4,100 M 2,500 M
BASE 535 M 700 M|
VOLUME 16,000,000| 17,500,000

M3 M3
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Brief Geological
Description



Boring Location Plan




Geological Profile — Punta Mala & Guacha




Section for the Analysis




Columnar Stratrigraphy
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Construction Scheme for
Trinidad Dam
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Floating Rig for Installation of
Wick Drains from open water




Engineering Properties of the Atlantic Muck

P

Index Properties
Stress History and Precompression Stresses
Deformation and Compressibility Properties

Coefficient of Consolidation and Permeability
Shear Strength



Summary of Index Properties

Atlantic Muck

Liquid Limit: 12 - 337
Plastic Limit: 15 - 165
Plasticity Index: 6 —194
Dry Density: 10 — 81 Ibs/ft3
Wet Density 62.4 - 108 Ibs/ft3
Specific Gravity 2.00 - 2.64




Index Properties (Trinidad, Borehole A-25)
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WATER CONTENT (%]
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Stress Hlstory and Precnmpresslon Stresses
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Deformation and Compressibility Properties
Definitions

E 7]
Fme Sands 15 0.75
Coarse Sands 25 0.70]
Well Graded Sands 20 0.70|
Organic Silt & Clay 05  1.00]
High Plasticity Clay 0.6  1.00|
Medium to High Plasticity Silts 3 0.90|




Deformation Modulus, E
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Compression Index, Cc, Compression Ratio, CR
and Cam-Clay A, x, A

Definitions

(Cam-Clay)

(Plaxis)




Compression Index, Cc, Compression Ratio, CR
and Cam-Clay A, x, A
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Correlations - Compression Index, Cc
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Correlations - Compression Index, Cc
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Coefficient of Consolidation and Permeability

Definitions




Coefficient of Consolidation and Permeability
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Coefficient of Consolidation vs. Stress
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Permeability vs. Void Ratio
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MATERIAL | DEFTH | SAMPLE | DEPTH | DEFTH2 H{FT) &
AR 1 78.5 7 3 008
2 81.9 80.2 5.05 0.03
VERY SOFT PEAT i 586 e i i
5 89.9 3.8 0.01
7 5 93.7 4.95  0.013
siag FE"‘J;:“ SOFT g 101.1 98.65 525 0.032|
1 106.7 108.9 5.3 0.
108 13 111.7 108.2 5.1 0,
15 116.8 114.3 ]
17 121.9 1194 375 0.0 4.74E-05|  5.45E+02
18 124.4 123.15 66/ 0033  3655E-06|  9.40E+02
SOFT TD MEDIUM 21 1331 128.75 6.95 0.033 = 385605 1.17E+03]
ORGANIC SILTY CLAY 23 138.3 135.7 7.7]  0.041 4.41E05|  1.16E+03|
27 148.5 143.4 10.3 0.04f  431E-05  1.57E+03
! S 31| 1589 153.7 9.95 0.04 431E-05|  1.52E+03
34 168.4 163.65 9.7 u.g?l 6.46E-05|  1.21E+03
B 51) 178.3 173.35 2765  0.045 4.B4E-05|  3.97E+03)
201 50 208.3 201
MEDIUM SILTY FINE SAND & 2053 16 e b
“FIFAM PEAT AND MEDIUM
ORGANIC SILTY CLAY 210, 63 214.3 210 13] 0033  3.26146E-05 2276.34
"MEDIUM TO DENSE SILTY 223, 67 224.3 723
FINE TO MEDIUM SAND &9 2315
SILTSTOME e 136.8]




Field Estimation of the Compression
Index and Coefficient of Consolidation

Feb 14, 2001 by Manuel Barrelier
and Fernando Guerra

ACP%



Estimates are based on settlement
Measurements of the Atlantic Muck at the
South Approach Wall of the Gatun Locks



Available Data

Geometry
Center wall structural details

Measured settlements along the center
wall

— From 1914 to 2000
Geological information







Joint of the South Approach

— —=

—




] B B0 I & BN B B B B oD BN B B BB

e Ty L —— — el Eigv. 980

Camtar Wall

oG ’WWWWW ,W/%/ AR

S T T L R = -F.-H: TR Ej e T |
'T“ th:*%:"t"“'-"- A e MLV 20.0
S T T T T oTon Rt Rt iRy, T Y- T 0.0

2 Elev. —80.0°

Elev. —100.0"

Points MNE Foginta SE afmd

W o D87 Sw @ TE4.E"
“EFGW'— Sandy ClLay
mﬁluﬂ = =17

day and Flmna Samd

{'Ih

byl Darke Blue Cloy

:_..‘ |':|¢:|'_-..-' and Vagetotion
-EI._.E Imdurated Cloy

Center Wall Praofile

()
O
58
Lt
b




I N BN B B & B B Em el |

Typical Cross Section

T - al
|
|

] M




Estimation of C’




Assumptions

Load transferring from piles to soil is
assumed to start at distance equal to 2/3 of
Pile lengths from the bottom of center wall

Total strata thickness is measured from the
beginning of the Load transferring up to the
rock

The strata was divided into layers to improve
accuracy

Stresses are computed at layer midpoints

....continue

Aﬂp#
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...continuation

* Contribution to the settlement for each layer:
H, " Log [(Ac + ¢’ )/]’ ]
* C’ comes from:

C'=6/ZH, Log[(Ac + &' )/c’]

ACP#



Center Wall Plan and Control Points




] BN &N =

(Compression Index)

W (center wall) =
Width =

Bot Elev =

Rock Elev at NE =

Typical Calculations

160 Kips Dpiles= 40 #
62 ft # layers = 10
3z fi

18 % Max Rock depth = 142

L wall = 78468 #ft

GamaSat= 009 KMHh2
Gama water = 0.0624 K/M3

2/a8/01 11:27
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P
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* Points within the Pila area

[Poin 0 16.00 -0.364 -0.459 ’
[Point N.W. 0| 16.00] 0554 ’
Point B-1 86.6] 32.08 1.030] 0.943 ;
Point A-1 86.6] 3208/  0.856) 3
Point A-2 185. 50.43| 2.71 2618] 05 0.5637
Point B-2 185.4 50.43| 2.5& 0.5426
Point B-3 284.6| 68.86] 4.440| 4.343 0. 0.4301
Point A-3 284.6| 68.86] 4.246| 2 0.4205
Point A-4 377.6 86.13 5.246] 5.103 0.3819]  0.3812
Point B-4 377.6 13 4.960| 0.3705
Paint B-5 477.6] _ 104.70| 5.470| 5.328 0.3457]  0.3368
Point A-5 477.6 104.70 5.186] 0.3278
Point A-6 580.6] 123.83 5.306 5.193]  0.3014]  0.2950
Point B-6 5806  123.83 5.080 0.2885
Point B-7 661.6]  138.87 5.300 5178] 02838  0.2773
Point A-7 661.6 138.87 5.056 0.2708
[Point S.E. 764.6 156.00 5.196 5166 0.2633] o0.2818
Point S.W. 764.6]  158.00 5.136 0.2602

Average = 0.3637

N
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; Layers

W (canter wall) = 160 Kips D pilas = 40

| Width = 62 ft # layers = 10 Vertical = 2

E Bot Elev= 3zt Horizontal = 1

| Rock Elevat ME = 16 #t Max Rock depth = 142 Rt
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Faint N.W. 0| 16.00] -0.554 T -
Paint B-1 86.6| 32.08| 1.030 0.943 .
Point A-1 86.6) 32.08| 0.856 B
Point A-2 185.4 50.43) 2716 2618 0.5599| 0.5397
Point B-2 185.4 50.43| 2.520 0.5195|
m B-3 284.6| 68.86 4.440| 4.343 0.3974 0.3887

A-3 284.6 0.3800]
Point A4 377.6| 13 5.246 5.103| 0.3407 0.3314
Point B-4 377.6| 86.13] 4.960] BT 0.3222
Point B-5 477.6| _ 104.70| 5.470 5328 0.2915]  0.2839]
[Point A5 477.8| 104.70| 5.186] 0.2763
Point A-6 uau,ul 123.83] 5.306] 5183]  0.2480]  0.2427
Point B-6 6 123.83] 5.080] 0.2376
Point B-7 661.6|  138.87 5.300] 5178 0.2301 0.2248
Point A-7 661.6]  138.67 5.056 0.2185] -
Paint S.E. 764.6)| 158.00 5.196 5.166 0.2101 0.2089
[Paint 5.W. 764.5)| 158.00] 5.136 0.2077

Average = 0.3172
* Points within the Pile area

X




Estimation of Cv
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Determination of the Coefficient of Consolidation

by Taylor's Method
Point A-5
1.00 |
| Ro =-0.2106
0.00 +
Cve=0.131
1.00 -
2.00 |

3.00

o

5.m-:_

PP SET G PR SEC N TR R AL
0 25 50 75 100 125 1 175 200

Square Root of Time (days'™) " = 18247
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Deformation — vs - Time

Point S.E.

-1.00

0.00 -

1.00 |
2.00 - |
3.00 - |
4.00

5.00

| 6.00 ———————————r—trrrrtrr T
0 5000 10000 15000 20000 25000 30000

Deformation ()




Determination of the Coefficient of Consolidation
by Taylor's Method

Point S.E.

-1.00

0.00
1.00
g o
E 3.00
4.00
5.00 -




Deformation — vs - Time

Point S.W.
0.00 -
um'
2,00 -
£ [
gﬂ-.ﬂﬂf
400 -
5.00 |
. 8.00 - e T T T Ml i 1o By Rt i S W : it R
| o 1000 2000 3000 4000 5000 6000 FODO 8OO0 9000 10000
| Time (days)
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Determination of the Coefficient of Consolidation
by Taylor's Method

Point S.W.

1.00 |

Cv = 0.366

Field Data

4.00
5.00
6.00 - e e o ot & il oo : e : i LT
0 25 B0 75 100 125 180 175 200
Square Root of Time (days'"”)
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Point Tﬂﬂ tQO{da'grs} H{ﬂ:} C\r
(cm?/min)
A-5 0.848 23247 74.7 0.131
B-5 0.848 22053 74.7 0.138
A-6 0.848 21893 96.0 0.230
B-6 0.848 26347 96.0 0.191
A-7 0.848 27104 1127 0.256
B-7 0.848 25409 112.7 0.273
S.E. 0.848 25593 134.0 0.372
S.W. 0.848 27556 134.0 0.356
AcPs>

I BN S

IS BN B & &N =N

Field Values
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Definitions - Shear Strength Parameters




Correlation with the Critical State Friction Angle

Suggested Effective Stress Parameters :
Peat: ¢’ =25 & C = 0.1 ksf

Clays: ¢’ =28 & C = 0.1 ksf

[

U]

SIN gev

LR S

~
H"l-
e R
-
&
R~ - i " "‘"-...,-_;--- .
- . ‘-h.“ 1
~ i
---‘h‘ : T
"‘Il..hh
.
: -~
T & LABORATORY TESTS
| —— G Phicy = 0.8-0.094La(I"T) =
Lo T 1803
FLASTICITY INDEX, 1




Undrained Shear Strength

s m T EiEE T === am
i
I MATERIAL BEPTH;EAHFLE DEPTH| F | pcv AeEge | Su=go'(1.TZsinc(3singey] OC  Suocr=Su"(OCAYA | Suige’ | Buiap’
Ti2 1 . ?Eﬁ 00002
VEBEROFTREAT. . [— e 2 uu.mhu: ﬂi 0.0 opoes| 8223 0088 618 01
VERY SOFT ORGANIC | M 3 248/ 0. a1 Ll |
SLTY CLAY el 3 4 au| 45/ 26.2 e R 00886 485 o2 102 O
5 @2 70238 0.1 0.0717 __ 2.07 0128 047 0.
o, 7 062 7823 20.9) 0.81 0.19, — Oowe| L% 0122 032 0.
FIFRM PEAT AND SCFT & w0l eejze 00 | o024 LW 0.1230 1 f “0.206] 040 021
CLAY : ; 10 1042 | 0.8 RS i ! e
. | 11| 1087 158/18.9) e n.g‘ 01106 1.80| 0177 o a1
T__108 13| 17| 78231 234/082 0.96 0.1645)  1.58| 0237 0.
| s 15 1168 04219 L  oamer| 1.4 0.243
' 17| 1218 66240 ; 0.47 02203 1.58 03158 030 O
SOFT TO MEDILM T —— -
| B e o g B 19 127.8 ’ T 0236 258, o498 082 0.
il i) uqm,i[_ pth 080 02 147 032 031 O
l 23 1383 45382 0.56 | 142 t% 0.39
% = 7438 44|24 250 069] o.n:I__ EE| 1.68 D.45
' : arl ek H o R it i
, 31| 158.9| 70/23.6 0.89| R G40Ed| 127 0.808| 032
MEDIUM ORGANIC SLTY | 34| 168.4] 236|278 1.00| e, o808 127 083 03 O
CLAY 36| 171.8 60[24.5 1.09) TGl 1 7 4
L2 3 178.3| 65 24.1 S T H" RL T - O . 0.620 025 C
I 55| una: 1
201 58] 200, 1
MEDIUM SILTY FINE 5| 5083 T
FIRM PEA MEDILM | 210, B3| 2143 70|236|  Zae[0ee 150 09488 a1 z. 0.79,
ORGANIC SLTY CLAY i | i
MEDILUM STy | 223 224.9 R | i
FINE TO MEDIUM SAND | 31 1.
|
SILTSTONE = — : — nrm




Undrained Shear Strength Ratio (Cam-Clay)

NEDHLBASTY CLAY

Undrsined Shear 5trength Hatio, Suj go’
; | F | 3 i
i1 :
il :
I |
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Settlement and Deformation Analysis

1. Manual Computation of Settlements
2. Plaxis Deformation Analysis
a. Introduction
b. Mohr-Coulomb Model Analysis
c. Soft Soil Model (Modified Cam-Clay)
d.

Results




Columnar Stratrigraphy

VERY SOFT PEAT bi
VERY SOFT CRGANIC SILTY

CLAY

FIRM PEAT AMD SOFT CLAY

SOFT TO METHUM ORGA MIC
SILTY CLAY

MEDUM CRGANIC SILTY CLA Y]




Cases for Manual Calculation

ez ———— —— —
Cases CR Cv (cm2/min)
LR SR/ RIOR v oy Variable 0.0303
(anisotropy correction)
Layered by _s:tratngraphjc u1.m, Cv equiv Variable 0.0303
(anisotropy correction)
Back-analysis points A-7-B-7 0.2248 0.2645
Back-analysis points SE-SW 0.2089 0.364
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Stress Increment for Manual Calculation
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Typical Manual Calculation
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Typical Manual Calculatlon Consolldatlon

B o0 [ ss06 | essl mi -
Q 0939 3532 5178 7098
Single drained| D ()|  22.00 7768 40,156 42.389|
wge) | v jroo | p@ly aenl p @y aenlpmly snlp ) p genl p i denlp /i gm0
Ei 0o o00f oS4l 000 147 11 O 3EY 000f S518 000 i .

L] T
-,| ml 1490 0, L78|  L37] 248 151_.7%...15_.&__3_1“ R R
..1u]l a8s] 2852 132 299 3 346 34s|  asa| 406 642
m:llm ||1:| 258 (11 x] A 129 47 293 443l 138 4TI 457 497 62T
. : 574 a4

if 15 E'Ef”a.s.ie Sl
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ELiE
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ELOOO 0
15| L7 1
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[T D [ P 1 145 _a_jl;
w0 | _DEER] 0.74 19 147 -
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1 OLM3T %1 0. 1.01 1 un o
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Settlement

SETTLEMENT(ft)

._
=

—=
L

b
=

k2
L]

30

TIME (YEARS)
40 60 80 100

L b N

i -'—-'I'_— SINGLE DEAINAGE, Cveq -'l.'.l J301 conl S'min

I % SINGLE DRAINAGE (Aver. layer propertics ), Cveq=0.0301 cm2 /min
. —8—5INGLE-BACK (A-7-B-T) Ce=0.225 CV=0.2645 cm3/min

e SINGLE-BACEK[SE-8W) Ce=0 265 CV=0.364 cm?/min

—8— SHANNON &WILSON
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EXCESS PORE PRESURE (KSF)

g
=

&
o

L
=
L

-
=

x4
=

g
=

[
==

ot
=

. —#— SINGLE DRAINAGE, Cveg=0.0301 ¢cm2/min
| —s— SINGLE-BACK(SE-SW) Cc=0.265 CV=0.364 cm2/min
{

| —=— SINGLE-BACK(A-7-B-7) Cc=0.265 CV=0.364 cm2/min

2 4

6 8 10
TIME (YEARS)




Plaxis Deformation Analysis

Plaxis is a finite element program for the analysis of elastic-plastic and
nonlinear geomechnical problems.

Models Included:

1. Mohr-Coulomb (perfect plasticity)

2. Hardening-Soil (isotropic hardening and hyperbolic stress-strain)
3. Soft-Soil (modified Cam-Clay)

4. Soft-Soil-Creep (Time dependent behavior and Cam-Clay)
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The Soft Soil Model in Plaxis

|




Behave Elastic

Initial Stresses

where

s



Parameter in the Soft-Soil Model
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Analysis Flow Chart

Generate Initial Pore Pressures

'

Generate Initial Stress using Ko
Y

Perform analysis of each construction stage =

!

Perform consolidation for the time required

Y
End of Construction

'

Generate new PP Reservoir Filling

;

Perform final consolidation
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Parameters for Mohr-Coulomb Model




Parameters for Soft Soil Model
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Materials and Mesh




Deformation Comparison by Model

0 3 5 8 10
0 %
=10
i
[..q
é
@20 - Ol T e R
] : —a— PLAXIS M-C (Emin)
B —s— PLAXIS-CAM-CLAY 10K=Constant
A —+— PLAXIS-CAM-CLAY 10 K=Constant Filling
R . —s— SHANNON & WILSON |
- o SINGLE DRAINAGE Cv=0.030 cm2/min
] | o SINGLE BACK A-7-B-7
k| o SINGLE BACK SE-SW
S




EXCESS PORE PRESURE (KSF)

~ PLAXISM-C (Emin)

PLAXIS CAM-CLAY K=constant

PLAXIS CAM-CLAY K=constant FILLING
SINGLE BACK (A-7-B7) Cv=0.2645 cmlfmilll

=
L
= PLAXIS CAM-CLAY K=f(Ck-Cc)
F
.

4

6
TIME (YEARS)

8

10
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Typical Deformation of the Dam

Settlement at Crest of Dam (ft
]




Results

ﬂ *

Settlement End of

Caiid CR Cv . Enduf : Fiﬂm. Sﬂth:mmuEndl
(cm2/min)| Constrution | Single | Reservoir of
(7 Years) |Drainage| (9 Years) | Consolidation
ft ft fit ft
Layered by samples, Cv equiv (anisotropy :
correction) b o 6.49 42.36
Layered by stratrigraphic unit, Cv equiv ,
V, 0.0303
(anisotropy correction) s 5.20 34.58
Back-analysis points A-7-B-7 0.2248 | 0.2645 .22 23.69
Back-analysis points SE-SW 0.2089 | 0.364 5.69 22.02
Plaxis Mohr-Coulomb na na 16.20 28.37
Plaxis Cam-clay 10k=constant na na 10.90 33.06
Plaxis Cam-clay 10k=constant - Reservoir na na 10.90 12.90 30.97
Shannon & Wilon na na 10.10 > 20
ACP%




Settlements Profile
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Seepage Analysis
of Trinidad Dam

Geotechnical Branch
Engineering Division
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Content

Introduction

Material Properties

Analysis
— Flac Analysis
— Simplified Analysis

Results
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* Objectives:

— To evaluate the groundwater flow pattern through
Trinidad Dam for various lake level conditions.

— To determine the water infiltration rate from/to
Trinidad Lake for various lake level conditions.

— To determine the most critical flow line pattern along
the dam which may cause stability problems (piping)

Introduction
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* Methodology

— Since the Trinidad Dam is located between the Gatun
Lake (+85.0 feet PLD) and the Trinidad Lake (+100.0
feet PLD) the analysis was performed using different
lake elevations:

R T TRNDADTDME. T
« Trinidad Lake elevation = 100 ft | wetoon e

B NERD e T

 Trinidad Lake elevation= 75 ﬂ TRNIDAD L:-E GATUN LAKE
Gatun Lake elevation = 85 ft

Introduction ACP%



 In addition, the permeability values of the materials in the
dam were changed to analyze their effects on the flow
pattern and the infiltration rate:

 Permeability values were varied from 0.01 cm/sec (28 ft/day)
to 10 cm/sec (28,000 ft/day)

* Permeability values were also modified to obtain permeability
ratio contrast of different materials:

- kl/k2=1
- kl/k2=2
- kl/k2=4
- kl/k2=10

Introduction ACP



MATERIAL PARAMETERS FOR THE

SEEPAGE ANALYSIS
Layer Material ey Ky Ky
(from Top to Bottom) (pcf) (ft/day) (f/day)

Material Properties ACP#



 Introduction:

— FLAC models the flow of groundwater through a
permeable solid, such as soil.

— Flow-only calculations were performed with FLAC to
establish the Pore-Pressure distribution throughout the
model.

— All mechanical calculations were inhibited from the
analysis. However, mechanical properties of materials
should be assign to prevent error messages, but correct
values of permeability are specified.

Analysis ACP,(
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* Bulk modulus of fluid has been assigned a low value to
enable the phreatic surface to develop quickly
(consolidation time is not important).

* Pore pressures are specified taking into account the
appropriate lake level on each side of the model, and the
saturation has been fix correspondingly, to ensure the fully
saturated state of the material.

Analysis ACP*



LEGEND

8-Feb- 1 20:34

step 90
-3.7T50E+02 <x< 2.125E+03
-1.281E+03 <y< 1.220E+03

Cons. Time 24757E+05

Permeability
6.110E-11
7.565E-11
7.B05E-11
1.321E-10
1.965E-10
1.357E-08
7.900E-08
5.200E-05
5.600E-04

Analysis

FLAC MODEL
Grid & Permeability

Grid of Model

T
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Permeability Layout
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FLAC MODEL
Pore Pressure Distribution

LEGEND

8-Fab-1 13:59

step 74
-3, 750E+02 <x< 2.125E+03
-1.281E+03 <y< 1.220E+03

Cons. Time 1.78B0E+05
re pressura contours
0.00E+00
2.50E+03
5.00E+03
7.50E+03
1.00E+04
1.25E+04
1.50E+04

Contour interval= 2.50E+03

Analysis ﬂCP#
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SIMPLIFIED ANALYSIS
Darcy & Dupuit Theory

— For any dam having a free surface, the flow patterns is
considered to be confined & unconfined

— Darcy’s theory deals with the confined pattern while

Dupuit theory deals with the unconfined pattern of the
flow

Darcy’s Law
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Stability Analysis by Stress and Deformations

Procedure:

1.
r 3

Start from a quasi-equilibrium stress condition

The Factor of Safety is obtained by reducing

progressively the strength parameters ¢ and C until
failure occurs

At this point the Factor of Safety is given by:
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Wick Drains Design

Area 1,070,000
me

Depth 45 m

Time 2555
days

% 80 %

consolidation

K 1.38 e-9
m/s

Cvh 5.0e-5
m2/s




Conclusions

The slopes of the dam should be slightly flatter than our design. The
critical condition is at the end of the construction and after filling the
reservoir. With time, the Factor of Safety will increase to acceptable
level.

Additional volume of material will be required because of the large
settlements.

The foundation should be improved by any practical and economical
technique. Wick Drains

The material placed under water can be densified easily by state of
the arts equipment and techniques. Vibro-compaction

The Dam can be built.........
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Slope Stability Based on Effective
Strength Parameters c’and ¢’




 SUMMARY OF SHEAR STRENGTH PARAMETERS ¢’ and ¢’

Dense Sand

Zone 4 35
Zone 3 0.1 25
Zone 2 0.1 25
Zone 1 (Crushed Rock) 0 35
Very Soft Peat 0.1 25
Very Soft Organic Clay 0.1 28
Firm Peat and Soft Clay 0.1 25
Soft to Medium Organic Siity Clay 0.1 28
Medium Organic Siity Clay 0.1 28
Medium Silty Fine Sand 0 32
Firm Peat and Medium Siity Clay 0.1 25

0 32




Description: Fill Embankment across Trinidad Dam
Comments: Stage No. 1

File Name: etapa1l.slp

Analysis Method: Morgenstern-Price

Direction of Slip Movement: Right to Left

Slip Surface Option: Grid and Radius

P.W.P. Option: Grid of Pressures

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

F.5.=1.080
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Elevation PLD (ft)
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Description: Fill Embankment across Trinidad Dam
Comments: Stage No. 2

File Name: etapa2.slp

Analysis Method: Morgenstem-Price

Direction of Slip Movement: Right to Left

Slip Surface Option: Grid and Radius

P.W.P. Option: Grid of Pressures

Tension Crack Option: (none)

Sensrn:r: Coefficient: (none)
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Description: Fill Embankment across Trinidad Dam
Comments: Stage No. 3

File Name: etapa3.slp

Analysis Method: Morgenstern-Price

Direction of Slip Movement: Right to Left

Slip Surface Option: Grid and Radius

P.W.P. Option: Grid of Pressures

Tension Crack Option: (none)

Seismic Coefficient: {nnnq}
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Description: Fill Embankment across Trinidad Dam
Comments: Stage No. 4
File Name: etapa4.sip
Analysis Method: Morgenstern-Price
Direction of Slip Movement: Right to Left
Slip Surface Option: Grid and Radius
P.W.P. Option: Grid of Pressures
Tension Crack Option: (none)
Seismic Coefficient: (none)
F.S.=1.988

Elevation PLD (ft)
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Elevation PLD (ft)

E8k.u8

I1E

Description: Fill Embankment across Trinidad Dam
Comments: Stage No. 5

File Name: etapa5.sip

Analysis Method: Morgenstern-Price

Direction of Slip Movement: Right to Left

Slip Surface Option: Grid and Radius

P.W.P. Option: Grid of Pressures

Tension Crack Option: (none)

Seismic Coefficient: (nnna}
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Elevation PLD (ft)
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Description: Fill Embankment across Trinidad Dam
Comments: Stage No. 6

File Name: etapa6.slp

Analysis Method: Morgenstern-Price

Direction of Slip Movement: Right to Left

Slip Surface Option: Grid and Radius

P.W.P. Option: Grid of Pressures

Tension Crack Option: (none)

Seismic Coefficient: (none)

......

L
-
-

2riim

200
150 — o

43 02 01 00 01 02 03 04 05 O8 OF OB 08 10 11 12 13 14 18 18 1.7 18 19 20 21
Horizontal Distance (ft) (x 1000)




Elevation PLD (ft)
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Description: Fill Embankment across Trinidad Dam
Comments: Condition at end of construction
File Name: endofco.slp
Analysis Method: Morgenstern-Price
Direction of Slip Movement: Right to Left
Slip Surface Option: Grid and Radius
P.W.P. Option: Grid of Pressures
Tension Crack Option: (none)
Seismic Coefficient: (none)
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F.S.=1.826% 1} 11;{\%

t “‘4|‘ rsd il

‘~.. 4E\};

pe—— U S

03 402 01 00 01 02 03 04 05 08 OF OB 08 10 11 12 13 14 15 18 1.7 18 18 20 21

Horizontal Distance (ft) (x 1000)



Elevation PLD (ft)

888888.23

Description: Fill Embankment across Trinidad Dam
Comments: Condition during reservoir filling

File Name: fillres.slp

Analysis Method: Morgenstern-Price

Direction of Slip Movement: Right to Left

Slip Surface Option: Grid and Radius

P.W.P. Option: Grid of Pressures

Tension Crack Option: (none)

Seismic Coefficient: (none)
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Elevation PLD (ft)

Description: Fill Embankment across Trinidad Dam
Comments: Long term condition

File Name: longter.slp

Analysis Method: Morgenstern-Price

Direction of Slip Movement: Right to Left

Slip Surface Option: Grid and Radius

P.W.P. Option: Piezometric Lines / Ru

Tension Crack Option: (none)

Seismic Coefficient: (nuna}

A3 N2 071 00 03 02 02 04 05 08 LT OB OF M0 TT-1E 13 14 1518 1T 18 19 20 21

Horizontal Distance (ft) (x 1000)

ACP

g



Elevation PLD (ft)
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Description: Fill Embankment across Trinidad Dam
Comments: Long term condition

File Name: longterL.slp

Analysis Method: Morgenstern-Price

Direction of Slip Movement: Right to Left

Slip Surface Option: Block Specified

P.W.P. Option: Piezometric Lines / Ru

Tension Crack Option: (none)

Seismic Coefficient: (none)

F.S.=3.746
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Elevation PLD (ft)
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Description: Fill Embankment across Trinidad Dam
Comments: Long term condition

File Name: longterR.slp

Analysis Method: Morgenstern-Price

Direction of Slip Movement: Left to Right

Slip Surface Option: Block Specified

P.W.P. Option: Piezometric Lines / Ru

Tension Crack Option: (none)

Seismic Coefficient: (none)

F.S. =3.322
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Slope Stability based Undrained Strength
Analysis




Undrained Strength Analysis

* Undrained strength analysis requires estimates of
the in situ Undrained shear strength of the
cohesive foundation soil and subsequent increases
of Su during staged construction (Ladd, 1991).

* The recommended approach is the recognition of
the correlation between the in situ undrained shear
strength ratio (Su/cvc’) and the overconsolidation
ratio (OCR = op’/ ove?).

————————————————————————————————————————————————————————
ACP%



Undrained Strength Analysis

* Under this approach is important to
establish the initial stress history of the
deposit (profiles of op’ and 6vo”).

* It 1s also important to establish changes in
the vertical stress history during staged
construction (ovc’).




Undrained Strength Analysis

. Su/ove’ = S*(op’/ove’)m
* where
S=0.23
m = (.80
* if op’ =<ovc’ then Su/ove’ = 0.23

ACP#
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Initial Effective Stress & Preconsolidation Pressure vs Elevation
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changes in effective stress during mmgauof
construction
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Su profiles during several stages of construction
~ Hole A-25-AXU
Undrained shear strength Su (psf)

1000 1200

= Su at stage 2 Su at stage 4

« Su at stage 6




Elevation PLD (ft)
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Description: Fill Embankment across Trinidad Dam
Comments: Stage No. 1 Undrained Condition

File Name: etapaiU.slp

Analysis Method: Morgenstern-Price

Direction of Slip Movement: Right to Left

Slip Surface Option: Grid and Radius

P.W.P. Option: Piezometric Lines / Ru

Tension Crack Option: (none)

Seismic Coefficient: (none)

F.S.=1.664
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Elevation PLD (ft)

Description: Fill Embankment across Trinidad Dam

Comments: Stage No. 2

File Name: etapa2U.slp

Analysis Method: Morgenstern-Price

Direction of Slip Movement: Right to Left

Slip Surface Option: Grid and Radius

P.W.P. Option: Piezometric Lines / Ru

Tension Crack Option: (none)

Seismic Coefficient: (none)

F.S.=1157
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Elevation PLD (ft)
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Description: Fill Embankment across Trinidad Dam
Comments: Stage No. 3

File Name: etapa3U.slp

Analysis Method: Morgenstem-Price

Direction of Slip Movement: Right to Left

Slip Surface Option: Grid and Radius

P.W.P. Option: Piezometric Lines / Ru

Tension Crack Option: (none)

Seismic Guafﬁciant {nme] |
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Elevation PLD (ft)
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Description: Fill Embankment across Trinidad Dam
Comments: Stage No. 4

File Name: etapa4U.sip

Analysis Method: Morgenstern-Price

Direction of Slip Movement: Right to Left

Slip Surface Option: Grid and Radius

P.W.P. Option: Piezometric Lines / Ru

Tension Crack Option: (none)

Seismic Coefficient: (none)

F.S.=1.516
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Elevation PLD (ft)
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Description: Fill Embankment across Trinidad Dam
Comments: Stage No. 5
File Name: etapaSU.slp
Analysis Method: Morgenstern-Price
Direction of Slip Movement: Right to Left
Slip Surface Option: Grid and Radius
«P.W.P. Option: Piezometric Lines / Ru
4 ¥ *Tension Crack Option: (none)
r’\l \*Seismic Coefficient: (none)
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Elevation PLD (ft)
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Description: Fill Embankment across Trinidad Dam
Comments: Stage No. 6

File Name: etapa6U.slp

Analysis Method: Morgenstern-Price

Direction of Slip Movement: Right to Left

Slip Surface Option: Grid and Radius

P.W.P. Option: Piezometric Lines / Ru

Tension Crack Option: (none)

Seismic Coefficient: (none)

F.S.=1.623
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Elevation PLD (ft)

Description: Fill Embankment across Trinidad Dam
Comments: Condition at end of construction

File Name: endofcol.slp

Analysis Method: Morgenstern-Price

Direction of Slip Movement: Right to Left

Slip Surface Option: Grid and Radius

P.W.P. Option: Piezometric Lines / Ru

Tension Crack Option: (none)

Seismic Coefficient: (none)
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Elevation PLD (ft)
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Description: Fill Embankment across Trinidad Dam
Comments: Condition during reservoir filling

File Name: fillresU.slp

Analysis Method: Morgenstem-Price

Direction of Slip Movement: Right to Left

Slip Surface Option: Grid and Radius

P.W.P. Option: Piezometric Lines / Ru

Tension Crack Option: (none)

Seismic Coefficient: (none)
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Elevation PLD (ft)
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Description: Fill Embankment across Trinidad Dam
Comments: Long term condition

File Name: longterU.slp

Analysis Method: Morgenstermn-Price

Direction of Slip Movement: Right to Left

Slip Surface Option: Grid and Radius

P.W.P. Option: Piezometric Lines / Ru

Tension Crack Option: (none)

Seismic Coefficient: (none)
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Elevation PLD (ft)

Description: Fill Embankment across Trinidad Dam
Comments: Long term condition

File Name: longteUR.slp

Analysis Method: Morgenstemn-Price

Direction of Slip Movement: Left to Right

Slip Surface Option: Grid and Radius
P.W.P. Option: Piezometric Lines / Ru
Tension Crack Option: (none)

Seismic Coefficient: (none)

F.S.=1.488
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Stage | - -
Stage 2 1.473 1.157 156
Stage 3 2.097 1.157 168
Stage 4 1.988 1.516 1.37
Stage 5 2.003 1.602 1.32
Stage 6 1.971 1.623 1.25

End of Construction 1.826 1.488 1.06
Filling Reservoir 2.809 1.640 1.04

Long term after construction (circular slip) 3.524 1.664 |
Long termafter construction (block specified) 3.322 . :

Long term after construction 3.322 | +
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