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Table of Soif Test (Shest 1 of 2}

\‘\-.\__‘\ Borrow area No. 1 Borrow area
Name of test pit TP-104 ‘TP-101 TP-102 "TP-102 TP-102 TP-103 TP-103 Tp- 104 TP-104 Average TP-201 TP-201 TP-201 P-202 TP-202 TP-
Date of test Qct. 26/70 Sept,30/70° Nov.7/70 - Sept.30/70 Qct.28/70 Sept.30/70 Get,26/70 Sept.30/70 - - Nov.9/70 Feb. /71 Sept.30/70 Sept.30/70 - Oct.2
Pepth of sampling {m) - 3.00 - - 3.00 - 3,00 - 3,00 _ 3.00 3.00 3.00 .00 3.00 EY
Classification U.S.C.E no plastic MET T T wm MU MH SMu SM MH MH — | mn ML ML TuL T e | w
4.76mm> (%) 100 - 100 100 - 99,93 - 100 = 99.99 97.82 100 =z - 100 99.¢
E u [2.0 mm> (%) 99,22 99,99 100 100 99.37 - 98.06 99,66 99.98 99.82 99,57 97.65 99.1t 99.09 99,44 99.86 99.(
g % 0.42mm > (%) 94.49 99,00 99.81 98.36 97.96 88,19 92,07 99,72 98.17 96.42 96.24 96.53 96,70 96,98 98,49 97.:
& 8 [0.199mm > (%) 89.02 - 97.65 97.90 - 76.51 - 97.94 - 91.80 92.46 91,38 - - 96.45 91,
0.074mumi> (%) 83.03 92.16 94.85 94.41 89,17 57,26 79.00 94.26 91.52 86.18 85,71 86.42 84.25 88,53 94,56 87.
LL () - 61.0 6L0 67,00 60.0 L - 67.0 61.0 62.83 58,3 46.30 40,0 47.5 7875 | 504
2 PL (%) - 45.4 47.5 60.83 41.0 - - 52.6 45.9 48.87 39,9 39.28 30.0 37.4 64,50 37..
;S, Bl @ . 15.6 13.5 6.17 19.0 - - 4.4 15.1 13,96 184 7.02 10.0 10,1 425 | 1
ad i - 2.42 0.72 -2.08 0,74 - - 0.97 1.42 0.7 0.16 1.14 1,03 0.35 -0.65 y
B I - ) 0.28 3,08 0.26 - - 0.03 -0.42 0.30 0.84 o4 -0.08 0.65 165 0.
G 2.69 2.69 2.60 2.71 2.72 2.36 - 2.58 2.58 2.62 2.42 2.53 2.47 2.45 2.37 2.
w vawral (%) 49,13 82.1 57.2 48,0 55.0 102.0 76.2 66.51 67.3 67.16 42.9 47.3 40.8 40.9 55.3 48.;
¢ waweal B '
St. natural (%) o
| srandara 1) [P H P H P 1 P H P H P H P H P H P t P TR H 3 H P | H 3 H P H P
'g w optimum (%} - — - 42.0 — 45.0 43.5 | 41,5 - 38.0 - - — - - ‘46.3 - 41,9 43.5 | 424 |— 38,1 33.0 §32,0 - 26.9 - 30.3 39.0 | 44.0 -
g.g Yd. max (g/emd) | — | — = 120 | - 19| i8] 1zo] - 125] - | - B - L | - 122 | L18| L20]- 130§ L30] L31] - 142 | - 133 | 122 125 | -
S | € optimum B - 124 — 118 | 3ol 126] - Lig| - | - B - 126 | — 111] 122| vis|—- | o086 | oe9s) os3| - | 074 | - 0.84 | 094 0.90 | —
Sr. optimwn {%) | — | - 1oty |- toor | 907|803t - | 816 | - = DU — L oas |~ | 974 | 034 {941 |- | 95 87.9 [87.1 | — 898 | — |s84 |983 |95 -
fnicial 1.51 - 1.55 1.39 - 2.91 - 1.40 - L.75 1.00 0.90 ~ A 105 Lo
g final 1,30 - 1.36 1.25 - 2.18 - 1.24 - 1.47 0.88 0,80 - - 0.98 0.8
. la 0,037 - 0.025 0.028 - 0.150 - 0.025 ~ 0.053 0.012 0.01 - - 0.023 0.0
g Bl T 0.009 - 0.0341 0,0119 - 0,0103 - 0.0056 - 0.0143 0.0132 0,008 - - 00129 0o
S lm 0.015 ~ 0.0098 0,012 - 0,038 = 0.0104 - 0.0170 0.006 0.0053 - - 0.01122 0.0
K 1.42x107% - 3.3x107" Laxto™? - 4x107% - 4.7@_0:_5:__ - Laxto | 7.0x10°8 4.2x1078 - - L4x10~7 6.6x.
gii?f;?;‘e'j gﬁl?f;ffffzo)n - 2.06 1.40 1,52 3.25 - - 2.26 2.22 2.12 2.40 2.02 2.92 4.5 1.87 -
54 5° (kefem®) - - 0.10 0.25 - - - 0.75 - 037 | 05 L0 N - BE _
g é‘,‘é é (9 ) - - 40 35 - - - 22 - 39 51 s - - 33 ~
B8 Gl tan g - - 0.839 1.43 - = - 0.404 - 0.810 123 1.15 - - 0.649 -
i C (kg/em?) | 0.1 - 0.00 0.20 - 0.18 - 0.12 - 0.12 0.08 0.2 - - 009 -
0 g 4 (% 40 - 40 36 - 30 - 32 - 36 34 43 - —~ 39 N
A2 [ang 0.839 = 0.839 0.726 = 0.577 R T o623 - 0,726 0.674 0.932 - - 0.810 -
Note: 1y P -«~ PROCTOR Standard, I ---~ HARVARD Standaxd

2)

This scil test was conducted by Universidad Del Cauca responding to the request of CEDELCA,
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Table of Soit Test {Sheet 1 of 2)

area No. 1 Borrow area No, 2 rP,l[?;204
1102 TP-103 TP-103 TP~ 104 TP-104 Average TP-201 TP-201 TP-201 TP-202 TP-202 TP -202 TP -203 TP-203 TP-204 TP-204 Average Average
£30/70 | Oct.28/70 Sept.30/70 | 0ct.26/70 Sent.30/70 - Nov.9/70 Feb., /71 Sept.30/70 | Sept.30/70 - 0ct.27/70 Nov.4/70 Sept.30/70 | Sept.30/70 | Oct.31/70 =
.00 - 3.00 - 3.00 _ [ 300 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 _ -
iH T sMu SM MH TMH — | wn ML ML ML MH MH SMu SM SM SMu — _
= 99.93 - 100 - 99,99 97.82 100 = - 100- 99.92 99,88 - - 100 99.60 99,78
37 98.06 99.66 99.98 99.82 99.57 97,65 99,11 99,09 99.44 99,86 99.62 97.20 99.96 98.66 99.98 99.06 99.30
96 88.19 92.07 99.72, 98.17 9%6.42 | 96.24 96.53 96.70 96.98 98.49 97.25 76,20 98.67 90,98 79,37 92.74 94.48
- 76,51 - 97,94 - 9150 92,46 91,38 - = 96,45 91.97 50.23 . - - 59.25 80,29 85.52
7 57.26 79.00 9426 91.52 86.18 85.71 86,42 84.25 88.53 94,56 87.79 34.65 90.47 67.84 51.54 77.18 81,44
0 - - 67.0 610 62.83 58.3 46.30 40.0 47.5 78.75 50.0 - ~ - . 53.48 58.15
0 - - 52.6 45.9 48.87 39.9 39.28 30,0 37.4 64.50 37.4 - - -~ - 41.41 45.14
0 - - 14.4 15.1 13.96 16.4 7.02 100 10.1 14,25 12.6 - - - - 12.07 13,01
74 - = 0.97 1.4 0.70 016 114 1.08 0.35 0,65 0.87 — - - - 0.49 0.60
26 S - 0.03 -0.42 0.30 0.84 -0.14 -0.08 0.65 "1 0.13 - - - - 0.51 0-40
72 2.36 z 2.58 T2ss | 262 | 2.4 s 2.47 2.45 2.37 2.53 2.46 2.66 2.58 2.59 2,52 2.56
0 102.0 76.2 66,51 67.3 67.16 42.9 47.3 40.8 40.9 553 48.3 87.8 58.4 107.2 178.0 70.69 69.02
H p H r 1l P H P H p no|e H [ H P H P H r 1 p | u | P | n P H P H g H r H P H
380 | - | - I - = 463 | = [ 419 | 435 [ 424 |~ [ 381 | 330 320 | - [269 | - |30 |390 |440 | = | = S R S S - = 36.0 | 34.3 | 38.5 |38.7
S o12s| - —~ - - - Lig [ - | n22| 18| Lao]- L300t L3| L3t | - na2 | - 133 | 22| was | - - - - — - - R - - L26| 1.32 | 123] L26
Lis| - - N R = 126 | - L] t2z) rasf— [ o085 | 0.95| 093 | - | 074 | - 0.8 | 094] 0,90 | — | - -1 - R R - | = Lov! 0.9t | Lo8| 103
876 |~ | — I — | oas | = | 974 | 934 941 |- | 95 879 | 871 | — |89.8 | ~ |84 983 |95 S ~ = S I ~ = STE 90,7 | 950 | 9L3 | 96.2
2.91 - 1.40 - 175 1.00 0.90 ~ - 1.05 101 2.34 - - 5.19 1,92 1.84
2.18 - 1.24 — 147 | o0.88 0.80 - — 0.98 0.83 1,97 - ~ 4.56 167 1.58
0.150 - 0.025 - 0.053 0.012 9,01 - - 0.023 0.02 0.044 - - 0.055 0.027 0,039
0.0103 - 0.0056 - 0.0143 0.0132 0.008 - - 0:0129 0.0066 0.0131 - - 0.0049 0.0098 0.0118
0,038 - 0.0104 - 0.0170 0.606 0.0053 - - 0.01122 0,011 0.0132 - - 09,0089 0.0093 0.0128
4x10~% - 4.7x1075 - L8x107% | 7,9x1075 4.2x10°8 - - Lax1o™7 6.6x1077 1.7x10"4 ~ - 4.4x107° 0.6x1074 1axt0™
5 - - 2.26 2.22 2.12 2.40 2.02 2.92° 45 1.87 - - - - ~ 2,74 2.40
- - 0.75 - 0.37 0.5 1.0 - - L5 - - - ~ - L0 0.68
- - 22 - 39 51 49 - - 33 - - - - - 44 42
Z - 0.404 - 0.810 1.23 115 - - 0.649 - o - -~ - 0.966 0.900
0.18 - 0.12 - 0.2 | 008 Y - - 0.19 - 00 | - - 0.50 0.20 0.16
30 - 32 - 36 34 43 - - 39 - 40 - - 23 36 36
0.577 = 0.625 - 0.726 0.674 0.932 - - 0.810 - 0.839 . - 0.424 0.726 0.726

) the request of CEDELCA.




Table of Soil Test (Sheet 2 of 2}

IV - 64

T Headrace tunnel Di;:;.szile Boxrow area No, 1 Borrow area No. 2 Dike No. 1 Dike sites Dike No. 2 Dl;f?)[lz

Name of drill hole DH-2 DI1-2 DH-2 DH-2 DH-203 DH-G DH-6 DH-6 DI-7 DH-7 DH -7 D.DBH-1 D,DH-2 D.DH-2 D,DH-2 Average
_—Date of test Nov, 2‘_3_/—70 MNov, 25/70 -| Nov. 25/70 {Nov. 25/70 |Nov. 25/70 | Oct. /70 | Oct. . /70. Oct. /70 - - - May 5/71 May. 5/71 May 5/71 May 5/71 -
Depth of éampnng (m) | 5.00 0 6,00 [10.00 to 11.0015.00 10 16.00{20.00to 21.00{ 6,00 to 7.00| 6,00 o 7.00 |10.00to 11.00 [15.00t0'16.00(5.00 to 6,00} 10.00t0 11,00 16,00t017.00] 20,00 5.00 10,00 20.00 —
Classification U,5.C.E { MH MH ML - - MH M ML MH ML - le;r‘:“,'cl ML ML ML —

4.76 mm > () - - 100 99.88 97.31 - = - = 99.94 99.63 64.75 100 100 99.97 95.72

g 2.0 mm >.(%) 99.92 99.97 99.98 99.86 95.11 99,90 - 99,86 99.95 99.87 9917 55.61 99.7.2 99,55 98,46 96.2.1

% %‘0,42 e (%) 99.15 99,40 96.31 94.34 81.39 99.34 99,13 98.40 C99.17 99.27’.l 97.07 45.83 98.73 98,13 87.01 92.84

8 @ 0. 149 mim > (%) 93.97 96.20 86.00 80,08 68.58 96.82 94.33 92.68 94,84 93.30 §5.87 35.74 93.17 92.75 73,92 85.22

070;; mm > (%) 89,00 94,25 h 82,80 74,37 65.80 92.42 90.12 38,15 89.81 86,92 74.2.4 34,98 8L.61 84.86 63.44 79.52

LL (%) 56:0 “67.0 35.0 32.8 - 66.5 56.5 42,5 62.0 47.5 - 38,50 63,00 58.00 58.00 52,56

PL (%) 40.3 52.6 26.9 28,8 - 51.6 44.3 32.8 44,4 3.5 - 37.97 56.28 50.61 50.26 42,18

go al Ip (R 5.7 14.4 8.1 4.0 - 14.9 12.2 .97 17.6 16.0 - 0.53 6.72 - 7.39 7.74 10.38

;g; g Iy, .1.55 168 1,25 2.33 - 1.68 1,16 1.01 .80 0.98 - 17,88 1,98 . 0.85 3.38 1.26

A Ic -0.55 -0.68 -0,25 -1.33 - -0.68 -0.16 -0.01 0.20 0,02 - -16.88 -3.98 0.15 ~2.38 . -(0,2%

G 2,58 2,43 2.49 2.5 2.60 - - - - — - 2.59 2.62 2.74 2.66 2.58

w aatural (%) - 64,7 76.8 37.0 38.1 37.4 76,7 58.5 42.6 58.4 474 42,3 47.45 69.60 56.9 76,39 55.33

¥ nalu;;li(;;;/cmg) 1.72 L.55 .89 1.85 - - - - - - - - - - 1.78

€ wawral 1.47 1,60 0,80 0.87 . - - - -~ - - - - - - - 125

Sr. natural (%) 95< 95< 95< 95< - - — - - — - - - - - 95 <

;‘i‘l’]‘g}':e‘;f"(’;:fziﬁi)°“ 1.42 0.71 - - - 1.63 1.34 404 L17 0.70 0.87 0.72. 1.93 2.7 0,49 1.48

‘Note 1} This soil test was conducted by Universidard Del Cauca responding to the i‘equest of CEDELCA,




IV-5-3  GRADATION ANALYSIS

Location

Site Drill Hole ox Deptr Dlale‘of Classm?i‘;lml Page Remark
Test it (m) 1 esln.]g of Soi
TP-101 - Oct. 26, 70 non~plaslic
TP-101 3.0 Sep, 30, '70 MH
Borrow TP-102 — Nov. 7, "70 MH
TP~-102 - - MH Test Pit
Area No. ! TP-102 3.0 Sep. 30, '70 Siviu
TP-103 - Oct, 28, '70 M
TP~103 3.0 Sep. 30, 70 MH
TP-104 - Oct, 26, '70 M
TP-104 3.0 Sep. 30, '70 MH
TP-201 3.0 Nov. 9, "7¢ MH
TP-201 3.0 Feb. '71 ML
Borrow TP-201 3.0 Sep. 30, '70 ML
TP-202 3.0 Sep. 30, '70 ML
Area Mo, 2 TP-202 3.0 - M Test Pit
TP-202 3.0 Oct, 27, 70 MH
“TP-203 3.0 Nov. 4, '70 SMu
TP ~203 3.0 Sep. 30, *70 SM
TP~-204 3.0 Sep. 30, "70 SM
TP-204 3.0 Oct. 31, '80 SMu
Headrace DH-2 5.0 to 6.0 Nov. 25, '"70 MH
s DH-2 10.0to 11.0  Novwv. 25, '70 MI Drill Hele
Tunnel DI-2 15,0t0 16,0 Nov, 25, '70 ML
. DH-2 20,010 21.0  Nov. 25, '70 -
Julumito DH-203 6.0t 7.0  Nov. 25, ‘70 - Drill Hole
Dam Site
Borrow. "DH-6 6,0t0 7.0 Oct. 70 MH
AreaNo, 1  DH-6  10.0t01L0 Oct.  '70 MH Drill Hole
DH-6 15,0t0 16.0  Oct, 70 M1,
Borrow DH-7 50te 6,0 1 - ML
Avea No. 2 DH-7 10,0t0 11,0 - ML Drill Hole
- DH-7 16,0t0 17,0 -
Dike No, 1 . DM -1 20,0 May 5, '71 ML with gravel Drill Hole
_ DDH-2 5.0 May 5, '71 ML
Dike No, 2~ DDH-2 10,0 May 5, '71 ML Drill Hole
DDH-2 20.0 . May 5, '71 ML

*Clasiification and group smhols are originatéd by ASCE.
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PERCENT PASSING

PERCENT. PASSING

Gradation Analysis Curve TP-101 {Sheet 1 of 23)
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PERCENT PASSING

PERCENT PASSING

Gradation Analysis Curve TP-103 {Sheet 3 of 23)
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Gradation Analysis

Curve TP201 (Sheet 5 of 23)
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Gradation Analysis Gurve TP203 (Sheet 7 of 23)
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Gradation Analysis Curve DH-6, G to 7m deep {Sheet 9 of 23)
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Gradation Analysis Curve DH-6, 15 to 16m deep (Shest 11 of 23)

00 S H
20— -

[T

70 = = —

. - [a]
1Y — i lél
& s - Sl pu— - R 7.77‘-.0 =

= =
sof—=l— - = - —— 50 ¢
- r i — [
o= - — mer g
g sty
—— —1=- = i~ e e S o
N N E— - AN w
30 o 0
w0 - = — = o — o
13 - - - PR o
ob——L -\n_“ 9 E oo
& o B : b o @ ® - v @
g g 3 gfe 8% 3 3 % 3 28§ B
DIAMETER OF PARTICLE {mm}
-~ - _ SANS _. ORAVEL -
l CLAY {PLASTIC) ~ BILT (HOH-PLASTIC) IW‘—F_T!EDIUM _@—! e [coesLesl
SAHPLE SO GLASSIFIGATION | SPEGIFIG GRAVETY ATTERPERG  LINTS
DEPTH WHFED AEVIEED - -
HUMBER AN I RN t L sL
DH-G {1 /'70) [I3.00~16D0| ML — = 425 | 328 87 -
Gradation Analysis Curve DH-7, 5 to 6m deop (Sheet 12 of 23)
0 : I
sof- - . e
B -
b ——
0
124
- =
=
. 1l
LS

— -=F T x

- =
a0 o Bl

v

 E— [V

il ]
A0 70 &
10 i E—
0_ _'l
o w
: § s 5
DIAMETER OF PARTIGLE {mm}
e SANB o GRAVE
LCLAT IPLASTICD ~ SILT {HON- PLASTIG) F ETHE LI —W% ¥ikE
SAHPLE SOL CLASSIFIGATION | SPECIFIC CRAWITY | ATTERBERG  LIMITE
. DEPTH | UHIFIEG REVISED '“
NUMBER _imd SISTEM _IPR svstem | LtL Pl 8t
DH-7 500~6001 WH - — | ero 16 | =

IV - 71

BAMPLE
RO.

= door 7o
aredm | =

o)

T

20 04 3986
hm

042 i+] 9940

mm
Q149{')] 9288

M
oona | 8843

060 (mve) o
930 brm] -
1210 trm)
o |
e |||
[T
I
* GOEFFICIENT v
UNIFORMITY
2
e = !D:o??f‘a_iﬁ

- COEFFICIERT OF

CAURVATURE

94.54

a
oo iz 89 01

040 bumb)

0 30 Tl

0o brd

Gy

COEFFICTENTY F

LNIFORRITY

ce = —

(D30 P

(Deol a Toio s
! COEFFTCIENT OF

GCUAVATURE



Gradation Analysis Curve DH-7, 10 to 11m deep (Sheet 13 of 23)
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Gradation Analysis Curve DH-203 6 to 7m deep {Sheet 15 of 23)

100 14200
80 o 1
8o
0 - o
W= il = 8
Z polm— ‘ 0 Z
N = . - =
4 E LR HHEE ' A== &
& sof—— —-EF o Ea- o Bt 117
===Ec: = = == o
& J— i — = @
u i w
& 19 — [ 0 O
20! — : — = —
(1) e — . - — 1 ——tec
ol—" —F= —I—- —~ ~Twa
b s 5 9 x ow PR o © o8 m- FEE
g g 8 s 88 ¥ 3 0% 53 53¢ o8
DIAMETER OF PARTIGLE {mm) )
¢ — . A SAND N 1 BRAVEL
l_cu\v [FLASYIC) ~ SILT [NOw pusnr.:f FiNE e oA T c.mn&c_lcma sl
SAMPLE SOIL_GLASEIFIGATION | SFECIFIC CRAVITY AYVERBEAG  LIMIFS
OEPTH UHIFIED REVISED
HUMBER i"' BRI L P [ st

OHZOI N 200 70)

600~ 7.00
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Gradation Analysis Curve DH-2 10 to 11m deep {Sheet 17 of 23)
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PERCENT PASSING

Gradation Analysis Curve DH-2 20 to 21m deep (Sheet 19 of 23)
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Gradation Analysis Curve DDH-2, 5m deep (Sheet 21 of 23)
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PERCENT PASSING

Gradation Analysis Curve DDH-2, 20m deep (Shest 23 of 23)
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IV-5-4  DIRECT SHEARING TEST
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Remark ; Tesl was conducted by Universidad del Couca responding to the request of CEDRELCA

Direct Shearing Test (Sheet 1 of 3}
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Natural water conhtent - (94) 57.2

Standard of tesf Proctor Horvard
Optimum wafer content (%) - 45.0
Maximum dry density { gr/cm®) — 1o

kg/em? 15 e - 1——----
/
oo — — / R N
7 o
e
=
5
% 05 v —_— S HS
D Angle of internal triction B =400
coefficient of internal friction ton @ =0839
J cohesien | ¢ = 00 kg/cm?
0 05 10 1.5 20 kgscm?
Normal stress (07
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_I:oculity of sample : TP - 102,

0G¢ Depth—m Date- _ Type of test—
5 -Mote
No. jAres{em?)) O {kg/cm? ﬂ?ﬁﬁ Notural woter content : (%) 48.0
é Sgg)—-—f?_'g 653 Stor)dard of fest Proctor
3 25 L5 26 | Optimum  water content (3%) 435
O": Normat stress,z: Shear stress Maximum dry density  (gr/cm’) 118
kascm? 15 — 7__--_-%_*
(
bool _— ]
[}
i}
Ly
=
[}
|
5 P ,
a
£~
@ Angle of interndl friction & = 35°
Goefficient of inferpal friction ten @=0727 -
Cohesion ] C = 0.2 kgsom2
O 05 10 15 20 g/cm®
' Marmal strass (O
Locality of sample : TP-[03. Depth-- m Dote. ot 28 70 Type of test GR
_Mote
No. JAred (cm?) 07 (kgsom?) jelkg/om®)| najyrat water content : (2) 102.0
—|2 gg ?8 —~~f%%.%—3-—4 Standard of test Proctar
E3 on 5 T 105 Optimum water content (%) -
O Normal Siress :Shear siress Maximum dry density {arscm?) —
kosenf 15 —— - — —
E o B | 9/
) 7
g’g .
;,/d
§ 05— — ] —_— —
* dr
Angle of interndl triction 8 =300
Coefficient of internol friction tan @ =0577
Cohesion | GC= 018 kgscm?
0 05 10 5 20 K3/ cin?
Normal stress (O7) '




Direct Shearing Test {Sheet 2 of 3}

Remork ; Test wds conducted by Universidad del Cauca responding to the request of CEDELCA.

_Locality of sample : TP— 104 Depth ; — m_Date; Oot. 26,°70 Type of fest. G.R.(Qc) Localily of sample : TP- 201 Depth; 300m Date ; Feb. 71 Type of test--
_Note. . : _Note.
Mo. | Area (o) | O7(kgsem?)] 7 (kg cm?) Natucal water content (%)  66.51 No._[Area (cm?) lO7{kg/cm?) 4z (kg em?) Notural weter content (%) 47.3
' e5 05 04 | Standard of test Proctor Harvard ! 25 0.5 062 Standard of fest Proctor Horvard
2 25 L0 064 Optimum water content (%) — 463 2 25 | 10O .18 optimum water content {4 330 320
3 2s L5 Loe Moximum dry density (g/om®) — 114 3 25 LS 1 56 Maximum dry density (g/cm®) 130 131
07: Normel stress, T : Sheor slress O~: Normali siress, T : Shear siress _'ﬁ_j
kg/ome 18 j——— - - kg/om?
— ¢
b /
1.0 -
—~ 10 §
[ [
~ W
a .
¢ 8 Y4
o) (f) 05 . .
5 05
2 _ Angle of internal friction =430
w Angle of internal friction @ =320 Coefficient of internal friction ton 8 =0933
Ooefficieni of internal friction tan @ = 0.625 Cohesion G = 0.22 kg/om?
Cohesion G = 0Ol2 kgsom®
0 05 1.0 L5 20 kg, cm?
0 05 10 - 1.5 20  kgr/om? Normel stress { 07)
Normal siress (O7)
' : - _Locality of sample : TP-202  Depth, 300m. Dote ; Type of fest —
Locality of sample : TP—-20( Oepih ; 300m Dote. Nov. 9,70 Type of test, GR.(Qq) —— Nole.
_Noge. Mo. |Ared (em?) } O{kg/cm?)| T (kg cm?) Natural water content (%) 55.3
“No. [Area [ome) |0~ ( kg/cinf) Zika/em) £ “Naturol water confent (%) 429 ! 25 05 _055 Standard of test Proctor  Horvard
! 25 05 857 | Standard of test Procter  Harvard 2 25 1.0 0u7 Optimum water content (94) 390 44.0
2 25 10 | D75 Oplimum water confent (%) - 38.1 3 25 L3 125 Maximum dry density (g/om?} L22 125
3 25 L5 105 Maximum dry density {g/em®) — L30 | (e _ .
0~ Normal stress : Shear stress kg/cm?
ka/cm? 14 - “TW‘"*"—T“——“ : /
/ q
10 — pa - b
’f:-'\ J/ ® f4] T
e in
ay
(] [l
& : s
@ /
8 N B / ;
‘6 - / r L% o5+ /C} b
2 )
(f)- q Angle of infernal friction @ = 340 _| T
Coefficient of internal friction ton B=0675 Angle of internal friction 3= 39°
Cohssion C = D08 kg/cm? Coefficient of inlernal fricticn  lan &= 0810
I ' Gohesion G = 019 kgrom?
0 05 10 15 20 kg/cm? I .
Normal stress (O} 8] 05 LO 15 20 gkgsom
wNorma!l  stress {07
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Direct Shearing Test {Sheet 3 of 3)

Localily of sample : TP--203  Depth ; 3.00m Dafe ; Noy 4'70_ Type of test G.R.{Qc)

- Note.
No. Areq(cmz) G(kg/ﬂmz) —C(kg/t:mz) Natural water content (%)
' 25 05 040 Standard of test
2 25 10 081 Oplimum water content {o4)
3 25 L5 116 Moximum dry density {grom?)
kg/cm? 16 r """"" I
T /
I 1 0 ) S——— -
o /
W
e 0}
0
g
05 - _
b '
Angle of internal friction @ = 40°
Coefficient of internal friction tan @ = 0.639
Cohesion ' C= G0 kg/cm?
0 05 1.0 L5 20 kg/ ¢in?

Locality of sample :

Normal siress {(07)

Proctor

878
Harvard

TP-204 Depth; 300m Date; Qct 3(,'70 Type of test C.R. (Qc)

Nofe.
No_lArea tem®) | G- (kg /onf} ) (kg cm?) " Notural water content (9% 178.0
! 25 05 071 | Standard of fest Proctor Harvard
2 25 "E_) 095 | Optimum water confent (o) — —
3 25 LS 113 Maximum dry density  {g/om®) — —
kg/cm® 15 — - -~
///
® 10 /
—— /
/5]
oy
2 /
;,,- Q
o /
o 05" 3 —
L .
UJ o
Angle of internal friction P= 3¢
Coefficieni of internal friction ton @ ~0424
Cohesicn } G = 0.5 kg/om?
o 05 0 g 26 kgsom?
Normal stress {Q07)

Remark ; Tesl was conducted by Universided del Gauca responding to the request of CEDELCA
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V55  TRIAXIAL SHEARING TEST
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{ kg em®)

stress

Shear

{ kg/omd)

a=( gy~ 03) /2

Triaxial Shearing Test {Sheet 1 0of 3}

Remmark , Test was conducted by Universidad det Couca responding to the request of CEDELCA

Locality of somple ; TP—_ 02 Depth ; — m. Dote —
Principal stress |Principal stress (Pore pressure T o
No. O3 kgrom? o7 kgsom? u  kgsom® type of test.
| 0.98 10.85 002
2 2.94 38.33 006
3 4950 THLIS 0 10
40 F
Angle of internal friction. B =550
Coefficient of internal friction. fan@ =143
Cohesion. C =025 kg cm?
-
* 4 \
20 /

'° /6[{ T |
(8] 10 20 30 40 50 60 70
Nomal stress {kg/cm?)

40 -
30 //
20— -
10
Angle of internol friclion ; @=sif tang = 6O°
Coefficient of internal friction; tan@=173
=41° . —_—
/3| Cohesion ;¢ = 97/1-tan2g =000kg/cm?
0 e} 20 30 40 50 60 70
{00+ O3)s2 { kg/cnf)
Note ; _
{Natural woter content {o2) 48.0
Standard of test HARVARD

PROCTOR

Oplimum water content (%)

435

41.5

Maximum dry density ( g/cm?)

118

.20

I'v - 83

{ kg/em®)

Shear stress

({ kgsomd)

Qs (7 03) /2

Locality of sample ; TP-i02 Depth; -— m. Date ; Nov 7 /°'70

Principal stress | Principol stess { Pore pressure
No. ('-}5 kg/om? Oll) kg/cran‘-‘ Upkg/cmé Type of test. C.R.{Qc)
i 0.¢8 480 0.020
2 2.96 10.71 0.045
3 4.94 22.63 0058
5 Angle of internal friction. @=40°
Coefficient of internel friction. tan@=0839
Gohesion. C= 00 Kg/cm?
10 //
/-!M&\
5
e
0 5. 10 I5 20 25 30
Normal stress (kg cm?)
15 [——-
10 |— -
5 ,/ _
/( Angle of infernal friction ; @ =sin’ tang= 39°
Coefficient of internal triction ; tang = 0810
= 32¢ A I
A T Gohasion; (= u/\/1—|0ﬂ3/9 =00 Kg/cm?
0. 5 10 15 20 25 30
{0+ Os)/2 { kascm?)
Note ;
Nafural water content (%) 57.2
Standard of fest PROGTOR | HARVARD
Optimum water content (o4) — 450
Maximum dry density (g/cm®)| — L19




{ Kg/cm?)

Shear siress

{ kg /omé)

—0s)s2

Qe

Test wes conducted by Universided del Cauco responding to the request of CEDELCA

Locality of somple ; TP—20| Depth; 3.00m. Date; Nov. 9/°70

Triaxial Shearing Tost (Sheet 2 of 3) Remark ;
Locality of sample ; TP—104 Depth ; — m. Dale. Oct. 26/'70
Principal stress |Principal stress |Pore pressure ‘
No. O3 kosem 07 ka/om? U Kg/om Type of test. G.R. (Q6)
¢ 0,97 u4.47 Q035
2 2.98 8.68 Q020
3 4.95 10.75 0055
Angle of internal friction. B =200
Coefficient of internal friction. lan@=0404
Cohesion G =075Kkg/cm?
0 5 10 15 20 25 30
Normal stress (kg/cm®)
//
,o/o/ Angle of internol friction ; &= sifi’ fang =170
A=16° coefficient of internal friction ; tan@=0306
| cohesion.; ¢ = 97/T tan2g = 15 kg/eme
O 5 10 15 20 25 30
(OT+ O3)/2 ( kgscm)
Note , 7
Natural water content (346) 66.51
Standard of fest PROCTOR | HARVARD
Optimum woter content {94) — 46.3
Maximum dry density { g/cm®) = 114

IV - 84

Principal stress |Principal siress|Pare pressure T GR.
No. |- 0‘.5 kg/cm? o7 kasom? u kgsom? ype of tesl CR. (Qo)
1 099 10.99 o012
2 2.97 2179 0022
3 4,99 4588 0.01i15
40 -
Angle of infernoi triciion @ =51
: Coefficient of interpal friction. tan@=|23
/ Cohesion C=05kg/cn?
a_ 30 -
£ /
£
~
2 /
o 20 : |
o
it
5 / \
8 10 /,/"—“-ﬂ.\
=
m.
0 10 20 30 40 50 80 70
Normal stress (%kg/om?)
40 s e e rmr amr i,
N’é //
S 30 /
o
" -
o r\/
. 20
5 -
I
5 /O/
~ 1o v o
" . Angle of internal friction ; @ =sin. mnp=5|°
“ Goefticient of internol friction ; ten@=123
= 380 e
a=04 — r Cohesion ; G J1-tan®g =064 kgsom®
e} 10 .20 .30 40 50 50 ‘ 70
(O7+ O3)/2 { kg / cm®)
Note ;
Natural woter content (94 . 42,9
" Standard of test PROCTOR | HARVARD

38.1
.30

Optimum water content (9%)
Maximum dry density {g/cm?)




40

]
&

(kg o)

N
<

Shear siress

40

Triaxial Shearing Test {Sheet 3 of 3) Remak ; Test was conducted by Universidad del Cauca responding to the request of GEDELGA
locality of sample ; TP-201 Depih; 3.00m. Date ; Fev _,_/'7' _Locality of sample ; TP—-202 Depth; 3.00m.  Dots ;
Principol stress |Principal stress  |Pare pressure _ Principal stress | Principal stress [Pore pressure
No. O35 kgsom? O1__kgsom u_kg/om? Iype of test No. | g3 kazem? 07 kgrom? u _ kg/om? Type of tos). —
' 0.97 1 1086 0.03 I 0.95 8.36 0.055
2 269 26.77 031 2 292 3054 0.080
4.96 G7.76 0.04 3 4.92 2219 0080
. 40 N
Angle of internal friction. B =49° Angle of internal friction, @& =33°
Coefticient of internal friction. tan@ =115 coefficient of internal friction. ten @ =049
/ Cohesion C =10 kg/om? Gohesion C=15 ¥g/om?
= — 30
// . T §Z
(&)
N /
o
/ =
- o w 20 : — -
o
e
0 /
e : pard
210 i
i \
10 20 30 40 50 60 70 0 10 20 30 40 50 &0 70
Normal stress ([ kg/om?) Normai stress {kg/cm?)
5 -
o - ’
/ 5
(&3
4 310 .
"4
/ - o
v o
Ny
&)
6 ol
- L 6 . . o
Angle of internal friction ; @ = sin. tang = 57¢ ~ o Angle ¢f internal friction; @ =sin, tang =
Coetlicient of internal friction ; top@ =154 c"; Coetficient of internal friction; tan @=
— 40° . — ) I
/5—" ?E Cohesion; C = -:l/l/1 — lunzﬁ = 074 | K/Cn? Cohesion;, G= V’(“_!—mnzﬁ - kg/cm?
10 20 30 40 50 518 70 0 5 10 15 20 25 30
(07 + O3)/2 { kg /cm?) ' {(Oi+ O3)r2 { kg /cm?)
Note ; Note ; )
Naturel water content (%) 47.3 Natural water confent {%) 56.3
Standard of tast PROGCTOR |HARVARD Standard of test PROCTOR HARVARD
Optimum water content (9%) 320 Optimum water content {%) 390 44.0
Maximum dry density({g/cmd) .3 ¢ Maximum dry density(g/cm? .22 .25
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V-6 ROCK MATERIAL
IV-6-1 PHOTOGRAPH OF ROCK SPECIMEN
IvV-62 TABLE OF ROCK TEST
IV-6-3 STRESS-STRAIN CURVES IN COMPRESSION STRENGTH TEST
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IV-6:1  PHOTOGRAPH OF ROCK SPECIMEN
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PHOTOGRAPH OF ROCK SPECIMEN BEFORE THE ROCK TEST

{Plate 1 of 2)

SPECIMEN NUMBER
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(Plate 20f2)  PHOTOGRAPH OF ROCK SPECIMEN BEFORE THE ROCK TEST
NO, e

* SPECIMEN NUMBER
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IV-6.2 TABLE OF ROCK TEST
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Sample Length | Diameter Area of Croszs section Weight Specific gravity ] Ratio of | Ultra sonic velocity (m/sec) | Poisson's ratio |
Specimen Lacality Depth Rock name (em?) (&) ap301-p- P-wave S-wave . ‘
No, {m) (cm) (cmm) Upper | Bottom |Average|Natural | Dry | In water| Wet Dry Wet | tion (%) | Dry Wet Dry Wet Dry Wet

1 DH- 1 | 38.00 | Andesite 5,52 4,19 13.8 14,1 14.0 | 175,84 | 175,30| 103,50 |178.74| 2.33 237 L9 3410 | 3430 | 2100 | 2170 | 0.192 | 0.166
2 DH- 1 65,00  Andesite 4.36 4.20 14,0 14.1 14,1 140.68 | 140,33 83.02 | 143,02 2.34 2,38 192 3350 3600 2180 2190 0.136 0.206
3 DH- 1 83.00 | Andesite 6.21 4,19 13.7 12,2 13.0 182,01 | 181,27| 107.11 | 188.25 2.23 2.32 3.85 | 2770 2890 1670 1730 0,180 0,221

4 DH- 1 98.00 | Andesite 4,63 4.19 10.1 11,3 10,7 106,38 | 106,05 60,73 | 110.50 2,13 2,22 4,20 | 3260 3480 2020 2060 0.186 4.230 “
b DH- 1 (105,00 |} Andesite 5.31 4,19 13.5 14,1 13.8 166.97 | 166.66] 97.32 | 168.63 2.34 2.36 i.18 3880 4180 2380 2410 0.198 0.251
6 DH- 1 |[135.00 | Andesite 5,72 4.20 14.0 14.2 14,1 187.05 | 185.94| 108.96 |187.76 2,36 2.38 0.98 | 2860 3030 1740 1820 0.204 0.218
7 DH- 1 150.00 | Silty tuff 8.99 3.91 11.9 12.8 12.4 113.70 99,82 56,33 |[169.16 0.88 1501 69.47 814 - 490 - 0.221 -
8 DH~ 1 |158.00 | Tuff breccia 6.78 4,12 13.6 13.6 13.6 134,33 | 132.40| 69.40 | 155.64 1.54 1.80f 17.55 1600 1650 860 880 : 0.297 0.301
9 DH- 2 40.00 | Andesite 7.61 4,18 14,0 14,0 14,0 | 235.70 { 235,10 139,80 (243,00 2.28 2.36 3.36 | 2550 2800 1620 1710 0.159 0,203
10 DH- 3 15.00 | Andesite 6.07 4,18 13.0 12,0 12.5 173,83 | 173.26| 102.38 | 177,25 2,31 2.37 2.30 [ 3490 3680 2090 2130 0.221 (.248
11 DH~ 3 25,00 Andesite 6.53 4.19 14,1 13.9 14.0 208.00 | 207.00| 122,64 211,50 2.33 2.38 2.17 3800 4110 2280 2420 0.221 0.235
12 DH- 4 10.00 | River gravel 4.34 4.18 13.8 i3.3 13.6 125,96 | 115,44 73.91 [131.27 2,19 2.29 4,65 | 2080 2420 1250 1360 0.215 | 0.269
13 DH- 4 19,00 | Tuff breccia 4.70 3.99 12,2 12,7 12,5 125,34 |} 119,35 73.53 |136.46 1.90 2,171 14,34 1640 1830 890 - 0.294 -
i4 DH- 5 50,00 | Weathered andesite | 4.62 4,19 13.7 13.9 13.8 113.35 { 112,31 65.37 | 126.64 1.83 2.07| 12.76 1230 1340 720 75(;— 0.235 | 0.272

15 DH- 5 57.00 | Andesite 5.80 4,19 14,0 13.8 13.9 173.75 | 172,87 102.61 |181.65 2.19 2.30 5.08 2a40 2220 1270 1310 0. 180 0.23;__
16 DH-204 6.00 Weathered andesite | 5.26 4,19 13.8 13.7 13.8 .| 150,89 | 149,46 88.67 |159.97 2.10 2.24 7.03 | 2050 2240 1180 1250 0.249 0.274
17 DH-204 12,00 Weathered andesite | 5,81 4.18. 13.7 13.5 13.6 169,75 | 169.20 98,32 }1175.68 2.19 2.27 3.83 2110 2370 1260 1310 0.221 0.280
18 Power House - Dacitic andesite 4,78 | 3.05x3.04 9.3 9.4 9,4 100.26 | 100,16 08.36 |101.27 2.33 2,36 1,11 [2100 2330 1190 1250 0.262 0.298
19 R:igt)—%"aluca - Andesite 4.81 | 3.056x3.05 9.6 9.4 9.5 103.21 | 102,77 60,23 [104.23 2.34 2.37 1.42 4010 4040 2200 2100 0,329 ‘0.3 15
20 La Titella - Meta Dolerite 4,54 |3.05x3.03 9.7 9.5. 9.6 123.36 | 123,08 8L76 |123.45 2,95 2.96 0.30 :‘;540 2670 3070 3100 (.280 07.'287
21 DH- 5 57.00 | Andesite 5.09 4,19 13.7 14,0 . 13,9 151,63 | 150,81 89.64 |[158.63 2,19 2.30 519 | 2140 2230 1330 1410 0.186 (.167
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zight Specific gravity | Ratio of Ultra sonic velocity (in/sec) Poisson's ratio Compressive strength Modulus of glasticity
(e} absorp- P-wave S-wave Mazx. load| Max. styein| Strength . . o E (kg/cm?) Remarus
vy | In water| Wet Dry Wet | tion (%) | Dry Wet Dry Wet Dry Wet {kg) (x10'3) (kg /cm?) Future of breaking Static Dynainic

30| 103,50 | 178.74 2,33 2.37 L.96 | 3410 3430 2100 2170 0.192 0.166 7300 2.50 521.4 L.arge picces 2.11x10° 2,60x10°

33 83.02 | 143,02 2,34 2,38 1,92 3350 3600 2180 2190 0.136 0,200 7300 3.50 517.7 Large pieces 1,48x10° 2.75x105

27] 107.11 | 188,25 2,23 2.32 3.85 | 2770 2890 1670 1730 0.180 | 0.221 | 2400 2,55 184.6 l.arge pieces 6.52x10% 1.70x10°

65 60,73 | 110.50 Z2,13 2,22 4.20 3260 3480 2020 2060 0.186 0.230 5000 1.65 467.3 Ssomething into pieces 2,86x10° 2.32x10°

66 97.32 | 168.63 2.34 2.36 1,18 | 3880 4180 2380 2410 0.198 0,251 3800 3.00 275.4 Large pieces 9,52x104 3.43x10°

94| 108.96 | 187,76 2.36 2.38 0.98 2860 3030 1740 1820 0.204 0.218 | 7000 1,60 496.6 Large pieces 2.86x10° l.92x105

82 36.33 | 169,16 0.88 .50} 69.47 814 - 490 - 0.221 - - = - Broken in water - {D) 5,14x103

40 69.40 155,64 1.54 1.80| 17.55 1600 1650 860 880 0,297 | 0.301 420 5.10 30.9 Large pieces 5,71x10° 3.63}{104 -
0] 139,80 243,00 2.28 2.36 3.36 2550 2800 | 1620 1710 0.159 ' 0,203 7800 6.15 557.1 Small pieces . 9.00x10% 1.66}(105

26| 102,38 |177.25 2,31 2,37 2.30 | 3490 3680 2090 2130 0.221 0.248 6000 3.75 480.0 Small pieces 1.25x10° 2,68x109

Jo| 122,64 |211.50 2.33 2.38 2,17 | 3800 4110 2280 2420 0.221 | 0.235 | 11000 6.10 785,7 Something into picces 1,25%10° 3.44x10°

14 73.91 1131,27 2,19 2.29 4.65 ] 2080 2420 1250 1360 0.215 | 0.289 3000 6.40 220.6 Small pieces 3.39x 104 LO7x10°

15 73.53 |136.44 1,90 2,17 14.34 | 1640 1830 890 - 0.294 - - - - Broken after measure P wave - (D) 3.89x10%

i1 65.37 | 126.64 1.83 2,071 12,76 1230 1340 720 750 0,235 0.272 350 3.60 25.4 Something into piecés 6,90x103 2,96x10%

7| 102.61 [181.65 2.19 2.30 5.08 | 2040 2220 1270 1310 ) 0.180 | 0.233 3200 6.30 230.2 Large pieces 3.57x10% 9,73x10%

6 88.67 (159,97 2.10 2.24 7.03 2050 2240 1180 1250 0.249 0,274 2070 7.20 150.0 Small pieces 2.08}(104 8.92){104 “
0 98,32 {175.68 2.19 2,27 3.83 2110 2370 1260 | 1310 0.221 0.280 : 2400 2.40 176.5 Small pieces 7.14x10% 9.97){104

6 58,36 | 101,27 2,33 2.36 1.11 2100 2330 1190 1250 0.262 0,298 1650 2.90 175.5 Small pieces 5.88x 0% 9,57x10%

7 60.23 |104,23 2.34 2,37 l..4—2 4010 4040 2200 2100 0.329 ‘0.3 15 5400 4,60 568.4 Small pieces 1.29x10° 2.75X105

8 81.76 |[123.45 2.95 2.96 0.36 5540 5670 3070 3100 -“k;’.280 0.287 113800 4,10 1437.5 Small pieces 3.64x10% 7.32x109

1 89.64 |158.063 2.19 2,30 519 | 2140 2230 1330 1410 6,186 | 0,167 | 4400 11,50 316.5 Small pieces 2.78x10% 1.07x10°




1Iv-6-3 STRESS-STRAIN CURVES IN COMPRESSION STRENGTH TEST.
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Stress-strain Curve in Unconfined Compression Test (Sheet 1 of 2J

Specimen 4 {Kg/ema} Specimen S

(Kg/em?) Specimen | {Kg/em2) Specimen 2 {Kg/em2) Specimen 3 {Kaseme)
. 600 «{m% ecorrﬁ ey — — GOOFJ - “ 3,00r

600 -
T A .
L Fa I ® J B
/ i/ / / 400 ff—-"—,/zi——»—-*——ﬂ -——

l\.'\

o ] tﬁ 100G ot i
O S § ool NN oy
o /] / ‘ : i L /
= !
/ =
g L L s e ] Hy 1o Ll
= ; / = /) / 203y =
n / 7 / f ‘ 0
! /o %o S0 o —]
200 / 7 200 //‘/’ Sirain (X10™ % + 109 -
L] . _
;/ 24 o . s /
| 77 . Strain (X 1073em} 7
i . {Kgrem2) Specimen 0O ) !
i / g - /
00,0 . 50 00'0 50 . 00.0 50
Siroin {XI0-3¢m} Strain (X100 3cenl L __ ' Strain (%1673
tkorem?) Specimen 6 tigrem?} Specimen 9 (Kg/em?) ~ Specimen
600 500 / 8
400 —— 4 - e ’/- 3 }x i
. LA . / /
= /
J [/ 7 /] :
A0 ——— A 400 Va4 600 -
200} | A ¥ :
! q/ // / nl
Y, * 0 / /
o !,/ FPRR SO R // 3 (S P 5 Y —
e @ ’ 7 5 /
@ 1[/ *:5 / /// 4 ? //
1 R y
200| B O N 200 A Coo Stroi 50 40 7 T
/ , - rain {10~ 3cm) Ao
J // [Kg/em2] Specimen 12 /s /
S N A N — PR ,;_ R - - 00 - o
7 /
y/ /
PN SR RV - 4
a6 ] 5.0 %0 5.0 ' 200 N T
Sirain (X[03¢m) Strain 1%10"3¢m) 4
{Kg/crri?} Specimen 8 {Kascm2 } Specimen 14 200 - d'/
JO———g— - e —_— 40 4 ’
A N 9/
.. ] i Z° 9
] S U B ] he . 00 . 50
// _ . o / Strain (% 30~3cm)
@ !
a . 100 e
g 20— T [ S W w— § 20} ; {{_ / v
& A = / e
- /. v * /1. -
A , / ./ o —
L7 e 74 T s
P L - J .
okt T J / %o o 5.0
0e s I ' i (10"
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Stress-strain Curve in Unconfined Compression Test {Sheet 2 of 2)
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Syummerized resulls of compressive sirength

ond static modulus of elasticity.

Specimen Compress-| Stotic
ive modulus of | Remark
NO. Locality slrengih  |elosticity
(kocm?)t  (KO/4m?)

| | |DH-, 38Mdeep | S21.4 |2 11x10°
| 2 [OH-1, 65™deep | 5117 | 1.48xI0° |
3 |DH-i, 83M deep 184.6 | 652x10° |
4 |DH-1, 98Mdeep | 4B7.2 | 2.86x10°

S5 |DH-1,105% deep | 2753 [982xi0' | |
| 6 |OH-1,135M deep | 4964 | 286x10°
| 7 [oM-1,050Mdeep | — | — v
| B jOH-2,i58Mdeep | 308 }5T71x10°

9 |BH-2, 40" deep 8571 |909xi0" |
|10 {oH-3, 15Mdeep | 4800 | 1.25x10° |
11 {On-3, 25Mdeep | 7857 | 1251107

12 |DH-4, 10Mdeep | 2205 | 339xI0*
13 |DH-4, 19" deep — 1 = U
14| DH-S, 50 deep 258 | 690x10° o
IS |OH-5, 57M deep | 2302 | 357 xt0’

16 | DH-204, 6™ deep 150.0 | 208x10"

17 | OH-204, 12"0cep | 1764 | 7.19%10°

18 | Powernouse site 1755 | 5.88x10¢ ]
| 19 3-6-1Ri0 Covco | 5684 | 129x10°

20 [La Titello | 14375 | 364xI0°

2t | DH-S, 57Mdeep | 3165 | 278210

14 woter - sicking
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TEMBLORES

SENTIDOS

EN

COLOMBIA

INTEN- | PROFUN- HOQRA DE ORIGEM | INTEN: | PROFUN- HORA DE ORISEN
KUMRO R O HUMER > e
Uns FECTHA SIDAD DIDAD EPICENT ITEMPO DE 8OGOTA) f uto FECHA SIDAD DIDAD EPICENTRO {HEMFO BE BOGOTAL
3 TRIFLE FOCAL £N . ’ TRRE FOCAL N
£ MURICIIO HORAS | MRITOS { SFGUsD . WU i
ORDEN AFIO DIA MES tseatn |omieas COORUENADAS 051 GRDEM ARD Dea, MES £SCALA  KIOMETROS COORDINADAS MUNICIRIO HORAS | AINUIOS ] SEGUNDOS
1 1656 1 Yantander, Canea 18 1942 4 Fulio 1 500 §0.2°0; {Eeundor) b1 58 £
2 1515 1f Guaduas, Cundinamarea 119 1942 7 Julio 1 500 80.400; (Ecundor 1 3z 42
3 1585 12 Marzo 1n Menizates, Calilas 1 1320 M2 12 Jualio I 500 80.596; (Ecundnr} ] 5 i
L] 1630 3 Febrero 3 {Veneruefa)
5 1628 . 1 {Venczacln} 121 1042 26 Diclerabre I 6002 San Marcos, Holivar 1 3L 43
6 1543 23 Abrit (31 Pezca, Boyach 20 a0 122 1943 39 Enecra 1 B002 {Ecusdor g 23 51
T 1544 Encro m Herrn, Santander N, 123 1943 2 Mayop I 10% {I’anamA 32 1% 12
B 1697 4] Henda, Tolima 121 1543 17 Mayo 1 tEcuador} 2 7 12
9 1136 z Febrere 11 Cajiblo, Cauca 1] k1] 125 1943 21 Djeiembra n (Mar Caribc) ] 46 20
10 1ise S ¥ebrero TE Papaysn, Caven s 125 1343 22 Uiziembre 1 (Aar Caribe) 7 53 ?
127 1848 23 Dleicmlre |13 {Mar Caribe) 0 L1 3
1 1143 18 Qctubre 1t Fémeque, Cundinamarca 128 18 2% Diciembre: 1 {Mar Caritie) 20 a H
12 1781 25 Abri) 1 Turard, Cauea 129 1944 3 Enero t {Mar Caribe) 3 18 X3
13 1163 Enero 1 Tulug, Velle 120 1944 1 Encrn I {Mar Caribe) 19 57 EH
1 1966 2l Getubre 1 {Veneruelr) .
16 1788 12 utlo i1k La Crlera, Gundinrmarcn ¥ 45 131 1944 5 Enero 1 (Mar Caribe) 5 59 1
16 1786 1 {Venezuels) 132 154 3 Febrero 1 Cigeué, Boyned [ 25 24
17 1782 13 Abril 1 Medelltn, Antloquie 123 1544 3t Marza 1 (Eeuador) I 35 i
18 1798 15 Febicro 11 . Pamplons, Santander N, 134 1544 |4 Mayo I 100 Brraya, Huila 9 28 i
19 1797 4 Fabreva ir T1.699; 4.40N {Feuador) 136 1944 3 Septiembre I San Antonio, Vaille 15 29 36
20 1703 i 63.000; 4,108 Comisarfa del Vichadn 136 19844 24 Octubre it {Ecuador 18 40 5
137 1944 23 Octubre 1 { Eoundor 15 27 IH
21 1798 . HE S T8.79G;  1.99R 10ctano Macilico 138 1945 17 Blnrza II (Océano Pacltico) 18 517 54
22 1199 Sepliombre )i T3.5%; 7.59N Puerlo Wilches, Santander 139 1545 [ Abril I (Yeneaueln} 13 30 50
23 1500 28 Febrero TEE 350N Intendencia del Meta e 1943 T AbHl 1 (Vensauela} 5 25 23
24 1806 16 Julis ITE 5,30N Honde, 'Folima
25 1815 % Septiembre 1 3.0°N Neha, Hulln g it 1045 i1 Abeil 1 {Qcéans Pacificos 13 21 T
Pl 1824 3 Dizicmbra I 9, Salaminge, Calasg iz 1245 9 Julie 1 {Océano Pacificoy § 56 44
27 1325 28 Yebrero I (Oetano AllSntics) e H3 1945 9 Julio I 1o C. Putumayo 1 42 3
28 1826 1Y) Mayo I La Calera, Candinamarca ; _ 144 1946 29 Marzo ] Volean Puracé 2 ¥ 23
26 1827 15 Morlenibre i San Agustin, Hulls 22 15 146 1946 29 Marzo I Voledn Puracé 5 7 1
28 1829 9 Dictembre 14 Cagablancz, Tollos 1 55 6 1346 29 Marzo b Volean Puracd 1 2 18
1 30 147 1945 a0 Marzo ] Volcin Puraeé 12 22 31
3 1834 20 Tnero L F] Tabldn, Narifia HR 1946 15 Septliembre I {Qcéano Paclflco) ou 21 22
Erl 1314 1 Marto 1 i Tablén. Mariio 2 149 1857 27 Septfembre I {Venrzuela) 17 12 39
a3 :ggg 24 Mayo v Ciénaga, Magdalena 2 150 1647 8 Naviembre I o {Keuador} o zt 1
34 2 it Timbiqul, Cauca
a5 L840 1 { Ecizador} 2 151 10848 26 Junls 1 1 {Eecuador) 4 19 12
35 1845 19 Febrern I Marauetalia, Caldas 152 1948 25 Julio 1 tPannmﬂg 22 31 42
a7 1849 3 Ninye H {Venerueln) 7 15% 1443 [k Beptiembre 1 Panami. 1t ] 42
kL] 1851 2 Echrera G [Océano Paetfico) 154 1845 3 Havicmbre L Eeyador) 2k 1 z
30 1851 7 Febrero i Repelén, Atlankico 155 1950 0 eil i Condoto, Chociy 1 43 36
] 1850 iz Enera i {Etuadar) 165 1950 22 Junie u {Feuador) 15 43 of
187 1850 3 Julio u1 Arholedas, Santander N. zL 35 3L
41 1859 22 Marzo 1 . {Ecnador) 158 19850 § Julio 1 Arboledas, Santander N. 22 28 59
£2 1868 10 Ayoslo ITH . {Ecusndor) 159 1850 [ Julio H Arbofedns, Sanlandee M, 7 1% 16
43 1865 15 Sepilembre I . telle, Antioqula 1 10 160 1030 ab Diiclembre 1 {Ecuador) s 2 20
41 1868 18 Qctubre H . La Victoriz, Vaile _
45 1865 6 Marzo 3 7.59N Céchira, Sznlander M. 161 1951 17 Julle 13 200 Cnmbal, Narjie ] 3 17
A6 1£70 4 Junio I 4.3%N fuetame, Cundinamarca 50 162 3951 17 Jolio i Cambal, Narifio i 19 17
47 1855 i2 Mave 11T B.00N Cacuta, Santandor N, 2 H 163 1051 7 Qelubre I Awmalli, Anlioguin . 1 7] 3D
1R 1878 9 Sepliember it 2,468 Popayin, Cauca H 1% 154 1951 16 Oeciubre I §. José de Deane, Vichada 21 38 25
49 1832 9 Septicrbre 1) ’_5eN Turbe, Antioquia 2 an S 951 5 Dieicmbre il {Defnnn Pactiico) k] 29 13
50 1353 8 Marzo i 23N Ricsucie, Choed "’ 165 FI52 18 TRero ] (fcéano Vacifico) ) 17 53 17
. 167 1952 1 Febrern I Pavarandocilo, Anticauin 1% H 25
51 1858 2 Mare 1 0,598 Chimichagus, Muogdatena 58 1952 12 Maszo 1 La Victorla, Vale 1 27 138
§2 1824 G Novlernbre 11 5,300 Y Flarid 169 1052 ] Maye 1 Matanrza, Santander 3 it §
B3 1585 . nr 2,52 Timbigul, Cauca ¥it 1952 15 Mayo I {Qcéativ Paeificol 16 45 {0
&4 1584 20 Abrii 1 AT {Veneziela) .
65 1588 25 Abril 1 40N i Venezuela) 171 1952 3 Junio ) (Mav Caribe) 7 a4 12
6 1909 1 EXcicrabre EEl £.49N Uriao, Anbpquia 3 132 1952 4 Junje H £0 {Ocfano Freifical 35 30 58
51 100G i wnern i 1.0 {Océanc Pacilics) i 36 143 1952 & Junio 1 [Océano Paeilico} o 56 15
58 1906 28 Septiembre LT 150 2.008 {Egundor) 10 a4 54 174 1952 9 Junio I 150 Trucarasica, Sant, 5 o5 6
50 1091 1 3.30N Tuerlo Villarizar, M. de 5, ; 15 1952 2 Julin 1 {Oefanp Pacifico) 10 52 21
&0 1911 it Abrll 13 £.29M Medellfn, Antingula 126 1952 30 Getubre 1 Monlerln, Cordobn 2 13 1
) 197 1952 27 Novlembre n {Océano ¥acitical a0 32 56
61 1011 28 Abril iH 00 007 €. Amaronns ¢ 52 56 118 1955 20 Fuero 1 (Fanami ] 43 9
a2z 1515 17 Junia 3 610N Angelépoliz, Antioquia 11 172 1953 14 Febrera nt 200 {Eeundor, 7 10 20
62 517 29 Agosto 115 4,698 Bogold, Cundinamarea 22 21 10 188 1853 1 Abril I (Océano Paclfico) 17 7 51
81 1517 8 Agaoslo ¥ 5,200 Qrocud, Noyach © 15 29 . "
85 118 1t Marzu I 610N Barrancabermeja, Sanlander " HH = 1 1853 1 Abrit 1 570 Los Andes, Natifio 5 23 12
24 1918 18 Marzo i 2.40N £, Vaupés 3T 5 182 1953 3 Junio 1 Remedios, Anticquia 7 5 26
A7 1918 21 Dijcicmbre H .00 . Anazonsas 1 21 a1 193 1933 11 Junio I (Qutano Pacifice) ] b2 [y
62 9149 0 Julio nr 008 (Venezuclah 18 5a 38 1a4 1953 T Jutia I Manta, Cundineniarea 22 v 50
&9 1910 23 Julie 1 a.z08 {Fenalor) 73 14 50 185 1953 21 Agosto 1 3150 Vergailea, Valle 11 45 67
0 1620 ki Enero nr 97.590; 1.09N Micay, Cauca 12 28 {5 166 3053 23 Apesto I San ¥itente, Santander 23 897 a6
. 187 1853 28 Sepiinmbre 1 {Venezvela) 23 39 46
T 102t 12 Diciembre ur 650 F1.0%0; 2,598 . Yaupés 10 28 24 188 1953 1 Oclubre 1 Cocorns, Anlignuin 2 PG 56
q2 1922 i6 Encro 11t £00 2.0 2.0Y§ €, Voupis 32 54 23 189 1953 23 Dicicoibe 1 Wreusigue, Patumsyo 4 A5 23
i3 1922 14 Diclembre 1 77.5%0; 1.09N Funes, Marjiia 5 a1 18 198 3054 5 Febrero 1 100 {¥enezuelal [ 8 51
i 1023 18 Rictembre 1t 75,000 1.2°N Ricaurte, Nnrifo i 35 an o '
a5 1023 22 Hiclombre 10 73.200. §.20N Miraflores, Hoyned 5 8 o0 161 1954 ] Marze 1 E1 Espine, Doyacd u % 2
76 1824 21 Enero 1 7L.000; 1.20N 2z 13 Ev 102 1954 10 Abrll I {Eeundar) ] 9 7
a7 1224 10 Mzrzo 1 74.500; 2.59N It 50 29 LEES 1954 10 Abril 1 (Mar Caribe} 10 15 16
8 1924 15 Matzo I 75.700; 0,00 C. Amaronas % k4 5 161 1954 24 Abxril H Villa Garo, Sanl. N. 22 7 15
7% 1924 22 Junig £l o 78500 550N (Ociana Paciics} 37 39 08 195 1854 14 Mayo 1 (Venszucla) _ 13 24 a1
Hd 1024 21 Jullo 18] 230 0.00; Z.005 Eenador) 23 G i8 06 1934 24 Junio ] Mzicao, Gnajira 10 e 3
197 1054 25 Jutlo 3 (Venezuela) § £0 18
81 iogd iA Qctubra Ti1 £01.000; 2.5CN {Decfano Preifica) 15 a5 a7 198 1954 113 Julio T (Venezueda) § 00 18
2 1925 7 Junio I 199 78.09; 3,0°N {Océann Pretiflco) H 11 i e 1854 2 Jutio 1 (Ecuador) 14 9 0
LKl 1925 23 Junlo m 180 77,000 {Y {Eeuador) i 46 53 200 1354 .3 Seplicindre 1 Mutls, Choctd 23 & 11
#4 1925 31 Julig I 77.190; G.RON La fsla, Chocsd 3 P 20 )
P5 §03§ 20 Ticlcmbre i3 TT.5%; 0.69N {¥euador) 201 1954 17 Scptiembre 1 Arauguita, Arauca 11 1 52
&4 J 1] 31 Qelubre T 16.5%0; 630N Medelli, Antfoqula 23 1% 25 252 1954 1% Octubre i fOctuno Paclfico} 1% 23 49
g7 30 24 Movicmbre ir 100 77.0%; 2,008 {Ecuador} s % :lS 203 1954 15 Oetubre I Andes, Antioguin i A0 29
83 193] 1 Mayo 1 LB 8.60N ¢{Yenczuela)y i7 a6 2% 204 1955 [ Encro 1 (Ecmulcr} 10 kRS 2
89 1931 12 Sepliembre nr 775000 3.00M {Ozéanoe Prrifics) ) i1 iz 205 1935 10 Encro i {Eedador) 4 38 43
90 1932 17 ¥ehiero 3] T3.590; 12.00N {Mar Caribe} i oe 57 206 1933 il Enera H (Mar Caribe) 15 11 10
207 'y 1985 19 Enero 14 100 (Ecuador) 10 a3 7
ol 103% bE] Marzo HT {Venezucla 17 12 T 208 1955 22 Fuere L R Ociane Pacifles) 11 i8 &3
a2 1932 1 Maya i 1ifo de (iro, Magdalena i1 i8 209 1055 22 Encro I 73, 490; larmen, Sanlander N. 15 A4 9
jied 1233 10 Febrero i Ricaurle, Nariito 210 1055 8 Abell I £0.099; (Ecuidor) ] t1 30
94 1533 11 Saya 3] &0 . Ecuador? 23 23 35 i
5 1233 4 Noviembre 1 . Yeuntzuela) 3 &1 20 211 1055 24 Abri I “i2.600; Tuerio Villamizar, SBant. N, 106 7 45
o6 1943 & Noviembre i £ EQCGﬁnu Pacifico] 7 1l 56 213 1955 25 Abril I 76.,500; Andalucfe, Huila 5 25 21
67 1684 3 bril i1 . CGeéano Pacifico a 55 87 259 o 1955 11 Mayo nur 78.0%0; (Eezndor) 8 4 o
ag 1934 ] Agrosto L LBOg; 3. (Geéano TacHico} 7 7 B 214 1935 13 Maya 1 47 .60%0; Jureds, Choed 15 55 47
99 1935 7 Agosta T 95 71.590; 1.0°NW Funes, Narliio r) ] 38 245 1955 15 Mayo 1 q4.7900; Jerusalén, Cundinamarca 20 2 2
100 1925 ” Septiembre 3 T6.590; 6.00N Betf, Chocd 23 58 b z18 £955 21 Mayo 1 42,900; Sta. Rosa de Viterbo, Boy. 5 13 AQ
o 217 955 26 Mayo 1 19.690; {Panami) 1 11 16
02 1935 27 Octubre I 159 76,000, 4.0°N Pardo, Valle 17 5 5 218 955 10 Junio 1 74.2%: I'uonte Naciona), Boynch 0 2 32
102 1935 2z Naoviembre I 130 T8.050; 2,098 {Fcundor) 16 40 219 1955 13 Junio 1 18.5%; (Oetana Pacifica) 22 It 5O
103 1935 24 Dlelembre I A7.500; £.00N {Qcénno Pacilico) 7 24 12 220 1955 50 Junlo 1 2.700; Capitanejo, Santander 14 8 B
103 1928 7 Tulin I 37.49%; 0.7°N Potos], Nariho 12 30
105 1936 24 Qclubre u 73.800; 109N tunchueal, Narifio 20 43 228 | ~ 1855 20 Julio 1T 8. 5% (Ecundor) 16 0 13
106 1937 21 Maya TE 200 72.500; Z.5°MN (Defano Prcifics) 12 25 222 5956 1 Agosto 1 G3.6%0; San ¥Yicente, Sanlander 23 0 1
107 1937 2L Jdunie I 141} BG.00G;  7,30N {Pmmm.‘-) 1 13 2 223 055 T Septiembre 1 47.0%; Hautath, Chocs 22 3 95
108 1937 i9 J'ulm [t 175 76.6%: 1.598 Keundor) 14 a5 14 224 1956 14 Oetubre I 27.600; (Océano Yacifico) 23 KH 1k
169 1938 4 Febrero 14 130 76.3%0; 5.19N Manizales, Coldos 21 23 1% 215 1855 24 Octubre I 12,200; TAmara, Cosanare 1] ¢ 51
119 1939 27 Noviembre 1 0 8,500 8,79 {Panamd) 21 56 225 1035 [ Neoviembre I 100 71.6%9; Arauca, Araucn 12 57 10
221 1956 12 Encio 1 204 16.6%0; ¥ilin linrra, Caldas 2 25 21
111 1940 23 Junio 1 £2.090; 10.00N (Varezuels) 13 5% 83 228 1956 12 Enero I 8. GO0; (Octano Pacifico} 22 74 3
112 1940 22 Octubre 7t 140 16.000; 7.005 {Eeiador) 21 23 13 229 1956 [ Febreva I 97.600; (Océano Paciffes) 2t 3 25
118 1041 2 Yebrezo " 17.5%0; 6.09N {Océann Paclfico) 13 EY:S 32 230 1056 o Marzo I R/0.0600; (Ecuador} 12 b3 7
114 1941 16 Mayo 1 30.000; 11.09N Venezueln) 7 21 -
115 1042 13 Mayo 118 500 80.0%; 0.¢° Eevador} 21 13 22 231 L1958 31 Marzo T 4R.89%; (Ocdano Prcifics) 3 i9 11
15 1942 2k Mayn 15 130 74.500; £.00N Cunday, Folima 3 10 2% 232 1856 z dullo I 73.000; ¥ilin Cero, Santonder N. 5 kT a0
7 g2 7 Junie 1 77.090; 0.0 (Ecuador} H 21 4 743 1056 2 Ancsto 1 75.690; Villa Murfs, Callas 7 1 2
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